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The article is devoted to the analysis of the state and dynamics of scientific developments in the field of
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presented. The study showed, that nowadays the industry of products with their content is acquiring market
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determined. Possible methods of biologically active substances (BAS) retention in the matrix of uronate
polysaccharides to reduce the risk of premature oxidation, destruction, decomposition, decomposition,
evaporation were described. The search for information allowed us to identify key technological areas for
the development of scientific research on the creation and use of HUP to improve people's lives and health.
The archives of the world's leading publications in the field of food chemistry, biotechnology, food engineer-
ing, chemistry of new materials, food polymers and hydrocolloids were analyzed. The authors used in their
work the resources of the Science Direct search system, which made it possible to determine the most prom-
ising and modern lines of development of HUP technologies and products based on them. The analysis of
technologies has shown that existing innovative technologies are formed on “basic” technologies for pro-
ducing solutions of high-molecular compounds under various conditions. Active modernization is carried
out in the direction of creating products with immobilized biologically active substances, as well as in
attempts to compose a composition with other polysaccharides and/or peptide components. The article notes
that existing technologies allow developing other technologies with the help of which it is possible to expand
the field of HUP application.
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Cmamws noceésweHa ananusy coCmosanus U OUHAMUKe HAYYHbIX paspabomox 6 0oaacmu co30anus NPOOYKmMoe 01 HCUSHU U 300P08bsL Ha
ocHoge 2udpozenetl us yponamuwix noaucaxapuoos (I'VII). B cmamve ompadicenvl pezyibmamsl MOHUMOPUHSA MUPOBBIX HAYYHBIX UCCIIE00-
G6aHULL U UX UBMEHeHUll 6 obiacmu mexHono2uti cozoanus u npumenenus I'VII. Aemopvl npedcmasunu pesyivmamsi pempocnekmueHo20
AHanU3a CyWecmeylowux mexHoI02Ull Ha OCHOBe MAOUZVUEHbIX 8 0ONACMU NUWEBbIX MEXHONIO2UL YPOHOBLIX KUCTIOM. 2TIOKYPOHOBAS, UOOY-
ponosas, 2uanyponosas. Hccieoosanue nokasano, 4mo Ha ce200Hs UHOYCMpuUsi NPOOYKMOS C UX COOePAUCaAHUeM npuobpemaem 6nomHe pblHo-
YHble Yepmbl, XOMs U uMeen HedOCMamoyHo noaHoe Hayunoe obocrosanue. Chopmuposanvl ceemenmvl paspadbomox ¢ UWUPOKo UCHOIb3Ye-
MbIMU YPOHAMHBIMU NOTUCAXAPUOAMU - NEKMUHAMU U ATbSUHAMAMU — NO 8UOAM 2uopozenell (2Uopo2eib HabyXuwul, cuopoeetb CuUmbli,
Kcepozens). B cmamve npedcmasienvt npumepbl U 6blsAGIeHbL mpebyemble C8ONUCMEaA Gewecms, NPeOHA3HAUEHHBIX 015 UMMOOUAUZAYUY UTU
UHKANCYIAYUU 6 MAMPUYY 2UOPO2eis U3 YPOHAMHbIX noaucaxapuoos. OnpedeneHvi OCHOGHbIE NPUHYUNDL CULUBAHUS YeNnOYeK YPOHAMHbIX
nonucaxapuoog 6 gasze cuopoeens. Onucanvl 803MoNuCHbIE CNOCODbI yoepaicanus buonocuyecku akmugnulx eewjecme (bAB) 6 mampuye ypo-
HAMHBIX NONUCAXAPUOO8 OIS CHUNCEHUS PUCKA NPEICOEBPEMEHHO20 OKUCTEHUs, 0eCmPYKYUU, pasnodcenus, pacnaoa, ucnapenus. Ilouck
uHghopmayuy NO3601UN ONpedeumy Kuouegsble MmexHon0cuieckue 001acmu paseumus Hay4HulX UCCIe008aHULL NO CO30AHUIO U NPUMEHEHUIO
T'VII ona ynyuwenus scustu u 300poswvsa nodeil. IIpoanarusuposansl apxugsl 6e0yujux Muposbix u30anuti 6 obracmu nuwjegoll xumuu, ouo-
MEXHOIOUU, NUWJEBOU UHICEHEPUU, XUMUU HOBLIX MAMEPUATIO8, NUWEEbIX NOTUMEPOS U SUOPOKOIIOUA0S. ABMOPbI UCNOIL308ANU 8 pabome
pecypcul nouckogoii cucmemvl Science Direct, umo no3eonuno onpedeiums Hauboiee nepcnekmugHbvle U cO8peMeHHble HanpagIeHus pa3eu-
mus mexnonoauii I'VII u npoOykmoe na ux ocrnoge. Ananus mexnono2uti NOKA3az, ¥mo cyuwecmgyiowue UHHOBAYUOHHbIe MEXHON02UU Chop-
MUPOBAHbL HA “‘OA3UCHBIX” MEXHONO2UAX NOLYHEHUs PACMBOPO8 BbICOKOMONEKVIAPHBIX COCOUHEHUN NPU PA3IUYHLIX YCI0BUAX. AKmMueHas
MOOepHU3aYUsL NPOBOOUMCSL 6 HANPABIEHUU CO30ANUSL NPOOYKMOG ¢ UMMOOUnusuposannvimu BAB, a maxace 6 nonsimkax cocmagums KOM-
no3uUYuIo ¢ OpyeUMU NOIUCAXAPUOAMY UW/UTY NENMUOHLIMU cocCmasisiowumy. B pabome ommeuaemcs, umo cywecmeylowue mexnonocuu
N0360JA10M PA36UANs Opyaue MexHOI02UU, C HOMOUbIO KOMOPBIX 803MONCHO pactuupums cepul npumenenus I'VII.

