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Abstract: The aim of this study was to isolate, identify and analyze the diversity of the predominant 
lactic acid bacteria (LAB) genera occurring in Ukrainian traditionally prepared dairy products and to 

assess their potential for industrial application. Fermented milk, soured cream, cottage cheese and 
bryndza made from raw cow’s, goat’s or sheep’s milk were prepared on traditional way without the 

addition of a starter culture. The samples were collected from 9 regions in Ukraine. In total 950 

strains of LAB strains were isolated and identified using phenotypic and genotypic methods. Among all 
isolates, Enterococcus sp. strains represented 60%, Lactococcus sp.—27%, Lactobacillus sp.—6%, 

Leuconostoc sp.—3.5% and Pediococcus sp.—3%. The diversity of the isolated LAB strains was 

correlated with the type of product and the source of milk. The milk clotting activity of isolated LAB 
strains was preliminary tested to assess their potential for industrial application as starter cultures. 

Most (54%) of the LAB strains isolated from Ukrainian traditional dairy products showed a 

potentially good acidifying activity and coagulated milk within 12 h. The milk coagulation rate was 
not strongly dependent on the LAB genus and was strain dependent. The time of milk clotting was 

correlated with product, from which strains were isolated. This is the first systematic study of the 

LAB diversity in Ukrainian artisanal dairy products, which can be a source of new LAB strains with 
good technological and functional properties. 
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1. Introduction 

Fermented milk products are important as a source of a wide range of nutrients and have played 
a significant role in the diet of the rural population of Ukraine for many years. The cows are the 

major livestock species and provide most of the milk and dairy products in Ukraine. Fermented 
cow’s milk, soured cream and cottage cheese are widely consumed by people in all regions of 

Ukraine. Goat milk is the second most popular variety of milk in Ukraine. Goat’s milk has been 

described as having more easily digestible fat and protein content than cow’s milk. In addition, goat’s 
milk has an increased content of vitamin A, thiamine and niacin, and it could be a substitute in the 

consumption of cow’s milk [1]. In some regions, such as Carpathians in the West of the country, 

sheep’s milk is frequently used, mostly for production of cheese called bryndza manufactured either 
with sheep’s milk only or blended with cow’s milk. As a common technique for the manufacture of 

Ukrainian traditional artisanal dairy products, the raw non-pasteurized milk is left overnight in a 

glass jar to ferment in a warm place. On the second or third day, the upper layer of the fermented 
batch is collected as sour cream. In some cases the milk is first boiled for several minutes and a 

portion of a fermented milk or sour cream from a previous batch is used as an inoculum. For cottage 

cheese production the sour milk is warmed up and whey is removed. The cheese curd is collected in 
a cheesecloth, pressed and can be consumed directly. Bryndza is usually made from sheep’s cheese 

prepared from raw sheep’s milk or a mixture of sheep’s and cow’s cheeses. The rennet can be added 

to the milk before fermentation. Bryndza can be kept for several months in a mixture of water, whey, 
and salt. 

Traditional dairy products have typical features that depend on local and regional customes. The 

properties of different dairy products depend on the environmental conditions such as the origin and 
pre-treatment of the milk used, the temperature of fermentation and subsequent processing and the 

sanitary conditions [2,3,4]. But the lactic acid bacteria (LAB) is the primary factor that contributes to 

their specific characteristics such as taste, aroma and texture and these characteristics play an 
important role in product acceptance by consumers [5]. The use of commercial starters has improved 

the technological quality of dairy products, but is partially responsible for the loss of the microbiota 

biodiversity and the typical organoleptic properties of artisanal dairy products [6]. The main 
technological properties of lactic acid bacteria in milk fermentation, such as acidification, texture 

enhancement and flavour production, are strain dependent [4,7]. In many countries, the search for 

new strains with functional properties is of great interest. As was shown by many authors, artisan 
dairy products, especially those produced from raw milk, are inexhaustible sources of LAB strains 

with diverse genetic profiles and novel functional properties [4,8,9,10]. Such LAB strains could be 

used for the production of traditional products on an industrial scale for the preservation of microbial 
populations present in traditional dairy products [7,11,12]. The characterisation and identification of 

lactic acid bacteria associated with the indigenous fermented milk products of many countries have 

been reported [13,14,15].  As was shown, LAB species of the genera Lactobacillus, Lactococcus, 
Leuconostoc, Pediococcus, Streptococcus, and Bifidobacterium have been identified in fermented 

milks and other dairy products using phenotypical tests and molecular-based techniques [15,16,17]. 

No research has to date been conducted on the diversity of predominant LAB in Ukrainian 
traditional artisan dairy products that were manufactured from cow’s, goat’s and sheep’s milks. The 
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aim of this study was to isolate, identify and explore the diversity of the predominant LAB genera 

occurring in Ukrainian traditionally prepared dairy products such as fermented milks, soured cream, 
cottage cheese and bryndza. Additionally, for all isolated LAB strains, the milk clotting activity was 

preliminarily tested to assess their potential for industrial application and select the most appropriate 

strains for use as starter cultures. 

