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Microorganisms and volatile aroma-active compounds
in bryndza cheese produced and marketed in Slovakia
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Summary

Ten industrially and traditionally produced versions of bryndza, a typical Slovakian ewes’ cheese, covering the domi-
nating offer in the market in Slovakia, were studied regarding the contents of microorganisms and key volatile aroma-
active compounds. Culture-based microbiological analysis was complemented by culture-independent analysis by
high throughput sequencing on Illumina MiSeq platform using 16S rDNA and internal transcribed spacer amplicons.
Aroma-active compounds extracted by headspace solid-phase microextraction were analysed by gas chromatography-
olfactometry supported by gas chromatography-mass spectrometry. Bacterial microflora was found to be dominated
by lactic acid bacteria, mostly lactococci, followed by streptococci, lactobacilli and leuconostocs. A portion of cheeses
contained Enterobacteriaceae, pseudomonads or Chryseobacterium spp. and, exceptionally, coagulase-positive
staphylococci at a legally acceptable level. Eukaryotic microflora was dominated by Dipodascaceae in most samples.
Certain samples contained contaminants such as Mucor spp. Key aroma-active compounds comprised butanoic acid,
d-decalactone, acetic acid, diacetyl and guaiacol. Further significant aroma-active compounds were 3-methylbutanol,
3-methylbutanoic acid, 2-phenylethanol, octanoic acid and p-cresol. The results demonstrated that geographical loca-
tion, involvement of pasteurization or admixture of the cows’ milk-based component do not entirely determine the
aroma profile of bryndza cheese, but it appears to be the result of a complex interplay of the production technology
and microorganisms.
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Bryndza is a typical Slovakian cheese recog-
nized as a Protected Geographical Indication
(PGI) product [1]. It is a natural, white, mature,
spreadable cheese in granular form. It has a deli-
cate odour and taste and has a pleasantly sour
ewes’ cheese taste that is slightly spicy and salty.
The basic intermediate for bryndza produc-
tion is ewes’ lump cheese, produced by a well
defined two-stage ripening process lasting for
8-14 days [2].

The traditional bryndza cheese, in its original
version [3], is currently produced only by small
producers in limited volumes, and is distribut-
ed only locally or regionally. On the other hand,
different versions of this cheese are produced
on industrial basis and are distributed in large
volumes by supermarket chains in Slovakia and
in neighbouring countries. Problems with safety
of cheeses produced from raw ewes’ milk by tra-
ditional technologies lead industrial producers

Jana Sadecka, Zuzana Caplové, Emil Kolek, Janka Korefiova, Tomas Kuchta, Food Research Institute, National Agricultural
and Food Centre, Priemyselna 4, P. O. Box 25, SK-82475 Bratislava, Slovakia. }
Martin Tomaska, Maros$ Droncovsky, Dairy Research Institute, DIha 95, SK-01001 Zilina, Slovakia.

Katarina Soltys, Department of Molecular Biology, Faculty of Natural Sciences, Comenius University in Bratislava, llkovi¢ova 6,
SK-84215 Bratislava; Slovakia and Comenius University Science Park, Comenius University in Bratislava, llkovicova 8,
SK-84104 Bratislava, Slovakia.

Maria Kopuncova, Food Research Institute, National Agricultural and Food Centre, Priemyselnd 4, P O. Box 25,
SK-82475 Bratislava, Slovakia and Faculty of Natural Sciences, Comenius University, llkovicova 6, SK-84215 Bratislava,
Slovakia.

Jaroslav Budis, Department of Computer Science, Faculty of Mathematics, Physics and Informatics, Comenius University in
Bratislava, Mlynska dolina, SK-84248 Bratislava, Slovakia; Geneton s. r. 0., Galvaniho 7, SK-82104 Bratislava, Slovakia; Slovak
Centre of Scientific and Technical Information, Lamacska cesta 8/A, SK-811 04 Bratislava, Slovakia.

Correspondence author:
Tomas Kuchta, e-mail: tomas.kuchta@nppc.sk

382 © 2019 National Agricultural and Food Centre (Slovakia)


tomas.kuchta@nppc.sk

Microorganisms and aroma-active compounds in bryndza

to use altered technologies usually involving pas-
teurization of milk and application of starter cul-
tures. Another practice is that a part of the ewes’
component is replaced by cows’ lump cheese, up
to the maximum allowed proportion of 1 : 1. These
alterations may lead to products of organoleptic
quality that is considerably different from the tra-
ditional one [4, 5].

In a previous study [5], May bryndza cheese
from 7 small producers in Slovakia was charac-
terized, with the main aim to cover microbial
diversity and unique aroma variations of the
seasonal cheese. In the current study, a rep-
resentative range of bryndza cheese variants
having a main share of the market in Slovakia
in 2017-2018 was characterized. Products from
10 producers were characterized, including the
product of a major industrial producer dominating
the market and products of some medium-volume
producers. The samples involved bryndza cheese
produced from pasteurized or unpasteurized ewes’
milk, 100% ewes’ or mixed with up to 49% cows’
component, ewes’ component being lump cheese
or barrelled cheese, or their mixtures. Microflora
of the cheeses was characterized by both culture-
based and culture-independent methods, and pro-
files of key volatile aroma-active compounds were
determined by gas chromatography-olfactometry.

