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Abstract. To prevent a decrease in the speed of the biotechnological
process and achieve an optimal yield of the target product of biosynthesis
(biomass), it is necessary to develop optimal technological parameters for
the cultivation of production yeast Saccharomyces cerevisiae for
fermentation of high-concentration grain wort. An increase in the
concentration of dry substances of fermented wort and alcohol in brews
leads to a slowdown in the processes of yeast cell synthesis and
fermentation. Therefore, it is necessary to investigate the influence of the
technological parameters of the cultivation of production yeast for the
synthesis of the required concentration of yeast cells with high biochemical
activity. Cultivation of industrial yeast was performed by an osmophilic
thermotolerant race of alcoholic yeast Saccharomyces cerevisiae DO-16
(IMB Y - 5099) at a temperature of 30, 32, 35 and 37°C. The initial dry
matter concentration was 20, 24 and 28%, the amine nitrogen concentration
was 0.5, 0.7 and 0.9 g/dm?®. To select the technological parameters of the
process of cultivation of industrial yeast for fermentation of high
concentrations of wort and to establish the patterns of change, laboratory
experimental studies of samples according to the developed technology
were conducted. This paper investigates the degree of influence on the
synthesis of yeast cells of various process parameters in their interaction,
the establishment of multifactor dependence, using the methods of
mathematical planning of the experiment. Cultivation of industrial
alcoholic yeast Saccharomyces cerevisiae DO-16 was performed in
periodic culture. As factors of variation are being used: the initial
concentration of dry matter of the wort, the concentration of amine
nitrogen, the cultivation temperature. The created mathematical model
makes it possible to calculate the concentration of production yeast
depending on the initial wort concentration, amine nitrogen concentration
and fermentation temperature. According to the equations of the
mathematical model, the process of fermentation of high-concentration
wort for bioethanol production was optimized. Using Origin software, we
found the optimal values of technological parameters of yeast cell
biosynthesis: dry matter concentration of grain wort 28%, cultivation
temperature 30-32°C, amine nitrogen concentration 0.7 g/dm?.

Keywords: bioethanol, fermentation, biosynthesis of yeast cells,
Saccharomyces cerevisiae, optimization, high-gravity wort.

being promoted to achieve the following main goals:

Introduction. Formulation of the problem

In order to prevent a decrease in the speed of the
biotechnological process and to achieve an optimal yield
of the target product of biosynthesis (biomass), it is
necessary to develop optimal technological parameters
for the cultivation of production yeast Saccharomyces
cerevisiae for the fermentation of grain wort of high
concentrations.

Analysis of recent research and publications

In most of the developed countries of the world,
the use of renewable energy sources and resources is
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ensuring access to energy, mitigating the effects of
climate change, supporting agricultural activities and
ensuring food safety. Affordable energy, climate change
and social stability as the three pillars of sustainability
are directly related to the above-mentioned main
goals [1,2].

In the last decades of the 20th century, there was a
huge interest in the production and use of liquid biofuels
(biodiesel or bioethanol) as promising substitutes for
fossil fuels. Biofuels produced from plant biomass are
renewable energy sources. The use of this raw material
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will reduce the consumption of fossil fuels and,
therefore, reduce the negative impact on the
environment [1,3].

The biggest problem remains the reduction of the
cost of bioethanol production. Therefore, it is necessary
to develop a new concept of biorefineries, which is
based on a more complete use of renewable raw
materials and for the production of by-products with
added value, which will reduce the cost of bioethanol
production. This will make bioethanol more affordable
and economically competitive than fossil fuels [4,5].

One of the areas of implementation in the
production of bioethanol is the development of a
resource- and energy-saving technology of high-
concentration wort fermentation from grain raw
materials by osmophilic strains of alcoholic yeast [6].

To develop the technology of highly concentrated
brews from grain raw materials, it is necessary to choose
the technological parameters of the cultivation of
industrial yeast and the fermentation of wort.

The biochemical activity of yeast plays an
important role in alcohol production. The use of
osmophilic strains of alcoholic yeast, and optimization
of their cultivation parameters allows to increase the
yield of alcohol with minimal costs [7].

For distilleries that process starch-containing raw
materials, yeast must have the following characteristics:

- withstand high concentrations of dry substances
and alcohol;

- completely ferment the carbohydrates of the wort;

- accumulate the maximum amount of alcohol and
minimum biomass;

- resistance to foreign microflora and increased
acidity [7,8].

The influence of various factors on the vital activity
of alcoholic yeast

Temperature. Changing the culture temperature
affects the RNA, protein and lipid composition of the
yeast cell. At the same growth rate, the RNA content in
yeast increases several times when the temperature
drops, and the content of unsaturated fatty acids in the
lipid composition of the cell increases [8,9].

