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© Abstract. As a leading agro-industrial country, Ukraine generates significant amounts of by-products every year,
including oat straw, which, given its lignocellulosic composition, is a valuable resource for meeting bioenergy needs.
The aim of this work was to investigate the effectiveness of treating oat straw with a mixture of acetic acid and hydrogen
peroxide for effective delignification and obtaining a substrate with a high content of polysaccharide component for
potential use in the production of second-generation biofuel. Mathematical modelling and regression equation analysis
were applied based on experiments with varying hydrogen peroxide concentrations (10-30 vol. %) and treatment
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Method of preparing oat straw for biofuel production

durations (60-120 min) to determine the optimal compromise between lignin removal and cellulose preservation. It was
found that hydrogen peroxide consumption and treatment duration have a predominantly negative effect on substrate
yield, while a positive effect is observed for lignin removal. It was shown that the optimal conditions are a hydrogen
peroxide content of 30 vol. % in the mixture with a treatment duration of 60 min, which ensures the maximum value of
the desirability function and the production of a substrate with a yield of 52.8%, a lignin content of 2.1% and a cellulose
content of 66.8%. Experimental verification of these conditions confirmed the reliability of the obtained model: a
substrate with a yield of 52.1%, lignin content of 2.3% and cellulose content of 65.9% was obtained. Thus, the work
demonstrates the effectiveness of a sound approach to the processing of agro-industrial waste, opening up prospects
for the production of second-generation biofuels. The results obtained have scientific and practical significance, as
they confirm the effectiveness of optimised delignification of oat straw and create a scientifically sound basis for the

development of resource-efficient technologies for the production of second-generation biofuels

© Keywords: substrate; lignin; cellulose; waste processing; delignification

@ Introduction

The urgent need to abandon fossil fuels, linked to resource
depletion, climate change and greenhouse gas emissions, is
driving the search for alternative energy sources. Biofuel can
be considered one of the most promising types of alternative
energy, as its use helps to reduce dependence on oil, natural
gas and coal, and also reduces the anthropogenic impact on
the environment. First-generation biofuels, produced from
food crops, are characterised by certain problems, which
consist in reducing the amount of food available to people,
which can lead to an increase in food prices. Unlike first-gen-
eration biofuels, second-generation biofuels are produced
from non-food lignocellulosic biomass, agricultural residues
and waste, which is a promising solution for creating alter-
native energy sources. However, technological and economic
improvements in its production processes remain a pressing
issue, especially in terms of processing lignocellulosic bio-
mass, which is the most accessible type of raw material for
producing second-generation bioethanol.

In their work, M. Jayakumar et al. (2023) emphasise that
bioethanol from lignocellulosic biomass is a key element
of energy transformation, as it allows for the combination
of resource renewability and CO, emission reduction. It is
noted that agricultural waste — straw, corn stalks, husks, i.e.
materials that do not compete with the food sector - has the
greatest potential. N. Novia et al. (2025) noted that for the
full-scale implementation of second-generation biofuels,
it is necessary to improve biomass pre-treatment technol-
ogies, which determine the efficiency of further hydrolysis
and fermentation. The importance of optimising economic
production indicators is also emphasised, as high production
costs are the main obstacle to the commercialisation of these
processes. The studies by B. Correia et al. (2024) indicate that
realising the full potential of second-generation biofuels re-
quires overcoming technical, economic and logistical barri-
ers, as well as continuous investment in research, innovation
and supportive policy initiatives to ensure their sustainable
and widespread implementation.

