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Abstract. The article presents the theoretical basis and practical
aspects of using binary compositions of uronide polysaccharides in the
technology of culinary products made from aquatic organisms in jelly fillings.
It has been shown how important it is today to use a composition of natural
high-molecular-weight polysaccharides (such as sodium alginate and low-
ester pectins) in order to improve the sensory characteristics of culinary
products from aquatic organisms in the menus of fish restaurants. Dissolution
of low-ester pectic substances is accompanied by the formation of different
lumps. To ensure dispersion of hydrocolloid particles, a dry mixture was
created. Sodium alginate and low-ester pectic substances were mixed with
salt and sugar, which was followed by swelling in water at 18-20 °C for 15
minutes. The swelling process has three stages and is characterised by the
swelling rate. Intense swelling of the mixture occurs in the first 10 minutes of
hydration at the hydromodulus 1:10, with the swelling rate changing from
1.88 to 0.58 tg a/hour. The degree of swelling is as high as 5.8%. Further
increase in time has almost no effect on the swelling process. The
experiments have helped determine the most practical mass fraction of
calcium ions that allows obtaining transparent gel with a stable,
homogeneous, elastic consistency (0.3-0.4% of 10% solution of calcium
chloride). The studies have shown that dispersions where the mass fraction of
the mixture of alginate and low-ester pectic substances is 1.8% have a
flowable consistency with the dynamic viscosity less than 0.94 Pa « s. This is
important for transportation and packaging of jelly fillings. The parameters
studied include the conditions and rate of gelation. They are responsible for
the high sensory characteristics of the finished products and for their elastic
consistency due to the regulated melting temperature, which is provided by
the composition of uronide hydrocolloids. Using a mixture of hydrocolloids
with the mass fractions ranging 1.6 to 1.8% leads to the formation of gel with
the strength over 140 g, which is evidence of high sensory characteristics.

Key words: jelly filling, uronide hydrocolloids, sensory characteristics.

form the structure of the jelly, but also add health-

Introduction. Formulation of the problem

A current trend in the modern food industry is
the development of fish products in which jelly filling
of prolonged storage is used [1,2]. The rheological
properties of fillings are largely influenced by the
nature of polysaccharide hydrocolloids that not only
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improving properties to the finished product.

The above shows how necessary it is to develop
scientifically grounded technologies of fish-based
culinary products using natural high-molecular-weight
polysaccharide hydrocolloids, which add certain
structural and functional properties and good sensory
characteristics to food [1,3]. However, manufacture of
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these products still faces a number of technological
problems that include obtaining fillings with the
required elastoplastic properties in the course of
gelation and preventing synaeresis during refrigerated
storage [4].

Analysis of recent research and publications

Culinary products in jelly fillings are traditional
mass-consumption dishes. The classic technology of
culinary products from fish is based on fish broths with
the use of gelatine. According to I. Parkhutova, to form
jelly only based on fish broth, the dry solids should
make up at least 12%. Such fish broths have a low
melting point of 14 °C. The gel is very soft and loose.
A combination of fish broth with gelatine allows
increasing the melting point to 22-24 °C and getting
soft, elastic gel [5]. For the formation of jelly like this,
the mass fraction of gelatine must be at least 4%. The
complexity of preparation of fish broth and the high
consumption of gelatine are the main problems in the
technology of fish culinary products. These fish
products have a very short shelf life (72-96 hours) due
to the protein nature of the gelling agent and the
presence of free amino acids [6].

Another problem when using the classic broth-
based filling is an extra technological operation,
clarification. Clarifying the broth is necessary to obtain
transparent, attractive-looking filling. Egg white is
usually used for this purpose [6].

Quite a disadvantage of these jellylike fillings is
a high content of extractives, which increases the stress
on the liver and kidneys and thus limits the range of
consumers of the products [7].

The above disadvantages of the classic
technology make it necessary to look for new
substances that have a structure-forming ability and
give the finished product therapeutic or prophylactic
properties. Natural high-molecular-weight
polysaccharide hydrocolloids are used as components
that help to improve the consumer properties of food
products. One of the widely used hydrocolloids is
sodium alginate obtained by alkaline extraction of
brown algae. Sodium alginate has a wide range of
therapeutic and prophylactic properties, that is why it is
widely used in medicine, biotechnology, and various
branches of the food industry [8,9].

In the formation of sensory characteristics, the
rheological properties of the structure-forming agent
play an important role.

