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Introduction. The aim of the research is to study the reducing ability
of aqueous-alcoholic infusions from waste of aromatic raw materials in
the technology of alcoholic beverages.

Materials and methods. The regenerative ability of infusions from
waste of aromatic raw materials: Perilla frutescens; Elsholtzia stauntonii
Benth; Artemisia abrotanum; Monarda didyma; Agastache foeniculum;
Satureja hortensis; Ruta graveolens; Nepeta transcaucasica Grossch was
determined by the method of redoxmetry and pH-metry; sensory
indicators — according to the expert method.

Results and discussion. Waste plant spice-aromatic raw materials,
which are formed after maceration, during further preparation, can be
reused in the technology of alcoholic beverages.

In relation to the control (7.80 pH units) infusions have a pH value of
6.73 units pH (Agastache foeniculum) up to 7.35 units pH (Satureja
hortensis), which is 13.72% and 5.77 %, respectively, less than control.
The value of the minimum theoretical redox potential for aqueous-
alcoholic infusions Ehpin from 219.0 mV (Satureja hortensis) to 256.2
mV (Agastache foeniculum), which is 14.06% and 33.44% more than in
the control (Ehmin 192 mV). The value of the actually measured redox
potential for aqueous-alcoholic infusions Eha from 94.0 mV (Monarda
didyma) to 141.0 mV (Ruta graveolens), which is more than 2.17% and
53.26 %, respectively, for the control (Ehag 92 mV).

Aqueous-alcoholic infusions from wastes of spicy-aromatic raw
materials have a reduction capacity (reduction energy — RE) from 101.4
mV (Ruta graveolens) to 153.2 mV (Monarda didyma), which is greater
than the control (aqueous-alcoholic mixture) RE 100 mV by 1.40% and
53.20% respectively.

Aqueous-alcoholic infusions from waste of spicy-aromatic raw
materials have the value of S.e. from 9.47 to 9.68 points in relation to
control S.e. 9.21 points. The highest value of S.e. 9.68 points are
characteristic of the aqueous-alcoholic infusion of Agastache foeniculum:
color — light amber (1.98 points); taste — bright ethereal, herbal, fragrant
(3.98 points); aroma — bitter-sour, tart (3.72 points).

Conclusion. The use of waste from the aromatic raw materials of
Monarda didyma in aqueous alcoholic tinctures leads to an increase in the
reducing characteristics of RE infusions by 53.20 %, and positive sensory
indicators of S.e. —9.51 points on a 10-point scale.
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Introduction

Waste reduction is a key challenge for the sustainable development of the food industry
(Barik, 2019; Tekler et al., 2019; Martin-Rios et al., 2018) [1-3], so reducing it is a pressing
issue for most businesses in the industry (Hall, Howe, 2012; Fujii, Kondo, 2018) [4, 5]. Waste
recycling and utilization is a strategic goal for each company (Fujii, Kondo, 2018; Galanakis,
2020; Garcia-Garcia, 2019) [5-7], which involves the involvement of innovative technologies
based on the evaluation of decisions in reducing the cost of finished products, minimizing
raw material losses, increasing the yield of finished products (Tekler et al., 2019) [2]. The
practical implementation of innovative measures allows to establish relationships between
processes and technologies of food industry processing and provides an opportunity to form
the main provisions in the field of waste management (Mo et al., 2018) [8].

Today, for the production of alcoholic beverages, a certain amount of plant raw materials
is used, which forms waste. Currently, the use of vegetable raw materials in the technology
of alcoholic beverages is very relevant (Andreou et al, 2018; Chandrasekara, Shahidi, 2018;
lannitti, Palmieri, 2009; Kawa-Rygielska et al, 2019) [9-12]. Of particular interest in the
production of alcoholic beverages is a spicy-aromatic raw material that exhibits antioxidant
and tonic properties (Vergun et al, 2019) [13]. At present, the antioxidant characteristics of
all prescription components, food additives, biologically active substances and their
combinations have not been sufficiently studied (Buglass et al, 2012; Grunert et al, 2018;
Gulua et al, 2018) [14-16].

In the process of extracting or infusing spicy-aromatic raw materials with an aqueous-
alcoholic mixture, waste remains, which can be further processed and reused. Spice-aromatic
plants can be considered a promising raw material for the production of alcoholic beverages:
Perilla frutescens, Elsholtzia stauntonii Benth, Artemisia abrotanum, Monarda didyma,
Agastache foeniculum, Satureja hortensis, Ruta graveolens, Nepeta transcaucasica Grossch,
due to their positive characteristics.

Perilla frutescens. Perilla frutescens is rich in natural compounds that could be
developed as nutraceuticals (Ahmed, Tavaszi-Sarosi, 2019; Lee et al., 2017; Igarashi,
Miyazaki, 2013) [17-19] and/or phytomedicine (Ahmed, Tavaszi-Sarosi, 2019) [17]. More
100 compounds have been reported for Perilla frutescens and most of them are contributed
to its medical benefits (Ahmed, Tavaszi-Sarosi, 2019; Lee et al., 2017; Yu et al., 2017; Lee
et al., 1997; Liu et al., 2000) [17, 18, 20-22] such as anti-allergic, anti-inflammatory, anti-
oxidant (Ahmed, Tavaszi-Sarosi, 2019; Lee et al., 2017; Yu et al., 2017) [17, 18, 20],
anticancer, anti-microbial, anti-depressive and anti-cough effects (Yu et al., 2017; Lee et al.,
1997; Liu et al., 2000) [20-22]. The health beneficial capacities of Perilla frutescens are
related to its metabolite contents (phenolic acids, monoterpenes, flavonoids, and triterpenoids
(Banno et al., 2004; Lee et al., 2013; Asif, 2012; You et al., 2014), [23-26]. Perilla frutescens
characterized with the predominance of perillaldehyde, perilla ketone, B-dehydro-elsholtzia
ketone, limonene, shisofuran, farnesene (Z, E, o), B-caryophyllene, trans-shisool (Ahmed,
Tavaszi-Sarosi, 2019) [17].

Elsholtzia stauntonii Benth. Plants of the genus Elsholtzia stauntonii Benth have a long
history of medicinal use in folk. The phytochemical investigations revealed the presence of
flavonoids, phenylpropanoids, terpenoids, and other compounds. Abundant volatile
components are also identified (Guo et al., 2012) [27]. As folk medicine, the plants in the
genus have been used for the treatment of colds, headaches, pharyngitis, fever, diarrhea,
digestion disorder, rheumatic arthritis, nephritises, and nyctalopia in China (Guo et al., 2012;
Wu et al., 1977) [27, 28].
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Artemisia abrotanum. Artemisia abrotanum is a rich source of active biological
compounds that include terpenoids, sesquiterpenoids, flavonoids, and coumarins (Afshar et
al., 2017; Bora, Sharma, 2011; Tan et al., 1998; Taleghani et al., 2020) [29-32]. Artemisia
abrotanum, a common plant used in the culinary and cosmetics industries, has been reported
to accumulate high levels of triquinane silphiperfol-5-en-3-one A (Muangphrom et al., 2019)
[33]. Artemisia abrotanum and its active phytochemicals have been introduced as having
antimalarial, antioxidant, cytotoxic, antispasmodic, anthelmintic, neuroprotective, anti-
inflammatory, and antimicrobial agents (Taleghani et al., 2020; Amirmohammadi et al.,
2014) [32, 34].

Monarda didyma. Twenty-nine constituents found in the green tissue samples of
Monarda didyma turn out to be mainly terpenoids with linalool, p-cymene, thymol and
thymol methyl ether as main compounds (Wryblewska et al., 2019) [35]. The different
chemical composition was represented by the flowers essential oil which possesses p-cymene
and terpinolene (above 80%) as main compounds (Wryblewska et al., 2019) [35]. Monarda
didyma oil revealed the strong antimicrobial activity and completely inhibited the growth of
Candida albicans yeast as well as Bacillus cereus and Pseudomonas fluorescens bacteria in a
concentration of 0.01% (Wryblewska et al., 2019) [35]. Monarda plants contained of
biologically active thymoquinone (Sovova et al., 2015) [36].

Agastache foeniculum. Agastache foeniculum is a perennial aromatic plant with
antimicrobial and antifungal properties and useful for gastrointestinal problems. Components
were identified, representing 95.4% of the oils including methyl chavicol, limonene,
spathulenol and caryophyllene oxide (Hashemi et al., 2017) [37]. The extracts of flowers and
leaves of Agastache foeniculum exhibited a high content of flavonoids, antioxidants and
phenolic compounds (Shtereva et al., 2016) [38]. Analysis confirmed the presence of
phenylpropanoids i.e., rosmarinic acid, tilianin, and acacetin (Park et al., 2014) [39].

Satureja hortensis. Satureja hortensis has been also used as folk remedies to treat
various ailments such as cramps, muscle pains, nausea, indigestion, diarrhea, and infectious
diseases. It has showed antispasmodic, anti-diarrhoeal, antioxidant, sedative as well as
antimicrobial properties (Deans, Svoboda, 1989; Hajhashemi et al., 2000; Leung, Foster,
1996; Madsen et al., 1996) [40-43]. Satureja hortensis may be a valuable source of dietary
and pharmacologically important phenolic compounds, especially rosmarinic acid, in
pharmaceutical and functional food formulations in order to maintain normal health
conditions or as a remedy in various diseases caused by oxidative damage (Boroja et al.,
2018) [44].

Ruta graveolens. Ruta graveolens possess a wide range of pharmacological activities
(Colucci-D’ Amato, Cimaglia, 2020) [45] including antioxidant, insect repellent, larvicidal,
antimicrobial, antiandrogenic, antidepressant, antihyperglycemic, antihyperlipedimic, anti-
inflammatory, antitumour and cytotoxic activity on human cancer cell lines (Ahmed et al.,
2010; Khouri et al., 2005; Tabanca et al., 2012; Ratheesh et al., 2013; Attia et al., 2018) [46-
50], antiseptic, stimulant, abortifacient, antirheumatic, anthelmintic, antispasmodic,
antiepileptic (Ahmed et al., 2010; Attia et al., 2018; Stashenko et al., 2000) [46, 50, 51]. The
phytochemical studies have attributed these biological activities to the presence of some
metabolites such as alkaloids, coumarins, flavonoids, ketones and terpenoids (Ratheesh et
al., 2013; Attia et al., 2018; Stashenko et al., 2000) [49-51]. Among all the components of
the plant extract, rutin —which is highly, if not the most, abundant — positively interacts with
the neurophysiology (Colucci-D’ Amato, Cimaglia, 2020) [45].

Nepeta transcaucasica Grossch. Nepeta transcaucasica Grossch are widely used in
traditional medicine as antimicrobial, antioxidant, antiinflammatory, sedative, relaxant,
cholesterol lowering, antiasthmatic, carminative, diuretic, diaphoretic, febrifuge, vermifuge,

8 ——Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1



Food Technology ——

herbicidal, insecticidal and insect repellent, all of them directly related to the specific
chemical composition (Salehi et al., 2018) [52]. The active constituents from Nepeta genus
may provide the opportunity for the production of antidepressive, antidiabetes, analgestic,
anti-inflammatory, lipid-lowering and cardioprotective drugs (Salehi et al., 2018) [52].
These circumstances determine the relevance of this work, which is to develop aqueous-
alcoholic infusions of vegetable raw materials in the technology of alcoholic beverages.
The aim of the research is to study the reducing ability of aqueous-alcoholic infusions
from waste of aromatic raw materials in the technology of alcoholic beverages.
When achieving this goal, it is necessary to solve the following problems:
—  To substantiate the prospect of using agueous-alcoholic infusions from waste of
aromatic raw materials in the production of alcoholic beverages;
—  To establish the value of the restorative capacity of aqueous-alcoholic infusions from
waste of aromatic raw materials;
—  ldentify the most promising sources of natural antioxidants for use in alcoholic beverage
technology.

Materials and methods
Materials

The study used plant raw materials that are allowed to be used in the production of
alcoholic beverages. In the M.M. Gryshko National Botanic Garden of NAS of Ukraine was
created new cultures of spicy-aromatic plants, which became the subject of these studies
(Rakhmetov, 2011) [53].

In the Figure 1 shows a photo of aqueous-alcoholic infusions from waste of aromatic raw
materials. For preparation of aqueous-alcoholic infusions used the following basic raw
materials: ethanol rectified, water, cardboard filtering.

The aqueous-alcoholic infusions should meet the requirements on sensory evaluation:
appearance - transparent without sediment and foreign impurities fluid, acceptable
opalescence that disappears after filtration; color, taste, aroma — the inherent vegetable raw
materials from which they are made, without the foreign taste and odor.

The aqueous-alcoholic infusions must meet the requirements by physicochemical
parameters: ethyl alcohol by volume — 20.0-90.0 %; mass fraction of essential oil — 0.0-15.0
9%; mass concentration of the total extract — 0.1-20.0g/100 cm?.

Agueous-alcoholic infusion — semi-finished product, which is prepared by extraction of
raw materials in aqueous-alcoholic solution with a strength of 40 %. The static method of
extraction is called maceration. The tested aromatic raw material (dry) was infused in a
aqueous-alcoholic mixture in this work.
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Figure 1. Photo of Samples of crushed plant raw materials:
a — Perilla frutescens; b — Elsholtzia stauntonii Benth; ¢ — Artemisia abrotanum;
d —Monarda didyma; e — Agastache foeniculum; f — Satureja hortensis;
g — Ruta graveolens; h — Nepeta transcaucasica Grossch.

Description of research procedure

The first stage — the preparation of infusions. Plant raw materials were minced into a size
of 3x3 mm, suspensions of 4 g were placed into the glass bottles, were filled by 100 ml of
alcohol solvent with volume fraction of rectified ethyl alcohol 40 %. The resulting infusions
were cooled to 20 °C for 7 days, stirring periodically.
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Next, the infusions were filtered and studies were performed to determine the indicators
of active acidity, which was measured on a pH meter in the mode of pH measurement with a
combined glass electrode. The redox potential was measured in the potential measurement
mode with a combined redoxmetric platinum electrode.

Methods of sensory evaluation and antioxidant capacity

The expert method of determination of values of indexes of quality is based on the account
of opinions of group highly skilled specialists-experts. (The expert of — it a specialist on the
certain type of object which owns the increased sensitiveness to properties of this object)
(Kuzmin et al, 2016; Kuzmin et al, 2017; Kuzmin et al, 2020) [54-56].

To evaluate the antioxidant properties of the obtained aqueous-alcoholic infusions, the
method (Priluckij, 1997) [57], based on the difference of redox potential in inactivated
inorganic solutions and biochemical complex. The main criteria of this method were its
clarity, simplicity, specificity, reproducibility of results and efficiency. A number of
researchers also emphasize that method allows to determine the total antioxidant activity of
liquid products, including in total in a complex mixture, and multifunctional antioxidants
(Kuzmin et al., 2016; Frolova et al., 2019; Kuzmin, 2017) [54, 58, 59].

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of the pH and the redox potential (Priluckij, 1997) [57]:

Ehnin=660-60-pH, mV (1)

where Ehmin — minimal theoretically expected value of the redox potential;
pH — active acidity of the test solution.

Acquired redox potential values were compared with actual measurements of Eha
solution. The change of the redox potential toward the recovery energy (RE) was determined
by the formula:

RE = EhmirEhaa, mV (2)

where RE — shift of redox potential to the side of recovered meanings (resilence);
Ehae — actual measured redox potential.

Results and discussions
Sensory evaluation

The results of sensory evaluation (Kuzmin et al, 2017) [55] of the obtained infusions on the
extractant are presented in the Table 1-2 and Figures 2-3.
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Table 1
Sensory evaluation (S.e.) of agueous-alcoholic infusions
Plant raw materials Color Aroma Test
1. Perilla frutescens Light amber Floral Sour-bitter, tart,
unpleasant
2. Elsholtzia stauntonii Benth | Light brown | Grassy, floral Sour-bitter
3. Artemisia abrotanum Thatched Grassy Bitter, with a long, bitter
aftertaste
. Sour-bitter, unpleasant,
4. Monarda didyma Thatched | Fragrant, floral With a bitter aftertaste
5. Agastache foeniculum Light amber Bright ethereal, Bitter, tart
herbal, fragrant
6. Satureja hortensis Light brown Spicy, fragrant, Mode_rately hot, irritable,
herbal with a sweet taste
7. Ruta graveolens Thatched Fragrant, Bitter, tart
grassy, floral
8. Nepeta transcaucasica Light brown Mint Soft, pleasant, sweet
Grossch
9. Extraptan_t— aqueous- Transparent Alcoholly Abrupt
alcoholic mixture
Table 2
Sensory evaluation (S.e.) of agueous-alcoholic infusions
Plant raw materials Color, |Aroma, | Flavor, | S.e., +/-, +/-,
points | points | points | points | points | %
1. Perilla frutescens 195 | 3.65 | 3.87 | 9.47 | 0.26 | 2.82
2. Elsholtzia stauntonii Benth 1.89 | 3.80 | 393 | 9.62 | 0.41 | 4.45
3. Artemisia abrotanum 191 | 3.69 | 390 | 950 | 0.29 | 3.15
4. Monarda didyma 188 | 3.71 | 392 | 951 | 0.30 | 3.26
5. Agastache foeniculum 198 | 3.72 | 398 | 9.68 | 0.47 |5.10
6. Satureja hortensis 185 | 3.86 | 3.93 | 9.64 | 0.43 | 4.67
7. Ruta graveolens 191 | 3.70 | 395 | 956 | 0.35 | 3.80
8. Nepeta transcaucasica Grossch 173 | 396 | 395 | 9.64 | 0.43 | 4.67
9._Extractant— aqueous-alcoholic 184 | 357 | 380 | 921
mixture
min 173 | 3.65 | 3.87 | 9.47 | 0.26 | 2.82
max 198 | 3.96 | 398 | 9.68 | 0.47 | 5.10

12
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Figure 2. Sensory evaluation (S. e.) indicators of aqueous-alcoholic infusions on the extractant:
1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum;
4 —Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta graveolens;
8 — Nepeta transcaucasica Grossch; 9 — aqueous-alcoholic mixture

Antioxidant capacity

Physicochemical studies, namely determination of the pH level and redox potential, were
performed according to the method (Priluckij, 1997) [57] and calculations given above (Kuzmin
et al, 2016) [54]. As a result of extraction received infusions (Andreou et al, 2018;
Chandrasekara, Shahidi, 2018; lannitti, Palmieri, 2009; Kawa-Rygielska et al, 2019) [9-12],
physicochemical indicators of which are presented in the Table 3.

Figures 4-7 show graphically the change in the physicochemical indicators of the quality
of aqueous-alcoholic infusions of spicy-aromatic raw materials on the extractant.

Table 3
Quality indicators of aqueous-alcoholic infusions on extractant
Plant raw materials t,°C | pH | Ehyin, mV | Ehyg, mV | RE, mV
1. Perilla frutescens 18 | 7.11 233.4 124.0 109.4
2. Elsholtzia stauntonii Benth 19 | 7.04 237.6 117.0 120.6
3. Artemisia abrotanum 18 | 7.28 223.2 103.0 120.2
4. Monarda didyma 18 | 6.88 247.2 94.0 153.2
5. Agastache foeniculum 18 | 6.73 256.2 120.0 136.2
6. Satureja hortensis 18 | 7.35 219.0 108.0 111.0
7. Ruta graveolens 18 | 6.96 242.4 141.0 101.4
8. Nepeta transcaucasica
Grossch 18 | 7.11 233.4 105.0 128.4
9. Aqueous-alcoholic mixture 18 | 7.80 192.0 92.0 100.0
min 18 | 6.73 219.0 94.0 101.4
max 19 | 7.35 256.2 141.0 153.2

where: t — temperature of infusion; pH — active acidity of the test solution; Ehmin —minimal theoretically
expected meaning of redox potential; Ehac — actual measured redox potential; RE — recovery energy
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Figure 3. Sensory evaluation indicators of aqueous-alcoholic infusions on extractant:
a— color; b —aroma; ¢ — flavor;
1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum;
4 —Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta graveolens;
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8 — Nepeta transcaucasica Grossch; 9 — aqueous-alcoholic mixture
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Figure 4. Hydrogen index (pH) of infusions of the investigated raw material:
1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum; 4 — Monarda didyma;
5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta graveolens; 8 — Nepeta transcaucasica
Grossch; 9 — aqueous-alcoholic mixture

The minimum theoretical value of redox potential (Ehmin) for plant aqueous-alcoholic
infusions (Priluckij, 1997) [57] was obtained, which has a value from 219.0 mV (Satureja
hortensis) to 256.2 mV (Agastache foeniculum), which is 14.06% and 33.44% more than in the
control (Ehmin 192 mV).

The value of the actually measured redox potential for aqueous-alcoholic infusions Ehac from
94.0 mV (Monarda didyma) to 141.0 mV (Ruta graveolens), which is more than 2.17% and 53.26
%, respectively, for the control (Ehat 92 mV).

In relation to the control (7.80 pH units) infusions have a pH value of 6.73 units pH
(Agastache foeniculum) up to 7.35 units pH (Satureja hortensis), which is 13.72% and 5.77 %,
respectively, less than control.

Aqueous-alcoholic infusions from wastes of spicy-aromatic raw materials have a reduction
capacity (reduction energy) RE from 101.4 mV (Ruta graveolens) to 153.2 mV (Monarda
didyma), which is greater than the control (aqueous-alcoholic mixture) RE 100 mV by 1.40% and
53.20% respectively. Aqueous-alcoholic infusions from waste of spicy-aromatic raw materials
have the value of S.e. from 9.47 to 9.68 points in relation to control S.e. 9.21 points. The highest
value of S.e. 9.68 points are characteristic of the aqueous-alcoholic infusion of Agastache
foeniculum: color — light amber (1.98 points); taste — bright ethereal, herbal, fragrant (3.98 points);
aroma — bitter-sour, tart (3.72 points).
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Figure 5. The minimum theoretical value of redox potential (Ehmin) of infusions of the investigated
raw material
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Figure 6. The actual measured redox potential of infusions (Ehae) of infusions of the investigated
raw material

180
160 -
140 -

E 120 -
i 100 -
@ 80 -
60

40 -

20 -

1 2 3 4 5 6 7 8 9
Figure 7. Recovery energy (RE) of infusions of the investigated raw material

For Figures 5-7: 1 — Perilla frutescens; 2 — Elsholtzia stauntonii Benth; 3 — Artemisia abrotanum;
4 — Monarda didyma; 5 — Agastache foeniculum; 6 — Satureja hortensis; 7 — Ruta graveolens;
8 — Nepeta transcaucasica Grossch; 9 — aqueous-alcoholic mixture
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Development of recipes of alcoholic beverages

On the basis of the obtained results, it was established that the maximum values of redox
potential has a aqueous-alcoholic infusion of Ruta graveolens. This aqueous-alcoholic
infusion was used in the preparation of cocktail, the recipe of presented in Table 4.

Table 4

Composition of the cocktail

Content, %

Ne of
point

Red wine

Cognac

Vodka

Sugar

Nutmeg, cloves,
cinnamon, allspice

Agueous-alcoholic

infusion of Monarda
didyma

Conclusions

12

The composition of the recipe
provides an alcoholic cocktail with
satisfactory physicochemical and
organoleptic characteristics, but
not sufficiently enriched with
biologically active substances

[,

0.4

10.6

0.6

15.4

11

0.8

20.2

The composition of the recipe
provides an alcoholic cocktail with
good physicochemical and
organoleptic characteristics, and is
also sufficiently enriched with
biologically active substances

12

1.0

25.0

The composition of the recipe
provides an alcoholic cocktail with
good physicochemical
characteristics and biologically
active substances, but deteriorated
organoleptic characteristics

The data obtained are correlated with the basic scientific concepts which are displayed
in the works (Buglass et al, 2012; Grunert et al, 2018; Gulua et al, 2018) [14-16], regarding

the processes of extracting of plant materials.

Improvement of the technology of alcoholic beverages (Andreou et al, 2018;
Chandrasekara, Shahidi, 2018; lannitti, Palmieri, 2009; Kawa-Rygielska et al, 2019; Vergun
et al, 2019) [9-13] is due to the addition of spicy-aromatic aqueous-alcoholic infusions. It
allows to increase the antioxidant properties of the product (Vergun et al, 2019) [13], will
help to increase the immunity of the human body, improve the metabolism, positively affect
the cardiovascular system, in addition it increases the consumer properties and will allow to
reduce the cost of the finished product.
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The relevance of the use of Monarda didyma in the technology of alcoholic beverages
their waste is confirmed by the studies of other scientists (Wryblewska et al., 2019;

Sovova et al., 2015) [35, 36] and our research (Kuzmin et al, 2020) [56].

10.

18

Conclusions

It is established that one of the promising ways of forming consumer properties and
expanding the range of alcoholic products is the use of aqueous-alcoholic infusions
from waste of aromatic raw material, which include biologically active substances. Such
substances improve the sensory evaluation of beverages, contribute to the promotion of
human health (antioxidant effects, enhancing redox reactions).

Experimental studies show that all aqueous-alcoholic infusions from waste of aromatic
raw materials contain antioxidant systems. It was found that the recovery value of all
the tested aqueous-alcoholic infusions is positive and ranges from 101.4 to 153.2 mV.
Improvement of the technology of alcoholic cocktails by adding spicy-aromatic
aqueous-alcoholic infusions allows to increase the redox properties of the product,
increases consumer properties and reduces the cost of the finished product.
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Introduction. The aim of this study was to investigate how
enriching yoghurt with immature wheat grain (IWG) influence
on aroma and volatile compounds and sensory properties of
yoghurts.

Materials and methods. IWG was harvested in two
different stages called the milky and dough stage before fully
maturation phase. Yoghurt samples were enriched with milky
stage grain flour (MSF) and dough stage grain flour (DSF) at
different levels (0, 1, 2, and 3%) to benefit from their prebiotic
and functional properties. The flavor and volatile compound
contents of the yoghurt samples were identified by using the
solid-phase microextraction (SPME) technique on the 1st, 14th
and 28th days of the storage period.

Results and discussion. The amount of acetaldehyde, the
characteristic flavoring agent of yoghurt, was at a higher
concentration in the yoghurt enriched with MSF. Also,
acetaldehyde decreased from 14.87 to 7.54 ppm in the samples
as the storage period progressed. An increase in the amount of
ethyl alcohol was observed in the control and other enriched
yoghurt samples in accordance with the decrease in the amount
of acetaldehyde with storage. Besides, volatile acids that
contributed to taste and aroma such as butyric acid, octanoic
acid, acetic acid and hexanoic acid were identified in the
enriched yoghurt samples. Isobutyl 2-methylvalerate, which
caused cereal-like taste and smell, was determined in yoghurt
samples enriched with MSF and DSF. This ester increased
depending on the enrichment ratios and it led to intense cereal-
like taste in yoghurts with enrichment ratio of 3%. As the ratio
of addition to yoghurt samples enriched with IWG flour
increased, the cereal flavor became predominant and this
reduced consumer appreciation.

Conclusions. Using IWG flour in yoghurt production
effected on aroma and volatile flavor compounds of yoghurt
samples. In this context, flavoring agents can be used to mask
the cereal flavor and taste that becomes dominant by increasing
concentration of MSF and DSF in yoghurts.
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Introduction

Yoghurt has long been among the most recognized and consumed products of fermented
milk products. It is produced by lactic acid fermentation using Streptococcus thermophilus
and Lactobacillus delbrueckii ssp. bulgaricus. More than 90 different aroma and volatile
flavor compounds have been identified in yoghurt and the formation of these aromatic
compounds is impressed by the milk composition, yoghurt processing condition, yoghurt
starter cultures, and incubation conditions [1].

As well as lactic acid with an acidic and refreshing taste, various carbonyl compounds
such as acetone, diacetyl, and acetaldehyde are the main compounds that give the yoghurt its
typical taste and aroma. Among these compounds, acetaldehyde is considered as the most
important characteristic flavor compound of yoghurt [2, 3]. Several compounds including
non-volatile acids (lactic, pyruvic, oxalic or succinic acids) consisting of lactose, caseins,
amino acids, lipids, citric acid, and free fatty acids, volatile acids (butyric, acetic, formic or
propionic acid), carbonyl compounds (acetaldehyde, acetone, diacetyl or acetoin) and amino
acids also form flavor compounds in yoghurt [4]. Since yoghurt bacteria lack the alcohol
dehydrogenase enzyme required for the conversion of acetaldehyde to ethanol, acetaldehyde
compounds are present in yoghurt in high concentrations (in the range of 5-21 mg/l)
compared to other compounds [5].

In 2020 years, there has been an increase in demand for functional foods in conjunction
with low-calorie, low-fat and low-cholesterol foods. An important development regarding
this issue has been in foods enriched with dietary fiber [6]. In this context, IWG containing
high dietary fiber (especially fructooligosaccharides), protein, and antioxidant components
was used in recent studies as a prebiotic, improving textural properties and nutritional value
of food product [7, 8]. IWG was harvested at 2—-3 weeks after anthesis, this physiological
stage called the ‘milky phase’. In the milky phase, wheat grain has maximum
fructooligosaccharides content and antioxidant compounds, thereafter their concentration
rapidly reduces per grain [7, 9].

The flavor and aroma of yoghurt play an important role in the consumption of it.
Therefore some researchers investigated the effect of various additives used fortification of
yoghurt to improve textural, nutritional, and sensorial attributes on aroma compounds of
yoghurts [10, 11]. These authors stated that of all the additives studied, starch, pectin, and
some sweeteners presented a significant effect on the aroma compounds of yoghurt.

In this study, the aroma and volatile compound contents of the yoghurt samples enriched
with MSF and DSF were determined and their effects on their sensory properties were
investigated. For this purpose, the solid-phase microextraction technique (SPME) was used
to define the aroma and volatile profiles of the yoghurt samples enriched IWG by using gas
chromatography-mass spectrometry (GC-MS).

Materials and methods
Materials

Whole-fat raw milk (12.44+0.08% total dry matter, 3.85+0.08% protein, 0.76+0.11%
ash, 4.00+0.14% fat, pH: 6.74%0.01) used in yoghurt production was taken from the dairy
farm of the Faculty of Agriculture at Selcuk University. Total non-fat milk solids of the milk
were standardized to 12% with medium-heated skim milk powder (ENKA Dairy Product,
Turkey). Yoghurt starter cultures (Streptococcus thermophilus and Lactobacillus delbrueckii
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subsp. bulgaricus) and x-carrageenan were obtained from Chr. Hansen-Peyma (Istanbul,
Turkey) and Sigma-Aldrich Chemical Company (St. Louis, MO, USA), respectively.

IWG was obtained from the ‘Soylu Durum Wheat’ which harvested from the Saricalar
Research and Application Farm of the Faculty of Agriculture at Selcuk University in two
different maturing stages called milky (65% moisture in grain) and dough stage (50%
moisture in grain).

Production of whole wheat flour from immature wheat grain

After the harvest, wheat grains were separated from their stems and husks. The cleaned
wheat was milled in a laboratory type hammer mill equipped with a 1 mm opening screen
(Falling Number-3100 Laboratory Mill, Perten Instruments AB, Huddinge, Sweden) to
produce IWG flour.

Production of yoghurt samples

After non-fat solids of raw milk were standardized to 12% (w/Aw) with the medium-heated
skim milk powder, it was portioned in equal amounts and put into containers. Standardized
milk was enriched with the MSF and DSF at levels of 0 (control), 1, 2, or 3% (w4). 0.03%
K-carrageenan was added to prevent sedimentation of the MSF and DSF into the yoghurt
samples and mixed with Ultra-Turrax blender until it became homogeneous. The obtained
mixture, which was subjected to heat treatment at 90 “C for 10 minutes by stirring, was cooled
to approximately 45+1°C. After cooling, the mixture was inoculated with 3% (v/v) yoghurt
starter cultures and incubated until pH 4.6 at 43£1 °C. At the end of incubation, yoghurt
samples were cooled to +4 °C and stored for 28 days under refrigerator conditions.

Method
Determination of flavor and volatile compounds

The aroma and volatile compounds in the samples were identified according to the
method of Lee, Diono [12] by using gas chromatography and mass spectrometry (GC-MS,
model GC 7890 A, Agillent, USA). For this purpose, 3 g sample was put into 20 ml vials and
3 ml NaCl solution (10%, w/v) and 10 pl of internal standard (IS, 81 ppb; 2 methyl-3
heptanone and 2-methyl pentanoic acid in methanol) were added on it. Samples were mixed
at 50 °C for 30 min in a heat stirrer. The extraction of volatile compounds was carried out
with SPME, a solvent-free extraction technique. It was exposed to headspace conditions at
50 °C for 30 minutes for the absorption of the aroma compounds of 75 pum carboxen /
polydimethyl siloxane fiber (CAR / PDMS, Supelco, PA, USA). At the end of this period, it
was injected into the GC-MS. After the injection, the fiber was kept in the detector for 3
mins, at 250 °C. The analysis was carried out in splitless mode. The aroma materials were
separated using DB-Wax column (30 m x 0.25 mm x 0.25 pum). Helium with a flow rate of 3
ml/min was used as the carrier gas. The oven temperature program was started with a 10 min
wait at 50 °C. The oven temperature was gradually raised to 110 °C with an increase of 5 °C
per minute. Then, it was raised to 250 °C with an increase of 10 °C per minute and waited for
10 minutes. Volatile compounds were identified by using the Wiley and NIST flavor libraries
in GS/MS. Relative quantities of volatile compounds were calculated by proportioning the
peak areas of the internal standard and the peak areas of the volatile compounds.
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Sensory analysis

Yoghurt samples enriched with MSF and DSF were stored at +4 °C for 28 days and
sensory analyzes were performed on the 7th and 21st days of storage. The panelist group of
9 people, who carried out the sensory evaluations, consists of academicians between the ages
of 30-50 who are working at the Food Engineering Department of Selcuk University. The
sensory properties of yoghurt samples were evaluated in terms of appearance, texture, mouth
feel, smell, and taste by using a scale of 1 to 5 (1: extremely dislike; 5: extremely like) [13].

Statistical analysis

Sensory evaluation results were evaluated statistically (ANOVA) in terms of mean and
variance analysis and comparisons were made according to the Tukey test at the level of
p<0.05 using the MiniTab 7.1 statistics program [14].

Results and discussion

The aroma and volatile compound content

The relative amounts of the aroma and volatile compounds of immature wheat flour used
to enrich yoghurt are given in Table 1. Flavors and volatile compounds in 7 different groups
such as carboxylic acids (4), ketones (8), esters (9), aldehydes (8), hydrocarbons (2), alcohols
(9) and, terpenes (2) were identified in the flour obtained from the wheat harvested in milky
stage and dough stage.

16 different flavors and volatile compounds were identified in yoghurt samples enriched
with MSF and DSF. These compounds belong to different chemical groups such as
carboxylic acids (4), aldehydes (1), esters (1), alcohols (3), hydrocarbon (1), and ketones (6).

Carboxylic acids

4 different volatile acids including butyric acid (butanoic acid) octanoic acid (caprylic

acid), acetic acid, and hexanoic acid (capric acid) were identified in the yoghurt samples
enriched with MSF and DSF (Table 2).
The concentrations of butyric acid, octanoic acid (caprylic acid), acetic acid and hexanoic
acid (capric acid) in the samples ranged between 9.95-24.23 ppm, 20.18-68.76 ppm, 15.53-
34.96 ppm and 23.53-79.25 ppm, respectively. The amounts of these short-chain fatty acids
increased during the storage period. This could be explained by the high metabolic activity
of L. delbrueckii ssp. bulgaricus during the storage period, which may lead to increased
amounts of these compounds. Terpou, Bekatorou [15] indicated similar results for probiotic
yoghurts enriched with wheat bran, that’s the amount of short-chain fatty acids increased as
the storage period progressed.

In general, it was observed that butyric acid concentrations in yoghurt samples enriched
with MSF and DSF increased depending on the enrichment ratio and storage period.
However, in some studies, it was stated that enrichment in prebiotic and fiber added yoghurts
did not affect butyric acid production [16, 17]. Additionally, free butyric acid, which is found
in fermented milk products more than milk, causes rancid taste as well as cheese taste and
aroma [18].

When the concentration of acetic acid of the yoghurt samples was analyzed, it could be
stated that they did not show a regular increase or decrease depending on the enrichment
material, the enrichment ratio, and the storage period.
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Table 1
Identification of aroma and volatile compounds (ppm) of MSF and DSF

Compound name MSF! | DSF? | Compound name MSF! | DSF?
Carboxylic acids Aldehydes
Hexanoic acid 1.91 3.69 | trans-2-Heptenal 0.41 1.00
Isovaleric acid 3.32 ND Nonanal 0.43 10.41
Octanoic acid 0.21 ND Octanal ND 3.85
2- Methylheptanoic ND n-decanal 1.91
acid 1.13 ND
Ketones Benzaldehyde ND 3.53
3,5-octadiene-2-one ND 3.73 | trans-2-Nonenal ND 0.57
3-octanone ND 0.32 | 2-Butyl-2-octenal ND 0.88
2-undecanone ND 0.29 Furfural ND 0.38
2-octanone ND 1.00 Hydrocarbons
2-nonanone 3.16 23.66 | Styrene 5.56 4.40
6-Methyl-5-hepten-2- 7.83 0.95 n-Dodecane 1.09
one ND
4-(3'-Thienyl)-1,5- 7.20 ND Alcohols
dihydro-2H-pyrrol-5-
one
Esters Nonanol 2.18 0.38
Hexyl hexanoate ND 0.47 1-Tetradecanol 1.06 0.06
Methyl heptacosanoate | ND 1.24 2-Heptanol 2.11 0.68
Butyl hexanoate ND 0.65 1-Hexanol 0.35 3.89
Methyl myristate 0.39 ND Benzyl alcohol 3.37 2.24
Methyl nonanoate 4.43 3.02 Phenethyl alcohol 0.39
2-Propenoic acid, 3- 1.93 2.83 3-Pentanol ND 2.38
ethoxy-, ethyl ester
Methyl hexanoate 9.61 3.83 1-octen-3-ol ND 2.99
Propanoic acid, 2- 1.16 ND 3,5-Octadien-2-ol ND 1.78
methyl-, 2,2-dimethyl-
1-(2-hydroxy-1-
methylethyl) propyl
ester
Ethyl acetate 0.59 ND Terpenes

Limonene 1.54 2.43

Eucalyptol 1.50 ND

1MSF: whole meal obtained from wheat harvested at milky development stage; DSF: whole meal

obtained from wheat harvested at milky development stage; ND: not detected
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Table 2

Concentration of carboxylic acids and esters (ppm) of enriched yoghurt samples with MSF and

DSF during storage period

Period of
storage Cont | 1% 2% | 3% 1% | 2% 3%
(days) | rol | MSF | MSF | MSF | DSF | DSF | DSF
Carboxylic
acids
1 1748 | ND | 1559 | 21.19 | 9.95 | 12.45 | ND
Butvric acid +1.82 +1.38 | £1.29 | £0.49 | £1.30
(;J{;]%ﬁf' 14 20.76 | 11.79 | 17.60 | ND | ND | 16.98 | 24.23
acid) +0.96 | 42.00 | +0.44 +1.91 | +0.56
28 ND | 18.17 | 19.92 | ND | 1959 | 19.23 | ND
+0.94 | £1.13 +1.53 | +1.21
1 49.82 | 39.80 | ND | 4333 | ND | 20.18 | ND
+3.94 | +5.62 +4.56 +0.47
Octanoic acid 14 46.11 | 3856 | ND | 56.30 | 46.98 | 43.35 | 47.17
+5.11 | +3.09 1217 | £4.47 | £6.12 | +3.74
28 56.66 | 53.37 | 52.49 | 68.76 | 54.26 | 51.72 | 48.78
+7.97 | £5.96 | +6.83 | +6.02 | +2.90 | +5.84 | £1.95
1 28.85 | 25.31 | 23.59 | 28.62 | 16.48 | 15.53 | 18.95
+0.35 | £3.80 | +1.80 | +5.73 | +3.78 | £6.33 | +3.93
Acetic acid 14 24.95 | 19.89 | 33.86 | 32.58 | 25.09 | 28.67 | 34.96
+0.62 | £0.38 | £1.80 | 48.19 | £6.26 | +7.06 | +6.46
28 27.75 | 4058 | 29.28 | 31.76 | 28.54 | 27.70 | 22.57
+3.30 | £9.53 | £3.66 | £6.10 | £0.14 | 531 | +1.87
23.53 | 31.26 | 25.60 | 64.03 | 56.38
1 ND | ND 17 | 2277 | 2023 | £1.66 | +8.45
. 45.19 | 53.59 57.02 | 52.25 | 59.02 | 79.25
Hexanoic acid 14 1182 | 23.00 | NP | 081 [ £1.11 | 6.68 | +8.62
-8 55.00 | 56.91 | 4722 | o | 67.32 | 6465 | 56.32
+2.83 | £1.62 | £3.93 +3.39 | £3.98 | £3.17
Esters
1 ND | ND | ND | ND | ND | 13.63 | 20.31
isobutyl 2 +0.51 | £0.55
methylvalerat 14 ND | 2224 | ND | 12.42 | 14.89 | 20.96 | ND
o +0.66 +0.42 | £0.77 | £0.42
28 ND | 17.78| ND | ND | ND | 30.38 | ND
+0.63 +0.72

IMSF: whole meal obtained from wheat harvested at milky development stage; 2DSF: whole meal
obtained from wheat harvested at milky development stage; ND: not detected

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 —

27



Food Technology ——

Esters

During the 28 days of storage, one ester, an isobutyl 2-methylvalerate in amounts ranging
from 12.42 ppm to 30.38 ppm, was identified in the yoghurt samples. The isobutyl 2-
methylvalerate was not found in the control yoghurts without enrichment MSF and DSF, but
only in the yoghurts containing MSF and DSF. Thus, it could be stated that this ester causes
the cereal-like taste and aroma in the enriched yoghurt samples. Similarly, Terpou, Bekatorou
[15] identified high amounts of five different esters in yoghurts fortified with wheat bran and
reported that these esters gave cereal flavor to yoghurts. In addition to these, in another study,
Terpou, Gialleli [18] reported that esters such as ethyl butanoate, ethyl hexanoate, ethyl
octanoate, and ethyl decanoate were important esters identified in all sour milk was produced
by using wheat bran supported probiotic biocatalysts. Esters generally are responsible for the
fruit odor in food products. In addition, esters are known to reduce the effects of unpleasant
odor from phenolic compounds and short-chain fatty acids [19].

Aldehydes

The concentrations of acetaldehyde, which is the characteristic flavoring agent of
yoghurt, varied between 14.87 ppm and 1.27 ppm during the storage period in yoghurt
samples (Table 3). As seen in Table 3, the acetaldehyde level of yoghurts enriched with MSF
was higher than those enriched with DSF. This could be explained by the fact that MSF
including high fructooligosaccharides further supports the activity of yoghurt bacteria. While
the amount of fructooligosaccharide that is prebiotic in the wheat grain during maturing of
wheat increases rapidly until the 10th day after flowering, it decreases rapidly in the latter
days of the next maturing stages [20, 21]. In this context, the MSF additive harvested on the
20th day after flowering supported the development of yoghurt bacteria more than the DSF
additive harvested on the 30th day after flowering. In 1% MSF, 2% MSF, and 3% MSF
samples, the acetaldehyde was determined as 9.66, 6.28, and 5.27 ppm, respectively, on the
first day of the storage period. As seen from the results, the amount of acetaldehyde decreased
in yoghurt samples as the enrichment ratio increased. The cereal-like taste and aroma became
dominant in the samples as the concentrations of MSF and DSF added to enrich the yoghurt
samples increased. Besides, some aroma compounds such as esters identified in enriched
yoghurts can mask acetaldehyde, which is the characteristic aroma of yoghurt.

The concentration of acetaldehyde was determined as 14.78, 12.18, and 7.54 ppm in
control yoghurt on the 1st, 14th, and 28th days of storage, respectively. The acetaldehyde
levels showed a decrease in all samples depending on the progressive storage time (Table 3).
This decrease in the concentration of acetaldehyde could be explained by the reduction of
acetaldehyde to ethyl alcohol [22]. In addition, it could be said that the decrease in
acetaldehyde level in yoghurts during storage might be due to evaporation of acetaldehyde
from samples and/or hydrolysis by microbial enzymes to form different substances.
Acetaldehyde can easily oxidize to acetate and accordingly, its level decreases. Since the said
condition occurs at high acidity values, it is stated that the loss of acetaldehyde occurring in
the later stages of storage is caused by the enzyme alcohol dehydrogenase originated from S.
thermophilus. [4, 23, 24]. Our result is similar to the studies performed with plain yoghurt
samples [25, 26] or the yoghurt samples enriched with different additives [27, 28].
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Table 3

Concentration of aldehydes, alchols and hydrocarbons (ppm) of enriched yoghurt samples with
MSF and DSF during storage period

Period
of Control 1% 2% 3% 1% 2% 3%
storage MSF | MSF | MSF | DSF | DSF | DSF
(days)
Aldehydes
1 14.87 10.35 | 9.66 6.28 5.27 2.81 1.27
+1.02 +0.84 | £0.78 | £1.14 | £0.71 | £1.20 | £0.11
12.18+ | 7.66 7.53 4.36 4.10 2.88+ | 2.75
Acetaldehyde 14 1062 | =115 | 2042 | 083 | 054 | 097 | +0.19
28 7.54 5.78 476 4.37 3.82 1.71 1.44
+0.101 | £0.28 | +0.48 | +0.49 | +0.41 | £0.78 | £0.16
Alcohols
1 2.12 3.76 5.56+ | 2.58+ | 433+ | 6.10+ | 1.64
+0.19 | +£0.62 | 0.35 0.69 0.31 0.79 +0.31
Ethanol 14 3.73 411 6.42 2.24 2.94 7.46 1.77
+0.59 +1.08 | £0.65 | £0.52 | £0.79 | £1.03 | +£0.63
28 5.38 6.26 | 5.81 3.55 3.27 8.03 8.77
+0.85 +1.06 | £1.29 | £0.46 | £0.39 | £0.77 | £0.41
6.97+
1 ND ND ND 060 ND ND ND
1,2-Butanediol 14 ND ND ND ND ND ND ND
4.95 396 |345 [295
28 1026 |NP O [ND | 043 | 2056 | 2023
1 ND 15.62 | 3.80 ND ND ND ND
+0.67 | £0.37
Furfuryl 14 ND ND 8.06 3.70 ND ND 8.67
alcohol +0.63 | £0.45 +0.47
28 7.01 7.88 9.86 ND ND ND 12.68
+0.98 +0.95 | £0.57 +0.96
Hydrocarbons
1 4.65 ND ND 2.53 ND ND ND
+0.27 +0.29
Styrene 14 ND ND ND ND ND ND ND
28 23.31 | ND ND 26.36 | ND ND ND
+1.03 +0.43

IMSF: whole meal obtained from wheat harvested at milky development stage; 2DSF: whole meal
obtained from wheat harvested at milky development stage; ND: not detected

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 —

29



Food Technology ——
Alcohols

As seen in Table 3, three different types of alcohol, including ethyl alcohol, 1,2-
butanediol, and furfuryl alcohol were identified in yoghurt samples enriched with MSF and
DSF. The amount of ethyl alcohol varied between 1.64 and 8.77 ppm in yoghurt samples.

