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An analytical review of the biotechnological process of production of various hard and semi-hard
cheeses in the EU and Ukraine, as well as domestic recipes of fermented cheeses for production at
craft cheese factories and at home was conducted. An analysis of the conditions of the key stages of
production, including fermentation, coagulation and ripening was carried out. The composition and
type of lactic acid bacteria in sourdough for fermented cheeses, as well as enzymes for fermentolysis
and coagulation of milk casein was studied. Because of a complex study, 73 types of hard and semi-
hard cheeses were analyzed: 35 recipes of the New England Cheesemaking Supply Company by Jim
Wallace; 30 production processes of hard and semi-hard cheeses from the EU; 8 technical conditions
of hard cheeses of Ukrainian producers. It was shown that the prospects for optimizing the
development of new types of hard and semi-hard cheeses in Ukraine are mainly related to the
regulation of the time and temperature of fermentation, cooking and ripening of cheeses, as well as
the expansion of the biodiversity of the primary and secondary microbiome of starter cultures to
improve the taste and aroma of the ready-to-use product.

Purpose to analyze the fermentation process and recipes for the production of hard cheeses in
Ukraine with the main world samples, to compare the composition and type of lactic acid bacteria in
industrial and craft starters, as well as the types of enzymes for fermentolysis and casein coagulation
of milk in order to optimize production to improve the taste and aroma of ready-to-use product.

Materials and methods. Methodical analysis and abstract-logical method for summarizing the
evaluation criteria of the biotechnological process of various hard and semi-hard domestic cheeses
with world samples according to recommendations, requirements and standards with the development
of patents, technical conditions of their production in the EU and Ukraine; DSTU 6003 (Solid
cheeses); New England Cheesemaking Supply Company cheese recipes by Jim Wallace. The obtained
data were processed by the methods of statistical analysis, systematization, comparison and
generalization of information.

Results. The documentation was examined and the data of standards, regulations, requirements and
recommendations regarding the biotechnology of hard and semi-hard cheeses were analyzed. An analysis
of the market of hard cheeses and the peculiarities of the fermentation process of their production were
carried out. The determination of critical points and key stages of production using industrial deposited
fermentation producers and protein enzymes coagulation and biodiversity of lactic acid bacteria in
sourdoughs for fermented cheeses at world productions were given. An assessment of the prospects for
developing new and improving the biotechnology of Ukrainian cheese of high quality and safe hard
cheeses for healthy nutrition were done.

Key words: hard cheese; semihard cheese; acidification; mesophilic and thermophilic lactic bacte-
ria; coagulation; rennet; chymosin; renin; pepsin; cheese maturation; microbiome.
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Production of fermented cheeses is
represented in every country of the world, as
consumers choose them for their nutrition,
rich taste and aroma. The oldest and
largest producers of authentic cheeses are
European countries such as the Netherlands,
Switzerland, Denmark, France, Italy and
Spain.

The production of dairy products is one of
the important sectors of global agribusiness
and a point of innovative implementation
of the food bioindustry [1]. According to the
Union of Dairy Enterprises of Ukraine in
2019, milk production amounted to 8 million
tons, and 35 Ukrainian producers were added
to the list of exporters of dairy products to
Saudi Arabia [2]. The results of monitoring
by experts of the state and development
prospects of the domestic market of milk and
dairy products in 2021 in Ukraine produced
8.72 million tons of milk, including farm
enterprises produced 2.75 million tons of milk.
Today, there are about 200 milk fermentation
enterprises in Ukraine, with the concentration
of production at large milk processing
enterprises. In 2020, compared to 2019,
the volume of exports of dairy products to
Moldova, Georgia, Azerbaijan and Kazakhstan
increased by 9-11% in each country. [3].

However, there are many factors that
negatively affect the innovative development
of enterprises in the food industry of Ukraine,
in particular, in cheese making, which reduce
their competitiveness. Thus, as of January 1,
2022, the total volume of the shadow segment
on the Ukrainian dairy market was estimated
at 20-25% . Among the falsified goods,
various types of cheese, butter, and sour cream
prevailed, which were dominated by substances
of vegetable origin, and the content of milk
raw materials did not exceed 26% [4], and,
under the influence of war uncertainty, these
indicators can be even worse [5].

In the structure of dairy production in
Ukraine for 2020, according to the marketing
research of the Pro-Consulting Company,
influencing factors, problems and development
trends of one of the most important food
industries of our country — the dairy
market in Ukraine, including fermented
milk products, were determined and studied.
4%, cheeses — 9.4% . The cheese market was
characterized by multidirectional trends: the
volume of fresh cheese production continued
its growth in 2021 (+7.4%); the production
volume of other (fermented) cheese in 2021
continued its decline (—14.2% to the level of
2020, 70 thousand tons); processed cheese
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production volumes in 2021 decreased slightly
from their 2020 levels, returning to 2018
levels. Mainly dessert yogurt products and
cheeses are imported into Ukraine. The main
suppliers of dairy products to the domestic
market are Poland, Germany, the Netherlands,
France, Italy, and Belgium. [6].

Fermented cheeses are produced all over
the world. Europe has the richest history
of producing authentic cheese recipes,
namely countries such as the Netherlands,
Switzerland, Denmark, France, Italy and
Spain. As defined by cheesemakers on the food
market today, the most popular and included
in the TOP-10 types of cheese in the world
are Mozzarella, Emmentaler, Parmigiano
reggiano, Brie, Chedar, Camembert, Gouda,
Feta, Swiss cheese, and Grujere [7].

World production of cheese according
to the International Dairy Federation —
(International Dairy Federation (IDF)) in
2017 reached 20.5 million tons, in 2019 it
was estimated at 25 million tons. The main
producers of cheese in the world are the EU
and the USA. Together, they produce about 16
million tons of cheese. The largest importers
of cheese are Germany, Great Britain, Italy,
France, and the United States, according to
the agricultural information agency Agravery
[8]. By 2020, over the past 50 years, the global
cheese market has grown fourfold. The main
consumers, in fact, as well as producers,
remain European countries, although cheeses
from the USA, Canada and Japan enter the
market. There are currently no hard cheeses
with bifidobacteria on the market.

The dairy industry of Ukraine is one
of the leading ones in the agro-industrial
complex, and cheese production is an
important component of it. The production
of hard cheeses by Ukrainian milk processors
and transnational companies (Almira, Tera-
food, Milk Alliance, Como, Rud, Milkiland
Ukraine, Lustdorf) with Ukrainian enterprises
in Ukraine in 2015 decreased by a quarter
(landlord.ua.). Until 2018, in Ukraine,
12 large enterprises produced 60% of cheese
and cheese products (108 thousand tons),
87 dairy enterprises of medium capacity
produced 50 thousand tons of cheese and
cheese products, which was 28% of the
total volume of production, and the rest —
22 thousand tons (12%), products are
produced by small enterprises. Among
the cheese-making enterprises there are
large Ukrainian producers according to the
Kompass Ukraine business directory (Kharkiv,
info@kompass.ua) — Company ZhSZ —
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Zhydachiv cheese factory, TDV (Zhydachiv,
1946, 1994); Company Buchatsky syrzavod,
LLC (Buchach, Ternopilska, 2002); Company
ZSK — Zvenigorod cheese factory, PrdJSC of
the SAVENCIA international group. They are
such as Zvenigorodka, Cherkassy, 1931, TM
Zveny Gora, 2001; Globinsky maslosirzavod,
Globino Corporation LLC (Globino, Poltava,
1929, 2006); Cheese factories of the Lactalis
company in Ukraine (Mykolaiv, 1996,
Pavlograd, 2007, Shostka, 2021); Tulchyn
cheese factory, branch of Terra Food (Tulchyn,
Vinnytsia, 1999); Chertkiv cheese factory,
company Chortkivsyr, PP (Chertkiv, 1967);
Pyryatyn cheese factory, Milk Alliance holding
LLC (Pyryatyn, Poltava, 1973); Okhtyr cheese
factory, a branch of PP Ros of the Milkiland
company (Okhtyrka, Sumy, 1988); Myrhorod
Cheese Factory, LLC, a member of the State
Enterprise “Milkyland-Ukraine” (Myrhorod,
Poltava 1982, 2002); Andrushivsky
maslosyrzavod, LLC (Andrushivka,
Zhytomyrska, 2000); Novograd-Volyn cheese
factory, PJSC Zhytomyrmoloko (Zhytomyrska,
1982); Losynivskyi maslosyrzavod, LLC
(Nizhynskyi, Chernihivska, 1939, 1999);
Euro-milk Joint Ukrainian-Czech Enterprise
(Rohatyn, Ivano-Frankivsk, 1997, 2004);
private cheese factories — “Forest goat”,
“Selyska cheese factory”, “Farmer’s dairy
products”, “Stanislavskaya cheese factory”,
“Obereg”, “Stary Porytsk”, “Cheeses from the
farmer”, “European cheese factory”, “Chesnikov
cheese factory”, “ Lviv Cheese Factory”, and
others[9].

In the structure of the country’s dairy
industry, cheese production makes up about
10% . More than 150 enterprises are engaged
in the production of cheeses in Ukraine, 2/3
of which produce hard rennet cheeses, the
rest — soft and processed (melted) [6].

5,9%

14,1%

17,8%

The basis of the assortment of cheeses in
Ukraine are hard cheeses that are pressed
with a low temperature of the second heating.
In August 2018, 17,125 tons were produced
in Ukraine [10]. The output of cheese has
increased significantly, but the further
increase in the volume of its production is
already in doubt. According to the data of
the State Statistics Service of Ukraine for
2020. only 5-6 thousand tons of goods have
been sold to foreign markets. With the total
production of cheese in France of 1.8 million
tons per year, one French person consumes
26.8 kg per person, and in Ukraine — 4.2 kg
per person (the total volume of production is
140 thousand tons) according to the
agricultural information agency Agravery [8].

In 2022, for the first time in the
competition’s 34 years of existence, the world
cheese community, thanks to Ardis Group and
ProCheese, got to know 39 Ukrainian cheeses
with the slogan “Freedom tastes great” from 22
cheese factories at the World Cheese Awards
2022 in Great Britain, where 4,434 cheeses
from 42 countries of the world. Thirteen
Ukrainian cheeses received awards [11].

Classic fermented cheeses are classified
by hardness into extra-hard, hard, se mi-
hard and soft from the use of microcultures
(0.5-10%) of starter and enzyme for curdling
and curd formation, and also differ in the
type of secondary microbiome — that is,
those ripening with the help of lactic acid
bacteria, propionic sourdough, blue and
white mold. Hard cheeses are also divided
by cooking temperature (second heating):
high (thermophilic sourdough), medium
(mixed sourdough), and low (mesophilic
sourdough) [12].

Modeling of the general biotechnological
system of the fermented cheese production

= Hard Cheese

= Cheese for Spreading
Soft Cheese

Melted Cheese

Source: Pro-Consulting

Fig. 1. Segmentation of the cheese market by product types in Ukraine, 2021 according to Pro-Consulting
(hard cheese, pasty cheese, soft cheese, processed cheese)
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process consists of the main stages:
preliminary preparation of milk, fermentation,
curdling, coagulation, grinding, cooking,
washing, pressing, salting, forming, ripening,
with the establishment and definition of
technological parameters for each stage of
production with specific modes the flow of
physico-chemical and biochemical processes
with the further search for opportunities for
regulation and optimization of parameters, as
well as the introduction of innovative methods
of the technological process and successful
entry into the commercial market of food
products.

Global innovations in milk production are
based on the tendency to increase the volume
of milk production on the world market and
promote the development of new functional
preparations from live probiotic cultures in
the field of biotechnology; products based on
baking concentrates, including traditional
fermented products, including cheeses
and cheese products. Innovative methods
of processing (ultrafiltration) of milk and
cheese grain, processing time, coagulation
and syneresis, etc. are increasingly used to
standardize milk during cheese production.

The milk preparation process includes
stages: selection, standardization, norma-
lization, thermalization, pasteurization,
microfiltration, ultrafiltration, bactofugation,
homogenization. The quality of cheeses is
determined, first of all, by the type and
component composition of milk. The milk
of cows, sheep, goats, and buffaloes is used
for the production of cheese. Selection,
standardization and pasteurization of milk is
mandatory, because the sensory characteristics
of cheese depend on the quality and freshness
(acidity of 19 °T) of milk. Any milk consists of
casein, whey proteins, lipids, minerals, lactose
and other oligosaccharides.

The nature of cheeses depends on the
content of milk fat (hydrolysis produces 41
fatty acids, including butyric, stearic, oleic,
and glycerol) and milk proteins, which make
up 3.3% of nitrogenous compounds of four
fractions (casein — 2.8%; lactoalbumin —
0.43%, lactoglobulin — 0.06%, proteose
peptone — 0.01%). The majority of proteins
(85%)is casein (o — 60%,  — 25%,y — 10%
fractions), which is in the form of a calcium
phosphate complex micelle and is released
during milk acidification and coagulation of o
and B fractions with rennet enzyme (pH = 4.6):
the rest is albumin, which when heated turns
into serum and precipitates (at 70—80 °C) and
globulin, which also turns into serum and is
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dissolved in water and precipitates (at 75 °C)
in an acidic environment [13].

The production of hard rennet cheeses
is a complex multifunctional process, in
which a change in the influence of even one
of the technological factors can change the
dynamics of biochemical, microbiological and
physicochemical transformations of the cheese
mass, which affects not only the organoleptic
properties and biological value of the final
product, but also its safety. During ripening,
all components of the cheese mass undergo
deep changes, because of which the specific
taste, aroma of the cheese, its consistency
and pattern are formed. An important feature
of hard rennet cheeses made by traditional
technology is their suitability for long-term
storage. The formation of cheese quality
is largely determined by the composition
and properties of raw milk, microbiological
and biochemical features of product
maturation, and technological parameters of
production [14].

Fermentation of milk is carried out with
the help of lactic coagulation microbial
producers of fermentation (lactic acid bacteria
of the microflora of starter cultures), lactic
acid coagulation enzymes (plant, animal, in
particular, rennet, and microbial proteolytic
enzymes, in particular renin) and for special
cheeses — solid-phase ripening (propionic
bacteria, yeast and molds). Therefore, milk
may also contain other substances that affect
the quality of milk and the final product —
cheese: enzymes, in particular proteases
(plasmin and cathepsin D), and lipases;
antibiotics and mycotoxins. To prevent
the growth of pathogenic microorganisms
Campylobacter, Staphylococcus, Salmonella
spp., Clostridium tyrobutyricum, thermal
(thermalization (50-70°C, 5-30s) and
pasteurization (72-75°C, 20-15s) and
physical (microfiltration, homogenization and
ultrafiltration are used to regulate the content
of fats and proteins in milk.

During the acidification of milk, several
phases of biochemical transformations take
place, namely:

— bactericidal phase with the formation
of mnatural milk antibiotics lactenins
(Streptococcus lactis — nisin; Streptococcus

cremovis — diplococcin; Lactobacillus
acidophilus — acidophilin, lactocidin;
Lactobacillus plantarum — lactolin;

Lactobacillus brevi — brewin, lysozyme);

— the incubation phase with a decrease in
acidity by the initial microflora of milk (at
37 °C for 6 hours);
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—a mixed microbial phase with the
decomposition of lactose into galactose and
glucose by all present microflora, lactic acid
with an increase in the biomass of Lactobacillus
and a further decrease in pH;

— symbiotic phase with an increase in pH
under the influence of yeast and mycelial
fungi[15].

Sourdough starters are used for controlled
fermentation. European cheese producers
in the European Union most often choose
mesophilic starters — in 53.3% of cases,
thermophilic and mixed less often — in 20%
of the analyzed cheeses. All the Ukrainian
producers we studied use mesophilic starter
cultures.

Selected starter cultures are used for
milk fermentation: mesophilic (Lactococcus
lactis subsp. Lactis, Lactococcus lactis
subsp. Cremoris, Lactococcus lactis subsp.
Diacetylactis); thermophilic (Streptococcus
thermophilus, Lactobacillus helveticus,
Lactobacillus delbrueckii subsp. Lactis,
Lactobacillus bulgaricus); mixed [16].

The use of thermophilic lactic acid bacteria
allows the use of a higher fermentation and
coagulation temperature, and also shortens the
ripening period of the cheese. It is also possible
to directly acidify the addition of lactic acid
and use natural starters from authorized farms
for some cheeses. In this study, a comparative
analysis of the qualitative composition of
starters used in the recipes and production
of various fermented cheeses, as well as the
temperature and duration of action of lactic
acid bacteria, was carried out.

Coagulation is carried out with the help of
rennet of young herbivores — calves, lambs,
goats, consisting of chymosin, pepsin in a small
amount, lipase, and pregastric esterase. Beef
pepsin, fungal and bacterial proteinase are
also used in industry. The coagulation process
is affected by acidity, calcium concentration,
protein content, and temperature. The product
of the coagulation process is the cheese mass,
which is further crushed and subjected to
further processing for the production of
mature cheese. This study examines the use
of enzymes and the temperature regime and
duration of coagulation in various cheese
productions.

By processing the curd, conditions are
created for microbiological and enzymatic
processes necessary for the production
of cheese of the appropriate consistency.
Shredding of cheese mass is carried out with
special knives in horizontal cheese baths or
vertical fermenters. The size of the granules

depends on the technology of cheese production
and can be from 2 to 30 mm. Grinding increases
the surface area of the curd granules, mixes it
well and improves further ripening.

Boiling (second heating) is carried out
at a temperature of 33—-55 °C, depending on
the amount of moisture in the final product
and the type of starter. Cheddarization
is characteristic of some types of cheese,
such as Cheddar and Cheshire. During
cheddarization, the cheese mass is once
again chopped into pieces of 5 kg each, salted
and cheddarized to a pH of 5.4. During
cheddarization, the cheese mass acquires a
fibrous structure, like chicken breast meat,
and becomes elastic.

The finished cheese mass is taken from the
cheese vat and distributed among perforated
molds of different sizes depending on the
type of cheese. The size of the cheese head
depends not only on the product appearance,
but is also necessary for proper ripening. A
cheese ripened by a surface microbiome must
be small so that the enzymes secreted by the
microorganisms growing on the surface can
penetrate the entire volume of the cheese.
However, cheeses that use propionic acid
fermentation must be large enough to hold
carbon dioxide in the middle to ripen the cells.

Pressing is used for extra-hard, hard
and semi-hard cheeses. Mostly, the pressing
takes place under a pressure of 1200 kg
per 1 surface of the cheese head for hard
cheeses and 2000 kg for extra hard cheeses.
To improve the taste, table salt (sodium
chloride) is added to some cheeses. The salt
concentration depends on the type of cheese
and can be from 0.3 to 10% , but most cheeses
contain 2.5% salt. Pickling can be done in
two ways: wet (17-30% salt solution) and dry
(wrapping with dry salt).

Ripening of fermented cheese is necessary
for the formation of its characteristic
shape, texture, taste and aroma. Maturation
involves enzymes (rennet, renin, plasmin,
proteases, lipases, peptidases) and micro-
organisms of the secondary microbiome
(bacteria Propionibacterium freudenreichii,
Propionibacterium acidipropionici, mold
fungi Penicillium camemberti, Penicillium
roqueforti, yeast Geotrichum candidum) [17].

The chemical composition and sensory
characteristics of cheese depend on: the
chemical composition of the cheese mass;
temperature; humidity; type of enzymes;
origin of milk; species composition of the
primary and secondary microbiome at each
technological stage [18].
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To conduct an analytical review of the
technological process of production of various
hard and semi-hard cheeses in the EU and
Ukraine, as well as recipes for fermented
cheeses for production at craft cheese factories
and at home from the USA. Conduct an
analysis of the conditions and terms of key
stages of production, such as fermentation,
coagulation, boiling, pressing, salting,
ripening. To investigate the composition and
type of lactic acid bacteria in starter cultures
used in the production of fermented cheeses,
as well as enzymes used for fermentolysis
and coagulation of milk casein. To propose
recommendations for the development of
new types of hard and semi-hard cheeses in
Ukraine, which would mainly be related to
the regulation of the time and temperature of
fermentation, cooking and ripening of cheeses,
as well as the expansion of the biodiversity of
the microbiome of primary lactic acid starters
to improve the taste and aroma of ready-to-use
product.

Materials and Methods

The object of the study is the technological
process of production of various hard and
semi-hard cheeses in the EU and Ukraine,
as well as recipes for fermented cheeses
for production at craft cheese factories
and at home from the USA. Information
from patents, technical conditions for the
production of hard and semi-hard cheeses
in the EU and Ukraine was used to evaluate
the production technology of hard and semi-
hard cheeses; DSTU 6003 (Solid cheeses);
New England Cheesemaking Supply Company
(NECSC) cheese recipes by Jim Wallace.
The obtained data were processed by methods
of statistical analysis, systematization,
comparison and generalization of infor-
mation.

Results and Discussion

In this study, hard and semi-hard cheeses
were examined. An analysis of the market
of hard cheeses and an overview of the
biotechnological process of the production of
fermented cheese and a comparative analysis of
the key stages of production were completed.
A study of the use of biodiversity of lactic
acid bacteria in starters and enzymes used in
the production of fermented cheeses at world
productions, and an attempt to show prospects
for the development and improvement of
Ukrainian hard cheeses were done.
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At the first stage of research, an analysis
of the microbiome of lactic starters used in the
production of fermented cheeses was carried
out.

Milk fermentation is carried out using
mesophilic and thermophilic yeasts, and it was
established that in the recipes of the NECSC
company, mesophilic yeasts are used in 37.3%
of cases, thermophilic yeasts in 17.1%, and
mixed yeasts in 45.7% (Fig. 2, A), (Table 1).
Cheese producers in the European Union most
often choose mesophilic starters — 53.3%
of cases, thermophilic — 20.0% of cases,
and mixed — 26.7% of cases (Fig. 2, B). In
Ukraine, mesophilic starters are used in 100%
of the analyzed cheeses (Fig. 2, C).