MATERIALS AND METHODS

Cheese samples

The following bryndza cheese samples were
analysed (information was obtained from the
label):

1. Full-fat summer bryndza, containing ewes’
lump cheese, drinking water and edible salt.
Minimum share of the ewes’ component made
from pasteurized 50 % in dry matter. Dry
matter 440 g-kg! minimum, fat in dry matter
480 g'kg! minimum, package weight 125 g.

2. Full-fat summer bryndza, containing ewes
lump cheese from unpasteurized milk (mini-
mum share 50 %), cows’ lump cheese from pas-
teurized milk, drinking water and edible salt.
Dry matter 440 g-kg-! minimum, fat in dry mat-
ter 480 g-kg'! minimum, NaCl 25 g-kg! maxi-
mum, package weight 250 g.

3. Ewes® bryndza, containing ewes‘ lump cheese
from unpasteurized milk, drinking water and
edible salt. Dry matter 480 g-kg'! minimum,
fat in dry matter 480 g-kg'! minimum, NaCl
25 g'kg'! maximum, package weight 382 g.

4. Mixed bryndza, containing ewes‘ lump cheese
produced from pasteurized milk (minimum

share 51 %), cows’ lump cheese produced from
pasteurized milk, drinking water and edible
salt. Dry matter 440 g-kg-! minimum, fat in dry
matter 480 g-kg! minimum, package weight
125 g.

5. Ewes® bryndza, containing ewes’ lump cheese
produced from pasteurized milk, drinking wa-
ter and edible salt. Dry matter 480 g-kg-! mini-
mum, fat in dry matter 480 g-kg'! minimum,
NaCl 25 gkg! maximum, package weight
250 g.

6. Slovakian bryndza PGI — mixed bryndza pro-
duced from barrelled ewes’ cheese, contain-
ing barrelled ewes’ cheese from unpasteur-
ized milk, cows’ lump cheese from pasteurized
milk, drinking water and edible salt. Dry
matter 440 g-kg'l minimum, fat in dry matter
480 g'kg'! minimum, NaCl 25 g-kg-! maximum,
package weight 125 g.

7. Ewes® bryndza, containing ewes’ lump cheese
produced from unpasteurized milk, drinking
water and edible salt. Dry matter 480 gkg!
minimum, fat in dry matter 480 gkg! mini-
mum, NaCl 25 gkg! maximum, package
weight 250 g.

8. Full-fat bryndza, containing barrelled ewes’
lump cheese (minimum share 50 %), cows’
lump cheese from pasteurized milk, drinking
water and edible salt. Dry matter 440 gkg!
minimum, fat in dry matter 480 gkg! mini-
mum, NaCl 30 gkg! maximum, package
weight 125 g.

9. Full-fat bryndza, containing barrelled ewes’
lump cheese from pasteurized milk and barrel-
led ewes‘ lump cheese from unpasteurized milk
(cumulative share 50 %), cows’ lump cheese
from pasteurized milk, drinking water and
edible salt. Dry matter 440 g-kg'! minimum,
fat in dry matter 480 g-kg'l minimum, NaCl
25 g'kg'l maximum, package weight 125 g.

10. Full-fat summer bryndza, containing ewes’
lump cheese from unpasteurized milk, cows’
lump cheese from pasteurized milk, drinking
water and edible salt. Dry matter 440 gkg!
minimum, fat in dry matter 480 gkg! mini-
mum, NaCl 25 gkg! maximum, package
weight 250 g.

Sample 1 was produced by a major industrial
producer, other samples were produced by me-
dium-volume producers. Regional origin could
not be attributed to individual samples, as, to
our knowledge, producers often purchased lump
cheese from other regions. Cheese samples were
obtained from the producers or purchased in
shops in Slovakia. The samples were analysed dur-
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ing the “best before” period of the products as de-
clared on the label. One package of each sample
was analysed.

Determination of chemical parameters of cheeses

Dry matter was determined according to
ISO 5534:2004 [6]. Fat was determined accord-
ing to STN 57 0107:1965 [7]. Proteins were deter-
mined according to ISO 8968-1:2014 [8]. Sodium
chloride (NaCl) content was determined accord-
ing to STN 57 0107-12:1980 [9].

