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Abstract

Symbiosis is a coordination pattern within different microorganisms, which are capable of readjusting the
imbalance of the intestinal microbiota; as a consequence of unhealthy lifestyles. A diet that rich in sugar,
salt, and saturated fat is the main cause for change in the microbial equilibrium; which is responsible for gut
homeostasis, that contribute to several universal epidemic diseases.

Kefir grains constrain an invisible world within them; that are clusters of complex symbiotic system of
beneficial microbial mixture consisting mainly of bacteria and yeasts, which is considered as a probiotic.
Kefir brew is a nutraceutical dairy product, that is produced during the fermentation process as a result of
the action of probiotics on the milk.

Kefir brew has an ability to modulate the intestinal microbiota balance, and enhance its action. Routinely
consumption of kefir brew attains a great promotion to the human health.

In this review, we will discuss the mechanism by which consumption of kefir brew probiotics will modulate
this imbalance system and accordingly restrain these diseases. Furthermore, we will highlight the symbiotic
system of kefir brew and its significant actions on the human body; including the ability to promote the
immune system in order to inhibit tumor formation or cancer progression.

Key words: Kefir, kefir grains; probiotic, lactic acid bacteria; kefiran, microbial diversity.

Received 08 November, 2021; Revised: 22 November, 2021; Accepted 24 November, 2021 © The
author(s) 2021. Published with open access at www.questjournals.org

I. Introduction:
1.1 Background

Kefir grains are cultures employed to produce fermented dairy milk and other kefir products such as
kefir beverage; their beads rich with probiotic micro-organisms that are approved to support the human
biosystem [1,2].

Kefir is famous with many names as kefyr, kephir, kefer, kiaphur, knapon, kepi or Kippi [3]. The name
of kefir comes from Turkish origin, where the term Kef is coming from Keyif which means "well-being" or
"living well, that reflects its beneficial nature on general human health [4]. Also, it is referred to fermentation
properties of kefir in any type of milk to form curdle brew [5]. In the Caucasus Mountains, former Soviet Union
and Central Asian areas, kefir brew has been consumed for thousands of years [6]. In these countries the kefir
brew is produced until now from sheep milk, while in European countries the production of Kefir grains is
basically produced from cow milk [5]. These kefir grains can be persevered by freezing, lyophilization, and
refrigeration [7].

Kefir grains have yellowish-white color, slimy texture and irregular shape that resembles miniature
cauliflowers blossoms [5]. It is varying in diameter from 3 to 35 mm. Furthermore, the exterior surfaces of the
kefir grains appear to the naked eye to have an irregular foamy surface, but kefir microbiota under electron
microscope appeared to consist of fibril rods spread out evenly. [8].

Kefir grains are composed of many and various strains of bacteria up to 30 strains or more [9],
growing in association with several types of yeasts[10], which lives in a distinctive symbiotic environment in
the kefir grains [11]. There are many types of bacteria inside the kefir grain such as; lactic acid bacteria which
classified to four types including; lactobacilli, lactococci, leuconostocs, and Streptococci [12] and acetic acid
bacteria (Acetobacter sp.), Surviving together with many types of yeasts as Candida, Kluyveromyces,
Saccharomyces, Torulopsis, and Zygosaccharomyces [7,13].
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All of these types of microorganisms (microbiota) within kefir grains live in an exo-polysaccharides
matrix called Kafiran [1,11]. These microbiota are considered as Probiotics, which are responsible for the
beneficial effect in preventive and curative action of various diseases [14,15].

Probiotics are living organisms that promote host health when administered in adequate amounts. The
action of probiotics is mediated by acting together with the host gut microbiota. Probiotics are able to modify
the human gastro-intestinal mucosa, thus, modulating the systemic immune responses and protecting the host
against pathogens [16].

kefir grains and its brew contain lactic acid, lipid, proteins, sugar, vitamins, minerals and essential
amino acids which give the nutritional value for all of the different kefir products [1] [11].

Consequently, fermentation of milk by kefir grains can provide useful approach, as a results of its
ability that contribute to changes in the composition of gut microbiota to manage and rebalance the system,
which has an influence on several metabolic disorders.

Il. What is kefir and what is kefir grains?
2.1 Kefir Chemical Composition
Kefir grains are biological clusters with thick, Yellowish-white and gelatinous characters, which are considered
to be a complete world that composed of lipid, proteins and polysaccharide substance.

2.1.1 The Classical Composition of Kefir

The classical composition of Kefir is mainly 89-90% water, 10-14% total dry matter: 24-25% Kefiran,
30-34% proteins [4,5], 3-4% fats, 3-6% carbohydrate, and 1-7% ash (Mineral content). Ash an inorganic
precipitate remains as a result of removing water and organic materials using heat, which allows us to measure
the content of minerals within the kefir depending on the fact that minerals are not destroyed by heat. [11,17-
20]. Kefir brew contains free fatty acids (FFA) produced due to the lipolysis activity of lactic acid bacteria
(LAB) during fermentation processes. The predominant FFA in kefir brew is saturated long chain palmitic acid,
unsaturated long chain oleic acid, and short chain FFA such as butyric acids and propionic acid.

In addition, it has been found that kefir brew contains several types of proteins; such as casein that can
be classified into four main types (0-S; casein, a-S; casein, p-casein and k-casein) which, are breakdown
throughout fermentation by the proteolytic activities of yeast and LAB to form free amino acids and bioactive
peptides. Similarly, there other types of milk proteins (whey proteins, lactoferrin, lactoperoxidase, and lacto-
globulins) that, by probiotic proteolytic degradation, produce more types of bioactive peptides [21].

2.1.2. Bioactive Peptides of Kefir Brew

Remarkably, kefir brew also contains bioactive peptides that have a positive effect on health. Many
types of bioactive peptides were identified, as they are not found naturally in milk, but are produced by Kefir
microorganisms’ proteolytic activity; these bioactive peptides are considered as a specific product for the kefir
brew.

The bioactive peptides are identified with a variety of biological functions, including: as,- casein
£.189-197, asp-caseinf.204-212 (a-casein derivatives), casohypotensin, and [-casokinin-7 (B-casein
derivatives) are found to have antihypertensive effects. While p-casomorphin-7, B-neocasomorphin-6, Prog--
casomorphin-13, Prog-f-casomorphin-9 (B-casein derivatives) are considered as opioid agonist, unlike
casecidin-15, casecidin-17, caseicin B, and caseicin C, which have been established to display an antimicrobial
activity [22].

2.1.3 The Specific Kefir Brew Taste and Flavour

Peptides and FFA can turns into other chemical compounds that have evident impact on the taste of the
kefir brew [23]. The specific kefir brew taste is due to the presence of different volatile and non-volatile
carbonyl compounds, which are mainly produced as fermentation products by the action of lactic acid and acetic
acid bacteria. It is also important to mention that the fresh fruit aroma of kefir brew is mainly due to
acetaldehyde production, while the buttery aroma of the kefir brew is caused by diacetyl products [10].

2.1.4 Kefiran Matrix

Kefir grains are embedded in a polysaccharide matrix, specifically and solely produced by kefir grains,
that’s why it was termed as kefiran. Kefiran is a water soluble extracellular heteropolysaccharide (EPS) mainly
produced by Lactobacillus kefiranofacians. It was found that the kefiran polymer is a disorganized coat that
encapsulates all of the Kefir grains microorganisms together in enclosed system and protects them from the
environmental factors. [24-26].

It is composed of frequent branched EPS penta or hexasaccharides, mostly (1:1 D-glucose/D-galactose)
as shown in (Figure-1), containing different types of linkages, involving linear linkage like; B-D-(1—6) linked,
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a-D-(1—3) linked, B-D-(1—4) linked, beside to branched linked B-D-(1—2) as shown in (Figure-2). These
characteristically different linkages make kefiran resistible to breakdown by human gut enzymes, and allow
kefiran to tolerate the different environmental conditions and act as protector to the kefir grains [26,27].

oH©OH

B-D-Glucose B-D-Galactose
Figure-1 Chemical structure of B-D-glucose and B-D-galactose residues, the basic units for the Kefiran
Matrix.
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Figure-2 Branched and linear different linkages of kefiran [26].

This kind of bond diversity in the kefiran structure might be responsible for biophysical stability of the
kefir grains; which means the kefir grains do not change in terms of microbial composition, as well as biological
activity, in which it will sustain during shelf-life of kefir brew [5,26,28].

2.1.5 The Polysaccharide Composition of Kefir

Many types of EPS can be produced by species other than Lactobacillus kefiranofacians, for example
Lactobacillus plantarum can produced EPS, which is mainly composed of glucose, galactose and mannose. EPS
produced by Lactobacillus plantarum was found to exhibit an antibiofilm activity, since it is interfering with
harmful microorganisms adhesion to the wall of the intestine; and prevents it’s pathogenic effect, beside to its
antioxidant and antitumor activity [29-31].

In addition, Lactobacillus species can produce homopolysaccharides; that are formed from one type of
a repeated unit saccharide, can be either fructose or glucose, and are termed: fructans or glucans respectively
[25]. There are two types of fructans that can be classified into: B-D-Fru-levan (2,6) and B-D-Fru-inulin (1,2);
these two types of homopolysaccharides are found to have Prebiotics besides, antitumor and
hypocholesterolaemic effects [32].

It is important to mention that, the kefir microorganisms are identified to ferment milk lactose (milk
sugar) to form lactic acid, approximately 0.8-1.2%, also 0.2% of CO,, and 0.5-0.7% of ethanol result from
carbohydrates fermentation (Belletti et al., 2009; Pogadic et al., 2013).

2.2 Kefir Nutritional Facts:

Kefir grains do not have standard nutritional compositions, but usually Kefir and kefir brew comprises
of several nutritional ingredients, such as: proteins, fats, carbohydrates, vitamins, and minerals that assist the
body to perform its physiological functions.
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2.2.1 Protein kefir compositions

As mentioned before kefir brew contains many proteins and bioactive peptides, which are incompletely
digested. Thus, these proteins would complete their digestion by the body into free amino acids [11]. Besides to
the free amino acid compositions of the kefir brew that varies during the fermentation process like; glutamic
acid, isoleucine, phenylalanine, methionine, lysine, and threonine [11]. Tryptophan is one of the essential amino
acids and a predominant amino acid in kefir, that has a vital role in the nervous system function [7,11].

2.2.2 Fatty Acids Kefir Compositions

The fermentation process, enhance in nutritional profiles because some of the nutrients in kefir are developed
during fermentation, for example many types of fatty acids, including: palmitic acid, which is the most common
saturated fatty acid in kefir brew that is considered to be an antimutagenic agent. Besides to oleic acid, which is
found in kefir brew has a potential anticarcinogenic effect [34].

