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Abstract. The relevance of the present research is determined by the need to replace imported raw materials for
manufacturing military clothing with Ukrainian raw materials of industrial hemp and oilseed flax. The aim was to
analyse the quality properties of bast raw materials and determine their potential for use in military uniforms. In the
course of solving the set goals, the methods of complex analysis, synthesis, observation, measurement, comparison
and generalisation of the obtained results and information were applied, as well as standard methods generally
accepted in the light industry were implemented. It is noted that hemp cottonin and oilseed flax fiber, in contrast
to other natural fibers, are more durable, resistant to abrasion, decay, and are characterised by sanitary, antistatic,
hypoallergenic and antibacterial properties. It has been revealed that fabrics made of these fibers are durable,
have high resistance to ultraviolet radiation, hold colour well, do not fade, etc. The academic paper analyses
scientific studies on the use of this raw material for various types of military clothing, protective body armour, and
gunpowder production. By determining the main properties of the bast raw materials under study, the possibility
of using this raw material in some types of military uniforms was established. The main feature of the structure
and components of the research was the systematic and comprehensive study of the quality properties of bast raw
materials at all stages of its processing. It was proposed to use oilseed flax fibers and hemp cottonin instead of
cotton fibers in fabrics for military purposes. This will reduce the state’s material expenditures on the purchase of
fabric for the defense sector and, at the same time, it will help bring the Ukrainian light industry to a new quality
level and increase the competitiveness of Ukrainian manufactured goods in the global market. Knowledge of the
properties of bast raw materials can help manufacturers improve the quality of fabrics for military purposes

Keywords: fibers; hemp; oilseed flax; properties; fabrics for military purposes

Introduction

The global market of the latest developments in mod- is explained by various factors, such as: the improve-
ern military uniforms is evolving at a high pace, which  ment of technologies, resulting in the rapid develop-
creates unique challenges and opportunities for armies  ment of technical processes, in particular, informa-
and manufacturers. This growing pace of development tion processes; the need to adapt to modern threats,
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increase the efficiency and security of military person-
nel due to automated systems and protection against
various types of threats. The relevance of this research
paper is explained by the fact that the study of the
properties of Ukrainian bast crops for the purpose of
their use in the military sphere will enable light indus-
try companies to produce their own raw materials and
supply the armed forces with superior quality uniforms.

The scientific work of L.M. Degenstein et al. (2021)
is focused on the development and use of smart textile
materials for camouflage in the visible and infrared (IR)
spectrums. They considered “smart textiles”, which in-
clude fabrics and materials containing embedded elec-
tronic components, sensors, or other advanced technol-
ogies. These textile materials can adapt and respond to
changes in the environment, making them very valua-
ble for camouflage applications.

E. Delihasanlar & A.H. Yuzer (2020) described the
use of three-dimensional metamaterials, which makes
it possible to fine-tune the electromagnetic properties
of the material, create absorber characteristics accord-
ing to specific requirements. This technology can be
applied in the defense sector and military purposes to
achieve stealth, in telecommunications for signal ab-
sorption and interference reduction, as well as in the
development of advanced wearable devices to enhance
communication capabilities and sensors. The integra-
tion of textiles with three-dimensional metamaterials
opens up promising opportunities for creating unique
materials with special electromagnetic properties that
influence various fields of technology and industry.

Thus, as noted by T. Lim et al. (2020), scientific
achievements and developments in the field of improv-
ing and enhancing military uniforms are constantly ad-
vancing. PI. Dolez et al. (2018), S.G. Kalan et al. (2019)
studied the features of using various fiber components
for military purposes as well as developed special
emulsions and sprays providing fabrics with new pro-
tective properties: waterproof, chemical, heat and frost
resistance, masking and making the military invisible,
providing the ability to withstand high-speed impact
and retain shape during and after impact, etc.

V.M. Durach & L.G. Nikolaychuk (2021) have found
that the production of military clothing for the armed
forces is a promising sector in the Ukrainian market;
however, the quality standards for such products are
very high. It is necessary to use high-quality, natural
materials, mainly of Ukrainian origin for the success-
ful implementation of the technological process of
sewing military uniforms and providing the army with
high-quality products.

Moreover, it is necessary to have Ukrainian raw
materials of high quality in order to obtain select-
ed, natural, environmentally friendly military fabrics.
T.N. Holovenko et al. (2019) argue that hemp and oil-
seed flax are examples of rapidly renewable resources
that are becoming increasingly relevant in the world
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since the interest in sustainable and renewable mate-
rials has grown. Growing hemp and oilseed flax does
not require large amounts of pesticides or water, and
their roots help improve soil quality. A particularly im-
portant advantage is that these plants are widespread
on Ukrainian land and can become an alternative to im-
ported raw materials. The entire potential of plants can
be used for military purposes. R.B. Malabadi et al. (2023)
have established that the fibers of these plants can be
used for the production of natural, environmentally
friendly and high-quality clothing, body armour, gun-
powder; the seeds of these bast crops can be used as a
nutritious, healthy ingredient in the military diet; straw
and bast as a material for composites that can be used
as a construction and insulation material for military
dugouts; bast as a material for the production of fuel
briquettes that can be used for stoves and homemade
stoves that are widely used by the armed forces.

The purpose of the research was to study the quali-
tative properties of bast raw materials and evaluate the
possibilityofusingtheminthefield of militaryequipment.

Materials and methods

Studies on this scientific work began in 2021 and con-
tinue to the present day. The first studies of bast fib-
er raw materials were conducted at the research lab-
oratory of Kherson National Technical University, and
in 2024 the main studies are being conducted at the
laboratories of Khmelnytskyi National University. In ac-
cordance with the objectives of the research, a breeding
variety of monoecious hemp “Glyana” was selected for
the experiments, with the following properties: straw
yield is 64.2 c/ha, seed yield is 16 c/ha, total fiber con-
tent is 32.7%, long fiber content is 24.7%, average fib-
er diameter is 1, THC content is 0.001%. The variety is
relatively resistant to lodging, shedding, drought, and
disease and pest damage at the level of 8-9 points. The
oilseed flax variety “Orpheus” was selected for these
experiments for its quality indicators: average fiber
length of 45 mm and fiber content in the stem of 21%.

The first stage of the research was aimed at deter-
mining the physical and mechanical properties of the
obtained fibers. The fiber was obtained from industrial
hemp straw at “Hemp Bio Group” LLC (the city of Irpin,
Kyivregion) on the“CannaSystems”decorticator (Canada,
New Zealand, Australia), which simultaneously collects
and processes industrial hemp stems (Boyko et al.,2020).
It can be used both in the field and in stationary con-
ditions. Oil flax fibers were obtained on a modernised
flax tow scutching unit (KPAL) (modernisation of the
KPAL was carried out according to the scientific work
of H.A. Tikhosova (2011)) in the conditions of the Pri-
vate Joint Stock Company (PJSC) “Flax Mill “Starosam-
birsky” (Ukraine). The fiber production process at the
modernised KPAL consists of the following technolog-
ical stages: raw material processing in the milling ma-
chine of the flax tow scutching unit, fiber separation



in the carding machine after pressing and their subse-
quent cleaning on the coarse carding machine.

Due to the absence of standard methods for evalu-
ating the quality of hemp cottonin and oilseed flax fib-
ers,the methods for assessing the quality of fibers speci-
fied in the regulatory documents for cottonised flax and
cotton were used to determine the main physical and
mechanical parameters: TU 17 U 00306710.079 2000.
Cottonin made of short flax fiber. Technical con-
ditions, TU.U.05495816.005-2000. Cottonised lin-
en fiber. Technical conditions (Holovenko, 2019),
DSTU GOST 3274.5:2009 (ISO 4913-81). Cotton fiber.
Methods of length determination (2009). The study of
the physical and mechanical characteristics of oilseed
flax fibers was carried out according to DSTU 5015:2008.
Short flax fiber. Specifications (2008).

The set objectives were achieved by using the
methods of theoretical and experimental studies,
which make it possible to obtain a complete picture
of the physical and mechanical structure of hemp cot-
tonin and flax fiber and formulate practical conclu-
sions and recommendations for changing their proper-
ties, for further implementation of this raw material in
the production of military garments.

As aresult of a critical analysis of the current requla-
tory documents, it was recommended to evaluate hemp
cottonin and oilseed flax fibers according to the follow-
ing physical and mechanical parameters: tensile load,
tensile elongation,linear density,fiber length and actual
moisture content. These indicators make it possible
to classify fibers by functional purpose. The length of
hemp and flax fibers was determined in accordance
with TU 17 U 00306710.079-2000. Cottonin made of
short flax fiber. Technical conditions (Holovenko, 2019).
In order to determine the linear density of hemp
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cottonin and flax fiber, the method of determining this
indicator by cleavage is applied. This method character-
ises not only the thickness of the fibers but also their
ability to further split. Strands of fibers of a certain
length are prepared and cut into 20 mm long sections
for the study with a total weight in mg. The total num-
ber of fibers cut in this way is then counted. A whole fib-
er and a fiber split by less than half its length are each
considered one fiber, and a fiber split by more than half
its length is considered as many fibers as the number of
ends it has been split into, and then the linear density
is calculated using the formula:

M,
T, = 1000, 1)

where T - linear fiber density, tex (g/km); M, - weight
of fibers, g; L — length of fibers,km; n — number of fibers
in a strand, pcs.

Due to the lack of modern methods, existing tex-
tile laboratories propose to study the tensile proper-
ties of hemp and oilseed flax fibers according to the
methodology given in GOST 3274.1-72 (ISO 3060-74,
ISO 1973-76). Textiles. Cotton fibres. Determination of
breaking tenacity of flat bundles (1976). The steaming
of hemp cottonin fibers was carried out using a labora-
tory autoclave (the device was developed in the labo-
ratory of Kherson National Technical University) under
special conditions. In the laboratory conditions of Kher-
son National Technical University, samples of mixtures
of natural (cotton, wool) and chemical fibers (lavsan,
nylon, nitron) from 5% to 30% with oilseed flax fiber
and hemp cottonin were made using a laboratory fib-
er mixer “Labormixer” (Hungary). The following modes
were used to steam the bast fiber material, which are
shown in Table 1.

Table 1. Modes of steaming hemp cottonin

Pressure

heating, cooking - 1.2-7.1 kgf/cm? ‘

steaming - 1.8-2.3 kgf/cm? ‘

rinsing - 0 kgf/cm?

Temperature

heating, cooking - 90-160°C ‘

steaming - 140-121°C \

rinsing - 40°C

Duration of the operation

heating, cooking - 30 min ‘

steaming - 20 min ‘

rinsing = 10 min

Source: developed by the authors

After steaming the hemp cottonin, according to the
method described above, a second study was conducted
to determine changes in the physical and mechanical
properties of the test fiber. The main attention was paid
to the relative tensile elongation of hemp cottonin.

Results and discussion

The main purpose of protective clothing is to provide
optimal and comfortable conditions for people in dif-
ficult or extreme situations. Such clothing should be
comfortable and practical, withstand contamination

and heavy physical exertion, and effectively disguise
the person using it.

In some situations, uniforms can save a soldier’s
life or help them complete a combat mission. The
range of protective military clothing is growing every
year. Time-tested fabrics are used for production, and
new high-tech textile materials are being developed
(Malbon & Carr, 2019). A range of military clothing
and special-purpose equipment (weapon covers,
backpacks, sleeping bags, tents, etc.) is made from
various types of fabrics:
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« Natural materials: wool, moleskin, “afghan” and
profit, which are characterised by the highest level of
comfort during wear. They provide breathability; they
are resistant to dust; they absorb moisture and are
easy to wash and maintain, but some of them wear
out quickly, wrinkle and shrink after washing. Jack-
ets, pants and overalls are often made of these ma-
terials, and cotton is used for thermal underwear.

 Synthetic fabrics: polyester and nylon, which are
highly durable, elastic, lightweight, hydrophobic, wind-
proof, and wear-resistant. Although these garments
are compliant with and can be resistant to chemi-
cals, they can melt and cause burns when burned. It
is also prone to electrification and fading. It is recom-
mended to dry such clothes at a low temperature and
wash them in cold water. This type of fabric is used
to make demi-season and summer clothing, as well
as for backpacks, gloves, belts, bags, and cargo vests.

e Combined fabrics consisting of cotton and
polyester and represented by such types as gre-
ta, raincoat, shirt fabric and ripstop. They combine
the positive hygienic properties of natural materi-
als with the high wear resistance of synthetic fibers.

Thus, moderntextiles for military uniforms are most-
ly made of synthetic, artificial fibers and cotton fibers.
For Ukraine, all these fibers are imported raw materials.
In order to search for a Ukrainian raw material base for
use in the defense sector, further studies in the present
academic paper were conducted directly with natural

raw materials - hemp cottonin and oilseed rayon fibers.

Fabrics made of bast fiber materialsare characterised
by high air permeability, which helps preserve oxygen
in the structure of textile products. This prevents the
development of anaerobic bacteria and their spread
inside various types of clothing, knitwear and foot-
wear. The use of such materials will not only provide
high-quality products for the defense sector but also
promote the use of Ukrainian raw materials.

Ensuring the high quality of materials for the de-
fense industry is possible only if the quality of raw
materials is constantly monitored at each stage of
the technological process. The main feature of the
structure and components of the studies to be con-
ducted in this research work is the systematic and
comprehensive study of the quality properties of bast
raw materials at all stages of its processing. For this
purpose, modern and updated methods of decorti-
cation of raw materials and methods for determin-
ing the physical, mechanical, sanitary and chemical
properties of hemp and oilseed flax fibers were used.

Criteria are used that include length, thickness and
breaking load to evaluate the suitability of fibers for
further processing on spinning equipment. These pa-
rameters together determine the spinning ability of the
fiber. For this purpose, the length, linear density, break-
ing load, elongation, and normalised moisture content
were studied. Table 2 shows the physical and mechani-
cal properties of the bast fibers under study.

Table 2. Quality indicators of bast fiber components that can be used in protective clothing

No. Indicator Oilseed flax Hemp cottonin
1 Fiber length, mm 33-55 50-90

2 Relative breaking load, sN/tex 6-8 16.2-17.0

3 Relative tensile elongation, % 2.0-2.3 9.5-17.2

4 Linear density, tex 0.60-1.20 0.71-1.44

5 Standardised moisture content, % 8.5-15.0 120

Source: developed by the authors

The equipment of cotton processing enterprises
using the carded spinning system utilises fibers with
a linear density of 0.16-0.33 tex and a cross-section-
al size of 15-19 microns (Slizkov et al., 2007). As can
be observed from Table 2, hemp cotton and oilseed
flax fibers have a higher linear density, which ex-
ceeds the standard cotton fineness. The analysis of
the data on the strength of hemp cottonin and oil-
seed flax fibers, which is one of the key indicators of
their quality, presented in Table 2, makes it possible
to conclude that the tensile load of these fibers is
much higher than the maximum value of the tensile
load of medium-fiber cotton fiber, which is 0.003 daN
(Slizkov et al., 2007). In addition, the relative tensile
elongation of hemp cottonin, which is 9.5-17.2%, indi-
cates that the manufacture of mold-resistant products
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from one hundred percent yarn is not recommended.

Taking into account all the advantages of this
type of bast fiber components listed above, the main
disadvantages of these fibers were highlighted in the
present research. The main disadvantage of oilseed flax
fibers is their low strength; therefore, it is not recom-
mended to use them in 100% composition for yarns
intended for military textiles. Hemp cottonin also has
one significant drawback: due to its high fat content
(up to 3%), it has a high tensile elongation; therefore, it
is not recommended for use in form-resistant products.

In order to reduce the tensile elongation of hemp
cottonin, the raw material was steamed in a laboratory
autoclave. After steaming, repeated studies of the phys-
ical and mechanical properties of hemp fiber were car-
ried out. The studies showed that the tensile elongation



decreased from 17% to 7.3%, which was due to changes
in the chemical composition of hemp cottonin, name-
ly a decrease in the content of fatty acids to 1.0-1.2%.

The strength of oilseed flax fibers was increased
by mixing this type of fiber with various natural and
chemical fibers up to 30%. This stage was not aimed at

Boyko & Prokopchuk
13

suppressing the naturalness of this fiber but rather at
improving its quality properties. Compositional combi-
nations with other fibers up to 30% were also carried
out with hemp cottonin. Table 3 shows the properties
of fiber components that are proposed to be added in
an amount of up to 30% to the mixture with bast fibers.

Table 3. Quality indicators of fiber components added to the compounds

) Fiber components of compounds
No. Indicator -
cotton wool lavsan nitron nylon
1 Fiber length, mm 35-50 45-190 100 35-150 65-90
2 Relative breaking load, sN/tex 24-36 10-14 32-40 25-34 35-46
3 Relative tensile elongation, % 7.0-9.0 20.0-67.0 43.0-55.0 25.0-31.0 45.0-65.0
4 Linear density, tex 0.66-0.22 0.20-5.00 0.55 0.11-2.50 0.40
5 Standardised moisture content, % 8.5 18.3 1.0 5.0 1.0-2.0

Source: developed by the authors

All the fibers listed in Table 3 had a positive effect
on the resulting yarn to one degree or another, in dif-
ferent percentages in a mixture with oilseed flax and
hemp cottonin fibers. According to the research results,
after all these components were added at 5%-30% to
oilseed flax fibers and hemp cottonin, it was found that
the yarn strength increased, elongation decreased (in
blends with hemp cottonin), spinning properties im-
proved, and all the disadvantages of bast fibers were
balanced, thereby increasing the possibility of using
these mixed yarns in fabrics for military uniforms.

Thus, having data from previous studies of both
raw materials and yarns for military fabrics, it is possi-
ble to compare them with existing studies on the use
of bast fibers in military garments. There aren’t many
works like this one. It is evident from a comparison with
the research by the Ukrainian scientists N.V. Ostapenko
and L.G. Nikolaychuk that the former provides a more
detailed description of the raw materials’ qualities,
highlighting both the benefits and drawbacks of the
fibers and utilising a variety of techniques to address
the shortcomings of the fibers under study. On the oth-
er hand, the research conducted by scientists N.V. Os-
tapenko et al. (2021) and L.G. Nikolaychuk (2021) is
more focused on the known facts about hemp fiber and
goes into great detail about the legal aspects of grow-
ing this kind of raw material. The joint work of the US
Army Research, Development and Engineering Center
and the Department of Defense is more informative in
this area (Military uniform fabric produced with hemp
fibers, 2021). According to the data of their study, a fab-
ric made of hemp fibers for marines was produced and
its properties were compared with those of cotton fiber
fabric, which has been used in this area since 2022.The
publication also highlighted the advantages of hemp
fabric and the possibility of replacing cotton with hemp
fiber in this type of fabric for military uniforms. Howev-
er, the scientific work included studies with 100% use of
hemp fibers in yarn for marine uniforms without indicat-
ing the disadvantages of the fiber and their elimination.

Scientists from many countries are studying and
improving the properties of protective textiles for the
armed forces. Many developments are devoted to spe-
cial coatings for military textiles that provide unique
protective properties (Pimenta et al, 2021). For in-
stance, scientists at the US Army Research, Develop-
ment and Engineering Center, Natick, Massachusetts,
Q.T. Truong & N. Pomerantz (2018) were engaged in
improving the properties of military fabrics by applying
an omniphobic coating that increases the durability of
clothing, helps to self-clean, protects the armed forces
from getting wet and protects them during missions
in chemically and biologically contaminated environ-
ments. Scientists from the Federal University of Santa
Catarina, Brazil, were engaged in the improvement and
development of new technological processes in the
production of military textiles (Steffens et al.,2019).The
study of the water-repellent and waterproof properties
of protective textiles made of various fibers and mate-
rials for the purpose of conceptualising the distribution
of special materials for different types of troops was
carried out by C. Loghin et al. (2018) from the Defense
Clothing and Textiles Agency, UK. The well-known com-
pany OTEX Specialty Narrow Fabrics (2023) is one of
the largest manufacturers in the United States that pro-
duces high-performance textiles for the military with
new fibers such as Kevlar, Nomex, Spectra, etc. using
new technologies developed by leading state institutes.

[.I. Shuvo & P.I. Dolez’s (2023) research focuses on
the application of several unprocessed natural and
synthetic materials in military apparel. The use of bast
fibers in this kind of industry has not been the subject
of many studies, which makes this area promising for
further consideration. Some studies in this area have
focused on the development of a homogeneous hemp
fiber fabric with significant performance advantages
over conventional textile fabrics intended for the Ma-
rine Corps (Military uniform fabric produced with hemp
fibers, 2021). This fabric will have significant perfor-
mance benefits, lower cost, lighter weight, and will be
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stronger, more comfortable, and more environmentally
friendly than the existing option. Additional desirable
attributes of the fabric will be the ability to provide
protection against vectors, such as protection against
insects, improved flame retardancy, that is, the ability
to self-extinguish, and camouflage protection that ex-
ceeds current requirements for visual and near-infrared
rays. Chinese scientists have also been working in this
area since China is the largest supplier of hemp fiber to
European countries (Zhang et al., 2018; Liu et al., 2019).
Ukrainian scientists have also made a major break-
through in developing an improved variety of industrial
hemp called “Sofia” (Ukrainian scientists have devel-
oped a new variety of hemp, which can be used to make
body armor for the military, 2022). This type of plant
will be used in the production of gunpowder, as well as
raw materials for ropes and parachutes. After all, these
fabrics are lighter than synthetic Kevlar, which has been
used since the 60s to make bulletproof vests, which
means that the armor plates that are made of them
will withstand the impact of armor-piercing bullets.
Ukrainian scientists such as L.V. Krasnyuk et al. (2019),
V.M. Durach & L.G. Nikolaychuk (2021), O.V. Chepeliuk et
al. (2021), in cooperation with specialists in production
technologies, have developed new and improved tradi-
tional methods of manufacturing fabrics from natural
fibers for the needs of the modern defense industry.
The aforementioned techniques and technologies are
all typically predicated on the application of unique
solutions along with the utilisation of synthetic and ar-
tificial fibers. The drawbacks of all of these methods in-
clude high production costs, poor hygienic and sanitary
standards, breathable fibers, and a deficiency of natural
ingredients. As a result, there is a growing need to find
high-quality natural components for the manufacturing
of protective fabrics.

No scientific papers on the use of oilseed flax fibers
for military fabrics were found. Therefore, based on the
literature studies, it was concluded that this scientific
area requires further research in order to more accu-
rately predict the use of flax fibers in fabrics for military
purposes. The use of such materials will help provide
the defense industry with high-quality products as well
as support Ukrainian raw materials.

Conclusions

Ensuring high quality materials for the defense sec-
tor is possible only if innovations are introduced, own
resources are used and quality control is ensured at
every stage of the technological process. For this pur-
pose, modern and updated methods of decortication of
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AHoTauif. AKTyanbHiCTb [aHOi HayKoBOi poBOTU BM3HAYAETLCA NOTPeOOK 3aMiHM iIMNOPTOBAHOI CUPOBUHM A4
BUIOTOB/IEHHS BIMCbKOBOIO OASTY HA YKPAiHCbKY CMPOBUHY TEXHIYHMX KOHOMENb Ta IbOHY ONiHOro. MeTto 6yno
NpOBECTU aHaNI3 AKICHUX BNACTMBOCTEN NYO'IHOI CUPOBMHMTA BU3HAUUTH ii NOTEHLiaN A1 BUKOPUCTAHHSA Y BiACbKOBOMY
06MyHAMPYBaHHI. B npoueci BMpiweHHs noctaBneHnx 3aBaaHb Oyno 3aCTOCOBAHO METOAM KOMMAEKCHOTO aHanisy,
CMHTE3Y, CNOCTEPEXXEHHS, BUMIPIOBAHHS, MOPIBHAHHSA Ta y3aranbHeHHS OTPMMAHMX pe3ynbTaTiB Ta iHpopMalLii,a Takox
peanizoBaHO CTAaHAAPTHI, 3arafibHONPUIUHATI Yy rany3i 1erkoi NPOMMUCIOBOCTI METOAMKM. 3a3HAYEHO, L0 KOHOMASHUA
KOTOHiH Ta BOJIOKHO JIbOHY OfliIMHOr0, HA BiAAMiHY Bif, iHWMX HATypalbHUX BOMOKOH, Binbl MiLlHi, CTiMKi O CTUPAHHS,
THUTTS, B HUX MEepeBaXKaloTb CaHITAPHO-TIriEHIYHI, aHTUCTAaTUYHI, rinoanepreHHi Ta aHTMbaKkTepianbHi BNACTUBOCTI.
Bu3HayeHo, Wo TKaHWHKU 3 LMX BOMOKOH AOBrOBiYHI, MalOTb BUCOKUIA ONip ynbTpadioneToBOMY BMNPOMIHIOBAHHIO,
nobpe TpuMatoTb hapbyBaHHS, He BUropakoTb Ta He BULBITAOTb TOLLO. [1poaHanizoBaHo HaykoBi poboTu, Ae BUBYANMCA
3aCTOCYBaHHS [aHOi CMPOBWMHMU ANS BUKOPUCTAHHS Pi3HMX BWUAIB BiICbKOBOIO OAATY, 3aXMCHUX OPOHEXMNETIB, y
BMPOOHULTBI NOPOXY. 33 PaXyHOK BM3HAYEHHS OCHOBHMX BAACTUBOCTEM A0CNIAXKYBAHOI Ny6'aHOT CMpOBMHKU Byno
BCTAHOB/IEHO MOX/IMBICTb BUKOPUCTAHHS AAHOI CUPOBMHM B AESIKMX BUAAX BiIMCbKOBOrO 0O6MyHAMpPYBaHHS. [010BHA
0COOMMBICTb CTPYKTYpPWU Ta CKNAAOBMX AOCHIMKEHb MOMAAranM y CUCTEMATUYHOMY Ta KOMMIEKCHOMY BUBYEHHIO
SKICHUX BNACTUBOCTEN NyOAHOI CMPOBMHM Ha BCiX eTanax ii nepepobku. byno 3anponoHoBaHO 3aMicTb GaBOBHSHUX
BOJIOKOH B TKAHMHAX BiACbKOBOr0O MPU3HAYEHHS BUKOPUCTOBYBATU BO/IOKHA JIbOHY ONIAHOMO Ta KOHOMASAHWUI KOTOHIH.
Lle nactb 3MOry 3MeHLWUTU MaTepianbHi BUTPaTK OepxaBW Ha 3aKyniento matepianis An1s 060POHHOrO KOMMeKcy
Ta BOAHOYAC CMpUATUME BUBELEHHIO YKPAiHCbKMX BUPOOHULITB NIerkoi MpOMMUCIOBOCTI Ha HOBWMIM SIKICHUI PiBEHb,
NiABULLWUTD KOHKYPEHTOCNPOMOXHICTb YKPAiHCbKMX BMPODIB Ha CBITOBOMY PUHKY. 3HAHHS BnacTMBocTer nyoaHoi
CMPOBUHM MOXE L0MNOMOITY BUPOOHMKAM MiABULLMTM SKiCTb BUPOOHULTBA TKAaHWH A8 BiCbKOBOTO 3aCTOCYBAHHS

KniouoBi cnoBa: BoN0OKHA; KOHOMNI; IbOH ONiHWIA; BNACTUBOCTI; TKAHWUHM BiACbKOBOrO NMPU3HAYEHHS
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Abstract. One of the most promising directions of modern materials science is the search for methods of improving
the biocompatibility properties of metals used in implantology, which will allow to reduce the percentage of
rejection of implants by the living organism. Therefore, it is promising to use processing methods to change
the state of the surface of metals due to surface modification, which includes the method of plasma electrolytic
oxidation. The main goal of this work was to develop a technological process for obtaining coatings with higher
biocompatibility compared to the base metal due to the introduction of natural components into the coating. The
presence of elements in biocoatings and their quantity was determined using a scanning electron microscope (SEM)
and energy dispersive X-ray spectroscopy (EDS), which allowed for targeted analysis of the surface of the samples.
The elemental composition of coatings synthesised on the basis of titanium alloy in alkaline electrolytes based
on KOH, liquid glass of calcium hydroxide, sodium polyphosphate and sodium pyrophosphate with the addition
of hydroxyapatite and diatomite was researched in the work. A direct relationship between the composition of
the electrolyte and the Ca/P ratio was established. It has been proven that biocoatings synthesised in alkaline
solutions by the PEO method satisfy the conditions of biocompatibility. It has been established that in an
environment containing alkalis and phosphates, coatings are synthesised for which Ca/P=1.21.The introduction of
hydroxyapatite into the electrolyte leads to an increase in the Ca/P ratio to a value of 1.28,and an increase in the
concentration of the electrolyte and the addition of diatomite increases this ratio to a value of 1.57. The obtained
results establish the possibility of a wide range of regulation of the Ca/P ratio in the biocoating

Keywords: elemental analysis; biocompatibility; chemical properties; synthesis modes; coating composition

Introduction

Titanium alloys are utilised for fracture fusion and
splicing, as well as for knee, hip, and shoulder pros-
thesis. J. Jakubowicz (2020) described that high bio-
compatibility is due to the ability of titanium to form a
protective oxide layer on its surface in a fraction of a
second, thanks to which it does not corrode and does
not release free metal ions that can cause pathologi-
cal processes around the implant, and the tissues sur-
roundingtheprosthesisremainfreeofmetalions.T.Hana-
wa (2022) note that the PEO coating ontitaniumalloysis

Suggested Citation:

characterised by high bioactivity and biocompatibility.
They developed a new graphical method for evaluat-
ing the porosity of PEO oxide films, which helps predict
their bioactivity. O. Povstyanoy et al. (2024) describe in
his works the effective use of coatings with a wide range
of porosity. Y. Gu et al. (2018) point out that the main
disadvantages of titanium alloys are poor machinabili-
ty, high coefficient of friction, relatively low modulus of
elasticity, and for implantology, resistance to marginal
corrosion, low chemical activity and low adhesion.These
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facts can lead to bone resorption around them. M. Fa-
zel et al. (2019) pay attention to the prospect of using
compositions with antimicrobial properties of the sur-
face of materials in implantology. An effective method
of preventing this effect is the preliminary application
of a bactericidal layer to the surface of the material.

J. Zhou et al. (2019) pointing on possible solution
to this problem is superficial surface modifications that
improve osseointegration of implants or reduce bacte-
rial infection. Considering the above the use of com-
positions with antimicrobial properties in bone plastic
is promising. N.Y. Imbirovych et al. (2023) examine the
plasma-electrolytic oxidation (PEO) technique as a pos-
sible means of improving light alloy’s surface charac-
teristics. They found that as a result of a 4-fold increase
in the concentration of electrolyte components and the
addition of diatomite (20g/l), the coating synthesis pro-
cess is stabilised and coatings with higher roughness
(3-4 times) and porosity (1.9 times) are formed com-
pared to coatings synthesised in an electrolyte without
diatomite. T. Li et al. (2022) investigated PEO coatings
corrosion properties synthesised on titanium alloys.
The authors established that the change in the corro-
sion state is influenced by the coatings structural flaws
and porosity caused by the peculiarities of the techno-
logical process. F. Malekmohammadi et al. (2020) deter-
mined the influence of nanoparticles on the thickness
of PEO coatings. They observed that, in contrast to the
coating that was synthesised in PEO electrolyte con-
taining cerium (I11) chloride, the nanostructured cerium
dioxide/titanium composite formed from functions as a
barrier to porosity growth from nitrate salt during the
PEO process. It also shows improved corrosion resist-
ance in 0.1 M HCl solution at ambient temperature and
stronger impedance resistance at lower frequency.

X.Yang et al. (2019) imply that one aspect of the PEO
technique is the ability to modify the electrolyte and
working substance composition to regulate the mechan-
ical and physical characteristics of coatings. To increase
the biocompatibility of implants, it is important to form
porous coatings with increased roughness on the sur-
face. V. Subha et al. (2023) modified the surface of tita-
nium alloys with diatomaceous earth. They showed that
the introduction of diatomaceous earth particles leads
to an increase in the mechanical and thermal proper-
ties of titanium alloys. Diatoms are naturally occurring
silica and could be a potential source of silicon for the
electrolyte used in the PEO method. That is why there is
great interest in introducing such a natural component
into the structure of oxide coatings on a titanium alloy.

The purpose of this work is to modify the surface of
titanium alloys by applying coatings with high porosity
and antimicrobial properties to their surface.

Materials and methods

In this work, a combination of SEM and EDS was
used to investigate the elemental composition of the
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coatings produced on the surface of titanium alloys.
With the help of SEM analysis, was got a qualitative
image of the coatings. Under a microscope, specimens
of Grade 5 titanium alloy were shaped like cylinders,
measuring 25 mmindiameterand up to 10 mm in thick-
ness. The goal used EDS was research composition of
coatings that are synthesised into various electrolytes
such as: 20 g/l KOH+20 /L liquid glass+20 g/l sodium
pyrophosphate+20 g/l sodium polyphosphate+20 g/l
diatomite, 5 g/l KOH+5 g/l liquid glass+5 g/l sodium
pyrophosphate+5 g/l sodium polyphosphate+5 g/l hy-
droxyapatite and 5 g/l KOH+5 g/l liquid glass+5 g/l
sodium pyrophosphate+5 g/l sodium polyphosphate.
The current density from the anode to the cathode
(la/Ic) was equal to 5/5 A dm?2 The time of the PEO
process was 10 min.

Titanium alloys of Grade 2 and Grade 5 were used
in the work. The coating was synthesised by the PEO
method in the anode-cathode mode, where the sam-
ple was the anode and the bath with the electrolyte
was the cathode. The IMPELOM installation, which
works in alternating anode-cathode mode, was used
as a power source. The current is applied alternately
to the anode and cathode. Spark discharges that re-
sult from the current flowing through the sample in
the electrolyte solution guarantee a high temperature
in the surrounding area. Temperature influences the
introduction of electrons into the oxide layer at the
spark plug locations. ). Jovovi¢ et al. (2012) studied the
temperature of the plasma channel and noted that it
varies from 4000 K to 33000 K. These thermodynamic
circumstances cause electrons to be injected into the
oxide layer from the electrolyte.

The synthesis of coatings on titanium alloys was
carried out in three environments: 5 g/l KOH+5 g/l lig-
uid water (L.g.)+5Ca(OH),+5 g/l Na,P,0.+5 g/l Na,P,O,,,
5 g/l KOH+5 g/l Lg.+5Ca(0OH),+5 g/l Na,P,0+5 g/l
Na,P,0,,+1 g/l HPA and 20 g/l KOH+20 g/l L.g.+20 g/l
Ca(OH),+20 g/l Na,P,0,+20 g/l Na,P,0,,+20 g/l dia-
tomite. The ratio of current densities and processing
time for all the studied systems were the same, re-
spectively: la/lc=5/5 A/dm?, t= 10 min. A Phenom XL
scanning electron microscope (SEM) with automatic
measurement, equipped with a backscattered electron
detector (BSED) and 3D roughness reconstruction, was
used to analyse the coatings that were manufactured in
various modes.Additional Elemental Mapping and Line
Scan software allows for further elemental distribu-
tion analysis. The technique of energy dispersive spec-
troscopy (EDS) analyses the X-ray radiation produced
by electrons from an electron beam interacting with a
sample.Combination of SEM and EDS makes it possible
to assess the surface of the studied samples in detail
and determine their elemental composition. Samples
of Grade 5 titanium alloy, which were viewed under a
microscope were cylindrical in shape, measuring
25 mm in diameter and up to 10 mm in thickness.



Results

The chemical composition of the coating created by
plasma-chemical reactions is crucial for guaranteeing
the coating’s biocompatibility. This depends on the
base on which the coating is synthesised, alloy grade,
and electrolyte components. For the development of
coatings characterised by high biocompatibility, a nec-
essary condition is that the composition of the coatings
is as close as possible to bone. Bone consists of miner-
als, organic substances and water (Fig. 1). Therefore, the

organic
components
30%
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working electrolytes were saturated with phosphates
and calcium salts. Thus, polyphosphate is an inorganic
polymer, which, due to its biocompatibility and low tox-
icity, is a biomedical compound of hydroxyapatite, the
main component of bone tissue. To saturate the elec-
trolyte with calcium components, calcium hydroxide
was introduced into the working environment, which
is soluble in water and loses moisture at temperatures
above 580°C, turning into calcium oxide.

ILEE]
substances 60%

Figure 1. The components that make up a bone

Source: developed by the author

Diatomite is a non-metallic clay mineral, the main
chemical composition of which is amorphous silica
(80-95%), which consist small amounts of montmoril-
lonite, kaolinite, quartz and other clay impurities and
organic substances. In an aqueous solution (electro-
lyte) in the presence of alkalis KOH or Ca(OH),, a neu-
tralisation reaction occurs:

Si0,+2KOH— K, 0(Si0,)+H,0; (1)

Si0,+CaOH,—CaSiO,+H,0. )

Asaresult,potassiumand/or calciumsilicatesare for-
med. Due to its high porosity, diatomite has good absorp-
tion. In addition, diatomite has antibacterial properties.

To establish the biocompatibility of coatings, the
Ca/Pratioisused,whichinhydroxyapatite Ca,[OH(PO,).]
(the main component) is 1.67. M. Tzaphlidou (2005)
shows that there is a small variation in the Ca/P ratio
between the bones of men and women between the
ages of 15 and 55.In adults (from 21 to 120 years old),
the Ca/P ratio in bones is 0.79...1.65%. For children,
this ratio slightly increases. In general, the difference
varies within 0.34...2.14%. So, elemental analysis of
bio-coatings makes it possible to establish the inter-
action of the sample surface with the components of
the electrolyte and understand the reactivity under
thermodynamic conditions. Therefore, the amount of
phosphorus and calcium in the electrolytes used in
this work was first determined.

Electrolytecomposition5g/LKOH+5g/lr.s.+5Ca(0OH),+
+5 g/l Na,P,0.+5 g/l Na,P,O,, contains phosphorus:

n= 3

SE

The content of phosphorus in sodium polyphos-
phate, which is contained in this electrolyte, was
calculated in the amount of 5 g/l. The volume of dis-
tilled water in the bath is 20 liters, therefore, sodium
polyphosphate is contained in the electrolyte 100 g.

100g _
;2 = 0.9804 mol. 4)

mol

n(P) =

The amount of phosphorus in sodium pyrophos-
phate is equal to:

n(P)=2n(Na,P,0,); (5)

m(P) _ 200g
266-L " 266-L
mol

= 0.7519 mol. (6)

Therefore, 1.7323 mol of all phosphorus is contained
in this electrolyte. The amount of calcium in Ca(OH), is:

100 g

mol

Therefore, the Ca/P ratio in the electrolyte
is 0.5 g/l KOH+0.5 g/l rs+0.5Ca(OH),+0.5 g/l Na-
.P,0.+0.5 g/l Na,P,O,, according to calculations is
1.3514/1.7323=0.7801. Based on the ratio of current
densities la/lk=5/5 A/dm?, Figure 2 presents the ele-
mental analysis results of the coatings produced in
the electrolyte of 5 g/l KOH+5 g/l r.s.+5Ca(OH)2+5 g/l
Na,P,0.+5 g/l Na,P.O,,. The results were obtained us-
ing a scanning electron microscope. According to the
presented elemental analysis, coatings were obtained
that contain the largest amount of oxygen (69.72 at.%),
which is released from water, which in turn is ionised in
the place of intense spark formation (or arc discharge
plasma) (Table 1).

n(Ca) = 1.3514 mol. (7)

Commodity Bulletin, 2024, Vol. 17, No. 1
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335.543 counts in 259 seconds

a

Figure 2. Elements in the coating synthesised on a titanium alloy (a);
arrangement of elements present on the surface of the coating synthesised (b)

Note: synthesis mode: 5 g/l KOH+5g/l L.g.+5Ca(OH) *5 g/l Na ,P,0,+5 g/l Na,P

Source: developed by the author

0,, la/Ic = 5/5 A/dm? t = 10 min

618

Table 1. Quantitative content of elements in the coating synthesized in the electrolyte

59/l KOH+5 g/l L.g.+5Ca(OH) *+5 g/l Na P,0 +5 g/l Na PO

la/Ic = 5/5 A/dm? t=10 min

18

Element Symbol Atomic Conc. Weight Conc.
0 69.72 51.28
Ca 8.18 15.07
Ti 4.97 10.94
Si 7.50 9.69
P 6.74 9.60
Na 2.38 2.51
K 0.51 0.91

Source: developed by the author

It should also be noted that in a sufficient electro-
lyte, the potassium content becomes:

100
n=ig

39m

= 2.57 mol. (8)

Comparing the amount of calcium in the electro-
lyte with the amount of potassium, a value of 1.9 was
determined, which represents a larger proportion of
potassium ions. However, elemental analysis showed
that the coating contains 16 times more calcium ions
than potassium, which is explained by the higher water
solubility of KOH. In turn, Ca ions are heavier and less
soluble in water, and therefore, being in the bounda-
ry region, they are introduced into the surface, thereby
modifying it. Studies of the phasing of the PEO pro-
cess have established that the system, which does not
contain calcium hydroxide, but only consists of KOH
and liquid glass in the weight equivalent of 5 g/l each,
requires a voltage of approximately 40 V to ensure
the process of stable synthesis of the titanium alloy’s
surface oxide layer, while to ensure the synthesis of a
bio-coating in an electrolyte containing KOH, sodium
silicate (liquid glass) and Ca(OH),, respectively, 5 g/l, the
system requires an increase in the operating voltage,

Commodity Bulletin, 2024, Vol. 17, No. 1

which ensures uniform growth of the oxide on the sur-
face to a value of 140V, which on 100 times more than
the coating synthesis in an electrolyte with a lower
concentration.

Thus, this fact indicates that the system needs a
larger reserve of energy to ensure the state to which
the system tends according to the principle of Le Chat-
elier-Brown (Gibbs, 1878), who proved that every sys-
tem tends to balance. A slightly different effect was
obtained when analysing the content of sodium ions
in the electrolyte and in the coating synthesised in
it. According to calculations of the amount of sodium
ions in the electrolyte, the following was found: so-
dium ions are contained in liquid glass, which is so-
dium silicate Na,O(SiO,)n, sodium pyrophosphate,
and sodium polyphosphate. Therefore, n(Na) (liquid
glass)=4.35mol, n(Na) (Na,P,0,)= 1.07 mol, n(Na) (Na-
«P.0,,) = 1.45 mol. Its total amount in the working elec-
trolyte is 6.87 mol. While the coating of sodium ions
contains only 2.38 at.%. Sodium dissolves quite well in
water. However, comparing the obtained values of the
amount of such components in the electrolyte and in
the coating as potassium and sodium, it can be noted
that the potassium in the coating is 5 times less than
in the electrolyte, and the amount of sodium deposited



on the modified surface by the PEO method is almost
three times smaller.

The amount of silicon is related in the following
way. The number of silicon ions in the electrolyte is:

n= = 3.57 mol. 9)

According to the carried out elemental analysis, its
amount in the coating is 7.50 at.%. Unlike sodium and po-
tassiumions,siliconis presentin the base of the produced

1

0
168.310 counts in 136 seconds

a
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metal, which is why its abundance in the coating has in-
creased.From the obtained result, it was established that
the coating mainly contains oxides, which upon interac-
tion with the titanium matrix form TiO, in various crys-
tal modifications. The resulting titanium-based ceramics
also contain a sufficient amount of calcium and phos-
phorus, the ratio of which in the coating is Ca/P=1.21.

The results of research into the elemental compo-
sition of coatings in hydroxyapatite environments are
shown in Figure 3.

Figure 3. Elements in the coating synthesised on a titanium alloy (a);
distribution of elements on the surface of the coating synthesised (b)

Note: synthesis mode: 5 g/l KOH+5 g/l L.g.+5Ca(OH),+ 5 g/l Na ,P,0 +5 g/l Na P .0, +1 g/l HPA, la/Ic = 5/5 A/dm?, t= 10 min.

Source: developed by the author

Already from the obtained spectrogram, an increase
in the number of potassium elements. Following a
quantitative examination of the calcium and phospho-
rus contents in the hydroxyapatite working electrolyte,
it was discovered that in the salt Ca(OH),:

100 g

n(CaOH,) = 10+162+12 (;2)

= 1.3514 mol. (10)
The calcium content in the electrolyte with hy-

droxyapatite is 1.5506 mol. In the coating, its content
is 706 at.% and 12.87 wt.% (Table 2). Furthermore, by

comparing the calcium and phosphorus contents of the
coating that formed in the electrolyte with and with-
out hydroxyapatite, it was found that the phosphorus
content increased to 7.17 at.% against 6.74 at.% in the
electrolyte that has 0.2 mol more calcium due to the in-
troduction of hydroxyapatite, while the calcium content
in the coating decreased by approximately 1 at.%. At
the same time, the phosphorus content in the electro-
lyte without hydroxyapatite is 5.37 mol,and in the elec-
trolyte containing HPA is 5.97 mol. Calculations showed
that the Ca/P ratio in these coatings is 1.28.

Table 2. Quantitative content of elements in the coating synthesised in the electrolyte
59/l KOH+5 g/l 1.g.+5Ca(OH) +5 g/l Na ,P,0 +5 g/l Na PO, +1 g/l HPA, la/Ic= 5/5 A/dm?, t=10 min

Element Symbol Atomic Conc. Weight Conc.
0 68.12 49.53
Ti 5.95 12.95
Ca 7.06 12.87
P 717 10.09
Si 5.62 717
Na 4.05 423
K 1.24 221

Source: developed by the author
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Analysis of the elemental composition of coat-
ings that were synthesised in the composition elec-
trolyte 209/LKOH+20g/l1.g.+20g/L Ca(OH),+20g/l Na-
,P,0,+20g/tNa,P0, + 20g/l diatomite for 10 minutes

0 1 2
103.071 counts in 90 seconds

a

is presented in Figure 4. The presence of oxygen
ions under this regime is 61.61 at.%, while a slight
decrease in oxygen ions in the coating is observed
(Table 3).

Figure 4. Elements in the coating synthesised on a titanium alloy (a);
distribution of elements on the surface of the coating synthesised (b)
Note: synthesis mode: 20 g/l KOH+20g/! L.g.+20Ca(OH),+20 g/l Na P,0,+20g/! Na,P.0,+20g/! diatomite, la/Ic= 5/5 A/dm’ t= 10 min.

Source: developed by the author

Table 3. Quantitative composition of the coating’s components made in the electrolyte
20 g/l KOH+20 g/! L.g.+20Ca(OH),+20 g/l Na P,0,+20 g/l Na,P,0,,+20 g/l diatomite, la/Ic = 5/5 A/dm?, t= 10 min

Element Symbol Atomic Conc. Weight Conc.
O 61.61 419
Ca 13.95 23.36
Ti 7.82 15.64
Si 7.65 8.98
P 6.62 8.57
Na 2.35 2.26

Source: developed by the author

It is also worth noting that the coating synthesised
in these modes consists of almost twice as much calci-
um with an almost unchanged amount of phosphorus.
This effect confirms the fact of higher absorption of
coatings synthesised in an electrolyte with diatomite.

The biocompatibility of coatings generated in
an electrolyte of 20 g/l KOH+ 20 g/l L.g.+20Ca(OH),+
+20 g/l Na,P,0,+ 20 g/l Na,P,0,+ 20 g/l diatomite
is evaluated by analysing the ratio of Ca/P elements,
which is 1.57.

Figure 5. The coating synthesised in the electrolyte

209/l KOH+20g/1 L.g.+20g/! Ca(OH),+20g/! Na PO, +20g/! Na,P,0,+20g/! diatomite
Source: developed by the author
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This result is the most acceptable for the condi-
tions of biocompatibility.As Figure 5 illustrates, the ad-
dition of diatomite to the electrolyte causes coatings
with increased porosity and roughness to form on the
titanium alloy’s surface.

Discussion

The properties of the surface of materials have a deci-
sive influence on the working properties of the prod-
uct. L. Markashova et al. (2019) indicate the modifica-
tion of the metal surface with metal-ceramic coatings
by spraying. Studies were conducted into the structur-
al-phase state of cumulative-detonation sprayed coat-
ings. The dislocation density of these coatings is found
to be uniformly distributed in their matrix, the sub-
structures are significantly dispersed, and a nano-sized
strengthening phase is formed. V. Korzhyk et al. (2024)
determined the regularities in the interrelation be-
tween the strength and crack resistance characteristics
of functional metal-ceramic coatings on metal parts
and their structural and phase properties, taking into
consideration the structural requirements that pro-
vide the necessary combination of strength and crack
resistance properties. Is relevant to study the factors
and reasons behind how technological modes of the
processing method (PEO) affect specific product at-
tributes, specifically the material’s surface layer under
study. The authors researched the mechanism of for-
mation of hydroxyapatite coating on Grade 5 titanium
alloy under combined treatment. It is noted that this
treatment aids in the expansion of the hydroxyapatite
phase, which leads to an increase in the biocompatibil-
ity of the surface of the titanium alloy.

A. Azmat et al. (2023) believe that modification of
the titanium alloy surface can significantly affect the
process and quality of osseointegration. P. Pesode &
S. Barve (2021) note that the biological aspect of the
interaction of the vitality of the organism’s tissue with
the non-biological environment depends on the mod-
ification of its surface, for example, extending the ox-
ide film’s thickness, giving the surface of the material
roughness and texture. X. Li et al. (2018) found that
coatings obtained under potentiostatic conditions show
better wear resistance. They found that the wear rate
of such coatings is approximately 10 times lower than
that of galvanostatic coatings due to the formation of
low porosity coatings, because when the size of the mi-
crodischarges can be controlled in the potentiostatic
mode. L. Maj et al. (2024) determined the electrolyte’s
influence, electrical modes on the microstructures and
composition of the resulting layers. In their work, the
authors discussed in detail the properties of the ob-
tained coatings and gave examples of their applications.

M. Molaei et al. (2021) highlight the importance of
figuring out why specific coating qualities are impact-
ed by PEO technology modes. The authors discovered
that enhancing solutions with specific sized particles
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can help PEO coatings perform better. The addition of
ZrQ, particles to the electrolyte was found by the re-
searchers to have a good influence on mechanical and
chemical properties, including resistance to oxidation
of PEO oxide coatings formed on titanium and its al-
loys, biological processes, wear and corrosion.

G. Montes-Hernandez & F.Renard (2020) note that
integration with bone tissue can be improved and en-
hanced by the presence of bioactive materials on the
surface,which also include calcium phosphate-contain-
ing materials. The authors research identifies unique
chemical pathways to help better explain the creation
of amorphous calcium phosphate phases and their
subsequent transition into brushite or hydroxyapa-
tite nanocrystals under abiotic circumstances. These
paths have relevance in both natural settings and a
wide range of technology applications. I. Zglobicka et
al. (2019) think that diatom frustules are ideal mod-
el systems for manufacturing materials and gadgets
using biomimicry. They used nano-X-ray computed to-
mography (XCT) to non-destructively visualise the di-
atom Didymosphenia geminata’s frustule structure. The
authors’ biomimetic strategy serves as a proof of con-
cept for upcoming advancements in production scaling
based on the unique characteristics of microorganisms.
The research of M. Ghobara et al. (2024), showed that
diatom frustules are characterised by a high ability to
absorb the environment due to a highly porous struc-
ture. They determined through a combined theoretical
and experimental approach their mechanical prop-
erties, such as Young’s modulus, which was estimat-
ed at 31.8 GPa. Research results obtained by L. Li et
al. (2019) indicate the promotion of early osteogenesis
and osseointegration of porous surfaces. They point
out that this kind of structure might promote early in
vivo bone integration and strengthen the link between
implants and bone.V.Subbotina et al. (2022) research of
a synthesised coating on an aluminium alloy makes it
possible to determine the impact of adding hexameta-
phosphate to an alkaline silicate electrolyte on coating
thickness. The thickness formation rate, according to
the authors, is 0.9 uym/min when hexametaphosphate
is present and 0.7 um/min when it is not. Regarding the
phase composition, no discernible impact was found. It
was discovered that adding aluminium sodium alumi-
nate-silicate electrolytes up to 13 g/l had an impact on
the phase composition of the coating but had no dis-
cernible effect on the coating’s thickness.

Therefore, the experimental studies of the
above-mentioned authors made it possible to reason-
ably develop new bioenvironments for the synthesis of
coatings characterised by high biocompatibility.

Conclusions

It was feasible to determine from the analysis of the
content of PEO coatings synthesised in three differ-
ent electrolytes that the addition of diatomite to the
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electrolyte produces a highly developed surface and
positively affects the composition of the produced
coating. Taking into account the conditions of surface
compatibility, the Ca/P ratio was calculated in all syn-
thesised coatings. The obtained results show that the
introduction of hydroxyapatite into the composition
of the electrolyte makes it possible to increase such
a ratio from the value of 1.21, which is set for the
coating synthesised in the electrolyte without hy-
droxyapatite, to the value of 1.28. Increasing the elec-
trolyte concentration and adding diatomite instead of
hydroxyapatite leads to an increase in the Ca/P ratio
to 1.57. The broad development of coatings formed on
a titanium base by plasma-electrolytic oxidation was
established with the aid of scanning electron microsco-
py. As a result, a significant number of pores of various
sizes were discovered on the coatings final surfaces.

Therefore, in further research, it is important to deter-
mine the size of these pores and identify their presence
in the coating layer, as well as their type. The obtained
results will make it possible to predict the time of osseo-
integration of the synthesised coatings by PEO method in
vivo, and the combination of the results obtained in this
work will open the possibility of regulating a wider range
of predicted properties of biocoatings on titanium alloys.
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Mopudikauia noBepxHi TATAaHOBMX CMaBiB CUHTE30M NOKPUTTIB MeTopgom MNMEO
B NIY)KHUX eNeKTPOoniTax, HACUYEHNX BiaTOMITOM
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AHoTauif. OoHMM i3 NepcnekTUBHUX HaMpsIMKIB Cy4aCHOro MaTepiano3HaBCTBA € MOLWYK METOAIB MOKPALLEHHS
BNACTMBOCTEN BIOCYMiCHOCTI MeTanis, SKi BUKOPUCTOBYHOTLCS B IMMAAHTONONII, WO A03BOMMUTL 3MEHLUUTM BiACOTOK
BIATOPrHEHHS iMMNAHTATIB XXMBWM OPraHiaMoM. ToMy MepCcrneKTMBHUM € BWMKOPWUCTaHHS MeToaiB 0bpobku ans
3MiHM CTaHy MOBEpXHi MeTaniB 3a paxyHOK MOBEpPXHeBOi MoAau@ikaLii, 4O SKMX HANEXWTb MeTon Mi1a3MOBOro
eNneKTpPoNiTMYHOro okcuaysaHHg. OCHOBHOKW MeTow AaHoi poboTn Byna po3pobka TEXHONOrYHOro npouecy
OTPUMAHHS MOKPUTTIB 3 MiABMLLEHOK DIOCYMICHICTIO MOPIBHAHO 3 OCHOBHMM METANIOM 33 PaxyHOK BBEAEHHS [0
CKNafy MOKPUTTS MPUPOAHMX KOMMOHEHTIB. HasBHICTb enemMeHTiB y 6IONOKPUTTAX Ta iX KifbKiCTb BU3HAYEHO 33
[OMOMOroK pacTpoBOro enekTpOHHOro Mikpockona (SEM) Ta eHeproamcnepciiHOT peHTreHiBCbKOI CneKTpocKonii
(EDS), Wwo [03BONMAO NPOBECTM NPULLINBHUI aHani3 NoBepxHi 3paskiB. Y pobOTi AOCNILKEHO eNeMEeHTHUI CKnag
NMOKPUTTIB, CUHTE30BaHMX Ha OCHOBI TUTAHOBOrO CMAABY B NYXHMX enekTponitax Ha ocHosi KOH, pigkoro ckna
rigpokcmay Kanbuito, nonidocdaty HaTpito Ta nipodocdaTy HATPi0 3 AOAABAHHAM FiAPOKCMANATUTY Ta AiATOMITY.
BcTaHoBNEHO NpAMY 3aneXHICTb MiX CKIQLOM enekTponiTy Ta cnieeigHoweHHaM Ca/P. [JoBeaeHo, o 6ionokputTa,
CMHTE30BaHi B NYXXHUX po3unHax Metogom [1EO, 3a40BONbHATL YMOBM 6GiocyMicHOCTI. BcTaHoBneHO, WO B
cepenoBMLLi, gke MicTUTb yru Ta hocdaTu, CUHTE3YTbCs NOKpUTTS, Ans akmux Ca/P = 1,21. BBeneHHs B enektponit
rifpoKC1anaTuTy Npu3BOAMTb A0 30inbleHHs cniBgigHoweHHs Ca/P 0o 3HaveHHs 1,28, a NiABULLEHHS KOHLLEHTpaLii
€NeKTPOoNiTy Ta A40ABAHHA AiaTOMITY 30iNbLYE Lie CNiBBIAHOWEHHS A0 3HaveHHs 1,57.0pnepaHi pesynstati cBigyaTb
NpO MOX/IMBICTb LWUMPOKOTO Aiana3oHy peryntoBaHHs cniBBigHoweHHs Ca/P y 6ionokputTis

KniouoBi cnoBa: enemMeHTHWIA aHani3; 6i0CyMiCHICTb; XiMiYHi BNAaCTUBOCTI; PEXMMU CUHTE3Y; CKNaA MOKPUTTS
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Abstract. Biocomposite materials, which contain components of natural origin, have low resistance to water
absorbtion due to high lyophilicity of components. It leads to quick destruction of biocomposite products under
the conditions of high humidity exploitation that defines the necessity and importance of conducting scientific
research in this sphere. The aim of the article is to research the hydrophobic additives influence on the compressive
strength and hygroscopicity of biocomposite materials consisting of glutin matrix (100 parts by weight) and wood
flour (100 parts by weight). The technology of forming biocomposite materials includes a step-by-step pressing the
composition at a pressure of 10-15 MPa and a heat treatment of the product in a press mold at a temperature of
140°C. Experimental methods of investigating the biocomposite materials compressive strength and hygroscopicity
were used in the work. It was experimentally determined that the modifying additive (paraffin) optimal content is
4 parts by weight per 100 parts by weight of biopolymer matrix. At this content, there is an increase compressive
strength by 2.8-4.6 times of the biocomposite materials compared to biocomposites with different paraffin content.
As a result of the state analysis of biocomposite samples which were destroyed under the static loading influence,
the features of the cracks occurrence and propagation in biocomposites depending on different modifying additive
content, the conduct of the composition preliminary processing or biocomposites additional processing in a thermal
field were determined. The use of protective hydrophobic coatings on the biocomposite samples surface provided
an increase in the biocomposites resistance to the moisture negative influence. The most effective were coatings
based on a paraffin solution, which provided a reduction in water absorption by 45-50% compared to biocomposites
coated with wax, drying oil Oksol, and sunflower oil. The complex use of hydrophobic substances as modifying
additives and protective coatings has practical significance, as they positively affect the processes of forming the
structure, increasing the strength and hydrophobicity of biocomposite materials used in a humid environment

Keywords: wood flour; sunflower oil; drying oil Oksol; paraffin solution; wax melt; compressive strength; thermal field

Suggested Citation:
Kashytskyi, V., Sadova, O., & Shehynskyi, V. (2024). The development of glutin-based biocomposite materials with advanced
hydrophobicity. Commodity Bulletin, 17 (1), 27-35. doi: 10.62763/ef/1.2024.27.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0003-2346-912X
https://orcid.org/0000-0002-6152-5447
https://orcid.org/0000-0001-5730-1566

The development of glutin-based biocomposite materials...

28

Introduction

A biocomposite materials significant drawback is their
high hydrophilicity, which is caused by the plant-based
fillers ability to absorb moisture and water in significant
quantities. This leads to the proliferation of microorgan-
isms and biocomposite materials intensive degradation
over a short period of product use. Therefore, it is rele-
vant to research and determine the modifying additives
impact on the physical, mechanical and operational
properties of biocomposite materials, as the use of hy-
drophobic substances results in the interaction deterio-
ration between the polymer matrix and the filler surface.

Polymer composite products contain a polymer ma-
trix obtained through the petroleum products process-
ing. Petroleum is a finite raw material source. This pos-
es a problem related to the search for alternative raw
material sources, the solution to which lies in the use
of renewable resources.R.A. Ilyas & S.M. Sapuan (2020)
noted that such raw stuff sources include materials of
plant or animal origin which are able to regenerate un-
der favourable conditions of the natural environment.

The use of natural materials as fillers in polymer
composites has a history of decades, but their exploita-
tion is limited to the use of synthetic polymer matrices.
In the works of S.A. Albab et al. (2019), K.R. Sumesh et
al. (2024), the research results on biocomposite ma-
terials based on polyether, polyurethane, epoxy, phe-
nol-formaldehyde, and urea-formaldehyde resins were
analysed, focusing on the feasibility of developing bio-
composites with high physical, mechanical and opera-
tional characteristics. These resins have a high adhe-
sive ability to form strong physical and chemical bonds
with the plant-based fiber surface.

In the N. Uppal et al. (2022) study, the feasibility of
forming biocomposite materials based on epoxy resins
and fillers in the form of discrete flax fibers, industrial
hemp, ramie and kenaf, as well as the sisal, pineapple,
and banana leaves, was determined. Such composites
have high economic profitability and satisfactory me-
chanical characteristics. The proposed fillers, after spe-
cial treatment, are environmentally safe and potentially
suitable raw stuff for new biocomposite materials.

Polymer composite materials based on synthetic
polymers are widely used in the automobile industry
as they provide high specific strength to constructions.
Such polymer composites contain carbon and glass fib-
ers, which are resistant to atmospheric factors, hence
their disposal through natural means is complicated. In
the M. Zwawi (2021) work, a high risk of waste accumu-
lation in the form of discarded polymer composite parts
and environmental pollution is identified. Consequent-
ly, there arises a need for the development of new bio-
composite products containing environmentally safe
fillers of natural origin that can be utilised in natural
conditions without harming the environment.