Alcoholic yeasts belong to the group of mesophilic
microorganisms and do not lose their vital activity at
temperatures from -5 to 40°C, but the temperature
optimum for their growth and reproduction is 28-30°C.
At a temperature of 20-32°C, the specific growth rate of
yeast and fermentation activity increase in direct
proportion to its increase, at a temperature above 34°C,
yeast activity decreases sharply, at a temperature above
40 °C, growth and cell reproduction practically stops,
and at 45-50°C Yeast activity stops [9,10]. There are
heat-tolerant strains of alcoholic yeast that are capable
of actively fermenting raw materials at temperatures of
35-37°C, which is economically beneficial for alcohol
production. There are certain defined cultivation
parameters for each yeast race. For example, studies
have shown that industrial strains of alcohol yeast can
be divided into several groups in relation to temperature.
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For some yeast races, the optimum temperature is 29—
30°C, for another group of yeasts — 32—34°C, and for
thermotolerant races — 35-37°C. Depending on the yeast
race and its thermal stability, increasing the
fermentation temperature to 35-37°C has different
effects on the metabolism of yeast cells, their

physiological, morphological and cultural
properties [8-10].
Therefore, the process of intensification of

alcoholic fermentation can be carried out with the help
of thermotolerant yeast races.

The concentration of dry matters. Osmotic pressure
depends on the concentration of soluble solids in the
nutrient medium. The value of osmotic pressure, which
is created by a solution, depends on the concentration,
and not on the chemical nature of the substances
dissolved in it, the greater the concentration of the
solution, the greater the osmotic pressure.

For the assimilation of nutrients from the
environment, the intracellular pressure in the yeast cell
must be higher than the osmotic pressure of the
environment, because when the osmotic pressure
increases in solutions of salts, sugars, and other
substances, plasmolysis of yeast cells occur. In solutions
with a lower osmotic pressure, cells absorb water from
the environment and swell. The growth rate of yeast
depends on the osmotic pressure in the cell and in the
wort. The larger it is, the faster the yeast
reproduces [10].

Nitrogen nutrition. For normal vital activity in
anaerobic conditions, yeasts need nitrogen, which they
are able to assimilate in various forms. So, for example,
during the reproduction of yeast, the average need for
nitrogen is 20-35 mg/100 cm?® of the medium. Under
optimal cultivation conditions, every 10 billion cells
absorb 20-35 mg of nitrogen [7,8].

The source of nitrogen nutrition for yeast cells is
soluble nitrogen compounds (organic and inorganic).
High molecular weight proteins (simple proteins and
complex proteins), as well as amines, betaine, choline
and purines are not assimilated by saccharomycetes, as
they do not form exoproteases. The nitrogen of peptides
is poorly assimilated by yeast, with an increase in the
molecular weight of peptides, the ability of yeast to
assimilate them decreases. But there is evidence that the
presence of peptides in the environment, together with
other forms of nitrogen, stimulates the consumption of
amino acids.

Amides and ammonium compounds are assimilated
by yeast. Nitrates are not assimilated by most yeast
cultures.

Ammonia, as well as amine nitrogen, is the main
source for the synthesis of cell proteins. Ammonia
nitrogen is separated from ammonium salts of the
environment and other nitrogen compounds and is used
by yeast cells for the synthesis of amino acids.

In complex nutrient environments, the yeast cell
most easily and completely assimilates nitrogen in the
amine form. The nitrogen of the amide group in the
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presence of amine nitrogen is practically not consumed,
but in anaerobic conditions the need for amide nitrogen
increases. Most yeasts can use urea as the only source of
nutrition, forming the enzyme urease. There is also a
non-urease pathway for the use of urea. The use of urea
in alcohol production has a good effect on the
development and reproduction of yeast.

Thus, yeast can synthesize almost all the necessary
amino acids from carbon and ammonium. But in
practice, yeast primarily uses free amino acids from the
environment or vacuoles for biosynthetic processes.

The nitrogen content in the fermentable substrates
largely determines the rate of synthesis and formation of
yeast biomass. The most suitable for yeast, from the
point of view of energy consumption, is amino acid
nitrogen [8-10].

In connection with the fact that the management of
the metabolism of yeast cells in the technology of
cultivation of industrial yeast allows influencing the
physiological and biochemical and, accordingly, the
fermentation activity of yeast, it is important to research
and develop ways to increase the biochemical activity
of cells. The influence on yeast metabolism at the
cellular and subcellular levels is carried out by adjusting
the composition of the cultivation medium and
technological parameters of cultivation. Nutrient media
enriched with biologically active additives make it
possible to improve the physiological state of yeast
cultures and increase their fermentation activity [11].

The growth and reproduction of industrial strains of
alcoholic yeast Saccharomyces cerevisiae is primarily
determined by the balanced composition of the nutrient
medium.  During the fermentation of high
concentrations of wort to obtain bioethanol, yeast cells
are under stressful conditions. In order to prevent a
decrease in the speed of the biotechnological process
and to achieve an optimal yield of the target product of
biosynthesis (biomass), it is necessary to add missing
nutrients to the nutrient medium. Currently, there is a lot
of information about the influence of various
environmental factors on the growth and reproduction
of microorganisms. The potential of microorganism
cultures has not been sufficiently explored. When
preparing nutrient media until recently, researchers
mainly used methods of establishing single-factor
dependence, that is, the principle of alternating changes
in the experiment of each factor of the environment
against the background of a constant level of
others [12,13].

