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Introduction. The purpose of the work was to study the
functional and technological properties of natural ingredients in low-
calorie ice cream as potential structure stabilizers and fat substitutes.

Materials and methods. Ice cream mixes with B-glucans from
oats and yeast, with fermented and non-fermented pectin-containing
beet purée were studied. The viscosity of the mixes was measured on
an ultrasonic viscometer Unipan type 505, viscoelastic properties on
a Kinexus lab+ device, surface tension on a KSV Sigma 700
tensiometer, water activity on an AWMD-10 device.

Results and discussion. According to the results of the research,
it was established that oat B-glucan shows greater technological
activity in the composition of ice cream mixes with a low fat content
(2%), compared to B-glucan from yeast, including the combination
with soluble pectin of vegetable purée. Fermented beet purée, which
contains at least 1.0% soluble pectin, has the greatest impact on the
structural and mechanical characteristics of low-fat ice cream mixes
in all its combinations with other structuring ingredients. Ice cream
mixes with oat B-glucan and vegetable purée at lower frequencies of
measurement of viscoelastic properties show high elasticity, but after
exceeding a certain frequency value, the structure is destroyed and the
mixes show greater viscosity than elasticity, which will allow more
intense saturation of the mixes with air under freezing. A correlation
between viscosity, water activity and surface tension of low-fat ice
cream mixes was revealed, which is explained by intermolecular
interaction between macromolecules of hydrocolloids and active
binding of free water by a complex of low- and high-molecular
compounds. An alternative substitute for the Vianoks C45
stabilization system (mono- and diglycerides of fatty acids +
polysaccharides) in the amount of 0.5% in low-fat ice cream is a
complex of natural ingredients - oat B-glucan and fermented beetroot
purée in amounts of 0.5 and 15%, respectively.

Conclusions. B-glucan from oat and fermented vegetable puree
reveal synergism between B-glucan macromolecules and vegetable
pectin to form complex three-dimensional structures in low-fat ice
cream mixes that significantly improve the viscoelastic
characteristics, surface tension, and water activity of the obtained ice
cream mixes.
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Introduction

In modern nutrition, there is an increased consumer demand for low-calorie products.
Meanwhile, ice cream of classic types is a product with a high fat content (10-16%).
Therefore, there is a high demand on production of new types of low-fat or non-fat ice cream
(McGhee et al., 2015; Wang et al., 2022, Yilsay et al., 2006). An ice cream is treated as a
low-fat product when it contains below 5% of fat (Azari-Anpar et al., 2017).

In the process of modifying ice cream recipes, the main task is to obtain a product with
a characteristic creamy consistency and high resistance to melting, which is ensured by
maintaining a certain balance between the content of free and bound water, the specified
values of the cryoscopic temperature and other physicochemical parameters (Raheem et al.,
2021).

The ice cream structure is polydisperse and can be identified as a three-component foam
consisting of a network of fat globules and ice crystals dispersed in a highly viscous aqueous
phase. A three-dimensional network of partially aggregated fat globules is formed during the
freezing of ice cream mixes. Such a network of fat globules surrounds the air bubbles,
stabilizes the air phase, and thus improves the resistance to melting of the ice cream (Granger
et al., 2005). During the production process of low-fat ice cream, the network of fat globules
can be either disrupted or completely absent, which negatively affects the texture of the
product (Silva Junior et al., 2011). Therefore, fat in ice cream performs important
technological functions, in particular, it ensures the formation of a creamy consistency,
stabilizes the foam structure, increases the resistance to melting, and counteracts the
excessive growth of ice crystals (Zhang et al., 2018). Instead, the absence of fat or its low
content is the reason for the appearance of a coarse crystalline structure, low overrun, low
resistance to melting, and "empty" taste (Akalin et al., 2008; Jardines et al., 2020).

This problem prompts scientists to search for new natural ingredients and compositional
systems capable of compensating for the lack of fat in ice cream.

Current state of the problem

According to many authors, the energy value of food products can be reduced by
partially replacing fat with polysaccharides that effectively mimic its presence (Javidi et al.,
2016). The main function of these compounds is the formation of sensory properties
characteristic of full-fat ice cream. Polysaccharides, including guar gum (Javidi et al., 2018),
maltodextrin and polydextrose (Giizeler et al., 2011), fructooligosaccharides (Akalm et al.,
2008), dietary fibers from cereals and citrus fruits (Soukoulis et al., 2010), starch (Sharma et
al., 2017) and B-glucans (Abdel-Haleem and Awad, 2015) are most widely used in ice cream
as fat substitutes. Among the polysaccharides listed above, B-glucans are not only capable of
simulating the presence of fat, but also exhibit high foaming and stabilizing ability. B-glucans
also have positive effects on human health, reducing the risk of diet-dependent diseases such
as hyperinsulinemia, hyperlipidemia, weakened immunity (Kanagasabapathy et al., 2013),
and osteoporosis (Aljewicz et al., 2018).

B-glucans are natural and non-starch polysaccharides (Nishantha et al., 2018) found in
algae, yeast, some bacteria, cereals (wheat, oats, barley), seaweed, and fungi (Du et al., 2019;
Ege et al., 2021; Simsekli et al., 2015). The structure and physicochemical properties of -
glucans, in particular water solubility and structuring ability, depend on the source of origin
(Lattimer et al., 2010). Thus, the structure of (1-3) B-glucan isolated from Euglena gracilis,
a single-celled microalgae, is linear. A linear structure is also characteristic of (1-3) B-glucan
and (1-4) B-glucan isolated from barley. (1-6) B-glucan and (1-3) B-glucan isolated from
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mushroom Schizophyllum commune have both linear and branched structures (Seo et al.,
2019). It is known that B-glucans with a high molecular weight are more effective
biologically compared to B-glucans with a low molecular weight. However, Lei et al. (2015),
found that B-glucans obtained from yeast with a low molecular weight are better
immunostimulators and antioxidants compared to B-glucans with a high molecular weight. It
is also known that B-glucans with a short chain have greater mobility and the ability to form
low-energy bonds with active groups of other macromolecules with subsequent possible
rearrangement of the formed associates, which is widely used to obtain pseudoplastic food
systems (Mishra, 2020). Therefore, it is obvious that B-glucans of various origins have a
positive effect on the physicochemical and sensory properties of structured food products.
However, there is no comparative analysis of the functional and technological properties of
B-glucans of different origins in food systems with the same chemical composition.

B-glucans have not yet been widely used in food technologies (Khanjani et al., 2022),
which is due to insufficient awareness of scientists and manufacturers about their functional
and technological properties. Instead, Rezaei et al. (2019) proved the expediency of using -
glucan in the amount of 1-2% in the composition of frozen soy yogurt, the viscosity and
overrun of which increased while reducing the resistance to melting. To improve the
dimensional stability of the ice cream, it is recommended to prolong the exposure of the mix
at low positive temperatures before freezing.

Aljewicz et al. (2020) investigated the effect of highly purified (1-3)(1-4) and (1-3) B-
glucans in amounts of 0.5 and 1.0% on the physicochemical characteristics of low-fat ice
cream. A significant influence of the structure of B-glucans on the consistency and viscosity
index, fluidity, cohesiveness and hardness of ice cream was established. The use of (1-3)(1-
4) B-glucan led to a significant decrease, and (1-3) B-glucan to an increase in the hardness of
ice cream, although both types of B-glucans effectively mimic milk fat content. Abdel-
Haleem and Awad (2015) proved the possibility of replacing 0.4% of carboxymethyl
cellulose in low-fat ice cream with the same amount of barley f-glucan, which significantly
increased the air content in the product with slight thickening of the mix.

The given research results proved that B-glucans are effective multifunctional
ingredients in ice cream, in particular, they structure, increase overrun, affect resistance to
melting , and imitate the fat content in the product. However, the authors did not investigate
the physical characteristics of the aqueous phase of ice cream with B-glucans. There are also
no data on the possibility of complex application of polysaccharides of different types and
origins.

Currently, ice cream with pectin-containing raw materials (vegetables, berries, fruits
and their processing products) is particularly popular as a multifunctional ingredient (Alfaro-
Viquez et al., 2018). Pectin substances of plant raw materials (Cornelia et al., 2019; Koxholt
et al., 2001) show foaming, emulsifying and structuring ability. High stabilization of the
structure of ice cream is usually achieved by increasing the content of soluble pectin in pectin-
containing raw materials (Bezusov et al., 2008) by thermoacidic or enzymatic hydrolysis of
protopectin contained in puréed fruits and vegetables (Matsko, 2016; Sukhenko et al., 2012).
The stabilizing ability of pectins depends on their molecular weight, structure and content in
food systems and physicochemical properties of these systems (Fraeye et al., 2009; 2010).

A number of scientists have proven the possibility of replacing pectin with B-glucan in
yogurts (Rinaldi et al., 2015; Sahan et al., 2008), milk gels (Sharafbafi, 2012) and low-fat ice
cream (Brennan et al., 2002; Schmidt, 2022). However, the structuring ability of B-glucans
in the presence of pectin, particularly in low-fat ice cream, has not been studied. Also, the
effectiveness of the functional and technological properties of B-glucans of various origins,
in particular their influence on water activity and surface tension in the aqueous phase of low-
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fat ice cream mixes, has not been analyzed. The above confirms the relevance of conducting
this research.

The purpose of the research is to study the functional and technological properties of
natural ingredients in low-calorie ice cream as potential structure stabilizers and fat
substitutes.

The objectives of the study:

— to conduct a comparative analysis of the structuring ability of B-glucans of different
origins in milk ice cream mixes;

— to investigate the effect of B-glucans on water activity and surface tension of low-fat
ice cream;

— to identify the most effective option of using natural structuring ingredients for
obtaining ice cream with low fat content, including pectin-containing vegetable filler.

Materials and methods
Preparation of experimental samples of mixes for the production of ice cream

Milk and milk-vegetable mixes were obtained by sequential mixing of the recipe
ingredients at a temperature of 40-45 °C, with their subsequent pasteurization at a temperature
of 85+2 °C for 2-3 minutes. After that, the mixes were homogenized at a speed of 15 000
rpm using an Unidrive X1000 laboratory homogenizer (Ingenieurbiiro CAT M. Zipperer),
cooled to a temperature of 4+2 °C, vegetable purées were added (if necessary), mixed for 1—
2 min and stored for 12 hours.

Vegetable purée was obtained by grinding blanched pieces of beet using a laboratory
homogenizer with cutting knives at a speed of 15 000 rpm for 3 min to obtain a purée with a
particle size of no more than 1-2 mm. The vegetable purée was divided into two parts. One
part was left unchanged, and the other was fermented with Pectolad brand pectinase (Enzym,
Ukraine) with a pectolytic activity of at least 30 units/g. The enzymolysis conditions were as
follows: mass fraction of pectinase, 0.1%; temperature, 40 °C; duration, 2 hours; active
acidity, 4.0 units of pH. The active acidity of vegetable purées was adjusted with the help of
citric acid. After the end of enzymolysis, the enzyme was inactivated by the vegetable purée
heating to a temperature of 90 °C without holding. The mass fraction of soluble pectin in
fermented purée was at least 1.06% (Sapiga et al., 2021).

Chemical composition of mixes for the production of ice cream:

— mass fraction of total solids, 27.5%;

— mass fraction of fat, 2.0%;

— mass fraction of milk solids non-fat, 10.0%;

— mass fraction of Vianoks C45 stabilization system (composition: mono- and
diglycerides of fatty acids (E471), guar gum (E412), locust bean gum (E410),
carrageenan (E407), 0.5%;

— mass fraction of sugar, 15.0%;

— mass fraction of B-glucan from oats 70%, (AMULYN, China), 0.5%;

— mass fraction of p-glucan from yeast (Saccharomyces cerevisiae) 70%,
(GOLDCELL, Brazil), 0.5%;

— mass fraction of table beet purée (non-fermented and fermented), 15.0%.

The mass fraction of B-glucan of 0.5% in the composition of ice cream mixes was

chosen in accordance with the recommendations of Aljewicz et al. (2020).
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A total of 8 mix samples were prepared:

- control (C): mix of classic composition with Vianoks C45 stabilization system;

- sample 1: mix with B-glucan from oats;

- sample 2: mix with B-glucan from yeast;

- sample 3: mix with Vianoks C45 stabilization system and unfermented vegetable
purée;

- sample 4: mix with Vianoks C45 stabilization system and fermented vegetable purée;

- sample 5: mix with B-glucan from oats and unfermented vegetable purée;

- sample 6: a mix with B-glucan from oats and fermented vegetable purée;

- sample 7: mix with B-glucan from yeast and unfermented vegetable purée;

- sample 8: mix with B-glucan from yeast and fermented vegetable purée.

Research methods

The viscosity of the studied mixtures (mPaxsxgxcm™) was measured using an
ultrasonic viscometer Unipan type 505 (UNIPAN, Warsaw, Poland). Before each
measurement, the level of the ultrasonic signal was checked. The measuring probe of the
magnetostrictive vibrator was completely placed in the mix. The induced ultrasonic waves
were damped by the test material, and the results were displayed as the product of viscosity
and density in units of mPa x s x g x cm™3. The viscosity was measured for 10 min at 20 °C
(Tomczynska-Mleko et al., 2014).

The viscoelastic behavior of the test samples was measured using plate geometry on a
Kinexus lab+ device (Malvern, UK). Two serrated plates with a diameter of 40 mm (PU40X
SW1382 SS and PLS40X S2222 SS, plate—plate configuration) were used to minimize the
slippage of the mixes, and the gap between them was 2 mm. Tests were performed in the
range of 0.1-10.0 Hz at a strain of 0.01%, and changes in the storage (G') and loss (G")
moduli, as well as the phase angle (d) were recorded. For comparative analysis of rheological
differences between samples, the specified parameters were recorded at a frequency of 1 Hz.
The research was carried out at a temperature of 25 °C. The measurement results were
registered on a computer in the Kinexus Malvern — rSpace program (Nastaj et al., 2020).

Surface tension was measured using a tensiometer KSV Sigma 700 (KSV Instruments,
Ltd., Finland) eqgipped with a platinum de Nooy ring. The dynamic surface tension was
calculated using the Sigma 700 Force software complex. Before each analysis, the de Nooy
ring was cleaned with distilled water and dried under a flame (Flook et al., 2022).

Water activity (aw) was measured using an AWMD-10 water activity meter (NAGY,
Géufelden, Germany) with an accuracy of £0.001 aw unit. Before measurement, the device
was calibrated according to a special humidity standard (95% HR). Measurements were made
at a temperature of 20 °C (Matecki et al., 2020).

Charts were drawn using Microsoft Excel 2016, data processing was carried out in
Statistics 10.

Results and discussion
At the first stage, the structural and mechanical characteristics of ice cream mixes were

investigated.
The viscosity of ice cream mixes is shown in Figure 1.
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Figure 1. Viscosity of ice cream mixes with structuring ingredients.

Samples:
(C) control — mix of classic composition 5 — mix with B-glucan from oats and
with Vianoks C45 stabilization system; unfermented vegetable purée;
1 — mix with B-glucan from oats; 6 — mix with B-glucan from oats and
2 — mix with B-glucan from yeast; fermented vegetable purée;
3 — mix with Vianoks C45 stabilization 7 — mix with B-glucan from yeast and
system and unfermented vegetable purée; unfermented vegetable purée;
4 — mix with Vianoks C45 stabilization 8 — mix with B-glucan from yeast and
system and fermented vegetable purée; fermented vegetable purée.

The viscosity of the control sample (C) was taken as a reference for conducting a
comparative analysis of the effectiveness of the structuring ability of B-glucans from oat and
yeast, both individually and in combination with pectin-containing vegetable purées. It was
established that the structuring ability of B-glucans is quite high, but somewhat lower,
compared to the stabilization system. B-glucan from oat in all combinations structures was
more effective than B-glucan from yeast. This applies both to mixes with -glucans and in
the case of their combination with vegetable purées, which is explained by the different
molecular structure and physicochemical properties of these polysaccharides. Thus, the
chemical structure of B-glucan from oat is an unbranched polysaccharide formed from
glucopyranose residues connected by B-(1-4) bonds and isolated -(1-3) bonds. Oat B-glucan
has a very high solubility in water (Synytsya et al., 2014). The chemical structure of -glucan
from the yeast Saccharomyces cerevisiae is represented by a complex of linear B-(1-3) chains
with residual straight chains connected to them by long branches connected through B-(1-6)
bonds (Aboushanab et al., 2019; Suzuki, et al., 2021). Therefore, it can be assumed that the
high solubility and mobility of linear macromolecules of oat B-glucan in an aqueous
environment with the formation of numerous low-energy bonds provide more effective
structuring of ice cream mixes compared to B-glucan from yeast.

In the presence of vegetable purées in all samples, the viscosity significantly increases,
which is explained by the probable interaction between macromolecules of B-glucans and
pectin with the formation of complex three-dimensional structures. It should be noted that
the greatest manifestation of such interaction was in case of combination of the Vianoks C45
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stabilization system with pectin-containing purées. A greater manifestation of this effect is
characteristic of fermented purée with an increased content of soluble pectin, which is quite
understandable. The same pattern is observed for samples with vegetable purées that contain
B-glucans.

Figure 2 and 3 show viscoelastic behavior of the test samples. The control sample with
the stabilizing structuring system Vianoks C45 (mono- and diglycerides of fatty acids, guar
gum, locust bean gum and carrageenan) is a weak gel (Figure 2, 3). The complex viscosity
of the sample decreases with an increase in the frequency, and then increases (U-shaped),
which is associated with a decrease in the tangent of the phase angle with an increase in
frequency. The share of elastic properties in relation to viscous properties is increasing
(Tomczynska-Mleko et al., 2016). Probably the presence of several compounds with long
molecular chains causes increased friction between them and corresponding contacts at
higher frequencies. At very low frequency, the dispersion behaves as a predominantly viscous
material (phase angle tangent greater than 1). However, when the frequency increases, the
material increases its elastic properties (the tangent of the phase angle decreases) due to the
interaction between macromolecules and their entanglement (Zhang, 2010). Shah et al.
(2020) found that complex viscosity decreased with increasing frequency, but at higher
frequency, complex viscosity increased. At a lower frequency, the dispersion behaves as a
pseudo-plastic material, but at a higher frequency, a rheopectic behavior is observed.

1000 1

Complex viscosity, mPa-s

100 T )
0.1 1 10

Frequenc, Hz
Figure 2. Complex viscosity of the control sample at variable frequency

For sample Nol with oat B-glucan, a characteristic intersection of the G' and G" graphs
is observed (Figure 4), which indicates even greater entanglement of the chains. Agbenorhevi
et al. (2011) found that the mechanical spectra of the investigated oat B-glucan isolates were
typical of solutions of entangled biopolymers. Atomic force microscopy images showed the
formation of B-glucan aggregates connected by individual polymer chains, heterogeneously
scattered throughout the dispersion. Sample No 2 with yeast -glucan behaved similarly.
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Figure 3. Ratio of the shear modulus (elastic
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frequency frequency
1 — Shear modulus (elastic component), Pa;
2 — Shear modulus (viscous component), Pa

Samples No3 and No4 are elastic materials, the viscosity of which decreases with
frequency (Figure 5 and 6). The viscosity of this dispersion exceeds the viscosity of previous
preparations, which is probably due to the addition of beet puree.
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Figure 6. Ratio of the shear modulus (elastic
component) to the shear modulus (viscous
component) of sample No 3 at variable component) of sample No 4 at variable

frequency frequency
1 — Shear modulus (elastic component), Pa;

2 — Shear modulus (viscous component), Pa

Figure 5. Ratio of the shear modulus (elastic
component) to the shear modulus (viscous
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Sample No 5 shows very interesting rheological properties (Figure 7). At lower
frequencies, the sample is elastic. After exceeding a certain value of the frequency, the
structure collapses, and the value of the shear modulus (elastic component) suddenly drops.
The module values overlap, and the sample is more viscous than elastic. This is confirmed
by the increasing values of the tangent of the phase angle. The detected effect is positive from
a technological point of view, because during freezing of ice cream mixes, they are saturated
with air, followed by a uniform redistribution of air bubbles throughout the entire volume of
the product. This process is effective under the condition of reducing the degree of structuring
of mixtures during intensive mechanical processing. Similar behavior is demonstrated by
sample No 6.

100
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2
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0.1 1 10

Frequency, Hz

Figure 7. The ratio of the shear modulus (elastic component) to the shear modulus (viscous
component) of sample No 5 at variable frequency:
1 — Shear modulus (elastic component), Pa;
2 — Shear modulus (viscous component), Pa

In use of different B-glucan from yeast with fermented and unfermented vegetable purée
(samples No 7 and No 8), the structure of the samples did not deteriorate as a whole with
increasing frequency.

The diagram in Figure 8 represents the correlation between storage modulus values
reported at 10 Hz and ultrasonic viscosity. There is a strong linear correlation between these
rheological properties (R? = 0.82). In previous studies, Tomczynska-Mleko et al. (2022)
found a linear correlation between complex modulus and ultrasonic viscosity (R? = 0.91),
complex modulus and hardness (R? = 0.89), and ultrasonic viscosity and hardness (R? = 0.82).
The highest correlation was found between the complex modulus and ultrasonic viscosity.
The highest value of a correlation between complex modulus and ultrasonic viscosity was
probably caused by the fact, that both methods used small strain measurements
(Tomczynska-Mleko et al., 2022).

At the next stage, to study the influence of structuring ingredients of different origin on
the state of the aqueous phase of ice cream mixes, the water activity and surface tension of
the control and experimental samples were determined (Table 1).
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Figure 8. Correlation between ultrasonic viscosity and viscoelastic modulus at 10 Hz

Table 1
Water activity and surface tension of ice cream mixes with different structuring ingredients
(P=0.95; n=3)

Sample numbers of mixtures with structuring Water Surface
ingredients activity, aw | tension, mN/m
Control (Vianoks C45) 0.04+0.041 44.088+1.990
Nol (oat B-glucan) 0.947+0.042 | 46.621+1.444
No 2 (yeast B-glucan) 0.959+0.040 49.696+1.551
No 3 (Vianoks C45+non-fermented vegetable puree) 0.923+0.041 43.293+1.118
No 4 (Vianoks C45+fermented vegetable puree) 0.855+0.044 | 41.428+1.122
No 5 (oat B-glucan + non-fermented vegetable puree) 0.933+0.043 45.893+1.118
No 6 (oat B-glucan + fermented vegetable puree) 0.893+0.043 43.827+0.903
No 7 (yeast B-glucan + unfermented vegetable puree) 0.948+0.040 | 46.428+0.990
No 8 (yeast B-glucan + fermented vegetable puree) 0.940+0.043 43.928+1.505

According to the data given in Table 1, the correlation between the values of water
activity and surface tension is traced. The lowest water activity and surface tension are
observed for sample No 4 (combination of hydrocolloids and surface-active compounds of
the Vianoks C45 stabilization system and soluble pectin in fermented vegetable purée).
Among the samples that contain only natural structuring ingredients the closest to the control
is sample No 6, in which the "B-glucan oat + fermented beetroot purée” complex exerts the
most significant influence on the aqueous phase. This sample is an alternative substitute for
the control sample, which contains mono- and diglycerides of fatty acids and high-value
polysaccharides as part of the Vianoks C45 stabilization system. It should also be noted that
the fermented vegetable purée itself has a rather significant effect on the specified physical
characteristics of ice cream mixes in all its combinations with other structuring ingredients.
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This is explained by the content in fermented vegetable purée of at least 1.0% of soluble
pectin (Sapiga et al., 2021), which ensures its additional presence in mixtures in the amount
of at least 0.15%.

It should also be noted that the structuring ability of the mix samples correlates to some
extent with water activity, in particular, the maximally structured samples No 4 and No 6
showed the lowest water activity (0.855 and 0.893, respectively). The same effect was
observed by Mazurkiewicz and Tomasik (2001) in solutions of sugar, salt, and glycerin,
which allows controlling the activity of water in solutions with the required viscosity and
vice versa.

Since viscosity and surface tension are determined by intermolecular bonds, we
expected a positive correlation between these physical characteristics and found it in all
samples. However, using the example of aqueous solutions of agar polysaccharides and
starch-containing flour, Wei et al. (2014) found that with an increase in the viscosity of
aqueous solutions, the surface tension was either the same as water or slightly lower. The
authors explained this effect by assuming that internal friction, caused by the interaction
between macromolecules of polysaccharides with numerous polar groups, affects viscosity
more than surface tension. In our case, all samples were multicomponent mixes containing
low-molecular water-soluble compounds (sucrose, lactose, salts) and high-molecular
compounds (milk proteins, polysaccharides), and the control sample and samples No 3 and
No 4 were emulsifiers (mono-, diglycerides of fatty acids), therefore the surface tension of
the mixes was significantly different from that of water and correlated with the viscosity and
activity of water.

Thus, based on the set of research results, it can be stated that the most promising for
use in the composition of low-fat ice cream with natural ingredients is oat B-glucan in
combination with fermented beetroot purée in the specified quantities of 0.5% and 15%,
respectively.

Conclusions

1. Fermented beet purée containing at least 1.0% soluble pectin has the greatest impact on
the structural and mechanical characteristics of low-fat ice cream mixes in all its
combinations with other structuring ingredients. In turn, oat B-glucan shows greater
technological activity compared to p-glucan from yeast, including when combined with
soluble pectin of vegetable purée. Mixes of ice cream with oat 3-glucan and vegetable
purée at lower frequencies of measuring viscoelastic properties show elasticity, but after
exceeding a certain frequency value, the structure is destroyed and the mixes show greater
viscosity than elasticity.

2. The correlation between viscosity, water activity and surface tension of low-fat ice cream
mixes was revealed, which is explained by the presence of a complex of low-molecular
(sucrose, lactose, salts) and high-molecular compounds (proteins, polysaccharides) in
multicomponent mixtures.

3. An alternative substitute for the Vianoks C45 stabilization system (mono- and
diglycerides of fatty acids + polysaccharide complex) in the amount of 0.5% is a complex
of natural ingredients - oat B-glucan and fermented beet pulp in amounts of 0.5 and 15%,
respectively.

4. The perspective of further research is to optimize the ratio between structuring natural
ingredients (oat B-glucan and fermented vegetable purée) to achieve appropriate values
of ice cream quality indicators (overrun, resistance to melting, distribution of dispersed
particles), including during storage.
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Introduction. The aim of the work was to study and
substantiate the effectiveness of energy-saving methods for the
joint processing of alcohol-containing fractions in a cyclic
action column, to increase the degree of alcohol purification
from volatile impurities.

Materials and methods. The studys was carried out in a
typical impurity concentration column and an experimental
cyclic action column. The liquid flow rate was monitored using
constant differential pressure flowmeters, the concentration of
ethyl alcohol and volatile impurities was determined by
areometric and chromatographic methods, the degree of
impurity emission and the multiplicity of their concentrating
were determined by the calculation method.

Results and discussion. The aplication of the methods
proposed makes it possible to carry out joint use of by-products
and intermediate products of alcohol production (head and fusel
fractions) in a cyclic action rectification column equipped with
scaly plates with a variable free cross-section. This alows to
obtain high-quality rectified alcohol, to increase its yield by
3.8-4.0% from one tonne of notional starch or by 10.8%
compared to the known method and to reduce specific vapor
consumption by 40% (from 20 to 12 kg/dal of anhydrous
alcohol introduced to the feed plate). Extending the contact
time of steam and liquid on the column plates to 40 sec allows
for complete emission of esters, increasing the degree of
aldehyde recovery by 25% and the higher alcohols of fusel oil
and methanol by 40%. The proposed technical solutions and
selected technological modes make it possible to increase the
efficiency of separation of the alcohol-containing mixture in the
decanter, increase the multiplicity of concentrating of
aldehydes and esters by 26%, higher fusel oil alcohols by 40%,
methanol by 37%, reduce the loss of ethyl alcohol with the
impurity concentrate, the amount of alcohol-containing waste,
the metal consumption of technological equipment and the cost
of rectified alcohol.

Conclusion. The proposed methods allow the maximum
purification of ethyl alcohol from head and intermediate
impurities in a cyclic action rectification column, to obtain
high-quality rectified alcohol, to reduce energy consumption
and loss of alcohol with waste.
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Introduction

The rise of energy prices is the reason for the development and implementation of energy-
saving ways to increase the yield of rectified ethyl alcohol by processing alcohol-containing
by-products. Intermediates products include vapor condensates from the condenser of the beer
and rectification columns, from the carbon dioxide separator condenser and alcohol traps, fusel
alcohol, fusel rinse water and unpasteurized alcohol.

It is known that the yield of rectified ethanol in typical distillation equipment is 93-95%
of the amount of alcohol introduced with the beer. Part of the alcohol (0.8-1.2%) is lost with
waste (stillage, luther water and non-condensable gases). With the head fraction and fusel
alcohol, 3-5% of ethyl alcohol is emitted from the unit, with fusel oil 0.3—0.45% of the alcohol.
The anhydrous part of the head fraction contains 92-97% ethyl alcohol and 3-8% volatile
impurities. The inclusion of aimpurity concentration column (ICC) in the technological scheme
allows to increase the yield of rectified ethyl alcohol from 94-96 to 98-98.5% and to emitted
volatile impurities from the unit in concentrated form (Shiyan et al., 2009). The composition of
fusel alcohol contains 25-30% water, 45-60% ethanol, 5-20% higher alcohols Cs—Cs (mainly
propanol and isobutanol), 0.3-0.8% esters, small amounts of volatile nitrogenous substances,
aldehydes and acids. The fusel alcohol is taken from the 18th, 20th, 22nd, and 24th plates of
the rectification column in the amount of 0.8-2.5%, and the fusel fraction from the 5th, 7th, 9th,
and 11th plates of the column in the amount of 3-5% of the amount of alcohol introduced to
the feed plate. Its ethanol content is 5-40%. For ethanol extraction, fusel alcohol, together with
the fusel fraction, is fed to a fusel column (Mendoza-Pedroza et al., 2021).

The inclusion of additional columns in the scheme of the distillation equipment requires
increased energy consumption, increased metal consumption of equipment, which leads to a
decrease in the cost of rectified alcohol (Biasi et al., 2020). Thus, the use of ICC requires an
increase in the consumption of heating vapor to 20 kg/dal in terms of anhydrous alcohol (a.a)
introduced into the column, and hot softened water for hydroselection in the amount of 11.7—
20.5 kg/kg a.a, depending on the type of raw material.

The efficiency of the ICC is determined by the degree of distillation residue from volatile
impurities formed at all technological stages of production. Theoretical developments prove
that the degree of separation of organic impurities and ethyl alcohol depends on the difference
in their evaporation coefficients. For the head and intermediate impurities, this difference
reaches its maximum value at low alcohol concentrations in the solutions, and for the final
impurities — at high ethanol concentrations. Effective emitted of head impurities (esters and
aldehydes) occurs under conditions of deep hydroselection at a concentration of ethyl alcohol
at the bottom of the column of 6-8% vol. To emitted intermediate impurities (higher alcohols
of fusel oil), the concentration of ethyl alcohol must be reduced to 4-5% vol. To increase the
coefficient of rectification of final impurities of low boiling point impurities (methyl alcohol) it
is advisable to perform moderate hydroselection to ensure the concentration of ethanol on the
plates within 60% mol. along the entire height of the column.

From practical experience, it is known that for the joint processing of head and fusel
fraction in a typical ICC, to increase the number of contact devices to 51-57, and to increase
the consumption of heating steam by 28.7% (from 2.56 to 3.59 kg/kg a.a) (Kiss et al., 2014).
Despite this, the known processing methods do not ensure effective extraction of the head and
upper intermediate impurities, which negatively affects the quality of rectified alcohol.

The efficiency of purification of ethyl alcohol, which is part of by-products and semi-
products products, depends not only on the degree of extraction and multiplicity of
concentrating volatile impurities, but also on the organization of their selection from the places
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of their maximum accumulation. In order to increase the efficiency of this process, the
deflemmator of ICC is connect with a decantator (Kiss, 2015).

In the decanter the condensate of vapour (phlegm) from the dephlegmator is separated
into upper and lower layers. The upper layer concentrates water insoluble impurities, which are
removed from the unit. The purified aqueous-alcoholic liquid from the bottom of the decanter
is fed on the top plate of the column. In case of poor separation of the impurities can enter the
column acetic, formic, crotonic aldehydes, some fusel oil alcohols (n-propyl and isopropyl
alcohols), acrolein — impurities that significantly impair the quality of rectified ethyl alcohol.
The most of these impurities enter the liquid at the bottom of the column and further into the
beer. Increasing their concentration in the beer leads to increased consumption of heating steam
in the beer column. The known processing methods do not provide effective demulsification of
higher alcohols of fusel fractions due to the temperature in the decanter being much higher than
25-35 °C. Under such conditions, higher alcohols, which are concentrated in the upper layer of
the decanter, retain more water and ethanol, resulting in a decrease in the yield of rectified
ethanol (Mendoza-Pedroza et al., 2015).

The use of cyclic rectification technology is a relatively new approach to solving the
problem of energy saving and increasing the degree of alcohol impurities. A significant number
of scientific works by famous scientists are devoted to research in this area, but the known
processing methods have not found wide practical application (Andersen et al., 2018; Kiss,
2014; Bastian et al., 2012; Nielsen et al., 2017; Toftegard et al., 2016; Rasmussen et al., 2020).

To solve the actual problem, the authors proposed resource- and energy-saving methods
for the extraction of ethyl alcohol from alcohol-containing by-products and semi-products of
alcohol production and its effective purification from impurities in the mode of controlled
rectification cycles (Maleta et al., 2015, Buliy et al., 2019). To implement them, was developed
a design of a ICC (patent UA 124733. Column mass-exchange apparatus of cyclic action) and
an equipment and technological scheme for its inclusion in operation.

The adopted technical solutions made it possible to eliminate the disadvantages inherent
in the known method, to process fractions enriched with head, intermediate and terminal
impurities in one column, to improve the quality of rectified ethyl alcohol by achieving a state
of contacting phases (vapor and liquid) close to equilibrium on its plates, to maximize the
removal of volatile impurities, and to reduce the specific consumption of heating steam for the
processing process (Bulii et. al., 2021).

The aim of the work was to research and justificate of the efficiency of energy-saving
methods of joint processing of by-products and intermediates of alcohol production in the ICC
of cyclic action: selection of optimal technological modes of operation, at which the degree of
extraction and multiplicity of concentrating of head, intermediate and terminal impurities of
alcohol will be maximized; determination of the specific consumption of heating steam in the
experimental column.

Research tasks:

— To establish the optimal technological parameters of ICC operation for efficient joint
processing of fractions enriched with head, intermediate and terminal impurities;

— To determine the degree of extraction and the multiplicity of concentrating of organic
volatile impurities of alcohol in a typical column operating in a stationary mode and a
cyclic action experimental column;

— To investigate and select the optimal technological modes for effective phlegm
stratification in the decanter, increase of multiplicity concentrating impurities, degree of
purification of phlegm and distillation residur in the experimental column;

— Determine the specific consumption of heating steam in the experimental column of cyclic
action.
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Materials and methods
Research objects
1. Experimental column of cyclic action for impurity concentrating (ICC). The

experimental column was made of AlISI 304 stainless steel and equipped with scale plates
(Figure 1).

Figure 1. General view of an impurity concentration column

Technical characteristics of the column: diameter — 950 mm; number of plates —30;
distance between plates — 300 mm; free cross-section of the plate during the period of liquid
staying on its surface — 2.5%, during the period of liquid overflow — 51.5%.

The absence of overflow and receiving devices made it possible to increase the surface
of phase contact on each plate by 15% and the coaxial arrangement of the scales to increase
the efficiency of mass- exchange and eliminated the possibility of liquid droplets being
carried to the upper plates. All the plates contained movable sections connected to pneumatic
cylinders and modern computer-integrated means (patent UA 136561. Mass-exchange
contact plate).