The process of forming polymer composite materi-
als using molten binders poses a significant danger to
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workers and the environment, as harmful substances
emitted under the heating influence can evaporate. To
mitigate the synthetic resins harmful impact is possible
while using another binder type that allows the for-
mation of polymer composite products without heating.
M.A. Shamsudin et al. (2020) have developed a technol-
ogy for forming such materials based on silicone rubber
or epoxy resins containing kenaf fibers.

In the M.A. Paglicawan et al. (2021) study, the hy-
brid-type polymer composites production is practiced
with the combined use of synthetic and natural origin
fibers. Such fibers include aramid fibers, glass fibers,
abaca fibers, and kenaf fibers. Synthetic fibers possess
higher strength, resulting in biocomposites exhibiting
better mechanical properties, as glass fibers withstand
higher loads and ensure the integrity of the polymer
matrix. This approach allows to replace a part of the
synthetic polymer with another phase, represented by
some material of natural origin, thereby improving the
polymer composites mechanical properties. In the work
of R. Chaturvedi et al. (2022), a biocomposite material
containing granite particles and jute fibers was devel-
oped. This reduced the biocomposite products water
absorption to 0.1% and enabled the mineral waste
reuse, which poses significant environmental hazards.
As a result of organic and mineral fillers hybrid use, an
optimal balance between economic indicators and op-
erational characteristics is achieved.

From 2004 to 2024, research on using materials of
plant origin as matrices has been actively conducted.
Polylactic acid (PLA) is widely used in global science as
a biopolymer matrix for forming biocomposite materi-
als. Particularly, in the work of R. Scaffaro et al. (2021),
fine-dispersed fillers obtained from marine and agricul-
tural waste were used for forming biocomposite mate-
rials based on PLA. Plant-derived powder fillers allow
replacing up to 20% of the biopolymer matrix without
significant changes in technological and operational
properties. The interaction between the biocomposite
material components can be improved with the use of
modifying additives and coupling agents, thereby en-
hancing the resistance to biocomposite materials ther-
momechanical degradation and expanding the applica-
tion scope of products based on natural components.

F.Ortega et al. (2021) established that biocomposite
materials consisting solely of natural origin components
exhibit high biodegradability. This determines their high
susceptibility to degradation under the influence of the
atmospheric factors and microorganisms. Such an ap-
proach to forming biocomposites ensures their ability
for processing through composting or controlled appli-
cation of fertilisers, positively affecting environmental
safety and addressing the waste accumulation problem.

The aim of the study was to determine the in-
fluence of the hydrophobic additive content paraffin
on the compressive strength and the influence of the



hydrophobic coating type on the water absorption
resistance of biocomposite materials based on nat-
ural components.

Materials and methods

Biocomposite materials samples based on a glutin ma-
trix and a wood flour were prepared. A 60% concentra-
tion glutin solution was obtained by dissolving bone
glue granules in water, the physicochemical properties
of which corresponded to the technical data specified
in the Official website of Kremer Pigmente. 63000 Bone
glue granules (2016). Preparation of the glutin solu-
tion began with soaking a measured amount of bone
glue granules in an airtight container for 12-15 hours.
The next stage involved soaking water-saturated bone
glue granules in a drying oven at 50°C for 2.5-3.0 hours
to intensify the dissolution process. To achieve high
solution uniformity, it was periodically stirred. Wood
flour was obtained by further mechanical grinding of
fine-dispersed wood particles, which are waste prod-
ucts from lumber production. After grinding, the raw
material was dried at 80-90°C for 1-2 hours with pe-
riodic mixture mixing. The prepared mixture was sep-
arated into fractions using a set of sieves, and the frac-
tion with particle sizes of 0.5-0.7 mm was separated.
The paraffin solution was obtained by dissolving par-
affin flakes in drying oil, the physicochemical proper-
ties of which corresponded to DSTU 4153-2003 (2004).

The composition was prepared by mechanically
mixing components in a ratio of 100 parts by weight of
wood flour to 4 parts by weight of paraffin solution per
100 parts by weight of glutin solution. Mixing was car-
ried out using a laboratory mill with a high-frequency
rotation (20 kHz) of the hammer-type working element.
A measured amount of the composition was placed into
the matrix cavity of a cylindrical mold press form. The
press form end holes were closed, and uniaxial pressing
was performed with a 50 kN force. The punch was fixed
in the press form to prevent elastic aftereffects. The
composition in the press form was subjected to heat
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treatment at 140°C for 90 minutes with additional com-
position pressing. After cooling, the samples were re-
moved from the press form and coated using hydropho-
bic environmentally friendly materials of natural origin:
paraffin solution, beeswax, refined sunflower oil, drying
oil Oksol. The coating was applied thinly to the cylindri-
cal samples surface with subsequent stepped holding of
the samples in a drying oven at 100°C for 20 minutes.

The compressive strength was determined accord-
ingto ASTM D695-23 (2023) on cylindrical samples with
a 30 mm height and a 20 mm diameter. The compression
of the biocomposite samples was carried out under con-
ditions of the approach of the lower traverse at a 2 mm/
min speed with the fixation of the maximum load atwhich
the biocomposite samples were destroyed. Hygroscopic-
ity was determined by the weight method according to
ASTM D3201/D3201M-20 (2020) on cylindrical samples
with a holding time of 24 hours in a desiccator. Weigh-
ing was performed on WPS 110/C/1 3 class laboratory
scales with a measurement accuracy of up to 0.5 mg.

Results and discussion

Experimental results indicate that the biocomposite
materials compressive strength limit without the modi-
fying additive (paraffin) is 22-24 MPa (Fig. 1). The mod-
ifying additive introduction in an amount of 2 parts by
weight does not lead to a change in the biocomposites
compressive strength limit, indicating insufficient addi-
tive content. The paraffin uses in amounts ranging from
4 parts by weight to 12 parts by weight results in a
decreasing the mechanical characteristics by 26-39%,
attributed to the paraffin plasticising effect. Paraffin
molecules penetrate the biopolymer matrix, leading
to a reduction in the resistance to movement of the
glutin amino acids macromolecule segments under
static loading. In the of M.H. Mulla et al. (2023) work,
it is noted that the application of inhibitors (wax, pec-
tin) additionally reduces interfacial interaction, so their
quantitative content needs to be limited in the process
of developing biocomposite materials.

w=0

cadeeW=10%

0 2 4 6

8 10 12 g, parts by weight

Figure 1. The relationship between compressive strength limit and the content
of the modifying additive (paraffin) at different degrees of composition moisture (W)

Source: developed by the authors

Authors V.P. Kashytskyi et al. (2023b) have deter-
mined that using a composition without prior heat

treatment results in the formation of biocomposite ma-
terials with reduced compressive strength due to the
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residual moisture content in the composition compo-
nents.The water is mainly contained in the glutin amino
acid chains, as it serves a technological function in pre-
paring the glutin solution. Conducting heat treatment
during the biocomposite material formation ensures
the removal of a significant moisture amount; however,
some water molecules remain in the biopolymer matrix
volume and are also adsorbed by wood flour particles.

The composition pre-treatment in a drying cabinet
for 20-30 minutes at a temperature of 50-55°C leads
to a 10% reduction in the mass of the composition due
to moisture removal. The compressive strength limit of
biocomposite materials that do not contain paraffin in-
creases by 50-55% (51 MPa) since a rigid structure of the
biopolymer matrix is formed. In the case of using paraf-
fin in an amount of 2 parts by weight per 100 parts by
weight of glutin, there is no decrease in the biocompos-
ites strength, indicating insufficient additive content. At
this content of paraffin, the biocomposite material struc-
ture remains unchanged. However, with a paraffin con-
tent of 4 parts by weight, the compressive strength Llimit
of biocomposite materials increases by 2.6-2.8 times due
to the modifying effect of the additive on structure for-
mation. In this case, there is an even paraffin molecules
distribution in the biopolymer matrix volume. It ensures
increased packing density of the biocomposite material
components by the lubricating additive presence, reduc-
ing the resistance to macromolecule segments microdis-
placement and wood flour particles. At the level of the
biopolymer matrix fine structure, paraffin molecules in-
crease the flexibility of amino acids macromolecule seg-
ments, reducing intensive growth of stress in local areas
of the biocomposite material. The use of modifying addi-
tives improves the properties of materials. For example,
authors M. Huda et al. (2008) and A. Mohd et al. (2021)
conducted chemical treatment of the natural fibers sur-
face using silanes or alkali. This provides moisture con-
tent regulation and mechanical characteristics improve-
ment of developed biocomposites based on polylactic
acid (PLA) matrix compared to biocomposites containing
untreated fibers. This is due to the natural fibers surface
modification, resulting in improved interphase interac-
tion and adhesion between the biocomposite material
components serves a technological function in preparing
the glutin solution. Conducting heat treatment during
the biocomposite material formation ensures the remov-
al of a significant moisture amount; however, some water
molecules remain in the biopolymer matrix volume and
they are also adsorbed by wood flour particles.

Increasing the paraffin content to 4-12 parts by
weight leads to a decrease in the biocomposite materi-
als compressive strength limit to values of 30-40 MPa,
as the excess additive content provides intensive bi-
opolymer matrix plasticisation. As a result, the resist-
ance to static loading decreases due to the reduction
in the number of physicochemical bonds between the
biocomposite material components.
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The biocomposite samples destruction after stat-
ic loading occurs at different levels of plastic defor-
mation degree. The degree of biocomposite materials
deformation that do not contain the modifying additive
(paraffin) and have excess moisture in the composition
is 8-11%. Cracks are present on the cylindrical sample
lateral surface, some of which are located at an angle
of 42-47° to the sample end surface, while others are
parallel to the end surface (Fig. 2a).

The numerous delaminations presence is associ-
ated with the low biocomposite material resistance
to static loading under low levels of plastic defor-
mation. The ruptures are related to the water mole-
cules presence within the biopolymer matrix volume,
which facilitate the glutin macromolecule segments
movement. Consequently, during compression of bio-
composite samples with compositions that have lost
10% of their moisture content, rupturing occurs with
the fewer cracks formation compared to biocomposite
samples containing moisture (Fig. 2b). This indicates
a better biocomposites ability to resist static loading
due to the formation of a stiffer framework within the
biopolymer matrix.

Figure 2. General view of biocomposite samples without
modifying additive after compression
Note: a - without heat treatment of the composition; b - loss of
10% of moisture by mass of the composition
Source: developed by the authors

The propagation of a main crack during the bio-
composite materials compression with 4 parts by
weight of modifying additive fraction occurs at an an-
gle of 43-47° to the sample end face (Fig. 3a). The in-
terface between sample parts is less distinct compared



to the main cracks appearance in biocomposite sam-
ples without the modifying additive. This suggests the
paraffin plasticising effect on the processes of forming
the biopolymer matrix structure, where under the static
loading influence, redistribution of normal and tangen-
tial stresses occurs. Additionally, local movements of bi-
opolymer matrix macromolecule segments lead to the
appearance of stress concentrators followed by materi-
al failure. Consequently, during a biocomposite sample
compression with 4 parts by weight of paraffin content,
whose composition was treated in a thermal field to
remove 10% moisture content, a clearly defined main
crack is formed, which is located at an angle of 57-62°
to the end face surface (Fig. 3b). A single crack presence
with a clearly defined shape indicates the predominant
influence of normal stresses on crack development. In
the biopolymer matrix volume, elastic deformations of
local areas prevail, as a structure with amino acid mac-
romolecule segments increased flexibility is formed
due to the optimal paraffin molecules content.

Figure 3. General view of biocomposite samples with
4 parts by weight of the modifying additive (paraffin)
content after compression
Note: a - without heat treatment of the composition; b - loss of
10% of moisture by mass of the composition
Source: photo by the authors

The paraffin use in an amount of 12 parts by weight
per 100 parts by weight of biopolymer matrix leads to
the cylindrical samples lateral surface destruction with
the numerous flake-like shape areas formation as a
result of some biocomposite material local areas dis-
placement in relation to others (Fig. 4a). This indicates
the dominant influence of tangential stresses due to
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significant glutin matrix plasticisation, which contains
an excessive moisture and modifying additive amount.
In the case of biocomposite samples compression, the
compositions of which were treated in a thermal field
until the of moisture loss reached 10%, several cracks
are formed (Fig. 4b). These cracks are located at an an-
gle of 47-50° to the cylindrical sample end face plane,
indicating even normal and tangential stresses distri-
bution. The tangential stresses appearance is caused
by the plasticising additive presence, the function
of which is performed by paraffin. The appearance of
normal stresses is caused by the glutin matrix forma-
tion with a lower moisture content, as the composition
was treated in a thermal field until the moisture loss
reached 10%. The composition contains less moisture,
therefore, the ability of the biopolymer matrix macro-
molecules segments to move without the stress con-
centrators appearance is reduced.

Figure 4. General view of biocomposite samples after
compression with 12 parts by weight of the modifying
additive (paraffin) content
Note: a - without heat treatment of the composition; b - loss

of 10% of moisture by mass of the composition
Source: photo by the authors

During the biocomposite materials development, it
isnecessarytoachieveanincrease in mechanical proper-
ties that ensure the strength and reliability of structural
products. In the case of using plant-based fibers, there is
a need to consider the fibers’ ability to absorb moisture,
which leads to deterioration of mechanical properties.

In works by authors E. Munoz & J.A. Garcia-Manri-
que (2015), L. Chen et al. (2022), satisfactory resistance
to water absorption of biocomposite materials based on
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epoxy or urea-formaldehyde polymers is achieved due
to the high degree of the fiber surface wetting by the
polymer binder and the hydrophobic barrier formation.
However, the problem remains in eliminating the poly-
mer matrix components harmful effects during materi-
al formation and disposal of used products. N. Ramli et
al. (2018) analysed natural fibers used in the automobile
industryto achieve ecological efficiency in car manufac-
turing. They pointed out that the materials used in pro-
duction do not always meet environmental standards.

In the A. Shahzad (2013) work, a high suscepti-
bility to water absorption of biocomposite materials
containing natural hemp fibers was identified. V.A. Al-
varez et al. (2006) established high biocomposite ma-
terials biodegradability during product disposal, but
this also leads to rapid deterioration of such products
during use. Therefore, the modifying additive (paraffin)
usage is justified by the need to improve the biocom-
posite materials mechanical properties and increase
the hydrophobicity of products containing natural
components. As a result of experimental studies, it was
found that the biocomposite materials ability to absorb
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moisture, with an optimal paraffin content (4 parts by
weight), varies depending on the additional biocom-
posite materials heat treatment. V.P. Kashytskyi et
al. (2023a) developed a heat treatment, which is bio-
composites exposure in a thermal field at temperature
of 50-55°C for 2.0-2.5 hours. This ensures the residual
moisture removal from the biocomposite samples sur-
face layers. The highest hygroscopic moisture content
(1.4%) was recorded for biocomposite samples without
hydrophobic coating and without additional heat treat-
ment (Fig. 5). In the case of the composition pre-heat
treatment, which was treated in a thermal field until
a 10% moisture loss by mass, the hygroscopic mois-
ture content is 1.27%. With the additional biocompos-
ite samples heat treatment, the hygroscopic moisture
content is 0.85-0.86%. This is 35-37% less than in bio-
composite samples that were not additionally treated
in the thermal field, as the heat treatment in the ther-
mal field ensures a denser structure formation of the
biopolymer matrix. At the same time, it is more difficult
for water molecules to penetrate into the globules of
the glutin amino acid matrix.

B W =0, without HT
W =0, HT

B W =10%, without HT
W =10%, HT

0 T T T
1 2 3

4 5

Figure 5. Hygroscopic moisture content of biocomposite samples with applied hydrophobic coatings
Note: 1 - without coating; 2 - paraffin solution; 3 - wax melt; 4 - drying oil Oksol; 5 - sunflower oil

Source: photo by the authors

Hydrophobic paraffin coating application on the
biocomposite samples external surface allowed achiev-
ing a hygroscopic moisture content of 1.13% in the
case of using compositions that were not heat-treated.
Such biocomposite materials contain excess moisture,
which hinders the paraffin molecules adsorption. As a
result, the ability to form a quality continuous coating
is lost,and water molecules can penetrate into the bio-
composite material interior. If additional biocomposite
samples heat treatment is performed, the hygroscop-
ic moisture content is minimal (0.39%). This is due to
the water molecules removal from the biocomposite
samples surface layers and the formation of a solid
protective coating. In the case of applying a protec-
tive paraffin coating on the samples surfaces whose
compositions were heat-treated before losing 10%
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moisture, the hygroscopic moisture content is 0.52%,
that is slightly higher compared to biocomposites
whose compositions were additionally heat-treated.
However, these values are 52-55% lower compared to
biocomposite materials whose compositions were not
additionally heat-treated in thermal field. The paraffin
coating formation provides the highest degree of bio-
composite materials surface hydrophobic protection
due to additional surface saturation with paraffin mol-
ecules, part of which is inside the material in the form
of modifying additive.

Application of hydrophobic coating using melted
wax does not provide effective biocomposite materi-
al protection from moisture. The hygroscopic moisture
content for biocomposites whose compositions were
not additionally heat-treated is 1.21-1.25%. This is



0.06-0.15% lower compared to similar samples with-
out protective coating. Biocomposite samples absorb
less moisture (1.04-1.05%) when additional heat treat-
ment is carried out. However, this indicator is 0.2%
higher compared to the hygroscopic moisture con-
tent of biocomposites without protective hydrophobic
coating. This can be explained by the wax ability to
hydrolyse in a humid environment, forming products
capable of allowing water molecules to penetrate.

Biocomposite materials coated with drying oil pro-
vide better resistance to moisture absorption. Their hy-
groscopic moisture content is 0.73-0.82%, which is 0.23-
0.32% lower than biocomposites with wax coatings. A
similar situation is observed when using sunflower oil
to form a hydrophobic coating. In this case, applying
drying oil coating provides better hydrophobicity com-
pared to oil coating. This is explained by the ability of
drying oil to form a layer on the material surface, which
provides better protection against moisture. Compared
to drying oil, oil coatings do not always form such a
protective barrier, so water molecules penetrate more
easily through the oil coating.

Conclusions

Biocomposite materials containing plant-based fillers
have a high tendency to absorb moisture. The use of
hydrophobic additives allows to increase the biocom-
posite products hydrophobicity, but in most cases, it
leads to the mechanical properties deterioration. The
introduction of an optimal paraffin solution amount
(4 parts by weight per 100 parts by weight of glutin
matrix) allowed to obtain a biocomposite material with
high compressive strength values of 138-141 MPa. The
modifying additive acts as a lubricant during the com-
position compression, which contains fine-dispersed
wood flour particles coated with a thin layer of biopol-
ymer matrix. Preheating the composition ensures a
10% moisture loss by mass, which further complicates
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the particles movement during pressing. Therefore, the
use of paraffin allows achieving higher biocomposite
material density, which improves its resistance to stat-
ic loads. The paraffin addition ensures the biopolymer
matrix equilibrium structure formation as a result of re-
sidual stresses relaxation that occurs during the com-
position pressing and heat treatment in the process of
forming biocomposite products.

Biocomposite materials with an optimal modifying
additives content are destroyed without visible plastic
deformation signs, forming a main crack located at an
angle of 57-62° to the cylindrical sample end surface.
This indicates the material’s resistance to tangential
stresses that cause plastic deformation. Consequently,
the material is capable of withstanding higher com-
pressive loads compared to biocomposites with a dif-
ferent composition.

Applying a paraffin solution to the biocomposite
samples surface ensures the protective layer formation.
In this case, biocomposite materials that underwent
heat treatment to remove 10% moisture have the low-
est hygroscopic moisture content (0.39%). Increasing
the biocomposites hydrophobicity is associated with
the paraffin molecules adsorption on the wood flour
particles surface, which have minimal moisture content.
The excess moisture presence in the composition or the
use of other hydrophobic additives does not effectively
increase the biocomposite materials hydrophobicity.

Further research is planned to investigate the ef-
fect of other hydrophobic additives on the formation
processes, structure and mechanical properties of bio-
composite materials based on natural components.
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AHoTauUifA. BioKOMNO3UTHI MaTepiany, Wo MiCTATb KOMMNOHEHTU MPUPOAHOIO MOXOAXKEHHS, MAOTb HU3bKY CTiMKICTb
[0 BOOOMOMMMHAHHA Yepe3 BWUCOKY NiodinbHICTb KOMMNOHeHTIB. Lle npu3BoauTb A0 LWBMAKOrO pyMHYBaHHS
6i0KOMMNO3UTHUX BUPOGiB B yMOBaX eKCrnyaTawii migBuLLEHOT BOMOTOCTI, WO BU3HAYAE HEOOXIiAHICTb Ta BAXAMBICTb
NpoBeAeHHS NPUKNAAHUX AOCAIAXKEHb B AaHiM rany3i.MeTot poboTu € LOCNif)KEHHS BNAUBY riapo@obHMX f,06aBOK
Ha MILHICTb NMPU CTUCHEHHI Ta TirpOCKOMiYHICTb GIOKOMMO3UTHMX MaTepianis, WO CKAALAOTHCA 3 THOTUHOBOI
MaTpumui (100 mac. u.) Ta gepesHoro 6opowHa (100 Mac. u.). TexHonoris dopMyBaHHS 6iOKOMMNO3UTHUX MaTepianis
nonsrae y noeTanHoMy NpoBeAeHHi onepawii npecyBaHHS koMno3uuii 3a Tucky 10-15 Mla Ta TepmiyHoi 06pobkm
BMpoby y npec-dpopmMi 3a Temnepatypu 140°C. Y poboTi BUKOPUCTAHO eKCNepuUMeHTaNbHI METOAN LOCILKEHHS
MiLHOCTI MpWU CTUCHEHHI Ta FirpockoniyHocTi 6ioKOMMO3UTHMX MaTepianiB. EkcnepuMeHTanbHO BCTAaHOBNAEHO
ONTUMaNbHMIM BMicT Moandikyto4doi nobasku (napadiH) B KinbkocTi 4 mac. 4. Ha 100 mac. y. 6iononiMepHoi MaTpuLi.
3a Takoro BMicTy BigOYyBA€ETLCA NiABULLEHHSA MEXi MILLHOCTI MPU CTUCHEHHI 6IOKOMNO3UTHUX MaTepianie y 2,8-4,6
pa3iB NOPiBHSAHO 3 BIOKOMMNO3MTaMM 3 iHWKMM BMIiCTOM napadiHy. B pe3ynbTaTi aHani3y cTaHy 3pyMHOBaHUX Nig
L€ CTaTUYHOTO HaBaHTAXKEHHS BIOKOMMNO3UTHUX 3pa3KiB BM3HAYEHO OCOBMMBOCTIi BUHMKHEHHS Ta MOLWMPEHHS
TpiWMH B 6iOKOMMNO3MTax 3 pi3HMUM BMICTOM Moaudikyouoi [00aBKKM, a TAaKOX 3aNEXHO Bif NPOBeAEHHS
nonepegHboi 06pobkK KoMno3smuii abo fopaTkoBoi 06pobku BioKOMMNO3WTIB Y TennoBoMy noni. BukopucraHHs
3aXMUCHUX TigpodOOHMX NOKPUTTIB Ha NMOBEPXHi BIOKOMMO3UTHMX 3pasKiB 3abe3neynno NiABULLEHHS CTIMKOCTI
6i0OKOMMO3UTIB O HEraTMBHOIO BMNAMBY BOOrK. Habinbw ebekTMBHUM BUSBMUANCS NOKPUTTS HA OCHOBI pO34YMHY
napadiHy, siki 3abe3neyunnmn 3HUXeHHS BOJOMNOMIMHAHHA HA 45-50 % nopiBHAHO 3 HIOKOMMNO3UTAMMK, LWLO MOKPUTI
pO3Mn1aBOM BOCKY, 0NiOl0 Ta ONIE COHALWHMKOBOW. KoMnnekcHe BMKOPUCTAHHA TigpodOo6HUX peyoBUMH SK
MoandiKyrUMx 006ABOK Ta 3aXMCHUX MOKPUTTIB MaloTb NMPAaKTUYHE 3HAYEHHS, OCKiNIbKM MO3UTUBHO BMIMBAOTb
Ha npouecu GOpMyBaHHA CTPYKTYPH, NiABULLEHHSA MiLHOCTI Ta rigpo@obHoCTi 6i0KOMNO3UTHUX MaTepiani., gKi
eKCNAyaTyTbCs Y BONOrOMY CepefoBuLL

Kniouosi cnoBa: nepeBHe 60OpOLWHO; 0Nlis COHAWHMKOBA; onida OKCOMb; PO3YMH MapadiHy; po3niaB BOCKY;
MILHICTb NPU CTUCHEHHI; TENNOBE none
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Abstract. The relevance of this study is due to the growing interest of modern consumers in healthy eating, where
fruit and vegetables play an important role, which should not only be aesthetically pleasing but also have high taste
potential. The purpose of the article is to analyse and compare different approaches to assessing the sugar content
of fruit and vegetable products, their effectiveness, and to substantiate areas for improvement. For this purpose,
the author analysed the literature and regulatory and technical documents. Traditional methods for determining
the sugar content are considered: total content, soluble solids content, and total soluble solids content. It has been
established that the soluble solids content and the total soluble solids content of fruits cannot be equated and
should be adjusted using an appropriate coefficient based on the percentage of sugars. It has been shown that
the content of total soluble substances does not always correctly reflect the sugar content and does not correlate
with the taste of sweetness of fruit and vegetables. The necessity of taking into account acidity, which significantly
affects the perception of sweet taste, has been established. High acidity can inhibit the sweet taste of fruit and
vegetables, even with a very high sugar content. It is proposed to use the ratio of sugar content to titratable acidity
for a comprehensive assessment of the sugar content and taste of products. The necessity of using the BrimA and
sweetness indices, which combine the indicators of sugars and acidity, as well as reflect the contribution of a single
carbohydrate to the total sugar content of the product, is substantiated. These indices allow for a comprehensive
assessment of sugar content and predict the sensory perception of fruit and vegetable raw materials. The absence of
a single standardised approach and the need for comparative analysis to select optimal methods for measuring the
sugar content of fruit and vegetable products are noted,so there is an urgent need to standardise such approaches to
improve datacomparison.Theresultsofthearticlecanbe usedtoselectthe mostinformative methods of sugar content
analysis. This will optimise quality control procedures and standardisation of measurements in the food industry

Keywords: carbohydrates of fruit and vegetable raw materials; sugar content; acidity; sugar content indices;
sensory perception of sugar content

Introduction

Modern consumers are increasingly focused on healthy
eating and consuming more fruit and vegetables. They
are looking for products that not only look attractive,
but also have high flavour potential. Assessing the
quality of fruit and vegetables by their appearance can
help identify batches of products with signs of dam-
age or defects before they reach store shelves. This will
help to avoid loss of marketable weight and reduce

Suggested Citation:

waste. The ability of fruit and vegetable producers to
manufacture products with an attractive appearance
and high-quality taste can have a positive impact on
their competitiveness in the market.

N.Sameshima & R.Akamatsu (2023) noted that var-
ious aspects of the appearance of fruit and vegetables
influence their primary consumer choice, particularly in
the context of their quality and aesthetic characteristics.
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Typically, consumers evaluate the quality of fruit and
vegetable products by their appearance, colour, shape,
and size. However, the decision to make further pur-
chases will be determined by the taste and quality of
the fruit, which cannot be assessed by appearance.
K. JUirkenbeck et al. (2020) found that the flavour char-
acteristics of fruit are directly related to the sugar and
acid content of the fruit, its acidity, and texture. The
sugar content of fruit and vegetables is determined by
the content of sugars, mainly fructose and glucose. This
characteristic is key to determining the quality and fla-
vour of plant products.

The sugar content is an important indicator of the
nutritional value of fruits and vegetables. In their study,
M. Prada et al. (2021) notes that sugars are a source of
energy and healthy carbohydrates for the human body.
This is especially important in diets that emphasise
natural and unaltered foods. Fruit and vegetables high
in sugars add flavour and satisfaction and provide im-
portant nutrients to the human body. A.O. Bawajeeh et
al. (2020) argues that consumers most often choose
foods that satisfy their taste buds. High sugar content
plays a key role in shaping a positive perception of taste
at any age. The natural sugars (fructose and lactose)
found in fruits and vegetables exist in combination
with other nutrients such as vitamins, minerals, anti-
oxidants, and fiber. This contributes to their slow ab-
sorption, avoiding a rapid rise in blood sugar levels and
improving their metabolic effects (Zaitoun et al., 2018).
Therefore, natural sugars included in a diet with a var-
ied and balanced diet can be part of a healthy lifestyle.

The sugar content of fruit and vegetable raw ma-
terials is a highly desirable characteristic for food
producers, so it is regulated by adding sucrose or
other sugars to the finished food product. With this
in mind, quantifying the sugar content of foods of
plant origin is extremely important. Usually, the
content of natural sugars fructose, glucose, and su-
crose is determined by physicochemical methods, as
well as organoleptically (Dudarev & Kuzmin, 2023).

Assessing sugar content is an important aspect
for producers and consumers, as it affects the quality
and flavour of products. The relationship between the
chemical composition of fruits, in particular their sugar
content, and their flavour profile is an important aspect
for understanding consumer perception of products.
Among the publications related to the study of the
relationship between sugar content and sensory per-
ception of sweetness for fruits, it is worth noting the
study by H.H. Wang et al. (2022). The paper presents an
analysis of the relationship between the chemical com-
position of fruit, in particular sugars,and the perception
of sweetness using sensors or flavour profile analysis.

The publication by K.B. Mejia-Correal et al. (2023)
investigated the sugar content of fruit and vegetable
products based on traditional indicators: soluble solids
content and total soluble solids content. The work of
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M. Trius-Soler et al. (2020) describes the effect of acidity
of fruit and vegetables on the perception of sweet taste,
as well as the feasibility of using indices that allow to
assess the effect of organic acids on the sugar content
of fruit and vegetable products.

The purpose of this article is to review the carbohy-
drates of fruit and vegetable raw materials that deter-
mine their sweet taste, analyse and compare the main
approaches to assessing the sugar content of fruit and
vegetables; to establish indicators that allow the most
informative and comprehensive assessment of the sugar
content of fruit and vegetable products. In preparing the
article, modern and fundamental works on the subject
of research, data from experimental studies of fruit and
vegetable sugar content assessment were processed.
The following methods were used: search and analysis
of scientific and technical information, systematisation
and comparative analysis of literature data, analysis of
regulatory documents (DSTU 1SO 2173:2007).

Carbohydrates and their role
in photosynthesis and nutrition
The sweet taste of plant material is mainly due to
natural carbohydrates. Plants produce carbohydrates
during photosynthesis. Plants can use carbohydrates
either to obtain the energy necessary for vegetation
and growth or as precursors in the processes of bio-
synthesis, synthesis of lipids, proteins, polysaccharides
and other substances (Shanmugavelan et al., 2013).
Simple sugars (monosaccharides) are quite common
and are found in almost all fruits and vegetables. The
main monosaccharides in fruit and vegetables are
glucose and fructose. Glucose is the most common
natural monosaccharide. It is the main sugar in hon-
ey and is also found in large quantities in fruit, veg-
etables and legumes. It is most abundant in grapes,
black currants, quince, and pears (BeMiller, 2018).
Fructose is considered to be the sweetest sugar
among natural sugars and is found mainly in fruits,
especially in persimmons, figs, mangoes, and cherries
(BeMiller, 2018). Fructose is about 1.5-2 times more
sweet than glucose (Merino et al., 2019). This is due to
the peculiarities of its chemical structure and interac-
tion with taste buds, in particular, fructose has higher
solubility, lower crystallisation capacity, and binds bet-
ter to taste buds than glucose, which leads to its high-
er sweetness. Monosaccharides are the basic building
blocks of most natural di-, oligo- and polysaccharides.
Due to their ability to form glycosidic bonds, monosac-
charides can be linked together in chains to form com-
plex carbohydrates of various lengths and structures.
In contrast to monosaccharides, oligosaccharides,
especially the disaccharides sucrose and lactose, are
much more common in nature (Lim & Pullicin, 2019).
Sucrose, which consists of glucose and fructose resi-
dues, is synthesised by plants during photosynthesis and
is a source of energy for them, so it is present in edible
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parts of plants in various concentrations. In addition to
imparting a sweet taste to fruit and vegetables, sucrose
performs a number of technological functions in food
products, in particular during caramelisation and can-
ning processes. Raffinose and stachyose are oligosac-
charides found in some fruit and vegetables. Raffinose
is found mainly in legumes such as peas, beans, and
soybeans. It can also be found in small amounts in on-
ions, cabbage, and carrots. Stachyose is present in cere-
als such as wheat, barley, rye, and in small amounts in
some vegetables.Jerusalem artichoke rhizomes contain
the most stachyose. Raffinose and stachyose are inferi-
or to sucrose in terms of sweetness, with a sweetness of
40-50% of sucrose (Ibrahim, 2018).

In their work, N.C. Kim & A.D. Kinghorn (2002) not-
ed that the sweet taste of vegetables and fruit is main-
ly due to carbohydrates such as glucose, fructose and
sucrose, which are formed either directly as a result of
photosynthesis in plants or as products of hydrolysis
of polysaccharides. In the work of H.Zheng et al. (2016)
stated that sucrose, fructose, and glucose are the main
sugars in grapefruit and account for 80% of the total
soluble solids. In the work of Z. Li-Jing et al. (2015),
while studying the content and composition of soluble
sugars in apple fruits of different varieties, it was found
that the main sugars in apples are fructose, glucose and
sucrose. The sucrose content in oranges and grapefruits
is predominant and the ratio of sucrose to glucose
and fructose in all citrus fruit is almost constant and
amounts to approximately 2:1:1 (Yu et al., 2012).

The sweet flavour of plant material is therefore
the result of natural carbohydrates that plants produce
through photosynthesis, and these carbohydrates can
be used for energy or as building blocks for the synthe-
sis of other nutrients. Monosaccharides, such as glucose
and fructose, are known for their widespread occur-
rence in fruit and vegetables, with fructose in particular
being considered one of the sweetest sugars in nature,
slightly surpassing glucose in its sweetness. Naturally
occurring disaccharides, such as sucrose and lactose,
not only impart a sweet taste to fruit and vegetables,
but also perform important technological functions by
assisting in preservation and caramelisation processes.

Traditional indicators for assessing

the sugar content of fruit and vegetables

The traditional indicator used to assess the sugar con-
tent of fruits and vegetables is the total sugar content.
It indicates the total weight of sugars (glucose, fructose,

sucrose, etc.) in 100 g of the product. This indicator is
generally accepted for comparing the sugar content of
food products in accordance with the national stand-
ard of Ukraine (DSTU ISO 2173:2007, 2007), which is
based on the International Organization for Standard-
ization’s 1SO 2173:2003. This document establishes a
refractometric method for determining the mass frac-
tion of soluble solids in processed fruit and vegetables
and allows estimating the content of natural and added
sugars in grams per 100 grams of finished food prod-
uct. The total sugar content indicator makes it easy to
compare the sugar content of fruit and vegetable raw
materials and food products, as well as to control the
amount of added sugar in them.

The term “soluble solids content” or SSC is quite
common in the modern (Guo et al., 2019; Huang et
al., 2022). This indicator is a complete correspondence
to the total content of sugars (glucose, fructose, sucrose)
in fruit and vegetable raw materials and indicates their
mass fraction (%). Along with the SSCindicator, another
one is used — TSS (total soluble solids) - the total con-
tent of all soluble substances, including sugars, organic
acids, vitamins, proteins, pigments, phenolic substances
and minerals (de Brito et al., 2021; Valverde-Miranda et
al., 2021; Mejia-Correal et al., 2023). The total dissolved
solids content is usually measured refractometrically or
with an areometer and expressed in degrees Brix (Jay-
want et al., 2022). One Brix degree is equal to 1 g of
sucrose in 100 g of solution (1°Brix=1% sugar).

Table 1 shows the ranges of change in soluble sol-
ids and total soluble solids for some fruit and vegeta-
bles. The terms are very similar and closely correlated
for most fruit and vegetables, as the majority of soluble
solids are sugars. However, TSS is a more general indi-
cator and it should be noted that for some fruits, natu-
ral sugars will not be the main component of all solu-
ble substances. Citrus fruits are characterised by a high
content of organic acids and, accordingly, sugar values
will be lower, ranging from 25% of total soluble solids
for lime to 85% for other citrus fruits (Wu et al., 2021).
Therefore, the SSC and TSS values for these fruits can-
not be equated; the TSS value needs to be adjusted
with an appropriate factor based on the percentage of
sugars. The TSS value does not always correspond to
the sensory perception of sweetness of fruit and vege-
tables (Kader, 2008). The results of this study show that
the TSS value does not reflect the actual sugar content,
so it should not be used as the sole indicator of sugar
content for fruit and vegetable products.

Table 1. Soluble solids content (SSC) and total soluble solids content (TSS) for some fruit and vegetables

Products Soluble solids content Soluble solids _content Source
(SSC, %) (TSS, oBrix) SSC/ TSS
Oranges 8-12 9-13 G. Suszek et al. (2017)
Lemons 5-8 6-10 S.Wu et al. (2021)/M.G. Aguilar-Hernandez et al. (2020)
Grapefruits 8-10 10-13 J.Zhang et al. (2020)/B.S. Buslig (2018)
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Table 1. Continued

Products Soluble solids content Soluble solids _content Source
(SSC, %) (TSS, oBrix) SSC/ TSS
Cherries 13-22 14-25 I.Ivanova et al. (2021)/R.R. Pullanagari & M. Li (2021)
Strawberries 7-10 8-11 P. Abeytilakarathna et al. (2013)
Apples 10-16 11-17 L.M.Yuan et al. (2016)
Tomatoes 4-6 5-7 A.A. de Brito et al. (2021)/X. Hong et al. (2014)
Onions 8-12 9-13 G.A. Chope et al. (2012)/S.A. Shehata et al. (2017)

Source: compiled by the author

In the practice of determining the sugar content
of fruit and vegetables, the indicator of total sugars is
usually used. The terms “soluble solids content” (SSC)
and “total soluble solids” (TSS) are used to assess the
sugar content of fruit and vegetables, but the differ-
ence between them is that TSS takes into account not
only sugars but also other substances that may affect
the flavour of the product. Although TSS can be a use-
ful indicator for some products, such as citrus fruits,
where the presence of organic acids changes the ratio
of sugars, it should be noted that this indicator does
not always accurately reflect the sweet taste of a prod-
uct and cannot be the only criterion for assessing its
sugar content.

Sugar indices based on the acidity of the raw material
The organic acid content has a significant impact on the
flavour of fresh fruit and vegetables. Sweet fruit do not
necessarily have a high sugar content, but their acidity
level is usually low (Zhang et al., 2020). The contribution
of different organic acids to the perception of sour taste
is ranked relative to citric acid (weighting factor 1.0).
The weighting factors for malic and tartaric acid are 0.9
and 0.8, respectively (Kader, 2008). Some amino acids,
such as aspartic and glutamic acids, can also increase
the acidity of fruit and vegetables. A.A. Kader (2008)
states that the acidity of fruit and vegetables, in ad-
dition to organic acids, can be caused by some amino
acids (aspartic and arginine), as well as by the products
of the interaction of calcium, phosphorus and potassi-
um with organic acids, which change the buffering ca-
pacity of the product and, accordingly, the perception of
acidity. Higher acidity reduces the perception of sweet-
ness, even with the same sugar content (Trius-Soler et
al.,2020).This is due to the masking of sweet flavour by
sour flavour. The article by TM.M. Malundo et al. (2001)
states that at a threshold value of acidity (about 0.9%),
the sweetness of taste is significantly suppressed.
E.A. Baldwin et al. (2008) found that when 0.2% of or-
ganic acids were added to tomato puree, the sweetness
sensation was significantly reduced.

The acidity of fruit and vegetable products is as-
sessed by the titratable acidity in percentage terms, re-
calculated to malic, citric or other dominant acid in the
product under study. Titratable acidity is a key factor in

determining the perceived sweetness of fruit in combi-
nation with the sugar content. That is why the ratio of
soluble solids to titratable acidity is often used to as-
sess the perception of sweetness. ). Zhang et al. (2020)
stated that the ratio of sugar content to titratable acid-
ity is more informative than the total sugar content of
fruit and vegetables to assess the sugar content and
taste perception.

However, it should be noted that the soluble solids
and titratable acidity values depend on many factors
and can change as fruit and vegetables ripen (Song et
al., 2019). As the fruit ripens, the soluble solids content
increases, the acid content decreases, and the ratio of
soluble solids to titratable acidity will increase. That is
why this ratio is used as a measure of fruit and veg-
etable maturity in many countries around the world
(Gecer et al., 2020).

Although the aforementioned indicator is quite
common for assessing the sensory perception of sugar
content of fruit and vegetables, there are some caveats
to its use. The same ratio of soluble solids to titratable
acidity can be obtained by varying the sugar and acid
content. Therefore, with the same ratio of sugars to ti-
tratable acidity, there will be a different perception of
the taste of fruit and vegetables.

In the work of A. Ikegaya et al. (2019) proposed to
use the BrimA index to assess the sugar content of fruit
and vegetables, which allows to establish a balance
between the sugar content of raw materials and their
acidity. This index is based on the difference between
the total soluble solids content and the acid content,
not on their ratio. BrimA can be calculated as follows:

BrimA=SSC- k- TK, (1)

where SSC - soluble solids content; TK - titratable
acidity index; k - constant that reflects the contribution
of acid to sensory sensitivity compared to sugars.

The sensitivity constant k can take on values from 2
to 10 depending on the type or variety of fruit or vegeta-
bles.The value of the constant depends on the ratio and
type of organic acids and sugars in certain types or vari-
eties of fruit and vegetables.L.Chen & U.L.Opara (2013)
note that the sensory sensitivity constant can be as
high as 2 for pomegranate and 5 for citrus and grapes.
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Taking into account that the BrimA index correlates
well with the flavour characteristics of fruit and vege-
tables, it can be used as a better indicator than the
traditional sugar-to-acidity ratio (lkegaya et al., 2019).
This index is used as an indicator of the maturity and
sweetness of fruit and vegetables and their suitability
for long-term storage (Gupta et al., 2021). The authors
point to the prospects of using the BrimA index in the
food industry and horticulture. However, the index has
a number of drawbacks that limit its widespread use. In
particular, the calculation of the index requires the ad-
justment of the constant k in equation (1) for different
types and varieties of fruit and vegetables and addi-
tional validation for new hybrids and varieties. The Bri-
mA index does not take into account the contribution
of individual sugars to sweetness and needs to be com-
pared with other methods of sweetness assessment.

M.A. Rosales et al. (2011) describes the use of the
sweetness index (Sl) as a measure of the sugar content
of horticultural products. The essence of the sweetness
index is the specific contribution of individual sugars
(glucose, fructose and sucrose) to the total sugar con-
tent of the product (2):

SI=2.3-C

“fructose

+1.35-C

sucrose

+1.0C e (2)
where C - molar concentration of glucose, fructose and
sucrose.

The coefficients in equation (2) reflect the contri-
bution of a single carbohydrate to the total sugar con-
tent of the product. The choice of these coefficients is
due to the fact that, according to the authors’ study,
fructose and sucrose are 2.30 and 1.35 times sweeter
than glucose, respectively.

There is another approach to assessing the con-
tribution of individual sugars to the total sweetness
of fruit and vegetable raw materials. The contribution
of each carbohydrate to the total sweetness of the
product is estimated relative to sucrose as a reference
sugar, which is assigned an arbitrary value of 1, and for
fructose and glucose the weighting factors are 1.5 and
0.76 (Beckles, 2012). However, different studies have
used different sucrose concentrations as a reference.
In the work of M. Carocho et al. (2017), a sucrose solu-
tion containing 30g of this substance in 1 liter at 0°C
was used as a reference and assigned a sweetness of
1. Other researchers, such as M. Grembecka (2015) and
S.Chattopadhyay et al. (2014) used a 10% sucrose solu-
tion as a reference and also indicated its sweetness as
1. Similarly, the relative sweetness of natural sugars
compared to sucrose was determined differently in the
above works: for glucose 0.5 or 0.75; for fructose 1.5-
1.8 or 1.1-1.5; for lactose 0.2-0.4 or 0.15, etc.

In the work of A.A. Kader (2008), the coefficients
reflecting the contribution of each carbohydrate to
the total sugar content of products are different and
amount to 1.20, 1.0, 0.64 for fructose, sucrose and
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glucose,respectively.In the work of Z.Li-Jing et al. (2015)
found that the weighting coefficients of fructose, glu-
cose and sucrose in the total sugar content of fruits are
1.75 for fructose, 1.0 for sucrose and 0.7 for glucose.

The issue of the optimal choice of coefficients that
reflect the contribution of individual carbohydrates to
the total sugar content is controversial. The analysis
of scientific publications leads to the conclusion that
there is no unified approach to the numerical values of
the weighting coefficients of individual carbohydrates
in the calculation of the sweetness index. Further re-
search is needed to more accurately determine SI and
assess sugar content, clarifying the contribution of
each sugar for different types of fruit and vegetable
products. However, in combination with other sugar
content indicators, the sweetness index (SI) provides a
comprehensive assessment of the sweetness of a prod-
uct and is convenient for practical use.

Conclusions

The sweet taste of fruit and vegetable products is
mainly due to natural sugars such as glucose, fructose
and sucrose. Their content and ratio determine the
sweetness of different types of fruit and vegetables.
Traditionally, sugar content is assessed by total sugars,
soluble solids content (SSC) and total soluble solids
(TSS). However, these indicators have limitations re-
lated to the content of other components. It has been
established that standard methods of sugar content
assessment, in particular, total sugars, soluble solids,
and total soluble solids, do not allow a comprehen-
sive assessment of the sugar content of fruit and veg-
etables. Their values are not always consistent with
the sensory perception of the sweetness of fruit and
vegetables. Therefore, they should not be used as the
only indicators of sugar content for fruit and vegeta-
ble products.

It has been proven that acidity significantly affects
the perception of the sweet taste of fruits. Therefore,
for a comprehensive assessment of the sweet taste of
vegetables and fruits, it is proposed to use the ratio of
soluble solids to titratable acidity and the BrimA index,
which allow to establish a balance between the sug-
ar content and their acidity. The use of the sweetness
coefficient as an optimal indicator for assessing sugar
content is described. The sweetness coefficient takes
into account the contribution of individual sugars to
the total sweetness of fruit and vegetable raw mate-
rials, but the values of the weighting coefficients in
the works of different scientists vary significantly. The
analysis of scientific publications leads to the conclu-
sion that there is no unified approach to the numerical
values of the weighting coefficients of individual car-
bohydrates when calculating the sweetness index.

As of 2024, there is a lack of comparative analy-
sis in available sources of information on the effec-
tiveness of different sweetness indices for evaluating
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fresh and processed fruit and vegetable products. The  methods for estimating the sugar content of fruit and
use of multiple indices makes it difficult to compare vegetables.

results and points to the need for standardisation of
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comparison between industry and academia. Further  None.
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AHani3 nipxofiB A0 OLIHKM LlYKPUCTOCTI NIOA00BO4EBOI NPoayKLii

IpyHa Mopos

KaHgoupat XiMiYHUX HayK, OOLEHT

JIyubKMn HauioHanbHWUI TEXHIYHWUI YHIBEPCUTET
43018, Byn. JlbBiBCbKa, 75, M. JlyLbK, YKpaiHa
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AHoOTaLif. AKTyanbHiCTb 4AHOIO AOCIAXKEHHS 3yMOBJIEHA 3POCTAOYMM iHTEPECOM CYy4YaCHUX CMOXMBAYIB 4,0 340POBOI0O
XapyyBaHHS, A€ BaXIMBY Posb BifirpatoTb GpyKTM Ta OBOYI, Ki MatoTb OYTH He nuLie eCTeTUYHO NpuBaBAMBKUMM, ane
M MaTW BUCOKMI CMAKOBMI NOTeHLian. MeTow CTaTTi € aHaNi3 Ta NOPIBHAHHS Pi3HUX NIAXOAIB A0 OLHKM LLyKPUCTOCTI
NA0L00BOYEBOI NPOAYKLi, iX eeKTUBHOCTI Ta 06r'pYHTYBaHHS HAaNPSMKIB BAOCKOHaNeHHs. [1ns uboro 6yno nposeaeHo
aHani3 nitepaTypHUX [OXepen Ta HOPMATMBHO-TEXHIYHUX AOKYMEHTiB. PO3rngHYTO TpaaMuUiliHi MeTOoAM BU3HAYEHHS
BMIiCTY LlyKPiB:3aranbHWM BMICT, BMiCT PO34UMHHMX CYXMX PEYOBWH Ta BMICT 3araJlbHMX pO34MHHUX peqoBuH. BctaHoBneHO,
WO MOKA3HMKM BMICTY PO3YMHHMUX CYXMX PEYOBMH Ta BMICTy 3arafbHUX PO3YMHHUX PEYOBUH (PYKTIB HE MOXHA
OTOTOXHIOBATM Ta MOTPIOHO KOPWUryBaTK 3a AOMOMOrOK BiANOBIAHOIMO KoediuieHTy, Wo 6a3yeTbCs HA BiACOTKOBOMY
BMICTi LyKpiB. [ToKa3aHo, Lo BMICT 3arasibHUX PO34MHHMX PEUYOBMH HE 3aBXAM KOPEKTHO BifoOpaXKae BMICT LlyKpiB i He
KOPENE 3i CMaKOBUMM BiAYYTTAMM CONOAKOCTI MIOAIB Ta OBOYIB. BCTaHOBNEHO HEOOXIiAHICTb BpaxyBaHHS KUCOTHOCTI,
SIKa 3HAYHO BMJIMBAE Ha CMPUMHATTS COMOAKOr0 CMaky. BUCOKAa KMCNOTHICTb MOXe MpMrHiYyBaTM CONOAKMIA CMakK
0BOUYIB Ta PPYKTIB, HABITb 32 Ay>XEe BUCOKOIO BMICTY LlKPiB Yy HMX. 3aNpONOHOBAaHO BUKOPUCTOBYBATH CMiBBIAHOLEHHS
BMICTY LYKPiB A0 TUTPOBAHOI KUCIOTHOCTI A/1 KOMMIEKCHOI OLLIHKM LlyKPUCTOCTI Ta cMaKy npoaykTie. O6rpyHTOBaHO
noTpeby BMKOPWUCTAHHS iHAEKCIB BrimA Ta iHAEKCY CONMOAKOCTI, WO MOEAHYIOTb MOKA3HMKM LYKPIB i KMCNOTHOCTI, a
TaKOX BiLOOpPaxalTb BKMAL OKPEMOro BYIMEBOAY Y 3arajibHy LYKPUCTICTb npoaykty. Lli iHgekcu po3sonsotb
KOMMIEKCHO OLiHWUTU LyKPUCTICTb Ta nepeadaymTu CEHCOPHe CMPUMHATTS MA0400BOYEBOI CMPOBMHU. KOHCTAaTOBAHO
BiACYTHICTb EAMHOIO CTaHAAPTM30BAHOMO MiAXOAY Ta HEOOXiAHICTb NOPIBHANBHOIO aHanisy a4ng BM6OpY ONTUMaNbHUX
METOAIB BMMIpHOBAHHA LyKPUCTOCTI MJIOA00BOYEBOI NPOAYKLIi, TOMY HaranbHOK MOCTa€E notpeba B CTaHAapTM3aLil
TakMxX MNiAXOAIB ANS MONIMWEHHS 3iCTaBNeHHs AaHuX. Pe3ynbtaTv cTaTTi MOXYTb OYTM BMKOPUCTaHI Ans Bubopy
Hanbinbw iHHOPMATUBHUX METOLIB aHaNi3y LyKpUCTOCTI. Lle 403BONMTL ONTMMI3yBaTV NpoLEeaypyu KOHTPOKO SKOCTI Ta
CTaHAAPTU3aALii BUMipIOBaHb B Xap40Bilii MPOMMCNOBOCTI

KniouoBi cnoBa: ByrneBoau niogo00BoYEeBOi CUPOBUHM; BMICT LYKPiB; KUC/IOTHICTb; iIHAEKCU LLYKPUCTOCTI; CEHCOpHE
CNPURHATTA LYKPUCTOCTI
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Abstract. Comprehensive research of food products, as well as compliance with the rules and regulations
in the food industry, are necessary to provide consumers with quality and safe products. The purpose of this
article is to provide a comprehensive analysis of the quality and safety of sour-milk cheese, including the
evaluation of organoleptic characteristics, physicochemical properties, and microbiological indicators. The
study was conducted with one of the largest producers of milk powder and fermented milk products on the
Ukrainian market, BIAGR LLC as its basis. To achieve the set goal, the following methods were used: organoleptic,
physicochemical, microbiological, and measurement of the content of toxic elements (cadmium, arsenic, lead).
At the beginning of the measurement of quality indicators, packaging and labelling were evaluated, which
complied with the requirements of the national standard. During the study of the organoleptic quality indicators
of sour-milk cheese with a fat content of 5%, it was found that its consistency is soft, without whey separation;
distinctive fermented milk smell and taste are without extraneous odour and favour; the colour of the sample
is uniformly white. At the second stage of the research, the mandatory physicochemical quality indicators were
measured and evaluated, namely: mass fraction of fat - 5.0%; mass fraction of protein - 14.6%; mass fraction
of moisture - 68.0%; titratable acidity - 176°T; phosphatase was absent. Since food safety is now an urgent
issue in Ukraine, the following safety indicators were measured during the research: the number of lactic acid
bacteria, which was 2x106 CFU per 1 g; Escherichia coli bacteria were not detected; the number of mould fungi
was 1x101 CFU per 1 g; the amount of yeast was 1x101 CFU per 1 g; pathogenic microorganisms, including
Salmonella, Staphylococcus aureus, Listeria monocytogenes were not detected. Thus, in terms of organoleptic,

Suggested Citation:
Remizova, N., Korsun, A., Kalashnyk, O., & Moroz, S. (2024). Comprehensive assessment of the quality of Ukrainian-made sour-
milk cheese. Commodity Bulletin, 17(1), 44-54. doi: 10.62763/ef/1.2024.44.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



Remizova et al. 45

physicochemical and safety indicators, sour-milk cheese with a fat content of 5%, produced by BIAGR LLC, meets
the requirements of regulatory documents. The results of the research can be used for quality control of dairy

products and improvement of production processes

Keywords: organoleptic, physicochemical, microbiological indicators; standardisation; safety; Hazard Analysis

and Critical Control Points

Introduction

Regardless of the level of socio-economic development,
every country aims to solve the problem of providing
its population with food. In developed countries, the
production of agricultural products, their processing
and storage is a key condition for food stability. The
level of availability of quality food affects not only the
socio-economic situation in the country, but also the
well-being of citizens.

Current trends of the global market dictate the
need to address the challenges of ensuring food quality
and safety. Preventing products that do not comply with
regulations and are unsafe from entering circulation is
becoming one of the most pressing issues in Ukraine
and worldwide (Puhach, 2019). Food quality and safety
affect health, living standards, activity, demographics,
morbidity, and ultimately the economy of Ukraine. This
aspect is especially evident today, when the military
aggression has destroyed raw materials, industrial en-
terprises, logistics links, changed the structure of de-
mand, etc. In addition, consumers are decreasing their
trust in the quality and safety of food products offered
by manufacturers on the market. Therefore, the issue
of assessing the safety of such a popular food product
as sour-milk cheese is relevant (Remizova et al., 2023).

It is known that sour-milk cheese is a traditional
food product in Ukraine, therefore the works of Ukrain-
ian and foreign authors are devoted to the evaluation
of organoleptic, physicochemical, microbiological qual-
ity and safety indicators of sour-milk cheese. In their
work, V.P. Lyasota et al. (2020) investigated organoleptic,
physicochemical and microbiological quality indicators
of sour-milk cheese required by the national standard.
The researchers studied sour-milk cheese samples with
different fat content and produced by different manu-
facturers, including sample No. 2 with a fat content of
5% (produced by PJSC “Kremenchuk Dairy Plant”), which
is similar to the object of this study.

The study of A.A. Samoilenko & O.P. Yudiche-
va (2019) is devoted to the establishment of stability
at different seasons and compliance of organoleptic
and physicochemical indicators of samples of Ukrain-
ian-made sour-milk cheese with the requirements of
regulatory documents. The advantage of their study is
the determination of safety indicators, namely microbi-
ological indicators and the content of toxic elements.

M.T. Khatun et al. (2019) evaluated and compared
the physical (smell and taste, consistency, texture and
colour), chemical (content of fat, moisture, proteins,

carbohydrates, ash, total dry matter) and microbiologi-
cal quality indicators of different types of cheese made
from skimmed milk (0.1% fat) and partially skimmed
milk (1%, 2% and 3% fat). The researchers also eval-
uated the shelf life of a cheese sample at room tem-
perature. However, the study did not investigate micro-
biological quality indicators and the content of toxic
elements, which are mandatory for assessing food qual-
ity and safety.

The monograph by M.D.Kukhtin & Y.V.Horiuk (2023)
highlights the issues of hygiene of whole cow’s milk and
fermented milk products sold on the agro-food market.
Experimental studies resulted in the establishment
of microbiological safety criteria for sour-milk cheese,
based on Enterococcus bacteria content. In their study,
C-R.Stefanou et al. (2022) reported the presence of Lis-
teria monocytogenes, Salmonella spp., lactic acid bacte-
ria,and coliforms. It should be noted that these microor-
ganisms were not detected in the samples of sour-milk
cheese. The physicochemical quality indicators meas-
ured included the content of proteins, fats, carbohy-
drates, ash, and water. The samples of sour-milk cheese
were also tested for contamination with heavy metals.
High nutritional value of the research object was found.

It is important to note that in the work of YV. Hori-
uk (2023), sour-milk cheese, which is sold on the agro-
food markets of Ukraine, was chosen as the object of
study. As a result of the conducted research, it was
found that in sour-milk cheese made from whole cow’s
milk, the normal microflora consists of lactic acid mi-
croorganisms and enterococci (with E. faecalis being the
dominant species among enterococci). In addition, the
author presented the results of studies on various spe-
cies and genera of microorganisms isolated from sour-
milk cheese. In 97.7% of cases, its permanent microflora
may include lactic acid bacteria and enterococci, fun-
gi and spore-forming microorganisms; in 73.8% - it is
contaminated with Escherichia coli group (BSCG); in
29.4% - it is contaminated with E. coli bacteria. Staph-
ylococcus aureus was detected in approximately 20% of
the sour-milk cheese samples, as well as the pathogenic
microorganisms Listeria monocytogenes and Salmonella
spp. were detected in 4.8% and 1.6% of the samples,
respectively. Thus, this study is devoted only to microbi-
ological quality indicators and aimed at improving the
veterinary and sanitary control of the research object.

According to the list of toxic elements (Methodi-
cal Guidelines 4.4.4-108-2004, 2004), heavy metals and
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arsenic are mainly subject to hygienic control. Among
the toxic elements, lead, mercury and cadmium are
of particular importance, as they are characterised by
high toxicity and the potential for accumulation during
long-term entry into the human body with food prod-
ucts. Therefore, emphasis is placed on the necessity
of systematic monitoring and control of the levels of
lead, mercury, and cadmium in food products in order
to avoid negative impacts on human health.

According to theresearchers N.V.Chuyen et al.(2022),
arsenic is a chemical contaminant that deserves spe-
cial attention due to its toxicity and bioaccumulation
in food. In their study, the authors also provided the
minimum, maximum, and average concentrations of ar-
senic in milk and dairy products. It was found that the
average arsenic concentration for cheese is 221.38 ppb.

The team of authors N.B. Sarsembayeva et al. (2020)
conducted a study to determine the amount of heavy
metals and toxic elements in samples of milk and sour-
milk cheese to monitor their quality and safety. As a
result, it was found that the sour-milk cheese samples
contained 0.0519 mg/kg of cadmium, 0.0117 mg/kg
of lead, and no mercury or arsenic. In the work of re-
searchers from Poland, M. Sujka et al. (2019), it is noted
that the toxicity of heavy metals and their ability to
accumulate in the human body necessitate monitoring
their concentration in food. Therefore, the objectives
of this study were to determine the amount of lead,
cadmium, copper, and zinc in milk and dairy products
such as kefir, sour-milk cheese and others, which are
produced in different regions of Poland. The results
of the study showed that the amount of lead ranged
from 0.030 to 0.380 mg/kg,and cadmium - from 0.0010
to 0.0026 mg/kg. This paper also outlined the regions
of Poland with low and high concentrations of these
toxic elements.

Summarising the research data, we can conclude
that researchers around the world are focusing on the
issues of quality and safety of milk and dairy products,
which are widely consumed food products. Therefore,
the purpose of this research is to assess the quality
level of sour-milk cheese according to the mandatory
quality indicators of the national standard.

Materials and methods

The research was conducted in the laboratories of the
Research and Testing Centre for Food Products of the
SE Poltava Regional Research and Technical Centre of
Standardization, Metrology and Certification. A compre-
hensive assessment of the quality of sour-milk cheese
with a fat content of 5% was carried out at the end of
September 2023 in accordance with the requirements
of the regulatory document (DSTU 4554:2006, 2007).

The study covered products of the Ukrainian mar-
ket, in particular, sour-milk cheese with a fat content
of 5% produced by BIAGR LLC, one of the producers of
sour-milk cheese in Poltava oblast (Fig. 1).
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Figure 1. Packaging of sour-milk cheese with a fat content
of 5% produced by BIAGR LLC
Source: photo by the authors

Modern analytical, organoleptic, physicochemical,
and microbiological methods were used to conduct
the research. The organoleptic evaluation was carried
out according to the following indicators: texture and
appearance, taste and smell, colour in accordance with
DSTU 4554:2006 (2007).

