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Abstract. The analysis of the literature allows us to characterise the
potential of the new probiotic yeast strain S.boulardii. The paper
describes the long period of formation of fundamental knowledge and
introduction of some technological methods into the production of
different fermented milks products. Besides the historical aspect, the
microbiological diversity of fermented milks products is considered, and
the technological differences in manufacturing them are shown. It is
known that yoghurt is one of the most famous fermented milk products.
This dairy product has been very popular for years due to its taste
characteristics and ease of manufacture. With the accumulation of
knowledge about probiotics and the yoghurt production technology, there
has appeared a tendency to further enrichment of the product with certain
probiotics, prebiotics, and minerals. Today, yoghurt manufacturing
actively uses the method of enriching the finished product with probiotics.
This allows creating a qualitatively new functional food product that not
only has nutritional value for the consumer, but also produces a certain
positive effect on intestinal microbes and thus on the consumer’s health.
Bacteria are known to be the main probiotics, but the recent discovery of
the probiotic properties of certain genera and species of yeast opens up
new prospects of their use, both in the pharmaceutical industry and in
creating functional foods. The recently discovered yeast strain
S. boulardii, phylogenetically related to S. cerevisiae, has many
therapeutic effects and significant advantages over bacterial probiotics, in
particular, it is resistant to antibiotics. S. boulardii is a probiotic strain that
can be used to enrich yoghurt. The physiological properties of the strain
and therapeutic properties of the products of its metabolism along with the
technological parameters of yoghurt processing make a combination of
the probiotic and this beneficial fermented milk very promising. It has
been determined that to produce enriched yoghurt, it is possible to use
both a lyophilised culture of S. boulardii and a microencapsulated one. On
analysing the economic aspect, especially the sale of yoghurts and the
further tendency towards an increase in its consumption, we can say that
the introduction of S. boulardii as an enrichment strain is a promising
issue of current importance.

Key words: yeast, yoghurt, probiotics, biotechnology, functional
food products, food technologies.

fermented food and beverages, including dairy

Introduction. Formulation of the problem

Milk and various dairy products are known for
their nutritional and functional value and are
considered an integral part of a healthy diet [1]. It is
believed that fermented dairy products appeared by
chance, and so did such products as kefir and plain
yoghurt (the most commonly used fermented milk
products today), which were the result of fermentation
in bags made of animal skins used to transport
milk [2]. It should be noted that the production of
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products, and knowledge about probiotics has evolved
since the emergence of man as a species [2, 3]. Certain
dairy products, such as cheese, butter, and fermented
milk products, are known to have been produced since
at least 3,000 BC.

However, the industrial processing of milk for the
production of dairy products dates back to the mid-
nineteenth century [4], i.e., to the time when
microbiology began developing as a scientific and
practical field. It was then that an interest in various
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dairy products increased, which was due to Louis
Pasteur’s discovery of the microbial nature of
fermentation and Ilya Mechnikov’s establishing the
relationship between lactic acid bacteria and longevity
[2]. The discovery of different types of lactic acid
bacteria and bifidobacteria gave impetus to the study of
their potential benefits to humans, which, in turn,
contributed to the development of the dairy industry
and biotechnology of probiotics [3,5].

Today, the dairy industry is one of the most
organised and developed sectors of the food industry.
There is a wide range of products on the market to
satisfy any consumer’s taste, such as yoghurt, kefir,
sour cream, milk, cheese, butter, etc. [6]. Usually, in
the dairy industry and in the production of starter
cultures, the following representatives of the genera of
probiotic microorganisms are used: Lactobacillus,
Bifidobacterium, Saccharomyces, and
Streptococcus [4].

Biotechnological advances in recent years have
become a powerful tool for the development of quality
characteristics of dairy products and the introduction of
“advanced” products such as lactose-free products,
functional foods, and dairy products with additional
probiotic enrichment [7,8]. Probiotic is a functional
food ingredient in the form of useful non-pathogenic
and non-toxicogenic living microorganisms. When
used systematically in the form of drugs or in food, it
has a beneficial effect on the human body by
normalising the composition and increasing the
biological activity of normal intestinal microbiota [9].

Another important achievement of modern
microbiology and biotechnology is the creation and
production of starter cultures. The steady growth of the
dairy market [10,11], increasing research on probiotics
and functional foods, and consumers’ interest in
products that have both nutritional value and positive
health effects make it necessary to create new types or
names of dairy products [4,7,10,11]. The positive
dynamics of changes in the annual number of
publications (Fig. 1) on “probiotic” and functional
foods is convincing evidence of the growing interest of
scientists and dairy producers in increasing and
updating their range.

According to the graphs, the first publications on
functional foods appeared in the PubMed scientometric
database in 1911, but a significant increase in interest
in the subject began in the mid-1970s. The largest
number of publications, as of early 2021, is observed in
the Web of Science database. On “probiotics,” the first
publications in this database appeared in the mid-
1970s, and significant growth began in the mid-1990s.
The largest number of articles on the subject
“fermented dairy products” is available in the
scientometric database Scopus.

