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Background. Enhancing the efficiency of second-generation (2G) bioethanol production from lignocellulosic
biomass is crucial for advancing sustainable biofuel technologies. However, the conversion of biomass into
2G bioethanol faces substantial challenges, necessitating a comprehensive investigation of microbial agents.
Objective. To evaluate the effect of glucose and xylose concentrations, as well as cultivation duration, on the
efficiency of ethanologenesis using the model organism Scheffersomyces stipitis UCM Y-2810, and to deter-
mine the optimal conditions for achieving maximum ethanol yield.

Methods. The effects of glucose and xylose concentrations and cultivation time on ethanologenesis efficiency
were evaluated using S. stipitis UCM Y-2810 as a model organism. The experimental design included three
levels of factors: xylose concentration (3, 16.5, and 30 g/l), glucose concentration (1, 5.5, and 10 g/1), and
cultivation durations (1, 2, and 3 days). Statistical analysis of the experimental data was conducted using a
three-factor, three-level Box—Behnken design.

Results. Under submerged cultivation of the strain of S. stipitis UCM Y-2810 in model media, optimization
of the ethanologenesis process resulted in a maximum ethanol yield of 7.74 g/l. The optimal conditions for
this yield were identified as follows: xylose concentration of 16.5 g/1, glucose concentration of 7.75 g/1, and a
cultivation time of 3 days.

Conclusions. The application of the Box—Behnken design revealed that the statistically significant factors in-
fluencing ethanologenesis efficiency were xylose concentration, yeast cultivation duration, and the linear-

quadratic interaction between these two factors.
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Introduction

Renewable energy plays an important role in
the current and future eras to overcome and re-
place rapidly depleting fossil fuel reserves, reduce
environmental damage by managing greenhouse gas
emissions and control environmental problems as-
sociated with pollution. Fossil fuels are still the
main source of energy in the world. The depletion
of fossil fuels is a challenge to future availability
due to the growing global population and increas-
ing demand [1].

Most renewable energy production options are
based on sources such as wind, solar, tidal, hydro-
power and geothermal energy, which can generate
electricity and replace fossil fuels. Recently, agri-
cultural biomass or agricultural biomass from lig-
nocellulosic waste has gained interest due to the
annual production of large volumes of agricultural
biomass and the high calorific value of such bio-
mass [2]. Lignocellulosic plant biomass (LCB),
which is available in large quantities around the
world, is considered an urgent feedstock for biofuel

production [3]. According to estimates, LCB has
the potential to generate approximately 442 billion
liters of bioethanol annually. If crop residues and
wasted crops are also taken into account, this figure
could increase to 491 billion liters, which is ap-
proximately 16 times the current global production
of bioethanol [4]. This highlights the substantial
untapped potential of LCB as a renewable and sus-
tainable feedstock for bioethanol production, offe-
ring significant opportunities to scale up biofuel
production globally. Lignocellulose is the building
block of plants and consists of cellulose, hemicel-
lulose and lignin as the main components in a
complex structure that prevents degradation. The
production of biofuels from agricultural LCB de-
pends on several factors, including seasonal avail-
ability, composition, strategy [5]. However, unlo-
cking the full potential of lignocellulosic waste for
bioethanol production is not without its challenges.
The efficient conversion of LCB into bioethanol
presents several challenges. The primary hurdle is
the complex process of hydrolyzing lignocellulose
into simple sugars like glucose and xylose, which

© The Author(s) 2025. Published by Igor Sikorsky Kyiv Polytechnic Institute.

This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



46

can then be fermented into ethanol [6, 7]. Tradi-
tional yeasts, such as Saccharomyces cerevisiae, ef-
ficiently ferment glucose but are incapable of uti-
lizing xylose, leading to reduced ethanol yields [8].
The inclusion of xylose-fermenting microorganisms
in the bioethanol production process can signifi-
cantly enhance the efficiency of LCB conversion and
increase ethanol yields [9]. Among yeasts, Scheffer-
somyces stipitis and S. passalidarum demonstrated the
highest ethanol yields, exceeding 0.44 g/g, under con-
ditions of oxygen limitation [9]. These findings high-
light the potential of S. stipitis and S. passalidarum
as promising candidates for efficient bioethanol
production. However, to achieve optimal results, it
is essential to optimize fermentation conditions,
particularly the concentrations of glucose and xy-
lose, as well as the duration of the process.