Among the physicochemical indicators, the follow-
ing were determined: mass fraction of fat according
to Poltava Regional Research and Technical Centre of
Standardization, Metrology and Certification (2022a);
mass fraction of protein according to Poltava Region-
al Research and Technical Centre of Standardization,
Metrology and Certification (2022b); mass fraction of
moisture according to DSTU 8552:2015 (2017); acid-
ity titrated according to Poltava Regional Research
and Technical Centre of Standardization, Metrology
and Certification (2021); phosphatase according to
DSTU 7380:2013 (2014). The following equipment was
used to study the physicochemical indicators of the
quality of sour-milk cheese: laboratory balance VLR-
200 manufactured by Gosmer (russia), titration unit -
digital burette Solarus manufactured by Hirschmanm
laboratory (Germany), laboratory universal centrifuge
CLU-1 orbit manufactured by Impulse (Ukraine), dry-
ing cabinet SNOL 58-350 manufactured by AB Ume-
ga (Lithuania), Kjeldahl unit manufactured by Pluri-
ma (Ukraine).

The microbiological study was carried out according
to the indicators recommended as the number of lactic
acid bacteria according to DSTU ISO 15214:2007 (2009).
Kessler's medium was used for the indication of E. coli
bacteriainaccordance with DSTU 7357:2013 (2014).The
number of moulds and yeast was determined on Sab-
ouraud agar in accordance with DSTU 8447:2015 (2017).
Pathogenic microorganisms, including Salmonella, were
determined on brilliant green agar and bismuth sulfite
agar in accordance with DSTU IDF 93A:2003 (2005);
Staphylococcus aureus was detected in accordance with
DSTU ISO 5944:2005 (2007) on Baird-Parker agar, and
Listeria monocytogenes was determined on Oxford agar
and PALCAM agar in accordance with DSTU ISO 11290-
1:2003 (2004).The microbiological studywas carried out
using the following equipment: dry-air thermostat TS-



80M-2 manufactured by Medlabortechnika (Ukraine),
thermostat TGU 02-200 manufactured by Impulse
(Ukraine), scales A500 manufactured by Axis (Poland),
homogenizer BagMixer manufactured by Intersci-
ence (France), microscope XY B-2 ULAB manufactured
by ULAB (China). The content of toxic elements was
studied according to the following regulatory docu-
ments: cadmium, arsenic according to Poltava Region-
al Research and Technical Centre of Standardization,
Metrology and Certification (2022c); lead according
to Poltava Regional Research and Technical Centre of
Standardization, Metrology and Certification (2022d)
using Avio 200 Inductively Coupled Plasma Optical
Emission Spectrometer (ICP-OES) manufactured by
PerkinElmer (the USA).

Results and discussion

One of the largest producers of milk powder and fer-
mented milk products on the Ukrainian market is Bl-
AGR LLC, located in Bilotserkivka, Poltava oblast. This
enterprise starts preparatory processes in agricultural
complexes with primary processing (cleaning, cool-
ing, and reserving). In the work of O.A. Savchenko et
al. (2018), it is stated that one of the most important
operations of the preparatory process is cooling of
milk — a raw material that affects the continuation
of the bactericidal phase, and, accordingly, the quali-
ty, grade, and suitability for processing into sour-milk
cheese. For the production of sour-milk cheese, BIA-
GR LLC uses extra-grade milk.

The first control point of the HACCP (Hazard Anal-
ysis and Critical Control Points) system at BIAGR LLC
begins with strict incoming milk control. Then it is puri-
fied and sorted. For the production of sour-milk cheese,
the enterprise uses milk — a raw material with a high
protein content, which undergoes technological pro-
cessing (Fig. 2).

Figure 2. Equipment preparation at BIAGR LLC
Source: photo by the authors

To prepare the equipment for the technological
process at BIAGR LLC, an automated washing station
is used, two-level control of the efficiency of sanitary
treatment and the cleanliness of the surface of the
technological equipment is carried out (express tests
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and parallel sowing by the cup method). The pasteur-
ised mixture arrives at the cheese-making section,
where another set of measures and techniques for the
production of sour-milk cheese begins to be applied,
such as fermentation, curdling, curd cutting, curd pro-
cessing and boiling, curd grain cooling, curd grain dehy-
dration, sour-milk cheese post-cooling, pre-packaging
and packaging of sour-milk cheese, post-cooling of the
packaged product, storage, and sale.

BIAGR LLC uses one of the two known methods
for making sour-milk cheese, namely the acid method.
This method involves the coagulation of protein with
lactic acid, which is formed as a result of the activity
of lactic acid bacteria added in the starter culture, and
subsequent heat treatment, usually performed by boil-
ing. Each operation performed in the sour-milk cheese
production and packaging departments has a direct
impact on the appearance and quality of the product
throughout its shelf life:

« fermentation is one of the first and important
technological stages. It lays the foundation for the cor-
rect course of further operations, and the main tool in
this stage is the starter culture, which affects the speed
of fermentation, the taste of sour-milk cheese, the phys-
icochemical characteristics of the finished product and
the continuation of the process in general,;

e curdling and its course has specific technological
indicators throughout the process, which are a sign of
correctly carried out previous actions and will allow
the conduct of subsequent ones applied in the further
part of the technological process of making sour-milk
cheese;

e curd cutting is one of the most important stages
that determines the shape and size of the curd grain,
the yield of the finished product, and the correctness
and timing of subsequent processes;

e curd processing and boiling also affects size of
the grain, the speed of boiling, the quality of the cheese
and its characteristics (if improperly processed, it can
result in overdried, dry grain; if insufficiently processed,
it can result in grain with a high moisture content or
‘boiled’ grain, from which moisture cannot be released
due to the disruption of the boiling process).

Strict adherence to a set of preparatory and techno-
logical operations, the implementation of the HACCP
system enable BIAGR LLC to produce high-quality
coarse-grain sour-milk cheese (Soloshenko et al., 2019).
Before measuring the quality indicators of the research
object, its packaging and labelling were evaluated.
Sour-milk cheese produced by BIAGR LLC was packed in
an intact, undamaged package made of polymer film.
The packaging indicated the material of manufacture -
cf,} - polypropylene. This complies with article 9.7

pp (DSTU 4554:2006, 2007).

The labelling of sour-milk cheese with a fat con-
tent of 5% produced by BIAGR LLC contained the fol-
lowing information (Fig. 3):
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Figure 3. Analysis of labelling details for sour-milk cheese with 5% fat content
Note: mandatory requisites: 1 - product name with indication of the mass fraction of fat; 2 - name and address of the manufacturer
and place of manufacture; 3 - net weight of the package unit, g; 4 - product composition in the order of ingredient preference;
5 - information data on the nutritional and energy value of 100 g of the product; 6 - expiration date “Use by” or production date
and shelf life; 7 - storage conditions; 8 - standard designation; 9 - trademark; 10 - bar code; additional requisites: 11 - batch
number; 12 - information about GMOs in the composition of the food product (in accordance with the current legislation); 13 - a sign
indicating that the manufactured product is certified and meets Halal requirements; 14 - a sign indicating the weight of the product

without packaging (net weight)
Source: developed by the authors

The analysis of the labelling requisites made it
possible to conclude that the sour-milk cheese pro-
duced by BIAGR LLC with a fat content of 5% meets the
requirements of DSTU 4554:2006 (2007). After analys-
ing the labelling requisites, the organoleptic quality
indicators of the product were evaluated. It is known
that these properties of cheese are formed in the pro-
cess of its production. Cheese with a sour-milk flavour
and aroma is formed during heat treatment of milk due
to the presence of aromatic compounds produced by
microorganisms with the participation of starter cul-
tures. The taste and smell of sour-milk cheese are de-
termined during its fermentation, ripening,and storage.

The intensity of the aroma depends on the compo-
sition and number of bacteria in the starter cultures,
technological parameters, and storage conditions.
Lactic acid and volatile fatty acids, in particular acetic
acid, are responsible for the characteristic sour taste
of cheese. Diacetyl and acetaldehyde create a specific
aroma of fermented milk products, while alcohol and
carbon dioxide give them a refreshing taste. Various
flavour nuances of cheese arise due to variations in the
content of acetaldehyde and ethanol, as well as the
ratio of volatile fatty acids.

The organoleptic characteristics of sour-milk
cheese produced by BIAGR LLC are presented in Table 1.

Table 1. Organoleptic characteristics of sour-milk cheese with a fat content of 5%

Characteristics

Compliance with the requirements

Indicator name
according to DSTU 4554:2006

of a sample DSTU 4554:2006

Consistency and | Soft, creamy, or crumbly. Slight grittiness
appearance and slight whey separation are allowed

Soft, without whey separation meets the requirements

Characteristic fermented milk smell and

Fermented milk smell and taste, without

throughout the entire mass

Taste and smell taste, without extraneous odour and meets the requirements
extraneous odour and favour
favour
White or with a creamy tint, uniform White, uniform throughout the entire .
Colour meets the requirements

mass

Source: developed by the authors
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During the research of the organoleptic quality in-
dicators of sour-milk cheese with a fat content of 5%
produced by BIAGR LLC, namely consistency, appear-
ance, taste and smell, colour, it was found that it meets
the requirements of DSTU 4554:2006 (2007) in terms
of these indicators.

According to M.T. Khatun et al. (2019), the appear-
ance of sour-milk cheese should be uniform, smooth;
its consistency should be not too hard, not too soft and
pasty. In addition, the “ideal” sour-milk cheese should
have the main taste similar to fresh, pure sour milk or
cream. We also agree with this judgment, as evidenced
by the research results presented in Table 2.

Similarly, scientists V.P. Lyasota et al. (2020), stud-
ying the mandatory (according to the national stand-
ard) organoleptic quality indicators of sour-milk cheese
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sampleswithafatcontent of 5%-sample No.2 (produced
by PJSC “Kremenchuk Dairy Plant”), concluded that the
consistency was medium-grained, with slight grittiness;
the colour was white, uniform throughout the mass; the
smell was pleasant, without extraneous odour; the taste
was slightly sour, without extraneous favour, which met
the requirements of the standard. That is, the organo-
leptic indicators determined in the work correlate with
the conducted research and the obtained indicators.

The national standard DSTU 4554:2006 (2007) reg-
ulates the nomenclature of physicochemical quality in-
dicators of the of sour-milk cheese, which serves as a
source of information and allows to assess its quality
level. Thus, the results of physicochemical indicators of
the quality of sour-milk cheese produced by BIAGR LLC
are shown in Table 2.

Table 2. Results of physicochemical quality indicators of the of sour-milk cheese with fat content of 5%

Indicator name Characteristics _Compliance with the
according to DSTU 4554:2006 of a sample requirements DSTU 4554:2006
Mass fraction of fat, % More than 2 to 18 5.0 meets the requirements
Mass fraction of protein, %, Not less than 14 14.6 meets the requirements
Mass fraction of moisture, % 65-80 68.0 meets the requirements
Titratable acidity, T In the range of 170 to 250 176 meets the requirements
Phosphatase Not allowed absent meets the requirements

Source: developed by the authors

One of the quality indicators of sour-milk cheese
is the activity of alkaline phosphatase, which demon-
strates the quality and efficiency of heat treatment of
dairy products, which suppresses the development of
pathogenic microflora. Enterprises monitor the activity
of alkaline phosphatase in dairy products, which deter-
mines compliance with the requirements of national
and international standards.

The obtained results of the research of the phys-
icochemical indicators of sour-milk cheese with a fat
content of 5% produced by BIAGR LLC are close to the
values reported in the work by V.P. Lyasota et al. (2020).
A sample of sour-milk cheese No. 2 with a fat content
of 5% has the following physicochemical quality indi-
cators: a mass fraction of fat was 5.0+0.27%, protein -
17.5%0.72%, moisture - 69.0%2.32%, titratable acidity
was 171.0+3.41°T, phosphatase was absent. Therefore,
the physicochemical quality indicators of both manu-
facturers meet the requirements of the national stand-
ard DSTU 4554:2006 (2007).

The microbiological condition of fermented
dairy products is an important aspect of their safety.
The indicators regulated by current regulatory docu-
ments were studied on appropriate media. To deter-
mine the number of lactic acid bacteria, according to
DSTU ISO 15214:2007 (2009), MRS (Man, Rogosa and
Shappe) medium was used, and the obtained results
indicate compliance with the standards for meso-
philic lactic acid bacteria (DSTU 4554:2006, 2007). The
formed colonies were stained by Gram method and

subjected to microscopic analysis. On the obtained
microslide (Fig. 4), oval-shaped cocci, individual,
0.5x0.5um in size, and occasional diplococci with di-
mensions of 0.9x1.2um were found, which is a typical
picture for lactic lactococci (Fig. 5).

Figure 4. Photographic image of colonies
of lactic acid bacteria and yeast found in samples
of sour-milk cheese with a fat content of 5%
Source: photo by the authors
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Figure 5. Photographic image of colonies of lactic acid bacteria (1) and yeast cells (2)
(Gram staining x100) found in samples of sour-milk cheese with a fat content of 5%

Source: photo by the authors

The results of the studies of microbiological in-
dicators of the quality of sour-milk cheese with a fat

content of 5% produced by BIAGR LLC are presented
in Table 3.

Table 3. Results of microbiological indicators of the quality of sour-milk cheese with fat content of 5%

Characteristics

Compliance with the

Indicator name

according to DSTU 4554:2006

of a sample requirements DSTU 4554:2006

The number of lactic acid bacteria,

%106
CFU per 1g of product Not less than 1x10

2x10° meets the requirements

Escherichia coli bacteria Not allowed

Not detected meets the requirements

The number of mould fungi,

CFU per 1 g of product No more than 50

Less than 1x10! meets the requirements

The amount of yeast,

CFU per 1 g of product No more than 100

1x10! meets the requirements

Pathogenic microorganisms, including

Salmonella, in 25 g of product Not allowed

Not detected meets the requirements

Staphylococcus aureus,

in 0.01 g of product Not allowed

Not detected meets the requirements

Listeria monocytogenes Not allowed

Not detected meets the requirements

Source: developed by the authors

Additionally, besides compliance with the nation-
al standard, the obtained research results demon-
strate similarity with those of sample No. 2 of sour-
milk cheese presented in the work by V.P. Lyasota et
al. (2020), in which the presence of lactic acid bacte-
ria was (0.49 % 19.2)x10° CFU/g, and coliform bacteria
of the Escherichia coli group, mould fungi, yeast, and
pathogenic microorganisms, including Salmonella and
Staphylococcus aureus, were not detected. Similar re-
sults were obtained during our study, as evidenced by
the data presented in Table 3. Therefore, the samples
of sour-milk cheese from both manufacturers met the
requirements of the national standard.

Thus, as a result of conducting studies of microbi-
ological quality indicators of sour-milk cheese with a
fat content of 5%, it was established that the micro-
biological safety of this food product meets the re-
quirements of DSTU 4554:2006 (2007). This indicates
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a high level of production culture and the effective-
ness of the implemented HACCP system.

The next stage of research and assessment of the
safety level of sour-milk cheese produced by BIAGR
LLC was the detection of toxic elements in the sam-
ples. The specialists of the Research and Testing Cen-
tre for Food Products have developed validated meth-
ods for the determination of toxic elements, namely
for cadmium, arsenic, mercury - Regional Research
and Technical Centre of Standardization, Metrology
and Certification (2022c¢); lead - Regional Research
and Technical Centre of Standardization, Metrology
and Certification (2022d) using Avio 200 ICP-OES
(Fig. 6). The conducted study of toxic elements in
sour-milk cheese samples makes it possible to deter-
mine their level and establish their compliance with
the mandatory requirements of the national standard
(Table 4).
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Figure 6. Results of the study of toxic elements in a sample of sour-milk cheese with a fat content of 5%

Note: 1 - lead; 2 - cadmium; 3 - arsenic; 4 - mercury
Source: developed by the authors

Table 4. Results of the study of toxic elements in a sample of sour-milk cheese with a fat content of 5%, mg/kg

Levels of toxic elements

Indicator name maximum permissible according

to DSTU 4554:2006

Compliance with the

in a sample requirements DSTU 4554:2006

Lead 0.3 Less than 0.001* meets the requirements
Cadmium 0.2 Less than 0.0001* meets the requirements
Arsenic 0.2 Less than 0.001* meets the requirements
Mercury 0.02 Less than 0.001* meets the requirements

Note: * method sensitivity limit
Source: developed by the authors

Arsenic is recognised as one of the most hazardous
elements, and its accumulation can result in a num-
ber of illnesses and other health impacts (Bjerklund et
al., 2020). Comparison of the obtained results regarding
arsenic concentration for sour-milk cheese presented
in the work of N.V. Chuyen et al. (2022), led to the con-
clusion that the measured data comply with the reg-
ulatory documents and have approximately the same
levels: less than 0.001 mg/kg for the sample of sour-
milk cheese with a fat content of 5% produced by BI-
AGR LLC and 0.002 mg/kg for the sample studied by
N.V. Chuyen et al. (2022).

According to I.G. Yaroshovych et al. (2020), mercu-
ry is a hazard class 1 substance, and its vapours are
particularly harmful. As for the results of determining
the mercury content in the samples, it is also several
times lower than the normative value of the national
standard. Similar levels (0.51 = 0.07 mg/kg) were ob-
tained in the study of the Polish researcher U. Pankiew-
icz (2012). Thus, the analysis of the results showed that
the Llevel of toxic elements in the sample of sour-milk
cheese produced by BIAGR LLC with a fat content of 5%
exceeds the norm established by the requirements of
DSTU 4554:2006 (2007).

According to I.M. Trakhtenberg et al. (2015), lead is
one of the most dangerous environmental pollutants
and belongs to toxins with a polytropic mechanism of
action. It has a toxic effect on all organs and systems
of the human body. Based on I.I. Kolosova et al. (2020),
cadmium is characterised by a high migration rate and

biochemical activity. It has a polytropic toxic effect and
the ability to accumulate in various organs and tissues.
Additionally, in the study by I. Suhani et al. (2021), it
is noted that over time, cadmium accumulates and its
concentration in the human body increases. In the study
by M. Radzyminska & S.S. Smoczynski (2006), it is in-
dicated that in all dairy products, including sour-milk
cheese that comes from the pasture-fed cows, the av-
erage metal content ranged from 0.009 to 0.011 mg/kg
for lead and from 0.001 to 0.004 for of cadmium.

Thus, summarising the results of the laboratory
studies, it should be noted that the content of toxic ele-
ments in the samples of sour-milk cheese with a fat con-
tent of 5% produced by BIAGR LLC is much lower than
the maximum permissible concentrations and meets the
requirements of regulatory documents. Therefore, this
food product is of high quality and safe for consumption.

Conclusions

A wide range of research methods was used in this
study, which made it possible to assess the level of
quality and safety of the research object. Conscious
consumer choice begins with visual perception, pref-
erences, and appearance of food products. Therefore,
the evaluation of packaging material and the quality
of labelling details is one of the factors shaping con-
sumers’ perception of the product. During the evalua-
tion of the packaging, its compliance with the national
standard was confirmed. According to the requirements
of the national regulatory document, the research
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object was found to comply with organoleptic indica-
tors such as consistency (soft), appearance (no whey
separation), taste and smell (fermented milk smell
and taste, without extraneous odour and favour), col-
our (uniform white throughout the entire mass). Dur-
ing the study of physicochemical quality indicators, it
was found that the mass fraction of fat is 5.0%; the
mass fraction of protein is 14.6%; the mass fraction of
moisture is 68.0%; titratable acidity was 176°T; phos-
phatase was absent. Thus, all mandatory physical and
chemical quality indicators meet the requirements of
the national standard.

In modern conditions, the mandatory indicators of
the quality and safety of fermented milk products in-
clude their microbiological condition and the content
of toxic elements. During the research, it was found that
the number of lactic acid bacteria in 1 g of product is
2x10¢ CFU; the number of mould fungi and yeastin 1g
of product is the same - 1x10' CFU. Escherichia coli
bacteria, pathogenic microorganisms, including Sal-
monella (in 25 g of product), Staphylococcus aureus (in
0.01 g of product) and Listeria monocytogenes were not
detected. Regarding toxic elements, namely lead, cad-
mium, arsenic and mercury, in the sample of sour-milk
cheese with a fat content of 5%, it was found that their
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content does not exceed their maximum permissible
concentrations.

Compliance with a set of preparatory and techno-
logical operations, as well as the implementation of
the HACCP system, enables BIAGR LLC to produce sour-
milk cheese that meets the requirements of current
regulatory documents in terms of organoleptic, phys-
icochemical, microbiological and safety indicators. The
studied product quality indicators demonstrate a high
level of responsibility of the enterprise regarding the
quality and safety of its products, which is important
in the context of the general problem of food safety in
Ukraine and worldwide.

For further research, comparative testing of sour-
milk cheeses with the same fat content from different
manufacturers is planned. This will allow us to study
consumer demand and provide necessary, reliable, ac-
cessible, and timely information to consumers regard-
ing the quality and safety of this food product.
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AHoTauif. BcebivuHe gocnif)keHHs NpoayKLii XapyyBaHHS, @ TAKOX AOTPUMaHHS NpaBua Ta HOPMaTMBIB Yy XapyoBii
NPOMMUCNOBOCTI € HeobXiAHMMM AN 3abe3nevyeHHs CMOXMBAYiB SKiCHMMM Ta Oe3neyHnMM ToBapamu. Metoto
CTaTTi € KOMMIEKCHUIA aHani3 SKOCTi Ta 6e3MneKkn KMCIOMONOYHOIO CUPY, BKJIKOYHO 3 OLIHKOK OPraHoNenTUUYHMX
XapaKTepuUCTHK, Gi3nKo-XiMiYHMX BNACTUBOCTEN Ta MiKpo6ionoriYHMX NOKasHWKIB. [oCNnioKeHHS NPOBOAMNOCS Ha
NPUKNaAi O4HOrO i3 NOTY>XXHWX BMPOBHMKIB CyXOro Mosioka Ta KMCIOMONOYHOI MpoayKLUii Ha puHKY YkpaiHn TOB
«BIATP». [Ins OCATHEHHS NOCTaBleHOi MeTU ByNM BUKOPUCTAHI HACTYMHiI METOAM: OpraHoNeNnTUYHi, Qi3NKO-XiMiuHi,
MiKpO6ionoriyHi Ta BUMipHOBaHHS BMiCTYy TOKCUYHUX €1eMEHTIB (KaaMill, MUK, CBMHELb). Ha noyaTky BUMiptoBaHb
MOKa3HMKIB SKOCTi Oyn0 OLiHEHO MOro NakyBaHHA Ta MapKyBaHHS, sike BiAMoBi4ano BMMOraM HaLiOHaNbHOIO
cTanaapty. i yac [ocnimKeHHs OpraHoNenTUYHMX NOKA3HMKIB SKOCTi CUPY KMCIOMOJIOYHOTO i3 BMICTOM XuUpy 5 %
6yn0 39COBaHO, L0 MOro KOHCUCTEHLLiS M'IKa, 6e3 BUAINEHHS CUPOBATKM; BUPAXEHWI KMCIOMOTIOYHMI CMaK Ta 3anax
6e3 CTOpPOHHIX NpMCMakiB i 3anaxis; KoNip 3pa3ka piBHOMipHWIA 6inuii. Ha apyromy etani NpoBeAeHHs [OCNIOXKEHb
6ynu BUMIpsHi Ta ouiHeHi 0060B93k0BiI (i3MKO-XiMiYHI MOKA3HMKM SIKOCTi, @ CaMe: MacoBa 4acTtka xupy — 5,0 %;
MacoBa 4actka 6inky - 14,6 %; macoBa 4acTka Bonoru — 68,0 %; KMCNOTHICTb TUTpoBaHa — 176 °T; docdaTtaza -
BiacyTHA. OCKinbkn 6e3neyHicTb NPOAYKTIB XapyyBaHHS 3apa3 € aKTyaJbHUM 3aBAaHHAM i B YKpaiHi, TO nig vac
[OCNipKeHb 6ynu BUMIpSHI Taki MOKa3HMKM 6e3neyHOCTi, K KiNbKiCTb MOMOYHOKMCAMX BaKTepii, Wo CTaHOBMNA
2x106 KYO B 1 r; 6bakTepii rpynu KMLLIKOBOT NaIMUKK HE BUSBNIEHO; KiNlbKiCTb NaicHABMX rpubis — 1x101 KYO B 1 T;
KinbKicTb apixxaxis, npoaykTy — 1x101 KYO B 1 r; natoreHHi MikpoopraHiamu, 3okpeMa Salmonella, Staphylococcus
aureus, Listeria monocytogenes - He BusgeneHo. OTxe, 33 OpraHoNenTUYHUMMU, Gi3UKO-XIMIYHUMM NOKA3HMKAMM Ta
NoKasHMKaMK 6e3NeYHOCTi CUP KMCIIOMOIOYHMIA i3 BMICTOM XMpPY Ha piBHi 5 %, akuit Bupobnsetbcs TOB «BIAIP»
BiAMNOBia€ BUMOramM HOPMAaTMBHOI JOKyMeHTaLii. Pe3ynsTatyt 4OCNigKEHHS MOXYTb OYTV BUKOPUCTaHI 415 KOHTPOSHO
SKOCTi MOJIOYHOI NPOAYKLii Ta BAOCKOHANEHHS BUPOOHMYMX NPOLLECiB

KniouoBi cnoBa: opraHonenTuyHi, Gi3nKo-xiMiyHi, MiKpobionoriyHi mokasHUKK; CTaHAAPTM3aALig; Ge3neyHicTb;
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Abstract. The development of recipes with natural raw materials enriched with bioactive substances is an urgent
task for providing the population with a complete and balanced diet. The aim of the study is to develop recipes of
craft marshmallows for therapeutic, prophylactic and health-improving purposes. The research was conducted by
means of the expert method, sensory analysis, and statistical methods of processing experimental data. Standard
and generally accepted methods were used to determine physical and chemical parameters. To achieve this goal, it
is proposed to replace part of the apple puree in the recipe with raspberry because of the raspberries’ antibacterial
and immunomodulatory properties. Models of marshmallow composition with different proportions of apple and
raspberry puree, protein, sugar, glucose syrup and agar-agar were developed. The sensory analysis was carried
out and the organoleptic characteristics of model marshmallow compositions (taste, odour, colour, consistency,
structure, and surface condition) were determined. A sensory profilogram for model marshmallow compositions
was created and the model composition with the best organoleptic characteristics was determined on the basis
of the expert evaluation results. The content of pectin substances and L-ascorbic acid in the studied samples was
determined. The physical and chemical parameters for the model marshmallow compositions were determined.
It was found that due to the increase of raspberry puree content in the marshmallow recipe the moisture content
of the marshmallow will increase from 21.3% * 0.3% in MC1 with 30% raspberry puree content to 22.1% * 0.3%
in MC3 with 40% raspberry puree content. The density, active and titratable acidity of the marshmallow will
decrease with the increase of raspberry puree amount in it. The expediency of using vitamin and pectin-containing
raw materials (such as raspberry puree) for therapeutic, prophylactic and health-improving purposes in the
marshmallow production technology has been experimentally proved. The marshmallow recipes with different
proportions of apple and raspberry puree, possessing therapeutic, preventive and health-improving purposes and
expanding the range of sugary confectionery products have been developed. The proposed marshmallows contain
natural ingredients and are characterised by high organoleptic characteristics. Marshmallows on the developed
recipes can be produced on confectionery production line of various capacities and in restaurant establishments
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Introduction

The development of functional food is an important
phenomenon in the global food market. The task of
developing marshmallow recipes with a high content
of vitamins, dietary fiber and high organoleptic prop-
erties, remains relevant. This is due to the growing
interest of consumers to maintain and improve their
health through a healthy diet. In many countries much
attention is paid to the development of functional
food, which uses bioactive substances in traditional
products and helps to improve human health (Liufu &
Martirosyan, 2020).

Among the large number of confectionery prod-
ucts available on the Ukrainian market, sugary prod-
ucts, including marshmallows, are popular treats. Many
manufacturers offer a wide range of marshmallows
with different flavours, fillings, and glazes. |.M. Polish-
chuk (2020) noted that due to the use of natural raw
materials in the marshmallow recipe, marshmallows
can be classified as a healthy confectionery product.
Fruit and berries, in particular raspberries, contain a
large amount of bioactive substances, including organ-
ic and fatty acids, sugars and polysaccharides.

Many scientists and manufacturers have been trying
to address the problem of development of a marshmal-
low recipe enriched with functional ingredients as well
as to study its properties. Y. Pronina et al. (2024) suggest
adding cranberries, Hypericum, blueberries, and sea
buckthorn leaves to the marshmallow to contribute to
its functional purpose and increase its nutritional value.
The authors M. Artamonova et al. (2023) recommend to
use of vegetable raw materials (coconut sugar, blueber-
ry powder) for production of functional marshmallows
enriched with dietary fiber, protein, and vitamins. The
paper by A. Zahorulko et al. (2020) is devoted to the de-
velopment of marshmallow technology with addition of
fruit and vegetable paste of apple, pumpkin and beet-
root; study of structural and mechanical properties and
organoleptic analysis of marshmallows made accord-
ing to this recipe. It is also proposed to replace part of
the apple puree with a fruit and vegetable paste made
from apple, beet, pumpkin, cranberries and hawthorn,
using the methods described by M. Bondar et al. (2021)
and V. Mykhailov et al. (2021).To produce marshmallows
and pastilles recommended for people with diabetes,
obesity, and other endocrine diseases, it is suggested
to use stevia and sorbitol instead of sugar, and to im-
prove the structure of marshmallows, such authors as
[. Tsykhanovska et al. (2019) propose to include the food
additive “Magnefood” to the marshmallow composition.
G.V. Korkach et al. (2020) state that if a synbiotic com-
plex of lactulose and microencapsulated bifidobacteria
are added to the marshmallow recipe, it will acquire
medicinal properties.To obtain a stable foamy structure
of marshmallows with a synbiotic, it is recommended
to add dry egg white. The nutritional value of marsh-
mallows can be increased by adding pumpkin puree.
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O.P. Priss & V.F. Zhukova (2020) propose to add a nat-
ural gelling ingredient - pectin to ensure high techno-
logical parameters of such marshmallows. Pectins also
provide pastilles with therapeutic and prophylactic
properties. They are the basis for numerous medicines
and dietary supplements. By their chemical nature, pec-
tins are high-molecular compounds that belong to the
group of heteropolysaccharides. Polygalacturonic acid
derivatives provide a basis for these compounds. The
molecular chain of pectin substances consists of D-ga-
lacturonic acid residues, which has a pyranose configu-
ration and is connected by a 1.4-L-glycosidic bond. Pec-
tin substances include insoluble protopectin, soluble
pectin polysaccharides and their associated galactans,
arabinans, and arabinogalactans (Teterev et al., 2020).
B. Yudhistira et al. (2018) proposed to add spinach and
tomato puree to the marshmallow recipe to create a
product for iron deficiency anemia prevention. Thus, the
use of berry and vegetable purees in the marshmallow
recipe for increasing its nutritional value is promising.

The purpose of the study was to create recipes for
craft marshmallows with raspberry puree designed to
improve health and prevent diseases as well as to de-
termine organoleptic, physical and chemical character-
istics of this product.

Materials and methods

The research was conducted in 2023 at Lutsk National
Technical University for model samples of craft marsh-
mallows made according to the recipe indicated in Ta-
ble 1. Model compositions (MC) of craft marshmallows
were created with different proportions of apple and
raspberry puree. Part of the apple puree was replaced
with raspberry to give the marshmallows therapeutic,
prophylactic and health-improving properties. Rasp-
berries have a pleasant taste and smell and are charac-
terised by antibacterial and immunomodulatory prop-
erties (Polishchuk, 2020; Ponder & Hallmann, 2020).
The marshmallow recipe uses agar-agar as a gelling
agent, which is a natural product of plant origin with
no odour or off-flavours. In addition, agar-agar con-
tains a large amount of iodine and iron, and is char-
acterised by antibacterial properties that contribute to
the long-term storage of finished products. The study
was conducted by means of physical, chemical and or-
ganoleptic methods in accordance with regulatory doc-
uments DSTU 6441-2003 Confectionery pastille prod-
ucts (2003), DSTU 4683:2006 Confectionery products.
Methods for determination of organoleptic quality indi-
cators, dimensions, net weight and components (2006).
The organoleptic characteristics of marshmallows with
raspberry puree were determined by sensory testing
methods (Lawless & Heymann, 2010). Research sam-
ples made according to the recipe specified in Table 1
are shown in Figure 1. Evaluation was carried out at the
5-point scale (Table 2).
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Table 1. Model compositions of craft marshmallows with raspberry puree

Raw materials Mass fraction Raw material consumption per 1 t of marshmallow
of solids, % Mc1 [ MC2 [ MC3 [ MC4
For syrup
Granulated sugar 99.85 260.0 260.0 260.0 260.0
Glucose syrup 72.0 140.0 140.0 140.0 140.0
Agar 85.0 15.7 15.7 15.7 15.7
Water - 162.2 163.4 165 159.4
For marshmallow mass
Granulated sugar 99.85 360.0 360.0 360.0 360.0
Apple puree 14.0 265.6 246.5 228.0 380.0
Raspberry puree 10.0 114.4 1335 152.0 -
Egg white 12.0 70.0 70.0 70.0 70.0
Total 13879 1389.1 1390.7 1385.1
Output 1000 1000 1000 1000

Source: developed by the authors
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Figure 1. Model compositions of marshmallows with raspberry puree
Note: a - MC1,b - MC2; c - MC3,d - MC4
Source: developed by the authors

Table 2. Marshmallow grading scale

Number of points

the natural colour of
raspberries

natural colour of
raspberries

dirty pink to pink

pink to light pink

Parameter
1 point 2 points 3 points 4 points 5 points
The taste is too sour, . . The taste is sweet, with The taste is sweet, with
. The taste is sour, The taste is sour, - .
with an aftertaste not | . . o sourness, with a raspberry slight sourness and
Taste and . - with an aftertaste not | with an indistinct -
typical of raspberries. . . flavour. The smell is pleasant raspberry flavour.
smell typical of raspberries. | aftertaste. The smell - - .
Unpleasant, pungent S ; pleasant, with light berry | The smell is pleasant, with
Unpleasant odour is inexpressive . .
odour and fruit aroma berry and fruit aroma
Very uneven, dirty Uneven, dirty pink,
Colour pink, not peculiar to not peculiar to the | Slightly uneven, from | Slightly uneven, from deep | Even, from deep pink to

light pink

Consistency

Solid,
inhomogeneous, with
a significant amount

of raspberry seeds,
does not break

Semi-solid,
inhomogeneous, with
a significant amount

of raspberry seeds,
does not break easily

Semi-solid, slightly
inhomogeneous,
contains raspberry
seeds, does not break
easily

Soft, slightly
inhomogeneous, contains
raspberry seeds, breaks
quite easily

Soft, homogenous, small
amounts of raspberry
seeds occur, breaks easily

Porous, with uneven

Porous, with uneven

Fine-porous, with

Fine-porous, with even

Fine-porous, with even

of syrup and sugar
crystals

released, sugar
crystals are present

hardening, syrup may
be released

the side edges, without
syrup release

Structure pores, inelastic, pores, insufficiently | uneven pores, elastic, ores. elastic. stable ores. elastic very stable
unstable elastic, unstable insufficiently stable P ’ ’ P ’ Very
Uneven, deformed, Uneven, with p:f\rtlal Slightly uneven, Peculiar to marshmallows, Even, peculiar to
roughly hardened, rough hardening, . . . . - .
. with partial rough with slight hardening on marshmallows, without
Surface covered with drops drops of syrup are

hardening and syrup
release

Source: developed by the authors

A group of 7 experts was involved in the in-person
expert evaluation. They quantified the marshmallow
quality indicators by a set of its properties. The mois-
ture content of the marshmallow model compositions

was determined according to the method described in
How to determine moisture content in food (2024). The
methods described by VV. Yevlash et al. (2017) were
used to determine the content of pectin substances
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and L-ascorbic acid. The active and titratable acidity
of marshmallows was determined according to the
generally accepted methods described by C. Mutlu et
al. (2018). The study was conducted under the ethical
standards (The Declaration of Helsinki, 2013).

Results and discussion

The results of the expert evaluation of marshmallow
model compositions with raspberry puree are present-
ed in Table 3.According to the experts, all marshmallow
model compositions are form-stable, have good elas-
ticity and uniform fine-porous structure. The colour of
marshmallows changes with the increase of raspberry
puree in its content. All model compositions are char-
acterised by a pleasant taste with a slight sourness,

which becomes more noticeable in the model compo-
sition with 40% raspberry puree. In the control sam-
ple (MC4), a pleasant taste of apple puree is percep-
tible. The taste of raspberry puree prevails in model
compositions MC1, MC2 and MC3. This taste becomes
richer with an increase of raspberry puree in the con-
tent, whereas the taste of applesauce is not felt. The
surface of marshmallows in all model compositions has
a clear pattern, corresponds to the shape of the nozzle,
without signs of rough hardening and syrup release af-
ter proofing. According to experts, the model composi-
tion MC2, which contains 35% raspberry puree, got the
highest number of points. The sensory profilogram of
the marshmallow model compositions with raspberry
puree is shown in Figure 2.

Table 3. Organoleptic characteristics of marshmallows with raspberry puree

Characteristics of parameter

Parameter
MC1 MC2 M(C3 MC4
Sweet taste, with slight - Sweet taste, with sourness
- Sweet taste, with greater - . .
sourness typical for and a tangible good Sweet taste, with a slight flavour of
Taste and : raspberry flavour. Pleasant .
smell raspberries. Pleasant smell, with a raspberry raspberry flavour. Pleasant | apple puree. Pleasant smell, with a
smell, with a light ’ aroma smell, with a distinct light fruit aroma
raspberry aroma raspberry aroma
Colour Light pink Pink Bright pink Creamy white with a greenish tint

Consistency

Soft, with a small amount
of raspberry seeds; breaks
easily

Soft, with a small amount
of raspberry seeds; breaks
easily

Soft, with presence of
raspberry seeds; breaks
easily

Soft, homogeneous; breaks easily

Structure

Fine-porous, elastic,

Fine-porous, elastic,

Fine-porous, elastic . . .
P i ? Fine-porous, elastic, uniform

and syrup release

uniform uniform uniform
Peculiar to marshmallows, | Peculiar to marshmallows, | Peculiar to marshmallows, Peculiar to marshmallows. without
Surface without rough hardening | without rough hardening | without rough hardening ’

and syrup release

and syrup release rough hardening and syrup release

Source: developed by the authors

Consistency

Structure

Surface
e M (2
M(C3
e M C4
/ e

e MC1

Taste and smell

Figure 2. Sensory profilogram of marshmallow model compositions

Source: developed by the authors

A positive characteristic of marshmallow products
is that its calorie content is lower than that of other
confectionery products and its high pectin content is

Commodity Bulletin, 2024, Vol. 17, No. 1

achieved due to use of fruit raw materials. The pectin
content of marshmallows is one of the most important
quality parameters of this confectionery product. The



structure of marshmallows depends on the pectin con-
tent,which also preserves the flavour and natural colour
of the finished product. Pectin substances are essential
and irreplaceable components in making food products
for therapeutic, prophylactic and health-improving pur-
poses. They have the ability to eliminate radionuclides,
pesticides, heavy metals and other xenobiotics, which
can cause serious diseases, from the human body.
Vitamin C (ascorbic acid) is a water-soluble vita-
min that promotes cell metabolism, wound healing.
It strengthens blood vessels, and increases the body’s
resistance to infectious diseases. It is a reducing agent
(antioxidant) and a coenzyme of certain metabolic
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processes. Only one isomer of ascorbic acid, L-ascorbic
acid, which is called vitamin C, has biological activity.
Vitamin Cis not synthesised or accumulated in the hu-
man body; it is supplied only from the outside, mainly
from plant-based foods or herbal remedies (Shulga et
al., 2018). The quantification of vitamin C (L-ascorbic
acid) in food is based on its chemical properties as a
strong reducing agent.

The content of pectin substances and L-ascorbic
acid in craft marshmallows was determined; Table 4
shows the content of pectin substances and ascorbic
acid in apples, raspberries, and craft marshmallows
which contain 35% raspberry puree.

Table 4. Content of pectin substances and vitamin Cin 100 g of product

Pectin content, % 9.0-19
Apple

Vitamin C content, mg 10.0-26.7

Pectin content, % 79-3.3
Raspberry

Vitamin C content, mg 33.7-40.5

Pectin content, % 1.04£0.01
Marshmallows
Vitamin C content, mg 18.6%£0.02

Source: developed by the authors based on E. Lemmens et al. (2020); A. Bashta et al. (2021); G. Simakhina et al. (2021)

The results show that the total content of pec-
tin substances in the obtained craft marshmallows is
1.04%. In addition, soluble pectin, which is character-
ised by high biological activity, only accounts for 31%
of this content. The loss of vitamin Cin finished prod-
ucts in ratio to its content in fruit and berry raw mate-
rials is 38.4%. Such a significant percentage of losses
can be explained by destruction of vitamin C during

heat treatment and the oxidation of vitamin C under
the influence of air oxygen and oxidising enzymes in
the process of whipping marshmallows. As a result,
part of vitamin Cis converted to dehydroascorbic acid.

The study of the physical and chemical param-
eters of the developed marshmallow model compo-
sitions was carried out. The results are presented in
Table 5.

Table 5. Physical and chemical properties of marshmallows

Indicator value
Parameter
MC1 MC2 MC3 MC4
Moisture content, % 21.3+0.3 21.8+0.3 22.1+0.3 20.08%0.3
Active acidity 4.3£0.03 3.7+0.03 3.6+0.03 4.6%0.03
Titratable acidity, degree 6.6%0.1 59%0.1 5.6+0.1 6.8%0.1
Density, kg/m? 7212 716%2 6982 745%2

Source: developed by the authors

The study found that with an increase in the con-
tent of raspberry puree in the marshmallow recipe, its
moisture contentincreases: MC1,containing 30% rasp-
berry puree, has a moisture content of 21.3% *0.3%.
MC3, containing 40% raspberry puree, has a mois-
ture content of 22.1% *0.3%. The moisture content
of the control sample (MC4), which contains only
apple puree, is 20.08% *0.3%. The active and titrat-
able acidity of the marshmallow model composition
which contains 40% of raspberry puree in the recipe

will have lower values (3.6£0.03 and 5.6%0.1, respec-
tively) compared to the active and titratable acidity
of the control sample MC4 (4.6 +0.03 and 6.8+0.1,
respectively). The density of the model marshmallow
compositions will also vary: for MC3 containing 40%
raspberry puree, the density is 698+ 2 kg/m>. For the
control sample MC4, which contains only apple puree,
itis 745%2 kg/m? (Table 4).

The flow chart of production of craft marshmal-
lows with raspberry puree is shown in Figure 3.
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Apple, raspberry puree

Wiping through a sieve -
d=2-3mm

\%
Boiling puree t = 3...5 min,
T=85.90C

Cooling puree t=1...2 hrs.

to T =20...25°C
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Whipping the mass t=2...3 min;

Whipping puree t = 8...10 min;
n=32..36rps;T=20..25°C
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Boiling T =5...7 min, T = 110°C
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Molding marshmallow mass
T=50..52°C

J

Proofing marshmallow mass
t=5...15hrs,; T =18...22°C;
drying the halves

l

Gluing the marshmallow
halves and dusting with
powdered sugar

!

Packing

Powdered
sugar

o

Figure 3. Flow chart of production of craft marshmallows with raspberry puree

Source: developed by the authors

The main technological operations in the produc-
tion of craft marshmallows with raspberry puree are:
preparation of sugar-agar syrup, boiling raspberry pu-
ree, whipping with egg white, whipping the marshmal-
low mass to create a fine-pore elastic structure, and
proofing the formed marshmallow mass for structure
formation. These stages of marshmallow production
determine its quality indicators.

The study of craft marshmallows with raspberry
puree results in defining its organoleptic, physical and
chemical properties as well as pectin and vitamin C
content. The analysis of the other authors’ works de-
voted to the study of the properties of pastille products
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and, in particular, marshmallows, allowed to find out
that a 5-point scale is used for the organoleptic evalu-
ation of finished products. When comparing the model
compositions of the marshmallows, the expert evalua-
tion found that in terms of organoleptic characteristics
the best one is the craft marshmallow, in which 35% of
apple puree was replaced with raspberry.

The results of the study prove that the use of fruit
and berry purees in the marshmallow recipe increases
its nutritional value and gives it a functional purpose.
In particular, scientists have noted that it is possible
to obtain pastille products with original quality prop-
erties if to replace 75% of apple puree with a paste



of apple, pumpkin, beet, cranberry, and hawthorn (Bon-
dar et al.,, 2021). The colour characteristics, structural
and mechanical as well as physicochemical properties
of marshmallow masses with different concentrations
of vegetable and berry paste are determined in the
work. If to compare physical and chemical properties
of marshmallows with raspberry puree and marshmal-
lows with vegetable and berry paste, it is obvious that
their moisture values do not differ significantly, but the
density of marshmallows with raspberry puree is higher.
The values of total acidity for marshmallows with vege-
table and berry paste are higher than for marshmallows
with raspberry puree, which can be explained by the
high content of organic acids in raspberry puree.

The organoleptic, physical and chemical, structur-
al and mechanical properties of marshmallows using
blended fruit and vegetable paste from apple, pump-
kin, and beetroot were studied (Zahorulko et al., 2020).
The content of pectin substances, ascorbic acid, and
carotene in marshmallows was determined. Conducted
comparison of the indicators for marshmallows with
raspberry puree and marshmallows with blended fruit
and vegetable paste proved that the content of pectin
substances in marshmallows with raspberry puree is
much lower, since raspberries contain much less pectin
substances than pumpkins and beets.

O.P. Priss & V.F. Zhukova (2020) propose to intro-
duce pumpkin puree and add pectin into the marshmal-
low recipe. The moisture content, density, and acidity of
marshmallows with pumpkin puree were determined.
When comparing the obtained values of the same in-
dicators for marshmallows with raspberry puree, it was
determined that moisture content and acidity are quite
close in their values. The content of vitamin Cin marsh-
mallows with raspberry puree is significantly higher
than in marshmallows with pumpkin puree.

The introduction of the food additive “Magnefood”
into the recipe of marshmallows with apple puree and
agar increases its moisture content and reduces its
density and total acidity (Tsykhanovska et al.,2019). The
density of marshmallows with the food additive “Mag-
nefood” is affected by the temperature and duration of
whipping of the marshmallow mass. The comparison of
the physical and chemical parameters of marshmallows
with the food additive “Magnefood” and marshmallows
with raspberry puree, proves that marshmallows with
the food additive “Magnefood” have lower moisture
content, and their density does not differ significantly
from the density of marshmallows with raspberry pu-
ree, but with a decrease in the content of raspberry pu-
ree, the density difference increases.

Plant raw materials in the form of dry powders, in
particular blueberry powder, are also used for increas-
ing the nutritional value of marshmallows. For this pur-
pose it is also possible to replace granulated sugar with
coconut sugar (Artamonova et al., 2023). The value of
the moisture content of marshmallows with raspberry
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puree obtained in the study does not differ significantly
from the value of the moisture content of marshmal-
lows with blueberry powder and corresponds to the
standard values. The content of pectin substances in
marshmallows with raspberry puree is higher than in
marshmallows with blueberry powder.

The physical and chemical as well as organolep-
tic characteristics of iron-enriched marshmallows
with spinach and tomatoes were determined and their
chemical composition was investigated (Yudhistira et
al., 2018). Spinach and tomato marshmallows also con-
tain dietary fiber, which increases their nutritional val-
ue.The moisture content of marshmallows with spinach
and tomatoes is lower than that of marshmallows with
raspberry puree. The vitamin C content in marshmal-
lows with raspberry puree is higher, but may decrease
with increasing whipping temperature.

To make marshmallows medicinal, it was proposed
to introduce synbiotic complexes into the recipe of
pastilles (Korkach et al., 2020). Egg white, which deter-
mines the structural and mechanical properties of the
marshmallow mass and affects the quality of the fin-
ished marshmallow, was added as a foaming agent. The
effect of temperature and intensity of whipping of the
marshmallow mass on its density was studied and the
optimal temperature for making marshmallows with a
synbiotic complex was established. The obtained val-
ues of the density of marshmallows with the synbiotic
complex are significantly lower compared to the densi-
ty of marshmallows with raspberry puree.

There is a group of sugary products recommended
for consumption by people with diabetes. In the reci-
pe of such products, granulated sugar is replaced with
natural or artificial sweeteners. The technology for the
production of marshmallows with stevia and elamine
as a source of iodine has been proposed (Radchenko et
al., 2016). The organoleptic evaluation of marshmal-
lows was carried out on a 5-point scale. The developed
evaluation scale reflects all the criteria that serve as
comparative characteristics for marshmallow model
compositions.

Sugary products can be enriched with biologically
active ingredients by adding fruit, vegetable and berry
purees to their composition. In particular, such authors
as G.V. Khomych et al. (2022) proposed to introduce
henomeles puree, which contains organic acids, phe-
nolic substances, carotene, and pectin, into the recipe
and reduce the agar content in marshmallows. The re-
sults of studies of the effect of henomeles puree on
the foaming ability and the formation of structural and
mechanical properties of marshmallows are present-
ed. The content of L-ascorbic acid in marshmallows
and pastille products with henomeles puree increases
by 2-3 times compared to the model composition with
apple puree, while in marshmallows with raspberry
puree the content of L-ascorbic acid will increase by
1.5...1.8 times.
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Conclusion

The research resulted in the development of a flow
chart for the production of craft marshmallows with
natural raw materials: apple and raspberry puree. The
obtained marshmallows are enriched with vitamins and
bioactive substances that a person needs for a complete
and healthy diet. The recipe does not contain preserva-
tives and artificial colours, and due to the antibacterial
and immunomodulatory properties of raspberries, the
finished product will have a therapeutic, prophylactic
and health-improving purpose. The marshmallow rec-
ipe uses agar-agar as a gelling agent. Agar-agar is a
natural product of plant origin with no odour or off-fla-
vours and contains a large amount of iodine and iron.
It also has antibacterial properties, due to which the
finished product can be stored for a long time.

According to the results of expert evaluation of
marshmallow model compositions, the best organo-
leptic characteristics are obtained for craft marsh-
mallows, the recipe of which contains 35% raspberry
puree and 65% apple puree. In this recipe the deter-
mined content of pectin substances is 1.04£0.01% per
100 g of product, and L-ascorbic acid is 18.6+0.01 mg
per 100 g of product.
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AHoTauif. Po3pobneHHs peuenTyp Xap4yoBUX MPOAYKTIB 3 BMKOPWUCTAHHSIM HATypaNbHOI CMPOBMHM, 36arayeHmx
6i0aKTMUBHMMM PEHOBMHAMM € aKTyaNbHMUM 3aBAAHHAM A/14 3abe3neyeHHs HaceNeHHs NOBHOLIHHMM i 36anaHCoBaHNM
Xap4yyBaHHSM. MeTo A0CNioKeHHS € po3pobneHHs peuenTyp KpadhToBoro 3edipy NikyBanbHO-NPOdiNaKTUYHOIO Ta
03[,0pOBYOrO Npu3HaveHHs. JocniakeHHS NpoOBOANUANCH 3 BUKOPUCTAHHAM eKCNepTHOro MeToay, CEHCOPHOIo aHanisy,
CTAaTUCTUYHUX METOAIB 0OpOONEHHS eKCnepUMEHTANbHUX AaHUX. On9 BUM3HAUYEHHS Di3UKO-XiMIYHMX MOKA3HMKIB
BMKOPUCTOBYBANM CTaHAAPTHI Ta 3arafibHONPUNHATI MeToAMKU. [Ing AOCArHEHHS MeTU 3anponoHOBAHO Y peLenTypi
4aCTMHY 961y4YHOro Mope 3aMiHUTM MaZMHOBMM, OCKINIbKM ManuHa Ma€ aHTMOaKTepiasbHi Ta iIMyHOMOAYNIOBANbHI
BnacTnBocTi. Po3pobneHi MofenbHi KoMNo3uuii 3edipy, Lo MiCTATb pi3Hi CMiBBILAHOWEHHS S61Y4YHOr0 Ta MaJIMHOBOTO
ntope, 6iNoK, LyKop, IMOKO3HUIA cMpon Ta arap-arap. [1poBefeHO CEHCOPHMI aHani3 Ta BUSHAYeHO OpraHoNEeNTUYHI
MOKa3HMKM MOAENbHMX KOMMO3MLIM 3edipy (cMak, 3amax, Kofip, KOHCUCTEHLiIO, CTPYKTYpY Ta CTaH MOBEpXHi).
MobynoBaHO CEHCOpHY MpodinorpamMy MoAeNbHUX KOMMO3MLIM 3edipy Ta 3a pe3ynbTaTaMu eKCNepTHOI OLiHKM
BM3HaYeHO MOJeNlbHY KOMMNO3MLit0 3 HAMKPALLMMKU OPraHONenTUYHUMM NOKA3HUKaMK. BU3HauYeHO BMICT MeKTUHOBUX
peyoBuMH Ta L-ackopbiHOBOI KMCNOTK Y AOCNILKYBAHMX 3pa3kax. BUaHaueHo (i3nMKo-xiMi4Hi NOKa3HMKM MOLENbHUX
KOMMO3uLii 3edipy i BCTAaHOBNEHO, LWO i3 3pOCTaHHAM BMIiCTYy MaIMHOBOTO NIOpe y peuenTypi 3edipy 1oro BonoricTb
6yne 3poctatm Big 21,3 % £ 0,3 % y MK1 i3 30 %-1m BMicTOM ManunHoBoro ntope 1o 22,1 % + 0,3 % y MK3 i3 40 %-um
BMICTOM MasMHOBOrO Mtope. I3 36inbleHHIM KifIbKOCTi MaNMHOBOrO Mtope y cknagi 3edipy MOro ryctmHa, akTuBHa
Ta TUTPOBaHa KUCNOTHICTb ByayTb 3MeHLWyBaTUCb. EKcnepuMeHTanbHO NiATBEpAXKEHO AOLiINbHICTb BUKOPUCTAHHA
BiTaMiHHOI Ta MEKTMHOBMICHOI CMPOBMHMW, TAKOI SK MasMHOBE MIOPE, Y TeXHONOorii BUroToBneHHs 3edipy Ang
HafaHHA MOMY NiKyBanbHO-MPOMIiNaKTMYHOrO Ta 0340POBYOrO Mpu3HauveHHs. Po3pobneHi peuenTypu 3edipy 3
Pi3HMM CNiBBIAHOWEHHAM S6/y4HOrO i MaMHOBOrO MNIOpe, KU MA€E NiKyBasbHO-NPOMdiNakTUYHE Ta 0340POBYE
NMPU3HAYEeHHS, | CNPUSTUME PO3LMPEHHIO ACOPTUMEHTY LYKPUCTUX KOHAMTEPCbKMX BMPOOIB. 3anponoHOBaHWMM
3edip MiCTUTb HaTypasibHi KOMMNOHEHTHU | XapaKTepMU3y€eTbCS BUCOKMMMU OPraHoNenTUYHMMU NOoKa3HMKaMu. 3edip 3a
po3pobneHnMU peLenTypaMu MOXYTb BUFOTOBASITU Y KOHOMTEPCHKMX Liexax Pi3HOi NPOAYKTMBHOCTI Ta 3aknagax
pecTtopaHHOro rocnojapcTea

Kniovosi cnoBa: nekTuH; L-ackopbiHOBa KMC10TA; BOMOTiCTb; peLenTypa; OpraHoNenTUYHA OLiHKa; Xap4y0Ba LiHHICTb
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Abstract. Goods with geographical indication are an important component of the world economy, they have an
impact on social and cultural development, help to preserve natural and cultural resources of the regions, therefore
their investigation is relevant. The purpose of the study is to compare the systems of goods with geographical
indicationsinthe EU and Ukraine,to determine the dynamics of formation and advantages of this system functioning
in Ukraine. An analysis of the literature on geographical indications in various fields is carried out; the regulatory
framework that regulates geographical indications in specific countries and regions; the effectiveness of legal
mechanisms for geographical indications protection, economic consequences of using geographical indication
for regional markets is examined. It was proved that geographical indication introduction has advantages: it
allows to determine the place of commodity production, to ensure its quality and uniqueness; contributes to the
development and support of local economies, traditional industries; protects and supports traditional methods of
production, recipes and other aspects of cultural heritage related to a certain region; provides consumers with an
additional level of trust in the product. These aspects contribute to the development of international trade, create
conditions for fair competition, promote innovation and protect the interests of producers and consumers. Studies
show that producers with geographical indications can experience a positive impact on their markets due to the
increased value of their goods. It is noted that geographical indication introduction can contribute to preserving and
supporting traditional methods of production and cultural heritage. Analysis of registration practice and protection
of geographical indications in different countries allows to identify shortcomings and opportunities for improving
legislation and processes. Research indicates that consumers find the products with geographical indications
more attractive and trust them because of associations with a specific region. Studying the international aspect of
geographical indication allows you to understand how the use of this tool affects international trade and economic
relations. The research results contribute to the development of recommendations for policies, improvement of the

Suggested Citation:
Peredriy, O., Pakholiuk, O., & Golodyuk, G. (2024). Systems of goods geographical indications: EU and Ukraine experience.
Commodity Bulletin, 17(1), 65-75. doi: 10.62763/ef/1.2024.65.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0002-5464-2020
https://orcid.org/0000-0002-3484-0468
https://orcid.org/0000-0002-9740-5498

Systems of goods geographical indications: EU and Ukraine experience

66

practice of geographical indications registration and protection, as well as to the expansion of understanding the
importance of this tool for the development of various industries and regions

Keywords: goods of protected origin; the country of origin; food; sustainable development; traditional production;

marking

Introduction

Goods with a protected denomination or goods with
geographical indication (Gl) constitute a special group
of goods in international trade. The main feature of
these products is a unique combination of natural and
human factors, which, strengthening each other, con-
tribute to creating a product that is unique in terms of
quality and taste characteristics. Natural factors, such
as climatic conditions, insolation, the amount of sun-
light throughout the year, ampeological characteristics
of soils, special varieties of plants and animal species
are reinforced by factors of cultural development: tra-
ditions, population mentality, specific skills, traditional
technological equipment passed from generation to
generation. Thanks to such a combination, it is possi-
ble not only to supply high-quality traditional goods
to the commodity markets, but also to preserve the
authenticity of certain population groups, their cultur-
al traditions and crafts. The protection of goods with
geographical indications has a purely economic sig-
nificance - it contributes to sustainable development,
increases the level of income and production efficiency
in remote regions, promotes the development of eth-
no- and gastrotourism. The system of geographical in-
dications in Ukraine is just beginning to function, the
use of geographical indications and appropriate goods
marking is unfamiliar to both producers and consumers.
Therefore, complex commodity studies, which take into
account trade and economic aspects of using geograph-
ical indications, are quite relevant both for scientists
and Ukrainian producers of goods.

This issue has been extensively researched by Eu-
ropean sociologists, marketers and commodity market
researchers. The vast majority of works are devoted to
economic aspects of using geographical indications,
their influence on the commodity markets functioning.
In particular, C. Li et al. (2023) investigated the actual
impact of using geographical indications on the devel-
opment of agricultural regions, in particular, proved the
contradiction of the statement about the rapid and un-
deniable increase in the production of a certain product
after assigning it a GI. F.S. Meirelles et al. (2023) stud-
ied the economic consequences and transaction costs
of using geographical indications. N. Saavedra-Riva-
no (2012) analysed the role of geographical indications
in international trade, determining the positive impact
on the preservation of traditional technologies for cul-
tivating raw materials and producing the finished prod-
uct. Considerable attention of scientists was paid to the
consideration of conflicting normative and legislative
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aspects of using Gls in different countries, in connection
with which there is an urgent issue of standards harmo-
nisation in the field of marking goods with protected
geographical denomination (Baer-Nawrocka, 2023).
D.A. Niranjan et al. (2023) researched the limitations
associated with using geographical indications, in par-
ticular, the influence of insufficient awareness of both
product manufacturers and consumers on the prospects
and feasibility of assigning Gl marks to commaodities.

Considerable attention is also paid to the study
of consumer trust in geographical indications. A. Ra-
badan et al. (2021) and V.A. Cardoso et al. (2022) in-
vestigated the effect of the presence of Gl marks on
the products on forming consumer demand and deter-
mined the level of consumer trust in the marking of
the product geographical origin. At the same time, the
authors proved that the level of trust in Gl is general-
ly low and is significantly higher among consumers of
Northern European countries. The researchers also de-
termined the level of perception of Gl, the willingness
to pay more for goods marked with Gl,among consum-
ers of different ages, analysed in detail the purchasing
behavior of consumers of food products that are certi-
fied according to geographical origin schemes (Barbu et
al., 2022). Some certain works are devoted to the con-
sideration of legal aspects of using and protecting geo-
graphical indications in different countries (Zito, 2019;
Baer-Nawrocka, 2023).

In Ukraine, there are few scientific works on geo-
graphical indications, mostly they relate to the Euro-
pean practice of using geographical indications (Du-
manska, 2020). Also, a significant number of works
are devoted to legal aspects. In particular, a number
of authors consider a geographical indication as an
object of intellectual property (Kodynets & Sidoren-
ko, 2020). A lot of works concern the need to codify
the legislative norms of Ukrainian legislation in ac-
cordance with the requirements of the EU and Co-
operation Agreement between the EU and Ukraine
and the prospects for the development of the le-
gal field regarding goods with protected denomi-
nations in Ukraine (Barskyi & Dvornichenko, 2021).

There are practically no scientific studies on the real
economic benefits of using geographical indications for
Ukrainian producers; regarding the order of sale and
customs movement of goods with a protected denomi-
nation in Ukraine. With the consistent implementation
of geographical indications system in Ukraine, the need
for thorough research on this topic will increase. This



study aims to compare the geographical indications
systems of the EU and Ukraine, to determine ways of
implementing this system in Ukraine.