2.2.3 Minerals Kefir Compositions

Furthermore, Kefir is an important dietary basis of some minerals for instant, calcium, potassium and
magnesium. In addition to that, Phosphorus which is considered to be one of the basic minerals present in kefir
by approximately 1.45%. Phosphorus is involved in many vital biological proceeds, for example, digestion of
lipids and carbohydrates and production of ATP, besides its important structural role in nucleic acids and cell
membranes [11].

2.2.4 Vitamins kefir compositions

kefir is a good source of many vitamins that are not metabolically produced in the human body, that we usually
obtain from food. The most important of these vitamins present in kefir are: thiamine, pyridoxine, folic acid,
biotin, vitamin C and Carotene (Figure-3)., which in turn play an important role in maintaining and regulating
body functions and reinforcement of the immune system [7,11,23].

Water 89-90% ( Qy)ohydrate 3-6%
(Protein  30-34%
Ash 1-7%
Fats 3-4%
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Figure-3 Main Kefir Chemical and Nutritional Compositions.

2.3 Kefir Microbial Composition:

Kefir grains contain a mixture of microbial species, their exact composition is still not intelligible yet;
due to the complexity of the interaction between strains of bacteria, yeasts, and fungi [35,36]. The main
microbial population found in kefir grains was bacteria, mainly lactic acid bacteria (LAB), but kefir grains also
contains acetic acid bacteria (AAB) and many types of yeasts [37]. More than 50 types of bacteria and yeasts
have been found in kefir grains , depending on the source of kefir grains and the type of milk used in the
fermentation process [17,38].

2.3.1 Kefir Microbial Classifications

Kefir microbial species are classified as either a homofermentative bacteria; which is capable of
producing mainly one chemical compound during fermentation as a final metabolite termed lactic acid, or
heterofermentative bacteria which are able to produce more than one chemical compound during fermentation
like ethanol, acetic acid, and CO, [35,39,40]. In addition, (Irigoyen et al., 2005) [41] has classified the kefir
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grains according to the yeast fermentation product to, lactose fermented yeasts and non-lactose fermented
yeasts.

2.3.2 Kefir Bacterial Composition

The major species that were isolated from kefir grains are lactic acid bacteria, including its all four
types: lactobacilli, lactococci, leuconostocs, and streptococci [12]. It was found that lactic acid bacteria count
to about (83-90%) of the microbial content of kefir grains [42,43] According to [11], the most important types
of these bacteria are Lactobacilli that makes up about (65-80%) of the total lactic acid bacteria [44]. It was
divided into heterofermentative bacteria Include: Lactobacillus kefiri, Lactobacillus parakefiri,
Lactobacillusbrevis, Lactobacillus fermentum and Correspondingly, homofermetative bacteria Include :
Lactobacillus  kefirgranum, Lactobacillus  delbrueckii, Lactobacillus  acidophilus, Lactobacillus
helveticus,Lactobacillus casei,Lactobacillus Rhamnosus, Lactobacillus paracasei, Lactobacillus plantarum,
Lactobacillus gasseri,and Lactobacillus kefiranofaciens; which according to [45,46] considered as dominant
microbiota species [3,19].

Furthermore, there are other types of bacteria found in kefir grains including: Bifidobacterium bifidum,
Leuconostoc mesenteroides subsp.Cremoris, Lactococcus lactis subsp. cremoris, Lactococcus lactis
subsp.biovardiacetylactis, Lactococcus garvieae, Streptococcous thermophilus, Streptococcus salivariusn
subsp. Thermophilus and Streptococcus durans [37,42].

Additionally, kefir grains were found to contain acetic acid bacteria (Acetobacter species), which forms
approximately 20% of total microbial content, however increases in their quantity is typically in correlation with
the increase on length of the fermentation period [2,10,47] It's important to mention the proportions of these
type of bacteria compared to each other important for the living and the stability of grains [35].

2.3.3 Kefir yeasts Composition

The yeasts count in kefir grains are about 10-17% [48], the most common genera belong to: Candida,
Kluyveromyces, Saccharomyces, Torulopsis, and Zygosaccharomyces.

The predominant species of yeasts are: Kluyveromyces marxianus, Kluyveromyces lactis, Candida
kefyr, Candida lipolytica, Dekkeraanomala and Debaryomyces hansenii, which are found to be lactose
fermented yeasts. While saccharomyces cerevisiae, Saccharomyces boulardii, Torulaspora delbrueckii, Pichia
fermentans, Kazachstania unispora, Zygosaccharomyces rouxii, Debaryomyces occidentalis, Yarrowia
lipolytica, Issatchenkia orientalis,Saccharomyces turicensis,and Kazachstania exiguaare non-lactose fermented
yeasts [3,49,50] It should be emphasized, that there is only one type of fungi Geotrichum candidum, that is
present in kefir grains, which forms approximately 0.1% of total microbiota [17,19,44,47].

2.3.4 Nothing Can Exist Individually: Microbial Interactions within Kefir Grains:

The microbiota of kefir grains lives in an obligatory symbiotic relationship; which is an essential
natural environment for enabling the kefir to release many of the compounds responsible for enhancing the
survival of all the species together and giving the kefir brew its medicinal value [3,45,46] Consequently,
according to [35], the interaction between kefir species can be done in two ways, either by direct contact
between the microbiota or indirect by secreting some chemical compounds which enhance or inhibit the growth
of some other microbiota inside the kefir grains.

Firstly, the direct contact between the microbiota due to auto-aggregation and co-aggregation during
fermentation process its enhances their survival, for instant: Saccharomyces cerevisiae promotes the survival of
Lb. Rhamnosus within the acidic environment. Furthermore, the direct contact between a yeasts-type
Saccharomyces cerevisiae with a bacteria Lactobacillus kefiranofaciens improves kefiran production; which in
turn maintains the stability and life of the grains [25,51,52].

Equally important, the indirect effect is represented in yeasts, which plays an important role in the life
expectancy of kefir; as it provides appropriate conditions for the survival of bacteria, since it is considered as
a source nutrients, such as fatty acids and amino acids by lipolytic and proteolytic activities respectively [45].
likewise, bacteria sharing in symbiosis with yeasts; as the compounds resulting from their activities become
available to the yeasts, which use them as an energy source [53]. For example, LAB are able to convert lactose
into lactic acid. Non-lactose fermented Saccharomyces Cerevisiae, Debaryomyces hansenii, and Yarrowia
lipolytica yeasts can consume that lactate and use it as a carbon source; which leads to reduced harmful acidity
and this, in turn, would maintain the appropriate pH for kefir viability [4,35,54] Furthermore, Vitamin B
produced by Acetobacter spp. and yeasts promotes growth of microbiota in kefir grains [3]. Additionally,
another type of interaction within the kefir grains found in K. marxianushas an important role in supporting the
survival of Bifidobacterium (Figure-4), where K. marxianus discharge substance; due to metabolic activity,
considered as a nutritional source for Bifidobacterium; therefore the level of Bifidobacterium increase in kefir
grains [42].
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On the whole, it seems that strong contact between all of these microbiota types, makes the identification and
the isolation of each species alone is a very challenging process, where it may affect the natural harmonization
that is present in the kefir media. Also the isolation can damage these microbiota, and as a result of this, it is
complicated to collect reliable information from pure isolated cultures [45,46].

/,/,> Direct
Jkefir grains'tves in an
'Obligatory Symbiotic
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\ .
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Figure-4 Microbial Interactions within Kefir Grains: Natural Harmonization.

However, a blend of culture-dependent and independent approaches are used to understand the
microbial compositions of kefir and kefir brew. Culture-independent procedures; includes extraction of DNA
from kefir grains or kefir brew. Then, Polymerase chain reaction (PCR) amplification and sequencing of 16S
rRNA genes is used. While, culture-dependent procedures were achieved by inocubating sample from the kefir
grains and kefir brew to the appropriate culture [38,44,55].

I11. Kefir production
3.1 Incubation
Kefir dairy brew can be produced from immersion of kefir grains in pasteurized milk for example:
(cow, goat, sheep, camel, or any type of milk). The milk pasteurization process occur at 90°C for 15 minutes
and followed by cooling of milk to 25°C, by using water circulation via a heat exchanger or by leaving it at
room temperature for a period of time [23,56]. The ideal ratio between kefir grains and the milk is (1:30 to 1:50
wiv) [57].

3.2 Cultivation

Simply, kefir cultivation, is done by adding kefir grains to the milk in glass or a pottery jar using
wooden spoon, then cover it with gauze for partial ventilation and allow kefir breathing [23]. After that,
incubate kefir grains at room temperature 25-28°C and relative humidity (70 to 75%), for (18-40 hours).
Usually, 24 hours is the preferred incubation time for the fermentation process to takes place. Furthermore, full
prudence and carefulness must be taken during preparation of the kefir culture to avoid any dust or
contamination as much as possible [23,58].

3.3 Fermentation

During the fermentation process, the most energetic grains move to the surface of the milk. Then,
begin to take and store the nutritional material from the milk inside the grains. Later, secrete its metabolites
such as enzymes, Co, and acids to the milk, which cause alteration in the milk components such as (proteins,
lipids and sugars) to form the healthy kefir fermented brew [58].

3.4 Kefir Brew Collection and Storage

After the fermentation process, kefir grains are separated from the fermented milk by a filtration
process using a clean plastic sieve [59]. The healthy fermented brew will be obtained which can be consumed
directly or stored at 4°C by refrigeration for later consumption. Then, the kefir grains are washed with water
and reserved to be used to another fermentation process[56,60], or stored in -20°C by freezing [61], or, to be
stored for a long period of time reaching up to months; by lyophilization of kefir grain (dehydration by freeze
drying technique for 24h) [62].
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3.5 Theories Beyond Kefir Multiplication

Kefir grains after fermentation process, have a size larger than original starter grains before fermentation by

up to 25% [28]. Besides, after fermentation, kefir grains form very small biological masses of new grains;

which indicate that the kefir multiplication and growth in the milk is continuous [35,37] has revealed some
theories beyond kefir multiplication;

e They explained the theory behind the forming of new small grains and increasing the size of kefir grains;
that it is mainly due to self-aggregation on each other species of Lactobacillus upon each other such as L.
kefiranofaciens, L. Kazachstania and L. turicensis, as well as to auto and co-aggregation of lactobacilli and
yeast with each other

e Also they mentioned; that LAB and AAB support the production of polysaccharide as well as the ability of
biofilm formation.

e Furthermore, they elucidated that, yeast has an important function in the increasing of complexity and
expansion of networks among the probiotics [35].

IV. Impact of Environmental Factors on Kefir Grains:

The microbiota of kefir grains is significantly stable, maintaining its activity for many weeks if
conserved under suitable cultural and physiological conditions [35]. Since the fermentation process is very
important to motivate the microbiota present in the kefir grains. Thus we should pay attention to all the factors
that are affected in the fermentation process; starting from the type of milk used in the process to several other
factors that affected in the progress of the process such as: incubation size, incubation temperature, and
incubation time [37,63].

