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ABSTRACT

The resistance to ethanol of 18 strains of alcoholic yeast Saccharomyces cerevisiae, including production strains,
was studied. It is shown that yeast growth was inhibited by increasing the concentration of ethanol in the
medium above 7% (v/v). Successive adaptation of alcohol yeast to gradually increased concentrations of sodium
chloride in the medium was carried out. Yeast variants that exceeded production strains in fermentation activity
on the medium with 10% (v/v) ethanol were received. The use of selected strains will increase the productivity

of the process of ethyl alcohol production at the same costs.
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I. INTRODUCTION

The production of bioethanol is of great
interest in connection with the need for renewable
energy sources and reducing the negative impact of
exhaust gases on the environment. Biodiesel and
bioethanol are considered as the main renewable
biofuels [1, 2]. Even a very small addition of ethanol
to the fuel used for internal combustion engines
significantly saves energy and reduces the toxicity of
exhaust gases. Currently, more than half of world
production of ethanol is used as an additive to
gasoline and only 15% for the production of
alcoholic beverages [3]. At the same time,
bioethanol fuel has the greatest potential in
comparison with biodiesel, since it is characterized
by inexhaustible sources of production. These can be
different vegetable raw materials, as well as
agricultural and wood-processing waste.

The main direction of the development of
alcohol industry is the search for ways to reduce the
production costs of raw materials and energy
resources. One of the most effective ways of solving
this problem is using the technology of fermentation
of highly concentrated wort. Increase in productivity
in ethanol production is achieved both by improving
the technology and increasing the efficiency of the
microbiological process [4-6]. Among technological
solutions, much attention is paid in recent years to
the immobilization of yeast cells on various carriers
[6-9], which allows the use of bioethanol producer
culture up to four or even seven cycles.

Nevertheless, the periodicity of the process
of alcohol fermentation leads to its termination after
accumulation of about 8% ethanol because of its

High toxicity for yeast. Nevertheless, the periodicity
of the process of alcohol fermentation necessitates
the resumption of fermentation after accumulation of
about 8-10% ethanol because of its high toxicity for
yeast. Therefore, the most important aspect of
intensifying the microbiological industry is to
increase the resistance of the producer strain to the
final fermentation product ethanol [10-14].

In the process of alcohol production, yeast
cells are exposed to the effects of hyperosmotic and
ethanol stress. Adaptation of cells in the conditions
of damage occurs not only at the metabolic and
functional levels. Long, repeated or significant
damage leads to essential structural rearrangements
in a cell that have an adaptive value [15-17]. Such
adaptation to the action of damaging factors occurs
through stereotyped adaptive changes in the cell or
cellular system. It is known that the membrane
fluidity of the cells is of paramount importance in
nonspecific resistance to abiotic factors of the
environment.

The purpose of this work was
to increase production characteristics, firstly ethanol
resistance, of alcoholic yeast Saccharomyces
cerevisiae by adapting to the hyperosmotic pressure
of the environment.

Il. MATERIALS AND METHODS

Alcoholic yeast Saccharomyces cerevisiae
(18 strains, including two production strains No.13
and No.18) were the subjects of investigation.

Alcohol resistance of the yeast cultures was
determined in the liquid Reader medium (g per L:
glucose — 10.0, (NH,4),SO4 — 2.1, KH,PO, — 1.0,
MgSO, - 0.2, K,SO, — 0.2, yeast extract — 0.5).
Yeast was inoculated into the flask with an alcohol
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content of 1% to 15% (v/v) at intervals of 1%. Five
ml of pure yeast culture (10® colony forming units
CFU per ml) was added to a flask with 100 ml of the
medium. The flasks were incubated for120 h at 30°C
under conditions of a batch culture. Reader medium
with an alcohol content of 1 to 15% (v/v) was used
as a control. Samples of yeast suspensions (4 ml) for
determining the optical density D (with a green filter
and wavelength A = 540 nm) were taken
immediately after inoculation and after 24 and 120
hours.

To increase osmotolerance, alcohol yeast
was grown on a liquid Rider medium with gradually
increasing concentrations of sodium chloride from
5% to 15% (with an increase in the concentration of
sodium chloride by 1%). Five ml pure yeast culture
(10® CFU/mI) was added to a flask with 100 ml of
the medium. The incubation was carried out under
conditions of a batch culture for 72 h at 30°C.
Samples for determining the optical density D of the
yeast suspension (A = 540 nm) and CFU quantity (on
Reader medium) were taken immediately after
inoculation and after 72 h incubation. 72 h yeast
suspensions were used for inoculation into a medium
with a higher concentration of NaCl.

