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Kefir: a powerful probiotics with anticancer properties
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Abstract Probiotics and fermented milk products have
attracted the attention of scientists from various fields,
such as health care, industry and pharmacy. In recent years,
reports have shown that dietary probiotics such as kefir have
a great potential for cancer prevention and treatment. Kefir is
fermented milk with Caucasian and Tibet origin, made from
the incubation of kefir grains with raw milk or water. Kefir
grains are a mixture of yeast and bacteria, living in a symbi-
otic association. Antibacterial, antifungal, anti-allergic and
anti-inflammatory effects are some of the health beneficial
properties of kefir grains. Furthermore, it is suggested that
some of the bioactive compounds of kefir such as polysac-
charides and peptides have great potential for inhibition of
proliferation and induction of apoptosis in tumor cells. Many
studies revealed that kefir acts on different cancers such as
colorectal cancer, malignant T lymphocytes, breast cancer
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and lung carcinoma. In this review, we have focused on anti-
cancer properties of kefir.
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Introduction

In recent studies, the role of probiotics in health care is get-
ting more attention and has been shown that lactic acid bac-
teria (LAB) as probiotics have a therapeutic effect in differ-
ent diseases such as rheumatoid arthritis and cancer [1, 2].
The previous studies suggest that the probiotics, especially
LAB, in addition to inducing apoptosis, have different anti-
cancer properties including anti-proliferative, anti-inflam-
matory, antioxidative and anti-mutagenic effects [3-9]. Kefir
is made of small cauliflower floret-like grains added to the
fresh milk. The grains are a mixture of yeasts and lactic
acid bacteria within a polysaccharide and protein matrix, in
a symbiotic community [10, 11]. The main ingredients of
kefir are lactic acid, ethanol and CO, [12]. The components
of kefir complex are involved in the synthesis of anticancer
bioactive components including peptides, polysaccharides
and sphingolipids, playing vital roles in different signaling
pathways and biological cell processes such as apoptosis,
proliferation and transformation [1, 10, 13]. Therefore, kefir
can act as an effective agent in cancer treatment and preven-
tion. In this review, we discuss about the anticancer proper-
ties of kefir and the mechanism of its effect.

Probiotics and Kefir

Probiotics contain live bacteria, which are useful
for health [14]. In another word, a probiotics is a live
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microbial food supplement that beneficially affects the
host, by improving the microbial balance [15]. Based on
the definition of Food and Agriculture Organization of
the United Nations (FAO) and World Health Organization
(WHO), probiotics are “live microorganisms, conferring
health benefit on the host when administered in adequate
amounts” [16]. Probiotics microorganisms are sensitive
to various physicochemical stresses such as pH, acidity,
temperature and preservatives [17, 18]. Kefir is one of the
most favorite probiotics, considered as a powerful sup-
plement, originating from the Balkan—Caucasian region
[8,9, 19].

Kefir is acidic, partly effervescent, slightly alcoholic,
milk foamy and viscous beverage with a uniform creamy
and elastic consistency and sour taste, which can be eas-
ily digested [20]. It is made from the fermentation of
both traditional and commercial shapes of kefir grains
with any type of semi-skimmed or skimmed pasteurized
milk (goat, sheep, cow, camel, buffalo) [8, 19, 21]. Kefir
grains composed of different microflora that is accumu-
lating on matrix polysaccharide and protein, including
lactic acid bacteria (Lactobacillus paracasei, Lactobacil-
lus kefiri, Lactobacillus parabuchneri and Acetobacter
lovaniensis) and yeast such as Saccharomyces cerevisiae
and Kluyveromyces lactis [22]. The bacteria convert the
lactose to lactic acid, decreasing the milk pH, and yeasts
produce ethanol and CO, from lactic acid [9, 22].

In terms of nutritional value, kefir contains at least
2.7% of protein, 0.6% of lactic acid and less than 10%
of fat [22]. Kefir is a rich source of vitamins (carotene,
vitamins A, K, B, B,, B;, C, B, and folic acid) and
amino acids (ammonia, serine, lysine, alanine, threonine,
tryptophan, valine, lysine, methionine, phenylalanine and
isoleucine) and mineral compositions (Mg, Ca, P, Zn, Cu,
Mn, Fe, Co and Mo) [17]. It is important to note that
the quality of the milk used in the process, preparation
method and the presenting microorganisms in the kefir
grains determine the quantity and the type of vitamin and
mineral compositions [8, 22, 23].

Evidence shows the main polysaccharide of kefir, kefi-
ran, has very important physicochemical properties that
increase the viscosity and viscoelasticity of acid milk
gels, and kefiran can improve the rheological properties
and increase the viscosity [9, 19, 24]. In addition, kefiran
can be used as an antioxidant [25], anti-tumor and antimi-
crobial agent. On the other hand, kefir has positive effects
on the immune system and cholesterol metabolism [26],
improvement of bone health and lactose tolerance [27].
Consequently, it is favorable that kefir intake may have a
potential role in cancer prevention and treatment.
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Kefir and cancer

Cancer cells are highly proliferative and resist apoptosis.
Most of the cancer arises from unhealthy and unbalanced
diets; therefore, investigation about dietary factors is vital
and extremely important. One of the important dietary fac-
tors is probiotics, such as kefir.

