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Formation and functioning of morphologically
structured, evolutionarily established microbial com�
munities which are considered to be the dominant, the
most stable, and most metabolically active form of
existence of microorganisms in natural and some
man�made ecosystems is of great scientific interest
nowadays. In those ecosystems, such communities
occupy particular ecological niches. Such communi�
ties attract attention not only as an object to study
mechanisms of organization of natural systems, but
also as a basis for developing new ways to construct
novel functionally�targeted microbial communities of
practical importance.

In recent years, the role of subtle mechanisms
based on chemical communication of microorganisms
in the formation of microbial communities was shown
[1, 2]. However, trophic relationships play the crucial
role in the transformation of such microbial commu�
nities into a system acting as a single defined entity
[3⎯5].

Kefir grains are one type of the stably functioning
microbial communities which have been used for a
long time in the food industry to produce kefir, a fer�
mented dairy product. Years of investigation of their
microbial composition and functional properties
resulted in identifying the major trophic flows and
their participants: lactose�utilizing homo� and hetero�

fermentative lactic acid bacteria that form lactic acid;
yeasts using lactic acid in ethanol fermentation; and
acetic acid bacteria utilizing ethanol [6, 7]. The com�
position of microbial communities was found to vary
in kefir grains from different man�made systems. Over
20 various species of lactic acid bacteria and about
20 species of yeasts, either lactose�utilizing or non�
utilizing, were detected in kefir grains [8].

According to these data, kefir grains might repre�
sent a system with variable microbial composition,
which, however, perform similar functions, preserving
the pathways of substrate transformation. However,
this assumption can not be proved by the published
data. Many questions concerning the trophic links
between microbes in kefir grains remain unsolved. In
particular, producer microorganisms in this system are
not identified, the relationships between different spe�
cies and genera of lactic acid bacteria are not clarified,
etc. We are still lacking the data required for the devel�
opment of a functional model of a mature kefir grain
consortium, which is essential for developing the ways
of controlling this system and constructing stable con�
sortia experimentally.

The goal of the present work was to study the
microbial profile of kefir grains used in the manufac�
turing of different dairy products and to study the
trophic relationships between microbial components
of these consortia as a basis for construction of a func�
tional model of such system.
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MATERIALS AND METHODS

Subjects of study. We studied kefir grains used in
kefir production at dairy factories in Stavropol (KGS)
and Gagarin (KGG) and lyophilized kefir grains used
at Moscow factories (KGM). The primary studies
were carried out with kefir grains used for kefir pro�
duction at the dairy plant in Stavropol.

Kefir grains were cultured under microaerophilic
conditions on native milk (Parmalat), 0.5% fat (lac+)
and on lactose�free milk (Valio Zero Lactose), 1.5%
fat (lac–). The total amount of carbohydrates was
nearly the same in all studied samples of milk.

Functional properties of kefir grains were deter�
mined as the effect of cultures obtained after kefir
grains were cultivated on milk and their subsequent
separation (in the food industry called leaven) on milk.
The cultures were used as inocula in amount of
one mL per 10 mL of milk. Standard indicators used as
criteria of the functional activity of kefir grains and
isolated microorganisms were clot formation and its
appearance, changes in pH of the medium, and
titrated acidity of milk (°T), which was used to calcu�
late the amount of formed lactic acid and the amount
of fermented lactose [9].

Activity of alcoholic fermentation was determined
by the classical method in Einhorn�Smith flasks as a
share of space occupied by a gas bubble in the closed
node and were expressed in relative units 1, 0.5, 0.3,
and 0.15 (as a volume of displaced liquid). Incubation
was carried out for 3 days in the medium containing
the following: yeast water (7–10 g/L dried yeasts), 2%
lactose (glucose, galactose), 0.1% K2HPO4, and 0.5%
NaCl [10, 11].

β�Galactosidase activity of microorganisms was
determined according to their ability to form acids [9]
and using the chromogenic substrate X�Gal [12].

