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Introduction. This study explores rheological characteristics of
mixes of whey ice cream with protein ingredients.

Materials and methods. The viscosity characteristics of the mixes
were studied by the method of rotational viscometry. Foam overrun
and foam resistance of ice cream mixes were determined using
modified methods.

Results and discussion. The expediency of using protein
ingredients in whey ice cream mixes to increase their nutritional value
was shown. Addition of whey protein isolate in the amount of 3-5%,
micellar casein, 3%, or whey protein concentrate, 3%, increased the
foam overrun of whey ice cream mixes, while addition of soy protein
isolate decreased it. The highest rate of foam resistance, 57.6-58.4%,
was recorded for the mix with 3-5% of whey protein isolate.

Based on the results of the analysis of flow rheograms of ice cream
mixes with various protein ingredients, they were classified as food
systems with a coagulation structure, characterized by pronounced
thixotropic properties. In the case of micellar casein, whey protein
concentrate or whey protein isolate, the thixotropic ability of the mixes
increases from 58.2% to 62.2-72.2%. Soy protein isolate does not
show the specified technological activity.

The highest thixotropy of the mixes was observed for mixes with
3% micellar casein and 3-5% whey protein isolate due to their specific
ability to form a spatial coagulation structure, which spontaneously
restores the structure after destruction due to the presence of numerous
low-energy bonds. Whey protein concentrate has a moderate effect on
the rheological characteristics of the mixes, while the presence of soy
protein isolate leads to a partial loss of the ability of the mixes to
spontaneously restore the destroyed structure.

The possibility to increase the total protein content in ice cream
from 3.45% to 6.02—7.81% due to the use of technologically effective
milk-protein ingredients has been proven.

Conclusions. Micellar casein and whey protein isolate in the
composition of whey ice cream mixes show high technological activity
and significantly improve the quality indicators of the finished
product.
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Introduction

Whey ice cream is a frozen dessert, made on the basis of secondary dairy resources such
as fresh or powdered whey (sweet or acid) (Goff, 2008; Kaminska-Dworznicka et al., 2022).
However, in case of using whey as a milk base, the level of total solids, in particular high-
value whey proteins, is quite low (Barros et al., 2021; Jeli¢i¢ et al., 2008). The high content
of free water in whey ice cream mixes prolongs the ripening process and reduces its
effectiveness due to the low viscosity of the mixes, which subsequently affects the freezing
process and the quality indicators of the ice cream. To increase the content of solids in whey
ice cream, it was proposed to use of hydrolyzed concentrates of demineralized whey (total
solids, 40%; protein, not less than 4.6%; lactose, not more than 6.6%) as a basis (Osmak et
al., 2021). Their use will increase the level of solids in ice cream to 39.61-49.61%, of which
the mass fraction of protein is about 3.3%. However, further enrichment of ice cream with
proteins to a content of 6-8% is appropriate both for improving the texture and significantly
reducing the size of ice crystals, and for increasing the nutritional value of this product
(Arslaner and Salik, 2020; Polishchuk et al., 2020).

In the process of ice cream production there is an additional mechanical impact on the
mixes during such technological stages as dosing, packaging, transportation through
pipelines and devices with moving working organs (Kasapoglu et al., 2023). The structural
and mechanical properties of ice cream mixes with a low protein and fat content during
processing can be significantly changed depending on various technological factors such as
temperature (Goff et al., 2013), moisture content and its connection with the food material
(Soukoulis et al., 2014), and pressure (Innocente et al., 2009). Therefore, to avoid a negative
mechanical effect on the rheological characteristics of mixes with a low protein and fat
content, it is necessary to improve their composition using ingredients with clearly expressed
moisture-binding, stabilizing and foam-forming properties, namely polysaccharides and
proteins (Cheng et al., 2015; Himashree et al., 2022).

Protein concentrates with protein content < 90% and isolates with protein content >
90%, such as whey, casein, and soy are natural techno-functional and enriching ingredients
of animal or plant origin, which are widely used in the food industry (Day et al., 2022;
Mykhalevych et al., 2022). The use of such protein additives during the preparation of whey
mixes can contribute to an increase in their viscosity, foaming properties, which will affect
the quality of ice cream during further production, and is also appropriate from the point of
view of the popularity of protein-enriched products (Hossain et al., 2021; Sipple et al., 2022).

Soy protein isolates and whey protein concentrates are the most studied representatives
of protein ingredients in food systems (Chen et al., 2019; Himashree et al., 2022).
Saentaweesuk and Aukkanit (2019) reported that whey protein isolate added in the amounts
2.5% and 5% makes the taste of ice cream closer to the control sample and also it increases
overrun and resistance to melting. Whey and soy protein additives are widely studied in
traditional types of milk-based ice cream, but their additional use in classic whey ice cream
with a low protein content of 1.28-1.41% is limited, in particular because whey ice cream is
not a product of mass consumption, but belongs to the amateur type (Shevchenko et al., 2022;
Young, 2007). Micellar casein due to a special production technology has high solubility,
emulsifying and foaming abilities, so it is also a promising ingredient, but not widely used
(Goff, 2022; Polishchuk et al., 2020).

Mixes for ice cream, in particular whey, belong to multicomponent systems (Schiraldi
et al., 2019) with a complex structure, the nature of which changes under the influence of
time-varying external mechanical stresses could only be investigated using rotational
viscometry.
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That is why the study of the main rheological characteristics of whey ice cream mixes
with increased protein content is of great practical importance for obtaining an objective
assessment of the process of forming quality indicators of whey ice cream at various stages
of the technological process, in particular during low-temperature processing.

The aim of the present research was to study the functional and technological properties
of protein concentrates and isolates of various origins in the composition of whey ice cream
mixes.

Materials and Methods
Materials

Hydrolyzed demineralized whey concentrate, stabilization system Cremodan SE 406
(DuPont™, Danisco®), white crystalline sugar, vanilla and water were used to make whey
ice cream mixes. Soy protein isolate 90% (ISOPRO 900EM-UPI, China), whey protein
concentrate 70% (Hadyachsyr, Ukraine), micellar casein 85% (Ingredia Promilk, France),
whey protein isolate (Spomlek, Poland) were chosen as protein ingredients.

Preparation of samples

The hydrolyzed concentrate of demineralized whey was mixed in drinking water and
heated to a temperature of 40+5 °C, after which pre-weighed and mixed dry components
were added. The mixes were stirred for 1-2 min, filtered and pasteurized at a temperature of
8542 °C for 5 min. Homogenization was carried out under a pressure of 12.0+2.5 MPa using
a laboratory homogenizer-disperser model 15M-8TA "Lab Homogenizer & Sub-Micron
Disperser" (Gaulin Corporation, Massachusetts, USA). The homogenized mixes were cooled
to a temperature of 4+2 °C and left for ripening for at least 12 hours.

Whey ice cream based on hydrolyzed concentrate of demineralized whey served as a
control. The content of the stabilization system was chosen at the level of 0.6% in accordance
with the manufacturer's recommendations. Protein ingredients were used in amounts from 3
to 11% in 2% increments. The applied ranges of the protein content in ice cream mixes
provided the level of protein supply from 14.71 to 27.55%, which gives the right to consider
this product as enriched with protein (more than 12%) or a source of protein (more than 20%)
(Regulation (EC) No 1924/2006).

Methods

Determination of the chemical composition of mixes

Protein content in ice cream mixes was determined by the Kjeldahl method. Total solids
content in samples was carried out by the arbitration method, the principle of which is to dry
the sample, diluted with distilled water and mixed with sand, at a temperature of 102°C to a
constant mass, followed by weighing to determine the mass of the residue.

Definition of foam overrun

After cooling to a temperature of 2—6 °C, the ice cream mixes were whipped for 5, 10,
and 15 min with 5-min breaks according to the method of Lim et al. (2008). Foam overrun
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was determined as the ratio of the volume of the whipped mix to its initial volume, expressed
as a percentage.

Determination of foam stability

The foam stability of experimental samples of ice cream mixtures was determined by
the modified method of Philips L., according to which a container with a hole at the bottom
was used for foam to drain after churning (Lim et al., 2008). The foam stability indicator was
taken as the time during which 50% of the initial volume of the mix, which was used for
whipping, is formed as a result of foam destruction.

Definition of rheological behavior

Viscosity-speed characteristics of ice cream mixes were determined on a rotary
viscometer with a measuring system "cylinder-cylinder" by recording deformation of kinetic
curves. Measurements were made at a temperature of 20°C. Shear stress t (Pa) was measured
at twelve values of the shear rate gradient D in the range 3-1312.2 s during forward and
reverse course (Bass et al., 2017).

The maximum effective viscosity of the almost undamaged structure (y=3 s*), the
minimum effective viscosity of the marginally destroyed structure (y=1312.2 s) and the
effective viscosity of the restored structure (y=3 s™) were recorded. The degree of restoration
of the structure of ice cream mixes (thixotropic ability) was determined in percent 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 s) (Sapiga et al.,
2021).

Statistical processing

Data were expressed as the mean with standard deviation of triplicate measurements.
Statistical analysis was performed using the program Statistika 10.

Results and discussion

The control sample of the whey ice cream mix based on the hydrolyzed concentrate of
demineralized whey had the following composition: total solids, 39.6%, of which fat was
0.74%, protein was 3.45%, stabilization system was 0.6%, and sugar was 9%.

The chemical composition of the experimental mixes of whey ice cream with protein
additives was as follows: total solids, 42.6-50.6%; fat, 0.74-0.85%; protein, 6.02-13.57%;
stabilization system, 0.6%; sugar, 9%.

The use of protein technological ingredients in the composition of ice cream is
appropriate for increasing the foaming properties of ice cream mixes and improving the
efficiency of the freezing process due to uniform and finely dispersed air saturation and the
corresponding formation of a homogeneous and creamy structure of the product
(Bahramparvar and Tehrani, 2011).

To study the effect of protein additives on the rheological properties of ice cream mixes,
their foam overrun and foam resistance were determined (Table 1).
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Table 1
Foaming properties of whey ice cream mixes
Ice cream mix with Foam overrun, % Foam stability, min
protein additive, % _ L _
Time of whipping, min
5 10 15 5 10 15

Control 0 150.0£1.5 201.4+42 | 187.5+1.6 | 44.8£0.6 | 49.5+0.5 | 48.1+13
Whey 3 142.5+5.2 160.0+5.8 | 162.5+1.4 | 41.0£0.8 | 42.2+0.1 | 42.8+0.8
protein 5 135.8+1.4 148.2+38 | 139.7+2.3 | 34.4+04 | 36.7x1.2 | 38.5+0.6
isolate 7 129.4+0.9 1335419 | 130.6+1.7 | 32.4+1.1 | 34.6+0.5 | 35.0+0.8

9 126.8+3.3 125.7+2.4 | 120.7£3.4 | 29.1+0.4 | 30.8+1.2 | 32.8+1.0

11 115.1+1.8 1143438 | 110.7£2.5 | 282402 | 29.4+1.2 | 31.6+0.9
Micellar 3 216.2+0.4 229.7+19 | 221.6+1.8 | 46.9+0.5 | 55.8+0.3 | 54.9+0.5
casein 5 197.4+4.1 210.5+1.4 | 207.043.0 | 44.1+12 | 45.7+0.8 | 48.5+0.6

7 168.0+5.2 179.6+2.5 | 170.8+2.2 | 39.8+0.7 | 40.6+0.8 | 38.3+1.2

9 144.3+4 4 150.4£1.0 | 145.8+1.4 | 37.0+0.7 | 38.8+0.3 | 40.2+1.1

11 138.9+0.7 142.7+2.5 | 139.1+2.8 | 32.8+1.0 | 34.5£09 | 35.9+0.3
Whey 3 185.0+1.6 205.0+1.5 | 200.043.6 | 44.8+1.1 | 46.3+0.6 | 46.2+0.9
protein 5 169.5+2.3 184.8+3.4 | 178.2+0.9 | 37.8+0.8 | 39.5+0.2 | 38.7+0.8

7 153.8+1.9 162.7+1.1 | 159.5+0.7 | 35.1+0.5 | 36.4+0.3 | 35.8+1.1
concentrate 9 139.5+1.7 145.7+3.0 | 141.2+1.8 | 32.5£0.9 | 33.6£1.0 | 31.4+0.5

11 122.4+2.6 124.8+1.8 | 119.3+2.8 | 29.5+0.1 | 30.2+0.6 | 30.0+0.6
Whey 3 203.3+1.7 236.7+2.5 | 246.7+4.7 | 48.4+0.7 | 58.4+02 | 61.9+0.4
protein 5 192.1+2.0 2204432 | 221.5+1.2 | 459+0.8 | 57.620.9 | 59.3£1.0
isolate 7 178.5+1.4 206.4+05 | 192.0+2.4 | 44.8+0.1 | 55.7+0.4 | 53.8+0.8
ISola 9 1486554 | 1660511 | 1562239 | 413219 | 442212 | 42.0%14

11 139.4+0.3 144.5+1.0 | 140.7+1.9 | 38.4+1.0 | 39.6+1.2 | 38.0+0.3

The use of whey protein isolate, 3%, led to a decrease in the foaming properties of the
mixes, compared to the control. Micellar casein in the first five minutes of whipping provided
the highest foaming of all protein ingredients, however, after further whipping for 10 min,
this value was less than for 3% whey protein isolate, and after 15 min it decreased, while for
the whey proteins isolate, on the contrary, increased.

It is known that micellar casein has a foaming ability (Zhao et al., 2022), however, due
to the instability of the formed bubbles due to the weaker interfacial elasticity of casein, this
did not ensure the formation of strong bonds that form a dense protein matrix (Sato et al.,
2021), similar for systems with whey protein isolate, which also confirm the obtained foam
resistance values. Xingi Zhao et al. (2022) in the study of aqueous solutions with whey
protein isolate, which were treated with ultrasound, showed an increase in their foam ability
from 60.06 to 143%. In our case, the obtained values were significantly higher, because
studied ice cream mixes are multicomponent food systems. However, homogenization under
pressure can also partially increase the foaming properties of mixes (Jambrak et al., 2008).
The effect of whey protein concentrate, 3%, is more moderate compared to micellar casein
and whey protein isolate, but it significantly increases foaming and foam resistance compared
to the control.

The appearance of whipped whey mixes with the highest foam overrun and foam
resistance is shown in Figure 1.
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S

a b c

Figure 1. Whipped whey ice cream mixes:
a, control, b, with 3% of micellar casein, ¢, with 3% of whey protein isolate

Viscosity-speed characteristics were studied in mixes that had the highest foaming
abilities (Table 2).

Table 2
Viscosity-speed characteristics of whey ice cream mixtures
Ice Effective viscosity (mPa-s) under | The time of ultimate | The degree of
cream variable shear rate gradient destruction of the | structure
mixture y=3st y= y=3st structure recovery, %
(forward 1312.2 (reverse (y=1312.2 s), min
course) st course)
Control 601.0+11.8 20.0£1.0 350.3+10.5 5.5+0.2 58.2
3% SPI* 569.1+10.5 41.8+1.1 323.8+7.4 5.3+0.1 56.9
3% MC 650.1+15.7 46.1+£2.2 430.0+13.0 6.7+0.3 66.1
5% MC 636.9+14.5 45.6x1.4 407.2+11.1 6.4+0.1 63.9
3% WPC 571.7£9.2 38.4+1.7 394.5+4.8 5.9+0.2 62.2
3% WPI 676.1£12.6 49.7+2.1 488.4+17.2 7.5+0.2 72.2
5% WPI 623.4+17.4 47.4+1.1 421.4+12.6 7.2+0.3 67.6

Note: "SPI is whey protein isolate; MC is micellar casein; WPC is whey protein concentrate; WPI is
whey protein isolate.

The high content of solids in the ice cream mixes ensured a high degree of thixotropy,
58.2%, even for the control sample. In the case of using protein ingredients (micellar casein,
whey protein concentrate, whey protein isolate), the thixotropy of the mixes increased from
58.2% to 62.2-72.2%, except for the sample with soy protein isolate.

Thus, whey protein isolate showed the greatest ability to restore whey mixes of ice
cream, which is associated with its high solubility (Tavares et al., 2019), as well as the
formation of elastic bonds that increase the strength of the gel network, stimulating the
formation of more intense intermolecular interactions. Micellar casein is also capable of
forming a gel network (Zhao et al., 2022), but it is not as strong as in case of whey protein
isolate use (de Castro et al., 2017). Although whey protein concentrate exhibits thixotropic
ability, it is less than in the case of micellar casein and whey protein isolate, which is due to
lower degree of its purification. Other scientists also reported about ability of soy protein
isolate to deteriorate the rheological properties of mixtures (Zhang et al., 2021). Soy protein
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isolate, compared to other selected protein ingredients, is unable to form energy bonds that,
after the destruction of the structure, reveal active restoration of the structure.

The dynamics of changes in the effective viscosity of samples that show the highest
thixotropy during rheometric measurement are shown in Figure 2.
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Figure 2. Flow rheograms of whey ice cream mixes:
a, control; b, ice cream mix added with micellar casein, 3%b;
c, ice cream mix added with whey protein isolate, 3%;
d, ice cream mix added with whey protein isolate, 5%
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The analysis of flow rheograms of the studied samples indicates the ability of micellar
casein added in amount of 3% to more effectively restore the structure of food systems than
for the control sample. Ice cream mixes (Fig. 1) belong to systems with a pronounced
coagulation structure, but samples with whey protein isolate, 3-5%), show the highest
thixotropic properties. This effect could be explained by the specific functional properties of
whey proteins, in particular, their ability to form a spatial coagulation structure capable of
spontaneous restoration of the structure after destruction in the presence of numerous low-
energy bonds.

Conclusions

Micellar casein and whey protein isolate in the composition of whey ice cream mixes
show technological activity and increase the foam overrun and foam resistance of the finished
product. Thus, the foam overrun of the mix with micellar casein, 3%, was 229.7%, and with
whey protein isolate, 3-5%, was 221.5-246.7%. The highest rate of foam resistance, 57.6—
58.4%, was recorded with the use of 3-5% whey protein isolate.

The highest thixotropic ability was observed for mixes containing 3% micellar casein,
66.1%, and 3-5% whey protein isolate, 67.6—72.6%. The use of whey protein concentrate
has a moderate effect on the rheological characteristics of mixes. The presence of soy protein
isolate leads to a partial loss of the mixture's ability to self-restore the destroyed structure.

The perspective of further research is to determine the quality indicators of samples of
whey ice cream with protein additives at various stages of low-temperature processing.
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Introduction. The aim of the study was to develop the
composition of a multi-component baking improver to preserve
the sensory properties and prolong the freshness of bread made
from wheat flour with the addition of a mixture of germinated
grains.

Materials and methods. The development of the
composition of the multi-component baking improver (MBI)
was carried out using the influence of individual food additives
on the quality of bread. The effect of MBI on bread staling was
assessed by changing the deformation of the crumb, the
formation of an under crust layer, and the accumulation of
aromatic substances and dextrins in the bread.

Results and discussion. The composition of MBI includes
whey powder enriched with Mn and Mg, wheat gluten powder,
chicory inulin, carboxymethyl cellulose, lactic acid, phosphatide
concentrate, and enzyme preparation Deltamalt FN-A50. For the
production of wheat bread containing a mixture of sprouted
grains, 15% by weight of flour, it is advisable to add the multi-
component baking improver in the amount of 1.8% by weight of
flour. Addition of MBI ensured the sensory characteristics and
specific volume of bread enriched with the mixture of sprouted
grains, which did not differ from control. Incorporation of the
multi-component baking improver increased the overall, plastic
and elastic deformations of the crumb of the bread, reduced the
crumb's crumbliness and the thickness of the under crust layer.
The deformation of the crumb of bread enriched with a mixture
of sprouted grains and developed multi-component baking
improver was after 72 hours of storage by two times greater than
of the control (wheat bread). In bread containing the mixture of
sprouted grains, 15% to the weight of flour, the addition of the
multi-component baking improver increased the accumulation
of low molecular weight dextrins by 77.6% compared to control.

Conclusions. The use of the developed multi-component
baking improver has a positive effect on the quality of wheat
bread enriched with the mixture of sprouted grains and prolongs
bread freshness up to 72 hours without packaging.
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Introduction

According to the American Association of Cereal Chemists with the endorsement of the
United States Department of Agriculture “Sprouted grains are malted or sprouted grains
containing all of the original bran, germ, and endosperm shall be considered whole grains as
long as sprout growth does not exceed kernel length and nutrient values have not diminished”
(Benincasa et al., 2019). Sprouting activates grain metabolism resulting in the synthesis of
secondary metabolites such as various enzymes, vitamins, and phytochemicals, degradation
of macronutrients compounds such as proteins and carbohydrates to increase their
digestibility, and has often used as a method to improve the nutritive value of grains
(Benincasa et al., 2019; Park et al., 2021; Pefiaranda et al., 2021). This is a reason to use
germinated grain seeds as a source of biologically valuable components in preparation of
functional foods, production of which is one of the modern trends in food technology (lvanov
et al., 2021; Pefias and Martinez-Villaluenga, 2020).

The mixture of sprouted grains (MSG) containing equal amounts of sprouted wheat,
oats, barley, and corn grains produced by the company Choice, Ukraine was used as non-
traditional raw material in the present study. This mixture of sprouted grains is rich in
vitamins (A, E, B1, B2, B3, B5, B6, B9, H, choline, PP), trace elements (boron, molybdenum,
selenium, chromium, iron, vanadium, manganese, zinc, iodine, copper, fluorine), minerals
(potassium, calcium, silicon, magnesium, phosphorus), essential amino acids (valine,
isoleucine, leucine, lysine, methionine, threonine, tryptophan, phenylalanine), and enzymes
(lipase, cytase, proteases, phosphatases, a- and B-amylases) (Choice Sprouted Grains,
https://uakrasa.net/en/choice-proroshcheni-zerna-paket-150g/).

In our previous study based on the results of trial baking, the dosage of the mixture of
sprouted grains 15% to the weight of the high-grade flour was recommended to improve the
nutritional and biological values of bread (Burchenko, 2018). It was found that addition of
the mixture of sprouted grains to wheat flour reduces the volume of bread and its porosity
(Burchenko, 2018). The application of bakery improvers allows to eliminate the negative
impact of non-traditional raw materials on the quality of dough and bread, as well as intensify
the technological process and extend the freshness period of bakery products (Bilyk et al.,
2020: 2022).

