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1. ABSTRACT

Kefir is a fermented milk beverage rich in probiotics. This product with ancient origins is becoming
increasingly popular nowadays due to its beneficial effects on human health. The gut microbiota has
recently been shown to play an important role in regulating many different biological aspects such
as nutrients absorption, immune regulation, and neuronal transmission. It follows that by regulating
the composition of the gut microbiota, individual health can be significantly influenced. This study
aims to show how kefir, as part of a healthy diet and lifestyle, can help prevent non-communicable
diseases. It has been shown that regular consumption of kefir can increase insulin sensitivity in
individuals at high risk of developing type 2 diabetes mellitus. Kefir also helps reduce inflammation
and regulates the accumulation of cholesterol in the arteries, preventing the risk of atherosclerosis.
Recently, promising results have been found on the effect of kefir in limiting the growth and

development of cancer cells.

2. INTRODUCTION

This thesis investigates the role of kefir as a powerful probiotic used as a preventive measure for
non-communicable diseases. In recent years, there has been growing interest in alternative and
natural methods of disease prevention, especially probiotics and functional foods. This is partly due
to the advanced scientific understanding of the role of microbiota and the interaction between
bacteria and host, made possible thanks to the advent of metagenomics, and partly due to the
increasing awareness of the population of the interrelationship between the environment and human
health. This philosophy has led people to rediscover some ancient methods of disease prevention.
In addition, the spread of diseases due to the global syndemic (obesity, undernutrition, and climate
change) has contributed to the urgent need for governments to take action to raise awareness
among the population about the importance of a healthy diet and lifestyle in order to prevent the

internalization in the healthcare systems.

Subject n. paper published 2014-2024
Kefir 1996

Kefir + human health | 273

Kefir + inflammation 113

Kefir + obesity 78

Kefir + diabetes 65

Kefir + cholesterol 104 Tablg 2: Statistical research on the stud/:es
_ published in Scopus database on the topics

Kefir + cancer 86 treated in this thesis published in the last 10 years




2.1  What is kefir and where it comes from

Kefir is a fermented milk product, made by fermenting cow’s, goat’s, or sheep’s milk with “kefir grains”
as a starter culture. The origin of the practice of fermenting milk can be traced back to around 10000
B.C. (Dhewa et al., 2015) and was used as a method of preservation. During the fermentation
process, microorganisms use milk sugars (mainly lactose) to produce lactic acid. Lactic acid lowers
the pH value of milk and thus prevents the growth of spoiling or pathogenic microorganisms that
normally cannot survive at an acidity level of less than 4.5. In addition to preventing milk spoilage,
fermentation also gives the food some additional organoleptic properties and improves its digestibility
(Sunil et al., 2017).

The origins of kefir lie in the Caucasian mountains and in Tibet. People in these Asian regions used
to produce it in their households using kefir grains, which they had inherited from their ancestors and
passed down from generation to generation (Sunil et al., 2017). The kefir grains have a yellowish
colour and an irregularly lobed shape reminiscent of small cauliflower florets. They are composed of
a mixture of lactic acid bacteria (LAB), yeasts and acetic acid bacteria that coexist in a symbiotic
environment and are held together by a natural matrix of exopolysaccharides (the most common is
kefiran), proteins and fats that form the gelatinous and slimy structure (Apalowo et al., 2024). The

biological origin of kefir grains has not been scientifically proven yet.
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Figure 1.1. Map of the Caucasus region. Two blue arrows indicate the Grater and the Lesser Caucasus
Mountains in the picture.



The health benefits of kefir have been first reported by Russian doctors working in the Caucasus
region in the second half of the nineteenth century (Bellamy et al., 2005). The consumption of this
product helped in the effective treatment of tuberculosis, chronic diseases and intestinal problems
of the population. Further studies have identified additional properties of kefir in improving the
composition of the microbiota and the inflammatory profile, which contribute to its anti-carcinogenic,

anti-hypertensive, and anti-diabetic effects (Caricilli et al., 2013).

2.2 Kefir production

The traditional process for making kefir involves incubating milk with kefir grains at room temperature
for 24 h, and at the end of the incubation period, the kefir grains are separated from the product by
filtration, while the remaining fermented milk is kept for further consumption (Otles et al., 2003).
Nowadays, the production process has also been industrialized. The milk is first sterilized and then
incubated with selected microorganisms at 20°C for 24 h. At the end, it is filtered and stored in the
refrigerator (Assadi et al., 2000). Many people believe that kefir is the same as yogurt, but in reality
these two products have different properties: Yogurt is milk fermented by certain bacteria of the
species Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus, while kefir
contains many other genera of lactic acid bacteria and also yeasts, which give it a more acidic taste
(due to lactic acid fermentation) and a little effervescence due to carbon dioxide and a small amount
of alcohol (due to alcoholic fermentation) (Sunil et al., 2017). The reason why milk kefir can be
frequently confused for a yogurt, is that with the industrial manufacture of the product, the
microorganisms are selected to guarantee a more favourable taste to sell it. People, especially in
western countries are not very used to fermented foods, so they might not appreciate the sour taste
given by yeasts fermentation. To make kefir more popular and saleable, many manufacturers don’t
include yeasts and select some species of bacteria, so the final product resembles yogurt, also
thanks to the addition of fruit syrups and some gelling agents that make it tastier and more palatable,

see Figure 2.2 as an example.
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Figure 2.2: Two labels of Kefir products in the Italian market. Image A) is lactose free milk with
pomegranate and chia seeds, additives, LAB but without yeasts. Image B) Skimmed milk with
starch, additives, LAB but without yeasts.

There is also the water version of kefir. Similarly to milk kefir, the grains in this case also consist
mainly of LAB, acetic acid bacteria and yeasts, although the last group is more represented
compared to milk kefir grains, which is why water kefir has a higher alcohol content (it should be a
maximum of 1% w/v). Water kefir is traditionally prepared by adding 5-10% (w/v) water kefir grains
to 5-10% (w/v) sucrose solution (Cai et al., 2020). The most common way to add sucrose to water
is to use dried figs, which add some minerals and nutritional properties to the finished food. If the
fermentation process, which is carried out at room temperature for 24-72 hours, goes properly, the
sucrose in the base solution should be completely converted into ethanol, acetic acid and various
other products including volatile flavours. The preparation of water kefir is more complicated than
that of milk kefir due to the variability of the fermentation process: the composition of the grains
varies due to the available substrates; the use of tap water varies the content of chlorine and fluoride,
which can damage the microorganisms in the grains. These factors can worsen the efficiency of the
fermentation process, and the final product may contain some ingredients such as higher levels of
sugar or trace minerals that are not suitable for some consumers (Laureys et al., 2017). For these
reasons, this product needs more attention in terms of safety practices. With the proper
manufacturing practices, water kefir appears to have an effective mix of probiotic and beneficial
components, like milk kefir, although studies are still ongoing because it is a newer product. It may
be a valid alternative for people who cannot consume dairy products or who follow a special diet
such as the vegan diet (Bozkir et al., 2024).



It is precisely the biodiversity of the organisms involved in the fermentation process that gives kefir
its popularity as a powerful drink full of probiotics. In the following chapters milk kefir microbial and
nutritional composition is characterized, since the studies reported in the discussion part are related
to it.

2.3 Microbial composition of kefir

Kefir grains consist of lactic acid bacteria, acetic acid bacteria, and yeasts. The microorganisms
contained in milk kefir grains can be divided into four groups according to the type of fermentation
they carry out: homofermentative and heterofermentative lactic acid bacteria and lactose-
assimilating and non-lactose-assimilating yeasts (Cheirsilp et al., 2011). The most prevalent
bacterial species are Lacticaseibacillus paracasei (Lactobacillus paracasei), Lactiplantibacillus
plantarum (Lactobacillus plantarum), Lactobacillus acidophilus, and Lactobacillus delbrueckii
subsp. bulgaricus, which make up the 20% of the lactobacilli in the final product, while Lactobacillus
kefiranofaciens represents the 80% (Zanirati et al., 2015). For the yeasts, instead, the most
represented species are Saccharomyces cerevisiae, Monosporozyma unispora (S. unisporus),
Kluyveromyces marxianus (Candida kefyr), and Kluyveromyces marxianus subsp. marxianus

(Diosma et al., 2014).

Kefir grains are a real example of symbiosis between bacteria and yeasts. Among the yeast species
found in kefir grains, there are a few lactose-positive, while the most are able to utilize galactose,
lactate, and citrate for alcoholic fermentation. While LAB prefer to metabolize glucose, yeasts can
change their metabolism according to the different carbohydrate concentrations and available
oxygen, rather by metabolizing lactose into glucose, galactose, and ethanol, or by fermenting
galactose left by galactose-exporting LAB (Lopitz-Otsoa et al., 2006). Lactate-positive yeasts can
slightly increase the pH, allowing for further growth of LAB, leading to increased lactate production
in a cycle which maintains the acidity level stable and favourable for the consumption of the final
product (Cheirsilp et al., 2003). Moreover, some yeasts are also lipolytic and proteolytic, and they

make important components for cell growth available, contributing to the synergism with LAB.