Culture-based microbiological analysis

Total aerobic counts were determined
according to ISO 4833-1:2013 [10]. Coliforms
were determined according to ISO 4832:2006
[11]. Coagulase-positive staphylococci were de-
termined according to ISO 6888-2:1999 [12].
Yeasts and moulds were determined according
to ISO 6611:2004 [13]. Presumptive lactobacilli
were determined by enumeration of colonies
after anaerobic culturing on de Man, Rogosa and
Sharpe (MRS) agar (Merck, Darmstadt, Ger-
many) for 72 h at 37 °C. Presumptive lactococci
were determined by enumeration of colonies after
aerobic culturing on M17 agar (Merck) for 72 h
at 30 °C. Enterococci were not selectively deter-
mined as they do not significantly contribute to the
aroma of bryndza cheese [5].

Culture-independent microbiological analysis
DNA was isolated from cheese samples by
chaotropic solid-phase extraction using DNeasy
Mericon Food Kit (Qiagen, Hilden, Germany)
according to the standard protocol for 200 mg of
food sample. Bacterial 16S rDNA fragments were
amplified 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 [14]. 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 [15].
The PCR mixture of 25 ul contained 1.25 U ther-
mostable DNA polymerase (Cheetah Hot Start
Taq Polymerase; Biotium, Hayward, California,
USA), 1x buffer supplied with the polymerase,
1.5 mmol‘l'! MgClz, 340 pmoll-1 dANTP (Applied
Biosystems, Foster City, California, USA) and
300 nmol-I'! 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
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for 1 min, annealing at 54 °C for 1 min and poly-
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 x 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 Tiibingen, Tiibingen, Germany) [16].

Analysis of volatile aroma-active compounds

A fraction of volatile compounds was ex-
tracted from individual cheese samples of 5.0 g
by static incubation in a 40 ml vial in a metallic
block thermostat at 50 °C for 30 min, with a sol-
id phase microextraction (SPME) fibre placed in
the headspace above the sample. The SPME fibre
DVB/Carboxen/PDMS (2 cm), “For odours®, film
thickness 50/30 um (Supelco, Bellefonte, Pennsyl-
vania, USA) was used. The fibre was initially con-
ditioned by heating in the injector block of the gas
chromatograph at 250 °C for 1 h. SPME samples
were 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-olfactom-
etry (GC/FID-O) in five replicates, using the
concept of detection frequency of posterior as-
sessment as described in our previous study [17].
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 analyses were
expressed as average values of odour intensity
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in a scale from 0 to 3 with increments of 0.5, ob-
tained from 5 independent measurements, com-
plying with the requirement of 4 citations within
every sensory perception. The gas chromatograph
Agilent 7890A (Agilent Technologies, Palo Alto,
California, USA) was coupled to a flame ionization
detector and to an olfactory detector port ODP3
(Gerstel, Miilheim an der Ruhr, Germany). The
capillary column was DB-WAX (30 m x 0.32 mm x
0.25 wm; 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 cms'! (mea-
sured at 143 °C). Pulse splitless injection was used
at an injector temperature of 250 °C. The olfactory
detector port (ODP) operated at a temperature
of 180 °C, interface temperature was 230 °C and
the flow of added nitrogen in ODP humidifier was
12 ml'min-l. 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 chro-
matography-mass spectrometry (GC-MS) using
the gas chromatograph Agilent 6890N (Agilent
Technologies) coupled to the mass spectromet-
ric detector 5973 inert (Agilent Technologies)
equipped with a column DB-WAXetr (30 m x
0.25 mm x 0.50 uwm; Agilent Technologies) operat-
ing with a temperature programme 50 °C (1 min),
5 °C'min’l, 240 °C (1 min). The linear velocity of
carrier gas helium was 45 cm-s! (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 [18, 19]. Linear
retention indices (LRI) for individual compounds
were calculated, confirmed and compared with
LRI data obtained by measurement of Cg—Cz3 al-

kanes as reference standards. For this purpose, our
in-house database of LRI data was used. Identifi-
cation of compounds by comparison of mass spec-
tra was done using Registry of Mass Spectral Data
(Wiley, New York, New York, USA) and Mass
Spectral Library (National Institute of Standards
and Technology, Gaithersburg, Maryland, USA).

RESULTS AND DISCUSSION

Chemical parameters of various variants of
bryndza cheese from 10 producers are summa-
rized in Tab. 1. The results demonstrate conform-
ity with the specification of Slovakian bryndza PGI
within the set of parameters [1].

Culture-based microbiological parameters of
the studied cheeses are summarized in Tab. 2. The
bacterial microflora was dominated by presump-
tive lactococci, which were present in all samples
at high levels of >107 CFU-g'l, and by presump-
tive lactobacilli, which were present at levels of
105-107 CFU-g'! in bryndza samples from pas-
teurized milk and at levels of 105-103 CFU-g'!
in bryndza samples from unpasteurized milk.
Coliforms as indicators of fecal contamination
or unhygienic processing conditions were de-
tected at levels of <101-102 CFU-g! in bryndza
samples from pasteurized milk and at levels of
103-108 CFU-g'! in bryndza samples from unpas-
teurized milk, with the exception of Sample 2 that
contained less than 10! CFU-g-1 coliforms. The de-
termined levels of coliforms as well as differences
between cheeses produced from pasteurized and
unpasteurized milk were in agreement with the es-
tablished knowledge in the field [20].

