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RESEARCH OF SYSTEM WATER OF JELLY PRODUCTS FROM DIFFERENT MANUFACTURERS
BY THERMODYNAMIC METHODS

The object of the study was jelly products from different manufacturers: TM "Biscuit-Chocolate"; TM "Stymul"; TM "Klim"; TM "Jelini";
TM "Haribo"; TM "Roshen". Studies of the hygroscopic properties of jelly products from different manufacturers by the tensometric method have
established that when choosing packaging and formulating requirements for storage conditions, it should be taken into account that the studied jelly
products from different manufacturers can be stored in vapor-permeable packaging without spoilage at a relative moisture of no more than 70...75 %.
At the same time, storage in vapor-permeable packaging without drying out the product or without its excessive moistening is possible at the
following moisture ranges: TM "Biscuit-Chocolate" — from 45 to 55 %; TM "Stymul" — from 45 to 55 %; TM "Klim" — from 35 to 45 %; TM "Jelini"
— from 45 to 55 %; TM «Haribo» — from 45 to 55 %; TM «Roshen» — from 35 to 45 %. Storage of the studied jelly products at a relative moisture of
more than 70...75 % or under the condition of strict preservation of its initial moisture content is possible only in vapor-tight packaging. Studies of
the system water of jelly products from different manufacturers by the low-temperature calorimetric method have established that the largest amount
of system water, which has the properties of bulk or, so-called, free water, is contained in samples of jelly products from TM «Roshen» and
TM «Biscuit-Chocolate» (0.31 and 0.29 kg/kg, respectively), and the smallest — in samples from TM «Haribo» and TM «Klim» (0.13 and 0.15 kg/kg,
respectively). Other samples occupy an intermediate value in terms of the amount of frozen system water: TM "Stymul" — 0.27 kg/kg; TM "Jelini" —
0.25 kg/kg. Based on the data obtained, it can be assumed that during the development of the technology for the production of jelly products,
organoleptic properties were prioritized for TM "Roshen" and TM "Biscuit-Chocolate", and for TM "Klim" products — extended shelf life. As for jelly
products from TM "Haribo", unlike other studied samples, which belong to jelly marmalade, it belongs to chewing marmalade, the requirements for
which in terms of organoleptic properties and consistency differ from other samples.
Keywords: jelly products; system water; tensometric method; low-temperature calorimetric method
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JOCJIIIKEHHSI CUCTEMHOI BOJM KEJEWMHOI MPOJAYKI BIJ PI3BHUX BHUPOBHUKIB
TEPMOJUWHAMIYHUMHA METOJIAMHA

