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“Nite“, “vojky“ and also “korbáčiky“ are 
various forms of traditional Slovakian cheeses, 
with characteristic organoleptic properties impart-
ed by the fibrous texture and the shape of strings, 
strands or a whip. These cheeses are very popu-
lar in Slovakia, being sold in supermarkets, shops 
with traditional food products, markets and even 
in refrigerating automatic selling machines in the 
streets. These cheese products are usually con-
sumed as snacks.

This type of cheese consists of strings or 
strands 10–70 cm long and 2–16 mm thick, which 

are either loose (in case of the thinner “nite“ or 
thicker “vojky“) or plaited together into the shape 
of a little whip (in case of “korbáčiky“). It is pro-
duced from a partially fermented lump cheese 
of pH 5.1–5.2, made from unpasteurized cows‘ 
milk, pasteurized cows’ milk with lactic acid bac-
terial cultures or unpasteurized ewes’ milk. The 
lump cheese is cut to pieces, immersed in hot wa-
ter (63–82 °C) and stirred until it forms an elastic 
mass. The mass is kneaded, stretched and folded 
to form a supple, smooth-textured cheese mass, 
which is then stretched into strands by hand or 
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ples  C were “nite“ produced from unpasteurized 
ewes’ milk in traditional way, with lump cheeses 
produced in one production facility from one 
milk source. The samples were collected in four 
subsequent year seasons (in December 2016, 
March 2017, June 2017 and August 2017).

Determination of chemical parameters of cheeses
Dry matter was determined according to ISO 

5534:2004 [3]. Fat was determined according to 
STN 57 0107:1965 [4]. Proteins were determined 
according to ISO 8968-1:2014 [5]. NaCl was deter-
mined according to STN 57 0107-12:1980 [6].

Culture-based microbiological analysis
Total aerobic counts were determined accord-

ing to ISO 4833-1:2013 [7]. Coliforms were deter-
mined according to ISO 4832:2006 [8]. Coagulase-
positive staphylocci were determined according 
to ISO 6888-2:1999 [9]. Yeasts and moulds were 
determined according to ISO 6611:2004 [10]. 
Presumptive lactobacilli were determined by enu-
meration of colonies after anaerobic culturing on 
de Man, Rogosa and Sharpe (MRS) agar (Merck, 
Darmstadt, Germany) for 72 h at 37 °C. Presump-
tive lactococci were determined by enumeration 
of colonies after aerobic culturing on M17 agar 
(Merck) for 72 h at 30 °C.

Culture-independent microbiological analysis
DNA was isolated from cheese samples by 

liquid-phase extraction using DNeasy Mericon 
Food Kit (Qiagen, Hilden, Germany) accord-
ing to the standard protocol for 200 mg of food 
sample. Bacterial 16S rDNA fragments were am-
plified by polymerase chain reaction (PCR) using 
primers 27F (5’-AGA GTT TGA TCM TGG CTC 
AG-3’) and 1062R (5’-ACA GCC ATG CAG 
CAC CT-3’) oriented to V1–V6 hypervariable re-
gions [11]. Fragments of the eukaryotic internal 
transcribed spacer (ITS) were amplified by PCR 
using primers ITS1 (5’-TCC GTA GGT GAA CCT 
GCG G-3’) and ITS4 (5’-TCC TCC GCT TAT 
TGA TAT GC-3’) oriented to ITS1 and ITS2 [12]. 
The PCR mixture of 25 μl contained 1.25 U ther-
mostable DNA polymerase (Cheetah Hot Start 
Taq Polymerase; Biotium, Hayward, California, 
USA), 1×  buffer supplied with the polymerase, 
1.5 mmol·l-1 MgCl2, 340  μmol·l-1 dNTP (Applied 
Biosystems, Foster City, California, USA) and 
300 nmol·l-1 of each primer. PCR was carried out 
in a Veriti thermal cycler (Applied Biosystems) 
using a programme, for 16S rDNA fragment am-
plification, consisting of initial denaturation at 
94  °C for 2 min, 35 cycles (denaturation at 94 °C 
for 1 min, annealing at 54 °C for 1 min and poly