The most popular and most used dairy products
(and most useful for maintaining a normal microbiota
of the gastrointestinal tract) include a variety of
yoghurts. Yoghurt is a fermented milk product that
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contains certain viable non-pathogenic strains of
bacteria, usually Streptococcus thermophilus and
Lactobacillus bulgaricus [12]. Yoghurts are the most
popular food carriers of probiotic properties. The
forecast research by Bridge Bridge Market Research
has shown that the yoghurt market will grow in the
period from 2021 to 2028 by an average of 4.80 % per
year [13].
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Fig 1. Analysis of publications on the following
topics: A — “functional foods”; B — “probiotics” (based on
data of PubMed, Web of Science, Scopus)

The use of fermented dairy products in food as a
source of probiotic microorganisms with a therapeutic
effect is a very new and promising idea. Today, there
are products that, in addition to those listed above, use
such well-known probiotic strains as L. acidophilus, L.
lactis, L. bulgaricus, L. casei, B. breve, B. lactis, St.
thermophilus. However, the discovery, description, and
comprehensive biological research on a new strain of
yeast S. boulardii, have made it possible to use it to
produce a qualitatively new fermented milk product
that will combine nutritional and therapeutic
properties.

The purpose of the work is to analyse modern
scientific literature with prospects of creating a new
functional fermented milk product in combination with
the probiotic yeast S. boulardii. The paper aims at
analysing systematically the probiotic properties of the
yeast strain S. boulardii, the technological features of
fermented dairy production, and historical aspects of
dairy production.
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Analysis of recent research and publications

Development of knowledge in the field of
fermented milk products and probiotics

Today, milk and dairy products are common in
many countries around the world. It is believed that
fermentation of dairy products is one of the oldest
methods used to increase the shelf life of milk. The
exact date and place of the first production of dairy
products cannot be established. However, there are
historical studies that show more than ten thosands
years of experience in making dairy products in the
form of fermented milk, associated with changes in the
lifestyle [14,15], in the type of livestock, and in
agriculture in primitive life at an early stage of human
development.

Dairy farming and consumption of dairy products
became common among prehistoric farmers, primitive
hunters and collectors who used pottery. According to
certain archeological studies, parts of ceramic products
were found in the Early Neolithic sites in Europe,
which are today interpreted as a “cheese
sieve” [16,17]. Mass spectrometric analysis of tartar
from the remains of the Bronze Age shows direct
protein evidence of consuming cow’s, sheep’s, and
goat’s milk in seven of nine individuals. It is believed
that dairy farming was quite common in the eastern
steppes, i.e. within modern Eastern Europe, Mongolia,
and the Altai-Sayan mountain country [18].

Since the emergence of dairy farming, people have
discovered the nutritional value of milk and the
possibility of producing granular milk cheese, which
has a longer shelf life and, consequently, longer terms
of consumption. The production of the first fermented
milk products about 8,000 years ago is evidenced by
the sculptural relief in Tel el-Ubayda dating back to
ancient Babylon. There is other historical evidence for
the use of various products made from milk, for
example, Hippocrates’ mentions of the nutritional and
therapeutic benefits of milk [14], Pliny the Elder’s
records of the benefits of fermented milk [2,3]. The use
of such fermented milk products as kefir, koumiss,
matzoon, leben, tan and others was widespread by
nomadic and semi-nomadic tribes [2,14]. In general,
more fermented milk drinks appeared in the east, in the
mountains of the Caucasus, Turkey, and Central Asia.
The appearance of the famous drink kefir dates back to
about 1 thousand years ago and is associated with the
legend of the gift of the prophet Muhammad [19]. The
first fermented milk products, or their prototypes, were
created by accident, due to spontaneous fermentation
of milk by various bacteria when it was contained in
bags for storage [2,14,20].

Yoghurt was mentioned in the 11" century AD. It
was described by Yusuf Hass Hajib Balasaguni in the
famous book Kutadgu Bilig [2,12,14]. This mention
shows the use of yoghurt to prevent or treat
gastrointestinal diseases [2]. A critical stage in the
formation of knowledge related to dairy products and
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probiotics was the study of microorganisms in
fermented milk or plain yoghurt. This observation was
made by Andri in 1701 [21,22]. Despite the available
therapeutic and nutritional properties, as well as the
long history of various lactic acid products, these
products were manufactured locally and did not have a
global distribution [14].

Only with the development of microbiology and
research of microorganisms contained in dairy
products, it has become possible to scale up and
standardise the process of dairy production. The key to
it was the creation and commercial production of
starter cultures, which are the “heart” of fermented
milk products — components of high quality fermented
dairy products [23].

Significant discoveries and the impetus for
increasing knowledge about dairy products and the
microorganisms contained in them came after the
research by Joseph Lister, Louis Pasteur, and his
students, Stamen Grigorov and llya Mechnikov.

It was Pasteur and his successors who contributed
most to the general development of microbiology and
its branches, including the so-called dairy
biotechnology. Lactic acid-producing bacteria were
first discovered by Pasteur in 1857 [14]. In 18801888,
scientists at the Pasteur Institute isolated lactic acid
bacteria from the human gastrointestinal tract [2].
Another important achievement of Louis Pasteur was
the creation of a method of destroying most spore-
forming bacteria by heating, which was called
pasteurisation. Today, this method is actively used in
the production of milk and dairy products [4,14].