Lactic acid bacteria are Gram positive, usually non-motile and non-spore-forming, catalase and
oxidase negative. They are usually used as starter cultures since they survive well at temperatures
between 25-44°C and are strong acidifiers. They ferment carbohydrates into lactic acid, if
homofermentative, or into a mixture of lactic acid, acetic acid, ethanol, and CO,, if heterofermentative
(Mokoena et al., 2017). The most prevalent species of lactobacilli found in milk kefir is L.
kefiranofaciens, homofermentative, facultatively anaerobic, and rod-shaped. It is responsible for the
production of kefiran, an exopolysaccharide composed of the same amount of glucose and

galactose, which forms the matrix of the kefir granules. It is used for technological purposes such as


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=1590&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=1590&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=4911&lvl=3&lin=f&keep=1&srchmode=1&unlock

stabilizer, emulsifier, gelling agent, and thickener, but it is also known for its multiple health benefits

in modulating the immune system and the gut microbiota (Georgalaki et al., 2021).

2.4 Nutritional characteristics of kefir

As a result of the synergistic fermentation of microorganisms, milk kefir is a source of readily
digestible macro- and micronutrients. More than 20% of total concentration are vitamins such as the
ones belonging to the B group (B1, B2, B5, B9), essential growth factors, but also vitamin C as a
powerful antioxidant, vitamin A and K especially important for their immune-modulatory action
(Hamida et al., 2021). Due to the proteolytic activity of bacteria and yeasts especially, kefir also
contains many essential aminoacids such as serine, threonine, alanine, lysine, valine, isoleucine,
methionine, phenylalanine, and tryptophan, which can also be rapidly absorbed by the brain to
control energy balance, support metabolic activities, and be used as precursors for neurotransmitters
(Oladayo et al., 2024). There are also different macro-elements in kefir, such as potassium, calcium,
phosphorus, and magnesium, essential for bone health and the efficacy of the nervous signal,
together with microelements like zinc, copper, and manganese. Recently, traces of alkaloids,
phenols, and esters have been found, which contribute to making kefir a powerful antioxidant
beverage (Al-Mohammadi et al., 2021). Moreover, there is the important exopolysaccharide kefiran,
produced by L. kefiranofaciens, with its immunomodulatory action, antimicrobial activity, and health
benefits in metabolic disorders. Indeed, all these nutrients, which should also be part of a healthy
diet, contribute to modulating the intestinal microbiota with a direct impact on the gut-brain axis
(Peluzio et al., 2021). A well-balanced intestinal microbiota is fundamental to guarantee the integrity
of the intestinal wall and to regulate the absorption of nutrients and toxins, besides preventing the
development of cancer due to chronic inflammation, which can result from dysbiosis. This is the
reason why the introduction of kefir in a balanced diet can be crucial for the prevention of non-

communicable diseases such as type 2 diabetes, atherosclerosis, and cancer.

2.5 Epidemiology and pathophysiology of type 2 diabetes

Diabetes is one of the top 10 leading causes of death (WHO 2021) and is considered a global burden
on healthcare systems, as it measurably impairs individual quality of life in DALY's (Disability Adjusted
Life per Year). Type 2 diabetes mellitus (T2DM) is particularly prevalent in the Pacific Islands and
USA, and its prevalence is increasing in Western Europe. It is characterized by a genetic component,
but unlike type 1 diabetes, type 2 diabetes does not manifest itself in childhood, but later in life, as
modifiable factors are key to the development of this disease. Urbanization, consumption of
unhealthy diets and sedentary lifestyles are considered to be the main risk factors for the spread of

the disease in recent years. (Moien et al., 2019).
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Figure 2.5: DALYs per 100,000 due to type 2 diabetes mellitus over the world in 2021.
https://vizhub.healthdata.org/gbd-compare/#0

Over 90% of diabetes mellitus cases are T2DM, a heterogeneous disease linked to a contribution of
genetic and environmental factors. It is characterized by both insulin resistance and deficient insulin
secretion by pancreatic B-cells (Stumvoll et al., 2005). Genetic predisposition plays an important
role in T2DM development. Different genome-wide association studies have been conducted, and
the genetic variants contributing to insulin resistance have been grouped: two reduce insulin
secretion with fasting hyperglycaemia, nine lower insulin secretion with normal fasting glycaemia,
and one alters insulin processing (Dimas et al., 2014). T2DM is a polygenic disease, but

environmental factors play a strong impact in disease manifestation and progression.

The pathophysiology of the disease articulates in different phases: normoglycemia, with the
development of insulin resistance; prediabetes, 3-cells start to produce more insulin to contrast the
loss of sensitivity and experience a progressive functional decline because they are not able to
sustain the abnormal rhythm; diabetes, the final stage in which B-cells die due to overexposure to
stress conditions so the patient presents high glucose levels in the blood that cannot be completely

treated with the simple injection of recombinant insulin.

Insulin resistance contributes to increasing glucose production by the liver (glycogenolysis) and
decreases glucose uptake by the cells. It is a mechanism that interests different organs; the most
important are the muscles, adipose tissue, and the liver. T2DM usually develops with concomitant

conditions that contribute to chronic inflammation (Zheng et al., 2018). The prevalence of the
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disease is higher in people affected by obesity. Obesity is a disease characterized by the
accumulation of fat and dysfunction of the adipose tissue. Hypertrophied adipocytes experience a
state of hypoxia, and they start dying. This brings to the accumulation of macrophages and
inflammatory cytokines, which disrupt physiological cell signalling, including the one of insulin
receptors. Adipose insulin resistance leads to impaired suppression of lipolysis, impaired glucose
uptake, and enhanced free fatty acids release even with high insulin levels (Czech, 2020). Moreover,
when adipose tissue is no longer able to grow, it starts to accumulate as ectopic fat, affecting other

organs, including the pancreas and the ability of B-cells to produce insulin.

Obesity and dysfunctional adipose tissue also affect the muscles. Insulin resistance on this site is
the most important extra-pancreatic factor in the development of T2DM. Immune cells infiltration and
secretion of proinflammatory molecules by ectopic fat accumulated inside skeletal muscles lead to
myocyte inflammation, impaired metabolism, and insulin resistance by paracrine effects (Petersen,
et al.,, 2002). On this point, physical activity represents a very important factor to contrast the
development of disease. The contraction of skeletal muscles increases the blood flow, enhancing
glucose uptake from plasma; physical activity reduces intra-abdominal fat, which is the most
inflammatory one and it has been demonstrated that moderate-intensity exercise improves glucose
uptake by 40% (Ross, 2003).

Another important condition that can promote insulin resistance is gut dysbiosis. An imbalance in the
microbial intestinal flora due to high-fat diets can lead to chronic inflammation. Moreover, intestinal
dysbiosis reduces short-chain fatty acid synthesis, which promotes gut barrier integrity, pancreatic
B-cells proliferation, and insulin biosynthesis (Tan et al., 2014), contributing directly to the
development of T2DM. This is where probiotics such as the ones contained in kefir, together with a
healthy diet, can play an important role in the prevention of the disease, reverting the prediabetes

stage to the normal physiological condition.

2.6 Epidemiology and pathophysiology of atherosclerosis

Atherosclerotic cardiovascular disease (ACD) is the leading cause of mortality worldwide (WHO,
2021). The most common risk factors for developing the disease are a high body mass index (BMI),
high blood pressure, high glucose and cholesterol levels, which is why cardiovascular pathologies
are more prevalent in high-income countries where the obesity epidemic exacerbates the spread of
cardiovascular diseases. However, rapid changes in the food system have made overprocessed
foods available even in lower-income countries, where they have become even more affordable than
healthy and nutritious foods (Barquera et al., 2021). The mortality rate due to ACD also depends on

the efficiency of healthcare systems, which are indeed more advanced in developed countries, where
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the age-adjusted mortality rate tends to decrease, even if heart diseases remain the leading cause

of death globally.
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Figure 2.6: Prevalent cases per 100,000 of cardiovascular diseases in the world population over 20.
https.//vizhub.healthdata.org/gbd-compare/#0

Atherosclerosis is the main risk factor for cardiovascular diseases (CVDs), the main cause of
mortality worldwide. Atherosclerosis is characterized by the accumulation of lipids, fibrous elements,

and calcification, initiated by endothelial activation and an inflammatory cascade.

The vascular endothelium is formed by a single layer of endothelial cells that, together with collagen
and elastic fibres, form the luminal layer. This layer is directly in contact with the bloodstream, and it
is surrounded by the tunica media consisting of vascular smooth muscle cells (VSMC) and elastic
collagenous tissue. Endothelium is the first defence barrier, which is able to sense mechanical stress
(wall shear stress) and changes of metabolic factors in the blood to activate an eventual inflammatory

response (Jebari-Benslaiman et al., 2022).