It is necessary to investigate the influence of
various factors of the cultivated environment on the
biosynthesis of yeast cells. With the help of
mathematical modeling, develop response surfaces and
determine the optimal technological parameters for the
cultivation of industrial yeast for the fermentation of
high-concentration wort.

The purpose of the presented work is to establish
the optimal parameters for the cultivation of production
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yeast in the conditions of fermentation of high
concentrations of wort for the production of bioethanol.

Research tasks:

1. Selection of technological parameters for the
cultivation of production yeast for the fermentation of
high-concentration wort experimentally

2. Carry out mathematical modeling of the process
of cultivation of production yeast for fermentation of
high-concentration wort.

3. To establish the optimal parameters for the
cultivation of osmophilic yeast for the fermentation of
high-concentration wort. Research materials and
methods.

Research materials and methods

Methods of obtaining products and semi-
products of alcohol production in laboratory
conditions

Nutrient media used in the research process

For the cultivation of industrial yeast in laboratory
conditions, a medium from starch-containing raw
materials was used.

To prepare the grain mixture, a 500 cm?® conical
flask was weighed with 50-70 g of ground corn (passage
of 100% through a sieve with a diameter of 1 mm), 150-
130 cm?® of water was added. It was mixed and the
working solution of the diluting enzyme preparation
was added. A solution of the enzyme preparation with
water was previously prepared in a ratio of 1:10.

In the work, the following enzyme preparations
from the manufacturer "Danisco” (Belgium) were used:
Amylex 4T, as a source of a-amylase; Diazyme TGA,
as a source of glucoamylase; Alphalase AFP, as a source
of protease; Laminex 750 as a source of cellulose.

Enzyme preparations were added in units of
activity. Corn grain with a starch content of 69.0% was
used for research.

The preparation of wort was carried out according
to the low-temperature boiling scheme at a temperature
of 85-92°C using concentrated enzyme preparations of
a-amylase, exposure for 3 h. The liquefied mass was
cooled to a temperature of 50-55°C and glucoamylase,
protease and cellulose were added, with an exposure
time of 0.5 h. The concentration of thermostable -
amylase was 0.4; 0.60 units AA/g of starch,
glucoamylase — 5.0 units. GIA/g of starch.

After saccharification, the wort was pasteurized at
a temperature of 80°C for 20 minutes, cooled to a
temperature of 50°C and acidified with sulfuric acid to
acidity of 0.5-0.6 degrees. Yeast was cultivated at
temperatures of 30, 32, 35 and 37°C.

Wort from starch-containing raw materials for
cultivation was prepared with a concentration of 20, 24,
28% DM.

Preparation of industrial yeast

In laboratory conditions, pure cultures of the
researched yeast from the jamb were transplanted into a
test tube with sterile wort with a concentration of 9-10%
DM and it was fermented for 24 hours at a temperature

Volume 16 Issue 4/2022



Bionpoyecu, 6iomexHonozis xap4osux npodykmis, AP / Biological processes, biotechnology of food products, BAS

of 30°C. After that, the contents of the test tube were
sterilely transferred to a flask containing 200 ml of
sterile wort and fermented for 24 hours, after which the
wort was centrifuged, the sediment was washed with a
physiological solution and used for wort fermentation.

Yeast was cultivated on sterile malt wort and wort
from starch-containing raw materials. The dough and
wort were poured into 20 ml test tubes and 0.25-0.50 L
flasks of 100 and 200 ml, respectively.

The physiological state of yeast cells was
determined by staining the yeast cell with Lugol's
solution [14], the content of dead cells - by staining with
methylene blue, the number of budding yeast and their
number — in the Horyaev chamber [14].

The medium was sterilized at a pressure of 0.1 MPa
for 30 min. Sterile wort was stored at room temperature.

Methods of analysis of raw materials, semi-
products of alcohol production

The starch content of the original grain was
determined according to the Evers method [16]. The
granulometric composition of grain grinding was
determined by the method of screening on metal and
kapron sieves [14]. The concentration of dry substances
was determined on a RPL-3 type refractometer of food
laboratories [14].

In mature brew, pH and active acidity were
determined by the electrometric method.

All determinations of quality indicators were
determined in threefold repeatability with further
statistical analysis of the obtained results.

Methods of mathematical processing of
experimental data

To optimize the technological parameters of the
production yeast cultivation process, an experiment was
planned, as a result of which mathematical models were
built. The results of methodological studies of the
technological process of cultivation of production yeast
indicate the non-linear nature of the influence of the
initial concentration of dry substances of the cultivated
wort, the temperature of cultivation and the
concentration of amino nitrogen on the concentration of
yeast cells.

