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Isolation of lactic acid bacteria (LAB) was performed from three types of yogurts (Ka-

rabakh, Ganja, Baku). These products were produced in the territory of Azerbaijan. Karabakh 
and Baku yogurts are made from cow milk and Ganja yogurt - from buffalo milk. All types of 
yogurts were produced without the addition of lactic acid bacteria starter cultures. From 
these dairy products overall 178 isolates were isolated and after catalase test, Gram staining 
and microscopic observation, 115 were chosen for further analyses. The selection of LAB iso-
lates was based on their proteolytic and antimicrobial activity. Based on the identification of 
LAB isolates by biochemical tests and molecular methods it was determined that four strains 
of LAB were primarily present in three yogurt types: Lactobacillus delbrueckii subsp. lactis, 
Lactobacillus delbrueckii subsp. bulgaricus and cocci representatives to species Streptococ-
cus thermophillus and Enterococcus faecium. It was determined that 5 enterococci out of 115 
tested isolates, were antimicrobial compounds producers. 
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1. Introduction 
Lactic acid bacteria (LAB) are widespread in nature. Non-starter lactic acid 

bacteria (NSLAB) constitute complex microbial associations that are characterized by 
the occurrence of various species and many biotypes as a result of a number of selec-
tive conditions persisting during the manufacturing process and different ecological 
niches (1, 2, 16, 17). The NSLAB community is composed mostly of mesophilic lac-
tobacilli such as Lactobacillus paracasei, Lactobacillus plantarum, and Lactobacillus 
curvatus (22, 23). Nevertheless, pediococci, micrococci and leuconostoc could also 
be present (3, 7, 25). Pedoclimatic characteristics and genetic autochthonous varia-
tions create an environment so specific that it would be extremely difficult to repro-
duce elsewhere (4). The NSLAB dominate the microflora of long-ripened cheese for 
most of its ripening period and they certainly have the potential to affect and contrib-
ute to the cheese maturation (8). 

Usually, for the taxonomical identification of the microbial flora in cheese phe-
notypic, biochemical and physiological tests have normally been used. These tests are 
often time-consuming and not fully reliable. The development of PCR-based molecu-
lar techniques for the identification of bacterial species offers new perspectives in 
microbial taxonomic studies (3, 5, 9, 27).  
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The study of strain heterogeneity in natural cheese and yogurts starters is be-
lieved to be of great importance to the dairy industry (8, 11). 

The aim of this study was isolation, characterization and identification of lactic 
acid bacteria by the molecular methods from three types of Azerbaijani yogurts. 
There are 9 climate zones in Azerbaijan which condition the presence of huge eco-
logical diversities.  

Immemorial pastoral traditions of many ethnic groups which were transiting or 
dwelling in this region were kept. They evolved a traditional way of different dairy 
products production, particularly cheeses and yogurts.  

 
2. Materials and methods 
The manufacture of all three types of yogurt is very similar and it has been 

done, throughout years, in the same traditional way. Karabakh and Baku yogurts are 
made from cow milk and Ganja yogurt from buffalo milk.  

The production of yogurt is done in the following way: 10 ml of old yogurt is 
added in 1 liter of pasteurized milk chilled at 37 to 40 ºC. After the inoculation, the 
milk is stored at this temperature in glass bank or saucepan until the curd is formed (4 
to 8 h). The pasteurization of milk is done by warming of milk to the 70 °C tempera-
ture during few minutes.  

The samples of yogurts were obtained in May 2004. These samples were taken from 
farmhouses in a sterile plastic container and transported to the laboratory in a refrigerator. 

For the isolation of bacteria from yoghurt, 10 ml of each sample was taken and 
homogenized with pastille in sterile mortar and transferred to 90 ml sterile 2% sodium 
citrate solution in a sterile chemical flask. Decimal dilutions of the homogenates were 
prepared with sterile 0.85% (w/v) sodium chloride and were plated on media most 
suitable for isolation of LAB. Lactic acid bacteria were isolated on MRS agar pH 5.7 
(Merck, Darmstadt, Germany) and on M17 agar pH 7.2 (Merck, Darmstadt, Ger-
many) after incubation at 30 °C and 45 °C for three days in aerobic and in anaerobic 
conditions (9). Incubation in anaerobic conditions was carried out using the anaerobic 
jars with Anaerocult A (Merck, Darmstadt, Germany). Total counts of bacteria were 
determined and the mean of the triplicate plates was noted. Results were expressed as 
colony forming units (CFU) per milliliter of yogurt. 

The LAB was isolated from three samples of yoghurt. Samples were design-
nated AZEJ1 – yogurt Karabakh, AZEJ2 – yogurt Ganja and AZEJ3 – yogurt Baku. 

Fifty to one hundred colonies per yogurt sample were randomly taken from 
both MRS and M17 (30oC and 45oC) agar plates corresponding to the highest dilution 
at which growth occurred. Cell morphology of all strains of LAB was determined in a 
microscope (Olympus U-RFL-T, BX51, GmbH, Hamburg, Germany). After micro-
scopic observations, the colonies were sub-cultured to purity on MRS or M17 me-
dium. Gram positive and catalase-negative isolates were stored at –20oC and –80oC in 
M17 (for cocci) and in MRS (for rods) broth containing 15% of glycerol (v/v) (23). 
Overall 178 isolates were isolated and after catalase test, Gram staining and micro-
scopic observation, 115 were chosen for further analyses. 

