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Abstract

Kefir is a fermented milk beverage produced by the action of bacteria and yeasts that exist in symbi-
otic association in kefir grains. The artisanal production of the kefir is based on the tradition of the
peoples of Caucasus, which has spread to other parts of the world, from the late 19th century, and
nowadays integrates its nutritional and therapeutic indications to the everyday food choices of
several populations. The large number of microorganisms present in kefir and their microbial interac-
tions, the possible bioactive compounds resulting of microbial metabolism, and the benefits associ-
ated with the use this beverage confers kefir the status of a natural probiotic, designated as the 21th

century yoghurt. Several studies have shown that kefir and its constituents have antimicrobial,
antitumor, anticarcinogenic and immunomodulatory activity and also improve lactose digestion,
among others. This review includes data on the technological aspects, the main beneficial effects on
human health of kefir and its microbiological composition. Generally, kefir grains contain a rela-
tively stable and specific microbiota enclosed in a matrix of polysaccharides and proteins. Microbial
interactions in kefir are complex due to the composition of kefir grains, which seems to differ among
different studies, although some predominant Lactobacillus species are always present. Besides, the
specific populations of individual grains seem to contribute to the particular sensory characteristics
present in fermented beverages. This review also includes new electron microscopy data on the dis-
tribution of microorganisms within different Brazilian kefir grains, which showed a relative change
in its distribution according to grain origin.
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Introduction

The word kefir is derived from the Turkish word
keyif, which means “feeling good” after its ingestion (Lo-
pitz-Otsoa et al., 2006; Tamime, 2006). The kefir beverage
is originally from the Caucasus Mountains, a traditional
product highly consumed in Eastern Europe, Russia and
Southwest Asia (Tamime, 2006). Currently, an increase in
kefir consumption in many countries has been reported, due
to its unique sensory properties and long history associated

with beneficial effects on human health (Farnworth, 2005;
Otles and Cagindi, 2003; Tamime, 2006). In Brazil, the
knowledge of this beverage, as well as the benefits of the
inclusion of probiotic food in a regular diet, are not very
widespread, and kefir manufacturing is exclusively arti-
sanal (Carneiro, 2010; Magalhães et al., 2010a).

Kefir is characterized by its distinct flavour, typical of
yeast, and an effervescent effect felt in the mouth (Lo-
pitz-Otsoa et al., 2006; Rattray and O’Connel, 2011). The
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main products of kefir fermentation are lactic acid, ethanol
and CO2, which confer this beverage viscosity, acidity and
low alcohol content. Minor components can also be found,
including diacetyl, acetaldehyde, ethyl and amino acids
contributing to the flavour composition (Rattray and
O’Connel, 2011). This drink differs from other fermented
dairy products because it is not the result of the metabolic
activity of a single or a few microbial species (Farnworth
and Mainville, 2008).

Kefir Grains

Kefir grains play a natural starter culture role during
the production of kefir and are recovered after the fermen-
tation process by milk straining (Rattray and O’Connel,
2011). These grains are composed of microorganisms im-
mobilized on a polysaccharide and protein matrix, where
several species of bacteria and yeast coexist in symbiotic
association (Farnworth and Mainville, 2008; Garrote et al.,
2010). In this ecosystem there is a relatively stable microor-
ganism population, which interacts with and influences
other members of the community. This population provides
the synthesis of bioactive metabolites, which are essential
for grain growth and microorganism inhibition, such as
food pathogens and contaminants (Garrote et al., 2010).

Kefir grains vary in size, from 0.3 to 3.0 cm in diam-
eter (Figure 1), are characterized by an irregular, multi-
lobular surface, united by a single central section, and
their color varies from white to yellowish white. The
grains are elastic and have a viscous and firm texture
(Farnworth and Mainville, 2008; Magalhães et al., 2011;
Rea et al., 1996).

Although the kefir drink can be found in many coun-
tries, in Brazil the grains are not available commercially,
and are culturally donated from person to person.