The operation of a cyclic mass-exchange plate is shown schematically in Figure 2.
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Figure 2. Cyclic mass—exchange plate with a variable free cross-section
1 — plate web; 2 — movable segment; 3 — drive mechanism; 4 — scales

The column was operated by continuously supplying heating steam to its lower part and
liquid to the upper plate and periodically overflowing liquid from plate to plate from top to
bottom after a set time of its delay on each plate. The ratio of the cross-sectional area of the
overflow hole to the cross-sectional area of the plate at the time of overflow of (0.5:1) ensured
an instantaneous decrease in the velocity of vapor in the holes of the scales to 1.5-1 m/s, as
a result of which the liquid spilled through all the holes. Thus, the cycles of mass-exchange
and overflow occurred alternately according to a given algorithm of pneumatic cylinders
(patent UA 123917. Method of mass-exchange between liquid and vapor in a column
apparatus).

After the rotation of the movable segment 2, the liquid overflowed onto the web 1 of
the plate 1 from the plate 2 above it through the hole that had formed. During this period, the
movable segment 2 of the web 1 of the plate Nol was closed. The heating steam entered
through the slits of the scales 4 and came into contact with the liquid on the plate 1. During
the period of mass-exchange, the steam velocity in the slits of the scales 4 was maintained
within 12-14 m/s, so the liquid was kept on the plate. After the set time of the liquid staying
on the plate Ne 1, due to the action of the pneumatic cylinder 3, its movable segment 2 was
turned, and the liquid instantly overflowed to the plate below through the hole formed.

2. The unit for ethyl alcohol extraction from alcohol-containing fractions. The
processing of alcohol-containing fractions enriched with head, intermediate and terminal
impurities was carried out in three ways. The hardware and technological scheme of the unit
for the implementation of method I is shown in Figure 3 (patent UA 137550. Method for the
joint distillation of alcohol-containing fractions enriched with head, intermediate and
terminal impurities).
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Figure 3. Installation for joint processing of head and fusel fractions by method 1:
1 —water container; 2,10 — centrifugal pumps; 3,9,11,14 — flowmeters; 4 — impurity concentration
column (ICC); 5 — hydraulic shutter; 6 — dephlegmator; 7 — condenser; 8 — decanter; 12 — cooler;
13 —extractor; 15 — impurity concentrate container; 16 — alcohol-containing fractions container.

Notation conventions:

CW — cooling water; HS — heating steam; DR — distillation residue; WH — water for hydroselection;
FRW - fusel rinse water; FC — feed of column; FEAC — fusel and ester-aldehyde concentrate;
AMC — aldehyde and methanol concentrate; LW — luther water; BC — beer column;

EC — ether column; CBC — condenser of beer column; CDSC — carbon dioxide separator condenser;
IC — impurity concentrate.
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The equipment and technological scheme of the unit for processing by-products and
intermediates of alcohol production according to method Il is shown in Figure 4 (patent UA
137553. Method of joint processing of head and fusel fractions).
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Figure 4. Unit for joint processing of head and fusel fractions by method I1:
1 — water container; 2,15 — centrifugal pumps; 3,11,12,13 — flowmeters;
4 —impurity concentration column (ICC); 5 — hydraulic shutter; 6 — dephlegmator;
7 —condenser; 8 — decanter; 9 — cooler; 10 — heater; 14 — impurity concentrate
container; 16 — alcohol-containing fractions container.
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The equipment and technological scheme of the unit for processing by-products and
intermediates of alcohol production according to method 111 is shown in Figure 5 (patent UA
137555. Method of ethyl alcohol extraction from head and fusel fractions).
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Figure 5. Unit for joint processing of head and fusel fractions by method 111
1 — water container; 2,15 — centrifugal pumps; 3 —cooler; 4,10,11,12 — flowmeters;
5 — hydraulic shutter; 6 — impurity concentration column; 7 — dephlegmator;

8 — condenser; 9 — decanter; 13 — impurity concentrate container;

14 — alcohol-containing fraction container.
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Research methods

Analytical, chemical, physico-chemical and computational methods were used to
evaluate the results obtained, using instruments and research methods used in the production
of rectified ethyl alcohol.

Liquid consumption. The consumption of alcohol-containing fractions, water for
hydroselection, distillation residue from the impurity concentration column and rectified
alcohol was monitored using flowmeters (Polulyah et al., 2012).

The principle of their operation is based on the perception of the dynamic head of the
controlled medium, which depends on the flow rate, by a sensing element (float) placed in
the flow. As aresult of the flow, the sensing element moves along the height of the flowmeter,
and the amount of movement serves as a measure of flow. The readings were taken on the
scale of the flowmeter, graduated by water in dm?/h.

Concentration of ethyl alcohol in water-alcohol solutions. The concentration of ethyl
alcohol in the aqueous-alcoholic liquids was determined by the areometric method
(Yanchevskiy et al., 2002). The test solution was poured into a 250 cm? glass cylinder, the
temperature was measured with a thermometer with a division price of 0.1 °C, and then the
ASP-1 alcoholmeter was immersed. The actual concentration of ethyl alcohol at a
temperature of 20 °C was determined from the readings of the alcoholmeter and using special
tables to make appropriate corrections for temperature.

Concentration of volatile alcohol impurities. The concentration of volatile impurities
in alcohol by-products and intermediates, the distillation residue of the impurity
concentration column, the impurity concentrate and the rectified ethyl alcohol was
determined on a gas chromatograph with an HP FFAP 50 m x 0.32 m column (Dewulf, 2002;
Plutowska et al., 2008; Steven et al., 2002). The analysis of the experimental samples was
carried out three times. The average values were chosen as determinative.

The grade of extraction and concentration ratio of volatile alcohol impurities. The
degree of extraction (o) and multiplicity of concentration impurities (8) of key organic
impurities of alcohol were calculated by the formulas:

X fc B X feac

o= , B =
X dr X fc
where Xz, Xreac, Xar — the concentration of volatile impurities of alcohol on the feed plate of
colunn, in the fusel ester-aldehyde concentrate and the distillation residue of the impurity
concentration column (ICC), mg/dm? in terms of a.a., respectively (Shiyan et al., 2009).

Studied modes

Joint processing of by-products and intermediates was carried out in stationary and
cyclic modes of work of the impurity concentration column (in the existing typical and
experimental column), whiches alternately operated as part of an indirect-acting distillation
unit (Bulii et al., 2021; Mischenko et al., 2020). The movement of volatile alcohol impurities
in the columns of the distillation plant is shown schematically in Figure 6.

The plate of feed of the impurity concentration column was supplied with the head
fraction of ethyl alcohol, fusel fraction and fusel alcohol from the rectification column, fusel
rinse water, fractions from the condenser of the beer column and the condenser of the carbon
dioxide separator. The total amount of alcohol containing fractions was 700 dm3h (250
dm3/h in terms of a.a). The concentration of ethyl alcohol in them was 35.7% vol. Hot luther

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 381



—— Food Technology ——

water in the amount of 3500-4100 m%h was continuously supplied to the upper plate of
column for the hydroselection of alcohol impurities. The temperature of the luther water was
90-92 °C. In steady-state mode, the liquid was poured from plate to plate from top to bottom
continuously, while in cyclic mode, it was poured periodically after a set delay time on each
plate.

L impurity
ether rectification concentrate
beer column column column column
e e
1L | || E impurity
container . . concentrate
impurities
head (HI) -
intermediate (11 HI HI i
beer fterminal (T1) il il
tail (T) T
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P distillation
] . ] residue
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Figure 6. The movement of volatile alcohol impurities in the columns of the distillation plant of
indirect action
HI — head impurities; Il — intermediate impurities; T1 — terminal impurities;
T tail impuritys

The fluid retention time was 40 s, and the time for its overflow from the upper plate to
the lower plate was 1.7 s. The height of the liquid layer on the plates was 35-40 mm. The
pressure in the lower part of the column was maintained within 120 kPa, and in the upper
part 0.3 kPa. The temperature at the bottom of the column was 101 °C, and above the top
plate 94 °C. The concentration of ethyl alcohol of the distillation residue at the bottom of the
column was regulated by the flow rate of luther water and maintained within 3.8% vol.

In the experimental impurity concentration column, the vapor velocity in the holes of
the scales during the period of liquid retention on the plates was 12—-14 m/s, and during the
period of its overflow 1.5-1 m/s (Bulii et al., 2021; Krivchun et al., 1986). The change in the
vapor velocity occurred by changing the free cross-section of the plate at the time of opening
and closing the overflow hole. The liquid throughput of the experimental column was 5000
dm?h. The phlegm from the deflagmator was sent to the decanter, where the liquid was
stratified at an optimum temperature of 2040 °C (Bulii et al., 2022). The water-alcohol
liquid freed from most of the impurities from the lower part of the decanter in the form of
phlegm was sent to the upper plate of the column for its irrigation. From the upper part of the
decanter, SEAC was taken in the amount of 0.4-0.6% of the amount of rectified alcohol.
AMC was taken from the condenser acceleration column in a ratio of (1:2) to FEAC in the
amount of 0.2-0.3%
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Stages of research

At the first stage, we studied the efficiency of joint processing of alcohol-containing by-
products and intermediates using a well-known method with the separation of all
concentrated alcohol impurities in the form of one product — SEAC in an experimental
column operating in a stationary mode (Patent UA 69511. Rectification unit for the extraction
of ethyl alcohol from fractions enriched with organic impurities).

During the rectification process, the alcohol-containing mixture was divided into two
streams: the upper one, which contained head and intermediate alcohol impurities, and the
lower one, which contained the water-alcohol mixture freed from them. The vapors coming
out of the upper part of the column were fed first to the deflagrator and then to the condenser.
Most of the vapors condensed in the deflagrator (high-boiling components — water, higher
alcohols, esters and ethanol), while low-boiling components — aldehydes, esters, a small
amount of higher alcohols and methyl alcohol condensed in the condenser.

The phlegm from the deflagrator was fed to the top plate of the column for its irrigation,
and the condensate from the condenser flowed by gravity to the decanter. In the decanter, the
heterogeneous mixture was stratified to form an upper layer — fusel and ester-aldehyde
concentrate (FEAC), which included esters, aldehydes, esters, fusel oil alcohols, and a lower
layer — an aqueous-alcoholic liquid free of head, part of intermediate and terminal impurities.
The FEAC was removed from the unit into a separate container, and the water-alcohol liquid
was fed to the upper plate of the column for its irrigation. The yield of FEAC was 0.4-0.6%
of the amount of rectified alcohol. The aqueous-alcoholic liquid from the bottom of the
impurity concentration column, was pump into the beer.

At the second stage, were studied the efficiency of processing alcohol-containing
fractions using Method | (Figure 3).

The fractions enriched with head (esters and aldehydes), intermediate (higher alcohols
of fusel oil), and terminal (methyl alcohol) impurities were fed to the alcohol-containing
fraction tank 16, where they were heated by the heat of hot luther water to a temperature of
78-80 °C. Then they were fed to the feed plate of column 4 by a centrifugal pump 10. In the
process of extractive rectification, the alcohol-containing mixture was separated into two
streams: the upper one, which contained the head, intermediate and terminal alcohol
impurities, and the lower one, which contained the water-alcohol liquid freed from them. The
vapors from the upper part of the column were fed first to the dephlegmator 6 and then to the
condenser 7. In its lantern, the mixture was stratified: water-insoluble aldehydes, esters, and
higher alcohols were concentrated in the upper layer, and water-soluble aldehydes and
methanol were concentrated in the lower layer, which were taken from the condenser to the
container 15 in the form of aldehyde and methanol concentrate (AMC). The vapor condensate
from the dephlegmator 6 with a temperature of 65 °C and the upper layer of liquid from the
condenser lantern 7 flowed by gravity into the middle part of the decanter 8. To reduce the
concentration of ethyl alcohol in the mixture from 65-68 to 30-40% vol., the calculated
amount of hot luther water was supplied from the container 1 to the lower part of the decanter
8 by the centrifugal pump 2 through the flowmeter 3. The mixture was separated into an
upper and a lower layer in the decanter. From the upper part of the decanter, FEAC was taken
through the flowmeter 11, which was cooled in the cooler 12 to a temperature of 20-35 °C
and sent to the lower part of the extractor 13. In the extractor, the FEAC was washed with
luther water, which had a temperature of 20-35 °C and pH 5.0-5.5, to extract ethyl alcohol.
The FEAC freed from alcohol was sent to container 15, and the fusel rinse water containing
12-15% vol. of ethyl alcohol was returned to container 16. The distillation residue from the
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bottom of the impurity concentration column, free from volatile impurities, was fed to the
upper zone of the concentration part of the ether column for hydroselection of impurities.

At the third stage, we studied the efficiency of processing alcohol-containing fractions
using Method Il (Figure 4). The method involved cooling the phlegm, which was taken from
the dephlegmator 6, to a temperature of 2035 °C in a cooler 9, separating the mixture in the
decanter 8 into two layers — the upper (FEAC) and the lower (water-alcohol liquid purified
from impurities), heating this liquid in the heat exchanger 10 with the heat of hot luther water,
which had a temperature of 102—-103 °C, to a temperature of 90-92 °C and supplying the hot
liquid in the form of phlegm to the upper plate of the impurity concentration column for its
irrigation.

At the fourth stage of the studies, joint processing of the alcohol-containing fractions
were processed according to method I11 (Figure 5). To do this, hot luther water was first sent
to the alcohol-containing fraction container 14 to heat the power supply, then it was cooled
in the refrigerator 3 to a temperature of 10—15 °C and then fed to the lower part of the decanter
9. After mixing the cooled luther water with phlegm coming from the dephlegmator 7 in the
decanter, the temperature of the mixture decreased from 65-68 to 20-35 °C, the
concentration of ethyl alcohol in it decreased to 30—40% vol, and the pH was reduced to 5.0—
5.5.

To determine optimal technological parameters of work of the column of cyclic action,
in which the degree of extraction and multiplicity of concentrating of head, intermediate and
terminal impurities of alcohol were the highest, a comparative analysis of efficiency of
known and proposed by the authors methods of processing alcohol-containing fractions. In
the course of research, samples were taken of fractions coming to the plate of feeding of the
column (FC), the distillate residue (DR), impurity concentrate (IC), formed after mixing in
the container of FEAC and AMC, rectified ethyl alcohol (REA) and carried out their analysis
by chromatographic method. The results of the analysis of the test samples are presented in
Table 1.

The calculated values of the degree of extraction () and the multiplicity of
concentration (f) of volatile alcohol impurities under typical and cyclic rectification
conditions are given in Table 2.

Results and discussion

Processing of by-products and intermediates by a known method in an impurity
concentration column working in a stationary mode.

The use of a well-known method of processing alcohol-containing fractions made it
possible to increase the yield of rectified ethyl alcohol by 3.5-3.7% from one ton of
conditional starch and to remove volatile organic impurities from the unit in the form of a
single product, which simplified the method of selection, storage and transportation of waste,
but did not exclude the disadvantages listed below.

1. Table 1 shows that in the process of joint processing of the head and fusel fractions
by the known method, the physical and chemical parameters of rectified ethyl alcohol did not
meet the standard for the high-quality alcohol. The mass concentration of fusel oil, in terms
of a mixture of isoamyl and isobutyl alcohols (1:1) in anhydrous alcohol, exceeded the
standard by 10% (Pang et al., 2017).
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Table 1
Concentration of volatile impurities in the feed, distillation residue,
impurity concentrate and rectified ethyl alcohol
Impurity name Concentration, mg/dm? in terms of a.a.
A well-known method Methods I, 11, 111
FC DR IC REA | DR IC REA
Ethanol,% vol. 30.5 3.8 75 96.3 3.8 67 96.3
Aldehydes 318.7 47 |1689.1 | 1.2 2.8 2302.2 | 0.18
- acetaldehyde 242.3 47 110419 | 1.2 2.8 1396.7 | 0.18
- methylacetate 76.4 | traces | 672.3 — traces | 905.5 —
Esters 40.5 2.5 330630 — traces | 446615 —
- ethylacetate traces 2.5 traces — traces | traces —
- isobutylacetate | 11.1 traces | 2383.2 — traces | 3234.8 —
- isoamylacetate | 29.4 traces | 361.5 — traces | 494.4 —
- ethylbutyrate traces | traces | 327885 — traces | 442886 —
Methanol,% 0.18 0.007 1.7 0.005 | 0.004 2.7 0.0006
Fusel oil 105883 | 1180.4 | 434120 | 2.2 | 721.7 | 726464 | 0.88
- isopropanol 1.2 0.015 13.1 2.2 | traces 22.4 0.88
- n-propanol 20002 | 1117.4| 100.4 - 677.5 | 220.6 -
- isobutanol 20297 8.4 | 213118 - 4.9 | 357247 -
- n-butanol 362 4.4 579.2 - 2.7 1003.8 -
- isoamylol 65221 16.5 | 215230 - 13.8 | 367970 —
Notation conventions:
FC — feed of column; DR — distillation residue; IC — impurity concentrate;
REA - rectified ethyl alcohol.
Table 2

Calculated values of the grade of extraction (a) and concentration ratio ()
of volatile alcohol impurities

Impurity name | A well-known method | Methods I, 11, 111
a S a B
Aldehydes 67.8 5.3 113.8 7.2
- acetaldehyde 51.6 4.3 86.5 5.8
- methylacetate max 8.8 max 11.9
Esters 16.2 8163.7 max 11027
- isobutylacetate max 214.7 max 291.4
- isoamylacetate max 12.3 max 16.8
Methanol 25.7 9.4 45.0 14.9
Fusel oil 89.7 4.1 146.7 6.9
- isopropanol 80.0 10.9 max 18.7
- n-propanol 17.9 0.005 29.5 0.01
- isobutanol 2416.3 10.5 41422 | 17.6
- n-butanol 82.3 1.6 134.1 2.8
- isoamylol 3952.8 3.3 4726.2 5.6
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2. Anincrease in the concentration of esters and higher alcohol of fusel oil in the distillat
rtdidue from the bottom of the column, and then in the beer, led to an increased in the
consumption of heating steam for their extraction in the beer and ether columns. This is due
to the fact that at high distillation temperatures of alcohol beer (95-105 °C), simultaneously
with the release of volatile impurities, the interaction of alcohols, acids, aldehydes, aminoacid
breakdown products, sulfur compounds and other beer compounds occurred and a number of
substances (aldehydes, esters, acetals of organic acids, etc.) were formed that deteriorate the
quality of alcohol and reduce its yield. To ensure the efficient extraction of alcohol and
related organic impurities from the beer, the beer column was operated with an excess of 5-
10% steam at a steam excess coefficient of p = 1.05-1.1 (Bulii et al., 2022).

The continuous flow of distillation residue into the beer, which contained residues of
intermediate and terminal impurities, led to their accumulation in the beer, an increase in the
content of undesirable newly formed compounds in the beer distillate, the removal of which
requires increased water consumption for their hydroselection in the ether column, and,
accordingly, an increase in the consumption of heating stram (Simon et al., 2009).

3. In order to increase the degree of volatile impurities extraction and achieve the
standard quality indicators of rectified ethyl alcohol a necessary condition was to increase
the specific consumption of heating steam in the impureties conctntration column to 20 kg/dal
a.a. introduced to the feed plate. This is due to the fact that with the continuous overflow of
liquid along the height of the column, the time of its stay on the plates and contact with steam
was insufficient to create conditions close to the equilibrium state of the phases, under which
the maximum extraction of impurities occurs. In addition, the method did not provide for
cooling the phlegm to the temperature (25-30 °C) optimal for demulsification of higher fusel
oil alcohols (Patil et al., 2002). At an elevated phlegm temperature (65-68 °C), the quality of
the FEAC deteriorated: higher fusel oil alcohols, which were concentrated in the upper layer
of the decanter, retained more water and ethanol, resulting in a decrease in the yield of
rectified alcohol. Due to the high concentration of ethyl alcohol in the phlegm (65-70% vol.),
enriched with head and intermediate impurities, the phlegm did not effectively separate in
the decanter. As a result, water-soluble undesirable impurities (methyl alcohol, crotonic
aldehyde, acrolein, isopropanol, etc.) from the bottom of the decanter together with the liquid
first got to the upper plate of the column, and then to the at the bottom part of it and beer.
Method for the txtraction of ethyl alcohol from fusel fractions. It is known that for effective
stratification of the water-alcohol mixture in the decanter, the actual content of ethyl alcohol
in the liquid should not exceed 34% (40.8% vol.) (Osypenko O. et al., 2013).

Processing of by-products and intermediates in a experimental impurity
concentration column in a cyclic mode by methods I, 11, I11.

The results of the study of the efficiency of processing alcohol-containing fractions
enriched with head, intermediate, and terminal alcohol impurities by method | (Figure 3)
showed that when mixing phlegm at a temperature of 65 °C and hot hydroselection water at
a temperature of 92 °C, the process of mixture stratification in the decanter accelerated, but
the quality of the FEAC deteriorated. Higher alcohols of fusel fractions, which were part of
the FEAC, retained more water and ethyl alcohol at an increased demulsification temperature.
Washing of the FEAC with luther water and extraction of ethyl alcohol in the extractor of the
distillation column made it possible to reduce its losses with the impurity concentrate by 8%
and increase the concentration of higher fusel oil alcohols by 40% compared to the known
method.

386 —— Ukrainian Food Journal. 2022. Volume 11. Issue 3



—— Food Technology ——

Cooling of the phlegm supplied from the dephlegmator to the decanter to a temperature
of 20-35 °C according to Method II (Figure 4) allowed for effective separation of the mixture
in the decanter, thereby increasing the degree of concentration of head, intermediate, and
terminal alcohol impurities by 26, 37, and 40%, respectively. Heating of the water-alcohol
liqui free of impurities, which was fed from the bottom of the decanter to the upper plate of
the column, with the heat of luther water to a temperature of 90-92 °C made it possible to
reduce the specific consumption of heating steam for the processing process.

Dilution of the phlegm from the dephlegmator in the decanter with luther water at a
temperature of 10—15 °C to an alcohol concentration of 30—40% vol. in the mixture, lowering
the pH of the mixture to 5-5.5, and reducing its temperature from 65-68 to 20-35 °C
according to Method Il (Figure 5) made it possible to increase the multiplicity of
concentration of head, intermediate, and terminal alcohol impurities by 26, 37, and 40%
respectively.

The analysis of Table 1 showed that in the process of joint processing of alcohol-
containing fractions in a cyclic mode, provided that any of the methods proposed by the
authors is used, the concentration of aldehydes (acetaldehyde) in the finished product
decreased by 85%, esters by 35%, methyl alcohol by 87%, and fusel oil by 60% compared to
the known processing method. This is due to the fact that by prolonging the contact time of
vapor and liquid on the plates to 40 s, the degree of extraction of volatile alcohol impurities
increased, and by creating and maintaining optimal conditions for liquid separation in the
decanter, the multiplicity of concentration of impurities increased significantly.

A comparative analysis of the calculated values (o) and () given in Table 2 confirmed
that in the experimental column of cyclic action, provided that deep hydroselection of alcohol
impurities was carried out, esters were completely removed. In the selected hydraulic mode
of operation of the plates, the degree of extraction of aldehydes, higher alcohols of fusel oil
and methyl alcohol increased by 40%. At the same time, the multiplicity of concentration of
aldehydes and esters increased by 26%, higher alcohols of fusel oil by 40%, and methyl
alcohol by 37% compared to the known method. As a result, the physicochemical parameters
of rectified ethyl alcohol, which are shown in Table 1, have significantly improved.

Thus, the high efficiency of the innovative methods of processing by-products and
intermediates of alcohol production proposed by the authors was proved in production
conditions. The use of resource- and energy-saving methods I, 1, and 11l made it possible to
eliminate the disadvantages inherent in the known method, to obtain rectified ethyl alcohol
with a high degree of purity and to increase its yield by 3.8-4.0% from one ton of conditional
starch. At the same time, the loss of alcohol with impurity concentrate decreased by 8%, and
the specific consumption of heating vapor in the processing process by 40% (from 20 to 12
kg/dal a.a. introduced to the feed plate) compared to the known method.

Conclusions

1. The known methods of processing by-products and intermediate products of alcohol
production do not allow for the joint processing of head and fusel fractions in the
impurity concentration column, which works in stationary mode. The inclusion of an
additional fusel column requires higher energy costs and increased metal consumption
in the distillation plant.

2. The studies have confirmed the high efficiency and expediency of using a joint method
of processing fractions enriched with head, intermediate and terminal alcohol impurities
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in the selected technological mode in the impurity concentration column of a cyclic
action equipped with scaly plates with a variable free cross section.

3. The use of innovative processing methods makes it possible to increase the yield of
rectified ethyl alcohol from 3.5-3.7 to 3.8-4.0% from one ton of conditional starch,
reduce the loss of alcohol with impurity concentrate by 8% and reduce the specific
consumption of heating steam by 40% (from 20 to 12 kg/dal of a.a introduced to the
feed plate) compared to the known method.

4. Extending the contact time of vapor and liquid on the column plates to 40 s allows for
complete removal of esters, increase of the degree of aldehydes, higher alcohols of fusel
oil and methanol recovery by 40% and increase of the multiplicity of concentration of
head impurities by 26%, higher alcohols by 40% and methanol by 37%.

5. To increase the degree of concentration of volatile impurities of alcohol, it is advisable
to mix the phlegm after the deflagrator and part of the water for hydroselection in a
decanter, assuming that the concentration of ethyl alcohol in the mixture should be 30—
40% vol.; for effective separation of liquid the temperature should be 20-35 °C and pH
5-5.5.

6. Maintaining the above-mentioned technological modes in the impurity concentration
column of cyclic action and decanter allowed to reduce the concentration of aldehydes
in the finished product by 85%, esters by 35%, methyl alcohol by 87%, fusel oil by 60%
and to obtain rectified ethyl alcohol with a high degree of purity using innovative
methods proposed by the authors.
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Introduction. Pectin is advisable to be used for biodegradable
film production. There are a lot of types of modified pectin, but its
modification potential has not yet been exhausted.

Materials and methods. Pectin, polyvinyl alcohol (PVA, E
1203), glycerol (E 422), oleic acid were used in this study. The vapor
permeability of the film was determined according to BS EN
12086:1997. The physical and mechanical properties (strength and
elongation) of the films were determined on the TIRAtest-2151
universal testing machine. Infrared (IR) spectroscopy was performed
on a Nexus-475 Nicolet device.

Results and discussion. The effectiveness of the pectin
modification was confirmed by IR spectroscopy and elemental
analysis. Efficiency was confirmed by the modification of pectin,
namely, the change in molecular weight and by the appearance of new
bonds and/or functional groups. The formation of pectin amide can
be judged by the v(C-N) band at 1333 cm™. Unlike the reaction with
ammonia product, the formation of salt groups with urea was not
clearly visible. The disappearance of the NH.-group deformation
scissor oscillation band at 1592 cm™, as well as the shift of the C=0
and C-N valence urea vibration bands may indicate the covalent bond
formation between urea and pectin. The elemental analysis data
indicate that the pectin esterification with ammonia, as well as with
urea, took place. The film strength increased from 20.0 to 32.4 MPa
and the vapor permeability decreased from 6.1 mg/(m-h-kPa) to 4.3
mg/(m-h-kPa) when content of pectin modified with ammonia in the
film increased from 0.5 to 4.5%. The film elongation increased with
an increase of the modified pectin content in the film. Pectin modified
with urea showed a similar effect on the film properties as pectin
modified with ammonia. However, the film containing pectin
modified with urea was stronger, which could be explained by the
formation of hydrogen bonds between the free urea amino group and
OH groups in the polygalactouronic acid. The developed program
based on Microsoft Office Access allows determining the
biodegradable material composition based on the vapor permeability.

Conclusions. Fourier-transform infrared spectroscopy (FTIR)
and elemental analysis confirmed modification of pectin with
ammonia or urea. The resulting material could be used to obtain eco-
friendly packaging material having better physico-mechanical and
barrier properties than original one.
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Introduction

The world community is currently determined to reduce the use of the polymer
packaging materials. As alternative to conventional synthetic packaging new eco-friendly
edible films and coatings that are materials used to wrap or coat food products to extend their
shelf life and can be eaten together with the product should be proposed. These new packing
materials are biodegradable and are decomposed in natural conditions to CO,, H,O and
humus, so they do not require a separate collection or certain disposal conditions. Such
natural substances as whey proteins, casein, wheat gluten, gelatin, polysaccharides such as
starch, pectin, carrageen, alginate, gill, gum, chitosan, cellulose and its derivatives, fatty
compounds, such as plant fats, animal fats, and waxes are used for the development of edible
films and coatings (Caner, 2005; Diaz-Montes et al., 2021; Hammam, 2019).

It was shown that bread individual packaging and the extra plastic bags, which are used
as an additional bread wrapping, leads to accumulation of a significant amount of used
packaging materials (Svanes et al., 2018). Meanwhile, pectin, one of the natural polymers,
can find an application in the production of biodegradable films for different food including
bread (Espitia et al., 2014; Lazaridou and Biliaderis, 2020). Confectionery also usually has
individual polymer packaging. Besides, confectionery products have an unbalanced
composition with a predominant content of carbohydrates and a minimal content of
biologically valuable substances. The adding functional components to the edible coating
composition could increase the nutritional value of the products.

For effective use of biodegradable materials as a packaging they must have certain
physico-mechanical and barrier properties. Based on our research, native and amidated
pectins have insufficient physico-mechanical and barrier properties. The ecological
packaging material for sandwiches has been patented in order to extend their shelf life (Patent
5543164 UA, Water-insoluble protein-based edible barrier coatings and films), and the edible
material for the products of restaurant establishments against drying, moistening and
microbiological spoilage was proposed (Patent 27608 UA, Food sprayed film-forming
coating). The authors (Patent 3152 UA, Composition of edible film coating; Patent 45172
UA, Food sprayed film-forming coating) offer various coating composition based on
different types of starch and its modification to protect bakery from drying. Biscuits (Panchev
et al., 2005) and fondant candies (Patent 70679 A UA, Method for production of fondant
candies) can also be protected from drying out with an edible coating. Appling of a film from
whey proteins plasticized with sucrose in a 1:1 ratio on the surface of chocolate ensured its
stable gloss for a long time (Lee et al., 2002). Cheese-based oriental sweets are better stored
in an edible film coating based on kappa-carrageenan, chitosan, zein and whey protein
concentrate (Guldas et al., 2010). So, currently, edible films and coatings are used for a
limited number of products. It is advisable to expand of the packed products range in such
materials and the materials range.

In order to further improve of the biodegradable materials properties, it is advisable to
change of the raw materials properties for their production due to its modification. Currently,
a number of the main raw materials modifications (natural polymers) are already known, in
particular, the proposed enzymatic modification of pectin with pectinmethylesterase obtained
from orange juice of the Valencia variety (Wicker et al., 2003). Cationic derivatives of pectin
were  obtained due to the interaction of pectin  with  3-chloro-2-
hydroxypropyltrimethylammonium chloride in the presence of sodium hydroxide (Fan et al.,
2012). The chemical modification of amaranth pectin was investigated (Kostin et al., 2013).
Salts of pectin with sodium hydroxide, ammonium and some amines were obtained. Modified
products are homogeneous powders, with the exception of diethanolamine. It was established
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that the introduction of additional groups into the molecule does not disturb the 4C
conformation of the pectin pyranose rings and the a-conformation of glycosidic bonds. This
article (Chen, Jun, et al., 2015) attempts to review the information about various methods
used for pectin modification, including substitution (alkylation, amidation, quaternization,
thiolation, sulfation, oxidation, etc.), chain elongation (cross-linking and grafting) and
depolymerization (chemical, physical, and enzymatic degradation). Characteristics and
applications of some pectin derivatives are also presented. In addition, the safety and
regulatory status of pectin and its derivatives were reviewed.

The authors of the present article proposed a generalized classification for the
modification of natural polymers based on the literary sources analysis, which is presented
in Table 1.

Table 1
Classification of way modification of natural polymers

Classification sign | Example

Polymer type a carbohydrate, a protein

a crosslinker of polymer chains;

Type of modifier a carrier of hydrophilic groups;

a carrier of hydrophobic groups

mechanical (heating under excess pressure (extrusion),
Type of heating without excess pressure;

modification biochemical (enzymatic, microbiological);

chemical

a catalyst (available, not available);

a solvent (without solvent, water, organic solvent);
Conditions environment (acidic, neutral, alkaline, in the air atmosphere,
02, Nz, HB);

pressure (excess, atmospheric, vacuum)

According to the analysis of scientific literature, the most of proposed polysaccharide
modification schemes are multistage, complex, require expensive and toxic reagents, which
is unacceptable for the food industry. Consequently, the synthetic potential of pectin is far
from exhausted.

The aim of the present research was to modify pectin to obtain material for bakery and
confectionery eco-friendly packaging materials and study the properties of the resulting
product.

Materials and methods
Materials

Pectin (esterification degrees 31.0%, 67.5%), polyvinyl alcohol (PVA, E 1203),
glycerol (E 422), oleic acid were used in the present study.

Research methods

Films and coatings based on natural polymers were produced under the same
conditions: polyvinyl alcohol (PVA) and the obtained modified pectin were mixed in dry
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form, the calculated amount of solvent was added and heated until their complete dissolution
and/or swelling. Next, a plasticizer (glycerol) was added and stirred until dissolved. The
hydrophobic component (oleic acid) was emulsified after its addition in order to obtain a
homogeneous mass of the forming solution of the biodegradable coating and/or film. The
films were obtained by casting the film-forming solution (91 cm?®) onto a Teflon surface (293
cm?). Complete drying of the film took place in 10-12 hours at room temperature. The coating
was obtained by applying of a molding solution on the surface of the confectionery or bakery
products.

Modification of pectin

By ammonia. 1.94 g of pectin and 40 cm?® of water were added to a three-necked reactor
with a Liebig refrigerator, a 100 °C thermometer, and a dividing funnel. The mixture was
stirred at a temperature of 50 °C and 0.72 g of ammonia was added dropwise from a separator
funnel. The stirring was continued for 15 hours. After mixing, the resulting solution was
evaporated in a porcelain cup. The obtained product in the form of a film was crushed and
washed with ethyl alcohol. The product was dried at a temperature of 50 =2 °C.

By urea. 1.94 g of pectin and 40 cm?® of water were added to a three-necked reactor
with a Liebig refrigerator, a 100 °C thermometer, and a dividing funnel. The mixture was
stirred at a temperature of 50 °C and a solution of 3.0 g of urea in 15 cm?® of water was added
dropwise. The stirring was continued for 26 hours. After mixing and cooling, the product was
filtered and dried at room temperature.

Physical and mechanical properties (strength, MPa; elongation, %) of the films
were determined on the TIRAtest-2151 universal testing machine

The vapor permeability of the film was determined according to BS EN 12086:1997.
The vapor permeability is a value that is numerically equal to the amount of water vapor in
milligrams that passes in 1 hour through a layer of material with an area of 1 m? and a
thickness of 1 m, provided that the air temperature on the opposite sides is the same, and the
difference in partial pressures of water vapor is equal to 1 Pa according to ASTM E96/E96M—
16.

FT-IR. Infrared studies conducted on the device Nexus — 475 firm Nicolet, KBr tablet
(Chung et al., 2004). Automated composition calculation of biodegradable material using
Microsoft Office Access software was developed.

Results and discussion
Pectin with different esterification degrees

Previous modeling studies have shown that films based only on pectin have insufficient
properties as a packaging material, which coincides with the data of other researchers in this
field (Mangiacapra et al., 2006). That is why a number of researchers suggest supplementing
pectin films with other film formers (Alve et al., 2011; Jo et al., 2005) or clay, CaCl, (Kang
et al., 2005; Silva et al., 2009).