A comparative study of the species
composition of lactic acid bacteria in starter
cultures of lactic acid bacteria in NECSC
company recipes by Jim Wallace was carried
out, the results are presented in Table 1.
According to the results of the study,
mesophilic bacteria are most often used
Lactococcus lactis subsp. lactis, Lactococcus
lactis subsp. cremoris, in 29/35 spilled
cheese recipes, in 22/35 analyzed cheeses, a
thermophilic bacterium is used Streptococcus
thermophilus, mesophilic bacterium
Lactococcus lactis subsp. diacetylactis is used
in 17/35 analyzed cheeses. Other thermophilic
bacteria Lactobacillus helveticus are used less
often in 8/35 cheeses, Lactobacillus delbrueckii
subsp. lactis in 7/35 cheeses, Lactobacillus
bulgaricus in 2/35 cheeses (Table 1, Fig. 3).

According to the conducted research,
Propionibacterium freudenreichii subsp.
shermanii was used as additional components
of starter cultures and components of the
secondary microbiome in 4/35 cheeses — a
bacterium that carries out propionic acid
fermentation, the yeast Geotrichum candidum
and the brevibacterium Brevibacterium

linens — in 2/35 cheeses and the fungus
Trichothecium domesticum — in 2/35 cases
(Table 1).

To study the technology of cheese
production in the EU, the production
technology of 30 cheeses was analyzed, the
species composition of bacteria was described
in 15 types of cheeses, and natural starters
from certified farms were used in five types
of analyzed cheeses. In the largest number
of examined cheeses, 10/15, mesophilic
bacteria Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris, in 5/15
of the analyzed cheeses, the thermophilic
bacterium Streptococcus thermophilus, the
mesophilic bacterium Lactococcus lactis subsp.
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Total number of cheeses = 35 Total number of cheeses = 30

® Mesophilic  » Thermophilic » Mixed ® Mesophilic  ® Thermophilic  » Mixed

| Mesophilic

Fig. 2. Percentage ratio of each type of lactic acid starters in NECSC company cheeses
(A — 35 cupiB: mesodinpaux — 37,7% ; thermophilic — 17,2% ; mixed — 45,7%); cheeses produced in the EU
(B — 30 cupis : mesopinpaux — 53,3% ; thermophilic — 20,0% ; mixed — 26,7%);
in cheeses produced in Ukraine (C — 18 cheeses: mesophilic)

Lactococcus lactis subsp. Lactis 29/35
Lactococcus lactis subsp. Cremoris 29/35

Lactococceus lactis subsp. Diacetvlactis 17/35
Streptococeus thermophilus 22/35
Lactobacillus helveticus 8/35

Lactobacillus bulgaricus 2/35

Lactobacillus delbrueckii subsp. Lactis 7/35

Fig. 3. Ratio of lactic acid bacteria species in starters from NECSC recipes by Jim Wallace
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Table 1. Comparative analysis of the species composition of lactic acid bacteria
in starter cultures of lactic acid bacteria recipes of the NECSC company

Type of
No. [The name of the cheese| Type of starter sourdough Types of microorganisms
starter
1 2 3 4 5
MAO11 Lactococcus lactz_s subsp. lactis, )
. Lactococcus lactis subsp. cremoris
1 Alpine Style Cheese mixed
AnbrificbKuii cup TA61 Streptococcus thermophilus
FLAV54 Lactobacillus helveticus
Alpine Tomme Streptococcus thermophilus,
2 | Anbmificeruit thermophilic C201 Lactobacillus helveticus,
TIOPOKHIN Lactobacillus delbrueckii subsp. lactis
Lactococcus lactis subsp. lactis,
mixed MA 4002 Lactococcus lactz-s subsp. cremoris,
. Lactococcus lactis subsp. diacetylactis,
ﬁgﬁine Washed Streptococcus thermophilus
2 | AnbmificbKuii 3 Propionic | Propionibacterium freudenreichii subsp.
IPOMUTOIO Shermanii |shermanii
IIKiPKOIO propionic GEO17 Geotrichum candidum
Ba_cterla Brevibacterium linens
Linens
Appenzeller Streptococcus thermophilus,
3 App thermophilic Thermo B Lactobacillus delbrueckii subsp.
TIeHIIeJIJIep .
bulgaricus
Streptococcus thermophilus,
. C201 Lactobacillus helveticus,
4 ﬁs%ago thermophilic Lactobacillus delbrueckii subsp. lactis
3iaro
Lactobacillus helveticus,
LH100 Lactobacillus lactis
MAO11 Lactococcus lactz:s subsp. lactis, )
Lactococcus lactis subsp. cremoris
Beaufort . .
5 Bodop mixed TA61 Streptococcus thermophilus
Lactobacillus helveticus,
LH100 Lactobacillus lactis
Lactococcus lactis subsp. lactis,
MM100 Lactococcus lactis subsp. cremoris,
Brick . Lactococcus lactis subsp. lactis biovar
6 Bpyckosuit mesophilic diacetylactis
Baptema Brevibacterium linens
Linens
Lactococcus lactis subsp. lactis,
7 Ca’lbra al Vino mixed MA 4002 Lactococcus lactl's subsp. cremoris,
IT’ama KoBa Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus
Lactococcus lactis subsp. lactis,
) . Lactococcus lactis subsp. cremoris,
g |Caerphilly mixed MA 400217, ctococcus lactis subsp. diacetylactis,
Kapisri Streptococcus thermophilus
fungal Mycodore Trichothecium domesticum
Lactococcus lactis subsp. lactis,
C101 . .
. Lactococcus lactis subsp. cremoris
Canestrato Italian -
9 |Basket mixed Streptococcus thermophilus,
KamecTpato Y1 Lactobacillus bulgaricus,

Bifidobacterium lactis,
Lactobacillus rhamnosus

12
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Table 3 (continued )

1 2 3 4 5
Lactococcus lactis subsp. lactis,
10 Cantal mixed MA 4002 Lactococcus lactz_s subsp. cremoris,
Kanrans Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus
11 Cheddar mesophilic c101 Lactococcus lactl's subsp. lactis, .
Yenaep Lactococcus lactis subsp. cremoris
12 Colby mesophilic c1o1 Lactococcus lactl's subsp. lactis, .
Kounbi Lactococcus lactis subsp. cremoris
13 Cheshire mesophilic c1o1 Lactococcus lactl's subsp. lactis, .
Yermrup Lactococcus lactis subsp. cremoris
14 Dunlop mesophilic c1o1 Lactococcus lactl.s subsp. lactis, '
Hammon Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis,
15 Edam mesophilic MM 100 Lactococcus lactz§ subsp. cremoris
Exam Lactococcus lactis subsp. lactis biovar
diacetylactis
16 Farmstead 3 mesophilic c101 Lactococcus lactz's subsp. lactis, .
depmMepCcbKUL Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis,
17 Gouda mesophilic MM 100 Lactococcus lactzg subsp. cremoris
Tayna Lactococcus lactis subsp. lactis biovar
diacetylactis
Lactococcus lactis subsp. lactis,
18 Sweet Gouda mesophilic MM 100 Lactococcus lactl§ subsp. cremoris
Comonxa M'ayma Lactococcus lactis subsp. lactis biovar
diacetylactis
thermophilic TAG61 Streptococcus thermophilus
19 Gruyere Proionib - 4 il sub
I'proep propionic c6 ropionibacterium freudenreichii subsp.
shermanii
Lactococcus lactis subsp. lactis,
20 Hispanico } mixed MA 4002 Lactococcus lactz_s subsp. cremoris
IcnaHCchKRUMIT Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus
Lactococcus lactis subsp. lactis,
Ibores . Lactococcus lactis subsp. cremoris
21 I6opec mixed MA 4002 Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus
29 Jack mesophilic MAO11 Lactococcus lactz.s subsp. lactis, .
Hxex Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis,
Jarlsberg . . . ,
23 mesophilic Flora Danica |Lactococcus lactis subsp. cremoris
SApiacoepr ; . ,
Lactococcus lactis subsp. diacetylactis
Lactococcus lactis subsp. lactis,
24 Lancashire mixed MA 4002 Lactococcus lactl_s subsp. cremoris
Jlaakamup Lactococcus lactis subsp. Diacetylactis.
Streptococcus thermophilus
Streptococcus thermophilus,
mixed Su Casu Lactobacillus delbrueckii subsp. lactis,
Lactobacillus helveticus
Maasdam c6 Proplonll?fzcterlum freudenreichii subsp.
25 shermanii
Maasgam
propionic Lactococcus lactis subsp. lactis,
MM 100 Lactococcus lactis subsp. cremoris,

Lactococcus lactis subsp. lactis biovar
diacetylactis

13
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Table 3 (end)

1 2 3 4 5
Streptococcus thermophilus,
thermophilic C201 Lactobacillus helveticus,
Lactobacillus delbrueckii subsp. lactis
Mutschli Huerdsman’su I c6 Propionibacterium freudenreichii subsp.
26 | ManeHbKUII macTyIIMil propionic Shermanii
cu
P GEO17 Geotrichum candidum
Bﬁcterla Brevibacterium linens
inens
97 Red Lelceuster mesophilic c101 Lactococcus lactz.s subsp. lactis, '
YepBoHuii Jlecrep Lactococcus lactis subsp. cremoris
Romano Streptococcus thermophilus,
28 PoMaHo thermophilic C201 Lactobacillus helveticus,
Lactobacillus delbrueckii subsp. lactis
Lactococcus lactis subsp. lactis,
Sao Jorge . Lactococcus lactis subsp. cremoris,
29 Cau-iKopixi mixed MA 4002 Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus
Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris,
MA 4002 Lactococcus lactis subsp. diacetylactis,
30 $g$;1 Ossolano mixed Streptococcus thermophilus
GEO17 Geotrichum candidum
BIz‘i_cterla Brevibacterium linens
inens
Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris,
MA 4002 Lactococcus lactis subsp. diacetylactis,
31 $omme mixed Streptococcus thermophilus
ome LI100 Lactobacillus helveticus,
Lactobacillus lactis
Mycodore Trichothecium domesticum
Lactococcus lactis subsp. lactis,
C101 . .
Lactococcus lactis subsp. cremoris
39 Toscano Pepato ixed -
TockaHChKIH mixe Streptococcus thermophilus,
C201 Lactobacillus helveticus,
Lactobacillus delbrueckii subsp. lactis
33 Yorkshire mesophilic c101 Lactococcus lact%s subsp. lactis, ‘
Uopxmup Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis,
34 Queso de Mah n mixed MA 4002 Lactococcus lactz.s subsp. cremoris,
Mao Lactococcus lactis subsp. diacetylactis,
Streptococcus thermophilus

diacetylactis is used in 9/15 analyzed cheeses.
Other thermophilic bacteria Lactobacillus
helveticus are used less often in 6/15 cheeses,
Lactobacillus delbrueckii subsp. lactis in
3/15 cheeses, Lactobacillus bulgaricus in
3/15 cheeses, the bacterium Leuconostoc
mesenteroides was also used in production in
4/15 analyzed cheeses (Table 2).

According to the study, Propionibacterium
freudenreichii subsp. shermanii was used
as an additional leavening component in
3/30 cheeses — a bacterium that carries out
propionic acid fermentation.

14

Because of the research, 8 types of hard
cheeses of Ukrainian producers were analyzed.
Mesophilic bacteria Lactococcus lactis subsp.
lactis were used in all types of examined
cheeses, Lactococcus lactis subsp. cremoris,
Lactococcus lactis subsp. diacetylactis
(Table 3).

Hard rennet cheeses are evaluated
according to organoleptic indicators
according to a 100-point system. Depending
on the amount of points scored, the grade of
cheese is determined: higher or first. Hard
rennet cheeses “Russian”, “Poshekhonsky”,
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Table 2. Comparative analysis of the species composition of lactic acid bacteria
in starter cultures of lactic acid bacteria in cheeses produced in the EU

Producer/

No The name of the Patent owner/ Type of Types of microorganisms
cheese Regi starter
egion
) Lactococcus lactis subsp. lactis & cremoris,
1 | Gouda BC2 Friesland mixed Lactococcus lactis subsp. lactis subsp. diacetylactis,
Tayna B.V. Lactobacillus helveticus, Lactobacillus lactis
Gouda DSM IP Assets . Lactococcus lactis subsp. lactis & cremoris
2 | Favaa B.V mesophilic | 7 4ctobacillus helveticus, Lactobacillus lactis
it
Streptococcus thermophilus,
. CSK Food thermonphilic | Lactobacillus delbrueckii subsp. lactis,
3 ?I}Vlssu-type . Enrichment P Lactobacillus helveticus
BeHIIapChKU B.V
propionic Propionibacterium freudenreichii subsp. shermanii
Streptococcus thermophilus,
4 Berner Algk se Berner thermophilic Lactobacillus delbrueckii subsp. lactis,
Bepucbruii Hobelk se PDO Lactobacillus helveticus
. L Streptococcus thermophilus,
5 grav’lera Kritis Crete, Greece | thermophilic | Lactobacillus delbrueckii subsp bulgaricus,
pas €pa Lactobacillus helveticus
Streptococcus thermophilus,
Kefalotyri ) Lactobaczzllus subsp delbrueckii bulgaricus,
6 : Greece mixed Lactobacillus helveticus,
Kedpamorupi ! . .
Lactococcus lactis subsp. lactis & cremoris
. Streptococcus thermophilus,
7 | LeGruyre La Neuvezlv1lle, thermophilic | Lactobacillus delbrueckii subsp lactis
Tproep Switzerland Lactobacillus helveticus
Lactococcus lactis subsp. lactis & cremoris,
V sterbottensost | V sterbotten, hilic | Lactococcuslactissubsp. lactisbiovar. diacetylactis,
8 mesophilic
BecrepGorren Sweden Leuconostoc mesenteroides
Streptococcus thermophilus,
9 Appenzeller Appenzell, thermophilic | Lactobacillus. delbrueckii subsp bulgaricus,
Arnennennep Switzerland Lactobacillus casei
. Lactococcus lactis subsp. lactis & cremoris,
10 Havarti Denmark mesophilic | Lactococcuslactissubsp. lactisbiovar. diacetylactis,
XaBaprTi Leuconostoc mesenteroides.
Lactococcus lactis subsp. lactis & cremoris,
11 | Herrgard Sweden mesophilic | Lactococcuslactissubsp. lactisbiovar. diacetylactis,
[IBexcormit Leuconostoc mesenteroides
Lactococcus lactis subsp. lactis & cremoris,
19 | Prst Sweden mesophilic | Lactococcuslactissubsp. lactisbiovar. diacetylactis,
ITpacrocr Leuconostoc mesenteroides.
San Sim n . . . Lactococcus lactis subsp. lactis & cremoris
13 Galicia, Spain | mesophilic
Cau CumoH
. Lactococcus lactis subsp. lactis & cremoris,
14 %‘I’ecwf Sweden mesophilic | Lactococcuslactissubsp. lactisbiovar. diacetylactis,
Bellld Leuconostoc mesenteroides
Gouda . Lactococcus lactis subsp. lactis & cremoris,
15 Tayna Netherlands mesophilic | 74ct0coccus lactis subsp. lactis biovar. diacetylactis

15




BIOTECHNOLOGIA ACTA, V. 16, No 3, 2023

Table 3. Comparative analysis of the species composition of lactic acid bacteria in starter cultures

of lactic acid bacteria in cheeses produced in Ukraine

No The name of the Producer/ Type of Tvoes of microorganisms
: cheese Patent owner starter yp &
K . .
. «ilnpauiscornit Lactococcus lactis subsp. lactis,
KocTpomcbruii CHP3aBOI» - . .
1 - mesophilic |Lactococcus lactis subsp. cremoris,
Kostroma «Zhydachiv cheese . . ,
Lactococcus lactis subsp. diacetylactis
factory»
o « . .
TonnmauacbKut mﬂaaqmc}’)}mn Lactococcus lactis subsp. lactis,
ramit Dutc . mesophilic | Lactococcus lactis subsp. cremoris,
- 5 CHUP3aBOI» . )
«Zhydachiv cheese ; . .
round Lactococcus lactis subsp. diacetylactis
factory»
TonnauacerKruin «)npaviscrmit Lactococcus lactis subsp. lactis,
., CUP3aBOI» - . ,
PYCKOBUit . mesophilic | Lactococcus lactis subsp. cremoris,
«Zhydachiv cheese . . .
Dutch bar Lactococcus lactis subsp. diacetylactis
factory»
. Byuanbruii Lactococcus lactis subsp. lactis,
TonnmauacbKuin CUP3aBO/I - . ,
4 mesophilic | Lactococcus lactis subsp. cremoris,
Dutch Buchatsky cheese ; . .
Lactococcus lactis subsp. diacetylactis
factory
. . Lactococcus lactis subsp. lactis,
Eiigam «EBPO-MiIK» .. . .
5 . ; mesophilic |Lactococcus lactis subsp. cremoris,
Aidam «Euro-milk» ; ; )
Lactococcus lactis subsp. diacetylactis
. . Lactococcus lactis subsp. lactis,
Poratuncbruit «EBpPO-MiIK» - . ,
6 - : mesophilic |Lactococcus lactis subsp. cremoris,
Rohatynskyi «Euro-milk» . . .
Lactococcus lactis subsp. diacetylactis
. . Lactococcus lactis subsp. lactis,
IIpukapraTcbKuit «EBPO-MiIK» - . ,
7 . : mesophilic |Lactococcus lactis subsp. cremoris,
Carpathian «Euro-milk» . ; .
Lactococcus lactis subsp. diacetylactis
. . Lactococcus lactis subsp. lactis,
Asip «EBPO-MiIK» - ; ,
8 : mesophilic | Lactococcus lactis subsp. cremoris,
Sycamore «Euro-milk» . . .
Lactococcus lactis subsp. diacetylactis

“Picantny”, reduced fat and accelerated
ripening (1 month), as well as soft and
processed cheeses are not divided into
varieties. Their quality is determined by
the compliance of their indicators with
the requirements of standards or technical
conditions.

During the certification of cheeses, in
addition to organoleptic ones, the main
physico-chemical indicators characterizing the
nutritional value of cheeses are determined,
including the mass fraction of fat, salt,
moisture, titrated and active acidity, sodium
nitrate content.

At the second stage of the research, an
analysis of production conditions and the
duration of the key stages of production
of fermented cheeses was carried out. The
recipes of the NECSC company, authored by
Jim Wallace, and the technical conditions of
production in Ukraine and the EU were also
analyzed. 35 types of fermented cheeses were
analyzed according to the temperature of
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cheese fermentation and coagulation; cooking
(second heating); maturation.

Based on the analysis of the obtained
data, it was found that the temperature of
fermentation and coagulation is in the range
from 29 °C to 37 °C. A lower temperature of
29-33 °C is used for cheeses with a meso-
philic type of sourdough, the highest
temperature of 35—37 °C is used for cheeses
with thermophilic sourdoughs, in recipes
for cheeses with mixed sourdoughs, an
intermediate temperature regime is used
(Fig. 4, A). The temperature of the second
heating depends on the desired moisture
content in the final product and the type
of starter used and is 30—55 °C. For semi-
hard cheeses with mesophilic sourdough, a
temperature of 30—-35 °C is used, for hard
cheeses with thermophilic sourdough, a
temperature of 45-55 °C is used. The ripening
temperature is low and is set at 12-14 °C,
only for 3 cheese recipes the recommended
temperature is 16—-21 °C (Fig. 4, A).
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An analysis of 30 types of fermented cheeses
produced in the EU was carried out according
to the temperature of cheese fermentation
and coagulation; cooking (second heating);
maturation. Based on the analysis of the
obtained data, it was found that the temperature
of fermentation and coagulation is in the range
from 30 °C to 38 °C. A lower temperature of
30—33 °C is used for cheeses with a mesophilic
type of sourdough, the highest temperature of
35—38 °C is used for cheeses with thermophilic
sourdoughs, in recipes for cheeses with mixed
sourdoughs, an intermediate temperature
regime is used (Fig. 4, B). The temperature
of the second heating depends on the desired
moisture content of the final product and the
type of starter used, and is higher in large-
scale production than in recipes for craft cheese
factories and is 33—60 °C. For semi-hard cheeses
with mesophilic sourdough, a temperature
of 33—-40 °C is used, for hard cheeses with
thermophilic sourdough, a temperature of
45-60 °C is used. The ripening temperature in
production varies more among different cheeses
than in recipes, because in large enterprises it is
possible to build several types of thermostatic
shops with a temperature characteristic for a
certain type of cheese, ranging from 8-20 °C
and humidity. A higher ripening temperature
reduces its duration and improves the taste
characteristics of cheese due to the higher
activity of enzymes and microorganisms of the
secondary microbiome (Fig. 4, B).

8 types of fermented cheeses produced in
Ukraine were studied. For Ukrainian cheeses,
the fermentation temperature is approximately
the same, since only mesophilic sourdoughs are
used and is 34 °C for cheeses produced by the
Zhydachiv cheese plant and 35 °C for cheeses
from the Evro-milk enterprise. The cooking
temperature is 41 °C for cheeses produced by
“Zhydachiv cheese plant” and 48 °C for cheeses
from the “Euro-Milk” enterprise. The ripening
temperature is 12 °C for cheeses produced by
the “Zhydachiv cheese factory” and 16 °C for
cheeses from the “Euro-milk” enterprise (Fig. 3,
C). At the third stage of research, an analysis of
the duration of the stages of fermentation and
coagulation, as well as ripening, was carried
out. All NECSC recipes by Jim Wallace use
fermentation before coagulation. That is, lactic
acid starter is first added to milk heated to the
appropriate temperature, and only after 30—-60
minutes rennet is added, and in large-scale
production, lactic acid starter and enzyme are
added at the same time, pre-fermentation is
characteristic only for 5 types of European and
none of the analyzed Ukrainian cheeses.
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Therefore, as a result of the study, two
comparative analyzes were made: the first
includes the time of preliminary fermentation
and coagulation, which is presented in the
graph as the time of fermentation with the
help of lactic acid bacteria (Fig. 5), and the
second — the time of coagulation with the help
of rennet (Fig. 6 ).

In the NECSC recipes by Jim Wallace, the
fermentation time with lactic acid bacteria
ranges from 40 to 140 min (Fig. 5, A), in the
technical conditions of EU productions from
25 to 75 min (Fig. 5, B), in Ukrainian technical
conditions, lactic acid fermentation lasts
25-35 min (Fig. 5, C).

