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Abstract. The aim of the article is a comprehensive study of the effect of additives of Urtica dioica L. extracts on the
processes of gluten complex formation in wheat yeast dough to substantiate the feasibility of their use in the production
technologies of functional bakery products with high nutritional value. The research was conducted on samples of
wheat flour of the highest and first grades (GOST 46.004-99), as well as flour from dried leaves of dioecious nettle
(Urtica dioica L.) harvested in 2025. The extraction was carried out at temperatures of 20, 30 and 40°C for 1-6 hours
at a hydraulic ratio of 1:10. The degree of extraction was estimated by the mass fraction of solids in the solution.
The rheological properties of gluten were studied by the indicators of extensibility, flowability and compressive
strain (using the penetrometer AR-4/1). The sugar-forming capacity of the flour was determined by the amount of
accumulated maltose, and the gas-forming capacity was determined using the Jago-Ostrowski device during 5 hours
of fermentation. It was proved that the extracts of nettle have a complex technological effect on the gluten complex of
wheat dough: the yield and rheological properties of gluten are increased, and the sugar and gas-forming capacity
of flour is increased. These effects are due to the synergistic effect of the nettle protein complex, ascorbic acid and
peroxidase enzyme, which inhibit proteolytic activity through the mechanism of oxidation of sulfhydryl groups with the
formation of additional disulfide bonds. The results indicate the prospects of using aqueous, salt and water-alcohol
extracts of nettle as natural improvers in the production of functional bakery products.
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Formulation of the problem in general. Bread
and bakery products remain the main element of the
human diet, providing a significant share of the daily
energy requirement. However, traditional technologies
based on the use of refined wheat flour face serious
criticism from nutritionists and the medical commu-
nity. The high glycaemic index, deficiency of essential
micronutrients, dietary fibre and inadequate amino acid
composition of mass-produced bread are risk factors
for metabolic disorders, obesity and type 2 diabetes.

The current stage of development of the food indus-
try (2021-2026) is characterised by a transition from
the concept of food security (quantity) to the concept
of "food for health" (quality). According to analytical
data, the market for functional baking ingredients is
showing steady growth, which is projected to reach
more than USD 3 billion by 2034 [1]. The main driv-
ers of this process are consumer demand for products
with a clean label, high protein and fibre content, and
reduced salt and sugar content.

The relevance of the topic is enhanced by the need
to implement the principles of the circular economy.
The bakery industry has a unique potential for val-
orising food industry by-products (fruit pomace, oil-
seed meals, coffee sludge, etc.), turning them into val-
uable functional additives. This solves environmental
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problems and reduces the cost of production while
increasing its nutritional value [2].

Understanding the mechanisms of dough structure
formation is key to the successful implementation
of any additives. Yeast dough is a complex colloidal
system whose rheological properties are determined
by the interaction of gluten proteins (gliadin and glu-
tenin), starch grains, lipids and water.

The introduction of any gluten-free additive inev-
itably leads to a gluten dilution effect. This reduces
the ability of the dough to retain the carbon dioxide
released by the yeast and can lead to a reduction in
bread volume and poorer porosity.

However, current research shows that the mech-
anism of interaction is more complex. Hydrophilic
additives (fibre, hydrocolloids) compete with gluten
proteins for water, changing the kinetics of hydration
and dough formation [3]. Polyphenolic compounds
present in plant extracts can interact with thiol groups
(-SH) and disulfide bonds (-S-S-) of proteins, acting
as oxidants, thereby changing the rheology of the
dough towards strengthening or thinning [4].

When selecting additives, it is important to con-
sider their effect on the activity of yeast and lactic
acid bacteria (in the case of sourdoughs), which is sig-
nificantly dependent on the availability of available
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sugars, amine nitrogen and pH of the medium [5].
Additives can both stimulate fermentation (sources
of simple sugars, vitamins) and inhibit it (presence of
antimicrobial components, essential oils). For exam-
ple, a study using moringa leaf powder showed the
need for pretreatment of raw materials to inactivate
yeast growth inhibitors [6].

In addition to macronutrients, modern science
focuses on enriching bread with polyphenols to give
it antioxidant properties. For example, research has
shown that grape seed proanthocyanidins (GSP) have
a unique ability to modify the structure of starch. In
combination with malic acid, they increase the order-
liness of starch molecules but reduce its crystallinity.
This leads to the inhibition of the enzymef -amylase
in the human body, which slows down the breakdown
of starch to glucose. In vitro experiments have shown
areduction in glucose release of up to 5.43%, making
this bread a product with a low glycaemic index [7].