S. Roy & S.P. Chundawat (2023) studied the use of ion-
ic liquids for biomass delignification, proving that these
compounds provide a high degree of lignin dissolution (up
to 95%). At the same time, such reagents are expensive and

require further regeneration, which limits their industri-
al application. Another group of authors, R.S. Abolore et
al. (2024), showed that the use of organic solvents could
be an environmentally acceptable alternative. The study
demonstrated the possibility of effective delignification (re-
moval of more than 90% of lignin) under relatively mild
processing conditions (temperature 80-100°C) without the
formation of toxic by-products. In their work, S. Das et
al. (2024) analysed in detail the physicochemical prop-
erties of lignocellulosic biomass and proposed a concept
of multistage conversion taking into account thermome-
chanical and chemical processes. The authors showed that
pre-treatment is a crucial stage that ensures the availability
of cellulose for further hydrolysis. Ukrainian researchers
have also paid considerable attention to this area. Thus, the
authors of the work A. Dankevych et al. (2023) emphasised
that Ukraine has one of the largest potentials in Europe for
agricultural waste, which can provide more than 10 million
tonnes of fuel equivalent annually. The authors proposed
using cereal straw as a stable source of raw material for the
production of second-generation bioethanol.

Despite significant scientific achievements, the stud-
ies leave open the question of finding affordable, safe and
environmentally friendly pre-treatment methods suitable
for large-scale implementation. The conditions for the de-
lignification of specific types of biomass, in particular oat
straw, using an acetic acid-hydrogen peroxide system re-
main insufficiently studied. The influence of process pa-
rameters (time, reagent concentration) on the degree of
lignin removal and the quality of the substrate obtained for
further fermentation also needs to be clarified. The aim of
this study was to investigate the effectiveness of treating oat
straw with a mixture of acetic acid and hydrogen peroxide
in order to establish the conditions for effective delignifica-
tion and obtain a substrate for further bioethanol produc-
tion. Particular attention was paid to determining the effect
of hydrogen peroxide consumption and treatment time.

© Materials and Methods
In laboratory conditions at the Department of Ecology
and Technology of Plant Polymers of Igor Sikorsky KPI,
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research was conducted on the isolation of the polysac-
charide component from oat straw by delignifying it with
a mixture of acetic acid and hydrogen peroxide under
various conditions. Oat straw collected in 2024 in the
fields of the Chernihiv region was used as lignocellulosic
raw material in the study. The straw was first sorted by
hand, separating the leaves and nodes, after which only
the internodes were selected for further work. The select-
ed fragments were crushed to a length of 1.5-2 ¢cm to en-
sure uniformity during the subsequent processing stages.
The prepared biomass was stored in sealed plastic bags at
room temperature. The chemical composition of oat straw
was as follows: cellulose content — 36.7%, lignin - 18.1%,
substances extractable with hot water, 1% NaOH solution
and alcohol-benzene mixture - 11.6%, 37.3% and 3.2%,
respectively, ash content — 6.2% (according to the results
of laboratory analysis conducted in accordance with the
methods of V.A. Barbash et al. (2003), which are gener-
ally accepted for determining the chemical composition
of plant raw materials). The weight of the raw material in
each experiment was 15 g of absolutely dry raw material.
The hydromodule was 10:1 and ensured complete wetting
of the raw material with a reaction mixture based on ace-
tic acid and hydrogen peroxide.

Oat straw was treated with different ratios of acetic acid
to hydrogen peroxide, ranging from 90:10 to 70:30 vol. %
respectively. The treatment duration was 60-120 minutes.
The treatment time was selected based on previous experi-
ence, since it is in this range of treatment duration for differ-
ent types of raw materials that intensive lignin removal oc-
curs, but with varying efficiency (Barbash et al., 2022). The
pre-prepared biomass was poured into a reaction mixture
and heated in heat-resistant glass flasks in a boiling water
bath using reflux condensers to minimise the loss of liquid
phase components. After completion of the treatment pro-
cess, the solid phase - the cellulose product - was separat-
ed by filtration, thoroughly washed with water to a neutral
pH and dried in air to a residual moisture content of 6%.

