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Introduction. The aim of the work was to determine the
influence of rice flour on the conformational transformations
in the structure of the dough for the production of wheat
bread, which contains lecithin.

Materials and methods. Chemical composition and
fractional composition of proteins of rice flour were
investigated. Conformational transformations of structural
elements in dough and bread were investigated by infrared
spectroscopy in the near-infrared region.

Results and discussion. In rice flour, the total protein
content lower by 47%, and the dietary fiber content is 8.5
times lower than in premium wheat flour. The fractional
composition of proteins showed a higher content of albumin,
prolamin and insoluble proteins in wheat flour than in rice
flour by 11, 90 and 75%, respectively. The content of
globulins and glutelins is more in rice flour by 7 and 183%,
respectively, but the composition of glutelins in the studied
samples is different. In wheat flour, it is glutenin, which is a
gluten protein, forming a heterogeneous mixture of polymers
through disulfide bonds of polypeptides. In rice flour,
oryzenin is a representative of glutelins. The infrared
reflection spectra of wheat and rice flour showed a similar
nature of the spectra: the extremes are observed at the same
wavelengths, the spectra are located parallel to each other and
differ only in the intensity of reflection. The spectrum of
sunflower lecithin differs significantly due to its different
chemical composition. Also, at some wavelengths on the
spectrum of lecithin, extreme shifts in both short- and long-
wavelength regions are visible. The secondary structure of
gluten underwent changes in bread after exposure to
temperature by promoting a-helices and B-turns and
contributed to the formation of disulfide bonds.

Conclusion. The conducted studies indicate the
expediency of using rice flour in the technology of bakery
products to replace wheat flour in order to minimize the fiber
content in bread.
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Introduction

The change in the environmental and economic situation in the world in recent years
has significantly affected the structure of the population's diet and approaches to the
production of food products (Ivanov et al., 2021). The increase in the incidence of alimentary
and non-alimentary diseases, the rapid development of diseases of the gastrointestinal tract,
including inflammatory bowel diseases (IBD), made it necessary to look for approaches to
the development of dietary therapy for the prevention of these diseases. Need to investigate
the possibility of using non-traditional raw materials increased in various branches of the
food industry, in particular in the bakery industry, as one of the key ones (Forbes et al., 2017).

Most medical scientists prevent from using a large amount of dietary fiber in the diet of
patients with IBD (Armstrong et al., 2021; Chiba et al., 2015), because they do not have the
appropriate microorganisms to digest fiber (Armstrong et al.., 2022). For this purpose, rice
processing products are promising raw materials, in particular rice flour with a low dietary
fiber content (Drobot et al., 2021).

Rice germ contains lipophilic antioxidants (tocopherols, tocotrienols and y-oryzanol)
and phenolic compounds. These substances protect from free radicals and extend the shelf
life of products (Esa et al., 2013; Min et al., 2011).

Water- and fat-absorbing capacities, emulsifying and foaming capacity allow the use of
rice by-products in bakery and confectionery industries. Defatted rice bran can be used to
replace up to 10-20% of wheat flour in recipes of biscuits without adversely affecting their
quality (Ashraf et al., 2012).

Rice flour is basically used in the technology of gluten-free bread in a mixture with
starches, in particular potato and corn starch (Mykhonik et al., 2017). It was established that
it is advisable to add rice flour to the recipe of products in the amount of up to 30% to replace
starch. At the same time, the content of aroma-forming substances in bread increases by
12.7% compared to bread made from a mixture of starches. The nutritional value of bread is
also significantly increased, in particular, the content of proteins increases by 2.5 times, the
content of potassium, magnesium, iron and vitamins increases too.

The influence of various rice by-products (flour, wholemeal flour, and bran) on the
rheological parameters and quality of bread was studied (Genevois et al., 2021). A three-
component mixture scheme was used. The optimal proportion of the mixture is 45:35:20. The
specific volume of bread was 1.7+0.1 ¢cm®g, hardness — 0.23+0.01, color intensity —
23.8+0.4. The use of different rice fractions improved product quality and nutritional profile.

The use of phospholipids with a high content of phosphatidylcholine is important in the
diet of patients with IBD, which prevents damage to the upper and lower parts of the
gastrointestinal tract, participates in the formation of the protective layer of intestinal mucus
(Stemmel et al., 2014). Soy lecithin became widely used in the food industry, but a promising
non-GMO alternative raw material is sunflower lecithin (Guitto et al., 2015, Shevchenko et
al., 2021).

It was determined that the dosage of lecithin in the amount of 1.0% to the mass of rice
flour in gluten-free bread technology improves gas formation of the dough and increases the
specific volume of bread by 16.2% and porosity by 12.7% (Medvid et al., 2018).

However, the influence of the mixture of lecithin and rice flour on the technological
process and the quality and nutritional value of bakery products was not investigated, so this
direction is relevant.

The aim of the work was to determine the influence of rice flour on the conformational
transformations in the structure of the dough for the production of wheat bread, which
contains lecithin.
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Materials and methods

Materials

Premium wheat flour, sunflower lecithin and rice flour were used for research.

Dough samples were prepared with the addition of pressed baker's yeast (3% by weight
of flour) and salt (1.5% by weight of flour). Lecithin was added in the amount of 3% to the
mass of flour. This dosage was chosen based on the recommendations for the daily norm of
lecithin for people with IBD (Partridge et al., 2019). Wheat flour was replaced with rice flour
in the recipe in the amount of 10%, 20%, 30%, and 40%. The control was a sample without
additional raw materials.

Total protein content

Kjeldahl method was used for determination followed by titration technique. 1 g of raw
material must be hydrolyzed with 15 mL concentrated sulfuric acid for 2 h in a heat block at
420 -C with two copper catalyst tablets. After cooling before neutralization and titration,
distilled H,O was added to the hydrolysate. The amount of protein was calculated taking into
account the nitrogen concentration in the product. Data was expressed as g proteins per 100
g of flour (Shevchenko et al., 2022).

Fiber

A collaborative study was conducted to determine the total dietary fiber (TDF) content
in products, using enzymatic-gravimetric method. TDF was calculated as the weight of the
residue minus the weight of protein and ash (Shevchenko et al., 2022).

Protein fractional composition

During the sample preparation, rice flour was sifted through a mesh sieve to obtain a
fine powder, and kept at 4 °C until further use. The raw material was defatted with pentane.
The flour/solvent slurry was mixed at a 1:10 w/v ratio for 24 h, and then the solvent was
removed by centrifugation. The mixture was dried and stored in airtight bottles at 4 °C until
subsequent use. According to the Osborne differential extraction procedure rice proteins were
fractionated from pentane defatted meal (Horax et al., 2010). The meal-water suspensions
(20 g of meal into 100 mL of deionized water) were mixed for 2 h at room temperature and
centrifuged at 20,000 g for 30 min to separate the supernatant from the pellet, and obtain the
deionized water extract (DWE). The same conditions for extraction/separation were kept for
the next protein extraction steps. The water extract pellet was put into 100 mL of 1 M NaCl
solution and mixed as mentioned above. The supernatant obtained after centrifugation, was
extracted in 100 mL of deionized water at pH 11 with 0.5 M NaOH solution, leading to the
alkaline extract (AE). Each extraction was made twice. Pellets were washed twice after each
extraction using 20 mL of solvent. It was made to collect the residual protein entrapped in
the insoluble residues. Obtained extracts were precipitated for isolation by adjusting the pH
of the obtained supernatant to the pH corresponding to the minimum of solubility (pHms)
determined from the turbidity experiment (Rezig et al., 2013). The pH was revised by 1 M
HCI or 1 M NaOH solutions in acidic or alkaline pH, respectively. After centrifugation for
15 min at 15,000 g, the isolated protein precipitates were washed using deionized water twice
at their respective pHms and recentrifuged. The resulting protein fractions were resolubilized
by providing the pH to 7.0, freeze-dried, and stored at 4 °C until further analysis (Rezig et
al., 2015).
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Near-infrared reflection spectroscopy

Infrared spectrometer (Labor-Mim, Hungary) was used to research the reflection spectra
from shredded samples and a smooth surface in near infrared range from 1330 to 2370 nm.
Firstly, the spectrometer recorded the reflectance spectrum from reference 10, secondly a
reflection spectrum from the researched sample. The spectra are represented as the
reflectivity of R in relative units (the ratio of the intensities 1/10 = R), depending on the
wavelength in nm (Litvynchuk et al., 2022; Niewitetzki et al., 2010; Yip et al., 2012). The
intensity of reflection was measured in rice and wheat flours, in lecithin, in dough after
kneading and after 3.5 hours of fermentation and in bread. The reflection intensity was
expressed through the relative reflection coefficient.

Statistical analysis

The data represents the mean of a minimum three replicates + standard deviation (S.D.).
Graphical presentation of experimental data was performed using standard statistical
processing programs — Microsoft Excel 2010.

Results and discussion
Protein and amino acid composition of wheat and rice flours

The chemical composition of raw materials, especially the content and composition of
proteins, plays a decisive role in determination of the properties of dough for bakery products
(Amijid et al., 2013).

The total protein content in rice flour is 47% lower than in premium wheat flour. The
content of dietary fibers is 8.5 times lower, which makes it a valuable raw material for the
production of bread for patients with IBD (Drobot et al., 2021).

Fractional composition of rice flour proteins differ from wheat flour (Table 1).

Table 1
Fractional composition of proteins of wheat flour and rice flour

Mass fraction of proteins (g/100g)\Wheat flour|Rice flour

Albumin 5.440.21 |4.840.21

Globulin 9.9+£0.34 [10.6+0.36

Glutelin 27.1+0.78 |76.7+1.67

Prolamin 43.1£1.12 | 4.3+0.18

Insoluble proteins 14.5+£0.46 | 3.6+0.15

A higher content of albumin, prolamin and insoluble proteins was determined in wheat
flour. The content of globulins and glutelins is higher in rice flour, but the composition of
glutelins in the studied samples is different. In wheat flour, it is glutenin, which is a gluten
protein, forming a heterogeneous mixture of polymers through disulfide bonds of
polypeptides (Huang et al., 2011). In rice flour, the representative of glutelins is orizenin,
which does not have properties to form a dough frame (Jayaprakash et al., 2022).
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The difference in the chemical composition of wheat flour, rice flour and lecithin should
affect the change in the basic structural units of dough and bread with these components in
the recipe. To identify and analyze these components, it is advisable to use the reflection
spectrum in the near infrared region (Baslar et al., 2011).

The infrared reflection spectra of wheat and rice flour showed a similar nature of the
spectra: the extremes are observed at the same wavelengths, the spectra are located parallel
to each other and differ only in the intensity of reflection (Figure 1).

Wheat flour has a higher relative reflection coefficient, so its spectrum is placed higher
than the spectrum of rice flour. Sunflower lecithin has different chemical composition in
comparison with flours, due to which its reflection spectrum differs from the reflection
spectra of flour and has different shape with the appearance of additional extreme (at a
wavelength of 1720 nm, a clear minimum of reflection intensity is observed in the spectrum
of sunflower lecithin, which was not previously observed in flour spectra). Also, at some
wavelengths on the spectrum of lecithin, extreme shifts in both short- and long-wavelength
regions are noticeable. In particular, the reflection minimum of the sunflower lecithin sample
compared to the flour samples shifted by 40 nm (from 2100 to 2140 nm). This indicates the
absence of protein in its composition, which is present in flour samples (Be¢ et al., 2019).

=
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Relative reflection coefficient
o = =
[00] o N
N

o
o

o
i

0.2

0.0
1300 1500 1700 1900 2100 2300

Wavelength, nm

——1 -Wheat flour ——2 -Rice flour ——3 - Sunflower lecithin
Figure 1. Infrared reflection spectra of raw materials
After kneading the dough, the spectra of the samples obtained with different

replacement of wheat flour by rice differed slightly, although all extremes were the same
(Figure 2).
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Figure 2. Infrared reflection spectra of dough samples with rice flour (10, 20, 30 and 40%
replacement) after kneading

There is a direct regularity in the location of spectra of the samples: the control sample
of the dough is the lowest, sample with 10% replacement is above it, samples with 20, 30,
and 40% replacement are higher. The similarity of the obtained spectra indicated that the
determining factor affecting the formation of dough properties is wheat flour, since its mass
fraction remains the largest in the dough. However, the intensity of reflection of the dough
with rice flour, regardless of the percentage content, tended to the spectrum of the control
sample of dough, acquiring springy-elastic and visco-plastic properties, which in the control
sample are provided by the content of glutenins and gliadins of wheat flour. The difference
in the spectra near the wavelength of 1930 nm indicates the content of moisture in the samples
(the control sample has the lowest intensity and a clear sequence is observed: the increase in
the intensity of reflection by the samples with an increase in the replacement percentage).
Since the dough samples were prepared for the experiment under the same conditions, it can
be concluded that this trend is caused by the higher water absorption and moisture retention
capacities of rice flour than wheat flour, which in turn is caused by the greater dispersion of
its particles (Lap¢ikova et al., 2021).

After the end of fermentation and keeping of the dough (after 3.5 hours), the
conformational changes of the structural substances of the dough were determined (Figure
3). All spectra of dough samples with different doses of rice flour changed their reflection
intensity, but all extremes remained at the wavelength values observed in Figure 2.
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Figure 3. Infrared reflection spectra of dough samples with rice flour (10, 20, 30 and 40%
replacement) after fermentation

In contrast to the spectra of the dough obtained after kneading, due to changes in the
properties of the biopolymers of the raw material, in particular, the swelling of proteins and
starch, during the fermentation process, the spectra changed the intensity of reflection and
moved away from each other evenly, but kept their regularity of location. That is, with an
increase in the percentage of replacement of wheat flour with rice, the reflection coefficient
increased, and the spectrum was higher than the control sample of the dough. But in the
dough samples with the replacement 30 and 40%, the spectra almost overlapped and their
difference was barely noticeable. This indicates that structural changes are more active,
although less, in samples with a lower percentage of replacement.

In the process of baking, under the influence of high temperatures, protein and other
substances of the dough change, which affects the intensity of the reflection of the finished
products. The analysis of the spectra of the control sample of dough and the dough samples
with 40% replacement of wheat flour with rice flour (after kneading and after 3.5 hours of
fermentation), as well as samples of bread (Figure 4), made it possible to conditionally divide
them into two groups (three spectra in each group), since each of them has the same initial
relative reflection coefficient.

The obtained spectra of the first group showed that the control sample of the dough after
kneading and the sample of dough with 40% rice flour after 3.5 hours of fermentation are
practically the same. The spectrum of the dough sample after kneading with 40% replacement
with rice flour is close to them, but with a slightly higher value of the relative reflection
coefficient.
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Figure 4. Infrared reflection spectra of dough and bread samples with rice flour
(40% replacement)

The spectra of the control sample of the dough after 3.5 hours of fermentation, the
control sample of bread and bread with 40% replacement, which are separated into the second
group, also conditionally match and overlap each other. However, the initial relative
reflection coefficient has a lower value than that of the first group. This indicates that the
conformational transformations in finished products have a similar character to
transformations in dough with wheat flour after fermentation and are determined to a greater
extent by the properties of wheat flour (Chompoorat et al., 2022). The secondary structure of
gluten underwent changes in bread after exposure to temperature by promoting a-helices and
B-turns and contributed to the formation of disulfide bonds (Xiang et al., 2020). This indicates
that the deformation of gluten with a lower content of intermolecular -sheets, antiparallel -
sheets and B-turns, but a higher content of a-helices compared to dough gluten (Verbauwhede
et al., 2018) increases during the baking process.

The conducted studies indicate that in the technological process of breadmaking
conformational changes of protein take place and the expediency of using rice flour in the
technology of bakery products to replace wheat flour in order to minimize the fiber content
in bread according to the recommendations of diet therapy for patients with 1BD.
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Conclusion

1. The total protein content in rice flour is 47% lower than in premium wheat flour, and
the dietary fiber content is 8.5 times lower.

2. Wheat flour has a higher content of aloumin, prolamin, and insoluble proteins than
rice flour by 11, 90, and 75%, respectively. The content of globulins and glutelins is
more in rice flour by 7 and 183%, respectively. But the composition of glutelins in the
studied samples is different. In wheat flour, it is glutenin, which is a gluten protein,
forming a heterogeneous mixture of polymers through disulfide bonds of
polypeptides. In rice flour, oryzenin is a representative of glutelins.

3. The infrared reflection spectra of wheat and rice flour showed a similar nature of the
spectra: extremes have been observed at the same wavelengths, the spectra are located
parallel to each other and differ only in the intensity of reflection. Sunflower lecithin
has a minimum reflection intensity at a wavelength 1720 nm. Also, at some
wavelengths on the spectrum of lecithin, extreme shifts in both short- and long-
wavelength regions are noticeable.

4. The secondary structure of gluten underwent changes in bread after exposure to
temperature by promoting a-helices and B-turns and contributed to the formation of
disulfide bonds.
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Introduction. The aim of the present study is to define the
biological potential (based on phenolic complex and
antioxidant activity) of white grapes (and their corresponding
wines) grown under the influence of the terroir of Central
Northern Bulgaria.

Materials and methods. The objects of the research were
grapes and wine from the white varieties Chardonnay, Dimyat
and Druzhba, harvest 2021, grown in the experimental
plantations of the Institute of Viticulture and Enology (IVE),
Pleven. Chemical analysis, analysis of phenolic compounds
and antioxidant activities of grape musts and wines were made.

Results and discussion.The highest amount of total
phenolic compounds (TPC) was found in the grape must of the
local variety Dimyat. The study of the presence of flavonoid
phenolic compounds (FPC) in the grape musts showed that
Chardonnay has the highest potential for FPC accumulation.
The highest amount of non-flavonoid phenolic compounds
(NPC) was found in the grape must of the control introduced
variety Chardonnay. At titratable acid (TE) 600.00 mg/dm?, the
highest antioxidant activity was found in the grape must of the
Druzhba hybrid. Dominance in the content of TPC was found
in the wine form the local variety Dimyat (0.93£0.000 g/dm?),
while the Chardonnay showed the lowest amount of TPC
(0.45+0.000 g/dm?®). In terms of FPC content, Chardonnay wine
dominated (696.46+0.37 mg/dm?®), and Dimyat had the lowest
content (439.38+3.35 mg/dm®). The highest concentration of
NPC was found in the wine of the Druzhba hybrid
(130.47+£0.59 mg/dm®). The lowest result according to this
indicator was found in the wine of the control variety
Chardonnay (84.13+0.43 mg/dm®). The Chardonnay wine
showed significantly higher antioxidant activity compared to
the other two studied varieties — 1.5 times higher radical-
eliminating activity compared to Dimyat and compared to
Druzhba — 2 times higher.

Conclusions. The research proved that the white varieties
and wines grown in the region of Central Northern Bulgaria
showed a balanced biological activity and potential,
comparable to wines and grapes from other regions of the
world.
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Introduction

Modern food science places serious emphasis on the biological potential of various
foods and beverages. In-depth research is being carried out, aiming to define the components
of the composition of food and drink products with high biological activity, functional and
health effects, all of which reflect in an overall improvement in the functions of the human
organism.

Antioxidants are substances capable to neutralize reactive oxygen species (free radicals)
through direct binding, which leads to blocking the possibility of oxidative stress in the
human organism (Lobo et al., 2010; Young and Woodside, 2019). Oxidative stress,
determined by the activity of free radicals in the body and their binding to cellular structures,
leads to the initiation of various damages associated with the disruption of a number of
functions and the formation of many diseases: the initiation of cancer forms, atherosclerosis,
cardiovascular diseases, arthritis, accelerated aging, neurodegenerative and autoimmune
diseases (Lea, 1966; Harman, 1992; Pham-Huy et al., 2008).

Phenolic compounds are secondary metabolites that underlie the antioxidant capacity
and activities of various plant species (Arvanitoyannis et al., 2006). Their accumulation in
the grapes of Vitis vinifera L species is dependent on a number of factors: grapevine variety,
soil and climatic conditions in the area of cultivation, irrigation, plant protection measures,
sun exposure and others (Burin et al., 2014). Their accumulation in the wine includes some
other factors: degree of grapes ripeness (Andrade et al., 2001), vinification technology
(Salacha et al., 2007), aging of the wines (Zafrilla et al., 2003).

Numerous studies confirm the inhibitory ability of wine and grapes phenolics against
free radicals, reducing the risks of cancer, cardiovascular diseases, diabetes and others
(Palma-Duran etal., 2017; Kerry and Abbey, 1997). The direct relationship between phenolic
compounds and antioxidant activity has been demonstrated in various studies regarding the
influence of maceration in the accumulation of phenolics and the increase in the antioxidant
activity of must and red Syrah wines from Brazil (Alencar et al., 2017), a study of the
phenolic composition and antioxidant capacity of table grapes from the region of Italy and
Portugal (Di Lorenzo et al.,, 2019), a study on antioxidant activity and polyphenolic
compounds in white and red wines from North Macedonia (Mitrevska et al., 2020), it was
proved a direct relationship between phenolic compounds, antioxidant activity and
antihypertensive capacity in Argentinian red wines from Malbec and Merlot varieties
(Rodriguez-Vaquero et al., 2020) and others.

The aim of the present study is to define the biological potential (based on phenolic
complex and antioxidant activity) of white grapes (and their corresponding wines) grown
under the influence of the terroir of Central Northern Bulgaria.

Materials and methods

The objects of the research were grapes and wines from the white varieties Chardonnay,
Dimyat and Druzhba, harvest 2021, grown in the experimental plantations of the Institute of
Viticulture and Enology (IVE), Pleven.

Grapevine varieties. Three white grapevine varieties were selected — introduced, local
and hybrid.

Introduced variety. It had a control role in the study. Chardonnay is a white grapevine
variety, originating from the area of Burgundy and Champagne, France (Sweet, 2007). For
the region of Pleven, it ripens around the middle of September. It has very good fertility. It
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quickly accumulates sugars (20-24%) and retains relatively high titratable acidity (7.00-9.00
g/dm?®) (Radulov et al., 1992; Roychev, 2012).

Local variety. Dimyat — old local, Bulgarian, white grapevine variety, distributed in the
Balkan Peninsula. Late-ripening, for the region of Pleven it ripens in the second half of
September. It has high fertility and yield. Grapes have good sugar accumulation (19-21%)
with titratable acids of 6.00-7.00 g/dm? (Radulov et al., 1992; Roychev, 2012).

Hybrid variety. Druzhba is a white grapevine variety created by complex interspecies
hybridization (Muscat hamburgski x Save Villar 12 375) x (Zarya Severa x Muskat
hamburgski) and approved in 1983. Included in the Official Varietal List of Bulgaria in 2012.
The variety is medium-ripening, the grapes ripen at the end of August and the beginning of
September. The vines have very good fertility. At technological maturity, the content of
sugars is 19-21%, with titratable acids of 6.50-7.50 g/dm® (Radulov et al., 1992; Roychev,
2012).

Grape must chemical composition. The research was carried out according to the
methods generally accepted in winemaking practice and included: Determination of sugar
content (g/dm®) using a Dujardin hydrometer; Determination of the content of titratable acids
(TA, g/dm?®) by titration with 0.1n NaOH; Determination of pH was done potentiometrically,
using a pH meter.

Vinification. The studied varieties were harvested when they reached technological
maturity. The grapes, in the amount of 30 kg, of each variety were processed in the
Experimental Wine Cellar of IVE — Pleven, in the conditions of microvinification, according
to the classic scheme for the production of dry white wines:

—  Crushing the grapes

—  Destamming

— Pressing

—  Sulphitation (50 mg/dm?® SO)

—  Clarification of the must and decanting

— Alcoholic fermentation (dry wine yeast Saccharomyces cerevisiae 20 g/hl;
temperature 20°C)

— Racking

— Additional sulphitation

—  Storage.

Chemical analysis of the obtained white wines. The analyzes were carried out
according to the methods generally accepted in wine practice (lvanov et al., 1979): The
content of sugars (g/dm?®) by Schoorl's method; Alcohol content (vol.%) — distillation method
using a Gibertini apparatus with a densimeter, by determining the density of a non-alcoholic
sample; Titratable acids of the wine (TA, g/dm®) by titration with 0.1n NaOH; Actual acidity
(pH) potentiometrically with a pH meter; Total extract by densimeter (Gibertini).

Determination of the phenolic content of grape must and wines. Determination of
total phenolic compounds (TPC) — according to the method of Singleton et Rossi;
Determination of the content of flavonoid phenolic compounds (FPC); Determination of the
content of non-flavonoid phenolic compounds (NPC);

Determination of antioxidant (DPPHe) activity of grape must and wines.
Antioxidant activity was determined according to the method of Wang et al. (1996), as
antiradical activity against the stable product DPPHe (2,2 — diphenyl-1-picrylhydrazyl)
(Sigma Aldrich, Germany). The antiradical activity was calculated by the formula: AAR =
102(Ak — A0).Ak?, % (1)
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Statistical analysis. Statistical processing of the data was performed, including the
determination of standard deviation (£SD), with triplicate replication for each analysis. The
determination of the indicator was realized using the Excel 2007 program from the Microsoft
Package (Microsoft Corporation, USA).

Results and discussion

The harvest for each variety was carried out at technological maturity. Analyzes of the
grape must of each variety were carried out for the determination of three main technological
indicators: sugar content, titratable acids (TA) and determination of pH of the must. The
obtained results are presented in Table 1.

Table 1
Main technological indicators of grape must from the investigated varieties (harvest 2021)

Technological indicators Grapevine varieties
Chardonnay Dimyat Druzhba
Sugars, g/dm?® 244.60+1.10 | 221.00+1.70 | 223.00+1.70
TA, g/dm? 7.25+0.22 4.60+0.08 5.97+0.04
pH 3.26+0.005 3.44+0.005 | 3.424+0.005

The highest sugar accumulation in the grape must of the white varieties was found in
the control introduced variety Chardonnay (244.60+1.10 g/dm3). The must of Dimyat and
Druzhba showed a very close, almost similar content of sugars (221.00+1.70 g/dm?® and
223.00+1.70 g/dm3, respectively).

According to Radulov et al. (1995) and Roychev (2012), the studied varieties in the
conditions of Bulgaria should accumulate sugars as follows: Chardonnay — 200.00 — 240.00
g/dm?®; Dimyat — 190.00 — 210.00 g/dm?3; Druzhba — 190.00 — 210.00 g/dm?,

It can be seen that the established sugar accumulation in the must for the specific harvest
(2021) showed slightly higher levels than the data presented by Radulov et al. (1995) and
Roychev (2012), namely 4.60 g/dm® more sugars for Chardonnay, 11.00 g/dm® more sugars
for Dimyat and, respectively, 13.00 g/dm3 more sugars for Druzhba. The resulting higher
sugar accumulation could be explained as a consequence of the climatic conditions of the
year. It was characterized by a very hot and dry summer, with a long period without
precipitation, which led to an increased synthesis of sugars in the grapes.