To conduct experimental studies, the results of
which allow you to calculate the coefficients of the
regression equations, that is, the dependence of the
concentration of yeast cells ¢ = f (DM, t, N), on the
technological parameters of the process: the initial
concentration of dry matters of the wort (DM), the
temperature of cultivation (t) and the concentration of
the amino nitrogen (N) an orthogonal central
composition plan of the second order was chosen. The
choice of an orthogonal central composite plan was due
to the fact that this plan is the simplest among second-
order plans. In this plan, the sum of the scalar products
of the column vectors of the matrix is equal to zero, and
accordingly, all the coefficients of the regression
equation are determined independently of each other
and the calculations when estimating the coefficients are
simplified.
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The total number of experiments z depends on the
number of factors:

2=2+2k+no, )

where k is the number of factors; no is the number
of experiments in the center of the experimental plan
(usually one or two experiments).

In our case, for three experiment factors k = 3 and
two experiments in the center of the plan no = 2, the total
number of experiments is z =23+ 2-:3+2=16.

The unknown response function is most often
represented by a polynomial of the kth degree:

Y=bo+ Xk bx *2]‘1 j=1bix; x; YR b+ (2)
i<j

where by, b, bj;, bii are polynomial coefficients.

According to the preliminary analysis of our
process, the linear regression model describes it
inadequately, and therefore we can achieve a
satisfactory approximation of the response surface using
a polynomial of the second degree. The mathematical
model of the response surface in our case should look
like this:

y=bo+bixi + ... + bixi + birax® + ... + baixi? + ... baisrxaxe
+ ...+ bkXiaxi. (3)

The main technological parameters of the process
of cultivating production yeast and establishing the
patterns of changes in the concentration of yeast cells,
which were selected as variable factors when planning
the experiment:

X1 — concentration of amino nitrogen (N, g/dm?);

X2 — cultivation temperature (t, °C);

X3 — wort dry matter concentration (DM, %).

The minimum and maximum values of the
technological parameters and their variation intervals
were chosen based on the real process of cultivation of
production yeast used in practice.

The selected technological parameters of the
cultivation process meet all the requirements related to
the planning factors of the experiment. The intervals of
variation of the experiment factors are given in the
table 1.

To determine the optimal values of the
technological parameters of the production yeast
cultivation process, the partial derivatives were set to
zero.

On the basis of the obtained regression equations,
the response surfaces of the optimization parameters
were constructed from two variable technological
parameters, with the other two fixed at the basic level,
and also the optimal values of the technological
parameters of the production yeast cultivation process
were determined to ensure obtaining the maximum
concentration of yeast cells for the fermentation of high-
concentration wort.
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Table 1 — Plan-matrix for conducting experiments of the orthogonal central composite plan

Experiment No Variable factors Response furlctlon (mean)
X1 X2 X3 y
1 -1 -1 -1 Yim
2 -1 -1 1 Yy2m
3 -1 1 -1 Y3m
4 -1 1 1 Yam
5 1 -1 -1 Ysm
6 1 -1 1 Yém
7 1 1 -1 Y7m
8 1 1 1 Y8m
9 -1.68179 0 0 Yom
10 1.68179 0 0 Y1om
11 0 -1 0 Y1im
12 0 1 0 Y12m
13 0 0 -1.68179 Y13m
14 0 0 1.68179 Y14m
15 0 0 0 Y15m
16 0 0 0 Y16m

Results of the research and their discussion

Selection of technological parameters for the
cultivation of production yeast for the fermentation
of wort of high concentrations by experimental
means. The biochemical activity of yeast plays an
important role in alcohol production. The use of
osmophilic, thermotolerant strains of alcoholic yeast,
optimization of their cultivation parameters allows to
increase the yield of alcohol and its quality with minimal
losses.

It is scientifically proven that the fermentation of
high-concentration wort leads to an increase in the
physiological activity of yeast and its concentration up
to 30-60 million/cm?, depending on the content of dry
matters in the wort [15,16].

An increase in the concentration of dry substances
of fermented wort and alcohol in brews leads to a
slowdown in the processes of yeast cell synthesis and
fermentation [15]. Therefore, it is necessary to
investigate the influence of the technological parameters
of the cultivation of production yeast for the synthesis
of the required concentration of yeast cells with high
biochemical activity.

It is known that the metabolism in a yeast cell is
directly dependent on nitrogen nutrition. With an
increased concentration of grain wort, the content of
non-fermentable carbohydrates increases and the yeast's
need for easily assimilated nitrogen increases. Full
nitrogen nutrition is an important factor in the regulation
of yeast reproduction processes and their physiological
activity. It is known that amino acids, which are
consumed by yeast from the substrate by direct
assimilation, are a more suitable source of nutrition.
Therefore, providing the substrate with this source of
nitrogen nutrition is one of the ways of intensification in
the process of yeast cultivation [15,16].

