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The aim of this study was to assess the structure of indigenous microbial community associ-

ated with traditional fresh sheep cheese Karakacanski skakutanac and to preserve autochthonous
microbial consortia. Eleven cheeses were sampled during production season (April-September) and
subjected to microbiological analysis. Bacterial DNA was isolated by Maxwell®16 DNA system from
99 microbial consortia harvested from three culture media (M17, Rogosa, CATC) on the 1%, 2
and 3" day of the cheese shelf life. The extracted bulk DNA (n = 99) was used as a template for
PCR-ARDRA and PCR-DGGE analysis. There were no dramatic shifts in the bacterial number and
structure of the microbial consortia harvested on the 1%, 2" or 3" day of the cheese shelf life neither
during period of sampling. Lactococcus lactis subsp. lactis reached the number of 107-10% CFU g,
while Leuconostoc pseudomesenteroides, Enterococcus faecalis, and Lactobacillus versmoldensis were
identified only at lower dilutions (102~ 103). This first polyphasic microbiological-molecular study
of the Karakatanski skakutanac indicated the main LAB representatives associated with the cheese.
Obtained autochthonous microbial consortia present a valuable pool of strains for further genetic and
functional characterizations.
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Introduction

Karakacanski skakutanac (KS) is a traditional
fresh sheep cheese made of raw milk in a limited
area of eastern Croatia and its production is vanish-
ing (Pogaci¢ et al., 2010a). However, there is an
intention to revitalize and standardize the manufac-

ture of the Karakacanski skakutanac cheese; as such
type of cheese is rarely produced from raw sheep
milk. Therefore a project »Functional dairy products
made of sheep milk« was managed with the aim to
explore the cheese microbial ecology, peculiar tech-
nology, structural and textural characteristics. Re-

*Corresponding author/Dopisni autor: Phone/Tel.: +385 1 239 3646; E-mail: tpogacic@agr.hr; tpogacic@gmail.com



T. POGACIC et al.: Biodiversity of fresh sheep cheese microbial consortia, Mljekarstvo 61 (3), 208-219 (2011)

209

vitalization of its production will be an important
step towards protection of the traditional cheeses,
and a valuable contribution to development of the
Vukovar region that has been strongly and violently
devastated and forcedly depopulated during war pe-
riod (1991-1995) in Croatia. According to histori-
cal documents the KS cheese has been produced in
the Vukovar region since the end of the 10 century
when this region was settled by Karakacani, originat-
ed from Greece, which introduced the cheese man-
ufacture for the first time in the region. The cheese
technology has already been described (Pogaci¢ et
al., 2010a) and the whole process has also been liter-
ally presented (Pogaci¢ and Samarzija, 2008).

Typical and traditional foods represent an im-
portant patrimony for a region and an opportunity
for the development of the rural areas (Dolci et
al., 2008a). The indigenous microbiota of tradi-
tional cheeses produced from raw milk contributes
to development of specific aromatic characteristics
in such cheeses (Duthoit et al., 2003; Randazzo
et al., 2009a; Settanni and Moschetti 2010). In-
creasing information on the natural microbial popu-
lation of dairy products can help in preventing the
loss of microbial biodiversity and a wide range of
traditional cheeses (Fortina et al., 2003; Marino
et al., 2003; Scintu et al., 2007). The indigenous
lactic acid bacteria (LAB) of artisanal cheeses have
been widely studied by culture-dependent and inde-
pendent approaches (Ercolini et al., 2004, Juste”
et al., 2008; Randazzo et al., 2009b). Culture-
independent molecular approaches have become
an alternative to culture-based studies (Jany and
Barbier, 2008; Randazzo et al., 2009b; Pogaci¢
et al., 2010b). Amplified ribosomal DNA restriction
analysis (ARDRA) has also been used to assess struc-
tural diversity of the microbial communities from
various environmental (Gich et al., 2000; Guthrie
et al., 2000; Rodas et al., 2003; Maukonen and
Saarela, 2009) and food samples (Kopermsub and
Yunchalard, 2010; Pogaci¢ et al., 2010a). The
analysis of the cheese microbiota through cultivable
microbial community (bulk cells or microbial con-
sortia) can be used as an alternative to traditional
tools in order to identify dominant species based on
random isolation and identification of the selected
single colonies. Identification of the dominant spe-
cies can be achieved by sequencing of the DGGE
bands arising from the patterns corresponding to
the appropriate dilutions (Ercolini et al., 2001,