O06’exToM JociikeHHs Oyiau jkeneitHi BHpoOH Bix pisHux BupoGHuKiB: TM «bickeit-Ulokonany; TM «Crumym»y; TM «Klim»; TM «Jelinix;
TM «Haribo»; TM «Roshen». JlocmimKeHHSIMH TirpOCKOIIYHHX BJIACTHBOCTEH JKeIeHHUX BHPOOIB Bif Pi3HHX BHPOOHUKIB TEH30METPUYHUM
METOZOM BCTaHOBJICHO, IO M 4ac BHOOPY yHakyBaHHS Ta (OpMYJIIOBAaHHS BHMOT JO YMOB 30epiraHHs CIIJi BpaxOByBaTH, IO 30epiraTucs
JOCTIDKYBaHa jKeJieliHa MPOIYKLis BiJl pi3HUX BUPOOHHUKIB y APONPOHHKHOMY YIaKyBaHHI MOXKe 0e3 IICyBaHHs 3a BiJHOCHOI BOJIOTOCTI MOBITPsI HE
6inbmme 70...75 %. IIpu npomy 30epiraHHs y HaponpOHHKHOMY yIaKyBaHHI 0e3 MiICHXaHHs IpogyKuii abo 6e3 HaaMipHOTO i1 3BOIOMKEHHS MOXKIUBE
3a miana3oHiB Bosorocti: TM «bicksit-Ilokonany — Bix 45 1o 55 %; TM «Ctumyn» — Big 45 10 55 %; TM «Klim» — Bin 35 10 45 %; TM «Jelini» —
Bix 45 10 55 %; TM «Haribo» — Bix 45 no 55 %; TM «Roshen» — Bix 35 no 45 %. 36epiranHs AOCHiHKYBaHOI JKeICHHOI MPOAYKLIl 3a BiJHOCHOT
Bojorocti moBiTps Oimbme 70...75 % abo 3a yMOBH HEOOXiJHOCTI CyBOpOro 30epexeHHs ii BHXiJHOTO BOJOTOBMICTYy MOXIHBE JHUIIE Yy
[IAPOHENIPOHUKHOMY YIaKyBaHHI. JIOCHI/DKEHHSIMH CHCTEMHOI BOIM JKEJEHHOI NpoXyKuii BiJl pI3HUX BHPOOHWKIB HH3BKOTEMIIEPATYPHUM
KQJIOPUMETPUYHAM METOOM BCTAHOBJICHO, IO HAMOIMbILIy KiNbKICTH CHCTEMHOI BOJM, SIKA BOJIOAIE BIACTUBOCTAMH 00’eéMHOI ab0, Tak 3BaHOI,
BUJIBHOI BOJIY, YTPUMYIOTh 3pa3ku sxeneiiHoi npoaykuii Bin TM «Roshen» ta TM «bicksit-Ilokonany (Biznosigaxo 0.31 Ta 0.29 Kr/kr), a HaliMeHIIy
— 3pasku Bix TM «Haribo» Ta TM «Klim» (Bigmosimro 0.13 Ta 0.15 kr/kr). IHmmn 3pasku 3aliMaroTh NPOMDKHE 3HAUCHHS MO0 KUTBKOCTI
BUMoOposkeHol cucteMuoi Boau: TM «Crumym» — 0.27 kr/kr; TM «Jelini» — 0.25 xr/kr. Buxoasuu i3 oTpUMaHuX JaHUX, MOXKHA NPUITYCTUTH, LIO Mij
4ac po3poOKH TEXHOJOTii BUPOOHHMUTBA keneitHoi mpoaykuii npiopuretHumu s TM «Roshen» ta TM «bicksit-lllokonany Oynu y Oinbiiomy
CTyIeHI OpraHOJeNTH4Hi BiacTHBOCTI, a il npoxykuii TM «Klim» — momosxkeni TepMminm 30epiranss. Illomo sxeneitHoi mpomykmii Bix
TM «Haribo», To BOHa Ha BiIMiHy BiJ iHIINX JOCITI/)KyBaHMX 3Pa3KiB, SIKi BiTHOCATBCS JIO XKEJIEHHOr0 MapMelaiy, BITHOCHTBCS JI0 JKYBaJbHOTO
MapMenajy, BUMOTH /10 SKOTO 33 OPraHOJICNTHYHIMH BIaCTHBOCTSMH 32 KOHCHCTCHIIEIO BiIPI3HAIOTHCS Bif 1HIINX 3pasKiB.
Keywords: xxexneitHa IpoRyKIIist; CHCTEMHA BOJia; TCH30METPHYHUN METO]]; HU3bKOTEMIIepaTypHUH KaOPUMETPHIHIN METO

Introduction. The food industry includes about 50  manufacturers is to restore production to pre-war

branches of production that produce food products of
various origins [1]. The confectionery industry occupies a
significant place in the food industry, providing both the
domestic market and exports of products to many
countries of the world [2].

At present [3] the confectionery industry of Ukraine
is 30 large specialized enterprises, as well as a mass of
small workshops. Every year, Ukraine produces 750
thousand tons of confectionery products, a third of which
is exported to over 100 countries of the world, including
the USA, Canada, China, the EU and the countries of
Central Asia and the MENA region [4]. It should be noted
that current production volumes are about 80% of the pre-
war ones. The beginning of active hostilities in Ukraine
became the main factor in a significant reduction in the
volume of confectionery production by almost all national
manufacturers. Thus, one of the primary tasks facing

conditions [5].

Analysis of recent research and publications. The
confectionery market in Ukraine is developing quite
rapidly: production volumes are increasing [6]. At the
same time, consumers need new types of confectionery.
In order not to lose income, the industry must quickly
respond to this by expanding the range without stopping
the production of traditional products. Unlike 35% in, for
example, 2018, currently 42% of consumers worldwide
prefer online shopping. They encourage confectionery
companies to expand their offer and improve the
presentation of finished confectionery products.