In the recipes of the NECSC company by
the authorship of Jim Wallace, the time of
hydrolysis with the help of rennet was from 30
to 60 min (Fig. 6, A), in the technical conditions
of EU productions from 25 to 60 min (Fig. 6, B),
in the Ukrainian technical conditions, lactic
acid fermentation lasts 25 —35 min (Fig. 6, C).
Because of the comparative analysis, the
type of rennet used for coagulation was also
investigated. In all NECSC recipes, calf rennet
is recommended, but microbial rennin can be
used, which does not affect the structure and
taste characteristics of the cheese, as noted by
the author. In the technical conditions of EU
productions, calf rennet is used in most cases,
if sheep milk is used, the technology requires
the use of lamb rennet, and beef rennet occurs
with a small frequency, for most cheeses
produced in large volumes, there are analogues
with microbial renin. In the studied technical
conditions, beef rennet is used for most cheeses
of Ukrainian producers, but microbial rennin
occurs with a small frequency.

According to the analysis of the duration of
ripening, it was established that the duration of
ripening of hard and semi-hard cheeses in the
recipes of the NECSC Company ranges from 70 to
730 days. The exception is only some cheeses with
propionic leavens (Edam, Ibores, Farmersky), the
duration of which is less than 45 days of ripening
(Fig. 7, A). In cheeses produced in the EU, the
duration of ripening ranges from 14 to 730 days.
The average duration of maturation of European
cheeses is 223 days. Cheeses with the addition
of microorganisms of the secondary microbiome
described in the introduction: propioic acid
bacteria, yeast, and mold fungi have a short
ripening period of up to 40 days (Fig. 7, B). In
the studied cheeses of Ukrainian producers, the
duration of ripening ranges from 35 to 60 days
(Fig. 7, C).

As the study of technological schemes for
the production of hard cheeses shows, the
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general principle stages are mostly similar and
involve the implementation of optimization
changes and innovative methods of improving
production in terms of product quality and
obtaining commercial benefits.

Conclusions

As a result of a comprehensive study of
the technological process of the production of
various hard and semi-hard cheeses in the EU
and Ukraine, as well as recipes of fermented
cheeses for production at craft cheese factories
and at home from the USA, a total of 73 types
of hard and semi-hard cheeses were analyzed:
35 recipes of the New England Cheesemaking
Supply Company by Jim Wallace; 30
production processes of hard and semi-hard
cheeses from the EU; 8 technical conditions of
hard cheeses of Ukrainian producers.

It is shown that the prospects for the
development of new types of hard and semi-
hard cheeses in Ukraine should include the
following recommendations: if possible, apply
short-term fermentation with the help of lactic
acid starters before adding rennet, which will
increase the activity of rennet, since it will
be immediately added to milk with a pH of
4.6; the use of thermophilic bacteria in the
composition of primary starters shortens the
ripening period of cheese and improves its
taste characteristics; when using thermophilic
or mixed leavens, it is necessary to increase
the temperature of fermentation and cooking;
the use of rennet from young animals is only
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AHAJII3 TEXHOJIOTTYHOT'O TPONECY BUPOBHUIITBA
TBEPJIUX TA HAIIIBTBEPAUX CHPIB B €C TA YKPAIHI

JO. A. Ckpiav', O. B. Illeed*, 3. B. I'yopiii®, O. I. Biuko®, T. Kynka®

'Hanionanpauit yHiBepcurer «JIbBiBCchbKa moJriTexHiKa», YKpaina
2TepHoniJILCLRI/H‘/’I HallioHAJBLHUH TexHiUHUY yHiBepcuTeT imeni IBana Ilymaroa, Ykpaina
3YHiBepcmTeT Omoute, Incturyt Ximii, [Tosmpima

E-mail: olha.v.shved@Ipnu.ua

IIpoBemeHo aHANITUYHUN OTJIAN TEXHOJOTIUHOTO MPOIleCy BUPOOHUIITBA Pi3HOMAHITHUX TBEPAUX i
HamiBTBepAuXx cupis B €C Ta YKpaiHi, a TaKOK BiTUNSHAHUX PelenTyp GepMeHTHUX CUPiB AJI BUPOOHUIITBA
HaA Kpa()TOBUX CUPOBAPHAX Ta Y JOMAIIIHIX YMOBaxX. 3AificCHEHO aHaJi3 YMOB KJIIOUOBUX CTaLili BUPOOHUIITBA,
30KpeMa CKBalllyBaHHA, KOAryJAIlid Ta qo3piBaHHsA. [[OCHiiKeHO CKJIaL Ta TUII MOJIOUYHOKUCINX OaKTepiii
y 3aKBacKax AJid (pepMeHTHUX CHUPiB, a TaKoX (epMeHTiB nnad GepMeHTOJi3y Ta Koaryadlii xaszeiny
moJioka. ITokasaHo, 1110 MePCHeKTUBY OITUMi3aIlii po3pobaeHHsa HOBUX BUAiB TBEPAUX Ta HAIiBTBEPAUX
cupiB B YKpaiHi mepeBakKHO IOB’s3aHi 3 pPeryJIOBaHHAM Yacy Ta TeMIepaTypu CKBalllyBaHHA, BapiHHA
Ta JO3piBaHHA CUPIB, a TAKOK POBIIUPEHHAM 0iOpi3HOMAHITTA MePBUHHOI'O Ta BTOPUHHOTO MiKpobioMmy
3aKBACOK [IJId MOKPAIeHHA CMaKy Ta apoMaTy I'OTOBOTO 0 BXKUBAHHA IPOAYKTY.

Mema — npoanaisyBaTu pepMeHTAIliMHII IPOIlec Ta PerenTypy BUPOOHUIITBA TBEPAUX CUPiB B YKpaini
3 OCHOBHUMU CBiTOBUMU 3pasKaMu, MOPiBHATH CKJIaJ Ta TUI MOJOUYHOKUCIUX OaKTepiil y IPOMUCIOBUX Ta
KpadToBUX 3aKBacKax, TaKOK TUNHU (pepMeHTiB AJa (hepMEeHTOJIi8y Ta Koaryadallil KaseiHy MoOJIOKa, IIIOI0
OIITHMi3allil BUPOGHUIITB [JIA IOKPAIIleHHA CMaKy Ta apoMaTy TOTOBOTO IO B}KUBAHHSA IPOIYKTY.

Mamepianu ma memodu. MeTonnuHU aHaNi3 i abCTPaKTHO-JOTIYHUNA MeTOX IJis y3arajJbHeHH:
KpUTepiiB OIMiHKM 0i0TEXHOJIOTIYHOTrO IPOIlecy PiBHOMAHITHMX TBEePAUX i HANiBTBEPAUX BiTUMBHAHUX
cupiB 3i CBiTOBUMU 3pasKaMu 3a peKoMeaalligMu, BUMOTaMHU Ta CTaHZapTaMU 3 OIIPAI[IOBAHHAM IIaTEeHTIB,
TexHiYHUX yMOB iX BupoOHuITBa B €C Ta Ykpaini; [JJCTY 6003 (Cupu Tsepzi); perentu cupiB KoMmaHii
New England Cheesemaking Supply Company 3a aBropctBoM [[skmuma Basinaca. OrpuMani gaui onpaiboBaHi
MeTOoaMU CTATUCTUUHOTO aHAIi3y, cucTeMaTus3allii, IOpiBHAHHA Ta y3arajabHeHHA iH(popMmarrii.

Pesyavmamu. Y gaHoMy AOCJiIKeHi POSTIIAHYTO JOKYMEHIAIiI0 Ta IpoaHa i30BaHo JaHi CTaHIapTiB,
MMOJIOYKEeHb, BUMOT Ta peKoMeaaIlii oo 6i0TexXHoJIoTil TBepAnX Ta HAIliBTBEPANX CUPiB, IIPOBEIEHO aHATi3
PUHKY TBePAUX CHUPiB Ta 0COOJMBOCTEN (PepMEHTAIifHOTO IPOIlecy iX BUPOOHUIITBA 3 BU3HAUEHHAM
KPUTUYHUX TOYOK Ta KJIIOYOBUX CTAAili BUPOOHUI[TBA 3 BUKOPUCTAHHAM IPOMUCJIOBUX MEIOHOBAHUX
MIPOAYIIEHTIiB CKBaIlyBaHHA Ta )epMeHTiB 6iJiK0BOI Koarynasailii Ta 6i0pi3HOMAaHITTA MOJOYHOKUCIUX
OaxTepiil y 3aKkBacKax IJid (DepMEHTOBAHUX CUPiB Ha CBiTOBUX BUPOOHUIITBAX, 3 OIiHEHHHAM MOXKJINBOCTEH
MIePCIeKTUBY PO3POOJIEHHA HOBUX Ta YAOCKOHAJEeHHs 6ioTexHOJOTiI YKpaiHCBKUX NOOPOAKiCHUX Ta
0e3MeYHNX TBEPANX CUPIB IJId 3J0POBOTO XapUyBaHHA.

Knwmouwosi cnoea: TBepauil cup; HANIBTBEPAUU CUP; CKBaIlyBaHHA; Me30(inbHI Ta TepModinbHi
MOJIOYHOKHUCJIi 0aKTepii; Koaryadmnia; cuuy:KHUM PepMeHT; XiMO3UH; PeHiH; IeIICUH; [03piBaHHA ()epPMEHT-
HOTO CUPY; MiKpobiom.
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Radiation is an important and dangerous factor in contemporary reality in some regions of industrial
countries, after technological accidents at nuclear objects, chemical enterprises, etc. This is also the
reality of some contemporary military activities and armed conflicts. Radiation damages of organisms
can arise also due to the natural reasons — aviation or space flights at high altitudes or even long stay on
mountain heights. Natural reasons of such effects have been studied insufficiently for today.

Purpose. To outline briefly some results of studies of the characteristics of ionizing radiation at
different heights above the Earth. To describe briefly the influence of radiation factors on biological
organisms and main mechanisms of these effects. To describe effects that cause pathological changes in
organisms of people exposed to the low doses of radiation for a long time and methods of post-radiation
rehabilitation of affected people in highlands conditions.

Methods. Space satellite exploring of the Earth atmosphere at different altitudes above sea level with
measurements of different characteristics of solar and galactic radiation (mainly X-ray, gamma radiation, as
well as other types of ionizing radiation in some other ranges). Comparative analysis of the results of long-
term observation of patients in hospital conditions using many standard laboratory methods of their states
examinations. The conducted scientific research consisted of a complex of methodological techniques and
approaches: clinical and physiological studies of respiratory and cardiovascular systems, hematological and
immunological states, and functional state of higher nervousactivity, mental and neurotic state; administration
of antihypoxants, histochemical, biophysical and other methods were used to evaluate oxybiotic processes.
Mathematical processing of the results, as well as methods of mathematical modeling were applied.

Results. The results of the measurements of ionizing radiation levels during the satellite exploring of the
Earth atmosphere at different altitudes were analyzed and presented in schemes. The mechanisms of damaging
radiation effects in organisms at nano level were described: water radiolysis, “oxygen effect” as radio
sensitizer, formation of various types of free radicals and peroxides with future consequences for organic
compounds, cells, tissues, organs, and organisms. The results of medical treatment and rehabilitation at the
EMBS of the persons irradiated by the low doses of radiation were presented, observed and discussed. Many of
represented results were obtained thanks to the collective work of the great commands of our predecessors in
science who searched for the possibilities of medical treatment and rehabilitation of patients who obtained low
doses of radiation during long time. The contemporary results of possibilities of some developed pathological
states pharmacological corrections were discussed; practical recommendations were done.

Conclusions. Some of results of fulfilled works, which can be valuable in the treatment and
rehabilitation of people of various contingents exposed to low doses of radiation of various natures for a
long time, were presented. The outlined recommendations can be offered to persons of various radiation
risk contingents for the purposes of their rehabilitation, in practice of health care, etc.

Key words: radiation damage to organisms, high altitudes, adaptation, radioprotectors, correction.
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Increased level of radiation is an important
and dangerous factor of contemporary reality
in some regions of industrial countries, after
technological accidents at nuclear objects, as
well as reality of some contemporary military
activity and armed conflicts. Radiation
damages of organisms can arise also due to the
natural reasons — aviation or space flights
at high altitudes or long stay in mountain
conditions. Natural reasons of these effects
have been studied insufficiently for today. But
it is known that the high level of radiation in
mountain conditions is formed due to two main
reasons: 1 — high level of space radiation due
to a smaller (compared to sea level) thickness
of the residual layer of the atmosphere and
2 — the higher radiation of granite rocks in
comparison with sedimentary rocks. People are
also exposed to small doses of radiation during
flights at high altitudes, primarily pilots, but
the effect of this factor on their organisms
has not yet been studied in detail. It should
be noted that common features characterize
many mechanisms of the influence of
ionizing radiation on biological organisms.
Accordingly, some individual methods for
correcting radiation damage, studied on
one of the models, can be applied (after the
appropriate studies) on another model.

Our studies of these phenomena were based
on the results of the work of the groups of our
predecessors in science, who worked at Elbrus
Medical and Biological Station (EMBS) under
the leadership of its Director Prof. Pavel
Beloshitsky for many years, and under whose
supervision Dr. Klyuchko Olena performed
numerous scientific works. Results of numerous
contemporary investigations in these directions
we have accumulated in present observation
[1-65]. Among them there are our personal
publications linked with these items [1-3,
64, 65]. Studies of the influence of radiation
factors under the high-altitude meteorological
conditions, adverse environmental conditions
(for example, as a result of Chernobyl tragedy)
and the possibility of subsequent rehabilitation
of the people exposed to these factors were the
subjects of research at the EMBS for a number
of years. Organization EMBS was subordinated
to the National Academy of Sciences of
Ukraine during long years, and it was located
in Caucasus Mountains on the territory
of Kabardino-Balkarian Republic (now —
territory of Russia). This station was located
in the highlands of the Caucasus on the slopes
of Elbrus, the highest mountain in Europe —
5,641 m above sea level (a.s.l.). EMBS was the
site of many years of research by Ukrainian

scientists, as well as scientists of other
multinational teams. They studied and solved
topical problems in biology and medicine using
the latest methods at every stage. Research
works were started here by Academician
M. M. Sirotinin in 1929 and continued by his
students [1, 64, 65]. A number of obtained
here results (often unique) in various fields of
knowledge have already been observed in our
previous publications. There were represented
our results, obtained in various directions of
investigations at EMBS and later, in process of
works with the results previously obtained at
EMBS [66—75]. Important results of the study
of radiation effects on living organisms were
obtained and accumulated at EMBS long before
1986. Also there were obtained numerous
results and suggested the ways of rehabilitation
of irradiated persons in highlands conditions.
So, with all this potential (intellectual,
laboratory, hospital conditions, others),
already in the first days after the Chernobyl
accident, EMBS Director at these times, Doctor
of Medical Sciences Pavel Beloshitsky and the
staff of the station were suggested to start post-
radiation rehabilitation of affected people in the
conditions of the Caucasian mountains as well
as the search of new ways for their treatment.
This program was successfully implemented at
EMBS, as a result of which significant number
of the people obtained here their treatment and
were successfully recovered (“chernobyltsy” —
Chernobyl residents as well as “liquidators” of
the consequences of the Chernobyl accident —
people who fought with the consequences of
that accident) [64, 65].

Works on the rehabilitation of
“chernobyltsy” and “liquidators” were
started at EMBS on May 1986 [64, 65].
This happened after the approval of the
information sheet on the use of the methods
of treatment and rehabilitation of irradiated
persons in mountain climate conditions
developed at EMBS in combination with taking
antioxidants, vitamins and other medical
substances; document is by Academic Councils
of 0.0. Bogomoletz Institute of Physiology of
the National Academy of Sciences of Ukraine
and the Institute of Oncology and Radiology of
the Ministry of Health of Ukraine (May, 1986).
Below there are some of results of these works,
which can be valuable in the treatment and
rehabilitation of people of various contingents
exposed to low doses of radiation of various
nature for a long time.

To outline briefly some results of the
radiation researches in space physics and
geophysics; influence of these factors on
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biological organisms and main mechanisms
of these effects. To describe influences that
cause pathological changes in organisms of
people exposed to the low doses of radiation
for a long time and methods of post-radiation
rehabilitation of affected people in highlands
conditions, including pharmacological
corrections of some damages. We would like
to apply further such methods in health care
practice, for students’ education, and to
continue these researches.

Radiation effects at different altitude levels
above the Earth surface up to the ionosphere:
brief analysis. In some our preliminary works
we had observed the influence of ionizing
radiation at different altitudes above the Earth
surface on various substances and objects
in the atmosphere [1]. The necessity of such
works was caused by the high radiation doses,
obtained by the pilots and passengers during
the flight, radiation influences on the surfaces
of the aircrafts such as airplanes, satellites,
etc. Continuing this theme in present work, we
would like to observe the specificity of some
factors that cause such effects. According to
contemporary imaginations, total radiation
above the Earth can be subdivided mainly
onto two main components — solar radiation
and galactic radiation, both have different
origin and characterized by different physical
characteristics (sometimes other components
are distinguished too). Contacting with the
atmosphere, they cause such phenomena,
as ionosphere. The ionosphere could be
called “plasma covering membrane of the
Earth” [2-9, 19], and its properties had been
studied deeply and reflected in numerous
publications [2—-64]. The manuals specify
that the ionosphere covers the region of near-
Earth space in the height range from 50 km,
where the presence of free electrons already
noticeably affects the propagation of radio
waves, up to a conditional 1000 km, where
the ionosphere continuously transitions into
the magnetosphere. The ionosphere includes
regions D (50-90 km), E (90-140 km), F1
(140-200 km), and F2 (above 200 km). This
division is not only traditional, but also
reflects the difference in physical processes
that define the state of plasma at different
altitudes. Fig. 1 demonstrates the standard
profile of the ionosphere — the dependence of
concentrations of free electrons on different
heights. A logarithmic scale is applied to the
horizontal axis, which visually smooths the
graph; in fact, the plasma concentration at
the altitude of, f.e., 300 km is 5-10 times
higher than at 100 km. Thus, the profile of the
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ionosphere is stretched in vertical direction.
The main mass of the plasma is enclosed in
layers at altitudes of 200—600 km. Unlike the
neutral atmosphere, the ionospheric layer does
not adhere to the Earth’s surface, but, as we
can see, floats above it.

The ionosphere is formed as a result of
atmospheric absorption of solar radiation
at altitudes of 100-200 km. In the range
of wavelengths less than 1000 (extreme
ultraviolet and X-ray), the energy of photons
exceeds the thresholds of dissociation and
ionization of atmospheric gases, which
initiates chains of photochemical reactions in
the atmosphere, and this radically changes the
properties of the atmosphere.

The ionosphere is not a static object, but
a stationary process of circulation of neutral
and charged particles. Arising under the
action of solar ionizing radiation, charged
particles partially recombine with each other,
returning to the mother’s neutral atmosphere,
and partially flow along the lines of force of
the Earth’s magnetic field upwards into the
magnetosphere. At night, the plasma stored in
the magnetosphere descends to the heights of
its birth and recombines. So, if to speak about
such effects on living organisms at different
altitudes, we have to subdivide two main
factors of influences: 1) the radiation by itself
(solar, galactic, or other types) (Figs. 1, 2); and
2) influences of charged atmospheric particles
(Fig. 3). These effects were already studied and
observed, the results were presented on Figs.1,
2, 3[26] and Fig. 4.

The spectrum of solar radiation includes a
powerful and very stable optical part (visible
part of the spectrum, the “solar constant”),
as well as weak and variable short-wave and
long-wave components (solar activity). The
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upper atmosphere is a chemically active
environment under the aggressive influence
of solar radiation. The upper atmosphere is
a “photochemical boiler”. Plasma is born,
drifts up and down and recombines. In such a
way the ionosphere is formed. The spectrum
of solar radiation is represented on Fig. 2.
Radiation in the ranges of this spectrum
causes its effects on the biological organisms
at different altitudes in the Earth atmosphere.
These various effects associated with high-
energy, radiative effects on substances in the
atmosphere and at the surface of the Earth’s,
as well as on living organisms at different
heights above the Earth’s surface. According
to the known regularities of the Nature, the
part of the cosmic and solar radiation that
enters the atmosphere dissipates, other part is
absorbed — most strongly in the upper layers
of the atmosphere — the ionosphere, and part
of the component is reflected from the upper
layers of the ionosphere, as from a mirror. In
other words, due to all the above effects, the
Earth’s atmosphere protects biological beings
at the bottom of this “atmospheric ocean”
(the Earth surface) from the harmful effects
of solar ionizing radiation. However, the
intensity of both cosmic and solar radiation
fluxes to the Earth is very high. Therefore, a
certain part of the components of this ionizing
radiation flux still “breaks through” the
atmospheric shell and reaches the Earth’s
surface. Studying dangerous influence of
observed kinds of radiation on biological
organisms we have to take into account all
these phenomena.
Photon Energy (eV)
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Fig. 2. Solar spectrum — spectrum of solar radia-
tion that penetrates the Earth atmosphere
from the upper layers of the ionosphere down to
the surface of the Earth (explanations see in text)
1, 2,19, 26]

We had mentioned above about the
influence of solar and galactic radiation on
particles in atmosphere. When particles in
the upper atmosphere are exposed to solar
radiation, energy is transferred to them, which
transfers the simplest molecules and atoms
of elements in the gases of the atmosphere
into an excited state, which leads to their
transformation. It causes the formation of
such forms as ions, free radicals, various
other charged particles with high energies
that are able to damage biological organisms.
Space is not empty! At an altitude of 600 km,

the concentration of particles is ~106 cm 3,

and far in interplanetary space is ~10 cm™.
But for understanding the properties of the
space environment, it is not so much the
concentration that matters, but the length
(distance) of the free path of the particles. The
closer to the Earth’s surface, the shorter the
free distances (paths) between the particles of
the atmosphere. And vice versa — the higher
above the Earth’s surface, the greater the free
path between these particles. This dependence
is shown in Fig. 3.