A hallmark of neoplastic progression includes the abil-
ity of tumor cells to evade immune response [28, 29].
Studies suggest that probiotics bacteria are able to stim-
ulate effector functions of the immune system. Indeed,
cytokine profiles in co-cultures of the probiotics bacteria
with peripheral blood mononuclear cells (PBMC) are an
indication of this phenomenon [30].

Several studies displayed that kefir can interact with
several cellular pathways and regulate biological processes
including antioxidative process, apoptosis and prolifera-
tion (Fig. 1) [31, 32].

The mechanisms of effect of kefir as an anticancer
agent are as follows.

Immunomodulatory and anti-inflammatory effect
of Kefir

Since cancer is a consequence of dysregulation of the
immune and inflammatory system, the immunomodulatory
and anti-inflammatory properties of kefir are very appeal-
ing and significant and it will be effective via following
mechanisms (Fig. 2):

1. Bioactive peptides in kefir induce activation of mac-
rophages and phagocytosis and nitric oxide (NO) pro-
duction [33].

2. The secretion of TNF-a and cytokines such as IL-5
[34], IL-6 [35], IL-1P [35, 36], IL-12 [36] is increased,
and secretion of IL-8 is decreased. High level of IL-5
and TNF-a will lead to high level of IgA secretion.
The decreased level of IL-8 may control inflammatory
response by suppressing chemotaxis and activation of
neutrophils [34].

3. Suppressed T helper 2 immune response and activated
T helper 1 immune response induce anti-allergic effect
[37, 38].

Anti-carcinogenic effect of Kefir

Two mechanisms through which kefir induces anti-carci-
nogenic effect are as follows (Fig. 2) [39-41]:
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Fig. 1 Anticancer properties
of kefir
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1. Kefir intake decreases the secretion of TGF-a, TGF-f
and Bcl2 and increases the secretion of bax leading to
induction of apoptosis.

2. Active peptides of kefir induce ROS-mediated apopto-
sis and activate Ca”/Mg~-dependent endonucleases for
DNA cleavage.

3. Low secretion of TGF-a and TGF-f induces the anti-
proliferative effect in cancerous cells.

4. Sphingomyelins in kefir increase secretion of
interferon-f, an anti-proliferative cytokine.

Antioxidative effect of Kefir

Kefir intake increases the level of glutathione peroxidase and
decreases the level of malondialdehyde, involved in the con-
trol of oxidative stress. On the other hand, kefir can bind to
1,1-diphenyl-2-picrylhydrazyl (DPPH) and superoxide radi-
cals and also inhibit the linoleic acid peroxidation [42, 43].
As a result, kefir exerts an anti-carcinogenic effect through
an antioxidative property and reducing the DNA damage
(Fig. 2) [44].
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Anti-mutagenic effect of Kefir

High levels of conjugated linoleic acid isomers and butyric,
palmitic, palmitoleic and oleic acids in kefir may contrib-
ute to lower induced mutagenicity by methyl methanesul-
fonate, sodium azide and aflatoxin B1. In addition, kefir has
a protective effect against radiation-induced damage (Fig. 2)
[45-47].

The mechanism of effects of kefir on different
types of cancer cells

Kefir and breast cancer

Previous studies displayed the role of kefir in anti-tumor
process in different cancers. Breast cancer is one of the most
common cancers among women; therefore, treatment and
prevention are very substantial. In 2007, Chen et al. [13]
performed a study on effect of extracts of kefir on MCF-7
and HMEC: cell lines and demonstrated that kefir depressed
MCEF-7 cell growth in a dose-dependent manner. In the
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Fig. 2 Mechanisms through which kefir induces anticancer effects

study of cytokines involved in the prevention of a murine
experimental breast cancer by kefir, the modulatory capac-
ity of kefir cell-free fraction (KF) on the immune response
in mammary glands and tumors was demonstrated [48].
According to previous studies, kefir extracts induce apop-
tosis, cell cycle arrest and reduce tumor growth in breast
cancer cells [4]; therefore, it may be suitable in the preven-
tion or treatment of breast cancer.

Kefir and leukemia

In leukemia, kefir intake has led to increased apoptosis and
decreased cell proliferation [9]. In 2011, Maalouf et al.
had demonstrated a significant decrease in cell prolifera-
tion in CME and Jurkat (human T lymphotropic virus type
I-negative malignant T lymphocyte cell lines), in dose- and
time-dependent manner. Kefir displayed an anti-proliferative
effect by upregulating TGF-p1 and downregulating TGF-a
expression [49]. In a study by Rizk et al., anti-proliferative
effect of kefir on HuT-102 malignant T lymphocytes was
demonstrated and the decrease in proliferation was signifi-
cant and also dose and time dependent. Kefir has caused
downregulation of TGF-a, which is one of the cytokines,
inducing cell proliferation and replication [50].
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Probiotics fermentation technology (PFT) on kefir grain
product is a natural mixture composed primarily of Lacto-
bacillus kefiri P-IF strain. The apoptotic effect of PFT on
human multidrug-resistant myeloid leukemia (HL60/AR cell
line) indicated that PFT induced apoptosis in the HL60/AR
cell line in a dose-dependent manner. Apoptotic induction
was associated with caspase 3 activation, downregulation
of Bcl-2 and lower polarization of mitochondrial membrane
potential MMP [51].

