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The object of the study is the breakfast cereals from different manufacturers.
The aim of the article is to prove the possibility of using physical and mathematical
methods for studying the dispersed composition of breakfast cereals during their
commodity and customs examinations and expanding the possibilities of exporting
these products based on assessing their quality.
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3ACTOCYBAHHSA ®IBUKO-MATEMATUYHUX METOJIB I
YAC EKCHEPTHU3U CYXUX CHIJAHKIB

A.B. Ilak, A.O. ITak, M.C. Copponosa, JI.0. Topsauuk, b.I'. Xaxin

06 ’exmom 00cnioxicenHs € cyxi chidanku 8i0 pisnux eupooHukis: «Nesquik»
TM «Nestle», "«Lion» TM «Lion», «Duo Ballsy TM «Doctor Benner», «Start»
IIpAT «Lantmannen»,  «Mr. Croco»  [IpAT «/[ninponemposcokuii  Komobinam
Xapuosux Kouyenmpamisy. Memoto cmammi € O008€0eHHA MOICTUBOCII
3aCcmMoCy8aHHa Qi3UKO-MaAMeMamudHUX Memooi8 O0CTIOHCEHHS OUCNEPCHO20 CKAAOY
CYXUX CHIOQHKI8 nid yac ix moeapo3Hasuux i MUMHUX eKCRepmu3.

Hocniooicennamu MaKxponopucmoi cmpyKkmypu 3pasKie cyxux CHIOaHKiG 8i0
PI3HUX BUPOOHUKIE 8CMAHOBLEHO, WO HAUOLILUL HADIUNCEHY 00 MOHOOUCNEPCHOT
cmpykmypy mae 3pasok «Duo Ballsy. Bin mae naimeHwiuti po3kuo y 3HAUEHHsX
Paodiycie Makponop ma HaumMeHuwy Oucnepcilo QyHKyii po3nooiienHs Makponop 3a
paodiycamu — 0.881. 3pasox «Liony eiopisnaecmoca 6i0 3paska «Duo Ballsy ne
cymmego, oucnepcisi 1020 oupepenyianvhoi QyHKyii po3noodiients Makponop 3a
padiycamu, sxa dopisuioe 0.948, eiopisnacmocs na 8 %. [Hani ioymo 3pasku «Starty
(D(r)=1.082) ma «Mr. Croco» (D(r)=1.131). Hatibinbw 6iodaieny  6io
MoHoducnepcHoi cmpykmypy mae 3pazox «Nesquik» (D(r)=1.333), oucnepcis saxozo
sidpizHsemvcs Ha 51 % 6i0 3paska «Duo Balls».

3a izomepmamu copoyii 00CHiONCYBAHUX 3PA3KIE CYXUX CHIOAHKIB IO PI3HUX
BUPOOHUKIE BCMAHOBIEHO 3HAYEHHs. BIOHOCHOI 60]1020CMI OMOUYIOHU020 24308020
cepedosuwya, 3a KoL Modiciuee mpugane 30epicanis yici npooykyii 6e3 cymmeeux
3MiH axkocmi. Lli 3nauenns 6i0HOCHOI 801020CMi OISl CYXUX CHIOAHKIE CINAHOGIAMb, %6.
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«Nesquik» — 68; «Lion» — 67; «Duo Balls» — 70; «Start» — 71; «Mr. Croco» — 62. 3a
BIOHOCHOI  8011020CMI  OMOUYIOHUO20 20308020 CEPEOOSUWA, AKA Nepesuye yi
3HAYEHHsl, mpusaie 36ePicants MONCIUGe IuuLe y 2a30HeNPOHUKHOMY YAAKYGAHHL.

3a Ougpepenyianvhumu QyHKYisMU PO3NOOLTY MIKpONOp 3a paoiycamu
6CMAHOBIEHO, WO HAUMEHWUT PO3KUO MIKpOnop 3a padiycamu Mae 3pazox
«Mr. Crocoy, a naibinewuti — «Duo Ballsy. 3pasku «Nesquik», «Lion» ma «Starty
3aUMaOmsb NPOMIHCHe NOTOHCEHHSL.