Regarding the established titratable acidity (TA), the highest content of this indicator
(7.25+0.22 g/dm®) was found in Chardonnay. Druzhba must showed higher content of
titratable acids (5.97+0.04 g/dm?) than Dimyat (4.60+0.08 g/dm?).

According to Radulov et al. (1995) and Roychev (2012) the content of titratable acids
in the grape must of the investigated varieties ranges as follows: Chardonnay — 7.00 — 9.00
g/dm?; Dimyat — 6.00 — 7.00 g/dm?®; Druzhba — 6.50 — 7.50 g/dm?,

The results obtained for Chardonnay and Dimyat must correlated with the data
presented by the cited authors. Druzhba must showed a slightly lower titratable acidity. The
lower content of titratable acids is explained by the higher sugar accumulation in these
varieties, which is reflected in a slight decrease in their titratable acidity. In addition, the
content of titratable acids is a highly variable factor depending on variety, geographical area
and climate.
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According to Abrasheva et al. (2008) in the conditions of the Republic of Bulgaria, the
concentration presence of titratable acids in grapes varies in the wide range from 4.00 to
12.00 g/dm®. The results of the conducted research correlated with this range, which
confirmed the good accumulation of acids in the grapes in the conditions of the town of
Pleven, Central Northern Bulgaria, and confirmed also the reach of grapes technological
maturity for carrying out the "vinification™ process.

The pH represents the relationship between the amount and the strength of acids. The
normal pH of grape must should be in the range of 2.80 — 3.80 (Chobanova, 2012). In the
grape must of the studied varieties, the lowest pH was found in the control introduced
Chardonnay variety (3.26+0.005). Druzhba and Dimyat showed close values for this
indicator. The obtained data were normal and correlated with those presented by Chobanova
(2012).

The results for the three main technological indicators (sugars, TA, and pH) indicated
that the grapes were harvested at the right time, at technological maturity, with a good balance
between sugars and acids and good quality for undergoing the fermentation process.

The phenolic complex is a major factor for the biological value of grapes and wine,
determining their antioxidant activities.

In the grape must of the investigated varieties, total phenolic compounds (TPC),
flavonoid phenolic compounds (FPC) and non-flavonoid phenolic compounds (NPC) were
determined.

The data for TPC in grape must of the studied varieties are presented in Figure 1.

0.6

0.5 ~

TPC, g/dm3

0.4 -
B CHARDONNAY

ODIMYAT
0.2 ~ — ODRUZHBA
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0.1 ~ —

0
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Figure 1. Total phenolic compounds (TPC) in grape must of the studied varieties

The research showed the lowest content of this indicator in the Druzhba hybrid
(0.25£0.00 g/dm?®). It was two times lower, compared to the determined content of TPC in
the introduced control variety Chardonnay (0.49+0.005 g/dm®) and the local Dimyat
(0.55+0.00 g/dm®). When analyzing the results, it could be seen that the must of Dimyat was
the richest of TPC.

The obtained data regarding the established presence of TPC in the grape must were in
absolute correlation with the ranges of their presence (200.00 — 500.00 mg/dm?3), presented
by Velkov et al. (1996) as well as with the study of Franco-Bafiuelos et al. (2017), who found
a variation in TPC content of 112.70 mg GAE. 100 g to 218.00 mg GAE. 100 g in a study
of grapes from four white grapevine varieties (Sauvignon Vert, Palomino, Furmint and
Semillon) from the Mexico region.
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The obtained results regarding the content of FPC in grape must of the studied varieties
are presented in figure 2.
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Figure 2. Flavonoid phenolic compounds (FPC) in grape must of the studied varieties

The grape must of the control introduced variety Chardonnay showed the highest
quantitative presence of FPC (726.44+3.34 mg/dm?®), an amount that was more than eight
times higher than that found in the grape must of the local variety Dimyat (87.07+1.16
mg/dm?3) and over three times higher than that found in the white hybrid variety Druzhba
(213.97+3.04 mg/dm?). It could be seen that the must of Dimyat showed the lowest levels on
this indicator, and Chardonnay dominated the other two varieties.

The data on the content of NPC in grape must of the studied varieties are presented in
Figure 3.
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Figure 3. Non-flavonoid phenolic compounds (NPC) in grape must of the studied varieties

The highest NPC content was found in the control introduced variety Chardonnay
(176.33£0.51 mg/dm?). It was almost four times higher compared to that of the local variety
Dimyat (45.65+0.11 mg/dm®) and over one and a half times from that found in the must of
the Druzhba hybrid (99.26+0.72 mg/dm®). From the obtained results for NPC, it could be
seen that Dimyat showed the lowest concentrations of the investigated indicator.

Some representatives of the NPC groups exhibit different biological activities
(Chobanova, 2012), related to the antiseptic properties, bactericidal activity,
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antihypercholesterolemic effect. The NPC group includes the so-called stilbenes
characterized by high antioxidant activity, preventive effect against cardiovascular diseases,
anticarcinogenic effect (Jang et al., 1997; Lu and Serrero, 1999).

The antioxidant activity is one of the main factors determining the biological potential
of grapes and wines.

The obtained data on the antioxidant activity (DPPHe) of grape must from the
introduced (Chardonnay), local (Dimyat) and hybrid (Druzhba) white grapevine varieties are
presented in Figures 4, 5 and 6.

The data on the antioxidant activity of the must from the three investigated white
varieties at TE = 600.00 mg/dm? revealed that the highest activity showed the must of the
hybrid Druzhba variety. With a reaction time of 5 min, it registered a free radical elimination
activity of 43.14+0.09 %. When the reaction time was increased to 15 min, an increased
elimination of DPPH radicals was registered up to 48.73+0.15 %.

The grape must of the other two studied varieties — the introduced control Chardonnay
and the local Dimyat at TE = 600.00 mg/dm? showed almost similar results with a very small
difference in favor of Chardonnay. Its must at a reaction time of 5 min showed 34.72+0.28
% elimination of free radicals. When the reaction time increased to 15 min, an increased in
the antiradical activity was recorded and it reached 37.22+0.14 %.

The grape must of the local Dimyat variety showed the lowest antiradical activity, but
its difference with Chardonnay was small (2—-3% higher activity in Chardonnay). Dimyat at
TE=600.00 mg/dm® and reaction time 5 min demonstrated an antioxidant activity of
32.4340.03 %. At 15 min of the reaction, in the same total extract, the activity increased
slightly to 34.29+0.24 %.

At TE = 400.00 mg/dm?, however, the grape must of the introduced control variety
Chardonnay showed an increase in its antioxidant activity. Thus, 5 min from the moment of
mixing the radical and the sample, an antioxidant activity of 43.50+0.47 % was recorded. At
15 min of the reaction, it marked a jump and reached 51.02+0.12 %.

Second according to this indicator at TE = 400.00 mg/dm3 was the grape must of the
Druzhba hybrid. At a reaction time of 5 min, it showed a free radical elimination capacity of
32.79+0.16 %. At 15 min of the reaction, a growth in the antioxidant activity was reported,
and 36.12+0.58 % elimination of the DPPH radical was found.

The grape must of the local variety Dimyat showed the lowest antioxidant activity in
this extract as well (400.00 mg/dm?®). At 5 min of the reaction, an antioxidant activity of
28.01£0.07 % was found. At 15 min, it rose and occupied a value of 34.99+0.04 %.

The grapes were vinified by microvinification. 30 kilograms of grapes, for each variety,
were processed according to the classic scheme for the production of white dry wines
(YYankov, 1992). The data regarding the main chemical parameters of the obtained wines are
presented in Table 2.

Table 2
Chemical parameters of the experimental wines, harvest 2021
Alcohol Total Sugars, Titratable
Wines content, vol. extract, g/dm? acids, pH
% g/dm? g/dm?
Chardonnay | 14.14+0.05 22.43+0.05 1.76+0.15 | 6.98+0.07 3.52+0.000
Dimyat 9.80+0.04 68.50+2.15 47.33£2.30 | 5.49+0.42 3.714+0.000
Druzhba 13.33+0.05 22.02+0.31 5.07+0.61 5.40+0.15 3.71+0.000
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Figure 4. Antioxidant activity of grape must from white introduced variety — Chardonnay
at TE = 600 mg/dm?® and TE = 400 mg/dm?
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Figure 5. Antioxidant activity of grape must from white local variety — Dimyat
at TE = 600.00 mg/dm?® and TE = 400.00 mg/dm?®
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Figure 6. Antioxidant activity of grape must from white hybrid variety — Druzhba at TE =
600.00 mg/dm?® and TE = 400.00 mg/dm?
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The highest alcohol content was found in Chardonnay (14.14+0.05 vol. %). Low levels
of alcohol were found in the wine of the Dimyat variety (9.80+0.04 vol. %). Ethyl alcohol
varies normally in wines in the range of 7.00 vol. % — 17.00 vol. % and accordingly it the
analyzed wines could be categorized (by alcohol content) in the following order: Dimyat and
Druzhba as dry (table), whose category (Chobanova, 2012) covers an alcohol range from
9.00 vol. % to 13.00 vol.%; Chardonnay — as strong, whose category is characterized by an
ethanol content above 14.00 vol. %.

Almost all analyzed wines showed a normal total extract. An exception, however, was
observed in the wine of the Dimyat variety. Its extract content was extremely high
(68.50+£2.15 g/dm®). The reason for this was the high residual sugar of this wine (47.33+2.30
g/dm®). The yeast microflora, only in this variant, did not complete the fermentation, which
reflected in a lower alcohol content and directly on its higher total extract.

Examining the content of residual sugars in the analyzed white wines, their high
presence in Dimyat wine were visible (47.33+2.30 g/dm?®). As interpreted above, this content,
linked to the alcohol content, indicated incomplete fermentation biotransformation of grape
sugars. According to the content of residual sugars, Chardonnay wine (1.76+0.15 g/dm®) was
categorized as dry (up to 4.00 g/dm?® residual sugars), and that of the Druzhba hybrid
(5.07+0.61 g/dm?®) as semi-dry (from 4.00 to 12.00 g/dm? residual sugars).

The highest titratable acidity was found in Chardonnay (6.98+0.07 g/dm®). Dimyat
(5.4940.42 g/dm?®) and Druzhba (5.40+0.15 g/dm®) showed close values for this indicator
with a slight advantage for Dimyat. All established levels of titratable acids were in the
optimum (5.00 to 9.00 g/dm?) for this indicator (Chobanova, 2012).

Regarding the actual acidity (pH), a variation was found from 3.524+0.000 (Chardonnay)
to 3.7120.000 (Druzhba and Dimyat).

The data on the content of total phenolic compounds (TPC) in the investigated wines
are presented in figure 7.
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Figure 7. Content of total phenolic compounds (TPC) in white wines of the studied varieties

In the analysis of the TPC of white wines, the highest concentration presence was found
in Dimyat (0.93+0.000 g/dm®). The wine of the Druzhba hybrid variety also showed a high
concentration of TPC (0.60+0.000 g/dm3). The lowest phenolic accumulation for the specific
harvest (2021) was identified in the wine of the control introduced variety Chardonnay
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(0.45+0.000 g/dm?®). In terms of concentration, the quantitative presence of TPC correlated
with the results of other studies, which determined a range in the content of TPC in white
wines from 50.00 to 2000.00 mg/dm?® (0.05-2.00 g/dm?®) (Shadidi and Nazck, 1995). The data
also correlated with the study of Radeka et al. (2022), who found total phenolic content of
white wines from Croatian Malvasia and PoSip varieties ranged from 226.20 to 505.40
mg/dm? (0.26 to 0.50 g/dm?).

The data on the detected flavonoid phenolic compounds (FPC) in white wines are
presented in Figure 8.

[e]
o
o
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300 1 ODRUZHBA
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Figure 8. Content of flavonoid phenolic compounds (FPC) in white wines of the studied
varieties

The highest content of FPC was found in the wine of the control introduced variety
Chardonnay (696.46+0.37 mg/dm®). The wines of the other two studied varieties
demonstrated close values for this indicator — the wine of the Druzhba hybrid showed a
slightly higher concentration of FPC (473.54+3.03 mg/dm?®), compared to the wine of the
local Dimyat variety (439.38+3.35 mg/dm?).

The main representatives of the flavonoid group of phenolic compounds in grapes and
wine of Vitis vinifera L. varieties are anthocyanins, flavan-3-ols, tannins and their reaction
products (Casassa, 2017). Mitrevska et al. (2020) investigated commercial Macedonian red
and white wines and found that total flavonoid content in white wines ranged from
49.00+0.97 mg/dm? to 296.05+5.92 mg/dm?®. The FPC content found in our study was higher.

The data on the determined content of NPC in the investigated wines are presented in
figure 9.

’ The highest content of NPC in white wines was found in the Druzhba hybrid variety
(130.47+0.59 mg/dm?®). The wine of the local variety Dimyat ranked immediately after it
(93.51£0.34 mg/dm3), and the lowest content was recorded in the wine of the control
introduced variety Chardonnay (84.13+0.43 mg/dm?), as the difference between the wines of
the local and the introduced variety according to this indicator was not great.

The non-flavonoid phenolic compounds (NPC) present in wines include representatives
of phenolic acids and stilbenes (Fernandes et al., 2017). Woraratphoka et al. (2007)
investigated the content of phenolic compounds in selected wines from northeastern
Thailand. The team found a variation of NPC in the studied white wines from 159.60+68.40
mhg/d_m~:'j to 275.20+£35.40 mg/dm?®. The data in our study correlated with those established by
the cited team.
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Figure 9. Content of non-flavonoid phenolic compounds (NPC) in white wines of the studied
varieties

The data on the antioxidant activity of the white wines from the studied varieties are
presented in Figures 10, 11 and 12.

The highest antioxidant activity in these wines was found in the wine of the control
introduced variety Chardonnay. At TE = 600.00 mg/dm? at 5 min of the reaction with added
DPPH radical, the elimination of free radicals was found to be 62.37+0.20 %. After 15 min
of interaction with the radical, a slight decrease in activity was recorded, reaching 54.26+0.11
%. At TE = 400.00 mg/dm? at 5 min of the reaction in the wine of this variety, a radical-
scavenging activity of 58.30+0.04 % was found. A slight decrease in this extract was
observed after 15 min of the reaction with a generated antioxidant activity of 52.00+0.13 %.

Second, in terms of its ability to capture free radicals, was the wine of the local Dimyat
variety. At TE = 600.00 mg/dm? and a reaction time of 5 min, a radical-scavenging activity
of 38.47+£0.31 % was generated. A slight decrease was observed at 15 min of the reaction
reaching 35.15+0.19 % DPPH capture. At TE = 400.00 mg/dm?®, after 5 minutes of the
reaction, an activity of 41.55+0.45 % was found. At 15 min in the same extract, a decrease
in antioxidant activity was found, reaching 30.79+0.00 %.

Among the investigated white wines, the Druzhba hybrid wine has the lowest
antioxidant activity. At TE = 600.00 mg/dm? and at the 5 min from the moment of mixing of
the radical with the wine, a radical-scavenging activity of 31.05+0.24 % was found. At 15
minutes of reaction, the antioxidant activity of the wine of this variety had low change — a
negligible decrease was observed with a reported antioxidant activity of 30.44+0.03 %. At
TE = 400.00 mg/dm?, a decrease in activity was observed, and at 5 min it was 25.40+0.20 %.
At 15 min, in this extract, as with the previous one, a very slight decrease was found with
generated antioxidant activity of 24.51+0.02 %.

The trend in the established antioxidant activity of white wines could be directly related
to the accumulation of FPC. In terms of both indicators (antioxidant activity and FPC), the
Chardonnay wine is significantly different from the wines of the other two studied varieties,
which showed similar concentrations of FPC and, accordingly, similar percentages in the
capture of free radicals. Compared to the wine of the Dimyat variety, Chardonnay showed
more than 1.5 times higher radical-eliminating activity, and compared to Druzhba — 2 times
higher. This, for the specific harvest (2021), proved that the control introduced Chardonnay
variety was characterized by the highest biological potential.
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Figure 10. Antioxidant activity of white wine from control introduced variety Chardonnay
at TE = 600 mg/dm?® and TE = 400 mg/dm?
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Figure 11. Antioxidant activity of white wine from the local variety Dimyat
at TE = 600 mg/dm?® and TE = 400 mg/dm?
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Figure 12. Antioxidant activity of white wine from Druzhba hybrid variety
at TE = 600 mg/dm?® and TE = 400 mg/dm?
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Paixao et al. (2007) studied white wines from the region of the island of Madeira and

found a variation in the percentage of eliminated DPPH radicals from 13.47+£2.10 % to
68.69+5.40 %. The results of our research were in complete agreement with the cited team.
The results were also in agreement with the study of Markovi¢ et al. (2015), who found
antioxidant activity in white wines of the local Croatian white variety Zilavka, which varied
between the eighteen investigated samples from different regions of Croatia in the range of
23.40+1.40 % to 83.10+1.60 %. Our data also correlated with the study by Kharadze et al.
(2018), who determined the antioxidant activity of white wines from five varieties grown in
the region of western Georgia. The team examined 14 white wines and found a variation in
their antioxidant activity from 27.00 % to 45.25

28

Conclusions

The following conclusions could be made from the conducted research:
The results obtained regarding the three main technological indicators (sugars,
titratable acids and pH) of the grape must indicated that the grapes were harvested at
the right time, at technological maturity, with a good balance between sugars and acids
and good quality for undergoing fermentation process.
The highest presence of TPC was proved in the grape must of the local variety Dimyat.
The study of the presence of FPC in the grape must of the varieties showed that
Chardonnay has the highest potential for FPC accumulation, reflecting in a
significantly higher amount of this component of the phenolic composition, compared
to the other two varieties.
The highest presence of NPC was found in the grape must of the control introduced
variety Chardonnay. It was almost four times higher, compared to that of the local
variety Dimyat and more than one and a half times, compared to the Druzhba hybrid.
At TE=600.00 mg/dm?, the highest antioxidant activity was found in the grape must
of the Druzhba hybrid variety. The musts of the introduced Chardonnay and local
Dimyat showed similar antioxidant activity in this extract.
When the extract was reduced (400.00 mg/dm?), however, Chardonnay demonstrated
the highest antioxidant activity, followed by Druzhba, and it was lowest in Dimyat.
The chemical parameters of the analyzed wines were optimal. The only exception was
the wine of Dimyat, in which low alcohol (9.80+0.04 vol. %), very high extract
(68.50+2.15 g/dm®) and high residual sugars (47.33+2.30 g/dm?3) were found. The
reason was a disturbance in the alcoholic fermentation, which led to its incomplete
progress.
Dominance in the content of TPC was found in the wine form the local variety Dimyat
(0.93+0.000 g/dm?®), while the Chardonnay control showed the lowest presence of
TPC (0.45+0.000 g/dm?).
In terms of FPC content, Chardonnay wine dominated (696.46+0.37 mg/dm?), and
Dimyat had the lowest content (439.38+3.35 mg/dm?).
The highest concentration of NPC was found in the wine of the Druzhba hybrid variety
(130.47+0.59 mg/dm?). The lowest result according to this indicator was found in the
wine of the control introduced variety Chardonnay (84.13+0.43 mg/dm?).
The trend in the established antioxidant activity of the white wines was directly related
to the accumulation of FPC. In terms of both indicators (antioxidant activity and FPC),
the Chardonnay wine was significantly different from the wines of the other two

——Ukrainian Journal of Food Science. 2022. Volume 10. Issue 1



—— Food Technology ——

studied varieties, which showed similar concentrations of FPC and, accordingly,
similar percentages in the capture of free radicals. Compared to the wine of the Dimyat
variety, Chardonnay showed more than 1.5 times higher radical-eliminating activity,
and compared to Druzhba — 2 times higher.
The research proved that the white varieties and wines grown in the region of Central
Northern Bulgaria showed a balanced biological capacity and potential, comparable to wines
and grapes from other regions of the world.
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Introduction. The aim of the study is to determine the
optimal temperature regimes for baking and drying potato dough
to reduce formation of acrylamide in molded potato chips of
increased nutritional value.

Materials and methods. The following raw materials were
selected: potato grits, rye and barley bran, pumpkin seed meal,
broccoli and red beet cryopowders. The amounts of aspartic acid
and reducing sugars in raw materials, as well as acrylamide
formed during the temperature treatment of the dough potato
mass were determined.

Results and discussion. In order to increase the nutritional
value of molded potato chips, the traditional raw material base
has been expanded using various cereal bran, meal, dietary fibers,
and vegetable powders. The recommended parameters for
processing potato dough are: temperature of 125°C and a duration
of 4.5 minutes without vegetable oil addition, in contrast to the
traditional methods of molded potato chips production. The
amount of aspartic acid in potato grain is 190.5 mg/g of protein
and reducing sugars is 0.6%. The amount of aspartic acid in rye
and barley bran is 77.5 and 72.6 mg/g of protein, respectively, in
pumpkin seed meal — 80.5 mg/g of protein, in cryopowders of
broccoli and red beet — 72.5 and 72.9 mg/g of protein. The content
of reducing sugars in rye and barley bran is 0.74 and 0.8%,
respectively, in pumpkin seed meal — 0.5%, in cryopowders of
broccoli and red beet — 0.3 and 0.5%, respectively. After addition
of non-traditional materials to the recipe, products were obtained
in which no acrylamide was detected due to changes in the
classical technology and parameters of molded potato chips
production. It was investigated that when applying the classical
technology of molded potato chips, the amount of acrylamide in
the finished products is 61 pg in 100 g of the product. In molded
potato chips without the addition of bran, meal and cryopowders,
which were baked and dried, the amount of acrylamide is 9.35 pg
in 100 g of the product.

Conclusions. The formation of acrylamide depends on the
chemical composition of raw materials, the duration and
temperature of baking-drying, and the technology of molded
potato chips production.
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Introduction

The modern rhythm of life and the lack of time for a full meal lead to the habit of "quick
snacking". Therefore, snack products are becoming popular in the diets of many peoples in
the world. Nowadays one of the most popular food products are chips, which can quickly
saturate the human body with energy and satisfy hunger (lvanov et al., 2021). Along with
this, it was found that excessive consumption of chips can provoke various diseases due to
the accumulation of toxic substances  such as methylpropanesulfonic acid and
acryloyloxyethyltrimethylammonium chloride in the human body (Howard et al., 2010;
Majzoobi et. al., 2013).

In recent years, the use of non-traditional raw material based on pumpkin seeds, which
after extracting the oil, are crushed to form a food meal, has become popular. Pumpkin seed
meal fiber contains a balanced composition of amino acids and carotenoids, as well as a large
amount of organic salts and has good functional properties (Shevchenko, 2022). Some
vegetables (carrots, zucchini, cabbage, beets, peppers, and broccoli) are rich in insoluble
dietary fibers, pectin, vitamins, and minerals. Modern equipment allows the production of
vegetable powders due to various methods of drying without loss of useful nutrients (WHO,
2002). It was shown that bran, meal and cryopowders contain 4 times less starch than potato
grits and 7 times more fiber. Cryopowders contain 2.5 times more mono- and disaccharides
compared to potato grits, which affects further chemical processes in molded potato chips.
In addition, the amount of fat in the cryopowders of broccoli and red beet is 0.2-0.3% of dry
matter (DM). Therefore, these raw materials meet the requirements for initial parameters in
the production of molded potato chips (Kovtun et al., 2018).

Scientists are concerned with the issue of reducing the amount of acrylamide formation
in snack products. The toxicity of acrylamide is due to easy penetration into the human body
through the gastrointestinal tract (Hunko et al., 2010).

Acrylamide is formed spontaneously in the process of cooking the product at a
temperature above 120°C, especially during frying (WHO, 2005). According to the
conclusions of experts of the FAO/WHO committee, the largest amount of acrylamide is
found in such products as French fries (16-30%), chips (6-46%), coffee (13- 39%),
confectionery and biscuits (10-20%), bakery products and bread fried in toasters (10-30%).
Therefore, these products require a detailed study and justification of their production
technology. Vacuum drying and infrared treatment are applied, addition of enzyme
asparaginase, which is able to inhibit the reaction of melanoid formation and the formation
of acrylamide, are implemented in the technology of preparing foods for decrease content of
acrylamide in them (Wenzl et al., 2003).

Research on the addition of asparaginase enzyme was carried out in the production of
ginger cookies and crispbreads. It was established that when asparaginase was added to the
dough for bread production, the acrylamide content decreased from 910 pg/kg to 740 pg/kg,
and the amount of acrylamide in ready-made loaves was reduced by 50%. For ginger cookies,
the amount of acrylamide was 530 pg/kg, when asparaginase was added, the amount of
acrylamide decreased to 60 pg/kg. As a result, it was possible to reduce the amount of
acrylamide up to 90% (Sharma et al., 2017).

The use of antioxidants in combination with a mixture of vegetable oils is proposed to
reduce acrylamide in chips from potato slices due to balance of the ratio of w-3 and ®-6 fatty
acids in them. It was established that when frying chips from potato slices of the ‘Kimmeria’
variety at a temperature of 140-180°C, the content of acrylamide in chips fried in palm oil
was 194-252 ug/kg, meanwhile in a mixture of deep-fried (corn + rapeseed oil) its content
was 198-320 pg/kg. To reduce the amount of acrylamide, the optimal ratio (1:1) of blends of
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corn oil + rapeseed oil, which was used for frying, was selected due to experimental studies.
These types of oil are balanced by polyunsaturated -3 and w-6 fatty acids. In addition, the
optimal thickness of potato chips was selected for frying (with a specific surface of 10.7 -
14.0 cm™), which allows to reduce the passage of the Maillard reaction. When eating 75 g of
such chips, 184-188 pg of acrylamide is consumed by person, which does not exceed the
permissible value according to WHO data. According to the FAO/WHO committee, the
average intake of acrylamide with food is 1-4 ug/kg of body weight per day. However, there
is no research on the amount of acrylamide in molded potato chips that are made from dry
mashed potatoes.

Therefore, the aim of the present research was to study the influence of the parameters
of molded potato chips production on the amount of acrylamide formation.

Materials and methods
Materials

Potato grits (‘Bikrampur’, Germany), traditional raw materials — rye and barley bran,
pumpkin seed meal (‘Agrosilprom’, Ukraine), as well as non-traditional raw materials
(cryopowders of broccoli and red beet) (‘Gammy’, Ukraine) were chosen for the research.
This choice of raw materials is due to their high nutraceutical composition, namely the
increased amount of dietary fibers, cellulose, hemicellulose, pectin, minerals, fat-soluble
vitamins in these raw materials.