Later, after the discovery of Pasteur’s methods of
pure cultures, in 1873, Joseph Lister isolated pure
cultures of lactic acid bacteria from curdled milk. They
were called Bacterium lactis [22,23]. Lister’s
discovery allowed the development of so-called starter
cultures from pure cultures or combinations
thereof [15,23]. It was not until the late 1880s that
Storch in Denmark, Weigman in Germany, and Conn
in the United States proved that pure cultures and
starter cultures could be used to make a variety of dairy
products, such as cream. Methods of standardisation of
sour cream butter based on the introduction of starting
cultures were developed [23,24]. Along with these
discoveries, Christian Hansen started his business of
producing starter cultures for various industries,
including dairy [24].

In parallel with the first successes in producing
starter cultures and the introduction of industrial
manufacture of fermented milk products, the question
of the benefits and therapeutic properties of fermented
milk products was raised. The study of microbiota of
fermented milk products and their therapeutic
properties formed the idea of beneficial
microorganisms — probiotics. Thus, one of the first
scientists to suggest the idea of health benefits of
consuming lactic acid products, namely yoghurt, was
the Bulgarian medical student Stamen Grigorov.
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Grigorov was the first to discover the microorganism
Bacillus bulgaricus (today L. bulgaricus), that is still
used in starter cultures for yoghurts [12,22]. Based on
Grigorov’s work, in 1909, Nobel Laureate Ilya
Mechnikov suggested the idea of the benefits of
yougurt lactobacilli and the relationship of longevity of
the Bulgarian population with the consumption of such
fermented milk products [22]. These studies have made
a significant contribution to the promotion of dairy
products, including yoghurt. It should be noted that
studies of other lactic acid products were conducted
too. In general, at the end of the XIX century not only
yoghurt but also koumiss and kefir were studied. Thus,
it is known that kefir was effectively used in
tuberculosis sanatoria, and in European countries it
was used as a tonic drink [5].

Already in the early twentieth century, due to its
therapeutic and taste properties, yoghurt became a

commercially important product. Its production was
started by the businessman from Barcelona Isaac
Carasso. His son founded Danon later [2,22]. During
the period 1910-1920, microbiologists isolated and
prepared various pure cultures for the production of
fermented milk products [23,24]. Further development
in the industrial manufacture of these products
consisted in introducing new promising strains of
microorganisms isolated from different natural sources,
as well as in studying probiotic properties of new
strains and creating products based on them, valuable
both nutritiously and therapeutically [25]. One of the
most striking examples of the introduction of the
therapeutically valuable and promising microorganism
L. casei Shirota is the Japanese product Yakult [14,15].
The summarised history of research on fermented milk
products and microorganisms is given in Table 1.

Table 1 — Chronology of scientific and technological research into fermented milk products

Year Author of research Discovery Refe;ence
1 2 3 4
1701 Andri The presence of microorganisms in sour milk [21, 22]
1780 Carl Wilhelm Scheele Study of lactic acid '
Pierre Jacques . . . .
1855 Antoine Bechamp Study of sucrose inversion by microorganisms [21]
1857 Louis Pasteur Biosynthesis of lactic acid by microorganisms
1862 Louis Pasteur The invention of pasteurisation [14]
1868 Senator Protein breakdown in the gastrointestinal tract can cause toxemia [14, 26]
1873 Joseph Lister Description of Bacterium lactis (modern Lactococcus lactis ssp. lactis)
Christian Albert . . _— [21, 22]
1874 Theodor Billroth Development of the theory of intestinal intoxication
1883 Mykola Sorokin The study of bacteria and fungi of kefir [5]
Charles Jacques . L L
1884 Bouchard Development of the theory of intestinal intoxication
- Demonstration of the therapeutic effect of consuming certain
Ortweiller carbohydrates
. Demonstration of the effect of sucrose, lactose, dextrin consumption on
1886 Hirschler inhibiting intestinal putrefaction [14,22]
. Studying bacteria in the gastrointestinal tract of children, the discovery
Theodor Escherich of Bacterium coli (modern Escherichia coli)
Albert Sigmund Determining the role of lactic acid bacteria in the treatment of
1892 b - - <
Gustav Doderlein gynaecological diseases
Christian Ditlev . - -
1893 Ammentorp Hansen The first production of starter cultures for fermented milk products [27]
1900 Henri Tissier Description of bifidobacteria [2,14, 22]
Ernst Moro Description of B. acidophilus (modern L. acidophilus) [14, 22]
1903 Henri Tissier, Pascal Demonstration of inhibition of growth of putrefactive organisms by [14]
Gasching acid-forming bacteria
Demonstration of the presence of large amounts of B. acidophilus
1904 Weiss (modern L. acidophilus) in the human intestine after consumption of [14]
milk
1905 Stamen Grigorov Description of Lactobacillus bulgaricus [2, 21, 22]
Publication of The Prolongation of Life: Optimistic Studies and the
1907 llya Mechnikov emergence of the idea of a relationship between lactic acid bacteria and [21, 22]
longevity
Orla-Jensen Description of Streptococcus thermophilus [14, 22,
1919 28]
Isaac Carasso Establishment of a yoghurt laboratory and Danone [2, 14, 29]
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Continuation of table 1