From the above analysis, it can be concluded that
it is important to search for new additives of natural
origin from plant materials that can comprehensively
affect the quality of bakery products.

Analysis of recent research and publications.
Nettle (Urtica dioica) can serve as a promising raw
material for the creation of natural additives. Studies
conducted by the team of authors confirm the sta-
tus of nettle as a source of high-value nutrients.
Researchers have identified a wide range of phenolic
acids (chlorogenic, ferulic, caffeic), flavonoids (rutin,
quercetin, kaempferol) and amino acids. Particular
attention is drawn to the high content of magnesium,
calcium, iron and zinc in bioavailable forms. The anti-
oxidant activity of nettle extracts, assessed by DPPH
and FRAP methods, correlates with the polyphenol
content and demonstrates high stability even during
processing [8].

An important aspect is the variation in compo-
sition depending on the part of the plant. While the
leaves are a source of chlorophylls, vitamins (A, C,
K) and minerals, nettle seeds are characterised by a
high content of fatty acids (linoleic anda -linolenic)
and specific phenolic compounds that affect the tex-
ture of products [9].

Nettle root, in turn, contains unique lectins (UDAs)
that exhibit antiviral and antifungal activity, opening
up prospects for the creation of specialised products
to support the immune system [10].

The team of authors proved that in the dried state,
nettle leaves contain 25% to 34% crude protein. This
is an extremely high figure for leafy greens. The net-
tle's amino acid profile is balanced, containing all
essential amino acids, which allows to increase the
biological value of wheat protein (which is limited by
lysine) when combined [11].

The carbohydrate content is mainly represented
by dietary fibre (fibre). According to studies, the
total content of dietary fibre can reach 9-18%, with

16

a significant proportion being insoluble fractions
(cellulose, hemicellulose). These hydrophilic poly-
saccharides are the main agents that change the rhe-
ology of the dough, competing with gluten for water
[11]. The ash content of nettle leaf powder is 15-17%,
which is 25-30 times higher than that of high-grade
wheat flour. This makes nettle one of the most power-
ful natural sources of minerals [12].

For gluten-free products, which often suffer from
protein and mineral deficiencies, nettle becomes a val-
uable ingredient. Studies have been conducted on the
effect of nettle flour on the properties of rice wafers.
It was found that nettle proteins have a high foam-
ing capacity (13.91%) and foam stability (93.66%),
which allows improving the porosity structure of glu-
ten-free products. The addition of nettle reduced the
peak viscosity of the dough, which indicates a limita-
tion of starch grain swelling, but ensured the stability
of the structure during baking (breakdown viscosity).
The resulting waffles were characterised by a signif-
icantly higher protein, ash and fibre content while
maintaining acceptable sensory characteristics [13].

Pasta is an ideal product for fortification. Research
by a team of scientists has shown that adding 5%
lyophilised nettle to durum wheat pasta increases the
calcium content by 5.8 times. The most important
result was a reduction in the glycaemic index (GI).
The paste with 3% nettle showed the lowest calcu-
lated GI (49.31%). The mechanism of this effect is
based on the formation of a physical barrier of fibre
and nettle proteins around the starch granules, which
slows down their hydrolysis by digestive enzymes.
This makes this paste a recommended product for
dietary nutrition in diabetes mellitus [14].

Studies have also been conducted on the use of net-
tle supplements in confectionery. For example, when
studying nettle supplements in biscuits and muffins,
differentiation in the use of different parts of the plant
was observed. The researchers compared the effect
of nettle seeds and nettle seed extract on the texture
of biscuits. The biscuits with the seeds were softer
and less brittle than the control, which is explained
by the high content of lipids in the seeds, which act
as dough plasticisers. Instead, nettle extract gave the
products a more intense reddish hue (probably due to
the oxidation of phenols). Sensory analysis showed a
preference for products with seeds [15].

