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I Abstract
Introduction. Probiotics are live microorganisms which, administered in appropriate amounts, have a beneficial effect on
human health. Food products that contain these microorganisms are known as natural probiotics. Probiotic food include
the group of dairy products in which fermented milk products are majority.
Objective. The aim of the study is to review current data and summarize knowledge on the effects of consumption of dairy
probiotics on human health. The review also aims at discussing the potential of these health-supporting microorganisms
as a prevention factor against civilization diseases.
State of knowledge. Consumption of probiotic food, especially natural dairy probiotic food, may have a positive effect
on health due to the presence of probiotic bacteria or by the presence of their metabolites (postbiotics) demonstrating
bioactive effects. The intake of these products is associated with the improvement of parameters such as lipid profile, insulin
sensitivity, cardiovascular risk parameters, or presents protective effect on bones. Studies show a correlation between the
consumption of natural probiotics and reduction in duration of diarrhea or alleviation of the course of inflammatory bowel
diseases.
Conclusion. The influence of natural dairy probiotics consumption on the state of health has recently been broadly
investigated. Regular consumption of these products has shown beneficial effect on gut microbiota and on a wide range
of health parameters. However, further studies are necessary to draw a precise conclusion.
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1 Abbreviations
ACE - Angiotensin-Converting Enzyme; ASD - Autism Spectrum Disorders; CFU — Colony Forming Units; CLA — Conjugated
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Sclerosis; SCFA - Short-Chain Fatty Acids; PD — Parkinson’s Disease; WHO — World Health Organization; WPC - Whey Protein
Concentrate

INTRODUCTION

Intestinal microbiota. Human gastrointestinal microbiota is
an unique ecosystem residing in the intestines and consisting
of microorganisms such as bacteria and fungi [1, 2]. It is
estimated that this ecosystem contains 1,500 bacterial species
[1]. The ratio of bacteria to cells in human body is 1:1, rather
than 10:1 as established previously [3]. Intestinal microbiota
include such bacteria as Lactobacillus spp., Streptococcus spp.
in the duodenum, Escherichia coli in the jejunum, Bacteroides
spp., Enterococcus spp. in the ileum, anaerobic bacteria, e.g.
Bifidobacterium bifidum, Lactobacillus spp., Clostridium
septicum, Prevotella spp. and facultatively anaerobic or
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aerobic bacteria, e.g. Enterobacter spp., Klebsiella spp.,
Staphylococcus spp., Pseudomonas spp. in the large intestine
[1]. The large intestine is the area where the largest number of
microorganisms is found [2]. Composition of the intestinal
microbiota is unique. Some researchers hypothesize that
its profile could be developed during prenatal life. In
the uterus there is a range of health-promoting bacteria
(Proteobacteria, Bacteroidetes, Fusobacteria, Actinobacteria),
microorganisms’ DNA (deoxyribonucleic acid) of microbiota
and its metabolites, such as short-chain fatty acids (SCFA)
[4]. Studies on mice have proved that the environment of
the uterus effects on the formation of the immune system
of offspring. Administration of Acinetobacter Iwoffii and
Lactobacillus rhamnosus during pregnancy in mice led
to mild allergy reaction in the offspring. However, no
immunomodulatory effect of the uterus environment in
the prenatal period has been confirmed in humans [4],
although the health effects of vaginal childbirth have been
proven. In children born through vaginal delivery, a more
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diverse intestinal microbiota was found compared to that
in caesarean section [4]. Breastfeeding helps to colonize the
digestive tract with Bifidobacterium spp. and Lactobacillus
spp. bacteria, the fermentation products of which prevent the
colonization of pathogenic bacteria. Breast milk also includes
prebiotics (oligosaccharides), IgA-class antibodies, cytokines
and anti-inflammatory agents [5].

The formed profile of gut microorganisms is a part of the
homeostasis of the organism. Some bacteria of microbiota
have pathogenic properties (some strains of Staphylococcus
spp. and Clostridium spp.), but in physiological conditions
these bacteria are in biological balance and do not constitute
a danger to health [1, 5, 6]. It is suspected that dysbiosis
(quantitative and qualitative disturbances in the composition
of the microbiota) and the presence of pathogenic
strains may predisrelate? to the occurrence of civilization
diseases, obesity, autoimmune disorders, or inflammatory
bowel syndrome (e.g. Crohn’s disease, ulcerative colitis)
1, 5, 6].

Intestinal microbiota is primarily responsible for
metabolic function and participates in the decomposition
and digestion of nutrients present in the intestinal lumen
[2, 7]. The intestinal microbiota is also responsible for
proper mineral balance [7]. Absorption, bioavailability and
storage of mineral components is regulated, to a certain
extent, by specific strains of bacteria [7]. The microbiota-
mineral interdependence system has been confirmed in
animal models or in vitro for such elements as iron, calcium,
magnesium, zinc, selenium and copper [7]. Microbiota is
also responsible for the synthesis of some vitamins (B and
K) [2]. It produces glutamic acid (GLU) which indirectly
effects on the level of y-aminobutyric acid (GABA), serotonin
and other neurotransmitters [8]. It promotes lipid balance
through the production of hydrolase, thus affecting the
metabolism of fat in the liver. In addition, it presents a
trophic function, nourishing and protecting the intestinal
epithelium. Microbiota stimulates the production of mucin,
which forms a mucous layer constituting an intestinal barrier
for toxins and harmful microorganisms [1].

