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RESEARCH OF CONSUMER PROPERTIES OF BUCKWHEAT
PORRIDGE AT THE CUSTOMS EXAMINATION
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The aim of the article is to expand the limits of the application of physico-
mathematical methods of evaluating the quality of cereals during their customs
examination and to develop the possibilities of exporting buckwheat groats based on
the commodity evaluation of its quality. The object of the study is buckwheat groats of
different manufacturers.
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JOCJII)KEHHA CIIOKUBYNX BJIACTUBOCTEM KAIII
T'PEYAHUX I YAC MUTHOI EKCIIEPTHU3U

B.1. YobiTok, A.B. I1ak, A.O. ITak, M.C. CodpoHoBa

O06’exmom  00CNiONHCeHHA € epeuana Kpyna Nnepuiozo IAMYHKY pisHUX
supobnuxie: TM «Posymnuii eubipy, TM «Xymopox», TM «Creupsinka», TM «Ceos
ainisy, TM «Teppay. Memoio pobomu € po3uiupens mexc 3acmocy8ants Qizuko-
MamemMamuyHux Memooi@ OYiHKU SIKOCHI KPYn nid 4ac ix MumHoi excnepmusu ma
PO36UMOK  MOJCIUBOCHEl eKCNOPNTY KPYNU 2pevyanoi Ha OCHOGI mOo8apo3Hasuoi
OYIHKU i1 AKOCMI.

Jocniodcenuamu  2igpockonivnux — enacmugocmeli  Kpynu — 2peyaHoi
6CMAN0G/IeH] 3HAYEHHs 8IOHOCHOI 801020CMi NOGIMPS, 3a AKUX MOJICIUGE mpugaie
30epicanna Ooanoi npooykyii y naponponuxnomy ynaxyeauui, %: TM «Po3ymnuii
subipy — 69; TM «Xymopox» — 68; TM «Creupanxka» — 69; TM «Ceos ainia» — 63;
TM «Teppa» — 72. 'V paszi neobxionocmi 3bepicannsi Kpynu epedanoi 3a 6ineuiol
GIOHOCHOI  60on020cmi  nogimpst  30epieantss ~ HeOOXiOHO — NpoBOOUmMU Y
naponenpoHUKHOMY YNAKy8amHi. JocniodceHHamu nopucmocmi Kpyn yCmaHoeneHi
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3HAUeHHs GIOHOWEHHS CcepeOHbo20 padiycy nop 00 Halibitbui imosipnozo, -1073:
TM «Po3zymuuii eubipy — 2.53, TM «Xymopoxy — 2.15, TM «Cxeupsnxay — 2.77,
TM «Csos ninisy — 1.98, TM «Teppa» — 1.71. Pezynomam noschioe xapaxmep
NnoeediHKuY 130mepm copOyii, OCKINbKU, UM Oinvule BIOHOWEHHS CePeOHbO20 pPaodiycy
nop 00 Haubinbw IMOGIPHO20, MuM Oinbule ONO2U MOJCE NOSTUHYMU 3PA3OK.
Jlocniodcenusimu  npoyecy HaOyxamHs 3pasKie Kpyn 6CMAHOBNEHO  KiHyesuil
60710208 MICM 3PA3KI6 Nicis 00600HeHH s ix y numuiil 600i 3a memnepamypu 20...25°C
CKIA0AE, Ke cyx. peu./xe éoou. TM «Posymnuii éubipy — 1.83, TM «Xymopoxy — 1.80),
TM «Ckeupsinkay — 1.90, TM «Ceos ninisy — 1.73, TM «Teppar» — 1.68.
Vemanosneno, wo 3pasku odocsiearome  3uauenv 8010208Micmy, OIUZLKO2O OO
MAKCUMATBHOZ20, 3a PI3HOL mpusarocmi 06600HenHs, x8.: TM «Posymuuil 6ubip» ma
TM «Xymopoxy — 60...70; TM «Ckeupsnxay — 50...60; TM «Ceos ninisy ma
M «Teppa» — 70...80.