For a long time, the trend of increased demand for
confectionery from different countries of the world was
popular [7]. It is important for consumers to try something
unique or exclusive. However, the situation has changed
recently. Currently, about 39% of people buy products
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from local confectioners or confectionery enterprises at
least weekly, as well as products made from local
ingredients.

Most people monitor their health and therefore
prefer natural and organic sweets made from plant-based
products. Due to this, the plant-based food segment is
currently growing at the fastest pace. The basis for the
development of the trend is the spread of veganism and
vegetarianism among young people, the rejection of
animal-based food in favor of plant-based food.

A healthy lifestyle, adherence to therapeutic diets
and careful attention to the composition of the product is a
new trend among consumers [8]. Positioning products as
those that contain only natural ingredients (without
artificial dyes and flavors, with real pieces of fruit,
“GMO-free”) is a huge success among those consumers
who want to be sure of the benefits of the product.

Another important trend today is conscious
consumption, orientation towards ecological production
and green marketing. These trends are already perceived
as a necessity, not just a fashion trend. Accordingly, the
main goals of confectionery manufacturers are to gain the
loyalty of consumers and partners by caring about the
environment and rational consumption of resources. This
trend largely determines the concept of business
development in the confectionery industry [9].

Among confectionery products, from the point of
view of health benefits and environmental friendliness of
production, one should single out such a group of goods
as sugar products, namely jelly products. This type of
confectionery is promising in view of the possibility of
developing technologies that will contribute to the high
biological value of this product [10].

The main characteristics that provide an objective
assessment of the quality of jelly products are
organoleptic, chemical and physicochemical indicators. It
should be noted that information on physicochemical
indicators, as well as their compliance with regulatory
documentation in force in Ukraine, is usually not
provided. At the same time, it should be noted the
relevance of expanding the boundaries of the application
of physical and mathematical methods for assessing
product quality during its commodity examination, which
are widely used in EU countries [11].

One of the main objective physical properties of
jelly products, the information about which is not fully
studied, is information about the state and structure of the
system water contained in this product.

It is the state and structure of the system water, the
forms of its connection with the dry substances of food
products that determine the intensity of processes that
change the initial properties of this product. Therefore,
information about the system water makes it possible to
predict irreversible changes in the product during its
storage, and is also a starting point for the manufacturer's
analysis of the recipe if it is necessary to rationalize it.

The aim of the article is to obtain new information
about the state and structure of the system water of food
products, as well as to expand the limits of application of
physical methods for assessing the quality of such food

products as jelly products during their commodity
examination.

Description of the main research material. One of
the defining functional and technological properties of
jelly products is its ability to maintain its original quality
indicators. The preservation of product quality indicators
is largely determined by its hygroscopic properties [12].

Hygroscopic properties refer to the behavior of
products in the surrounding gas environment with
different relative moisture. That is, it is meant to establish
whether the evaporation of the system water of the sample
occurs (desorption), or whether the absorption (sorption)
of water vapor from the surrounding gas environment
occurs by the sample. The objective characteristics of this
mass transfer process are sorption isotherms and
desorption isotherms. Sorption and desorption isotherms
are determined when the samples are in a humid gas
environment with a relative moisture in the range from 0
to 100 %.

The object of the study is jelly products from
different ~ manufacturers, namely: TM "Biscuit-
Chocolate"; TM "Stymul"; TM «Klim»; TM «Jelini»;
TM «Haribo»; TM «Rosheny.

The samples under study are colloidal bodies. It
should be noted that the initial moisture of the samples is
intermediate, that is, it is not the maximum possible
(moisture at a relative moisture of 100 %) and is not the
minimum possible (moisture at a relative moisture of
0 %), which is determined by consumer requirements for
jelly products. Based on this, for jelly product samples
both sorption and desorption will occur simultaneously.
That is, obviously, for them, as the relative moisture of
the gas medium tends to 0 %, desorption will occur, and
as the relative moisture of the gas medium tends to
100 %, sorption will occur. Thus, the result of the study
will be sorption-desorption isotherms.