Intestinal microbiota performs an immune function by
creating a selectively permeable intestinal barrier [9]. It also
exerts an influence on the development of immunotolerance
or the formation of T lymphocytes [9]. The nervous system
and intestinal microbiota form a functional gut-brain axis.
Microbiota, producing neuroactive substances, has both a
direct and indirect effect on the structure and functioning of
the brain; by the production of neurotransmitter, microbiota
can control stress-related behaviours, memory, learning
and other cognitive functions [9]. A number of studies are
currently being performed to determine the mechanisms
of interaction of the intestinal microbiota and the central
nervous system [9].

Intestinal microbiota, like all other structures of the body,
is exposed to many exo- and endogenous factors. Stimuli
such as antibiotic therapy, diet, age, intestinal peristalsis
or excessive hygienization disturb the balance of this
unique system [1]. However, some time after the adverse
stimulus stops, the intestinal microbiota spontaneously
returns to homeostasis [6]. The most dynamic changes in
microbiota structure occur after exposition on nutrients
and pharmaceuticals [8]. It is believed that the restoration
of intestinal microbiota after antibiotic therapy lasts from a
few months to even a few years [5].

The role of the intestinal microbiota is still not fully
understood. Current reports indicate that it has a significant
impact on the functioning of the whole organism.
Abnormalities in its composition correlate with the
appearance and severity of many diseases. It seems, that
the use of appropriate probiotic therapy could result in a
reduction in disease severity, or even be a part of primary
prophylaxis [2, 8].

Natural probiotic products have been known since
ancient times. The ancient Greeks, Romans and Egyptians
knew about and consumed the food produced as a result
of fermentation [10], and an increasing interest in research
into natural probiotic foods has been observed since the
beginning of the 20th century [10]. Elie Metchnikoff, one of
the pioneers in the research on probiotic who was, awarded
the Nobel Prize in medicine in 1908 for his work in the field
of immunology, as described in the book The Prolongation of
Life. Optimistic Studies, which describes that huge amounts
of lactic acid bacteria are supplied to the digestive tract by
the consumption of food subjected to fermentation (curdled
milk, kefir - fermented milk, cucumbers and sauerkraut) [10].
Metchnikoff was probably the first person who claimed that
health could be enhanced by food probiotics [11]. He created
the concept of positive function of microorganisms and the
beneficial role of natural probiotics [11]. This initiated an
avalanche of research work on probiotic products. Currently,
a wide range of probiotic products with various properties
are available on the food market.

The aim of this review is to present the current knowledge
on natural dairy probiotics as a factor significantly modifying
the quality and function of gut microbiota and influencing
the state of health.

Probiotics - definition and characterization. The word
probiotic (Gr. pro bios — for life) was probably used for the
first time by Ferdinand Vergina in 1954 in the publication
Anti-und Probiotika [12], which showed the antagonism
of probiotics to antibiotics. In 1965, Lilly and Stillwell [13]
attempted to define the term ‘probiotics’ as microorganisms
that stimulate the growth of other microorganisms. In
the following years, this definition has been changed and
modified many times [10]. The current definition of probiotics
was developed in 2002 by experts of the FAO/WHO (Food
and Agriculture Organization of the United Nations/World
Health Organization) [14]. According to this definition,
probiotics are live microorganisms which, administered in
appropriate amounts, have a beneficial effect on human health
[14]. These are microorganisms, mainly bacteria, which must
be classified according to specific species, types and strains
[15]. The properties and characteristics of probiotics are not
described for each types or species, but only for specifically
selected strains [10].

A strain may be called a probiotic when it meets the
conditions for safety, functionality and technological utility
[10]. The safety criteria include: human or animal origin,
isolation from the gastrointestinal tract of healthy subjects,
demonstration of history of safe use, precise identification of
phenotypic and genotypic characteristics, no data showing
association of strains with infectious diseases, no ability
to bile acid splitting, no antibiotic resistance gene located
on unstable genetic elements and no side-effects associated
with application [10]. The functional criteria are designed
to ensure the survival of probiotics in the gastrointestinal
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tract and reaching the colon where probiotics can present its
functions. For this reason, the strain should be resistant to the
acidic environment of the stomach, bile salts, bactericocytes
and acids produced by the endogenous gastrointestinal tract
microbiota [10]. In addition, it should be competitive with
endogenous microbiota and with closely related species,
has survival ability, metabolic and growth activity at the
destination, antagonistic activity to pathogens, and adhere
to and be able to colonize specific destinations in the body
[10]. Technological usefulness of probiotics is associated
with genetic stability, resistance to bacteriophages, ease
of production of large amounts of biomass, viability and
durability of the desired characteristics of probiotic strains
during preparation and distribution, high survivability
during storage, and desired sensory properties of finished
products [10].