Adding nettle flour to wheat dough significantly
changes its structural and mechanical properties.
Studies by Ukrainian scientists using the Brabander
pharynograph have shown that replacing part of wheat
flour with nettle flour (2-6%) leads to an increase in
the water absorption capacity of the dough. This phe-
nomenon is explained by the high content of hydro-
philic polysaccharides (fibre) in nettle, which com-
pete with gluten for water. Increasing the proportion
of nettle also prolongs the time of dough formation
and affects its stability [16].
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Interestingly, low dosages (2%) increase the vol-
ume of bread, while higher concentrations (4-6%)
lead to a decrease in specific volume due to the effect
of gluten dilution and mechanical destruction of the
protein backbone by fibre particles. This correlates
with the findings of foreign researchers who also
noted a change in the colour of the crumb to a darker
or greenish colour due to the presence of chlorophylls
and Maillard reaction products [17].

Given the above review, it can be noted that nettle
supplements are a promising source of proteins, min-
erals and antioxidants. The search for ways to pro-
duce these additives from different parts of the plant
and technologies for their introduction into bakery
products remains relevant.

Formation of the objectives of the article.
The aim of the article is to comprehensively study
the effect of additives of nettle extracts on the pro-
cesses of gluten complex formation in wheat yeast
dough for the development of functional products
with increased nutritional value. The objects of the
study were wheat flour of the highest and first grades
(GSTU 46.004-99 "Wheat flour. Technical condi-
tions"), dioecious nettle leaves (Urtica dioica L.)
harvested in 2025, and flour from dried nettle leaves.
The nettle flour was obtained by grinding on a tissue
microchopper PT-1 at a speed of 4000 rpm to a parti-
cle size of less than 200 pm. To analyse the rheologi-
cal properties of gluten, an AR-4/1 penetrometer was
used to determine the compressive strain (H,,,, ). The
extensibility and floatability of the gluten ball were
measured according to standard methods [18]. The
sugar-forming capacity of the flour was estimated by
the amount of accumulated maltose. The gas-form-
ing ability of the dough was monitored using a Jago-
Ostrowski device for 5 hours of fermentation. Test
baking was carried out according to GOST 9404-60,
evaluating the specific volume, porosity, and organo-
leptic profiles of the products [18].

Summary of the main research material. The
way of introducing biologically active substances
from nettle in the form of extracts was chosen for the
enrichment of flour products. This was justified by
the fact that the extract (aqueous, alcoholic, etc.) pro-
vides a more controlled dosage of polyphenols and
other BAS, better uniformity of their distribution in
the dough and minimal impact on the gluten back-
bone compared to the addition of coarsely chopped
vegetable raw materials with fibre, which is important
for preserving the rheological and sensory character-
istics of bread and dough products [19].

In order to obtain nettle extract, dried leaves of this
plant were chosen as plant material for the study. To
ensure the most complete extraction of soluble com-
pounds from this type of raw material, the following
extractants were used: weak solutions of sodium chlo-
ride (1% solution), ethyl alcohol solutions of various
concentrations (1%, 5% and 10%), and distilled water.

In parallel, extraction with drinking water was carried
out, which was taken as a comparison standard.

The maximum concentration of the saline solution
was justified by the effect of table salt on organo-
leptic characteristics, and the concentration of ethyl
alcohol was justified by the requirement of guaran-
teed absence of alcohol in the finished product. Using
stronger solutions (e.g., replacing 20%), approx-
imately 25% of the added amount of alcohol will
remain in the centre of a large product after baking
due to its retention by the capillary-porous structure
of the crumb. It has been experimentally established
that when using low-concentration alcohol solutions,
the final ethanol content in bread is reduced to analyt-
ical traces. This confirms the need to strictly limit the
initial concentration of the solution (within 5-10%) to
achieve the target residual minimum [20].

The extraction of plant material was carried out
at temperatures of 20, 30, and 40°C with continuous
stirring. The duration of the extraction process was
from 1 to 6 hours with sampling at 1 hour intervals.
The ratio of raw material to extractant was 1:10. The
degree of extraction was estimated by the mass frac-
tion of solids in the solution.

According to the results of the study, it was found
that when using different types of extractants, the
maximum dry matter yield was observed at a tem-
perature of 40°C for two hours. The kinetics of the
nettle extraction processes with drinking water, dis-
tilled water, sodium chloride solution, and ethanol
solutions are shown in Figure 1.

The analysis of the data obtained shows that almost
complete equalisation of the concentrations of sub-
stances extracted from this type of plant material is
achieved after 3 hours of infusion of dry nettle at 40°C.