The jellylike structure in solutions of alginates
is formed with the participation of ions of bivalent
metals by interaction of molecules with each other in
the zones of ionotropic gelation [10]. In this formation,
important factors are: the concentration of alginate, its
chemical composition and molecular weight, and the
ratio of the substances involved in the gelling process
(calcium salts as a source of ions, complexing agents:
phosphates, citrate, acids, etc.). The rapid course and
irreversibility of the binding reaction between
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polyvalent cations and alginates is a problem in the
technology of alginate jellies.

Hydrocolloids of plant origin are primarily used
in food technology to obtain a structure with certain
rheological parameters. Gelation of low-ester pectin is
carried out mainly due to the interaction between
pectin and calcium ions [1].

Mixtures of uronide hydrocolloids can be used
to obtain new and improved rheological properties of
jelly fillings for culinary products from fish [11]. At
low concentrations, sodium alginate makes the
structure highly viscous, has a pronounced neutral
taste, and the pH values of its solutions are close to
neutral, which corresponds to the pH value of fish
products. Gels formed by sodium alginate are heat-
inverted and relatively resistant to acids, which is
important in the production of fish culinary products
with the addition of food acidity regulators.

The study of associative interactions in
hydrocolloid systems was paid attention to in the
works by many domestic and foreign researchers,
whose purpose was to expand the functional and
technological properties of hydrocolloids [12,13].
Traditionally, carob bean gum is added to kappa-
carrageenan to obtain softer transparent gels, and carob
bean gum is added to xanthan gum to initiate the
gelation process [10].

This problem was also paid attention to when
studying how the type and concentration of food
ingredients of polysaccharide nature affected the nature
of crystallisation and stability of systems during deep
refrigeration [4].

There is great technological, physiological, and
economic potential for food products made in jelly
fillings from fish of inland waters and seafood, using
uronide hydrocolloids with controlled gelation. So far,
though, this potential has not been fully used.

The importance of the research consists in
studying the rheological properties of jelly filling based
on a composition of uronide hydrocolloids, namely
pectins with a low degree of esterification and sodium
alginate. Their combination will result in obtaining
gels with structural and mechanical properties other
than those of pure pectin or alginate gels. The data
obtained allow recommending the complex use of
these polysaccharides in the recipes of fish-based
culinary products.

The purpose and objectives of the research.
The purpose of the research is to study the associative
interactions of uronide hydrocolloids when making
fish-based culinary products in jelly fillings.

The objectives of the research are:

1. Developing a structural scheme of obtaining
jelly filling to determine the parameters of preliminary
preparation of hydrocolloids.

2. Studying the effect of technological
parameters on the rheological characteristics of the gel.
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3. Obtaining a jelly filling of viscous
consistency, with further formation of stable, elastic
gel.

Research materials and methods

For the research, we used low-ester apple pectin
in the form of fine powder (the degree of esterification
35%) obtained in the laboratory of the Odessa National
Academy of Food Technologies from pomace of
apples of winter varieties grown Odessa region. The
biotechnological methods used in the research included
processing an extract of high-ester pectic materials
with pectin-methyl esterase Lucerne [14].

Formation of the gelling composition involved
using sodium alginate of the brand Danisco FD 127 in
the concentration 1.0-2.0%. The source of calcium
ions was 10% solution of calcium chloride (PAT
Galichpharm, 10% solution of calcium chloride for
injection) in accordance with TU 21.2-25657043-069-
2014,

The main technological stages of obtaining jelly
filling with the required functional properties are
shown in Fig. 1.

The initial stage is the formation of a dry
mixture of structurants with salt and sugar, for uniform
swelling and dissolution of hydrocolloids.

Dynamic viscosity was determined on a rotary
viscometer Brookfield LV DV-II + Pro. The principle
of operation of the viscometer is based on the rotation
of a special measuring spindle immersed in the test
fluid, using a calibration coil spring. Each spindle is
characterised by two constants that are used to
calculate the viscosity [15].

The process of jelly formation was studied at 20
°C. The strength of the jelly was measured using a
modified Valent device according to GOST (State
Standard) 26185-84, which determines the mass of the
sample required to destroy the jelly. The strength is
determined by moving the work table at idle speed till
the collision of the surface of the sample and the
spherical nozzle. When the specified force of contact is
reached, the load on the sample changes at a set speed
till the sample is destroyed. After each successful
completion of the mode, the indicator shows the
average value.

