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Abstract
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Kefir is a naturally carbonated and mildly acidic milk beverage fermented by grains that consist of bacteria and yeast living
in a symbiotic relationship. Its unique flavor arises from a blend of lactic acid, ethanol, carbon dioxide, and other compounds
produced by the microorganisms within the kefir grains. The microorganisms in kefir are a complex microbial population that
varies by geographical region. Kefir is widely acknowledged for its probiotic content, with reported health benefits that include
modulation of intestinal microflora, immune system stimulation, and antimicrobial, antineoplastic, hypocholesterolemic,
antidiabetic, and antimutagenic effects. It also exhibits 3-galactosidase activity and benefits lipid and blood pressure levels.
This review focuses on the microbiological aspects, composition, and production of milk kefir, highlighting how its biological
properties correlate with the health benefits associated with its consumption.
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Practical Application: A probiotic-rich, naturally fermented milk drink offering antimicrobial, immune-boosting, and
metabolic health benefits through its unique microbial composition and bioactive compounds.

1 INTRODUCTION

Kefir is a slightly acidic, effervescent milk beverage fer-
mented by grains composed of bacteria and yeasts in a symbiotic
association (Dertli & Con, 2017). Its unique flavor results from
a mixture of lactic acid, ethanol, carbon dioxide, and other
compounds such as acetaldehyde, which are products of the
metabolic activity of the microorganisms that make up kefir
grains (Guzel-Seydim et al., 2000).

Kefir’s microbial composition, particularly its combination
of bacteria and yeasts, has been linked to numerous health
benefits, with proven inhibitory effects against pathogenic and
contaminant microorganisms (Paucean & Carmen, 2008).
Known for its probiotic properties (John & Deeseenthum, 2015),
kefir is defined as a fermented milk product prepared with
lactic acid cultures from kefir grains, which contain beneficial
microorganisms including lactose-fermenting and non-fer-
menting yeasts, as well as bacteria, such as Bifidobacterium sp.
and Streptococcus salivarius subsp. thermophilus (Brasil, 2007).
According to the Codex Alimentarius International Food Stan-
dards (2003), kefir must contain at least 2.7% protein, no more
than 10% fat, and a minimum acidity of 0.6%.

The rising popularity of kefir is also due to its antimicrobial,
antineoplastic, antioxidant, and anti-inflammatory properties
(Liu et al., 2006). Consumers have shown interest in kefir as a

potential alternative to conventional therapies in the manage-
ment of chronic diseases, with probiotic foods being a preferred
choice (Ahmed et al.,, 2013).

This review aims to examine key aspects of the microbi-
ology, composition, and production of milk kefir, linking its
biological properties to the health benefits associated with its
consumption.

2 MILK KEFIR PRODUCTION

The term “kefir” originates from the Turkish word “keif;”
meaning “well-being” (Kemp, 1984). Kefir’s history traces back
thousands of years to the Caucasus Mountains, where it is be-
lieved that the local people discovered that fresh milk stored in
leather bags would ferment, resulting in an effervescent drink
(Duitschaever et al., 1987; Irigoyen et al., 2005). Historically,
kefir grains were considered gifts from Allah by the Muslim
communities in the region, passed down through generations
among Caucasian tribes, and viewed as a symbol of wealth
within families (Roberts et al., 2000).

Milk kefir can be produced both traditionally and industri-
ally. Traditionally, kefir is prepared by inoculating kefir grains
into milk, and then incubating the mixture at room tempera-
ture. After approximately 24 h, the grains are filtered out from
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the fermented milk and then reused in fresh milk for a new
fermentation cycle (Semih & Cagindi, 2003). The final beverage
is stored at 4°C for preservation (Schwan et al., 2015). Kefir can
be made from cow, buffalo, goat, or sheep milk, using whole,
semi-skim, or skim milk. Plant-based alternatives, such as soy
and coconut milk, may also be used (Farnworth, 2005).

In industrial production, the process utilizes freeze-dried
cultures. The type of culture% whether traditional grains or
commercial cultures—affects kefir’s antioxidant capacity during
fermentation and storage. Kefir produced from traditional grains
has a higher antioxidant capacity, with sheep’s milk-based kefir
showing higher antioxidant levels compared to cow’s milk-based
kefir (Yilmaz-Ersan et al., 2018).