To increase the quality ad prolong freshness of products made with the addition of a
mixture of sprouted grains, it is advisable to use multi-component baker improvers containing
fillers (wheat flour, soybean flour, starch), oxidizers, reducing agents, enzymes, emulsifiers,
malt flour, malt extract, modified starches, calcium sulfate, calcium carbonate, calcium
propionate, calcium phosphate, ammonium chloride, carbohvdrates (sucrose. alucose),
lecithin, sov flour, acids (citric, lactic). protein supplements (dry aluten, dry milk, veaetable
protein), and hvdroaenated vegetable oils (Codina et al., 2007; Courtin and Delcour, 2002;
Liang et al., 2021; Zhygunov et al., 2019).

The aim of the present study was the development of a multi-component baking
improver that will increase the quality of products and extend their freshness period when
using an addition to wheat flour the mixture of sprouted grains of wheat, oats, corn, and
barley. To create multi-component baking improver the components, which belong to food
additives, which are Generally Recognized as Safe (GRAS), were used.

Materials and methods
Materials

The mixture of wheat, oats, barley, and corn sprouted grains produced by the company
Choice, Ukraine, was used in the study. Dough was prepared using high grade wheat flour.
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Preparation of dough samples

Dough samples were prepared according to the recipe, g: high grade wheat flour, 100.0;
pressed baker's yeast, 3.0; salt, 1.5; the mixture of wheat, oats, barley, and corn sprouted
grains, 15.0. The dough was kneaded in a two-speed Escher kneading machine (Italy) straight
with a moisture content of 44.0%. The fermentation period was replaced by a 20-minute
proofing period. Dough processing was carried out manually, the proofing was carried out at
a temperature of 38+2°C and a relative humidity of 78+2 % until ready. Bread was baked in
a Sveba-Dahlen cabinet oven (Italy) at a temperature of 200-220 °C in a humidified baking
chamber for 30 minutes. All experiments were performed at least in triplicate.

Methods
Specific volume of bread

The specific volume of bread was determined by dividing the volume of bread by its
weight and expressed in cm®/g (Zhu et al., 2016).

Porosity of bread

The porosity of bread reflects the volume of the pores in a certain volume of the crumb,
expressed as a percentage to the total volume (Verheyen et al., 2015).

Complex quality indicator

Quality evaluation of finished products was carried out based on sensory, physical, and
chemical properties of bread, and expressed as a calculated complex quality indicator. The
complex quality indicator is the total number of points that the experimental sample receives
during its analysis. For its calculation, each product was evaluated by the following
properties: correct form, specific volume, shape stability, crust color, crust surface condition,
crumb color, porosity structure, crumb rheological properties, staling after 72 hours, bread
aroma, bread taste, crumb chewiness. The obtained values were evaluated on a five-point
scale, taking into account the weighting factor, which was established for each indicator
through expert evaluation. That is, the number of points assigned to the indicator was
multiplied by the weighting factor. Next, the sum of the obtained values was found. The
greater the number of points the sample receives as a result of the calculation, the better its
quality indicators (Bilyk et al., 2022). The expert commission included seven candidates of
technical sciences, three post-graduate students for a doctor of philosophy degree and 15
students of higher education in the specialty "Food Technologies".

Crumb deformation

The duration of freshness preservation of the products was studied by the changes in
the structural and mechanical properties of the crumb. Its total deformation after 48 hours of
storage was determined using an AP 4/1 penetrometer "Finemass" (Germany) (Bilyk et al.,
2022).
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Content of aromatic substances

The content of aromatic substances in finished products was estimated by the amount
of bisulfite-binding compounds (Bilyk et al., 2022).

Condition of the under crust layer

The degree of staleness was assessed by hand through the area and hardness of the under
crust layer. Using scanning and graphic editors, the average thickness of the under crust layer
was determined (Petrusha et al., 2018).

Microscopy of bakery products

Microscopy of bakery products was carried out after 72 hours of storage. The samples
were stored without packaging at a temperature of 20+0 °C. Preparation of samples was
carried out by freezing, freeze-drying, and spraying carbon on a dried sample in a vacuum
chamber. The samples were examined using an electron scanning microscope IEOLISMM-
200 (Japan) at 1000 magnification, and the most visible areas were photographed.

Dextrin content

Dextrin content was determined by their mass fraction, based on the ability of dextrins
to precipitate at different concentrations of ethyl alcohol in the solution (Bilyk et al., 2022).

Results and discussions
Development of a multi-component baking improver

A multi-component baking improver for bread from high-grade medium strength wheat
flour containing 15% of a mixture of sprouted wheat, oats, barley, and corn grains to the
weight of flour was proposed. Such food additives with GRAS status were chosen for the
multi-component mixture: (1) apple pectin (Zhang et al., 2019), dry wheat gluten,
carboxymethyl cellulose (Ammarab et al., 2020), chicory inulin, dry whey enriched with Mg
and Mn (Kochubei-Lytvynenko et al., 2023) as moisture-retaining additives; (2): phosphatide
concentrate (Gomez et al., 2004) as surface-active substances (3) amylolytic enzyme
preparation Deltamalt FN-A50, and (4) lactic acid as a natural oxidizer.

Based on the results of trial baking, complex quality indicators of high-grade wheat
bread with different multi-component baking improvers were calculated (Table 1).

According to the complex quality indicator, the best amounts of the components in
wheat bread, % to the weight of flour, were: 0.5% for dry whey enriched with Mn and Mg;
0.004% for enzyme preparation Deltamalt FN-A50; 0.4% for carboxymethyl cellulose; 0.5%
for dry wheat gluten; 0.6% for apple pectin; 1.0% for chicory inulin; 0.3% for phosphatide
concentrate, and 0.2% for lactic acid (Table 1). During the preparation of multi-component
baking improver, it is recommended to halve the found dosage of the component due to the
synergistic effect in case of simultaneous their application (Bilyk et al., 2020). As a result, a
recipe included 15% mixture of sprouted grains to the mass of flour, for a multi-component
baking improver was developed. This improver intended to intensify the technological
process, improve consumer properties, and extend the freshness of wheat bread (Table 2).
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Table 1

Determination of the best dosage of ingredients in multi-component baking improver

140

The completqual_lty Indicator Dosage of component, %, to the mass of
Control 15% mixture of sprouted flour
grains
Dry whey enriched with Mn and Mg
0.25 05 | 075 ] 10 | 1.25
84.6 76.2 80.6 82.1 | 82.2 | 826 | 828
Enzyme preparation Deltamalt FN-A50
0.001 0.002 | 0.004 | 0.006 | 0.008
84.6 76.2 78.2 816 | 864 | 86.4 | 86.4
Carboxymethyl cellulose
0.1 0.2 0.3 0.4 0.5
84.6 76.2 80.6 829 | 843 | 86.7 | 86.2
Dry wheat gluten
0.2 0.3 0.4 0.5 0.6
84.6 76.2 79.2 80.6 | 814 | 823 | 823
Apple pectin
0.2 0.4 0.6 0.8 1.0
84.6 78.4 80.8 82.2 | 849 | 848 | 845
Chicory inulin
0.2 0.4 0.6 0.8 1.0
84.6 76.2 82.2 83.1 | 843 | 86.6 | 86.8
Phosphatide concentrate
0.10 0.20 | 0.30 | 0.40 | 0.50
84.6 76.2 80.5 81.9 | 826 | 82.6 | 825
Lactic acid
0.1 015 | 02 | 025 | 0.3
84.6 76.2 80.8 81.6 | 816 | 815 | 814
Table 2
Composition of multi-component baking improver
Component Amount, kg per 100 kg
Chicory inulin 28.5
Dry whey enriched with Mn and Mg 14.3
Dry wheat gluten 14.3
Apple pectin 17.1
Carboxymethyl cellulose 114
Phosphatide concentrate 8.6
Deltamalt FN-A 50 enzyme preparation 0.1
Lactic acid 5.7
Total 100.0
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To further study the effect of the developed polycomponent mixture on the structural and
mechanical properties of dough and biochemical processes in it, the recipe with 15 % mixture of
sprouted grains (MSG) and 1.8% multi-component baking improver (MBI) to the mass of flour was
chosen (Table 3, Figure 1).

Table 3
Effect of a multi-component baking improver on the technological process and quality of wheat
bread
Indicator Control 15% MSG to | 15% MSG and
(without the mass of 1.8% MBI to the
additives) flour mass of flour
Dough
Moisture, % 44.0
Titrated acidity, degrees:
initial 1.6 2.0 2,2
final 2.0 24 2.6
Proofing time, min 60 50 50
Gas formation in the dough
during fermentation and 812 992 1058
proofing, cm¥100 g of dough
Bread
Specific volume, cm?/100 g 298 263 312
Shape stability, H/D 0.47 0.25 0.48
Acidity, degrees 1.8 24 2,2
Porosity, % 78.0 64.0 82.0
Total crumb deformation,
penetrometer units: 4 hours 84 98 106
72 hours 42 74 88
Crumb condition and color Smooth without Smooth without cracks and tears,
cracks and tears, golden color
light yellow color
Correct form Bread with a Bread with a dome-shaped upper
noticeably convex crust
upper crust
Crumb color Light white Gray Light gray
Porosity structure Small, thin- and Pores of Small, thin- and
medium-walled different sizes, medium-walled
pores, distributed medium thick, pores, distributed
fairly evenly unevenly fairly evenly
distributed
Taste and aroma Typical for this | Typical for this type of product with a
type of product | pleasant taste and aroma, the aftertaste
without extraneous | of sprouted grains can be felt
taste and smell
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Figure 1. Breads:
1, control (without additives); 2, with 15% mixture of sprouted grains to the mass of flour;
3, with 15% mixture of sprouted grains and 1.8% multi-component baking improver to the
mass of flour.

It was found that the mixture of sprouted grains added in amount of 15% to the mass of
flour leads to a deterioration of the sensory, structural, and mechanical properties of the
finished product that can be explained by the excessive activity of amylolytic and proteolytic
enzymes in the germinated cereals. The developed multi-component baking improver
increased the quality of wheat bread prepared with the addition of the mixture of sprouted
grain. Multi-component baking improver has a positive effect on the rheological properties
of the dough. The duration of dough proofing with the mixture of sprouted grains and with
mixture of sprouted grains and multi-component baking improver was 50 minutes, which
was 10 minutes less than for the control sample. The initial and final acidity of dough
increases in comparison with the control sample by 0.6 degrees. Gas formation in the dough
with multi-component baking improver increases by 23.3%, which is a base for the increasing
of the specific volume in the breads. Due to using the developed multi-component baking
improver, the specific volume of breads increases by 15.7% and by 4.5% compared to the
control sample. The dimensional stability of floor products approaches the results of the
control sample. The acidity of the breads increased compared to the control sample by 0.6
degrees and 0.8 degrees, respectively, but did not exceed the permissible values. When
adding multi-component baking improver, the porosity of the breads improves. Thus, the
bread with the mixture of sprouted grains and multi-component baking improver had a
porosity of 82%, which is by 22% more than for the bread with mixture of sprouted grains
and by 4.9% more than of the control sample. When adding the mixture of sprouted grains
and multi-component baking improver to the dough, the total, plastic, and elastic
deformations of the crumb have been improved.

Application of the developed multi-component baking improver helps to preserve of
freshness of bread. Thus, the deformation of the crumb of bread enriched with a mixture of
sprouted grains and developed multi-component baking improver was after 72 hours of
storage by two times greater than of the control (wheat bread). The application of multi-
component baking improver enhanced the sensory properties of bread: the crumb color of the
bread lightens; the porosity structure becomes uniform, the pores are thin-walled and medium
in size; the crumb becomes elastic, the lumpiness and stickiness disappear. Bread has a
pleasant taste and aroma, and the taste of sprouted grains can be felt.
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Effect of a multi-component baking improver on the quality and prolongation of
the shelf life of wheat bread with the mixture of sprouted grains

The taste and aroma of bread are important consumer properties (Meziani, 2012).
Therefore, the effect of the mixture of sprouted grains and a developed multi-component
baking improver on the flavor of bakery products was studied. The formation of taste and
aroma depends on the recipe composition and the fermentation process. Incorporation of the
mixture of sprouted grains and multi-component baking improver in the dough changes the
content of proteins, carbohydrates, and fats, which leads to the changes in aroma formation,
namely, due to increase in the amount of carbonyl compounds.

The improved aroma of bread, namely, the increased content of bisulfite-binding
compounds, is explained by the fact that the mixture of sprouted grains increases the content
of sugars and amino acids. Ingredients of multi-component baking improver, namely dry
milk whey, dry wheat gluten, and apple pectin additionally increase the content of protein
that increases the number of carbonyl compounds and slow down their release during the
storage of bread. The composition of the developed multi-component baking improver
includes apple pectin, phosphatide concentrate, dry whey enriched with Mg and Mn, and
chicory inulin, which accelerate the fermentation process and contribute to the accumulation
of aromatic substances. So, the content of carbonyl compounds in finished product increases
by 2.1 times caused the improvement of crust color and bread aroma.

During cooling and storage, the internal process of moisture migration takes place in
bread due to the driving force, which is the gradient of relative moisture content between
structurally different parts of the product, namely, the crumb and the crust. The gradient of
relative moisture content is formed due to the baking process where the crust, which is
exposed to high temperatures, is crispy, and the crumb, which is formed at lower
temperatures, is soft. This causes parts of the same product to have different moisture content,
therefore, its equalization takes place during the storage period. This leads to the crust
softening, the crumb staling, and a thicker under crust layer forming.

Table 4
Content of bisulfite-binding substances, mg-eq/100 g of bread
Part of Control 15% MSG™ to the 15% MSG and 1.8% MBI™
bread |(without additives) mass of flour to the mass of flour
After 4 hours
Crumb 6.2 11.8 13.6
Crust 18.9 26.1 29.2
After 24 hours
Crumb 5.2 10.1 12.3
Crust 16.2 26.1 27.2
After 48 hours
Crumb 4.4 9.1 11.4
Crust 14.1 20.2 25.3
After 72 hours
Crumb 3.1 7.2 9.1
Crust 12.8 15.1 20.8
“MSG, mixture of sprouted grains; MBI, multi-component baking improver.
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Addition of the mixture of sprouted grains and combined use of mixture of sprouted
grains and developed polycomponent mixture reduce the formation of the under crust layer,
and therefore have a positive effect on slowing down the staling process of bakery products
(Figure 2).
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Figure 2. Formation of under crust layer during the storage of bakery products after 72 hours:
1, control (without additives);
2, with 15% mixture of sprouted grains to the mass of flour;
3, with 15% mixture of sprouted grains and 1.8% multi-component baking improver to the
mass of flour.

It was shown that the under crust layer in the bread with mixture of sprouted grains or
mixture of sprouted grains and multi-component baking improver after 72 hours of storage
was thinner compared to the under crust layer of the control. To confirm it, a section of breads
was scanned and the thickness of the under crust layer was measured. It was found that the
under crust layer was 10.4 mm in the control bread, 8.5 mm in the bread with 15% mixture
of sprouted grains, and 3.24 mm in the bread with 15% mixture of sprouted grains and multi-
component baking improver (Figure 2).

To confirm the positive effect of addition of the mixture of sprouted grains and the
combined use of the mixture of sprouted grains and multi-component baking improver on the
crumb, microscopy of bakery products was carried out after 72 hours of unpacked storage at
a temperature of 20 °C. Prepared samples were examined using an electron scanning
microscope IEOLIJSMM-200 with a magnification of 1000 and the most revealing,
characteristic areas were photographed. The analysis of microphotographs showed that when
using the mixture of sprouted grains or the mixture of sprouted grains combined with
developed multi-component baking improver, the crumb consists of swollen and partially
pasteurized starch grains, which are interspersed in a solid mass of coagulated proteins, with
few visible layers of air (Figure 3).

The microphotograph analysis of the control sample showed that the crumb is
characterized by the presence of voids formed due to the transition of starch from an
amorphous to crystalline state and protein compaction. Thus, addition of the developed multi-
component baking improver showed positive effect on the sensory properties of wheat bread
with the mixture of sprouted grains, the formation of the under crust layer decreases when
storing the products in unpackaged form for 72 hours, and the structure of their crumb
improves.
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Figure 3. Microstructure of wheat bread after 72 hours of storage:
1, control (without additives);
2, with 15% mixture of sprouted grains to the mass of flour;
3, with 15% mixture of sprouted grains and 1.8% multi-component baking improver to the
mass of flour.

An increase in sugar content leads to improved porosity of bakery products: it becomes
more thin-walled and uniform, the taste of the products improves, and the shelf life is
extended (Miiller et al., 2021). It is also known that increased autolytic activity contributes
to the accumulation of dextrins during baking, which in turn extends the shelf life. Due to the
fact that mixture of sprouted grains has high autolytic activity and high content of its own
sugars (Lazaridou, 2027), and multi-component baking improver includes the enzyme
preparation Deltamalt FN-A50, which reduces the autolytic activity of the dough system, it
was expedient to study the change in the amount of dextrins in wheat bread. Determination
of dextrin content was carried out 4 hours after cooling (Table 5).

Table 5
Dextrin content in breads
Dextrin content of by fractions, % to
d Total
ry matter -
Bread samples dextrin
Amylo- Erythro- Malto- and
. . . content
dextrins dextrins | macro-dextrins
Control
(without additives) 0.786 0.274 0.634 1.694
15% SGM to the mass of flour 1.426 0.542 1.246 3.214
0, 0,
15% SGM and 1.8% MCMto | ;3¢ 0.421 1.126 2783
the mass of flour

The results confirmed an increase in the amount of dextrins compared to the control
when using the mixture of sprouted grains or the mixture of sprouted grains combined with
multi-component baking improver. It is known that low molecular weight dextrins, namely
malto-dextrins and acro-dextrins, extend the shelf life of bakery products due to the formation
of a three-dimensional network that prevents starch from giving off moisture and thus slows
down its retrogradation. Thus, in bread with 15% mixture of sprouted grains to the weight of
flour, the use of multi-component baking improver increases the accumulation of low
molecular weight dextrins by 77.6% compared to the control. Therefore, the developed multi-
component baking improver contributes to the accumulation of low molecular weight
dextrins, which slow down the process of wheat bread going stale.
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Conclusions

To produce wheat bread with increased nutritional and biological values, a mixture of
sprouted wheat, oats, barley, and corn grains was included in the recipe. With the dosage
of mixture of sprouted grains being 15% to the mass of flour, there is some deterioration
of the sensory, structural, and mechanical properties of the finished product, which can
be explained by the excessive activity of amylolytic and proteolytic enzymes of mixture
of sprouted grains. In order to increase the quality of wheat bread, it is recommended to
use multi-component bakery improvers.

A composition of multi-component baking improver has been developed, which is
intended for intensifying the technological process and improving the quality of finished
products. The composition of the multi-component baking improver includes food
additives that are Generally Recognized as Safe. The developed multi-component
baking improver has a positive effect on the quality of wheat bread enriched with the
mixture of sprouted grains.

In the production of wheat bread which contains 15% of the mixture of sprouted grains
to the mass of flour, it is advisable to use the developed multi-component baking
improver in the amount of 1.8 % to the mass of flour.

Application of the developed multi-component baking improver extends the freshness
of bakery products. The mixture of sprouted grain and the developed multi-component
baking improver contribute to the accumulation of low molecular weight dextrins,
which slow down the staling process due to the formation of a three-dimensional
network that prevents the loss of water by starch. It has been confirmed that in the bread
with a multi-component baking improver, the crumb of products stored for 72 hours
without packaging consists of a solid mass of proteins coagulated during baking, in the
middle of which swollen, partially gelatinized starch grains are interspersed with few
layers with visible air, which confirms the slower starch retrogradation.
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Introduction. The purpose of the work is to determine the
influence of electrochemically activated water (catholith and
anolyte) on the rheological indicators of corn starch suspensions
under different temperature regimes.

Materials and methods. The functional and technological
properties of corn starch were investigated in terms of water-
absorbing, moisture-retaining, fat-absorbing and fat-retaining
ability. The influence of electrochemically activated water on these
parameters were determined in comparison with tap water.
Rheological characteristics of starch suspensions prepared on
electrochemically activated water were determined at different
temperatures on a Kinexus Pro+ rheometer.

Results and discussion. Electrochemically activated water
causes change in the functional and technological properties of corn
starch: the water absorption and moisture retention ability of starch
prepared on catholyte decreased by 26% and 10%, and when anolyte
is added, it increased by 18% and 36%, compared to the sample on
tap water. Starch is able to absorb more amount of water in an acidic
medium (anolyte) than in an alkaline one (catholite).
Electrochemically activated water also has a significant effect on the
rheological parameters of starch suspensions: when the shear rate
changed in the range of 0.1-100 s?, the shear stress increased
linearly. At the temperature of gelatinization shear stress was 0—10.6
Pa, 0-13.6 Pa and 0-23.8 Pa for control sample, sample on anolyte
and catholyte, respectively. At a temperature of 25 °C, the change
was greater — 0-19.5 Pa, 0-28.4 Pa, and 0-30.8 Pa, respectively. At
zero shear rate, the initial shear viscosity of suspensions at 25 °C and
at 68 °C on the catholyte and anolyte was higher than the control
sample. When the shear stress changed at 25 °C, the values of the
shear viscosity increased, having the highest values at the final stage
on the catholyte and anolyte — 1.7 and 13 Pa-s compared to the
control sample — 0.6 Pa-s. At 68 °C, the trend of change of the
studied indicator is similar, but the initial values are higher than the
corresponding values at 25 °C, and the final values are lower. The
angular velocity index increased linearly with a change in shear
stress.

Conclusion. The conducted research show that
electrochemically activated water has a significant impact on the
functional and technological properties and rheological
characteristics of semi-finished products, in particular corn starch
suspensions, which in turn will have an impact on some indicators
and structure of food products with this raw material.
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Introduction

Studying the regularities of the physico-chemical and biochemical processes in the
human body, first of all, attention is paid to water and food products as factors which cause
the course of these processes. Water is a sensor of physical and chemical factors of influence
in the environment and human body. These factors cause changes in physical and chemical
properties of water and its biological activity (Ivanov et. al, 2021). The statistical conclusion
of the WHO indicates that 70% of diseases in the world are associated with poor-quality
drinking water (WHO, 2022).

The biological activity of water caused by increased electronic or proton activity is
related to the fact that water is a quantum-mechanical system consisting of free and associated
water phases (Cejka et. al., 2017; Tamaki et. al., 2016).

The association of charged dipole water molecules in clusters is carried out due to
hydrogen bonds between different electric poles of neighboring water molecules. After the
destruction of associates in the aqueous medium, when heated, H,O monomolecules appear
in large quantities (lino et. al., 2009).