We proposed to strengthen the properties of the pectin film by introducing an additional
film former, namely PVA, since this polymer forms quite strong and transparent films. In
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addition, it is known that the combination of pectin and PVA is expedient from the point of
view of increasing the biodegradability of PVA (Patent 5646206 USA). The use of PVA
increases the viscosity of the film-forming solution, which facilitates its application to the
surface of products and allows reducing the consumption of pectin as a more expensive raw
material. The given investigated quantitative content of pectin (Table 2) is due to previous
model experiments, which showed that with a lower pectin content, the film either does not
form or is extremely weak. In addition, if such a molding solution is applied to the surface of
the products, the molding solution spreads without forming a coating layer. Under the
condition of higher concentrations than given in Table 2, the formed film is difficult to chew
because it has a rough structure, which can be explained by the insufficient amount of solvent
to form a full-fledged film matrix.

In the composition of the film, we use a plasticizer — glycerol, taking into account the
property of pectin to form jelly in the presence of a dehydrating agent, which is glycerol.
Glycerol, like sucrose, is necessary for the formation of pectin jelly. In our case, glycerol is
preferred to avoid the sweet taste of an edible biodegradable film or coating. Since sucrose
will be added in quantities lower than the concentrations at which it exerts a preservative
effect, such concentrations will have the opposite effect is a favorable environment for the
development of microflora. Oleic acid was used as a hydrophobic component instead of
linseed oil for economic reasons. The quantitative content of oleic acid was found by the
active experiment method. The experimental results of the physico-mechanical and barrier
properties of the pectin-based film are shown in Table 2.

Table 2
Changes in the properties of films depending on the type and quantity of pectin (n=5, p<0.05)

Pectin content with different Strength Vapor permeability
esterification degrees,% MPa ' | Elongation,% mg/(m-h-kPa) '
31.0 67.5 &
0.5 - 24.3+2 62+1 7.0+0.2
1.0 - 29.4+4 67+3 6.8+0.1
1.5 - 33.4+3 71+4 6.4+0.4
2.0 - 39.3+4 79+4 6.0+£0.2
2.5 - 40.8+4 84+5 5.3+0.1
3.0 - 42.7+£2 90+4 5.1+0.2
3.5 - 44.9+4 9443 5.1+0.2
4.0 - 46.1+1 101+1 5.2+0.3
45 - 48.4+1 113+1 5.0+0.2
- 0.5 14.4+1 4242 8.1+0.1
- 1.0 18.2+2 5642 7.7+0.2
- 15 21.6+5 70+£3 7.4+£0.2
- 2.0 27.8+3 83+4 6.9+0.3
- 2.5 34.7+3 79+2 6.8+0.4
- 3.0 36.8+1 7244 6.0+0.1
- 3.5 38.1+4 66+3 5.6+0.2
- 4.0 40.2+2 61+5 5.6+0.2
- 4.5 41.7+4 7043 5.9+0.4

Note: the content of other components in the composition of the film: PVA, 1.5%, glycerol, 2%, oleic
acid, 2%, water, the rest.
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The obtained data (see Table 2) show that increasing the pectin content, depending on the
esterification degree, affects the properties of the films in different ways. It is known that the
conditions for the formation of jelly for pectin with different degrees of esterification are
different. The advantage of low-esterified pectin is its ability to change to a jelly-like state
without a dehydrating agent (sucrose). That is why the strength of films made of low-esterified
pectin, under the condition of its minimum content, is greater compared to high-esterified pectin
under the same conditions, since only in the presence of 0.5% pectin, a network is already
formed, which is the film matrix. The change in the elongation index for films from highly
esterified pectin occurs randomly, which is probably due to unfavorable conditions (sucrose
absence in the amount of 65%, acid with the required dissociation level, and a sufficient amount
of water) for the pectin gel-like state formation under the conditions of film production. The
lowest values of vapor permeability are characteristic of films made of low-esterified pectin,
since, as already mentioned, the conditions for its transition to a jelly-like state are more
favorable, as a result of which a well-developed pectin network is formed, which ensures the
necessary level of barrier properties. In addition, free carboxyl groups form hydrogen bonds,
which also provide the necessary density of the film matrix to reduce vapor permeability, which
is characteristic of low-esterified pectin. It is worth noting that a pectin concentration of more
than 2.5% does not cause a significant decrease in vapor permeability, therefore, in order to
reduce the use of raw materials, it is advisable to dose 2.5% of low-esterified pectin.

The ability of low-esterified pectin to form hydrogen bonds is confirmed by IR spectra
(Figure 1).

The analysis of the spectra showed (see Figure 1) that the spectrum of highly- esterified
pectin has an intense band with three maxima at 3400.56 cm, 3316.52 and 3271.70 cm™, which
correspond to the valence vOH vibrations of the pectin glucourone rings. In the IR spectrum of
low-esterified pectin (see Figure 1a), there is also an intense band with three maxima at 3568.62
cm, 3389.35 and 3338.93 cm?, but the maximum is located in a more intense oscillations
region at 3568.62 cm™ and separated from the other two (3389.35 cm™ and 3338.33 cm™),
corresponds to the OH group valence vibrations of the free pectin carboxyl group, which takes
an active part in the formation of hydrogen bonds, which indicates a greater number of
hydrogen bonds, and, as a result, a lower esterification degree. Therefore, it is most appropriate
to use low-esterified pectin for the production of biodegradable edible films and coatings.

In order to control the pectin esterification degree, especially in industrial conditions, the
authors developed an express method, which was used to determine the degree of pectin
modification (Shulga et al., 2020).

The existing types of pectin do not meet all the requirements as a film former, in particular,
pectin films have insufficient barrier properties, so it is advisable to modify the film former
(pectin). The following substances were chosen as pectin modifiers: ammonia and urea.

The given substances were chosen for the following reasons: ammonia is a modifier that
already allows obtaining amidated low-esterified pectin, but its properties as a modifier have
not yet been fully used; urea is an approved food additive E 927b, which is currently not used
as a modifier for pectin. In addition, these modifiers are economically available.

The reactions of pectin with ammonia, urea were carried out in an aqueous environment,
which is more acceptable than in methyl alcohol (Skoblya et al., 2004; Synytsya et al., 2003)
from their use in the food industry (Mishra et al., 2009). In addition, on the basis of previous
studies (Kobilinskij et al., 2008; 2010) it was found that the interaction of pectin with
polyethyleneimine in water led to the formation of amide groups due to the saponification of
ester groups.
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Figure 1. IR-spectrums of pectin: a, highly-esterified pectin; b, low-esterified pectin
(n=3, p<0.05)
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One of the main requirements for the obtained products is the production of film
packaging materials from them, which in terms of barrier properties were not inferior to
materials based on synthetic polymers. In addition, natural polymers, depending on the
thickness of the film, tend to form relatively strong materials.

Pectin modification with ammonia

The qualitative change of pectin can be confirmed by IR spectroscopy. The IR spectra
of original pectin and modified pectin (pectinamide) are presented in Figure 2.
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Figure 2. IR spectra of pectin and the product of its interaction with ammonia
(n=3, p<0.05)

The bands of the original pectin (Mishra et al., 2009) can be interpreted as follows: 3387
cm v(OH), 2938 cm™ v(C-H), 1747 cm™ v(C=0), 1434 cm™ §(CHj3), bands in the range of
1000-1200 cm™ refer to valence vibrations v(C-C) and v(C-O) of the pyranose ring,
glycosidic bond and alcohol groups. In particular, the band at 1070 cm™ refers to v(C3-OH
primary), 1052 cm* to C-O-C of the pyranose ring, the band at 1130 cm™* to v(C-O-C) of the
glycosidic bond, bands at 1237, 1279 cm™? — v, (C-O) of carboxyl and ester groups,
respectively. In the reaction product of the pectin with ammonia, intense bands of 1600 cm™
and 1417 cm™ appear, which relate to asymmetric and symmetric valence vibrations of the
ionized carboxyl group COO- and overlap the C=0 and NH bands of the amide group.

The formation of pectin amide can be judged by the v(C-N) band at 1333 cm™. The
saponification reaction of the pectin ester groups are indicated by the disappearance of bands
at 1279 cm™ and 911 cm%, which refers to the pendulum oscillations of the p(CH3) COOCHj

group.
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The elemental analysis data show the pectin esterification with ammonia took place on
the basis of a fragment consisting of four galactourone rings containing amide, ammonium,
methoxylated and free carboxyl groups. The amount of carbon was found to be 40.175%,
calculated to be 40.595%; hydrogen was found to be 4.762%, calculated to be 5.142%;
nitrogen was found to be 3.369%, calculated to be 3.789%.

Currently, low-esterified amidated pectin with the help of ammonia is presented on the
Ukrainian market, which has a number of advantages compared to high-esterified and low-
esterified pectin: gels are thermoreversible, at temperatures below gel formation they retain
fluidity during mixing, and are tolerant to a larger range of calcium salt content. In the work,
modification with ammonia is proposed, since studies of the modified product have shown
that in the presence of an ammonia excess, salt ammonium groups (-COONH,) are formed,
which increase the pectin solubility. If there is a water limited amount in the formulation
solution, the increase in solubility will contribute to a more complete formation of the
film/coating matrix, which will positively affect their properties. The properties of the film
obtained using ammonia-modified pectin are shown in Table 3.

Table 3
Properties of a film with pectin modified with ammonia (n=5, p<0.05)
Content of modified Strength, o Vapor permeability,
pectin,% MPa Elongation, % mg/(m-h-kPa)
0.5 20.042 8442 6.1+0.3
15 23.8+2 98+2 5.6+£0.3
2.5 28.3+2 114+3 5.1+£0.2
3.5 31.2+3 128+3 4.5+0.2
4.5 33.4+3 147+5 4.34+0.2

Note: the content of other components in the composition of the film: PVA, 1.5%, glycerol,
2%, oleic acid, 2%, water, the rest.

The results show that the strength of the film increases from 20.0 to 32.4 MPa with
increasing the content of ammonia-modified pectin in the film composition from 0.5 to 4.5%.
The film elongation index increases with an increase in modified pectin in the film
composition: it was 147% for sample with a modified pectin content of 4.5%, against 84%
with a modified pectin content of 0.5%.

The film vapor permeability decreases with an increase in the content of modified pectin
in the composition of the film from 6.1 mg/(m-h-kPa) (pectin content of 0.5%) to 4.3
mg/(m-h-kPa) (pectin content of 4.5%) (Table 3).

The obtained results are explained by the change of free pectin carboxyl groups to amide
and salt groups, which increases solubility and allows the formation of a more developed
pectin network. Free carboxyl groups that remained after the modification contribute to the
formation of hydrogen bonds. The modifications carried out make pectin thermoreversible,
which is important in working with it and will reduce the production waste amount.

Pectin modification with urea

The formation salt groups with urea is not clearly visible unlike the reaction with
ammonia. The bands at 1453, 1627, 1664 cm* can be attributed to v(C-N), v(C=0), 5 (NH),
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& (NHy) of the urea fragment (Figure 3). The disappearance of the NH, group deformational
scissor vibrations band at 1592 cm, as well as the shift of the C=0 and C-N valence urea
vibrations band may indicate the formation of a covalent bond between urea and pectin.
Similarly to the previous product IR spectrum, the band at 913 and 1279 cm disappears,
which is due to the saponification of ester groups. The band at 1747 cm™ indicates that not
all carboxyl groups are involved in the salt bonds formation.

The elemental analysis results indicate the pectin esterification with urea took place on
the fragment consisting basis of four galacturonic rings containing imidoamide, methoxy and
two free carboxyl groups. Carbon was found to be 40.693%, calculated to be 41.053%;
Hydrogen was found to be 4.074%, calculated to be 4.737%; Nitrogen was found to be
3.404%, calculated to be 3.684%.
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Figure 3. IR spectra of apple pectin, urea and two different pectins with urea products
(n=3, p<0.05)

Urea is used in the films production as a plasticizer that is why the modification of
pectin with urea is of particular interest. Therefore, the film former modification with urea
will avoid the technological stage is adding a plasticizer.

The pectin modification effect on the properties of biodegradable edible film is shown
in Table 4.
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Table 4
Properties of a film with pectin modified with urea
(n=5, p<0.05)
Content of modified | Strength, | Elongation, | Vapor permeability,
pectin,% MPa % mg/(m-h-kPa)
0.5 21.8+2 81+£3 6.5+£0.3
15 26.7+2 87+3 6.0+0.3
2.5 29.0+2 11545 5.7+0.3
3.5 33.4+3 12945 5.2+0.2
4.5 35.9+3 13945 5.0+£0.2

Note: the content of other components in the composition of the film: PVA, 1.5%, glycerol,
2%, oleic acid, 2%, water, the rest.

According to the experimental data (Table 4), pectin modified with urea exerts a similar
effect as pectin modified with ammonia on the film properties. However, the formed film is
stronger, 21.8 MPa (for pectin content of 0.5) (Table 4), against 20.0 MPa with the same
pectin content (Table 3), which is explained by the formation of hydrogen bonds between the
free urea amino group and OH groups of polygalactouronic acid. This property also leads to
a decrease in elongation compared to a film containing pectin modified with ammonia. The
vapor permeability value is at the same level as for a film with pectin-amide. The
modification also makes pectin thermoreversible.

Conclusions

The obtained products novelty was confirmed by IR spectroscopy and elemental
analysis. The elementary link of the pectin modification with urea consists of four
galacturonic rings, which contain imidoamide, methoxy and two free carboxyl groups. The
elementary link of the pectin modification with ammonia consists of four galactourone rings,
which contain amide, ammonium, methoxylated and free carboxyl groups. Urea modification
gives pectin thermal reversibility, the resulting modification products meet the level of food
safety. The obtained new modifications of pectin will make possible to produce ecological
packing materials with improved physico-mechanical and barrier properties.
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Introduction. The aim of the research was to determine the
antioxidant capacity of water-alcohol infusions of tea-herbal compositions
based on yerba mate (llex paraguariensis) and evaluate their potential to be
used in production of alcoholic beverages.

Materials and methods. Vegetable raw materials, namely llex
paraguariensis and Camellia sinensis (fermented tea; partially fermented
tea; unfermented tea) were used in the study. A water-alcohol mixture, 40%
(alcohol by volume), was used as control. The antioxidant capacities of
water-alcohol infusions of tea-herbal compositions were determined using
the method of redox and pH-metry; sensory indicators were evaluated by
the method of scoring with the definition of a complex indicator of quality.

Results and discussion. The antioxidant capacity of water-alcohol
infusions of tea-herbal compositions was determined: active acidity, pH,
ranging from 5.5 to —6.2 units pH; redox potential varied from 101.00 to
157.70 mV; recovery energy of infusions changed in diapason from
112.88 to 145.76 mV and the energy of reduction/oxidation of plant raw
materials ranged from 28.34 to 61.22 mV. Water-alcohol infusions of tea-
herbal compositions based on mate are characterized by high recovery
energy 61.22 mV of and such indicators as: score, 9.63 points. The color
tea-herbal compositions was light brown, the aroma was woody, the taste
was sour-bitter, with a long-lasting bitter aftertaste, so they could be
recommended to be used in the technology of alcoholic beverages in small
quantities.

In the process of preparation of tea-herbal compositions, there was
an increase in the indicators of the sensory evaluation in the mixtures
based on tea/yerba mate in ratio 75 to 25: fermented tea/mate, 9.67 points;
partially fermented tea/mate, 9.68 points; unfermented tea/mate, 9.71
points. A recipe composition of alcoholic beverages with a following
composition has been developed: water-alcohol infusion of tea-herbal
composition,%: fermented tea/mate, or partially fermented tea/mate, or
unfermented tea/mate (in ratio 75:25), 38.5; brandy, 7.5; vanillin (1:10),
0.01; sugar syrup (65.8%), 53.1; citric acid, 0.3, «Caramel E 150», 0.6;
ethyl alcohol and prepared water to ensure the strength of 20%.

Conclusion. The use of water-alcohol infusions of tea-herbal
compositions based on yerba mate (llex paraguariensis), which have
increased antioxidantcharacteristics and sensory indicators, was proposed
for restaurant industry technology for the production of alcoholic
beverages.
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Introduction

Multi-component alcoholic drinks, namely infusions on plant materials, attract attention
with the biologically active substances they contain. In the production of such alcoholic
beverages natural plant extracts from herbaceous plants, wild fruits and berries, which have
a pleasant taste and aroma, and are a rich source of biologically active compounds such as
vitamins, minerals, polyphenols, and organic acids are used (Bravo et al., 2007; Gullén et al.,
2018; Pluta-Kubica et al., 2020; Rebocho et al., 2022).

It is known that llex paraguariensis contains various compounds with high antioxidant
activity (Dos Santos et al., 2017). Water-alcohol infusions obtained by extraction from dried
leaves of this plant with a water-alcohol mixture possessed high antioxidant activity (Dos
Santos et al., 2017). So, the creation of water-alcohol tinctures of tea-herbal compositions
based on yerba mate (llex paraguariensis) containing substances with antioxidant properties
will improve the quality and nutritional value of new alcoholic drinks.

The aim of the present research was to determine the antioxidant capacity of water-
alcohol infusions of tea-herbal compositions based on yerba mate (llex paraguariensis) and
evaluate their potential for restaurant industry technology for the production of alcoholic
beverages. The creation of alcoholic beverages by introducing water-alcohol infusions of tea-
herbal compositions with antioxidant properties allows restaurants to prepare new products
that distinguish them from competitors and create a favorable image.

Materials and methods
Materials

The study used samples of plant raw materials, namely, llex paraguariensis and Camellia
sinensis (fermented tea; partially fermented tea; unfermented tea). As a control sample a 40%
(alcohol by volume) water-alcohol mixture was used.

Water-alcohol infusions preparation

Drying of plant raw materials was performed in order to reach a moisture content of 6—
8%. Each dried plant raw materials, 4 g, and 100 ml of a water-alcohol mixture 40% (alcohol
by volume) were placed in dark glass bottles. The vials were capped and placed in a dry-air
thermostat DUROCELL 55 (BMT, Brno) for 48 hours at 40 °C. The resulting infusions were
cooled at 20 °C, filtered and stored at 4°C.

Determination of active acidity and redox potential

The active acidity was measured on a pH-meter «pH-150 MA» with a combined glass
electrode «ESC 10601/4». Redox potential was measured on the pH-meter «pH-150M», by
measuring the potential with a platinum redox electrode «kERP-105».

To evaluate the antioxidant properties of the water-alcohol plant extracts, the method,
which is based on the difference of redox potentials in water-alcohol solutions, was used.
This method allows to determine the total antioxidant activity of liquid products including
complex mixtures and multifunctional antioxidants (Khareba et al., 2021; Kuzmin et al.,
2020; 2021).
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Determination of redox potential from hydrogen display in alcohols infusions of plant
raw materials

For water-alcohol mixture, the relationship between hydrogen index (pH) and redox potential
(Eh) was determined. It was shown that the change of pH of the water-alcohol mixture by 1 unit
leads to a change in redox potential by 42 mV (Kuzmin et al., 2020):

Ehmin=502-42-pH, mV, @)

In the range of values of the hydrogen index of 2.0-11.0 pH units for the water-alcohol mixture
redox potential varies in the range of Ehmin 418.0-40.0 mV (Kuzmin et al., 2020).

The obtained values of the redox potential of the water-alcohol mixture Ehmin Were correlated
with the actually measured values of the redox potential of alcohol infusions (REix) from plant
raw materials by the platinum electrode (Ehac), which characterizes the difference of these values
(REin) (Kuzmin et al., 2020):

REin=Ehmin—Ehae;, MV, (2)

The energy of reduction/oxidation process of plant raw materials (REpian) is determined by the
difference between of alcohol infusions from plant raw materials (REi) and solvent (control)
(Kuzmin et al., 2020):

REpIant:REinﬁREsoly mV

According to the results of research, an optimized method to assess the antioxidant capacity

of alcohol infusions from plant raw materials has been developed (Kuzmin et al., 2020).

Sensory evaluation

The sensory evaluation (S. e.) of the obtained infusions was carried out with a point scale
with the involvement of highly qualified and experienced experts in the field of alcoholic
beverages assessment.

Results and discussions

Antioxidant capacity and sensory evaluation of water-alcohol tea-herbal infusions

The physico-chemical and sensorial indicators of obtained water-alcohol tea-herbal infusions
are presented in Table 1.

Table 1
Characteristics of water-alcohol infusions
Extractant Water-alcohol infusion of
Parameters (water- fermented partially unfermented
alcohal tea fermented tea tea mate
mixture)
Active acidity, pH 5.63 5.51 5.91 6.20 5.77
Ehmin, MV 265.54 270.58 253.78 241.60 259.66
Ehaet, mV 181.00 157.70 119.50 101.00 113.90
REinf, mV 84.54 112.88 134.28 140.60 145.76
REpiant, MV 0.00 28.34 49,74 56.06 61.22
S.e., points 9.50 9.61 9.64 9.67 9.63

Note: Ehmin, the minimum theoretical value of redox potential; Ehact, actual value of redox potential; REinf,
recovery energy of infusions; REpiant, the energy of reduction/oxidation of vegetable raw materials; S.e.,
sensory evaluation indicators.
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A water-alcohol mixture was used as a solvent with pH 5.63; Ehmin, 265.54 mV; Ehg,
181.00 mV; RE, 84.54 mV; S.e. 9.50 points (color — colorless; aroma — alcoholic; taste —
moderately burning, empty). For the fermented tea water-alcohol infusions the pH reached the
value of 5.51, while in the case of partial fermented tea this value was 5.91 and for unfermented
tea—6.20 pH units. It can be concluded that the tea degree of oxidation/fermentation contributes
to the change in the pH level. It is known that unfermented tea (green, white tea) is not subject
to oxidation, or low oxidation, while partially fermented tea (red, yellow tea) are subjected to
partial oxidation and fermented tea (black tea) is completely oxidized. This is explained by the
presence of organic acids in tea that undergo changes during the fermentation process (Yu et
al., 2022). The value of RP (Ehmi, for water-alcohol tea-herbal infusions was obtained, which
has a value from 241.60 (unfermented tea) to 270.58 mV (fermented tea); the actual measured
RP of water-alcohol tea-herbal infusions (Ehae) — from 101.00 (unfermented tea) to 157.70 mV
(fermented tea).

The regenerative capacity (recovery energy, REix) of water-alcohol tea-herbal infusions
ranged within the limits: from REi;, 112.88 for fermented tea to REins, 145.76 mV for mate tea.
The reduction/oxidation energy of tea-herbal plant materials (REpian) relative to the solvent —
water-alcohol mixture was in the range of values from 28.34 (fermented tea) to 61.22 mV (mate
tea). It can be concluded that water-alcohol tea-herbal infusions are depending on the activity
of plant raw materials and have a regenerative capacity (over 0 mV) — 100% of samples. In
addition to physical and chemical indicators, water-alcohol tea-herbal infusions had excellent
sensory scores (S.e.), which depend on the degree of tea fermentation. The fermented tea
obtained a score of S.e., 9.61 points (color —dark brown; aroma — tea, woody; taste —moderately
burning, very astringent), while the unfermented tea registered a value of S.e., 9.67 points —
(color — brownish brown; aroma — tea, fragrant; taste — sour-bitter, astringent).

At the first stage, it can be concluded that the sample of water-alcohol tea-herbal infusion
of unfermented tea is the most promising, which has a high sensory score of 9.67 points and
can be recommended in the technology of alcoholic beverages.

Antioxidant and sensory evaluation of the water-alcohol infusion of mate

Biological effect of tea depends on the degree of its oxidation/fermentation, which is
explained by the change in the antioxidant activity of chemical compounds present in tea,
especially flavonoids and phenolic acids (Oh et al., 2013; Sentkowska and Pyrzynska, 2018;
Silveira et al., 2014; Zielinski et al., 2014). The water-alcohol infusion of mate, prepared from
yerba mate (llex paraguariensis), had the following physical and chemical characteristics: pH
5.77; Ehmin 259.66 MV; Ehaet 113.90 mV; REixs 145.76 mV; REins 61.22 mV. Comparing this
characteristics with those of the water-alcohol infusions of tea, depending on the degree of
fermentation, allows us to state the following: the antioxidant capacity of the water-alcohol
infusion of mate (REinr 145.76 mV) is 54% higher compared to the water-alcohol infusion of
fermented tea (REixr 112.88 mV); 19% higher compared to the water-alcohol infusion of
partially fermented tea (REins 134.28 mV); 8% higher compared to the water-alcohol infusion
of unfermented tea (REix 140.60 mV). The antioxidant capacity of raw mate (REpjan: 61.22 mV)
is 23% higher compared to fermented tea (REpiant 28.34 mV); 8% higher compared to partially
fermented tea (REpiant 49.74 mV); 4% higher compared to unfermented tea (REpiant 56.06 mV).
This can be explained by the presence of several biologically active compounds: caffeic acid
« hydroxycinnamic acids « phenolic acids < simple phenols < phenolics (Anesini et al.,
2012; Riachi et al., 2018; Souza et al., 2011; 2015; Yang and Liu, 2013; Zielinski et al., 2014);
gallic acid « hydroxybenzoic acids «— phenolic acids « simple phenols « phenolics
(Zielinski et al., 2014); catechins; epicatechin; rutin < flavonols « flavonoids «<— polyphenols
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«— phenolics (Anesini et al., 2012; Bravo et al., 2007; Mazzafera, 1997; Zielinski et al., 2014);
procyanidin B2 « condensed «— tannins < non-flavonoids «— polyphenols « phenolics
(Zielinski et al., 2014); particularly caffeoyl derivatives «— chlorogenic acids (Anesini et al.,
2012; Bravo et al., 2007; Marques and Farah, 2009; Wan et al., 2021; Zang et al., 2003);
quercetrin; caffeine «— methylxanthines «— purine alkaloids (Zielinski et al., 2014).

Therefore, water-alcohol infusion of tea can be recommended in the technology of
alcoholic beverages in a smaller amount than mate infusions, due to specific sensory indices:
color — light brown; aroma — woody; taste — sour-bitter, with a long-lasting bitter aftertaste (S.e.
9.63 points). Similar results were stated by Godoy et al. (2013), who characterized the sensory
properties of mate infusions: color — light green; aroma — specific; taste — characteristically
bitter, reminiscent of strong green tea.

Antioxidant capacity of water-alcohol tea-herbal infusions

The potential of creating tea-herbal compositions based on ready-made dried mixtures have
been confirmed by many authors (Alasalvar and Cam, 2019; Tiilek et al., 2020). A functional
tea-herbal composition is perfect for everyday consumption, rich in vitamins and
microelements, does not contain caffeine and allows to get a high content of microelements
necessary for a person (Chen et al., 2019; Feng et al., 2019; Guo et al., 2019).

Water-alcohol tea-herbal infusions and their combinations are promising for restaurants in
the production of alcoholic beverages, which allow to obtain increased antioxidant
characteristics and positive sensory scores (Figure 1-3). This is supported by the research of
Bravo et al., 2007, where is proved that mate has slightly higher antioxidant activity than black
tea, but lower than green tea. At the same time, content of total phenolic compounds of the Ilex
paraguariensis extract is higher than that of green tea (Bravo et al., 2007; Gugliucci et al., 2009;
Lunceford and Gugliucci, 2005; Zielinski et al., 2014). This confirms the ability to inhibit the
formation of llex paraguariensis glycation end products compared to green tea (Lunceford and
Gugliucci, 2005) and to prevent lipid peroxidation (Barg et al., 2014). While individual
phenolic compounds: gallic acid, epicatechin, procyanidin B2 and quercitrin are present only
in Camellia sinensis teas (Zielinski et al., 2014).

The physicochemical and sensory evaluation indicators of water-alcohol infusions of tea-
herbal compositions (fermented tea; partially fermented tea; unfermented tea; mate) are given
depending on the mass fraction of their mixtures (®, %) in steps of 25% (Figure 1-3), with
further modeling of the rational composition of water-alcohol infusions for the production of
high-quality alcoholic beverages.

It was established that the existing combinations (®, % 100/0; 75/25; 50/50; 25/75; 0/100)
fermented tea/mate (Figure 1); partially fermented tea/mate (Figure 2); unfermented tea/mate
(Figure 3) make it possible to expand the ranges of the rational composition of alcohol infusions
of tea-herbal compositions when modeling a qualitative composition.

According to the research results, it was established that in the process of mixing tea-herbal
compositions, there is an upward of sensory evaluation scores — for mixtures w,% 75/25: for
fermented tea/mate — S.e. 9.67 points (Figure 1, f), partially fermented tea/mate — S.e. 9.68
points (Figure 2, f); unfermented tea/mate —S.e. 9.71 points (Figure 3, f).

The developed composition of the tea and herbal mixture ensures the obtaining a new
product with pleasant, harmonious sensory properties and high uniformity of distribution of
flavoring and biologically active substances. This confirms the potential of using llex
paraguariensis for the production of beverages as it was proposed in the studies (Esmelindro
et al., 2004; Mesquita et al., 2021; Souza et al., 2015).
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Figure 1. Characteristics of water-alcohol infusions of tea-herbal compositions depending on the

mass fraction of fermented tea and mate (w):

a, active acidity (pH); b, the minimum theoretical value of RP (Ehmin); ¢, actual measured of RP
(Ehact); d, recovery energy of infusions (REins); €, the energy of reduction/oxidation of vegetable raw

materials (REpant); f, sensory evaluation indicators (S.e.);
combination of fermented tea/mate (®, %, 100/0; 75/25; 50/50; 25/75; 0/100).
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Figure 2. Characteristics of water-alcohol infusions of tea-herbal compositions depending
on the mass fraction of partially fermented tea and mate (w):

a, active acidity (pH); b, the minimum theoretical value of RP (Ehmin); ¢, actual measured of RP
(Ehact); d, recovery energy of infusions (REins); e, the energy of reduction/oxidation of vegetable raw
materials (REpant); f, sensory evaluation indicators (S.e.);

partially fermented tea/mate combinations (o, %, 100/0; 75/25; 50/50; 25/75; 0/100).
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Tea-herbal compositions

As a result of the conducted research, the composition of an alcoholic drink was
proposed. In the basic recipe compositions of fermented tea/mate, or partially fermented
tea/mate, or unfermented tea/mate (w, %, 75/25) water-alcohol infusions, were added, which
allows increasing the redox and consumer properties of the finished product.

To obtain the new alcoholic beverage, the following was used: water-alcohol infusion of
tea-herbal composition (fermented tea/mate, or partially fermented tea/mate, or unfermented
tea/mate ®,% 75/25) — 38.49%, brandy — 7.54%, vanillin — 0.01%, sugar syrup (65.8%) —
53.08%, citric acid — 0.28%, «Caramel E 150» — 0.6%. Water-alcohol infusions were
prepared based on 20% (alcohol by volume) (Figure 4).

Caramel E 150; Brandy; 7.54
0.60
Agqueous
solution of
W ater-alcohol vanillin 1:10;
infusion of tea- 0.01
herbal
composition;
38.49
Sugar syrup
Citric acid; 65.8%; 53.08
0.28

Figure 4. Blending of alcoholic beverage, %

It can be argued that the range of alcoholic beverages and its variety are combined with
the possibility of mixing alcohol with many ingredients. Thanks to the different ratio of tea-
herbal compositions, new flavors appear that are completely different from each other, as
well as various useful properties (Khareba et al., 2021; Kuzmin et al., 2020; 2021). But
among all the useful properties, the main thing will be to change the redox reactions (Gullon
et al., 2018). The developed composition of the tea and herbal mixture ensures the obtaining
of a new product with pleasant, harmonious sensory properties.

Conclusions

Based on the performed theoretical and experimental studies, the following conclusions

can be drawn:
1. It was found that the values of the antioxidant capacity of water-alcohol infusions of
tea-herbal compositions: active acidity was in the range from 5.5 to 6.2 pH units; RP
(Ehacr), 101.00-157.70 mV; recovery energy of infusions (REins), 112.88-145.76 mV;
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the energy of reduction/oxidation of plant raw materials (REpiant), 28.34-61.22 mV.

2. Thehigh recovery energy (61.22 mV) of tea herbal infusions based on mate makes them
promising for restaurants in the production of alcoholic beverages and in the production
of alcoholic beverages. According to the organoleptic evaluation, the mixtures differ in
light brown color, woody aroma, sour-bitter taste with a long-lasting bitter aftertaste.

3. In order to obtain tea herbal infusions based on mate (llex paraguariensis), the optimal
blending ratio has to be: fermented tea/mate (w, %, 75/25), partially fermented tea/mate
(o, %, 75/25) unfermented tea/mate (w, %, 75/25).

4. A recipe composition of alcoholic beverages with a rational composition has been
developed: water-alcohol infusion of tea-herbal composition (fermented tea/mate, or
partially fermented tea/mate, or unfermented tea/mate ®, %, 75/25) — 38.49%, brandy
— 7.54%, vanillin 1:10 — 0.01%, sugar syrup (65.8%) — 53.08%, citric acid — 0.28%,
«Caramel E 150» — 0.6%, ethyl alcohol and water are prepared — based on the strength
of 20%.
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Abstract

Introduction. The aim of the present study was to determine, for
the first time, the small cranberries (Vaccinium oxycoccus) chemical
composition depending on depending on growing soil.

Materials and methods. The analyses were made on ripe fruits of
the plant, harvested from Romania, Suceava county, Cosna commune,
in a peat area. The mineral content was determined using a coupled-
mass spectrometer (ICP — MS). DPPH method was used for antioxidant
activity determination. Folin Ciocalteu method and HPLC analysis
were used for polyphenol content determination.

Results and discussion. A value of 84.1% was obtained for fruits’
moisture content, close to the values found in other studies. For ash, a
relatively low value of 1.38% was obtained that shows a low mineral
content, corresponding to the low mineral content of the soil. However,
the mineral content of the analyzed fruits is higher than that reported by
other studies. For most of the elements there was a positive correlation
between mineral content in fruits and soil. A sianificant amount of
calcium was observed in the studied cranberries, close to the averaae
means reported in other studies. Maanesium falls within the limits
determined in other studies, and the copper content as well. The
contents of manganese, iron and zinc were lower than in other studies.
The contents of arsenic, mercury and stibium were below the maximum
approved limits and led is under the detection limit. Regarding  the
antioxidant capacity, the inhibiting percent of free radicals and total
content of polyphenols is higher in aqueous extract than in the ethanolic
extract and medium content in the studied fruits, in comparison with
other reported data: 340.78 mg/100g in aqueous extract and 254.20
mg/100g in ethanolic extract. According to the results obtained by
different authors, the total amount of polyphenols is significantly higher
in the wild fruits of Vaccinium oxycoccus, as compared to grown
cultivars.

Regarding to polyphenols, a high content of quercetin, 0.39
mg/100g, and myricetin, 0.23 mg/100g, is noteworthy. In the ethanolic
extracts, chlorogenic acid, 0.42 mg/100 g, and p-hydroxybenzoic acid,
0.41 mg/100 g, appear, close to numbers reported in other studies.
However, the presence of rosmarinic acid, 0.12 mg/100g, was
observed, which has not been reported previously. In the benzene
extract, p-coumaric acid appears, 0.27 mg/100 g. Vitamin C present in
the peatland small cranberries, 5.98 mg/100g, contributes to its
antioxidant activity.

Conclusions. According to results of the present study, the
chemical composition of peatland small cranberries from Romania was
close to those obtained in studies on cranberries from other geographic
regions, and may be considered as fruit with high antioxidant activity.
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Introduction

Peatland small cranberry (Vaccinium oxycoccus) is a plant from Vaccinium genus from
Ericaceae family, which includes over 450 species from Europe, North America, Central
America, Japan and Asia, Central and South-Eastern Africa, Madagascar (Mabberley et al.,
1997). Different blueberries species (Vaccinium myrtillus, V. ashei, V. angustifolium, V.
corymbosum), cranberries (V. macrocarpon, V. oxycoccos), huckleberry (V. ovatum, V.
parvifolium), lingonberry (V. vitis-idaea) are the most known berries of this genus (Jurikova
et al., 2018). The most known cranberry, the big cranberry, called American cranberry (V.
macrocarpon), originates from the eastern and central North America, including Canadian
Eastern territory and found in the highlands moors from North East and Great Lakes of
United States (Cesoniené et al., 2016). Its fruits Its fruits have been used in local medicine
from the XVI century or even earlier (Narwojsz et al., 2019).The European relative of the big
cranberry less known and studied is small cranberry, V. oxycoccus, with a larger geographical
distribution.