The direction of the arrows coincides with
the direction of the ionizing radiation flux
vectors — i.e. to the surface of the Earth.
When considering the physical and physio-
chemical effects, it is indicated whether
they increase or decrease in this direction
(explanations see in text).

Studying various natural phenomena that
cause numerous effects associated with high-
energy, radiative effects on substances in the
atmosphere and at the surface of the Earth

600 4

~ R Earth
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Fig. 3. Various densities of matter particles
(gases, microscopic dust particles other) at differ-
ent altitudes above the Earth surface (explana-
tions see in text) [1, 2, 19, 26]
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Fig. 4. Various natural phenomena that cause
numerous effects associated with high-energy,
radiative effects on substances in the atmosphere
and at the surface of the Earth

as well as biological objects, we distinguished
four groups of effects; they are listed below
(see also Fig. 4). These effects, their changes in
time and interrelations are on the Fig. 4; they
all are given below.

1.a. Increasing of effects along the vertical
“ionosphere — Earth surface”

1) The densities of matter particles at
different altitudes above the Earth surface
increase (gases, microscopic dust particles
others — up to biomolecules and solid matters).
2) Number of neutral particles in atmosphere
increases. 3) Protective properties of the
atmosphere increase.

1.b. Decreasing of effects along the vertical
“ionosphere — Earth surface”

1) Radiation in the narrower ranges of
spectrum is registered close to the Earth
surface. 2) High-energy, high intensity
radiation is registered in ionosphere; it
decreases in direction to the Earth surface.
3) Various effects associated with high-
energy, radiative effects on substances
decrease. 4) The closer to the Earth’s surface,
the shorter the free distances (paths) between
atmospheric particles. 5) Radiation doses,
obtained by persons during the flight.
6) Radiation influences on the surfaces of
the aircrafts. 7) Number of charged particles
and free radicals in atmosphere decreases.
8) Aggressive influence of solar radiation
decreases.

2.a. Increasing of effects along the vertical
“Earth surface — ionosphere”

1) Radiation in the widest ranges of
spectrum is registered in ionosphere. 2) High-
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energy, high intensity radiation is registered in
the ionosphere; it increases in direction to the
ionosphere. 3) Various effects associated with
high-energy, radiative effects on substances
increase. 4) The further from the Earth’s
surface, the longer the free distances (paths)
between atmospheric particles. 5) Radiation
doses, obtained by persons during the flight.
6) Radiation influences on the surfaces of
the aircrafts. 7) Number of charged particles
and free radicals in atmosphere increases.
8) Aggressive influence of solar radiation
increases.

2.b. Decreasing of effects along the vertical
“Earth surface — ionosphere”

1) The densities of matter particles at
different altitudes above the Earth surface
decrease (from biomolecules and solid
matters — to gases, microscopic dust particles
others). 2) Number of neutral particles in
atmosphere decreases. 3) Protective properties
of the atmosphere decrease.

So, in this chapter, we considered various
natural phenomena that cause various effects
associated with high-energy, radiative effects
on substances in the atmosphere and at the
surface of the Earth’s, as well as on living
organisms at different heights above the
Earth’s surface. In the chapter below the
mechanisms of the radiation influence on
atoms and molecules in living organisms will
be explained in details.

Mechanisms radiation influences on
organisms. Organisms irradiation in conditions
of high-altitude flights and high altitudes.
In this chapter, we will consider how those
components of ionizing radiation that enter
the lower layers of the atmosphere affect
water molecules, biological macromolecules,
living organisms in these layers and on the
surface of the Earth. The materials of this
chapter are based on long-term studies of
teams of Ukrainian scientists at the EMBS of
the National Academy of Sciences of Ukraine,
some of which were included in the book [65].
So, these studies were carried out at altitudes
comparable to the height of Mount Elbrus
(5642 m a.s.l., Caucasus Mountains).

The problem of biological effects of
ionizing radiation is, actually, the problem
of the excess of radiant energy transfer to a
living system, biological substrate and the
subsequent destiny of this energy in cell, or
in organism. Ionizing radiation is high energy
radiation; its carriers — ionizing particles and
quanta (photons) carry such significant energy
that during primary or secondary (neutron
fluxes) interaction with atoms (molecules) of
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substances they cause ionization (they pull
out individual electrons from an electrically
neutral atom or turn its nucleus into an
ionizing particle).

For the destiny of irradiated cell,
organism, the fact that the primary and
secondary products of interaction of high-
energy radiation with a living system have
a powerful chemical and biological activity,
start, initiate a whole chain of successive
chemical (biochemical) reactions. It is these
chemical reactions transformations, reaching
vital cellular structures (DNA, nuclear
chromatin, systems of biological membranes,
mitochondria) cause their more or less deep,
up to irreversible damage, lead to the death
of some of the most radiosensitive cells or the
entire organism [65].

It is especially important that the radiation
death of organism, including such perfect one
as human organism, occurs at doses of ionizing
radiation that do not cause noticeable increase
of living system temperature. This so-called
“radiobiological paradox” is known for a long
time. It means that it is not the amount of
absorbed energy that is decisive for the destiny
of the irradiated organism, but the number
and chemical (biochemical) activity of those
active products that are formed after the effect
of primary ionization, as well as electronic
excitation of atoms in living system [65].

What are these active products?

The knocked-out electrons can move freely
between atoms for some time until they join
neutral particles (atoms, molecules), forming
negatively charged ions. Consequently, an
electronic vacancy, a “hole” in the place of
ejected electron, turns the corresponding atom
(molecule) into a (+)-ion. Along with (+)- and
(-)-ions, excited atoms also can be formed. In
such atoms the electron is not knocked out of
the atom, but only moved to a higher electronic
level. Such atom also has reserve of additional
energy and therefore it is capable to be
involved into more diverse chemical reactions
than an unexcited atom.

Since The tissues of the human body consist
on 65-70% of water, the primary radiation-
chemical reactions develop primarily in the
aqueous phases. In this case, the ejected
electrons in the aquatic medium acquire
additional stability, each being surrounded by
a kind of envelope of water molecules (hydrated
electron, e’} 4,). Ions H,O" and H,0™, as well as
excited H,O molecules decompose easily with
the formation of H- protons and molecules of
hydrogen H,, free radicals O,_-, HO,, -OH

and —OH - . In this case, the initial amount of
reducing (e yq,, H*, Hy) and oxidizing (O, -,
+OH, H,0,) products is the same [65].

However, further, already at the second
stage of transformations of products of water
radiolysis, living tissues, oxygen starts to
play its role. Being a necessary component of
living tissues, it is present in the extracellular
and intracellular environment, in all liquid
media of organism, oxygen directly reacts with
primary products of irradiation. Following
reactions are going [65]:

€ yar 705 > HO'5- 1)
H-+0, > HO; 2)

As a result, all elementary products
after interaction with O, acquire oxidative
characteristics. Indeed, the radiation injury,
radiation sickness is the result of the attacks
of vital cellular structures by active oxidative
products of radiation. Among them there are
following free oxidizing radicals: superoxide
O,-+, hydroperoxide HO,-, hydroxyl -OH,
as well as the so-called singlet oxygen '0,,
hydrogen peroxide H,0,. When oxygen and
oxidizing water radicals interact with organic
radicals (R+), hydroperoxide radicals and
hydroperoxides can be formed easily [65]:

R+ 0, > ROO—> ROOH (3)
R+ HO; — ROOH (4)

After the interaction with molecular
oxygen, all active irradiation products not
only become strong oxidizing agents, but
also acquire a longer life time. So, after
this they obtain a longer time of life and,
consequently, a greater radius of action on
biologically important cellular structures.
Therefore, the presence of oxygen enhances
significantly the damaging effect of ionizing
radiation — 3 times more by maximum! In
other words, the oxygen which presents in the
tissues at the time of irradiation behaves as
radiosensitizer, as a substance that increases
the sensitivity of organic comcalled “oxygen
effect” characterizes the most important role
of oxygen in the biological effect of radiation
[64, 65].

Radiation disorganization of oxidative
and energy metabolism makes an additional
contribution to radiation damage of organism.

Finally, the process of post-radiation
restoring of biological structures, return
of irradiated organism to a more or less
normal life needs energy supply, biosynthetic
processes and, consequently, the participation
of oxygen, the activation of oxidative
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phosphorylation. So, oxygen is an active
and necessary participant in the process of
reparation of structures affected by irradiation
and, consequently, acts in an opposite way to
the primary oxygen effect.

Therefore, approaching theoretically, by
increasing and decreasing O, content in body
cells, one can try to correct the effects of
ionizing radiation within certain limits. Based
on these considerations, EMBS scientists
proposed an effective way of post-radiation
recovery of cells, tissues, and organisms on
1986 [64, 65]. It became possible to develop
these methods as a result of long-term works
at EMBS. It had happened due to the fact
that for a number of years, a lot of attention
at EMBS was paid to the study of O, role in
organism and the effect of its lack (hypoxia).
Consequently, a large amount of results,
various materials were developed [1, 64,
65]. It was shown that the dosed effect of
hypoxic hypoxia, primarily the factors of high
mountains (among which mountain hypoxia
played the leading role) stimulated the vital
forces of irradiated organism, increased
its non-specific resistance, accelerated the
medical and social rehabilitation of people
from the radiation risk contingent [1, 64,
65]. The use of developed approaches helped
to restore the health of significant number of
affected Chernobyl residents who underwent
treatment and rehabilitation at the EMBS.

The influence of adaptation to the
factors of mountain conditions on the state
of irradiated organism. The analysis of
accumulated experimental data makes it
possible to give a comparative estimation of the
effectiveness of existing means of increasing
of organism’s resistance to extreme factors
[1, 64, 65], including radiation factors.
Based on the researches at EMBS, the use of
active adaptation to the high-altitude climate
for this purpose is recognized as the most
promising [64, 65]. Accordingly, among the
various methods of training and adaptation
to high altitudes, the most effective regimen
for increasing the organism’s resistance
is recognized as the stepwise high altitude
adaptation. In animal experiments, it was
shown that primary adaptation to high-altitude
hypoxia (adaptation to high-altitude conditions)
significantly increases animals’ resistance to
cold, ionizing radiation, blood loss, and lateral
accelerations; to cyanides and factors that
cause myocardial necrosis, hypertension, etc.
In addition, numerous results of empirical
observations are known, which indicate that
patients with anemia, respiratory allergies and
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other diseases can be recovered quite quickly in
mountain conditions.

The transient processes occur that disrupt
the activity of antiradical and antioxidant
protection with the changes in the external
environment, complex action of various
adverse factors, action of large doses of high-
frequency radiation waves, ultraviolet and
ionizing radiation. In this case, a side effect
of excess O, is revealed, this is so-called
oxygen effect [65]. At the same time, the
presence of ions of variable valence (including
calcium of the endoplasmic reticulum, iron,
which is a part of the heme released during
the breakdown of methemoglobin), activates
peroxide and radical processes. Therefore, the
facts of the increase of the number of organic
lesions and encephalopathies in liquidators of
the Chernobyl accident can be explained by the
activation of peroxide processes and closely
related phenomena of intercellular interactions
in blood capillaries, membrane permeability
disorders, and development of circulatory and
tissue hypoxia [64, 65].

Many researchers recommend using
the climate of mountain heights for the
rehabilitation of such pathological conditions
as anemia of various etiologies: hemolytic,
post-hemorrhagic, post-radiation, hypoplastic,
as well as caused by the action of chemical
substances. Recommendations were based on
positive morpho-functional and biochemical
dynamics of blood indicators: increase
in hemoglobin content, disappearance
of metabolic acidosis, normalization of
glucocorticoid supply of organism and
content of ovarian steroids. The success of
the treatment of iron-deficiency anemias in
mountains should be accompanied by obvious
intake of iron-containing medical preparations
in combination with vitamin and antioxidant
therapy both before arriving in the mountains
and during the stay in mountains [64, 65].

Obtained data form theoretical basis
for the researches of possibilities of using
the mountain climate for the purpose of
irradiated patients’ medical treatment, for
the development of appropriate indicators,
contraindications and recommendations.
Several hundred people were examined on the
basis of EMBS — sick and healthy residents of
Kyiv, Slavutych, Borodyanka in the 1990s of
the XX century. A comprehensive estimations
of the state of health of examined persons were
carried out primarily in Kyiv, and later in the
mountains at EMBS: on the 2°4-3" day after
arrival in Terskol (2100 m), and on the 22"-
23" day after active gradual acclimatization.
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Complex method of rehabilitation included
climate treatment in mountain conditions for
24 days, a dosed movement regime, ascents
on a cable car to altitudes of 2750-3700 m
a.s.l., dietary, phyto-, narzanotherapy,
thermobarotherapy, etc. [64, 65].

The conducted scientific research consisted
of a complex of methodological techniques and
approaches: clinical and physiological studies
of respiratory and cardiovascular systems,
hematological and immunological states, and

functional state of higher nervous activity,
mental and neurotic state; histochemical,
biophysical and other methods were used to
evaluate oxybiotic processes. Some data are
represented in the Tables 1, 2[1, 64, 65].
During the studies of the processes of
transport and utilization of oxygen at the
systemic and tissue levels in irradiated persons
during rehabilitation in the conditions of
mountain heights the following results were

Table 1

Indicators of the efficiency of respiratory system, obtained in Terskol (2100 m a.s.l.) during patients
examination on the second (1) and twenty-second (2) days of adaptation [64, 65]

Minute volume of Alveolar ven- | Respira- Respira- | Ventila- |Oxygen effect of respi-
Name respiration (MVR), | tilation (AV), |[tory volume| tory rate | tionrate | ratory cycle (OERC),
L.min ! l.min ! (RV), ml (RR) (VR) ml/r.c.

1-st 1 7.0 4.4 500 0.77 40 13.0
2 6.5 3.5 440 1.00 46 16.0
2-d 1 5.9 4.6 530 0.89 32 16.0
2 5.3 2.9 670 0.82 47 14.0
3-d 1 6.6 4.4 410 0.84 35 12.0
2 6.7 5.3 560 0.79 39 14.0
4-th 1 5.3 2.5 300 0.82 55 5.4
2 6.2 3.8 410 0.73 43 9.4
5-th 1 5.0 3.7 360 0.77 40 9.1
2 4.6 3.4 420 0.79 44 9.1
6-th 1 5.2 3.5 330 0.83 44 9.5
2 5.1 3.6 430 0.73 38 11.0
7-th 1 3.6 2.2 210 0.78 41 5.2
2 3.5 3.1 350 0.85 32 11.0
8-th 1 7.3 3.9 610 0.92 44 14.0
2 6.7 4.7 670 0.90 41 16.0
9-th 1 4.9 2.9 450 0.75 30 15.0
2 5.0 3.1 420 0.76 35 12.0
10-th 1 462 3.0 720 0.97 40 9.4
2 4.8 3.3 440 0.80 45 9.8
11-th 1 5.8 4.4 440 0.84 35 13.0
2 6.0 5.0 500 0.75 32 16.0
12-th 1 3.7 2.1 270 0.95 43 6.2
2 4.2 2.6 260 0.90 44 6.3
13-th 2 7.6 4.9 630 0.90 43 15.0
M 1 5.3 3.4 425 0.85 39.9 10.6
2 5.5 3.8 477 0.82 40.1 12.3
m 1 0.3 0.3 42 0.02 1.9 1.08
2 0.3 0.2 34 0.02 1.4 0.86

Comments. The leftmost column shows the order number of the individual examined patients (names are not

given in accordance with medical ethics).
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registered. After twenty days of adaptation,
the respiratory and hemodynamic systems
of the examined people began to work more
economically, the O, content in the arterial
blood increased in almost all the observed
persons. Such an increase allowed organism
to provide the necessary rate of O, delivery
by arterial blood at a lower minute volume
of blood. An increase in O, content in mixed
venous blood was also registered.

Anti-radiation effect of medical
preparations that are capable to increase the
level of physiological antioxidant system. As
it was mentioned above, under the conditions
of exposure to low-intensity radiation for
significant periods of time, a state of oxidative
stress occurs in organism. A long-term state of
oxidative stress leads to a gradual “burnout” of
endogenous antioxidants (AO), to a decrease in
the efficiency of the AO enzyme systems. As a
result, the insufficient power and efficiency of
the physiological antioxidant system (FAOS),
its depletion under the action of low-intensity
irradiation, is the limiting factor determining
the organism’s stability.

In these conditions, the most effective
against the consequences of organism
irradiation is the use of those medical
preparations that can increase the power of
the PAOS, namely antioxidants, adaptogenes,
immunomodulators. The authors have already
published descriptions of some experiments of
the study of effects of some substances capable
of such functions performing [1]. Reducing
the intensity of lipid peroxidation (LPO) and
replenishing endogenous antioxidant (AO)-
resources, having low toxicity, AO were able
to counteract effectively the negative effects
of long-term low-intensity irradiation. Since
LPO activation is a necessary molecular link
of the mechanism of stress, including one
of non-radiational nature, the use of AO is
able to counteract the undesirable effects of
environmental and psychoemotional stress.
On the other hand, adaptogens and anti-
stressor medical preparations are effective
even with long-term exposure. Finally,
immunomodulators, under the condition
of very careful and dosed use, are capable
of mitigating the effects of post-radiation
immunodeficiency, which is inherent to
contingents of radiation risk from the
Chernobyl zone [63—65].

All medical preparations that can be
assigned to the specified group are actually
different from both radioprotectors and
means of treatment of radiation injuries.
First, they were introduced, mainly, against
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the background of exposure continuation,
but not before and not after its finishing.
Secondly, they are united by a general focus
on overcoming (mitigating) of early post-
radiation processes, such as LPO activation,
stress response. Therefore, EMBS scientists
proposed to allocate them to a special third
group of anti-radiation substances — means
of early pathogenetic therapy of radiation
damage [63—65].

The substances and preparations for
some pathological states pharmacological
corrections we had suggested already on the
base of the works, done by Dr O. Gonchar and
her colleagues [114—123]. For pharmacological
correction of disorders caused by radiation,
following substances and preparations as
fullerene C60, yackton, sufan, splenozide,
others can be used; they primarily were studied
as antioxidants and suggested for hypoxia
disorders corrections [1, 85, 116—-118].

The effectiveness of mountain climate
therapy. The state of oxygen deficiency
is pathogenetically related closely to the
main clinical syndromes characteristic of
irradiated people (“liquidators”, residents of
the Chernobyl zone, others). These clinical
manifestations include iron-deficiency
anemia, encephalopathies, vegetative-
vascular dystonias, as well as secondary
immunodeficiencies, which are accompanied
by an increase in the frequency of acute
inflammatory diseases (primarily respiratory),
exacerbations of chronic diseases, and an
increase in their duration and frequency of
complications. Therefore, the correction of
hypoxic conditions in various categories of
radiation-affected persons, their treatment
with the use of healing factors, including
mountain ones, are relevant and promising.
One of the effective means of increasing
the organism’s defenses is adaptation to
hypoxybaria. The results of the effectiveness
of mountain climate therapy are shown in the
Table 3.

Some key results, which can be used for
treatment, rehabilitation of the people of
various contingents exposed to low doses
of radiation (EMBS experience). Here are
some conclusions made on the basis of works
on the rehabilitation of the people that were
exposed to the consequences of the Chernobyl
accident “chernobyltsy”. We note that they
can be valuable for carrying out work on the
treatment and rehabilitation of people from
other contingents of radiation risk. These
recommendations previously were published
in Ukrainian [64].
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Table 2

Estimated indicators of hemodynamic system and hypoxic state obtained in Terskol (2100 m a.s.l.) during
patients examination on the third (1) and twentieth (2) days of adaptation [64, 65]

oxygen

oxygen content

D £ I\;I)ilnu(tle hemo- effect of blood saturation of

Pa- a?lzlg- vol(l)l(:ne dynamic the car- ?:g;i?:l-l inar- | in mixed mixed venous

tient tation (MBV), equivalent | diac cycle ity terial venous blood with oxy-

MY (HE) (OECO). | (&%) | blood | blood gen. (SVO, )
ml/beat (Ca0y) (CVO,)

1st | 3d 3.5 20.0 2.6 19 16.25 | 11.10 58.4
20-th 3.3 23.0 2.2 20 18.84 | 14.59 72.9
2-d | 3-d 4.1 23.0 2.4 18 15.21 | 10.82 60.1
20-th 2.6 23.0 1.9 21 14.70 | 10.46 49.9
3-d | 3 4.3 23.0 3.1 21 18.06 | 13.64 71.8
20-th 3.1 18.0 3.1 19 13.33 7.84 71.2
4th | 34 4.3 44.0 3.2 19 16.82 | 14.56 44.2
20-th 4.2 29.0 2.2 19 15.96 | 12.39 65.2
5-th | 3-d 3.5 28.0 2.4 19 14.15 | 11.20 65.2
20-th 3.8 37.0 1.5 19 17.48 | 13.57 78.2
6-th | 3-d 4.4 32.0 2.0 18 15.84 | 12.66 70.3
20-th 4.4 32.0 2.0 19 16.15 | 12.97 68.3
7-th | 3-d 3.0 34.0 1.5 14 11.90 | 8.97 49.8
20-th 2.7 24.0 2.0 16 13.60 9.53 59.5
8-th | 3d 4.7 28.0 2.4 18 15.48 | 11.86 65.9
20-th 3.8 23.0 2.4 18 16.20 | 11.99 47.4
9-th | 3d 4.8 29.0 2.4 14 13.13 9.80 70.0
20-th 3.4 24.0 2.1 16 13.60 9.19 57.4
191 34 4.2 23.0 3.0 15 12.00 9.62 64.1
i 20-th 4.3 40.0 1.5 18 14.49 | 11.93 66.3
] 84 3.6 22.0 2.6 16 14.16 9.44 59.0
i 20-th 4.6 24.0 2.8 19 16.91 | 12.78 67.3
1 34 3.9 46.0 1.4 16 13.84 | 11.63 72.7
i 20-th 3.6 38.0 1.6 18 14.40 | 11.76 65.3
181 20-th 2.8 21.0 1.9 19 17.77 | 11.34 59.7
M 3-d 4.03 29.3 2.4 17.3 | 14.73 | 11.27 62.3
20-th | 3.58 27.3 2.1 18.5 | 15.65 | 11.56 63.7
m 3-d 0.15 2.4 0.2 0.64 0.54 0.50 2.5
20-th | 0.18 1.9 0.1 0.38 0.49 0.52 2.4

Comments. The leftmost column shows the order number of the individual examined patients (names are not
given in accordance with medical ethics).
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Symptoms of diseases of liquidators of the Chernobyl accident according to the data fabtes
of Ministry of Health of Ukraine (I), authors’ data (EMBS) (II), and (IIT) demonstration
of effectiveness of mountain climate-therapy [64, 65]
Frequency of symptoms, %
Symptoms
I 11 III-a III-b
Headaches 82 100 52 48
Vertigo 91 72 48 20
Nausea 98 80 48 32
Vomiting - 28 - -
Pain in the eyeballs - 48 95 20
Noise in head 36 36 16 20
Disequilibrium 81 76 52 24
Increased sweating 62 76 48 24
Astringency in throat 82 72 64 8
Sleep disturbance 64 40 32 8
Short-term loss of consciousness 37 32 28 4
Pain in area of heart - 80 44 32
Vegetative crises - 76 48 21
Trunk seizures - 24 24 -
Asthenic syndrome 58 20 20 -
Decrease in working capacity 53 - - -
General weakness 96 - - -
Hoarseness of voice 64 - - -
Hearing loss 42 - - -
Motion sickness in transport 52 - - -
Pains in joints - 55 8 12
Increased fatigue - 88 72 16
Seizures of “cramp” type - 28 20 8
Asthenic syndrome - 20 12 8

Comments. Symptoms: a — disappeared completely, b — disappeared partially,

presented.