by  using two grooved rolling pins rotated against 
each other. The formed cheese strands are 
dropped immediately into cold drinking water. 
After cooling for 2–10 min, the cheese strands are 
wound onto a reel, cut to the final length and tied 
with one cheese strand. Then they are immersed in 
a saturated NaCl solution and hung up to remove 
excess water. In case of “korbáčiky“, the cheese 
strands are plaited into the shape of a  little whip 
along 2/3 of their length and fastened together by 
one of the strands, with no change regarding the 
chemical or microbiological composition. Smoked 
varieties of the cheese are smoked by means of di-
rect hardwood cold smoke in a smoking chamber. 
Taste and aroma of these cheeses are mild, slightly 
acidic and salty. If less salty, they would resemble 
caciocavallo or scamorza cheeses. Microflora of 
these cheeses, which is responsible for the produc-
tion of lactic acid and aroma-active compounds, 
comprises mainly lactic acid bacteria (LAB) from 
genera Lactococcus, Streptococcus and Lactoba-
cillus. “Vojky“ produced in traditional way in the 
village of Zázrivá (Slovakia) and “korbáčiky“ pro-
duced in the region of Orava (Slovakia) have a sta-
tus of Protected Geographical Indication [1, 2].

The cheeses are produced in industrial and 
traditional ways. Industrially are produced mainly 
“nite“, which utilize pasteurized milk and starter 
cultures for production of lump cheeses. Tradi-
tional production, products of which are usually 
accepted as tastier and aromatic, utilizes pasteur-
ized or unpasteurized cows‘ milk or unpasteurized 
ewes‘ milk to produce lump cheeses. 

The aim of this study was to characterize mi-
croorganisms and key aroma-active compounds in 
unsmoked “nite“ and “vojky“ cheeses produced 
in different ways by three producers from pas-
teurized cows‘ milk or unpasteurized ewes‘ milk. 
In order to cover the seasonal variability, cheeses 
were analysed in four seasons during a year.

Materials and methods

Cheese samples
Cheese samples were obtained directly from 

producers from Slovakia in evacuated polyethyl-
ene packages of 100–300 g. Samples were stored 
at 4 °C and analysed within 3 days with the excep-
tion of molecular-biological analysis, for which 
the samples were frozen at –20 °C and processed 
within 4 weeks. Samples A were “nite” produced 
from pasteurized cows’ milk in an industrial way. 
Samples  B were “vojky“ produced from pasteur-
ized cows’ milk in traditional way, with lump 
cheeses obtained from various producers. Sam-
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merization at 72 °C for 2  min) and final poly
merization at 72 °C for 10 min. For amplification 
of ITS region, a programme consisting of initial 
denaturation at 94 °C for 2 min, 35 cycles (dena-
turation at 94 °C for 1 min, annealing at 54 °C for 
1 min and polymerization at 72 °C for 1 min) and 
final polymerization at 72 °C for 10 min was used. 
Amplified products were analysed by agarose gel 
electrophoresis to check the size and amount of 
the amplified product. Products of PCR were puri-
fied by QIAquick PCR Purification Kit (Qiagen), 
diluted to equimolar ratio and used as template 
for library preparation using Nextera XT library 
preparation kit (Illumina, San Diego, California, 
USA) according to the standard protocol. Sam-
ples were analysed using paired-end (2 × 300 bp) 
sequencing on MiSeq platform (Illumina). Se-
quencing data were imported into CLC Genomics 
Workbench Version 7.5 (Qiagen). Each sequence 
of sample was treated by merging and trimming. 
Limit of trimming using quality score was set 
to 0.001 and reads shorter than 150  nucleotides 
were discarded. Reads were identified based on 
their homology to reference 16S rRNA genes in 
DNA sequence database of National Center for 
Biotechnology Information (Bethesda, Mary-
land, USA) using Basic Local Alignment Search 
Tool (BLAST). BLAST results were processed by 
MEtaGenome ANalyzer (MEGAN V5; University 
of Tübingen, Tübingen, Germany) [13].