Amino acid composition

The determination of amino acid composition of studied materials was carried out on an
automatic amino acid analyzer T 339 (Mikrotechna Praha a.s., Praha, Czech Republic). The
efluent from the container is driven through the chromatographic column using a dosing
pump. The area of the peaks on the chromatogram is calculated and compared with the area
of the peaks of amino acids with a known concentration. From the comparison of these areas,
the absolute amount of amino acid in the analyzed sample is calculated.

On the chromatogram, the peak area of each amino acid (peak height) is calculated.
Hydrolysis is carried out as follows: a weighted sample with a dry protein content of about 2
mg is placed at the bottom of the test tube. 0.5 ml of distilled water and 0.5 ml of concentrated
hydrochloric acid are added to a dry weight of protein in a test tube. An equal amount of
concentrated hydrochloric acid is added to the aqueous protein solution. The tube is cooled
in a mixture of dry ice with acetone or liquid nitrogen. After the content of the tube freeze,
air is pumped out of it using a vacuum pump to prevent oxidation of amino acids. Then the
test tube is sealed and placed for 24 hours in a thermostat with a constant temperature of
+106°C. At the end of hydrolysis, the test tube is opened, previously cooled to room
temperature. The contents are quantitatively transferred into a glass beaker and placed in a
vacuum-desiccator over granulated caustic soda. Then air is removed from the desiccator
using a water jet pump. After drying the sample, 3-4 ml of deionized water is added to the
buxes and the drying procedure is repeated. The sample prepared in this way is dissolved in
0.3-normal lithium citrate buffer (pH=2.2) and applied to the ion exchange column of the
amino acid analyzer (Litvynchuk et. al., 2022).
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Mass fraction of sugars

Determined was provided by the accelerated iodometric method. The procedure for
conducting the analysis consists of the following main stages: preparation of a water extract;
hydrolysis of sucrose in the obtained extract and quantitative determination of sugar by its
reducing properties.

30 cm? of the obtained filtrate, 10 cm?® of a 6.9% solution of copper sulfate and 10 cm®
of an alkaline solution of potassium-sodium tartaric acid are added to a 50 cm? conical flask
and the content is brought up to the mark with distilled water. The flask is heated on a gas
burner for up to 3 minutes and boiled for 2 minutes from the moment of boiling start and
cooled. Then 10 cm® of a 30% potassium iodide, 25% sulfuric acid solution are added to the
flask and the released iodine is titrated with a 0.1 mol/dm? solution of sodium thiosulfate to
a light yellow color. Under these conditions, a control experiment is also conducted
(Shevchenko et al., 2022).

Determination of the amount of acrylamide

Determination was performed on an Agilent 7890A gas chromatograph (USA) with a
Supelcowax chromatographic column (60 m, 0.53 mm, 1 um). The gas chromatograph was
equipped with electron capture (Agilent) and mass-selective (Finnigan Trace DSQ II) (USA)
detectors, which worked alternately. Centrifugation of samples was carried out on
centrifuges: ‘Rotina 38” (Germany) and ‘Eppendorf 5418 (Germany), shaking — in a shaker
‘Biosan OS-10" (USA).

About 50 mg of acrylamide was weighed into a 50 ml volumetric flask. 20 ml of distilled
water was added and stirred until complete dissolution. After that, the volume was brought
up to the mark with distilled water and mixed (basic solution, concentration 1 pg/ml), 1 ml
of the basic solution was transferred to a 100 ml volumetric flask, brought up to the mark
with distilled water and mixed (working solution, concentration 10 pg/ml) then this solution
was transferred to a gas chromatograph. For the control sample, dry milk was selected
(preliminarily tested for the absence of acrylamide) and acrylamide was added in the amount
of 0.005 to 5.0 mg/kg. The next step was extraction to remove proteins and fats, followed by
bromination of the solutions and purification of the ethyl acetate extract. Chromatographic
separation and detection conditions are: 140°C — 1 min, then 220°C — 5 min, isotherm — 33
min, nitrogen carrier gas 4 ml/min. Operating parameters of the electron capture detector are:
temperature 300°C, blowing flow — 30 ml/min (Ghiasvand et. al., 2016).

Results and discussion

Considering the fact that in cereal products, unlike potato, the content of asparagine
plays a decisive role in the formation of acrylamide, it was established that the highest content
of'it is in bran with a grain size of more than 560 um (Table 1). Therefore, additional grinding
of this raw material to sizes commensurate with potato grits and cryopowders of 30-40
microns was carried out. Cryopowders have asymmetric proportions in their chemical
composition relative to bran and meal. Obviously, this is explained by the fact that all these
types of raw materials contain dietary fibers that are able to retain asparagine even under the
conditions of its extraction.
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Table 1
Content of aspartic acid in raw materials
Raw material Amount of amino acid | Amount of amino acid mg/100
mg/g of protein g of product
Potato grits 190.5 £2.0 769.0+3.6
Rye bran 77.5+1.0 340.543.2
Barley bran 72.6 1.0 298.3+3.2
Pumpkin seed meal 80.5+15 354.743.2
Broccoli cryopowder 72.9£1.5 292.6£3.0
Red beetroot cryopowder 72.5+1.5 287.6+3.0

* Results given as: M + SD (mean + standard deviation) of triplicate trials.

Potato grits contain 2.5 times more aspartic acid than bran, meal and cryopowders.
According to the proposed technology, a part of potato grits was mixed in a ratio of 4:1 with
raw materials — bran, meal or cryopowder. Potato grits contain 2.5 times more aspartic acid
than bran, meal and cryopowders, which contributes to the formation of acrylamide.
According to the proposed technology, part of the potato grits was replaced by rye and barley
bran, pumpkin seed meal, broccoli and red beetroot cryopowders in a prescription ratio of
4:1. At other ratios (1:1, 2:1, 3:1), which were chosen for the experiment, significant
deviations of the organoleptic parameters of the finished chips (appearance, taste, smell,
consistency) were observed, and the chips production technology did not meet regulatory
requirements. The process of frying molded potato chips in frying oil was replaced by baking-
drying. which will llow further prediction of changes in the amino acid composition of the
finished molded potato chips and reduce the formation of acrylamide.

One of the main indicators affecting the quality of molded potato chips is the amount of
reducing sugars in raw materials, which, in addition to color, affect the process of formation
of complex substances (melanoidins) and the accumulation of acrylamide in finished
products (Sharma et al., 2017). Therefore, it is advisable to determine the mass fraction of
reducing sugars in the studied raw materials (Table 2)

Table 2

Mass fraction of reducing sugars in potato grits, bran, meal and cryopowders

Raw material Mass fraction of reducing sugars, % ofDM
Potato grits 0.60+0.01
Rye bran 0.80+0.03
Barley bran 0.74+0.03
Pumpkin seed meal 0.50+0.02
Broccoli cryopowder 0.35+0.01
Red beetroot cryopowder 0.30+0.01

* Results given as: M £ SD (mean = standard deviation) of triplicate trials.

The content of reducing sugars in potato grits is lower compared to rye bran by 33.3%,
barley bran — by 23.3%. Scientists have researched that the content of reducing sugars in
fresh potato tubers from which chips are made is more than 1%, therefore, such potatoes are
washed well after cutting, and also blanched in order to decrease the content of reducing
sugars and inactivate some enzymes, then freezed and dried (Burtron, 2013). On the other
hand, the content of reducing sugars in the pumpkin seed meal is lower than in potato grits
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by 23.3%, this is due to the fact that the pumpkin seeds from which meal is obtained belong
to oil crops and chemical composition of this raw material differs from potato grits (Drobot
et al. , 2021). Pumpkin seed meal is produced mechanically (by crushing the husk), which
does not affect the quantitative content of reducing sugars. The amount of reducing sugars in
cryopowders is 42-50% less than in potato grits. During the hydrothermal processing of
vegetables and their drying in a hot stream of air, part of the reducing sugars may partially
evaporate, thereby reducing the content of reducing sugars, which is a positive factor in the
production of molded potato chips. Such values are related to the features of technological
processing of raw materials and their chemical composition. Based on the obtained
experimental data all the presented samples of raw materials are suitable for the further
production of molded potato chips from the point of view of safety.

To reduce the amount of acrylamide in molded potato chips, part of the potato grits was
replaced in a ratio of 4:1 with one of the studied raw materials: rye or barley bran, pumpkin
seed meal, broccoli or red beet cryopowders. Pre-prepared raw materials with a size range
(raw material coarseness up to 40 wm) were mixed in a dry form, gradually (in equal parts) a
salt solution of water with a temperature of 20°C was added, until the moisture content of the
potato dough was 42%. The obtained mass was mixed until a homogeneous consistency,
formed and left for 20 minutes for the passage of physico-chemical processes. One sample
of molded potato chips without the addition of secondary raw materials was fried in oil
according to a standard technology, other samples of molded potato chips were baked and
dried. The results of studies on the amount of acrylamide formation are shown in Figures 1—
7.

A small amount of acrylamide — 9.35 pg per 100 g of product, was found in molded
potato chips (control) on the 2.8 min of heating (Figure 1).
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Figure 1. Amount of acrylamide in molded potato chips without oil (control sample)

Chips were baked and dried without oil at a temperature of 125°C for 4.5 min. With
further heating up to 3.3 min, the amount of pre-fixed acrylamide did not increase. A small
amount of acrylamide is formed due to free asparagine, which is contained in potato grain.
In addition, potato grits contain amylose and amylopectin. Intact starch grains, which are
insoluble in water, can absorb water initially in a limited amount, and when the temperature
rises above 100°C, they actively absorb moisture in an unlimited amount. Baking-drying was
carried out at a temperature of 125°C without the use of additional raw materials, which
accelerates the release of moisture, therefore reducing sugars react with amino acids and the
Maillard reaction occurs, which leads to the formation of acrylamide.
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In a sample of molded potato chips, which were fried under standard conditions
(temperature — 160°C, duration — 1.5-2 minutes) using oil (Figure 2), an increased
concentration of acrylamide begins to be recorded on the chromatogram starting from 2.2
minutes, the point at which the maximum value of acrylamide accumulation wasafter 2.5 min
of heating — 61 pg in 100 g of product. Starting from 2.76 min, the peak of acrylamide
formation falls and the amount of acrylamide does not increase within 1 min.
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Figure 2. Amount of acrylamide in molded potato chips fried in oil

The heating time of the studied sample of molded potato chips with rye bran is 12.32
minutes (Figure 3).
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Figure 3. Amount of acrylamide in molded potato chips with rye bran

The oscillation range of the chromatograph starts from 0.05 min, while there is a sharp
jump in the bromination of the extract of the studied mixture, but the peak of acrylamide
formation in this sample was not recorded. It is due to the presence of fiber in the secondary
raw material (47.6% by weight of the DM) because cellulose, hemicellulose, lignin, which
speeds up the removal of moisture, are included in its composition.

The heating of the sample of molded potato chips with barley bran occurs immediately
(Figure 4). At 2 min, a jump on chromatogram is observed, which does not record the
formation of acrylamide. The final stage of completion of the reaction takes place during 10
minutes of heating the test sample. The process of completing the research is 1.2 times faster
than for the sample with rye bran. This is due to the fact that the dietary fibers of barley bran
are more easilybrominated and therefore the process of completing the experiment is
shortened.
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Figure 4. Amount of acrylamide in molded potato chips with barley bran

For sample with pumpkin seed mealcloser to 2 min, the peak of the reaction occurs with
a gradual decline starting from 2.7 min to 3.3 min (Figure 5). Then the system stabilizes and
the bromination process stops. A slight peak is observed at 12 min, which leads to the
completion of the reaction. These data are explained by the fact that the pumpkin seed meal
contains a small amount of oil, which can provoke sudden fluctuations in the system.
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Figure 5. Amount of acrylamide in molded potato chips with pumpkin seed meal
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The process of heating the samples with cryopowders begins at 0.01-0.02 min (Figures
6,7).
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Figure 6. Amount of acrylamide in molded potato chips with broccoli cryopowder
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Figure 7. Amount of acrylamide in molded potato chips with red beet cryopowder

When approaching 2 min, a reaction peak is observed, which gradually stabilizes to
6.55 min and 7.01 min in samples with broccoli cryopowder and red beet cryopowder,
respectively. Compared to the samples of molded potato chips with bran and pumpkin seed
meal, the reaction time for molded potato chips with cryopowders is 2 times shorter. This is
obviously due to a decrease in the pH level due to the content of organic acids and a reduced
amount of aspartic acid.

Analyzing the obtained data of chromatograms of samples of molded potato chips minor
peaks were found on all chromatograms that did not reach the critical point at which
acrylamide formation occurs. This is due to the fact that the potato dough has a high moisture
content — more than 42%, and the baking-drying process itself takes place at a relatively low
temperature of 125 °C for up to 4.5 minutes. Therefore, part of the acrylamide can evaporate
from the product. It is important that acrylamide begins to form only when the temperature
in the middle of the product reaches above 120°C due to the chemical composition of the
studied raw materials, namely the content of dietary fibers. During the keeping of the potato
dough, there is a uniform redistribution of moisture due to which, at a baking-drying
temperature of 125°C, the temperature in the middle of the formed potato chips fluctuates is
about 115°C (Sharma et al., 2017).

Therefore, it is proposed to produce molded potato chips according to improved
technology and to changed the temperature treatment parameters.It’s advisable to remove the
vegetable oil used in frying, and to carry out baking-drying of molded potato chips without
the use of oil under the following parameters: the potato mass of the semi-finished product
of one sample of molded potato chips is no more than 20 g, processing time — up to 4.5 min,
baking-drying temperature —no more than 125°C.

Since the rye and barley bran, and pumpkin seed meal are secondary raw materials and
are made from rough fruit shells of plants, they contain a small amount of aspartic acid and
sugars. Potato grits, broccoli and red beet cryopowders are produced by cryogenic drying at
high pressure and multi-stage cryo-shredding. At the same time, it is possible to significantly
reduce the amount of aspartic acid and reducing sugars in chips when these additives are
added to the recipe.

Conclusions

1. Traditional and non-traditional raw materials were selected for the production of molded
potato chips, and the frying process was replaced by baking-drying at a temperature of
125 °C to reduce formation of acrylamide.
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2. It was established that the bran, meal and cryopowders included in the formulation of
molded potato chips have a small amount of reducing sugars (content does not exceed
1%), as well as 2.5 times less aspartic acid compared to the potato grits.

3. The presence of acrylamide in chips with rye and barley bran, pumpkin seed meal,
broccoli and red beet cryopowders was not detected during chromatographic studies. It is
due to the use of raw materials with a reduced amount of aspartic acid and reducing
sugars, as well as a temperature processing method without frying in oil and a reduced
baking-drying time of up to 4.5 minutes.
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Introduction. The aim of this research was to study the
influence of the application of alternating impulses of pressure all
through processing in foodstuff production. It was done by the
quantitative sensory analysis and tasting evaluation of samples of
the wine, fortified wine and associated liquid aqueous systems
and solutions.

Materials and methods. Wine, fortified wine and associated
liquid aqueous systems and solutions were used for investigations
and analysing the change of their physical and chemical
parameters and properties during the processing by the different
methods, approaches, and technological modes.

Electrochemical methods were used for the results analysing.
A quantitative sensory analysis and tasting evaluation of the
experimental liquid samples of wine, fortified wine and
associated liquid aqueous systems and solutions was also
conducted.

Results and discussion. In general, an effect of the treatment
in the conditions of alternating impulses of pressure during
uninterrupted mode gave the opportunity to increase the general
score of a quantitative sensory analysis of wine and fortified wine
by 7.3%.

During treatment in uninterrupted mode of alternating impulses
of pressure with flow shear speed 3.0x10%s™ and flow shear stress
300 Pa, the general score reached its lowest value 8.4. The
verification of the cavitation number from 0.1 to 0.5 gave the
possibility to receive the highest general score 8.8 from 10.

It substantiates the technology of obtaining the fortified wine
involving grape comminution, crest separation, must infusion on
the seeds and skins, pressing, must fermentation, blending, and
alcoholization. Wine alcoholization is performed under
conditions of hydrodynamic cavitation with cavitation number of
0.3, flow shear rate of 2.6-10° st and flow shear stress of 260 Pa.

Conclusions. The total score of wine and fortified wine
samples obtained under the conditions of alternating impulses of
pressure had increased quality indicators compared to control
samples, which were obtained by the traditional technology. This
has a positive effect on the quality of the finished product.
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Introduction

Sensory evaluation is an essential step of food product development. However, when
using traditional methods to evaluate the quality of products that have very different sensory
characteristics, but do not have defects, they can receive the same quality score. Therefore,
such an evaluation does not record differences in sensory characteristics that may be very
important for consumer acceptance (Paul et al., 2022).

The use of alternative types of raw materials and innovative technologies lead to a
change in taste properties, consistency and other organoleptic indicators of food quality.
Organoleptic evaluation tests can be used in product development, research, quality control
and shelf life studies (Marjorie et al., 1990).

There are intensively developing novel food processing technologies that are
environmentally-friendly and energy-saving ones (lvanov et al., 2021). The methods of
controlled energy impact can influence on structural and energy transformation in
multifarious liquid media on micro- and nano- level and give opportunity to begin physical
and chemical alteration in these media (Dolinskij et al., 2005).

Consuming of innovative technologies gives the possibilities to reduce the energy and
recourses consumption of foodstuff production. The method of the alternating impulses of
pressure may be appropriate for technology of the associated liquid aqueous systems and
solutions processing for food and foodstuff production. Therefore, further investigations of
the influence of alternating impulses of pressure on wine are needed.

The purpose of this research was to study the influence of the application of alternating
impulses of pressure all through processing in foodstuff production by the quantitative
sensory analysis and tasting evaluation of samples of the wine, fortified wine and associated
liquid aqueous systems and solutions.

Materials and methods
Materials

Objects of research are different kinds of processing methods and modes of wine,
fortified wine and associated liquid aqueous systems and solutions for the application in the
food industry.

Subjects of study are the changing of the physical and chemical parameters and
properties of wine, fortified wine and associated liquid aqueous systems and solutions
(Dubovkina, 2017).

Wine, fortified wine and associated liquid aqueous systems and solutions were used to
study the change of their physical and chemical parameters and properties during the
processing by the alternating impulses of pressure with verification of the technological
modes (Dubovkina et al., 2019).

Experimental installation

Research was carried out on the experimental unit shown in Figure 1. The main part of
this unit is rotary-pulsed apparatus. That’s why the object of this study was rotary-pulsed
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apparatus in which liquid solutions were processed by alternating impulses of pressure and
hydrodynamic effects such as the speeds of shift of a stream and pressures of shift of a stream.

The work of the experimental unit was carried out as follows. At first wine or associated
liquid aqueous systems and solutions entered the tank 1. After that through the flowmeter 2
wine or associated liquid aqueous systems and solutions followed into rotary-pulsed
apparatus 5 for the processing by alternating impulses of pressure. There were two ways of
the processing. According to the first, the processing was carried out in a continuous mode
from the very beginning, and according to the second, the processing was carried out in a
recirculating mode with a variable processing duration. After treatment wine or associated
liquid aqueous systems and solutions followed into tank for treatment liquid 9 through the
valve 8.

During the treatment temperature by the temperature sensing device 6 and pressure by
pressure sensing device 7 were controlled. Other parameters were controlled by analogue-
digital transmitter 10 and results were transmitted on personal computer 11.

Figure 1. The scheme of experimental unit:
1 —tank for liquid; 2 — flowmeter; 3 — temperature sensing device;
4 — pressure sensing device; 5— rotary-pulsed apparatus; 6 — temperature sensing device;
7 — pressure sensing device; 8 — valve; 9 —tank for treatment liquid;
10 — analogue-digital transmitter; 11 — personal computer.

The rotary-pulsed apparatus was the cylindrical type with the working chamber with
two rotors and one stator (Shurchkova et al., 2015). Technical parameters of the experimental
equipment such as alternating impulses of pressure:

— AP =370 kPa near an external surface of an internal rotor;
— AP =240 kPa near an external surface stator;
— AP =155 kPa near an internal surface stator;
— AP =190 kPa near an internal surface of an external rotor.
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Figure 2. Scheme of working chamber:
1 —external rotor; 2 — stator; 3 —internal rotor.

Methods

General methods and special methods, such as electrochemical analysis were used for
the determination of the results of study (Singh V. P. et al., 2018). For the interpretation of
physical and chemical parameters of liquid samples of solutions t al., which obtained through
the experimental treatment, chemical methods described in (Sullivan et al., 2005) were used.

The tasting evaluation and quantitative sensory analysis of the experimental liquid
samples of wine, fortified wine and associated liquid aqueous systems and solutions was
performed. The wines were presented to the panellists for tasting evaluation at 8 to 10 °C in
standard wine-tasting glasses (AWWA, 2014) (1SO 3591, 1977).

To obtain related data, liquid samples of wine, fortified wine and associated liquid
aqueous systems and solutions were analysed in triplicates with the following statistical
procedure (Kenneth, 2007).

Results and discussion

Recently, researchers, technologists and engineers have turned their interest to
employment of the original non-traditional technologies and methods in processing of the
liquid mediums, solutions, systems, which consists of the alcohol, water or water solutions.

The physical and chemical properties and parameters of associated liquid aqueous
systems, solutions and mediums, such as oxidation-reduction potential, pH value and
dissolved oxygen may be changed by the physical methods, particularly by hydrodynamic
treatment.

The method of alternating impulses of pressure is one of the methods to control energy
impact with many hydrodynamic effects, such as power of pressure of shift, cavitation, the
effect of explosive boiling, collective effects in assembly of vials, crossness of an interphase
surface in gas-liquid bubbly medium, action of hydrodynamic oscillations, alternating
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impulses of pressure, effects which associated with acceleration of movement of a continuous
phase.

The most important effects of the alternating impulses of pressure are associated with
increase of velocity of association of a continuous phase of medium. The fundamental nature
of alternating impulses of pressure comprises in that preliminary permanently entered and
any rank the energy distributed in working volume to accumulate in locally disconnected
discrete points of system and further pulse to realise for achievement of necessary physical
effects:

— forcing and dumping of pressure,

— adiabatic boiling,

— hydraulic blow,

— shock waves of pressure or depression,

— pressure of shift, local turbulence,

— cavitation and many other effects (Dolinskij and Basok, 2005).

Three-dimensional and period concentration of energy gives the possibility to receive
the big capacity of pulsation power accomplishment, to release internal energy of substance,
to create active energetic processes which take place at microlevel and also at nanolevel.

The development of different microliquid devices for some last decades has caused
growth of interest to microscale streams. Rotary pulse apparatus is characterised by small
enough sizes of width of channels which gives the possibility to consider them as
microchannels with effects of slippage of a watercourse on walls and surfaces. A number of
heat and mass technological processes (structuring, crushing, dispersion, emulsification,
homogenization, and mixing) are spent in rotary pulse apparatus of cylindrical type, which
realise principles of alternating impulses of pressure.

Wine is a multicomponent system consisting of volatile components such as higher
alcohols, aldehydes, ethers, acetals, ketones, terpenes and various acids. Monoterpenes are
isoprene compounds currently found in aromatic plants such as hydrocarbons, aldehydes,
alcohols, acids or esters (Marcon et al., 2019). Hydration processes in such complex systems
differ in their essence from hydration in water-alcohol mixtures, so it is impossible to apply
the same processing methods for water-alcohol mixtures, wine and wine materials, since its
quality depends on the bouquet and aroma of the wine. The study of sensory space can also
demonstrate the influence on the perceived sensory characteristics of products, helping to
characterize the tasting learning in oenology (Caissie et al., 2021).

Technological factors will define the complexity of wine aroma but numerous
viticulture, ethnological techniques significantly influence the types and concentrations of
volatile compounds (Zhou et al., 1996). Cavitation is used to intensify the process of
assimilation of wine with alcohol in the process of distilling wine materials.

Since water is an ampholyte, preliminary activation of water systems is suggested to
increase the degree of hydration, i.e. to initiate the formation of hydrogen bonds and proton
transfer in the system, during the processing of wine materials and wine, preliminary
treatment is not desirable, because during the intensive action of cavitation a decrease in the
amount of aldehydes may occur, which in turn leads to a deterioration of the bouquet and
taste of the wine. In order to intensify the assimilation of wine with alcohol, it is proposed to
use not only cavitation, but also flow shear stresses and flow shear velocities, which together
allow to improve the quality of wine.
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Sensory evaluation is a key method to assess the flavor quality of foods because it
measures what consumers really perceive; however, it is a subjective method. Several factors
must be controlled in conducting a sensory evaluation test to minimize experimental error in
the data. Sensory tests may be divided into three groups based on the type of information that
they provide. The three types are discrimination, descriptive, and affective. Descriptive
sensory analysis of wines related to methodology and vocabulary, tasting room and taster
selection and training (1SO-11035, 2007).

Therefore, descriptive sensory evaluation methods give an additional tool for
application in research, product development, and marketing. In addition, descriptive sensory
evaluation methods use a panel of assessors, rather than one expert, and therefore the result
obtained represents a consensus that is less subjective, and less susceptible to bias, than the
result obtained when one expert performs the evaluation. To avoid errors in the sensory
evaluation in daily quality control, it is necessary to follow well-defined grading systems or
guidelines and standards (Martinsdottir, 2010).

The techniques of descriptive sensory analysis allow obtaining an objective description
of the wine based on its attributes of aroma and perceived taste and can be both qualitative
and quantitative (Sanchez-Palomo et al., 2018).

Wine critics are clarity, tone, pure aroma, aroma concentration, aroma quality, pure
taste, taste concentration, lasting taste, taste quality, overall assessment (Hou et al., 2020).

The control example of the red wine obtained by traditional technology:

— alcohol content is 14,2%;

— characteristics of the sample: transparent, deep ruby colour, the aroma is vaguely
expressed, the perceptible smell of ethyl alcohol, the taste is harmonious with sharp
notes, incomplete;

— tasting ball is 8.2.

The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.5:

— alcohol content is 14,2 %;

— characteristics of the sample: transparent, rich dark ruby colour, simple aroma,
harmonious taste, but noticeable astringent tones;

— tasting ball is 8.35.

The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.4:

— alcohol content is 14.1 %;

— characteristics of the sample: transparent, dark ruby colour, rich, the aroma is complex,
the taste is harmonious, but astringent tones are felt;

— tasting ball is 8.4.

The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.3:

— alcohol content is 14.1 %;

— characteristics of the sample: transparent, dark ruby, velvety, the aroma is complex, the
taste is full-rounded, velvet;

— tasting ball is 8.8.
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The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.2:

— alcohol content is 14.0 %;

— characteristics of the sample: weak opalescence, the colour is dark with a ruby-new
velvet shade complex aroma with a side tone, the taste is full, not harmonious enough;

— tasting ball is 8.4.