3 COMPOSITION OF KEFIR GRAINS

Kefir grains consist primarily of Lactobacillus kefiri, bacteria
from the genera Leuconostoc, Lactococcus, and Acetobacter, along
with both lactose-fermenting yeasts (Kluyveromyces marxianus)
and non-lactose-fermenting yeasts (Saccharomyces unisporus,
Saccharomyces cerevisiae, and Saccharomyces exiguus) (Codex
Alimentarius International Food Standards, 2003).

These grains are characterized by a symbiotic structure
where lactic acid bacteria (LAB), acetic acid bacteria (AAB),
and yeasts coexist within a polysaccharide matrix called kefiran.
Morphologically, the grains are irregular, cauliflower-like clus-
ters with a white-to-slightly yellowish, gelatinous texture and
range from 3 to 35 mm in diameter (Hertzler & Clancy, 2003;
Irigoyen et al., 2005; Weschenfelder, 2009).

Studies using scanning electron microscopy show a
dense and complex biofilm surrounding the outer layer of the
grains, with an unstructured material occupying the interiors
(Figures 1 and 2) (Magalhdes et al., 2011). The microbial com-
position within the grains can vary depending on the local
microbial community (Magalhées et al., 2011; Wang et al,,
2012). The surface of the grains is typically smooth (Figure 1A),
while the outer portion is densely populated with microorgan-
isms, forming a biofilm structure comprising bacilli and yeasts

Source: Magalhaes et al. (2011).

Figure 1. (A) Kefir grain as observed with the naked eye. (B, C, and
D) External surface of the kefir grain. Arrows 1 and 2 in Figure 1B
indicate bacteria. The arrow in Figure 1C indicates a bacterium. The
arrow in Figure 1D indicates a yeast.

(Figure 1B-1D). Fewer cells are observed in the inner portions of
the grains (Figure 2), with a fibrillar material present throughout
both the internal and external layers (Figure 2B).

Strains within kefir grains, such as Lactobacillus kefirano-
faciens and Saccharomyces turicensis, exhibit the ability to ag-
gregate cells and form biofilms, particularly with Lb. kefiri.
A significant co-aggregation has also been observed between Lb.
kefiranofaciens, Lb. kefiri, and S. turicensis when co-cultured. It
is suggested that grain formation begins with the aggregation of
Lb. kefiranofaciens and S. turicensis, which initiate the formation
of small granules. Subsequently, biofilm-producing Lb. kefiri
attaches to the surface of these granules, further co-aggregating
with other microorganisms and milk components to complete
grain formation (Wang et al., 2012).

The symbiotic community within kefir grains is so diverse
that it has complicated efforts to study and identify the micro-
organisms present. When separated into pure cultures, these
bacteria and yeasts typically fail to grow in milk or display
diminished biological activity (Koroleva, 1991). For instance,
Lactobacillus spp. show enhanced growth when Candida spp.
yeasts are introduced to the milk substrate (Linossier & Dousset,
1994). Generally, LAB are more numerous than yeasts and AAB
within kefir grains, although fermentation conditions may alter
this distribution (Farnworth, 2005).

The composition of kefir grains is influenced by several fac-
tors, including geographic origin, cultivation methods, handling
and storage conditions, and substrate type (Table 1) (Wang et al.,
2020; Wszolek et al., 2001).

4 CHARACTERISTICS OF MILK KEFIR

The inoculation of kefir grains into milk results in a slightly
acidic, effervescent beverage (Guzel-Seydim et al., 2000). The
sensory and physicochemical characteristics of kefir primarily
depend on the microbiota present in the grains as well as the
type of milk used as a substrate (Gao et al., 2012). The micro-
bial species found in the grains are not only crucial for the

Source: Magalhaes et al. (2011).

Figure 2. Internal surface of the kefir grain. Arrows in 2A and 2C in-
dicate bacteria. The arrow in 2B indicates polysaccharides. The arrow
in 2B also indicates a yeast. The arrow in Figure 2D indicates a yeast.
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Table 1. Microorganisms found in kefir and kefir grains across different countries.