Knroueevie cnosa: YpoHamHble nmucaxapm)bl, albeunam, NeKmuH, KCanmawH, cudlyporoseas Kuciomd, eudpoeeﬂu, u.wm406uﬂusauuﬂ,

“cross-cononumepuzayus’”’.
Introduction

Relevance of the work. “Hydrogels” are cross-linked
polymeric materials that are used in the fields of science
and technology, as well as in the industry associated with
the extraction and processing of minerals and food
resources. New features of hydrogels are used in
industries related to human health and aesthetics.

The concept of “hydrogels” was first used by Wich-
terle and Lim in 1954 (Kokkarachedu et al., 2017). The
concept of “hydrogels based on uronate polysaccharides”
(HUP) was recently proposed (Kondratiuk & Pyvovarov,
2017). This is due to the fact that new possibilities of
these systems in the food industry were discovered. It is
the working name of the scientific cluster during the cre-
ating semi-finished and finished products based on the
principle of ionotropic gelation with the possibility of
phase transformations. HUP represent the frame, two-
phase systems, cross-linked together by various “cross-
copolymers”. Their role can be played by water
molecules, calcium ions, amino acids, organic acids,
peptides (including short-chain ones), hydrolysates,
polyunsaturated fatty acids, oligomers, vitamins,
flavonoids and other biologically active substances (BAS)
(Kondratiuk et al., 2017; 2018). The interaction between
the polymer chains of uronate polysaccharides and water
is carried out through capillary, osmotic, hydrogen and
Van der Waals forces, with the expansion of the chains of
uronate polysaccharides and the formation of the so-
called “pores”. Reactively capable functional groups are
arranged along the contour of such cells. These functional
groups have partially positive (-CHj;, -NH,) -either
partially negative charge (-COOH, -COH, -CO, -CH,OH).
This allows the immobilization of biologically active
substances by means of electrostatic attraction forces.

All processes come into dynamic equilibrium at the
last stage of the such “cross-copolymer” structures
formation. This state of hydrogel equilibrium depends on
the magnitude of these opposite effects. These opposite
effects determine the rheological and technological
properties of hydrogels, including internal molecule

transport, diffusion characteristics and mechanical
strength..

This predetermined new approaches to using HUP as
matrices with unique properties and characteristics.

The purpose and objectives of the study.

The purpose of this article is to analyze the scientific
literature in the field of the possibility of using hydrogels
based on uronate polysaccharides in food production
technologies.

The main task of the article is a retrospective analysis
of the state and dynamics of researches related to the
development of technologies based on the HUP; identifi-
cation of key technological directions for the market de-
velopment of products based on the HUP; analysis of
basic technologies in order to develop innovations in the
program of providing the population with high-quality
products and health-improving action.

Results and discussion

Hydrogels are used for food additives,
pharmaceuticals, biomedical implants, tissue engineering
and regenerative drugs, diagnosis of diseases, cell
encapsulation, as barrier materials for the regulation of
biological adhesion, biosensors and biomedical
microelectromechanical ~ devices. Their range of
applications has expanded to the creation of artificial
muscles, controlled drug delivery, the production of
contact lenses and other ophthalmic positions, dressings
and superabsorbents (Kokkarachedu et al, 2017).
Recently, hydrogels have become potential contenders for
the creation of intelligent functional materials.

After analyzing the existing information on this issue,
we made a fundamental conclusion: the unique properties
and enormous capabilities of hydrogels lie in the
uniformity of the chemical nature of the uronate
polysaccharides, namely, sodium alginate, pectin, xanthan
and hyaluronic acid. A wide range of applications is based
on the possibility of combining them with other
polysaccharides, such as chitosan, guar, cellulose,
starches, as well as proteins: whey proteins, gelatin,
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collagen and elastin. The combination is based on the
principles of macromolecules crosslinking with each other
with the participation of water molecules..

The authors (Lais et al., 2018) investigated the
processes of “cross-copolymerization” in the system
“chitosan-pectin”.