For 23 isolates of LAB, which were chosen upon the analysis of their prote-
olytic activity on ß-casein, plasmid profiles and identification by rep-PCR method, 
further characterization and tests followed: (a) growth at 30 and 45 oC in MRS and 
M17 broth, (b) salt tolerance - 4.0 and 6.5% (w/w) NaCl in MRS and M17 broth, (c) 
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production of carbon dioxide from glucose by sub-culturing the isolates in tubes with 
MRS broth Durham's tubes, (d) L-arginine hydrolysis, (e) activity in milk (for all 296 
isolates), (f) black zone formation on esculin bile agar (Himedia, Mumbai, India), 
done only for coccoid shapes of LAB. Identification of the isolates was performed 
according to the methods and criteria of Sharpe, 1979; Hardie, 1986; Kandler and 
Weiss, 1986; Mundt, 1986a,b; Sneath et al., 1986 (18,20,26,27, 32,33). The tests (a) 
and (b) are performed three times. 

The fermentation of carbohydrates was determined on MRS broth containing 
bromcresolpurple (0,04 g l-1) as a pH indicator. The carbon sources were added to the 
medium to give a final concentration of 1% (w/v). The carbohydrates tested were: L-
arabinose, cellobiose, esculin, fructose, galactose, glucose, glycerol, inuline, lactose, 
maltose, melibiose, mannitol, mannose, raffinose, rhamnose, ribose, salicin, sorbose, 
sorbitol, starch, saccharose, trehalose and D-xylose. 

Antimicrobial activity of isolated lactic acid bacteria was screened by agar-well 
diffusion method (31) using Lactobacillus bulgaricus 340 as indicator strain. Soft 
MRS agar (0.7%, w/v), containing indicator strain, was overlaid onto MRS plates. 
Wells were made in the lawn of hardened soft agars. Aliquots (50μl) of supernatant of 
overnight cultures (16 h) were placed in the wells. To confirm the production of pro-
teinaceous substance, a crystal of proteolytic enzyme pronase E (Sigma Chemie 
GmbH, Deisenhofen, Germany) was placed close to the edge of supernatant contain-
ing well. The plates were incubated overnight at 30 oC. A clear zone of inhibition 
around the well, but not in the vicinity of pronase E crystal, was taken as an indica-
tion of proteinaceous nature of produced antimicrobial substance i.e. a potential bac-
teriocin-like compound.  

Proteolytic activities of the isolates were assayed as previously described (17). 
Collected fresh cells (10 mg approximate density 1010 cells ml -1) were resuspended in 
0.1 mol l-1 sodium-phosphate buffer, pH 6.5. The cell suspension was mixed with β- 
casein (5 mg ml-1 in 0.1 mol l-1 sodium-phosphate buffer, pH 6.5) (Sigma, St. Louis, 
MO, USA) and incubated 3 h at 30 °C. Electrophoresis was carried out on 12.5% 
polyacrylamide gel. Gels were stained with Coomassie brilliant blue G250 (SERVA, 
Heidelberg, Germany) and destained in a mix of methanol (20%) and acetic acid 
(7%). 

A total DNA from cheese was extracted as described by Randazzo et al.(2001) 
(31), and a total DNA from LAB isolates was purified by the method given by Hop-
wood et al. (1985) (21). 

All PCR amplifications were performed with the Taq DNA polymerase kit 
(Fermentas UAB, Vilnius, Lithuania). Reaction mixtures consisted of 0.02 mol l-1 
Tris-HCl (pH 8.4), 0.05 mol l-1 KCl, 0.003 mol l-1 MgCl2, 0.05 mol l-1 each of the four 
deoxynucleotide triphosphates (dNTP), 1 U of Taq polymerase, 5 pmol l-1 of each 
primer, and 1 μl of template DNA in a final volume of 50 μl. 

For the repetitive extragenic palindromic polymerase chain reaction (rep-PCR) 
analysis total DNA from different isolates of LAB was used as template for PCR am-
plifications with BOXA1R (5΄-CTACGGCAAGGCGACGCTGACG-3΄) and (GTG)5 
(5΄-GTGGTGGTGGTGGTG-3΄) oligonucleotide primers, each with its optimal PCR 
program (38), using Taq DNA polymerase (Fermentas UAB, Vilnius, Lithuania). Re-
actions were carried out in a thermal cycler Gene AmpR PCR System 2700 (Applied 
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Biosystems, Foster City, CA, USA). The PCR products were separated by electropho-
resis on 1.5% agarose gel (15 x 20 cm) containing 0.5 μg ml-1 ethidium bromide, for 
16 h in 1 x TAE buffer (40 mmol l-1 Tris acetate, 1 mmol l-1 EDTA) and 55 V (con-
stant voltage) at 4 °C (39). Electrophoresis was performed using an Electrophoresis 
Power Supply - EPS 301 (Amersham Biosciences, Piscataway, New Jersey, USA). 
The rep-PCR profiles were visualized under ultraviolet light, followed by digital im-
age capturing using a CCD camera Biometra BDR2/5/6 (Bio Doc Analyze GmbH, 
Göttingen, Germany). 