In this context, the use of yeasts capable of
fermenting xylose, such as those from the species
S. stipitis, becomes particularly significant. Incorpo-
rating this microorganism into the bioethanol pro-
duction process has the potential to substantially
enhance the efficiency of optimize fermentation
conditions, specifically the concentrations of glu-
cose and xylose, as well as the duration of the fer-
mentation process. Tailoring these parameters to
the specific characteristics of the yeast strain can
lead to improved ethanol production and more ef-
ficient utilization of lignocellulosic feedstocks.

The objective of this study was to analyse the
effect of glucose, xylose concentrations and dura-
tion of cultivation on the efficiency of ethanologe-
nesis, using S. stipitis UCM Y-2810 and to deter-
mine the most optimal values for the highest etha-
nol yield.

Materials and Methods

Based on the results of a literature search for
wild strains, our attention was drawn to the newly
isolated, during the screening of strains of non-
traditional yeasts capable of xylose fermentation
conducted at the D.K. Zabolotny Institute of Mi-
crobiology and Virology of NASU, a representative
of the genus S. stipitis, UCM Y-2810. This strain
was isolated from rotten wood in the Holosiivskyi
forest. During the initial, unoptimised analysis of
of ethanogenesis efficiency, the statistical cultiva-
tion of ethanol yield was quite low, even for a high
xylose concentration of 40 g/l and the absence of
glucose in the medium, which according to pre-
liminary data for representatives of the species
S. stipitis significantly inhibits xylose fermentation
for concentrations above 2 g/l [11]. Thus, the etha-
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nol content was 2.2—2.8 g/1 after the 7th day of cul-
tivation. However, after changing the method culti-
vation in conical flasks on a rocking chair, with the
same xylose content in the medium (40 g/l), the
average ethanol yield was already 6.1 g/l at the end
of the first day. at the end of the first day. It is
worth noting that with increasing cultivation time,
the amount of ethanol produced decreased, which
the researchers attributed to re-assimilation of etha-
nol by yeast cells [12].

For the development of the cultivation method
and conditions, we used the experience gained du-
ring previous studies of . stipitis UCM Y-2810 [12,
13]. For the cultivation of yeast, we chose the me-
thod of deep cultivation in conical flasks (250 ml)
on a rocking chair at a temperature of 25 °C, the
stirring speed was set to 120 rpm, and the cultiva-
tion time was up to 3 days.

To prepare the inoculum, which was a yeast
suspension, the culture was grown on wort agar at
25 °C for 2 days. It has been adding to the expe-
rimental medium until the concentration reached
1x10° cells/ml. Xylose and glucose were added ac-
cording to the design of each individual run.

The liquid modified YPD liquid modified me-
dium of the following composition:

yeast extract — 10 g/I,

peptone — 5 g/,

xylose — from 1 to 10 g/I,

glucose — from 3 to 30 g/I.

The volume of the medium in the flask was
80 ml.

The use of mathematical statistics methods to
determine of significant factors and optimal values
of significant factors was used for a more in-depth
study of the process of ethanologenesis of the yeast
S. stipitis UCM Y-2810 during cultivation on mix-
tures of xylose and glucose. We used three-factor
three-level experimental design according to Box—
Behnken design (BBD) in combination with the de-
sirability function (Design of Experiments (DOE)
module in Statistica 14.01, TIBCO Software Inc.)
[14]. The BBD was selected according to the ac-
tual concentrations of these monosaccharides in
syrups. According to the BBD, 15 variants of the
experiment were performed, each of which meant
a certain combination of optimization factors, where
the concentration of ethanol in the medium served
as an optimization parameter [15]. The indepen-
dent variables were the following factors: X, — xy-
lose concentration in the medium, g/l; X, — glu-
cose concentration in the medium, g/1; X; — dura-
tion of yeast cultivation, days (Table 1). This ap-
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proach allows us to estimate linear and quadratic
effects of the influence of factors (X, X,, X;) on
the indicator Y and express them in the form of a
regression equation within one model:

n n n n
y=b+ Zl‘,bixi +Z]:biixi2 +Z Zbijxixj’
i= i=

i=l  j>i

where b” is the constant, b, is the linear coefficient,
b; is the quadratic coefficient, and b; is the second
order interaction coefficient.