Microorganisms Sampling - Country References
Leuconostoc sp., Lactococcus sp., Lactobacillus sp., Lactobacillus plantarum, Zygosaccharomyces Kefir and kefir grains - .
. . ) . ) é Witthuhn et al., 2005
sp., Candida sp., Candida lambica, Candida krusei, Saccharomyces sp., Cryptococcus sp. South Africa
Lactobacillus kefiri, Lactobacillus kefiranofaciens, Leuconostoc mesenteroides, Lactococcus lactis, .
. . . . ; Kefir and kefir grains
Lactococcus lactis ssp. Cremori, Gluconobacter frateurii, Acetobacter orientalis, Acetobacter - Belgium Korsak et al., 2015

ovaniensis, Kluyveromyces marxianus, Naumovozyma sp., Kazachstania khefir

Lactobacillus paracasei, Lactobacillus parabuchneri, Lactobacillus casei, Lactobacillus kefiri,
Lactococcus lactis, Acetobacter lovaniensis, Kluyveromyces lactis, Kazachstania aerobia,
Saccharomyces cerevisiae, Lachancea meyersii

Kefir - Brazil

Magalhées et al., 2011

Acetobacter acetic, Enterococcus faecalis, Enterococcus durans, Lactococcus lactis ssp. cremoris,
Leuconostoc paramesenteroides, Lactobacillus brevis, Lactobacillus acidophilus, Saccharomyces
sp., Brettanomyces sp., Candida sp., Saccharomycodes sp., Acetobacter rancens

Kefir - China

Yang et al., 2007

Lactobacillus kefiranofaciens, Dekkera anomala, Streptococcus thermophilus, Lactococcus

lactis, Acetobacter sp., Lactobacillus lactis, Enterococcus sp., Bacillus sp., Acetobacter fabarum,

Acetobacter lovaniensis, Acetobacter orientalis

Kefir grains - Italy Garofalo et al., 2015

Lactobacillus kefiri, Lactobacillus kefiranofaciens, Leuconostoc mesenteroides, Lactococcus lactis,

Escherichia coli, Pseudomonas sp., Saccharomyces turicensis

Chen et al,, 2008; Wang et al.,

Kefir grains - Taiwan Wyder et al., 1999

Lactococcus cremoris, Lactococcus lactis, Streptococcus thermophilus, Streptococcus durans

Kefir - Turkey Yuksekdag et al., 2004b

Source: adapted from Prado et al. (2015).

fermentation process but also responsible for producing volatile
compounds that contribute to the unique properties of kefir
(Dertli & Con, 2017).

The type and concentration of aromatic compounds gen-
erated by the microorganisms vary according to the strains of
LAB present in the grains (Mauriello et al., 2001). The primary
products formed by LAB include lactic acid, acetaldehyde,
diacetyl, acetoin, acetone, ethanol, carbon dioxide, and acetic
acid. Lactic acid, an odorless, non-volatile compound, im-
parts acidity to fermented milk. The lactic acid content in kefir
typically ranges from 0.80% to 1.15% (Garrote et al., 2001)
and is produced through the degradation of lactose by both
homofermentative and heterofermentative LAB in the grains,
with heterofermentative strains producing lactic acid in greater
quantities (Rea et al., 1996).

Lactococcus species are homofermentative and are utilized
in fermented dairy beverages due to their acidification capabil-
ities (Chen et al., 2008). The effervescence of kefir arises from
carbon dioxide produced during alcoholic fermentation and
the heterofermentation of LAB (Liu et al., 2002a).

Acetaldehyde is recognized as the compound responsible
for the refreshing taste and yogurt-like aroma of kefir (Ott et al.,
2002). It is one of the principal aromatic substances found in
kefir, with concentrations ranging from 0.50 to 10 mg/L (Gu-
zel-Seydim et al., 2000).

Diacetyl is a desirable component in many dairy products,
imparting a buttery aroma at low concentrations (Guzel-Sey-
dim et al., 2000). In kefir, diacetyl concentrations have been
reported between 0.30 and 1.85 mg/L (Aghlara et al., 2009;
Beshkova et al., 2003).