Regarding the taste, big and small cranberries accumulate components with similar
aroma. In total, between 40 and 70 aromatic substances were detected in big and small
berries, meanwhile the fruits of the small cranberry have 4 to 5 times higher concentration of
these substances than fruits of big one (Cesoniené et al., 2016). The antioxidant activity
(Ehala et al.,2005; Jurikova et al., 2018), anticancer activities (Masoudi and Saiedi, 2017),
anti-obesity (Jurikova et al., 2018; Kowalska et al., 2014; 2015), cardioprotective (Nemzer
et al., 2022) effects and urinary tract protection (Canja et al., 2016, Jurikova et al., 2018) of
Vaccinium oxycoccus has been shown.

The small cranberries (Vaccinium oxycoccus) were gathered on peatlands from the
North of Carpathian Mountains. The aim of the present study was to determine the small
cranberries (V. oxycoccus) chemical composition, particularly the content of moisture, ash,
trace elements, nitrites, polyphenols, and vitamin C, as well as their antioxidant activity, and
to compare the present paperwork results with the those from other studies on cranberries
grown on different areas.

Materials and methods
Materials

Plants harvested in Romania, Suceava County, Cosna commune were used from a
peatland area, situated at 47.375188 latitude and 25.166790 longitude, stereo GPS
coordinates 70 x = 652942,481, y = 512680,436, approximately 860 altitude (Figure 1, 2).

Ripe berries used for the study were harvested during September — October. Soil
samples were taken from the same area to determine ash and minerals contents.

Determination of moisture content

The moisture content was determined by weighing berries sample, dried in oven till the
mass remained constant. The moisture content was calculated by the following formula:

C, % = (ms — mDs)‘ IOO/ms,
were msis sample mass before drying, g; mps is sample mass after drying, g.
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Harvest Area
Romania, Suceava County,
Cosna commune

Figure 2. Vaccinium oxycoccus flowers Figure 3. Vaccinium oxycoccus - ripe
cranberries

Determination of ash
To determine ash content, fruit and soil samples were calcinated at 800 °C using a
Nabertherm LE 2/11/R6 Muffle Furnace (Arvinte et al., 2019). The ash percentage was
calculated by the following formula:
C, % = mcs'IOO/ms

where msis sample mass before calcination, g; mcs is sample mass after calcination, g.
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Determination of mineral content

The mineral content was determined by using ICP — MS Agilent Technologies 7500
series spectrometer; the samples were digested with concentrated nitric acid and hydrochloric
acid (Arvinte et al., 2019). The metal concentration (C) was expressed in mg/100 g of sample
and was calculated by formula:

C=a-V/m,

where a is standard concentration, mg/L; V is a volume of the acid that dissolves the sample,
L; m is mineralized sample mass, g.

The mineral content was determined in Vaccinium oxycoccus fruits and in soil, taken
from the area where the fruits were harvested.

Determination of nitrite content

The determination of nitrite content in small cranberries was made using Griess method
(Neacsu and Chirigiu, 2006). In slightly acidic medium (acetic acid) the nitric acid (nitrite)
mixed with sulfanilic acid and a-naphthylamine form a red nitric acid. The intensity of pink
color of the nitric compound formed as a diazotizing reaction between sulfanilic acid and
nitrites from deproteinized watery extract and the subsequent coupling with a-naphthylamine
was measured. Also, the substance absorbance was measured at 520 nm wavelength versus
a blank.

Determination of the antioxidant capacity

The determination of the antioxidant capacity was made through DPPH (2-diphenyl-1-
picrilhidrazil), which is one of the most stable nitrogen alkyls and commercially available,
with a maximum absorption UV-VIS at 517 nm. DPPH methanol solution has a maximum
absorption at 517 nm wavelength, due to the unpaired electron. In the presence of an
antioxidant, the electron pairs, resulting the simple form of DPPH-H, discolored, and the
absorption disappears. The result of the decolorating is directly proportional with the number
of the captured electrons, so inversely proportional with the absorbance. Determinations were
made for watery extract: 5 g sample in 200 mL of water were boiled for 30 minutes and
alcoholic extract: 1 g sample in 50 mL of ethanol, obtained on an ultrasound tub, at 40 °C
and 25 KHz frequency from the plant berries. 5 mL of extract were mixed with 2.5 mL
solution DPPH, 6-10° M. Absorbance was determined on a fiber optic spectrophotometer
from Ocean Optics, 5 min read time.

The inhibit percent of the free radicals, by comparison with DPPH was calculated with
the formula:
1% = Ao — Ax/A X100,

where Ay is standard substance absorbance and Ap is analyzed sample absorbance (Paduret
at al., 2016).

Determination of the total polyphenol content

The determination of the total content of polyphenols was made through Folin-
Ciocalteu method, on the same extracts of 5 g samples in 200 mL water. Polyphenols are
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substances with antioxidant specificity. They are aromatic chemical compounds with more
hydroxyl groups inserted on aromatic ring. Due to this structure, they can be oxidized by
Folin Ciocalteu reagent (Fc), with the formation of blue coloration with maximum of
absorption at 700 nm. Folin — Ciocalteu indicator is specific only to the phenol compounds
with reducing properties. The calibration curve was made using gallic acid solution (Su et
al., 2007). The sample for analyses was made from 2 mL extract, 1 mL Folin Ciocalteu
reagent and 8 mL of 7.5% Na,COs solution, mixed for 5 minutes, left to still for 30 minutes
in the dark and the reading of the sample absorbance was done at 750 nm (Sripakdee et al.,
2015).
The result is expressed as Fc indicator, achieved by calculus formula:

Fc = Azs0-d-100
where Asso is absorbance read at a 750 nm; d is sample dilution.
Identification and determination of the polyphenol content

Samples of 10 g of berries stepped into 100 mL of solvent (ethanol, ether and benzene)
were analyzed. Phenolic extracts were analyzed using a liquid chromatography High
Performance System (Shimadzu, Kyoto, Japan) equipped with liquid chromatograph LC-20
AD, auto sampler SIL-20A, column oven CTO-20AC and a detector with diode array SPD-
M-20A. The separation was made on a Phenomenex Kinetex® 2,6 um Bifenil 150 x 4,6 mm,
column with 0,5 mL/min flow, and temperature controlled at 25°C. The sample injection
volume was of 10 mL. A solvent system consisting of 0.1% acetic acid in water (A solvent)
and acetonitrile (B solvent) was used with the following gradient: starting with 100% A and
installing a gradient to obtain 5% B at 6.66 min, 40% B at 66.6 min and 80% B at 74 min,
according to the method previously described with some modifications (Palacios etal., 2011).
Solvent flow was of 1 mL/min. Phenol compounds were identified based on standard
materials retention times and the quantification was made through chromatogram recording
absorbance as oppose to external standards, at 280 nm for gallic acid, protocatechuic acid,
vanillic acid, p-hydroxibenzoic acid and 320 nm for chlorogenic acid, caffeic acid, p-
coumaric acid, rosmarinic acid, myricetin, quercetin, luteolin and kaempferol. All the
standard calibration curves showed high linearity levels.

The analysis was done through infrared spectroscopy with Fourier transform (FT-IR)
using a Nicolet i-20 spectrophotometer (ThermoScientific, SUA). The spectra were recorded
in transmission mode using ATR system in the wave number rage of 4000-400 cm™ at 4
cm™* resolution. SpectraGryph—spectroscopy software was used to display spectra. The
samples (peatland cranberries extract in ethanol, ether and benzene) were placed on the ATR
crystal and the spectra were recorded in triplicates.

Determination of vitamin C content

The samples were obtained through mixing 5 g grounded berries with 12 mL acid
solution (10% perchloric acid and 1% o-phosphoric), completed with mono-potassium
phosphate 0.02 mol/L. The samples were analyzed with HPLC Agilent Zorbax Extend- C18
columns, 5 um particle size, I.D. x L 150 cm % 4.6 mm, flow rate was 1.0 mL/min.
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Results and discussion
Chemical composition of cranberries

The moisture content of peatland cranberries was 84.1% (Table 1). This explains the
fact that these plants grow only in swamp areas, with high humidity, as compared with
blueberries (Vaccinium myrtillus) and lingonberries (Vaccinium vitis-idea), which grow in
swamps along with peatland small cranberries, but also on alpine meadows and even in alpine
forests. The results corroborate with other studies (Table 2), which identified moisture
content from 84.2% up to 92% for small cranberries, the highest moisture content was
detected in berries collected in spring, after the snow has melted (Cesoniené et al., 2016).

Table 1
Content of moisture and ash in peatland small cranberries and the soil they grow on
Sample Ash (%) Moisture (%)
Peatland small cranberries berries | 1.38 £0.09° | 84.08+6.41%
Peatland soil 1 12.53+0.90% | 70.10+5.39°
Peatland soil 2 12.51+0.99% | 71.28+2.02°

For difference assessment was performed Student t-test. Values followed by
a,b are statistically different at 95% confidence level.

Table 2
Comparison of the moisture and ash content in cranberries with those available in the
literature
Source Content, %
Moisture | Minerals
Our result 84.1 1.38
Cesoniené et al. (2016) | 84.2-92.0 | 0.20-0.28

One can remark a strong correlation between the low minerals content in small
cranberries and that of soil. However, the mineral content of small cranberries is much higher
than the figures obtained in other studies (0.20-0.28%) (Cesoniené et al., 2016).

Soil samples were taken from two distinct areas, as peat soil is heterogeneous.
Regarding the ash content, the highest values were found in the soil, not in the fruit. The
difference were not significant at p<0.05%. On the other hand, the moisture content was
lower in the soil, differences being not significant at 95%

Most of the mineral elements found in the soil are also found in the cranberries fruit,
but in smaller amounts (Table 3). There is an important calcium quantity in the studied
peatland small cranberries, 11.04 mg/100 g, close to the average 13.0 mg/100 g related to
other studies and significantly higher than the average calcium quantity from Vaccinium
macrocarpon, 7.8 mg/100 g (Cesoniené et al., 2016). Also, magnesium with 5.19 mg/100 g
is situated between established limits by other studies, 2.9-9.1 mg/100 g. Manganese content
of 0.05 mg/100 g is lower as opposed to other results 0.9-4.00 mg/100 g, although the
manganese content in the soil is relatively high. Iron quantity of 0.23 mg/100 g is
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significantly lower than the one reported, 0.11-0.42 mg/100g (Cesoniené¢ et al., 2016), but
the majority is represented by iron divalent ion. Zinc quantity of 0.03 mg/100 g has lower
values than in other determinations, 0.1 — 0,19 mg/100 g, as the coppery quantity of 0.10
mg/100 g fits in other determinations limits, reaching the higher limit, 0.04 —0.19 mg/100 g,
and it is higher than in Vaccinium macrocarpon, 0.04 — 0.06 mg/100 g (Cesoniené et al.,
2016). Arsenic, mercury and antimony are below the approved limits and lead is under
detection limits (Amariei et al., 2017). The difference in elements composition was
significant (at 95% confidence level) for all the samples studied.

Table 3
Content of metals, mg/100 g, in peatland small cranberries and the soil they grow on
Cranberries Soil 1 Soil 2 Cranberries Soil 1 Soil 2
Li 0.09 0.02 0.006 | Zn 0.03 0.02 0.04
+0.00022 | £0.0009° | +0.0000° +0.0007° | +0.0009° +0.00022
Na 7.13 1.60 1.93 Mo | 2.95 87.88 86.59
+0.228 +0.10° | +£1.004° +0.12°¢ +0.042 +4.20°
Mg 5.19 1.89 1.37 In 0.02 0.05 0.05
+0.14° +0.11° +0.09°¢ +0.0009°¢ +0.002° +0.0022
Al 0.80 14.43 4,57 Sh 3.72 19.32 16.72
+0.04° | +0.50° | +0.20° +0.12° +0.38° +0.35°
Ca 11.04 109.53 99.90 | Cs 0.22 5.3673 5.7141
+0.42° | £2.30% | £2.04° £0.011¢ | +0.1672° +£0.3974%
Ti 2.45 44,90 4589 | Ba 0.20 1.69 1.77
+0.10° | +3.28° | +2.56° +£0.009° +0.10° +0.10°
\Y/ 0.01 1.66 1.42 Pt 0 undetectable | undetectable
+0.001° | +0.10* | +0.10° +0.0000
Cr 1.09 11.71 12.10 | Au 0 undetectable | undetectable
+0.1° +0.53% | +0.682 +0.0000
Mn 0.05 17.11 1759 | Hg 0.30 0.01 0.01
+0.003° | +0.77° | +0.77% +£0.01* | +0.0001° +£0.0007°
Fell 0.22 0.52 0.48 TI 0.80 0.03 0.03
+0.001° | +0.02% | +0.01° +£0.03% | +0.0002° +0.0009°
Felll | 0.006 0.06 0.04 Pb 0 undetectable | undetectable
+0.0005¢ | +£0.0022 | +0.004° +0.0000
Cu 0.10 0.19 0.39
+0.009¢ | +0.008° | +0.0022

Superscript letters (a,b and c) refer to the comparison of the same element between
the different samples; results followed by superscript letters are significantly different
(p <0.05%) according to Turkey’s post hoc test.

Comparison of the mineral content, mg/100 g, in peatland small cranberries with

mineral content of the soil on which these berries grow is shown in Table 4.
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Table 4
Comparison of the mineral content in peatland small cranberries, mg/100 g, with those
available in the literature

Minerals Our results, Results available in the Reference
content mg/100 g literature, mg/100 g
Na 7.13 2.00 Nemzer et al., 2022
Ca 11.04 8.00-13.00
Mg 5.19 2.9-9.1
l\ljlil 882; 833:233 Cesoniené et al., 2016
Cu 0.101 0.04-0.10
Zn 0.019 0.10-0.19

Determination of the antioxidant capacity and the total polyphenol content.

Antioxidant capacity and the polyphenol contents in peatland small cranberries are
shown in Table 5.

Table 5
Antioxidant capacity and polyphenol content for the aqueous and ethanolic extract

Parameter Agueous extract | Alcoholic extract
Antioxidant capacity, 1% 60.40+2.007 24.90+1.70°

Polyphenol content, mg/100g | 340.78+2.332 254.20+2.69°

It could be observed that the free radicals inhibition percentage was higher in aqueous
extract. Wild cranberries antioxidant properties were compared with the grown cultivars, and
a significantly higher antioxidant activity in wild cranberries was noticed (Borowska et al.,
2009). Likewise, cranberries had a higher antioxidant potential than lingonberry, the adjacent
plant from the peatland (Brown et al., 2012). One can observe that watery extract is richer in
polyphenols than the alcoholic extract, the difference was significant p<0.05%.

By comparison (Table 6), other studies presented a polyphenol total content of 226.5
mg/100 g of fresh weigh (Narwojsz et al., 2019). Other authors determined a polyphenol total
content, which varies from 288.5 to 456.3 mg/100 g (Borowska et al., 2009), up to 705
mg/100 g (Denev et al., 2013). One can notice a medium content in the studied berries.
According to the results obtained by different authors, polyphenol total content is
significantly higher in wild cranberries as opposed to grown varieties, 100.4 — 154.8 mg/100
g (Borowska et al., 2009)

Identification of polyphenols and determination of their content

Polyphenol content in extracts in ethanol, ether and benzene is shown in Table 7.
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Table 6

Comparison of the antioxidant activity and total polyphenol contents in peatland small

cranberries with those available in the literature

Parameter _Extract Results available in the literature
alcoholic water
Antioxidant 87-96% (Kahkaonen et al., 1999, 2001)
capacity, 1% 24.9 60.2 59-64% (Wang et al., 2000)
’ 69.6% (Vattem et al., 2005)
705 (Denev et al., 2013)
Total polyphenols, 288.5-456.3 (Borowska et al., 2009)
mg/100 g 254.20 340.78 | 96 5 (Narwojsz et al. 2019)
347-389 (Cesoniené et al., 2009)
Table 7
Content of polyphenols in peatland small cranberries
Polyphenolic Polyphenols content, mg/100 g product
compounds ’
2=280 nm in ethanol in ether in benzene
Gallic acid 0+0.000°¢ 0+0.000° 0+0.000°
Protocatechuic acid 0+0.000°¢ 0+0.000°¢ 0+0.000°
4-hydroxybenzoic acid 0.41+0.022 0+0.000° 0+0.000°
Vanillic acid 0+0.000°¢ 0+0.000°¢ 0+0.000°
2=320 nm
Caffeic acid 0+0.000°¢ 0+0.000°¢ 0+0.000°
Chlorogenic acid 0.4240.022 0+0.000° 0.014+0.01°
P-coumaric acid 0+0.000°¢ 0+0.000° 0.27+0.0012
Rosmarinic acid 0.124+0.092 0+0.000° 0+0.000°
Myricetin 0.23+0.012 0+0.000° 0+0.000°
Luteolin 0+0.000° 0+0.000° 0+0.000°
Quercitin 0.39+0.012 0+0.000° 0+0.000°
Kaempferol 0.07+0.003? 0+0.000° 0+0.000°
Total 1.630 0.000 0.371

When followed by different superscript letters (a, b, c), the values are statistically different at 95%

confidence level.

One can see that the ethanolic extract is much richer in polyphenols than the ether and
benzene extracts, excepting the P-coumaric acid, which appears in benzene extract (Table 8).
It is obvious the p-hydroxibenzoic acid presence, as it appears in other research studies, its
quantity value being very close to that found in large cranberry (Vaccinium macrocarpon)
(Zuo et al., 2002). Likewise, one can observe the presence of the chlorogenic acid, p-
coumaric acid (Jurikova et al., 2018, Zuo et al., 2002) as other researchers report, but also
the rosmarinic acid which was not identified in other studies. All the difference found were
not significant at 95% confidence level.
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Table 8
Comparison of the polyphenols and vitamin C content, mg/100 g, in small cranberries with
those available in the literature

Polyphenol Our results, Results available in Reference
compound mg/100 g literature, mg/100 g
4-hydroxybenzoic acid 041 N/A* N/A
Caffeic acid 0 0.7-1.4 Jurikova et al.,
61.0-96.3 2018, Zuo et al.,
Chlorogenic acid 0.42 2002
P-coumaric acid 0.27 2.0-78 Jurikova et al,
2018, Zuo et al.,
2002
2.02 Ehala et al., 2005
Rosmarinic acid 0.12 N/A N/A
Myricetin 0.23 8.4-11.2 Chen et al., 2001
Quercetin 0.39 0.52-15.4 Chen et al.,, 2001,
Ehala et al.2005
Kaempferol 0.07 N/A N/A
Vitamin C 5.98 15.3-30 Cesoniené et al.,
2016
14 Nemzer et al., 2022
18 Canja et al. 2016

Note: *N/A, not available.

As other authors show, the major flavonoids which appear in cranberries are quercetin
and myricetin (Chen et al., 2001). The high content of quercetin, 5.15 mg/100 g of frozen
weight, was reported (Ehala et al., 2005). Although the content found in the studied
cranberries was lower, 0.39 mg/100 g, it is nevertheless a significant quantity. This substance
contributes mainly in the antioxidant activity of the fruit. As for the quercetin content, the
peatland cranberries are in the third place among the berries that contain this polyphenol,
after elder and blueberries, and among vegetables only French and red onion have more
quercetin than peatland cranberries (Kiviranta et al., 1988). There are multiple studies
regarding this bitter-taste flavonoid, which has unique biological properties than can improve
mental and physical performance and can reduce infection hazards. Quercetin stands out
through anti-carcinogenic, anti-inflammatory, antiviral, antioxidant and psycho-stimulant
activities and also through the capacity of lipid per-oxidation inhibition, platelet aggregation
and mitochondrial biogenesis simulation (Li et al., 2016; MLcek et al., 2016). Quercetin may
play an important role in treating several degenerative diseases (Palle et al., 2017; Pandey et
al., 2012; Suganthy et al., 2016) without side effects or insignificant side effects. It was shown
that quercetin and other flavonoids prevent the formation of atherosclerotic plaque,
aggregation platelets (antithrombin effects) and favors the cardiovascular smooth muscles
relaxation (Formica and Regelson, 1995). The quercetin antivirals’ properties were
investigated and proved on a large number of studies (Noor et al., 2021). As for myricetin
content, cranberries are among the richest berries in this element (USDA, 2011). From the
structural point of view, myricetin is similar to quercetin and it might have many of the latest
functions (Ross et al., 2002). Studies show that myricetin has a therapeutic effect on many
diseases (Song et al., 2021).
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Vitamin C content

Vitamin C content in the studied berries (Table 8) was 5.98 mg/100 g, lower than the
reported quantity in other studies, 15.3-30 mg/100 g (Cesoniené et al., 2016), although the
obtained results of vitamin C quantities in cranberries are quite different (Jurikova et al.,
2018; Tikuma et al., 2014). It was shown that too ripened berries have a much lower vitamin
C content, average 1.03 mg/100 g (Jurikova et al., 2018; Viskelis et al., 2009). Likewise,
during storage a part of ascorbic acid transforms into its active biologic isomer,
dehyidroascorbic acid. Vitamin C content is positively correlated with antioxidant activity of
these berries (Jurikova et al., 2018).

Conclusion

The obtained results show the antioxidant potential of peatland small cranberries and
their possible usage in maintaining health, ageing and oxidative stress diminishing. It is
known that quercetin and other polyphenols identified in peatland small cranberry have
antioxidant, anti-inflammatory, vasodilatory, antithrombotic, antihypertensive, anticancer
and probiotic properties (Lu et al., 2017), and this allows to recommend these cranberries for
consumption as functional food.
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Introduction. It was shown the expediency of using protein-
containing ingredients of dairy origin in the production of reduced fat sour
cream.

Materials and methods. The fermentation Kkinetic of sour cream
mixes was determined by the changes in titrated acidity. The
microstructure of sour milk clots was studied using a light microscope.
Rheological characteristics of reduced fat sour cream were determined
using a rotational viscometry.

Results and discussion. The rational doses of milk-protein
ingredients in reduced fat sour cream that prevent excessive acidity of
milk cream during fermentation, structure and stabilize this product
during 5 days of storage, are the following: skimmed milk powder, 1%,
sodium caseinate, 0.5%, caseinate calcium, 0.75%, whey protein
concentrate, 1%, hydrolyzed whey concentrate, 30%. According to the
level of inhibition of the lactic acid fermentation, milk-protein
concentrates in the specified quantities can be arranged in the following
sequence: skimmed milk powder — whey protein concentrate —
caseinate calcium — hydrolyzed whey concentrate — sodium caseinate.

By microstructural analysis of reduced fat sour cream, it was
determined that 1% whey protein concentrate ensures proper moisture
binding in the sour milk clot and contributes to the formation of a delicate
structure with finely dispersed cells, while the use of 30% hydrolyzed
whey concentrate forms a more viscous consistency of the product due to
the presence of monosaccharides in it, which have a higher adsorption
capacity for free moisture. The greatest structuring ability of caseinates
and the most significant influence of whey proteins on the thixotropic
properties of the reduced fat sour cream have been proved. A
comprehensive indicator of the quality of reduced fat sour cream with
milk-protein concentrates was calculated. Samples with 1% whey protein
concentrate and 30% hydrolyzed whey concentrate had the most
attractive sensory indicators, and got the highest score.

The chemical composition of reduced fat sour cream samples with
whey proteins was studied. It was found that 1% of whey protein
concentrate increases the biological value by 1.3%, while 30% of
hydrolyzed whey concentrate decreases it by 3.5%. According to the
research results, whey protein concentrate was classified as a biological
enhancer with moderate technological properties, and hydrolyzed whey
concentrate as an effective technological additive that imitates the quality
indicators of an analogue with medium fat content of 18-20%.

Conclusions. The technological advantages of using whey
concentrates in the composition of reduced fat sour cream as
multifunctional ingredients have been shown.
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Introduction

Sour cream is a sour milk product obtained by fermentation of milk cream, during which
the process of lactic acid fermentation of milk sugar and coagulation of the casein fraction
takes place, followed by the completion of structure formation during cooling and ripening at
low temperatures (Chandan, 2015). Fat and milk proteins are mainly involved in the formation
of the internal structure of sour cream (Narvhus et al., 2019). Thus, a high fat content provides
an increase in the strength of the structure and viscosity of the finished product as a result of
solidification and crystallization of milk cream (Buldo et al., 2013). That is why low-fat and
reduced fat sour cream needs to rationalize its formulation in the absence of a sufficient
amount of fat agglomerates, which are formed during the cooling of the sour milk clot and
additionally stabilize its structure (Danylenko et al., 2020; Jervis et al., 2014).

According to the USDA Specifications for sour cream and acidified sour cream, sour
cream with 10% of fat is a product that can be classified as "reduced fat" compared to its full-
fat counterpart, which must contain at least 18% fat. At the same time, the Technical
Regulations of the Customs Union (TR CU 033/2013) regulates the definition of sour cream
as a product containing at least 10% milk fat. The release of low-fat and reduced fat types of
sour cream is justified by the desire of manufacturers to meet the demand for low-calorie
products, especially for people who follow a diet with a limited amount of saturated fat (Silva
et al., 2020). However, various types of low-fat sour cream often have the defect of excessive
acidity, which negatively affects the quality of the finished product (Fuquay et al., 2011). At
the same time, scientists reported that milk protein concentrates in the composition of
fermented milk products are able not only to effectively bind free moisture, but also to
influence the activity of lactic acid microorganisms and, as a result, to regulate the product
acidity during its production (Agagiindiiz et al., 2021; Emkani et al., 2022). During production
of sour cream with low content of protein or total solids, skimmed milk powder is usually
added to the cream before fermentation, which has moderate techno-functional properties
compared to highly purified milk protein concentrate (Christiansen et al., 2022; Crowley et
al., 2016).

The use of whey proteins in the composition of a sour-milk dessert helps to obtain a
delicate homogeneous consistency of the clot due to the high dispersion of micelles of whey
proteins and the peculiarities of the gelation process (Izsé et al., 2020). In addition, whey
proteins in a rational content prevent the syneresis of the clot, and are also one of the best
fortifiers, which is related to their high biological value. At the same time, it is known that
sodium, calcium, and ammonium caseinates have pronounced techno-functional properties
(Abril et al., 2022; Mishyna et al., 2021), such as foam and gel formation, a high degree of
free moisture binding (Khwaldia et al., 2004). Zhao et al. (2018) reported that 0.9% sodium
caseinate in a whipped cream dessert leads to an increase in the density of the structure,
viscosity of the consistency and is not inferior in its properties to whey proteins (O'Regan and
Mulvihill, 2009). Li et al. (2020) proved that calcium caseinate increases the whipness of
creamy desserts and stabilizes their structure, while sodium caseinate has a more moderate
stabilizing ability. Another study indicated that potassium, sodium and ammonium caseinates
are able to imitate the structure of full-fat analogues in imitation sour cream products or low-
fat sour cream desserts (patent 3391002A US "Process for making imitation sour cream™). To
achieve such an effect, their mass fraction should be at least 0.5%. However, it is known that
caseinates, obtained by treating casein with alkalis, can significantly worsen the taste
properties of food products, which makes it necessary to find their optimal doses (Polishchuk
et al., 2020).
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The use of liquid milk protein concentrate in the composition of reduced fat sour cream
has not become widespread, which is due to the lack of scientific data on their techno-
functional properties in the composition of the product, as well as their limited availability. It
was reported about reduced fat sour cream, in the production of which it is allowed to use
skimmed sweetened condensed milk, sodium caseinate from curd, prepared by wet heating
method, liquid natural casein concentrate and others. At the same time, the authors of the
article developed a method of obtaining liquid low-lactose whey concentrates (Osmak et al.,
2021), which are appropriate for use in reduced fat products, which determines the scientific
interest of this study.

The analysis of scientific and technical literature regarding the potential advantages of
using milk protein concentrate in reduced fat sour cream technology makes it possible to
single out the most technologically important of them:

— the possibility of preventing excessive acidity of milk cream during fermentation and

storage of the finished product (Fuquay et al., 2011);

— formation of sensory indicators of reduced fat sour cream, similar to the full-fat product

(Kew et al., 2020);

— the possibility of producing a dietary product of guaranteed quality with a mass fraction

of fat 10% by a more progressive reservoir method (Osmak et al., 2021);

— improvement of consistency in terms of density, homogeneity, glossiness of the surface

(Agarwal et al., 2015);

— the possibility of using completely natural ingredients of dairy origin (Early et al.,

2012).

The aim of the work was to study the techno-functional properties of milk protein
concentrate in the recipe composition of reduced fat sour cream with different amounts of
their introduction.

To achieve the goal, the following tasks were defined:

1. To investigate the effect of milk protein concentrate in their variable amount
on the activity of the development of lactic acid bacteria during the
fermentation of cream mixes, and to choose a rational dose for each ingredient.

2. Determine the sensor and physicochemical indicators of reduced fat sour
cream with the recommended content of milk protein concentrate.

3. Tomeasure chemical composition of reduced fat sour cream samples with milk
protein concentrate and calculate their biological value.

Materials and methods
Raw materials

For the production of reduced fat sour cream, milk cream with a fat content 10% was
used. To normalize the mixes before fermentation, taking into account its dilution with
protein-containing ingredients, cream with a fat content 20% was used.

The following milk-protein ingredients were selected: skimmed milk powder with a
protein content 32%, sodium and calcium caseinates with a protein content 96%, whey
protein concentrate obtained by ultrafiltration with a protein content 70%. Hydrolyzed whey
concentrate with 40% of total solids (degree of lactose hydrolysis is 85%) was obtained by
reconstitution in distilled water of demineralized dry sweet whey with a degree of
demineralization 90% (content of ash no more than 2.5%, content of lactose no less than
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79%, content of protein at least 10.7% in terms of total solids) according to the technology
developed at the previous stage of scientific research (Osmak et al., 2021). To carry out the
hydrolysis of whey concentrate with 40% of solids, the liquid preparation 4-D-galactosidase-
hydrolase "GODO-YNL2" ("Danisko", Denmark) with the recommended dosage at the level
of 100 g of the preparation per 100 | of milk and single-strain lyophilized starter culture "L.
acidophilus LYO 50 DCU-S" ("Danisko", Denmark) at the recommended dose of 5 g of the
drug per 100 liters of milk were used.

A starter culture with the following composition was selected for the fermentation of
milk cream: Lactococcus lactis, L. cremoris, L. diacetylactis, and Streptococcus
thermophilus. This composition of lactic acid microorganisms ensures the intensification of
the lactic acid fermentation process. The manufacturer's recommended amount of the
preparation is 0.5 g per 1 liter. Before adding to the cream mix, the starter culture was
activated in a nutrient medium. With a scalpel, heated over an open fire, the lyophilized
starter was weighed and added to the pre-calculated amount of milk, which was pasteurized
at a temperature of 84-88 °C with a duration of 3-5 min and cooled to a fermentation
temperature of 28-32 °C. The duration of fermentation was an average of 6-8 hours until the
titrated acidity of 60 °T was reached.

Preparation of samples

Samples of reduced fat sour cream contained:

— 10% milk fat, which makes it possible to classify this type of product as reduced fat;

— not less than 17.3% of total solids, which ensures the formation of the proper structure
of the product;

— not less than 2.6% of protein, which corresponds to the well-known recommendations
for the production of sour cream.

For the production of reduced fat sour cream samples, milk protein concentrate was
dissolved directly in cream with a fat content 10% at a hydromodule of 1:10 and a
temperature of 40 °C with a duration for 3040 min for preliminary swelling, followed by
heat treatment at a temperature of 85-90 °C for 2—-3 min to ensure microbiological purity and
effective dissolution of protein ingredients.

Milk protein concentrate mixes were filtered, cooled and added during mixing to milk
cream that was pasteurized at temperatures of 85-90 °C with a duration of 15-20 s, followed
by cooling to the fermentation temperature and normalization with cream with a fat content
of 20%, after which the mix was fermented. During the first three hours, the cream mix was
thoroughly stirred every hour and then left until the end of fermentation process.

Fermentation of cream mixes was carried out at a temperature of 28-32 °C for 4-12 h
until the titrated acidity of 60—75 °T was reached, followed by cooling and ripening at a
temperature of 4-8 °C for 6-8 h. Experimental samples of reduced fat sour cream were stored
for 5 days.

Research methods

Titrated acidity. The titrated acidity of the clots during fermentation, after ripening and
during storage was determined using a method (Tomovska et al., 2016).

Syneresis of sour milk clots. Syneresis of sour milk clots was determined by the
centrifugal method. The same amount of product was weighed into two glass tubes with a
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capacity of 10 cm®, closed with stoppers and centrifuged for 10 min at a speed of 1000 min-
1. The layer of whey, that settled on top of the sample, was determined on a scale in cm?®.

Microstructure of sour milk clots. The microstructure of sour milk clots was studied
by microscopy of preparations using a light microscope at a magnification of 10x15. A clot
sample was taken and covered with a cover glass. Photomicrographs were obtained using an
Olympus CX 41 light microscope and a digital camera.

Fat content. The mass fraction of fat was determined by the acid method, which is
based on the separation of fat under the action of sulfuric acid and isoamyl alcohol, followed
by centrifugation and calculation.

Protein content. The mass fraction of protein in reduced fat sour cream sampled with
milk protein concentrate was determined by the Kjeldahl method.

Total content of solids. The determination of the mass fraction of solids in reduced fat
sour cream with milk protein concentrate was carried out using a drying cabinet according to
the traditional method proposed by the Association of Official Analytical Chemists (2016)
and the methodology defined by the Adolfo Lutz Institute (Zenebon and Pascuet, 2005).

Viscosity-speed characteristics. The effective viscosity of reduced fat sour cream
samples was determined on a rotary viscometer with a "cylinder-cylinder" system by
measuring the kinetics of deformation. Shear stress t (Pa) was measured at a temperature of
20 °C at twelve values of the shear rate gradient (y) in the range from 3 to 1312.2 s during
forward and reverse motion (Bass et al., 2017). The maximum effective viscosity of an almost
undamaged structure (y = 3 s1), the minimum effective viscosity of an extremely damaged
structure (y = 1312.2s) and the effective viscosity of a restored structure (y = 3 s*) were
determined. The thixotropic ability of the test samples was determined as a percentage by the
difference in the values of the effective viscosity of the practically intact structure at the
beginning and at the end of the measurement at a shear rate gradient (y = 3 s2).

Comprehensive quality indicator. The overall comprehensive quality indicator (K) of
the samples was determined as a set of the following characteristics: nutritional value (Ka),
sensory indicators (K3), viscosity-speed characteristics (Ks).

The overall comprehensive quality indicator was determined according to the equation:

K = KxM; + KoxM; + KzxMs,
where K is a general complex indicator;
My, », 3 are coefficients of importance for each of the groups of indicators Ky, 7, 3.

Biological value. The amino acid composition of experimental samples of reduced fat
sour cream was determined by a special method (Bobel et al., 2022). Based on the obtained
values, the amino acid score was calculated, which is the ratio of the content of the essential
amino acid product to the content of the corresponding essential amino acid of the “ideal
protein™ according to the FAO/WHO scale (Kowalczewski et al., 2019). The coefficient of
difference of amino acid score and biological value was calculated according to the method
of M. M. Chernikov.