The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.1:

— alcohol content is 14.0 %;

— characteristics of the sample: pronounced opalescence, dark velvet colour, complex
aroma with a side tone, the taste is full and not harmonious enough with astringent
tones;

— tasting ball is 8.25.

The general score (tasting ball) of control samples was 8.2 and the general score of wine
which was processed by alternating impulses of pressure was 8.8.
The results of the tasting evaluation are given in the Figure 3.

8.9
8.8
8.7
8.6

Tasting score

8.5
8.4
8.3
62 ) Z/A/ 'S
8.1 4

8

0 0.1 0.2 0.3 0.4 0.5
Cavitation number

Figure 3. Dependence of the tasting score of red wine on the number of cavitation number the
influence of different flow shear stresses and flow shear rates:
1 — flow shear rate 2.6x10°s?, flow shear stress 260 Pa;
2 — flow shear rate 2.5x10%s%, flow shear stress 250 Pa;
3 — flow shear rate 2.8x10%s%, flow shear stress 280 Pa;
4 — flow shear rate 3.0x105s?, flow shear stress 300 Pa.

The control example of the white wine obtained by traditional technology:

— alcohol content is 16.3 %;

— characteristics of the sample: transparent, light-golden colour, aroma thin, vaguely
pronounced, noticeable smell of ethyl alcohol, the taste is bitter with sharp notes,
incomplete;

— tasting ball is 8.15.
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The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.5:
— alcohol content is 16.2 %;
— characteristics of the sample: transparent, light golden colour, weak aroma developed,
taste developed, but bitter-cotton tones are noticeable;
— tasting ball is 8.30.
The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.4:
— alcohol content is 16.2 %;
— characteristics of the sample: transparent, light golden colour, subtle aroma, noticeable
floral notes the taste is harmonious and slightly velvety;
— tasting ball is 8.45.
The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.3:
— alcohol content is 16.0 %;
— characteristics of the sample: transparent, golden colour, the aroma is subtle, complex,
with floral notes, the taste is light, full and soft;
— tasting ball is 8.75.
The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.2:
— alcohol content is 16.0 %;
— characteristics of the sample: pronounced opalescence, rich golden colour, the aroma is
complex with an extraneous tone, the taste is light and not harmonious enough;
— tasting ball is 8.5.
The example of the wine obtained by alternating impulses of pressure with cavitation
number 0.1:
— alcohol content is 15.9 %;
— characteristics of the sample: strong opalescence with shimmer, golden-straw color, the
aroma is complex with a herbal tone, the taste is full of roughness;
— tasting ball is 8.5.

The general score (tasting ball) of control samples of white wine was 8.15 and the
general score of wine which was processed by alternating impulses of pressure was 8.75.

The results of the tasting evaluation are given on Figure 4.

A quantitative sensory general score (tasting ball) of red wine which was processed by
alternating impulses of pressure depending on the processing time or the duration and from
the cavitation number. This sensory approach provides a global sensory image of a product
and can give an overall assessment of a sensory concept (Barbe et al., 2021).

Two main descriptive methodologies are generally considered according to the way data
are gathered (generation of marks on a scale or determination of descriptor citation
frequencies), but modified approaches have also been developed. It is a very useful technique
to establish a solid knowledge for the identification of the wines based on evidence and facts
of their aromatic characteristics (Magalios et al., 2019).

Control liquid samples of wine and fortified wine were used for qualified analysis.
These were samples of wine which were obtained according to the traditional standard
methodology. In general, an effect of the treatment in the conditions of alternating impulses
of pressure during uninterrupted mode gave the opportunity to increase the general score of
a quantitative sensory analysis of wine and fortified wine by 7.3%.
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Figure 4. Dependence of the tasting score of white wine on the number of cavitation under the
action of different flow shear stresses and flow shear rates:
1 —flow shear rate 2.6x10%s, flow shear stress 260 Pa;
2 —flow shear rate 2.5x10%s%, flow shear stress 250 Pa;
3 —flow shear rate 2.8x10%s™%, flow shear stress 280 Pa;
4 — flow shear rate 3.0x10%s, flow shear stress 300 Pa.

As a result of study the new technology was created. The invention relates to a process
for fortified wine producing involving grape comminution, crest separation, must infusion on
the seeds and skins, pressing, must fermentation, blending, and alcoholization. Wine
alcoholization was performed under conditions of hydrodynamic cavitation with cavitation
number of 0.3, flow shear rate of 2.6-10° s and flow shear stress of 260 Pa.

Conclusions

At the present time one of original and innovative methods and equipment that were
used for the advancement of processing by samples of wine, fortified wine and associated
liquid aqueous systems and solutions is the method of alternating impulses of pressure.

New experimental and theoretical studies and modeling have shown that the method of
alternating impulses of pressure may possibly be suitable for processing in food industry and
foodstuff production, where hydrodynamic effects are found to be an substitute to traditional
methods and modes in technological lines, equipment and processes of wine, fortified wine
and associated liquid aqueous systems and solutions.

According to the general results of sensory analysis and tasting evaluation, it was
established that wine and fortified wine has a higher general tasting score and improved
parameters, which has a positive effect on the quality of the finished product, as compared to
the control samples, which were obtained by the traditional technology.
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Introduction. Microbial surfactants can affect the degree of
microorganism’s adhesion to different surfaces and lead to
biodegradation of the already formed biofilms. They are also
non-toxic to the environment. These properties allow to use the
microbial surfactants in medicine and food industry.

Material and methods. Surfactants were obtained by
cultivation of the Rhodococcus erythropolis IMV Ac-5017 on
waste from biodiesel production, used sunflower oil after frying
meat, potatoes, onions, and cheese. The surfactants were
extracted from the supernatant of cultural liquid by a Folch
mixture. The anti-adhesive activity and the degree of destruction
of biofilms were determined by spectrophotometric method.

Results and discussion. It was found that surfactants
obtained by cultivation of R. erythropolis IMV Ac-5017 on
waste mixed sunflower oil reduce the adhesion of yeast Candida
albicans D-6, Candida utilis BVS-65, Candida tropicalis PE-2
and bacterial strains Escherichia coli IEM-1, Bacillus subtilis
BT-2, Pseudomonas sp. MI-2 to abiotic surfaces (tiles, steel and
glass) by 51-73% and 57-86%, respectively. The effectiveness
of the anti-adhesive activity of surfactants, obtained on waste
from biodiesel production as a substrate against the studied yeast
and bacterial cultures was lower (44-77%). The ability of
surfactants to destroy of bacterial biofilms by 44-73% was
achieved at low concentrations of surfactants (8—15 pg/ml)
synthesized on different waste oil. Surfactants were equally
effective in destroying biofilms (72-80%) of Candida genus and
their activities were not depended on the nature of carbon source
in the culture medium of R. erythropolis IMV Ac-5017.

Conclusion. The obtained results show the possibility of
using surfactants of R. erythropolis IMV Ac-5017, gained on
industrial waste, as effective anti-adhesive and antibiofilm
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Introduction

There is an increasing interest to microbial surfactants as alternative to synthetic
analogues due to such advantages as biodegradability, lack of toxicity, stable physical and
chemical properties in a wide range of temperatures and pH (De Almeida, 2016) and unique
biological properties (Naughton et al., 2019; Vecino et al., 2018). Thus, the possibility of
using surfactants of microbial origin in the oil and mining, chemical, food industries,
agriculture, and environmental technologies has already been proved.

Since the 90s of the XX century surfactants of microbial origin are actively studied as
alternative agents for the destruction of biofilms formed on various materials used in
medicine and the food industry (Velraeds et al., 1996). It is known that the colonization of
abiotic surfaces by microorganisms is a very dangerous phenomenon, which causes not only
spoilage of products, but also the spread of infectious diseases. Many studies supported the
use of inorganic compounds, anti-adhesive chemicals, antibiotics and bacteriophage therapy
to prevent various infections. However, the increasing resistance of microorganisms to
antibiotics and other biocides, high cost of current methods for preventing of formation and
further destruction of biofilms leads to search for new substances with appropriate properties
— and such substances are surfactants of microbial origin.

Although at present the effectiveness of biotechnology methods for obtaining
surfactants is low due to the high cost of the products of microbial synthesis. A possible
solution is to use industrial waste (that are available in large quantities) as substrates (Singh
et al., 2019).

In our previous studies (Pirog et al., 2013; 2015; 2021) a possibility of synthesis of
surfactants by Rhodococcus erythropolis IMV Ac-5017 on waste from biodiesel production
and refried sunflower oil was shown. However, to date, an anti-adhesive activity of
surfactants synthesized on these toxic wastes has not been studied.

Therefore, the aim of this work is to study surfactants, synthesized by R. erythropolis
IMV Ac-5017 on waste from biodiesel production and refried sunflower oil, influence on the
attachment of microorganisms to abiotic surfaces and destruction of biofilms.

Material and methods
Study objects

Strain R. erythropolis IMV Ac-5017 is the main object of research, isolated from oil-
contaminated soil samples and registered in the Depository of Microorganisms of the Institute
of Microbiology and Virology of the National Academy of Sciences of Ukraine.

Bacterial strains (Escherichia coli IEM-1, Bacillus subtilis BT-2, Pseudomonas sp. MI-
2) and yeast (Candida albicans D-6, Candida utilis BVS-65, Candida tropicalis PE-2) from
the collection of living cultures of the Department of Biotechnology and Microbiology of the
National University of Food Technologies (Kyiv, Ukraine) were used as a test cultures for
the determination of biological activity of the surfactants.

Cultivation conditions
R. erythropolis IMV Ac-5017 was grown in a liquid mineral medium of the following

composition (g/l): NaNO3 — 1.3; MgSO.x7H,0 — 0.1; NaCl — 1.0; Na;HPO, — 0.6; KH,PO4
—0.14; FeSO4x7H,0 — 0.01; pH 6.8-7.0.
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The following compounds were used as a carbon source (2% volume fraction): refined
glycerol; waste from biodiesel production (Komsomol Biofuel Plant, Poltava region,
Ukraine), refined sunflower oil (TM «Oleyna», Ukraine), waste mixed sunflower oil after
frying meat, potatoes, onions, cheese (from RocketPub fast food restaurants, Kyiv, Ukraine).

A culture from the end of the exponential growth phase (48 h), grown in the media as
described above with a suitable carbon source (0.5%, volume fraction) was used as the
inoculum. The amount of inoculum was 5% of the volume of the culture medium.

Bacteria were cultured in 750 ml flasks with 100 ml of medium on a shaker (320 rpm)
at 30 °C for 120 hours.

Determination of the concentration of surfactants

The surfactant concentration in the culture fluid (g/l) was determined by the weight
method after their extraction from the supernatant with a modified Folch mixture as described
in our previous work (Pirog et al., 2020)

Determination of the anti-adhesive activity

The study of anti-adhesive properties of surfactants was carried out as described
previously (Pirog et al., 2014). Purified plates of studied materials (tiles, steel and glass) of
equal size were sterilized at 112 °C for 40 min. One-day test-cultures of bacteria and yeast
were suspended in 100 ml of sterile tap water. Pre-treated with preparations of surfactants
with different concentration and untreated (control) materials were added to the suspension,
kept in a thermostat for 2 h at 30 °C, and then rinsed with 10 ml of sterile tap water to remove
unattached cells.

Further the degree of cell adhesion was determined using a spectrophotometric method.
For this purpose, the plates of materials were treated with methanol (99%) for 15 min to fix
the adherent cells and dried at room temperature; then placed in 1% solution of gentian violet
for 5 min and rinsed with tap water. After drying, the materials were treated with 10 ml of
33% acetic acid solution, and optical density of the resulting cell suspension was measured.
The optical density of the suspensions was measured by photoelectric colorimeter at a
wavelength of 540 nm. The number of adhered cells (adhesion) was defined as the ratio of
the optical density of the suspension obtained from the treated surfactant samples to the
optical density of the control samples and expressed as a percentage (Pirog et al., 2014).

Determination of the ability to destroy microbial biofilms

Study on the effect of surfactants on the destruction of biofilms was carried out as
described in (Gomes et al., 2012). For biofilm formation, 180 ul of meat-peptone broth or
liquid wort and 20 pl of one-day test culture suspension were added to the polystyrene
microplates and incubated for 24 h at the optimum temperature for the culture test. Then the
culture fluid was drained and 180 pl of fresh meat-peptone broth (or liquid wort) and 20 pl
of test culture suspension was added for further incubation for the next 24 hours. After 48 h,
the culture fluid was drained, and 200 pl of surfactants of different concentrations (0.0078—
1 mg/ml) were added to the wells of the microplate (with the test film biofilm previously
formed on them).

Sterile tap water (200 pl) was added into the control variants (wells) instead of
surfactants. After 24 h of exposure, the wells were washed three times with 200 pl of distilled
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water and the number of adherent cells was determined by spectrophotometric method as
described above.

All experiments were performed in 3 repeats, the number of parallel measurements in
the experiments was 3-5. Statistical processing of experimental data was performed as
described previously (Pirog et al., 2013; Pirog et al., 2015). Difference in the average values
was considered reliable at p <0.05 significance level.

Results and discussion

Anti-adhesive activity of surfactants synthesized by R. erythropolis IMV Ac-5017
grown on industrial waste

The data given in Table 1, show that the adhesion of bacteria and yeast to abiotic
surfaces treated with solutions of surfactants of R. erythropolis IMV Ac-5017, depends on
the nature of the carbon source in the culture medium, concentration of a surfactant and a
type of test cultures.

Table 1
Influence of surfactants of R. erythropolis IMV Ac-5017 on attachment of test cultures to abiotic
surfaces
Substrate Adhesion,%
for Abiotic - - -
synthesis i - -
Y coli IEM-1 BT.2 sp. MI-2 BV/S-65 D-6
Refined Tile 62 75 83 54 68
glycerol Steel 78 60 60 77 80
Glass 67 56 58 86 78
Waste from Tile 45 63 78 45 49
biodiesel Steel 66 52 50 68 65
production Glass 58 46 48 77 60
Refined Tile 25 50 50 65 81
sunflower Steel 47 62 42 48 51
oil Glass 24 74 65 68 52
Waste Tile 14 41 33 49 27
refried Steel 26 42 40 41 33
S“”gﬁ""er Glass 14 43 40 40 34

Notes: The effective surfactant concentration, which ensured minimal adhesion of bacterial and yeast
test cultures, was 6-12 and 24-48 pg/ml, respectively.

Thus, the most effective anti-adhesive agents were surfactants synthesized on the oil
waste: after treatment with such agents of the studied surfaces, the adhesion of
microorganisms on them was only 14-49%. At the same time for the surfactants synthesized
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on refined oil the adhesion increased to 24-81%. Replacement of refined glycerol in the
culture medium of R. erythropolis IMV Ac-5017 with waste from biodiesel production was
accompanied by the formation of surfactants with higher antiadhesive activity: the number
of attached bacteria and yeast cells on abiotic materials was by 5-19% lower comparing to
those from purified substrates. In general, surfactants synthesized on refined and waste oils
reduced the adhesion of test cultures more effectively than those formed on refined glycerol
and waste from biodiesel production.

In order to ensure minimal adhesion of yeast cells a higher concentration of surfactants
is required compared to that of bacteria (24—48 and 6—12 pg/ml, respectively).

In order to ensure minimal adhesion of yeast cells a higher concentration of surfactants
is required compared to that of bacteria (24—48 and 6—12 pg/ml, respectively).

Analysis of the literature showed that information on the anti-adhesive activity of
surfactants of the representatives of genus Rhodococcus is limited; available data is related
to surfactants synthesized only on hexadecane (Janek et al., 2018; Kuyukina et al., 2016). In
addition, an effective reduction in adhesion was achieved by treating surfaces with such
surfactants in high concentrations (100—1000 pg/ml). In the study (Janek et al., 2018) it was
found that the adhesion of E coli 17-2, E. coli ATCC 10536, Staphylococcus epidermidis
KCTC 1917 and C. albicans ATCC 10231 did not exceed 28% after treatment of the wells
of polystyrene tablets and silicone surfaces with surfactants of Rhodococcus fascians BD8 at
a concentration of 500 pg/ml. Number of attached cells of B. subtilis ATCC 6613 and E. coli
K-12 to the wells of polystyrene tablets treated with surfactants of Rhodococcus ruber IEGM
231 (100-1000 pg/ml) reduced to 20% (Kuyukina et al., 2016).

It should be noted that there are no publications regarding to anti-adhesive properties of
microbial surfactants synthesized on waste from biodiesel production; there is also a limited
information regarding to substrates containing oil. The study (Rufino et al., 2011) reported
that Rufisan synthesized by C. lipolytica UCP 0988 on waste soybean oil reduced the
adhesion of bacteria Streptococcus and Lactobacillus on polystyrene plates. Even at the
minimum studied surfactant concentration (0.75 mg/l) the degree of adhesion of test cultures
was 61-91%. As the surfactant concentration in solution increased to 12 mg/l, Rufisan
reduced the number of attached E. coli and C. albicans cells by 21-51%.

Probiotic strain Propionibacterium freudenreichii subsp. freudenreichii PTCC 1674
under conditions of growth on various substrates, including sunflower oil waste, synthesized
surfactant, which at a concentration of 10 mg/ml reduced the number of attached cells of
E. coli to the plate by 13% and for Staphylococcus aureus by 37% (Hajfarajollah et al., 2014).

Data listed in the Table 1 shows that surfactants of R. erythropolis IMV Ac-5017,
synthesized on either refined or waste oil, are more effective anti-adhesive agents than
Rufisan and surfactants of P. freudenreichii subsp. freudenreichii PTCC 1674. They reduce
the adhesion of test cultures by 19-86% at a concentration of only 6-12 pg/ml.

Destruction of bacterial and yeast biofilms under the action of surfactants
synthesized by strain R. erythropolis IMV As-5017 grown on industrial waste

In the Tables 2 and 3, the data on effect of surfactants of R. erythropolis IMV Ac-5017
on the destruction of bacterial and yeast biofilms is shown.
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Table 2
Destruction of bacterial biofilms under the action of R. erythropolis IMV Ac-5017 surfactants

iofi 1 0)
Substrate for surfactant Biofilm destruction,%

synthesis Escherichia coli | Bacillus subtilis | Pseudomonas sp.
IEM-1 BT-2 MI-2

Refined glycerol * 48 71 72

Waste f_rom biodiesel 44 73 69

production*

Refined sunflower oil** 42 60 44

Waste refried sunflower 65 76 63

oil**
Notes: * — The concentration of surfactant is 8 mg/ml, ** — concentration of surfactant is 15 mg/ml.

Table 3
Influence of surfactants synthesized by R. erythropolis IMV Ac-5017 on industrial waste, on
destruction of yeast biofilms

Destruction of biofilms (%) under the action of surfactants
synthesized on
Testculture Refined V\E,?zf;g;m Refined Waste refried
glycerol . sunflower oil sunflower oil
production
Candida albicans 72 74 79 80
D-6
Candida utilis
BV/S-65 76 73 72 77
Candida tropicalis
PE-2 75 78 75 78

Note: The surfactant concentration is 30 pg/ml.

The ability of surfactants to destroy the biofilms, as well as their anti-adhesive activity,
depended on the nature of the growth substrate, the concentration of surfactants and the type
of test culture.

The degree of destruction of bacterial biofilms by surfactants synthesized on both
refined glycerol and waste from biodiesel production was almost the same. While surfactants
synthesized on waste oil destroyed such biofilms more effective than those obtained on
refined oil (see Table 2). It should be noted that the destruction of bacterial biofilms by
42—76% was achieved at low concentrations of surfactants (§—15 pg/ml) synthesized on all
studied substrates. Surfactants were equally effective in destroying biofilms (72-80%) of
Candida (see Table 3) and not depended on the nature of carbon source in the culture medium
of R. erythropolis IMV Ac-5017. The concentrations of surfactants were 2—4 times higher
than bacterial biofilms.

In (Janek et al., 2018) it was found that the destruction of bacterial biofilms was
achieved at a surfactant of R. fascians BD8 concentration 250 pg/ml, which is up in the order
of magnitude greater than the surfactant of the IMV strain Ac-5017 (see Table 2). In addition,
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the authors of (Janek et al., 2018) analyzed an efficiency of destruction of biofilms by
surfactants only visually using confocal laser scanning microscopy.

Das et al. (Das et al., 2014) showed that rhamnolipids of Pseudomonas aeruginosa
IMP67 synthesized on glycerol destroyed the biofilms of B. subtilis, E.coli and
Staphylococcus aureus by 50% at a concentration of 64-128 pg/ml, which is higher in
comparison with surfactants of R. erythropolis IMV Ac-5017.

In addition, there is virtually no published data regarding to the destruction of biofilms
in the presence of surfactants synthesized on oil-containing substrates. In 2017, there was a
publication (Kiran et al., 2017) regarding to the effect of lipopeptide synthesized by
actinobacteria Nesterenkonia sp. MSA31 (isolated from the sea sponge Fasciospongia
cavernosa) on destroying biofilms of S. aureus strain MSA31 was grown on a medium with
10% olive oil, the lipopeptide was extracted with organic solvents (ethyl acetate, methanol,
petroleum ether, dichloromethane) from the supernatant, previously pre-acidified to pH 2.0.
To determine the role of lipopeptide in the destruction of the biofilm, surfactant solutions in
the concentration range of 25-150 pg/ml were used. It was established that the maximum
degree of destruction of a biofilm of S. aureus (90%) was achieved in the presence of
lipopeptide at a concentration of 125 pg/ml (Kiran et al., 2017).

It should be noted that he destruction of yeast biofilms of the genus Candida is an urgent
problem today, because most modern biocides, including some surfactants, are not effective
enough (Gulati and Nobile, 2016). For example, surfactants synthesized by Lactobacillus
jensenii P6A and Lactobacillus gasseri P65 at a concentration of 180 pg/ml destroyed yeast
biofilms only by 25-35% (Morais et al., 2017).

C. albicans biofilms are resistant to most known antifungal drugs that complicates the
control of infections caused by these yeasts. In (Shinde et al., 2012) it was shown that these
yeasts easily colonize the surfaces of prostheses (laryngeal, knee, heart valves), implants
(especially thoracic), endotracheal tubes, which causes the spread of infection throughout the
body. Azoles and polyenes are not effective against biofilms of C. albicans. This reduces the
number of potential agents for treating these infections and underlines the need for new
effective agents (Gulati and Nobile, 2016).

Conclusions

As a result of this work it was found that surfactants synthesized by R. erythropolis
IMV Ac-5017 on toxic industrial waste are characterized by high anti-adhesive activity and
able to destroy bacterial and yeast biofilms. This set of biological properties makes the
surfactant strain IMV Ac-5017 promising for practical use. Also, bioconversion of waste
from biodiesel production and waste oil into microbial surfactants will help solving several
problems: reduce the cost of surfactants production by using cheap raw materials as a
substrate; increase the profitability of biodiesel production by disposing of a by-product —
glycerol; protect the environment from uncontrolled emissions of toxic waste.
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Introduction. The effect of nanoparticles (NPs) of double
divalent and trivalent iron oxide (FeOxFe203 —nanomagnetite)
on protection of flax seeds against fungal infections was
studied, and the dependence of this effect on the amount of
nanomagnetite nanoparticles was determined.

Materials and methods. Microscopic observation of
morphological and cultural features of micromycetes, yeast
Saccharomyces cerevisiae, and mycelial fungi, Mucor
racemosus, grown on an agar nutrient medium was done.
Experimental samples of micromycetes were obtained by
sowing a standard microbial preparation in the form of a
suspension (initial dilution of the microbial suspension 1:100)
in Petri dishes.

Results and discussion. The ability of nanoparticles of
double divalent and trivalent iron oxide to protect the flax seeds
was shown: addition of 0.1%; 0.15%; 0.2% of nanomagnetite
to flax seeds inhibits by 8 —20 times the development of
micromycetes on them.

A decrease by 8-10 times of the cell number of
micromycetes yeast Saccharomyces cerevisiae and mycelia
fungi Mucor racemosus as well as diminishing of the colonies
size by 10-20 times on the surface of the treated flax seeds
compared to control was found.

The recommended dosage of nanoparticles of double
divalent and trivalent iron oxide was determined as 0.15% from
the weight of the flax seeds. The proposed mathematical model
makes it possible to predict the effectiveness of NPs
FeOxFe,O3 — nanomagnetite application to inhibit the growth
of spoilage microorganisms on the flax seeds.

Conclusions. For the first time, the ability of nanoparticles
of double divalent and trivalent iron oxide (NPs FeOxFe;O3 —
nanomagnetite) to protect flax seeds from fungal spoilage was
shown.
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Introduction

Flaxseed (Linum usitatissimum L.) has high contents of protein and fiber, low contents
of carbohydrate and fat, contains such useful compounds as a-linolenic acid (omega-3),
phenolic acids, phytic acid, vitamins, minerals especially Ca, K, P, Mg, and are
recommended to be used in preparation of functional food with potential health benefits
(Stabnikova et al., 2021). The main problem of application of flaxseed, especially if it will
be used for manufacturing of food products, is preservation of their high quality during the
storage (Brigante et al., 2022; Bruno et al., 2020; Rollemberg et al., 2022).

Some methods for determining flax seed quality indicators, including those related to
damage, were proposed but were not sufficiently developed to be used in practice (Podio et
al., 2022). A serious problem in the preservation of flaxseed and the manufacture of products
from it is that it is susceptible to infection by fungi, which significantly affect the nutritional
properties of food and endanger the health of the consumers (Choudhry et al., 2021; Farag et
al., 2021; Gu et al., 2021). This problem is described well, but real ways of solving it are not
defined. Unfortunately, the undeniable harmfulness of flax seed diseases is not considered in
terms of creating bacteriostatic storage conditions.

Fungal infections of flax seeds in common (Pal et al., 2022). More often the fungi of
the genera Alternaria (from 20.0 to 42.5% of infected seed) and Fusarium (up to 50.0% of
infected seed) caused flax seed microbial spoilage. Among others fungi that caused flax
damage the representatives of the genera Colletotrichum, Sydowia, and Septoria are reported
(Gruzdeviené et al., 2006). Six genera and eight species of fungi were found in the flax seeds
(Rollemberg et al, 2022). The representatives of genus Aspergillus were the most abundant
including A. cibarius, A. appendiculatus, and A. amstelodami. The second most abundant
genus was Wallemia, with the species W. muriae, some strains of this genus is known can
produce toxins

The norms of damage and contamination of flax seeds are described in (Asad, 2022;
Soureshjani et al., 2019; Xie et al., 2019). Different ways of solving the problem were
considered at the stage when the danger has already been identified (Singh et al., 2021). In
our opinion, the direction of creating conditions for inhibiting flaxseed diseases at the initial
stages is more promising.