Coagulase-positive staphylococci, which are
sporadic toxinogenic contaminants of this type of
cheese, were absent from all bryndza samples from
pasteurized milk and from 4 out of 6 bryndza sam-
ples from unpasteurized milk. Coagulase-positive
staphylococci were detected only in Sample 3 and
Sample 4, and that was at a level of 104 CFU-g"1,

Tab. 1. Chemical parameters of the studied bryndza cheese samples.

Content in a sample [g-kg]
1 2 3 4 5 6 7 8 9 10
Fat 222.5 236.3 240.0 270.0 285.0 245.0 240.0 270.0 235.0 235.0
Dry matter 444.0 490.0 532.5 481.1 507.6 468.9 482.3 519.6 469.2 449.2
Fat in dry matter | 501.1 482.2 450.7 561.2 561.5 522.5 497.6 519.6 500.9 523.2
Proteins 191.1 195.9 221.7 171.9 185.4 181.6 188.8 205.4 181.2 178.7
NaCl 21.2 20.5 16.6 23.4 18.6 22.4 20.3 201 24.4 25.0
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Tab. 2. Culture-based microbiological parameters of the studied bryndza cheese samples.
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i. e. below the legally stated limit [21]. These re-
sults indicated good efficiency of pasteurization
and good microbiological quality of milk regarding
coagulase-positive staphylococci.

Yeasts and moulds were detected at levels of
103-10% CFU-g'! and 102-10° CFU-g"1, respective-
ly, with no systematic differences between cheeses
produced from pasteurized and unpasteurized
milk. An exception was Sample 2 containing very
low amounts of yeasts and moulds, which can be
taken as strange in the case of a cheese produced
from unpasteurized milk. The determined con-
tents of yeasts and moulds were otherwise in line
with previously published data on bryndza cheese
[4,5].

Culture-based data were supplemented by cul-
ture-independent analysis using high throughput
sequencing. Results on the prokaryotic microflora
are summarized in Tab. 3. In all samples, techno-
logically relevant lactic acid bacteria (i. e. Lacto-
coccus spp., Streptococcus spp., Lactobacillus spp.
and Leuconostoc spp.) dominated, forming a share
of 57.8-99.6 % of all prokaryotic taxons. Among
them, Lactococcus spp. dominated in 9 out of
10 samples, involving both bryndza from pasteur-
ized milk produced with starter cultures and also
bryndza from unpasteurized ewes’ milk. The only
exception was Sample 5, in which Streptococcus
spp. were dominant. Because the latter cheese
was produced from pasteurized milk, the high
level of Streptococcus spp. could have come from
a starter culture. Streptococcus spp. were detected
in all samples at shares of 0.4-44.4 %. The share
of Lactobacillus spp. varied between the samples
in a range of 0.0-16.1 %, being zero in Sample 1,
which was bryndza from pasteurized milk contain-
ing 500 g-kg! cows’ component. In other cheeses
from pasteurized milk (Sample 4, Sample 9), lac-
tobacilli represented a share of 1.2 %, which were
probably pasteurization survivors. The high level
of Lactobacillus spp. of 13.1 % in Sample 5 (pro-
duced from pasteurized milk) could have come
from a starter culture. Leuconostoc spp. were de-
tected at comparatively low shares of 0.2-4.8 % in
6 out of 10 samples.

The culture-independent analysis also revealed
certain levels of various contaminants, such as
Enterobacteriaceae in 6 out of 10 samples, Pseu-
domonas spp. in 3 out of 10 samples or Chryseo-
bacterium spp. in 2 out of 10 samples. Although
these results could not be directly matched with
those of culture-based analysis, certain interest-
ing relations were evident. For example, the very
high share of Enterobacteriaceae in Sample 3 de-
tected by culture-independent analysis coincided
with the high level of coliforms of 104 CFU-g’!
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Tab. 3. Percentage of prokaryotic taxons in bryndza cheese samples,
as determined by the culture-independent approach.