Microbiological Aspects

In kefir, lactic acid bacteria (LAB) are primarily re-
sponsible for the conversion of the lactose present in milk
into lactic acid, which results in a pH decrease and milk
preservation. Other kefir microbial constituents include
lactose-fermenting yeasts that produce ethanol and CO2.
Non-lactose fermenting yeast and acetic acid bacteria
(AAB) also participate in the process (Magalhães et al.,
2011; Rattray and O’Connel, 2011). After fermentation the
grains increase in about 5-7% of their biomass. During their
growth in milk, the microorganism proportions in the
grains differ from those present in the final product (Rattray
and O’Connel, 2011; Tamime, 2006). This difference is as-
sociated with the fermentation process conditions such as
fermentation time, temperature, degree of agitation, type of
milk, grain/milk inoculum ratio and microorganism distri-
bution, among others (Rattray and O’Connel, 2011; Si-
mova et al., 2002; Tamime, 2006).

Traditionally, classical microbiological methods are
used to study kefir microbiota (Rea et al., 1996; Simova et

al., 2002). While these methods are useful, in some cases
they are not discriminating enough to identify closely re-
lated or new species. Because of the microbial symbiotic
association present in the grains, the growth and survival of
individual strains are dependent on the presence of each
other. Often, when microorganisms are isolated from the
grains, they do not grow well in milk and/or show reduced
biochemical activity (Farnworth and Mainville, 2008).
Therefore, independent cultivation methods have been
used as a complement to conventional methods in the study
of kefir grain microbiota. The polymerase chain reaction
technique, coupled to electrophoresis in denaturing gradi-
ent gel (PCR-DGGE) has proved appropriate for analyzing
complex microbial consortia (Jianzhong et al., 2009; Leite
et al., 2012; Magalhães et al., 2010a, 2010b), while the par-
tial sequencing of the gene coding for 16S rRNA has been
used for species identification (Mainville et al., 2006;
Rattray and O’Connel, 2011). However, some studies show
that the PCR-DGGE technique does not allow the detection
of significant changes during kefir fermentation (Maga-
lhães et al., 2010a), probably due to the relative stability of
the dominant population in this community.

The complexity of this community can be better un-
derstood by the introduction of massive sequencing tech-
niques, such as pyrosequencing. Two recent studies, one
conducted by our research group (Dobson et al., 2011;
Leite et al., 2012) used this technique to evaluate kefir mi-
crobial diversity and detected the presence of microorgan-
isms belonging to minority groups, not previously reported,
by dependent or independent culture techniques. Further-
more, Leite et al. (2012), comparing three Brazilian kefir
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Figure 1 - Macroscopic structure of kefir grains.



grains, reported that, although of different origins of grains,
certain microorganism groups such as Lactobacillus spe-
cies were always present in all grains. The authors suggest
that the minority and specific populations of individual
grains can contribute to the particular sensory characteris-
tics present in fermented beverages (Leite et al., 2012).

Some species rarely isolated from kefir grains and the
kefir beverage are not key species, and are usually consid-
ered contaminants. Recently, the fungi Dipodascus capitus

and Trichosporon coremiiforme, considered pathogens,
were identified by gene sequencing in kefir grains (Rattray
and O’Connel, 2011). Some bacterial contaminants have
also been described, such as Pseudomonas spp. (Dobson et

al., 2011; Jianzhong et al., 2009; Leite et al., 2012) and
members of the Enterobacteriaceae (Dobson et al., 2011)
and Clostridiaceae (Dobson et al., 2011) families, when
kefir grain microbiota was characterized by pyro-
sequencing and PCR-DGGE. The presence of these micro-
organisms may be associated with contamination during
handling of kefir grains or improper practices adopted dur-
ing the preparation of the kefir beverage.

