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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 Enterococcus 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 

Enterococcus 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 Enterococcus 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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АНОТАЦІЯ 

 

Мета роботи. Оцінити кількість ентерококів у молочних продуктах промислового 

виробництва. 

Методологія. Молекулярно-генетичні методи були використані для аналізу ентерококів у 

зразках молока, кефіру та сметани. Метагеномна ДНК виділяли з кожного продукту та 

використовували для ампліфікації. ПЛР з праймерами, специфічними до роду Enterococcus проводили 

з метою ампліфікації специфічної ділянки геному та для визначення ентерококів у молочних 

продуктах. Кількісну ПЛР (кПЛР) з використанням розчину барвника SYBR Green виконували з 

метою підрахунку бактерій Enterococcus, наявних у трьох молочних продуктах. Аналіз кривої 

плавління використовували для визначення специфічності ампліфікації. 
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Показники геном-еквівалентів ентерококів у молоці, кефіру та сметані розраховували із 

застосуванням аналізу стандартної кривої. 

Наукова новизна. У представленому дослідженні кількісний аналіз ентерококів у трьох 

молочних продуктах промислового виробництва був виконаний із використанням метагеномної 

ДНК та кПЛР-аналізу. Між молочними продуктами не виявлено відмінностей у кількості 

ентерококів. 

Висновки. Розвиток молекулярно-генетичних методів і підходів надає можливість 

оцінювати кількість ентерококів у молочних продуктах без їх культивування. Результати 

показали, що однакова кількість ентерококів у всіх трьох молочних продуктах може бути 

спричинена їх промисловим виробництвом та використанням однакових консервантів. Хоча 

генотипування та видова ідентифікація Enterococcus має бути проведена у наступних дослідженнях.  

Ферментовані молочні продукти мають важливий та, загалом, сприятливий вплив на 

здоров’я людини. Незважаючи на якісну та кількісну варіабельність мікроорганізмів, що входять 

до складу молочних продуктів, молочнокислі бактерії є найчисленнішою групою. Бактерії роду 

Enterococcus характеризуються неоднозначними властивостями: вони сприяють специфічному 

аромату та смаку молочних продуктів і можуть використовуватися як пробіотики та додаткові 

закваски, але водночас вони можуть бути джерелом факторів вірулентності та бути індикатором 

поганих гігієнічних умов під час виробництва. Таким чином, важливо проводити кількісний аналіз 

і контроль ентерококів у молочних продуктах. 
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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 kefir 

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 

 

of milk food [20], such as yogurts, kefir, 

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: Lactobacillus, 

Leuconostoc, Pediococcus and Streptococcus. Besides, LAB 

include representatives of the genus Enterococcus 

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 Enterococcus 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 µL 

of Proteinase K at 55 ºC 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 µL 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 µL of 2х DreamTaq PCR 

Master Mix (Thermo Scientific), 40 pmol of each 

primer and 50 ng of DNA. The total volume of 20 µL 

was adjusted with deionized water. The PCR was 

 

 

run for 1 cycle at 95 ºС, 2 min; 30 cycles at 95 ºС, 20 

sec; 55 ºС, 30 sec; 72 ºС, 45 sec; and the final 

elongation step at 72 ºС, 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 µL of 2x Maxima 

SYBR Green/Fluorescein qPCR Master Mix 

(Thermo Scientific), 20 pmol of each primer, 5 µL 

of DNA template and the mix was adjusted up to 

25 µL 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 ºC, 2 min; 

95 ºC, 10 min; 40 cycles – 95 ºC, 15 sec; 58 ºC, 15 

sec; 72 ºC, 1 min. The amplification was followed 

with the melting curve analysis: 95 ºС, 15 sec; 60 
ºС, 1 min; 95 ºС, 15 sec. Fluorescence of the 

DNA/SYBR Green complex was detected and 

measured at the elongation step (72 ºC) 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 R2 was greater than 0,93 and PCR was 

repeated in case R2 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 value) 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, Enterococcus faecalis CCM 7000T, 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.  

 
 

Research results  

Detection of enterococci 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 Enterococcus 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 

 

products and the way of their production (home-

made or industrial). In our research we have 

analyzed the amount of Enterococcus 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 Enterococcus genus was not 

varied: in all samples analyzed the quantity of 

bacteria was almost the same (Table 1). 

M      1      2      3  

1000 bp 

500 bp 

112 bp 
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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) × 105 (4,19 ± 0,04) × 105 (6,65 ± 0,05) × 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 log10 

CFU / mL [17] and in European raw milk enterococci 

varied from 103 cells / mL to 105 cells / mL [4]. The 

larger number of bacteria belonging to Enterococcus 

genus was observed in different type of cheeses: 

5,77 log CFU / g in civil cheese [10]; 5,52 – 6,48 log 

CFU / g in 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 Enterococcus 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. 
 