The effectiveness of the treatment was evaluated based
on the yield of the cellulose product (y,), its residual lignin
content (y,), cellulose content (y,) and ash residue (y,). The
effectiveness of the treatment was assessed visually, based
on the substrate yield and its chemical composition. Each
of the experiments was conducted three times, based on
which the average values were calculated. This approach
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minimised the relative measurement error, which is critical
for the reliable construction of a mathematical model of the
process. The experimental results were processed using the
least squares method to construct a mathematical model of
the process. To describe the relationship between the tech-
nological parameters and the output characteristics of the
cellulose product, a second-order polynomial was used:

Yi = by + bix; + byx, + bsxix, + byx? + bsx?, (1)

where y, - dependent variable (cellulose substrate indica-
tor); x,, x, - independent variables (hydrogen peroxide
content in the mixture and treatment duration); b -b_ -
regression coeflicients that quantitatively characterise the
contribution of each corresponding member to the for-
mation of the model. Regression equations were used to
visualise the effect of oat straw treatment conditions on
substrate properties by constructing 3D models in MAT-
LAB. The substrate production process was optimised us-
ing a multi-criteria evaluation method based on Harring-
tons generalised desirability function. For this purpose,
each substrate parameter (y,) was converted into a dimen-
sionless desirability scale (d) with values ranging from
0 (“very poor”) to 1 (“very good”). Next, the generalised
desirability function was calculated as the geometric mean
of individual indicators, reflecting the overall quality of the
substrate. To determine the optimal parameters of oxida-
tive treatment, one-sided Harrington desirability profiles
were used, and the search for the optimum was carried out
by scanning the generalised function with high accuracy
(step 0.001), which allowed establishing the optimal condi-
tions of the process.

© Results and Discussion

Pre-treatment processes play a key role in preparing bio-
mass for the extraction of the polysaccharide component
and the subsequent production of biofuel from it. The ef-
ficiency of this process largely depends on the ratio of rea-
gents and the duration of treatment, which lead to structur-
al changes in plant raw materials, resulting in an increase
in the yield of cellulose and hemicellulose for subsequent
maximum bioethanol yield. Figure 1 shows the effect of
treatment duration on the appearance of oat straw sub-
strate when exposed to a mixture of acetic acid and hydro-
gen peroxide for different periods of time.

Figure 1. Visual changes in the structure of lignocellulosic substrate based on oat straw
Note: 0 - initial straw; 1 - substrate after treatment of oat straw with a mixture of acetic acid : hydrogen peroxide (70:30 vol. %) for 60
min; 2 — substrate after treatment of oat straw with a mixture of acetic acid : hydrogen peroxide (70:30 vol. %) for 90 min; 3 - substrate
after treatment of oat straw with a mixture of acetic acid and hydrogen peroxide (70:30 vol. %) for 120 min

Source: developed by the authors
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Destruction of the lignocellulose complex structure
was observed, resulting in fibrous products. The struc-
ture and colour of the obtained substrate samples clearly
demonstrated the destructive effect of the reaction mixture
components, in particular the oxidative effect on the aro-
matic component — lignin, which acts as a binding compo-
nent and is part of the structural component of the cell wall,
the removal of which led to the destruction of the cell wall
(Bao et al., 2025). The oxidation and dissolution of lignin
led to the enrichment of the obtained products with cellu-
lose, which is a fibrous component of the cell wall. Visual
assessment of the substrate samples led to the conclusion
that the lignin removal process was sufficiently effective af-
ter 60 minutes and that further increases in the duration of
treatment had no significant effect on the appearance of the
cellulose materials. The change in colour from yellowish for
the raw material to white for the obtained samples also in-
directly indicates the removal of the aromatic component.
A similar effect was observed in cases of delignification of
deciduous and coniferous wood in a study by C. Kundu et
al. (2021). However, in the case of wood processing, it took
twice as long to achieve the bleached product effect. This was
due to differences in the structure of wood and non-wood
plant raw materials, as the former had a denser structure.

