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ABSTRACT

Purpose of the work. To evaluate the number of enterococci in the dairy products of industrial
manufacturing.

Methodology. Molecular-genetic methods were used to analyze enterococci in milk, kefir and
sour cream samples. Metagenomic DNA was isolated from each product and used for amplification. PCR
with specific primers to Enterococcus genus was carried out to amplify specific genome region and to detect
enterococci in dairy products. Quantitative PCR (qPCR) with SYBR Green dye solution was performed to
enumerate Enterococcns bacteria presented in three milk products. The melting curve analysis was used to
define the specificity of amplification. The genome-equivalent values of enterococci in milk, kefir and sour
cream were calculated using the standard curve analysis.

Scientific novelty. In the present research the quantitative analysis of enterococci in the three
milk products of industrial manufacturing was conducted using metagenomic DNA and qPCR-analysis.
There were no significant differences of enterococci number between dairy products.

Conclusions. The development of molecular-genetic methods and approaches gives a possibility
to estimate the number of enterococci in dairy products by culture-independent way. The results
suggested that similar amount of enterococci in all three dairy products can be due to their industrial
production and using the same preservation agents. Although the genotyping and species identification of
Enterococens should be performed in the next researches.

The fermented milk products have an important and in general beneficial effect on human health.
Despite qualitative and quantitative variability of microorganisms comprising the composition in milk
products, lactic acid bacteria represent the most numerous group. The ambiguous features characterize
bacteria belonging to Enterococens genus: they contribute to the specific flavor and taste of dairy products
and can be used as a probiotic and adjunct starters but, at the same time, they can be the source of
virulence factors and be an indicator of poor hygienic conditions during production. Thus, it is important
to perform quantitative analysis and control of enterococci in dairy products.
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AHOTAIIA

Meta po6oTu. OUiHHUTH KiJTBKICTP €HTEPOKOKIB y MOJIOYHHUX MPOAYKTAX IPOMHCIOBOIO
BUPOGHMUIITBA.

MeToposorisa. MoJieky/IsipHO-TeHeTUYHI MeToAU 6y/IM BUKOPUCTAHI [IJIs1 aHAJIi3y eHTEePOKOKIB y
3pa3kax MoJIOKa, Kedipy Ta cMmeTaHH. MetareHoMHa /IHK BuziifiuM 3 KOXHOTro MNPOAYKTY Ta
BUKOPHUCTOBYBaJ/IM A4 aMmiutiikanii. [1JIP 3 npafiMmepamuy, cienjuiyHUMU [0 POAY Enferococcns TPOBOJUIN
3 MeToto ammiidikauii cnenudiuHol AiNSHKA reHOMy Ta JJisi BU3HAUYEHHS EHTEPOKOKIB Yy MOJIOUHHUX
npoaykTtax. Kinbkicuy IIJIP (xIIJIP) 3 BukopucTtaHHsM po3uuHy 6apBHUKA SYBR Green BHKOHyBa/u 3
METOI0 MiJipaxyHKy O6akTepill Ewnferococcus, HasIBHUX Y TPbOX MOJIOYHHUX NPOJYKTaX. AHasi3 KpHBOI
[IJIaBJIIHHA BUKOPUCTOBYBAJIU IJid BHU3Ha4YeHHA cnenudiyHOCTi ammtidikanii.
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[Toka3HUKKW TeHOM-eKBiBaJIeHTIB €eHTEPOKOKIiB y MoJioni, Kedipy Ta cMeTaHi po3paxoByBaJu i3
3aCTOCYBAaHHAM aHaJli3y CTaHJApPTHOI KPUBOI.

HaykoBa HOBM3HA. Y Mpe/iCTaBJeHOMY AOC/Ii»KeHHI KiJIbKiCHUNA aHaJli3 eHTEePOKOKIB Y TPbOX
MOJIOYHHUX MPOAYKTaX MTPOMHUCIOBOTO BUPOOHUIITBA OYB BUKOHAHUM i3 BUKOPUCTAHHSM MeTareHOMHOI
JHK Ta kIlJIP-ananizy. Mix MOJIOUHMMM MpPOAYKTaMM He BHUSIBJIEHO BiAMIHHOCTEW Y KiJIbKOCTI
€HTEePOKOKIB.