Microorganism Distribution in Kefir Grains

The distribution of microorganisms inside kefir
grains has been studied, and results are controversial. A
group of researchers supports the hypothesis that yeasts are
generally found in the inner and intermediate grain zone,
with rod-shaped bacteria and rare lactococci predominantly
on the surface area (Bottazzi and Bianchi, 1980; Lin et al.,
1999). Conversely, other researchers (Guzel-Seydim et al.,
2005; Jianzhong et al., 2009; Magalhães et al., 2011; Rea et

al., 1996) describe that yeasts are distributed in both the
outer and the inner grain areas, with the main difference be-
tween the two areas being related to rod-shaped bacteria
morphology. Contrary to previously reported results (Bot-
tazzi and Bianchi, 1980; Rea et al., 1996), Guzel-Seydim et

al. (2005) observed a predominance of rod-shaped bacteria,
without any evidence of yeast in the inner grain area. Fur-
thermore, some authors (Jianzhong et al., 2009; Magalhães
et al., 2011) have reported a lower number of cells observed
in the inner grain portion as compared with the outer por-
tion. Some authors have postulated that fibrillar material
observed in the grain may be in fact the polysaccharide
kefiran present throughout the grain (Guzel-Seydim et al.,
2005; Magalhães et al., 2010a, 2010b, 2011).

Our research group also evaluated the distribution of
microorganisms from three Brazilian kefir grains (Figu-
re 2) and observed a relative variation in their distribution
according to grain origin. In general, rod-shaped bacteria
were observed both in the inner (Figure 2 b, d, f) and the
outer grain portions (Figure 2 a, c, e), whereas yeasts were
most frequent in the outer portion (Figure 2 a, c, e). Cocci
were observed in the outer portion of one of the grains. In
all probability, the granular material observed corre-
sponded to particles of coagulated milk adhered to the sur-

face of the grain and the fibrillar material to the poly-
saccharide kefiran, spread over all parts of the grains
(Guzel-Seydim et al., 2005; Magalhães et al., 2011; Rea et

al., 1996).
Although L. lactis is one of the predominant microor-

ganisms isolated from the kefir drink, several investigators
(Guzel-Seydim et al., 2005; Jianzhong et al., 2009; Maga-
lhães et al., 2011) have not observed cocci in micrographs,
probably due to poor lactococcal adhesion to the grains dur-
ing growth, which would facilitate lactococcal release in
the washing process (Guzel-Seydim et al., 2005; Jianzhong
et al., 2009; Magalhães et al., 2011; Rea et al., 1996). Fur-
thermore, it is likely that the acidic pH in the grain interior
would interfere in the growth of this microorganism in this
particular microenvironment (Rea et al., 1996).

It is probable that surface microorganisms cause a
greater impact on the kefir fermentation process
(Farnworth and Mainville, 2008). However, studies have
shown that a wide variation in microbial population occurs
between different grains and within the same grain. Lin et

al. (1999) concluded that grain origin site alone can explain
the differences that have been reported in several studies by
electron microscopy.

Kefir Bacteria

Homofermentative LAB, including Lactobacillus

species, such as L. delbrueckii subsp. bulgaricus, L.

helveticus, L. kefiranofaciens subsp. kefiranofaciens, L.

kefiranofaciens subsp. kefirgranum and L. acidophilus;
Lactococcus spp. Such as L. lactis subsp. lactis and L. lactis
subsp. cremoris and Streptococcus thermophilus have been
identified in kefir grains and in the fermented beverage, as
well as heterofermentative LAB, including L. kefiri, L.

parakefiri, L. fermentum and L. brevis (Leite et al., 2012;
Rattray and O’Connel, 2011), and citrate-positive strains of
L. lactis (L. lactis subsp. lactis biovar diacetylactis),
Leuconostoc mesenteroides subsp. cremoris, and
Leuconostoc mesenteroides subsp. mesenteroides (Leite et

al., 2012; Lopitz-Otsoa et al., 2006; Rattray and O’Connel,
2011). The use of citrate by citrate-positive strains results in
the production of key compounds that contribute to typical
kefir flavour (Rattray and O’Connel, 2011).