The study of sorption-desorption and the study of
the equilibrium moisture content of samples at different
relative moisture of the environment were carried out
using the tensometric method [13]. The samples under
study were cubes measuring 5%5x5 mm, obtained from
the corresponding jelly products, previously cleaned of
sugar and the surface layer. The cubes in an amount
corresponding to a sample weighing 4...5 g were placed
in boxes and placed in desiccators. Desiccators with a
fixed relative moisture of air in the range from 10 to 90 %
were used. The temperature at which the desiccators were
located during the study was maintained within
23...25°C.

The samples under study were weighed periodically
with an interval of 2 days. The samples were studied by
the tensometric method until they reached a constant
mass. For the samples under study from different
manufacturers, the duration of achieving equilibrium
moisture content at different relative moisture of the
environment in which the samples were located was no
more than 4 weeks.

Then, by drying the samples for at least 3 hours in a
vacuum drying oven at a temperature of 120...130 °C
under reduced pressure, the mass of dry substances of
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these samples was determined. Using the mass of dry
substances of the samples, their current moisture content
was determined according to the formula:

w= w. s (1)

where m,, — the mass of dry substances of the sample,
kg; m,, — the mass of system water held by the sample

and which is determined as the difference between the
current value of the sample and the mass of dry
substances that it holds, kg.

The sorption-desorption isotherms, which represent
the values of the equilibrium moisture content of the
samples at different relative moisture of the environment,
are shown in Fig. 1.
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Fig. 1. Sorption-desorption isotherms of jelly product samples
from different manufacturers: 1 — TM “Biscuit-Chocolate”;
2 —TM “Stymul”; 3 — TM “Klim”;

4 —TM “Jelini”’; 5 — TM “Haribo”; 6 — TM “Roshen”

The sorption-desorption isotherms of the studied
samples have a typical character for colloidal bodies, to
which jelly products belong. There are areas of
monomolecular and polymolecular sorption, as well as a
section of the isotherm corresponding to the swelling of
the samples.

However, these sections are manifested for different
samples to different degrees. First, these sections have a
different angle of inclination to the O¢ axis, on which

the relative moisture of the gas environment in which the
sample is located is plotted, and secondly, the range to
which one or another section of the sorption-desorption
isotherm should be attributed for different samples is
different.

The division of the sorption-desorption isotherms
into sections corresponding to different forms of
connection of system water with dry substances of the
studied sample was carried out by performing a linear
approximation of the experimental data [14]. Fig. 1 shows
a linear approximation only of the areas corresponding to
the polymolecular sorption of system water by the dry

matter of the sample, since the linear approximation of all
areas makes the figure cumbersome. However, it should
be noted that it is the central area of the sorption-
desorption isotherm that makes it possible to determine
the relative moisture of the surrounding gas environment,
at which the transition between different forms of bonding
of system water with dry matter of the sample under study
occurs.

Table 1 shows the ranges of values of the relative
moisture of the gas environment in which the samples are
located, corresponding to their monomolecular and
polymolecular sorption, as well as swelling of the
samples.

Table 1 — Ranges of relative moisture corresponding to different
forms of bonding of system water with dry matter of the samples

Monomo | Polymole .
Swelling
lecular cular .
Sample . . moisture,
sorption, | sorption, o
% % ’

TM "Biscuit- 10...31 31...64 64...90
Chocolate"
T™ "Stymul" | 10...30 30...56 56...90
TM "Klim" 10...20 20...48 48...90
TM "Jelini" 10...32 32...66 66...90
TM "Haribo" 10...24 24...63 63...90
TM "Roshen" | 10...37 37...63 63...90

From Fig. 1 and Table 1 it is seen that the largest
range corresponding to monomolecular sorption has the
sample TM «Roshen» (10...37 %), and the smallest —
T™M «Klimy» (10...20 %). The largest range corresponding
to the swelling of the samples has the sample TM «Klim»
(48...90 %), and the smallest — TM «Jelini» (66...90 %).
Other samples occupy an intermediate value of the width
of the ranges of monomolecular sorption and swelling
moisture.

It is the ranges of monomolecular sorption and
swelling of jelly products that determine the preservation
of its original properties during long-term storage. Since
during the stay of this product in the region of
monomolecular sorption, its drying will occur, and during
its stay in the region of swelling — excessive moistening.
This entails a deterioration in the original organoleptic
quality indicators.