Visual assessment of the samples gave a general idea of
the processing process, but further detailed analysis of the
yield of the processed products and their chemical com-
position made it possible to substantiate the effect of the
reaction mixture on the structure of the raw material and to
conclude on the effectiveness of delignification. Treatment
of oat straw with a mixture of acetic acid and hydrogen per-
oxide at a reagent ratio of 70:30 vol. % for 60 min resulted in
a substrate yield of 52.1%. The lignin and cellulose content
under these conditions was 2.4% and 66.0%, respectively. A
further increase in the treatment time to 120 minutes led to
a decrease in product yield and lignin content to 46.2% and
1.2%, respectively. Under these conditions, the cellulose
content increased and reached 72.9%. Extending the treat-
ment time had a slight positive effect on the mineral content,
in particular, the ash content decreased from 2.8% to 2.5%.

In general, the decrease in yield was the result of the
removal of non-cellulose components from the plant raw
material under the influence of peracetic acid, which was
formed in the reaction mixture during heating (Tian et
al., 2021). During processing, peracetic acid acts as an
effective oxidant capable of breaking down the ether and
carbon-carbon bonds between the structural units of
lignin, leading to the destruction of its polymer structure,
dissolution and diffusion into the liquid phase. Increasing
the duration of treatment naturally intensified the oxida-
tive reactions, ensuring the gradual destruction of a larg-
er number of aromatic fragments and contributing to an
increase in the degree of delignification. Thus, prolonged
exposure to an oxidative environment affected the overall
yield of the cellulose product. Similar patterns were noted
by other researchers, in particular in the work of Z. Lin et
al. (2023), which states that during the treatment of poplar
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chips, prolonging the reaction time contributed to deeper
lignin removal. A similar pattern in the change in yield and
chemical composition was observed during the treatment
of straw with a mixture of acetic acid and hydrogen per-
oxide at a reagent ratio of 90:10 vol. %. However, due to
the lower content of hydrogen peroxide, the efficiency of
the process was slightly different. In particular, when the
treatment time was increased in the range of 60-120 min-
utes, the yield of the substrate, its lignin, cellulose and ash
content varied within the range of 70.8-63.6%, 2.7-2.5%,
53.9-58.2% and 2.7-2.1%, respectively.

Comparing the efficiency of raw material processing at
different ratios of components in the reaction mixture, a
positive effect of increasing the hydrogen peroxide content
was clearly observed. Thus, in the case of a reagent ratio of
70:30 vol. %, more peracetic acid was generated, which act-
ed as a selective delignifying agent. The results obtained are
consistent with the data presented in the work of R. Ma et
al. (2021), where it was also noted that an increase in the
concentration of hydrogen peroxide contributes to a more
efficient formation of peracetic acid and, accordingly, an
increase in the degree of delignification while maintaining
the high integrity of cellulose fibres. As a result of mathe-
matical processing of experimental data, regression equa-
tions were obtained that adequately describe the process
of chemical treatment of oat straw stalks with a mixture of
acetic acid and hydrogen peroxide. For substrate yield:

¥,=105.65-3.61x, - 0.124x, + 0.046x+
+0.0002x, X, +0.0003x2.

For residual lignin content:

y,=4.32-0.11x, - 0.022x, +0.002x’ -
~0.0002x, x, +0.002x2.

For cellulose content:

¥,=83.01 +3.23x, +0.07x, - 0.049x> -
~0.0006x, x, - 0.0007x2.

For ash content:

¥,=4.07-0.15x, - 0.0003x, + 0.002x2+
+0.00004x, x, - 0.00003x2.