Kefiran produced by L. kefiranofaciens is a branched,
water-soluble polysaccharide, containing equal amounts of
D-glucose and D-galactose. The production of this poly-
saccharide is stimulated when L. kefiranofaciens grows in
co-culture with S. cerevisiae (Cheirsilp et al., 2003).

AAB species have been isolated and identified in
both kefir grain and the kefir beverage. However, in some
countries, the presence of these species is considered unde-
sirable (Farnworth and Mainville, 2008; Rattray and
O’Connel, 2011; Tamime, 2006) and has received less at-
tention, even though they play an essential role in both the
microbial consortium and the sensory characteristics of the
final product (Rea et al., 1996; Tamime, 2006).
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Kefir Yeast

Although they produce metabolites that contribute to
the desirable and typical kefir sensory properties (Rattray
and O’Connel, 2011; Simova et al., 2002), kefir yeast are

less studied than kefir bacteria. The main yeast capable of

fermenting lactose found in kefir and kefir grains are

Kluyveromyces marxianus/Candida kefyr, Kluyveromyces

lactis var. lactis, Debaryomyces hansenii e Dekkera
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Figure 2 - Scanning electron microscopy of Brazilian kefir grain microbiota. A, C, E: outer grain portions, B, D, F: inner grain portions. Arrows -
Micrography A: cocci; Micrography D: fibrillar material - kefiran polysaccharide; Micrography E: arrow 1 - granular material - coagulated protein, arrow
2 - different yeast species.



anomala, while the non-lactose fermenters include
Saccharomyces cerevisiae, Torulaspora delbrueckii,

Pichia fermentans, Kazachstania unispora,

Saccharomyces turicensis, Issatchenkia orientalis and
Debaryomyces occidentalis .

Interactions between Kefir Microorganisms

The complex interactions between yeast and bacteria
and their interdependence in kefir grains are not completely
understood. However, when the bacteria are separated from
the grain, yeast will not grow as efficiently (Cheirsilp et al.,
2003; Farnworth and Mainville, 2008; Rattray and O’Con-
nel, 2011).

Due to its high capacity to metabolize lactose (Rea et

al., 1996), the genus Lactococcus tends to grow faster than
yeast in milk (Rea et al., 1996; Tamime, 2006). This genus
hydrolyzes lactose, producing lactic acid and a suitable en-
vironment for yeast growth (Tamime, 2006). Moreover,
yeasts synthesize complex B vitamins and hydrolyze milk
proteins, using oxygen to produce CO2 and ethanol (Lo-
pitz-Otsoa et al., 2006; Tamime, 2006). The interaction be-
tween yeast and lactic acid bacteria can be stimulated or
inhibited by the growth of one or both, in co-cultures. These
microorganisms can compete for nutrients for growth, or
may produce metabolites that inhibit or stimulate one an-
other (Lopitz-Otsoa et al., 2006). Some yeast species are
proteolytic or lipolytic, providing amino acids and fatty ac-
ids (Rattray and O’Connel, 2011). Species such as
Debaryomyces hansenii and Yarrowia lipolytica assimilate
the lactic acid formed by LAB, raising the pH and stimulat-
ing bacteria growth. The production of vitamin B by Aceto-

bacter spp. also favors the growth of other microorganisms
present in kefir grains (Lopitz-Otsoa et al., 2006; Rea et al.,
1996).

Technological Aspects

During fermentation, the grains increase in size and
number, and are usually recovered from the fermented milk
and reutilized (Garrote et al., 2010). If carefully preserved,
they may retain their activity for years (Lopitz-Otsoa et al.,
2006; Rattray and O’Connel, 2011). The main marker to as-
sess the symbiotic relationship between the different mi-
croorganisms is increased biomass during fermentation
(Garrote et al., 2010).

