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Introduction. Determining the biodegradable edible cup
consumer properties will allow finding an ecological
alternative to disposable cups for hot drinks.

Materials and methods. Butter cookies were made in the
shape of a cup, followed by the application of a waterproof
layer, the basis of which was pectin or polyvinyl alcohol. A
10-point scale for evaluating cups by individual indicators was
developed, and the Harrington's function was used.

Results and discussion. Biodegradable edible cups in
terms of organoleptic, ergonomic and geometric parameters
fully correspond to disposable cups that are currently used.
Due to the thicker walls and the material (biscuits) properties,
the edible cup allows you to hold a cup with a hot drink in your
hands without an additional layer. The absence of an additional
layer is important from an economic and environmental point
of view. The edible cup could keep the drink inside from 20
minutes to 1 hour. The cup appearance did not change under
the influence of drinks at different temperatures: 10-15 °C
(Glaze, Frappe, Cold Americano, Ice Cream), warm, 60—65 °C
(Latte, Cappuccino, Mochaccino, Macchiato, Flat White,
Raff) and hot, 85-90 °C (Americano, Espresso and their
varieties). The biodegradable edible cup is resistant to acetic
acid and ethyl alcohol that is important because some types of
coffee-based drinks require the addition of alcoholic
beverages, in particular, Irish coffee, Farisei, Karsk, Coffee
punch. The cups can be used for a wide drinks range with a
temperature from 10 to 90 °C. It has excellent ergonomic
performance and is environmentally friendly, as it can be
decomposed like any other confectionery product.

Conclusions. The biodegradable edible cup has
excellent ergonomic indicators, is environmentally friendly
because it can be easily decomposed like any other
confectionery.
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Introduction

The problem of the accumulation of plastic materials in the environment requires
society to reconsider its habits, including the refusal of using polymer disposable cups when
consuming hot drinks. A possible solution for utilization of disposable non-biodegradable
coffee cups could be replacement them with (a) reusable cups; (b) biodegradable non-edible
cups and (c¢) biodegradable edible cups. Reusable cups are the most optimal way, but the least
convenient in practice, since in this case you need to carry the cup with you, have enough
space for it in your bag, protect the cup from breakage, and follow sanitary rules (Allison et
al., 2021). To follow this way, Starbucks, the largest coffeehouse chain in the world, offers a
discount to consumers, who bring a reusable coffee cup (Ziada, 2009). Some coffee shops
propose discount for use the ceramic mugs available in store instead of using paper cups
(Jung et al., 2011). Additional motivating factors include environmental commitments,
financial support, corporate initiatives, customer demand, and public pressure (Ma, 2014).

There is a worldwide increase in coffee consumption in disposable cups-to-go. For
example, about 3 billion disposable coffee to-go-cups are used each year in Germany
(Loschelder et al., 2019). However, encouraging café customers to become part of the
'choose a reusable mug' movement in a 14-week intervention trial in which 23,946 hot drinks
were sold resulted in a reduction in the use of disposable cups and an increase in the use of
reusable cups by 17.3% (Loschelder et al., 2019)

Different approaches to the classification of disposable cups such as by purpose, by the
number of uses, by the presence of a barrier coating, and by the type of main raw material
for cup making were proposed (Bidiuk et al., 2020). Paper cups are coated with a thin layer
of plastic, usually petro-plastic, to prevent liquid to intrude into the cup. Particularly petro-
plastic cups are frequently associated with an unnecessary use of limited resources and
superfluous production of waste (Van der Harst et al., 2013). However, polyethylene can be
replaced with a biodegradable material, for example, natural polymers (Mahinpei, 2020).
Waste paper cups can be pyrolyzed at temperatures ranging from 325 to 425°C to produce
commercial fuel (Biswal et al., 2013) or used for production of the bio-eco-based cellulose
nanomaterials by citric acid hydrolysis (Nagarajan et al., 2020).

Another type of disposable cups are foam cups, which are cheaper compared to paper
ones. However, Styrofoam cups are also not biodegradable and should be landfill or
incinerated (Jung et al., 2011).

Sazeli et al. (2021) proposed to make disposable tableware and cutlery from organic
material such as corn and barley to develop fully biodegradable tableware.

Kaya et al. (2016) proposed the production of chitin and chitosan cups from the
abdominal exoskeleton of the insect Pimelia sp. as an alternative to synthetic materials in the
food industry. Both chitin and chitosan cups exhibited antimicrobial activity against two
common food pathogens Candida albicans and Listeria monocytogenes. Liu et al. (2020)
developed an all-natural biodegradable, hygienic, water- and oil-resistant, mechanically
strong, and low-cost tableware using environmentally friendly sugarcane fiber and bamboo
fiber using a scalable molding method cellulose. Choeybundit et al. (2022) propose the
production of cutlery from soy protein isolate with the addition of 5-20 % crude fiber from
morning glory stems. The production of these biodegradable cutlery involves hydraulic hot
pressing at a temperature of 160 °C for 5 min. Production of environmentally friendly,
biodegradable plates made of areca leaves were proposed (Nayak et al., 2021). The
technology of a new disposable cups type made from bioplastics based on spent coffee
grounds and using natural binding food components has been developed (Bidiuk et al., 2020).

Currently, there are already developments of alternatives to disposable cups that have
been implemented into production. The Inferra Pack Company produces biodegradable
tableware from various natural raw materials: sugar cane cake, corn starch, and coffee waste.
Using the innovative secondary processing technology of cellulose, kraft tableware contains
30 % more recycled raw materials than ordinary paper tableware. The uniqueness of this
ecological product is that the term of its complete disposal in the soil is about 180 days. The
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advantage of using environmentally friendly single-use bioplastic packaging is its
computability. Manufacturers who are already engaged in the production of such disposable
tableware most often position them as a confectionery product and offer coffee in such
cookies in the shape of a cup/glass.

Although a straw is not a mandatory attribute for drinking coffee, many consumers
prefer to drink it by this way. For example, only in Taiwan three billion non-degradable
plastic straws are consumed annually (Cheng et al., 2022). Currently many countries are
already planning to increase strict legislation of plastic straws.

The literature analysis showed that scientists all over the world are actively engaged in
the replacing non-biodegradable tableware with biodegradable ones. Because currently quite
a limited number of developments have been put into production, the development and
research of edible cups is still relevant.

Therefore, the development of technology for ecological biodegradable disposable
tableware for widespread use is currently an extremely important task to ensure sustainable
development and environmental protection.

Materials and methods
Materials

Wheat flour (40-60%); native potato starch or native corn starch (10-25 %); white sugar
(5-20 %); margarine (5-20%); leavening agents (0.5-2 %); drinking water (10-30 %) were
used as raw materials for the biodegradable edible cup production.

Pectin (E440) or polyvinyl alcohol (E1203), and drinking water served as raw materials
for making a waterproof layer.

Production of experimental cups

From the specified raw materials, dough for butter cookies having shape of cups was
prepared. The shape of the cup could be changed according to the customer's requirements.
The formed cup was baked, after which a waterproof layer was applied to the inner surface
of the baked product by praying, glazing or brushing on the surface, and the cup was kept for
10+£2 h until the waterproof coating is dry. The variants of the developed biodegradable cups
is shown (Figure 1).

Figure 1. The biodegradable edible cups
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Research methods

The properties of the developed biodegradable tableware were studied according to
Bidiuk et al. (2020): organoleptic (color, appearance, physical condition, presence of smell)
according to the technical specifications for the corresponding disposable cups; the sound
when struck with a wooden stick was determined by hitting the edge of the cup, indirectly
this method indicates the presence of voids inside the material); defects (heterogeneity of the
surface, uneven and visible loose seam for a paper cup, color heterogeneity for an edible cup,
indistinct pattern for paper and polymer tableware); ease of use was determined by the
subjective perception of holding and consuming the drink; actual capacity, ml, distilled water
was poured into the cup under study, after which it was poured into a measuring cylinder and
the volume was determined; height, mm, was measured with a caliper; the diameter in the
upper part, mm, was measured with a caliper; the diameter in the lower part, mm, was
measured with a caliper; wall thickness, mm, was measured with a caliper; the thickness of
the bottom, mm, was measured with a caliper; mass fraction of moisture, %, method of drying
to constant mass; short-term exposure to hot water: for this, the tested product is immersed
in distilled water with 85-90 °C, the water should not change color or a sediment should
appear, the tableware were removed from the water, wiped dry and compared with a similar
sample that was not immersed in water; short-term exposure to an alcohol solution: for this,
the tested product is immersed in a 30 % solution of ethyl alcohol at 60—65 °C, the alcohol
solution should not change color or a sediment should appear, the tableware were removed
from the water, wiped dry and compared with a similar sample that did not was immersed in
an alcohol solution; short-term exposure to an acetic acid solution: for this, the product under
investigation is immersed in a 9% acetic acid solution at 85-90 °C, the acetic acid solution
should not change color or a sediment should appear, the dishes were removed from the
water, wiped dry and compared with a similar sample, which was not immersed in an acid
solution; the method of temperature influence on disposable cups.

The waterproofness of the developed biodegradable cups was checked according to the
method, which involves dense placement of filter paper on the outer surface. After that, a
liquid (distilled water or a drink of the appropriate temperature) is poured into the cup. The
duration of aging is determined by the usual drink consumption duration. The minimum
acceptable duration is 40+5 min, which is due to the coffee consumption traditions. The spots
appearance on the filter paper indicates cup water penetration. The waterproofing
performance was tested empirically by placing a beverage in a designed cup and placing the
cup in filter paper and visually observing the appearance of spots on the filter paper surface.
The biodegradable edible cup does not pass liquid, because not a single plume appeared on
the filter paper during the entire research duration. The research duration was determined by
the keeping expediency the liquid inside the drink — the time until the drink is consumed. A
hot drink is consumed on average within 20-30 min according to personal observations. If
the drink is consumed in the consumer company, the duration may increase to 1 hour.

Processing of research results
The degree of expert opinions consistency regarding product quality indicators was

assessed using the average determining sum ranks method and the squared sum ranks
deviations from the average sum (Koretska et al., 2018).
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The grades variance was calculated using the formula:

0, =1/(n, ~1)-3(C, =N ®

n
where N, = ZCl.j /'n ; —average value in points; C;; — evaluation of the i expert in the j
i=l1

direction; n;, = 5

The grades variation coefficient in the j direction was calculated using the formula:

y,=AJo, /N, -100% @

Melnik et al. (2020) and Chen et al. (2012), which allows universalizing the general
approach regarding the expediency of using and/or replacing paper and polymer disposable
cups with biodegradable edible ones. One of E. K. Harrington's logistic functions was taken
as a basis — the «desirability curve», which is the geometric mean of individual desirability

functions:
D=y¢ld, -d, -...dq 3)

where d;, d>...d; — desired level (separate desirability function) of the 1-st, 2-nd, etc.
optimization parameter (changes from 0 to 1); ¢ — the parameters number.

Harington’s scale
To construct a significance scale, was used a well-known table of ratings correspondence
in empirical or numerical systems. Standard correspondences of the significance scale

(Harington’s scale) are given in Table 1.

Table 1
Harrington's scale desirability for individual assessments

Grade Value intervals
Very good 0.80-1.00
Good 0.63-0.80
Satisfactory 0.37-0.63
Poor 0.20-0.37
Very bad 0.00-0.20

The values choice 0.63 and 0.37 is partially explained by the calculation convenience:

e~2.7; 037=1/e; 0.63=1-1/¢e

For further research, the scale was presented in the form of a graph.

To determine the reliability of such a replacement, was proposed the restrictions introduction
on the main quality indicators of experimental samples and the restrictions formation on the values
of individual indicators (Kim et al., 2002; Marinkovi¢, 2021; Sharma et al., 2022). To do this,
Harington's scale was transformed into a ten-point scale and superimposed it on the ordinate scale

(Figure 2).
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Figure 2. The quality indicators generalized analysis of the researched tableware for drinks
samples

On this scale, five intervals were used in the general scale interval from 10 to 0: very
good (VG), 10.0- 8.0; good (G), 8.0-6.3; satisfactory (S), 6.3-3.7; bad (B), 3.7-2.0; very bad
(VB), 2.0-0.0. The Figure 2 shows the desired indicators limits, according to which the
samples quality will be within the range of «good — very good». The estimate arrival at the
point d; will indicate the submission to the minimum value point of the given critical limit.

A 10-point scale to evaluate cups was developed. Groups of main indicators P; were used
for evaluation: 1, temperature of the cup surface with a drink; 2, environmental friendliness;
3, organoleptic indicators; 4, structural and mechanical properties and their descriptors (P;)
(Table 2).

The obtained objective indicators were transformed into objective values by converting
them into points.

The profilograms area (S) (quality criterion) is equal to the areas sum of the triangles
formed by the corresponding rays of individual (partial) quality indicators:

S=Y C At sin )= sin S (fif ) = @
a2 n 2 n ‘3

Instead of the function S, the function F was used, which differs from S only by a
constant factor that does not affect the choice of the largest value. To choose the most
successful option with the largest value of the complex criterion, it is enough to use the
criterion definition formula:

E=ffa+ o fitet St L (%)
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Table 2

General scoring scale for evaluation the quality of polymer, paper and biodegradable cups

taking into account the weighting factors of the main indicators

e . Evaluation, | Assessment,
Indicators (notation) | Test method Weighting points points
factor
min | max | min | max
The temperature of
the cup surface with a | objective 1.5 6 10 9 15
drink (P))
Environmental objective or
friendliness (P>) organoleptic 25 6 10 15 2
Organoleptic organoleptic
properties (P3) or objective 35 6 10 21 33
Sensation when
touching the cup organoleptic 4.0 6 10 24 40
surface
Color (P3,) organoleptic 2.0 6 | 10 | 12 | 20
or objective
Odor (P33) organoleptic 1.0 6 10 6 10
Taste (Ps4) organoleptic 1.0 6 10 18 30
Structural and .
mechanical properties orgaqoleptlc 2.5 6 10 15 25
or objective
(P4)
The structure (Par) organoleptic 2.0 6 10 12 20
Deformation under the
temperature influence | organoleptic 5.0 6 10 30 50
85-90°C (P)
Waterproof (Ps3) objective 3.0 6 10 18 30
Product quality based
on the sum of all calculated 10.0 24 40 60 100
indicators

Notes: The deformation index was determined for two temperatures, which are typical for cold

and hot drinks. The temperature of 60-65 °C (Table 2) was not used, because if the cup does not deform
at 85-90 °C, then at a lower temperature (60-65 °C) there will be no deformation.

In the case of a one-sided restriction on the optimization parameters, a separate
desirability function d; takes the known form (Fig. 2):

d, = exp[-exp(~y,")] (6)

yi’— some dimensionless quantity related to the optimization parameter y; by a linear law:
v, = b+ by, 7
by, b; — coefficients that can be determined if two values of the optimization

F=ff,+ i+ [, .S, + ./ parameter y; are given corresponding values of a separate
desirability function.
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The indicator average value was calculated for the series of each experiment:

pR4
—onl

Y= (8)
n

Y — the indicator average value; Y; — the indicator value in each experiment; N — the
parallel number experiments.

Next, was evaluated the variance of the arithmetic mean S? for each series of
experiments:

> -w)
Sl ©)

n—1
The repeating experiments frequency was 3—5 times.

Results and discussion
Consumer properties of experimental samples

The disposable cup is represented by edible and non-edible samples. Biodegradable
edible tableware should also have similar mechanical, ergonomic and operational indicators
as non-edible tableware. The most daring idea is the complete replacement of paper, polymer
(polystyrene and polypropylene) cups by edible tableware. Authors of this research have
opinion that replacing non-edible tableware by edible ones is not an equivalent replacement,
therefore, non-edible tableware should be replaced with biodegradable ones, in particular, the
polyethylene layer in paper cups should be replaced with ecological ones, and polypropylene
and polystyrene should be replaced with natural polymers. An edible cup also serves as a
snack and a sweet for a drink.

Quality indicators are determined by the technical specifications of the market operator.
Characteristic of disposable tableware was provided according to the following indicators:
(1) organoleptic (color, appearance, physical condition, smell); (2) sound when struck with a
wooden stick; (3) the presence of defects; (4) ease of use; (5) the actual capacity, ml; (6) the
height, mm; (7) the diameter of the upper part, mm; (8) the diameter of the bottom part, mm;
(9) the wall thickness, mm; (10) the bottom thickness, mm;(11) the moisture mass fraction,
%; (12) short-term hot water influence (60—65 °C and 85-90 °C); (13) short-term cold water
influence (10-15 °C); (14) short-term alcohol solution influence; (15) short-term influence
of acetic acid solution.

Organoleptic, ergonomic and geometric properties of biodegradable edible cups

Organoleptic, ergonomic and geometric properties of biodegradable edible cups were
compared with properties of disposable paper and polymer cups (Table 3).

The developed cup fully corresponds in terms of organoleptic, ergonomic and geometric
parameters to the disposable cups that are currently in use. In addition, the developed edible
cup also has an advantage over paper and polymer analogues, because due to the greater
thickness of the walls and the material properties (cookies), it is possible to hold a cup with
a hot drink in your hands without an additional layer. From the outside, the designed cup can
be coated with edible polymer, which can be consumed or thrown away without negative
impact on the environment.
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Table 3

Properties of various disposable cups for hot drinks

condition, smell,
taste*)

border on top

Indicators Paper cup Polymer cup Biodegradable edible cup
Organoleptic White, opaque, no | Transparent, The color inherent in
(color, smell, soft, visible | polypropylene glass is |baked butter cookies, the
appearance, side seam of soft in the hands, pleasant smell of cookies,
physical gluing, there isa | deforms with a slight |there is a border on top, it

effort; polystyrene cup
is hard in the hands,
does not deform.
There is a border on

top

is firm in the hands and
does not deform, the
pleasant taste,
characteristic of butter
cookies

Sound when
struck with a
wooden stick

Unvoiced

Presence of

Absent in the studied samples

defects
Ergonomic It is comfortable |It is convenient to hold | The shape is similar to a
indicators to hold in the in the hand, paper or polymer cup
hand, but needs an | polystyrene cups do
additional not need an additional
intermediate layer |thermal insulation
to hold a hot drink |layer, unlike

polypropylene

Actual capacity,
ml

In accordance with

the standard size and consumer needs

fraction, %

Height, mm 90+0.1 90+0.1 90+0.1
Diameter of the 7020 1 70+0.1 70+0.1
upper part, mm

Diameter of the 40+0.1 4240.1 40+0.1
bottom part, mm

Wall thickness, 1401 0.5+0.1 540.1
mm

Bottom

thickness, mm 1=0.1 0>+01 P
Moisture mass 55405 5.0+0.5 14+0.5

Short-term hot
water influence

Short-term cold
water influence

Short-term
alcohol and
acetic acid
solution
influence

The shape and appearance of the cups remained unchanged

* the taste was determined only for edible cups
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Coffee contains organic acids, and some types of coffee-based drinks, such as Irish
coffee, Dumas, Karsk, Espresso Martini, and Coffee punch, are prepared with the addition of
alcohol. Therefore, the effect of alcohol and acetic acid on the developed biodegradable cup
was studied.

The key characteristic of the biodegradable edible cups is their waterproofness, which
allows to completely replace disposable cups. As mentioned above, the cup waterproofness
was created due to the inner natural polymer layer. The manufactured biodegradable cup with
a drink was kept for 2 hours and no place of liquid leakage was found.

Effect of temperature on the biodegradable edible cup properties

Bidiuk et al. (2020) recommend to test tableware at temperatures for typical drinks
offered by restaurants: 10-15 °C (Glaze, Frappe, Cold Americano, Ice Cream); 60-65°C
(Latte, Cappuccino, Mochacino, Macchiato, Flat White, Raff), and 85-90°C (Americano,
Espresso and their varieties). The effect of different temperatures on the change in appearance
on disposable cups are present in Table 4.

Table 4
Temperature influence on disposable cups
Experimental Paper cup Polymer cup Biodegradable
conditions edible cup
Drink with a No changes in appearance
temperature of
10-15°C
Drink with a No changes in No changes in No changes in
temperature of | the appearance appearance, the appearance, it is
60-65°C for holding in polypropylene cup needs | possible to hold
hand an additional heat- without an additional
insulating layer to hold in | insulating layer to
the hand hold in the hand
Drink with a No changes in A beverage with a No changes in
temperature of | the appearance of | temperature above 70 °C | appearance, it is
85-90°C the cup, but itis | cannot be placed in a possible to hold
impossible to polypropylene cup without an additional
hold it in your (manufacturer's insulating layer for
hands without an | recommendation on the holding in the hand
additional layer label); polystyrene cup
unchanged

The results are quite acceptable since the polymers used are insoluble in water and the
water drink will not dissolve the inner waterproof layer of the biodegradable edible cup. Naik
et al. (2019) substantiated the importance of possible burn depending on the drinkware type.
That is why in the Table 4 presents the sensations characteristics when holding a cup with a
drink in your hands. The results agree with Bidiuk et al. (2020): the developed cups do not
show any changes at 85-90 °C, therefore a lower temperature does not change the cups
appearance.
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Quality assessment of test samples

The quality criterion determination of test samples was carried out in several stages: (1)
determination of characterize indicators, conversion of measurement units into dimensionless
units (if necessary); (2) mathematical model development and calculation of product quality
criteria.

A critical limit was set for a specific indicator for 0.6 points during the determinations.
If the absolute value of the property indicator corresponds to the limit provided for in the
regulatory documentation for the product, then a score of Kjj = 0.37 is an unacceptable
indicator quality for the sample.

An important issue for the scientific substantiation of expert evaluation is the degree
consistency assessment of expert opinions using the indicator system (Koretska et al., 2003).
To assess the generalized agreement opinions measure from all directions, it was calculated
the expert opinions agreement degree. The calculations results are given in the Table 5.

Table 5
Assessment results of the consistency experts' opinions degree

The samples The indicator The average value (rank)
) ) The variance 0.0236
Biodegradable edible cup —
Rate of variation, % 2.657
The variance 0.0187
Paper cup .
Rate of variation, % 2.784
The variance 0.0192
Polymer cup .
Rate of variation, % 2.852

It can be seen that the variance value the estimates is close to zero from the obtained data
(Table 5), and the variation estimates coefficient is no more than 3%. Such a result indicates
a high assessment by experts of the finished product quality and shows consistency in the
samples assessment between experts. This is explained by the fact that the group of experts
was selected correctly. For the first time was calculated the conformity assessment results of
experts' opinions for disposable cups.

Quality assessment of disposable cups using Harington’s scale

Table 6 presents the results of s disposable polymer, paper and biodegradable edible cups
evaluation.

The edible cup is completely biodegradable compared to other ecological cups, because
it is a food. Tableware made of polylactide can completely decompose into water and carbon
in 3 months (Ziada, 2009). There is an indicator environmental friendliness (P,) in Table 6
that is why decomposition requires temperatures of at least from 55 to 70 °C and humidity,
which can only be provided by commercial composting plants (Changwichan et al., 2020).
In addition, much less carbon dioxide and other greenhouse gases are released during
biopolymer production. Switching from conventional plastic to bioplastic would reduce
greenhouse gas emissions by up to 25% (Ziada, 2009). The use of polylactide will reduce
dependence on petroleum-based polymer materials, which, in turn, will reduce demand for
it.
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Table 6
Score evaluation quality of disposable cups taking into account the importance of the main
indicators
Indicators (notation) Biodegradable edible | Disposable cups
cup polymer | paper
The temperature of the cup surface with a
drink (P;) 13.5 9 10.5
Environmental friendliness (P>) 25 15 15
The organoleptic properties (P3) 31.9 24.5 25.0
Sensation when touching the cup surface
(P31) 36 28 304
Color (P3) 18 18 18
Odor (P33) 8.9 6* 6*
Taste (P34) 28.8 18 18
Structural and mechanical properties (P4) 22.1 25.0 24.8
The structure (P41) 17 20 20
Deformation under the temperature
influence 85-90 °C (P4,) 45 50 50
Waterproof (P43) 27 30 29.4
Criterion of product quality, point 92.52 73.50 75.36

* to avoid the exclusion of the indicator, its value was taken as the critical limit

Polygon of the quality assessment of disposable cups

The quality criterion were used to construct diagrams, according to the planar principle,
that is, the value of the complex quality criterion corresponds to the area of a polygon in
which the distances from its center to the vertices are equal to the normalized values of
individual quality indicators (Koretska et al., 2003) (Figure 3).

This is because the biodegradable edible cup has the advantage of being
environmentally friendly. Other researchers have obtained the similar results (Liu et al.,
2020).

The generalized quality criterion determined by the desirability function is calculated
and presented in Table 7.

Table 7
Ranking of disposable cups according to the generalized desirability function

Type of cup Biodegradable cup | Polymer cup | Paper cup
Quality criterion 92.52 73.50 75.36

When rating the tested samples, the quality criterion of a paper cup, 75.36 points, was
accepted as 100%. The quality criterion of the developed biodegradable edible cup was
higher, 122.8% = 92.50 points, compared to the polymer cup, 97.53% = 73.5 points.
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Figure 3. The quality profilograms of the researched cups
biodegradable edible cup (a); polymer cup (b); paper cup (c).

P is the temperature of the cup surface with a drink;

P» is environmental friendliness;

Ps is the organoleptic indicators:

P31 is sensation when touching the cup surface,

P32 is color,

P33 is odor,

P34 is taste;

P4 is structural and mechanical properties;

P41 is the structure,

P4 is deformation under the temperature 85-90 °C, Pa3 is waterproof.
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Environmental benefits

The expediency of replacing the existing disposable cups with a biodegradable edible
cup is evident because nowadays environmental friendliness is a priority compared to other
characteristics of the cups. In addition, do not forget about the capital investment required
for the collection and processing of used paper and polymer cups. The biodegradable edible
cup does not need to be recycled, because it is edible and is consumed completely with a
drink or could be completely decomposed like any other confectionery product.

Environmental initiatives will have a positive effect only under the condition of a
comprehensive approach and the population's awareness of the need for such initiatives. It is
more difficult to convince the adult population to change their preferences and habits, and
that is why ecological products are becoming the subject of sociological research in the field
of marketing (Ivanov et al., 2021; Kim et al., 2019; Lee et al., 2023; Marinova et al., 2022).
Today, consumers are becoming more aware of the importance of caring for the environment,
which will be reflected in their attitude towards quality disposable edible new cups (Bertossi
et al., 2023). Environmentalism must be brought up in children, so that in adulthood it is
already perceived as a norm, a habit and a necessity of everyday life.

A separate segment that also needs to be provided with eco-friendly tableware is hotels
(Subbiah et al., 2011). Such dishes keep their shape well when hot dishes are packed into
them and can be used to store liquid dishes and sauces for 24 h without getting wet or
softening. Biodegradable tableware is an ideal solution for catering and is suitable for heating
in microwave ovens of different power. Bioware can be easily disposed of together with other
food scraps, which will greatly facilitate the work of the restaurant by reducing the amount
of waste and will allow to completely abandon the sorting of plastic.

Conclusions

1. The biodegradable edible cup is a full-fledged replacement of currently used polymer
and paper cups. It has been confirmed using the Harrington's function.

2. The biodegradable edible cup is a cookie formed in the form of a cup. It is possible to
change the shape of the cup according to the consumer requirements. The cup’s
waterproofness is provided due to the waterproof layer inside it.

3. The developed cup can be used for a wide range of drinks with a temperature from 10
to 90 °C.

4. The biodegradable edible cup is resistant to the action of acetic acid and ethyl alcohol.

5. The biodegradable edible cup has excellent ergonomic indicators, is environmentally
friendly and can be easily decomposed like any other confectionery.
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Introduction. Changes in mashing modes can increase
extraction of biological compounds from malt. Biochemical
composition of the malt wort with prolonged action of proteolytic
enzymes during the mashing process was determined.

Materials and methods. The raw material composition made
from three types of malt: base malt, melanoidin malt and roasted
malt. Analysis of the amino acid, carbohydrate and lipid profile in
modified proteolytic wort was done by chromatographic methods.

Results and discussion. Wort analysis identified 19 amino
acids; ten of them were essential amino acids. Total content of
amino acids in control wort was 1349 mg/l. Total amino acid
content in wort modified by mashing mode 1 increased by 55% to
2096 mg/l. Total content of amino acid in wort modified by
mashing mode 2 increased by 90% to 2572 mg/Il. Proline content
in modified wort was the highest: 437 mg/l in wort modified by
mashing mode 1; 568 mg/l in wort modified by mashing mode 2.
The high content of leucine, arginine, and phenylalanine was
observed in modified wort. The percentage increase in the content
of individual amino acids in the modified wort varied
significantly. Thus, the content of valine and phenylalanine
increased by 101-102%, meanwhile the amount of glycine
increased only by 18%.

Chromatographic analysis showed that prolonged proteolysis
has no effect on the carbohydrate and lipid composition of the
wort. Total fatty acid content was in the range from 5.6 to 11.4
mg/l. Difference in total content of fatty acids between samples of
modified proteolytic wort was more than 30%. Analysis of wort
showed the presence of 11 fatty acids. Palmitic and linoleic acids
were predominant in fatty acid profile in modified proteolytic
wort: the content of palmitic acid was 38-48%, and the content of
linoleic acid (omega-6) was 30-37% from total fatty acid amounts.

Carbohydrate profile of the modified proteolytic wort
presented by maltose, 53.1%; dextrins, 23.4%; maltotriose,
15.2%, and glucose, 8.3%. Carbohydrate profile of modified
proteolytic wort had no difference with traditional malt wort.

Conclusions. Modified proteolytic wort after prolonged
proteolysis during mashing is a good source of amino acids. Long
proteolytic rest significantly increases the content of amino acids
in malt wort, which can be further used in the technology of
dietary supplement or functional drinks.
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Introduction

Malt wort is an intermediate in the production of beer, obtained by mashing malt with
water. Next technological stages for the malt wort is boiling with hops and fermentation.
Mashing is the most important process in wort production, providing the compounds such as
sugars and amino acids necessary for yeast activity during wort fermentation. Sugars and
amino acids play a special role in the final taste, aroma and color of the beer or other malt
beverages (Castro et al., 2021; Jukic et al. 2022; Stewart et al., 2013). Main goal of the
mashing process is to transfer, partially or completely, hydrolyzed compounds from malt
and/or unmalted raw materials to water. Hydrolyzed compounds in wort are necessary for
the yeast reproduction and activity. Optimal concentration of fatty acids (FA) and free amino
nitrogen (FAN) in prepared wort are being considered as crucial for the final taste and aroma
of beer (Ferreira et al., 2018). However, it is proven that high concentration of fatty acids has
a negative effect on the quality of beer. Content of long-chain fatty acids is usually very low
in the final product. Increase of long-chain fatty acid concentration may lead to increase of
compounds formed through their oxidation, which affects beer’s qualities (Vanderhaegen et
al., 2006). Fatty acids are needed for the yeast cells activity and play a significant role in
fermentation. Another important group of compounds determines yeast growth is the free
amino nitrogen substances, presented by amino acids, ammonium ions, peptides, and
tripeptides (Lei et al., 2012). However, overdosed amino acids could be converted by yeasts
to higher alcohols, which are highly toxic (Ferreira et al., 2018). The substitution of malt with
unmalted barley, wheat, rye, corn or other is a common practice in brewing, but addition of
unmalted materials decreases enzyme activity (Bogdan et al, 2020; Kok et al., 2019).

Mashing process to extract malt raw materials is primarily focused on beer production
technology. Under conditions of traditional beer production, the action of proteolytic
enzymes is strongly limited. Longer action of proteolytic enzymes negatively affects on the
stability of the foam in the beer and can cause turbidity, which significantly reduces the
quality of the final product (Bamforth, 2023; Cvengroschova et al., 2003). The malt extract
for the beer brewing must acquire the minimum amount of free amino nitrogen required for
yeast reproduction. Enough quantity of free amino nitrogen, depending on the yeast culture,
is in the range of 150-250 mg/l (Bogdan et al, 2020; Hill et al., 2019). Protein rest phase is
usually limited by a lower limit level of free amino nitrogen content. With a high quality of
malt protease, the rest phase can be skipped, because content of soluble proteins is high
enough after malting. With a mash heating rate of 1 °C/min, the duration of heating in the
range of action of proteolytic enzymes is enough to obtain a minimal level of free amino
nitrogen (Ledley et al., 2023; Montanari et al., 2005).

Longer mashing allows a deeper extraction of biologically active substances to the final
wort. Proteolysis can be prolonged, if the wort should not be used for beer production and
can be not completely transparent because in the classical method the amount of amino acids
in the wort used for beer production, should be minimal. High amino acid content in the wort
increases the nutritional value of malt beverages prepared on its base or malt extract used for
production of dietary supplements. Therefore, a study of modified malt wort with an extended
rest at optimal temperature for proteolytic enzyme activity followed with quantitative and
qualitative determination of the amino acids, carbohydrates and fats profiles of the final
product was conducted.