Recent advances in plant and food protection have often been linked to nanotechnology
and nanomaterials (Fursik at el., 2019). In particular, the effect of iron oxides is considered
positive (Tsykhanovska et al., 2020). These studies considered the bacteriostatic properties
of nanomaterials for dairy products subject to fungal infections. Considering the research
data on the danger of contamination of flax seeds with fungal infections, we consider it
relevant to check the effect on these products. Tsykhanovska with co-authors (2021) describe
the use of magnetite nanoparticles with bactericidal and bacteriostatic properties in the food
industry. These results make it possible to predict a positive effect in the protection of flax
seeds from fungal spoilage.

We propose the creation of preventive methods that act at the initial stages of the
occurrence of infection diseases.

Analysis of publications on flaxseed diseases showed the following:

1. The main problem for flax seeds is fungal infections, the effectiveness of combating

those remains low.

2. Methods of combating fungal infections involve the treatment of infected products,

it is desirable to develop preventive methods.

3. Preliminary studies of magnetic nanomaterials testify their potential bacteriostatic

properties. It is desirable to study these properties towards flax seeds.
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The aim of this work is to investigate the effect of magnetite nanoparticles on the
resistance of flax seeds to fungal diseases at the stage of their development.

Materials and methods

The method of determining harmful fungi is based on seeding the product or product
homogenate and (or) their dilutions in nutrient media, determining the affiliation of isolated
microorganisms to fungi by the characteristic growth on nutrient media and cell morphology.

The method is designed to establish the compliance of microbiological indicators of
food quality to the requirements of regulatory and technical documentation, to clarify the
causes of product defects (Chow et al., 2019; te Giffel and Zwietering, 2009).

Sowings of the product or its corresponding dilutions are carried out on Petri dishes,
spend two parallel determinations. At the bottom of a sterile Petri dish make 1 cm? of product
or its dilution and sterile pour 15-20 cm?® of nutrient medium Saburo, or agar medium to
identify harmful fungi. Petri dishes with crops are placed to solidify on a horizontal surface,
then the Petri dishes are turned upside down and placed in a thermostat with a temperature
of (24+1) °C for 5 days or at a temperature of (30+1) °C for 3-5 days. The crops are incubated
at a temperature of (24+1) °C for 5 days (Chow et al., 2019; te Giffel and Zwietering, 2009).
After 3 days, a preliminary count of typical colonies or the appearance of characteristic signs
of growth on liquid nutrient media.

If in crops on dense media there are flour, very fast-growing fungi, the removal of
preliminary results should be carried out very carefully, not allowing the spores of these fungi
to crumble and give rise to secondary colonies. In 5 days the final account of results of
thermostating of crops is carried out. Mushroom colonies are divided visually.

Colonies of fungi on flax seeds are shown in Figure 1.

Figure 2. Colonies of fungi on flax seeds

The development of harmful fungi on nutrient media is accompanied by the
appearance of mycelia of different colours.

For quantitative counting, cups are selected on which 5 to 50 colonies of harmful fungi
have grown.

If it is necessary, microscopic studies are carried out to separate colonies of harmful
fungi. For this aim, preparations are prepared from individual colonies or from cultures on a
liquid medium using the crushed drop method. A drop of sterile tap water is applied to the
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slide. Then a part of the colony is introduced into this drop with a heated needle or a drop of
culture liquid is applied with a loop. The resulting suspension is covered with a cover glass.

Microscopy results are evaluated using the characteristics of harmful fungi.

If the growth of harmful fungi is detected when testing the product on nutrient media
and their presence is confirmed by microscopy, then a conclusion is drawn about the presence
of these microorganisms in the product.

Each cup is placed upside down and counted using a magnifying glass to count the
number of colonies that have grown, counting the colonies of harmful fungi separately. Each
counted colony is marked at the bottom of the cup.

The following method of counting the number of harmful fungi colonies is proposed
in the work:

In the graphic editor, a circle is created, the diameter of which is equal to the real
diameter of the Petri dish (95 mm) and a system of squares with a size of 1x1 mm. Rows of
squares are placed in mutually perpendicular directions.

The photo of the drug is placed on the same sheet, its size is adapted to the size of the
circle. A system of squares is superimposed on top (Figure 2).

Figure 2. Example of calculation of number of colonies in graphic editor

The number of colonies of harmful fungi is counted separately in each square. The
number of colonies is recalculated according to the proportionality of the area of the circle
and the area of the squares:

_nar?

p 7 !

N

n —number of colonies counted in all squares;
r —the radius of the Petri dish;
z —the number of squares in which the calculation was carried out (in our case, 13).
For convenience when counting, you can increase or decrease the size of the image.
The number of harmful fungi N, Q/g of product was calculated according to the formula:

N
N =—L10",
m
where: m is the weight of the sample taken for sowing; p is the number of 10-fold dilutions.
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If the test of the product on nutrient media revealed the growth of fungi and their
presence is confirmed by microscopy, it is concluded that the presence of these
microorganisms in the product.

It is possible to slow down the development of the microflora and, accordingly, to
extend the shelf life of the product by introducing additives that have a bacteriostatic effect
into the product.

We offer as this additive a nanomaterial in the form of double oxide of ferrous and
trivalent iron (NPs FeOxFe;O3), described in our previous works (Tovma, 2020,
Tsykhanovska at el., 2021; Riabchykov at el, 2022) .

To determine the properties of the environment where the fungi grew, nanomagnetite
powder (NPs FeOxFe,0O3) was added to the flax seeds.

Results and discussion
Effect of magnetite nanoparticles on the growth of harmful fungi

The main component of magnetite is nanoparticles of mixed oxide of divalent and
trivalent iron with the general formula Fe3O4 or FeOxFe,O3 with a nanoparticle size of 30—
78 nm.

Nano-objects, which include nanomagnetite (NPs FeOxFe;Os3), have enormous
potential and carry many important fundamental discoveries, new functional and
technological properties and promising technological applications. It should be noted that
most nanomaterials used in food products occupy an intermediate position between nano-
and microstructures. Thus, the diameter of DNA is 12 nm, liposomes 30-10000 nm,
amylopectin 44-200 nm, cubosomes 500 nm, nanosensors < 1000 nm (Tovma, 2020)

Nanoparticles of the multifunctional food additive of complex action magnetite (NPs
FeOxFe,03) have a huge potential and high bioaffinity to biopolymers, in particular, proteins,
carbohydrates. Therefore, they carry many important fundamental discoveries, new
functional and technological properties and promising technological applications.
Noncovalent adsorption of polymer molecules, H,O dipoles occurs on the surface of
magnetic nanoparticles (NPs FeOxFe;0s). The process of adsorption of biopolymeric food
ingredients and water is mainly determined by ionic, vanderwaals, hydrogen and
hydrophobic types of interactions. These interactions occur between the surface of
nanoparticles (NPs FeOxFe;03) and adsorbing molecules and entail a change in the Gibbs
free energy. The result is the formation of supramolecular ensembles, which significantly
affect the functional and technological properties of raw components and semi-finished
products, as well as the quality of finished products (Tsykhanovska at el., 2021).

In previous studies (Tovma, 2020, Tsykhanovska at el., 2021)it was established that the
addition of nanomagnetite (NPs FeOxFe,03) to food products leads to a comprehensive
improvement of their food, consumer and technological properties. So, in particular,
nanoparticles NPs FeOxFe;O3 have bacteriostatic, bactericidal, and antioxidant properties,
promotes better digestion of protein components of food, exhibits a moisture-, fat-retaining,
and fat-emulsifying effect, is a source of easily digestible iron, and has a beneficial effect on
metabolic processes (Riabchykov at el, 2022).

To determine the degree of development of harmful fungi, a microscopic examination
of drugs derived from fungal colonies was performed. Images of the corresponding drugs
were obtained by microimaging (Figure 3-4).
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Figure 3. Micrograph of the drug from sample No 0 from a colony of fungi
(x400 times magnification)

Figure 4. Micrograph of the drug from sample No 1 from a colony of fungi
(x1000 times magnification)

From the given micrographs it is visible that in the sample which does not contain
nanomagnetite (NPs FeOxFe,03) there is an intensive development of microflora. So in a
preparation which is made of a colony of fungi, even at rather small increase (400 times) the
developed mycelium is visible (Figure 3).

Effect of nanomagnetite on the quantitative composition of harmful fungal
colonies on flax seeds.

In a sample containing nanomagnetite (NPs FeOxFe,Os3) in a relatively small amount
(0.1%, sample Nel) there is inhibition of microflora development. Only at a magnification of
1000 times in the colonies of fungi can be found small and sluggish fragments of mycelium
(Figure 4).

In preparations made from sample Ne3 (content of nanomagnetite — NPs FeOxFe,O3
0.2%) from colonies of fungi externally similar to colonies, even at 1000-fold magnification
it was not possible to establish the presence of signs of mycelium.

More informative were the studies of samples conducted by a similar method after five
days of exposure. Selected samples were diluted three times for seeding. The appearance of
the drugs after five days of incubation is shown in Figure 5.
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Figure 5. Micrograph of the drug from sample No 1 from a colony of fungi
(x1000 times magnification)

On the photomicrograph of the preparation from the fungi colony of sample No 2
(Figure 6), weak mycelium without reproductive organs can be observed only at maximum
magnification. Colonies of this sample contain a large number of cells that do not show vital
activity.

Yeast colonies of sample No 3 (Figure 7) also contain non-viable cells, and in the fungal
colonies of this sample, microscopy did not even reveal signs of the presence of mycelium.
It is likely that the fungal colonies counted on the petri dishes were false.

Figure 6. Photomicrograph of the preparation from sample No 2 from the fungi colony
(x1000 times magnification)
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Fig 7. Micrograph of the drug from sample No 3
(x1000 times magnification)

From the obtained data it is seen that the addition of nanomagnetic powder (NPs
FeOxFe,03) significantly inhibits the development of microflora in flax seed samples (Table
1)

Table 1
Microbiological indicators of samples

Sample 0 1 2 3
The number of harmful fungi | 45x10* | 37x10* | 220x10° | 65x10°
in 1 gram of product, Q

The addition of nanomagnetite powder (NPs FeOxFe;0s) has a bacteriostatic effect on
harmful fungi in flax seeds (inhibits their development) and the concentration of 0.15%
(sample No 2) is sufficient to implement this function.

Mathematical model of the influence of the composition of nanomagnetite on the
growth efficiency of harmful fungi in flax seeds

Analysis of the dependence of the growth of the number of harmful fungi on the
composition of nanomagnetite allows us to determine the following properties.
1. The general dependence demonstrates a continuous decrease in the number of harmful
elements with an increase in nanomagnetite
2. At the initial stage, with a small amount of magnetite, the bacteriostatic efficiency
decreases slightly, which is mathematically proven by the zero value of the derivative.
3. With a significant composition of magnetite, the bacteriostatic efficiency significantly
decreases compared to the initial stage and gradually turns into an asymptotic
dependence.
A function with a negative exponent whose argument has the form of a power function
can correspond to similar properties.
If we determine the number of harmful fungi N, the composition of nanomagnetite u,
the proposed function can look like this

NNl
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The unknown coefficients of this dependence can be determined by the method of
least squares. For our case, the searched dependency looks like this:

N=4540%QNJ
The graph of this dependence is shown in Figure 8.

N x 10°

0.05 0.10 0.15 0.20 0.25
U, %

Figure 8. Dependence of the number of cells of harmful fungi on the amount of nanomagnetite.

The proposed dependence makes it possible to predict the effectiveness of the growth
of the number of harmful fungi depending on the content of hanomagnetite and to determine
the amount of nanomagnetite necessary to ensure bacteriostatic properties.

Conclusion

The main harmful substances in the storage of flax seeds intended for food use are
harmful fungal microorganisms. The use of nanomagnetic powder (NPs FeOxFe,O3)
containing of double oxide of ferrous and trivalent iron (NPs FeOxFe,O3) significantly
reduces the growth rate of such microorganisms on the seeds of flax. These results allow us
to recommend the addition of nanoparticles of magnetic powders during storage of flax seeds.
1. The addition of nanomagnetite to flax seeds infected with harmful fungi significantly

reduces their ability to grow. The size of harmful fungi is reduced by 3-5 times, with a

higher concentration, the size of harmful fungi is reduced by 10-20 times.

2. The number of colonies of harmful fungi decreases by 1.5-2 times, by 8-10 times with
the addition of 0.2% nanomagnetite

3. The proposed mathematical function allows predicting the number and size of harmful
fungi when nanomagnetite is added. The composition of nanomagnetite 0.15% is
sufficient to significantly suppress the development of harmful fungi
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4.  The proposed methods of protecting flax seeds with the help of nanomagnetite allow to
increase significantly their protective properties and significantly slow down their
development even at the stage of infection.
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concentration methods.

Result and discussion: In the present research, Escherichia
coli was studied as the main bacterial uropathogen accounting for
70% of bacterial isolates identified among twenty patients with
UTIL. The results showed that eugenol had the highest
antimicrobial activity against E. coli strains, followed by
cinnamaldehyde and clove oils. Further, fourteen E. coli isolates
obtained from the urine samples were screened for their biofilm-
forming activity on polystyrene surfaces. Our finding reported
that 28.5% isolates were not able to form biofilm as was
determined by crystal violet staining assay. Eugenol and
cinnamaldehyde exhibited high biofilm inhibition activity with a
percentage of inhibition ranged from 80.54 to 95.2 and 73 to
89.0%, respectively. The minimum inhibitory concentration
values of cinnamon oil, clove oil, cinnamaldehyde, and eugenol
for E. colistrains range from 0.68-0.823 mg/ml, 0.75-0.923
mg/ml, 0.55-0.72 mg/ml and 0.44-0.56 mg/ml, respectively. A
low minimum inhibitory concentration value may be an indicator
of the high efficacy of an antibacterial agent in inhibiting the
visible growth of microorganisms. Eugenol showed the highest
antibacterial activity with minimum inhibitory concentration of
0.44 mg/ml for 71.4% of isolates and minimum inhibitory
concentration of 0.56 mg/ml for 24.8% of isolates.

Conclusion. The tested cinnamon and clove essential oils
exhibited very strong antibacterial and antibiofilm activities
against Escherichia coli isolates obtained from UTI patients and
hence can be used as a promising alternative for antibiotics
substitution.
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Introduction

Gram-negative bacteria such as Escherichia coli, Pseudomonas aeruginosa, Proteus
species, Acinetobacter species, Enterobacter species, Klebsiella species, and Citrobacter
species are the most common bacterial species associated with urinary tract infection (UT]).
These uropathogens are found to be drug-resistant and biofilm forming bacteria, which is a
major factor in the pathogenesis of recurrent urinary infections.

Biofilm is the structure made by colonies of microorganisms that adhere and grow on
the surface of the cell and non-cellular materials, which is eventually enclosed in an
extracellular polymeric substance matrix (Hall et al., 2017; Jamal et al., 2018). This
extracellular matrix is mainly composed of polysaccharides and can to adhere to both biotic
and abiotic surfaces. Biofilm is the colony of microbes that are irreversibly attached to a
range of surfaces in the food industry in just a minute. Recently, biofilm formation in food
processing surfaces and equipment has become a great concern in the food industry because
they are responsible for the corrosion of metal surfaces, equipment damage, and cross-
contamination of processed food (Abdallah et al., 2014; Colagiorgi et al., 2017). The
formation of biofilm is a self-protecting barrier for the growth of bacteria against
environmental stresses, antimicrobial drugs, and the host human defense. Extensive research
has been done to prevent and inhibit biofilm formation through the implementation of several
synthetic and natural drugs. However, complete success in the detachment or destruction of
biofilm has not yet been developed (Basavaruju et al., 2016). Synthetic drugs contain so many
side effects like nausea, diarrhea, dizziness, lightheadedness, headache, or trouble sleeping.
There is a need to search for natural sources which can heal the problem without causing any
side effects to the patients. However, plant-based natural products have received much
attention in preventing antibiofilm activity in the last decades. Hence it is a matter of much
concern, and the research was done to acquire a new source of antimicrobials and biofilm-
eradicating agents to combat the infections associated with biofilm-causing drug-resistant
bacteria.

The aim of the present study is to evaluate the antimicrobial activity of natural
antimicrobial agents (cinnamon and clove essential oils and their main phytoconstituents
cinnamaldehyde and eugenol) against clinical bacteria isolates of UTI patients.

Materials and methods

Sample preparation and extraction of essential oils

The spices cinnamon (Cinnamomum zeylanicum) and clove (Syzygium aromaticum)
were thoroughly cleaned and then dried in an oven at 55 °C. After drying, barks and buds
were grounded into a coarse powder and placed inside a thimble made from thick filter paper,
which was then subjected to solvent extraction technique by a soxhlet extractor. The solvent
used for extraction was ethanol. The solvent was heated to reflux at a temperature above
100 °C for 5 and 10 hours. After the extraction, the products were collected and purified
using a rotary evaporator at a fixed temperature of 50 °C (Wong et al., 2014).

Isolation, identification of bacterial strains

The bacterial strains were isolated from urine samples of twenty UTI patients from
Janhit the hospital, Prayagraj, and were streaked on nutrient agar for single colony separation.
Three single colonies were selected, streaked separately in MacConkey agar and Eosin
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methylene blue (EMB) agar (HiMedia, Mumbai, India). The morphological (Gram's reaction,
cell shape, and arrangement) and biochemical characterization (indole test, motility test,
Vogues Proskeur test, methyl red test, catalase test, nitrate reduction test, triple sugar iron
test, urease test )of recovered uropathogens were carried out according to Harley and Prescott
(1997), and the results were compared with the pure maintained cultures. The most probable
species was decided on the basis of PIBWN software.

Antibiotic assay

The disk diffusion technique did the antibiotic susceptibility test of Escherichia coli
isolates. The antibiotics used were amoxicillin (30 pg/disc), amoxicillin/clavulanic acid (10
ug), piperacillin + tazobactam (10 pg), ticarcillin + clavulanic acid (10 pg), Cefepime,
cefuroxime (30 pg) and ceftriaxone (CT, 30 pg). The isolates were inoculated into 10 ml of
sterile nutrient broth and incubated at 37+1.0 °C overnight. 100 puL inoculum was swabbed
on the surface of agar plates, and then antibiotic-impregnated discs were immersed in it after
cooling. The plates were then kept for incubation at 37 °C for 24 hours. An inhibition zone
on the plates showed antimicrobial activity.

Antibacterial assay

The antimicrobial activity was evaluated by the agar well diffusion method
(Bagamboula et al., 2004). Bacterial inoculums containing 108 CFU/mI were swabbed on the
surface of sterile Mueller-Hinton agar plates using a sterile cotton swab and allowed to dry
for 3-5 minutes. A sterilized borer (10 mm) impregnated by the tested essential oils (10 pl
/disc) was used to prepare agar wells and then incubated in an upright position at 37+10 °C
for 24 hrs. Sterile blank paper discs impregnated with only sterile dimethyl sulfoxide
(DMSO) served as the negative control, and antibiotic ciprofloxacin (5 pg/disc) was used as
a positive control. The zone of inhibition was measured around each disc to evaluate the
antibacterial activity and expressed in millimeters (mm).

Assessment of minimum inhibitory concentration (MIC)

Minimum inhibitory concentration (MIC) was determined by the microdilution method
proposed by (Jorgensen and Turnidge, 1999) with minor modifications. Different
concentrations of samples ranging from 0.05 to 2.5% (v/v) were prepared in DMSO and
transferred into 96 well microliter plate (100 pl/well. The test was performed in triplicates
alongside a blank sample (without bacterial inoculum). The concentration at which no visible
growth was observed was recorded as MIC value.

Biofilm production assay

100 pl of overnight grown bacterial suspension were poured into the wells of a 96-well
microtiter plate and allowed to incubate for 24 h to 48 h at 37° C. Then, the supernatant
culture was discarded, and wells were washed twice with phosphate-buffered saline to
remove the loosely adhered. The adhered cell was stained with 200 pl 1% of crystal violet
for 10 minutes. The excess strain was discarded, and the wells were washed with distilled
water and air-dried. The plate was then read spectrophotometrically at 570 nm in an ELISA
reader (Sa et al., 2012).
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Biofilm Inhibition Assay

100 pl of the final concentration of essential oils (equivalent to MIC) was poured into
the 96-well microtiter plate consisting of fresh 50 ul of bacterial culture (108 CFU/ mL) in
each well and incubated at 37 °C for 24 h. The formation of biofilm was quantified by the
crystal violet method as described earlier. The well with sterile water was considered a
control. Inhibition of biofilm was assessed by the formula described by (Jadhav et al., 2013):

% Inhibition = 100 - (OD570 sample/OD570 control) x 100 Inhibition of biofilm

Statistical analysis

The experiments were done in triplicates, and their mean values were represented. All
statistical analyses were done using analysis of variance (ANOVA) in SPSS Version 17.0.
Differences were considered significant when p< 0.05. Graphs were prepared in Sigma.

Ethical consideration. Patient consent was obtained, and anonymity was preserved by
assigning an identification number.

Results and discussion
Isolation and identification of bacteria

Twenty urine samples of UTlIs patients were collected from Janhit hospital, Prayagraj.
The result of present study revealed that 70% of bacterial isolates belonged to E. coli, and
30% belonged to Klebsiella spp. The bacterial species were identified on the basis of their
morphological and biochemical characteristics (Table 1, 2). The results recorded from
biochemical tests were subjected to PIBWIN software to identify the most probable
organism. It was found that E. coli was the most prevalent UTI pathogen, followed by
Klebsiella spp. Earlier studies also have recorded similar findings (Bitew et al., 2017; Gupta
etal., 2011).

Table 1
Identification of clinical isolates

Features Nutrient Agar EMB Agar
Isolates 1, 3, 4, 5, 11, | Isolates 2, | Isolates 1, 3, 4, 5, 11, 12, | Isolates 2,
12, 13,14, 15,16,17, | 6, 7, 8, 9, | 13, 14, 15, 16, 17,18,19, | 6, 7, 8, 9,
18, 19, 20 10 20 10
Gram Gram —ve Gram -ve Gram —ve Gram —ve
reaction
Shape Circular Circular Circular Circular
Color Creamy white, shiny | Grayish Green metallic sheen Pink  to
white purple
Surface Mucoid Mucoid Mucoid Mucoid
Elevation Flat Dome- Convex Convex
shaped
Opacity opaque Translucen | opaque Translucen
t- opaque t- opaque
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Table 2
Biochemical characteristics of culture isolates

Biochemical tests | Isolates 1, 3, 4, 5, 11, 12, 13, | Isolates 2, 6, 7,
14,15, 16, 17,18, 19, 20 8,9, 10
Catalase test Positive Negative
Lysine test Positive Negative
Nitrate test Negative Negative
Citrate test Negative Negative
Methyl test Positive Negative
Voge's test Positive Negative
Indole test Positive Negative
Urease test Positive Positive
Peptone test Positive Negative
Motility test Negative Negative
Tryptophan test Positive Positive

Antibiotic sensitivity test of E. coli isolates

In the present work, the bacterial isolates E. coli were selected for further studies
because of the high prevalence in urine samples among UTI patients. Results of the disc
dilution test for antibiotic sensitivity of isolates to seven different antibiotics are represented
in Table 3.

Table 3
Antibiotic resistant pattern of the E. coli isolated strains

>
<

AMC | PTB | TCA | Cefepime | Cefuroxime | Ceftriaxone | Biofilm
activity

Isolates

El
E2
E3
E4
ES
E6
E7
E8
E9
E10
E 11
E12
E13
El4

0|0|3|>0|0|>0|0|0|0|0|0|0| 0|0
||| m|w|n|n|o|xo|o|D|0
Nnmiminmininin|n|ininin|inlniwm
||| 0|3 nw|v|w|o| |00
w|olwlu|n|lv|ln|n|n|n|x|x|o|o
D DD DNnnininm|0|ZD|(0|0
NN Innnnnninin|lmn|0|30|(0|0
222222 ZIZIZ|ZIvn 2w

Amoxicillin (AM, 30 pg/disc), amoxicillin/clavulanic acid (AMC, 10 pg/disc), piperacillin +
tazobactam (PTB, 10 pg/disc), ticarcillin + clavulanic acid (TCA, 10 pg/disc), cefepime (30 pg/disc),
cefuroxime (30 pg/disc g), ceftriaxone (CT, 30 pg/disc). R-resistant, S-sensitivity.
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In this study, common antibiotics used to treat UTIs were selected. Our finding revealed
that all the bacterial isolates were resistant to amoxicillin, and most of the bacterial isolates
(78.57%) were resistant to amoxicillin/clavulanic acid and ticarcillin + clavulanic acid. This
is attributed to the ability of strains to produce beta-lactamase. Previous studies also reported
the resistance of these strains to aminopenicillins (Iroha et al., 2012). Similarly, Dibua et al.
(2014) revealed that amoxicillin was not active against any Gram-negative strains of the urine
specimens. Our finding observed that only piperacillin associated with tazobactam presented
very good activity against E. coli isolates, consistent with previous studies that reported
antibiotics combination increased sensitivity (Sagna, 2019). Inconsistent with other studies
found that tested multidrug-resistant strains isolated from clinical samples were resistant to
the majority of commonly used antibiotics in developing countries.

Antibacterial assay

Several studies reported the antibacterial activity of medicinal plants for the
management and cure of UTIs. In the present study, the effect of essential oil and their
phytocompounds were performed after 24 h of the incubation period of bacterial culture in
Mueller Hinton broth (Sigma Aldrich, SA). Figure 2 depicts the antibacterial activity of spice
oil and its active compound against E. coli clinical isolates, expressed as diameters of
inhibition. The result of preliminary antibacterial activity revealed that cinnamon oil, clove
oil, cinnamaldehyde, and eugenol were active against all the tested E. coli isolates with a
zone of inhibition >12 mm. Eugenol has a high percentage of inhibitory action on 85.70% of
isolates (n-10) with the inhibition zone of 27mm, followed by cinnamaldehyde with the
inhibition zone of 22 mm within only two isolates. Clove oil exhibited a zone of inhibition
of 19 mm for 50% of the isolate, and cinnamon oil showed a zone of inhibition of 15 mm for
42.8% of the isolates (Figure 2). The result of the study was consistent with the work done
by Prabuseenivasan et al. (2006).