BucHOBKM. PO3BUTOK MOJIEKY/JIIPHO-TEHETUYHUX METOJIB 1 MiAXOAIB HaJa€E MOXJIWBICTb
OLIiHIOBAaTH KiJbKICTb €HTEpPOKOKIB y MOJIOUHUX MpoJyKTax 6e3 ix KyJbTUBYBaHHsA. PesyabTaTu
MoKa3aJik, 10 OJHAKOBA KiJIbKICTb EHTEPOKOKIB y BCiX TPbOX MOJIOYHHX MPOJAYKTAX MOXe OyTH
CIpUYMHEHa iX MNPOMHCJIOBUM BHPOOGHHUITBOM Ta BUKOPUCTAHHSM OJHAKOBUX KOHCEpBaHTIB. Xoya
reHOTUIyBaHHSA Ta BUZ0BA iieHTUdiKaLisA Enterococcus Ma€ 6yTH IPOBeJieHa Y HACTYITHUX JOC/I/PKEHHSX.

@®epMeHTOBaHI MOJIOYHI NMPOAYKTH MAKOTh BAaXJWBUHM Ta, 3arajioM, COPUATJIWBUN BIUIMB Ha
3/10poB’sl JIIOJUHU. He3Bakatouu Ha sIKicHY Ta KiJibKiCHY BapiabesibHICTh MiKpOOpraHi3MiB, 1110 BXOASATb
10 CKJIaZly MOJIOYHHUX MPOJYKTIB, MOJIOYHOKHKCJI 6akTepil € HaluucaeHHinow rpymnotw. bakrepii poay
Enterococens XapaKTepU3YHOTbCS HEOAHO3HAaYHUMMU BJIACTUBOCTSIMU: BOHU CHPHUAIOTb cHnenupiyHOMY
apoMaTy Ta CMaKy MOJIOYHUX NPOAYKTIB i MOXYTbh BUKOPUCTOBYBATHCS SIK NMPOOGIOTUKU Ta J0AATKOBI
3aKBaCKH, ajle BOJHOYAC BOHU MOXYTb OYTH JKepesioM GaKTOpiB BipyJIeHTHOCTI Ta 6yTH iHAUKATOPOM
MOTAHUX TiriEHIYHUX YMOB MiJ] Yac BUPOOHHUIITBA. TaKUM YHHOM, BaXKJIMBO MPOBOAUTH KiJIbKiCHUH aHaJTi3
I KOHTPOJIb EHTEPOKOKIB Y MOJIOYHUX NPOAYKTAX.
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Ki1r04o0Bi cj10Ba: M0JI0YHI NPOAYKTH, EHTEPOKOKH, KisibKicHa [1JIP

Statement of the problem

The fermented foods are defined as the
products of controlled microbial growth and
enzymatic transformation of food components [16].
Dairy products are the group of the fermented food
products that affect human health and, in general,
have beneficial consequences. Consumption of
fermented milk products have been going on for
thousand years and the biochemical activity of
microorganisms from a raw milk was used to
produce the dairy products for thousand years too.
Nowadays many researches have been devoted to
the study of the effect of fermented dairy products
on human health. The results of these studies
demonstrated the positive effect of Kkefir
consumption on the density and strength of bone
tissue [19], suggested the decreasing of the risk of
type 2 diabetes that was associated with yogurt
consumption [7; 9], and also revealed the influence
of fermented dairy products containing various
microorganisms on the cognitive functions, in
particular preventive effects against dementia,
Alzheimer’s disease [2]. These and other properties
of fermented dairy products, having a positive effect
on the physiological and mental state of a person,
contribute to the growing  popularity
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of milk food [20], such as yogurts, Kkefir,
acidophilic milk, koumiss, cheeses and other
fermented milk products. The dairy products
manufacturing occurs as homemade as
industrial. The composition of microorganisms
that are used for production varies in the species
variability and in their quantity.

Lactic acid bacteria (LAB) play an
important role in the food, agricultural and
medical fields. Bacteria of the group are
characterized as gram-positive, not forming
spores, cocci or bacilli, and they produce lactic
acid [12]. The group of LAB mainly includes
representatives of four genera: ILactobacillus,
Lenconostoc, Pediococcns and Streptococcus. Besides, LAB
include representatives of the genus Enzerococcus
that can possess opposite features: produce
unique organoleptic peculiarities and protect
against spoilage or as a probiotic, and at the
same time enterococci can carry virulence
factors and be an indicator of poor hygienic
condition of manufacturing. The conflicting
characteristics of Enferococcns species make the
detection and control of these bacteria an
important and essential stage of dairy products
manufacturing.
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Detection and identification of
microorganisms inhabiting various environ-
ments are performed both culture-dependent
and culture-independent methods. The culture-
independent methods are based on the
molecular-genetic approaches and allow fast and
accurate estimation of bacteria in the complex
substrates and microorganisms’ conglomerates.