Grain Preservation

Kefir grains can be preserved lyophilized, dry or wet
(Garrote et al., 2010), but constant washing reduces their
viability (Farnworth and Mainville, 2008). However, Pin-
tado, et al. (1996) observed that grain stored in these condi-
tions present different microbiological profiles than fresh
grain. Dried grains maintain their activity for 12-18 months
while wet grains maintain activity for 8-10 days (Garrote et

al., 2010). Different preservation methods have been tested

(Garrote et al., 1997), with freezing being considered the
best method. Grain lyophilization has also been tested, but
resulted in reduced lactose metabolism, as well as modifi-
cations in the bacterial profile, which was different from the
original grain profile (Farnworth and Mainville, 2008).

Kefir Production

There are three main ways of producing kefir (I) the
artisanal process, (II) the commercial process by the Rus-
sian method and (III) the commercial process using pure
cultures (Farnworth, 2005; Otles and Cagindi, 2003; Rat-
tray and O’Connel, 2011). Other substrates may also be
used, such as milk from other animal species, coconut milk,
soybean milk, fruit juices and/or sugar and molasses solu-
tions (Magalhães et al., 2010a; Öner et al., 2010; Rattray
and O’Connel, 2011).

The traditional artisanal production involves milk in-
oculation with a variable amount of grains and fermenta-
tion for a period between 18-24 h at 20-25 °C. At the end of
the fermentation process the grains are sieved and can be
used for a new fermentation or kept (1-7 days) in fresh
milk, while the kefir beverage is stored at 4 °C, ready for
consumption (Beshkova et al., 2002; Farnworth and Main-
ville, 2008; Otles and Cagindi, 2003).

The initial inoculum concentration of the grains
(grain/milk proportion) affects the pH, viscosity, final lac-
tose concentration and the microbiological profile of the fi-
nal product (Garrote et al., 1998; Simova et al., 2002).
Agitation during fermentation also influences kefir micro-
bial composition, favoring the development of homofer-
mentative lactococci and yeast (Farnworth and Mainville,
2008; Rattray and O’Connel, 2011; Tamime, 2006). Incu-
bation at temperatures above 30 °C stimulates the growth of
thermophilic LAB, while being a disadvantage for yeast
growth and mesophilic LAB (Rattray and O’Connel,
2011).

The second method, known as the “Russian method”,
allows for the production of kefir on a larger scale, and uses
a process of fermentation in series, from the percolate re-
sulting from the first fermentation of the grains (fermented
without the grains or mother culture) (Farnworth and Main-
ville, 2008; Rattray and O’Connel, 2011).

Different methods can be used in the industrial pro-
cess of kefir production, but all based on the same principle.
The milk is inoculated with pure cultures isolated from
kefir grains and commercial cultures (Beshkova et al.,
2002; Rattray and O’Connel, 2011; Tamime, 2006). The
maturation phase can be performed or not, consisting of
maintaining the kefir at 8-10 °C for up to 24 h (Beshkova et

al., 2002; Rattray and O’Connel, 2011), to allow microor-
ganism, primarily yeast, growth, contributing to the spe-
cific flavour of the product (Beshkova et al., 2002). Omis-
sion of this step is associated with development of atypical
flavour in kefir (Beshkova et al., 2002; Rattray and O’Con-
nel, 2011).
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During storage, the CO2 production by yeast or hete-
rofermentative LAB can cause bloating in the product
package, a fact that should be considered in the choice of
packaging (Farnworth and Mainville, 2008; Sarkar, 2008).