1 2 3 4
Leo F. Rettger Ta Description of the therapeutic properties of B. acidophilus [14, 30]
1921 Harry A. Cheplin (modern L. acidophilus) '
) Study of the symbiosis of fermentation starters for yoghurts and other
Orla-Jensen fermented milk products [14]
1932, Leo F. Rettge Additional description of the therapeutic properties of L. acidophilus, [14, 22,
1935 ' 9 introduction of the production technology of acidophilic milk 31]
1933 — The first addition of fruit to yoghurt [22]
Development of the Yakult fermented milk product containing the 2,10, 22
1935 Minoru Shirota probiotic strain Lactobacillus casei Shirota (according to the current ' 32’] '
classification Lacticaseibacillus casei)
Discovery of symbiosis in the mixed cultures of Lactobacillus [21, 22,
1950 Pette, J. W., bulgaricus and Streptococcus thermophilus 33]
Lolkema, H. Description of acetaldehyde as a compound associated with the aroma [22]
of yoghurt
J. C. de Man, M. . .
1960 Rogosa, M. E. Sharpe Creation of MRS agar used for the growth of lactobacilli [22]
1973 G. V. Reddy, K. M. Investigation of the inhibitory effect of yoghurt on the proliferation [22, 34]
Shahani, M. R. . . .
Banerjee of Ehrlich ascites carcinoma tumor cells
Detection of a new therapeutic effect of fermented milk products:
1974 | George V. Mann, etal. lowering cholesterol levels when consuming fermented milk [22, 35]
B. E. Terzaghi, . . . .
W. E. Sandine Creating the growth medium M17 for growing lactococci [22, 36]
1975 M. Kalab, D. B.
Emmons, A. G. Study of the microstructure of yoghurt [22, 37]
Sargant
1985 3 Lactose-free milk, ice cream, and yoghurt production technology was [38]
developed
1987 - Creating yoghurt with Bifidobacterium animalis DN-173 010
Sherwood L. Gorbach : : :
1989 Barry R. Goldin Patenting the strain Lactobacillus rhamnosus GG [22]
1994 B Creation of a dairy product containing L. casei DN-114001 or L. casei
Immunitas
1995 Robinson Richard K. Adding inulin to yoghurts as a prebiotic and bifidogenic factor [22, 39]
2014 Anbukkarasi et al. Development of yoghurt with a low galactose content [22, 40]

The use of pure cultures of lactic acid-producing
microorganisms, the production of starter cultures based
on them, the study of probiotic properties of
microorganisms, and the further development of so-called
“milk” microbiology have made the manufacture of
fermented milk products more advanced [41,42].
Information and research on the therapeutic properties of
bacterial products isolated from dairy products have
initiated the modern trend of creating functional dairy
foods [25,43]. Functional foods are foods that are part of a
normal diet and, along with nutritional properties, have a
positive effect on various body functions, which reduces
the risk of chronic diseases, if these products are
consumed regularly [44,45].

In general, different fermented milk products require
special production conditions, which are associated with
the use of different producers and optimal growth
conditions for them, i.e. require the use of different
technologies. The use of specific producer strains of a
particular fermented milk product depends on obtaining
the desired characteristics: taste, smell, appearance, and
consistency [24,46]. Modern fermented milk products are
yoghurts, sour cream, acidophilic milk, kefir, koumiss,
etc. [4]. Microorganisms used as yeast in the production
of fermented milk products, temperature conditions, and
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specific features of the technological process are shown in
Table 2.

According to these historical and scientific data,
yoghurt is the most studied and consumed fermented milk
product [22]. This product has the largest number of
product forms that differ in taste and texture [4,22]. The
classification of yoghurt by product forms and methods of
production is shown in Fig. 2.

Today, most of the bacteria that are part of starter
cultures, especially certain production strains, are
probiotics with many therapeutic properties [51].
Especially in recent decades, there has been a tendency
towards the creation of probiotic-enriched and functional
fermented milk products [25, 52]. Most often, yoghurt is
considered as a “base,” or probiotic-enriched food
product. Compared with other fermented milk products,
yoghurt has significant advantages that indicate the
possibility of enrichment with probiotics: availability,
nutritional value, increased survival of bacteria, ease of
inclusion in the daily diet [51]. Yoghurt is also a sought-
after product highly regarded by consumers due to its
health benefits that make it the most promising for further
development of a new range of fermented milk
products [53].
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Table 2 — Fermented milk products, starter cultures, and technological parameters of production