For the sequencing of the 16S rRNA region total DNA was used as a template for 
PCR amplifications with U968 (5΄-AACGCGAAGAACCTTAC-3΄) and L1401 (5΄-
GCGTGTGTACA AGACCC-3΄) primers (30,33), using Taq DNA polymerase (Fermen-
tas UAB, Vilnius, Lithuania). Reactions were carried out in thermal cycler as cited above. 
Obtained PCR product was purified by QIAquick PCR Purification KIT/250 (QIAGEN 
GmbH, Hilden, Germany), and sequenced by CRIBI-BMR servizio sequenziamento 
DNA, Univesita di Padova, Italy. The sequence was aligned in the NCBI database using 
the standard nucleotide-nucletide homology search BLAST (The Basic Local Alignment 
Search Tool) (http: // www. ncbi. nlm. nih. Gov / BLAST). 

 
3. Results and discussion 
From all yogurt samples used in the study, 178 randomly chosen isolates of 

LAB were taken for the analysis. The results showed that 115 isolates were gram 
positive and catalase negative and they were taken for further examination of prote-
olytic activity, activity in milk and production of antimicrobial compounds. 

Yogurt samples were poor with bacterial colonies on the petri dishes with both 
MRS an M17 medium, on which a significant number of yeasts (1.9 x 106 CFU ml-1 

for AZEJ1, 1.8 x 105 CFU ml-1 for AZEJ2 and 1.4 x 106 CFU ml-1 for AZEJ3) and 
moulds (4 x 104 CFU ml-1 for AZEJ2 and 3 x 104 CFU ml-1) were grown. From a total 
of 70 isolates of Karabakh yogurt, 52 were gram positive and catalase negative. From 
a total of 55 isolates from Ganja yogurt, 33 were gram positive and catalase negative, 
and from Baku yogurt 30 gram positive and catalase negative LAB were isolated 
from a total of 53 isolates. A large number of cocci formed black zone on esculin bile 
agar, so it is more likely that they were enterococci.  

The results of viable counts of bacteria on MRS and M17 medium in Karabakh, 
Ganja and Baku yogurts are summarized in Table 1. 

Most variations of total viable counts were found in the Karabakh yogurt. In this yogurt 
the total viable counts of bacteria on MRS medium were between 1.49 x 104 CFU ml-1 and 
1.55 x 104 CFU ml-1, and on M17 medium from 7.24 x 107 CFU ml-1 to 3.86 x 108 CFU ml-1.  

Table 1 
Mean number of total viable bacteria in samples of different  

Azerbaijani yogurts on MRS and M17 medium 
CFU/ml samplea

Sample  MRS at 30 °C  MRS at 45 °C  M17 at 30 °C  M17 at 45°C  
AZEJ 1 1.55 x 104 1.49 x 104 7.24 x 107 3.86 x 108

AZEJ 2 4.02 x 106 3.04 x 107 3.96 x 106 3.58 x 107

AZEJ 3 9.20 x 105 2.16 x 107 2.58 x 106 1.78 x 107

a Average values of three repetition. 
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Also, the results from Table 1 showed that thermophilic microflora on MRS and 
M17 mediums was more numerous than mesophilic microflora on the same mediums. 
The only exception was total viable count of thermophilic bacteria on MRS medium (45 
°C) in sample of Karabakh yogurt (1.49 x 104 CFU ml-1) which was lesser then the total 
count of mesophilic bacteria on MRS medium (30°C) which was 1.55 x 104 CFU ml-1. 

Activity in milk was tested for all of 115 isolates of LAB isolated from Kara-
bakh, Ganja and Baku yogurts. 7 streptococci isolates (AZEJ3-27, AZEJ3-28, 
AZEJ3-29, AZEJ3-30, AZEJ3-31, AZEJ3-38 and AZEJ3-43), exhibited good acidifi-
cation activity in milk, and after 4.5-6 h of incubation the pH reached a value of 4.8. 
Most of LAB isolates from Ganja and Baku yogurts form the curd in skimmed milk 
during 16, 24 and 48 hours (results not shown). 

Proteolytic activity, activity in milk and antimicrobial activity were examined 
on all 115 gram positive and catalase negative LAB isolates, isolated from different 
types of Azerbaijani yogurts. Based on those results 23 LAB isolates have been made 
for rep-PCR analysis. 

According to the results of rep -PCR, analysis of some phenotypic characteris-
tics (growth at 30 and 45 °C, growth in bouillon with 4 and 6,5% of salt concentra-
tion, ability of arginine hydrolysis and production of CO2 from glucose), and fermen-
tation of already mentioned carbohydrates, 23 LAB isolates were chosen. The results 
of phenotypic characterization of LAB were shown in Table 2. The LAB identifica-
tion based on this analysis, has shown that, most of the lactobacilli from AZEJ1, 
AZEJ2 and AZEJ3 yogurt samples belonged to species Lactobacillus delbrueckii 
subsp. lactis, while according to phenotypic characterization, the largest number of 
cocci belonged to species Enterococcus faecium and Streptococcus thermophilus. 

