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Summary

The characteristics of 58 strains of Lactobacillus spp. isolated from kefir were studied. These strains
were tested for adherence to human enterocyte-like Caco-2 cells, resistance to acidic pH and bile acid,
antimicrobial activities against enteropathogenic bacteria and inhibition of Salmonella typhimurium at-
tachment to Caco-2 cells. The best probiotic properties were observed in L. acidophilus CYC 10051 and
L. kefiranofaciens CYC 10058. L. kefiranofaciens CYC 10058 produced an exopolysaccharide, which
revealed that it was closely related to kefiran, a polysaccharide with antitumoral properties. This is the
first in vitro study about the antimicrobial characteristics of the Lactobacillus population of kefir. 
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Introduction

The normal gastrointestinal tract is colonized by a va-
riety of bacteria including, but not limited to, bacteria be-
longing the genera Lactobacillus, Streptococcus, Bac-
teroides, Escherichia, Bifidobacterium, Clostridium, etc.
Lactobacilli are components of the normal microflora
and they have been isolated from all portions of the
human gastrointestinal tract [11]. Lactobacillus probiotic
strains have been shown to possess inhibitory activity to-
ward the growth of pathogenic bacteria, resistance to
acid and bile, adherence to the intestinal epithelial cells
and positive effects on the host health [5, 6, 8].

Kefir is a fermented milk product, which has been tra-
ditionally consumed in the Caucasus Mountains. Kefir
grains consist of lactic acid bacteria, acetic acid bacteria,
yeasts and possibly other microorganisms [21]. These mi-
croorganisms are agglutinated with a water-soluble
polysaccharide (kefiran).

The objectives of this study were to isolate strains of
Lactobacillus from kefir and determine their probiotic
properties. Properties, which are important for their sur-
vival in the gastrointestinal tract, and are important crite-
ria for the selection of starter cultures which are used to in-

oculate milk and whose metabolism leads to the probiotic
and prebiotic characteristics of the fermented milk prod-
uct. Although, human studies or animal studies would be
required to establish their suitability for development as a
probiotic in relation to well-established probiotic strain.

Materials and Methods
Kefir samples

Kefir grains from six different regions (France, Italy, Portu-
gal, Russia, Turkey and Spain) were maintained by serial subcul-
tures in defatted milk at 25ºC for 3 days [11].

Isolation and identification of Lactobacillus strains
Lactobacillus strains were isolated and selected from kefir

homogenates according to the growth habits and characteristics
(cell shape, cell size, Gram stain and colony morphology) that
they exhibited on MRS (Difco, Detroit, USA) at 37 °C, 72 h in-
cubation under anaerobic conditions. The isolates were tenta-
tively identified by classical methods for Lactobacillus identifi-
cation and API 50CHL [12, 20]. The latter is mainly useful for
identification to the species level, although this identification
technique is not definitive. The Lactobacillus strains were main-
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ous work [10, 11, 12]. This suggests that at least part of
the microbial composition of the grain is specific and
constant, although some species (e. g., L. kefirgranum
and L. parakefir) [20] were not found in our study. This
listing shows that kefir is formed by a great variety of
bacteria, which have not been completely studied. Fur-
thermore, in these studies the influence of the geographi-
cal origin of kefir grains must be considered [15]. Al-
though, in the present work, the samples, from different
countries, showed similar lactobacilli composition with
no significant differences between them. 

The human epithelial cell line Caco-2 has been used
frequently because it exhibits, in vitro, the characteristics
of a mature enterocyte [16]. Because association with,
and invasion of, the cultured cell lines have been reported
to mimic the in vivo conditions of adhesion and infection
of pathogenic bacteria [9, 13], we investigated the com-
petitive inhibition of adherence of pathogenic bacteria to
Caco-2 cells by adhering Lactobacillus cells. Because not
all lactobacilli possess the capacity to attach to intestinal
epithelial cells it is necessary to study a large number of
different strains to find those with this feature. 

Important differences among strains were observed
and adhesion to Caco-2 cells was found to be a discrimi-
native parameter between the Lactobacillus strains tested
(Table 1). The percentage of strongly adhesive Lacto-
bacillus was 19%, while most Lactobacillus strains were
considered to be non-adhesive (50%). Although some
studies demonstrated that the ability of some bacterial
strains to adhere and colonize the intestinal cell in vivo or
the cultured intestinal cell in vitro is similar [5], this fact
is controversial because of the different morphological,
physicochemical and environmental conditions surround-
ing the epithelial cells in both types of experiences. These
studies with Caco-2 cells are important but probably they
do not closely mimics the situation found in the intestine.
It must be considered that Caco-2 cells were only used as
a model to study adhesion.