They found that the crosslinking of two
polysaccharides occurs through the formation of an ionic
bond between the amino group of chitosan (-NH;") and
carboxyl group of galacturonic acid in pectin (-COQO).
Most of all these particles are formed in protonated
surroundings. According to these authors, such systems
allow to obtain durable, but elastic films to ensure the
prolongation of the food quality, for example, meat.

A group of authors studied the processes of cross-
linking xanthan with glycerol (Bilanovic et al., 2016).
Three new phases were obtained based on the described
model in addition to hydrogels, as foams, aerogels and
films. Developers position objects as food systems in-
tended for non-meat users. However, the evidence base of
this issue in this article is missing.

The results presented in the paper (Karaca et al., 2019)
became interesting. They show the possibility of the food
films formation based on the combined “alginate-pectin”
hydrogel with the Helichrysum italicum extract as a
source of polyphenols in the matrix, which can reduce
microbial contamination on the surface of food products,
that are placed in such films.

The authors also considered the possibility of adding
protein (soybean, whey protein isolate and cannabis pro-
tein) to the hydrogel, but the attempt was not successful
and requires further work.

It is important to state a successful attempt to intro-
duce and retain the extract in the composition of the hy-
drogel, since this makes it possible to expand the range of
research in this particular direction.

The authors of (Busi¢ et al.,, 2018) presented the
results of a study in which alginate hydrogels were used
to immobilize biologically active compounds. However,
the authors report that the structure of the alginate gel
network is very porous and mainly results in a high
diffusion rate of the immobilized substance, which
reduces its effectiveness as a delivery matrix. To prevent
the loss of biologically active substances and the
preparation of effective immobilization, the use of fillers,
cocoa powder, and carob powder is proposed. Dandelion
leaf extract (Taraxacum officinale L.) was used as an
immobilizing substance. Also, whey protein isolate was
used as a filler.

Based on the studies conducted, the authors state that
using whey protein in alginate provides a better way to
retain polyphenols (> 93%) than new binary systems
based on alginate with cocoa free and carob (> 88%,). It
was also shown that the alginate-cocoa powder system
prepared with a lower concentration of calcium chloride
(2% CaCl,) provides the longest release of total
polyphenols and hydroxycinnamic acids. The results
obtained open up new directions for the design of binary
carriers of Dbiologically active substances and the
convincingly reasonable application of new plant
functional fillers, such as cocoa powder and carob for the
immobilization of flavonoids.

A group of researchers provides the results of work
(Gomez et al., 2006) on the creation of alginate-chitin
matrices intended for immobilization of an enzyme of the
invertase class, Saccharomyces cerevisiae, which has
previously undergone chemical modification with
chitosan. The researchers cite data that the output of the
immobilized protein object was 85%, and the activity was
97% of the initial value.

An interesting fact is that an increase in the thermal
stability of the immobilized enzyme by about 9 °C was
noted. The immobilized enzyme was also resistant to
incubation in solutions with high ionic strength and was
four times more resistant to heat treatment at 65 °C than
the native counterpart.

Interesting also can be noted the results of a study
given in (Liu et al., 2019). The authors have produced and
described alginate matrices combined with sodium
caseinate, to which curcumin has been added. Fourier
transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM) and surface hydrophobicity
measurements showed that the hydrophilic sodium
caseinate and sodium alginate particles are absorbed by
the upper layers of the zein — curcumin complex through
electrostatic interaction, which increases their dissolution
in water. Immobilization of curcumin in composite
nanoparticles not only significantly  improved
photochemical stability, but also provided controlled
release under conditions of imitation of the
gastrointestinal tract. The authors suggested that the
resulting composite nanoparticles would be used as a
carrier for the delivery of chemically unstable
hydrophobic active compounds in the food and
pharmaceutical industries.

In article (Enas, 2015), a broad analytical review of
the applications of polysaccharide-based hydrogels, in-
cluding uronate ones, is presented, but the food industry is
not presented. However, the work presents the classifica-
tion of hydrogels depending on the main components,
physicochemical characteristics of hydrogels and the
technical possibility of their use. The article also presents
production technologies, describes the conditions for
designing the process and building a flowchart, and offers
suggestions on how to optimize the process of preparing
objects for research, which is especially important for
reorganizing workshops at food factories that include
such innovations in the production cycle.

Conclusions

During the analysis of literature sources, special
attention was paid to the innovative direction of using
hydrogels as part of food systems. An approach to
optimizing information flows based on the explanation of
chemical interactions and phase transitions was important.
This allows us to understand the many-sided nature of the
HUP and the principles of innovations formation in the
field of food technologies.

Prospects for further research. Immobilization into
the hydrogels on the basis of uronate polysaccharides
matrix amino acids, vitamins and other biologically active
substances extracts is a unique strategy in creating of food
products that regulate and improve metabolism. Based on
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this strategy, it is possible to develop new technologies
for food products that retain unique properties even with
long storage periods.
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