 Table 2  
Some phenotype characteristics and carbohydrate patterns among LAB isolates 

from samples of different kinds of Azerbaijani yogurts 
 

Species Tests 
1 2 3 4 5 6 7 8 9 10 11 12 

Growth at  30°C +11 + + + + + + + + + + + 
Growth at 45°C - + + + + + + - + + + + 
Growth at 4%NaCl + - - - - - + - + + + + 
 Growth at 6%NaCl + - - - - - + - + + + + 
 Hydrolysis of a r a arginine + ± ± + + + - ± + + + + 
 Prod. of CO2 f from glucose + - - - - - + - - - - - 
 Glycerol - - - - - - - - - - - - 
 L-arabinose + + + + ± + - - + + + + 
 Ribose + ± + + + + ± - + + + + 
 D-xylose + ± + + + + - - - - - - 
 Galactose - + + + + + ± - + + + + 
 Glucose + + + + + ± + + + + + + 
 Fructose + + + + + + + - + + + + 
 Mannose + + + + + + + - + + + + 
 Sorbose - - - - - - - - - - - - 
 Rhamnose - - - - - - - - - - - - 
 Mannitol - + + + + + - - - - - - 
 Sorbitol + - - - - - - - - - - - 
 Esculin + + + + + + - - + + + + 
 Salicin + + + ± + + - - ± ± ± ± 
 Cellobiose + ± - - - - - - + + + + 
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 Maltose + + + + + + - - + + + + 
 Lactose + + + + + + + + + + + + 
 Melibiose + - - - - - - - + + + + 
 Saccharose + + + + + + + - - - + + 
 Trehalose + + + + + + - - ± ± + ± 
 Inuline - - - ± - - - - - - - - 
 Raffinose + ± ± ± ± - ± - - - - - 
 Starch - - - - - - - - - - - - 

+: positive reaction; -: negative reaction; ±: weak reaction; 1: Lactobacillus brevis (AZEJ2-77);  
2-6: Lactobacillus delbrueckii subsp. lactis (AZEJ3-92, AZEJ1-49, AZEJ1-56, AZEJ1-62, 

AZEJ3-76), 7: Lactobacillus delbrueckii (AZEJ2-95); 8: Streptococcus thermophilus (AZEJ1-
35); 9-12: Enterococcus faecium (AZEJ3-34, AZEJ2-2, AZEJ3-27, AZEJ3-29, AZEJ2-43, 
AZEJ3-43, AZEJ2-41, AZEJ2-3). 

  
For all 115 isolates of LAB from different kinds of samples of Azerbaijani dairy 

products proteolytic activity was analyzed. Examination of proteolytic activity revealed 
that 8 lactobacilli, 9 lactococci and 1 isolate of enterococci from Karabakh yogurt , 9 lac-
tobacilli from Ganja yogurt and 2 isolated lactobacilli from Baku yogurt exhibited a 
strong proteolytic activity (results not shown). A small number of lactobacilli (5.7%) and 
of lactococci (7.7%) isolated from all yogurt samples showed a good proteolytic activity, 
while the rest of lactobacilli and lactococci, including also the large number of entero-
cocci degraded ß-casein poorly, or did not degrade it at all (results not shown).  

It was confirmed that only 5 out of 115 analyzed LAB isolates produced antim-
icrobial compounds. Experiments with pronase E revealed a proteinous nature of an-
timicrobial compounds, indicating the possibility they could be bacteriocin-like sub-
stances. One of antimicrobial compounds producers were isolated from Karabakh yo-
gurt, two isolate- from Baku yogurt and two producer of antimicrobial compounds 
were isolated from Ganja yogurt. Isolates exhibited a clear or turbid zone of inhibi-
tion. Isolate AZEJ1-48 gave zone of inhibition on 5 indicator strains, isolates AZEJ2-
34 and AZEJ3-30 gave zone of inhibition on 2, AZEJ2-34 – on 3 indicator strains, 
while isolate AZEJ3-48 gave zone of inhibition on 4 indicator strains from a total of 
10 indicator strains used in the test (Table 3). It was identified by rep-PCR and 16S 
rDNA sequencing that the all isolates which produced antimicrobial compounds be-
longed to the species Enterococcus faecium. 

Table 3 
Antimicrobial activity of LAB from samples of yogurts AZEJ1, AZEJ2 and AZEJ3 

 
Indicator strains AZEJ1-48 AZEJ2-34 AZEJ2-41 AZEJ3-30 AZEJ3-48 
BGMN1-5 Clear zone  Clear zone  Turbid zone 
BGMN1-596 Clear zone     
S50   Turbid zone   
NS1  Clear zone  Clear zone  
BGBUK2-8 Clear zone    Clear zone 
BGBUK2-16 Turbid zone Turbid zone   Turbid zone 
A112 Clear zone     
BGK4   Turbid zone   
BGLI15     Turbid zone 
BGKP20    Turbid 

zone 
 

 
 According to the proteolytic activity of LAB, 23 rods and cocci were chosen 

for molecular identification with rep-PCR (Fig. 1 and Fig. 2). The results revealed 
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that 2 of 7 chosen lactobacilli were identified as Lactobacillus para plantarum and 1 
as Lactobacillus plantarum. 4 isolates of lactobacilli were not identified by this 
method (AZEJ1-49, AZEJ1-62, AZEJ2-96 and AZEJ3-76). Basing on the same 
method 16 cocci were identified as follows: 7 belonged to the species Enterococcus 
faecium, 5 were identified as Streptococcus thermophilus and 4 isolates of cocci were 
not identified by the rep-PCR method (AZEJ1-35, AZEJ2-43, AZEJ2-48 and AZEJ1-
56).  