Edenborn and Sexstone 2007; Aponte et al,,
2008; Van Horde et al., 2008). However, only a
combination of culture-dependent and independent
approaches can provide more comprehensive over-
view of microbial diversity of any microbial ecosys-
tem (Juste” et al.,, 2008; Martin-Platero et al,,
2008; Cocolin et al., 2009). The role of non starter
LAB in the cheese manufacturing (Settani et al.,
2010) and its impact on specificity of traditional
cheeses varieties (Scintu et al., 2007) have recently
been reviewed and updated. Moreover, it is obvious
there is a strong intention to preserve the indigenous
microflora at EU level (Embarc project, 2009), to
optimize methods for its characterization and pres-
ervation and to create a European microbial DNA
network (Lortal, 2010).

A previous culture-independent study (Pogaci¢
et al., 2010a) gave limited information on the KS
indigenous microbiota, as only predominant Lac-
tococcus lactis population was detected. Therefore
in this follow up study the aims were to extend
the knowledge on the microbial ecology of the KS
cheese, to assess the structure of indigenous viable
microbial community and to collect and preserve au-
tochthonous microbial consortia for further genetic
and functional characterizations. The focus was on
lactobacilli, lactococci and enterococci as the main
representatives of the LAB more frequently found
in traditional cheeses. The diversity of indigenous
microbiota was studied by culture-dependent ap-
proach employing PCR-ARDRA, PCR-DGGE and
sequencing of 16S rRNA gene.

Materials and methods

The overall strategy of the study is outlined in
Fig. 1.

Cheese sampling

Eleven cheeses were collected from eleven in-
dependent batches manufactured from the repre-
sentative traditional cheese farm in Nustar (Vukovar
region, Eastern Croatia) during production period
(April-September) and transported to the labora-
tory in an ice box. The pH of the cheeses was ap-
proximately from 4.7 to 5.0. Samples (n = 11) were
stored during the shelf life of three days under re-
frigerated conditions until further analysis.
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Figure 1. Experimental scheme for identification
of microbial consortia isolated from
Karakacanski skakutanac cheese

Microbial consortia culturing and harvesting

For culturing and harvesting of the microbial
consortia three selective culture media were used:
M17 agar (Merck, Germany) for lactococci, CATC
agar (Merck, Germany) for enterococci, and Rogosa
agar (Merck, Germany) for lactobacilli. Cheeses
on the 1 (n = 11), 2 (n = 11) and 3% (n = 11)
day after manufacturing were aseptically collected
and 10 g of samples were homogenized with 90 mL
trisodium citrate dihydrate (2 % w/vol) (Kemika,
Croatia) in BagMixer® 400 Blender (Interscience,
France) for 2 min. Homogenates were serially di-
luted and appropriate aliquots were spread on M17,
CATC and Rogosa agar and incubated at 30 °C for 48
h. Plates with Rogosa agar were incubated in micro-
aerophilic conditions obtained by the Generbox sys-
tem (Bio-Merieux, France). For every cheese sample

(n = 33, 11 cheeses on the 1%, 2" and 3" day after
manufacturing) and for every culture media (n = 3),
5 plates of the countable dilutions were additionally
incubated under conditions already described. After
incubation, consortia were harvested by rinsing (2-3
mL Ringer solution) the colonies from the surface of
every of the 5 Petri dishes. From each of the 5 plates,
1 mL of consortia was collected in a sterile tube,
resulting in a total of 5 mL consortia (bulk cells).
Two milliliters of every consortia were subsequently
transferred to an ependorf tube and stored at -20 °C
until bulk DNA extraction. The remaining consortia
(3 mL) were supplemented with glycerol (30 % v/v)
and stored at -20 °C for further characterizations.
For each of the 33 analyzed cheeses, one consortium
was prepared from M17 agar, CATC agar and Rogosa
agar, resulting in a total number of 99 consortia for
further molecular characterization.