The atherosclerosis condition is characterized by the accumulation of low-density lipoproteins (LDL)
in the blood. This altered factor in the blood is sensed by the endothelium, which loses its ability to
maintain homeostasis and promotes vasoconstriction, facilitating lipid infiltration. LDL accumulates
in the intima, the space between endothelium and tunica media, crossing the endothelium by
diffusion or transcytosis. Once in the intima, LDL particles are modified by oxidation (ox-LDL). The

extracellular matrix of intima is full of reactive oxygen species (ROS), which easily modify
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polyunsaturated fatty acids (PUFAs), but also the direct oxidation by the enzymatic activity of
phospholipases and lipoxygenase contributes to LDL modification (Steinbrecher et al., 1990). This
process is amplified by the modification of apoB-100, a protein that couples LDL with its receptor,
which increases the uptake of LDL particles through non-regulated receptors. Modified lipids and
plague formation contribute to exacerbating the shear stress sensed by the endothelium, which

activates the inflammatory response through cytokines and macrophages (Kraaijenhof et al., 2021).

The inflammatory response activated by the endothelium promotes the expression of adhesion
molecules such as VCAM-1, ICAM-1 and chemokines, which attract monocytes. Monocytes migrate
into the intima and differentiate in pro-inflammatory macrophages activated by the secreted
inflammatory cytokines. There, they phagocytize ox-LDL particles, becoming foam cells and

contributing to the development of the atherosclerotic plaque (Peled et al., 2014).

As the plaque grows, a sudden rupture of the endothelium may occur, creating a thrombus that
travels through the bloodstream causing ischemia and tissue necrosis. To stabilize the plaque,
VSMCs migrate from the tunica intima to the luminal side and form a fibrous cap with their
extracellular matrix to avoid exposure to prothrombotic material (Watson et al., 2018). This plaque
can be further aggravated by the calcification process, which is a hallmark of advanced
atherosclerosis, leading to the eventual complete occlusion of the vessel, a chronic manifestation of
the disease (Nakahara et al., 2017).

There are many modifiable risk factors that contribute to atherosclerosis development, first, an
imbalanced high-fat diet and sedentariness. An interesting link is the one between atherosclerosis
and the microbiota. Gut microbiota is responsible for many functions, such as energy storage,
nutrient absorption, and regulation of the immune system (Clemente et al., 2012). As illustrated
above, atherosclerosis is mainly a process characterized by an uncontrolled and chronic
inflammatory response. As known, inflammation can also be triggered by gut dysbiosis, which
disrupts the permeability of nutrients and also allows LDL particles to pass easier to the blood flow.
Another contribution of dysbiosis to atherosclerosis is the production of TMA by some bacterial
species. TMA is a byproduct of bacterial metabolism of L-carnitine and choline, assumed through
eggs, meat, and fish. This molecule is then absorbed by the gut, and it migrates to the liver by
circulation. The liver oxidizes TMA into TMAO. TMAO is directly responsible for the progression of
atherosclerosis since it increases the expression of scavengers, which reduce cholesterol efflux from
the intima, and it promotes the recruitment of macrophages, increasing foam cells formation
(Eshghjoo et al., 2021).

A healthy diet is fundamental to regulating gut microbiota. As dysbiosis favours the production of
inflammatory molecules by microbial synthesis, a balanced gut microflora is important to contrast

them. For example, there are some bacteria such as E. coli, Bacteroides, and Clostridium, which

13



can regulate tryptophan metabolism, producing molecules with antioxidant properties such as indole,
instead of toxic indoxyl sulphate (Lee et al., 2010). This is where kefir, can help in preventing the

progression of atherosclerosis and regulate cholesterol levels in the blood.
2.7 Epidemiology and pathophysiology of colorectal cancer

Colorectal cancer (CRC) is a significant health problem as it represents the third most commonly
diagnosed and the second most fatal cancer globally (WHO, 2021). The number of cases is
increasing in the older population; this is why it is estimated that the global incidence of CRC will
double in 2035 due to the population aging. Since this type of cancer can be treated by surgery, the
most effective way to prevent CRC is screening average-risk individuals, a measure taken in the last
years by European countries, Canada, specific regions of North and South America, Asia, and
Oceania; in the United States, thanks to the implementation of screening programs, a downward
trend in CRC morbidity has been registered (Hossain et al., 2022). The screening campaign is also
the reason why we have more data concerning the CRC diffusion in those countries, but it is
estimated that it is spreading even across low-income countries where screening and prevention are

less possible.

Colon and rectum cancer
Both sexes, All ages, 2021, Deaths per 100,000
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Figure 2.7: Deaths per 100,000 in the world population in 2021. https://vizhub.healthdata.org/gbd-
compare/#0

Colorectal cancer is determined by both genetic and environmental factors. Like any cancer, it arises
from DNA mutations that give rise to abnormal cells, in this case in the form of polyps and adenomas,
which multiply uncontrollably until the metastatic phase begins. However, there are some modifiable
risk factors that influence the development of the disease; these include diet, lifestyle, and chronic

inflammation. In the early stages, symptoms are not as pronounced, while in advanced stages,
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abdominal pain, changes in bowel habits, and unintentional weight loss are the most common

symptoms. There are three main types of CRC: sporadic, hereditary, and colitis associated.

Sporadic CRC originates from multiple spontaneous somatic genetic modifications, resulting in the
transition from normal mucosa to benign adenoma to dysplasia and in the end carcinoma. The most
common mutations are malfunction of the mismatch repair genes, which may account for 15% of
sporadic colon cancer, and the APC gene mutation which is believed to be responsible for at least
80% of sporadic colon cancer cases (Cappell, 2008). The mismatch repair genes physiologically
recognize errors in nucleotide matching during DNA replication and initiate excision of the erroneous
strand, so when modified the errors due to base pairs in DNA replication accumulates and mutations
arise. The APC gene instead, is responsible for regulating cell growth and apoptosis, so when

modified it promotes uncontrolled aberrant cells replication, a hallmark of cancer (Jen et al., 1994).

CRC predisposition can be hereditary. Familial adenomatous polyposis (FAP) is a disease caused
by a single autosomal dominant mutation of the APC gene. Patients affected by FAP develop multiple
adenomatous polyps throughout the colon during puberty, which develop into colon cancer in
adulthood. Another disease is hereditary non-polyposis colorectal cancer (HNPCC), which has been
shown to be due to mutations in one of the mismatch repair genes that increase the risk of carriers

developing cancer (Robbins et al., 2002).

Colitis-associated colorectal cancer (CAC) has been demonstrated to be linked to colonic
inflammation through both epidemiological and clinicopathological studies. An example of chronic
inflammation that interests the colon is inflammatory bowel disease (IBD). Inflammation accelerates
the mutational processes, and it is the main cause of the development of polyps that can degenerate
into CRC (Zhou et al., 2023). Colon inflammation can be driven by imbalances in microbiota, in fact,
differences in the microbiota composition between CRC patients and healthy individuals have been

proven by different metagenomic studies.

Microbiota can alter the progression of CRC through the modulation of different mechanisms such
as inflammation and DNA damage, or by the production of regulative molecules. CRC patients have
shown a reduction in bacterial biodiversity in their intestines compared to healthy individuals, and
this can alter nutrient absorption and the intestinal environment (Shah et al., 2018). Among bacteria
with a proven role in tumour progression, we find Bacteroides fragilis, which produces a toxin that
causes diarrhoea and IBD; Fusobacterium nucleatum, which contributes to the conversion of
adenoma to cancer; Enterococcus faecalis, which produces superoxide, a powerful ROS that can
damage the DNA of epithelial cells; Helicobacter pylori, which damage the colon epithelium through
infammation driven by the blockage of the proton pumping system; some strains of E. coli containing

pathogenic islets can contribute to the development of CRC (Dokht et al., 2022).

15



From this last evidence of the involvement of microbiota in the susceptibility and progression of CRC,
a healthy diet and the introduction of probiotics have been suggested as a preventive measure for
chronic inflammation. Kefir contains many good bacterial species with key functions like competition
with damaging bacteria for the site of adhesion, production of bacteriocin, improvement of intestinal

permeability, and regulation of immune response (Bermudez-Brito et al., 2012).

3. DISCUSSION

To sustain the thesis that kefir can be a powerful fermented milk drink for the prevention of non-
communicable diseases, here are reported one representative in-vivo study on animal models and
one representative study on human patients or cells for each of the three pathologies under
investigation: type 2 diabetes mellitus, atherosclerosis and colorectal cancer. To conclude, there is
also reported one personal exploratory research study about kefir knowledge and consumer’s habits

conducted by a survey on a small sample of the population of Veneto region.

3.1 Kefir and type 2 diabetes prevention, an in vivo study

The firstreference is an in-vivo study on rats by AL-Shemmairi et al., titled «Evaluation of Antidiabetic
and Antihyperlipidemic Activity of Kefir in Alloxan Induced Diabetes Mellitus Rat». Published in the

Scientific Journal of Medical Research in 2018.

This study was conducted to investigate the antihyperglycemic effect of skimmed milk kefir in alloxan-
induced diabetic male Wister rats. Hyperglycaemia is the characteristic sign of diabetes mellitus, so
to investigate kefir effect on the induced pathology, blood glucose level has been selected as the
clue parameter. After 40 days of kefir-treatment diabetic induced rats reported lower levels of blood
glucose compared to the positive control. The results obtained by kefir-treatment were found to be

comparable to the ones obtained by a hypoglycaemic drug.