Biosnaueno, ompumani pezynomamu € 06 €KMUSHUMU NOKAZHUKAMU AKOCMI
CYXUX CHIOGHKIB, SIKi MOJICYMb OYMU 6UKOPUCMAHI N0 Yac MOBAPO3HAGYOL ma MUMHOL
excnepmu3u yiei npooyKyii.

Kniouosi cnoea: cyxi cuidanxu, moeaposHasya excnepmusa, @QyHKYis
PO3n00iNeHHs nop 3a padiycamu

Problem statement in general terms. An important place in the agro-
industrial complex of Ukraine is occupied by the grain industry, which
includes industries engaged in the processing of grain crops: flour and cereal,
food and feed.

Ukraine occupies a leading position in terms of the volume of
cultivation and export of many agricultural crops: sunflower oil, sunflower
seeds, rapeseed, corn, wheat, barley. Exports of agro-food products from
Ukraine in January-June 2025 amounted to 11.3 billion USD [1]. The main
sales markets for domestic agricultural products remain three regions - the
countries of the European Union, Asia and Africa [2]. Their total share
amounted to 92% of the value of Ukrainian agricultural exports. However, it
should be noted that this is 9% less than last year's indicators for the
corresponding period [3, 4].

The importance of domestic cereal production for the food security of
the state and the peculiarities of the development of this market are devoted
to a number of scientific works by Ukrainian researchers [5-7]. In the vast
majority of these works, devoted to the consideration of the outlined issues,
there is an analysis and discussion of the development trend of the cereal
market in terms of supply formation, the degree of state intervention in
pricing and the integration of Ukraine into the world economic space.

Analysis of recent research and publications. Among the range of
cereal production products, such food concentrates as breakfast cereals
should be highlighted [8].

Breakfast cereals have long become an integral part of the diet of a
large number of people around the world. Convenience, minimal time
consumption and a variety of tastes — all this determines their popularity.
Recently, due to the awareness of the need for healthy eating and the
accelerated pace of life, the population of Ukraine has also begun to prefer
instant cereals and breakfast cereals [9].
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The use of breakfast cereals goes beyond simple nutrition; they are
convenient meal solutions, appealing to people who lead active and health-
conscious lifestyles.

Breakfast cereals are products that are used by the population to
quickly satisfy hunger «on the go» or for pleasure. Breakfast cereals are
products made from corn, wheat, rice and other crops in the form of sticks,
flakes, air grains, rings, stars, pillows, etc., which are consumed with milk,
yogurt or another product that suits the taste. To improve the taste properties
of the mixture, sugar syrup, caramel, nuts, dried fruits, pieces of chocolate
are added, and the mixture is often enriched with vitamins and mineral salts
of calcium, phosphorus, iron [10].

The global breakfast cereal market size was estimated at 40.3 billion
USD in 2023 and is projected to reach 52.58 billion USD by 2031, growing
at a CAGR of 3.38% from 2024 to 2031 [11].

The future of the global breakfast cereal market looks promising, with
expected growth driven by increasing consumer demand for healthy, organic
and high-protein options. Innovations in flavor profiles, packaging and
sustainable practices are expected to further enhance the attractiveness of the
market, given changing food preferences and environmental considerations.

The breakfast cereal market in Ukraine is saturated and can offer a
wide range of products, both domestically and internationally produced, to
the potential consumer [12]. A large share of the market is occupied by
foreign brands, the production of which is located in Ukraine. It should be
noted that the increase in consumption of products produced by national
manufacturers is limited by the presence on the market of a large number of
foreign analogues, which consumers prefer due to their reputation and
quality. That is, Ukraine, having a sufficient raw material base, produces an
insufficient amount of such products as breakfast cereals. The reason for this
is that when consumers choose breakfast cereals, the determining factor is to
a greater extent the reputation of the brand gained through high quality. Based
on this, the development directions of domestic manufacturers, obviously,
need to be adjusted in view of increasing the quality of the products obtained
to a level not lower than the quality level of well-known foreign brands. This,
obviously, will make it possible to satisfy domestic consumers and compete
with well-known foreign brands on the international market. The main
objective characteristics that provide an assessment of the quality of such
products as breakfast cereals are organoleptic and physicochemical
indicators. It should be noted that information on such physical indicators as
hygroscopic properties, porosity, dispersed composition, as well as their
compliance with regulatory documentation is not fully provided. At the same
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time, it should be noted the relevance of expanding the application of physical
methods of quality assessment and mathematical methods of processing the
obtained experimental data during commodity and customs examination of
breakfast cereals.