Materials and methods

This study was carried out during 2023 by the scientists
of Lutsk National Technical University. The period 2019-
2023 was chosen for data analysis, since it was at this
time that the system of geographical indications began
to be actively implemented in Ukraine, and the legis-
lation on geographical indications was changed in the
EU countries in connection with risk factors of their use.

Practical aspects of using geographical indications
were studied by analytical and statistical methods.
Analytical methods were used considering the term
‘geographical indication” itself, analysing scientific
publications, economic indicators regarding the imple-
mentation effectiveness of systems for controlling the
geographical origin of goods, which were determined
on the basis of European Commission reports (the last
official European Commission report was prepared by
AND International and Ecorys Brussels) (Publications
Office..., 2021) and report of Food and Agriculture Or-
ganization UN (Report of FAQO, 2023). Statistical meth-
ods were used in the processing official statistical data,
in particular, in the analysis of quantitative indicators
of geographical indications in European countries -
based on the analysis of register data eAmbrosia reg-
ister (2023) and State Register of Geographical Indica-
tions of Ukraine (2024). System analysis was used to
verify claims regarding the positive impact of geograph-
ical indications on the commodity markets functioning,
the growth of the individual regions economic develop-
ment, and the prospects determination for the wider in-
troduction of systems of goods control for origin on the
territory of Ukraine. A comparative approach was used
to compare the level of the product market coverage
by geographical indications in European countries and
in Ukraine, which made it possible to clearly determine
the feasibility of faster implementation of geographi-
cal indications system in Ukraine, the need to register
Ukrainian goods in the international registers of goods
with protected denominations.

A diverse selection of sources became the key pre-
requisite for a qualitative analysis of the issue. This
study was carried out on the basis of the analysis and
systematisation of the European Commission nor-
mative documents and reports data (Publications Of-
fice...,2021), Food and Agriculture Organization (Report
of FAQO, 2023). Research on using geographical indica-
tions in Ukraine was conducted based on official legis-
lative and regulatory documents of Ukraine, in particu-
lar, Law of Ukraine No. 752-XIV (2023), official data of
Ukrainian National Office of Intellectual Property and
Innovation, State Service for Intellectual Property Pro-
tection of Ukraine. Analytical materials of the EU pro-
ject “Institutional and political reform for small-scale
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agriculture” were also used in the work (IPRSA) (EU IPR-
SA, 2021). Secondary data for the research of this topic
are scientific publications from open sources for 2018-
2023, which contain the results of research on using
geographical indications in different countries of the
world. Cross-comparative and chronological search was
used to select scientific sources. For the analysis, arti-
cles were selected that deal with economic (economic
efficiency for manufacturers, impact on the econom-
ic development of regions, risks) and product science
(consumer trust in GI marking, the influence of Gl on
consumer behavior, the peculiarities of trade in goods
with Gl, etc.) Aspects of using geographical indications.

Results and discussion

Geographical indications are an element of sustaina-
ble development in the modern world and an integral
part of the international system of intellectual prop-
erty agreements TRIPS (Agreement on Trade-Related
Aspects of Intellectual Property Rights). The volume of
goods with a geographical indication of the place of
manufacture in 2020 amounted to 74.76 billion euros
(Publications Office of the European Union, 2021). The
absolute advantage of using Gl is the product recog-
nition, its differentiation among similar ones, and, ac-
cordingly, the provision of competitive advantages. The
price of goods with Gl increases twice on average: the
growth index is 2.85 for wines, 2.52 for other alcohol
drinks and 1.5 for food (Publications Office..., 2021).
Compliance with traditional technologies, use of
high-quality raw materials ensures high quality of the
final product. Accordingly, food products with Gl receive
wider access to sales markets, in particular, this applies
to cheeses and wines. Another advantage worth men-
tioning is the increase in production, in particular, ac-
cording to some scientists, during 2019-2022, 49% of
traditional product manufacturers in the countries in-
creased their production volumes (Report of FAQ, 2022).
As of November 2023, 3841 names of goods with
legal protection of geographical origin are registered
in the EU. All of them are divided into three main cate-
gories: wines, food and alcohol drinks. Wines and food
products make up approximately equal shares - 45 and
48%, respectively (Fig. 1) (eAmbrosia register, 2023).

food products
48%

alcohol
drinks 7%

wine
45%

Figure 1. Distribution of goods
with a protected denomination according to categories
Source: developed by the authors based on the eAmbrosia
register (2023)
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Analysing the distribution of Gl goods by product
type, it should be noted that in the category “Food prod-
ucts” the largest share falls on fruits and vegetables and
products of their processing — 30%.The share of cheese is
also significant - 15% (Fig. 2) (eAmbrosia register, 2023).

cheese 15%

others 36%

fruits and
vegetables
and products
of their
processing 30%

beer
1%
bread,
confectionery

meat products
6% 12%

Figure 2. Distribution of products with a protected
denomination in the “Food products category”
Source: developed by the authors based on the eAmbrosia

register (2023)

Out of 3841 goods registered by geographical origin
in the EU, 3542 goods are from EU countries, other 299
are from the other countries of the world. And it should
be noted that 110 of them come from China. It is worth
saying that the rather uneven distribution of Gl prod-
ucts by the country of affiliation. 73% of all goods are
accounted for 6 EU countries: Italy - 24%, France — 20%,
Spain - 11%, Greece - 7%, Portugal - 6%, Germany - 5%
(Fig. 3) (FAO, register of Geographical Indications, 2023).

other 27%

France 20%

Potugal 6%

Greece 7%

Germany 5%

Spain 11% Italy 27%

Figure 3. Distribution of goods with a protected
denomination by country of origin
Source: developed by the authors based on FAO register of
Geographical Indications (2023)

For example, Poland has only 40 protected denom-
inations, Lithuania - 15. Such an uneven distribution
brings a certain imbalance into international trade, giv-
ing greater competitive advantages to producers from
larger countries. Therefore, in 2023, the European Com-
mission slightly softened the conditions for Gl registra-
tion, taking into account trade and economic interests
of small countries.

The main geographical indications of the EU
include:
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* PDO - protected denomination of origin (food
and wine);

e PGl - protected geographical indication (food
and wine);

¢ Gl - geographical indication (alcohol drinks)
(Fig.4) (eAmbrosia register, 2023).

Gl 7%

PDO

o,
PGl >3%

40%

Figure 4. Distribution of goods with protected origin
according to schemes of geographical indications
Source: developed by the authors based on eAmbrosia

register (2023)

In addition, EU countries have developed a special
marking system for products manufactured in remote
regions of the EU (Treaty “On the Functioning of the Eu-
ropean Union”, 2017). These measures aim to help the
most remote regions of the EU, which face particularly
difficult natural conditions, such as extreme remote-
ness.According to Articles 349 and 355 of the Treaty “On
Functioning of the European Union” (TFEU), these re-
gions include: overseas departments of France — Guade-
loupe, French Guiana, Reunion and Martinique - as well
as the Azores, Madeira and the Canary Islands (Treaty
“On Functioning...”, 2017). To ensure greater consumer
awareness of agricultural products from these regions, a
special logo was created as an optional term of quality.

Also, in European countries, the term “mountain
product” is widely used when marking certain types of
products, which emphasises the features of a product
made in a mountainous area with difficult natural condi-
tions. The use of such a designation creates certain trade
advantages for both farmers and consumers. This allows
farmers to sell the product better, but also ensures that
certain characteristics are clear to the consumer. The
technical requirements for using this designation are
following: raw materials and animal feed originate ex-
clusively from mountainous regions; production of the
final product also takes place in the mountainous area.

Beyond its borders, the EU takes many steps to pro-
tect the authenticity of products and guarantees the
recognition of European product quality worldwide. The
protection of Gl helps to fight against counterfeit prod-
ucts, which threaten the reputation of authentic local
and regional products and their producers earnings. In
the EU countries, in which systems of geographical in-
dications have been operating for several decades, they
are constantly working on improving the regulatory



support for their functioning, developing clear and un-
derstandable mechanisms for registering goods and
controlling their quality.

According to Law of Ukraine No.752-X1V (2023),"a ge-
ographical indication defines the specific place of prod-
uct origin, fully identifies it as coming from a certain ge-
ographical place and having a special quality, reputation
or other characteristics due to this geographical place of
origin, and at least one of the stages of its production
(production (extraction) and/or processing,and/or prepa-
ration) is carried out in a defined geographical area”.

Ukraine undertook to comply with European norms
regarding geographical indications. According to ge-
ographical indications, the conditions of internation-
al treaties are higher than the norms of the Laws of
Ukraine. In accordance with the norms of international
law, the legal protection of a geographical indication is
valid indefinitely, with the exception of early termina-
tion of a geographical indication registration.

Geographical indications of Ukraine, which are
subject to protection in EU countries, include 5 names:
Petrykiv painting, Krolevets towels, Melitopol cherry,
Hutsul sheep bryndzia (cheese), Hutsul cow bryndzia
(cheese) (State Register of Geographical Indications of
Ukraine, 2024). In total, 55 products with protection on
the territory of the EU are included in the national reg-
ister of goods with protected geographical indications,
and 20 products are at the stage of application consid-
eration (State Register of..., 2024).

The project “Institutional and political reform of
small-scale agriculture” (IPRSA) is successfully operat-
ing in Ukraine, which periodically conducts educational
training programs for farmers, representatives of lo-
cal agribusiness, employees of the Ministries of Econ-
omy and Agrarian Policy, the State Consumer Service
of Ukraine. This project cooperates with the Ukrainian
National Office of Intellectual Property and Innovation
(UKRNOIPI) in order to establish the process of certi-
fication and control of products with geographical in-
dication. Practically all draft laws on the functioning
of the geographical indications system in Ukraine are
developed with the support of IPRSA. For the effective
operation of the geographical indications system, it is
important to improve the ability of state bodies to work
stably with Gls and introduce product certification in
accordance with EU rules and practices. The Ministry
of Agricultural Policy is responsible for approving spec-
ifications of agricultural products, authorising certifi-
cation bodies, and approving control plans. Therefore,
it is important for experts in this sector to understand
the specifics of Gl certification and to understand the
nuances that should be taken into account during this
process in order to ensure an efficient and less bur-
densome work for all sides involved in the process.

It is important that the Ministry of Economy under-
stands the necessary requirements for Gl registration
applications for submitting an application for further
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certification of products in the EU, since the Ministry
of Economy approves the relevant regulatory and legal
actions. In its turn, UKRNOIPI validates applications for
registration of Gl, therefore, the skills of working cor-
rectly with such applications and understanding the re-
quirements of the product specification for correct cer-
tification are very important for office specialists. State
control is also an important part of the geographical in-
dications system. This function is entrusted to the State
Production and Consumer Service, therefore its special-
ists must know how to carry out control procedures in
accordance with the approved Gl. The unification of all
these institutions and structures in one educational pro-
gram made it possible to establish a unified approach
to the Ukrainian system of geographical indications.

With the support and funding of the EU, the program
“Geographical Indications of Ukraine” was developed in
Ukraine, which was valid until 2021 (Geographical Indi-
cations of Ukraine, 2021). The main goal of this program
is the development of a clear and understandable sys-
tem of geographical indications of Ukrainian goods, pro-
motion and support of Ukrainian Gls on the European
market. However, it should be noted that no significant
progress has been made in this direction.During the peri-
od of the program implementation, only three Ukrainian
products - Hutsul cow bryndzia (cheese), Hutsul sheep
bryndzia (cheese) and Melitopol cherry - received the
official status of international protected geographical
indications. It is worth remembering that the success-
ful implementation of the Gl program in Ukraine would
contribute to the development of counrty’s craft pro-
duction, the development of ethno- and gastrotourism,
the popularisation of the cultural heritage of Ukraine,
the development of autochthonous regions of Ukraine,
such as Ukrainian Bessarabia, Tavria, Volyn and others.
At the beginning of 2024, not all regions of Ukraine
presented traditional products of their regions for con-
sideration. Certain products received the status of Gl in
the territory of Ukraine, but there are very few of them.

As a part of IPRSA project, together with the
Food and Agriculture Organization of the United Na-
tions (FAO), a program of geographical indications for
Zakarpattia wines is developed - “Silver Land Wines”.
In 2023, grape growers and winemakers of Zakarpattia
united in the Association of Grape Growers, Winemakers
and Distillers of Zakarpattia with the aim of expand-
ing the production of local wines and registering the
geographical indication for their products “Silver Land
Wines”. For this purpose, during the year, trainings and
meetings with producers and representatives of the
state administration were held in various wineries with-
in the framework of IPRSA project. In November 2023,
this Association concluded a cooperation agreement
with the Association of Manufacturers of Tradition-
al Carpathian High Mountain Cheeses for the purpose
of popularising the geographical indications system,
developing the production of traditional products,
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and promoting gastro- and ethnotourism based on ge-
ographical indications.

Similarly to some European projects (“Whiskey
Road” in Scotland, “Wine Roads” of Spain and others) in
Ukraine “Wine and Taste Roads” have been developed
in such regions as Ukrainian Bessarabia, Zakarpattia,
Kherson region. Before the start of Russia’s full-scale
invasion, these projects were quite successful with the
support of such well-known Ukrainian manufacturers as
Shabo and Kolonist.The leading Ukrainian agro-ecolog-
ical recreation cluster “Frumushyka-Nova” implement-
ed a complex offer: wine plus local traditional products.
In result, “Wine and Taste Roads” was included in the
programs of individual Ukrainian tour operators. During
the first year of the program, the flow of tourists to the
location and the sale of local products increased signif-
icantly - up to 30%, according to the manufacturer data.

Organisations-managers of geographical indica-
tions “Hutsul bryndzia”, During 2022-2023, the Associa-
tion of Producers of Traditional Carpathian High Moun-
tain Cheeses and the Association of Carpathian Watags
actively developed gastronomic tourism based on geo-
graphical indications in their region. Volyn, as a region
with ancient and stable traditions, could also submit
a number of unique products for geographical indica-
tion registration, in particular, Polish honey,Volyn mead,
Porytsk cheeses. The first steps in this direction are al-
ready done. So LLC “Staryi Porytsk” developed and put
into production the recipe for cheese (type of bryndzia
with herbs), which is made according to the ancient rec-
ipes. The Swiss Research Institute of Organic Agricul-
ture (FiBL), which is a partner of Volyn producer, is ready
to invest in new developments of organic cheese facto-
ry. Of course, registering new geographical indications
is not an easy task and requires joint efforts. So in case
of registration of alcoholic drinks new name as “Volyn
mead’, it is necessary to unite the representatives of
small and medium-sized businesses of Volyn region.

In Ukraine support for projects related to geo-
graphical indications is carried out selectively, in the
form of pilot projects. Thus, in 2023 with the support of
the EU and FAO a grant program to support agricultur-
al producers in certain regions is being implemented
(State agrarian register of Ukraine, 2023). This support
provides grants in the form of investments for the ge-
ographical indications development. In 2023 small ag-
ricultural producers from such regions could take part:

e Lviv region (berry growing, vegetable growing,
aquaculture);

e Zakarpattia region (Hutsul sheep bryndzia, Protected
Denomination of Origin (PDO), Hutsul cow bryndzia, Pro-
tected Denomination of Origin (PDO), Zakarpattia honey,
Protected Geographical Indication (PGl),Zakarpattia wine);

e Ivano-Frankivsk and part of Chernivtsi region
(Hutsul sheep bryndzia, protected denomination of or-
igin (PDO), Hutsul cow bryndzia, protected denomina-
tion of origin (PDO).
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Funds in the amount of 10000 dollars for small
farms and 25000 dollars for medium-sized enterprises
and cooperatives were allocated for this program (State
agrarian register of Ukraine, 2023).

The issue of geographical indications in Ukraine
has the potential for further development and the sup-
port for various branches of the economy and agricul-
ture. Here are some prospects for the development of
geographical indications in Ukraine:

e protection and promotion of the regions unique-
ness: Gls can help to protect and emphasize unique re-
gional features and qualities of goods. This can become
an important factor for the promotion of products in
the domestic and international markets;

e increasing the competitiveness of products: pro-
tected Gls can help the products to compete in the mar-
ket based on quality and origin, this can contribute to
increasing the value of goods and the demand for them;

e agriculture and rural development: Gls can sup-
port the development of rural areas and contribute to
the creation of new jobs in agriculture and related sec-
tors such as tourism and gastronomy;

e attraction of foreign investments: Gls can create
new opportunities for investments in regional projects
and support the development of infrastructure and tech-
nological innovations in various sectors of economy;

e export growth: protected geographical indica-
tions can contribute to the promotion of Ukrainian
goods on international markets and the expansion of
export opportunities;

e forming consumer awareness: geographical indi-
cations can increase consumer awareness of the prod-
ucts quality and origin, which helps to increase con-
sumer confidence in these products.

In accordance with the requirements of Ukraine-EU
Association, Ukrainian manufacturers must completely
stop using names legally protected in the EU to denom-
inate their products by 2026. From November 1, 2022,
the import of alcoholic products labeled Cognac in
Ukraine was terminated, if such products do not meet
the technical requirements for using this protected
name. On January 24, 2022, as a result of adoption of
new regulatory acts, which include the protection of Gl,
the name “Cognac” was included in the customs regis-
ter, which is a mandatory condition for implementing
the protection of Gl “Cognac” on the territory of Ukraine.
A transition period was established so that importers
could change the labels on their products that do not
comply with this Gl. The transition period was extended
until October 31, 2022 (inclusive), taking into account
the dramatic circumstances in Ukraine (Association
Agreement EU-Ukraine, 2023).

Starting from November 1, 2022, the corporation
“Ukrvynprom” together with the National Interprofes-
sional Bureau of Cognac (“BNIC”) are responsible for the
protection of Gl “Cognac” on the territory of Ukraine and
abroad, and will take the necessary measures against



products imported and presented under the name “Co-
gnac” and/or “KoHbsak’”, if they do not meet the technical
conditions established for Gl “Cognac’, in accordance
with Association Agreement signed between the EU
and Ukraine (Association Agreement..., 2023). Earlier,
until December 31, 2019, such requirements were ful-
filled by Ukraine for sparkling wines Champagne.

From January 1, 2023, there would be no cheese in
Ukrainian stores Parmigiano Reggiano, Roquefort and
Feta of Ukrainian manufacture, however, on the shelves
of all supermarkets there is a wide range of Ukraini-
an-made Feta cheese (Association Agreement..., 2023).
Although the union of dairy enterprises of Ukraine
jointly with the European project “Institutional and
policy reform for small-scale agriculture” (IPRSA), the
association of dairy industry proposed new names for
Ukrainian producers - “Felata” and “Nabil”.

In October 2023, the Cabinet of Ministers sub-
mitted to Verkhovna Rada for consideration a draft
law proposing to introduce fines for violating the re-
quirements of the legislation on the protection of Gls
for food products and alcoholic beverages (Draft Law
No. 10162..., 2023). The purpose of this regulatory act
is to settle issues of using geographical indications and
establishing responsibility for violations in the field of
quality schemes and geographical indications. The pro-
ject provides for administrative responsibility for such
violations like non-fulfillment or untimely fulfillment
of the central executive body orders, which implements
state policy regarding quality requirements for agricul-
tural products, food products and alcoholic beverages
with geographical denominations. The following types
of responsibilities are also provided for:

e civil responsibility: a person who illegally uses
a geographical indication can be sued for damages
caused to Gl owners or other interested parties;

e administrative responsibility: the legislation pro-
vides for fines for the persons who violate the rights to
geographical indications. The amount of fine can be de-
termined according to the violations, and be indicated
in monetary equivalent;

e criminal responsibility: for some serious viola-
tions of geographical indication rights, criminal sanc-
tions are provided (imprisonment, confiscation and sig-
nificant fines).

This problem is widely studied by foreign scientists.
In particular, the issue of both positive and negative
impact of Gl on the development of regional produc-
tion is actively considered. During the research, it was
established that close cooperation between producers
of a certain region is necessary for Gl registration. Since
the producers of Gl products are mainly small regional
enterprises, their cooperation will contribute to the
coordination of certain stages of production (growing,
processing, packaging, etc.) and product sales, the de-
termination of the strategy for the traditional indus-
tries development, the creation of a unified quality
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assessment system. Scientists S. Singh & N. Bhar-
ti (2023) hold the same opinion, who claim that cer-
tification by geographical origin will contribute to the
stable development of the region and social cohesion
of small rural communities, will ensure the preserva-
tion of unique natural resources.

It was also proved during the research that using
Gl has a social aspect. The use of traditional technolo-
gies for goods production and the significant influence
of the human factor and mentality on the production
process contribute to preserving the cultural identity of
a certain area. The expansion of traditional production
contributes to the increase in the number of jobs, the
development of other related industries, in particular,
tourism. Such influence is widely studied by scientists.
In particular, H. Pamukcu et al. (2023) examined the
positive impact of Gl products on the social and cul-
tural and economic development of certain regions of
Turkey, noted that in the regions of Gl products pro-
duction during post-pandemic period the development
of gastrotourism is observed, the interest of the local
population in their culture and traditions is growing.

It is worth noting the interest of Ukrainian scien-
tists in researching the influence of GI products on the
development of ecotourism. L. Matviichuk et al. (2023)
in their work not only studied the development of eco-
and gastrotourism in the EU countries, but also devel-
oped mechanisms for the formation of tourist routes on
the basis of the Ukrainian tourism system, which will
contribute to the support of the Ukrainian producer, the
presentation of certain regions of Ukraine, and the acti-
vation of domestic tourism in Ukraine.

Undoubtedly, the use of Gl is beneficial for con-
sumers. Such indications on the marking are usually a
guarantee of high product quality, which ensures the
possibility of a correctly realised choice of the product
by the consumer. If Ukrainian consumers still do not as-
sociate Gl marking with quality, consumers in European
countries prefer Gl products when choosing products.
Such results were established by Hungarian scientists
A.Térok et al. (2022), they investigated the influence of
Gl marking on the choice of local products, finding that
the vast majority (65%) of consumers are willing to pay
a higher price for Gl-labeled products, perceiving them
as high-quality products.

However, the implementation of Gl has a number of
problems. The main one is the significant costs of reg-
istering a geographical indication, compliance with the
requirements of traditional production. Strict registra-
tion rules lead to the exclusion of some products from
the registers of protected Gl products and the gradual
refusal of manufacturers to register products according
to their origin. Taking into account these problems, the
question of the need to reform the system of geograph-
ical indications arises. B. Calabrese (2023) examines in
detail proposals for reforming the system of geograph-
ical indications in the EU. In particular, he points to the
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need to observe clear rules regarding the registration
of alcoholic beverages and food products and the im-
plementation of origin registration scheme for indus-
trial goods, traditional crafts. The necessity of reform-
ing the European system of geographical indications is
also considered by X. Song (2024), who questions the
objectivity and legality of origin certification by private
rather than public organisations.

S.Joosse (2021) states that the implementation of
the geographical indications system needs to provide
some flexibility when following traditional technol-
ogies. Sometimes traditional technologies are quite
inefficient, resource-consuming and non-ecological.
Therefore, when developing new Gl products, it is nec-
essary to try to maintain a reasonable balance between
sustainable traditions and innovations.

Another obstacle to using Gl is the need for coor-
dinated cooperation of different manufacturers, who
often see each other as competitors. The creation of re-
gional or branch unions of producers often leads to ex-
cessive organisational and bureaucratic costs, uneven
representation of the producers interests.A. Bonanno et
al. (2020) give thorough recommendations on ensuring
the effective activity of producer unions; emphasise the
necessity to coordinate actions on compliance with the
traditions of product cultivation and production, cooper-
ation in the direction of creating unified laboratory com-
plexes for checking product quality. In order to improve
the functioning the geographical indication systems,
it is necessary to reduce the bureaucratic influence on
the process of Gl products registration. The registration
process should be as transparent and clear as possible,
carried out by independent, disinterested organisations.

For effective use of Gl, it is necessary to ensure full
access to the required information. Moreover, such infor-
mation should be provided to both producers and con-
sumers. M. Hofmeier et al. (2023) point out that some-
times producers, with the aim of obtaining higher profits,
try to register their product as “protected by denomina-
tion” without understanding or not knowing what re-
sponsibility rests on them. Wide information about trade
advantages, requirements for the quality of protected
products, the level of responsibility for compliance with
traditional technologies relies on the state management
system. The problem of lack of information also affects
consumers, who in the vast majority do not orientate
themselves in Gl systems. A. Goudis & D. Skuras (2021)
studied the level of European consumers awareness re-
garding Gl marking and found that from 5 to 35% of con-
sumers understand the gradation systems of geograph-
ical indications (from 5% in Denmark to 35% in France).

It is worth noting that scientists do not consider
the issue of reforming the Gl system in Europe, in par-
ticular, regarding the registration of industrial goods of
traditional manufactures. These issues are important
for Ukraine, because there are many centers of tradi-
tional folk crafts on its territory, and authentic products
have significant export potential.
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Conclusions

Geographical indications are one of the modern driv-
ers of international trade. The use of geographical
indications links products to local heritage, tradition
and reputation, offering a guarantee of origin and spe-
cial characteristics. Consumers are often willing to pay
a higher price for Gl-certified products. The production
of goods protected by geographical origin increases
the reputation and value of local products and sup-
ports local businesses. Marketing and promotion of
such products creates a positive image of the prod-
uct in the minds of consumers and often contributes
to the economic development of the entire region of
origin. Thanks to the collective action required by the
management and promotion of geographical indica-
tions, local producers have more opportunities to sell
their local products abroad. This increases the inter-
national prestige of the region and stimulates the de-
velopment of tourism.

The close connection between products and their
geographical origin emphasise the need to preserve
local natural resources, without which long-term pro-
duction would be impossible. Producers of traditional
products are particularly motivated to use environ-
mentally sustainable production methods and contrib-
ute to the sustainable development of the region.

However, geographical indications have both their
advantages and disadvantages, which lead to the trade
barriers. The main problem is the significant costs for
geographical indication registration, compliance with
traditional production. Strict regulations on traditional
production methods can inhibit innovation, leading to
higher costs of producing a Gl product. Value assign-
ment and power asymmetry, lack of information and
consumer mistrust of labeling are other barriers that
are quite difficult to overcome.

However, despite the shortcomings, geograph-
ical indications have significant prospects for use in
Ukraine, in particular, with a wider access of Ukrainian
goods to European markets. Therefore, it is necessary
to develop and implement a clear and understandable
registration system of goods with geographical indica-
tions, to conduct merchandising and sociological stud-
ies on the effectiveness of such products introduction,
economic studies on economic expediency.

Further research could be directed at finding ways
to reduce costs associated with Gl registration, especial-
ly for small producers and regions with limited resourc-
es. This may include simplification of procedures and
governmental support. It is also worth considering the
question of Ukrainian consumers’trust in the marking Gl
goods,since this issue has not been investigated before.
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AHoTauifl. ToBapu 3 reorpadivyH1M 3a3HAYEHHAM € BaXX/IMBOI CKNAA0BOK CBITOBOi EKOHOMiKM, BOHM MAtOTb BMJIMB HA
COLLiOKYNbTYPHUIA PO3BUTOK, CNPUSIOTb 30€PEXEHHI0 NPUPOAHMUX, KYIbTYPHUX PECYPCIB PEriOHIB, TOMY iX BUBYEHHS €
AKTyanbHUM.MeToo AOCNIAXKEHHS € MOPIBHSAHHS CUCTEM TOBapiB reorpadivyHmx 3a3HaveHb B €CTa YkpaiHi,BU3HAUYEHHS
OMHAMIKW CTQHOB/IEHHS Ta nepeBar QYHKLIOHYBAaHHA L€l cucteMu B YKpaiHi. 34iMCHEHO aHani3 nitepaTypu npo
reorpadiyHi 3a3Ha4YeHHs y Pi3HUX ranyssx; 4OCNiAXKEeHO HOPMaTUBHY 6a3y, sika peryntoe reorpadiyHi 3a3HaYeHHs
B KOHKpPETHMX KpaiHaX, perioHax; e(ekTUBHICTb MPaBOBMX MEXaHI3MiB 3axMUCTy reorpadiyHoro 3asHayeHHs;
€KOHOMIYHI Hacnigky 3acTtocyBaHHs reorpadiyHOro 3asHayeHHs ON9 perioHanbHUX puHKiB. BctaHoBneHo, WO
BBEJEHHS reorpadiyHoro 3a3HayeHHs Ma€e nepeBaru: 4O3BOJISE BU3HAYUTM MicLLe BUPOOHMLITBA TOBapy, 3abe3neynTu
MOro SKiCTb, YHIKaNbHICTb; CNPUSE PO3BMTKY Ta NIATPUMLL MiCLLEBMX EKOHOMIK, TPAAMLIMHWUX rany3en BUpOOHULTBA;
3axXMULAE, NIATPUMYE TPAAMLIHI MeToAM BUPOOHULTBA, peLenTypu Ta iHLWi aCNeKTU KyNbTypHOI CNaaLLMHKM, NOB'A3aHI
3 KOHKPETHUM perioHoM; HaAA€ CNOXMBAYaM A0OATKOBUIA piBEHb AOBIpKU A0 ToBapy. LIi acnekTn cnpusioTb po3BUTKY
Mi>XKHapOAHOI TOPriBAi, CTBOPIOIOTb YMOBM ANS YECHOI KOHKYPEHLiT, CNpMsoUM iIHHOBALISIM Ta 3aXMLLAKOYM iHTEpecH
BMPOOHUKIB Ta CNOXMBAYIB. [JoCNiKEHHSI NOKa3yoTb, WO BUPOOHUKM, Ki MakoTb reorpadiyHe 3a3HaYeHHs, MOXYTb
3a3HaBaTV MO3UTMBHOIO BMJIMBY HA CBOi PUHKM Yepe3 NiABULLEHY LiHHICTb iX TOBApPIiB. 3a3HAY€EHO, L0 BBEAEHHS
reorpadiyHOro 3a3HayeHHs MOXe CnpusaTU 30epexKeHHI, MIATPMMLI TpaaMUIiMHUX MeTOAiB BMPOOHMUTBA Ta
KYNbTYPHOI CNaALMHKU. AHaNi3 NPaKTUKK peecTpallii, 3aX1CTy reorpadiyHoro 3a3Ha4YeHHs B Pi3HUX KpaiHax A03BONSE
BUSIBUTM HELOMIKM Ta MOX/IMBOCTI 415 NONINLUEHHS 3aKOHOAABCTBA Ta npouecis. JJocnigkeHHs BKa3ykTb Ha Te, WO
CMOXMBaYi BBaXarTb TOBApU 3 reorpadivyHMM 3a3HayeHHsaM binblw npuBabaMBMMKM Ta LOBIPSOTL iM Yepe3 acouiauii
3 KOHKPETHMUM perioHoM. BUBYEHHS Mi>XKHAapOAHOro acnekTy reorpadivyHoro 3asHayeHHs OO3BONSE 3pO3YyMITH, K
BMKOPUCTAHHS LbOr0 iHCTPYMEHTY BMJIMBAE HA MiXKHAPOAHY TOPriBAH Ta €KOHOMIYHi BiAHOCUHW. Pesynbratu
LOCNIKEHb CNPUSIOTb BUPOBIEHHIO peKOMeHALIM AN NONITUK, YAOCKOHANEHHIO NPAKTUKKM peeCTpaLlii Ta 3axmucTy
reorpadivyHoro 3a3HayeHHs, a TaKOX PO3LIMPEHHIO PO3YMiHHS BaXK/IMBOCTI LbOro iHCTPYMEHTY A9 PO3BUTKY Pi3HUX
ranysem Ta perioHis

Knio4oBi cnoBa: ToBapu 3axXMLLEHONO NOXOAXKEHHS; KpAaiHA NMOXOOKEHHS; MPOAYKTU XapyyBaHHS; CTaNIMiA PO3BUTOK;
TpafuLiiHe BUPOOHULTBO; MapKyBaHHS
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Abstract. The relevance of the research is in the potential use of triticale with increased protein and mineral
content to expand the ingredient base of flour confectionery products technology. The aim of the study was to
investigate the quality indicators of flour confectionery products, specifically sponge cakes, in recipes of which
wheat flour was replaced with triticale flour and whole milk powder as a protein enricher. Using statistical methods
to analyse experimental data, samples of each type of product with different concentrations of whole milk powder
(ranging from 5 to 25%) were examined. It was concluded that the developed sponge cake recipes provide a
degree of satisfaction for the average daily intake of iron - 29.21%, calcium - 95%, potassium - 40%, magnesium -
50%, phosphorus - 100%, and more; B-group vitamins - 18-80%. Compared to the control sample, the biological
value is increased to 71%; the energy value is reduced by 426 kJ. The absence of egg melange in the developed
product recipes allows for a 97% reduction in cholesterol content, categorising these products as dietary. The best
samples and optimal dosages of whole milk powder were determined: 15% by the weight of flour during sponge
cake production. The functional purpose of triticale flour was theoretically and practically confirmed, yielding new
results on the dependence of dough structure formation process on technological production parameters and recipe
components.Arecipe for sponge cakes of increased nutritional and biological value based on triticale flour has been
developed,involving the addition of enrichers such as whole milk powder and the exclusion of egg melange from the
recipe. The obtained results can be utilised in the confectionery industry to create new products that meet modern
trends in nutrition and cater to consumers who value higher nutritional content and healthy food composition

Keywords: sponge cakes; winter triticale; quality; functional product; expert analysis

Introduction

Flour confectionery products (FCPs) are among the are perspective targets for enrichment with function-
most popular items, as they are purchased by nearly al ingredients. In the quest to expand the ingredient
the entire population of Ukraine, the majority consume  base in the technology of flour confectionery products,
them on a regular basis, often at least once a week. one of the perspective crops is triticale, known for its
Due to their high demand among the population, FCPs  increased content of complete protein, making the
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product more nutritious, as well as its rich mineral con-
tent, including essential elements like iron, magnesi-
um, and zinc, crucial for consumers’ health, and its high
resistance to fungal diseases.

Studies by S.A. Bazhay-Zhezherun & L.\V. Bereza-
Kindzerska (2020) and V.Liubych et al. (2021) in the food
industry are aimed at substituting wheat flour with new
alternatives from resilient sources to combat a range
of illnesses in the population. Celiac disease, wheat al-
lergy, and gluten sensitivity are among the most com-
mon diseases associated with gluten content in wheat.
Literature analysis regarding the protein value and
amino acid composition of flour products has revealed
significant deficiencies in three crucial essential ami-
no acids - lysine, threonine, and methionine - in wheat
flour products. According to S.A. Bazhay-Zhezherun et
al. (2022), alongside the imbalance of essential amino
acids in flour products, there is a sharp disproportion
in their ratio with non-essential amino acids. Thus, sci-
entific research aimed at finding suitable alternatives
by introducing new ingredients is relevant and meets
consumers’ needs.

Of particular interest is the application of triticale
flour instead of wheat flour in FCP technology. Firstly,
triticale differs by having a higher content of the es-
sential amino acid lysine per gram of protein, a high
content of riboflavin, thiamine, certain macro- and mi-
croelements, and secondly, it possesses better techno-
logical properties for these types of products, as it con-
tains less weak gluten (Fras et al., 2021).

Research on triticale grain and its application in
processing and food industries has been ongoing in
Ukraine and abroad for a long time. However, the use
of triticale flour specifically in FCP production has been
poorly studied. Despite positive experiences with triti-
cale research as a component of animal feed, flour for
bakery products, and its wide application, this crop has
not gained traction. Additionally, the most perspective
and optimal triticale varieties in terms of technologi-
cal process management for flour production have not
been fully investigated, nor their milling and baking
properties (Aprodu et al., 2019; Aragliez et al., 2020).

One of the main factors restraining the growth of
triticale grain production volumes of new varieties in
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Ukraine is the lack of clear recommendations for the
final use of its processing products. The advantages of
triticale grain as a biologically valuable raw material
for the food industry are underestimated. Existing triti-
cale flour production technologies do not fully exploit
the potential of the n due to the scarcity and inconsist-
ency of recommendations regarding the organisation
and management of its processing technology (Hosp-
odarenko et al., 2019).

The market for flour confectionery products (FCPs)
in Ukraine is expanding with each passing year. This
development is not only characterised by an increase in
the diversity of product offerings but also by an active
expansion of assortments, particularly in the case of
sponge cakes. Manufacturers are increasingly introduc-
ing a rich variety of flour confectionery products to the
market. This trend reflects the growing interest of mod-
ern consumers in product variety and their desire to ex-
plore new tastes and combinations. Such an approach
by manufacturers stimulates demand for flour confec-
tionery products and contributes to the overall compet-
itiveness of the Ukrainian market. The aim of this article
was to analyse, develop, and scientifically substantiate
the technologies for enriched flour confectionery prod-
ucts by refining the technological process of produc-
ing sponge cakes from ftriticale flour and enrichers.

Materials and methods

The object of study in this article was the process of
manufacturing high-nutritional-value sponge cakes
based on triticale flour with the addition of non-fat dry
milk as a protein enricher. The methodological basis
of the research, conducted at Lutsk National Technical
University during 2022-2023, involved a comprehen-
sive approach to solving tasks related to the devel-
opment of technology for flour confectionery prod-
ucts based on triticale flour and enrichers to obtain
products of increased nutritional value, modern phys-
icochemical methods of raw material, semi-finished
product, and product analysis, and mathematical pro-
cessing of experimental data.

The quality assessment of triticale flour was con-
ducted based on organoleptic and physicochemical pa-
rameters (Table 1).

Table 1. Triticale flour quality indicators

Indicator Value of indicators
Organoleptic
Colour White with yellowish tint
Taste Peculiar to triticale flour, without foreign taste
Crispiness Is not detected

Physical and Chemical

Moisture, % 139
Mass fraction of crude, % 16.4
Falling number, “FN”, s 321
Metal and magnetic impurities, mg per 1 kg of flour Absent
Infection by pests is not found

Source: developed by the authors based on the sources of A. Fras et al. (2018), V. Liubych et al. (2022)
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Scheme for the production of sponge cakes is pre-
sented in Figure 1.

\ﬂgar

Whole milk powder,
Citric acid, Water

>| Emulsion

Kneading the dough:
=4 min;
n=350 min’;
t=28-29°C

Cream
margarine

Triticale flour

Whipping the dough:
=60 s;
n=1000 min %;
P=0.5+0.02 MPa

Baking:
SHF heating - 7 min;
Convective heating - 18 min;
t gaking=185-195°C

Cooling - t=20-30 min;
Dough proofing - t= 2.5-3.0 hours;
t =18-20°C

A 4

Packing in bags

Figure 1. Structural scheme for the production

of sponge cakes from triticale flour
Source: developed by the authors

To prepare the experimental samples of sponge cakes,
mixing was carried out with triticale flour and a solution
containing reconstituted whole milk powder, citric acid,
and water, resulting in a dough with a moisture content of
40% for 2 minutes. Then, sugar was added, and the dough
was further mixed for 1 minute. Subsequently, cream mar-
garine was added, and mixing of the dough continued
for another 1 minute. The total mixing time amounted to
4 minutes (Table 2).

Table 2. Sponge cake recipe
from triticale flour and whole milk powder

Name of raw material Consumption of raw material
Triticale flour, kg 370.0
Sugar, kg 330.0
Cream margarine, kg 150.0
Whole milk powder, kg 150.0
Citric acid, kg 2.0
Flavouring agent-vanillin, kg 0.3
Water, kg According to calculations
Product output 1000.0

Source: developed by the authors
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After the mixing process, the dough is unloaded,
and dough pieces weighing 300-350 g are formed from
it. Then the dough in the molds is heated to 100°C us-
ing microwave heating for 7 minutes and baked at a
temperature of 185-195°C using convective heating for
20 minutes. After baking, the finished sponge cakes are
cooled to a temperature of 30-35°C on a conveyor di-
rectly from the oven. This method of cooling prevents
product deformation. In the first 3 minutes, the sponge
cake cools without forced air circulation, and in the
next 3 minutes, with forced air circulation at a speed of
3 m/s. After this, the sponge cake is packaged.

To obtain recommendations regarding the dosage
of whole milk powder in this technology, the effect
of different dosages of non-fat dry milk on the quali-
ty indicators of the dough and finished sponge cakes
made from triticale flour was studied. The research in-
cluded studying the effect of various concentrations of
whole milk powder on the texture of the dough, crisp-
iness, structure, and taste of the finished sponge cakes.
Various ratios between triticale flour and whole milk
powder were used, as well as control samples with dif-
ferent dosages. Based on the research results, optimal
dosages of whole milk powder will be recommended
to achieve the best quality indicators of the dough and
sponge cakes. This approach will improve the produc-
tion process and ensure stable product quality. During
the research, whole milk powder (WMP) was added in
dosages ranging from 5 to 25%,and quality indicators of
the dough and finished sponge cakes were determined.

Results and discussion

To develop a competitive technology for producing
sponge cakes with increased nutritional and biological
value, it is necessary to search for new inexpensive raw
material sources - enrichers and to improve the pro-
cesses of dough preparation. The selection of raw ma-
terials and enrichers is based on their positive impact
on the human body.

WMP is a source of animal proteins and contains
all the necessary minerals and vitamins essential for
human life, present in an ideally balanced, easily ab-
sorbable form. Cream margarine has the best emul-
sifying ability and is suitable for use in sponge cake
recipes. Citric acid acts as an acidity regulator, a pre-
servative for food products, and improves metabolism,
which can positively affect weight loss. The justification
for the choice of raw materials and enrichers used in
sponge cake production confirms their potential for ob-
taining new products enriched with essential nutrients.

Upon analysing the chemical composition of the
raw materials and enrichers, it should be noted that the
selection of this type of raw material is expedient for the
development of sponge cake technology, as it reduces
sugar content and increases nutritional and biological
value. The biologically active substances present in the
aforementioned raw materials have a favourable effect
on human body processes. Considering the presence of



a protein fraction in dry milk, it acts as an emulsifier
and accelerates the foaming process. The data from the
conducted research are presented in Table 3.

Table 3. The effect of the introduction
of milk powder on the quality of dough from triticale flour

Value of indicators in the samples with
the introduction of milk powder, %

5 10 15 20 25
0.65 | 059 | 053 | 0.56 | 0.54

Name of indicator

Bulk weight, g/cm?

Titrated acidity, degrees | 1.73 | 1.72 1.75 1.82 1.80

Source: developed by the authors
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Adding milk powder in the amount of 5-25% has
been found to reduce the volume mass of the dough due
to the lactose in milk,which inhibits the foaming process
but stabilises the foam. It has been determined that milk
powder acts as an adsorbent, binding water and contrib-
uting to increased dough viscosity. Experimental sam-
ples of biscuits with this enrichment agent differed by
having a smooth surface,absence of ruptures and cracks,
with uniformly thin porosity. This can be explained by
the increase in dough viscosity and the decrease in
pressure inside the bubbles. Studies have shown that
the application of WMP improves the organoleptic and
physicochemical quality indicators of products (Table 4).

Table 4. The effect of the introduction of whole milk powder
on the quality indicators of sponge cake from triticale flour

Value of indicators in the samples with the introduction of whole milk powder, %

Name of indicator

5 [ 10 [ 15 [ 20 25
Organoleptic
Shape Corresponds to the form in which baking was carried out
Surface Smooth, not burnt
Colour Brown
Crumb condition
Baked condition Baked

Porosity

Fine homogeneous

Taste and smell

Weakly expressed, peculiar to the given

kind of product

Strongly expressed, peculiar to the given kind of product

Physical and Chemical indicators

Moisture, % 24 27 29 30 32
Porosity, % 58 74 62 78 82
Specific volume, cm3/100 g 178 184 188 180 186

Source: developed by the authors

Following the conducted research, the optimal
dosage of WMP at 15% has been established, leading
to an improvement in biscuit quality across all indica-
tors, based on which a recipe for triticale flour biscuits
has been developed. In their work, author F. Zhu (2018)
summarises the latest achievements in the nutritional
composition and diverse utilisation of triticale in food
products. The author also identifies that the chemical
composition of triticale flour is highly diverse, indicat-
ing the potential of triticale as an alternative to whole
grain flour in food and beverage production. Schemes
for processing triticale grain into high-quality baking
flour have been developed and analysed by authors
l. Piazza et al. (2023) and J. Kaszuba et al. (2024), con-
firming the quality of the final product obtained in this
study. Analysis of the chemical composition of grain,
flour, and bread of various triticale varieties conducted
by S.A.Siddiqui et al. (2022) demonstrates that grains of
some modern triticale varieties with favourable chem-
ical composition from a technological and nutritional
perspective are suitable raw materials for flour and
bread production, affirming the potential use of triti-
cale flour in biscuit production. F. Eudes (2015) investi-
gated triticale considering the influence of biotechno-
logical factors crucial for agriculture, feed cultivation,
food production, and industrial applications.

Flour-based confectionery products, traditional
in many countries, are deficient in micronutrients and
vitamins. Enhancing their nutritional and biological
value can be achieved by fully or partially replacing
wheat flour with triticale, rich in all necessary nutrients,
as indicated by the research of S.V. Vasiliev (2018) and
AV.Sachko et al. (2020). According to some scientists, its
application, due to the low gluten content, is possible
for a limited range of confectionery products (sugar, oat,
coconut, and chocolate cookies). Particularly, the study
by V. Liubych et al. (2021) examined the quality forma-
tion of cupcakes made with triticale (baking, settling,
moisture, volume, porosity), enriched with pumpkin
paste. This study confirmed the feasibility of using trit-
icale for the production of gingerbreads, cookies, muf-
fins, and biscuits, as well as the influence of pumpkin
paste on product quality. A. Fras et al. (2018) developed
a new healthy triticale-oat bread by replacing as much
wheat flour as possible with a high-fiber triticale-oat
concentrate without compromising the technological
quality of the bread, resulting in a food product with
high fiber content (over 6 g per 100 g) and increased
levels of dietary fiber. A. Torbica et al. (2019) investigated
the rheological properties of a mixture of whole wheat
and whole grain ftriticale flour for pasta production
and provided optimal ratios for obtaining high-quality
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flour blends. Authors S. Kalnina et al. (2015) studied the
rheological characteristics of mixed compositions of
wheat and triticale flour for use in pasta production,
demonstrating that an increase in whole grain flour de-
teriorates the rheological properties of the dough. Re-
search by H.Wo$ & W.Brzezinski (2015) allowed for the
identification of biologically activated triticale grain as
a source of valuable nutrients and its potential use in
creating functional pastry mixtures.

In the works of H. Wos & W. Brzezinski (2015),
AV. Zagrychanska & V.Ya. Golyuk (2021), various plant
additives and malt flour are used as enrichments to
obtain bakery products with increased nutritional and
biological value from triticale flour. Products obtained
using plant-based additives are of interest in terms of
their chemical composition and may be considered
therapeutic and prophylactic products. In this study,
the following ingredients were chosen as enrichments
for the development of triticale flour biscuits: triticale
flour, WMP, cream margarine, and citric acid.

Therefore, the use of WMP in the recipe for triticale
flour biscuits resulted in a product of functional purpose
with excellent taste quality. This is because milk lactose,
which inhibits the growth of harmful bacteria, promotes
the maintenance of healthy gut flora and stimulates bet-
ter absorption of micro-and macro-elements in its walls.
The nutritional value of the product was determined
based on a combination of properties. Their presence in-
dicates the satisfaction of human physiological needs for
necessary substances and energy. The main characteris-
tic of the nutritional value of the product is its chemi-
cal composition (proteins, fats, carbohydrates, vitamins,
macro- and microelements). At the same time, its con-
sumption in commonly accepted quantities is taken into
account, as well as its energy and biological value.

To determine the nutritional and biological value,
as well as the degree of satisfaction of the daily hu-
man nutrient requirements, the chemical composition
of the obtained triticale flour biscuits per 100 g was
calculated (Table 5).

Table 5. Degree of satisfaction of the daily human nutrient requirements

Value of indicator in finished products per 100 g
Name of component | Daily requirement Sponge cake from Degree of Sponge cake from Degree of
wheat flour satisfaction, % triticale flour satisfaction, %
Proteins, g 75 9.9 13.2 11.6 15.5
Fats, g 83 25.1 30.2 20.6 24.8
Carbohydrates, g 365 4456 12.2 46.1 12.6
Dietary fiber, g 30 11.5 38.3 13.3 443
Minerals, mg:
Potassium 3500 3255 9.3 1470 42
Calcium 1000 43 4.3 1062 106.2
Magnesium 400 40.8 10.3 206 51.5
Phosphorus 1000 215 215 1610 161
Iron 14 4.7 33.6 34 24.3
Vitamins:
E,mg 10 5.21 552.1 0.9 9
C,mg 70 - - - -
B, mg 2.0 0.45 22.5 0.73 36.5
B,,mg 20 0.58 2.9 3.6 18
B,,mg 1.8 0.5 27.8 1.5 83.3
B, mg 15 0.4 26.7 0.65 433
Amino acids:
Valine 2500 880 35.2 1822.5 72.9
Isoleucine 2000 690 34.5 1812 90.6
Leucine 4600 12834 279 2539.2 55.2
Lysine 4100 4679.7 11.7 1836.8 448
Methionine 1800 423 235 1054.8 58.6
Threonine 2400 508.8 21.2 1567.2 65.3
Tryptophan 800 144.8 18.1 507.2 63.4
Phenylalanine 4400 1130.8 25.7 3291.2 74.8
Biological value, % 57.55 71
Energy value, kcal/kl 1232% 25;3(;3884 239 gg% 19.9

Source: developed by the authors

Upon analysing the chemical composition of biscuits
made from triticale flour, certain differences were ob-
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served compared to products made from wheat flour. As
evident from the data, the content of B-group vitamins



(B1,B2,B3,and B6) increases compared to control sam-
ples,indicating an improvement in their nutritional and
biological value. However, vitamin E shows a significant
decrease due to the absence of egg melange in the
composition.Additionally,an elevated content of miner-
al elements such as calcium (Ca), phosphorus (P), mag-
nesium (Mg), and potassium (K) was noted in sponge
cakes made from triticale flour with the addition of
WMP. This indicates an increase in the satisfaction level
of human daily nutrient requirements for minerals. Such
changes in the composition of sponge cakes may af-
fect their nutritional value and usefulness for the body.

Conclusions

Studying the technologies of using triticale flour, with
its increased protein and mineral content, is relevant
for expanding raw material ingredients in the pro-
duction of flour-based confectionery products. The re-
search focused on studying the quality indicators of
sponge cakes made from triticale flour with the ad-
dition of whole milk powder, which acted as a protein
enricher. The conducted studies indicate the feasibility
of using triticale flour in the production of flour-based
confectionery products, as it allows for obtaining
high-quality products with increased protein value and
vitamin content, particularly B-group vitamins, macro-
and microelements. According to the obtained results,
it has been proven that triticale flour can be used to
replace higher-grade wheat flour in biscuit production.
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All samples made from mixtures of triticale flour with
varying proportions of whole milk powder, as well as
those made from 100% triticale flour, had excellent
appearance. The addition of whole milk powder in
amounts of 5-25% resulted in a decrease in the volume
of dough, and these biscuit samples had a smooth sur-
face and uniform porosity. Using triticale flour instead
of wheat flour provides sponge cakes with high senso-
ry characteristics, higher nutritional and biological val-
ue due to increased vitamin, macro- and microelement
content, protein, and essential amino acids. Protein
biological value analysis revealed that sponge cakes
made from triticale flour have two times higher scores
for threonine and valine, and four times higher scores
for isoleucine, lysine, and tryptophan, providing signif-
icant consumer advantages to the resulting product.

A priority direction for further development of tech-
nological processes in the production of flour-based
confectionery products is the search for technologies
to produce products with increased nutritional and bi-
ological value using non-traditional types of flour and
enrichers, which will expand the range of functional
food products in general.
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AHoTaLifl. AKTyanbHiCTb LOCNIIXKEHHS NONSra€ y MOXANBOCTI BUKOPUCTAHHS TPUTMKANE 3 MiABULLEHMM BMICTOM Binka
Ta MiHepanbHWUX PEYOBUH, AN PO3LUMPEHHS iHTPEAiEHTIB CUPOBMHHOI 633K TeXHONOTiT HOPOLWHAHMX KOHAUTEPCHKMX
BMpOGiB. MeTol poboTn Byno AoCNiAXKEHHS MOKA3HMKIB SKOCTI OOPOLIHAHWMX KOHAMTEPCbKMX BMPODIB, 30KpeMa
6icKBITIB, B peLenTypy SiKMX Oyn0 BHECEHO LUASXOM 3aMiHM DOPOLHO TpUTMKane Ta cyxe He3bupaHe MONOKO B
poni 6inkoBoro 36aravyBava. 3a LOMOMOrow METOAIB CTAaTUCTUYHOI 0OpPOOKM eKCnepuMeHTaNbHUX AaHuX 6yno
npoBeAeHO aHani3 3paska KOXHOro Buay BUPOoOy 3 pi3HOK KOHLEHTPaLLi€lo CyXoro He3bupaHoro Monoka (L03yBaHHS
Big 5 no 25 %). 3pobneHo BMCHOBOK, WO po3pobneHi peuentypu BickBiTiB 3abe3nevyroTb CTyMiHb 3a[40BOEHHS
cepenHboA0060BOT HOPMM CMOXMBAHHSA 3ani3a — 29,21 %, kanbuito - 95 %, kanito - 40 %, marHito - 50 %, docdopy -
100 % i 6inble;BiTaMiHiB rpynu B - 18-80 %.Y NOpiBHSAHHI 3 KOHTPObHMM 3pa3KOM 6i0N0riYHA LiHHICTb NiABULLYETHCS
[0 71 %; eHepreTMyHa LiHHICTb 3HUXKYETLCS HA 426 kK. BifCyTHICTb S€EYHOrO MenaHxXy B peLentypax BUpobis, Lo
po3pobnaTLCS, 4AE MOXKMBICTb 3HU3UTM YACTKY XonecTepony Ha 97 %, i BiAHeCTu Ui BUpO6U A0 rpynu Ai€ETUHHUX
npoayKTiB. byno BU3HaYeHO HalKpaLLi 3pa3ky Ta ONTUMaNbHI L03yBaHHS Cyxoro He3bupaHoro Monoka: 15 % o macu
6opoLHa nig vyac BUpobHULTBA BicKBITIB. TEOPETUYHO Ta NPAKTUYHO MiATBEPOXEHO PYHKLiOHANbHY CNPSAMOBAHICTbL
H6opoLLHa TpUTUKANE, OTPMMAHO HOBI Pe3yNbTaTi 3a/IeXXHOCTI MPOLLECY CTPYKTYPOYTBOPEHHS TiCTa Bif TEXHOMOMYHMX
napameTpiB BUPOOHULITBA Ta peLenTypHUX KOMMOHEHTIB. Po3pobneHo peuenTypy 6icKBiTiB NiABULLEHOT XapyoBOi Ta
6ionorivHoi LiHHOCTI,Ha OCHOBI BOPOLLHA TPUTUKANE, WO Nepenbavac BHeceHHs 36aravyBayis, 30kpemMa He3bupaHoro
CyXOro MOJIOKa Ta BUK/IOUYEHHS 3 peLenTypu Se4Horo mMenaHxy. OTpuMaHi pesynbtati MOXyTb 6yTV BUKOPUCTaHI
B KOHOMTEPCHbKIM MPOMMUCIOBOCTI AN9 CTBOPEHHS HOBMX NPOAYKTIB, SKi BiAMOBIAAOTb CyY4aCHUM TEHOEHLISM Yy
Xap4yyBaHHi Ta CNOXMBAYaM, WO LiHYOTb BULLY Xap4yOBY LiHHICTb Ta 340POBUI Xap4yoOBUIA CKNaz
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Abstract. The relevance of the study is to identify the potential for creating innovative building materials that
can improve the quality and efficiency of construction and furniture production. The purpose of the study is to
analyse the market of sheet building materials, explore the possibilities of using plant materials in construction
and furniture industry, and compare the properties of the latest building materials with the existing ones.
The analysis of literature sources included a search and evaluation of new developments in the construction
industry, as well as an analysis of statistical data on the production of architectural materials in Ukraine, using
information resources and Internet search services. To evaluate the consumer properties of innovative building
materials, the author used quality assessment methods using visual perception and special tools, in accordance
with the established regulatory documentation. Important issues aimed at using resource-saving technologies
in construction and developing the latest (environmentally-friendly) building materials are considered. The
current state of the Ukrainian market of building sheet materials and the properties of industrial hemp are
investigated in order to determine the most cost-effective use of hemp raw materials as an effective basis for
the creation of building materials for various purposes. The suitability of the raw materials was determined and
assessed, experimental samples of chipboards with different fillers were obtained, and the physical, mechanical
and aesthetic characteristics of the finished products were investigated. The research will contribute to the
development of the hemp processing industry, as well as enterprises that produce goods for various functional
purposes from hemp, which will provide conditions for combining the agricultural sector and the construction
industry, i.e. building a closed production cycle

Keywords: chipboards; wood fibre boards; density; thermal conductivity; hemp fire; hemp stem; insulation
materials

Suggested Citation:
Lialina, N., Zakharchenko, P., & Bondarenko, O. (2024). Promising areas for the use of industrial hemp for the manufacture of
sheet building materials. Commodity Bulletin, 17(1), 83-91. doi: 10.62763/ef/1.2024.83.

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0002-9364-0925
https://orcid.org/0000-0001-9172-0940
https://orcid.org/0000-0002-8164-6473

Promising areas for the use of industrial hemp...
84

Introduction

Since the beginning of 2012, the demand for wood and
wood waste products from the population, construction
and furniture industries has been accompanied by a sig-
nificant decrease in wood resources. In addition, grow-
ing consumer demands for the quality of materials used
in home furnishings are driving demand for safer prod-
ucts, forcing manufacturers to introduce the latest tech-
nologies to produce environmentally-friendly products.

T.Jami et al. (2022) noted that construction is con-
sidered one of the most dangerous sectors for the plan-
et - it accounts for 28% of carbon dioxide emissions
annually, and in general, buildings generate 40% of
the total amount of harmful substances in the course
of their existence. That is why considerable attention
has been paid to the search for and use of environ-
mentally-friendly building materials since the 1990s
and as of 2024. There are two main areas that can re-
duce the negative impact on the environment and help
preserve wood resources. These studies are aimed at
optimising existing technologies and developing new
resource-saving technologies for the production of in-
novative building materials. Therefore, research into
the possibilities of using industrial hemp as an alter-
native raw material for the production of building ma-
terials is quite important and relevant.

The study by E.M. Tudor et al. (2020) focuses on the
development of materials that can meet consumer re-
quirements for heat, noise and other types of insulation
and can also be considered environmentally-friendly.
Hemp-based composite materials are an important al-
ternative for the construction sector.These materials are
considered environmentally-friendly, they contribute to
the energy efficiency of buildings,absorb carbon dioxide
and reduce pollutant emissions during the production
process,while generating limited waste (Liu et al.,2023).

Among all industrial crops, hemp attracts spe-
cial attention due to its agro-technological and tech-
nical properties, as it is one of the most stable and
fastest-growing agricultural plants. R. Grigorov et
al. (2022) argue that it can be harvested twice a year,
so it is twice as effective in reducing the greenhouse
effect. During its growth, industrial hemp absorbs 8 to
15 tonnes of CO, per hectare of crop. In comparison,
forests typically absorb between 2 and 6 tonnes of CO,
per hectare per year, depending on the number of years
of growth, climate region and tree type.

The search for resource-saving building technolo-
gies has become an important area of innovation in the
construction sector. Natural building materials, such
as wood, industrial hemp and clay, have proven their
quality and durability in buildings that meet modern
requirements for a healthy indoor environment (Barb-
huiya & Das, 2022).

Modern research by scientists confirms that hemp
is an excellent filler in composite materials for ther-
mal insulation and the manufacture of chipboards. The
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source UBC students build near-zero carbon hemp-
crete building on vancouver campus (2023) confirms
that the use of hemp aggregate for concrete mixtures
began in France in the 1980s to replace adobe (mixed
clay, sand and straw) for wall cladding. The introduc-
tion of the latest construction technologies in Europe
through the use of plant materials has expanded the
possibilities of using industrial hemp.

Studies conducted by P. Bouloc et al. (2023) show
that almost the entire hemp stem can be used to pro-
duce a variety of building materials. Hemp fibre is an
alternative substitute for synthetic fibres for the man-
ufacture of insulation materials, and hemp is used to
produce lightweight concrete and plastering solutions.
Insulation materials, which are widely used in con-
struction, improve the energy efficiency of a building
and provide comfortable indoor conditions.

In the works of S.M.Q. Bokhari et al. (2021),]. Liao et
al. (2022) noted that hemp has quite good acoustic
and insulating properties, but the issue of maintain-
ing these properties, as well as chemical resistance
and compatibility with various adhesives during the
production process, is crucial. In addition, the mechan-
ical properties of hemp raw materials, such as parti-
cle size, density, thickness and shape, depend on the
morphological structure of the stem. Therefore, these
material parameters are important characteristics that
are taken into account in the production of construction
products and determine their performance properties.

The purpose of the article was to study the exist-
ing technologies for the manufacture of facing, insu-
lation and composite materials based on plant-based
raw materials, analyse the market for harvesting wood
raw materials and producing chipboards in Ukraine,
and determine the suitability of hemp raw materials
for the production of sheet building materials.

Materials and methods

The study to assess the quality of raw materials to
obtain experimental samples of chipboards and their
physical and mechanical properties was conducted
in the laboratory at the Kyiv National University of
Construction and Architecture during 2019-2023. Dif-
ferent types of raw materials were used to make the
samples: straw (unprocessed stem) and hemp bark,
as well as wood chips. The raw materials were pre-
pared by grinding, sorting into fractions, and drying
to a moisture content of 6-8%. The suitability of the
raw materials can be determined by their properties
(homogeneity and moisture content) using organolep-
tic methods and instrumental evaluation. Uniformity
was determined by visual and touch assessment using
DSTU ISO 6658:2005. Sensory testing. Methodology.
General guidelines (2006), DSTU 4922:2008. Timber
and sawn timber products. Methods for determining
moisture content (2009).