3.1.1 Design of experiment

Kefir

Skimmed milk was sterilized at 121°C for 15 min and then, incubated with 10% w/v of kefir grains for
20h at 20°C. The grains utilized were Tibetan kefir grains, containing Lactobacilli, Lactococci, and
yeasts together with a small amount of acetic acid bacteria. The grains were then removed by using

cheesecloth layers and the remained fermented milk was kept at 4°C until used.
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Test groups

This experiment was conducted on 48 male rats weighing 200-250 g and aged 12-14 weeks. The
rats were all fed standard pellet and water ad libitum and kept under standard conditions
(temperature and light). The rats were divided into four groups (12 rats each): the first group was the
negative control group (Control), which was drenched with normal saline; the second group (DM)
was the positive control group, the rats were injected with alloxan (150 mg/kg, single dose), a toxic
agent that induces apoptosis of B-cells and causes diabetes mellitus, and orally drenched with
normal saline; the third group (DM + Kefir) was the diabetic intervention group, injected with alloxan
(150 mg/kg, single dose) and orally drenched with skimmed milk kefir (3.6ml/200g); the fourth group
(DM + Gliben clamide) was the diabetic drug-treated test group, which was injected with alloxan (150
mg/kg, single dose) and drenched orally with Gliben clamide (600ug/kg), a hypoglycaemia-inducing
drug.

Analysis

Blood samples were collected via heart puncture from six animals of each group at day 20 and at
day 40 of experiment. Spectrophotometric analysis was used to collect measurements of blood
glucose levels. | elaborated the data reported in the study (Means * Standard error) performing
statistical analysis using GraphPad Prism software. Difference between groups has been calculated

by using One-way ANOVA test and reported in the form of histograms.

3.1.2 Results

The significant increase in glucose levels confirms the induction of diabetes mellitus in all groups
injected with alloxan compared to the negative control group (Control v.s DM p < 0.0001; Control vs
DM + kefir and DM + Gliben clamide p < 0.01).

After 20 days of experiment, no difference was detected between rats treated with kefir and rats
treated with Gliben clamide. Blood glucose levels of the two treated groups were significantly

reduced compared to the positive control (DM) with a p-value < 0.05.

After 40 days of experiment, no difference was detected between DM + Kefir and DM + Gliben
clamide groups still. On the other hand, the decrease in blood glucose levels of the two treated
groups compared to the positive control was more significant: p-value < 0.0001 even if the levels

were higher than the negative control (p < 0.01).
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Figure 3.1.2: Effects of Kefir in alloxan induced diabetic mice on (A) blood glucose levels at 20
days of experiments, and (B) blood glucose levels at 40 days of experiments. The groups in
comparisons are negative control (black), positive control (red), kefir-treated group (green),
drug-treated group (blue). Statistical analysis: One-way ANOVA performed with GraphPad Prism
software. Statistical signs: *p < 0.05, **p <0.01, ***p <0.001, ****p<0.0001. [modified]

3.1.3 Conclusions

From the results obtained by this study it is possible to conclude that kefir has a lowering effect on
glycemia in diabetic induced rats. Since alloxan, the chemical agent used to induce the pathology,
reduces insulin production, it is possible to assume that the anti-diabetic effect of kefir results in an
increase in insulin sensitivity. Insulin sensitivity reduction is the first step of type 2 diabetes, so it can

be a promising frontier for the prevention of the pathology if the same effect is transposed in human
beings.

3.2 Kefir and type 2 diabetes prevention, clinical trials
The second reference is a systematic review and meta-analysis on randomized controlled clinical
trials by Salari et al., titled «Effect of Kefir Beverage Consumption on Glycaemic Control: A

Systematic Review and Meta-analysis of Randomized Controlled Clinical Trials». Published in
Complementary Therapies in Clinical Practice in 2021.
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This systematic review and meta-analysis of randomized controlled trials aimed to demonstrate the
efficacy of milk kefir administration on the glycaemic control. Due to its anti-inflammatory and
regulating properties on the gut microbiota, milk kefir is thought to have an anti-diabetic effect,
particularly in the regulation of blood glucose levels. This property was investigated here by
examining the change in fasting blood glucose levels, glycated haemoglobin and insulin in patients
at high risk of T2DM comparing those who assumed a regular quantity of milk kefir to a control pool.
After the analysis of six randomized control trials, data suggested that kefir consumption can

decrease both blood glucose and insulin levels.

3.2.1 Design of experiment

Kefir

The kefir utilized in the selected studies was made by fermenting milk with kefir grains containing
mainly lactic acid bacteria such as Lactobacillus, Lactococcus, Leuconostoc, and Streptococcus and
yeasts such as Kluyveromyces, Candida, Saccharomyces and Pichia. The final fermented beverage

contained bioactive peptides, bacteriocins, antioxidants, vitamins and calcium.
Test groups

Databases such as PubMed, Scopus, ISI Web of Science and Google Scholar were searched up to
July 2020. Six randomized controlled trials, conducted on 323 subjects in total, were selected. All
the trials report the effects of kefir beverage consumption on fasting blood sugar (FBS), 4 on glycated

haemoglobin (HbA1c), and 3 on insulin levels.

Characteristics of included randomized clinical trials in the Meta-analysis.

First author, Country Participants  Age Duration  Study Intervention Comparison Reported Notes about
year N (range (day) design Group Group data participants
or
mean)
Judiono et al. Indonesia F/M: 106 30 RCT, A standard diet A standard diet FBG Diabetes mellitus
(2014) NR Parallel supplemented with 200 HbAlc outpatients
ml/day kefir Insulin
Ostadrahimi Iran F/M: 60 35-65 56 RCT, 600 ml kefir containing 600 ml conventional FBS Diabetic patients
et al.(2015) Parallel probiotics twice a day fermented milk(dough) HbAlc
twice a day
Golunuk et al. Turkey M: 36 18-25 15 RCT, 300 ml/day kefir + 1 only 1 hour aerobic FBS Male individuals
(2017) Parallel hour aerobic exercise exercise
El-Bashiti et al. Palestine M: 21 37-65 70 RCT, 250 ml/day kefir + only metformin FBS Diabetic male
(2019) Parallel metformin HbAlc patients
Bellikei-Koyu Turkey F/M:22 18-65 84 RCT, 180 ml/day kefir 180 ml/day unfermented  FBS Subjects with
et al.(2019) Parallel milk HbAlc Metabolic
Insulin syndrome
Jenko et al. Slovenia F/M: 27 30-60 56 RCT, 300 ml/day kefir 300 ml/day milk FBS Healthy
(2020) Cross- overweight
over participants

Table 3.2.1: This table reports the characterization of the six randomized control trials selected for this study

The duration of trials varied in the studies between 15 and 84 days, and the age of the participants
ranged from 18 to 65 years. All studies examined patients who already had T2DM or who were at

high risk of developing the disease. The intervention groups were given a certain amount of milk
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kefir, ranging from 180 ml to 300 ml per day. Three studies included an additional intervention such
as lifestyle modification (2 studies) or metformin (1 study). The control groups received a placebo in
form of conventional or standard fermented milk in 3 studies or only the additional intervention in the

3 studies where this was implied.
Analysis

The comparison of the levels of FBS, HbA1c, and insulin between kefir and control groups of each
clinical study were estimated using weight mean difference. P-values less than 0.05 were considered

as statistically significant.

3.2.2 Results

Analysis of the studies showed that FBS was significantly improved among the intervention groups
administered with kefir beverage in comparison to the control groups. FBS resulted in a reduction in

the mean difference of -10.28 with a p-value of 0.001.

Kafir Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Judiono <1943 186 38 292 665 39 67% -1651[-38.20,518) 2014 —_—
Judiono J 3406 551 31 -292 665 39 4.2% -31.14 5963, -265) 2014 —
Ostadrahimi 2241 352 30 126 562 30 58% -21.15[44.88,258) 2015 N
Golunuk 348 65 12 684 82 12 265% -10.32[-16.24,-4.40] 2017 +
El-Bashiti 2081 184 21 045 312 21 111% -21.26[-36.75,-5.77] 2019 —
Bellikci-Kovu 418 21 12 075 32 10 332% -393(6.24,-162 2019 L
Jenko 081 256 14 -8 B9 14 125% -181[16.01,1239) 2019 —

Total (95% C) 158 165 100.0% 02O NG SaNA0a) #

Heterngeneity: Tau® = 20.30; Chi* = 14.31, of = 6 (P = 0.03); I* = 58% ! t
Test for overall effect 2 = 3.22 - )

=
&n
=
- 4
o
=
-
=

Kafir control

Table 3.2.2 (1): Effect of kefir consumption on FBS. Forest plot depicting the meta-analysis of
randomized controlled clinical trials (RCTs) investigated for the effect of kefir in glycaemic control on
FBS compared with the control in pooled analysis.