The aim of the article is to prove the possibility of using physical and
mathematical methods for studying the dispersed composition of breakfast
cereals during their commodity and customs examinations and expanding the
possibilities of exporting these products based on assessing their quality.

Materials and methods. The object of the study is the breakfast
cereals «Nesquik» TM «Nestle» (hereinafter «Nesquik»), «Lion» TM «Lion»
(hereinafter «Lion»), «Duo Balls» TM «Doctor Benner» (hereinafter «Duo
Balls»), «Start» PrJSC «Lantmannen» (hereinafter «Start»), «Mr. Croco»
PrJSC «Dnipro Food Concentrates Plant» (hereinafter «Mr. Croco»). The
breakfast cereal «Nesquik» is a product of foreign production. The breakfast
cereals «Lion», «Duo Balls», «Start» are products of a foreign manufacturer
with production facilities in Ukraine. The breakfast cereals «Mr. Croco» are
products of a Ukrainian manufacturer.

The macroporous structure was determined by microphotographs of
the internal structure of the studied products. Microphotographs were taken
using a HiView X4 1600X digital microscope.

The gyroscopic properties of the studied products were determined by
the strain gauge method.

Description of the main research material. One of the determining
indicators of the quality of breakfast cereals is their internal structure. The
internal structure determines, firstly, such a consumer quality indicator as the
appearance of the product, namely, the external surface. Secondly, it
determines the properties of breakfast cereals to absorb water from a gaseous
environment and under the condition of their wetting. At the same time, the
hygroscopic properties of this dried product, i.e. the ability to give off or
absorb water from the surrounding gaseous environment, are determined by
the microporous structure of the studied systems. And the appearance of such
products as breakfast cereals and the properties to absorb water under the
condition of wetting are determined by their macroporous structure.

The study was conducted in two stages. At the first stage, the
macroporous structure of breakfast cereals was studied, and at the second
stage, the microporous structure.

When studying the external surface and macroporous structure of
breakfast cereal samples, the initial data were microphotographs obtained
using a digital microscope. The products under study are glazed — samples of
breakfast cereals that have a spherical shape, covered with a layer of caramel.
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Based on this, photographs of the external surface and a flat section of the
samples were taken. The photographs obtained in this case are shown in Fig.
1 and Fig. 2.

From the photographs of the external surface, it can be seen that the
surface of the sample «Mr. Croco» is more heterogeneous (Fig. 1 €). On the
surface of this sample, there are inflows that can be identified by differences
in their color, with sizes of 2...3 mm. The surface of other samples
(Fig. 1 a—d) is visually more homogeneous with irregularities that do not
exceed 400...500 pm.

e ‘/‘
Fig. 1. Microphotographs of the rating scale (f) and the outer surface of
samples of breakfast cereals from different manufacturers: a — «Nesquik»;
b — «Lion»; ¢ — «Duo Balls»; d — «Start»; e — «Mr. Croco»
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In order to identify the causes of the presence of inhomogeneities on
the outer surface of breakfast cereal samples, their flat section surface was
examined (Fig. 2). At the same time, the structure of the samples was studied.
The structure here means the differences in the sizes of the macropores that
the samples under study contain. The sample, which macropores differ less
in size from each other, was considered more homogeneous. Macropores
mean pores visible to the «naked eye», that is, visible without the use of
magnifying optical devices. The size of such pores is in the range of
200...1000 um.

Fig. 2. Micrographs of the evaluation scale (f) and the surface of a flat section of
samples of breakfast cereals from different manufacturers: a — «Nesquik»;
b — «Lion»; ¢ — «Duo Balls»; d — «Start»; e — «<Mr. Croco»
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Obviously, an objective assessment of the homogeneity of the
structure of such porous systems, which are the studied samples of breakfast
cereals, is provided by the analysis of the distribution of macropores by radii
in them.