Saturated with molecular hydrogen water has a positive effect on the human body, but
molecular hydrogen has a low solubility in water. Due to the high diffusivity of hydrogen, its
concentration in water is unstable and changes rapidly, approaching zero under normal
conditions. In this regard, hydrogen water involves either immediate use or special storage
conditions (Kurokawa et. al., 2011).

It was established that under the influence of non-reagent factors such as
electromagnetic field, light radiation, heating, cooling or freezing with subsequent thawing,
a change in the kinetics of chemical and biochemical reactions in water occurs. Such changes
influence on its solubility, as well as biological activity. This takes place under the condition
of constancy of the elemental chemical composition of the factors associated with the
consumption of external energy (Mghaiouini et. al., 2020).

One of the most effective methods of water activation is electrochemical activation. The
essence of the process is the electrophysical and electrochemical action on the aqueous
solution of ions and molecules in the space charge zone in the immediate vicinity of the
surface of the electrodes under conditions of non-equilibrium transfer of charges through the
"electrode-electrolyte” interface by electrons (Ignatov et. al., 2015). At the same time, water
is saturated with oxygen, changes own energy state, accelerates the removal of metabolic
waste and promotes the most complete assimilation of nutrients by the human body from the
substrate prepared with its use (Ignatov et. al., 2019).

Products of the starch-molasses industry are used in many branches of the food industry.
The most common is the use of corn starch as an emulsifier and thickener (Silva et al., 2021).

Native corn starch has low thermal stability, high tendency to retrograde and low
resistance to shear force. To solve this problem, it needs to be modified to improve its
application in food industry. Hydrothermal modification is one of the physical modifications
by heating the starch above the gelatinization temperature with a limited water content (Marta
et al., 2022).

The task of studying the possibilities of drinking water acquiring signs of nutritional
(biological) value by optimizing the content of macro- and microelements with biogenic
properties in water and the influence of this water on the structure and characteristics of semi-
finished and ready products is relevant. These tasks can be solved by developing new and
improving existing methods of activating water used in the food industry and ways of using
it in the manufacturing of food products.
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Therefore, the aim of research is to determine the influence of electrochemically
activated water (catholith and anolyte) on the rheological indicators of corn starch
suspensions under different temperature regimes.

Materials and methods
Materials

Electrochemically activated water obtained by the electrochemical method was used for
the research. To obtain electrochemically activated water, tap water was used (supplier —JSC
"Kyivvodokanal™), which was characterized by redox potential (RP) = +224, pH=6. For
activation, tap water is passed through the diaphragm electrolyzer. Two experimental
samples of activated water were obtained with different set parameters of PR: catholyte (RP
= -542+20, pH = 10) and anolyte (RP = +767+15, pH = 3).

Corn starch suspensions were prepared in the ratio of corn starch:water — 1:10 using
catholyte and anolyte at a temperature of t = 23+2 °C (the temperature at which starch
modification begins), the suspensions were kept for 2 hours to ensure starch hydration. The
control was a suspension sample prepared with tap water.

Methods
Water-absorbing ability of starch

Test samples weighing 0.5 g were placed in a beaker and dispersed in 50 ml of water.
Samples were placed in pre-weighed centrifuge tubes and left for 30 minutes at room
temperature. After that, the suspension was centrifuged for 30 min at 3500 rpm. The upper
layer with water was removed and dried in a thermostat (drying cabinet) for 25 minutes at a
temperature of 50 °C to remove the remaining excess moisture. Then it was re-weighed.

Water-absorbing ability (WAA) was expressed in ml of absorbed moisture in 1 g of dry
sample or %, which was determined by the formula:

WAA = (Wz — W1)~2
where W; is the mass of the test tube with a dry weight of the test sample;

W is mass of the sample with tube after centrifugation (Silva et al., 2016).

Moisture-retaining ability of starch

Test samples weighing 0.5 g were placed in a heat-resistant beaker and dispersed in 50
ml of water.Samples were left for 30 minutes at room temperature. Next, the mixture was
subjected to heat treatment in a water bath for 30 minutes (with constant stirring) to a
temperature of 95+2 °C in the center. Then they were cooled to a temperature of 10£2 °C,
placed in pre-weighed centrifuge tubes and centrifuged for 30 min at 3500 rpm. The upper
layer with water was removed and dried in a thermostat (drying cabinet) for 25 minutes at a
temperature of 50 °C to remove the remaining excess moisture. Then it was re-weighed.

Moisture retaining ability (MRA) was expressed in ml of retained moisture in 1 g of dry
sample or %, which was determined by the formula:

MRA = (Wz — W1)~2
where W is the mass of the test tube with a dry weight of the test sample;

W, is the mass of the sample with tube after centrifugation (Silva et al., 2016).
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Fat-absorbing ability of starch

Test samples weighing 0.5 g were placed in a beaker and dispersed in 15 ml of refined
sunflower oil for 60 seconds. Then they were placed in weighed centrifuge tubes and kept at
room temperature for 10 minutes, after which they were centrifuged for 30 minutes at 3500
rpm. The upper layer of the separated oil was removed, and the test tubes were left at an angle
of 45° for 10 min to drain the remaining oil and weighed.

Fat-absorbing ability (FAA) was expressed in ml of absorbed oil in 1 g of dry sample
or %, which was determined by the formula:

FAA = (W; - W,)-2
where W; is the mass of the test tube with a dry weight of the test sample;

W, is mass of the sample with tube after centrifugation (Silva et al., 2016).

Fat- retaining ability of starch

Test samples weighing 0.5 g were placed in a heat-resistant beaker and dispersed in 15
ml of refined sunflower oil for 60 seconds. Then the mixture was kept at room temperature
for 10 minutes. Then it was subjected to heat treatment in a water bath for 30 minutes (with
constant stirring) to a temperature of 95+2 °C in the center, followed by cooling to a
temperature of 10+2 °C. After that, it was centrifuged for 30 minutes at 3500 rpm. The upper
layer of the separated oil was removed, and the test tubes were left at an angle of 45° for 10
min to drain the remaining oil. Afret that tubes with sample were weighed.

Fat-retaining ability (FRA) was expressed in ml of retained oil in 1 g of dry sample or
%, which was determined by the formula:

FRA = (Wz — W1) 2
where W; is the mass of the test tube with a dry weight of the test sample;

W is mass of the sample with tube after centrifugation (Silva et al., 2016).

Rheological characteristics of starch suspensions

For conducting rheological research, suspensions were analyzed at temperatures of 25
and 68 °C. Changes in the structure and rheological characteristics of corn starch were
investigated after its modification using tap water and activated water. This study not only
shows the ability of starch to swell and gelatinize, but also the change in the rheological
characteristics of starch suspensions, which will make it possible to expand the use of
activated water for the process of starch modification. Heat treatment was applied at 68 °C,
since this value is the average value of the temperature range of gelatinization of corn starch.
In the temperature range of 25 — 68 °C, starch gradually changed from one state to another
(Malumba et al., 2010).

Determination of rheological characteristics was carried out on a Kinexus Pro+
rheometer. Using the Starch Paddle Plastic 2 Blade geometry, which is a coaxial cylinder
with a paddle stirrer (PC34 SL0007 SS) mounted on a vertical shaft. The prepared suspension
was placed in a cylinder at a height of 70 mm, the stirrer was lowered and brought to a
temperature of 25 °C. Viscosity and flow curves were determined by changing the shear rate
with its gradual increase (0.1-100 s™) and shear stress (0-200 Pa), with 10 measurement
points per decade. Each step was maintained until a steady state was reached in the minimum
time. Similarly, the experiment was conducted after heating the suspension to 68 °C (Alvarez
et al., 2015).
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Statistical analysis

All experiments were carried out in triplicate. The results are given as mean+standard
deviation (SD). Differences were considered to be significant at validity of a=0.95. Statistical
analysis was performed using XLstat (2020 version) software.

Results and discussion

Before using raw materials in food technologies, it is necessary to know their
characteristics, because they can affect the structure and properties of products containing
them. The rheological characteristics of starch suspensions are largely influenced by the
functional features of the raw materials. Studies of water-absorbing (WAA), moisture-
retaining (MRA), fat-absorbing (FAA) and fat-retaining (FRA) ability showed (Table 1) that
corn starch has high water-absorbing ability - it is able to retain water 6.18 times more than
its own weight, in particular due to small particle sizes (from 20 to 400 um). This indicates
that when using it in the recipes of food products, it is necessary to increase the amount of
water. However, the moisture- retaining ability is low — it can hold water 0.58 times more
than its own weight, which indicates that this component will not contribute to the product's
long-term preservation of a wet state. The ability of starch to absorb and retain fat is 1.5 and
1.3 times more compared to its own weight, respectively.

Table 1
Functional and technological properties of corn starch

Indicator Value, %
Water-absorbing ability 618+5
Moisture-retaining ability 58+1
Fat-absorbing ability 15243
Fat-retaining ability 13643

It is important not only to analyze the functional and technological properties of starch,
but also the influence of electrochemically activated water on the studied parameters (Table
2).

Table 2
Functional and technological properties of corn starch when using electrochemically activated
water
Indicator Value, %
Water-absorbing ability (catholite) 592+5
Moisture-retaining ability (catholite) 48+1
Water-absorbing ability (anolyte) 636+5
Moisture-retaining ability (anolyte) 9441

When adding catholyte to dry starch water-absorbing ability and moisture-retaining
ability of starch decreased by 26% and 10%, and when anolyte is added it increased by 18%
and 36%. This is due to various properties of water, in particular, pH. Starch is more able to
absorb water in an acidic medium (anolyte) than in an alkaline one (catholite). In addition,
the salts present in the catholyte prevent its absorption by starch granules (Han et. al., 2009).
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Due to the peculiarities of the chemical structure and the ability to swell and gelatinize
when heated in the presence of water, starch plays a decisive role in the formation of the
structure and consumer properties of many products. Studies of the dependence of the change
in shear stress (o) on the shear rate (y) of corn starch suspensions (Figure 1) showed a linear
increase in the indicator.
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Figure 1. The dependence of the change in shear stress on the shear rate

As the shear rate increased in the entire range, the trajectory of change in shear stress
of samples was similar. The samples had a lower shear stress at the gelatinization
temperature: control sample, suspension on the anolyte and catholyte — 0-11 Pa, 0-14 Pa,
and 0-24 Pa, respectively. At a temperature of 25 °C the change was greater — 0-19 Pa, 0-28
Pa and 0-31 Pa, respectively. Analysis of the dependence of shear viscosity (n) on shear rate
(vy) (Figure 2) showed that at zero shear rate, the initial shear viscosity of suspensions at 25
°C and at 68 °C on catholyte and anolyte was higher than for the control sample. At 25 °C it
was 8.6 Pa, 5.9 Pa and 1.6 Pa, respectively. At 68 °C it was 3.8 Pa, 2.9 Pa and 0.8 Pa,
respectively. This is explained by the fact that the increase in viscosity at zero shear rate
partially corresponds to a higher degree of flocculation, since the formation of non-permanent
loose aggregates from starch particles is more active when activated water is used (Fall et.
al., 2017).

As the shear rate increases and the hydrodynamic forces become large enough to deform
and break the flocs, a rapid decrease in viscosity occurs (McClements, 2005).
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Figure 2. The dependence of the change in shear viscosity on the shear rate

When the shear rate increased to 50 s, the shear viscosity of the samples gradually
decreased: for the control sample it was slower, and for the samples of suspensions on
activated water it was more rapid.

However, when the shear rate was more than 50 s*, all samples acquired almost the
same shear viscosity. The nature of the change was hyperbolic and typical for all samples.
However, the degree of change of the investigated parameter was not the same: for the sample
on the catholyte at 25 °C the indicator decreased by 8.3 Pa-s, at 68 °C — by 3.7 Pa-s; for sample
on anolyte — by 5.6 and 2.8 Pa-s; for sample on tap water — by 1.4 and 0.7 Pa-s.

Studies of the dependence of the change in angular velocity (0") on the shear stress ()
for corn starch suspensions (Figure 3) showed an almost linear increase of the indicator.

The angular velocity when analyzing samples of suspensions prepared on activated
water at a temperature of 25 °C was lower over the entire range of shear rate change than at
a temperature of 68 °C. The same trend was observed for the control samples, but the values
for them were quantitatively higher.

The values for samples at a temperature of 25 °C changed to a lesser extent: on catholyte
—0-0.2 rad/s, on anolyte — 0-0.3 rad/s, on tap water — 0-0.7 rad/s. At a temperature of 68 °C,
the increase of the studied indicator was more rapid, but the dependence was clearly
observed: on catholyte, anolyte and tap water — 0-0.6 rad/s, 0-0.8 rad/s and 0-1.3 rad/s in
accordance.

——Ukrainian Journal of Food Science. 2022. Volume 10. Issue 2 155



—— Food Technology ——

0.105
0.090
1.2 —0.0751
40060

0.045
1.0 70,030
710.0151
0.8 —0.0001

Angular velocity, 0" (rad/s)
S
(o)
|

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Shear stress, ¢ (Pa)

—— | - Catholyte at 25 °C —=— 4 - Control sample at 25 °C
2 - Anolyte at 25 °C 5 - Anolyte at 68 °C
—v— 3 - Catholyte at 68 °C —&— 6 - Control sample at 68 °C

Figure 3. Dependence of the change in angular velocity on the shear stress

The flow curves of starch suspensions are shown in Figure 4. The analysis of the curves
allows to make a conclusion about the strength of structural bonds in starch systems.

The initial shear viscosity (1) of suspensions at 25 °C on the catholyte and anolyte at
zero shear stress (o) was lower than of the control sample, which is explained by the fact that
the initial viscosity is the result of hydration of amorphous starch. Hydrophilic groups cannot
migrate to the interfacial area in the continuous phase (Taherian et al., 2008).

However, as the shear stress increased, its values change along the trajectory of the
parabola, having the highest values at the final stage (1.7 and 1.3 Pa-s compared to the control
sample — 0.6 Pa-s). This is facilitated by molecular rearrangements that accelerated the
mobility between starch molecules when interacting with activated water and led to greater
flexibility of the starch chain, which increased their ability to bind water molecules (Donmez
etal., 2021).

At a temperature 68 °C the trend of change of the studied indicator is similar, but the
initial values are higher than the corresponding values at 25 °C: 0.5 Pa-s and 0.4 Pa-s for
control sample, 0.8 Pa-s and 0.2 Pa-s for sample on catholyte, 0.6 Pa-s and 0.2 Pa-s for sample
on anolyte. On the contrary, the final values were lower: 0.3 Pa-s and 0.5 Pa-s for control
sample, 0.6 Pa-s and 1.7 Pa-s for sample on catholyte, 0.5 Pa-s and 1.3 Pa-s for sample on
anolyte. This is explained by the fact that high temperature and external force contributed to
the entry of water molecules into starch granules (Shi et al., 2021).
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Figure 4. Dependence of shear viscosity on shear stress

Thus, on the basis of the conducted research, it was established that the electrochemical
activation of water modifies its chemical composition and properties, contributes to changing
the functional and technological properties of raw materials with its content, in particular
corn starch. Electrochemical activation of water also has a significant effect on the
rheological parameters of starch suspensions. This, in turn, will be reflected in the structural
and mechanical properties of food products with the content of this semi-finished product in
its composition and will form the structure of the product.

Conclusion

1. The functional and technological properties of food products are significantly
influenced by the properties of raw materials. Corn starch has a high water absorption
ability — it can hold water 6.18 times more than its own weight. The moisture-retaining
ability is low — it can hold water 0.58 times more than its own weight. The ability to
absorb and retain fat with starch is 1.5 and 1.3 times more than its own weight,
respectively.

2. When adding catholyte water-absorbing ability and moisture-retaining ability of starch
decreased by 26% and 10%, and when anolyte is added, it increased by 18% and 36%.
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Starch is able to absorb more water in an acidic medium (anolyte) than in an alkaline
one (catholite).

3. When the shear rate changes, the shear stress of starch suspensions also changes,
namely, in the shear rate range of 0.1-100 s, the shear stress increased linearly. At the
temperature of gelatinization shear stress was 0-10.6 Pa, 0-13.6 Pa and 0-23.8 Pa for
control sample, sample on the anolyte and catholyte, respectively. At a temperature of
25 °C, the change was greater — 0-19.5 Pa, 0-28.4 Pa, and 0-30.8 Pa, respectively.

4. At zero shear rate, the initial shear viscosity of suspensions at 25 °C and at 68 °C on the
catholyte and anolyte was higher than of the control sample. When the shear rate
increased above 50 s1, all samples acquired almost the same shear viscosity. The degree
of change of the studied parameter was not the same: for the sample on the catholyte at

25 °C — by 8.3 Pas, at 68 °C — by 3.7 Pa-s; on anolyte — by 5.6 and 2.8 Pa-s; on tap

water —by 1.4 and 0.7 Pa-s.
5. When the shear stress changed at 25 °C, the shear viscosity values increased, having the

highest values at the final stage on the catholyte and anolyte — 1.7 and 13 Pa-s compared

to the control sample — 0.6 Pa-s. At 68 °C, the trend of change of the studied indicator
was similar, but the initial values were higher than the corresponding values at 25 °C,
and the final values were lower.

6. The angular velocity indicator increased linearly with a change in shear stress. For
samples at a temperature of 25 °C, changes were in the range of 0—-0.2 rad/s on catholyte,
0-0.3rad/s on anolyte, 0-0.7 rad/s on tap water. At a temperature of 68 °C: on catholyte,
anolyte and tap water — 0-0.6 rad/s, 0-0.8 rad/s and 0-1.3 rad/s, respectively.

7. It was established that the electrochemical activation of water modifies its chemical
composition and properties, contributes to changing the functional and technological
properties of raw materials with its content, in particular corn starch. Electrochemical
activation of water also has a significant effect on the rheological parameters of starch
suspensions. This, in turn, will be reflected in the structural and mechanical properties
of food products with the content of this semi-finished product in its composition and
will form the structure of the product.
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Introduction. The aim of the work was to determine the
degree of completeness of protein substances of oat bran and its
influence on conformational transformations in the structure of
dough semi-finished products and bread made from wheat flour.

Materials and methods. Oat bran, its amino acid composition
and influence on the content of protein substances in bread were
investigated. Conformational transformations of structural
elements in dough and bread were investigated by infrared
spectroscopy in the near-infrared region.

Results and discussion. The content of essential amino acids
in oat bran is significantly higher than in premium wheat flour. The
limiting amino acid in wheat flour is lysine, the amino acid score
of which is 0.44. In oat bran the limiting amino acid is methionine,
the amino acid score of which is 1.14, and the amino acid score of
lysine is much higher than in wheat flour — 1.62. The limiting
amino acid in bread is lysine, the amino acid score of which is 0.46.
With an increase in the percentage of replacement of wheat flour
with oat bran, the amino acid score of lysine increased by 19.5-
52.2%. This indicates that the protein of this raw material helps to
increase the level of essential amino acids in bread, which enriches
its protein profile. The obtained spectra of the dough samples after
kneading showed that the introduction of oat bran does not cause
conformational changes in the dough system, since not enough
time passed for the interaction of the biopolymers of the raw
materials. The infrared spectra of the dough at a wavelength of
2100 nm showed that the dietary fibers of oat bran delay the
development of the gluten network, the structure of the protein
matrix of the dough with bran will be less stable and more
weakened than that of the control sample.

Conclusion. The introduction of oat bran with a higher content
of protein, dietary fiber and a complete amino acid profile into the
recipe of wheat bread helps to improve the biological value of
bread with this raw material. However, the deterioration of the
development of the gluten framework of the dough, and therefore
of the specific volume, porosity and dimensional stability of bread,
requires the use of technological methods to minimize the negative
impact of bran on the quality of finished bakery products.
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Introduction

The problem of ensuring food security in the world is acute. Also, one of the vectors is
orientation towards the sustainable development of production. In this concept, the disposal
of food industry waste occupies an important place.

Waste-free production and the use of processed products of various crops are becoming
widespread. From this point of view, bran is a valuable raw material (Ivanov et. al., 2021).
Their use is recommended, in particular, in the technology of bakery production as a source
of dietary fiber, which is especially necessary for people suffering from diseases of the
gastrointestinal tract, such as irritable bowel syndrome (IBS).

Bran of various plants are used. Wheat bran is known to have a negative effect on the
dough structure, resulting in a decrease in the specific volume of bread, which was confirmed
using a 2D image analysis method, where wheat bran was observed to change the pore size
distribution in the bread crumb. The properties of the dough, such as stickiness and
extensibility, decreased with the increase in the amount of bran. Wheat bran increased dough
aeration during kneading (Packkia-Doss et. al., 2019).

The results of using corn bran showed that their mixture with wheat flour has more
water absorption and water retention capacity by 4-7% compared to wheat flour. However,
the gas-holding capacity of the dough from such a mixture decreased. This led to a decrease
in the volume of bread. In addition, moisture content and hardness increased with the addition
of corn bran. The water activity of bread increased slightly with the addition of corn bran
after 4 days of storage. The consumer properties of bread improved (Hussain et. al., 2021).

The use of barley bran in the amount of 25% instead of wheat flour increased the water
absorption capacity of the dough to 71.5%, and also reduced the retrogradation of starch by
26.44%. The composite flour contained up to three times more B-glucan and significantly
more total phenolics, including flavonoids. The content of slowly digestible and resistant
starch increased. Inclusion of barley bran reduced starch retrogradation due to more amount
of soluble starch and soluble amylose (Gujral et. al., 2018).

Oat bran is a more valuable source of protein and dietary fiber than hulled oat products
(Sternaet. al., 2016; Zhong et. al., 2019). When adding oat bran to bread, the specific volume
decreased with an increase in the amount of bran. In addition, a change in the fatty acid profile
was observed, namely an increase in the content of unsaturated fatty acids, as well as an
increase in the amount of dietary fiber.

Oat bran has good biological properties. The results showed that bran contains a large
amount of B-glucan, which can be easily extracted. In addition, a decrease in the level of
glucose in the blood of rats and a better digestibility of products with oat bran were found
(Khan et. al., 2020).

It was established that the addition of bran to wheat dough reduces the density of the
dough at the end of kneading mainly due to the increased water absorption capacity. Size of
the bran particles has a small effect on this indicator. The addition of oat bran reduced the
gas-holding capacity of the dough and the volume of the bread, indicating that oat bran
exerted its effect mainly during proofing (Campbell et. al., 2008).