The analytical results of 4 studies including parameters on glycated haemoglobin indicated that kefir
consumption results in reduced HbA1c levels with a mean difference of -0.64. However, this result

was not statistically significant.
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Kafir Control Mean Difference Mean Difference

_Study or Subgroup _Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bellikci-Koyu 048 02 12 003 02 10 258%  0.21[0.04,03) -

Judiono 01307 38 001 0001 39 256% -0.14[0.36,008

Judiono J 000 0 31 001 0001 39 Not estimable

Ostadrahimi A2109 30 002 07 30 242% 123164082 -

EL-Bachitl AMOT 2 0M 06 21 43% -148[187,-1.09] -

Total (95% C) 12 139 1000%  [EOSHENSSI00G]

Helerogenedty: Tau? = 0.52; Chi* = 88,06, df = 3 (P < 0.00001); P = 97% 2 ¢ 1 3
Test for overall eflect: 2= 1.73 i- Favours [experimental]l Favours [control]

Table 3.2.2 (2): Effect of kefir consumption on HbATc. Forest plot depicting the meta-analysis of
randomized controlled clinical trials (RCTs) investigated for the effect of kefir in glycemic control
on HbA1c compared with the control in pooled analysis.

After the analysis of 3 studies containing data about insulin levels, it has been found a significant
reduction of blood insulin in the intervention groups compared to the controls, with a mean difference
of -2.87 and a p-value of less than 0.00001.

Kafir Control Mean Difference Mean Difference
_Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Fixed 95% CI IV, Fixed, 95% CI
Bellikc-Kovu 263 08 12 152 19 10 750% 415[541,-289] = =
Judiona 088 37 38 17882 3B/ 149% 110[173.393 —
Judiono J AB5 3 17882 39 101% 078[-286,422 e
Total (95% CI) 8 88 100.0% [ESTISRSIEITS <
Heterogeneity: Chi* = 15.83, df = 2 (P = 0.0004); F = 87% —t——t

Test for overall effect: Z = 5.15 |--’ Favours [experimental] Favours [control]

Figure 3.2.2 (3): Effect of kefir consumption on insulin levels. Forest plots of randomized
controlled clinical trials illustrating the pooled effects of kefir consumption on insulin levels.

3.2.3 Conclusions

Data comparison of the randomized control trials selected show an overall decrease in both insulin
levels and fasting blood sugar levels in intervention groups who assumed kefir regularly with respect
to control groups. If the improvement of fasting blood sugar levels does not correspond to a higher
level of insulin but the contrary instead, this means that the assumption of kefir improve insulin
sensitivity. By improving insulin sensitivity, it is possible to prevent the development of T2DM from

the initial stage.
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3.3 Kefir and atherosclerosis prevention, an in vivo study

The third reference is an in-vivo study on mouse model conducted by Chang et al., titled «Kefir
Peptides Attenuate Atherosclerotic Vascular Calcification and Osteoporosis in Atherogenic Diet-Fed

ApoE-/- Knockout Mice». Published in Frontiers in Cell and Developmental Biology 11 on 2023

Atherosclerosis and vascular calcification are consequences of chronic inflammation due to the
accumulation of low-density lipoproteins (LDL) in the intima of the arteries. The intervention strategy
to treat this pathology involves reducing the inflammatory status and improving the lipid profile. Kefir
is known for its anti-inflammatory properties, but this study aims to show that it can also contribute
to improving lipid profile, in particular thanks to the bioactive peptides it contains. The effects of kefir
peptides were demonstrated using a mouse model. LDL levels, inflammation levels and body weight
of atherosclerosis induced mice treated with kefir peptides were compared with those of the control
groups. At the end of the study an improvement of all the factors examined was find in the kefir-

treated groups.

3.3.1 Design of experiment

Kefir

Kefir was obtained by fermenting milk with kefir grains containing lactic acid bacteria, acetic acid
bacteria, and yeasts. Kefir peptides (KP) were extracted by Phermpep Biotech. Co. to synthetize KP
powder (KEFPEP®) implied in this study. The KP powder counted 23.2 g of peptides and 487 kcal
in 100g. The solution for oral administration was freshly prepared in phosphate-buffered saline
(PBS).

Test groups

This study included only male mice. To induce dysfunctional lipid profile condition, a knock-out of
Apolipoprotein E (ApoE) was used. ApoE mediates the binding of lipoproteins circulating in the
bloodstream to specific receptors, allowing their distribution and redistribution in different tissues of
the body. It has been demonstrated that lack of ApoE results in hyperlipidaemia and atherosclerosis-
like cardiovascular diseases. To induce the disease, mice were fed with atherogenic diet, high in fat
and cholesterol content. The first negative control group was the wild type, male C57BL/6 (B6) fed
with standard pellet (WT + CD). The second negative control group with the genetic modification was
the knockout ApoE-/- mice (B6.129P2Apoetm1Unc/J) fed with standard pellet (mock + CD). The
third group was the positive control: ApoE-/- mice fed with atherogenic diet (mock + AD). The third

and fourth groups represented the intervention groups: ApoE-/- mice fed with atherogenic diet,
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treated with 328 mg/kg low-dose KPs (KPs-L + AD) and 656 mg/kg high-dose KPs (KPs-H + AD)

respectively. The duration of treatment was 13 weeks in total.
Analysis

Blood samples were collected by retro-orbital bleeding under isofurane anesthesia for serological
examination. Total cholesterol and triglycerides were measured using IDEXX dry-slide technology
and the VetTest chemistry analyser. Malondialdehyde, a marker of oxidative stress, was measured
by TBARS assay kit, while the tumour necrosis factor alpha (TNF-a) and (ox-LDL) were determined
by using mouse-specific ELISA kits. Data were represented in box-plot (median + first and third
quartiles) using GraphPad Prism software. One-way ANOVA was used to analyse statistically
significant differences represented by the symbols: *p < 0.05, **p < 0.01, and ***p < 0.001 compared
to the wild type control group; and #p < 0.05, ##p < 0.01, and ###p < 0.001 compared to the

genetically modified negative control group.

3.3.2 Results

The differences of final weight gain between groups were not statistically significant at the end of the
study, since all the subjects were fed by the same caloric intake. Total cholesterol and oxidative
status were both higher in ApoE knockout mice fed with atherogenic diet (AD) then in the controls,
indicating that the pathology was well induced. Total serum cholesterol levels slightly increased in
mock+CD mice compared to WT but remained close to normal serum levels. It increased significantly
in AD-fed knockout mice (p < 0.001) compared to WT. Oral administration of KPs decreased total
cholesterol levels to a significant extent (p < 0.01), even though not sufficiently to reach the normal
status [Fig. 3.3.2A].

Ox-LDL was significantly higher in the group without intervention (mock+AD) with respect to the
controls (WT+CD, mock+CD) with a p-value lower than 0.001. The kefir intervention groups (KPs-
L+AD and KPs-H+AD) presented ox-LDL levels significantly lower than the positive control group
(mock+AD), with a statistical significance p<0.001, enough to reach the normal status with no

statistical difference in respect to the negative controls [Fig.3.3.2C].

MDA levels were higher in all the AD-fed knockout mice (p<0.001) than in the controls, but kefir
intervention (KPs-L+AD and KPs-H+AD) lowered it significantly compared to the positive control
group (mock+AD) with a p-value lower than 0.01 [Fig. 3.3.2D].
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Figure 3.3.2: Effects of KPs on serum (A) cholesterol, (B) triglyceride, (C) ox-LDL, (D) MDA, (E) TNF-a. The dashed
lines indicate the normal ranges of target serum markers in mice. Statistical signs (n =6): *p < 0.05, **p < 0.01, ***p
<0.001 vs. WT + CD/B6, and #p < 0.05, ##p < 0.01, ###p < 0.001 vs. mock + AD/ApoE-/-.

TNF-a, inflammatory cytokine, was found with higher levels in the untreated group (mock+AD)
compared to the negative controls (WT+CD and mock+CD). Both the intervention groups treated
with kefir (KPs-L+AD and KPs-H+AD) presented TNF-a levels closed to the negative controls,
significantly lower (p<0.05) than the positive control group(mock+AD) [Fig, 3.3.2E].

Triglyceride levels in the blood were found significantly lower (p<0.001) in the AD-fed knockout mice
compared to the controls (WT+CD and mock+CD) [Fig, 3.3.2B].

3.3.3 Conclusions

Kefir consumption improves lipid profile in ApoE knockout mice fed with atherogenic diet by lowering

total cholesterol, lipid oxidation and inflammatory cytokines.

The possible controversial data can be the one regarding triglycerides where AD-fed mice present
lower values in respect to negative controls. This data can be explained by the fact that the loss of
ApoE function in the process of hepatic LDL vesicles secretion leads to the accumulation of
triglycerides in the liver and lower levels detectable in the bloodstream. This brings to subsequent

hepatic dysfunction proven by the measurement of increased serum hepatic enzyme activity.

The most promising effect regards ox-LDL levels that kefir consumption in pathologic subjects can
restore until reaching the values of healthy individuals.
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3.4 Kefir and atherosclerosis, a clinical trial study

The fourth reference is a randomized controlled clinical trial by Bellikci-Koyu et al., titled «Probiotic
Kefir Consumption Improves Serum Apolipoprotein A1 Levels in Metabolic Syndrome Patients: A
Randomized Controlled Clinical Trial». Published in Nutrition Research 102 in 2022.

This randomized controlled clinical trial aims at demonstrating the capacity of kefir in improving
glycaemic control, lipid profile, blood pressure, and inflammatory status in patients with metabolic
syndrome, with a specific focus on dyslipidaemia. Dyslipidaemia is a condition that consists in an
altered lipid profile with an increase in LDL cholesterol and high risk of developing atherosclerosis.
In this study patients where accurately selected, and the parameters of the ones treated with kefir
were compared to a placebo group. Significant improvements were found in the kefir-treated group
for LDL-C and Apo A1, principal protein component of human HDL, fundamental for the correct lipid

metabolism.