To clarify the behavior of jelly product samples
when they reach equilibrium moisture content at different
moisture of the gas environment, the kinetics of sorption-
desorption of these samples were studied [14]. The
kinetics of sorption-desorption of jelly product samples
from different manufacturers are presented in Fig. 2. They
were obtained by the strain gauge method in the process
of achieving equilibrium moisture content by the samples.

The discreteness with which the duration of
measurements is given is a multiple of a week and is 4
weeks. Planes corresponding to the initial moisture
content of the sample under study are given to each of the
surfaces representing the kinetics of sorption-desorption.
The initial moisture content is the moisture content
recommended by the manufacturer, that is, the one at
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which the sample has a moisture content that meets the  value corresponds to the part of the surface located above

recommended organoleptic indicators. the plane, which corresponds to the initial moisture
Fig. 2 shows that there is a range of values of the content of the sample under study.

relative moisture of the gas environment at which

moisture absorption by the samples takes place. This
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Fig. 2. Kinetics of sorption-desorption of samples of jelly products from different manufacturers:
a— TM “Biscuit-Chocolate”; b — TM “Stymul”; ¢ — TM “Klim”; d — TM “Jelini”; e — TM “Haribo”; f — TM “Roshen”

In this case, there is also a range of values of the below the plane, which corresponds to the initial moisture

relative moisture of the gas environment, at which content of the sample under study.
evaporation of system water from the sample takes place. Based on this nature of the behavior of the sorption-
This value corresponds to the part of the surface located  desorption kinetics, it follows that there is such a range of
relative moisture of the gas environment, being in which,
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the sample will maintain the initial (recommended by the
manufacturer) moisture content.

These ranges of relative moisture of the gas
environment surrounding the studied samples are:

— TM “Biscuit-Chocolate” — from 45 to 55 %;

—TM “Stymul” — from 45 to 55 %;

—TM “Klim” — from 35 to 45 %;

—TM “Jelini” — from 45 to 55 %,

— TM “Haribo” — from 45 to 55 %;

—TM “Roshen” — from 35 to 45 %.

When storing jelly product samples from different
manufacturers in vapor-permeable packaging at the
relative moisture of the external gas environment from the
corresponding ranges given, the moisture content of the
products will be maintained at the level recommended by
the manufacturer. Under other external storage conditions
in vapor-permeable packaging, either the absorption of
water vapor from the environment by the products or the
drying of the products due to the evaporation of the
system water that it holds will occur.

It should be noted that the sorption-desorption
isotherms (Fig. 1) do not have pronounced asymptotes to
the moisture content axis at relative moisture greater than
the upper limit of the polymolecular sorption ranges given
for the studied samples of jelly products from different
manufacturers, presented in Table 1. That is, above these
limits, only swelling of the samples occurs. At the same
time, swelling can be considered significant for all
samples starting from the relative moisture of the gas
environment, which lies in the range of 70...75 %. This
indicates the possibility of storing the studied samples of
jelly products in vapor-permeable packaging without
spoilage due to excessive system water at a relative
moisture of no more than 70...75%. Thus, when
choosing packaging and formulating requirements for
storage conditions, it should be taken into account that the
studied jelly products from different manufacturers can be
stored in vapor-permeable packaging without spoilage at
a relative moisture of no more than 70...75 %. At the
same time, storage in vapor-permeable packaging without
drying out the product or without excessive
humidification is possible in the following moisture
ranges: TM "Biscuit-Chocolate" — from 45 to 55 %;
TM "Stymul" — from 45 to 55 %; TM "Klim" — from 35 to
45 %; TM "Jelini" — from 45 to 55 %; TM "Haribo" —
from 45 to 55 %; TM "Roshen" — from 35 to 45 %.
Storage of the studied jelly products at a relative moisture
of more than 70...7 5% or under the condition of strict
preservation of its initial moisture content is possible only
in vapor-permeable packaging.