After 6 hours of extraction, the dry matter con-
tent of the infusion was for extraction with drinking
water — 0.89+ 0.02%, distilled water — 1.23+ 0.01%,
1% sodium chloride solution — 1.42+ 0.01%, 1% eth-
anol solution — 1.35+ 0.01%, 5% ethanol solution —
1.46% 0.02%, 10% ethanol solution — 1.95+ 0.02%.
In comparison with the concentration after 3 hours of
extraction, it increased by 2.2...4.1%.

Thus, the maximum transfer of extractive sub-
stances to the infusion is observed when using a
10% ethanol solution as an extractant. The dry mat-
ter content in this variant exceeds that of drinking
water by 54.35+ 0.02%. The use of a 1% solution
of sodium chloride provides an increase in the yield
of extractive substances by 37.32 0.01% relative
to drinking water, while the use of distilled water
increases the dry matter content of the infusion by
27.64+ 0.01%.

Thus, to intensify and increase the completeness
of dry matter extraction from dry plant material, it
is necessary to select extraction conditions individ-
ually. From a practical point of view, it is advisa-
ble to use a 1% sodium chloride solution or a 10%
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ethanol solution as an extractant for the preparation
of aqueous infusions and to carry out the extraction
for 3 hours.

The probable mechanism for increasing the
extraction efficiency when using weak salt solutions
is a violation of the osmotic pressure at the interface
above the surface of nettle particles and cells, which
causes the destruction of cellular structures and con-
tributes to a more complete extraction of extractive
substances. The use of ethyl alcohol solutions, in turn,
allows for additional extraction of protein fractions
from dried raw materials, which is associated with the
solubilising properties of water-alcohol systems for
proteins of plant origin.

When dough is kneaded, the water-insoluble pro-
tein fractions of flour, such as gliadin and glutenin,
form a cohesive, elastic, plastic, stretchable mass —
gluten.

In wheat dough, swollen, water-insoluble proteins
form a continuous sponge-like mesh base (a kind of
"frame" or "backbone") that largely determines the
physical properties of the dough and, therefore, the
strength of the flour. Therefore, the gluten content of
wheat flour and its properties, primarily physical, can
be considered one of the essential indicators of flour
strength.

The content of crude gluten was determined
in flour mixed with water, water, salt and alcohol
extracts of nettle. The results of the study are shown
in Figure 2. As can be seen from the results, the use of
nettle extracts increased the gluten yield.

The analysis of possible factors of gluten yield
increase shows the following. During the extraction
of nettle, some water-soluble proteins, water-soluble
pentosans (they are part of the plant cell walls), min-
erals, etc. are transferred to water.

As mentioned above, proteins are the main com-
ponent of gluten. The connection between flour and
extract proteins can be made through the formation of
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Fig. 1. Kinetics of extraction of dry matter from nettle
leaves
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hydrogen bonds between protein molecules, through
the interaction (association) of hydrophobic parts
of protein molecules, or through the formation of
disulfide bridges (-S-S bonds). In other words, the
addition of extract proteins to flour proteins causes an
increase in gluten yield.
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Fig. 2 Gluten yield when using nettle extracts

The extract may also contain water-soluble pen-
tosans, which can be considered as mechanical impu-
rities that are not completely separable from gluten.
Their content in flour and thus in gluten is low, but
they have a high water-absorbing capacity and can
therefore also affect the gluten yield.

The highest gluten yields were observed when
using salt and alcohol extracts. This is because salt
promotes faster hydration of gluten proteins, and the
alcohol extract additionally contains alcohol-soluble
proteins extracted from nettle. That is, when kneading
dough with nettle extracts, the gluten yield increases,
and, therefore, the dough kneaded with the extracts
should be better.

As can be seen from Figure 2, the use of net-
tle extracts can increase the total gluten yield by
11.6...14.9%, which can be noted as a positive effect.
Therefore, it can be expected that the dough mixed
with the extracts should be better. Next, we analysed
the change in gluten extensibility during the proofing
process (Figure 3).