The effect of bran addition on gluten secondary structure and water behavior in wheat
dough can be studied using Fourier transform infrared spectroscopy. Studies in the frequency
range of 700-4000 cm™* revealed that the addition of wheat bran to wheat dough caused a
redistribution of bound water in the gluten-bran system. This redistribution of water affected
the secondary structure of gluten in the dough, as evidenced by changes in the spectrum of
the second derivative in the amide I region. In the hydrated state, the B-turn (in the form of a
B-helix) was the main secondary structure (60%) in the wheat dough. The addition of bran
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caused the transformation of B-helices into (-sheets and random structures. However, the
degree of this transformation in the presence of bran was proportional to the moisture content
in the dough. This study showed that when wheat bran is added to gluten dough, the
redistribution of water contributes to the partial dehydration of gluten and the transformation
of B-helices into intermolecular B-sheet structures. This trans-conformation can be the reason
for the low quality of bread with bran (Bock et. al., 2013). However, no data were found on
the study of the influence of oat bran on the conformational transformations in the gluten
network of the dough.

Therefore, the aim of the work was to determine the degree of completeness of the
protein substances of oat bran and their influence on the conformational transformations in
the structure of dough semi-finished products and bread made from wheat flour.

Materials and methods
Materials

The materials for research were premium wheat flour and oat bran.

Dough samples were prepared from wheat flour, pressed baker's yeast in the amount of
3% by weight of flour and salt in the amount of 1.5% by weight of flour. Samples were also
prepared with replacement of wheat flour in the recipe with oat bran in the amount of 5%,
7%, 10% and 15%. The control was a sample without additional raw materials.

Essential amino acid composition

Method of ion exchange chromatography was used for determination of amino acid
composition in oat bran, wheat flour and bread (Litvynchuk et. al., 2022). The first stage is
hydrolysis of proteins and the second is determination of their quantitative estimation using
automatic analyzer of amino acids (T-339, Mikrotechna, Czech Republic). polystyrene
sulfonate ion ex-change resins were used in Li- citrate buffer one column mode. Li-citrate
buffers have pH 2.75+0.01; pH 2.95+0.01; pH 3.2+0.02; pH 3.8+0.02; pH 5.0+0.2. The
elutions of amino acids conduct in turn by these buffers. Amino acids were detected using
photometer (Unicam SP 800, Great Britain) at a wave-length of 560 nm by a rectification
with a ninhydrin solution. The results of detection were regis-tered by a variplotter in form
the peaks of absorption of light of ninhydrin-positive substances in an eluent. These peaks
are in direct ratio concentrations of this substance in solution. Temperature of thermostatic
was T1=38.5 °C; T2= 65 °C. Correlation of solution of ninhydrin reagent and eluents was 1
to 2. The prototype was diluted in Li-citrate buffer by pH 2.2+0.02 and inflicted on an ion
exchange column. The mass of every amino acid expressed as g per 100 g protein. Amino
acid SCORE is expected according to the certificate scale of THEO/WHO (Choi et. al.,
2012).

Near-infrared reflection spectroscopy

Infrapid spectrometer (Labor-Mim, Hungary) was used to research the reflection spectra
from shredded samples and a smooth surface in near infrared range from 1330 to 2370 nm.
Firstly, the spectrometer recorded the reflectance spectrum from reference 10, secondly a
reflection spectrum from the researched sample. The spectra are represented as the
reflectivity of R in relative units (the ratio of the intensities I1/10 = R), depending on the
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wavelength in nm (Shevchenko et. al, 2022). The intensity of reflection was measured in
wheat flour, oat bran, lecithin, in dough after kneading and after 3.5 hours of fermentation
and in bread. The reflection intensity was expressed through the recalculation of relative
reflection coefficient to spectral index (Yip et. al, 2012).

Statistical analysis

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

Results and discussion
Essential amino acid composition of wheat flour and oat bran

The main nutrients contained in the raw materials play a decisive role in forming the
properties of the dough system, in particular the gluten frame, and the quality of bread. The
chemical composition of wheat flour and oat bran differs significantly. Oat bran has an
increased content of protein — 17.1% and dietary fiber — 15.4% compared to premium wheat
flour — 11.3% and 3.5%, respectively. The protein content and composition of raw materials
affects not only the formation of the structural and mechanical properties of the dough, but
also determines the protein composition of the finished bread (Amjid et. al, 2013).

It was established that the content of essential amino acids (EAA) in oat bran is
significantly higher than in wheat flour (Table 1). This will enrich the protein profile of bread
with this raw material. The limiting amino acid in wheat flour is lysine, the amino acid score
of which is 0.44. In oat bran, the limiting amino acid is methionine, the amino acid score of
which is 1.14, and the amino acid score of lysine is much higher than in flour — 1.62.

The fact that the amino acid score of the limiting amino acid in oat bran is higher than
1 indicates that the protein of this raw material is complete, which makes it possible to predict
an increase in the digestibility of protein in bread when bran is added to the recipe.

Table 1
Amino acid composition of oat bran and premium wheat flour (g/100 g of the raw material)
EAA Premium wheat flour | Oat bran
Valin 0.42+0.01 0.96+0.01
Isoleucine 0.36+0.01 0.67+0.01
Leucine 0.71£0.02 1.37+0.02
Lysine 0.23+0.01 0.76+0.01
Methionine 0.40+0.01 0.34+0.01
Threonine 0.28+0.01 0.50+0.01
Tryptophan 0.13+0.01 0.33+0.01
Phenylalanine 0.524+0.01 0.91+0.01

The amino acid composition of raw materials determines the biological value of finished
bakery products. The amino acid profile of bread baked with the replacement of part of wheat
flour with rice flour was determined. The results are shown in Table 2. The amino acid score
of each amino acid in the bread samples was also calculated (Table 3).
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Table 2
Amino acid composition of bread baked with replacement of part of wheat flour with oat bran
(9/100 g of bread)
Oat bran to replace wheat flour, %
EAA Control sample 5 7 10 15
Leucine 0.71 0.77 0.79 0.83 0.88
Isoleucine 0.39 0.42 0.43 0.44 0.47
Methionine 0.31 0.32 0.32 0.32 0.33
Lysine 0.23 0.28 0.30 0.32 0.36
Phenylalanine 0.68 0.70 0.71 0.73 0.75
Threonine 0.28 0.30 0.31 0.32 0.34
Valin 0.43 0.41 0.41 0.40 0.39
Tryptophan 0.09 0.11 0.12 0.13 0.15
Table 3
Amino acid score of amino acids in bread baked with replacement of part of wheat flour with
oat bran
Oat bran to replace wheat flour, %
EAA Control sample 5 7 10 15

Leucine 1.11 1.19 1.23 1.27 1.35
Isoleucine 1.06 1.13 1.15 1.19 1.25
Methionine 0.97 0.98 0.98 0.99 1.00
Lysine 0.46 0.55 0.58 0.63 0.70
Phenylalanine 1.23 1.27 1.28 1.30 1.34
Threonine 0.77 0.82 0.84 0.86 0.91
Valin 0.93 0.90 0.89 0.87 0.84
Tryptophan 0.98 1.19 1.27 1.38 1.57

The limiting amino acid in bread is lysine, the amino acid score of which is 0.46. With
an increase in the percentage of replacement wheat flour with oat bran, the amino acid score
of lysine increased by 19.5-52.2%. This indicates that the protein of this raw material helps
to increase the level of essential amino acids in bread, which enriches its protein profile.

The difference in the chemical composition of wheat flour and oat bran should affect
the change in the basic structural units of dough and bread with these components in the
recipe. To identify and analyze these components, it is advisable to use the reflection
spectrum in the near infrared region (Baslar et. al., 2011). Dough and bread samples were
prepared with the minimum and maximum researched replacement of wheat flour with oat
bran — 5% (Figure 1) and 15% (Figure 2).

All six spectra (control dough sample and dough samples with 5% replacement of wheat
flour with oat bran (after kneading and after 3.5 hours of fermentation), as well as finished
bread samples) have a similar character and the same extremes. However, there are
differences in the intensity of reflection that identifies them.
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Control sample of the dough after 3.5 hours of fermentation
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Control sample of bread

Sample of bread with 5% of oat bran

Figure 1. Reflection spectra of dough samples (after kneading and after 3.5 hours of
fermentation) and bread samples with 5% replacement of wheat flour with oat bran

The obtained spectra showed that the control sample of the dough after kneading and
the sample of the dough with 5% replacement of wheat flour with oat bran are completely
identical throughout the investigated wavelength interval, that is, the spectra are completely
superimposed on each other. Even their initial reflection intensity value was the same. This
indicates that such a small percentage of substitution does not cause conformational
transformations in the dough system. In addition, it takes time for the interaction of the
biopolymers of the raw materials, and since the analysis of the samples was done immediately
after mixing, not enough time had passed for such an interaction. The lowest extremum is
observed at a wavelength of 2100 nm for all samples. This length characterizes the state of
the protein substances of the dough (Krdncke et. al., 2022). The relative reflection coefficient
is 0.37.
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Figure 2. Reflection spectra of dough samples (after kneading and after 3.5 hours of
fermentation) and bread samples with 15% replacement of wheat flour with oat bran

Spectra of samples of the dough after 3.5 hours. fermentation are situated below on the
graph. This indicates the course of conformational processes in the dough during
fermentation. Moreover, the dough sample after fermentation with the replacement of flour
with 5% oat bran is characterized by a greater intensity of reflection than the fermented
control sample. That is, replacing part of the flour with oat bran affects the conformational
transformations in the dough system. At a wavelength of 2100 nm, the value of the relative
reflectance of the sample with replacement and the control sample was 0.28 and 0.25,
respectively. This is explained by the fact that oat bran, which has a globular structure of
proteins, due to which they do not participate in the formation of gluten, and also contain a
large amount of dietary fibers, are embedded in the gluten framework formed by the gluten
proteins of flour and delay its development (Alfaris et. al., 2022). Technologicaly it can be
predicted that the structure of the protein matrix of bran dough will be less stable and more
weakened.
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The infrared spectra of the baked bread samples conditionally match, not taking into
account differences due to different humidity at a wavelength of 1930 nm. This is explained
by the fact that high temperatures lead to the destruction of protein macromolecules with the
splitting of peptide bonds when baking bread (Zhou et. al., 2021). It is also observed that the
indicated spectra of bread are located close to the fermented control dough sample (however,
in terms of the intensity of reflection, they are lower). This is explained by the fact that the
determining role in the formation of the final structure of the bread frame is played by the
components of the flour, content of which is major in the recipe. At the same time, although
oat bran in the studied amount affects the structural and mechanical properties of the
products, it is not capable of significantly changing them.

In general, the spectra have a similar character as when replacing 5%, but the spectra
obtained with the replacement of 15% flour with bran can be conditionally divided into two
groups. The first (with a higher reflection intensity) includes three spectra: for two samples
of dough after kneading (both control sample and with replacement of 15% oat bran) and a
sample of dough with 15% oat bran after 3.5 h of fermentation. The relative reflectance of
this sample at the wavelength of 2100 nm is 0.35, which is significantly higher than that of
the control sample and the sample with 5% replacement. This is explained by the fact that a
greater amount of dietary fiber delays the development of the gluten network to a greater
extent and more o — protein structures move to p — structures (Jing et. al., 2016).

The second group has a lower initial reflection intensity (by 0.12 units). The three
reflection spectra of this group, which include bread samples and a control sample of
fermented dough, also conditionally coincide with each other. Their difference is manifested
only at the wavelength of 1930 nm, which is due to the different moisture content in the
samples. From a technological point of view, the addition of 15% oat bran will contribute to
less dilution of the dough ball during the fermentation process and better shape retention.

Thus, it can be concluded that the introduction of oat bran with a higher content of
protein, dietary fiber and a complete amino acid profile into the recipe of wheat bread helps
to improve the biological value of bread with this raw material. Also, the addition of bran
affects the structural elements of the dough and the structural and mechanical properties of
bread. However, the deterioration of the development of the gluten framework of the dough,
and therefore of the specific volume, porosity and dimensional stability of bread, requires the
use of technological methods to minimize the negative impact of bran on the quality of
finished bakery products.

Conclusion

1. It was established that the content of essential amino acids in oat bran is significantly
higher than in wheat flour. The limiting amino acid in wheat flour is lysine, the amino
acid score of which is 0.44. In oat bran, the limiting amino acid is methionine, the amino
acid score of which is 1.14, and the amino acid score of lysine is much higher than in
flour — 1.62.

2. The limiting amino acid in bread is lysine, the amino acid score of which is 0.46. With
an increase in the percentage of replacement of wheat flour with oat bran, the amino
acid score of lysine increased by 19.5-52.2%. This indicates that the protein of this raw
material helps to increase the level of essential amino acids in bread, which enriches its
protein profile.
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3. The obtained spectra of the dough samples after kneading showed that the introduction
of oat bran does not cause conformational transformations in the dough system, since
not enough time passed for the interaction of the biopolymers of the raw materials.

4. The infrared spectra of the dough at a wavelength of 2100 nm showed that the dietary
fibers of oat bran delay the development of the gluten network, the structure of the
protein matrix of the dough with bran will be less stable and more weakened than that
of the control sample.

5. The introduction of oat bran with a higher content of protein, dietary fibers and a
complete amino acid profile into the recipe of wheat bread helps to improve the
biological value of bread with this raw material. However, the deterioration of the
development of the gluten framework of the dough, and therefore of the specific
volume, porosity and dimensional stability of bread, requires the use of technological
methods to minimize the negative impact of bran on the quality of finished bakery
products.
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Introduction. The type of added sugar is important in the
structuring of fruit gels. Effects of glucose, fructose or sucrose on fruit
gel for their further use in confectionery technologies were studied.

Materials and methods. Formulations for fruit gels, which
included applesauce, sugar and molasses, fruit stews and structured
fruit gels, were used in the research. Rheological properties were
determined on a rotary viscometer; gel-forming ability by the method
of sensory evaluation; resilient and plastic properties by using a
structurometer ST-1; amounts of free and bound moisture were
estimated on a Q-1500 derivatograph.

Results and discussion. The higher values of the effective
viscosity of studied recipe mixes at a temperature of 20+2 °C are
characteristic of systems with glucose within the range of values of
shear stress P=2.601-17.918, Pa. The lowest values are observed for
prescription mixes with fructose, which is explained by different
solubility of sugars. When the research temperature increased to 65+2
°C, the solubility of sugars and the relation between the viscosity
curves were changed.

The highest values of effective viscosity are characteristic of
mixes with sucrose, somewhat lower for mixes with glucose and
fructose. At the same time, the strength of the internal structural
framework formed, for the model mass with sucrose was 114.73 Pa,
with glucose 23.12 Pa, and with fructose 35.0 Pa.

Fruit gels on sucrose and glucose are easily removed from the
molds, do not stick, have a dry surface, that is, they are characterized
by excellent gel-forming ability under the same cooking conditions.
The gel on fructose is difficult to remove from the mold and it requires
an increased time for gel formation. It has been shown that fruit gels
withstand different loads before breaking: the required force to break
a fruit gel with sucrose is 50 N, with glucose 35 N, with fructose 30
N.

According to derivatographic studies and calculations of the
content of bound water in gels, a larger part of it was found for fruit
gels with sucrose. This exceeds the indicator for the gel with glucose
by 2.2%, and with fructose by 4.3%.

Conclusions. The gels with sucrose had higher values of effective
viscosity compared to gels with identical amounts of glucose or
fructose. The strength of fruit gels with sucrose was higher in terms of
the force required to break the jelly, and the overall deformation was
smaller. Additionally, gels with sucrose had a lower amount of free
moisture.
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Introduction

Fruit gels, the basis of fruit and berry marmalade, are one of the most valuable
confectionery products with a rich vitamin and mineral complex (Konar et al., 2022; Wolf,
2016). The formation of fruit gel is carried out due to the association of pectin
macromolecules of the fruit part of the recipe mixture of components, which is achieved by
the formation of hydrogen bonds between non-dissociated carboxyl groups and secondary
alcohol groups, as well as due to hydrophobic interactions of methyl ether groups (Nath et
al., 2022; Zhang T. et al., 2021).

The presence of dehydrating substances in the solution is important for the formation
of fruit gels. It reduces the solvation of pectin macromolecules and the structural formation
of the gel framework occurs along the dehydrated areas of the pectin molecule (Chevalier et
al., 2019; Feng et al., 2023). Sugar is such a substance for fruit gels (Burey P. et al., 2008).
The amount of sugar is determined by the degree of methylation and the amount of pectin in
the fruit puree (Nussinovitch et al., 2013). The higher the degree of methylation and the
greater the amount of pectin, the more sugar is needed to create gelling conditions. However,
if the amount of sugar is disproportionately higher than the optimal one, the strength of the
gels decreases, and gel formation is accelerated (Basu et al., 2023). On the contrary, if the
amount of sugar is less than necessary, the gels acquire greater strength and hardness
(Abboud et al., 2020).

The type of used sugar is important (Ivanov et al., 2021). To a greater extent, the
confectionery industry uses sucrose, glucose, and fructose, so scientists are quite actively
studying the issue of forming pectin gels with various sugars (Jiang et al., 2021; Qi J. et al.,
2021). The study of the rheological properties of gels of highly methylation pectin with
sucrose, glucose, fructose showed that gels with glucose or fructose were characterized by a
higher dynamic modulus of resiliency, viscosity, and lower fluidity compared to gels with
sucrose, which indicates more binding of water in them (Vithanage et al., 2010)). The higher
strength of high-methoxyl pectin (H-pectin) gels with fructose compared to sucrose was
established (Patruni et al., 2023). It is explained by better dehydration of pectin molecules in
the presence of fructose, an increase in the number of desolvated areas of its macromolecule
and thereby promoting their cleavage among themselves. It was determined that the effective
viscosity of pectin gel in apple sauce with glucose and fructose was 1.3 times higher than the
viscosity of pectin gel with sucrose (Dorohovich et al., 2016). The thixotropic properties of
such gels with the mechanical method of transitioning the gel into a sol make it possible to
restore the structure by 85-90%.

It was found that the weakening of the pectin gel’s strength with fructose compared to
the gel with sucrose is explained by the lower ability of the monosaccharide to retain water.
It means to reduce its polarity to a lesser extent, which does not contribute to the aggregation
of hydrophilic pectin molecules and the formation of gels (Avetisyan, 2015). The results of
studying the formation of low-methoxyl pectin (L-pectin) jelly and sugars (sucrose, glucose
and fructose) established the absence of a correlation between the adsorption of water by
sugars and the strength of jelly. The mechanism of formation of L-pectin gels differs from
the mechanism of H-pectin in the presence of calcium ions in the medium, which contribute
to the formation of bonds between pectin chains. The authors investigated the difference in
the structure of gels with mono- and disaccharides and found that there is no correlation
between the adsorption of water by sugars and the strength of gels. According to scientists,
the structure of gels on the number of interactions between sugars and pectin with calcium
cations. (Manuel et al., 2002).
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The structuring of fruit gels is a complex mechanism with the participation of many
accompanying substances in addition to pectin. Added sugar has a significant effect on the
regimes and parameters of the formation of fruit pectin gel, as well as on its structural and
mechanical properties. Effects of glucose, fructose or sucrose on fruit gel formation for their
further use in confectionery technologies were studied.

Materials and methods
Preparation of samples

The following substances were used for the research: white crystalline sugar
(Agroprodinvest, Ukraine), fructose (Golden-Farm, Ukraine), glucose (Twell Sansino,
China), starch molasses (Intercorn Corn Processing Industry CJSC, Ukraine), aseptic
applesauce (Juice Plant Kodymsky, Ukraine). The characteristics of the main raw materials
were determined under laboratory conditions and are presented in Table 1.

Table 1
Characteristics of the main raw materials
Raw Sensory properties Mass fraction
material Colour Smell Taste of dry
substances, %
White sweet, without
crystalline white extraneous 99.60+0.5
sugar aftertaste
characteristic of very sweet,
Fructose sugar, without without 97.40+0.5
extraneous
snow white extraneous smell aftertaste
sweet, without
Glucose extraneous 89.20+0.4
aftertaste

yellowish, with sweet and sour,

Aseptic extraneous smell -
P a dull green . characteristic of 15.00+0.08
applesauce . is not allowed
tint an apple
sweet, clean,
Starch transparent, without
P odorless 78.00+0.4
molasses colorless extraneous
aftertaste

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

Model systems: model recipe mixes and fruit gels were prepared to study rheological
properties. Model recipe mixes for fruit gels included applesauce, sugar, and molasses. In the
control sample, 130 g of applesauce, 100 g of white sugar (sucrose) and 8 g of molasses were
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used. Glucose or fructose was added to the experimental samples in the equal amounts of
sucrose on a dry basis.

To prepare model fruit gels, model recipe mixes were boiled to a dry matter content of
63% and cooled to a temperature of 20£2 °C.

Research methods

To study the structural and mechanical properties of fruit gels, they were poured into
molds and left for 40 minutes in the laboratory at temperature 20+2 °C, then they were placed
in a refrigerator for 2 hours at temperature 10+2 °C. The gel-forming capacity of fruit gels
was determined by sensory characteristics such as appearance, surface condition, ease of
removal from the mold. The structural and mechanical properties of the obtained fruit gels,
namely general deformation, resilience and plasticity of gel-like masses were determined
using a ST-1 structuremeter, the principle of which is based on measuring the mechanical
load on the indenter nozzle, immersing it at a given speed into the prepared sample of the
product. To measure the structural and mechanical properties, samples of cylindrical fruit
gels with a diameter of 0.03 m and a height of 0.05 m were prepared.

The following values were set: contact force Fo= 0.5 N; table movement speed v = 100
mm/min; maximum force, load to the sample, F = 5-5.5 N.

Based on the results of the calculations, compression-unloading curves were
constructed — graphs of the dependence of the load force F, H, on the depth of penetration
into the gel h, m (Figure 1):

hy is the total deformation, m;

h; is the plastic deformation, m;

hs is the resilience deformation, m;

a is the compression curve;

b is the unloading curve.

A
FITIGX

' H (m)

Figure 1. Compression-unloading curve

The starting and final point of the load was marked on the compression curve, a, and
the total deformation h1 was determined. The final point of the measurements was marked
on the unloading curve, b, at which the value of the plastic deformation, h2, was determined.
The resilience deformation h3 was determined by calculation, as the difference between the
general and plastic deformations, h1 and h2, the ratio of resilience deformation to plastic
deformation h3/h2.

The viscosity characteristics of model recipe mixes and fruit gels were determined on
the rotating viscometer (Chandra et al., 2010; Qi T. et al., 2023).
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During the research, the shear stress was calculated according to the following formula:
T=7ZXaq,

T is a shear stress, Pa;

Z is the constant of the measuring pair;

o is the value read from the scale of the recording device.