Analysis of volatile aroma-active compounds
A fraction of volatile compounds was extracted 

from individual cheese samples of 5.0 g by static 
incubation in a 40 ml vial in a metallic block ther-
mostat at 50 °C for 30 min, with a solid phase mi-
croextraction (SPME) fibre (2 cm) placed in the 
headspace above the sample. The SPME fibre 
DVB/Carboxen/PDMS “For odours“, film thick-
ness 50/30 µm (Supelco, Bellefonte, Pennsylvania, 
USA), was used. The fibre was initially conditioned 
by heating in the injector block of the gas chro-
matograph at 250 °C for 1 h. SPME sample was 
then directly thermally desorbed at 250 °C in the 
injector block of the gas chromatograph.

The volatile compounds extracted by SPME 
were analysed by gas chromatography-olfac-
tometry (GC/FID-O) in five replicates, using 
the concept of detection frequency of posterior 
assessment as described in our previous study 
[14]. A  sniffing procedure panel was formed of 
5 judges (2 men, 3 women, aged 29, 47, 50, 57 and 
61) who were chosen from 11 assessors trained in 
sensory evaluation. Results of GC/FID-O analy-
ses were expressed as average values of odour in-
tensity in a scale from 0 to 3 with increments of 

0.5, obtained from 5 independent measurements, 
complying with the requirement of 4 citations 
within every sensory perception. The gas chro-
matograph Agilent 7890A (Agilent Technolo-
gies, Palo Alto, California, USA) was coupled to 
a flame ionization detector and to an olfactory de-
tector port ODP3 (Gerstel, Mülheim an der Ruhr, 
Germany). The capillary column was DB-WAX 
(30 m × 0.32 mm × 0.25 µm; Agilent Technologies) 
operated with a  temperature programme 50 °C 
(1 min), 5 °C·min-1, 240 °C (1 min). Hydrogen was 
used as a carrier gas at a linear velocity of 45 cm·s-1 
(measured at 143 °C). Pulse splitless injection was 
used at an injector temperature of 250 °C. The 
olfactory detector port (ODP) operated at a tem
perature of 180 °C, interface temperature was 
230 °C and the flow of added nitrogen in ODP hu-
midifier was 12 ml·min-1. The sniffing time of each 
judge did not exceed 30 min.

In order to identify the separated compounds, 
samples were analysed in parallel by gas chroma-
tography-mass spectrometry (GC-MS) using the 
gas chromatograph Agilent 6890N (Agilent Tech-
nologies) coupled to the mass spectrometric de-
tector 5973 inert (Agilent Technologies) equipped 
with a column DB-WAXetr (30  m × 0.25  mm  × 
0.50 µ m; Agilent Technologies) operating 
with a  temperature programme 50 °C (1  min), 
5 °C·min-1, 240  °C (1  min). The linear velocity of 
carrier gas helium was 35 cm·s-1 (measured at 
143  °C). Pulse splitless injection was used at an 
injector temperature of 250 °C. Ionization voltage 
(EI) was 70 eV.

Individual volatile aroma-active compounds 
were identified based on comparison of their 
linear retention indices, mass spectra, analysis of 
standards, and by comparison of data on occur-
rence and odour description with literature, as 
described in our previous studies [14, 15]. Linear 
retention indices (LRI) for individual compounds 
were calculated, confirmed and compared with 
LRI data obtained by measurement of C5–C13 al-
kanes as reference standards. For this purpose, 
our in-house database of LRI data was used. Iden-
tification of compounds by comparison of mass 
spectra was done using Registry of Mass Spectral 
Data (Wiley, New York, New York, USA) and 
Mass Spectral Library (National Institute of Stan-
dards and Technology, Gaithersburg, Maryland, 
USA).