Probiotics have a positive effect on health, therefore,
their use is very wide. Probiotics are recommended during
and after antibiotic therapy to restore the body’s natural
microbiota, in assisting the digestive processes, absorption of
vitamins and nutrients, as well as to help treat foot allergies
[16]. Probiotics are also used to assist in the treatmen’ of many
diseases. Probiotics are used as additions to functional foods
(i.e. foods that ‘in addition to the nutritional function have
scientifically proven beneficial effects on health’ [15]) and
food preservation [16].

The beneficial effects of individual probiotic strains have
been confirmed by numerous clinical studies. Examples of
probiotics supporting obesity treatment are Lactobacillus
gasseri SBT2055 and Lactobacillus plantarum, for which
the ability to reduce weight and arterial blood pressure was
demonstrated in obese patients [10]. The use of Lactobacillus
acidophilus La5, Bifidobacterium lactis Bbl2 in patients with
diabetes mellitus type 2 has reduced total cholesterol and
LDL (low density lipoprotein) cholesterol levels [10]. Another
example is the supplementation of B. bifidum, B. lactis and
Lactococcus lactis in 156 mothers of infants at high risk of
eczema, which resulted in the reduction of the symptoms of
the disease in infants [10]. In the study by Hertzler and Clancy
the concomitant use for one day of L. lactis, Lactobacillus
plantarum, Streptococcus cremoris, Lactobacillus casei,
Streptococcus diacetylactis, Saccharomyces florentinus and
Lactococcus cremoris improved the tolerance and digestibility
of lactose in people with impaired lactose digestion [10].
Probiotic have shown beneficial properties in obese patients
[17]. Obese postmenopausal women supplementing a
probiotic preparation for 12 weeks had improved parameters,
such as waist circumference, body fat mass, amount of
subcutaneous fat, as well as the lipid profile and carbohydrate
metabolism [17]. In addition, a positive effect was found of
the probiotic on uric acid and glucose levels [17]. A similar
study demonstrated the effects of multistrain probiotics on
cardiovascular function [18].

Natural probiotics. Natural probiotics are food products
naturally containing one or more probiotic strains [10]. A
product may be called probiotic when it contains a minimum
of 10° active bacterial cells per milliliter [16]. Probiotic food
owes the presence of probiotics to the production processes
or the addition of selected probiotic strains by manufacturers
[16]. Probiotic bacteria are introduced into food products
in three ways — by adding lyophilized bacterial cultures in
the form of a vaccine of attenuated microorganisms, or in

the form of a pharmaceutical substance. The correct way is
selected based on several factors, including: product type,
consistency, and further technological processes [19].

Probiotic foods include mainly fermented dairy products,
vegetables and fruits subjected to the process of fermentation,
as well as fermented sausages, cakes, sourdough bread, beer
or wine [16]. The presence of probiotic strains, in addition
to potential health properties, gives food a specific taste and
smell and protects against the development of pathogenic
microorganisms [16].

Fermented dairy products. Microorganisms occur in dairy
products due to their natural presence resulting from the
production process or as an additive in order to receive a
product with the desired properties [20]. Fermented dairy
products, such as natural yoghurt, buttermilk and kefir,
are very popular. They are often recognized by consumers
as health-promoting. Recently, the amount of research on
their effects on the human body has increased significantly.
Consumption of fermented dairy products may have a
positive effect on health due to the presence of probiotic
bacteria or by the presence of their metabolites (postbiotics)
demonstrating bioactive effects [20].

Probiotic strains found in fermented dairy products
include primarily lactic acid bacteria. These include
mainly the following species of the genus Lactobacillus: L.
acidophilus, L. brevis, L. bulgaricus, L. fermentum, L. gasseri,
L. delbrueckii, L. helveticus, L. anglerfish, L. cellebiosus,
L. (para)casei, L. plantarum, L. reutri, L. rhamnosus, L.
salivarius, as well as species of the genus Bifidobacterium:
B. animalis, B. infantis, B. lactis, B. bifidium, B. breve, B.
longum, B. termophilum, B. adalescentis [20, 21]. Some
products also include other species, such as L. cremoris,
Lactococcus diacetilactis, Streptococcus lactis, Streptococcus
thermophillus, Streptococcus intermedium, Bacillus
coagulants, Bacillus subtilis, Bacillus licheniformis, Bacillus
pumilus, Bacillus lentus, Propionibacterium freudereichii
subsp. shermanii, Leuconostoc mesenteroides, Bacteriodes
ruminicola, Bacteriodes capillus, Bacteriodes amylophilus,
Bacteriodes suis, as well as the yeast Saccharomyces cerevisiae
and Candida glabrata and the moulds Aspergillus niger and
Aspergillus oryzae [21].

Yogurtis one of the most popular and at the same time well-
investigated dairy products containing probiotic bacteria.
The probiotic strains found commonly in natural yogurts
are S. thermophilus and L. delbrueckii subsp. bulgaricus
in the amount of 10* - 10° colony forming units per gram
(CFU/g) or colony forming units per milliliter (CFU/ml)
[22]. The frequent occurrence of Bifidobacterium spp. and
Lactobacillus spp. is also observed; however, their numbers
have much larger fluctuations and ranges from undetectably
low to 10® CFU/g [22]. In some natural yogurts, the addition
of specific bacterial strains is used to obtain the desired
technological, health or organoleptic characteristics [21];
these are: B. animalis spp. lactis BL 04, L. gasseri 4/13, L.
rhamnosus GR-1 and L. rhamnosus RC-14 [21]. Rezac et al.
compared probiotic bacteria composition in fresh and frozen
yoghurt [22]. Similar results were found in the range of the
amount of lactic acid bacteria in both products, as well as
in the range of their survival, even when frozen yogurt was
stored for one year at temperature -23 ° C [22].