An increase in the concentration of ethyl alcohol was observed in all samples in
accordance with the decrease in the amount of acetaldehyde depending on the storage period.
Besides, the content of ethyl alcohol was higher in enriched yoghurt samples compared to
control yoghurts (Table 3). This may be explained by the fact that MSF and DSF additives
added to yoghurt support the activity of starter culture [29].

Furfuryl alcohol amounts of enriched yoghurt samples ranged from 3.70 ppm to 15.62
ppm. Furfuryl alcohol consists of lactose, which occurs as a result of heat treatment applied
to yoghurt milk [30]. Although a regular increase and decrease in concentration of furfuryl
alcohol were not detected during the storage period, it was observed that the furfuryl alcohol
content of yoghurts enriched with 2% MSF increased as the storage period progressed. This
increase in furfuryl alcohol level is thought to be due to the activity of yoghurt starter bacteria
that continue during storage were best supported by a 2% MSF additive.

Hydrocarbons

Styrene, one of the aromatic hydrocarbons, was identified in the control and yoghurt
samples enriched with 3% MSF on the 1st and 28th days of the storage period, while this
hydrocarbon was not found in any yoghurt samples on the 14th day of storage. Styrene, which
has a sweet taste and can be easily evaporable is usually found in plants, but also in fruits,
vegetables, nuts, milk, and dairy products [31]. Our result is in agreement with the findings
of Terpou, Gialleli [18] who identified volatile flavor compounds in sour milk produced by
using wheat bran supported probiotic biocatalysts. On the other hand, these researchers stated
that while the styrene was detected on the first day of storage, were not detected at 30th day
and this situation could be caused by metabolizing other compounds.

Ketones

Six different ketones were identified in the yoghurt samples during the storage. Of these
ketones, 2,3-pentanedion and 4-octanone were identified in all yoghurt samples, while 2-
butanone, 3-hydroxy, 2-nonenone 3-methyl-2-butanone, and 2-dodecanone were not
identified in some yoghurt samples throughout the storage (Table 4). It could be said that the
identified ketones were caused by heat treatment applied to yoghurt milk. Because ketones
are formed by the thermal breakdown of fat caused by heating the yoghurt milk [32].
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Table 4
Concentration of ketones (ppm) of enriched yoghurt samples with MSF and DSF during storage
period
Period
of Cont 1% | 2% | 3% | 1% | 2% | 3%
storage rol MSF | MSF | MSF | DSF | DSF | DSF
(days)
Ketones
12.43 | 10.86 12.14 443+ | 3.67
1 1128 | 088 | NP | s143 | NP | 036 | 035
2-Butanone, 3- 14 7.61 | 4.03£ | 6.79 9.16 | 10.38 | 8.68 8.87
hydroxy (Acetoin) £0.70 | 1.17 | £0.52 | £0.89 | +£1.22 | +0.45 | +3.02
28 8.35 | 10.94 | 7.80 9.77 | 11.71 | 6.78 ND
£2.04 | £2.78 | 021 | £0.46 | +1.27 | £1.06
6.63 6.14 8.20 8.10
1 107 | NP | 5036 | 124 | NP | 061 | NP
5.92 5.81 5.61 7.27
2-nonanone 14 21220 | NP | 906 | +103 | NP | 050 | NP
28 5.53 7.57 9.35 8.39 7.74 | 14.78 | 25.86
+0.24 | £0.89 | £1.06 | £0.67 | £0.66 | +0.95 | £0.90
1 5.60 5.57 472 5.19 5.43 5.01 5.22
£0.18 | £0.21 | £0.92 | £0.41 | +0.19 | £1.10 | £0.30
5.89 6.12 4.83 4.96 5.11 4,94 5.90
4-Octanone 14 £0.78 | £0.60 | £0.57 | 0.28 | 0.12 | +1.42 | 0.4
28 5.77 5.69 5.96 489 | 558+ | 499+ | 514
+0.17 | £0.32 | £0.00 | +0.21 | 0.33 0.87 | +0.19
3.63
1 ND ND ND +0.17 ND ND
3-methyl-2- 3.54 3.38
butanone 14 ND ND ND | 935 | ND ND 0.34
2.04 4,71
28 ND | 1047 | ND | 4004 | ND | ND
1 351 | 11.08 | 1341 | 25.45 | 3.21 | 20.04 | 24.96
+0.35 | £0.11 | £0.48 | £1.42 | £0.85 | £2.70 | £2.23
2,3-Pentanedione 14 3.38 9.77 | 2251 | 33.49 | 6.67 | 27.22 | 37.40
(Acetylpropionyl) £0.17 | £0.98 | £1.06 | +0.57 | £0.34 | £3.51 | £2.75
28 437 | 11.00 | 15.16 | 23.04 | 15.00 | 17.61 | 23.95
+0.30 | £1.17 | £1.43 | £0.43 | £0.85 | +1.83 | £1.72
2.39 6.30
1 +0.19 ND ND ND ND ND 4071
4.54 6.80
2-Dodecanone 14 w066 | ND | [oo7 | ND ND ND ND
6.79 10.10
28 4029 ND ND 1124 ND ND ND

IMSF: whole meal obtained from wheat harvested at milky development stage; 2DSF: whole meal
obtained from wheat harvested at milky development stage; ND: not detected

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 —

31



Food Technology ——

Sensory characteristic

Results of sensory evolution of yoghurt samples enriched with MSF and DSF for the 7th
and 21st day of storage are given in Table 5. Yoghurt samples enriched with MSF were
scored higher than yoghurt with DSF in the evaluation of appearance, and as the contribution
rate increased, the likability of the samples decreased in terms of appearance. This outcome
is in agreement with data reported by Tomic, Dojnov [33] who investigated the sensory
properties of yoghurts enriched with triticale, wheat, and oat fiber (15 g/kg and 30 g/kg). It
was reported that insoluble triticale fiber caused cereal flavor and taste, yellowish-brown
color, and a sandy texture in enriched yoghurts. Despite the low-quality ratings given to the
yoghurts enriched with 30 g/kg fiber due to their grainy texture and a little bitterness, it was
reported that the enriched yoghurts were in the ‘very good’ quality category.

Table 5
Sensory properties of yoghurt sample on the 7th and 21st days of storage at 4 °C

Period of 1% | 2% 3% 1% 2% 3%
g Control| MSF MSF MSF DSF DSF DSF
(days)
Appearance
7 4.77+0.0]4.05+0.5 3.70 3.12 2.88 3.75 3.53
2A,ns 5AB,ns :‘:0.308C,ns +0.1 3CD,ns +0.1 3D,ns iO.ZSBC’a :EO.ZSBCD'nS
21 4.77+0.0(4.10+0.1 3.63 3.10 3.50 3.10 3.10
1A,ns OAB' ns +0.3 8BC,ns i0.300,ns :I:O.SOBC'nS +0. loc,b :I:O.IOC'nS
Texture
7 432 (3.98+0.2 3.58 3.73 3.35 4.25 4.40
+0.01AP | 3ABNs | £0 18ABRs | +(,53ABns | 10,1580 | +£0254B2 | +0.60A"
21 4.43 4.43 3.75 3.62 4.20 3.43 3.65
+0.03A2 |+0.18AM| £0.258Cns | +0.38BCns | +0.204B2 | +£0.18°P | +0.158Cns
Mouth feel
7 4.45 (3.95£0.4 3.68 3.35 3.43 3.90 3.60
H0.057 | 5AB.s | £0, 08B | £0.15B1 | £0.17B" | £0.107B2 +0.4082
21 4.38 4.15 3.40 3.18 3.68 3.08 2.88
H0.03A 150,054 +0.408C0s | +£0.43BCns | £0,08ABns | +0.33BCP +0.13¢0
Odor
7 4.69 4.78 4.65 3.88 3.98 4.10 4.08
+0.01A|£0.0342 | +0.1542 +0.13B2 £0.23Bm | +0.10B2 +0.33B2
21 4.60 4.05 3.30 3.08 3.53 3.05 2.80
+0.077m1£0.057BP| +£0.308CP | +0.33CP | +0.28BCn | +0.55CP +0.20¢P
Taste
7 4.44 4.67 4.55 3.45 3.88 3.67 3.57
+0.0240 [£0.1572 | £0.05%2 £0.05¢" | +0.13Bs | +£0.088C2 +0.18¢2
21 4.69 4.12 3.30 3.02 3.77 2.72 2.62
+0.0172 0.1248Bb| +£0.20CPP | +0.27PBns | +£0.038Cns | +£0.47PED +0.12E0

IMSF: whole meal obtained from wheat harvested at milky development stage; 2DSF: whole meal
obtained from wheat harvested at milky development stage Statistically differences were shown
different letters (P<0.05); ns: not statistically significant.

A-EThe significant differences between the samples were expressed in capital letters, #°The significant
differences between storage times were expressed in lower case letters.
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Except for yoghurt samples enriched with 2% DSF that showed lower score in terms of
appearance on the 21st day of storage, there was no statistical difference (p>0.05) depending
on the storage period in all other yoghurt samples (p>0.05). On the 7th day of storage, it was
seen that the texture values were not statistically different from each other in enriched yoghurt
samples and had lower evaluation scores than control yoghurt. However, it was observed that
texture scores decreased on the 21st day of storage due to the increasing enrichment ratio,
which may be due to improved acidity of yoghurts by activities of yoghurt starter cultures
leading for syneresis. Increasing of enrichment rate negatively influenced (p<0.05) the scores
for mouth feel due to the higher graininess texture of yoghurts, while the storage period had
no effect on the mouth feel. Additionally, the enrichment ratio and storage period
significantly (p<0.05) affected in terms of odor and taste. As a result of the sensory
evaluation, the least score in terms of these parameters was taken from yoghurt samples
enriched with 3% DSF. As the enrichment ratio increased in yoghurts, the increasingly cereal
flavor and taste reduced consumer appreciation. Similar findings are seen in the studies of
yoghurt enriched with wheat [34, 35]. Besides, our sensory evaluation results are supported
by Terpou, Bekatorou [15] who produced yoghurt using wheat bran as cell immobilization
carrier and evaluated sensory attributes of them. The authors reported that although the
highest cereal taste was determined in their yoghurt samples which have a less acidic taste
and contain wheat bran in which probiotic cultures were immobilized, they had similar scores
with yoghurt samples without wheat bran in terms of smell, appearance, and general
acceptability.

Conclusion

Considering the findings obtained from this study, the use of immature wheat grain flour
in the enrichment of yoghurt had led to significant changes in the taste and aroma compounds
of yoghurt. A reduction in the amount of acetaldehyde, which is an important carbonyl
compound for yoghurt taste and aroma, was observed with increasing concentrations of
MSGF and DSGF. Also, it could be stated that isobutyl 2-methylvalerate determined in
yoghurt samples enriched with MSF and DSF caused cereal flavor and taste in the final
product, and this taste intensified with increasing enrichment ratios. Except for control
yoghurt, %1 MSF yoghurt samples received the best sensory scores and gained the highest
appreciation from consumers. As the concentration of MSF and DSF increased in yoghurt
formulation, the cereal taste increased and this reduced the overall acceptability. For these
reasons, further studies can be carried out by using various flavoring agents to reduce the
aroma and flavor defects that occur in yoghurts.
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Introduction. The water and fat-retaining abilities of food
nanoadditives based on the double oxide of divalent and trivalent
iron (Fes0.) known as Magnetofood were studied.

Materials and methods. Model systems: starch +
magnetofood, egg white+magnetofood, fat + magnetofood. Water
and fat retention properties were examined with energy dispersive
X-ray (EDX) and IR-Fourier spectroscopies (FTIR). The mass
fraction of bound and free moisture was determined using the
indicator method (IM) and differential thermal analysis (DTA).

Results and discussion. The ability of FesO4 food additive
nanoparticles is noted to form electrostatic complexes with
macromolecular compounds of food systems (proteins,
carbohydrates, lipids) — quite stable structures such as “clusters”,
“clathrates”, ‘“cavitates”, “supramolecular associates”. This
property promotes binding and retention of water and fat.
Hydrophilic contacts of solvated Fe;O4 nanoparticles with water
dipoles, molecules of proteins and polysaccharides (carbohydrates)
increase the stability of polyphasic systems.

An offset of the IR spectra of the maximum absorption of the
Fe-O bond to the high-frequency region by (57+2) cm? in
comparison with the experimental sample of pure food additive
Magnetofood — FesO4 (FAM) indicates the chemical interaction of
FAM iron cations with molecules of macromolecular compounds
(starch, egg white, fat).

The chemical composition of model systems of
macromolecular compounds with FAM was determined in energy
dispersive X-ray studies. For pure FAM, particles of Fe comprised
75.5%; O — 24.5%; for the additive particles coated with egg white
—Fe 44.7%; 0 26.9%; C 21.4%; N 5.9%; S 1.1%; for the additive
particles coated with starch — Fe 41.7%; O 35.7%; C 22.6%; for the
additive particles coated with linoleic acid — Fe 45.6%; O 34.7%;
C 19.7%; for the additive particles coated with sunflower oil — Fe
39.7%; O 36.7%; C 23.67%.

The ratio of bound and free moisture in solvated FAM: 50.5—
51.6% of water comprise bound moisture and 48.4-49.5%
constitute free, osmotic (swelling water) and physico-mechanical
water of the total amount.

Conclusions. For the first time, models of interaction of
Fes;04 nanoparticles with water, proteins, fats, and carbohydrates
have been suggested for substantiating the mechanisms of water
and fat retention of food additive nanoparticles based on double
oxide of divalent and trivalent iron.
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Introduction

The most important functional and technological properties of food raw materials and
food ingredients, which determine the course of technological processes and the quality of
finished products, are water-retaining capacity (WRC) and fat-retaining capacity (FRC).

Mineral compounds [1]; special compositions of DSM enzymes [2]; biologically active
substances of vegetable, fruit and herbal supplements [3-6]; various polysaccharides (citrus
fibers; hydrocolloids of plant origin, cellulose esters) [7-10]; powders based on dairy and
egg products [11-14]; functional ingredients derived from industrial by-products (leather,
hooves, feathers, offal, seeds, bran, whey, etc.) [15, 16]; bioadditives based on wheat [17],
soybeans, chickpeas, enzymes, microalgae, etc. [18-21] are used to increase the WRC of raw
materials and food systems. The disadvantages of these additives are their narrow orientation
and lack of complex action.

Food additives of various origins are used to improve the FRC of lipid-containing
systems. They are nanopowders (silver, oxides of iron, magnetite, titanium and silicon
dioxide, zinc oxide) [22-25]; modifications of magnetite nanoparticles with oleic acid [26];
modifications of nanoparticles of iron oxides and gyroxides with higher fatty acids and fats
[27]. An adequate FRC of nanometer food additives is associated with high dispersion — this
allows not only to bind free fats, but also to keep them on the surface of nanoparticles during
cooking, as well as with the good availability of numerous hydrophobic areas [22-27].

An analysis of the scientific papers [1-27] revealed insufficiency of data on
substantiating water and fat retention capacities of food nanoadditives, in particular,
nanoparticles of food nanoadditives based on double oxide of divalent and trivalent iron
(“Magnetofood”) in food systems. “Magnetofood” food nanoadditives (FesOs) are marked
with a wide range of functional and technological properties (structural, stabilizing, sorption,
etc.) and promising technological applications [23, 28-35].

Therefore, there is a need to study the water and fat retention capacities of the
“Magnetofood” food nanoadditive.

The aim of the research is to study the water and fat retention of food additives based
on double oxide of divalent and trivalent iron known as “Magnetofood” (FAM).

To achieve this goal, the following tasks are set:

— Analyse the mechanism of interaction between macromolecular compounds (starch, egg
white, higher fatty acid, fat) and FAM nanoparticles using FTIR spectroscopy;

— Establish the chemical composition of the experimental samples of FAM — pure FAM,
samples covered with starch / egg white / higher fatty acid (linoleic) / sunflower oil
applying the method of energy-dispersive X-ray spectroscopy;

— Determine the ratio of bound and free moisture in solvated FAM using the indicator
method and differential thermal analysis.

Materials and methods

Materials
Research object: water retention and fat retention capacities of powdered ingredients in

food raw materials, namely nanoparticles of food additives based on iron oxides known as
“Magnetofood” — FesO4 (FAM).
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Research subject:

— “Magnetofood”, food nanoadditive based on iron oxides — Fe:Os (FAM): highly
dispersed nanopowder of brown or black colour with a particle size of 70— 80 nm.
According to its chemical composition, “Magnetofood” is a double oxide of iron
(FeO-Fe,03 or Fes0.) obtained by the method of chemical coprecipitation from aqueous
solutions of salts of divalent and trivalent iron in an alkaline medium[36, 37];

— Model systems: “starch+magnetofood”, “egg white+magnetofood”,
“linoleic acid+magnetofood”, “sunflower oil+magnetofood”: a suspension of FAM in
3% starch solution was obtained by introducing a portion of FAM into 3%
polysaccharide solution at (55-60) °C while constant stirring n = (2.0~ 2.2) s* for (5-

7)x60 s with subsequent cooling of the mixture to a temperature of (18-20) °C and
constant stirring n=(2.0-2.2) s [32]. A suspension of FAM in a 3% solution of egg
white was obtained by introducing a calculated amount of FAM into a 3% solution of
egg white at a temperature of (18-20) " while constant stirring n=(2.0-2.2) s* for (3—

5)x60 s followed by seasoning for (5-7)x60 s [33]. Fatty suspensions of FAM were
obtained by peptizing the calculated amount of FAM in oil (linoleic acid) at a
temperature of (45-50) °C (rational ratio of components — FAM:fat=50 wt.%:50 wt.%,
i. e. 2.5 g of suspension contains 1.25 g FAM) under condition of thorough stirring

(n=2.0-2.2 s for (3-4)x60 s, followed by cooling the mixture to a temperature of (18—
20) °C and constant stirring n=(2.0-2.2) s [34, 35, 38, 39].

Research methods

Fourier-transform infrared spectroscopy (FTIR). The vibrational spectra of the test
samples were obtained using Fourier Transform Infrared Spectrometer (FTIR) Bruker Tensor
37 (Germany), controlled by the OPUS software package with standard calibration
capabilities within the frequency range of (4000-400) cm™ in the absorption format (Fourier
spectra of samples were taken in KBr tablets) [25, 26, 36, 37].

Energy dispersive X-ray spectroscopy (EDX). To determine the chemical
composition of the test samples used a scanning electron microscope JSM-820 (JEOL) with
the prefix EDX. X-ray spectra were obtained by bombarding the test samples with electrons
using an acceleration voltage of 20 kV (according to the lines of the characteristic spectra of
Iron, Carbon and Oxygen). Establishment of the elemental composition of the experimental
samples was performed by analysis of the obtained spectra of characteristic X-rays [26, 27,
36, 37].

Algorithm for determining the mass fraction of bound and free moisture by the indicator
method according to the methods of Knyaginichev and Ermakova [42] and with the differential
thermal analysis (DTA) [43]

The idea of the refractometric method is to determine the difference in dry matter (DM)
between the indicator-solution of sugar and FAM solvated in sugar solution [42].
Bound moisture was calculated using the following formula (1):

X=Bx(by—b1)/Pxby, 1)
where X is the amount (g) of bound water per 1 g of dry matter (DM); b; and b, — initial and
final concentrations of sucrose solution,%; B — mass of 20 cm® 10% sucrose solution, g; P —
portion of dry matter (DM), g.
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Free moisture was calculated by formula (2):

Y=(Co — C1)xmx100/CyxgxWV, (2)
where Y is the content of free water,% of the total content; Co— initial concentration of sucrose
solution,%; C, — final concentration of sucrose solution,%; m —mass of the initial sucrose solution,
g; g—sample weight, g; W — total water content in 1 g of sample, g.

Differential thermal analysis (DTA) [43]. Thermographic determinations were carried out
using derivatograph Q-1500 D by “MOM” (Hungry) for a sample weight of 0.5 g in the following
modes of taking derivatograms: sensitivity of DT A galvanometer — 250, DTG galvanometer — 500,
TG galvanometer — 500, heating temperature change rate —4°C/60s. The dependences of the change
rate for mass a on the temperature T were built based on the change curve TG which corresponds to
the process of dehydration and the temperature curve T. To do this, every 5 °C the researchers fixed
a change in mass of the sample as well as the total mass fraction of moisture, which was determined
by the TG curve, at the end of the crystallization process. The change rate for mass o, was calculated
using the following formula (3):

a = Vinz/m, where o~ rate of change of mass, ?3)
where ny— change in mass of the sample at a temperature T, 102 g;
m — total mass fraction of moisture contained in the sample, 10 g

Results and discussion

Chemical interaction of “Magnetofood” nanoparticles (VMNP) with the main food
ingredients

Previous studies show that the chemical activity of MNP is determined mainly by electrostatic
interactions, i.e. dipole—dipole (van der Waals forces) and ion—dipole interactions [29-31]. Donor—
acceptor (coordination) interactions, such as hydrogen bonds, are also involved in the adsorption of
proteins, fats, carbohydrates, and water on the surface of the MNP [29-31, 36, 37]. In food systems,
there are solvated nanoparticles (NP) of Fes;Os which enter into hydrophilic contacts due to
hydrogen bonds with water dipoles, molecules of proteins and polysaccharides (carbohydrates)
containing hydrophilic groups — C-O, C-N, O-H, S-H [29]. As a result, the stability of such
systems as “protein + solvated MNP”, “carbohydrate+solvated MNP” increases but the formation
of hydrophobic bonds between the fragments of macromolecules is slowed down, which prevents
their aggregation [30, 31].

Under the influence of NP of Fe;0, macromolecular compounds (proteins, polysaccharides,
higher fatty acids, and fats) undergo structural changes and form electrostatic complexes from NP
of Fes04 [29-31] — quite stable structures such as “clusters”, “clathrates”, “cavities”, and
“supramolecular associates” [36, 37]. As a result, WRC and FRC of food systems increase.

Experimental confirmation of the interaction between the food nanoadditive based on
double oxide of divalent and trivalent iron known as “Magnetofood” (FAM) and proteins,
fats, polysaccharides, water

Fourier-transform infrared spectroscopy (FTIR). Table 1 and Table 2 show the results of
IR spectroscopy.
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Table 1
Comparison of wavenumbers of individual peaks in IR spectra of the
“egg whitet+tmagnetofood” complex association and starting materials
(egg white and “Magnetofood’, food additive known as FAM)
Bond fluctuations Wavenumber position of maxima, cm™ Offset, cm™
egg white FAM | “egg white+magnetofood”
v(O-H), v(N-H) -
WO VN T sa06e5 | - 334145 65
vas (C—H) 292744 - 2927+4 0
vs(C—H) - - 2360+4; 2342+3 -
v (C=0) — Amide I 1653+3 - 1642+3 -11
Spi(N-H)— Amide II 153943 - 152743 -12
Spi(C—H) 145143 - 1442+3 -9
Spi(C=C) 1239+2 - 123942 -
3pi(C=C) = - 1155+2 -
Sepl(C—C) 1079+2 - 102742 -52
v (Fe-0) - 532+2 588+2 +56

As can be seen from Table 1, the intense broadband with a maximum absorption
(3341+4) cm’, which is shifted in the complex associate to the low-frequency region of cm-
! compared with the frequency of free OH groups and amide A (N-H) (3406+4) cm 7,
indicates the participation of hydroxyl oxygen and amide nitrogen in the formation of
coordination bonds with Fe atoms of FAM [36, 37].

Intense bands with maxima at (2360+4) cm™ and (2342+3) cm™, which are absent in
the spectrum of egg white, are also observed. These peaks can be attributed to symmetric
valence (vs) oscillations of the C—H bond. This is confirmed by the electrostatic hydrophobic
interactions of aliphatic side chains of amino acid residues in “clathrates” and “cavities” that
occur under the action of MNP [24, 25, 36, 37].

During the adsorption of egg white on the surface of the MNP, there is an offset of the
absorption bands of the valence oscillations of amide I v(C=0) and planar deformation
oscillations of amide II 6,(N-H) to a lower frequency in the region: v(C=0)=(1642+3) cm’
L. 8 (N-H)=(1527+3) cm™?, respectively [25, 26, 36, 37].

The absorption bands of planar and extraplanar deformation oscillations 6, (C—H) and
8epi(C—C)=(1027+2)cm™ to a lower frequency in the region §,(C—H)=(1442+3) cm? and
8epl(C—C)=(1027+2) cm™ respectively. A new absorption band of planar deformation
oscillations 8, (C—C) (1155+2) cm? is also observed. This confirms the electrostatic
hydrophobic interactions of aliphatic and cyclic amino acid residues in the complex
association [24, 27, 36, 37].

In the spectrum of pure FAM (Table 1), there is a line of absorption of the Fe—O bond
with a maximum at a value of ~ 532 cm™?, which agrees well with the data presented in the
scientific studies, that is ~530 cm™ [36, 37]. The offset of the maximum of the corresponding
absorption band of Fe—O valence oscillations in the “egg white+magnetofood” Complex to
the region of ~ 588 cm™ is associated with the influence of surface egg protein molecules,
their interference in the near-surface layer of Fe;O4 nanoparticles and chemical interaction
with iron cations. Thus, the results of the studies confirm the formation of a complex between
egg white and FAM [36, 37].
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Comparison of IR spectra (Table 2) shows that the wave numbers of peaks differ in the
spectra of the starting materials (starch, FAM) and the “starch+magnetofood” complex,
indicating the chemical interaction in the carbohydrate-magnetofood model system.

Table 2
Comparison of wavenumbers of individual peaks in IR spectra of the “starch+magnetofood”
complex association and starting materials (potato starch, FAM)

Bond fluctuations Wavenumber position of maxima, cm™ Offset, cm™
starch FAM | “starch+magnetofood”

v(O-H) 3443+5 - 341545 -28
Vas (C-H) 2927+4 = 29174 -10
vs(C-H) — - 2360+4; 2342+3 -
v (C-0-C) 1653+3 - 164043 -13
Spi( C-0-C) 145743 - 1441+3 -16
3pI(C—C) 116242 - 115242 -10
8pi(C-C) - - 1081+2; 1021+2 —
Sepl(C—C) 982+2 92242 -60
Bepi(C—C) 85742 84742 -10
Sepi(C—C) 76312 753+2 -10
v (Fe-0) - 532+2 589+2 +57

As can be seen from Table 2, there is a shift of the intense band of free OH groups (3443+5)
cm? to the low-frequency region (3415+5) cm? in the spectrum of the “starch+magnetofood”
complex—this indicates the participation of hydroxyl in the topic of hydrogen bonds and electrostatic
coordination interactions with Fe atoms of FAM [36, 37].

Shift of the peak of valence v (C-O-C) by (13+3) cm™ and planar deformation oscillations of
8p1( C-O-C) Ha (16+3) cm'* to the low-frequency region compared to the experimental sample of
starch indicates the presence of Coulomb and coordination interactions between Fe atoms of FAM
and oxygen (ether, pyranose and hydroxyl) residues of D-glucopyranose [24, 25, 36, 37].

The appearance of new absorption bands in the region (700-1200) cm*, which characterize
the oscillations of the carbon skeleton, and an offset to the region of lower frequencies of some
characteristic absorption bands (C—C) of bonds indicate the presence of hydrophobic and dispersive
London forces between residues of glucopyranose [25, 26, 36, 37].

An offset of the maximum absorption of the Fe—O bond to the high-frequency region by (57+2)
cm™ compared with the experimental sample of pure FAM indicates the chemical interaction of iron
cations of FAM with starch molecules [24, 27, 36, 37]. All this confirms the presence of chemical
interaction in the “starch-+magnetofood” complex association.

The study of chemisorption of linoleic acid and 1-linoleyl-2-oleoyl-3-linolenoylglycerol on the
surface of FAM nanoparticles has been reported in previous studies [36, 37]. This indicates the
chemical interaction of higher fatty acid and fat with FesOx nanoparticles.

Energy dispersive spectroscopy (EDX). The X-ray spectra of all experimental samples
displayed the peaks (Figure 1) of about 0.8; 6.3 and 6.8 keV associated with the absorption of the
kinetic energy of electrons by the Fe atom. The spectra of MNP covered with protein, linoleic acid,
oil and starch (Figure 1, b—e) contain two more peaks: about 0.27 keV and 0.47 keV. These
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absorption bands belong to the C and O atoms [24, 26, 36, 37]. Moreover, the peak at 0.47 keV,
which is characteristic of the O atom, also finds itself in the spectrum of pure FAM (Figure 1, a); and
the peaks of about 0.3 and 1.2 keV are associated with the absorption of kinetic energy by electrons
of N and S atoms, respectively (Figure 1, b).

An EDX spectrum analysis of experimental samples (b, ¢, d, €) shows that Fe, O and C (H
cannot be studied) and N and S (for sample b) are the main components in the system of “protein
(fat, polysaccharide )+magnetofood”.

Thus, systems with MNP have the following chemical composition: sample a (FAM) — Fe
75.5%; O 24.5%; sample b (MNP, coated with egg white) — Fe 44.7%; O 26.9%; C 21.4%; N 5.9%;
S 1.1%; sample ¢ (MNP, coated with starch) — Fe 41.7%; O 35.7%; C 22.6%; sample d (MNP,
coated with linoleic acid) — Fe 45.6%; O 34.7%; C 19.7%; sample e (MNP, coated with sunflower
oil) — Fe 39.7%); O 36.7%); C 23.67%.

Thus, the experimental samples (b—e) obtain a new chemical element (C), and the
experimental sample (b) acquire two more elements (N and S), which are absent in pure FAM
(sample a). The result indicates that FAM nanoparticles were successfully obtained (sample
a) and the main substances of food systems such as proteins, fats, and polysaccharides
(samples b—e) are chemisorbed on FAM particles.

Mass fraction of bound and free moisture. The experimental data presented in Figure
2 show that 1/5 of the water in solvated FAM is chemically bound moisture; 1/2 — bound
moisture; 1/10 — free moisture and 1/2 — free, osmotic (swelling water) and physico-
mechanical of the total amount of water.

The studies indicate the high hydration capacity of food nanoadditives based on double
oxide of divalent and trivalent iron “Magnetofood”” (FAM), which can improve the functional
and technological properties of heterogeneous dispersed systems in food production
technologies.
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Figure 1. EDX-spectra of model systems with FAM:
a—FAM; b — egg white+magnetofood; ¢ — starch+magnetofood; d — linoleic acid+magnetofood;
d - sunflower oil+magnetofood
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Figure 2. The distribution of water by types of bonds in FAM after swelling determined by the
methods: a — DTA (1 — free moisture; 2 — physically and mechanically bound; 3 — osmotically
bound (swelling water); 4 — adsorption bound (polymolecular); 5 — adsorption bound
(monomolecular); 6 — chemically bound); b — IM and the method of DTA
@ - amount of free, osmotic and physico-mechanical moisture; B — amount of bound moisture)

Conclusions

1. The ability of nanoparticles of food additive Fes0, was noted to form supramolecular
associations with macromolecular compounds of food systems, which promote the
binding and retention of water and fat.

2. The interaction of macromolecular compounds (starch, egg white, higher fatty acid, fat) and
water with nanoparticles of FAM was studied:

— Fourier-transform infrared spectroscopy proved chemosorption of macromolecular
compounds (starch, egg white, higher fatty acid, triglyceride) on the surface of NP
food additive Fe;Oa: a shift of the maximum of Fe-O bond absorption to the high-
frequency region by (57+2) cm® in comparison with the experimental sample of pure
FAM indicates the chemical interaction of FAM iron cations with molecules of
macromolecular compounds (starch, egg white, fat, higher fatty acids); the spectrum
of macromolecular compound+magnetofood Complexes demonstrates an offset of the
intense band of free OH groups (3443+5) cm™ in the low-frequency region by (28+2)
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cm, which indicates the participation of hydroxyl in the topic of hydrogen bonds and
electrostatic coordination interactions with Fe atoms of FAM. The appearance of new
absorption bands in the region of (700-1200) cm%, which characterize the oscillations
of the carbon skeleton, and an offset in the region of lower frequencies of some
characteristic bands that absorb (C—C) bonds indicate the presence of hydrophobic
and dispersion interactions between residues of glucopyranose, aliphatic and cyclic
amino acid residues and aliphatic triglyceride residues;

— Energy dispersion X-ray spectroscopy determined the chemical composition of model
systems of macromolecular compounds with food additive Fe;O, (FAM): sample a
(FAM) — Fe 75.5%; O 24.5%; sample b (MNP, coated with egg white) — Fe 44.7%; O
26.9%; C 21.4%; N 5.9%; S 1.1%; sample ¢ (MNP, coated with starch) — Fe 41.7%;
0 35.7%; C 22.6%; sample d (MNP, coated with linoleic acid) — Fe 45.6%; O 34.7%;
C 19.7%; sample e (MNP, coated with sunflower oil) — Fe 39.7%; O 36.7%; C
23.67%. That is, the compounds (samples b—e) are chemisorbed on the particles of
Fes0, food additive. And the band absorbing the C atom, which appeared in samples
b—e, confirms the process of adsorption and chemical interaction between the particles
of Fe;0,4 food additive and macromolecular compounds;

— The ratio of bound and free moisture in solvated FAM was established using the
indicator method and differential thermal analysis: 1/5 of water falls on chemically
bound moisture; 1/2 — bound moisture; 1/10 — free moisture and 1/2 part — free,
osmotic (swelling water) and physico-mechanical water of the total amount.

Recommendations

The studies show the water and fat-retaining ability of food nanoadditives based on
double oxide of divalent and trivalent iron known as “Magnetofood” (FAM), which can
improve the functional and technological properties of polyphase systems, improve quality
and extend the shelf life of finished products in food production technologies.

Knowledge of mechanisms: interaction of FAM nanoparticles with proteins, fats, and
carbohydrates; binding and retention of water and fat by raw materials will allow the rational
use of new types of food raw materials and predict the behaviour of raw ingredients in food
products with a heterogeneous dispersed structure.
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Introduction. Plant-based or non-dairy milk alternates are the
growing trend in newer food product development. Therefore, the
present study was conducted to explore the quality and potential of
«Dahi» prepared by cow milk and different levels of coconut milk.

Materials and methods. The obtained formulations, A
(Control), B, and C were prepared by mixing cow milk to coconut
milk in three different rations (100:0, 50:50, 0:100). The proximate
composition, physicochemical, sensorial, and microbial properties
were determined to ascertain the quality attributes of the «Dahi»
samples. Obtained data were analyzed statistically, and means were
compared at 5% level of significance.

Results and discussion. The results of the physicochemical
analysis showed increasing trends in the values for pH (4.054.33),
TSS (14.05-14.90), and Sweetness Index (10.60-20.13) while
substituting cow milk with coconut milk. There was also a
remarkable increase in the proximate values for moisture (82.75—
85.20%), fat (1.57-3.06%) and ash (0.71-2.94%). The results
suggested that coconut milk addition leads to a considerable
increase in mineral content as well as unsaturated fatty acids that
may promote health benefits. A reverse trend was observed for
acidity (0.64-0.56%), protein (3.13-2.98%) and carbohydrate
(11.85-5.82%) values in coconut enriched «Dahi». The bacterial
counts of all the samples (4.51-5.34) x10°cfu/ml were within the
acceptable standard for fermented dairy products. The results of the
current study also demonstrated that the addition of coconut milk
significantly improved the «Dahi»s’ aroma and consistency.
Overall, the acceptability of coconut milk enriched «Dahi» was
highly comparable to the control («Dahi» of 100% cow milk).

Conclusions. Thus, «Dahi» from the coconut milk can be a
match-able substitute for the conventional dairy-based «Dahi»,
which could be particularly advantageous to the lactose-intolerant
people and high coconut producing regions.
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Introduction

«Dahi» is one of the most common fermented food products obtained through the
controlled fermentation process of lactose of the milk by mixed culture of lactic acid bacteria,
which are classified as probiotics [1]. The anaerobic fermentation of the milk sugar (lactose)
causes the characteristic curd and ensures the increased shelf life, microbial safety of the food
and also makes food more digestible [2]. In Bangladesh, «Dahi» is more commonly
consumed as a desert food item and found as a good source of probiotic lactic acid bacteria
that can play major role for beneficial health effects of consumer [3].

Nowadays, allergen, lactose intolerance and calorie concern regarding cow milk
induces more preference to vegan diets and has influenced consumers to choose cow milk
alternatives [4]. Recent researches are shifting focus to diverse components in fermented
dairy products. «Dahi» serves as a good source of vitamin B, protein and calcium content but
lacks certain essential nutrients such as high- quality unsaturated lipids, fibers, and
antioxidant compounds that are readily found from plant sources. Coconut is a versatile fruit,
which is found in most regions of the world, particularly in Southeast Asia [5]. The aqueous
emulsion of coconut kernel prepared by hand or mechanical pressing is known as coconut
milk. It is a prominent source of dietary protein, energy, calcium, and fat such as myristic
acid, oleic acid, lauric acid, linoleic acid, palmitic acid, and capric acid [6]. It is also a rich
source of vitamins and minerals [7]. Contrary to widely held opinion, coconut milk exhibits
the highest antioxidant activity among goat and cow’s milk and may provide many health
benefits beyond its nutritional content, due to its fiber and oil content [8, 9].

Thus, researchers have urged to develop new dairy foods using a combination of non-
dairy milk i.e. coconut milk. It can be used as a substrate to produce functional «Dahi» with
probiotic properties with enhanced flavor [10]. In the context of the local Bangladeshi
market, the availability of fruits and flavored «Dahi» is very rare. Besides, the enhanced
flavor of coconut can be functionalized as the addition of value for the existing products in
the current market at relatively low cost [9]. Thus, the study was carried out to evaluate the
feasibility of the formulation of «Dahi» using coconut milk and to analyze the effects of
adding coconut milk on the physicochemical, proximate, microbial and sensory attributes of
the product.

Materials and methods
Raw Materials Procurement

The coconut fruits were brought from local markets. Raw cow milk and «Dahi», which
was used as the starter culture in this study were also purchased from a Superstore of
Chattogram city. Potable water was strictly used throughout the study.

Extraction and Preparation of Coconut Milk

The coconut milk was prepared as the method described by Kolapo and Olubamiwa,
[11] with slight modifications. The fresh coconuts used in this study were crushed open and
the juice poured and stored in a refrigerator. 1 kg of coconut flesh was then removed from
the shell, grated and homogenized in a blender (Panasonic, MX-AC300) together with the
coconut juice for 3 min. It was then passed through a cheese cloth twice, with the volume
adjusted to 750 ml and stored in refrigerated condition. The obtained filtrate is termed as
coconut milk. The extracted coconut milk was shifted into a jar and pasteurized or heated at
90°C for 30 min and allowable to cool gradually. The temperature was maintained carefully.
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Preparation of «Dahi»

The «Dahi» was prepared from the blends of cow milk and coconut milk. The mixtures
were composed according to different proportions, as shown in Table 1.

Food Technology ——

Table 1

Milk blends and their proportions

Sample codes | Cow milk Coconut milk Proportions (Cow milk :
(mL) (mL) Coconut milk)
A 100 0 100:0
B 50 50 50:50
C 0 100 0:100

An amount of 8% (8.0 g) of sugar was added to each of the blends to sweeten the
mixture. Then they were slightly heated and were inoculated with 1% (1 g) of the starter
culture. All the inoculated milk blends were poured into plastic cups and then placed into an
incubator (GSP-9080 MBE, Shanghai, China) at 43°C for 6 h to facilitate fermentation and
curd formation. Finally, the cups were placed in a refrigerator at 4 °C and stored for further
analysis. Coded sample A (dahi of 100% cow milk) was used as the control here in this study.

Determination of Physicochemical Properties

The pH of the «Dahi» samples was measured with a pH meter (HI-98107, Hanna
Instrument, Italy). Total soluble solids (TSS) were obtained by using a digital refractometer
(HI1-96811, Hanna Instrument, Italy). Titratable acidity in terms of the % of lactic acid was
measured, according to Hamad et al. [12]. For the determination of titratable acidity, each of
the «Dahi» samples (4.5mL) was mixed with an equal amount of distilled water and
homogenized. The samples were then titrated against standardized 0.1N NaOH solution by
using phenolphthalein indicator (2 mL) until the colors were changed. The percentage of

titratable acidity was calculated using the following equation:

. - Titre value (mL)X 0.009 X 100
0p) =
Titratable acidity (%) Sight of samls (L)

The sweetness and astringency indexes were also calculated as the ratio of soluble solids
to acidity and vice versa [13].

Determination of Proximate Composition

The proximate composition of the «Dahi» samples was determined by the methods
described in AOAC Method [14]. The moisture contents were determined by the moisture
analyzer. The crude protein contents (Total nitrogen (%) x 6.25) were determined by the
Kjeldahl method, the crude fats were estimated by extracting known weight of samples with
ethyl ether as the solvent, using a Soxhlet apparatus. Ash contents were determined by
igniting the samples in the muffled furnace at 550 °C (dull red) until grayish-white ash was
obtained. Total carbohydrates were calculated by the difference:

% carbohydrate = 100-(% moisture + % ash + % crude protein + % crude fat)

Determination of Microbial Properties

Total bacterial count in «Dahi» samples were measured by serial dilution method using
pour plate technique as described by Wang et al. [15]. 1 mL of each samples were serially
transferred into 9 mL of the sterile diluent (peptone water) with a sterile pipette and shaken
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robustly. Serial dilution was continued until 10° dilutions were obtained. The aliquot portion
(0.1 mL) of the appropriate dilution was plated on nutrient agar plates. The plates were
incubated at 37°C for 48 h in an incubator (GSP-9080 MBE, Shanghai, China) and colony
forming units per mL sample (cfu/mL) were estimated.

Determination of Sensory Properties

The colour, taste (mouth feel), aroma, consistency, and overall acceptability of the
«Dahi» samples were analyzed. The samples (15 g) were placed into cups and coded
randomly with three-digit random numbers and served to the panelists. Twenty panelists from
the undergraduate level with knowledge of sensory analysis were selected. They evaluated
the samples using a 9-point Hedonic scale at a range of 1 (extremely dislike) to 9 (extremely
like). Water was given to the panelists to rinse their mouths between tasting each sample.

Statistical Analysis

All of the analyses were conducted in triplicates. Obtained data were subjected to one
way analysis of variance (ANOVA) and the difference among the means were determined
using the Fisher’s LSD test (p<0.05). The Minitab Version 19.1 Statistical Software was used
for data analysis and the results were presented as mean with standard deviation.

Results and discussion
Physicochemical properties of «Dahix»

The physicochemical properties of the «Dahi» samples, including pH, TSS (°Brix),
acidity (%), sweetness and astringency indexes are presented in Table 2. The substitution of
coconut milk for cow milk at different levels resulted in irregular changes in these
parameters. The pH of the «Dahi» samples ranged in between 4.05 to 4.33 and are
significantly different (p<0.05). Sample A had the lowest pH, when compared to sample B
and sample C. In commercial fermented dairy products, Lactic acid bacteria produce lactic
acid during fermentation of milk- lactose, thus lowers the pH [16]. The result is in agreement
with the previous result published by Amirah et al. [17].

TSS in fermented dairy products is the indication of availability of dry matter content
[18, 19]. Results regarding TSS (°Brix); it is cleared that there were significant differences
(P< 0.05) among the control and coconut milk enriched «Dahi» samples. However, sample
C had the highest TSS content followed by sample B and sample A. This variation resulted
due to the contribution of additional monosaccharide (sugars) from coconut addition [20].
Similar results were reported by Priya. [21] and Belewu et al. [18] for cow, coconut, tiger-
nut, and soybean milk assorted fermented products.

The Titratable acidity values of «Dahi» samples also varied from 0.56 to 0.64%. Sample
C reported lower acidity while Sample A and B showed no significant differences in their
respective acidity values (P> 0.05). This could be due to the secretion of acids as a co-product
by fermenting microbes while utilizing lactose and glucose for their metabolic activity during
fermentation. However, these values are within an average of 0.6% acidity recommended for
fermented dairy products [16]. Similar findings were reported by Isanga et al. [22] who
obtained TTA (% lactic acid) value of 0.5 to 0.75 for peanut milk yoghurt. Besides, the study
reported an inverse relationship between pH and titratable acidity, which is also supported
by earlier researchers [5].
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The Sweetness Index (SI) and the Astringency Index (Al) predicts the tartness and
sweetness of the acidic foods and modifies both organoleptic and sensorial perception [13].
Foods with sweetness index greater than 19 are regarded as sweet, with less acid by taste
[13]. The sweetness indexes of the «Dahi» samples ranged in between 21.95 to 26.66 and are
significantly different (p<0.05). The sourness of the «Dahi» expresses the level of
astringency produced as a result of the Production of lactic acid by the action of lactic acid
bacteria using lactose as substrates [9]. However, In the case of astringency index, it is cleared
that there were no significant differences (P> 0.05) observed among all the «Dahi» samples.
These results are in covenant with many previous reports published by Ndife et al. [10] and
AKEEM et al. [23].