The aim of the present research was to determine the amino acid, carbohydrate and lipid
composition of modified proteolytic wort. Extraction was done by long-term mashing with
long protein rest phase for the deeper malt proteolysis.
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Materials and methods
Materials

To prepare raw material composition a mixture of three types of malt was used: (a)
barley brew malt Weyermann Pilsner Malt (Germany); extract (dry basis) < 80 %; the color
of the laboratory wort was 3 EBC; malt was produced according to the classical method of
malting and next drying; (b) barley specialty melanoidin malt Bel-Her melanoidin (Ukraine);
extract < 77 %; the color of the laboratory wort was 57 EBC; malt was produced according
to the classic method of malting followed by fermentation at a temperature of 50 °C and
drying; (c) barley roasted malt Castle malting chocolate (Belgium); extract < 70%; the color
of the laboratory wort was 590 EBC; the malt was produced using the classic method of
malting followed by roasting at a temperature of 220 °C and rapid cooling when the malt
reaches the needed intense of color. To prepare raw material composition next ratio of malts
was used: Weyermann Pilsner Malt, 50 %; Bel-Her melanoidin malt, 42 %; Castle malting
chocolate malt, 8 %.

Methods

Moistening of malt was provided before grinding to give elasticity to the shells: malt
was kept in the water for 15 minutes at a temperature of 30 °C.

Grinding of moistened malt was carried out on a LZM-1 laboratory mill, followed by
passing through a sieve with a hole size of 1.0 mm.

Mashing ratio between malt and water was 1:3; for the all experiments malt portion was
250 g, water portion was 750 ml. First portion of the water was added at the stage of hydration
before grinding. Rest of the water was added just before mash preparation.

Mashing goal was to extract maximal amount of amino acids and other biological
compounds to the malt wort and compare with a control wort. Mashing process was carried
out using the following modes (for first mash temperature was 20 °C):

1. Control mode - the temperature of the first mash rest was 63 °C, the duration of first
rest phase for B-amylase catalysis during mashing was 25 min. At the end, the mash
was heated to 72 °C for the saccharification rest phase followed by enzyme inactivation.
Finally, wort had mass fraction of dry substances of 15 °P;

2. Mode 1 - the temperature of the first mash rest was 50 °C (heating of the mash with a
rate of 1 °C/min). Duration of the first rest phase for proteolytic catalysis during
mashing was 30 min. Next heating was to 63 °C. It took 13 minutes, and the mash was
holding at this temperature for the rest phase for 25 min. At the end, the mash was
heated to 72 °C for the saccharification rest phase followed by enzyme inactivation.
Finally, wort had mass fraction of dry substances of 15 °P;

3. Mode 2 - the temperature of the first mash rest was 50 °C (heating of the mash with a
rate of 1 °C/min). Duration of the first rest phase for proteolytic catalysis during
mashing was 60 min. Next heating was to 63 °C. It took 13 minutes, and the mash was
holding at this temperature for the rest phase for 25 min. At the end, the mash was
heated to 72 °C for the saccharification rest phase followed by enzyme inactivation.
Finally, wort had mass fraction of dry substances of 15 °P.

Mashing was carried out with constant stirring on a laboratory reactor LR-2.ST the
Compact Power IKA (Germany). The reactor is equipped with a stirrer EUROSTAR 100
control for intensification of mashing. According to each mashing condition were prepared
three samples of wort, the average value for each condition is indicated in the results.
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The schematic difference in the duration and temperature indicators at different mashing
conditions is shown in Figure 1.

20
105 120 135 459 s
Time, min 180

Figure 1. Schematic difference of mashing conditions
Determination of amino acid content

The content of amino acids in malt extracts was determined as an indicator of the
effectiveness of prolonged protein rest phase (proteolysis) during the extraction of malt raw
materials. According to each mashing condition, three samples of wort were prepared and
analysed.

Amino acids in wort were analyzed using ion exchange liquid chromatographic method
by system LC-40D Shimadzu (Japan). The column chromatography method was used to
determine the qualitative and quantitative amino acid composition. The chromatography
conditions included the use of mobile phase, ninhydrin with added sodium citrate buffer (pH
2.2), eluent flow rate of 15 mL h—1 and a chromatography cycle of 120 min. Standard amino
acids were used in parallel, while qualitative amino acid composition was determined from
retention times. A mixture of 21 amino acids was used as an internal standard. The
colorimetric measurement of the complex resulting from the ninhydrin reaction was carried
out at 570 nm (440 nm for proline). The qualitative composition of the mixture of amino
acids was determined by comparing the aminograms of the standard mixture of amino acids
LAA21-1KT (Sigma-Aldrich) and the studied samples of malt wort. Quantitative analysis
was done by automated determination of peak areas for identified acids by chromatograph
software (Yilmaz et al., 2018).

To calculate the number of amino acids in wort from malt raw materials, the peak area
of each amino acid (or peak height) is calculated on the aminogram. The number of
micromoles of each amino acid (X;) in the test solution is determined by the next formula:

Xl = Sl/ S()
where S is the peak area (or peak height) of the amino acid in the test sample; Sy is the peak
area (or peak height) of the same amino acid in a solution of a standard mixture of amino
acids, which corresponds to 1 micromole of each amino acid (Savchuk et al., 2017).
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Determination of carbohydrate profile

The carbohydrate profiles of the worts were determined using high-performance liquid
chromatography (HPLC) methods. Samples were centrifuged using laboratory centrifuge
type MPW-351R (10 min, 5000 rpm) and subjected to 2-times dilution. Separation of the
mixture was made using Rezex ROA Organic Acid H+ (300 x 7.8 mm) column made by
Phenomenex. Respectively, a method of high-duty chromatography HPLC, using Shimadzu
Prominence apparatus, was used to analyze concentration of glucose, maltose, maltotriose,
dextrins and amount of produced glycerol and ethanol. A volume of 0.02 cm® injection,
celerity of the flow of eluent 0.6 cm?/min, temperature of separation 60 °C, solution HySO4
0.005 mol/l as eluent and refractometric method of detection were used (Gasior et al., 2020).

Determination of fatty acid profile

Fatty acid profile was determined by gas chromatography. The analysis was performed
by extracting the total fatty acid content from the sample (0.25 g) using 5 ml of a 9:1
chloroform: methanol solution. Heptadecanoic acid, 400 pg, as an internal standard was
added to the extracted lipids and methylated by heating at 70 °C for 3 hours in a solution of
1 % H,SO4 in methanol. The composition of methyl esters of fatty acids was determined by
gas chromatography on a Shimadzu GC 2010 Plus chromatograph under the following
conditions: capillary column 50 m, flame ionization detector, carrier gas - nitrogen. The
results of the research were processed using the computer software of the chromatograph
(Cozzolino et al., 2014).

Statistics

Means with standard deviations (£SD) were calculated from the data obtained from
three independent experiments. The univariate analysis of variance (ANOVA) of means was
performed using SPSS (version 16.0). Multiple-means comparisons were determined with
the Duncan’s multiple range test at the p <0.05 confidence level.

Results and discussion
Amino acid profile

The effect of prolonged protein pause (proteolysis) on the content of amino acids and
other biological components in wort from malt composition was studied. Three samples of
wort were prepared according to each mashing condition. Result is indicated as average value
of each amino acid made under the same mashing modes. All wort samples had a final
concentration of dry substances of 15+0.5 °P.

Analysis of wort identified the presence of 19 amino acids. Amount of each amino acid
was calculated by specialized software. The average content of amino acids in different
samples of wort is given in Table 1.
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Table 1
Content of amino acids in wort with different mashing modes
Amino acid The content of amino acids in wort, mg/l
Control Mode 1 Mode 2

Proline 288 £9.8°| 437 £14.0° | 568 +159°¢
Leucine 112 +4.2°%| 166 £6.3° | 208 +6.7°¢
Arginine 99 £3.5°| 156 +4.4° | 187 +7.3¢
Phenylalanine 91 +2.5%| 146 +3.9° 184 +6.6°¢
Valine 94 +3.7*| 150 +5.5° 190 +4.7¢
Glutamine 68 +2.3%| 124 +2.6° | 133 +4.9°
Alanine 82 £2.5%| 126 +44° 157 +6.0°¢
Tyrosine 80 +£2.2%| 123 +44°" 151 +4.5¢
Lysine 58 +2.2% 92 +£3.0° 114 +3.3°
Isoleucine 62 +1.9° 98 +3.8° 121 +3.8¢
Asparagine 48 +1.8*| 75 +2.7° 90 +2.5°
Aspartic acid 37 £1.2°| 47 +1.6° 49 +2.3°
Serine 37 +1.4*| 58 +1.6° 62 +2.6°
Glutamic acid 41 £1.3%*| 71 *1.7° 77 +2.5°
Threonine 40 £1.6°| 63 £2.4° 80 +2.1°
Tryptophan 32 +1.2*| 50 +1.2° 64 +£1.8°
Histidine 38 +1.3? 59 +1.8° 70 +£2.3°¢
Glycine 22 +£0.9*| 25 +0.9°* 26 +1.5°
Methionine 20 +0.7° 31 +1.1° 40 +1.5°
Total amino acid content, mg/l 1349 2096 2572

Results expressed as mean values = SE (n = 3); values with superscript different letters in the
same line are significantly different (p <0.1)

The highest content of amino acids was in the samples of wort prepared according to
the second modification mashing mode 2. Chromatogram of the amino acid content in malt
wort prepared with a mash mode 2 is shown in Figure 2.

Carbohydrate profile

The main aim of the research was to select and determine regime for wort mashing
providing the highest content of biologically active components. Wort prepared according to
the second modification mashing mode had the highest content of amino acids, so it was used
for further determination of carbohydrate and fatty acid profiles. All samples before the
chromatographic study had 15+0.5 °P extract. Theresults of the carbohydrate profile analysis
in modified proteolytic wort samples are shown in Table 2.

Fatty acid profile
Analysis made by high-efficiency capillary column identified 11 fatty acids and their

isomers from C10:0 to C22:0 in modified proteolytic wort samples. Fatty acid profiles in
modified wort samples are shown in Table. 3.
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Figure 2. Chromatogram of amino acids of wort (15+0.5 °P):

aspartic acid (ASP), glutamic acid (GLU), asparagine (ASN), serine (SER), glutamine
(GLN), histidine (HIS), glycine (GLY), threonine (THR), arginine (ARG), proline (PRO),
alanine (ALA), tyrosine (TYR), methionine (MET), valine (VAL), tryptophan (TRP),

358

phenylalanine (PHE), isoleucine (ILE), leucine (LEU) and lysine (LYS).

Unsigned peaks are not identified.

Carbohydrate profile in the malt wort samples

Sample Carbohydrates content, g/l
Maltose | Dextrins | Maltotriose | Glucose
1 43912 21.072 13.212 8.112
2 50.06" 21.052 13.17% 7.9°
3 47.42° 20.2° 14.05° 6.14°

Values with superscript different letters in the column are
significantly different (p < 0.05)
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Fatty acid profile of malt wort samples

Table 3

Fatty Concentration, %
acid Sample 1 Sample 2 Sample 3

C10:0 0.99+0.05° n/d n/d

C12:0 0.92+0.05° n/d n/d

C14:0 3.0940.1° 2.50+0.1° 2.44+0.1°

C16:0 48.45+0.252 38.21£0.25° 38.21+0.25"

Cle:1 2.47+0.1° 2.32+0.1° 2.7+0.1°

C18:0 5.31+0.1° 11.6+0.15" 8.56+0.1°

C18:1 2.59+0.1° 5.53+0.1° 2.88+0.1°

C18:2 30.7840.25* 33.92+0.25° 37.64+0.25°¢

C18:3 0.55+0.05° 0.80+0.05° 0.45+0.05°

C20:0 3.46+0.1° 5.18+0.1° 2.70+0.1°

C22:0 1.23+0.1° n/d 1.31+0.1°
Total fatty acid 8.09+0.1° 5.6+0.1° 11.45+0.15°¢
content, mg/l

Not determined (n/d) refers means amount was < 0.5%; values with superscript
different letters in the same line are significantly different (p < 0.05)

Discussion

The raw material for the production of the studied wort was barley malt. According to
the traditional technology of malt production and its subsequent processing, one of the most
important quality indicators is the high content of carbohydrates needed for the fermentation
during next processing (Duke et al., 2009; Yousif et al., 2020). However, the aim of the
present research was to determine the effect of the long protein rest phase on the content of
amino acids in the wort. It was shown that pause in the mash at 50 °C for 60 minutes
significantly increased the content of all amino acids. The highest increase in the amounts of
amino acids in modified wort, by 101-102%, was observed for valine and phenylalanine. The
content of proline, leucine, and arginine increased by 97.5, 85.7, and 89.4%, respectively.
The smallest changes, an increase of the content by 31% and 18%, were recorded for aspartic
acid and glycine, respectively. The content of total amino acids of modified proteolytic wort
increased by 90.5% due to long-term proteolysis during mashing.

Holding the mash at 50 °C for 30 minutes also increased the content of amino acids in
the wort samples. The highest content increases, 81% and 74 %, were observed for glutamine
and glutamic acid, respectively, but the increase in the amounts of the most amino acids in
the wort was within the range from 50 to 60%. However, the increase of the amount of
aspartic acid was only 25%. The smallest quantitative change, 13%, was recorded for glycine.
Under these mashing conditions, the total content of amino acids increased by 55.3%.

The temperature of 50 °C, the main mode of mash rest phase in the present study, is
below the limit of activation of cytolytic enzymes. Therefore, the carbohydrates profile of
the malt wort did not have significant changes. The proportion of carbohydrate content in the
wort remained close to the types of wort prepared by the classic mashing mode (Ferreira,
2009). The malt extract samples had a content of reducing carbohydrates in the range from
86 to 92 g/l. Chromatography analysis showed that the main sugar in mashed wort was
maltose, 53.1%, followed by dextrins, 23.4%, and maltotriose, 15.2%, and glucose 8.3%.
Graphically, the carbohydrate profile of the obtained malt extract is shown in Figure 3.
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Figure 3. Diagram of the carbohydrates profile in the malt wort

Analysis of modified wort showed the presence of 11 fatty acids. Total content of fatty
acids was in the range of from 5.6 to 11.4 mg/l. The largest amount of fatty acids was
presented by palmitic, 38-48%, and linoleic acids, 30-37%. Low content of fatty acids in the
wort can be related to the laboratory filtration technique due to the filter layer formed by
crushed malt. The content of fatty acids in wort filtrated on industrial vacuum filter presses
was significantly higher (Kiihbeck et al., 2006).

Total protein content in the grain crops ranges from approximately 10 to 15 % of the
dry weight of the grain. Barley grains contain four different classes of proteins: albumin,
globulin, prolamin (hordein), and glutelin. The storage proteins, prolamin and glutelin,
account for approximately 50% of the total protein in mature cereal grains. With the
exception of oats and rice, the main reserve proteins of the endosperm of all cereal grains are
prolamins. Prolamins have a relatively high content of proline and amide nitrogen, and other
specific amino acids, such as histidine, glycine, methionine, and phenylalanine. Prolamins
are mostly deficient in lysine, threonine, and tryptophan (Allai et al., 2022; Sterna et al.,
2022).

Amino acid profile of the wort showed the biggest changes under different mashing
modes. Amount of amino acids in the wort was influenced by many factors: biological
characteristics of cereals, optimal conditions for enzymes during mashing, method and
equipment for filtering of mash. Starchy endosperm contains approximately two-thirds of the
grain's total protein, and its internal pH during malting is 5.0-5.2. Carboxypeptidases, which
are present in the endosperm at a high content, are very active pH and likely play a central
role in the mobilization of reserve proteins during malting and fermentation in the technology
of special melanoidins malt. The high activity of peptidase in the modified cotyledon (shield)
of the grain indicates absorption in the form of peptides of some hydrolysis products, which
are further hydrolyzed to amino acids in this tissue (GeiBlinger et al., 2022).

Generally known that up to 70% of wort free amino nitrogen is formed during malting.
Accordingly, barley with a higher nitrogen content is used to produce FAN-rich extracts;
meanwhile barley with a low nitrogen content is used for the production of extracts rich with
carbohydrates. Although nitrogen levels vary by grain variety, the general types of amino
acids present are similar (Thompson-Witrick et al., 2020; Wefing et al., 2021). There are
some researchers reporting about possible relationship between the amount of free amino
nitrogen and the content of amino acids (Nie et al., 2010).
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During malting, germination of barley grain is started with water absorption (soaking).
Hydration initiated production of enzymes needed to convert starch reserves into fermentable
sugar. Proteolytic enzymes are also activated and protein degradation occurs after hydration
of grain (Arif et al., 2011). Proteolysis is important during malting because soluble nitrogen
is needed for enzyme synthesis, and it results in the release of the associated a-amylase
enzymes required for starch breakdown. Amount of proteolytic enzymes including at least
40 different endoproteinases with high activity. Proteolytic enzymes were founded in the
aleurone layer and endosperm during the germination process of barley grains (BeneSova et
al., 2017; Jones, 2005).

Use of plant hormones, such as gibberellic acid, during germination caused a change of
the ratio of amino acid synthesized to their utilization in the germinating grains that can have
effect on the final amino acid composition of the wort (Liu et al., 2013). Bromate, a substance
used to limit the growth of roots, also affects the relative amount of free amino acids
(especially proline and methionine) in malt and wort (Dufkova, 2020). Malt drying conditions
also influence on the content of amino acids in the wort. An increase of the temperature in
the dryer from 82 to 104 °C causes a noticeable decrease in amino acid content (Chursinov
et al., 2015). All these should be taken into account providing a mashing process with
prolonged action of proteolytic enzymes. Based on the obtained research results, it is possible
to increase total content of amino acid over 3 g/l in modified proteolytic wort.

Conclusions

Technology of long-term proteolysis during wort preparation can be used in technology
of dietary supplements or functional drinks. Modified wort has higher content of amino acids.
High amino acid content has a strong impact on the functional properties of the wellness
products. Research results:

1. Modified proteolytic wort prepared according to the two mashing modes: with 30 min
of proteolysis and 60 min of proteolysis. Control wort was prepared without protease
rest phase. Analysis of wort identified 19 amino acids, and ten of them were essential
amino acids. Total amino nitrogen content in control wort was 1349 mg/1. Total amino
acid content of wort modified by mashing mode 1 increased by 55% to 2096 mg/I1. Total
amino acid content of wort modified by mashing mode 2 increased by 90% to 2572
mg/l.

2. Individual amino acid content in the modified wort increased in a different range. Valine
and phenylalanine content in modified wort increased by 101-102%, at the same time
the amount of glycine increased only by 18%.

3. Total amino acid content in wort could exceed 3000 mg/1 by using gibberellic acid and
bromate in the malting process, by making prolonged proteolysis rest phase and using
industrial separation machines.

4. Carbohydrate profile of modified proteolytic wort had no difference compared to
traditional malt wort because prolonged proteolysis rest temperature mode is below the
activation limit of cytolytic enzymes. Carbohydrate profile of the modified wort
presented by maltose, 53.1%; dextrins, 23.4%; maltotriose, 15.2%, and glucose, 8.3%.

5. Wort analysis identified 11 fatty acids. Total content of fatty acids was not higher than
11.4 mg/l.

Therefore, prolonged proteolysis rest phase allows a significant increase of total amino
acid content. Malt wort with high amino acids content can be used in production of dietary
supplements or functional drinks.
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Introduction. The aim of the present study was to determine
the influence of different foliar fertilizers (in four harvests — 2019,
2020, 2021, and 2022) on the composition of volatile and aromatic
compounds of red wines from the Bulgarian hybrid variety
Storgozia.

Materials and methods. Gas chromatography-flame
ionization detection was used to determine the volatile compounds
in red wines.

Results and discussion. The results obtained regarding the
total content of volatile compounds in the analyzed wines showed
that the variant of vine treatment with fertiliser MaxGrow NS,
consist of N, 20%, S, 7%, Mg, 14%, P, 5%, Mn, 1%, Zn, 0.01%,
Cu, 0,05%, Fe, 0.05), Cu, 0.01%, Zn, 0.01%, B, 0.025%, Mo,
0.002%, demonstrated final high levels of volatile and aroma
compounds in wines of three from the four investigated harvests
(2019, 2020 and 2021). As individual representatives from the
group of higher alcohols, 2-methyl-1-butanol and 3-methyl-1-
butanol dominated in all four harvests. The two alcohols are the
main metabolites of the yeast microflora. The application of
different foliar fertilizers did not negatively affect the
acetaldehyde content in the resulting wines. Its presence
corresponded to the appearance of its positive influence. From the
obtained results, it could be concluded that in the 2020 and 2022
harvests, the foliar application of nitrogen and mineral sources
affected the content of esters. In the other two harvests, individual
variants showed higher ester accumulation than the untreated
control, but others demonstrated lower levels. As a result, no
specific conclusion could be made about the influence of foliar
fertilizers on the final wines ester concentrations. A major ester
from this fraction was ethyl acetate. Foliar fertilization affects the
synthesis of B-citronellol, leading to increased levels of this
terpene. Conversely, for geraniol, a decrease in its concentrations
was observed in the wines obtained after the application of foliar
fertilization.

Conclusions. The application of foliar fertilizers led to
changes in composition of volatile compounds of the researched
red wines and influenced both on the different groups of volatiles
and individual compounds.
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Introduction

The need for organic and ecological agriculture at the current stage is fundamental due
to the significant climate changes. They are a stress factor not only for vine plants but also
for different crops. This stress is formed because of extreme, unpredictable and unexpected
changes in weather, which can lead to a significant reduction in the yield of the vine and the
composition of the grapes (Azabard, 2022; van Leeuwen and Dariet, 2016). The vine is a
plant with high sensitivity to extreme high temperatures, and the heat stress caused by them
significantly affects the content of organic acids, the titratable acidity and pH of the grapes
(Hewitt et al., 2023; Venios et al., 2020). Increasing temperatures and decreasing rainfalls,
intensifying grape ripening, lead to a deterioration of the aromatic wine profile (Gutiérrez-
Gamboa, 2018). This necessitates the application of various viticultural practices to ensure
controlled metabolic development of the vine, improving the yield and quality of its grapes.
One of the essential treatments in this aspect is mineral fertilization. Nitrogen has a
significant impact on the metabolomics and life cycle of the grapevine, and directly affects
the yield, composition and quality of its fruit (Delas et al., 1991; Soubeyrand et al., 2014).
Foliar fertilization is an effective strategy for improving crop nutrition when the soil is poor
in nutrients and under dry climatic conditions (Lv et al., 2017). It essentially represents
spraying of nutrients on the canopy of the crops, which leads to the direct absorption of these
substances by the crop leaves and stems (Cooper, 2003). It is actively entering in viticulture,
due to the improved and efficient assimilation of nitrogen and mineral components,
improving the vitality of the vine and the qualitative composition of grapes and wine (Rubio-
Breton et al., 2018).

Wine, being a product of grape juice fermentation by the yeast belonging to the genus
Saccharomyces, contains many volatile compounds produced mostly due to the yeast
metabolic activity. These compounds includes higher alcohols, aldehydes and ketones,
esters, terpenes, lactones, phenols, the amounts of which varied from a few ng/l to hundreds
of mg/l (Delgado et al., 2020; Manolache et al., 2018; Tang et al., 2019). However, it was
reported that some of volatile compounds present in wine come into wine directly from the
grapes (Cordente et al., 2012; Gonzalez-Barreiro et al., 2015).

Higher alcohols are synthesized by yeasts that metabolize sugars and amino acids
(direct precursors for higher alcohols formation) (Bell and Henschke, 2005).The biological
synthesis of esters is also associated with yeasts metabolism during alcoholic fermentation.
This is a clear indicator that the presence of nitrogen in the must (vitally necessary for the
yeasts) is extremely important for the proper course of fermentation and generating aromatic
compounds that determine the wine quality (Lacroux et al., 2008; Miller et al., 2007).

In the scientific literature, there are not many studies determining the influence of foliar
fertilization directly on the wine’s aromatic profile. Trdeni¢ et al. (2020) determined the
effect of foliar application of K, B and other microelements on the content of aromatic
compounds in grapes of the white variety Skrlet bijeli from Croatia. The team identified the
presence of 24 volatile compounds in the three years study. In two of the harvests (2013 and
2014) Trdeni¢ et al. (2020) found high contents of 1-hexanol, linalool, 3-damascenone, trans-
2-hexenal and geranyl-acetone. Lacroux et al. (2008) found that N and S foliar fertilization
of Sauvignon Blanc vines improved the aromatic profile of wines by increasing the volatile
thiols and glutathione. On the other hand, Rubio-Breton et al. (2012) when studying the foliar
application of two nitrogen sources — phenylalanine and urea, applied as fertilizers to vines
of the red Tempranillo variety, concluded that the studied nitrogen sources did not change
the wine aromatic profile. Gutiérrez-Gamboa et al. (2018) investigated the effect of applying
different foliar nitrogen fertilizers on Cabernet Sauvignon wines. The team found that the

366 —— Ukrainian Food Journal. 2023. Volume 12. Issue 3——



Food Technology ——

urea + sulfur treatments and the application of a commercial BA preparation had a positive
effect by increasing the amounts of three very important wine esters — ethyl hexanoate, ethyl
octanoate and ethyl decanoate. When treated with urea and arginine, the team found an
accumulation of high total levels of terpenes, which are a product of the vine.

The aim of the present study was to determine the influence of different foliar fertilizers
on the production of volatile and aromatic compounds in red wines from the Bulgarian hybrid
variety Storgozia.

Materials and methods
Variety and plantation

The red hybrid grapevine variety Storgozia grafted on the rootstock Berlandieri x
Riparia selection Oppenheim 4 was used in the study. The plantation was located on the
territory of the Experimental Base of Institute of Viticulture and Enology (IVE)-Pleven in
the area "Tomovskoto". The variety was planted according to a scheme of 1 m intra-row and
2.5 m inter-row distance, in which there were 4000 vines per hectare. They were trained
monostemmed and with a single cordon at a height of 1 m. The rows were oriented in the
southeast-northwest direction. The exposure had a slight slope to the north. The support
structure consisted of one supporting wire 100 cm from the ground, and two pairs for shoots
tucking in, respectively 30 and 60 cm above it. The load on the vines was leveled at 20 buds
provided through spurs and fruit canes.

Experimental variants of foliar fertilization

The Ka-Bor liquid fertilizers (Agro-Bio Trading Ltd., Bulgaria) and the Max Grow
series (Maxgrow Chemical Ltd. Bulgaria), recommended for vineyards, were tested. Applied
fertilizers differed by their elemental composition. Content of macronutrients — nitrogen (N),
phosphorus (P), potassium (K), sulfur (S), calcium (Ca), magnesium (Mg) and
micronutrients — iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), boron (B), chlorine (Cl),
molybdenum (Mo). The influence of every single nutrient on vine is related with: nitrogen
stimulates growth, grape berries size, bunch weight, it is component of enzymes, vitamins
and chlorophyll; phosphorus participates in nucleic acids, phosphoric esters, lipids and
nucleotides, participates in energy transfer and has a direct effect on the grapes quality and
yield; potassium increases the growth of the vine root system, increases the disease resistance
and the content of sugars in grapes; sulfur is a component of enzymes and proteins,
participates in photosynthesis, increases resistance to diseases; calcium is extremely
important for grape berries strength, leaf growth and disease resistance; magnesium
participates in photosynthesis, protein synthesis, grapes quality and yield; boron improves
the growth of the root system and aerial parts, increases the content of sugars and increases
the yield; zinc stimulates general root growth, increases sugar content, berries strength and
yield; Mn, Cu, and Fe increase photosynthetic activity and the development of leaf mass.

The scheme of the experiment contained six variants; each with four repetitions of five
vines is shown (Table 1).

The soil type was chernozem. The vineries were grown without irrigation. For the
purpose of the research, soil fertilization was excluded from the plantation agrotechnics.
Foliar feeding was carried out four times and with doses recommended by the manufacturer.
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Table 1
Experimental vines variants and doses of fertilizers application
Vines Fertilizer Content of elements, % Amount of fertilizer,
ml/ha
Vi Control — - -
untreated
V2 | Ka-Bor K, 12; Ca, 6; B, 1.5 600
V3 Max Grow N, 9; P, 9; K, 9; Fe, 0.05; Mn, 0.025; 5000
999 Cu, 0.01; Zn, 0.01; B, 0.025; Mo, 0.02
V4 | Max Grow N, 3; P, 20; K, 22; Fe, 0.05; Mn, 4000
PK 0.025; Cu,0.01; Zn, 0.01; B, 0.025;
Mo, 0.002
V5 Max Grow N, 20; S, 7; Mg, 14; P, 5; Mn, 1; Zn, 5000
NS 0.01; Cu, 0.5
V6 | Max Grow Max Grow 999*, Max Grow PK, Max Dose for fertilizer
Co. Grow NS as 2V3 + V4 + V5 was indicated above

* Max Grow 999 was taken in double dose

Vinification. The study was conducted at the IVE — Pleven. The object of the present
study were red wines obtained from four harvests (2019, 2020, 2021 and 2022) of the
Storgozia variety. The grapes for each studied variant (30 kg each) were picked and vinified
in the IVE Experimental Wine Cellar in the conditions of microvinification, according to the
classic scheme for the production of red wines (Gonzalez-Neves et al., 2013): crushing —
destemming — sulphitation (50 mg/kg SO,) — alcoholic fermentation with SIHA Rubio Cru
yeast Saccharomyces cerevisiae from Eaton's Begerow: 20 g of dry yeast per 100 1 at
temperature 28°C — separation from solids — additional sulphitation — storage.

Gas chromatography-flame ionization detection (GC-FID) of the wine’s volatile
composition. The content of the main volatile and aromatic compounds was determined
based on a stock standard solution prepared in accordance with IS 3752:2005 method. The
method describes the preparation of a standard solution of one congener, but the preparation
step was followed to prepare a solution of more compounds. The standard solution in the
present study included the following compounds (purity > 99.0%): acetaldehyde, ethyl
acetate, methanol, 2-propanol, isopropyl acetate, 1-propanol, 2-butanol, propyl acetate, 1-
butanol, isobutyl acetate, ethyl butyrate, 2-butyl acetate, 2-methyl-1-butanol, 3-methyl-1-
butanol, 4-methyl-2-pentanol, 1-pentanol, pentyl acetate, 1-hexanol, ethyl hexanoate, hexyl
acetate, 1-heptanol, linalool oxide, dimethyl succinate, phenyl acetate, linalool , ethyl
caprylate, 2-phenylethanol, a-terpineol, nerol, B-citronellol, geraniol, ethyl decanoate.

The prepared standard solution containing all compounds was injected in an amount of
2 ul into a gas chromatograph Varian 3900 (Varian Analytical Instruments, Walnut Creek,
California, USA) with a capillary column VF max MS (30 m, 0.25 mm ID, DF= 0.25 pm),
equipped with flame ionization detector (FID). The carrier gas was helium. Hydrogen to
support combustion was supplied to the chromatograph via a hydrogen bottle. The injection
was manual, using a microsyringe.

The gas chromatographic determination parameters were: injector temperature — 220
°C, detector temperature — 250 °C, initial oven temperature — 35 °C/1 min retention, rise to
55 °C with a step of 2 °C/min for 11 min, rise to 230 °C with a step of 15 °C/min for 3 min.
Total chromatography time — 25.67 min. After the retention times of the compounds in the
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standard solution were determined, the identification and quantification of the volatile
compounds in the wines were conducted. The volatile composition was determined based on
the injection of wine distillates. Samples were injected in an amount of 2 ul into a gas
chromatograph and identification and quantification of volatile compounds was performed.

Statistical data processing. Statistical processing of the data was performed, including
determination of average content and standard deviation (+SD), with four replications (four
harvests) for the main compounds identified in all of the four analized harvests. The
statistical data processing was carried out using the Excel 2007 program (Microsoft
Corporation, USA).

Results and discussion

The obtained results of the performed gas-chromatographic analysis of the wines from
the respective four harvests (2019, 2020, 2021 and 2022) are presented in Tables 2 — 5.

Changes of the wines total volatile content by harvests

The highest total content of volatile compounds in the wines of the 2019 harvest was
found in the variant V6. The determined concentration of volatile compounds in this
combined variant of foliar fertilization was more than 4 times higher, compared to the
untreated control. High levels of total volatile compounds were also reported in variants V5
and V3. Variant V2 showed a lower content of volatile components than the control, and
variant V4 demonstrated a slightly lower level than the control. For the total amount of
volatile compounds in the wines from the next harvest (2020) a different trend was observed.
In this harvest, all experimental wines accumulated a significantly higher amount of volatile
compounds, compared to the control. Very high concentration of total volatile compounds
was found here in variants V2 and V5. They were respectively more than 24 times and more
than 14 times higher compared to the untreated control. In the third harvest (2021), the wine
of variant V5 dominated in terms of total volatile compounds concentration. In this harvest,
it was noticeable that the levels of volatile compounds in the experimental variants were not
significantly higher than those of the control variant. A correlation could be drawn here with
the first harvest (2019), where variants V2 and V4 also showed lower total volatile content
than the control variant. In contrast, for all three harvests (2019, 2020 and 2021) a high final
amount of volatile compounds was observed for variant V5. In the last harvest (2022), only
variant V2 showed levels of volatile compounds lower than the control. The highest total
content of volatile compounds in this harvest was found in variant V3. The V4 variant also
showed high levels.