In other fermented dairy products, such as kefir, curdled
milk or butternut, the amount of lactic acid bacteria varies
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from 10° - 10° CFU/g [22]. The presence and amount of
bacteria in the product is determined by the type, region of
origin, and the manufacturer [22].

Impact on metabolic syndrome. It is suggested that a diet
rich in dairy products, particularly in natural yogurt, can
bring many health benefits. It has been proven that the
consumption of high-fat and skimmed yogurt, as well as
milk and other skimmed dairy products, reduces the risk of
metabolic syndrome in the Mediterranean population at high
risk of cardiovascular disease [23]. However, another study
in Spain showed that the consumption of natural yoghurt,
both high-fat and skimmed, did not have an influence on the
development of metabolic syndrome, except from central
obesity [24]. In addition, the opposite effect was noted of high
yogurt intake while consumption of large amount of fruit for
the development of metabolic syndrome [24].

Dairy products, in particular fermented products such
as yogurt, are often recommended for patients consuming
calorie-restricted diet. Madjd et al. compared the effect of
consuming plain natural yogurt with reduced fat content
(containing only the standard starter cultures of S.
thermophilus and L. bulgaricus) with the effect of probiotic
yogurt consumption (containing the traditional strains of
S. thermophiles and L. bulgaricus and the addition of B.
lactis BB12 and L. acidophilus LA5) in 89 women oa calorie-
restricted diet [24]. There were no significant differences
in weight loss depending on the yogurt used. Increased
insulin sensitivity and beneficial lipid profile parameters were
observed in women using yogurt containing probiotics [25].
Research conducted by Mohammadi-Sartang et al. compared
the effect of the intake of yogurt enriched in protein, vitamin
D, calcium, prebiotics and probiotic strains (S. thermophilus,
L. bulgaricus and B. lactis Bb-12 in the amout of 10" CFU/g)
with consumption of plain low-fat yogurt (containing only
S. thermophilus and L. bulgaricus) on the effectiveness of
weight reduction in patients with metabolic syndrome [26].
There were no significant differences in weight loss depending
on the yogurt consumed. However, the beneficial effect of
enriched yogurt on insulin response, HDL (high density
lipoprotein) cholesterol and triglyceride serum levels and
body composition was demonstrated [26]. These studies
suggest that, despite the absence of a significant difference in
weight reduction, the use of a dairy product with probiotic
strains has a positive effect on metabolic parameters, such
as lipid profile and insulin sensitivity [25, 26].

Effects on the risk of cardiovascular events. A meta-
analysis of nine cohort studies showed no significant effect
of consumption of small amounts of natural yogurt, as well
as other fermented dairy products, on reduction of the risk of
cardiovascular incidents [27]. Only daily consumption of at
least 200 g significantly reduced this risk [27]. A similar meta-
analysis was carried out by Zhang et al., without giving a
specific portion of a product, the intake of which is necessary
to reduce cardiovascular risk [28]. Comparing 10 cohort
studies, it was found that the consumption of fermented
dairy products had a beneficial effect on the occurrence of
cardiovascular incidents [28]. It is believed that this is the
effect of the probiotic strains contained in yogurt and other
dairy products with lactic acid bacteria on the reduction of
excessive body mass by supporting the proper functioning of
the intestinal microbiota [27]. In addition, probiotics affect

other functions of the microbiota leading to improvement of
intestinal mucosa, enhancement of hostimmunity, reduction
of the production of inflammatory mediators. Moreover,
probiotics affect the production of cytokines important for
decrease in the risk of cardiovascular disease [28]. However,
the authors emphasize the need for further research in this
area [27, 28].

Effects on the mineral balance. Milk and fermented dairy
products are not only a source of probiotics, but also of
proteins and minerals such as calcium, phosphorus and
zinc [29]. The supply of these elements is crucial for mineral
balance. Many studies have shown a connection between the
consumption of dairy products containing probiotic bacteria
and bone mineral density [29]. Sahani et al. carried out a
12-year observation, which aimed to assess the relationship
between consumption of milk and its various products, and
the bone mineral density of the hips and spine [30]. It was
shown that milk and yogurt intake was associated with a
higher mineral density of the hip bone, in particular the
femoral trochanter, but did not affect the mineral density
of the spine. In addition, a negative effect was observed of
the consumption of cream on overall bone mineral density
[30]. The study also showed a slight protective effect of the
consumption of dairy products for hip fracture [30]. Biver
etal. conducted a three-year observation on the consumption
of dairy fermented products in postmenopausal women
[31]. Reduced bone loss was found in women consuming
fermented dairy products, regardless of calcium, protein or
energy intake. This phenomenon was not observed in women
consuming mainly milk or ripening cheeses [31]. Researchers
suspect that the positive effects of fermented dairy products
consumption may result from the presence of probiotics [31].
Another analysis carried out by Michaélsson et al. revealed
a relationship between consumption of milk, fermented
dairy products, vegetables and fruits, and the occurrence of
hip fractures [32]. During an observation lasting 22 years,
38,701 women were included, of whom 5,827 experienced
hip fractures [32]. The highest fracture frequency occurred
in groups with high milk consumption and low consumption
of vegetables and fruits [32]. However, in all groups with high
milk consumption, regardless of the amount of vegetables
and fruits in the diet, there was a high frequency of hip
fractures. No such correlations were reported for fermented
dairy products [32]. The smallest frequency of fractures was
observed in groups with a high consumption of vegetables
and fruits and fermented dairy products [32]. The authors
explain the advantage of fermented milk products over
regular milk by the presence of probiotics having anti-
inflammatory, antioxidant and protective properties on the
bone of the hips [32].