Determination of the amount of ethyl alcohol
synthesized by yeast cultures was carried out by gas
was determined by gas chromatography-mass spec-
trometry (Laboratory of Biological Polymeric
Compounds, D.K. Zabolotny Institute of Micro-
biology and Virology of the National Academy of
Sciences of Ukraine) using an Agilent 6890N /5973
inert instrument (Agilent Technologies, USA),
HP-INNOWax capillary column (30 m x 0.25 mm
x 0.25 pm) (J&W Scientific, USA). The separation
was performed with a temperature gradient of
20 °C/min from 40 to 120 °C, helium as a carrier
gas, and a flow rate of 1 ml/min through the co-
lumn.
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General statistical processing of the data was
carried out using using Statistica 14.01 (TIBCO
Software Inc., 2022). The obtained results were
considered statistically significant at p < 0.05.

Results

The results were obtained after 15 separate
runs of the cultivation conditions which were de-
termined by the BBD experiment design matrix are
presented in Table 2.

The significance levels of the effects — linear,
quadratic, and interaction — were determined thro-
ugh analysis of variance (ANOVA). This analysis
revealed that each of the optimization factors studi-
ed, namely xylose concentration (X;), glucose con-
centration (X;), and yeast cultivation duration (X;),
were considered statistically significant (p <0.05) on
both the concentration of viable yeast cells and the
ethanol concentration (Table 3). These findings un-
derscore the critical role that each factor plays in
optimizing the fermentation process, as even slight
variations in these parameters can markedly influ-
ence the overall yield and efficiency of ethanol
production.

Table 1: Optimization factors and their values used in Box—Behnken design

Factor designation Factor Minimum value "-" Average value "0" Maximum value "+"
X Xylose, g/l 16.5 30
X, Glucose, g/l 5.5 10
X; Duration, day 2 3

Table 2: Ethanol content after cultivation of S. stipitis in conical flasks according to the Box—Behnken design

Sample Starting parameters Results

X X X Y Y,
1 3 1 2 9.279 0
2 30 1 2 9.580 2.799
3 3 10 2 9.279 0
4 30 10 2 9.279 3.375
5 3 5.5 1 9.491 2.716
6 30 5.5 1 8.491 2.305
7 3 5.5 3 9.699 2.963
8 30 5.5 3 9.398 3.787
9 16.5 1 1 8.447 0
10 16.5 10 1 8.643 0
11 16.5 1 3 9.398 5.350
12 16.5 10 3 9.643 7.738
13 16.5 5.5 2 9.643 4.198
14 16.5 5.5 2 9.908 3.128
15 16.5 5.5 2 9.519 3.210

Notes. X; — xylose concentration in the medium, g/l; X, — glucose concentration in the medium, g/I; X; — duration of yeast cultiva-

tion, days; Y;

— yeast biomass, 1g(CFU/ml); Y, — ethanol concentration, g/I.
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Standardized effects of ANOVA are located
according to absolute value was illustrated in Fig. 1.
This diagram shows that the linear effect of the cul-
tivation duration has the highest reliable influence
on yeast biomass. The data obtained indicate that
the concentration of significant (p <0.05) effect on
ethanol yield had xylose concentration (linear ef-
fect, F=22.96, p = 0.040), duration of yeast culti-
vation (linear effect, F = 38.6, p = 0.024) and the
linear-quadratic interaction of these two factors
(F =45.48, p = 0.021), all other factors or their in-
teractions do not significantly influence the effi-
ciency of ethanologenesis.

Glucose is not a statistically significant factor,
neither in its quadratic nor linear form, which con-
firms the observation made in the results of the ex-
periment included in the experiment matrix. It is

also worth mentioning the interaction effect be-
tween linear xylose and quadratic glucose, which is
close to the point of statistical significance. Inte-
restingly, this effect has a negative value, which in-
dicates a decrease in the efficiency of ethanologe-
nesis with a large amount of both monosaccharides
in the medium — this observation aligns with the
well-known phenomenon of glucose repression, but
evaluating the p-value (0.076 > 0.05) for it, it is not
is not statistically significant enough.

In the course of analyzing the raw data, a re-
gression equation is obtained which has the form
of a second order quadratic polynomial taking into
account only statistically significant effects:

Y, =9.218+0.686.X,
Y, =2.586 +2.126X, +2.757X; + 2.839X2 X;.