) Fermentation Shelf pH of the
Product Tmfk()f Starter culture Fern;engatlon Temperature, | Time, life f'rno'gﬁi(tj References
yp °C hours | @°C) | PIOGH
Lactobacillus
acidophilus HM
) Streptococcus
Yoghurt | COWS | thermophilus HM 41-45 25 | 23 | 4044 | [46,47]
Lactobacillus
delbrueckii ssp. HM
bulgaricus
Sheep’ Lactococcus HM
cep's, Lactobacillus HM
oty Leuconostoc HT 1014
Kefir g > | Lentilactobacillus 20 24 4.3-4.5 [46, 47]
or kefiri HT days
: efiri
mixed
milk Acetobacter -
Yeast —
Sour Cow’s Lactococcus 2545
cream milk lactis ssp. lactis HM 22 16 days 4.5 [47, 48]
Leuconostoc HT
mesenteroides
Mare, Lactobacillus HM
camel, 2-5, | 1014
Koumiss or Non-lactose- B 27 cool davs 3.0-35 [46, 47]
donkey | fermenting yeast ageing y
milk
Lactococcus HM
Créme Cow’s lactis 10-30
fraiche milk Leuconostoc HT 20 15-20 days 45 [47]
mesenteroides
Lactococcus
lactis ssp. lactis HM
Lactococcus
Buffalo cremoris HM 10
Buttermilk | ', 22 14-16 4448 [46, 47]
cow’s days
milk Leuconos_toc
mesenteroides HT
ssp. dextranicum
*HM — homofermentative lactic acid fermentation, HT — heterofermentative lactic acid fermentation
Yogurt-based
products
I
[ \ 1 |
- Frozen -
Yogurt Strained yogurt yougurt Dried yougurt
I
[ | I | . | =
: - omposition
By fat content: By pgi.s*l_cal Bg afld_n_lg By processing: of starter
na (=¥ avors: culrure
Without food -
[Low fat (0.05+ . ) Vitamin
1 10%) Set type addflirlll‘;: or addition | Yogurt
s With food
| |Fatty (1.5-6.0|| |Drinking type additives or Heat tractment| |- Bioyougurt
%6) (fluid) fillers
—Crea“%.};ﬁ 60 L Bifidoyougurt
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Fig. 2. Classification of products based on yoghurt [49,50]
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We can say that the first therapeutically valuable
product was Yakult, manufactured by Yakult Honsha,
Japan [22]. The fermented milk product contained the
strain Lactobacillus casei Shirota [22,54], or,
according to the current classification,
Lacticaseibacillus casei Shirota [55]. There is
extensive experience in adding extra probiotic strains
to standard yeast, such as Lactobacillus acidophilus
and Bifidobacterium bifidum [12].

Although yeast is usually part of the normal
microbiota of fermented milk products [56], only a few
decades ago, the first studies on the probiotic
properties of certain species appeared [57]. The main
studied and therapeutically valuable eukaryotic
probiotic strains are: Saccharomyces cerevisiae,
Saccharomyces boulardii, Kluyveromyces lactis, and
Kluyveromyces marxianus [51,58].

Functional characteristics of S. boulardii

Today, the dairy industry uses a large number of
prokaryotic, namely bacterial strains of probiotics,
such as the genus Bifidobacterium or the family
Lactobacillaceae. However, in recent decades, more
and more attention has been paid to eukaryotic
microorganisms with probiotic properties, which may
be promising in manufacturing certain products
[57,59]. Among the representatives of eukaryotic
probiotic strains, one of the most studied strains of
yeast is Saccharomyces boulardii, or S. cerevisiae var.
boulardii. It is a tropical strain of yeast, first isolated
from nephelium and mangosteen fruit in 1923 by the
French scientist Henri Boulard. This species is related
to brewer’s yeast (S. cerevisiae) in its taxonomic and
metabolic characteristics. S. boulardii maintains and
restores the normal intestinal flora and is therefore
classified as a probiotic [59,60].

Henri Boulard first isolated this yeast after
observing that Northeast Asians often chewed fruit (for
example, mangosteen) to suppress cholera symptoms.
It has been shown that S. boulardii is not pathogenic,
remains in the digestive tract, and grows at unusually
high temperatures — from 37°C. Lyophilised S.
boulardii cells are used as a probiotic to treat and
prevent of diarrhoea. The lyophilisate of these cells has
antimicrobial and antitoxic action against bacterial

cyto- and enterotoxins, increases the intestinal
enzymatic  function, has natural resistance to
antibiotics, passes through the digestive system

unchanged without colonisation, and is completely
eliminated from the body within 2-5 days after its
intake is finished [61,62].

The strain was later found in tea fungus and in
some fermented milk products, such as kefir [59].

According to the cell morphology of S. boulardii
(oval or spherical cells 2-3 um wide and 2.5-10.5 pm
long [59]), it has a thicker cell wall, as compared with
S. cerevisiae [59,63].

Initially, the microorganism was classified as a
new species in the genus Saccharomyces [64], due to
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its physiological features and differences from
S. cerevisiae.

Unlike S. cerevisiae, S. boulardii has the following
characteristics: inability to produce ascospores,
transition to haploid form, better resistance to high
temperatures and acid stresses [65,66].

Despite some controversy about the taxonomic
position, current molecular studies indicate that S.
boulardii is still a strain of S. cerevisiae, the current
taxonomic affiliation of S. boulardii is shown in
Table 3 [61,67,68].