Dairy products are a source of many elements necessary
for the proper functioning of the organism. Studies on
the content of minerals, such as selenium, copper, zinc,
chromium, manganese, magnesium and calcium in
fermented dairy products do not show significant differences
between products depending on the present microorganisms
[33, 34]. Comparing the use of traditional starter cultures (L.
bulgaricus subsp. delbruickiiand S. thermophilus) with the use
of traditional starter cultures and additional probiotic strains
(L. bulgaricus subsp. delbrueckii and S. thermophilus and
various strains of bacteria of the genus Bifidobacterium spp.,
L. casei, L. fermentum, L. acidophilus) and yeasts, there were
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no significant differences registered in the content of each
mineral in various fermented dairy products manufactured
from cow milk or goat milk [33, 34]. The results of the studies
agreed that the diversity of probiotic microorganisms in
these products does not affect the mineral content [33, 34].

Influence on cancer risk. Nutritional prophylaxis and
proper nutrition in cancer prevention and treatment have
recently focused the scientific effort of both researchers
and clinicians. Therefore, attention was paid to probiotic
bacteria found in fermented dairy products and their effects
on prevention and supportive action in the treatment of
cancer. The anti-cancer effects of probiotics has not been
fully proven, but it is supposed that it may be associated
with an improvement of intestinal microbiota function. L.
acidophilus and B. bifidum are considered to be beneficial
strains in the prevention of caner [35]. Studies have shown
that consumption of fermented dairy products such as yogurt
reduces the risk of colon cancer [35, 36]. This correlation has
not been demonstrated in analyses taking into account the
general consumption of dairy products, including high-fat
ones [35]. This can be explained by the adverse effects of
fat-rich dairy products that increase the bile acid levels in
the large intestine and increase the risk of colon cancer [35].

Faghfoori et al. showed that the probiotic bacteria found
in fermented dairy products have the ability to reduce the
expression of ErbB-2 and ErbB-3 genes [37]. Increased
expression for ErbB-2 and ErbB-3 receptors is strongly
correlated with the formation of colon cancer. Therefore,
probiotics consumption has been shown to be prophylactic
in the epigenetic mechanism [37]. In this study, the following
probiotic strains were isolated from dairy products, mainly
yoghurt and cheeses: L. casei, L. paracasei, L. plantarum, L.
rhamnosus. It has been proved that their effect is associated
with a reduction of proliferative activity of colon cancer cell
lines HT-29 and Caco-2, and the aforementioned reduction in
ErbB-2 and ErbB-3 gene expression [37]. The probiotic strain
L. plantarum 17C has also been tested for antiproliferative
activity by Haghshenas et al. [38]. In this study, its anti-
tumour properties and ability to regulate apoptosis — a
process significantly disturbed in neogenesis — have been
proved [38]. Both studies showed that probiotic strains are
not harmful to other body cells [37, 38].

Zhang et al. conducted a meta-analysis of 61 studies on the
impact of the consumption of fermented dairy products on
the risk of cancer [39]. It was shown that the consumption
of these products reduces the risk of cancer of the colon,
bladder and oesophagus [39]. In addition, it was proved
that consumption of yogurt alone was also associated with a
reduced risk of cancer of the colon and bladder [39]. However,
it has also been shown that the consumption of fermented
dairy products increases the risk of prostate and kidney
cancer, but the mechanism of this phenomenon has not been
explained [39].

Other health properties. Nowadays, various uses of probiotic
strains in a range of diseases are explored in numerous
scientific centres. Guillemard et al. proved that the supply
of fermented dairy products containing the strain L. casei
DN-114 001 reduce the duration of commonly occurring
infectious diseases of the respiratory tract in the elderly
population [40]. The beneficial effect of this probiotic on
gastrointestinal infections was also noted, as well as the