4.1. Milk Nature

Kefir grains are highly affected by nature and fat compositions of the milk. Kefir must be made up
from fat-bearing milk, otherwise, a kefir brew with humble quality in terms of dry matter, fat, protein and
carbon dioxide content; will yield as a result of using skim milk [64]. Therefore, using whole milk or high-fat
milk would raise the acidity and CO, in the resulting kefir brew and this has a major influence on the flavor,
microbial diversity, and biological activity of kefir brew (Tomar et al., 2020).

4.2 The Incubation Size and the pH of Kefir Brew

It was found that the acidity of kefir brew increases with an increase in the grains to milk ratio used at
the beginning of the fermentation process; this is due to high content of lactic acid bacteria. Moreover, increase
in incubation size leads to an alteration in microbial growth within kefir brew, whereas it leads to an increase in
the levels of yeasts and acetic acid bacteria over Lactococci and lactobacilli levels. This means that the growth
of the yeasts and acetic acid bacteria is directly proportional to the increase in acidity of kefir brew [41].
Furthermore, [10,66], agreed that in 5-10% incubation size, will get the appropriate result for pH and
Consistency of kefir brew.

4.3 Incubation Temperature

Equally important, is the incubation temperature: it has an effect on kefir brew by its control on pH for
instance. It was found that with a rise in incubation temperature the time taken to drop the pH is decrease.
Nevertheless, the increase in temperature should be limited up to a certain extent because the excessive increase
in temperature leads to melting of the kefiran, which negatively affects in the microbiota of kefir brew. Also,
excessive temperature can alter in the form and microbiological composition of the kefir grains. As well as,
incubation temperature also has the potential to increase the proteolytic degree of casein in the kefir brew
[67,68]. It was established that, the optimum temperature used in the fermentation process ranged from 25°C to
28°C, which is the appropriate range that provides a suitable pH (4.4) for microbial activity (Figure-5),; as it
increases biomass of the grains and increases kefiran production [15,36,69,70].

4.4 Miscellaneous Factors

Additionally, there are different factors that influence the kefir grains; because they have a direct
impact on the production of kefiran like carbon and nitrogen content. Carbon is considered as an important
source of kefiran biosynthesis; because it has a key role in the growth of cells responsible for producing kefiran,
and constitutes the structural unit used by these cells to synthesize kefiran. While, nitrogen affects on the
production of kefiran due to its effects on bacterial growth [18,71]. Lactose was found to be the best carbon
source that bacteria use in producing kefiran [41]. Perhaps this is due to the fact that kefiran is made up of
glucose and galactose.
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Furthermore, aeration rate is an important parameter to consider; as the rate of ventilation is one of the
factors affecting the growth of bacteria, especially the type responsible for producing kefiran (L.
Kefiranofaciens) [24].

4.5 The Incubation Time

It is important to mention, with regard to the incubation time, that the kefir grains biomass appears to
grow rapidly in the first 22-24 hours of fermentation (Figure-5), then we notice a gradual decrease in the growth
rates due to the exhaustion of nutrient quantities or acidic rise due to the excessive activity of microbiota of the
kefir gains. Therefore, changing the medium (milk) daily is necessary to maintain the survival of kefir grains.
Moreover, increasing the rate of stirring helps increase the biomass of the kefir grains; the reason for this may
be that stirring ensures a good distribution of nutrients, which means that they reach all of the species within
the kefir grains [36].
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V. Concealed Treasure of the Kefir (Kefir as A Probiotic Source)

The term, Probiotics, is originated from the Latin language, means "for life" [72]; which refers to the
matter released from any organism to enhance the growth of another organism [73]. Probiotics are considered
to be a set of non-pathogenic living microorganisms (bacteria and yeasts) that, when administered to the human
in a sufficient quantity, will improve the gut microbial balance [74]. Also, they can modulate the epithelial cell
function and the immune system [75,76]; as a consequence of these actions probiotics reinforce the health
benefits of the human body [77,78].

To maintain the survival of these valuable microorganisms, special types of nutritional material are
required, called Prebiotic; which is considered to be a non-digestible substance, augments the benefit of the
human health by increasing the level of beneficial microorganisms (Probiotics) (Aspri et al., 2020; Valentini
Neto et al., 2020).

5.1 Kefir as Symbiotic System

Unification of both probiotics and prebiotics together form a unique system termed symbiotic system;
which is the system responsible to restore the homeostasis of the body in case of a disordered situation [73].
Moreover, the consumption of this system frequently gives rise to the boost of several physiological functions
in the aim of maintaining the body in a healthy state [81].

Kefir grains and kefir brew are sources highly rich with probiotics; because they contain a complex
of symbiotic community [37]. As mentioned before in microbial composition of kefir, they have a mixture of
beneficial microorganisms with different species and subspecies, and this diversity is responsible for
comprising the symbiotic system within the kefir grains and fermented brew [35].

V1. Health benefits of Kefir
Kefir products have an unlimited range of health benefits in prevention and treatment of various types
of diseases as well as maintenance of the human body in a good healthy status; this is due to its unique structural
diversity of valuable probiotic and prebiotic as mentioned before [82].
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Probiotic organisms can employ their beneficial properties by two mechanisms: direct effects of the live
microbial cells, or indirect effects through their metabolites (biogenic) [83]. Biogenics are nourishment
substances that result from a microbial activity which is responsible for health benefits [1,18].

The health benefits of probiotics and prebiotics of kefir will be demonstrated in this review including;
enhancement intestinal barrier function, antibacterial effects, immunomodulatory effect, hypocholesterolemic
effect, hypotensive effect, antioxidant effect, anticarcinogenic effect, healing effect and effect on lactose
intolerance patients (Figure-6).
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Figure-6: Health benefits associated with the consumption of probiotics and prebiotics in the kefir brew.

6.1 Symbiotics Kefir Mechanisms of Actions in Health Promoting

The beneficial synergistic effect on the human health of probiotics and prebiotics (symbiotic system)
occur as a result of various and complex mechanisms that take place inside the human body (Valentini Neto et
al., 2020). The health benefits of probiotics and prebiotics of kefir will be demonstrated in this review include
the following:

6.1.1 Enhancement of the Intestinal Barrier Function

An increase in the permeability of the epithelial barrier in the gastrointestinal tract (GIT), is intended to
be the main cause of chronic inflammatory disorders such as: diarrhea, gastroenteritis, irritable bowel syndrome,
and inflammatory bowel disease (IBD; Crohn’s disease) [84]. Probiotics in kefir products maintain the function
and the structure of intestinal epithelial barriers in healthy state [85].

In normal physiological situations, goblet cells continually secrete mucin to maintain the mucus
barrier; but goblet cell function can be interrupted by several causes (such as microbes, microbial toxins, and
cytokines) that can interrupt the integrity of the mucus barrier. Consequently, the arisal of several pathological
situations such as inflammatory disorders would be increased [84].

Probiotics can heal the intestinal damage by increasing mucin secretion from goblet cells directly or by
triggering a gene expression pathway. Subsequent with improve the GIT tight junctions, enhance mucosal
immunity [86,87], through up-regulation of the epidermal growth factor receptors; to increase proliferation and
maintenance of immune cells function [18].

6.1.2 Antibacterial Effect

Probiotics in fermented kefir products can inhibit pathogenic bacterial GIT adhesion. Since, adhering
of pathogenic bacteria to mucosal surfaces of GIT mediated by the interaction between bacterial adhesins (a
protein on the bacterial surface) and particular mucosal receptors; is referred to be the first stage of intestinal
infection. Some probiotics have the ability to compete with pathogenic bacteria on the mucosal surface of the
GIT, by kefiran assisting, where probiotics can adhere to the mucosal surface [57] and prevent the attachment of
pathogens with the intestinal mucosa [18].

Besides enhancing the barrier function, probiotics interact with Toll-Like Receptors (TLRs) that are
expressed on the intestinal epithelial cells as well as on the dendritic cells, thus inducing the secretion of pro-
inflammatory cytokines such as (IL-1p, IL-6, and TNF-a); consequently, enhancing the immune response
against the pathogen [42]. Furthermore, these cytokines can affect the nervous system, subsequently increasing
gut motility to expels the pathogen [86].

Additionally, antibacterial activities of probiotics from kefir origin, come from a combination of other
multiple factors including;
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e  Competition for accessible nutrients between lactic acid bacteria (LAB) and harmful pathogens [88].

o LAB of probiotic secrete lactic acid substance leading to a decrease in the pH of intestinal media; where
most of the pathogenic bacteria cannot grow and survive in such acidic media [89].

o Kefir fermentation probiotics produce active metabolites that have a direct effect on the pathogen
elimination process; these metabolites include: organic acids, hydrogen peroxide, acetaldehyde, CO,, and
bacteriocins. Bacteriocins are peptides synthesized by ribosomes in probiotic cells, which are considered as
antibiotics; due to the fact that they have bactericidal activity against pathogenic bacteria when secreted
from probiotic microorganisms [90].

e Probiotics in kefir products stimulate enterocytes to secret B-defensins; which are groups of antimicrobial
peptides synthesized by enterocyte ribosomes and secreted as a defense mechanism [18,87].

6.1.3 Immunomodulatory Effect

The modulation of the gastrointestinal immune system is considered as one of the major ways of
promoting health benefits by probiotics. Lactobacillus species of probiotics during brew fermentation by kefir
cause proteolytic degradation of many proteins such as (whey proteins, lactoferrin, lactoperoxidase, casiens and
lacto globulins) to produce several types of bioactive peptides. These bioactive peptides can promote the
humoral immune system, by inducing lymphocyte proliferations and stimulating secretion of immunoglobulin
A (1gA) from lymphocytes of lymph nodes in the Payer's Patches, mesenteric lymph nodes, the spleen, and the
intestinal lamina propria [21,42]. Furthermore, these bioactive peptides; can also modulate innate immune
response and adaptive immune response [21].

Probiotics such as Lactobacillus helveticus and its metabolites; can promote an innate immune system
which is a first line defense system in the human body; by increasing the activity of natural killer cells,
macrophages, monocytes and neutrophils leading to an increase in phagocytosis of pathogens [21].
Furthermore, Bifidobacterium cell wall contains lipoteichoic acid, which induces nitric oxide (NO) synthase
enzyme; to increase synthesis of NO, which is produced by macrophages after TNF-a secretion. NO enhance
pathogen-infected cell death program, also NO lead to up-regulation of phagocytosis receptors such as [FcyRIII
and tool-like receptor (TLR)] [91].

Probiotics have been approved to promote the adaptive immune system through several mechanisms; including:

e  Activation the innate immune system, as previously mentioned, leads to activation of antigen-presenting
cells (APCs) such as dendritic cells and B cells, to allow presentation of antigens to T cells, and migration
of APCs towards secondary lymphoid organs [91,92].

e  Casein derived peptides hydrolyzed by Lactobacillus rhamnosus stimulate proliferation, differentiation
and activation of T and B cell to produce antibodies [21,91]

° Activation of cell mediated immunity; which stimulates T cells to be divided into T helper cell (Th)
containing CD4" receptors and cytotoxic T cell contain CD8" receptors to recognize antigen presenting by
APCs and destroy it [91].