Results and discussion

Chemical parameters of “nite“ and “vojky“ 
cheeses from three producers, manufactured in 
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four seasons of the year, are summarized in Tab. 1 
and demonstrate conformity with official specifi-
cation [1, 2]. The results demonstrate a compara-
tively low variability of these products along the 
year, with the highest fat content in ewes’ milk-
based cheeses (samples C), which corresponds to 
the higher fat content in ewes’ than in cows’ milk 
[16]. The determined NaCl content in the range of 
17.2–29.2 g·kg-1 suggests that producers attempt 
to keep NaCl content lower than the maximum of 
45–55 g·kg-1 allowed by official specification [1, 2].

Culture-based microbiological parameters of 
the studied cheeses are summarized in Tab. 2. The 
results demonstrate the expected highest stability 
in microbiological quality in case of “nite“ pro-
duced from pasteurized cows’ milk in an industrial 
way (samples A). These cheese samples contained 
presumptive lactococci as the dominant microor-
ganisms at levels in the order of 102–103 CFU·g-1, 
accompanied in summer and autumn by presump-
tive lactobacilli in the order of 102 CFU·g-1. Levels 
of indicator coliforms were appreciably low along 
the entire year, with the highest value in the order 
of 102 CFU·g-1 in spring. Levels of potentially toxi-
nogenic coagulase-positive staphylococci were low 
(< 50 CFU·g-1) along the entire year. Moulds were 
detected at very low levels (< 10–10 CFU·g-1) si
milar to yeasts, which were more abundant only in 
spring (in the order of 102 CFU·g-1).

Clearly higher levels of LAB were deter-
mined in “vojky“ produced from pasteurized 
cows’ milk in traditional way (samples B), with 
dominant presumptive lactococci in the or-
der of 103–108 CFU·g-1 always being accompa-
nied by presumptive lactobacilli (in the order of 
103–105 CFU·g-1). Also in these samples, coliforms 
were low along the entire year, with the high-
est value in the order of 102 CFU·g-1 in spring, 
and levels of potentially toxinogenic coagulase-
positive staphylococci were low (< 50 CFU·g-1) 
along the entire year. Moulds were detected at low 

levels (< 10–10 CFU·g-1) and yeasts were also low 
(< 10–10 CFU·g-1), with greater contents detected 
in autumn and spring, in the order of 102 CFU·g-1.

Much more microorganisms were detected 
in “nite“ produced from unpasteurized ewes’ 
milk (samples C), which contained high levels 
of presumptive lactococci (in the order of 
106–108 CFU·g-1) and presumptive lactobacilli (in 
the order of 106–107 CFU·g-1) accompanied with 
considerable levels of coliforms (in the order of 
103–106 CFU·g-1). In these samples, coagulase-
positive staphylococci were detected at levels in 
the order of 102–103 CFU·g-1. Levels of moulds 
ranged in the order of 101–103 CFU·g-1 and levels 
of yeasts ranged in the order of 102–105 CFU·g-1.

The results of culture-based microbiological 
analysis demonstrated the overall success of the 
technological approach based on the use of pas-
teurized milk and strictly controlled process condi-
tions to obtain a safe and microbiologically repro-
ducible product. However, levels of LAB in such 
product can be taken as low, compared to those 
in “vojky“ produced from pasteurized cows’ milk 
in traditional way (samples B). “Nite“ produced 
from unpasteurized ewes’ milk (samples C) were 
clearly superior in the contents of LAB but con-
tained also certain levels of hygienically or tech-
nologically unfavourable microorganisms, which 
were not suppressed by treatment with hot water. 
The determined contents of microorganisms were 
comparable to the previously published data on 
ewes’ lump cheese [17], May bryndza cheese [18] 
or similar cheeses [19] and complied with legisla-
tive requirements [20].

Culture-based data were supplemented by cul-
ture-independent analysis using high throughput 
sequencing. Eukaryotic microflora was analysed in 
autumn samples, where unidentified Ascomycota 
were found dominant in sample B, Dipodascus 
spp. was found dominant in sample C and ITS am-
plification failed in sample A, probably because of 

Tab. 1. Chemical parameters of the studied cheeses.