Concentration of sugars (glucose and galactose) in
the culture liquid were determined in dynamics at
batch cultivation of Leuconostoc gelidum using thin�
layer chromatography. L. gelidum was cultured under
microaerophilic conditions on liquid medium con�
taining the following (g/L): glucose, 30; yeast
extract, 15; MnSO4 · 5H2O, 0.05; MgSO4 · 7H2O, 1;
K2HPO4, 2. Thin�layer chromatography was carried
out on 60 F254 silica gel plates (Merck, Germany). A
mixture of isopropyl alcohol: ethyl acetate: water in a
ratio 7 : 1 : 2 was used as a solvent; a 2% alkaline solu�
tion of 2,3,5�triphenyltetrazolium chloride in ethanol
was used as a developer [13].

Ability to utilize various carbon sources for lactic
acid fermentation was determined by changes in pH
and titrated acidity (°T) in the course of cultivation in
liquid medium that contained the following (g/L):
(NH4)2SO4, 5; KH2PO4, 1; KCl, 0.15; MgSO4 · 7H2O,
0.2; CaCl2, 0.05; yeast extract, 5, with addition of glu�
cose, lactose, or galactose (20 g/L) [9].

For comparative evaluation of the composition of
exopolysaccharides produced by kefir grains, the
grains were thermally treated in boiling water, and
polysaccharides were isolated by multiple re�precipi�
tation in alcohol [14]. IR spectra of polysaccharide
samples were obtained using a Tensor�27 FTIR spec�
trometer (Bruker) equipped with ATR Miracle (Pike
Technologies). The ATR crystal made of Ge for one
reflection was used. IR�spectra in the transmissive
mode were also registered with Microfocus (Perkin�
Elmer) and thin crystalline silicon wafers. In the case
of wafers, the samples were applied to the surface of
silicon from water solution and the spectra were regis�
tered after water evaporation. IR and CR spectra were
processed with OPUS v/6.5 software (Bruker).

Structure of the microbial community of kefir grains
was determined with commonly used solid media. The
grains were minced with a sterile blade, ground in a
mortar until a homogeneous mass, and resuspended in
1% tryptone solution (Serva, Germany). The follow�
ing media were inoculated: (a) yeast medium, g/L:
glucose (lactose), 30; yeast extract, 10; CaCO3, 20;
agar, 15; (b) Sabouraud medium (glucose�peptone),
g/L: glucose, 40; peptone, 10; yeast autolysate, 30;
agar, 15; (c) MRS medium, g/L: casein hydrolysate,
10; meat extract, 10; yeast extract, 5; glucose, 20;
sodium acetate, 5; ammonium citrate (dibasic), 2;
Tween 80, 1; K2HPO4, 2; MgSO4 · 7H2O, 0.2;
MnSO4 · 4H2O, 0.05; agar, 15. The plates were incu�
bated under static conditions at room temperature
(22–25°C).

Isolates were identified to the species level based on
analysis of their 16S rRNA�coding genes according to
the standard methods. To identify the lactic acid bac�
teria, we have used an AllRussian Collection of Indus�
trial Microorganisms. The following primers were
used for amplification of analyzed sequences: 8f—
agagtttgatcctggctcag; 926r—ccgtcaattcctttragttt;
1492r —ggttacccttgttacgactt [15]. Sequencing was
carried out in an AE3000 automatic sequencer. The
sequences were analyzed using specialized phyloge�
netic software on the RDB II (Ribosomal Database
Project II) website for identification of microbial phy�
logeny and construction of phylogenetic trees [16].
PCR reactions were repeated three times to provide
stable playback of results. Microorganisms were
referred to particular species with at least 97% homol�
ogy at sequence length of at least 500 bp [15].

Denaturing gradient gel electrophoresis (DGGE)
was applied to compare the microbial profile of kefir
grains [17].

Electron microscopy was carried out at Skryabin
Institute of Physiology and Biochemistry of Microor�
ganisms, Pushchino, Russia. Kefir grains were fixed
with 1.5% glutaraldehyde solution in 0.05 M cacody�
late buffer (pH 7.2) at 4°C for 1 h; washed in the same
buffer and additionally fixed with 1% OsO4 solution in
0.05 M cacodylate buffer (pH 7.2). After dehydration
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in alcohols, the samples were covered with platinum–
carbon mixture in a JEE�4X vacuum system (JEOL,
Japan). The samples were studied under a JSM
6510LV electron microscope (JEOL, Japan) [18].

RESULTS AND DISCUSSION

When determining producers in kefir grain com�
munities, we started from the postulate that, in the
trophic chain of a microbial community, the producer
is considered to be the most active microorganism
under studied conditions, one which metabolizes the
major food resource that enters the system [3–5].