Table 3: Results of analysis of variance (ANOVA) of the dependence of ethanol yield on the factors

Yeast biomass (Y;), LeCFU/ml;

Ethanol concentration (1,), g/l;

Factor R-sqr = 0.971; MS Residual = 0.039 R-sqr = 0.989; MS Residual = 0.354
Fisher's criterion p-level Fisher's criterion p-level
(1)Xylose, g/L(L) 0.618 0.513 22.959 0.040
Xylose, g/1.(Q) 0.227 0.680 13.742 0.065
(2)Glucose, g/L(L) 0.032 0.872 1.766 0.315
Glucose, g/L(Q) 7.668 0.109 6.994 0.118
(3)Duration, day(L) 22.134 0.042 38.599 0.024
Duration, day(Q) 12.861 0.069 3.497 0.202
1L by 2L 0.573 0.527 0.233 0.676
1L by 2Q 8.124 0.104 11.698 0.075
1Q by 2L 1.742 0.317 1.157 0.394
1L by 3L 3.093 0.220 1.075 0.408
1Q by 3L 2.212 0.275 45.479 0.021
2L by 3L 0.015 0.913 4.020 0.182
Notes. L — linear effects of factor; Q — nonlinear (quadratic) effects of factor.
(3)Duration, day(L) — 4704767 10by3L D s
Duration, day(Q) ‘ 3,586323 (3)Duration, day(L) I- 6,212859
1by2Q ‘ -2,8503 (LXylose, g/L(L) ‘ 4,791629
Glucose, g/L(Q) ‘ 2,769217 Xylose, g/L(Q) ‘ 3,707108
wef s 20 3205
(Xylose, g/L(L) :l /786566 Duration, day(Q) :|-1.87029
wya | |- @cwose g0 | |rzees
(2)Glucose, g/L(L) :| -181169 LhyaL :| 1,086032
2Lby3L :l 11232032 1Lby2L :l 4836219

p=,05

Standardized Effect Estimate (Absolute Value)

a

p=,05

Standardized Effect Estimate (Absolute Value)

b

Figure 1: Factors influence on: (a) yeast biomass, (b) ethanol concentration
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Response surface analysis can provide a better
understanding of the dependencies and of factors,
both dependent and independent. For yeast bio-
mass, the most significant effect was observed in
relation to the duration of cultivation, with a noti-
ceable increase in cell numbers as the cultivation
period extended (Fig. 2).

Fig. 3 shows the response surfaces of the time
dependence on xylose concentration for different
glucose concentrations determined by BBD of 3-
factor analysis. Comparing the 3 graphs, we obser-
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which once again proves the lack of statistical sig-
nificance of this factor. We can also observe a cer-
tain optimum for the xylose content (15—18 g/l),
which changes slightly for different glucose con-
centrations.

Evaluating the response surfaces for time ver-
sus glucose concentration at varying xylose concen-
trations (Fig. 4) reveals the role of cultivation time
in determining ethanol yield. At low xylose con-
centrations, ethanol yield remains very low (<3 g/1)
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Figure 2: Effect of xylose concentration on yeast biomass at different cultivation times: (a) 1 day, (b) 2 days, (c) 3 days
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Figure 3: The response surface of ethanol yield at glucose concentration: (a) 1 g/l, (b) 5.5 g/, (c) 10 g/I
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(b) 2 days, (c) 3 days
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and does not significantly change with prolonged
cultivation, although a distinct glucose optimum is
observed in the range of 4—6 g/l. From Fig. 4b, it
can be concluded that glucose concentration has a
minimal impact on ethanol yield, suggesting that
other factors, such as xylose concentration and cul-
tivation time, play more significant roles. Fig. 4c
further illustrates that achieving higher ethanol yields
requires an optimal xylose concentration of 16.5 g/1,
combined with higher glucose concentrations and
extended cultivation periods.

To determine the optimal conditions, we em-
ployed a desirability function, which integrated all
the data obtained from the response surfaces. This
approach allowed us to identify the optimal culti-

32

30
28

26

Glucose, g/L
Duration, day

Xylose, g/L

a

(c) duration of yeast cultivation

15

vation conditions for maximizing bioethanol yield.
The desirability function works by transforming all
responses into a dimensionless value (Fig. 5).