 

References 

 

1. Amaral, D. M., Silva, L. F., Casarotti, S. N., Nascimento, L. C. S., and Penna, A. L. B. (2017). Enterococcus 

faecium and Enterococcus durans isolated from cheese: Survival in the presence of medications under 

simulated gastrointestinal conditions and adhesion properties. Journal of dairy science, 100(2), 933–949. 



BHT. 2022. No 2 Biota. Human. Technology 

27 

 

 

 

 

2. Ano, Y., and Nakayama, H. (2018). Preventive effects of dairy products on dementia and the 

underlying mechanisms. International journal of molecular sciences, 19(7), 1927–1937. 

 

3. Bayili, G. R., Johansen, P., Nielsen, D. S., Sawadogo-Lingani, H., Ouedraogo, G. A., Diawara, B., and 

Jespersen, L. (2019). Identification of the predominant microbiota during production of lait caillé, a 

spontaneously fermented milk product made in Burkina Faso. World Journal of Microbiology and 

Biotechnology, 35(7), 1–13. 

 

4. Bhardwaj, A., Malik, R. K., and Chauhan, P. (2008). Functional and safety aspects of enterococci in 

dairy foods. Indian journal of microbiology, 48(3), 317–325. 

 

5. Biçer, Y., Telli, A. E., Sönmez, G., Turkal, G., Telli, N., and Uçar, G. (2021). Comparison of commercial 

and traditional kefir microbiota using metagenomic analysis. International Journal of Dairy Technology, 

74(3), 528–534. 

 

6. Chajęcka-Wierzchowska, W., Zadernowska, A., and García-Solache, M. (2020). Ready-to-eat dairy 

products as a source of multidrug-resistant Enterococcus strains: Phenotypic and genotypic 

characteristics. Journal of dairy science, 103(5), 4068–4077. 

 

7. Chen, M., Sun, Q., Giovannucci, E., Mozaffarian, D., Manson, J. E., Willett, W. C., and Hu, F. B. (2014). 

Dairy consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated meta-

analysis. BMC Med., 12, 1–14. 

 

8. Dapkevicius, M. D. L. E., Sgardioli, B., Câmara, S. P., Poeta, P., and Malcata, F. X. (2021). Current 

trends of enterococci in dairy products: A comprehensive review of their multiple 

roles. Foods, 10(4), 821–851. 

 

9. Diaz-Lopez, A., Bullo, M., Martinez-Gonzalez, Corella D., Estruch, R., Fito, M., Gomez-Gracia, E., Fiol, 

M., de la Corte, F.J.G., Ros E. et al. (2016). Dairy product consumption and risk of type 2 diabetes in 

an elderly Spanish Mediterranean population at high cardiovascular risk. Eur J Nutr., 55, 349–360. 

 

10. Gelen, S. U., and Ceylan, Z. G. (2020). The Existence of Enterococcus spp. In Civil Cheese. Turkish Journal 

of Agriculture-Food Science and Technology, 8(12), 2574–2576. 

 

11. Hajikhani, R., Onal Darilmaz, D., Yuksekdag, Z. N., and Beyatli, Y. (2021). Assessment of some 

metabolic activities and potential probiotic properties of eight Enterococcus bacteria isolated from 

white cheese microbiota. Antonie van Leeuwenhoek, 114(8), 1259–1274.  

 

12. Hayek, S.A., and Ibrahim, S.A. (2013). Current limitations and challenges with lactic acid bacteria: a 

review. Food and Nutrition Sciences. 4, 73–87. 

 

13. Kazou, M., Grafakou, A., Tsakalidou, E., and Georgalaki, M. (2021). Zooming into the microbiota of 

home-made and industrial kefir produced in Greece using classical microbiological and amplicon-

based metagenomics analyses. Frontiers in Microbiology, 12, 621069. 

 



BHT. 2022. No 2 Biota. Human. Technology 

28 

 

 

 

 

14. Krawczyk, B., Wityk, P., Gałęcka, M., and Michalik, M. (2021). The many faces of Enterococcus 

spp.—Commensal, probiotic and opportunistic pathogen. Microorganisms, 9(9), 1900. 

 

15. Lauková, A., Focková, V., and Pogány Simonová, M. (2020). Enterococcus mundtii isolated 

from Slovak raw goat milk and its bacteriocinogenic potential. International Journal of Environmental 

Research and Public Health, 17(24), 9504.  

 

16. Marco, M. L., Heeney, D., Binda, S., Cifelli C. J., et al. (2017). Health benefits of fermented 

foods: microbiota and beyond. Current opinion in biotechnology, 44, 94–102. 