The distribution of macropores by radii in the studied samples of
breakfast cereals was obtained by a statistical method.

From the micrographs of the surface of a flat section of each of the
studied samples, the number of macropores N1, Na, Na, ... Ny, was calculated,
which in size are, respectively, in the [0, a); [a 2-a); [2-a 3-a) ...
[n-a, (n+1)-a). In this case, the value of the parameter a was equal to — 50 pm.

The total number of counted macropores N was found as:

N=N1+No+Nz+...+Nn. )

The number of macropores for each of the N; ranges (where i varies
from 1 to n) was normalized to the total number of macropores and the
relative number of macropores whose radius is in the i-th range was obtained.

A histogram was constructed using the obtained data, where the
abscissa axis plotted the ranges of macropore radii, and the ordinate axis
plotted the relative number of macropores for each range. The envelope of
such a histogram is the differential function of the distribution of macropores
by radii for the studied sample.

The analytical form of the envelope, which is the differential function
of the distribution of macropores by radii for the studied samples of breakfast
cereals, was found by approximating the experimental points with a function
of the form:

f(r)=a-r*-exp(c-r), )
where a, b, ¢ — approximation coefficients.
Fig. 3 shows the differential distribution functions of macropores by

radii for the studied samples of breakfast cereals. Table 1 shows the values of
the approximation coefficients for these differential distribution functions.
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Table 1
Approximation coefficients of the differential distribution function of
macropores by radii for samples of breakfast cereals from different

manufacturers
Sample a b c
«Nesquik» 0.918 6.361 -2.127
«Lion» 32.563 4.063 -2.772
«Duo Balls» 14.539 7.966 -3.652
«Start» 0.758 8.909 -2.948
«Mr. Croco» 3.208-10° 23.218 -4.81

Using the differential distribution function, the average radius of the
micropores of the studied sample was found by the formula:

<r>=[rf(r)dr. (3)

The most probable radius ry of the macropores corresponds to the
maximum of the differential distribution function. Based on this, the
numerical value of the radius was determined by the roots of the first
derivative of the differential distribution function.

0.06

Jiv’), pieces af micropores’ pieces of micropores

0.03

0.04

0.03

0.02

0.01

1] 1.8 33 48 6.3
Fig. 3. Differential distribution functions of macropores by radii for samples of
breakfast cereals from different manufacturers: 1 — «Nesquik»; 2 — «Lion»;
3 — «Duo Balls»; 4 — «Start»; 5 — «<Mr. Croco»
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Hucniepcist mudepeHmiansHoi  (yHKIiT po3momiry Makpormop 3a
pajiycaMmy BU3HauanIach 3a (POpMyJIoko:

D(r)=](r-<r>)2f(r)dr. (4)

The variance of the differential distribution function of macropores by
radii was determined by the formula:

D(r)=J(r-<r>)2f(r)dr. (4)

The variance of the differential distribution function of macropores by
radii was chosen as a criterion for assessing the homogeneity of the
macrostructure of the studied samples of breakfast cereals. Dispersion in
probability theory and mathematical statistics is a parameter for assessing the
dispersion of a quantity by its probability. In the case of the differential
distribution function of macropores by radii, it was chosen to assess the
dispersion of macropores by radii. Obviously, the macrostructure of the
sample should be considered closer to monodisperse, that is, one that consists
of macropores of the same radius, provided that the variance of the
differential distribution function of macropores of the studied sample is
smaller.

The variance of the differential distribution functions, the most
probable and average radii of the macroporous structure of the studied
samples of breakfast cereals are given in Table 2.

Table 2
Variance D(r) of the differential distribution function,
average <r> and most probable macropore radius rpr of breakfast cereal
samples from different manufacturers

Sample <r>.105m rpr-10%, m D(r)
«Nesquik» 378 299 1.333
«Lion» 207 150 0.948
«Duo Balls» 263 219 0.881
«Start» 359 306 1.082
«Mr. Croco» 517 486 1.131

From the form of the differential distribution functions of macropores
by radii for the studied samples, it is clear that in the studied range (from 50
to 700 um) they are unimodal, that is, they have one extremum. This
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extremum corresponds to the most probable value of the radius of the
micropores of the sample rim. The differences in the nature of the obtained
distribution functions lie in the difference in the values of the most probable
and average radius and the dispersion of these functions, and, accordingly, in
the different dispersion of macropores by radii in the studied samples.