One of the objectives of this investigation was to screen
and compare the survival of the isolated Lactobacillus to
bile acid and pH 2.5. Variable tolerances to 0.3% oxgall
were observed among the strains tested. Eighty five per-
cent showed high resistance to bile (Table 1), although,
the growth was delayed in all the strains. Survival follow-
ing 4 h of incubation at pH 2.5 was observed in all of the
strains, but none grew at this pH value (Table 1). 

Recent studies have explained the role of lactobacilli in
the prevention and treatment of gastrointestinal disorders
[3, 7]. Two different facts could explain these findings: (I)
the production of antimicrobial substances, and (II) the
competitive inhibition of enteropathogen attachment to
epithelial cells by lactobacilli. These two hypotheses have
been studied in the present work. The inhibitory profile
against enteropathogens was variable, but some conclu-
sions could be drawn. Approximately 75% of the Lacto-
bacillus isolates showed antimicrobial activity against Es-
cherichia coli CECT 4076 (Spanish Culture Collection,
Valencia University, 46100 Burjasot, Valencia, Spain) an
enterohemorrhagic strain and Yersinia enterocolitica
CECT 4315T. Shigella flexneri CECT 4804 was inhibited

tained and subcultured on MRS and deposited in the CYC cul-
ture collection (Microbiology Department, Biology Faculty,
Complutense University of Madrid).

Adhesion assay
In this study, a monolayer of Caco-2 cells was used to deter-

mine the adhesion of lactobacilli. Cell growth and adherence as-
says were performed as previously described [2, 8]. Lactobacil-
lus strains were scored as strongly adhesive when more than 100
bacteria where present in 20 random microscopic areas, moder-
ately adhesive with 41 to 100 bacteria in 20 areas, and non-ad-
hesive when fewer than 40 bacteria were present.

Resistance to pH 2.5 and bile
The tests were performed in microwell plates. A 200-µl vol-

ume each of MRS (controls), MRS (pH 2.5) and MRS (0.3%
oxgall), each inoculated with a different Lactobacillus strain
(106 cells/ml), was tested in each of four wells. Growth rates
were measured by determining changes in optical density at 620
nm, following 0, 0.5, 1, 1.5, 2, 4, 6, 8 and 24 h of incubation at
37 °C. Survival was tested at 37 °C after 4 h and plating of 50 µl
onto MRS agar plates. Briefly, if the number of colonies counted
on MRS agar was higher in controls than in treated (pH or ox-
gall), survival was considered “negative”.

Antimicrobial profile
The antimicrobial profile of the isolated strains was deter-

mined using the agar spot test, as previously reported [8].

Inhibition of S. typhimurium adhesion to Caco-2 cells
To study the effect of the Lactobacillus treatment on the S.

typhimurium interaction with enterocyte-like cells, cultured
human adenocarcinoma Caco-2 cells were used. The cell infec-
tion assay was conducted as previously reported [3]. The Lacto-
bacillus strains employed in this study were L. kefir CYC 10018
and CYC 10019, L. plantarum CYC 10043, L. delbruekii CYC
10044, CYC 10047 and CYC 10048, L. acidophilus CYC
10050 and CYC 10051 and L. kefiranofaciens CYC 10058,
which showed variable adhesion capacities to Caco-2 cells.

Production, purification and structural characterization
of kefiran

In the present study we examined an exopolysaccharide pro-
duced by one of the isolates (L. kefiranofaciens CYC 10058).
This strain was grown (30 °C, pH 5.0) in MRSL broth, for 3
days at 30 °C under anaerobic conditions and then, the polysac-
charide was purified from the supernatant [23]. The monosac-
charide composition, IR spectra and 1H-NMR were determined
as previously described [18]. 13C-NMR spectrum was recorded
in D2O at 70 °C with a Varian XL 300 spectrophotometer (Palo
Alto, CA), operating at 100 MHz.

Results and Discussion

This study included 58 strains of Lactobacillus spp., of
which 19 were identified as L. kefir (strains CYC 10001
to 10019), and 11 were identified as L. brevis (strains
CYC 10020 to 10030). Isolates of L. paracasei (strains
CYC 10031 to 10038), L. plantarum (strains CYC
10039 to 10043), L. delbruekii (strains CYC 10044 to
10048), L. acidophilus (strains CYC 10049 to 10054),
and L. kefiranofaciens (strains CYC 10055 to 10058)
were also found. This lactobacilli composition was simi-
lar to the kefir lactobacilli microflora reported in previ-
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by 64% of the Lactobacillus isolates. Listeria monocyto-
genes CECT 4032 and Salmonella enteritidis CECT 4155
were inhibited 50% and 40%, respectively. Many of the
strains (81%) showed no inhibition against Salmonella
typhimurium CECT 4156. L. acidophilus CYC 10050
and CYC 10051, and L. kefiranofaciens CYC 10058 in-
hibited the pathogenic bacteria tested (Table 1). Accord-
ing to the data reported herein, it appears that the an-
tipathogenic effects of lactobacilli observed in vitro might
be attributable to secreted antimicrobial substances,
which nature was not determined.