 
Table 4 

Isolates of LAB identified by rep-PCR and 16S rDNA sequencing 
Isolate Identification by rep-PCR Identification by 16S rDNA  

Sequencing (% identity) 
AZEJ1-35 Unidentified Enterococcus faecium 100% 
AZEJ1-48 Enterococcus faecium Enterococcus faecium 99% 
AZEJ1-49 Unidentified Lactobacillus delbrueckii subsp. 

lactis 100% 
AZEJ1-56 Unidentified  Not determined 
AZEJ1-62 Unidentified Lactobacillus delbrueckii subsp. 

lactis subsp. bulgaricus/subsp. 
delbrueckii 98% 

AZEJ2-2 Enterococcus faecium Streptococcus thermophillus 100% 
AZEJ2-34 Enterococcus faecium Enterococcus faecium 99% 
AZEJ2-41 Enterococcus faecium Enterococcus faecium 100% 
AZEJ2-43 Not determined  Enterococcus faecium 100% 
AZEJ2-48 Not determined  Enterococcus faecium 99% 
AZEJ2-77 Lactobacillus paraplantarum Lactobacillus plantarum 99% 
AZEJ2-89 Lactobacillus paraplantarum Lactobacillus delbrueckii subsp. 

bulgaricus 100% 
AZEJ2-96 Unidentified Lactobacillus delbrueckii subsp. 

bulgaricus 99% 
AZEJ3-7 Enterococcus faecium Streptococcus thermophilus/Str. 

salivarius 99% 
AZEJ3-27 Streptococcus thermophilus Streptococcus thermophilus/Str. sali-

varius 99% 
AZEJ3-29 Enterococcus faecium Not determined 
AZEJ3-30 Streptococcus thermophilus Streptococcus thermophilus/Str. sali-

varius 99% 
AZEJ3-31 Enterococcus faecium Not determined 
AZEJ3-32/2 Lactobacillus plantarum Not determined  
AZEJ3-36 Streptococcus thermophilus Not determined 
AZEJ3-43 Streptococcus thermophilus Not determined 
AZEJ3-48 Streptococcus thermophilus Enterococcus durans/Ent. 

avium/Ent. carnosus 99% 
AZEJ3-76 Unidentified Lactobacillus delbrueckii subsp. 

bulgaricus/ subsp. lactis/ subsp. del-
brueckii 99% 

 
There are huge discrepancies in the LAB identification results obtained from 

phenotypic characterization, the ability of carbohydrate fermentation and by rep-PCR 
method. Subsequent final identification of these isolates (23 isolates of LAB) was 
done according to 16S rDNA sequencing (Table 4). The results of sequencing showed 
that 4 of 7 chosen lactobacilli were identified as Lactobacillus delbruckii, 1 as Lacto-
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bacillus plantarum. Basing on the same method 16 cocci were identified as follows: 6 
belonged to the species Enterococcus faecium, 3 were identified as Streptococcus 
thermophilus/Streptococcus salivarius and 2 isolates of cocci (AZEJ3-48 and AZEJ2-
2) were identified as Enterococcus durans/Enterococcus faecium / Enterococcus car-
nosus and Streptococcus thermophilus, respectively. 

The process of dairymaking has begun about 8000 years ago and now only 
more than 1000 cheese varieties exist world wide (35), each unique with respect to its 
flavor and form. The manufacture of most cheese varieties involves combining of 
four ingredients: milk, rennet, microorganisms and salt (3). The ripening process is 
probably the most significant period of cheese production, during which starter and 
nonstarter bacteria, chymosin, and the indigenous milk enzymes develop the or-
ganoleptic and textural properties of the cheese (4). 

The Karabakh, Baku and Ganja yogurts are dairy products from Azerbaijan, the 
region of specific geographic location and climate zone, still produced in a traditional 
way. Therefore, there was a huge interest for studying the lactic acid bacteria in these 
dairy products, particularly since no scientific data regarding these dairy products exist.  

 Before the isolation of the lactic acid bacteria, the total number of bacteria 
was determined, and in all three types of yogurt time the total of bacteria ranged be-
tween 104 and 108 CFU g-1. It was lower than  them values corresponding to those 
usually found in cheeses during ripening number (11, 12).  

Regarding the bacteria composition in some Azerbaijan dairy products, it was 
ascertained that lactobacilli, lactococci and enterococci were present in yogurts.  
Enterococci are recognized as an essential part of the natural microflora of many dairy 
products and, in some cheeses, they dominate over lactobacilli and lactococci (4, 5, 19, 
35, 36, 37). The reasons for the prevalence of enterococci in dairy products have long 
been considered to be the result of unhygienic conditions during collection and processing 
of milk, together with their resistance to pasteurization temperatures and their adaptability 
to different substrates and growth conditions (10). Enterococci have been reported to be 
one of the most resistant microbiological groups to adverse conditions such as salt and 
acidity, which explains their predominance in some cheeses (7). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  The BOXA1R rep-PCR analysis of lactobacilli isolated from different kinds of 
 Azerbaijani dairy products. Reference strains used in the test are given in bold let-

ters. 
 * Isolates also identified by 16S rDNA sequencing. 
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The analysis of the proteolytic activity revealed that relatively small number 

(about 20%) of lactobacilli and lactococci, isolated from all 3 types of Azerbaijan 
products, showed good ability of β casein degradation. Numerous enterococci present 
in these products showed very low or no proteolytic activity. By different methods of 
identification used in this research, they were identified as Enterococcus faecium. In a 
recent investigation (24,28,29,34) it has been noted that Enterococcus faecalis strains 
showed generally better performance compared to Enterococcus faecium and Entero-
coccus durans, in respect to some biochemical properties such as the acidifying abil-
ity and proteolytic activity. 

Phenotypic characterization and carbohydrates fermentation of for LAB iso-
lated from all three yogurt types (Karabakh, Ganja and Baku) revealed that lactoba-
cilli belonged to the species Lactobacillus delbrueckii subsp. lactis, and cocci repre-
sentatives to species Streptococcus thermophillus and Enterococcus faecium. How-
ever, this identification is based only on classical microbiological methods and au-
thentic identity of species should be confirmed by molecular identification.  