The effective viscosity of the practically intact, no, Pa's, and practically destroyed, nm,
Pa-s, system was calculated using the formula:

n=tly

v is the shear rate, s%.

Based on the obtained calculation results, rheological viscosity curves n = f(y) were
constructed. They were used to determine the nature of the destruction and the beginning of
the fluidity of the system.

The amount of free and bound moisture in fruit gels was studied using a Q-1500
derivatograph. Temperature, T, mass change, TG, rate of mass change, DTG, and heat
capacity change, DTA, were measured in the test sample as a function of time. The amount
of total moisture content, Am, was determined as the amount of mass that was separated when
the sample was heated to a temperature of 150 °C, because the chemical composition of the
samples is destroyed when heated at temperature >150 °C. The moisture that is released when
the samples are heated to their boiling temperature was considered as a free moisture, and
moisture released after their boiling temperature was considered as a bound moisture.

Statistical processing of the data was performed, including the determination of
standard deviation (£SD), with triplicate replication for each analysis. The determination of
the indicator was realized using the Excel 2007 program from the Microsoft Package
(Microsoft Corporation, USA).

Results and discussion
Analyzing the rheological indicators of model recipe mixes and marmalade masses it

was found that there were differences in the values of the effective viscosity of the test
samples (Tables 2, 3; Figures 2, 3).

Table 2
Rheological characteristics of recipe mixes for fruit gels
Recipe EffectfivT viscosity | Strength olf Strength c:f Destruction
mix of ~ of almost structura structura of structure,
fruit gel indestructible frame, connections, P./Put
system, Pa-s Pm, Pa Pk1/Px2
Sample 1
(with 6.07+0,03 10.26+0,05 0.50+0,003 3.55+0,02
SUCrose)
Sample 2
(with 7.80+0,04 15.32+0,07 0.45+0,002 2.65+0,01
glucose)
Sample 3
(with 4.28+0,02 5.78+0,03 0.36:£0,002 4.00+0,02
fructose)

*Results given as: M + SD (mean + standard deviation) of triplicate trials.
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Figure 2. Rheological curves of viscosity (a) and fluidity (b) of model recipe mixes for
fruit gels at temperature 20 °C with various types of sugars
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Rheological characteristics of fruit gels

Table 3

Effective viscosity Strength of Strength of .
. Destruction
Recipe of of almost structural structural
R . L . of structure,
fruit gels indestructible frame, connections, P../P
system, Pa-s Pm, Pa Pia/Pia miTa
Sample 1
(with 10.41+0.05 114.73+0.57 0.05+£0.0003 39.70+0.2
sucrose)
Sample 2
(with 8.67+0.04 23.12+0.12 0.24+0.001 6.67+0.03
glucose)
Sample 3
(with 8.25+0.04 35.00+0.18 0.24+0.001 10.10+0.05
fructose)

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

In model formulations, higher effective viscosity values were characteristic of systems
with glucose within all values of shear stress. The lowest values were observed for
formulations with fructose. Such differences are explained by the different solubility of
sugars at the temperature of the studies (Zhang et al., 2021). Thus, according to literature
data, at a temperature of 25 °C, the solubility of fructose is 74.6-78.9%, sucrose — 63-67%,
glucose — 43.7-52.5%, which confirms the lowest solubility of glucose at the temperature of
preparation of prescription mixes (Wang et al., 2019). Therefore, the recipe mix with glucose
contains a significant part of undissolved sugar crystals, which leads to an increase in
effective viscosity. Fructose is characterized by the highest dissolution coefficient, which
allows sugar molecules to hydrate to a greater extent in the medium, and the recipe mix has
the lowest values of effective viscosity among the presented samples.

Sugars are in a completely dissolved state in fruit gels subjected to boiling, that is, their
solubility changes (Zhang et al., 2021). The solubility of sucrose became 77%, glucose — 81-
82%, fructose — 85.6-88.1% at a temperature in the range from 60 to 90 “°, which naturally
leaves an imprint on the change of dependence between viscosity curves of fruit gels. As can
be seen, the highest values of the effective viscosity are characteristic of the samples with
sucrose, even they are lower for the samples with glucose and fructose. However, the
resulting fruit gels were cooled after boiling. It means that the partial gelation of the systems
and the influence of sugar on the gelation of pectin substances are a more significant factor
affecting the experimental index (Dorohovich et al., 2016). Despite the fact that the
framework of the gel-like structure is not yet fixed, and the molecules are in in a rather mobile
state, sugars and pectin substances form complex compounds. Therefore, the viscosity will
depend on the integrity and strength of the complex formed. The location of the viscosity
curve for the model system with sucrose above the curves for the fruit gels with
monosaccharides may indicate greater cohesion and strength of the formed gel structure, a
higher rate of gelation of pectin substances with sucrose. This conclusion can be confirmed
by the strength index of the formed structural frame, P, (Table 2), which is 114.73 Pa for the
fruit gel with sucrose, 23.12 Pa for the fruit gel with glucose, and 35.0 Pa for the fruit gel
with fructose.
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with various sugars
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The obtained results confirmed that the viscosity of pectin fruit gels with disaccharides
is higher than the viscosity of gels with monosaccharides.

The gel-forming ability and the structural and mechanical properties of fruit gels were
determined (Tables 4, 5).

Table 4
Gel-forming ability of fruit gels

Gel quality Sample 1 Sa(:,nv?tﬁ 2 Sample 3
indicators (with sucrose) (with fructose)
glucose)

The gel is difficult to remove
Ease of removal | The gel is easily removed from from the forms, it requires an

from the forms the molds increase in time for gel
formation
The surface is
Surfa}c_e smooth and The surface Glossy surface, sticky
condition is smooth
glossy
Detachment Does not stick Doe§ not Stick
from the surface stick
Ge_ljformlng Excellent Excellent Satisfactory
ability

It was found that fruit gels with sucrose and glucose were easily removed from the
molds, did not stick, and had a dry surface under the same cooking conditions. This means
that they have an excellent gel-forming ability. The mass on fructose required an increased
gelation time, the formed gel stuck to the mold when removed, and was characterized by
satisfactory strength.

Analysis of the structural and mechanical properties of fruit gels made it possible to
single out the sample on sucrose as a stronger system in comparison with the samples on
glucose and fructose. The maximum force to break gels is 50 N for fruit gel with sucrose, 35
N with glucose, 30 N with fructose. That is, the sample with sucrose withstands higher loads
until complete destruction compared to the samples with monosaccharides, which indicates
a more structured framework of its gels.

The studied samples are characterized by different resilient and plastic deformation
values. The lowest plasticity and the highest value of resilient deformation were found for
the sample with glucose, which can be explained by the low solubility of sugar in the systems
after the gel cooling. Glucose molecules begin to change their crystal lattice, thereby
influencing the strengthening of the entire structure (Archut et al., 2023). Fructose is
characterized by increased solubility (compared to sucrose at 20 °C), so the values of resilient
deformation of gel with fructose are lower compared to glucose, but somewhat higher
compared to sucrose. For example, at a load of 30 N, the elastic deformation for gels with
sucrose is 13.88%, for gels with fructose — 18.4%, for gels with glucose — 21.9%.

In order to explain the difference in the structural and mechanical properties of the
experimental fruit gels and to confirm the conclusion regarding the relationship between the
activity of water and the gelation of masses, an analysis of the moisture content in fruit gels
was carried out using a derivatograph (Fig. 4, Table 6). The figures show the curves of
changes in mass, TG, with increasing temperature, T, over a period of 0 to 40 minutes.
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Table 5
Structural and mechanical properties of fruit gels

Deformation
Sample Load force, N General, unit | Plastic, % | Flexible, %
5 5.06 93.60 6.4
10 11.73 93.55 6.45
15 13.26 92.29 7.71
20 14.07 90.47 9.53
Sample 1 25 17.99 89.27 10.73
(with sucrose) 30 20.02 86.11 13.89
35 21.74 82.65 17.35
40 22.43 82.38 17.62
45 23.24 81.62 18.38
50 25.38 80.32 19.68
55 The structure of the gel is destroyed
5 6.34 94.60 5.40
10 10.74 87.00 13.00
15 11.94 84.67 15.33
Sample 2 20 13.00 84.00 16.00
(with glucose) 25 14.19 82.36 17.65
30 17.95 78.05 21.95
35 18.95 76.56 23.44
40 The structure of the gel is destroyed
5 6.45 89.4 10.6
10 11.33 87.97 12.03
Sample 3 15 12.61 86.51 13.49
(with fructose) 20 13.73 86.16 13.84
25 14.86 85.26 14.74
30 19.03 81.6 18.40
35 The structure of the gel is destroyed

Table 6
Content of free and bound moisture in fruit gels

Moisture content, %
free bounded
Sample 1(with sucrose) | 24.03+0.12 | 75.97+0.38
Sample 2 (with glucose) | 25.71+0.13 | 74.29+0.37
Sample 3 (with fructose) | 27.28+0.14 | 72.72+0.36
*Results given as: M + SD (mean + standard deviation) of triplicate trials.

Model fruit gels

The results showed that the content of bound moisture in the samples of fruit gel with
sucrose was greater compared to the samples of gels based on monosaccharides. That is, a
more resilient framework of pectin jellies is formed with the disaccharide sucrose, in which
there is less water activity compared to systems based on glucose or fructose. Thus, according
to calculations, the content of bound water in a gel with sucrose exceeds by 2.2% content of
bound water in a gel with glucose and 4.3% — in a gel with fructose.
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Conclusions

Scientific data were obtained that showed the relationship between the rheological
parameters of fruit gels with different colors, strength and total deformation and the amount
of bound water.

It was found that the samples of gels with higher values of effective viscosity prior to
structure formation form the gel framework faster, acquire greater strength after the final
setting and are characterized by a slightly higher content of bound moisture. Gel with sucrose
before structuring have higher values of effective viscosity compared to gels with glucose or
fructose. The strength of fruit gels on sucrose is higher in terms of the force required to break
through the jelly, and the overall deformation of the samples is correspondingly lower.
Samples of gels with sucrose have a lower amount of free moisture.

The obtained results show the dependence of the rheological properties of fruit masses,
the quality of their gelatinization, structural and mechanical properties on the sugar used and
are important for the production of jelly-like confectionery.
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Introduction. Studies were carried out on the power supply control
process of a food industry enterprise using a photoelectric plant and
electric energy storage to ensure the efficiency of transmission and use of
electrical energy.

Materials and methods. The studies were carried out using the
methods of modern theory of automatic control and system analysis of
control processes.

Results and discussion. The main stages of the power supply control
process using a photovoltaic plant and an energy storage system are
defined: basic control functions — registration of electric energy
consumption, forecasting of electric energy generation using a
photovoltaic plant, forecasting of electric energy consumption,
determination of parameters of the electric energy storage system, analysis
power supply system modes; conditions for providing control functions —
information on solar radiation; data on electric energy generation using
photovoltaic plant, data on electric energy consumption, limitations and
tariffs for electric energy, requirements for the accuracy of forecasting
electricity consumption and generation of electric energy using
photovoltaic plant, data on energy storage system (current charge,
maximum and minimum permissible charges), decision-making on
optimization of power supply; organizational and technical mechanisms
for the implementation of management functions — information and
computing complex, energy dispatcher, chief energy engineer; the
database of the electrical supply control system, which is used to prepare
decisions; basic information flows that ensure the management of
electricity supply — forecast values of meteorological data, current data on
electric energy consumption, management actions on the regulation of
photovoltaic plant and energy storage system, current data on power
supply mode parameters; current data on power supply configuration;
control actions on optimization of power supply regimes, management
actions on the management of electricity quality indicators; control actions
for changing the configuration of the power supply. The functional scheme
of power supply control using photovoltaic plant and energy storage
system is presented and the requirements for individual units are
formulated. The synthesis of the food industry enterprise power supply
control system is carried out using the method of ensuring compatibility
through sequential integration. In order to ensure energy-efficient power
supply of food industry enterprise and optimal use of photovoltaic plant
and energy storage system, optimization of modes is carried out using
dynamic programming methods.

Conclusion. The development of control systems for power supply of
food industry enterprise using photovoltaic plant and energy storage
system based on system analysis and compatibility with the use of mode
optimization using dynamic programming methods ensures high
efficiency of power supply and rational modes of use of photovoltaic plant
and energy storage system.
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Introduction

The problem of reducing CO; emissions, ensuring the reliability of electricity supply
and normative indicators of the quality of electric energy, reducing the consumption of
electric energy, is relevant for food industry enterprises, as it allows to increase the efficiency
of the use of generating capacities, reduce the costs of paying for electric energy and the
energy intensity of products that issued by enterprises. To ensure the reduction of CO;
emissions and electric energy consumption from the network in system of power supply.
Food industry enterprise must use photovoltaic plants and electrical energy storage systems,
forecast electric energy generation at photovoltaic plants and its consumption at food industry
enterprise, and optimize energy storage system and power supply modes.

A number of research are devoted to the issue of power supply management of industrial
enterprises using photovoltaic plants and energy storage system.

The method of power supply control using photovoltaic plants and energy storage
system to reduce power consumption peaks is presented in Felder et al., 2013. The main idea
of the approach is to ensure the efficiency of the power supply by charging the battery only
during a fixed period of time. Surplus electric energy generated by photovoltaic plants is
stored in battery for a period of time. As a result, losses from the reduction of photovoltaic
plants generation may be reduced even without forecasts of photovoltaic plants generation
and electric energy consumption. The disadvantage is the impossibility of achieving the
maximum degree of electric energy self-sufficiency using photovoltaic plants and energy
storage system.

Another way of efficient power supply is by reducing power peaks from the grid (Zeh
et al., 2014). The battery charges at a constant rate throughout the day. In order to obtain the
maximum amount of energy for the next day, during the period between sunset and sunrise,
the battery is discharged at constant power to the lower charge limit. The disadvantage of this
method is that the use of this method in the summer months often leads to the active discharge
of battery into the network, reducing the self-sufficiency factor. This work also indicates a
method of peak smoothing using a battery charged from a solar power plant power peaks. To
generate peak smoothing signals, forecasted values of photovoltaic plant power and
consumption, as well as iterative methods and linear programming methods are used. The
disadvantage of this method is that it does not take into account power losses in the power
supply system and the number of battery operation cycles.

Moshével et al. (2015) proposed a method of ensuring energy-efficient modes of power
supply by optimizing the modes of use of the battery by charging it taking into account the
state of its charge. The setting for charging the battery is formed depending on the forecast
value of the photovoltaic plant power and load. The disadvantage of this method is the
impossibility of ensuring energy-efficient modes of the power supply system and taking into
account the real state of the battery.

Litjeni et al. (2018) analysed the impact of the forecast on the quality of the system of
operational management of electric energy with photovoltaic plants and energy storage
system using model-predictive operational in order to minimize the loss from the reduction
of electric energy generation of photovoltaic plants. The proposed control method does not
ensure the limitation of load peaks from the network and the limitation of the influence of
forecast inaccuracies on the modes of the power supply system.

Angenendt et al. (2016) represent an approach to the operational management of the
power supply system, which ensures the minimization of losses when reducing the generation
of the photovoltaic plants and the optimization of the service life of the battery. The presented
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method does not ensure the limitation of network load peaks and the optimization of power
supply system modes.

Nge et al. (2010) proposed a system of operational management of electricity supply
based on priorities. The proposed control system does not provide a high level of self-
sufficiency and limitation of network load peaks.

Riffonneau et al. (2009) proposed a deterministic approach to power supply control in
order to minimize electric energy costs, taking into account the current capacity of the FES
and consumers, variable tariffs for electric energy. The proposed approach does not ensure
the optimization of power supply modes and normative indicators of the quality of electric
energy.

Park et al. (2012) presented a two-stage operational control method based on priorities
to minimize electricity costs taking into account component losses and variable electricity
prices. The presented method does not provide a limitation of the peak load of the network,
taking into account the real state of battery and electric energy losses in the enterprise
network.

Hafiz et al. (2018) develop operational management to minimize operational costs,
taking into account variable tariffs for electric energy. The authors show that due to
operational control using dynamic programming, it is possible to optimize the size of the
battery. However, the method does not ensure high self-sufficiency of the system and taking
into account the charge-discharge cycles of the battery.

An et al. (2015) present a method of managing the power supply system using dynamic
programming methods and taking into account variable tariffs for electric energy and changes
in the battery parameters due to their aging. The disadvantage of the method is that it does
not provide optimal methods of photovoltaic plant operation and limits network load peaks.

Ranaweera et al. (2015) developed a multi-stage power supply system control method
using photovoltaic plants and consumption forecasts, which takes into account the aging of
batteries and ensures the minimization of electricity consumption and the maximum power
supplied to the network. The method does not provide high power supply and does not take
into account the operating modes of the power supply system.

Keerthisinghe et al. (2014) present a two-stage process of operational control of the
power supply system in order to minimize operating costs using mixed integer and dynamic
programming systems. The proposed system does not provide an effective level of self-
sufficiency and does not take into account changes in the battery parameters due to its aging.

Riffonneau et al. (2011) described a control system that ensures the minimization of
electricity costs taking into account the maximum power supplied to the network and taking
into account the aging of the battery. The presented method does not ensure high self-
sufficiency and consideration of electric energy losses in the elements of the power supply
system

Li et al. (2014) proposed a method of operational management of the power supply
system, using "fast dynamic programming", which ensures the minimization of operating
costs, taking into account the aging of the battery. An analysis of the load power profiles and
battery state of charge for individual days and their impact on the control system was
performed. The presented method does not ensure the limitation of network load peaks and
does not take into account the modes of the power supply system.

The analysis of the considered research showed that the control systems presented in
them perform only the battery control function in order to ensure the minimization of electric
energy costs, taking into account the battery charge state. However, these systems do not
implement the functions of controlling the power supply system using photovoltaic plants
and energy storage system as a whole, do not ensure the optimization of power supply system

186 ——Ukrainian Journal of Food Science. 2022. Volume 10. Issue 2



Processes, equipment and control systems ——

modes and maintenance of standard electric energy quality indicators, which allow obtaining
the main economic effect of the system's operation.

The purpose of the research: is to synthesize an automated power supply control system
of a food industry enterprise using photovoltaic plants and energy storage system based on a
system analysis of the process of managing generation, transmission, distribution and
consumption of electric energy, ensuring the sequence of integration and compatibility of
individual components.

Materials and methods

Materials

It is considering automated power supply control system for a food industry enterprise
using a photovoltaic plant and energy storage system to ensure the efficiency of transmission
and use of electrical energy.

Methods

The research was conducted in the following order:

— The tasks of managing the electricity supply of the food industry enterprise with the
use of photovoltaic plants and energy storage system are formulated,;

— A system analysis of the process of controlling the electricity supply of the food
industry enterprise using photovoltaic plants and energy storage system was
performed;

—  The criteria for managing the electricity supply of the food industry enterprise with
the use of photovoltaic plants and energy storage system are formulated,;

— A developed algorithm for controlling the electricity supply of the food industry
enterprise using photovoltaic plants and energy storage system with the help of
dynamic programming;

— A functional scheme for controlling the electricity supply of the food industry
enterprise using photovoltaic plants and energy storage system was developed.

— The method of dynamic programming was used to optimize the electricity supply
process using photovoltaic plants and energy storage system.

Results and discussion

Recently, there has been widespread use of photovoltaic plants and energy storage
system in power supply systems of industrial and civil facilities. The stochastic nature of
photovoltaic plants generation, limitations on the state of charge and limitations of battery
charge cycles, specific aging conditions of the battery, operation of power supply systems in
the conditions of the electricity market of energy (Baliuta et al., 2020) determine the
formation of new approaches to the synthesis of power supply control systems of food
industry enterprises using photovoltaic plants and energy storage system.

The main approaches to the synthesis of power supply control systems are described in
(Baliuta et al., 2018; 2020; Cheremisin et al., 2012; Korolev et al., 2015; Kopylova et al.,
2020; Steimle etal., 2006; Zinkevych et al., 2022). The presented approaches to the synthesis
of the control system do not allow to take into account: the stochastic nature of electric energy
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generation, limitations on the charge-discharge of battery, features of power distribution in
systems with photovoltaic plants and energy storage system.

Thus, it is necessary to develop food industry enterprise power supply control systems
using photovoltaic plants and energy storage system based on system analysis methods that
allow determining the main input and output information flows, actions that ensure the
formation of the main control functions, information flows that provide control functions.

In addition, it is necessary to formulate the objective function and choose optimization
methods that will provide optimal power supply modes for food industry enterprise using
photovoltaic plants and energy storage system.

The task of managing the power supply of the food industry enterprise using
photovoltaic plants and energy storage system is to minimize the set of technical and
economic criteria (Baliuta et al., 2018):

- by the cost of consumed electric energy:

Fl(x)= Kw(t)+KB(t)+KPN (t) (1)

Kw represents the criterion of electricity costs, including electricity tariffs kece and
preferential tariffs keir. Ken meets the power supply configuration criteria. 1f the power Pegrig,
that is brought up, above the limit Pgrig,max, Ken increases in proportion to the supplied power.
The third criterion Kg takes the effects of battery aging into account.

— for power (energy) losses in the enterprise's electrical network, arising as a result of
reactive energy flows:

M i Gij
F(X) =D 4IQ° () - Y. Q,, (Hh, TIR /u HOF @
j=1i=1 g;j=1
with limitations:
— by the active load of the enterprise:

I
J

Iy J
Z Pe(riterprise (t + t*) - Z Z Peﬁterprise” (t + t*) kij < I:’Iimit ;
i=1

j=1i=1
— by reactive load of the enterprise:
Il Gll
Qmin (t) < Z[anerprise (t + t*) - Z Qgil (t) hgil] < Qmax (t) ;
i=1 gj.=1
— by to the voltage on the receivers of electrical energy:
Uijmin < Uij (t) SUijmax ; (5)
— by to the parameters of the quality of electric energy:

su, <su™™; (6)

U, <y )

kuz < (nzorm); kuo < ktgnc?rm); ©)
K, <k ©)

Ko K5y s (10)

where oU ,0U, - fixed deviation and voltage change range; k,,,k,, - coefficients of

asymmetry in reverse and zero sequences; KK, - distortion coefficients of the sinusoid
and the n-th harmonic component of the voltage curve.
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System analysis of process of controlling electricity supply food industry enterprise
using photovoltaic plants and energy storage system

Electricity supply management in the form of a subsystem is a part of the automated
control system food industry enterprise and determines the effectiveness of its electricity

supply.
The process of managing organizational and technical objects at the theoretical-multiple
level can be represented in the form of reflections of individual actions (Baliuta et al., 2018).