In order to substantiate the feasibility and possibil-
ity of replacing wood with plant-based raw materials,
namely industrial hemp, a comparative analysis of the
mechanical properties of prototype samples of boards
made on the basis of wood chips, hemp stalk and bark
was carried out. The prototypes of wood chip and
hemp boards were manufactured using the hot press-
ing technology, the essence of which is to keep the
prepared samples at high temperatures (120°C-180°C)
under a pressure of 3.5-5 MPa and subsequent hold-
ing in chambers for 8-1 hours to reduce shrinkage and
level the moisture level. In Germany, almost 95% of all
chipboards are produced using this method and it is
called “flat pressing” (Baraboi et al., 2019).

To make the 200x200 mm specimens, 285 g of
chopped hemp bark, stem or wood shavings were
used, pre-dried to a moisture content of no more than
8%. The prepared raw materials were mixed with
the adhesive solution, after which the samples were
moulded and compacted using a hand press and final-
ly baked in a hot press.

The research included a search and analysis of
relevant scientific sources on innovations in the con-
struction sector. Statistical data on the production
of sheet materials in Ukraine were researched using
various information resources and Internet search
services. To study the consumer properties of inno-
vative building materials, such as thickness, density,
bending strength, water absorption and aesthetic in-
dicators (surface condition and colour), organolep-
tic and instrumental evaluation methods were used,
using the regulatory documentation DSTU EN 309-
2003. Particleboard. Definition and classification
(EN 309:1992, IDT) (2005), DSTU EN 311:2003. Par-
ticleboards. Surface strength of particleboards. Test
methods (2005), DSTU B EN 12087:2016. Thermal
insulation products for construction purposes. De-
termination of water absorption during prolonged
immersion (EN 12087:2013, IDT) (2016), DSTU EN
312:2018. Particleboard. Technical requirements
(EN 312:2010, IDT) (2018).

The research complied with all the standards set
out in the Convention on Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

Results and discussion

Economic growth, changes in consumer values, a
greater awareness of social welfare and environmen-
tal issues, and evolving tastes are the main factors
driving demand for woodworking and construction
products. Awareness of environmental issues and con-
sumer expectations regarding the quality and safety
of goods are becoming more pronounced, prompting
the development of specific requirements for the con-
struction and furniture market.
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An important factor driving the revision of tech-
nologies and the use of raw materials is the growing
role of efficient use of renewable resources and waste.
Increasing resource productivity and reducing waste
are two key strategies for businesses to manage limited
resources in the current and future.

The production of sheet wood materials in the world
is constantly growing. This production is characterised
by large volumes and a high position in the wood prod-
ucts markets. In the group of European countries, the
largest share of wood panel production is accounted
for by particleboard, with levels ranging from 83.3% in
the UK to 57% in Italy (Kirilovs et al., 2012; Mirski et
al., 2017; Hemp blocks for naturally efficient mason-
ry, 2021). Particleboard is the most widely used mate-
rial in furniture production and construction. The first
production of this material began in Bremen (Germany)
in 1941 (Nishimura, 2015).The main advantages of chip-
board include ease of processing, cost-effectiveness,
reliability and high practicality. According to the classi-
fication of the State Statistics Service of Ukraine, parti-
cleboard construction materials are used for partition-
ing and are classified under the code “Wood chipboards,
unprocessed” (State Statistics Service of Ukraine, 2024).

Modern production technologies ensure high qual-
ity and safety of products. Particleboard is made by hot
pressing wood chips, which are obtained from industri-
al wood of various species and waste from woodwork-
ing enterprises. During this process, bonding, water-re-
pellent, antiseptic and other substances are added
to give the board its special strength and durability.

Among the chipboard producers in Ukraine, there
are Ukrainian companies that produce their own prod-
uct and companies that work on behalf of well-known
global brands such as Egger, Swisspan, Kronospan,
whose products are supplied to most countries. The
quality of board materials produced on high-tech lines
(mainly Finnish and German automated conveyor sys-
tems) meets stringent European standards in terms of
size, technical characteristics, performance, environ-
mental and sanitary and hygienic indicators. The mar-
key analysis and dynamics of chipboard production in
Ukraine have undergone significant changes to both
internal factors (raw materials, technology, availability
of modern equipment) and external factors (COVID-19
and military situation in Ukraine). The dynamics of
wood-based production in Ukraine is shown in Figure 1.

As can be seen from the data presented, since
2018, Ukraine has been experiencing a decline in
the production of wood-based panels, which is due
to the saturation of the market with imported goods
and a decrease in the volume of wood harvesting.
Thus, according to the State Statistics Service of
Ukraine (2024), the volume of wood harvesting for
various functional purposes has been gradually de-
creasing since 2018 (Table 1).
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Chipboard production in Ukraine
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Figure 1. Dynamics of chipboard production in Ukraine in 2017-2023, thousand m?
Source: developed by the authors based on data from the State Statistics Service of Ukraine (2024)

Table 1. Timber harvesting volumes in 2016-2023, thousand m?

Years 2016 2017 2018 2019 2020 2021 2022 2023
Thevolume | )05 g 21923.0 225297 20869.6 17826.2 17649.4 159343 12396.3
of workpiece

Source: developed by the authors based on data from the State Statistics Service of Ukraine (2024)

The data presented in Table 1 confirms the fact that
the amount of own wood raw materials in Ukraine is sig-
nificantly decreasing, while the demand for wood-based
products is not decreasing. Therefore, an important issue
is the search for alternative local raw materials that can
be successfully used for the production of furniture and
construction products.

The martial law and hostilities in the south and
east of Ukraine have resulted in the suspension or de-
struction of many construction, processing and furni-
ture companies. A large number of housing units have
been destroyed, especially in the frontline areas, and
various types of sheet construction materials, such as
chipboard, fibreboard and OSB, are most often used to
rebuild damaged housing. In order to solve the issue of
providing the population with the necessary building
materials and preserving our own wood, it is necessary
to use plant-based raw materials that are not inferior in
their properties to the wood used to make chipboard.

The properties of hemp allow it to be effectively
used for the production of sound, vapour and heat insu-
lation materials, which helps to create a special indoor
microclimate, suppresses pathogens, fungi and bacte-
ria, while its low cost and the possibility of complete

recycling without harming the environment provide
additional benefits to new building materials. Industri-
al hemp is a bast-fibre crop that has high strength and
flexibility, which is a very important criterion for use in
the production of various types of construction and fur-
niture products. Therefore, the study was aimed at de-
termining the suitability of plant-based raw materials
for the manufacture of sheet building materials (SBM)
and further evaluation of their consumer properties.

According to the results of the study of the quality of
the input raw materials (wood chips,chopped hemp stem
and bark), it was found that the presented samples dif-
fered significantly in terms of homogeneity, which is ex-
plained bythe peculiarities of the morphological structure
of wood and hemp, as well as the fractional composition.
Thus, wood shavings and hemp pellets did not visually
differ in homogeneity, although there was a difference in
the surface condition of the crushed particles: the pel-
lets, unlike the shavings, had a smoother surface. The raw
material, which consisted of chopped hemp stem, was
heterogeneous due to the high content of the fibrous
part of the stem. The moisture content of the raw mate-
rial samples was almost the same. The results of the raw
material suitability assessment are presented in Table 2.

Table 2. Raw material quality indicators

Types of input raw materials

Indicators N
wood chips

cannabis bonfire chopped hemp stalk

chopped wood particles - 25-30 mm
thick, 10-50 mm long, golden to
brown in colour

Homogeneity

all the firewood particles are almost
the same size: thickness - 15-
20 mm, length - 20-25 mm, colour -
light yellow with grey tint

the mixture is heterogeneous,
contains wood and fibrous particles
that vary in length and thickness, the
colour is light yellow with a green tint

Moisture content, % 12

15 15

Source: developed by the authors
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The results of the quality assessment of the pre-
pared raw materials show (Table 2) that the hemp
bark and stem do not differ significantly in fraction-
al composition from wood chips, the differences in
colour are not significant, and the humidity will be
brought to the normalised level (6-8%) by further
drying, which confirms the possibility of using hemp
raw materials for the production of particleboards.

The technical characteristics of chipboard de-
pend on the properties of the chips and impurities
used in its manufacture, as well as on the thickness
and dimensions of the board (Baraboi et al., 2019).
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The main ones are:

« density;

e strength;

e rigidity;

e water absorption;

e fire resistance;

e environmental friendliness;

e size.

The results of the analysis of the mechanical prop-
erties of the experimental samples of slabs obtained
from three types of raw materials by hot pressing are
presented in Table 3.

Table 3. Mechanical properties of the prototypes of wood chipboard and hemp chipboard

No. Indicators Chipboard Hemp chipboard obtained from a fire | Hemp chipboard made from the stem
1 Thickness, mm 15.0 15.0 15.0
2 Density, kg/m? 670.2 658.6 598.3
3 Bending strength, MPa 6.2 7.1 7.5
4 Water absorption, % 120 135 395
5 Aesthetic indicators, points 5 5 3.5

Source: developed by the authors

The results of the studies of the mechanical prop-
erties of the experimental samples show that the
hemp chipboard made from bark has better bending
strength (7.1 MPa) and lower density (658.6 kg/m3)
compared to wood chipboard and bark chipboard,
but is better than both samples in terms of strength
(7.5 MPa). This is due to the presence of fibrous impu-
rities in the raw material mixture.

The water absorption (after full immersion for
28 days) of the boards differs significantly. For example,
the best value is achieved by the chipboard - 120%,
which is 15% better than that of the board made from
bark (135%), which is explained by the more porous
structure of bark and the lower density of the board. As
for the sample obtained from the hemp stem, a rather
high percentage of water absorption (395%) is observed
due to the heterogeneous structure of the prepared
mixture and the presence of the fibrous part of the stem.

The aesthetic characteristics of the samples, name-
ly the surface condition (smoothness, roughness, struc-
ture) and colour, which were assessed by visual inspec-
tion, have the same score for chipboard and bark board.
The stem board received a lower score due to its het-
erogeneous structure and atypical colour (yellow with
a greenish tint), but this feature can be corrected in the
process of further processing of the board (painting, ap-
plying a protective film, etc.).

Theoretical and experimental studies aimed at as-
sessing the suitability of various hemp raw materials
for the production of sheet building materials and de-
termining their consumer properties confirm the pos-
sibility of using industrial hemp. This paper presents
the results of producing plates using only one meth-
od - the hot pressing method. Studies conducted by

H. Kallakas et al. (2018), in which different raw material
compositions (hemp trust, hemp bark, and a mixture
of wood chips and bark) are used to produce particle-
boards, proved the possibility of producing different
sheet materials - wood chip and fibreboard - by dry
and wet pressing, as well as by applying a special type
of paper to the surface to improve strength and aes-
thetics. The authors note that the best bending strength
(7 MPa) is achieved by boards made from hemp bark,
followed by boards made from wood chips (6.26 MPa).
Wood-fibre boards made from hemp resin are signif-
icantly inferior in terms of flexural strength, which is
0.31-1 MPa.The water absorption of the board samples
also differed. It is noted that the water absorption of
wood-based panels from hemp bark is 18% higher than
that of wood chips. Wood-fibre boards from hemp res-
idue obtained by dry pressing did not pass the test for
water absorption at all - as a result, they dissolved.

B. Abu-Jdayil et al. (2022) argue that due to the rap-
id growth of hemp and the accumulation of large bio-
mass, the possibilities of using this plant are endless. In
their work, the authors examined various ways to use
composite panels made of hemp bark for insulation and
sealing of buildings. The results of the study showed
that energy consumption for heating the house de-
creased by 42%, and the airtightness of the room insu-
lated with hemp panels increased by almost 70%, with
heat loss overnight in winter being less than 1°C com-
pared to 9°C when using typical insulation materials.

B. Martinez et al. (2023) studied the influence of
various factors on the formation of acoustic and ther-
mal insulation properties of hemp-based materials. The
authors note that reducing the particle size of the stem
helps to improve the acoustic properties of finished
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building products, the optimal particle length is
4-6 mm,and their density of 0.3 g/cm3 improves thermal
insulation performance.

In the production of particleboards and other sheet
building materials, phenol-formaldehyde resins are
used as an adhesive mixture, which were recognised as
carcinogenic by the World Health Organisation in 2004
(World Health Organisation, 2010). Therefore, many
manufacturers are facing the issue of replacing them
with environmentally-friendly and human-friendly
components in the production of chipboard. P. Alao et
al. (2020) in their work manufactured particleboards
from hemp bark using different adhesives: urea-formal-
dehyde, formaldehyde-free, acrylic and soybean resin
on a biological basis. The samples were obtained by hot
pressing and their properties were investigated. The
results of the study show that hemp boards based on
soy resin have the best strength and water absorption
characteristics, which can be an alternative to hazard-
ous formaldehyde aggregates.

ATM.F.Ahmed et al. (2022) note the wide potential
of industrial hemp in various industries. The authors
paid special attention to the study of methods for the
production of composite materials as substitutes for
plastic or polystyrene foam. The paper describes sev-
eral methods of producing and processing composites
and compares the mechanical properties of hemp fibre
with other plants.The researchers noted that the tensile
strength of hemp is 1100 MPa, which exceeds that of
the following plants: jute — 800 MPa, ramie — 938 MPa,
sisal - 855 MPa, which confirms the possibility of using
hemp raw materials in construction, automotive indus-
try, and for roadway reinforcement. In the production
of composite materials for the woodworking and con-
struction industries, important criteria for raw materials
include not only basic properties, mechanical strength,
and possible applications, but also additional charac-
teristics such as microbiological resistance and thermal
conductivity (Constantine et al., 2018).

S.L. Lee et al. (2022) investigate the chemical com-
position and physical and mechanical properties of
various types of plant material and agricultural waste
to produce particleboards. The authors point out that
non-wood biomass (leaves, seeds, fruits, stems, straw,
husks) should be used for the production of sheet
building materials. To this end, it is necessary to study
their chemical composition, namely the content of
cellulose and lignin, which are valued in wood, as
they contribute to the strength and durability of fin-
ished products. The results of the study showed that
the cellulose and lignin content of different plant
species differs and is as follows: pine wood - 49.5%
and 27.5%, wheat straw - 39.3% and 20.7%, hemp
raw materials - 67.5% and 8.0%, respectively. Experi-
mental samples of chipboard based on the presented
types of raw materials did not differ significantly in
terms of strength and density, but water absorption
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was higher in those boards with a lower lignin content.

As noted by S. Sair et al. (2018), the physical and
mechanical properties of hemp-based insulation mate-
rials,namely thermal conductivity, flexural strength and
water absorption, vary depending on the percentage of
hemp fibre. In their research, the scientists produced
polyurethane insulation materials by adding different
amounts of fibres from 5 to 30%. When assessing ther-
mal conductivity, it was noted that with an increase
in the content of hemp fibres, the thermal conductiv-
ity of products increases. This is due to an increase in
the density of the sample and the morphological char-
acteristics of the raw material. Water absorption also
increased with the percentage of hemp impurities. An
inverse proportional relationship was observed in the
bending strength study: with an increase in fibre con-
tent, the strength of the boards increased.

C. Lihr et al. (2018) studied the effect of hemp va-
riety, growing conditions and primary processing on
the quality of the resulting particleboards. The authors
used varieties that differed significantly in their proper-
ties: the content of fibrous and woody parts, the amount
of cellulose and lignin, as well as different methods of
grinding raw materials. As a result, it is noted that the
density of the boards depends on the particle size and
the number of grinding stages. Thus, the studies con-
ducted confirm the possibility of using hemp bark for
the production of sheet building materials. However, it
is necessary to take into account the functional purpose
of innovative hemp boards (for what purpose and under
what conditions such material will be used) for further
development of manufacturing technology and adhe-
sive solution components.

Conclusions

The research has confirmed that hemp-based chip-
boards are a suitable substitute for wood-based
chipboards. In addition, the production method of
hemp-based panels has a significant impact on their
mechanical and technical characteristics. An analysis of
the Ukrainian particleboard market and wood harvest-
ing volumes confirms a gradual decline in chipboard
production and wood harvesting.

Thus, in 2023, chipboard production in Ukraine de-
creased by 18% compared to 2017, while timber har-
vesting almost halved. Given the high demand for sheet
construction materials and the need to preserve forests,
it is proposed to use a rapidly renewable raw material,
industrial hemp.

The study assessed the mechanical and esthetic
properties of the experimental samples, which con-
firmed the feasibility of replacing wood raw materials
with hemp in the manufacture of wooden boards. The
results obtained in determining the suitability of hemp
for the production of sheet materials showed that the
bark has a good homogeneous structure and does not
contain fibrous impurities, which is important when



mixed with adhesives.The strength of a board made from
hemp bark is 7.1 MPa, which is 13% better than that of
wood chipboard, and the water absorption is 15% high-
er. The board made from chopped stalks has the best
bending strength of 7.5 MPa, but is significantly inferior
in terms of water absorption, which is explained by its
lower density (598.3 kg/m?) and the presence of fibre.
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industrial hemp will be developed, which can increase
their productivity and reduce costs. The environmental
performance of the production and use of such mate-
rials will be studied in detail to ensure their sustain-
ability and compliance with environmental standards.
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AHoTaLifl. AKTyanbHiCTb LOCNIOXKEHHS MONSrae y BUSBMEHHI MOTeHLUiany CTBOPEHHS iHHOBaLiMHUX OyaiBenbHUX
MaTepianis, fKi MOXYTb MOKPALWMTU SIKICTb Ta edeKTUBHICTb OyaiBHMLTBA Ta MebneBoro BMpOOHULTBA. MeToto
pob0TK € aHani3 pUHKY NIUCTOBMX OyAiBeNbHUX MaTepianis, [OCHIMKEHHS MOXIMBOCTEN BUKOPUCTAHHS POCIMHHOI
CUMPOBWHU Y BYAIBHMUTBI Ta MebneBii NPOMMCIOBOCTI, @ TaKOX MOPIBHAHHSA BNACTUBOCTEN HOBITHIX OyAiBeNbHUX
MaTepianis i3 BXe HasiBHUMM. [ig yac aHanily niTepatypHUX OxXepen NpoXoAMB MOLWYK Ta OLiHKa HOBMX po3pobok
y ranysi OymiBHMUTBA, a Takox Oyn0 MpoaHani3oBaHO CTAaTUCTWMYHI AaHi WOAO BUPOOHMLITBA apXiTEKTYPHUX
MaTepianis B YKpaiHi, 3 BUKOPUCTaHHAM iHbOPMaLIiMHUX pecypciB Ta CepBiciB MOWyKy B Mepexi IHTepHeT. [ng
OLLiHIOBAHHS CMOXMBYMX BNACTMBOCTEN iHHOBALIMHMX OyadiBenbHUX MaTepianis 6yno BUKOPUCTAHO METOAM OLiHKM
SIKOCTi 33 [LONOMOTOK 30POBOr0 CNPUMAHATTS Ta CNeuiafbHUX IHCTPYMEHTIB, 3riAHO 3 BCTAHOBNEHOK HOPMATUBHOIO
[OKYMeHTaUi€. PO3rNSHYTO BaX/MBi NMUTaHHS, AKi CNPAMOBaHi Ha BUKOPWUCTaHHS pecypco3bepiratoumx TeXHOOrI
B OymiBHMUTBI Ta po3pobKy HOBITHIX (eKoNoriyHux) 6yaiBenbHUX MaTepianis. JocnigkeHO CyvyacHWi CTaH
pVHKY OyAiBeNbHWX NMCTOBMX MaTepianiB YKpaiHW Ta BNACTMBOCTI TEXHIYHMX KOHOMENb 3 METOK BU3HAYEHHS
MaKCMManbHO peHTabenbHOro HampsiMKy BMKOPUCTaHHS KOHOMASHOI CMPOBMHM B poni edeKTMBHOI OCHOBM ANS
CTBOPEHHSA OyAiBeNbHUX MaTepianiB pi3HOro NpusHayeHHs. BuaHauyeHo i 0BrpyHTOBAHO MPOBELEHO OLiHHOBAHHS
NPUAATHOCTI CUPOBUHU, OLEPXKAHO EKCNEPUMEHTANbHI 3pa3ku AepeBOCTPYXKKOBMX MNUT 3 PiSHUMU HANOBHIOBaYaMM,
a TAKOX AOCNIIKEHO (i3MKO-MeXaHIYHi Ha eCTeTUYHI XapakTepuUCTUMKM FOTOBMX BUPOOIiB. [poBeaeHi LOCNioKEHHS
OyayTb CNpusTU pPO3BUTKY KOHOMenepepobHOoi ranysi, a TakoX MiANpUEMCTB, SKi BUrOTOBASKOTb TOBapW Pi3HOrO
(YHKLiOHaNbHOIO NPU3HAYEHHS 3 KOHOMENb, WO 3a6e3neunTb YyMOBM A9 00€LHAHHSA arpapHoi chepu Ta ByaiBenbHOT
ranysi, To6To nobynoBy 3aMKHEHOIO LMKy BUPOOHMLTBA

KniouoBi cnoBa: [epeBOCTPYXKKOBI NAUTU; LEePEBOBOIOKHWUCTI MAUTU; LLiNbHICTb; TENIOMNPOBIAHICTb; KOHOMASHA
KOCTpa; KOHOMNISHE CTebn0; i30N5LiMHI MaTepianu
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Abstract. The relevance of the study lies in guaranteeing the safety of personal computers for consumers
(users) and complying with the requirements of technical regulations in this part. The purpose of the study was
to determine and analyse the factors of personal computer assortment formation under the conditions of the
uncertainty of economic and social features of modern times, with a focus on aspects of safety and environmental
responsibility of computer equipment, as a priority mechanism for consumers. Emphasis is placed on cyber security,
the importance of protecting a personal computer from cyber attacks. Methods of systematic analysis of statistical
databases were used in the study. The high rates of development of Ukraine in the field of computerisation of many
areas of industry and economy during the years 1993-2023 were noted. It has been proven that as of the year 2024
there is one personal computer, a tablet,a laptop or a netbook in every household. Changes in the economy, politics,
technological aspects and other external factors that can affect the personal computer market are shown. The
ability of companies to adapt to changes and requirements is noted as a key source of their success. The ergonomic,
anthropological, psychophysiological requirements for screen devices that guarantee the safety of consumers
(users) are given. The conditions of compliance of personal computers with the requirements of technological
regulations in terms of ecodesign, aimed at improving the environmental safety component in accordance with
consumer requirements, are defined. It is shown that the modern market of personal computers has several key
trends in the formation of assortment policy which includes: flexible configurations and individualisation; increased
attention to the gaming segment; development of artificial intelligence technologies; increasing the amount of
memory and speed; environmental responsibility; development of wireless technologies; high mobility; focus on
high-performance workstations. It has been determined that compliance with environmental safety requirements is
important for business,because companies that payattention to environmentallyresponsible mayhave a competitive
advantage. It is shown that the most common are the standards and certification systems for personal computers,
which are a series of certification standards that determine the requirements for the environmental and ergonomic
quality of computer equipment, in particular, monitors. The practical significance of the results lies in increasing
of the competitiveness of personal computers, taking into account the safety recommendations for consumers
(users) of the relevant equipment to strengthen the role of environmental aspects and cyber security requirements

Keywords: computer engineering; regulations; security; cyber security; consumer; environmental responsibility

Introduction

The relevance of the chosen research topic lies in the  market of IT-goods and services being a segment of the
fact that Ukraine, being in a state of war from Febru- economy is rapidly developing in accordance with the
ary 24,2022, is confidently gaining a leading position in  strategic course of the Ministry of Digital Information
the IT-services markee, taking a leading position among  of Ukraine. According to the Ukrainian Institute of the
other countries in terms of access to the Internet. The  Future (2018), digitalisation is the main mechanism for
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achieving Ukraine’s strategic goal of increasing GDP
eightfold (up to USD 1 trillion) by 2030. The priority
programs determined by the Government of Ukraine
(Official website of the Government Portal, 2024) are
the digitisation of all basic public services for citizens
and businesses. Therefore, it is impossible to achieve
success without having the tools to implement the
strategy: equipment, technologies, personnel. Events
during the period of 2019-2023 (COVID-19, distance
education and work, a full-scale invasion of the aggres-
sor country into Ukraine) gave the computer equipment
market new challenges related to the need to solve new
tasks (Decree of the President of Ukraine No. 64, 2022).
The importance of a clear system of requirements for
the personal computers (PC) safety and its compliance
by manufacturers with the provision of a guarantee for
users make the chosen topic of research important and
indicates its feasibility in the future.

With the development of computer technologies,
user requirements for the personal computers safety
are changing, so it is relevant to identify and analyse
these changes. During 2020-2021, a revival of trade of
this type of product was observed in connection with
the need of remote work. Years 2022 and the first half
of 2023 were marked by a decrease in sales, and at the
end of 2023 an increase was observed, what indicates
the balancing of supply and demand.

The authors L.O. Chernyshova & L.V. Noviko-
va (2021) in their work researched information and
communication technologies regarding methods of
data collection, processing and transmission in order
to obtain the latest data on the state of the object,
process, phenomenon in order to create qualitative-
ly new information. According to H. Cabezas (2022), a
professor at the Research Institute of Applied Earth
Sciences of the University of Miskolc in Hungary,
the amount of electronic waste (computers, mon-
itors, computer peripherals) in the United States
counts 205 million units of computer products every
year. The amount of e-waste is growing rapidly in In-
dia and China due to the high demand for computers.
An increasing number of Ukrainian consumers have
access to the Internet and they use personal com-
puter in their professional activities, which requires
compliance with consumer safety and cyber security
requirements for computer systems.

According to O. Dovgan (2023), the global market
for cyber security, as a component of the development
of the ecosystem, is aimed at protecting personal com-
puters (PCs), networks and databases from criminals
and will reach 484.97 billion US dollars by 2030. In
her work the author also emphasises that the issue
of information security is extremely relevant in diffi-
cult conditions of uncertainty, economic crisis during
military operations. In the works of I. Makarchuk &
I. Fedulova (2023), issues of cyber security of computer
devices, methods of protection against unauthorised
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disclosure of confidential information of consumers
are considered. In the article of the authors R. Odarch-
enko et al. (2023) the connection between the devel-
opment of communication networks and the imple-
mentation of internationally accepted 5G standards is
shown. It is shown that the transition to the 5G net-
work requires compliance with cyber hygiene to pre-
vent cyber threats. S. Fedushko (2023) points out the
possibility of cyberattacks to cause damage to both PC
consumers, companies,and the state,and considers the
importance to develop new methods of protecting the
information database and training users. According to
the author, cyber security and cyber hygiene are criti-
cally important components of ensuring the security of
computer systems. The priority is the issue of consumer
(user) safety which is requlated by regulatory and legal
documents. Research in this area will allow to find out
the consequences of the impact of electronic devices
on the health of consumers (PC users) and the environ-
ment and determine factors to minimise this impact.

In many countries of the world, working at a com-
puter belongs to the category of dangerous activity due
to the influence of various factors on the health of the
consumer (user), therefore it is important to determine
the methods of informing consumers about the person-
al computer safety requirements, which affect conscious
choiceduringgeopolitical,economicandsocialinstability.

In the conditions of military operations in Ukraine, it
is relevant not only to comply with the requirements of
safety standards and energy efficiency of PCs and other
electronic devices, but also to ensure the fulfillment of
other tasks related to energy supply and energy sav-
ing (Decree of the President of Ukraine No. 722, 2019).
According to occupational health researchers O.E. Kru-
zhilko et al. (2021), users of computer equipment may
be exposed to various hazards: electrical, energy, fire,
thermal, chemical, mechanical, radiation. For electronic
devices, one of the best safety systems, recognised at
the world level, is considered to meet the requirements
of European directives, which declare the absence of a
negative impact on the health of the consumer and on
the environment.And therefore do not cause a threat to
the user’s life, economic development, trade relations
and the reputation of the state on the international are-
na (Directive 2014/30/EU, 2014).

The purpose of the article was to determine the
specifics of changes in the personal computer market
in terms of increasing consumer attention to the envi-
ronmental requirements of certifications in accordance
with safety requirements. The task was also set to show
the importance of informing consumers (users) about
the safety of products for changes in the formation
of companies strategy of selling personal computers.

Materials and methods

The object of the study was the system of compliance
with PC security regulations, which was developed and
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implemented by the countries of the European Union,
its goals and competitive advantages for both enter-
prises and consumers (users), possible threats due to
non-compliance with security requirements for the hu-
man user. Security requirements for PC users are cov-
ered in Technical Regulations and EU directives (Coun-
cil Directive 90/270/EEC, 1990; Directive 2009/125/EU
of the European Parliament and of the Council..., 2009;
Directive 2014/30/EU of the European Parliament and
of the Council..., 2014). The importance of cyber securi-
ty under the conditions of a hybrid war has been stud-
ied. The requirements for convincing compliance with
the environmental responsibility of manufacturers and
the formation of an assortment policy of trade enter-
prises were also studied.

The theoretical and methodological basis of the
study was the change and growth of the importance of
consumers in the formation of modern requirements
for the safety of computer equipment. Scientific pub-
lications from 2019 to 2024 in professional journals
were monitored while conducting this research. Arti-
cles for analysis were selected in the following are-
as: commodity science; practice of modern materials
science and commodity science; entrepreneurship
and trade; safety of goods and products; ecology and
technology of environmental protection; environmen-
tal engineering; medical sciences and public health.
The search for scientific publications was carried out
based on such keywords as “personal computer”, “com-
puter equipment market”, “electronic devices”, “monitor
consumer safety”, “security systems”, “technical param-
eters of security”, “safety”, “electronic waste”, ‘computer
technology”, “cyber security”, “cyber hygiene”, etc. Data
from the information sites of the State Statistics Ser-
vice of Ukraine (State Statistics Service of Ukraine.
Statistical Collection, n.d.), the Government Portal (Of-
ficial website of the Government Portal, 2024) were
also used. While working on the article, the content
of the Laws of Ukraine was analysed: “On the Main
Principles (Strategy) of the State Environmental Policy
of Ukraine for the Period until 2030” (Law of Ukraine
No. 2697-VIIl, 2019), “On the Public Health System”
(Law of Ukraine No. 2573-1X, 2022), “On General Safe-
ty of Non-Food Products” (Law of Ukraine No. 2736-
VI, 2010), “On Electronic Communications” (Law of
Ukraine No. 1089-1X, 2022); Decrees of the President
of Ukraine “On the Goals of Sustainable Development
of Ukraine for the Period up to 2030 (Decree of the
President of Ukraine No. 722, 2019), Resolutions of
the Cabinet of Ministers of Ukraine: “On Approval of
the List of Types of Products for which State Mar-
ket Surveillance Bodies Carry Out State Market Sur-
veillance” (Resolution of the Cabinet of Ministers of
Ukraine No. 1069, 2016), “On Approval of the Techni-
cal Regulation on the Establishment of a System for
Determining Requirements for Ecodesign of Ener-
gy-Consuming Products” (Resolution of the Cabinet of
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Ministers of Ukraine No. 804, 2018), “On Approval
Technical Regulations on Ecodesign Requirements for
Computers and Computer Servers” (Resolution of the
Cabinet of Ministers of Ukraine No.737,2019). The Eu-
ropean legal framework for safety requirements was
analysed (Council Directive 90/270/EEC, 1990; Coun-
cil Directive 89/391/EEC, 2008). The content and re-
quirements of these documents were examined using
the method of analytical analysis.

While conducting an research for the article, both
general scientific and special methods were used: eco-
nomic and statistical: a method of comparative anal-
ysis to determine the level of consumer access to the
Internet in Ukraine and other countries of the world,an
analytical comparison of various aspects of the com-
puter market situation and generalisation of official
data of foreign marketing structures, the State Statis-
tics Service of Ukraine, system analysis of statistical
and informational databases. The observation method
was used to study the consequences of non-compli-
ance with safety requirements when working with PCs
of consumers of different gender and age. Methods of
logical analysis and generalisation of scientific litera-
ture were used to make conclusions. The abstract-log-
ical method was used to understand the relationship
between such parameters as the degree of PC provi-
sion of consumers, the degree of accessibility to the
Internet, the indicator of screen time and the possi-
bility of potential dangers for the health of users. This
method is also used to identify patterns and formulate
assumptions regarding the impact of user safety on
achieving the goals of the strategy of environmental
policy of sustainable development. Methods of anal-
ysis and synthesis were used to generalise problem-
atic issues and determine development trends in the
outlined field. The method of forecasting was used to
determine the prospects for the development of the
PC market with the maximum possible indicators of
safety and environmental responsibility of both manu-
facturers and consumers of electronic devices regard-
ing the management of computer device wastes. With
the help of this method, a conclusion was made about
the expediency of further research in this field. An-
alytical method was used to determine the topic for
further research.

Results and discussion

The modern market of computer equipment is quite
saturated, dynamic and import-dependent. In the era
of information technologies, such indicator of activity
as efficiency, which can be achieved thanks to the use
of a personal computer, is gaining more and more im-
portance. PC belongs to high-tech products, the compo-
nent base of which has individual technical character-
istics and purpose, and this fact determines the choice
of the consumer depending on his needs (Technical
characteristics and purpose of the main components



of a personal computer, 2024). Many jobs, as of 2024,
require the use of computers the business could not
function without.

Operational assessment of the development of in-
formation and communication technologies is the basis
of a balanced policy at the regional level for managing
sustainable development and is a determining criteri-
on for progress in a digital, economic and social soci-
ety (Korepanov, 2018). The development of computer
technologies is related to cyber security. An increase in
cyber attacks is recorded in all countries of the world,
mostly in the fields of education, health care, scientific
research, government and military structures. According
to O. Dovgan (2023), the number of encrypted attacks
increased by 22% in 2022, which caused a significant
increase in cyber threats in Asia (287%), Europe (119%)
and Latin America (2851%).

According to statistics from the Official web-
site of CERT-U (2024), in the period from 23:00 Janu-
ary 21, 2024 to 10:30 January 22, 2024, malicious files
were downloaded more than 3000 times, and they suc-
cessfully “infected” several dozen computer devices. A
computer functioning in an affected state for about a
week can have from 80 to 120 or more malicious (in-
fected) files, not counting those that will be created
on removable storage media that will be connected to
electronic devices during this period.

Requirements for the safety of consumers (users)
of personal computer equipment with screen devices
were developed according to the European Council Di-
rective 90/270/EEC dated 05/29/1990 (Council Direc-
tive 90/270/EEC, 1990). The minimum requirements for
safety and health were taken into account by technical
coordination with the provisions of the fifth framework
Directive in the interpretation of Article 16, part 1 of
the European Community Directive 89/391/EEC (Di-
rective 2014/30/EU of the European Parliament and
of the Council, 2014 ). The authors L.V. Pelyk & Y.A. Pe-
leh (2018) investigated the requirements for the safety
of non-food products, which are planned by the manu-
facturer during the design, production, and use of the
product by the consumer during the service life, and
which form the regulatory and legal framework.

Safety in Ukraine is regulated by state medical
and sanitary rules (sanitary regulations), which are
mandatory for the implementation of measures and
requirements necessary to ensure state medical and
sanitary standards, non-compliance with which pos-
es a threat to the health and life of consumers, as it
is specified in the Law of Ukraine No. 2573-IX (2022).
The importance of guaranteeing product safety is em-
phasised by the integration of European and Ukrainian
requirements in terms of consumer health protection.
All dangerous factors available among PC consumers,
must comply with scientifically based safety stand-
ards, hygienic and ergonomic requirements, approved
by the resolution of the Chief State Sanitary Doctor of
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Ukraine dated December 10, 1998 No. 7 (State San-
itary Rules and Regulations for Working with Visual
Display Terminals of Electronic Computing Machines
3.3.2.007-98, 1998). This regulatory document de-
fines the permissible parameters of electromagnetic
non-ionising radiation and electrostatic field. Prob-
lems of determining the safety requirements of con-
sumers when using goods of a technically complex
group and regulating standards in order to provide
them with the necessary information and favourable
working conditions are discussed in works of such sci-
entists as L. Andriievska et al. (2021), Y. Mineshita et
al. (2021), D.0. Badea et al. (2022).

To assess the level of compliance of computers
with environmental requirements, the operational
characteristics of those available on the internation-
al market, and reference indicators established by the
legislation of other countries are taken into account
(Directive 2009/125/EU, 2009). Computers belong to
the list of products (Resolution of the Cabinet of Min-
isters of Ukraine No. 1069, 2016), on which the State
Production and Consumer Service carries out state
market supervision in accordance with the current
legislation (Law of Ukraine No. 2736-VI, No. 2735-
VI, 2010). According to the requirements of the Techni-
cal Regulation (Resolution of the Cabinet of Ministers
of Ukraine No. 737, 2019), manufacturers of station-
ary computers, monoblocks and laptops must pro-
vide information about their safety in technical doc-
umentation and post it on websites. The assessment
of compliance of computers with the requirements of
the Technical Regulations is carried out in accordance
with the internal control procedure.

Changes in the economy, politics, technology and
other external factors affect the personal computer
market, and companies’ quick adaptation to change
is an instrument resulting in their success. It is im-
portant to develop a marketing product policy for
such high-tech products as PCs. The author K.L. Luk-
ach (2018) notes that the PC market is developing
along with the development of the computer technol-
ogy market, and the prospects of their development
are connected with the improvement of the state of
modern international trade. The main task of com-
modity policy, as noted by the authors E.V. Lisenyi &
Yu.l. Dyachenko (2021), is the creation of a product
that has competitive advantages and simultaneously
gives maximum satisfaction to consumer and market
needs and the company’s profit. The number of users
with access to the Internet worldwide is constantly
increasing (Fig. 1). According to Digital 2023 research
October global statistics report (2023) as of Octo-
ber 2023, the number of Internet users in the world
was 5.3 billion, which was 65.7% of the total popula-
tion. And as of January 2024, according to Global Dig-
ital 2024 (2024), the total number of users worldwide
is 5.35 billion, or 66.2% of the world’s population.
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Figure 1. Share of users worldwide with access to the Internet for the period from 2014 to January 2024
Source: developed by the author based on the Official website of Statista (2024)

According to the mentioned data, within one year,
fromJanuary 2023 to January 2024,the number of Inter-
net users increased by 1.7%, and in 10 years (from 2014
to 2024),it has almost doubled. Laptops account for 57%
of the time spent by consumers (Internet users) on a PC.
It is established that the use of PCs and laptops has in-
creased, similarly, the rate of access to the Internet net-
work hasincreased by 3.9%relative to 2022 (State Statis-
tics Service of Ukraine. Statistical Collection 2022, n.d.).

Analysing the standard of living in Ukraine during
the years 1993-2023, despite the deep economic crisis
of the past years, the coronavirus pandemic, military ac-
tions in Ukraine,and the low standard of living of the av-
erage citizen, it is worth noting Ukraine’s achievements
in the field of computer technologies and their imple-
mentation in various household segments (Table 1).

Data in Table 1 shows that as of 2020, each house-
hold already had one personal computer, tablet, laptop,
or netbook.But there are households that have a person-
al computer for each family member. The indicator of ac-
cess of personal computer users to the “Internet” network
of the global electronic communication system, which
operates according to international Internet protocols
(Law of Ukraine No. 1089-IX, 2022), is important. Au-
thors 1.0. Pyshnograiev & |.0. Tkachenko (2022) believe
that access to the Internet is one of the many indicators
of human life, which are used for modelling the level of
sustainable development. Statistics have shown a fairly
significant difference in access to the Internet between
users living in urban and rural areas (Solop, 2022). Data
as of 2022 regarding the access of Ukrainian house-
holds to the Internet in 2021 are shown in Table 2.

Table 1. Number of PCs per 100 households

Years 2000 2005 2010 2014 2016 2018 2020
Personal computers, tablets, 1 9 31 63 80 90 98
laptops, netbooks, pcs

Source: developed by the author based on Statistical Yearbook of Ukraine for 2021 (2022)

Table 2. Data on the share of households in Ukraine
with access to the Internet at home (as a percentage of the total number)

No. All households

Those who live

in cities in the countryside

82.7

874 72.8

Source: developed by the author based on the State Statistics Service of Ukraine Statistical Collection 2022 (n.d.)

The data in Table 2 indicate the insufficient level
of access to the electronic communication network,
especially in rural areas. The same opinion is shared
by the authors I. Makarchuk & I. Fedulova (2023), who
defined a high, but still insufficient, level of household
access to the Internet. These authors believe that for
the further development of the digital economy, at
least 95% of the population should have access to the
Internet at home. Despite a slight slowdown in access
in 2022 (only 2%), 2023 trends indicated that by the
end of 2023, almost 2/3 of the world’s population had
no Internet connection (Computer review, 2022). This is
confirmed by the data presented by the analytical com-
pany in the annual report (Global Digital 2023, 2024).
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According to the analytical report (Digital 2024:
Ukraine, 2024), there were 29.64 million Internet users
in Ukraine in January 2024, and the Internet access rate
at the beginning of 2024 was 79.2% of the total popula-
tion. From January 2023 to January 2024, the number of
Internetusersin Ukraineincreased by 1.1 million (+3.7%).

The United Nations (UN), recognising access to
the Internet as a “fundamental human right”, declared
universal connection of the population to the Internet
as its goal by 2030. According to the chief analyst of
Data Reportal and CEO of Kepios Simon Kemp (Digi-
tal 2023. October global statistics report, 2023), as of
October 2023, the level of Internet access is below 20%
in 9 countries of the world and less than 50% of the



population uses the Internet in 61 countries of the
world. 2.85 billion of the world’s population out of
8.06 billion, as of October 2023, remain without access
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to the Internet. However, among the countries of the
European Union, the largest share of Internet users is
in Northern European countries (Fig. 2).
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B Greece

EU countries

80

Figure 2. Share of Internet users in EU countries
Source: developed by the author based on the Official website of Eurostat Statistics Explained (2023)

According to the Official website of Eurostat Sta-
tistics Explained (2023), the first places in terms of
access to the Internet in 2023 belongs to Switzer-
land (100%), the Netherlands (99.2%), Luxembourg and
Norway (99%), and the average the indicator for the
European Union was 91.5%. World analysts claim that

despite Ukraine lagging behind developed countries in
terms of the number of computerised professional pro-
cesses, in terms of the introduction of computer tech-
nologies, Ukraine belongs to the countries with high
rates of computerisation, which is confirmed by the
data in Table 3.

Table 3. Differentiation of households by the level of access to the Internet
by computer users of different gender and age (data as of 2022)

No. Persons Households with people of certain age (in %)
in households children up 18 years from 18 from 36 59 years
1 alt households to 18 years and older to 35 years to 59 years and older
2 Women 83.8 99.2 95.5 65.8
82.7 99.0
3 Men 879 99.2 93.8 69.3

Source: developed by the author based on Global Digital 2023 (2024)

According to the data of statistical observations
(Statistical Yearbook of Ukraine, 2022), in 2019-2021,
the retail turnover of enterprises retailing computers,
peripheral equipment, and software grew dynamical-
ly and amounted (in millions UAH): in 2019 - 7530.5;
2020 -9903.7; 2021 - 13527.2. At the same time, there
was a decline in sales of personal computers due to the
growing popularity of portable devices such as tablets
and smartphones. Thus, according to the research data
of L. Andriievska et al. (2021), the smartphone market
was actively developing. However, there are certain seg-
ments of the market that remain stable or even grow in
terms of sales, such as gaming computers and personal
computers for professional use. The gaming segment
remains one of the most dynamic in development.

The Ukrainian market still remains quite profitable
for well-known computer systems manufacturers despite
the fluctuations associated with the pandemic and the
war. According to the analytical research company Inter-
national Data Corporation (2023), the personal computer
market saw its most significant decline in 2023, caused
by the result of the COVID-19 pandemic, which affected
the growth of demand for PCs and other computing tools
for remote work and distant learning in 2021-2022.The
company’s analysts believe that the market and the sup-
ply of personal computers in 2024 will grow by 3.7%, to
261.4 million units compared to the previous year. This
level will exceed the indicators of 2018, but will be lower
thanthesimilarindicatorin 2019,when the pandemic had
not yet affected the personal computer market (Table 4).

Table 4. Volumes of supply of personal computers and netbooks on the world market

Years 2018 2019 2020

2021

2022 2023 2024 2027

million units 259.6 266.1 302.6

341.04

285.1 248.5 261.4 2879

Note: *calculated based on forecasts of the analytical company International Data Corporation
Source: developed by the author based on International Data Corporation (2023)
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In the modern market of personal computers, sev-
eral key trends in the formation of assortment policy
are observed, namely: flexible configurations and in-
dividualisation; increased demand for gaming devic-
es; development of artificial intelligence and wireless
technologies; increasing the amount of memory and
speed; environmental responsibility; high mobility; fo-
cus on high-performance workstations. All this prompts
the release of new products and components, such as
high-performance graphics cards, processors and other
components aimed at gamers.

High-speed SSD storage, new processor architec-
tures, improved screens and other technological inno-
vations affect the formation of competitive advantages
of users and the competitiveness of companies. But the
most important consumer advantage for the user when
purchasing a personal computer is safety indicators. The
goals of sustainable development of Ukraine for the pe-
riod up to 2030 identified as a priority vector the safe-
ty of life and health of consumers, which is impossible
without access to safe and high-quality industrial goods
(Decree of the President of Ukraine No. 722, 2019).

Authors D.V. Diachkov et al. (2020) consider the in-
crease of the competitive position of companies and
ensuring competitive advantages with the help of
assortment to be one of the important goals of the
product policy of enterprises. The transition to re-
source-saving technologies in the field of computer
technologies, the full implementation of environmen-
tal impact assessment is provided for by Law 2697-VIlI,
which adopted the Strategy of the State Environmental

Policy of Ukraine for the period until 2030 (Law of
Ukraine No. 2697-VIIl, 2019) in 2019. Consumers and
companies are increasingly paying attention to the
environmental aspects of their products and compli-
ance with safety standards. As noted by the authors
V.D. Khurdey et al. (2021) the purchasing behavior of
consumers regarding the priority in the crisis is chang-
ing towards product safety. This is a key issue for busi-
ness, as companies that pay attention to environmen-
tal responsibility can have a competitive advantage. It
is worth noting that the COVID-19 pandemic has had
a significant impact on the PC market due to the in-
creased demand for workstations for remote work
and distant learning. Existing standards and certifi-
cation programs help consumers and manufacturers
in the evaluation and selection of computer moni-
tors that meet ergonomics, safety and environmental
indicators. According to the authors V. Vishnevsky et
al. (2021), environmental requirements for computer
monitors are becoming increasingly important in the
world, in conditions of growing attention to sustain-
able development and environmental responsibility.

Standards and certification programs establish re-
quirements for ergonomics, energy efficiency, use of
environmentally-friendly materials and reduction of
environmental impact. Safety certification for comput-
er monitors may include indicators of electromagnetic
compatibility, safety in compliance with electrotech-
nical standards, migration of harmful substances and
other important parameters. The most frequently used
standards and certification systems are listed in Table 5.

Table 5. Security standards and computer equipment certification systems

Conditional

abbreviation Full name, developer

Purpose and characteristics

CE (Conformité | European certificate of conformity,

Testifies to compliance with all European safety standards and other requirements,

Standardization

Européenne) European Union is @ mandatory condition for the sale of radio-electronic products in EU countries
Federal Communications Determines compliance with electromagnetic compatibility and other aspects
FCC . : -
Commission related to the electronics quality and safety
International Organization for . . S .
1SO 9241 Standardization Defines workplace ergonomics requirements for work with display screen equipmen
1SO 13406 International Organization for Sets the classification of defects on LCD screens

Certification
ENERGY STAR

Establishes requirements for energy efficiency of electronic products

EPEAT
Certification

Electronic Product Environmental
Assessment Tool

It takes into account such aspects as energy efficiency, material use, recycling and

other parameters

Restriction of Hazardous

RoHS Directive

Limits the use of certain hazardous substances (lead, mercury, cadmium and others)

Substances in the production of electronics, monitors in particular
TOV Certification | Technischer Uberwachungsverein, Tests and certification to ensure the safety and quality of electronic products,
System Germany monitors in particular
National Department of Sweden Establishes requirements for electromagnetic re.ldlatlon levels at a distance of 50 cm
(SWEDAC- Swedish National from the monitor,
MPR 11 permissible level of electromagnetic field intensity:
Board for Measurement and - .
Testing) ¢ in the frequency range from 5 Hz to 2 kHz - 25 V/m;
« in the frequency range from 2 to 400 kHz - 2.5 V/m.
The Swedish Confederation of Regulates even lower radiation levels at a distance of 30 cm from the PC monitor.
TCO92 Contains requirements for the efficiency of energy consumption of monitors, as well

Professional Employees, Sweden

as electrical and fire safety
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Table 5. Continued

Condlt_lor]al Full name, developer Purpose and characteristics
abbreviation
’ The Swedish Confederation of 'Contams reqwremgnts for. egtended range of PC parametgrs, ergonomic and '
TCO95 . environmental properties, radiation, power consumption, monitor screen generation,
Professional Employees, Sweden . . .
image brightness and keyboard requirements
Contains stricter requirements for radiation level. Permissible level
of electromagnetic field strength:
TCO'99 The Swedish Confederation of « in the frequency range from 5 Hz to 2 kHz - 10 V/m;
Professional Employees, Sweden ¢ in the frequency range from 2 to 400 kHz - 1 V/m,
ergonomic, environmental indicators, energy consumption of monitors, system units,
keyboards
Tcoo3 The Swedish Confederation of Contains strict requirements for environmental indicators
TCO06 Professional Employees, Sweden q
Ce.rtlﬁefj Defines requirements for environmental and ergonomic quality of computer
Certification Sweden equipment, monitors in particular
Standard quip ’ P
It includes the development of products with the aim of minimising the impact on
The DfE . . B - - . .
Approach Design for Environment the environment at all stages of their life cycle: production, use and withdrawal
from circulation
uL Underwriters Laboratories Certification of safety and other properties of electrical and electronic products

Source: developed by the author based on Computer review (2022)

Individual organisations develop recommendations
to ensure the safety of electronic equipment and com-
puter systems. For example, the International Electro-
technical Commission (IEC) and the European Committee
for Electrotechnical Standardization (CENELEC) develop
safety standards for personal computers and other elec-
tronic devices. In addition, countries can define their own
national standards and requirements for the security of
electronic devices, including personal computers. For ex-
ample, in the EU, products must meet the requirements
of the Electromagnetic Compatibility Directive (Direc-
tive 2014/30/EU, 2014) and the Low Voltage Directive
(Directive 2014/35/EU - Low Voltage Directive, 2014).

Compliance with electromagnetic compatibility is im-
portant in order to prevent negative effects on other elec-
tronic devices and to ensure the normal functioning of the
computer monitor. Despite the statements of consumers
regarding the possible negative impact of electromag-
netic radiation (thermal, non-thermal and specific types)
on health, scientific studies do not yet provide clear con-
firmation of a large risk. The arguments of scientists are
reduced to the fact that the existing standards for elec-
tromagnetic compatibility establish permissible levels of
radiation for electronic devices in order to protect users.
A large amount of scientific research has been aimed at
studying the thermal effect on the temperature of tissues
as a result of exposure to an electromagnetic field. Gen-
erally, electronic devices, particularly computers, do not
generate enough energy to have a significant thermal ef-
fect. Some studies are looking into possible non-thermal
effects, but so far scientists have not reached a consensus

on the existence of a major risk to the health of users.
Specific effects are the subject of studies examining the
possible effects of electromagnetic radiation on specific
aspects of health, namely sleep, cardiovascular and nerv-
ous system functioning, fertility, etc. (Badea et al., 2022).

Asignificant argument regarding the potential dan-
ger is the use of PC monitors, that was the reason to
approve the user safety and health requirements when
working with screen devices (Order of the Ministry of
Social Policy of Ukraine No. 207, 2018). Most digital de-
vices, including PCs, emit blue light when in use. Ar-
tificial light displays contain high energy light with a
high frequency spectrum. Research results conducted
in Japan by Y. Mineshita et al. (2021), proved the nega-
tive impact of blue light from computer screens on the
circadian cycle, sleep duration, energy metabolism, and
academic performance of primary school students. This
is due to the nature of the short waves, which are per-
ceived as blue, in the visible light spectrum, and which
have a significant effect on the phase delay of the circa-
dian rhythm (Wahl et al., 2019). According to the results
of experiments conducted by L. Tahkamo et al. (2019) it
was established that disruption of the circadian rhythm
and decrease in sleep quality of users of digital techno-
logical devices, computer monitors in particular, occurs
as a result of melotonin suppression.

Although the average user spent 21 minutes less
on the Internet in 2022 compared to 2021, this indica-
tor increased by 4 minutes in 2023. The data in Table 6
prove that the time prescribed by sanitary and hygienic
standards was exceeded.

Table 6. Duration of time spent by consumers on the Internet per day

Years 2019 2020

2021 2022 2023

Duration, hours 6.38 6.54

6.58 6.37 6.41

Source: developed by the author based on Official website of the State Statistics Service of Ukraine. Statistical Information (2024)
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According to the data of the global overview report
(Digital 2022: Global overview report, 2022), the larg-
est time spent (in hours) on connected technologies per
day is observed among users of: South Africa (10.46);
Philippines, Colombia, Brazil (9.25); China (5.15); Ja-
pan (4.5). A significant decrease in the duration of In-
ternet use in 2023 by 56 minutes of PC consumers in

Japan can be explained by the tradition of taking care
of their health, culture, and the majority of the country’s
population are middle-aged people, which is confirmed
by the data of the digital report (Digital 2023. October
global statistics report, 2023). Figure 3 shows a direct
relationship between the age of consumers (users) and
the length of time spent using the Internet.

Daily time spent using the Internet

16-24 25-34 35-44

Hours
O R, N W N UL OO N 0

= women
men

45-54 55-64

Range of years

Figure 3. The amount of time spend by consumers using the Internet
Source: developed by the author based on Digital 2023. October global statshot report (2023)

In general, the average time spent on the Internet
is characterised by a tendency to decrease when the
consumer age increases. Due to the increasingly wide-
spread use of the Internet, the duration of time spent
by primary school students at the computer monitor is
growing annually. The effect of radiation is especially
dangerous, blue light in particular, on consumers - stu-
dents of primary school and teenagers, who spend in
front of computer screens extra time.

Ukraine, having 4% of GDP in the field of informa-
tion technologies, is confidently advancing in the mar-
ket of IT-services. During 2013-2023, a lot of informa-
tion appears regarding the study of solid waste, which
includes electronic waste, both consumers (users) and
producers themselves are responsible for. Scientists
MJV. Ruda et al. (2021), 1.Yu. Yegorov et al. (2022), M-
H. Le et al. (2023) and many other have devoted their
research works to the problems of handling and man-
agement of electronic wastes

It is important to follow the recommendations
specified in the standards of international organisa-
tions in order to guarantee the safe use of electronic
devices and computers. It is also related to the general
impact on human health. Significant risks to the health
of a person who actively uses electronic devices have
not been sufficiently proven, so research in this area
will be continued.

Conclusions

According to the research results, it was noted that
sustainable development is impossible without taking
into account the competitive advantages of commer-
cial products. In today’s digital society the determin-
ing criteria for the competitiveness of personal com-
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puters is determined by their compliance with safety
requirements, regulated in view of European practices.
Safety for PC users is regulated by the requirements
of the European Council Directive, which defines the
following principles: prevention of occupational risks,
safety and health protection, elimination of accidents,
employer and staff responsibilities and informing
about the results of risk assessment for PC users and
management. The UN has defined access to the Inter-
net as a “fundamental human right” and declared the
global connection of the world’s population to the In-
ternet by 2030. However, according to research, there is
an insufficient level of accessibility to Internet services.

Studying the level of satisfaction of consumer de-
mand for safe computer devices is important both for
the possibility of the most complete satisfaction of er-
gonomic and environmental needs. The study of secu-
rity requirements is aimed at determining the factors
affecting the change in demand for PCs. It has been con-
firmed that most PC monitors become sources of dan-
ger, therefore they must comply with the regulations of
safety standards. The given characteristics of standards
and certification systems prove the change of safety re-
quirements to implementation of stricter parameters.

Consumers and companies are paying increasingly
more attention to compliance with the requirements
of personal computer safety regulations, environmen-
tal and ergonomic ones in particular. Due to the fierce
competition in the world of computer technology and
devices, opinions about safety differ among manufac-
turers, medical professionals and consumers. To stay
in trend manufacturing companies and are placing
greater emphasis on the ecological parameters of their
products. The production of energy-efficient and easily



recyclable components, as well as the implementation
of secondary use programs, are becoming relevant.

It has been proven that absolutely safe monitors
and processors do not exist, as the consequences of
exposure to hazardous factors on the consumer’s body
for several years, or on their descendants, are unknown.
In addition, scientists are considering the issue of the
negative “informational” impact of the electromagnetic
field on consumers.

Considering environmental requirements, consum-
ers can choose electronic devices with better environ-
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of electronic waste. It is also relevant and expedient to
direct scientificresearch in the following works to the is-
sue of determining the main trends of the world, in par-
ticular, European and Ukrainian policies in the field of
electronic waste management and minimising harm to
the environment and directly to the health of consumers.