DNA extraction from microbial consortia

Prior DNA extraction microbial consortia (2
mL) were thawed at room temperature. Samples
were centrifuged at 3500 g for 10 minutes at 10 °C.
After discarding the supernatant, the pellets were
resuspended in 400 uL of 1X TE buffer supple-
mented with 100 uL of lysozyme (25 ug/uL) and 10
L of mutanolysin (1U/uL) (Sigma, Germany) and
incubated at 37 °C for 2 hours. Then entire samples
were vortexed and transferred to the first well of
predispensed cartridges of Maxwell®16 DNA sys-
tem (Promega, USA). Before running the Maxwell
instrument, 300 uL of a Maxwell elution buffer and
1.5 uL. RNAse (4 mg/mL) (Promega, USA) were
added to its last cartridge. Further steps were per-
formed according to Maxwell®16 DNA purification
kit manual (Promega, USA). The resulting volume
of the extracted DNA was ~200 uL. DNA concen-
tration was estimated on agarose gel and it was ~80
ng/uL.

Bacterial strains and preparation of lysed cell
suspensions

The bacterial strains from the DSMZ collection
(Braunschweig, Germany) and Istituto per la qual-
itd e le tecnologie agroalimentari - Veneto Agricol-
tura (Thiene, Italy) considered in this study were:
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Enterococcus faecalis DSM 20478", Leuconostoc
pseudomesenteroides DSM 201937, Lactobacillus
delbrueckii subsp. lactis DSM20072", Lactococcus
lactis subsp. lactis F89. Culturing and preparation
of lysed cell suspensions was performed as previous-
ly described by Pogaci¢ et al., (2010a). The lysed
cells suspensions were used as the DNA templates
in PCR-ARDRA and PCR-DGGE experiments.

PCR-ARDRA analysis of microbial consortia

Universal bacterial primers pA (5’-AGAGTTT-
GATCCTGGCT CAG-3’) and pH (5-AAGGAG-
GTGATCCAGCCGCA-3") were used to amplify
16S rRNA gene (Urlik et al., 1989). The PCR mix-
ture of a final volume 25 uL contained 2.5 uL 10X
Taq buffer (Amersham Biosciences, UK), 0.2 mM
dNTPs, 0.1 uM of each primer, 1U of Taq polymer-
ase (Applied Biosystems, Italy), 2 uL of the lysed
cell suspension or 20 ng of the DNA extracted
from microbial consortia. PCR amplifications were
carried out in a Bio-Rad cycler (Biorad, Italy) un-
der previously described conditions (Rodas et al.,
2003). The PCR products were checked for purity
and length on a 1.2 % (w/v) agarose gel containing
ethidium bromide (5 ug/mL), for 30 min at 100V
in 0.5X TBE buffer (89 mM Tris-acetate, 89 mM
boric acid, 1 mM EDTA, pH 8.0), and visualized
under UV light. Five hundred nanograms of the am-
plified 16S rDNA was cleaved with 5 U of Trul I
(New England Biolabs, USA) at 65 °C for 2 hours
(Pogaci¢ et al.,, 2010a). The restriction fragments
were analyzed on a 2 % (w/v) agarose gel (3 h, 120
V) using a pUC Mix marker (Fermentas) as molecu-
lar weight marker. The gel was visualized under UV
light and the image was acquired by a digital camera
and analyzed by the Kodak EDAS 290 system (East-
man Kodak Company, USA).

Sequencing of the amplified 16S rRNA gene

Representatives of each ARDRA pattern group
were chosen for sequence analysis. The PCR prod-
ucts that after restriction analysis exhibited a unique
profile were selected to sequencing of the amplified
16S rRNA gene. PCR products were purified using
ExoSAP-IT kit (USB Corporation, Italy). To 2 uL of
the PCR products 3 uL of milliQ water and 2 uL

of ExoSAP-IT were added. The mix was incubated
at 37 °C for 15 min, following at 80 °C for 15 min.
To the purified PCR products 2 uL of the 3.2 uM
forward primer (pA) were added and the mix was
incubated at 65 °C for 1 h. Sequencing was per-
formed by BMR Genomics (University of Padova)
and sequences were aligned and compared to those
in GenBank using the BlastN program (Altschul et
al., 1997).