Table 2
Physicochemical properties of «Dahi»

Parameters| Sample A | SampleB Sample C
pH 4.05+0.02° | 4.22+0.02° | 4.33+0.01°
TSS (°Brix)| 14.05+0.01¢| 14.52+0.02° 14.93+0.02°
Acidity (%) | 0.6440.022 | 0.61+0.02% | 0.56+0.02°
Sweetness | 21.95+0.02°| 23.82+0.01°| 26.66+0.022

Astringency| 0.05+0.01% | 0.04+0.01% | 0.04+0.012

*Data in same raw with different letters are significantly
different (P < 0.05). A = 100% cow milk dahi, B = 50% cow
milk + 50% coconut milk dahi, C= 100% coconut milk dahi

Proximate composition of «Dahi»

The proximate composition of food exerts substantial influences on their physical,
nutritional, and sensorial characteristics [24, 25]. Results regarding proximate composition, all
the three «Dahi» samples have shown significant differences (P< 0.05) in the case of all
parameters evaluated in this study (Table 3). Sample C had the highest moisture content
(85.20%) followed by Sample B (83.49%) and Sample A (82.75%). These values fall within
the acceptable moisture content of 80-86% for fruit yoghurt stated by Ndife et al. [10]. This
variation was reported due to the proportion of cow milk to coconut milk used in this study.

The protein content of «Dahi» samples varied from 2.98 to 3.13%. The result depicted
that protein content decreased as the proportion of the coconut-milk increased. Sample A
reported comparably higher protein value (3.13%), followed by sample B (3.07%) and sample
C (2.98%). The result is in agreement with the result published by Amirah et al. [17]. The
possible reason for the difference might be denaturation of protein due to heat treatment and
homogenizing process of coconut milk [26].

The fat content of «Dahi» samples ranged from 2.31 to 3.06% in the coconut enriched
dahi samples when compared to control (1.57%). The medium-chain fatty acid profile of
coconut milk has promptly influenced the fat content of coconut enriched «Dahi» samples.
Increased fat in coconut may not lead to heart diseases, as it contains several phytocompounds
[27]. Besides, the fat contents of the enriched «Dahi» samples were within the standard
(<3.5%) for low-fat fermented dairy products [28].

The ash content also increased as the proportion of coconut-milk increased in the
«Dahi» samples. This could be due to the higher minerals of coconut by implication reported
by Imele and Atemnkeng. [29]. Obtained results are in agreement with results on other plant
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substituted fermented dairy products published by other researchers Belewu et al. [18] and Eke
et al. [16]. The carbohydrate content of the dahi samples decreased with coconut
supplementation from 11.85% in sample A to 9.50% and 5.82% in Sample B and Sample C,
respectively. A similar result was also reported by Ndife et al. [10].

Table 3
Proximate composition of «Dahi»

Parameters Sample A | Sample B Sample C
Moisture (%) 82.75+0.01¢| 83.49+0.02°| 85.20+0.02?
Ash (%) 0.71£0.02° | 1.63+0.01° | 2.94+0.022

Fat (%) 1.5740.02° | 2.31+0.02° | 3.06+0.012
Protein (%) 3.13£0.01% | 3.07+0.01° | 2.98+0.01¢
Carbohydrate (%)| 11.85+0.013] 9.50+0.02° | 5.82+0.01¢

*Data in same raw with different letters are significantly different
(P < 0.05). A =100% cow milk dahi, B = 50% cow milk + 50%
coconut milk dahi, C= 100% coconut milk dahi

Sensorial properties of «Dahix»

Table 4 illustrated the mean scores of the sensorial and organoleptic evaluation for the
different «Dahi» samples. The statistical analysis exposed that there were significant
differences (p<0.05) among the samples (A, B and C) in all the observed attributes. Colour
determines initial acceptability and purchasing patterns by potential consumers [30]. Sample
A had the highest score (8.17), while sample C had the lowest score (7.35) for colour. The
panelists showed a preference for the lighter colour of sample A, as coconut enrichment might
have darkened the colour a little bit.

The enrichment of the «Dahi» with coconut milk resulted in better consistency and a
more pronounced aroma. Sample C had the highest scores of 7.45 for aroma followed by
sample A (7.42) and sample B (7.39), while sample B had the highest scores of 7.89 for
consistency attribute followed sample C (7.86) and sample A (7.84). Most of the panelists
appreciated the enriched aroma, which was attributed due to the oil content of coconut. A
previous study reported that fat content considerably influences the sensorial characteristics of
fermented yoghurts, as oil acts as an aroma solvent and promotes better rheological properties
[28]. There were significant differences in terms of taste profile for the three samples, while
sample C was rated lower in scores (7.45) than sample B (7.56) and sample A (7.82), and this
was due to the flavor associated with coconut. However, higher carbohydrate content may
impart in the increased sweetness of fermented products [31].

The overall acceptability rating measures the consumers' degree of likings and
preferences in relation to the control sample. The highest overall acceptability means a score
of 8.03 was recorded for the control (sample A), which was closely followed by coconut
substituted samples C (7.96) and B (7.79). This might be due to that all the panelists were used
to fermented dairy products rather than fruit-based fermented dairy products, which might have
influenced their degree of likings for overall acceptability. Previous studies on coconut
substitution in fermented yoghurt showed similar preferences as well [23, 31].
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Sensorial properties of «Dahi»

Parameters Sample A | Sample B | Sample C
Colour 8.17+0.02% | 7.64+0.02° | 7.35+0.01°
Taste (Mouthfeel) 7.82+0.02% | 7.56+0.02° | 7.45+0.02°
Aroma 7.42+0.01° | 7.39+0.01¢ | 7.45+0.01°
Consistency 7.84+0.02° | 7.89+0.012 | 7.86+0.02°
Overall acceptability | 8.03+0.012 | 7.79+0.01¢ | 7.96+0.02°

*Data in same raw with different letters are significantly different
(P < 0.05). A =100% cow milk dahi, B = 50% cow milk + 50%
coconut milk dahi, C= 100% coconut milk dahi

Microbial Properties of «Dahi»

Table 4

Table 5 demonstrated a significant decrease in the total bacterial count while substituting
cow milk with coconut milk (p<0.05). Sample A had the highest microbial load
(5.34+0.01x10%cfu/ml) followed by sample B (4.87+0.02x10° cfu/ml) and sample C
(4.51£0.01x10° cfu/ml). The microbial status of all the «Dahi» samples was within the
acceptable standard (<1x10° cfu/ml) for fermented dairy products [32, 25].

Microbial properties of «Dahi»

Parameters

Sample A

Sample B

Sample C

TBC (cfu/ml)

5.34+0.01x10%

4.87+0.02x105°

4.51£0.01x10° ¢

*Data in same raw with different letters are significantly different (P <
0.05). A = 100% cow milk dahi, B = 50% cow milk + 50% coconut milk

dahi, C=100% coconut milk dahi

Conclusion

Table 5

The results found in this study indicate that it is feasible to use coconut milk in «Dahi»
production, which should be of economic importance since it is relatively inexpensive as
well. The coconut enriched «Dahix» was found to have good nutritional value. It may enhance
the health benefits of the fermented product, especially those related to lactose intolerants
and cardiovascular health. Hence it can be recommended as a promising substitute for «Dahi»
made with cow milk. As coconut milk reduced the sensory scores of the «Dahi» in particular
attributes, flavoring agents might be used to improve its sensorial acceptability in future
development. Future investigation should be carried out in assessing the storage stability of

«Dahi» enriched with coconut milk.
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Introduction. The purpose of this work is to develop a
simplified dependence for determining the grain temperature of
wheat during moistening, taking into account the heat capacity
coefficients, which relates the grain temperature of the wheat
after moistening with its initial temperature, water temperature
and the amount of water to moisten the grain.

Materials and methods. The studies were performed on the
basis of mathematical modeling using the law of thermal
conductivity of grain and water. The experimental data were
processed using the least squares method. Checking adequacy
obtained depending performed using Fisher's F-test.

Results and discussion. When moistening of wheat grain,
the temperature of which increases from -10 °C to 50 °C with
water, the temperature of which increases from 5 °C to 60 °C
leads to an increase in grain temperature in a linear relationship.
This made it possible to develop a linear dependence of the
wheat grain temperature after moistening, which takes into
account the initial grain temperature and the initial water
temperature with a constant amount of water added to the grain.

The dependence of the change in wheat grain temperature on
its initial temperature and different amount of added water was
investigated. The water temperature was 20 °C. The analysis of
the results showed that the wheat grain temperature increases
linearly with increasing its temperature and increasing the
amount of water added to the grain mass. It is established that
linear straight change the angle of inclination relative to the
point equal to temperature 10 °C. This made it possible to
introduce in a linear relationship an indicator that takes into
account the amount of water added to the grain mass.

Checking the adequacy of the obtained linear dependence
showed that the equation is adequate. Analysis of the obtained
data showed that the deviation of the grain temperature
calculated by the linear equation and the physical model varies
within 1.0 °C in absolute value.

Conclusion. After conducting a study of the change in the
grain temperature during moistening with heated water, we
obtained a generalized dependence, which takes into account
the thermal conductivity coefficients. The obtained dependence
can be recommended for the analysis of the wheat grain
temperature in the process of its moistening.
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Introduction

Grain temperature in flour milling technology is a factor that determines the conduct of
hydrothermal treatment processes [1, 2, 4] and grinding [3, 5, 9].

In winter and in the transition period of the year, when grain with reduced or even
negative temperature flows from storage systems to flour mills, the yield of high-grade flour
decreases and also its quality. When the grain temperature drops below 15 °C, its
technological properties deteriorate significantly, especially at temperatures below 0 °C [4].
In works [4, 8] showed changes in grain temperature in the cold season during grain
preparation for grinding.

The mechanical properties of wheat grain are significantly affected by temperature [3,
4]. Cold grain is more brittle [3] than room temperature or high temperature grain, so its
strength decreases [4] and microhardness numbers increase [4]. When grinding such a grain,
the endosperm is deformed into large particles, and the bran into smaller particles, resulting
in the yield of large particles increasing, and the specific energy consumption for grinding 1
kg of grain is reduced [4]. Due to the increased brittleness of the bran they are easily crushed
and getting into the flour impairs its color [4]. At the same time, the detaching adhering
endosperm particles from the bran deteriorates [4]. When milling grain with a low
temperature, its ash content increases by 0.02-0.06% compared to the flour obtained by
milling grain in the summer [4]. When grinding cooled grain, both moist and dry, its strength
decreases [4]. When milling the bran and endosperm are crushed almost equally, which is
contrary to the principles [4] grinding grain during processing it into high-grade flour. In this
regard, the processing of grain with low or negative temperature into flour significantly
deteriorates the performance of flour mills and reduces their profitability [4]. The energy
consumption per unit of the formed surface decreases with decreasing temperature [4].

In conditions of temperate continental climate, moistening of wheat grain in flour
milling plants is carried out by heated water [3]. Practical determination of grain temperature
in a stream after the addition of heated water to it is a difficult task [3], but it can be solved
on the basis of grain thermal conductivity laws.

To determine the grain temperature Egorov G.A. cites dependence, which is based on
thermophysical properties of grain [3]. The practical application of this formula is
complicated by the fact that it is necessary to take into account the water heat capacity, which
varies depending on the water temperature and the grain heat capacity, which changes with
the change of moisture and grain temperature. One of the disadvantages of this formula is the
need to take into account the mass of grain and water. This complicates the practical use of
this dependency. These disadvantages give rise to a simplified dependency that takes into
account the above parameters.

Materials and methods
Determination of grain temperature after moistening
The grain temperature after moistening tg, °C was determined by the formula [3]:
M, t,c, +mt,.c,
T (M, +m,) ey

where My — mass of grain, kg; Mw — mass of water, kg; to — grain temperature before
moistening (cold grain), °C; tw — water temperature, °C; cq — Specific heat capacity of grain,

@)
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J/kg-K; cw — specific heat capacity of water, J/kg-K; cmg — Specific heat capacity of moistened
grain, J/kg-K; Mg — mass of grain, which is equal to Mg = 1.0 kg; my = mass of water added
to the grain for its moistening is calculated by the formula 5, kg.

Determination of specific heat capacity of grain

The specific heat capacity of dry grain, cg, J/kr-K was calculated by the formula [12]:
C, =(891.7+87.49W —1.545W +0.01149W° ) x

x[1+0.287-10° (25-W )(t, - 28) |

where W — grain moisture by total weight, %; to — grain temperature, °C.

Given that the grain temperature after moistening is unknown and is the subject of
research, the formula 2 was not used to calculate the specific heat capacity of the moistened
grain.. Specific heat capacity of grain, cmg, J/kg-K after moistening was determined by the
formula [11, 12]:

@

¢, = ¢ 100W, ®3)
™ 100" 100 *

where W — moisture grain, %; cw — specific heat capacity of water, calculated by the formula
4, J/kg-K; cqs —specific heat capacity of wheat dry matter, which is equal ¢4, = 1550 J/kg K.

Determination of water specific heat capacity

The specific heat capacity of water, cw, J/kg-K was calculated by the formula proposed
by Osborne, Stimson and Ginningson [7]:

t, +100

5.26
¢, =¢, (15°C)- {0.99618 + 0.0002874[ j +0.011160-107°%** @)

where cw(15 °C) — specific heat capacity of water at 15 °C, c,, (15°C) =4185.5 J/kg'K; tw —

water temperature, °C.
Determining the amount of water to grain moistening

The mass of water, my, kg was determined by the following formula:
m, =W (5)
100
where W; — final predetermined moisture content of the total grain weight, %; Wy — initially
set grain moisture to total weight, %.

Mathematical processing of research results

The dependencies were processed based on the least squares method [6, 10].

The adequacy of the obtained mathematical model was verified by Fisher criterion by
comparing the calculated F. and tabulated F; values of the criterion. Subject to inequality
F. <F, itwas concluded that the obtained equation was adequate [6, 10].
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Results and discussion

Temperature dependence of wheat grain after its moistening with different water
temperature

Figure 1 shows the results of calculating the grain temperature during moistening with
different water temperatures and a fixed value of the increase in moisture of 4 %. Water

temperature was taken from +5 to +50 °C.

50—
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Grain temperature, t, ‘c
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Figure 1. Temperature dependence of moistened wheat on the water temperature and the initial
grain temperature (shown only three straight):
1 — water temperature +5 °C; 2 — water temperature +20 °C; 3 — water temperature + 50 °C.

Analysis of the data Figure 1 shows that the nature of the change in the moistened grain
temperature can be approximated by linear dependencies for all parameters of grain
moistening. The slight deviation from the linear form of the obtained points can be explained
by the fact that the calculated formula 1 takes into account the nonlinear dependence of the
water heat capacity coefficient, which introduces an error in the calculation of the final grain
temperature.

The linear dependences of the grain temperature after moistening, which are shown in
Figure 1 are approximated by linear equations:

— for water temperature +5 °C:

t,, =0.885-t, +0.3857 (6)

— for water temperature +10 °C:
t,, =0.886-t, +0.7928 (7)

— for water temperature +20 °C:
t,, =0.886-t, +1.6357 (8)

— for water temperature +30 °C:
t,, =0.886-t, +2.45 9)
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— for water temperature +40 °C:
t,, =0.886-t, +3.2785 (10)

— for water temperature +50 °C:
t,, =0.886-t, +4.0785 (11)

— for water temperature +60 °C:
t,, =0.886-t;, +4.8928 12)

where tng — temperature of moistened wheat grain, °C; to — initial grain temperature, °C.

The analysis of the obtained equations shows that the free coefficient b increases with
increasing water temperature, which gives grounds to approximate the value of this
coefficient from the change in water temperature and to obtain the corresponding
dependence. The coefficient a, does not change and is 0.886.

In Figure 2 shows the dependence of the coefficient b of the linear equations 6-12 on
the water temperature during moistening of wheat grain. As can be seen from Figure 2 his
dependence is described by a linear equation:

b=0.082-t,-0.016 (13)

where ty, — water temperature, which is added to grain, °C.

6

z =
P

Coefficient b
W

2 //
1 N

0 10 20 30 40 50 60 70

0
Water temperature, C

Figure 2. The dependence of the coefficient b on the water temperature during moistening of
wheat grain

Taking into account equation 9-13, we can write the general equation for calculating
the grain temperature of wheat, taking into account its initial temperature and the water
temperature at which it is moistened:

t,, =0.886-t,+0.082-t, (14)
where tp — initial grain temperature, °C; ty — initial water temperature, °C.

It can be seen from equations 612 that at a constant value of moistening but at different
temperatures the free term of equations b, changes, and the coefficient a remains unchanged.
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This gives rise to conjecture that coefficient « may change with the amount of water added
to the grain during moistening. On this basis, it is sufficient to study the change in grain
temperature depending on the initial grain temperature and different increase in moisture, but
the water temperature must be constant for all parameters. This will allow to analyze the
change in the grain heating process for one variant and the results can be transferred to any
other conditions, but if the nature of the process is also linear.

Dependence of wheat grain temperature on the amount of water added

Modeling of temperature change at constant temperature, but the different amount of
water needed to increase the grain moisture content to 16.0 % indicates that an increase in
the amount of water that must be added to the grain during moistening leads to an increase
in the grain temperature. That is, with increasing water temperature, the grain temperature
also increases. The results of the studies are shown in Figure 3.

50 23

Grain temperature, tv, ’c

-39 10 50

Initial grain temperature, to, ‘c

Figure 3. Change in grain temperature when moistened with constant temperature water +20
°C and changes in the initial grain temperature and increase in moisture: 1 —-AW=1.0 %; 2 —
AW =2.0%;3-AW=3.0%;4—-AW=4.0%;5-AW=5.0%; 6 — AW =6.0 %.

The nature of the temperature change of the moistened grain can be approximated by
linear dependences for all moistening parameters.
The linear dependencies (Figure 3) are described by the following equations:
— with increasing moisture AW = 1.0 %:

t,, =0.985-AW +0.3857 (15)
— with increasing moisture AW = 2.0 %:

t,, =0.951-AW +0.8357 (16)
— with increasing moisture AW = 3.0 %:

t,, =0.918-AW +1.2357 7)

— with increasing moisture AW = 4.0 %:
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t,, =0.886-AW +1.6357 (18)
— with increasing moisture AW = 5.0 %:

t,, =0.852-AW +2.0142 19)
— with increasing moisture AW = 6.0 %:

t,, =0.816-AW +2.4071 (20)

where AW — the amount of moisture that is added to the grain in the moistening process, %.

An analysis of equations 15-20 shows that the coefficient a in the equations decreases
with an increase in the amount of moisture that is added to grain for its moistening.

To enter the moisture increase parameter in equation 14 conduct analysis of coefficient
change a from the moisture increase. In Figure 4 shows the dependence of the coefficient a
the equations 15-20 on the increase of moisture in grain.

Coefficient a
uO
O

0,85

)

0,8
0 2 4 6 8

Grain moisture, W, %
Figure 4. Dependence of the coefficient a on increase in moisture AW

The linear dependence shown in Figs. 4 is approximated by a linear equation:
a=-0.033449- AW +1,0189 (21)

where AW — increase in moisture, AW :(W1 —WO) %; Wi — final (predetermined) grain

moisture, %; W, — initial grain moisture content, %.
Given the equation 21, equation 14 will take the following form:

t,, =(-0.033449-AW +1.0189)-t, +0.082-t, (22)

Equation 22 makes it possible to determine the grain temperature of wheat after its
moistening and takes into account the initial grain temperature, the water temperature during
moistening, and the increase in moisture. This greatly simplifies the calculations of grain
temperature after moistening, since it takes into account the coefficients of grain and water
heat capacity. Dependency 22 is recommended for approximate practical application to
analyze grain temperature.

Equation 25 is valid only for determining the temperature of the wheat grain during its
moistening. For other types of grain, it is necessary to enter other parameters of the grain
thermal conductivity.
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Checking the adequacy of the obtained mathematical dependence

Let us check the adequacy of the regression equation for Fisher criterion. Calculate the
value of the grain temperature after moistening at the initial water temperature t, =55 °C and
moisture increase AW = (16.0-12.5) = 3.5 % by formulas 1 and 25. The initial grain
temperature is changed from - 10 to 50 °C in 10 ° C increments. The results of the calculation
are given in Table 1.

Table 1
Results of the calculation of the grain temperature after moistening for each variant of the
initial grain temperature with a constant moisture increase of 3.5%, and the initial water
temperature 55 °C.

Initial grain Moisturized grain temperature, °C
temperature by physical model 1, xii by the equation 22, xzi

-10 -3.5 -4.5

0 3.9 4.5

10 12 13.5

20 20.8 22.5

30 30.1 315

40 40.1 40.6

50 50.7 49.6

Average value, x 22.0 22.5

The results of the dispersion calculation are given in table. 2.

Table 2
Intermediate dispersion calculations
B B _\2 _ 2
.N‘«_vp/n X — % Xy — X, (Xli_)q) (XZi—ij
1 -25.5 -27.0 651,0 730,5
2 -18.1 -18.0 328,1 325,0
3 -10.0 -9.0 100,3 81,5
4 -1.2 0.0 15 0.0
5 8.1 9.0 65.4 80.5
6 18.1 18.1 327.1 326.6
7 28.7 27.1 822.9 732.9
z 2296.2 2277.0

Calculate the dispersion of the values obtained by the physical equation 1:

n _\2
Z(X“ _Xij _ 2296.2

§2 =1t =382.7
n—1 7-1
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Calculate the dispersion of the values obtained by the equation 22:

n _\2
X — X
Zl( 2 Zj 22770

S?= =379.5
n-1 7-1
Calculate the estimated value of Fisher criterion [10]:
2
S
_2 3827 1 hoga
e S§ 379.5

Table value of F-Fisher criterion for the degree of freedom of the numerator and

denominator is 4.3.

The inequality F, < F, holds because 1.0084 < 4.3. On this basis, we can conclude on

the adequacy o f =(7-1) =6 f the obtained regression equation 25 to the physical model of
process 1, which describes the change in grain temperature after its moistening.

The results are given in table. 1 indicates that the calculation temperature deviation

ranges 1.0 °C. Such changes can be explained by the fact that the water heat capacity
coefficient has a nonlinear relationship.

w
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Conclusion

Therefore, by mathematical modeling of the change in grain temperature during its
moistening with heated water, we obtain a generalized dependence:

t,, =(-0.033449-AW +1.0189)-t, +0.082-t,

The advantages of this dependency are its simplified form, which allows to determine the
temperature of wheat grain in moistening with warmed water, taking into account the
amount of water added to the grain and the initial temperature of the wheat grain. This
does not require consideration of the thermal conductivity coefficients of water and grain,
since these coefficients are taken into account when calculating the temperature of grain
and water at their different values. The dependence can be used to calculate water
temperature more than 60 °C.

The calculation error at -10 to 50 °C ranges between 1.0 °C in absolute value.

The obtained dependence can be recommended for the analysis of the grain temperature
of wheat in its the moistening process.
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Introduction. The purpose of research is to determine the
effect of alternating impulses of pressure on the quantitative
sensory analysis of samples of the pure water, associated liquid
aqueous systems and solutions.

Materials and methods. Pure water and associated liquid
aqueous systems and solutions were used for investigations and
analyzing the change of their physical and chemical parameters and
properties during the treatment and processing by the different
methods and technological modes. Electrochemical analysis
methods were used. A quantitative sensory analysis of the
experimental liquid samples of pure water and associated liquid
aqueous systems and solutions was performed.

Results and discussion. It is established that a great variety
of methods of liquid systems and solutions treatment are widely
used in different brunches of food industry. The physical and
chemical properties and parameters of water, and liquid mediums,
such as: oxidation-reduction potential, pH value, dissolved oxygen
and etc. may be changed by the physical methods of energy
influence.As a result of the water treatment in the in the conditions
of alternating impulses of pressure throughout 1s gave the
opportunity to increase general score of a quantitative sensory
analysis on 12,12%, the water treatment in the in the conditions of
alternating impulses of pressure throughout 30s gave the
opportunity to increase general score of a quantitative sensory
analysis on 3%, the water treatment in the in the conditions of
alternating impulses of pressure during 60s gave the opportunity to
increase general score of a quantitative sensory analysis on 9%. It
ought to be distinguished that the taste, odor, appearance, color of
water has improved in comparison with the control liquid simple
of water.

Conclusions. According to the results of organoleptic studies,
it is established that water has a higher tasting score and improved
organoleptic parameters, which has a positive effect on the quality
of the finished product, as compared to the control samples, which
obtained by the technology of the enterprise.
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Introduction

At the present time organoleptic methods objectively, quickly and reliably give an
overall assessment product quality. Touch control allows you to quickly and purposefully
affect all stages of food production.

Intensification of agrarian sector and food technologies, application unconventional
types of raw materials and new technologies lead to changes, usually negative flavoring
properties, texture and other organoleptic food quality indicators.

It is allowing you to quickly and purposefully affect all stages and operations of food
production.

Using of innovative technologies gives the possibilities to reduce the energy and
recourses consumption of food production. The method of the alternating impulses of
pressure may be suitable for technology of water treatment for food and foodstuff production.

The purpose of this scientific work is to investigate the influence of the application of
alternating impulses of pressure throughout treatment in foodstuff production by the
quantitative sensory analysis of samples of the pure water and associated liquid aqueous
systems and solutions.

Materials and methods

Materials

Objects of research are different types of treatment and processing methods end modes
of liquid water systems and solutions like as technological water for the application in food
industry.

Subjects of study are the changing of the physical and chemical parameters and
properties of liquid water systems and solutions which can form hydrogen bonds and
associates of different variety [1].

Pure water and associated liquid aqueous systems and solutions were used for
investigations and analyzing the change of their physical and chemical parameters and
properties during the treatment and processing by the different methods and technological
modes. [2]

Experimental installation

The object of this scientific research work was rotary pulsed apparatus in which liquid
solutions treat by alternating impulses of pressure, the speeds of shift of a stream, pressures
of shift of a stream. Rotary pulsed apparatus was the cylindrical type with the working parts
«rotor-stator-rotor» [3].

Methods

General scientific methods and special methods, such as electrochemical analysis
methods were used for the analyzing of the results of research work [4].

For the description of physical and chemical parameters of liquid samples of water and
solutions which obtained throughout the experimental investigations, chemical methods
described in singular literature are used [5]

A quantitative sensory analysis of the experimental liquid samples of pure water and
associated liquid aqueous systems and solutions was performed [6].

For the reception related data, liquid samples of water and solutions were analyzed not
less than three times with the following statistical processing [7].

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 — 69



Food Technology ——

Results and discussion

There are many methods of water treatment for changing chemical and physical
properties and parameters. In recent years researches and technologists and engineers have
turned their interest to employment of the innovative non-traditional technologies and
methods in processing of the liquid mediums, solutions, systems, which consists of the water
or water solutions.

The physical and chemical properties and parameters of pure water and associated liquid
aqueous systems, solutions and mediums, such as: oxidation-reduction potential, pH value,
dissolved oxygen and etc. may be changed by the physical methods of energy influence.

The application of sonication treatment using audible sound (20-75 Hz) showed to have
a positive effect to improve the quality and consumer acceptability of carbonated water due
to the effects of audible wavelengths which increase pressure within the bottle and, therefore,
modifies bubble size during formation [8].

That’s why hydrodynamic effects occur at water and water binary systems and different
water mixtures and solutions treatment by physical and mechanical methods or so-called non
reagent (reagentless).

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

The most important effects of the alternating impulses of pressure are allied with
increase of velocity of association of a continuous phase of medium.

The method of alternating impulses of pressure can influence on structural and energy
transformation in multifarious liquid mediums on micro- and nano- level and gives
opportunity to begin physical and chemical alteration in these mediums.

The fundamental nature of alternating impulses of pressure consists in that preliminary
permanently entered and any rank the energy distributed in working to accumulate in locally
disconnected discrete points of system and further pulse to realise for achievement of
necessary physical effects:

— Forcing and dumping of pressure;

— Adiabatic boiling;

— Hydraulic blow;

— Shock waves of pressure or depression;
— Pressure of shift, local turbulence;

— Cavitation and many other effects [9].

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

The development of different microliquid devices for some last decades has caused
growth of interest to microscale streams. Rotary pulse apparatus are characterised by small
enough sizes of width of channels which gives the possibility to consider them as
microchannels with effects of slippage a watercourse on walls and surfaces.

A number of heat and mass technological processes (structuring, crushing, dispersion,
emulsification, homogenization, mixing, etc.) are spend in rotary pulse apparatus of
cylindrical type which realise principles of alternating impulses of pressure.

Investigating of new methods, apparatus and industrial technologies are concentrating
on raise of an overall presentation of procedure and an increase of processes in environments
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which involves complex researches on learning of hydrodynamic conditions, modelling of
processes in new devices.

In this context, research methods of analysis are very important since this is the main
tool for obtaining data. One of the key positions belongs to the sensory analysis method.

The potential value of sensory analysis has often been undermined in the food industry
and in foodstuff production. A great variety of forms of sensory-related work can provide an
important investigative and informative function in a great number of different areas [10].

Specialized research techniques are available to measure, understand and optimize
consumers’ sensory experiences, so that products can be designed and marketed to meet
consumers’ sensory needs, thus reducing the risk of product failure. This scientific field is
known as sensory evaluation [11].

It can be production of different types of products: drinks, beverages which include:

— Beer;

— Carbonated water;

— Carbonated soft drinks;

— Sparkling wine, among;

— Others, liquid food goods which can consist from dissimilar solutions.

Emerging technologies, based on the combination of robotics, computer vision, and
machine learning as an approach to artificial intelligence, have been developed and applied
for the assessment of baverages and beer and, to a lesser extent, sparkling wine [12].

Traditionally, sensory evaluation has often been associated with product experts and
specialists, and afterward as a more passive member of the product development team.

Currently, the new challenges facing the food industry are progressively transforming
sensory to a more proactive role, responsible for generating new product ideas based on
unique sensory properties or unique consumer segments identified only through sensory
behavior [13].

Choice of sensory method should be based on better methodological data on how
methods perform and at what cost in resources. There is a need for more methodological
research to establish the reliability and validity of sensory methods [14].

Nowadays for a continuous monitoring with fast response times and low cost, new
measurements techniques have been developed through Electronic Noses (E-noses), given
that they are an alternative instrumental measurement, replacing the conventional methods
used for the detection and bacteria identification in different types of samples [15].

According to the investigations carried out during the last years about the electronic
noses, it is important to mention that this equipment can be used for specific analysis,
identification and recognition of complex smells and volatile organic compounds [15].

So authors can show after this sensory analysis and wine tasting that the anti-transpirant
product does not affect the wine notes and their characteristic structure [16].

Sensory analysis gives the ability to generate sensory and chemical profiles of
commercial wines, and to identify many sensory characteristics for wine: stone fruit, dried
fruit, citrus, herbaceous, grassy, apple/pear, confectionary, vanilla, creamy, buttery, wood,
and toasty [17].

The sensory analysis revealed a clear vintage, closure and glutathione effect on wines
oxidative character after several years of bottle aging [18].

To address the issue of the role of vine water deficit in the overall quality of fine aged
wines, a large set of wines from four Bordeaux appellations were subjected to sensory
analysis [19].

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 — 71



Food Technology ——

Fermentation process parameters: pH, total acidity and yield of biomass; chemical
composition: organic acids, total phenols and flavonoids and vitamin C content and sensory
analysis indicated that SWE were more suitable substrates for successful fermentation [20].

Consequently, the measurement and monitoring of final product quality factors and
features are critical for the production of all types of carbonated beverages and drink
products.

Taste and odor problems in drinking water frequently occur because of many
compounds present in the water [21]. Physical and chemical analysis helps determine this.

Quality control, mainly focused on the assessment of bubble and foam-related
parameters, is critical in carbonated beverages, due to their relationship with the chemical
components as well as their influence on sensory characteristics such as aroma release,
mouthfeel, and perception of tastes and aromas [12].

Microorganisms in drinking water contribute largely to taste, and odor production and
drinking water distribution systems are known to harbor biofilms and microorganisms in bulk
water, even in the presence of a disinfectant [22]. Importantly, the understanding of types of
these microbes and their taste, and odor compound-producing mechanisms is needed to
prevent taste, and odor formation during drinking water distribution [22].

Also sulfide and polysulfides are strong nucleophiles and reducing agents that
participate in many environmentally significant processes such as the formation of sulfide
minerals and volatile organic sulfur compounds.

Their presence in drinking water distribution systems are of particular concern and need
to be assessed, since these species consume disinfectants and dissolved oxygen, react with
metal ions to produce insoluble metal sulfides, and cause taste and odor problems [23].

To identify the cause of off-odor in bottled water is necessary special methodology. For
initial screening, sensory analysis and gas chromatography with mass spectrometry and
olfactometric detector were used.

Selected compounds were then analyzed and quantified by selective ion monitoring.
2,4-decadienal, a fatty acid oxidation product, was identified as the source of off-odor [24].

Descriptive sensory analysis is conventionally conducted using a trained panel and has
the purpose of developing the sensory profile of a product by evaluating the intensities of the
major descriptors.

This category of sensory analysis is more often than not used in innovative product
enlargement and to assess the quality of the same formulation in the unusual batches
produced.

A quantitative sensory general score of water treated under alternating impulses of
pressure depending on the processing time or the duration of treatment.

Comparative analysis of samples of the pure water and associated liquid aqueous systems
and solutions was used for data processing.

Control liquid samples of water were used for comparative analysis. These were samples
obtained according to the enterprise standard methodology.

The general score of control samples was 16,50 and the general score of water solutions
which was treated in conditions of alternating impulses of pressure was 18,50 (Figure 1).

In general course an effect of the water treatment in the conditions of alternating
impulses of pressure during uninterrupted mode throughout 1 second gave the opportunity to
increase general score of a quantitative sensory analysis of water on 12,12%.

It ought to be distinguished that the taste, odor, appearance, color of water and water
solutions has improved in comparison with the control liquid simple of water and water
solutions.

72 ——Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1



Food Technology ——

As aresult the general score of control samples was 18,00 and the general score of water
which was treated in the conditions of alternating impulses of pressure was 18,5 (Figure 2).

General score

Odor
Taste

Color

Clarity

Appearance

a

General score

20
15
Clarity 10 Odor
5
Appearance Taste

Color

Figure 1. Tasting evaluation of water samples with processing time 1s:
a — liquid simples of water which was treated in the conditions of alternating impulses of
pressure;
b — control liquid simples of water
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Figure 2. Tasting evaluation of water samples with processing time 30s:
a — liquid simples of water which was treated in the conditions of alternating impulses of
pressure
b — control liquid simples of water

The results of research investigations demonstrate that the application of the water
solution treatment in the conditions of alternating impulses of pressure throughout 30 seconds
gave the opportunity to increase general score of a quantitative sensory analysis of water on
3%.
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It ought to be distinguished that the taste of water and water solutions has improved in
comparison with the control liquid simple of water without any treatment.

In wide-ranging course the general score of control samples was 17,00 and the general
score of water solutions which was treated by alternating impulses of pressure was 18,5
(Figure 3).

General score

Clarity Odor
Appearance Taste
Color
a
General score
15
Clarity 10 Odor
5
Appearance Taste
Color
b

Figure 3. Tasting evaluation of water samples with processing time 60s:
a — liquid simples of water which was treated in the conditions of alternating impulses of
pressure
b — control liquid simples of water
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During the scientific work the result of the water solutions treatment in the conditions of
alternating impulses of pressure during 60 seconds gave the opportunity to increase general
score of a quantitative sensory analysis and tasting of water and water solution on 9%.

It should be noted that the taste of water has improved in comparison with the control
liquid simple of water.

The general score of control samples was 17,00 and the general score of water treated
by alternating impulses of pressure was 18,5 (Figure 4).

The duration of the water treatment in the conditions of alternating impulses of pressure
by 90s gave the possibility to increase general score of a quantitative sensory analysis on 9%.

It should be noted that the odor of water has improved in comparison with the control
liquid simple of water.

It was established that no significant differences between treatments in the conditions of
alternating impulses of pressure with the duration process time more than 600s.

The general score is not increase after such time of processing, but energy efficiency and
efficiency of raw material using is decrease.

The method of the alternating impulses of pressure is innovative method of treatment to
receive water with necessary physical and chemical parameters and properties for food
production.
It was established that appliance of the alternating impulses of pressure for water
solutions treatment give possibility:
— To decrease reduction-oxidation potential on 20-70%,
— Toincrease the potential of hydrogen on 13-17%,
— To decrease mass of the dissolved oxygen on 50-55% [2].
Further investigation is needed to better understanding of the change physical and
chemical parameters of water systems and technological water solutions during treatment.
In order to obtain more reliable sensory data, the odor thresholds of eighty-four
compounds previously characterized as key food odorants were re-evaluated and compared
to literature results.

On the basis of a distinct protocol, also the aroma attributes of the odorants were
evaluated in order to define an aroma language, which can be used for specific purposes [25].

It will give the possibilities to create and design new energy and power saving
technologies, modes, equipment and apparatus of water treatment for foodstuff production.

The importance of the improvement and submission of innovative and emerging
technologies in food and foodstuff production were proven by the research investigations.

The application of the emerging technologies for quality assessment of water on
physical and chemical parameters would potentially allow their implementation in the
industry to evaluate the products within the production line in real-time.

The full potential of sensory evaluation is realized when sensory, consumer and and/ or
instrumental analyses are combined.

The command of sensory evaluation is realized when these two elements are combined
to reveal insights into the way in which sensory properties drive consumer acceptance.

A key challenge is to use a highly variable human ‘measuring instrument’ to gather
robust, unbiased data [11].

The objective be obliged to be to accomplish a realistic and practical balance between
sensory analysis methodology and instrumental methods and to administer the sensory
process effectively, if consequences are to be carrying great weight for foodstuff production.
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Figure 4. Tasting evaluation of water samples with processing time 90s:
a — liquid simples of water which was treated in the conditions of alternating impulses of
pressure
b — control liquid simples of water
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Conclusions

At the present time one of unique and new method and equipment that was used for

improvement of water treatment process is the method of alternating impulses of pressure.

New experimental and theoretical studies and modeling have shown that the method of

alternating impulses of pressure may possibly be suitable for processing in food industry and
foodstuff production, where hydrodynamic effects are found to be an substitute to traditional
methods and modes in technological lines, equipment and processes of water and water
solutions treatment.

According to the general results of sensory analysis and organoleptic studies, it was

established that water solutions has a higher general tasting score and improved organoleptic
parameters, which has a positive effect on the quality of the finished product, as compared to
the control samples, which obtained by the technology of the enterprise.
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Introduction. Research is underway intensively in the world
in the direction of modifying the structure and properties of
whey. The purpose is to regulate the characteristics for use in
various industries, including the creation of qualitatively new
special purpose foods.

Materials and methods. The object of research — whey as a
raw material in the production of dairy desserts.

Results and discussion. Work on the implementation of
methods of the full cycle processing of whey by isolating,
concentrating, modifying its properties and developing
innovative technologies for its use in food products, including
the intended purpose has a certain resource-saving orientation.
This will allow effectively use of the technological properties of
fillers, their synergistic interactions with each other and with
whey. The ability to improve the functional and technological
characteristics of whey. Expanding the possibilities of use in
whey-based food production technologies.

Scientists are conducting research on the creation of
technologies for the further use of whey in the dairy industry for
the production of intermediate goods, process mixtures and
functional products, to obtain complete food products for the
intended purpose and thus to provide the population with
proteins and nutrients in bioavailable form.

The introduction of resource-saving technologies and the
production of high-quality and safe products with high
consumer properties, contributes to solving the problem of
protein deficiency, as well as providing the population of
various social groups and living conditions with complete,
balanced and bioavailable micronutrient composition, combined
and multi-component target food products is of current
importance area of research.

Conclusions. The combination of dairy components and fruit
and berry fillers will provide the desired technological effect and
original organoleptic characteristics of new types of dairy
desserts.
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Introduction

The development of non-waste technologies with the maximum use of helpful
components that are part of the secondary raw materials is relevant for the food industry.

Whey is milk plasma, which is obtained by thermomechanical processing of milk clot
during the manufacture of cheese, cottage cheese or casein.

The composition and physico-chemical properties of whey, depending on the type of
main product and the features of the technology of its manufacture, are presented in the table
111, 2].

Table 1
Composition and physico-chemical properties of whey
Index Whey

Cheese Curd Casein
Dry matter content, % 45-7.2 4.2-74 4.2-7.4
Including:
lactose 3.9-4.9 3.2-5.1 3.5-5.2
nitrogen compounds 05-1.1 0.5-1.4 0.5-1.5
mineral substances 0.3-0.8 0.5-0.8 0.3-0.9
milkfat 0.05-0.5 0.05-0.4 0.02-0.1
Acidity (pH), °T 15-25 50-85 50-120
Density, kg/m® 1018-1027 1019-1026 1020-1025

Lactose is the main component of whey and accounts for about 70% of whey dry matter.
A significant amount of biologically valuable whey proteins, free amino acids and minerals
passes into the whey. Whey proteins are more finely dispersed than casein, are better
absorbed by the human body and contain more essential amino acids [3, 4].
Whey proteins consist primarily of globulins and albumins. The main amongst the whey
proteins is B-lactoglobulin, its share is about 10% of the total amount of milk proteins (table

2) [1].
Table 2
Total amino acids in whey
Whey Amino Acids, mg/dm®
Free In proteins

Total Including Total Including
Essential Essential

Cheese 132.7 51.0 6490 3326

Curd 450.0 356.0 5590 2849

Milk fat contained in whey is finely dispersed, which has a positive influence on its
digestibility. The composition of whey includes almost all the minerals of milk, as well as

organic acids [5].

Lactic, citric, nucleic and volatile fatty acids (acetic, formic, propionic, butyric) were
found among organic acids in whey. The content of volatile fatty acids in curd whey is higher
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than in cheese whey, which is explained by partial hydrolysis of fat in the process of cheese
clot formation [6, 7].

The food energy of whey is slightly lower than that of whole milk, and the biological
value is even higher, which contributes to its use in dietary nutrition. Water-soluble vitamins
almost completely pass into whey, besides there are a few more of them in cheese whey (table

3) [6].

Table 3
Whey Vitamin Content
Whey Vitamins, mcg/kg
B- A E B: B2 Bs | choline | PP C
carotene
Cheese 13 22 | 227 | 315 | 1389 | 524 | 160000 | 140 | 500
Curd 75 110 | 315 | 263 | 1107 | 478 | 140000 | 140 | 500

Due to the insufficient number of innovative developments, a significant part of the
nutrients and regulatory substances necessary for the human body is being lost. Research is
underway intensively in the world in the direction of modifying the structure and properties
of whey. The purpose of which is to regulate the characteristics for use in various industries,
including the creation of qualitatively new special purpose foods.

Whey is used for the manufacture of beverages, dairy products, concentrates, milk
sugar, dessert products, namely, kysil, jelly, puddings and mousses. World and domestic
experience shows the viability of research to improve the nutritional properties of whey-
based dessert products. Desserts are made from natural pasteurized whey, concentrated or
condensed, with or without the addition of fat-free cheese, sugar, semolina, fruit syrups,
stabilizers. This group of products is intended for direct use [8, 9].

The aim of the research is to study the chemical composition, nutritional value and
technological properties of whey as a promising raw material for the manufacture of milk
desserts.

To achieve this aim, the following tasks were set:

— to justify the choice of raw materials for the manufacture of dairy desserts;

— to study the technological properties of whey as a potentially promising raw material
for the production of dairy desserts;

— to substantiate the feasibility of using natural ingredients in the manufacture of milk
desserts.

Materials and methods
The object of research — whey as a raw material in the production of dairy desserts.

The scientific-research papers, articles, conference reports, conference abstracts,
monographs, various methods, technologies of whey processing were analyzed.
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Results and discussion
Analysis of the current state of whey processing

Various fermented whey-based beverages have been developed to reduce waste.
However, approaches to increase the preference of whey-based beverages are required
because of the low sensory acceptability of whey. Here, we identified the better starting
material (whey type), between raw whey (RW) and demineralised whey (DMW), and
determined the optimal initial concentration using multiple sensory evaluations to develop
acceptable fermented beverages made from sole whey with pure cultured Kluyveromyces
marxianus (i.e. without additional ingredients and processing methods). Acceptance tests
showed that fermented beverages made from DMW were superior to RW as the starting
material. The amounts of ethanol produced were 5.0%, 7.6% and 9.5% v/v from the different
initial DMW concentrations of 10%, 15% and 20% wi/v, respectively. We observed a
significant positive correlation (r(s) = 0.32, P < 0.05) between the assessment attributes,
strength of taste as alcohol beverage and overall acceptability, indicating that higher
concentrations of DMW yielded a more desirable product [10].

The replacement of dehydrated products such as whey protein concentrates and isolates
(WPC and WPI) by liquid whey protein concentrates (LWPC) obtained by ultrafiltration can
be an excellent alternative for the production of innovative dairy products. Thus, the aim of
this work is to study the gelation properties of LWPC as raw material for acid-induced dairy
gels. Acid-induced gels were produced with non-defatted LWPC, with or without
fortification with skimmed milk powder (SMP), by bacterial fermentation and by glucono-
delta-lactone (GDL) acidification. The fermented systems (yogurt type acid gels) produced
weaker gel structures than the equivalent chemically acidified gels (dessert type acid gels). It
was also observed that molecular rearrangement continues during cold storage and that
fortification with SMP favored gelation. Whey-based dairy gels obtained by fermentation or
by glucono-delta-lactone acidification presented viscoelastic behavior, appealing functional
and nutritional properties, and their utilization can effectively contribute to the reduction of
waste [11].

At KhDUHT there were developed combined dairy-vegetable functional drinks and
dressings based on whey, nanostructured from pumpkin, apples, lemons and oranges with
zest. Also as a biocorrector a multiphytocomposition was, which included biologically active
substances in ionomolecular form from calendula flowers, leaves of lemon balm, oregano,
thyme, marjoram, lemon wormwood, coriander seeds, etc. As a stabilizer of the structure of
multicomponent drinks and dressings was nanostructured puree of pumpkin, apples and
oranges with zest. They contained water-soluble pectin in active form, and citrus pectin was
additionally added to the dressing. The taste and aroma of the drinks were provided by the
natural flavoring "Aroma", which is formed during the production of concentrated apple juice
and extracts from natural spices. The yellow-orange color was provided by nanostructured
pumpkin puree. The drinks were additionally enriched with vitamin C, taking into account
the recommendations of the Ministry of Healthcare of Ukraine [12].