A further research perspective is the analysis of the
state of improvement and implementation of the main
norms of normative legal acts aimed at improving the
guarantee of consumer safety from potentially hazard-
ous factors of PCs influence.

mental performance, and manufacturers can focus their

efforts on creating sustainable, environmentally-friend- Conflict of interest

ly equipment. It is shown that due to the rapid develop-  None.

ment of technologies and a short service life, it causes

the rapid replacement of old modifications of devices Acknowledgements
with new ones, which affects the rapid accumulation  None.
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Bumorun oo 6e3ne4yHoOCTi nepcoHanbHNUX KOMN'loTepiB
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AHoTaLif. AKTyanbHICTb JOCNIOXKEHHS MONSArA€e y rapaHTyBaHHi 6e3nMevyHOCTi MepCoHaNbHUX KOMMIOTEPIB 414
CMOXMBaYiB (KOPUCTYBAYiB) Ta AOTPUMAHHS BMMOT TEXHIYHMUX PErnaMeHTiB B Wil YacTuHI. MeTo LOCNiAKEHHS
6yn0o BM3HAYEHHS Ta aHani3 YMHHWMKIB (OPMYBAHHS ACOPTMMEHTY MepCOHaNbHMX KOMMOTEpiB B yMoOBax Qi
HEeBM3HAYEHOCTi eKOHOMIKO-COLiaNbHNX 0COBAMBOCTEN CY4aCHOCTI i3 GOKYCYyBaHHAM Ha acnekTax 6e3nevyHocTi Ta
€KO/I0riYHOI BiAMOBIAANBHOCTI KOMMIOTEPHOI TEXHIKM, IK MEXaHi3MYy NPiOPUTETHOCTI AN CNOXMBaYiB. 3pobneHuin
aKLEeHT Ha Kibepbe3neLi, BAXXIMBOCTI 3aXMCTy MepCOHaNbHOro KOMM'oTepa Bif KibepaTtak. Y gocnifkeHHi 6ynu
BMKOPWUCTaHI METOAM CMCTEMHOIO aHani3y cTaTMCTUYHMX 6a3 paHux. BigsHayeHi BMCOKI TeMnu po3BWTKY YKpaiHu
y cdepi koMm'ioTepu3alii 6araTtbox AiNSHOK roCnogapcTea, ekoHoMiku 3a 1993-2023 poku. [oBeneHo, wo y
KOXXHOMY rocnofapcrei, cTaHoM Ha 2024 pik, € N0 0LHOMY MepCOHaIbHOMY KOMMTHOTEpI, MAaHLWeTY, HOYTOYKY UK
HeTOyKy. [Toka3aHO 3MiHM B EKOHOMILi, NMOAITULL, TEXHONOTIYHMX ACMEKTax Ta IHLWMX 30BHIWHIX YMHHMKAX, AKi
MOXYTb BMAMBATX HA PUHOK MePCOHaNbHMX KOMMtoTepiB. BiA3HaueHa 34aTHICTb KOMNaHik NpuUCTOCOBYBATUCSA A0
3MiH i BUMOT, K K/IIOYOBOro AXepena iXHboro ycrnixy. HaBeaeHi eproHoMiyHi, aHTpononorivHi, ncuxodisionorivxi
BMMOIM [0 €KPaHHUX MPUCTPOIB, WO rapaHTyTb 6e3neyHicTb CNoXmBadviB (KOpUCTyBayiB). BusHaueHi ymoBwu
BIAMOBIAHOCTI MEepPCOHANbHUX KOMMIOTEPIB BMMOraM TEXHONOTMYHUX PpernaMeHTiB B YaCTUHI  eKOAM3aMHY,
CNPSIMOBAHMX Ha MOKPALLLEHHS eKONOrivyHOi CKNafoBoi 6e3neyHOCTi 3rigHo i3 BUMOraMm cnoxmBadis. [lokasaHo, wo
CYYaCHWIM PUHOK NepCcoHanbHMX KOMMIOTEPIB MA€E AeKifbKa KAKYOBUX TEHAEHLIM Y GOpMyBaHHI aCOPTUMEHTHOI
NoNiTUKK, @ caMme: THyYKi KOHdirypauii Ta iHAMBIAyanisauig; nigsuLLeHa yBara 40 reMMepCbKOro CErMeHTY; PO3BUTOK
TEXHOMOTIW WTYYHOrO iHTeNeKTy; NiABULLEHHS 0OCAriB NaM’aTi Ta WBMAKOAIT; €KONOriYHa BiANOBIAANbHICTb; pO3BUTOK
6e340pOTOBMX TEXHOMOTIN; BMCOKA MOBINbHICTb; OpiEHTALiN HA BMCOKONPOAYKTUBHI poboui cTaHuii. BusHaueHo,
Wwo ana 6i3Hecy € BaX/IMBMM [LOTPUMAHHSA BUMOI €KOMOrivyHoi 6e3neku, OCKiNbKM KOMMAHii, aKi NpuaingoTb
yBary eKosorivyHii BiANOBIAANBHOCTI, MOXYTb MaTW KOHKYPEHTHY nepesary. [1okasaHo, WO HaWnoWmpeHiluuMn €
CTaHAAPTU Ta cucTemMu cepTudikaLii nepcoHanbHMX KOMMIOTEpPIB, AKi € cepielo cepTudikauiMHUX CTaHAAPTIB, WO
BM3HA4YalOTb BUMOIMM L0 €KOJOriYHOi Ta eproHOMIYHOI SKOCTi KOMMIOTEPHOro 06nagHaHHS, 30KpeMa MOHITOpIB.
MpaKkTMYHa 3HAYMMICTb pe3ynbTaTiB NONAra€ y NiABULWEHHI KOHKYPEHTOCMIPOMOXHOCTI NEPCOHANbHUX KOMMIOTEPIB,
i3 ypaxyBaHHAM pekoMeHJaLii 6e3nekn CnoxuBadviB (KOPMUCTyBaYiB) BiAMOBIAHOI TEXHIKM WOAO MOCUIEHHS poni
€KOoriYHUX acnekTiB Ta BUMOT Kibepbesneku

KniouoBi cnoBa: koMm'toTepHa TeXHiKa; pernameHT; 6e3neka; kKibepbesneka; CNoXmBay; eKO0rivyHa BiANOBIAANbHICTb
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Abstract. Consumption of plant-based milk is growing every year, especially among allergy sufferers and lactose
intolerant people. The development of beverages based on it with the addition of nutrients and improved taste
properties is a trend among soft drink manufacturers. The purpose of the article is to develop recipes for craft
drinks with oat milk and powders from freeze-dried fruits and berries, as well as to determine their sensory and
physicochemical characteristics. The research was conducted using the method of expert evaluation of the sensory
characteristics of drink compositions, the calculation method for calculating the nutritional and energy value of
drinks, qualimetry methods for calculating a comprehensive indicator of drink quality, methods for determining
the physicochemical characteristics of drinks, the Color Detector & Catcher mobile application for determining the
colour of drinks using the RGB additive colour model, and methods of statistical data processing using Mathcad 14
software. For drinks based on plant-based milk, it is proposed to use powders from freeze-dried fruits and berries
as a recipe components. Freeze-dried plant powders preserve the colour, smell and taste of natural raw materials,
as well as their nutrients. Model compositions of drinks with oat milk and powders made from freeze-dried mango,
blueberries, strawberries, bilberries and raspberries were developed. The best drink compositions with high sensory
properties (taste and smell, colour, appearance and consistency) were identified by an expert evaluation method.
The density and active acidity of the developed drink compositions were investigated and their nutritional and
energy values were calculated. It was found that the density of drinks increases with the increase in the content
of fruit and berry powders, and the pH of drinks decreases. It has also been found that an increase in the content
of freeze-dried fruit and berry powders in a drink leads to an increase in the content of protein and carbohydrates.
Fruit and berry powders fortify drinks with nutrients and diversify their taste and aroma. The proposed drinks can
be recommended for implementation in food industry enterprises, craft food production facilities and restaurants

Keywords: plant-based milk; drink recipe; drink properties; freeze-dried fruit; freeze-dried berries

Introduction

The consumption of plant-based milk is increasing glob-
ally, driven by its health benefits and the growing num-
ber of people with milk protein allergies and lactose
intolerance, as well as consumer awareness of the en-
vironmental impact of cow’s milk production. According
to J.Mylan et al. (2018), the raw materials for plant-based
milk include legumes (soybeans, peanuts, peas, lupins,
cowpeas), nuts (almonds, coconut, hazelnuts, pistachios,
walnuts, cashews), cereals (oats, rice, corn, spelt), pseu-
do-cereals (quinoa, teff, amaranth), as well as sesame,
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flax, hemp and sunflower seeds.Almond, soy and coconut
milk are the market leaders (Craig & Fresan, 2021), but
oat milk is becoming increasingly popular in this bever-
age category, with an average annual sales increase of
131.9%. Oat milk is low in sugar and fat, and contains
calcium, potassium, phosphorus, iron, vitamins A, B, ,,and
D (Collard & McCormick, 2021). An important area for
improving plant-based milk is to improve the sensory
properties of these drinks and fortify them with nutri-
ents,which will help increase demand for these products.
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Plant-based milk mimics the physicochemical and
sensory properties of animal milk. This product should
be safe, healthy, tasty and affordable for consumers
(Nawaz et al., 2022). The ingredients of plant-based
milk are plant raw materials, water, emulsifiers and oth-
er additives (flavours, colours, preservatives, stabilisers,
thickeners) that ensure the formation of the required
functional properties of the final product.The main tech-
nological operations for the production of plant-based
milk are soaking and wet grinding or dry grinding and
extraction, separation of insoluble substances, product
formation (addition of other ingredients), homogenisa-
tion, heat treatment, nutrient enrichment and packag-
ing. F. Reyes-Jurado et al. (2023) found that vitamins,
minerals, sweeteners, flavours, colourants, salt, oil, and
stabilisers are added during product formulation. The
most common stabilisers are carrageenan, rice starch,
gelatin,corn dextrin,xanthan gum,guar gumand tapioca
starch. Citric acid is used as an antioxidant in the drinks.
To improve and diversify the taste of beverages and for-
tify them with nutrients, various natural raw materials,
mainly of plant origin, are used (Saleba et al., 2020).

A promising product on the market is a powder
made from freeze-dried fruits, berries and vegeta-
bles that retains the colour, aroma and taste of fresh
raw materials (Liu et al., 2022). Freeze drying is the pre-
ferred method of drying foods containing compounds

that are temperature-sensitive and prone to oxidation,
as it takes place at low temperatures and high vacuum.
Therefore, freeze-drying is the best way to dehydrate
fruits, berries and vegeTables in order to maintain an op-
timised content of bio-compounds in the final product
(Fructuoso et al., 2021). Fruits and vegetables in pow-
der form are used in the confectionery, bakery, alcoholic
beverage, and other food industries to make a variety
of sauces, teas, puddings, natural colours, additives, etc.
Freeze-dried fruit powders fortify foods with nutrients
and improve flavour and aroma properties and colour.
It is important to enrich drinks based on plant-based
milk with nutrients and to give these products new fla-
vours, including fruit and berry flavours. Therefore, the
aim of the study was to develop recipes for craft drinks
based on oat milk and powders obtained from freeze-
dried fruits and berries, and to evaluate their sensory,
physicochemical characteristics.

Materials and methods

The study was conducted at Lutsk National Techni-
cal University (Lutsk, Ukraine) in 2023. The developed
model compositions (MCs) of drinks (Tables 1-5) con-
taining ultra-pasteurised oat beverage (hereinafter oat
milk), powders (Fig. 1) from freeze-dried fruits and ber-
ries (mango, bilberry, strawberry, blueberry, raspberry)
were studied.

Figure 1. Freeze-dried plant powders
Note: a - mango (M); b - bilberry (B); ¢ - strawberry (S); d - blueberry (Bl); e - raspberry (R)

Source: compiled by the author

Table 1. Model drink compositions with oat milk and mango powder

Recipe component The content of components in the model compositions of the drink with oat milk and mango powder, wt. %
of the drink MC1 MC2(M) MC3(M) MC4(M)
Oat milk 100.0 99.0 94.0 89.0
Mango powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 2. Model drink compositions with oat milk and bilberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and bilberry powder, wt. %
of the drink McC1 MC2(B) MC3(B) MC4(B)
Oat milk 100.0 99.0 94.0 89.0
Bilberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author
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Table 3. Model drink compositions with oat milk and strawberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and strawberry powder, wt. %
of the drink MC1 MC2(S) MC3(S) MC4(S)
Oat milk 100.0 99.0 94.0 89.0
Strawberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 4. Model drink compositions with oat milk and blueberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and blueberry powder, wt. %
of the drink MC1 MC2(Bl) MC3(BL) MC4(BL)
Oat milk 100.0 99.0 94.0 89.0
Blueberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 5. Model drink compositions with oat milk and raspberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and raspberry powder, wt. %
of the drink MC1 MC2(R) MC3(R) MC4(R)
Oat milk 100.0 99.0 94.0 89.0
Raspberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Characteristics of the nutritional value and calorie content of the components of the drink compositions are
presented in Table 6. The recipe components of the drink compositions were purchased at a local supermarket

(Lutsk, Ukraine).

Table 6. Nutrient content and calorie content of drink composition components

Component of drink Nutrient content and calorie content of drink composition components (per 100 g of component)*
compositions Protein, g Fat,g Carbohydrates, g Calorie content, kcal

Oat milk 1.0 2.5 6.5 52.5
Mango powder 4.7 2.2 86.0 382.0
Bilberry powder 7.7 2.1 87.0 398.0
Strawberry powder 4.9 2.5 84.9 381.0
Blueberry powder 8.1 0.8 56.4 265.0
Raspberry powder 8.0 4.3 79.6 389.0

Note: *according to manufacturers
Source: developed by the author

Manufacturers of components of drink compositions:

e oat milk (ultra-pasteurized oat beverage fortified
with calcium) - produced by Lustdorf LLC, Illintsi, Vin-
nytsia region, Ukraine;

« freeze-dried mango, bilberry and blueberry pow-
ders - produced by Gulfrost LLC, Byshkiv, Lviv region,
Ukraine;

« freeze-dried strawberry and raspberry powders -
produced by Ledova LLC, Chornomorsk, Odesa region,
Ukraine.

Drink compositions were prepared by mixing oat
milk with powders from freeze-dried fruits and ber-
ries according to the recipe. The sensory properties
(taste and smell, colour, appearance, consistency) of the
drink compositions were evaluated by experts accord-
ing to the methodology (Lawless & Heymann, 2010;

Pudovkin, 2021) on a five-point scale. The study was
conducted in accordance with the standards set out in
the Declaration of Helsinki (1979). The weighting coef-
ficients of these indicators were also calculated based
on the results of the expert survey. Statistical process-
ing of the survey results was performed using Mathcad
14 software, which was used to build sensory profiles
of drink compositions. In addition to scoring the senso-
ry properties of drink compositions, experts gave their
verbal description. The colour of the drink compositions
was determined using the camera of the Xiaomi Redmi
Note 8 Pro smartphone (China) and the Color Detector &
Catcher mobile application,using the RGB additive colour
model. Oat milk (MC1) was chosen as the control variant.

The quality indicator of the of drink compositions
was calculated by Equation:
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where m, m, m,, m, - weighting coefficients of drink
sensory indicators, respectively, taste and smell, colour,
appearance and consistency; P,, P,, P,, P, - sensory indi-
cators of the drink, respectively, taste and smell, colour,
appearance and consistency; P, , P, P,., P,, - basic val-
ues of sensory indicators of the drink, respectively, taste
and smell, colour, appearance and consistency (5 points).
The nutritional value and calorie content of model
compositions of drinks was calculated by Equation:

aimy; aimy;

P =X 100 =X 100 sz?zlaﬂ)n;i; (2)
E=4-P+9-F+4-C (3)

where P, F, C - the content of protein, fat and carbohy-
drates per 100 g of soft drink, g; a - the content of the
i-th recipe component per 100 g of soft drink, %; m,, mg,
m . - the weight, respectively, of protein, fat and carbo-
hydrates per 100 g of the /-th recipe component, g; 4,
9,4 - the calorie content of 1 g, respectively, of protein,
fat and carbohydrates (Capuano et al., 2018), kcal g%;

n - the number of components of the drink composition;
E - the calorie content of 100 g of the soft drink, kcal.

The density of drink compositions with oat milk and
freeze-dried plant powders was determined by the py-
cnometric method (Yohannes et al., 2013). The active
acidity of the developed drink compositions was deter-
mined using a pH-meter (Yohannes et al., 2013). The
statistical processing of the study results involved de-
termining the arithmetic mean and standard deviation
using Mathcad 14 software.

Results and discussion

The results of the expert verbal characterization of the
developed model drink compositions with oat milk and
freeze-dried fruit and berry powders are presented in
Tables 7-11. The developed drink compositions with a
weight content of fruit and berry powders of 1% have
a liquid consistency and the appearance of an opaque
homogeneous liquid. Drink compositions with a weight
content of freeze-dried plant powders of 6% and 11%
have, respectively, a liquid sour cream-like and sour
cream-Llike consistency and an appearance of an opaque
homogeneous mass.

Table 7. Sensory characteristics of model compositions of drink with oat milk and mango powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(M) MC3(M) MC4(M)
pleasant oat taste; pleasant oat taste; sweet-sour taste, oat-mango | sweet-sour taste, oat-mango
Taste and smell . .
oat aroma oat aroma flavour; oat aroma flavour; oat aroma
Colour RGB RGB RGB RGB
(243,239,231) (238,225, 200) (245,218,161) (236, 205,127)
Consistency liquid liquid liquid sour cream-Llike sour cream-like
Appearance opaque, Egngeneous opaque, Ezmggeneous opaque, homogeneous mass | opaque, homogeneous mass

Source: developed by the author

Table 8. Sensory characteristics of model compositions of a drink with oat milk and bilberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(B) MC3(B) MC4(B)
pleasant oat taste; pleasant oat taste; less sour taste, oat and sour taste, oat and bilberry
Taste and smell .
oat aroma oat aroma bilberry flavour; oat aroma flavour; oat aroma
Colour RGB RGB RGB RGB
(243,239, 231) (187,149, 135) (68,22,22) (29,16, 16)
Consistency liquid liquid liquid sour cream-like sour cream-like
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author

Table 9. Sensory characteristics of model compositions of a drink with oat milk and strawberry powder

Sensory

Characteristics of indicators for drink compositions

characteristics MC1 MC2(S)

MC3(S) MC4(S)

n .
Taste and smell pleasant oat taste;

pleasant oat taste;

sour oat and strawberry

sour strawberry taste; oat
flavour; oat and strawberry Y

oat aroma oat aroma aroma and strawberry aroma
Colour RGB RGB RGB RGB
(243,239,231) (233,211,209) (212,100, 100) (140, 24, 28)
Consistency liquid liquid liquid sour cream-Llike sour cream-like

Appearance opaque, homogeneous liquid

opaque, homogeneous liquid

opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author
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Table 10. Sensory characteristics of model compositions of a drink with oat milk and blueberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(Bl) MC3(BL) MC4(BL)
pleasant oat taste; pleasant oat taste; sour berry flavour; sour berry flavour;
Taste and smell oat aroma oat aroma light oat aroma light oat aroma
Colour RGB RGB RGB RGB
(243,239, 231) (175,164, 186) (94, 56, 100) (61,39,58)
Consistency liquid liquid liquid sour cream-like sour cream-Llike
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author

Table 11. Sensory characteristics of model compositions of a drink with oat milk and raspberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(R) MC3(R) MC4(R)
pleasant oat taste; oat-raspberry taste with sour raspberry flavour; light | sour raspberry flavour; light
Taste and smell oat aroma sourness; oat aroma oat and raspberry aroma oat and raspberry aroma
Colour RGB RGB RGB RGB
(243,239, 231) (240, 224, 224) (231,163,172) (203,96,119)
Consistency liquid liquid liquid sour cream-like sour cream-like
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous mass | opaque, homogeneous mass

Source: developed by the author

Drink compositions with an increase in the content
of fruit and berry powders develop a more intense taste
and smell, which is typical of the raw materials used.
The taste also becomes more sour, especially for compo-
sitions with berry powders. The colour of drink compo-
sitions with different fruit and berry powders is shown
in Figures 2-6, and its characteristics using the additive

RGB colour model are shown in Tables 7-11.The colour
of the drinks depends on the colour of the raw material
used (fruit or berry powder) and becomes more saturat-

ed with an increase in the content of this raw material.

MC1

MC2(M) MC3(M)

i
|

MC4(M)

Figure 2. Colour of the drink compositions
with oat milk and mango powder
Source: developed by the author

MC2(B) MC3(8)

MC4(B)

Figure 3. Colour of the drink compositions
with oat milk and bilberry powder

Source: developed by the author

MC2(S)

MC3(S) MC4(S)

Figure 4. Colour of the drink compositions
with oat milk and strawberry powder

Source: developed by the author

MC2(Bl)

MC3(Bl) MC4(Bl)

Figure 5. Colour of the drink compositions
with oat milk and blueberry powder
Source: developed by the author

MC1 MC2(R)

'i.l

MC3(R) MC4(R)

Figure 6. Colour of the drink compositions
with oat milk and raspberry powder
Source: developed by the author
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Sensory profilograms of drink compositions with oat
milkand freeze-dried plant powders are shownin Figure 7.
Among the developed drinks with mango powder (Fig.7a),

taste and smell
a 5

appearance

MC1 MC2(M) MC3(M)

MC4(M)

taste and smell

consistency

appearance

MK1 MK2(S) MK3(S)

MK4(S)

composition MC4(M) has the highest scores for taste and
smell and colour. Compositions MC2(M) and MC3(M)
have the highest scores for appearance and consistency.

taste and smell
5

consistency colour

appearance

MK1 MK2(B) MK3(B)

MKA4(B)

taste and smell

consistency

appearance

MK1 MK2(Bl)

MK3(8l) MK4(BL)

e taste and smell

appearance

——MK1 ———MK2(R) —— MK3(R)

MK4(R)

Figure 7. Sensory profiles of drink compositions with oat milk and freeze-dried plant powders
Note: a - mango powder; b - bilberry powder; ¢ - strawberry powder; d - blueberry powder; e - raspberry powder

Source: developed by the author

The taste and smell of composition MC4(B) were
rated by experts as the highest among drinks with bil-
berry powder (Fig. 7b). However, the highest scores for
colour, appearance and consistency were given to com-
position MC2(B). Among the compositions of the drink
with freeze-dried strawberry powder, the highest scores
for all sensory indicators (Fig. 7c), except for colour,

Commodity Bulletin, 2024, Vol. 17, No. 1

were obtained by composition MC2(S), and for colour -
by MC3(S). The highest scores for all sensory indicators
of drinks with blueberry powder were obtained by com-
position MC2(Bl) (Fig. 7d). Taste and smell, appearance
and consistency of composition MC2(R) were rated by
experts as the highest among the developed compo-
sitions with freeze-dried raspberry powder (Fig. 7d).



The highest score for the colour indicator was given to
composition MC3(R).

Following an expert evaluation of the importance
of sensory characteristics for drinks with oat milk and
freeze-dried plant powders, sensory indicator weighting
coefficients were calculated: taste and smell - m, = 0.4,
colour - m,=0.2; appearance - m, = 0.15; consistency -
m,=0.25. According to experts, the most important in-
dicators of drink quality are taste, smell and consistency.

Accordingtothesensorycharacteristics ofdrinkcom-
positions,the values of the quality indicator Q calculated
by Equation (1) are shown in Figure 8.The highest values
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of the Q indicator were found in the drink compositions
with oat milk and freeze-dried plant powders (Fig. 8):

e among the compositions with mango powder:
MC4(M) - 0=0.971;

e among the compositions with bilberry powder:
MC3(B) - 0= 0.94;

e among the compositions with strawberry powder:
MC2(S) - Q= 0.976;

e among the compositions with blueberry powder:
MC2(Bl) - Q= 0.949;

e among the compositions with raspberry powder:
MC2(R) - 0= 0.988.

0.9
0.85
0.8
0.75

MK1
W mango

MK2
bilberry

MK3

strawberry

MK4
blueberry M raspberry

Figure 8. Quality indicator Q for sensory characteristics of drink compositions
with oat milk and freeze-dried plant powders

Source: developed by the author

The results of calculating the nutritional value and
calorie content of the drink compositions with oat milk
and freeze-dried plant powders are presented in Table 12.
Regardless of the fruit and berry powders, increasing
their content in the drink results in an increase in protein
and carbohydrate content compared to the control. The
protein content in the drink compositions varies within
the following range (per 100 g of drink): with mango or
strawberry powder - 1.0-1.4 g; with bilberry powder -
1.1-1.7 g; with blueberry or raspberry powder - 1.1-1.8 g.
Thus, by adding fruit and berry powders, the protein con-
tent of the drinks increases by up to 80% compared to
oat milk. The content of carbohydrates in the drink com-

positions varies within the following ranges (per 100 g
of drink): with mango powder - 7.3-15.2 g; with bilberry
powder - 7.3-15.4 g; with strawberry powder - 7.3-15.1 g;
with blueberry powder - 7.0-12.0 g; with raspberry pow-
der - 7.2-14.5 g. Due to the addition of fruit and berry
powders, the content of carbohydrates in the drinks in-
creases by 7.7-136.9% compared to oat milk. There are
no significant changes in the fat content of drinks with
mango, bilberry and strawberry powder compared to oat
milk. In drinks with blueberry powder, compared to the
control variant, the fat content with an increase in the
powder content within 1-11% decreases from 2.5 to 2.3%,
and in drinks with raspberry - increases from 2.5 to 2.7%.

Table 12. Nutritional value and calorie content of drink compositions with oat milk and freeze-dried plant powders

. ", Nutritional value and calorie content of drink compositions (per 100 g of drink)
Drink compositions . "
Protein, g Fat,g Carbohydrates, g Calorie content, kcal

MC1 1.0 2.5 6.5 52.5
MC2(M) 1.0 2.5 73 54.0
MC3(M) 1.2 2.5 11.3 69.5
MC4(M) 1.4 2.5 15.2 85.0
MC2(B) 1.1 2.5 73 54.1
MC3(B) 1.4 2.5 11.3 70.4
MC4(B) 1.7 2.5 15.4 86.6
MC2(S) 1.0 2.5 73 54.0
MC3(S) 1.2 2.5 11.2 69.5
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Table 12. Continued

. . Nutritional value and calorie content of drink compositions (per 100 g of drink)
Drink compositions .
Protein, g Fat,g Carbohydrates, g Calorie content, kcal
MC4(S) 14 2.5 15.1 84.9
MC2(BL) 1.1 2.5 7.0 52.9
MC3(BL) 14 2.4 9.5 62.9
MC4(BL) 1.8 23 12.0 729
MC2(R) 1.1 2.5 7.2 54.1
MC3(R) 14 2.6 10.9 70.0
MC4(R) 1.8 2.7 14.5 85.9

Source: developed by the author

The calorie content of the developed drink compo-
sitions is higher than that of oat milk and ranges from
52.9-86.6kcal 100g?,and it increases with the increase
in the content of fruit and berry powders.

The results of determining the density and active
acidityofthe developed drink compositions with oat milk
and freeze-dried plant powders are givenin Table 13.The
density of oat milk is 1031.4£2.3 kg m™. The density of

drinks with an increase in the content of fruit and berry
powders within 1-11% increases and varies within the
range: for compositions with mango powder - 1033.6-
1052.4 kg m*; for compositions with bilberry powder -
1033.9-1054.1 kg m3; for compositions with strawberry
powder - 1033.8-1052.8 kg m™*; for compositions with
blueberry powder - 1032.9-1044.1 kg m; for compo-
sitions with raspberry powder - 1033.7-1048.5 kg m™.

Table 13. Physicochemical characteristics of drink compositions

Composition indicators Value of the indicators

Compositions with mango powder MC1 MC2(M) MC3(M) MC4(M)
Density, kg m™ 1031.4+2.3 1033.6+1.8 1043.7%2.5 1052.4+2.8

Active acidity (pH) 71%0.2 6.3+0.1 5.0£0.0 4.5+0.1

Compositions with bilberry powder MC1 MC2(B) MC3(B) MC4(B)
Density, kg m™* 1031.4%2.3 1033.9%1.6 1044.5+2.9 1054.1£2.5

Active acidity (pH) 71%0.2 5.6%0.0 4001 3.6+0.0

Composntno;; vv:(;tel: strawberry MC1 MC2(S) MC3(S) MC4(S)
Density, kg m™ 1031.4+2.3 1033.8+2.0 10439+2.4 1052.8+2.1

Active acidity (pH) 71£0.2 54£0.1 4.0£0.0 3.6+0.0

Compositions with blueberry powder MC1 MC2(Bl) MC3(BL) MC4(BL)
Density, kg m™* 1031.4%2.3 1032.9%2.3 1038.4%2.0 1044.1£1.9

Active acidity (pH) 7.1%0.2 5.2%0.0 3.8%0.0 3400

Compositions with raspberry powder MC1 MC2(R) MC3(R) MC4(R)
Density, kg m? 1031.4+2.3 1033.7+2.1 1040.2£2.5 1048.5+1.4

Active acidity (pH) 7.1%0.2 5.0%0.1 3500 3.3%£0.0

Source: developed by the author

The active acidity (pH) of oat milk is 7.1 £0.2. With
an increase in the content of fruit and berry powders in
the drink compositions, the pH of the drinks decreases.
In particular, with the content of fruit and berry pow-
ders in the range from 1% to 11%, the pH of the drink
compositions fluctuates: for compositions with mango
powder - from 6.3+0.1 to 4.5 £0.1; for compositions
with bilberry powder - from 5.6 0.0 to 3.6 £ 0.0; for
compositions with strawberry powder - from 5.4 0.1
to 3.6 £0.0; for compositions with blueberry powder -
from 5.2%0.0 to 3.4 0.0; for compositions with rasp-
berry powder - from 5.0+0.1 to 3.3%0.0.

Many scientists have conducted similar studies.
For example, DJ. McClements et al. (2020) examined
the scientific aspects of formulating the composition,
production technology and quality assurance of milk
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substitutes. Understanding the scientific principles of
the development and production of plant-based milk
products is important for increasing their usefulness
and acceptance by consumers in the soft drinks mar-
ket. A.R.A. Silva et al. (2020) found that alternatives to
milk can have benefits, such as lower saturated fat and
cholesterol, and supply of essential nutrients such as
calcium and vitamin D. However, they can also pose
challenges related to allergens and additives. From a
technological point of view, the development and pro-
duction of plant-based alternatives to milkrequires care-
ful selection of raw materials and processing methods
to achieve the desired taste, texture and stability, mak-
ing this an active area of research and development in
the food industry. A. Sousa & K.A.K. Bolanz (2017) state
that the composition of plant milk varies depending on



the raw material in terms of macro-and microelements,
the presence of biologically active compounds and an-
ti-nutrients. Plant-based beverages contain bioactive
substances, in particular, soy-based beverages contain
isoflavones and phytosterols, almond-based beverag-
es contain a-tocopherol and arabinose, and oat-based
beverages contain B-glucan (Karam et al., 2016; Fructu-
o0so et al., 2021). Fortification of drinks can cause signif-
icant changes in their physicochemical properties and
affect the taste of the product, as noted by A. Angelov et
al.(2018),E.Vasquez-Orejarena et al. (2018). Therefore, it
is important that the sensory properties of plant-based
milk are acceptable to consumers, as this affects the suc-
cess of the product on the market (Gorman et al., 2021).

In the scientific study by C. Alsado et al. (2023), it
was proposed to fortify oat milk with 3-glucan (6.25 g
L%). Soluble fibre in the form of B-glucans reduces LDL
cholesterol (Low-density lipoprotein), in particular, con-
sumption of 750 ml of oat milk with a B-glucan content
of 0.5 g 100 g* per day reduces LDL cholesterol (Chalu-
pa-Krebzdak et al., 2018).

In the scientific study by H. Zhou et al. (2021), it
was proposed to fortify almond milk with calcium and
vitamin D, the lack of which in the human body can
cause long-term health problems. Almond milk con-
tains 6.33 mg 100 g* of vitamin E, which is 42% of the
recommended daily dose of 15 mg. Hemp milk contains
a-linoleic acid 0.4 g 100 mL?, which is 25% of the rec-
ommended daily dose of 1.6 g.

At the same time, the plant raw materials used for
the production of plant-based milk have disadvantages.
S. Chalupa-Krebzdak et al. (2018) proved that, in par-
ticular, cereals and legumes contain phytic acid, which
is considered an anti-nutrient due to its ability to com-
bine with macro- and microelements (calcium, zinc,
iron, magnesium and copper) to create insoluble com-
plexes of these minerals that prevent their absorption
in the intestine. Soybeans, almonds, cashews and oth-
er nuts contain oxalates, which not only interfere with
calcium absorption but also act as a component in the
formation of calcium stones in the kidneys. Soybeans,
peanuts and other beans contain lectins that inhibit the
absorption of glucose in the intestine. Soybeans, oats,
peas and beans also contain saponins, which affect
the digestion of proteins by creating insoluble sapo-
nin-protein complexes.

Scientists A. Drewnowski et al. (2021) proposed re-
quirements (standard) for the nutrient content of plant-
based beverages (per 100 g), which are positioned as an
alternative to traditional milk: protein — more than 2.2 g;
saturated fat - less than 0.75 g; added sugar - less than
5.3-6.25 g; sodium - less than 120 mg; calcium, vitamins
A,D,B, and B,, -in a 200 g serving, more than 15% of the
dailyrequirement; calorie content - less than 85-100 kcal.

As a result of the current study, model compositions
of drinks with high sensory characteristics, including
taste, smell, colour, appearance and consistency, were
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developed. The physicochemical properties of these
drinks were also investigated and it was found that
the use of powders from freeze-dried fruits and berries
enriches the drinks with useful substances and makes
them more diverse in taste and aroma. The results of
the study indicate the potential of the proposed drinks
for implementation in the food industry, craft produc-
tion and restaurant business.

Conclusions

Using freeze-dried fruit and berry powders to make
oat milk-based drinks is promising, because these
drinks are fortified with nutrients. Freeze-dried fruit
and berries, particularly in powder form, retain mac-
ro- and microelements and vitamins contained in fresh
fruit and berries without significant loss. Plant pow-
ders also preserve the colour, taste and aroma of fresh
fruit and berries. The use of powders in drinks helps
to expand the range of non-alcoholic drinks that are
plant-based alternatives to milk for vegans and con-
sumers who are allergic to milk protein and lactose
intolerant or who do not consume animal-based bev-
erages for other ethical or environmental reasons.
Among the developed and studied craft drink com-
positions, the following are recommended for imple-
mentation, which have the highest values of the qual-
ity indicator: composition: oat milk - 89 wt.%, mango
powder - 11 wt.%; composition: oat milk - 94 wt.%,
bilberry powder - 6 wt.%; composition: oat milk -
99 wt.%, strawberry powder - 1 wt.%; composition: oat
milk - 99 wt.%, blueberry powder - 1 wt.%; composi-
tion: oat milk - 99 wt.%, raspberry powder - 1 wt.%.

The density of the recommended drinks with oat
milk and fruit and berry powders ranges from 1032.9
to 1052.4 kg m>. The active acidity (pH) of the recom-
mended drinks ranges from 4.0 to 5.4. The addition of
fruit and berry powders to oat milk increases the con-
tent of protein and carbohydrates in the drinks. The
calorie content of the proposed drinks ranges from
52.9-85.0 kcal 100 g 1. The developed drinks with freeze-
dried strawberry, blueberry and raspberry powder have
a liquid consistency, and the drinks with freeze-dried
mango and bilberry powder have a creamy consistency,
which makes them similar to smoothies. The colour of
the developed craft drinks corresponds to the fruit and
berry raw materials used, and its intensity depends on
the content of these raw materials.

Further research should be directed towards the
development of drinks with different combinations of
powders from freeze-dried berries, fruits and vegeta-
bles, as well as using different plant-based milk.
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Po3po6neHHs KpapTOBMX HANOIB 3 «BiBCAHNM MOJIOKOM»
Ta PPYKTOBO-ArigHNMMN NOPOLLKAMMU

Irop QlynapeB

[oKTOp TEXHIYHKMX Hayk, Npodecop

JIyubKMn HauioHanbHWUI TEXHIYHWUI YHIBEPCUTET
43018, Byn. JlbBiBCbKa, 75, M. JlyLbK, YKpaiHa
https://orcid.org/0000-0002-2016-5342

AHoTauifs. CnoXuBaHHS «POCAMHHOIO MOJIOKa» 3POCTAE LOPOKY, 0COBGNMBO cepepn aneprikis Ta oci6 3
HenepeHOCUMICTIO akTo3n. Po3pobka HanoiB Ha MOro OCHOBI i3 AOAABAHHSAM KOPUCHUX PEYOBMH Ta MOMIMLLIEHHAM
CMaKOBMX BIAaCTMBOCTEN € TPEHAOM cepen BMPOOHWMKIB ©e3ankorosbHMX HamnoiB. MeTa CTaTTi — po3pobneHHs
peuenTyp KpadTOBMX HaMoiB 3 «BiBCSHWMM MOJIOKOM» Ta MOPOLUKAMM i3 CybniMOBaHWX (PYKTIB i Arig, a Takox
BM3HAUYEHHS iX OpraHoNenTUYHMX i Qi3nKo-XiMiYHMX MOKA3HMKIB. [LoCnigKeHHS NpOBOAMAM, 3aCTOCOBYHOUM METOL,
€KCMepTHOro OLiHIOBAHHS OPraHoONEeNTUYHMX NOKA3HMKIB KOMMNO3MLIiM HaMOoiB, PO3paxyHKOBWI MeToA 064YMCIEHHS
NOXXMBHOI Ta EHEPreTUYHOI LiHHOCTI HAanoiB, METOAM KBaNiMeTpii AN 06YMCIEHHS KOMMIEKCHOMO NMOKa3HMKA SKOCTI
HanoiB, METOAM BMU3HaYeHH$ di3nKO-XiMiYHMX NOKA3HMKIB HanoiB, MobinbHMI 3acTocyHok Color Detector & Catcher
ONS BU3HAYEHHS KONIbOPY HamnoiB i3 BMKOPWUCTAHHAM aAMTMBHOI KonipHoi mogeni RGB, metoam cratmctuyHoro
00pobNEHHS [aHUX i3 BUKOPUCTAHHAM KOMMOTEPHOro nporpamHoro 3abesneuveHHs Mathcad 14. [Ing HanoiB Ha
OCHOBI «POC/IMHHOrO MOJIOKa» 3anpOMOHOBAHO B SKOCTi peuenTypHOro KOMMOHEHTa BMKOPWUCTOBYBATM MOPOLLKM
i3 cybniMmoBaHux GpyKTiB i Arig, cnocib BMpobHMLTBA SKMX [,03BONSE 36eperti Konip, apomMaT Ta CMaK HaTypasibHOI
CMPOBWMHM, 3 TAKOX ii KOPUCHI pe4yoBMHU. Po3pobneHi MonenbHi KOMMO3MLii HanoiB 3 «BiBCIHMM MOJIOKOM» Ta
NopoLIKaMu i3 cyb6niMOBaHUX MAHIo, YOPHUL, MOMYHULi, NOXMHM Ta MaNuHWU. EKCcnepTHe OLiHIOBAHHS A4,03BOAWIO
BM3HAUYMTM KpaLli KOMMNO3MLii HAaNOIB, WO MalTb BUCOKI OpraHoNenTUYHI BNAaCTMBOCTI (CMak i 3amax, KOAip, 30BHILLHIN
BUINSA, Ta KOHCUCTEHUi0). JlocnimxeHi rycTMHa Ta aKTMBHA KMCIOTHICTb pO3pobAeHMX KOMMO3WLIM HamnoiB Ta
obuncneHa ix NoXuWBHA i eHepreTUYHa LiHHICTb. BcTaHOBNEHO, WO ryCTMHA HANOIB 3i 36iNbLIEHHAM BMiCTY (PYKTOBO-
AriLHWX NOPOLLKIB 36iNbLWYETbCS, @ NOKa3HMK pH HaNoiB — 3MeHLYETbCA. TaKOXX BCTAHOBJ/IEHO, LLO 30inbLlUEeHHS BMICTY
B Hamnoi MopoLukiB i3 cybniMoBaHWx QPYKTiB i Arig, CNpUYMHAE 36inbleHHs Y HbOMY BMICTy 6inkiB Ta ByrneBoai..
BukopuctaHHa GpyKTOBO-AriAHOT CUPOBUHM B peLLENTypi HamnoiB f03BONSE 36araTUTU iX KOPUCHUMMU pPEeYOBUHAMM
Ta YPi3HOMAHITHUTM CMaK i apoMat. 3anponoHOBaHI HaMoi MOXyTb BYyTM peKOMEeHAOBaHi L0 BMNPOBALXKEHHS Ha
NiANPUEMCTBAX Xap4yoBOi MPOMMCIOBOCTI, Ha KPadTOBMX BMPOOHMLTBAX XapuyOBMX MPOAYKTIB Ta Yy 3aKNajax
pecTopaHHOro rocnofapcTaa

KniouoBi cnoBa: pocniMHHe MOIOKO; peLenTypa Hamnot; BAACTMBOCTI Hanot; cybnimMoBaHi GpykTu; cybniMoBaHi sroam
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Abstract. The actuality of the research is defined by the need of creation means for wound treating, the insufficient
development of methods of the use of the possibilities of modern nanomaterials. The purpose is to substantiate
the possibility of creating materials of a given structure to ensure controlled liquid removal using magnetic
nanocomponents. The research involved methods of solving the nonlinear diffusion equation, macroexperiments
on liquid sorption by materials filled with nanocomponents. The main approaches and boundary conditions for
solving nonlinear equations are substantiated. The approximate analytical solution of the diffusion equation clearly
highlighted the possibility of finding the basic diffusion coefficient and the inhibition coefficient, which determines
the nonlinear nature of the sorption process.Two experiments register the liquid reaching the opposite surface of the
healing material and the mass of the accumulated liquid at a certain time. It has been proven that the introduction
of magnetic nanocomponents into the structure of medical materials affects the sorption processes. The addition of
magnetic nanocomponents at the initial moment reduces the diffusion coefficients. At the same time, the content
of such components increases the bacteriostatic properties of the material. The organisation of the sorption
process in the conditions of a variable magnetic field significantly affects the sorption process. An increase in the
magnetic field strength significantly increases the diffusion coefficient and decreases the braking coefficient. The
dependence of the diffusion coefficients on the content of nanocomponents and the strength of the magnetic field
is given in the article. These data make it possible to predict the diffusion properties of the material, as well as to
determine the process parameters that provide the specified sorption parameters. The practical value is determined
by the possibility of creating materials for the treatment of wounds with adjustable intensity of exudate removal
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Introduction

The relevance of the research is determined by the
contradiction between the need to create effective
methods for treating wounds, the potential opportu-
nities of nanocomponents in textile materials and the
need to determine their real impact. The particular im-
portance can be related to war in Ukraine that cause
the introduction of the latest technologies related to
humanitarian issues. In particular, this applies to the
treatment of wounds. In some cases, wound treatment
involves the use of special bandages. One of the main
requirements for such means, as noted by D. Arcange-
li et al. (2023), should be the removal of exudate from
purulent wounds. Optimisation of the wound healing
process is related to the possibility of regulating the
sorption process. Innovative approaches to creating
connections with the necessary authorities have grown
significantly. The main requirements for medical tex-
tiles and the main achievements in this field are given
in the study of R. Rathinamoorthy (2023). At the same
time Y-S. Ho et al. (2022) substantiated the main direc-
tions of further research on the improvement of wound
dressings, which are related to bacteriostatic proper-
ties and regulated removal of exudate. The main re-
quirements for fibers and materials are aimed at the
intrinsic properties of fibers and textile materials, as
described by Y. Qin (2023). In a significant number of
studies, the provision of most properties of medical
textile materials is associated with the introduction
of nanotechnology and nanomaterials. S. Tripathi et
al. (2023) note the emergence of an additional thera-
peutic effect in medical textile materials using nano-
components. As sorption processes related to the struc-
ture of the material, the use of porous structures may
be relevant for such a system, as shown by M. Nasir et
al. (2023). In the study of M. Riabchykov et al. (2021)
the possibility of creating materials with specified
porosity parameters, which can be used to create ma-
terials with specified sorption parameters is showed.

Thus, the following requirements for medical ma-
terials, main achievements and unresolved issues can
be noted. The main principle of wound treatment with
the help of textile medical materials is the removal of
exudate. For each wound, it is desirable to ensure the
specified efficiency of this process. The removal process
is related to diffusion processes in the material. Theo-
retically, the sorption process is described by nonlinear
differential equations, the general methods of which do
not exist. Promising nanocomponents in the composi-
tion of textile materials can provide a given structure
and corresponding sorption parameters. The location
of such materials in the magnetic field additionally
regulates these processes. Such materials can demon-
strate qualitatively new properties, provide favourable
regulation of exudate sorption and, accordingly, more
effective treatment. It should be determined that the
use of magnetic nanocomponents to regulate sorption
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parameters is a promising but unexplored direction
in the field of medical textiles. At the same time, the
determination of normalised diffusion rates for such
materials in the express mode remains an insufficiently
substantiated issue.

The purpose of this work consists in the justifica-
tion of the creation of materials with specified param-
eters of exudate sorption based on the use of nano-
components in magnetic field conditions.

Materials and methods

The first task for conducting research is to justify the
methodology for determining sorption parameters.

Sorption characteristics of the material are relat-
ed to diffusion processes. This process is described by
a nonlinear differential equation taking into account
the complex dependence of the diffusion coefficient
on the liquid content:

v _ d

au
at  ox ox’ (1)

where U -the liquid contentinrelative units to full density.
The diffusion coefficient depends on the liquid
content:

D =Dy(1+0c-U). Q)

In such conditions, the diffusion process is deter-
mined by two parameters. The static diffusion coeffi-
cient D, can theoretically be determined by tradition-
al methods. Methods for determining the saturation
coefficient o are generally unknown. The diffusion
equation does not have exact analytical solutions. Ap-
proximate solutions given, for example, in the article
of L.Yan et al. (2023) should be developed for an oper-
ational approximate solution.

To determine the diffusion coefficients, a modified
semi-emeric method was used. Such method was de-
scribed by S. Arabuli et al. (2018). It consists in the use
of analytical dependencies compatible with express
experiments on liquid absorption. This method requires
the use of analytical solution methods, since the main
diffusion constants remain unknown in the solution
process. The theory of differential equations indicates
that two unknown constants require the use of at least
two conditions. Considering the fact that the mass
growth of the textile material in the sorption process
can be found under experimental conditions, at least
two such experiments must be conducted.

Determination of diffusion coefficients is not the
end of this work itself. In order to regulate the sorption
process, nanomagnetic powder consisting of a mixture
of ferric and ferric oxides is added to porous textile
materials. Such a powder is synthesised as a result of
the process described by M. Riabchykov et al. (2022).
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The structural characteristics of the material obtained
with the inclusion of nanocomponents were deter-
mined by microscopy methods.

Sorption processes in the material were deter-
mined by weighing methods, as a result, the main indi-
cators and diffusion constants were found. Taking into
account the real magnetic properties of the obtained
material, a hypothesis was made about the influence of
the magnetic field on the structure and dimensions of
the cavities inside the material, which should undoubt-
edly affect the sorption indicators. In order to study this
process, a porous material containing magnetic na-
nocomponents was placed inside a ring magnet with
the possibility of adjusting the magnetic field tension.
Sorption properties were determined for several cases
of stress and content of magnetic nanocomponents.

Results and discussion

The first step of this study was the substantiation of
express methods for determining diffusion coeffi-
cients. The calculation scheme for the passage of liquid
through the material is shown in Figure 1.

|v

A

RIS

<

- h

e ! e

Figure 1. Calculation scheme
of the liquid sorption process
Source: developed by the authors on the base of L. Yan et al.(2023)

A material of thickness h is subjected to the action
of a liquid from one side. Wetting occurs on the left side
of the material. At the same time, complete saturation
of the material with liquid is observed at this point, i.e.,
the saturation value U = 1. In a certain time ¢, the liquid
reaches a certain point inside the material. In the figure,
this distance is denoted by z. The differential equation
of diffusion in conditions of substituting the diffusion
coefficient depending on the liquid content can be con-
verted to the form:

T () R ) R C

ot ox? ox "ox?
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The equation has a pronounced non-linear appear-
ance, as it contains terms that include derivatives raised
to certain powers. There are no exact methods for solv-
ing such equations. To find an approximate equation,
was estimated a possible solution taking into account
the boundary conditions. For ease of approximation,
the origin of the coordinates is located at the point of
reaching the liquid. The x coordinate from this point
was directed to the plane from where wetting occurs.

In this case, the boundary conditions can be written

in the form:
U=1, x=z,

U=o, x=0.

(4)

A power function meets these conditions. In a sim-
pler form, it can be written as:

U= (g)”. 5)

In this expression, it is necessary to determine the
exponent of the power function. After substituting into
the differential equation, it’s possible to can get an
equation in which the distance traveled by the liquid
is the unknown.

dz

“o 0t E) e 22 ()] )

In the future the dimensionless coordinate will be
used for convenience:

=5 )

Then the equation will be rewritten in the form:

dy Don[n—l 1

ac holn o2

+ o2 g2 ®)

It is necessary to take into account fact that the
thickness of the material for bandages is small. So, it
can be possible to ensure equality at two points,9=0.5,
9 = 1. This condition will provide a solution:

n-1 2n+1 (1)"‘2 _n-1 2n+1
> = :

47 +o0 T + 0o n (9)
The last equality allows to find the coefficient of
nonlinearity depending on the exponent:

n-1 272
2n+2 2n72-1"

g=3 (10)
At the same time, the distance of liquid diffusion
into the material can be determined from the equation:

(11)

dy _  Dyn [n—l

2n+1]
dt  h )

o
n n

This equation can be solved exactly. Thus, the de-
pendence of the liquid penetration depth on time can
be written in the form:



D

9=1-exp {—f[n —1+a(@2n+ 1)]t}. 12)
In this equation, the degree and the diffusion co-
efficient remain unknown. Two results are necessary
for the experimental determination of the exponent.
The mass of liquid accumulated in the material can be

found as an integral:
A-h-p-9
n+1

z z (x\"
M=A-pf0U(x)dx=A-pf0(;) dx = (13)
In this equation, A determines the area of action of
the sorption process:
=T (14)
When the liquid reaches the opposite boundary, a
wetted zone begins to appear on this boundary, which
can be fixed. At the same time, the mass of the sample
with accumulated liquid can be determined:

1
Ho = ——

T (15)
The obtained experimental results allow to deter-
mine the degree indicator immediately:

1-p
n==r (16)

The use of this indicator immediately determines
the value of the braking coefficient o according to
the above expression. Integration taking into account
the change in the liquid distribution zone determines
the mass of the accumulated liquid after a certain
time interval.

1—exp{—D—’:)[n—1+a(2n+1)] t}

17)

u(e) = e}

Weighing the sample over a specified interval al-
lows to determine directly the value of the static dif-
fusion coefficient, taking into account the real spread
of the liquid and the presence of the braking process
in the process of liquid accumulation. Obvious trans-
formations give an expression for this indicator in
the form:

Dy = a Zin(1—u(® - (+ D).

n-1to@n+Dlt (18)

Thus, the process of determining of the diffusion
coefficients includes two measurements of the mass
of the accumulated liquid. The first measurement
determines the mass after a certain period of time
while the liquid is inside the material. The second ex-
periment measures the mass of accumulated liquid
after wetting the opposite side. This value allows to
determine immediately the indicator of the degree of
the function of the spread of the liquid during using
the dependence shown in Figure 2.
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Figure 2. Indicator of the degree of the distribution
function depending on the accumulated liquid
Source: developed by the authors

The inhibition coefficient associated with the non-
linear component of the differential equation deter-
mines the influence of the liquid already accumulated
in the material on the sorption properties. Consider-
ing the above equations, this coefficient can be deter-
mined using the dependence shown in Figure 3.

)

2
1.5
NMee——
{).1 0.15 0.2 0.25
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Figure 3. Braking coefficient depending
on the amount of accumulated liquid
Source: developed by the authors

The static diffusion coefficient can be deter-
mined based on the liquid accumulated in the mate-
rial after a certain period of time. At the same time,
the dependence will have three factors that must be
taken into account. These factors include the total
accumulated liquid, the time that must be less than
the full soaking time, and the amount of accumu-
lated liquid up to that time. For example, these in-
dicators were determined theoretically for a liquid
content of 0.05 from full for different moments of
time (Fig. 4).
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Figure 4. Static diffusion coefficient for different moments of time

Note: 1 -t1;2 -t2; 3 - t3; t1<t2<t3
Source: developed by the authors

Nanomagnetic technologies for filling medical
materials fully justify themselves based on their bac-
teriostatic properties. At the same time, their content
in a certain way affects the structure and size of the
pores inside such materials. The addition of certain

components based on oxides of divalent and trivalent
iron in a certain way reduces the average pore size.
The study of the microstructure of similar materials,
shown in Figure 5, at first glance does not determine
a significant impact.

Figure 5. Structure of porous material saturated with iron oxide nanocomponents, nanocomponent content

Note: a - 0.3%; b - 0.2%; c - 0.1%
Source: developed by the authors

A more detailed study of the average size of the
structural components shows a decrease in the average
pore size by approximately 8-12% with a reduction in
size dispersion by the same amount. The decrease in av-
erage dimensions determines leads to change in the time
of passage of liquid through the textile material. Con-
ducting experimental studies shows a decrease in the
static diffusion coefficient and an increase in the braking
coefficient. The introduction of magnetic nanocompo-
nents affects the sorption indicators, but does not direct-

ly determine the possibility of regulating this process.

In order to regulate the sorption process, the material
saturated with magnetic nanocomponents was placed in
the area of action of a ring electromagnet with controlled
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power. The electric voltage, supplied to the electromag-
net, was adjusted using an autotransformer. As a result of
this process, the strength of the magnetic field changed.
On the basis of mechanical gravity tests, the ratio of elec-
tric voltage and magnetic field strength was determined.
This device allows you to change the strength of the
magnetic field in the range from 0 to 3 mT. At different
indicators of the content of magnetic nanocomponents
and the strength of the magnetic field, samples of the
material to be sorbed were weighed. Water was used as
a model fluid. According to the method given above, the
values of the static diffusion coefficient and the braking
coefficient were determined. The results of determining
these paraseirs are shown in Figure 6, Figure 7.
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[

Figure 6. Change in the braking coefficient depending on
the strength of the magnetic field and the content
of magnetic nanocomponents
Note: 1 - 0.1%; 2 - 0.2%; 3 - 0.3%
Source: developed by the authors
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Figure 7. Change of the static diffusion coefficient
depending on the strength of the magnetic field
and the content of magnetic nanocomponents
Note: 1 - 0.1%; 2 - 0.2%; 3 - 0.3%
Source: developed by the authors

The dependences demonstrate a decrease in the
diffusion coefficient with an increase in the content of
magnetic nanocomponents and an increase in this in-
dicator with an increase in the magnetic field strength.
The braking coefficient decreases with an increase in
the content of nanocomponents and an increase in the
strength of the magnetic field. The obtained results
prove the possibility of real regulation of the sorp-
tion properties of textile materials in the treatment of
wounds. Express methods for determining diffusion in-
dicators have been developed.

In the process of reviewing the main achievements
in the field of creation of textile medical materials, ad-
ditional results obtained in this study were noted. The
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main requirements for wound dressings determine
their effective bacteriostatic and sorption properties.
Major advances in the creation of textile materials for
wound care are presented in a study of P.D. Venkatra-
man et al. (2023), while the peculiarities of the use of
nanotechnologies are noted. A systematic review of the
development of wound dressings, as well as the various
directions related to their development, are reviewed in
a review by Z. Liu et al. (2023). In the article of Y. Wu et
al. (2022) it was considered the main requirements of
textile medical materials regarding hygroscopicity,
bacterial resistance and certain activity. The results of
this research make it possible to significantly expand
the nomenclature of medical textiles, taking into ac-
count the possibilities of creating a given structure. In
a study of N.Zhang et al. (2023) the importance of anti-
bacterial properties of medical materials were proved.
At the same time, P. Singh et al. (2023) claim that the
use of nanomagnetic materials significantly increases
the bacteriostatic properties of textile materials. Such
properties of nanocomponents were additionally prov-
en by R.Masood et al. (2015). The main properties of na-
nocomponents and means of their synthesis are given
in the book by H. Gao et al. (2023a).

Magnetic nanocomponents, the bacteriostatic prop-
erties of which have been proven by previous studies,
were used in this study. Thus, the use of such materials is
fully justified for medical purposes. G. Chen et al. (2023)
reported about the technology of saturation of textile
materials with nanocomponents for the purpose of pro-
tection against bacteria and viruses. In a study by S. Ba-
nerjee et al. (2023) the facts about the possibility of
controlling medicinal liquids in medical textile materi-
als with the addition of nanocomponents are provided.

Regulation of liquid sorption was proclaimed in pre-
vious publications, but was not scientifically substanti-
ated.The obtained results confirmed the real possibility
of regulating this process. Considering the importance
of removing exudate from wounds,a number of publica-
tions investigate the process of fluid movement in textile
materials.L.Hou et al. (2023) determined the gradient of
fluid movement through textile materials. M. Riabchyk-
ov et al. (2022) used mathematical modeling methods
to determine patterns of fluid movement through tex-
tile materials. S. Stankovi¢ (2023) described the pa-
rameters of fluid transport through textile materials.

In contrast to known results, the nonlinear nature
of the diffusion process and two coefficients charac-
terising the diffusion process are taken into account.
The intensity of liquid sorption inside textile materials
is related to the definition of the diffusion coefficient,
which is not an absolute constant, but is related to the
accumulated amount of liquid in the material, as shown
in particular by Z. Tan & Y. Zeng (2024). The difficulty
of directly determining the values of the diffusion co-
efficient is noted by X. Linh Nguyen et al. (2022). Such
researchers as H. Gao et al. (2023b) relate sorption
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characteristics, in particular diffusion coefficients, to
porosity parameters. Porosity is generally poorly regu-
lated. In the article of R.K. Prasanth Kumar et al. (2024)
the possibility of influencing the porosity parameters of
the material filled with nanocomponents using a mag-
netic field was proved. The given partial solutions of
the diffusion equations do not have a clear possibility
of determining the nonlinear diffusion coefficients. The
obtained results will make it possible to determine non-
linear diffusion coefficients based on macro experiments.

A.Mao et al. (2022) attempted to model the struc-
ture of the textile material to ensure the given sorption
properties. Q. Chen et al. (2023) investigated the effects
of coatings and saturating materials on wet transport
performance. Means of controlling fluid movement
in textile materials are defined in a study by K. Bal &
B. Das (2023). This study clearly shows the prospects
of using nanocomposites based on iron oxides to cre-
ate a certain structure. Y. Lin et al. (2023) consider the
possibility of controlling fluid movement in a textile
material.). Ma et al. (2023) note the possibility of simul-
taneously ensuring the movement of liquid in a given
direction and preserving the bacteriostatic properties
of the textile material. It was also noted in the study by
M.R. El-Naggar et al. (2024) the influence of magnetic
nanocomponents on the parameters of diffusion in the
material. Additionally, the effect of nanomagnetic parti-
cles of iron oxides on sorption processes is considered
in the article of C. Wang et al. (2024).

This article proves the real possibilities of regulat-
ing the movement of liquid in textile materials under
the influence of a magnetic field under the conditions
of using magnetic nanocomponents.

Conclusions

One of the main indicators of the effectiveness of the
functioning of medical textile materials for the treat-
ment of wound infections is the possibility of requlated
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AHoOTauif. AKTyanbHICTb A0CNIAXKEHHS BM3HAYAETbCA HEOOXIAHICTIO CTBOPEHHS 3acobiB Ans NiKyBAaHHS paH,
HeLOCTaTHbOK PO3PODBNEHICTIO METOAIB BUKOPUCTAHHS MOX/IMBOCTEW Cy4acHMX HaHoMaTepianie. MeTo poboTu
€ 0Or'pYHTYBaHHS MOX/IMBOCTI CTBOPEHHS MaTepianiB 3a4aHOi CTPYKTYypu Ana 3abe3neyvyeHHs KOHTPObOBAHOIO
BMOANEHHS PIOMHM 3 BUKOPUCTAHHSAM MarHiTHUX HAaHOKOMMOHEHTIB. B poboTi BUKOPUCTAHO METOAM PO3BA3aHHS
HeniHiMHOro PiBHSAHHA AMdy3ii, MakpoKniMaTUYHi ekcnepuMeHTH 3 copbuii piavHW MaTepianaMu, HanoOBHEHUMM
HaHoKoMnoHeHTaMu. OBrpyHTOBAaHO OCHOBHI MiAXOAM Ta FPAHWMYHI YMOBW AN PO3BA3aHHSA HENiHIMHWUX PiBHSHb.
HabnmxkeHnin aHaniTMUHWIA pO3BM30K PIiBHAHHS AMdY3ii Y4iTKO BUCBITAMB MOX/MBICTb 3HAXOAXKEHHSI OCHOBHOMO
koediuieHTa andysii Ta koediuieHTa iHribyBaHHS, KM BM3HAYAE HENiHIHUIA xapakTep copbuiiHoro npouecy. Y
[BOX eKCNepUMEeHTax PeeCTPYETLCA KiNlbKiCTb PiAMHM, LLLO AOCAra€ NPOTUNEXHOI NOBEPXHI NiKyBaNbHOIO Matepiany, i
Maca HaKOMWYEHOI piAMHKU B MeBHMI MOMeHT Yacy. [loBeaeHo, Lo BBEAEHHS MAarHiTHUX HAHOKOMMOHEHTIB Y CTPYKTYpY
MeAMYHMX MaTepianiB BNAMBAE Ha npouecu copbuii. [lonaBaHHA MarHiTHUX HAHOKOMMOHEHTIB B NOYATKOBUIA MOMEHT
3HMXKYE KoediLieHTH andys3ii.BoaHoYac BMiCTTaKMX KOMMOHEHTIB NiABULLYE OaKTepiocTaTUYHI BNaCTMBOCTI MaTepiany.
OpraHizauig npouecy copbuii B yMoBax 3MiHHOrO MarHiTHOro NoJsi CYTTEBO BM/IMBAE HA NpoLec copbuii. 36inblueHHS
Hanpy>XeHOCTi MarHiTHOro Nons CyTTeBO 36inbliye koedilieHT Andy3ii Ta 3MeHLWye koediLieHT ranbMyBaHHs. Y cTaTTi
HaBedEeHO 3aNeXHiCTb KoedilieHTiB AMdy3ii Big, BMiCTY HAHOKOMMOHEHTIB Ta HAaNPY>XeHOCTi MarHiTHoro nong. LLi gaxi
[a0Tb MOX/IMBICTb NPOrHO3yBaTH AUQY3iMHI BNACTMBOCTI MaTepiany, a TaKOX BM3HAYATM TEXHOMOrIYHI NapameTpu
npouecy, siki 3abe3neyyoTb 3a4aHi NapameTpu copbuii. [MpakTUUYHa LiHHICTb BUSHAYAETLCA MOXKJIMBICTIO CTBOPEHHS
MaTepianis 4N9 NiKyBaHHS paH 3 perynbOBaHOK iIHTEHCUBHICTIO BUAANEHHS eKCyaaTy

KniovoBi cnoBa: TkaHMHA; paHa; copbLis; HAHOCTPYKTYpa; BUAANEHHS ekcyaaTy
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Abstract. The relevance of the work is due to the need to improve the level of ensuring the requirements for
completeness, validity and objectivity of the conclusion of a forensic commodity expert by introducing corrective
coefficients for bargaining. The purpose of the study is to establish the numerical values of corrective coefficients
for bargaining, which must be used by forensic commodity experts when establishing the market value of leather
wallets. General scientific analytical methods (grouping, tabular, theoretical generalisation, analysis and synthesis
of information, abstraction, formalisation); generating random numbers; questionnaire; audio recording of the
bargaining process were used in the work. It has been established that the offer of leather wallets on OLX is 1189
units at a price from 30 UAH to 7799 UAH. A sample was formed - 80 offers of leather wallets at a price from
145 UAH to 6800 UAH, of which 76.3% were not in use. It was found that 17.5% of sellers of leather wallets provide
the possibility of bargaining to a potential buyer regardless of the commodity condition and the initial price of
wallets offered for sale,and only 7.5% of sellers did not reduce the price announced by them due to the insignificant
cost (from 150 UAH to 350 UAH) and the commodity condition “new”. It turned out that after the bargaining
procedure, the discount to potential buyers is ready to provide 92.2% of respondents or 88.8% of the total number
of sellers; the absolute size of this discount - from 5 UAH to 350 UAH and most often is up to 50 UAH; discount
percentage - from 3.0% to 29.5% and most often (48.8%) is in the range from 7.0% to 15.0%; arithmetic mean -
84.62 UAH. It is proved that it is advisable to apply a correction coefficient for bargaining in the amount of 11.2%
in determining the market value of leather wallets. The practical value of the work is to determine the numerical
value of the corrective coefficient for bargaining for the needs of forensic experts-commodity experts and the
positive effect of the adjustment on bargaining on the degree of objectivity of the conclusions of forensic experts

Keywords: leather wallets; the process of buying and selling goods; commodity research; conclusion of the
forensic expert; adjustment

Introduction

At the request of the Law of Ukraine “On Forensic Ex-  conclusion” (Law of Ukraine No. 4038-Xll, 1994). There-
amination”, the forensic expert is obliged to ‘conduct a  fore, scientific studies, the results of which improve
full study and give a reasonable and objective written  these characteristics of the forensic expert’s opinion,
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are relevant and significant in the conditions of Eu-
ropean integration of Ukraine. Analysis of the results
and experience of forensic experts-commodity experts
shows that the level of objectivity of their conclusions
is influenced not only by the qualification, administra-
tive, organisational and material support of activities,
but also by the correspondence of the scientific and
methodological base to the real state of the goods
market. Most of the problems that these specialists
solve are focused on the objective determination of
the market value of property.