2. Material and Methods 

2.1. Sample collection and LAB isolation 

The LAB were isolated from thirty-one samples of traditional dairy products collected from 
individual households and local markets in nine provinces in Ukraine, namely Kyevska, 

Chernihivska, Vinnytska, Poltavska, Zakarpatska, Odesska, Khmelnytska and Chernivetska. Sixteen 

of the samples were from fermented milks (12—cow’s fermented milks, 2—goat’s fermented milks, 
and 1—from sheep’s fermented milk), three from sour cream, 6 from cottage cheese (5 from cow’s 

cheese and 1 from sheep’s cheese) and seven samples from bryndza. MRS agar [18] was used for 

isolation of lactobacilli (30 °C and 37 °C incubation), M17 agar [19] for isolation of lactococci, 
M-Enterococcus-agar (Ent-agar) [20] was used for isolation of enterococci, and ST-agar [21] for 

isolation of Streptococcus thermophilus. Thirty to fifty colonies per sample with different 

morphologies were randomly taken from agar plates, purified by streaking on the appropriate media 
and tested for catalase reaction, Gram staining and microscopic examination. 

All isolates, which were catalase-negative and Gram-positive, were selected and preserved in 

the appropriate medium containing 30% glycerol at −50 °C and subcultured every 6 months. The 
cultures were activated by two successive transfers in the same broth before use. 

2.2. Identification at genus level 

The isolates were tested for cell morphology, physiological and biochemical properties as 

described previously [22]. 
The total DNA from LAB isolates was extracted from overnight cultures as described 

previously [23]. For identification of homofermentative cocci, amplification of the 16S–23S rRNA 

gene spacer region was performed using the primers G1 and L1 [24]. The PCR mixture and 
conditions were performed as described by [25]. For identification of enterococci a genus-specific 

PCR reaction was performed with primers Ent1 and Ent2 and conditions previously described  

by [26]. For further identification of lactococci, a multiplex PCR assay was performed with the 16S 
rRNA gene-based primers and conditions previously described [27]. The reference strains 

Enterococcus faecalis CCM 7000, E. faecium NCDO 942, E. durans NCDO 956, Lactococcus lactis 

subsp. lactis CCM 1877 and Lactococcus lactis subsp. cremoris CCM 2106 were used as control for 
the PCR analyses. The amplified PRC products were examined using 1.5% (w/v) agarose gels in 

TBE buffer with a DNA ladder GeneRuler 100 bp (Fermentas, USA). 
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2.3. Milk clotting activity 

Acid production was determined in 10% skimmed milk. A 1% inoculum from an overnight 
culture was used to inoculate the milk, which was then incubated at 30 °C. Coagulation was visually 

determined at 12, 24 and 48 h. The titrable acidity (TA) was determined as °Dornic (°D). The 
acidifying activity was expressed as the difference between the acidity developed in clotted milk and 

the ones corresponding to the non-inoculated milk. All experiments were done in duplicates. 

2.4. Statistical analysis 

The data analysis was performed with Statistica 7.0 software (Statsoft Ltd, Chicago, IL, USA). 
A one-way analysis of variance (ANOVA) was applied to the results of the bacterial counts and 

acidifying capacity using the LSD post-hoc test for comparison of the means. Significance was 

determined at the P < 0.05 level. 

3. Results 

3.1. Isolation of LAB 

In all samples of the Ukrainian traditional fermented milk products analysed, the total viable 
counts of LAB varied between 2.0 × 107 and 4.6 × 109 CFU/g. Slight variations of the viable counts 

of LAB were observed among dairy products. The statistical analysis indicates that the mean count 

of viable bacteria depends on the type of dairy product as well as the cultivation conditions used 
(Table 1). After incubation at 37 °С on MRS-agar LAB counts in fermented milk and bryndza 

samples were higher compared to the soured cream and cottage cheese samples. At the same time, 

the mean bacterial counts of the fermented milk and cottage cheese samples after incubation at 30 °С 
were significantly higher compared to the soured cream and bryndza samples. The viable counts of 

LAB on М17-agar were the highest in fermented milk samples, the lowest—in the bryndza samples. 

The highest viable count of LAB on Ent-agar was in bryndza samples, however, no significant 
difference between the numbers of viable bacteria in other products was observed. 