The analysis of the models allows to quantitatively as-
sess the impact of two key factors — hydrogen peroxide con-
sumption (x,) and treatment duration (x,) - on the quality
characteristics of the substrate. Each of the four equations
describes a nonlinear relationship that reflects the complex
interaction between the process parameters and its results.
Hydrogen peroxide consumption and treatment duration
show a predominantly negative linear effect on substrate
yield and lignin content. This indicates that more intensive
treatment, although effective for lignin removal, inevitably
leads to some degradation of valuable material. However,

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 2



positive coefficients for quadratic terms indicate that the
rate of this degradation is not constant but slows down
over time. On the other hand, reducing the residual lignin
content is the main goal of the treatment, and the equation
confirms that both factors contribute to this. It is notewor-
thy that the interaction coefficient (x, x,) for this indicator
is negative, indicating a synergistic effect: a simultaneous
increase in peroxide consumption and treatment duration
gives a better result in lignin removal than the general sep-
arate application. The ash content proved to be the least
sensitive to changes in treatment duration, as confirmed by
a very low coeflicient. This means that the decisive factor

Halysh et al.

for its control is the concentration of hydrogen peroxide,
which has a significantly greater influence.

Based on the obtained regression equations, three-di-
mensional response surfaces were constructed, which
clearly demonstrate the nature of changes in substrate
properties depending on the process conditions. The
constructed models reflect the relationship between the
studied factors and the main technological indicators,
which allows them to be used for forecasting and optimis-
ing the process. Figure 2 shows 3D models of the effect of
processing conditions on the properties of the substrate
based on oat straw.

25

2:5

120

100

20— g0
10 60 80
X1 X2

Figure 2. 3D models of the effect of processing conditions on the properties of oat straw-based substrate

Source: developed by the authors

The models presented allow for a quantitative assess-
ment of the impact of key technological parameters - treat-
ment duration and reagent consumption - on solid residue
yield and delignification efficiency. The calculated results
showed that at an acetic acid : hydrogen peroxide ratio of
70:30 vol. % with an increase in duration from 60 to 120 min,
a gradual decrease in yield by 10% was observed. This effect
was associated with the destruction and removal of various
biomass components, in particular lignin, hemicellulose,
and partially extractive substances that were easily subject-
ed to oxidative-hydrolytic processes. At the same time, the
reduction in lignin was intense and was due to the selective
action of peracetic acid, which acts as an oxidising agent
capable of breaking aromatic bonds in the lignin structure.

The delignifying effect of peracetic acid is also men-
tioned in the works of other researchers who studied the
delignification of wood chips and confirmed the selective
delignifying effect. In particular, in the case of poplar chips
treatment in the study by P. Wen et al. (2025), maximum
lignin removal with minimal degradation of cellulose and
hemicellulose was demonstrated. The authors P.-O. Westin et
al. (2021) obtained a holocellulose complex from wood chips
using a single-stage peracetic acid delignification method. In

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 2

the work of M.K. Esmaeil et al. (2019), the possibility of del-
ignification of sugar cane bagasse was investigated, and a cel-
lulose product with a yield of about 50% was obtained. In the
case of wheat straw processing by D.U. Pascoli et al. (2022),
high-quality cellulose suitable for the production of nano-
cellulose was obtained. In all cases, the efficiency of the pro-
cess depended on the conditions of its implementation. In
the case of wood, slightly harsher processing conditions are
required than when using non-wood plant raw materials,
such as cereal straw. Wood raw materials (eucalyptus, pop-
lar, spruce chips) are characterised by a higher lignin content
with a more condensed aromatic structure. In such materi-
als, the delignification process was slower, requiring higher
temperatures or longer processing times. In contrast, non-
wood raw materials had a lower lignin content but a higher
hemicellulose content, and their cell walls were more porous
and less dense. This allowed acetic acid to penetrate the fi-
brous structure more easily, promoting faster lignin break-
down even under mild conditions.