Probiotics can promote both, innate and adaptive, immune systems through its ability to regulate
cytokine, chemokine, tumor necrosis factors (TNFs), and transforming growth factor (TGF) secretion from
immune cells (lymphocytes, granulocytes, macrophages, mast cells, epithelial cells, and dendritic cells) [87].

Casein hydrolyzed peptides, by action of Lactobacillus rhamnosus, increase the production of anti-
inflammatory cytokines from Thl lymphocytes and decrease production of pro-inflammatory cytokines from
Th2 lymphocytes; leading to inhibition of inflammation reactions [21,91]. Moreover, bioactive peptides derived
from beta-lacto globulin hydrolyzed by Lactobacillus paracasei stimulate production of interleukin-10 (IL-10)
from monocytes which have anti-inflammatory cytokine, and inhibit 1L-4 production which is pro-inflammatory
cytokine [87].

L. paracasei and L. acidophilus stimulate production of TNF-a to increase secretion of NO, as
mentioned before, and enhances the phagocytosis process [91].

Lactobacillus sakei induces the production of pro-inflammatory chemokines such as (IL-18, IL-8, and
TNF-a) to bring immune cells to the site, where the pathogen infects the body [87], while Lactobacillus
johnsonii induces the production of TGF-g which is an anti-inflammatory cytokine, to decrease the
inflammation at the site of the infection [91].

In conclusion; there are difference in the action of each individual subspecies of probiotics and its
metabolites on the immune system; accordingly, that will create an integral action of immunomodulation of
symbiotic system in the kefir brew.
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6.1.4 Antioxidant Activity

It was established that Kefir probiotics, especially LAB, have the ability to inhibit lipid peroxidation
[93-96]. Besides, Bifidobacterium spp. probiotics bacteria act as scavengers for different kinds of radicals like;
[hydroxyl radicals, superoxide radicals and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical]. Particularly,
Bifidobacterium spp., which releases anti-oxidases enzymes and metabolites such as folic acid and derived
peptides, that have a great binding capability to these free radicals peroxidation [93,97].

In addition, kefir brew contains different types of free amino acids, mainly (glutamic acid, tryptophan,
lysine, leucine, cysteine, glycine and valine) producing as a result of proteins breaking down during the
fermentation process; which are considered as precursors for glutathione synthesis (glutamyl-cysteinyl-glycine
peptide), which is acting as a free radical scavenger and membrane stabilizer.

Moreover, probiotics in kefir lead to up-regulation of glutathione peroxidase, catalases and superoxide
dismutase enzymes. They also, reduce malondialdehyde to levels that prevent the induction of oxidative stress.
Accordingly, probiotics are considered as a potential tool in the control of oxidative stress [98] Thus, the
antioxidative activity of kefir can reduce DNA damage, which leads to a reduction in the incidence of the
mutagenicity and tumor formation for kefir consumers [4].

6.1.5 Anticarcinogenic Activity

The intestinal microflora and immune system stimulation; have an important role in the modulation of
cancer cell development [28,42].

The kefir fermented brew can prevent and suppress tumor formation in the early stages via the effects
of probiotics and bioactive compounds such as protein modified peptides, could be by several mechanisms [84].

Additionally, these peptides, regulate cell growth through inducing un-functioned cell lysis by of
apoptotic pathway of the cell. Apoptosis induction is not limited to proteolytic peptides, but also when a-
lactalbumin protein form a complex with oleic acid in the acidic media associated with LAB. This transformed
protein has the ability to induce apoptosis in malignant cells [21]. Likewise, [21] has mentioned, that cancer
cells are more susceptible to apoptotic induction by symbiotic action than normal cells.

Furthermore, probiotics inhibits ErbB2 and ErbB3 expression (ErbB receptors are a family of tyrosine
kinase receptors that are responsible for proliferation and survival of cells) [99].

[100] has evidence in human studies that showed, that the; ingestion of dairy products containing
Lactobacillus or Bifidobacterium of probiotics can prevent colon cancer development. Several mechanisms
have been suggested as possible explanations to inhibit cancer progress; these involve inducing production of
inflammatory cytokines (IL-6, TNF-a) in the human, altering enzyme activities (NADPH-cytochrome P-450
reductase, glutathione-S-transferase, COX-2) in the colon, reducing the mutagenicity by inhibiting the uptake of
potential carcinogens or producing antiproliferative and antitumorigenic compounds. Thus, these mechanisms
display kefir milk can be used as a chemo-preventive therapy.

Furthermore, the antimutagenic activity of kefir milk is evaluated by using the Ames test. Kefir
showed a significant reduction in the mutagenicity induced by methyl-methanesulfonate, sodium azide, and
aflatoxin B1; and this is can be elucidated by the higher levels of linoleic, butyric, palmitic, palmitoleic, and
oleic acids of the kefir milk; which were found in relation to the antimutagenic activity [101].

6.1.6 Anti-Hypertensive Activity

Released bioactive derived peptides such as (Casein modified peptides) [21] and kefiran [50] during
kefir fermentation; cause inhibition of angiotensin-converting enzyme (ACE) activity (ACE is an enzyme that
converts angiotensin | to angiotensin 11, which is a powerful vasoconstrictor). This leads to reduced formation
of angiotensin Il and decreased blood pressure [21,50].

6.1.7 Hypocholesterolemic Activity

Consumption of fermented kefir products was able to reduce cholesterol levels by up to 50% [14], through

several biochemical mechanisms including:

»  The LAB strains prevents the absorption of exogenous cholesterol in the intestinal lumen; via its capability
to bind to, then integrate the cholesterol inside own cell [86].

» A large amount of short-chain fatty acids (SCFA) produced by probiotics bacteria including: Acetic acid,
Propionate, Butyrate [86], reduce the production of cholesterol by many mechanisms such as:

e Inhibition of hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase enzyme activity. Hence,
cholesterol in the plasma is re-distributed to the hepatic tissue.

e Enhancing the activity of the 7a-hydroxylase enzyme to increase the synthesis and the secretion of bile
acids and also, improving the cholesterol regulation.

e Inhibition of intestinal gene expression required for the biosynthesis of cholesterol.
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Some studies established the hypocholesterolemic effect of kefir by using Hamsters, fed with
hypercholesterolemic diet linked with kefir product; they noted a significant reduction in triglyceride levels and
atherogenic index. Also, they display excretion of high levels of cholesterol and triglycerides in feces of
Hamsters [4,102].[25] has mentioned many studies, comparing between non-consumers and Kkefiran
exopolysaccharide consumers, with the latter exhibiting a decrease in total cholesterol, low-density lipoprotein
cholesterol (LDL), and triglycerides in plasma serum, as well as cholesterol and triglycerides in hepatic tissue in
comparison to the average non-consumer [103].

The intestinal microbiota is the main cause for atherosclerosis, associated with the substance called
trimethylamine oxide (TMAO). Red meats, egg and animal source diet contain Lecithin and L-carnitine choline
and betaine [82,104], which, under the action of intestinal microorganisms can be transformed to
trimethylamine (TMA), which is absorbed from intestine and is transported to hepatic tissue, where it
transforms TMA to TMAO by action of flavin monooxygenase (FMO) enzyme. TMAO induces the release of
inflammatory cytokines such as IL-18 and IL-1pB, as well as stimulating platelet activity and thrombosis
formation [104]. Consequently, as the levels of TMAO increase, it can progress of atherosclerosis and
development of cardiovascular diseases [105].

[106] demonstrated two comparison studies that monitor the levels of TMAO in urine and blood
showing; lower in the levels of TMAO in the individuals whom consume fermented dairy products, compared
to others with a diet consisting of non-fermented dairy products. So, the symbiotic system (probiotics and
prebiotics) of kefir fermented products can reduce TMAO formation by modulating the intestinal microbiota
compositions to reduce formation of TMA metabolites and serum TMAO [104]; leading to a decrease in
atherosclerosis formation and a decrease in the risk of cardiovascular disorder [82].

6.1.8 Hypoglycemic Activity

In Vivo studies of kefir consumption on hyper-glycemic experimental rats; had showed
supplementation of kefir were able to reduce plasma glucose level, due to the ability of phenolic compounds in
kefir products; that reduce postprandial hyperglycemia and control of blood sugar in type Il diabetes mellitus
patients [101]. In addition, [18] has mentioned that adding kefir products to the life style; will increase the
sensitivity of the tissue for insulin, and enhance the quality of life for type Il diabetes mellitus patients. [107].

Moreover, most of Lactobacillus spp., showed Dipeptidyl Peptidase IV (DPP-IV) inhibiting activity
(Figure-7), which is an enzyme that, when inhibited, it leads to an increase in the level of incretins (peptides that
enhance glucose-dependent insulin release, and suppress the secretion of pancreatic glucagon and delay the
gastric emptying). Accordingly, kefir probiotics promote the incretins effect; which applies the same strategy as
the novel antidiabetic drugs (vildagliptin, saxagliptin, alogliptin, and linagliptin). Strategies have been
developed, to produce more safer drugs with a lower risk of side effects, compared to traditional antidiabetic

agents. [108].
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Figure-7 kefir brew consumption and hypoglycemic effect.
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6.1.9 Anti-Allergic Activity

Kefiran is capable of inhibiting the degranulation of mast cells, which reduces release of inflammatory
mediators. Thus, kefiran is considered to be a promising therapy, that has beneficial activity in the prevention
and treatment of allergic diseases mediated by mast cells [109].

6.1.9.1 Effect on Lactose Intolerance Patients

Lactose is a milk sugar; that is a disaccharide (glucose and galactose), found in milk in high
concentrations. For Lactose to be absorbed from the intestinal mucosa, is required hydrolysis of the
disaccharide into monosaccharide by action of B-galactosidase enzyme [50]. Some of the people cannot digest
lactose due to inadequate activity of intestinal B-galactosidase. This enzyme is present in the kefir grain
naturally [1], which causes a decreases in the lactose content of the milk in fermentation process [52].
Therefore, the final product of milk kefir can be taken by lactose intolerance patients. [101].

6.10 Healing Activity

Recent studies have demonstrated the beneficial effects of probiotics aside from benefits due to the
gastrointestinal consumption of probiotics. Some of these novel benefits include skin health-promoting,
alleviation of eczema, atopic dermatitis, burns, healing of scars, and skin rejuvenation.

The healing effect of kefir was evaluated in vivo with an experimental animal burn, and treated with
kefir product for two weeks. After the two weeks, noted healing of the burned area and reduced the percentage
of inflammation in animals treated with kefir products was observed when compared with animals treated with
silver sulfadiazine cream [101].