3.4.1 Design of experiment

Kefir

Kefir was produced from a bulk culture. To prepare the bulk culture 12% of skimmed milk powder
was dissolved in 500 ml of water and sterilized in autoclave at 115°C for 10 min and cooled to 25°C.
1 g of DC1500I culture obtained from Danisco (Olsztyn, Poland) was added to 500 ml of milk. The
milk was then mixed and incubated at 25°C until it reached a pH of 4.6. For kefir preparation, raw
milk was heat-treated at 80°C for 10 minutes and brought to 25°C, then inoculated with 3.25 % bulk
culture. When the milk reached a pH of 4.7, the milk was filtered and transferred to a cold storage.
The microbial composition of the kefir included Lactococcus lactis subsp. lactis, Lactococcus lactis
subsp. cremoris, Lactococcus lactis subsp. diacetylactis, Leuconostoc mesenteroides subsp.

cremoris, Lactobacillus kefyr, Kluyveromyces marxianus, and Saccharomyces unisporus.
Test groups

Patients with metabolic syndrome were recruited from the outpatient clinics in the Department of
Internal Medicine, Endocrinology Division at Ege University, |zmir, Turkey. The age of participants
ranged between 18 and 65 years. In additional of abdominal obesity, to be eligible for the study,
patients must have presented 2 of the following components: fasting plasma glucose concentration
higher than 100 mg/dL or previously diagnosed type 2 diabetes; raised concentration of triglycerides,
more than 150 mg/dL; reduced concentration of high-density lipoprotein cholesterol, HDL-C lower
than 40 mg/dL in men and lower than 50 mg/dL in women; raised blood pressure: systolic blood

pressure higher than 130 mm Hg or diastolic blood pressure higher than 85 mm Hg, or treatment of
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previously diagnosed hypertension. The exclusion criteria were having dairy allergy, already
consuming probiotics regularly, having type 1 diabetes, assuming antibiotics, having severe
hypothyroidism, or being in a pregnant or lactating status. The subjects were divided in two groups,
31 each for a total of 62 patients, using stratified randomization based on sex. The intervention group
assumed 180 ml/day of kefir, while the control group assumed 180 ml/d of unfermented milk as
placebo. The duration of the study was 12 weeks, dietary intake was monitored by dietary diaries

and interviews.
Analysis

Blood samples were collected following the 10h fasting overnight. Serum glucose levels, insulin
levels, total cholesterol, HDL-C, LDL-C, triglycerides and Apo A1 measurements were collected at
weeks 4, 8 and 12 of experiment. Data were presented as mean * standard deviation and differences
between groups were calculated by paired t-test. Here data are represented in histograms made by
using GraphPad Prism software and the significance of the difference between groups is reported
by the symbols: *p < 0.05, **p < 0.01, and ***p < 0.001.

3.4.2 Results

At week 0 all the parameters were measured to prove there were no initial significant differences
between groups. At the end of the study there was no significant change in fat mass and waist
circumference in either group. Among all the parameters measured the only significant difference
between milk group and kefir intervention group was found in the levels of ApoA1. Apolipoprotein 1

was significantly increased in kefir group compared to milk control group (*p < 0.05) [Fig 3.4.2(1)].

A subgroup analysis was then performed in participants with dyslipidemia (LDL-C >130 mg/dL).
Here, together with the significant difference (*p < 0.05) in ApoA1 between the intervention and

control group [Fig. 3.4.2(2)B], also differences in LDL-C were detected.
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Figure 2.4.2 (1): changes in levels of ApoAT1 between week 12
and week 0, comparison between kefir and milk groups.
Statistical signs: *p < 0.05, **p < 0.01, ***p < 0.001. [modified]

Levels of LDL-C within the group treated with kefir lowered after 12 weeks of treatment with a
statistical significance of *p < 0.05, while there was no variation within the placebo group [Fig.
3.4.2(2)A].
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Figure 3.4.2 (2): (A) LDL-C differences within kefir group and milk group at week 0 and week 12 represented by
boxplots; (B) changes in levels of ApoA1 between week12 and week 0, comparison between kefir and milk groups.
Statistical signs: *p < 0.05, **p <0.01, ***p < 0.001. [modified]
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3.4.3 Conclusions

Here kefir acts by increasing the production or secretion of ApoA1. This lipoprotein helps in clearing

arteries and making the passage of LDL particles more fluid.

The impact of kefir consumption in improving lipid profile is significantly detectable in patients with
dyslipidaemia who in standard conditions present abnormally higher LDL concentrations. Lipid-
lowering property of kefir is probably due the kefir peptides capacity of blocking lipogenesis and
decreasing inflammatory responses by reducing fatty acid synthase and increasing p-acetyl-CoA
carboxylase expression. Thus, kefir consumption can prevent the development of atherosclerosis in

people with concomitant metabolic pathologies such as dyslipidaemia.

3.5 Kefir and colorectal cancer, an in vivo study

The fifth reference is an in vivo study on rats conducted by Guiomar De Almeida et al., titled «Kefir
Modulates Gut Microbiota and Reduces DMH-Associated Colorectal Cancer via Regulation of
Intestinal Inflammation in Adulthood Offsprings Programmed by Neonatal Overfeeding». Published

in Food Research International 152 in 2022.

In this study, Wistar rat is used as an animal model to demonstrate the positive effects of kefir on
preventing the development of colorectal cancer (CRC). The effect of kefir was investigated both in
a group of subjects under standard condition and in a group of subjects at high risk of developing
colorectal cancer. Obesity was considered here as a risk factor for the development of CRC, as it is
associated with chronic inflammation and dysbiosis. The study groups, consisting of normal and
obese rats, were further divided into two subgroups, one of which was treated with milk and the other
with kefir for 60 days. On day 67, a carcinogen was administrated to all subjects. On day 240, the
study was completed, and it was found that kefir-treated subjects in both test groups had a lower

number of tumours and lower levels of inflammatory cytokines.

3.5.1 Design of experiment

Kefir

The kefir grains used in this study were obtained from the Department of Nutrition and Health of the
Federal University of Vigosa, Minas Gerais, Brazil. Whole milk was fermented with the grains at 20°C
for 24h, then filtered and kept refrigerated until use. The process was repeated daily to obtain fresh
kefir. The pH was maintained at 3.9-4.1; the microbial composition corresponded to 108 CFU/mL

LAB with a prevalence of Lactococcus and Lactobacillus and 108 CFU/mL yeasts with a prevalence
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of Aspergillus and Cordyceps. It has been shown to fulfil the standards proposed by the Codex

Alimentarius.

Test groups

Wistar rats were obtained from Center of Reproduction Biology of the Federal University of Juiz de
Fora, Minas Gerais, Brazil. After the day of birth, male pups and their dams were distributed either
in a small litter (SL), three male pups per dam, or in a normal litter (NL), ten male pups per dam. At
birth, no difference in body weight was observed between the pups included in the study. During
lactation, the dams of the NL and SL control groups received 1 ml of filtered water by gavage once
daily, while the dams of the test groups, the kefir-treated normal litter (KNL) and the kefir-treated
small litter (KSL) received 1 mL of kefir milk by gavage once daily. After day 21 of lactation, the pups
of the four groups (NL, SL, KNL, KSL) continued to receive the same treatment with water or kefir
and free access to standard rodent chow. On day 67, all animals were injected with 40 mg/kg of the
carcinogen 1,2-dimethylhydrazine (DMH). On day 240, the experiment was terminated, and the

measurements were undertaken.

Analysis

Body weight was monitored once every 4 days until day 240 of experiment when even fat mass
measurements were undertaken (epididymal fat + retroperitoneal fat + mesenteric fat). To measure
the number of tumours, necropsy of vital organs was performed and the incidence was represented
by the percentage of animals with tumours over the total. The intestine was opened and fixed for
evaluating the number of tumours in the proximal, medial and distal segments. To measure the
concentration of inflammatory cytokines such as interleukin 1 (IL-1B), interleukin 6 (IL-6) and tumour
necrosis factor alpha (TNF-a), colonic tissue cells were centrifugated and the supernatant was
analysed with ELISA kit. Data were statistically evaluated using the mean + standard error of the
mean (SEM) and data representation was obtained by the statistical program GraphPad Prism. One-
way ANOVA and Newman-Keuls post-test were used as parametric analysis to determine the

difference between groups.