Biosuaueno, wo ompumani pesyromamu € 00 EKMUBHUMU NOKAZHUKAMU
AKOCMI KpYRu 2peyuanoi, ki MoJiCyms Oymu 6UKOPUCIAHT IO Yac MUMHUX eKCNepmu3
yiei npooykyii' 6 kpainax E€sponeticbkoeo Coio3y.

Keywords: «xpyna epewana, mosaposnagua excnepmusa, 2iepocKONiuMi
671ACMUBOCHI, NOPUCMICMb, KIHeMUKA HAOYXAHHsL

Problem statement in general terms. Cereals are a strategic product,
which in Ukraine is traditionally included in the set of essential foods [1].

Since the 7th century AD, buckwheat has become one of the most
popular grain crops in the areas of Slavic settlement, and dishes prepared
from it have become national [2]. Buckwheat, as one of the most popular
cereals on the domestic market, always remained a priority. It is known that
this plant is unpretentious and can produce a harvest on poor lands, where no
other grain crop will grow. The agrotechnical importance of buckwheat is
that due to its unpretentiousness, as well as its impressive ability to inde-
pendently displace weeds from its land, it reduces weediness in fields [3]. It is
a good predecessor, as it assimilates hard-to-reach compounds of phosphorus
and potassium for its own nutrition and leaves them in the soil with plant
remains [4]. Buckwheat is an insurance crop for replanting dead winter crops,
it is grown in post-mowing and post-harvest crops, as well as for green fodder
and green fertilizer [5].

Analysis of recent research and publications. To date, the state of
war in Ukraine has caused a decrease in the cultivation and production of
cereals, as the population in the country has decreased, and purchasing power
is falling. In 2022, grocery exports recovered by only 20-30% of normal ex-
port volumes. However, in 2024, according to the forecast of the Ministry of
Agrarian Policy, a record buckwheat harvest is planned [6].

During the war, the main export destination for Ukrainian grains is the
European Union (EU) market. Among the promising products for the EU is
the export of buckwheat products from Ukraine. Buckwheat export across the
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border with the EU is an opportunity that will help the Ukrainian economy
and domestic farmers today, and perhaps help to recover in the future [7].

At the same time, it should be noted that, according to the company
"UkrAgroConsult”, the level of shadow production of cereals in Ukraine is
about 30% [8]. Among them, the Ukrainian market has a large number of
products that are ordered in Poland, for example, or in Turkey and packaged
under the "label” of domestic manufacturers. Therefore, it is important for
farmers to grow cereal crops, namely, buckwheat products in a quantity that
will fully supply the Ukrainian market, and a portion of which will remain
for export. However, today, in order to restore the export of products, it is
necessary to simplify logistics, additional transshipment points on the rail-
ways in the border areas, and to simplify the regime for the passage of road
transport.

It should also be noted that in 2022 there was a ban on the export of
buckwheat and salt suitable for human consumption. However, in 2023,
according to the Resolution of the Cabinet of Ministers of Ukraine, the ban
on the export of buckwheat was canceled, but zero quotas were introduced
for some groups of goods [9].

The export of food products from the territory of Ukraine is
accompanied by the registration and submission to customs of documents
necessary for customs control, which confirm the country of origin of the
goods, the quality and safety of the goods, accrued customs payments, etc.

Customs examinations include a number of examinations, which
include: material science, identification, chemical, technological, commodity
science, ecological, art science, certification, value, evaluation, gemological,
technical forensic and other types. For such products as buckwheat groats, it
is necessary to select a commodity value examination, which is carried out in
order to determine the value of the product on the basis of its quality
indicators and main properties.

Organoleptic and physico-chemical indicators (hygroscopic
properties, porosity, reproducibility) are the main characteristics that fairly
objectively give an assessment of the quality of food products of plant origin,
namely buckwheat groats. However, information about these physico-
chemical indicators, as well as their compliance with the regulatory
documentation in force in Ukraine, as a rule, is not provided. At the same
time, it should be noted the relevance of expanding the limits of the
application of physico-mathematical methods of product quality assessment
during its customs examination, which are widely used in the EU
countries [10].