AM. Tymchyshyn (2023) has studied the pecu-
liarities and potential possibilities of applying spe-
cial knowledge in the pre-trial investigation process.
P.M. Baranov et al. (2020) substantiated the tasks of the
forensic expert concerning the determination of the
market value of the research object through the prism
of the use of price lists and the author’s algorithm.
AV. Yukhymenko & V.0. Volokov (2019) summarised
the practice of forensic commodity expertise and de-
termined the definition of the market value of property
as a specific activity. 0.G. Ruvin & V\V. Matveiv (2020)
noted that determining the market value of movable
property is an integral part of the forensic commodity
examination methodology. V.V. Boiko & D.G. Pavlichen-
ko (2019) summarised the possibilities of applying ad-
justment coefficients in determining the market value
of research objects and stated that the current meth-
ods provide only adjustment coefficients for commodity
condition and/or completeness.

In higher education institutions of Ukraine, the
peculiarities of examination of goods that are tan-
gent to forensic commodity expertise were active-
ly studied by VV. Indutny et al. (2019), M.O. Kraliuk et
al. (2021), N.V. Lutsiv (2021). The peculiarities of be-
havior, intentions, opportunities and other character-
istics of potential sellers and buyers related to the
bargaining process were also studied by specialists
in evaluation activities in areas other than forensic
expertise (Dombrovska & Kylymnyk, 2017). But in the
works of these and other authors there are no stud-
ies aimed at studying the process of bargaining for
used goods in general, and establishing corrective
coefficients for bargaining by forensic commodity ex-
perts, in their professional activities in particular.

In the process of buying and selling in any form
of trading, there is a bargaining - “an action that cor-
responds in value to the concept of “bargaining” -
agreeing on the price of buying and selling, conclud-
ing a trade agreement, seeking mutual concessions”
(Busel, 2005). Since in the world practice of valuation
activity, adjustment for bargaining is carried out by ap-
plying corrective coefficients for bargaining (bargain-
ing coefficients, bargaining discounts), the theoretical
scientific interest and practical value is to establish the
numerical values of these coefficients for the needs of
forensic commodity expertise, because:
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e bargaining objectively exists and is an integral
attribute in the sale or purchase of goods, regardless of
the country of the world or form of trade;

e current methods of research, which are used by
Ukrainian forensic commodity experts, so far do not pro-
vide for the use of corrective coefficients for bargaining;

e starting the application of corrective coefficients
for bargaining does not contradict the requirements of
current legal and regulatory documents, since it allows
to reflect the size of the amendment to bring the value
of similar objects (objects of comparison), which is orig-
inally indicated in the announcement, to true market
value. And also has at least two positive consequences
for modern practice and theory of forensic commodi-
ty expertise: increases the degree of objectivity of the
conclusion of the forensic expert and reflects the actual
(real) state of the commodity market.

The main purpose of the system study, one of the
results of which is outlined in this article on the ex-
ample of leather and haberdashery products, is to find
digital values of corrective coefficients for bargaining
based on a marketing study of the arrays of goods that
are offered for sale in e-commerce. They are most often
objects of comparison in determining the market value
of goods by forensic commodity experts.

Achievement of this goal is carried out by solving a
set of interrelated tasks:

e researching the offer of a separate type of leather
and haberdashery goods - leather wallets on the elec-
tronic trading platform (online ads) OnLine eXchange
(OLX), which is most often used by forensic commodity
experts to find comparison objects in determining the
market value of goods;

e the formation of a sample and the study of the
content of the texts of ads on the sale of leather wallets
that fell into the sample, and with the sellers of which a
bargaining process will be carried out;

e calculation of the average arithmetic numerical
value of the adjustment factor for bargaining, which is
recommended for use by forensic commodity experts
when establishing the market value of leather wallets.

Materials and methods

Scientific work consists of a number of logically related
stages: the search and study of the supply of leather
wallets on the OLX electronic trading platform; the for-
mation of a sample and the study of the texts of ad-
vertisements for the sale of leather wallets that fell
into the sample; conducting and fixing the bargaining
process; setting absolute and relative numerical val-
ues of the bargaining result; calculation of arithmetic
mean numerical value of correction factor for bargain-
ing. Basic theoretical principles and practical recom-
mendations for solving the problem of determining
the market value of property, set out in the current
regulatory (Order of the Ministry of Internal Affairs of
Ukraine No. 591, 2017), regulatory and legal documents



(Resolution of the Cabinet of Ministers of Ukraine
No. 1440, 2003) and in the works of individual authors.
0.0. Syrota (2021) investigated mining equipment and
factors that shape ASIC’'s market value.

General scientific analytical methods of obtaining
objective data are applied in the study: tabular, group-
ing, analysis and synthesis of information, abstraction,
formalisation, theoretical generalisation. A random
selection strategy (randomisation) was used to obtain
digital values of corrective bargaining factors for use by
forensic commodity experts in establishing the market
value of leather wallets.As well as a procedure in which
the maximum possible number of research objects (all
proposals for the sale of leather wallets on all pages on
the OLX platform) is assigned an individual number and
then the required number (80) of actually investigated
products and, accordingly, sellers who took part in the
questionnaire are selected. In this way, each offer to sell
leather wallets on the OLX platform was given an equal
chance to participate in the study.

It was advisable and possible to interview all the
authors of ads, that is, sellers of goods with a small of-
fer of researched goods on the OLX platform. The feasi-
bility and possibility of such an action are determined,
respectively, by the completeness of the coverage of the
array of studied goods and the costs of time required
for research. But if the supply of goods that need to be
researched on the OLX platform is numerical, for exam-
ple,is more than a thousand titles, then it is not rational
to interview all the authors of ads because of the large
costs of time. Therefore, when using numerical arrays to
determine the digital values of correction coefficients
for bargaining, the approach used in mathematics and
marketing research is used. It makes it possible to sig-
nificantly reduce the duration of the study and has no
negative impact on the objectivity of the study result.

To determine the number of proposals of leather
wallets (sample set, sample), which need to be inves-
tigated when determining the digital values of correc-
tion coefficients for bargaining, methods common in
commodity research of non-food products of the light
industry are used. These methods are included in the
corresponding standards (DSTU 26167:2009, 2010) of
the sample quantity tables when goods are accepted in
trade depending on the size of their batch. This number
corresponds to the number of leather wallet sellers to
be interviewed for a discount when buying a specific
leather wallet offer on an online ad platform.

Therefore, it is necessary to form a sample of 80
units, that is, to investigate 80 proposals (to conduct
a questionnaire survey of 80 sellers) of this product
to set the numerical values of correction coefficients
for determining the market value of leather wallets
when they are offered on the OLX online ad platform
in the amount of 1189. The selection of units of prod-
ucts into the sample (that is, specific sellers of leath-
er wallets who placed their sales ads on the OLX
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e-commerce platform) was carried out in two ways:
according to the procedure specified in the standard
(DSTU 26167:2009, 2010), when the first proposal (the
first seller surveyed) is chosen arbitrarily, and the rest -
with a certain step (interval), which is established by
dividing the population number by the sample number
(1189:80=15); using a random number table or random
number generator (Random number generator, 2024) -
578, 865, 324,943, 299, 285, etc. A sample of 80 offers
of leather wallets was formed by the specified algo-
rithm using a random number generator.

To record the bargaining process, a questionnaire
method was used - a personal survey of sellers of leath-
er wallets on the OLX platform by author’s questionnaire
(Zaiats et al., 2023), as well as an audio recording of
the digital media bargaining process (Zayats, 2022). An
anonymous, absentee survey was conducted between
January 18 and January 20, 2024, using the pre-com-
piled questionnaire telephone interview method; com-
munication with each seller is carried out by phone
numbers, which are indicated on the investigated OLX
page and are freely available. The survey followed ethi-
cal guidelines when working with people who meet the
requirements of the ICC/ESOMAR International Code of
Procedure for Marketing and Social Research (Ukrainian
academy of marketing, 2024), as well as the require-
ments of the Commission on Academic Integrity and Eth-
ics (Regulations on the Commission on Ethics..., 2023)
and the Ethical Code of the Lviv University of Trade and
Economics (Code of Ethics..., 2023), which indicate that
ethical approval is not mandatory for this type of study.

Results and discussions

The establishment of numerical values of corrective
factors for the needs of forensic commodity expertise
was carried out on the example of leather wallets - a
classic type of goods included in the commodity group
of household non-food goods, which in the science of
goods in Ukraine (Tikhonova, 2003) is called “Leather
and haberdashery goods”.

The choice of this type of product is due to a prac-
tical need, since the analysis of the nomenclature of
objects of forensic commodity examination confirms
that it is the wallets of citizens that are one of the most
common objects of theft (on the street, in transport, in
public places, etc.) and, as a result, the current object of
research in forensic commodity examination.

To determine the digital values of corrective coeffi-
cients for bargaining, an array of offers of leather wal-
lets was used on one of the most common e-commerce
platforms (online ads) OLX, the choice of which was due
to three main reasons:

« presence of a numerical audience of sellers, which
is calculated in millions (OLX Ukraine, 2021);

e full compliance with all marketing research re-
quirements in terms of latitude and depth of market
coverage (Senyshyn & Kryveshko, 2020);
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e most often the use by forensic commodity ex-
perts of this platform to find comparison objects in
determining the market value of goods (Zayats, 2020).

The offer of goods in accordance with the request
“Leather wallet buy on OLX” has been investigated and
the search limits “All Ukraine” have been selected to
form a sample in order to establish numerical values
of correction coefficients. A general analysis of the
supply of leather wallets on the OLX bulletin board
(Leather wallet on OLX) as of 18.01.2024 suggested
the following:

« product offer was 25 pages of bulletin board;

e the total number of offers of goods amounted
to 1250 units, among which there were 1189 offers of
leather wallets;

» 61 offers consisted of other types of leather hab-
erdashery goods - document covers, key cases, sets of

leather haberdashery products (handbags with wallets,
waist belts with wallets), etc.;

e leather wallets offered for sale had a price
declared by sellers from 30 UAH (wallet used) to
7799 UAH (wallet new trademark “Loewe”);

e the offer is significantly dominated by goods that
were not in use (new);

« all ads placed (displayed) in 2023-2024.

According to the presented algorithm using a
random number generator (Random number gener-
ator, 2024), a sample was formed - 80 proposals of
leather wallets on the OLX electronic trading platform
(Table 1). Numerical values of corrective coefficients
for bargaining for the needs of forensic commodity
expertise in determining the market value of leather
wallets were established based on the results of the
questionnaire of these sellers.

Table 1. Data on leather wallets and bargaining results

No. PS OAB C6G RTF No. PS OAB (4 RTF
1 575 n 50 (8.9) 41 1999 n 99 (10.0)
2 600 n 50 (8.3) 42 1300 n 100 (7.7)
3 450 + n 100 (22.3) 43 349 n 49 (14.1)
4 345 n 45 (13.1) 44 280 n 30 (10.8)
5 1450 n 150 (10.4) 45 850 n 50 (5.9)
6 2000 b/u 200 (10.0) 46 600 n 50 (8.3)
7 700 + b/u 150 (21.5) 47 1450 n 150 (10.4)
8 745 n 45 (6.0) 48 565 n 65 (11.5)
9 200 n 0 49 400 b/u 50 (12.5)
10 6800 b/u 250 (3.7) 50 520 + n 70 (17.5)
11 1800 n 150 (8.4) 51 500 n 50 (10.0)
12 900 n 0 (5.5) 52 927 n 27 (3.0)
13 600 b/u 100 (16.7) 53 1850 n 350 (18.9)
14 225 + b/u 50 (22.3) 54 350 n 0
15 312 + b/u 92 (29.5) 55 1000 n 100 (10.0)
16 200 n 0 56 1800 b/u 300 (16.7)
17 400 b/u 50 (12.5) 57 150 b/u 30 (20.0)
18 1450 + n 350 (24.2) 58 790 n 50 (6.4)
19 200 b/u 25 (12.5) 59 550 n in
20 700 + n 200 (28.6) 60 220 b/u 20 (9.1)
21 180 n 0 61 550 n 50 (9.1)
22 550 n in 62 525 n 25 (4.8)
23 650 n 50 (7.7) 63 500 b/u 50 (10.0)
24 160 n 0 64 3500 n 250 (7.2)
25 590 + n 140 (23.8) 65 400 n 50 (12.5)
26 795 n 95 (19.5) 66 150 b/u 20 (13.4)
27 145 n 5 (3.4) 67 1850 n 200 (10.9)
28 2700 n 200 (7.4) 68 650 n 50 (7.7)
29 795 n 45 (5.7) 69 790 n 50 (6.4)
30 675 n 75 (11.1) 70 220 b/u 20 (9.1)
31 300 + b/u 50 (16.7) 71 950 n 50 (5.3)
32 200 + b/u 50 (25.0) 72 430 n 30 (7.0)
33 150 n 0 73 499 n 49 (9.9)
34 930 n 0 (8.6) 74 400 n 20 (5.0)
35 1250 n 150 (12.0) 75 2300 n 150 (6.6)
36 500 + b/u 100 (20.0) 76 575 n 25 (4.3)
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Table 1. Continued

No. PS OAB l(d RTF No. PS OAB (e RTF
37 650 n 50 (7.7) 77 350 n 50 (14.3)
38 550 b/u 50 (9.1) 78 1350 n 150 (11.2)
39 700 n in 79 500 + n 100 (20.0)
40 400 + n 100 (25.0) 80 540 + n 90 (16.7)
Total 14 61 84.62 (11.2)!

Note: the following conventions are adopted in Table 1:

No. - conditional sequence number of the sale announcement (sample of the product offered for sale) on the platform of online ads OLX;
PS - price on the website of ads for the sale of leather wallets, UAH;

OAB - there is an offer in the advertisement for sale, about bargaining or the conditions that the price is “Contractual”;

CG - condition of the goods in relation to its use (n - not in use, new; b/u - the product was in use, operation);

RTF - actual result of bargaining (price reduction) after communication with the owner of the goods, UAH (%);

in = could not establish a telephone connection with the owner of the goods;

1 - mean effective value of RTF

Source: developed by the authors based on a study of the offer of leather wallets on the OLX online ad platform (2024)

Data from Table 1 shows that 80 offers of leather
wallets from 145 UAH (No. 27) to 6800 UAH (No. 10)
were investigated to establish numerical values of
corrective coefficients for bargaining. 76.3% (or 61 of-
fers) were non-used wallets and 23.7% (or 19 offers)
were used wallets. This makes it possible to state that:

* the price structure of the sample is representa-
tive and sufficiently fully reflects the price structure of
all 25 pages of ads for the sale of leather wallets on
the OLX platform, since the average price between the
most expensive and cheapest offers is, respectively,
3472.5 UAH (in the sample) and 3914.5 UAH (on the
site), which should be considered positive to ensure
the objectivity of establishing numerical values of cor-
rection factors;

e almost triple predominance of proposals for the
sale of new goods on the Internet platform OLX, which
most often offers used goods, is due to at least three
factors: the specifics of the wallet as a type of leath-
er-haberdashery product, its functional and intended
purpose and the materials that are most often used for
the manufacture of leather wallets (Tikhonova, 2003);

« availability of bargaining when selling relatively
inexpensive leather wallets (the share of the offer of
wallets declared value up to 1000 UAH is 76.3%) as a
result of which the profit expected by the seller from
the sale of his goods due to a decrease in its price
is an additional factor in favour of the feasibility and
objective need to introduce a correction coefficient for
bargaining into the practice of forensic commodity ex-
perts in determining the market value of leather and
haberdashery products.

Numerical values of bargaining results and cor-
responding correction factors were determined in
two stages. At the first stage, which did not provide
for personal communication with sellers of leather
wallets, an analysis of the content of sales ads in the
received sample was carried out - all 80 offers of the
investigated goods:

a) with regard to the availability of data that the
price declared by the owner of the goods can be con-
sidered by the potential buyer as “‘contractual” (on the
announcement page OLX is indicated externally, un-
der the announced price; information can be obtained
without opening the ad text), as well as whether the
seller’s offer of bargaining is in the ad text (on the OLX
ad page it is indicated only in the ad text);

b) regarding the presence in all components of the
announcement (heading, title, text, notes) of informa-
tion on the commodity condition of leather wallets
(new or in use).

The obtained results suggest that almost every fifth
owner of the product (14 sellers, or 17.5%) even when
putting it up for sale on the market, clearly showed an
unequivocal desire to negotiate with a potential buyer
about a lower price than specified in OLX, that is, it pro-
vided an opportunity for a potential buyer to bargain.
At the same time, there was a lack of determining or
significant dependence between the commodity status
of the wallets offered for sale (new or used) and the
offer of their sellers for bargaining, since bargaining
provided for 8 sellers (or 10% of sellers) of new wallets
(No. 3,18, 20, 25,40, 50,79, 80) and 6 sellers (or 7.5% of
sellers) of wallets that were in use.

The further stage of work was to conduct a direct
conversation by phone (actual bargaining process) on
the questionnaire developed by the authors (Zaiats et
al.,2023) with all owners of leather wallets for sale (ex-
cept for those with which it was not possible to estab-
lish telephone communication - sellers of goods No. 22,
39, 59) about the possibility of reducing the price an-
nounced on the site (OLX page), when buying of the
relevant product. The obtained results confirmed that
all owners, without exception, who indicated in the text
of their announcement on the sale of leather wallets in
advance that the value of the goods published by them
is not final, but is considered as “Contractual”, actually
lay in the process of selling their goods the possibility
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of bargaining in general and provide an opportunity
for each potential buyer even before the start of the
sale and purchase process.

In this aspect, the data of Table 1 indicate that the
possibility of bargaining by sellers almost equally ap-
plies to expensive (No. 18) and cheap leather wallets
(No. 14, 15, etc.), as well as new products (No. 3, 18, 20,
25,40, 50, 79, 80) and those that were in use (No. 7, 14,
15, 31, 32, 36). Consequently, the obtained data prove
that the offer of sellers of leather and haberdashery
goods about bargaining does not depend on the initial
price of goods announced by them and their commodity
status in the conditions of the modern market.

It also found that only 6 (No. 9, 16, 21, 24, 33, 54)
out of 80 sellers of leather wallets (or 7.5%), even if
they bought the goods for sale, did not reduce the val-
ue announced on OLX. Commodity analysis of these
proposals (organoleptic assessment of the offers of
goods on photographic images on the site and the de-
scription in the text of the ad) suggests that the main
reason for the refusal of these sellers to reduce the
declared price is the low cost of goods (from 150 UAH
(No. 33) — up to 350 UAH (No. 54) and commodity con-
dition (all these wallets were not used); but the seller
of a similar product (offer No. 27, the declared value of
145 UAH, the commodity condition is new) agreed to
provide a symbolic discount of 5 UAH on the condition
of buying his goods. In addition, telephone communi-
cation and, accordingly, interviewing three (or 3.7%)
sellers of leather wallets could not be established dur-
ing the questionnaire survey.

Consequently, the results of the survey of sellers
of leather wallets on the OLX platform suggest that
92.2% of respondents or 88.8% of the total number
of specified sellers are ready to provide a discount to
potential buyers after the bargaining procedure. This is
a sufficiently convincing digital argument to justify the
feasibility and possibility of applying adjustment for
bargaining in the practice of forensic experts of the ex-
pert specialty 12.1 when establishing the market val-
ue of leather and haberdashery goods. Overall, service,
price, and communication have an impact on consum-
er purchasing decisions (Novanda & Medyawati, 2023).
The results of the analysis of the data of Table 1 prove
that the absolute discount that sellers agree to provide
as a result of bargaining varies very widely in the array
of sales of relatively cheap leather wallets: from 5 UAH
(No. 27) to 350 UAH (No. 18, 53); most often it is up to
50 UAH inclusive (this is almost every second offer or
47.5% of the amount of goods studied). The relative
discount that owners actually provide after the bar-
gaining process also ranges widely: from 3.0% (No. 52)
to 29.5% (No. 15); most often it is from 7.0% to 15.0%
and within these limits covers almost half (48.8%) of
the number of goods put up for sale. The amount of
goods that the buyer wants to purchase significantly
affects the absolute and relative size of the discount,
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since this section has small-scale offers (for example,
No. 8, 45) from manufacturers of leather wallets. The
average arithmetic value of the discount that the sur-
veyed sellers of wallets provided as a result of bargain-
ing is 84.62 UAH, or 11.2%.

Therefore, it is advisable to use a correction co-
efficient for bargaining in the amount of 11.2% when
establishing the market value of leather wallets. This
is proved by the results of commodity research and
marketing research. This obtained result is a specific
numerical value of the correction coefficient for bar-
gaining, it cannot be compared with the corresponding
data of other scientists. Open and confidential (from
the sphere of state institutions of forensic expertise)
information on completed research and obtained nu-
merical characteristics of corrective coefficients for
bargaining for the needs of forensic experts of ex-
pert specialty 12.1 “Determining the cost of machines,
equipment, raw materials and consumer goods”, as well
as on research aimed at the development (calculation)
of such coefficients is absent in Ukraine. Information
on the results of similar studies abroad is also not
available in the public domain.

At the same time, Yu.S. Olefir (2019) uses a similar
concept of the development of forensic commodity ex-
pertise, focusing on the fact that the results of the con-
stant development of scientific knowledge in the field
of commodity science and tangent fields of knowledge
must be used to improve research methods and meth-
odological and technical support of forensic commodity
expertise. Among other things, he notes that the tested
methods in the expert study should only be used proper-
ly. Therefore, the introduction of corrective coefficients
should be considered as fulfilling the requirement of
this author to improve the scientific and methodolog-
ical basis of forensic commodity expertise. Publication
of the results of research on establishing corrective
factors on authoritative forums of forensic specialists
(Zaiats & Bednarchuk, 2019; Zaiats et al., 2023) is the
fulfillment of the requirement for proper testing of
techniques used in forensic commodity examination.

On the other hand, analysing the tasks, object and
subject of forensic commodity expertise Yu.S. Ole-
fir (2019) examines only certain principles of its meth-
odology creation, but does not address the problem of
improving the methodology for determining the mar-
ket value of movable property by introducing correc-
tive bargaining factors into the practice of evaluation
commodity activity.

O.V. Pakholiuk & O.l. Peredriy (2021) emphasise the
need to improve the process of examination of leath-
er products (on the example of shoes) for the practical
needs of expert institutions. The main attention in this
study they focus on the peculiarities of the use of meas-
uring and organoleptic methods of research of goods:
for the search, identification and assessment of short-
comings (weaknesses and defects) of the materials



from which the product is made; to establish compli-
ance of individual parts and components with the re-
quirements set forth in the relevant state standards;
to assess the overall appearance and features of the
design of the study object. But these authors commod-
ity analysis of the main consumer properties of the
study objects is not associated with the problem of
adjustment. They do not consider the further fate of
the goods in which the shortcomings were identified
from the points of adjustment of its market value to
commodity condition and to bargaining.

The results presented differ from the research
results of R\V. Boiko & D.G. Pavlichenko (2019) in di-
rection and content. The difference in direction lies
in the study by the authors of adjustment coefficients
for bargaining, and other authors focused on adjust-
ment coefficients for commodity status. The difference
in content consists in obtaining a specific numerical
value of the adjustment coefficient for bargaining for
a particular product (leather wallets). The need to sub-
stantiate, systematise and compile tables with gener-
alised numerical values of corrective coefficients was
indicated only in the compared study.

This allows us to argue that this study is in line
with the current problem of forensic commodity exper-
tise in Ukraine, which is devoted to the development of
adjustment coefficients, and solves the specific practi-
cal problem of establishing the numerical value of the
adjustment coefficient for bargaining.

Conclusions

Bargaining is present on the commodity market as
part of the process of selling and buying goods, but
the current regulatory and methodological bases for
the performance of forensic commodity examinations
do not provide for taking into account the results of
bargaining. Therefore, the use of corrective coefficients
for bargaining in forensic commodity examination has
a significant theoretical scientific interest and practical
importance. The real state of the commodity market
contributes to the objectivity, completeness and valid-
ity of the judicial expert’s conclusion.

Numerical values of adjustment coefficients for
bargaining have been established for the first time
in the practice of forensic expert commodity studies
and in theoretical commodity studies. A proposal was
made for their use in determining the market value
of leather wallets by forensic commodity experts. It is
advisable to establish numerical values of these co-
efficients using a marketing study of arrays of goods
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in electronic trade, which are most often objects of
comparison in determining the market value of goods
by forensic commodity experts. The choice of leather
wallets as a research object is defined by a practical
need, since citizens’ wallets are one of the most com-
mon objects of theft. The random selection strategy is
used to obtain numerical values of correction coeffi-
cients for bargaining for leather wallets. Each of the
1189 available offers had an equal chance to partic-
ipate in a study on the OLX e-commerce platform on
the sale of this product.

A sample of 80 offers for sale of leather wallets
was formed from 145 UAH to 6800 UAH, 76.3% of
which were not in use. As a result of the question-
naire, it was found that 17.5% of sellers provide the
possibility of bargaining to a potential buyer regard-
less of the commodity condition and the initial price
of wallets offered for sale; 7.5% of sellers did not re-
duce the stated price on OLX when buying their goods;
respondents or 88.8% of the total number of sellers;
the absolute size of the discount ranges from 5 UAH
to 350 UAH and is most often up to 50 UAH; the dis-
count percentage is from 3.0% to 29.5% and most of-
ten (48.8%) is from 7.0% to 15.0%; average arithmetic
value of the provided discount - 84.62 UAH. It is nec-
essary to use a correction coefficient for bargaining in
the amount of 11.2% in determining the market value
of leather wallets by forensic commodity experts.

Further studies should be aimed at establishing
corrective coefficients for bargaining for other types
of leather and haberdashery goods. Such objects of fo-
rensic commodity expertise are most often handbags
women’s leather.
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raMaHLiB WKipsaHMX LiHot Bif 145 rpH po 6800 rpH, 3 skux 76,3 % He bynu y BXUTKY. BuseneHo, wo 17,5 % npopasLis
raMaHuiB LWKIPSAHUX HAAAKTb MOXIMBICTb TOPry NOTEHLIMHOMY MOKYMLUEBi He 3aNeXHO Bif TOBApHOrO CTaHy i
NMOYaTKOBOI LiHM NPOMOHOBAHUX A0 MPOAAXKY ramaHuis i nuwe 7,5 % npoaasLiB HE 3MEHLUWAM OroNOLEHY HUMMU
LiHy Yepe3 He3Ha4Hy BapTicTb (Big 150 rpH fo 350 rpH) Ta TOBapHUIA CTaH KHOBI». 3'9COBAHO, L0 MiCNS NPOBEAEHHS
npoLefypv TOPry 3HWXKY NOTEHLIMHMM NOKYNUAM roToBi Hagatv 92,2 % onutaHux abo 88,8 % 3aranbHoi KinbkocTi
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3HWXKKM - Big, 3,0 % 10 29,5 % i HaivacTiwe (48,8 %) nepebysae B Mexax Bif, 7,0 % no 15,0 %; cepenHe apudmeTnyHe
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Abstract. Analysing the dynamics of cultivation and consumption of major agricultural crops worldwide is crucial
for understanding trends and planning for sustainable food production. It is important to have an integrated
approach that involves collaboration between scientists, and farmers to implement sustainable practices. The
analysis of global market trends of grain and industrial crops is the goal of paper. Methods of analysis, synthesis,
generalisation, forecasting and databases of the Food and Agricultural Organization of the United Nations were
used in the process of work. Such crops as wheat, corn, sunflower and flax were chosen for the study, because they
are the major food needs of the world population. They are grown for grain (seeds), and flax is a plant of complex
use, in which both the stem and the grain are important. They provide essential nutrients such as carbohydrates,
proteins, fats, vitamins, and minerals that are crucial for human health. Cultivating these crops has been integral
to the food security and economic stability of many countries, supporting large populations. As a result of the
conducted research, it was found that India, China, the USA and Canada remain the largest producers of wheat in the
world, but only India increases the cultivated area. A global trend to increase corn production has been identified.
It was established that Ukraine remains an important producer of sunflower seeds. In addition, a gradual increase
in interest in flax was noted. Although the increase in cultivated area can help to meet the growing demand
for food products, the problem of using the agricultural plant residues also increases proportionally. This is an
international problem, so its solution is of global importance. It has been founded that current research is focused
on improving agricultural plant residues processing to obtain goods of various applications. The new knowledge
received in the paper will allow working on the improvement of processing wheat, corn, sunflower and flax, which
will be able to adequately meet the food needs of the growing world population without harming the environment
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Introduction

The rapid increasing of the world population and the
growing need for food causes new opportunities for
the agriculture but aggravation environmental prob-
lems. The environmental impact of agriculture must be
taken to ensure long-term food production. Study the
production dynamics of grain and industrial crops such
as wheat, corn, sunflower and flax on a global scale is
relevant and important for understanding trends and
ensuring sustainable food production and agricultural
plant residues can be a valuable resource for the pro-
duction of environment-friendly goods.

According to H. Ritchie et al. (2022), it can be not-
ed that grains and industrial crops like wheat, corn,
sunflower, and flax are very important for meeting
humanity’s nutrient needs. These crops have provided
proteins, fats, vitamins, and minerals that are crucial
for human nutrition. The cultivation of these crops
has been integral to the agricultural systems of many
countries, playing a crucial role in supporting pop-
ulations and economies. Wheat is one of the oldest
cultivated grain crop and has been a part of human
diets for thousands of years. MJ. Igbal et al. (2022)
noted in their article that wheat contains proteins,
carbohydrates, iron, B vitamins (riboflavin, niacin), sol-
uble fiber and trace elements. Wheat is the leading
source of vegetable protein in the human diet. Corn
is one of the highest-yielding grain crops. R. Zhang et
al. (2021) highlights corn provides about 85% of
worldwide starch production. According to research,
during the processing of starch, various by-products
(corn germs, corn bran, and gluten) are formed. They
are inexpensive and rich in proteins, oils, carbohy-
drates and minerals. Using these by-products is widely
attractive from a nutritional and economic standpoint.
Nowadays these by-products can often be found in
feed production, nutrient extraction and other indus-
tries. B.S. Adeleke & 0.0. Babalola (2020) notes the
importance of sunflower - an oil crop. It is valued by
consumers for its nutritional and medicinal properties.
Sunflower contains dietary fibers, minerals, vitamins,
flavonoids, phenolic acids, carotenoids, peptides. Or-
ganically grown sunflower has a special value. Due to
its positive effects on health, sunflower is recognised
as a functional food. I. Dudarev & V. Say (2020) are
discussing the importance of preserving the flax stem
integrity during the harvesting. Flax is a versatile crop.
Traditionally, flax has been used for both its seeds
(which yield linseed oil) and its fibers (which can be
woven into linen fabric). The authors’ research demon-
strates that using new technologies for collecting flax
can enhance the quality of the seed and fiber, making
it more perspective for commercial use.

Common thing among wheat, corn, sunflower, and
oilseed flax is that, traditionally, only the grain or seed
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is processed for consumption, while the rest of the
plant, including the stem, is often treated as waste. Ac-
cording to the State Statistics Service of Ukraine (2021),
the amount of agricultural crop waste generated only
in Ukraine amounted to 10779 thousand tons, of which
1363 thousand tons are plant waste from agricultural
production that needs to be disposed of. The increased
production of crops can contribute to environmental
problems, particularly when the disposal of agricultural
waste involves burning. Burning agricultural crop res-
idues releases a variety of pollutants into the air, in-
cluding particulate matter, carbon monoxide, nitrogen
oxides, and volatile organic compounds. Also, burning
crop residues removes organic matter from the soil,
which is essential for soil fertility. Balancing the need
for increased food production with environmental con-
servation and social responsibility is a complex task
that requires a holistic and integrated approach at lo-
cal, national, and global levels.

Researchers are actively working on finding sus-
tainable solutions to address this problem. R. Sadig-
ov (2023) analyses and evaluates the problems that
may be caused by the growth of the world population.
One of the biggest problems is providing the popula-
tion with food, which in turn leads to an increase in the
production of agricultural crops and their waste.

According to S. Yaheliuk et al. (2021) the manage-
ment and disposal of agricultural crop waste, become
crucial for environmental sustainability. Proper dispos-
al and recycling methods can help minimise the en-
vironmental impact associated with agricultural plants
residues. The classification of the agricultural plants
residues as for main characteristics is the first step in
solving problem. By understanding the composition,
volume, and potential uses of different types of agricul-
tural waste, appropriate disposal and recycling meth-
ods can be identified.

The issue of processing crop residues is often
raised by different scientists in the world. Research
S. Yaheliuk et al. (2020) focus on developing sustain-
able methods for utilising agricultural crop residues
such as bioenergy production. Converting crop res-
idues into bioenergy solid fuel can provide an alter-
native and renewable energy source, reducing de-
pendence on non-renewable resources. According to
M. Grégoire et al. (2020) some crop residues can be
used in the production of materials like textile, pa-
per, or other biodegradable products, contributing to a
circular economy. Research into the use of composite
materials reinforced by natural fibers like flax, hemp
has been a growing area of interest. These materials
offer advantages such as being lightweight, renewable,
and biodegradable. C. Baley et al. (2019) and S.Rangap-
pa et al. (2022) explored the mechanical properties,
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manufacturing processes, and potential applications
of plant fiber-reinforced composites. The findings of
this research could contribute to advancements in the
development of eco-friendly composite materials.

Analysing the dynamics of cultivation and con-
sumption of major agricultural crops globally is crucial
for understanding trends, identifying challenges, and
planning for sustainable food production. The strategy
of managing the production of enough amount envi-
ronmental safety food is based on informational train-
ing and the possession of data on the development
trends of the world market of agricultural crops and
processing them for consumes.

The information and data play a crucial role in the
strategic management of agricultural crop production.
Market trends and demand analysis, access to data on
global and regional market trends, consumer preferenc-
es, and demand forecasts is essential for farmers and
agribusinesses. Understanding market dynamics allows
for better planning regarding which crops to grow, in
what quantities. The goal of the paper is to research
global trends in grain and industrial crop production,
with a focus on analysing the trends to improve the
processing of agricultural plant residues to obtain
goods of various applications and reduce environmen-
tal impacts while meeting growing food demands.

Materials and methods

The research methodology encompasses a comprehen-
sive approach that utilises various analytical methods,
including analysis, synthesis, generalisation, forecast-
ing method and graphic method, to investigate global
production trends of major crops.

Analysis involves breaking down the research sub-
ject into its main components, such as crop production
trends (specifically focusing on wheat, corn, sunflowers,
and flax) and understanding what countries most re-
lated to these crops. Synthesis integrates the insights
gained from the analysis to achieve specific goals, such
as making informed decisions about crop cultivation
and processing them for various applications. This step
involves combining the findings from the analysis to
develop strategies for optimising crop production, ad-
dressing food demand, and identifying opportunities
for environmental processing.

The primary source of information for the study
was FAOSTAT (2023) data used to analyse the harvest-
ed agricultural areas (wheat, corn, sunflower, flax). FA-
OSTAT (2023) data is utilised to compile a list of the
most cultivated agricultural crops globally, helping to
understand which crops are most significant in terms
of production and consumption on a global scale. The
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State Statistics Service of Ukraine (2021) has provid-
ed important data on agricultural crop residues. The
data of the State Statistics Service is used to deter-
mine the amount of waste generated after harvesting
in Ukraine. This data contributes to understanding the
environmental impact of agricultural practices. Fur-
thermore, data from the United Nations Department
of Economic and Social Affairs (2024) were also uti-
lised. Using this data, the countries with the highest
population growth rates were identified, which made
it possible to understand in which regions the demand
for agricultural products may increase due to popu-
lation growth. These sources played a pivotal role in
assessing various aspects of agricultural production
and waste management practices within the study,
contributing to a comprehensive analysis of the sub-
ject matter.

By selecting the timeframe of 1995 to 2021 the
study allows analyse long-term trends in agricultural
production and market dynamics. In addition to anal-
ysis and synthesis, graphical methods were employed
to enhance the research process. The graphical rep-
resentations, complemented by duplicated graphical
dependencies, facilitated the tracking of production
trends for each crop. The visual approach improved
the comprehension of complex data and helped in
identifying patterns and trends over time.

Utilising the forecasting method allowed the
formation of assumptions regarding the future de-
velopment of the wheat, corn, sunflowers and flax
production. Overall, the forecasting method enables
informed decision-making by providing insights into
the potential future outcomes of the agricultural sec-
tor, food production and environmental.

Results

Wheat is a staple crop and one of the most widely
grown cereals globally. It is rich in carbohydrates
(mainly starch), protein (gluten), B vitamins, dietary
fibers and minerals (iron, magnesium). Wheat is cul-
tivated in a wide range of climates using various
methods, including conventional tillage and precision
agriculture. Improvements in seed varieties, irrigation
techniques, and fertilisation contribute to increased
yields. Wheat is a primary ingredient in various prod-
ucts, including bread, pasta and pastries. Consumption
trends are influenced by population growth, dietary
preferences, and changes in global trade. According to
the data in Figure 1 and Table 1 the following con-
clusions are made. India, China, the USA, Canada and
Ukraine have the largest area and production of wheat
in the world (FAOSTAT, 2023).
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Figure 1. Wheat cultivation area (thousand hectares)
Source: compiled by the authors based on data from the FAOSTAT (2023)
Table 1. Wheat cultivation area (thousand hectares)
Year
Country
2000 2004 2007 2009 2012 2015 2017 2018 2019 2020 2021
China 26653326 | 21626074 | 23721070 | 24291081 | 24270311 | 24599116 | 24480542 | 24268721 | 23732560 | 23383000 | 23571400
India 26344700 | 26594700 | 27994500 | 27752400 | 29860000 | 31470000 | 30785230 | 29650590 | 29318780 | 31357020 | 31610000
USA 21474064 | 20221956 | 20638784 | 20191200 | 19797644 | 19058470 | 15198130 | 16030580 | 15132980 | 14888140 | 15039490
France 5248436 | 5237005 | 5238602 | 5147394 | 5297826 | 5480208 | 5332084 | 5234090 | 5244250 | 4512420 | 5276730
Ukraine 5161600 | 5533700 | 5951300 | 6752900 | 5629700 | 6839500 | 6377400 | 6619600 | 6825300 | 6564500 | 7099400
Canada |10854800 | 9388900 | 8616100 | 9660400 | 9479100 | 9558300 | 8983300 | 9880800 | 9655800 |10017800 | 9247000
Belgium 213100 213035 199897 201768 217060 201628 197592 195690 203760 194660 209180
Egypt 1034985 | 1094741 | 1140979 | 1335295 | 1336234 | 1457506 | 1227611 | 1326401 | 1316678 | 1429684 | 1394558
Netherlands| 136700 137287 140000 150888 151625 142468 115923 111660 120550 108910 118140
Germany | 2968940 | 3111651 | 2992075 | 3226036 | 3056700 | 3282700 | 3202600 | 3036300 | 3118100 | 2835500 | 2939000

Source: compiled by the authors based on data from the FAOSTAT (2023)

India has been increasing its wheat production, as
indicated by the expanding cultivation area - 3161000
hectares in 2021. This suggests a positive trend in
wheat farming in the country. China wheat cultivation
area in 2021 was 23571400 hectares. China has an
extensive wheat cultivation area, and while the data
doesn’t explicitly mention production volumes, the
vast acreage suggests a significant focus on wheat
cultivation. The USA has a substantial wheat cultiva-
tion area (15039490 hectares), but the data suggests a
reduction in the wheat cultivation area in 2012-2021.
This could be due to various factors, including shifts in
agricultural practices or changes in market demands.
Similar to the USA, Canada has experienced a reduc-
tion in wheat cultivation area. Changes in land use,
crop rotation, or market dynamics could be influencing

this trend. The data shows Ukraine maintaining a sig-
nificant wheat cultivation area. While the absolute
numbers are lower than some other countries, Ukraine
remains an important player in global wheat produc-
tion. The increase in wheat area in India is consistent
with the country’s efforts to improve food security and
meet growing demand for wheat. Reductions in wheat
acreage in the United States, China, and Canada may
indicate changes in agricultural practices, land use, or
market dynamics.

Corn (Maize) is a versatile crop. Corn is consumed
directly and is a key ingredient in livestock feed. It’s
also used in the production of biofuels, starch,and var-
ious industrial products. Corn is high in carbohydrates
(mostly starch), fiber, protein, vitamins (B vitamins,
vitamin C), and minerals (magnesium, potassium).
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Cultivation techniques include crop rotation, conser-
vation tillage, and genetic engineering for pest and
disease resistance.

According to data (Table 2), China, the USA, In-
dia and Ukraine had the largest area and production
of corn in the world in the early 2000s. According to
data from the FAOSTAT (2023), in 2021, China planted
4335859 thousand hectares; USA - 34555670 thou-
sand hectares; India - 9860000 thousand hectares;
Ukraine - 5481800 thousand hectares. It can be seen
that there is a tendency to increase the production
of corn in the world (Fig. 2). China has a substantial

corn cultivation area. The data suggests a continued
focus on corn production, aligning with the country’s
demand for animal feed, food, and industrial uses. The
USA is a major player in global corn production, and
the data reflects a significant corn cultivation area. In-
dia has a notable corn cultivation area, and the data
suggests a focus on corn production. Changes in die-
tary preferences, industrial uses, and livestock farming
practices may contribute to this trend. The country’s
contribution to global corn production may be influ-
enced by factors such as export demand, internal con-
sumption, and livestock farming.

Table 2. Corn (Maize) cultivation area (thousand hectares)

Year
Country | 2000 | 2004 | 2007 | 2009 | 2012 | 2015 | 2017 | 2018 | 2019 | 2020 | 2021
China 24310506 | 25467145 | 29496901 | 31203367 | 35046465 | 44995748 | 42429378 | 42158995 | 41309740 | 41292000 | 43355859
India 6581500 | 7430400 | 8117300 | 8261600 | 8710000 | 9258000 | 9633200 | 9380070 | 9027130 | 9569060 | 9860000
USA 27829720 29797730 | 35013780 | 32168810 | 35355740 | 32678310 | 33481220 | 32891580 | 32916270 | 33311250 | 34555670
France 1915822 | 1821419 | 1529775 | 1744416 | 1709936 | 1637081 | 1435699 | 1426260 | 1506100 | 1691130 | 1549520
Ukraine 1122800 | 2299600 | 1902800 | 2089100 | 4371900 | 4083500 | 4480700 | 4564200 | 4986900 | 5392100 | 5481800
Canada 1267500 | 1072300 | 1368700 | 1142000 | 1426100 | 1340400 | 1406200 | 1430700 | 1451200 | 1408200 | 1390500
Belgium 35800 52174 53238 66670 68500 58384 49005 53990 48640 51880 48220
Egypt 843029 788520 775910 983081 | 1041345 | 1060996 | 1096680 | 680025 | 1533571 | 976401 | 1027057
Netherlands| 20300 22400 19300 18846 15505 11188 8671 13760 19010 19420 17200
Germany 360841 461697 403210 464333 526200 455500 432000 410900 416000 419300 430700
Source: compiled by the authors based on data from the FAOSTAT (2023)
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Figure 2. Corn (Maize) cultivation area (thousand hectares)
Source: compiled by the authors based on data from the FAOSTAT (2023)

Sunflower is cultivated for its seeds, which are a
source of edible oil. Sunflower oil is widely used for
cooking and as an ingredient in various food products.
Trends in health consciousness and cooking habits
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influence consumption patterns. Sunflower contains
healthy fats (mainly unsaturated fats), protein, dietary
fiber, vitamin E, and minerals (copper, selenium). It
grows well in sunny locations with well-drained soil.



Planting methods include direct seeding and trans-
planting. Breeding for high-yielding varieties and effi-
cient nutrient management are common practices.
According to the data from the FAOSTAT (2023),in
2021, sunflowers were collected in a total volume of
58185633.69 tons in the world. From the early 2000s,
Ukraine, China, India, France, and the USA has the larg-
est area and production of sunflowers in the world (Ta-
ble 3). According to the data of 2021, 6665100 thou-
sand hectares were sown in Ukraine; China - 940000
hectares; France - 698360 thousand hectares; the
USA-503350thousand hectares; India- 255869 thou-
sand hectares. Ukraine has a substantial sunflower
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cultivation area, and the data suggests a significant fo-
cus on sunflower production. The observation of poten-
tial future increases indicates the country’s continued
emphasis on sunflower cultivation, likely due to fac-
tors such as export demand, climate suitability, and
economic considerations. China has a notable but com-
paratively smaller sunflower cultivation area. France
maintains a substantial sunflower cultivation area.The
country’s sunflower production is likely influenced by
factors such as agricultural practices, market demand,
and climate conditions. The data suggests that Ukraine
is @ major player in global sunflower production, with
a substantial cultivation area (Fig. 3).

Table 3. Sunflower cultivation area (thousand hectares)

Year
Country
2000 2004 2007 2009 2012 2015 2017 2018 2019 2020 2021
China 1229090 | 934900 719200 958730 888510 973000 | 1170750 | 921350 850000 910000 940000
India 1073800 | 2160600 | 1910000 | 1476600 | 820000 474000 381110 283510 262010 228280 255869
USA 1071210 | 692425 814236 790560 744630 619990 539780 492670 28800 674090 503350
France 728555 616169 519501 724843 679974 536962 586225 552070 603920 778400 698360
Ukraine | 2841600 | 3427000 | 3411400 | 4193000 | 5081700 | 6086700 | 6060700 | 6166500 | 5958900 | 6480900 | 6665100
Canada 68800 55400 78100 63500 39700 27500 25500 26900 28800 45000 40300
Germany 25794 31557 19161 23600 26400 18400 18000 19500 22500 28200 38300
Source: compiled by the authors based on data from the FAOSTAT (2023)
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Flax is cultivated for its seeds (linseeds) and fib-
ers. Flaxseeds are used for human consumption due to
their nutritional benefits, including high Omega-3 fatty
acids, lignin, dietary fiber, protein, vitamins (B vitamins),
and minerals (manganese, magnesium). Flax fibers are
used in textiles and various industrial applications.

The dual-use nature of flax makes it an economically
significant crop. Flax prefers cool, moist climates and
well-drained soils. Cultivation method includes direct
seeding. Selecting suitable varieties and optimising
soil fertility are essential for successful flax produc-
tion. The demand for flax-based products has grown,
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particularly in the health food and sustainable textile
markets, where consumers appreciate its natural and
eco-friendly characteristics.

The total amount of flax was grown around the
world was 333914518 tons in 2021 (FAOSTAT, 2023).
According to the data of 2021 (Table 4), 403500 thou-
sand ha were sown in Canada; China - 260000 ha;
India - 183725 thousand hectares; USA - 10846. It

can be seen that from the 2000s to 2019 there was
a reduction in the sowing of flax, but in the following
years the area of sowing of flax increased (Fig. 4). The
global increase in flax cultivation areas in the years
2020-2021 suggests a potential shift or resurgence
in interest in flax as a crop. Canada remains a major
contributor to global flax cultivation, with a significant
share of the total sown area.

Table 4. Flax cultivation area (thousand hectares)

Year
Country
2000 2004 2007 2009 2012 2015 2017 2018 2019 2020 2021
China 497870 500000 339900 336930 317860 292310 284000 279000 260000 250000 260000
India 593100 476500 426000 407900 323000 285000 325220 326180 172710 179900 183725
USA 209220 206800 141240 127070 135980 184540 110080 80130 114930 119790 10846
France 16239 6172 17030 9633 12077 22308 29116 24760 21840 32070 37500
Ukraine 20000 14000 24100 46800 52900 66700 47500 31800 16900 14000 27600
Canada 590900 518000 524000 623300 358200 626900 418900 341800 339300 371300 | 403500
Belgium 13700 20529 14297 11227 10581 12000 15000 90 60 110 130
Egypt 16000 17138 16000 5369 4276 3128 6000 5000 5000 5000 6000
Netherlands 4400 4485 3500 2163 2077 2405 2494 - - - 1800
Germany 102500 12900 6300 4100 4200 5000 4600 3800 3400 3900 5200
Source: compiled by the authors based on data from the FAOSTAT (2023)
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Figure 4. Flax cultivation area (thousand hectares)
Source: compiled by the authors based on data from the FAOSTAT (2023)

Economic viability of flax cultivation is influenced
by factors such as commodity prices and global market
trends. Advances in flax varieties, cultivation practices,
and processing technologies could have influenced to
farmers to reconsider flax as a viable crop. It's important
to continue monitoring these trends and consider addi-
tional factors such as yield per hectare, technological
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advancements, and policy changes to gain a more com-
prehensive understanding of the dynamics in global
flax cultivation.
Basedontheresultsoftheresearch,ahistogramofthe
cultivated areas of wheat,corn (maize),sunflower and flax
in the world was created (Fig. 5). The areas of cultivation
of wheat,corn,sunflower and flax are constantly growing.
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Figure 5. Histogram of cultivated areas of agricultural crops in the world, thousand hectares
Source: compiled by the authors based on data from the FAOSTAT (2023)

Large-scale cultivation of these crops can lead to
habitat loss and biodiversity decline. Intensive irriga-
tion practices for crop production can deplete water
resources and contribute to water pollution through
runoff. Chemical inputs used in crop cultivation can
lead to soil degradation, water contamination, and
harm to non-target organisms. Monoculture practices
can reduce genetic diversity, making crops more sus-
ceptible to pests, diseases, and climate change.

While increasing cultivation areas can help meet
growing demands, sustainable agricultural practic-
es are essential to minimise environmental impact
and ensure long-term food security. It's important to
continue monitoring these trends and assess the im-
pact of factors such as climate change, technological

advancements, and global market dynamics on agri-
cultural production. Overall, the histogram depicting
the growth in cultivation areas provides valuable in-
sights into the trends shaping global agriculture and
highlights the importance of these crops in meeting
diverse needs.

By understanding and addressing these aspects,
scientists and farmers can work towards more sustain-
able and efficient cultivation, utilisation, and disposal
of grain and technical crops, minimising their environ-
mental impact. Stems, husks, and other plant residues
can be used for animal feed, composting, or bioenergy
production. Waste from grain and oil seed processing
can be recycled or used as feedstock for other indus-
tries, such as animal feed or biofuel production (Fig. 6).

Grain and industrial
crops residues

Solid Fuel

Building material
Livestock bedding
Animal Feed !
Bedding for vegetable
cultivation
Composting

Biochar

.S

-

S ——

Sunflower
residues
Husks
Stalks
Leaves

Bio-pellets
Bio-based materials
Animal Feed
Biodiesel

Biogas
Bio-composite
Bioactive food
packagin

0
S ——— 4

Burn at fields:
air pollutions
GHG emissions
Wildfires etc

E Food Industry
Textile Industry

Animal Feed
Corn residues Food packaging
Husks i Solid Fuel
Corn cobs Wastewater
Stalks treatment

Leaves

¢’Food Industry
Textile Industry
Animal Feed Livestock

- bedding
Flax residues Bio-pellets
Seed residue ™! Biodiesel
Stem Biogas

Bio-composite

l \\ 1 Bioactive food
) /AlX .\ 1 packaging
(' Wastewater treatment
w \Building material
‘ e N R

Figure 6. Residues of grain and industrial crops and the possibilities of their processing to obtain goods of various applications

Source: created by the authors

Commodity Bulletin, 2024, Vol. 17, No. 1



Global market trends of grain and industrial crops
142

Wheat residues, for instance, can be used to obtain
solid fuel, building materials, livestock bedding, ani-
mal feed, bedding for vegetable cultivation, and com-
posting. Corn residues have a wide range of potential
applications across various industries. Corn husks can
be processed into ingredients for food products, such
as fiber supplements or sweeteners. Fibers extracted
from corn cobs can be used in textile production. Corn
residues can serve as nutritious feed for livestock. Sun-
flower husks, stalks and leaves can be compacted into
bio-pellets, providing a renewable source of energy.
Components of sunflower residues can be used in the
production of biodegradable materials, such as packag-
ing or bioplastics. Sunflower husks can serve as a feed-
stock for biodiesel production. Extracts from sunflower
residues may possess bioactive properties that can be
incorporated into food packaging materials. Flax offers
numerous possibilities for producing various applica-
tion goods. From healthy foods to textiles, animal feed,
composites, and solid fuels, the potential is vast. Har-
nessing these residues for multiple purposes not only
maximises resource efficiency but also fosters innova-
tion and creates new economic opportunities.

Future investigations are needed to examine also
the impact of factors like yield per hectare, technolog-
ical progress and environmental conditions on the for-
mation of the global market for grain and industrial
crops in order to gain a deeper understanding of the
global production of wheat, corn, sunflower and flax,
and strategies for waste processing.

Discussion

The obtained and analysed data indicate further glob-
al growth in the production of grain and technical
crops, such as wheat, corn, sunflower, flax, which will
be accompanied by an increase in crop waste. This
prediction aligns with the ongoing trend of increasing
agricultural production by factor such as population
growth. The data from the United Nations Department
of Economic and Social Affairs (2024) regarding pop-
ulation growth, especially in Asia and Africa, under-
scores the urgent need to address food security issues
in the world. The demand for food products will in-
crease as the population continues to grow and will
reach an estimated 8264364509 people in 2026. This
growing demand underscores the importance of ad-
dressing diverse interconnected issues, such as envi-
ronmental sustainability, food safety, and technologi-
cal advancements in agriculture.

Despite population growth, only Egypt is an active
participant in the production of grain and industrial
crops in Africa. This suggests that there is untapped
potential for agricultural production in many other Af-
rican countries. Researchers are paying attention to the
possibilities of agricultural development on the African
continent.Studies,such as those conducted by T.Allen et
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al. (2018) and L. Christiaensen & M. Maertens (2022)
explore various aspects of agricultural development,
including population demographics, employment pat-
terns, and prospects for the agro-industrial complex.
Aligns with global trends African countries are pay-
ing particular attention to the cultivation of oil crops.

An article by Y. Hayda & B. Shayniuk (2023) pro-
vides an in-depth analysis of the global grain mar-
ket, focusing on supply, production volumes, and grain
stocks. According to the analysis, there is a noticeable
upward trend in grain production. To assess the qual-
itative characteristics of growth trend, the authors
examined the balance between grain stocks and con-
sumption on a global scale.An upward trend in this in-
dicator may indicate an increase in global grain stocks
relative to consumption, which may indicate improved
food security or surplus production. This is confirmed
by the research of S. Moshenskyi et al. (2024). In their
work, they analysed statistical data characterising the
latest trends in the development of the agricultural
sector of Ukraine. After all, despite the war, Ukraine re-
mains an active participant in the world grain market.
Taking into account the difficulties that the parties
face for the development of crop production in the
conditions of war, separate recommendations were
proposed for the formation of state policy. They in-
clude promoting the development of new agricultural
technologies.

M. Tudi et al. (2021) research the environmental
consequences of intensification of agricultural produc-
tion. That is land degradation, water pollution, green-
house gas emissions and biodiversity loss. Solving the
issues is critical to decrease the negative impact on
the environment and promoting sustainable agricul-
tural development. In Ukraine, the task of rationalis-
ing the use of biomass of the stems of agricultural
crops is regulated by the Order of the Cabinet of Min-
isters of Ukraine “On Approval of the National Waste
Management Strategy in Ukraine until 2030” (2017).
The implementation of a Waste Utilization Program
in Ukraine suggests a strategic approach to dealing
with agricultural waste, emphasising the importance
of crop residues using.

Q.Yin et al. (2024) in their paper highlight the sig-
nificant increase in crop waste and the low level of
recycling in China. The researchers created a three-
way model of interaction between local government,
social capital and farmers. One of the factors for im-
proving the processing of agricultural plant residues,
researchers consider the strengthening of the sense of
responsibility of local government and the introduc-
tion of engineering and technological innovations. The
results of the research are of guiding importance for
increasing the level of circular agriculture in China and
other countries and forming a complete system of pro-
cessing agricultural waste.



M. Grigore (2016) and O. Smith et al. (2019) empha-
sisedthe needforinnovativetechnologiestoensure safe
and ecological agricultural production. The new tech-
nologies may include recycling and processing of agri-
cultural plants residues. By applying such technologies,
farmers can optimise the use of resources, minimise
environmental impact and increase productivity. Im-
proved processing methods can reduce waste, energy
consumption and environmental pollution while im-
proving product quality and market competitiveness.
A. Gomez-Campos et al. (2021) discuss the environ-
mental benefits of increased production of flax. Flax is
known for its comprehensive zero-waste use, as differ-
ent parts of the plant can be used for different purpos-
es, including fibers for textiles, seeds for oil production,
and by-products for animal feed or industrial applica-
tions. Increasing the production of flax products can
decrease of agricultural plants residues generation.
R. Kumar et al. (2023) unravel the ecological issues of
agricultural plant residues in India. Air pollution and
renewable energy are critical issues in India. The au-
thors suggest using the remains of agricultural plants
for the production of fuel. Using local agricultural plant
residues can be a sustainable solution to reducing air
pollution and energy poverty. However, the formation
of any recycling strategy and its practical implemen-
tation requires an understanding of the available and
projected amount of resources for processing.

The acknowledgement of these trends aligns with
the conclusions of Global Trends 2040. A more contest-
ed world (2021). It shows the urgency of adopting sus-
tainable practices and modern agricultural technology
to meet the growing demand for food while mitigating
environmental impacts and ensuring food safety.

Conclusions

Global trends in grain and industrial crops produc-
tion were studied in the paper. The analysis of wheat,
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corn, and sunflower cultivation areas showed steady
growth in 2000-2021. The data obtained from the re-
search show a gradual increase of the flax cultivated
area in the world after a significant decline. Signifi-
cant intensification of wheat production is observed
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portance of the China, the USA, India, and Ukraine in
the world corn market is evidenced by the large areas
of corn crops in these countries. The observed global
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with the diverse uses of corn, including food, animal
feed and industrial applications such as biofuel pro-
duction. The potential increase in sunflower crops in
Ukraine is consistent with the country’s recognition of
the economic value and export demand for sunflow-
er products. As the cultivation area of major crops in-
creases to meet growing food demands, the challenge
of effective utilisation of agricultural plant residues is
also increasing.