Based on the value of the dispersion of the differential distribution
function of macropores by radii, the sample «Duo Balls» has the structure
closest to monodisperse. It has the smallest dispersion in the values of the
radii of macropores. The dispersion for this sample is 0.881. The next sample
is the «Liony, the dispersion of which differs from the «Duo Balls» sample
by 8% (D(r)=0.948), which can be considered an insignificant difference.
The samples «Start» (D(r)=1.082) and «Mr. Croco» (D(r)=1.131) follow.
The most distant from monodisperse structure is the «Nesquik» sample
(D(r)=1.333), the dispersion of which differs by 51% from the «Duo Balls»
sample, which has a structure closest to monodisperse.

The «Nesquik» sample has the most heterogeneous structure of the
studied breakfast cereal samples, however, the average and most probable
macropore radii are smaller compared to the sample with the largest radii
«Mr. Croco». The average radius of the «Nesquik» sample is 1.37 times
smaller compared to the average radius of the «Mr. Croco», and the most
probable one is 1.63 times smaller. Based on this, although the sample
«Mr. Croco» has a structure closer to monodisperse compared to the sample
«Nesquik», however, the larger average and most probable radii, compared
to other samples, cause pronounced irregularities that are visually observed
on its surface (Fig. 1).

It should be noted that the distribution of macropores by radii in the
studied samples mainly determines the appearance of breakfast cereals. As
for the ability to absorb liquid when wetting, here the influence of the
distribution of macropores by radii is limited by the fact that the surface of
the studied breakfast cereals is covered with glaze. Based on this, the
penetration of liquid into the macropores is limited during the time required
for the glaze to dissolve.

However, regarding the absorption of water in the gaseous state, glaze
is not an obstacle. The characteristic, which is an assessment of the property
of dried products, such as breakfast cereals, to absorb water in a gaseous state
from the surrounding environment, is the sorption isotherm [13].

The sorption isotherms were obtained by the tensometric method.
Samples of breakfast cereals weighing 3...4 g were placed in desiccators with
different relative humidity of the gaseous environment in them. The relative
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humidity in the desiccators was discretely changed from 10 to 90% in steps
of 10%.

The samples were periodically weighed until they reached equilibrium
moisture content. Then the values of the equilibrium moisture content of the
sample at the corresponding relative humidity (sorption isotherms) were
constructed. The sorption isotherms obtained for breakfast cereals from
different manufacturers are shown in Fig. 4.

It should be noted that all the studied samples had a low initial
moisture content, which did not exceed 6...8-10-2 rel. units (kg water/kg dry
matter). Based on this, for the studied samples only sorption of water vapor
from the surrounding gaseous environment created in the desiccator was
observed.

The nature of the sorption isotherms for all the studied samples is
similar. There are two sections: a section corresponding to polymolecular
moisture sorption, and a section corresponding to moisture absorption by
micropores. These sections differ in different inclinations of the sorption
isotherms to the axis on which the relative humidity of the surrounding
gaseous environment is plotted. It should be noted that the sorption isotherms
of the studied samples do not have a section corresponding to monomolecular
sorption.

The polymolecular sorption area can be separated from the area
corresponding to moisture absorption by micropores by their linear
approximation, as shown in Fig. 4. The boundary between these areas
corresponds to the limit of relative humidity, above which it is not
recommended to store the studied product for a long time. If the relative
humidity of the environment increases relative to this limit value, water is
absorbed by micropores and the samples swell. This leads, firstly, to the
disappearance of such an organoleptic indicator of the quality of breakfast
cereals as crispness, and, secondly, to the acceleration of oxidation and
microbiological spoilage of this product during storage.
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Fig. 4. Sorption isotherms of breakfast cereal samples from different
manufacturers: 1 — «Nesquik»; 2 — «Lion»; 3 — «Duo Balls»;

4 — «Start»; 5 — «Mr. Croco»