The aim of the article is to expand the limits of the application of
physico-mathematical methods of evaluating the quality of cereals during
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their customs examination and to develop the possibilities of exporting
buckwheat groats based on the commodity evaluation of its quality.

Description of the main research material. The ability of food products
to not change their properties for a long time is largely determined by their
hygroscopic properties, that is, the ability to release or absorb water vapor
from the environment. Being in an atmosphere of moist air, the food product
can exchange mass with the external environment. If the partial pressure of
the water vapor near the surface of the product is greater than the partial
pressure of the vapor in the air, then evaporation (desorption) occurs, and the
mass and moisture content of the product decrease, if the ratio of partial
pressures is reversed, then the product is moistened (sorption) - the mass and
moisture content of the product increase. At the same time, the product is
characterized by an equilibrium moisture content - the pressure of water
vapor above the surface and in the atmosphere is equalized. These processes
play an important role during the storage of food products and they determine
the conditions and terms of storage.

The object of the study is buckwheat groats of the first grade of
different manufacturers: TM "Rozumnyi vybir", TM "Khutorok",
TM "Skvyrianka", TM "Svoya linia", TM "Terra".

The tensometric method was used to study the sorption and
determination of the equilibrium moisture content of buckwheat groats from
different manufacturers. The studied sample was placed in desiccators with a
fixed value of relative air humidity ¢. All desiccators were kept at a constant
ambient temperature during the measurements (25°C). The duration of the
product's stay in the desiccator was determined by the sample reaching a
constant mass.

The sorption isotherms of the studied samples are shown in Fig. 1.

The isotherms for samples 1-4 have the same character. Three
characteristic areas can be distinguished on them, which correspond to
monomolecular and polymolecular sorption of moisture and the area
corresponding to the swelling of the samples. As for sample 5, the section
corresponding to monomolecular sorption is missing on the sorption
isotherm. A change in the type of moisture connection with the dry substances
of the studied samples is evidenced by a change in the angle of inclination of
the section of the sorption isotherm to the axis on which the relative humidity
of the air in the desiccator is deposited.
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Fig. 1. Sorption isotherms of buckwheat groats from different
manufacturers: 1 — TM "Rozumnyi vybir'"; 2 - TM "Khutorok";
3 —TM "Skvyrianka"; 4 — TM "Svoya linia"; 5 — TM "Terra",
built by the authors

The separation of sorption isotherms into sections was carried out as
follows. Arrays of experimental data were divided into parts according to the
number of sections into which the corresponding sorption isotherm was
divided: for samples 1-4, the number of such parts was equal to three, for
sample 5 — two. Next, a linear approximation of the experimental data
included in the corresponding part of the array was performed. At the same
time, points from adjacent parts of the general array of experimental data
were alternately added. The number of points from adjacent parts of the array
was chosen based on the value of the correlation coefficient between the
approximation function and the experimental data of the part of the array
filled in this way. Points were added until the correlation coefficient reached
a value of less than 0.95.

The given results show that in the range of relative humidity from 10
to 19%, samples 14 are in the region of monomolecular sorption. With a
further increase in the relative humidity of the air, buckwheat groats samples
1-4 move into the region of polymolecular sorption. As noted above, sample
5 does not have a pronounced region corresponding to monomolecular
sorption. At the same time, the samples have different ranges of relative
humidity, which correspond to the area of their polymolecular sorption. Thus,
sample 5 is in the region of polymolecular sorption at relative humidity from
10 to 72%, and samples 1-3 at relative humidity from 18...19 to 68...69%.
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Buckwheat sample 5 has the smallest upper limit of the region of
polymolecular sorption. The corresponding range of relative humidity for this
sample is from 16 to 63%.

When air humidity increases relative to the upper limit of the range
corresponding to polymolecular sorption, moisture is absorbed by
microcapillaries and the samples swell. Since the character of the isotherms
for the studied samples of buckwheat groats does not have pronounced
asymptotes parallel to the axis of the moisture content, further moistening of
such samples is possible upon direct contact with the liquid. The obtained
result indicates the possibility of their long-term storage in polymer
packaging at a relative humidity that corresponds to the upper limit of the
range of polymolecular sorption.