Our previous studies [19] and reports of other
authors [20] revealed lack of objectivity of the results
obtained using pure culture isolation methods due to
morphological uniformity, small colony size of lactic
acid bacteria, and close symbiotic relations between
yeasts and bacteria.

In the current work, we therefore applied a differ�
ent technique. Colonies developing on solid media
that exhibited even slight differences in morphology
were isolated and their physiological properties were
determined to characterize their functional activity.

Over 80 isolates were obtained in the course of
comparison of microbial profiles of kefir grains used at
three dairy factories during cultivation on native milk
(lac+). Strains with the highest level of functional
activity were selected, taking into account morphol�
ogy of their cells and colonies. Obtained isolates were
identified by 16S rRNA gene sequencing. All three
kefir grain samples demonstrated almost identical
structure of lactic acid bacteria community (Table 1).

We studied the ability of 33 isolates obtained from
kefir grain KGS grown on native milk (lac+) to utilize
various sources of carbon for lactic acid fermentation
on synthetic medium. It was shown that 46% of iso�
lates possessed β�galactosidase activity and performed
lactic acid fermentation not only on lactose but also on
glucose and galactose as well (Table 2). At the same
time, 54% of isolates did not possess β�galactosidase
activity but used glucose and galactose (36%) or only
glucose (18%) for lactic acid fermentation. According
to the obtained results, kefir grains consortia include
lactic acid bacteria of various physiological groups,
able to use both lactose and carbohydrates formed in
the course of its hydrolysis for lactic acid fermenta�
tion. It should be noted that microorganisms of the
first physiological group were not homogeneous in
lactic acid fermentation activity. Only 15% of the iso�
lates demonstrated a high level of lactic acid fermenta�
tion activity with titrated acidity of the medium up to
56°T on lactose. At the same time, other isolates of
this physiological group demonstrated lower levels of
lactic acid fermentation activity with titrated acidity
about 25°T.

The theoretical possibility of glucose and galactose
release into the medium at lactose metabolizing by
lactic acid bacteria was shown by Molotov et al. [21]
and confirmed in our experiments. It was demon�
strated on bacterium L. gelidum isolated from kefir
grain and possessing β�galactosidase activity during its
cultivation on lactose�containing medium. As bacte�
rial cells consumed lactose, the level of glucose and
galactose in the medium increased (Fig. 1). The latter
could be used as a substrate for lactic acid fermenta�
tion by microorganisms of the second physiological
group.

Table 1. Bacterial profile of kefir grains from various tech�
nogenic niches

Kefir grains

KGS KGG KGM

Lactococcus lactis

Leuconostoc mesenteroides

Lactobacillus plantarum

Lactobacillus sakei

Lactobacillus sp.

Lactobacillus delbrueckii

Leuconostoc gelidum

Lactobacillus kefiri

Table 2. Capacity for lactic acid fermentation in bacterial components of kefir grains at cultivation on synthetic medium
with various carbon sources

Total amount of isolates 33 
Titrated acidity, °T β�Galactosidase

activitylactose glucose galactose

Of them, %
46

15 48 57 43 +

31 25 51 28 +

54
36 18 47 27 –

18 18 40 18 –

“+” and “–” designate the isolates possessing β�galactosidase activity, i.e. able to synthesize the enzyme β�galactosidase, and the isolates
devoid of β�galactosidase activity, i.e. not able to synthesize the enzyme β�galactosidase, respectively.
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Investigation of 11 isolates obtained from all colo�
nies morphologically typical for yeasts revealed that
yeasts present in the microbial community did not
possess β�galactosidase activity and utilized glucose
and galactose, but not lactose, as substrates for alco�
holic fermentation (Fig. 2).

Obtained results make it possible to conclude that
microorganisms of the first physiological group, most
active in utilizing lactose for lactic acid fermentation,
can act as the major producers in kefir grain systems.
Microorganisms of the second and third groups use
the products of lactose metabolism and may be in rela�
tions of either passive antagonism or cooperation with
each other.

Producer detection in the studied system was based
on the elective culture approach suggested by Wino�
gradsky, comparison of microbial profiles and func�
tional activity of kefir grains cultured on native milk
(lac+) and milk containing hydrolyzed lactose (lac–)
but with the same total content of carbohydrates and
constant composition of other organic components of
the medium. It made possible to eliminate from the
system of microorganisms that actively use lactose for
lactic acid fermentation.