The purpose of the presented study was to
evaluate the number of enterococci in the dairy
products of industrial manufacturing.

Dairy  products. To perform the present
research samples of three products manufactured
by the same commercial company were chosen:
milk, kefir and sour cream. 1 mL / mg of each dairy
product was taken for the analyses.

DNA isolation. 0,1 mL or 0,1 mg of the
dairy product was used for DNA isolation. Total
bulk DNA was isolated using Genomic DNA
Purification Kit (Thermo Scientific) according to
the manufacturer’s protocol with some
modifications. Briefly, the samples were
incubated with 0,4 mL of lysis buffer and 20 pL
of Proteinase K at 55 °C for 30 min. Then 0,5 mL
of chloroform was added and the solution was
mix by tube inverting. After centrifugation at
10000 rpm for 10 min the upper phase was
transferred to the new tube and 2,5 V of 96 %
ethanol was added. DNA was precipitated at -20
0C overnight. Then DNA was spinned down at
10000 rpm for 5 min, ethanol was removed and
the pellet was washed with 70 % ethanol. After
centrifugation at the same conditions, the pellet
was dissolved in 40 pL of deionized water. DNA
concentration was measured using DS-11 FX+
DeNovix spectrophotometer / fluorometer.

PCR-analysis. To detect bacteria belonging to
enterococci in dairy products PCR with genus-
specific primers was performed. The sequences of
forward and reverse primers were reported in [22]:
5’-TACTGACAAACCATTCATGATG-3’ and 5'-
ACTTCGTCACCAACGCGAAC-3". The components of
the reaction mix were 10 pL of 2x DreamTaq PCR
Master Mix (Thermo Scientific), 40 pmol of each
primer and 50 ng of DNA. The total volume of 20 pL
was adjusted with deionized water. The PCR was
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run for 1 cycle at 95 °C, 2 min; 30 cycles at 95 °C, 20
sec; 55 °C, 30sec; 72 °C, 45 sec; and the final
elongation step at 72 °C, 7 min. The Mastercycler
Personal 5332 (Eppendorf) was used for
amplification.

The results of the PCR were visualized with
the agarose gel electrophoresis and ethidium
bromide dye solution.

Quantitative PCR. To evaluate total amount of
bacteria and enterococci in dairy products qPCR
with SYBR Green dye solution was carried out. The
amplification mix contained 12,5 pL of 2x Maxima
SYBR Green/Fluorescein qPCR Master Mix
(Thermo Scientific), 20 pmol of each primer, 5 pL
of DNA template and the mix was adjusted up to
25 pL with deionized water. Primers to 16S rRNA
gene [23] were used to evaluate the total numbers
of bacteria and genus-specific primers were used
for Enterococcus quantification. Amplification was
carried out using QuantStudio ™ 3 Real-Time PCR
System (Applied Biosystems). PCR cycling
conditions were as follows: 1 cycle - 50 °C, 2 min;
95 °C, 10 min; 40 cycles - 95 °C, 15 sec; 58 °C, 15
sec; 72 °C, 1 min. The amplification was followed
with the melting curve analysis: 95 °C, 15 sec; 60
°C, 1 min; 95 °C, 15 sec. Fluorescence of the
DNA/SYBR Green complex was detected and
measured at the elongation step (72 °C) of each
reaction cycle. Amplification for each sample was
carried out in duplicate and each amplification run
included no template control (NTC).

The melting curve analysis was used to
analyze the specificity of amplification. The
standard curve analysis was used to calculate the
reaction efficiency and the coefficient of
determination (R2). The data were analyzed only
if R?2 was greater than 0,93 and PCR was
repeated in case R% was lower.

Data analysis. To calculate the relative (in
comparison to the total numbers of bacteria) and
absolute (genome / equivalent) quantity of
enterococci the calibration curve method was
used. Relative amount was estimated based on
threshold cycle (Ct wvalue) of 16S rDNA
amplification and the weight / volume of dairy
products taken for analysis.
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The calibration curve analysis that represents
the correlation between the threshold cycle (Ct value)
and the logarithm of the standard sample concentra-
tion was used for the quantitative evaluation as
described in [22]. 10-fold dilutions of DNA isolated
from the type strain, Enterococens faecalis CCM 70007, was
used as standard samples. The number of genome-
equivalents of enterococci presented in the sample
was calculated as it was reported in [22].