After preliminary screening, the antimicrobial agents were subjected to minimum
inhibitory assay. The minimum inhibitory concentration (MIC) is the minimum concentration
of the antibacterial agent that could inhibit 50% of the bacteria after 24 h incubation. Figure
3 illustrated the MIC values of cinnamon oil, clove oil, cinnamldehyde and eugenol for E.
coli ranges 0.68-0.823 mg/ml, 0.75-0.923 mg/ml, 0.55-0.72 mg/ml, and 0.44-0.56 mg/ml,
respectively. A low MIC value may be an indication of the high efficacy of the antibacterial
agents in inhibiting the visible growth of microorganisms. Eugenol showed the highest
antibacterial activity, with a MIC 0.44 mg/ml in 71.4% of isolates and a MIC of 0.56 mg/ml
in 24.8% of isolates. Our finding reported that individual phytochemical compounds eugenol
followed by cinnamaldehyde had highest antibacterial activity than their respective essential
oil. This finding concurs with other studies which reported cinnamon and clove oil exhibited
the lowest MIC values for E. coli. Another study by Millezi et al. (2019) showed the
antibacterial and antibiofilm activity of cinnamon essential oil and eugenol against
uropathogens.
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Figure 2. Zone of inhibition (mm) of essential oils against E. coli isolates
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Figure 3. Minimal inhibition concentration (MIC) values (mg/mL) of essential oils
against E. coli isolates tested with micro-dilution assay
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Biofilm formation capacity of isolates

Previous studies reported that different isolates have different capacities to form
biofilm. In this study, fourteen E. coli isolated from UTI patients were examined for their
biofilm-forming abilities on polystyrene surfaces. Our results suggested that 57.8% (n-8) of
the isolates have moderate biofilm formation ability, and only 14.2% (n-2) form strong
biofilm formation ability with optical density 570 (OD570) values ranging from 0.146-0.18
and 0.26-0.29 respectively whereas 28.5% (n-4) were not able to form biofilm as determined
by crystal violet staining assay. These strains were divided as strong (OD570 > 1), moderate
(0.1 > OD570 < 1), and negative (OD570 < 0.1) based on their absorbance in crystal violet
assay (Table 3). This result agrees with the researchers that showed each isolate have own
capacity to form thickness due to the difference in the ability to produce autoinducers
(Quorum sensing signaling molecules). Our finding reported that out of 14 isolates 10 isolates
were able to form biofilm.

Anti-biofilm activity

The in vitro biofilm activity of essential oils and main active constituents on the
prevention or reduction of biofilm development in 24 and 48 h preformed biofilms are
presented in Figure 4.

100 1
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Figure 4. Antibiofilm activity (% of inhibition) of essential oils against E. coli isolates

Eugenol, followed by cinnamaldehyde, showed the highest antibiofilm activity, with
the percentage of inhibition varying from 80.54% to 95.2% and 73% to 89.0%, respectively.
The action of eugenol resulted in no biofilm formation by 90% of isolates; however,
cinnamaldehyde provided inhibition for 80% of isolates, whereas the application of clove oil
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and cinnamon oil resulted in weak biofilm formation by 60% to 70% of isolates. Cinnamon
oil exhibited the minimum antibiofilm activity that ranges 62.4%-75.9%. The outcomes of
the present work showed that eugenol and cinnamldehyde had highest antibiofilm effect
followed by the clove oil and cinnamon oil. Amalaradjou et al. (2011) showed the ability of
trans-cinnamaldehyde to inhibit uropathogenic Escherichia coli biofilm formation isolated
from catheters and also demonstrated that trans-cinnamaldehyde prevented virulence factors
of uroepithelial cells by down-regulating genes in the pathogen. Clove oil at sub-MIC levels
was reported to repress QS-associated characters in reporter strains (Khan et al., 2000)

Conclusion

A urinary tract infection is the second most common infection that occurs in the human
body and Esherichia coli is found to be the most prominent bacterial strain responsible for
the disease. Most of the uropathogenic bacterial strains are found to be drug-resistant and
have biofilm-forming capacity. The present study was done to discover the natural
antibacterial and anti-biofilm agents from a huge reservoir of Indian medicinal plants. The
study revealed that E. coli strains isolated from clinical samples were resistant to the majority
of commonly used antibiotics. Eugenol, followed by cinnamaldehyde, has highest
antibacterial and antibiofilm activity than their respective essential oils. In conclusion, our
study suggested that eugenol and cinnamaldehyde can be used as plant-derived antibiotics
for biofilm-associated urinary tract infections.
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Introduction. The purpose of the presented study is to
substantiate the methods of regulating the consumption of syrup in
the evaporation station with a forecasting subsystem, which will
allow to predict the behavior of the system and the decision-making
subsystem, which will reduce the influence of the human factor on
the course of the evaporation process.

Materials and methods. The work of the evaporation station
with the subsystem of forecasting and decision support when
regulating the consumption of syrup was researched. In the
automation scheme for regulating the flow rate of syrup, induction
flow meters are used as a sensor. Pneumatic saddle valves with a
built-in throttle and an electro-pneumatic converter were used as
actuators.

Results and discussion. The use of neural sensors occurs only
in certain specific cases of intelligent control of the evaporation
process, there is no data comparing the use of intelligent regulators
with classical ones, the possibility of combining the work of several
types of intelligent regulators, as well as clear means of predicting
their work and supporting decision-making. Therefore, in this paper,
a decision-making subsystem has been justified, which made it
possible to assess the priorities of user requests when using a human-
machine interface. The highest priority was given to the request to
display information on possible changes to the adjustment
parameters of other control circuits. The forecasting method was also
used to compare the methods of regulating the flow rate of syrup in
the apparatus, which made it possible to predict the behavior of the
system during the formation of the control action and display the
finished forecast on the operator's screen and, thus, increase the
efficiency of the evaporation station. Statistical data on the behavior
of the contours of the automation system in different modes of
operation using intelligent and classical regulators were collected, a
model for predicting the operation of an evaporation station by the
method of local tendency was built and a forecasting algorithm was
developed. The accuracy of the obtained forecasting model is also
evaluated. The accuracy of the forecasting model was 98% for the
PID controller, 95% for the neural fuzzy regulator and 96% for the
neural network.

Conclusions. The model for predicting the operation of the
evaporation station is characterized by high accuracy in general, but
during the occurrence of oscillations in the transition process, there
is an insignificant delay in predicting these fluctuations. The most
important in the output of information by the decision-making
subsystem is the function of displaying information about the
possible changes to the parameters of regulation of other control
circuits.
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Introduction

The system of automatic control of the evaporation station can be described as a system
that requires the intervention of an operator-technologist, who in the course of his work
makes adjustments to the tasks of regulators responsible for temperature and material flows.
Such adjustments can be explained both by a change in the technological and quality
indicators of the components at the inlet of the evaporation station, and by the need to change
them at the exit of the section. When making changes to the operation of the automation
system, the operator must take into account how adjacent sections affect the operation of the
evaporation station, as well as the impact of the evaporation station on the operation of
adjacent sections of the plant (Hrama et al., 2019).

Perfection of the evaporation process is quite an important task. In the study
(Chantasiriwan, 2021), the author considers a model of the evaporation process that takes
into account the balance of mass and energy in the stages of the evaporation process.
However, this study did not consider the possibility of using intelligent regulators in the
evaporation process. The reason for this may be the difficulties arising from the need to use
special software. Research (Verma et al., 2018) makes it possible to overcome the problem
of its occurrence. This paper explores the process of linearization of a nonlinear model
consisting of 14 nonlinear levels of primary order, which is a dynamic model of the
evaporator. This study for the first time revealed the function of changing the concentration
of the product from the deviation of the flow rate of a liquid (Garcés et al., 2021). However,
no research has been conducted on the use of intelligent regulators in this study. This may be
due to difficulties in developing rule bases for neural fuzzy regulators or the lack of an
appropriate neural network training model (Said et al., 2021).

Evaporation stations for the sugar industry are equipped, as a rule, with stations with
natural circulation (Petrenko et al., 2022). In which, in case of non-compliance with the
optimal mode in the evaporation process, there is a decrease in alkalinity due to the
decomposition and caramelization of sucrose, which leads to the decomposition of amides
such as aspargin (Hrama et al., 2019). Juices of condensate (ammonia water) and vapors from
the evaporation station contain carbon dioxide, carbon monoxide and ammonia. Sugar juice
contains glucose (CsHi20¢), the above factors cause a change in its properties. When the
glucose temperature reaches 160 °C and leaves it unchanged for a long time, one of the two
water molecules is cleaved, that is, glucose anhydride is formed (CsH100s), from which the
formation of crystallized sugar is impossible. With a further increase in temperature to 220
°C, tasteless caramel or bitter assamar (a substance formed when heating products of animal
and vegetable origin) is formed from sugar juice, which are not capable of fermentation.
Therefore, the formation of sugar from such substances is impossible (Hrama et al., 2019).
Therefore, in order to prevent overexposure and overheating of the sugar syrup, it is necessary
to ensure the best quality control parameters.

The need to update existing control systems is indicated in the work (Sidletskyi et al.,
2020). The paper presents some approaches used for a distributed level of control of
technological processes. But this work does not reveal the issue of using intelligent regulators
in the evaporation process. Perhaps this is due to the complexity of the calculations.

In the works (Garcés et al., 2021) the author claims that with the help of intelligent
control, it is possible to ensure a faster decrease in tank temperature and achieve more stable
overheating control in the first evaporator tank. But in this paper there is also no disclosure
of the issue of using intelligent regulators to regulate other parameters (for example, pressure,
syrup level, flow rate). In addition, this paper considers only the possibility of using
intelligent regulators in buildings other than the first. The problem of controlling other
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parameters of the evaporation process is considered in the work (Verma et al., 2018). In this
paper, it is proved that evaporation control can be implemented by recirculation of fluid in
the evaporation section or by supplying only liquid to the evaporator. But this paper also does
not address the use of intelligent regulators in the evaporation process. In the paper (Cao et
al., 2020), the authors research decision-making subsystems and argue that their use in
automation systems can improve the quality of automation processes by reducing the human
factor, but for the correct operation of the decision-making subsystem, it is also necessary to
develop a forecasting subsystem. However, the work does not consider the evaporation
process.

The paper explores the use of methods for regulating the consumption of syrup in an
evaporator with a subsystem of forecasting and decision support, which will allow to predict
the behavior of the system and derive a ready-made forecast, which will thus increase the
efficiency of the evaporation station.

The aim of the work is to substantiate the methods of regulating the consumption of
syrup in the evaporator with the forecasting subsystem and the decision-making subsystem.
This will make it possible to predict the behavior of the system during the formation of the
control action and display the finished forecast on the operator's screen, increasing the
efficiency of the evaporation station by reducing the influence of the human factor on the
process.

Materials and methods
Object and subjects

As the station on which the study was conducted, a five-corps evaporation station of the
sugar factory was taken. Figure 1 shows the scheme of automation of the contours for
regulating the flow rate of the syrup. In the syrup flow control circuits, induction flow meters
COMACCAL FLOW 28 are used as a sensor (FE 14a, FIT 14b). Induction flow meters are
used for instantaneous and total measurement of water and conductive fluids in filled
pipelines. The principle of their operation is based on the phenomenon of electromagnetic
induction. With the help of electrodes isolated from the pipe and recessed into a level with
an insulating layer, the electromotive force is removed, which in the measuring unit is
amplified and converted into a unified current signal of 0 — 5 mA. Measurement error £1.5%.
As secondary display devices (FIS 14c) selected KD140M manufactured by "LPZ Lviv
Instrument-Making Plant". These devices are designed to work complete with non-
interchangeable primary transducers (sensors) that convert the measured non-electric
quantities (pressure, flow rate, level, vacuum) into an AC output signal (340 = 30) mV (at a
current of 250 mA) by 1 mm of movement of the sensor plunger. The signal goes to the
controller (PLC) to the control unit (intersection with C), as well as to the human-machine
interface (SCADA\) in which the syrup flow value is displayed on the screen of the automated
workplace of the operator (computer) (intersection with I). The resulting data is stored in
memory (R). These data (the actual values of the syrup consumption) are used to conduct this
experiment. If the syrup consumption value exceeds the set limits, then an alarm (A) is
generated. The control signal output by the controller (AO) goes to the electropneumatic
converter (LY 14e), which converts an analog unified electrical signal. In turn, the actuator
(for example, 9f) changes the position of the control valves. The operator can control the
position of the regulator in remote (manual) mode (intersection with C —remote control from
the SCADA operator). To switch the "Manual/Automatic" mode (HS 14d, HC 14d), the
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BRU-17 manual control units were used. It has one analog input with support for a unified
signal of 0-5 mA, 0-20 mA or 0-10 V and one analog output with support for a unified signal
of 0-5 mA, 0-20 mA or 0-10 V. Supports interfaces and protocols of the RS-485 and ModBus
network. Modicon M340 is used as a controller. Modicon M340 is an industrial logic
controller for machine manufacturers, small and medium-sized automation systems. Supports
4 MB of memory for saving programs and 256 KB for data storage. It is equipped with built-
in communications such as the CANopen bus, supports TCP/IP Ethernet network, RTU serial
interface, and ASCII character interface. This controller uses the BMX AMI 0810 input
module and the BMX AMO 0410 output module The pneumatic saddle valves (14f) Danfoss
VFG33, with a built-in throttle and an electro-pneumatic converter, were used as actuators

(Hrama et al., 2019).
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Figure. 1. Automation of the control circuit of the flow rate of the evaporation station syrup

Description of the methodology for developing a decision-making subsystem

In this paper, a method of calculating and forecasting user priorities for the development
of a decision-making subsystem was chosen.

To work with this technique, it is necessary to obtain information about users (U), their
requests (Q) and their requests for modification (D). Obtaining this data allows you to form
time series of changes in priority estimates (1) (Piazzoni et al., 2020):

X ={x,t=t',..N} 1)
where t is the observation number, ,t e (1,...N)

t — the number of observation in which the user's request was first recorded,

X ¢— the value of the priority of the user's request at the time of the start of iteration
with the number t,

N — the number of iterations during which monitoring and prioritizationof user
requests is carried out.

——Ukrainian Journal of Food Science. 2022. Volume 10. Issue 1 87



Processes, equipment and control systems ——

The result of the chosen methodology is to obtain recommendations P; in the form of
estimates of requests for changes in the human-machine interface (2) (Zgurovsky et al.,
2018), ranked by the degree of importance:

P =F(Xyu;B(X,) i =L L @

where Xn+1 i the projected priority score of the user's request,
j — user request identifier,
L — the number of user requests to make changes to the human-machine interface,
B(X;) — assessment of the trend of changing the priority of the user request, obtained
by the time series X;,
F — the procedure for integrating point predictive Xn-+1,; and temporal B(X;) estimates
of the priority of user requests for changes to the human-machine interface.

This technique of prioritizing user requests to make changes to the human-machine
interface consists of several of the following steps (Rajan et al., 2017):

1. Stage of data extraction and transformation. The provided stage is the removal of data
from the database of records of user requests for changes. Converting these hits to a
modification of the human-machine interface. At this stage, information is generated
about users (U), their requests (Q) and their requests for modification (D). Next, a
matrix of relations of user requests (R) is formed. After that, point and temporal
estimates of the priorities of modification requests (Xj and B(X;)) are calculated.

2. Atthe second stage, there is a modeling and forecasting of estimates of priorities for the
time series X;. First you need to build models of fuzzy time series using linguistic
variables. Next, the forecasting of point estimates of priorities based on fuzzy models
is carried out.

3. At the third stage, recommendations are formed for the decision-making subsystem.
The basis for this is the linguistic summary of temporal and predictive estimates of the
priorities of user requests.

For the correct development of the decision-making subsystem, it is necessary to collect
data (Lin etal., 2019). Input data are the key characteristics of human-machine interface users
and information about their actions. Data on the main characteristics of users can be recorded
in the following form (3) (Talebi et al., 2019):

U={u,i=1.,M} (3)
where u; is the key characteristic of the user; i — user ID; M —number of users.

Only those data that are necessary for the study and correspond to the declared period
during which the data will be processed are uploaded from the database. To do this, the
human-machine interface must contain the ability to identify users (Lin et al., 2008). The list
of requests (Q) to make changes to the human-machine interface can be written as follows

(Cao et al., 2020) (4):
Q={q..k=1...,K}

q ={i, .t}
where g is a description of user requests for changes in the human-machine interface.
k —hit index,
K — number of hits,
i —user ID,
j — user hover identifier,
t — iteration number of the development.

(4)
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It is also necessary to classify user appeals in order to separate changes to change the
type of regulation (Talebi et al., 2019). The list of requests for changes to the human-machine
interface can be written as follows (Lakhno et al., 2017) (5):

D={d,,j=1..L} 5)

where d; — description of the user's request; j — user hover identifier; L — the number of user
requests to make changes to the human-machine interface.

Another important parameter is the date and time when the user makes changes to the
human-machine interface (Piazzoni et al., 2020). This parameter is necessary for the
formation of time series of estimates of the priorities of requests for changes to the human-
machine interface (Zgurovsky et al., 2018).

The priority of a human-machine interface change request can be calculated as follows
(6) (Talebi et al., 2019):

R:{ri,j}

. _{t', if {i,j,t}<Q, (6)
= 0

where R is the relationship matrix, ri; — iteration number of development t.

Next, it is necessary to calculate the point and temporal estimates of the priorities of
modification requests for each problem, which are received from users in the form of time
series (Rajan et al., 2017). The calculation of these estimates allows you to display
information on requests for changes in the human-machine interface in more detail (Piazzoni
et al., 2020). After that, the user's priority score is calculated and a temporal assessment is
formed, which is considered as a fuzzy trend (Talebi et al., 2019). To this end, it is necessary
to develop a special algorithm for assessing the priority of user requests based on the data
obtained according to the methodology described above (Zgurovsky et al., 2018).

On the basis of this method of developing a decision-making subsystem, the basic
requirements for the functioning of the software for the operation of the evaporation station
are formed (Piazzoni et al., 2020). Several iterations of software development were carried
out. The development involved 20 users who made approximately 100 requests. The results
of the survey after processing according to the algorithm (Figure 3) were entered in Table 4.
Fragments of data received from users are given in Tables 1-3:

Table 1
Description of user requests for software modification

b
The possibility of changing the regulation regime.
Revision of regulation forecasting using different types of regulators.
Derivation of recommendations for changing the regulatory regime.
Display information on possible changes to the adjustment parameters of
other control circuits.

AIWIN|F (D

where a is the user request ID, j. Set in random order (Piazzoni et al., 2020); b — description
of user requests, d.
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Table 2
Description of key user characteristics

b

Director
Engineer
Engineer
Operator

AIWIN|IF|D

20 | Operator

where a is the user request index, i. Set in order from the highest position to the lowest
(Piazzoni et al., 2020); b — key characteristic of the user.

Table 3
Description of user requests
al|b|c
2|11
3|11
412 |3
514 |2
113 |4

where a is the user request index, i; b — user request identifier, j; c is the iteration number of
software development, t. Installed in the order of software development from the first
iteration to the last (Piazzoni et al., 2020).

Description of forecasting by local trends

Forecasting the operation of an evaporation station using the method of local trends
occurs using fuzzy time series models (Jolly et al., 2000).

To obtain a predictive local trend, a fuzzy time series model is generated (Lahtinen.,
2001). For this purpose, a model (Figure 4) of a fuzzy dynamic process with a fuzzy
increment is used, which looks like this: — a universal set for which fuzzy sets are defined
X, (t=12.)cR %', (i=12.), v, (j=12..), & ,(s=12,..) (Dong et al., 2017).

Next, the parameter value of the first-order time series model is set (Lei et al., 2016)
and the sum of the intensities of fuzzy elementary trends for each interval is calculated by
creating an algorithm of fuzzy local trends for this case (Dong et al., 2017).

To predict the operation of an automated evaporation station, the following algorithm
was used: first, it is necessary to convert the initial time series into a fuzzy time series. The
next step is to convert the resulting fuzzy time series into a time series of fuzzy elementary
tendency and dephase the intensity center of gravity method of each fuzzy elementary trend
for each time series a, = DeFuzzy(&,) (Anghinoni et al., 2019).

Analysis of the stability of the forecasting model is as follows. The automation system
of the five-corps evaporation station is launched (Figure 1), after which the transient graphs
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and projected values during the operation of the station are removed from the SCADA system
(Dong et al., 2017). They are shown in Figure 6. Further, the graphs are divided into an
arbitrary number of equal time intervals (Gonzalez-Potes et al., 2016). Each time interval is
separated from the next by a point with the name in Latin letter. The value to which the
transient corresponds to at a given time is the actual value, and the value that corresponds to
the graph with the projected values at a given time is the predicted value. All these values are
recorded in Table 1. The values of the absolute and relative forecasting error for each point
are also calculated and recorded in Table 1 (Dong et al., 2017).
The value of absolute error (A) is calculated by the formula (7).

A=|Z(t)-Z () @)
where Z(t) is the actual value of the time series,

Z(t) — forecast value of the time series

The relative error value (V) for each time series point value is calculated using the
following formula (8):
. Z)-Z ()|
Z(t)
The next step is to assess the accuracy of the system. The automation system of the five-
corps evaporation station is launched (Figure 1), the type of regulation is selected, after which
the transient graphs and predicted values during the operation of the station are removed from
the SCADA of the system. They are shown in Figure 6. Further, the graphs are divided into
an arbitrary number of equal time intervals (Gonzalez-Potes et al., 2016). Each time interval
is separated from the next by a point with the name in Latin letter. The value to which the
transient corresponds to at a given time is the actual value, and the value that corresponds to
the graph with the projected values at a given time is the predicted value. All these values are
recorded in Table 1. The values of absolute errors are calculated using the formula (7). The
average error (SP) is calculated by the formula (9) (Dong et al., 2017):

P =132~ Z() ©)

where SP is the average error of the forecast value of the time series,
n —the number of intervals of the time series, Z(t) — the actual value of the time series,

Z(t) — forecast value of the time series (Lei et al., 2016).
The average absolute error (SAP) is calculated by the formula (10).

SAP = %ﬂz@) A0\ (10)

The average relative forecasting error (SVP) is calculated by the formula (11) (Lei et
al., 2016).

x100% ®)

0 |Z(@)-Z(t
SVP = lZ“L(”xm% (11)
| oy Z(t)
The accuracy of the forecasting model (T) is calculated by the formula (12)
T =100% -1 >V (12)

| ey
The closer to 100% the accuracy index of the model (T) approaches, the more accurate
the model is (Lei et al., 2016).
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Results and discussion

Analysis and synthesis of control action using forecasting methods in the control
system of the evaporation station

We propose to use a block diagram of regulation (Hrama et al., 2022), modifying it in
such a way as to include the possibility of forecasting (Lei et al., 2016) and decision-making
subsystems (Piazzoni et al., 2020).

v Forecasting
i Identification [« "7 subsystem
O—— andadaptation.| e = sz = s
I ;

v(t)
: : v ; L T
Y, () x et) " u(t) l x Control | Decision- Yit
: Regulator >)———> obiect i making —b( )
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v 2
Model of the Y, ()
| control object
©Neuralfuzzy regulator . Neuralnetwork regulator . ~ PID-regulator
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Rule base Neural - ’é@ T . ll'm;gral 2
network : : n K
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Figure. 2. Figure of the structural scheme of regulation

The block diagram of the regulation is shown in Figure 2, where Y,(t) is the signal of
the task, e(t) is the disagreement between the task signal and the feedback, u(t) is the control
signal, v(t) is the external perturbation, Y(t) is the output signal, Ym(t) is the output signal
from the object model.

In more detail, the work of intelligent regulators, on the example of fuzzy ones, is
discussed in the work (Tang et al., 2001). In this work, a fuzzy PID controller was researched
as a discrete version of a conventional PID controller, so it retains the same structure, but has
an independent adjustable control factor. It is proved that it is possible to improve the classic
PID controller with a certain adaptive control ability. But this regulator cannot be considered
a full-fledged neural fuzzy regulator. In addition, this paper also does not consider the use of
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other types of intelligent regulators. A possible reason for this may be the costly part in
conducting research. The problems of using neural obfuscive regulators are discussed in more
detail in the work (Chantasiriwan, 2017). This work presents a new PID controller of fuzzy
logic. This regulator is a fuzzy PID controller with a computational efficient analytical
scheme. The author proves that the controller is stable with limited input / limited output
However, this regulator is very difficult to implement, and this paper does not provide the
possibility of using other types of intelligent regulators. In addition, there is no possibility of
using this regulator for some adjustment parameters. Also, none of the above works has any
justification for updating existing automation systems for the evaporation station. A possible
reason for this may also be the costly part in conducting research. The use of neural sensors
is considered in the work (Sidletskyi et al., 2019). The data says that one of the advanced
methods of improving control systems is the addition of fuzzy and neural fuzzy logic.
Methods of dynamic power control were analyzed using fuzzy logic and adaptive neural
networks. One of the possible options for regulating power is the use of fuzzy conclusions
(the so-called fuzzy system). The control action is formed by checking the consistency of
fuzzy rules for the actual parameters of the system. Rules are created in accordance with the
experience of the operator, which reflects his / her actions when changing technological
parameters. But this work does not consider the use of neural regulators in the evaporation
process. In addition, it also does not address other types of intellectual regulation.

Synthesis of the algorithm of the decision-making subsystem

To assess the priority of user requests to make changes to the human-machine interface
and the formation of time series with their help, a special algorithm was developed (Figure
3).

The first step of this algorithm is to determine the iteration number of the development
of a human-machine interface. To do this, determine the value of t, at which the value of the
vector {ri} will be minimal, but not zero (Zgurovsky et al., 2018). A zero value means that
users of a human-machine interface do not address a given function or problem (Rajan et al.,
2017).

The next step is to determine the estimate of the priority x: of some user request to make
changes to the human-machine interface (Talebi et al., 2019). This calculation occurs
according to the formula (6). In this algorithm, the intensities of fuzzy trends of various types
are grouped, followed by the formation of linguistic rules of the main trend of time series.
The implementation of this algorithm allows you to form a set of estimates of the priorities
of requests. In this study the following estimates are used: "Increase in request priorities",
"Decrease in request priorities”, "Priorities remain stable”, "Uncertainty of changes in
priorities”, "Fluctuations in changes in priorities”, "Increase in request priorities with
fluctuation™, "Decrease in query priorities with fluctuation”. If you apply this algorithm for
each user request to make changes to the human-machine interface of the evaporation station
and attribute each request to its corresponding time series, you can determine the linguistic
term that carries information about changes in priorities (Rajan et al., 2017). This information
allows you to form recommendations of the decision-making subsystem (Piazzoni et al.,
2020).
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Figure. 3. Special algorithm for assessing the priority of user requests

The next step, according to formula (1), we form time series for changing priority
estimates (Talebi et al., 2019). The following is the time series for displaying information
about possible changes to the adjustment parameters of other control circuits (13):

X, ={312,2,1,3,1 4} (13)

So, from the time series X; we can say that at the first observation, the function of
displaying information about the possible changes to the parameters for regulating other
control circuits among users had a third priority, but with further observations, the priority of
this function increased and after the third observation took first place (Zgurovsky et al.,
2018). From this we can conclude that the projected priority of users of this function will be
high (Piazzoni et al., 2020).