reduction in the duration of the diarrhea [40]. It is suspected
that the mechanism of L. casei DN-114 001 influence is
associated with the improvement of intestinal functioning
and strengthening of the body’s immune response [40].
Shadnoush et al. tested the effectiveness of probiotic
yogurt in patients with inflammatory bowel disease during
remission [41]. For this purpose, they used a natural yogurt
1.5% fat with the addition of L. acidophilus LA5 and B.
animalis subsp. lactis BB-12 in the amount of not less than
10° CFU/g. It was shown that the consumption off probiotic
yogurt for eight weeks increased the amount of bacteria
Lactobacillus spp., Bifidobacterium spp., and decreased the
amount of Bacteroides spp. in stool samples [41]. Changing
the proportions of these bacteria can be beneficial and have
a positive effect on bowel function. Thanks to this, the
consumption of probiotic yogurt can help to alleviate the
symptoms and the course of inflammatory bowel diseases, but
further research is needed [41]. Bolla et al. conducted a study
to check whether probiotic microorganisms can counteract
the cytotoxic properties of Clostridium difficile [42]. The
following probiotic microorganisms were isolated from
kefir: Saccharomyces cerevisiae CIDCA 8112, Kluyveromyces
marxianus CIDCA 8154, L. plantarum CIDCA 83114, L. kefir
CIDCA 8348, L. lactis subsp. lactis CIDCA 8221. It was tested
in vitro whether the use of single strains or mixtures thereof
could neutralize toxins produced by the C. difficile [42]. The
results of the study showed that only L. lactis subsp. lactis
CIDCA 8221 was able to achieve this aim [42]. Clinical trials
are needed to [rove the effectiveness of L. lactis subsp. lactis
CIDCA 8221 in the treatment of C. difficile infection [42].
Agamennone et al. carried out a meta-analysis to show which
products or dietary supplements may be used to prevent
diarrhoea associated with antibiotic therapy [43]. In the
dairy product category, only one fermented dairy product
containing the probiotic bacteria L. casei DN-114001 in the
amount of 10" CFU/g showed its effectiveness [43]. These
studies suggest that fermented dairy products may have a
health-promoting effect in a variety of conditions. However,
further analyses are needed to confirm the above properties
and health-promoting effects of fermented dairy products
in specific disease.

Non-fermented products. Cheese is a diverse group of
products formed with the use of lactic acid bacteria. Some of
the various species of Lactobacillus spp. and Bifidobacterium
spp. have been noted in this group [20, 44]. Probiotic bacteria,
the presence of which is observed in various types of chees,
are primarily: B. bifidum, B. lactis, L. acidophilus, L. casei,
L. paracasei, and L. rhamnosus [45]. Moreover, in studies
on cheese, the following strains of microorganisms have
been observed: Pediococcus acidilactici CHOOZIT™, L.
rhamnosus GG, L. acidophilus LA5, Leuconostoc mesenteroide
subsp. mesenteroides, Leuconostoc mesenteroide subsp.
cremoris, L. lactis subsp. cremoris, L. lactis subsp. lactis,
L. plantarum WHE92, Staphylococcus xylosus, Penicillium
camemberti, Penicillium candidum, Brevibacterium lines,
and Brevibacterium casei [20, 45-47]. The amount of the
microorganisms is a a very variable value and depends on
many factors, and can be less than 10° to 10° CFU/g, especially
in ripening cheeses at some maturation stages [22, 45].
Microorganisms play an important role in the production of
cheeses, they are the reason for the different tastes and smells
of specific products (also tithin one species); their abnormal
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growth also carries a risk of certain sensory defects [45].

Emmental, or Swiss emental cheese, requies P. freudentreichii
for production [48]. This strain is a technological starter for
cheese, has a high survival rate and reaches up to about 10°
live bacterial cells per 1 g of mature cheese [48]. It is also
a probiotic strain with health-promoting properties. It’s
supplementation has been proven to reduce inflammation of
intestines or modify the composition of intestinal microbiota
[48]. In addition, it has been shown that P. freudenreichii
presents higher survivability in fermented dairy products
than in lyophilized products [48]. Gagnaire et al. proved
that the strain P. freudenreichii subsp. shermani CIRM BIA
1, which is present in the Emmentaler cheese, has a high
resistance to the conditions of the gastrointestinal tract,
which is important for maintaining probiotic propertiesin a
final product [48]. The high stability of this strain creates the
possibility to use Emmentaler as a natural probioti; however,
this issue requires further research [48].

P. freudenreichii and Propionibacterium acidipropionici
strains are also used in the production of other Swiss-type
hard cheeses [49]. Rabah et al. confirmed the high survival of
these strains supplemented in the form of dairy products in
the human gastro-intestinal tract [49]. Its supply may result
in a change of the composition of the intestinal microbiota
leading to an increase in the amount of Bifidobacterium spp.
and reduction in the quantity of Bacteroides spp.. However,
the mechanism of this observation has not been explained
although it is hypothesized that inflammation reduction
plays the crucial role [49]. The study also revealed anti-cancer
and anti-proliferative properties of these strains and their
ability to produce short-chain fatty acids and conjugated
fatty acid, which conduce apoptosis of cancerous cells [49].

The effect of the consumption of cheese and its probiotics
on the metabolic syndrome has not been well investigated.
Babio et al. showed that the consumption of cheeses
is associated with a higher risk of developing metabolic
syndrome than with the supply of other fermented dairy
products, such as yogurt and skimmed milk [23]. The study
included hard and rennet cheese, ricotta soft cheeses, grained
cheese so-called ‘rural’ or French petit Swiss cheese. The
authors explained this relationship by a higher content of
fat, sodium, phosphorus, and overall higher calorie content
of the cheeses. This study did not consider the presence of
probiotic bacteria in these products [23].