Using date syrup, whey permeate, and whey a novel kefir beverage was developed. The
levels of the kefir grain inoculum (2-5% w/v), fruit syrup (10-50% w/v), and whey permeate
(0-5% wi/v) on pH, total phenolic content, antioxidant activity, lactic acid bacteria and yeast
counts, and overall acceptability were investigated using central composite design. The use
of response surface methodology allowed us to obtain a formulation with acceptable
organoleptic properties and high antioxidant activities. The obtained beverages had total
phenolic content, % DPPH scavenging activity, and overall acceptability ranging from 24 to
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74 mg GAE/mL, from 74.80 to 91.37 mg GAE/mL, and from 3.50 to 6 mg GAE/mL (based
on a 1 to 9 preference scale), respectively. Date syrup of 36.76% (w/v), whey permeates of
2.99%, and kefir grains inoculum size of 2.08% were the optimized process conditions
achieved [13].

A gel-like emulsion stabilized with whey protein was prepared by microfluidization,
and the effects of the oil phase fraction on the physical properties of emulsions were studied.
The rheological analysis indicated that these emulsions exhibited thixotropic behavior, and
their apparent viscosity and solid-like behavior increased with increasing oil fraction from
0.3 t0 0.6 (v/v). The microstructures, droplet size distribution, and thermal stability of these
emulsions were also characterized using a light microscope, dynamic light scattering (DLS),
and differential scanning calorimetry (DSC), respectively. The viscosity of these emulsions
increased in an exponential way versus increasing oil fraction and showed good correlation
coefficient (R-2 > 0.99). The size of droplets in the emulsion increased from 301 + 3.6 to 597
+ 7.3 nm. The DSC results showed that the crystalline peak of these emulsions gradually
decreased from -15 to -21 degrees C and started thawing at similar to 3 degrees C. Visually,
the textures of these emulsions could be transformed from flexible to rigid by changing the
oil fraction, which suggests they could have multiple potential applications. Finally, the semi-
solid emulsions were fabricated into delicate shapes using extrusion-based 3D food printing.
Based on the results obtained, these emulsions may have the potential to be used as a solid-
like fat substitute, which could be used in various applications such as cake decoration or
customized functional foods [14].

Systematical consumption of functional products has a significant positive effect on
health and can reduce the risk of diseases. The aim of this study was to investigate the
possibility of using whey protein hydrolysate (WPH) and pumpkin pectin as ingredients in a
functional mousse, to evaluate the mousse's antioxidant and hypotensive activities in vitro,
and to evaluate the effect of the long-term intake of mousse samples on the progression of
hypertension in spontaneously hypertensive rats (SHRs) and on the microbiome status in
Wistar rats with antibiotic-induced dysbiosis. The experimental mousse's in vitro antioxidant
activity (oxygen radical absorbance capacity) increased by 1.2 times. The hypotensive
(angiotensin-1-converting enzyme inhibitory) activity increased by 6 times in comparison
with a commercial mousse. Moreover, the addition of pectin allowed the elimination of the
bitter aftertaste of WPH. In vivo testing confirmed the hypotensive properties of the
experimental mousse. The systolic blood pressure in SHRs decreased by 18 mmHg and
diastolic blood pressure by 12 mmHg. The experimental mousse also showed a pronounced
bifidogenic effect. The Bifidobacterium spp. population increased by 3.7 times in rats orally
administered with the experimental mousse. The results of these studies confirm that WPH
and pumpkin pectin are prospective ingredients for the development of functional mousses
[15].

With a long-term nutrition goal for healthy aging, the aim of this study was to compare
the bioavailability of amino acids, in particular the leucine, after the ingestion of two solid
and isocaloric dairy products (cheese) based either on whey or on caseins, by using pig as an
in vivo digestion model. The whey-based cheese contained 25% more leucine than
Mozzarella, however its digestion by pigs resulted in a concentration of postprandial plasma
leucine between 2 h and 5 h30 twice higher than that produced during the digestion of
Mozzarella. Noting that the dry matter of the duodenal effluents were similar after each of
the two cheese meals, differences in gastric emptying would not explain the difference in
leucine bioavailability. These results suggest the possibility of stimulating more efficiently
the muscle synthesis in elderly people with cheese based on whey proteins rather than those
based on caseins [16].
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Production is relevant of liquid whey protein concentrates by ultrafiltration followed by
thermal denaturation and homogenization of the ultrafiltrated concentrate, as well as on the
production of ultrafiltrated permeates concentrated by reverse osmosis. Kefir grains (fresh
and thawed) and/or commercial probiotic bacteria were inoculated in both liquid whey
protein concentrates and concentrated ultrafiltrated permeates and grown at 25 degrees C for
24 h for the manufacture of fermented drinks. The physicochemical characterization (pH,
titratable acidity, viscosity, and content of total solids, ash, fat and proteins) of the obtained
drinks was then assessed and compared. Enumeration of viable microorganisms was carried
out immediately after inoculation (at 0 h), during the fermentation period (at 12 and 24 h)
and during refrigerated storage (at 48, 168 and 336 h). The fermented drinks showed
acceptable physicochemical and sensorial properties, and contained above 7 log CFU/mL of
lactococci and lactobacilli and 6 log CFU/mL of yeasts after 14 days of refrigerated storage,
which is in agreement with the standards required by international organizations like
European Food Safety Authority (EFSA) and Food and Drug Administration (FDA) for
products containing probiotics. In summary, the strategy developed in this work contributes
to the expansion of the applications of products derived from whey fractionation for the
design of novel functional foods [17].

Natural plant ingredients in dairy technology

In contemporary dairy industry, especially in the cheese or casein production, only 10—
20% of processed milk is directly availed for produced cheese and casein, while 80-90% of
raw milk is transferred into the main by-product, whey. Due to insufficient utilization, whey
was becoming the major polluter, what is entirely inconsistent to its potentials as a raw
material. Whey is an excellent source of high quality proteins, minerals, vitamins and lactose
that can be used in daily nutrition, or transformed throughout the different technological
processes into the numerous valuable food products. The main goal of paper is to test the
possibility of carrot juice use in the production of functional fermented drinks based on whey,
as well as to estimate the possibility of inclusion of its production within the process of cheese
production. Materials and methods — ased on previous laboratory tests, conducted at the
Faculty of Technology and Metallurgy-Belgrade University, that were focused on increase
of utilization of available raw materials in dairy industry, dairy drink based on cow whey and
carrot juice has been established. Later, according to realistic data (input values), using the
SuperPro Designer program (software), the simulation and economical evaluation of the
establishment of created fermented drink production process was done. Integrated production
process of cow cheese that includes production of fermented drink based on whey and carrot
juice has shown greater economic sustainability compared to basic process of cheese
production. Establishment of mentioned production process could enables extra short
payback period (PP), (0.15 years), as well as high level of net present value (NPV),
(10,464.04 x 106 US$) and internal rate of return (IRR), (384.61%). Besides, inclusion of
line for beverage production within the process of cheese production enables achieving of
improved quality product that can be in line to most requirements of highly sophisticated
consumers, increasing the totally achieved profit (economic efficiency) of dairy industry. The
production of functional fermented whey-based beverages represents one of the efficient
alternatives related to better whey utilization. Created type of functional beverage production
covered by unique production process leads to the utilization of all whey potentials that has
as a raw material, material which also represents biologically strong pollutant. So, besides
removal of certain quantity of whey from environment, it could be got a cheap, nutritionally
valuable, healthy and fully natural product [18].
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Research, gum Arabic (GA) and whey protein nanofibrils (WPN) were employed for
the encapsulation of curcumin as a bioactive compound with low water solubility through the
complex coacervation method. The optimum conditions for the formation of complex
coacervates were found at WPN/GA weight ratio of 1:1 and pH value of 3.0. The resulting
complexes showed a high ability for loading of curcumin as a bioactive cargo. Fluorescence
spectroscopy showed that the curcumin was loaded in the hydrophobic core of WPN/GA
coacervates. The characteristics of curcumin-loaded coacervates were also evaluated by XRD
and FT-IR analysis. The curcumin-loaded complex coacervates dispersions showed a shear
thinning behavior. They also showed a good surface activity which makes them excellent
candidates to fabricate new functional food emulsions and beverages. The results indicated
that the antioxidant activity and photo-stability of curcumin were significantly improved by
encapsulation into WPN/GA complexes. A sustained-release profile also was investigated
for curcumin from WPN/GA complexes in the simulated gastrointestinal conditions. This
study suggested that the WPN/GA electrostatic-driven complexes can be used as efficient
carriers for curcumin delivery [19]. The results of researches to substantiate the rational
parameters of the extraction of biologically active substances from flowers Tagetes patula
are presented. The recipe composition of the health-improving beverage based on curd whey,
an infusion of Tagetes patula flowers, and berry filling «Forest Berry» (Lisova Yahoda) has
been optimized. Recommendations on the development of technologies for non-fermented
and fermented whey and vegetable drinks for health purposes are given. Substantiated
rational parameters of the process of extracting biologically active substances from Tagetes
patula flowers by drinking water: temperature (95 = 5) ° C, duration 60 min., duty of water
10. The obtained infusion of marigold flowers contains 2.0% of dry matters, including
flavonoids — 42.1-42.3 mg / 100 g, which causes high biological activity — 230-232 enzyme
units. Therefore, the infusion of Tagetes patula flowers is recommended to use as a
physiologically functional food ingredient in the production of health beverages based on
curd whey [20].

In recent years, the sphere of manufacture of dairy functional products and the use of
dietary supplements in their production has been developing rapidly. Use of phytonutrients
will significantly expand the range of traditional products, which will have the properties of
the base product and the filler that is used, and the result of their joint action. Currently,
preference will be given to those products that have the ability to cleanse body of
radionuclides, heavy metals, toxins, ensure optimal functioning of the consumer's body and
increase its resistance to adverse environmental factors. In recent years, cryopowders have
been actively involved in the list of natural dietary supplements. Traditional cryopowders are
powders, concentrates of fruit pulp and juice, which are immediately absorbed by the body.
Moreover, they are able to remove radionuclides, cholesterol, toxins and contain 6-10 times
more nutrients than canned fruits or vegetables. Considering the biocompatibility, almost
(practical) non-toxicity, there is a possibility of prolonged use of cryopowders for treatment
and preventive care purposes in the form of impurities in food. These dietary supplements
can be used as a natural enhancer to enrich food with vitamins, microelements, organic acids,
carbohydrates, dietary fiber in the manufacture of dairy products, sweet foods (jellies,
mousses, sambuca, kysil), cooking, jams, various beverages. Cryopowders from edible plant
raw materials contain a wide range of carbohydrates, pectin, as well as vitamins, amino acids,
fiber, polyphenolic compounds. The complex structure of chemical and biochemical
compounds, that are part of cryopowders, allows them to be classified as products with a
wide range of treatment and preventive, radioprotective properties, including types of
domestic curd mass, desserts, processed cheeses and fermented milk beverages [21].
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The use of barley malt extract as a recipe part of the product contributes to the solution
one of the problems of the dairy industry — creation of technology for new fermented dairy
products with a combined composition of raw materials. Such products are characterized
with increased nutritional and biological value without the addition of sugar. The
concentration of barley malt extract influences the physico-chemical parameters of milk base:
acidity, water content, water holding capacity [22].

The possibility of using pear and cinnamon in the technology of kefir made by
thermostatic method is substantiated. Natural sources of plant raw materials were selected —
pear, which contains sugar, organic acids, enzymes, fiber, tannins, nitrogen and pectin,
vitamins C, B1, PP, carotene, flavonoids, volatile and cinnamon, which contains essential
oils, tannins, resins, minerals and dietary fiber. The technology of cooking of pear fillers,
namely, pear puree and pear jam, has been developed [23].

The dairy industry produces a wide range of dairy products, a significant share of which
is occupied by products with various flavoring components. Not all of them are natural and
have certain restrictions on consumption. Consequently, the task today is to create products
of a balanced composition for nutrition of school-age children, corresponding to
physiological needs in nutrients and energy, and contain only natural ingredients. To give
products a pleasant taste and aroma, the use of fruit and berry processing products is
promising. Particularly noteworthy are fruits of wild plants, which often contain useful
biologically active substances, even more then in garden species, and have a lower cost [24].

The most accessible raw materials in Ukraine are fruits such as apples, which are
characterized by a high content of low molecular weight phenolic compounds, such as ursolic
acid, quercetin, rutin, caffeic, ferulic, quinic acids, etc. They have healing properties on the
human body. They are also natural antioxidants and immunomodulators, strengthen the
capillaries of the heart and brain, remove heavy metal ions from the gastrointestinal tract, etc.
In addition, apples contain a significant amount of such Biologically Active Compounds
(BAC) as vitamin C, pectin, tannins, and others. Besides, on Ukrainian market due to export,
there are inexpensive vitamin tropical fruits, such as oranges, lemons, bananas, etc. They are
consumed mainly fresh. Food additives in the form of pastes or frozen purees, cooked of
them, are absent. Hence, it is important to create additives from these fruits in the form of
frozen puree with maximum preservation of BAC and to use them in health foods, including
ice cream. So far, we have not found any data on the production of frozen additives in the
form of puree. The influence of "shock" freezing and low-temperature grinding on changes
in the main BAC during the processing of plant raw materials has not been studied either
[25].

Characteristics of Biologically Active Compounds in frozen finely dispersed fruit
supplements compared to fresh raw materials are given in table 4 [25].

Due to the peculiarities of the chemical composition, fruit and berry raw materials not
only enricht taste and color of milkshakes, but, having certain surface-active properties,
participates in the formation of foam structures, due to the content of pectin substances [26,
27]. Pectin, which is a part of fruit and berry raw materials, is a surfactant. Its molecules have
a diphilic structure, i.e, they contain lyophilic and lyophobic (usually hydrophilic and
hydrophobic) atomic groups. Hydrophilic groups provide its solubility in water, hydrophobic
at a sufficiently high molecular weight help to dissolve surfactant in a nonpolar environment.
At the phase boundary, hydrophilic groups are oriented toward the polar phase, hydrophobic
— toward the nonpolar (gas) phase. Thus, an interfacial boundary layer is formed, due to
which the surface tension is reduced and the foams formation becomes possible or facilitated.
In this way, the surface-active properties of pectin influence foaming ability of fruit and berry
raw materials, which is an important factor in the development of milkshake technology [28].
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Table 4
Comparative characteristics of content of biologically
active compounds of raw materials
Mass fraction, mg in 100 g
Phenolic ;
Product L- compounds Flavonol . Pectin,
ascorbic | glycosides Tannins %
. (chlorogenic .
acid . (rutin)
acid)

Fresh apples of
«Snow Calvil» 11.3+0.6 | 1720.2+1.3 | 540.0+3.5 843.8+6.3 | 1.1+0.01
variety
Nanostructured
puree of apples of | 5 7.3 5 | 5541 01138 | 9803264 | 117054103 | 2.8+0.02
the «Snow Calvil»
variety
Fresh apples of
«Semerenko» 50.0+£5.1 | 1830.8£11.4 | 620.5+3.6 923.545.2 1.2+0.01
variety
Fresh bananas 13.2+0.7 | 1100.5+9.8 | 610.0+3.6 530.0+3.1 | 1.0+0.01
Nanostructured 48.653.4 | 1901.3+11.8 | 1003.3£6.4 | 965.0+7.6 | 2.5:0.02
puree of bananas

It is known that vegetable and fruit raw material has a high content of nutrients that
reveal functional properties.

In terms of accumulation of sugars (mainly glucose), grapes have no equal among other
fruit and berry plants (up to 30% in some varieties). Grapes contain 10-20% sugars and 0.6—
2.0% acids, mainly tartaric and malic. Except sugars and acids, berries contain pectin
substances (on average 0.2%), vitamins, potassium salts, calcium, magnesium, iron,
manganese, copper, cobalt, etc. Rind contains tannins and dyes from the group of
anthocyanins, as well as essential oil; in seeds — 4-19% and 1.8-8.0% of tannins [29].

Vitamins of group B, K, C, carotene, surfactants were found in grapes, but there are
quite few of them in berries. For example, vitamin B is 0.06 mg / 100 g, carotene is not higher
than 0.5 mg/100 g, and the average amount of vitamin C does not exceed 4 mg/100 g. Among
the entire group of biologically active substances contained in fruits, only three deserve
attention: vitamins By (folate) — up to 0.5 mg/100 g, surfactants (up to 450 mg/100 g) and
vitamin K (phylloquinone) — up to 2 mg/100 g. In trace elements contained in the pulp of
berries a large quantities of iron (up to 600 ng/100 g), manganese (up to 90 pg/ 00 g), copper
(up to 80 pg/100 g) were found [29].

Molecular identification and genetic analysis of cherry are necessary for solving the
problem of synonyms and homonyms that occur in cherry production. In this study, capillary
electrophoresis with fluorescent-labeled simple sequence repeat (SSR) primers was used to
identify 63 cherry cultivars (varieties and rootstocks) planted in Shaanxi province, China. A
total of 146 alleles were amplified by 10 SSR primer pairs, ranging from 10 to 20 per locus
(mean: 14); among the SSR primer pairs, genotype number ranged from 12 to 26 (mean: 18).
The mean values of gene diversity, heterozygosity, and polymorphism information content
were 0.7549 (range 0.4011-0.8782), 0.5952 (range 0.3810-0.9683), and 0.7355 (range
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0.3937-0.8697), respectively. An unweighted pair-group method with arithmetic average
cluster analysis was used to separate the cherry cultivars. A model-based structure analysis
separated the cultivars into three populations, which was consistent with the results of a
phylogenic and principal component analysis. Based on Bayes' rule, the cultivars were further
subdivided into seven populations. Some of the 63 cherry cultivars that are often confused in
production were distinguished, and DNA fingerprinting of cherry cultivars was established.
This research will significantly assist in the identification of cherry cultivars at the molecular
level [30].

Sweet cherries contain 10.0-13.5% sugars and very little acids (0.3-0.6%, predominant
malic). That is why their fruits are sweeter than the fruits of cherries and southern varieties
of cherries, their amount of organic acids reaches 1.3—1.6%. Her fruits have the same or
slightly less vitamins than cherries. An increased levels of surfactants were observed only in
varieties with dark-colored pulp. Their seeds, like cherries, contain bitter glycoside
amygdalin [31].

Persimmon fruits have greater nutritional value mainly due to their content of glucose
and sucrose (up to 25%). Food energy of 100 g of edible part of the fruit is 5678 kcal.
Persimmon also contains vitamin C, provitamin A, malic and citric acid, a lot of iron,
calcium, copper, manganese and potassium. It has 16.3-21.8% of dry matter; 0.6-0.8%
protein; 0.2-2.4% fat; 1.2-1.9% fiber; 0.4-0.9% ash. The mineral composition of the fruit is
represented by calcium (6-10 mg / 100 g), phosphorus (10-26), iron (0.3-3.0), sodium (2—
6), iodine (up to 50 mg/100 g), potassium (174-176 mg/100 g). The vitamin complex consists
of vitamin C — 10-20 mg/100 g, p-carotene — 600—1 626 mg/kg, vitamins B; — 0.03-0.05
mg/100 g, B, — 0.02-0.05 and Bs — 0.05-0.3 mg/100 g [31].

Persimmons contain much more antioxidants than apples. And although there is more
copper and zinc in apples, persimmon is the first in terms of sodium, potassium, magnesium,
calcium, and iron. As well persimmon has more B-carotene, which protects against cancer,
and 2 times more dietary fibers and minerals than apples [31].

Quince in raw form is not very edible due to the viscous taste caused by high content of
tannins. Among the organic acids, citric dominates. It has little sugars from 0.8 to 2.0%. By
the content of tannins, it is close to wild apples, the amount of pectin takes one of the first
places among other fruits and berries. Ripe fruits of only certain Transcaucasian and Central
Asian varieties are used for food, which have few tannins and sugars content reaches 15%.
After 5-6 months of storage, they become soft and suitable for fresh consumption and are
well preserved until January-March [31].

Apricot fruits are delicious and nutritious. They contain 4.7-20% sugars, 0.3-2.6%
organic acids, 0.5-1.6% pectin, vitamins Bi, By, C, carotene, biologically active phenolic
compounds. The carotene content is 1.6 mg/100 g. Among sugars, sucrose prevails, the main
acids are malic and citric. The seed kernel in some varieties is sweet, in others it is bitter, it
contains up to 25% protein and 45-58% sweet-tasting high-value vegetable oil. The sweet
kernel of apricot seeds is used as a substitute for almonds [31].

Apricots are high in potassium (up to 305 mg/100 g) and copper. Potassium has a
positive effect on the heart muscle, prevents fluid retention in body tissues. Apricot fruit is
used to make varenya, jam, powidl, jelly, compot, marmalade, succades, juices, dried fruits
— dried apricots (kuraga — seedless fruits) and uryuk (seed fruits), in which level of sugars
increases to 52-93% [31].

Peaches in chemical composition are close to apricots. Peach fruits contain many
mineral salts that are quite useful for the body. They are also high in vitamins and enzymes.
Peach fruits are high in carotene, potassium and iron (iron in these fruits is in an easily
digestible form for the human body). They also have a lot of amino acids, vitamins Bi, By,
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C, E, P, PP, folic acid. Peaches have sugars (up to 15%), malic, tartaric, citric, quinic,
chlorogenic acids, vitamins A (0.62%) and C (12—20 mg/100 g), dyes (carotenoids: lycopene,
cryptoxanthin, zeaxanthin), and essential oils, which influence smell of peaches. Chemical
composition of its seeds includes fatty oil — up to 57% (consisting of oleic, palmitic and
stearic acids: and sitosterols), glycoside amygdalin, and bitter almond essential oil (0.4—
0.7%) [31].

Banana’s pulp food energy is quite high from 80 to 240 kcal for 100 g. Banana pulp in
raw form contains 30% of dry matter, 27% — carbohydrates, including 15-25% sugars, 7—
20% — starch, 0.5% — fiber and pectin, 0.3-0.6% essential oil. The pulp has up to 1.3% of
proteins, which contain the essential amino acid tryptophan. Isovaleric, isoamyl and isoamyl
ethers give a peculiar aroma to the fruit. Vitamin complex consists of vitamin C — 37-53
mg/100 g, B-carotene — up to 30 mg/kg, vitamins B; — 0.04-0.07 mg/100 g, B, — 0.02 and B3
-0, 2-0.3 mg/100 g, as well as vitamins Bg, PP, E. The mineral composition of bananas is
big and varied. It is represented by calcium (8-33 mg/100 g), phosphorus (21-38), iron (0.4
1.4), sodium (1-5), magnesium (42), copper (0.16), zinc (0.2), and potassium (370-401
mg/100 g). Moreover, bananas have biologically active compounds: catecholamines,
serotonin, norepinephrine, dopamine, as well as ephedrine. An enzyme, helping to absorb
carbohydrates, has been found in bananas. There are a lot of tannins and carotene in the fruit
rind [31].

The pulp of fresh pineapple contains 13.0-14.7% dry matter, 0.4-0.7% proteins, 11.6—
13.7% carbohydrates, 0.4-0.5% fiber, from 8 to 18% sugars, mainly sucrose, 0.4-1.4% — free
organic acids, mainly citric, 0.3-0.4% — ash. Pineapples are quite high in potassium (125-
321 mg/100 g), calcium (17-18 mg / 100 g), magnesium, phosphorus (8-12 mg/100g). Also
they have iron (0,5 mg/100 g) and copper [31].

Dates have high food energy 142274 kcal for 100 g of edible part of fruits, if it’s dried
dates than — 340 kcal. Dates contain from 40.0 to 77.5% of dry matter; 26-55% of sugars,
mainly glucose and fructose; 0.9-2.9% protein; 0.3-1.0% of fats; 1.7-6.5% of fiber. Dates
contain 1.0-1.9 of ash constituents, they are represented by phosphorus (30-350 mg/100 g),
calcium (34-60 mg/100 g), iron (0.7-6.0 mg/100 g), potassium (up to 700 mg/100 g), sodium
(up to 1 mg/100 g). Vitamin complex of dates consists of B-carotene (30-145 mg/kg),
vitamins Bz (0.07-0.09 mg/100 g), B, (0.05-0.1 mg/100 g), Bs (0.1-2.2 mg/100 g), vitamin
C (up to 30 mg/100 g), E. The seeds contain an average of 23.2% fat and 5.8% protein [32].

Figs have similar chemical composition to dates. Due to its high fiber content (12.5%)
it is a good stimulant of bowel and liver functions. Fresh figs fruits consists of pulp (84%)
and rind (16%). They have from 12.3 to 22.5% dry matter, up to 20.3% carbohydrates,
including 11.2-18.0% sugars (glucose and fructose), 0.5% organic acids (mainly malic and
lemon, as well as pyruvic, tartaric, etc.), 0.7-1.6% protein, 1.2-1.9% fiber, 0.2-0.4% fat, up
to 2.5% pectin. The protein contains an essential amino acid tryptophan. The vitamin
complex is represented by p-carotene — 60200 mg/kg, vitamins By and Bz —0.02-0.5 mg/100
g, rutin — 60-80 mg/100 g, vitamin C — 2-25 mg/100 g, vitamin P — 0.5 mg/100 g. In figs
were others biologically active compounds — carotenoids, bioflavonoids, tocopherols, various
enzymes. In terms of minerals, figs take one of the first places among fruits and berries. 14
mineral elements were found in the fruits: 177-286 mg/100 g of potassium; 1.6-1.8 —sodium;
34-52 — calcium; 20.0 — magnesium; 32.2 — phosphorus; 0.4-3.2 —iron; 0.06 — copper; 12.9
—sulfur and others. Food energy of fresh figs is low — 40-80 kcal/100 g [31].

Strawberries contain from 5.5 to 9.2% sugar, 0.56—-1.57% organic acids, vitamin C — up
to 80 mg/100 g (but there are also varieties in which the content of ascorbic acid in the fruit
does not exceed 15-30 mg/100 g), carotene (0.03 mg/100 g). Reactive compounds (catechins,
anthocyanins, flavones, etc.) — from 250 to 750 mg/100 g, 0.064—0.128% of tannins and dyes.
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In strawberries were also found such organic acids as malic (dominates), citric, quinic, oxalic,
succinic, and salicylic. Pectin makes up 0,75 % of strawberries’ cheamicl composition. The
berries contain a fairly significant amount of vitamin E (0.54 mg/100 g), surpassing oranges,
tangerines, red currants, bananas, cherries, sweet cherries and a number of other fruits and
berries [31].

Sugars are mainly represented with glucose and fructose, sucrose is much less. It was
established that amount of sugar in berries depends on the time of collection. Thus, more
sugars are found in the berries of the first harvest and much less in the fruits of the second
harvest. The third harvest takes a medium position. Compounds of potassium, calcium,
magnesium, sodium, sulfur, phosphorus, and chlorine were found in the berries. In terms of
amount of potassium strawberries, however, are inferior to many fruit and berry crops —
gooseberries, raspberries, black currants, plums, apples, apricots, peaches, grapes. Among
trace elements in strawberries there is iron, boron, vanadium, iodine, cobalt, manganese,
copper, molybdenum, zinc, etc. Strawberry leaves contain ascorbic acid (up to 300 mg/100
g), tannin, alkaloids (traces), glycoside fragmentarin, carotene, polysaccharide, ash (8.12%),
macronutrients (mg / 100 g); potassium — 21.90, calcium — 14.70, magnesium — 4.50, iron —
0.60. A lot of iron was found in the seeds, tannins and iron were found in the rhizomes [31].

Raspberries contain 5-9% of sugars (approximately equal amounts of glucose and
fructose), 1-3% of organic acids (mainly malic and little bit of citric, salicylic, oxalic, formic,
etc.), 0.9-1.2 % of pectin, 0.03-0.13% of tannins and dyes, also up to 5% fiber, that stimulates
the intestinal motor function and helps to remove cholesterol from the body. Among
vitamins, ascorbic (25-30 mg/100 g), folic acids (6 ng/100 g) and P-active compounds (50—
100 mg/100 g in yellow fruit and 200-300 mg/100 g in red fruit) are the main. The pulp of
the berry is high in iron [31].

Depending on growing conditions, cornelian cherry contains 6.4-10.2% of sugars
(mainly glucose and fructose), 1.4-3.0% of organic acids (with the predominance of malic),
0.2-0.4% tannins and dyes, on average about 60 mg/100 g of vitamin C. Pulp yield — 68—
81%. Fresh leaves have vitamins E and C. Due to the presence of phytoncide, fruits, leaves
and bark have bactericidal properties [31].

Viburnum berries contain 6.5-7.8% of sugars (mainly glucose and fructose), 1.7-1.9%
of organic acids (malic, valeric), 0.4-0.6% of pectin. The peculiar aroma of fresh berries of
viburnum is caused by valeric acid, essential and other compounds. Viburnum berries are
quite high in carotene (1.4-2.5 mg/100 g), ascorbic acid (up to 50-75 mg/100 g in the best
selected forms) and P-active compounds (300-500 mg/100 g) [31].

Sorbus (rowan) contains 5.9-8.0% sugars (fructose predominates), 1.8-3.6% organic
acids (malic, in small quantities parasorbic, tartaric, succinic and oxalic), 0.3-0.6% pectin.
In addition to fructose, glucose and sucrose in fruits were found up to 3% of sorbitol, which
is a substitute for sugar. Rowan is a multivitamin plant. Ripe fruits contain significant
amounts of carotene (more than some varieties of carrots and sea buckthorn) ascorbic acid,
P-active compounds and vitamin E (up to 5.1 mg/100 g) [31].

Blackcurrant contains 5-12% of sugars (mainly fructose), 3—4% organic acids (citric
prevails), 0.8-1.4% of nitrous, 1.1-1.7% — pectin, nearly 0.4 % tannins, as well as up to 3%
of fiber. The berries, leaves and buds of blackcurrant, in their chemical composition, are a
natural and complex concentrate of vitamins. Amount of vitamin C (up to 300-340 mg/100
g) in blackcurrant fruits (second only to rose hips and actinidia) is 4-5 times higher than in
strawberries and citrus fruits, 8-10 times than in gooseberries and raspberries, 15-20 times
higher than in apples, cherries and plums and the most rich in vitamin C green berries. As
they ripen, C-vitamin activity decreases and reaches the lowest level in overripe fruits. The
high content of P-active compounds (1000-1.200 mg/100 g and higher) in combination with
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vitamin C has a beneficial effect on the activity of the human cardiovascular system, helping
to maintain the elasticity of capillary blood vessels. In berries quite a lot of vitamins E and K
(0.7-0.9 mg/100 g). In terms of vitamin E, blackcurrant surpasses almost all fruit and berry
crops, second only to sea buckthorn, rosehip and chokeberry. Black currant berries have
many useful salts of potassium, calcium, iron, phosphorus, magnesium and numerous trace
elements, which are part of organic compounds and are easily absorbed by the body. Among
other fruits black currant has a high level of potassium (more than 370 mg/100 g). Iron in
berries is much more than in citrus fruits, grapes, gooseberries, plums, apples, apricots and
others [31].

Chokeberries have, on average, about 1.2% of acids, 7.5% of sugars (mainly glucose
and fructose), 17% — dry matter, 0.5% pectin and up to 0.4% tannins (hence the tart-viscous
taste). There are 3.5% of sorbitol — a sugar substitute for patients with diabetes. Amount of
vitamin C in chokeberry is low (10-25 mg/100 g), but the amount of P-active compounds
reaches, on average, 1.500-2.500 mg/100 g. According to this indicator, chokeberry cannot
be surpassed by any fruit and berry crop. Also such biologically active compounds in the
fruit were found: carotene, vitamin K, nicotinic acid, vitamin E, B vitamins. Chokeberries
also have high level of trace elements: boron, cobalt, copper, molybdenum, fluorine and
others. The pulp contains, on average, 1.2 mg/100 g of iron, 0.5 mg/100 g of manganese. In
terms of iodine content, chokeberry is 2—3 times superior to other fruits and berries [31].

A review of recent researches has shown that with help of complex processing of fruit
and berry raw materials, it is possible to expand and improve the production of dairy
products.

Conclusion

1. The high biological value of whey, its functional properties and the possibility of using it
as a basis for various food products, determine the relevance of creating new dairy
desserts.

2. The analysis of literature shows that development of innovative whey technologies, and
its complex use with food from animal and vegetable raw materials is a promising
direction in the development of resource-saving food technologies.

3. The mechanism of joint work milk components with fruit and berry fillers requires a
theoretical explanation, which provides desired technological effect and original
organoleptic characteristics of the products.
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Introduction. The study of particle aggregation is
relevant and studied in chemical technology, biophysics, in
solving problems of purification from aerosol or colloidal
contaminants.

Materials and methods. The influence of nanoparticles
on the aggregation kinetics of dispersed phases in suspension
is considered. Models based on modifications of the particle
dynamics method taking into account Van der Waals forces,
gravity, Brownie and Stokes forces based on semi-empirical
dependences for the rate of aggregation and disaggregation in
collisions are used.

Results and discussion. Based on the analysis of the
Smolukhovsky equation, molecular kinetic and local-
isotropic turbulence of Kolmogorov's theories, the dynamics
of simultaneous turbulent and Brownian transfer to the
process of "rapid coagulation" and the mechanism of
influence of nanoparticles on their accumulative ability in
colloidal heterogeneous dispersion are proposed.

The developed equations for the rate of kinetic energy
scattering in a suspension makes it possible to determine the
particle dispersion in which the Brownian diffusion of
particles in the coagulation mechanism predominates. This
means, the more intense the process of mixing the suspension,
the greater the role in the process of coagulation, precipitation
and filtration play particles of the nanoscale range, which are
included in the rapid movement of the vortex. These results
are useful for practical application in control of intensity of
coagulation processes in mixing devices.

Conclusions. The mechanism of influence of
nanoparticles on their aggregation ability in colloidal
heterogeneous disperse systems is offered.
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Introduction

There is high interest in the study of nanosized particles, due to the fact that they have
special mechanical, optical, electrical and magnetic properties that differ from the properties
of conventional macroparticles [1-4]. Studies conducted in recent years have shown the high
efficiency of the use of colloidal solutions of nanosized particles of biologically active metals
in medicine, biology, veterinary medicine and agriculture [3, 6].

The most commonly used are colloidal suspensions of nanoparticles Al,Os, CuQ, SiO,
ZnO with a particle diameter d,=20-60 nm based on water, glycerin, ethylene glycol and
fullerene suspensions (d,=1,6—1,8 nm), nanotubes (d,=5-100 nm), nanocrystals and other
particles [7, 8]. Nanofluids have unique thermomechanical, electrical and magnetic
properties even at low (<5..10%) nanoparticle concentrations. Adding Ch = 1.8% of
nanoparticles Al,Osz in the coolant leads to a heat increase dissipation from the PC processor
by 32% [9]. The optimum concentration at which the thermal conductivity of a liquid
becomes high and the dynamic viscosity becomes low depends on the nature of the particles,
their size, shape, roughness, and surface adhesion. [8, 10]. In the review [11] the dependences
of the efficiency of different nanofluids in the range Re = 1 ... 1200 are given.

It is known that during the operation of such liquids, nanoparticles become unstable and
prone to aggregation [12, 13]. To prevent aggregation and subsequent gravitational
deposition, nanoparticles are stabilized by methods and substances that are safe to use and
provide their chemical and aggregative stability during synthesis [14].

Combining the particles of the dispersed phase into one, when they converge and
collide, is the basis of aggregation (coagulation, coalescence). Particle collisions and their
adhesion or fusion (in the case of liquid particles and gas bubbles) can be caused by various
consequences: chaotic (Brownian or violent) oscillations, convergence under the force of
electric, magnetic, gravitational, hydrodynamic and other forces. Random collisions do not
always lead to the interaction of particles, because in the dispersion phase they acquire the
same surface electric charges and repel each other. Aggregation and coagulation underlie the
processes of aggregation-sediment instability of dispersed systems, their stratification into
solid and liquid phases, precipitation or transition from sol to gel. The study of particle
aggregation is relevant and is studied in chemical technology, biophysics, in solving
problems of purification from aerosol or colloidal contaminants. [15-18].

Materials and methods

This work considers mathematical models of aggregation kinetics in multiphase
dispersed systems, investigates the dynamics of simultaneous turbulent and Brownian
transfer to the process of "fast coagulation™ and the mechanism of influence of nanoparticles
on their aggregation ability in colloidal heterogeneous dispersed systems is proposed.

The influence of nanoparticles on the aggregation kinetics of dispersed phases in
suspension is considered (Figure 1).

In this work, we study the dynamics of the simultaneous turbulent and Brownian
transition to the process of "rapid coagulation" and propose a mechanism for the influence of
nanoparticles on the aggregation capacity of suspensions..
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Figure 1. Schematic representation of Brownian coagulation particles:
a — radius of the particle;
i and j — respectively particle and particle flow;
a; + a; — the distance between the centers of the two contacting particles.

The influence of nanoparticles on the aggregation kinetics of dispersed phases in
suspension is considered.

Modeling is based on modifications of the particle dynamics method taking into account
Van der Waals forces, gravity, Brownie and Stokes forces based on semi-empirical
dependences for the rate of aggregation and disaggregation in collisions are used.

Results and discussions

The concentration of particles is considered to be quite high (C <0.05), so they do not
settle [5]. With additional surface stabilization and the absence of electrostatic interactions,
such suspensions can be stable and stay in a suspended state for a long time [3, 4]. When
used in microfluidic systems, the number of collisions increases and, due to the high adhesion
of particle surfaces, they often form aggregates. Thus, the threshold concentration of C, at
which aggregation and sedimentation of particles is observed, is determined by a significant
number of factors, but, according to various estimates, close to C ~ 0.05 [3-5].

Thus, in an aqueous suspension of zero-valent metal nanoparticles with d, =20 nm at a
concentration of 2 mg /I and 60 mg/ | after 10 min, aggregates with an average radius of 125
nm and 1200 nm, respectively, are formed, which rapidly settle in water [19]. For multiphase
dispersed systems (usually underground drivers, drinking water), for aggregation and
production of aggregate nanoparticles with pH, ionic strength and available impurities [20].
Zinc oxide nanoparticles of ZnO form aggregates and precipitate rapidly when dn> 50 nm
[21].

The nanoparticle suspension models available in the literature are based on
modifications of the particle dynamics method taking into account Van der Waals forces,
gravity, Brown and Stokes forces based on semi-empirical dependences for the aggregation
rate and disaggregation in collisions. [22-24].

In practical conditions, the most important transport mechanisms of particles are
Brownian diffusion caused by their random motion induced by the internal energy of the

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 — 97



Processes, Equipment and Control Systems

system in the absence of fluid motion. Particle aggregation due to these collisions is known
as perikinetic flocculation. Transport of particles due to Brownian motion is important mainly
for submicron particles, as other transport mechanisms begin to predominate in the case of
large particles.

M. Smolukhovsky [25], considering Brown's coagulation in colloids, estimated the
frequency of particle collisions for perikinetic aggregation. Diffusion coefficients for a

spherical particle of radius ai are obtained on the basis of the Stokes-Einstein equation [26]:
kgT
Di= )
where kg — Boltzmann's constant, which is defined by Stokes' law (y = 6mna); T —
absolute temperature; a; — particle radius; n — dynamic viscosity of the dispersion medium.
The total number of collisions per unit volume and per unit time for scattered particles
is:
Jij = 4nR;(D; + Dj)n;n;, 2
where R j — the distance between the centers of the particles i andj, on which they are
supposed to be in contact (fig.1). Assuming that R;; = a; + a;, then the total number of
collisions will be:
_ 2kpT (aj+aj)?

Jiy =7, prmLL] @)
Velocity constant for collisions between particles i and j with perikinetic aggregation
will be [22]:
2kgT\ (a;+a;)?
kij =( 3n ) aia]]- ) Q)

Thus, the frequency of particle collisions during Brownian motion increases with the
temperature of the dispersion medium, while the effect of particle size is less obvious. When
the radii of the particles increase, the diffusion coefficient (1) decreases, and the contact
radius, Rjj increases in such a way that the effect of particle size is somewhat canceled, and
(ai+aj)2 - -
Taq has a constant value for different particles.

The movement of a liquid, regardless of whether it is associated with mixing or
organized movement of the liquid, can significantly increase the speed of collision between
particles, and hence the speed of aggregation. Aggregation through superimposed gradients
of mixing rate or fluid flow is known as orthokinetic flocculation.

For the laminar velaocity field, M. Smoluchowski's approach predicted that orthokinetic
aggregation estimates that particles move by fluid flows with a velocity gradient G, and
collide as they approach the distance a; + a; between their centers (fig.1).

Therefore, the rate constant for orthokinetic aggregation is estimated as:
ki,j = (g) G(al' + a]-)3. (5)

This method of aggregation effectively promotes the collision of larger particles,
because the collision velocity significantly depends not only on the velocity gradient, but also
on the particle size.

When particles of different sizes and densities settle in the suspension, different settling
rates can promote particle aggregation. Larger particles settle faster and are more likely to
capture smaller particles when they settle.

Assuming that particles fall vertically before colliding with other particles, the simplest
estimate of the collision frequency for spherical particles of the same density is based on
Stokes' law:
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kij = (22) (os = p)(as + ¢))"(a; — ), (6)

where p — fluid density, g — acceleration due to gravity, a; > a;.

Accordingly, differentiated sedimentation mainly depends on the size and density of the
particles, and this transport mechanism is dominant, especially when the particles are large
and dense. This process usually occurs at a later stage of flocculation, when aggregates of
different sizes are formed, which settle at different rates.

An approach similar to molecular diffusion was used to determine the collision
probability of two particles. Let’s consider a dispersed medium containing in units of volume
No spherical particles of the same size (fig.1). N is such that the number of collisions of more
than 2 particles is excluded. The liquid, by definition, is stationary.

One of the particles with a diameter (test) will be considered stationary. If we define a
sphere with radius R around this particle such that (% < R << H), where H — the distance

between the centers of the nearest particles, we believe that every second particle crossing
the surface of this sphere is captured by the investigated particle. Accordingly, on the surface
R the concentration of particles will be zero. On the surface R, as a result there is a
concentration gradient of particles.

Then the Brownian flow of particles to R will be described by an analogue of the

molecular diffusion equation (diffusion equation)
on

E = r 6r ( re 5) (7)
where r — spherical coordinate with the center in the center of the investigated lobe; D — the
coefficient of "Brownian" diffusion of particles to the surface R.
In extreme conditions:
n=ny=>r>Rt=0n=0 =2r=R;t>0n=n,=> r - .
Integrating the problem, we get an expression of the flow of particles through the
surface, which determines the number of collisions of "rapid coagulation" with part of the

test:
Dno
1=0(5) =5+ 7= ®
For coagulation that does not occur in an organlzed stream of dispersed medium when

the liquid is in a "quasi-equilibrium state", it will meet the condition:

U=— <, ©)
where U — macroscopic speed scale; G — fluid flow; p — fluid density; F — the cross-sectional
area of the apparatus; v, — internal scale of turbulent pulsations.

We will analyze this problem under the following conditions:
—  the radius of coagulation of the investigated particle is much smaller than the internal
1

st
scale of turbulence A = (v?)4 e —the rate of scattering of the kinetic energy of

turbulence; v — kinematic viscosity of the liquid;

— all particles are involved in the rapid exchange of energy;
—  turbulence is isotropic, homogeneous;
—  the problem has a stationary quasi-equilibrium character.

Because turbulent isotropic motion is disordered, the motion of particles is similar to
and superimposed on Brownian motion. That is, particles coagulate simultaneously by
Brownian and turbulent isotropic mechanisms.

By analogy with Brownian motion, we introduce, according to Bussinesque's
hypothesis, the concept of "turbulent diffusion coefficient", and we formulate the diffusion
problem under the condition of a stationary process. [27]:
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div(Desrgradn) = 0. (10)

Since the problem is fixed, n — is the average time of particle concentration time. Then
the effective diffusion coefficient Deff according to previous statements will be following:

Dy =D +D,, (11)
where D — molecular diffusion coefficient, the so-called "Brownian"; D, — turbulent
diffusion coefficient.

Boundary conditions of the task:

n=0 2r=R,n=ny=> 71— x

To determine the diffusion coefficient D, we use the analogy between energy pulse
transmission and mass. Then, according to L. Prandtl's theory of "mixing path length™ [28]
D, — can be written as follows:

D, =v'l, (12)
where v’ —average pulsation of speed; [ — the length of the mixing path.

This expression is similar to the expression for molecular diffusion obtained in
molecular Kinetic theory, however, in contrast to the well-defined path length of the molecule
L, for turbulent motion, the length of the mixing path is not clearly defined. The pulsation
velocity can be determined less clearly.

Based on the fact that only three-dimensional vortices with a characteristic size [ and a
certain difference in velocities AU, can overcome the inertial-gravitational forces in the
liquid, and according to the scale | turbulence will be three-dimensional isotropic. According
to Kolmogorov's theory of local-isotropic turbulence [29] AU is written in the form :

AU~(eD)'/3. (13)

It should be noted that in Kolmogorov's statistical theory the parameters of turbulence
are determined on the basis of dimensional considerations and the hypothesis of stepwise
energy transfer from the largest to the smallest vortex in which the kinetic energy of
turbulence is scattered.

If the turbulence to a certain determinant scale |, is three-dimensional isotropic, then
the only determinant parameters for processes not exceeding this scale will be £ and [. In this
case, for dimensional reasons, we obtain the isotropic diffusion coefficient:

D, = K, e'/3/14/3, (14)
whereK;- some universal dimensionless constant.

This expression is obviously obtained for the rangel > A, when reaching the size in the
diffusion rangel = A small-scale vortices begin to play an active role in energy dissipation.

According to equation (14) the turbulence coefficient increases with increasing process
scale to power 4/3. It is obvious that this process will take place on the scale [,, after which
the growth of D, should stop. Accordingly, the maximum value of D, will look like:

Dmax = [, g1/3/1/3, (15)

However, in this rangel > A the value D, significantly exceeds the diffusion-molecular
component D, respectively, the main diffusion resistance is in the region of small scales [ <
A we can conclude that inthe range [ > A the gradient concentration of particles goes to zero
from [ = oo,

In the range% < I < A the diffusion turbulence coefficient decreases in the range, and,

according to Prandtl's theory of "mixing path length", we obtain the expression:
0 < D, < K,e/3/ )43, (16)
According to Kolmogorov's theory, this range can be conditionally called the region of
"turbulence attenuation", and Le Chatelier-Brown's "principles of mobile thermodynamic
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equilibrium” in the form of "attenuation equation™ (“'relaxation equation™) can be used to
analyze changes in turbulent transfer coefficient. [30].
Let’s enter dimensionless variables:

I L [ Dy
U= L D] = Do a7)
The attenuation coefficient is defined as:
z=1-D,.