The mean LAB count of fermented milk samples was the highest on MRS-agar, the lowest—on 

M17-agar. The mean LAB counts of soured cream and cottage cheese were lower on Ent-agar 
compared to other medium used. The mean LAB count of bryndza samples was the highest on  

MRS-agar, and the lowest—on M17-agar and Ent-agar. The mean counts of LAB in fermented milk, 

soured cream and cottage cheese were almost identical at 37 °C and 30 °C incubation on MRS-agar, 
whereas in bryndza LAB count at 37 °C was significantly higher than at 30 °C incubation on  

MRS-agar. The viable LAB counts on ST-agar varied between 1.0 × 106 and 3.0 × 107 CFU/g, but 

LAB were detected only in five product samples from 31 used, namely three fermented cow’s milks, 
one fermented goat’s milk and 1 cottage cheese from cow milk. So, this data were not included in 

statistical analysis. 
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Table 1. The mean bacterial counts of LAB in Ukrainian dairy products at different 
cultivation conditions. 

Medium 
(cultivation temperature ) 
 

Log CFU/g* 

Fermented milk
Soured 
cream 

Cottage 
cheese 

Bryndza 

MRS-agar (37 °C) 8.73 ± 0.49ae 7.83 ± 0.08bh 8.08 ± 0.72ch 8.53 ± 0.76eh

MRS-agar (30 °C) 8.63 ± 0.78af 7.01 ± 0.17bi 8.28 ± 0.38cf 7.37 ± 0.72i 
M17-agar  (30 °C) 9.17 ± 0.35 7.96 ± 0.13bj 8.16 ± 0.73cj 6.45 ± 0.47d 
Ent-agar    (37 °C) 5.36 ± 0.69g 4.80 ± 0.57g 5.43 ± 0.39g 6.17 ± 0.57d 
*: the values shown are means ± standard deviations; a, b, c, d: different superscripts within the 

columns indicate significant differences according to LSD-test (P < 0.05); e, f, g, h, i, j: different 
superscripts within the rows indicate significant differences according to LSD-test (P < 0.05). 

In total, 950 presumptive LAB strains were isolated from 31 samples of dairy products, made 
from cow’s, goat’s and sheep’s milk. Firstly the strains were grouped on the basis of cell morphology 

and production of gas from glucose, and three groups were obtained. Among the homofermentative 

cocci (group 1), most of the isolates showed ovoid cells that occurred singly, in pairs or chains of 
different lengths, some isolates showed coccoid cells, grouped into in clusters or tetrads. Almost all 

of them could grow at 10 °C, in the broth with 4% NaCl, and produce NH3 from arginine. Some of 

them could grow at 45 °C and in the broth with 6.5% NaCl. The homofermentative cocci with 
spherical cells grouped in clusters or tetrads could be presumptively classified as belonging to the 

genus Pediococcus. So, the results showed that among the homofermentative coccal isolates, the 

majority belonged to genera Enterococcus and Lactococcus and small number of strains—to 
Pediococcus. 

Group 2 isolates consisted of homofermentative rods, most of them (38 from 55 strains) were 

identified in our previous work at L. plantarum [28]. In this work the remaining rod strains were also 
belonged to genera Lactobacillus and presumptively identified as L. plantarum, based on phenotypic 

characteristics mentioned in our previous work [28], with exception of three strains Lactobacillus sp. 

Heterofermentative isolates of group 3 showed the typical leuconostoc-like ovoid cell shape and 
were arginine-negative and vancomycin resistant. Most of them also formed dextran from sucrose. 

So, the heterofermentative coccoid strains were identified as belonging to the genus Leuconostoc. 

Enterococci could be distinguished from lactococci by their ability to grow at 45 °C and 10 °C 
and in the broth with 6.5% NaCl. At the same time, the results obtained by authors [9,29] suggest 

that growth at different temperatures and salt concentrations might be strain dependent. So, most of 

the homofermentative cocci strains were difficult to identify at genus level, because they fall into one 
or two traits of those that conformed to the taxonomic identification and only some isolates had the 

typical physiological characteristics of Enterococcus sp. or Lactococcus sp. strains. So, following 

preliminarily phenotypic characterization the homofermentative coccus isolates were identified by 
PCR amplification of the 16S–23S rRNA gene spacer region. The majority (572 isolates) of the 

homofermentative cocci and three reference Enterococcus type strains were grouped together 

according to the presence of two main amplification bands and were identified as members of 
Enterococcus genus with specific amplification product (112 bp) by using genus-specific primers 
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Ent1 and Ent 2 [26]. The remaining 259 isolates and reference L. lactis strain one amplification band 

with size about 400 bp were obtained. Species-specific multiplex PCR reactions yielded an amplicon 
of 238 bp [27] for the all isolates and reference strain L. lactis subsp. Lactis (Figure 1). 

500 bp
400 bp500 bp

300 bp
400 bp

M M1 2 3 4 5

 

Figure 1. PCR profiles of reference strains obtained by amplification of the 16S–23S 
rRNA gene spacer region. Line 1—E. faecalis CCM 7000; 2—E. durans NCDO 956; 

3—E. faecium NCDO 942; 4—L. lactis subsp. lactis CCM 1877; 5—L. lactis subsp. 
cremoris CCM 2106; M—DNA Ladder. 