Although the commercial beverage is available in
many countries, not all the properties of traditional kefir are
always present (Farnworth and Mainville, 2008; Lopitz-
Otsoa et al., 2006). Assadi et al. (2000) tested several ratios
of starter cultures isolated from the grains (LAB, yeast,
AAB), and found that traditional kefir produced with kefir
grains has been better accepted than kefir obtained by using
the starter culture. Rossi and Gobbetti (1991) produced a
“kefir-type” beverage, with lower viscosity and the absence
of some of the volatile components often found in tradi-
tional kefir. Carneiro (2010) on the other hand, developed a
starter culture from microorganisms isolated from Kefir
grains and the product was more accepted that the tradi-
tional kefir. Beshkova et al. (2002) proposed two methods
of kefir fermentation: one by simultaneous fermentation
and one by successive fermentation. Therefore, they used a
starter culture consisting of bacteria and yeast isolated from
kefir grains, combined to two strains commonly used in yo-
gurt manufacturing. Yeasts were added to the starter culture
with sucrose, both at the beginning (simultaneous fermen-
tation) and after the lactic acid fermentation step (succes-
sive fermentation). The two fermentation processes pro-
duced kefir with high number of viable lactococci and
lactobacilli, with sensory properties similar to traditional
kefir.

The use of commercial cultures can standardize the
commercial production of kefir, if the selection of species
and strains of yeasts and bacteria is carried out accurately
and carefully, thus allowing for the production of a “kefir-
type” beverage with acceptable flavour and good conserva-
tion properties (Beshkova et al., 2002; Carneiro, 2010).
The commercial beverage may have a commercial life pe-
riod of up to 28 days, while it is recommended that kefir
produced with grains be consumed between 3-12 days.
However, the “kefir-type” beverage may not present the
same therapeutic and probiotic properties present in tradi-
tional kefir (Rattray and O’Connel, 2011).

The development of a “kefir-type” beverage is not the
only industrial application that has been investigated. Kefir
grains have also been studied regarding the production of
single cell protein (SCP) in the bioconversion of cheese
whey and their application in the food industry, to improve
the sensory characteristics of certain products (Paraskevo-
poulou et al., 2003).

The main deficiencies in kefir manufacturing can be
attributed to unpleasant taste and aroma typical of yeast
(Tamime, 2006). The latter can be caused by rapid growth
of S. cerevisiae, accompanied by a typical vinegar aroma
(Tamime, 2006). The excessive production of acetic acid
can also influence kefir aroma, and occurs due to the in-
tense growth of Acetobacter spp. or the presence of

Dekkera spp. in the grains. A bitter taste may be caused by
fungi (for example Geotrichum candidum) and/or the activ-
ity of some atypical yeasts which may be present in the
product (Tamime, 2006).

Therapeutic Aspects

Historically, kefir has been recommended for the
treatment of several clinical conditions such as gastrointes-
tinal problems, hypertension, allergies, and ischemic heart
disease (Farnworth and Mainville, 2008; Rattray and
O’Connel, 2011). However, the variability inherent in kefir
production conditions in different assays makes it difficult
to conduct comparisons between reported scientific results
(Farnworth, 2005; Farnworth and Mainville, 2008; Rattray
and O’Connel, 2011).

Kefir grain fermentations from various substrates
have been evaluated (Farnworth, 2005; Magalhães et al.,
2010a; Öner et al., 2010) and a wide variety of bioactive
compounds have been observed, such as organic acids,
CO2, H2O2, ethanol, bioactive peptides, exopolysaccha-
rides (kefiran), and bacteriocins. These compounds may act
independently or together to produce the various health
benefits attributed to kefir consumption (Garrote et al.,
2010; Rattray and O’Connel, 2011).