Statistical processing. The obtained results were calculated and graphically displayed
using the standard program Microsoft Office Excel 2016. The accuracy of the obtained results
was ensured by threefold repetition of the experiment.
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Results and discussion
Effect of milk protein concentrate on the fermentation process of sour milk mixes

The viscosity and consistency of sour cream depend on the chemical composition and
efficiency of the fermentation process. As a result of coagulation of the protein fraction of
casein, a milk clot is formed and the high-melting glycerides of fat globules solidify, which
affects the reduction of the negative charge of fat globules and the formation of "fat clusters"”
(Jolles, 1975). Fat globules are part of protein molecules and gradually form connecting
bridges with them (Farrell et al., 2006), which ensures the formation of a stronger milk clot.
In low-fat or reduced fat sour cream, due to the small number of fat balls, a liquid consistency
is formed. As aresult, milk clot is not dense and has a high degree of syneresis. The milk clot
can reach the highest density at the isoelectric point of plasma proteins and fat globule shells
(4.6-4.7 pH) (Bozoglu and Erkmen, 2016), which confirms the need to end the fermentation
process when the titrated acidity values are reached at the level of 60—75 °T with taking into
account the fact that during the slow cooling of the clot, partial ripening of sour cream occurs.

The use of milk proteins in the formulation of reduced fat sour cream slows down the
process of moisture separation due to its effective binding during hydration, which can
somewhat inhibit the development of lactic acid microflora during fermentation (Lucey,
2002). Considering, that the production of reduced fat sour cream is often associated with the
formation of excessive acidity, this property of milk proteins can help in its regulation.
However, in the scientific literature there is a lack of data on the fermentation process of milk
mixes in the presence of milk protein concentrate. That is why it was decided to investigate
in more detail way the dependence of the change in the titrated acidity of sour milk mixes
with different milk protein concentrate at a variable amount during fermentation for 12 hours.
The dosage ranges for each of the milk protein concentrate were as follows: skimmed milk
powder, 1-2%, sodium caseinate, 0.5-1%, calcium caseinate, 0.5-1%, whey protein
concentrate, 0.5-1%, hydrolyzed whey concentrate, 20-40%. The selection of the indicated
ranges is due to the generally accepted recommendations for the use of the selected
concentrates and ensuring the protein content in quantities of at least 3%. Thus, the mass
fraction of milk proteins in the selected ranges of milk protein concentrate content was:
skimmed milk powder, 3-3.29%, sodium caseinate and caseinate calcium, 3.16-3.64%, whey
protein concentrate, 3.03-3.38%, hydrolyzed whey concentrate, 3.04-3.37%.

Data on the study of the fermentation kinetics of sour milk mixes are given in Table 1.

It can be concluded that in the presence of 1-1.5% of skimmed milk powder lactic acid
microflora is quite active, as evidenced by the achievement of the recommended values of
titrated acidity already at the 6™ hour of fermentation (Table 1). With a further increase in the
dosage of skimmed milk powder, the process of lactic acid fermentation is significantly
activated, which is evidenced by the excess of the recommended values of titrated acidity at
the indicated moment of fermentation. This effect can be explained by the presence of
skimmed milk powder in the product as a source of lactose and minerals, which are a nutrient
medium for microorganisms of the starter culture and stimulate their development (Lante et
al., 2006).

Despite the fact that skimmed milk powder is one of the cheapest and most accessible
types of protein-containing dairy ingredients, its use will not prevent significantly excessive
acidity. Instead, the introduction of such protein ingredients as sodium caseinate, caseinate
calcium, whey protein concentrate into the composition of sour milk mixes inhibits the
process of lactic acid fermentation, which is mainly due to their ability to actively bind free
moisture.
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Table 1
Titrated acidity of sour milk mixes during fermentation at different doses of protein
concentrates, °T, (P > 0.95; n=3)*

Mass fraction of Duration of fermentation, hours
milk protein 4 6 8 10 12
concentrate, %
Sour cream
- | 43 | 74 | 8 | 92 | 97
Sour cream with skimmed milk powder

1.0 42 72 86 92 96

15 445 75 89 93 99

2.0 46 79 92 98 103

Sour cream with sodium caseinate

0.5 37 67 74 87 91
0.75 31 49 64 75 81

1 30 44 56 67 74

Sour cream with caseinate calcium

0.5 37 71 83 88 93
0.75 34 65 75 83 88

1 32 58 68 74 79

Sour cream with whey protein concentrate

0.5 36 65 80 87 90
0.75 35 64 75 84 87

1.0 30 59 69 78 82

Sour cream with hydrolyzed whey concentrate

20 37 65 78 84 87

30 33 58 70 79 84

40 27 51 59 65 71

* Note: titrated acidity values corresponding to the recommended acidity range (60-75 °T)
for sour cream with 10% of fat are highlighted with a gray background

The use of hydrolyzed whey concentrate significantly increases the total solids. As a
result, with an increase in the dose of milk protein concentrate, the osmotic pressure
increases, which suppresses the development of lactic acid microorganisms. According to the
degree of inhibition of the process of lactic acid fermentation, milk protein concentrate can
be arranged in the following sequence according to the degree of growth: 1% skimmed milk
powder — 1% whey protein concentrate — 0.75% caseinate calcium — 30% hydrolyzed
whey concentrate — 0.5% sodium caseinate. Despite the higher protein content in
hydrolyzed whey concentrate, compared to other protein ingredients, it inhibits the
fermentation process less actively than sodium caseinate at a lower dose, which can be
justified by the presence of lactose hydrolysis products in it, namely the monosugars —
glucose and galactose. It is known that they are a nutrient medium for lactic acid
microorganisms and stimulate their development more actively than the presence of milk
sugar (Sharma et al., 2017).

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 435



—— Food Technology ——

A similar dynamic of partial inhibition of the fermentation process of the sour milk mix
using liquid whey-based concentrates was also noted in the study of yogurt mixtures (Wherry
et al., 2019). However, during 6-6.5 hours of fermentation, the acidity reached 80-85 °T,
which is much higher than the obtained results and is a consequence of the use of acid whey
instead of sweet. According to well-known recommendations for the production of reduced
sour cream, the fermentation process should last at least 6 hours until the titrated acidity value
of 60-75 °T is reached (Anderegg et al., 1929). Its further growth to the value of the
isoelectric point of casein can lead to the restart of the protein fraction and, as a result, the
destruction of energy bonds, the loss of thixotropic ability and the formation of a loose clot
consistency. For further research, the optimal dosage for each of the milk protein concentrate
was chosen based on the data on the dependence of the fermentation of the sour milk mix on
the amount of the protein ingredient, which aimed to ensure a proper correlation between the
desire to achieve the set technological effect and simultaneously increase the biological value
of the finished product. For skimmed milk powder, a mass fraction of 1% was determined as
the one that does not contribute to the intensification of the lactic acid fermentation process.
For sodium caseinate and caseinate calcium their ability to negatively affect organoleptic
indicators, namely to worsen the taste of the finished product, which is associated with the
technology of obtaining caseinates from the use of alkalis, was additionally taken into
account. Sodium caseinate has a more pronounced alkaline-bitter taste than caseinate
calcium, so its maximum dose should not exceed 0.75% of the composition of dairy products
(Polishchuk et al., 2021). Considering the fact that sodium caseinate inhibits the process of
development of microorganisms to a greater extent than caseinate calcium, its dose was
chosen at the level of 0.5%, and caseinate calcium, 0.75%. The mass fraction of whey protein
concentrate as the one that least inhibits the development of lactic acid microorganisms, was
chosen at the level of 1%. For hydrolyzed whey concentrate, the optimal amount was set at
the level of 30%. Increasing the dose to 40% makes it possible to reach the recommended
value of titrated acidity only during 12 hours of fermentation, which is impractical from an
economic point of view.

Quality indicators of reduced fat sour cream with different amounts of milk
protein concentrate

The consistency of reduced fat sour cream with an increase in the content of total solids
improves due to the increase in viscosity and the formation of a dense structure. In order to
verify this statement, the microstructure of the sour cream clots with milk protein concentrate
was investigated (Figure 1).

A sample of reduced fat sour cream with 1% whey protein concentrate is the most
homogeneous (Figure 1), which causes maximum moisture retention. The sour cream with
0.75% caseinate calcium is characterized by a lower ability to form a homogeneous clot
(Figure 1), which is associated with its high gel-forming properties, as a result of which it
forms a fairly dense gel network with larger cells, compared to the sample with whey protein
concentrate. At the same time, 0.5% sodium caseinate exerts a more moderate synergistic
effect on the structure of the sour milk clot due to the formation of cells of slightly different
sizes with a lower density of the structure than in the case of using caseinate calcium. The
addition of 1% skimmed milk powder slightly reduces the size of cells with a moisture in clot
compared to the control, but this dose is not sufficient to prevent syneresis. At the same time,
an increase in the content of skimmed milk powder in the reduced fat sour cream can lead to
an increase of acidity.
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Figure 1. Microstructure of reduced fat sour cream with and without milk protein concentrate:
a, control, b, 1% skimmed milk powder; ¢, 0.5% sodium caseinate; d, 0.75% caseinate calcium;
e, 1% whey protein concentrate; f, 30% hydrolyzed whey concentrate.

The use of 30% hydrolyzed whey concentrate, despite the high content of solids, in
particular protein, leads to the formation of a homogeneous and viscous consistency.
Hydrolyzed whey concentrate is somewhat inferior to whey protein concentrate and caseinate
calcium in terms of the dispersion of free moisture and its distribution in the clot, but it is
able to form a more delicate, cream-like structure of the product, unlike sodium caseinate and
caseinate calcium. Augustin et al. (2003) obtained yogurt with an improved consistency
because of the use of whey protein concentrate (25-56% protein), the clot of which had a low
level of whey separation. At the same time, the use of whey protein concentrate with a high
protein concentration (63-64%) did not always have a positive effect on the sour milk clot,
which differs from the results obtained in this study and can be explained by the specific
interaction of proteins and fat globules at their high concentration, in compared to low-fat
yogurt.

Sour milk clot with hydrolyzed whey concentrate is less liquid than clot with whey protein
concentrate, which can be explained by the presence in it of monosugars — glucose and
galactose, which have an increased degree of adsorption of free moisture (Qi and Tester,
2019), but this information requires additional research.

For this purpose, the effective viscosity of the studied samples of reduced fat sour cream
with different milk protein concentrate was investigated. The viscosity-speed characteristics
of sour cream clots with different milk protein concentrate in recommended quantities are
shown in Table 2.
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Table 2

Viscosity-speed characteristics of reduced fat sour cream with different milk protein
concentrates (P > 0.95, n = 3)

Type of milk Effect_lve viscosity (mPa-s) _under The _tlme of
. variable shear rate gradient ultimate
protein . The degree of
concentrate in destruction of structure
reduced fat sour | Y= 3¢t |y=13122| y=3c?t | the structure recovery. o4
(straight) ¢l (reverse) | (y =1312.2 ), .70
cream .
min
1 2 3 4 5 6
control 210.2+11.6| 15.0£1.1 | 80.2+9.1 2.0+0.1 38.2
1% SMP 298.4+12.5| 20.1+1.0 | 120.3+5.2 3.240.2 40.3
0.5% SC 329.1£10.4| 25.5£1.5 | 156.1£11.0 6.0+0.3 47.4
0.75% CC 313.4+14.5| 24.8+1.1 | 142.749.2 7.0+0.2 45.5
1% WPC 289.2+11.3 | 18.7£0.9 | 148.3+£5.5 5.4+0.1 51.3
30% HWC 298.0+£10.9 | 19.8£1.0 | 157.8+6.8 5.8+0.2 52.9

Note: MPC, milk protein concentrate; SMP, skimmed milk powder; SC, sodium
caseinate; CC, caseinate calcium; WPC, whey protein concentrate; HWC, hydrolyzed whey
concentrate.

The available milk proteins in reduced fat sour cream without milk protein concentrate
(control) do not provide proper structuring and high thixotropy ability of sour cream clot
(Table 2). Skimmed milk powder slightly increases structuring in reduced fat sour cream, but
the ability to recover increases insignificantly, compared to the control sample. Milk protein
concentrate based on whey proteins (whey protein concentrate, hydrolyzed whey
concentrate) show a structuring ability at the level of skimmed milk powder, but the
thixotropy of the structure of destroyed clots with these concentrates is the largest among all
the studied samples and reaches values of 51.3-52.9%. This property is very important in the
technology of sour cream and sour cream analogues, because when they are pumped into the
hopper of the packaging machine with the help of a pump, clot of low-fat or reduces fat sour
cream are usually partially or irreversibly destroyed. This leads to the loss of consumer
properties characteristic of the product. Danylenko et al. (2020) reported the ability of
reduced fat sour cream (10-15% fat) to show thixotropy, however, in the presence of
hydrocolloids, but it is significantly less than in presence of milk protein concentrate. In
addition, to establish the necessary viscosity indicators, the fermentation process should last
at least 8-9 hours instead of 6 hours.

Sodium caseinate and caseinate calcium have the highest structuring ability due to their
specific gel-forming ability (Table 2). At the same time, thixotropic properties of samples
with caseinates occupy an intermediate place between skimmed milk powder, whey protein
concentrate, and hydrolyzed whey concentrate. The highest thixotropy of samples with whey
protein concentrate and hydrolyzed whey concentrate can be explained by their specific
ability to evenly distribute fat and free moisture in protein matrices (Relkin et al., 2006),
which contributes to the formation of more contacts between protein macromolecules and,
accordingly, increases the ability to restore of sour milk clots. In the case of sodium caseinate
and caseinate calcium, the formation of a dense structure with an uneven distribution of
components in the spatial matrix of the product somewhat reduces the ability to self-restore
the structure of destroyed clots, compared to milk protein concentrate based on whey
proteins. Patterns of structuring of samples with different milk protein concentrate are also
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confirmed by the different time of ultimate destruction of the structure at the maximum shear
rate gradient, which is minimal for the control sample and maximal for samples with
caseinates.

At the next stage, the dynamic of changes in titrated acidity and the degree of syneresis
of reduced fat sour cream with milk protein concentrate during 5 days of storage was studied.
The highest acidity was observed when using 1% skimmed milk powder, which during 5
days of storage reached 101 °T. Such result is a defect of excessive acidity. The application
of 1% whey protein concentrate is characterized by a stable increase in acidity throughout
the entire storage period, while for 0.75% sodium caseinate and 0.5% caseinate calcium, after
the 3™ day of storage, a slowdown in titrated acidity growth is observed. The lowest acidity
was established for sour cream with 30% hydrolyzed whey concentrate, which steadily
increased to 88 °T. Inhibition of the process of increasing acidity in samples with sodium
caseinate, caseinate calcium, and hydrolyzed whey concentrate during storage is a
consequence of the increased protein content, which affects the reduction of lactic acid
production, as a result of which the concentration of hydrogen ions increases (Wherry et al.,
2019). The degree of syneresis of reduced fat sour cream with milk protein concentrate for
all samples increased during the storage period (Figure 2).
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After ripening 1 day 3 days 5 days
Storage time
—@—1 - control 2-1% SMP ——3-0.5% SC
—e—4-0.75% CC 5-1% WPC 6 - 30% HWC

Figure 2. Degree of syneresis of reduced fat sour cream samples during 5 days of storage, %
(P >0.95, n = 3). SMP, skimmed milk powder; SC, sodium caseinate; CC, caseinate calcium;
WPC, whey protein concentrate; HWC, hydrolyzed whey concentrate.

The highest value (59%) was recorded for the control sample at the end of the storage
period. The addition of 1% skimmed milk powder slightly reduced the whey separation after
production, but later the syneresis value approached the control sample. It is interesting that
for the sample with 0.75% caseinate calcium, the degree of syneresis after sour cream
ripening was lower than for the sample with 0.5% sodium caseinate. After the 1% day of
storage, this indicator became higher for the sample with caseinate calcium, which can be
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justified by the presence of large cells with free moisture, which was confirmed by the results
of the microstructure analysis of the sample with 0.75% sodium caseinate. The greatest
retention of whey was provided by 1% whey protein concentrate (degree of syneresis on the
51 day — 15%) due to the finely dispersed distribution of moisture in the product. For 30%
hydrolyzed whey concentrate, this indicator was slightly higher than whey protein
concentrate, and during storage, this difference increased insignificantly. The decrease in the
degree of syneresis in test samples with milk protein concentrate also occurs due to the
increased moisture-binding capacity of protein ingredients, which for milk protein
concentrate based on whey proteins is significantly higher than other protein ingredients
(Akalin et al., 2012; Tirado et al., 2007).

It was established that the use of protein concentrates (whey protein concentrate,
caseinate calcium, sodium caseinate, hydrolyzed whey concentrate) in reduced fat sour cream
helps not only to regulate the increase in acidity during lactic acid fermentation, but also
during the storage period up to 5 days.

Physicochemical indicators of test samples are given in Table 3.

Table 3
Physicochemical indicators of reduced fat sour cream with milk protein concentrates
(P >0.95; n=3)
Samples
S % 8 X O O
- (=}
Indicator s | & o | BO 8&| S
c > ~ Ol & o
S X Tp) s S| &1
©O | 3| o

169 | 185 | 18.1 | 18.3 | 18.4 | 27.8
£0.1 | £0.0 | £0.1 | £0.0 | £0.0 | £0.0
. 26 | 30 | 32 | 34 | 34 | 32
Protein content, %, not less £0.0 | £0.1 | £0.0 | 0.0 | 0.0 | £0.0
Fat content, %, no less 10.1+0.0

Note: SMP, skimmed milk powder; SC, sodium caseinate; CC, caseinate calcium;
WPC, whey protein concentrate; HWC, hydrolyzed whey concentrate.

Total content of solids, %, not less

Protein content is the largest in samples of reduced fat sour cream with caseinate
calcium, whey protein concentrate, and hydrolyzed whey concentrate. Taking into account
the high percentage of use of hydrolyzed whey concentrate (30%) in the reduced fat sour
cream recipe, compared to other milk protein concentrate, the sample with it has the highest
solids content (27.8%), which at this level corresponds to the indicator of sour cream with a
mass fraction of fat 18-20%. Due to use of hydrolyzed whey concentrate it is possible to
obtain a reduced fat product, which is an analogue of a full-fat product according to certain
physicochemical parameters. The use of 1% skimmed milk powder makes it possible to
obtain a product with a higher content of solids than in traditional sour cream with 10% of
fat with a large proportion of carbohydrates in its composition. The content of total solids in
samples with whey protein concentrate, caseinate calcium, and sodium caseinate is somewhat
lower, although it is within the recommended range of values.

In order to evaluate the effect of milk protein concentrate on the characteristics of
reduced fat sour cream, the nutritional value was calculated, a sensory evaluation was carried
out and the results of the rheological indicators were taken into account, based on the results
of which a comprehensive quality indicator was calculated (Table 4).
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Table 4
Comprehensive indicator of the quality of reduced fat sour cream product samples, points
3 Samples

| s s (2 |9|0|8|s

Indicator E3| || || 2 |T

T I T I S - T - O

O« — o o — =

o

Nutritional value 0.3 1.0 | 1.04 | 103|104 | 1.05]| 2.09
Sensory indicators 04 |1062| 0.7 |0.78]0.73]|0.98| 0.9
Viscosity-speed characteristics | 0.3 1.0 | 128|212 | 235|203 214
Comprehensive assessment (K) 0.85]0.97|1.26| 131|138 1.87

Note: SMP, skimmed milk powder; SC, sodium caseinate; CC, caseinate calcium; WPC,
whey protein concentrate; HWC, hydrolyzed whey concentrate.

Reduced fat sour cream with 30% hydrolyzed whey concentrate and 1% whey protein
concentrate received the highest number of points. At the same time, it was found that whey
protein concentrate gives the product an astringent aftertaste, which is caused by the whey
protein extraction technology (Childa and Drake, 2010). In contrast, hydrolyzed whey
concentrate gave the product a sweet aftertaste, which is justified by the higher degree of
sweetness of glucose and galactose in its composition (Helstad, 2019). In addition, the use of
both whey protein concentrate and hydrolyzed whey concentrate gives the product a
yellowish tint, which is due to the chemical properties of the whey.

An important indicator of the quality of reduced fat sour cream is the milky or creamy
taste (Jervis et al., 2014), which was noted for the use of milk protein concentrate based on
whey proteins, because they have ability to mimic milk fat. Sodium caseinate, even at a
reduced dose of 0.5%, somewhat gives a slight bitter aftertaste, while caseinate calcium
excessively thickens the product to the formation of an overly dense structure. The nutritional
value of the sour cream product increases by 1.03—-1.05 times and by 2.09 time for the sample
with hydrolyzed whey concentrate, which is due to the high content of carbohydrates and
protein in its chemical composition.

Biological value of reduced fat sour cream with milk protein concentrates

According to the results of the comparison of quality indicators, samples of reduced fat
sour cream with 1% whey protein concentrate and 30% hydrolyzed whey concentrate were
selected for further investigation of their biological value, as those that differ in high protein
content and have the most attractive taste qualities for the consumers. In order to determine
the biological value of the developed compositions of reduced fat sour cream, the content of
amino acids in 3 samples was determined: control, 1% whey protein concentrate, 30%
hydrolyzed whey concentrate. The calculation of the amino acid score of essential amino
acids was carried out and then their content was compared to the reference values of the
FAO/WHO (Table 5).

It can be concluded that the limiting amino acid in all experimental samples is valine
(Table 5). However, the score value for each of the essential amino acids does not provide a
complete understanding of the biological value of the finished product, so the coefficient of
difference of amino acid score (CDAAS) was calculated according to the method of M. P.
Chernikov (Figure 3).
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Table 5
Amino acid score of experimental samples, %
FAO/WHO Amino acid score, %
Amino acid standard, g/100g
of ""ideal protein" 1% 30%
Control WPC HWC
lysine 5.5 78.2 79.8 74.6
threonine 4.0 62.5 63.8 64.8
methionine + cystine 35 97.1 98.6 92,7
valine 5.0 52.0 53.1 50.1
isoleucine 4.0 52.5 54.0 51.8
leucine 7.0 68.6 70.5 66.0
Phenylalanine + tyrosine 6.0 76.7 77.9 64.7

Note: WPC, whey protein concentrate; HWC, hydrolyzed whey concentrate.
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Figure 3. Coefficient of difference of amino acid score in experimental samples, %. WPC, whey
protein concentrate; HWC, hydrolyzed whey concentrate.
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Figure 4. Biological value of reduced fat sour cream, %. WPC, whey protein concentrate;
HWC, hydrolyzed whey concentrate.

The maximum excess for all samples is provided by valine (Figure 3). Thus, the smaller
the value of the CDAAS, the more fully the essential amino acid is used for the needs of
biosynthesis, which is shown in Figure 4.

For control sample the biological value is 78.2% (Figure 4). Addition of 1% whey
protein concentrate leads to its increase by 1.3%, while the use of 30% of hydrolyzed whey
concentrate reduces it by 3.5%. This trend can be explained by the fact that the percentage of
substitution of milk cream, which is a source of high-quality protein, with hydrolyzed whey
concentrate in the recipe composition of reduced fat sour cream reaches 30%.

However, the rationale for using both whey protein concentrate and hydrolyzed whey
concentrate in reduced fat sour cream technology should be considered comprehensively.
Whey protein concentrate ensures an increase in the biological value of the finished product
and contributes to the stabilization of acidity during production and further storage. At the
same time, the use of hydrolyzed whey concentrate, in addition to stabilizing acidity, makes
it possible to obtain a product with a mass fraction of total solids and taste qualities
corresponding to such the full-fat analogue as sour cream with fat 18-20%, but with an
insignificant decrease in biological value.

Conclusions

1. The rational doses of milk protein concentrate in the composition of reduced fat sour
cream, which ensure the achievement of the recommended value of titrated acidity of
60-75 °T in 6-8 hours of fermentation, for the selected protein ingredients are the
following: skimmed milk powder, 1%; sodium caseinate, 0.5%; caseinate calcium,
0.75%; whey protein concentrate, 1%; hydrolyzed whey concentrate, 30%.

2. The use of milk protein concentrate allows to stabilize the acidity of the product during
storage for 5 days. The most uniform distribution of moisture in the matrix of the protein

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 443



—— Food Technology ——

clot was observed for the sample with 1% whey protein concentrate, while the best
adsorption of free moisture was noted for the sample with 30% hydrolyzed whey
concentrate. The protein content is the largest in samples with caseinate calcium, CWP,
and hydrolyzed whey concentrate and is 3.4, 3.38, and 3.22%, respectively, while the
total solids is the largest in the sample with 30% of hydrolyzed whey concentrate. A
comprehensive quality indicator was calculated, which is the highest for reduced sour
cream samples with 1% whey protein concentrate and 30% hydrolyzed whey
concentrate.

3. Addition of 1% whey protein concentrate to reduced fat sour cream increases biological
value by 1.3%, while using 30% hydrolyzed whey concentrate decreases it by 3.5%.
Thus, whey protein concentrate is a biological enricher with moderate technological
properties, while hydrolyzed whey concentrate is a highly effective technological
ingredient that allows to obtain an analogue of a full-fat sour cream, with an
insignificant decrease in biological value.

4. The perspective of further research consists in scientific substantiation of recipes of
reduced fat sour cream with taste-aromatic ingredients of plant origin.
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Introduction. The aim of this study is to evaluate the nutritional
and biological value of dried champignon powder in the indices of
quality and safety.

Materials and methods. The nutritional and biological value of
dried champignon powders, obtained by the methods of low-
temperature drying (45 °C) and subsequent disintegration, were studied
in terms of the biological value of proteins and their factional
distribution, ratios of essential and non-essential amino acids, their
balance and digestibility.

Results and discussion. More than two thirds of all proteins in
semi-finished products made from mushrooms are represented by
factions with the high biological value: water-soluble albumens (45.6—
46.8%) and salt-soluble globulins (23.1-26.7%). In frozen semi-
finished products, this ratio would reach 80%, running over the content
of the noticed factions in fresh mushrooms. So, the complexes of
proteins and high polymers are partly ruined under the temperature of
drying 45 °, with subsequent release of proteins and their dissociation,
which led to the increase of the biological value of product. Conversely,
after drying at this temperature, the share of insoluble proteins increases
twofold in comparison to fresh mushrooms, which showed the
inexpedience to use the high temperatures to process mushrooms.

The dried champignon powder contained all eight essential amino
acids, which comprises about 46% of their total amino acids amount.
Otherwise, the sum of non-essential amino acids scores 54%. These
data are the important index of dried champignon powders due to the
well-known fact that the maximal biological effect of food proteins is
achieved at the ratio between essential and non-essential amino acids
equal to 42:58, which is practically the same as the results of our
research (46:54). According to the calculated amino acid scores, the
amount of all amino acids exceeds the level of the reference protein
recommended by the World Health Organization. Based on the
coefficient of amino acid score difference, it was determined the
nutritional and biological value of protein of dried champignon powders
counting 51.8%, which is quite a high index.

The sensory characteristics of dried champignon powders appeared
to be satisfactory. Microbiological evaluation showed the safety of the
finished mushroom powder and its stability during the storage.

Conclusions. The knowledge about the protein components of
dried champignons, their nutritional and biological values and the
possibility to use them as powdered product was significantly
expanded.
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Introduction

The human body does not practically contain the protein reserves. Meanwhile, all the
vital processes are connected with its biological transformations on the level of cells and
tissues, and with its ability to interact with unexceptionally all substances creating the
complexes to constitute the base of a live organism (Nelson and Cox, 2017). One of the most
essential sources of proteins are cultivated mushrooms that contain more than 35% of protein
(in terms of dry matter), all the essential amino acids, unsaturated fatty acids, vitamins and
trace elements (Asao et al., 2017). The modern food science considers them as the possible
source of biologically active substances for food industry (Martinez-Medina et al., 2021;
Stojkovi¢ et al., 2014), in particular for creating the food additives capable of increasing the
immunity to infections and oncologic diseases (Meera et al., 2009; Wasser et al., 2000),
owing to the fact that anti-bodies formation is the modified process of normal biosynthesis
of globulins (Haeney, 1994).

Production of cultivated mushrooms is considered one of the main tendencies in food
industry to be constantly expanding (Bakratsas et al., 2021; Ferdousietal, 2020; Ivanov et al.,
2021), primarily due to champignon and shiitake growing (Calvo et al., 2016; Martinez-
Medinaetal., 2021; Shelke and Badhe, 2021; Stabnikova et al., 2010; Yurchak and Sharkova,
2023). Champignons contain about 3 percent of lipids, more than half of which are neutral
fats. Their acid number is approximate to the similar index of plant oils, thanks to the high
amount of free fatty acids that comprise more than 17% of the general lipid amount. These
are butyric and acetic acids, along with oleic and stearic ones (Ribeiro et al., 2009). It is very
important that mushrooms and their active compounds possess anticancer properties. Upon
studying the influence of champignon chemical substances on the protein that damages the
human DNA, there was revealed that the champignon components show far stronger effect
than the standard pharmaceutical inhibitors (Shelke and Badhe, 2021). Along with that,
cultivated mushrooms are low fat, low-calorie foods that, unlike the wild forest mushrooms,
are free from heavy metals, radionuclides, and nitrates. They are considered to be the
delicacies for cookery and used in many cuisines as the so-called ‘vegetable meat.” The
techniques and technologies of up-to-date level allow extracting antimicrobial, antioxidant,
anti-allergenic substances and various nutrients in order to fortify the traditional food bases
(Ramos et al., 2019). Important is the fact that the mushroom protein, in case of being
processed by the certain technologies, would be well absorbed by the human body
(Gonzalezetal, 2020).

Mushrooms have the short term of storage and microbiological and fermentative
processes are continued in mushroom fruiting bodies after harvesting. All this makes it
necessary to consume or process mushrooms immediately after they are harvested. To
increase the shelf life of mushrooms, it is possible to use their drying, and convective drying
followed with biomass grinding as the most wide-spread and effective technology for
mushroom treating (Waldeetal, 2006). Therefore, the convective low-temperature drying
method was chosen to obtain the powdered champignon product as the material for research.

An analysis of the literature data showed a limited number of research studying the
amino acid composition of mushroom proteins, the ratio between essential and non-essential
amino acids and comparison with the reference protein proposed by WHO (Dietary Protein,
2011). The objectives of the present research were to study protein component of dried at
low temperature champignon powders to expand their usage in food technologies.
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Materials and methods
Dried champignon powder

The dried champignon (Agaricus bisporus) was the subject of the research. The
mushroom fruit bodies were washed, sliced, and dried by convective method at a temperature
of 45 °C during 340 minutes. Dried champignons were then grounded to the particles with
size of 100-150 microns and protein fractional distribution was determined in obtained
powder. The calculations of amino acid scores to evaluate the level of protein utilization in
human body were done.

Figure 1. Champignons and dried champignon powder

Determination of dry substances content

The content of dry substances was determined by differential refractometry using IRF-
454 B2M refractometer (Laboratornatekhnika Ltd., Kharkiv) (Hernandez et al., 1998)

Determination of protein and amino acid content

The total amount of proteins, their qualitative and quantitative composition were
determined using the capillary electrophoresis by the method of (Redweik et al., 2012).

Determination of total carbohydrates content

The content of total carbohydrates was determined by the methods of ion analysis using
the chromatograph Bioscan 817 (Metrohm, 2023). To prepare the specimens for analysis,
mushrooms were powdered to homogenous mass and placed into the automatic sampler of
the chromatograph.

Determination of cellulose content

The amount of cellulose was determined by the gravimetric method: after oxidation,
dissociation and dissolving various chemicals contained in mushrooms, cellulose residue was
thenceforth removed, dried and weighed (Kumar and Turner, 2015).
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Determination of factional composition of mushroom protein

Mushroom proteins were fractioned in different media: albumens in water; globulins in
1 M NaCl and 0.1 M phosphate buffer (pH 6.8); glutelins in 0.1 N NaOH; prolamins in 70 %
ethyl alcohol. The samples of disintegrated products were introduced into the correspondent
media, with the ratio between mushroom mass and the solvent 1 : 3 for determination of
albumens and globulins; 1:2.5 for glutelins and prolamins; then the samples were
centrifuged during 15 minutes at 6,000 rpm. The precipitate was then washed, and the volume
of extract was added to 150 ml with washing water. The content of protein substances in
extracts and the precipitates was determined by the method (Redweik et al., 2012).

Microbiological analysis

Microbiological analysis of bacterial contamination of dried champignon powders
(particularly the presence of pathogenic microorganisms, bacteria, yeast and moulds) were
carried out by quantitative accounting of contaminants on solid media (Tarabees et al., 2015).

Samples (25 g) of champignons were placed in 225 ml buffered peptone water and
homogenized for 30 seconds in a lab blender. Decimal serial dilutions were prepared up to
dilution 107 in sterile Ringer’s solution and plated on selective agar media (Schill et al.,
2021).

The quantities of mesophilic aerobic and facultative anaerobic microorganisms, bacteria
of Escherichia coli group, pathogenic bacteria Salmonella, and moulds in dried mushroom
powder were enumerated by methods (Schill et al., 2021).

Results and discussion
Characteristic of proteins of dried at low-temperature mushrooms

It is a well-known fact that proteins, regarding their solubility in different media, are
categorized into four classes — albumens, globulins, prolamins and glutelins (Garidel, 2013).
Albumens, or water-soluble proteins, are characterized with the highest nutritional and
biological value. They are transformed in the human body with the minimal energy losses
and therefore are the most balanced by their amino acid content. Globulins, or salt-soluble
proteins, are also outstanding by their biological value, but they are mostly limited by the
amount of sulfur-containing amino acids. The two other factions, alcohol- and alkali-soluble
proteins (glutelins and prolamins, respectively) lack some essential amino acids, so they are
harder exposed to proteolytic enzyme action and have lower nutritional value.

The scientific literature does not currently have any data about the protein fractional
composition of dried champignon powders; therefore, it was one of the main tasks in the
present work. Since the champignons, as well as the other types of plant raw materials, can
be processed by different ways, comparative analysis of mushrooms after freezing, after
thermal treatment, and after low-temperature drying were done (Table 1).

These results confirm the expedience of obtaining the dried champignon powders,
owing to the fact that 70% of protein substances are albumens and globulins, i. e. proteins of
high biological value (Martinez-Medinaetal., 2021; Shelke and Badhe, 2021; Stojkovi¢ et al.,
2014).The data present in Table 1 show that the factional composition of champignon
proteins significantly depends on the method to process the raw material. In other words,
upon selecting the certain method of technological effect, it is quite possible to predict the
increased ratio of the protein factions most valuable in terms of their biological activity,
albumens first of all, and thenceforth reduce the part of the insoluble residue.
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Tablel
Effect of the method to process champignons on their protein fractional composition

Mass part of protein faction, % of the total protein mass

Procession method Water- Salt- Alkali- Alcohol- | Insoluble
soluble soluble | soluble soluble residue
Fresh mushrooms 43.6£1.6 24.0+£0.5 12.8+1.1 5.2+2.4 14.4+0.5

Mushrooms after freezing
(-28 t0-35°C)

Mushrooms after thermal
treatment (85-90°C)
Mushrooms after low-
temperature drying (45°C)

52.8+0.9 26.6+0.7 | 11.9+0.7 4.4+0.3 4.3+£1.9

33.5+£2.2 20.4+1.4 8.8+0.9 6.3+0.8 31.0+1.4

46.4+0.4 24.9+1.8 | 10.4+0.15 3.08+1.2 15.0+1.6

In this case, the most efficient is freezing of mushrooms at temperatures of -28 to-35°C,
using the quick freezing method, in which the share of albumens increased by 13.8%, and
the share of the insoluble residue decreased by 28.7%. This can be explained by the fact that
upon the temperature shock to which all mushroom cells and tissues are exposed while the
temperature is falling to -35 °C, the firmly aggregated protein molecules composing the
insoluble residue get freed and attain the ability to dissolve in water, consequently gaining
the share of albumens and easily-soluble globulins.

Champignons dried at a low-temperature had approximately the same factional
composition as after freezing; they contained the prevalent amount of easily soluble factions
(79.4% in frozen mushroom and 71.3% in low-temperature dried ones). It would predictably
increase the level of their digestibility and absorption by the human body.