The fermentation activity of the selected
and initial variants was examined in Dunbar tubes on
filtered wheat wort with a solids concentration of
16.4% and pH 4.3, 8% (v/v) or 10% (v/v) of ethanol
was added. The inoculum cultures (108 KOE/ml) in
an amount of 2 ml were inoculated into tubes with
20 ml of the medium and cultivated for 24 hours at
28°C. The intensity of fermentation was judged by
the amount of the displaced culture medium at the
sealed end of the tube, which was released during
the fermentation by carbon dioxide.

All experiments were carried out in
triplicate. The results of the studies were statistically
processed according to a standard procedure using
the Student's test.

I1l. RESULTS AND DISCUSSION

Tolerance of 18 strains of alcohol yeast to
the content of ethanol in the media from 1 to 10%
was investigated. It was noted that yeast growth was
largely inhibited at concentrations of ethanol of 7%
and above. Figures 1 and 2 show data on the
accumulation of biomass by yeast Saccharomyces
cerevisiae in the media with 7% and 10% ethyl
alcohol.
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Figurel: The increase in the biomass of alcohol
yeast in the culture medium with 7% ethanol
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Figure2: The increase in the biomass of alcohol
yeast in the culture medium with10% ethanol

The bulk of the strains studied showed the
ability to grow in a medium with 7% ethanol
content, although the growth of a number of cultures
was largely inhibited. Growth of yeast at 10%
ethanol content was lean or absent.

The yeast cultures under investigation were
adapted to the gradually increasing concentration of
sodium chloride.

It was shown that the studied strains of
alcohol yeast differed in their resistance to increased
salinity of the environment and had a different
adaptive potential. Thus, as shown in Table 1 some
strains (No. 1, 5, 6, 12) were able to grow in media
with 5-7% NaCl, and strains No. 2, 3, 16, and 17
withstood even higher concentrations of NaCl.
About a half of the strains were characterized by
poor growth in the media with addition of sodium
chloride.

The viability of yeast cells was noted to
drop starting with the concentration of sodium
chloride in the medium of 9% - Table 2. The number
of viable cells in 1 ml decreased in nine out of 18
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strains by 5-87% with a slight increase in the optical
density of the suspensions. However, some cultures
retained the capacity for active growth.

Viability was reduced only in six cultures
(by 14-85%) when NaCl concentration was
increased in the medium up to 11%, since the
material for inoculation was taken each time from
the previous incubation, and thus more tolerant
variants were selected with every inoculation. In five
yeast cultures the CFU number increased 17.0-60.0
times, in seven ones it did 1.6-7.8 times.

Viability inhibition was more pronounced
in medium with 13% and 15% sodium chloride. At
13% NaCl it decreased by 24% in two cultures and
by 70-80% in seven cultures. At the same time, a
significant increase in CFU (7.9-18.5 times) was
noted in three cultures and slight rise (1.3-5.0 times)
- in five cultures.

CFU quantity decreased in 17 cultures by
17-82% and increased by 1.1-2.2 times in 8 cultures
in the medium with the maximum NaCl content.

Only cultures No.7 and No.15 differed in ability not
only withstand the concentration of sodium chloride
15% but even grow in a hyperosmotic environment.
So, in culture No. 7, CFU increased 9.2 times, in
culture No. 15 - 3.5 times, the optical density of
culture suspensions rose correspondingly by 1.9 and
1.4 times.

Based on the data obtained, cultures No. 7
and No. 15 which were adapted to the high NaCl
content and characterized by altered fluidity of the
cell membrane and increased tolerance to the effects
of abiotic stress factors were used for the selection
of variants. The fermentative activity of the selected
variants was compared in Dunbar tubes with the
activity of the production strain of alcohol yeast.
Fermentation of the production strain was stopped at
8% ethanol in the medium. The selected variants
were characterized by high fermentative activity in
the absence of CO, release by the production strain
of alcohol yeast after 24 hours of cultivation in the
wort with 10% (v/v) ethyl alcohol - Figure 3.

Table 1: Optical density (units) of alcohol yeast cultures in media with 5-15% NaCl