Using the rep-PCR method it was established that in yogurts Streptococcus 
thermophilus and Enterococcus faecium were present. A certain number of lactic acid 
bacteria isolates (mostly lactobacilli isolated from yogurt samples) was not identified 
by this method. Besides that, some yogurt cocci isolates, identified as Streptococcus 
thermophillus based on phenotypic characterization and the fermentation of carbohy-
drates, were identified as Enterococcus faecium by the rep-PCR method and vice 
versa. Corroler et al. (1998) reported that natural lactococci can show atypical pheno-
typic characterization (for example: grow in presence of 6,5% NaCl) and commonly 
survive in hostile condition. Additionally, the phenotypic characterization highlighted 
a high degree of variability in Streptococcus thermophilus despite the analyzed strains 
being principally isolated from yogurt samples. As recently reported by Giraffa et al. 
(2001) and Mora et al. (2002) some strains were able to ferment galactose, suggesting 
that this phenotypic trait should be considered as variable in the taxonomic descrip-
tion of the species Streptococcus thermophilus (6,13,14,15,26). 

The difficulties in the identification of some isolates by rep-PCR method occurred 
because of the interspecies differences of band patterns which are most probably the result 
of genetic variability within the species. Because of the dismatch of the lactic acid bacte-
ria identification results, large number of isolates (23 of them) were identified by 16S 
rDNA sequencing. In that occasion it was confirmed that in the samples of all three yo-
gurt types (Karabakh, Ganja and Baku) the species Lactobacillus delbrueckii subsp. lac-
tis, Lactobacillus delbrueckii subsp. bulgaricus, Streptococcus thermophilus and Entero-
coccus faecium were identified by 16S rDNA sequencing.  

The largest number of enterococci (24 isolates total) was isolated from yogurts. 
Although the genus Enterococcus comprises the most controversial group of LAB, 
the contribution of enterococci to the organoleptic properties of fermented foodstufs 
(cheese, sausages, vegetables and olives) and also their ability to produce enterocins 
are important characteristics for their application in food technology (5,6,8).  
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Figure 2. The (GTG)5 rep-PCR analysis of cocci isolated from different kinds of Azerbaijani 
   dairy products. Reference strains used in the test are given in bold letters. 
• Isolates also identified by 16S rDNA sequencing. 

 
Overall, 5 coccoids isolated from all types of yogurts, identified as Enterococ-

cus faecium (AZEJ1-48 AZEJ2-34, AZEJ2-41), Streptococcus thermophilus (AZEJ3-
30) and Enterococcus durans (AZEJ3-48), showed antimicrobial activity and created 
inhibition zones on 2, 3, 4 or 5 different indicator strains. Strains of enterococci , in-
cluding Enterococcus faecium, Enterococcus durans and Enterococcus faecalis, are 
known to produce bactericidal peptides, which are called enterocins, that generally 
belong to class II bacteriocins (9). The enterocins are usually active against other en-
terococci, lactic acid bacteria, Listeria monocytogenes, Staphylococcus aureus, and 
Clostridium spp., including Clostridium botulinum, Clostridium perfringens and Clos-
tridium tyrobutyricum (9). For further elucidation of the nature and activity of these 
antimicrobial compounds produced by enterococci from Azerbaijani cheese and yo-
gurt, more detailed analysis is required.  

In the present study, both phenotypic and genotypic approaches were used to 
identify LAB in different kinds of Azerbaijani dairy products. The experiments per-
formed in our study demonstrated that the yogurts of Karabakh, Ganja and Sheki 
were rich with species Lactobacillus delbrueckii subsp. lactis, Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus thermophilus. The species Enterococ-
cus faecium and Enterococcus durans were also present. More detailed research of 
lactic acid bacteria was done on one sample of each product, and it would be neces-
sary to do the examination of lactic acid bacteria on more samples of these products. 
In addition, in order to improve Azerbaijani dairy products further study of techno-
logical properties of selected strains will be evaluated in pilot-scale yogurt produc-
tion. Those isolates showing good proteolytic activity, the ability of lactic acid pro-
duction in a short period of time, which produce antimicrobial compounds will be 
included in this study. Our results are very promising and open up the possibility for 
further research of some LAB isolates that could constitute a starter culture for the 
industrial production of these types of Azerbaijani yogurts. 

Acknowledgements 

 126



This work was supported in the frame of programme ECO-NET, Dossier N0 
08139XA 

 
REFERENCES 

1. Гюльахмедов С.Г. Антибактериальная активность молочнокислых бактерий, выделен-
ных из традиционных молочных продуктов Абшеронского полуострова Азербайджана. 
Вестник Бакинского Университета. Серия естест. наук. №1, 2005, с. 59-65. 

2. Гюльахмедов С.Г., Абдуллаева Н.Ф., Гусейнова Н., Кулиев А.А., Иванова И., Хертле Т., 
Шоберт Ж.М. Выделение и характеристика бактериоциноподобных ингибиторных 
веществ молочнокислых бактерий изолированных из азербайджанских сыров. М.: 
Прикладная биохимия и микробиология. Т.45, №3, 2009, c. 297-303. 

3. Егоров Н.С., Баранова И.П. Бактериоцины (биоцины). Антибиотики и химиотера-
пия. № 6. 1999, с. 33-40.  