Another thermodynamic method for studying the
state and structure of system water is the low-temperature
calorimetric method [5]. The method consists in indirectly
determining the amount of heat released through the
phase transition of type I (crystallization) or II (transition
to an amorphous state) of system water during cooling of
the test sample to a temperature maintained in the
thermostat. The idea of the method is to register the
difference between the initial and final temperatures of
the coolant that washes the test sample, which is located

in a special measuring chamber inside the thermostat [13].
Part of the system water that passes into a crystalline state
at a temperature of 0 °C has the properties of so-called
free or bulk water [15]. This water is a favorable
environment for the flow of oxidative and microbiological
processes. It should be noted that the presence of
microbiological and oxidative processes is one of the
main causes of spoilage of food products during long-
term storage. Part of the system water, which passes into a
crystalline or amorphous state at lower temperatures, is
connected by one mechanism or another with the dry
substances of the food product. The flow of
microbiological and oxidative processes in this part of the
system water is complicated by the presence of this
connection. Given this, manufacturers of such products as
jelly products, in terms of extending the shelf life, seek in
various ways to reduce the part of the system water that
has the properties of free water and increase the part of
the water that is connected to the dry substances by one
mechanism or another. However, it is not advisable to
connect all the system moisture from the point of view of
organoleptics, since this will lead to a discrepancy
between the organoleptic properties and the requirements
for jelly products. Thus, during the production of jelly
products, as a rule, a rational ratio is determined, from the
manufacturer's point of view, between the bound and free
system water of the product, based on the priorities set.

The study of jelly products by the calorimetric
method was carried out at a calorimeter temperature of
minus 12 °C. Under these conditions, it is possible to
determine two components of system water, namely,
frozen and unfrozen water at a temperature of minus
12 °C.

The thermogram obtained during cooling of the
studied samples has a typical form [15] and represents a
change over time 1 of the temperature difference AT
between the inlet and outlet of the measuring chamber in
relative units. Fig. 3 shows, as an example, a thermogram
obtained for a sample of jelly products from TM "Biscuit-
Chocolate".

The thermograms obtained during cooling of the
studied samples in a thermostat to a temperature of minus
12 °C can be divided into three main sections. The first
section (I) corresponds to the cooling of the sample to the
crystallization temperature of part of the system water,
which passes into a solid or solid amorphous state at a
temperature of 0 °C and which has the properties of free
water. The second section (II) corresponds to the
crystallization of this part of the system water. In this
case, the sample temperature remains constant and is
equal to 0 °C, the temperature difference AT is different
from zero and is also constant. The third section (III) is
the cooling of the sample to the equilibrium temperature
of the thermostat. The area under each of the sections
corresponds to the amount of heat released during the
corresponding heat exchange process: sections I and III —
cooling; section II — phase transition of the first kind
(crystallization).

The division of the thermogram into sections is
carried out as follows. At the first stage, the experimental
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data is approximated. For the experimental data, the
approximating function AT7(7r)is selected. Next, it is

assumed that since during the cooling of any body, the
temperature changes according to an exponential law
(sections I and III), and during the phase transition of
water of the first kind (section II) the temperature is
constant, then during the transition between sections the
approximating function will have inflections. These
inflection points (the boundary between I and II and
between sections II and III) are found by determining the
position of the extrema of the first derivative of the
approximating function.

L4

AT, °C/°C

2000
Fig. 3. Thermogram obtained using the low-temperature
calorimetric method for a sample of jelly products from
TM "Biscuit-Chocolate": 1 — experimental data;
2 — approximation function

0 500 1000 1500 2500

It should be noted that the area under the second
section S, multiplied by the corresponding scale factor

coef;; is proportional to the amount of system water wy,
which passes into a crystalline or solid amorphous state at
a thermostat temperature of minus 12 °C:

wy =coef - Sp. 2)

The area under the corresponding section of the
thermogram is found as an integral of the approximation
function within the limits determined by the positions of
the extrema of the first derivative of it:

Sfr = JgAT(r)dz'. 3)

7

The value of the scale factor coef;, was determined

when cooling the reference sample under the same
conditions. A container made of a material with high
thermal conductivity filled with drinking water was used
as the reference.

In this case, the total amount of system water w,,,

is normalized and is the sum of two parts — frozen wy,

and unfrozen w,; water at a given thermostat

temperature (minus 12 °C):

Wy = Wi + Wy =1 “)

SW.

The results obtained in this way are given in Table 2.