The graphs show that at the beginning, the glu-
ten extensibility of the dough kneaded with water
(the first case) and salt extract (the second case) was
the same (14+ 0.1 cm), while the water extract (the
third case) was 2.5+ 0.1 cm higher. In the alcohol
extract (fourth case), it was 16+ 0.2 cm. After an hour
of curing, the extensibility in the first case increased
sharply from 14+ 0.1 cm to 31+ 0.2 cm. In the sec-
ond case, the elongation increased from 14+ 0.lcm
to 20+ 0.1cm, in the third and fourth cases, the elon-
gation value remained practically unchanged — from
16+ 0.1cm to 17+ 0.2cm and from 16+ 0.2cm to 18+
0.1cm, respectively. After two hours of resting, the
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extensibility in the first case began to decrease (from
31£ 0.1 cm to 28+ 0.2 cm), the gluten became more
liquid and tearable, and the tensile strength and elas-
ticity decreased sharply. In the second and fourth
cases, the gluten extensibility increased slightly, and
in the third case, there was a sharp increase.
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Resting time, hours
—+—Dough with wateri;
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—+—Dough with ethanolic nettle extract.

Fig. 3. Determination of the change in gluten
extensibility during proofing.

After three hours of proofing, the gluten elonga-
tion in the first case decreased sharply and amounted
to 18+ 0.1 cm, the elongation in the second and fourth
cases also increased slightly (28+ 0.1 cm and 24+
0.2 cm), and in the third case it remained practically
unchanged and amounted to 31+ 0.1 cm.

These graphs show that gluten from dough mixed
with extracts is better in rheological parameters than
gluten from dough mixed with water. To analyses
and understand the results obtained, it is necessary
to consider the processes that occur in gluten during
proofing.

As established by a study [21], flour contains a
proteinase that hydrolytically breaks down proteins
by their peptide bonds. The study of proteinases
revealed their effect on the physical properties of glu-
ten. The action of the proteinase caused gluten lig-
uefaction and a decrease in elasticity. Proteinases of
this type are characterised by their ability to be acti-
vated by compounds containing the sulthydryl group
-SH- (cysteine, glutathione). Also characteristic of
this type of proteinase is the ability to inactivate oxi-
dising compounds (H, O,, oxygen, etc.). The ability
of flour proteinases to be activated by reducing agents
and inactivated by oxidising agents is associated with
the presence of -SH groups in the structure of protein
molecules of these enzymes. The conversion of these
groups into disulfide bonds — bridges, during oxida-
tion inactivates the enzyme.

The proteolysis activator found in grains, flour
and yeast, and therefore in dough, is glutathione. It is
a tripeptide that contains a cysteine residue contain-
ing a -SH group. In its oxidised state, glutathione is

no longer able to activate proteolysis. The proteoly-
sis-activating effect of glutathione is reduced to the
reduction of -SH groups that were in the inactive pro-
teinase in the form of -S-S bonds. The action of prote-
olysis inhibitors — oxidants can be considered as oxi-
dation of -SH groups in both the proteinase enzyme
and its activator (glutathione).

The direct effect of -SH-containing reducing agents
and oxidising reagents on the protein substances of
flour and dough is now generally recognised. The
composition and structure of the protein substance
of grain and flour contains the amino acid residues
cysteine and cystine, and therefore groups of -SH and
-S-S bonds. The role of disulfide bridging bonds is
particularly significant in the tertiary and quaternary
structure of protein matter. The formation of disulfide
bonds strengthens the intramolecular structure of the
protein, making it denser and more solid. Breaking of
disulfide bonds causes a weakening of the structure of
the protein molecule, making it more "mobile".

The formation and breaking of disulfide bonds has
a similar effect on larger supramolecular formations,
i.e. aggregates of a number of protein molecules.
As a result of the hydrolytic action of enzymes in
the dough, the substances they act on are disaggre-
gated and broken down. As a result, the amount of
substances that can pass into the liquid phase of the
dough increases, which leads to a deterioration in its
physical properties.

Returning to the results of the study, some water-in-
soluble proteins, which usually swell in water to a
limited extent, can swell unlimitedly under the action
of proteinases and, as a result, peptidise and become
a viscous colloidal solution.

In the case under study, an increase in protein
swelling should lead to an increase in gluten extensi-
bility, which is observed in the corresponding graphs.
However, in weak gluten, swelling processes are
faster and are accompanied by hydrolytic degrada-
tion, disaggregation and peptidation. These processes
are observed in the first case. During the first hour
of proofing, an intensive swelling process took place,
which resulted in a sharp increase in gluten extensi-
bility. Then the process of proteolysis began to pre-
vail, and as a result of protein disaggregation and
peptidation, gluten lost its elasticity and resilience,
and became poorly stretchable and tearable.