Antimicrobial Activity

Santos et al. (2003) observed the antagonistic behav-
ior of lactobacilli isolated from kefir grains against E. coli,
L. monocytogenes, Salmonella Typhimurium, S.
Enteritidis, Shigella flexneri and Y. enterocolitica. Silva et

al. (2009) observed the inhibition of Candida albicans, Sal-

monella Typhi, Shigella sonnei, Staphylococcus aureus

and E. coli by kefir cultured in brown sugar. On the other
hand, Chifiriuc et al. (2011) observed that all milk fer-
mented with kefir grains had antimicrobial activity against
Bacillus subtilis, S. aureus, E. coli, E. faecalis and S.
Enteritidis, but did not inhibit P. aeruginosa and C.

albicans. All these studies indicate that kefir antimicrobial
activity is associated with the production of organic acids,
peptides (bacteriocins), carbon dioxide, hydrogen perox-
ide, ethanol and diacetyl. These compounds may have ben-
eficial effects not only in the reduction of food borne
pathogens and deteriorating bacteria during beverage pro-
duction and storage, but also in the treatment and preven-
tion of gastroenteritis and vaginal infections (Farnworth,
2005; Sarkar, 2007). In addition, the antimicrobial activity
of the polysaccharide kefiran was also demonstrated
against bacteria and C. albicans (Rodrigues et al., 2005).

Anti-inflammatory and Healing Activity

Healing and anti-inflammatory activities of kefir and
kefiran in mice were observed after a seven-day treatment
with kefir gel (Rodrigues et al., 2005), as well as anti-
inflammatory activitiy (Diniz et al., 2003) on a model in
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which granulomatous tissue and writhing is induced by
acetic acid in mice. Husseini et al. (2012) corroborated the
healing activity in burns infected with Pseudomonas

aeruginosa in mice.

Impact on the Gastrointestinal Tract (GIT)

The effect caused by kefir consumption in the intesti-
nal microbiota composition may be due to a combination of
factors, such as direct pathogen inhibition by acids and
bacteriocin production, besides competitive pathogen ex-
clusion in the intestinal mucosa (Rattray and O’Connel,
2011). According to Marquina et al. (2002) kefir consump-
tion significantly increased LAB counts in the intestinal
mucosa and reduced enterobacteria and clostridia popula-
tions. Furthermore, kefir consumption also prevented C.

jejuni colonization in chick ceca (Zacconi et al., 2003), and
was effective in postoperative treatments and in patients
with gastrointestinal disorders (Sarkar, 2007). In Russia,
kefir has been used by researchers in the treatment of peptic
ulcers in the stomach and duodenum of human patients
(Farnworth and Mainville, 2008).

Anticarcinogenic Effects

The anticarcinogenic role of fermented dairy prod-
ucts can be attributed, in general, to cancer prevention and
the suppression of early-stage tumors, by the delaying of
enzyme activities that convert pro-carcinogenic com-
pounds to carcinogens, or by the activation of the immune
system (Sarkar, 2007). Kubo et al. (1992) reported the inhi-
bition of the proliferation of subcutaneously transplanted
Ehrlich ascites tumors in mice. Liu et al. (2002) observed
the inhibition of tumor growth, the induction of apoptotic
cell lysis in tumors and significant increases in IgA levels in
mice, suggesting that kefir potentially has anti-tumoral
properties and promotes resistance of the mucosa to intesti-
nal infections. Guven and Gulmez (2003) reported that
mice treated with kefir had a higher protective effect
against damage induced by carbon tetrachloride, indicating
that kefir can also act as an antioxidant.

Stimulation of the Immune System

The formation of bioactive peptides during fermenta-
tion or digestion processes has shown a variety of physio-
logical activities, including stimulation of the immune
system in animal models (Farnworth, 2005). Thoreux and
Schmucker (2001), after feeding mice with kefir, observed
an increase in the specific mucosal immune response (IgA)
against the cholera toxin. Stimulation of the immune sys-
tem may also occur due to the action of exopolysaccharides
found in kefir grains (Farnworth, 2005; Furukawa et al.,
1992). Medrano et al. (2011) observed that kefiran was able
to modify the balance of the immune cells in the intestinal
mucosa. Vinderola et al. (2005) demonstrated the immuno-
modulation ability of kefir in the immune response of the

intestinal mucosa of mice. The administration of kefir also
induced a response in the intestinal mucosa, suggesting that
components of kefir can stimulate cells of the innate im-
mune system, suppressing the immune response of the Th2
phenotype or promoting cell-mediated immune responses
against tumors and intracellular pathogen infections (Liu et

al., 2002). Recently, Hong et al. (2009) demonstrated, in vi-

tro, the immunomodulating capacity of LAB isolated from
kefir grains, suggesting their influence on the secretion of

the proinflammatory cytokines IL-6 and TNF-� by TLR-2.