Table 2 — Part of frozen and unfrozen system water at a
temperature of minus 12 °C in jelly products

Wy Whfis
Sample kg;kg ke /i(g

TM "Biscuit-Chocolate" 0.29 0.71
TM "Stymul" 0.27 0.73
TM "Klim" 0.15 0.85
TM "Jelini" 0.25 0.75
TM "Haribo" 0.13 0.87
TM "Roshen" 0.31 0.69

From the results presented, it follows that the largest
amount of system water, which has the properties of bulk
or, so-called, free water, is contained in samples of jelly
products from TM «Roshen» and TM «Biscuit-
Chocolate» (0.31 and 0.29 kg/kg, respectively), and the
smallest — in samples from TM «Haribo» and TM «Klimy»
(0.13 and 0.15 kg/kg, respectively). Other samples occupy
an intermediate value in terms of the amount of frozen
system water. Based on the data obtained, it can be
assumed that during the development of the technology
for the production of jelly products, organoleptic
properties were of greater priority for TM «Roshen» and
TM «Biscuit-Chocolate», and for TM «Klim» products —
extended shelf life. As for jelly products from
TM "Haribo", unlike other studied samples, which belong
to jelly marmalade, it belongs to chewing marmalade, the
requirements for which in terms of organoleptic
properties and consistency differ from other samples.

The results obtained by thermodynamic (tensometric
and low-temperature calorimetric) methods should
obviously be considered objective indicators of the
quality of jelly products, which have both advantages and
disadvantages. The main advantage is their high accuracy
compared to express methods, which are most often used
during commodity expertise, since these physical and
mathematical methods are used in scientific research in
the food industry. The main disadvantage of such studies
is their specified duration: for the tensometric method —
3...4 weeks; for the low-temperature calorimetric method
—1...2 hours.

Based on the objectivity of the obtained quality
indicators of the studied jelly products, they can be used
during commodity expertise of these products both in
Ukraine and in the EU countries. It should be noted that
this allows expanding the possibilities of exporting jelly
products to the EU countries, which is important for
Ukraine's activities under martial law.

The prospect of research is the further expansion of
the range of products that can be examined by tensometric
and low-temperature calorimetric methods.
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Conclusions. Studies of the hygroscopic properties
of jelly products from different manufacturers by the
tensometric method have established that when choosing
packaging and formulating requirements for storage
conditions, it should be taken into account that the studied
jelly products from different manufacturers can be stored
in vapor-permeable packaging without spoilage at a
relative moisture of no more than 70...75 %. At the same
time, storage in vapor-permeable packaging without
drying out the product or without its excessive moistening
is possible at the following moisture ranges: TM "Biscuit-
Chocolate" — from 45 to 55 %; TM "Stymul" — from 45 to
55 %; TM "Klim" — from 35 to 45 %; TM "Jelini" — from
45 to 55%; TM "Haribo" - from 45 to 55 %;
TM "Roshen" — from 35 to 45 %. Storage of the studied
jelly products at a relative moisture of more than
70...75 % or under the condition of strict preservation of
its initial moisture content is possible only in vapor-tight
packaging.

Studies of the system water of jelly products from
different manufacturers by the low-temperature
calorimetric method have established that the largest
amount of system water, which has the properties of bulk
or, so-called, free water, is contained in samples of jelly
products from TM «Roshen» and TM «Biscuit-
Chocolate» (0.31 and 0.29 kg/kg, respectively), and the
smallest — in samples from TM «Haribo» and TM «Klim»
(0.13 and 0.15 kg/kg, respectively). Other samples occupy
an intermediate value in terms of the amount of frozen
system water: TM «Stymul» — 0.27 kg/kg; TM «Jelini» —
0.25 kg/kg. Based on the data obtained, it can be assumed
that during the development of the technology for the
production of jelly products, organoleptic properties were
prioritized for TM «Roshen» and TM «Biscuit-
Chocolate», and for TM «Klim» products, extended shelf
life was a priority. As for jelly products from
TM «Hariboy, unlike other studied samples, which belong
to jelly marmalade, it belongs to chewing marmalade, the
requirements for which in terms of organoleptic
properties and consistency differ from other samples. It is
noted that the results obtained are objective indicators of
the quality of jelly products, which can be used during the
trademark examination of this product.

The research was conducted within the framework
of the Erasmus+ program directed by Jean Monet under
the project "European concept of dynamic regulation and
coordination of examination of goods in customs affairs" /
"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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