Increasing the concentration of wort solids during
fermentation should be done carefully so as not to
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excessively increase the osmotic pressure. Therefore, to
improve bioethanol production, it is necessary to add
other nutrients, such as amine nitrogen. Enrichment of
the culture medium with nutrients, namely a source rich
in nitrogen, was investigated for increasing the
productivity and survival of yeast cells under conditions
of high osmotic stress [17].

The use of environments balanced in terms of
amino acids contributes to the activation of the
processes of yeast cultivation, biomass synthesis and
alcoholic fermentation: the concentration of cells
increases by 2 times, their fermentation activity and
productivity — by 20-25%, the rate of carbohydrate
consumption increases. As a result, there is an
intensification of the biotechnological process of
obtaining ethanol [15].

An increase in the temperature of fermentation and
the osmotic pressure of the environment leads to the
creation of extreme conditions for the vital activity of
yeast. This can lead to a decrease in the fermentation
activity and reproduction rate of yeast, which, in turn,
can lead to unstable work in the fermentation
department. Therefore, a promising direction of
scientific research is the search for ways to maintain the
stability of yeast metabolic processes and increase their
fermentation activity [18-20].

One of the most promising directions for the
intensification of ethyl alcohol technology is to increase
the concentration of wort from grain raw materials and
use new osmophilic and thermotolerant yeast
strains [19-21]. Given that the resource- and energy-
saving technology involves an increase in the
concentration of dry substances in the wort, it is
necessary to choose rational technological parameters of
fermentation [22-24]. Increasing the concentration of
production yeast is one of the ways to reduce the
duration of wort fermentation.

For this purpose, studies were conducted to
determine the optimal concentration of wort dry matter,
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amino nitrogen concentration, and the temperature of
cultivation of production yeast for further fermentation
of high-concentration wort by the yeast strain
Saccharomyces cerevisiae DO-16 (IMB Y — 5099)
selected at the Department of Biotechnology of
Fermentation Products and Winemaking of the National
University of Food Technologies [25].

Grinding from corn grain with a starch content of
69.0+0.1% was used for the cultivation of wort. The
concentration of wort was 20, 24 and 28% of dry
rheovins. Cultivation was carried out at temperatures of
30, 32, 35 and 37°C. The concentration of amino
nitrogen was 0.5, 0.7, 0.9 g/dm?>.

As can be seen from Table 2, during cultivation at
temperatures of 30 and 32°C and a concentration of dry
substances of 28% and according to the introduced
amino nitrogen, the concentration of yeast cells was
higher.

Mathematical modeling of the process of
cultivation of production yeast for fermentation of
high concentrations of wort

In order to substantiate the technological
parameters of the process of cultivation of industrial
yeast for the fermentation of high-concentration wort
and to establish the patterns of changes in the
concentration of yeast cells in the cultivation medium
depending on the initial concentration of dry substances
in the wort, the concentration of amino nitrogen and the
temperature of fermentation, laboratory experimental
studies of samples were conducted according to the
developed technology (Table 3).

Since the linear response surface describes the
experimental material inadequately, further experiments
were conducted to refine its form using a second-order
polynomial.

Table 2 — Influence of technological parameters of cultivation on the synthesis of yeast cells

N Initial concentration of wort Temperature, Concentration of amine Concentration of yeast
. dry matter, % °C nitrogen, g/dm?3 cells, million/cm?3

1 20+0.2 30+1 0.5 231423
2 20+0.2 32+1 0.5 240+24
3 20+0.2 35+1 0.5 202420
4 20+0.2 37+1 0.5 88+8
5 20+0.2 30+1 0.7 281+28
6 20+0.2 32+1 0.7 296+29
7 20+0.2 35+1 0.7 27627
8 20+0.2 37+1 0.7 105+10
9 20+0.2 301 0.9 261+26
10 20+0.2 32+1 0.9 270+£27
11 20+0.2 35+1 0.9 256+25
12 20+0.2 37+1 0.9 84+8
13 24+0.2 30+1 0.5 280+28
14 24+0.2 32+1 0.5 291429
15 24+0.2 35+1 0.5 206+20
16 24+0.2 37+1 0.5 96+9
17 24+0.2 30+1 0.7 260+26
18 24+0.2 32+1 0.7 356435
19 24+0.2 35+1 0.7 334+33
20 24+0.2 37+1 0.7 11611
21 24+0.2 30=+1 0.9 293+29
22 24+0.2 32+1 0.9 315431
23 2440.2 35+1 0.9 308+30
24 24+0.2 37+1 0.9 108+10
25 28+0.2 301 0.5 311+31
26 28+0.2 32+1 0.5 320+32
27 28+0.2 35+1 0.5 307+30
28 28+0.2 37+1 0.5 120+12
29 28+0.2 301 0.7 401+40
30 28+0.2 32+1 0.7 418+41
31 28+0.2 35+1 0.7 386+38
32 28+0.2 37+1 0.7 138+13
33 28+0.2 30+1 0.9 368+36
34 28+0.2 32+1 0.9 384+38
35 28+0.2 35+1 0.9 364+36
36 28+0.2 37+1 0.9 134+13
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Table 3 — Planning Matrix and Response Function