1. The symptoms of diseases of the
liquidators were determined (Table 3). Also
the structure of radiation-induced morbidity
of children from the 4th zone was determined:
gastrointestinal diseases 78.6%, respiratory
diseases 58.9% , thyroid gland 57.1%, vegeta-
tive-vascular dystonia 19%.

2. Approximately ten the most
informative criteria for evaluation of
“mountain-therapy” were defined. These are
the criteria of the organism’s oxygen balance,
the efficiency of processes of oxygen transport
and utilization, the degree of progressive
action of hypoxia, adaptability and level of
adaptation, physical and mental capacity, etc.

3. It was revealed that in the genesis
of the “Chernobyl syndrome” of irradiated
people, the polyfunctional disorders in the
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— the data were not

systems of transport and utilization of oxygen,
which leads to the development of hypoxic
conditions, are of primary importance. These
states of organisms were revealed through
the clinical pictures of vegetative-vascular
dystonias, anemias, respiratory allergies,
dyscirculatory encephalopathies, etc.

4. It was revealed that in persons
chronically irradiated with small doses of
radiation, the organism’s reserve capacities
were reduced. There are: indicators of oxygen
consumption, efficiency of oxygen transport
systems, and activity of respiratory enzymes
responsible for urgent adaptation.

5. It was established that in the process
of adaptation to the mountain climate in the
specified contingent of peoples numerous
characteristics were changed. There were:
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psycho-emotional state and regulation of
vegetative functions were improved, the
parameters of respiration, hemodynamics,
and the immune status of the blood were
normalized, the mode and electrical activity
of the heart were stabilized, degenerative
changes on the part of blood cells were reduced,
regeneration processes were activated, oxygen
content in arterial blood was increased,
lysosomal activity of white blood cells was
increased, DNA synthesis was increased,
activity of respiratory enzymes responsible
for urgent adaptation was increased, aerobic
and anaerobic tissue enzymes were activated,
oxygen transport systems were economized,
indicators of the level of functional mobility,
dynamism of nervous processes were improved.
So, in patients with anemia, “mountain-
treatment” caused an improvement in the
general condition and well-being, increase in
the adaptation reserve, transition to a new
level of regulation, improvement in the quality
indicators of erythrocytes, platelets; increase
in the number of erythrocytes, leukocytes, rod-
nuclear neutrophils, and plasma lymphocytes;
decrease in values of “ventilatory” and
hemodynamic equivalents; improvement of
indicators of the dynamics of nervous system,
attention, ability to direct reproduce the test
material, and etc.

6. For the first time, a comprehensive
method of rehabilitation of “Chernobyl”
residents was developed and used with high
efficiency in the conditions of stepwise
mountain adaptation, which includes
sanatorium-resort treatment at an altitude of
550 m a.s.l. with subsequent rehabilitation at
an altitude of 2100 m a.s.l. with short-term
ascent to an altitude of up to 4200 m a.s.l.,
thermobarotherapy, phytotherapy and diet
therapy, balneotherapy, etc.

7. 1In the peripheral blood of persons who
lived and worked in the zones of radiation
contamination, with a normal content of
leukocytes, pronounced neutrophilopenia
and lymphocytosis were registered, and
with large number (up to 50%) of altered
neutrophils (nuclear fragmentation),
plasmatized lymphocytes with fringed
cytoplasm; a decrease in the activity (in
neutrophils) of NADPH was determined; in
the lymphocytogram, with a normal value of
large granulomatous lymphocytes, significant
decrease in the level of small lymphocytes,
which were the main effectors in realization of
immune response, were registered.

8. As a result of experimental studies,
it was shown that in irradiated animals

were registered: activation of peroxidic
and catabolic processes, glycolysis and
proteolytic enzymes; antioxidant reserve,
ATP synthesis, number of erythrocytes,
blood serum relaxation time, erythrocyte
resistance, total oxygen consumption
decreased; and were increased: the level of
spontaneous chemoluminescence, glucose
consumption by erythrocytes, deficiency of
buffer bases, malonaldehyde content, lactic
acid concentration. Also in in irradiated
animals were registered that pH shifts towards
acidification; the content of serotonin and
histamine increases, which increases the
narrowing of arterioles, smooth muscles and
bronchi; the membranes of erythrocytes were
changed, which is expressed in the increase
of their star-shaped forms; destructive
processes occur in the capillary walls and glial
phagocytes cluster around them; pericapillary
couplings and the basal layer expand due to
the detection of hydration centers in the basal
membrane, as well as due to an increase in
the number of its petals and the number of
pericytes, which leads to sharp deterioration
in the permeability of the blood-brain barrier;
mitochondria were destroyed, the number of
lysosomes were increased, respiration and
phosphorylation were uncoupled. All this
leaded to the emergence of a hypoxic state
of the combined type (circulatory hypoxia,
deoxidation), hypoergy, decrease in the
organism’s resistance, premature aging. All
these effects can explain the development of
the clinical picture described above, and they
were registered by EMBS researchers in people
that were exposed to the consequences of the
Chernobyl accident “chernobyltsy”.

9. The developed mathematical and
software tools can be successfully used to
estimate the functional state of oxygen
transport systems in radiation pathology,
in particular, to calculate indicators of the
speed and intensity of oxygen utilization,
voltage cascades and the speed of oxygen
transport along the entire path (from lungs to
tissues), cost-effectiveness systems of external
breathing, hemodynamics, etc.

10. A high degree of correlation was
determined between the parameters of
organism’s oxygen condition, adaptability,
work capacity, general non-specific resistance,
and the morphofunctional state of blood cells.

Thus, in present article the last results
of investigation of various characteristics of
ionizing radiation in atmosphere at different
altitudes above sea level were given. The
results of the measurements of ionizing
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radiation levels during the satellite exploring
of the Earth atmosphere at different altitudes
were analyzed and presented in schemes on
Figs. 1-4 [1-62, 76—85]. The mechanisms
of damaging radiation effects in organisms
at nano- level were described; among them
there are water radiolysis, “oxygen effect” as
radiosensitizer, formation of various types of
free radicals, peroxides, hydroperoxides with
future consequences for organic compounds,
cells, tissues, organs, and organisms. The
results of medical treatment and rehabilitation
at the EMBS of the persons irradiated by the
low doses of radiation were presented, observed
and discussed. With great respect we reminded
some of the results of research and practical
treatment and rehabilitation of victims of the
accident at the Chernobyl nuclear power plant
in 1986. This huge and humane work was done
by the great commands of our predecessors in
science at EMBS. The results they had obtained
formed a scientific and practical background,
based on which we can today develop new
methods of research and rehabilitation of
irradiated people, solve numerous emerging
contemporary tasks. We described and
discussed some obtained at EMBS results
of medical treatment and rehabilitation of
patients who obtained low doses of radiation
during long time. On the base of these studies
practical recommendations for such patients’
medical treatment and rehabilitation were
done.

The substances and preparations for
some pathological states pharmacological
corrections we had suggested already on the
base of the works with antioxidants [83—
113], including ones done by our colleague
Dr O. Gonchar and her colleagues [114—-123].
For pharmacological correction of disorders
caused by radiation, following substances and
preparations as fullerene Cg,, yackton, sufan,
splenozide, others can be used; they primarily
were studied as antioxidants and suggested
for hypoxia disorders corrections [1, 85,
116-118, 124-127]. Obtained results were
important, too, for continuation of the works
in biotechnology [124].

So, in present article some results of
the works, which can be valuable in the
treatment and rehabilitation of people of
various contingents exposed to low doses of
radiation of various natures for a long time,
were observed. Final recommendations can be
offered to persons of various radiation risk
contingents for the purposes of their medical
treatment and rehabilitation. Developed
methods can be used also in the practice of
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health care and health recovery after the
influence of ionizing radiation.

We would like to emphasize that it
is necessary to implement as widely and
actively as possible into the practice of
health care the most effective methods of
rehabilitation and treatment of persons
from radiation risk contingents developed
at EMBS in the conditions of adaptation
to the natural conditions of the mountains
(Carpathians, other mountains), as well
as in the conditions of hypoxia simulation
(methods of hypoxytherapy — hypobaric,
normobaric, hypercapnic, interval, pulsed,
periodic hypoxia, as well as hypoxia created in
the conditions of barochamber, hypoxicator,
hypoxic mixtures, and etc.) [64, 65].

At the same time, the research group
headed by Prof. Beloshitsky P. V. had
demonstrated that the methods of normobaric
or hypobaric interval hypoxia were promising
for the replacing of the stepwise mountain
adaptation. It was demonstrated that the most
effective was rehabilitation complex, which,
together with “mountain-therapy”, combined
diet and phytotherapy, special physical and
breathing exercises, thermobarotherapy,
intake of bromine-iodine and silicon water,
sulfate and dolomite natural waters like
“Narzan”, “Naftusia”, etc. [64, 65].

Indeed, a trip to the Caucasus for the
purpose of treatment in the mountain
conditions is currently unrealistic for the
population of Ukraine now. Therefore,
alternative ways of treatment and
rehabilitation were also studied and
recommended by the authors. For Ukrainian
radiation risk contingents, treatment in the
conditions of the Carpathians is available
and effective, where the authors have also
accumulated experience in adaptation and
rehabilitation [64, 65] in combination with
other methods.
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HUX MOJBOTIB Ha BeJIUKil BucoTi a60 HaBiTH TpuBaJoro mepebyBaHHS HA TipCchbKUX BUcOTaxX. [Ipuponui
OPUYNHU TAKUX e()eKTiB Ha CbOTOJHI BUBUEHI IIle HeJJOCTaTHLO.

Mema. KopoTKo BUKJIACTU AeAKi pe3yJbTaTH AOCHiIKeHb XapaKTePUCTUK 10Hi3yI0UOT0 BUIIPOMI-
HIOBAHHSA HA PisHUX BucoTax Hax 3emueio. Onucaru KOPOTKO BILIMB (PaKTOPiB paxgiarmii Ha Gioaoriumi
opraHisMu Ta OCHOBHIi MexaHidmMu 1mux BuauBiB. OnucaTu epeKTH, 1110 BUKJINKAIOTH MATOJIOTiUHI 3MiHNT
B OopraHisMmi Jiomeii, AKi 3a3Ha W TPUBAJOTO BIJINBY HU3bKUX 03 pangialiii, Ta meTomu peabimiTarii mo-
cTpaskgaJnuX Big mpoMeHeBoi pamialiii B yMoBax BHCOKOTip’d.

Memoodu. KocMmiuHi cynyTHUKOBI gocig:xenus atMochepu 3eMJi Ha pisHMX BuUCOTax HaJ piBHEM
MOPSA 3 BUMiPIOBAHHAM Pi3HUX XapaKTePUCTUK COHAYHOIO i raJJakKTUYHOTO BUIIPOMiHIOBaHHSA (IIepeBaK-
HO PEHTreHiBChKOI'0, raMMa-BUIIPOMiHIOBAHHSA, a TAKOYK IHIINX BUJIB i0HI3yIOUOro BUIPOMiHIOBAHHA
B AeAKUX iHIMUX AiamasoHax). [lopiBHANBHUI aHAJNi3 Pe3yAbTATiB JOBTOTPUBAJIUX CIIOCTEPEKEHDb 3a
maIieHTaMu B CTaIliOHAPHUX YMOBAX i3 3aCTOCYBaHHAM 0araTboX CTAHJAPTHUX JabOpPaTOPHUX METO/iB
obcTexenHsa ix crany. IIpoBeaeHi HayKOBi HOCTiI)KeHHA CKIALAINCA 3 KOMILIEKCY METOSUUYHUX IPUIO-
MiB i migxomiB: KiIiHiKO-(pisiosmoriuHi gocaifKeHHsS IUXaJbHOI Ta CEPIIeBO-CYAUHHOI CCTeM, I'eMaTOoJI0-
riuHOTO0 Ta iMyHOJIOTiUYHOTO cTaHy, GYHKIIIOHAJIBHOTO CTAHY BUIIOl HEPBOBOI AisJILHOCTI, ICUXiUYHOTO Ta
HEeBPOTUUYHOTO CTAHY; BBeJAEHHA aHTUTIIIOKCAHTIB, ricToxiMmiuni, 6iodisuuni Ta ixii Mmetoau ominooBaIn
OoKcubOioTuuHi mporecu. 3aCTOCOBYBAJIN MaTeMaTUUYHY OOPOOKY pe3yabTaTiB, a TaKOK METOIU MaTeMa-
TUYHOTO MOJEJTIOBaHHA.

Pesyavmamu. PegynbrTaTu BUMipioBaHb PiBHIB i0Hi3yI04WOro BUIPOMiHIOBAHHS IIif Uac CyIyTHUKO-
BOTO JOCJim:KeHHa aTMochepu 3eMJi Ha pidsHMX BHCOTAX IIPOAHAJJIi30BaHO Ta IMPEACTABJJIEHO y CXeMaX.
Omnucano MmexaHisMu MKiggauBoi mii paxgiamii Ha opraHiaMu Ha HaHOPiBHI: pamionis Bogu, «e@eKT Kuc-
HIO» AK pajioceHcubisrizaTopa, yrBOPpeHHS Pi3HUX TUMNiB BiIbHUX PAaAUKAJIB i IEPOKCHUIIB 3 MOAAJIBIIIN-
MU HacJiKaMHu IJis OPTaHiuYHUX CHOJYK, KJIITUH, TKAHWH, OpraHiB i opranismiB. IIpexncraBiaeHo, pos-
TJIAHYTO Ta 06TOBOPEHO pe3yabTaTu JiKyBaHHA Ta peabimitarii ma EMBC oci6, ompoMiHeHUX MaJauMu
mosamu paxgiarii. Bararo 3 mpeacTaB/ieHUX Pe3yJabTaTiB OyJM OTPUMAaHI 3aBAAKHN KOJEKTHUBHiN poboTi
BeJIMKUX KOMAaHJ HAIlluX IIONepeIHUKIiB y HayIi, AKi JOCHiIKyBald MOKJINBOCTI JiKyBaHHA Ta peabi-
JirTaii mamieHTiB, AKi IPOTATOM TPHUBAJOTO Yacy OTPUMYBAJMU MaJii JO3W ONPOMiHEHHS; PO3POO0JIEHO
OpaKTUYHI peKoOMeHIaIrii.

BucHosku. IIpencraBieHo gedAKi pe3yabTaTu BUKOHAHUX POOiT, AKi MOKYTH OYyTHU IIHHUMU IIPH JIi-
KyBaHHI Ta peabisiTanii sroxel pisHUX KOHTUHTEHTIB, AKi IPOTATOM TPUBAJIOTO Yacy 3a3HAJIU BILJIUBY
MaJaux a03 pagiarmii pisuoi npupogu. OxpecieHi pekoMeHgaIil MOXKYTb OyTH 3aIIPOIOHOBAaHI ocobaM pis-
HUX KOHTUHTEHTIiB pajgialiiiHoro pusuKy 3 MeTOIO iX peabimiTaliii, y npaKTHIIi 0OXOPOHU 340POB’ A TOIIO.

Knwmouosi cnosa: pagiaiiine ypaskeHHs opraHisMiB; BUcOTa; afalTallida; pagionpoTeKTOPU; KOPeKIlid.
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Wild plant species are of great interest as a source of pharmacologically valuable compounds but
a great number of them are endemic and/or endangered ones. Modern plant biotechnology can pro-
vide reliable methods for their utilization without disturbing natural populations. I'n vitro culture
methods for Rhodiola species are being intensively developed to include them into various biotechno-
logical programmes.

Aim. Development of a protocol for direct Rhodiola rosea L. plant regeneration from leaf explants.

Methods. The leaves of R. rosea aseptically growing plants were used as the explants. Several
variants of Murashige and Skoog (1962) agar-solidified culture medium supplemented with different
combinations of auxins (1-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D))
and cytokinins (kinetin and 6-benzylaminopurine (BAP)) were estimated as potential regenera-
tion-inducing media. Regeneration frequency was calculated as the percentage of leaves that pro-
duced shoots.

Results. The use of MS medium supplemented with 2.5 mg/l BAP and 1.0 mg/1 2,4-D allowed
inducing shoot formation with 100% frequency. An increase in the 2,4-D content up to 2.5 mg/1 and
decrease in BAP content to 1.0 mg/1 resulted in decreasing of the regeneration frequency to 62.5%.
Regeneration frequency was 25% and 62%, respectively, on the media containing 1.0 mg/Il kinetin
+ 2.5 mg/1 2,4-D and 2.5 mg/l kinetin + 1.0 mg/1 2,4-D.

Conclusions. R. rosea leaf explants have demonstrated high regeneration capacity with the use of
the studied combinations of plant growth regulators. MS medium supplemented with 2.5 mg/1 BAP
and 1.0 mg/1 2,4-D allowed inducing shoot regeneration in leaf explants with the frequency of 100% .
The frequency of regeneration was lower in the case of substitution of BAP for kinetin. The other
types of morphogenesis (formation of adventitious roots and/or callus) were also observed.

Key words: Rhodiola rosea L.; leaf explants; shoot regeneration; growth regulators.

According to different estimations the
genus Rhodiola comprises from 130 to near 190
species of these almost 70 are accepted species
names, and the others are synonyms or have not
yet been clarified. Rhodiola rosea L. (synonyms
Sedum roseum L. (Scop.); Sedum rhodiola DC.)
also known as “golden root” or “roseroot”
is dioecious, perennial plant of the family
Crassulaceae distributed in mountainous
regions of the Northern Hemisphere. It is
included in the Red Lists of protected plant
species in many countries [1-5].

For centuries, extracts of R. rosea roots
were used in the traditional medicine as an

adaptogen with various health-promoting
effects to increase physical endurance, work
productivity, resistance to high altitude
sickness, and to treat fatigue, depression,
anemia, infections, gastrointestinal ailments,
and nervous system disorders. Modern
phytotherapy considers it a vegetal source
with an antioxidant and antistress-adaptogene
action [1, 2, 5—8]. Biochemical studies of
R. rosea rhizomes and roots have revealed
the presence of six groups of compounds:
phenylpropanoids (rosavin, rosin, rosarin),
phenylethanol derivatives (salidroside,
tyrosol), flavonoids, monoterpernes,

45



BIOTECHNOLOGIA ACTA, V. 16, No 3, 2023

triterpenes, and phenolic acids. The
pharmacological activity is based mainly on
rosavin, rosin, and rosarin which are present in
R. rosea, R. sachalinensis, R. himalensis, and R.
serrata and salidroside found in the majority
of Rhodiola species [4, 6, 7, 9]. It was shown
that the content of these substances depends on
the morphological part of the plant, its age and
sex; the place and time of harvesting [4].

As R. rosea is an endangered medicinal
plant its use from the natural habitats
is restricted, and some new sustainable
approaches are needed to avoid depletion
of the natural sources. Field cultivation is
challenging, costly and depending on climate
and weather conditions; sufficient yields
of roots/rhizomes could be obtained within
5—7T years. Chemical synthesis is another
possible approach, and it has been already
performed for rosavin and salidroside but not
for the other biologically active compounds
responsible for Rhodiola pharmacological
properties [4, 9].

In vitro techniques provide controlled
growing conditions, independency on
the environmental factors, possibilities
to optimize culture media, acceleration
of biomass production, and ensuring of
continuous production cycle [3, 5, 9]. To date,
the in vitro cultures have been elaborated
mainly for R. rosea and some Asian Rhodiola
species, such as R. crenulata, R. kirilowii,
R. quadrifida and R. sachalinensis [4, 5, T].
Elaborated microclonal propagation methods
can provide in vitro regenerated plants for
repopulating native habitats of Rhodiola
species as well as a raw material for secondary
metabolites production [5, 7, 10, 11]. Shoots
and roots cultured in vitro as well as callus and
suspension cultures were studied as a source
of biologically active compounds (salidroside,
rosavin, triandrin, caffeic acid), and the
impact of some stress factors, light and growth
regulators on their production was estimated
[1, 7, 12]. It was also shown that elicitation and

biotransformation in Rhodiola cell cultures can
be a feasible approach to sustainably enhance
the content of active substances in in vitro
cultures [1, 7, 12-15]. A promising way to
enhance the secondary metabolite production
by R. rosea in vitro cultures is the application
of genetic engineering methods to regulate
their biosynthetic pathways [5]. Agrobacterium
rhizogenes was used to produce hairy roots of
R. rosea [4, 9] and R. kirilowii [13] as a possible
source of rosavinoids and salidroside.