The results obtained regarding the total content of volatile compounds in the analyzed
wines indicated that in three of the harvests — 2019, 2021 and 2022, the V2 variant showed
levels of total volatile compounds lower than the control. The most constant in terms of high
final content of volatile compounds turned out to be variant V5, which demonstrated final
high levels in wines of three from the four investigated harvests (2019, 2020 and 2021). In
this variant of used foliar fertilizer, the amounts of nitrogen are the highest. This led to more
nitrogen in the grapes and during fermentation has led to the stimulation of the yeasts
metabolic action and the secretion of higher amounts of volatiles.
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Table 2
Gas-chromatographic analysis, harvest 2019
. Content in wines, mg/l, from vines

Identified compounds Vi ) V3 7 Vs 73
Ethyl alcohol, vol.% 13.63 | 14.25 13.02 13.06 12.56 12.66
Acetaldehyde 45.81 | 22.85 | 52.08 10.39 | 308.85 | 511.77
Methanol 7.33 7.01 35.27 65.74 | 198.72 | 115.14
2-methyl-1-butanol 45.69 3.85 28.16 | 46.28 | 110.94 | 302.46
3-methyl-1-butanol 102.25 | 8.39 17.07 96.20 | 230.08 | 71.57
2-phenyl ethanol nd 24.75 | 320.65 nd nd nd
1-propanol nd nd 22.59 9.00 ND 153.48
2-propanol nd nd 19.92 7.23 304.51 nd
Total higher alcohols 147.94 | 36.99 | 408.39 | 158.71 | 645.53 | 527.51
Ethyl acetate 22.17 | 38.55 | 247.35 6.31 155.36 | 286.95
Pentyl acetate nd nd 54.13 nd nd nd
Isopentyl acetate 23.48 ND 66.74 31.54 nd 116.86
Propyl acetate 27.69 | 12.46 | 119.69 | 77.03 nd nd
Isopropyl acetate nd nd 5.63 1.51 nd nd
Ethyl hexanoate 50.58 nd nd nd nd nd
Phenyl acetate nd nd 85.20 nd nd 168.59
Ethyl caprylate 16.62 nd nd nd nd nd
Hexyl acetate 28.13 nd nd 2.67 nd nd
Total esters 168.67 | 51.01 | 578.74 | 119.06 | 155.36 | 572.40
Nerol nd nd 0.10 0.20 nd nd

B — citronellol nd 0.56 nd 0.63 nd nd
Geraniol 0.75 nd 0.14 0.12 nd nd
Total terpenes 0.75 0.56 0.24 0.95 nd nd
Total content 370.50 | 118.42 | 1074.72 | 354.85 | 1308.46 | 1726.82

*nd — not detected
**Statistical data (Average £ SD) for four main compounds (acetaldehyde, methanol, 3-methyl-
1-butanol and ethyl actate) identified in all harvests analysed is shown in Table 6.

Table 3
Gas-chromatographic analysis of wines, harvest 2020
. Content in wines, mg/l, from vines

Identified compounds Vi V2 V3 V4 Vs 73
Ethyl alcohol, vol.% 12.64 | 12.18 12.30 | 12.02 | 12.35 | 13.01
Acetaldehyde 8.58 | 102.44 | 200.88 | 119.41 | 162.63 | 81.25
Methanol 9.47 | 193.44 | 86.03 | 166.11 | 270.62 | 199.69
2-methyl-1-butanol 8.69 | 586.46 | 134.12 nd 169.13 nd
3-methyl-1-butanol 18.89 | 1500.35 | 137.58 | 126.60 | 439.75 | 66.36
1-propanol 0.05 0.05 nd 0.05 68.36 nd
2-propanol nd nd nd nd nd 56.26
1-pentanol nd 0.05 0.05 nd nd nd
1-heptanol 0.05 nd nd nd nd nd
2-phenylethanol 0.05 nd nd 305.88 nd 0.05
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Table 3 (Continue)

. Content in wines, mg/l, from vines

Identified compounds Vi V2 V3 V4 Vs 73
Total higher and 2773 | 208691 | 271.75 | 432.53 | 677.24 | 122.67
aromatic alcohols
Ethyl acetate 47.78 72.30 | 174.94 | 263.15 | 212.37 | 205.71
Pentyl acetate nd nd 0.05 0.05 nd nd
Isopentyl acetate 6.03 86.35 119.10 | 109.13 167.90 | 72.68
Propyl acetate 9.37 199.35 nd nd 138.97 nd
Isopropyl acetate nd 0.05 0.05 0.05 0.05 0.05
Phenyl acetate nd nd nd nd 0.05 nd
Ethyl caprylate nd nd nd nd 0.05 0.05
Total esters 63.18 | 358.05 | 294.14 | 372.38 | 519.39 | 278.49
Linalool oxide 0.32 nd nd 0.05 nd nd
o — terpineol 0.05 nd nd nd nd 0.05
Nerol 0.05 nd nd 0.65 nd 0.74
B — citronellol 0.05 0.05 0.14 nd 0.05 0.05
Geraniol 0.53 0.69 nd 0.41 0.10 0.23
Total terpenes 1.00 0.74 0.14 1.11 0.15 1.07
Total content 109.96 | 2741.58 | 852.94 | 1091.54 | 1630.03 | 683.17

*nd — not detected

**Statistical data (Average + SD) for four main compounds (acetaldehyde, methanol, 3-methyl-
1-butanol and ethyl actate) identified in all harvests analysed is shown in Table 6.

Table 4
Gas-chromatographic analysis of wines, harvest 2021
. Content in wines, mg/l, from vines

Identified compounds Vi V2 V3 V4 Vs 73
Ethyl alcohol, vol.% 11.69 | 12.11 | 12.36 | 12.10 | 10.83 | 15.44
Acetaldehyde 13.92 | 1345 8.77 | 67.26 | 27.56 | 19.33
Methanol 64.95 | 79.20 | 50.08 | 33.00 | 173.43 | 173.35
2-methyl-1-butanol 36.45 | 19.66 | 19.28 | 13.63 | 30.45 | 21.35
3-methyl-1-butanol 62.91 | 3531 | 33.88 | 38.85 | 41.83 | 36.54
2-propanol nd nd 13.35 | 9.74 nd nd
1-pentanol nd nd 18.79 nd 21.43 nd
2-butanol ND 24.32 nd nd 18.12 | 31.77
1-heptanol 43.20 nd 76.02 nd nd nd
2-phenylethanol 193.93 | 70.17 | 257.14| nd nd nd
Total higher and aromatic 336.49 | 149.46 | 418.46 | 62.22 | 111.83 | 89.66
alcohols
Ethyl acetate 58.82 | 27.27 | 20.04 | 18.18 | 71.06 | 58.71
Pentyl acetate nd nd nd nd 39.78 nd
Isopentyl acetate 5.22 nd nd 6.30 | 30.98 6.91
Propyl acetate nd nd nd 14.68 nd nd
Isopropyl acetate nd 6.52 7.98 | 11.41 | 20.03 7.67
Phenyl acetate nd 29.41 nd nd 38.68 9.48
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Table 4 (Continue)
. Content in wines, mg/l, from vines

Identified compounds Vi V2 V3 V4 Vs 73
Ethyl hexanoate nd nd nd nd 112.74 nd
Total esters 64.04 | 63.20 | 28.02 | 50.57 |313.27 | 82.77
Linalool oxide 0.42 nd 0.43 0.96 nd nd
o — terpineol nd 0.15 0.20 0.55 nd nd
Nerol nd 0.10 nd nd nd nd
B — citronellol 0.12 0.24 0.33 0.15 nd 0.12
Geraniol 0.29 nd 0.15 nd 0.94 0.17
Total terpenes 0.83 0.49 1.11 1.66 0.94 0.29
Total content 480.23 | 305.80 | 506.44 | 214.71 | 627.03 | 365.40

*nd — not detected
**Statistical data (Average + SD) for four main compounds (acetaldehyde, methanol,
3-methyl-1-butanol and ethyl actate) identified in all harvests analysed is presented in Table 6.

Table 5
Gas-chromatographic analysis of wines, harvest 2022
. Content in wines, mg/l, from vines
Identified compounds Vi V2 V3 V4 Vs 73
Ethyl alcohol, vol.% 13.15 [ 12.77 | 11.59 | 11.90 | 12.53 | 12.76
Acetaldehyde 68.44 | 46.98 | 69.02 | 67.22 | 103.75| 7.83
Methanol 7.64 | 2.07 | 18.26 8.00 8.02 4.14
2-methyl-1-butanol 22.26 | 13.41 | 16.21 | 12.07 6.61 12.99
3-methyl-1-butanol 26.09 | 45.53 | 90.81 | 52.78 | 43.61 | 94.34
4-methyl-2-pentanol nd nd nd nd 2.57 nd
1-propanol 4.84 2.49 nd 12.31 3.05 3.49
2-propanol nd nd 2.18 nd nd nd
1-pentanol nd nd nd nd 4.36 nd
1-butanol 21.44 nd nd 112.75 nd 44.19
2-butanol nd nd | 139.39 | 5.89 nd nd
Isobutanol nd nd nd 1.55 nd nd
1-heptanol 15.81 | 8.13 nd nd nd nd
1-hexanol nd 12.97 nd nd nd nd
2-phenylethanol 55.11 nd nd 60.86 | 165.28 | 40.65
Total higher and 145.55 | 82.53 | 248.59 | 258.21 | 225.48 | 195.66
aromatic alcohols
Ethyl acetate 21.68 | 496 | 106.55| 3191 | 15.18 | 29.77
Pentyl acetate 13.79 | 14.18 | 7.81 nd nd nd
Diethyl succinate nd nd 49.85 ND 18.97 nd
Propyl acetate nd nd 1.69 nd nd nd
Isopropyl acetate nd nd nd 10.44 nd nd
Butyl acetate nd nd 12.60 nd 1.79 nd
Isobutyl acetate 36.73 nd nd nd 102.56 nd
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Table 5 (Continue)
. Content in wines, mg/l, from vines

Identified compounds Vi V2 V3 V4 Vs 73
Phenyl acetate nd nd 72.39 | 220.26 nd nd
Ethyl hexanoate nd nd 182.85 | 78.21 nd 46.87
Ethyl butyrate nd nd 70.76 nd nd nd
Ethyl caprylate 23.59 | 173.25 nd nd nd nd
Hexyl acetate nd nd 153.84 nd nd 90.27
Ethyl decanoate 23.43 nd nd nd nd nd
Total esters 119.22 | 192.39 | 656.65 | 340.82 | 138.50 | 166.91
Linalool oxide nd nd nd nd nd 0.36
Linalool 0.11 0.64 nd nd 0.16 0.86
B — citronellol 0.19 nd nd nd nd nd
Geraniol nd 0.16 0.82 0.14 nd nd
Total terpenes 0.30 0.80 0.82 0.14 0.16 1.22
Total content 341.15 | 324.77 | 993.34 | 674.39 | 475.91 | 375.76

*nd — not detected
**Statistical data (Average + SD) for four main compounds (acetaldehyde, methanol, 3-methyl-
1-butanol and ethyl actate) identified in all harvests analysed is shown in Table 6.

Changes of total and individual content of higher and aromatic alcohols in the
analyzed wines by harvests.

Higher alcohols are a product of yeast amino acid metabolism. In the present study, the
analysis of their total and individual concentrations was directly related to the presence of
free nitrogen and amino acids in the grapes of the vine, which were directly affected by the
applied foliar fertilizers. The concentration of higher alcohols in red wines can reach 600.00
mg/l (Chobanova, 2012).

In Storgozia wines from the 2019 harvest, only variant V2 showed total levels of higher
alcohols significantly lower than the control. The highest content of higher alcohols was
found in variants V5 and V6, which was respectively 4.36 and 3.56 times higher than that
generated in the control wine.V3 variant also showed high final levels of higher alcohols. In
the next harvest (2020), in all experimental wine variants, significantly higher quantitative
levels of higher alcohols were obtained, comparing them with the control variant. Very high
final level in variant V2 was obtained — 75 times higher than that found in the control variant.
High final levels of higher alcohols in this harvest were also found in the variants V5 and V4.
They were respectively 24 and 15 times higher than the control. In the wines of the 2021
harvest, however, the trends were significantly different. Almost all experimental variants in
this harvest showed total higher alcohol levels lower than the control. Only variant V3
accumulated more in comparison with the control. In the last harvest (2022), the trend of
higher alcohols accumulation was similar to the first two. In this harvest, only variant V2
accumulated a lower amount of total higher alcohols than the control. The highest levels of
higher alcohols in this year had the wines of variants V4, V3 and V5.

The different foliar fertilizers had a positive effect on the accumulation of higher
alcohols in three of the four investigated harvests. Significant amounts of these wine aroma
components were established. Variant V5 showed consistent accumulation of high amounts
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higher alcohols in three of the four harvests examined — 2019, 2020 and 2022, and variant
V4 showed high levels in two of the harvests examined — 2020 and 2021. Moreover, since
the formation of higher alcohols by yeasts during alcoholic fermentation is directly
influenced by the accumulation of assimilable nitrogen in the must, the positive influence on
the higher alcohols yeasts production based on the application of foliar fertilization of vines
from the hybrid variety Storgozia could be outlined.

As individual representatives from the group of higher alcohols, 2-methyl-1-butanol
and 3-methyl-1-butanol dominated in all four harvests. The two alcohols are the main
metabolites of the yeast microflora. Only two of the experimental variants of the investigated
wines from the 2019 harvest showed a significantly higher amount of 2-methyl-1-butanol —
V5 and V6, compared to the control variant. Variant V4 showed a very close (almost
comparable) concentration of this compound to the control, while the other two variants —
V2 and V3 showed lower levels of this higher alcohol and in the V2 variant they were very
low. The trend of the presence of 2-methyl-1-butanol in the next harvest (2020) was not
identical. In this particular harvest, high levels of this higher alcohol were found in variant
V2, exceeding those found in the control. In the wines of the 2021 harvest, a trend towards
lower levels of 2-methyl-1-butanol was found in the experimental variants, compared to the
control. Thus, in the experimental wines of this harvest, the content of 2-methyl-1-butanol
was lower than the control V1. In the last harvest (2022), the trend in the content of 2-methyl-
1-butanol was analogous to the previous one. The level found in the control sample V1
dominated those of the experimental wine variants. The influence of this higher alcohol on
the wine aroma has been associated with fruity nuances (Carpena et al., 2021). Analyzing the
results for this individual component (given the results obtained in the more significant part
of the experimental variants from the four harvests) of the higher alcohols fraction, it could
be concluded that the application of the different foliar fertilizers did not affect the content
of 2-methyl-1-butanol, because the results indicated that in the most cases the untreated
control showed higher levels of this component.The obtained results correlated with the data
of Rubio-Breton et al. (2018), who applied foliar different nitrogen fertilizers to vines of the
red Tempranillo variety and found that wines obtained from grapes of untreated vines showed
a higher content of 2-methyl-1-butanol, compared to treated ones. Gutiérrez-Gamboa et al.
(2018) in a study of foliar fertilization of Cabernet Sauvignon found that wines from vines
treated with Arg, Ur and commercial preparations — NT and BA accumulated a smaller
amount of 2-methyl-1-butanol than the untreated control variant. These data are also
consistent with what was found in our study.

Regarding the content of 3-methyl-1-butanol in the wines of the 2019 harvest, a higher
content than the control was found only in the variant V5. All other experimental variants
showed levels of this alcohol lower than the control, and in variant V2 and V3 they were
very low. In the next harvest (2020), however, the trend was reversed. The lowest levels of
this higher alcohol were found in control V1. All experimental variants showed higher level
of 3-methyl-1-butanol, and in variant V2 it was very high. Experimental variant V5 also
showed a much higher concentration than the control. The trend in the 2021 harvest was the
same as in 2020. The detected amounts of 3-methyl-1-butanol in the experimental wines were
lower than that found in the control. The last harvest (2022) had a similar trend to 2020: 3-
methyl-1-butanol was found in the lowest concentration in wine of the control variant V1. In
the experimental wines, its concentration was higher. The data in two of the studied harvests
(2019 and 2021) correlated with the results of Rubio- Breton et al. (2018), who found that
the concentration of 3-methyl-1-butanol in Tempranillo red wines, under foliar treatment
with nitrogen fertilizers, was lower in the experimental variants than in the control. 3-methyl-
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1-butanol is a higher alcohol that has a strong aromatic fruity influence on wine (Cameleyre
et al., 2015; Cometto-Muiliz and Abraham, 2008).

This reduction in the two major higher alcohols (2-methyl-1-butanol and 3-methyl-1-
butanol) was also been demonstrated with soil nitrogen fertilization (Webster et al., 1993).
The data on the content of 3-methyl-1-butanol in the 2020 and 2022 harvests were correlated
with data obtained by Gutiérez-Gamboa et al. (2018) who applied foliar fertilization with
different nitrogen sources to Cabernet Sauvignon vines. In the wines of the Urea + Sulfur
treatment variants, they proved a higher concentration of 3-methyl-1-butanol and 2-methyl-
1-butanol.

2-phenylethanol was the only aromatic alcohol that was identified in the studied wines.
In the wine of the 2019 harvest, it was found only in two of the experimental variants — V2
and V3. In the wines from the next harvest (2020), it was identified in traces in the control
variant V1 and variant V6. A high amount of 2-phenyl ethanol was found in the wine of
variant V4 from this harvest. In the wines of the 2021 harvest, 2-phenylethanol was identified
in three of the variants — V1, V2 and V3. In the last harvest (2022), this aromatic alcohol was
found in four of the variants — V1, V4, V5 and V6. This aromatic alcohol has a strong
influence on the wines aroma, giving a rose aroma, and its concentrations vary widely — on
average 10.00 — 150.00 mg/1 (Chobanova, 2012).

1-propanol was identified in three experimental wine variants from the 2019 harvest —
V3, V4 and V6. Its concentrations between these variants varied from 9.00 mg/1 to 153.48
mg/l. In the wines of the next harvest (2020), it was identified in four variants — V1, V2, V4
and V5, and in the first three, it was in very low amounts (traces). In the wines of the 2021
harvest, 1-propanol was not identified. In the last harvest (2022), this compound was
identified in almost all variants examined, except for V3. In the wines of this harvest, its
concentrations ranged from 2.49 mg/l to 12.31 mg/l. 1-propanol is a compound that imparts
alcoholic-bitter notes in wine aroma (Zhang et al., 2015).

Other higher alcohols identified in individual samples between harvests were 2-propanol, 1-
pentanol, 2-butanol, 1-heptanol, 1-hexanol, isobutanol.

The changes of the aldehyde content in the analyzed wines by harvests.
Acetaldehyde was identified in all analyzed wines by variants and harvests. This compound
is the main dominant representative of the wine aldehyde fraction.

In the wines of the 2019 harvest, only the variants V2 and V4 showed levels of this
aldehyde lower than that found in the control variant V1. The rest of the experimental wines
demonstrated higher aldehyde concentrations, and in the variants V5 and V6 they are very
high, 308.85 mg/l and 511.77 mg/l, respectively. Analyzing the results of the next harvest
(2020), it was found that all experimental wines accumulated acetaldehyde levels higher than
that found in the control. The variation in the presence of aldehyde between the experimental
wines ranged from 81.25 mg/1 (V6) to 200.88 mg/l (V3), compared to 8.58 mg/1 in the control
V1. The trend in the next harvest (2021) was almost similar. Of all the analyzed experimental
wines, only variants V2 and V3 showed aldehyde levels lower than the control V1, and even
the concentration in variant V2 was marginally lower than the control. In the remaining
variants of this harvest, the aldehyde was present in higher concentrations than the control,
varying between samples from 19.33 mg/l to 67.26 mg/1. In the last harvest (2022), a lower
concentration of acetaldehyde than the control was found in variants V2, V6 and V4. Variant
V3 showed a concentration slightly higher, but almost comparable to the control. Of all the
examined wines of this harvest, only variant V5 showed a distinctly higher aldehyde content
than the control.
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Acetaldehyde is a compound with dual nature with respect to the dry wines aroma. At
concentrations up to 130.00 mg/l it gives a fruity character to the wine, while at higher
concentrations it causes an oxidized tone in the aroma (Ribéreau-Gayon et al., 2000; Noble
et al., 1987). In almost all the dry red wines examined in the present study, the aldehyde was
identified in concentrations positively influencing the aromatic quality. The only exceptions
were variants V5 and V6 from the 2019 harvest (where high aldehyde levels were found) and
variants V3 and V5 from the 2020 harvest.

The conducted research indicated that the application of different foliar fertilizers did
not negatively affect the acetaldehyde content in the resulting wines. Its presence
corresponded to the appearance of its positive influence on the wine's aromatic profile.

The changes of total and individual content of esters in the analyzed wines by
harvests. The ester fraction has an important and strong impact on the wine aromatic profile.
The total amount of esters in young wines varies from 200.00 to 400.00 mg/1 (Chobanova,
2012).

In the wines of the 2019 harvest, only two variants showed significantly higher than the
control level of total esters — variant V3 and V6. All other variants accumulated less esters
than the control wine. In the next harvest (2020), the trend was different. In it, all
experimental variants showed levels of total esters significantly exceeding that found in the
control. In the 2021 harvest, three of the variants (V2, V5 and V6) accumulated higher
amounts of esters than the control, with the highest concentration of esters found in variant
V5. The last researched harvest (2022) showed a similar trend to that found in the 2020
harvest. The amount of esters accumulated in the control was the lowest, compared to the
experimental variants, where it varied from 138.50 to 656.65 mg/1.

From the obtained results, it could be concluded that in the 2020 and 2022 harvests, the
foliar application of nitrogen and mineral sources affected the content of esters. In the other
two harvests, individual variants showed higher ester accumulation than the untreated
control, but others demonstrated lower levels. As a result, no specific conclusion could be
made about the influence of foliar fertilizers on the final wines ester concentrations. Further
studies are needed to determine how fertilization affects the metabolic accumulation of esters
in grapes and their biosynthesis by yeasts during fermentation.

A major ester from this fraction was ethyl acetate. In the 2019 harvest, it was found in
a lower concentration than the control only in the wine of variant V4. All other variants
showed higher levels, ranged from 38.55 to 286.95 mg/l. In the next harvest (2020), higher
content of this ester was noticed in the experimental wines, compared to the control. In the
2021 harvest, only variant V5 showed ethyl acetate levels higher than the control. In the other
experimental variants, the ester varied from 18.18 to 58.71 mg/l. In the last harvest (2022),
two of the variants — V2 and V5 accumulated less ethyl acetate, compared to the control. In
the other variants, its quantities were higher.

Ethyl acetate has a dual effect on the wine's aromatic quality and it is synthesized
normally in young wines biologically by the yeast microflora. In concentrations up to 80.00
— 100.00 mg/l, it positively affects the wine aroma; above them, the wine acquires a
characteristic unpleasant acetic-acidic and chemical nuance in the aroma (Plata et al., 2003).
Based on this, it was clear from the obtained results that in the 2019 harvest, variants V3, V5
and V6 accumulated ester in high levels (155.36 mg/l — 286.95 mg/1), over the upper limit of
its positive influence. In the 2020 harvest, variants V3, V4, V5 and V6 also demonstrated
high ester levels ranging from 174.94 mg/I to 263.15 mg/l. It was noteworthy that in both
harvests the wines obtained from variants with applied foliar fertilization with the presence
of Mg in the fertilizer accumulated high levels of ethyl acetate. The last two harvests (2021
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and 2022) showed normal ester levels, which in the first harvest ranged from 18.18 mg/l to
71.06 mg/1, and in the second from 4.96 mg/I to 106.55 mg/l. Within these concentrations, it
had a positive effect on the wine's aromatic quality.

Two other esters with a more substantial presence in the analyzed wines were propyl
acetate and isopentyl acetate. In the wines of the 2019 harvest, propyl acetate was identified
in four of the studied variants (V1 — V4). Its levels varied from 12.46 mg/l to 119.69 mg/I1. In
the next harvest (2020), the ester was found in three variants — V1, V2 and V5, with variations
from 9.37 mg/1to 199.35 mg/l. In the wines of the 2021 harvest, propyl acetate was identified
only in the V4 variant. In the last harvest (2022), this ester was identified again in only one
variant — V3.

Isopentyl acetate in the 2019 harvest was identified in three of the experimental variants
— V1, V3 and V4. Its amounts ranged from 23.48 mg/l to 66.74 mg/l. The lowest
concentration was found in the control. In the next harvest (2020) it was identified in all
studied variants, making the impression that in the control V1 it was present in a lower
concentration (6.03 mg/l) compared to the experimental wines, where it varied from 72.68
mg/l to 167.90 mg/l. In the wines of the 2021 harvest, isopentyl acetate was found in four
experimental variants — V1, V4, V5 and V6, and again, as in the other two harvests, its
concentration in the control sample V1 was lower compared to the experimental variants.In
the last harvest (2022), isopentyl acetate was not identified. Isopentyl acetate, like ethyl
acetate, is a key compound for the wine aroma profile (Plata et al., 2003). From the results in
the present study, it was evident that the application of foliar fertilizers affects the synthesis
of this ester, leading to an increase in its concentrations in the experimental wines. Such a
tendency was also observed for other ethyl esters. The data correlated with studies of
Martinez-Gil et al. (2012), who reported a relationship between the ethyl esters formed in
wines and the must nitrogen content.

Pentyl acetate, ethyl hexanoate, phenyl acetate, ethyl caprylate, hexyl acetate, ethyl
butyrate, butyl acetate, diethyl succinate, isobutyl acetate and ethyl decanoate were also
identified in the wines by harvests in separate variants.

Changes of total and individual terpene content in the analyzed wines by harvests

The terpene fraction has an important, fundamental relation to the aroma of wines from
muscat varieties and formes so-called muscat aroma. Storgozia variety investigated in the
present study is non-muscat. However, terpenes, as a product of the vine, exert an aromatic
influence on the wines and the study of their presence is an important indicator of the complex
wine aroma.

Regarding the total amount of terpenes identified in the wines of the 2019 harvest, only
variant V4 accumulated an amount higher than the control. Terpenes were not identified in
variants V5 and V6, and the other two variants showed a total terpene concentration lower
than control. In the next harvest (2020), variant V4 showed again total terpene levels higher
than control (1.00 mg/1). Variant V6 also accumulated more terpenes. All other experimental
variants were characterized by terpene levels lower than control. In the wines of the 2021
harvest, variants V3, V4 and V5 accumulated amounts of total terpenes ranging from 0.94
mg/l to 1.66 mg/l, higher than control. In this harvest as well, it was noticeable that variant
V4 accumulated a high amount of terpenes, as in previous two harvests. In the last studied
harvest (2022), higher total terpenes were found in variants V2, V3 and V6, ranging from
0.80 mg/1 to 1.22 mg/l, comparing them with the control level for this harvest (0.30 mg/l).
According to Chobanova (2012), the average content of total terpenes in wine is about 2.00
mg/l. The data in the present study were in absolute correlation with this concentration range.
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The data also correlated with the results of Vilanova et al. (2007) who investigated Albarifio
wines from northern and southern Spain. They found a concentration of total free terpenes in
northern wines of 1757.15 pg/L' (1.75 mg/l) and in the south — lower, respectively 458.99
ug/L! (0.45 mg/l).

From the obtained results, it could not be concluded that the foliar fertilizers applied to
the vines have a constant effect on increasing the concentration of total terpenes in the wines
obtained from them.

Geraniol was found as the representative species of terpenes in the 2019 harvest in most
of the tested variants (three of them). It was noteworthy that in the control its concentrations
were higher compared to the other two experimental variants — V3 and V4. In the next harvest
(2020) a dominant presence was reported, in addition to geraniol, and also B-citronellol. The
latter was found in almost all samples (except variant V4), but only in the wine of variant V3
it was in a higher amount. In the remaining variants (including control) it was present in low
concentrations. Geraniol, on the other hand, in this harvest was also identified in almost all
the wines examined (with the exception of variant V3). It was noteworthy that of all the
experimental variants, only variant V2 showed levels of this terpene higher than the control.
All other variants contained it in lower amounts. For the 2021 harvest, the situation was
identical. Again, the dominant terpenes were B-citronellol and geraniol. B-citronellol was
identified in almost all the wines analyzed (except variant V5). Its concentration in the
experimental wines was comparable in one variant (V6) and higher (0.12 mg/l — 0.33 mg/1)
than the control V1 (0.12 mg/1). Geraniol in this harvest was identified in variants V1, V3,
V5 and V6 and only variant V5 showed levels higher than the control.The last harvest (2022)
was distinguished by a dominant presence of linalool and geraniol. Linalool was identified
in four of the investigated wines — V1, V2, V5 and V6. Its concentration in the control wine
was lower than that found in the experimental variants. Geraniol was identified in three of
the investigated variants — V2, V3 and V4, where it varied from 0.14 mg/I to 0.82 mg/1.

It looks that foliar fertilization affects the synthesis of B-citronellol, leading to increase
levels of this terpene in the experimental wines. Conversely, for geraniol, a decrease in its
concentrations was observed in the wines obtained after the application of foliar fertilization,
compared to the untreated ones.

Changes in the amounts of methanol in the analyzed wines

Methyl alcohol is a normally present component of wines that is produced from fruit
pectin by pectinesterase enzymatic degradation, and in red wines, it is accumulated to a
maximum of 350.00 mg/l (Chobanova, 2012). It was identified in all examined wines from
the four harvests. In the wines of the 2019 harvest, only variant V2 showed methanol levels
slightly lower than the control. All other variants showed higher levels of this component,
ranging from 35.27 mg/1 to 198.72 mg/I. In the next harvest (2020), the trend was maintained.
Control V1 accumulated an amount of methyl alcohol, which was lower than that found in
all experimental variants. In the wines of the 2021 harvest, lower methanol levels than the
control were found in two of the experimental variants — V3 and V4. The rest showed a
methanol content higher than the control. In the last harvest (2022), only variants V2 and V6
contained this component in amounts lower than the control. The tendency for the remaining
variants was towards a higher accumulation, which varied from 8.00 mg/1 to 18.26 mg/I.

In all wines, in all four harvests, normal levels of methanol, inherent in red wines, were
found. It was noteworthy, however, that most experimental variants accumulated higher
levels of this component compared to the untreated controls. It is likely that foliar fertilization
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accelerates the metabolism of the vine and has the effect of increasing the pectin content of
the fruit, which is a factor for the final wines methanol levels.

Statistical data analysis of the main compounds identified in all four harvests

The statistical data is presened on table 6. Statistical processing of the data was
performed, including the determination of the average values and standard deviation of four
compounds (acetaldehyde, methanol, 3-methyl-1-butanol and ethyl acetate) that were
identified practically in all studied variants and in the four harvests. The four replicates were
taken from each single concentration of the compound found in a particular harvest. The
results processed in this way can give an idea of whether these compounds show high
variability considering the many factors that influence their presence in the wine — climatic
conditions of the year, soils, agrotechnical measures and others. Acetaldehyde showed a very
high standard deviation for variants V3, V5 and V6. In the V6 variant, it even surpassed the
average value. This is an indicator that led to the conclusion that the content of this aldehyde
in these variants was influenced by various factors and can vary significantly between
different harvests. For methanol, a distinctly high standard deviation was observed for
variants V2 and V4. And here it could be concluded that these variants showed a high
variability in the concentration of methanol, which could vary significantly between harvests.
The trend was similar for variants V2 and V5 for 3-methyl-1-butanol and V4 for ethyl acetate
(basic wine ester).

Table 6
Statistical data (average £ SD) of main compounds for four harvests analyzed
Compounds, Content in wines, mg/l, from vines
mg/l Vi V2 V3 V4 V5 Vé
Acetaldehyde 34.18 46.43 82.68 66.07 150.69 155.04

+28.13 | £39.92 | £82.77 | £44.52 | £119.05 | £239.99
22.25 70.43 47.41 68.21 162.69 | 123.08
+28.23 | +89.26 | £28.84 | £69.41 | 111.03+ | +86.80
52.53 | 397.35 | 69.83 78.60 188.81 67.20

+38.34 | £735.47 | £55.09 | +40.25 | +£189.17 | +23.77
37.36 35.77 | 137.22 | 79.88 113.49 | 145.28
+18.94 | £28.06 | £96.99 | £122.62 | £87.55 | £121.87

Methanol

3-methyl-1-butanol

Ethyl acetate

Conclusions

— It was proved that the variant of vine treatment with fertilizer MaxGrow NS,
demonstrated final high levels of volatile and aroma compounds in wines of three from
the four investigated harvests (2019, 2020 and 2021).