The attenuation equation and the boundary condition are written in the form,
respectively:
%z c,zandz=1atl' =1.
As a result, the turbulent diffusion coefficient is written as:

Di=1—-z=1-explc,(I' = 1)]. (18)
To determine ¢, we write the condition:
! ! A
D, =Dy = Ke/3 3 atl' = 1) = o (19)
As a result, we get:
¢, = 20=0w) (20)
-1

As a result of approximation of the above equations by the "pseudo-Newtonian method"

[30] within:
=<' <, where = ~ 1077m; A ~ 107°m; Dy ~ 0,8D.
we obtain the equation of the coefficient of turbulent diffusion:
D, = 0,0368(1")%577, (21)

Consider the particle concentration field in the region §< I < A. In this region D,
decreases as expected with decreasing turbulent pulsations. It is obvious that at a certain value
of the pulsation scale D, becomes less than D,,.. If you define this scale as:

1 0,677
D;0,0368(2) " = Dy, (22)
thenatl <[, = D, < Dy,;
atl, <1= D, <D,.
That is, if the coagulation radius around the particle R is such that R > [, then preferably

the diffusion is carried out by a turbulent mechanism.
Consider the case:

R>1 = (272 -2—1’2)1'48 A (23)
Assuming that the solution of the boundary value problem is determined only by the

radius of the vector r, we integrate the transfer equation into cylindrical coordinates under
the appropriate boundary conditions::

22 (pr2) =o. (24)
The first integration allows you to get R > ;:
D2t =C. (25)
Substituting the value of D, for the corresponding areas, we obtain:
K1€1/3/T10/3Z—: =C,atr > A; (26)
0,037K, 01 7y195r268 5 = (o atr < ). @7)

The integration of the last expression must be performed using numerical methods due
to the complexity of the two-layer scheme with conjugation of flows at the layer boundary.
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For a preliminary analysis, we simplify the calculation scheme by approximating the
dependence of r < A on the domain by a linear function and assuming that n = n, at r =
AL.

Due to the qualitative nature of the analysis, these simplifications will give a rough
picture of the process, which gives a general idea of the nature of the particle diffusion
process.

As a result of integration for the rangeR < r < A we obtain the expression for the
particle concentration field:

noR%A% (1 1
n=2 () (28)
Particle flux density on the surface of the coagulation sphere r = R:
. 0 1
1=0:(5), = Kamo R = Kok @
where K, = 8- 1073K017y195;
RZ}LZ
K, = 12-R2"

That is, the particle flux density through the coagulation sphere depends only to a small
extent on the size of the sphere.
At the same time, the total flow of particles, the intensity of "rapid" coagulation by the
turbulent mechanism, will be defined as:
N, = 4mR?%j = 4mR*n,K, K,. (30)
When the value of the dissipation rate of the kinetic energy of turbulence is of the order

2
of 102-10* (?) the value R > [; and, accordingly, N, > N, for particles whose size in the

mechanism is 107-10® m coagulation of small particles is dominated by Brownian particle
diffusion mechanism. That means, the more intense the process of mixing the suspension is,
the greater the role in the process of coagulation, precipitation and filtration play particles of
the nanoscale range, which are included in the rapid movement of the vortex.

Conclusion

This work provides a brief overview and analysis of mathematical models of
aggregation Kinetics in multiphase dispersed systems based on modifications of the particle
dynamics method taking into account VVan der Waals forces, gravity, Brownian and Stokes
forces.

Based on the analysis of the Smolukhovsky equation, molecular kinetic and local-
isotropic turbulence of Kolmogorov's theories, the dynamics of simultaneous turbulent and
Brownian transfer to the process of "fast coagulation™ and the mechanism of influence of
nanoparticles on their aggregate formation are investigated ability to colloidal heterogeneous
dispersion.

The development of equations for the rate of kinetic energy scattering in a suspension
makes it possible to determine the particle dispersion in which the Brownian diffusion of
particles in the coagulation mechanism predominates. It means, the more intense the process
of mixing the suspension is, the greater the role in the process of coagulation, precipitation
and filtration play particles of the nanoscale range, which are included in the turbulent vortex
motion. These results are useful for practical application in controlling the intensity of
coagulation processes in mixing devices.
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Introduction. The study is done to justify the methods of
intelligent power management system of food manufacturing
processes (FMP) devoted to increase the effectiveness of electric
power use.

Materials and methods. The study is based on intelligent control
methods, power consumption prediction algorithm using artificial
neural networks and active identification method of load static load
characteristics.

Results and discussion. Based on the system analysis of FMP
control it is determined control criteria and functions. To implement
the control functions in intelligent power management system of FMP
it is used: model of predicting power consumption, making decision
algorithms of power management, procedure of forming the optimal
list of consumers-regulators and calculating the rational modes of
power consumption.

To predict the power consumption of food manufacturing process
the multilayer perceptron is chosen from the set of artificial neural
network architectures. It is shown that the optimal configuration of the
neural network in the task is three layered perceptron with hidden layer
where the number of elements equals to the half-sum of the elements
of the input and output layers. Perceptron training is carried out by
combined  backpropagation/Cauchy  machine  method. The
computational experiment with prediction of power consumption of
food manufacturing process on the next year has the learning error in
the range of 0.05-0.06.

The algorithm of determining the optimal voltage, which provides
energy efficient operating modes of power system, uses static load
characteristics. To make the algorithm more accurate and effective it
is used procedure of static load characteristics identification in the
interactive mode for the main modes of the technological process,
taking into account the state of consumers-regulators and the degree of
compensation of reactive power with the help of transformer equipped
with the electronic switch.

Conclusions. The algorithms of intelligent power management
system of FMP become more efficient with the use of power
consumption prediction and static load characteristics identification
algorithms.
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Glossary

FMP — food manufacturing processes
SLC - static load characteristics
IACS PSC — intelligent automated control system of power supply and consumption
DMS — decision-making system

CIS — computer information system
DFD - data-flow diagram

SFS — shop floor substation

OLTC - on load tap changing

MS — main substation

LV — low voltage

HV — high voltage

Introduction

Efficient use of electric power in food manufacturing processes (FMP) is the main part
of the problem of reducing electricity consumption that cannot be solved without control
automation of transmission, distribution and consumption of electricity in FMP power
system. The implementation of a new electricity market model, methods of managing
electricity demand and renewable energy sources necessitates the use of methods for
prediction of electricity consumption and power management. The main provisions for the
synthesis of electric power measurement and control systems are presented in [1, 2, 3]. The
issues of power consumption and load control with the use of consumers-regulators, their
mathematical models and technological resources are covered in [4, 5]. Power supply control
methods and tools are discussed in [6, 7, 8].

However, despite the large amount of researches, there is no single methodological
approach to designing efficient power supply and distribution management systems based on
system analysis and managed process predicting, as well as on the consideration of dynamic
factors of production process. Moreover, there is no full use of the interconnected systems of
mathematical models and methods of predicting, normalizing, planning and controlling the
operating modes of FMP electric power system. Therefore, the development of methods for
designing automated control systems for power consumption and supply of FMP that use
sophisticated mathematical models, intelligent control algorithms, and software based on the
latest information technologies that ensure the efficiency of transmission and consumption
of electric power, is an urgent scientific and technical task [9].

Materials and methods
Materials

Object of the study is intelligent automated energy management system of FMP with
power consumption prediction, designed to provide energy saving without losing
performance.

In this study it is used:

— Methods of electric power consumption prediction;
— Control methods of electric power supply of manufacturing processes.
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Methods
Plan of studies

The studies were conducted in the following order:

Choosing control criteria of FMP power control system;

Determining of control tasks of power supply and distribution of FMP;

Designing and justification the method for prediction of FMP power consumption;
Synthesizing the structure of the power consumption control system;

Developing and justification the control methods of FMP power supply using static load
characteristics.

abkrwbdE

Method for prediction of FMP electric power consumption. The value of electricity
consumption of FMP consists of the power consumption w; of all N currently operating

power loads and electricity losses AW in the network elements:

N
W =>"w +AW ()]
i=1
Electricity losses, in its turn, in the main elements of power supply systems: lines and
transformers, will depend on the electrical parameters of these elements (their active and
reactive resistances) and the power transmitted through them:

AW = f(W,,W,, R, X) )

During the operation of the power supply system, the support of its elements can be
considered almost unchanged. Thus, the change in the current power loss in the power
network will occur due to changes in the total capacity of electrical receivers when they are
turned on, off or change the mode of operation.

The power consumption w;, of each receiver, or group of receivers, in turn, can be presented

as follows:

W= f (4, 4. 4y) 3)
where 4, 4,,..., 4, —the parameters that affect electricity consumption.

The number of power-consuming units (primarily asynchronous and synchronous
motors) in FMP can reach hundreds and thousands. For each unit, the parameters that affect
its power consumption may be different. Development of a forecasting model of FMP power
consumption, which takes into account the parameters that affect the power consumption of
each unit, is not possible due to the large number of correlated input parameters in such a
model. The most optimal way to create such a model is the combination of power-consuming
units to groups on any grounds (technological, electrical), followed by the identification of
parameters that affect the power consumption of each group. In turn, the set of affecting
parameters of each group will be a set of input parameters for the forecasting model of
electricity consumption of the enterprise as a whole.

The multilayer perceptron was chosen from the set of artificial neural network
architectures to predict the power consumption of FMP.

Method of determining the static load characteristics. The determining of static load

characteristics (SLC) is carried out using the regression equation of SLC for active and
reactive power in the form of second-order polynomials:
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P =a,+aU +a,(U) @)

* * *\2
Q" =b, +bU " +b,(U") (5)
where a,, a,,a, and by, b, b, are the coefficients of SLC polynomials of voltage, by active

and reactive powers, respectively, and also, a, +a, +a, =1and b, +b +b, =1.

By the method of least squares [14] the system of equations of the form (4), for example,
for active power has the following form

P, 1 U, ul

a
P, | |1 U, UZ ’
= | 2 (©)
[ ] [ ] L]
a
RMP+1 1 U*M p+l U*ZM p+1 ’

The system of equations (6) refers to overdetermined systems of linear algebraic
equations. Testing the hypothesis of the adequacy of regression models is carried out using
Fisher's test, for which the residual variance is calculated.

2(v-)
Dy =+ (7)
n-p-1

where D2

res

is the residual variance; Y; — experimental data of power consumption (active or

reactive); Y, — experimental data of power consumption (active or reactive); n — the number
of experiments; p — the number of factors of the regression equation.

The resulting values of the coefficients of polynomials a,, a,,a, and b,, b, b, are the
first approximation.

Results and discussion
System analysis and methods of the FMP control process

The task of managing power supply and power consumption is to minimize the set of
technical and economic criteria: the losses from disconnecting or switching to the reduced
operating mode of active power consumers-regulators; the number of commutations of
consumers-regulators; the power losses in the electric power system due to leakage reactance;
under following restrictions: the active load; the voltage of the electricity consumers; the
parameters of electrical power quality.

To develop the intelligent control system the authors performed system analysis of
control process of electric power transmission, distribution and consumption, which consists
in the following. At the set-theoretic level, the process of managing organizational and
technical objects is represented as a mapping of separate stages:

F {LxKxZxP}—>P,.n=1 2,..,N ®)

ut !

where L — the stage of forming basic control functions; K and Z — accordingly, the forming
stages of possible combinations of basic conditions and mechanisms of control functions
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implementation; P = PinUPoy — the forming stage of possible combinations of the main data
flows; Pin and Po.t — sets of input and output data flows.
The system analysis results of control of power transmission, distribution and
consumption processes are presented in the form of mappings for individual actions:
— Registration of power consumption, status of the electric grid, and power quality indices,
as well as verification of measurement data reliability;
— Model selection and prediction of electricity consumption: forming a list of consumers-
regulators and their optimal combination;
— Deciding on electricity costs: deciding on changing the configuration and operating modes
optimization, normalizing of power quality indices;
— Recording and up-to-date maintenance of electric power cost management database.
The results of the system analysis have become the basis for the design of automated
control system of FMP power supply and consumption.
The purpose of management is the efficient (reliable and conservative) supply and use of
electricity in FMP. The control criterion that optimizes payment for electricity under existing
relationships with the power supply company can be taken as

J =2, W + A, AW + K, AW +Y, (AP,

! mI)+YTR(yUO’M) _)min (9)
where Aw and W — respectively, the tariff for electricity and its consumption volume by FMP
(including losses in the grid); Aw and AW — respectively, the tariff for electricity consumed
above the contract and its consumption volume; kw — the factor of payment for the consumed
(or generated) reactive energy in excess of the values stipulated in the contract (to be
approved by the tariff regulator); Y, — costs for regulation of active power in hours of
maximum load of the power system; Ytz — losses from unreliable operation of electrical
equipment yuo and unscheduled maintenance of the equipment M.

The functional structure of the intelligent automated control system of power supply and
consumption of FMP (IACS PSC) has been developed (Figure 1).
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l T | Yy l I
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- Jd D .
T control subsystem [* Automated | | €ontrolled atabase
plant - FMP
v [} control system v
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Food manufacturing process

Figure 1. Functional structure of IACS PSC
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As design stage of IACS PSC the authors have performed the decomposition of the main
control goal into partial control goals, which made it possible to create a reasonable choice
and implementation of individual components of the task and is carried out using the method
of ensuring compatibility and integration. Synthesis is based on the presentation of individual
subsystems in the form of a set of interconnected structures: decision-making system (DMS),
functional, organizational, technical and informational structures.

I was developed methods and tools for power consumption management in FMP with
the use of DMS. The DMS of FMP power management solves the following tasks:
establishment of restrictions on the power consumption mode; planning of electricity
consumption indicators of FMP; ensuring reliable functioning of the electrical equipment of
FMP. Meeting the requirements of the power system in terms of electricity consumption with
the minimum cost for FMP is achieved by changing the operating mode of power consuming
equipment of consumers-regulators (taking off-line or switching to reduced operating mode)
[4]. The following algorithm for controlling the mode of FMP power consumption is
proposed [10]. In the normal operating mode, scanning of electricity meters every fixed time
interval is initiated by the computer information system (CIS) at the upper level of the
consumption mode control subsystem, and then it is performed determination and calculation
of actual electricity consumption at the current moment by the elements of the lower level of
consumption mode control subsystem. Decisions are made depending on the predicted value
of power consumption. As follows from the above procedure, power management consists
of:

—  Solving the problems of predicting power consumption and selecting the optimal
configuration of consumers for its regulation (the upper level of consumption mode
control subsystem);

—  Solving the problem of supporting the consumption of selected objects within the
specified time limits during the billing period (the lower level of the consumption mode
control subsystem).

To implement the control functions it is used: model of predicting power consumption,
algorithms of making decisions on power management, forming the optimal list of
consumers-regulators and calculating the rational modes of power consumption.

The choice of the composition of electrical equipment for regulating power consumption
is made using the vector criterion F(x) with components

Fl(x) = ZZ Yii kij F (x)= Z Z kij (10)
j=1 i=1 j=1 i=1

where y;j is the loss from the use for regulating i-th consumer at the j-th level of FMP power
system; yij — a Boolean variable that takes a value equal to 1 if i-th consumer is used at j-th
level to adjust the load and O otherwise; m;—the number of consumers allocated for regulation
at j-th level.

Forming a list of consumers-regulators to control the active load is based on the solution
of the integer programming problem with Boolean variables using a heuristic algorithm. The
choice of consumers for load regulation is made from the top level which contains at least
one consumer with the load that is less than load to be switch off. Optimization at j-th level
is performed according to criterion (11)

S (y; /W, )k, —> min (11)
i=1

where Wij; — electric power consumption of i-th consumer at j-th level of power system.
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Justification of algorithm for prediction of FMP electricity consumption

As was mentioned in the Methods it was chosen the multilayer perceptron to predict the

FMP power consumption.

The basis for determining the dimensions of the input and output layers of the perceptron
is based on the following considerations:

—  The input layer contains the number of neurons corresponding to the total amount of
retrospective data, including daily electricity consumption, average daily temperature,
illuminance and humidity during the working days of the year before the day when the
prediction is computed, as well as the coefficient of change of the FMP production
volume with respect to previous year;

—  The output layer should contain neurons that determine the predicted values of
electricity consumption for the next year.

The coefficient of FMP production volume change is calculated by the ratio
K. :V—' 12)
1+1

where V, - production volume that is produced on I-th year.

Selection of the number of hidden layers and its elements was carried out experimentally
so that for different input and output data sets a minimum prediction error was achieved.

It is established that to predict power consumption it is advisable to use one hidden layer
with the number of elements equal to the half-sum of the elements of the input and output
layers of the perceptron.

ny =[(ne+n,)/2] (13)
where n,, isthe number of elements in the hidden layer, and n, , n, —the number of elements
in the input and output layers of the perceptron.

Thus, the perceptron for predicting power consumption contains three layers, while the

input layer contains 529 neurons, hidden — 392, and the output — 264 neurons.
The set of weighting coefficients of the perceptron is presented by a synoptic map W, the

weight of the connection between each neuron of adjacent layers is denoted as w; Wj , Where

i, j — index numbers of neurons in the initial and final layer, respectively; W,,...,W, and

T,,..., Ty —input values of daily electricity consumption and last year’s daily average ambient

temperature; K, — coefficient of change of production volumes; Y,,..,Yy —output signals

of neural network, the corresponding forecasted values of power consumption.

The accuracy of forecasting electricity consumption of FMP largely depends on the size
of the retrospective sample used to train the perceptron. Studies have shown that a
retrospective sample of FMP consumption and meteorological data for a period of four years
is sufficient to obtain the required accuracy of forecasts.

A retrospective sampling of power consumption values includes a sequence of training
pairs

L"(K™,Y,") (14)

where K™ :[le ey W ,le,...,Tkj] — the input data vector (input signal); Y;" — the vector

of expected output values for L",m=1,2,...,N, (N — the number of learning data sets).
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When constructing the input vector | of the retrospective data sample, it’s taken into
account all values of daily power consumption, average daily temperature and light for each
working day preceding the forecast year.

At the output of the perceptron, the predicted value W' for the I-th input vector of signals
determines the predicted values of power consumption of FMP for the next year.
The following formula is used to normalize the input data

PmH = (Pm - l:)min) / (Pmax - I:)min) (15)

where P and P are the minimum and maximum value of the input data in this sample,

P, and P;' —non-normalized and normalized values of the perceptron m-th input.

The behavior of the perceptron, in addition to the weight coefficients, also significantly
depends on the type of activation function that converts the input signal of the neuron into
the output.

Sigmoid function is accepted as activation function

fuy=1/(1+e™) (16)
where a — the neuron’s parameter.

The selection of the sigmoid activation function is due to the fact that this function has
continuous derivatives that are required for the operation of the inverse error backpropagation
algorithm and amplifies weak signals to a greater extent than strong ones, which is important
for high prediction accuracy.

The evaluation of perceptron quality is performed by the following expression:

R ) ) 2
5=Ze’; gl =
i=1

Y) -Yi| (17)
where ¢ is the learning error, Ynf) and Y ! — the values of the predicted and actual outputs of

the perceptron.

Perceptron training is carried out by one of the fastest algorithms — the error
backpropagation algorithm based on the gradient descent method.

The expression is used to adjust the weights

AW =—¢ 0 | ow,, (18)

where w;, is the weight coefficient of synaptic connection between I-th neuron of the k-1-th

layer and m-th neuron of the k-th layer; ¢ — learning speed ratio.

To increase the efficiency of the algorithm, the order of observations in the training
samples of different iterations is varied (in order to reduce the probability of hitting the local
minimum and eliminate the effect of retraining); it is performed linear variation of learning
speed from 0.25 to 0.01.

Despite the fact that the method of error back propagation is widely used in the artificial
neural network learning, it has a significant drawback — it does not cope well with local
minima [15, 16], which can lead to deterioration of their work. To get out of the local minima,
a statistical method of training is used — the Cauchy machine [15, 16], in which a random
change of the neural network weighting factors is performed. However, this method is not
effective due to slow convergence, as many steps of its implementation are performed in the
wrong direction.

Combining the above algorithm of error backpropagation with the Cauchy machine
method [11] allows obtaining a combined learning algorithm, which quickly finds the global
minimum of learning error.
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perceptron and Figure 3 presents the results of prediction using a perceptron.
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Figure 2. Generalized diagram for predicting power consumption using a perceptron
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Figure 3. The result of prediction using a perceptron

0.951%, and the root mean square error is 0.304-0.433%.

Synthesis of structure of the power consumption control system

The subsystem for FMP power consumption is developed (Figure 4), which is a set of
interacting units — forecasting, rationing and planning of electricity consumption, selecting
of the optimal composition of consumers and the dialog subsystem for decision-making to

manage electricity consumption [10].
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Figure 4. Structure of the control subsystem of FMP power consumption

Consider the features and purpose of individual functional units.

Unit of power consumption forecasting. On the basis of the data arriving from the
database of management of FMP expenses, by means of the three-layer perceptron,
forecasting of power consumption of production divisions and FMP as a whole is carried out.
Predicted values of electricity consumption for these objects are included in the block of
rationing and planning of electricity consumption.

Power consumption rationing and planning unit. On the basis of the received forecast
values the total rate of expense and total planned electricity expenses of production divisions,
and also a rate of expense and planned electricity expense in FMP as a whole are defined.

The obtained data are contained in the database of electricity flow management. It also
contains calculated on their basis the total planned costs of electricity for non-production
units of FMP.

Control system gives the chance to make automatically and operatively annual, quarterly
and monthly electric balances in FMP and on the most energy-consuming units and
production divisions.

On the basis of these balances the analysis of electricity use is carried out, directions of
economy are defined, possibilities of reduction of unproductive expenses and electrical
energy losses are revealed and actions for improvement of its use are defined.

The unit for forming the optimal composition of power consumers. Based on the data
received from the database for the electricity cost management, as well as the requirements
of the power system, a list of consumers-regulators is formed, which will ensure compliance
with the requirements of the power system for electricity consumption. The list of consumers-
regulators and volumes of electricity consumption is transferred to the decision support
subsystem.

Power consumption decision support subsystem. From the database of the electricity
consumption management it is received data on the actual and planned electricity
consumption by production units and FMP as a whole, as well as the optimal composition of
electrical energy consumers.

Relevant options for decisions (management effects of control actions), which are a set
of organizational and technical measures aimed at adjusting the plans for electrical energy
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consumption in FMP and production units during the period that appeared before the end of
the year, are transferred to the decision maker.

Application of methods of power consumption forecasting, decision-making procedures
and algorithm of formation of power consumption rational modes allows adjusting
technological process, to form optimum structure of consumers-regulators and to provide
standard levels of power consumption.

The general diagram of the decision-making process using the dialog subsystem of
decision-making support is presented in Figure 5.
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Figure 5. Power consumption decision-making process using the dialog subsystem

The general scheme of the power management decision-making process can be represented
as follows:

J(t,) > (F,V) >E > ERP ->V'(t,) (19)
where V is the set of alternative solutions generated using predicted power consumption
values; F — objective function (optimality criterion), in our case, the criterion of optimality is
the minimum electricity consumption in the production process; E — expertise of alternative
production plans generated; ERP — expertise results processing using the predicted values of
electricity consumption; v* — the optimal solution.

At the stage of forming the goals of FMP it is determined the desired state of the
management object, i.e. what should be achieved as a result of management decisions. When
forming a system of goals, it is necessary to ensure their appropriate subordination,
completeness, interconnectedness, certainty and actuality. Usually the global (strategic) goals
of FMP are developed first, and then their ranking according to the degree of importance and
terms of realization is carried out. The main purpose of short-term (tactical) management

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 — 115



Processes, Equipment and Control Systems

decisions on production is the organization of production activities of FMP, which ensures
the rational use of available resources and maximizing profits.

The usage of methods of forecasting electricity consumption and the formation of the
optimal composition of electricity consumers in the process of preparing management
decisions to form a production program on the criterion of minimizing electricity
consumption is necessary and justified for the following reasons:

—  Ahuge number of alternatives that require comprehensive assessment;

—  The difficulty of taking into account random factors in the process of decision
preparation and implementation;

—  The need to operate with large amounts of information about the functioning of FMP.

In Figure 6 presents the consolidated graphs of actual and planned electricity
consumption, obtained as a result of the implementation of the proposed decision-making
algorithm for power consumption management of FMP.
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Figure 6. Planned and actual electricity consumption of FMP

On the basis of the system analysis, the data structure of the power management
subsystem was synthesized using the presented methods. In Figure 7 the data structure is
represented in the form of data-flow diagram (DFD). This structure is the base of a single
information space, which is required for designing of the hardware and software system and
forming a database for managing power consumption.

Application of power consumption prediction methods, decision-making procedure and
algorithm of calculating power consumption optimal modes allows adjusting the
technological process, forming the optimal configuration of consumers-regulators and
providing standard levels of power consumption.

Control methods of FMP power supply using static load characteristics

The power management subsystem provides the solution to the problems of choosing
optimal configuration, energy efficient operating modes, reactive power compensation,
maintaining the standard values of electricity quality indices. Methods and tools have been
developed to control the power supply of FMP. The objective function of the power
management to provide energy-efficient modes is:
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M T nm m n n
J :?j{ZPj +Ko D Q, + D AP, +KQZAQS}dt
0 Lij=t j=1 i=1 i=1

J = min
X (t)eQ

(20)

where M — expected value of active and reactive power losses; T — estimate time interval; Ps
and Qs — loss of active and reactive power at the main substation level; P; and Q; — the loss
of active and reactive power in the j-th load node; Kq is the ratio of reactive power loss to
active power loss.

The controlled object in the management system of power supply and distribution of
FMP is a multilevel system of transmission, distribution and consumption of electric energy.
On the basis of the system analysis, the functional diagram and data structure (Figure 8) of
the power supply subsystem was synthesized using the presented methods.

On the basis of mathematical model of power system it is calculated the power supply
system operating modes for the main modes of the technological process, taking into account
the state of consumers-regulators. The method of determination of the optimal voltage on 0.4
kV buses of shop floor substation (SFS) is developed, which provides energy efficient
operating modes of power system, using static load characteristics.

Identification of SLC is carried out in the interactive mode for the main modes of the
technological process, taking into account the state of consumers-regulators and the degree
of compensation of reactive power with the help of SFS transformer equipped with the
electronic switch.

Given the normal law of distribution of a random variable, it is used the least squares
method to determine SLC [14] as it is described in the Methods.

Graphs of voltage and active power changes during the active experiment on the 0.4 kV
bus-bars of 1000 kVVA shop floor transformer are presented in Figure 9.

Maintenance of energy efficient voltage in the power system is provided by a two-level
voltage regulation subsystem with fuzzy controllers. At the upper level, fuzzy regulators
determine the farthest and closest connection and maintain the given voltage level in the
distribution 6-10kV network using the on load tap changing (OLTC) transformer of main
substation (MS) by a fuzzy controller based on Mamdani algorithm depending on the
electrical distance SFS from MS, the load on the transformers and the voltage on the HV side
of MS transformer. Using the Mamdani algorithm [12], the connection modes are
determined, and the Sugeno algorithm [12] selects substations that have the electrically
closest and most distant location from the power source (MS). Input signals of the controller:
the voltage on HV buses of SFSs, electrically farthest and closest to MS; the value of the
current tap of the MS transformer; the number of switches of OLTC system since the
beginning of the current day. Output signals: movement direction of the tap changer and
delay of actuation. At the lower level, a fuzzy controller and the SFS transformer with
electronic switch maintains energy efficient voltage in the shop floor network. Fuzzy
controller input signals: difference of rational voltage and current voltage values; is derived
from the voltage value on the SFS LV buses. Output signals: transformer output voltage and
time value after which the tap switching should be carried out. In order to ensure efficient
operation, it is advisable to perform the construction of IACS PSC on the basis of a digital
transformer substation [13]. The authors performed computer simulation of IACS PSC with
the classical tap changer and fuzzy controllers for power system of meat-processing plant
with two 25MVA transformers using MATLAB Simulink. The results of simulation showed
that the use of a fuzzy controller allows reducing electricity losses by 4-6% compared to the
classical voltage control algorithm.
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Figure 9. Graphs of voltage and active power change during the active experiment on the 0.4 kV
bus-bars of 1000 kVA shop floor transformer

Based on the results of calculations performed according to the method described above,
the coefficients of SLC on active and reactive power are determined and conclusions are
made about the adequacy of both the coefficients themselves and the model as a whole. For
the performed active experiment the SLC of active power (Figure 10) and the coefficients

a,=1.458, a, =-2.233 and a, =1.775 are determined.
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Figure 10. Static load characteristic: the dependence of active power of the voltage
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Conclusion

In the paper the authors have developed the structure, the algorithms and the methods of
the intelligent automated control system built on the basis of system analysis of the control
process to provide energy efficient modes of power supply and consumption control of FMP
as well as reduce electricity losses. The single information space of developed system allows
implementing its efficient hardware and software design. The subsystem of power
consumption control is based on the decision-making system, which uses heuristic methods
of choosing consumers-regulators and power consumption prediction by artificial neural
networks. The power supply control subsystem is able to maintain energy-efficient operating
modes by means of fuzzy regulators that control rational voltage levels determined for the
main process modes, the state of the consumers-regulators, and the degree of reactive power
compensation. The results of computer simulation have proved efficiency of designed system
comparing with classical approach.
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Introduction. The purpose of this study is to conduct a
comprehensive analysis of innovative devices based on shape
memory alloys (SMA’s) for use in food technology
apparatuses.

Materials and methods. Physical and mathematical
processes modeling, principles of the theory of automatic
control, the theory of fuzzy logic were used.

Results and discussion. The complex analysis of
devices based on materials with shape memory effect (SME),
which can be applied to food industry apparatuses, is made.
In particular, design and principle of operation of the thermal
valves, characterized by simplicity of construction and
reliability, were analyzed. Design and principle of operation
of the critical temperature increase indicator for machine’s
casing and the nut-indicator for overheating of sectional
casing of technological machine, which increase the
reliability of apparatuses were analized. Design and principle
of operation of the thermal drives which can be effectively
used in factories that need to utilize low-temperature thermal
energy were analized. Design and principle of operation of
the heliodrive were analized.

Design of the critical temperature increase indicator for
machine’s casing is highly technological and reliable.

Many factories need to utilize heat energy at relatively
low temperature difference. These requirements are met by
the design of the thermal drive.

Power elements based on SME alloys have significant
advantages: less mass, they can work in a wide temperature
range, they have small dimensions, smooth movement of
working parts, lower cost, high sensitivity.

Drives based on heat-sensitive elements with SME are
effective in solar power installations.

—Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1 —

123



Processes, Equipment and Control Systems

Introduction

SME materials can be used in food industry to optimize the operation of its apparatuses
(improving their reliability, preventing their failure, recycling secondary energy, etc.) [1-3].

Among the Ukrainian developments on this topic the thermal valves, the critical
temperature increase indicator for machine’s casing, semaphore-light indicator of heating of
current-carrying elements and contact connections of technological apparatus can be
mentioned (patent of Ukraine Nel17994, FO3G 7/06./Ukrayinets A.l. Shesterenko V.Ye.,
patent of Ukraine Ne19634/Ukrayinets A.l. Shesterenko V.Ye., patent of Ukraine Ne 42169,
HO1R 11/00. /Ukrayinets A.l. Shesterenko V.Ye.). Among the foreign developments, similar
in function to the overheating indicator is, for example, Temperature-sensitive indicator nut
(Chinese patent CN105157861A).

The problem is that these developments are not widespread and described in detail.
There are some researches devoted to use of SME materials as actuators [4-17], but not in
food industry. To understand the advantages or disadvantages of using SME materials in
devices to improve the efficiency of food industry apparatuses, the task of analyzing these
devices is urgent.

Thus, the purpose of this study is to conduct a comprehensive analysis of innovative
devices based on shape memory alloys (SMA’s) for use in food technology apparatuses.

Materials and methods.

Two Cu—Al-Ni alloys containing 15% Al, 9% Ni (alloy I) and 14% Al, 5% Ni (alloy
IT) were taken for the study. The alloys were quenched from 900°C in NaOH solution. The
grain size of the B phase is 0,3—-0,6 mm. Phase composition of the alloys after quenching was
determined by X-ray imaging, and the temperature intervals B;—y* of the transformation were
determined along the curves of change of electrical resistance during heating and cooling.
The martensitic point of the alloy I is +10°C, for the alloy II it is +110°C. Samples of size
2,0x0,7x40mm were loaded according to the scheme of four-point bending and by the curve
of the section loaded with constant bending moment, the radius of curvature was found
(deflection was determined to within 0,02 mm). The research was conducted on equipment
of NAS of Ukraine.

Deformation is determined by the radius of curvature, assuming that after deformation
cross section remains flat. Maximal stresses in the samples deformed above A4: were
determined taking into account deviation of dependence between stress and deformation from
the Hooke's law [18], and it was considered that the deformations in the compressed and
stretched sections of the beam (sample) were equal. This assumption is justified by the fact
that deviation from the Hooke's law in this case is caused by the martensitic transformation.
The samples were loaded under isothermal conditions in temperature range from —196°C to
+200°C.

Elastic properties of the taken bronze change significantly with temperature.

As long as applied load is insufficient to cause formation of martensitic crystals at given
temperature, the dependence of d(¢) is linear.

The beginning of deviation from this linear dependence coincides with the appearance
of the martensitic phase in the sample.

An X-ray analysis confirmed that the sample of the alloy I bent at room temperature
contained a significant amount of the martensitic phase.

When unloaded, the martensite crystals disappear with a certain hysteresis and, if the
deformation was carried out at a temperature above +20°C (temperature As for the alloy 1),
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the sample completely restores its original shape. Above 150°C, the dependence of d(¢) is
linear. In the temperature range of 20—150°C, stress at which the martensitic deformation
mechanism begins to act increases linearly with temperature.

Thermal effect of the transformation was determined by change in heat capacity of the
alloy 11 with high-speed heating. In the temperature range of the reverse transformation there
is a sharp decrease in heat capacity associated with emission of latent heat of the
transformation. If at some temperature higher than 4 we load the sample in such a way that
it causes appearance of the martensitic phase and then (without removing the load) heat it,
the deformation will change. As the temperature rises, martensite gradually disappears,
leading to the deformation (restoration of the initial shape) of the sample.

After deformation in the temperature range below 45, the unloading does not end with
complete restoration of the form (shape). The original shape is restored only when heated as
a result of the reverse martensitic transformation. If deformation is carried out at a
temperature below the martensitic point (Ms), then to obtain a certain degree of final
deformation the higher loads are required at the lower temperatures.

The small hysteresis between the loading and unloading curves can be explained by the
elastic twinning in martensite observed in these alloys experimentally [19-21].

It should be noted that in all cases of deformation below A, the samples while retaining
the final deformation after unloading, restored their original shape after heating.

Since the main cause of the stop of crystal growth during martensitic transformation is
the accumulation of elastic energy, it is of interest to estimate the possible level of stresses
arising in the material during martensitic rearrangement. The change in thermodynamic
potential caused by the growing crystal of martensite is expressed as follows:

AW = —-A® + 5, + E, 1)
where 4@ — chemical thermodynamic driving force of transformation, S, — surface energy at
the interface, E — elastic energy.

ds§ p AHA
where To — thermodynamic equilibrium temperature, 6 — external stress, ¢ — transformation
deformation (¢=0,11), p — density, 4H — thermal effect of transformation, 4 — mechanical
equivalent of heat.

The authors manufactured thermomechanical converters with SME made of aluminum
bronze Cu—-Al-Ni (12+16% Al; 0+10% Ni). The elements (Doui=5 mm; dix=3 mm; =4 mm;
t=1,5 mm; s=0,7 mm) had the form of a coiled spring with a rectangular cross-section of the
coil. They were examined on a special stand, which allows to measure the load on the
element, its temperature and deformation. The elements were cooled in vapor of boiling
liquid nitrogen at an average rate of 10°K/s. Measurement techniques, sensors and secondary
devices provided a maximum standard deviation of & <1.5%. The experiment determined
the effect of temperature and loading conditions on magnitude of output signal of the
elements and force created by them.

On Figure 1 there is typical characteristic of deformation of an element with its change
in temperature for specific example presented. Temperatures of the beginning and the end of
the direct martensitic transformation accordingly Ms=108,5°K; M=93°K and temperatures of
the beginning and the end of the reverse martensitic transformation accordingly A=115°K;
AF125,5°K.

ah _ 1 _ Toe )
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Figure 1. Phase transformations

To clearly show the adwantages of the new thermo-mechanical drives on Figure 2
values of relative temperature deformations ¢, = b — iy (T) of the elements that are made
of Cu-Al-Ni alloy (right scale — experimental dependence) and brass, plastic (left scale —
theoretical dependence) are given.

Comparison of curves shows that in the range of operating temperatures 290°-320°K,

the sensitivity of an element with SME is greater than other samples in 200-400 times.
Calculation of sensitivity:

x =g ©)
It is found that the value of triggering temperature of the elements (beginning of the
direct — M;s and the reverse — A transformations) is changing with the load (Figure 3) [2].
This means that by varying the load on the element, the working point of the element
shifts. It is important to take this fact into account while designing and making calculations
of the devices that are based on the elements with SME.

The equasion for the coefficient of the energy transition in an element with SME:
AT(ﬁ.n.
AH In(1+ T )
=g 4
M. o ATT?.”.(T_TO.C.) 4
where c,, — averaged thermal capacity of an element in temperature range of the phase
transformation AT, =As-As.
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Figure 2. Relative temperature deformations of thermosensitive elements made of materials:
1 - SMA (deformation in brackets); 2 — brass; 3 —teflon (PTFE); 4 — polyethylene (PE).
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Figure 3. Dependance of SMA triggering temeratures from applied load
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Force that is created by the element:

PtZO'yQ, (5)
where g, — tension that is generated during the process of shape restoration.
AHp | Af
g, = ” lnA—S, (6)

where AH — thermal effect of phase transition for Cu-Al-Ni alloy that was calculated out of
the change in themal capacity, equals 8,5-10° J/kg; p — density; & — value of relative
deformation.

The calculation for the specific element using equation (4) (7=115 °K and 4T, ,=10
°K) returns #,.4=13%. It is higher by a degree than # of dilatometric converter. After
calculation of ¢, using (5) we get for our example P=50 H.

Therefore elements with SME have high sensitivity and can create forces that can be
compared with forces that are created by dilatometric converters.

The temperature of phase transformation and form of hysteresis is determined by the
composition of the alloys and their heat treatment. Also SMA’s are characterized by high
strength and manufacturability [2, 4, 19-21].

Results and discussion

Elements made from SME materials are characterized by high sensitivity.
If these materials are used in the manufacture of valves and other regulating equipment
they can significantly simplify food production.

Analysis of design and operation of thermal valves based on the SME elements.

Figure 4a shows the construction of the thermal valve. By changing the alloys
composition, we can achieve any triggering point in a wide range from —110°C to +600°C.
Therefore, when the temperature of the medium flowing through the valve and heating the
power element made of SMA rises, the power element, due to the appearance of elastic
forces, restores its original shape and closes the pipeline. When the temperature decreases,
the power element becomes plastic and under the action of the medium (liquid in the pipeline)
opens the pipeline.

The advantages of this valve are its constant readiness to work due to the heating of the
flowing fluid, and small energy requirement.

The second type of valve is shown on Figure 4b. This is a thermal-electric valve. In the
initial state the valve is closed and held at the saddle with a spring 5, which is simultaneously
a directed load of the drive 6, made in the form of a spring made of SME material. To open
the valve, the heat source (spiral 7) needs to be turned on. When heated, the actuator 6
increases its linear dimensions, compressing the spring 5 with the help of a rod 3, and the
valve 2 opens. The liquid flows through the pipe 1 and the cavity 4 [2].
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Figure 4. Thermal valves with SME elements used as drives
a —energy source — liquid; b — energy source — electrical current.

Analysis of design and operation of critical temperature increase indicator for
machine’s casing

Technical essence of the proposed indicating device is explained by Figure 5.

The temperature of reverse martensitic transformation of the material with SME is equal
to the maximum permissible temperature of the machine. When the normal mode of operation
of the machine is violated, its temperature starts to rise. Bolt 1 is a heat conductor and it heats
the spring 7 that is made of the material with SME. Upon reaching the temperature of reverse
martensitic transformation, the spring material 7 rapidly changes its characteristics and tries
to restore its original form. The spring 7 substantially increases its length and pushes the
cylinder out of the ring groove 5 outwards. The bright fluorescent coating of the outer surface
of cylinder 6 allows the staff to respond quickly to the damage. After the temperature of the
machine decreases, the material with SME loses its elastic properties, but does not return in
the initial position by itself. This is a significant advantage of the device, because the fault of
the equipment operating in automatic mode is detected by the staff during maintenance work.
The return of the cylinder 6 to the groove 5 is carried out manually during the repair work.
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\2

7

Figure 5. Critical temperature increase indicator for machine’s casing in assembled state
Here: 1 — bolt that connects the elements of the casing of the machine 2 and 3, 4 — nut,
5 —ring groove in the tail part of the bolt, 6 — cylinder with surface that has bright fluorescent coating,
7 — cylindrical spring made of the material with SME, one end of the spring 7 is fixed to the bottom of
the groove 5, another end is fixed to the cylinder 6.

Analysis of design and operation of nut-indicator for overheating of sectional
casing of technological machine

Nut-indicator for overheating of sectional casing of technological machine that would
work with high degree of reliability can be created using SME material. The elements of the
critical temperature indicator can be made of this material. The technical essence of the
proposed indicating device is explained by the Figure 6.

The temperature of reverse martensitic transformation of the material with SME is equal
to the maximum permissible temperature of the machine. When the normal mode of operation
of the machine is violated, its temperature starts to rise. The bolt 8 is a heat conductor and it
heats the washer 7 that is made of the SME material. When the temperature reaches the
starting point of reverse martensitic transformation, the washer 7 rapidly changes its
characteristics and tries to acquire the shape which it had during its manufacture. Washer 7
bends, increases its height substantially and pushes the flag 6 out of the shank 2, the flag 6
removes the protective cap 3 from the shank 2 of the nut 1. The magnet 4 located on the cap
3 moves relative to the reed switch 5 causing a change in the position of the contacts of the
reed switch 5. This sends a signal to the alarm system of technological machine. Fluorescent
coating of the outer surface of the flag 6 allows service staff to quickly locate the place of
damage of technological machine. After the temperature of the device decreases, the material
with SME loses its elastic properties, but does not return to the starting position by itself.
This is a significant advantage of the device, because the failure of the equipment operating
in automatic mode can be noticed by service staff during maintenance work. Returning of the
flag 6 to the shank of the nut 1 is carried out manually during repair work.
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Figure 6. Nut-indicator for overheating of sectional casing of technological machine in
assembled state
Here: 1 — nut, 2 — shank of a nut, 3 — protective cap, 4 — magnet, 5 — reed switch, 6 — rectangular
signal flag, the outer surface of which has a bright fluorescing coating, 7 — thermosensitive element
made of SME material in the form of a round unlatched washer, 8 — bolt.

Analysis of design and operation of thermal drives

Thermal drives with a power element based on SMA have significant advantages: less
mass, they can work in a wide range of temperatures, small dimensions, smooth movement
of working elements, lower cost. For example, the speed of the thermal-electric drive actuator
increases due to the fixing device, which holds the leading element after heating and releases
it to perform the working stroke under the influence of elastic deformation.

On Figure 7 a drive that is structurally manufactured as a single unit with a pump is
shown.
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Figure 7. Pump
a — fluid suction mode; b — fluid discharge mode;
1 — bellows, 2,3 — pipes, 4 — piston, 5 —spring, 6 — round cavity, 7, 8 — valves,
9 — channel, 10 — cavity between valves.

The pump consists of a housing made as bellows 1 with pipes 2,3 for supply and release
of heat transfer fluid, a piston that is also made in the form of bellows 4, a spring 5 that is
made of SME material and a round cavity 6 between bellows 1 and 4.

When warm water (gas) is transfered to the heat-sensitive spring 5 through the pipe 2,
the spring is heated to the starting point of reverse martensitic transformation. The length of
the spring increases, and the bellows 1 and 4 straighten up. Fluid is sucked through the valve
7 to the cavity 10, the channel 9 and the bellows 4. At the end of the suction process, the
supply of hot fluid is stopped and cold water (gas) is supplied to the spring 5. In this case
there is direct martensitic transformation. The material of the spring rapidly changes its shape
due to the anomalous change in its elasticity and plasticity. In this case, the spring shrinks,
and the bellows 1 and 4 are compressed under the action of atmospheric pressure, fluid pushes
out through the valve 8. Thereby, the pump operation is carried out by direct conversion of
thermal energy into mechanical energy [2].

Work that is performed by the power element of the pump:

W =oVIn(l + €), (7)
or
W = 4@l ®)
T, €
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where © — power that is generated by the SME material during its shape restoration, V,€ —
volume and relative linear deformation of the power element, respectively,
AQ — hidden heat of martensitic transformation, To, AT — temperature of the thermodynamic
equilibrium and its dislocation, caused by an external load, respectively.

The amount of heat that needs to be transferred to the working element to perform the
mechanical work W:

Q ~m(4Q + f;,‘f C,dT + f/if C,dT) = m(4Q + C,AT,)(9)

where m — mass of the power element, C, — heat capacity of the SME material, As, As, Ms —
temperatures of the beginning and the end of reverse martensitic transformation and the
temperature of the end of direct martensitic transformation, respectively.

W means maximum possible work. For nitinol alloy it is: 2-10* kJ/m?.

Efficiency of the power element:
_ln@a+®) 1 1

—T (10)

Analysis of design and operation of heliodrive

Construction of the heliodrive is shown on the Figure 8.

The main element of the drive is a heat-sensitive power element 1 made of SME
material. Lens 6 is used as a sun-ray concentrator. A spring 5 returns the power element 1 to
the initial position.