On the contrary, champignons dried at high temperature were subjected to thermal
destruction with the formation of insoluble protein-polysaccharide complexes, with a
decrease in of water-soluble proteins by 27.8% and an increase of insoluble residue by 48.4%.

Amino acid content of proteins in dried champignon powder

The biological activity of food proteins is dependent on their amino acid content. The
introduction of amino acids into nutrition is now becoming increasingly important (Asao and
Asaduzzaman, 2017). Therefore, it is advisable to study the amino acid composition of low-
temperature dried champignons and compare the ratio of an essential and non-essential amino
acids. For more complete information, the proportion of amino acids in free and bound forms
was determined. Amino acid content of proteins in dried champignon powder including
amount of amino acids in free and bonded forms are presented in the Table 2.

The proteins of champignon dried at a low-temperature contain all essential amino acids
with a total amount of 9.83 mg/100 g of the products. The amount of the total non-essential
amino acids was 11.57 mg/100 g of the product and counts 54.06% of the total amino acid.

The dried champignon proteins contain free amino acids, which is 0.725 mg/100 g of
the product for essential and 0.686 mg/100 g of the product for those non-essential amino
acids. It can be predicted that after special methods for increasing the bioavailability of
mushrooms, the proportion of free amino acids will increase significantly.

The result of calculating the balance of the amino acid composition, that is, the ratio of
the amounts of non-essential and essential amino acids, was very important. For most
proteins of natural origin, it is about 0.55-0.6% (Yastreba and Pasichny, 2010). In our
studies, this indicator is 0.85%, which indicates the predominant part of the non-essential
amino acids.
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Table 2
Content of amino acids in proteins of powdered champignon dried at a low-temperature,
mg/100 g of the product

Amino acids Content of Content of amino acid
amino acid Free Bonded
Lysine 1.25 0.10 1.15
Phenylalanine 1.75 0.03 1.72
Leucine 2.25 0.13 2.13
Isoleucine 0.74 0.16 0.58
Valine 1.27 0.18 1.1
Methionine 0.42 0.00 0.42
Threonine 1.90 0.13 1.77
Tryptophan 0.26 - 0.26
Total essential amino acid 9.83 0.73 9.11
Total non-essential acid 11.57 0.69 10.89
Total amino acid 21.40 1.41 19.99
Balance by amino acid scores, % 0.85 1.05 0.83

Furthermore, the proportion between essential and non-essential amino acids (which
shares, in our research, count 45.93% and 54.06%, respectively) is worth of re-evaluation,
since it is the well-known fact that it is just this correlation to play the crucial role in
establishing the good conditions for catabolic processes in body tissues. The maximal
biological effect of food proteins may be reached in case of 42% of essential amino acids
(NelsonandCox, 2017); the rest 58% should fall to non-essential amino acids. According to
our results, the correlation between non-essential and essential amino acids in dried
champignons is approximate to these optimal indices.

Finally, yet importantly, the share of free amino acids in fresh mushrooms counts 0.537
mg/100 g of the product, whereas in dried ones it grows up to 1.411 mg/100 g of the product.
In other words, due to the low-temperature drying, some bonded amino acids transform into
free ones, which would increase the biological value of both mushrooms themselves and the
products with their additives. This is correspondent to the conclusions of Avdieva et al.
(2021).

According to the scientifically proven conception of valuable nutrition, the biological
value of a product is determined by not only the amount and the ratio of separate amino acids,
but mainly their balance and accessibility for proteolytic enzymes effect (Vetter, 2019).
Therefore, to make the complete characteristics of the protein constituent in dried
champignon powders, we conducted the necessary calculations and compared the obtained
results to the amino acid content of WHO reference protein.

The amino acid scores of essential amino acids in dried champignon powder are
presented in Table 3.

Regarding the calculations, the amount of practically all essential amino acids exceeds
the level proposed by WHO. In particular, it seems typical for the following amino acids:
lysine (score 106), phenylalanine (score 146), methionine (score 125), which play the
important role in the human body functioning, alike to the other essential amino acids (Asao
and Asaduzzaman, 2017): lysine, liable for restoration of muscle tissues and rehabilitation
after stresses; phenylalanine, constructing material for neuromediators synthesis; methionine,
relevant for chronic fatigue syndrome treatment.
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Table 3
Amino acid scores in dried champignon powder in comparison with WHO reference protein

Amino acids WHO reference Amino acid Score, | CAASD,
amino acid, amount, % %
mg/100 g of mg/100 g of the

protein product

Lysine 55 1.245 106 20
Phenylalanine+tyrosine 60 1.88 146 60
Leucine 70 2.25 150 64
Isoleucine 40 0.735 86 -
Valine 50 1.27 119 33
Methionine+cystine 35 0.94 125 39
Threonine 40 1.2 171 85
Tryptophan 10 0.26 122 36
Total amino acid - 21.4

Note: CAASD, coefficient of amino acid score difference.

During digestion, practically all essential amino acids contained by foodstuffs,
including dried champignon powders, transform into important biochemical substances to
fulfill the specific functions in human body (Joye, 2019). In this case, isoleucine is the amino
acid to limit the biological value of proteins (score 86%).

The data presented in Table 3 also allowed defining the grade of dried champignon
powders proteins utilization with a help of calculating the coefficient of amino acid score
difference. Actually, this is counted by subtracting the score of the limiting amino acid
(isoleucine) from the score of any essential amino acid.

The average arithmetical coefficient of amino acid score difference in a mushroom
semi-finished product is equal to 48.2%; respectively, the biological value of low-
temperature dried champignon proteins is 51.8%. These data are correlated to the similar
results presented in the work (Yastreba and Pasichny, 2010), in which the biological value of
oyster mushrooms semi-finished products was estimated in 44-45%.

Sensory and microbiological characteristics of dried champignon powder

Table 4 represents the sensory characteristics of powders made from champignons.

Table 4
Sensory quality parameters of dried champignon powder
Parameters Characteristics

Appearance Fine-disperse, 100-150 microns, powder with moisture content of 8—
12%, homogenous, without lumps

Taste and smell Typical for fresh champignons, without any strange taste and smack,
palatable, delicious

Color From light-cream in case the caps are separated from legs to different
hues of brown

Texture Dependent on the mushrooms’ maturity grade and homogeneity; with
the optimal quality characteristics, is loose, homogenous, without
lumps
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It should be noted that at a drying temperature of 45 © C, the process of binding of
volatile components (alcohols and ketones: L-hexanol, 3-heptanol, 3-octanol, 3-octanone, L-
octene) presumably occurs, which impart a specific mushroom aroma to dried champignons
and products prepared with their use (Zhang et al., 2022).

An important task is to ensure the microbiological safety of dried champignon powder
both immediately after their production and during storage. The microbiological analysises
were performed directly after obtaining the dried champignon powder and every three months
throughout a year. The results are presented in Table 5.

Table 5
Microbiological characteristics of dried champignon powder during storage
Microorganisms Hygienic Time of storage, months
norms 0 3 6 9 12
MAFANM, CFU/g 50-10¢ | 22102 | 2210 | 46102 | 83107 | 5.810°
Escherichia coliin 0.1 g N/A N/D N/D N/D N/D N/D
Moulds, CFU/g 5.0 10? N/D N/D N/D N/D N/D
Yeast CFU/g 2.0-10? N/D N/D N/D N/D 1.010!

Note: MAFANM, mesophilic aerobic and facultative anaerobic microorganisms; CFU, Colony Forming
Units; N/A, not allowed; N/D, not detected.

The results of microbiological analysis show that the pathogenic bacteria of Salmonella
genus (in 25 g of the product) were not detected in dried champignon powder; the bacteria of
Escherichia coli group were not found, as well as moulds. Yeast were detected only in the
sample stored for 12 months, otherwise their amount is sufficiently less than the hygienic
norm. Thus, the highlighted method to prepare the dried champignon powders, which
includes their drying with a temperature of 45 °C for 340 min, provides the level of the
product’s general microbial contamination by MAFANM within the limitations and alongside
oppresses the activity of harmful microorganisms.

Conclusions

The deficiency of protein foods is dramatically progressing; the animal proteins, as well
as those obtained by microbiological methods, cannot provide their necessary amounts in
diets. Therefore, the role of natural plant-origin proteins, as well as knowledge on their
chemical nature, is sharply increased, which would create the preconditions to development
of scientifically intensified technologies to process the protein containing raw materials and
widely include them into the food technology. In this viewpoint, typical for many countries
are the increasing scales of growing and using the cultivated mushrooms, regarding the high
amounts of their biologically active substances to express the various pharmacological
impacts. Among the cultivated mushrooms, champignons (Agaricus bisporus) occupy the
priority place.

The most important factors to define the selection of mushroom raw materials for
obtaining the high-quality semi-finished products are the proteins, particularly their ratio,
biological value, amino acid balance, compliance of essential amino acids with the WHO
reference protein, and also sensory characteristics that satisfy both the requirements to main
technological processes and the consumer’s needs.

The results of theoretical and experimental researches presented in this work are
believed to expand the knowledge about the protein components and the biological value of
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champignons, to prove the expedience to process them into powdered products to fortify
different food mediums in order to increase the protein ratio. These fortified foodstuffs would
become an efficient remedy for both the correction of diets and prevention or additional
treatment of alimentary-originated diseases. Henceforth, the studies of mushroom
cultivation, improving the technologies of their procession and application as food
supplements or healthy foodstuffs remain relevant for nowadays and for the years to come.
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Introduction. The aim of our research is to provide an overview
of the role and challenges of precision agriculture, to examine the
current situation, in particular its impact on sustainable food
production.

Materials and methods. The study is descriptive and used
scientific secondary data as the primary source. The authors also
conducted a primary research of farmers in Hungary in 2022 what they
think about the role of precision farming. The primary research method
is a questionnaire survey.

Results and discussion. Precision farming is a management
approach that focuses on (near real-time) observation, measurement,
and responses to variability in crops, fields and animals. Precision
farming means the practical appearance of digitized agriculture, the use
of digital solutions in agriculture, where developments are directed to
how to manage in a more competitive way, to increase efficiency, while
also placing great emphasis on environmental sustainability. Precision
farming is increasingly used in agriculture today. The demand for
agricultural products will grow dynamically over the next few decades,
and this can be met by more efficient production.

On the Internet, when we type the term of precision agriculture we
will get 147 million search results.

In our research, according to 81% of respondents, precision
farming is very important. In recent years, the development of precision
agricultural technology, mechanization and agricultural informatics has
undergone significant development. More than half of the farmers use
some kind of precision support system. Nearly 70 percent of
respondents think that precision technology systems are too expensive.
31 percent of farmers would like to have more knowledge about
precision technologies, mainly concerning productivity (yield, quality,
etc.), plantation condition (plant growth status, soil analysis, etc.) and
the distribution of inputs (irrigation water, organic fertilisers, fertilisers,
etc.). More than half of the farmers think that policy makers in the
industry (financial support, legal environment, etc.) should take action
to make precision farming more accepted in practice and they think that
it would also be important to deal with it more intensively in education.
Farmers are open to precision solutions, but there are challenges to
effective spreading.

Conclusions. The competitive future of agriculture is influenced
by digitalisation and the use of precision agriculture. Precision
agriculture is becoming increasingly popular in practice, as it can make
a major contribution to sustainable food production.

458 —— Ukrainian Food Journal. 2022. Volume 11. Issue 3




—— Economics and Management ——
Introduction

Agriculture is the production of material goods, a major branch of the economy that
produces food and industrial raw materials.

The development of agriculture is characterised by three eras. According to Jori (2017),
the first, the pre-industrial era of agriculture, lasted from pre-Christian times until the 1920s.
Self-sufficient, small-scale, labour-intensive farms required approximately one hectare of
land to produce one person's food. The second phase, the period of industrial agriculture,
lasted from 1920 to 2010. Tractors, combine harvesters, fertilizers and hybrid seeds allowed
the emergence of large-scale commercial farms. The productivity of these developments
meant that as little as half a hectare was enough to feed five people. The third phase is taking
place today, when a large amount of data for production is available through satellite systems
and sensors on machines and plants. The large amount of data and the “Internet of Things”
allow to analyse many sources of information through various intelligent software, thus
helping farmers. If we look at the impact of agricultural development on mechanisation, the
first period (from the early 1900s) is characterised by the advent of tractors, increased
efficiency, the need for manual labour and low productivity. The second period is the so-
called green revolution (from the 1950s), when new agrotechnical practices, use of fertilisers,
pesticides, seeds of high quality and increased production have emerged. From the third era,
with the advance of mechanisation (from the 1990s), precision agriculture was introduced,
i.e. automated steering systems (optimised mechanisation, minimum overlap), crop mapping
(objective base data), variable rate application (input optimisation), telemetry (machine
monitoring) and data processing. Then the use of smart electronic tools became more
widespread and digitalisation has now reached the agricultural sector. It has proven economic
effect due to the steep implementation of digital decisions and tools in managerial processes
(Remeikiene et al., 2021; Roshchyk et al., 2022). Thus, in the fourth era (from 2010), digital
agriculture can be seen in practice, involving the use of real-time farm management systems,
value-added services, automation capabilities, advanced processing and food value chains
(data platforms) (Kireyeva et al., 2021; Vasa-Trendov, 2020). These advanced digital
solutions in the agriculture sphere can significantly mitigate the problem of food security
(Vasylieva and James, 2021) and social security respectively via the essential impact of the
consumer food expenditures on the level and quality of life, especially low-income groups of
the population (Mishchuk et al., 2018).

But what does precision agriculture mean and what are the characteristics of precision
farming?

Precision agriculture and precision farming are generally regarded as the same thing.
However, the term precision agriculture, often abbreviates PA, is more widely used.

Although more complex definitions exist, the simple description of the precision
agriculture is a way to “apply the right treatment in the right place at the right time” (Gebbers
and Adamchuk, 2010). It is a farming management concept based upon observing, measuring
and responding to inter and intra-field variability in crops or in aspects of animal rearing. The
first actual definition of PA came from the US House of Representatives (European
Parliament, 2014), which defined PA as “an integrated information- and production-based
farming system that is designed to increase long term, site-specific and whole farm
production efficiency, productivity and profitability while minimizing unintended impacts
on wildlife and the environment”. Such a definition focused on “whole-farm” management
strategies using information technology, highlighting the potential improvements on
production while reducing environmental impacts. In addition, it already envisioned that PA
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was applicable not only to cropping systems, but to the entire agricultural production system
(i.e. animal industries, fisheries, forestry) (Gal et al., 2013).

According to ISPA (2019) precision agriculture (PA) is a management strategy that
collects, processes and analyses temporal, spatial and individual data and combines it with
other information to support farmer decisions based on estimated variability to improve the
resource use, productivity, quality, profitability and sustainability. In a 2016 report on how
big data will revolutionize the global food chain, McKinsey & Company define precision
agriculture as: “a technology-enabled approach to farming management that observes,
measures, and analyzes the needs of individual fields and crops”. According to McKinsey
(Magnin, 2016), the development of precision agriculture is shaped by two trends: “big-data
and advanced-analytics capabilities on the one hand, and robotics (aerial imagery, sensors,
and sophisticated local weather forecasts) on the other”.

There are many other definitions of precision agriculture in the literature. According to
Husti (2018), “A modern agricultural management concept using digital techniques to
monitor and optimise agricultural production processes. The aim is to reduce costs and
environmental pressures and to produce more and better food raw materials. It will be
achieved through a specific combination of new sensor technologies, satellite navigation and
positioning, and the Internet of Things (IoT).” Husti (2018) thinks that the aim of precision
farming is to produce good quality and safe food by using available resources (feed, water,
energy, etc.) as efficiently as possible. Of course, this is no different from the objectives of
conventional farming, but the difference is that the efficiency of information gathering is
improved by the use of digital technologies. Precision farming makes farming more regulated
and precise. Simply, it differs from the traditional approach in that it allows decisions to be
made per square metre or even per plant/animal. This in turn has a positive influence both on
the ecological consequences of the agriculture companies’ activity and on their sustainable
development (Piwowar, 2020; Przekota et al., 2020).

According to the European Parliament (2014), PA nowadays is seen as an “environment
friendly system solution that optimizes product quality and quantity while minimizing cost,
human intervention and the variation caused by unpredictable nature”. PA allows seamless
data interchange between farmers, suppliers, service providers, authorities, processors, and
resellers of agricultural produce. This makes it possible to trace back food production to
virtually each square meter of a farmer’s field. The European Parliament’s (2016) report on
precision agriculture and the future of farming in Europe defines precision agriculture as “a
modern farming management concept using digital techniques to monitor and optimize
agricultural production processes”. The key point here is optimization. Instead of applying
an equal amount of fertilizers over an entire field, precision agriculture involves measuring
the within-field soil variations and adapting the fertilizer strategy accordingly. This leads to
optimized fertilizer usage, saving costs, and reducing environmental impact.

An accurate assessment of the situation of precision agriculture is difficutors, but the
surveys the definition and categorisation of the elements of precision farming, which makes
it difficult to comparing the resultsult because very few places collect data on it on a regular
basis. The importance of the subject has led to an increasing number of questionnaire surveys
and analyses based on data from input material and machinery distrib. According to 234
studies published between 1988 and 2005, the use of precision farming technologies was
economically profitable in 68% of cases on average (Griffin and Lowenberg-DeBoer, 2005).

Gebbers and Adamchuk (2010) think that precision agriculture becomes a management
practice of increasing interest because it links to key drivers directly related to worldwide
issues such as sustainable agriculture and food security. Takacsné and Takacs (2022) believes
that if precision agriculture can spread faster worldwide, it can result in both individual and
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social utility coincidences that promote sustainability in a wider meaning. According to
Nassar et al. (2022), Non-Governmental Organizations (NGOs), whether international
(INGOs) or local (NGOs), are the primary engines of humanitarian assistance in almost all
national economies. Food security and these organizations are inextricably linked. The main
objective of the study of Nagy and co-authors (2017) is to identify key determinants that
influence agricultural productivity to assure food security, as well as to analyze domestic and
foreign trade in agricultural products.

Precision farming is a management approach that focuses on (near real-time)
observation, measurement, and responses to variability in crops, fields and animals. It can
help increase crop yields and animal performance, reduce costs, including labour costs, and
optimise process inputs. All of these can help increase profitability. Precision farming
contributes to the development of agricultural production and to the production of healthy
food raw materials, while respecting environmental and ecological standards. It is based on
the use of power equipment with positioning (GPS, RTK), machine-to-machine linkage and
geo-information, remote sensing, data collection, data integration and data analysis. The
technical prerequisites for precision farming are high-precision navigation and automatic
steering of machinery. The advantage of automatic steering is that, when coordinated with
other systems, they enable the machine to steer automatically. This further reduces human
error, allows greater control over the driving and reduces overlap. One of the most accurate
ways of doing this is through RTK, which enhances GPS-based tracking to give cm accuracy
in determining the position of the machine. RTK is able to determine the position so
accurately by coordinating satellite systems with the ground correction signal (Németh,
2014).

There are many ways to determine very precisely some of the parameters of agricultural
field. Today, there are numerous possibilities to map fields with high precision to obtain
detailed and site-specific information. Drones, planes and satellites use remote sensing to
identify the features of the area. It is possible to work with yield maps, GPS-assisted soil
surveys, “talking fields” maps or NDVI maps produced by nitrogen sensors. Real data such
as soil nutrient levels, soil type, pH, pest emergence, etc. can be extracted. This fine data
allows farmers to monitor changes in soil and crop conditions and react to events with
lightning speed, after thorough and properly instrumented soil sampling (Kay et al., 2013).

Precision farming in the strict sense is when you work with site-specific information and
apply materials site-specifically. Precision farming cannot be imagined without thorough
data collection and processing, so software is as much a prerequisite as a GPS signal. At the
same time, new technical and IT solutions are being developed every day. The competition
for supply means that it is increasingly challenging for users on the practical side to keep up
with technical developments and to create the conditions for their application. In Hungary,
GPS guidance systems combined with automatic steering are the most widespread. With this
solution, the tractor travels straight between two points, covering only the smallest area
necessary, which saves fuel. If the farmer wants to sow at variable rates or apply fertiliser
site-specifically, he needs information that gives a professional basis for the amount of
material to be applied. Thus, the pillars of precision farming are agrotechnology, IT
background and technical solutions.
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Materials and methods
Materials

The study is descriptive and used secondary data as the primary international source. Our
primary research method is a questionnaire survey. In September 2022, we asked 110 farmers
in Hungary what they thought about precision farming. The questionnaire contained 18
questions.

Abbreviations

GPS (Global Positioning System). A satellite-based positioning system developed and
operated by the US Department of Defense that operates independently of weather and time
of day and provides three-dimensional positioning. In everyday usage, it generally refers to
satellite positioning. The most advanced satellite system, GPS is the foundation of precision
farming. It is mainly used for automated steering and landmarking in agriculture. GPS allows
the machine to follow the same track several times with high accuracy. This minimises
human error and makes work on the ground accurate and predictable.

— 1oT (Internet of Things): A system of networked devices with unique identifiers.

— NDVI (Normalized Difference Vegetation Index): A normalized difference
vegetation index, calculated from remote sensing images, used to characterize the
state of vegetation.

— RFID (Radio Frequency IDentification): Radio Frequency Identification. A
technology used for automatic identification and data communication based on the
communication of a radio frequency transceiver unit with an RFID tag placed on the
objects or products being monitored. An RFID tag (also known as a tag) is a small
object that can be attached to or embedded in the object or product to be identified.

— RTK (Real Time Kinematics): Real time kinematic positioning with an accuracy of
+/- 2 cm using correction signals.

Results and discussion
Precision agriculture in the word
Precision agriculture is present all over the world, but at very different rates. The concept

has taken off in the United States and is now making its way into other parts of the world,
including Europe (Table 1).

Table 1
Precision agriculture on Google
Expression Match (pieces)
19.11.2018. | 25.06.2019. | 01.12.2022.
Precision Agriculture 79,500,000 94,700,000 147,000,000
Precision Agriculture Technology 16,800,000 26,300,000 55,000,000

Source: based on Jori (2019) and supplemented by own research
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According to Meister Media Worldwide (Sulecki, 2018), the US and Canada are the leaders,
with Europe in second place and South America (Brazil and Argentina) in third in the use of the
precision agriculture. China is prominent in research on drones and sensors, mainly due to the
growing governmental interest in environmental protection. The Netherlands, Israel and Ireland
are also at the forefront of technological developments.

According to Riports and Data (2020), the global precision agriculture market was valued at
USD 6.33 billion in 2020 and is expected to reach USD 17.05 billion by the year 2028. It is gaining
fabulous popularity among farmers due to the increasing need for ideal crop production with
limited available resources.

According to a report by Grand View Research (2022), the global precision farming market
size was valued at USD 6.96 billion in 2021 and is expected to expand at a compound annual
growth rate of 12.8% from 2022 to 2030. The growth of precision agriculture is attributed to the
burgeoning proliferation of the IoT along with the use of advanced analytics by farmers.
Numerous government initiatives are being undertaken in developing countries such as India, Sri
Lanka, and Nigeria to encourage the implementation of modern precision farming technologies,
thereby maximizing productivity. China and Israel signed a trade agreement in September 2017
worth USD 300 million to facilitate the export of environment-friendly Israeli technology to
China. Moreover, an effective administrative framework is also enabling farmers to gain adequate
knowledge of the proper use and maintenance of precision farming equipment.

As one of the world's largest food producers, Brazil has significant potential in the digital
agriculture market. According to Cherubin and co-authors (2022), the principles and tools of PA
started to be adopted in the late 1990s in Brazil. It can bee seen in their reserch that research in
precision agriculture has evolved substantially over the last 25 years in Brazil. Precision
technologies have been mainly adopted in the production of large area crops such as soy, maize
and cotton (Ferro and Oliveira, 2019). Automatic steering, yield mapping and differentiated
nutrient allocation are used on 33 percent of agricultural land, but in the largest cereal-growing
district, the use rate of automatic steering exceeds 60 percent. Even here, the use of drones is not
widespread (6 percent).

In a 2018 survey of Kansas Farm Management Association (KFMA) members, 84 percent
of 621 respondents said they use at least one precision technology (Griffin and Yeager, 2018).
Automatic steering is the most widely used (68 percent), nearly half of farmers (47.8 percent) use
staging, grid-based soil sampling and yield mapping is nearly 40 percent, and differential
fertilization is used by a quarter of respondents (24.6 percent). Differential seeding is the least
widespread (16.4 percent). Among U.S. corn, soybean, wheat, and cotton growers over 1,000
acres (about 405 hectares), the use of precision technologies is even higher (Thompson et al.,
2018). 837 respondents have very high rates of yield measurement (93 percent) and automatic
steering (91 per cent), followed by differential nutrient amendment (73 per cent) and precision
soil sampling (60 per cent).

Statistically, China feeds 22 percent of the world’s population with merely 7 percent of the
arable land. China apply precision agriculture technologies since 2012. The technique is
particularly important in Xinjiang, where more than 80 percent of the country's cotton is produced.
High cost, lack of perceived benefits, and skills and capability required to adopt precision
agriculture represente barriers to adoption (Kendall et al., 2017).

A questionnaire survey of farmers in western Canada (Steele, 2017) was able to assess 261
responses, representing nearly 1 million acres (approximately 405,000 hectares). 98 percent of
respondents use GPS navigation and 79 percent use automatic steering. The use of automatic
phase control is also widespread (73 percent), used mainly for spraying and to a lesser extent for
nutrient replenishment and sowing. 60 percent of respondents said that they have a GPS-equipped
combine, but only 48 percent produce a yield map. Differentiated application technology is mainly
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used for nutrient replenishment (48 percent) and seeding (24 percent). Remote sensing crop
monitoring is also quite widespread, based on satellite imagery (28 percent) or drone imagery (19
percent). 48 percent of respondents use precision farming solutions overall farm, while 37 percent
use it on only part of the farm. In Ontario, a survey of agricultural service providers was conducted
(Mitchell et al., 2018). More than 96 percent of the service providers are engaged in precision
agriculture-related activities, of which grid- or zone-based soil mapping, differential nutrient
application, and nutrient application map production are prominent (81 percent and 74 percent,
respectively). Differentiated seeding planning is carried out by 58 percent of respondents, while
differentiated crop protection applications are even less common (32 percent). More than half of
the providers offer yield mapping services and 41 percent also produce cost/benefit maps.
Nowdays Canada is one of the five major countries, along with US, China, Germany, and Israel,
in precision agriculture. In 2021, Canada’s market was valued at USD 870 million, an annual
growth of 11.5%. During 2017-21, the market grew at a compound annual growth rate of 11.8%
(GlobalData, 2022).

Europe

A 2016 European Union study shows how and in what direction the use of precision farming
can influence the direction of the European Union and its common agricultural policy (Table 2).

Precision solutions are advantageous if they can be extended over a large area, developed
continuously and easily, applied in all units of the plant, independent of the sector, easy to operate
for the machine user and applied in a sustainable and environmentally friendly way. The
application of precision farming requires an appropriate economic scale. The cost/input ratio
requires a certain minimum farm size. In Europe, smaller farms are still predominant, as 86% of
farms are smaller than 20 hectares. In contrast, the spread of precision farming technologies (due
to the turnover) is observed in farms larger than 100 ha, i.e. around 25% of farms in the European
Union use this technology (Jori, 2019).

There has been considerable research in farmers’ adoption of precision agriculture
technologies. According to a study by the Boston Consulting Group (Kurth et al., 2018), a quarter
of European farmers use precision agriculture. However, available data suggest that there are
significant differences between countries and that the technology used is often limited to vehicle
navigation.

Denmark is one of the few countries where data on the uptake of precision agriculture is
available from the Danish Statistical Office (DST, 2022). Precision technology agriculture
cultivated 76 per cent of the Danish agricultural area in 2022 compared to 73 per cent in 2021. It
is especially the large farms that have embraced the technology, as users had an average area of
179 hectares compared to 87 hectares among all farms in 2022. Farms with precision driving now
cover 2/3 of the agricultural area. The spread of precision agriculture by area is increasing for all
technologies. However, a majority of all farms, 63 per cent, still do not use precision farming.
Among farmers who do not use precision technology, 48 percent cite excessive costs as a barrier.

Barnes and co-authors (2019) investigated the prevalence of machine guidance and
differential N application in five European countries: Belgium, Germany, Greece, the Netherlands
and the UK. 44 percent of the 971 respondents did not use these technologies, 34 percent used
only vehicle navigation, while 22 percent also used differential N application. Belgium has the
lowest take-up rate, while England (34 and 26 percent) and the Netherlands (48 and 24 percent)
have the highest. In both cases, the use of technologies was significantly influenced by the age
and education of the farmer, the size of the cultivated area, the income and if the farmer used some
other precision technology (innovative attitude).
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Table 2
How does precision agriculture influence policies?
Policy issue Description Effect on
policy
objective*
Competitiveness | Farm holdings will apply PA technologies to produce +
of EU farming ‘more with less’, increasing the competitiveness of farm
holdings and agri-food chains. Large farms will benefit
the most.
Farm holding Farm size will increase because of the required =
size and number | investments in PA technologies and know how. The
number of farms will go down, which is the current
trend already.
Jobs on farms in | The number of jobs on farm holdings will decrease due -
primary to the implementation of PA technologies, especially on
production farms where still a lot of work is done by low skilled
workforces.
Skilled PA requires more farmers skilled in (ICT) and a mature +
workforces services industry.
Business PA offers many opportunities for service industry ++
developmentin | (sensor industry, ICT, loT, machine companies) and
agrifood chains | food companies (processors, logistics, retail) when the
PA market grows.
Multi-functional | Farm holdings will focus more on farming when they =/-
agriculture invest in PA technologies and know how.
Demographic PA may slow down or stop the trend of people leaving +
and rural rural areas in the EU for better life in cities because it
development creates new business opportunities and work for highly
skilled persons.
Food security Sensor based monitoring systems and Decision Support ++
Systems (DSS) will provide farmers and stakeholders
with better information and early warning on the status
of crops and animals and improve yield forecasts.
Food safety Sensor based monitoring systems and DSS plus track ++
and trace systems will provide farmers, processors and
other stakeholders with better information and early
warning on quality of food products.
Sustainable PA technologies allow the production of ‘more with ++
production less’. The use of natural resources, agrochemicals, anti-
biotics and energy will be reduced to the benefit of both
farmers and the environment, thus in turn society.
Climate change | See sustainable production and food security. Farmers +
and action and stakeholders can detect effects of climate change on
agricultural production in an earlier stage and take
action.
*++ and + are positive, = is neutral or unknown, - and -- are negative effects
Source: EPRS, 2016
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According to Paustian and Theuvsen (2017), in Germany 30% of farms have adopted
precision farming technologies.

In France, the Observatoire des Usages de L'Agriculture Numérique (Observatory of
Digital Agriculture, 2017) collects data on precision agriculture. According to the
information on the website, in 2017, nearly 1 million hectares of agricultural land were
remotely sensed, of which about 85 percent was satellite imagery and 15 percent was drone
or aircraft imagery. Thanks in large part to France's Naio Technologies, more than 100 robots
are used for weed control in arable vegetable production and more than ten in vineyards.
About 4% of French field crop farmers use computer controlled variable rate input
application, mostly for fertilizer. About 20% of farmland in France has professionally
developed soil maps. Almost 1 million ha of farmland in France was managed with remotely
sensed data in 2017. Roughly, 85% of the remote sensing is by satellite and 15% using drones
or aircraft.

Precision agriculture technology is readily available in the Ukraine. According to
Hrynevych and co-authors (2022), professionals working in the agro-sector need to gain an
understanding of how this concept works and regularly update their knowledge of innovative
technologies.

The majority of farms in Serbia are between 2 and 5 hectares, and only 16 percent of
arable land is owned by larger farms and cooperatives. A further problem is that the average
age of farmers on family farms is 59 years, which makes the adoption of precision farming
technologies slow (Tagarakis et al., 2018). At the same time, Serbia is the only non-EU
country that has access to satellite imagery from the EU's Earth observation programme
(Copernicus). The practical application and promotion of precision farming is carried out in
collaboration with the Krivaja Agricultural Society. Krivaja started precision farming on
more than 2,000 hectares three years ago and officially became the first digital farm in Serbia
in 2018.

When evaluating the uptake of precision farming in Europe, it should be noted that the
average farm size in the EU is 17 hectares, which is one tenth of the average farm size in the
US (175 hectares) and 47 times smaller than in Australia (800 hectares) (Dryancour, 2017).

Hungary

In the beginning, precision farming meant only information-based management applied
to crop production. Advances in spatial information technology and rapid analytical
techniques have laid the foundations for site-specific farming. The emergence of precision or
site-specific agriculture in its present sense began in the 1990s in the world's developed
agricultural countries (United States, England, Germany), but in Hungary it started to spread
later, through satellite positioning. In the 2000s, the tools that still form the basis of precision
farming were developed, based on the widespread use of GPS, the possibility of a high degree
of automation of agricultural machinery and the emergence of advanced geographic
information systems (GIS) (Jori, 2017).

Today, the most intensive practical implementation of precision agriculture in Hungary
is on arable land. Digital technologies are much better known and more frequently used in
crop production and horticulture than in animal husbandry and livestock breeding. According
to Halas (2017), ,,There is a very intensive growth in the number of dairy cattle farms
practicing precision farming, with many countries now using digital technologies on large-
scale farms. The first IT-enabled pig farms were established in Australia, followed by
Western Europe and North America. Alongside Australia, Europe is still leading the way in
research to develop the technology.”
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According to Hadészi (2018b), precision farming is (also) a widespread concept in
Hungarian agriculture, however, each machinery manufacturer develops precision tools for
their own brand, which are not compatible with each other. Thus, the data collected by the
machines, which are highly valuable for precision technologies, are not compatible with each
other. Hungarian farmers do not have a single brand of machinery, so this isolation poses a
problem for the spread of precision solutions. Precision technologies will only really work
well in Hungarian agriculture if these developments can be integrated into a system for
compatibility. “Farmers use only 20 percent of the extremely valuable data from machines.”
Hadaszi (2018a). It can be seen that the toolbox for precision agriculture is a mixed picture.
It is not an easy task for farmers to find the optimal solution for them, as each farm has its
own unique possibilities and conditions and there is currently no universal solution.

In 2018, the Institute for Agricultural Economics Research conducted a questionnaire
survey to assess the IT skills of Hungarian farmers and company managers who are
professionally involved in agricultural production towards the use of digital tools and
information systems on their farms. The non-representative, voluntary survey yielded 760
valuable responses. 84 percent of respondents, 640 people, indicated the field crop sector as
their field of activity (including grassland and field vegetable production). The farms
typically cover less than 200 hectares (88 percent) and the online survey has shifted the age
of respondents towards the younger age group. The presence of digital technologies and tools
on farms is very low. The highest proportion (35 percent) of arable farmers use satellite
positioning. 20 percent of the responding arable crop farmers indicated that they use a line
guide or automatic steering. Differentiated application (e.g. sowing, fertilisation) is used by
11% of respondents, with even lower use of remote monitoring systems, crop sensors in the
crop and yield mapping. The study of the Research Institute of Agricultural Economics
provides an overview of the trends observed in the digitalisation of agriculture, and the
domestic situation of precision arable crop production in Hungary. During the survey, they
investigated how different information sources are used by farmers to obtain knowledge
about PA; sought farmers’ opinions on the barriers and drivers to the diffusion of these
technologies; recorded their judgement on the contribution of PA to sustainability; and
collected their experiences (if any) following the adoption of these technologies. Based on
their questionnaire surveys, it is unfavourable that some farmers (1-5 per cent, depending on
the technology examined) have tools suitable for PA but do not use them, and approximately
70 per cent of the non-adopters do not plan to use any of the examined tools and technologies.
The planned digital investments are of low value (typically below HUF 500,000, which is
enough to buy at most sensors or accessories), but it depends on the farm size. Respondents
aged between 31 and 40 years have better digital competences and the greatest willingness
to invest. In 2018, 54 of the 615 respondents claimed to be involved in PA to some extent
(Gaal and Tllés, 2020).