Therefore, according to the formula (2), you can get recommendations P and in the form
of ranked estimates of queries (Talebi et al., 2019). For the function of displaying information
about the possible changes to the parameters of regulation of other control circuits, the
following series has the form (14):

B =F( "Very important™) (14)

According to the formula (3), data on the main characteristics of users can be written in
the following form (15):

U ={"director",1; "engineer",2; "engineer",3;...;" operator", 20} (15)
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Next, the formula (4) creates a list of requests for changes to the human-machine
interface:
q, ={L52} (16)
According to formula (5), it is necessary to classify user appeals in order to separate the
introduction of changes to change the type of regulation (Lin et al., 2008):
D ={"change of regulation type",5} 17
Next, using the formulas (1) and (2), the relationship matrix is filled in to determine the
priorities of the queries. The formula (6) calculates the determination of priority estimates
(Piazzoni et al., 2020). The results are listed in Table 4.

Table 4
Determination of priority assessments

alblc d e f

X1 | 2| 1| Important | Oscillation | Very important
Xz | 3| 2 | Important | Height Very important
X3 | 4 | 3| Important | Height Important

X4 | 1| 4| Important | Height Very important

where a is the time series (1); b — user request identifier (table 1); ¢ — assessment of the
priority of the request (13); d — linguistic evaluation of the request (6); e —tendency to change
the priority of the request (2); f — Recommendation for creating functional requirements (14).

According to Table 4, it can be concluded that the most important in the output of
information by the decision-making subsystem is the function of displaying information
about the possible changes to the parameters of regulation of other regulatory circuits, since
it has the highest priority rating (Zgurovsky et al., 2018). Also very important is the
availability of the function of reviewing the forecasting of regulation using different types of
regulators (Rajan et al., 2017). Therefore, during the operation of the decision-making
subsystem, these functions will have the highest priority.

Synthesis of the algorithm of local trends

We will develop an algorithm for local trends of the evaporation station. The paper
(Gonzalez-Potes et al., 2016) describes the management of several evaporation stations with
full integration of fuzzy control and the use of wireless network sensors and actuators. But in
this paper there is no comparison of the use of neural sensors with other types of intelligent
regulation and there is no justification for the expediency or inexpediency of using this type
of regulation in case of the possibility of introducing a system with another type intelligent
control. In addition, neural fuzzy regulation in this study does not apply to all regulatory
circuits. The reason for this may be the high complexity and cost of conducting such a study.
The authors of the study also meet with similar problems (Tang et al., 2001). In this paper,
the control of evaporator overheating using a fuzzy sliding mode controller is considered. In
addition, this study does not disclose the use of fuzzy regulation for other circuits of
regulation of the evaporation station.

It is necessary to improve the model of forecasting the operation of the evaporation
station by the method of local tendency and the forecasting algorithm and determine the
influence of the algorithm on the accuracy and stability of the obtained forecasting model.
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To work with the algorithm of local trends, we set the following parameter
dependencies (Lei et al., 2016):

X = Fuzzy(x;),

o, =TTend (X, X ,),

O = f~5 @),

a =RTend(&,4 ,),

ay = f~a @),

%, =Comp(%,y,0,,,8+1),
X, = DeFuzzy(%;,,) + &4,

Figure. 4. First-order time series model

Where Fuzzy is the operation of the phase of the scale, TTend is the operation to
determine the type of difference, RTend is the operation to identify the intensity of the
difference, Comp is the operation to calculate the new fuzzy assessment, DeFuzzy is the

operation of defasification of the scale. f;, f~a~1 — fuzzy dependencies are presented in the

form of a composite implication rule, Xx,,,,&, — numerical estimate and error of the

i+1
predicted level of the time series.
In this model, an absolute fuzzy estimate X is determined by phasifying the scale

according to the value of the object being evaluated x,. Next, an operation takes place to

determine the type of differences and the next step is the process of determining the intensity
of the differences. After that, a new absolute fuzzy estimate is calculated (Xu et al., 2020).

The final step is the defasification of the scale according to the definition of the object X,

being evaluated according to an absolute fuzzy estimate X; .

A two-stage algorithm for selecting a time series forecasting model has been developed
(Dong et al., 2017). It is calculated the sum of the intensities of fuzzy elementary trends for
each interval (Figure 5).

Using the algorithm (Figure 5), it is possible to evaluate local trends using linguistic
and numerical forms (Anghinoni et al., 2019). To work this algorithm, it is necessary to
convert the initial time series to a fuzzy time series (Mehmood et al., 2021) using the model
shown in Figure 1. The next step in the implementation of this algorithm is to divide the
resulting time series into a certain number of intervals. At each interval, the sum of the
intensities of the same type of fuzzy elementary trends is calculated. Further, comparing the
time intervals with growth (STyp) and decrease (STqown) Of the time intervals of the length of
a fuzzy trend, the type of local trend ("Stable", "Growing", etc.) is chosen (Xu et al., 2020).

This algorithm does not require additional interpretation by the user. The disadvantage
of this algorithm is the limitation of its operation by the number of predetermined time
intervals, which is why the number of identified local trends will be equal to the number of
intervals specified by the developer (Anghinoni et al., 2019). This algorithm allows you to
get time series, which can be used in the future to predict local trends. The advantage of this
algorithm is the ability to reduce the knowledge base, which can be represented as a set of
rules that are generated by a fuzzy time series (Dong et al., 2017).
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if B,(z,)=true then ST, =ST +a,
if P, (z,)=true then ST,
if ST, =0and ST,,,
D="Stable",a=0,

if ST, >2-ST,,,, then
0="Up",a=abs(ST,, - ST,
if STy =2-ST,, then
o="Down",a=ads(ST,, — ST,,,n):
if 0,9-ST,, <ST,,, <12-ST,,
or 0,9-STy,,, < ST, <12-ST,
then 5="Regular",a=(ST,, + STy,,) / 2
else 5="Chaos",a=abs(ST,, - ST,,),

a = Fuzzy(a).

own — STdown + at'
=0 then

own )’

own own

Figure. 5. Algorithm of local trends for research
P — the finite set of points on the interval n (the finite set of tendencies);
ST —the time interval of the length of a fuzzy trend.

Result of the syrup flow forecasting algorithm with the decision-making subsystem

The result of the algorithm execution (Figure 5.) Forecasting of an automated syrup
consumption system using intelligent regulation and a decision-making subsystem is shown
in Figure 5. Forecasting of an automated syrup consumption system using intelligent
regulation and a decision-making subsystem is shown in Figure 5. Forecasting of an
automated syrup consumption system using intelligent regulation 6. Table 5 shows the results
of calculations for the consumption of syrup using PID, neural fuzzy, and neural network
regulators. Based on the results presented in the table, we can conclude that, since the value
of SP is negative, the forecast was overestimated relative to the actual data (Lei et al., 2016).
This is true, since the forecast shows a small absolute error of 1% when using neurone-fuzzy
regulation. And with the actual use of this type of regulation, it is absent. However, this
overestimation is insignificant, as can be seen from the indicator of the average relative error
of forecasting (Dong et al., 2017).

In theory, when applying the average relative error in assessing the accuracy of the
model for predicting the evaporation process, the value of forecast accuracy can reach 100%
(Lei et al., 2016). This will mean that the selected forecasting model describes the process
with absolute accuracy (Anghinoni et al., 2019). In practice, such a phenomenon is almost
impossible, since the forecast cannot take into account absolutely all the factors that affect
the automation system (Xu et al., 2020). In the case when the value of forecast accuracy
approaches 0%, then this model does not describe the predicted process at all (Butt et al.,
2020).
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Table 5
Indicators for assessing the error of forecasting the consumption of syrup

N [a [b Jc  [d]e [f g
P1D regulator
1 A |0 0 0
2 B | 222 223 1
3 C | 217 215 2
4 D | 215 214 1 1|-08 08 |2
5 E 215 214 1
6 F 215 214 1
7 G | 215 214 1

Accuracy of the forecasting model (12): | 98%
Neural obscure regulator

1 A |0 0 0
2 B [214 [216 |2
3 C | 215 | 214 | 2
4 D | 215 | 214 | 2 |-09 |09 |5
5 E | 215 | 214 | 1
6 F | 215 | 214 | 1
7 G | 215 | 214 |1

Accuracy of the forecasting model (12): 95%
Neural network regulator

1 A 0 0 0

2 B | 217 | 216 | 1

3 C | 215 | 214 |1 4
4 D | 215 | 214 |1 | 09 |1.27

5 E | 215 | 214 | 1

6 F | 215 | 214 | 1

7 G | 215 | 214 |1

Accuracy of the forecasting model (12): 96%

where a — Point name, b — Actual value, m%/h, ¢ — Predicted value, m%h, d — Absolute error,
%, e — mean error (SP) (9), f — mean absolute error (SAP) (10), g — average relative
forecasting error (SVP) (11).

The forecast accuracy indicator is also used to select the optimal forecasting model. The
optimal model is the model whose accuracy is closest to 100% (Lei et al., 2016), since it is
more likely to make a more accurate forecast.

Since, in our case, the value of the average relative error is 5%, it follows that the
accuracy of the model is 95%, which is a very high assessment of the quality of our
forecasting system. Since the accuracy of the forecasting model is very close to 100%, it can
be considered optimal (Dong et al., 2017).

In order to correctly understand how much, you can trust the obtained algorithm for
predicting the evaporation process, it is also necessary to assess the accuracy of the forecast
obtained (Lei et al., 2016). In Figure 4 shows a comparison of the predicted value of the
change in the flow rate of syrup using PID, neurone-fuzzy and neural network regulators and
the actual change in syrup consumption.
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Figure 6. Comparison of the transients of the predicted and actual consumption of the syrup in
the first building of the evaporation station using:
a—PID;
b — neurone-fuzzy;
¢ — neural network regulators;
1 (=) —the projected value of the syrup consumption;
2 (=) —the actual value of the syrup consumption (PID-regulator);
3 (=) —the actual value of the syrup consumption (neurone-defunt regulator);
4 (=) — actual value of syrup consumption (neural network regulator);
AB, BC, CD, ..., JK — time series intervals.
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In this study, a forecasting method was used to compare methods for regulating the flow
rate of syrup in the apparatus, which makes it possible to predict the behavior of the system
during the formation of the control action and display the finished forecast on the operator's
screen and, thus, increase the efficiency of the evaporation station. The advantage of this
method is its easy and quick implementation, which does not require large economic and
energy costs. The disadvantage of this method is the need to break the transient process into
separate time intervals of the number series manually and the direct dependence of the
accuracy of the model on the number of elements of the time series.

In other studies, most of the problems of intelligent control in the process of evaporation
remain unresolved. The use of neural regulators occurs only in certain specific cases. In
addition, there is no comparison of the use of intelligent regulators with classic ones. There
is also no coverage of the possibility of combining the work of several types of intelligent
regulators if necessary. In addition, there are no clear means of forecasting the work of
intelligent regulators and decision-making subsystems.

Conclusions

1. After researching a large number of sources, it was concluded that in other studies, most
of the problems of intelligent control in the evaporation process remain unresolved. The
use of neural regulators occurs only in certain specific cases. Therefore, a model for
predicting the operation of an evaporation station by the method of local tendency was
built and a forecasting algorithm and an algorithm for the decision-making subsystem
were developed.

2. An algorithm for assessing the priority of user requests according to the method of
calculating and forecasting priorities was developed. The result of this algorithm was
the determination of priority estimates, which showed that the most important in the
output of information by the decision-making subsystem is the function of displaying
information about the possible changes to the parameters of regulation of other
regulatory circuits, since it has the highest priority rating.

3. A model of forecasting the operation of an evaporation station by the method of local
tendency is constructed and a forecasting algorithm has been developed. The accuracy
of the obtained forecasting model is also evaluated. The accuracy of the forecasting
model was 98% for the PID controller, 95% for the neural non-fuzzy regulator and 96%
for the neural network, which are high rates The advantage of this model is its high
accuracy in general, but the disadvantage is that during the occurrence of oscillations in
the transition process, there is an insignificant delay in predicting these fluctuations.

4. Statistical data of the behavior of the contours of the automation system in different
modes of operation using intelligent and classical regulators were collected, a model for
predicting the operation of an evaporation station by the method of local tendency was
built and a forecasting algorithm was developed. The advantage of this method is its
easy and quick implementation, which does not require large economic and energy
costs. The disadvantage of this method is the need to break the transient process into
separate time intervals of the number series manually and the direct dependence of the
accuracy of the model on the number of elements of the time series.
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AHoTauii
Xapuosi TexHonorii

Brnuius pucosoro 6opomHa Ha KOH(popManiiiHi nepeTBOPeHHs B TicTi pH
BHPOOHUITBI NMIICHUYHOI0 XJIi6a

Amnacracis llleBuenko, Citiana JIiTBUHUIyK
Hayionanvuuii ynieepcumem mexunonociu, Kuis, Yxpaina

Beryn. Meroto poboti  Oyno BH3HAYEHHS BIUIMBY PHCOBOrO OOpOIIHA Ha
KOoH(OpMalliiiHi IEPETBOPEHHS B CTPYKTYPI TiCTa JUIsi BUTOTOBIICHHS MMIIIEHUYHOTO X104, 10
CKJIaJIy SIKOTO BHECCHO JICIIUTHH.

Martepianu i meTonu. byno nocimijmkeHo pucoBe OOpPOIIHO, HOro XiIMIYHUH CKal Ta
¢pakuiitauii cknan O6inkiB. KoHpopmariiiiHi nepeTBOpeHHs CTPYKTYPHHX €JIEMEHTIB B TIiCTi
Ta X706l Oynmu pgocmijkeHi MeroAoM 1H(PayepBOHOI CIEKTPOCKOMii y  ONIDKHIM
iH(ppauepBoHiil 00nacTi.

Pe3ynbraTn i odroBopennsi. Y prucoBoMy OOpOIIHI 3arayibHuil BMIicT OikiB Ha 47%
HIWKYMH, HDK y NIIEHHYHOMY OOpOIIHI, BMICT Xap4OBHX BOJIOKOH Y 8,5 pa3iB HIDKYHUH.
@pakuiiinuii ckax OUIKIB MOKa3aB BUILIMI BMICT anbOyMiHy, IPOJaMiHy Ta HEPO3UMHHHX
OLJIKIB B MIIIEHUYHOMY OOpOIIHI, HiXk B pricoBoMy Ha 11, 90 ta 75% BinmnoBinHo. 3a BMicTOM
TJI00YITiHIB Ta TJIIOTEIIHIB MepeBakae 00poIHo prucoBe Ha 7 Ta 183% BimmoBigHO, OXHAK
CKJIaJ] TIIIOTENHIB Yy JOCTIDKYBAaHUX 3pa3kax pi3HMI. Y TNIIEHUYHOMY OOpOIIHI L
TIIIOTEHIH, KU € KICHKOBUHHUM O1JIKOM, YTBOPIOE T€TEPOreHHY CYMIII MOJIIMEpiB Yepes3
JUCyib(iqHI 3B’3KH MOMINENTHIIB. Y PUCOBOMY OOpPOIIIHI MPEACTABHUKOM TIIIOTEIIHIB €
opi3eHiH. [HppayepBOHI CIIEKTPH BiJOMBAHHS MILIEHUYHOTO Ta PUCOBOI0 OOPOIITHA ITOKA3aIIH
NMoAIOHUH XapakTep CIEKTPIB: eKCTPEMYMH CIIOCTEpIraloThCsi HA OJHAKOBHX JIOBXKHHAX
XBWJIb, CIIEKTPH MiX COOOI0 pO3TAallIOBaHI MapajeibHO Ta BIAPI3HAIOTHCS JIUIIE 32
IHTeHCUBHICTIO BifOMBaHHs. CIIEKTp JICIIMTHHY COHSIIHUKOBOTO 3HAYHO BIAPI3HIETHCS
4yepe3 BiIMIHHHHN XiMIYHU cKaj. Takox Ha JIesKUX JOBKHUHAX XBUIIb HA CIIEKTPI JICLUTUHY
TIOMITHI 3MIILIEHHS EKCTPEMYMIB SIK B KOPOTKO-, TaK 1 JOBFOXBHIILOBY 00JacTh. BropuHHa
CTPYKTypa TJIIOTEHY 3a3Halia 3MiH B XJIIOI MiCIIsl BIUIMBY TEMIIEPATYPH IIUIIXOM MPOCYBaHHS
o-Cripalieii i B-II0BOpOTIB 1 CIIpusiia YTBOPEHHIO TUCYIb(ITHUX 3B'S3KiB.

BucnoBku. IIpoBeneHi IOCHIIDKEHHS CBII4aTh MNPO JOIUIBHICTH 3aCTOCYBaHHS
PHCOBOro OOpOILITHA B TEXHOJIOTIT XJ11000y104HUX BUPOOIB HA 3aMiHY MIIEHUYHOTO 3 METOIO
MiHIMI3yBaTH BMICT KIIITKOBUHH B XJIi0i.

KuarouoBi cioBa: x1i6, puc, 6opowno, neyumun, I9 cnexkmpockonis.

3MeHIIeHHs BMicTy akpuiiaMiay B ¢OpMOBaHHX KAPTOMJISHUX Yincax mixBuIeHol
Xap4yoBoi WiHHOCTI

Axnina Koetyn, Bonmonumup Kosbaca, Oner boptHiuyk,
Omnexcannp [lleBuenko, Onexcarap dydoope3oB
Hayionanenuii ynisepcumem xapuogux mexuonoezit, Kuis, Yxpaina
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Betyn. MeToro OCHiKeHHS! € BU3HAYEHHS ONTHMAIBHUX TEMIEPATYPHHUX PEKHMIB
BUIIKaHHA-BUCYITYBaHHS KapTOIUITHOI'O TicTa /ISl 3SMEHILEHHS aKkpuiiaMity B (POpMOBaHUX
KapTOIUISIHUX Yillcax 3 ITiIBUIIEHOIO XapuOBOIO IIIHHICTIO.

Martepianu i merogu. B sKxocti jocii/kyBaHOI CHpPOBHHM OOpaHO: KapTOIUISTHY
KPYIKY, BUCIBKH JKHTa, SIUMEHIO, )KMUX rapOy30BOr0 HaCiHHs], KPiOMOPOIIKKA OpOKOIi Ta
YepBOHOr0 Oypsika. BuzHauam KiJIbKiCTh acrapariHoBoi KUCIIOTH, PeAyKYBJILHHUX I[YKpPIB B
OCHOBHI/ Ta JOJAaTKOBIi! CHUPOBHUHI, a TAKOXK KIJIBKICTh YTBOPEHOTO aKpHIIAMiy B MpoIleci
TEMIIepaTypHOTro 0OpOOIEHHS! TICTOBOI KapTOIUISTHOT MacH.

Pesyabratn i o0roBopennsi. /s miIBUIIEHHS XapuoBOi LIHHOCTI (hOPMOBaHHX
KapTOIUISHUX YillCiB PO3MIMPEHO TPaIuLiiHy CHPOBHHHY 0a3y 3a paxyHOK 3acCTOCYBaHHS
PI3HUX BHCIBOK 3€PHOBHX, JKMHXY, XapuOBUX BOJOKOH, TIOPOIIKIB OBOYIB, TOIIO.
PexomMenoBaHi onTUMaIbHI apameTpu 00poOJIEHHS KapTOILISTHOTO TicTa NPH TeMIlepaTypi
125°C Ta TpuBanocTi 4,5 XB 6€3 3aCTOCYBaHHSI POCIMHHUX OJIiil Ha BiIMiHY BiJ TpaJuIiiiHUX
croco0iB  BUPOOHMIITBA (OPMOBAHHX KAPTOIUISIHUX YiNCiB. BH3HAYEHO KIJIBKICTh
acraparinoBoi kuciotd — 190,5 Mr/t Ginka i peaykyBaibHuX IyKpiB — 0,6 % B KapTOIUISAHIN
Kpynui. Y BHCIBKax jKMTa Ta SUMEHIO KUIBKICTh acnapariHoBoi kuciotu 77,5 ta 72,6 mr/r
OiyKa BIAMOBIZAHO, y *MHXY rapOy3oBoro HaciHHs — 80,5 mr/r Oinka, y Kpiomopomrkax
Opokoii Ta uepBoHOro Oypsika — 72,5 Ta72,9 mr/r Oinka BigmoBimHo. MacoBa dYacTka
penyKyBaJdbHUX IYKpIB Yy BUCIBKax jkxHTa Ta suMmeHto ckiangae 0,74 ta 0,8 %, y xMuxy
rapOy3oBoro Haciuus — 0,5 %, y kpionopomnikax 6pokoii Ta uepBoHoro 0ypsika — 0,3 ta0,5
%ginnoBinHo. OTprMaHi KiHILIEB] TPOAYKTH, B IKUX HE BUSBIICHO aKpHIIaMiy 3aB/SIKH 3MiHU
KJTaCUYHOI TEeXHOJOrii 1 mapamerpiB BUPOOHHMITBA (POPMOBAHMX KapTOIUISTHUX YiICiB.
JocnikeHo, Mo MpU 3aCTOCYBaHHI KJIACHYHOI TEXHOJNOrii (OPMOBAaHHMX KapTOIUISHUX
YiICiB KUIBKICTh aKpUIIaMiJy y TOTOBHX BupoOax cranoBwia 61 mkr B 100 r npoaykry. B
(OpMOBaHUX KapTOIUITHUX yiricax 0e3 J1ofaBaHHs BUCIBOK, XKMUXY Ta KpPIOMOPOIIKIB, SIKi
BUIIKAJTUCS-BUCYLTYBAJIUCS, KUIbKICTh akpriiaMiny O0yna 9,35 mkr B 100 r mponykry.

BucHoBkH. YTBOpEeHHs akpuiamiay 3aJIe)KdTh BiJl XIMIYHOTO CKIaJy CHPOBHHH,
TPUBAJIOCTI Ta TEMIEPATypH BHUIIKAHHSI-BUCYIIYBaHHS Ta TEXHOJOTIl BHPOOHHIITBA
(hOpMOBaHUX KAPTOIUISIHUX YilIICIB.

Kuaro4oBi cnoBa: kapmonnaua kpynka, 4incu, 8Uciéku, Kpionopouiox, akpuiamio.

BniuB 3HaKO3MIHHUX IMIYJIBCIB THCKY HA CEHCOPHI XapaKTepUCTUKH B OPOIMJIbHIil
TeXHOJIoril

Ipuna Jly6oBkina
Tuemumym mexniunoi mennoghizuxu Hayionanvroi axademii nayx Yxpainu,
Kuis, Ykpaina

Beryn. Meroro HaykoBOi poOOTH € JOCITIIPKEHHS BIUTUBY 3HAKO3MIHHUX IMITYIIBCIB
THCKY B Xap4OBUX BUPOOHHUIITBAX IIiJ1 YAC OACP>KAHHS JOCITITHUX 3pa3KiB BUHA, KPITUIEHOTO
BHHA Ta acOMIMOBAHMX BONHUX CHCTEM 1 PO3YHHIB HA CEHCOPHI XapaKTEePUCTHKH Ta
JIeTyCTaIliifHe OI[iHFOBaHHS.

Marepianu ta Metogu. bymo BUKOHaHO aHaIi3 3MiHU (DI3UKO-XIMIYHHX TTapaMeTpiB
3pa3KiB BHWHA, KPIIUIGHOTO BHWHA Ta ACOIIOBAaHMX BOIHWX CHUCTEM 1 PO3YMHIB MiJX Yac
00pOOTIeHHS 13 3aCTOCYBaHHAM 3HAKO3MIHHHX IMITYNIECIB THUCKY 3 BUKOPHCTAHHIM Pi3HHX
TEXHOJIOTIYHHX peXUMiB. B poOOTi BHKOPHCTaHI 3arajlbHOHAYKOBI Ta CIEMiadbHI METOIU
JOCIIKEHB, a caMe eeKTpoxiMiuHi Metomu. OKpiM IIbOro B poOOTI BUKOPUCTAHUI METOL
CEHCOPHOTO aHalli3y 3pa3KiB BHWHA, KPIIJICHOrO BHHA Ta aCOLIHOBAHWX BOMHHUX CHCTEM 1
pO3YHHIB.
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Pe3yabraTn i 00roBopenHsi. B pe3ynbrari 3acTOoCyBaHHS 3HAKO3MIHHHX IMITYIIBCIB
THUCKY IIiJl 4ac ofiep>KaHHs KPIIUIEHOTO BMHA, 3arajibHUM JerycTalliifHui OaJl ImiJBUIUBCSI
Ha 7,3%, y MIOpiBHSHHI 3 KOHTPOJBHUMH 3pa3KaMH, IIO € JOCUTh BarOMHM IOKa3HHUKOM
SIKOCTI TOTOBOTO IpoxyKTy. ITix yac mpoBeneHHs1 00p0oOIeHHS 3HAKO3MIHHUMH IMITYJTbCAMH
TUCKY BapiroBasioch 4yucio kapitamii Big 0.1 mo 0.5, mo 103BONMIO ofepKaTd IijJ 4ac
JIETYCTAIIfHOTO OI[IHFOBaHHS HAWBHIWMKA 3arayibHUE Oay 8.8. OOrpyHTOBaHO TEXHOJOTIIO
OJllepKaHHS KPIIUICHOTO BHHA, IO TOJATAaE y APOOJICHHI BUHOTpaay, rpeOCHEBIIUICHHI,
HACTOIOBaHHI Cyclla Ha M'si33i, IpecyBaHHs, 30pOLKYyBaHHS Cyclla, KyNakKyBaHHS,
cnuptyBanHs. ClIMpTyBaHHS BUHA TIPOBOJSTH 13 3aCTOCYBaHHSIM 3HAKO3MIHHHX IMITYJBCIB
THUCKY B YMOBAax TiIpOIMHAMIYHOI KaBiTalii 3 uncioMm kasitamii 0,3, DIBHOKICTIO 3CYBY
notoky 2,6-105¢™ Ta HanpyxenusaM 3cyBy noroky 260 ITa.

BucHoBku. 3aranpHuii Oan 3pa3kiB BUHA Ta KPIIUICHOTO BHHA, sIKi OyIM OoziepX<aHi B
YMOBax 3HaKO3MIHHHUX IMIYJbCIB TUCKY, MaB ITiIBUIIEHI MOKa3HUKH SIKOCTI Y IOPIBHSHHI 3
KOHTPOJIbHUMHU 3pa3kami. L{e mo3uTHBHUM YHHOM BIUTMBAE HA SIKICTh TOTOBOTO MPOIYKTY.