Water Sodium Low- Sugar Salt Spicy broth  10% Vinegar
Alginate Esterified solution acid
Pectin CaCl, 80%

\—> Measurement and mixing

Swelling and dissolution

l

Measurement, mixing and boiling

l

Measurement of components and mixing <

Fig. 1. Block diagram of obtaining jelly filling

Results of the research and their discussion

It has been found that to ensure stable structural
and mechanical properties of the gel during
refrigerated storage, it is rational to use a combination
of low-methoxylated pectin and alginic acid in the ratio
1: 1 with the mass fraction 1.5%. In filling with these
parameters, synearetic changes are not observed and
gel with the strength 112 g is formed [1]. This strength
of the gel indicates the high sensory properties of the
finished product.

It is known that molecules of sodium alginate
consist of residues of D-mannuronic and L-guluronic
acids and have a polymeric structure. Molecules of
sodium alginate in water are solvated and dissociated
into sodium cations and multicharged highly elongated
polymeric anions of alginic acid. This phenomenon
explains the high viscosity of alginate solutions and
their gelling ability [4,16-18].
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The gel formation is significantly affected by
the degree of hydration of hydrocolloids. Sodium
alginate is highly hydrophilic, biocompatible, and
provides high viscosity of the structure at low
concentrations. L. Bolshakova et al. observed the
maximum watering of sodium alginate at the water
temperature 18-20 °C for 25 minutes. Increasing the
water temperature to 95 °C does not affect the
viscosity of the gel formed, but leads to an increase in
the energy consumption of the technological process
and the cost of production [16]. There are also data on
the optimal hydromodulus of sodium alginate and
water, which is 1:8, with the swelling time 40-
60 minutes [19].

To prevent sticking and partial dissolution of
pectic substances, it is important to ensure the
dispersion of particles of dry pectin powder [20,21].
According to the scheme shown in Fig. 1, the process
of swelling of a dry mixture of hydrocolloids with salt
and sugar has been studied. To make the swelling
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process effective, the hydromodulus was varied from
1:5 to 1:15. The findings are presented in Table 1.
Organoleptic evaluation of the swelling process
was performed using the method of scores with the
following weights: for appearance — k = 0.3; for
texture — k = 0.5; for fluidity — k = 0.2, and a system of
points: excellent 4.1-5.0; good 3.1-4.0,
satisfactory — 2.1-3.0; unsatisfactory — 1.0-2.0.
Swelling of dry alginate, pectin, and their
mixtures is accompanied by the formation of lumps,
characterised by a dull appearance, inhomogeneous
texture, and unflowable consistency. The highest
organoleptic evaluation of 5 points was received by the
mixture of low-ester pectin with sodium alginate, salt,
and sugar, with the hydromodulus 1:10. Increasing the
hydromodulus to more than 1:10 does not lead to

noticeable changes in the appearance, but the texture
becomes too fluid and requires an increase in the mass
fraction of the structurant. Factors that affect further
dissolution and gelation are the extent and rate of
swelling. The degree of swelling is the ratio of the
volume (mass) of the swollen hydrocolloid to its initial
volume (mass). The kinetics of swelling of
hydrocolloids has been studied by weight.

The experimental data (Fig. 2) show that intense
swelling of the mixture occurs in the first 10 minutes
of hydration. After reaching the degree of swelling
5.8%, the rate of swelling decreases and there is a
gradual slowdown in the degree of swelling over time.
A further increase in time has almost no effect on the
swelling process and the degree of swelling varies in
the range 6.0 = 0.2%.

Table 1 — Organoleptic evaluation of the swelling process, points

o Weight Hydromodulus, structure-forming agent:water
Samples Characteristics coefficient 15 175 110 1125 115
Low-ester Appearance 0.3 0.60 0.90 0.90 0.60 0.60
pectin
Texture 0.5 1.00 1.50 1.50 1.00 1.00
Fluidity 0.2 0.40 0.60 0.60 0.40 0.40
Overall rating 2.00 3.00 3.00 2.00 2.00
Sodium Appearance 0.3 0.60 0.90 0.90 0.60 0.60
alginate
Texture 0.5 1.00 1.50 1.25 1.00 1.00
Fluidity 0.2 0.40 0.60 0.50 0.40 0.40
Overall rating 2.00 3.00 2.65 2.00 2.00
Low-ester Appearance 0.3 0.60 0.90 0.90 0.60 0.60
Eggﬂj”mw'th Texture 05 1.00 150 175 1.00 1.00
alginate Fluidity 0.2 0.40 0.60 0.60 0.40 0.40
Overall rating 2.00 3.00 3.25 2.00 2.00
Mixture of Appearance 0.3 0.60 0.90 1.50 150 150
low-ester
pectin with | 1exture 0.5 1.00 1.50 2.50 2.25 1.50
sodium Fluidity 0.2 0.40 0.60 1.00 0.80 0.40
alginate, salt, Overall raii
and sugar verall rating 2.00 3.00 5.00 455 3.40