We also made a primary research of farmers in Hungary in 2022 what they think about
the role of precision technology. The respondents farm are from all Hungarian counties. The
52.3% of respondents have a degree, only one farmer has a primary school education.

93 of the 110 respondents are exclusively involved in crop production. 75% of farms has
between 1 and 10 employees. 33 farms are between 100 and 499 hectares and 15 farms are
more than 1,000 hectares in size. 58 percent of farmers use precision support system. 81
percent of respondents consider that precision agriculture is important. Nearly 70 percent of
respondents think that precision technology systems are too expensive. 31 percent of farmers
said that they would like to have more knowledge about precision technologies, mainly
concerning productivity (yield and quality, etc.), plantation condition (plant growth status,
soil analysis) and the distribution of inputs (irrigation water, organic fertilisers, and
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fertilisers). 52 percent of the farmers think that policy makers in the industry (financial
support, legal environment) should take action to make precision farming more accepted in
practice. More than half of the respondents think it would also be important task to deal with
it more intensively in higher education.

Overall, precision farming is becoming increasingly popular in practice. With the
possibilities offered by the system, work can be done more accurately and at the right time,
saving pesticides, fertilisers, other inputs and fuel, making farming more profitable and
protecting the environment. The weaknesses of precision farming are that it is unfortunately
very expensive and time-consuming to set up a complete system and that it requires the right
skills to use the tools. A further weakness is that once a precision system is purchased, the
buyer does not receive the necessary training to put it into operation after the purchase.
Another disadvantage is that not all machines, systems and applications are available in
Hungarian. This can cause difficulties for everyday users in agriculture.

The system risk is that it could cause problems with incorrect data management. A
potential risk is a satellite or internet connection failure, for example, when a workflow with
automatic steering fails. Such problems are most likely to occur in border areas or in places
where you have to work in the cover of tall trees or a mountainside.

The future

In the coming decades, technology will develop a lot further and many new tools will
help farmers to farm. The more tools we use connected as part of a system, the more
efficiently we can work the land. A digital networked system will result in higher yield
averages and better quality crops, as well as less inputs to the land, less greenhouse gas
emissions to the atmosphere and a more environmentally friendly farming system than today.
This is also crucial because the amount of arable land is steadily decreasing due to
urbanisation and the growth of industry, and we are building on land where production used
to take place. Some estimates suggest that by the turn of the century the world's population
could reach ten billion and agriculture will have to support it. The logical solution to the loss
of land and population growth is to maximise production capacity, which can only be
achieved by using a complete digital network. Soon, robots and unmanned heavy machinery
will begin to proliferate and replace human resources in a given position to do the most
precise work possible with the help of sensors and IT systems (Tamas, 2017).

Robotics technology and artificial intelligence, which have been applied in some
countries in the world, will be the future direction of precision agriculture development, but
they need to be adapted to fit local conditions in different areas. As precision farming grows,
so do threats, including cyber threats, which are on the rise as hackers are able to exploit this
technology.

According to Grispos and Doctor (2022) cyber attacks against agricultural targets are not
some distant threat; they are already happening. In 2021, for example, a ransomware attack
shut down one-fifth of US beef processing plants. Similarly, an lowa grain storage
cooperative was targeted by a group who claimed to have stolen data from the cooperative.
While previous attacks have targeted larger corporations and cooperatives, individual farms
may also be at risk. The incorporation of IT technologies into farm equipment, from GPS-
guided tractors to artificial intelligence, potentially increases the ability of hackers to attack
this equipment. Moreover, while farmers may not be ideal targets for ransomware attacks,
farms can be tempting targets for hackers with other motives, such as terrorists. For example,
an attacker could exploit vulnerabilities in fertiliser application technologies, which could
result in a farmer unwittingly applying too much or too little nitrogen fertiliser to a particular
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crop. The farmer could then either end up with a smaller crop than expected or with over-
fertilised land, leading to waste and long-term environmental consequences. Worst-case
scenario could be a malicious actor taking full control of large machinery, particularly if it is
carrying dangerous chemicals, in a highly populated area or along a busy road.

Conclusions

Precision farming is generally an information and technology-based farming system that
identifies, analyses and manages spatial and temporal variability in fields for optimal
productivity, profitability, sustainability and safety while rationalising production costs. The
growing environmental awareness of the population requires changes in agricultural
management practices to sustainably preserve the quality of natural resources (water, air,
soil) while maintaining farm profitability. The practical areas of precision farming are not
only crop, livestock and viticulture, but can also be applied to other sectors, such as
horticulture, forestry, fish farming, biotechnology, etc.

In our opinion, precision farming is needed in Hungary to increase the output of
agriculture in a meaningful way. Today, as a result of progress, various digital tools and the
software that facilitates their use are available to almost all users in Hungary.

Precision agriculture typically involves the use of state-of-the-art machinery, and
therefore the use and maintenance of the associated machinery and equipment requires
appropriate expertise. The introduction of precision practices is an investment-intensive
process, which is why their uptake by small and medium-sized farms is currently limited.
Precision farming is a practical expression of digital farming, but it also raises the issue of
farmers' inability to use agricultural information technology properly. Like all new
technologies, the introduction of precision farming requires new skills from farmers.

In fact, precision agriculture can offer solutions to mitigate the adverse effects of climate
change, to feed a growing population (food quality and crop safety), to protect the
environment and to promote sustainability. Precision technologies can make a major
contribution to sustainable food production, as efficient production also means a reduction in
the emissions and ecological footprint of livestock production. At the same time, however,
we must not overlook the need to look at the economical and economic context, in addition
to creating new technical and technological development solutions.

The development of integrated systems, linking existing systems, is a key element for
the future of agriculture. In our experiences, much progress has been made in the
development of precision farming over the last decade, and precision farming has become
accessible and good practice, but its full potential has not yet been exploited. In our opinion,
Hungary is not lagging behind the world in the application of precision technologies, but a
change of attitude is needed for all actors to spread them. To sum up, precision farming is
becoming more popular and farmers are opening up to the opportunities offered by
digitalisation, but the coutries must pay more attention to the new risks. These threats also
pose a risk to the food supply.

References

Barnes A.P., Soto I., Eory V., Beck B., Balafoutis A., Sanchez B., Vangeyted J., Fountas A.,
van der Wal T., Gomez-Barbero M. (2019), Exploring the adoption of precision

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 469



—— Economics and Management ——

agricultural technologies: A cross regional s,tudy of EU farmers, Land Use Policy, 80,
pp. 163-174, DOI:10.1016/j.landusepol.2018.10.004

Cherubin M.R., Damian J.M., Tavares T.R., Trevisan R.G., Colago A.F., Eitelwein M.T.,
Martello M., Inamasu R.Y., Pias O.H.C., Molin J.P. (2022), Precision aiculture in
Brazil: The trajectory of 25 years of scientific research, Agriculture, 1882, DOI:
10.3390/agriculture12111882

Hrynevych O., Canto M.B., Garcia M.J. (2022), Tendencies of precision agriculture in
Ukraine: Disruptive smart farming tools as cooperation drivers, Agriculture, 12(5),
698, DOI:10.3390/agriculture12050698

Dryancour G. (2017): Smart agriculture for all farms. What needs to be done to help small
farms access precision agriculture? How can the next CAP help?, CEMA European
Agricultural Machinery Industry Association, Brussels.

DST (2022), Increase in area of precision farming, Avialable at:
https://www.dst.dk/da/Statistik/nyheder-analyser-publ/nyt/NytHtmI?cid=42525

EPRS (2016), Precision agriculture and the future of farming in Europe. Scientific Foresight
Study, IP/G/STOA/FWC/2013-1/Lot 7/SC5, December 2016, Avialable at:
http://www.europarl.europa.eu/RegData/etudes/STUD/2016/581892/EPRS_STU(20
16)581892_EN.pdf

European Parliament (2014), Directorate-general for internal policies, In: Zarco-Tejada P. J.,
Hubbard N., Loudjani P.: Precision agriculture: an opportunity for eu farmers -
potential support with the cap 2014-2020, European Parliament, Avialable at:
https://www.europarl.europa.eu/RegData/etudes/note/join/2014/529049/IPOL -
AGRI_NT(2014)529049 EN.pdf

European Parliament (2016), Directorate-general for parliamentary research services, In:
Daheim C., Poppe K., Schrijver R.: Precision agriculture and the future of farming in
Europe: scientific foresight study, European Parliament, DOI: 10.2861/020809

Ferro A., Oliveira, E. (2019), Digital farming: Potential market and adoption in Brazil.
Céleres. Uberlandia - Minas Geraise, Avialable at:
https://www.gatewaytosouthamerica-newsblog.com/digital-farming-potential-
market-and-adoption-in-brazil/

Furlan A. (2019), Information on the EU survey on Precision Farming Technologies, 14th
Meeting of the permanent Subgroup on Innovation for agricultural productivity and
sustainability, 14 June 2019, Belgium, Avialable at:
https://ec.europa.eu/eip/agriculture/sites/agri-eip/files/
field_event_attachments/20190614 sgil4 andrea_furlan_eu_survey pat.pdf

Gal T., Nagy L., David L., Vasa L., Balogh P. (2013), Technology planning system as a
decision support tool for dairy farms in Hungary, Acta Polytechnica Hungarica,
10(8), pp. 231-244.

Gaal M., Illés 1. (2020, IK Research Institute of Agricultural Economics (in Hungarian).

Gebbers R., Adamchuk V. (2010), Precision agriculture and food security, Science, pp. 828—
831, DOI:10.1126/science.1183899

GlobalData (2022), Market value of precision agriculture in Canada, Avialable at:
https://www.globaldata.com/data-insights/agriculture-amp-forestry/market-value-of-
precision-agriculture-in-canada-2017-2021/

Grand View Research (2022), Precision farming market size, share & trends analysis report
by offering (hardware, software, services), by application (yield monitoring, weather
tracking, field mapping, crop scouting), by region, and segment forecasts, 2022—2030.
Report ID: GVR-1-68038-376-8, Avialable at:

https://www.grandviewresearch.com/industry-analysis/precision-farming-market

470 —— Ukrainian Food Journal. 2022. Volume 11. Issue 3



—— Economics and Management ——

Griffin T.W., Lowenberg-DeBoer J. (2005), Worldwide adoption and profitability of
precision agriculture, Revista de Politica Agricola, 14(4), pp. 20-37.

Griffin T. W., Yeager E. A. (2018), Adoption of precision agriculture technology: A duration
analysis, Proceedings of the 14th International Conference on Precision Agriculture,
International Society of Precision Agriculture, Avialable at:
https://www.researchgate.net/publication/334306511_How_quickly _do_farmers_ad
opt_technology A _duration_analysis

Grispos G., Doctor A.C. (2022), Rise of precision agriculture exposes food system to new
threats, Awvialable at: https:/theconversation.com/rise-of-precision-agriculture-
exposes-food-system-to-new-threats-187589

Hadaszi L. (2018a), Agirultural digitalisation will not work without integration and
standardisation, Avialable at:
https://www.agronaplo.hu/termekinformaciok/integracio-szabvanyositas-nelkul-az-
agrardigitalizacio-sem-megy.

Hadaszi L. (2018b), No breakthrough without compatibility of precision techologies,
Avialable at: https://www.magro.hu/agrarhirek/a-precizios-eszkozok-
kompatibilitasa-nelkul-elmarad-az-attores/ (in Hungarian)

Halas V. (2017), Precision technologies in animal production - more predictable, more
efficient production, Agroinform, Avialable at:
https://www.agroinform.hu/allattenyesztes/precizios-technologiak-az-
allattenyesztesben-kiszamithatobb-hatekonyabb-termeles-31682-001

Husti 1. (2018), Thoughts and opinions on precision farming, Mezdgazdasdagi Technika, 7,
pp. 2-6.

ISPA (2019): ISPA forms official definition of ‘Precision Agriculture’, Avialable at:
https://www.precisionag.com/market-watch/ispa-forms-official-definition-of-
precision-agriculture

Jori J.1. (2017), The future of agriculture - Smart agricultural machinery, Part 1, Agroférum.
pp. 68-74, Avialable at: https://agroforum.hu/lapszam-cikk/a-jovo-mezogazdasaga-
intelligens-mezogazdasagi-gepek-1/ (in Hungarian)

Jori JI. (2019), Mechanisation issues in precision farming, Auvialable at:
https://mgi.naik.hu/system/files/uploads/2019-
01/dr_jori_j_istvan_a_precizios_gazdalkodas_gepesitesi_kerdesei.pdf

Kay R.D., Edwards W.M., Duffy P.A. (2013), Modern farm management, Szaktudas Kiadé
Haz.

Kendall H., Naughton P., Clark B., Taylor J., Li Z., Zhao C., Yang G., Chen J., Frewer L. J.
(2017), Precision agriculture in China: Exploring awareness, understanding, attitudes
and perceptions of agricultural experts and end-users in China, Advances in Animal
Biosciences, DOI: 10.1017/S2040470017001066

Kireyeva A. A., Kredina A., Vasa L., Satpayeva Z. T. (2021), Impact of financial
technologies on economic development: Theories, methods and analysis, Journal of
International Studies 14(4), pp. 286-303.

Kurth T., Rubel H., Walker D., Meyer zum Felde A., Jerratsch J. F., Zielcke, S. (2018), It’s
time to plant the seeds of sustainable growth in agriculture, Boston Consulting Group,
Auvialable at: https://www.bcg.com/publications/2018/time-plant-seeds-sustainable-
growth-agriculture

Magnin C. (2016), Advanced analytics opens vast untapped potential for farmers, investors,
and emerging economies to reduce the cost of goods sold, Avialable at:
https://mww.mckinsey.com/capabilities/mckinsey-digital/our-insights/how-big-data-
will-revolutionize-the-global-food-chain

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 471



—— Economics and Management ——

Marquardt D. (2018), Data collection on precision farming, Background notes, EEA,
Denmark, Avialable at: https://www.eea.europa.eu/themes/agriculture/background-
note-data-collection-on

Mitchell S., Weersink A., Erickson, B. (2018), Adoption of precision agriculture
technologies in Ontario crop production, Canadian Journal of Plant Science, 98(6):
pp. 1384-1388, DOI: 10.1139/cjps-2017-0342

Mishchuk H., Yurchyk H., Bilan Y. (2018), Shadow incomes and real inequality within the
framework of leadership and social change, In: Leadership for the Future Sustainable
Development of Business and Education (pp. 89-101), Springer, Cham, DOI:
10.1007/978-3-319-74216-8_10

Nagy H., Kéaposzta J., Neszmélyi G.I., Obozuwa O.G. (2017), Effects of international trade
agreements on the economy and society of Africa: Special focus on Nigeria, In:
Establishing Food Security and Alternatives to International Trade in Emerging
Economies, pp. 196-219.

Nassar S., Naarné Téth Zs., Vasa L. (2022), The impact of leadership skills on food security
intervention: a comparative study between males and females, Journal of Asian
Finance, Economics and Business, 9(9), pp. 0131-0141, DOI:
10.13106/jafeb.2022.v0l9.n09.0131

Németh T. (2014), Precision crop production, Part |, Avialable at:
https://www.agronaplo.hu/szakfolyoirat/2013/03/szantofold/precizios-
novenytermesztes-i-resz

Observatory of Digital Agriculture (2017), Avialable at: http://agrotic.org/observatoire

Paustian M., Theuvsen L. (2017). Adoption of precision agriculture technologies by German
crop farmers, Precision Agriculture, 18(5), DOI: 10.1007/s11119-016-9482-5

Piwowar A. (2020). Challenges associated with environmental protection in rural areas of
Poland: Empirical studies’ results, Economics and Sociology, 13(1), pp. 217-229,
DOI:10.14254/2071-789X.2020/13-1/14

Przekota G., Szczepanska-Przekota A., Mentel G., Mentel U., Snieska V. (2020), Causality
of the relationship between wheat prices and economic conditions - an evidence for
sustainable development, Journal of International Studies, 13(3), pp. 161-179,
DOI:10.14254/2071-8330.2020/13-3/11.

Remeikiene R., Gaspareniene L., Fedajev A., Vebraite V. (2021), The role of ICT
development in boosting economic growth in transition economies, Journal of
International Studies, 14(4), pp. 9-22, DOI:10.14254/2071-8330.2022/14-4/1

Roshchyk 1., Oliinyk O., Mishchuk H., Bilan Y. (2022), IT Products, E-Commerce, and
Growth: Analysis of Links in Emerging Market, Transformations in Business &
Economics, 21(1), pp. 209-227.

Steele D. (2017), Analysis of precision agriculture adoption & barriers in western Canada:
producer survey. Report prepared for Agriculture and Agri-Food Canada (AAFC),
April 2017, Avialable at: https://static.agcanada.com/wp-
content/uploads/sites/3/2017/05/Final-Report-Analysis-of-Precision-Agriculture-
Adoption-and-Barriers-in-western-Canada-April-2017.pdf

Sulecki J.C. (2018), 2019 outlook for global precision agriculture, Meister Media Wordwide,
Avialable at: https://www.meistermedia.com/wp-content/uploads/2018/12/2019-
Outlook-for-Global-Precision-Agriculture.pdf

Riports and Data (2020), Precision Farming/Agriculture Market Analysis, Report ID:
RND_001291, Avialable at: https://www.reportsanddata.com/report-detail/precision-
farming-agriculture-market

472 —— Ukrainian Food Journal. 2022. Volume 11. Issue 3



—— Economics and Management ——

Tagarakis A.C., van Evert F., Kempenaar C., Ljubicic N., Milic D., Crnojevic-Bengin V.,
Crnojevic V. (2018), Opportunities for precision agriculture in Serbia, Proceedings of
the 14th International Conference on Precision Agriculture, Canada.

Takacsné Gy.K., Takacs I. (2022), Towards climate smart agriculture: How does innovation
meet sustainability?, Ecocycles, 8(1), pp. 61-72, DOI: 10.19040/ecocycles.v8i1.220

Tamas J. (2017), The drought, Magyar Tudomdny, 178(10), pp. 1228-1237,
DOI:10.1556/2065.178.2017.10.6

Thompson N.M., Bir C., Widmar D.A., Mintert J.R. (2018), Farmers perceptions of precision
agriculture technology benefits, Journal of Agricultural and Applied Economics,
51(1), pp. 142-163, DOI:10.1017/aae.2018.27

Vasa L., Trendov N. (2020), Farmers’ experience in adoption and usage of ICT solutions for
agriculture in the Republic of Macedonia, APSTRACT - Applied Studies in
Agribusiness and Commerce, 14(3-4), pp. 1-15.

Vasylieva, N., James, H. (2021). The effect of urbanization on food security and agricultural
sustainability. Economics and Sociology, 14(1), pp. 76-88, DOI: 10.14254/2071-
789X.2021/14-1/5

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 473



—— Abstracts ——

AHoTauii
Xapuosi TexHonorii

Bruiue HaTypanbHUX CTPYKTYPYHOUYHX IHIPedi€HTIB HA CTPYKTYPHO-MeXaHiyHi Ta
(pizuko-ximivHi BIacTHBOCTI cymimieii Mopo3uBa

Bikropis Caniral, [anuna Ioninyk?, Mapra TomunHchka-Mieko?, Ctanicnas Mieko?,
Konpan Teprnunoscbknuii 3, Canbasop Ilepec-Yeprac
1 — Hauionanvnuii ynisepcumem xapuosux mexuonoeit, Kuis, Yxpaina
2 - Vuigepcumem npupoonuuux nayk y Jhooaini, Jlroonin, Honvwa
3 - Vuisepcumem Mapii Kiopi-Crknodoscwroi, JTroonin, Honvwa
4 — Vuisepcumem I panaou, I panada, Icnanis

Beryn. Meroro  gocnmijpkeHHS €  BUBYEHHS  (DYHKIIIOHAJIBHO-TEXHOJIOTTUHHX
BJIACTHBOCTEH HATypallbHUX IHIPENIEHTIB Yy CKIaJi HH3bKOKAJOPIHHOrO MOpO3MBa SIK
NOTEHIIMHUX CTa011i3aTOPIB CTPYKTYPH 1 3aMiHHHKIB XKHPY.

Marepianu i meromu. JlocmipkeHo cymimi Mopo3uBa 3 [B-INIOKaHaMu 3 BiBca i
JOPDKIDKIB, 3 (epMEHTOBaHMM 1 He(h)epMEHTOBAaHMM IEKTHHOBMICHUM Iiope 3 Oypsika.
B’s3kicTh cyMilllell BUMIpIOBAIM Ha YiIbTpa3ByKoBoMy Bickoszumerpi Unipan Ttumy 505,
B’SI3KO-TIPY)XKHI BiacTuBocTi — Ha mpwiami Kinexus lab+, moBepxHeBuit Hatar — Ha
tensziomerpi KSV Sigma 700, aktiBHicTh Boau — Ha npwiagi AWMD-10.

Pesyabratn i o0roBopeHHsi. 3a pe3yJbTaTaMd MPOBEICHOIO JIOCHIPKEHHS
BCTAaHOBJICHO, IO [3-TJIFOKAaH BIBCSHHUIN BUSBIISE OUIBLIY TEXHOJOTTYHY aKTHBHICTh Y CKIIaJi
cyMminieil MOpo3uBa 3 HU3bKUM BMiCTOM JKHPY (2%), TOPIBHAHO 3 B-TIIOKAaHOM JIP1KIPKOBHM,
y TOMY YHCIi IIPU CHONYYEHHI 3 PO3YMHHUM HEKTHHOM OBOUYeBOro mope. PepmenroBane
mope 3 Oypsika, gke MiCTUTh He MeHIe 1,0% pO3YMHHOrO MEKTHUHY, YAHUTH HAHOUIbIIMH
BIUIMB Ha CTPYKTYPHO-MEXaHIuHI XapaKTepUCTHKU CyMillleil HU3bKOXHPHOTO MOPO3UBA Y
BCIX MOro KOMOIHAIISX 3 IHIIMMH CTPYKTYPYIOUMMH iHrpenieHTamu. Cymiin Mopo3uBa 3
BIBCSHMM [-TJIIOKAHOM 1 OBOYEBUM IIOPE HA HIKYMX YacTOTaX BHMIPIOBAHHS B'S3KO-
NPYXHHUX BIACTHBOCTEN BUABJIAIOTD IIPYXKHICTB, alle Micis IePEBUILIECHHS IEBHOTO 3HAYCHH
YaCTOTU CTPYKTYpa PYHHYETHCS 1 CYMIIlll BUSBJISIFOT OLIbIIY B’SI3KICTh, HIXK €TACTUYHICTb,
0 JIa€ 3MOr'y OUTBIIl IHTEHCHMBHO HACHYYBATH CyMIIIi MOBITPSIM IijJ 4ac (pu3epyBaHHS.
BusiBiieHO KOpEIsIif0 MiXK B'SI3KICTIO, aKTHBHICTIO BOJIM 1 TIOBEPXHEBUM HATATOM CyMillIel
HU3BKO)KUPHOI'O MOpPO3UBA, IO MOSCHIOETHCS MIDKMOJEKYISIPHOIO B3a€EMOJIEI0  MIiX
MaKpOMOJIEKYTAMH TiPOKOJIOINIB Ta aKTHBHHUM 3B'SI3yBaHHSM BUTRHOI BOAU KOMILIEKCOM
HU3bKOMOJIEKYJIADHUX 1 BHCOKOMOJICKYJISIDHHX CIIONYK. AJBTEpHATHBHOK 3aMiHOIO
crabimizaniiinoi cucremu Vianoks C45 (MOHO- 1 JAWTTINEPUAM KHUPHUX KHUCIOT +
nomicaxapuan) y kinekocti 0,5% y ckiazi MOpo3uBa 3 HU3BKUM BMICTOM JKHPY € KOMITIIEKC
HATypaJbHUX IHTPEMi€HTIB — B-TJIIOKaH BiBca i ()epMEHTOBaHE MIOpe OypsKa Y KITBKOCTSIX
0,51 15%, BiamoBiagHoO.

BucHoBku. B-rirokaH 3 BiBca i (pepMEHTOBaHE OBOUEBE MIOPE BUSBIISIOTH CHHEPIi3M
MK MakKpOMOJEKYJIaMd [-TJIFOKaHiB 1 TMEKTHHY OBOYIB 3 YTBOPEHHSIM KOMIUIEKCHUX
TPUMIPHUX CTPYKTYp y CKJIaJi CyMIIIeli MOpO3WBa 3 HU3BKUM BMICTOM KUY, SIKi 3HAYHO
MOKPAIIYIOTh B'S3KO-TIPY)KHI XapaKTEePHCTUKH, NMOBEPXHEBUII HATAT Ta aKTHBHICTH BOIH
OTPHMAaHUX CyMillel MOPO3UBa.

KarouoBi caoBa: moposugo, [-enokan, nekmuH, 6'sa3Kicmv, axmueuicmv 600U,
nogepxHesutll Hamse.
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Pecypco- Ta eneproséepirarodi cnocodu cymicHoI mepepodky nodiYHUX NPOAYKTIB i
HANIBNPOAYKTIB y CIMPTOBOMY BUPOOHUIITBI

IOpiit Bymniii, Anatomniit Ky, Arapiit @opcrokx
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Meroto cratti Oynmo  gociiypkeHHS W OOIpyHTYBaHHS €(QEKTUBHOCTI
eHepro3z0epirarounx Croco0iB CyMiCHOI TepepoOKM CIUPTOBMICHHX (pakiii y KOJOHI
IUKJTIYHOI i1, MiABUIICHHS CTYIICHS OYMCTKH CIIUPTY BiJI JICTKHUX TOMIIIOK.

Martepianu i meToan. JlociiUkeHHST IPOBO/IMIIM B THITOBiM PO3TiHHIM KOJIOHI 1 KOJIOHI
LUKJIYHOI 1. BUTpaTtu pigvHU KOHTPONIOBANM 32 JOMOMOTOI0 BUTPATOMIpPIiB MOCTIHHOIO
nepenajay TUCKY, KOHIIEHTPAIil0 E€TWJIOBOTO CHHMPTY 1 JIETKUX JOMIIIOK BH3HAYaJIH
apeoOMETPUYHUM i XpoMaTorpadiuHuM METOIaMH, CTYIIHb BIJIY4€HHS JJOMIIIOK 1 KpaTHICTh
X KOHIIEHTPYBAHHS — PO3PaXYHKOBUM METOJIOM.

Pe3yabraTn i odroBopennsi. BukopucTaHHs 3amponoOHOBaHMX aBTOpPaMH CHOCOOIB
3a0e3medye CyMIiCHY TMepepoOKy MOOIUYHMX MPOAYKTIB 1 HAMIBIPOIYKTIB CIHPTOBOTO
BUPOOHMITBA (TOJOBHOI Ta CHBYIIHMX (pakiiiil) B pO3TiHHIA KOJOHI IMKIIYHOI ii,
OCHAIIeHIH JTYCKOMOAIOHUMH TapikaMH i3 3MIHHHUM BUIBHUM TeEpepi3oM, 3aBISIKH SIKii
MOKHa OTPHMATH BHCOKOSKICHUI peKTH(IKOBaHUI CUpPT, 30UIBIMINTH HOro BHXiJ Ha 3,8—
4,0% 3 ofiHIET TOHHU YMOBHOTO KpoxMaito, abo Ha 10,8 % MopiBHSHO 3 BiIOMUM CIIOCOOOM,
1 3MEHIIUTH nmUuToMy BuTpary mnapu Ha 40 % (Bim 20 no 12 kr/man 0e3BOJHOTO CIUPTY,
BBEJ/ICHOTO Ha TapijKy »KUBJeHHS). [100BKeHHs yacy KOHTAKTy HapH i PiJIMHU Ha Tapijikax
KOJIOHU 110 40 ¢ 1ae 3MOTy IIIIKOM BUIAJISTH eCTepH, Ha 25% 301IbIIUTH CTYIHb BUTY4CHHS
aJIBJETINIB, a BUIIMX CHHMPTIB CHBYIIHOIO Macia i MeraHoiny — Ha 40%. 3amporoHoBaHi
TeXHIUHI pilieHHs i oOpaHi TEXHOJOTIYHI PEeXHMHU HAJal0Th MOXKIIHMBICTH iJBHIHUTH
e(eKTUBHICTh PO3AITEHHS CIUPTOBMICHOI CyMiml B JAeKaHTaTopi, Ha 26% 30UIbLIMTH
KpaTHICTh KOHIIGHTPYBAHHS aJIbJICTi/IIB Ta €CTEPiB, BUILIUX CIIUPTIB CUBYIIHOIO Macia — Ha
40%, metaHoTy — Ha 37 %, 3MEHILUTH BTPATH €THIOBOIO CIIUPTY 3 KOHLIIEHTPATOM JJOMILIOK,
KUIBKICTh CIIUPTOBMICHUX BIAXOMIB, METAJIOEMHICTh TEXHOJIOTIYHOrO OOJagHaHHS 1
co0iBapTICTh PEKTU(IKOBAHOTO CIUPTY.

BucHoBKH. 3anponoHOBaHI cOCOOH JalOTh 3MOI'Y MAaKCHMAaJIbHO OYHILATH €THIIOBHH
COHMPT BiJ TOJOBHUX 1 NPOMDKHUX JIOMIIIOK Y KOJOHI LHUKIIYHOI Jii, OTpUMAaTH
BUCOKOSIKICHHH CIIMPT, 3MEHIIUTH €HePrOBUTPATH Ta BTPATH CHHPTY 3 BiIXOAAMH.

Karwuosi ciioBa: cnupm, pexmuixayis, mapinku, KOioHd, OOMIWKU.

ExoJioriunuii nakyBaJsHHil MaTepian s XJ1i000y104HUX | KOHANTEPCHKUX
BHPOOIB HAa OCHOBi HOBOI Moaupikanii neKTHHY

Okxkcana llynsra, Cepriit ['pubxos, Cepriit Lllynsra
Hayionanenuii ynisepcumem xapuogux mexuonozit, M. Kuis, Yxpaina

Beryn. OmHuM 13 TPUPOAHWX TMONIMEpPiB, SKHHA JOMUTFHO BUKOPHCTOBYBAaTH Y
BHUPOOHUIITBI OiomerpanabenpbHNX TUTIBOK, € TIEKTHH, MOAX(IKAIAHIN MOTEeHIiaN IKOTO Ha
CHOT'OIHI HE BUYEPIIAHO 3 METOIO 3MiHHU HOTO BIaCTUBOCTE.

Marepianu i meroau. Ilextun, monisininoBuii cmpt (IIBC, E 1203), rminepun (E
422), oneinoBa kuciora. IlaponpoHWKHICTL MIiBKK Bm3Hadaau 3a BS EN 12086:1997,
¢iznko-mMexaHiyHi BiacTuBocTi (MinmHicTs, MIla; monoBxkeHHA, %) IUIIBOK — Ha
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yHiBepcasbHii BunpodyBanbHili MammHi TIRAtest-2151. [Y-ciekTpockormiro mpoBOIMIN Ha
npuctpoi Gpipmu Nexus-475 Nicolet.

Pesyabratn i o0roBopennsi. EdektuBHiCTE mpoBeneHoi Momudikamii MEeKTHHY
MATBEpKEeHa 32 ToNoMOororo [Y-criekTpockorii Ta elneMeHTHOro aHalizy. Tak, yTBOpeHHs
aMily IEKTMHY MOHa oLliHuTH 32 cMyroro v(C-N) mpu 1333 cmt. Ha Bigminy Big mpoaykTy
peakuii 3 aMOHIaKoM, 3 KapOamiJIoM YTBOPEHHS COJILOBUX TPYI YITKO HE IPOCTEXKYETHCH.
3HUKHEHHS CMYTH e OpMAaLiHHIX HOKMYHMX KonuBanb NHo-rpymu npu 1592 cm, a akox
3cyB cMyru BaeHTHHX KoiuBaHb C=0O Ta C-N kapbaminzy Moke CBIIYMTH MPO YTBOPEHHS
KOBQJICHTHOT'O 3B 3Ky MIXK KapOamiZoM i mekTuHOM. J[aHi eeMEeHTHOro aHaji3y CBiI4aTh,
mo erepudikamis IEKTUHY aMoOHiakoM, sK 1 kapOamimoMm, BimOynacs. Pesynbratn
JOCIipKeHHs (i3UKO-MeXaHIYHMX 1 0ap’€pHHUX BIIACTUBOCTEH IOKA3YIOTh, HIO MIIHICTH
utiBkH 301b0IyeThest 3 20,0 10 32,4 MIla 3a ymoBH 30ibIIEHHST BMiCTY MOAH(DIKOBaHOTI'O
MIEKTHHY aMOHIaKoM y ckiaji TiiBku 3 0,5 1o 4,5%. [Toka3HUK MOAOBKEHHS ILTIBKH 3pOCTaE
3a yMOBH 30inblIeHHS MOAM(IKOBAHOTO MEKTUHY B CKJIAJAl IUTIBKHM, a HMapONpPOHHKHICTh
3MEHIIYETHCS 31 30UIBLICHHSM BMICTY MOIM(]IKOBAHOTO MEKTUHY Y CKIajii ILTBKH 3 6,1
mr/(m-rox-klla) no 4,3 mr/(mrox-klla). [lektnH, MmoaudikoBanuit kapOamigoM, 3aiHCHIOE
AQHAJIOTIYHUI BIUITMB HA BJIACTHBOCTI IUTIBKM, SK 1 MEKTHH, MOAM(IKOBaHUH aMOHIaKOM.
[Tpore yrBOpeHa muTiBKa OLIBII Mil[HA, 1110 ITOSICHIOETHCS] YTBOPEHHSIM BOJHEBHX 3B’ SI3KIB MK
BIJIBHOIO aMiHOTPYHOI0 kKapbaminy Ta OH-rpynaMu nosiranakToypoHOBOI KUCIOTH.

BucHoBku. 3a nqonomororo [Y-crekrpockorii Ta eTeMeHTHOTO aHaNi3y i ATBEPHKEHO
npoBe/ieHy MOIM(iKallilo NEKTUHY aMOHIaKoM 1 KapOamiIoM.

Karwuosi ciioBa: biodecpadabenvruil, nekmum, naieka, NOKpUmmsi, naponpoHUKHICMb.

AHTHOKCHIAHTHI BJIACTUBOCTI BOAHO-CIIMPTOBUX HACTOIB YaiiHO-TPaB’THUX
KOMIIO3UIIiif HA OCHOBi rOCTPOJINCTA NaparBaiicbKoro

Onexkcanap Ilepuenxo?, Oner Kyspmin!, Oxcana MenbHuk,
Bononumup Xape6a?, Haranis ®ponoal, Bonogumup Ionsosuk!
1 — HayionaneHuii ynieepcumem xapuosux mexronozitl, Kuis, Ykpaina
2 — Hayionanvna akademis azpapuux nayx Yxpainu, Kuis, Yxpaina

Betyn. Mera fnocinikeHHS — BUSHAUUTH aHTHOKCHUIAHTHY 31aTHICTh BOIHO-CITUPTOBHX
HACTOIB YalHO-TPaB’SIHUX KOMITO3MINA Ha OCHOBI rocrpomucta maparBaiicekoro (llex
paraguariensis) Ta OI[iHUTH iX MEPCIEKTUBHICTH ISl CTBOPSHHS AJIKOTOJIbHUX HATIOIB.

Marepianu i metonu. Pocimuna cuposuna: llex paraguariensis; Camellia sinensis
(pepmenToBaHMii 4yaili; 4YACTKOBO (hepMEHTOBaHMI uyaif; HeepMEeHTOBaHUWIA 4ail);
KOHTPOJIBHUM 3pa30K — BOAHO-CIMpToBa cyMim MinHicTio 40% 00. AHTHOKCHIAHTHY
30aTHICTh BOXHO-CIIUPTOBHX HACTO{B Yal{HO-TpaB’ THMX KOMIO3HLII BU3HAYAIIH 32 METOIOM
pemokcmetpii Ta pH-mMeTpii; CeHCOpHI MOKAa3HUKH — 3 BHKOPHUCTAHHSAM METOHY OallbHOI
OLIIHKH.