The results also showed that, along with the removal
of lignin, the cellulose content in the obtained products
increased, reaching up to 73%. This is not due to the for-
mation of additional cellulose, but to the enrichment of its
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relative content in the product as a result of the removal
of accompanying components (lignin, partially hemicellu-
lose). In all cases of peracetic acid use, part of the hemicel-
lulose component was preserved (Geng et al., 2018). Thus,
the selective effect of the oxidative reagent on the aromatic
component has been confirmed. An increase in cellulose
content during changes in the concentration-time regime
has also been observed by other researchers, in particular
N. Muna et al. (2019) during the processing of fibrous mass
based on coconut shells. As for the removal of mineral
components, the treatment also contributed to the partial
removal of mineral components, but did not lead to the
complete removal of ash substances, which can be consid-
ered a disadvantage. However, when using the obtained
products as substrates for the production of second-gen-
eration liquid biofuels, this does not significantly affect the
efficiency of the biochemical conversion process.

Thus, in order to achieve the desired result - maxi-
mum removal of lignin with minimum loss of cellulose and

substrate yield - it was necessary not only to increase the
intensity of the process, but also to optimise it. The use of
multi-criteria optimisation was extremely important for
the effective processing of oat straw and the extraction of a
substrate with a high polysaccharide content from it. This
made it possible to achieve the specified indicators for the
cellulose product. In this case, the main task was to max-
imise lignin removal while minimising substrate and cellu-
lose yield losses. To solve this problem, multi-criteria opti-
misation was performed, in particular, using Harrington’s
generalised desirability function, which is a reliable tool
for finding the optimum of various processes. The calcu-
lations showed that the optimal parameters for extracting
substrate from oat straw were a hydrogen peroxide con-
tent of 30 vol. % in the mixture and a processing time of
60 minutes. It was for these processing parameter values
that the generalised Harrington desirability function had
its maximum value of 0.797. The optimisation results were
presented in Table 1.

Table 1. Desirability scale and optimisation results

Desirability scale
Indicator y, Ideal option Unacceptable option Optimal value
(very good) (very poor)
b2 70.8 46.2 52.8
¥, 1.2 2.8 2.1
pA 72.9 53.9 66.8
y, 2.2 2.8 2.7

Source: developed by the authors

Experimental studies conducted under the established
optimal parameters confirmed the effectiveness of the opti-
misation of the delignification process. The results obtained
show that, with the optimal ratio of reagents and treatment
duration, it was possible to achieve a high yield of cellu-
lose product with minimal losses of the polysaccharide
part of the biomass. As a result, a substrate with a yield of
52.1% was obtained, characterised by a low lignin content
of 2.3%, a high cellulose content of 65.9% and a low ash
content of 2.8%. These indicators indicate deep delignifi-
cation of oat straw and a significant increase in the purity
of the cellulose fraction, which is an important prerequisite
for further effective enzymatic hydrolysis and biotechno-
logical conversion to bioethanol. In general, the approach
used has opened up new opportunities for the valorisation
of large-tonnage plant waste from the agro-industrial com-
plex with the production of new valuable products.

The conversion of lignocellulosic biomass is a key pro-
cess in the development of sustainable biofuels (Wozniak et
al., 2025). It involves breaking down the complex structure
of plant materials. Effective conversion requires overcom-
ing the natural resistance of plant biopolymers, in particu-
lar through pre-treatment methods. Pre-treatment is im-
portant for disrupting the rigid structure of lignocellulosic
biomass, making cellulose and hemicellulose available for
further processing (Hu et al., 2022; Limeneh et al., 2025).
Treatment methods include mechanical, thermal, acid,
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alkaline, and novel methods based on green solvents such
as ionic liquids, deep eutectic solvents, steam explosion,
etc. Combining pretreatment methods can increase its
efficiency, as shown in the works of S. Baksi et al. (2023)
and L.G. Nair et al. (2023). However, for the scalability of
second-generation biofuel production processes, it is nec-
essary to develop affordable and cost-effective pretreat-
ment methods that allow for the utilisation of processing
by-products (Amini ef al., 2021). Such methods include or-
ganosolvent treatment using a mixture of glacial acetic acid
and hydrogen peroxide, as discussed by Z. Lin et al. (2023)
and W. Ying ef al. (2023). This treatment can remove up
to 97% of lignin from lignocellulosic biomass, significantly
improving the availability of cellulose for enzymatic hydrol-
ysis and subsequent fermentation. This method ensures a
high cellulose content in the substrate (up to 87%), which
is crucial for maximising sugar yield, as shown in a study by
T.K. Bedru et al. (2025). It is also important that the process
takes place under relatively mild conditions, which reduces
energy consumption and minimises the formation of fer-
mentation inhibitors (Ummalyma et al., 2024).