4. Berthier F., Ehrlich S.D. Rapid species identification within two groups of closely related 
lactobacilli using PCR primers that target the 16S/23S rRNA spacer region. FEMS Mi-
crobiology Letters. №161, 1998, p. 97-106. 

5. Brennan N.M., Ward A.C., Beresford T.P., Fox P.F., Goodfellow M., Cogan T.M. Biodi-
versity of the Bacterial Flora on the Surface of a Smear Cheese. Applied and Environmen-
tal Microbiology. №68, 2002, p. 820-830. 

6. Clark W.S.J.R., Reinbold G.W. Enterococci in young Cheddar cheese. Dairy Science. 
№49, 1966, p. 1214-1218. 

7. Corroler D., Mangin I., Desmasures N., Gueguen M. An ecological study of lactococci 
isolated from raw milk in the Camembert cheese Registered Designation of Origin area. 
Applied and Environmental Microbiology. №64, 1998, p. 4729-4735. 

8. Chapman H.R., Sharpe M.E. Microbiology of cheese. In: Robinson, R.K. (Ed.), Dairy 
Microbiology, Applied Science Publishers, London, 1981.  

9. Drake M., Small C.L., Spence K.D., Swanson B.G. Rapid detection and identification of 
Lactobacillus spp. in dairy products by using the polymerase chain reaction. Journal of 
Food Protection.  №59, 1996, p. 1031-1036. 

10. Fitzsimons A.N., Cogan T.M., Condon S., Beresford T. Spatial and temporal distribution 
of non-starter lactic acid bacteria in cheddar cheese. Journal of Applied Microbiology. 
№90, 2001, р.600-608. 

11. Foulquié Moreno M.R., Sarantinopoulos P., Tsakalidou E., De Vuyst L. The role of ap-
plication of enterococci in food and health. International Journal of Food Microbiology. 
№106, 2006, p. 1-24. 

12. Fox P.F., McSweeney P.L.H., Lynch C.M. Significance of non-starter lactic acid bacteria 
in cheddar cheese. Australian Journal of Dairy Technology. №53, 1998, p. 83-89. 

13. Franz C.M.A.P., Holzapfel W.H., Stiles M.E. Enterococci at the crossroads of foodsafety. 
A Review. International Journal of Food Microbiology. №47, 1999, p. 1-24. 

14. Giraffa G., De Vecchi P., Rossi P., Nicastro G., Fortina M.G. Genotypic hetrogeneity 
among Lactobacillus helveticus strains isolated from natural cheese starters. Journal of 
Applied Microbiology. №85, 1998, p. 411-416.  

15. Giraffa G., Paris A., Valcavi L., Gatti M., Naviani E. Genotypic and phenotypic heteroge-
neity of Streptococcus thermophilus strains isolated from dairy products. Journal of Ap-
plied Microbiology. №91, 2001, p. 937-943. 

16. Giraffa G. Enterococci from foods. FEMS Microbiology Reviews. №26, 2002, p. 63-171. 
17. Giraffa G. Functionality of enterococci in dairy products. International Journal of Food 

Microbiology. №88, 2003, p. 215-222. 
18. Gulahmadov S.Q., Batdorj B., Dalgalarrondo M., Chobert J-M., Kuliev A. A. and Haertle 

T. Characterization of bacteriocin-like inhibitory substances (BLIS) from lactic acid bac-
teria isolated from traditional Azerbaijani dairy products. Eur. Food Rec. Technol. 

 127



Springer-Verlag. №224, 2006, p. 338-345. 
19. Gulahmadov S.G. Isolation and identification of lactic acid bacteria from same Azerbai-

jani cheeses. Azərbaycan MEA Mikrobiologiya İnstitutunun əsərləri. Bakı: Elm nəşr. V 
cild, 2008, s. 71-82. 

20. Hardie J.M. Genus Streptococcus Rosenbach 1884. In: Sneath P.H.A., Mair N.S., Sharpe 
M.E., Holt J.G. (Eds), Bergey's Manual of Systematic Bacteriology, v. 2, 1986.  

21. Hopwood D.A., Bibb J.M., Chater K.F., Kieser T., Bruton C.J., Kieser H.M., Lydiate 
K.M., Smith C.P., Ward J.M., Schrempf. H. Genetic manipulation of Streptomyces, a 
laboratory manual. The John Innes Foundation, Norwich, UK. 1985.  

22. Kandler O., Weiss N. Genus Lactobacillus Beijerinck 1901, in: Sneath, P.H.A., Mair 
N.S., Sharpe M.E., Holt J.G. (Eds), Bergey's Manual of Systematic Bacteriology, v. 2. 
Williams and Wilkins, Baltimore, 1986, p.1209-1243. 

23. Kojic M., Fira D., Banina A., Topisirovic L. Characterisation of the cell-bound proteinase of Lacto-
bacillus casei HN14. Applied and Environmental Microbiology. №57, 1991a, p. 1753-1757. 

24. Kojic M., Svircevic J., Banina A., Topisirovic L. Bacteriocin Producing Strains of Lacto-
coccus lactis subsp. diacetylactis S50. Applied and Environmental Microbiology. №57, 
1991b, p. 1835-1837. 

25. Litopoulou-Tzanetaki E., Kalogridou-Vassiliadou D., Tzanetakis N. Evolution de la flore 
microbienne au cours de la fabrication et de l’affinage du fromage Teleme. Microbiologie 
Aliments Nutrition. №10, 1992, p. 283-288. 