Extent of swelling, ¢ %

2

0

25 30 35 40 45 50

time, minute

Fig. 2. Kinetic curve of swelling:
1 — low-esterified pectin with a extent of esterification of 35%;
2 —sodium alginate; 3 — low-esterified pectin with sodium alginate;
4 — A mixture of low-esterified pectin with sodium alginate, salt and sugar
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The rate of swelling is characterised by the
angle of the curve showing the ratio of the degree of
swelling (a) to the time on the abscissa: the greater o,
the higher the rate. As can be seen from the graph
(Fig. 2), starting from the area at point A, the rate of
swelling decreases and at point B becomes constant.
The swelling kinetics of the hydrocolloid mixture was
evaluated by determining the tg angle of inclination
tangent to the curve describing the degree of swelling.
The estimated data are given in Table 2.

Table 2 — The rate of swelling of the mixture
of hydrocolloids (n = 5, p<0,05)

. Swelling rate,
Swelling stage (tg 0./ h)
1st stage (up to 5 min) 1.88
2nd stage (from 5 minutes to 10
. 0.58
minutes)
1st stage (from 10 min to 15 min) 0.05

As can be seen from the data (Fig. 2, Table 2),
at the third stage, the rate of swelling is almost zero.
The degree of swelling, which corresponds to the
appearance of a horizontal section on the curve, is the
maximum or equilibrium. Thus, the swelling
parameters of the hydrocolloid mixture are
substantiated. Analysis of the results has shown that
after 15 min, the test sample absorbs the liquid and the
system receives a stable state that does not change over
time.

The reaction of ionotropic gelation is an
important process in the production of edible jelly
fillings based on sodium alginate and low-ester pectin,
so a special attention is paid to the choice of the
component that promotes its course. In our studies, a
10% solution of calcium chloride was used as the
source of calcium ions. It is known from the
literature [10] that ionotropic gelation involving
alginates, low-ester pectins, and calcium ions is
characterised by a high reaction rate, so this process is
subject to special control, as it is important to obtain
gel with certain rheological properties. According to
the process flow chart developed (Fig. 1), the next
stage is mixing the prepared mixture of structurants
with pre-prepared spicy broth [1] and heating the
resulting solution. At high temperatures, gelation does
not occur because the polymer chains are in thermal
motion (have high thermal energy), which prevents
their reaction with calcium. Gelation only occurs
during cooling. That is why mixing was followed by
adding 10% solution of calcium chloride, which was
heated to 60 °C. It has been studied how adding the
mass fraction of 10% calcium chloride solution (from
0.1 to 0.5%) affected the strength of gels formed by the
composition of the hydrocolloids under study. The
experimental data are presented in Fig. 3.

To implement a full gelation process, it is
necessary to add at least 0.3-0.4% of 10% solution of
calcium chloride, as gel formed at this ratio has a
transparent, stable, homogeneous, plastic, and elastic
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consistency. A lower dosage of 10% calcium chloride
solution results in formation of gel with a soft, loose,
inelastic consistency. With 0.5% of 10% solution of
calcium chloride added, the gel has a dense and brittle
consistency. According to the sensory and rheological
studies, to obtain high-quality jelly, one should add
0.3-0.4% of 10% solution of calcium chloride.

In the technology of culinary products from
aquatic organisms, important conditions are the viscous
consistency of the jelly filling and the high strength of
the jelly after solidification. Fig. 4 and 5 show the
experimentally established dependencies of the
viscosity of the dispersions and the strength of the gels
on the mass fraction of the mixture of alginate and
low-ester pectin in the ratio 1:1.