Ukraine is one of Europes leading agro-industrial
countries, producing significant volumes of grain crops
and by-products of their cultivation every year (Talavyr-
ia et al., 2025). Oat production in Ukraine is estimated at
hundreds of thousands of tonnes annually. This means that,
along with the grain, a large amount of straw is produced,

Ecological Safety and Balanced Use of Resources, 2025, Vol. 16, No. 2



most of which has no profitable use. However, this biomass
is a valuable renewable resource and a potential raw mate-
rial for bioenergy needs (Blaszczyk et al., 2023). The study
showed that oat straw is a promising raw material for the
production of second-generation bioethanol, as it is char-
acterised by a high content of cellulose components, availa-
bility and belongs to renewable types of lignocellulosic bio-
mass. The use of this type of agricultural waste in bioenergy
technologies contributes to the more efficient use of agricul-
tural resources and a reduction in organic residues, which
is an important factor in the context of developing a cir-
cular bioeconomy and reducing greenhouse gas emissions.

© Conclusions

Experimental studies have shown that treating oat straw
with a mixture of acetic acid and hydrogen peroxide en-
sures effective delignification of biomass and the formation
of a fibrous substrate enriched with cellulose. During the
reaction, peracetic acid is formed, which acts as a selec-
tive oxidising agent and promotes the breakdown of lignin
structures without significant destruction of the carbohy-
drate part. It has been proven that increasing the hydrogen
peroxide content in the reaction mixture enhances the de-
lignification effect, but excessive treatment time can lead
to partial degradation of hemicellulose and a decrease in
solid residue yield. In particular, at an acetic acid : hydro-
gen peroxide ratio of 70:30 vol. %, with an increase in the
reaction time from 60 to 120 minutes, a decrease in yield of
approximately 10% is observed, indicating the destruction
of part of the carbohydrate complex. This pattern indicates
the need for an optimal combination of technological pa-
rameters that ensure a rational compromise between the
efficiency of delignification and the preservation of the
quantitative yield of the substrate.

Mathematical processing of experimental data al-
lowed to build regression models and 3D response sur-
faces that quantitatively reflect the effect of hydrogen per-
oxide consumption and treatment duration on substrate
yield, lignin, cellulose and mineral component content.

© References
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The models demonstrate a negative linear effect of treat-
ment intensity on substrate yield and residual lignin, while
quadratic and interactive terms show a synergistic effect
between factors. Ash components were found to be less
sensitive to changes in conditions. To solve this problem,
a multi-criteria optimisation method was applied us-
ing Harrington’s generalised desirability function, which
made it possible to find the optimal compromise between
conflicting indicators. The optimal conditions were deter-
mined to be a hydrogen peroxide content of 30 vol. % and
a treatment duration of 60 min.