The conditions of R. rosea shoot formation
as a way for rapid multiplication were studied
earlier [10, 11]. Plant growth regulators in
different combinations were used. Leaves
of aseptic plants are a fairly affordable
type of explants to initiate growth of the
new shoots. However, there is still lack of
knowledge regarding the possibility of R. rosea
direct shoot regeneration in leaf explants of
aseptically growing plants.

The aim of the present research was
elaboration of an efficient protocol for R. rosea
regeneration in in vitro cultured leaf explants
as a basis for including this species into further
biotechnological studies.

Rhodiola rosea L. plants from the
collection of the Institute of Cell Biology and
Genetic Engineering of NAS of Ukraine were
cultured in vitro on the solidified Murashige
and Skoog medium (MS, Duchefa, the
Netherlands). Leaves of aseptically growing
plants were used as explants to study their
regeneration capacities. The leaves with 3—5
incisions on them were cultured under 25 °C,
16-h/8-h photoperiod and the illumination
of 3000 lux in Petri dishes on MS medium
supplemented with 30 g/1 sucrose and different
combinations of the following plant growth
regulators: 6-benzylaminopurine (BAP),
kinetin, 1-naphthaleneacetic acid (NAA),
and 2,4-dichlorophenoxyacetic acid (2,4-D)
(the Table). Combinations of plant growth
regulators chosen for the experiments are the
basic ones used for a number of plant species

R. rosea shoot regeneration on the different variants of culture media

Medi N Growth regulators content, mg/1 Shoot regeneration

edium, No BAP Kinetin 2,4-D NAA frequency, %
1 1.0 - - 0.5 87.5
2 1.0 - 2.5 - 62.5
3 2.5 - 1.0 - 100.0
4 - 1.0 2.5 - 25.0
5 - 2.5 1.0 - 62.0
6 - 1.0 - 0.5 37.5
7 — — — b 0
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held in in vitro collection of the Institute of
Cell Biology and Genetic Engineering. In
vitro morphogenesis (formation of shoots,
roots and callus) was evaluated in the course
of two months cultivation. The regeneration
frequency was determined as the percentage of
explants which formed shoots.

General results are shown in the Table.
Hormone-free MS medium (No 7, the control
variant) was not efficient for shoot production.
The majority of explants did not form shoots,
became necrotic and died, but sometimes root
formation at their cut sites was observed

(Fig., g).

Effect of growth regulators on shoot formation in Rhodiola rosea L. leaf explants:
media 1-7 (a—g); h — shoots formed on the MS medium with 2.5 mg/1 BAP and 1,0 mg/1 2.4-D
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On the medium supplemented with both
1.0 mg/1 BAP and 0.5 mg/l NAA (medium No
1) direct regeneration of shoots was observes
with 87.5% frequency during two weeks
of cultivation. Besides shoot induction the
mass root formation was detected with the
frequency of 100% (Fig., a). Substitution
of BAP for kinetin in the nutrient medium
containing NAA (medium No 6, Fig., f) has
led to the reduction of regeneration rate down
to 37.5 % . Thus, with the same content of the
auxin (NAA) in the media 1 and 6, replacing of
BAP for kinetin reduced the ability of explants
to form shoots.

Shoots were also induced on the medium No
2 but their growth started later, in three weeks,
and the regeneration frequency was 625%
(Fig., b). An increase in BAP concentration
from 1.0 to 2.5 mg/l and decrease of 2,4-D
content from 2.5 to 1.0 mg/1 (medium No 3)
significantly stimulated direct regeneration
of shoots. Their formation was observed as
early as in 10 days of cultivation with the
regeneration frequency of 100% (Fig., c, h).

Substitution of BAP in the medium for
another cytokinin, kinetin, in the presence
of 2,4-D did not stimulate mass shoot
regeneration in the leaf explants. Although
shoot growth occurred under such conditions,
the regeneration frequency was significantly
lower than on the media supplemented with
BAP. Thus, the regeneration frequency on
the medium No 4 was no more than 25 %, and
on the medium No 5 — 62 % (Fig., d, e). The
attention must be payed to the almost identical
regeneration frequency when media No 2
and No 5 with different growth regulators
combination were used. Medium No 5
contained kinetin, and media No 2 — BAP. The
latter regulator, as it turned out, sometimes
has a more powerful effect as a phytohormone
for regeneration. However, medium No 5
contained less effective kinetin, but in a much
higher concentration.

A characteristic feature of morphogenesis
on the medium No 4 is development of friable
yellowish callus with interspersed pink
areas. This may be an indirect indication of
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ajie 6araTo 3 HUX € eHAeMiuHUME Ta/a60 sHuKaounmMu. CydacHa 610TeXHOJIOTiA MOKe 3a0e3meun Ty HaaiiHi
MeTOIM X BUKOPUCTAHHA 0e3 MOPYIIeHHA IPUPOTHUX MONYJAAIili. 30KpeMa, iHTeHCUBHO PO3POOIAIOTHCA
MeTOAu KYJbTHUBYBAHHS in vitro JiKapcbKuX PocJuH poay Rhodiola nnas momaiabIioro BKJIKUYEHHS iX 10
pisHOMAHITHMX 0i0TEeXHOJOTIYHUX IIPOrPaM.
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Mema: po3pobJieHHSA MPOTOKOJY IpAMOi pereHeparii pocauu Rhodiola rosea L. 3 TUCTKOBUX
€KCILJIAHTiB.

Memodu. BuKopHUCTOBYBaJIN aCeITUUYHI POCAMHHU 3 KoJeKI[ii IHcTuTyry KiaitTuHHOI 6ioaorii
Ta reHetuuHol iHKeHepii HAH Vkpainu. JIucTKku BigjoKpeMJIOBaiu, poOMJIM HAa HUX HAAPisu Ta
KYJbTUBYBAJIM Ha arapu3oBaHOMY KUBUJIbHOMY cepenoBuili Mypacire Ta Ckyra (1962) 3 nogaBanHAM
pisHuxX KOMOiHANi TaKKUX peryasaTopis pocty: 6-6ersunaminonypus (BAII), kinmeTuH, o-HAPTUIOITOBA
kucaora (HOK) ra 2,4-guxmopdeHokcionroBa kKucaora (2,4-11). OniHoBaiu 4acToTy pereHeparii ax
BiICOTOK JIMCTKiB, Ha AKUX (OPMYBAJIUCH IATOHU.

Pesyavmamu. Bukopucranua cepenoBuima 3 BAII (2,5 mr/x) ta 2,4-11 (1,0 Mr/a) mo3Boauio
iHAyKyBaTH MaroHu 3 HaBuUIoi yactoToro — 100% . 30iapmenusa KoumenTpanii 2,4-11 1o 2.5 mr/a ta
3MeHmeHHsa KoumeHTparii BAII 7o 1,0 Mr/a mpuBeJio 10 SHUKEHHA MTOKA3HUKA YaCTOTH pereHeparii 1o
62,5% . Ha cepemosuiax, mo mictuau 1,0 mr/ix kineruny + 2,5 mr/a 2.4-I1 a6o 2,5 mr/a Kinetuny +
1,0 mr/x 2,4-]1 yacTora pereHepariii cranoBuJia Bigmosiguo 25% 1a 62% .

Bucrnosku. JluctkoBi ekcunimanTu R. rosea mokasajiu BUCOKY pereHepallifiny 3gaTHicTh Ha
cepeloBUINAX 3 pPidHUMU KoMbGiHamiAMuU peryaaTopiB pocty. OnNTuMaJbHUM CEepPEeIOBUINEM I
OTPUMAHHS PEereHepPOBAHMX IMArOHIB 3 JUCTOBUX €KCILIAHTIB 3 uactoroio 100% e cepemoBuiie
Mypacire Ta Ckyra 3 gomaBanaamM BAII ta 2,4-]] y KoumeHnTrpaniax 2,5 tra 1,0 mr/a BigmosizHo.
YacTtoTa pereHepaiiii 6ysia auskdoro npu s3amini BAII Ha kimeTtun. Crocrepiraam TakosK iHIII BapiaHTH
MopdoreHesy (hopMyBaHHA afBEHTUBHUX KOPEHiB Ta/ab0 KaJiocy).

Knwuoei cnoea: Rhodiola rosea L.; TucTKOBI eKCIIJIaHTH; pereHepallid IaroHiB; peryJjaAaTopu POCTy.
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L-DOPA (3,4-dihydroxyphenyl-L-alanine) is the drug of choice in treatment of Parkinson’s dis-
ease, however, the chemical method of its synthesis has a number of significant drawbacks, so bio-
technological approaches are being explored as an alternative.

The aim is to develop a new affordable and effective method for L-DOPA biosynthesis by mush-
room tyrosinase immobilized on a cost-effective carrier, which ensures the stability and multiple use
of the enzyme.

Methods. Tyrosinase isolated from Agaricus bisporus was used in the work. The biosynthesis of
L-DOPA was carried out in aqueous and organic media. The resulting product was analyzed by mass spec-
trometry, specific rotation and melting point. Tyrosinase was immobilized in poly-N-vinylpyrrolidone
(PVP), the interaction with the carrier, pH-optimum, and frequency of application were determined.

Results. A partially purified tyrosinase was isolated from Agaricus bisporus. In an aqueous solu-
tion in the presence of the enzyme, only 5.1 % L-DOPA was obtained due to the further formation of
complex polycyclic compounds. L-DOPA derivative biosynthesis in methylene chloride containing
buffer solution made it possible to obtain the product in 55 % yield. Tyrosinase immobilized in PVP
exhibited 30% higher activity than free tyrosinase in CH9Cly and carried out biocatalysis for
7 cycles.

Conclusions. A method has been developed for the synthesis of L-DOPA using an effective cost-
effective biocatalyst based on immobilized tyrosinase, which in an aqueous-organic medium made it
possible to obtain L-DOPA within 7 cycles of use.

Key words: L-DOPA synthesis; biocatalyst; tyrosinase4 immobilization; poly-N-vinylpyrrolidone.

Parkinson’s disease (PD) is a slowly
progressive, chronic neurological disease
characterized by neurons death in the brain
basal ganglia and causes a range of effects,
including rigidity, akinesia, bradykinesia, and
resting tremor. Worldwide, about 5 million
people suffer from this disease [1].

3,4-dihydroxyphenyl-L-alanine (L-DOPA,
levodopa) is the drug of choice in the
treatment of CP, synthetic levorotatory
dihydroxyphenylalanine is used as a
drug, which is much more active than the
dextrorotatory isomer [2]. Currently, the
main way to obtain L-DOPA is the chemical
method of asymmetric synthesis, which is
characterized by a low degree of conversion, low
enantioselectivity and requires an expensive

metal catalyst. Therefore, as an alternative,
various biotechnological approaches using
enzymes, microorganisms and drug isolation
biological objects are being investigated. In
comparison with chemical synthesis, microbial
transformation usually exhibits a sufficiently
high enantioselectivity, but requires long-term
cultivation and complex methods of isolation
and purification of the target product from the
culture medium [3].

Enzymatic synthesis of L-DOPA,
catalyzed by tyrosinase, is characterized
by high enantioselectivity, proceeds under
mild conditions of pH and temperature.
However, its use on an industrial scale is
restrained by denaturation and the one-
time use of the biocatalyst. To eliminate the
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described shortcomings, immobilization of
the enzyme is used, which facilitates the
separation of tyrosinase from the reaction
medium, increases stability, preventing its
denaturation, and makes multiple use possible.
Thus, for the development of biocatalysts for
the enzymatic synthesis of L-DOPA, various
carriers (multilayer coating of epoxy resin with
electrolytes, poly(ethylene oxide)/polypyrrole,
polyhydroxyalkanoate nanogranules, agar-
agar granules crosslinked with glutaraldehyde,
etc.) and immobilization methods (inclusion
in a gel) were used , cross-linking, covalent
bonding). However, in many cases, after
immobilization, the activity of tyrosinase
decreased significantly, the frequency of use
was small, and the price of the carrier was high
[4—8]. Therefore, the purpose of this study is to
develop a new, affordable and effective method
of biosynthesis of L-DOPA using partially
purified tyrosinase from Agaricus bisporus
mushrooms, immobilized with an economical
carrier using, which ensures stability and
multiple uses of the enzyme.

However, in some cases, after
immobilization, the activity of tyrosinase
significantly decreased, as shown by Yildiz
S. et al., who developed two methods of
immobilizing tyrosinase on polypyrrole
derivatives [5]. In addition, the frequency of
biocatalysts use was not high in some places,
for example, Botta G. and co-authors used
tyrosinase immobilized in Eupergit®C250L
resin with additional coating by layer
method. Enzyme activity retention after
immobilization was 16—38% , the multiple use
was only 5 cycles [6]. Works using tyrosinase
immobilized on polyhydroxyalkanoate
nanoparticles are promising; the obtained
drug had high activity during 8 cycles of use,
however, the isolation of the enzyme and the
method of its immobilization are quite complex
and expensive [7, 8].

Therefore, the purpose of this study was to
develop a new, affordable and effective method
of biosynthesis of L-DOPA in an aqueous-
organic medium using partially purified
tyrosinase isolated from Agaricus bisporus
mushrooms, immobilized using an economical
non-toxic carrier, which ensures the stability
and reusability of the enzyme.

Materials and Methods

In the work, a tyrosinase preparation
from Agaricus bisporus mushrooms was
used, and a partially purified preparation
was isolated according to [8]. In the selected
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tyrosinase preparation, the protein content
was determined according to the Lowry method
in Hartree’s modification [9], the content
of copper ions [10], the activity according
to L-DOPA [11] and L-tyrosine according to
[12]. The L-DOPA content was determined as
modified by the 4-aminoantipyrine method
[13].

L-DOPA synthesis using tyrosinase in an
aqueous solution was carried out as follows.
0.5-2.5 mol/dm?® L-tyrosine in a buffer
solution (0.05 mmol/dm?® Na-phosphate
buffer solution pH 6.5) was added to 100 cm?®
1-5 mol/dm? of ascorbic acid and 5 cm? of
tyrosinase solution (activity of 750 units/
mg of protein per minute). After 60 minutes,
10 cm? of 10% benzoic acid solution (pH 7.0)
was added. To obtain N-acetyl derivative of
L-tyrosine ethyl ester, 10.5 g of free base of
L-tyrosine ethyl ester, 5 cm® of acetic acid
and 8 cm? of acetic anhydride were added to a
three-necked flask with a capacity of 100 cm?®
with stirring, brought to a boil, kept for 1 min
and allowed to cool to room temperature.
The cooled solution was evaporated, treated
twice with ethyl acetate. The obtained oil was
dissolved in 50 cm?® of methyl alcohol, water
was added until cloudy and placed in the
refrigerator. The precipitate was filtered and
dried.

L-DOPA biosynthesis in an organic solvent
was carried out by adding to 10.8 mg of
N-acetyl derivative of L-tyrosine ethyl ester
in 5 cm?® of methylene chloride, 0.4 cm? of
0.05 mol/dm? Na-phosphate buffer solution
(pH 6.5) and 400 units/cm?® of tyrosinase
preparation. The synthesis was carried
out with intensive stirring for 1 h at room
temperature. The reaction was monitored by
thin layer chromatography (TLC). After the
substrate disappearance, the biocatalyst was
removed and the organic layer was treated with
an equal volume of sodium dithionite solution
(1%) to reduce DOPA-quinone with protected
functional groups to the corresponding
catechin. The mixture was stirred for 5 min and
the phases were separated. The aqueous phase
was acidified with HCI (1.0 M) and extracted
twice with ethyl acetate. The organic extracts
were treated with saturated NaCl solution and
dried over anhydrous Na,SO,, then filtered
and concentrated to give a colored crude
product. The residue was purified by flash
chromatography [7]. The functional groups
of the L-DOPA derivative were deprotected by
boiling in 2 M hydrochloric acid solution, the
reaction was monitored by TLC. The obtained
product was analyzed by mass spectrometry,
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TLC, specific rotation and melting point (yield
55%; M = 197 g/mol, melting point — 276—
277 °C; FAB mass spectrum, m/z (I, %):198
(100%)[M + H]'; specific rotation: — 13.0°
(c=5.12in 1 N HCl), which corresponds to the
literature data [14].

Immobilization of the isolated tyrosinase
in poly-N-vinylpyrrolidone (PVP, M.m. 20000)
was carried out as follows: 2000 units of the
tyrosinase preparation were added to 3.5 cm?
of 7.7% PVP solution and the solution was
poured into a glass container. The form was
kept open until drying. The enzyme activity
in the organic medium was determined by
increase in optical density of the solution at
389 nm. The enzyme amount that caused an
increase in optical density by 0.001 per minute
at 25 °C was taken as a unit of activity [7].

The pH-Optimum of free and immobilized
enzyme preparations was determined by
adding a solution of the substrate in methylene
chloride and 0.4 cm?® of the appropriate buffer
solution with different pH values (4.0-8.0)
to samples of equal activity. The effect of
tyrosinase on the viscometric characteristics
of PVP solutions was determined by measuring
the viscosity of their aqueous solutions and
the viscosity of polymer solutions when the
appropriate amount of enzyme was added using
an Ostwald viscometer (capillary diameter 0.73
mm). Characteristic viscosity was calculated
according to[15].

The immobilized tyrosinase use
multiplicity was determined by transforming
the N-acetyl derivative of ethyl ester
L-tyrosine according to the method described
above. Multiple application of the biocatalyst
was studied up to 50% preservation of enzyme
activity. Statistical processing of the results
was carried out in the Statistica program
using the Student’s t-test, the results were
considered reliable at (P < 0.05).

Results and Discussion

Since commercial drugs have an extremely
high cost, we isolated a partially purified
preparation of tyrosinase with a protein yield
of 0.82 mg/g of mushrooms, a copper ion
content of 0.19%, and a specific activity of
750 and 4300 units/mg of protein per minute
for L-tyrosine and L-DOPA, respectively, was
isolated from Agaricus bisporus mushrooms.

Under the developed conditions
(0.05 mol/dm?® Na-phosphate buffer solution (pH
6.5), temperature 25 °C), L-DOPA biosynthesis
from L-tyrosine was carried out. Tyrosinase
catalyzes the tyrosine o-hydroxylation to
L-DOPA, but the enzyme also catalyzes the
subsequent oxidation reaction of L-DOPA to
DOPA-quinone, which turns into DOPA-chro-
mium, which further forms complex polycyclic
compounds. At the same time, L-tyrosine
oxidation is a rate-limiting stage in tyrosinase
catalysis, i.e. the production of L-DOPA-quinone
proceeds much faster, as a result of which it is
impossible to isolate the L-DOPA intermediate
product. Therefore, to obtain L-DOPA in the
process of biocatalysis, ascorbic acid was added
to the reaction mixture, which reduced DOPA-
quinone to L-DOPA (Fig. 1).

However, most reducing agents, including
ascorbic acid, are tyrosinase inhibitors [16].
Therefore, it was necessary to select such a
concentration of ascorbic acid, which would
restore the DOPA-quinone that was formed,
and at the same time, to a small extent, reduce
the activity of the enzyme (Table 1).

It was shown that the best concentration
of ascorbic acid was 2.5 mmol/ dm?®, a decrease
in the concentration of the reducing agent
led to almost complete conversion of L-DOPA
into DOPA-quinone, and an increase in the
concentration of ascorbic acid contributed
to an even stronger decrease in product yield
due to a significant inhibition of tyrosinase
activity.

Table 1

Effect of ascorbic acid concentration on the formation of L-DOPA catalyzed by tyrosinase

L-DOPA formation *

Ascorbic acid concentration, mmol/dm3

mmol /dm3 Yield, %

1 0.040+0.001 1.6+0.1
2 0.093=+0.003 3.7+0.1
2.5 0.128+0.006 5.1+0.2
0.088+0.003 3.5+0.1

0.031+0.001 1.2+0.1

*P<0,05;n=5.
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Fig. 1. L-DOPA synthesis catalyzed by Agaricus bisporus tyrosinase

The effect of tyrosine concentration on
the L-DOPA formation in the presence of
tyrosinase was investigated. It was found
that the product concentration increases
non-linearly, which is probably due to the
unsaturation of the enzyme with the substrate
at low concentrations of tyrosine (Fig. 2).

The highest L-DOPA formation is observed
at a substrate concentration of 2.5 mmol/dm3,
further increase in concentration is impossible
due to poor solubility of tyrosine in water.
Thus, with the help of isolated tyrosinase in
an aqueous solution, the L-DOPA formation
with a yield of only 5.1% was shown, due to the
further oxidation of the product by an enzyme,
with the production of reactive o-quinone,
which is transformed into DOPA-chromium
with subsequent formation of complex
polycyelic compounds.

Therefore, in order to prevent the
intramolecular cyclization of DOPA-quinone,
it was necessary to protect the functional
groups of L-tyrosine. For this, the ethyl ester
of L-tyrosine was subjected to the action of
acetic acid and acetic anhydride (5:8 v/v)
(Fig. 3).

&
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L-DOPA concentration, mmol/dm?
=
2

0 0.5
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The resulting N-acetyl derivative of the
ethyl ester of L-tyrosine is almost insoluble in
water. Therefore, its oxidation to the L-DOPA
derivative with protected carboxyl and amino
groups, catalyzed by tyrosinase (Fig. 4), was
carried out in an organic solvent (methylene
chloride). The resulting L-DOPA derivative
is also oxidized by tyrosinase to the o-quinone
derivative, but due to the protection of the
functional groups, intramolecular cyclization
does not occur.

In the course of biosynthesis, a low
degree of substrate conversion is shown.
It is known that adding small amounts of
water to enzymes that catalyze reactions
in organic solvents significantly increases
speed of the process. It was established that
adding 0.4 cm?® of 0.05 mol/dm? Na-phosphate
buffer solution pH 6.5 to the studied reaction
mixture led to complete bioconversion of the
tyrosine derivative. Yield of the L-DOPA
derivative with protected functional groups
was 83%, which agrees with the literature
data [7]. After deprotection from the carboxyl
and amino groups of L-DOPA, the synthesis

2 2.3 3

L-tyrosine concentration, mmol/dm®

Fig. 2. The dependence of L-DOPA concentration formed with the help of tyrosinase on the tyrosine concen-
tration (P < 0,05; n = 5)
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Fig. 3. Obtaining of N-acetyl derivative of L-tyrosine ethyl ester
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Fig. 4. Synthesis of L-DOPA derivative with protected functional groups catalyzed
by Agaricus bisporus tyrosinase

product yield was 55% . The obtained product
was analyzed using mass spectrometry,
TLC,measurement of melting point and
specific rotation. To create an effective,
economical, stable, reusable biocatalyst,
the selected tyrosinase preparation was
immobilized in an available synthetic
polymer — poly-N-vinylpyrrolidone.