Ne | Dry matter DM, % | Temperature, °C Concentration of arr;me nitrogen N, Concentrat_lo_n of yesast
g/dm cells, ¢ million/cm
1 -1 -1 -1 231
2 -1 -1 1 261
3 -1 1 -1 88
4 -1 1 1 104
5 1 -1 -1 311
6 1 -1 1 368
7 1 1 -1 120
8 1 1 1 134
9 -1.68179 0 0 153
10 1.68179 0 0 415
11 0 -1 0 260
12 0 1 0 85
13 0 0 -1.68179 206
14 0 0 1.68179 308
15 0 0 0 276
16 0 0 0 276

Estimates of the regression coefficients for the symmetric plan of the second order were calculated according

to the formulas:

f)(]:%ZJaz ?jj—fZZJazj )

bij =—— Zmﬂb + ij iU

on ZmJJUUJ (i #0);

j=1

i=1j=1

ij Y7

17 o
bie = Ton > omyxirgy; (1 F €),
Jj=1

where and n are the number of plan points and the total number of trials, respectively, m; is the number of

parallel experiments (m; = 3).

The estimation of the significance of the
coefficients of the regression equation was checked at
the level of 0.05 using the Student's t-test. Statistically
insignificant coefficients were discarded.

The response functions (optimization parameter),
which reflect the dependence of the ethanol
concentration on the initial concentration of wort solids,
the concentration of production yeast, and the
fermentation temperature, according to the results of the
orthogonal central composite planning of the
experiment, in the coded values of the variable factors,
took the following form:

y = 279.222 + 50.497x1 — 4.9503x1% — 74.6375x%; —
44.3715x%,° + 21.1281x3 — 14.4962x5> — 15.625xX1X2 +
3.125X1X3 — 7.125X2X3.

After checking the adequacy of the obtained
second-order model for this technological process of
fermentation according to Fisher's F-criterion, it turned
out that Fcar, is less than Frape, S0 the hypothesis about
the adequacy of the regression equations was accepted.
The resulting second-order regression equations in
coded and natural values can be used for calculation.

To obtain the regression equation in natural form,
the basic level for each technological parameter of the
process and its variation interval were determined. In
natural quantities, the equation takes the form:
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Cconc. yeast cells , Million/cm? = 3.906 DMxc —
1.116DMxt — 0.31DM? + 62.129DM — 3.622t? —
10.178tc + 255.27t — 362.405¢ + 860.239¢ — 4874.466

The response values calculated by the obtained
regression model are close to the experimental
realizations of the observed random variable.

Intermediate regression equations were also
obtained. The response functions (optimization
parameter), which reflect the dependence of ethanol
concentration ¢ depending on the concentration of yeast
N, the fermentation temperature t and the concentration
of wort dry matter DM according to the results of the
conducted orthogonal central compositional planning of
the experiment in the natural values of the variable
factors, took the following form:
at different temperature levels:
att=30°C: Cey.c = 28.647DM + 554.88¢ — 0.309DM ? —
362.405¢2 + 3.906DMxc — 476.29
att = 33,5°C: Ccyc = 24.74DM + 519.26¢ — 0.309DM 2
— 362.405¢% + 3.906DMxc — 387.87
att =37 °C: ccy.c. = 20.834DM + 483.63c — 0.309DM 2
— 362.405¢% + 3.906DMxc — 388.19;
at different levels of amino nitrogen concentration:
atc=0.5 g/dm?: ccy.c. = 64.08DM + 250.18t — 0.309DM
2_3.622t> — 1.116DMxt — 4534.95;

Volume 16 Issue 4/2022



bionpoyecu, biomexHonozis xap4osux npodykmis, bAP / Biological processes, biotechnology of food products, BAS

at¢=0,7 g/dm’: Ccy.c. = 64.86DM + 248.14t — 0.309DM
2_3.622t> - 1.116DMxt — 4449.88;

atc=0,9 g/dm?: Ccy.c. = 65.64DM + 246.11t — 0,309DM
2_3.622t> - 1.116DMxt — 4393.8

at different concentrations of wort dry matters:

at DM = 20%: Ccyc = 232.95t + 938.36¢ — 3.622t* —
362.405¢% — 10.18tc — 3755.64;

at DM = 24%: Ccyc = 228.48t + 953.99¢c — 3.622t* —
362.405¢% - 10.18tc — 3561.58;

at DM = 28%: Ccyc = 224.02t + 969.61c — 3.622t* —
362.405¢2 - 10.18tc — 3377.41

Coye = 224,021+ 969,61 — 3,6227 —
362,405¢% - 10,181c — 3377,41 (28 %)

32 33 34 35 36
t,°C

,Irl;
30 31

a

After checking the adequacy of the received models
of the second order to the technological process
according to Fisher's F-criterion, it turned out that Feac,
is less than Fpi,, then the hypothesis about the adequacy
of the regression equations was accepted.