PCR-DGGE fingerprinting of microbial consortia

The consortia which after ARDRA analysis
exhibited mixed bacterial profiles and therefore
were not identified by sequencing, were subjected
to PCR-DGGE analysis. The V3 region of the 16S
rRNA gene was amplified using the universal bac-
terial primer pair V3f (5-CCT ACG GGA GGC
AGC AG-3’) and V3r (5-ATT ACC GCG GCT
GCT GG-3). To the forward primer a GC-clamp
(CGC CCG CCG CGC GCG GCG GGC GGG
GCG GGG GCA CGG GGG G) was added ac-
cording to Muyzer et al., (1993). PCR mixture (fi-
nal volume 50 uL) contained 5 uL 10X Taq buffer
(Amersham Biosciences), 0.2 mM dNTPs, 0.5 uM
of each primer, 1.25U of Taq polymerase (Applied
Biosystems, Italy) and 20 ng of DNA from consortia.
To perform the PCR reaction of control strains, their
cell lysate (2 uL) was used as template. PCR ampli-
fications were carried out in a Bio-Rad cycler (Bio-
rad, Italy) under conditions as previously described
(Muyzer et al., 1993). PCR products (5 uL) were
checked for purity and length by running DNA on
a 2 % agarose gel (45 min at 100 V) and visualizing
it under UV light. The pUC Mix molecular mark-
er (Fermentas, Italy) was used as standard. Before
DGGE analysis, the PCR products were purified
using the QIAquick PCR Purification Kit (Qiagen,
Italy) according to the manufacturer instructions.
DGGE experiments were performed using the
Dcode system (Biorad, Italy). To facilitate manipu-
lation and handling with DGGE gel, GelBond PAG
Film (0.2 mm) was applied (Lonza, USA). The PCR
products (15 uL, ~180 ng) were loaded on a 8 %
(w/v) polyacrylamide gel (26 to 58 %, urea - for-
mamide) and separated at the constant temperature
of 58 °C for 5 min at 280 V and for 5.5 h at 220 V
in 1X TAE buffer. To visualize the DGGE bands,
silver staining was applied with a slight modifica-
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tion of the method of Sanguinetti et al., (1994).
Briefly, the incubation time of the DGGE gels in a
100 mL of the fixing solution (10 % v/v ethanol, 0.5
% v/v acetic acid) containing 0.2 % (w/v) silver ni-
trate (second step of the coloration protocol) was
15 min instead of 5. The DGGE gels were dried at
room temperature and the image was acquired by
scanning. The analysis of the consortia fingerprinting
profiles obtained with DGGE was performed using
GelCompar 1II software (Applied Maths, Belgium).
The similarities between the DGGE patterns were
calculated using the Dice coefficient (Giannino et
al., 2009), and dendrogram was obtained by the un-
weighted pair group method with arithmetic aver-
ages (UPGMA).

Identification of DGGE bands

Selected bands were excised from the gel with
a sterile scalpel 18 hours after DGGE analysis and
the DNA solution was prepared as already described
by Sanguinetti et al., (1994). Two microliters of
the obtained DNA solution were re-amplified using
the original pair of universal bacterial primer (V3f,
V3r) but without the GC clamp and the identical
PCR conditions as already described. PCR ampli-
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cons were purified using ExoSAP-IT kit (USB cor-
poration) as already described. To the purified PCR
products 2 uL of the 3.2 uM forward primer (V3f)
were added and the mix was incubated at 65 °C for
1 h. The prepared samples were delivered for se-
quencing to BMR Genomics (University of Padova).
To determine the closest known relatives of the par-
tial 16S rDNA sequences obtained, sequences were
compared to those in GenBank with the BlastN pro-
gram (Altschul et al., 1997).