Cultivation of kefir grains on lactose�free milk
(lac–) was carried out for more than four years. Their
functional activity was preserved during the whole
period: a fine, dense clot was formed on milk and pH
decreased to 4.0 ± 0.3. No changes in functional activ�
ity were revealed when KG lac– kefir grains were
transferred to native milk. Comparative analysis of
leaven effect in native milk showed that the absence of
lactose in milk did not influence the functional activity
of KG lac– kefir grains, and such functional charac�
teristics as titrated acidity, rate and features of clot for�
mation, or the amount of produced lactic acid did not
change either (Fig. 3). Obtained results demonstrate

rapid adaptation to changed substrate of kefir grains
KG lac–, when transferred to native milk, with induc�
tion of β�galactosidase synthesis in the cultures able to
utilize lactose in lactic acid fermentation.

Comparative assessment of probiotic properties of
kefir obtained using lac+ and lac– KG did not reveal
differences in such parameters as sensitivity of micro�
organisms to bile, phenol, NaCl, alkaline environ�
ment, antibiotics, or to their antagonistic relations to
pathogens [22].

IR spectra of exopolysaccharides isolated from
kefir grains KG lac+ and KG lac– (Fig. 4) did not
demonstrate any differences. Position and intensity of
absorption bands in the 4000–650 cm–1 region proved
the identity of the composition of these exopolysac�
charides. During prolonged cultivation on milk in the
absence of lactose, no significant changes appeared in
the polysaccharide envelope that plays a structural role
in kefir grains. Scanning electron microscopy did not
reveal any morphological differences between studied
kefir grains KG lac+ and KG lac– (Fig. 5).

To compare the microbial profiles of kefir grains
cultured for a long time on lactose�free and native
milk 80 and 73 isolates were obtained respectively.
According to the functional activity studies of
obtained isolates, comparable numbers of isolates with
different functional activity were present in kefir grains
(Table 3). Thus, 33 and 30% of isolates from KG lac⎯

and KG lac+ kefir grains, respectively, demonstrated
β�galactosidase activity and high levels of functional
activity when developed on native milk, with titrated
acidity as high as 100°T and pH values of 4.3–5.6. The
second group of isolates (35 and 22% of the isolates)
differed from the first group by their functional activity
when developed on native milk; in this case titrated
acidity reached 38°T and pH decreased slightly (pH
values from 5.8 to 6.8). Isolates of the third group (32
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and 48% of the isolates) were characterized by the
absence of β�galactosidase activity and were function�
ally inactive.

The most functionally active strains isolated from
each of the physiological groups were identified by
sequencing of variable sites of their 16S rRNA genes,
primal screening of GenBank and RDP�II databases,
and phylogenetic comparison with homologous
strains (Table 4). The cultures were identified as
belonging to a certain species in the case of at least
97% homology. Classical microbiological methods
including pure culture isolation did not reveal any sig�
nificant differences in the microbial composition of
kefir grains cultured on lactose�free milk for a long
time compared to initial kefir grains cultured on native
milk.

According to obtained results, in the microbial
community of kefir grains cultured on lactose�free
milk, the role of producers may be played either by lac�
tic acid bacteria of the first physiological group
(Table 2), active in metabolizing glucose in the
absence of lactose, or by bacteria of the second group,
active in utilizing glucose for lactic acid fermentation.

Taking into account the difficulties of studying
microbial profiles of kefir grains using pure culture
isolation�based methods, comparative study of kefir
grains cultured for a long time on lactose�free and
native milk was carried out using denaturing gradient
gel electrophoresis (DGGE). This method is consid�
ered the most informative one for comparison of
microbial communities because it gives an opportunity
to study microbial profiles without pure culture isola�
tion. Analysis of electrophoregrams of the amplicons
demonstrated two kefir grain samples with the same
band number, the thickness of bands, and the distance
between them to be identical (Fig. 6).