To study the influence of the technological
parameters of the high-concentrated wort fermentation
process (variable factors) on the optimization
parameters, response surfaces and their two-
dimensional sections were constructed depending on
two variable factors (the third factor was at a constant
basic level) using the Origin software (fig. 1-3)

Coye. = 228,481+ 953,99¢ — 3,622 —

cy.c.

362,405¢% - 10,18¢c — 3561,58

24 %)
0,9

4 min./cm®

0,5

3 34 35
t,°C

30 31 32

36

b

Coye, = 232,951+ 938,36¢ - 3,6221% —

362,405¢* — 10,181c — 3755,64

0,5

(20 %)

30 31 32

3 34 35 36

t,°C

c

Fig. 1. Response surfaces of the dependence of ethanol synthesis on the technological parameters of the
production yeast cultivation process: the initial concentration of wort dry matter (a — 28%; b — 24%, ¢ -
20%), amino nitrogen concentration, fermentation temperature
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Ceve = 20,834DM + 483,63¢ — 0,309DM? —

ey,

362,405¢* + 3,906DMxc — 388,19 (37 °C)

26 ........... -

)
24 b

{ i
DM, %
C.y s 195.
22
20
0,5 0,6 0,7 0,8 0,9
c, g/dm3
a)

Coye. = 24,74DM + 519,26¢ — 0,309DM? —

cy.c.

362,405¢* + 3,906DMxc — 387,87 (33,5 °C)

24

DM, %

20
0,5 0,6 0,7 0,8 0,9
¢, g/dm3
b)
Cove = 28,647DM + 554,88¢ — 0,309DM* —

cy.c.

362,405¢2 + 3,906DMxc — 476,29 (30 °C)

=388 min./em’

Cey.c. max

0,7
C, g/dm3
0)

Fig. 2. Response surfaces of the dependence of ethanol
synthesis on technological parameters of the production
yeast cultivation process: initial concentration of wort
solids, concentration of amino nitrogen, fermentation
temperature (a —-37°C; b — 33.5°C, ¢ — 30°C)

0,5 0,6 0,8 0,9
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c... = 6564DM + 246,11¢— 0,309DM> — 3,622 —

cy.e.

1,116DMx7 — 4393,8

32 33 34 35 36 37
t,°C
a)
Ceye. = 64,86DM + 248,141 - 0,309DM” - 3,622¢* —

(0,7 g/dm®)

I

30 31

1,116DMxz — 4449,88

DM, %

30 31 32 33 34 35 36 37
t,°C
b)

Coye. = 64,08DM + 250,18/ — 0,309DM? - 3,622 —

1,116DMxt — 4534,95 (0,5 g/dm®)

26
24 ...... i
DM, % -
Dl | yedmax = p2s minse
20
30 31 32 33 34 35 36 37
t,°C
<)

Fig. 3. Response surfaces of the dependence of
ethanol synthesis on technological parameters of the
production yeast cultivation process: initial
concentration of wort solids, the concentration of amino
nitrogen (a — 0.9 g/dm3; b — 0.7 g/dm?, ¢ — 0.5 g/dm?),
fermentation temperature
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Thus, the possibility of effective directed
management of the process of cultivation of production
alcohol yeast for fermentation of high concentrations of
wort by changing the technological parameters has been
proven. The obtained results of the research provide the
basis for the practical application of the optimal values
of the technological parameters of the process of
cultivation of industrial yeast for the fermentation of
wort of high concentrations in industrial conditions for
the production of bioethanol.

with a selected highly productive race of alcoholic yeast
Saccharomyces cerevisiae DO-16 (IMB Y-5099).

The created mathematical model makes it possible
to calculate the concentration of yeast cells depending
on the initial concentration of the wort, the
concentration of amino nitrogen and the cultivation
temperature. Based on the equations of the
mathematical model, the optimization of the process of
cultivation of yeast cells for the fermentation of high-
concentration wort for the production of bioethanol was

carried out.

Conclusion Using the Origin software, we found the optimal

mathematical modeling, the optimal technological
parameters of industrial yeast cultivation were selected
for the fermentation of high-concentration grain wort

values of the technological parameters of the
biosynthesis of yeast cells: the concentration of dry
matters of grain wort 28%, the temperature of
cultivation 30°C, the concentration of amino nitrogen

On the basis of experimental studies and

0.7 g/dm>.
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'Kadenpa rorensHO-pecTOPaHHOT CIPABHU