[18] has mentioned study about the healing activity of kefiran extracts from kefir; they demonstrate
that kefiran extracts is effective and facilitate wound healing.

VII. Yeast related benefit
As mentioned previously; after the fermentation process, kefir grains and brew contain a large population of
unique species of yeast, which have characters of probiotics such as Saccharomyces boulardii, Saccharomyces
cerevisiae, Kluyveromyces marxianus and Issatchenkia spp [110].

7.1 Solidarity of the Kefir Symbiotic System

Kefir isolated yeast in vitro studies, has shown the capability to enhance the probiotic properties of
different bacterial species in the kefir [52]. Likewise, they can enhance the propagation of bacterial species for
long intervals in simulated gastric and intestinal fluid, as well as enhance the adhesion of LAB with the gastro-
intestinal barrier [42].

Ultimately, this is clarifying the solidarity of symbiotic system of the kefir, not only for survival in the
media of the kefir, but also the solidarity in the action inside the human body.

Most species of probiotic yeast have protective effects against pathogenic bacterial infection through a
general mechanism; most of them have the adhesive property for the entero-pathogenic bacteria on the surface
of the yeast cells, which traps the pathogen to be recognized and destroyed by the immune system [111,112].
Furthermore, most of probiotic yeasts have antitoxin effects for common bacterial toxins such as Clostridium
difficile toxins, A and B, Cholera toxin, and Escherichia coli LPS [112].

7.2 Benefits ofSaccharomyces Boulardii

In patients with Clostridium difficile bacterial infection; a kefir brew species of yeast, S. Boulardii, has
been shown to reduce the symptoms of C. difficile associated diarrhea [113], where the S. boulardii reduce
inflammation by inhibiting secretion of proinflammatory cytokines [114] in the gastro-intestinal tract caused by
C. difficile. Moreover, S. boulardii has the ability to increase the immunological state in the gut; by
stimulating the secretion of IgA from gut lymphocytes [111,115]. Several clinical trials studies, mentioned by
(Czerucka, Piche and Rampal, 2007) (Czerucka et al., 2007), determine that the probiotic yeast, S. Boulardii,
can treat and prevent antibiotics associated diarrhea; this is due to its ability to stimulate the brush-border
membrane enzymes (BBE) to enhance the digestion and enhance absorption of digested substances.

7.3 Saccharomyces cerevisiae

[117] has mentioned a study that demonstrates; the useful interaction effect between Saccharomyces
cerevisiae and Candida albicans fungi; which confirm Saccharomyces cerevisiae, the probiotic yeast, as a
treatment for vaginal infection with Candida albicans. Since, S. cerevisiae prevents the adherence of the
fungus, C. Albicans, to vaginal epithelial cells, it also leads to inhibition of candida induced damage for
epithelial cells, thus promoting the healing or prevention of Candidiasis disease development.
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7.4 Kluyveromyces Marxianus

K. marxianus has been shown to have an immunomodulatory activity; where a decrease in the
secretion of pro-inflammatory cytokines such as IL1B, IL2. IL8 and TNF, was observed [118,119].
Furthermore, K. Marxianus is also shown to have the ability to increase the expansion of Bifidobacterium;
where K. marxianus secretes metabolites that feed Bifidobacterium, and allow the Bifidobacterium to survive,
leading to an increase in the level of Bifidobacterium, which has good probiotics properties [120]. Some
strains of S.cerevisiae, K.marxianus and Issatchenkia spp are able to inhibit expression of the ccl20 receptor
gene; which is the gene responsible for stimulating formation of Salmonella flagellar protein in case of
Salmonella infection (Figure-8) [42,118].

Saccharomyces Boulardii
» Reduce the symptoms of C. difficile associated diarrhea.
¥ Reduce inflammation by inhibiting secretion of pro-inflammatory cytokines in GIT.

¥ Ability to stimulate secretion of antibodies from gut lymphocytes.
» Treat and prevent antibiotics associated diarrhea.
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and absorption of digested substances.
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Figure-8 Summary of The Kefir Brew Yeast Related Benefit.

VIIl. Conclusion:

This review demonstrates the prospect about kefir, as a whole (grains and brew) and its compositions,
since, its contain significant components which have a positive effect on human health. Kefir is a self-motivated
fermented dairy item that is formed during the fermentation process by exploitation of kefir grains in the milk.
Kefir grains contain symbiotic popularity of bacteria and yeasts comprising a diversity of up to 50 species.

This microbial ecosystem lives in coexistent harmony, sealed off within a sac of exopolysaccharide
“termed kefiran” which is constitutes protection for the kefir grains from the ecological stress and the enzymatic
degradation.

Meanwhile, detecting the exact microbial composition of kefir poses a great task, as the presence of
these microbiota within the complex symbiotic community makes the survival of each strain individually is
unmanageable. Actually, the consortium is attributed to the ability of each species to excrete metabolites, which
plays an important role in the life of another species. Therefore, the interactions between kefir microbiota are
necessary to maintain the grains in a good integrity.

The microbiota within kefir grains have the capability to liberate numerous enzymes responsible for
lipolytic and proteolytic activities on the milk to give FFA and bioactive peptides respectively. Whereby, these
biochemical compounds are liable to pharmaceutical values of kefir brew, hence making it more precious than
ordinary dairy products.

In this review, we have concluded that, in order to attained a suitable kefir brew of high quality; the
following optimum conditions should preferably be taken into considerations:

In the beginning of the fermentation process, utilize pasteurized milk that is rich in fat, and the
incubation temperature must be controlled so that it does not to exceed 28°C and does not fall lower than 25°C.
An appropriate incubation size ranging from 5 to 10% should be used. Kefir grains should be fermented for
sufficient incubation time, a period of not less than 24 hours, after that it can be reused or even stored in a
refrigerator at 4°C for future use. In the context of that, all previous factors have a direct impact on the pH of
kefir. We have discussed, that any deviation from the optimum pH (4.4) could be cause alteration in the
microbial composition of kefir.

The spacious extent of health benefit related to the symbiotic community exists inside the kefir through
continuous consumption of kefir product. The symbiotic system of kefir has the ability to improve the GIT
barrier through the increasing of the mucin secretion and the enhancement of mucosal immunity to maintain off
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the GIT barrier’s function and prevent the chronic inflammatory disorders. Furthermore, probiotics of the
symbiotic system exert antibacterial effects through various mechanisms; chiefly by preventing pathogenic
bacterial adhesion to the GIT surface as well as excreting bacteriocins. In addition, most of probiotic yeasts can
catch up the pathogenic bacteria on its wall to be detected by the immune system. Also, some probiotic yeasts
can secrete bacterial anti-toxins.

Probiotics of kefir brew and its metabolites have an immunomodulatory outcome regarding the alliance
of the species and subspecies of probiotics; by means of promoting the innate and adaptive immune response via
its ability to activate and proliferate immune cells. Likewise, probiotics have proficiency in regulating immuno-
mediators through cytokines and chemokines secretion.

Moreover, kefir brew contains probiotics and prebiotics that deem as powerful utensils in oxidative
stress resistance; attributable to their activities in suppression of lipid peroxidation, free radicals picking up and
liberating anti-oxidase enzymes, then preventing tumor consistence and proliferation. On the other hand, the
anticancer effects of the symbiotic system in kefir resulted from different mechanisms; which is can induce
initiation of the apoptotic pathway of malignant cells, along with the inhibition of tyrosine kinase receptors
leading to constraint in growth and propagation of cancer cells.

Regular consumption of kefir brew has been shown to cause a decreases in levels of serum LDL and
hepatic cholesterol; as a result of inhibition of exogenous cholesterol absorption and endogenous cholesterol
synthesis. The modulation of intestinal microbiota by kefir probiotics prevents TMA absorption to the liver,
therefore leading to a decrease in the formation of TMAO, which is the main cause for atherosclerosis
development that is followed by cardiovascular disorder.

Inclusively, Kefiran and some bioactive peptides of kefir are capable of reducing the action of the ACE
enzyme, to minimize formation of vasopressor peptides that fulfil the task of causing a decline in blood pressure
for hypertensive patients. Among additional things, kefir brew has a hypoglycemic effect in type Il diabetic
patients relating to the inhibition of glucose absorption from GIT. Besides some species of probiotics that have
DPP-1V inhibiting activity to elevate insulin secretion, as well as some probiotics' metabolites able to enhance
the insulin sensitivity in tissues. Correspondingly, during fermentation process kefir grains liberate -
galactosidase enzyme to the milk, whereby converting lactose (milk sugar) to lactic acid, forming brew with less
lactose concentration that enhances the quality of life for lactose intolerant patients if they consume kefir brew
frequently instead of conventional dairy products.

In denouement, kefir products are an efficient nourishment with unlimited potentials. Several observed
physiological effects support the health promoting benefits of kefir products. The symbiotic system of kefir has
a significant influence in prevention and treatment of prevalent diseases due to its nutritional and therapeutic
characteristics. Resultantly, it is recommended for ordinary people to reduce the risk of chronic diseases and
also for patients with many disorders.

IX. Future prospect

We pay attention to the fermented kefir products as interest in it widespread globally, which is
considered to be an important source of probiotics as we mentioned earlier; these probiotics act as a remarkable
gut microbial rebalancing agents to promote the digestive health assistance.

After working on this review, several questions have been raised; like, how microbiota inside grains
interconnect with each other, how this microbial system remains sustainable and survival for a long time, and
how these microorganisms are distributed within the kefir grain. In the future prospective studies, several
experiments should be performed to answer such questions.

We found kefir grains in Libya but unfortunately, they have an unknown origin. Consequently, in the
near future studies, we plan to analyze this kefir sample; with a particular focus on identifying and being
acquainted the types of probiotics present in the kefir sample that is found in the Libyan market after their
isolation.

In view of that, our aim is to access to a healthy diet regimen for the Libyan society; through
intensification of the awareness of individuals to the benefits and safety of kefir and kefir products to expand the
popularity of consumption of kefir products among Libyan consumers. In addition, increasing the Libyan
market potential of kefir by adding it to the national commercial dairy products during manufacturing.

In a short summary, the growing healthy kefir products consumption habits can guarantee for humans a
healthier lifestyle.

References
[1] Magalhdes-Guedes KT, T Magalhdes K, F Schwan R. Chemical and Therapeutic Aspects of Kefir. Int J Pharmacovigil 2016;1:1-3.
https://doi.org/10.15226/2476-2431/1/2/00103.
[2] Schwan RF, Magalhdes-Guedes KT, Dias DR. Kefir - Grains and Beverages: A Review. Sci Agrar Parana 2015;14:1-9.
https://doi.org/10.18188/1983-1471/sap.v14n1pl-9.
[3] Leite AM de O, Miguel MAL, Peixoto RS, Rosado AS, Silva JT, Paschoalin VMF. Microbiological, technological and therapeutic

*Corresponding Author: Reem Beleid 42 | Page



Kefir Brew as A Rebalancing System

[4]
[5]
[6]
[71

(8]

[9]

[10]
[11]
[12]
[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]

[31]

[32]
[33]
[34]
[35]

[36]

[37]

[38]

properties of kefir: a natural probiotic beverage. Brazilian J Microbiol 2013;44:341-9. https://doi.org/10.1590/S1517-
83822013000200001.