— A positive influence of foliar fertilization on the content of higher alcohols was outlined.
This was due to the likely higher amounts of assimilable nitrogen in the must, which
directly increased the final higher alcohol content of the analyzed wines.

— Dominant representatives of the higher alcohols fraction were 2-methyl-1-butanol and
3-methyl-1-butanol. The application of foliar fertilizers did not affect an increase in the
content of 2-methyl-1-butanol in wines. In most cases, the untreated control showed
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higher levels of this higher alcohol than the experimental variants. No increasing trend
could be outlined in the content of 3-methyl-1-butanol either. In two of the harvests
(2019 and 2022) this higher alcohol was present in lower amounts than the control. In
the other two harvests (2020 and 2021) the trend was reversed and it dominated
quantitatively in the experimental wines compared to their controls.

— A single aromatic alcohol was identified — 2-phenyl ethanol. 1-propanol was also found
to be a major component of the higher alcohols fraction.

— From the group of aldehydes, its main representative — acetaldehyde — was present in
the volatile fraction. The different foliar fertilizers did not have negative effect on the
acetaldehyde secretion.

— No specific conclusion can be drawn about the influence of foliar fertilizers on the final
total ester concentrations of the wines. Further studies related to the influence of
fertilization on the metabolic accumulation of esters in grapes and their biosynthesis by
the yeasts during fermentation are needed.

— Ethyl acetate was the main one, followed with propyl acetate and isopentyl acetate. The
application of foliar fertilizers affected the accumulation of isopentyl acetate, leading
to an increase in its concentrations in the experimental wines.

— The obtained results indicated that foliar fertilizers did not consistently affect increased
total terpene content in the wines, but foliar fertilization affected the concentrations of
B-citronellol, leading to an increase in the levels of this terpene in the experimental
wines. A decrease of concentration of another terpene — geraniol in the experimental
wines (treated with foliar fertilizers) compared to the untreated control was observed.

— Normal levels of methanol inherent in red wines were found. Most experimental
variants accumulated higher levels of this component compared to the untreated
controls. It is likely that foliar fertilization accelerates the metabolism of the vine and
had the effect of increasing the pectin content of the fruit, which is a main factor for the
final wines methanol levels.

The application of foliar fertilizers led to changes in contents of volatile compounds in
the researched wines.
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Introduction. Household food waste is a primary worldwide
concern, however, in developing countries, quantitative
information on this matter is scarce. This study aimed to provide
baseline information on consumer behaviour, practices, beliefs,
and attitudes associated with ground beef waste in Mexican
households.

Materials and methods. Ficld data came from a survey of
740 consumers from two major Mexican cities. A survey was
administered to consumers willing to answer, and they had five
fixed options to select from in the questions related to reasons for
awareness and for disposing of minced beef at home. Statistical
analysis was performed using Chi-square.

Results and discussion. Consumers were asked to choose
from the survey the option closest to their opinion. The results
indicate that more than 75% of the respondents were households
with 3-5 members, comprising mostly children <10 years old and
a smaller proportion of people aged 70 and over. Only 33% buy
ground meat packaged and displayed in open refrigerated cabinets
in supermarkets, while the rest, 67%, purchase it from local
butchers. The best-before date was considered an important
parameter as it reports the level of freshness of the meat and its
positive impact on health. In contrast, for >50% of respondents,
meat waste is associated with cleaning activities. Discarding or
throwing away ground meat in Mexican households can occur
within a few days of purchase, and can also be related to
inadequate preservation and refrigeration practices. Major reasons
for consumer awareness of household food waste were associated
with guilt feelings (73.0%) and damage to the environment
(71.6%), whilst rotten meat and leftovers not eaten were linked to
discarding ground meat. Household refrigerator malfunctions and
buying in excess occasionally influenced perishable food waste.
There are significant relationships between food wastage and
various activities, such as purchasing practices, preparation
methods, attitudes, and lifestyles associated with eating habits.
Reasons that could be related to wastage are prolonged storage of
raw meat, finished of the expiry date and disgust. In addition, other
related aspects focus on compulsive buying, coupled with a need
for more planning and prioritizing the purchase of large packages.

Conclusion. Any program related to reducing minced meat
waste in households must include the design of governmental and
non-governmental policies that impact all links in the supply
chain, especially on the final consumer.
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Introduction

At least one-third of the world's food production is lost as food waste (Vilarifio et al.,
2017); so then to feed the growing human population, an increase in food production is not
enough, but a significant reduction in food waste has to be addressed as an essential topic in
academia. Food discard has been pointed out as a threat to food security, economic losses,
increase in carbon footprint, soil erosion, salinization and nutrient depletion and air and water
pollution (Buzby et al., 2014; Grizzetti et al., 2013;United Nations, Department of Economic
and Social Affairs, 2017). Food waste and loss impact the entire food chain (Mokrane et al.,
2023); furthermore, it is essential that links of specific food chains be determined and
protocols to avoid or reduce them validated ( Elimelech et al., 2018; Parfitt et al., 2010).
Households in high-income countries, the last common link in the food chain, have been
identified as the link with the highest proportion of food waste (Kummu et al., 2012). In
contrast, (FAO, 2011) reports that at the consumer level, food waste is much lower in low-
income countries.

Richter and Bokelmann (2018) stated that many consumers do not see food waste as an
economic loss or as a negative environmental impact issue; however, a proportion of
consumers are aware of food-borne diseases and the negative impacts of food waste on their
economy and the increasing damages on the environment (Principato et al., 2021). Consumer
experiences and broader distribution of information on food waste impacts might be sources
of consumers” decisions on frequency and amount of food purchasing to avoid food waste at
home (Farr-Wharton et al., 2014). In this case, the theory of planned consumer behaviour is
proposed as a basis for explaining food waste (Ananda et al., 2023). In some low-income
countries, substantial food losses and wastes are mostly from primary production and
immediate post-harvest links to consumers” homes. Consequently, it leads to the relevance
of studying food losses and wastes along all food chain links in different countries (Kummu
et al., 2012).

Focusing on household food waste Block et al. (2016) suggested that factors associated
with food waste should be grouped into time-purchase, storage, preparation and
consumption. In addition to time-grouping, factors related to household food waste should
be classified into social, economic, and environmental concerns (Hebrok and Boks, 2017;
Dobernig and Schanes, 2019). Household food waste is produced and processed for human
consumption; however, once at home, the food is not consumed by humans but thrown away,
given to pets, or sent to composting processes (Stancu et al., 2016). It is suggested that best-
before dates, over-preparation, food presentation and food preferences directly impact food
waste (Mokrane et al., 2023). Another relevant factor is that single people are the ones who
waste the most significant amounts of food (Silvennoinen et al., 2014). Additionally, the
decision on food destination at home, either human consumption or waste depends on the
consumer (Kranert et al., 2012); then, if household food waste is to be reduced or avoided,
depth studies should be done on consumers' factors or drivers to discard food (Jorissen et al.,
2015). Ananda et al. (2023) argue that households' repetitive and routine patterns of food
management, which include the activities related to checking stocks before shopping and
meal planning schedules, create a series of habits that directly affect the amount of food
waste. Another problem associated with food waste is related consumers' religious values. If
religious norms, for example those rules involved in food consumption and fasting are
restrictive, they lead to significant food waste (Minton et al., 2020).

The study presented by Schanes et al. (2018) concluded that household food waste
reduction starts with prevention, then studies should be addressed to identify housechold
factors drivers of food waste. Among such components there are: household size, with the
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largest ones wasting more food (Jorissen et al., 2015); older householders trended to show a
lower amount of food waste (Quested et al., 2011); high-income families with children
showed more significant amounts of food waste (McCarthy and Liu, 2017; Parfitt et al.,
2010); religious beliefs (Abdelradi, 2018); traditional servings at home celebrations (Fajans,
2006; Porpino et al., 2016); and, buying food above the needs (Quested et al., 2011; Stancu
and Lahteenmaiki, 2022). Some food waste comes from leftovers that are kept under
refrigeration for up to four days and then thrown away (Halloran et al., 2014; Stancu et al.,
2016). Sustainable food systems depend not only on the production and processing links
along the food chain; the reduction and elimination of food waste by final consumers is also
an essential link toward this goal (Matzembacher et al., 2020). Therefore, it is crucial to
identify in-home food waste drivers and barriers to reducing or eliminating them (Wakefield
and Axon, 2020).

The highest proportion of food waste is reported for perishable products such as
vegetables and fruits, meat, and fish (FAO, 2019). Ground beef goes through intensive and
elaborate food processing and handling without a peel, skin, or any other external protection;
then, high hygienic standards, cold chain maintenance and proper packaging should be
provided at processing time. The responsibility of the consumer at home when handling
ground meat is to apply good preservation practices, avoid overcooking and home storage
beyond the "best before" date ( Halloran et al., 2014; Milne, 2012; Stefan et al., 2013;
Wakefield and Axon, 2020). Consequently, the aim of the study is to provide baseline
information on conditions and drivers to ground beef waste in some Mexican households
from field research based on the application of a questionnaire to consumers that buy this
meat product.

Materials and methods

A survey of ground beef consumers was conducted in two cities in Mexico. At the core
of the questionnaire was a set of 14 reasons for awareness and for discarding ground beef at
home. The consumer was asked to select one of five options for each cause. The questionnaire
was applied through face-to-face questions, and the respondents were approached when
leaving the supermarkets. Sampling was non-probabilistic of convenience (Kalton, 2021)
since the respondents were those willing to provide all the answers to the questions. Data
analysed were the proportion expressed as a percent of respondents in each option within
each question/reason. Statistical analysis of ratios within each question was by Chi-square
(Stokes et al., 2012) under the null hypothesis that respondents were evenly distributed across
all options within each question/reason to declare significant effect p-value was equal to or
less than 0.05.

Results and discussion

Questionnaires thoroughly answered came from 740 consumers interviewed,
demographic information of them is shown in Table 1. Consumers interviewed were mainly
(p<0.05) female, between 20 and 40 years old, with at least high school completed and a
middle monthly income of $5,500 or above. In a study conducted in the Czech Republic
(Filipova et al., 2017), the food waste rate is related to age, income, and level of education;
the latter is associated with the person in charge of the household's food. A relevant finding
is that people with a higher level of education, such as students, employees, and
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entrepreneurs, tend to waste significant amounts of food. Psychological factors are also
pointed out as the leading cause of household food wastage. However, in a Danish consumer
survey, Stancu et al. (2016) reported a more significant correlation between consumers'
awareness of the economic consequences of food waste than the damage caused to the
environment.

Table 1
Demographic indicators of consumers interviewed and fully answered the questionnaire
(n =740)
Item Variable Percen(t;)g:eb (éfEr)isponds
Gender Female 69.0+ 2.0°
Male 31.0£3.0°
Age (years) Less than 20 7.8+ 3.53¢
20 22.84+3.2°
30 33.8+2.9%
40 22.4+32°
50 8.5+ 3.5¢
60 3.5+3.6¢
70 1.2+ 3.6¢
Educational level Junior high or lower 19.3+3.3°
High school 20.1+ 3.2¢
Technical degree 37.2+2.9%
College degree 23.4+3.2¢
Monthly income (MXN) | Less than 2,700 21.0+32°
2,800 — 5,000 27.3+£3.1%
5,500 — 8,000 25.7+3.17%
8,500 — 10,000 14.3+3.4¢
10,500 — 15,000 7.8+ 3.5¢
15,500 — 20,000 3.6+ 3.6¢
More than 20,000 0.3+3.6¢
*a, b within item means with one letter in common are not different (p<0.05).
SE= Standard error

In addition, in this study, almost 75% of the consumer sample was made up of people
of 3 to 5 family members (p<0.05); of them 46.8 and 22.4%, first and second places (p<0.05)
had at least one family member 10 years old or younger or 70 years old or older, respectively.
For 67% of the consumers (p<0.05), the source of ground beef is local butcher’s shops, and
grinding is done when buying it, while 33% get the ground beef from supermarkets displayed
in open refrigerated displays and already packed (Figure 1; Figure 2; Figure 3). Ground beef
was cooked and consumed by 98% of the consumers within the first three days after the
purchase of it. When analysing the relationship between food waste and consumption, it can
be determined that price has a significant relationship, where age, education and economic
activity are directly related (Hazuchova et al., 2020). In contrast, 37% of Egyptian consumers
reported being concerned about food waste regularly (Abdelradi, 2018).
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Figure 2. Different types of meat in a Figure 3. Traditional Mexican food market
traditional Mexican market

Respecting reasons for awareness of meat product waste expressed by the respondents
(Table 2) is relevant to indicate that 71.6% agreed or strongly agreed in associating meat
waste with the environment, while 73.0% related it to resource waste and feelings of guilt.
Concerning the expiry date, respondents strongly agreed and agreed that it is an important
parameter; 70.4% specified that respecting the expiry date impacts health, while 60.3%
indicated that it represents the level of meat freshness. In contrast, more than 50.0% of the
group respondents in this study strongly agreed that wastage of ground meat is not a problem
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but rather an act of cleanliness. For example, Alongi et al. (2019) expressed that undisputed
the use-by date label represents a factor in consumer decisions to dispose of food. Bosnian
households reported a low rate of food waste and paid favourable attention to prevention.
Most respondents reported understanding the content of labels and usually scheduled their
purchases and consumption due to the pandemic (Vasko et al., 2023). Consumer awareness
plays a relevant role in food waste and is aggravated by behavioural patterns (Preka et al.,
2020). It is documented that Albanian consumers manage household waste in various ways:
more than 86.0% stated that they throw it in the rubbish, 60% use it as food for their pets,
and smaller proportions 10.3% channel the waste to needy families and 9.7% use it as
compost in the garden. On the other side, American consumers stated that their primary
motivations for reducing food were saving money and setting an example to children, and
lastly, they placed importance on the environment (Neff et al., 2015a).

Table 2
Sorting (%) of consumers by frequency of reason of awareness wasting ground beef at home

Frequency of the reason to be awareness

Consumers
awareness Completely Partially Completely | I do not
. . Agree
disagree disagree agree know
Fresher packed
minced meat is the 28.7+3.1° 13.2£3.4% | 20.3+3.3° 17.3£3.3° 20.5+3.3°

one expiring earlier
Expiration date of
packed minced meat
is a freshness
indicator

Expiration date of
packed minced meat 6.0£3.6° 7.6£3.5% | 38.1+2.9° 32.3£3.0° 16.1 £3.4°
is useful for health
When I throw food
away, I feel it like
wastage, and I get a
bad conscience
When I throw food
away, | feel it as
cleaning out the
refrigerator

If I throw food
away, it is not a 26.9+3.1° 13.843.4* | 18.0+3.32 25.5+3.2° 15.8+3.42
problem

Food waste make
pollution increasing
When I throw food
away, I think about 6.7+3.6° 6.8 £3.6° | 31.5£3.0° | 40.1£2.8° 14.9+4.0°
environment
a, b, c,... means within row with at least one letter in common are not different (p>0.05)

13.4+3.4° 14.9+£3.4* | 35.0£3.0° 25.3+£3.2° 11.543.5%

9.3+3.5° 7.743.5* | 35.4+3.0° 37.6£2.9° 10.0£3.5%

26.8+£3.2° 13.8+3.4* | 18.0+3.3° 25.4+3.2° 16.1£3.4*

31.4+3.1° 19.1+£3.3% | 21.843.3% 21.14£3.3* 6.8+3.6
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There was a relatively short time between buying and cooking/eating ground beef in
Mexican households. Then, the decision to discard ground beef and throw it away could be
taken a few days after purchasing. In addition, this short time could lead consumers to
overlook basic conservation practices, such as proper refrigeration and clean containers.
Table 3 shows the sorting of consumers by frequency of each reason to discard ground beef.
In 12 out of the 14 reasons offered, discarding ground beef, it was found that the option never
grouped the highest (p<0.05) proportion of consumers, and the consumer range was from
24.2 up to 42.7%. Respondents indicated that the two reasons for always discarding ground
beef with the highest proportion (p<0.05) are related to keeping leftover food in the
refrigerator and not eating it, and the other is that it becomes rotted. Similarly, another study
reports that the leading causes of food waste are storing food in the refrigerator that is not
consumed, removing leftovers from the plate or overcooking food (Abdelradi, 2018).
Another essential aspect to consider is food portions, e.g. large quantities have an unfavorable
effect on consumption, but at the same time, lead to a large amount of leftovers on the plate
(Lorenz and Langen, 2018).

Table 3
Sorting (%) of consumers by frequency of reason to discard ground beef at home

Frequency of the reason to discard ground beef

Reason Never Seldom Often Always I'do not

know

Bought in excess 36.4+2.9% | 18.8+3.3" | 19.643.3° | 15.6+3.3° | 9.643.5°
Poor package size 37.342.9° | 20.8+3.2" | 18.8+3.3¢ | 15.9+3.3° | 7.2+3.5¢
diversity

Package difficult to 37.942.9° | 18.8+3.3% | 18.8+3.30 | 12.243.4° | 12.343.4¢
empty completely

Ee‘:fthe“ghtgm““d 42742.8% | 19.743.2° | 13.6£3.40 | 14.623.4° | 9.4+3.4¢
Kitchen appliance 37.042.9° | 23.443.20 | 15.543.30 | 11.443.4° | 12.7+3.4¢
breakdown

Passed suggested date | )¢ 43 10 | 1504330 | 2024320 | 24.643.1° | 10.943.40
for consumption

Broken package 35.122.9° | 20.943.2° | 16.143.3° | 14.503.4° | 13.423.4°
Meat rotten 27813.1° | 12.643.4° | 14.243.1° | 31.943.0° | 13.503.4°
Saving lefovers was not | 3¢5 ga | 634330 | 18.943.3° | 15.743.30 | 12.343.4¢
possible

i\lomtem“’“tosave 36.842.9° | 16.3+3.3¢ | 18.943.30 | 15.743.3° | 12.3+3.4¢
eftovers

Dislike 36.5:2.9° | 16.1233° | 16.6£3.3° | 21.203.2° | 9.63.5°
Mistake at cooking 36.142.9° | 16,9433 | 18.243.3% | 15.743.3° | 13.143.4¢
S:tgdkﬁ"vers"“t“"t 23.943.00 | 15.143.3¢ | 15.243.3¢ | 33.543.00 | 12.343.4¢

Meat stored refrigerator
but never cooked
a, b, c,... means within row with at least one letter in common are not different (p>0.05)

24.2+3.2° | 14.943.3° | 20.0+3.2° | 28.8+3.1* | 12.1+3.4¢
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Another study suggests that three main reasons for food wastage are identified, leaving
food in the refrigerator for extended periods (Preka et al., 2020), unpleasant appearance and
taste, and mould presented (Vasko et al., 2023). Food spoilage is also another reason that
Finnish consumers point to as being of significant importance for food waste. However, at
the same time, other important reasons are also the best-before date, dish leftovers and
overcooking (Silvennoinen et al., 2014). In addition, Koivupuro et al. (2012) also highlighted
the socio-demographic, attitudinal and behavioural factors influencing food waste as relevant
parameters. It is noted that household size, gender of the person in charge of food shopping,
and frequency of purchase of products with a reduced-price offer were the only factors that
recorded a clear correlation with food waste in the household. In contrast, the same study
reported no clear correlation with the eldest person in the family, type of residence, education
level, shopping habits, food, and food preparation. The purchase frequency was the variable
that influenced the amount of food wasted. However, the existence or lack of a ready-to-eat
shopping list determined the food wasted (Giordano et al., 2019).

The reason meat rotten showed in this study a high (p<0.05) proportion in both
frequencies’ extremes, never and always, the mean proportion for both frequencies was
29.8%. It is essential to point out that the lowest (p<0.05) proportions of consumers in all 14
reasons were found in the lack of knowledge category (Table 3). Concurrently, there are
significant relationships between food waste production and consumer purchasing practices,
such as the way food preparation, the type of practices used to manage household waste, as
well as beliefs, attitudes and lifestyles associated with their eating habits. Mainly related to
food waste is the awareness of various aspects of the consumer, such as the correct way of
eating and the production of food waste (Parizeau et al., 2015). However, one risk factor of
food loss was influenced during COVID-19 because of supply chain disruption and the
decrease in demand in many countries. Such phenomena were most problematic in small and
medium-sized enterprises in developing countries (Laborde et al., 2020). On the other hand,
food consumption practices changed during the Covid-19 pandemic. In Mexico was reflected
in cooking habits and household food management changes. For example, Mexican
households increased food purchases and decreased food waste (Vargas-Lopez et al., 2022).

However, three additional reasons in this study are also recorded in the always category,
with a smaller proportion, such as the fact that raw meat is stored and not cooked on time,
the suggested date for consumption has passed and for displeased. Porpino et al. (2015)
identified five categories of food waste in Brazilian households: buying and preparing too
much food, showing care for pets, lack of knowledge to preserve food, and avoiding having
leftovers in the refrigerator. It also goes deeper and reports two interesting subcategories that,
at the same time, influence food waste, such as compulsive buying and lack of planning,
together with a preference for large packages. Two prominent factors, per capita income and
single-person households, report a strong relationship with the amount of food wasted,
resulting from an interaction of behaviour that influence the planning of food purchase,
preparation, storage, and consumption (Quested et al., 2011). The relevant reasons American
consumers put forward for discarding food focused on concerns about foodborne illness and
being fresh food consumers (Neff et al., 2015 b). Concerning Dutch household consumers
gave several reasons for discarding food from the refrigerator, firstly the expiry date,
followed by product spoilage, excessive food preparation and forgetting the food in the
refrigerator (Janssen et al., 2017). A study conducted in eight countries, Germany, Italy,
Canada, the UK, China, Russia, Spain, and the USA, concerning the type of diets, showed a
difference between smart diets and vegetarian diets, indicating that the former contributes to
more food waste (Iori et al., 2022).
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Another study also reported that packaging seldom becomes a key factor for discarding
ground meat for consumption in the household; however, prevention of food waste also
involves proper handling by retail sellers or supermarkets from processing to the selling point
(Ali et al., 2022). For example, Neff et al. (2019) detailed that consumers aged 18-34 most
frequently eliminate meat foods, and reasons pointing to buying food in more oversized
packaging and misunderstanding the meaning of food labels. A study reports that the main
drivers of food waste are associated with consumers' shopping routines, the reuse of leftovers,
and the food purchase program (Stancu et al., 2016). By consensus, it has been argued that
oversized food portions have an unfavorable impact on consumer food consumption because,
in most cases, it leads to many leftovers on the plate (Giordano et al., 2019). There are typical
characteristics such as the personal dimension associated with socio-demographic factors,
the level of food waste knowledge and personal beliefs in each household that impact on food
consumption (Schanes et al., 2018), and the influence linked to social norms and the overall
cultural context of the consumer (Roodhuyzen et al., 2017).

Then, of the 14 reasons reported in this study to discard ground beef, 12 are avoidable
in households if consumers are made aware of the negative impact of food waste. It is also
essential to consider the importance of behavioural and attitudinal patterns and general
lifestyle in reducing household food waste (Barr, 2007; Parizeau et al., 2021). Once the
leading causes of household food waste are found, a sound program addressing the problem
should be done (von Massow et al., 2019). This program should consider habits and emotions
individually (Russell et al., 2017) and could also work on the guilt feelings of food buyers as
a driver to reduce household food waste (Neff et al., 2015a). However, in today's life,
consumers' concern for their economy, time and money exerts a distaste for wasting food
(Watson and Meah, 2012). Consequently, food waste reduction is most feasible in prevention
at the consumption stage because the most significant potential exists (Kummu et al., 2012).

Relating food waste in the meat sector is highly significant, and it is necessary to
implement measures to reduce losses of this type of food. Although the consumption of meat
and meat products is high, the level of wastage is also significant, both in production and at
the consumer level (Karwowska et al., 2021). While the reasons to discard ground beef at
home are avoidable, then programs should promote positive consumer behaviour, adopting
strategies for saving, storing, and consuming leftover food at home (Jribi et al., 2020).
Furthermore, Aydin and Yildirim (2021) stressed the direct and indirect effects of consumers'
moral attitudes, as well as their behavioural habits and patterns on food waste and their
practical knowledge of how to conserve food at home. Proper management and use of a food
shopping list could help make consumers aware of the amount and expense of food wasted
in their household, and then be a driver to reduce food waste (Principato et al., 2015).
Regarding consumers' attitudes, it is reported that people with higher incomes are the ones
who waste the highest proportion of food. In contrast, the retired sector registers lower
amounts of wasted food. The same study points out that young people may have better food
management because they are frequently in primary contact with social networks and
technical devices (Filipova et al., 2017).

Another factor that affects food reduction is associated with religious values of positive
influence when messages supporting food consumption are highlighted. In contrast, the
opposite occurs when messages restrict food consumption (Minton et al., 2020). This
program should consider habits and emotions individually (Russell et al., 2017) and could
also work on the guilt feelings of food buyers as a driver to reduce household food waste
(Neff et al., 2015a). However, in today's life, consumers' concern for their economy, time
and money exerts a distaste for wasting food (Watson and Meah, 2012). Consequently, food
waste reduction is most feasible in prevention at the consumption stage because the most

—— Ukrainian Food Journal. 2023. Volume 12. Issue 3

391



Economics and Management ——

significant potential exists (Kummu et al., 2012). Beef and dairy products are characterized
by higher reported resource consumption and adverse environmental effects (Moult et al.,
2018). Therefore, there is a need for more information regarding losses and wastage in the
meat products sector. Therefore, it is advisable to apply a systematic approach to quantify
meat product wastage (Caldeira et al., 2019).

Several studies report waste in a variety of foods, for example high amounts of waste,
in most cases avoidable, were recorded in British households and three categories of
motivation to reduce waste were identified. These relate to environmental damage,
implementation of appropriate action, and the last links to people training (Graham-Rowe et
al.,, 2014). Additionally, Ilakovac et al. (2020) deduced that any food waste reduction
program needs to go through household food handling and management because this end link
could be responsible for up to 50% of food wasted at home. Other factors as consumer age
and income, and the number of children under 18 in the household, could influence the
amount of food waste. A study conducted in Turkey by Aydin and Aydin (2022) indicated
that meat was the second most wasted. For example, in this case, the effect of food donation
behaviour on the intention of not wasting was negligible. It is attributed to the fact that in that
country, the concept of food donation is not ingrained in society as an effect on food waste
reduction. On the other hand, consumers are also unaware that the temperature for meat
products needs to be significantly colder or that freezing is required to avoid decomposition.
Other reasons identified focus on confusion or misunderstanding about the meaning of food
labels or dishes that did not meet consumer expectations (Lipinski, 2020).

Plazzotta and Manzocco (2019) postulate that there are potential barriers to valorising
food waste control strategies. Five main reasons are put forward, the first of which is
associated with the characteristics of food waste; another focuses on the lack of information
on the components, where the involvement of science and technology plays a predominant
role; the next one refers to the response of consumers, especially the level of commercial and
marketing knowledge on food waste; the possibility to scale up and standardize the process
is also envisaged, the reason being the high investment cost in the valorisation of industrial
processes; finally there is the compliance with the regulatory framework, in terms of
governmental environmental guidelines and those proposed by the public. It is conclusive
that food waste in households is a matter of concern. The most important reasons why
consumers resort to food disposal are due to expired food products and purchase lack of
planning, inadequate quality, or excessive quantities, not knowing conservation techniques,
and inadequate preparation of portions for consumption (Vieira et al., 2021; Zukiewicz et al.,
2022).

Conclusions

1. Food waste is currently a significant concern concerning hunger alleviation and
negative environmental impact. Our findings show that ground meat is preferably
consumed on the same day of purchase or the next day among the Mexican middle-
income population.

2. Awareness factors about wasting meat products are related to environmental impact,
waste of resources and guilt. The use-by date is related to the wholesomeness and
freshness of meat. The main reasons for discarding minced meat are putrefaction and
uneaten leftovers.

3. Future initiatives should then focus on helping consumers to cope with current
purchasing and handling trends. Thus, implementing programs to reduce product
wastage should involve retailers and consumers.
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4. Therefore, it is necessary to determine the feasibility of implementing and operability
of food waste control strategies, and it is essential to consider economic, social, and
environmental factors.

5. Finally, it is necessary to continue this type of research in Latin America since there
is a lack of information on the subject. Therefore, it is relevant to point out that this
study provides the first data on food waste in Mexico.

6. However, more research is needed on the behaviour of Mexican consumers to address
the adverse effects and to pay more attention to the factors that drive food waste, and
thus address the problem in a preventive manner in the Mexican population.
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Abstract

Introduction. The aim of research is to examine the knowledge about
plant-based diets, what beliefs and misconceptions exist about plant-based
diets (PBDs), and how these differ between lifestyle groups among
Hungarian females.

Materials and methods. Data were collected through an online survey
on social media. These data were processed using univariate statistics
(general description of the sample), exploratory factor analysis
(identification of healthy lifestyles), cluster analysis (segmentation
purposes), chi-square statistics (cluster profiling), F-statistics (comparing
attitudes toward PBDs), and cross tabulation (knowledge and perceptions
of PBDs).

Results and discussion Four health-related lifestyle dimensions
(health-conscious eating, mindfulness, carbohydrate avoidance, red meat
avoidance) were identified, and four segments emerged (healthy food
choosers, red meat avoiders, stress-free women, rejecters). Healthy food
choosers (40.9%) prioritize healthy eating, avoid sugary snacks, and
monitor carbohydrate intake. Red meat avoiders (27.9%) are neutral about
healthy eating, but avoid red meat and processed foods; don't focus on
carbohydrates. Stress-free women (20.8%) value mindfulness, relaxation,
and outdoor physical activity for a stress-free life. Rejecters (10.4%) have
a negative attitude toward healthy eating, mindfulness, carbohydrates, and
red meat. Red meat avoiders live in the capital city, eat fruits and vegetables
more often or at least once a day. Rejecters live in villages and eat fruits
and vegetables every 4-5 days in a week or do not eat fruits and vegetables
in a week. Healthy eaters eat fruits and vegetables more times a day. Stress-
free people eat fruits and vegetables every 2-3 days in a week. They
differed in their knowledge, attitudes and perceptions of PBDs.

72.1% of healthy food choosers, 84.8% of red meat avoiders, 75.8% of
stress-free people and 71.9% of rejecters thought that plant-based diet was
similar to vegan and vegetarian diet. The attitudes range from “may have
health benefits for certain diseases” as the attitude with the highest mean
level of agreement (4.26), especially among red meat avoiders, to
“encourages diary consumption” as the attitude with the lowest mean level
of agreement (1.69), especially among red meat avoiders. Red meat
avoiders, healthy food choosers, and stress-free women had more positive
attitudes toward PBDs than did rejecters. The majority of females were
thinking about trying out PBDs. Red meat avoiders, healthy eaters, and
stress-free women had more positive attitudes toward PBD than did
rejecters. Healthy eaters perceived PBD as healthy. Red meat avoiders
perceived the plant-based diet as healthy, safe, varied, exciting,
environmentally friendly, and a complete diet. Stress-free women thought
the plant-based diet was unhealthy and environmentally unfriendly.
Rejecters attached more negative attributes to the PBD. They perceived the
meatless diet as unhealthy, dangerous, monotonous, boring,
environmentally unfriendly, difficult to digest, and malnutrition.

Conclusions The results contribute to the literature by adding
empirical evidence to the emerging trends (PBD, vegan, vegetarian diets),
as well as generating suggestions for nutrition and dietetics professionals
and the government, as targeted marketing programs can be planned to
change dietary behavior.
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Introduction

Research by the United Nations (UN) World Health Organization (WHO) worldwide has
shown that inadequate fruit and vegetable consumption may play a role in the deaths of 2.7
million people each year (OECD, 2016). However, with a balanced diet reduces the risk of heart
disease, cancer and stroke (Jenkins et al., 2021).

While it is clear that a myriad of factors (in addition to fruit and vegetable consumption)
influence an individual's health and years of healthy life, the data show that the “situation” of
men in the country is alarming in terms of life expectancy at age 65. Almost 2/3 of Hungarian
men do not even reach this age.

Estimates of current fruit and vegetable consumption vary widely around the world,
ranging from less than 100 g/day in less developed countries to approximately 450 g/day in
Western Europe (Liu et al., 2021). In terms of global fruit and vegetable consumption, the
majority of countries do not meet the 2003 WHO/FAO recommendation of at least 400 grams
of fruit and vegetables per day. Recognizing this problem, the UN has designated 2021 as the
International Year of Fruit and Vegetables, hoping to raise awareness of this global issue (UN,
2019; WHO, 2020). 55% of the Hungarian population does not eat fruit daily, another 35% at
least once a week and 9.4% less than once a week or never, while 45% eat vegetables daily,
46% weekly and 8.8% less than once a week or never. While the EU average is 32.9% of the
population not consuming fruit and vegetables every day, in Hungary it is 36.3% (Kocsis,
2022).