So, the genus identification of the 950 isolates showed the presence of five LAB genera in 
Ukrainian dairy products, namely Enterococcus sp. (60% isolates), Lactococcus sp. (27%), 

Lactobacillus sp. (6%), Leuconostoc sp. (3.5%) and Pediococcus sp. (3%). 

In our work LAB strains were isolated using four different cultivation mediums (Figure 2). 
Enterococci, lactococci and pediococci were isolated from all media used. Leuconostoc spp. strains 

were mostly isolated from MRS-agar and a few strains—from ST-agar. No lactobacilli were isolated 

from ST-agar, and at the same time 30% of Lactobacillus strains were isolated from Ent-agar. The 
MRS and M17 media are used usually for the isolation and counting of LAB from most fermented 

food products. In our work most of LAB strains were isolated from MRS-agar, among them lactic 

acid cocci were dominating. Only 8% of strains isolated on MRS-agar were lactobacilli. So,  
MRS-agar showed a low degree of selectivity for genus Lactobacillus, despite this medium being 

described as a medium for the isolation and cultivation of lactobacilli [18]. In contrast, on M17-agar 

mostly enterococci and lactococci were isolated. The Ent-agar showed relatively high selectivity for 
genus Enterococcus (75% of isolates), although lactococci, pediococci and even lactobacilli were 

isolated on this medium (Figure 3). The ST-agar was described as a medium for the selective 

isolation of S. thermophilus, the cultures of S. thermophilus formed well-developed, yellow colonies 
on ST-agar plates within 24 h of incubation [21]. But no S. thermophilus strains were isolated in our 
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work, all strains isolated on ST-agar were identified as enterococci, lactococci, pediococci or 

leuconostocs. Similarly to our results, the absence of S. thermophilus in traditional milk products was 
reported [29–31]. Our results are also consistent with the results of other studies, in which the lack of 

selectivity of culture media in studying biodiversity in different dairy products has been  

shown [3,14,31]. 
The diversity of the isolated LAB strains was correlated with the type of product and the source 

of milk. The distribution of isolates among different dairy products is presented in Figure 4. In all 

dairy product samples enterococci, lactococci and lactobacilli were found. Strains of the Pediococcus 
spp. and Leuconostoc spp. were also isolated, but with a lower incidence, with the exception of 

bryndza and soured cream samples, in which Leuconostoc spp. and Pediococcus spp. were not found 

respectively (Figure 4a). Leuconostocs were isolated mainly from products, made from sheep’s milk 
(Figure 4b). Such distribution could be influenced by various factors including the variable chemical 

composition of the milk and the specificities of the production process as well as the geographical 

location. The presence of enterococci in fermented milk and soured cream can be associated with the 
use of non-pasteurized milk and is probably due to fecal contamination of milk during milking. The 

resistance of enterococci to high temperatures may explain why they can be found in cheese and 

bryndza, which involves warming up the sour milk. The chemical composition of soured cream, 
particularly its high fat content, as well as warming up the soured milk during the manufacturing of 

cottage cheese, or high salt content in brynza, could have prevented the growth of some LAB. Our 

study results are similar to those published by Terzic-Vidojevic et al. [17] who reported this 
regarding the differences in the distribution of LAB in sweet kajmak samples, related to LAB 

isolated from young cheeses and sweet creams and the technological process had a major effect on 

the composition of the LAB of these products. 

MRS‐agar
41%

M17‐agar
12%

Ent‐agar
37%

ST‐agar
10%

Genus Enterococcus

strains
strains

strains
strains

MRS‐agar
62%

M17‐agar
13%

Ent‐agar
20%

ST‐agar
5%

Genus Lactococcus

strainsstrains

strains strains
MRS‐agar

70%

M17‐agar
6%

Ent‐agar
17%

ST‐агар
7%

Genus Pediococcus

strainsstrains

strains

strains

MRS‐agar
97%

ST‐agar
3%

Genus Leuconostoc

strains

strains

MRS‐agar
68%

M17‐agar
2%

Ent‐agar
30%

Genus Lactobacillus

strains

strains

strains

 

Figure 2. Number of strains depending on the LAB genera isolated from each cultivation 
medium used. 
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Figure 3. Frequency of LAB isolation on different medium used. 