180
160

140

120 A

100 A

80 A

60 -

4{] -J

20 A

0 A T T T T

0.1 0.2 0.3 0.4 0.3

Mass fraction of 10% calcium chloride
solution , %

Fig. 3. The dependence of the gel strength

of the mixture of hydrocolloids on the mass fraction of the
10% calcium chloride solution

The strength ofgels, g

1,2 7
£ 01 A
«
& 0,8 1
2 ]
Z 0,6
2 0.4 A
; 0,2 1
E 0 . : r . : r 1
g
- 0 1 1,2 1.4 1,6 1,8 2 2,2
a

The mass fraction of the mixture of alginate,%
Fig. 4. Dependence of the viscosity on the mass fraction of
the mixture of alginate and low-ester pectin in the ratio
1:1

It has been found that the dispersions studied,
which have a dynamic viscosity of less than 0.94 Pa ¢
s, are viscous fluids that meet the requirements of such
technological operations as transportation and
packaging of jelly fillings. From the graph (Fig. 4), it is
seen that the required viscosity corresponds to the
dispersion with the mass fraction of the mixture of
alginate and low-ester pectin 1.8%.

It has been studied how the strength of the gels
of the structure-forming mixture of hydrocolloids
depends on the mass fraction. The experiments have
shown that the strength of the gels formed does not
increase linearly, therefore the data received are
unique, and additional experiments are needed to
research changes in compounding jelly filling (Fig. 5).
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Fig. 5. The dependence of the strength of gels
on the mass fraction of a mixture of alginate:
low-esterified pectin in a ratio of 1: 1

Stable gels are characterised by a strength of
more than 140 g. Analysis of the experimental data
shows that the mass fraction of the structure-forming
mixture of hydrocolloids, which is sufficient for the
formation of stable jelly filling, can be considered 1.6
to 1.8%.

An important feature of the jelly fillings thus
obtained is a rather high melting point (26°C), which is
important in the technology of culinary products from
aquatic organisms [11].

Thus, using mixtures of uronide hydrocolloids,
you can regulate the texture of food systems to obtain
new rheological and functional properties of finished
products.

Conclusion
The  associative  interactions of  uronid
hydrocolloids in obtaining jelly fillings in the

technology of culinary products from aquatic
organisms are studied in the work. Technological
stages of obtaining a jelly-filled viscous consistency
have been developed, which provide for the need for
preliminary preparation of finely-divided powders in
order to prevent sticking and aggregation of particles.
The extent and rate of swelling of the dry mixture of
hydrocol-loids was determined and the parameters
were established: temperature 18-20 ° C, swelling time
15 min, hydraulic module 1:10, while the degree of
swelling is 5.8%.

The rational mass fraction of the 10% solution of
calcium chloride for the formation of a transparent gel
of stable, homogeneous, elastic consistency, which is
0.3-0.4%, was experimentally established.

It was investigated that dispersions with a mass
fraction of alginate: low-esterified pectin — 1.8%
have a viscous con-sistency with a dynamic
viscosity of less than 0.94 Paes, which is important
for the implementation of technological operations
of transportation and packaging of jelly fillings. The
conditions and rate of gelation, which provide
finished culinary products with high consumer
characteristics during certain storage life, were
studied and it was found that the gel strength of
more than 140 g forms a mixture of hydrocolloids
with a mass fraction of 1.6 to 1.8%.
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Kadenpa 6ioimxeHepii i Boxu

Opnecpka Hamionansaa Akanemis XapuoBUX TEXHOJIOTIH, ByIl. Kanataa, 112, Oneca, 65039

*HanionansHuit yHiBepcHTeT GiopecypeiB i mpHpogoKoprcTyBanHs Ykpainn, By11. ['epois OGoporH, 15,

M. KuiB, Ykpaina, 03041

Kadenpa texHomoTii M’ICHUX, pHUOHUX Ta MOPETIPOAYKTIB

*[lIkona XapyoBHX HayK, [HCTUTYT Hayku 1 TexHikn XeHaHb, CxinHa Byn. Xyanan 90, CinbcsH, 453 003, Kuraii
Kadenpa Texnosorii Mosoka i M'sica

*CymcpKuit HartionaTsHuMil arpapuuii yHiBepeuter, By [epacima Kougparsesa, 160, Cymu, 40021, Ykpaina