Parameter

Content [g·kg-1]

Autumn Winter Spring Summer

A B C A B C A B C A B C

Dry matter 505.4 420.9 542.8 506.3 524.9 562.1 498.8 436.9 528.2 480.2 483.1 552.4

Fat 185.0 115.0 267.5 192.5 175.0 270.0 182.5 125.0 260.0 195.0 172.5 297.5

Fat in dry matter 366.0 273.2 492.8 380.2 333.4 480.3 365.9 286.1 492.2 406.1 357.1 538.6

Proteins 257.0 241.6 207.1 262.2 287.6 232.0 259.2 285.9 219.5 249.3 256.2 212.3

NaCl 20.5 26.2 19.8 20.3 23.7 29.5 20.2 27.5 36.7 17.2 22.4 21.6

A – pasteurized cows‘ milk, industrial production; B – pasteurized cows’ milk, traditional production; C – unpasteurized ewes’ 
milk, traditional production.
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a  very low content  of eukaryotic microorganisms 
(data not shown). Because these expensive analy-
ses were found to be not very effective in produc-
ing novel knowledge, culture-independent analysis 
of eukaryotic microflora was not carried out in fur-
ther samples. In fact, eukaryotic microflora is not 
developed in short-ripened cheeses and does not 
seem to have a significant impact on cheese aroma 
[19].

Data on culture-independent analysis of pro-
karyotic microflora are summarized in Tab.  3. 
With a few exceptions (“nite“ from unpasteurized 
ewes’ milk, samples C in autumn and winter), Lac-
tococcus spp. were dominant in all cheese samples, 
accounting for > 75 % amplicons. This agreed in 
particular with Lactococcus spp. being the main 
component of starter cultures used for production 
of lump cheese from pasteurized milk, but being 
widely present in raw milk and rapidly propagated 
during first days of lump cheese ripening [17, 19]. 
The second widest detected LAB was Streptococ-
cus spp., which was also present in all cheese sam-
ples in all year seasons. It is another component 
of starter cultures, which explains its presence in 
cheeses made from pasteurized milk (samples A, 
B). Its presence and even dominance in “nite“ 
made from unpasteurized ewes’ milk (samples C) 
can be explained within the great microbiological 
variability of this cheese, reflecting the occasional 
use of internal whey cultures. Another widely de-
tected LAB was Lactobacillus spp., which was ab-
sent from cheeses produced from pasteurized milk 
in industrial way (samples A), but present in all 
cheeses produced from pasteurized milk in tradi-
tional way (samples B) and in cheeses from unpas-
teurized ewes’ milk (samples C) produced in three 
out of four seasons. Absence of this LAB in indus-
trially produced cheeses suggests the use of dif-
ferent starter cultures than in traditional produc-
tion. Different starter cultures may be responsible 
also for the exclusive presence of Leuconostoc 
spp. in cheeses from pasteurized milk produced 
in traditional way (samples B) in three out of 
four year seasons. Presence of Enterococcus spp. 
in all cheese samples, including those made from 
pasteurized milk, reflects the thermal resistance 
of this microorganism and its intensive growth in 
cheeses [21].

Culture-independent microbiological analysis 
provided interesting information also on proka
ryotic contaminants of the cheeses. Enterobacte-
riaceae, which are taken as indicators of hygienic 
problems, were found exclusively in cheeses pro-
duced from unpasteurized ewes’ milk (samples C) 
in all year seasons. These results demonstrated 
good manufacturing practice applied at the pro-

duction of cheeses A and B, which avoided post-
pasteurization contamination by Enterobacte-
riaceae. Cheeses produced from pasteurized cows’ 
milk were also devoid of Staphylococcus spp., 
which is an important toxinogenic contaminant of 
cheeses. Although it was detected in all cheeses 
from unpasteurized ewes’ milk, confrontation with 
data obtained by culture-based methods showed 
that Staphylococcus spp. did not reach hygieni-
cally unacceptable levels. These results confirmed 
the success of suppression of growth of Staphylo-
coccus spp. by the activity of LAB in the produc-
tion process of cheeses [22]. Majority of cheeses 
were contaminated by Pseudomonas spp., which 
was uncommon in case of “nite“ from pasteur-
ized cows‘ milk (sample A) industrially produced 
in spring. While this microorganism may originate 
in environmental contamination during traditional 
production, its presence in industrially produced 
cheese rather suggests psychrophilic selection, e.g. 
using longer refrigerated milk or longer refrige
rated lump cheese [23].