NaCl concentration

zZ
o

5% % 9%

11% 13% 15%

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

0.381

0.896

0.449

0.823

0.502

0.632

0.359

0.603

0.426

0.500

0.426

0.598

0.407

0.745

0.431

0.729

0.518

0.699

0.504

0.681

0.428

0.643

0.428

0.582

0.410

0.706

0.412

0.721

0.440

0.755

0.353

0.730

0.395

0.695

0.395

0.567

0.384

0.710

0.403

0.621

0.392

0.539

0.358

0.503

0.374

0.489

0.374

0.450

0.387

0.739

0.427

0.684

0.486

0.647

0.545

0.590

0.431

0.508

0.431

0.454

0.382

0.747

0.550

0.679

0.402

0.584

0.493

0.535

0.475

0.529

0.475

0.521

0.408

0.875

0.431

0.869

0.405

0.851

0.473

0.803

0.402

0.786

0.402

0.747

O N|O|OA(WIN|F-

0.402

0.816

0.402

0.792

0.362

0.695

0.354

0.631

0.493

0.574

0.493

0.549

9 0.404

0.548

0.407

0.545

0.371

0.540

0.384

0.485

0.367

0.449

0.367

0.413

0.397

0.664

0.401

0.602

0.398

0.562

0.359

0.531

0.420

0.509

0.420

0.491

0.430

0.678

0.428

0.675

0.534

0.672

0.374

0.632

0.510

0.617

0.510

0.594

0.409

0.788

0.390

0.591

0.420

0.560

0.366

0.520

0.433

0.742

0.433

0.451

0.409

0.583

0.403

0.564

0.365

0.537

0.455

0.521

0.478

0.512

0.478

0.500

0.384

0.559

0.416

0.554

0.382

0.550

0.474

0.540

0.386

0.534

0.346

0.527

0.404

0.765

0.423

0.741

0.395

0.734

0.513

0.710

0.496

0.701

0.496

0.686

0.386

0.858

0.430

0.820

0.404

0.750

0.480

0.698

0.394

0.607

0.394

0.548

0.382

0.789

0.363

0.610

0.397

0.556

0.340

0.703

0.516

0.672

0.516

0.627

0.381

0.622

0.364

0.614

0.374

0.598

0.345

0.582

0.391

0.579

0.391

0.573

0.357

0.357

0.357

0.357

0.358

0.358

0.359

0.359

0.360

0.360

0.361

0.361

NOTE: The significance

level of p <0.001

Table 2: Number of colony forming units (x10® / ml) in media with 5-15% NaCl

5%

%

9%

11%

13%

15%

Z
o

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

Oh

96 h

2.3

820.0

7.1

210.0

8.2

6.7

14

9.4

4.6

0.9

4.2

9.4

53

40.0

6.7

94.0

8.5

14.0

4.3

23.0

4.8

8.5

4.3

7.0

5.8

24.0

6.0

92.0

6.4

78.0

1.2

72.0

4.0

20.0

3.8

54

2.7

29.0

4.9

22.0

6.9

0.9

1.3

0.2

3.1

0.8

3.1

0.9

3.1

32.0

6.6

86.0

3.2

7.1

7.1

6.1

4.9

1.2

4.7

0.9

2.5

41.0

7.5

84.0

4.6

2.8

8.2

4.3

5.7

2.2

51

3.2

N[OOI WIN|(F-

54

640.0

6.8

580.0

4.7

290.0

6.9

98.0

4.0

74.0

3.7

34.0
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8 48 | 3100 | 4.7 | 1100 | 1.9 9.3 1.7 | 320 | 55 4.2 5.9 4.9
9 5.0 1.6 5.3 1.2 2.0 0.9 2.1 0.9 2.8 0.8 3.9 0.7
10 4.3 1.0 4.6 9.7 4.0 1.8 1.9 4.0 4.6 1.4 4.1 1.3
11 6.7 160 [ 67| 780 | 85 8.1 20 | 340 | 65 6.8 8.0 8.9
12 5.6 79.0 | 65 8.1 6.1 1.4 1.9 3.1 50 | 59.0 | 46 0.8
13 5.7 9.1 5.0 2.8 2.0 0.9 6.4 3.2 5.8 1.7 5.0 2.1
14 2.8 7.8 7.6 2.1 2.4 1.0 7.0 4.9 3.7 2.8 2.6 3.8
15 5.1 640 | 74 | 9500 | 64 | 310 8.2 640 | 58 | 46.0 | 7.8 27.0
16 3.2 | 5200 | 6.6 | 180.0 | 45 | 64.0 79 | 490 | 39 6.1 2.9 4.7
17 2.6 960 | 19| 120 | 15 1.1 1.2 | 510 | 6.9 9.7 8.6 15.0
18 2.4 100 | 20| 140 | 12 3.5 1.4 5.4 3.6 4.7 3.6 6.3

NOTE: The significance level of p <0.05

K - original unadapted production strain No.18.
Figure 3: Fermentation activity of selective yeast variants in the wort with 10% ethanol

IV. CONCLUSION
Thus, the consequent adaptation of alcohol

yeast to the increased content of sodium chloride in
the medium helps to modify their cell walls and
increase resistance to the final fermentation product
ethanol. Selected variants of alcohol yeast will
contribute to the intensification of the process of
production of ethyl alcohol and will enhance the
profitability of production by increasing the yield of
ethanol at the same cost.
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