When sun rays hit the heat-sensitive element 1, it heats up to the starting point of reverse
martensitic transformation. The shape of the element 1 is changed (Figure 8c) and it forces
the rod 4 to move, compressing the spring 5. Joint nodes 2, 3 of the power element 1 allow
the element to be moved at a certain distance and it falls into shadow. The heat-sensitive
element is cooled over a certain period of time. This causes direct martensitic transformation.
The material of the power element loses its original shape due to the rapid change in elasticity
and plasticity. Under the action of the spring 5, the power element returns to its initial
position. The drive is ready to work again. The frequency of operation cycles depends on the
conditions of heating and cooling of the power element.
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Figure 8. Heliodrive:
a —general view; b — power section in its initial state; ¢ — power section after triggering;
1 — power element made from SME material; 2,3 — joint nodes for power element; 4 —rod; 5 -
spring; 6 — lens.
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Conclusions

The construction of the critical temperature increase indicator for machine’s casing is
marked by high manufacturability and reliability. The indicator does not lose its
properties even when a machine is damaged. High corrosion resistance of nitinol
ensures a service life of 30 years. Requirements of the heat-sensitive material are
insignificant — one indicator needs several grams of the material. That's why additional
costs can be paid off in one year

At many factories there is a need to utilize heat energy with a relatively small
temperature difference. These requirements correspond to the design of the heat pump.
The stable operation of this pump will be at a temperature difference in the range of
20...30°C, which is practically not realized in other known thermodynamic cycles. The
temperature control can be carried out by any heat transferring fluid.

Power elements based on SME alloys have significant advantages: less mass, they can
work in a wide range of temperatures, small dimensions, smooth movement of working
elements, lower cost

Heat-sensitive elements with SME in the range of operating temperatures 290-320 °K
have increased sensitivity in 200...400 times, comparatively to traditional materials.
Drives based on heat-sensitive elements with SME are effective in solar power plants.
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Introduction. Elasticity is a measure that shows how
strongly buyers and sellers respond to changes in market
conditions. Price elasticity of demand for eggs in Lithuania
and Ukraine is presented in this work.

Materials and methods. While measuring price
elasticity of demand for eggs in Lithuania and Ukraine,
statistical data from 2003-2018 gathered by Statistics
Lithuania and State Statistics Service of Ukraine was used.
Data analysis, comparison and generalization were among
the methods used. The annual coefficient of price elasticity
of demand for eggs was calculated using the midpoint
formula. An average, multi-annual coefficient of price
elasticity of demand for eggs was calculated using the
median. To demonstrate the results visually, the graphs
below were used.

Results and discussion. It was established that in 2003—
2018, fluctuation in the retail prices of eggs occurred both in
Lithuania and Ukraine. In Ukraine it was clearer. During the
period under investigation, the tendency to an increase of
retail prices prevailed. To compare 2018 to 2003, the retail
price of eggs in Lithuania increased by 1,9 times, and in
Ukraine by 4,5 times. Despite a rapid increase in price, in
2003-2018 eggs were cheaper in the Ukrainian retail market.

The analysis of demand for eggs in Lithuania and
Ukraine showed that customers reacted to the fluctuation in
prices for just a short period of time. When the price of eggs
increased, the consumption of eggs decreased; later,
however, despite a further increase in price, usage was to
return to the previous level.

Based on the data showing prices and usage, the
coefficients of price elasticity of demand for eggs in
Lithuania (0,28) and Ukraine (0,35) were calculated.

Conclusions. The study shows the hypothesis, that in
Lithuania and Ukraine the demand for eggs is price inelastic,
to be true.
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Introduction

Market conditions are unstable. As they change, so does the demand for, and supply of,
goods. The elasticity index is used to measure these changes. Elasticity is a measure that
shows how strongly buyers and sellers respond to changes in market conditions.

When the demand for a product changes due to its price, it is called price elasticity of
demand. This index indicates how the degree of demand, measured as a percentage, changes
in response to a one percent change in price. Depending on the ratio of change in demand
(%) to change in price (%), this elasticity can be of several kinds. Absolute elasticity is when
a tiny price change (%) precipitates a big change in the amount of demand (%). In this case,
the coefficient of elasticity is infinite. Absolute inelasticity is when the change in price does
not affect the change in the amount of demand. In this case the coefficient of elasticity equals
zero. Cross-price elasticity shows the strength of connection between the change in price (%)
of one good and the change in quantity (%) of another good. Relational elasticity is when the
prices change by a smaller amount (%) than the amount of change in demand (%). The
coefficient of elasticity is then higher than one. Relational inelasticity is when the change in
price (%) is higher than the amount of change in demand (%). In this case the coefficient of
elasticity is smaller than one.

Price elasticity of demand is determined by a multitude of factors: availability of
substitutes, household income, consumer preferences, the expected duration of the price
change, and the product's share of a household's income [11]. Multiple factors work
collectively to shape goods demand including traditional economic determinants as well as
non—traditional determinants such as health, nutrition, and food safety information; changing
product characteristics and new product developments; and shifts in consumer demographics
and lifestyles [16].

A variety of economic studies in foreign countries has shown that the demand for victuals
is prices inelastic. R. Pomboza and M. Mbaga [12] analyse enquiries into elasticity of demand
for victuals conducted in Canada in 20 years. The authors they mention have performed
multiple enquiries into elasticity of demand for victuals; these have unanimously shown
demand for victuals to be inelastic.

In 2010, scientists at Yale University [1] carried out a study in which they reviewed 160
existing studies about price elasticity of demand for main food products. Having summed up
the examined data, they presented the average level of price elasticity of demand for various
food products in the US between 1938 and 2007. This study also affirmed that demand for
food products is inelastic. In their list, the smallest price elasticity of demand (the coefficient
of 0,27) was assigned to eggs.

Small price elasticity of demand for victuals is also mentioned in the works of C.A. Gallet
[5, 6], and also R. Green et al. [7], where the authors drew their estimates of own—price
elasticities for food from 136 studies in 162 countries.

The abundance of scientific studies in foreign countries about this topic affirms that
observation of demand is important. Even when indicators are established, it is useful to
renew the calculations, as the market does not stand still. Over time, new dimensions of
demand may arise and the relative importance of previously examined determinants may
adjust in response to new information and economic conditions. An on-going demand
estimation is important for informed decision-making by industry stakeholders and policy
makers [9]. Food demand elasticities are important criteria often used to analyse long-term
projections in order to assess the effects of political reforms or to shed light on a variety of
issues.
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Very few studies have been conducted to investigate the price elasticity of demand for
food products in Lithuania and Ukraine. In addition, these studies have been conducted for a
long time ago and are of little relevance to this day. For example, the price elasticity of
demand for food products in Lithuania has been examined in 2013 (eggs in the period 2003—
2012) [13]. The price elasticity of demand for food products in Ukraine was examined in
several works in 2005 (chocolate in the period 2001-2004) [3] and 2013 (fish in 2005) [12].
Due to such scarce research and old information this research was aimed at determining
the elasticity of demand for eggs in relation to the changes in price of eggs in Lithuania and
Ukraine. To achieve this aim, (1) a review of the literature on estimates for elasticity of food
demand was conducted, (2) a review of prices and consumption of eggs was performed and
(3) price elasticity of the demand for eggs in Lithuania and Ukraine was calculated.
Eggs were chosen for the study because they are relatively cheap in comparison with
other livestock products. They are easily available on the market and easy to process, so eggs
are always considered an important commodity to many consumers.

Materials and methods

To discover what results other scientists obtained while researching the elasticity of
victuals, the works of other authors were examined, applying the methods of theoretical
analysis, data interpretation, synthesis, logical comparison, systematization and
generalization. While calculating price elasticity of demand in Lithuania and Ukraine, the
statistical data from 2003-2018 collected by Statistics Lithuania and State Statistics Service
of Ukraine was used. The monthly data is aggregated into yearly frequency using average
values. The methods of statistical data analysis, comparison and generalization were applied.
The coefficient of price elasticity of demand can be calculated by several methods:

* The Percentage Method. This method measures price elasticities of demand on the
basis of a demand schedule and computes the percentage change in the quantity of a
commodity demanded resulting from a given percentage change in its price [18].

* Point-price elasticity of demand. The point elasticity of demand method is used to
identify change in demand within the same demand curve. However, this formula is
inappropriate when price and quantity changes are large.

* Arc elasticity or Midpoint formula. The advantage of the midpoint method is that one
get the same elasticity between two price points, there is no matter a price increase or
decrease. It is because the formula uses the same base for both cases [23]. However, the
greater the arch of the actual demand curve is over that range, the worse this estimation of its
elasticity will be, because this formula implicitly presumes the part of the demand curve
between those points is linear.

* The Total Outlay Method. This method compares the total expenses of a consumer
both before and after the change in price. In this way, it is find out whether price elasticity of
demand for a good is elastic, unity or less elastic. [18].

The coefficient of price elasticity of demand for eggs was calculated referring to various
scientists [2, 3, 4, 8, 10, 13, 14] who offer the midpoint formula:

Qq
(Qd1+Qd2)/2
AP
(R+P)/2

|Ea|=
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where Ed is the coefficient of price elasticity of demand for eggs, Qq is the amount of eggs
consumed, AQq is the change in amount, P is the eggs price, AP is the change in price.

As the annual elasticity indices for each of the countries under study had some unusual
deviations, the average multi-annual coefficient of price elasticity of demand for eggs was
calculated using a median. When the curve of demand has a negative slope, the value of
elasticity is negative. Economists agree that the further the coefficient of elasticity is from
zero, the more elastic the demand is. Thus, in this article, the absolute size of elasticity was
used. The significance for this study was chosen at 5 % level.

To demonstrate the results clearly, the graphs below were used. Our conclusions were
offered using the method of generalization.

Results and discussion
Tendencies of price and consumption

The review of literature has shown that scientific research about price elasticity of
demand for victuals is abundant. Price elasticity of the demand for individual victuals,
however, was little researched in Lithuania and Ukraine. Theoretically, it is plausible that
demand for eggs in both countries is price inelastic, yet indicators of elasticity had not been
calculated in recent years. This work used the indicators of retail price and consumption of
eggs in Lithuania and Ukraine. To avoid the derogations due to big seasonal fluctuations
(which are especially relevant to egg price), and to avoid distortions (which could be
produced during a short period of investigation when the users adapt to new conditions),
annual indicators were taken and the period of 16 years was chosen.

Statistical data [18] indicates that the retail price of eggs in Lithuania in
2003-2018 increased by 1,9 times on average (Figure 1). The highest price recorded during
this period was greater than the lowest by more than 3 times.
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Figure 1. Retail price of eggs in Lithuania in 2003-2018

140 ——Ukrainian Journal of Food Science. 2020. Volume 8. Issue 1



Economics——

In Lithuania in 2003—-2018, the retail price of eggs grew in three stages. The first began
in 2004 and continued until 2008. Over three years and nine months, the price increased by
2,4 times. Then, the retail price of eggs decreased for several years. In August 2011, it reached
its lowest level at almost 24 per cent below March 2008. Straight after that, however, the
second, rapid, stage of increasing prices began. Over eight months, the retail price of eggs
in Lithuania increased by more than 1,7 times. These changes in the retail price of eggs were
not unexpected. The reasons for this growth were twofold. First, the price increased (just as
every year) due to seasonality. The other reason was the change made by the European Union
to its requirements for the keeping of laying hens, starting in 2012. The latter condition had
the biggest influence on the unusual increase in price. Finally, in 2012, after Easter, the retail
price of eggs in Lithuania decreased; yet it was higher than in the corresponding period of
previous years. On average in 2012, the retail price of eggs was higher by almost a third than
in 2011 and exceeded by more than a tenth its previous high point in 2008. In 2013 the retail
price of eggs decreased until July. Later, there came a gradual growth in price that continued
until the beginning of 2018. Then, over four years and seven months, the retail price of eggs
increased by 45 per cent.

During the period under investigation, 2003—-2018, the annual consumption of eggs per
capita in Lithuania increased by 33 per cent (Figure 2) [21].
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Figure 2. Consumption of eggs per capita in Lithuania in 2003-2018

A more detailed analysis reveals that each change in the price of eggs exerted only a brief
influence. When the price increased or decreased, the demand for eggs was deflected to the
opposite side. Yet when consumers got used to the changes in price, the demand for eggs
would subsequently begin to grow.

In 2005 and 2006 the price of eggs in comparison to the previous year increased 7 per
cent and 15 per cent. At that time, demand decreased by 9 and 2 per cent. Later, the price
grew further; when users did not find suitable substitutes for eggs - despite their growing
price - their demand also grew until it reached a level similar to that prevailing before the
growth in price. A similar sequence occurred in 2012. When price grew by 32 per cent, the
consumption of eggs in Lithuania decreased by 7 per cent.
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Retail price of eggs in Ukraine in 2003—-2018 was on average 16 per cent lower than in
Lithuania (Figure 3) [17, 19, 20].
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Figure 3. Retail price of eggs in Ukraine in 2003-2018

In Ukraine the retail price of eggs was marked by clearer seasonal fluctuations than in
Lithuania. During the period under investigation, the difference of retail price of eggs in the
summer-winter season was 17 per cent in Lithuania, then in Ukraine this indicator was as
much as 63 per cent.

In 2003-2018 the retail price of eggs in Ukraine, just as in Lithuania, grew, but by
significantly more, 4,5 times. The difference between the lowest and the highest price in this
period was on 6,7 times.

In Ukraine, in 2003-2018, the retail price of eggs grew in two stages. The first continued
from the middle of 2003 until the beginning of 2010. Then, over six years and ten months the
price increased by 3,9 times. Later, the retail price of eggs decreased for several years. In
June of 2013, it reached its lowest level, 2,2 times below March 2010. Then, the second stage
of price growth began, which lasted until the beginning of 2018. Retail price of eggs in
Ukraine grew by more than 3,8 times over four years and eight months. In comparison to
Lithuania, all the fluctuations in egg price in Ukraine were markedly higher. In Ukraine they
were influenced by seasonal fluctuations, global egg price tendencies and inflation in the
country.

During the period under investigation in 2003-2018, the annual consumption of eggs per
capita increased by 28 per cent (Figure 2) [15]. But the biggest leap in consumption in
comparison to 2003 happened in 2011 and 2014, when it was 45 per cent. After 2014
somewhat fewer eggs were used in the country.
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Figure 4. Consumption of eggs per capita in Ukraine in 2003-2018

In Ukraine, just as in Lithuania, the consumption of eggs depends little on trends in
price. In this country in 2003-2010 when the retail price of eggs increased, the consumption
of these products simply increased. Somewhat fewer eggs were used in Ukraine just after
2014, when the price of the eggs was to increase significantly over a relatively short time. In
Lithuania, a similar situation took place in 2012. Yet experience was to show that the
consumption of eggs would quickly return to previous level. Therefore, it is plausible that in
Ukraine, too, the consumption of these products will go back to the level of 2011-2014.

Price elasticity of demand

These changes in the consumption of eggs and in their retail prices allows one to suppose
that in both Lithuania and Ukraine, just as in those countries where the above-mentioned
scientists conducted their research, there was a price inelasticity of demand for eggs. To
confirm such a hypothesis, calculations based on statistical data were conducted, based on
the formula shown above. They showed that, in the long term, and in both countries, the
demand for eggs is price inelastic and statistically significant (p = 0,00 < 0,05).

The results obtained show that, in spite of the fact that the indicator of elasticity in the
course of separate years fluctuated from one side to the other, the multiannual tendency in
Lithuania was, the demand for eggs to be relatively price inelastic (0,28). Its inelasticity level
was similar to that in the case of the USA (0,27), where scientists examined the experience
of almost 70 years [1]. In Ukraine price elasticity of the demand for eggs in 2003-2018 was
just a little higher (0,35) than in Lithuania. Yet in this country the demand for eggs was price
inelastic too.

The results allow us to suppose that, despite changes in the price of eggs, their
consumption, taking the long view, would not be significantly altered unless other conditions
were also to change. The situation could be changed by innovations in science and the food
industry, which would allow other nutritional products for humans to be substituted for eggs.
There are scarcely any natural substitutes for eggs and, at this point, the various mixtures
consisting of several elements of vegetable or animal origin cannot be substituted for eggs.
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Figure 5. Price elasticity of demand for eggs in Lithuania and Ukraine in
2003-2018

There are no studys that provides consistent observation of price elasticity of demand for
food in the Lithuania and Ukraine. This study set out to address this gap by estimating price
elasticity of demand for egg. The results obtained here are recommended for the use of
manufacturers. If producer want successfully compete on a market, he have to have relevant
information. Talking about marketing, it is impossible to conduct an effective policy, to plan
production and other processes without exact knowledge about the demand for the product
ant its determinants. The price elasticity of demand is the most important thing that a producer
should know. Knowledge of elasticities allow to gain a sense of how markets and the
consumers react to price changes. It allow producers to make the most effective production,
pricing and advertising decisions targeting either sales or profit magnification.

The results might also be useful to the government sector in making various decisions,
carrying out calculations and forecasting. To increase the efficiency of the tax system, tax
authorities should know price elasticity for each product and service in the market, also
regularly estimate elasticity after the change of consumer priority or after the new products
entreance in the market, because they can affect elasticity of demand for existing products.

Knowledge of price elasticity of demand for food allow the government sector to
estimate the market conditions, to make informed decisions in the context of food assistance
programmes, to ensure that the vulnerable segments of the population have access to food
and which food stuff to target in food aid programmes.
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Alas, price elasticity of demand for eggs is not favourable to consumers. They are,
however, the ones whose actions produce the phenomenon; therefore, by being better
informed and by showing more initiative, consumers could change the situation to their own
advantage by always searching out new substitutes for eggs.

The regular need for knowledge of the price elasticity of demand suggests that periodic
calculations of this indicator should be carried out in the future, not only for eggs but also for
all other important food products. This information could be used by both the private and
public sectors to make important decisions.

Conclusion

While analysing the retail price of eggs in Lithuania, it was established that over the
period 2003-2018 it increased by 1,9 times. This growth in price occurred in several stages.
From 2004 to 2008, the retail price of eggs increased by 2,4 times. After a small decrease in
2011-2012, a rapid and significant second leap in price occurred; over eight months the price
increased more than 70 per cent. After a period of decreasing prices in 2013, the third growth
period in the retail price of eggs began. It went on until 2018 and during that period the price
increased by 45 per cent.

In Ukraine the retail price of eggs during the period under investigation was lower than
in Lithuania; nevertheless, the fluctuations were more pronounced. In 2003-2018, the retail
price of eggs increased by 4,5 times. This growth of price happened in several stages. In
2003-2010, the retail price of eggs increased by 3,9 times. Until the middle of 2013, a
decrease in price ensued, and later the second stage of price growth began, which continued
until 2018. During that period, retail price grew by 3,8 times.

The analysis of egg demand in Lithuania and Ukraine shows that consumers reacted to
changes in price for just a short time. When the price grew, consumption of eggs was to
decrease somewhat, but, despite the fact that the price was then to grow further, consumption
would return to the previous level.

Using data for price and consumption over 16 years, the coefficients of price elasticity
of demand for eggs in Lithuania and Ukraine were calculated. These calculations showed
that demand for eggs in both countries was price inelastic. The average coefficient of
elasticity during the period under investigation in Lithuania was 0,28 and in Ukraine it was
0,35.

The results obtained here are recommended for use by the production and government
sectors in planning their activities and in forecasting future results. Consumers who want to
change the situation into one more favourable to themselves, should find substitutes for eggs.
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Introduction. The objective of this research is to investigate the
impact of insurance and inflation on economic growth and food market
security. Altogether, the most crucial task of this paper is related to
estimation the interconnection between consumer prices, total gross
insurance premiums and gross domestic product, food exports and food
imports.

Materials and methods. The research model was developed by
reviewing the previous studies and applying the correlation-regression
analysis for defining the impact of insurance and inflation on economic
growth and food market security. Thus, it was calculated the coefficient
of pair correlation or Pearson correlation coefficient (r) and coefficient
of determination (r?), Significance F, as whole, P-value for regression
coefficient and one-factor regression equations that have a liner form.

Results and discussion. The research findings of this study
indicate that by the level of relationship and by statistical significance
of impact of insurance and inflation on economic growth and food
market security all our 17 research countries were divided into four
groups. Group 1 — strong uphill (downhill) linear relationship where
coefficient 0.700 < r < 0.900 (-0.900 < r < -0.700). For example, this
type of interconnection describes the impact of inflation on gross
domestic product in Turkey, Italy, Spain and Denmark; or impact of
insurance on food export in Australia, Iceland, Netherlands, France,
Turkey and Belgium. Group 2 — a moderate uphill (downhill)
relationship where 0.500 < r <0.700 (-0.700 < r <-0.500). For instance,
this type of interconnection indicates the impact of inflation on food
export in France and Turkey; or impact of insurance on food import in
France, Switzerland, United Kingdom, Netherlands and Spain. Group
3 —aweak uphill (downhill) linear relationship where 0.300 < r <0.500
(-0.500 < r < -0.300). For example, this type of interconnection
describes the impact of inflation on food import in Denmark, France,
Finland, Turkey, Switzerland and Belgium; or impact of insurance on
food import in Australia, Finland, Japan and Denmark. Group 4 — no
linear relationship: 0.000 < r < 0.300 (-0.300 < r < 0.000). It indicates
the impact of insurance and inflation on economic growth and food
market security in all other countries and cases except as described
groups 1, 2, and 3.

Conclusions. Our paper has provided new evidence of impact of
insurance and inflation on economic growth and food market security
which could help to increase regulation approaches for financial market
and food market security in the world level.
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Introduction

The economic growth and food market security is one of the key points of the national
development of countries. In addition, currently a lot of factors influence these indicators,
and that’s why it is important to understand the nature of its. In our research study we focus
on the inflation and insurance as the factor variables and gross domestic product (GDP) and
food export and import as target functions (dependent variables).

The critical literature review of foreign experience shows that insurance has significant
effect on food market security. According to Isaboke et al. (2016) it was analyzed the impact
of weather index based micro-insurance on food security status of smallholders. These study
results show the positive effect of index insurance on food security [1]. In addition, Marzaa
et al. (2015) argued that insurance alone cannot provide food security [2]. Furthermore, based
on the Agricultural Insurance Conference (2014) agricultural insurance should be seen as one
component of the ACS and it is related to food security [3]. Altogether, the effect of
agricultural insurance scheme on agricultural production in Ondo state (Nigeria) was studied
by Akinrinola O.O. and Okunola A.M. (2014). The results show that there may be an increase
in the level of investment of farms after participating in insurance [4].

In general, Kim Y., Pendell D.L. and Yu J. (2018) suggest that one of the key study
points of the influence of insurance on food market security were focused on the effects of
crop insurance on farm disinvestment and exit decisions [5]; besides, according to Zhao Y.
and Preckel P. (2016) an empirical analysis of the effect of crop insurance on farmers’ income
[6]; the effects of subsidized crop insurance on crop choices [7]; risk management in the ACS
with special attention to insurance [8; 9].

It was also analyzed the literature review on the interconnection between insurance and
economic growth. Outreville (2011) noted that influence of the insurance on the
macroeconomic activity can be described from two viewpoints as follows: first, in providing
indemnification; and, second, its role as an institutional investor [10]. In addition, according
to Njegomir & Stoji¢ (2010), Stojakovi¢ & Jeremi¢ (2016) and others the positive impact of
life insurance on economic growth can be based on the effects of financial stability,
competitiveness of trade and commerce, increases liquidity [11-15]; the loss reduction [16];
increasing of new capital [10; 17]; risk management and financial management [18-20].

Furthermore, based on the research results of Nwani & Omankhanlen (2019), Pradhan
et al. (2017), Satrovic (2019) it was found that the life premium was positively insignificant
to economic growth and the non-life premium — negatively, while the insurance investment
— positively [15; 21; 22]. However, Pradhan et al. (2017) noted that in the long run, insurance
have had a significant impact on the economic growth, and in the short term — the inter-
relationships differ by countries [22].

Studying the factors of food inflation Qayyum and Sultana (2018) analyzed the GDP,
food exports, food imports, taxes and money supply as the independent determinants. As a
result of this research it was recommended that special attention has to be paid on food
exports and food imports along with excess money supply [23]. Also, according to Islam
(2013), there is a positive correlation between domestic inflation and import [24]. In addition,
Muktadir-Al-Mukit D., Shafiullah A.Z.M. and Ahmed R. (2013) noted that there is a a stable,
positive and significant relationship between inflation and import [25]. Besides, significant
research results about the analysis of relationship between import, export and inflation were
obtained by Kiganda, Obange and Adhiambo (2017), Ahmed, Ghauri, Vveinhardt,
Streimikiene (2018), which studied the cases of Kenya [26] and Pakistan [27]. Furthermore,
in the worldwide level, food market security, food prices or food inflation was studied by
Gazdar and Mallah (2013), Levendal, Jakobsen and Jacque (2007), Huppé, Shaw, Dion,
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Voora (2013). It was presented their research results of a qualitative study of food security
among rural and urban households to better understand the perceptions, behavior etc. [28];
the development of retail food prices, its causes, the potential impact thereof in terms of food
security [29]; the assessment of Morocco’s food security strategy and trade policy and
important detailed analysis in the context of the current global economic situation [30].

Next significant part of our research describes the impact of inflation on economic
growth. The critical literature review shows a lot of world recognized scientists has used
different approaches and has obtained its own evidence base conclusions. Mukoka (2018)
has argued that controlling the rise in the overall price level is necessary but not necessary
for the Zimbabwean economy. This study based on the Dickie Fuller Test (ADF),
cointegration analysis, Jacques-Behr test. The hypothesis underpinning this research is that
inflation is negatively related to the economic surge [31].

Another significant result studying the influence of inflation on economic growth were
obtained by Svigir and Milo§ (2017). The group of scientists deals with the assessment of the
impact of rising prices on the economy through an imperial analysis. It was analyzed the data
collected cover more than 100 countries from 1960 to 1990. A system of regression equations
was used to analyze the impact of inflation on economic recovery [32]. In addition, according
by Ruzima and Veerachamy (2016) the theoretical and empirical studies of the effects of
inflation on economic growth were examined. The results stated that there is no consensus
on the relationship between inflation and economic growth in both theoretical and empirical
studies [33].

Furthermore, Mishchenko et al. (2018) has studied the impact of inflation on economic
growth and argued the main directions of increasing the effectiveness of central bank anti-
inflation policy. It was concluded that rising inflation significantly slows down economic
growth [34]. Akinsola & Odhiambo (2017) states that impact of inflation on economic
recovery varies by country, and negatively correlated, most notably in advanced economies
[35].

Materials and methods
Materials

The source of the statistical data for the research study was the information materials
based on the World Bank Open Data (gross domestic product (GDP), inflation (consumer
prices), food export, food import) [36] and OECD Insurance Statistics (total gross insurance
premiums by countries) [37]

Studying the role and impact of the insurance and inflation on economic growth and
food market security more than 100 articles and research papers were analyzed from the
Google Scholar, ResearchGate, ScienceDirect, Academia.edu and other resources with
various permutations of the following keywords: “food security”, “market”, “inflation”,
“insurance”, “food export”, “food import”. The results of literature review show that more
than forty research studies most directly associated with the influence of insurance and
inflation on economic growth and food market security. This list of publications was the
theoretical background for this research study.
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Methods
Key research indicators

The analysis of the impact of insurance and inflation on economic growth and food
market security was performed based on the economic indicator as follows:

1) inflation, consumer prices (annual %);

2) total gross insurance premiums (US Dollar, billions);

3) GDP — gross domestic product (US Dollar, billions);

4) food exports (% of merchandise exports);

5) food imports (% of merchandise imports).

In this list the indicators number 4 and 5 are indexes of food market security because
they explain of merchandise export and imports structure. And these circumstances are very
important for providing the food market security in every country.

These research indicators were collected and processed for the study period 1960-2018
for the following 17 countries: Australia, Belgium, Denmark, Finland, France, Germany,
Iceland, Ireland, Italy, Japan, Netherlands, Norway, Portugal, Spain, Turkey, Switzerland
and United Kingdom (UK).

Correlation-regression analysis

The study of the relationship and interconnection between the insurance, inflation,
economic growth and food market security was performed based on the coefficient of pair
correlation or Pearson correlation coefficient (r) and coefficient of determination (r?).

The assessment of the impact of insurance and inflation on economic growth and food
market security was conducted based on the correlation-regression analysis according to the
available data. The regression equations are used in linear type (one-factor and multivariate
regression equations). This economic-statistical analysis was conducted using the Microsoft
Office software packages. For this analysis we determined three target research functions Yi,
Y2, Y3; and two factor variables X; and X; (table 1).

Table 1
Macroeconomic target functions and factors for the regression analysis
Marking | Explanation | Unit of measure
Target functions Y, (Y1, Y2, Y3)
Y1 GDP (Gross domestic product) US Dollar, billions
Y, EX (Food exports) % of merchandise exports
Y3 IM (Food import) % of merchandise import
Factor variables X, (X1, Xz)
X1 INF (Inflation, consumer prices) annual %
X, INP _(Total gross insurance US Dollar, billions
premiums)

Source: Elaboration of authors.

According to the research procedure, for each correlation-regression dependence it is
planned to calculate Pearson correlation coefficient (r), determination coefficient (r?),
Significance F for regression equations as whole (Sign. F), P-value for Yo and one-factor
regression equations that have a liner form:
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Yn=Yo+ f(Xn) =Yoo+ anXn (1)
where Yy is the free coefficient; a,, is correlation coefficient. In addition, based on the
Significance F for regression (Sign. F) and P-value for Yo we can describe the significance
of each correlation-regression dependence. For example, when P-value is less than 5.0%
(0.05) — the coefficient is statistically significant (reliability = 95%). In this case we can
include this indicator in regression model. But when P-value is greater than 5.0% (0.05) —
the coefficient is statistically insignificant with a reliability of 95% — here it doesn’t allow to
include Yy in regression equations [38]. In the same way we can characterize the values of
Significance F for regression model.

Results and discussion
Ranking of countries

Based on the Pearson correlation coefficient (r) we have ranked all 17 countries in
four groups by statistical significance of impact of insurance and inflation on economic
growth and food market security. Thus, these groups are listed below:

Group 1, where between target functions Y, (Y1, Y2, Y3) and factor variables X, (X,
X2) there is a strong uphill (downhill) linear relationship because here we have 0.700 < r <
0.900 (-0.900 < r <-0.700). These calculations are presented in Table 2;

Group 2 — a moderate uphill (downhill) relationship (Table 3), where Pearson
correlation coefficient 0.500 <r < 0.700 (-0.700 < r < -0.500);

Group 3 — a weak uphill (downhill) linear relationship (Table 4), where correlation
coefficient 0.300 <r < 0.500 (-0.500 < r <-0.300);

Group 4 —no linear relationship: 0.000 < r < 0.300 (-0.300 < r < 0.000). It is related
to the all our countries and cases of relationships except as described in Tables 2, 3 and 4.
Also, it is important to notice that there is not any cases of relationship between target
functions and factor variables where we have a perfect uphill (downhill) linear relationship:
0.900 < r <1.000 (-1.000 < r <-0.900).

Our analysis starts with a presentation of correlation-regression statistics the estimates
the impact of inflation and insurance on economic growth and food market security. Thus,
Table 2 describes the list of top-countries where correlation coefficients show the a strong
uphill (downhill) linear relationship between these economic indicators. In addition, based
on the values of Pearson correlation coefficient (r) almost in every case we can see the
downhill linear relationship, because -0.900 < r <-0.700. It shows the inversely proportional
dependence between the inflation, insurance and economic growth and food market security.
Here, we have only two exceptions of directly proportional relationship as follows:
interconnection between inflation and food exports (% of merchandise exports) in Denmark
where r = 0.707; and between total gross insurance premiums and food import (% of
merchandise import): r = 0.757.

Looking at Table 3 figures, we can see a list of countries where the interconnection
between insurance, inflation and economic growth and food market security has a moderate
uphill (downhill) linear relationship because of where Pearson correlation coefficient 0.500
<r<0.700 (-0.700 < r <-0.500).
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Table 2
List of countries where inflation (X1) and insurance (X>) have a strong uphill (downhill) linear
relationship with economic growth (1) and food market security (Y2, Y3)

2 Regression . P-value
Country r r equations Sign. F for Yo
Impact of XionY:
Turkey -0.778 0.605 724.872-8.083-X1 0.000 0.000
Italy -0.763 0.582 | 1990.885-142.363-X1 0.000 0.000
Spain -0.740 0.548 | 1300.874-113.453-X; 0.000 0.000
Denmark -0.706 0.498 265.547-23.471-X; 0.000 0.000
Impact of X;onY,
Portugal -0.737 0.543 9.348-0.033-X; 0.535 0.000
Denmark 0.707 0.500 19.414+1.669-X 0.000 0.000
The impact of X1 0n Y3 — no this type of linear relationship
Impact of X;onY;
Australia -0.896 0.803 26.844-0.167-X; 0.000 0.000
Iceland -0.760 0.578 86.270-77.309-X; 0.000 0.000
Netherlands -0.737 0.543 21.464-0.109-X; 0.000 0.000
France -0.732 0.536 16.066-0.015-X> 0.000 0.000
Turkey -0.723 0.523 22.660-1.176-X; 0.000 0.000
Belgium -0.720 0.518 10.631-0.045-X, 0.000 0.000
Impact of X,onY;
Belgium -0.865 0.748 11.752-0.088-X, 0.000 0.000
Germany -0.829 0.687 12.188-0.016-X; 0.000 0.000
Italy -0.760 0.578 13.328-0.025-X; 0.000 0.000
Norway 0.757 0.573 5.970+0.114-X, 0.000 0.000

The correlation-regression results in Table 3 indicate, that a moderate downhill linear
relationship is related to almost every case of interconnection between X, and Y. Its
conditions display the inversely proportional dependence (-0.700 < r < -0.500) between the
inflation (consumer prices), insurance (total gross insurance premiums) and economic growth
(gross domestic product) and food market security (food exports — % of merchandise exports;
food import) — % of merchandise import).

Table 4 shows the number and list of countries where inflation and total gross insurance
premiums have a weak uphill (downhill) linear relationship with GDP and food market
security indicators (food exports and food import).

Consequently, a weak uphill (downhill) linear relationship between inflation, insurance
and economic growth and food market security indicators is associated to the list of countries
in Table 4. Besides, correlation-regression statistics indicate a week directly (0.300 < r <
0.500) and inversely (-0.500 < r < -0.300) proportional dependence between X, and Y,
values.

Furthermore, the research results indicate group 4, that includes list of countries where
inflation (X1) and insurance (Xz) have not linear relationship (negligible correlation) with
economic growth (Y1) and food market security (Y2, Y3) and meets the following criteria:
0.000 <r < 0.300 (-0.300 < r <0.000).
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Table 3

List of countries where inflation (X1) and insurance (Xz) have a moderate uphill (downhill)

linear relationship with economic growth (Y1) and food market security (Y2, Y3)

2 Regression . P-value
Country r r equations Sign. F for Yo
Impact of XionY:
France -0.632 0.399 1910.309-157.911-X; 0.000 0.000
Switzerland -0.607 0.368 492.251-73.822-X; 0.000 0.000
UK -0.550 0.303 2641.153-252.696-X1 0.001 0.000
Japan -0.529 0.280 4589.123-566.657-X1 0.001 0.000
Finland -0.519 0.269 181.728-13.506-X; 0.000 0.000
Portugal -0.514 0.264 200.732-8.830-X; 0.000 0.000
Impact of X;onY;
France 0.604 0.365 13.014+0.357-X1 0.000 0.000
Turkey 0.559 0.312 11.337+0.140-X3 0.000 0.000
Impact of XsonY;
Italy 0.676 0.457 9.466+0.445-X, 0.000 0.000
Ireland -0.637 0.406 10.178-0.033-X; 0.803 0.000
Portugal -0.577 0.333 13.133+0.042-X3 0.250 0.000
UK 0.506 0.256 8.700+0.333-X3 0.002 0.000
Impact of X,onY;
UK -0.674 0.454 7.488-0.004-X; 0.000 0.000
Switzerland 0.615 0.378 2.454+0.017-X, | 0.000 0.000
Italy 0.608 0.370 6.337+0.009-X, | 0.000 0.000
Impact of X,onY;
France -0.682 0.465 11.001-0.008-X> 0.000 0.000
Switzerland -0.682 0.465 7.528-0.028-X, 0.000 0.000
UK -0.670 0.449 10.910-0.005-X> 0.000 0.000
Netherlands -0.577 0.333 14.810-0.061-X> 0.000 0.000
Spain -0.512 0.262 12.106-0.023-X> 0.001 0.000

Thus, it was found that negligible correlation (not linear relationship) is associated with
following interconnection between Y, and X, for research countries:
Interconnection between inflation or consumer prices (Xi) and gross domestic product
(Y1) in Germany, Ireland and Netherlands;
Interconnection between inflation or consumer prices (Xi1) and food exports (Y2) in
Iceland, Japan, Norway, Belgium, Germany, Netherlands, Ireland and Spain;
Interconnection between inflation or consumer prices (Xi) and food import (Y3) in
Norway, Spain, Japan, Germany, Australia, Netherlands and Iceland;
Interconnection between insurance or total gross insurance premiums (Xz) and food
exports (Y>) in Finland, Spain, Germany and Norway;
Interconnection between insurance or total gross insurance premiums (Xz) and food
import (Y3) in Ireland, Iceland, Turkey and Portugal.
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Table 4

List of countries where inflation (X1) and insurance (Xz) have a weak uphill (downhill) linear
relationship with economic growth (1) and food market security (Y2, Y3)

Regression . P-value

Country r eq%ations Sign. F for Yo

Impact of XionY:

Iceland -0.475 | 0.226 13.234-0.203-X: | 0.000 0.000
Australia -0.474 | 0.225 | -39.573+16.58-X1 | 0.000 0.000
Belgium -0.400 | 0.160 | 338.361-32.52-X1 | 0.000 0.000
Norway -0.365 | 0.133 | 381.487-42.74-X1 | 0.043 0.000

Impact of Xion Y2
UK 0.425 0.181 5.863+0.220-X: | 0.012 0.000
Australia 0.399 0.159 | 20.381+0.963-X: | 0.001 0.000
Italy -0.381 | 0.145 7.501-0.108-X1 | 0.022 0.000
Switzerland -0.362 | 0.131 3.325-0.116-X1 | 0.030 0.000
Finland 0.336 0.113 2.441+0.110-X2 | 0.000 0.000
Impact of XionYs

Denmark -0.481 | 0.231 12.837-0.122-X: | 0.001 0.000
France 0.461 0.213 | 10.573+0.233-X: | 0.067 0.000
Finland -0.460 | 0.212 6.887+0.113-X1 | 0.081 0.000
Turkey 0.456 0.208 4.,101+0.020-X1 | 0.005 0.000

Switzerland 0.416 0.173 6.035+0.205-X1 | 0.012 0.000

Belgium 0.324 0.105 9.758+0.329-X1 | 0.000 0.000

Impact of XaonY:

Portugal 0.445 0.198 7.727+0.156-X> | 0.001 0.000
Japan -0.408 | 0.166 0.822-0.001-X> | 0.013 0.000
Ireland 0.403 0.162 8.279+0.028-X2 | 0.121 0.000

Denmark -0.397 | 0.158 23.811-0.050-X2 | 0.020 0.000

Impact of X20nYs3

Australia 0.486 0.236 4.896+0.011-X, | 0.003 0.000
Finland 0.451 0.203 5.350+0.149-X> | 0.006 0.000
Japan -0.435 | 0.189 16.925-0.012-X> | 0.008 0.000

Denmark 0.401 0.226 | 12.269+0.009-X> | 0.019 0.000

Comparisons with previous studies

The critical literature review of previous studies on interconnection and impact of
insurance and inflation on economic growth and food market security shows that it is very
important research direction and it still need more analysis and research. Comparing with
previous studies it was found that Sporri, Barath, Bokusheva and Fert6 (2012) described the
negative impact of insurance on economic indicators (economic profit, productivity of labor
and productivity of land) [39]. According by Juan et al. (2016) it was proposed the model
that counts several features of the insurance program based on the empirical parameter of
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interest [40]. Ul Din et al. (2017) stated that for developed countries there is a significant
relationship between life insurance, net written premiums and density [41]. Additionally,
Cristeaa et al. (2014) have determined that there is a high correlation between insurance
penetration, density and economic growth, measured using GDP per capita [42]. However,
Wang & Li (2019) argued that development of China’s foreign capital insurance market has
not promoted China’s economic growth [43].

The research results of the Mamo & Lin (2012) stated that inflation is negatively and
significantly related to economic growth. Inflation and real GDP per capita tend to be the
opposite. Therefore, inflation can be used to forecast economic growth for all the sample
countries, and economic growth can also be used to forecast inflation for the two sample
countries [44]. In addition, Shirinyan and Arych (2019) have studied the Impact of the
insurance costs on the competitiveness of food industry enterprises of Ukraine in the context
of the food market security [45]. According by Naseri & Zada (2013) was confirmed that
there are negative links between inflation and economic growth in the context of Malaysia.
But, applying the OLS method to annual data from 1970 to 2011, the study found a
statistically significant positive relationship between inflation and Malaysia's economic
growth [46].

Conclusions

This research study develops a new model by identifying the type of influence of
inflation (consumer prices in annual %) and insurance (total gross insurance premiums in US
Dollar) on economic growth (gross domestic product in US Dollar) and food market security
(two indicators: food exports in % of merchandise exports and food import in % of
merchandise import). The results indicate four groups by level of interconnection between
these economic indicators as follow below.

1. A strong uphill (downhill) linear relationship that related to the following: to impact of
inflation on GDP in Turkey, Italy, Spain and Denmark; to impact of inflation on food
export in Portugal and Denmark; to impact of insurance on food export in Australia,
Iceland, Netherlands, France, Turkey and Belgium; to impact of insurance on food import
in Belgium, Germany, Italy and Norway.

2. A moderate uphill (downhill) linear relationship that related to the following: to impact
of inflation on GDP in France, Switzerland, United Kingdom, Japan, Finland and
Portugal; to impact of inflation on food export in France and Turkey; to impact of inflation
on food import in Italy, Ireland, Portugal and United Kingdom; to impact of insurance on
food export in United Kingdom, Switzerland and Italy; to impact of insurance on food
import in France, Switzerland, United Kingdom, Netherlands and Spain.

3. A weak uphill (downhill) linear relationship that related to the following: to impact of
inflation on GDP in Iceland, Australia, Belgium and Norway; to impact of inflation on
food export in United Kingdom, Australia, Italy, Switzerland and Finland; to impact of
inflation on food import in Denmark, France, Finland, Turkey, Switzerland and Belgium;
to impact of insurance on food export in Portugal, Japan, Ireland and Denmark; to impact
of insurance on food import in Australia, Finland, Japan and Denmark.

In addition, the fourth group include a list of all other countries in cases where between
Y and X, there is negligible correlation (not linear relationship).
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Introduction. The peculiarities of consumer behavior when
choosing wine were investigated in current work, that had been
dictated by the need to identify preferences for the implementation of
effective product policy.

Materials and methods. The research is based on information
of a survey conducted using the questionnaire, which consisted of two
parts: the personality questions about participants, including their
gender, age, income level, social status, and directly the questions
about choice of a wine bottle with answer options. The conjunction
tables and the y2 criterion were used to determine statistical
correlations between factor and result parameters.

Results and discussion. Taking into account the various
characteristics of the wine, including its economic, technological,
ampelographic components, as well as the appearance of the bottle
and the beverage label, significantly influence the consumers of
different social statuses. Thus, women and men with diverse family
status differ in the choice of wine, given the grape variety from which
it was made, while other quality characteristics of wine is not
critically influential. Therefore, consumers with various income
levels choose wines of different price categories, the organoleptic
properties of which they consider unique. However, the price of wine
and its gastronomic attributes are statistically significant for people
aged from 18 to 50 that prove the difference among preferences of
generations. Also women aged from 25 to 35 with income level
higher than 200 American dollars ready to buy souvenir wine bottle.

In addition regardless of marital status, survey participants buy
wines at all proposed places of sale, but ones who have higher level
of income prefer wine specialized stores. However, married people
largely choose wines for holidays, gastronomic pleasure or for
medicinal purposes, because wine is enriched by antioxidants,
vitamins and has relatively low calorie content. Respondents aged
more 35 are also buy wine at the aforementioned shops or directly
from the wineries, which may be related to greater experience when
choosing alcoholic beverages. Most respondents choose wines whose
label is simple and understandable, especially with the image of the
winery, a grape cluster, because it demonstrates the production of
wine, its place of origin. Moreover, most consumers prefer to add
information on the label about the combination of wine with certain
products and tend to buy wine, the bottle of which is standard 0,75
dms.

Conclusions. The criteria of choosing a wine, its quality
properties and the choice of purchase place differs among consumers
with different personal characteristics, which has the practical
importance in order to develop the effective marketing, taking into
account the preferences of the population.
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Introduction

Nowadays the choice of wine for most consumers is the whole philosophy: from
aesthetics to taste. After all, the modern consumer wants to buy not only the item of goods,
but also a product evoking positive emotions, which depend on the taste properties of wine
as well as visual images.

In recent years in Ukraine much attention has been paid to the aesthetic properties of
packaging, including design and information expressiveness. This fact is related to not only
with cultural development, but also with increasing of the export potential of wines to the
European countries. The visual attributes form the wine brand and product sales culture:
inform about a value, national and family traditions, current fashion, style trends and others.

Many scientists, including Verneau F. [1], Shane E. [2], A. Sobchak [3], O. Teletov [4],
0. Ganotska [5], who had studied the factors influencing the consumer's choice of wine and
determined the importance of visual perception of bottle design and expressive labels, color
solutions and decoration, their influence on consumer emotions. The goal factors that mostly
impact on consumer choice had been defined by researchers. Among them are the region of
wine origin [6-10], the brightness of the label, brand and grape variety [11-17]. It should be
noted that the trend of "competent consumer” and the role of informativeness of goods
including its sufficiency, reliability and accessibility develop today. Also scientists have
established the importance of demographic factors affecting the choice of consumers,
specifically, age characteristics, income and employment, consumption needs [11, 13, 18-
26].