Overall good agreement was observed with 
data obtained by culture-independent and culture-
based microbiological analyses. However, some 
controversy was observed with Lactobacillus spp., 
which was found absent, by culture-independent 
analysis, in cheeses produced from pasteurized 
milk in an industrial way (samples A), while pre-
sumptive lactobacilli were detected in the order of 
102–105 CFU·g-1 by culture-based analysis. Since 
Lactobacillus spp. was detected at reasonable 
levels by the culture-independent approach in all 
“vojky“ cheeses produced from pasteurized cows’ 
milk in traditional way (samples B) and in three 
out of four “nite“ cheeses produced from unpas-
teurized ewes’ milk (samples C), the culture-inde-
pendent method appeared to be sensitive enough 
and we interpret this observation as false positive 
detection of non-Lactobacillus colonies on MRS 
agar, due to insufficient selectivity of this medium.

Results of the analysis of aroma-active com-
pounds are summarized in Tab. 4, Tab. 5 and 
Tab.  6. In cheeses produced from pasteurized 
cows’ milk in industrial way (samples A), 42 odour 
zones were recognized by GC/FID-O throughout 
entire year, including two odouric co-elutions 
(Tab. 4). Diacetyl, acetic acid, dimethyl sul-
fone, nonanoic acid and δ-decalactone were key 
odourants throughout entire year in this series, 
however, their intensities were comparatively low, 
1.5–2 at the utmost. Further odourants were re-
corded sporadically in various year seasons, often 
at low odour itensities, dominantly 0.5. These 
cheese samples lacked the presence of several 
typical cheese odourants such as ethylacetate, 
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droxy-2-butanone) at intensities 0.5–2, nonanal at 
intensities 0.5–1.5, acetic acid at intensities 1–1.5, 
butanoic acid at intensities 1.5–2, 3-methylbuta-
noic acid at intensities 1–3, hexanoic acid at inten-
sities 1–2.5, 2-phenylethanol at intensities 1–2.5, 
octanoic acid at intensities 1–1.5, p-cresol at inten-
sities 0.5–1.5, nonanoic acid at intensities 1–1.5, 
δ-decalactone at intensities 1.5–3, decanoic acid at 
intensity 1 (not detected in summer) and dodeca-
noic acid at intensity 1. Regarding variability along 
the year, summer samples were characterized by 
higher intensities of odourants of unpleasant and 
“overferemented” notes, respectively, (2-methyl
butanal  + 3-methylbutanal, 3-methylbutanol, 
octanal, butanoic, 3-methylbutanoic acid, hexa-
noic acid + guaiacol (2-methoxyphenol), un-
known compound No.  36, octanoic acid, p-cresol 
and nonanoic acid). Several odourants specific 
for this kind of cheese were detected, namely, 
2-methylbutanal + 3-methylbutanal, p-cresol, 
guaiacol (all detected along entire year), 1,3-pen-
tadiene + acetaldehyde and p-xylene (detected in 
autumn and winter). In other year seasons, further 
odourants specific for this kind of cheese were 
sporadically detected, namely, hexanol, 2-hydroxy-
3-pentanone, furfural (2-furaldehyde), 2-ethyl-
hexanol, 2-acetylfuran and phenylacetaldehyde. 
3-Methylbutanoic acid seemed to play a dominant 
organoleptic role in „nite“ cheese produced from 
unpasteurized ewes’ milk in contrast to counter-
part cheeses made from cows’ milk. An important 
organoleptic role in the former cheese was iden-
tified also for odourants such as hexanoic acid, 
diacetyl, guaiacol, butanoic acid, δ-decalactone 
and 2-phenylethanol. The mentioned odourants 
largely contributed, with their high odour inten-
sities, to the overall aroma of cheeses produced 
from unpasteurized ewes’ milk, being its charac-
teristic components.