For samples of buckwheat groats from different manufacturers, these
values of relative humidity are respectively equal to: TM "Rozumnyi vybir" —
69%; TM "Khutorok" — 68%; TM "Skvyrianka" — 69%; TM "Svoya linia" —
63%; TM "Terra" — 72%.

The studied products can be stored in vapor-permeable packaging at a
relative humidity of no more than the given values at a temperature of no
more than 25°C. If there is a need to store buckwheat groats at a relative
humidity higher than the values given for each of the manufacturers, then the
storage must be carried out in vapor-tight packaging.

It should be noted that the sorption isotherms of the studied buckwheat
samples are located at different heights relative to the axis on which the
moisture content is deposited. The result obtained is explained by the
different porosity of buckwheat groats from different manufacturers, which
is examined below.

Obviously, the ability of food raw materials and products to absorb or
release moisture is determined by their porosity. An objective characteristic
of porosity is the distribution of pores of the studied samples by radii.

Determination of the differential function of the distribution of pores
by radii in buckwheat groats from different manufacturers was carried out
using the sorption isotherms of the studied raw materials as follows [11, 12].
Sorption isotherms for buckwheat groats from different manufacturers were
obtained using the strainometric method. Next, the experimental data were
approximated by a function of the form [11, 12]:

w43

P =T )

T Ap+A,wAB

where A1, 4>, A3 — approximation coefficients; w — moisture content.
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The use of this approximation function makes it possible to obtain
such an important structural and physical characteristic as the differential
function of the distribution of pores by radii f, (R*).

The differential function of the distribution of pores by radii is
determined as follows:

. 1 (n(R")=mg)?
fu(R) = = exp (- S mal ) @

moRR* 20p

where mp and oz — parameters of the log-normal distribution;

R" — dimensionless pore radius R* = (R — d)/d,; R — pore radius,
m; dy =0.3-107° m — water molecule radius.

The parameters of the log-normal distribution are calculated [11, 12]
according to the formulas:

A, \1247
mg = (—) 3
R 0,433 ) ( )
g = _ In61240) (A3—0,957)‘°'6 @)
R™ 0,625 0,223 )

The average was determined according to the defined analytical type
of pore distribution functions by radii:

R =do[1 + exp(mg + 0z%/2)] Q)
and the most probable pore radius (center of distribution):
Ry, = do[1 + exp(mg — az?)]. (6)

Pore distribution functions by radii for buckwheat groats from
different manufacturers, calculated from the sorption isotherms of this raw
material using formulas (1)—(4), are presented in Fig. 2.

The differential functions of the distribution of pores by the radii of
buckwheat groats from different manufacturers shown in Fig. 2 are
normalized to the maximum value for clarity.

The average and most likely pore radius calculated by formulas (5)
and (6) are given in Table 1.

The obtained distribution functions have a similar nature and close
positions of the maxima relative to the axis on which the dimensionless radius
of the pores is laid, which is confirmed by the most probable radii also given
in the table: the spread of their values is within the margin of error.
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Fig. 2. Differential functions of the distribution of pores by the radii of
buckwheat groats from different manufacturers: 1 — TM ""Rozumnyi vybir"';
2 — TM "Khutorok"; 3 — TM "Skvyrianka'"; 4 — TM "Svoya linia";

5 —TM "Terra", built by the authors

As for the width of the line, the largest width in the function of the
distribution of pores by radii is for buckwheat groats from TM "Skvyrianka",
and the smallest — from TM "Terra". As a result, buckwheat groats from TM
"Skvyrianka" have the largest average radius, and TM "Terra" has the
smallest. Buckwheat groats from other producers occupy an intermediate
position.