3.2. Acidification and milk clotting activities 

For the preliminary characterization of technological properties, 950 LAB isolates were tested 
for their ability to coagulate reconstituted skimmed milk at 30°C. Interestingly, 5.4% (51 from 950) 

of the strains were unable to clot milk within 72 h of the incubation. Other LAB strains were able to 
clot milk. Among them 517 strains curdled skimmed milk within 12 h, 162 strains—within 24 h, and 

219 strains—within 48 h of the incubation. More than 60% of Lactococcus and Lactobacillus strains 

caused coagulation of milk within 12 h, whereas among Enterococcus, Pediococcus and Leuconostoc 
strains—not more than 50% (Figure 5a). The time of milk clotting also correlated with the product 

from which strains were isolated (Figure 5b). The majority (70%) of isolates from fermented milk 

coagulated milk within 12 h, whereas in other products the number of such strains did not exceed 
45%. The frequency of isolation LAB strains which caused coagulation of milk within 24 h was 

much higher for soured cream (43%) compared to fermented milk, cottage cheese and bryndza 

(18%). The frequencies of isolation LAB strains which caused coagulation of milk within 48 h, and 
strains which were unable to clot milk were much higher for cottage cheese and bryndza (28% and 

10%, respectively) compared to soured cream and fermented milk (7% and 4–5%, respectively). 
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Figure 4. Distribution of LAB strains depending on the product type (a) and milk source (b). 
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Figure 5. Distribution of LAB strains according ability and time of milk clotting:  
(a)—depending to LAB genera; (b)—depending to dairy products from which strains 

were isolated; (      )—no milk clot after 72 h; (       )—milk clot within 12 h; (      )—milk 

clot within 24 h; (       )—milk clot within 48 h.  

In addition, the LAB strains were grouped according to the time of milk clot formation, and the 

average titrable acidity of clots was calculated according to LAB genera (Figure 6). The acidifying 
activity was variable among different LAB genera. There were statistically significant differences  

(P < 0.05) in average titrable acidity of milk clots according to time of milk clot formation and LAB 

genera. Milk clots inoculated with Enterococcus strains within 12 h or 24 h contained higher level of 
lactic acid, compared to milk clots obtained within 48 h, whereas average titrable acidity of clots 

obtained with Leuconostoc strains within 12 h was lower compared to 24 h and 48 h. The average 

titrable acidity of milk clots prepared with Lactococcus, Pediococcus and Lactobacillus strains was 
similar (P > 0.05), regardless with the coagulation time. Generally, strains belonging to the 
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Leuconostoc and Pediococcus genera showed a greater acidifying capacity compared to other LAB 

genera. 
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Figure 6. The average titrable acidity of milk clots according to LAB genus and time of 
milk clotting. (*.§,†) indicate that bars corresponding to different LAB genera at each 

time of milk clotting without a common superscript are significantly different (P < 0.05) 

according to the LSD test. (a,b,c,d,e) indicate that bars corresponding to each genus at 
different time of milk clotting without a common letter are significantly different (P < 

0.05) according to the LSD test. 

4. Discussion 

The LAB composition of the Ukrainian artisanal dairy products indicates that enterococci are 
the dominant microflora in almost all dairy products examined in this study. The presence of 

enterococci in traditional dairy products have been reported by many authors [3,4,15,17]. 

Enterococci are a major component of the natural microflora of the artisanal cheeses produced in 
Southern Europe [32]. 

In contrast to the enterococci, the lactococci were present in relatively small percentage in 

Ukrainian dairy products samples. In this study, the highest frequency of L. lactis was found in 
fermented milk samples (31%), and the lowest frequency of L. lactis ssp. lactis—in cottage cheese 

samples (9%), probably because the Lactococcus strains did not survive the warming up of the sour 

milk. Lactococci are the most frequently isolated LAB group in traditional dairy products [3,17,30]. 
In our previous [28] and the current study, almost all lactobacilli strains were identified as  

L. plantarum and isolated at relatively high frequencies from bryndza and cottage cheese samples 

(32% and 26%, respectively), compared to soured cream and fermented milk samples (4% and 1%, 
respectively). The L. plantarum strains are commonly associated with plant-based food 
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fermentations [33]. But in many studies, L. plantarum was found to be predominant among 

Lactobacillus species in dairy products [34,35]. 
In this study, only 34 strains (3.5% of total isolates) of Leuconostoc spp. were isolated. 

Leuconostocs were isolated from fermented milk, soured cream and cottage cheese samples, but 

could not be detected in bryndza. The presence of Leuconostoc spp. in traditional dairy products of 
different countries has been reported [13,17,36]. Leuconostoc species generally showed a weak 

competitive ability during fermentation of milk and lower adaptation to milk [4,33].The higher 

percentage of Leuconostoc strains isolated from sheep’s milk product samples could be explained by 
the higher number of rich nutrients provided by sheep’s milk compared to cow’s and goat’s milks. 

The occurrence of Pediococcus species in Ukrainian artisanal dairy products was low, only 3% 

of total isolated LAB strains. The isolation of pediococci from traditional dairy products is not 
common [14,38,39]. The strains of this genus were isolated much less often than other LAB  

cocci [39,40]. 