Kefir and skin cancer

According to a study regarding the effects of kefir on skin
cancer cells, it has been shown that kefir suppressed mor-
phological alterations in melanoma cell lines (HMV-1
and SK-MEL and TIG-1), caused by UVC irradiation. In
addition, kefir extract application after UVC irradiation of
HVM-1 cells resulted in a notable reduction in intracellular
reactive oxygen species (ROS), increased by exposure to
UVC irradiation. Also it prevented the generation of thymine
dimer, suppressed the apoptosis and rescued HMV-1 cells
from cell death caused by UVC irradiation, concluding that
application of kefir can inhibit UV damage [52].
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Kefir and gastric cancer

Study of assessment of the effect of Lactobacillus kefiri, a
kefir product, on gastric cancer cells (AGS) by Ghoneum and
Felo, revealed apoptosis induction in AGS cell line. Apopto-
sis was associated with declined polarization of mitochon-
drial membrane potential (MMP) and reduced Bcl2 expres-
sion. Downregulation of Bcl-2 and decrease in the MMP in
AGS cells may lead to release of pro-apoptotic molecules
and subsequently activation of caspases, causing apoptosis
[53]. In 2013, in a study by Gao, the anti-proliferative effect
of the KF in SGC7901 cell line was assessed and it was
shown that kefir halts G1/S phase transition in SGC7901 cell
line and induces apoptosis through downregulation of bcl-2
and overexpression of bax [54].

Kefir and colon cancer

Recently, fermentation of dairy products and their bacterial
components has been recommended, which have health-
promoting functions and reduce the risk of colorectal can-
cer. In a study, it has been shown that kefir and ayran intake
significantly decrease the DNA damage and the effect of
ayran was dose dependent. The supernatants of kefir and
ayran contained high amounts of acetic and lactic acid and
showed meaningfully antioxidant capacity. The evidence
proposes kefir and ayran can decrease DNA damage, which
might be due to their antioxidant capacities [44]. Kefir anti-
cancer potential property on CRC cell lines (Caco-2 and
HT-29) exhibits the ability of kefir to induce cell cycle arrest
at the G1 phase. In addition, kefir decreases the expression
of TGF-B1 and TGF-a in HT-29 cell line. Upregulation of
the Bax/Bcl-2 ratio supports the pro-apoptotic effect of kefir
and increase of p53 independent-p21 expression [55]. Also,
reported that kefir can reduce sleep disturbance in patients
treated for colorectal cancer [56].

Kefir and sarcoma

According to the previous studies, anti-tumor properties of
kefir were demonstrated in diverse types of sarcoma cells
[34, 57]. The anti-tumor effects of soy milk kefir and milk
kefir by oral administration on mice-bearing sarcoma tumor
cells show that tumor growth was inhibited 64.8% in the
tumor-bearing group with milk and 70.9% in soy milk kefir
group, compared with the controls group [34]. Cevikbas
et al. investigated about different forms of sarcoma cells in
mice. The results revealed the beneficial therapeutic effects
of kefir in decreasing tumor size following treatment with
kefir, compared with the saline administrated controls [57].
In another study, the potential anticancer effect of kefir and
some kefir products was examined in human sarcoma cell
line. Results established the anticancer efficacy of kefir and

kefir products. The most effective product on sarcoma cells
was alkaline kefir (AK), followed by exo-polysaccharides
(EPS), alkaline exo-polysaccharides (AEPS) and kefir,
respectively. Proposed AK can be used in the treatment of
human sarcoma since kefir is a conventional beverage, and
the addition of sodium bicarbonate as the food additive is
harmless [58].

Conclusion

In recent decades, probiotics and fermented milk products
have attracted great attention between scientists from various
fields, such as the food industry, health care, industry and
pharmacy. Traditionally, kefir as an effective agent was used
in the prevention and treatment of various diseases including
gastrointestinal, hypertension and allergies [14, 17].

Many studies revealed promising results, using kefir both
in vivo and in vitro, as an anti-tumor, anti-proliferating and
inducer of apoptosis in different cancers such as colorectal
cancer [59], malignant T lymphocytes [49], breast cancer
[48] and lung carcinoma [60]. Perhaps kefir can be used as
an effective treatment with the least side effect.

According to the evidence in the literature, we can ascer-
tain that kefir is one of the best therapeutic natural ingredi-
ents, applying its anticancer effect through different cellular
and molecular pathways.

Kefir is likely to be recognized for effective treatment of
malignancies and as an anticancer agent in the near future.
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