Daily consumption of fruits and vegetables varies by age group, education, and income
level (European Health Interview Survey - EHIS, 2019). Older people, women, those with
higher incomes and those with higher levels of education are more likely to consume fiuit and
vegetables (KSH, 2018). Hungary's poor performance in this area can be partly explained by
the relatively high price sensitivity of the Hungarian population, as price increases, especially
for food, including fruit and vegetables, have increased significantly in 2021 and 2022 (Szabd
et al., 2022). 60% of shoppers say they eat at least one portion of fresh fruit and vegetables a
day, according to a GfK survey of 3,500 people in 2022. The amount bought per shopping trip
has not increased in the summer of 2021 compared to previous years, with the average family
taking home 2.36 kg of fruit and 1.75 kg of vegetables per trip. The drastic increase in prices in
recent years and other effects (job losses, changes in family cost structures) are clearly visible:
although the average household in Hungary will spend about 41,000 HUF on fruit in 2021, the
amount purchased will decrease from 89 kg in 2014 to 83 kg in 2021. The same applies to
vegetables, on which the average Hungarian household spent HUF 71,716 per year last year
(G1fK, 2022).

In Hungary, the total amount of food available to the population in 2020 (these data are
not included in Figure 1) is 683.7 kg, a decrease of almost 0.6 percent compared to the average
of the previous 5 years. The structure of the food supply has not changed significantly compared
to previous years, with vegetables and fruits accounting for almost 30 percent of consumption.

Per capita consumption of fruits and vegetables in 2020 is 189.9 kg, slightly lower than in
previous years. On the positive side, however, consumption of fruits and vegetables has
increased by about 20 percent since 1970, and the trend is upward (Figure 1).

The aim of this study is to explore the knowledge about plant-based diets, the beliefs and
misconceptions about plant-based diets (PBD), and how these differ between lifestyle groups
among Hungarian females. Females are more concerned about their body weight and eat less
and more fruits and vegetables (Wah, 2016). Graca et al. (2015) and Beacom et al. (2021)
highlighted that meat is more important for males, while females are willing to adopt a more
plant-based diet to be healthier (Lea et al., 2006).
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Figure 1: Per capita consumption of fruit and vegetables (kg/year)
Source: Own construction based on KSH data

The article is organized as follows: first, in relation to the research question theory and
literature on healthy eating and plant-based diet. Then, the methodology is explained,
followed by the results. Finally, the theoretical and practical implications of the findings are
discussed, and the paper concludes with an exploration of research limitations and future
research opportunities.

Theoretical background

Healthy eating

An increasing number of international studies have focused on segmenting people based
on their healthy or unhealthy eating behavior (André et al., 2017; Heerman et al., 2017; Lv
et al., 2011; Psouni et al., 2016). Some papers focused on children (Sabbe et al., 2008; Smith
et al., 2011) or adolescents (Cuenca-Garcia et al., 2013; Honaken et al., 2004; Matias et al.,
2018) and clustered adolescents based on eating behavior and physical activity or sedentary
behavior. These studies analyzed the demographics of each group and found gender
differences. Wah (2016) and Lv et al. (2011) also highlighted the healthy eating behaviors of
females and the unhealthy eating behaviors of males. Men consume more high-calorie foods,
junk foods, and oily foods with carbohydrates.

Among the international researches, more results that studied a specific consumer group
(André et al., 2017; Benedet et al., 2017; Tanton et al., 2015). Tanton et al. (2015) analyzed
the eating habits of British university students, whose lifestyle is considered risky in terms
of eating. The researchers used the consumption of snacks, convenience and fast foods, and
fruits and vegetables. They identified four segments: risky, mixed, moderate, and favorable
eating patterns. The majority of university students had unfavorable eating habits. André et
al. (2017) categorized older Norwegian citizens (65+) based on similarities in food
consumption. They distinguished between people with an unhealthy eating pattern (21.5%)
and people with a healthy eating pattern (78.5%). The first group of people consumed a
greater amount of foods and beverages such as chocolate/candy, pasta, sausage, sugar-free
and sugary soft drinks, whole milk, juice, white bread and half-wheat bread. The second
group consumed more fruits, vegetables, boiled potatoes, oily fish, whole wheat bread and
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water. Benedet et al. (2017) used clustering of four unhealthy food habits (low fruit intake,
low vegetable intake, high candy intake, and high fried snack intake) among Brazilian
workers. They found that unhealthy food habits were more common among female workers,
those with lower levels of education, and those living without a partner.

Heernan with coauthors (2017) identified eating styles from six eating behaviors
(frequency of eating healthy foods, frequency of eating unhealthy foods, frequency of
breakfast, frequency of snacking, overall diet quality, and problem eating behaviors) and
tested their association with BMI in adults. Four eating styles were identified and defined by
healthy vs. unhealthy eating patterns and engagement in problem eating behaviors. Unhealthy
and unhealthy problem eating groups had significantly higher BMI than healthy eaters.
Psouni et al. (2016) examined patterns of eating and physical activity attitudes and behaviors
in relation to BMI. They also identified healthy and unhealthy groups of Greek people.
Healthy people were associated with healthier physical activity and eating behaviors. They
had normal BMI. Unhealthy people were associated with lower levels of exercise and healthy
eating. They belonged to the overweight category considering their BMI.

Jenkins and coauthors (2021) highlighted the importance of behavioral segmentation in
the case of healthy lifestyles. De Vries et al. (2008) identified clusters based on five important
preventive health behaviors, namely non-smoking, alcohol consumption, fruit consumption,
vegetable consumption and physical activity in the Netherlands. They distinguished healthy,
unhealthy, and poor diet clusters. They found a strong relationship between cluster
membership and education level. The higher the education, the healthier the behavior. Later,
Bennasar-Veny et al (2020) did a similar behavior-based clustering. They found that men
consumed more alcohol, had a less healthy diet, were more likely to be overweight, and were
more physically active. Women had a higher prevalence of underweight and were less
physically active. They distinguished between moderate-risk unhealthy lifestyles, high-risk
unhealthy lifestyles, and low-risk healthy lifestyles. Lv with coauthors (2011) identified three
distinct health-related lifestyle clusters: an unhealthy (25.7%), a moderately healthy (31.1%),
and a healthy (43.1%) group among Chinese adults (ages 18 and 64). Lifestyle variables
analyzed included tobacco use, physical activity, fruit and vegetable consumption, and eating
out. Men were more likely than women to lead an unhealthy lifestyle. Adults aged 50 and 64
were more likely to have a healthy lifestyle. Adults aged 40 and 49 were more likely to have
an unhealthy lifestyle. They also highlighted the relationship with cluster membership and
education level and wealth index.

On the other hand, many researchers focused on the lifestyle of health and sustainability
(LOHAS), which can be characterized by health, well-being, and environmental
sustainability (Choi and Feinberg, 2021). Sung and Woo (2019) highlighted that individuals
who value health and sustainability in their lifestyle by purchasing local products and thus
helping the environment have been a popular consumer trend in recent years. LOHAS
consumers tend to value green living, which includes organic foods, local products, and
healthier products, which further influences their family and friends to adopt sustainable
living and healthier lifestyles as well. Lendvai et al. (2022) found that this group of people
strives for a sense of naturalness, aims to behave ethically, and seeks to hold authentic and
individualistic values. They surveyed 357 Hungarian members of Generation Z. They
distinguished three personas within this generation: (1) personas that fit LOHAS, (2)
personas that may fit LOHAS, and (3) personas that do not fit LOHAS. Tam et al. (2021)
studied the adoption of LOHAS by Chinese consumers. They found that women, older
people, and people with higher incomes are most likely to be in this group. Environmentally
conscious consumers tend to be more quality and price conscious in their shopping behavior.
Health and fitness conscious consumers tend to look for quality and novelty products.
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Plant-based diet

According to European Health Interview Survey (EHIS, 2019) data, one fifth of the
Hungarian population consciously follows some kind of diet, 14% follow one and 4.3%
several at the same time. The most common special diets are diabetic (6.4%) and lactose-free
(4.1%). As people age, the number of special diets increases, which, in addition to health-
conscious lifestyles, has been linked to the development of food allergies, food sensitivities
and other conditions requiring special diets. One in ten 15- to 17-year-olds and 21% of people
aged 65 and older follow a special diet. Regardless of age, women are more likely to follow
a special diet than men do. The proportion of people following a special diet increases with
education and income. Only 1.1% of the population follows a vegetarian diet. According to
a survey conducted by the TET (Diet, Lifestyle and Physical Activity) Platform a few years
ago, only 2-2% of people consider a vegan or vegetarian diet to be healthy. Hungarians are
typically meat lovers and find it difficult to give up animal products, but the vegan lifestyle
has a growing number of followers (NAK, 2019). Schmidt (2019) noted that in recent years,
vegetarian and vegan diets have become an increasingly popular dietary trend, which is
actually a separate lifestyle as well.

An important consumption trend is “vegetable stars”, which is about the positioning of
vegetables, i.e. the spread of the plant-based food trend. Vegetables have taken over the role
of meat, in part because of growing questions about meat consumption, especially in terms
of environmental impact and sustainability. As a result, “vegetables are moving from side
dish status to main course.” Strict veganism, which rejects all animal products, is gaining
more and more adherents (Tordcsik, 2019).

The reasons for low fruit and vegetable consumption may be personal, economic, or
cultural, and changing them is not an easy task. Szabd and Lehota (2020) conducted a focus
group study on the main reasons for consumption and identified love of fruits and vegetables,
healthy lifestyle and healthy diet as the main reasons.

Plant-based diets are one of the trendy diets of our time (Torécesik, 2016), and their
impact on health is attracting the attention of an increasing number of researchers. In fact,
plant-based diets have been used for centuries. Vegetarianism first appeared in India and the
ancient Greek world, and was part of the religious aspirations of both cultures. A plant-based
diet consists of “all minimally processed fruits, vegetables, whole grains, legumes, nuts and
seeds, herbs, and spices and excludes all animal products, including red meat, poultry, fish,
eggs, and dairy products” (Ostfeld, 2017; Szabo et al., 2016). Plant-based diets range from
strict plant-based (vegan) to semi-vegetarian. Today, vegetarianism is “no longer simply a
health-conscious dietary trend, but a holistic worldview whose proponents have a closed
philosophical, ethical-moral, environmental, and agro-technological view, others appeal to
socio-economic reasons” (Balogh, 2017). The previous thought is reinforced by Tordcsik
and Sziics (2021) cited in Forbes, who found that members of Generation Z are going to
climate protests instead of school and adopting vegan lifestyles. The authors also highlight
the more positive environmental impact of a plant-based diet based on the traditional food
chain.

People who follow a vegan lifestyle completely exclude the consumption of animal
derivatives, so they do not consume eggs and dairy products apart from meat. In Hungary, an
advocacy group (Hungarian Vegan Association) was founded in 2017. Veganism is a “non-
violent way of life” that opposes the exploitation of animals of both sexes. This is reflected
in the way they eat (avoiding meat, dairy products, eggs, gelatin, honey, etc.), dress and have
fun. Vegans do not wear leather shoes or use cosmetics that have been tested on animals.
Balogh classifies veganism as a form of vegetarianism.
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In addition, there are several other trends (Balogh, 2017):

— Semi-vegetarian: The diet includes poultry and fish.

— Ovo-vegetarianism: Eggs are eaten along with plant foods.

— Ovo-lacto vegetarianism: Eggs and dairy products are consumed along with plant
foods.

— Lactovegetarianism: Dairy products of animal origin are consumed along with plant
foods.

— Pesco-vegetarianism: Where fish is eaten along with plant foods.

— Raw vegetarianism: Followers eat 75-100% of vegetarian foods raw.

Looking at the motivations of people who follow a plant-based diet, it can be seen that
the most common reasons for choosing this lifestyle are ethical, ecological, environmental,
economic, political, animal welfare, spiritual or health-related. Several religious traditions -
Brahmanism, Judaism, and Hinduism - also favor a meatless or meat-free diet (Szabo et al.,
2016).

Increased competition in the market has also prompted retailers to review their business
policies, and as Tordcsik and Sziics (2021) have pointed out, the battle for customers' money
is no longer just between identical types of stores, but also between different types of stores.
The authors pointed out that the success of discount stores, for example, is due to their
expansion and the targeting of specialized segments (organic, vegan, vegetarian, free, etc.).

Several recent national studies (Fehér et al., 2020; Szabo et al., 2016; Véha et al., 2019)
have been conducted on plant-based diets. They mainly present the literature background and
the characteristics of the diet. Krause and Williams (2017) conducted an empirical study to
investigate the knowledge of university students on plant-based diets. In their systematic
literature review, Fehér et al. (2020) developed a conceptual model based on the planned
behavior model, taking into account objective supporting and inhibiting factors for switching
to a plant-based diet, which they intend to test empirically in the future. Several researchers
have also investigated the factors that hinder (Lea et al., 2006; Véha et al., 2019a) and support
(Reipurth et al., 2019; Véha et al., 2019b) plant-based diets. According to Véha etal. (2019b),
the main benefits of plant-based diets can be explained by factors that positively influence
health and positive effects on well-being, satisfaction, and quality of life. In addition, ethical
environmental benefits have been identified, including aspects such as more efficient use of
economic resources, reduced global pollution, and animal welfare. From an economic
perspective, the benefits of a plant-based diet are linked to sustainability, as it has a much
smaller ecological footprint than meat consumption, i.e. an omnivorous diet. Today, one of
the main reasons people are switching to a plant-based diet is to mitigate climate change
(Reipurth et al., 2019). A plant-based diet produces 2.5 times less carbon emissions than a
meat-based diet. Second, there are ethical arguments in favor of meat-free diets (Véha et al.,
2019b). One is the rights-based or deontological approach, which argues that animals have
intrinsic value because of their ability to “experience life” and should therefore be seen as
ends in themselves rather than means to an end. The other approach is utilitarian or
consequentialist, which argues that every sentient being should have at least one right - the
right not to be treated as property. One of the characteristics of ethical vegans is their total
rejection of the commodification of animals. They also do not use animal products for
clothing, fragrances, or any other purpose, and try to avoid animal-tested ingredients (Balogh,
2017). The way in which animals are kept is the main subject of ethical objections. Animals
are forced to live in overcrowded stalls and confined spaces that do not allow them to express
their natural behaviors. Animals are deprived of exercise, which burns energy and wastes
material resources. They also unnaturally force animals to gain maximum weight, causing
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internal organ disease, physical deformities, and suffering. Vegetarian principles do not
consider any form of animal slaughter to be humane. A plant-based diet can have many
beneficial, positive effects on health and therefore quality of life (Lea et al., 2006), but people
need to be prepared. Plant-based diets are generally lower in energy, fat, and therefore
saturated fat, reducing the risk of overweight, obesity, and cardiovascular disease (Szabo et
al., 2016). Beacom, Bouge and Repar (2021) highlighted that Irish and British females were
almost twice as likely as males to consume plant-based products (PBPs). The main
motivations for consumption were ‘sustainability,” ‘animal welfare’ and ‘health.’

A predominantly or exclusively plant-based diet has its own dangers, as it can lead to
deficiency diseases due to the lack of protein intake (Reipurth et al., 2019). To compensate
for deficiencies, dietary supplements or functional foods should be consumed (Szakaly,
2008). It is always advisable to consult a dietician before switching to a plant-based diet. Lea
et al (2006) found that the main perceived barrier to adopting a plant-based diet was lack of
information. In a literature review of barriers to plant-based diets, Véha et al. (2019a) found
that in addition to negative physiological effects, enjoyment of eating meat and difficulty in
giving it up, convenience and time constraints, information acquisition, social barriers and
associated negative discrimination, and financial constraints all hindered the adoption of a
plant-based diet. Barriers to consumption for non-PBP consumers were ‘not seeing the need
to change their diet’ and ‘taste’ (Beacom et al., 2021). Havermans et al. (2021) found a similar
result among Dutch adolescents. Pohjolainen et al. (2015) found that enjoyment of meat,
eating routines, health beliefs, and difficulties in preparing vegetarian foods hindered PBD
adaptation.

Based on the literature review the authors defined the following research questions:

1. What kind of factors can be distinguished on the basis of healthy eating?

2. Is it possible to segment consumers based on healthy eating?

3. Isitpossible to profile each segment based on demographics (age, location, occupation,
family life cycle and diet, online lifestyle group)?

4. What knowledge does each group have about vegetarian, vegan and plant-based diets?

Are they planning to try a plant-based diet?

5. What are the respondents' attitudes toward plant-based diets?
6. What associations does each group have with plant-based diets?

Materials and methods

Data collection

Data was collected through an online survey in Hungary. The questionnaire was pre-
tested in order to ensure consistency, and understanding. Data was collected through non-
probability snowball sampling by distributing to Hungarian consumers through social media
during one week in April 2023. The survey was created in the Google Sheet platform, and
SPSS 26.0 was used for statistical analysis.

The questionnaire was divided into three sections: (1) health behaviors; (2) knowledge
and beliefs about plant-based diets, (3) sociodemographic characteristics. Participants
reported their attitudes toward health behaviors by expressing their level of agreement on a
S-point Likert scale with the endpoints 1: strongly disagree, 5: strongly agree. The 15
statements were as follows: (1) ‘I take care of my health’, (2) ‘I eat fresh fruit every day’, (3)
‘I eat fresh vegetables every day, (4) ‘I watch my fluid intake’, (5) ‘I avoid sugary foods’, (6)
‘I watch my carbohydrate intake’, (7) ‘I do not snack’, (8) ‘I eat high-fiber foods’, (9) ‘I avoid
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red meat’, (10) ‘I avoid processed foods’, (11) ‘I make sure I get fresh air every day’, (12) ‘1
try to avoid stressful situations’, (13) ‘I exercise regularly, (14) ‘I consciously seek out things
that relax me and make me feel good’, (15) ‘I make a conscious effort to relax". These
statements are based on a previous study by Keller (2019).

Knowledge about plant-based diet was measured on nominal scale that was used by
Krause and Williams (2017).

Attitudes toward a plant-based diet were measured by 15 attitude statements using a 5
point Likert scale (1) does not provide the body with enough protein, (2) avoids processed
foods, (3) encourages consumption of diary products, (4) eliminates or minimizes the
consumption of animal products, (5) promotes oil consumption, (6) limits or excludes eggs,
(7) discourages complex carbohydrates, (8) does not get enough omega-3 fatty acids, (9)
helps prevent chronic diseases, (10) facilitates digestion, (11) good for extra energy, (12)
perfect for muscle building, (13) is beneficial for some illnesses, (14) more environmentally
friendly, (15) reduces saturated fat consumption. These statements are based on a previous
study by Krause and Williams (2017).

Pairwise comparisons were used to measure the associations toward a plant-based diet.
10 contrasting attributes were questioned: (1) healthy — unhealthy, (2) cheap — expensive, (3)
dangerous — safe, (4) monotonous — varied, (5) boring — exciting, (6) old-fashioned,
fashionable, (7) simple — complicated, (8) environmentally unfriendly — environmentally
friendly, (9) difficult to digest — easy to digest, and (10) malnutrition — full diet.

Sociodemographic characteristics included age (in years), place of residence (village,
town, city, capital), occupation (student, white-collar worker, blue-collar worker,
unemployed, retired), marital status (single, cohabiting, married without children, family
with children).

Categories of fruit and vegetable consumption were measured on a weekly basis: more
than once a day, once a day, every 2-3 days, every 4-5 days, not eating fresh fruit and
vegetables on a weekly basis.

Data analysis

The sample was not representative - the authors would like to emphasize that this is an
exploratory study and that the main conclusions apply only to this sample. Data analysis was
conducted using SPSS 26.0 software. Multivariate statistical analysis was used to answer the
research questions. To answer the first research question, the authors used factor analysis.
The method of factor extraction was principal components analysis. The number of factors
was determined by a priori determination (3) and approaches based on eigenvalues (5), scree
plot (5), and percentage of variance accounted for (5). The number of factors was determined
by the eigenvalues. The benchmark of factor loading above 0.4 was used as a criterion for
inclusion of items in each factor. Factor rotation was assessed using the Varimax method. To
answer the second research question, the method of cluster analysis, specifically the method
of Ward's hierarchical cluster analysis, namely agglomerative clustering, was used (Malhotra,
2018). Since the aim was to highlight the main differences, the square Euclidean distance
was used to measure the distances. After investigating the prerequisites, the researchers
considered different clustering solutions, but finally they decided to apply the four clustering
solution. In the next step, they considered these clusters as nominal variables. To answer the
third research question to analyze the relationship between cluster membership and basic
demographics, chi-square analysis was performed. In this case, the authors considered the
expected value and the state of the variables measured on nominal scales. Cross-tabulations
were used to analyze knowledge, attitudes, and associations toward a plant-based diet across
cluster membership.
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Results and discussion

In relation to healthy eating 15 statements were examined. In this case the value of
Cronbach o was 0.921, which means that this scale is consistent. The values of the indicators
that prove the adequacy of the factor analysis were adequate (KMO: 0.893, Bartlett’s Test:
3820.136, Sig. 0.000). The number of factors was determined by Scree test that is four factors
could be distinguished explaining 65.101% of the total variance (Table 1).

Table 1
Results of factor analysis
Statements Loading Factor
1 | I eat fresh vegetables every day (2) 0.830
2 | 1 eat fresh fruit every day (3) 0.824 health-
3 | I eat high-fiber foods (8) 0.644 conscious eating
4 | Itake care of my health (1) 0.626 (20.14%; 0.85)
5 | I watch my fluid intake (4) 0.560
6 | I make a conscious effort to relax (15) 0.810
7 | I consciously seek out things that relax me and | 0.768
make me feel good (14) mindfulness
8 | I try to avoid stressful situations (12) 0.724 (17.35%; 0.76)
9 | I make sure I get fresh air every day (11) 0.531
10 | I exercise regularly (13) 0.449
11 | I watch my carbohydrate intake (6) 0.791 avoidance  of
12 | T avoid sugary foods (5) 0.767 carbohydrate
13 | I donot snack (7) 0.763 (16.42%; 0.77)
14 | T avoid red meat (9) 0.834 avoidance of red
15 | T avoid processed foods (10) 0.740 meat (11.17%;
0.75)

Source: Own research, n = 614 respondents. Method: Main component analysis, Rotation: Varimax
Note: First number behind the factors is the explained variance; second number is the value of Cronbach
alpha.

The first factor included five variables, which represented a health-conscious eating
(HCE) behavior and the choice of vegetables, fruits, nutritious foods, and fluid intake that are
good for the body. The second factor contained five variables representing mindfulness (MF),
the importance of relaxation, and physical activity in fresh air, and the avoidance of stressful
situations. The third factor included items related to the avoidance of carbohydrate (ACH)
intake and the refusal of sugar and snacks. The last factor included two items that are the refusal
of red meat and processed food (ARM). It can be stated that four factors can be distinguished
based on health behavior, namely health-conscious eating, mindfulness, avoidance of
carbohydrates, and refusal of red meat.

In the next step using the results of factor analysis were used for clustering. Based on the
results of Elbow criterion and Agglomeration schedule the four-cluster solution was selected.
Count and frequency in case of each cluster was the following: first cluster 251 people
(40.9%), 2nd cluster 171 people (27.9%), the 3rd cluster 128 people (20.8%) and the 4th
cluster 64 people (10.4%). In order to make a typology of the different clusters, it was
necessary to analyze the means. The method of one-way ANOVA was used to check the
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category means of the health behavior factors (HCE, MF, ACH, ARM) in case of each cluster
and significant differences (FCHF: 509.468, p: 0.000, n%:0.472; FRUF: 748.369, p: 0.000, n:
0.568). There were significant differences between groups for all variables. To test the
homogeneity of variables post-hoc tests (Dunnett T3 and LSD) were performed. according
to the results there were statistically significant differences between variables.

1. Healthy food choosers (40.9%): they try to eat in a healthy way and they typically refuse
unhealthy foods like sugary odd and snacks and the pay attention to their carbohydrate
intake.

2. Red meat avoiders (27.9%): they are mainly neutral when it comes about healthy eating,
they do not pay attention to their carbohydrate intake, but they avoid red meat and
processed foods.

3. Stress-free women (20.8%): could be characterized by the importance of mindfulness.
They pay attention to relaxation and physical activity in the fresh air, so a stress-free
life is important to them.

4. Rejecters (10.4%): they could not be characterized by health-conscious eating,
mindfulness, avoidance of carbohydrates and red meat. They have a negative attitude
towards all the four aspects of health behavior (Table 2).

Table 2
Results of cluster analysis
Ward Method HCE MF ACH ARM
Mean 0.346 | -0.054 | 0.8368129 | 0.001
1, heathy food N 251 251 251 251
choosers (40.9%) Std. Deviation 0.783 0.942 0.683 0.842
Variance 0.614 | 0.888 0.467 0.711
Mean 0.195 | 0.232 -0.629 0.840
2, red meat avoiders N 171 171 171 171
(27.9%) Std. Deviation 0.773 | 0.955 0.743 0.565
Variance 0.598 | 0.913 0.553 0.319
Mean -0.064 | 0.228 -0.562 -1.076
3, stress-free women N 128 128 128 128
(20.8%) Std. Deviation 0.882 | 0.891 0.707 0.753
Variance ,779 ,795 0.500 0.568
Mean -1.751 | -0.865 -0.474 -0.098
. N 64 64 64 64
4, rejecters (10.4%) Std. Deviation | 0.634 | 1.055 0.800 0.788
Variance 0.403 1.114 0.641 0.621
Mean 0.000 | 0.000 0.000 0.000
N 614 614 614 614
Total —
Std. Deviation 1.000 1.000 1.000 1.000
Variance 1.000 1.000 1.000 1.000

Source: Own research, n=614 respondents

It can be seen that consumers can be divided into homogeneous groups based on health
behavior factors (HCE, MF, ACH, and ARM). Four groups of consumers were identified:
healthy food choosers (40.9%), red meat avoiders (27.9%), stress-free women (20.8%),
neutrals (26.2%) and rejecters (10.4%).
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Profiling consumer groups

Table 3 shows the sociodemographic characteristics of the sample. To analyze the
relationship between cluster membership and basic demographics, cross tabulation (chi-
square analysis) was performed. The relationship between cluster membership and
occupation, family life cycle, income level, and weekly fruit and vegetable consumption were
analyzed. Significant associations were found for residence (¥*=20.377; p=0.01), fruit
(¢*>=150.496; p=0.00) and vegetable consumption (¥*=190.084; p=0.00). However, these
associations were weak (Cramer's Viesidence=0.105; Cramer's V,i=0.286; Cramer's
Viegetable=0.321) (Table 4).

Based on the results of the adjusted standardized residuals, we can say that red meat
avoiders live in the capital city, eat fruits and vegetables more often or at least once a day.
Rejecters live in villages and eat fruits and vegetables every 4-5 days in a week or do not eat
fruits and vegetables in a week. Healthy eaters eat fruits and vegetables more times a day.
Stress-free people eat fruits and vegetables every 2-3 days in a week (Table 4).

Table 3
Sociodemographic characteristics of the four segments and the total sample
Healthy
food Red‘meat Stress-free Rejecters Total
choosers avoiders women

Age 28.0 30.0 28.0 30.5 29.0
(median)
Place of
residence
Capital city 23.9% 30.4% 16.4% 12.5% 23.0%
City 21.5% 17.5% 21.9% 23.4% 20.7%
Town 31.5% 31.0% 33.6% 23.4% 30.9%
Village 23.1% 21.1% 28.1% 40.6% 25.4%
Occupation
Student 29.9% 24.6% 38.3% 25.0% 29.6%
y&‘ﬁ;‘s’o”ar 49.8% 55.6% 43.0% 37.5% 48.7%
Blue-collar 16.7% 16.4% 15.6% 31.3% 17.9%
Unemployed 2.8% 2.9% 1.6% 3.1% 2.6%
Retired 0.8% 0.6% 1.6% 3.1% 1.1%
Marital
status
Single 33.5% 26.9% 30.5% 29.7% 30.6%
Cohabiting 31.5% 34.5% 33.6% 26.6% 32.2%
Married
without 16.7% 14.6% 18.0% 28.1% 17.6%
children
Family with o

. 18.3% 24.0% 18.0% 15.6% 19.5%
children
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Table 4
Clusters and basic demographics
Adjusted standardized residuum Sign.
Demographics Healthy Red Stress- | Rejecters | relations
food meat free with
choosers | avoiders | women clusters
Residence | capitalcity [ 0.5 2.7 2.0 21 | reedmea
village -1.1 -1.5 0.8 3.0 rejecters
healthy
food
more than 3.6 2.1 -3.5 -4.2 choosers
once a day red meat
avoiders
Fruit once a day 0.8 2.9 -1.5 -3.6 ;ev(i)irgz?st
consumption every 2-3 29 26 5.4 12 stress-free
in a week days ’ ) ’ ’ people
every 4-3 2.4 -1.5 0.8 5.0 rejecters
days
not eating
fresh fruit - o g 3.8 0.6 7.6 | rejecters
on a weekly
basis
healthy
more than food
4.7 3.2 -4.3 -6.6 choosers
once a day red meat
avoiders
stress-free
Vegetable every 2-3 35 37 43 53 people
consumption days ’ ’ ’ ) rejecters
in a week
every 4-5 0.8 2.1 0.4 4.9 rejecters
days
not eating
fresh fruit -2.6 2.4 -0.6 8.4 rejecters
on a weekly
basis

Source: Own research

It is possible to profile each segment based on demographics, especially based on place
of residence and fruit and vegetable consumption.

Vegetarian, Vegan and Plant-Based Diet

In the next session, knowledge of the different types of plant-based diets was analyzed.
The majority of respondents (80.1% of red meat avoiders, 77.7% of healthy food choosers,
67.2% of rejecters, and 66.4% of stress-free people) believed that a vegetarian diet meant
rejecting white and red meat and fish, while eating other foods of animal origin such as eggs
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and dairy products. 20.3% of the rejectionists, 18.0% of the stress-free women, 13.1% of the
healthy food choosers, and 11.7% of the red meat avoiders believed that vegetarians should
not have eaten meat, but could eat fish. The rejection of all animal foods was believed to be
true by 8.6% of the women. The refusers were not aware of the principles of the vegetarian
diet, 7.8% of them thought that animal products could be consumed (Table 5).

Table 5
Attributes of Vegetarian Diet, %
Health, Stress-
food ' Red‘meat free Rejecters | Total
avoiders

choosers women
Do not eat (red, white) meat,
fish, dairy products and 9.2 7.0 11.7 4.7 8.6
eggs.
Do not eat meat (including
red meat, white meat, and
fish), but do eat other animal 77.7 80.1 66.4 67.2 74.9
products, including dairy
and eggs.
Eat all animal products. 0.0 1.2 3.9 7.8 2.0
Do not eat red or white
meat, but do eat fish. 13.1 11.7 18.0 20.3 14.5

Source: Own research

Note: x> =28.76; p = 0.00, Cramer’s V = 0.12; p=0.00

Regarding the vegan diet, the majority knew that not all foods of animal origin could
be consumed, especially those who avoided red meat. 9.4% of the rejecters thought that the
refusal of meat but the consumption of fish was typical of a vegan diet (Table 6).

Table 6
Attributes of Vegan Diet, %
Health, Stress-
food ' Red‘meat free Rejecters | Total
avoiders
choosers women
Do not eat (red, white) meat,
fish, dairy products and 84.1 90.1 76.6 78.1 83.6
eggs.
Do not eat meat (including
red meat, white meat, and
fish), but do eat other animal 7.2 3.5 8.6 6.3 6.4
products, including dairy
and eggs.
Eat all animal products. 6.0 5.3 7.8 6.3 6.2
Do not eat red or white
meat, but do eat fish. 2.8 1.2 7.0 9.4 3.9

Source: Own research

Note: x> = 18.27; p =0.03, Cramer’s V = 0.10; p=0.03
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72.1% of healthy food choosers thought that plant-based diet was similar to vegan and
vegetarian diet, and 27.9% of them admitted that it was a diet free of products derived from
animals. 84.8% of red meat avoiders thought that plant-based diet was similar to vegan and
vegetarian diet, and 14.6% of them admitted that it was a diet free from foods derived from
animals; only 0.6% thought that PBD allowed diary consumption. 75.8% of stress-free people
admitted that PBD was similar to vegan and vegetarian diets, 22.7% of them thought it was
a meat-free diet. 71.9% of rejecters thought it was similar to vegan and vegetarian diets, 25%
thought it was a meat-free diet, and 3.1% mentioned that diary consumption was allowed in
this diet.