Ci:{MxGxYxT, } >T, k=LK (11)
where: T, i T,,— sets of incoming and outgoing information flows; T =T, UT,, — actions

to form possible combinations of the main information flows; M - actions to form the main
management functions; G i Y - accordingly, actions on the formation of possible
combinations of mechanisms for the implementation of control functions and basic
conditions.

The following information is used and the following actions are performed during the
process of controlling the electricity supply of the food industry enterprise using photovoltaic
plants and energy storage system:

Information used to ensure the formation of basic conditions for implementation
of control functions:

G, - data on power schedules and electric energy costs for food industry enterprise
(normative acts); G, — tariffs and restrictions on electric energy contained in the contract for
the supply of electric energy on food industry enterprise; G, —requirements for the accuracy
of metrological forecasts; G, - requirements for the accuracy of the electricity consumption
forecast; G;- requirements for the accuracy of the generation forecast of electric energy of
photovoltaic plants; G - data on the state of the battery of energy storage system; G, - data

on the evaluation of the effectiveness of the use of photovoltaic plants and energy storage
system; G, —data on requirements for quality indicators of electric energy; G,— the order of

interaction of the control system with the database management system; G,, — data on the
evaluation of the regime energy storage system.; G,, — data on the evaluation of the regime
of photovoltaic plants; G,, — data on the evaluation of the regime of energy storage system.

Actions ensuring formation of main control functions:

M, — verification of measurement data for reliability; registration of electric energy
received from the network, generated by the photovoltaic plants, accumulated in the energy
storage system, consumed by the power supply; registration of the state of the electrical
network of food industry enterprise and indicators of the quality of electric energy; M, -
choice of model and forecasting of consumption of electric energy by food industry
enterprise; M, - choice of model and forecasting of electric energy generation by

photovoltaic plants; M, - choice of model and forecasting of the state of the energy storage
system; M, — analysis of the electrical network configuration; calculation of power supply
mode and parameters of electric energy quality; M, - formation of a database for controlling
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the electrical consumption of food industry enterprise and maintaining it in an up-to-date
state; M, —formation of decisions regarding: electric energy consumption from photovoltaic
plants, energy storage system and electric network; delivery of electric energy from
photovoltaic plants (energy storage system) to electric networks; the maximum power
consumption of the food industry enterprise; M, — formation of decisions on optimization
of power supply operating modes, choice of electrical network configuration, increase of
indicators of the quality of electric energy; M, — forming decisions regarding the capacity

generated by the photovoltaic plants; M,, — formation of decisions regarding the power
received from energy storage system.

Main elements and mechanisms that implement control functions:

Y,— information on the status and regimes of the power supply, which is provided by
the information and computing complex of the chief energy service; Y, —restrictions on the

configuration of the electrical network, the implementation of power consumption standards,
power supply operation modes; indicators of the quality of electric energy, which are formed
by the energy dispatcher; Y, — restrictions on meeting the requirements of the power system

and the reliability of electricity supply, which are formed by the chief energy engineer; Y, —

data on consumption and capacity of electric energy, generation of electric energy by food
industry enterprise, charge energy storage system, quality parameters of electric energy, state
of power supply elements and power supply configuration provided by sensors; Y, —

information for the preparation of decisions on power supply management, which is provided
by the database of the American Chemical Society (ACS).

Main information flows that provide control functions:

T, — forecast values of air humidity, illumination and ambient temperature coming from
the weather station; T,— data on the current consumption of electric energy by food industry
enterprise; T, — current data on the volumes of products produced by divisions and the
enterprise; T, — restrictions on the volumes of electric energy and power from the power
system; T, — current data about the ambient temperature; T, — forecast values of
consumption electric energy on food industry enterprise; T, - expenditure plan electric
energy for the food industry enterprise; T, - making a decision on electric energy expenses;
T,— management actions to regulate electric energy costs; T,, — data on current indicators of
the quality of electric energy; T,, — data about the current mode parameters of power supply;
T,, — data about the current configuration of the power supply; T,,— data on indicators of the
quality of electric energy management; T,, — data on the management of changes in the
configuration of power supply; T, — management data on the optimization of regimes of
power supply; T, - data on photovoltaic plant management; T, - data on energy storage
system management; T, - data on the state of the photovoltaic plants; T, - data on the state
of energy storage system, T,, — forecast values of electric energy generation by photovoltaic
plants.

We will present the results of the system analysis of the food industry enterprise
power supply management process in the form of displays of individual actions:
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— verification of measurement information for reliability, registration of electric energy
consumption, assessment of the state of the electric network and indicators of the quality of
electric energy:

Cl:{Mlx(Tl’Tz)XG3X(Yl’Yz’Ys)}_>(Tz,T4); 12)
— model selection and electricity consumption forecasting:
C, :{M, x(T,, T, T,)x(G,, G;, G;) xY, } = T; (13)

— choosing a model and forecasting the electric energy generation by the photovoltaic
plants:
C, :{M, x (T, T5)x(G;,G,) XY, } o Ty; (14)
— choosing a model and forecasting the condition of the battery of energy storage
system:
C4:{M4X(Tz’Tlo)X(Ge’Glz)Xth}_>T19; (15)
—analysis of power supply, indicators of the quality of electric energy and power supply
reliability modes:
CS : {MS x (T4’T6 ’T9 ’TIO’Tll’TlZ 'Tl3’T17 ’T18) x (Yl’YZ ’Y3’Y4’Y5)} _>T10’T11’T12 'T18; (16)
— making a decision on the volume of electric energy consumption:
Ce: {M7 X(T21T41T5’T14)X(GuGz’Gll’Glz)X(YlezlYalYA)} =T, Tos (17)

— decision-making regarding configuration changes, optimization of power supply
modes, normalization of indicators of the quality of electric energy:

C7 : {MS X (TQ’Tll’T12’T18’T19)X(G10’G11’612) ><(Yl’YZ’YA’YS)} _)Tl3’T14’T16’T17; (18)

— formation and maintenance of the electric energy cost management database in an up-
to-date state:

T

11

T

120

T

Cy {Mx(T,, T, T, T,, T, 180 T19) X Gy X (Y,,Y,, Yy, Yo) |

10

_>TZ'TB’TB'T7’T10’T18'T19;
—making a decision on the volume of electric energy generation by photovoltaic plants:

(19)

. (Mg, M)x (T, T, T, T5, Ty, Tg, T ) X (G4, G, Gy, Gy, ) ST (20)
x(Y,,Y5,Y,,Y,)
— making a decision on the volumes of electric energy from energy storage system:
" : (M4’M?)X(TZ'T4'T8'T16'T18’T19)X(Gl’GG'G7’Gll’612) —>T17; (21)
x(Y,,Y,,Y5,Y,)

The decomposition of the power supply control system of the food industry enterprise
using photovoltaic plants and energy storage system is performed, which provides its
presentation and reflects information interaction, conditions and mechanisms.

Approaches to building an automated power supply control system

The purpose of managing the power supply of the food industry enterprise using
photovoltaic plants and energy storage system is the efficient (reliable and economical)
supply and use of electricity at the food industry enterprise.

Using the decomposition method, the control task is divided into several separate
subtasks: the control task of photovoltaic plants and energy storage system; the task of
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managing the modes of the enterprise's electric network; the problem of voltage regulation
and reactive power compensation.

Methods of solving problems of mode control, voltage regulation and reactive power
compensation are described in (Baliuta et al., 2018; 2020; Yovbak et al., 2021).

For the control of photovoltaic plants and energy storage system, predicted values of
generation by photovoltaic plants and load capacity are used, as well as mathematical models
of individual elements (Kuevda et al., 2021; Zinkevych et al., 2022). The goal of optimization
is to determine the SOC trajectory on next day, taking into account the goals of "power costs",
"offloading the network" and “increased battery life".

The cost function for electrical energy in the food industry enterprise power supply
system using photovoltaic plants and energy storage system is as follows:

P=Kp + Ko+ K + Ky +K; (22)

Kwe represents the criterion of costs for active electricity; Kwo represents the cost
criterion for reactive electricity and power; K, takes into account restrictions on active

power consumed or supplied to the network; K,; takes into account the impact of battery

aging on the efficiency of the energy storage system.

When optimizing the operation of the power supply system with photovoltaic plants and
energy storage system, it is necessary to take into account the state of charge (SOC) of the
battery of energy storage system, the permissible degree of charge and discharge of the
battery of energy storage system, the permissible number of cycles of charge and discharge
of the battery of energy storage system.

Initially, the number of complete cycles will be interpreted as costs. Second, SOC dwell
time will also be associated with costs. Starting at SOC 50% from €0 costs increase linearly
up to SOC limits (SOCgat, min and SOCga,).

The task of optimization consists in minimizing the objective function J on the time
horizon T:

.
minJ = o(SOC,n) (23)
n=1
The limitations used in the optimization can be obtained from the features of the lithium-
ion battery. To ensure safe battery operation, SOC and Pga: power are limited as follows:

SC)CBatt,min < SOCBatt < SC)CBatt,max (24)
PBatt,min < PBatt < PBatt,max (25)

In addition, at high SOCs, many Li-ion batteries show accelerated aging. To overcome
these problems, the proposed improved concepts are based on rules, which allows to further
unload the grid by reducing the maximum power supplied and obtaining a fully charged
battery in the evening. Considering additional criteria such as battery life, variable energy
prices, variable feed-in tariffs and load balancing, optimization-based concepts are used.
Recently, dynamic programming has been used to solve such multi-criteria optimization
tasks. Using this model-based approach, nonlinear equations (such as the SOC-OCV curve)
can be easily considered, there are no restrictions on the design of the objective function, and
finally, the optimization result is a global optimum depending on the discretization. Referring
to the principle of optimality, it is proposed (Bellman, 2010), the optimization task is divided
into subtasks. Each sub-problem is solved and then combined to formulate an overall
solution.

The weighted sum approach is used to solve the multi-criteria optimization problem.
Weighting coefficients are chosen taking into account expert knowledge.
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When optimizing by the method of dynamic programming, the cost function g
determines the cost of transition from state x[K] to state x[k+1] (Bellman, 2010):

3 :g(x[N])+Nng(x[k],u[k]) (26)

The state variable x represents the state of charge of the battery, and the control variable

u corresponds to the battery capacity. Costs for the transition g consist of the target functional

shares: electricity costs CeLcosts, maximum input power to the network Cp net, the maximum

set power from the network Cp cons, battery capacity Ccycie, values up to 50% state of charge
Csoc and losses in the system Ccosrs:

g= CELCOSTS +6- CP,NET te&- CP,CONS +A- Csoc +IL"CCYCLE +CCOSTS (27)

The weighted sum approach is used to solve this multi-criteria optimization task.
Weighting coefficients (5, &, A, ) are chosen taking into account expert knowledge.

Multi-criteria optimization involves solving several optimization problems with
different time horizons: current, short-term, and long-term.

Long-term optimization, works with a time horizon of one month. The purpose of this
optimization is to coordinate the aging of the battery and ensure its operating conditions
(degree of charge and discharge, number of cycles) that optimize the service life of the
battery. On the basis of the residual capacity of the lithium-ion battery, the address correction
of the short-term optimization is carried out by adapting the weight coefficients of the
objective function. This makes it possible to respond to changes in power of photovoltaic
plants (PPP) and consumer behaviour, to compensate for unexpected deviations in the aging
characteristics of lithium-ion batteries, and to adapt to different economic conditions. In
addition, long-term optimization adjusts the parameters of the online simulation model. The
basis of this is state diagnostics, the task of which is to identify the model parameters of the
online simulation model during operation.

The level of short-term optimization creates the optimal power flow distribution for the
power supply system using photovoltaic plants and energy storage system with a time
resolution of 15 minutes. This ensures maximum use of solar energy, reduction of power
peaks from the grid on the consumer's side, avoidance of power losses from the shutdown of
photovoltaic modules, and minimized electricity costs. The observation horizon is within a
few hours. Dynamic programming is used to determine the optimal power flow distribution.
Re-optimization using model-predictive control allows you to take into account updated
forecast information and compensate for the resulting model and forecast errors.

The current optimization shapes the value of the power of the battery depending on the
target power of the network and ensures the efficient operation of the entire system. In
addition, the limitation of the maximum charging and discharging capacity is ensured. Instant
optimization works every second.

To ensure the conditions of operation of the accumulator battery, it is advisable to use
a combined approach when choosing an accumulator battery. It should be taken into account
that storage batteries are used to reduce (cut off) rapidly changing peak loads of network
power and to power consumer loads that change relatively slowly. Thus, it is advisable to use
two storage batteries: one storage battery with a large capacity is designed to cover the peak
load of the network, and the other storage battery with a large capacity (charge) with a low
self-discharge rate and lower installation costs.

Evaluation criteria are defined to assess the functioning of the operational management
process and to quantify the impact of the studied setting parameters.

Degree of self-sufficiency kssuer determines the share of annual consumption that can
be covered by a photovoltaic system. This criterion is directly related to the costs of
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purchasing electricity. The higher the level of self-sufficiency, the less additional energy
needs to be obtained from the grid. As a result, the cost of purchasing electricity is also
reduced.

E -E
Kegupe = =N NETWORK .1 ()0% (28)

ECONS
The coefficient of own consumption Kocons shows how large a proportion of the self-
consumed photovoltaic energy is in relation to the available photovoltaic energy Eppp. The
lower the losses during the disconnection of the photovoltaic plants Epispre and photovoltaic
energy fed into the grid Erromner, the higher the level of self-consumption.

FROMNET 100% (29)

EPPP — EDISPPP -E

kOCONS = E
PPP

Reduction losses krepprr Show how much photovoltaic energy cannot be used. If the
maximum feed-in limit is exceeded, the PV plant no longer operates at the point of maximum
output power.

E
Keppee = % -100% (30)

PPP
The maximum power consumed from the network Knermax means the quarter-hour
maximum power received from the grid Pcons.

kNET,max = maX(PCONS ) (31)

Full battery cycle Kneycle is @ measure of the use of a lithium-ion battery. It is calculated
based on the battery capacity Pgay in relation to the nominal energy density Egat.

_ _“PBatt|dt

beycle — 2 E (32)

Batt
Automated control system of power supply

On the basis of the tasks of controlling the power supply of the food industry enterprise,
control tasks and methods of controlling the photovoltaic plants and energy storage system,
a functional scheme of the automated control system of the power supply of the food industry
enterprise using the photovoltaic plants and energy storage system was developed (Fig. 1).

| ‘ z * |
T O 0
|T 1 t t t T|

Figure 1. Functional diagram of power consumption and power supply control of food
industrial enterprise:
1 — Database of the American Chemical Society of the food industry enterprise energy industry;
2 — Database of control of power supply of food industry enterprise;
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3 — Unit for monitoring electricity consumption, electrical loads, generation capacity of photovoltaic
plants: automatic transmission of data from electric energy metering devices and control of the
reliability of information is carried out;

4 — Block of forecasting of electric load and generation of photovoltaic plants: the forecast (daily,
monthly and annual) of food industry enterprise is performed;

5 — photovoltaic plants condition control unit;

6 — Block of control over the state of battery;

7 — Block of optimization of energy supply system modes based on measured values of voltage, active
and reactive power;

8 — Block of control of indicators of the quality of electric energy with the help of measuring devices
and selection of means of ensuring normative indicators of the quality of electric energy;

9 — Organizational and technical means of controlling the power supply of the food industry enterprise.

It is formulated the requirements for individual functional subsystems (blocks) of the
automated control of the power supply of the food industry enterprise based on the performed
system analysis.

Functional unit for monitoring electricity consumption, electrical loads,
generation capacity of photovoltaic plants

It controls the reliability of information and automatically transmits data from electric
energy metering devices, as well as meteorological data. The time interval of reading and
transmitting data is determined taking into account the requirements for the accuracy of the
calculation of the parameters describing the process of power supply of the food industry
enterprise.

Control of the reliability of information at the initial stage involves the analysis of a
priori data on the parameters of power supply regimes: permissible limits of parameter
changes, the nature of their changes over time, and consistency. Additional reliability control
is also carried out, which consists in checking the dependencies between the parameters of
the power supply of the food industry enterprise.

Functional unit for forecasting the electric load and generation of photovoltaic
plants

The forecast (daily, monthly and annual) of the food industry enterprise load, as well as
the electric energy generation schedule from the photovoltaic plants is carried out based on
forecast meteorological data. Forecasting is carried out using statistical and intelligent
models.

Functional monitoring of the state of photovoltaic plants

On the basis of the automation of information collection and processing, the load of the
photovoltaic plants, the parameters of photocells and inverters, the efficiency of their work
is estimated, and the parameters of mathematical models are specified.

Functional unit for monitoring state of battery

Based on the automation of information collection and processing, the current charge
of the battery, the permissible minimum and maximum charge, the number of permissible
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charge and discharge cycles, the degree of aging of the battery, and the parameters of the
mathematical model are specified.

Functional unit for optimization of power supply modes

With the use of mathematical models based on the values of voltage, active and reactive
power measured at the nodal points of the power supply, as well as the network voltage, the
capacities of the photovoltaic plants and energy storage system, ensures the formation of
rational levels of voltage and losses of electrical energy in the distribution electrical networks
of the food industry enterprise.

Functional unit of control of indicators of the quality of electric energy

Based on the indicators of measuring devices installed at different hierarchical levels of
the power supply, indicators of the quality of electric energy are determined, using
mathematical models, methods of managing technical means of ensuring regulatory
indicators of the quality of electric energy are determined.

Appropriate control algorithms are being developed to ensure the functioning of
functional blocks.

Organizational and technical means of controlling the power supply of food
industry enterprise.

The construction of automated control system power supply of the food industry
enterprise is carried out on the platform of a real —time operating system, since it involves
the management of food industry enterprise, energy storage system, means of providing
indicators of the quality of electric energy in real time. The collection of information and its
primary processing is carried out using programmable logic controllers. Programmable logic
controllers are distributed at control points and are software compatible with the MS
Windows platform.

Construction of automated control system power supply of the food industry enterprise
is carried out on the basis of an information model of data, which is built according to the
object —oriented principle: all objects of the power supply system, which are control objects
in the model are represented by some objects.

Data models are built using CIM (Common Information Model, standard MEK 61968,
61970). This allows you to unify the description of objects, integrate software from different
manufacturers within the enterprise, and transfer Common Information Model schemes
between applications.

In this way, an approach to the construction of an automated control system for power
supply of food industry enterprise using photovoltaic plants and energy storage system is
proposed, which involves the creation of a multi —level control system that corresponds to
the hierarchical structure of the power supply system, the use of information systems, local
and centralized control systems, the application of intelligent control algorithms, and ensures
effective use power of photovoltaic plants and energy storage system, as well as achieving
high efficiency of the electricity supply system.

The integration of automated control system power supply of the food industry
enterprise is carried out by using hardware and software tools that combine disparate
functions (accounting of electric energy, voltage regulation, management of power supply
modes, management of indicators of the quality of electric energy on the basis of uniform
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data exchange protocols and communication channels; costs for ensuring their compatibility
and interaction and evaluation of the effect obtained as a result of the joint and coordinated
functioning of the American Chemical Society.

Conclusion

When creating a food industry enterprise power supply control system, it is advisable
to use the decomposition of the control process and methods of system analysis, which allows
you to determine the main stages of the management process; conditions for providing
control functions; basic information flows that provide power supply control, organizational
and technical mechanisms for implementing management functions. In order to ensure
effective power supply modes of the food industry enterprise using photovoltaic plants and
energy storage system, it is necessary to conduct control based on mathematical models using
dynamic programming methods. This will make it possible to make maximum use of the
energy obtained from the photovoltaic plants, ensure energy — efficient operation modes of
the battery of energy storage system and reduce the peak loads of the network power. The
synthesis of the automated control system of the power supply of the food industry enterprise
using photovoltaic plants and energy storage system is expediently carried out using the
method of compatibility and integration to ensure functional, informational, software and
technical integration of system elements. In order to build automated control system power
supply of the food industry enterprise, it is necessary to use an information model of the data,
built using the Common Information Model information model according to the object —
oriented principle.
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AHoTauii

XapuoBsi TexHosnorii

DO YyHKIIOHAJILHO-TEXHOJIOTIYHI BJACTHUBOCTI OiJIKOBUX iHIPei€HTIB y cKiIafi
MOPO3MBa CHPOBATKOBOT 0
Apty Muxanesuu!, l'anuna IMonminyk?, Maprapera Bluboscbka-Oneiinix?,
Mapta Tomunncbka-Mieko®, CtaniciaB Mieko®
1 — Hayionanenuii ynisepcumem xap4osux mexronoeit, Kuis, Ykpaina
2 — JXKewyscoruil ynisepcuem, XKewys, [loavwya
3 — Vuieepcuem nayx npo scumms, Jlioonin, [onvwa

Beryn. Pobora mpucBsiueHa IOCHIPKEHHIO (Di3UKO-XIMIYHMX XapaKTepHCTHK
cyMilllei CHpOBATKOBOI'O MOPO3HBa 3 OLJIOKBMICHUMH 1HIPEliEHTAMH.

Marepiann Ta MeTtoau. B’sS3KICHO-IIBHIKICHI XapaKTEePUCTHKH CyMillen
JOCHIKYBAIM METOZOM POTamiiHOi Bicko3uMeTpii. [1iHO30MTICT Ta MIHOCTIHKICTH
CyMIIIIel MOPO3KMBa BU3HAYAJIH 32 JJOMIOMOIOI0 3arajibHOBIIOMHUX METOJIIB.