Fig. 5 shows that the most optimal cultivation
time is from 3 days. If we determine the the opti-
mal concentrations of xylose and glucose as a fun-
ction of time, the general range should include
xylose concentrations between 12 and 24 g/l and
glucose concentrations starting from 4 g/1. However,
upon analyzing the optimization graph for the
balance of glucose relative to xylose, the practical
optimum narrows to a xylose concentration of 17—
21 g/1 and a glucose concentration of 8—11 g/I.

By evaluating the profiles of predicted values
(Fig. 6), the optimal conditions for maximum etha-
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Figure 6: Profiles of predicted values for optimal ethanol concentration for Box—Behnken experimental designs using conical flasks
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nol yield were determined as follows: xylose concen-
tration of 16.5 g/1, glucose concentration of 7.75 g/l
and a cultivation time of 3 days. Under these con-
ditions, the maximum ethanol concentration achie-
ved in the rocking flasks was 7.738 g/I.

Weak effect of glucose concentration on etha-
nologenesis observed at the onset of cultivation sig-
nificantly diminished as the cultivation period ex-
tended. This trend may suggest a rapid initial assi-
milation of glucose by .S. stipitis UCM Y-2810, com-
pared to xylose [16]. However, it was noted that
the lowest xylose concentration at the conclusion of
the cultivation period led to a decrease in ethanol
concentration. This observation underscores the
importance of maintaining sufficient xylose levels
throughout the process to sustain high ethanol
yields.

Discussion

This study examines the potential for proces-
sing lignocellulosic agricultural waste into second-
generation ethanol using xylose-fermenting yeast.
This is highly significant for investigating ways to
enhance the sustainability of bioethanol production
from LCB as an alternative fuel source. It contri-
butes to addressing issues related to sustainable de-
velopment and waste management. The conditions
for ethanol production were based on data regard-
ing the content of monosaccharides such as glu-
cose and xylose, including their concentrations and
ratios. We employed statistical methods, specifical-
ly design of experiments, to optimize the fermenta-
tion conditions.

It is well known from the literature that the
selection of xylose concentration in the medium,
as well as the ratio of glucose to xylose in hexose
and pentose mixtures, plays a crucial role in study-
ing the ethanol-producing potential of xylose-
fermenting yeast [16]. It is known that among
yeasts, the highest level of xylose-fermenting ac-
tivity has been observed in representatives of the
species S. stipitis [17]. For representatives of the
species . stipitis, a key prerequisite for effective
fermentation of cellulose hydrolysate to ethanol is
the ability to ferment both glucose and xylose [11].
The investigation of the physiological characteris-
tics of yeast consumption of glucose and xylose in
ethanol production was oriented towards data ob-
tained from yeast cultivation in most previous stu-
dies [12, 13]. It has been shown that isolates
S. stipitis possessed the ability to ferment xylose at
elevated temperatures and produced up to 6 g/l etha-
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nol from 40 g/l xylose [12]. Additionally, in our
experiments, we utilized monosaccharide concen-
trations and a xylose-to-glucose ratio of 3:1 in the
mixtures, based on our previous data [13].

Even a weak effect of glucose concentration
on ethanologenesis at the very beginning of culti-
vation significantly decreased with the duration of
cultivation, which may indicate a rapid initial as-
similation of glucose by S. stipitis UCM Y-2810 in
comparison to xylose [16]. The influence of xylose
on ethanologenesis was characterized by a positive
correlation between ethanol production and both
xylose concentration and cultivation time. Howev-
er, the lowest xylose concentration at the end of
cultivation resulted in a decrease in ethanol con-
centration. At xylose concentrations within the mid
to high range, glucose concentration had minimal
effect on the fermentation process.

To make the bioconversion of LCB an econo-
mically viable option, innovative solutions to tech-
nological challenges related to the processing and
pretreatment of raw materials are essential.

Conclusions

When using the Box—Behnken design, the sta-
tistically significant factors for the efficiency of
ethanologenesis were the xylose concentration, the
duration of yeast cultivation, and the linear-quad-
ratic interaction of these two factors.

The amount of the highest ethanol yield was
7.738 g/1, with the optimal factors being: xylose
concentration — 16.5 g/1, glucose concentration —
7.75 g/1 and time — 3 days.