Recently, it has been proposed that adhering Lacto-
bacillus strains inhibit the S. typhimurium attachment
and cell entry to human enterocyte-like Caco-2 cells [6].
In the present work, we have studied the antagonistic ac-
tivity exerted by different Lactobacillus against S. ty-
phimurium. L. delbruekii CYC 10047, which showed the
best adhesion properties to Caco-2 cells, was the most
important inhibitor of S. typhimurium attachment (98%).
The percentages of S. typhimurium attachment were: L.
kefir CYC 10018 (35%) and CYC 10019 (12%), L. plan-
tarum CYC 10043 (11%), L. delbruekii CYC 10044
(53%), L. delbruekii CYC 10048 (82%), L. acidophilus
CYC 10050 (3%) and CYC 10051 (61%), and L. kefira-
nofaciens CYC 10058 (66%). From the results of this
study, both characteristics, adhesion of Lactobacillus to
Caco-2 cells and adhesion of S. typhimurium, seem to be
closely related. The inhibition of the attachment of S. ty-
phimurium to Caco-2 cells was directly related with the
adhesion capacities of the Lactobacillus isolates. Further
experiments are required to establish the mechanism by
which these strains affect directly S. typhimurium adhe-
sion. The use of more specific analysis of cell-to-cell inter-
actions is needed to further elucidate the nature of these
findings.

Many polysaccharides isolated from various sources
have been recognized to have antitumor activity. Al-
though, some Lactobacillus strains are reported to pro-
duce extracellular polysaccharides [14, 17], the possible
host mediated antitumor action of these exopolysaccha-
rides was not studied. Only the antitumor properties of
the water-soluble polysaccharide kefiran have been deter-
mined [1, 19]. In the present paper, we study an ex-
opolysaccharide produced by L. kefiranofaciens CYC
10058. The purified polysaccharide was obtained in a
yield of 88 mg L–1 from the culture supernatant, and it
was studied in detail to determine its nature. The chemi-
cal (gas-liquid chromatography) and structural analysis
(infrared spectra, 13C- and 1H-nuclear magnetic reso-
nance) of the polysaccharide showed that it was similar
to the glucogalactan kefiran. The monosaccharides ob-
tained by hydrolysis were glucose and galactose. The
molar ratio of glucose and galactose was 0.9:1.1 by
HPLC analysis. The IR spectrum was characteristic of a
polysaccharide having the β-configuration (absorption
band at 890 cm–1). The very high similarity with the 13C
and 1H-NMR spectra demonstrated the identity of the
structure between the exopolysaccharide produced by L.
kefiranofaciens CYC 10058 and the previously character-
ized polysaccharide kefiran [14, 22]. 

Table 1. Probiotic characteristics of 58 Lactobacillus strains iso-
lated from kefir.

Isolates Adhe- Growth/Survivala Inhibition profile
sion* –––––––––––––––––– ––––––––––––––––––––