So the variability of the LAB strains isolated from the samples tested reflects their artisan 
production. In this study, enterococci were isolated from all traditional dairy products examined. The 

importance of enterococci in dairy products is controversial [41]. This result may indicate that there 

are problems in sanitation during the manufacturing process of some products [42]. However, it has 
been demonstrated that the common presence of Enterococcus strains in many food products is not 

always related to direct faecal contamination, but these species might be considered as 

autochthonous parts of the food microbiota [43]. At the same time, the presence of enterococci in 
Ukrainian traditional artisanal dairy products should be looked at critically, as enterococci might 

carry virulence factors and antibiotic-resistance genes [44,45]. 

The ability of the LAB strains to produce lactic acid rapidly is the primary criterion in the 
selection of strains to be used as starter cultures [46]. Some of the tested LAB strains were unable to 

coagulate milk, that is in agreement with authors that reported about Lactococcus strains which could 

not grow in milk, although they were isolated from fermented milk [47]. The most (54%) of the LAB 
strains isolated from Ukrainian traditional dairy products showed a potentially good acidifying 

activity and coagulated milk within 12 h. The milk coagulation rate was not strongly dependent on 

the LAB genus and was strain dependent. The results found in this work are in accordance with those 
reported by many authors. The best activity in milk was mainly exhibited by Lactococcus lactis 

strains, that coagulated milk during 4 to 6 h of incubation [48], and other authors reported the slow 

milk-coagulating capacity of lactococci isolated from artisanal products [38,49]. Enterococcus strains 
also showed high acidifying activity [50] as well as slow acid production in milk [51]. Leuconostoc 

strains with good acidifying activity were isolated from dairy products by Bendimerad et al. [52] and 

Nieto-Arribas et al. [7]. At the same time Morandi et al. [10] reported that leuconostocs strains 
isolated from cheese had weak acidifying activity in milk. 

5. Conclusion  

In conclusion, the first systematic study of the LAB genus diversity in Ukrainian artisanal dairy 

products showed that it mainly consists of the five genera, namely Enterococcus, Lactococcus, 
Lactobacillus, Leuconostoc and Pediococcus. The obtained results from this study suggest that 
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distribution of LAB genera varied among fermented milk, soured cream, cottage cheese and bryndza 

samples. Such differences in LAB distribution could be due to the different manufacturing processes 
as well as milk composition. Traditional Ukrainian dairy products can be a source of new LAB 

strains with potentially good technological and functional properties. The results of this work show 

great variability within the acidifying activity. Coagulation of milk by the majority of LAB strains 
showed their potential as starters or adjunct cultures. Therefore identification of varied technological 

properties of isolated LAB strains will be conducted in order to determine their usefulness for 

development of a starter culture preparations. 

Acknowledgments 

The author wishes to thank Prof. N.K. Kovalenko for helpful comments. The author also thanks 
O.M. Vasyliuk and L.T. Oleschenko for their skilful technical assistance in PCR analysis and 

determining of acidification activity. 

Conflict of Interest 

All authors declare no conflicts of interest in this paper. 

References 

1. Haenlein G (2004) Goat milk in human nutrition. Small Ruminant Res 51: 155–163. 

2. Dewan S, Tamang JP (2007) Dominant lactic acid bacteria and their technological properties 
isolated from the Himalayan ethnic fermented milk products. Antonie van Leeuwenhoek 92: 343–

352. 

3. Feutry F, Oneca M, Berthier F, et al. (2012) Biodiversity and growth dynamics of lactic acid 
bacteria in artisanal PDO Ossau-Iraty cheeses made from raw ewe’s milk with different starters. 

Food Microbiol 29: 33–42. 

4. Medina R, Katz M, Gonzalez S, et al. (2001) Characterization of the lactic acid bacteria in ewe’s 
milk and cheese from Northwest Argentina. J Food Prot 64: 559–563. 

5. Gardini F, Lanciotti R, Guerzoni ME, et al. (1999) Evaluation of aroma production and survival 

of Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus 
acidophilus in fermented milks. Int Dairy J 9: 125–134. 

6. Leroy F, De Vuyst L (2004) Functional lactic acid bacteria starter cultures for the food 

fermentation industry. Trends Food Sci Technol 15: 67–78. 
7. Nieto-Arribas P, Seseña S, Poveda JM, et al. (2009) Genotypic and technological characterization 

of Lactococcus lactis isolates involved in processing of artisanal Manchego cheese. J Appl 

Microbiol 107: 1505–1517. 
8. Ma CL, Zhang LW, Yi HX, et al. (2011) Technological characterization of lactococci isolated 

from traditional Chinese fermented milks. J Dairy Sci 94: 1691–1696. 

9. Mannu L, Paba A, Pes M, et al. (2000) Genotypic and phenotypic heterogeneity among 
lactococci isolated from traditional Pecorino Sardo cheese. J Appl Microbiol 89: 191–197. 