These findings highlight the critical role of
substrate availability and fermentation time in op-
timizing ethanol production efficiency. The study
revealed that the tested glucose concentrations did
not have a significant impact on the process of xy-
lose fermentation by yeast. Furthermore, no evi-
dence of non-competitive inhibition of xylose trans-
port by glucose into yeast cells was observed, indi-
cating that glucose did not interfere with xylose
uptake or metabolism under the studied conditions.
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"HeTuTyT MikpoGionorii i Bipyconorii im. [1.K. 3a6onoTHoro HAH Ykpainu, Kuis, Ykpaita
2KuiCbKuin HauioHanNbHWIA YHIBEPCUTET TEXHOMOTIN Ta Au3anHy, Kuis, YkpaiHa

OUIHKA ETAHONTIOEHHOIO MOTEHUIANY KCUTO30®EPMEHTYIOUYUX OPDKAXIB SCHEFFERSOMYCES STIPITIS UCM Y-2810

Mpo6nemartuka. lNigBuLieHHA edeKkTMBHOCTI BUpobHMLTBa GioeTaHony Apyroro nokoniHHa (2G) 3 nirHouentonosHoi biomacu mae Bupi-
LanbHe 3Ha4YeHHs AN Po3BUTKY cTanux GionanvBHux TexHonorin. OgHak nepeTBopeHHs Biomacu Ha GioeTaHon 2G CTUKAETLCS 3i 3HaY-
HUMU TPyAHOLLAMMU, Lo 3yMOBIIOE HEOOXIAHICTb BCebiYHOro AocnigkKeHHs MikpoObHUX areHTiB.

MeTa. OUiHWTK BNAMB KOHLUEHTpAaLii FMKO3U, KCUINO3M Ta TPMBANOCTi KyNbTUBYBaHHS Ha €(eKTUBHICTb eTaHONoreHesy npu BUKOpPUC-
TaHHi Scheffersomyces stipitis UCM Y-2810, a Takox BU3Ha4MTX ONTUMarbHi yMOBY ANS AOCATHEHHS MakCMMarbHOro BUXo4y eTaHory.
MeTopauka peanisauii. OUiHKy BNMBY KOHLEHTPALi roKOo3W, KCMIOo3n Ta TPUBANoCTi KyNbTUBYBaHHSA Ha ePeKTUBHICTb eTaHonoreHesy
npoBOAWIU 3 BUKOpUCTaHHAM S. stipitis UCM Y-2810 sik MmogenbHOro opraHiamy. EkcnepMmeHTanbHui AM3anH BKIOYaB TPU PiBHI hakTopis:



Innov Biosyst Bioeng, 2025, vol. 9, no. 1 53

KOHUeHTpauist keunosm (3, 16,5 i 30 r/n), koHueHTpauis rnoko3m (1, 5,51 10 r/n) i TpuBanicTb KynbTuByBaHHsA (1, 2 i 3 gHi). CTaTucTny-
HWUI aHani3 OTPMMaHWX pe3ynbTaTiB 34INCHIOBaNu 3 BUKOPUCTAHHAM TPUaKTOPHOro, TPUPIBHEBOIO eKCrepuMeHTanbHOro ansaHy bok-
ca—beHkeHa.

PesynbTtatn. MNpy rmmbruHHOMY KynbTuByBaHHi wramy S. stipitis UCM Y-2810 Ha MofdenbHMUX cepefoBuLLax onTMmisalis npoiecy eta-
HoMoreHe3y fana 3mory AOCSAITY MakCMManbHOro BUxoay eTaHony 7,74 r/n. OnTumansHUMK YMOBW ANsi AOCSITHEHHS LIbOro Buxopy bynu:
KOHLIeHTpaLis keunoam 16,5 r/n, KoHUeHTpauis rmoko3mn 7,75 r/n i TpuBanicTb KynbTuByBaHHA 3 obw.

BucHoBku. 3acTocyBaHHA An3anHy bokca—beHkeHa nokasano, Wo CTaTUCTUYHO 3HaYyLMMK hakTopamu, siKi BNMBakTb Ha edeKTUB-
HICTb eTaHororeHesy, € KOHLUeHTpaLis KCUnosu, TpueanicTe KynbTUBYBaHHA APKOXKIB Ta NiHIMHO-KBagpaTUyHa B3aEMOAIA MK Lumu
Asoma cbakropamu.

KnroyoBi cnoBa: nirHouentonosHa 6iomaca; kcunosodgepmeHTytodi Apixaxi; Scheffersomyces stipites; 6ioetaHon 2G.