For the studied samples, the boundary between the polymolecular
sorption area and the area corresponding to moisture absorption by
micropores is as follows, %: «Nesquik» — 68; «Lion» — 67; «Duo Balls» —
70; «Start» — 71; «Mr. Croco» — 62. Based on the results obtained, it is
possible to formulate the storage conditions of breakfast cereals: their long-
term storage is possible at the relative humidity of the gas environment, which
corresponds to the boundary between the polymolecular sorption area and the
area corresponding to moisture absorption by micropores. At the relative
humidity of the surrounding gas environment, which exceeds this limit value,
long-term storage is possible only in gas-tight packaging.

The reason for this nature of the sorption isotherms is obviously the
different microporous structure of the studied breakfast cereal samples. To
analyze the microporous structure of the studied breakfast cereals, differential
distribution functions of micropores by radius were obtained.

The method of obtaining differential distribution functions of
micropores by radius is described in detail in [14, 15]. It is based on the
approximation of sorption isotherms by a function of the form:

w43
= A +A;wAs’

® (%)
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where A1, A2, As — approximation coefficients; w — moisture content.
Using approximation coefficients, a differential distribution function
of micropores by radius is obtained, which has the following form:

. 1 (n(R*)-mg)?
fur) = menp (- B, ©)

20p

where mg and or — the parameters of the logarithmic normal distribution;

R” — the dimensionless radius of the micropore R* = (r* — d,)/d,; r" — the

radius of the micropore, m; do=0.3-10° m — the radius of the water molecule.
Differential distribution functions of micropores by radii for samples

of breakfast cereals from different manufacturers are shown in Fig. 5. Table 3

shows the average and most probable micropore radius calculated from the

obtained differential distribution functions [14, 15].

Table 3
Average <r"> and most probable r,r micropore radius of samples of breakfast
cereals from different manufacturers

Sample <r>-10°, m or-10%, m
«Nesquik» 10.4 1.5
«Lion» 13.8 1.2
«Duo Balls» 13.9 1.6
«Start» 9.5 1.7
«Mr. Croco» 6.3 0.6

Differential distribution functions (Fig. 5) have one extremum, while
differing in the values of the micropore radii corresponding to these extrema
and the line width, and, accordingly, the average micropore radius (Table 3).
The samples «Nesquik», «Lion» and «Start» have a similar line width. The
«Mr. Croco» sample has the smallest line width, and the «Duo Balls» sample
has the largest. The line width indicates the size of the micropore dispersion
by radii, i.e. the larger the line width, the more micropores with different radii
the sample holds. As a result, a more developed microporous structure
contributes to a greater amount of moisture that such a system can absorb
from the surrounding gas environment. This is the reason why the isotherm
of the «Duo Balls» sample lies higher, and the isotherm of the «Mr. Croco»
sample lies lower compared to the other studied samples relative to the
moisture content axis. That is, the sample «Duo Balls» absorbs the largest
amount of moisture from the surrounding gas environment, and the sample
«Mr. Croco» the smallest. This result indicates that, obviously, the sample
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«Duo Balls» loses such an organoleptic indicator inherent in breakfast cereals
as crispness, at lower values of the relative humidity of the surrounding
environment, compared to other samples. As for the sample «Mr. Croco»,
given its sorption isotherm, it retains crispness at values of the relative
humidity of the surrounding environment that are higher compared to other
studied samples of breakfast cereals. This is a significant consumer advantage

compared to other samples.
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Fig. 5. Differential distribution functions of micropores by radius for samples
of breakfast cereals from different manufacturers:
1 — «Nesquik»; 2 — «Lion»; 3 — «Duo Balls»; 4 — «Start»;
5 — «Mr. Croco»

It should be noted that although the sample «Mr. Croco» has the
largest average and most probable radius of macropores (Table 2), it has the
smallest average and most probable radius of micropores (Table 3) compared
to other studied samples. This indicates that the study of the distribution of
pores by radii, which determine the structure of such porous systems as
breakfast cereals, does not provide complete information with one method. It
follows that in order to obtain a complete picture of such a functional and
technological property as porosity, it is necessary to use at least two different
research methods.