KurouoBi ciioBa: sunpobysannsi, ananis, piokuil, 00pooOeHHs, MUCK.

BioTexHonoris, Mikpobionoris

BIuiMB HAHOYACTHHOK MOABII{HOr0 1BO- Ta TPHBAJEHTHOI0 OKCHIY 3aJ1i3a Ha
0akTepiocTaTH4YHI BJACTHBOCTI HACIHHSI JTbOHY

Muxona Ps6uukos?, Ipuna IluxaHoBcbka?,

Onekcanap Asekcannpos?, Jlenic Kopunbos?
1 — Jhyexuti nayionansHuli mexHiynull yHigepcumem, Jlyyok, Yrpaina,
2 — Vkpaincwka inocenepno-nedazoziuna akademis, Xaprie, Yxpaina

Beryn. BuBueHO BIUIMB HAHOYACTHHOK IMOJBIHOTO JIBO- Ta TPUBAJIEHTHOTO OKCHIY
samiza (HU FeOxFe,O; — HaHOMAarHeTuty) Ha OakTepiocTaTHYHI (3aXMCHi) BIACTHBOCTI
HACiHHSI JIbOHY ITPOTU IPUOKOBHX 1H(EKIIif Ta BCTAHOBIICHO 3aJICXKHICTh OAKTEPiOCTATUYHUX
BJIaCTHUBOCTEH Bix KimbkocTi HaHomardHeTuTy (HY FeOxFe,03).

Marepianu i MmeTomu. MikpocoriuHe BU3HaYeHHS MOP(OIOTIUHUX Ta KyIbTypaJbHUX
ocobimBoCcTEl  MiKpoMileTiB  (KyIbTypH OpibKIKIB — Saccharomyces cerevisiae Ta
MireniansHux rpubiB MUCOr racemosus) Ha arapu30BaHOMY >KMBHIBHOMY CEpEIOBHIII.
Hocmigai 3pa3ki MIKpPOMILIETIB OAEP)KYBaJIM IIISIXOM IIOCIBY CTaHAAPTHOTO MiKpPOOHOTO
npenapary y BUDJIIAL cycriensii (BuXingne posgedenns mikpobroi cycnensii 1:100) B varmkm
[etpi (wamkoBuit MeTO).

Pe3yabTaTi i 06roBopenHs. Big3HaueHo 31aTHICTF HAHOYACTHHOK ITOIBIHHOTO IBO-
Ta TpuBasieHTHOro okcuy 3amiza (HU FeOxFe,O3 — HaHOMarHeTUTy) CIpHUATH MOKPAILCHHIO
0aKTepioCTaTUYHMX (3aXUCHHX ) BIACTHBOCTI HaCIHHA TbOHY: nogaBaHus 0,1%; 0,15%; 0,2%
HaHOMAarHeTHuTy B (8—20 pa3iB) MpUTHIYYE PO3BUTOK MiKpOQIOpH (MIKpPOMIIIETIB) ¥ 3pa3Kax
HACIHHSA JIbOHY.

BcranoBieHo 3MeHIIeHHs (TOPiBHSHO 3 KOHTpojieM): Kimbkocti B (8—10) pasiB Ta
posmipy B (10-20) pasiB komoHi#i MikpomineriB (apixmkiB Saccharomyces cerevisiae ta
MiremansHux TpubiB Mucor racemosus). BusHaueHo pamioHadbHHWA BMICT HAHOYACTHHOK
MOABIAHOTO 1IBO- Ta TpuBajeHTHOro okcuay 3amiza (HY FeOxFe;O3 — HaHOMarHeTury) —
0,15% Big Macu perenTypHOI CyMiITi.
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3anpornoHoBaHa MaTeMaTHYHA MOJENb JIO3BOJISIE TIPOTHO3YBAaTH e(EeKTHBHICTH
Bukopuctanus HY FeOxFe;O3; — HaHOMarHeTUTy B IPUTHIYEHH] pOCTy MilleTialIbHAX TprUOiB
(MikpomineriB) st 3a0e3nedeHHs OaKTEpIOCTATUYHHMX BIACTHBOCTEH CHPOBHHHHX
IHTpEi€HTIB, 30KpEMa HACIHHS JILOHY.

BucnoBok. Bnepme nocnmipkeHO BIUIMB HAHOYAaCTMHOK TIOABIHHOrO JBO- Ta
TpuBaneHtHoro okcuay 3aniza (HU FeOxFe,O3 — nanomarHetuty) Ha OakTepiocTaTH4HI
(3axmCHi) BIaCTUBOCTI HACIHHS JILOHY.

Karwu4oBi caoBa: wacinms, nvow, nanovacmunxa, FeOxFe;Os  nanomacnemum,
baxmepiocmamuyHuil.

Mpouecu, obnagHaHHA i CACTEMU KOHTPOJIIO

ABTOMATH30BaHI METOM KePyBAHHSA BUTPATH CHPOIlY Y BUIIADHOMY anapari 3
nigcucreMamMu MiATPUMKH NPUAHATTSA pillleHb Ta NPOTrHO3yBAHHA

Muxaiino ['pama, Bikrop Cimenpkuii
Hayionanvhuii ynieepcumem xapuosux mexnonoeii, Kuis, Yxpaina

Beryn. Mera npezictaBieHOro AOCIIIKEHHS — OOTPYHTYBaHHSI METO/IiB PETYIIIOBAHHS
BUTPATH CHUPOIYy Y BHIIAPHOMY amapaTi 3 MiJICKCTEMOI MPOrHO3YBaHHS, 1O TO3BOJIUTH
CIIPOTHO3YBATH TMOBE/AIHKY CUCTEMH Ta MiJCUCTEMOI0 NPUHHATTS PIllieHb, KA JO3BOJIUTH
3HU3UTHU BIUTUB JIFOJICHKOr0 (hakTopy Ha nepeodir mpolecy BUMaploBaHHS.

Marepianu i meronu. JlociimkyeTbcss poboTa BUNAPHOI YCTAHOBKH 3 ITiJCUCTEMOIO
NPOTHO3YBAaHHA Ta MIATPUMKU IPUHHATTS PillleHb NPU PEryNIOBaHHI BUTpATH cupomy. B
cXeMi aBTOMAaTH3allii peryIIOBaHHS BUTPATH CHPOILY B SKOCTI JaTYNKa BUKOPHCTOBYIOTHCS
IHAYKLiHI BUTpaTOMipu. B SKOCTI BUKOHaBYMX MEXaHI3MIB BHKOPHUCTAHO ITHEBMATH4YHI
CiIeNbHI KIIaniaHy, 3 BOYJIOBaHUM JIPOCENIEM Ta eJIEKTPO-ITHEBMOIIEPETBOPIOBAYEM.

Pesyabratn i o00roBopeHHsl. BHKOpUCTaHHS HEWPOHEUITKUX  PETYISITOPIB
BiIOYBAETHCS JIUIIIE B OKPEMHX CHEIM(IYHUX BUIAJKAX IHTENEKTYaJIbHOrO KEepYBaHHS
NpOoLleCY BHUIAPIOBAHHS, BIJCYTHI JaHi TOPIBHSIHHS 3aCTOCYBAaHHS IHTEIEKTYaJIbHHX
pEeryJIATOpiB 3 KIACHYHUMH, MOXJIHMBOCTI KOMOIHYBaHHS pPOOOTH KIJIBKOX THIIIB
IHTENEKTYalIbHUX PEryJISTOPIB, & TaKOXK YITKMX 3ac00iB IMPOTHO3yBaHHs iX POOOTH Ta
MIATPUMKH TPUHHATTS pillieHs. ToMy y aHiit poOoTi 00rpyHTOBAHO MiICHCTEMY PUAHSTTS
pillieHb, sKa JO03BOJMJIA OLIHWUTU IPIOPUTETH 3aIUTIB KOPUCTYBa4iB NMPH BUKOPUCTAHHI
JIIOIMHO-MaIMHHOrO iHTepdeiicy. HaiiBuimii npiopurer OTpHMaB 3alUT HAa BUBEICHHS
iH(popMallii Tpo MOXKIUBE BHECEHHs 3MiH J0 MapaMeTpiB PEryJarOBaHHS IHIIMX KOHTYDIB
perynroBaHHs. Takox Oyi0 BUKOPHCTaHO METOJ IPOTHO3YBaHHS ULl IOPIBHSHHS METOMIB
pEryIIOBaHHS BHUTpPaTH CHPOIy B amapati, IO JO3BOJMIO CIPOTHO3YBAaTH IIOBEIIHKY
CHCTEMH TIpH (HOPMYBaHHI YIPABJISIOUOTO JAiSHHS Ta BHBECTH TOTOBHI IPOTHO3 HA €KpaH
oreparopa Ta, TAKHM YHHOM, IiJABHIIUTH €(pEeKTHBHICTH POOOTH BUMApHOi craHMmii. bymo
310paHO CTATUCTWYHI JaHi MOBEIHKH KOHTYPIB CHCTEMH aBTOMATH3aMii Y PI3HUX PeKUMax
poOOTH 3 BHUKOPUCTAHHSIM IHTEIEKTYyaJbHHX Ta KIACHYHHUX PEryIsATOpiB i MOOyIOBaHO
MOJIENTb TIPOTHO3YBAaHHS pOOOTHM BHUIAPHOI CTAHII METOIOM JIOKAaJhbHOI TEHACHINI Ta
pO3pOOJIEHO aNTOPUTM TPOTHO3YBAHHSA. TaKOX OIIHEHO TOYHICTH OTPHMAaHOI MO
MIPOrHO3yBaHHA. TOYHICTH MoAemi nporao3yBaHHs cknana 98% s ITI/I-perymstopa, 95%
JUTSl HEHPOHEUITKOro perynstopa Ta 96% nis HeiipomepeeBoro.
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BucHoBku. Monens a1 mporHo3yBaHHS poOOTH BUTIAPHOI CTAHIIIT XapaKTepU3YEThCS
BHCOKOIO TOYHICTIO B IIUJTOMY, aJIie IiJ] YaC BUHUKHCHHS KOJIMBAHb y IEPEXITHOMY IPOIeci
BHHUKAE HECYTTEBE 3aIi3HCHHS MPOTHO3YBAaHHS X KOMUBaHb. HalOiIbII BaKITUBOIO TIPU
BHBEJICHH] iHQOpMaii ITiACHCTEMOO IPUIAHATTS pillieHb € (YHKIIs BUBeNeHHs iH(opmarii
PO MOXKITUBE BHECCHHS 3MiH JI0 TIAPAMETPIB PETYTIOBAHHS IHIINX KOHTYPIB PETyTIOBAHHS.

KurouoBi ciioBa: sunapiosanns, gumpama, cupon, cucmema, NpocHO3Y6aHHsI.
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Ukrainian Journal of Food Science nyGmikye opuriHaibHi HAyKOBi CTAaTTi, KOPOTKi
TTOB1IOMJICHHS, OTJISIZIOBI CTATTi, HOBUHHU Ta OTJISITU JIITCPATYPH.

Temaruka myonikaniii B UKrainian Journal of Food Science:

XapuoBa iHXeHepis HanorexHoorii

XapyoBa xiMmist [Mporuecn Ta obmaHAHHS

Mixkpobiosnoris ExoHOMiKa 1 ynpaBItiHHS

BracTHBOCTI XapuoBUX MPOJYKTIB ABTOMAaTH3AILis TPOLIECIB

SIkicTh Ta Oe3rieka XapuoBUX TPOAYKTIB YrakoBKa JUIsi XapuoOBHX MPOYKTIB
310poB's

Ilepioqu4HicTh sKypHaJIy 2 HOMepH Ha pik (4epBeHb, IPYACHB).

Pe3ynbTaTi 10CHiDKEHb, MPEACTaBIIeH] B )KypHalli, TOBHHHI OyTH HOBUMM, MaTH 3B'SI30K
3  Xap4yoBOIO HAYKOIO 1 MPEACTABIATH 1HTepeC I MDKHApOAHOTO HAyKOBOTO
CIIIBTOBAPHUCTBA.

Ukrainian Journal of Food Science innekcyeTbcst HayKOMETPHIHUMH Oa3amMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

Directory of Open Access scholarly Resources (ROAD) (2014)
CAS Source Index (CASSI) (2016)

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science sxitoueHo y meperik HayKoBUX (paxOBHUX BHIAHB
VKpaiHu 3 TEXHIYHHX HAYK, B SKOMY MOXKYTh ITyONIKyBaTHCS PE3yJIbTaTH IUCEPTALIHHUX
pobiT Ha 3700yTTsI HAYKOBUX CTYIEHIB JOKTOpa i KaHaugara Hayk (Haka3 MinicrepcTBa
ocBitH 1 Hayku Ykpainu Ne 793 Big 04.07.2014)

Penensisn pykommcy crarri. HaykoBi crarri, mpeacraBieHi s myOmikamii B
«Ukrainian Journal of Food Science» mpoxomsts «HojaBifiHE CIille pereH3yBaHHD
(pemeH3eHT He 3HA€, YUI0 CTATTIO PEIEH3YE, 1, BIIMIOBITHO, aBTOP HE 3HAE PEIICH3EHTA) IBOMA
BUCHHUMH, MPU3HAYCHUMH DPEIAKIIIHOI0 KOJETIEI0: OMUH € WICHOM PEAKOJNErii, iHmmi —
HE3JICKHUM YUYECHUH.

ABTOpCBHKe MPaB0. ABTOpHU cTaTel rapaHTYIOTh, IO po00Ta HE € MOPYIICHHIM Oyab-
SIKMX 1CHYIOYHMX aBTOPCHKUX IIPaB, 1 BiAIIKOJOBYIOTh BHAABITIO IMOPYIICHHS JaHOI TapaHTii.
Omy6irikoBaHi MaTepiand € mpaBoBoro BiacHicTio Bumasiyt «UKrainian Journal of Food
Sciencey, AKIIO He Y3TOKEHO iHIIE.

Moaituka akagemiunoi eruxu. Penmaxmis «UKrainian Journal of Food Science»
KOPHCTYETHCS TIPAaBMIaAMH akKaeMiuHol eTHKH, BUKIageHnmMu B mpari Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Pemakmist TpOIMOHYE aBTOpaM, pEIEH3EHTAM 1 YHTayaM
JOTPUMYBATHCS BHMOTI, BHKJIAJCHHX y IIbOMY HOCIOHHKY, 100 YHHKHYTH IIOMWIJIOK B
o opMIIeHHI HAYKOBHX TIpAaIlb.
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PepakuyiiHa konerisi
TI'osioBHMI pegakTop:

BikTop CrafuikoB, 1-p TexH. Hayk, npodecop, HamioHanapHMI YHIBEPCHUTET XapyOBHX
TEXHOJIOTi#, YKpaiHa.

Yiienn MiskHApPOAHOI peJakuiiiHol KoJierii:

Arora I'enpe PaiimieHe, n-p ekoH. Hayk, JIMTOBCHKMII IHCTUTYT arpapHOi €KOHOMIKH,
JIutsa.

AnGena CrosiHOBa, I-p TexXH. HayK, npodecop, YHIBEpPCHTET XapyOBHX TEXHOJIOTIH,
M. [TnoBniB, Bonrapis.

Awnapiii MapuHiH, KaHJ. TEXH. HayK, CT. HayK. CIl., HallloHaJ bHUI YHIBEPCUTET XapuoBUX
TEXHOJIOTI#, YKpaiHa.

ATaHacka TeHeBa, 1-p €KOH. HayK, JI0Il., Y HIBEPCUTET XapUYOBHX TEXHOMOTiH, M. [L1oBiB,
Bourapist.

Eron Hlniuyep, a-p, npodecop, epxapuuii yHiepcuter [lonrta ['poceu, bpazunis.
3anpsina /lenkoBa, 1-p TeXH. HayK, npodecop, YHIBEpCUTET Xap4OBHX TEXHOJIOTIH,
M. [TnoBnis, bonrapis.

Kpicrina CinsBa, x-p, mnpodecop, IlopryranbCbkuii KaTOJMUBKHNA YHIBEPCHTET,
[opryramis.

Mapk Hlamusii, KaHa. TeXH. HAyK, J01., YOpHOMOpCHKa acolliallisi 3 XapyoBoi HAyKH Ta
TexHounorii, PymyHisi.

Mipua Oposin, 1-p, npodecop, YuiBepcurer «llltedan uen Mapey, PymyHis.

IMaona IliTria, 1-p TexH. Hayk, npodecop, Tepamcbkuii yHiBepcuteT, ITamis.

Cagepio MaHHiHo, 1-p XiM. Hayk, npodecop, MiaHchkuil yHIBepcUTET, [Tamis.

Cranka JlamsiHOBa, 1-p TexH. HayK, npodecop, PyceHchkuit yHiBepcuTeT «Anren Kanuesy,
Borapist.

Tersna Ilupor, n-p TexH. Hayk, npod., HarioHadbHMI YHIBEpPCHTET XapyOBUX
TEXHOJOTiH, YKpaiHa.

Tomam Bepuar, n-p, npodecop, llenmucekuii yHiBepcuter, [lonbia.

Xyy0 JlemaieBesba, n-p, acomiamis « Mi>kHapoIHa rapMOHi3alliifHa iHiiatuBay, Higepmanam.
SAcmina Jlykinak, n-p, mpodecop, Yaisepcurer LlItpocmaepa B Ociexy, Ociek, XopBaris.

YsieHu peaakuiiiHol koJierii:

Arora TI'enpe Paiimiene, n-p exoH. HayK, JINTOBCBKHI 1HCTHUTYT arpapHOi E€KOHOMIKH,
JIutga.

Anodena CTosiHOBA, I-p TEXH. HayK, mpodecop, YHIBEPCHUTET XapuyOBHUX TEXHOJOTIH, M.
[TnoBxiB, bonrapis.

Anpapid MapuHiH, KaHI. TeXH. HayK, CT. HAyK. CII., HallioHaNbHUI YHIBEPCUTET XapuOBHUX
TEXHOIOTiH, YKpaina.

Atanacka TeHeBa, 1-p eKOH. HayK, JIOI., Y HIBEPCUTET Xap4OBUX TEXHOIOTiH, M. IL1oBiB,
Bonrapis.
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Banepiii Muponuyk, 1-p TexH. Hayk, npo¢., HamioHambHUI yHIBEepCHTET XapyOBHX
TEXHOJOTiH, YKpaiHa.

Bacwias Iaciunmii, 1-p TexH. Hayk, npodecop, HamioHanpHuii yHIBEpPCHTET XapyOBHX
TEXHOJOrTiH, YKpaiHa.

Eron ninuep, 1-p, npodecop, JepxaBuuii yHiBepcureT [lonTa ['pocen, Bpazuis.
3anpsina /lenkoBa, O-p TeXH. HayK, npodecop, YHIBEpCUTET Xap4OBHX TEXHOJOTIH,
Bonrapis.

Kpicrina CinsBa, xa-p, mnpodecop, IlopTyranbChkuii KaTOMMUBKHHA yHIBEPCHTET,
[opTtyramis.

Mapk HlamusH, KaHA. TEXH. HayK, J0I., YopHOMOpChKA acoIliaiis 3 Xap4oBoi HAyKH Ta
TexHounorii, PymyHis.

Mipua Oposin, 1-p, npodecop, YHiBepcurer «lltedan uen Mapey, PymyHis.

Haranis Kopxk, 1-p ekoH. Hayk, npodecop, BiHHHMIBKHI TOPrOBEIbHO-SKOHOMIYHHI
iHCTUTYT KHIBCHKOrO HalliOHAJIBHOT'O TOPTOBEIBHO-EKOHOMIYHOT'O YHIBEpCHUTETY, Y KpaiHa.
Onena JlepeB’siHKO, 1-p €KOH. Hayk, mnpodecop, I[HCTUTYT miCHsSAUITIOMHOI OCBITH
HanionanbHoro yHiBepcuteTy Xap4oBHUX TexHodorii, Kuis, YkpaiHa.

MMaona IiTTia, 1-p TexH. Hayk, npodecop, TepaMchkuii yHiBepcUTET, ITamis.

Cagepio ManHiHo, 1-p XiM. Hayk, npodecop, MinaHChkHi yHIBEpCUTET, [Tamis.

Cgitiiana JIiTBUHYYK, KaHJA. TeXH. HayK, JOI., HallioHaNnbHUH YHIBEPCUTET XapuOBUX
TEXHOJIOTI#, YKpaiHa.

CeitTiana boiiko, xaHJ. €KOH. HayK, JOIEHT, HalioHanbHUI YyHIBEpCHTET Xap4OBHX
TEXHOJIOTIH, YKpaiHa.

Cranka J/lamsiHOBa, 1-p TexH. HayK, npogecop, PyceHchkuit yHiBepcuTeT «AHren Kanuesy,
Bonrapist.

Tersna I[Mupor, a-p TexH. HayK, npod., HarioHanbHUIT yHIBEpCHTET XapuOBUX TEXHOJOTIH,
VYkpaiHa.

Tomam Bepuar, 1-p, npodecop, lllenmucekuii yHiBepcurer, [lonbina.

Xyy6 JlemieBeaba, 1-p, acouianis «MikHapoiHa TrapMOHIi3aliiiHa iHiniaTuBay, Higepnanmu.
Scmina Jlykinak, 1-p, npodecop, YHuisepcurer lItpocmaepa B Ocieky, Ociex, XopBarisi.

BinnoBinanbHuii cexperap:

Ouekciii I'y0ensi (BiANOBiaJbHUI CeKpeTap), KaHI. TEXH. HAyK, Iou., HamioHampHUI
YHIBEPCHUTET XapuOBUX TEXHOJOTiH, YKpaiHa.
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IHIanoBHi kojern!

Penaxiriiina Koeris HAayKOBOI'O MEPiOUYHOrO BHIAHHS
«Ukrainian Journal of Food Science»
3anponrye Bac o myOmikariii pe3y/pTaTiB HAyKOBHUX JIOCHIIKEHb.

Bumorn 1o opopmiieHHs craTei

MoBa crareii — aHTJICBKa.

MinimMansauii obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIlH i
CIHCKY JIiITEpaTypH).

Jlost BCix enemenrtiB crarti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci monst cropinku — o 2 cM.

CTpykTypa cTaTTi:

YJK.
. Ha3pa crarri.
. ABTOpHM cTatTi (iM’s Ta Npi3BUILE MOBHICTIO, Mpukia: [denuc O3epsHKo).
. Yemanosa, 6 saxiii euxonana poboma.
. AHoraris. O00B’SI3K0Ba CTPYKTYypa aHOTAIlil:

— Beryn (2-3 psnkn).

— Marepianu Ta MeToau (10 5 psisIKiB)

— PesynbraTi Ta 00roBOpeHHs (I1iB CTOPIHKM).

— BucHoBku (2-3 psaaxu).
6. Kitouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

w A WD R

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | yKpaiHCHKOI0 MOBaMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraTi Ta 0OrOBOpEHHS
— BucHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIaBaTH 1HIII PO3/IITK Ta PO30MBATH 1X Ha IMiAPO3ILIH.

8. ABtopchka moBimka (IIpisBume, iM’st Ta o OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca abo TenedoH).
9. KonrakTHi aHi aBTOpa, 110 SAKOTO 32 HEOOXITHOCTI Oye 3BePTATUCh PENaKIlisl )KypHAITY.

Pucynku BukoHyrOThCsS sikicHO. CKaHOBaHI PUCYHKH HE MpUAMaioThes. Po3Mip TekcTy Ha
pucyHKax moBuHeH Oyru cmiBpo3mipauMm (!) Texcry cratti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JiMie 32 iX 3HaYHOI HaYyKOBOI HiHHOCTI.

®on rpadikis, aiarpam — numie 6inuit. Komip enemeHTiB pucyHky (JiHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTkOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEIMYMH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATHHCHKUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypy MOBUHHI MepeBa)kaTH aHITIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micnst 2010 poky.
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OdopmiieHHS UTAT Y TEKCTI CTATTI:

Kiabkicts aBTOpiB cTatTi | Ilpukiaag IUTYBAHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 i GinbIlie aBTOPIB (Bazopol et al., 2021)

Mpukaan texery i3 uuryBanusam: It is known (Bazopol et al., 2006; Kuievda, 2020), the
product yield depends on temperature, but, there are some exceptions (Arych, 2019).

VY muTyBaHHAX HEOOXIHO BKAa3yBaTH OJTHE IKEPENIO, 3BIJKH B3ATO iH()OPMAIIiIO.
CrHcoK JTepaTypy COpTyeThCs 3a andaBiToM, JIITEpaTypHi JUKepena He HyMEPYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHSATE B CBiTI CHIpOIIEHE
o(hOpMIIEHHS CIIUCKY JiTepaTypu 3riaHo ctaHmapry Garvard. Bei eneMeHTH MOCHIaHHS
PO3ALIAIOTHCS JIMIIIE KOMAMM.

1. [Tocuy1aHHS HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(HOMeEp), CTOPiHKM.
[HIIiaIM TUITYTHCS MICHS MPi3BHUINA.
Bci eneMeHTH NOCHIIaHHSI PO3/ISIOTHCS KOMaMH.
1. Tlpuknan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujiaHHSI HA KHUTY:
ABtopu (pix), Hazea knuzu (kypcusom), Bunapaunrso, Micto.
[Hiliany NUIIyThCs MiCHs NPi3BHINA.
Bci eneMeHTH noCHIIaHHS PO3AUISAIOTHCS KOMaMHU.
IIpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocujanusa Ha eJeKTPOHHHUI pecypce:

BukoHyeTbCsl aHAJIOTTYHO NOCHJIAHHIO Ha KHUTY 200 ctaTTio. [Ticns odopmiteHHs 1aHux
nipo myGuikaito mumryThest coBa Available at: ta BkasyeTbes enekTpoHHa ajpeca.
IIpuknanu:
(2013), Svitovi naukovometrychni bazy, Available at:
http://www.nas.gov.ua/publications/q_a /Pages/scopus.aspx
Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crmcok JitepaTypu 0 OpPMITIOEThCS JTUIIIE JaTHHUICI0. ExeMeHTH CiucKy YKpaiHCHKOIO
Ta POCIHCEKOI0 MOBOIO TOTPIOHO TpaHcHiTepyBatd. s TpaHCIHiTepamii 3 YKpaiHCHKOIO
MOBH BUKOPHCTOBYETBCS NTACIIOPTHHI CTaHIAPT.

3pyunuii caiit 1yist TpaHciTeparii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport
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JeTanbHi iHCTPYKILii VI aBTOPIB po3MillleHi HA calTi:
http://ukrfoodscience.nuft.edu.ua
CTarTsl HAICHJIAETHCH 32 €JIEKTPOHHOIO a/IPECol0:

ukrfoodscience@meta.ua
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