Acetoin is typically found in concentrations around 9
mg/L in kefir beverages. Under these conditions, acetoin is
generally odorless and tasteless, having no significant impact
on flavor (Guzel-Seydim et al., 2000). Acetone, which is natu-
rally present in milk, does not contribute to the sensory charac-
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teristics of kefir when present at concentrations below 1 mg/L
(Aghlara et al., 2009).

Ethanol concentrations in kefir have been reported to range
from 0.01 to 2.5%, depending on the starter culture and method
used in the preparation of the beverage (Beshkova et al., 2003;
Magalhaes et al., 2011). Ethanol is produced through the con-
version of acetaldehyde by alcohol dehydrogenase, an enzyme
found in LAB and yeasts. Yeasts and Leuconostoc bacteria are
the primary producers of ethanol; however, these bacteria do
not produce ethanol during the metabolism of lactose and ci-
trate, suggesting that yeasts are chiefly responsible for ethanol
production (Guzel-Seydim et al., 2000).

Acetic acid imparts a vinegar-like flavor but is not predom-
inant in kefir. It is unlikely that this compound results from
lipolysis, as lipases present in milk are typically inactivated by
pasteurization (Kondyli et al., 2002). Acetic acid is a volatile
short-chain fatty acid found in concentrations ranging from
0.273 to 850 mg/L (Garrote et al., 2001; Guzel-Seydim et al,,
2000; Magalhaes et al., 2011).

In addition to the microbiota of kefir grains and the quality of
the milk, which influence the production of volatile compounds
and, consequently, the sensory and physicochemical quality of
the beverage, variations in environmental conditions, such as
incubation temperature, storage conditions, and preparation
methods, also affect the composition of kefir (Farnworth, 2005).

5 KEFIR AS A PROBIOTIC FOOD

Probiotics are live microorganisms that have been demon-
strated to confer health benefits to humans and animals when
consumed in adequate amounts (Marteau et al., 1995; Plaza-Diaz
etal.,2019). They are effective functional foods in treating various
ailments, including inflammatory bowel disease and allergies
(Sen, 2019). The intestine serves as the primary target for probi-
otics, functioning as an interface between diet and metabolism
while modulating intestinal microbiota (Thakur et al., 2017).
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Classified as non-pathogenic, probiotic microorganisms
are recognized for their beneficial properties. They possess the
ability to survive extreme conditions, such as low pH and the
presence of bile salts, enabling them to colonize the gastroin-
testinal tract (Pringsulaka et al., 2015).

Research has demonstrated the effectiveness of probiotics,
including kefir, in addressing gastrointestinal disorders (Reid
etal., 2003). In cases of diarrhea, probiotics can aid in prevention
and reduce the duration of symptoms (Heyman, 2000). Studies
also indicate that kefir consumption can alleviate symptoms
associated with chronic constipation (Maeda et al., 2004).

The most common microorganisms in probiotics are LAB,
which are abundant in the intestines of healthy animals. The cri-
teria for classifying LAB as probiotics include their ability to
promote beneficial effects on the host, maintain high cell counts
in food products throughout their shelf life, withstand gastro-
intestinal transit, adhere to intestinal epithelial cells, produce
antimicrobial compounds against pathogens, and maintain a
balanced intestinal microbiota (Parvez et al., 2006). The bacterial
genera most frequently used in probiotics are Lactobacillus and
Bifidobacterium (Tripathi & Giri, 2014).

Kefir, primarily composed of Lactobacillus species, has been
recognized as a potential source of probiotics (Zanarati et al.,
2015). The consumption of probiotics contributes to a balanced
intestinal microbiota by increasing dietary microorganisms
and supporting the immune system in combating pathogens
(Yerlikaya, 2018).

Kefir’s high nutritional value is attributed to its balanced
composition of proteins, minerals, and vitamins, alongside the
metabolites produced during fermentation. The health bene-
fits of kefir include promoting gastrointestinal proliferation of
beneficial microorganisms, antimicrobial properties, anticancer
effects, cholesterol-lowering capabilities, antibiotic properties,
antimutagenic activity, B-galactosidase activity, and positive
impacts on lipid levels and blood pressure, as well as immune
system support (Ahmed et al., 2013). Some of these properties
will be discussed in detail below.