Table 1 — Average and most likely pore radius of buckwheat groats from
different manufacturers

Manufacturer R-10", m R,,-101°% m
TM "Rozumnyi vybir" 4.128 10.443
TM "Khutorok"; 2.331 5.012
TM "Skvyrianka" 6.291 17.426
TM "Svoya linia" 1.469 2.908
TM™M "Terra" 1.017 1.739

Source: compiled by the authors

The greater the ratio of the average pore radius to the maximum
possible radius of the material, the more moisture it can absorb. The values
of these ratios for the studied raw materials, 10~: TM "Rozumnyi vybir" —
2.53, TM "Khutorok" — 2.15, TM "Skvyrianka" — 2.77, TM "Svoya Linia" —
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1.98, TM "Terra" — 1.71. Such values of the ratio of the average pore radius
to the most probable one explain the behavior of the sorption isotherms
presented in Fig. 1. The sorption isotherm for buckwheat groats from TM
"Skvyrianka", which has the largest value of the ratio of the average pore
radius to the most probable one, is higher than other samples, and the
isotherm for buckwheat groats from TM "Terra" is the lowest, since this ratio
is the smallest for this sample.

The consequence of such redistribution is the different property of
buckwheat groats from different producers to absorb moisture not only from
the surrounding gas environment during storage, but also the property to
swell in the wetting liquid before and during cooking.

The swelling kinetics of the studied samples was obtained by watering
them for a certain time according to the method used to determine physico-
chemical parameters in food technologies. A sample of the determined mass
(30...40 g) is placed in a container made of perforated material. Immerse the
container with the material in a vessel with water. After a specified time
interval (1...5 min.), the container with the sample is taken out of the water
and the increase in mass of the sample under study is recorded. These
operations are repeated until the mass of the sample changes. The first four
measurements are carried out every 5 minutes, the next four measurements —
every 10 minutes, further measurements — every 20 minutes. Next, the ratio
of the mass of absorbed water to the mass of dry substances of the sample is
calculated for each point of measurement and the change in the calculated
moisture content is plotted with the change in the duration of its watering.

The obtained swelling kinetics for the studied buckwheat groats from
different manufacturers at a temperature of the wetting liquid (drinking
water) of 20...25°C are shown in Fig. 3.

The swelling kinetics of the examined buckwheat groats samples from
different producers have a similar character. The value of moisture content
increases monotonically. As the duration of watering of the sample increases,
its moisture content tends asymptotically to the final one.

The differences in the swelling kinetics of the investigated buckwheat
groats’ samples from different manufacturers are as follows. First, the studied
samples have different final moisture content. Thus, sample 3 has the highest
final moisture content, its value is 1.90 kg dry matter /kg of water. Next are
samples 1, 2, 4, which, respectively, have the final moisture content, dry kg.
substance/kg of water: 1.83; 1.80; 1.73. Sample 5 has the smallest final
moisture content, its value is 1.68 kg dry matter /kg of water.

Secondly, the samples reach values of moisture content close to the
maximum for different durations of watering. Thus, sample 3 reaches a value
of moisture content close to the maximum (differs from the maximum by no
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more than 10%) for a duration of watering of 50...60 minutes. Samples 1, 2
reach the value of moisture content, which differs from the maximum by no
more than 10%, for the duration of irrigation — 60...70 min., and samples 4, 5
—70...80 min.

2.0
w, kg water/'kg solid substances :
\.
1.5 S
5
1.0
0.5 ’
[’ 60, sec
0 20 40 60 80 100 120 140 160

Fig. 3. Swelling kinetics of buckwheat groats from different manufacturers:
1 —TM "Rozumnyi vybir"; 2 — TM "Khutorok'"; 3 — TM "Skvyrianka'';
4 — TM "Svoya linia"; 5 — TM "Terra", built by the authors

The obtained differences are due to the different porosity of
buckwheat groats’ samples from different manufacturers, which correlates
with the results obtained during the study of the differential functions of the
distribution of pores by radii for the studied samples. Sample 3 has the most
developed porosity and, as a result, it reaches a moisture content close to the
final one in a larger quantity and in a shorter period of time. Sample 5 has the
least developed porosity, which entails a decrease in the maximum amount of
moisture that the sample can absorb, as well as an increase in the duration of
its swelling. Other samples occupy an intermediate position between samples
3 and 5. It should be noted that a higher final moisture content and a shorter
duration of its achievement are more acceptable functional and technological
properties of cereals, including buckwheat.