A level of correlation was observed between 
the composition of microflora and the profile of 
aroma-active compounds of the studied cheeses. 
In particular, cheeses produced from pasteurized 
cows’ milk in industrial way (samples A) had the 
weakest and least complex aroma profile, which 
corresponded to the great dominance of lactococci 
as typical primary starter bacteria with a limited 
production of aroma-active compounds. Regard-
ing the two types of cheese produced in traditional 
way, the effect of pasteurization on the profile of 
aroma-active compounds seemed less pronounced 
than the effect of ewes’ milk versus cows’ milk. 
This observation may be connected with a differ-
ent chemical composition of ewes’ milk versus 
cows’ milk, or by different microflora bound to 
individual milk types, despite of pasteurization in 

benzene, 2-pentanone, ethylbutanoate, 3-methyl
propanol, 2-heptanone, tuberolide (dihydro-4-
methyl-5-pentyl-2(H)-furanone) or decanoic acid, 
which were detected in other cheeses in this study. 
Cheeses produced from pasteurized cows’ milk 
in  industrial way were overall characterized by 
weaker aroma profiles, and also by weaker taste, 
as determined by degustation (data not shown).

In cheeses produced from pasteurized cows’ 
milk in traditional way (samples B), a  greater 
number of 65 odour zones were recognized by 
GC/FID-O throughout entire year, including 
four odouric co-elutions (Tab. 5). Key odourants 
were 2-pentanone + diacetyl (2,3-butanedione; 
co-eluting) at intensities 1.5–2 throughout entire 
year, acetic acid at intensities 1–2 throughout en-
tire year, butanoic acid at intensities 1.5–2 (un-
detected in spring), octanoic acid at intensities 
0.5–1.5 throughout entire year, nonanoic acid at 
intensities 0.5–1.5 throughout entire year, do-
decanoic acid at intensities 0.5–1 throughout 
entire year, δ-decalactone at intensities 2–2.5 
throughout entire year, benzoic acid at intensities 
0.5–1 throughout entire year, dimethylsulfone at 
intensities 1.5–2 throughout entire year, benzoic 
ethylbutanoate at intensity 0.5 throughout entire 
year and methoxyphenyloxime at intensities 0.5–1 
throughout entire year. Unknown compound 
No.  51 was detected at intensities 1–1.5 through-
out entire year. Dimethylsulfide and dimethylsul-
fone were detected in both industrially and tradi-
tionally produced cows’ milk cheeses, while thymol 
was detected only in traditionally produced ones 
in summer and autumn. Comparing cheeses of this 
series produced along the year, it can be noticed 
that several specific compounds with sweetish, 
citrus-like notes were present in summer season, 
namely, d-limonene, unknown compound No. 17 
or 3-methyl-2-butenol (prenol), with herbal, green 
odours, namely, 6-methyl-5-hepten-2-one, and 
with sweet-caramel notes, namely, unknown com-
pound No. 56. Regarding other odourants, these 
were, as a  rule, olfactorically detected at highest 
intensities in summer samples (dimethylsulfide, 
ethylacetate + 2-butanone, benzene, d-carvone, 
unknown compound No. 51, thymol, unknown 
compound No. 57, unknown compound No. 62 
and benzoic acid).

In cheeses produced from unpasteurized 
ewes’ milk (samples C), a  number of 49 odour 
zones were recognized by GC/FID-O, includ-
ing four odouric co-elutions (Tab. 6). Key odour-
ants that were present along the entire year were 
2-methylbutanal + 3-methylbutanal (co-elution) 
at intensities 1–2.5, diacetyl at intensities 2–3, 
3-methylbutanol at intensities 1–2, acetoin (3-hy-
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Office of Standards, Metrology and Testing, 1965. In 
Slovak.

	 5.	ISO 8968-1:2014. Milk and milk products -- 
Determination of nitrogen content -- Part 1: Kjeldahl 
principle and crude protein calculation. Geneva  : 
International Organization for Standardization, 
2014.