Taxon Share [%]
1 2 3 4 5 6 7 8 9 10

Sequences total 14355 | 13654 | 14246 | 23596 | 34157 | 28082 | 60802 | 60022 | 57990 | 59095
Lactococcus spp. 96.0 49.9 54.9 76.9 35.7 93.8 66.9 79.3 90.1 49.8
Streptococcus spp. 0.5 22.6 1.8 18.1 44.4 0.4 4.5 141 5.8 30.6
Lactobacillus spp. 0.0 1.9 1.1 1.2 13.1 0.6 16.1 3.0 1.2 10.0
Leuconostoc spp. 1.1 0.2 0.0 0.0 0.2 4.8 3.4 2.0 0.0 0.0
Enterococcus spp. 1.9 2.4 1.6 0.2 2.2 0.0 1.8 0.0 0.0 1.1
Acetobacter spp. 0.2 1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Enterobacteriaceae 0.0 6.4 26.3 25 0.9 0,0 4.6 0.0 0.0 3.3
Staphylococcus spp. 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Pseudomonas spp. 0.0 2.2 5.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Acinetobacter spp. 0.0 0.6 4.5 0.2 1.9 0.0 0.0 0.0 2.0 1.8
Chryseobacterium spp. 0.0 2.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Vagococcus spp. 0.0 0.0 0.0 0.3 0.4 0.0 0.0 0.0 0.0 0.0
Other 0.2 9.9 3.1 0.3 0.8 0.2 23 1.5 0.9 3.0
Unassigned 0.1 0.4 1.2 0.2 0.1 0.2 0.4 0.1 0.0 0.4

determined by the culture-based method. On the
other hand, presence of coliforms at a similar or
even higher level in samples 6, 7 and 10 was not
adequately registered by culture-independent
analysis in any taxon including Enterobacteria-
ceae. These discrepancies may reflect different
composition of the enterobacterial microflora in
individual cheese samples, which might have been
quantified with different efficiency by the culture-
based method. Staphylococcus spp. were detected
only in two samples and the culture-independent
analysis failed to detect these bacteria in Sample
3 and Sample 10, in which 104 CFU-g'! of coagu-

lase-positive staphylococci were detected by the
culture-based method. These results demonstrate
a problematic reliability of the culture-indepen-
dent analysis at detection of contaminating and
potentially pathogenic bacteria in bryndza cheese.

Results of the culture-independent analy-
sis of the eukaryotic microflora are summa-
rized in Tab. 4. In 8 out of 10 samples. Dipodas-
caceae were dominant, representing a share of
78.0-97.0 %. This fungal family contains members
of the group Galactomyces/Geotrichum, which
had been previously identified as very important
for the production of bryndza cheese [18, 22, 23],

Tab. 4. Percentage of eukaryotic taxons in bryndza cheese samples
as determined by the culture-independent approach.

Taxon Share [%]
1 2 3 4 5 6 7 8 9 10
Sequences total 20865 | 15484 | 20034 | 33010 | 26230 | 17529 | 74890 | 64806 | 75976 | 64782
Dipodascaceae 96.8 97.0 93.0 6.4 5.3 93.3 93.9 96.0 78.0 89.0
Debaryomyces spp. 0.0 1.3 0.5 0.0 81.4 4.6 0.1 0.3 2.0 0.9
Kluyveromyces spp. 2.4 0.3 0.5 0.0 0.1 0.0 3.6 2.6 15.1 0.3
Pichia spp. 0.0 0.7 1.3 93.6 10.8 0.5 1.1 0.3 3.0 2.1
Rhodotorula spp. 0.0 0.3 2.4 0.0 0.0 0.1 0.0 0.1 0.3 0.4
Candida spp. 0.0 0.0 0.7 0.0 2.3 0.0 1.3 0.2 1.0 0.1
Mucor spp. 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.1 0.4
Other or unassigned 0.8 0.4 1.0 0.0 0.1 1.5 0.0 0.5 0.5 6.8
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and also genus Yarrowia, members of which were
previously detected in ewes’ lump cheese and
May bryndza [4, 22]. The remaining two cheese
samples contained other dominant fungi, name-
ly, Sample 4 contained dominant Pichia spp. and
Sample 5 contained dominant of Debaryomyces
spp. accompanied with a significant admixture of
Pichia spp. Both of these fungi were previously
detected in ewes’ lump cheese and May bryndza,
similar to Klyuveromyces spp. [4, 22], which was
here detected in 8 out of 10 samples at a share of
0.1-15.1 %. These results suggest that the domi-
nant fungal microflora reflects the composition
of the microflora of the environment of individual
production facilities, in particular the ripening
chambers [24]. Other detected fungi, in particular
Mucor spp., are established contaminants causing
spoilage and their presence may indicate hygienic
problems in the cheese production [22, 25].

Comprehensive summary of the chemical
analytical-sensory results for bryndza cheese from
all ten producers are summarized in Tab. 5. The
chemical profiles are dominated by carboxylic
acids including free fatty acids, esters, alcohols,
ketones, aldehydes, terpenoids, one lactone, one
oxime and a small group of yet unidentified com-
pounds. The reason for no success at identifica-
tion of the latter ones was their presence at very
low, trace or ultra-trace levels, which did not allow
GC-MS to record relevant mass spectra. However,
these compounds were not remarkably aroma-
active (intensities 0.5-1.5) in most cases, with the
exception of compound No. 48.