The obtained results should obviously be considered objective
indicators of the quality of buckwheat groats, as they are determined by
physical and mathematical methods used in scientific research in the food
industry. These results obtained by fundamental methods are more acceptable
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compared to the results obtained by express methods, which are most often
used during customs examinations.

Based on their objectivity, the obtained indicators of the quality of the
studied buckwheat groats can be used during the customs examination of this
product in the EU countries, namely, during its commodity examination. This
makes it possible to expand the possibilities of exporting buckwheat groats
to EU countries, which is important for the activities of Ukraine in the
conditions of martial law.

A limitation of the conducted research is an incomplete commodity
examination of the investigated buckwheat groats. Another limitation is that
the study was conducted only on buckwheat groats. The expansion of the
range of researched products is a prospect for further research.

Conclusions. Studies of the hygroscopic properties of buckwheat
groats from different manufacturers have determined the values of relative
air humidity at which long-term storage of this product in vapor-permeable
packaging is possible. These relative humidity values are respectively equal
to: TM "Rozumnyi vybir" — 69%; TM "Khutorok" — 68%; TM "Skvyrianka"
—69%; TM "Svoya linia" — 63%; TM "Terra" — 72%. If it is necessary to store
buckwheat groats at a relative humidity higher than the values given for each
of the manufacturers, storage must be carried out in vapor-tight packaging.

It has been established that the sorption isotherms of the studied buck-
wheat groats’ samples are at different heights relative to the axis on which
the moisture content is deposited. The obtained result is explained by the dif-
ferent porosity of buckwheat groats from different manufacturers.

By researching the porosity of buckwheat groats from different man-
ufacturers, the values of the ratio of the average pore radius to the most prob-
able were established,-10-%: TM "Rozumnyi vybir" —2.53, TM "Khutorok" —
2.15, TM "Skvyrianka" — 2.77, TM "Svoya linia" — 1.98, TM "Terra" — 1.71.
These values explain the behavior of the sorption isotherms, since the greater
the ratio of the average pore radius to the most probable, the more moisture
the sample can absorb. It is noted that the consequence of such redistribution
is the different ability of buckwheat groats from different manufacturers to
absorb moisture not only from the surrounding gas environment during stor-
age, but also the ability to swell in the wetting liquid before and during cook-
ing.

Studies of the swelling process of buckwheat groats from different
manufacturers have established that the studied samples have different final
moisture content. The final moisture content of the samples after watering
them in drinking water at a temperature of 20...25°C is kg dry matter/kg of
water: TM "Rozumnyi vybir" — 1.83, TM "Khutorok™ — 1.80, TM "Skvyri-
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anka" —1.90, TM "Svoya linia" — 1.73, TM "Terra" — 1.68. It has been estab-
lished that the samples reach values of moisture content close to the maxi-
mum (differs from the maximum by no more than 10%) for different dura-
tions of watering, min.: TM "Rozumnyi vybir" and TM "Khutorok" — 60...70
min.; TM "Skvyrianka" — 50...60 minutes; TM "Svoya linia"and TM "Terra"
—70...80 minutes.

It is noted that the obtained differences are due to the different porosity
of buckwheat groats’ samples from different manufacturers, which correlates
with the results obtained during the study of the differential functions of the
distribution of pores by radii for the specified samples. It is noted that a higher
final moisture content and a shorter duration of its achievement are more ac-
ceptable functional and technological properties of cereals, including buck-
wheat.

It is noted that the obtained results are objective indicators of the qual-
ity of buckwheat groats, which can be used during customs examinations of
these products in the EU countries.

The research was conducted within the framework of the Erasmus+
program directed by Jean Monet under the project "European concept of dy-
namic regulation and coordination of examination of goods in customs af-
fairs" / "European concept of dynamic regulation and coordination of exam-
ination of goods in customs affairs" (EDETMS) / Project No.: 101127747 —
ERASMUS-JM0-2023-HEI-TCH-RSCH funded by the European Union.
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