	 6.	STN 57 0107-12:1980. Metódy skúšania prírodných 
a tavených syrov. (Test methods for natural and 
processed cheese.) Determination of sodium chlo-
ride content. Bratislava : Slovak Office of Standards, 
Metrology and Testing, 1980. In Slovak.

	 7.	ISO 4833-1:2013. Microbiology of the food chain -- 
Horizontal method for the enumeration of micro-
organisms – Part 1: Colony count at 30 degrees C 
by the pour plate technique. Geneva : International 
Organization for Standardization, 2013.

	 8.	ISO 4832:2006. Microbiology of food and animal 
feeding stuffs -- Horizontal method for the enumera-
tion of coliforms -- Colony-count technique. Geneva : 
International Organization for Standardization, 
2006.

	 9.	ISO 6888-2:1999. Microbiology of food and ani-
mal feeding stuffs -- Horizontal method for the 
enumeration of coagulase-positive staphylococci 
(Staphylococcus aureus and other species) -- Part 2: 
Technique using rabbit plasma fibrinogen agar 
medium. Geneva : International Organization for 
Standardization, 1999.

	10.	ISO 6611:2004. Milk and milk products -- 
Enumeration of colony-forming units of yeasts 
and/or moulds -- Colony-count technique at 
25  degrees  C. Geneva : International Organization 
for Standardization, 2004.

	11.	Ghyselinck, J. – Peiffer, S. – Heylen, K. – 
Sessitsch,  A.  – de Vos, P. : The effect of primer 
choice and short read sequences on the outcome of 
16S rRNA gene based diversity studies. PLoS One, 
8, 2013, e71360. DOI: 10.1371/journal.pone.0071360.

	12.	White, T. J. – Bruns, T. – Lee, S. – Taylor, J.: 
Amplification and direct sequencing of fungal ribo
somal RNA genes for phylogenetics. In: Innis, M. A. – 
Gelfand, D. H. – Sninsky, J. J. – White, T. J. (Eds.): 
PCR protocols: a guide to methods and applications. 
London : Academic Press, 1990, pp. 315–321. ISBN: 
0-12-372181-4. 

	13.	Huson, D. H. – Mitra, S. – Ruscheweyh, H. J. – 
Weber, N. – Schuster, S. C.: Integrative analysis of 
environmental sequences using Megan4. Genome 
Research, 21, 2011, pp. 1552–1560. DOI: 10.1101/
gr.120618.111.

	14.	Sádecká, J. – Šaková, N. – Pangallo, D. – Kore
ňová, J. – Kolek, E. – Puškárová, A. – Bučková, M. – 
Valík, L. – Kuchta, T.: Microbial diversity and volatile 
odour-active compounds of barrelled ewes’ cheese as 
an intermediate product that determines the quality 
of winter bryndza cheese. LWT – Food Science and 
Technology, 70, 2016, pp. 237–244. DOI: 10.1016/j.
lwt.2016.02.048.

	15.	Sádecká, J. – Kolek, E. – Pangallo, D. – Valík, L. – 
Kuchta, T.: Principal volatile odorants and dynamics 
of their formation during the production of May 

case of cows’ milk. These results are in concor-
dance with current knowledge in the field [24–26].

Conclusions

Three types of “nite“ and “vojky“ cheese pro-
duced in 2016–2017 were characterized with the 
main focus on diversity of bacteria and key aro-
ma-active compounds. The detailed chemical and 
microbiological data revealed clear differences 
between cheeses produced from pasteurized cows’ 
milk in industrial way, cheeses produced from pas-
teurized cows’ milk in traditional way and cheeses 
produced from unpasteurized ewes’ milk in tradi-
tional way, with minor variations along the year. 
The results showed that industrially produced 
cheeses contained a better defined microflora with 
a  minimum of microorganisms other than lactic 
acid bacteria, but their profile of aroma-active 
compounds was inferior. On the other hand, tradi-
tionally produced cheeses, in particular those pro-
duced from unpasteurized ewes’ milk, contained 
a  richer complex of aroma-active compounds but 
also bacteria that may be problematic, as they 
were not sufficiently suppressed by treatment with 
hot water.
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