Rosa DD, Dias MMS, Grzeskowiak £ M, Reis SA, Conceigdo LL, Peluzio M do CG. Milk kefir : nutritional, microbiological and
health benefits. Nutr Res Rev 2017;30:82-96. https://doi.org/10.1017/S0954422416000275.

Sekkal-Taleb N. Chemical and microbiological composition of Kefir and its natural benefits. Mediterr J Biosci 2016;1:174-83.
John SM, Deeseenthum S. Properties and benefits of kefir -A review. Songklanakarin J Sci Technol 2015;37:275-82.

Shen Y, Kim D-H, Chon J-W, Kim H, Song K-Y, Seo K-H. Nutritional Effects and Antimicrobial Activity of Kefir (Grains). J Milk
Sci Biotechnol 2018;36:1-13. https://doi.org/10.22424/jmsb.2018.36.1.1.

Afffane A.L.N. Impact of environmental factors on the metabolic profiles of kefir produced using different kefir grains and
subsequent enrichment of kefir prepared with mass cultured grains. Faculty of AgriSciences, Stellenbosch University., 2012.
http://hdl.handle.net/10019.1/20395

Atitwa EB, Koske JK, Mutiso JM. The optimum settings of culture conditions for optimum growth of kefir grains for nutrition and
health using RSM with BBD. Int J Stat Appl Math 2016;1:24-33.

Schwan RF, Magalhdes-Guedes KT, Dias DR. Milk Kefir: Structure, Chemical and Microbiological Composition. In: Editors: Anil
Kumar Puniya, editor. Fermented Milk Dairy Prod., CRC Press -; 2016, p. 461-82.

Arslan S. A review: chemical, microbiological and nutritional characteristics of kefir. CyTA - J Food 2015;13:340-5.
https://doi.org/10.1080/19476337.2014.981588.

Miguel MG da CP, Cardoso PG, Lago LDA, Schwan RF. Diversity of bacteria present in milk kefir grains using culture-dependent
and culture-independent methods. Food Res Int 2010;43:1523-8. https://doi.org/10.1016/j.foodres.2010.04.031.

Kukhtyn M, Vichko O, Kravets O, Karpyk H, Shved O, Novikov V. Biochemical and microbiological changes during fermentation
and storage of a fermented milk product prepared with Tibetan Kefir Starter. Arch Latinoam Nutr 2018;68:336-43.

Basavaraju B, Jamil K. Identification and Characterization of Probiotics from New Sources. Int J Sci Reserach 2014;3:837-41.
Hecer C, Ulusoy B, Kaynarca D. Effect of different fermentation conditions on composition of kefir microbiota. Int Food Res J
2019;26:401-9.

Barzegari A, Kheyrolahzadeh K, Hosseiniyan Khatibi SM, Sharifi S, Memar MY, Zununi Vahed S. The Battle of Probiotics and
Their Derivatives Against Biofilms. Infect Drug Resist 2020;13:659—72. https://doi.org/10.2147/IDR.S232982.

Plessas S, Nouska C, Mantzourani I, Kourkoutas Y, Alexopoulos A, Bezirtzoglou E. Microbiological Exploration of Different
Types of Kefir Grains. Fermentation 2017;3:1-10. https://doi.org/10.3390/fermentation3010001.

O’Brien KV, Stewart LK, Forney LA, Aryana KJ, Prinyawiwatkul W, Boeneke CA. The effects of postexercise consumption of a
kefir beverage on performance and recovery during intensive endurance training. J Dairy Sci 2015;98:7446-9.
https://doi.org/10.3168/jds.2015-9392.

Pogaci¢ T, Sinko S, Zamberlin S, Samarzija D. Microbiota of kefir grains. Mljekarstvo 2013;63:3—14.

Setyawardani T, Rahardjo A, Sulistyowati M, Wasito S. Physiochemical and Organoleptic Features of Goat Milk Kefir Made of
Different Kefir Grain Concentration on Controlled Fermentation. Anim Prod 2014;16:48-54.

Pessione E, Cirrincione S. Bioactive Molecules Released in Food by Lactic Acid Bacteria: Encrypted Peptides and Biogenic
Amines. Front Microbiol 2016;7:1-19. https://doi.org/10.3389/fmich.2016.00876.

Dallas DC, Citerne F, Tian T, Silva VLM, Kalanetra KM, Frese SA, et al. Peptidomic analysis reveals proteolytic activity of kefir
microorganisms on bovine milk proteins. Food Chem 2016;197:273-84. https://doi.org/10.1016/j.foodchem.2015.10.116.

Farag MA, Jomaa SA, Abd El-Wahed A, R. El-Seedi H. The Many Faces of Kefir Fermented Dairy Products: Quality
Characteristics, Flavour Chemistry, Nutritional Value, Health Benefits, and Safety. Nutrients 2020;12:346.
https://doi.org/10.3390/nu12020346.

Dailin DJ, Elsayed EA, Othman NZ, Malek R, Phin HS, Aziz R, et al. Bioprocess development for kefiran production by
Lactobacillus  kefiranofaciens in  semi  industrial scale bioreactor. Saudi J Biol Sci 2016;23:495-502.
https://doi.org/10.1016/j.sjbs.2015.06.003.

Prado MR, Blandén LM, Vandenberghe LPS, Rodrigues C, Castro GR, Thomaz-Soccol V, et al. Milk kefir: composition, microbial
cultures, biological activities, and related products. Front Microbiol 2015;6:1177-90. https://doi.org/10.3389/fmicb.2015.01177.
Radhouani H, Gongalves C, Maia FR, Oliveira JM, Reis RL. Kefiran biopolymer: Evaluation of its physicochemical and biological
properties. J Bioact Compat Polym 2018;33:461-78. https://doi.org/10.1177/0883911518793914.

Moradi Z, Kalanpour N. Kefiran, a branched polysaccharide: Preparation, properties and applications: A review. Carbohydr Polym
2019;223:115100. https://doi.org/10.1016/j.carbpol.2019.115100.

Rosa DD, Peluzio M do CG, Bueno TP, Caifiizares EV, Miranda LS, Dorbignyi BM, et al. Evaluation of the subchronic toxicity of
kefir by oral administration in Wistar rats. Nutr Hosp 2014;29:1352-9. https://doi.org/10.3305/nh.2014.29.6.7390.

Ganchev I. Antibiofilm Activity of Lactobacillus Strains. Sci J Chem 2018;6:77-82. https://doi.org/10.11648/j.sjc.20180605.11.
Zamani H, Rahbar S, Garakoui SR, Afsah Sahebi A, Jafari H. Antibiofilm potential of Lactobacillus plantarum spp. cell free
supernatant  (CFS) against multidrug  resistant  bacterial  pathogens. Pharm  Biomed Res 2017;3:39-44.
https://doi.org/10.29252/pbr.3.2.39.

Silva LA, Lopes Neto JHP, Cardarelli HR. Exopolysaccharides produced by Lactobacillus plantarum: technological properties,
biological activity, and potential application in the food industry. Ann Microbiol 2019;69:321-8. https://doi.org/10.1007/s13213-
019-01456-9.

Sanalibaba P, Cakmak GA. Exopolysaccharides Production by Lactic Acid Bacteria. Appl Microbiol Open Access 2016;2:1-5.
https://doi.org/10.4172/2471-9315.1000115.

Belletti N, Gatti M, Bottari B, Neviani E, Tabanelli G, Gardini F. Antibiotic Resistance of Lactobacilli Isolated from Two Italian
Hard Cheeses. J Food Prot 2009;72:2162-9. https://doi.org/10.4315/0362-028X-72.10.2162.

Vieira CP, Alvares TS, Gomes LS, Torres AG, Paschoalin VMF, Conte-Junior CA. Kefir Grains Change Fatty Acid Profile of Milk
during Fermentation and Storage. PLoS One 2015;10:€0139910. https://doi.org/10.1371/journal.pone.0139910.

Nejati F, Junne S, Neubauer P. A Big World in Small Grain: A Review of Natural Milk Kefir Starters. Microorganisms 2020;8:192.
https://doi.org/10.3390/microorganisms8020192.

Pop CR, Apostu S, Salantd L, Rotar AM, Sindic M, Mabon N, et al. Influence of Different Growth Conditions on the Kefir Grains
Production, used in the Kefiran Synthesis. Bull Univ Agric Sci Vet Med Cluj-Napoca Food Sci Technol 2014;71:147-53.
https://doi.org/10.15835/buasvmen-fst:10802.

Bengoa AA, Iraporda C, Garrote GL, Abraham AG. Kefir micro-organisms: their role in grain assembly and health properties of
fermented milk. J Appl Microbiol 2019;126:686—-700. https://doi.org/10.1111/jam.14107.

Garofalo C, Osimani A, Milanovi¢ V, Aquilanti L, De Filippis F, Stellato G, et al. Bacteria and yeast microbiota in milk kefir grains
from different Italian regions. Food Microbiol 2015;49:123-33. https://doi.org/10.1016/j.fm.2015.01.017.

*Corresponding Author: Reem Beleid 43 | Page



Kefir Brew as A Rebalancing System

[39]
[40]
[41]
[42]

[43]

[44]
[45]

[46]

[47]
[48]
[49]
[50]

[51]

[52]

[53]

[54]
[55]
[56]
[57]
[58]

[59]

[60]

[61]

[62]

[63]
[64]
[65]
[66]
[67]
[66]
[69]
[70]
[71]

[72]

Otles S, Cagindi O. Kefir: A Probiotic Dairy-Composition, Nutritional and Therapeutic Aspects. Pakistan J Nutr 2003;2:54-9.
https://doi.org/10.3923/pjn.2003.54.59.

Pintado ME, Da Silva JAL, Fernandes PB, Malcata FX, Hogg TA. Microbiological and rheological studies on Portuguese kefir
grains. IntJ Food Sci Technol 1996;31:15-26. https://doi.org/10.1111/j.1365-2621.1996.16-316.X.

Irigoyen A, Arana |, Castiella M, Torre P, Ibanez FC. Microbiological, physicochemical, and sensory characteristics of kefir during
storage. Food Chem 2005;90:613-20. https://doi.org/10.1016/j.foodchem.2004.04.021.

Bourrie BCTT, Willing BP, Cotter PD. The Microbiota and Health Promoting Characteristics of the Fermented Beverage Kefir.
Front Microbiol 2016;7:1-17. https://doi.org/10.3389/fmich.2016.00647.