Thus, our study revealed no differences in micro�
bial profiles of kefir grains from different technological
niches. It is confirmed by pure culture isolation meth�
ods with their subsequent identification by 16S rRNA
analysis, as well as by results of DGGE without pure
culture isolation. Lactic acid bacteria, components of
kefir grains cultured on native milk, were shown to fall
into two physiological groups: (1) possessing β�galac�
tosidase activity, utilizing lactose in lactic acid fermen�
tation; and (2) with no β�galactosidase activity, using

160

140

120

100

80

60

40

20

0
2013201220112010

1

T
it

ra
te

d 
ac

id
it

y,
 °

T

Year

2

1200

1000

800

600

400

200

0
lac–lac+

III
930

II
730

IV
103I

4.4 4.3

790

990

110

(а)

(b)

Va
lu

es
 o

f f
un

ct
io

n
al

 a
ct

iv
it

y

Fig. 3. Functional activity of kefir grains leaven: (a) cultured for a long time on lac+ (1) and lac– (2) milk, averages of milk titrated
acidity by years; (b) average values of functional activity for 4 years of cultivation, where I is pH, II is the amount of fermented
lactose, mg, III is the amount of lactic acid, mg, and IV is titrated acidity, °T.



566

MICROBIOLOGY  Vol. 84  No. 4  2015

KHOKHLACHEVA et al.

glucose and galactose for lactic acid fermentation.
Yeasts isolated from the studied kefir grains did not
possess β�galactosidase activity and did not ferment
lactose for alcoholic fermentation, but carried out
alcoholic fermentation (at high rates on glucose and at
low rates on galactose).

Results of our study make it possible to character�
ize the trophic chain and to propose a functional
model of the kefir grain microbial community (Fig. 7).

Lactic acid bacteria of the first physiological group
are producers in kefir grains microbial community,
which possess β�galactosidase activity, actively use
lactose for lactic acid fermentation, and rapidly acidify
the system, e.g., members of the species L. lactis,
which can grow at neutral pH as well as at low pH and

titrated acidity level up to 200°T. In the case of further
pH decrease, lactose can be utilized by members of
genus Lactobacillus, which can develop in the more
acidic medium at titrated acidity up to 300°T.

Glucose and galactose, released to the medium at
lactose transportation into the cell and its metabolism
[21], are utilized in lactic acid fermentation by bacte�
ria of the second physiological group and in ethanol
fermentation by yeasts. In kefir grains consortia, these
microorganisms perform a regulatory function,
removing glucose from the medium and thus eliminat�
ing its inhibiting effect on β�galactosidase synthesis.

No differences in microbial profile and functional
activity of kefir grains were discovered in kefir grains
cultured on native milk (lac+) and kefir grains cul�
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Table 3. Functional activity of the isolates obtained from kefir grains KG lac– and KG lac+ cultured on native milk (lac+)

Kefir grains KG lac– KG lac+ Functional activity characteristics

number
of isolates 80 73 β�galactosidase

activity
titrated

acidity, °T
medium

acidification, pH

Of these, % 33 30 + 40–100 4.3–5.6

35 22 + ≤38 5.8–6.8

32 48 – 18 6.9

“+” designates the isolates possessing β�galactosidase activity, i.e. able to synthesize the enzyme β�galactosidase; “–” designates the iso�
lates devoid of β�galactosidase activity, i.e. unable to synthesize the enzyme β�galactosidase.
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5 μm(а)

5 μm(b)

Fig. 5. Scanning electron microscopy of kefir grains KG lac+(a) and KG lac⎯  surface (b).

Table 4. Bacterial profile of kefir grains KG lac– and KG lac+

Basic phenotype parameters KG lac+ KG lac–

Possess β�gal., 40–100°T,
pH 4.3–5.6

Lactococcus lactis
Lactobacillus otakiensis
Lactobacillus sankii

Lactococcus lactis
Lactobacillus otakiensis

Possess β�gal., ≤38°T,
pH 5.8–6.8

Leuconostoc mesenteroides Leuconostoc mesenteroides

Do not possess β�gal., 18°T,
pH 6.9

Acetobacter sp.
Lactobacillus plantarum

Acetobacter sp.

tured on lactose�free milk for a long time, exceeding
4 years (lac–), nor on kefir grains subsequently trans�
ferred to native milk. This fact confirms the ability of

components of this consortium to synthesize inducible
enzyme β�galactosidase as well as the role of this
enzyme in self�regulation of this community.
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Obtained results extend the general knowledge on
possible trophic patterns of the studied microbial
communities and can be a basis for the development of

an algorithm for the experimental formation of a func�
tionally stable kefir grain associative culture.
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