Pesynbratn Ta o6roBopenHsi. OOIpyHTOBAaHO [OIUIBHICTh BHKOPHCTAHHS
OLJIKOBUX IHTPEIIEHTIB Y CKJIJl CyMillleif MOpO3HBa CUPOBATKOBOTO JUIS Ii/IBUILEHHS
foro xapuoBoi I[HHOCTI. BCTaHOBIEHO, IO i30JMT CHpOBAaTKOBHX OiIKiB (3-5%),
MminessipHuil ka3ein (3%) 1 KOHIEHTpaT cupoBaTkoBuUX OUIKIB (3%) mMiABHILYIOTH
MHO30UTICTh CyMillleld CHPOBATKOBOTO MOPO3MBA, B TOW 4Yac SIK 130JSIT COEBMX OLIKIB
3umkye ii. HaiiBummii mMoOKa3HMK MiHOCTIKKOCTI, 10 craHOBUB 57.6-58.4%, Oys
3a(hikcoBaHMH 3a BUKOpUCTaHHS 3—5% 130Ty CUPOBATKOBUX O1KIB. 3a pe3yabTaTaMu
aHaji3y peorpam Tedii cyminieli MOpO3MBa 3 Pi3HUMH OLIKOBUMH IHIpENi€HTAMH TX
BiJTHECEHO 10 Xap4YOBHX CHUCTEM 3 KOATyJALIIHOI CTPYKTYpPOIO, IO BiAPI3HIETHCS
BUPa)KCHUMHU THKCOTPOIIHUMHU BJACTHBOCTAMH. Y pa3i 3aCTOCYBaHHS MILEJIAPHOTO
Ka3eiHy, KOHIICHTpaTy CHPOBaTKOBHX OUIKIB Ta I30J8Ty CHPOBATKOBHX OIJIKIB
TUKCOTPOITHA 3JaTHICTh cyMilieil migBuinyeTbest Binm 58.2% mo 62.2-72.2%. I3omsat
COEBOTrO O1JIKa HE BUSIBIISIE BKA3aHY TEXHOJIOIYHY aKTHBHICTh. HaliBUIIIa THKCOTPOIHICTH
cymimieil crocrepiraerbcs y pasi BHKOpHCTaHHA 3% MiLenspHOro kaseiny ta 3-5%
130JI5ITY CHPOBATKOBHX OIJKIB 3a paxyHOK iX crenu(iqHoi 3JaTHOCTI yTBOPIOBATH
MIPOCTOPOBY KOATYISIIHHY CTPYKTYpY, SIKa CAMOYMHHO BiJHOBJIOE CTPYKTYPY TMicCIs
3pyHHYBaHHSI 3a paxyHOK HAsSBHOCTI YHCENPHUX HHU3BKOCHEPTETUYHMX 3B'S3KIB.
KoHmeHnTpaT cHpoBaTKOBUX OUIKIB Bi3HAYAETHCA IIOMIPHOIO €0 HA PEONOTidHI
XapaKTePUCTUKU CYMIIIeH, B TOH 9ac sIK MPUCYTHICTH 130JISTY COEBOTO OLIKY MPU3BOAUTH
JI0 9aCTKOBOI BTPATH 3/JaTHOCTI CyMIIIeH 10 CaMOYMHHOTO BiJHOBJICHHS 3pyHHOBAaHOL
CTPYKTYPH.

JloBeneHo MOXIIMBICTh MiABHUINEHHS 3arallbHOTO BMICTy OUTKYy Yy MOpPO3HWBI Bif
3,45% o 6.02—7,81% 3a paxyHOK 3aCTOCYBaHHS TEXHOJIOTIYHO €PEKTUBHUX MOJIOYHO-
O1TKOBHIX 1HTPEIIEHTIB.

BucHoBku. MinensipHuii Ka3eiH Ta i30T CHPOBATKOBUX OLIKIB y CKJIaZli MOPO3HBa
CHPOBATKOBOI'O BUSBIISIFOTH BUCOKY TEXHOJOTIYHY aKTHUBHICTH 1 3HAYHO IMOKPAIIYIOTh
TIOKa3HUKH SKOCTi TOTOBOT'O MIPOIYKTY.

KarouoBi ciaoBa: moposuso, xowyewmpam cupoeamxu, OiIOK, NiHO30umicms,
NIHOCMILIKICMb, MUKCOMPONHICMb.
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OOrpyHTyBaHHS TEXHOJIOTII XJ1i0a MIIEHUYHOT0 30ara4yeHoro CyMillIio MPOPOIIeHNX
3epeH 3 BUKOPUCTAHHAM MOJiKOMIIOHEHTHOI cyMini

Onnena binuk, Jlronmuna Bypuenko, FOmnis Bornapenko,
Okcana Bamreka, Banentuna Pak
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Metoro nocmipkeHHs € 00rpyHTYBaHHSI CKIIa Ty ITOJIKOMIIOHEHTHOT CyMiII st
MOKpAI[aHHS ~OPraHONENTHYHUX BIACTHBOCTEH Ta TMOJOBKEHHS CBiXKOCTI Xiiba 3
MMIICHUYHOTO OOPOIITHA 3 JOJAaBAHHSIM CYMIIIIl MPOPOIIECHIX 3EPEH.

Martepianu i MeTonu. BruiB MoniKOMIIOHEHTHOI CyMillli HA TPOIECH YEPCTBIHHS
JOCITIDKYBaJIM 3MiHOIO AedopMaliii M SKyIKH BUPoOiB, (hOpMyBaHHSM IiJICKOPHHKOBOTO
nrapy, HaKOMUYEHHS ApPOMATUYHUX PEUOBHH Ta JICKCTPHHIB.

Pe3yabraTn i odroopennsi. PekomenioBana penentypa ImojliikoOMIOHEHTHOI CyMilii
BKJIIOYA€E: CyXa MOJIOYHA CHpOBaTKa 30aradeHa Mn ta Mg, cyxa miieHH4YHa KIIeWKOBHHA,
IHYJTIHY IUKOPiI0 KaOOKCHMETHIIIIENION03a, MOJIOYHA KUCII0Ta, GochaTHIHNI KOHIIEHTpaT,
¢depmenTHuii mpenapar Deltamalt FN-AS0. JIns BupoOHMITBAa XJi0a MIIEHMYHOrO, IO
pelenTypH sKoro BHeceHo 15 % 10 macu OopollHa CyMillli MPOPOILIEHUX 3epeH, JOIITBHO
BHOCUTH MOJNIKOMIIOHEHTHY CyMilll B KinbkocTi 1,8 % 1o Macu GoporHa. 3a BCTAHOBIIEHOTO
JIO3yBaHHS IOKPAIIYIOTHCSI OPraHOJENTHYHI TOKa3HUKM Ta NUTOMHUH 00’eM BHPOOIB
30arayeHuX CyMILIIII0 TPOPOIIEHUX 3€peH TOpIBHSHO 3 BHPOOAMH 3  CYMIIIIIO
NPOPOIIEHUX  3€peH. 3a palliOHaJbHOrO JO03yBaHHS MOJIKOMIIOHEHTHOI — CyMmilii
NOKpAIIYyeEThCsl 3arajbHa, IUIACTHYHA 1 TpyKHa Jedopmariisi M’SIKyIIKH BHPOOIB,
3MEHIIYETHCSI KPUIIKYBATICTh M SIKYIIKH Ta IiJCKOPHHKOBHII map. BrpaTa cBixkocTi xiba
36arauenoro CI13 uepes 72 roqunu 3MeHIIYeThes HA 5,7 %, 1110 Ha 44,3 % MeHILe OPiBHAHO
3 KOHTPOJIBHUM 3pa3KoM. Y xJ1i0i B perenTypi sSKoro Mictuthes 15 % mo Macu Goporisa cymiri
MPOPOIIEHUX 3€PEH BUKOPUCTAHHS IOJIKOMIIOHEHTHOI CyMIlIII 30UIbIIye HAKOIUYCHHS
HHU3bKOMOJIEKYJISIPHUX JIEKCTPHHIB MOPIBHSHO 3 KOHTposieM Ha 77,6 %.

BucnoBku. BukopucranHs po3po0JeHOi MOJIKOMIIOHEHTHOI CyMillli MO3UTHBHO
BIUIMBAE€ HA SIKICTh XJi0a MINIEHUYHOro 30araueHoro CyMIIINII0 MPOPOIICHUX 3epeH Ta
TIOZIOBXKYE HOro CBIXKICTh 10 72 Toj 03 yrnaKyBaHH:L.

KawuoBi cioBa: xuif, cymiwi, npopoweni, 3epHo, Cgixcicmv, NOAKOMHOHEHMHUL,
dobaska.
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BnuiuB enekTpoxXiMivHO AKTHBOBAHOI BOAU HA PEOJIOTiYHi MOKA3ZHUKHU
KPOXMAaJIbHUX CyCHeH3ii

Brnamucnag [llmak, Aanpiit Mapusia
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Metoro po0OTH € BH3HAuU€HHS BIUIMBY EIIEKTPOXIMIYHO aKTHBOBAHOI BOIH
(karomiTy Ta aHONITY) Ha 3MIiHY PEOJIOTIYHHMX ITOKa3HUKIB CYCIIEH31H KyKypya3sHOro
KPOXMAJTIO 32 PI3HUX TEMIICPATYPHHUX PEXKUMIB.

Marepianu i meTogu. Byio nociimkeHo GyHKINIOHATFHO—TEXHOIOTIYHI BIIACTHBOCTI
KYKYPYA3SHOTO KPOXMAN0 3a MOKa3HUKAMH BOJOMOIIHWHAIBHOI, BOJIOTOYTPHM yBAIBHOI,
JKHUPOIMOTTIMHATIBHOI Ta XHUPOYTPUMYBAJIBHOI 3[]ATHOCTI, & TAKOX BIUIUBY €JIEKTPOXiMidHO
AKTHBOBAHOI BOMIY Ha IIi MOKA3HUKH B TOPIBHAHHI 31 3BUYAHHOI0 BOJOIPOBITHOK BOJOK.
Peonoriyni XapakTepUCTHKH KPOXMANbHHUX CYCTICH31H, MPUrOTOBAHMX HA EJIEKTPOXiMIYHO
aKTMBOBaHIl BOJIi, BU3HAYAJIM MIPH Pi3HHUX TemIepaTypax Ha peomerpi Kinexus Pro+.

Pe3ysibTaTi i 00roBopeHHsi. EnekTpoxiMiuHO aKTHBOBaHA BOIA 3yYMOBIIOE 3MiHY
(yHKIIOHaTbHO—TEXHOJIOTTYHHUX BJIACTHUBOCTEI KyKypYyI3sSHOTrO KPOXMalko:
BOAOIOIVIMHAJIbHA Ta BOJOrOyTpHMYBaJIbHa 3}13THOCTi KpOoxXMalJito, MNPHUTOTOBAHOI'0 Ha
KaTOJIITi, 3HUKYEThCS Ha 26 % ta 10 %, a npu goaBaHHi aHOIITY — MiABUILYEThCs Ha 18 %
Ta 36 %, MOPiBHSHO 31 3pa3KOM Ha BOAONPOBiAHIH Boai. Kpoxmais B Oinbliil Mipi nposiBIisie
3JaTHICTh MOTJIMHATH BOLY B KHCIOMY CEPEIOBHILI (AaHOMITY), HDK y TY)KHOMY (KaTOJITY).
EneKTpoxiMidYHO aKTHBOBaHAa BOJA TAKOXK MA€ 3HAYHHUI BIUIMB HA PEOJIOTIYHI MOKA3HUKU
KPOXMaJIbHMX CYCIIE€H31H: ITpH 3MiHi IIBMAKOCTI 3CyBY B gianasoni 0,1-100 ¢! manpyra 3cyBy
30inplryBaiace JinidHO. [Ipu TemmepaTypi kielcrepusanii: KOHTPOJb, HAa aHOMITI Ta
karomiti — 0-10,6 ITa, 0-13,6 I1a ta 0-23,8 [1a Bixnosiaxo. [1pu Temneparypi 25 °C 3miHa
Oyna Oinbioro — 0-19,5 a, 0-28,4 T1a ta 0-30,8 I1a BianosiaHo. [Ipu HyNBOBI# MIBUAKOCTI
3CYBY IOYATKOBAa B’sI3KiCTh 3CyBY cycnen3iii i mpu 25 °C i npu 68 °C Ha KaToIiTI Ta aHOJITI
BHIIIA 32 KOHTPOJIBHUI 3pa3ok. [Ipu 3MiHi HarpyxeHHs 3cyBy rpu 25 °C 3Ha4eHHS B’ SI3KOCTI
3CYBY 30UIBIIYIOThCSI, MAIOUW HABHIII 3HAYECHHS Ha KiHI[EBOMY €TaIll Ha KaTOJIITI Ta aHOMITi
— 1,7 ta 13 Tla-c y nopiBusaHi 3 koHTposieM — 0,6 Ila-c. Tlpu 68 °C TeHneHuiss 3MiHK
JIOCITI/PKYBAHOTO MTOKAa3HUKA aHAJIOTI4HA, OJTHAK IMOYATKOBI 3HAUEHHS BUIL, HIXK BiINOBIIHI
3HaueHHs pu 25 °C, a kiHleBi Hk4i. [Toka3HUK KyTOBOT IBUAKOCTI 3011bIITYBaBCS JIIHIHHO
IPY 3MiHI HANIPYXKEHHS 3CYBY.

BucnoBku. [IpoBeeHi A0OCIIHKEHHS CBIAYATS, 1110 EIEKTPOXIMIYHO aKTHBOBaHA BOJA
Ma€ 3HAYHMHA BIUIMB HAa (DYHKI[IOHAIBHO—TEXHOJIOTIYHI BIIACTUBOCTI Ta PEOJIOTivHI
XapaKTepUCTUKHU HariB(haOpHUKaTIB, 30KpeMa CYCIIeH31i KYKYPYA3SIHOTO KPOXMAI0, L0 Y
CBOIO Yepry MaTuMe BIUIMB HA BIATOBiAHI MTOKa3HUKH Ta CTPYKTYPY XapUOBUX MPOAYKTIB 3
LII€10 CHPOBUHOIO.

Kuro4oBi cioBa: axmusayisa, anonim, Kamoaim, KpOXmaib, CYCNeH3is, peoozis.
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BinkoBi ped4oBMHY BiBCIHMX BHCIBOK TAa iXHiH BIUIMB Ha KoH$opMawiiini
nepeTBOPEHHs B TICTi Ta XJ1i0i 3 MIIIEeHUYHOr0 HOPOIIHA

Amnacracis llleBuenko, Citiana JIiTBUHUIyK
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Metoro po6oTH 010 BU3HAUCHHS CTYIICHIO MOBHOIIIHHOCTI O1TKOBUX PEYOBUH
BIiBCSHMX BUCIBOK Ta IXHil BIUIMB Ha KOH(OpMaliiiHi IepeTBOPEHHS B CTPYKTYPi TICTOBUX
HamiB(aOpHUKarTiB 1 xJ1i06a 3 MIIEHHYHOTo OOPOIITHA.

Marepianu i MeTomn. byno MOCTIKEHO BIBCSHI BUCIBKH, iXHIH aMiHOKHCIOTHHMA
CKJaJi Ta BWIMB Ha BMICT OiTKoBMX peuoBMH B xii0i. KoHdopmariiiHi nepeTBopeHHs
CTPYKTYpHUX €JIEMEHTiB B TICTi Ta xmibi Oynau mociijkeHi MeTonoM iHQpauepBOHOT
CHEKTPOCKOMii y OJIVKHIH iHppauepBoHiit obsacTi.

Pe3yabraTn i o6roBopennsi. BcraHOBIIGHO, 10 BMICT HE3aMiHHMX aMIHOKHCIOT Y
BIBCSHMX BHCIBKax 3HAa4YHO BHIIE, HDK Yy OopomHi mnmeHuuHoMmy. JlimMiTyro4oro
aAMIHOKHCIJIOTOIO Y TIIEHUYHOMY OOpOIIHI € JIi3MH, aMiHOKUCIOTHUIT ckop sikoro 0,44. ¥V
BIBCAHHMX BHCIBKaX JIMITYIOUOI0 aMiHOKHCIOTOIO € METIOHIH, aMiHOKHCIIOTHHI CKOp SIKOTO
1,14, a aMiHOKUCIIOTHHH CKOp JII3WHY HabaraTo BUILMN, HiX y OoporHi — 1,62. JlimiTyrouoro
AMIHOKHCIIOTOI y XJi0i € JI3MH, aMiHOKHCIOTHHUI ckop sikoro 0,46. 31 30UIbIICHHAM
BIZICOTKY 3aMiHM IIIEHMYHOr0 OOpOIIHA BIBCSHUMH BHCIBKAMH aMIHOKHCIIOTHHH CKOpP
Ji3uHy miasummeces Ha 19,5-52,2%. 1le cBiquuTh 1po Te, 1110 010K JaHOi CHPOBUHH CHIPUSIE
I IBUILIEHHIO PiBHS HE3aMiIHHUX aMiHOKHUCIIOT Yy XJ1i01, 1110 30aradye ioro 01JIkoBHI IpoQib.
OtpuMaHi CHEKTpW 3pa3KiB TiCTa MiCNs 3aMillyBaHHs IOKa3aJd, [I0 BHECEHHS BIBCSIHHX
BHCIBOK HE BUKIIMKAa€ KOH(OpMalilHUX IEepPeTBOPEHb B TICTOBIM CHUCTEMi, OCKUIBKH HE
MPOUIIIIO TOCTATHBO Yacy sl B3aeMoii OiononiMepiB cupoBUHU. [H(padepBoOHi CrieKTpu
Ticta Ha JoBkuHI xBwii 2100 HM mNoOKa3aiy, HIO XapuoBi BOJIOKHA BiBCSHHX BHCIBOK
3aTPUMYIOTh PO3BHTOK TJIFOTEHOBOT MEPEXi, CTPYKTypa OIJIKOBOI MAaTPHIIl TiCTa 3 BUCIBKAMU
Oyne MeHI cTabiIbHOI0 Ta OLIbII MOCIA0ICHOI0, HiXK KOHTPOJIBHOTO 3pa3Ka.

BucHoBku. BHeceHHs B pelienTypy MIIEHUYHOro X1i0a BIBCSHUX BUCIBOK 3 OLIBIIAM
BMICTOM O1JIKa, XapuOBUX BOJIOKOH T2 MOBHOLIIHHUM aMiHOKHCIOTHHM mpodiieM cnpuse
MOKPAIIEHHIO 010JI0TTYHOT IIHHOCTI XJ1i0a 3 1i€0 CUpOBUHOK. OTHAK MOTIPIIEHHS] PO3BUTKY
KJIEKOBHHHOT'O KapKacy TiCTa, a OTXKe 1 MUTOMOr0 00’ €My, OPUCTOCTI Ta (POPMOCTIHKOCTI
xJ1i6a MOoTpedye 3aCTOCYBaHHSI TEXHOJOTIYHUX MPHAOMIB ISl MiHIMi3alii HEeraTHBHOTO
BIUIMBY BUCIBOK Ha SIKICTh TOTOBHX XJII000YJIOYHHUX BUPOOIB.

Karouosi ciioBa: xi6, siscani sucisku, kieukosuna, aminokucioma, IC.
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3aKOHOMIpPHOCTI CTPYKTYPOYTBOPeHHsI (PPYKTOBHUX reJiiB 3 MOHO- i icaxapuaaMu

IOnis KamOymnoBa, Haranist OBepuyk, Onena Koxan
Hayionanvnuii ynigepcumem xapuosux mexronocit, Kuis, Yxpaina

Beryn. ¥V cTpyKTypOyTBOpEHHI ()PYKTOBUX TETIB BXKIIMBE 3HAUCHHS MA€ BUJI IYKPY,
mo jgomaerses. [IpeacraBisie iHTepec BHUBUSHHS BiIMIHHOCTEH IPOIECY TelleyTBOPEHHS
(pYKTOBHX Te€JIB 3 caxapo30i0, TIFOK03010, (PPYKTO30[0 3 METOIO 3aCTOCYBaHHS HAYKOBHX
JIAHUX B TEXHOJIOTISIX KOHAUTEPCHKUX BUPOOIB.

Martepianu Ta Mmetoau. /Iy qOCTiKeHb BUKOPUCTOBYBAIM PELENTYPHI CyMIIIi JUIst
(PYKTOBHX TeiB, SIKi BKIIOYAIH SIOTyYHE MIOpe, IIYKOp 1 MAaTOKY, PPYKTOBI yBapeHi MacH i
CTPYKTYpOBaHi (PYKTOBI Temi. Peonoriydi BIAaCTUBOCTI BHU3HAYAIM HA POTAIIHHOMY
BICKO3UMETpi, TeNeyTBOPIOBATIBHY 3MATHICTh — OPTraHOJCNTHYHO, MPYKHO-TUTACTHYHI
BJIACTHBOCTI — 32 JIOIIOMOT'OF0 CTPYKTYPOMETpPA, TOCHIKSHHS KiJIbKOCTI BUTLHOI Ta 3B’ A3aHOI
BOJIOTH — Ha JiepuBaTorpadi.

Pe3ysibTaT i 00roBopeHHsi. BusHaueHo, 1110 BHIII 3HAYCHHS e()EeKTUBHOI B’SI3KOCTI
MOJIENIBHUX PEIENTYpHUX cymimielt 3a Temmepatypu 20+2 °C xapakTepHi cucremMam i3
TJIIOKO3010 B MeXax 3HaueHb Hampyru 3cyBy P=2,601-17,918 [la. Haiimennn 3HaueHHs
CIOCTEPIraloThCs ISl PEeUENTYPHUX cyMilled i3 (pyKTo3010, 10 TOB’A3aHO i3 PI3HOIO
PO3YHHHICTIO IYKPiB. 3a MiJABUIIEHHS TEMIIEPATYPH IOCITILKeHb 10 65+2 °C BinOyBaeThCs
3MiHa PO3YMHHOCTI IIYKPIB 1 3MIHIOETHCS 3AJIEKHICTh Mi>K KPUBUMH B’SI3KOCTI, — HAWOIIbIII
3HAYCHHS €(EKTUBHOI B’SI3KOCTI XapaKTEpHI 3pa3KaM i3 caxapo30r, MCII0 MEHII — JUIs
3pas3kiB i3 TJIOKO3010 1 (pykTo3ot0. Ilpu 11bOMY MIIHICTH BHYTPIIIHBOIO YTBOPEHOI'O
CTPYKTYPHOTO Kapkacy, Pm, I mMomensHOI Macu 3 caxapo3oro ckianae 114,73 Ila, s
MOJIeTIbHOT MacH 3 TJ1r0K030t0 — 23,12 Tla, mis MmonenbHOI Macu 3 ¢pykrosoro — 35,0 [a.

BcranoBieHo, 1110 3a piBHO3HAYHMX YMOB YBaproBaHHsS (ppYKTOBI reii Ha caxaposi it
[IIIOKO31 JI00pe BHHAMAOThCs 13 (OpM, HE MPUWIMIAIOTh, MAlOTh CyXY IIOBEPXHIO, TOOTO
XapaKTepU3yIThCs BiIMIHHOIO T'e€IeyTBOPIOBAIBHOIO 3/aTHICTIO. ['enb Ha (pykTo3i noraHo
BUIMaeThest 13 GopMu 1 moTpedye 30LIBLICHOr0 4acy reneyTBopeHHs. JlociipkeHo, 1o
(GpYKTOBI Teli BUTPUMYIOTh pi3HE HaBaHTAXKEHHs [0 MPOPUBY: CHIA, HEOOXiaHa ISt
MIPOpHBY (PPYKTOBOr'O TEIIO 13 caxapo3oro nopiHioe 50 H, 3 rmroko3zoto — 35 H, 3 ppykroszoro
—30 H.