Experimental verification of the modelling results con-
firmed the adequacy of the constructed regression equa-
tions. Under the specified optimal parameters, a substrate
with a yield of 52.1%, lignin content of 2.3%, cellulose con-
tent of 65.9% and ash content of 2.8% was obtained. These
indicators demonstrate the high efficiency of the acetic ac-
id-hydrogen peroxide organosolvent system as a reagent
medium for the preliminary treatment of oat straw. The
results obtained have both theoretical and practical sig-
nificance, as they expand scientific understanding of the
peculiarities of delignification processes. The proposed
technology can be used as a basis for further research in
the direction of scaling up the process, optimising energy
costs and integrating it into second-generation bioethanol
production lines. Further research will focus on optimis-
ing the processes of hexose sugar extraction and their con-
version to bioethanol.
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© AHoTauif. YkpaiHa AK MPOBigHA arpOIPOMICIIOBA flepPyKaBa IOPIYHO reHepye 3HAYHI 06CATY TOGIYHNX TIPORYKTIB,
30KpeMa BIBCAHY COJIOMY, sKa 3 OIVIAMlY Ha JITHOLEMIONO3HUI CKIaj] € LIHHUM PecypcoM s 3abe3mneveHHs TOTPeO
6ioenepreTuku. Metomw uiei poboru 6yno gocmianti eeKTUBHICTH 0O6POOKM BIiBCSIHOI COOMM CYMIIIIIIO OLTOBOI
KIC/IOTH Ta NEPOKCHUAY BORHIO i edeKTuBHOI Aenmirmidikamii Ta ofep)kaHHs Cy6CTpaTy 3 BUCOKMM BMICTOM
No/MicaxapyuiHOI CK/IaloBOI [/iA IOTEHLIHOTO BUKOPUCTAHHSA [/IA Ofiep>KaHHSA 6iomanusa OPYTrOro IIOKOJIiHHA.
3acToCOBaHO MaTeMaTMYHe MOJETIOBAHHA 11 aHa/Ii3 perpeciliHNX piBHAHD Ha OCHOBi eKCIIEpMMEHTIB i3 BapiloBaHHAM
KOHIleHTparil mepokcupy BogHo (10-30 06. %) i TpuBanocti 06pobku (60-120 XB) [yIs BUSHAYEHHSI ONITMMAIBHOTO
KOMIIPOMICY MDK BUfa/IEHHSIM JITHIHY 11 30€peXXeHHsM IIe/II0/I031. BCTaHOB/IEHO, 110 BUTPATH IEPOKCUAY BORHIO Ta
TpUBAICTh 0OPOOKN MAIOTH IEPEBAXXHO HETaTMBHUI BIUIMB HA BMXif, CYyOCTpary, TOAL SIK [y BUNQ/IEHHS JITHIHY
criocrepiraerbcsa Mo3uTUBHUI edekT. [lokazaHo, IO ONTUMAIbHMMU YMOBAaMU € BMICT NepOKCUIy BOJHIO y CyMili
30 06. % mpu TpuBanocti 06pobKu 60 XB, 1m0 3abe3edye MaKCUMa/IbHe 3HAYeHHsT (PYHKIIT OQKaHOCTI Ta OfjepIKaHHI
cyberpary 3 Buxonom 52,8 %, BMicTOM irHiHY 2,1 % Ta memonosu 66,8 %. ExcrepuMenTanpHa HepeBipKa I1X yMOB
nifTBepauIa HOCTOBIpHICTD OTpMMaHOI Mopenli: ofiep>kaHO cyOcTpar 3 BuxomoM 52,1 %, BMicToM mirHiny 2,3 %
Ta memonosu 65,9 %. Takum umHOM, poboTa AEMOHCTPYE e(eKTUBHICTH OOIPYHTOBAHOTO MIifXOAY AO IepepoOKm
arpoIpOMICIOBYX BiIXO/IiB, BIIKPUBAIOYN IEPCIEKTUBN A/Ist BUPOOHMITBA Giomanusa gpyroro mokominHsa. OrpumaHi
pesyIbTaTy MAalTbh HayKoBe I INpMKIajjHe 3HA4eHHSH, OCKUIbKM IiATBEPIKYIOTb e(PeKTUBHICTb ONTUMi30BaHOI
memirHigixaril BiBCIHOI COMOMM Ta CTBOPIOIOTH HAYKOBO OOIPYHTOBAHY OCHOBY J/IsI PO3POOTIEHHS pecypcoeeKTUBHIX
TEXHOJIOTiT BUPOOHMITBA GiomannBa Apyroro HOKOMiHHS
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