Based on the GC/FID-O method used in this
study, essential aroma-active compounds that
were present in all analysed bryndza cheese sam-
ples and presenting highest aroma intensity scores
were butanoic acid, &-decalactone, acetic acid,
diacetyl and guaiacol. Further significant aroma-
active compounds were 3-methylbutanol, 3-methyl-
butanoic acid, 2-phenylethanol, octanoic acid and
p-cresol. 3-Methylbutanol and 3-methylbutanoic
acid, together with less stable 3-methylbutanal,
are products of microbial metabolism that can be
mutually converted, but all have similar aroma
characteristics and are known as principal aroma-
active compounds of various cheeses including
ewes’ ones [26, 27].

The samples analysed in this study were brynd-
za cheese produced in various geographical loca-
tions, employing various variants of technology
including or excluding pasteurization, and con-
taining or not containing lump cheese made from
cows’ pasteurized milk. Reflecting this, the aroma
profiles of the samples varied in a certain range.
However, no clear correlation with individual geo-
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graphical or technological parameters could be
seen. For example, samples 3 and 7, both made in
a traditional way from 100% unpasteurized ewes’
milk, were similar in aroma intensities of buta-
noic acid, acetic acid, 3-methylbutanal, diacetyl,
3-methylbutanoic acid, &-decalactone, 2-phenyl-
ethanol, ethylbutanoate and 3-methylbutylacetate,
but differed in aroma intensities of 2-methylpro-
panal, 3-(methylthio)propanol, hexanoic acid,
heptanoic acid, phenol + unknown compound
and nonanoic acid. Considering the effect of pas-
teurization and aroma profiles of samples 3 and
7 (unpasteurized) versus sample 5 (pasteurized)
are compared, very similar aroma intensities were
recorded for butanoic acid, 3-methylbutanol, di-
acetyl, ethyloctanoate, acetic acid, b-carvone and
2-phenylethanol, while aroma intensities of ethyl-
acetate + 2-butanone, 3-methylbutanal, 3-methyl-
butyl acetate, 3-methylbutanol, 2-methylpropanoic
acid and 3-methylbutanoic acid decreased, and
aroma intensities of 3-decalactone increased.

The picture is further more complex when
samples made from pasteurized ewes’ milk with
admixture of the component made from pasteur-
ized cows’ milk are taken into account (samples 1
and 4). In this case, a markedly lower number of
odour zones was recorded in Sample 1, which was
produced in an industrial way. The latter sam-
ple was also characterized by the poorest aroma
profile of all bryndza cheese samples analysed in
this study. This sample was also characterized by
overall lower intensities of individual aroma-active
compounds. When samples 2 and 10 made from
unpasteurized ewes’ milk with an admixture of
the component made from pasteurized cows’ milk
are taken into account, their aroma profiles were
similar in aroma intensities recorded for diace-
tyl, acetic acid, guaiacol, decanoic acid + hedion,
benzoic acid and toluene. Samples 1, 4 resem-
bled samples 2, 10 by intensities of the following
aroma-active compounds, albeit recorded at low
intensities: ethyleneoxide, ethanethiol, butanol,
B-myrcene, 2-heptanone + D-limonene, 2-methyl-
ethylbutanoate, 2-nonanol, 2-ethylhexanol, penta-
nol, acetoin, octanal, nonanal, 2-methylpropanoic
acid, hexanol and 2-nonanone. Comparing sam-
ples 2 and 10, 34 odour zones were recorded for
Sample 10, with an evident dominance of high aro-
ma intensities, intensities of 2-3 being detected in
10 odour zones, and only 23 odour zones were re-
corded for sample 2, with intensities of 2-3 being
detected in only 2 odour zones.

Another interesting comparison is that be-
tween samples 6 and 9, which are both composed
of barrelled ewes’ cheese and of cows’ lump
cheese. Sample 6 has a qualitatively as well as
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quantitatively rich profile of aroma-active com-
pounds, containing 37 odour zones (the highest
number of all samples) with high aroma intensi-
ties. In contrast, Sample 9 contained only 24 odour
zones with overall lower aroma intensities.

Our results demonstrate that geographical lo-
cation, involvement of pasteurization or admixture
of the cows’” milk-based component do not entirely
determine the aroma profile of bryndza cheese,
but the specific way of production in individual
production premises is crucial.

Common key or significant aroma-active com-
pounds determined in bryndza cheese in this study
were previously encountered in our studies of May
bryndza cheese [5, 19] or barrelled ewes’ cheese
[18]. Compared to May bryndza cheese, buta-
noic acid was detected at higher intensities, while
3-methylbutanol at lower intensities in samples in
this study. 3-Decalactone, which was a key aroma-
active compound in this study, was not detected
previously in May bryndza cheese but belonged to
key aroma-active compounds of barrelled ewes’
cheese as well as to essential odourants of ewes’
lump cheese produced particularly from pasteur-
ized milk. However, it should be noted that we
achieved improved separation of aroma-active
compounds in this study due to the use of the gas
chromatographic column with a polar stationary
phase. Therefore, direct comparability of our
current and previous results is limited.