pH 0.3% 1b 2 3 4 5 6
2.5 oxgall

CYC 10001 16 ± 3 –/+ –/+ + – – – + +
CYC 10002 14 ± 5 –/+ –/– + – – – + –
CYC 10003 42 ± 9 –/+ –/+ + – – – + +
CYC 10004 25 ± 5 –/+ –/– – – – – + +
CYC 10005 114 ± 11 –/+ –/+ + – – – + +
CYC 10006 12 ± 1 –/+ –/+ – – – – + –
CYC 10007 14 ± 2 –/+ –/– + – – – + +
CYC 10008 53 ± 3 –/+ –/+ + + – – + +
CYC 10009 36 ± 10 –/+ –/+ + – – + – +
CYC 10010 11 ± 1 –/+ –/– + – – + + +
CYC 10011 59 ± 5 –/+ –/+ + – – + – –
CYC 10012 13 ± 8 –/+ –/+ + – – – + –
CYC 10013 216 ± 12 –/+ –/+ – – – – + +
CYC 10014 213 ± 20 –/+ –/+ – – – – + +
CYC 10015 96 ± 6 –/+ –/+ + + – – + +
CYC 10016 27 ± 12 –/+ –/+ + – – + + +
CYC 10017 64 ± 10 –/+ –/+ + – – – + +
CYC 10018 78 ± 7 –/+ –/+ + – + – + +
CYC 10019 25 ± 8 –/+ –/+ + – + – + –
CYC 10020 26 ± 7 –/+ –/+ – + – + + –
CYC 10021 33 ± 6 –/+ –/– – + – + + –
CYC 10022 85 ± 7 –/+ –/+ – + – + + –
CYC 10023 164 ± 22 –/+ –/+ + – – + + +
CYC 10024 17 ± 1 –/+ –/+ + – – – – +
CYC 10025 3 ± 1 –/+ –/– + – – – – +
CYC 10026 46 ± 9 –/+ –/+ + + – + – +
CYC 10027 52 ± 7 –/+ –/+ + + – + – +
CYC 10028 25 ± 2 –/+ –/+ + – – – – –
CYC 10029 63 ± 9 –/+ –/+ + – – – – +
CYC 10030 82 ± 10 –/+ –/+ + – – – + +
CYC 10031 44 ± 7 –/+ –/+ + + – – – +
CYC 10032 10 ± 1 –/+ –/– + + – + – +
CYC 10033 23 ± 3 –/+ –/+ + + – – – +
CYC 10034 88 ± 5 –/+ –/+ + + – + – +
CYC 10035 116 ± 17 –/+ –/+ – + – + – +
CYC 10036 240 ± 21 –/+ –/– + + – – – +
CYC 10037 16 ± 1 –/+ –/+ – + – – – +
CYC 10038 58 ± 3 –/+ –/+ + + – – + +
CYC 10039 12 ± 3 –/+ –/+ + + – – – +
CYC 10040 16 ± 7 –/+ –/– + + – + – +
CYC 10041 19 ± 5 –/+ –/+ – – – + – +
CYC 10042 15 ± 9 –/+ –/+ – – – + + +
CYC 10043 29 ± 8 –/+ –/+ + + + + + –
CYC 10044 119 ± 10 –/+ –/+ + + + – + –
CYC 10045 59 ± 8 –/+ –/+ + – – + + +
CYC 10046 99 ± 4 –/+ –/+ + – – – + +
CYC 10047 244 ± 21 –/+ –/+ – + + + + +
CYC 10048 186 ± 12 –/+ –/+ – + – – + +
CYC 10049 17 ± 14 –/+ –/+ + + – – – +
CYC 10050 7 ± 1 –/+ –/+ + + + – – +
CYC 10051 150 ± 11 –/+ –/+ + + + + + +
CYC 10052 21 ± 2 –/+ –/+ + + – – + +
CYC 10053 75 ± 6 –/+ –/+ + + + – + +
CYC 10054 111 ± 7 –/+ –/+ – + – + + +
CYC 10055 22 ± 3 –/+ –/+ + – – – – +
CYC 10056 10 ± 1 –/+ –/+ – – – – – +
CYC 10057 19 ± 2 –/+ –/+ + + + – + +
CYC 10058 142 ± 15 –/+ –/+ + + + + + +

* Number of adhering lactobacilli in 20 microscopic areas ± the
standard deviation. Experiences were done by triplicate.
a – no growth or survival; + positive growth or survival. 
b Sensitive strains (1 – E. coli; 2 – L. monocytogenes; 3 – S. typhi-
murium; 4 – S. enteritidis; 5 – S. flexneri; 6 – Y. enterocolitica).
+ Presence of an inhibition zone surrounding the Lactobacillus
colony; – no inhibition.
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The results of the in vitro tests of adhesion showed the
differences between strains, which demonstrate the great
heterogeneity between the different strains of Lactobacil-
lus. The best probiotic properties were observed in L.
acidophilus CYC 10051 and L. kefiranofaciens CYC
10058, which showed good adhesion, resistance to
acidic pH values and bile acids, and inhibited some
pathogenic bacteria. In addition to these properties, L.
kefiranofaciens CYC 10058 produced a kefiran-related
exopolysaccharide. Kefiran from kefir grains was shown
to have the property of retarding tumor growth in vivo
when administered orally [19]. From the results of this
study, we can conclude that this strain is of industrial in-
terest, because of the probiotic characteristics described
above, and furthermore it probably has some therapeutic
interest due to its kefiran-related polysaccharide produc-
tion. Probably, the good health properties attributed to
kefir may also be, but not restricted, to the therapeutic
properties of kefiran [1]. In conclusion, the data present-
ed here clearly show that the Lactobacillus strains isolat-
ed from kefir have an important number of good probi-
otic qualities to be considered in the future by the indus-
try of fermented milks.
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