3.5.2 Results

Body weight trend during lactation showed an increase in both small litter groups (SL, KSL)
compared to both normal litter groups (NL, KNL) [Fig. 3.5.2(1)A]. At the end of the study SL rats
weighed significantly more than all the other groups: NL (+21.78%; p < 0.01), KNL (+15.43%; p <
0.05) and KSL (+10.98%; p < 0.05) [Fig. 3.5.2(1)C]. At day 240, SL rats presented the highest fat
mass among the test groups NL (+53.83%; p < 0.001), KNL (+48.85%; p < 0.001) and KSL groups
(+20.04%; p < 0.01). Also, kefir treated small litter rats (KSL) presented significantly higher fat mass
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than KNL and NL groups (p<0.01), while no difference in adipose tissue weight was detected
between NL and KNL rats [Fig. 3.5.2(1)E].
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Figure 3.5.2 (1): Body weight of Wistar rats during lactation (A); Body weight of the groups that received 1,2-dimethylhydrazine
(DMH) twice a week for two weeks until 240 days old (B); Body weight at 240 days old (C); Food intake at weaning until 240 days
old (D); Sum of visceral adipose tissue (E). Results are expressed as mean + SEM (n = 6-8) and were analyzed by one-way
ANOVA, followed by Newman-Keuls test (* p <0.05, *p <0.01, **p <0.001).
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The quantity of the inflammatory cytokines IL-1B, IL-6, TNF-a was significantly higher in non-treated
groups, both NL and SL, than in kefir treated groups. Even though both kefir groups showed
promising results in lowering the levels of inflammatory cytokines, there was still a significant

difference between them with higher value in KSL group with a p-value < 0,001 [Fig. 3.5.2(2)].
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Figure 3.5.2 (2): Concentration of inflammatory cytokines, IL-1B (A), IL-6 (B), TNF-a (C), IFN-y (D), nitric oxide (NO) (E), and
zonulin (F). Results are expressed as mean = SEM (n = 6) and were analyzed by one-way ANOVA, followed by Newman-Keuls
test (*p <0.05, *p <0.01, **p <0.0017).
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All animals belonging to SL group contracted tumours. The incidence of tumours was reduced in
KSL group (-71.43%; p < 0.004) and equal to NL group, while the KNL group reported absence of
developing tumours after the experimental period [Fig. 3.5.2(3)A]. Tumour inhibition by kefir-
treatment was more efficient in the medial part of the colon where animals from other groups tended

to develop the highest number of tumours [Fig. 3.5.2(3)B].
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Figure 3.5.2 (3): Tumor evaluation. In each colon, the tumors were assessed by sum total of the
number of tumors (A), and the number of tumors in each segments of colon (B). Results are
expressed as mean = SEM (n = 7-8) and were analyzed by one-way ANOVA, followed by Newman-
Keuls test (**p <0.01).

3.5.3 Conclusions

The results obtained from this in-vivo study are really promising. It is demonstrated that in mice at
high risk of developing CRC kefir-treatment from birth can decrease the risk-levels to the once
registered in healthy subjects. In healthy subjects instead, kefir-treatment from birth seems to totally

eliminate the risk of developing tumours.

3.6 Kefir and colorectal cancer, a study on human cells

The sixth reference study was conducted on human cancer cells by Khoury et al., titled «Kefir
Exhibits Anti-Proliferative and pro-Apoptotic Effects on Colon Adenocarcinoma Cells with No
Significant Effects on Cell Migration and Invasion». Published in the International Journal of
Oncology 45, in 2014.

This study aims to demonstrate the anti-cancer properties of kefir. Kefir is rich in probiotics that
produce anti-inflammatory and anti-carcer compounds. These molecules can interfere with cell
signalling and can regulate pathways, such as those leading to cell apoptosis and cell transformation.
To further investigate how kefir affects the development of cancer cells in vitro, this study shows tests
performed on the CRC cell lines Caco-2 and HT-29 for cytotoxicity, proliferation, and migration. The
results show that kefir inhibits proliferation and induces apoptosis in colorectal cancer cells, but it

has no significant effects on the motility and invasion of the same cells in vitro.
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3.6.1 Design of experiment

Kefir

150 ml of skimmed milk was inoculated with kefir grains (50g, composed of lactobacilli and yeasts)
at 20°C for 24h. The fermented milk was then strained to remove the grains and the filtrate was
centrifugated (35,000 rpm for 10 min at 4 'C) to remove the cell-component. The supernatant was

stored at -20°C until use.

Test groups

Human colorectal adenocarcinoma cell lines Caco-2 and HT-29 were obtained from ATCC (American
Type Culture Collection). Cells were culture in DMEM with 10% of FBS and 100 U
penicillin/streptomycin at 37°C and 5% CO.. The cells of both cell lines were divided into two groups:
a test group treated with kefir and a control group treated with filtered (0.45-uym then 0.22-um filter,
Millipore) skimmed milk. The treatment was given at different concentrations (v/v): 0, 5, 10, 15, and

20% and the measurements were undertaken after 24, 48, and 72 hours.
Analysis

To determine cytotoxicity, cells were grown in a 24-well plates at 2x10° cells/ml. The cells were
treated with different concentrations of milk or kefir and then washed, trypsinised and collected in a
tube with PBS. In each collection tube trypan blue was added and after microscope counting the

percentage of viable cells was determined.

For the proliferation test, cells were grown in 96-well plates at 1x10° cells/ml. Cells were treated with
different concentrations of milk or kefir. After 24, 48, and 72 h, 10 pl of cell proliferation reagent was
added in each well. Absorbance was then read at 450 nm and subtracted to the corresponding

sample well.

The impact of kefir on cell cycle was determined by flow cytometry. Cells were seeded in 6-well
plates and the 10% of milk or kefir treatment was added. Cells were then washed with PBS and fixed
with ethanol 70%. After incubation overnight at 40°C cells were resuspended in binding buffer and
propidium iodide. Cells were then analysed with Accuri C6 flow cytometer determining the respective

cell cycle phases based on DNA content.

To determine the expression of genes regulating apoptosis reverse-transcription PCR was used.
Cells were grown in 6-well plate at density of 1x10° cells/ml and treated with 0,5 and 10% of kefir or
milk for 24 hours. After the treatment all RNA was extracted and reverse transcriptase chain reaction
(RT-PCR) was used to amplify the RNA of transforming growth factor a and 1 (TGF-a, TGF-B1),
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then the fragments were run on 0.8% agarose gel stained with ethidium bromide at 100 V for 30 min

and visualized under UV light.

For motility assay images of cells moving randomly were collected with the microscope every 60

seconds for 2 hours at a cell temperature of 37°C.

Statistical analysis was performed using VassarStats: Website for Statistical computation. Data were
represented with mean + SEM and the significance of difference between groups was evaluated by

t-tests or x2 tests.

3.6.2 Results

Kefir reduces the viability of both cell lines in a time- and dose-dependent manner. The inhibitory
concentration of kefir ranges between 10, 12, and 18% (v/v) at 72, 48, and 24 h, respectively [Fig.
3.6.2(1)] while for HT-29 cells the kefir inhibitory action was detected at 48 and 72 h with a
concentration of 12 and 10% respectively.
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Figure 3.6.2 (1): Effect of kefir on viability of colorectal cancer (CRC) cell lines using trypan blue assay. Viability of Caco-2 cells
after (A) 24 h, (B) 48 h, and (C) 72 h of treatment with different concentrations of milk and kefir cell -free fractions. Results are
reported as the percent of viable cells out of the total number of cells (dead and alive). Data represent mean = SeM from three
independent experiments.

Kefir inhibits proliferation of cancer cell lines in a dose-dependent manner. All the cells belonging to
control groups treated with milk showed a significant increase (p<0.05) in proliferation compared to
kefir-treated cells. The decrease in proliferation of Caco-2 cells line was 95% at 24 h, 94% at 48 h,
and 97% at 72 h compared to untreated cells [Fig. 3.6.2(2)]. The effect on HT-29 cells was slightly
less evident but still significant: 60% at 48 h, and 38% at 72 h.

To verify if the inhibition of proliferation was due to an induction of cell cycle arrest, flow cytometry
test was used. Cells of both lines were assigned to their respective phases based on DNA content:
ub-g0/G1 cells were <2n, G0/G1 cells were 2n, and S/M phase cells were >2n. It was detected that
Caco-2 cells belonging to sub-G0/G1 increased from 14 to 5.2% with 10% kefir treatment while the

S/M phase cells decreased from 15.5 to 3.6%. The same trend was observed in HT-29 cells.
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Figure 3.6.2 (2): Effect of kefir on the proliferation of colorectal cancer (CRC) cell lines. Proliferation of Caco -2 cells after (A) 24
h, (B) 48 h, and (C) 72 h of treatment with different concentrations of milk and kefir cell free fractions. Results were normalized

to the untreated cells. Data represent mean = SEM from three independent experiments.

To determine possible mechanism for the anti-proliferative effect of kefir the expression of TGF-a

and TGF-B1 was assessed at the mRNA level using RT-PCR. TGFs are growing factor cytokines

that play an important role in cell proliferation pathways. In HT-29 cell line the expression of TGF-a

and TGF-B1 was observed to decrease in a dose-dependent manner in kefir-treated cells while no

change was detected in the control milk-treated group [Fig. 3.6.2(3)].
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Figure 3.6.2 (3): Expression of genes involved in proliferation and apoptosis in kefir-treated HT-29 cells. The
expression of transforming growth factor a (tgf-a) and transforming growth factor-B1 (tgf-81) in 0, 5, and 10%
(v/v) (A) kefir-and (B) milk -treated HT-29 cells.
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To verify if kefir has an effect at the metastatic phase, the difference in migratory ability of treated

cells was compared to the control ones. No difference was detected in neither Caco-2 nor HT-29 cell

lines [Fig. 3.6.2(4)].
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Figure 3.6.2 (4): Effect of kefir on the migration ability of treated cells in vitro. (A) Quantitation of
the migration rate of HT-29 cells. (B) Quantitation of the migration rate of Caco-2 cells.
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3.6.3 Conclusions

Kefir treatment seems to reduce the proliferative potential of cancer cells by promoting cell cycle
arrest, target point of many anti-cancer drugs. Kefir also seems to promote apoptosis of cancer cells,
boosting the immune system protective function. However, kefir has no effect in cancer cells
migration capacity. These findings suggest that kefir could be a powerful ally to prevent cancer

development in the initial stages but when metastases occur it is no more effective.