Variability in the sensory profile of bryndza
cheese samples did not show a clear connection to
microflora as relatively quantified at genus level.
For example, Sample 6 that had the richest sen-
sory profile, was not outstanding in its microflora.
Composition of eukaryotic microflora appeared to
have no significant effect on aroma profile, includ-
ing aroma intensities of medium-chain fatty acids
that are known to be generated from lipids by li-
pases [27]. However, the specific aroma profile of
bryndza cheese appears to be the result of a com-
plex interplay of the production technology and
microorganisms.

In this study, we defined the dominating micro-
organisms and key aroma-active compounds, as
well as characterized their range in bryndza cheese
produced and marketed in Slovakia. The obtained
data can be used for objective specification of this
cheese type, its definition and differentiation from
other cheese types.

Acknowledgements

This work was supported by the Slovak Research
and Development Agency under contract No. APVV-
15-0006.

REFERENCES

1.

10.

11.

. Sakovd, N.

Commission Regulation (EC) No 676/2008 of 16
July 2008 registering certain names in the Register
of protected designations of origin and protected
geographical indications (Ail de la Drome (PGI),
Vsestarska cibule (PDO), Slovenska bryndza (PGI),
Ajo Morado de Las Pedroneras (PGI), Gamoneu
or Gamonedo (PDO), Alheira de Vinhais (PGI),
Presunto de Vinhais or Presunto Bisaro de Vinhais
(PGI)). Official Journal of the European Union, 51,
2008, L189, pp. 19-20. ISSN: 1725-2555. <http://
data.europa.eu/eli/reg/2008/676/0j>

. Palo, V. — Kaldb, M.: Slovak sheep cheeses.

Milchwissenschaft, 1984, 39, pp. 518-521. ISSN:
0026-3788.

. Gorner, F.: Der Brinsekése aus Schafmilch (Brimsen).

Nahrung, 4, 1980, pp. 157-162. ISSN: 0027-769X.

. Pangallo, D. - Sakovd, N. — Koretiovd, J. —

Puskdrova, A. — Krakova, L. — Valik, L. — Kuchta, T.:
Microbial diversity and dynamics during the produc-
tion of May bryndza cheese. International Journal
of Food Microbiology, 170, 2014, pp. 38-43. DOI:
10.1016/j.ijfoodmicro.2013.10.015.

Sddecka, J. - Lejkova, .
Puskdrova, A. — Korenova, J. — Kolek, E. — Valik, L. -
Kuchta, T. — Pangallo, D.: Characterization of May
bryndza cheese from various regions in Slovakia
based on microbiological, molecular and principal
volatile odorants examination. Journal of Food and
Nutrition Research, 54, 2015, pp. 239-251. ISSN:
1336-8672 (print), 1338-4260 (online). <http://www.
vup.sk/download.php?bullD=1657>

. ISO 5534:2004. Cheese and processed cheese --

Determination of the total solids content (Reference
method). Geneva : International Organization for
Standardization, 2004.

. STN 57 0107:1965. Metddy skusania syrov, tvarohov,

krémov a ndtierok. (Methods of test for cheese,
curds, creams and spreads.) Bratislava : Slovak
Office of Standards, Metrology and Testing, 1965.
In Slovak.

.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.

.STN 57 0107-12:1980. Metody skusania prirod-

nych a tavenych syrov. Stanovenie obsahu chloridu
sodného. (Test methods for natural and processed
cheese. Determination of sodium chloride content).
Bratislava : Slovak Office of Standards, Metrology
and Testing, 1980. In Slovak.

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.

ISO 4832:2006. Microbiology of food and ani-
mal feeding stuffs — Horizontal method for the
enumeration of coliforms — Colony-count tech-
nique. Geneva : International Organization for

391


http://data.europa.eu/eli/reg/2008/676/oj
http://data.europa.eu/eli/reg/2008/676/oj
https://doi.org/10.1016/j.ijfoodmicro.2013.10.015
http://www.vup.sk/download.php?bulID=1657
http://www.vup.sk/download.php?bulID=1657

Sadecka, J. et al.

J. Food Nutr. Res., Vol. 58, 2019, pp. 382-392

12.

13.

14.

15.

16.

17.

18.

19.

392

Standardization, 2006.

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.

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.

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, €71360. DOI: 10.1371/journal.pone.0071360.
White, T. J. — Bruns, T. — Lee, S. — Taylor, J.:
Amplification and direct sequencing of fun-
gal ribosomal RNA genes for phylogenetics. In:
Innis, M. A. - Gelfand, D. H. — Sninsky, J. J. —
White, T. J.: PCR protocols: A guide to methods
and applications. London : Academic Press, 1990,
pp. 315-321. ISBN: 0-12-372181-4.

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.