2Kadeapa MaIluH i anapaTiB XapgoBuX Ta (apMaIleBTHIHUX BUPOOHHIITR

HanionanbsHui yHIBEpCUTET XapYOBHX TEXHOJIOTIH

ByI. Bononumupceka 68, m. Kuis, Ykpaina, 01601

AnoTtanist /[y 3amo0iraHHs 3HWKCHHIO IBUAKOCTI 010TEXHOJOTTYHOTO TPOIECY 1 JOCSITHEHHS ONTHMAIBHOTO BUXOIY
LTBOBOTO MPOAYKTY OiocuHTE3y (Oiomach) HEOOXiTHO PO3POOUTH ONTHMAIIBHI TEXHOJOTIYHI MMapaMeTpH KyJIbTHBYBAaHHS
BUPOOHMYMX APDKIDKIB Saccharomyces cerevisiae mist 30poKyBaHHs 3€PHOBOTO CyCJia BUCOKUX KOHIEHTparii. [TiBUIeHHs
KOHIICHTpamii CyXHX PEeYOBHH 30pOKYBAaHOTO Cycia i CIUPTY B OpakKax NMPH3BOAMTH A0 CIIOBUIFHEHHS MPOLECIB CHHTE3Y
IPDK/DKOBUX KIITHH Ta 30pokyBaHHSA. ToMy, HEOOXHO IOCITIJUTH BIUIMB TEXHOJOTIYHMX HAapaMeTpPiB KyJIbTUBYBaHHS
BUPOOHUYMX OPLKIDKIB JUIA CHHTE3y HEOOXiAHOI KOHIEHTpalii APIKIKOBUX KIITHH 3 BHCOKOI 010XIMIYHOIO aKTHUBHICTIO.
KynpTuByBaHHS BHUPOOHMYMX JAPDKIDKIB TPOBOAWIM OCMO(DIIPHOIO TEPMOTOJIEPAHTHOIO PACOI0 CHHPTOBHX IPDLKIKIB
Saccharomyces cerevisiae 10-16 (IMB Y — 5099) 3a temneparypu 30, 32, 35 ta 37°C. [ToyaTKOBa KOHILIEHTPAILlisl CyXHX
pedoBuH ctanoBmia 20, 24 ta 28%, KOHIIEHTpaIlis aMiHHOTO a30Ty ctanoBmia 0.5, 0.7 ta 0.9 r/am?. [y minbopy TEXHOIOTIYHUX
rapaMeTpiB mpolecy KyJIbTUBYBaHHS BHPOOHMYMX JAPDKIUKIB JUId 30pOIKYBaHHS Cyclla BHCOKHX KOHLEHTpAmid Ta
BCTAHOBJICHHSI 3aKOHOMIPHOCTEH 3MiHHM MPOBENU 1abOpaTopHi eKCIepHMEHTANbHI OOCTIIKEHHA 3pa3KiB 3a pO3pOOJICHOIO
TexXHoJIOTi€r0. Y IaHill poOOTi JOCIIPKYETHCS CTYIIIHb BILIMBY Ha CHHTE3 JPDKIKOBHX KIIITHH Pi3HUX MapaMeTpiB Hpolecy B iX
B3a€MO/Ii1, IPOBOJIUTHCS BCTAHOBIICHHS 0araTto(pakToOpHOI 3aI€KHOCTI, BUKOPUCTOBYIOYM METOAN MaTeMaTHYHOTO TUIAHYBaHHS
ekcriepuMenTy. KynbTHBYBaHHS BUPOOHMYMX CIMPTOBUX JpiXIKiB Saccharomyces cerevisiae J10-16 mpoBoamiu B yMOBax
MepioaudHOl KynbTypH. SIK (akTopH BapiroBaHHS 3aCTOCOBYBAJH: IIOYATKOBY KOHIICHTPALI0 CYXHX PEYOBHH Cycia,
KOHIICHTPALiI0 aMiHHOTO a30Ty, TeMIlepaTypy KylbTHBYBaHHs. CTBOpEHa MaTeMaTHUHA MOJIENb JJa€ MOXKIINBICTh PO3paxyBaTH
KOHIICHTPAIil0 BUPOOHMYUX APLKIDKIB 3aIeKHO BiJ IOYATKOBOI KOHIIEHTpamii Cyclia, KOHIIEHTpalii aMiHHOTO a3oTy Ta
TemIiepatypu OpoaiHHs. 3a pIBHIHHAMYI MaTeMaTHYHOT MOJIeN 3/1iiICHEHO ONTHMI3aNilo Iporecy 30poKyBaHHS CyClla BUCOKHX
KOHIIEHTpamii Uil BUPOOHUITBA OioeTaHONy. 3 BUKOPHUCTAHHAM IporpamHoOro 3abesnedeHHs Origin 3HAWIUTM ONTHMANbHI
3HAYCHHSI TEXHOJIOTTUHHX MapaMeTpiB O10CHHTE3Y APIKHKOBUX KITITHH: KOHIICHTPAIIS CyXHX PEYOBHH 3epHOBOTO cycia 28%,
Temneparypa KynpTuByBaHHS 30—-32°C, KOHIEHTpamis aMiHHOTO a30Ty 0,7 r/mm>.

KurouoBi ciioBa: Gioeranou, 30popKyBaHHs, OI0CHHTE3 IPLKIKOBUX KIIITHH, Saccharomyces cerevisiae, onrumisaris,
CyCJIO BUCOKOT KOHIICHTpAIIil
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