Table 3 — Current taxonomic position of S. boulardii [69]

Domain Eukaryota
Kingdom Fungi
Subkingdom Dikarya
Phylum Ascomycota
Subphylum Saccharomycotina
Class Saccharomycetes
Order Saccharomycetales
Family Saccharomycetaceae
Genus Saccharomyces
Species Saccharomyces cerevisiae
Strain Saccharomyces cer_e_:visiae var.
boulardii

Scientific and practical interest in eukaryotic
probiotics in general is growing every year. The
dynamics of this growth reflected in the number of
publications for the query “Saccharomyces boulardii”
is shown in Fig. 3.
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Fig. 3. Number of publications by year for the query
“Saccharomyces boulardii” (based on data of PubMed,
Web of Science, Scopus)

As can be seen from the figure, the number of
scientific publications on the query “Saccharomyces
boulardii” has been growing in the last 20 years. Most
of the new publications are recorded in the Scopus
scientometric database, but the number of new
scientific papers is increasing in the Web of Science
and PubMed databases.

Certain studies using ITS-PCR, microsatellite
fingerprinting, and genome sequencing indicate the
presence of enzymes involved in the Leloir pathway,
i.e. galactose utilisation [68], although prior to the
detection of enzymes in this pathway, S. boulardii
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was considered to have no  galactose
utilisation [64,66]. According to genome sequencing,
S. boulardii has certain features: absence of Tyl-2
elements, trisomy on chromosome IX, absence of
MAT alleles and NO genes, lack of spore formation
due to respiratory deficit [61].

Despite the homology of the genomes of S.
cerevisiae and S. boulardii, which is more than 95 %,
S. boulardii still has high probiotic activity, as
compared with S. cerevisiae [70]. This is achieved by
an increased ability of pseudohyphal switching and
better survival rates at acidic pH [67]. S. boulardii has
been shown to secrete serine protease (54 kDa),
phosphatase (63 kDa), and thermolabile and
trypsinolabile nonproteolytic proteins (120 kDa),
which protect the intestinal microbiota by cleaving
endotoxins (e.g. E. coli [71]) or with the mechanism of
decreasing in CAMP levels [61,68, 70]. Also, important
parameters that characterise S. boulardii as a probiotic
are stress resistance and survival under adverse
conditions. The optimal growth temperature of S.
boulardii corresponds to the human temperature
37°C [65]. Other studied probiotic properties of S.
boulardii are resistance to digestive enzymes, limiting
the growth of certain pathogenic bacteria
(Staphylococcus aureus and Pseudomonas aeruginosa)
through the synthesis of organic acids (caproic,
caprylic), natural resistance to antibiotics, and the
ability to grow on prebiotic carbon sources, e.g.
fratufite (fructose with inulin) [59,66,72,73].

Today, due to its proven therapeutic properties, S.
boulardii is considered a probiotic strain. Successful
uses of this probiotic results in prevention and
treatment of antibiotic-associated diarrhoea [59, 74],
especially treatment of infections caused by
Clostridium difficile [74,75]. The ability of S. boulardii
to prevent infections associated with invasion of
C. difficile, E. coli, and Candida albicans or their
attachment to the cells of the gastrointestinal tract was
reported [59,60,74,76]. Recently, antitumor effects of
S. boulardii have been discovered. It was established
that glucan extracts could have a prophylactic effect on
tumors of the colon of rats [59]. There are also studies
on the effectiveness of S. boulardii in travellers’
diarrhoea and acute diarrhoea in children [71,76]. The
use of S. boulardii in the prevention and treatment of
Helicobacter pylori infection [77], irritable bowel
syndrome [78], and acute gastroenteritis [79] was
reported. Besides, it is known that S. boulardii can
synergistically affect other probiotics of prokaryotic
origin. For example, the compatible antipathogenic
activity of Lacticaseibacillus rhamnosus GG and
S. boulardii CNCM-1-1079 against the
enteropathogenic strain E. coli LMG2092 was studied.
The study found that a combination of probiotics could
improve the functionality of the microbiota in both
adults and children [80].
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Most of the possible mechanisms of action of S.
boulardii are still understudied. The main ones are:
antimicrobial effect, inactivation of bacterial toxins,
immunomodulatory effect, trophic effect, stimulation
of producing short-chain fatty acids, polyamines, and
digestive enzymes [62,81-83].

Today S. boulardii is available as a medicine in
various dosage forms, the use of which is quite safe.
However, an increase in infections and fungaemia has
been reported in critically ill or immunodeficient
patients [74,84]. Certain studies and meta-analyses [81,
85] indicate that, despite colonisation of the
gastrointestinal tract by Saccharomyces spp., there are
no cases identified of fungal sepsis caused by S.
boulardii, so the microorganism is safe to consume for
therapeutic purposes [74].

Technological features of yoghurt production.
Possibilities of enrichment of yoghurts with
S. boulardii

Due to the large number of therapeutic effects and
nutritional value of S. boulardii, there are prospects of
creating a functional dairy product with the addition of
these microorganisms [86]. Due to the thermopbhilicity
of the strain, its resistance to low pH, and symbiotic
action on other probiotics, the possibility of integrating
S. boulardii into various fermented foods has been
considered for a long time [71]. Yoghurt is one of the
most studied and best probiotic delivery systems [86].