Tomaska, M. — Caplové, 7Z.—-Sadecka,J. - Soltys, K. -
Kopuncovd, M. — Budi§, J. — Droncovsky, M. —
Kolek, E.—Korenovd, J.— Kuchta, T.: Microorganisms
and volatile aroma-active compounds in “nite” and
“vojky” cheeses. Journal of Food and Nutrition
Research, 58, 2019, pp. 187-200. ISSN: 1336-8672
(print), 1338-4260 (online). <http://www.vup.sk/
download.php?bullD=2024>

Sadeckd, J.—Sakovd, N. - Pangallo, D. - Korefiovd, J. -
Kolek, E. — Puskarova, A. — Buckova, M. — Valik, .. —
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.
Iwt.2016.02.048.

Sddeckd, J. — Kolek, E. — Pangallo, D. — Valik, L.. -
Kuchta, T.: Principal volatile odorants and dynamics
of their formation during the production of May

20.

21.

22.

23.

24.

25.

26.

217.

Bryndza cheese. Food Chemistry, 150, 2014,
pp. 301-306. DOI: 10.1016/j.foodchem.2013.10.163.
Martin, N. H. - Trm¢i¢, A. — Hsieh, T. H. — Boor, K. J. -
Wiedmann, M.: The evolving role of coliforms as
indicators of unhygienic processing conditions in
dairy foods. Frontiers in Microbiology, 7, 2016, docu-
ment 1549. DOI: 10.3389/fmicb.2016.01549.
Commission Regulation (EC) No 2073/2005 of
15 November 2005 on microbiological criteria for
foodstuffs. Official Journal of the European Union,
48, 2005, L338, pp. 1-26. ISSN: 1725-2555. <http://
data.europa.eu/eli/reg/2005/2073/0j>
Chebetiovd-Turcovskd, V. — ZeniSovd, K. -
Kuchta, T. — Pangallo, D. — Breznd, B.: Culture-
independent detection of microorganisms in tra-
ditional Slovakian bryndza cheese. International
Journal of Food Microbiology, 150, 2011, pp. 75-78.
DOI: 10.1016/j.iffoodmicro.2011.07.020.

Kotiuchovd, M. — Liptdkovd, D. — Sipkovd, A. -
Valik, L.: Vyuzitie druhu Geotrichum candidum
v mliekarenskom priemysle. (Role of Geotrichum
candidum in dairy industry.) Chemické listy, 170,
2016, pp. 491-497. ISSN: 1213-7103. <http://www.
chemicke-listy.cz/docs/full/2016_07_491-497.pdf>
In Slovak.

Bokulich, N. A. — Mills, D. A.: Facility-specific
,house“ microbiome drives microbial land-
scapes of artisan cheesemaking plants. Applied
and Environmental Microbiology, 79, 2013,
pp- 5214-5223. DOI: 10.1128/AEM.00934-13.
Snyder, A. B. — Churey, J. J. — Worobo, R. W
Characterization and control of Mucor circinelloides
spoilage in yogurt. International Journal of Food
Microbiology, 228, 2016, pp. 14-21. DOI: 10.1016/].
ijfoodmicro.2016.04.008.

Curioni, P. M. G. — Bosset, J. O.: Key odorants in
various cheese types as determined by gas chro-
matography-olfactometry. International Dairy
Journal, 12, 2002, pp. 959-984. DOI: 10.1016/S0958-
6946(02)00124-3.

Smit, G. — Smit, B. A. — Engels, W. J. M.: Flavour
formation by lactic acid bacteria and biochemi-
cal flavour profiling of cheese products. FEMS
Microbiology Reviews, 29, 2005, pp. 591-610. DOI:
10.1016/j.femsre.2005.04.002.

Received 27

September  2019; 1st  revised

21 October 2019; accepted 4 November 2019; published
online 20 November 2019.


https://doi.org/10.1371/journal.pone.0071360
https://doi.org/10.1101/gr.120618.111
https://doi.org/10.1101/gr.120618.111
http://www.vup.sk/download.php?bulID=2024
http://www.vup.sk/download.php?bulID=2024
https://doi.org/10.1016/j.lwt.2016.02.048
https://doi.org/10.1016/j.lwt.2016.02.048
https://doi.org/10.1016/j.foodchem.2013.10.163
https://doi.org/10.3389/fmicb.2016.01549
http://data.europa.eu/eli/reg/2005/2073/oj
http://data.europa.eu/eli/reg/2005/2073/oj
https://doi.org/10.1016/j.ijfoodmicro.2011.07.020
http://www.chemicke-listy.cz/docs/full/2016_07_491-497.pdf
http://www.chemicke-listy.cz/docs/full/2016_07_491-497.pdf
https://doi.org/10.1128/AEM.00934-13
https://doi.org/10.1016/j.ijfoodmicro.2016.04.008
https://doi.org/10.1016/j.ijfoodmicro.2016.04.008
https://doi.org/10.1016/S0958-6946(02)00124-3
https://doi.org/10.1016/S0958-6946(02)00124-3
https://doi.org/10.1016/j.femsre.2005.04.002

	Microorganisms and volatile aroma-active compounds in bryndza cheese