The national factor and mentality cannot be ignored, as each country has its own rules
and traditions for choosing wine. Aspasia Vlachwei in her work [27] has analyzed data
(surveys of respondents) from different countries of the world and the main factors
influencing the behavior of consumers of wines. Based on the results of the surveys, it can
be stated that opinions differ significantly among countries [28-35]. In our view, this fact
can be only explained by culture, traditions and national characteristics.

Taking in consideration the above, the aim of article was to determine the consumer
preferences of Ukrainians lived in Odessa and to identify the main factors that influence the
choice of wine.

Materials and methods

The objects of research were the peculiarities of consumer behavior when choosing
wine in Ukrainian city — Odesa. Should be noted that today Odesa region possesses the
biggest areas of vineyards in Ukraine that’s why the determination of consumer preferences
have the practical significance for wine producers, technologists, marketers.

Methodology. The survey was attended by 61 people aged 18 to 55 (50 and more),
including 18 male and 43 female lived in Odessa, Ukraine in the end of March 2020. The
time of this research has been chosen not by chance to exclude other influencing factors when
choosing a wine, including the nearest holidays or celebrations.

To determine the preferences of consumers when choosing a wine bottle, a
questionnaire was created, which was conditionally divided into two parts: questions about
gender, age, family status, and the rate of respondent wages, and directly a question regarding
the choice of a wine bottle with answer variants. Factors influencing consumer wine choice
and offered reasons of a wine purchase, general places of a wine buying were proposed to
answer in our questionnaire. The another part of our survey consisted of questions related to
design, appearance of label and forms of a wine bottle in order to determine the significant
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level of its impact on consumer preferences. In order to characterize the exact consumer
preference of label we offered the six different pictures of existing wine label: 1. Men on
black-and-white paper; 2. Picture in the baroque style with golden lines; 3. An extraordinary
label with black lines; 4. Classical wine label with winery and grapes; 5. Wine label with
fillwords (Hungarian crosswords); 6. All information about wine was on packing paper.

The correlation between factor and result attributes was calculated using the conjugation
tables and the x2 criterion. Two-way ANOVA was utilized to determine influence of gender,
age, family status and average wage per month on separate questions that also play role when
choosing of a wine bottle.

Figures were created using Microsoft Excel, the questionnaire was developed by
Google forms.

The average ratio of the exchange rate of 1 American dollar to the Ukrainian national
currency was 27,6 Ukrainian hryvnia at the time of research conducting and article writing.

Results and discussion
General factors influencing consumer wine choice
Results of four factors including gender, age, family status and average wage per month

of consumers show that they quite significantly differ towards wine choice taking into
account its diverse characteristics (Table 1).

Table 1
Significance level of factors influencing consumer wine choice
Answer Gender Age Family status | Average wage
variants/Factors per month
p 22 p x2 p x2 p 12

Grape variety, *x 10,370 | n/s | 4.040 ** 9.993 n/s 6.423
producer country

Organoleptic n/s | 0.126 n/s | 5.417 * 8.736 * 12.239
properties
Aesthetic n/s | 0.146 ** 111876 | n/s | 2.691 n/s 1.743

properties of the
bottle design

Price, sales n/s | 0.329 ** | 37.225 | ** 21.763 | ** 15.412
Gastronomic n/s 1.792 ** | 17.184 | n/s 3.104 n/s 6,020
preferences

Advertising - - - - - - - -

Note: n/s — not significant; * - significant at p <0,05; ** - significant at p <0,01

According to information published in previous studies [8, 11, 13] sensory
properties of wine are the main factors that impact on consumer preference. Wine
organoleptic attributes were counted practically equally between genders and ages of
Ukrainian consumers in our study. But depending on family status and average wage per
month respondents divided with significance level of p <0,05 that perhaps due to various
social status, influence and inheritance of habits from other members of family. Also such
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fact can be explained by no ordinary wine choices for married and unmarried people with
average wage per month more than 250 American dollars. The price is substantially affected
on consumer purchase [3] and proved by our observations. Significance level of p <0,01was
indicted between wine price situation and age, family status and average wage per month of
respondents without taking account gender.

It is remarkable that correlation between genders of different consumers towards
grape variety are statistically significant (p <0, 01). In accordance with our investigations,
most women buy a wine depending on the grape variety and country of production, which in
turn proves that female reads the information on a wine bottle label more carefully [3]. People
with various average wages per month and ages are not significantly different among
themselves when they purchase wines produced from the exact grape variety or wine country
that unfortunately means the low wine culture and interest for Ukrainians. The age of
respondents was determined statistically significant towards the aesthetic properties of the
bottle design and gastronomic preferences that is correct for none typical points of views
related to shape, label colours of wine bottles, as well as pairs of wine and food between
people aged from 18 to 50 and more (p <0, 01). Advertising was proposed as one of answer
variants which can influence consumer wine choice. But none of survey participants chose
the advertising that means wine is not popular beverage in Ukrainian community or perhaps
the promotion is not needed for it.

Place of a wine purchase. Nowadays a place to buying wine plays one of main role
due to improving of wine culture worldwide [17, 20]. Besides general locations people can
purchase a wine at different wine festivals or trade fairs and remotely using home delivery.
According to results presented in Table 2, Ukrainians shop basically in supermarkets and
wine boutiques, and rarely - directly from the winery or make wine by own way.

Table 2
Significance level of factors influencing a place of a wine purchase

Answer variants | Gender Age Family status | Average wage
/Factors per month

P 12 p 12 p 12 p 12
Supermarket * 5,428 | nls 6,750 | n/s 5,390 | n/s 8,368
Wine shop, wine | n/s 0,283 | ** 14,432 | nls 4,982 | * 11,638
boutique
Directly from the | n/s 1,127 | ** 12,850 | n/s 4,201 | nls 4,170
winery
Own production n/s 0,417 | nls 0,617 | n/s 4,325 | nls 5,621

Note: n/s — not significant; * - significant at p <0,05; ** - significant at p <0,01

The proposed answer variants were detected unimportant for respondents with different
family status. But such factor as average wage per month of consumers influence choice of
a wine place namely wine specialized shops and boutiques that can be explained by various
rates of wages and willingness to buy a wine with different price categories. Also the
correlation between survey participants with various ages and abovementioned wine places
were indicated significant clarifying human education and perhaps experience in a wine
choice likewise buying of wine directly from the winery. Based on previous research [20],
women may shop spontaneously and men purposefully procure goods in supermarkets that
obtained results were showed.
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Factors influencing offered reasons of a wine purchase

Noteworthy is that the antecedent analysis identified no significance between people
with different family status and their choice of a wine place of purchase, but in accordance
with Table 3 this factor influences reasons of a wine purchase. It appears probable that family
traditions and holidays, as well as feast are the reasons to buy a wine for people with different
civil status [27]. Also consumers aged from 18 to 50 differed in case of a wine purchase for
holidays and respondents with diverse rates of wages — for gastronomic pleasure. No
significance was detected between participants of different gender when they buy a wine
according to proposed reasons.

Table 3
Significance level of factors influencing offered reasons of a wine purchase
Answer Gender Age Family status | Average wage
variants per month
/Factors p 12 p %2 p %2 p %2
Gastronomic n/s 1.641 | nls 3.438 * 7.579 ** 16.716
pleasure
Holidays n/s 0.212 | ** 13.195 | ** | 9.556 n/s 3.741
Therapeutic n/s 0,240 | nls 3.998 * 6.456 n/s 2,019
goals
No matter n/s 0,116 | n/s 2,573 n/s | 4,020 n/s 3,554

Note: n/s — not significant; * - significant at p <0,05; ** - significant at p <0,01

Results of ANOVA analysis proved that people of different gender, age and average
wage per month are differentiated towards a wine buying taking into account its label (table
4).

Table 4
Significance of a wine label
Answer variants /Factors Gender Age Family Average wage
status per month
Buying a wine | read its label | * * n/s *

Note: n/s — not significant; * - significant at p <0,05; ** - significant at p <0,01

Among the proposed answers in the questionnaire, most respondents chose the answer
that they always read the information on a wine label, but especially women aged 25-35 are
more attentive to the text. Moreover, people who earn more than 280 American dollars
choose a wine according to label and also require consistency between quality of wine and
its price. Most people between the ages of 18 and 25 years old were found who never or
rarely read the information on the wine label which indicates non-acquaintance of wine
culture. Family status of respondents was determined insignificant in the context of a label
reading.
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Label design

Consumers were proposed to answer which label design they prefer [36, 37]. Based on
Figure 1, survey participants ready to buy a wine with light label design which is
understandable and clear for them. However, the second big percent of answers was defined
belonged to group who has never thought about it, meaning a label design is not remarkable.
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Figure 1. Consumer preference on label design

Analysis of label pictures acknowledged that the most of respondents would rather a
simple label with image of winery and grapes. Such fact may also explain subconscious
choice of consumers when they see things associable with wine [15]. The labels which
illustrated men on black-and-white paper, picture in the baroque style with golden lines and
one where all information about wine has been written on packing paper were chosen by the
same number of survey participants. The label pictures with fillwords (Hungarian
crosswords) and black lines obtained the lowest percent of choice — 5 and 2 % of total number
of interviewed that perhaps demonstrates about consumer mind towards uselessness of an
unusual label design for a quality wine.

Evaluating the label influence on wine choice included the question about adding of
other information to the existing one on the label. 59 % of respondents were unanimous in
adding of information on the combination of wine with various products. Therefore,
consumers were interested in processes of wine technology and indicators forming the wine

price. Honest wine composition was written by 2 respondents of survey on line «Add your
answer» that can be sign of their incredulity regarding winemaking.
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Souvenir wine bottle can be present for any celebrating and thing of art. For this reason,
many wine producers present the own alcoholic beverages bottling in untypical tares [30,
31]. According to data in table 5, correlation between age and family status of consumers and
their readiness to buy souvenir wine bottle were not identified significant. But gender of
respondents and their average wage per month showed discrepancy among its groups. It is
no wonder that most women choose souvenir bottles who have average wage per month of

200-300 American dollars.

Table 5
Significance of a wine bottle
Answer variants /Factors Gender Age Family Average wage
status per month
Ready to buy souvenir wine | * n/s n/s *
bottle

Note: n/s —not significant; * - significant at p <0,05; ** - significant at p <0,01

71 % of Ukrainian who took part in our questionnaire preferred the typical volume

of wine bottle — 0, 75 dm?, 18 and 15 % — 0, 5 and 1 dm? respectively (Figure 3).
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Figure 3. Consumer preference of a wine bottle volume

As a rule, the bigger the volume of a wine bottle, the more expensive it is.
Nevertheless, quality wines including premium are poured into bottles of 0, 25 and 0, 375
dm? for hotel and catering business that cost more. On the supposition that with due regard
for wine price abovementioned bottle volumes are not popular among majority of people.

Conclusion

Summarizing the results of our research, it can be concluded that today the culture of
wine consumption is developed rapidly in Ukraine. And the consumer tends to awareness the
product with history and old traditions, because wine plays an important role in the life of the
modern man: for some it is tradition and holidays, for others it is special moments of life.

According to results wine and its packaging are considered a unified whole by the
consumer, inasmuch as the appearance of the packaging plays an extremely important role in
the consumer belief process.

Particular attention needs to be paid to exploring elements such as the design and label
of the wine, because namely they encourage the undecided consumer to buy the product.
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AHoTauii

XapuoBsi TexHosorii

BinnoBHa 31aTHiCTH HACTOIB 3 BiAX0iB NPSHO-APOMATHYHOI CHPOBUHH Y TEXHOJIOTIL
AJIKOr0JILHUX HATIOIB

Oner Kysbmint, Bomommmup Icaenko?, Ipuna Kopenpkal,
Jlxaman Paxmeros®, Bikrop 'y, Caitnana OniifHuk!
1 — Hayionanenuii ynisepcumem xap4osux mexronoeiu, Kuis, Ykpaina
2 — Hayionanvnuii asiayiunuii ynisepcumem, Kuis, Ykpaina
3 — Hayionanonuti 6omaniunuii cao imeni M. I'puwuxa HAH Yxpainu, Kuis, Ykpaina
4 — Kuiscokuil HayionanbHull yHisepcumem Kyaemypu i mucmeyms, Kuis, Yxpaina

Beryn. MeToro J0CHi/PKCHHST € BHBYCHHS BiJIHOBHOI 37aTHOCTI BOJHO-CIHPTOBHX
HACTOIB 3 BIIXO/IiB MPSHO-apOMATHYHOI CHPOBUHH Y TEXHOJIOT1i AIKOrOJbHHUX HATOIB.

Marepianu i meTonu. BiqHOBHY 37aTHICTH HACTOIB 3 BiJXOJIB MPSHO-apOMAaTHYHOL
cuposunu (Perilla frutescens, Elsholtzia stauntonii Benth, Artemisia abrotanum, Monarda
didyma, Agastache foeniculum, Satureja hortensis, Ruta graveolens, Nepeta transcaucasica
Grossch) Bu3HauaaM 3a METOJOM PEIOKCMETpPil Ta pH-MeTpil, CEHCOpHI MOKa3HHUKH — 3a
eKCIIEPTHUM METOIOM.

Pe3ynbraTn i odroopennsi. Biaxoan pociuHHOI NPsSHO-apOMAaTUYHOI CUPOBHHH, SIKI
YTBOPIOIOTHCS Ticisl Maleparlii, Ipy MOJabIIii MiroTOBILI MOXYTh BUKOPHCTOBYBATHCS
MIOBTOPHO Y TEXHOJIOT1] aJIKOrOJIbHUX HAIIOIB.

lomo xoutpoto (7,80 oxn. pH) HacTol MaroTh 3HA4YEHHSI BOJHEBOI'O MOKa3HUKA Bij 6,73
on. pH (Agastache foeniculum) mo 7,35 on. pH (Satureja hortensis), 1o, BiamosigHo, Ha
13,72% Ta 5,77% MeHIIe 3a KOHTPOJb. 3HAYECHHSA MiHIMAIbHOTO TEOPETHYHOIO OKHUCHO-
BiJIHOBHOTO TIOTEHIialy JUT BOAHO-CIIHPTOBHX HACTOiB Ehmin — Bixm 219,0 mMB (Satureja
hortensis) 1o 256,2 mB (Agastache foeniculum), o wa 14,06% Tta 33,44% TepeBUIIYIOTH
kOHTpONbHI  (Ehmin 192 MB). 3mHauenHs (aKTUYHO BHUMIPSHOTO OKHCHO-BiJHOBHOTO
MOTEHIIAY TSl BOXHO-CIIUPTOBUX HACTOIB Ehae — Bim 94,0 MB (Monarda didyma) mo 141,0
MB (Ruta graveolens), mo 6inbirre, Bigmosiato, Ha 2,17% Ta 53,26% 3a KoHTPOIE (Ehag 92
MB).

BomHo-criupToBi HACTOI 3 BiIXOMIB MPSHO-ApPOMATHYHOI CHPOBHHH MAlOTh BEIUYHUHY
BiZIHOBHOI 31aTHOCTI (eHeprito BimHoBmenus) RE Bix 101,4 mB (Ruta graveolens) mo 153,2
MB (Monarda didyma), sika iepeswuriye KOHTpoiIb (BomHO-crupToBa cymimr) RE 100 MB Ha
1,40% T1a 53,20% BiamoBiIHO.

BopHo-criupToBi HACTOI 3 BIAXOIIB HPSHO-apOMATHYHOI CHPOBHMHHM MAalOTh 3HAYCHHS
CeHCOpHUX TOKa3HMKiB S.e. Big 9,47 mo 9,68 Oama, Tomi sk kKoHTponb S.e. — 9,21 Gana.
Haii6ineime 3uagenns S.e. (9,68 Gama) xapakTepHe IUISI BOXHO-CIIHPTOBOIO HACTOKO 3
Agastache foeniculum: komip — sicio-6yprurinosuii (1,98 Gana); cMak — sickpaBuii edipHUi,
TpaB'ssHUH, 3anamHui (3,98 6ana); apomaT — KHUCTIO-TipKuiA, Teprkuii (3,72 6ana).

BucHoBKH. 3acTOCYBaHHS BiIXOIIB 3 MpsHO-apoMaTHuHoi cupoBrHA Monarda didyma
Y BOTHO-CIIUPTOBHX HACTOSX HPH3BOIWTH JO IiJBHIICHHS BiTHOBHHX XapaKTEPHUCTHK
HactoiB RE Ha 53,20 % 1 MO3UTHBHHX CEHCOPHHX MTOKA3HUKIB S.€. — 9,51 Oaina 3a 10-6anbHOO
LIKAJIOIO.

KuarouoBi cioBa: npano-apomamuynuil, 8i0X00u, AIK020Mb, HANIL, AHMUOKCUOAHM,
OKUCHO-BIOHOBHUL NOMEHYIAL, HACMIIL.
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BuszHayeHHs1 apOMATHYHNX i JIETIOYMX AaPOMATHYHHX CHOJYK Ta OPraHOJIeNTHYHUX
BJIACTHBOCTEH HOTYPTIB 3 HENOPYIIEHUM 3IYCTKOM, 30aradyeHuX He3piJIuM 3¢pHOM
MIeHuIi

Yirnem Konak I'otkene, Hixtan Akin
Yuigepcumem Cenvuyx, Konws, Typeuuuna

Beryn. Merta nocinipkeHHS — BUSHAYHUTH BIUIMB 30aradeHHs HOT'YpTy HE3pUTUM 3€pHOM
muennni (IWG) Ha #oro apomar, JI€TIOU1 CIIOIYKH Ta OPTaHOJISIITUYHI BIIACTUBOCTI.

Martepianu i meToau. IWG 30upanu y 1Bi pi3Hi cTanii — MOJIOYHOI 1 TiCTOBOI /10 (ha3u
MOBHOTO J03piBaHHsA. 3pa3ku Horyprty 30aradyBanuck 3epHoM (MSF) ta OGopomHoM i3
ticroBoro 3epHa (DSF) Ha pisnux piBasax (0, 1, 2 i 3%), 100 oTpumaTy nepeBary Bij ixHix
NpedioTHYHUX 1 (DYHKIIOHAJIBHUX BJIACTUBOCTEH. BMicT apoMaTHYHMX 1 JIETIOUUX CIIONYK Y
3pa3kax Horypry Oyno BH3HaueHO MeToJIoM TBepaodasznoi mikpoekcrpakuii (SPME) Ha 1,
14 Ta 28-i1 neHp 30epiraHHs.

Pe3ysnbTaTH i 06roBoperHsi. KinbKicTh aneTanbaeriay, XapakTepHOro apoMaTu3aropa
HOrypTy, Maja BUIY KOHIIEHTpaLilo B Horypti, 30arauenomy MSF. BmicT aneranpaeriay
3meHmmBes 3 14,87 mo 7,54 mpowmine y mpoOax 31 30UIblIeHHSM mepioay 30epiraHHs.
301bIIEHHS KUTBKOCTI €THJIOBOI'O CIHUPTY CHOCTEPIraioch y KOHTPOJBHHX Ta IHIIMX
30arayeHux 3pas3kax HorypTy BiANOBIZHO J10 3MEHIIEHHS KiJIbKOCTI anjeTaibAeriay mijx yac
30epiranHa. B 30araueHux 3paskax HorypTy BUSBIEHI Taki JIETIOYi KUCIIOTH, K MAacCIsiHa,
OKTaHOBA, OLITOBA, F'EKCaHOBA, K MOJMIMIIYBaIA CMaK i apoMmar. [300yTun 2-MeTuiBanepar,
SIKWI BUKJIMKAB CMaK 1 3amax y 3epHOBUX, BU3HAUAIM Y 3pa3kax Horypry, 30arauenux MSF
ta DSF. Bwmict uporo ckiagHoro edipy 30UIblIyBaBcs 3alieKHO BiX Koe]illieHTIB
30araveHHs, 1 L€ MNPHU3BOAWIIO JO IHTEHCHBHOTO 3EPHOBOTO CMaKy B Horyprax i3
koegiuienToM 30araueHus 3%. 3i 30inpIeHHAM BMicTy Oopomna IWG apomar 3epHOBUX y
HOrypTi mepeBaxkae, 110 3HUKYE OLIIHKY CIIOXKHBAYiB.

BucnoBok. Bukopucranas IWG OopomiHa y BUPOOHHMITBI HOrypTy BIUIMBa€E Ha
apoOMaTH4HI Ta JIETIOYI CMaKOBI CIOJXYKH 3pa3KiB HOrypry. Y I[IbOMY KOHTEKCTI
apOMaTH3aTOPU MOXYTh OyTH BUKOPHCTAHI JJIsi MACKYBaHHS 3€pHOBHX apoOMarTiB 1 cMaky,
SIKI TOMIHYIOTB uepe3 30ibieHHio Konientparii MSF ta DSF y loryprax.

Karwuosi ciioBa: tiozypm, 36acaueniist, nueHuyst, OpeaHoienmuKd.

DyYHKIiOHATbHO-TEXHOJIOTIYHi BJaCTUBOCTI XapyoBoi HAHOA00ABKH HA OCHOBI
NOABIHHOr0 OKCHAY IBO- T2 TPHBAJIEHTHOIO 3aJ1i3a

Ipuna Iuxanoscekal, Biktopis €pnam?, Onexcannp Anexcanapos!, Jligis Toma®
1 — Vkpaincora inswcenepno-nedazoeiuna axademis, Xapxie, Yrpaina
2 — Xapxiecvkuil OepoicagHuil yHigepcumen xapuysans ma mopeieni, Xapkis, Ykpaina
3 — Hayionanvna axademis Hayionanwnoi eeapoii Yxpainu, Xapxis, Yxpaina

Beryn. JlocimkeHo BOIO- 1 dKUPOYTPIMYBAIBbHY 3JATHOCTI XapuoBOi HAHOJ00AaBKH Ha
OCHOBI TIO/IBIHOTO OKCHITY JIBO- Ta TpUBaJeHTHOrO 3ami3a “Maruerodyn”’(FesOa).

Marepianu i Meroan. MogenbpHI CHCTEMH: «KpPOXMallbtMarHeTopym», «SI€IHUN
Oimok+marmerodyn», <okup+marHerodpym». Bomo- 1 KHpoyTpuMyBalbHY 3IaTHOCTI
JOCIIDKYBAIH 32 JOTIOMOTOI0 eHeproauciepciiaoi peHTreHiBerkoi (EDX) Ta IU-Dyp'e
cnektpockomii (FTIR). MacoBy dacTKy 3B’s3aHOi Ta BUTBHOI BOJOTI BH3HAYAIH
inmukaropanM MeronoM (IM) Ta audepenmiiino-TepmiunnM ananizom (JTA).
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Pe3yabraTu i 06rosopenns. BinzHaueHo 31aTHICTh HAHOYACTHHOK Xap4yOBOi T00aBKH
Fe3O4 yrBOprOBaTH 3 BHCOKOMOJIEKYJIIPHHMH CIIOTYKaMH XapuoBUX cHcTeM (Oijkamwu,
BYIJIEBOJIAMH, JIITJaMH1) €IEKTPOCTATHYHI KOMIUIEKCH — JOCTATHBO CTIMKI CTPYKTYPH THITY
«KIIACTEpiBY», «KJIATPATiB», «KaBITATiB», «CyNPaMOJIEKYISIPHHX acoLliaTiB», IO CHpHsE
3B’S3yBaHHIO Ta YyTPUMAaHHIO Bogu U xkupy. [igpo¢inbHI KOHTaKTH COJNBBATOBAHUX
HaHoyacTHHOK Fe3O4 3 aumnonsMu Boau, MOJIEKyIaMu OUIKIB 1 HoicaxapyIiB (BYrJIEBOIB)
ITi IBUIIYIOTH CTA0UTBHICTD MMOJi(ha3HUX CUCTEM.

3cynenns B [Y-criekTpax MakcuMyMy HorirHaHHs 3B’ 53Ky Fe—O y BUcokodacToTHy 00mnacTb
Ha (5742) cM™ MOpIBHSHO 3 IOCIT THMM 3pa3KOM YKCTOi XapuoBoi 100aBku «Marnetodym — FesOs
(XIM) cBimuuTh TpO XiMiYHYy B3aEMOII0 KaTioHiB ¢epymy XM 3 Momekynamu
BHCOKOMOJICKYJISIPHUX CITOTYK (KPOXMAJTFO, IEYHOTO OLIKa, KUPY).

3aBIsKM  EHEPrONUCIIEPCIHHUM  PEHTIeHIBCBKUM  JIOCTIDKEHHSM  BCTaHOBJICHO
XIMIYHUH CKJIaJ MOZICTBHUX CUCTEM BUCOKOMOIICKYISIPHUX CIONYK 3 (XJIM): 111 4acTHHOK
grcroi XJIM — Fe 75,5%; O 24,5%; aj1s1 yaCTHHOK T0OABKH, TIOKPUTHX sIEYHUM O1LTKOM, — Fe
44,7%; 0 26, 9%; C 21,4%; N 5,9%; S 1,1%; st 4aCTHHOK J00ABKH, IOKPUTHX KPOXMAJIEM,
—Fe 41,7%; O 35,7%; C 22,6%; 111 4aCTUHOK JOOABKH, TIOKPUTHX JIHOJICBOK KUCIIOTOIO,
— Fe 45,6%; O 34, 7%; C 19,7%; mis 4aCTUHOK JJOOABKH, TIOKPUTHUX COHSITHUKOBOI ONI€0,
— Fe 39,7%; 036,70, C23,6%.

CmiBBiIHOIIIEHHS 3B’sI3aHOI Ta BITBHOI BOJIOTH B cojbBaToBaHiii XJIM: 50,5-51,6%
BOJU IpHIIaJae Ha 3B’ s3aHy Bosory 1 48,4—49,5% — Ha BiIbHY, OCMOTHYHY (BOzia HAOyXaHH!)
1 (pi3MKO-MeXaHIuHY BiJl 3arajibHOI KIJIbKOCTI BOJIH.

BucHoBku. Briepiie 3anpornoHoBaHo Mojesi B3aemoil HaHouacTHHOK FesOs 3 Bomoro,
OiJIKamH, KMpaMu, BYIJIEBOJAMHU JUIsl OOIPYHTYBAaHHS MEXaHi3MiB BOJIO- 1 KHPOYTPHUMaHHS
HAaHOYACTHHKAMH Xap4oBOI I00aBKH Ha OCHOBI TIOJIBIHHOTO OKCHY JJBO- Ta TPHUBAJICHTHOI'O
3aji3a.

KawuoBi cinoBa:  odoympoympumanns, — HCUpOymMpUMAants, — OKCUO — 3auisd,
HaHoacoyiam.

BB KOKOCOBOro M0JI0Ka Ha (pi3uKo-XiMiuHi, MikpoOioJioriuyni Ta opranoaenTHYHI
XapaKTepUCTHKH MOJIOYHOI0 MPOAYKTY «Jlaxi»

A6ayn Marin?, Haxigyp Paxman?,
Tanimka Icmam?, ®@ican bin Xamxi Axmen?
1 — Vuieepcumem semepunapnux ma meapunnux nayx, Yamozpama, banenadew
2 — Vuigepcimi Tepeneany, Tepeneany, Manaiizis

Beryn. 3aMiHHMKM MOJOKAa Ha POCIHHHIA OCHOBI a00 O€3MOJOYHI MPOIYKTH —
TIOIMPEHa TeHIHITSI PO3BUTKY HOBHX Xap4yOBHX MPOMYKTiB. ToMy Iie JoCHiKeHHSI 0yIo
NPOBEJeHEe 3 METOI BHBYEHHS SKOCTI Ta MOTEHLIATY NMPOXYKTY «/laxi», mpUroroBaHoro 3
KOPOB’S[90T'0 MOJIOKA i KOKOCOBOTO MOJIOKA.

Marepianu ta metogu. Otpumani penentypu A (Kortpons), B 1 C roryBanu nuisxom
3MIITyBaHHS KOPOB'STIOT0 MOJIOKA 1 KOKOCOBOTO MOJIOKA B TPhOX pi3HUX mponopisx (100:0,
50:50, 0:100). Cxmaz, ¢i3uko-xiMidHi, CCHCOpPHI Ta MIKpOOHI BIaCTHBOCTI OyJIM BH3HAYCHI
JUTS OLIIHKH SIKOCTI 3pa3kiB «/axi».

PesynbraTn i oOroopenHsi. Pe3ymbraté (i3WKO-XIMIYHOTO aHANi3y MOKa3alld
3pocranns 3Hadenb pH (4,05-4,33), TSS (14,05-14,90) Ta innexcy comomkocti (10,60—
20,13) mix gac 3aMiHH KOPOB’SYOT0 MOJIOKa KOKOCOBHM MOJIOKOM. Takoxk OyIro momiTHE
36impImenHs BomorocTi (82,75-85,20%), sxwuprocri (1,57-3,06%) i 3omeHOCTi (0,71-2,94%).
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Pe3ynpraTy miakasyroTh, IO JOJaBaHHS KOKOCOBOTO MOJIOKA NPHU3BOMUTH O 3HAYHOTO
30UIBIIIEHHST BMICTY MiHEpaJbHHX PEUOBHH, a TAaKOX HEHACHMYEHUX XMPHUX KHUCJIOT, IO
MOXe€ CIIPHATH KOpHUCTI 1 310poB’st. KinbkicTs OakTepil y BeiX 3pa3kax cranoBmina (4,51—
5,34)x10° cfu/ml, 10 BiANOBiza€ NPUIHATHM CTaHIAPTaM JUIS KHCIOMOIOYHHX MPOIYKTiB.
Pe3ynpraTi 1bOro MOCITIDKEHHS TAaKOX ITOKA3alH, IO JI0JaBaHHSI KOKOCOBOT'O MOJIOKA
3HAYHO TIOKPAIIUIO apoMaT i KOHCUCTEHIII0 «/[aXi». B miioMy mpuiAHATHICTS 30aradyeHOro
KOKOCOBHM MOJIOKOM «/Jlaxi» Oyia cxoka 3 KOHTpoNbHUM 3pazkoM (100% kopoB’staoro
MOJIOKa).

BucnoBok. «Jlaxi» 3 KOKOCOBOrO MOJOKa MOK€ OyTH BiANOBIIHUM 3aMiHHUKOM
3BHYAWHUX MOJIOYHHMX TPOAYKTiB «Jlaxi», mo Moxke OyTH IIHHUM I ocid 3
HENepEeHOCHMICTIO JTaKTO3H.

Koarouosi ciioBa: “Jaxi’

s

, KOKOC, MOJIOKO, Kopoea, AKicmb.

Brnuius TemnepaTypu BoaM Ta NPHPOCTY BOJIOTH HA TeMIIePaTypy NMIIeHUN| mijg yac
3BOJIOKYBAHHA

€sren Xapuenko, Banenrun Yopuuii, Auapiit llapan
Hayionanvhuii ynieepcumem xapuosux mexronoziti, Kuis, Yxpaina

Betyn. MeToro 1ociiiKeHHs € po3pOO0JICHHS CIPOIIEHOT 3aIeKHOCTI [T BU3HAUCHHS
TEeMIIepaTypy 3€pHa MIUIEHMII IPH HOro 3BOJOXKYBaHHI 3 ypaxXyBaHHSIM Koe(illieHTiB
TEIJIOEMHOCTI, sIKa 3B’S3y€ TEMIIEpaTypy 3€pHa MILIEHHUI] MIClsi 3BOJIOKYBAaHHS 3 HOro
[I0YaTKOBOIO TEMIIEPATYPOI0, TEMIIEPATYPOIO BOIH Ta KiTBKICTIO BOJH, SIKOIO 3BOJNIOXKYETHCS
3€pHO.

Marepianun i meromu. JlocmimKeHHS NPOBOAWINCE HAa OCHOBI MaTeMaTH4HOTO
MO/ICITFOBaHHSI 3 ypaxyBaHHM TEILIONPOBITHOCTI 3epHa Ta Boau. OOpoOKy JOCIIIHUX JaHUX
3IIHCHIOBAJIM 3a JOIMOMOIOI0 METOJy HaWMEHINMX KBaapariB. [lepeBipKy ajekBaTHOCTI
OTPUMAaHOT 3aJIeKHOCTI 3/1IHCHIOBANH 3a JonoMoroto F-kputepiro Pimepa.

Pe3yabTaTu i 06rosopennsi. [Ipu 3BonokyBaHHI 3epHa MIIEHUII, TEMIEpaTypa SAKOTo
30unbLIyeThest Bif -10 °C mo 50 °C Bozoro, Temiiepatypa kol 30ibiryerbes Big 5 °C 1o 60
°C, TeMmiepatypa 3epHa 30LIBIIYETHCS 3a JIIHIHHOW 3aiexHicTio. e Hagano MOXIUBICTh
PO3pOOUTH JTiHIHHY 3aJeXKHICTh TEMIIEPATypH 3€pHA MIICHMI[ Iicis 3BOJOXKYBAHHS, SIKa
BpaxoBye MMOYATKOBY TEMIIEPATYPH 3€pHA 1 MOYATKOBY TeMIIEpaTypy BOIM HPH HE3MiHHIN
KUTBKOCTI BOJIH, SIKY TIOJJAHO JI0 3epHA.

3 MeTOI0 BBEICHHS 0 OTPUMAHOI 3aJIeKHOCTI IMOKAa3HUKA, SKAH BPaXxOBYE KiJIBKICThH
BOJH, MPOBENEHO IOCITIHKEHHS 3MIiHH TEMIIEpaTypH 3€pHA IIICHHUIN, 3BaXKAIOYH Ha HOro
[TOYaTKOBY TEMIIEPATypPy, Pi3HY KUIBKICTh BOIHM 1 HE3MiHY TeMIepaTypy, ska ctanosmia 20
°C. AHami3 OTpHIMaHHX pe3yNIbTaTiB IOKa3aB, IO TEMIepaTypa 3epHa MIISHHII JTiHIHHO
301IBIIyeThCA TPU 301IBIIEHHI HOro TemmepaTtypu Ta 301IbIICHHI KiITBKOCTI BOMH, SKY
BBEIICHO y 3€PHOBY Macy. BusBieHo, 1o JiHIWHI TpsAMi 3MIHIOIOTh KYT HaXWIy BiTHOCHO
TOYKH, siKa nopiBHIOE TemmepaTypi 10 °C. Lle mamo BBecTH y NiHIHHY 3a1€KHOCTI T00YTOK,
SIKF BPaxOBY€E KIIbKIiCTh TOJAaHOI 10 3epHOBOI MacH BOJIH.

[epeBipka ageKBaTHOCTI OTPUMAHOI JIHIHHOI 3aJIeKHOCTI MIATBEPINIIA, IO PiBHIHHS
alieKkBaTHe. AHall3 OTPHUMAHMX JaHHX T[OKa3aB, IO BIOXWICHHS TEMIIEpaTypH 3epHa,
pO3paxoBaHe 3a JiHIHHUM PIBHIHHAM Ta (Pi3MIHOI0 MOIEIUTIO, KOMUBAEThCs B Mexkax 1,0 °C
3a aOCONIOTHNM 3HAYECHHSIM.
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BucHoBku. VY pe3ynbTaTi MOCHIPKEHHS 3MIHM TEMIEpaTypud 3€pHa Ipu Horo
3BOJIOXKYBaHHI IIAITPITOI0 BOJOI0 OTPUMAHO Y3araJbHEHY 3aJIeKHICTh, B SKi BPaxOBaHO
Koe(illieHTH TemIonpoBiHOCTI. OTpUMaHY 3aJI€XKHICTh MOXKHA PEKOMEH TyBaTH JUIs aHAJII3y
TEMIIepaTypH 3epHa MIIEHHUIII B TPoLeci HOro 3BOI0KYBaHHSI.

Kunro4doBi ciioBa: nwenuys, memnepamypa, 60102icme, 600d

Brniue 3HaK03MIiHHEX IMITYJIBCIB THCKY HA CEHCOPHI XapaKTEePUCTHKH Ta
JAerycraniifHe OliHIOBAHHSI BOJAM, ACOLIil0BAHNX BOAHUX CHCTEM i PO3YMHIB

Ipuna Jly6oBkina
ITnemumym mexniunoi mennoghizuxu Hayionanvroi akademii nayx Yrpainu,
Kuis, Yxpaina

Beryn. Meroto ociijpkeHHsI € BU3HAUEHHSI BIUIMBY 3HAKO3MIHHHX IMITYJIBCIB THCKY
Ha CEHCOPHI XapaKTepHCTHUKH Ta JETYCTalliiiHEe OIHIOBAHHS BOJM, aCOI[IHOBAaHUX BOJHUX
CHCTEM 1 PO3UHHIB.

Martepiamm i meromu. IlpenMerom mocHiIKeHHS € 3MiHA (I3UYHUX 1 XIMIYHHX
napaMeTpiB Ta BJIACTUBOCTEH BOJHMX CHCTEM 1 PO3UYHMHIB Iifl 4ac OOpOOJEHHS B YMOBax
3HaKO3MIHHHMX IMITYJIbCiB THCKY. BHKOpHCTaHI 3arajlbHOHAyKOBI Ta CIeLialbHI METOAU
JIOCIIKeHb, 30KpeMa eleKTpoxiMiyHi. OKpiM I[bOr0, BHKOPHCTAHO METOA CEHCOPHOTO
aHaJIi3y 3pa3KiB BOJM Ta PO3UMHIB.

Pesynbratn i oOroBopennsi. BcraHoBneHo, 110 3HayHa KUIBKICTh METO/IB
00poOJICHHST BOJHUX CHCTEM, SIKI IIMPOKO 3aCTOCOBYIOTBCS y PI3HHX Taly3siX Xap4oBOl
MPOMHUCIIOBOCTI, € HEOCTATHHO BUBYEHOIO.

®i3nyHi Ta XiMIYHI BJIACTUBOCTI 1 MapaMeTpy BOJIN, BOJHUX CHCTEM 1 PO3UMHIB TaKi 5K
OKHCHO-BIIHOBHHIA TIOTEHII1aJ1, BOJHEBUI NOKA3HUK, KIJIbKICTh PO3YMHEHOr0 KUCHIO TOIIIO,
MOXYTb 3MIHIOBATUCH 3aB/ASKU 3aCTOCYBAaHHIO METOJIB (Pi3UIHOrO BILIHBY.

Jerycraniiini BUNpoOyBaHHS BOJM, OJIEPXKAHOI 32 TEXHOJIOTIEIO MiJANPUEMCTBA, Ta
BOJIM, 0OpOOJIEHOT B YMOBaX 3HaKO3MIHHHUX IMITYJIbCIB THCKY, 3 PI3HAM 4acoM OOpOOIIeHHS
M 11aBaJIMCh TIOPIBHUILHOMY aHai3y.

VY pe3ynbTari NOPIBHSUILHOTO aHalli3y BCTAHOBJICHO, 10 BOJA, 00pOOIeHa B yMOBax
3HAKO3MIHHHMX IMITYJIbCIB THUCKY, MPOTArOM | ¢ Mae MOKpAIeHWI 30BHIIIHINA BHIIISI,
3abapBiieHHs, apoMaT, cMak. Jlerycraiiitaumii 6an niasummBces Ha 12,12%, K0 NOPIBHATH
3 KOHTPOJbHUMH 3pa3KaMH, 10 € JOCUTh BATOMUM ITOKa3HUKOM SIKOCTi Boau. OOpoOieHHs
BOJIY 3HAKO3MIHHUMH IMITyJIbCAMH THCKY TIpoTsiroM 30 ¢ cripusie moKpameHHio cMaky. Cirin
3ayBa)KUTH, IO JeTycTamiiHuil 6an miguimees Ha 3%. B pe3ynprari 00poOieHHs Boan
mpotsaroM 60 ¢ BiIOYBa€THCS MiABUIIEHHS 3aralIbHOTO JeTyCTaIlitHOro 6amy maibke Ha 9%,
IIpH IIbOMY TTOKpaIyeTbcsa cMak. O6pobieHHs mpotsrom 90 ¢ IpU3BOIUTH A0 MOKPAICHHS
apomary BonIu. 3arajgbHui 0aj mpu [[FOMY IIiIBUIIUBCS Maibke Ha 9%.

BucHoBku. 3aranpHuii 6ai 3pa3kiB BOAU Ta BOJHUX PO3YHHIB, SKi Oyin oOpoOIieHi B
YMOBax 3HAKO3MIHHHX IMITYNbCIB THCKY, MaB IiJBHIICHI TMOKA3HUKH SKOCTI MOPIBHIHO 3
KOHTPOJIbHUMH 3pa3kaMu. Lle MO3NTHBHUM YHHOM BIUIMBA€ HA SIKICTh TOTOBOTIO MPOIYKTY
Ha OCHOBi 00p00IEHOT BOJM Ta BOJHUX PO3UHHIB.

KurouoBi ciioBa: cencopruii, ananis, piokuii, 00po0OieHHs, MUCK.
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BuxopucTtaHHsg M0JIOYHOI CHPOBATKH y TEXHOJIOTIl MOJIOYHHUX JecepTiB

VYsna Ky3emuk, Banepist Bornanosa
Hayionanvnui ynisepcumem xapuosux mexronocit, Kuis, Ykpaina

Beryn. VYV cBiTI iHTEHCMBHO BeAYTHCSI JOCHIDKEHHsS 3 Moaudikamii ckiamy Ta
BJIACTHBOCTEH MOJIOYHOI CHPOBAaTKH, METOI0 SKHX € PEryJIIOBaHHS XapaKTEePUCTHK JUIs
3aCTOCYBaHHSI B PI3HHX Tally3sfX IPOMHCIIOBOCTI, 30KpeMa CTBOPEHHs SIKICHO HOBHX
MIPOYKTIB Xap4yBaHHsI CHELiaIbHOTO MPU3HAYEHHSI.

Martepianu i meTogu. O0’€KT JOCIIHKEHHS — MOJIOYHA CHPOBATKa SIK CHPOBHHA MPHU
BHUPOOHMIITBI MOJIOYHUX JIECEPTIB.

Pe3ynbTaTH i oOroBopeHHsi. Peamizaiis METOIB TMOBHOTO IMKIY IepepoOKH
MOJIOUHOI CUPOBATKH IIUIIXOM BUJIICHHS, KOHLIEHTPpYBaHHs, Moaudikaii 11 BlIacTuBoCTeH
Ta po3poOJIeHHs] 1HHOBAI[IMHUX TEXHOJIOTIH 11 BUKOPHUCTAHHS JUIS Xap4OBHX MPOIYKTIB,
30KpeMa IJILOBOTr0 NPU3HAYEHHsI, Mae BU3HAUCHY pecypco3depiratody crpsiMmoBaHicTh. Lle
JIacTh 3MOT'Y €(pEeKTUBHO BUKOPHCTOBYBATH TEXHOJIOT1UHI BJIaCTHBOCTI HAIIOBHIOBAYiB, 1XHi
CHHEpriuHl B3aemonii MK CcO0O0 Ta 3 MOJIOYHOIO CHPOBATKOIO, TIOKpPAIIUTH
(YHKI[IOHAJTHHO-TEXHOJIOTIUHI ~ XapaKTEPUCTUKH MOJIOYHOI  CHUPOBATKH, PO3IIMPHTH
MOYKJIMBOCTI BUKOPHUCTAHHSI B TEXHOJIOTiSIX BUPOOHUIITBA XapUOBUX IMPOJIYKTIB HA OCHOBI
MOJIOYHOI CUPOBATKH.

BueHUMH TPOBOMATHCS MTOCTIMKCHHS 31 CTBOPCHHS TEXHOJIOTIM IOJAIBIIOrO
BUKOPUCTAHHS MOJIOYHOI CHUPOBATKM Y MOJIOYHIM TMPOMHUCIOBOCTI Ui BUPOOHUIITBA
HariB(paOpHUKaTiB, TEXHOJOIYHUX cyMilllel 1 YHKI[IOHANbHUX HPOLYKTIB AJIsI OTPUMAaHHSI
MOBHOLIHHUX Xap4OBUX IMPOAYKTIB LUIBOBOIO NMPHU3HAYECHHSA Ta 3a0e3Ne4eHHS B TaKUH
crnoci0 HaceseHHs OlIKaMU Ta HyTpieHTaMU B 010J0CTyIHIi (GopMi.

3anpoBaDKEHHsT pecypco30epiralounx TEXHONIOTiH 1 BUTOTOBJICHHS SIKICHOI Ta
0e3reyHol MPOAYKIIT 3 BHUCOKHMMHU CIIOKMBUYMMH BIIACTUBOCTSMH CIIPHSE BHPIILICHHIO
npoGiiemMu O1IIKOBOTO JeilUTy, a TAKOXK 3a0e3eUeHHsI HACSJICHHSI PI3HUX COLIaIbHUX TPYII
Ta yMOB MPOXXMBaHHSA  IOBHOLIHHWUMHK, 30aJaHCOBAaHUMH 332  OIOJOCTYIHHM
MIKPOHYTPIEHTHUM CKJIaJJOM KOMOIHOBaHMMH 1 OaraTOKOMIIOHEHTHUMH Xap4YOBUMH
NPOAYKTaMH LiTHOBOIO MPU3HAYCHHS.

BucnoBku. IToeqHanHs MOJOYHUX KOMIIOHEHTIB 1 IIOAOBO-SATIJHMX HAIOBHIOBAYiB
3abe3neunTh OakaHWW TEXHOJOrIYHMHM e(peKT Ta OpHriHaJdbHI OpPraHOJECNTHUYHI
XapaKTePUCTUKH HOBUX BUJIIB MOJIOYHHUX JECEPTIB.

KuarouoBi cioBa: monouna cuposamka, decepmu, nio0080-A2i0Hi HANOBHIOBAU.

Mpouecu, 0671afAHAHHSA | CUCTEMU KOHTPOJTIO

MoneaoBaHHsI npouecy arperaui'l' HAHOYACTHHOK B IreTEPOr¢eHHUX TUCIEePCHUX
CUCTEMaX

Banentnn OnimeBcrkuii, Cepriii Bacunenko,
€sren badko, Cearocnas JlemenTtap
Hayionanenuii ynisepcumem xapuogux mexuonoeit, Kuis, Ykpaina
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Beryn. [ocnimkeHHs arperanii 4aCTWHOK aKTyaJbHO 1 JOCHIDKYETBCS B XIMIYHHX
TEXHONOTiNX, Oiodi3uii mpu BUpIMIEHHI NPOOIEM OYMIIEHHS BiJ aepo3oibHUX abo
KOJIOiTHUX 3a0py/IHEHb.