Meta-analysis carried out by Zhang et al. concluded that
the consumption of yogurt and cheese reduces the risk
of cardiovascular events and diseases [28]. The authors
emphasized the possible effects of probiotic bacteria on this
relationship, especially Lactobacillus spp. and Bifidobacterium
spp. [28]. Hiitt et al. showed that the supply of L. plantarum
(DSM 21380) in the amount of 10" CFU/g with probiotic
cheese (50 g/day) contributed to decrease in blood pressure,
which is associated with lower risk of cardiovascular disease
[50]. Also, a study on rats by Lollo et al. confirmed that
consumption of probiotic cheese reduces blood pressure and
further improves the lipid profile [51]. Minas Frescal, soft
white cheese, popular in Spain and Brazil, at a dose of 20 g
per day was used for this analysis. L. acidophilus LA 14, L.
lactis R-704 and B. longum BL 05 were used for its production,
with each strain reaching approximately 107 CFU/g [51].
The conclusions gave hope for the implementation of
probiotic cheese in the prevention of cardiovascular diseases.
In addition, Tognon et al. showed that the consumption

of cheeses, as well as other fermented dairy products, is
associated with a lower overall mortality; however, due to
the limitations of the study, further analyses are needed to
confirm this thesis [52].

Biver et al. in their three-year analysis of the consumption
of fermented dairy products in postmenopausal women,
reported reduced bone loss in patients consuming various
fermented dairy products, with the exception of ripening
cheeses [31]. This relationship has not been clarified [31].
Rizzoli and Biver observed that the consumption of fermented
dairy products, including white soft cheeses, is associated
with a lower risk of bone fractures [53].

Non-fermented dairy products include: mammalian milk,
butter, ice cream, cream, whey protein, and other products
made from unfermented milk [20], and are considered
unconventional sources of probiotics [54]. The content of
probiotic bacteria in unfermented dairy products varies
and depends on many factors, including region of origin
[55]. Joishy et al. observed the presence of bacteria from the
genus Lactobacillus spp., Enterococcus spp., Lactococcus spp.
and Leuconostoc spp. in raw non-pasteurized milk [55]. In
heat-treated milk, they noted the presence of such species as:
Aerococcus, Acinetobacter, Enhydrobacter, Chryseobacterium,
Staphylococcus, Streptococcus, Jeotgalicus, Salinicoccus [55].
There are only a few studies that consider microorganisms
found in unfermented dairy products and their impact
on health. In addition, such products are often used as
comparator in studies on the properties of probiotics and
fermented milk products [56].

Postbiotics. Postbiotics are metabolites of microorganisms
produced during the fermentation of lactic acid bacteria
[20]. These substances include: enzymes, vitamins, EPS
(exopolysaccharides), CLA (conjugated linoleic acid),
bacteriocins, GABA and bioactive peptides [20]. Lactic
acid bacteria produce mainly enzymes from the group of
lipase and esterases [16]. Their presence in the gut effects
in the alleviation of the symptoms of malabsorption and
contributes to better digestive function [20].

Probiotic bacteria contribute to the production of many
B vitamins, including thiamine, folic acid and folate,
biotin, riboflavin, and even cobalamin [20]. Studies show
that probiotic microorganisms have the ability to produce
various isomers of vitamins, also those absorbed by the
human body. For example, L. plantarum CRL2130, B. longum
B6 and B. infantis CCRC14633 strains from fermented soy
drinks provide large amounts of vitamins Bl and B2, and
P. freudenreichii bacteria in kefir increase the synthesis of
vitamin B12 [20].

Bacterial postbiotics significantly influence intestinal
microbiota and intestinal barrier tightness [20]. The use
of EPS is associated with a positive effect on the growth
of Bifidobacterium spp. bacteria, which contribute to
improvement in the composition of gut microbiota and
supportthe immune function of the body [20]. Strains
such as S. thermophilus zIWITM11 derived from yogurt, L.
plantarum YW11 from kefir or L. lactis SMQ-461 present in
cheddar cheese, produce EPS contributing to the beneficial
modification of the composition of the intestinal microbiota
[20]. L. reuteri due to reuterin synthesis — a substance classified
as a bacterocin, ameliorates gut microbiota composition [57].

Other properties of postbiotics are associated with the
improvement of intestinal barrier function and alleviation
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of certain diseases. Cicenia et al. confirmed the protective
effect of L. rhamnosus ATCC53103 metabolites on colon
smooth muscle cells, preventing damage caused by
lipopolysaccharides (LPS) [58]. These metabolites prevent
intestinal motor disorders resulting from bacterial infection
[58]. Gao et al. showed that protein HM0539 produced
by L. rhamnosus GG protects the intestinal microbiome
and its activity increasing mucin secretion, reducing
intestinal permeability, and promoting the expression of
proteins forming tight intestinal connections [59]. They
also examined the effect of HM0539 on two diseases —
colitis and acute hepatic failure. In both cases, the use of
this protein had a protective effect on the function of the
intestinal barrier and alleviating the course of these diseases
[59]. In addition, Han et al. have shown the preventive effect
of L. rhamnosus GG protein metabolites against intestinal
microbiom disorders caused by interferon-y in patients with
IBS (irritable bowel syndrome) [60]. These effects, as in the
previous study, are associated with the reduction of intestinal
epithelial permeability and the continuity of the intestinal
barrier through postbiotic activity [60]. Comapare et al.
investigated the effect of the probiotic strain L. casei DG
and its postbiotic on the modulation of the inflammatory
response in patients with post-infectious IBS [61]. They
proved that intestinal microbiota disorders are crucial
in patients with irritable bowel syndrome, and the use of
probiotics and postbiotics has a soothing effect on the course
of the disease [61].