Important properties of PVP, which are
of great practical importance, are its high
adsorption capacity and tendency to complex
formation. PVP is a non-toxic promising
carrier for inclusion of cells of microorganisms
and enzymes, BAR. Thus, immobilized forms
of enzymes with a prolonged effect were
obtained on the basis of high molecular weight
PVP[17, 18].

As a result of immobilization of tyrosinase
in PVP, polymer films were obtained with
80% preservation of the enzyme original
activity for tyrosine, when used in a buffer
solution, and the characteristics presented in
the Table. 2.

The interaction of tyrosinase with the
carrier was studied by the viscometry method,
measuring the viscosity of PVP solutions of
various concentrations and the viscosity of
these solutions when the appropriate amount
of tyrosinase was added (Fig. 5).

When comparing the obtained viscosity
values, it is shown that the addition of the
enzyme to PVP solutions increases their
indicated viscosity (Fig. 5).

By extrapolating the graph of the
dependence of the indicated viscosity of
polymer solutions on their concentration to the
intersection with the ordinate axis, the values
of the characteristic viscosity were obtained
(2.31:10% and 2.53:10% cm?®/g for PVP and
PVP with tyrosinase, respectively), which can
testify to the presence of interaction between
enzyme and polymer. That is, immobilization
of tyrosinase is probably carried out due to
physical inclusion in the PVP structure and
non-valent interactions of enzyme with the
matrix.
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Table 2
Characteristics of the tyrosinase preparation
immobilized in PVP
Characteristics Results *
Tyrosinase activity by
tyrosine, U/g immobilized 2000 = 22
enzyme
Enzyme content, mg/g of film 3.3+0.7
Homogeneous
Organoleptic characteristics transparent
films
Diameter, cm 1.5=0.1
Area of a film, cm? 5.55 = 0.3
Thickness, mm 0.20 =0.01
Mass, g 0.3 =0.07
*P <0,05;n=>5.
Table 3

Influence of the pH of the buffer solution added to
the incubation medium on the activity of free and
immobilized tyrosinase

Tyrosinase activity, % *
pH Immobilized
Free enzyme
enzyme
4 28.3+0.8 47.1+1.4
5 53.3+1.6 58.8+1.8
6 95.8 = 3.0 96.1 = 2.8
6,5 100.0 =3.1 100 = 2.8
7 97.2+2.8 97.56+2.9
8 43,7+1.4 50.5+1.4
*P <0,05;n=>5.
3
2.8

22

2
1.8
1.6 1
1.4
1.2

1

Reduced viscosity- 10°, cm®/g

0 0.1 0.2

In the work, the possibility of using the
obtained biocatalyst in the environment of
methylene chloride (with the addition of 7.5%
buffer solution) was investigated. It was
established that the immobilized drug showed
30% higher activity than free tyrosinase,
which is explained by stabilization of the
enzyme activity — immobilized tyrosinase,
under adverse conditions, which allows using
a smaller amount of biocatalyst.

In the process of studying the properties of
the obtained drug, the pH effect of the buffer
solution added to the methylene chloride medium
during the synthesis process on the activity of
free and immobilized tyrosinase was determined.

It was established that as a result of
immobilization, the pH-optimum of tyrosinase
activity (6.5) does not change. An expansion of
the tyrosinase activity pH profile in the area of
acidic values was revealed (Table 3).

The inclusion of an enzyme in PVP
allows the obtained biocatalyst to be used
multiple times. The study of the possibility
of repeated use of immobilized tyrosinase in
the environment of methylene chloride with
the addition of a buffer solution (7.5% v/v)
showed that the obtained preparation retains
high phenoloxidase activity during 6 cycles of
use (Fig. 6). While G. Botta and co-authors [7]
found that the biocatalyst developed by them
on the basis of tyrosinase immobilized using
Eupergit C250L epoxy resin covered with
electrolytes, under similar conditions, retained
activity only for 3 cycles of use.

Thus, the L-DOPA biosynthesis in an
aqueous-organic environment, catalyzed by
isolated tyrosinase from Agaricus bisporus
mushrooms, with 55% product yield was
developed. A highly efficient, stable,
affordable, reusable, non-toxic biocatalyst
based on tyrosinase immobilized in poly-N-
vinylpyrrolidone was created to obtain L-DOPA
during six cycles of use in a batch reactor.

__

26 | 4§ b
= e —-— %

0.3 0.4 0.5 0.6

PVP concentration- 10-?, em®/g

* native tyrosinase = immobilized tyrosinase

Fig. 5. Dependence of viscosity on the concentration of free and immobilized tyrosinase (P < 0,05; n = 5)
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Fig. 6. Dependence of tyrosinase activity on the frequency of use of the biocatalyst
(P <0,05;,n=05)
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BIOCHHTES L-JOPA 3A JOIIOMOI'OIO TUPO3SUHASMU Agaricus bisporus
0. A. IIlecmepenko, I. I. Pomanoscvka, €. A. Illecmeperko
disuko-ximiunuii imcturyt im. O.B. Borarcskoro HAH Ykpainu
E-mail: yushesterenko@gmail.com

L-MODA (3,4-nmurigporxcudenin-L-amanin) € mpenapaTom Bubopy npu JikyBaHHI xBopobu IlapkincoHa,
OJHAK XiMiUHMII MeTOH HOTr0o CHHTe3y Ma€ PAN HeIOJiKiB, TOMY SK ajJbTepPHATUBA OOCIiIKYIOTHCSI
bioTexHoJIOriUH] migxomu.

Mema — po3pobutu HOBUI AOCTynHUM i edpeKTuUBHUN cmocib 6iocuuTesy L-ITOPA 3a momomororo
TUPO3MHA3U rpubiB, iMM00iiz0BaHOI 3 BUKOPUCTAHHAM €KOHOMIUHOTO HOCifA, 1110 3a0e3mneuye cTabiIbHiCTh
i baraTopas3oBicTh BUKOPUCTAHHS €H3UMY.

Memodu. Y pob0oTi BUKOPUCTOBYBaJIU BUAiIeHYy TupoduHasy Agaricus bisporus. Biocunres L-IIODA
TIPOBOAUJIY Y BOZHOMY i opra"iunomy cepemoBurili. OTpuMaHUN OPOAYKT aHAJIi3yBaJu 3a JOIIOMOTOIO Mac-
CIIEKTPOMETPii, muTOMOro ob0epTaHHsd i TeMIepaTypHu IJaBaeHHsa. IMMob6irizaliiro eH3uMy IPOBOAUIIN B IIOJIi-
N-siminmipoaigon (IIBII), Busuauanu B3aemoaiio 3 Hociem, pH-onTuMyM i KpaTHiCTh 3acTOCYyBaHHS.

Pesyavmamu. 3 Agaricus bisporus BUAiIeHUII YaCTKOBO OUUIIIEHU ITperapaT TUPO3UHAa3u. Y BOTHOMY
PO3UYMHI B IPUCYTHOCTI eH3UMYy OyJ0 MOKasamo oTpuMaHHa jguiile 5,1 % L-IIOPA, uepes momasbiiie
YTBOPEHHS CKJAAHUX MOJIMUKJIIYHUX cHOJNYyK. BiocuHTes nmoxiguoro L-IIODPA y xjaopucToMy MeTHJIEHL
3 NOLaBaHHAM Oy(epHOro pPO3YMHY NO3BOJMUB OTPUMATH HIPOAYKT 3 Buxomom 55 % . Tuposunmasa,
immo6inisoBana B IIBII, npoasnaana akTusHicTs Ha 30 % Bume 3a BinbHY y cepeposuii CHoClg i
3aiicHioBajia 6ioKaTaJIis mpoTsarom 7 IMUKJIIB.

BucHosku. Po3pobieno crnoci6 cuaTesy L-JJOPA 3a 10momMoroo AOCTYIHOTo GiokaTaizaTopa Ha OCHOBI
iMMo6isizoBamoi TUPO3UHA3H, 1[0 ¥ CePEIOBUIIl XJTOPUCTOTO METUJIeHY A03Bonaa orpuMmyBatu L-TIODPA
IPOTATOM 7 IIMKJIiB BUKOPUCTAHHA.

Knwuoeicnosa:cunres L-[JOPA; 6iokaTranizaTop; TuposnHasa; immooinisaiisa; mouri-N-Bininniposigon.
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The purpose was to study the patterns of dissolution (solubilization) of phosphorus-containing miner-
als in aqueous and polysaccharide solutions of organic acids in order to model the mechanism of mineral
destruction by soil bacteria synthesizing organic acids and exopolysaccharides.

Methods. Model, laboratory-analytical, microbiological, statistical.

Results. The destructive effect of organic acids on minerals is manifested both in aqueous and poly-
saccharide solutions. The introduction of bacterial polysaccharide into an aqueous solution of acids
increases the decomposition of phosphorus-containing minerals by 1.34—4.96 times. The influence of the
chemical structure of acid molecules on the intensity of mineral decomposition is mainly manifested in
the presence of bacterial polysaccharide, while in an aqueous solution the effectiveness of acid action
depends on the nature of the mineral being destroyed. To the maximum degree, polysaccharide increases
the destruction of minerals in a solution of citric acid: molten magnesium phosphate —2.55 times, ther-
mophosphate — 2.11 times, phosphate flour 4.96 times. Decomposition of phosphorus compounds in
solutions of ascorbic and oxalic acids enhances bacterial polysaccharide to a lesser extent than in citric
acid solution.

Modeling the destruction of phosphorus-containing minerals under non-sterile conditions (soil condi-
tions) made it possible to establish that organic acids under non-sterile conditions are subject to consump-
tion by soil microbiota, especially ascorbic and citric acids, and to a lesser extent — succinic. Aqueous
solutions of organic acids after 18 hours of incubation in non-sterile conditions lose their leaching activ-
ity by 1.06-12.1 times. The introduction of a polysaccharide into aqueous solutions of acids makes it
possible to avoid their rapid consumption by microorganisms, because of which the efficiency of mineral
leaching under non-sterile conditions decreases by only 5—20% compared to sterile ones.

Conclusions. The introduction of a bacterial polysaccharide into a solution of organic acids enables
the latter to be transferred to a sorbed state, as a result of which their susceptibility to consumption by
microorganisms is sharply reduced. Thus, polysaccharide-forming bacteria not only destroy minerals
more intensively than microorganisms synthesizing only low-molecular-weight metabolites, but also
synthesize a more stable and long-term functioning leaching complex in the soil.

Key words: phosphorus; bacteria; organic acid; polysaccharide; modeling; dissolution; mechanism.

Phosphorus (P) is one of the five essential
plant nutrients. Phosphate fertilizers have
played an important role in agriculture since
the beginning of the 20'". By 2051, global
demand for phosphate fertilizers is expected
to increase by 86% on arable land, especially
in developing regions. However, phosphate
rocks are a limited resource, and high quality
phosphate rocks can be depleted in 300—
400 years [1]. Most of the soluble phosphate
applied to the soil as a chemical fertilizer is
immobilized shortly after application and

becomes unavailable to plants, resulting in
an excess of fixed phosphorus in some arable
soils. Microorganisms play a significant role
in the natural P-cycle [2—4]. Insoluble forms
of P and phosphorus in the composition
of natural minerals can be converted into
soluble P by soil phosphate mobilizing
bacteria [2, 5, 6]. Greenhouse and field
experiments have shown that application
of phosphate mobilizing microorganism
preparations promote plant growth in
phosphorus deficient soils, indicating their

59



BIOTECHNOLOGIA ACTA, V. 16, No 3, 2023

potential as new biofertilizers to address
food security issues, especially given the
limited use of chemical fertilizers. However,
it was shown that the effectiveness of the
effect of phosphate mobilizing bacteria on
plant growth varies under field conditions.
Several biotic and abiotic factors can
influence the activity and functions
of phosphate mobilizing bacteria, as
well as their effect on plant growth [2,
5]. Understanding the mechanisms of
destruction (solubilization) of phosphate-
containing minerals by microorganisms
contributes to the development of effective
strategies for using their potential to
increase plant productivity, which was the
goal of our research. Soil bacteria solubilize
mineral phosphates mainly through the
secretion of various organic acids, such
as citric, gluconic, lactic, malic, oxalic,
propionic, and succinic acids, which differ
in the number of carboxy groups, hydroxy
groups, and carbon double bonds [2, 5].
However, the role of organic acids in the
processes of phosphorus mobilization is still
denied by some authors. The authors base
their conclusions as on the fact that there is a
whole series of acid-forming bacteria that are
incapable of dissolving natural phosphates,
and on the basis of the fact that between the
methods no acidification and decomposition
of iron and aluminum phosphates no matter
how significant the correlation [7].

At the same time, it seems to us that this
issue can be resolved in modal experiments
with the use of solutions of organic acids,
which give the possibility to evaluate the
ability of individual organs Czech acids to
the dissolution of phosphorus containing
minerals. The introduction of polysaccharide
into aqueous solutions of organic acids in a
concentration of 0.5—1 0 g/1 will allow to model
the cultural liquid of those soil microorganism,
which are synthesized at the same time organic
acids and polysaccharides.

Materials and Methods

In the experiment, 0.1 M aqueous
and polysaccharide solutions of ascorbic,
oxalic, citric and succinic acids were
used. Sterilization of acid solutions was
carried out by filtration using cellulose
acetate membrane filters MCAO020013H
with a pore diameter of 0.2 pm. Bacillus
mucilaginosus C-3 polysaccharide was used
as a bacterial polysaccharide. It is an anionic
heteropolysaccharide, containing in its
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composition glucose — 10.6% , galactose —
4.0% , mannose — 11.9%, fukose — 0.5%,
unidentified sugar — 0.5% (of dry weight).

We used the bacterial strain B. mucila-
ginosus C-3, obtained from the collection
of the Institute of Mineral Resources of
Mingeo of Ukraine. Bacteria were stored at
room temperature on agar mineral medium
with glucose, g/1: glucose — 15.4, MgSO,
"H,0 — 0.7, Na,HPO, 2 H,0 — 2.0, KNO; —
1.0, FeCl; 6H,0 — 0.05. The cultivation of
B.mucilaginosus was carried out in a periodic
process, which was carried out in 750 ml
bah by volume with 100 ml of medium on a
shaker at 240 rpm. The temperature of the
cultivation was 30 °C, cultivation time was
18-24h. The sowing material was introduced
in the amount of 5% of the medium volume.
The polysaccharide preparation was obtained
as follows: the culture liquid (18—24 h) was
diluted 2—3 times with distilled water and
centrifuged to separate the cells at 40000g
for 40 minutes. The supernatant was drained
and polysaccharide was precipitated from it
with three volumes of ethanol. Precipitated
EPS was separated from the supernatant by
centrifugation at 6000 rpm for 10 min. The
ethanol precipitate was dissolved in distilled
water and dialyzed against tap water for one
day, against distilled water for two days. The
resulting polysaccharide was freeze-dried.

The lyophilized polysaccharide preparation
was added to acid solutions at a concentration
of 0.5 g/L. To carry out the process of
polysaccharide macromolecules swelling and
sorption of organic acid molecules on them,
the samples were placed for 3 hours in a
refrigerator at + 5 °C. For sterile variants of
the experiment, the samples of minerals were
sterilized at 1.5 atm for 1 hour by autoclaving
and aseptically added to acid solutions. For
non-sterile variants of the experiment, the
samples of non-sterile mineral and 100 ul of
water extract from meadow chernozem in a
dilution of 10° were introduced into test tubes
after 3 hours. The test tubes were incubated
at 28 °C on a shaker with 160 rpm. The
incubation time was 18 hours. The amount of
polysaccharide in the solutions at the end of the
experiment was controlled by viscosity (with
the help of a VZh-1 viscometer) and by the
weight method with preliminary precipitation
of 3 times the ethanol volume.

The concentration of phosphorus in
solutions was determined by the Murphy-Reilly
method, after preliminarily precipitating the
polysaccharide with three volumes of ethanol
[8]. Measurement of the optical density of
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the solutions of the probes on FEK 56-2 and
KFK-2 (light filter No. 8, A = 590 nm, cuvette
No. 30). The statistical significance of the
obtained differences between the experimental
variants was assessed by the value of the
error of the mean result, calculated using the
Statistica 10 program.

Results and Discussion

In aqueous solutions, oxalic acid has the
greatest dissolving effect on the studied
phosphorus compounds, followed by citric
and ascorbic acids (Tables 1-3). Succinic
acid realizes its dissolving effect depending
on the properties of the minerals subjected
to destruction: when dissolving fused
magnesium phosphate and phosphate rock —
at the level of citric acid, when dissolving
thermophosphate — to a lesser extent than
ascorbic acid.

In the presence of B.mucilaginosus
polysaccharide, the action effectiveness of
the studied acids is identical in relation to all
three connections: oxalic > citric > ascorbic >
amber. and does not depend on the structural
features of decomposed phosphorus fertilizers.
Consequently, the minerals decomposition
intensity in polysaccharide solutions of organic
acids are defined, first of all, by the chemical
structure of the acid molecule lots and does
not depend on the structural features of the
destructurable phosphorus fertilizers. As can
be seen from the data presented in Table 3,
the most effective bactericidal polysaccharide

Table 1
Removal (solibilization) of phosphorus from fused
magnesium phosphate in 0.01 M solutions of
organic acids in the presence of B. mucilaginosus
polysaccharide (2) and without it (1)

strengthens the decomposition of phosphate
flour: the phosphorus removal in the presence
of a polysaccharide exceeds the destruction
of phosphate flour in an aqueous solution
of ascorbic acid by 4.3 times, citric acid by
4.96, oxalic acid by 4.1, and succinic acid by
1.94 times.

In the maximum degree, polysakharid
increases the destruction of minerals in
the created citric acid: fused magnesium
phosphate — 2.55 times, thermal phosphate —
2.11 times for, phosphate flour —

Table 2
Removal (solibilization) of phosphorus
from thermophosphate in 0.01 M solutions
of organic acids in the presence of B. mucilagino-
sus polysaccharide (2) and without it (1)

Phosphorus removal
Organic acid (solibilization), P,O5; mg/1
Sterile
conditions Non-sterile
conditions
Ascorbic | 1 130.0 +8.14 | 10.7+2.88
acid 2 175.2+ 17.5 | 165.5+18.2
Lemon 1 147.2+10.6 | 19.4+5.11
acid 2 310.7 +21.1 | 223.8+21.9
Oxalic 1 188.5+13.8 | 34.5+5.17
acid 2 367.5+15.9 | 332.9+20.5
Succinic | | | 994 1 11.8 | 85.6+6.88
acid
Table 3

Removal (solibilization) of phosphorus
from phosphate rock in 0.01M solutions organic
acids in the presence of B. mucilaginosus polysac-
charide (2) and without it (1)

Phosphorus removal
Organic acid (solibilization), P,O5 mg/1
Sterile

conditions Non-sterile
conditions

Ascorbic | 1 | 100.0+8.14 | 30.3+2.88

acid 2 | 211.3+ 17.5 | 175.5+ 18.2

Lemon | 1 | 124.2+10.6 | 39.4+5.11

acid 2 316.7 + 21.1 301.7 + 21.9

Oxalic | 1 | 142.5+13.8 | 50.5+5.17

acid 2 213.1 +15.9 218.4 + 20.5

Succinic | 1 | 128.2+11.8 | 75.8+6.88

acid 2 | 190.4+18.0 | 192.2+ 20.1

Phosphorus removal
Organic acid (solibilization), P,O5 mg/1
Sterile
conditions Non-sterile
conditions
Ascorbic 1 26.8+1.14 15.1 4+ 0.65
acid 2 115.4+ 17.5 | 120.5+ 8.24
Lemon 1 37.5+ 2.62 17.6 +1.15
acid 2 | 185.9+12.5 | 185.6+11.4
Oxalic 1 55.2+1.84 50.5 + 5.07
acid 2 226.5+14.9 | 224.3 + 20.5
Succinic | 4| 496 1218 | 40.3+2.88
acid
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4.96 times. Bacterial polysaccharide enhances
decomposition of phosphorus compounds
in solutions of ascorbic and oxalic acids to a
lesser extent than in a solution of citric: fused
magnesium phosphate by 1.50 times, phosphate
rock — 4.31 and 4.1 times, respectively.
However, during temophosphate decomposition,
the opposite pattern is observed — in oxalic
acid solution, the polysaccharide enhances the
mineral decomposition by 1.95 times, and in
ascorbic acid solution — by 1.34 times. To a
minimal extent, the polysaccharide enhances
the decomposition of the studied phosphorus-
containing compounds in succinic acid solution.

Conducting an experiment on the minerals
destruction in organic acids solutions in sterile
conditions enables to find out in what way the
structure of an acid molecule affects the degree
of phosphate compounds decomposition.
However, in soils, secondary microorganisms’
metabolites experience the effects of the
microbiota sides existing in soil, in particular,
they can be consumed as sources of carbon and
energy. Therefore, we delivered an experiment
on the dissolution of minerals in non-sterile
conditions I. As a result, it was found that the
efficiency of minerals dissolution in aqueous
solutions of organic acids under non-sterile
conditions decreased compared to sterile
conditions (Table 1-3). In particular, in the
ascorbic acid and citric acids, the removal of
phosphorus became minimal, especially when
dissolving thermal phosphate and phosphate
flour. This is probably related to the fact that
citric and ascorbic acids to a greater extent are
consumed by micro-organisms in comparison
with oxalic and succinic acid [9]. In the smallest
degree, succinic acid was consumed, therefore,
the removal of phosphorus in its aqueous
solution remained practically at the level of the
experiment carried out under sterile conditions
(Tables 1-3.). The consumption of organic
acids by natural waters microbiota, soils is
described in the literature [10,11], while it is
noted that acids (acetic, alkaline, succinic) are
consumed by soil micro flora with different
intensities, and that the zinc content (leachable
element) in percolate is closely correlated with
the acids content. H.V. Hue [12] also notes
that when conducting vegetation experiments,
protocatechuic acid turned out to be the most
effective in increasing the availability of
phosphorus to plants as the most resistant to
microbial destruction from the studied acids
(acetic, malic acid, etc.).