Martepianu Ta MeToau. Po3risinaeTscs BIUIMB HAHOYACTHHOK HA KiHETHKY arperarfii
mucriepcHuX (a3 y cycrnensii. BUKOPHCTOBYIOTHCS MO, IO 3aCHOBaHI Ha Mojudikarisx
METOIy IMHAMIKM 4YacTHHOK 3 YypaxyBaHHAM cui Ban-nep-Baanbca, rpasiTauwii,
BpoyniBchkux i CTOKCOBHX CHJT HA OCHOBI HAITIBEMITIpUYHUX 3aJICKHOCTEH JIJIS IIIBHIKOCTEH
arperauii i Jie3arperariii npu 31TKHEHHSX.

Pesyabratn Ta obroBopennsi. Ha ocHoBi anamizy piBHAHHI CMOJIYXOBCBHKOTO,
MOJIEKYJISIPHO-KIHETHYHOI Ta JIOKaJIbHO-130TponHOoi TypOynentHocti KonMoroposa teopiit
JOCITI/DKEHO JAWHAMIKY OTHOYAaCHOTO TYpOYJIEHTHOro Ta OpOYHIBCHKOI'O NEpEHECeHHS Ha
TIPOLIEC IIBUIIKOI KOATYJNAII» Ta 3alpolOHOBAHO MEXaHi3M BIUTUBY HAaHOYACTHHOK Ha iX
arperaToyTBOPIOIOYY 31aTHICTh Y KOJIOITHUX FeTepOreHHUX JUCIIEPCHUX CUCTEMaX.

Po3pobnenHi piBHAHHS IS IIBUJIKOCTI AWCHIAIi KIHETUYHOI eHeprii B cycreHsil
JI03BOJISIFOTH BU3HAUUTH JAUCIEPCHICTh YACTOK, TIPH SIKMX B MEXaHi3Mi KOaryJsiii nepeBakae
OpoyHiBcbka au(y3ii vacrok. ToOTO, YMM IHTCHCHUBHINIMKA MPOIEC MEPEeMIilTyBaHHS
cycrneHsii, THM OUIbIy pPOJb B TPOINECI Koaryssuii, cemuMeHTarii Ta (iIbTpyBaHHI
BiAIrPalOTh YACTHMHKM HAHOPO3MIPHOIO [iama3oHy, SKi BKIIOYAIOTbCS B TypOYJIEHTHHH
BUXOPOBHI pyx. HaBenmeHi pe3ynabpTaTH KOPHUCHI Ui NMPAaKTUYHOTO 3aCTOCYBAaHHS NpHU
KepYBaHHI IHTEHCUBHICTIO IIPOLIECIB KOaryJslii B arapaTax 3MillyBaJbHOTO THILY.

BucHOBKH.  3anporoHOBaHO  MEXaHi3M  BIUIMBY  HAaHOYAaCTMHOK Ha  iX
arperaToyTBOPIOIOYY 31aTHICTh Y KOJIOITHUX TeTEPOreHHUX JUCIIEPCHUX CUCTEMaX.

KutouoBi cnoBa: roacynsayis, acpecayis, HAHOYACMUHKA, Ou@ys3is, WEUOKICHb
Jucunayii.

CuHTe3 iHTeJeKTYaJIbHOI CHCTeMH YIPABJIiHHSA €JIEKTPONOCTAYAHHAM NpoueciB
BHPOOHHMIITBA Xap4YOBUX NMPOAYKTIB 3 MPOrHO3YBAHHSM CIIO’KUBAHHS eJIEKTPOeHeprii

Cepriii bamora, Jlronmuna Konmnosa, Banepiit Kyesna, HOmnis Kyesna, Ipuna Jlursun
Hayionansnuii ynisepcumem xapuogux mexuonoeiu, Kuis, Ykpaina

Beryn. JlocnimkeHHs NPOBEICHO 3 METOI0 OOIPYHTYBAaHHS METOJIB IHTEIEKTYalIbHOT
CHCTEMHU YIPABIIHHS €NeKTPONOCTa4aHHAM IIPOIIECIB BUPOOHHIITBA XapUOBUX MPOAYKTIB
(IIBXTI) st migBuiieHHs! €(h)eKTHBHOCTI BUKOPUCTAHHS €JIEKTPOSHEPTii.

Marepianu i meromm. JlocmimkenHs O0a3yeTbcs Ha IHTENEKTYalTbHHX METOIAaX
VIIPaBIIiHHS, aJTOPUTMI MPOTHO3YBAHHS CIIOXKMBAHHS ENIEKTPOCHEPTii 3 BUKOPHCTAHHAM
MTYYHUX HEWPOHHMX MEpEeX Ta AaKTUBHOMY METONI iNeHTH]IKaIil CTaTHIHUX
XapaKTEePHUCTUK HABAHTAXKEHHSL.

Pe3yabraT i odroBopenns. Ha ocHOBI cuctemHoro anamizy ympammiaasa [IBXII
BU3HAYAIOTHCS KpUTepii Ta QyHKuii ynpasminas. s peamizamii (yHKmiid ynpasiiHHS B
IHTEeTIeKTyallbHI CcHCcTeMi yrpaBimiHHS enekrpornoctadandsM [IBXIT BHKOpHCTOBYETHCS
MOJZICNIb TIPOTHO3YBAaHHS CIOXKHBAaHHS €JICKTPOCHEpPril, aJrOpUTMHU MPUIHATTS pilleHb
VIpaBIiHHA ENEeKTPOIOCTadYaHHIM, Tporeaypa (OpPMYBAaHHS ONTHMAIBHOTO TIEPETiKY
CIIOXKHMBAUIB-PETYIATOPIB  Ta  OOYNCICHHS  pAlliOHANBHUX  PEKHAMIB  CHOKUBAaHHS
€IIEKTPOCHEePTIi.

Jns TporHO3yBaHHS CIIOKHMBAaHHS EIEKTPOSHEeprii Ha XapdoBOMY BHPOOHHUIITBI
BHOpaHo OaraTomapoBuil MEPUENTPOH i3 HAOOPY apXiTEeKTyp MITYYHUX HEHPOHHHX MEPEXK.
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[TokazaHo, 1m0 onTuMatbHa KOH(Iryparis HHPOHHOT Mepexki — I1e TPHUIIIAPOBHI EPIETITPOH
i3 MPUXOBaHUM IMAPOM, A€ KUTBKICTh €JICMEHTIB JIOPIBHIOE TIONIOBHHI CyMH CIIEMCHTIB
BXIJJHOTO Ta BHXiJHOro mapiB. HaBuaHHs mepuentpoHy 3iHCHIOETBCS KOMOIHOBaHHM
MalIMHHAM METOIOM 3BOPOTHOIO MOIUpPEHHs ToMmiky / Mammau Ko, O0uuciroBabHAI
EKCIICPUMEHT 3 TIPOTHO3YBAaHHSAM CIIOXKWUBAHHS CHEPrii Ha BHPOOHUIITBO MPOMYKTIB
Xap4uyBaHHS Ha PiK BIlepe]] Mae MOMUIIKY B HaByaHHI B Mexax 0,05-0,06.

AJITOPUTM BH3HAYCHHS ONTHMAJIBHOI HAIPyrH, IO 3a0e3rneuye eHeproeqeKTHBHI
peXKUMU POOOTH EHEPrOCHCTEMH, BHKOPUCTOBYE CTATHYHI XapaKTCPUCTUKU HATPYTH
HaBaHT)KEHHA. [ MiNBUIIEHHS TOYHOCTI Ta SPEKTHBHOCTI aJTOPUTMY OOTPYHTOBAaHO
BHUKOPUCTAHHS TPOLEAYPH IACHTU(IKAI] CTATHYHMX XapaKTCPUCTHUK HABAHTA)KCHHS B
IHTEPAKTUBHOMY PEKUMI JIJIsI OCHOBHHMX PEKHUMIB TEXHOJIOTTUHOIO TIPOIIECY 3 YpaxyBaHHIM
CTaHy CIIOKUBAYiB-PETyJATOPIB Ta CTYICHS KOMIICHCAIlT PEAKTHBHOI MOTYXHOCTI 3
BHUKOPUCTAHHAM TpaHC(HopMaTopa, OCHAIIECHOTO SICKTPOHHUM BUMHUKAYEM.

BucHOBKH. AJTOPUTMH 1HTEICKTYaIbHOI CUCTEMH YIIPABIIHHS €JICKTPOIIOCTAaYaHHIM
[BXIT cratoth Oinbll e()EKTHUBHUMH 1 TOYHMMH 3aBASKH 3aCTOCYBAaHHIO MPOLECAYD
MIPOTHO3YBaHHSI CIIOXKMBAaHHS eHeprii Ta ineHTH(]IKalii CTaTUYHUX XapaKTEePUCTHK
HABaHTAKCHHS.

KuiouoBi ciioBa: enexmpoenepeis, ynpaeninms, inmeiekmyaibHul, nepYenimpoHn.

AHaJni3 podoTn anapatiB Xap4oBoi IPOMUCJIOBOCTI NMPH 3aCTOCYBAHHI CIJIABIB 3
epexToM nam’sti popmu

Amnaromniii Ykpaineus, Bonogumup 1llecrepenko, Bonogumup Pomanrok
Hayionanvnuti ynieepcumem xapyosux mexnonocii, Kuis, Yxpaina

Beryn. Mertoto ociifpkeHHsT € MPOBEICHHS KOMIUIEKCHOTO aHalli3y 1HHOBalidHHUX
MPUCTPOIB HAa OCHOBI cruiaBiB 3 edekrom mam’sti ¢opmu (EIND) mus 3actocyBanHs B
armapaTax Xap4oBHX TEXHOJIOTIH.

Marepianu i meroau. BukopucroByBanuchk iznuHe Ta MaTeMaTH4HE MOJCTIOBAHHS
MIPOLIECIB, MOJIOXKEHHS TEOpPii aBTOMATUYHOTO KEPYBaHHSI, TEOPisi HEYITKOT JIOTIKH.

Pe3yabraTtu i odroopennsi. [IpoBeneHnii KOMIUIEKCHUIN aHai3 IPUCTPOIB HA OCHOBI
MatepiaiiB 3 epexrom nam’sTi Gopmu (EIID), siki MoxyTh OyTH 3aCTOCOBaHI B amaparax
Xap4oBoi MPOMHUCIOBOCTI. 30KpeMa, IpOaHaIi30BaHAa KOHCTPYKIS Ta MPUHLMUN Ail
TEPMOKJIAIIaHIB, IO BHPI3HSIOTHCS MPOCTOTOK KOHCTPYKIIT 1 HAJiMHICTIO; i1HIUKAaTOpa
KPUTHYHOTO IIiJBHIICHHS TEMIIEpaTypH KOpIyCy amapara Ta TaiKd CHrHalli3aTtopa
aBapifHOrO MeperpiBaHHs PO3’EMHOTO KOPIYCY TEXHOIOTIYHOI YCTAHOBKH, SIKi ITiJBUIYIOTH
HaAIHHICTH POOOTH amapaTiB; TEPMOIPHBOAY, KU MOke OyTH e(EeKTUBHO BUKOPUCTAHUI
Ha MiANpUEMCTBAX, 1€ BHHHUKAE NOTpeda YTHII3yBaTH HHU3BKOTEMIIEPATYpHY TEIUIOBY
€HEepTilo, Ta TeNiONPUBOAY.

KoHcTpykuis iHOUKaTopa KPUTUYHOTO MIBUINEHHA TEMIIEPATypd pO3’€MHOTO
KOpITyCY TEXHOJOTIYHOI YCTAaHOBKM BiJI3HAYAETHCS BHUCOKOIO TEXHOJOTIYHICTIO Ta
HaINHICTIO.

Ha Oaratbox miampueMcTBaX BHHHUKAE MOTpeda YTWII3yBaTH TEIUIOBY €HEPTii0 IPH
TOPIBHSAHO HEBEIMKOMY Tepemnasni TemrepaTtyp. LliM BHMoraMm BiImoOBiZae KOHCTPYKIIiS
TepMOHacoca.

CwioBi enmeMeHTH Ha OCHOBI cruiaBiB 3 EII®D MaroTh CyTTEBI mepeBaru: MEHIITY Macy,
poboTa B MIMPOKOMY [iama3oHi TeMIIeparyp, He3HauHI rabapuTH, IDIaBHE IMEPEeMIICHHS
pobouux oprasiB, MEHIITy BapTiCTh, BUCOKY Yy TJIHBICTb.
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[IpuBoan Ha ocHOBI TepMmouyTnuBHX eneMeHTiB 3 EII® edexktnBHI B COHSYHMX
€HeproyCTaHOBKaX.

KnrouoBi cioBa: anapam, naw’same, ¢opma, mepmonpusio, memnepamypa,
MepMOKIANaH, 2e1ionpusio.

ExkoHOMika

IlopiBHsIHHSA HiHOBOI €JIACTUYHOCTI MONUTY Ha A B JINTBI Ta Ykpaini

Jlaypa Ilerpayckaiite-CeHkeBUY
Jlumoecwvxuil incmumym aepapHoi exonomixu, Binvuioc, Jlumea

Beryn. Enactuunicts — 11e Mipa, sika Mmoka3ye, HACKIIBKH CHIIBHO PearyroTh MOKYIIII
Ta MPOJABIII HA 3MiHA PHHKOBHX YMOB. Y CTaTTi JOCHIJXKCHA IIHOBA €JIaCTUYHICTh ITOIHUTY
Ha siiins B JIuTBi Ta YKpaiHi.

Marepianu i Mmeroan. I1ix yac BUMIpIOBaHHS €aCTUYHOCTI MOMKUTY Ha st B JINTBI
Ta YKpaiHi BUKOPHCTOBYBaIMCh cTaTticTHuHi qani 2003—2018 pp. BiAmoBigHO A0 JaHUX
Cayx0u cratucrku Jluteu ta Jlep:xaBHol ciyx0u cTaTUCTUKH YKpaiHu. Sk iHCTpyMeHTH
JIOCTI/DKEHHsT OYJI0 3aCTOCOBAHO METOIM aHali3y HaHHX, MOPIBHIHHSA Ta y3arajbHCHHS.
Piunuii koeillieHT IIHOBOT €JaCTUYHOCTI NONKTY Ha SHIS PO3paxoBYBaBcs 32 (OPMYIIO0
CepeHbO3BAXKEHOT BEMMYMHU. Takok Oylno BHUKOPHCTAaHO MeEZiaHy /ISl BH3HAYEHHS
cepeHbOro Ta 6araTopiuHOro KoedilieHTa elacTHIHOCTI MOMUTY Ha SHIISL. 3 METOK HA0UHOT
JIEMOHCTpaLii pe3yJIbTaTiB JOCIIKEHHs OYJIM BUKOPUCTaHi rpadivyHi METOIH.

PesyabTatH i oOropopenHs. Bcranosneno, mo B 2003-2018 pp. KomuBaHHI
PO3IpiOHUX IIiH Ha skl Oyi1o XxapakTepHuM 1 yist Jlutey, 1 mis Ykpaiui. [Ipu npomy Oinbin
00’ €eKTUBHILION cuTyallis Oyna B YKpaiHi. Y qociipkyBaHH# Mepiof nepeBakana TeHACHIIis
JI0 3pOCTaHHs PO3APIOHUX IiH. SIKIO MOPIBHIOBATH KiHellb nepioay mociimkenns (2018 p.
i3 2003 p.), TO po3apiOHi 1iHK Ha st B JIuTei 3pociu B 1,9 pa3a, a B Ykpaini — y 4,5 pasa.
Kpim 1poro, He3Bakaroum Ha cCTpiMke 3poctanHs IiH, y 2003-2018 pp. siins Ha
YKpaTHCBKOMY PO3APIOHOMY PHUHKY JICIIEBIIAIH.

Awnani3 nonuty Ha sinst B JIuTBI Ta YKpaiHi MokazaB, IO KIIIEHTH pearyBajd Ha
KOJIMBAHHSI I[iH JIMIIE MPOTATOM KOPOTKOro MpoMiKKy uacy. Komu 1iiHa Ha stifus 3pocia,
CIIOKMBAHHS S€Lb 3MEHIIYBAJIOCS; Mi3HIIIE, OHAK, HE3BAKAIOYH HA MOJAJIBILE 3POCTAHHS
L(iH, CIIO)KUBAHHS IIbOT'0 XapYOBOr'0 IPOIYKTY ITOBEPTAIIOCA IO IONEPEIHBOr0 PiBHS.

Takok Ha OCHOBI JaHWX, IO TOKA3yIOTh I[IHM Ta CIIOKHBAHHA S€Ib, PO3PAXOBaHI
koe(illieHTH [IHOBOI eacTUYHOCTI onuty Ha stk B JIutsi (0,28) ta Ykpaini (0,35).

BucnoBku. IIpoBenene mociimkeHHS MiATBEPIKYE TiMOTE3y Mpo Te, mo B JIUTBI Ta
YkpaiHi IOIUT Ha SIS € HeeTaCTHIHHM.

KurouoBi cioBa: siiye, nonum, yina, enacmuunicme, Jlumea, Yrpaiuna.

BniuB cTpaxyBaHHs Ta iHdusnii Ha ekoHOMiYHMIT pO3BHUTOK i 0e3meKy
NMPOAOBOIBYOr0 PHHKY
Muxaiino Apuu?, Tersina inenko!, €Ckatepuna Ilosausxosa?,
Mapis Kopnienko?, dua Kpinak®
1 — HayionaneHuii yHisepcumem xapuogux mexronoeit, Kuis, Ykpaina
2 — Binopycokuii Oepoicasnuti acpapHuii mexuiynuil yHisepcumem, Mincok, binopyco
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Beryn. Meroro nocmiypkeHHS € aHai3 BIUIMBY CTpaxyBaHHS Ta i1HQuAmii Ha
€KOHOMIYHHI PO3BHUTOK Ta O€3IeKy IMPOI0BOILYOro pUHKY. KpiMm TOro, omHNM i3 KITFOUOBHX
3aBJIaHb CTATTI € OL[IHKa B32€EMO3B’ 3Ky MiXK CIIOKHBYMMH LIHAMH, BAJIOBUMHU CTPAXOBUMH
OpeMissMH Ta BaJOBHM CTPAaXOBHUM MPOIYKTOM, EKCIIOPTOM Ta IMIIOPTOM MPOAYKTIB
Xap4yBaHHSI.

Martepiann i meromu. Mogens HaykoBOoi poOOTH OOIpyHTOBaHa Ha OCHOBI
JITEpaTypHOTO OISy MONEPEAHIX JOCTIHKEHb Y IboMY HarpsiMi. /lJis1 BU3HAUEHHS BIUIUBY
CTpaxyBaHHs Ta iHQIAI] Ha €KOHOMIYHUH PO3BHUTOK 1 O€3MEKYy MpPOJOBOJIBUOIO PHHKY
BHUKOPHCTOBYBABCSl KOpeJsliiHO-perpeciiinnii anani3. Takoxk po3paxoBaHo KoedilieHT
napHoi kopeJtsii Ilipcona (r), koedimient nerepminanii (), cratucTuyHa 3Haqymicts F, P-
3Ha4YeHHs st KoedilieHTa perpecii Ta oqHO(aKTOPHI JiHIHHI PIBHSIHHS perpecii.

Pe3yabraTn i odroBopenHsi. BinnoBimHO 10 pe3yabTaTiB IBOrO JOCIIIKEHHS BCi
CIMHAJIUATh JOCITIDKYBAaHUX KpaiH OyJj0 MOJiIEHO Ha YOTHPH TPYNH 3aJIeKHO BiJ PiBHS
B3a€MO3B 53Ky 1 CTAaTHCTHMYHOI 3HAYMMOCTI BIUIMBY CTpaxyBaHHS Ta iHQUALIl Ha
€KOHOMIYHUH PO3BUTOK 1 Oe€3leKy MNpoaoBOJBUOrO pUHKY. Ipyma 1 — cuimpHa mpsmo
npornopiiliHa (00epHEHO MpomopIiiiHa) JiHiitHa perpecis, ae koedimieHT kopessmii 0,700 <
r < 0,900 (-0,900 < r < -0,700). Tak, HanpUKJIA/, [IEH THI B3a€EMO3B’S3KY OMKCYE BILUIHB
1H}ALI] Ha BasoBUH BHYTpimHIN nponykT y Typeduuni, Itanii, Icnanii Ta Jlanii abo BmuB
CTpaxyBaHHs Ha CTPYKTYpPY MPOIOBOIBLYOro eKcrnopTy B ABcrpanii, Ienannii, Hinepiaanaax,
@panuii, Typeuunni Ta bensrii. ['pyna 2 — cepeaniii npsiMo mponopuiiHuii (00epHEHO
NPOIOPLIiAHMI) B3a€EMO3B 30K, 1€ Koedimient kopessmii 0,500 <r < 0,700 (-0,700 <r < -
0,500). Hampukian, meit Tun B3aeMO3B’SI3Ky ONUCYE BIUIMB 1HQUIALIT Ha CTPYKTYPY
npoAoBoNbYOro excrnopty y ®@panuii ta Typeuunni abo BIUIMB CTpaxyBaHHSI HA CTPYKTYPY
nponoBoibuoro imnopry y llseiinapii, ®pannii, Benukiii Bpuranii, Hinepnanmax ta
Icnauii. ['pyna 3 — cnabka npsiMo mpornopiiiiiHa (06epHeHo MporopliiiHa) JiHiiHA perpecis
3 koeimienTom kopessii 0,300 < r < 0,500 (-0.500 < r <-0.300). Ieit T B3aEMO3B’ 3Ky
OIUCYE BILIMB IHQIIALIT Ta CTPYKTYpY IPOo0BojIbuoro iMnopty B Jlanii, @paniii, Oinnsumaii,
Typeuuunni, IlIBefiuapii Ta benbrii a0o BIUIMB cTpaxyBaHHSI Ha el K€ MOKA3HUK Oe3neKku
MIPOJIOBOJIBYOTr0 PHHKY B ABcTpatii, @innsuail, Snownii Ta Jlanii. I'pyna 4 — xapakrepHa ast
KpaiH, Jie MDK JOCHI/DKYBAaHMMH TIOKa3HHMKa 1HQUIALI], CTpaxyBaHHS Ta IHAWKATOpaMH
0e3neKy TPOJOBOJIBYOr0 PHHKY HEMae JIHIHHOrO B3a€MO3B’S3Ky, TOOTO Koe(illieHT
kopesrii 0,000 < r < 0,300 (-0,300 < r < 0,000).

BucHoBku. Y cTaTTi OOIpYHTOBaHO BIUIMB CTpaxyBaHHs Ta iH(smii Ha Oe3mexy
MIPOJIOBOJIBYOTO PUHKY, Ha OCHOBI YOr0 CTaHe MOXIHMBHM IiJBHUIICHHS €(EKTUBHOCTI
perynoBaHHs SIK (DIHAHCOBOTO PUHKY, TaK 1 MiIBUILEHHs O€3MEeKH MPOAOBOIFYOr0 PUHKY Ha
MDKHApPOIHOMY PiBHI.

KnrouoBi ciioBa: cmpaxysanna, ingnayia, Oesnexka, npoO0o8OIbCMBO, eKCHOPM,
imnopm, BBII.

AHaJi3 coXMBYHUX NepeBar npu BUOOpi BUHA

Bikropis JIynekosa, Ipura MapripocsH, Jlapuca Kpymmipka
Ooecbka HayioHanvHa akademisn xapyosux mexnonaoeiu, Odeca, Yxpaina

Beryn. [locmimkeHo 0COONMBOCTI TOBEMIHKA CIIOKHBAYiB IpH BHOOpi BUHA, IO
MIPOAWKTOBAHO HEOOXiAHICTIO BHABJICHHSA YIOAOOAaHB U BIPOBAIDKEHHS CPEKTHBHOT
TOBAPHOI MO THKH.
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Martepianu i meromm. JlocmipkeHHsT 0a3yloThCs Ha JaHHX COLIOJIOTIYHOI'O
OITUTYBAHHS, SIKE IPOBOIMIIOCH HA OCHOBI aHKETH, IO CKJIa/Iaacs 3 IBOX YaCTHH: MTUTAHHS
CTOCOBHO OCOOMCTOCTI, 30KpeMa CTaTh, BiK, pIBEHb [OXONy, COLIaJIbHHH cTaTyc, i
Oe3rocepeHbO NMUTAHHS IO0A0 BHOOPY IUILAIIKK BHHA 3 BapiaHTamy Biamosineid. TaOmumi
CHpSDKEHOCTI 1 KpuTepih 2 Oyau BUKOPUCTaHI JUIi BCTAaHOBJICHHS CTaTUCTUYHHX
B3a€MO3B’SI3KIB MiX (DAKTOPHUMHU 1 pe3yJbTaTHBHUMH O3HAKAMH.

Pesyabratn i o0roBopennsi. Pi3Hi XapakTepHCTHKM BHHA, BKIIOYAIOYH HOT'O
€KOHOMI4Hi, TEXHOJIOT14Hi, amIiesiorpadiuHi CKIaIoBi, a TAKOXK 30BHIIIHIA BUTIIS TUISIIKA
Ta €TUKETKU HAIOI0, CyTTEBO BIUIMBAIOTH HA CIIOXKMBAYIB Pi3HHUX COLiaJIbHUX cTaTyciB. Taxk,
JKIHKY 1 YOJIOBIKH 3 Pi3HHM CIMEHHHMM CTaTyCOM BiJIPi3HSIOTHECS Y BHOOpPi BUHA, BPAXOBYIOUHU
came copT BHHOIPaly, 3 SKOr0 BOHO BHUTOTOBJICHO, PU I[bOMY IHIII SIKICHI O3HAaKW BUHA
KPUTUYHO HE BIUIMBOBI. KpiM TOro, croxxuBadi 3 pi3HHUM piBHEM JI0XOIy OOMparOTh BUHA
PI3HUX IIHOBHX KaTeropid, OpraHOJNENTHYHI SKOCTI SKMX BBaXKaloThb BiaMiHHUMH. [Iporte
L[iHa BUHA Ta HOrO raCTPOHOMIYHI BJIACTUBOCTI € CTATUCTUYHO 3HAYYLIMMHU JUIst 0Ci0 pi3HUX
BiKOBUX Kateropiii Big 18 mo 50 pokiB, IO MiATBEPIXKYE PI3HUIO MiX YIIOTOOAHHIMHE
NoKoJTiHb. Takox came *iHKK BiKOM Bif 25 110 35 pokiB i3 Jjoxoz0M, Buium 3a 200 nonapis
CIHIA, cxunbHI KyITyBaTH CyBEHIpHI TUISIIKA BHHA.

Hesane)xHo Bix CiMEHHOro CTaHy y4acHUKHM aHKETYBaHHA KyIylOThb BHHA B YyCiX
3aIpONOHOBaHKX MICIISIX HOr0 MPOJIaXy, MPOTE Ti, XTO MA€ BUILMIA PiBEHb JJOXO/Y, BiIIAI0OTh
nepeBary BHHHHUM CHelliaii3oBaHUM MarasuHaM. OcoOu, sxi nepeOyBaroTh y IUTIOOI,
00MparTh BHHA JIO CBIT, 3 JIIKYBaJbHOI METOK abo0 Uil raCTPOHOMIYHOTO 3a0BOJICHHS,
OCKUIBKM BHHO 30araueHe aHTHOKCHIAHTAMM, BITAMiHAMHM 1 Ma€ IOPIBHAHO HU3BKY
KaJIOPiHHICTh. PecionAeHTH, BiK AKUX MEepeBUIILYe 35 POKiB, TAKOXK OiJIbII CXWIBHI KyITyBaTH
BUHO y BHIUE3TaJAaHMX KPaMHHUIX a00 Oe3MocCepefHbO 3 BHUHHHUX IiANPHEMCTB, IO
MOXIIUBO TIOB’S3aHO 3 OUIBLIMM JIOCBIZIOM y BHMOOpI aJKOTOJBbHUX HAamoiB. bBumbimicTh
PECIIOH/IEHTIB OOUpAaIOTh BHHA, €THKETKA SIKHX € MPOCTOI 1 3pO3yMLIOI, OCOOJHUBO, i3
300pa)KCHHSIM BUHOPOOHI, TPOHAa BUHOIPajJy, OCKUIBKH JEMOHCTPYE BHPOOHHIITBO BHHA,
Hioro micue noxo/pkeHHs. Takox Olbllia YacTHHA CIIOKHMBAYiB BOJIIFOTH I0AATH iH(OpMaIito
Ha €THKeTLi PO IOE€IHAHHS BHHA 3 NEBHHMH NPONYKTAaMH 1 CXWJIBHI KyIyBaTH BHHO,
IUIAMIKA SKOTO € crannaptHoro — 0,75 e,

BucnoBku. Kpurepii BuOopy BHMHA, HOro SIKICHI BJIACTMBOCTI Ta BHOIp Micls
NpuAOaHHS — BIAPI3HSEThCS ~ MDK ~ CIIOKMBAa4aMH 3 PI3HUMH  OCOOMCTICHHMU
XapaKTePUCTUKAMH, 10 Ma€ MPaKTHYHE 3HAYEHHS JUIA MOOYJOBH e(EeKTUBHOIO
TOBapOIPOCYBAHHS, BPaXOBYIOUH yIOZOOaHHS HAaCeNCHHS.

Kuarwuosi ciioBa: suno, cnosicusay, ynooobanms, emuxkemxa, 6uoip.
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Ukrainian Journal of Food Science

Ukrainian Journal of Food Science ny0Gmikye opuriHaipHi HAyKOBi CTAaTTi, KOPOTKi
TTOB1IOMJICHHS, OTJISIZIOBI CTaTTi, HOBUHHU Ta OTJISIIHU JIITCPATYPH.

Tematuka nybnikauiii B Ukrainian Journal of Food Science:

XapuoBa iHXeHepis Hanorexnomorii

XapyoBa xiMmist [pouecu Ta obmagHaHHSA

Mixkpobiosnoris ExoHoMiKa 1 ynpaBimiHHS

BractuBOCTI Xap4OBUX MPOAYKTIB ABTOMAaTH3a1is MTPOLIECIB

SIkicTh Ta Oe3rneka XapuoBUX MPOAYKTIB YnakoBKa JUisi Xap4OBHX MPOIYKTIB
310poB's

MepiognynicThb KypHaMy 2 HOMepH Ha Pik (YEPBEHB, IPY/ICHB).

Pe3ysnbraTi qOCIiIKEHB, IPENICTABIIEH] B )KYpPHAJ, TOBUHHI OyTH HOBUMH, MaTH 3B'SI30K
3 XapyoBOK HAyKOK 1 TMPEACTAaBISATH IHTEpeC Uil MDKHapOJHOTO HAayKOBOTO
CITIIBTOBapHCTRA.

Ukrainian Journal of Food Science innekcyeTbest HayKOMETPHIHUMHE Oa3aMHu:

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 BxitoueHo y meperik HayKoBUX (paxOBHUX BHIAHB
VkpaiHu 3 TEXHIYHHX HAYK, B SKOMY MOXKYTh ITyONIKyBaTHCS PE3yJIbTaTH IUCEPTALIHHUX
poOiT Ha 3700yTTsI HAYKOBUX CTYIEHIB JOKTOopa i kanauaata Hayk (Hakas MiHnicrepcTBa
ocBitH i Hayku Ykpaiau Ne 793 Bix 04.07.2014)

Penensisn pykomucy crarri. HaykoBi crarri, mpeacraBieHi s myOmikamii B
«Ukrainian Journal of Food Science» mpoxomsts «mozBiliHE CITille peleH3yBaHHI»
(pemeH3eHT He 3HA€, YUI0 CTATTIO PELIEH3YE, 1, BIIOBITHO, aBTOP HE 3HAE PEIICH3EHTa) JBOMA
BUCHHUMH, MPU3HAYCHUMH PEINAKIIITHOIO KOJETIEI0: OMUH € WICHOM PEIKONErii, IHIMmmHA —
HE3JICKHUM YUYECHUH.

ABTOpCBHKe NPaBo. ABTOpHU cTaTel rapaHTYIOTh, IO po00Ta HE € MOPYIICHHIM Oyab-
SIKMX 1CHYIOYHMX aBTOPCHKHX IIPaB, 1 BiAIIKOJOBYIOTh BHAABITIO MMOPYIICHHS NaHOI TapaHTii.
Omy6irikoBaHi MaTepiand € mpaBoBoro BiacHicTio Bumasiyt «UKrainian Journal of Food
Sciencey, AKIO HE Y3TOMKEHO HIIIE.

Moaituka akagemiunoi eruxu. Penmakmis «UKrainian Journal of Food Science»
KOPHCTYETHCS TIpAaBUJIAMH aKaJeMiuHOl eTHKH, BUKIaaeHunmu B mparii Miguel Roig (2003,
2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A
guide to ethical writing”. Pemakmisi TpOTMOHYE aBTOpaM, pEIEH3E€HTAaM 1 YWTAYaMm
JOTPUMYBATHCS BHMOI, BHKJIAJCHHX y IIbOMY MOCIOHHKY, II00 YHHKHYTH NOMMIOK B
0o(hopMIICHHI HayKOBUX Ipallp.
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3anpsina /lenkoBa, 1-p TeXH. Hayk, npodecop, YHIBEpCUTET Xap4yOBHX TEXHOIOTIH,
M. [TnoBnaiB, Bonrapis.

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

Mapk Hlamusii, KaHa. TeXH. HAyK, JO1., YOpHOMOpChKa acomialiisi 3 Xap4oBoi HAyKH Ta
TexHouorii, PymyHis.

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

IMaona IliTria, 1-p TexH. Hayk, nmpodecop, Tepamchbkuii yHiBepcuteT, ITamis.

Cagepio MaHHiHo, 1-p XiM. HayK, podecop, MiaHChkuil yHIBepcUTeT, [Tamis.

Cranka JlamsiHOBa, J-p TexH. HayK, npodecop, Pycenchkuii yHiBepcuter « AHren Kandesy,
Bonrapist.

Tersna Ilupor, n-p TexH. Hayk, npod., HaiioHanbHMII yHIBEpCHTET XapuOBUX
TEXHOJOTiH, YKpaiHa.

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

Xyy0 JlemaieBeana, a-p, acomiamist « MikHapoHa rapMoHi3alliiiHa iHiniaTiBa», Hinepianam.

YsieHu peaakuiitHol KoJierii:

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

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

Aanexcanap IBaHOB, 1-p TexH. HayK, mpodecop, MOTWIIBCHKUI Tep)KaBHUHA YHIBEPCHTET
MIPOIOBOIBCTBA, biTopych.

Amnatodiii CokoJIeHKO, I-p TeXH. HayK, HarioHaIbHUI YHIBEpCUTET XapuOBHX TEXHOJOTIH
mpod., Ykpaina.
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Awnapiii MapuHiH, KaHA. TEXH. HayK, CT. HayK. cIl., HallloHaJbHMI YHIBEPCUTET XapuoBUX
TEXHOJOTiH, YKpaiHa.

AtaHacka TeHeBa, 1-p €KOH. HayK, JIOIl., Y HIBEPCUTET XapUOBUX TEXHONOTiH, M. [[IToBiB,
Bonrapis.

Banepiii Muponuyk, 1-p TexH. Hayk, npo¢., HamioHampHMII yHIBEpCHTET XapuyOBHX
TEXHOJIOTIH, YKpaiHa.

Bacuins Iaciunmii, 1-p TexH. Hayk, npodecop, HamioHansHHN YHIBEPCHUTET XapyOBHX
TEXHOJIOTi#, YKpaiHa.

Bosnomumup IBanoB, n-p. 6ion. Hayk, npod., JlepxaBuuii yHiBepcutet loBu, CIIIA.

Eron ninuep, n-p, npodecop, JepxaBuuii yHiBepcuret [lonTa ['pocen, Bpazuis.
3anpsina /lenkoBa, 1-p TeXH. Hayk, npodecop, YHIBEpCHTET Xap4yOBHX TEXHOJOTIH,
Bonrapis.

Ipuna ¥YcTuHOBUY, KaH/. €KOH. HayK, biopyckkuii HallioHaIbHUN TEXHIYHUH YHIBEPCHTET,
M. MiHchK, Binopycs.

Kpicrina CinsBa, x-p, mnpodecop, I[lopryranbCbkuii KaTOIMUBKHHA yHIBEPCHTET,
[opTyraiis.

Mapxk Hlamusin, KaHI. TeXH. HayK, J0I., YOpHOMOpChKa acomiallisi 3 Xap4oBoi HAyKH Ta
TeXHOJOrii, PymyHis.

Mipua Oposin, a-p, mpodecop, YHiepcurer «lltedan yen Mape», PymyHist.

Hatanisn Kop:k, n1-p ekoH. Hayk, mnpodecop, BiHHUIBKHI TOProBeIbHO-CKOHOMIUHHIMA
iHcTUTYT KHTBCHKOTO HAIliOHAIBHOTO TOPTOBEIEHO-€KOHOMIYHOTO YHIBEPCUTETY, Y KpaiHa.
Onena JlepeB’siHKO, 1I-p €KOH. HaykK, mpodecop, I[HCTHUTYT MiCISIUILTIOMHOI OCBITH
HarnionansHOro yHiBEpCUTETY XapuoBUX TexHomorii, Kuis, Ykpaina.

MMaona IliTria, 1-p TexH. Hayk, npodecop, Tepamcbkuii yHiBepcuTeT, ITamis.

Cagepio ManHiHo, 1-p XiM. HayK, npodecop, MislaHchkuil yHIBepcuTeT, [Tamis.

Ceitiiana JIiTBUHYYK, KaHJ. TEXH. HayK, JOL., HalioHalbHHH YHIBEPCUTET XapuoBUX
TEXHOJOTiH, YKpaiHa.

Ceitiana bBoiiko, kaHJ. €KOH. HayK, JIOLEHT, HallloHanbHMII yHIBEpCHTET XapyOBUX
TEXHOJOTiH, YKpaiHa.

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

Tersna IMupor, 1-p TexH. HayK, npod., HaioHanbHMil yHIBEPCUTET XapuoOBUX TEXHOJOTIH,
VYkpaiHa.

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

Xyy6 JlemieBeaba, 1-p, acowianis « MixkHapoiHa rapMOHIi3alliiiHa iHiniaTuBay, Hinepnanmy.

BinnoBinanbHuii cexperap:

Ounexciii I'y0ensi (BiamoBimanpHUI cekperap), KaHI. TE€XH. HayK, AoIl., HamioHampHMiA
YHIBEpCHTET XapuOBHUX TEXHOJOTIH, YKpaiHa.
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Bumoru 10 opopmiieHHs crarei

MoBa cratTi — aHrJiiceKa.

PexomennoBanmii obcsr crarti — 10-20 cropinok (juist oryisiioBuX cratei — moHaxg 25
cTOopiHOK) popmary A4.

Just Beix (1) eementiB crarti mipudt — Times New Roman, kernb — 14, intepBan — 1,
abzar — 1 cm.

CTpykTypa cTatTi:
1. Ha3Ba crarri.
2. ABTopu cratTi (imM’s1 Ta npi3BHIIe MOBHICTO, ipUKiIaz: Jenuc O3epsHKo).
3. Yemanoea, 6 sxiil suxonana poboma.
4. Awnoranis. PexomenmoBaHuii o0OcsAr aHOTalii — TiB CTOPIHKH. AHOTAIlisl TTOBHHHA
BIJIMOBIIaTH CTPYKTYPi cTarTi Ta MicTUTH po3ainu Berym (2-3 psiaku), Martepianu i metoan
(mo 5 psanxiB), PesynbraTu Ta 0OropopeHHs (MiB cTopiku), BucHoBkY (23 psaxw).
5. Kirouosi cnosa.
ITynkTn 1-5 BUKOHATH aHIUIICHKOIO i yKPaiHCHKOI0 MOBaMU.

6. OcHOBHHUII TEKCT cTaTTi. Mae BKIroUaTH Taki 000B’3KOBI po3/inu:

— Beryn

—  Marepianu Ta Mmetoau

—  Pesynbratu Ta 00roBOpeHHs

—  BuchHoBku

—  Jlireparypa.
3a HeoOXiJHOCTI MOXKHA JIOIABaTH 1HILI PO3/IIK Ta PO30MBaTH 1X Ha MMiAPO3ILIH.
7. ABropceka noBiaka (IlpizBuiie, iM’st Ta Mo OaTbKOBi, BUEHHUI CTYIiHb Ta 3BaHHS, MICIIE
pobotu, exekTpoHHa aapeca ado TenedoH).
8. KonrakTHi iaHi aBTOpa, I10 SIKOro 3a HeoOXiqHOCTI Oy/ie 3BEpTaTUCh PEelaKIlisl )KypHAILY
(TenedoH Ta eJIEKTPOHHA aapeca).

Po3Mmip TekcTy Ha pHCyHKax MoBHHEH Oyt cmiBpo3mipHuM (!) OCHOBHOMY TEKCTY
crarTi. CKaHOBaHI PUCYHKH HE MPUIMaIOThCS.

®on rpadikis, giarpam — suine Oinuii (). Konip enemenTiB pucyHKy (JIiHii, CiTKa, TEKCT)
— Juiie YopHuil (He cipuii).

Opurinanu pucyHkiB ((aitnu rpadidHuX peaakTopiB), a Takoxk daitnu popmary EXCEL
3 rpadikamMu 00OBSI3KOBO MOMIAIOTHCS B OKpEMUX (aiinax.

dotorpadii Ta KOIBOPOBI 300pakeHHs 0aXKaHO HE BUKOPUCTOBYBATH.

CkopoueHi Ha3Bu (I3MYHMX BEIMYMH B TEKCTI Ta Ha Trpadikax MO3HAYAOTHCS
JATHHCBKUMH JIiTepaMu BinnoBigHo 10 cucremu CIL.

B cnwmcky JiTepaTypu MOBHHHI MEepeBayKaTW aHTIIOMOBHI CTATTi Ta MOHoOrpadii, siki
omry6ikosasi mcnsg 2000 poky.

JertanpHi IHCTPYKIIT A1 aBTOPiB PO3MIIIEHI HA CalTi

http://ukrfoodscience.ho.ua

CTaTT HAACHJIAETHCH 32 €JIEKTPOHHOIO A/IPECOI0:
ukrfoodscience@meta.ua
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OdopMneHHs CnUCKY JliTepaTypm

IlocuraHHA HA CTATTIO

ABTopu (pix Bunanns), Hasea crartri, Ha3zea swcypuany (kypcueom), Tom (HOMep),

CTOPIHKH.

Bci enemeHTH michsA poKy BUAAHHS PO3IIISIOTHCS KOMAMM.
Hpuxaagm:

Yannick Fayolle, Sylvie Gillot, Arnaud Cockx, Laetitia Bensimhon, Michel Roustan,
Alain Heduit (2010), In situ characterization of local hydrodynamic parameters in
closed-loop aeration tanks, Chemical Engineering Journal, 158(2), pp. 207-212.

Carlo Tocchi, Ermanno Federici, Laura Fidati, Rodolfo Manzi, Vittorio Vincigurerra,
Maurizio Petruccioli (2012), Aerobic treatment of dairy wastewater in an industrial
three-reactor plant: Effect of aeration regime on performances and on protozoan and
bacterial communities, Water Research, 46(10), pp. 3334-3344.

IIpuknaan opopMIIeHHS CTATTi, OPUTiHAJ SIKOI YKPAiHCHKOI0 MOBOIO:

Pyroh T.P., Konon A.D., Skochko A.B. (2011), Vykorystannia mikrobnykh
poverkhnevo-aktyvnykh rechovyn u biolohii ta medytsyni, Biotekhnolohiia, 4(2), pp.
24-38.

3a basicanns nicis mpanciimeposanoi nazeu cmammi abo scypuany 6 {gicyprux

OVIUCKAX MOACHA 0amu NepeKnad aH2uiticbKoio MOGOI0}.

IocuiaHHA HA KHUTY

ABtopu (pix), Ha3zea knuzu (kypcueom), Bunapauurso, Micto.
Bci enemenTy miciist poKy BUAAHHS PO3ALISIOTHCS KOMaMHU.

Hpukaaau:

1. Harris L. (1991), Money theory, McGraw-Hill Companies, Hardcover

2. Rob Steele (2004), Understanding and measuring the shelf-life of food, CRC Press.
[puxaaxg odopmieHHs C€TATTi, OpUriHAT sIKOI yKpaiHChbKOI0 a00 pocilicbKkoio

MOBO1O:

1. Kirianova H.A. (2008), Udoskonalennia tekhnolohii termostabilnykh zheleinykh
nachynok shliakhom ratsionalnoho vykorystannia hidrokoloidiv roslynnoho ta
mikrobnoho pokhodzhennia: PhD tethis, NUHT, Kyiv.

2. Zalutskyi I.R., Tsymbaliuk V.M., Shevchenko C. H. (2009), Planuvannia i diahnostyka

diialnosti pidpryiemstva, Novyi svit, Lviv.

3a basxcanns nicia mpauciimeposanol Ha38u KHUSU 8 {hicypHux OYIHCKaxX MO*CHA Oamu

nepexiao aHeiticbKow MO80).
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IMocniianHs HA eJIEKTPOHHUI pecypc

BI/IKOHYCTBCH aHAJIONYHO ITOCHJIAHHIO Ha KHHUTY abo crarTio. Ilicas O(I)OI)MJ'IGHHSI

JaHUX TPO IMyOMiKalio MUIIyThCs cioBa available at: Ta Bka3yeTbes eJIeKTpOHHA ajipeca.

186

HpI/IKJ'IaZ[ IMOCHJIAHHS Ha CTATTIO 13 CJICKTPOHHOI'O BUJIAHHA:

Barbara Chmielewska. (2012), Differentiation of the standard of living of families in
countries of the European Union, Ukrainian Food Journal, 2(2), pp. 230-241,
available at:
http://ufj.ho.ua/Archiv/UKRAINIAN%20FO0OD%20JOURNAL%202013%20V.2%20
Is.2.pdf

(2013), Svitovi naukovometrychni bazy, available at:
http://www1.nas.gov.ua/publications/q_a/Pages/scopus.aspx
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