LAB contribute to the production of bacterocins -
postbiotics with antibiotic activity, contributing to the
reduction of the risk of infection by same pathogens [16].
L. acidophilus bacteria produce acydophylline, lactacin
and acidine, L. plantarum - plantacin, plantaricin S/K 83
and plantarricin A, L. reuteri — reuterin, L. sake - lactosin
S, saxacin A, bacteria of the genus Streptococcus — nisin
[16]. Some researchers believe that postbiotics may have a
protective effect on certain processes occurring in inflamed
tissues and caused by some infectious factors, e.g. Salmonella
spp. [62].

It has been proven that postbiotics contribute to lipid profile
and blood pressure. L. thamnosus C14, B. bifidum CRL1399,
L. lactisLMG, L. acidophilus Lacl, and L. casei CRL431 from
dairy products synthesize postbiotics which decrease lipid
serum concentration [20]. Some peptic postbiotics, such
as Ile-Pro-Pro (IPP) and Val-Pro-Pro (VPP) produced by
the L. helvetius strain found in fermented dairy products,
have shown anti-hypertensive effects resulting from the
inhibition of ACE (Angiotensin-Converting Enzyme) [20].
In addition, some other bacterial species found in fermented
dairy products, such as L. acidophilus, L. plantarum, L.
delbrueckii subsp. bulgaricus, L. rhamnosus, S. thermophilus,
L. lactis, also present an anti-hypertensive effect [57].
Another postbiotic decreasing blood pressure is GABA.
This is a neurotransmitter in the central nervous system
with multidirectional influence on the body and human
health. GABA produced by S. thermophilus APC151 from
natural yogurt, L. brevis OPY-1 and Streptococcus salivarius
fmb5 present in fermented milk, exert hypoglycaemic and
hypotensive effects [20].

Possible negative role of microbiota. Dysbiosis is a term
for the imbalance in the diversity of microorganisms in
gastrointestinal tract, which is usually associated with

inflammation and defect in the intestinal barrier [63]. This
disruptions of microbiota plays a role in the development
of many diseases, such as obesity, IBD (inflammatory
bowel diseases), IBS (irritable bowel syndrome), and some
types of cancer [63]. Intestinal dysbiosis is also involved in
the occurrence of such disturbances as autism spectrum
disorders (ASD), multiple sclerosis (MS), Parkinson’s
disease (PD), schizophrenia and depression [8]. In people
suffering from these diseases, the composition of the gut
microbiota compared to healthy people differs significantly.
Dysbiosis observed in ASD is associated with the intensity
of behavioural disorders, in the case of MS it can be of
significant importance in the etiopathogenesis of the disease,
while in PD it is one of the factors determining the occurrence
of symptoms [8].

Itis still unknown whether microbiota imbalance is a cause
or a consequence of many disorders [63]. The presence of some
strains of microorganisms in gut microbiota are observed
in specified diseases, such as the increase the number of
conceivably proinflammatory Ruminococcus gnavus and
Bacteroides spp. in IBD [63]. Moreover, patients with IBD
often present an increased number of Veillonellaceae,
Enterobacteriaceae, Pasteurellaceae, Fusobacteriaceae and
lower amounts of Bacteroidales, Erysipelotrichales and
Clostridiales [64]. Metabolism-related disorders are also
associated with intestinal dysbiosis. In obesity, the reduction
in abundance of Bacteroidetes and increased number of
Firmicutes has confirmed in both animal and human models
(63, 64].

Some strains of Clostridium spp. have potentially
pathogenic properties, but in physiological conditions these
bacteria are in homeostasis with other bacterial strains and
organism of the host, and do not cause disorders [63]. C.
difficile infection is a condition usually associated with
diarrhoea after antibiotic therapy, which disrupts microbiota
composition [65]. The association between intestinal
dysbiosis and C. difficile infection is well proven [65] and
is characterized by the reduction of Lachnospiraceae and
Ruminococcaceae [63].

CONCLUSIONS

Dairy products are an abundant source of probiotic bacteria,
and fermented milk products are the most precisely
investigated type of natural dairy probiotics. There are a
lot of data suggesting positive health effects associated with
consumption ofadairyproducts containing probiotic bacteria.
Regular intake can be a factor significantly modifying the
quality and function of gut microbiota and influencing the
state of health. However, there is still a need for further
research investigating the content of microorganisms in
dairy products, and the health effects of the consumption
of natural milk probiotics.
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