Thus, the results obtained prove that the sample of breakfast cereals
«Mr. Croco», in terms of porous structure, is not inferior to products of
foreign manufacturers, and in terms of hygroscopic properties it even has
advantages in terms of storage requirements.
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The results obtained are obviously objective indicators that
characterize the micro and macro porosity of breakfast cereals. They were
obtained by physical and mathematical methods used in scientific research in
the food and processing industry. It should be noted that the results obtained
by fundamental methods are more acceptable compared to the results
obtained by express methods, which are most often used during commodity
and customs examinations.

The limitation of the conducted research is the incomplete commodity
expertise of the studied breakfast cereals. The disadvantage of the research is
the limited range of the studied products. Expanding the range of breakfast
cereals is a potential prospect for further research.

Conclusions. Studies of the macroporous structure of breakfast cereal
samples from different manufacturers have shown that the sample
«Duo Balls» has the structure closest to monodisperse. It has the smallest
spread in the values of macropore radii and the smallest dispersion of the
macropore distribution function by radii — 0.881. The sample «Lion» does
not differ significantly from the sample «Duo Balls», the dispersion of its
differential macropore distribution function by radii, which is 0.948, differs
by 8%. The samples «Start» (D(r)=1.082) and «Mr. Croco» (D(r)=1.131) are
next. The sample «Nesquik» (D(r)=1.333) has the structure furthest from
monodisperse, the dispersion of which differs by 51% from the sample
«Duo Balls».

It is noted that the distribution of macropores by radius in the studied
samples mainly determines the appearance of breakfast cereals. As for the
ability to absorb liquid when wetting, here the influence of the distribution of
macropores by radius is limited by the fact that the surface of the studied
breakfast cereals is covered with glaze. Based on this, the penetration of
liquid into the macropores is limited during the time required for the
dissolution of the glaze. It is noted that with regard to the absorption of water
in the gaseous state, glaze is not an obstacle. The characteristics that assess
the property of dried products, such as breakfast cereals, to absorb water from
the surrounding gaseous environment are sorption isotherms.

From the sorption isotherms of the studied samples of breakfast
cereals from different manufacturers, the value of the relative humidity of the
surrounding gaseous environment at which long-term storage of this product
is possible without significant changes in quality was determined. These
values of relative humidity for breakfast cereals are, %: «Nesquik» — 68;
«Lion» —67; «Duo Balls» — 70; «Start» — 71; «Mr. Croco» — 62. If the relative
humidity of the surrounding gas environment exceeds these values, long-term
storage is possible only in gas-tight packaging.
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According to the differential distribution functions of micropores by
radius, it was found that the sample «Mr. Croco» has the smallest spread of
micropores by radius, and the largest — «Duo Balls». The samples «Nesquik»,
«Lion» and «Start» occupy an intermediate position. It was noted that due to
the more developed porous structure, the sample «Duo Balls» absorbs the
largest amount of moisture from the surrounding gas environment, and the
sample «Mr. Croco» the smallest, compared to other studied samples. It was
noted that as a result, the sample «Duo Balls» loses such an organoleptic
indicator inherent in breakfast cereals as crispness, at lower values of the
relative humidity of the surrounding environment, compared to other
samples. It was noted that the sample «Mr. Croco», given its sorption
isotherm, retains crispness at values of the relative humidity of the
surrounding environment that are higher compared to other studied samples
of breakfast cereals. This is a significant consumer advantage compared to
other samples.

The results obtained prove that the sample of breakfast cereals «Mr.
Croco» of the Ukrainian manufacturer PrJSC «Dnipro Food Concentrates
Plant», in terms of porous structure, is not inferior to the products of foreign
manufacturers, and in terms of hygroscopic properties it has advantages in
terms of storage requirements.

It is noted that the results obtained are objective indicators of the
quality of breakfast cereals, which can be used during commodity and
customs examinations of these products.

The study was conducted within the framework of the Erasmus+ Jean
Monnet program under the project «European concept of dynamic regulation
and coordination of examination of goods in customs affairs» (EDETMS) /
Project No.: 101127747 -ERASMUS-JMO-2023-HEI-TCH-RSCH, funded
by the European Union.
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