In the second, third and fourth cases, the swell-
ing process also occurred (according to the literature,
vegetable raw materials have proteolytic activity), but
there was a "limited" swelling, i.e. the gluten retained
its elasticity and elasticity and did not turn into a col-
loidal solution.

In the second and third cases, the swelling process
was slower and proteolysis was insignificant com-
pared to the first case.

In this way, the use of nettle extracts led to an
improvement in the physical properties of gluten and,
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consequently, of the dough. To consider the reasons
for this improvement, it is necessary to recall the
composition of nettle described above.

The improvement in gluten properties could be
due to the action of nettle proteins that have been
transferred to the extracts. In addition, the improve-
ment was due to the high content of ascorbic acid in
nettle, which is a bread quality enhancer [22]. Based
on research conducted by many scientists, the mech-
anism of ascorbic acid's improving effect can be pre-
sented as follows [23].

Flour has a redox enzyme system that includes
ascorbic acid oxidase (ascorbate oxidase) and dehy-
droascorbic acid reductase (dehydroascorbate reduc-
tase). Ascorbic acid is subject to the combined action
of the above enzymes.

At the first stage, ascorbate oxidase catalyses
the oxidation of ascorbic acid to convert it to dehy-
dro-L-ascorbic acid. The resulting dehydro-L-ascor-
bic acid is the oxidant with which the improving
effect is associated.

In the second stage, the enzyme dehydroascor-
bate reductase, in the presence of the components
of the flour protein-proteinase complex in the dough
(referred to as R-SH), catalyses the reduction of dehy-
dro-L-ascorbic acid to ascorbic acid. At the same time,
2 R-SH are converted into R-S-S-R, resulting in oxida-
tive inactivation of the proteinase itself and its activator
(glutathione) and strengthening of the protein structure
by "cross-linking" with disulfide bridge bonds. This
improves the physical properties of the dough.

The available experimental data [24] indicate
that the formation of a compact and strong structure
of wheat grain proteins with improved physical and
mechanical properties is due to the activity of perox-
idase, an enzyme contained in nettle. Obviously, the
factors described above (nettle protein complex, ascor-
bic acid, peroxidase) caused the improvement of glu-
ten physical properties during the proofing process.

The study found that nettle extracts improve the
rheological properties of gluten, and thus the dough.

Gluten spreadability was determined to determine
the effect of nettle extracts on the baking properties
of flour. The lower the floatability of the gluten ball,
the stronger the gluten and the better its baking prop-
erties. The results are shown in Figure 4.

As can be seen from Figure 4, the floatability of
gluten from dough with extracts is lower than that of
gluten from dough with water. Thus, the use of nettle
extracts for dough kneading gave a positive result, i.e.
led to an improvement in gluten quality.

The reasons for the quality improvement are
similar to those described above. The smallest
average contour diameter in the gluten obtained
from dough with alcohol and salt extracts is
13.4...14.0% smaller compared to the control. That
is, the results of this experiment confirm the results
of the previous ones.
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Fig. 4. Gluten balls spreading out

Next, the study was carried out using a penetrom-
eter of the AR-4/1 brand. With the help of this device,
the strength of gluten is judged by the compression
deformation. This is quantified in penetrometer units
(units), which corresponds to a certain gluten height
when compressed (H,,,, - The higher the H_ ., the
stronger the gluten. Figure 5 shows the results of the
experiment.
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Fig. 5. Determination of gluten quality
using a penetrometer.

As can be seen from the results of the study, the
use of nettle extracts led to an increase in the H,  of
gluten by 11.9...14.8%. And the higher this value, the
stronger the gluten. Thus, the use of nettle extracts
leads to an increase in flour strength. The best result
was obtained when using salt and alcohol extracts.
The data of this study confirm the data of previous
studies.

It is known from the literature that additives from
plant materials improve the sugar-forming capacity
of flour [26]. This indicator describes the ability of
flour to provide yeast with sufficient sugar and form a
reserve of residual sugars necessary for good quality
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bread. The results of the study to determine the sug-
ar-forming capacity of flour are shown in Figure 6.
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Fig. 6. Determination of the sugar-forming capacity
of flour

The results show that nettle extracts increase the
sugar-forming capacity of flour. This may be due to
the amylolytic enzymes of nettle that have passed
into solution.