6 ANTIMICROBIAL ASPECTS

The antimicrobial activity of kefir against various patho-
genic bacteria is attributed to the presence of organic acids,
hydrogen peroxide, acetaldehyde, carbon dioxide, and bacte-
riocins (Czamanski et al., 2004). A study involving 21 isolates of
LAB from a kefir sample reported that they produced hydrogen
peroxide, recognized for its antimicrobial properties (Yuksekdag
etal., 2004b). The same research group observed that 11 of these

Table 2. Antineoplastic effects of kefir and kefir extracts.

21 Lactococcus sp. isolates generated hydrogen peroxide, and all
strains from this genus inhibited the growth of Staphylococcus
aureus. However, they were less effective against Escherichia coli
NRLL B-704 and Pseudomonas aeruginosa (Yuksekdag et al.,
2004a). Lacticin 3147, a bacteriocin produced by Lactococcus
lactis DPC 3147, has demonstrated antibacterial effects against
E. coli, Listeria monocytogenes, Salmonella typhimurium, Salmo-
nella enteritidis, Salmonella flexneri, and Yersinia enterocolitica
(Santos et al., 2003).

Kefir grains and kefiran have demonstrated antimicrobial
activity against specific bacteria and filamentous fungi (Ahmed
etal., 2011). Other studies have also observed kefir and kefiran’s
antimicrobial properties (Kwon et al., 2003; Rodrigues et al.,
2005), reporting their efficacy against both Gram-negative and
Gram-positive bacteria as well as Candida albicans.

Additionally, research involving Caco-2 cells (derived from
a colorectal adenocarcinoma) indicated that kefiran had a pro-
tective effect against Bacillus cereus B10502 and was also able to
safeguard cultured enterocytes from the activity of the B. cereus
B10502 supernatant (Medrano et al., 2008).

7 ANTINEOPLASTIC EFFECTS

The antineoplastic effects of kefir have been linked to cancer
prevention and tumor growth inhibition through mechanisms,
such as apoptosis induction, immune response enhancement,
modulation of gut microbiota, reduction in tumor growth and
DNA damage, and antioxidant activity (Sharifi et al., 2017).
A selection of in vitro and in vivo studies illustrating the antineo-
plastic properties of kefir is presented in Table 2. These studies
span various cancer types, including hematologic malignancies
(leukemia and lymphoma), breast cancer, gastrointestinal tu-
mors, and sarcomas.

In an in vivo study involving mice inoculated with sarcoma
cells and treated with oral kefir, an increase in immunoglobulin
A (IgA) levels in tissue fractions from the small intestine wall
was observed, along with significant tumor growth suppression
induced by the lysis of apoptotic tumor cells. It was suggested
that kefir exhibits antineoplastic properties and enhances mu-
cosal resistance to gastrointestinal infections following 30 days
of consumption (Liu et al., 2002a).

An in vitro study observed a reduction in the growth of
human breast tumor cells (MCF-7) cultured with cell-free fil-
tered kefir supernatant. The findings suggest that kefir extract
contains compounds capable of specifically inhibiting this type
of cell, potentially supporting its use in breast cancer prevention
or treatment (Chen et al., 2007). These results indicate that kefir

Sample

Biological activity

References

Milk kefir and soy milk kefir

Filtered kefir supernatant (cell free)
Filtered kefir supernatant (cell free)
Filtered kefir supernatant (cell free)

Filtered kefir supernatant (cell free) ~Adjuvant antineoplastic effects on multidrug-resistant human colorectal tumor cells (HT-29)

Anti-inflammatory effect in rodent sarcoma
Antiproliferative effect on human breast tumor cells (MCEF-7)
Antiproliferative effect on human gastric cells (SGC7901)
Antiproliferative and apoptotic effects on colorectal tumor cells (Caco-2/HT-29)

Liu et al,, 2002b
Chen et al., 2007
Gao et al., 2013
Khoury et al., 2014
Kim et al., 2021

Source: adapted from Azizi et al. (2021).
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may serve as a non-toxic chemotherapeutic adjuvant, warranting
further research to explore its antineoplastic potential.