Results

PCR-ARDRA analysis of microbial consortia

PCR-ARDRA analysis was performed on the 99
consortia cultured and harvested from the 3 selec-
tive culture media: M17 (107), Rogosa (10?), CATC
(10%). The bacterial counts were in the range of 107-
108 cfu/g on M17 agar, 10°-10* cfu/gon CATC agar,
and 102-10° cfu/g on Rogosa agar, respectively. Bulk
DNA extraction and purification was performed by
Maxwell®16 DNA system and the templates were
subjected to PCR-ARDRA analysis. The ARDRA
profiles of the consortia originated from the three
culture media were unequivocally distinguishable
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Figure 2. Representative ARDRA profiles of digested 16S rRNA gene of microbial consortia from

Karakacanski skakutanac cheese

Lanes: M - molecular marker; 1-5, CATC consortium; 6-10, Rogosa consortium; 11-15, M17 consortium. Identified by sequencing
of amplified 16S rRNA gene: Leuconostoc pseudomesenteroides (lanes 8, 9); Lactococcus lactis subsp. lactis (lanes 11-15). Lanes 1-5;

6,7,10: mix profiles.
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based on the number and weight of the fragments
highlighting dominant LAB species on every me-
dium. There were no dramatic shifts in the bacte-
rial number and structure of the microbial consortia
harvested on the 1%, 2" or 3 day of the cheese shelf
life neither during period of sampling; indicating ho-
mogenous structure of the microbial community and
a stable ecosystem of the cheese. The representative
ARDRA profiles of the consortia considered in this
study are shown in Fig. 2.

The majority of the consortia (n = 28) harvested
from the M17 culture media exhibited identical AR-
DRA profiles as presented in Fig. 2, lanes 11 to 15;
matching reference strain Lactococcus lactis subsp.
lactis. Unequivocal attribution was also confirmed
by sequencing of the amplified 16S rRNA gene used
for the restriction analysis. The sequences showed
100 % similarity to L. lactis subsp. lactis (Acc. No
EU483103). The ARDRA profiles of the consortia
harvested from M17 culture media which did not
unequivocally present one bacterial fingerprint pro-
file (ARDRA profiles not shown), were subjected to
further PCR-DGGE analysis to assess the structure
of microbial community by separation of the ampli-
fied fragments.

Figure 3. ARDRA profiles of (1) Ec. faecalis DSM
20478" and (2) Lc. lactis subsp. lactis
DSM20072"

Among the consortia obtained from the Rogosa
culture medium, 25 of them exhibited ARDRA pat-
terns corresponding to Leuconostoc pseudomesenter-
oides (Fig. 2, lanes 8 and 9) that was also confirmed
by sequencing of amplified 16S rRNA gene (100
% similarity with Leuconostoc pseudomesenteroides,
Acc. No. AB326299). However, mixed bacterial
profiles were also observed (Fig. 2, lanes 6, 7 and 10)
and its structure was further assessed by DGGE. All
of the consortia (n = 33) harvested from the CATC
agar showed mix ARDRA patterns (Fig. 2, lanes 1-5)
of 2 LAB species matching mix of Enterococcus fae-
calis and Lactococcus lactis subsp. lactis reference
strains (Fig. 3). Unequivocal structure of the CATC
consortia was further assessed by PCR-DGGE.

PCR-DGGE fingerprinting of microbial consortia

The consortia which microbial structure was
not unequivocally assessed by PCR-ARDRA were
subjected to PCR-DGGE analysis. Bulk bacterial
DNA was amplified by universal bacterial primer
(V3f-GC, V3r) targeting V3-16S rRNA gene. Rep-
resentative DGGE fingerprints of the microbial
consortia are shown in Fig. 4. The selected DGGE
bands were excised from the gel, reamplified, puri-
fied and sequenced. The identified species are re-
ported in Table 1.