26. Mannu L., Riu G., Comunian R., Frozzi M.C., Scintu M.F. A preliminary study of lactic acid 
bacteria in whey starter culture and industrial Pecorino Sardo ewes, milk cheese: PCR- identi-
fication and evolution during ripening. International Dairy Journal. №12, 2002, p.17-26. 

27. Mora D., Fortina M.G., Parini C., Ricci G., Gatti M., Giraffa G., Manachini P.L. Genetic 
diversity and technological properties of Streptococcus thermophilus strains isolated from 
dairy products. Journal of Applied Microbiology. №93, 2002, p. 278-287. 

28. Mundt J.O. Lactic acid streptococci. In: Sneath P.H.A., Mair N.S., Sharpe M.E., Holt J.G. 
(Eds), Bergey's Manual of Systematic Bacteriology, Williams and Wilkins, Baltimore, 
v.2, 1986, p. 1064-1071.  

29. Mundt J.O. Enterococci. In: Butler J.P. (Ed.), Bergey's Manual of Systematic Bacteriolo-
gy, Williams and Wilkins, Baltimore, 1986b, p. 1063-1065. 

30. Muyzer G. DGGE/TGGE a method for identifying genes from natural ecosystems. Cur-
rent Opinion in Microbiology. №2, 1999, p. 317-322.  

31. Poullet B., Huertas M., Sánchez A., Cáceres P., Larriba G. Main lactic acid bacteria isolated dur-
ing ripening of Casar de Cáceres cheese. Journal of Dairy Research. №60, 1993, p. 123-127. 

32. Randazzo C.L., Torriani S., Akkermans A.D.L., de Vos W.M., Vaughan E.E. Diversity, 
dynamics, and activity of bacterial communities during production of an artisanal Sicilian 
cheese as evaluated by 16S rRNA analysis. Applied and Environmental Microbiology. 
№68, 2002, p. 1882-1892. 

33. Sandine W.E., Elliker P.R. Microbially induced flavours and fermented foods flavour in fer-
mented dairy products. Journal of Agriculture and Food Chemistry. №18, 1970, p. 557-562. 

34. Sharpe M.E. Identification of lactic acid bacteria. In: Skinner F.A., Lovelock D.W. (Eds), 
Identification methods for microbiologists, Academic Press, London: 1979, p. 233-259. 

35. Sneath P.H.A., Mair N.S., Sharpe M.E., Holt J.G. Bergey's Manual of Systematic Bacte-
riology, Williams and Wilkins, Baltimore: v. 2, 1986. 

36. Tagg J.R., Mc Given A.R. Assay system for bacteriocins. Applied Microbiology. №21, 
1971, p. 943. 

37. Turner K.W., Lawrence R.C., Lelievre J. A microbiological specification for milk for aseptic 
cheese making. New Zealand Journal of Dairy Science and Technology. №21, 1986, p. 249-254. 

 

 128



AZƏRBAYCANIN BƏZİ QATIQ NÖVLƏRİNDƏN SÜD TURŞUSU 
BAKTERİYALARININ AYRILMASI VƏ İDENTİFİKASİYASI  

 
A.Ə.QULİYEV, S.Q.GÜLƏHMƏDOV, N.F.ABDULLAYEVA, N.F.HÜSEYNOVA 

 
XÜLASƏ 

 
Sud turşusu bakteriyaları Azərbaycanda istehsal edilən 3 qatıq (Qarabağ, Gəncə və 

Bakı) növündən izolə edilmişdir. Qarabağ və Bakı qatıqları inək südündən, Gəncə qatığı isə 
camış südündən hazırlanmışdır. Bu məhsullardan ayrılmış cəmi 178 koloniyadan 115-i Gram 
müsbət və katalaza-mənfi olmuşlar. STB-lərin seleksiyası onların proteolitik və antibakteriyal 
fəallıqlarına əsaslanmışdır. Bakteriyalar biokimyəvi və molekulyar metodlarla identifikasiya 
edilmişlər. Qatıq növlərində STB-lərin Lactobacillus delbrueckii subsp. lactis, Lactobacillus 
delbrueckii subsp. bulgaricus, Streptococcus thermophilus və Enterococcus faecium növləri 
aşkar edilmişdir. 

 
 

ИЗОЛИРОВАНИЕ И ИДЕНТИФИКАЦИЯ МОЛОЧНОКИСЛЫХ БАКТЕРИЙ ИЗ 
НЕКОТОРЫХ ВИДОВ АЗЕРБАЙДЖАНСКИХ ЙОГУРТОВ (КАТЫК)  

 
А.А.КУЛИЕВ, С.Г.ГЮЛЬАХМЕДОВ, Н.Ф.АБДУЛЛАЕВА, Н.Ф.ГУСЕЙНОВА  

 
РЕЗЮМЕ 

 
МКБ были изолированы из 3 видов йогуртов - катыков (Карабах, Гянджа и Баку) 

возделываемых в Азербайджане. Йогурты Карабах и Баку были возделаны из коровьего 
молока, а Гянджа – из молока буйвола. Из всех изолированных 178 колоний 115 были 
Грам-положительными и каталаза-отрицательными. Скрининг МКБ был основан на их 
протеолитическим и антибактериальным активностями. Идентификация бактерий была 
осуществлена биохимическими и молекулярными методами. МКБ в йогуртах определе-
ны как Lactobacillus delbrueckii subsp. lactis, Lactobacillus delbrueckii subsp. bulgaricus, 
Streptococcus thermophilus и Enterococcus faecium. 
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