The effectiveness of organic acids in
aqueous solutions under non-sterile conditions
decreased significantly after 18 hours of
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incubation. The solubilizing ability of acids
decreased to the maximum when dissolving
thermophosphate: ascorbic acid — 12.1 times,
citric acid — 7.59, oxalic — 5.46, succinic —
1.16 times (Table 2). The dissolution of
phosphate rock decreased minimally under
non-sterile conditions: in ascorbic acid —
1.77 times, citric acid — 2.13, oxalic — 1.09,
succinic — 1.06 times (Table 3). The removal of
phosphorus from fused magnesium phosphate
(Table 1) decreased under non-sterile
conditions in a solution of ascorbic acid — 3.3
times, citric — 3.15, oxalic — 2.82, succinic —
1.69 times.

The effectiveness of the organic acids action
in the presence of bakterial polysaccharide in
non-sterile conditions turned out to be identical
to that in sterile conditions (Table 1-3). The
removal of phosphorus in polysaccharide
solutions under non-sterile conditions did
not decrease such significantly as in water.
The reduction amount in phosphorus removal
compared with sterile conditions was 5—20%.
These data indicate that organic acids in the
sorbed state on polysaccharides not only destroy
minerals more effectively, but are also less
accessible for consumption by soil microflora.
The control of polysaccharide amount in
solutions after the end of the experiment
made it possible to draw a conclusion about
its preservation for 18 hours by 95% . This is
also confirmed by the data of E.I. Andreyuk et
al.[13] about the fact that during the first 36
hours of cultivation bacteria do not consume in
the same way as bacteria.

For exopolysaccharides, the function
of extracellular enzymes action prolonging
and antibiotics is known. [14]. Extracellular
polysaccharides of some microorganisms are
able to protect the producers exoenzymes from
proteolytic degradation and other external
influences. There is reason to believe that
such an ability has a universal character. For
example, the exopolysaccharide Arthrobacter
citreus stimulated the activity of exoproteases
Nocardia sp. [15, 16], and the extracellular
glycan Mycobacterium lacticolum 121 doubled
the thermal stability of the alkaline protein
basics, derived from Actinomyces sp. [17]. The
mechanism of the exglycans protektor action
is apparently in the formation of a stable
glycoprotein complex.

Preservation of exoenzymes
activity is probably a special case of the
universal protective function of bacterial
polysaccharides. The second manifestation
of it, as we believe, is protection from the
consumption of low-molecular metabolites and
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ions absorbed by the polysaccharide during
vegetative cell growth. Thanks to the synthesis
of exopolysaccharide, microorganisms, as
it were, create their own microenvironment
around cells, ensuring more complete
manifestation of trophic and functional
capabilities.

Obviously, the ecological role of
microorganisms synthesizing organic acids in
the dissolution of hard-to-reach phosphates is
limited by the susceptibility of these acids to
their consumption by soil microorganisms at
a fairly high rate. These are microorganisms
with sufficiently high speed. Microorganisms
synthesizing exopolysaccharides
simultaneously with organic acids represent
not more active (2—5 times) higher complex,
but less protective — molecular secondary
metabodies from the rapidly consumed soil
microbiota consequently the absorbed state is
less accessible.

Conclusions

The effectiveness of the organic acids
action in aqueous solutions depends on the
chemical properties of their molecules and
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JECTPYRIIA ®O0CPOPOBMICHHUX CIIOJYER
Y BOAHUX I IIOJIICAXAPUTHHUX POSYNHAX OPTAHIYHUX KUCJIOT

I. M. Manunoscvka
HHII «IncturyT 3emaepobctea HAAH»
E-mail: irina.malinovskayal 96 0@ukr.net

Mema: nocaigsKeHHS 3aKOHOMipHOCTell posunHeHHA (comrobuauaaliii) ¢pochopoBMicHUX MiHepaaiB y
BOJHUX i IMOJIicaXapUaHUX PO3UMHAX OPraHiuyHUX KMCJIOT 3 METOIO0 MOJEeJI0BAaHHSA MeXaHidMy AeCTPYKIIil
MiHepaJIiB I'pyHTOBUMU OaKTEpPisaMU, AKi CHHTE3YIOTh OPraHiuHi KMCJIOTHU i eK30IoJricaxapuiu.

Memodu: MmonenbHNIIT, Tab0pPaTOPHO-aHATITUUHNH, MiKPOOioJOTiUHMH, CTATUCTUUHII.

Pesyavmamu: Po3unHIOBaJbHA [id OPTaHIYHUX KUCJIOT Ha MiHEpaau IPOABIAETHCA K Y BOTHOMY, TaK
i mosricaxapugHOMY po3unHi. BHeceHHsS 6aKTepiaabHOTrO MoJicaxapuay Y BOOHUI PO3UMH KUCJIOT IIOCUIIOE
poskaamanHa (pochopoBmicHux MiHepaaiB y 1,34—4,96 pasa. Buaus xiMmiunoi Oy0BM MOJIEKYJ KHCJIOT
Ha iIHTeHCUBHICTh PO3UMHEHHS MiHepaJiB NPOSABISETHCSA, B OCHOBHOMY, B IIPHUCYTHOCTI OaKTepiaJabHOTO
noJicaxapuny. ¥ BOJHOMY 2K PO3UMHI e()eKTUBHICTH Ail KMCJIOT 3aJIeKUTh BiJl IPUPOAU MiHepasy, Io
IEeCTPYKTYyeThcA. B MaKcuMaIbHOMY CTYIIeHI moJricaxapuy iHTeHcudiKkye po3KJIaJaHHA MiHepasiB y pO3UMHi
JIUMOHHOI KUCJIOTH: IIJIaBJIeHUH Maruieuii ¢pocdar —y 2,55 pasa, repmodochar — B 2,11 pasa, pochopurhe
6oporrao — B 4,96 pasa. Poskaaganua pochopHUX CIIOJIYK B pO3UMHAX ACKOPOiHOBOI Ta I1aBJIeBOI KUCJIOT
baxTepianbHUI MoJicaxapuf inTeHCUDiKye Y MEHIIIOMY CTYIIeHi, HiK Y PO3YNHI JUMOHHOI KMCJIOTH.

MopentoBaHHS pPO3KJAagaHHA POcHOPOBMiCHUX MiHepaJiB y HECTEePUJIBHUX YMOBaX (YMOBU I'DYHTY)
JO03BOJIMJIO BCTAHOBUTH, IO OPTAHIUHI KWCJIOTU Yy HECTEPUJIHLHUX YMOBAX CIIOKUBAIOTHCA I'DYHTOBOIO
MiKpo6ioToi0, 0cOGJIMBO acKOpPOiHOBA i JMMOHHA, Y MEHIIIOMY CTYyIeHi — OypINTHUHHA KucaoTa. Bommi
pO3UMHU OpPTaHiuYHUX KHCJIOT ueped 18 roauwH iHKYyOyBaHHA y HECTePUJIbHHX YMOBax BTPAvYaiOTh
IeCTPYKTYBaJIbHY akTuBHicTb v 1,06—12,1 pasa. Bueceuns noaicaxapuny Bacillus mucilaginosus y BogHi
POBYMHU KUCJOT MO3BOJAE 3aMOOITTH IMIBUAKOMY CIIOKMBAHHIO iX MiKpoopraHiaMaMu, B pe3yJbTaTi 4OTo
e(peKTUBHICTh POSKJIAJAHHS MiHepaJIiB y HECTEPUJIbHUX YMOBaX 3MEHIIIYETHCA IIOPiBHAHO 3i CTEPUILHUMU
nuite Ha 5—-20% .

BucHosku. BHeceHHs GaKTepiaJbHOTO IMoJiicaxapuay A0 PO3UMHY OPTAaHIUYHUX KUCJIOT JO3BOJAE
TIePeBEeCTH 1X Y COPOOBAHUM CTaH, y PE3yJIbTATi UOT0 CXMJIBHICTD KMCJIOT 0 CIIOXKUBAHHA MiKpoopraHisMamMu
pisko 3meHIIyeThcA. TakuM umHOM, OaKkTepii, IO CHHTE3YIOTH eK30moJlicaxapuau, He TiIbKU OiabIm
iHTEHCUBHO JEeCTPYKTYIOTh MiHepaJiy, Hi’K MiKpOOpraHisMu, 110 CUHTE3YIOTh TiIbKN HU3bKOMOJEKYJIAPHIL
BTOPUHHI MeTabo0JIiTH, ajle i CUHTE3YIOTh OiJIbII CTIHKUHA i JOBro (pyHKIIIOHYBAJbHUHN Y I'PYHTI KOMILIEKC
MeTaboJIiTiB, 110 PO3KJIAAAIOTh MiHEepaJIu.

Knwuosi cnosa: dochop; 6axTepii; opramiuma KucJjoTa; mogicaxapuji; MOAEJIOBaAaHHA; PO3KIATAHHA,
MeXaHi3M.
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Aim. The Isolation of nucleic acid is an important step for conducting different molecular assays in
many laboratories around the world. It is also a common practice that user is isolating the ribonucleic acid
(RNA) from the samples with mini column once and throwing away the supernatant. This makes isolated
RNA as limiting factor in many studies as this issue has not been addressed in literature. Therefore, we
decided to conduct whether it is a loss of ribonucleic acid during the mini column isolation method.

Method. In this research, we have made analysis whether there is a loss of RNA during the isolation
process. The mini column isolations were done with different samples of human tissues from placenta and
umbilical cords. These were assessed with spectrometric instrument and real time PCR machine.

Results. It was found that there is loss of abundant quantity of RNA during the subsequent isolations.
The amount measured with UV spectrometer indicates that some times 204 and 374 isolation have more
RNA than the first isolation. Realtime PCR for house keeping gene beta actin shows that presence of
RNA can be seen up to 6 isolation cycles from supernatants.

Conclusion. There is loss of RNA in subsequent isolations with mini column method, therefore it is
possible to isolate more RNA from the next supernatant isolations. User should do the multiple isolations
to get higher yield of RNA.

Key words: mini column isolation, RNA; nucleic acid; ribonucleic acid; polymerase chain reaction;

real time PCR; viruses; biomarkers; vaccines.

Isolation of nucleic acid is an essential
step for conducting the different nucleic acid
analysis methods like PCR and hybridization
for various viral, bacterial, biomarkers and
genetic targets [1-4]. Not only this, the
nucleic acid can be used as therapeutic as well
as vaccine options in many clinical settings,
therefore there is an urgent need to isolate
the sufficient amount of nucleic acid in highly
pure form [5-8]. Ribonucleic acid (RNA)
can be isolated from different sources e.g.,
blood, tissue, buccal swabs, nasal samples,
plasma, serum, urine and cell cultures. There
are different methods available to isolate the
RNA, which are magnetic beads, solutions-
based and mini column methods for examples.
The mini column isolation method is widely
used in the laboratories througaround the
world. Usually most of the laboratories
isolate the RNA from the sample once and
the supernatant of this method is discarded.

Many times, there is limited volume of isolated
RNA e.g., 50 or 100 ul available, which is not
sufficient to conduct the whole studies, where
user has to conduct a set of experiments on the
same isolated RNA (homogenous material).
In case of development of vaccines, one
needs sufficient quantity of RNA, which
may not be available from a single isolation
source [4, 9, 10].

In this study, the experiments are
conducted to find whether RNA is still in
supernatant and this surplus RNA can be
isolated to conduct the further analysis.

A protocol of local ethics committee
approval of Genekam Biotechnology AG
(Number: GENO01-23) about conducting the
experiments of this research work is available.
In this experiment, 4 samples from different
tissues like umbilical cord, placenta tissue,
placenta membrane etc. are used to isolate
the RNA with mini column RNA isolation kit

65



BIOTECHNOLOGIA ACTA, V. 16, No 3, 2023

(Genekam, Germany). 100 ul of the samples
were added to lysis buffer with proteinase K.
These samples were kept at 56 °C for 10 min.
After that guanidine solution was added, while
keeping at 70 °C for 5 min. 400 ul of molecular
ethanol (Applichem, Germany) was added to
each well.

Mini column step. These mixtures were
added to mini columns, which were centrifuged
at the speed of 11000 rpm for 1 minutes.
The supernatants from each sample were
collected in separate tubes. Mini columns were
washed with 500 ul B and C tubes each while
centrifuging at the speed of 11 000 rpm for
one minute. At the end mini columns were
centrifuged in order to make them dry at the
speed of 13 000 rpm for 1 minute. At last, 70 °C
warm elution buffer was added to each mini
column, while keeping this for 2 minutes at
room temperature. In order to get the elution
buffer containing RNA, the mini columns
were centrifuged. The tubes were labelled as
first isolation and stored at 4 °C for further
analysis.

Collected supernatants were processed
as mentioned in mini column step till there
was use of elution buffer at the end to elute
RNA. During this step, the supernatants were
collected and processed again as mentioned
above. There were two groups. In one group,
there were 2 isolations (one original isolation
and 1 isolation from supernatants, these are
labelled as Isolation 1 and 2) and in 2" group,
there are 7 isolations (one original isolation
and 6 subsequent isolations from supernatants,
which were labelled as Isolation 1 to 7). In
both groups, isolation 1 is the original and
first isolation and rest isolations are from
subsequent supernatants. (Tables 1 and 2).

Total Volume of isolated RNA was 50 pl per
isolation. The full RNA isolation protocol can
be also obtained from manufacturer.

Measurement of RNA content with UV
spectrometer, Nanodrop (Thermofischer,
USA): The instrument was calibrated with
elution buffer. After that, 2 ul of each isolated
was measured and the values are recorded at
ng/2nl.

Real time PCR for human internal
control. All isolated samples were tested
for the presence of RNA with housekeeping
gene (B-Actin) through real time kit FR799
(Genekam, Germany) in 96 well plate in a
real time machine ABI 7500 (Thermofischer,
USA). 2 ul of isolated RNA was used during
the real time PCR reaction in 18 ul RNA
mastermix containing ¢cDNA synthesizing
enzymes. The temperatures and cycling
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conditions were one cycle 42 °C for 60 minutes
and 70 °C for 10 min as well as 45 cycles of
90 °C for 15 s and 60 seconds for 60 °C. The
results were analyzed with software in linear
and log modes along with recording of Ct
values. The full protocol for conducting real
time PCR for internal control can be obtained
from the manufacturer.

Group 1, where the 2 isolations were done.
The values of these versions of different
samples measured with spectrometer is
shown in the Table 1. The values indicate
that there is loss of RNA during 2 isolations.
Therefore, it is decided to conduct second
experiment, where the isolation was repeated
up to 7 isolations. The results are shown in
the Table 2. The results indicate that there is
a loss of RNA during all steps and this loss
decreases with the increase in the number of
isolations. In the sample 2, it varies better
0.170 pg/2 pl at the beginning to 0.006
ng / 2 ul. It was very surprising to see that
yield of isolated RNA was more in the first
supernatant passage (second isolation) than
the first isolation.

Real time PCR of isolated RNA in different
isolated versions show that real time for beta
actin housekeeping gene is in position to detect
RNA in all isolations regardless whatever
quantity was detected in spectrometer. Results
are shown as curves in the Figure. It is hard
to find any correlation between the amount of
RNA measured in spectrometer and Ct values
achieved in the real time machine.

Since the availability of possibility to
isolate the nucleic acid with mini columns,
it has become a common practice in all
laboratories working with molecular methods,
to conduct the RNA isolation from different
samples to analyze them for different targets
as these may be pathogenic agents and
biomarkers of different cells e.g., stem cells,
tumor cells, immune cells etc. It is also daily

Table 1
Measurement of UV spectrometer for the concen-
trations of RNA in different isolations (Group 1)

Sample * Isolation 1 Isolation 2

Sample 1 0.006 0.009

Sample 2 0.053 0.042

Sample 3 0.005 0.022

Sample 4 0.005 0.09
*ng / 2pl.
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Measurement of UV spectrometer for the concentrations of RNA in different isolations (Group 2’!;able 2
Sample * | Isolation 1 | Isolation 2 | Isolation 3 | Isolation4 | Isolation 5 | Isolation 6 | Isolation 7
Sample 1 0.005 0.003 0.002 0.002 0.002 0.008 0.001
Sample 2 0.018 0.007 0.004 0.001 0.001 0.008 0.006
Sample 3 0.077 0.163 0.073 0.001 0.001 0.001 0.003
Sample 4 0.01 0.4 0.136 0.014 0.002 0.002 0.005

*ng / 2pl.

SR

The results of real time PCR for internal control for the presence of human RNA
in isolated samples

practice in the laboratories to measure the
presence of viral RNA in different samples.
[1, 2, 11-13] Most of the laboratories are
doing only once the isolation and throw
away the samples as supernatant. Amount of
isolated RNA with only one-time isolation is
very limited e.g., 100 ul. If user is conducting
experiments for a number of different
targets, this small amount can be a limiting
factor because of its small size.

In the literature, there is hardly to find
any report that some groups have tried to look
into this important problem in spite of the
fact that each group needs sufficient amount
of nucleic acid to conduct the assays from the
same source. This study is indicating that it
is possible to isolate the more RNA from the
supernatants of the same sample. In this way,
many laboratories have sufficient amount of
isolated RNA to conduct bigger studies and
compare them also [14].

There are research groups, which are
working on development of vaccines and
therapies, they may face many times a
challenge to isolate the sufficient RNA to
conduct their experimental studies. This
publication provides them the way to isolate
more amount of valuable RNA rather throwing
of the rest of supernatant.

These studies shown here can help many
institutes and laboratories to save money in
terms of chemicals and time used to isolate the
samples. In two samples shown Table 2, the
amounts of isolated RNA from sample number
3 and 4 were less than that of RNA isolated
from two following supernatants from the first
isolation. It should be investigated further as
it indicates that there may be some time a lot
of loss of RNA in the first isolation or binding
capacity of membrane may be playing a role,
User can have more isolated RNA in 2°¢ and 3"
subsequent isolations.

67



BIOTECHNOLOGIA ACTA, V. 16, No 3, 2023

There are many publications, where research
groups are using 5 or 10 pl during the PCR
studies, hence a lot of quantity of isolated RNA
can be obtained from supernatant, which is
usually thrown away as waste product. [15, 16]
This publication is showing a way to get larger
volume of isolated RNA to bigger studies.
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BTPATA 3HAYHOI KIJIbKOCTI PUBOHYKJIETHOBOI KMCJIOTH
3A YMOB II BUALJIEHHSA 3 BAKOPUCTAHHAM MIHI-KOJIOHKH

Sudhir Bhatia
Genekam Biotechnology AG, Hyiicoypr, 'epmanis
E-mail: anfrage@genekam.de

Mema. BunineHHS HYKJEIHOBOI KHCJOTHU € BaKJIUBUM KPOKOM OJA IIPOBEAEHHS Pi3HUX
MOJIEKYJIAPHUX aHAJIi3iB y 6ararbox jsabopaTopisax mo Bcbomy cBiTy. Takok MOIIIMPEHO0I0 MPaAKTUKOIO
€ Te, III0 KOPUCTYBAY OOUH pas3 Bumijise pudonykaeinoBy kucaotry (PHK) i3 3paskiB 3a momomMoroio
MiHi-KOJIOHKM Ta BUKHugae cynepuartanT. Ile poburts idospoBany PHK obme:xyBasibHUM (hakTOpPOM Y
0araThboxX MOCHiIKEeHHSIX, OCKIJIBKHY Ile MUTaHHS He Po3rJisanajocd B JiTepatrypi. Tomy Mmu Bupinmman
BU3HAUUTHU, YU € II€ BTPATOI0 PUOOHYKJIEIHOBOI KMCJIOTH MiJ Yac MeTOAY i30aAIil Ha MiHiKOJJIOHIII.

Memod. IlpoBoanau BUAiJIEHHS B MiHi-KOJIOHIII 3 PisHMMMU 3paskKaMu JOACBKUX TKAaHUH i3
IJIAIIeHTH Ta IIyIIOBUHU Ta IIOAAaJIbIIi BUIiJIEHHS cylepHaTaHTiB. Buxoau ta yenimui Buginenuns PHE
OITiHIOBAJIM 3a JOIIOMOTOIO CIIEKTpOMEeTPpUYHOTO npuiiany ta mamuuau IIJIP y peaarbHOMY Uaci.

Pesyavmamu. Bysio BusABJIeHO, 10 TPU HACTYIMHUX BUAIJEHHAX BimOyBaeThcA BTpaTa BEJIUKOI
kimskocti PHK. KinekicTs, BumipsaHa 3a gormomoroio ¥ @-cnekTpomeTrpa, BKa3ye Ha Te, 110 iHoal 2-1 i
3-1 Buninenna mictarts 6isnbite PHE, wHidk neprue Buninenssa. [IJIP y peansHOMY uaci ajia 6eTa-ak TUHY
reHa JOMAIIHBLOTO OOCJIYTrOBYBaHHSA MOKasye, 1o npucyTHicts PHK mo:xkza mobauuTy 1o 6 MuKJIis
i3osAIrii 3 cynmepHaTaHTiB.

Bucnosok. Ilpu HacTyIHUX BUIIJIEHHSIX 3a JOIOMOIOI METOAY MiHi-KOJIOHKU BimOyBaeTbeCs
Brpata PHK, Tomy moskua Buninutu 6inbiine PHK i3 HacTynHUX BUAiIeHb cynepHaTauTy. KopucryBau
MOBMHEH BUKOHATHU 0araTopasoBi BuAijieHusd, 11106 orpumaTu 0inbinuii Buxis PHK.

Knwouwosi cnoea: Bunminenus Minikomouku, PHK; mykieinoBa KuciioTa; IIojliMepasHa JAHIIOrOBa
peakris; IIJIP B peanbuHOMYy uaci; Bipycu; 6ioMmapKepu; BAaKIIUHHA.

69