The DGGE profile of the microbial consortia
demonstrated that Lactococcus lactis was present
on the all culture media indicating non selectivity
of the media and prevalence of this species in the
cheese. The DGGE profiles of the all consortia (n =
33) harvested from the CATC media consisted of 2
species: Enterococus faecalis and Lactococcus lactis.
Higher diversity was observed in consortia harvested
from M17 media. A multiple copy of the same band
(band 2 and 3, Fig. 4) was also detected and identi-
fied as Lactococcus lactis. At the lower part of the
gel few more bands were observed identified as Cit-
robacter freundii, Pantoea sp. and Klebsiella oxitoca.
Consortia harvested from Rogosa medium also dem-
onstrated presence of Lactococcus lactis and in only
one consortia Lactobacillus versmoldensis (band 8,
Fig. 4). Several other faint bands obtained from the
DGGE gel unfortunately did not reamplify and its
identification was not possible.
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Table 1. Bacterial species identification after sequencing of the V3-16S rDNA fragments from DGGE gel
of Karakacanski skakutanac microbial consortia

Band® Species Identity % Genbank Acc. No.

1 Enterococcus faecalis 99 AF477496
2,7,9 Lactococcus lactis 100 AB375867

3 Lactococcus lactis 100 AB375867

4 Citrobacter freundii 100 EU420953

5 Klebsiella oxitoca 100 EU420947

6 Pantoea spp. 99 EU784085

8 Lactobacillus versmoldensis 99 AF502292

“The numbers of the bands correspond to the bands in Fig. 4

Figure 4. Representative DGGE profiles of V3-16S rRNA gene amplicons of bulk DNA isolated from
microbial consortia of Karakacanski skakutanac cheese harvested from 3 selective agar media

M - marker composed of 5 uL of PCR products of each type strain: A - Lb. delbrueckii subsp. lactis, B - Ec. faecalis, C - Lc. lactis
subsp. lactis. nr - not reamplified. Bands indicated by arrows were cut, reamplified and sequenced as reported in materials and
methods. The identified species are reported in Table 1. DGGE gel: 26-58 % denaturant gradient; 5.5 h, 220 V; 15 uL. ~180 ng of

PCR products; silver stained - 15 min

Cluster analysis

DGGE profiles of the microbial consortia were
subjected to cluster analysis according to Dice coef-
ficient and the dendogram obtained by UPGMA is
presented in Fig. 5. Three main clusters were ob-
tained. The consortia harvested from CATC agar
clustered at a similarity level of 65 %, M17 agar at
70 % and Rogosa (except Rogosa-16) at 50 %, re-
spectively.

Discussion

In the present study, structural diversity of
microbial communities associated with the tradi-
tional fresh sheep cheese Karakacanski skakutanac
(KS) was studied by polyphasic approach. Microbial
consortia were harvested from the CATC, M17 and
Rogosa agar, subjected to extraction of bulk DNA
and further characterized by PCR-ARDRA, PCR-
DGGE and sequencing. A polyphasic microbiologi-
cal-molecular approach allowes us to understand
better the microbial ecology of the specific tradi-
tional fresh sheep cheese. Considering the fact that
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Figure 5. Cluster analysis according to Dice coefficient showing the degree of similarity between DGGE
profiles of microbial consortia isolated from Karakacanski skakutanac cheese. CATC consortia
clustered at similarity level of 65 %, M17 at 70 % and Rogosa (except Rogosa-16) at 50 %

KS cheese was produced from raw fresh milk im-
mediately after milking, and that no heating of the
curd was applied, mesophilic LAB were targeted by
incubating the plates at 30 °C. Harvesting colonies
and consortia preparation has already been reported
as an alternative to randomly picking up and iden-
tification of single isolates (Ercolini et al., 2001;
Edenborn and Sexstone, 2007; Aponte et al,,
2008; Van-Horde et al., 2008; Roth et al., 2010).
Additionally, microbial consortia are becoming top-
ic of interest as it is well known that consortia can
perform more complicated task and endure more
changeable environments than individual strains

(Brenner et al., 2008).

The present study demonstrated that the
main LAB representatives of the microbial commu-
nity associated with Karakatanski skakutanac are:
Lactococcus lactis subsp. lactis, Leuconostoc pseu-
domesenteroides and Enterococcus faecalis. Several
other representatives of the Citrobacter/Pantoea/
Klebsiella group were also identified in few samples
and their presence might be associated to the lower

hygienic conditions during milking. The presence
of Lactobacillus versmoldensis was also observed in
only one consortium isolated from the Rogosa agar.
There is no information that Lb. versmoldensis has
been frequently associated with traditional cheeses.
Considering available resources Lb. versmoldensis
was identified by culture-independent PCR-TTGE
targeting V3-16S rRNA gene in Egyptian Domiati
cheese (E1-Baradei et al., 2007), and it was for the
first time isolated from raw fermented sausage and
identified by BOX-rep-APD, RAPD-PCR and DNA-
DNA hybridization (Krockel et al., 2003).