Because of their diversity and popularity, there are
a large number of types of yoghurt, but its technology
is quite standardised [4]. The main differences in
technology in the production of different types of
yoghurt depend on the consistency. However, the main
stages are common to all types [87]. The first stage is
the selection and preparation of milk. The quality of
the finished product will depend on the quality of the
milk. Milk must be of the highest bacteriological
quality, low in bacteria and substances that can prevent
the development of yeast [88]. Microbiological
contamination is usually removed by heat treatment
[87]. After the primary processing of milk, it is
standardised according to established technological
parameters and homogenised [88]. Prepared milk is
fermented by selected cultures (usually L. acidophilus,
L. casei, L. delbrueckii ssp. lactis, L. helveticus ssp.

yoghurts, B. animalis ssp. lactis, B.longum,
B. bifidum, B. infantis, and St. salivarius ssp.
Thermophiles). However, in accordance with

international and regional law, there are requirements
for the mandatory presence of S. salivarius ssp.
thermophilus and L. delbrueckii ssp.
Bulgaricus [4,87,88]. Fermentation is carried out at
45°C. After fermentation, the resulting product is
cooled, and the finished product is packaged [87,88]. A
simplified block diagram of the production of yoghurts
of different types is presented in Fig. 4.
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Fig. 4. Block diagram of production of different types of yoghurt [88]

In recent decades, yoghurt production has become
quite popular due to the enrichment of this type of
fermented milk products with various compounds such
as vitamins, prebiotics, proteins, omega-3 fatty acids,
natural antioxidants [89]. With the advent of the first
probiotic-enriched fermented milk product (Yakult),
and the evaluation of its therapeutic properties, the
addition of probiotics or symbiotics is considered quite
promising [89,90]. Usually enrichment with probiotics
is carried out with the finished product, i.e. before
packaging the product or during cooling [90].
Lifophilised cultures of selected probiotics are usually
used to enrich yoghurts [87,89].

The yeast S. boulardii is microbiota
uncharacteristic of fermented milk products. It is
known that the strain is used to enrich yoghurt, which
contains organic acids, galactose, and glucose [63].
Some studies suggest that there is a symbiotic
relationship between yoghurt lactic acid bacteria and S.
boulardii, in particular, that it can increase riboflavin
levels [91] and create favourable conditions for the
growth of lactic acid bacteria [63].

Today, there are some studies on the creation of
yoghurts containing S. boulardii. Since this
microorganism actively produces CO, (which spoils
yoghurt), it is more appropriate to enrich the finished
product with a lyophilised or microencapsulated
culture [92]. According to the production of drinking
yoghurt with the addition of the lyophilised culture of
S. boulardii, it was found that the survival of all
microorganisms was normal, i.e. 10° CFU/ml [93], and
in the production of yoghurt from goat’s milk, stable
survival of S. boulardii was also observed [94]. At the
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same time, microbiological analysis showed a
synergistic effect on yeast microorganisms and
increased viability throughout the shelf life of the
finished product [93]. Studies on the development of
symbiotic yoghurt using the microencapsulated
probiotic S. boulardii and the prebiotic inulin also
show good viability of both probiotics and yeast
components [95].

Besides the drinking (or fluid) type of yougurt,
studies were conducted on frozen yoghurt with both a
lyophilised and microencapsulated culture  of
S. boulardii added. It was found that in the product
with lyophilised S. boulardii added, the survival of the
culture is greater than with the microencapsulated
culture. The number of lactic acid bacteria was
preserved, and the content of yeast cultures was more
than 10° CFU/mI [92].

Also, there were attempts to create probiotic ice
cream using L. acidophilus and S. boulardii. According
to the results, L. acidophilus and S. boulardii, not
individually but in combination, had a significant
effect on the intestinal microbiota [96].

Sale prospects of functional fermented milk
products enriched with S. boulardii

Dairy products occupy one of the main places in
the world's food resources, and demand is at a high
level [97]. The modern market of fermented milk
products has a wide variety of product names, there are
different classifications of dairy products, but yoghurts
are the most used and popular. At the same time, the
market of functional foods and probiotics is actively
developing [98].
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According to the statistics from 2013 to 2020 [99]
presented and systematised in Fig. 5, there is an
increase in demand for yoghurt products. The graphs
are based on the code of nomenclature of industrial
products (NIP) 10.51.52.45. According to the world
reports [99,100], the yoghurt market will grow, with a

mankind for a long time, and the history of the
technological aspects and research of both fermented
milk products and probiotics has been going hand in
hand.

2. In the last two decades, there has been an
interest in yeast probiotics. S. boulardii is one of the

projected average annual rate of 4.80%.