385 

AIMS Microbiology  Volume 2, Issue 3, 372-387. 

10. Morandi S, Cremonesi P, Silvetti T, et al. (2013) Technological characterisation, antibiotic 

susceptibility and antimicrobial activity of wild-type Leuconostoc strains isolated from North 
Italian traditional cheeses. J Dairy Res 80: 457–466. 

11. Quero GM, Fusco V, Cocconcelli PS, et al. (2014) Microbiological, physico-chemical, nutritional 

and sensory characterization of traditional Matsoni: selection and use of autochthonous multiple 
strain cultures to extend its shelf-life. Food Microbiol 38: 179–191. 

12. Wouters JTM, Ayad EHE, Hugenholtz J, et al. (2002) Microbes from raw milk for fermented 

dairy products. Int Dairy J 12: 91–109. 
13. Mathara JM, Schillinger U, Kutima PM, et al. (2004) Isolation, identification and 

characterisation of the dominant microorganisms of Kule Naoto: the Maasai traditional fermented 

milk in Kenya. Int J Food Microbiol 94: 269–278. 
14. Yu J, Wang WH, Menghe BLG, et al. (2011) Diversity of lactic acid bacteria associated with 

traditional fermented dairy products in Mongolia. J Dairy Sci 94: 3229–3241. 

15. Zamfir M, Vancanneyt M, Makras L, et al. (2006) Biodiversity of lactic acid bacteria in 
Romanian dairy products. Syst Appl Microbiol 29: 487–495. 

16. Alegría Á, Szczesny P, Mayo B, et al. (2012) Biodiversity in Oscypek, a traditional Polish cheese, 

determined by culture-dependent and -independent Approaches. Appl Environ Microbiol 78: 
1890–1898. 

17. Terzic-Vidojevic A, Mihajlovic S, Uzelac G, et al. (2014) Characterization of lactic acid bacteria 

isolated from artisanal Travnik young cheeses, sweet creams and sweet kajmaks over four 
seasons. Food Microbiol 39: 27–38. 

18. Man JCD, Rogosa M, Sharpe ME (1960) A medium for the cultivation of lactobacilli. J Appl 

Bacteriol 23: 130–135. 
19. Terzaghi BE, Sandine WE (1975) Improved medium for lactic streptococci and their 

bacteriophages. Appl Microbiol 29: 807–813. 

20. Slanetz LW, Bartley CH (1957) Numbers of enterococci in water, sewage, and feces determined 
by the membrane filter technique with an improved medium. J Bacteriol 74: 591–595. 

21. Dave RI, Shah NP (1996) Evaluation of media for selective enumeration of Streptococcus 

thermophilus, Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus acidophilus and 
bifidobacteria. J Dairy Sci 79: 1529–1536. 

22. Schillinger U, Lücke FK (1987) Identification of lactobacilli from meat and meat products. Food 

Microbiol 4: 199–208. 
23. Yost CK, Nattress FM (2000) The use of multiplex PCR reactions to characterize populations of 

lactic acid bacteria associated with meat spoilage. Lett Appl Microbiol 31: 129–133. 

24. Jensen MA, Webster JA, Strauss N (1993) Rapid identification of bacteria on the basis of 
polymerase chain reaction-amplified ribosomal DNA spacer polymorphisms. Appl Environ 

Microbiol 59: 945–952. 

25. Fortina MG, Ricci G, Acquati A, et al. (2003) Genetic characterization of some lactic acid 
bacteria occurring in an artisanal protected denomination origin (PDO) Italian cheese, the Toma 

piemontese. Food Microbiol 20: 397–404. 

26. Ke D, Picard FJ, Martineau F, et al. (1999) Development a PCR assay for rapid detection of 
enterococci. J Clin Microbiol 37: 3497–3503. 



386 

AIMS Microbiology  Volume 2, Issue 3, 372-387. 

27. Pu ZY, Dobos M, Limsowtin GKY, et al. (2002) Integrated polymerase chain reaction-based 

procedures for the detection and identification of species and subspecies of the Gram-positive 
bacterial genus Lactococcus. J Appl Microbiol 93: 353–361. 

28. Vasyliuk OM, Kovalenko NK, Harmasheva IL, et al. (2014) Isolation and identification of 

bacteria of Lactobacillus genus from fermented products in different regions of Ukraine. 
Mikrobiol Z 2: 2–9. 

29. Bensalah F, Delorme C, Renault P (2009) Characterisation of thermotolerant cocci from 

indigenous flora of ‘Leben’ in Algerian Arid Area and DNA identification of atypical 
Lactococcus lactis strains. Curr. Microbiol 59: 139–146. 

30. Ouadghiri M, Vancanneyt M, Vandamme P, et al. (2009) Identification of lactic acid bacteria in 

Moroccan raw milk and traditionally fermented skimmed milk “Lben”. J Appl Microbiol 106: 
486–495. 