Leuconostoc psudomesenteroides was identified
only by PCR-ARDRA in majority of consortia col-
lected from Rogosa medium, while PCR-DGGE
allowed separation of mixed communities. It was
already reported (Ercolini et al., 2003; Aponte et
al.,, 2008; Mohar-Lorbeg et al., 2009) that differ-
ent target in PCR (gene, region) might yield differ-
ent results. In this study the target in PCR-ARDRA
was 16S rRNA gene, while in PCR-DGGE V-3 16S
rRNA gene. However, there is no method and no
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optimal approach that can identify the entire LAB
associated with any ecosystem, and just the combi-
nation of molecular approaches might provide more
objective results (Dolci et al., 2008b; Dolci et al.,
2008c; Martin-Platero et al., 2008; Pogaci¢ et al.,
2010b). Furthermore, in recent period several stud-
ies demonstrated differences in the results obtained
by analyzing microbiota of traditional cheeses by
culture-dependent and independent approaches, as
both approaches demonstrated drawbacks (Rant-
siou et al., 2008; Van Horde et al., 2008; Cocolin
et al., 2009; Martin-Platero et al., 2009; Ales-
sandria et al., 2010).

The sequencing of DGGE bands did not allow
further discrimination of Lc. lactis at subspecies lev-
el that was also reported by Rantsiou et al., (2008),
Van Horde et al., (2008), Giannino et al., (2009)
and Serhan et al., (2009). It is interesting to note
that subspecies cremoris was identified in KS cheese
in the previous culture-independent study (Pogaci¢
et al., 2010a). The discrepancy of the results in both
studies might be explained by the fact that subspe-
cies cremoris was present in the cheese, but it was
not cultivated or it was overgrown by subspecies
lactis. Viable but not cultivable state (VBNC) has
already been reported for lactococci (Martin-Plat-
ero et al., 2009). Therefore its DNA abundance in
bulk DNA isolated from the consortia might be too
low to amplify due to preferential amplification of
the predominant DNA. Another bias might be the
target. Bonetta et al., (2008) successfully discrimi-
nated subspecies lactis and cremoris targeting V1-16
S rRNA gene, while Ercolini et al., (2001b) just
demonstrated it was not possible by V3-16S rRNA
gene.

However, ARDRA profiles of the consortia,
demonstrated that Lactococcus lactis subsp. lactis
was the prevailing LAB in the KS cheese. Addition-
ally, cultivation of bacteria demonstrated that lacto-
cocci on M17 agar were present in the relatively high
number of 107-108 cfu/g, while less than 10 counta-
ble colonies were observed on the CATC and Rogosa
on higher dilutions than 10*. In Spanish Cueva de
la Magaha cheese, enterococci were also detected
only at dilutions 10 to 10* (Martin-Platero et al,,
2008), while in Slovenian Karst cheese low level of
lactobacilli (102-10* cfu/g) was also observed at the
beginning of ripening period (Canzek Majheni¢ et
al., 2007). The dominance of lactococi has recently