Statistical significance of the results was
estimated with t-test.

1000 bp
500 bp

Research results

Detection of enterococei in dairy products. Bacteria of
Enterococcus genus like other lactic acid bacteria
are the common component of the dairy
products. In the presented study, the three dairy
products were analyzed by PCR-analysis with
primers specific to enterococci. The amplicon of
112 bp characteristic to Enferococcus was revealed
in all dairy products as shown in Fig. 1.

Fig. 1. Electrophoregram of the amplification with primers to Enterococcus genus.

M — DNA-ladder, 1 — milk, 2 — kefir, 3 — sour cream

Evaluation of enterococci in ~ dairy  products. The
microbiome of the dairy products consists of
various microorganisms, the majority of which are

presented by lactic acid bacteria. Different
representatives of these bacteria, including
enterococci, were detected in many dairy

products: raw milk [15; 21], kefir [5; 13], yogurt
[18], cheese [1], cottage cheese [24], sour cream
[6] and others. Results of metagenomic analyses
performed in these studies revealed that the
percentage of  enterococci among  all
microorganisms varied in a wide range,
from 0 to 15%, and depended on the type of dairy
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products and the way of their production (home-
made or industrial). In our research we have
analyzed the amount of Enzerococcus in milk, kefir and
sour cream relatively to the total amount of
bacteria in each product. In milk and kefir the
amount of enterococci in relation to the total
number of bacteria was the same but in sour
cream enterococci amounted to 1,6 times larger
number. Despite differences in the representation
of enterococci between three milk products the
absolute number of Eunterococcus genus was not
varied: in all samples analyzed the quantity of
bacteria was almost the same (Table 1).
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Table 1

The number of genome-equivalents / mL (mg) of bacterial DNA in the dairy products
Bacterial genus Milk Kefir Sour cream
Enterococcus (5,27 + 0,04) x 105 (4,19 + 0,04) x 105 (6,65 + 0,05) x 105

Note: The data are mean value *+ StD

The results obtained by qPCR-analysis revealed
slight not significant variability of the numbers of
enterococci between three dairy products manufactu-
red by the same company. The microorganisms’
compositions of milk and fermented milk products
consist of various microbial species and differ by their
qualitative and quantitative features. Enterococci have
been often revealed in bacterial mixtures of many
fermented products [3; 21]. As it was mentioned
enterococci may be presented up to 108 colony-
forming unit (CFU) / g in dairy products [8]. The level
of these bacteria varied in different dairy products. It
was shown that in raw bovine milk they were
evaluated with an average count of 2,48 logio
CFU / mL [17] and in European raw milk enterococci
varied from 103 cells / mL to 10> cells / mL [4]. The
larger number of bacteria belonging to Ensrmcocus
genus was observed in different type of cheeses:
5,77 log CFU / g in civil cheese [10]; 5,52 - 6,48 log
CFU / gin Iran cheeses and 6,12 log CFU / g in Turkish
cheese [11].

Enterococci are widely distributed in the
environment and are the important part of food
products. They are known for their beneficial role of
being starter or adjuncts starter cultures, of having
probiotic peculiarities and developing of the
organoleptic characteristics of the dairy products
[4]. At the same time, enterococci can possess
resistance to multiple antibiotics, carry potential
virulence factors [6]. Besides, some of them are

opportunistic pathogens that cause diseases and
thus, are harmful to human health [14].

The number of enterococci revealed in the
research has been smaller than that detected in
the previous study of homemade milk products
[22]. The considerable difference between these
results can be caused by the way of
manufacturing: the homemade production might
be accompanied with poor hygiene during milk
handling and processing while industrial
manufacturing might be associated with using
some conservative agents against spoilage
including induced by enterococci.

Conclusions

The development of modern molecular-
genetic methods and approaches allows fast and
accurate detection of microorganisms in
complex substrates, environmental samples,
food products without their cultivation.
Quantitative PCR (qPCR) is one of the culture-
independent methods that was used in the
presented study for estimation of enterococci in
the dairy products. The results revealed
insufficient differences of Eunterococcus level
between milk, kefir and sour cream that can be
due to the same way of industrial production.
Although Enterococcus species identification and
genotyping should be performed further to
analyze their safety.
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