Attitude towards plant-based diet

37.6% of respondents rejected the plant-based diet and the rest thought about trying it.
50.6% of the healthy food choosers thought about following a PBD, 4.4% thought about it
only for a short period, and 31.9% rejected this diet. The proportion of undecided women
was 13.1%. 73.7% of the red meat avoiders planned to follow a PBD, 3.5% only for a short
time. 16.4% refused the diet and 6.4% did not know. Taking into account the stress-free
women, they abstained from a plant-based diet, as 61.7% of them refused this type of diet.
The refusers were attached to meat, as 68.8% of them did not think of trying a meat-free diet.

Table 7 shows the sample's mean level of agreement with 15 attitudinal statements about
plant-based diets. The attitudes range from “may have health benefits for certain diseases”
as the attitude with the highest mean level of agreement (4.26), especially among red meat
avoiders, to “encourages diary consumption” as the attitude with the lowest mean level of
agreement (1.69), especially among red meat avoiders. No significant results based on cluster
membership were found in two cases, “excludes the consumption of processed foods” and
“encourages the consumption of complex carbohydrates”. Red meat avoiders, healthy food
choosers, and stress-free women had more positive attitudes toward PBD than did rejecters.

Perception about Plant-Based Diet

Women viewed a plant-based diet as healthy, safe, varied, exciting, fashionable, simple,
environmentally friendly, easy to digest, and satisfying. The majority associated it with
positive attributes. However, 47.4% perceived it as cheap and 52.6% perceived it as
expensive. Healthy eaters perceived PBD as healthy. Red meat avoiders perceived the plant-
based diet as healthy, safe, varied, exciting, environmentally friendly, and a complete diet.
Stress-free women thought the plant-based diet was unhealthy and environmentally
unfriendly. Rejecters attached more negative attributes to the PBD. They perceived the
meatless diet as unhealthy, dangerous, monotonous, boring, environmentally unfriendly,
difficult to digest, and malnutrition (Table 8).
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Table 7
Attitude towards Plant-Based Diet
Healthy Stress-
Statement - A plant based food Red.meat free Rejecters | Total
diet... avoiders
choosers women
;fl:ee::ezi‘?} 3‘3 case of some 427 4.45 417 3.93 426
F=4.26, p=0.00 (1.02) (0.95) (1.07) (1.19) (1.04)
eliminates or minimizes the
consumption of products of 4.27 4.36 4.02 3.93 4.21
animal origin* (4) F=2.89, (1.19) (1.24) (1.37) (1.47) (1.28)
p=0.03
facilitates digestion* (10) 4.17 4.36 4.03 3.75 4.15
F=5.51, p=0.00 (1.10) (0.99) (1.18) (1.15) (1.10)
is more environmentally
friendly* (14) (?'(l)g) (?'(3)3) (ZIHI);) (?;g) (ﬂj)
F=5.97, p=0.00 ' ' ' ) '
ZZigifiszg‘gjtffsgat 4.11 4.15 3.82 373 4.02
F=4.08, p=0.00 (1.07) (1.09) (1.13) (1.27) (1.12)
— =
?9e)lps prevent chronic diseases 3.88 402 3.82 398 384
F=5.52, p=0.00 (1.27) (1.26) (1.21) (1.20) (1.26)
good for extra energy™® (11) 3.76 4.00 3.60 3.25 3.74
F=6.03, p=0.00 (1.30) (1.24) (1.31) (1.20) (1.29)
limits or excludes eggs™* (6) 3.59 3.92 3.47 3.15 3.63
F=6.46, p=0.00 (1.44) (1.40) (1.38) (1.40) (1.43)
1(s1 g)erfect for muscle building* 348 376 307 270 339
F=12.38, p=0.00 (1.37) (1.36) (1.37) (1.28) (1.39)
avoids processed foods (2) 3.38 3.12 3.28 345 3.29
F=1.35, p=0.25 (1.43) (1.58) (1.33) (1.42) (1.45)
S;iﬁgi?iii;so(“%"ex 3.17 3.19 3.08 3.25 3.17
F=0.27, p=0.84 (1.35) (1.38) (1.21) (1.32) (1.32)
?a‘;f; et (‘;‘;O“gh omega-3 2.19 1.90 2.20 2.71 2.16
F=6.90 p=0.00 (1.24) (1.21) (1.21) (1.26) (1.24)
promotes oil consumption* (5) 2.04 1.99 2.39 2.45 2.14
F=5.26, p=0.00 (1.09) (1.14) (1.22) (1.19) (1.15)
gggigﬁ;ﬁ;ﬁ;ﬁf g‘)e body with 1.98 1.83 225 2.65 2.06
F=8.25, p=0.00 (1.23) (1.20) (1.21) (1.28) (1.24)
: —

g“)c"urages dairy consumption 1.67 1.47 1.87 2.01 1.69
F=5.48, p=0.00 (1.03) (1.01) (1.17) (1.21) (1.09)

Source: Own research

Note: Values are means measured on a 5-point Likert scale from strongly disagree (1) to strongly

agree (5), and values in parentheses are standard deviations.
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Table 8
Perception of PBD

Plant based Healthy food Red.meat Stress-free Rejecters, | Total, 2
diet is choosers, avoiders, women, % % P
% % %
healthy 78.5 89.5 54.7 453 73.1 | 74.26
unhealthy 21.5 10.5 45.3 54.7 26.9 0.00
cheap 47.4 48.5 43.8 51.6 47.4
expensive 52.6 51.5 56.3 48.4 52.6
dangerous 359 25.7 39.1 46.9 349 11.45
safe 64.1 74.3 60.9 53.1 65.1 0.01
monotonous 35.1 21.1 359 48.4 32.7 18.97
varied 64.9 78.9 64.1 51.6 67.3 0.00
boring 38.2 22.8 43.0 56.3 36.8 | 27.12
exciting 61.8 77.2 57.0 43.8 63.2 0.00
old-fashioned 20.3 16.4 18.0 25.0 19.2
fashionable 79.7 83.6 82.0 75.0 80.8
simple 68.9 66.1 61.7 54.7 65.1
complicated 31.1 33.9 38.3 453 34.9
environmentally 13.9 8.8 273 344 | 174 | 32.54
unfriendly
environmentally 86.1 91.2 72.7 656 | 82.6 | 0.00
friendly
difficult to digest 143 10.5 15.6 28.1 15.0 | 11.46
easy to digest 85.7 89.5 84.4 71.9 85.0 0.00
malnutrition 335 23.4 40.6 56.3 345 | 24.96
full diet 66.5 76.6 59.4 43.8 65.5 0.00

Note: Based on the results of the adjusted standardized residuals, the attributes of the PBD are related
to the groups of consumers shown in bold.

Discussion

Healthy lifestyle is an important multidisciplinary topic, as it is not only addressed by
health studies, but also by social sciences in general. Most previous studies have classified
consumers or specific consumer groups, such as children (Smith et al., 2011), adolescents
(Matias et al., 2018), Generation Z (Tanton et al., 2015), or seniors, based on their eating
habits (André et al., 2017) or their healthy lifestyle. As more and more researchers (Beacomet
al., 2021; Lea et al., 2006) have highlighted the openness of women to healthy lifestyles, the
present study focused only on women. The authors first distinguished various health factors,
such as health-conscious eating, mindfulness, carbohydrate avoidance, and red meat
avoidance. As previous studies such as Jenkins et al. (2021) have highlighted the importance
of behavioral segmentation in the case of healthy lifestyles, we also adopted this approach.
The present quantitative study identified four consumer segments among women based on
their health behaviors. Healthy food choosers (40.9%), red meat avoiders (27.9%), stress free
women (20.8%), and rejecters (10.4%). The majority of the sample considers a healthy
lifestyle, either eating behavior or mindfulness, to be somewhat important. This could be
explained by the fact that the half of the sample follows some kind of online social media
group. Red meat avoiders live in the capital city, eat fruits and vegetables more often or at
least once a day. Rejecters live in villages and eat fruits and vegetables every 4—5 days in a
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week or do not eat fruits and vegetables in a week. Healthy eaters eat fruits and vegetables
several times a day. Stress-free people eat fruits and vegetables every 2—-3 days in a week.

Many researchers (Schmidt, 2019; Torécesik, 2016) have noted that plant-based diets
have become an increasingly popular dietary trend in recent years due to health and
sustainability concerns. Plant-based diets aim to marginalize animal and highly processed
foods and include mostly raw, unprocessed, or minimally processed plant foods in the diet
(Ostfeld, 2017; Szabd et al., 2016). Plant-based diets range from strictly plant-based (vegan)
to semi-vegetarian. The majority of healthy food choosers, red meat avoiders, stress-free
women, and rejecters thought that plant-based diets were similar to vegan and vegetarian
diets. The majority of respondents believed that a vegetarian diet meant avoiding white and
red meat and fish, while eating other foods of animal origin such as eggs and dairy products.
Regarding vegan diets, the majority knew that not all foods of animal origin could be
consumed, especially those who avoided red meat. The majority of women thought about
trying PBDs. Red meat avoiders, healthy food choosers, and stress-free women had more
positive attitudes toward PBDs than did avoiders. Women acknowledged the positive health
effects of this diet, such as good for digestion and prevention of chronic disease, as previous
studies have confirmed (Beacom et al., 2021; Véha et al. 2019b). Sustainability is a major
advantage of the plant-based diet, which is why many researchers currently started to deal
with this topic (Fehér et al., 2020, Havemnans et al., 2021; Véha et al., 2019b). In this
empirical research, women admitted that PBD is environmentally friendly. More authors
emphasized the negative effect of plant-based diet (Pohjolainen et al., 2015; Reipurth et al.,
2019; Véha et al., 2019a). The respondents were not aware of the fact what kind of nutrition
can be missed with this diet.

Women viewed a plant-based diet as healthy, safe, varied, exciting, fashionable, easy,
environmentally friendly, digestible, and satisfying. Rejecters attached more negative
attributes to the PBD than did healthy eaters, red meat avoiders, and stress-free women. As
Havermans et al. (2021) and Pohjolainen et al. (2015) emphasized that the taste of plant-
based foods could be a barrier in the adaptation process, we also found that rejecters
perceived the meatless diet as unhealthy, dangerous, monotonous, boring, environmentally
unfriendly, difficult to digest, and malnutrition.

Conclusions

The aim of this research was to explore the perceptions of healthy eating in Hungary
There are some educational initiatives and programs targeted at the young generation by the
national government, and public education related to eating behavior (smart plate, school
Iunch reform and school fruit program) and physical activity (mandatory daily physical
education). At the same time, the attitudes and behaviors of the Hungarian population are
slowly changing, and there is a large gap between recommendations and actual eating habits.
The present study is useful for the health sector (physicians, dieticians and nutritionists) and
the government, as targeted marketing programs can be planned to change dietary behavior.

1. In the case of the government, social marketing programs would be necessary. It is also
important to raise health awareness among the rejecters.

2. To improve people's quality of life and well-being, it is necessary to improve their
health. Health is not just a state of being free from disease or injury, but a more complex
category.

3. A healthy mind in a healthy body should be emphasized in social marketing campaigns.
Reducing overweight and obesity is the goal of society as a whole (especially in
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developed countries, where this phenomenon is considered an epidemic), so it is
necessary to educate people and use social marketing campaigns.

4. People should be informed about the progress of more PBDs and the principles of a
healthy lifestyle (food pyramid, smart plate, WHO principles). These applications could
be developed in collaboration with doctors, dieticians and nutritionists.

5. Tt is in the interest of society to educate people and change their unhealthy habits. Not
only the individual level, but also the national economic interest such as sustainability
issues should be emphasized. The social marketing campaign aims to change people's
attitudes and behaviors.

This paper has limitations. First, the sample was not representative. There is little age
bias in the sample. Mainly young women, students and white-collar workers could be reached
by the online survey. However, previous studies have highlighted the importance of age and
educational level in relation to PBDs. We focused mainly on a regional sample, people living
in the western part of Hungary, which is considered to be more developed economically and
in terms of quality of life. On the other hand, the survey was shared in different online social
media groups, so the respondents were engaged in health issues at a higher level.

In the future, we would like to analyze men as well. Comparing the knowledge, beliefs,
attitudes and perceptions of men and women would also be an interesting research question.
An intercultural study comparing the beliefs, knowledge, attitudes and perceptions of people
from different cultures would be interesting.
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Introduction. The aim of the research was to develop a
method for determining the actual ejection coefficient of a
liquid-gas ejector with a combined mixing chamber.

Materials and methods. Theoretical calculation methods
were used (balance equations of mass and energy in the form of
the Bernoulli equation and the laws of hydrodynamics),
experimental methods (ejection coefficients of an ejector with a
combined mixing chamber were experimentally determined on
a hydraulic bench in order to determine the experimental
constant). The Sokolov-Zinger graph-analytical method was
used to compare the ejection coefficients.

Results and discussions. A characteristic feature of the
ejector with a combined mixing chamber is the presence of the
initial conical and subsequent cylindrical parts of the mixing
chamber. The angle of opening of the conical part is 3—8° less
than the angle of the flame of spraying liquid from the nozzle.
Such a design reduces the hydraulic resistance to the entry of
liquid and prevents the formation of back-circulation flows. The
ejection coefficient of a jet device with a combined mixing
chamber is by 15-55% higher than that of an ejector with a
cylindrical mixing chamber.

The joint solution of the balance equations for the conical
and cylindrical parts of the mixing chamber, taking into account
the energy losses in each, makes it possible to determine
theoretical flow rates of the phases in the ejector for different
operating modes.

The coefficient k takes into account the influence of energy
redistribution between phases during ejection and the design of
the mixing chamber. When the pressure increases from 0.05 to
0.25 MPa coefficient k increases from 3.6 to 4.8 in a rational
exponent function.

The effective ejection coefficient is defined as the product
of the theoretical ejection coefficient and the experimental
constant, while the error does not exceed 5%.

Conclusions. The proposed calculation method allows you
to determine the effective ejection coefficient of a liquid-gas
ejector with a combined mixing chamber.
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Introduction

Liquid-gas ejectors (jet devices) are characterized by high intensity of processes in jet
streams (Balamurugan et al., 2007; Liu, 2014). Considerable interest in these devices is
caused by their indisputable advantages: simplicity of design, absence of tribological
problems, compactness, the possibility of installation in any place of the production premises,
minimal needs for maintenance and repair (Ivanov et al., 2021; Kong et al., 2015; Sliusenko
et al., 2021).

Such devices are widely used in various industries for heat and mass exchange processes
(Tashtoush et al., 2019), in particular during sulfitation of liquids in the sugar industry
(Ponomarenko et al., 2015). The sulfitation process (treatment of water or sugar solutions
with sulfite gas with an SO, content of 10—15%) is one of the main technological processes
in the sugar production. Traditionally, it was carried out in bubbling apparatus by blowing
gas through the juice layer. Due to the significant disadvantages of such devices, jet ejection
devices with high intensity of mass transfer processes were introduced into the technological
process of water sulfitation. However, due to insufficient study of the process and
miscalculations in the design, they had a number of disadvantages: insufficient processing
efficiency due to the use of ejectors with a compact liquid jet, low SO, utilization rate,
significant air pollution with harmful emissions.

To carry out such processes, a design of a liquid-gas ejector with a conical-cylindrical
(combined) mixing chamber was developed and patented (Ponomarenko V.V.,
Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent 122296; Riffat et al., 2005). Such a
jet device at moderate pressures of liquid supply to the working nozzle (0.1-0.3 MPa) allows
increasing the ejection coefficient & (ratio consumption of the passive flow to the flow of the
active flow) in comparison with an ejector with a cylindrical mixing chamber (Sliusenko et
al., 2021).

It should be noted that the ejection coefficient is the main operating characteristic of jet
devices (Riffat et al., 2005), needed in analyzing the functioning of ejectors, their revision
and design. To determine the ejection coefficient of jet devices, various methods are used,
which are divided into several main groups (Elbel and Lawrence, 2016; Zegenhagen et al.,
2015):

— Methods based on balance equations (Sun et al., 1995)

— Empirical dependencies (Zhu et al., 2008)

— Theoretical dependencies obtained because of solving the equations of non-separability,
amount of motion, energy and state using experimental constants (Ismagilov et al.,
2016).

Combined methods of calculations with the use of balance equations of mass and energy
and the introduction of empirical coefficients (test constants), in particular, coefficients of
energy loss, resistance, and friction (Aidoun et al., 2019; Chen et al., 2020; Zhu et al., 2008).

Since the liquid-gas ejector with a combined mixing chamber is innovative
(Ponomarenko V.V, Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent 122296), there
is no method that allows to determine the £, taking into account its design features (the initial
conical part of the mixing chamber).

The purpose of the research was to develop a method for determining the actual ejection
coefficient of a liquid-gas ejector with a combined mixing chamber based on mathematical
modeling of the ejection process using mass and energy balance equations and an empirical
coefficient (research constant).
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Materials and methods

The subject of research was an ejector with a conical-cylindrical mixing chamber, the
object of research was the ejection processes that take place in it.
Theoretical and experimental research methods were used to achieve the defined goal.

Theoretical methods

Mathematical modeling of the ejection process in a liquid-gas ejector with a combined
mixing chamber was carried out on the basis of the equations of conservation of mass and
energy (the law of conservation of energy is written in the form of the Bernoulli equation)
and using the laws of hydrodynamics.

For mathematical modeling, a calculation scheme of the ejector (Figure 1) was
developed and characteristic of cross-sections were determined (cross-section /-/ — at the
nozzle section; cross-section //-/I — the point of connection of the conical and cylindrical
parts of the mixing chamber; cross-section [II-II] — exit from the chamber mixing of the
mixture, in which the parameters of the two-phase flow acquire a constant value).

7 2 3
S, / i W
\ \ I | //// / |
\\\ gffnf il j'/
\ / 7 P h W M
Liguid \ 1y ,/q’ v/ 5 . 5 /CZ;UFZW
4»677 ’-—73 EH——-— " BE}+—-——=
Y o) ¥ /
& 1
w i ] .
[/77,[

Figure 1. Calculation scheme of the ejector
1 — working nozzle; 2 — reception chamber; 3 — mixing chamber
Flows in the mixing chamber of the ejector are characterized by the following
parameters (the upper index shows which section the indicator refers to):

Vgl — gas velocity at the entrance to the

mixing chamber;

P,] — fluid pressure at the outlet of the
working nozzle;

VI _the velocity of the liquid-gas

I Lo ..
P . — pressure (reduction) in the receiving

chamber;
P _the pressure of the liquid-gas mixture

mix

at the boundary of the conical and
cylindrical parts of the mixing chamber;

PIII _

mix

the pressure of the liquid-gas mixture
at the exit from the mixing chamber;

V,] — liquid speed at the exit from the
working nozzle;
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mix

mixture at the boundary of the conical
and cylindrical parts of the mixing
chamber;

V™ _is the velocity of the liquid-gas

mixture at the exit from the mixing
chamber.

Subscripts: [/ — liquid, g — gas, mix —
mixture.

Superscripts: / — section /-1, I — section /-
11, III — section III-111.
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Experimental methods

The ejector with a conical-cylindrical mixing chamber (Figure 2) is a receiving chamber
2 with a cover 4 and gas phase inlet nozzles 3, to which a conical adapter 5 with an expansion
angle of 25° is attached. The cylindrical part of the glass-mixing chamber 6 was installed
coaxially to it. The joint between them was sealed.

6 5 4 3 Gas

SN\ NNy RN

. | ( | m{—m\ } ?f Liqud
S Q ¥ \
) L D=
SO @T ﬁ\\;
fne Gas

Figure 2. Ejector with a combined mixing chamber (schematic image):
1 — injector nozze; 2, 4 — cover and housing of the reception chamber; 3 — inlet pipe;
5 — conical part of the mixing chamber; 6 — cylindrical part of the mixing chamber

The working nozzle of the ejector is a centrifugal jet nozzle with inclined inlet channels
(Figure 3). Such a nozzle has a liquid spray torch angle of 29°. Since the angle of expansion
of the conical part of the mixing chamber is 25°, the condition is ensured when it is by 3-8°
smaller than the angle of the liquid spray torch (Ponomarenko et al. 2015; Sliusenko et al.,
2021).

The main dimensions of the nozzle: nozzle diameter — d, = 4 mm, length of the nozzle
channel /, = 5 mm, diameter of the nozzle twisting chamber — 10 mm. The nozzle is made
according to the seventh quality of accuracy. The roughness of the surfaces of the twisting
chamber and supply channels is Ra = 1.25, and the nozzle channel is Ra = 0.16 (grinding).

With the adopted dimensions, the main geometric parameter of the ejector m (the ratio
of the area of the mixing chamber with a diameter of D, = 19 mm to the area of the nozzle
nozzle) is m = 22.56.

A detailed description of the experimental set up and research methodology can be
found in (Sliusenko et al., 2021). The experimental installation consisted of a liquid tank, a
pump, a system of pipelines, shut-off and regulating valves and was equipped with control
and measuring devices: liquid flow meter KV-1.5, gas flow meter PREMA G 1.6, manometer
OBM1-160, differential manometer.
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Figure 3. 3-D model of a centrifugal jet nozzle with two inclined inlet channels:
1 - liquid inlet pipe; 2 — housing; 3 — vortex chamber; 4 — nozzle;
5 — supply channel; 6 — plunger

Changing the working characteristics of the ejectors was carried out by adjusting the
liquid pressure in the working nozzle (in the range of 0.05-0.25 MPa), which was controlled
by a manometer.

Processing of experimental data was carried out by well-known methods (exclusion of
gross errors according to the Student's criterion at a significance level of 0.05, the result was
reduced to the arithmetic mean value).

To compare the obtained results of determining the ejection coefficient for the ejector
with a combined mixing chamber with the grapho-analytical method of Sokolov-Zinger
(Shestopalov et al., 2016; Wang et al., 2023), the value 4p. / Ap, was found for the pressures
in the control sections and the main geometric characteristic of the ejector m = D?,,./d’, was
determined. According to the graphs, at the corresponding values of 4p. / Ap, and m, the
ejection coefficients were determined.

Results and discussion
Justification of the design of the ejector with a combined mixing chamber

Analysis of the liquid flow in the initial part of the ejector (Han et al., 2018; Kandakure
et al., 2005) showed that the conical expansion of the mixing chamber (its initial part) leads
to a decrease in hydraulic resistance and, accordingly, an increase in the useful energy of the
liquid jet for gas ejection. At the same time, the opening angle of the diffuser is taken in the
range of 3—8°, at which minimum hydraulic losses and uninterrupted movement of liquid (Bi
etal., 2017; Lu et al., 2010; Smyk et al., 2010). It should be noted that the proposed opening
angle of the diffuser depends on the type of nozzle through which the liquid flows out (the
specified angle is relevant for the flow of liquid through the hole in the form of a compact jet
of liquid).

Based on our own preliminary calculations and experimental studies, the mixing
chamber is made of a combined one — with an initial conical and subsequent cylindrical
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sections. The opening angle of the conical part is 3—8° smaller than the angle of the liquid
spray torch (Ponomarenko V.V., Sliusenko A. M. (2020), Liquid-gas ejector, UA Patent
122296). With this design, the annular gap between the torch of the atomized liquid and the
conical wall at the beginning of the receiving chamber ensures guaranteed ejection of the gas
phase and contributes to the creation of a zone of high rarefaction (Singh et al., 2019).

The transition to the cylindrical part of the mixing chamber of the ejector takes place at
the point of impact of liquid drops against its walls, which ensures the operation of the ejector
without the formation of reverse circulation flows (Tang et al., 2019). The diameter of the
cylindrical mixing chamber is selected from the condition of achieving the maximum ejection
coefficient (optimal value of the main geometric parameter of the ejector) (Al-Manea and Al-
Jadir, 2021; Yan et al., 2022). Thus, this leads to an increase in the efficiency and & cone of
the ejector.

When the opening angle of the conical part of the mixing chamber is less than 3° for
the angle of the liquid spray torch, liquid drops will fall on the conical wall and move along
it, which leads to an increase in hydraulic resistance (Wang et al., 2019). If the angle of
expansion of the conical part of the mixing chamber is greater than 8° of the angle of the
liquid spray torch, the liquid drops will not touch the conical walls, the gap between the inner
surface of the conical part of the mixing chamber and the outer surface of the spray torch will
increase, reverse circulation flows will occur, and the ejection coefficient will decrease (Lu
et al., 2010).

Mathematical modeling of the ejection process in an ejector with a conical-
cylindrical mixing chamber

For mathematical modeling of the ejection process in the ejector with a combined
mixing chamber, two characteristic zones were chosen (Figure 1).

Zone 1 — passive flow ejection zone (conical section of the mixing chamber between
sections / — [ and 11— II).

O<y<l

c.p?
where /., — length of the conical part of the mixing chamber.

Boundary conditions for the section I — 1.

The conical part of the mixing chamber also serves as the receiving chamber of the
ejector. In this zone, due to the friction between the phases, part of the energy is converted
into heat (Lu et al., 2010). However, in the first approximation, we will not consider these
transient processes.

The speed of the liquid from the nozzle of the nozzle is found from the expression:

2-:AP
v =u-,/ : (1)
P

and fluid consumption (Q, =V,"- 1 ):

2-AP
O =pf e (2)
1
where u—injector flow rate; f, —area of the nozzle; AP — the pressure difference under which
the liquid is sprayed from the nozzle of the nozzle; p; — density of the liquid.
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The gas phase is ejected from the receiving chamber of the ejector, which moves along
with the active flow. Let's write down the mass balance equation for the input /-/ and output
1I-1I sections:

I I _ 0 I
mo+m, =m,, =m,, . 3)

Note that the mass of the mixture at the end of the first zone m.

X

is equal to the mass

of the mixture at the exit from the ejector m. .
The mass flow of each of the flows can be found if its speed in the given section is

known:

m, = p;VF, 4
where p; — density of the i-th phase;

V; — velocity of the corresponding phase in the i-th section;

F; — area of the i-th section.

Express the mass flow of liquid in the inlet section / — I:

/2-AP md’
mll :p[.V[/.f;’ = p.u 5 . 4n . (5)
1

Mass flow of the gas phase in the inlet section /— I
Vg
m; =p, 'Vg] fo, = Pg'V; 'Z'(Djmin _ dn2) , (6)

where p, — density of the gas;

f ., — the area of the annular channel (gap) between the nozzle and the beginning of

the conical part of the mixing chamber.

Zone 2 is a zone of simultaneous movement of phases (cylindrical part of the mixing
chamber between sections I/ - ] and 1] - I1I).

In this zone, there is a compatible movement of phases to the exit from the mixing
chamber with the alignment of all kinematic and energy characteristics (Yan et al., 2022). If
the liquid and gas at the beginning of the zone in section /I - I have different velocities, then
at the exit in section /I - III, the flow rate of the phases does not change, but only their
redistribution along the cross section and equalization of velocities occurs.

The mass flow rate of the mixture in the initial section /// — /I

L= VL E = pa VL o
where D,, . — diameter cylindrical part of the mixing chamber.

The energy balance equation in the form of Bernoulli's equation (Sliusenko et al., 2021)

(the energy balance is not related to weight, but to a unit volume of liquid V' =—) for

sections /-/ and I1I-1II:
1 2 1 2 i 2
), ) ()
+ = +Ap, ®)
2g 2:g 2g
where g — acceleration of gravity;
Ap — specific losses of flow energy between sections / - 1 and 11 - 111
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-1 + Apll—lll , (9)
where Ap’~" — specific input energy losses of the phases between sections /-7 and JI-II;

Ap
(along the length of the cylindrical part of the mixing chamber).

Energy losses in the conical ejection zone are determined by Bord's formula:

Ap=Ap

=1 specific energy losses of the mixture between sections //-II and III-III

2
Vl
Apl—ll =g'( ! ) ’ (10)
2g
where ¢ — total resistance coefficient of the conical section:
=G, TG s (11)

where ¢, — coefficient of resistance to expansion; ¢, ,— the resistance coefficient along the

length of the conical part can be determined by the formula:

A ey (12)
gc‘.p - Dc'p ?
where 1 — resistance coefficient along the length of the pipe (depends on the viscosity and
roughness of the pipe);
D.p, — the average diameter of the conical part of the ejector:
3Dc.min + Dc.max
c.p = 4
Energy losses in the cylindrical part of the mixing chamber Ap"™" :
(@)
Ap”fl” =, .L’ (13)
2g
where ¢, — resistance coefficient along the length of the cylindrical part of the mixing
chamber:
/
==, 14
) (14)

wherel. — length of the cylindrical part of the mixing chamber.
The length of the mixing chamber is chosen so that the velocity of the liquid and gas
phases at its exit are the same:

m m m
v =yt =yt

g mix

We also note that the mass flow rate of both gas and liquid phases in the cross section
111111 is equal to the mass flow rate of these phases in the cross section //-/I. The cylindrical
part of the mixing chamber is intended only for transporting phases and equalizing flow
characteristics (velocities, cross-sectional concentrations) due to exchange processes
between them (Yan et al., 2022).

After writing down all the balance equations, we will find one of the main
characteristics of the ejector (Ponomarenko et al., 2015) — the consumption of the gas phase,
and therefore the ejection coefficient.

The mass flow rate of the gas phase is determined from the mass balance equation (3):

1 i 1
My, =m,, —m; . (15)

426 —— Ukrainian Food Journal. 2023. Volume 12. Issue 3——



Economics and Management

In order to determine the mass of the mixture at the exit from the mixing chamber
(section III-1II), it is necessary to determine the speedV' The latter can be found from

() 7)),
2g 2g 2g
After the transformation, we have:

equation (8):

2 2
V,,iii=J(V/) +(V]) -2g-4p. (16)
From the mass balance equation (3), substituting the corresponding expressions:
Vid r-D? nd® |2AP
VI' . d VIII . me _ iyon - n_, . 17
g pg 4( c.min ) mix pmtx 4 lupl 4 p[ ( )

we will find the velocity of the gas phase.
The density of the mixture depends on:

P = B0 +(1_ﬁ)',0g (18)

where f — liquid content per unit volume of the mixture.
Let's perform a number of simple transformations and enter the notation of expressions:

a= pgf;p _pmzx F;:.c’ (19)
b=2'pg'f '(V )'P/'f , (20)
c=(1 ) pr f2= (W) PhcFl + 20 g L FL 1)
Equation (17) will take the form:
of 1 2 of 1 —_—
a(V)) +b(V))+c=0. (22)
Its roots:
—b+/b* -4
V)= @)

One of the roots, as the calculations show, has a negative value and it is not accepted in
the further calculation.

After finding the speed of the gas phase at the entrance to the mixing chamber, its flow
rate is determined:

0,- (Vg’ ) fiy 4)

With a known flow rate of the gas phase, the ejection coefficient is unambiguously
found.

Thus, the proposed calculation method allows you to determine the flow rate of the gas

phase, and therefore the ejection coefficient of the liquid-gas ejector with a conical-
cylindrical mixing chamber.

Model validation

The adequacy of the mathematical model is checked by comparing the calculated
ejection coefficient with its experimental value.
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The algorithm for finding the ejection coefficient according to the proposed by us
mathematical model is as follows.

1.Given the known nozzle flow coefficient 4 and the pressure under which spraying AP
occurs, determine the fluid velocity at the exit from the injector nozzle according to equation

()

2:AP

Py
2.With a given diameter of the injector nozzle, determine the volume flow of liquid
according to equation (2)

Vi =u

2-AP
O =uf, )
P
3.Determine the energy losses in the conical part of the mixing chamber according to
formula (10)
2
V')
Ap' ! = ( !
\p S 2g

4.Find the total resistance coefficient ¢ of the conical part, if all the structural
dimensions of the ejector are known.
5. Determine the energy losses in the cylindrical part of the mixing chamber according
to formula (13)
2
11
Ap”fl” =c (szx)
& 2‘g
6.Calculate the total energy losses in the ejector mixing chamber according to formula

9):

-1 -1

Ap =Ap +Ap

7.Determine the unknowns a, b, ¢ using formulas (19-21):
2 2

a= p; ’fc.p - p:ﬁx.En.c )
b=2pf. V' o s,
c=(V) 2 s =(V!) piuFR +20p g P2 L

8.If a, b, c are known, determine the gas velocity at the entrance to the mixing chamber

according to formula (23)
( ,) _ —bi\/b2 —4ac .
1,2

¢ 2a
9.Calculate the volume flow of gas at the entrance to the conical part of the mixing
chamber according to formula (24)

j— I .
Qg - (Vg )fap )
10.With known volume flow rates of liquid and gas, determine the volume coefficient
of ejection of the liquid-gas ejector according to the formula:

k=0,/0,.
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Comparative data of the results of calculating ejection coefficients based on the
developed mathematical model and experimental data (own research) for an ejector with a
conical-cylindrical (combined) mixing chamber are presented in Table 1. As for the accuracy
of the obtained results, the calculations were performed with accuracy to the fourth
significant digit. Experimental studies were carried out at least three times, the exclusion of
gross errors was carried out according to the Student's criterion at a significance level of 0.05,
and the average arithmetic value of the ejection coefficient was taken.