Fig. 5. Statistical information on the sale of yoghurts in

feasibility of creating yoghurt in combination with a
probiotic strain of S. boulardii.

first eukariotic probiotics, but it still remains
understudied.
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The above information proves the obvious

_ symbiotic yoghurt.
Conclusion

1. Fermented milk products have been known to
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'Kadenpa npomuciosoi GiotexHomorii Ta Giodapmarii

Harmionansauii TexHiuHmi yHiBepeuTeT YKpainu «KuiBChbKMA NOMITeXHIYHUH IHCTUTYT iM. Irops CikopchKoroy
2 Biguin 6iotexmomorii, [HCTHTYT IpoKoBoNbuKX pecypeis HamionansHoi akageMii arpapuux Hayk YKpainm

Anotanis. IlpoBemeHmii aHami3 JiTepaTypd [OO3BOJSAE€ OXapaKTEepU3yBaTH MOTEHLIAI BHUKOPHCTaHHS HOBOTO
npobiotruHoro mramy Apixmpkis S. boulardii. Crartst ommcye TpuBanmii mepio CTaHOBICHHS (yHIAMCHTAIBHUAX 3HaHb Ta
BIIPOBA/DKEHHSI TEXHOJIOTIYHUX MPUHOMIB y BUPOOHUITBI Pi3HUX KHCIOMOJIOYHHX HPOAYKTiB. OKpiM ICTOPHYHOTO acHeKTy,
PO3IsIIAEThCsT MIKPOOIOJIOTiYHA PI3HOMAHITHICTh KMCJIIOMOJIOYHHX MPOIYKTIB Ta BiJMIHHOCTI TEXHOJOTiH iX BHPOOHHMIITBA.
Binomo, mo omHUM i3 HaAMBIZOMINIMX KHCIOMOJOYHHMX HPOAYKTIB € Horypr. Llel KHCIOMONOYHHMH NPOAYKT pOKaMU
KOPHCTYETBCSI BEJIMKOIO TOMYJLIPHICTIO Yepe3 CBOI CMAaKOBiI XapaKTEPUCTHKU Ta IMPOCTOTY BUTOTOBJIEHHS. 3 HAKONMHWYEHHSIM
3HaHb MO0 MPOOIOTHKIB Ta TEXHOJIOTiT BUPOOHUIITBA HOTYPTIiB 3’ SIBIJIACH TEHICHIIIS IO TOJATKOBOTO 30aradeHHs MPOIyKTY
MEBHUMH TpoOioTHKamu, mpobioTukamu Ta MiHepanamu. ChOTOJHI Yy BHPOOHHUITBI HOTYPTIB aKTUBHO BHKOPHCTOBYETHCS
METO/AWKA 30aradyeHHs] TOTOBOTO MPOAYKTY MPOOIOTHKAaMH, IO JO3BOJISIE CTBOPHUTH SIKICHO HOBHH (DYHKIIOHAJBHUN TPOIYKT
XapuyBaHHS, IO Ma€ HE TUIBKM XapuoBY IIHHICTH IJISl CHOXKHMBaya, ane i TEBHUH TO3WTHBHUN BIUIMB Ha MiKpoOOM
KHIIKIBHAKA, & OT)KE 1 Ha 3I0pOB’S CHOXHBava. Bimomo, 110 OCHOBHMMH MPOOIOTHKaMH € OaKTepii, OJHAK HEI[OJaBHE
BIZAKPHUTTS MPOOIOTHYHUX BIACTHBOCTEH MEBHUX POJIB Ta BUIIB APDK/IKIB BIAKPUBAE HOBI MEPCIICKTUBH 1X BUKOPUCTAHHS, 5K
y (apmaneBTHYHIN ramy3i, Tak i JUisl CTBOpPEHHs (YHKLIOHAJBHUX NPOJAYKTIB XapuyBaHHs. HemomaBHO BigkpuTwhii mram
npixmkis S. boulardii, ¢inorenernuno criopiguenuii 3 S. cerevisiae, mae 6e3iiy TepaneBTHYHUX e(DEKTIB Ta 3HAYHI TEpeBaru
nepe/ GakTepialbHUMHU TPOOIOTHKAMHE, 30KpeMa, CTiiKicTh 10 anTubioTukiB. Came S. boulardii € mpoGioTraHuM IITAMOM, 1110
MOXe OyTH BHKOPHUCTaHUH ais 30aradeHHA HorypTy. Di3i07OTiYHI BIACTHBOCTI IITaMy Ta TEPaleBTUYHI BIACTHBOCTI
MPOAYKTIB METa0oNi3My, y TO€IHAHI 3 PO3TISIHYTHMH TEXHOJOTIYHUMH TapaMeTpaMH BHUPOOHHITBA HOTYPTIiB, JAlOTh
MEPCIIEKTUBY KOMOIHAIil IbOro MpoOiOTHKAa Ta KOPUCHOTO MHTHOTO KHCIOMOJIOYHOTO NpOAYKTy. BH3HaueHo, mo st
BHUPOOHHMITBA 30araueHoro HOTYpTY MOXIMBE BHKOPHUCTaHHS sK JiodimizoBanoi kyiaeTypu S. boulardii, Ttak i
MiKpoiHKamyciboBaHoi. [IpoaHai3yBaBIid €KOHOMIYHHMI ACTEKT, a caMe pealizallifo HOrypTiB Ta MOJalblly TCHACHIIIO 0
POCTY CIHOXHBaHHs, MOXHa CKa3aTH, 10 BOpoBamkeHHs S. boulardii, sk mramy mis 30aradeHHs WOTypTy, € JIOCHTBH
aKTyaJbHHM Ta MEPCIIEKTHBHIM.

KawuoBi caoBa: npikmki, HorypT, mpoOioTHKH, Oi0TexXHONOTIS, (YHKIIOHANBHI TPOIYKTH XapuyBaHHS, XapdoBi
TEXHOJIOT1i.
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