 

17. McAuley, C. M., Britz, M. L., Gobius, K. S., and Craven, H. M. (2015). Prevalence, seasonality, 

and growth of enterococci in raw and pasteurized milk in Victoria, Australia. Journal of dairy 

science, 98(12), 8348–8358. 

 

18. Ren, X., Li, M., and Guo, D. (2016). Enterococcus xinjiangensis sp. nov., isolated from yogurt of 

Xinjiang, China. Current microbiology, 73(3), 374–378. 

 

19. Tu, M.-Y., Chen, H.-L., Tung, Y.-T., Kao, C.-C., Hu, F.-C., and Chen, C.-M. (2015). Short-Term 

effects of kefir-fermented milk consumption on bone mineral density and bone metabolism in 

a randomized clinical trial of osteoporotic patients. PLOS ONE, 10, 1–17. 

 

20. Vijaya, K.B., Vijayendra, S.V.N., and Reddy, O.V.S. (2015). Trends in dairy and nondairy 

probiotic products – a review. Journal of food science and technology, 52,6112–6124. 

 

21. Yerlikaya, O., and Akbulut, N. (2020). In vitro characterisation of probiotic properties of 

Enterococcus faecium and Enterococcus durans strains isolated from raw milk and traditional dairy 

products. International Journal of Dairy Technology, 73(1), 98–107. 

 

22. Zelenaia, L. B., Kovalenko, N. K., Oblap, R. V., Novak, N. B., and Golubets, R. A. (2012). 

Ispolzovanie PCR v realnom vremeni dlia kolichestvennoi ocenki molochnokislih i bifidobakterii 

v molochnih produktah [Use of real-time PCR for quantitative assessment of lactic acid bacteria 

and bifidobacteria in dairy products]. Mikrobiolohichnyi Zhurnal, 74(1), 14–19. 

 

23. Zelena, L., Gretsky, I., and Gromozova, E. (2014). Influence of ultrahigh frequency irradiation 

on Photobacterium phosphoreum luxb gene expression. Central European Journal of Biology, 9(10), 1004–

1010. 

 

24. Zelena, L. B. (2015). Some genomic features of Enterococcus durans isolated from fermented milk 

products. Biosciences Research in Today’s World, 1(1), 10–13. 

 
Received: 19.10.2022. Accepted: 28.11.2022. Published: 29.12.2022. 

 
 

 

 



BHT. 2022. No 2 Biota. Human. Technology 

29 

 

 

 

 

Cite this article in APA Style as: 

Zelena, L., Tkachuk, N., Okhmat, O., and Nevmyvaka, S. (2022). 

Quantitative analysis of enterococci isolated from dairy products. BHT: 

Biota. Human. Technology, 2, 22-29. (in English) 

 
Information about the authors: 

 
Zelena L. [in Ukrainian: Зелена Л.] 1, Ph.D. in Biol. Sc., Senior Researcher, email: zelenalyubov@gmail.com 
ORCID: 0000-0002-5148-1030  Scopus-Author ID: 6506970298 
Danylo Zabolotny Institute of Microbiology and Virology, NAS of Ukraine, 
154 Akademika Zabolotnoho Street, Kyiv, 03680, Ukraine 
Kyiv National University of Technology and Design, 
2 Nemyrovycha-Danchenka Street, Kyiv, 01011, Ukraine 
 
Tkachuk N. [in Ukrainian: Ткачук Н.] 2, Ph.D. in Biol. Sc., Assoc. Prof., email: nataliia.smykun@gmail.com 
ORCID: 0000-0002-5115-7716 Scopus-Author ID: 7801574248 
Department of Biology, T.H. Shevchenko National University “Chernihiv Colehium”, 
53 Hetmana Polubotka Street, Chernihiv, 14013, Ukraine 
 
Okhmat O. [in Ukrainian: Охмат О.] 3, Ph.D. in Tech. Sc., Assoc. Prof., email: oxmat.oa@knutd.edu.ua 
ORCID: 0000-0003-0927-8706 Scopus-Author ID: 57194089217 
Kyiv National University of Technology and Design, 
2 Nemyrovycha-Danchenka Street, Kyiv, 01011, Ukraine 
 
Nevmyvaka S. [in Ukrainian: Невмивака С.] 4, Student, email: sabrinanevmyvaka@gmail.com 
ORCID: 0000-0001-7625-8209 
Kyiv National University of Technology and Design, 
2 Nemyrovycha-Danchenka Street, Kyiv, 01011, Ukraine 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Study design, statistical analysis, manuscript preparation 
2 Data collection, statistical analysis 
3 Study design, statistical analysis, manuscript preparation 
4 Data collection, statistical analysis 

mailto:zelenalyubov@gmail.com
mailto:nataliia.smykun@gmail.com
mailto:oxmat.oa@knutd.edu.ua
mailto:sabrinanevmyvaka@gmail.com