The work of the ejector is characterized by accompanying processes (cavitation, shock
waves, liquid evaporation) (Besagni et al., 2017; Jafarian et al., 2016), which are
accompanied by redistribution of energy and its losses, which are extremely difficult to take
into account analytically. Therefore, to correlate the calculated ejection coefficient, an
experimental constant was found and its average value was determined.

Table 1
Comparative data of calculated ejection coefficients with experimental ones
ex i:i;.nfen ¢ Liquid supply Ejection coefficient Correction
P pressure P, MPa calculated | experimental factor
1 0.05 1.152 3.652 3.17
2 0.1 1.208 3.908 3.235
3 0.15 1.254 4.295 3.425
4 0.2 1.305 4.728 3.622
5 0.25 1.361 4.825 3.545
Average value - - - 34

The graph of the dependence of the ejection coefficient (experimental and calculated)
on the liquid pressure with the average value of the experimental constant equal to 3.4 is
presented in Figure 4.
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3.8
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3.4

0 0.05 0.1 0.15 0.2 0.25 0.3

P, MPa
Acalculated Oexperimental

Figure 4. Dependence of the experimental and theoretical ejection coefficient & on the liquid
pressure P in the nozzle for an ejector with d, =4 mm, Dy.c=19 mm (m = 22.56)
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At the nominal operating mode of the ejector of 0.1-0.2 MPa, the error in determining
the ejection coefficient does not exceed 5%.

A comparison of own results of determination of ejection coefficients with results of
other researchers was carried out. When determining the ejection coefficient according to the
data of Sokolov-Zinger (Shestopalov et al., 2016; Wang et al., 2023) when using the
theoretical pressure characteristic (graph of the dependence of the ejection coefficient on the
pressure) for an ejector with the main geometric characteristic according to our researches m
=D’ /d=19%/ 4 = 22.56 the maximum value of the ejection coefficient reaches a value
of 4.8 when:

Ape/ Apy = (pe—p1) / (pp — p1) = 0.038,

where p. — pressure of the mixture at the exit from the ejector, MPa (p. = 0.1 MPa);
pp — pressure of the active medium, MPa (p, = 0.25 MPa);
pi1— pressure of a low-pressure medium, MPa (p; = 0.006 MPa).

This value of the ejection coefficient was recorded by us during experimental studies of
ejection processes in an ejector with a combined mixing chamber at the pressure of the active
medium p, = 0.25 MPa.

When the pressure of the active medium increases, the ejection coefficient of the
innovative ejector reaches higher values than the & ejector with a cylindrical mixing chamber
(Ponomarenko et al., 2020), which is explained by the presence of the initial conical part of
the mixing chamber, as a result of which the formation of reverse-circulation flows of phases
is prevented.

Conclusions

1. The selection of the main dimensions of the innovative ejector with a conical-cylindrical
mixing chamber is justified. In particular, the angle of the conical part of the ejector is
taken to be 3-8° smaller than the angle of the liquid spray plume, which ensures the
operation of the ejector works without the formation of reverse circulation flows.

2. A mathematical model of the ejection process based on the mass and energy balance
equations is proposed (the energy balance is written in the form of the Bernoulli
equation) and an algorithm for finding the main operating characteristic of the ejector —
the theoretical ejection coefficient — is given.

3. The average value of the experimental constant is set, which is equal to 3.4, which
allows determining the valid ejection coefficient.

4. The ejector with a combined mixing chamber is recommended for use in mass transfer
processes of food production, in particular during sulfitation of sugar production liquids,
which is explained by its higher ejection coefficient by 15-55% compared to the ejector
with a cylindrical mixing chamber.
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Introduction The study aims to enhance the hydro-cutting
process by modifying the working fluid using water, water-ice
and water-nitrogen jets when cutting deep-frozen food products.

Materials and methods. Materials: Hake fish fillets, beef
meat, and ice samples at -30 °C as a model sample of meat at -
25 °C. Experimental Methods: Hydro-cutting unit is utilized to
cut food products with a water jet. The experiments were
conducted at food temperatures ranging from -3 to -25 °C, with
pressure variations from 50 MPa to 500 MPa, nozzle diameters
0f 0.2-1073 to 0.8-103 m and the speed of movement of the jet
of the working liquid relative to the sample of the food product
0of 0.01 to 0.07 m/s.

Results and discussions. It was found that the increasing the
pressure from 200 to 500 MPa results in a nearly 21-fold and 6-
fold increase in the depth of cut for nozzles with diameters of
0.2x103 and 0.4x107 m, respectively. Additionally, increasing
the nozzle opening diameter leads to an increase in the depth of
cut in the frozen food product. At the same time, the maximum
cutting depth in the food product at the temperature of -11 °C
did not exceed 82,5x10° m with the pressure of 500 MPa.
Reducing the temperature of the food product to -11 °C and
below excludes the possibility of using water jet cutting at the
pressure of 250-300 MPa, and the necessity of creating
pressures above 300 MPa causes a sharp increase in the cost of
water jet cutting equipment. Experimental verification was
conducted to evaluate the feasibility of using a water jet with
small ice particles to enhance the hydro-cutting. The process of
hydro-cutting deep-frozen food products can be intensified by
adding small ice particles to the water jet, which is highly
effective but also expensive. Alternatively, a water-nitrogen jet
that employs ice microparticles as an abrasive, formed by
cooling the water jet with liquid nitrogen vapour, is a cost-
effective way to significantly improve the water jet cutting
process for deep-frozen food products.

Conclusions. To significantly intensify the hvdro-cutting
process of deep-frozen food products, it is most expedient to use
a water-nitrogen jet as the working fluid, in which ice
microparticles are formed in the process of cooling a water jet
with vapours of liquid nitrogen.
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Introduction

The development of innovative cutting equipment poses a significant challenge to the
food industry. The current methods and equipment utilized presents significant drawbacks.
These include equipment maintenance hazards, high noise and vibration levels,
unsatisfactory sanitary conditions, potential introduction of metal microparticles, rapid
dullness and the need for frequent sharpening and replacement of the working tool, wide
cutting widths resulting in additional product loss, difficulties in cutting of deep-frozen food
products, and others (Cui et al., 2022; Xu et al., 2022).

The XX century brought numerous ground-breaking discoveries to humanity, including
the technology of water jet cutting, which was hailed as the future three decades ago.
Currently, this technique is widely utilized across several industries. If a thin water jet
increases its velocity and energy to cause erosion of a material, it can have a cutting effect
on any material (Duspara et al., 2018; Gyliene et al., 2014). Hence, water jet cutting process
can be an alternative method of cutting food products, particularly at low temperatures,
without the mentioned drawbacks. The hydro-cutting method's high manufacturability
compared to traditional ones is the mail reason for its widespread use. However, the lack of
comprehensive research on the process of food water jet cutting and equipment development
hinders its implementation in the food industry (Ranjan et at., 2022; Xu et al., 2022).

One of the main benefits of water jet technology is the computerized control of the water
jet cutting process, enabling 3D food processing. Utilizing servos, the water jet cutting head
can process the food product from various sides, while making cuts of any complexity, at any
location, and with programmed changes in the parameters of hydro-cutting food products.
This will enable a traditional robotic conveyor line for primary processing to be streamlined
into one (or more) processing points, where the water jet cutting head can execute multiple
operations simultaneously (Xu et al., 2022).

Hydro-cutting is a thin, high-speed liquid jet that serves as the cutting tool for food. The
properties of the working fluid determine the water jet's ability to acquire the necessary
hydrodynamic features that guarantee optimal productivity and the highest cutting surface
quality while consuming minimum energy for jet formation. Minimizing energy costs should
involve reducing the working pressure of the fluid in front of the nozzle to its lowest possible
value, while also meeting the technological requirements for cutting the product.
Determining the type and composition of the working fluid is a key point in the development
of a technological process for water jet cutting of deep-frozen food products. The relevance
of the study is also due to the fact that lowering the temperature of meat, fish and other food
products to -11 °C excludes the possibility of using water cutting at pressures less than 250—
300 MPa, meanwhile the use of higher pressures is economically unprofitable (Pogrebnyak,
2020; Ranjan et at., 2022).

The aim of the research was to intensify the water jet cutting process by using a water
jet with ice particles and a water-nitrogen jet when cutting deep-frozen food products.

Materials and methods

Materials

Hake fish fillets and beef meat were used in the study. The meat samples were obtained
by cutting pieces of muscle from a medium-fat adult cow and then combined into desired

sizes. For the fish samples, multiple layers were combined to achieve the desired size. As a
model for meat samples at - 25 °C, ice samples at - 30 °C were used. It was shown that the
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most accurate criterion for measuring the resistance of frozen food products to water jet
cutting is their uniaxial compression strength. Thus, the use of ice as a model for meat
samples in water jet cutting experiments is justified, as the uniaxial compressive strength of
ice at - 30 °C and meat frozen to - 25 °C is identical.

Experimental research methods

Water jet cutting unit with a maximum working pressure of 500 MPa (Pogrebnyak et
al., 2020) that was able to alter and regulate integral and differential parameters during the
food-cutting process using a water jet. In order to achieve the required low temperatures (of
up to - 40 °C), utilized customized thermostatization and cooling system for the receiver
filled with a working fluid (Pogrebnyak et al., 2017, 1992). The temperature was maintained
at the specified level with precision up to £0.1 °C.

Water-ice generator,
granulometry (2-5) x1072

Crusher with granulometric
controller (0.2-0.8) x 10 m

Water jet cutting head

Crushed ice buffer with | ] _
additional cooling ce abrasive water jet

Figure 1. Schematic diagram of the technological process for obtaining a water jet containing
ice particles as an abrasive

The error in determining (in %) was: for the depth of cutting — £0.5+1; for the velocity
of movement of the jet of the working liquid relative to the sample of the food product — +1;
for the temperature of the food product — £0.5; for the pressure — 1.

Results and discussion

Pure water jet cutting

The application of pure water jets as cutting tools for food products has proven to be
advantageous. Table 1 displays results from hydro-cutting of frozen fish.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 3

435



Economics and Management ——

Table 1
Water pressure effect on depth of cut in block samples from hake fillets at temperature -11°C

do, m Depth of cut, h, mx10?,at AP, MPa
100 | 150 | 200 | 250 | 300 | 400 500
0.2x 1073 0.6 1.1 3.0 | 5.1 |10.2| 38.1 61.8
0.3 x 103 29 | 45 | 72 | 13.6 | 21.4 | 48.8 69.3
0.4x 103 59 1106|146 | 19.2 | 349 | 62.5 82.5
0.6 x103 16.7 | 21.1 | 25.7 | 35.3 - - -
0.8 x103 23.6 | 31.4 | 36.7 - - - -

Note: d, is a nozzle diameter

The velocity of the water jet (Vn) remained constant at 25x10* m/s compared to a block
sample of hake fillet, while the distance (1) between the nozzle cutter and the sample surface
was 5x103 m. The analysis of experimental data indicates that the depth of cut (h) in frozen
fish rises with increasing water pressure across the entire range of values. For instance,
elevating the pressure (AP) from 200 to 500 MPa leads to an increase in the depth of cut for
nozzles with diameters (d,) equal to 0.2x10° m and 0.4x10 m by almost 21 and 6 times,
respectively. Enlarging of the nozzle orifice diameter, results in a greater depth of cut in
frozen fish (Table 1). In this case, the maximum depth of cut in a block sample from hake
fillet with a temperature (t) of -11 °C was 82.5x10 m, which was observed at a pressure of
500 MPa and a nozzle diameter of 0.4x10 m. The depth of cut in frozen fish samples at - 25
°C will be even smaller.

The impact of high-speed water jet displacement velocity on the depth of cut in a block
sample of hake fillet are shown in Table 2.

Table 2
Influence of jet velocity on depth of cut in block samples of hake fish fillet at temperature -3°C

Depth of cut h, m x 102, at V, x 107 m/s
AP, MPa 1 5 10 | 25 | 40 50
150 764 | 47.1 | 36.1 | 9.2 | 6.25 23

200 98.6 | 723 | 472 [ 274 ]17.25] 11.8

250 127.2 1 105.7 | 84.1 | 64.1 40 21.7

300 145.1 | 128.6 | 102.4 | 84.2 55 28.4

The depth of cut decreases rapidly with increasing water jet travel speed throughout the
investigated pressure range from 150 to 300 MPa. The working depth of cut are achieved on
frozen fish samples up to -3 °C only at relatively low velocities of water jet movement ranging
from 107 to 10 m/s. The data indicate that water jet cutting at pressures below 250-300
MPa is not possible when food product temperature decreases to -11 °C and below. The
working conditions, including high pressure and low water jet velocity, do not yield
maximum productivity for water cutting and result in high energy consumption for jet
formation. These factors led to the need for an intensified cutting process for frozen foods
with temperatures ranging from -11 to -25 °C and below, which is of practical importance.

It is important to note one significant negative effect that arises at high operating
pressures — a substantial rise in water jet temperature passing through the nozzle of the jet-
forming head. Increasing the water jet pressure results in a rise in temperature. However, this
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poses limitations on the use of high pressures (max 700 MPa), as exceeding 100 °C would
impair water jet functionality. Moreover, elevated water jet temperature can compromise the
quality of the cut food product.

One way to enhance the efficiency of the water jet cutting process, which significantly
expands its technological capabilities, is to introduce abrasive additives into the cutting fluid
jet (Liu et al., 2019; Natarajan et al., 2020). Water jet cutting involves abrasive particles being
propelled by a liquid jet to affect the material being cut.

Ice abrasive water jet

Pure water jet cutting and especially abrasive water jet cutting are a complex physical
process that depends on various factors. The influence of these factors on the cutting process
is complex and interdependent, with a result that is difficult to predict, depending on the
material to be cut. Currently, specific hydro-cutting units are developed for each industry,
which can work with pure water or by accelerating abrasive particles. Each hydro-cutting
unit design has a distinctive characteristic parameter that signifies the efficiency of the hydro-
cutting process. The parameter depends on the design, geometric features, and manufacturing
quality of individual parts of the hydro-cutting equipment, the material properties of the
substance being cut, and the choice of abrasive used in hydro abrasive cutting (Liu, 2019;
Ranjan et al., 2022; Wang and Shanmugam, 2009).

Currently, the following abrasive materials are used: garnet, aluminium oxide, silicon
carbide, steel shot, copper slag, silica sand (silicon dioxide), and glass chips (Perec and
Tavodova, 2016; Ranjan et at., 2022). Silica sand is the most commonly used, primarily
because of its low cost. Obviously, none of the abrasive materials used in practice can be
applied to the abrasive water jet cutting of frozen foods. In this situation, a promising way to
increase the efficiency of the process of water jet cutting frozen food products can be the use
of ice abrasive water jet, i.e. when the abrasive material is small ice particles.

It is also important to note that ice abrasive water jets in the food industry may also have
prospects for use in cleaning the internal surfaces of food equipment and in the development
of technology for hydrodemolition of meat from bones.

Experimental verification was conducted to explore the use of a water jet, infused with
small ice particles, to enhance hydro-cutting of deep-frozen food products. The process
model, as depicted in Figure 1, was implemented on model meat samples using ice with a
temperature of -30 °C. It has been found that significant depths of cut are achievable in frozen
meat at -25 °C and model meat samples (made from ice) at -30 °C at working pressures of
100 MPa and water jet velocities of (15-25)x10~> m/s. At a pressure of 150 MPa and with a
nozzle diameter of 0.4x107>m, the hydro-cutting process using a hydro-abrasive jet on frozen
meat samples and model meat samples at -25 °C and -30 °C, respectively, resulted ina 0.15—
0.20 m cut depth. The use of small ice particles as abrasives significantly increased the
efficiency of the process under these conditions. Thus, for instance, if in the model meat
sample the cutting depth with a jet of pure water was 2.3x10 m at AP=100 MPa; d,=0.6-10
3 m; V,=25x1073 m/s, then using small ice particles as abrasive material under the same
conditions we obtained a through cut of the sample (the sample thickness 0.4 m) with a high
quality of the cut surface.

Consequently, it can be concluded that the process of intensifying the water jet cutting
of deep-frozen food products, by adding small ice particles to the water jet, is highly efficient.
However, due to the complexity and high cost of obtaining an ice abrasive water jet (Figure
1), their utilization in the food industry is still economically limited (Kuzkin et al., 2019;
Zhuravka et al., 2023).
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Thermal effects in the flow of a water through a nozzle

The proper selection of the water jet formation system design and thermophysical
conditions for water flow through the hydraulic cutting head should result in enhanced
efficiency of the hydraulic cutting process. Misunderstandings and misconceptions in the
interpretation of experimental results surrounding the phenomena that occur in the jet-
forming hydro-cutting head during water flow are largely due to the presence of
thermophysical effects. At the formation of a water jet during water flow through the jet-
forming head, various thermal effects can influence both the technological process of hydro-
cutting of food products and the parameters of hydro-cutting equipment. To intensify the
process of water jet cutting of frozen food products, it is necessary to investigate the thermal
effects arising from the flow of water through the water jet cutting jet-forming head. The
temperature change of the water jet during formation is a crucial consideration.

Water flows out of the jet-forming nozzle due to a decrease in pressure to atmospheric
levels, resulting in the expansion of the water flow and a process of water throttling.
Consequently, a change in temperature of the water jet should occur. This expansion of a
liquid flowing through a small hole from high to low pressure is known as Joule-Thomson
effect in thermodynamics (Schroeder, 2000). During a flow of water, the enthalpy remains
constant while the temperature of the water adjusts. Every fluid has a Joule-Thomson
inversion temperature, where expansion at constant enthalpy results in a temperature rise
when above the threshold and cooling when below it. The inversion temperature varies
according to pressure and is below room temperature for water. Therefore, isoenthalpic
expansion can raise the temperature of water above room temperature. Let's examine the
temperature alteration of a high-speed water stream generated by passing through a water
jet's nozzle at isoenthalpic throttling between two pressures: P; (pressure in the inlet domain
of the water jet nozzle) and P, (atmospheric pressure).

The function below expresses the total enthalpy differential, 1.

di=c.dar+v|1-1/v[2¥) |ap, (1)
P or ),

where C, is water heat capacity at constant pressure;
T is temperature, °K;
V is volume of water, m>.
For isentropic processes when 1 = constant, the relationship between pressure and

temperature is as follows:
dT=V/C l—T/V(a—Vj dp 2
? oT ),

Coefficient

K=V/C [I—T/V(a—vj JdP 3)
’ oT ),

is referred to as the Joule-Thomson differential coefficient. It can be approximated that

AT =-K-AP, @)
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where AT =t, — t; represents the temperature difference between the water jet at the nozzle
outlet and in the receiver, while AP = P; — P, refers to the pressure disparity between the
inlet region of the water jet nozzle and the atmosphere (at the nozzle outlet). The Joule-
Thomson coefficient K can be determined experimentally. Table 3 presents the water jet
temperature variation data resulting from water flow through the nozzle of the hydro-cutting
jet-forming head at different operating pressures.

Table 3
Temperature of the water jet formed by the hydro-cutting jet forming head at different
operating pressures

Nozzle diameter | Pressure | t: —ti =AT, K,
do, 10> m AP, MPa °C °C/MPa
500 46.7 0.0934
300 27.9 0.0930
0.30 200 18.6 0.0930
100 9.3 0.0930
50 4.6 0.0920
300 27.6 0.0920
0.60 200 18.4 0.0920
100 9.24 0.0924

Note: Va is a speed of movement of the jet of the working liquid relative to the
sample surface.

The rise in the water jet temperature flowing through the nozzle of the jet-forming head
results from the Joule-Thomson effect. This inference is drawn from a comparison of water
jet temperature with the jet temperature of other liquids. The comparative study reveals that
the temperature of the water jet increases largely when the hydro-cutting jet-forming head is
employed with a working fluid having a lower heat capacity. The temperature of the technical
oil jet, at a pressure of 500 MPa, reached 200 °C. It is evident that the nozzle diameter has a
slight impact on the jet's temperature during throttling, with higher diameters causing a less
significant increase. Table 1's experimental data enables the determination of the Joule-
Thomson coefficient K (4) for water, which was discovered to be 0.0927 °C/MPa.

The experimental results under consideration hold crucial importance in designing and
calculating equipment for implementing the water jet cutting process. It raises the question of
how much pressure can be increased while developing adequate equipment. If water serves as
a working fluid, it is evident that water jet cutting of food products will be feasible only if the
temperature of the water jet does not cross 100 °C. It is evident from the above discussion that
the highest attainable velocity of the water jet exiting the nozzle under high pressure is limited
by the Joule-Thomson effect. This means that the water jet's temperature can rise to the point
where it becomes vapour at a certain pressure value. It was shown that without special water jet
cooling methods, the temperature of the water jet exceeds 100°C at a pressure of 700 MPa for
nozzles with orifice diameters from 0.3x107 to 0.6x10~ m.
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Cutting under using water jet negative temperature

It is necessary to fully understand and improve the process of water jet cutting, particularly
under reduced and negative temperature conditions. To achieve this understanding, it is
important to consider the anomalous properties of water, specifically its liquid state, when using
a water jet cutting food products at reduced temperatures. One distinguishing feature of water
from other liquids is its decrease in crystallization temperature with increasing pressure
(Yasutomi, 2021). The crystallization curve on the state diagram of water, increasing pressure
up to 207 MPa, veers to the left up to - 22 °C. This characteristic on the water phase diagram
permits the water jet's temperature to be lowered below freezing without transitioning into a
solid state, such as ice. For instance, this can be achieved in the receiver of a hydraulic cutting
unit at an operating pressure of 207 MPa where the pure water can be cooled down to -22 °C.

Thus, if the temperature of the working fluid (water) in the receiver is cooled to -15 °C, it
is possible to obtain a temperature of -1.0 °C for the water jet at the nozzle outlet by applying a
pressure of 150 MPa, according to equation (4) and the data presented in Table 3. It was
experimentally determined that compressing water to 150 MPa and then throttling it through a
0.3x10° m diameter nozzle results in a temperature increase of 14 °C. By cooling the water in
the receiver to -15 °C at 150 MPa, a water jet with a temperature of -1.0 °C can be obtained at
the nozzle outlet. In this case, a super cooled water jet is produced, and upon exiting the nozzle,
ice microcrystals should form due to the water transitioning to a crystalline state at temperatures
below 0 °C and atmospheric pressure. These microcrystals can serve as abrasive additives.

An experimental study was conducted to investigate the influence of water jet temperature
on the depth of cut for samples of beef meat and hake fish fillets. The tests were carried out at
a temperature of minus 25 °C, with pressures of 50 and 150 MPa, a nozzle diameter of 0.3x10
3 'm, and a speed of hydro jet movement relative to the frozen meat sample of 15x10* m/sec.
The shearing distance from the nozzle to the surface of the frozen food product being cut was
equal to the optimal value. Table 4 displays the data indicating the impact of water jet
temperature on the depth of cut in beef samples chilled to - 25 °C.

Table 4
Effect of water jet temperature on depth of cut in frozen beef meat

do=0.3x10m, Vo= 15107 m/s, | = lop=9%1073 m, t meat = -25 °C

t,°C |AP,MPa| h,10°m
4 150 124
50 27
0.5 150 160
50 41
1.0 150 >200
50 74

Note: d, — a nozzle diameter;

Vi — a speed of movement of the jet of the working liquid relative to the
sample surface; 1 — distance between the nozzle cutter and the sample surface;
tmeat — temperature of meat; t — temperature water jet; AP — working pressure;
h — depth of cut.
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It is evident that the depth of the cut, z, monotonically increases as the temperature of the
water jet decreases to 0 °C. This increase in 4 with decreasing temperature of the water jet is
primarily due to the increase in surface tension and viscosity of water, which enhances its
compactness. A decrease in water temperature to -1.0 °C (Table 4) leads to a sudden increase
up to 30 and 50% for pressures of 150 MPa and 50 MPa, respectively, in the depth of cut. The
change in depth of cut of a frozen food product when the water jet temperature is at or below -
1.0 °C is a strong indication that microparticles — ice crystals — are formed in the water jet from
the moment of its emergence from the air medium, and that these microparticles play the same
role as the pre-prepared small ice particles introduced into the pure water jet.

Thus, the data confirm a significant increase in the efficiency of water jet cutting food
products at reduced and especially negative (-1 °C and below) temperatures of the pure water
jet.

Water-nitrogen jet cutting

The water jet method of processing of food requires the hydraulic cutting unit to be
equipped with a nitrogen vapour supply system to the collimator, which can be easily realized
using liquid nitrogen vapour. The supply system for nitrogen vapour is straightforward — a
Dewar container with liquid nitrogen from which vapour flows into the collimator via a
throttling orifice. All parts of the liquid nitrogen supply system require a thermally insulating
coating.

It was found under the specified conditions for cutting a sample of beef meat that the
efficiency of the process for water jet cutting of food products using the water-nitrogen
method significantly increased (Table 5).

Table 5
Effect of pressure on the depth of cut in frozen of beef meat
by water and water-nitrogen jets
do =0.3% 1073 m, Va= 15><1073 m/S, lzlopt: 9><1073 m, tmeat = -25 oC, Copt,nitrogcn =20%

AP, Depth of cut h, 10° m
MPa Water jet cutting a | Water-nitrogen jet cutting an ice samples at -30 °C as a
beef meat model sample of meat at -25 °C
50 1.3 80
100 2.2 120
150 3.5 >200

Note: d, — nozzle diameter;
V., — speed of movement of the jet of the working liquid relative to the sample surface;
1 — distance between the nozzle cutter and the sample surface;
tmeat— temperature meat; Copenitrogen — Optimal concentration of liquid nitrogen;
AP — working pressure; h — depth of cut.

It can be concluded that when dealing with deep-frozen beef meat, the depth of cut
achieved by the water-nitrogen jet is several times greater than that achieved by the water jet,
when all conditions are the same and the collimator receives an optimal concentration (20%)
of liquid nitrogen. It was found that cutting a model meat (ice) sample at a temperature of -
30 °C with a water-nitrogen jet resulted in a cut depth of over 0.2 m. The analysis of
experimental results on the thermal effects of hydro-cutting reveals that the process can be
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intensified when a water-nitrogen jet, containing ice microcrystallites formed through
cooling by liquid nitrogen vapours, is used as an abrasive. This technique shows high
practical usefulness for cutting deeply frozen food products.

Conclusions

1.  Experimental verification indicated that using a water jet with ice particles to perform
hydro-cutting on deep-frozen food products is possible. The method of intensifying
of water jet cutting process in deep-frozen food products by introducing small ice
particles into the water jet has proven to be highly efficient. However, due to the
complex and costly process of obtaining an ice abrasive water jet, it is not currently
feasible for use in the food industry.

2. It was shown that the temperature increase of the water jet formed by the flow of water
through the nozzle of the hydro-cutting jet-forming head is due to the Joule-Thomson
effect. Utilizing the calculated dependence of the water jet temperature increase from
the throttling effect, we can estimate the threshold pressure value beyond which the
process of cutting deep-frozen food products with a water jet is not feasible.

3. It was demonstrated that the implementation of water-nitrogen jets, in which ice
microparticles formed during cooling of the pure water jet by liquid nitrogen vapour
serve as the abrasive, yields a highly effective method for water jet cutting of frozen
food products.
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AHoTauii
XapuoBi TexHosnorii

CnoxkuBu4i BJIacTUBOCTI OiogerpagadeibHUX ICTIBHMX CTaKAHIB
JJISl TapsTYMX HAIOIB

Oxcana Illynsra', Ipuna Kopenska', Anacracis Yopua', Cepriii Illynsra', Turmeit Jlin?
1 — Hayionanvnuii ynieepcumem xapuosux mexuonoeiiu, m. Kuis, Ykpaina
2 — Xapb6incokuil incmumym mexnonoeii, Betixai, Kumaii

Beryn. BusHaueHHS CHOKMBUMX BIIACTUBOCTEH OlogerpanabenbHOro  icTiBHOrO
CTaKaHy, J03BOJIUTH 3HAWTH €KOJIOT1YHY aJIbTEPHATHBY OJJHOPA30BUM CTaKaHaM JJIsl TapsTIuX
HAIIOIB.

Marepianu i Meroan. BuroroBnsuin 3700He mednBO, sike (OPMYBaIM y BHTJISII
CTaKaHiB, 3 HACTYIIHUM HaHECEHHSM BOJOHENPOHUKHOIO IIapy Ha OCHOBI HEKTHHY a0o
TMOMiBiHITIOBOTrO cnupty. Po3pobieno 10 6anoBy IIkary OL[iHIOBaHHS CTaKaHIB 32 OKPEMUMHU
MOKa3HUKAaMH, BUKOPUCTaHO (PYHKIIII0 XappUHITOHA.

Pesyabratu i  oGroBopennsi. biogerpamaGenvHuii  icTiBHME — crakaH  3a
OpPraHOJIENTUYHUMHY, €PrOHOMIYHHUMU Ta TEOMETPUYHHMH IapaMeTpaMu MOBHICTIO
Bi/INOBi/la€ Pa30BMM CTAKaHAM, SIKi HHHi BUKOPUCTOBYIOThCS. ICTiBHMIA CTaKaH 3a PaxyHOK
OLJIBIIOT TOBIIMHHU CTIHOK Ta BJIACTUBOCTEH Marepiany (MeduBa) AO3BOJISIOTH TPUMATH
CTakaH 3 TapsSYuM HamoeM B pykax Oe3 [0AaTKoBOro mpomapky. He BHKopHCTaHHS
JI0IaTKOBOTO MPOIIAPKY € BAXKIMBUM 3 €KOHOMI4HOT Ta €KOJOTiuHOi TOUKH 30py. ICTiBHMI
CTakaH yTpumye Harmidi BcepeauHi Big 20 xB a0 1 roa. 30BHINIHIM BHUIIAN CTaKaHIB He
3MiHIOBaBCH ITi]] BIULTMBOM HAMOIB pi3HOi Temnepartyporo: 10—15 °C (rtnsce, dpare, xonoqHuii
aMepHKaHo, aiickaBa), TemmMu — 60—65 °C (j1ate, Kaly4nHO, MOKAaYMHO, MakKiato, ¢uier
yalt, pad) i rapsuumm — 85-90 °C (amepukaHo, ecmpeco Ta IX pPI3HOBHIH).
BionerpanabenbpHuii iCTIBHUI CTaKaH CTIMKHI 10 Aii OITOBOI KUCJIOTH Ta €THIIOBOTO CIIHPTY,
IO € BaXJIMBUM, OCKUIBKU JIesIKi BUIM HAroiB HA OCHOBI KaBM IependavyaroTh JOAaBaHHS
aJIKOTOJIBHUX HANOIB, 30KkpeMa, Aiipim kaBa, ®apuceii, Kapcek, KaBoBuii mynm. Crakan
MOX€ BUKOPHCTOBYBATHCS JUIsl IMUPOKOTO aCOPTUMEHTY HaIloiB 3 Temieparyporo Bin 10 mo
90 °C. Mae BiAMiHHI €PrOHOMIYHI TOKAa3HUKA Ta EKOJIOTIYHO YHCTUH, OCKIIBKH
PO3KIIAIA€ThCS Y HABKOJMIIHBOMY CEPENOBHII, SK 1 OyAb-sIKMH IHIIUA KOHIUTEPCHKUI
BUPIO.

BucnoBku. Kpurepiii sikocti 0iomerpagabenbHOro iCTIBHOIO CTakaHy Mae Oijiblie
3HAYEHHsI TTOPIBHSHO 3 TOJIMEPHUM CTaKaHOM, TOMY MOXKE€ 3aMiHUTHU iCHYIOUYi OJIHOpa30Bi
CTaKaHH.

KurouoBi cioBa: oowopasosuii cmaxan, icmisHutl, ekonoeiunut, 6iodezpadabenvHuil,
Kpumepii aKocmi.
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BB npoaoBikeHOro mpoTeonizy Ha 0ioXiMiuHMIl CKJIa COJI0I0BOrO cycaa

€prewiit [Banos, Bitaniii [llytiok
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn., 3MmiHa pexuMiB  3aTHpaHHS COJIOAY JIO3BOJSE 30OUIBIIMTH  KUIBKICTh
eKCTparoBaHWX pe4YoBHH. Bu3HayeHo OIlOXiMIYHMH CKJIaJl COJIOIOBOTO cCycia 3
MIPOJIOHT'OBAHOIO JII€I0 MPOTEOTITUYHUX (PEPMEHTIB Y POLIEC] 3aTUPAHHSI.

Marepianu i Metomu. OCHOBHMM MaTtepiajioM Oyjia CyMIIl TPhOX BHIIB COJIOMY:
CBITJIOTO  COJIOAY, MENAHOIJMHOBOIO COJOAY Ta CMaXEHOro CoJogy. AHawi3
aMIHOKHCJIOTHOTO,  BYIJIEBOMHOTO Ta JIIIAHOrO Tpodiito B MOTU(PIKOBAHOMY
MIPOTEONITHYHOMY CYCIIi IIPOBOAMIM XpoMAaTorpadiqyHIMU METOIAMH.