Hypocholesterolemic Effect

Possible mechanisms proposed for the hypocholes-
terolemic activity in LAB may involve the inhibition of the
exogenous cholesterol absorption in the small intestine, by
the binding and incorporation of cholesterol to bacterial
cells and cholesterol uptake, as well as suppression of bile
acid reabsorption by enzymatic deconjugation of bile salts,
promoted by the bile salt hydrolase (BSH) enzyme (Wang
et al., 2009). Wang et al. (2009) observed a significant re-
duction in serum levels of total cholesterol, low density
lipoproteins (LDL) and triglycerides, while there was no
change in high density lipoprotein (HDL-C) levels in mice
fed cholesterol-rich a diet supplemented with Lactobacillus

plantarum MA2. Moreover, total cholesterol and triglycer-
ides in the liver were also reduced. Cholesterol and triglyc-
erides in animal feces, on the other hand, increased
significantly. Another study (Liu et al., 2006) also observed
a reduction of serum triglyceride and cholesterol levels, es-
pecially the non-HDL-C fraction. A contradictory result
was reported by St-Onge et al. (2002), where kefir con-
sumption did not reduce total cholesterol, LDL-C, HDL-C
and triglycerides levels, but increased the concentrations of
isobutiric, propionic and isovaleric acids, as well as the to-
tal amount of short chained fatty acids in faeces.

Kefir and Lactose Intolerance

The ability to decrease lactose concentrations and the

presence of �-galactosidase activity in fermented milk
products make them suitable for consumption by people
classified as lactose intolerant (Farnworth and Mainville,
2008; Sarkar, 2007). It has been demonstrated that some

kefir grains show �-galactosidase enzyme activity, which
stays active when consumed, and that kefir contains less
lactose than milk (Farnworth, 2005; Sarkar, 2007). A com-
mercial kefir (Hertzler and Clancy, 2003) proved to be as
effective as yoghurt in reducing expired hydrogen and flat-
ulence in lactose intolerant adults when compared to the in-
gestion of milk. de Vrese et al. (1992) demonstrated that
pigs fed with kefir showed a significant increase in
galactose plasma concentrations, suggesting improvement
of intestinal lactose hydrolysis by the microbial enzyme

�-galactosidase.
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Final Considerations

Kefir is a traditional example of the co-existence of
bacteria and yeasts and the importance of this symbiotic re-
lationship seems clear, since it is necessary to produce com-
pounds beneficial to health. Although the evidence is not
conclusive and further studies should be conducted, the ex-
isting scientific studies demonstrate the health benefits re-
ported empirically by historical kefir consumption.
Currently, the application of probiotics in the food industry
is in expansion and understanding the symbiotic relation-
ships between different microorganisms present in food, as
well as their interactions, could assist in the improvement
of technological processes.

The quality of traditional kefir is mainly influenced
by the microorganisms present in kefir grains and kefir pro-
cessing conditions. Although scientists and food compa-
nies attempted to develop a commercial “kefir-type” bever-
age produced by different cultures and mesophilic and
thermophilic LAB, or even pure cultures isolated from kefir
grains, their success when compared to traditional kefir is
limited. We suggest that this limitation is due to the micro-
bial diversity present in kefir grains and their interactions,
which can determine the probiotic and therapeutic proper-
ties of final product, as well as peculiarities conferred by
certain minority groups present in different grains. How-
ever, from an industrial point of view, these developments
are welcome, given the lack of standardization in the pro-
duction and marketing of traditional kefir.
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