3a nepuBarorpad)iuHUMU JOCHTIPKEHHSIMH 1 PO3paxyHKaMK BMICTY 3B’sI3aHOI BOJU B
rejisIX YCTAaHOBIIEHO OUThbINy 11 4acTKy 1uisi PPYyKTOBHX TenmiB i3 caxapo3oro. lle mepeBuiirye
JOCTI THUH TIOKa3HUK IS TeNII0 i3 TIII0K03010 Ha 2,2%, 3 ¢pykTo3010 — Ha 4,3%.

BucnoBku. ['emi i3 caxapo3or0 MaioTh BHINI 3HAYEHHA €(PEKTHBHOI B’ A3KOCTI Yy
MOPIBHSAHHI 3 TESIMH 3 1IEHTUYHOIO KINBKICTIO TIIOKO3M abo ¢pykrosu. MimHicTh
(GpYKTOBHX TeNliB Ha €axapo3i BHUINA 3a 3HAYCHHSMH CHIIH, 10 HEOOXiJHA JI0 MPOPHBY
JpariiB, a 3araigbHa aedopmariisi MeHIma. 3pa3Kd TelliB i3 caxapo30K MAroTh MEHIIY
KUTBKICTh BLTBHOI BOJIOTH.

KuarouoBi cioBa: ¢pykmosuii cenv, ceneymeoperHs, neKmuH, caxaposa, (pykmosa,
2NI0KO03d.
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Mpouecu, o6s1agHaHHA | CUCTEMU KOHTPOJIHO

CucreMHuil aHAJII3 ABTOMAaTH30BAHOI CHCTEMH KEPYBAHHS €J1eKTPOINOCTAYAHHSAM
NiANPUEMCTBA Xap40BOi NPOMMCJIOBOCTI 3 BUKOPHCTAHHAM (hoToeIeKTPHYIHOL
YCTAHOBKH Ta HAKONMYYyBaya

Cepriii bamora, [Terpo 3iHbKeBHY
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. [lpoBeneni mocnmipkeHHST TIpoliecy KepyBaHHs —eJeKTpo3ale3nedeHHsIM
MANPUEMCTBA XapyoBOi IPOMHUCIOBOCTI 3 BHUKOPHUCTaHHSIM (OTOENEKTpPOCTaHILii Ta
HaKONMYyBaya EIIEKTPUYHOI eHeprii s 3a0e3reueHHs] eEeKTUBHOCTI MepenaBaHHS Ta
BHUKOPHCTAHHSI €IEKTPUYHOI €Heprii.

Martepianu i metomu. JlocnmiykeHHs: BUKOHaHI 3 BUKOPUCTAHHSIM METOJIB Cy4acHOi
Teopii aBTOMAaTUYHOr0 KEPYBaHHsI Ta CUCTEMHOI'0 aHaJIi3y MPOIECiB KepyBaHHSI.

Pe3yabratn i oOroBopeHHsi. Bu3HaueHi OCHOBHI eTamu TMpoLecy KepyBaHHs
eneKTp3ade3neyeHHsIM 3 BUKopHCTaHHAM ¢otoenekTpoctanuii (PEC) Tta cucremun
HakornmueHHst enektpuuHoi eHeprii (CHE): 06a3oBi QyHKLIT kepyBaHHSA — peecTparis
ciokuBanHs enektpuuHoi eHeprii (EE), nporHosyBanus renepanii EE 3 BukopucTaHHsIM
®EC, npornosysanns cnoxxuBanss EE, Busnauenns napamerpis CHE, npoBenenns anamnmizy
PSKUMIB CHUCTEMHU eNIeKTpo3abe3neueHHs; yMoBH 3a0e3rneueHHs (YHKIIH KepyBaHHSI —
iH(oOpMallis ITpo COHsIUHE BUITPOMIHIOBaHHS; NaHi npo reHepauito EE 3a nonomororo ®EC,
naHi npo cnioxuBanHs EE, oOmexennst ta Tapudu Ha EE, BUMOru 10 TOYHOCTI MPOrHO3y
enekTpocrokuBaHHs Ta reepauii EE 3a gonomororo ®EC, nani npo CHE (norounuii 3apsn,
JOMYCTUMHN MaKCUMaJIbHUN Ta MiHIMaJIbHUI 3apsiiv) NPUAHATTS PILICHHSI 110 ONTUMI3allii
pexxumiB cuctemu enektpo3abesnedenHs (CE3); opranizamiiiHO-TEXHIUHI MeXaHI3MHU
peamizauii  QyHKIiiH kepyBaHHS —  iHQOpMAaLiIHHO-OOYMCIIOBAILHUN  KOMILIEKC,
€HeprojIucIeTyep, roioBuuil enepreruk; 6aza nanux (B) ACY enekrpozabe3neyeHHsIM,
sIka BUKOPUCTOBYETHCSI JUIsl MIATOTOBKM pillieHb; 0a30Bi iH(pOpMaIiiiHi TOTOKH, SIKi
3a0e3MeuyloTh KepyBaHHS EIIEKTP03a0e3MeueHHsIM — TPOrHO3HI 3HAYEHHS METEO/IaHHX,
noTo4Hi faHi npo cnoxuBanus EE, kepyBanbhi aii 3 peryntoBanus ®EC ta CHE, norouni
naHi npo mapamerpu pexxumy CE3; morouni gani mpo kon¢irypauito CE3; kepyBajbHi
nistaHs 3 ontuMizanii pexxumiB CE3, kepyroui npisHas 3 kepyBanusi [ISIEE; kepyBanbhi
nistuast 3mink koHgirypanii CEIL TlpencraBnena QyHKIiOHaNbHa CcXeMa KepyBaHHS
enekrpo3adesneuennsm 3 BukopuctanuHsiM OEC ta CHE i1 chopmynboBaHi BUMOrH 10
okpemux 61okiB. CHHTE3 cHCTEMH KepyBaHHs enekTpo3adesneuenHsM [IXII npoBoauThcs 3
BHUKOPHUCTAHHSAM METOAY 3a0e3IMeueHHs] CYMICHOCTI IUISXOM IOCHTiIOBHOI iHTerparii. s
3abe3neueHHs eHeproedekTuBHoro enekrpozadesmedenns [IXII Ta onTumanbHOrO
BukopuctanHsi @EC ta HEC npoBoguThest onTuMizarist peKAMiB 3 BHKOPHUCTAHHIM METO/IIB
JMHAMIYHOTO IIPOrpaMyBaHHI.

BucHoBok. Po3pobka cucreM KkepyBaHHS —enekrpo3abesnedennsm [IXIT 3
BukopuctanHsM @OEC Ta CHE Ha OCHOBI CHCTEMHOro aHajily Ta CYMICHOCTI 3
BUKOPHUCTAHHSAM  ONTHMi3allii pEeXWMIB 3a JIOMOMOTOI0 METOMIB  AWHAMIYHOTO
porpaMyBaHHs, 3a0e3Meuye BUCOKY €(DEeKTUBHICTh eNeKTpo3abe3neueHHs Ta palioHaIbHI
pexxumu Bukopuctanas OEC ta HEC.

KarouoBi  cioBa: enleKmpoeHnepeis, KepyBaHHs, eneKmpo3abesneyenns,
homoenexmpocmanyis, HAKONUYYEay.
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Instructions for Authors

Dear colleagues!

The Editorial Board of scientific periodical «Ukrainian Journal of Food Science»
invites you to publication of your scientific research.

A manuscript should describe the research work that has not been published before and
is not under consideration for publication anywhere else. Submission of the manuscript
implies that its publication has been approved by all co-authors as well as by the responsible
authorities at the institute where the work has been carried out.

It is mandatory to include a covering letter to the editor which includes short
information about the subject of the research, its novelty and significance; state that all the
authors agree to submit this paper to Ukrainian Food Journal; that it is the original work of
the authors.

Manuscript requirements

Authors must prepare the manuscript according to the guide for authors. Editors
reserve the right to adjust the style to certain standards of uniformity.

Language — English

Manuscripts should be submitted in Word.

Use 1.0 spacing and 2 cm margins.

Use a normal font 14-point Times New Roman for text, tables, and sings on figures,

1.0 line intervals.

Present tables and figures in the text of manuscript.

Consult a recent issue of the journal for a style check.

Number all pages consecutively.

Abbreviations should be defined on first appearance in text and used consistently
thereafter. No abbreviation should be used in title and section headings.

Please submit math equations as editable text and not as images (It is recommend
software application MathType or Microsoft Equation Editor)

Minimal size of the article (without the Abstract and References) is 10 pages. For
review article is 25 pages (without the Abstract and References).
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Manuscript should include:

Title (should be concise and informative). Avoid abbreviations in it.

Authors’ information: the name(s) of the author(s); the affiliation(s) of the author(s),
city, country. One author has been designated as the corresponding author with e-mail
address. If available, the 16-digit ORCID of the author(s).

Declaration of interest

Author contributions

Abstract. The abstract should contain the following mandatory parts:

Introduction provides a rationale for the study (2-3 lines).

Materials and methods briefly describe the materials and methods used in the study
(3-5 lines).

Results and discussion describe the main findings (23-26 lines).

Conclusion provides the main conclusions (2-3 lines).

The abstract should not contain any undefined abbreviations or references to the
article.

Keywords. Immediately after the abstract provide 4 to 6 keywords.

Text of manuscript

References

Manuscripts should be divided into the following sections:

— Introduction

— Materials and methods
— Results and Discussion
— Conclusions

— References

Introduction. Provide a background avoiding a detailed review of literature and
declare the aim of the present research. Identify unexplored questions, prove the relevance
of the topic. This should be not more than 1.5 pages.

Materials and methods. Describe sufficient details to allow an independent
researcher to repeat the work. Indicate the reference for methods that are already published
and just summarize them. Only new techniques need be described. Give description to
modifications to existing methods.

Results and discussion. Results should be presented clearly and concisely with tables
and/or figures, and the significance of the findings should be discussed with comparison
with existing in literature data.

Conclusions. The main conclusions should be drawn from results and be presented in
a short Conclusions section.

Acknowledgments(if necessary). Acknowledgments of people, grants, or funds
should be placed in a separate section. List here those persons who provided help during the
research. The names of funding organizations should be written in full.

Divide your article into sections and into subsections if necessary. Any subsection
should have a brief heading.

References
Please, check references carefully.
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The list of references should include works that are cited in the text and that have been
published or accepted for publication.

All references mentioned in the reference list are cited in the text, and vice versa.

Cite references in the text by name and year in parentheses. Some examples:

(Drobot, 2008); (Qi and Zhou, 2012); (Bolarinwa et al., 2019; Rabie et al., 2020; Sengev
et al., 2013).

Reference list should be alphabetized by the last names of the first author of each work:
for one author, by name of author, then chronologically; for two authors, by name of author,
then name of coauthor, then chronologically; for more than two authors, by name of first
author, then chronologically.

If available, please always include DOIs links in the reference list.

Reference style

Journal article

Please follow this style and order: author's surname, initial(s), year of publication (in
brackets), paper title, journal title (in italic), volume number (issue), first and last page
numbers, e.g.:

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.

The names of all authors should be provided, but in case of long author lists the usage
of “et al” will also be accepted. Journal names should not be abbreviated.

Book
Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

Book chapter in an edited book
Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

Online document
Mendeley, J.A., Thomson, M., & Coyne, R.P. (2017), How and when to reference,
Available at: https://www.howandwhentoreference.com

Conference paper

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57.

Figures

All figures should be made in graphic editor using a font Arial.

The font size on the figures and the text of the article should be the same.

Black and white graphic with no shading should be used.

The figure elements (lines, grid, and text) should be presented in black (not gray) colour.
Figure parts should be denoted by lowercase letters (a, b, etc.).

All figures are to be numbered using Arabic numerals.
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Figures should be cited in text in consecutive numerical order.

Place figure after its first mentioned in the text.

Figure captions begin with the term Figure in bold type, followed by the figure number,
also in bold type.

Each figure should have a caption describing what the figure depicts in bold type.

Supply all figures and EXCEL format files with graphs additionally as separate files.

Photos are not advisable to be used.

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s).

Tables

Number tables consecutively in accordance with their appearance in the text.
Place footnotes to tables below the table body and indicate them with superscript
lowercase letters.

Place table after its first mentioned in the text.

Ensure that the data presented in tables do not duplicate results described elsewhere in
the article.

Suggesting / excluding reviewers

Authors are welcome to suggest reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts.

When suggesting reviewers, authors should make sure they are totally independent and
not connected to the work in any way. When suggesting reviewers, the Corresponding Author
must provide an institutional email address for each suggested reviewer. Please note that the
Journal may not use the suggestions, but suggestions are appreciated and may help facilitate
the peer review process.

Submission

Email for all submissions and other inquiries:

ukrfoodscience@meta.ua
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Ukrainian Journal of Food Science

Ukrainian Journal of Food Science nyGmikye opuriHaibHi HAyKOBi CTAaTTi, KOPOTKi
TTOB1IOMJICHHS, OTJISIZIOBI CTATTi, HOBUHHU Ta OTJISITU JIITCPATYPH.

Temaruka myonikaniii B UKrainian Journal of Food Science:

XapuoBa iHXeHepis HanorexHoorii

XapyoBa xiMmist [Mporuecn Ta obmaHAHHS

Mixkpobiosnoris ExoHOMiKa 1 ynpaBItiHHS

BracTHBOCTI XapuoBUX MPOJYKTIB ABTOMAaTH3AILis TPOLIECIB

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

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

Pe3ynbTaTi 10CHiDKEHb, MPEACTaBIIeH] B )KypHalli, TOBHHHI OyTH HOBUMM, MaTH 3B'SI30K
3 Xap4yoBOIO HAYKOIO 1 MPEACTABIATH IHTEpeC I MDKHAPOIHOIO HAyKOBOI'O
CIIIBTOBAPHUCTBA.

Ukrainian Journal of Food Science innekcyeTbcst HayKOMETPHIHUMH Oa3amMu:

EBSCO (2013)

Google Scholar (2013)

Index Copernicus (2014)

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

FSTA (Food Science and Technology Abstracts) (2018)

Ukrainian Journal of Food Science sxitoueHo y meperik HayKoBUX (paxOBHUX BHIAHB
VKpaiHu 3 TEXHIYHHX HAYK, B SKOMY MOXKYTh ITyONIKyBaTHCS PE3yJIbTaTH IUCEPTALIHHUX
poOiT Ha 3700yTTsI HAYKOBUX CTYIEHIB JOKTOopa 1 kanauaata Hayk (Hakas MiHnicrepcTBa
ocBitH 1 Hayku Ykpainu Ne 793 Big 04.07.2014)

Penensisn pykommcy crarri. HaykoBi crarri, npeacraBieHi s myOmikamii B
«Ukrainian Journal of Food Science» mpoxomsts «HojaBifiHE CIille pereH3yBaHHD
(pereH3eHT He 3HA€, YUI0 CTATTIO PELEH3YE, 1, BIIIOBIJHO, aBTOP HE 3HAE PEIICH3EHTA) IBOMa
BUCHHMHU, MPU3HAYCHUMH DPEHAKIIIITHOIO KOJETI€I0: ONUH € WICHOM pPEIKONeril, IHmmi —
HE3JICKHUM YUYECHUH.

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

Moaituka akagemiunoi eruxu. Penmaxmis «UKrainian Journal of Food Science»
KOPHCTYETHCS TIpAaBUJIAMH aKaJIeMiuHOl eTHKH, BUKIaneHnmu B mpami Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Pemakmist TpOIMOHYE aBTOpaM, pEIEH3EHTAM 1 YHTayaM
JOTPUMYBATHCS BHMOI, BHKJIAJCHHX y I[bOMY IOCIOHMKY, IIOO YHHKHYTH TIOMHJIOK B
o opMIIeHHI HAYKOBHX TIpAaIlb.
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PepakuyiiHa konerisi
TI'osioBHMI pegakTop:

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

Yiienn MiskHApPOAHOI peJakuiiiHol KoJierii:

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

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

Awnapiii MapuHiH, KaH/. TEXH. HayK, CT. HayK. cIl., HallloHaJbHUI YHIBEPCUTET XapuoBUX
TEXHOJIOTI#, YKpaiHa.

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

Eron Hlniuyep, a-p, npodecop, epxapuuii yHiepcutet [lonrta ['poccu, bpasmmis.
3anpsina /lenkoBa, 1-p TeXH. Hayk, npodecop, YHIBEpCUTET Xap4OBHX TEXHOJOTIH,
M. [TnoBnis, bonrapis.

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

Mapk Hlamusii, KaHa. TeXH. HAyK, J01., YOPHOMOpChKA acoliailis 3 Xap4oBOi HAayKu Ta
TexHounorii, PymyHisi.

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

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

Cagepio MaHHiHo, 1-p XiM. HayK, npodecop, MinaHchkuid yHiBepcuTeT, [Tamis.

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

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

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

Xyy0 JlemaieBesba, 1-p, acomiamis « Mi>kHapoIHa rapMOHi3alliifHa iHiiatuBay, Higepmanam.
SAcmina Jlykinak, n-p, mpodecop, Yaisepcurer LlItpocmaepa B Ociexy, Ociek, XopBaris.

YsieHu peaakuiiiHol koJierii:

Arora T'enpe Paiimiene, n-p exoH. HayK, JINTOBCBRKMU IHCTUTYT arpapHOi €KOHOMIKH,
JIutga.

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

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

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

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

Eron ninuep, n-p, npodecop, JepxaBuuii yHiBepcuret [lonta ['pocen, Bpazuis.
3anpsina /lenkoBa, O-p TeXH. HayK, npodecop, YHIBEpCUTET Xap4OBHX TEXHOJOTIH,
Bonrapis.

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

Mapk lamusH, KaHa. TEXH. HAyK, 01., YOpHOMOpCHKa acolliaiis 3 Xap4oBOi HayKu Ta
TexHounorii, PymyHis.

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

Haranis Kopxk, 1-p ekoH. Hayk, npodecop, BiHHHMIBKHI TOPrOBEIbHO-SKOHOMIYHHI
iHCTUTYT KHIBCHKOr0 HalliOHAJIBHOT'O TOPTrOBENbHO-EKOHOMIYHOT'O YHIBEpCHUTETY, Y KpaiHa.
Onena JlepeB’siHKO, 1-p €KOH. Hayk, mnpodecop, I[HCTUTYT miCHsSAUITIOMHOI OCBITH
HanionanbHoro yHiBepcuteTy Xap4oBHUX TexHodorii, Kuis, YkpaiHa.

IMaona IiTTia, 1-p TexH. Hayk, npodecop, Tepamcekuii yHiBepcuTeT, [Tais.

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

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

CgiTiana boiiko, xaHJ. €KOH. HayK, JIOIEHT, HallioHalbHHH YHIBEPCHUTET XapuOBUX
TEXHOJIOTI#, YKpaiHa.

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

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

Tomam Bepuar, 1-p, npodecop, llenmHcekuii yHiBepcuter, [lonbia.

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

BinnoBinanbHuii cexperap:

Ouekciii I'ybensi (BiAnoBimajdbHUI cekperap), KaHI. TEXH. HayK, Jol., HamioHampHUI
YHIBEPCHUTET XapuOBUX TEXHOJOTiH, YKpaiHa.
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IHIanoBHi kojern!

Penaxiriiina Koeris HAayKOBOI'O MEPiOUYHOrO BHIAHHS
«Ukrainian Journal of Food Science»
3anponrye Bac o myOmikariii pe3yiabpTaTiB HAyKOBUX JOCIIIKECHb.

Bumorn 1o opopmiieHHs craTei

MoBa crareii — aHTJICBKa.

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

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

Bci monst cropinku — o 2 cM.

CTpykTypa cTaTTi:

1. Ha3Ba crarri.
2. Aetopu cratTi (M’ Ta npi3BHIIE TOBHICTIO, pukiaa: Jennc O3epsHKo).
3. Yemanosa, 6 sxiil suxonana poboma.
4. Anotanis. O00B’I3K0Ba CTPYKTypa aHOTAIlil:

— Beryn (2-3 psnkn).

— Marepianu Ta MmeToau (10 5 ps/KiB)

— PesynbraTi T2 00roBOpeHHs (IiB CTOPIHKH).

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

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | yKpaiHCHKOI0 MOBaMH.

6. OcHOBHHUII TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 PO3JIIJIH:
— Beryn
— Marepianu Ta MeTOIN
— PesynbraTi Ta 0OTOBOpPEHHS
— BucHoBku
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIaBaTH 1HIII PO3/IITU Ta PO30MBATH 1X Ha MMiIPO3ILIH.

7. ABropceka noBiaka (IlpizBuiie, iM’st Ta Mo 6aThKOBI, BUSHHUI CTYIiHb Ta 3BaHHS, MICIIE
pobotu, erekTpoHHa aapeca a0o TeraedoH).
8. KoHrakTHi JjaHi aBTOpa, 0 SKOr0 32 HEOOX1HOCTI Oy/Ie 3BepTATHCh PElaKIisl dKypHAIy.

Pucynkn BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH HE MpUAMaioThes. Po3Mip Tekcty Ha
pucyHKax moBuHeH Oyru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JiMie 32 iX 3HaYHOI HayKOBOI LIHHOCTI.

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

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

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

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

Kisbkicts aBTOpiB cTatTi | IIpuKiIag 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.
Crmcok JiTepaTypy COpTyeThCs 3a andaBiToM, JiTEpaTypHi JyKepea He HyMEepYIOThCS.

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. ITocHIaHHS HA CTATTIO:
ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(Homep), cropinku, DOI.
[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. Ilocuj1aHHS HA KHUTY:
ABtopu (pix), Hazea knuzu (kypcusom), Bunapaunrso, Micto.
[Hiliany NUIIyThCs MiCHs NPi3BHINA.
Bci eneMeHTH noCHIIaHHS PO3AUISAIOTHCS KOMaMHU.
IIpuknan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocujanusa Ha eJeKTPOHHHUI pecypce:

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

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

3pyunuii caiit 1yist TpaHciTeparii 3 ykpaincskoi mosu: http://translit.kh.ua/#lat/passport
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JeTanbHi iHCTPYKILii VI aBTOPIB po3MillleHi HA calTi:
http://ukrfoodscience.nuft.edu.ua
CTarTsl HAICHJIAETHCA 32 €JICKTPOHHOIO a1PECOI0:

ukrfoodscience@meta.ua
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