31. Wang SY, Chen HC, Dai TY, et al. (2011) Identification of lactic acid bacteria in Taiwanese ropy 

fermented milk and evaluation of their microbial ecology in bovine and caprine milk. J Dairy Sci 
94: 623–635. 

32. Aquilanti L, Dell’Aquila L, Zannini E, et al. (2006) Resident lactic acid bacteria in raw milk 

Canestrato Pugliese cheese. Lett Appl Microbiol 43: 161–167. 
33. Wood BJB, Holzapfel WH (1995) The genera of lactic acid bacteria. Blackie Academic & 

Professional, Glasgow, UK. 

34. Sun Z, Liu W, Gao W, et al. (2010) Identification and characterization of the dominant lactic acid 
bacteria from Kurut: the naturally fermented yak milk in Qinghai, China. J Gen Appl Microbiol 

56: 1–10. 

35. Watanabe K, Fujimoto J, Sasamoto M, et al. (2008) Diversity of lactic acid bacteria and yeasts in 
Airag and Tarag, traditional fermented milk products of Mongolia. World J Microbiol Biotechnol 

24: 1313–1325. 

36. Jokovic N, Nikolic M, Begovic J, et al. (2008) A survey of the lactic acid bacteria isolated from 
Serbian artisanal dairy product Kajmak. Int J Food Microbiol 127: 305–311. 

37. Beukes EM, Bester BH., Mostert JF (2001) The microbiology of South African traditional 

fermented milks. Int J Food Microbiol 63: 189–197. 
38. Wang H, Yu W, Coolbear T, et al. (1998) A deficiency in aspartate biosynthesis in Lactococcus 

lactis subsp. lactis C2 causes slow milk coagulation. Appl Environ Microbiol 64: 1673–1679. 

39. Carafa I, Nardin T, Larcher R, et al. (2015) Identification and characterization of wild lactobacilli 
and pediococci from spontaneously fermented Mountain Cheese. Food Microbiol 48: 123–132. 

40. Carminati D, Tidona F, Fornasari ME, et al. (2014) Biotyping of cultivable lactic acid bacteria 

isolated from donkey milk. Lett Appl Microbiol 59: 299–305.  

41. Kayser FH (2003) Safety aspects of enterococci from the medical point of view. Int J Food 
Microbiol 88: 255–262. 

42. Gelsomino R, Vancanneyt M, Cogan TM, et al (2002) Source of enterococci in a farmhouse raw-
milk cheese. Appl Environ Microbiol 68: 3560–3565. 

43. Giraffa G (2003) Functionality of enterococci in dairy products. Int J Food Microbiol 88: 215–

222. 
44. Lempiäinen H, Kinnunen K, Mertanen A, et al. (2005) Occurrence of virulence factors among 



387 

AIMS Microbiology  Volume 2, Issue 3, 372-387. 

human intestinal enterococcal isolates. Lett Appl Microbiol 41: 341–344.  

45. Martín-Platero AM, Valdivia E, Maqueda M, et al. (2009) Characterization and safety evaluation 
of enterococci isolated from Spanish goats’ milk cheeses. Int J Food Microbiol 132: 24–32. 

46. Buckenhüskes HJ (1993) Selection criteria for lactic acid bacteria to be used as starter cultures 

for various food commodities. FEMS Microbiol Rev 12: 253–272. 
47. Nomura M, Kobayashi M, Narita T, et al. (2006) Phenotypic and molecular characterization of 

Lactococcus Lactis from milk and plants. J Appl Microbiol 101: 396–405. 

48. Golić N, Cadež N, Terzić-Vidojević A, et al. (2013) Evaluation of lactic acid bacteria and yeast 
diversity in traditional white pickled and fresh soft cheeses from the Mountain regions of Serbia 

and Lowland regions of Croatia. Int J Food Microbiol 166: 294–300. 

49. Ayad E, Nashat S, El-Sadek N, et al. (2004) Selection of wild lactic acid bacteria isolated from 
traditional Egyptian dairy products according to production and technological criteria. Food 

Microbiol 21: 715–725. 

50. Ribeiro SC, Coelho MC, Todorov SD, et al. (2014) Technological properties of bacteriocin-
producing lactic acid bacteria isolated from Pico cheese an artisanal cow’s milk cheese. J Appl 

Microbiol 116: 573–585. 

51. Sarantinopoulos P, Andrighetto C, Georgalaki MD, et al. (2001) Biochemical properties of 
enterococci relevant to their technological performance. Int Dairy J 11: 621–647. 

52. Bendimerad N, Kihal M, Berthier F (2012) Isolation, identification, and technological 

characterization of wild leuconostocs and lactococci for traditional Raib type milk fermentation. 
Dairy Sci Technol 92: 249–264. 

© 2016 Garmasheva I, licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 

 