PesynbraT i 00roBopeHHsi. Bu3HaueHO BENMUMHY AaHTHOKCHIAHTHOI 3IAaTHOCTI
BOJIHO-CITAPTOBHMX HACTOIB YaWHO-TPaB’sIHUX KOMITO3WINNA: aKTHBHA KUCIOTHICTD (pH) —
5,51-6,20 on. pH; oxucuo-BinHoBHMI motentian (OBIT) (Ehax) — 101,00-157,70 MB;
eneprisn BimHoBmeHHs HacToiB (REin) — 112,88-145,76 MB, 1m0 m06pe y3romkyeThes 3
TeopernynnM  3HadenHsm  OBIT  (Ehmin) —  241,60-270,58 w™B;  eHnepris
BiJIHOBJICHHSI/ OKMCIIEHHS pOCITUHHOT cHpOBUHH (REpiant) — 28,34—61,22 MB. OckinbKu BOIHO-
CIIUPTOBI HACTOI YaWHO-TpaB’SHUX KOMIIO3MI[IH Ha OCHOBI MaTe XapaKTepU3YOThCS
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BUCOKOIO eHeprieto BigHOBICHHS (REpiant 61,22 MB) i Takumu moka3HUKamu, sK GajbHa
ouinka (9,63 6axa), konip (CBITIO-KOPHYHEBHIT), apoMaT (IepeBHHIA), cMaK (KHCIO-TipKuil,
3 TPHUBAIIUM TipKYBaTHM MPUCMAKOM), TO BOHA MOXYTh OyTH PEKOMEHIOBaHI B TEXHOJOTIi
QJIKOTOJIbHUX HAIOIB y HEBEJHMKHX KiIBKOCTSX IS 3aKNJiB PECTOPAHHOTO TOCHOAAPCTBA
IIPY BUTOTOBJICHHI aJIKOT'OJIGHUX HATIOIB.

VY mpoueci KynaxyBaHHS YaiHO-TpaB’sTHUX KOMITO3MILIIH CIIOCTEPITaeThesl MiABUIICHHS
MOKAa3HUKIB CEHCOPHOI OLiHKM cymimedi Ha ocHoBi llex paraguariensis: uait
(bepmenToBanuii/mare (w,% 75/25) — 9,67 Gana; yacTkoBO (epMeHTOBaHMH yaii/mate (w,%
75/25) — 9,68 Gana;, HepepmeHToBaHuil yaii/mare (w,% 75/25) — 9,71 6ana. Po3pobieHo
peLenTypHHI CKIIaJ] aJTKOTONBHIX HAIOIB PalliOHAFHOTO CKJIaTy: BOJXHO-CIIMPTOBHI HACTiH
YaiHO-TpaB’AHOI KOMITO3UIIi ((hepMeHTOBaHMI Yaii/mMaTe, a00 YacTKOBO (hepMEHTOBAHUIA
yaii/mare, a60 HedepMeHTOBaHMIt aii/mMare w,% 75/25) — 38,49%, openai — 7,54%, BaHiIiH
1:10 — 0,01%, ykpoButii cupor (65,8%) — 53,08%, kucnora mumonHa — 0,28%, «IyKpoBHIA
konep E 150» — 0,6%, ciupT eTnioBui 1 BoAa MiAroTOBJIEHA — Y PO3PaxyHKY Ha MIIHICTh
20%.

BucnoBku. Jlng  TexHomorii  pecTopaHHOro  TOCIOAApCTBa  3alpOIIOHOBAHO
3aCTOCYBaHHsI BOJHO-CIIUPTOBUX HACTOIB YalHO-TpaB’sSHHX KOMMO3MII Ha ocHOBi llex
paraguariensis, siki BOJOMIIOTh ITiIBUIICHUMH aHTHOKCHIAHTHUMH XapaKTEPUCTHKAMH Ta
CEHCOPHUMHU MOKa3HUKAMHU, JUIsi BAPOOHHIITBA aJIKOTOJIbHUX HAIOiB.

KunrouoBi ciioBa: cocmponucm napazeaticoxuii, 1lex paraguariensis, vaino-mpag’sina
KOMRO3UYIST, 600HO-CNUPMOBULL HACMI, AIKO2OJbHUN HANIY, AHMUOKCUOAHM.

3acTocyBaHHSI KOHIEHTPATIB MOJIOYHOI0 0iJIKa MPH NMPUTOTYBAHHI CMeTAHU
3HUKEHOI JKMPHOCTI

Aptyp Muxanesud, Onena Kocrenko, ["anuna [Tonimyk, Ynbsna bangypa
Hayionanvnuti ynieepcumem xapyosux mexnonociu, Kuis, Yxpaina

Beryn. OOGrpyHTOBaHO JIOLIBHICTh 3aCTOCYBaHHS OUIOKBMICHHUX IHTPEHI€HTIB
MOJIOYHOTO ITOXOKEHHS B PELEHTYPHOMY CKJIai CMETaHH 3 BMicTOM xkupy 10%.

Marepinu i meToau. KiHeTHKy CKBaIlyBaHHS KMCIOBEPIIKOBUX CyMIIIIEH BU3HAYAIIH 32
XapaKTepOM 3MiHU THUTPOBAHOI KHCIIOTHOCTI. MiKpOCTPYKTYPY HOCIIIHUX 3Pa3KiB CMETaHHU
JIOCITI/IKYBAJIH 32 JOTIOMOTOIO CBITIIOBOTO MIiKpOCKOIa. PeonoriuHi XapakTeprCTHKHU 3pa3KiB
HU3BKOXKUPHOI CMETAaHHW BHUBYAJIH 13 3aCTOCYBaHHSIM POTAIIHHOI BICKO3UMETPIT.

Pe3yabTraTi i 0o0roBopenHsi. PamioHanbHI 103M MOJOYHO-OIIKOBHUX 1HTPEHIi€HTIB Y
CKJIaJli HU3BKOXHUPHOI CMETaHH, IO 3aI00iraloTh MEPEeKUCaHHIO BEPIIKiB, CTPYKTYPYIOTH 1
cTabiTi3yI0Th el IPOMYKT BIPOAOBXK I’ ATH 10 30epiraHHs, Taki: Cyxe 3He)KHPEHE MOJIOKO
— 1%, xaseinat Hatpiro — 0,5%, kazeinar kajipuito — 0,75%, KOHIIEHTPAT CUPOBATKOBUX
6inkiB — 1%, KOHIEHTpaT TifpomizoBaHoi cupoBaTku — 30%. 3a cTymeHeM rajbMyBaHHS
MpoIecy MOJOYHOKHCIOTO OpOMiHHS MOJOYHO-OITKOBI KOHIIGHTpPAaTH Yy BKa3aHUX
KUTBKOCTSX MOXKHA PO3TAIIyBaTH B TaKidl IOCTIZOBHOCTI: CyXe 3HEXHpPEHE MOJOKO —
KOHIIGHTPAT CHPOBATKOBMX OUIKIB — Ka3eiHAT KaJbIif0 — KOHIIEHTPAT TiJPONi30BaHOL
CHpPOBATKH — Ka3eiHAT HATPIFO.

3a pe3ympTaTaMH MiIKPOCTPYKTYPHOTO aHaji3y 3pa3KiB HHU3BKOXKHPHOI CMETaHH
BH3HAYCHO, 110 OHOBIJICOTKOBUI KOHIICHTPAT CHPOBATKOBUX OLNKIB 3a0e3meuye HaleKHE
YTPUMAaHHS BOJIOTH B KHCIIOMOJIOYHOMY 3TYCTKY Ta CIPHsE (OPMYBAHHIO HIXKHOI CTPYKTYPH
3 ApiOHOAMCIIEPCHHMH KOMIpKamH, a BHKOpPHCTaHHS 30-BiZICOTKOBOrO KOHIEHTPATY

—— Ukrainian Food Journal. 2022. Volume 11. Issue 3 477



—— Abstracts ——

TiIpOTi30BaHOl CHPOBATKU (DOpMYE OLTBIN B’S3KY KOHCHCTCHIIIFO TIPOYKTY 32 HAsIBHOCTI B
HBOMY MOHOITYKDIB, SIKi MalOTh BHIIy a/ICOPOYBaJIbHY 34aTHICTh BUTbHOI BoJiory. JloBeneHo
HAHOLIBITY CTPYKTYPYIOUY 37aTHICTh Ka3eTHATIB 1 HAWCYTTEBIIINA BIUTHB CHPOBATKOBUX
OIJIKIB Ha THUKCOTPOITHI BJIACTHBOCTI CMETaHHOTO MPOAYKTY. IIpoBeneHO OpraHONENTHYHY
OLIIHKY Ta pO3paxoBaHO KOMIUIEKCHUH IMOKa3HUK SIKOCTI 3pa3KiB HU3BKOKUPHOI CMETaHH Ta
BHU3HAYEHO 3pa3Kd 3 OJHOBIJICOTKOBMM KOHIIGHTPaTOM CHPOBAaTKOBHX OIJKIB Ta
TPUALSATHBIJCOTKOBUM KOHLIEHTPATOM TiJPONi30BaHOI CHPOBATKH SIK TaKi, IO MaloTh
HaMO1TBII TPUBAOIIMBI OPTaHOJIENITUYHI TOKA3HUKH.

HocnimkeHo XiMIYHMH CKJIaJ 3pa3KiB HU3BKO)KUPHOI CMETaHH i3 CHPOBAaTKOBHMH
Oinkamu. BeraHoBieHO, 1110 OTHOBIACOTKOBHH KOHIIEHTPAT CHPOBATKOBHX OLIKIB ITiABHIILY€E
GionoriyHy niHHicTh Ha 1,3%, TOI SIK TPUALSTHBIACOTKOBHH KOHIIEHTPAT TiJPOJi30BaHOI
cUpoBaTKK 3HIKYE Ha 3,5%. 3a pesynbraTaMu JOCITIKCHb, KOHIICHTPAT CHPOBATKOBUX
OinkiB Oyno BimHeceHO A0 OionmoriyHoro 30aradyBaua 3 HOMIPHHMH TEXHOJOTTYHHMH
BJIACTHBOCTSIMHM, @ KOHIIGHTpAT TiJpPONTi30BaHOI CHPOBATKU — J10 e()eKTUBHOI TEXHOJIOTIYHOT
J00aBKH, 10 IMITYe MOKA3HUKH SIKOCTI aHAJIOTy 13 CepeAHbOI0 KUPHICTIO 20%.

BucnoBku. JloBeZ€HO TEXHONIOTIYHI IepeBard 3acTOCYBaHHS CHPOBATKOBHX
KOHIEHTPATIB Y CKJIaJi HU3bKO)KUPHOI CMETaHH SIK TOI(YHKIIOHATBHUX THIPE/Ti€HTIB.

Kitto4uoBi ciioBa: cuemana, scup, 6inox, cupoeamxa, kazeinam, MikpOCmMpyKmypa.

Ximiunmii cxnan skypasiunu 6osorsiHoi (Vaccinium oXycoccus) ajsi noTeHuifiHoro
BHUKOPHCTAHHS K (PYHKIIOHAJIBHOIO iIHIpeaieHTa

Odenist Apeinte, Const Amapeii
CyuaBchkuii yHiBepcureT iMeHi lltedana yen Mape, CyuaBa, PymyHist

Beryn. Mera pociijpkeHHST moyisiraja B TOMY, 100 BWU3HAYMTH XIMIYHUHA CKJal
Kypapnuau 60710TsHOT (Vaccinium 0XyCcoCCUS) 3aIeKHO Bifl IPYHTY BUPOIYBaHHS.

Marepianu i MmeToan. AHaji3 MPOBOIUBCS Ha CTUINIMX IUIOJAX, 3i0panux y PymyHii
(moBit CyuaBa, komyna Korrta) Ha Topd’stHi# minsaii. MiHepansHA# BMIiCT BU3HAYAIN 3a
JOIIOMOT0I0 ~ croydeHoro Mac-criektpomerpa (ICP — MS). Jlns  Bu3Ha4YeHHS
AQHTUOKCHJAHTHOI aKTHBHOCTI BuKopuctoByBamu meroq DPPH, Bmicry momidenoni —
meron Folin Ciocalteu ta ananiz HPLC.

Pe3yabTaTu i 06roBopenns. Bumict Bomorn B Aromax xypasnuHu ckiaB 84,1%, mo
BIJIMIOBI/Ia€ IaHUM IHIIUX MOCIiKeHb. OTpUMaHO BIHOCHO HU3bKE 3HAYCHHS 30JbHOCTI —
1,38%, mio BiaNOBinae HU3BKOMY BMICTy MiHEpalbHHX PEUOBHH y IPyHTI. IIpore BMmicT
MiHEpaJbHUX PEYOBHH Yy NPOAHATI30BAHMX SITr0oJaX BUIIMN MOPIBHAHO 3 MAHUMHU IHIIIHX
JOCHiKEeHb. J[1st O1TBIIOCTI eeMEeHTIB CriocTepiraiacs MO3UTUBHA KOPEJISAMis MiXK BMiCTOM
MiHEpaJiB y sroax i IpyHTi. Y IOCHiIKYBaHIN >KypaBiuHI 3a(ikCOBaHO 3HAYHHUN BMICT
KaJbIlifo, ONM3BKUHA MO0 CEepeaHhOr0 3HAUCHHS, MNP0 SAKUA MOBIJOMIIUIOCS B 1HIINX
JOCHIDKEHHSAX. BMicT MarHito Ta Mili 3HaXOOWBCA y MeEXKaxX, BU3HAUCHHUX IHIIMMU
JOCIIDKEHHSAMH, & MapTaHITIo, 31132 1 IMHKY OyB HIDKYMM. BMicT MuI'sky, pTyTi Ta CTHOiI0
OyB HIDKYMM 3a MaKCHMAaJbHO 3aTBEpDKEHI JIMITH, a CBHHIIO — HIDKYAM 32 JIMIT
BUSIBJICHHS.

o crocyeThcs aHTHOKCHOAHTHOI 3IATHOCTi, BIJICOTOK IHTiIOyBaHHSA BITBHHAX
paauKamiB i 3araTbHAN BMICT TOMi(peHOMIB Y BOAHOMY €KCTPAKTi BHIIII, HI’)K B €TaHOIIEHOMY,
CepeHii BMICT Y IOCHIHKYBAaHHX SAT0/IaX, TOPIBHAHO 3 1HIINMH 3aPEECTPOBAHUMHE TaHUMH,
ckmaB 340,78 mr/100 T y BomHOMY ekcTpakTi Ta 254,20 Mr/100 r B eTraHONBHOMY. 33 JAaHUMHU
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IHIINX JIOCNI/PKEHb, Y OUKOPOCIHMX IUIOJaX OOJOTSIHOI JKypaBIMHM 3arajbHa KUIbKICTH
romipeHoITiB 3HAYHO BUIA MTOPIBHSAHO 3 KYJIbTYPHUMH COPTAMH.

I3 momidenoniB BapTo BiA3HAUMTH BHCOKMI BMicT kBepuetnHy — 0,39 mr/100 r i
Mipunetuny — 0,23 mr/100 r. B eTaHONOBHUX €KCTpaKTax 3’sBISETHCS XJIOPOreHOBa KHCIOTA
— 0,42 mr/100 t, i m-rigpokcuben3oiina kuciota — 0,41 mr/100 T, 1m0 OIU3BKO IO TaHUX
IHIMX nocnimpkeHHsx. [Ipore criocTepiranacst NpuCyTHICTh po3MapruHOBOi kuciotu — 0,12
Mmr/100 r, po 1o paHime He MoBigOMIIIOCS. Y OEH30JbHOMY €KCTPAKTi 3'SBIISETHCS P-
kymapoBa kucimora — 0,27 mr/100 r. ¥V xypaenuni Topd’sHil npiOHii 3adikcoBano 5,98
Mmr/100 r Bitaminy C, 1o miaTBepaxKye il aHTHOKCHJAHTHY aKTUBHICTb.

BucHoBKH. 3a XiMIYHUM CKJIAJIOM J>KypaBinHa OOJOTsHA, 3i0paHa y mositi Cyuaga,
Pymynis, momiOHa 10 JXKypaBIMHM 3 IHIMX reorpaiyHUX pErioHIB, TOMY MOXe
PO3TIIsIATHCS SIK AT0/a 3 BUCOKOI aHTHOKCUIAHTHOIO aKTHBHICTIO.

KarouoBi cioBa: owcypasnuna, Vaccinium oxycoccus, aHmuoxcuoanm, noaigeror,
ackopbinosa Kucioma, Keepyemun.

XapuoBa Ta 6iosoriuHa HiHHICTH MOPOLIKIB CYIIEHUX NeYyepulb

I'anuna Cimaxina, Hartanist Haymenxo,
Caitnana baxaii-)Kexxepyn, Cpitnana Kaminceka
Hayionanvnuii ynieepcumem xapuosux mexronoziti, Kuis, Yxpaina

Beryn. Mera focmifkeHHSI — OLIHUTH Xap4oBY Ta OiONOriuHY LiHHICTH MOPOLIKIB
CYILICHHUX MEYePHLb 32 IIOKa3HUKAMU SKOCTI Ta OS3MEeKH.

Marepianu i meromu. JlociimkeHO Xap4yoBy Ta Oi0JOrivHy I[IHHICTh MOPOILIKIB CyX
CYIICHHX TIeYepullb, OTPUMAHUX METOAOM HHU3bKOTEeMIlepaTypHoro cyrinus (45 °C) 3
MOAAJBIIMM MOJPIOHEHHSM, 32 NMOKa3HUKaMHU 010JI0rYHOI IHHOCTI OUIKIB, iX (pakiiiHIM
PO3IIOAIIOM, MACOBUMH YaCTKaMH HE3aMiHHHX 1 3aMiHHMX aMiHOKHCIIOT, 30aJ1aHCOBaHICTIO
Ta 3aCBOIOBAHICTIO.

Pesyabratn Ta odroBopenHsi. Pi3ni ¢pakuii OinKIB MalOTh pi3HY 3IATHICTH 0
PO3YMHHOCTI B OpraHi3Mi JIFOAWHH, 1110 € OJTHUM 13 MIOKa3HUKIB TXHBOI O10JIOTIYHOI I[IHHOCTI.
VY mnopomikax CylmeHHX Tedepuilb noHan 2/3 ycix OLIKiB ckianarTh (pakiii, 1o MaroTh
HaWBUOTY O10JIOTiYHY WIHHICTH: BOXOPO3YMHHI anbOyminn (45,6-46,8%), comepo3dnHHI
rnoOymian (23,1-26,7%). Y 3amopoxeHux HamiB(aOpukarax msg dactka pocsrae 80%,
MIEPEBUIIIYIOUH BMICT 3a3Ha4eHUX (pakiliii y cBikux rpubax. ToOTo, miJl BILIMBOM HU3bKUX
TeMIepaTyp KOMIUIEKCH O1JIKiB 3 BUCOKOITONIIMEPAaMH YaCTKOBO PYHHYIOTHCS, BUBUIBHIIOUN
OUTKM 1 CHPHUAIOYN iX PO3YMHEHHIO, IO 3arajoM MiABHUINye OiomoriuHy miHHICTH. Ilicms
TepPMiYHOTO 00pOOIIEHHS YacTKa HEPOIUMHHUX O1NIKIB 3pOcTae BABIYi MOPIBHIHO 31 CBIKUMHA
rpubamu Ta IHIIUMH HariBhaOpUKaTaMH, 10 CBIIYUTH PO HEJOIILHICTh BUKOPHUCTAHHS
BHCOKHX TEMIIEpaTyp IpH NepepodaeHHi rprudiB.

VY mopormkax CymeHUX MeYeprilb BUABICHO YCI HE3aMiHHI 8 aMiHOKHCIIOT, IO CKIIAJo
Maibxe 46% ix 3aranpHOi KiTbKkocTi. CyMa 3aMiHHHX aMiHOKHCTIOT CTaHOBHTE 54%. L1i mani
€ BOXJIMBHUM TIOKA3HHKOM Xap4oBOi Ta 0i0JOTiYHOI I[IHHOCTI IOPOIIKiB, OCKIIBKH BiIOMO,
o0 MakCHMaJbHHUN OiomoriuHuil edekT OUMKIiB DXKI MOCATAE€ThCS TPH CIIiBBiIHOMICHHI
HE3aMIHHUX 1 3aMIiHHHX AaMiHOKHCIOT sK 42:58, mo Onm3pKO 0 OTpHMaHUX HAMHU
pe3ynbTatiB (46:54). BiamoBimHO 10 poO3paxOBaHWX aMiHOKHCIOTHHX CKOpiB, BMICT YCIX
aAMIHOKHCIIOT TIEPEBHUINYE pIiBEHb €TAJIOHHOTO Oinky, pexomeHmoBannmit ®AO/BOO3. 3a
po3paxyHkamu koedimieHTa pizHui amiHokucaotTHoro ckopy KPAC Bu3HadeHO Xxap4doBy Ta
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010JIOTIYHY IIHHICTE OLIKY MTOPOMIKIB CYIICHUX medepuib — 51,8%, Mo € JOCUTh BUCOKIM
TTOKA3HUKOM.

3a/10BIIBHUMH BHSBUIIUCH OPTaHOJICNITUYHI MTOKA3HUKH TIOPOIIKIB. 3a pe3yibTaTaMu
MIKpOOIOJIOTIYHOI OLIHKH, MAaTOTeHHUX MIKpOOpraHi3miB (0akTepiii TIpynmu KHIIKOBOI
TMAJINYKH ), TUTICHSBUX TPHOIB HE BUSBIICHO.

BucHoBku. Po3mmpeHo criekTp 3HaHb PO OLITKOBY CKIIJIOBY I€UYEpHULlb, IXHIO XapuoBY
Ta OlOJNOriYHy UiHHICT, MOLUIBHICTh BHKOPHCTaHHS B SIKOCTI ITOPOIIKOIOMIOHMX
HamiB(aOpUKaTiB HU3bKOTEMIIEPATYPHOTO CYIIIIHHSI.

KurouoBi ciioBa: neuepuyi, 6inxu, aminokuciomu, Haniegabpuxamu, des3nexa.

ExkoHOMiKa i ynpaBniHHS
PoJib TOUHOrO 3eMJIepoOCTBA B MPOAOBOJILYOMY 3a0e3NeUeHHi

CineBis Eppeit-Tannit, FOnit Barani?
1 — Veopcwvkuii ynieepcumem cinbcovko2o 2ocnodapcmea ma npupoonudux Hayx, I edeine,
Yeopwuna
2 — Byoanewmcovka wkona bisnecy, bByoanewm, Yeopuwuna

Beryn. Meroto JOCHiKEHHsSI € OI[iHKa pOJi Ta BHUKIMKIB TOYHOTO 3€MJIEpOOCTBa,
BHUBYEHHS MO0 ITOTOYHOI'O CTaHy Ta BIUIMBY Ha CTaJI€ BI/IpO6HI/[IlTBO Xap4oBUX l'lpO}lyKTiB.

Marepianu i MeTonu. JIoCTiUkeHHS € OMUCOBUM 1 BUKOPUCTOBYE HaYKOBI1 BTOPHHHI
JaHi K NepuopKepeo. ABTOPU TAKOXK MPOBEIH IEPBUHHE TOCITIUKSHHS JYMKH YTOPCHKUX
¢depmepiB y 2022 p. npo poiib TOUHOTO 3emiiepodcTBa. OCHOBHUM METOJIOM JIOCIIIKEHHS €
aHKETHE OMHUTYBaHHS.

PesyabraTu i 06roBopenns. TouHe 3eMiepoOCTBO — 1€ MiAXiJ A0 YIPaBIiHHSA, KU
30CepePKYETHCS Ha CIIOCTEPEIKEHH] (Malike B pealbHOMY Yaci), BUMIPIOBaHHI Ta pearyBaHHi
Ha MIHJIMBICTh JOBKULIS. TouHe 3eMiepoOCTBO XapaKTepu3ye MPaKTUYHE BUHHKHEHHS
IU(POBOro CiIbCHKOTO0 TOCHOAAPCTBA, BUKOPUCTAHHS HU(POBUX pillleHb, Jie PO3POOKH
CHPsIMOBAHI Ha KOHKYPEHTHI CIIOCOOM yNpaBIiHHsI, MiJBUIIECHHS e)EKTUBHOCTI, MPU IIbOMY
3HA4YHA yBara MPHIUISEThCS EKONOTIuHii criiikocTi. [lomuT Ha CiIbCHKOrOCIOAAPCHKY
MPOAYKIIIO IMHAMIYHO 3pOCTATHME MPOTIrOM HACTYIHUX KUIBKOX JECATHNITh, 1 HOro
MO)KHa 3a8JOBOJILHUTH OUThII eeKTHBHUM BHPOOHHLITBOM. 3a pe3yibTaTaMH HOLIYKOBUX
3anutiB «TouHe 3emnepodcTBO» («Precision farmingy») y mepexi Internet orpumyetbes 147
MJIH pe3yJbTaTiB MOLIYKY.

Ha nymxy 81% pecnoHIOeHTIB, TOUHE 3eMIIEPOOCTBO € yXKe BAXIIMBHM. 3a OCTAHHI
pOKM  3HAYHOTO  PO3BUTKY HaOymm  TOYHA  arpoTexHika, MeXaHi3amis  Ta
cipecbKoToCconapebka inpopmaTrka. binbine monoBuHA hepMepiB BUKOPUCTOBYIOTH Oy/Ib-
SIKYy CHCTeMY TOYHOI miaTpuMku. Maibke 70% pecrioHIeHTiB BKa3yIOTh Ha 3aHaATO BUCOKY
BapTICTh Mpenu3iiHNX TeXHOJOoriuHuX cucteM. 31% depmepiB Oaxae MaTtu OuIbIIE 3HAHD
PO TOYHI TEXHOIOTii, 30KpeMa IMpO MPOAYKTUBHICTH (BPOKAaWHICTP, SIKICTh TOIIO), CTaH
HACa/DKECHb (CTaH POCTY POCIHH, aHANi3 IPYHTY TOIIO) Ta PO3MOALT pecypciB (Boma Ui
TONMBY, OpraHiyHi moOpmBa Tomio). IloHam monmoBmHAa (QepmepiB BBaxae, IO
aJMIHICTPATHBHHAN amapaT Tamy3l Mae BXHUTH 3aXOmiB MmOAO0 (HiHAHCOBOI IiATPUMKH,
MIPaBOBOI'0 CEPEIOBUINA TOIIO JUIA TOrO, MO0 3pOOMTH TOYHE 3eMJIEPOOCTBO OiIBII
MPUAHATHAM Ha TIPAKTHIl, TAKOXK BaXKIIMBO 3aliMaTHCS MM OLTBII iHTEHCHBHO y cdepi
ocitu. @epMepu BiIKPHUTI sl TOYHUX PIIIEHB, € iICHYIOTh IPOOIEMH IS iX €PEeKTUBHOT O
MOIIUPEHHS.
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BucnoBkn. Ha KOHKypeHTOCHpOMOXXHE MaWOYTHE CiJIbCBKOI'O TOCIOIApPCTBA
BIUIMBAIOTH IU(POBi3amis i BOPOBAKEHHSI TOYHOTO 3eMJIEPOOCTBA Ha MPAKTHII, OCKIJIBKH
BOHO MOX€ 3pOONTH 3HAYHHUI BHECOK Yy CTalle BUPOOHHUIITBO XapUOBUX IPOAYKTIB.

Kunro4oBi ciioBa: npooogonvua besnexa, cmanuii po36umox, CilbCoke 20cnooapcmeo,
aspomexmonozis, Kibep3azposa, moune 3emnepooCcmeo.
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IHIanoBHi kojern!

PenakuiitHa koneris HaykoBoro nepiogumanoro uaanns «Ukrainian Food Journaly
3anpomrye Bac no myOmikarmii pe3ynbTaTiB HayKOBUX JOCHI)KEHb.

Bumorn 1o opopmiieHHs cratei

MoBa crareii — aHTJIHCBKa.

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

Jlost BCix enementiB crarti mwpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci monst cropinku — 1o 2 cM.

CTpykTypa cTaTTi:

Y K.
. 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 psnakn).

— Marepianu Ta MeToau (10 5 psisIKiB)

— PesynbraTn Ta 00roBOpeHHs (I1iB CTOPIHKM).

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

VA WN R

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | YKPaiTHCHKOI0 MOBAMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraTi Ta 0OTOBOpPEHHS
— BucnHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIaBaTH 1HIII PO3/IITU Ta PO30MBATH 1X Ha MMiAPO3ILIH.

8. ABtopchka noBimka (IIpisBume, iM’st Ta o OATHKOBI, BUEHHH CTYIIHb Ta 3BaHHSI, MICIIE
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi 1aHi aBTOpa, 10 SKOT'0 32 HEOOXIAHOCTI Oy/Ie 3BepTaTUCh PENaKIlis KypHAaIy.

Pucynku BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH He MpUAMaioThes. Po3Mip Tekcty Ha
pucyHKax moBuHeH 0yru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JMie 3a iX 3HaYHOI HayKOBOI LIHHOCTI.

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

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

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

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micist 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 nuTyBaHHSAX HEOOXiHO BKa3yBaTH OTHE JKEPEJIo, 3BIJKH B3ATO iH(OpMAIIitO.
CrHcoK JIiTepaTypy COpTYeThCs 3a andaBiToM, JIITEPaTypHi JUKepena He HyMEpYIOThCS.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journalg3sto 3a OCHOBY 3arajbHOMPHHHSATE B CBiTI CHIpOIIEHE
o(hOpMIIEHHS CIIUCKY JIiTepaTypu 3rigHo cranmapty Garvard. Bei eneMeHTH mMOCHIaHHS
PO3ALIAIOTHCS JIMIIIE KOMAMM.

1. ITocunaHHs HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(HOMeEp), CTOPiHKM.
[HIIiaIM TUITYTHCS MICHS MPi3BHUINA.
Bci eneMeHTH NOCHIaHHSI PO3AUISIOTHCSI KOMaMHU.
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 ITACIOPTHUN CTaHAAPT.

3pyunuii caiit 1yist TpaHciTeparii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport

CTaTTs HaJACHIAETHCA 3a JIEKTPOHHOIO aapecoro: Ufj_nuft@meta.ua
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YK 663/664

Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi CTaTTi, KOpOTKi
TTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBHHU Ta OTJISAIH JITEPaTypH.

TemaTtuka nyoaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis IIpornecu Ta oOnamHAHHS

XapuoBa XiMis HanorexHororii

Mixkpobiosnoris ExoHoMmika Ta yrpaBiiHHS

@i3nyHi BJIaCTUBOCTI Xap4OBHX MPOAYKTIB  ABTOMAaTH3allisl IIPOLIECIB

SIkicTh Ta Oe3reka XapuyoBUX NPOAYKTIB YnakoBKa Uit Xap4OBHX IPOIYKTIB

IMepiognunicTh BUXOAY KYpHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi 1oCIiKeHb, IPEICTABIIEH] B )KypHali, IOBUHHI OyTH HOBUMH, MAaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOIO 1 TIPEJCTAaBIISATH IHTEpeC Ui MIXXHApOIHOTO HayKOBOI'O
CIIBTOBApHUCTBA.

Ukrainian Food Journal iHmekcyeThCsi HAYKOMETPHIHUMH Ga3aMu:

Index Copernicus (2012)

EBSCO (2013)

Google Scholar (2013)

UlrichsWeb (2013)

CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH
PLUS) (2014)

Directory of Open Access Journals (DOAJ) (2015)

InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)
FSTA (Food Science and Technology Abstracts) (2018)

Web of Science (Emerging Sourses Citaton Index) (2018)
Scopus (2022)

Peuensisi pykonucy crarrti. Marepianu, npeacraBieHi mis myomikysanus B «UKkrainian
Food Journaly, mpoxomsite «IloaBiiiHe citinie pelieH3yBaHHS» IBOMAa BUCHUMH, MPU3HAYCHHUMU
PEeNaKIiiHO KOJIETIE: OJTUH € YICHOM PEKOJICTIT i OUH HE3aIeKHUN YICHHIA.

ABTOpPCBKE NPaBo. ABTOPHU CTATEH rapaHTYIOTh, 1110 pOOOTa HE € MOPYIICHHSIM OYAb-IKUX
aBTOPCBHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIICHHsS MaHol rapantii. OmyOnikoBaHi
Martepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo

1HIIIE.

HeranbHa indopmanisi npo Kypnau, iHcTpykuii aBTopam, NpukjIagu oh)opMIeHHS
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CTATTi Ta aHOTaMili po3mileHi Ha caWTi:

http://ufj.nuft.edu.ua
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PepakuiiiHa koneris
I'onoBHUIT pexakTop:
Ouaena CraduikoBa, 1-p., Hayionanbrutl ynisepcumem xapuogux mexuonozi, Ykpaina
YiieHn MikHAPOIHOI peJaKIiiiHOl KoJIerii:

Arora I'enpe Paiimene, n-p., Jlumoscokutl incmumym azpapnoi exonomixu, Jlumea

B. I. Bepnaocvkozo HAH Yxpainu

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Bikrop Cra6uikoB, n.T.H., pod., Hayionarpnuil yHisepcumem Xapuoux MexXHONO02Il,
Yrpaina

Toxein . Hmocci, mpodecop, Memopianvuuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis
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Tponxetim, Hopgezis
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Kpicrina Jlyiza Mipanaa CinBa, a-p., npodecop, [lopmyzanrscokuil KamoauybKuti
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Pymynia
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Manaiizia
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Yxpaina
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Pasepao, Fonreapia

Credan Credanos, 0.1.H., ipod., Vrieepcumem xapuosux mexuonozii, boreapis
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Ywmesypyiike Jlinye Omnapa, mpodecop, Cmenrenbouwicokuti yHigepcumem, KetinmayH,
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Ileitna Kinonsi, Yuiseepcumem Kapamina, Kenisn
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Scmina Jlykinak, n-p, npod., Ociexcovkuil yuigepcumem, Xopsamisi.
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mexuonoait, Yrpaina

I'onsin JI. Huocci, npodecop, Memopianvnuii ynisepcumem Xybepma Kaiipyxi, /{ap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniuyep, a-p, npodecop, Jeporcasuuii ynisepcumem Ilonma I poccu, Bpazunis
Eiipin Mapi Ckiionnan bap, 1-p., npodecop, Hopsgeszvkuii ynieepcumem nayku i mexixu,
Tponxeiim, Hopsezis

HMopnanka Crepanosa, 1-p, [Tnosdiscoruii yuicepcumem "[aiciii Xinenoapexi", Boreapisa
Kipcren Bpannar, npodecopp, Yuisepcumem Hviokacaa, Benuxobpumanis
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Mapis C. Tamnia, npodecop, L{enmpanvhuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, 1-p., IHcmumym cinbcokoeocnooapcewvkoi 6biomexnonocii  Ilokanio
(INDEAR), Ioxanio, Apeenmuna

Mapk lamusig, 1-p., A0UEHT, YopHomopcvKa acoyiayis 3 Xapuo8oi HayKu ma mexHono2ii,
Pymynis

Hyp 3adipa Hyp Xacnau, noktop ¢inocodii, Yuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrtasio [Iapeaec Jlonec, 1-p., mpod, Llenmp nepcnexmusrux oocioxcenv Hayionanvrnoeo
noaimexuiuno2o incmumymy, Mexcuxka.

Onexcanap lleBuenko, 1.1.H., ipod., Hayionanvruil yrigepcumem xapuo8ux mexHono2it,
Yxpaina

Oabra Pubak, KaHA. TEXH. HAYK, JOL., [epHONiIbCbKUU HAYIOHANbHUL MeXHIYHUU
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