Zhimo VY, Biasi A, Kumar A, Feygenberg O, Salim S, Vero S, et al. Yeasts and Bacterial Consortia from Kefir Grains Are
Effective Biocontrol Agents of Postharvest Diseases of Fruits. Microorganisms 2020;8:428.
https://doi.org/10.3390/microorganisms8030428.

Witthuhn RC, Schoeman T, Britz TJ. Characterisation of the microbial population at different stages of Kefir production and Kefir
grain mass cultivation. Int Dairy J 2005;15:383-9. https://doi.org/10.1016/j.idairyj.2004.07.016.

Vardjan T, Mohar Lorbeg P, Rogelj I, Canzek Majhenié¢ A. Characterization and stability of lactobacilli and yeast microbiota in
kefir grains. J Dairy Sci 2013;96:2729-36. https://doi.org/10.3168/jds.2012-5829.

Blasche S, Kim Y, Mars R, Kafkia E, Maansson M, Machado D, et al. Emergence of stable coexistence in a complex microbial
community through  metabolic  cooperation and  spatio-temporal niche partitioning. BioRxiv  2019:541870.
https://doi.org/10.1101/541870.

Walsh AM, Crispie F, Kilcawley K, O’Sullivan O, O’Sullivan MG, Claesson MJ, et al. Microbial Succession and Flavor Production
in the Fermented Dairy Beverage Kefir. MSystems 2016;1:1-17. https://doi.org/10.1128/mSystems.00052-16.

Simova E, Beshkova D, Angelov A, Hristozova T, Frengova G, Spasov Z. Lactic acid bacteria and yeasts in kefir grains and kefir
made from them. J Ind Microbiol Biotechnol 2002;28:1-6. https://doi.org/10.1038/sj.jim.7000186.

Cetinkaya F, Mus TE. Determination of microbiological and chemical characteristics of kefir consumed in Bursa. Ankara
Universitesi Vet Fakiiltesi Derg 2012;59:217-21. https:/doi.org/10.1501/Vetfak_0000002528.

Ahmed Z, Wang Y, Ahmad A, Khan ST, Nisa M, Ahmad H, et al. Kefir and Health: A Contemporary Perspective. Crit Rev Food
Sci Nutr 2013;53:422-34. https://doi.org/10.1080/10408398.2010.540360.

Golowczyc MA, Mobili P, Garrote GL, de los Angeles Serradell M, Abraham AG, De Antoni GL. Interaction between
Lactobacillus kefir and Saccharomyces lipolytica isolated from kefir grains: evidence for lectin-like activity of bacterial surface
proteins. J Dairy Res 2009;76:111-6. https://doi.org/10.1017/S0022029908003749.

Lopitz-Otsoa F, Rementeria A, Elguezabal N, Garaizar J. Kefir: a symbiotic yeasts-bacteria community with alleged healthy
capabilities. Rev Iberoam Micol 2006;23:67—74. https://doi.org/10.1016/S1130-1406(06)70016-X.

Atanassova M, Dousset X, Montcheva P, Ivanova I, Haertle T. Microbiological study of kefir grains. Isolation and identification of
high activity bacteriocin producing strains. Biotechnol Biotechnol Equip 1999;13:55-60.
https://doi.org/10.1080/13102818.1999.10819019.

Taniguchi M, Tanaka T. Clarification of Interactions among Microorganisms and Development of Co-culture System for
Production of Useful Substances. Adv. Biochem. Eng. Biotechnol., vol. 90, 2004, p. 35-62. https://doi.org/10.1007/b94191.

Burcu U nsal UN, Alper A. Phylogenetic identification of bacteria within kefir by both culture-dependent and culture-independent
methods. African J Microbiol Res 2013;7:4533-8. https://doi.org/10.5897/AJIMR2013.6064.

Gul O, Mortas M, Atalar I, Dervisoglu M, Kahyaoglu T. Manufacture and characterization of kefir made from cow and buffalo
milk, using kefir grain and starter culture. J Dairy Sci 2015;98:1517-25. https://doi.org/10.3168/jds.2014-8755.

Nielsen B, Giirakan GC, Unlii G. Kefir: A Multifaceted Fermented Dairy Product. Probiotics Antimicrob Proteins 2014;6:123-35.
https://doi.org/10.1007/s12602-014-9168-0.

Richard B. A Whole New Generation of Milk Kefir Grains Formed From Freeze-dried Starter Cultures A Fascinating Insight Into a
Hidden World. La Jolla, California, United States: 2016.

Londero A, Hamet MF, De Antoni GL, Garrote GL, Abraham AG. Kefir grains as a starter for whey fermentation at different
temperatures: chemical and microbiological characterisation. J Dairy Res 2012;79:262-71.
https://doi.org/10.1017/S0022029912000179.

Altay F, Karbancioglu-Giler F, Daskaya-Dikmen C, Heperkan D. A review on traditional Turkish fermented non-alcoholic
beverages: Microbiota, fermentation process and quality characteristics. Int J Food Microbiol 2013;167:44-56.
https://doi.org/10.1016/j.ijfoodmicro.2013.06.016.

de Sainz I, Redondo-Solano M, Solano G, Ramirez L. Short communication: Effect of different kefir grains on the attributes of kefir
produced with milk from Costa Rica. J Dairy Sci 2020;103:215-9. https://doi.org/10.3168/jds.2018-15970.

Bergmann RS de O, Pereira MA, Veiga SMOM, Schneedorf JM, Oliveira N de MS, Fiorini JE. Microbial profile of a kefir sample
preparations: grains in natura and lyophilized and fermented suspension. Ciéncia e Tecnol Aliment 2010;30:1022-6.
https://doi.org/10.1590/S0101-20612010000400029.

Kok-Tas T, Seydim AC, Ozer B, Guzel-Seydim ZB. Effects of different fermentation parameters on quality characteristics of kefir.
J Dairy Sci 2013;96:780-9. https://doi.org/10.3168/jds.2012-5753.

Gao X, Li B. Chemical and microbiological characteristics of kefir grains and their fermented dairy products: A review. Cogent
Food Agric 2016;2:1-10. https://doi.org/10.1080/23311932.2016.1272152.

TOMAR O, AKARCA G, CAGLAR A, BEYKAYA M, GOK V. The effects of kefir grain and starter culture on kefir produced
from cow and buffalo milk during storage periods. Food Sci Technol 2020;40:238-44. https://doi.org/10.1590/fst.39418.

Lengkey HAW, Balia RL. The effect of starter dosage and fermentation time on pH and lactic acid production. Biotechnol Anim
Husb 2014;30:339-47. https://doi.org/10.2298/BAH1402339L.

Kabadjova-Hristova P, Bakalova S, Gocheva B, Moncheva P. Evidence for Proteolytic Activity of Lactobacilli Isolated from Kefir
Grains. Biotechnol Biotechnol Equip 2006;20:89-94. https://doi.org/10.1080/13102818.2006.10817347.

Shi X, Chen H, Li Y, Huang J, He Y. Effects of Kefir Grains on Fermentation and Bioactivity of Goat Milk. Acta Univ Cibiniensis
Ser E Food Technol 2018;22:43-50. https://doi.org/10.2478/aucft-2018-0005.

Dimitreli G, Antoniou KD. Effect of incubation temperature and caseinates on the rheological behaviour of Kefir. Procedia Food
Sci 2011;1:583-8. https://doi.org/10.1016/j.profo0.2011.09.088.

Bardo CE, Klososki SJ, Pinheiro KH, Marcolino VA, Junior OV, da Cruz AG, et al. Growth kinetics of kefir biomass: Influence of
the incubation temperature in milk. Chem Eng Trans 2019;75:499-504. https://doi.org/10.3303/CET1975084.

Dailin DJ, Elsayed EA, Othman NZ, Malek RA, Ramli S, Sarmidi MR, et al. Development of cultivation medium for high yield
kefiran production by lactobacillus kefiranofaciens. Int J Pharm Pharm Sci 2015;7:159-63.

Ozen M, Dinleyici EC. The history of probiotics: the untold story. Benef Microbes 2015;6:159-65.

*Corresponding Author: Reem Beleid 44 | Page



Kefir Brew as A Rebalancing System

[73]
[74]
[75]
[76]
[77]
[78]

[79]

[80]

[81]
[82]

[83]
[84]
[85]
[86]
[87]
[88]

[89]

[90]
[91]
[92]
[93]
[94]

[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]
[103]

[104]

[105]

[106]

https://doi.org/10.3920/BM2014.0103.

Gupta V, Garg R. Probiotics. Indian J Med Microbiol 2009;27:202. https://doi.org/10.4103/0255-0857.53201.

Williams NT. Probiotics. Am J Heal Pharm 2010;67:449-58. https://doi.org/10.2146/ajhp090168.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. The International Scientific Association for Probiotics and
Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol 2014;11:506—
14. https://doi.org/10.1038/nrgastro.2014.66.

Toscano M, De Grandi R, Pastorelli L, Vecchi M, Drago L. A consumer’s guide for probiotics: 10 golden rules for a correct use.
Dig Liver Dis 2017;49:1177-84. https://doi.org/10.1016/j.d1d.2017.07.011.

Diosma G, Romanin DE, Rey-Burusco MF, Londero A, Garrote GL. Yeasts from kefir grains: isolation, identification, and
probiotic characterization. World J Microbiol Biotechnol 2014;30:43-53. https://doi.org/10.1007/s11274-013-1419-9.

Kim J-A, Bayo J, Cha J, Choi YJ, Jung MY, Kim D-H, et al. Investigating the probiotic characteristics of four microbial strains with
potential application in feed industry. PLoS One 2019;14:€0218922. https://doi.org/10.1371/journal.pone.0218922.

Valentini Neto J, Chella Tp, Rudnik Dp, Ribeiro Sml. Effects of synbiotic supplementation on gut functioning and systemic
inflammation of community-dwelling elders - secondary analyses from a randomized clinical trial. Arq Gastroenterol 2020;57:24—
30. https://doi.org/10.1590/s0004-2803.202000000-06.

Aspri M, Papademas P, Tsaltas D. Review on Non-Dairy Probiotics and Their Use in Non-Dairy Based Products. Fermentation
2020;6:30. https://doi.org/10.3390/fermentation6010030.

Sanders ME. Probiotics and microbiota composition. BMC Med 2016;14:82. https://doi.org/10.1186/s12916-016-0629-z.
Pieczynska MD, Yang Y, Petrykowski S, Horbanczuk OK, Atanasov AG, Horbanczuk JO. Gut Microbiota and Its Metabolites in
Atherosclerosis Development. Molecules 2020;25:594. https://doi.org/10.3390/molecules25030594.

Piqué N, Berlanga M, Mifiana-Galbis D. Health Benefits of Heat-Killed (Tyndallized) Probiotics: An Overview. Int J Mol Sci
2019;20:2534. https://doi.org/10.3390/ijms20102534.