Thus, the fermentation process should be more
intensive, which should affect the gas formation pro-
cess, and this, in turn, should affect the quality of the
finished product. Thus, it can be seen that nettle addi-
tives increase the amount of maltose by 9.9...19.0%
compared to the control.

Gas formation in the dough during its fermentation
is one of the most important output parameters deter-
mined by the conditions of a number of technological
stages of the process of producing yeast dough prod-
ucts and on which the quality of the finished prod-
ucts depends. The paper investigates the formation of
carbon dioxide during the fermentation of dough pro-
duced using the above recipe. A typical picture of the
fermentation of unleavened dough made from high-
grade flour is shown in the figure. 7. Fermentation
without additives is characterised by a slow release
of CO, during the second hour of fermentation and an
increase during the third hour. The peak of the largest
amount of CO2 release occurs at 300 minutes.

From the beginning of fermentation, the use of
nettle extracts not only increases the intensity of
CO, release, but also moves the maximum CO, release
to the left, which indicates a reduction in fermenta-
tion time. The best results were obtained when using
alcohol and salt extracts of nettle. Thus, when using
the salt extract, the amount of CO, increased by 5.29+
0.01% compared to the control, and when using
the ethanol extract by 12.84+ 0.02%. This can be
explained by 2 factors: firstly, the extracts have been
found to affect the sugar-forming capacity of flour,
and secondly, due to their rich mineral composition,

they can stimulate the activity of yeast cells, which
requires a separate study.
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Fig. 7. Carbon dioxide formation during dough
fermentation with nettle extracts

Conclusions from these problems and pros-
pects for further research in this area. Based on
the results of a comprehensive study of the effect of
dioecious nettle (Urtica dioica L.) extracts on the for-
mation of the gluten complex of wheat dough, the fol-
lowing was found.

The optimal conditions for extraction are a temper-
ature of 40°C and a duration of 3 hours at a hydraulic
module of 1:10. The maximum dry matter yield is pro-
vided by a 10% solution of ethyl alcohol (1.95+0.02%),
which exceeds the value for drinking water by 54.35+
0.02%. The use of a 1% sodium chloride solution
increases extraction by 37.32+ 0.01% compared to the
control, which is due to a violation of osmotic pressure
on the surface of the cellular structures of plant material.

The use of nettle extracts in dough kneading
leads to an increase in the yield of crude gluten by
11.6...14.9%. This effect is explained by the incor-
poration of plant proteins into the gluten backbone
through the formation of hydrogen bonds and disulfide
bridges, as well as the participation of water-soluble
pentosans with their high water absorption capacity.

The rheological properties of gluten are improved:
the spreadability of the ball decreases by 13.4...14.0%,
and the compressive strain H_  increases by
11.9...14.8% compared to the control. The stabilisa-
tion of gluten during the proofing process is explained
by the inhibition of proteolytic activity due to the
action of ascorbic acid and nettle peroxidase through
the mechanism of oxidation of sulthydryl groups with
the formation of additional disulfide bonds.

The use of the extracts increases the sugar-form-
ing capacity of flour by 9.9...19.0% and the intensity
of gas formation during dough fermentation: the salt
extract increases the release of CO2 by 5.29+ 0.01%,
the alcohol extract - by 12.84+ 0.02%, with a shift

21



Haykosuii gicHuk [Tonmasceko20 yHigepcumemy eKOHOMIKU | mopaigni

ISSN 2518-7171 (print)

in the maximum gas formation towards a shorter fer-
mentation duration.

A promising direction is to study the phenolic pro-
file of the obtained extracts by HPLC-MS and deter-
mine their antioxidant activity (DPPH, FRAP) in order
to establish a correlation between the polyphenol con-
tent and technological effects. It is important to study
the effect of nettle extracts on the probiotic activity
of sourdough starter cultures and microbiological

parameters of finished products. A separate study is
needed to determine the optimal dosage of extracts in
finished formulations, evaluate the organoleptic and
physicochemical characteristics of bread, and anal-
yses changes in the nutritional value and glycaemic
index of finished products using in vitro methods. It is
also promising to study the synergistic effect of nettle
extracts in combination with other natural improvers
in the technologies of functional bakery products.
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. I1. Kpamapenko, kanouoam mexHiuHux Hayk, 0oyenm (XaprieCcoKuil HAYiOHATbHULL eKOHOMIYHULL YHIBepCcumen
imeni Cemena Kysneys), H. I. I'ipenko, kanouoam mexuiunux Hayx, ooyenm (/epowcasuuil saxnad «JIyeancokuii
HayionanvHull yHieepcumem imeni Tapaca [llesuenxay). /Jocnioyncenns eniugy 0006a60K eKcmpaxmie Kponueu
08000MHOT HA nPOUecU POPpMYBAHHA KIEUKOBUHHO20 KOMNIEKCY NUEHUYHO20 micma