8 EFFECT ON THE IMMUNE SYSTEM

The immune system and nutrition are directly intercon-
nected (Vinderola et al., 2006), and numerous studies have
reported that products fermented by LAB have the potential
to enhance the immune response in both animal and human
models (Ahmed et al., 2013). Studies on the immunomodula-
tory properties of kefir in rodents indicate that dosage and cell
viability can influence the Th1 or Th2 cell-mediated immune
response (Vinderola et al., 2005). Consuming kefir may support
the activity of peritoneal and pulmonary macrophages, poten-
tially reducing pathogenicity, as well as impacting mucosal
immune responses throughout the body. Additionally, kefir
microbiota has been shown to induce interleukin-10-pro-
ducing cells in Peyer’s patch-derived cells in rodent models
(Vinderola et al., 2006).

Kefir and other fermented dairy products may contribute
to maintaining homeostasis and eliciting a robust immune re-
sponse in intestinal mucosa, increasing IgA production in both
the small and large intestines (Vinderola et al., 2006).

9 EFFECT ON LACTOSE INTOLERANCE

A subset of the population is unable to digest lactose due
to insufficient production of the enzyme 3-galactosidase (Alm,
1982). Research suggests that lactose-intolerant individuals
can tolerate yogurt if it contains sufficient viable bacteria to
metabolize lactose (Pelletier et al., 2001). The bacteria in yogurt
are thought to be protected by yogurt’s buffering effect, which
preserves bacterial cell viability and ensures intact cell walls,
allowing bacterial 3-galactosidase to remain active as it transits
through the stomach to the small intestine (De Vrese et al., 2001;
Montes et al., 1995). Additionally, fermented dairy products
exhibit slower gastrointestinal transit than milk, potentially
improving lactose digestion (Labayen et al., 2001).

Some kefir grains also exhibit B-galactosidase activity that
remains active upon consumption (De Vrese et al., 1992). Studies
have shown that pigs fed kefir with fresh grains had significantly
higher plasma galactose levels compared to those fed kefir with
heat-treated grains. Diets with fresh grains contained active
[-galactosidase, facilitating lactose hydrolysis in the intestine,
which led to galactose production and subsequent absorption
(De Vrese et al., 1992). Notably, kefir beverages are generally
free of galactose (Alm, 1982).

10 EFFECT ON CHOLESTEROL REDUCTION

Evidence regarding the cholesterol-lowering effect of kefir
consumption remains limited. Some studies suggest that kefir
supplementation in cholesterol-rich diets can reduce phos-
pholipid and total serum cholesterol levels in rodents (John
& Deeseenthum, 2015). However, other biomarkers, such as
high-density lipoproteins (HDLs) and serum triglycerides,
showed no significant changes with kefir consumption (Rattray
& Connell, 2011). Conversely, another study reported reduced
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serum triglycerides and total cholesterol levels in hamsters fed
with kefir (Liu et al., 2006).

Research suggests that kefir’s cholesterol-lowering effect
may be linked to bile acid deconjugation by Lactobacillus spp.
(Brashears et al., 1998; Tamai et al., 1996). Deconjugation of bile
acids may stimulate the production of new bile acids needed to
replace those lost from the enterohepatic circulation, thereby
lowering serum cholesterol levels (Reynier et al., 1981).

The bile salt hydrolase enzyme found in Lactobacillus
spp. may be responsible for converting conjugated bile acids
to unconjugated ones. This process may contribute to serum
cholesterol reduction by increasing bile acid synthesis from
cholesterol or by lowering cholesterol solubility and absorption
in the intestine (Begley et al., 2006).

Studies have also shown that kefir-fed poultry experienced
reduced serum cholesterol levels, which may be associated with
both reduced cholesterol biosynthesis in the liver and increased
bile acid degradation by Lactobacillus spp. (Cenesiz et al., 2008).
However, further studies are needed to fully understand the role
of these bacteria in cholesterol reduction.

11 CONCLUSION

Kefir is recognized as a potential source of probiotics and
beneficial compounds of high interest for health. Due to its
various health benefits, demand for its consumption has grown,
especially among those seeking alternatives to pharmaceutical
treatments and healthier lifestyles.

Ongoing research is focused on exploring kefir’s properties,
which are not yet fully understood. Further studies to better
characterize kefir can help unlock new applications, including
the development of new products and dietary alternatives to
support consumer health.
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