Zhao W, Liu Y, Latta M, Ma W, Wu Z, Chen P. Probiotics database: a potential source of fermented foods. Int J Food Prop
2019;22:198-217. https://doi.org/10.1080/10942912.2019.1579737.

Bell V, Ferrdo J, Pimentel L, Pintado M, Fernandes T. One Health, Fermented Foods, and Gut Microbiota. Foods 2018;7:195.
https://doi.org/10.3390/foods7120195.

Liu Y, Tran DQ, Rhoads JM. Probiotics in Disease Prevention and Treatment. J Clin Pharmacol 2018;58:S164-79.
https://doi.org/10.1002/jcph.1121.

Nii T, Jirapat J, Isobe N, Yoshimura Y. Effects of Oral Administration of Lactobacillus reuteri on Mucosal Barrier Function in the
Digestive Tract of Broiler Chicks. J Poult Sci 2020;57:67-76. https://doi.org/10.2141/jpsa.0190035.

Shaikh M, Shah G. Determination of probiotic properties of lactic acid bacteria from curd. Glob J Biol Agric Heal Sci 2013;2:119—
22.

Bourdel-Marchasson |, Ostan R, Regueme SC, Pinto A, Pryen F, Charrouf Z, et al. Quality of Life: Psychological Symptoms—
Effects of a 2-Month Healthy Diet and Nutraceutical Intervention; A Randomized, Open-Label Intervention Trial (RISTOMED).
Nutrients 2020;12:800. https://doi.org/10.3390/nu12030800.

Lv J, Da R, Cheng Y, Tuo X, Wei J, Jiang K, et al. Mechanism of Antibacterial Activity of Bacillus amyloliquefaciens C-1
Lipopeptide toward Anaerobic Clostridium difficile. Biomed Res Int 2020;2020:1-12. https://doi.org/10.1155/2020/3104613.

Azad MAK, Sarker M, Wan D. Immunomodulatory Effects of Probiotics on Cytokine Profiles. Biomed Res Int 2018;2018:1-10.
https://doi.org/10.1155/2018/8063647.

Saiz ML, Rocha-Perugini V, Sanchez-Madrid F. Tetraspanins as Organizers of Antigen-Presenting Cell Function. Front Immunol
2018;9:1-12. https://doi.org/10.3389/fimmu.2018.01074.

Liu J, Lin Y-Y, Chen M-J, Chen L, Lin C. Antioxidative Activities of Kefir. Asian-Australasian J Anim Sci 2005;18:567-73.
https://doi.org/10.5713/ajas.2005.567.

Wang Y, Wu Y, Wang Y, Xu H, Mei X, Yu D, et al. Antioxidant Properties of Probiotic Bacteria. Nutrients 2017;9:521.
https://doi.org/10.3390/nu9050521.

Lopusiewicz L, Droztowska E, Siedlecka P, M¢zynska M, Bartkowiak A, Sienkiewicz M, et al. Development, Characterization, and
Bioactivity of Non-Dairy Kefir-Like Fermented Beverage Based on Flaxseed Oil Cake. Foods 2019;8:544.
https://doi.org/10.3390/foods8110544.

Yilmaz-Ersan L, Ozcan T, Akpinar-Bayizit A, Sahin S. Comparison of antioxidant capacity of cow and ewe milk kefirs. J Dairy Sci
2018;101:3788-98. https://doi.org/10.3168/jds.2017-13871.

Talib, Mohamad, Yeap, Hussin, Aziz, Masarudin, et al. Isolation and Characterization of Lactobacillus spp. from Kefir Samples in
Malaysia. Molecules 2019;24:2606. https://doi.org/10.3390/molecules24142606.

Kim D-H, Jeong D, Kim H, Seo K. Modern perspectives on the health benefits of kefir in next generation sequencing era:
Improvement of the host gut microbiota. Crit Rev Food Sci Nutr 2019;59:1782-93.
https://doi.org/10.1080/10408398.2018.1428168.

Zhang H, Berezov A, Wang Q, Zhang G, Drebin J, Murali R, et al. ErbB receptors: from oncogenes to targeted cancer therapies. J
Clin Invest 2007;117:2051-8. https://doi.org/10.1172/JC132278.

Ma EL, Choi YJ, Choi J, Pothoulakis C, Rhee SH, Im E. The anticancer effect of probiotic Bacillus polyfermenticus on human
colon cancer cells is mediated through ErbB2 and ErbB3 inhibition. Int J Cancer 2010;127:780-90.
https://doi.org/10.1002/ijc.25011.

Rosa DD. Evaluation of Kefir Consumption on Metabolic, Immune, Hormonal and Histological Parameters in Spontaneously
Hipertensive Rats with Induced Metabolic Syndrome. VICOSA MINAS GERAIS — BRASIL: The Graduate Program In Nutrition
Sciences for Attaining The Degree of Doctor Scientiae. Vigosa, Minas Gerais-Brasil, 2014.; 2014.

Reis SA, Concei¢do LL, Rosa DD, Siqueira NP, Peluzio MCG. Mechanisms responsible for the hypocholesterolaemic effect of
regular consumption of probiotics. Nutr Res Rev 2017;30:36-49. https://doi.org/10.1017/S0954422416000226.

Uchida M, Ishii I, Inoue C, Akisato Y, Watanabe K, Hosoyama S, et al. Kefiran Reduces Atherosclerosis in Rabbits Fed a High
Cholesterol Diet. J Atheroscler Thromb 2010;17:980-8. https://doi.org/10.5551/jat.4812.

Yang S, Li X, Yang F, Zhao R, Pan X, Liang J, et al. Gut Microbiota-Dependent Marker TMAOQ in Promoting Cardiovascular
Disease: Inflammation Mechanism, Clinical Prognostic, and Potential as a Therapeutic Target. Front Pharmacol 2019;10:1-14.
https://doi.org/10.3389/fphar.2019.01360.

Gao J, Yan K-T, Wang J-X, Dou J, Wang J, Ren M, et al. Gut microbial taxa as potential predictive biomarkers for acute coronary
syndrome and post-STEMI cardiovascular events. Sci Rep 2020;10:2639. https://doi.org/10.1038/s41598-020-59235-5.

Burton KJ, Kriger R, Scherz V, Minger LH, Picone G, Vionnet N, et al. Trimethylamine-N-Oxide Postprandial Response in
Plasma and Urine Is Lower After Fermented Compared to Non-Fermented Dairy Consumption in Healthy Adults. Nutrients

*Corresponding Author: Reem Beleid 45 | Page



Kefir Brew as A Rebalancing System

[107]

[108]

[109]
[110]

[111]

[112]
[113]

[114]

[115]
[116]

[117]

[118]

[119]

[120]

2020;12:234. https://doi.org/10.3390/nu12010234.

El-Bashiti TA, M. Zabut B, Abu Safia FF. Effect of Probiotic Fermented Milk (Kefir) on Some Blood Biochemical Parameters
Among Newly Diagnosed Type 2 Diabetic Adult Males in Gaza Governorate. Curr Res Nutr Food Sci J 2019;7:568-75.
https://doi.org/10.12944/CRNFSJ.7.2.25.

Yan F, Li N, Yue Y, Wang C, Zhao L, Evivie SE, et al. Screening for Potential Novel Probiotics With Dipeptidyl Peptidase 1V -
Inhibiting  Activity for Type 2 Diabetes Attenuation in vitro and in vivo. Front Microbiol 2020;10:2855.
https://doi.org/10.3389/fmich.2019.02855.

Furuno T, Nakanishi M. Kefiran Suppresses Antigen-Induced Mast Cell Activation. Biol Pharm Bull 2012;35:178-83.
https://doi.org/10.1248/bph.35.178.

Marsh AJ, O’Sullivan O, Hill C, Ross RP, Cotter PD. Sequencing-Based Analysis of the Bacterial and Fungal Composition of Kefir
Grains and Milks from Multiple Sources. PLoS One 2013;8:e69371. https://doi.org/10.1371/journal.pone.0069371.

Tiago FCP, Martins FS, Souza ELS, Pimenta PFP, Araujo HRC, Castro IM, et al. Adhesion to the yeast cell surface as a mechanism
for trapping pathogenic  bacteria by  Saccharomyces probioticss. J Med Microbiol 2012;61:1194-207.
https://doi.org/10.1099/jmm.0.042283-0.

Saber A, Alipour B, Faghfoori Z, Yari Khosroushahi A. Cellular and molecular effects of yeast probiotics on cancer. Crit Rev
Microbiol 2017;43:96-115. https://doi.org/10.1080/1040841X.2016.1179622.

Goldstein EJC, Johnson SJ, Maziade P-J, Evans CT, Sniffen JC, Millette M, et al. Probiotics and prevention of Clostridium difficile
infection. Anaerobe 2017;45:114-9. https://doi.org/10.1016/j.anaerobe.2016.12.007.

Thévenot J, Cordonnier C, Rougeron A, Le Goff O, Nguyen HTT, Denis S, et al. Enterohemorrhagic Escherichia coli infection has
donor-dependent effect on human gut microbiota and may be antagonized by probiotic yeast during interaction with Peyer’s
patches. Appl Microbiol Biotechnol 2015;99:9097-110. https://doi.org/10.1007/s00253-015-6704-0.

McFarland L V. Systematic review and meta-analysis of Saccharomyces boulardii in adult patients. World J Gastroenterol
2010;16:2202. https://doi.org/10.3748/wjg.v16.i18.2202.

Czerucka D, Piche T, Rampal P. Review article: yeast as probiotics -Saccharomyces boulardii. Aliment Pharmacol Ther
2007;26:767-78. https://doi.org/10.1111/j.1365-2036.2007.03442.x.

Pericolini E, Gabrielli E, Ballet N, Sabbatini S, Roselletti E, Cayzeele Decherf A, et al. Therapeutic activity of a Saccharomyces
cerevisiae -based probiotic and inactivated whole yeast on vaginal candidiasis. Virulence 2017;8:74-90.
https://doi.org/10.1080/21505594.2016.1213937.

Romanin D, Serradell M, Gonzélez Maciel D, Lausada N, Garrote GL, Rumbo M. Down-regulation of intestinal epithelial innate
response by probiotic yeasts isolated from kefir. Int J Food Microbiol 2010;140:102-8.
https://doi.org/10.1016/j.ijfoodmicro.2010.04.014.

Kumura H, Tanoue Y, Tsukahara M, Tanaka T, Shimazaki K. Screening of Dairy Yeast Strains for Probiotic Applications. J Dairy
Sci 2004;87:4050-6. https://doi.org/10.3168/jds.S0022-0302(04)73546-8.

Azad MAK, Sarker M, Li T, Yin J. Probiotic Species in the Modulation of Gut Microbiota: An Overview. Biomed Res Int
2018;2018:1-8. https://doi.org/10.1155/2018/9478630.

*Corresponding Author: Reem Beleid 46 | Page