been reported for several traditional cheeses: Ra-
schera (Dolci et al., 2008a), Robiola di Roccaver-
ano (Bonetta et al., 2008), Casin (Alegria et al.,
2009), Istrian cheese (Mrkonji¢ Fuka et al., 2010).
The prevalence of lactococci in the cheese underlines
that just indigenous lactococci play a crucial role dur-
ing fermentation period of the KS cheese. Consider-
ing the short shelf life period of the cheese, of only
three days, the protective role of lactococci and its
antagonistic potential towards pathogenic bacteria
(Trm¢i¢ et al., 2008; Cretenet et al., 2009; Even
et al., 2009; Trm¢i¢ et al., 2010) should be consid-
ered in further studies as well. However, low level
of the other bacterial groups, especially leuconos-
tocs, should not be neglected. They may also play an
important role in the fermentation process as they
are able to ferment citrate and may also be involved
in proteolysis, while Lc. lactis is mainly acidifying
bacteria thus preventing both alteration and growth
of potentially pathogenic bacteria (Casalta et al.,
2009). The presence of lactococci on the all culture
medium highlighted non-selectivity of the medium
and ability of predominant species to adapt to the
environmental conditions and outgrow the less
abundant LAB (Dolci et al., 2008a; Dolci et al.,
2008b; Van Horde et al., 2008). Considering the
non-selectivity of the culture medium, differential
plate counting of LAB on selective medium, without
further molecular identification, might be a tricky
aim since it comprises the risk of a false quantifica-
tion of bacterial groups (Abriouel et al., 2008; Gi-
annino et al., 2009). Van Horde et al., (2008) did
not identify enterococci on the KAA agar, neither
leuconostocs on the MSE agar. Just the opposite,
Dolci et al., (2008a) reported that KAA medium
showed a high selectivity level towards entero-
cocci. The reasons for such different results might
the strain variability which more or less prefers the
“selective” medium. It just highlights that cultur-
ing without further molecular identification might
provide serious data misinterpretation. Therefore,
further molecular approaches are “a must” to obtain
reliable taxonomic data about cultivated community.

Conclusion

The present study is contribution to protection
of microbial biodiversity and an effort towards re-
vitalization of the manufacture of the vanishing KS
cheese. It is the first polyphasic microbiological ap-
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proach in the analysis of the KS bacterial commu-
nity. The pool of the representative viable commu-
nity, grown up on the medium, were analyzed and
also preserved for further studies. The fact that no
dramatic shifts were observed in the structure of the
indigenous LAB community, demonstrates that the
cheese ecogenome is dominated by Lactococcus lac-
tis subsp. lactis, Enterococcus faecalis and Leucon-
ostoc pseudomesenteroides as the main LAB repre-
sentatives of the KS cheese which contribute to its
taste and flavour. ARDRA, DGGE and sequencing
provided complementary results and just confirmed
that combination of methods and approaches pro-
vide more objective picture of the cheese microbi-
ota. Further studies should also include genetic and
functional characterization of the indigenous isolates
as they might posses interesting flavour and protec-
tive capabilities.

Bioraznolikost mikrobnih konzorcija
izoliranih iz tradicionalnog svjeZeg ovcjeg
sira Karakacanski skakutanac

Sazetak

Cilj ovog rada bio je analizirati strukturu mi-
krobnih konzorcija tradicionalnog svieZeg ov¢jeg sira
Karakacanski skakutanac. Jedanaest sireva sakuplje-
no je tijekom sezone proizvodnje od travnja do ruj-
na. Mikrobni konzorciji sakupljeni su sa 3 hranjive
podloge (M17, Rogosa, CATC) od 11 sireva nakon
prvog, drugog, i tre¢eg dana proizvodnje. Mikrob-
na DNA je izolirana iz 99 konzorcija, te kori$tena u
PCR-ARDRA i PCR-DGGE analizi. Nije bilo pro-
mijene u strukturi mikrobnih konzorcija sakupljenih
prvog, drugog i treceg dana nakon proizvodnje, niti
tijekom sezone. Utvrdena je dominantnost populaci-
je Lactococcus lactis subsp. lactis (107-10% CFU g),
dok su ostale vrste bakterija mlije¢ne kiseline, Leu-
conostoc pseudomesenteroides, Enterococcus faecalis
i Lactobacillus versmoldensis, identificirane samo na
nizim razrjedenjima (102-10%). Ova prva mikrobio-
logko-molekularna analiza tradicionalnog sira Kara-
kacanski skakutanac omogudila je uvid u strukturu
njegove specifitne mikrobne populacije. Sakupljeni
mikrobni konzorciji predstavljaju znatajan izvor soje-
va za daljnju genetsku i funkcionalnu karakterizaciju.

Klju¢ne rijeci: svjezi ov¢ji sir, mikrobni konzor-

ciji, DNA, ARDRA, DGGE
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