AHoTanisi. Y CTaTTi NPEACTaBIEHO TEOPETUYHE OOIPYHTYBAaHHS Ta NPAaKTHYHI acCIeKTH BUKOPHCTaHHS OiHapHUX
KOMIIO3UIIH YPOHIAHUX MOJicaXapyuIiB y TEXHOJIOTI] KyJiHapHUX BHPOOIB 3 TiAPOOIOHTIB y KeNeiHuX 3ainuBKax. [loka3aHo
aKTyaJbHICTh 3aCTOCYBAaHHS KOMIIO3HLII MPUPOJHUX BHCOKOMOJIEKYJSIPHHMX IIOJIICAXapHiB, TaKMX SK ajJbriHAT HATPIlO i
HU3BKOETEpU(IKOBaHI MEKTUHOBI PEYOBHHH, JJISI CIIPUSHHS MOKPAILICHHIO CCHCOPHHUX XapaKTEPUCTUK Ta 010JI0T1YHOI HIHHOCTI
KyJliHapHHX BUPOOIB 3 T11po0ioHTiB. [l0 3aBIaHb HOCIIIKECHHS BXOIMIO OTPUMAHHS JKEJICHHOT 3JTMBKH IUTMHHOT KOHCHCTEHII
3 HACTYITHUM YTBOPEHHSAM CTaOLIBHOTO, MPY)KHOTO TENIO JJIsl 3aCTOCYBAaHHA y TEXHOJIOTII MPOAYKTIB 3 TiApPOOiOHTIB.
OTpuMaHHS KeNEHHOT 3aIMBKH Tependadae BU3HAYCHHS MMapaMeTpiB MONEepenHbOi MiATOTOBKU T1IPOKOJIOIAIB; JOCTIIKEHHS
BIUIMBY TEXHOJIOTIYHMX IapaMeTpiB Ha CEHCOPHI XapaKTepUCTUKH Teimo. [Ipu po3YMHEHHI HHU3bKOeTepH(iKOBAaHHX
MEKTUHOBHUX PEYOBHH CIIOCTEPIraeThesl 3JIUIAHHSA 3 YTBOPEHHSAM TIpynodok. s 3abesnedeHHs OUCIEpryBaHHS YacTHHOK
CYXUX TOPOIIKIB TiJIPOKOJIOIIB CTBOPIOBAIM CyXy CYMIlll. AJIBIiHAT HATPil0 i HU3bKOETEepU(IKOBaHI NMEKTUHOBI PEYOBHHH
3MillyBajl 3 CULIIO 1 IIyKpOM 3 HAacTyIHHM HaOyXaHHSAM y Boxi 3a Temmeparypu 18-20 °C mporsrom 15 xB. Iponec
HaOyXaHHS BigOyBaeTbCA y TPH €TAalNHM 1 XapaKTepPH3YEThCS MIBHAKICTIO HaOyXaHHA. |HTeHCHBHe HaOyXaHHS CyMilli
BinOyBaeTbcss y mepmi 10 xBunwH rimparamii mpu rizpomoxymi 1:10 i3 3miHoro mBHAkocTi HaOyxanHs Bixm 1,88 no
0,58 tg a/rox. Ilpu mpoMy mocsiraeThest CTyIiHb HaOyxaHHS 5,8 %; mojanbiie 30iTbIIEHHS Yacy MPAaKTHYHO HE BIUTMBAE HA
mporiec HaOyxaHHs. ExcriepuMeHTaIbHO BCTAHOBIICHO PalliOHAFHY MAacOBY YacTKY i0HIB KaJlbLil0 Ul YTBOPEHHS IIPO30POTO
reio crabirbHOI, OfHOpPigHOI, mpyKHOI KoHcucTeHMii, ska ckiamae 0,3-0,4 % 10-Boro % po3unHy XJOpUIY Kajblilo.
JocnimkeHo, o Auctepcii 3 MacOBOIO YaCTKOIO CYMIllli albriHaT : HU3bKoeTeprdikoBaHi MEeKTHHOBI pedoBuHH 1,8 % MaroTh
IUIMHHY KOHCHCTEHIIIEI0 3 THHAMIYHO B's3kicTio MeHIie 0,94 Ila - ¢, 1110 BaXJIMBO 1151 3[iHCHEHHS TEXHOJIOTIYHUX OTepaIriit
TpaHCHOPTYBaHH i (hacyBaHHs xeleiiHnX 3anuBoK. CyMilll TiJpOKOJIOifiB 3 MacoBOIO YacTkoro Bix 1,6 1o 1,8 % 3abe3neuye
(hopMyBaHHS relmo MinHICTh Oinbie 140 T, M0 BiAOBiga€ BHCOKHM CEHCOPHUM XapaKTEPUCTHKAM.

Kaiouogi ciioBa: xeneifHa 3aMBKa, yPOHiIHI TiAPOKOJIOI TN, CEHCOPHI XapaKTEPUCTHKH.
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