3.7 Investigation on kefir knowledge and consumption in Veneto region

Having seen from a scientific and experimental point of view how kefir can help in the prevention of
non-communicable diseases, it is interesting to investigate how this product is perceived by the
population. | conducted an exploratory marketing research study on a sample of the Veneto region
population. The objective of the study was to investigate whether the knowledge of kefir is linked to
some constitutive factors, and if the awareness of what kefir is, translates in the consumption of the
product. Then, by investigating consumer’s habits it would be possible to evaluate the topics for
further research with the purpose of elaborating a potentially functional marketing strategy to drive

consumer choosing kefir for maintaining a healthy lifestyle.

3.7.1 Design of experiment

Exploratory research is by definition qualitative and based on a small sample. In this case, 58
respondents took part in the study. The sampling method was simple random probability sampling
for the first set of respondents and a snowball effect for which the respondents selected first attract
other, secondary respondents was used. The survey was conducted through the administration of

an online questionnaire.

3.7.2 Results

The results show that 51 people, representing 89% of the total sample, were aware of kefir as a

fermented milk drink.

The purpose of this study was to determine whether knowledge of kefir as a fermented milk product
is determined by age or education and what consumer’s habits are in relation to the product. First, |
divided the sample demographically, to overcome the differences in sample representativeness of
the three categories: 18-30 years old (34 respondents); 30-50 years old (16 respondents); over 50
years old (8 respondents). Then | analysed the subgroups separately, comparing kefir knowledge

with other parameters.
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In the subgroup of 18-30 years of age, 30 out of 34 people know what kefir is. 30% of people knowing
kefir had a secondary school degree, 23% had the master’s degree; and 47% had a bachelor's
degree. Out of the 30 people who know what kefir is, 13 people do not use it, 16 people buy it at the

supermarket and 1 prepare it at home.

Kefir knowledge and consumer's habits in the 18-30 y.o. group
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Figure 3.7.2 (1): Histogram reporting data of the subgroup 18-30 years of age. The graph reports the number of respondents on
y axis and consumer habits in relation to kefir knowledge on the X axis.

In the subgroup of 30-50 years of age, 13 out of 16 people know what kefir is. 70% of the people
knowing kefir had a secondary school degree, 15% had the master’s degree; and 15% had a
bachelor's degree. Out of the 13 people who know what kefir is, 6 people do not use it, 4 people buy

it at the supermarket and 3 prepare it at home.
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Figure 3.7.2 (2): Histogram reporting data of the subgroup 30-50 years of age. The graph reports the number of respondents on
y axis and consumer habits in relation to kefir knowledge on the X axis

In the subgroup of over 50 years of age, all 8 respondents know what kefir is. 75% of the people in
this group had a secondary school degree while 25%. Out of the 8 respondents in this group, 1 do

not consume kefir, 2 people buy it at the supermarket and 5 prepare it at home.
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Consumer's habits in the over 50 y.o. group
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Figure 3.7.2 (3): Histogram reporting data of the subgroup over 50 years of age. The graph reports the number of respondents
on y axis and consumer habits.

After assessing the differences between the stratifications of the testing population | investigated for
which purpose people tend to consume kefir. 14% of the population consumes kefir because they
like its taste, 7% because someone suggested to them to consume this product, 26% because it

helps them with digestion. The remaining 53% of the respondents do not consume kefir.

Why consumers drink kefir and which persentage does not

m | do not use it

® To improve digestion and to
balance the microbiota

Because other people suggested
it to me

m Because | like it

Figure 3.7.2 (4): Pie chart illustrating the percentage of testing population which do not consume kefir (black); consumes kefir
because they like it (blue); consumes kefir because someone introduced them to the product (red); consumes kefir to
ameliorate digestion (green).

37



3.7.4 Conclusions

By observing the gathered data, that should be used as preliminary knowledge for further quantitative

researches on the same topic, it is possible to drive the following conclusions.

Overall, the population seems aware of kefir as a fermented milk drink, however the majority do not
consume it still. Kefir knowledge and degree of study do not follow a direct trend, so there is not a
proportional relationship between these two variables. This assumption is especially confirmed by
the third group, where most people knowing kefir only achieved middle school education. From these
initial data it is possible to observe the phenomenon of marketing penetration, which reaches people

of all ages and education without the necessity of any action from their side.

Among people under 50 most of kefir consumers buy the product at the supermarket, this can
probably be due to less free time availability and growing culture differences compared to older
people. The group over 50 is an exception in different fields: 100% knows kefir, just 1 respondent do
not consume it and most of consumers prepare it at home. The subgroup over 50 is also the least
numerous so it is difficult to drive generalizable estimates, but these findings are an interesting incipit

for further examination.

Ameliorating digestion seems to be the reason which attracts more kefir consumers. There is also a
great part of kefir consumers that sustain kefir has a good taste and they enjoy consuming it. This
are both important factors to consider when evaluating decision making to promote healthy choices
such as kefir consumption. A suggested marketing intervention should be stressing more on kefir
taste and freshness along with its beneficial properties in reinforcing immune system, improving

digestion, preventing metabolic diseases.

4. CONCLUSIONS

Kefir has an anti-inflammatory property due to the high quantity of probiotics and prebiotics it
contains. Lactic acid bacteria and acetic acid bacteria pass through the intestine and contribute to
create a good environment for the growth of beneficial flora, and this decreases the risk of dysbiosis.
Dysbiosis is the condition by which nutrients are not absorbed correctly, and the metabolic imbalance
activates our immune system which leads to an inflammatory condition. Inflammation is the first step
of many non-communicable diseases such as the ones investigated in this study: diabetes,

atherosclerosis and cancer.
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From in vivo studies we can observe that kefir can help in the regulation of blood glucose levels in
diabetic induced mice. This effect can be observed also in humans, where both fasting blood glucose
levels and circulating insulin levels decrease. Kefir consumption seems to increase insulin sensitivity
in people at the pre-diabetes stage and that is indeed a good preventive measure. The mechanism
by which kefir increases insulin sensitivity is probably due to its anti-inflammatory properties. By
reducing inflammation, cell signalling improves thus it restores the regulatory system of glucose

absorption in individuals at high risk of developing the pathology.

For the prevention of atherosclerosis, it is proven by both in vivo studies and in clinical trials that kefir
consumption improves lipid profile. Atherosclerosis is due to the accumulation in the intima of the
arteries of LDL particles followed by chronic inflammation and oxidative stress. Kefir consumption
improves nutrient absorption, reducing the circulating LDL in the blood. Moreover, kefir contains
many antioxidant molecules that decrease the level of ox-LDL if accumulation in the intima occurs
and lowers the concentrations of inflammatory cytokines. The cholesterol lowering effect is mostly
due to the increased production of apolipoproteins belonging to the class of HDL both in rats and in
humans assuming kefir regularly. HDL molecules help in clearing the arteries, favouring the correct
circulation of LDL particles. This is the prove that kefir can be a good preventing measure even for

atherosclerosis.

For cancer prevention there are very promising results in animal models. Kefir consumption seems
to reduce the risk of developing cancer in obese rats, restoring the risk condition to the one of healthy
subjects. On healthy subjects instead, the kefir consumption seems to totally prevent the
development of tumours. The results however cannot be generalized to humans yet. The conditions
of experiments in animal models are perfectly controlled, from light and temperature to food
consumption and rats in this study assumed kefir from gestation to adulthood. There are not
significant studies in humans yet but the effect of kefir in CRC cells has been investigated instead.
Kefir-treatment seems to reduce the proliferative capacity of cancer cells by promoting cell cycle
arrest and apoptosis. The production of inflammatory cytokines by cancer cells is reduced. However,
kefir-treatment has no significant impact on cancer cells migration capacity, so when the tumours
enter the metastatic phase kefir has no more effect. Even if results seem to be very promising, we
need to count the fact that even in experiments with cells the conditions are totally under control, so
it is premature to generalise these findings to humans where both pathology and treatments are

present in a systemic uncontrolled context.

From these findings it is possible to conclude that kefir is a powerful fermented milk drink that helps
in the prevention of many diseases. This is why the consumption of this product should be promoted
also using marketing interventions. The exploratory survey conducted in this study demonstrates

that the majority of the population know kefir as a product, but it is still the minority of the population
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that consumes it. This highlights that the message of the importance of kefir consumption to keep
the body healthy is not stressed enough. Future marketing research can be conducted on how the
awareness of beneficial properties of the product can change consumers habits and if the response

is positive, maybe invest more on spreading the message.
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