Anomayia. Memow cmammi € KOMIIEKCHe O0CNI0NCEHHs 8Nau8y 000AB0K eKCmpaKmie Kponueu 08000MHOL
(Urtica dioica L.) Ha npoyecu ¢popmyeanHs K1eUKOBUHHO20 KOMNIEKCY NUEHUYHO20 OPIdHOHC08020 micma 0Jis 00-
IPYHMYBAHHS OOYLILHOCHI IX 3ACMOCYBAHHS Y MEXHON02IAX BUPOOHUYMEA (PYHKYIOHATLHUX XTLO00YIOUHUX 8UP0Di6
i3 nioguuyenoio xapyosoro yinnicmio. Jlocniodcenns npo8ooOUnUCy HA 3PA3KAX NUEHUYHO20 DOPOUIHA U020 A
nepuiozo copmis (I'CTY 46.004-99), a maxooic bopowna 3 sucyuienoeo aucms kponusu osooomnoi (Urtica dioica
L.) ypoorcaro 2025 poxy. Excmpakyito 30iticniosanu npu memnepamypax 20, 30 ma 40°C npomseom 1-6 2o0un
npu 2iopomooyni 1:10. Cmyninb npoyecy excmparyii OyiHI08anU 34 MACOBOI0 YACMKOI CYXUX PEUOBUH ) POZUUHL.
Peonociuni enacmusocmi Kneukosunu 00CII0NCYSATUCH 3a NOKAZHUKAMU PO3MIANCHOCTI, PONIUBAEMOCTT ma Oe-
opmayii cmuckanua (3a donomozor newempomempa AP-4/1). Lykpoymeoprowouy 30amuicms O0pOUWHA 8USHAYANU
3a KinbKicmio HAKONU4eHOi MAnbmosu, 2a30ymeoploioyy 30amuicms — 3a 0onomoz0io npunady Hzo-Ocmpogcwbko-
20 npomsieom 5 2ooun gpepmenmayii. /losedeno, wo excmpakmu Kponueu 08000MHOI CRPAGIAIONb KOMIJIEKCHULL
MEXHON02IUHUL eghekm HA KIEUKOSUHHUL KOMIIEKC NUEHUYHO20 MICMA: RIOBUWYEMbCS UXIO | 3MIYHIOIOMbCA pe-
0N102TYHI 8ACTNUBOCMI KIIEUKOBUHU, 30L16ULYEMBCA YYKPO- A 2A30yMeopoioya 30amuicmes dopowna. 3a3nayeni
eghexmu 3ymoeéneni cunepeemuunoIo 0icio 6iIKO8020 KOMNIEKCY KPONUSU, ACKOpOiH08Oi Kuciomu ma ghepmenmy ne-
poxcudasu, AKi ineibyioms npomeonimuyry akmueHiCmy 4epe3 MexXanizMm OKUCIEHHS CYIbhIOPUTLHUX 2PV 3 YIGO-
PEHHAM 000amKOSUX OUCYTb@IOHUX 368'3Ki6. Pezyniomamu ceiouame npo nepcnekmusHicms 3acmocy8ants 600HUX,
CONbOBUX MA BOOHO-CNUPTNOBUX eKCIMPAKMIE KPONUBU K HAMYPATLHUX NOTINULY8AUIE Y BUPOOHUYMET DYHKYIOHATb-
HUX XTO00YI0UHUX 8UPODIS.

Knrouosi cnosa: xponusa osooomna (Urtica dioica L.), k1etikoguHHUIl KOMIIEKC, RUEHUYHE MICIO, PEOLOSIuHI
B1ACMUBOCTIT, POCTUHHI eKCMPAKmMu, QYHKYIOHATbHI XT1000VI0UHI 8UPOOU, 2A30VMEOPEHHSL, YYKPOYMEOPEHHS, NPO-
meonis, ackopoOiHo8a Kucioma.
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