Pe3yabraTu i odroBopennsi. Y aHajizoBaHOMY Cycili BUsiBiieHO 19 aminokuciot, 10 3
SIKMX HE3aMiHHI. 3arajJbHHA BMICT aMiHOKHCIOT y KOHTPOJIBHOMY CyCii CTaHOBHB 1349
Mmr/mm>. 3araibHuii BMICT aMiHOKHCIIOT y MPOTEONiTMYHOMY CyCIl, MoaudikoBaHOMY 3a
HepIIMM PEKMMOM 3aTUPAHHS, 30imbmuBca Ha 55% mo 2096 mr/mv>. 3arambuuii BMicT
aMIHOKHCJIOT y MPOTEONITUYHOMY CYCI, MOIU(IKOBAaHOMY 3a JPYTMMH PEKHMOM
3artupanHs, 30imemmBes Ha 90% mo 2572 mr/am®. BMicT OKpeMHX aMiHOKUCIOTH B
MOM(DiKOBAaHOMY MPOTEONITHYHOMY CYCJIi 3pOCTaB y IIMPOKOMY Jliama3oHi. Bmict BaiHy
Ta (eHinanaHiny B MoAn(pIKOBaHOMY IPOTEONITHYHOMY cycii migBummBcs Ha 101-102%, B
TOM € Yac KUTbKICTh MITIIMHY 3pociia jiuiie Ha 18%.

XpomatorpadiyHuii aHami3 TOKa3aB, IO TPUBAJIWK IPOTEONi3 HE BIUIMBAE Ha
BYIJICBOJIHUH 1 JIMIJHUI CKJIa] cycia. 3aralbHUH BMICT )KUPHHUX KHCIOT KOJIMBABCs Bij 5,6
go 11,4 wmr/aM. 3arambHa KifbKiCTh JKHPHHX KHCJIOT Yy 3pa3skaX Moau(iKOBaHOTO
MIPOTEONITUYHOTO cycia Oyna pi3HOw, 0e3 BHUpa)KeHOi 3ajJeXHOCTI. Pi3HMIPI 3araibHOrO
BMICTY )KUPHHUX KHCIIOT MIX 3pa3KaMu MOJH(hiKOBaHOTO MTPOTEOIITUYHOTO CYCJia CTAHOBUIIA
6inbme 30%. AHani3 cycia BusBUB 11 xupHUX KHCOT. [JanbMiTHHOBA Ta JIIHONEBA KHCIOTH
MaJId HaUBHIIUH BMICT cepe]] JKUPHUX KUCIOT Y MOAU(iKOBAHOMY NPOTEONITHMHOMY CYCIIi.
BMicT nansMiTHHOBOT KUCTIOTH B Cycili cTaHOBHB 38-48%, BMICT JIIHOJIEBOI KUCIOTH (OMera-
6) cranoBuB 30-37%.

ByrneBoguuii anaiiz Mou(hikoBaHOTO COJIOAOBOIO Cyclia MOKa3as, 10 BYIJIEBOIHUIM
podiib cycia npeacTaBiIeHui MaibTo3010 (53,1%), nekcrpuHamu (23,4%), MaIbTOTPi03010
(15,2%) Ta rmrokozor0 (8,3%). ByrneBomguuii mpodias MOmU(pIKOBAHOTO Cycia He
BiJIPI3HSBCS BiJ] 3BUYalfHOTO COJIOJIOBOTO CYCIa.

BucnoBku. MonudikoBane mpoTeoNiTHUHE CYCIIO MICNsl TPUBAIOTO MPOTEONI3y Mif
Yac 3aTUPAHHS € TAPHUM JDKEPEIIOM aMiHOKHCIIOT. TpuBasia O11KoBa May3a 3HaYHO ITiJBHIIYE
BMICT aMiHOKHUCJIOT Y COJIOIOBOMY CYCIIi Ta MOXKe OyTH BHKOpHcTaHa y TexHouorii BA/liB
200 (hyHKIIIOHATBHUX HAIIOIB.

Kuarouosi ciioBa: conoo, cycno, aminoxucioma, npomeonis, 3amupanis.
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Bmius MO3aKOPEHEBOI0 BHECCHHS )IOﬁp](IB HA JIeTKi CIIOJYKHM Y€PBOHUX BUH

Jumutap JumurpoB, Hikonaii e, IBan [Tauen
Cinvcovkoeocnooapcvka akademia, Incmumym eunospadapcmea ma eunopoobcmsea, Ilneser,
Boneapis

Beryn. Mera nmocinipkeHb — BU3HAYMTH BIUIMBY PI3HUX T03aKOpeHEBUX A00puB (y
qoTupbox Bpoxkasx — 2019, 2020, 2021 i 2022 pokiB) Ha CKJIax JIETKHX Ta apOMaTHYHUX
CIIOJIYK YePBOHUX BUH 00JITapchKoro riopuaHoro copty Croprosis.

Marepianu i merogu. i1 BHU3HA4YEHHS JETKUX CIIOIYK Y UYEPBOHMX BHHAX
BHUKOPHCTOHO METOJ I'a30BOi XpoMmarorpadii 3 NoxyM'sHO-10HI3ali HHIM BHSBJICHHSIM.

Pe3ynbraTi i 00roBopernsi. OTpuMaHi pe3ynbTaTH MO0 3aralbHOTO BMICTY JIETKUX
CIOJYK B aHANII30BaHMX BHHAX IMOKA3aJM, IO BapiaHT OOpPOOJICHHS BHHOTPATHOI JIO3U
nmobpuBom MaxGrow NS (ckmam: N 20%, S 7%, Mg 14%, P 5%, Mn 1%, Zn 0,01%, Cu
0,05%, Fe 0,05%) npoaeMOHCTpyBaJIu KiHIIEBI BUCOKI PiBHI JICTKUX 1 apOMaTHYHHUX CITOTYK
y BUHA TPHOX 13 YOTHPHOX JdocCHipkeHHX ypoxaiB (2019, 2020 Ta 2021). Sk okpemi
NPE/ICTABHUKU 3 TPYNM BHUIIMX CHHPTIB, 2-MeTwi-1-OyraHon 1 3-mermi-1-OyraHon
JIOMiIHYBaJIH ¥ BCIX YOTHPHOX 300pax. J[Ba CIUPTH € OCHOBHUMH MeTa0O0JIiTaMU APIKKOBOI
Mikpoguopy. 3acTOCYBaHHSI Pi3HUX IT03aKOPEHEBUX J0OpUB HE BIUIMHYJIO HETaTHBHO Ha
BMICT alleTaJBJCTIAy B OTPUMAaHUX BHHAX. Horo MPUCYTHICTh BIAMOBiada BHIUMOCTI
MO3UTHBHOTO BIUUBY. Y ypoxkasx 2020 ta 2022 pokiB mo3akopeHeBe MiHKUBICHHS a30TOM
Ta MiHEpAILHUMU JPKEpellaMH BIUTMHYJIO Ha BMICT ecTepiB. Y IBOX iHIIUX 300pax okpemi
BapiaHTH IOKa3aju OLIbII BHCOKE HAKONHMYEHHS CKIaAHOro edipy, HiX HeoOpoOiieHwid
KOHTpOJIb, aJIe 1HII TPOAEMOHCTPYBAJIM HIDKYI piBHI. Y pe3ynbTaTri HEMOXIHBO Oyio
3pOOUTH KOAHOTO KOHKPETHOTO BUCHOBKY IIIOJI0 BIUTUBY TI03aKOPEHEBOT'O ITiPKUBIICHHS Ha
KiHIIeBI KoOHIeHTpamii e¢ipie BuHa. OCHOBHHM ecTepoM Ili€i (pakiii OyB eTWialerar.
[TozakopeHneBe Mi/KUBJICHHS BIUIMBAE€ HAa CHUHTE3 B-IMTpOHENIONY, IO HPHU3BOAMTH 1O
IiIBUIIEHHS PIiBHS I[HOTO TeprieHy. | HaBmaku, JUis TepaHioNy CIOCTEPIrasocs: 3HIKEHHS
Horo KoHIEHTpauii y BHHaX, OTPUMAHUX IICIsI 3aCTOCYBaHHS I103aKOPEHEBOTO
I PKUBIICHHS.

BucHoBku. 3acTocyBaHHs IM03aKOPEHEBUX JOOPWB MPH3BOAWIO J0 3MIHM Y CKIaji
(ITOHLIMIB AOCIIHKYBAaHUX YEPBOHUX BHH 1 BILUIMBAJIO SIK HA Pi3HI rpynH (QiTOHIMAIB, TaK i
Ha OKpeMi CHIOJIYKH.

KarouoBi ciioBa: sunocpad, 006puso, wepsomne 6uro, 1emKi CHOJLYKU.
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ExoHOMiKa i ynpaBiiHHA

HIasixu cKkOpoYeHHs M'SCHUX BiAXOAIB y IOMAaIIHBOMY IOCIIOAAPIOBAHHI
MEKCHMKAHCBKHX ciMei

Ema Manbnonano-Ciman, Ilenpo Aptypo Maprinec-EpHanec,
Xoce JI. Caparoca-Pamipec, Pooepto I'oncanec-I"apaymno,
Ienpo Appiara-Jlopenito, diana C. apcis-Tapcis
Asemonomnuii ynieepcumem Yanineo, Mexcuxa, Mexcuxa

Beryn. [ToOyTOBi XapuoBi BiIXO1 € OCHOBHOIO ITPOOJIEMOIO B YCHOMY CBITI; OZIHaK y
KpaiHax, 10 PO3BUBAIOTKLCS, KUTBKICHOT iH(pOpMAIIii 3 IIbOro muTaHHs Mao. Lle mocmimkeHHs
Majo Ha MeTi oTpumard 0a30By iHQopMalil0 NpPO CIIOKUBYY MOBENIHKY, MPAKTHUKH,
MIEpEeKOHAHHS 1 CTABJICHHs, IOB’S3aHi 3 BIIXOJaMH SUIOBHYOTrO (papiry B MEKCHKaHCHKUX
JIOMOT'OCIIOIAPCTBAX.

Marepianu i meroau. Jlani orpumaHo B pe3ynbTati onuTyBaHHs 740 CHOXUBAUiB i3
JIBOX BeNTUKUX MicT Mekcuku. Cepell CIOXKHMBaYiB, sKi 0a)asu BiIIOBICTH, OYJI0 IPOBEICHO
OITUTYBAHHSI, 1 BOHU MaJlu IT’ITh (DiKCOBAaHHMX BapiaHTIB JUIsi BUOOPY B UTaHHSX, ITOB’I3aHUX
13 MpUYMHAMHU O0I3HAHOCTI Ta yTHi3allil suioBudoro ¢apury Baoma. CTaTUCTHYHHN aHATI3
MIPOBOJIMIIN 32 JIOTIOMOT' OO KCi-KBaJIpaT TECTy.

Pe3yabraTu i o6rosopennsi. CrioXuBauiB MpoOCWIIM BUOPATH 3 ONUTYBaHHS HAHOLIbII
ONMM3bKHI 10 TXHBOI JYMKH BapiaHT. binbie 75% pecrioHAeHTIB MaJin IOMOTOCIIOapcTBa 3
3—5 wieHamwy, sIKi CKIIaJaJIUCs MEpeBayKHO 3 AiTeld BikoM <10 pOKiB i MEHIIOI YaCTKOIO
mozeit BikoM 70 pokiB i crapummu. Jlume 33% KymyroTs M’sCHUH (apii, ynakoBaHUH i
BHCTaBJICHUH y BIJKPUTHX XOJOAWJIBHUX Inadax y cymepMmapkerax, Toli sk pemra, 67%,
KYIIylOTh HOr0 y MICHEBHX M’SCHUKIB. TepMiH MpPUAATHOCTI BBa)KaBCS BAKINBUM
rapameTpoM, OCKUIBKH BiH MOBIJIOMJISIE TIPO PIBEHb CBDKOCTI M’sica 1 HOro IO3UTUBHHIA
BIUIMB Ha 3/10poB’s. HaBmakw, mis >50% pecnoHIEeHTIiB M SICHI BIIXOIU ACOIIIOIOTHCS 3
npuOupaHHsaM. BukuaanHs ¢apiry B MEKCHKaHCHKHX JIOMOTOCIOAPCTBAX MOXKE CTATHCS
MPOTSTOM KiJIBKOX JTHIB IMICIISl IOKYINIKH, 8 TAKOXK MOXKEe OYTHU I1OB’si3aHE 3 HealeKBaTHUMHU
Meronamu 30epiraHHs 1 oxonomkeHHs. OCHOBHI NPUYMHM O0i13HAHOCTI CIIOKMBAUiB PO
MoOYTOBI XapyoBi BiAxoau Oynu moB’si3aHi 3 modyTTsM npoBuHH (73,0%) i miKomoro st
HABKOJMUIIHLOr0 cepenoBuma (71,6%), Tomi sSK Tyxjie M’SCO 1 HEMOINCHI 3aUIIKU
OB’ sI3yBaJIM 3 BHKWAAHHsAM (apiry. HecripaBHOCTI TOOYTOBUX XOJOAWJIBHUKIB 1 KyMiBIIs
HA/UTMIIKIB 1HOZI BIUIMBAJIM HA MIBUAKOIICYBHI XapuoBi BiAXOAW. ICHYIOTH 3HAuHI 3B’S3KH
MIX Xap4OBHMH BTPAaTaMH Ta Pi3HUMH BUJIAMH JisTIbHOCT1, TAKMMHU SIK KYyITiBeJIbHA TPAKTHKA,
METOJM TNPHUTOTYBAaHHS, CTaBJICHHS 1 CIOCIO JKUTTS, IOB’sI3aHi i3 XapuOBUMH 3BHUYKAMHU.
[MpuunHw, sIKi MOXKYTH OYTH IOB's3aHI 3 BiIXOIAaMH — Iie TpUBaJIe 30epiraHHs CHpOro M'sca,
3aKiHYEHHS TEpMiHy NpumaTHOCTI Ta oruaa. KpiM Toro, iHOI TOB’s3aHi acleKTH
30Cepe/PKeHI Ha HaB’S3IMBUX IOKYNKAaX y ITOEAHAHHI 3 TOTpPe0OI0 B IUIAHYBaHHI Ta
BU3HAYEHHI NPIOPUTETIB MPH MOKYIII BEJIUKUX MaKETIB.

BucnoBok. bynb-sika mporpama, NoB’s3aHa 31 3MEHIIEHHSM BIIXOIIB Bix Qapiry B
JIOMOT'OCIIOJIAPCTBAX, MOBUHHA BKIIIOYATH PO3POOKY ypsIOBOT Ta HEYPSIOBOI MONITHKH, SKa
BIUIMBAE Ha BCl JIAHKY JIAHIIOTA TIOCTa4YaHHs1, 0OCOOJIMBO Ha KIHIIEBOTO CIIOKHUBAYa.

KurouoBi ciioBa: xapuysanns, 6ioxoou, mekcuxa, s108uyutl paput, nooym.
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YsiBJIeHHS IPO POCJUHHE XapYYBAHHS HA OCHOBI BUOIPKH YropchbKHUX *KiHOK

Beponika Kenne, Iletpo I'ymka
VYuisepcumem [viiop, /viiop, Yeopwuna

Beryn. Merta focnifikeHHsl — BUBUMTH, SIKi iCHYIOTh IIEPEKOHAHHS 1 XUOHI YSBJIEHHS NPO
pocnuHHy aieTy (PII), 1 ik BOHU Bifpi3HIOTHCA MK IPYIaMy CIIOCOOY JKUTTS CEpell yTOPChKUX
HKIHOK.

Marepianu i meroamn. JlaHi 3i0paHi 3a JONOMOrOK OHJIAHH-ONHMTYBaHHS B COLIAJIbHUX
Mmepexax. Lli nani 06po6iieHi 3a 10IOMOro0 OHOMIPHOI CTATUCTUKH (3arajbHUi onuc BUOIpKn),
JIOCIIIIHULIBKOrO (DaKTOPHOIO aHali3y (BU3HAUEHHS 37I0pOBOrO CHOCOOY KUTTS), KIACTEPHOrO
aHaJi3y (3 METOI0 CerMeHTallii), CTaTUCTUKK Xi-KBaapar TecTy (mpodimroBaHHs kiactepis), F-
CTaTUCTUKHU (TIOPIBHAHHS CTaBJIECHHS O POCIMHHOI J1€TH) Ta IePEXpeCcHOl TaOyALii (3HaHHS Ta
YSABJIEHHSI IPO POCIUHHY JI€TY).

PesyabTaTu i00roBopeHHs. byio BU3Hau€HO YOTUPU BUMIPHU CIIOCOOY XKUTTS, IOB'A3aHi 31
3JI0pOB'SIM (3/10pOBE Xap4yyBaHHS, YBaXXHICThb, BIIMOBA Bi/l BYIJIEBOJIB, BiIMOBa BijJ 4YEPBOHOI'O
M'sica), Ta BUJUIEHO YOTUPU CETMEHTH (Ti, XTO 00Mpae 310pOBY 1KY, Ti, XTO BIAMOBIISETHCS BiJl
YEpBOHOIr'0 M'sica, JKIHKH, SIKi HE MiIAI0ThCS CTpecaMm, Ti, XTO BiMOBIA€EThCs Big ixki). Ti, XTO
obupae 310poBy ixy (40,9%), HafaOTh HIepeBary 3/I0pOBOMY XapuyBaHHIO, YHUKAIOTh COJIOJKUX
3aKyCOK 1 CTeXaTh 3a CIOXXHBAaHHAM BYIJIeBOAiB. Ti, XTO yHUKae uepBOHOro m'sca (27,9%),
CTaBJIATbCA 1O 3A0POBOIO XapuyBaHHS HEHUTPalbHO, ajleé YHHMKAlOTh YEPBOHOrO M'sica Ta
nepepoOIeHUX MPOAYKTIB, HE 30CEPEIXKYIOThCS Ha ByriieBoAax. JKiHKY, SKi )KUBYTh 0e3 cTpecy
(20,8%), LiHYIOTh YBAXKHICTh, pellaKcallito Ta hi3M4Hy aKTUBHICTb Ha CBIXKOMY IOBITP1 JUISI )KUTTS
6e3 crpecy. BinmoBHuku (10,4%) HEraTuBHO CTAaBIATHCS A0 3J0POBOTO XapuyBaHHs, yBaXKHOCTI,
BYIJIEBOAIB 1 4epBOHOr0 M'sica. [IpuXmIbHUKH YEPBOHOIO M'sica KUBYTh Y CTOJHL, i1ATh GPYKTH
Ta OBOYi yacrinie abo MpUHaiMHI pa3 Ha JeHb. BIIMOBHUKH XUBYTH y cenax i iniaTe GpykTH Ta
0BOUY1 KOXHI 4-5 1HIB Ha THXKAEHD 200 HE i1ATh GPYKTHU Ta OBOUI IPOTATOM THKHS. [[puXuiibHUKH
3I0POBOTO XapuyBaHHS IISITh GPYKTH Ta OBOUI OijIbIIie pa3iB Ha AeHb. CTPECOCTIHKI JTrOIH iATh
¢GpykTH Ta OBOYI KOXHI 2-3 1HI Ha TWXICHb. BOHM BiIpI3HSIMCA 3a CBOIMH 3HAHHSMHU,
cTaBieHHAM Ta cupuinaTTaM [1B/1. 72,1% npuxwibHUKIB 370poBoro xapuyBanHs, 84,8% Tux,
XTO YHHKa€e 4epBOHOro M'sca, 75,8% mrozeit, siki He mignaroTbes crpecam, i 71,9% Tux, xTo
BiJIMOBJISIETbCSL BiJl HBOI'O, BBaXKAIOTh, 10 POCIMHHE XapuyBaHHS CXO)KE HA BETAHCHKE 1
BererapiaHcbke. [lo3uwii BapiloloThes Bin "MOXKE MaTH IepeBaru Ajs 310pOB'Sl PU HEBHUX
3aXBOPIOBaHHAX" AK MMO3ULIT 3 HAlBUIIUM cepeHiM piBHEM 3roau (4,26), 0coOIMBO cepel THX,
XTO YHHMKA€ 4€pPBOHOI0 M'Aca, 10 '"3a0XOUye IIOJICHHE CHOKHMBAHHA" SIK MO3UIIT 3 HAWHIKYMM
cepenHiM piBHeM 3rozau (1,69), ocobauBo cepen THX, XTO yHHKa€ yepBOHOro m'sca. JKiHkw, ski
YHHUKAIOTh YEPBOHOI'0 M'sica, 0OMpaloTh 3JI0POBY DXy Ta HE CXWIBHI A0 CTpecy, Maau OiIbII
no3uTuBHe craBieHHs 10 P/IJI, HiX Ti, XTO BIAMOBJISETHCS BiJl HOT0. BUIBIIICTh JKIHOK JTyMaiu
npo Tte, mwod cnpodysaru IIB/I. JKiHky, sSIKi YHMKAIOThb YEPBOHOrO M'sca, JOTPUMYIOThCS
3JI0POBOr0 XapuyBaHHS Ta HE CXWIbHI J0 CTpecy, OUTbII MO3UTUBHO cTaBisThes 1o [IB]1, Hix Ti,
XTO iX Bimkupaae. IIpuxunbHUKY 310poBoro xapuyBaHHs cipuiimanu IIB/] sk 3nopoBy ixy. Ti,
XTO HE BXHMBAa€ UEPBOHOIO M'sica, BBaKaJU POCIMHHY JIETY 310pOBOI0, OE3MEYHOLO,
PI3HOMaHITHOIO, 11IKaBOIO, €KOJIOTIYHO YMCTOKO Ta MOBHOLIHHOW. JKiHKH, SIKI HE CTPa)X/1aloTh BiJl
CTpeCy, BB@K&JIU POCIUHHY MIETY HE3JO0POBOI0 Ta EKOJOIIYHO HEApYXHboro. HeratusHo
HaJlallToOBaHi KiHkU Hajasanu I1B/] Oinbllie HEraTMBHUX XapaKTepUCTHK. BOHM BBakanu, LI0
Oe3M'sicHa Jie€Ta HE3OpOBa, HeOe3neuHa, OJAHOMAaHITHA, HYJHA, EKOJIOTIYHO HECHpUSTINBA,
Ba)XKKO IIEPETPABIIOETHCS 1 € HEJOIAAHHAM.

BucHoBku. Pe3ynbTaTH [OOCHiZXKEHHS [ONOBHIOIOTH JITEpPaTypy, AOAAI0UYM EMIIipUYHI
nokazu HoBux TeHieHuiil (IIbJl, BeraHchbki, BererapiaHchki Hi€TH), a TaKOX TI'EHEPYIOTb
IpOIO3UIi I (axiBLiB 3 XapdyBaHHA 1 AIETOJNOTT Ta ypsay, OCKUIBKM MOXKHA IJIaHYBaTH
L(JIbOBI MApKETUHIOB1 [IPOrpaMH, CIPSIMOBaHI Ha 3MiHy IIOBE/IIHKU B Xap4yyBaHHi.

KurouoBi ciioBa: 300pos's, cnocio scumms, pociunna diema, 6e2a, secemapiancbka oiema,
cmitikicme.
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Mpouecu i obnapHaHHA

Buznauenns koedinieHTa exxeKuii piilMHHO-Ta30BOro eskeKTOpa 3 KOMOiHOBaHOI0
KaMepoo 3MilllyBaHHS

Biraniit [Tonomapenko, Auapiit CIrOCeHKO,
Jmurpo Jlronbka, Poman SIkoouyk
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Meroto pocrmipkeHb Oyna po3poOKa METOIWKH BHU3HAYCHHS (PaKTHYHOTO
KoedillieHTa eXeKIil piIMHHO-Ta30BOr0 €KEKTOpa 3 KOMOIHOBaHOIO KaMEpOIO 3MIITyBaHHSI.

Martepianu i MeTogn. BukoprcToByBamy TeOpeTHYHI METOAN PO3PAXYHKY (PIBHSIHHS
OajaHcy Macu Ta eHeprii y Qopmi piBHsSHHA bepHymn Ta 3akOHH TiIpOAWHAMIKH),
eKCIIEpUMEHTaJIbHI MeTou (KoedilieHTH exeKiii exXeKkropa 3 KOMOIHOBaHOI KaMepolo
3MIIIyBaHHs, II0 BU3HAYAINCH EKCIIEPUMEHTAJIbHO Ha TiAPaBIiYHOMY CTEHII 3 METOI0
BU3HAYEHHS KOHCTAHTH eXeKIil). J{ys mopiBHsIHHS KOe(DillieHTIB eXKEeKI[i1 BUKOPHCTOBYBAJIH
rpadoanamiTnaauii Mmeton CokonoBa-3iHrepa.

Pe3yabraTu i 00roBopenHs. XapakTepHOIO 0COOJIHMBICTIO €KEKTopa 3 KOMOIHOBaHOO
KaMepolo 3MIllyBaHHS € HasBHICTh IMOYAaTKOBOI KOHIYHOI Ta HACTYITHOI IMJIIHIPUYHOI
YaCcTHH KaMepH 3MilryBaHHs. KyT po3KkpuTTS KOHIUHOI YacTHHHU Ha 3—8° MeHImi Big KyTa
(akeny pO3NTIEHHS piAMHH 3 comia. Taka KOHCTPYKIS 3HIXKYE TiApaBIiYHUEA OIIp
HA/IXO/DKEHHIO PIMHK 1 3armodirac yTBOPEHHIO 3BOPOTHUX NUPKYISAIIHHUX MOTOKIB.
KoedimieHT exeKIii CTpyMUHHOTO anapary 3 KOMOIHOBaHOK KaMEpO 3MIlllyBaHHsS Ha 15—
55 % Bulle, HK Y ©KEKTOpa 3 ITIHAPUYHOIO KAMEPOIO 3MIlTyBaHHS.

CripHe po3B’sA3yBaHHSA PIBHAHL OalaHCy ISl KOHIYHOI Ta IWIIHIAPUYHOI YaCTUH
KaMepu 3MIlIyBaHHS 3 ypaxyBaHHsSM BTpaT €HEprii B KOXKHIH Ja€ 3MOry BH3HAYHUTH
TEOpETHYHI BUTPaATH (a3 B ©KEKTOPI1 ISl PI3HUX PEKUMIB POOOTH.

KoegimienT k BpaxoBye BIUTHB Iepepo3NOAiay eHeprii Mixk (a3zamu Mpu eXeKiii Ta
KOHCTPYKIIIO Kamepu 3MmimryBaHHs. [lpu mimBumenHi tucky Bim 0,05 go 0,25 Mlla
koediuieHt k 3poctae Bix 3,6 10 4,8 y parioHa bHIH MOKa3HUKOBIN QyHKIII.

EdextuBHuil KkoediumieHT eXeKIii BH3HAYAETHCS SK JOOYTOK TEOPETHYHOTO
Koe(illieHTa BUKHIY Ha EKCIIEpUMEHTAIbHY MOCTIHHY, NPU [IbOMY IOXHOKa HE NEPEBUIIYE
5%.

BucHoBkH. 3arrporioHoBaHa METOIMKA PO3PAXYHKY O3BOJISIE BU3HAUUTU €(DEKTHBHUI
Koe(iLliEHT eXEeKLiT piJMHHO-Ta30BOr0 eXKeKTopa 3 KOMOIHOBAaHOIO KaMepOIO 3MillIyBaHHSI.

KurouoBi ciioBa: excexmop, edxcexyis, piOuHHO-2a306uil, 3MIULY8AHHSL.
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InTencudikanisa npouecy rigpopizanHs XxapuoBuX NPOAYKTIB ININOOKOr0
3aMOPOKYBAHHA

Amnnpiit Iorpebusx!, Maxcum Kopnees!, Bonogumup IorpeOHsx?,
Onena IOnina', Harans He6a6a',0nena Bimnikina'
1 — Vuisepcumem mummnoi cnpaeu ma gpinancis
2 — Isano-@pankiecbKull HAYIOHAILHUL MEeXHIYHUL YHIGepcumem Hagmu i 2azy

Beryn. IIpoBeneHo mocimimpkeHHsT TPOLECY pi3aHHs Xap4oBHUX MPOIYKTIB TITHOOKOTO
3aMOPOXKYBaHHS BOISHUM, BOJOJBOJOBUM 1 BOJOAa30THUM CTPYMEHSMH 3 METOIO
inTeHcu(iKamii mporecy riipopizaHHs NUIIXoM Moaudikamii pododoi piguHu.

Marepianu i Mmetogu. Mamepianu: ¢ine pubu xeka i SUIOBHUE M’ICO, @ TAKOXK 3pa3Ku
TBOAY, sIKi Manu Temnepatypy -30 °C B SIKOCTI MOJETILHOTO 3pa3ka M’sica IpU TeMIeparypi
-25 °C. Excnepumenmanvbhi memoou JNOCIIDKEHHS: TiJpopi3ajibHa YCTAHOBKA 3 POOOYHMM
tuckoM 70 S00MIIa. Jlocmiy mpoBOAMIIKCS 32 TEMIIEpATyp XapuoBUX MPOAYKTIB Bix -3°C
10 -25°C, 3minu HcKy Big 50 MITa g0 500 MIla, giametpa comna Big 0.2:103 10 0.8'103 M
Ta IIBUJAKOCTI TEpEeMIllleHHs] CTpyMeHs poOouoi piJUHU BiHOCHO 3pa3ka Xap4oBOTO
nponykry Big 0.01 o 0.07 m/c.

PesynbraTi i odroBopenns. 30utbmieHHs THCKY 3 200 mo 500 MIla BuKIHKae
3pOCTaHHsA TIIMOUHY po3pi3y g conen 3 giamerpoM 0.2:107 1 0.4:10-3m maiixe B 21 i 6 pasis
BiJMOBiIHO. 301IbIIEHHS JiaMeTpa OTBOPY COIUIA MPU3BOAUTH A0 301JbIICHHS TIMOWHH
PO3pi3y Y 3aMOpOKEHOMY XapuoBOMY HpoAyKTi. [Ipu nboMy MakcuManbHa TIIMOWHA PO3pizy
y Xap4oBOMY IIPOYKTi, 110 Mae Temmeparypy -11°C, He nepeuntysana 85107 M npu TucKy
500 MIla. 3HmxeHHsI TeMIlepaTypy Xap4doBoro mpomaykry jao -11°C i Hibkde BUKIIOYAE
MOXIIUBICTh BHUKOPUCTaHHs TigpopizaHHs mnpu Tuckax 250-300 MIla. IIposeneno
€KCIIEPUMEHTAJIbHY II€PEBIPKY MOXIIMBOCTI BHKOPHCTaHHS BOJSHOTO CTPyMEHs 3
BBEJCHHMMH B HBOIO MaJMMH YAaCTHHKAMHU JIbOAY JUISi PO3IIUPEHHS TEXHOIOTIYHUX
MOXIIUBOCTEH TifpopizanHs. [HTeHcH(ikamil npolecy Tiapopi3aHHs Xap4yOBHX MPOAYKTIB
TJTMOOKOr0 3aMOpPOXKYBAaHHS, IIUISIXOM JOJABaHHS 10 BOASHOI'O CTPYMEHS MiKpOYaCTHHOK
JILO/TY € BUCOKOE()EKTUBHA aJie 3aHaITO EKOHOMIYHO 3aTpaTHa. BUkoprucTaHHs BOJ0a30THUX
CTPYMEHIB, B SIKUX POJIb a0pa3uBy BiJirpaloTh MiKPOYaCTHHKH JbOIY, IO YTBOPIOIOTHCS B
TIPOLIECT OXOJIO/KEHHSI BOASHOTO CTPYMEHS MapaMH PiJKOro a30Ty, J03BOJSIE CYTTEBO
iHTeHCH(IKYBaTH IIPOLIEC TiAPOPI3aHHs XapuOBUX HMPOAYKTIB.

BucnoBku. [{51s1 cyrTeBoi inTeHCHdiKalii mpolecy TiApopi3aHHs XapuoBUX MPOAYKTIB
rJTMOOKOr0 3aMOPOXKYBaHHS HaWJIOIIIbHINIE BUKOPUCTOBYBATH B SIKOCTI po0OO4YOi pianHH
BOJI0A30THHUI CTPYMiHb, B SKOMY a0pa3MBOM € MiKPOYACTUHKH JIbOJY, SIKi YTBOPIOIOTHCS B
TIPOLIECT OXOJIO/KEHHSI BOASIHOTO CTPYMEHs MapaMH PiJKOro a3o0Ty, IO MOAAIOThCS B
KOJIIMaTop.

KurouoBi ciioBa: xapuosi npodykmu, cmpymins, muck, memnepamypd, 2lOpopi3aHHsi.
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