Agricultural plant residues can be a valuable re-
source for the production of environmentally friend-
ly goods. Further research on processing agricultural
plant residues to obtain goods for various applications
holds global promise and relevance. It’s crucial to
consider additional factors such as yield per hectare,
technological advancements and climate conditions to
gain a more comprehensive understanding of opportu-
nities in global grain and industrial crops production
and processing dynamics.
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AHoOTauifA. AHani3 AMHAMIKM BUPOLLYBAHHS Ta CMOXMBAHHA OCHOBHMUX CiIbCbKOrOCNOAAPCHKUX KYNbTYP Y CBiTi Ma€
BMpillasibHe 3HA4YEHHS AN PO3YMiHHA TEHAEHLIM Ta M1aHYBAHHA CTanoro BUpo6bHMLTBA NPOA0BONbCTBA. Baxnneum
€ KOMMMIeKCHUI nigxig, akuii nepepbavae chniBnpauo MK HAyKOBUAMM Ta depmepamu A9 BMNPOBALKEHHS
CTanuMx NpakTuK. MeTol poboTH € aHani3 TEHAEHLIN CBITOBOrO PMHKY 3€PHOBMX Ta TEXHIYHUX KyNbTyp. Y npoueci
pob60TM Bynu BUKOPUCTaHi METOAM aHani3y, CMHTe3Y, y3arasbHEeHHS, MPOrHo3yBaHHS, 6a3n faHMX NPOAOBOJLYOI Ta
cinbcbkorocnofapcbkoi opraHisauii OOH. ns pocnigkeHHs 6yno obpaHo Taki KynbTypw, K MLIeHWUS, KYKYpYyA3a,
COHSILIHMK Ta NIbOH, OCKINIbKM BOHWU € OCHOBHUMM MPOAYKTaMM XapuyBaHHA AN HAaCeNeHHs MnaHeTu. IX BUpoLLyoTh
3apagMm 3epHa (HaCiHHA), @ IbOH — POCAMHA KOMMIEKCHOrO BMKOPUCTAHHA, B SKi BaXIMBE 3HAYEHHSI MAE 9K
cTebno, Tak i 3epHo. BoHM 3a6e3neyytoTb OCHOBHI MOXMBHI PEYOBMHM, TaKi SK BYrneBoaM, 6inku, Xupu, BiTaMiHu
Ta MiHepanu, aKi MalTb BUPiLlIaNbHE 3HAYEHHS ONS 300POBS NMOAUMHWU. BUPOLLYBaHHS LMX KYIbTYp € HEBIAEMHOIO
YaCTMHOK NPOAOBONLYOI He3neknM Ta eKOHOMIYHOI CTabinbHOCTI 6araTboX KpaiH, BOHM MiATPUMYHOTb BESIUKY
KiNbKiCTb HaceneHHs. B pe3ynbTaTi NpoBefeHOro AoCnigpkeHHs b6yno sussneHo, wo IHais, Kutai, CLUA Ta KaHaga
3a/IMLLIAKTLCA HAMBINbWMMU BUPOOHWKAMK MILEHUL Y CBITi, ane Tinbku IHAis 36inbwye nocieHi nnowi. BuseneHo
rnobanbHy TEHAEHLi0 [0 30iNbLIeHHsS BUPOOHMLTBA KYKYpYA3W. BcTaHOBNEHO, WO YKpaiHa 3a/MWAETLCS BAXIUBUM
BMPOOHMKOM HaCiHHS COHALWHMKY. KpiM TOro, Bii3Ha4YeHO NOCTyNoBe 3pOCTaHHS iHTepecy A0 JIboHY. Xouya 36iNnblieHHs
MOCIBHMX MO, MOXe [OOMOMOITWM 33a[0BOJIbHUTUM 3POCTAYMM NOMUT HAa MPOAYKTM XapyyBaHHS, NPOMOPLiMHO
3pocTae i npobneMa BMKOPUCTAHHS POCIMHHMX 3anuwkiB. Lle MiHapooHa npobnema, ToMy ii BMpillEHHS Mae
rnobanbHe 3HauyeHHs. BcTaHOBNEHO, WO CyyacHi OOCHIOXKEHHS CNpsSMOBaHi Ha BAOCKOHANEHHS nepepobku
CiNlbCbKOroCnoAapChKMX POCAMHHUX PELUTOK 3 METOH OTPUMAHHS NMPOAYKTIB Pi3HOro npu3HaveHHs. HoBi 3HaHHS,
OTPUMaHi B CTaTTi, AO3BONATb NPALOBAaTM HAL YAOCKOHANEHHSM MepepobKu MLIEeHUL, KYKYPYA3M, COHSALWHUKY
Ta NbOHY, WO AACTb 3MOry 3fAEKBATHO 33a[0BOJIbHUTM MPOAOBOMbYI NOTPEOM HACENEHHS MNAHETH, WO 3POCTAE, He
3aBAA0YM LUKOAM HABKOSIMLUHBOMY CEPEAOBULLY

KnioyoBi cnoBa: cinbCbkorocnoaapcbki KynbTypu; HaceneHHs; BUPOOHMLTBO MPOAYKTIB XapyyBaHHS; POCIUHHI
pewTKu; Nnepepobka; ekonoris
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Abstract. Environmental consciousness has become an essential component of human life in 2015-2024.
Therefore, innovative textile and knitwear products made from environmentally-friendly fibers are becoming
popular. Such products are safe for health and have less negative impact on the environment. The safety research
problem of special-purpose knitwear products remains relevant, as they are used in special conditions, in direct
contact with human skin. The aim of the study was to assess the safety indicators of textile products for the
manufacture of workwear entering the Ukrainian market. The study used the method of atomic absorption
spectrometry to determine the presence of heavy metals and pesticides in the products. The study determined
the gross content of heavy metals that are harmful to human health: cobalt, chromium, copper, nickel, tin,
cadmium, arsenic, and mercury. Three knitwear fabrics made in China, Ukraine and the Netherlands were
selected as samples. The pesticide content was found to be inconsistent with the regulated requirements of
Oeko-Tex-100. In the fabric made in China, the level of dieldrin exceeds the permitted limit and reaches 46 ug/
kg, while the norm is 0.2 yg/kg. The fabric made in Ukraine contains an unacceptable amount of heptachlor
(0.75 pg/kg at a norm of 0.5 pg/kg) and lindane (B-GCG) - 3.68 pg/kg at a norm of 1.0 pg/kg. The highest level
of pesticides exceeding the established norms was found in the fabric made in the Netherlands. DDE exceeded
almost 4 times - 3.75 pg/kg at the norm of 1.0 ug/kg; heptachlor almost 7 times - 3.19 ug/kg at the norm of
0.5 pg/kg, lindane y-GCG - 1.51 pg/kg at the norm of 1.0 pg/kg and p-GCG - 15.7 pg/kg at the norm of 1.0 pg/
kg. It is proposed to increase the level of control of environmental certification and standardisation with the
introduction of mandatory eco-labeling of workwear, and to strengthen control by customs authorities when
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importing special-purpose products into the customs territory of Ukraine. The results of the study can be used
by customers of workwear, wholesale and retail trade entrepreneurs, and can serve as a basis for strengthening
control by customs authorities and certifying bodies over the entry of special-purpose knitwear of inadequate

quality and safety level into the Ukrainian market

Keywords: heavy metals; hygiene requirements; pesticides; knitwear production; environmental safety

Introduction

In 2015-2023,the issue of ecologising the textile indus-
try has become an urgent problem being addressed by
scientists and specialists from different countries. This
trend is driven by increasing requirements for the safe-
ty and hygiene of clothing, including special-purpose
clothing. Scientists face new challenges in shaping and
optimising the range of workwear and products. Each
year, materials and fabrics with special types of pro-
cessing and properties emerge, and scientists continue
to work on the environmental safety of clothing and
products. Among them, nanotechnologies occupy a sig-
nificant place. The study by L. Nikolaichuk et al. (2020)
substantiated the criteria for assessing the level of
safety of nanotextiles and proposed a methodology
for testing textiles for various purposes in the Ukrain-
ian commodity market. The author investigated the
role of nanotextiles and the issues of environmental
friendliness and safety of military clothing. The work
of I.A. Martyrosian et al. (2022) mentions eco-friend-
ly textiles with antimicrobial properties. The research
aimed to obtain a resource-saving method of applying
biocidal preparations of thiosulfonate structure, which
increases the wear resistance and microbiological re-
sistance of overalls. H.E. Emam (2019) directed his re-
search to improve the durability and mechanical prop-
erties of cellulose-containing textiles through biocidal
treatment. The author also studied the interaction
between cellulose and organometallic reagents, the
mechanisms of biological action and the factors affect-
ing biocidal action. In work I. Perelshtein et al. (2019)
presented studies on the functionalisation of textiles
with inorganic Cu0, Zn0O, MgO nanoparticles and a new
Zn-CuO by sonochemical method. This mechanism
makes sonochemistry a promising tool for highly sta-
ble and environmentally friendly textiles. The author
also outlined the role of nanotechnology in the devel-
opment of antibacterial textiles.

The importance of the environmental safety issue
of textile materials is confirmed by the increased inter-
est of scientists and is reflected in many scientific pub-
lications for 2018-2023. In scientific articles by S.Yasin
& D. Sun (2019) and S. Velusamy et al. (2021) various
types of textile dyes, including metal-containing ones,
are considered. They also present studies on heavy met-
al pollution in wastewater and the overall environmen-
tal impact of technical and conventional textile waste.

Prior to 2018, the environmental safety of textile
products in Ukraine was regulated by the Resolution of

the Cabinet of Ministers of Ukraine No. 529 “On Approv-
al of the Technical Regulation on Environmental Criteria
for Eco-Labeling of Textile Products” (2011). However,
by the Resolution of the Cabinet of Ministers of Ukraine
No. 3 of January 11, 2018, the Technical Regulation on
Ecolabeling lost its validity (Resolution of the Cabinet of
Ministers of Ukraine No.3,2018).In 2013, the State San-
itary Norms and Rules “Materials and Products of Tex-
tile, Leather and Fur. Basic Hygienic Requirements” (Or-
der of the Ministry of Health of Ukraine No.1138,2012),
have been in effect. These norms and rules were devel-
oped as part of the harmonisation of Ukrainian stand-
ards with the standards of the International Association
for Research and Testing in the Field of Textile Ecology
(Oeko-Tex Standard 100, 1992). According to regulatory
documents, the content of chemicals in the products is
regulated; the content of harmful substances and their
migration from the products to the human body and the
environment (the content of free and partially releasa-
ble formaldehyde; residues of heavy metals that can be
extracted, pesticides; the content of pentachlorophe-
nol, azo dyes and organochlorine carriers; the presence
of odour, etc.), and the absence of allergic effects is also
controlled. After all, textile and knitwear production is
associated with various sources of hazards. Harmful
chemical dyes, which may contain heavy metals, pose
a danger, as these substances migrate from the fabrics
and accumulate in the human body. Azo dyes, on the
other hand, cause skin diseases and allergic reactions.
Moreover, raw materials and products of natural origin
are treated with fungicides and insecticides to protect
them from microorganisms, moths, and rodents. Natural
fibers may also contain pesticides or harmful chemicals
that get into the raw material through the soil. Even
plant-based dust generated during cotton processing
can cause bronchopulmonary pathology. There is also
the fact that metals can accumulate in bones and var-
ious organs, causing their dysfunction; lead to cancer,
acute and chronic kidney failure, diseases of the cardio-
vascular and nervous systems, autism, fetal death, met-
abolic disorders, etc. The mechanism of toxic effects of
metals and semi-metals, as well as their consequences,
varies. In the work of W.Zhou et al. (2023) describes the
impact of various metals on human health. For exam-
ple, arsenic (As) harms the liver and hearing, and has
carcinogenic effects (including skin, liver, prostate, and
Kupffer’s cell cancers). Prolonged inhalation of cadmi-
um (Cd) vapours leads to chronic bronchitis,emphysema,
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and even lung cancer. Contact with chromium (Cr) can
contribute to eczema and allergies. In case of chronic
poisoning (occupational exposure), changes in the kid-
neys, digestive system and circulatory system can be
observed. Skin itching and dermatitis can result from
exposure to copper (Cu) compounds, which also cause
conjunctivitis, ulcers and clouding of the cornea or
throat, and also damage liver function. Lead (Pb) leads
to anemia, which is more common in children. In ad-
dition to disorders of the hematopoietic system, this
metal damages the nervous system and negatively af-
fects the digestive system and kidneys. An excess of Zn
leads to reduced iron absorption and, at the same time,
prolonged excretion of this element from the body.

The purpose of the study was to investigate the
presence of hazardous substances in knitwear prod-
ucts entering the Ukrainian market that can be harmful
to the health of workers and the environment.

Materials and methods

Pure cotton knitwear products for special-purposes
were chosen as the objects of study, since these prod-
ucts have direct contact with human skin. The selec-
tion of objects is also due to specific operating condi-
tions, where the fabrics are more exposed to various
chemical and biological factors. The characteristics
of the investigated knitwear products are shown
in Table 1.

Table 1. Characteristics of investigated knitwear products

Xj:i:t Name Fiber composition, % Type weave Surface density, g/m2 Colour, country of origin
Knitted fabric taken from a . . Black, unknown paint brand,
1 short-sleeved jacket Cotton 100 single jersey 171 China
Knitted fabric taken from a . . Red, unknown paint brand,
2 short-sleeved jacket Cotton 100 single jersey 150 Ukraine
Knitted fabric taken from a . . Green, unknown paint brand,
3 short-sleeved jacket Cotton 100 single jersey 150 Netherlands

Source: developed by the authors

The tests were carried out in the laboratory of
chemical and analytical research of the Ukrainian Sci-
entific Center for Ecology (Odessa) under the Ministry of
Ecology and Natural Resources of Ukraine. The concen-
trations of heavy metals were studied by atomic absorp-
tion spectrometry (AAS) using a ZEENIT 650P spectrom-
eter (Analytik Jena AG, Germany), including division/
preconcentration, solid phase extraction and co-precip-
itation procedures. The principle of the spectrometer
is based on atomiation of the sample, measurement of
the optical density of atomic vapours, and subsequent
determination of the mass concentration of elements
determined by calibration curves. The pesticide content
was determined using an Agilent 4200 MP-AES (Agilent

Technologies, USA), an electron capture detector (tem-
perature rise of 1.2°C per min).

Results and discussion

The study took into account the fact that the main
pollutants are cadmium, cobalt, bismuth, manganese,
copper, nickel, mercury, zinc, lead, antimony, tin, and
chromium. From this list, mercury, lead and cadmium
are classified as global environmental pollutants of the
first class of danger, as they can remain in the structure
or on the surface of the fabric, causing various biolog-
ical effects. The results of the chemical analysis of the
presence of heavy metals in the knitwear products un-
der study are shown in Table 2.

Table 2. Heavy metal content in the investigated knitwear products

No. Metal name (concentration of heavy Displayed in knitted fabrics Requirements of Oeko-Tex-100
metals in the extract 0.07M HCL) | Variant No. 1 (black) | Variant No. 2 (red) | Variant No. 3 (green) not more than

1 Co (cobalt) <0.05 <0.05 <0.05 4.0

2 Cr (chromium) 0.415 0.087 0.076 2.0

3 Cu (copper) 7.98 0.488 0.242 50.0

4 Ni (nickel) 0.672 0.326 0.068 4.0

5 Pb (tin) 0.897 0.241 0.160 1.0

6 Cd (cadmium) 0.095 0.231 0.050 0.1

7 As (arsenic) <0.05 <0.05 <0.05 1.0

8 Hg (mercury) <0.010 <0.010 <0.010 0.02

Source: developed by the authors

From the data in Table 2, it can be seen that the con-
centration of heavy metals in the extract is within the
minimum permissible limits. It is worth noting that the
content of heavy metals in the fabric of variant 1 (country
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of origin: China) is the highest compared to the others,
while the lowest is observed in variant 3 (country of ori-
gin: Netherlands). In all three variants of the fabrics, the
levels of cobalt, arsenic and mercury were significantly



lower than the norms regulated by Oeko-Tex-100. Con-
trol of pesticide content is also a prerequisite for the
environmental safety of clothing and products, as these
compounds are among the top priorities for ecosystem
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pollution. They are persistent and remain for a long time
not only in the soil but also in natural raw materials, i.e.
in natural fibers. The results of the tests for the presence
of organochlorine pesticides are shown in Table 3.

Table 3. Content of organochlorine pesticides in knitwear, (ug/kg)

No. Pesticide name Variant No. 1 (black) Variant No. 2 (red) | Variant No. 3 (green) Requiren:::zg:eotil::ﬁx-loo
1 DDT <0.10 <0.05 0.86 1.0
2 DDD 0.011 0.42 0.05 1.0
3 DDE 0.49 0.85 3.75 1.0
4 Heptachlor <0.10 0.75 3.19 0.5
5 Lindane (y-GCG) <0.10 0.24 1.51 1.0
6 (a-HCCG) <0.10 0.15 0.51 1.0
7 (B-HCCG) <0.10 3.68 15.7 1.0
8 Aldrin <0.10 <0.05 <0.05 0.2
9 Dieldrin 46.2 <0.05 <0.05 0.2

Note:DDT -dichlorodiphenyltrichloromethylmethane; DDD - dichlorodiphenyl dichloroethane; DDE - dichlorodiphenyl dichloroethylene

Source: developed by the authors

The data in Table 3 show that all three variants of
knitted fabrics from different countries of origin do not
meet the requirements of Oeko-Tex-100. For example,
in the Chinese-made fabric (variant 1), the dieldrin val-
ue, at a norm of No more than 0.2, exceeds the estab-
lished value by 46 ug/kg. In a knitted fabric made in
Ukraine (variant 2), heptachlor exceeds the norms by
0.25 pg/kg, and lindane (B-GCG) by 2.68 pg/kg. Hepta-
chlor is a highly effective insect repellent, so it is used
for plants, but as of 2024, its levels are at the lowest
concentrations in accordance with the Stockholm Con-
vention on Persistent Organic Pollutants (2001). The
results of the chemical analysis of Dutch-made knitted
fabric (variant 3) are of particular interest, which also
revealed non-compliance with the standard require-
ments for DDE (1.1-di(4-chlorophenyl)-2.2-dichloroeth-
ylene), heptachlor, lindane y-GCCH and (B-GCCH) - the
content of pesticides significantly exceeds the permis-
sible limits for all of these indicators.

Similar studies are presented in the work of E. Bie-
lak & E. Marcinkowska (2022) to identify heavy metals
in textiles and artificial leather sold on the Polish mar-
ket. The objects were children’s products, and the re-
search was conducted to assess the compliance of tex-
tiles with the Oeko-Tex-100 requirements for arsenic,
cadmium, chromium, copper, tin, and zinc. The results
showed that all of the above heavy metals were present
in the textile samples, but within the permissible limits
of the standard.

M.F. Sima (2022) also dedicated a study to quanti-
fying the content of heavy metals in knitwear products,
in particular T-shirts dyed in various bright colours.
In this research, the concentrations of heavy metals
(Co, Cu, Cr, Cd, and Pb) were analysed in contact with
the skin. The results of the research showed high lev-
els of copper (Cu) in black, green, blue and red T-shirts

ranging from 26.726-179.315 mg/kg. All T-shirt sam-
ples had low cobalt content. In this research, the con-
centrations of Pb, Cu and Cr in the red and green T-shirt
samples exceeded Oeko-Tex.

During the research, I. Rujido-Santos et al. (2022)
also found that the textile materials under study did
not meet the requirements of European Regulation
1906/2006 (Regulation (EC) No 1906/2006, 2006) for
the content of heavy metals. The determination of
metals in the fabrics was carried out using inductive-
ly coupled plasma mass spectrometry (ICP-MS) after
acid digestion using microwaves. The results showed
that the arsenic content in one and the lead content
in 3 fabric samples exceeded the maximum limits. The
other 3 samples also contained high levels of mercury.
Thus, the test samples of fabrics commercialised in
Europe did not meet the requirements of the Europe-
an Regulation.

H. Chen et al. (2021) selected preschool children’s
clothing made in four Asian regions as the object of
their research, where the concentrations of Pb, Cd, Co,
Zn, Cr, As, Cu and Ni were investigated. The test results
showed that the children’s clothing had high levels of
Ni and Cr, while the levels of Pb and Cd were not signif-
icant within the normal range. Cd concentrations were
higher in black garments than in white and coloured
samples. Samples without cotton contained unaccept-
able concentrations of Co. Pb concentrations in sam-
ples made in China were significantly higher than in
the other three regions. The authors also estimated the
doses of skin exposure to these metals and calculated
the corresponding risks. The results showed that the
health risks from the impact of these metals on chil-
dren’s clothing were within the acceptable limits.

In terms of textile safety, one of the most impor-
tant indicators is the content of heavy metals and toxic
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substances that enter products from various sources. In
particular, scientists E. Bielak & E. Marcinkowska (2022)
conducted experimental studies on the content of
heavy metals in textile materials and artificial leather.
The study presents the results of verifying the compli-
ance of the quantitative content of heavy metals with
the requirements of Oeko-Tex Standard 100 (1992) by
atomic absorption spectrometry. J. Kaur et al. (2021),
A.E. Apsari & H.Purnomo (2020), O. Canpolat & M. Cal-
ta (2020) dedicated their research to the assessment
of heavy metal content in untreated water during
textile production in the vicinity of India. N. Singh &
0. Sahu (2019) studied sustainable ways to develop
new textiles with improved properties. Scientists such
as G.0.Odubanjo et al. (2021),).Ahmed et al. (2021) and
D. Astuti et al. (2023) in their works have focused on
the potential risk of heavy metals to human health and
the environment during textile production. Impacts on
human health and the environment have been stud-
ied and discussed in D. Massella et al. (2019), G.A. Eng-
wa et al. (2019), and W. Ahmad et al. (2021). However,
despite the numerous available studies and scientific
inventions, the issue of environmental safety remains
open and requires the search for more universal, envi-
ronmentally-friendly and economical solutions. In turn,
the author O.V. Pakholiuk et al. (2019) investigated the
role of vegetable dyes in improving the environmental
safety of clothing fabrics and the study of low-toxic
synthetic and vegetable dyes for dyeing flax-contain-
ing textiles. A. Hanczvikkel et al. (2019) studied the
problem of microbiological safety of textiles in med-
ical institutions, comparing the results of medical
strains with multidrug resistance and antibiotic-sen-
sitive standard strains. The research aimed to find safe
and environmentally-friendly biocidal products that
can inhibit the development of microorganisms.

The test results and analysis of other researchers’
studies confirm the relevance of controlling the safe-
ty level of textile materials in the pre-sale period. The
data shows that large volumes of textiles and clothing
get into unauthorised circulation and are not properly
controlled by the relevant authorities not only in the
Ukrainian but also in the European and Asian markets.
The research shows that hazardous substances, such as
heavy metals, chemical pollutants and carcinogens, can
be present in textiles in high concentrations, which can
lead to harmful effects on human health through skin
contact or inhalation. In addition, insufficient control
over product safety in the pre-sale period contributes
to the proliferation of counterfeit and fake products,
which poses a threat not only to consumer health but
also to economic stability and market confidence.
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Conclusions

According to the results of the research on determining
the content of heavy metals in special-purpose knitwear
products, it has been established that all three product
variants meet the established hygienic requirements of
Ukrainian and European regulatory documents. All con-
centrations of heavy metals in the 0.07M HCL extract
are within the permissible limits. The chemical analysis
of pesticides showed that all the tested knitwear prod-
ucts did not meet the Oeko-Tex-100 requirements due
to the high level of pesticides, in particular, a high con-
tent of dieldrin was found in a Chinese-made knitwear
product,while variant 2 of Ukrainian production showed
a slight increase in the content of heptachlor and an
excess of lindane. Variant 3 (produced in the Nether-
lands) does not meet the safety indicators for several
substances: DDE, heptachlor, y-GCG and B-GCG lindane.

The obtained data indicate inadequate control by
state authorities of both producing and exporting coun-
try.As Ukraine has beenincreasing its export potential of
textile and knitwear products since 2018, there is a need
to strengthen environmental control by customs au-
thorities.Although Ukraine has a harmonised regulatory
framework, technical regulation is at a low state level. It
would be effective to increase the level of environmen-
tal certification and standardisation with the introduc-
tion of mandatory eco-labeling for certain types of prod-
ucts and clothing, including special-purpose clothing.

The study determined that the environmental safety
of textile productsis of crucialimportance in shaping the
Ukrainian eco-textile market. Further scientific research
in this area should focus on developing clear criteria for
hygiene requirements and regulatory documentation
that would regulate environmental quality assessment
indicators. The results of the research may serve as a
basis for strengthening control over the quality and
safety of textile products entering the Ukrainian market.

In the future, it is planned to conduct experimen-
tal tests on the content of toxic substances in knitwear
products, including formaldehyde, alcohols, hexameth-
ylenediamine, benzene, toluene, xylene, etc. It is also
planned to conduct research on the impact of biocidal
treatment on the environmental safety of special-pur-
pose knitwear products and experimental studies in
production conditions.
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AHoTauia. ExonoriyHa cBigomictb 3a 2015-2024 poku cTana BaK/MBOK CKIALOBOK XKWUTTS JNIOAMHM, TOMY
iHHOBALMHI TEKCTUbHI Ta TPWUKOTAXHI BMPOOM, CTBOPEHI 3 EKOMIOTYHO YMCTUX BOJIOKOH, CTatOTb MOMYASPHUMM.
Taki BUpobu Ge3neyHi Ans 340poBa Ta MakOTb MEHLUMIA HEFAaTUBHMIA BMNAMB HA A0BKiNAS. [pobnemMa 4OCHILKEHHS
6e3neyYyHOCTi TPUKOTaXXHUX BMPOGIB CnewiabHOr0 MPU3HAYEHHS 3a/MLIAETLCS aKTYaNbHOK, OCKIIbKM BOHM
eKCnyaTyloTbCs B 0COBAMBUX YMOBaX, 6e3nocepefHb0 KOHTAKTYHUM 3i WKipo NAMHU. MeTow pobotn Byna
OLiHKa NOKa3HMKiB 6e3MeYHOCTi TEKCTUNBbHMUX BUPOBIB A1 BUTOTOBIEHHS CNELOAATY, L0 HALAXOAUTb Ha YKPATHCbKUIA
PpUHOK. Y [OCNigKEHHI OYB BMKOPUCTAHUI METOA, aTOMHO-abcopOLiMHOI CneKTpoMeTpii LWOoA0 HAsBHOCTI BaXKKMX
MeTaniB Ta NecTMUMAiB y cknaai Bupobis. B poboTi BU3HAUEHO BasOBMIA BMICT BaXKMX MeTaniB, gKi WKigaMBi ons
300pOBA NOAMHU: KOBANBT, XPOM, Miflb, HiKefib, 00BO, KaAMil, MUW'AK, pTYTb. [LOCNiAKEHO HasBHICTb MeCTULMAIB
y cknagi Bupobis. B poni 3paskiB 06paHO 3 TPUKOTAKHMX MOSIOTHA KMTAMCbKOrO, YKPAIHCbKOrO Ta FrONaHACbKOrO
BMPOOHMLTBA. BCTaHOBNEHO HEBIANOBIAHICTb 32 BMICTOM NeCTULMAIB pernamMeHTOBaHWMM HOPMATMBHUM BMMOraM
Oeko-Tex-100. Y nonoTHi KMTaMCbKOro BUPOOHMLITBA MOKA3HUK AWNAPUHY NEPEBULLYE LO3BONEHY MEXY i AOCArae
46 mkr/kr npu HopMi 0,2 MKr/kr. [ToNOTHO yKpaiHCbKOro BUPOOHMLTBA MiCTUTb HELOMYCTUMY KiNbKiCTb renTaxaopy
(0,75 mkr/kr npu Hopwi 0,5 MKr/kr) Ta nuHaany (B-FXLIN - 3,68 mMkr/kr npu HopMi 1,0 MKI/KF.Y NONOTHI ronnaHACcbKoro
BMPOOHULITBA BUSBEHO HAaMBINbLWKMIA piBEHb NECTULMAIB, LLLO MEPEBULLYHOTb BCTaHOBNEHI HopMu. [ J1E nepeBuLeHUi
Maibke B 4 pasu — 3,75 Mkr/kr npu Hopmi 1,0 MKr/kr; rentaxniop Maixe B 7 pasiB — 3,19 mkr/kr npu Hopwmi 0,5 MKr/Kr,
annpan y-FXUr - 1,51 mkr/kr npu Hopmi 1,0 mkr/kr ta B-FXUI = 15,7 mkr/kr npu HopMi 1,0 MKr/Kr. 3anponoHOBaHO
NiABULLMTM piBEHb KOHTPONIKD eKoNoriyHoi cepTudikauii Ta craHAapTM3alii i3 BBeAeHHSAM 000BSI3KOBOro eKo-
MapKyBaHH$ CMeLoasry, NoCUAUTA KOHTPOJb 3 6OKY MUTHMX OPraHiB Nif Yac iMNopTy Ha MUTHY TepuTopito YKpaiHu
BMPOGIB CrneLiaNbHOro NpU3HaveHHs. Pe3ynbtaTv LOCNIAKEHHS MOXYTb OYTM BUKOPUCTAHI 3aMOBHUKAMU CMELLOAATY,
niaNpUEMLSAMM ONTOBOI Ta po3ApibHOT Toprieni, 6yTM NiACTaBO AN NOCUAEHHS KOHTPOO 3 HOKY MUTHUX OpraHis
Ta opraHiB cepTMdikaLii WoA0 HAAXOMKEHHS HA PUHOK YKpaiHM TPUKOTaXKHMX BUPODIB CneLianbHOro Npu3HavyeHHs
HEeHanexXHoi SKOCTi Ta piBHA 6e3nevHOoCTi

KniouoBi cnoBa: Baxki MeTanu; BUMOrM A0 Tiri€eHn; NecTULMAK; TPUKOTaXKHe BUPOOHULTBO; ekonoriyHa 6esneka
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Abstract. The study of demand, supply, and assortment of clothing indicates the need to improve production
control, select high-quality raw materials to increase competitiveness and meet consumer needs in this market
segment. The purpose of the study was to analyse supply and demand in the Ukrainian market of home and
sleepwear and its range. The study assessed the supply and demand market with the help of information
resources and search services on the Internet. In the conditions of the enterprise ELLEN GROUP LLC, organoleptic,
instrumental methods of assessing the quality of consumer properties of raw materials and finished products
were used during production control using regulatory documentation. The factors influencing the formation
of high quality of finished products, namely the manufacturing process, stages of production quality control,
regulatory documents and consumer properties, were investigated. The analysis of fashion trends and market
offers allowed to determine the demand and create a modern classification system for home and sleepwear that
meets modern consumer requirements. The main factors that shape the quality level of finished products are
highlighted. It is determined that the high quality of garments is achieved by observing a clear technological
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process of their manufacture. The quality is governed by the rules and regulations of the state standards and
normative documents and the use of high-quality raw materials. Recommendations are provided to guide the
choice of high-quality clothing for home and sleep with ensuring comfort and safety of the consumer during
use. A classification system has been developed, taking into account current market offers, different needs and
requirements of consumers. The factors influencing the formation of high-quality clothing for home and sleep
are identified. They are the technological process of manufacturing, during which aesthetic,ergonomic properties
are formed and the choice of raw materials with high-quality indicators, which ensures an appropriate level of
consumer properties such as hygiene and safety of finished products. To achieve optimal everyday comfort and
quality sleep, the main aspects and effective solutions that should be followed when choosing clothes for home
and sleep are outlined. The results of the study should increase the competitiveness of enterprises, improve the

quality of life of consumers, in particular in the field of home and sleepwear

Keywords: assortment; brand; supply market; consumer demand; consumer properties

Introduction

As of 2024, Ukraine is under russian aggression, and
the ongoing hostilities have a significant impact
on the lives of citizens. The hostilities have effec-
tively overlapped with the challenges posed by the
Covid-19 pandemic, social and environmental cri-
sis. Ukrainians are experiencing double pressure
on their physical and psychological lives, which re-
quires improvement in the overall situation. Sleep
is a key element of a person’s mental and physical
health, balanced well-being, increased productivity
and overall quality of life. An important guarantee
of a good night’s rest is the rational choice of home
sleepwear. The chosen garment should not only be
comfortable, but also fully meet the individual needs
of the consumer and ensure optimal heat exchange
to regulate body temperature, i.e. meet quality con-
sumer properties. Therefore, in 2024, research on the
range of market offerings of homewear in Ukraine
and its quality is important and relevant.

Scientists T. Ahmed et al. (2022), Md.R. Islam et
al. (2023) note in their research papers that knitwear
has been incredibly successful in the field of leisure
and sleepwear over the period 2013-2023. Especial-
ly high demand among consumers is for loungewear
and sleepwear made from knitted fabrics based on
blended yarns.

In studies of the effect of pure and linen blends
on the comfort properties of bedding fabrics, scientist
U.Bilen (2021) found that the thermal characteristics
of fabrics made from a blend of linen and artificial
cellulose fibres did not have a significant difference
in heat absorption, but consumer properties such as
breathability, flexibility, compression and slipperiness
increased. He also noted that the fabric made with
80% lyocell and 20% linen fibre in the weft has the
highest heat and vapour permeability and elongation,
as well as the fabric with 100% cotton fibre. In sum-
mary, the research results showed that a fabric made
from 80% lyocell and 20% linen will provide good
thermal and bedding comfort.

In the works of researchers N.AK.S. Senthil &
B. Dhurai (2021) is noted that knitwear composed of
linen fibres is in high demand in the global market,
as it has high tensile strength, medium stiffness, high
hygroscopicity and moisture resistance, significant
cooling effect, comfort and aesthetics in use.

Given the increase in population, which leads to
an increase in demand for home and sleepwear prod-
ucts and the observed limitation in the amount of
resources and economic instability, there is a need
to find an alternative to traditional types of natu-
ral fibres for the production of light industry prod-
ucts. To address this issue, Md.R. Islam et al. (2023)
investigated the general concept of fibre blending
in the manufacture of fabrics, the specifics of using
okra fibre for the production of fashionable knitwear
with high strength and thermal characteristics. The
blending of natural and synthetic fibres is an inno-
vative concept of achieving comfort and functional
properties at the same time, which is necessary in
leisure and sleepwear or underwear, i.e. the group of
clothing that is in maximum contact with the human
body. These issues have been addressed by scientists
M.S. Sk et al. (2021), M.M. Rahman et al. (2021) and
M. Chowdhury et al. (2022). Scientists L. Navone et
al. (2020) and N.P.Bukhonka (2023) studied the effect
of mixing natural and synthetic fibres on improving
the consumer properties of the resulting materials,
which is carried out to achieve a high level of com-
fort and functionality of finished textile and knitted
products.

The purpose of the study was to examine the
assortment groups of clothing for home, leisure and
sleep, as well as their consumer properties. To do
this, the following tasks were identified: to analyse
the factors influencing the formation of quality prop-
erties of finished products; to identify the range of
sleepwear that is in the greatest demand among con-
sumers in the Ukrainian market and to systematise it
into a commodity classification.
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Materials and methods

The tasks were carried out during 2023 in the labo-
ratory of the clothing industry of the Department of
Light Industry Technologies of Lutsk National Tech-
nical University and in the production facilities of
ELLEN GROUP LLC. The scientific work investigated
consumer requests for home, leisure and sleepwear
in the context of modern requirements and formed
a scientific concept for systematising the assortment
matrix of this group of goods. To study the assortment
of clothing for home, leisure and sleep, the study first
identified the current requirements of the current
regulatory documents used in Ukraine, conducted an
in-depth analysis of the demand and requirements
of the modern consumer regarding the development
of trends for the future, and identified the valuable
properties of the products in demand. Based on the
combination of modern consumer requirements and
factors of forming a proper conformity assessment of
clothing for home and sleep, valuable recommenda-
tions are identified that should be used when choos-
ing this group of clothing, meeting consumer needs
and increasing their level of stress resistance. For
this purpose, the research used methods of scientif-
ic knowledge, namely theoretical generalisation and
comparison, analysis and synthesis.

In addressing these issues, detailed analytical
studies of data on the current assortment, as well as
the market for supply and demand of home and sleep-
wear were carried out using information resources and
the Internet search service. The production of home
and sleepwear at the studied enterprise was carried
out in compliance with the rules and regulations of
the state standards of Ukraine (DSTU GOST 30383-
95, 2000; DSTU GOST 25296:2005, 2005; DSTU GOS
31405:2014, 2014). Using organoleptic and in-
strumental methods of quality control in ac-
cordance with regulatory (DSTU 2201-93, 1993;
DSTU ISO 3635:2004, 2004) and technical documen-
tation, the consumer properties of raw materials and
finished products were assessed.

The object of the research was the factors of
forming a proper assessment of conformity and the
necessary level of quality of clothing for home and
sleep: technological manufacturing process (involves
the creation of a model (in the case of a new model),
cutting of product details from ready-made patterns,
stitching, cleaning operations, wet-heat treatment,
quality control and packaging of finished products),
consumer properties (aesthetic, ergonomic (anthropo-
metric), hygienic (hygroscopicity, breathability, thermal
insulation and electrification characteristics), product
safety); materials used at the researched enterprise
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for the manufacture of goods from the group of clothes
for home, sleep and leisure (cotton, viscose and modal
fabric and accessories: rings, regulators, silicone, lace,
edging, silicone, elastic, buttons, fasteners, ribbon
elastic, elastic strap), norms and quality requirements
according to state standards.

Results

The market of textile products, clothing, is an impor-
tant component of the commodity market, which meets
the needs of all segments of the population. A detailed
analysis of the Ukrainian market of home sleepwear of
various assortments, as well as specialised production,
shows their significant popularity and rather rapid de-
velopment, respectively (Kokorina & Morozova, 2012;
Navone et al, 2020; Made in Ukraine. Catalogue of
Ukrainian manufacturers. Clothing, 2024).

A significant number of brands develop fashion col-
lections and create their own designer clothes (Chup-
rina, 2015; Ditkovska, 2018). Modernisation of models
significantly increases consumer demand in the market
for this group of goods. The market of home wear is
represented by many foreign (Turkey, Italy, and Poland)
and Ukrainian producers and is characterised by differ-
ent levels of quality. Internationally renowned clothing
brands such as Donna Karan, McCartney, Calvin Klein,
Stella, Emilio Pucci (Senthil & Dhurai, 2021; Official
website of the Ukrainian Association of Light Indus-
try Enterprises, 2024) also present new collections of
sleepwear every season.

Ukrainian manufacturers of home and sleepwear
offer a fairly wide range of products, in line with current
fashion trends, taking into account aesthetic, ergonom-
ic, hygienic and functional properties (Clothing market
in Ukraine: Home fashion and shopping trends, 2020).
The high quality of consumer properties of clothing
for home and sleep, optimal comfort, a variety of styles
and design solutions expand the possibilities of using
it during various home activities, such as fitness, relax-
ation, film viewing, professional and educational activi-
ties in an online format, computer work, etc.

A variety of textile materials with different price
segments are used to make stylish clothes with max-
imum comfort, from expensive Italian fabrics to more
affordable ones locally produced in India, China, Turkey,
etc. (How to choose a fabric for a nightgown, 2024). For
sleepwear, natural, artificial, and synthetic fabrics are
used: tencel, modal, viscose (viscose with wool), cotton,
linen, hemp, etc., both with 100% raw materials and in
a mixture of certain compositions (Here’s why quality
sleepwear is important for good sleep, 2022). Depend-
ing on the season, thin and dense fabrics are used (Van-
ishree et al., 2018)



The number of manufacturers of sleepwear on
the Ukrainian market is increasing every year (Cata-
logue of enterprises of Ukraine. Production of work
clothes, 2024). For example, well-known brands and
leading manufacturers of sleepwear are BARWA gar-
ments, Harper's Homewear, DARI CO, Balcony Garment,
Ellen, Jeff & Fa Zagrava, Kiss My Eyes, Komilfo, MiaN-
aGreen, Modena, Kotovich, Ozone, Skif Textile, Sleeper,

S
Brand Edelvika

Brend Ellen

Brend Kotovich
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VP Violet delux, Zen Wear, Mashsh, Costa, Ladan, Nash
odiah, Pani Yanovska, Roksana, Natalux, Kruta Pizha-
ma, Masky Karnaval, Jasmine Lingerie and Edelvika. As
of 2024, these products are sold in stationary outlets
and online stores (Tausif et al., 2015; Shatska, 2016;
Ukrainian brands with comfortable and stylish home
clothes, 2022). The types of home and sleepwear of
some brand representatives are shown in Figure 1.

ik

Brand Mashsh

L

Brand Sleeaper

.

Brend Sleeaper

Figure 1. Modern range of home and sleepwear by Ukrainian brands

Source: developed by the authors

The designs of the studied products range from
graphic elements and logos to sophisticated mod-
ern styles, allowing you to find a suitable option ac-
cording to your individual preferences and financial
capacity. In 2024, minimalist design and geometric
shapes are becoming more popular, reflecting the
trend towards simplicity and elegance. Experiments
with the structure and texture of fabrics using inno-
vative technologies in the production of home and
sleepwear are also relevant design trends (Vigne-
swaran et al., 2009).

Sleepwear is divided into two main categories:
nightgowns and pyjamas. By gender, they are divided
into women’s and men’s, and by age - children’s, teen-
agers and adults. Men’s pyjamas do not have many

types of models, but usually consist of sets of trou-
sers (shorts) and shirts (T-shirts, longsleeves). Wom-
en’s sleepwear is represented by a much wider range
of products - pyjamas, children’s pyjamas, overalls,
nightgowns, combinations, house dresses, bathrobes,
T-shirts of various types, etc. (Senthil et al., 2021).

Other aspects that extend the classification of
sleepwear were also studied, namely by age category,
specific purpose, seasonality, service life status, or-
igin of textile materials and design. The results of
the analysis are systematised and summarised in the
developed classification system for sleepwear, which
takes into account the modern assortment matrix de-
pending on the different needs and requirements of
consumers (Fig. 2).
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lassification of sleepwear
Pajamas: sets or overalls (top and bottom, designed to be worn at || Nightgowns: long and short shirts, dressing gowns, combinations, « By types
home and during sleep), sleepwear (plush suits, etc.). T-shirts with and without straps. and purpose
I
| Women | Children’s (boys, girls) | | Men | 4 By the sex ‘
v v v v v v v v v v
Young age || Middle age || Elderly Infants Children || Teenagers | Young men and Young age || Middle age || Elderly age o By apgfz mt;migt
(22-45) (44-60) || 99e(60+) | |(uptolyea) (1-12) || (13-16) | YOUTdMomen (22-45) || (44-60) (60+) according to the
(17-21) age category
v vV v v vy I
pyjamas pyjamas slips, overalls, sleepsuits, overalls,  overalls, kigurumi, pyjamas
(trousers/shorts, (trousers/capris/ pyjamas kigurumi, pajamas pajamas (pants/ (pants/shorts, long sleeve/shirt/t-shirt) « By appointment
capris, breeches breeches, jacket/ (trousers/ (pants/shorts/ shorts/ capris/
blouse/shirt/shirt shirt/ shorts/capris/  capris/breech es, breeches sweater/
T-shirt/top/T-shirt), T-shirt), breeches, sweater/shirt/t- shirt/ t-shirt/ top/
nIgh‘EgOV'Vn, nightgown, sweatshirt/ shirt/top/shirt), T-shirt), nightgown,
combination, shirt/t-shirt/t- nightgown, combination, t-shirt-
o bathrobe
bathrobe, T-shirt with shirt), t-shirt withand  shirt with and without
and without a strap sleepwear without stripes, strap, sleep suits
sleep suits
For pregnant women and women giving birth: maternity shirt, birthing shirt, | For active rest: home sets, suitable for exercise or bedtime activities For specific
nursing shirt purposes
|
Summer clothes for sleeping Winter clothes for sleeping || Demi-season sleepwear Thermal underwear for <« By seasonality
extreme temperatures I
Disposable: special clothing for hotels or hospitals, etc. F Long-term: high quality clothing for long-lasting use. By sseg:;: life
Synthetic and artificial fabrics (fabrics with 100% raw material composition Natural fabrics (fabrics with 100% raw material composition and in a — |
and in a mixture of certain composite fabrics): tencel (cellulose fibre made mixture of certain compositions): cotton (breathable and hygroscopic, «  Byorigin of
from eucalyptus wood), modal (modified cellulose fibre made from beech || ideal finished products for people with sensitive skin), linen, bamboo, textilematerials
and eucalyptus wood), fleece/knitwear (warm and soft material for night use hemp, silk/satin (soft and smooth to the touch fabric provides comfortable
in cold weather), viscose fabrics (viscose with wool). sleeping conditions), velour, baize, terry.
Style: classic pyjamas (bottom - skirt, trousers, shorts and top - blouse, T-shirt, top), jumpsuits, romantic combinations with lace, etc. By design

Figure 2. Classification of sleepwear

Source: developed by the authors

The main factors on which the high quality of fin-
ished products depends are compliance with the norms
and rules of the manufacturing process (aesthetic, er-
gonomic properties and safety of products are formed)
and the level of quality of consumer properties of the
material, fabric and accessories (hygienic properties,
hygroscopicity, breathability, heat protection and elec-
trical characteristics are ensured). These factors were
studied in detail in the real conditions of the Ukrain-
ian company ELLEN GROUP (Lutsk, Volyn region). This
production facility is a Ukrainian brand of TM Ellen for
women’s clothing for home, leisure, sleep and under-
wear of high quality. Women'’s sleepwear is represented
by long and short nightgowns of various cuts, modern
lightweight models of suits, sets (shorts and T-shirt),
overalls, etc.

Nightgowns for everyday use should be as natural
as possible, with high hygroscopic, performance, hy-
gienic and hypoallergenic properties. These properties
are met by cotton fabrics. Cotton fabrics are used to
make strapless shirts decorated with lace ribbon, gui-
pure shirts, collared shirts, nursing shirts and a T-shirt
with a placket. Viscose fabrics are used to create sets of
nightgowns and aesthetic bathrobes, both laconic, ele-
gant models and more open styles decorated with lace.
Viscose products have their own advantages:
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* lightness of the material, which ensures weight-
lessness of the garment on the body;

« highbreathability,whichguaranteescomfortinuse;

« the fabric does not electrify and does not roll;

* high colour fastness;

* high degree of heat regulation.

However, the material’s low maintenance is a dis-
advantage. Viscose products are prone to fading, should
be washed only at low temperatures without spinning,
with mild detergents, and dried horizontally to avoid
deformation (Vanishree et al., 2018).

Modalis used in this production to make nightgowns,
which makes the finished products aesthetically pleas-
ing and elegant. The high-cost fabric has a sufficient list
of advantages: it does not lose colour, does not shrink, is
resistant to washing, soft and pleasant to the touch (Vi-
gneswaran et al., 2009). The combination of the modal
with lace gives lightness and translucency to the finished
products. Table 1 presents in detail the selection of ma-
terials and accessories used to produce a certain range
of sleepwear in the conditions of the studied enterprise.
In the production, the largest number of units are made
specifically of nightgowns of various assortments. In
general, from the creation of the model (sketches) to
mass production, the model is developed in six stages,
which are presented in Figure 3.
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Table 1. The range of sleep shirts produced in the conditions of the studied enterprise
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No. Types of sleep shirts Materials Accessories
1 Shirt with straps cotton, modal rings, regulators, silicone, lace
Sets (nightgowns and dressing gowns) viscose lace, edging
2 Guipure nightie cotton, modal silicone, rubber band, lace
3 Shirt with collar cotton edging, buttons
4 T-shirt with a strap cotton buttons
5 Nursing shirt cotton fasteners, elastic band, elastic strap, lace

Source: developed by the authors

Stages of manufacturing sleepwear from model creation (sketches) to mass production ‘

first stage ] second stage T third stage — fourth stage ] fifth stage — sixth stage
d modelling and sewing theﬁfst formation selection
evelopment approval devel sample model in the h . d .
of model sketches of sketches everop ment of experimental of the sewing an cou'ntmg
: primary patterns sequence by the of fittings
by designers by managers . workshop by .
by the designer seamstresses technologist by a master

Figure 3. Stages of manufacturing sleepwear from model creation (sketches) to mass production

Source: developed by the authors

In the case of approval of the technological process
of manufacturing the model and approval of its mass
production, the finishing shop starts work, where the
parts of the product are cut out according to the ready-
made patterns, which are sorted by the stage of sewing
the parts and numbered. Next, the finished parts are
sent to the sewing shop, where seamstresses and tech-
nologists sew up the model batches. The sewn product
is sent to cleaning operations to remove excess threads.
The technological process is completed by wet-heat
treatment of finished products, quality control and their
packaging in branded packaging. According to this se-
quence of the technological process, other models of
clothing for home, recreation, sleep and underwear are
also manufactured at the production facility. In order to
achieve high quality of finished products, quality con-
trol is carried out at all stages of production.

The first stage of production control is accept-
ance (incoming) control, where purchase raw materials
(materials and accessories) are rejected according to
DSTU 2201-93 (1993). At the investigated enterprise,
possible defects or undesirable properties of the raw
material sample are evaluated and predicted using
the organoleptic method. Then, using the instrumental
method, with the help of special equipment, selected
samples of raw materials are examined for the pres-
ence of all defects and deficiencies: tears, unevenness
of colour, point defects, distortions and evenness of the
edge. As practice shows, incoming quality control is an
important stage, which depends on the level of hygien-
ic properties (hygroscopicity, breathability, thermal in-
sulation and electrification properties) and safety of the
potential finished product. As a result of this control,

the manager of procurement and quality of materials
makes a decision on the further supply of raw materials.

In the experimental workshop, the clarity of the de-
sign of the models and the technological map is evalu-
ated, which depends on the fit of the finished products
and their aesthetics in general. The finished product
is put on a figure or mannequin with all buttons fas-
tened and a belt tied (if available), and the quality of
fit is determined by the organoleptic method. At this
stage, in accordance with the rules and requirements
of DSTU ISO 3635:2004 (2004), the anthropomet-
ric properties of clothes are controlled, that is, their
compliance with the dimensional characteristics of
consumers (human body dimensions according to age
and gender), which are an essential aspect of the for-
mation of quality consumer properties of ready-made
garments mass production. Aesthetic properties are
evaluated: information expressiveness (compliance
with modern fashion trends with market demand fore-
casting, iconicity, originality and expressiveness of
style), integrity of the composition, rationality of the
form, perfection of production execution and stability
of the product type. Determine the presence of struc-
tural defects: vertical, horizontal and diagonal folds,
corner folds, violations of symmetry and general bal-
ance of the model, convenience and comfort when us-
ing small details (pockets, valves, belts, fasteners, etc.).

The cutting shop performs quality control of the
finished cutting materials. In case of defects, they mark
them and send the defective part for re-cutting. In the
Sewing Department, technologists and supervisors
of the Technical Control Department carry out opera-
tional control during the execution and completion of
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technological operations. The main types of opera-
tional control are:

e periodic control of all technological operations,
during which, at set intervals, information is received
on the quality of the controlled operations;

e self-control - the seamstress controls the quality
of her operation;

e mutual control - the quality of the previous oper-
ation is controlled.

The quality of the finished product manufacturing
technology is determined by organoleptic and measur-
ing methods on a special table. The quality of the prod-
uct is assessed organoleptically from the wrong side
and then from the front. The presence of textile defects
(thinning, stains), symmetry of paired parts, quality of
stitches, stitching, seams, joints (glue, thread) and mois-
ture and heat treatment are determined. The measuring
method determines the size of defects and the sym-
metry of paired parts. After a successful inspection, the
products are sent to the packaging department and a
common batch is formed.

To ensure that clothing has anti-allergenic qualities,
it is important to observe such aspects as loose fitting,
the absence of aggressive chemicals in the raw materi-
als from which the products are made, and their aller-
genic testing.After all, hypoallergenic clothing for home
and sleep creates a safe and comfortable environment,
especially for those consumers who are prone to aller-
gies or have sensitive skin (Vigneswaran et al., 2009).

Therefore, in order to achieve optimal everyday
comfort and quality sleep, it is necessary to choose the
right clothing for the intended purpose with high-qual-
ity consumer properties. To achieve this goal, when
choosing clothes for home and sleep, it is proposed to
be guided by the following rules: the fabric of the prod-
uct should be anti-allergenic and as natural as possi-
ble; clothes should not stretch, lose colour or fade after
washing; the design should not contain a large number
of small elements, buttons, ties and elastic bands, espe-
cially in children’s clothing; the neck should be easy to
stretch or have special fasteners; clothes for home and
sleep should be free and comfortable. The combina-
tion of these components will significantly improve the
overall health, comfort and ensure high performance.

Discussion

Following the transition to remote work and distance
learning due to the global Covid-19 pandemic (2020)
and russia’s full-scale invasion of Ukraine (since 24 Feb-
ruary 2022), people are spending more time at home.
These factors have led to a significant increase in con-
sumer demand for sports and home wear. For example, in
March 2020, sales of pyjamas increased by 143%, while
sales of bras decreased by 13%.Bythe last quarter of 2020,
clothing retailers noted that comfort had become a key
factorfor consumers (Navone etal.,2020; Made in Ukraine.
Catalogue of Ukrainian manufacturers. Clothing, 2024).
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There is another side to the issue under study. An-
alytical studies by experts of the Ukrainian Associa-
tion of Light Industry Enterprises (Official website of
the Ukrainian Association of Light Industry Enterpris-
es, 2024) indicate that, compared to the period of 2021-
2022, in 2023, consumers’ demand for fashionable
clothes increased, changing it from everyday and home
clothes, expressing a desire to update their wardrobe
and get psychological satisfaction. Analytical research
by NPD Group (Official website of the Ukrainian Asso-
ciation of Light Industry Enterprises, 2024) and B. Riley
Securities (Polkovnychenko & Korovinchenko, 2021;
Official website of the Ukrainian Association of Light
Industry Enterprises, 2024) also show that in 2024,
there may be high demand for light industry catego-
ries — trendy trends of a particular season that were in
crisis during the pandemic and full-scale invasion, and
product categories such as home and sleepwear that
were in high demand in the relevant periods may lose
sales momentum. At the same time, as required by the
circumstances over a significant period of time, for the
sake of the economic balance of enterprises, organisa-
tions, institutions and the country as a whole, a signifi-
cant number of professional and educational activities
continued to operate, and some of them were estab-
lished and successfully operated in an online format
on an ongoing basis and have established themselves
as an additional area of financial income and training,
respectively (Navone et al., 2020; Polkovnychenko &
Korovinchenko, 2021; Made in Ukraine. Catalogue of
Ukrainian manufacturers. Clothing, 2024). Therefore, it
is quite predictable that this trend will continue in the
long term and will develop in different directions.

In the process of conducting information and liter-
ature analysis, it was found that the issues of optimis-
ing the range of modern clothing for home, sleep and
leisure, as well as establishing the factors for forming
a proper conformity assessment and their required lev-
el of quality, have not been studied at the scientific
level. Blended yarn manufacturing technologies make
it possible to improve, predict and obtain the neces-
sary consumer characteristics of finished products, en-
rich and expand the product range, and regulate their
cost. These technological solutions are quite popular
and relevant in the spinning industry, and the latest
composite solutions in fibre blends are being devel-
oped on their basis.

The combination of natural and synthetic fibres is
a proven trend to achieve both comfort and functional-
ity in finished textile and knitwear products. To obtain
high heat-resistant properties of knitted fabrics, C.Vig-
neswaran et al. (2009) investigated a blend of jute and
cotton. Combining the valuable properties of natural
fibres with the practical properties of synthetic fibres is
arelevant and correct strategy for obtaining household
products with high performance properties that meet
consumer requirements. This practice of combining



the properties of natural and synthetic fibres was
followed in their research by U. Hussain et al. (2015),
M. Tausif et al. (2015).

It is worth noting that Ukrainian scientists G.V. Koko-
rina & S.N. Morozova (2012), T.I. Godunok & TV. Tsym-
bal (2016) conducted research in this area, but they
dealt with the design of clothing for sleep and leisure.
These works outline a number of unresolved problems
that complicate the overall process of model building,
namely: the lack of an expanded modern classification
of sleepwear, systematisation of existing types and re-
quirements for it, as well as a database of dynamic in-
dicators to determine the system of constructive allow-
ances. In the context of the availability of meeting the
needs of the textile industry to create textile products
taking into account their environmental sustainability,
biodegradability, and the possibility of easy processing,
researchers point to the need to prioritise the use of nu-
merous biodegradable natural fibres (Vinod et al., 2020).

In order to meet the growing needs of demanding
home textile consumers, scientists are conducting ap-
plied research to provide fabrics with special properties
that are particularly delicate and demanding from the
textile technology point of view, and even some indi-
cators are in some contradiction. Any single natural or
chemical fibres cannot meet the complex requirements,
and only by using a certain complex of multifibre chem-
icals can the appropriate functionality be achieved
(Bentis et al., 2023). For example, the authors C. Fu et
al. (2021) in their scientific work reveal research on the
coating of linen fabrics with polysiloxane using a hy-
drosilylation reaction in the presence of a Carstedt cat-
alyst at room temperature. It is stated that such fabrics
have shown high and durable hydrophobic properties
(contact angle and slip angle are approximately 145°
and 23°, respectively) with a proper ability to self-clean
from certain pollutants. In their works, P. Chauhan et
al. (2019), B.K. Tudu et al. (2020) and W. Li et al. (2022)
address the issue of self-cleaning materials, which
provides high physical dust repellency of the materi-
al intended for the manufacture of home textiles and
clothing. At that time, researchers J. Huang et al. (2022),
D. Song et al. (2023) outline the factors for improving
the antibacterial characteristics of textile fabrics used
for the manufacture of home textiles.

As aresult of a critical analysis of information sourc-
es, it should be noted that high competition enables
enterprises to survive in the market by entering it with
high quality goods and satisfying consumer needs. The
analysed studies of scientists do not address the issues
of analysing the factors influencing the formation of
quality properties of finished products, identifying the
range of sleepwear thatis in the greatest demand among
consumers in the Ukrainian market and presenting the
classification of this group of clothing. Since, as of 2024,
many enterprises and educational institutions continue
the practice of distance work and study, respectively,and
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a sufficient number of consumers use such conditions
of professional and educational interaction, the pur-
pose and objectives of this scientific work are relevant.

Conclusions

The main purpose of the research was to identify the
modern assortment of sleepwear and determine the
factors influencing the formation of quality proper-
ties of finished products. To solve the tasks, detailed
research of global and Ukrainian scientific papers was
carried out, which revealed the lack of analysis of fac-
tors influencing the formation of quality properties of
finished products and systematisation of the modern
range of sleepwear in demand in the Ukrainian mar-
ket. The analysed research papers generally dealt with
the production of household products with high per-
formance properties that meet consumer requirements
by combining the valuable properties of natural fibres
with the practical properties of synthetic fibres. Such
technological processes in the spinning industry make
it possible to improve, predict and obtain the necessary
consumer characteristics of finished products, enrich
and expand the range of products, and regulate their
cost. As of 2024, many enterprises and educational
institutions, following the emergency introduction of
remote professional and educational activities (the
global Covid-19 pandemic and russia’s military aggres-
sion in Ukraine), have implemented and abandoned the
practice of remote work and study, and consumers suc-
cessfully use such conditions of professional and edu-
cational interaction. Therefore, the home, leisure and
sleepwear group will consistently have a successful
marketing position in the commodity market.

As a result of the conducted research, it was de-
termined that this group of textile products - clothing
for home and sleep - has a significant and stable de-
mand in the Ukrainian market, and their assortment,
in accordance with modern fashion trends, consumer
requirements and with different price segments, is pro-
vided by well-known international brands and Ukraini-
an manufacturers. Based on the carried out analysis, the
assortment matrix of sleepwear is systematised and a
classification is developed according to the following
items: types and purpose, gender, age category and pur-
pose according to age category, specific purpose, sea-
sonality, service life status, origin of textile materials
and design. The main aspects and effective solutions
when choosing clothes for home are proposed.

In the context of the analysis of the enterprise EL-
LEN GROUP, the factors of influence that form the high
consumer properties of finished products were identi-
fied. The high quality of goods is guaranteed provided
that a clear technological process of manufacturing
garments is followed, governed by the rules and reg-
ulations of state standards and regulatory documents,
as well as the use of high-quality raw materials. The
study found that the manufacturing process forms the
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aesthetic and ergonomic properties of goods, and the
choice of high quality raw materials ensures an appro-
priate level of hygiene and safety of products.
Prospects for further research include the develop-
ment of targeted, regulatory and technical documen-
tation on quality control and conformity assessment

sleep; creation of a modern system of anthropometric
data, taking into account the new range of clothing for
home, leisure and sleep, as well as the parameters of a
typical figure.
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AHoTauia. [JocnigpkeHHs nonuTy, MpPOMo3uLii, ACOPTMMEHTY OAsAry BKAa3ye Ha HeOoOXiAHICTb MOKpaLLeHHS
BMPOOHUYOr0 KOHTPOJIO, BUOOPY AKICHOI CMPOBWMHU AN MiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI Ta 3a0BOJIEHHS
notpe6 CrnoXuWBaviB B LbOMY CErMEHTi pUHKY. MeTow pocnigkeHHs OyB aHanis nonuty Ta NPoOMo3uuii Ha
YKPAiHCbKOMY PUHKY OAAry AN AOMY Ta CHY Ta MOr0 acopTUMEHTY. Y AOCNIAXKEHHI 3MiMCHI0BANacs OLiHKA PUHKY
nonuTy i NPOMo3uMLLi 3a AOMNOMOro0 iHDOopMaLiMHMX pecypciB, NOLWYKOBUX CEPBICiB B KOMM'IOTEPHI Mepexi Internet.
B ymoBax nignpuemctaa TOB «EJIJIEH I'PYT» nig yac BUpPOGHMYOro KOHTPOSIH0 BUKOPUCTOBYBANINCS OPraHoNenTUYHi,
iHCTpYMEHTasbHi METOAM OLLIHKM IKOCTi CMOXMBUMX BNACTUBOCTEN CUPOBMHU Ta FOTOBUX BUPODIB 3 BUKOPUCTAHHAM
HOpPMaTMBHOT JOKyMeHTauii. [locnigxkeHo dakTopu BNAIMBY Ha GOPMYBaHHS BUCOKOI AKOCTI rOTOBUX BUPOBIB, a caMe
TEXHONOTIYHMIA NPOLLEC BUTOTOB/IEHHS, €Tanu BUPOOHMYOro KOHTPOJKO SKOCTi, HOPMATUBHI JOKYMEHTMU Ta CMOXMUBYI
BN1ACTMBOCTI. AHaNi3 MOAHUX TEHAEHLIN i PUHKOBMX NMPOMO3MLLIA 4O3BOIMB BU3HAYMTM MOMNUT Ta CTBOPUTU CyYaCHY
cucTeMy Knacudikauii ogary ong oMy Ta CHY, WO BiANOBIAAE Cy4aCHUM BUMOraM CroXunBadis. BUCBITIEHO OCHOBHI
YMHHWKM, IKi POPMYIOTb piBEHb SKOCTi FOTOBMX BUPOOIiB. BU3HaueHo, Lo BMCOKA AKiCTb WBEMHMX BUPODIB fOCAraeTbcs
LOTPMMAHHSM YiTKOrO TEXHOMIOMNYHOIO NpoLecy iX BUrOTOBIEHHS, KEPOBAHOMO HOPMaMu i NpaBmMnaMu AEPXKABHUX
CTAHAAPTIB Ta HOPMATMBHMUX [AOKYMEHTIB Ta 3aCTOCYBaHHSIM BMCOKOSIKICHOT CMPOBMHW. HagaHo pekomeHAalii,
SKMMU 3aNpOMNOHOBAHO KepyBaTWUCs Mif 4ac BMOOPY omdary ANng AOMY Ta CHY BMCOKOI SIKOCTi i3 3abe3neyeHHsM
KOMMOPTHOCTI, 6e3MeYHOCTi cnoXunBayda Mifg, Yac ekcnayaTauii. PospobneHo cucteMy knacudikalii 3 BpaxyBaHHIM
CY4YaCHWX PUHKOBMX NMPOMO3MLiH, Pi3HNX NOTPed Ta BUMOT CNOXMBaYiB. BU3HauyeHo dakTopu BNAMBY Ha GOPMYBaHHS
BMCOKOI IKOCTi oaary Ans AOMY Ta CHY: TEXHONOMYHWIM NPOLLEC BUFOTOB/IEHHS, B X0 IKOTO POPMYIOTbHCS eCTETUYHI,
€ProHOMIiYHi BNACTMBOCTI i BUOIp CMPOBMHMU 3 BUCOKMMM SIKICHUMM MOKA3HMKAMM, WO 3abe3nedvye BignoBiLHUNA
piBEHb TAaKMX CMOXMBYMX BIACTMBOCTEM, K Tiri€HIYHICTb Ta 6Ge3neyHicTb roToBuMx BMpoBIiB. [N LOCATHEHHS
OMNTUMAaNbHOr0 NOBCSKAEHHOIO KOMOPTY Ta SKICHOrO CHY OKpPeCNeHO OCHOBHI acnekTu Ta ePeKTUBHI pilleHHs,
AKMMU HeoOXiHO KepyBaT1CA Mif Yac BUOOpY oadary Ans AoMy Ta CHY. Pe3ynbtaTv fOCNioKEeHHS MatoTb MiABULLMTY
KOHKYPEHTOCNPOMOXHICTb MiANPUEMCTB, MONIMWMUTU SKiCTb XKUTTS CMOXMBAYiB,30KpEMa B rany3si oasary Ans 4OMyTa CHy
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