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ABSTRACT In the article the method of synthesis and analysis of physical and chemical properties of film-forming edible gels
basing on compositions of uronic polysaccharides cross-linked with calcium nanoparticles. The prospects for the practical use of
synthesized compositions on the basis of high-guluronate sodium alginate and low-ester amidated pectin as materials for provision
of film-forming edible gels is determined. The interphase boundary in the composite hydrogel is analyzed, which is a transition layer
in which the properties change gradually (transition from the properties of phase 1 to the properties of phase 2), while the second
phase, with consideration of interphase interactions, is responsible for morphology of film-forming edible gels. The nature of the
interactions between the components that is determined to covalent bonds in block- and graft copolymers, forming interpolymer
complexes at the expense of appearances of hydrogen bonds, donor/acceptor, ionic and hydrophobic interactions of functional
groups, as well as due to engagements of macromolecular chains in interpenetrating and semi-interpenetrating polymer networks.
There were studied functions of low-molecular weight polyuronate fractions in binding calcium and calcium-induced gelling of
normal low methoxyl pectin (LMP) - the fractions of pectin with two different degrees of esterification (DE), as well as of alginate
with two different mannuronate/ guluronate (M/G). It was established that solution on the basis of P:A (pectin/alginate)
compositions have properties of non-Newtonian liquids, which viscosity depends on shear stress. It was found that content of non-
film-forming additives shall be within molecular ratios with consideration of binding points. The water solubility of two-ingredient
films and their moisture permeability were determined, and it was shown that the solubility increases in proportion with growth of
content of cross-linking agents while growth of moisture permeability is just inconsiderable. The results of the work became the
scientific basis for the development of technology of food coatings that self-organize and biodegrade under standard conditions.
Keywords: film-forming edible gels; uronic polysaccharides; sodium alginate; low-ester amidated pectin; calcium ions; synthesized
composites.

TEOPETUYECKHUE ACHIEKTbBI U3YYEHW S HOJTUMEPU3AIIMOHHBIX
ITPOLOECCOB ITPH ®OPMUPOBAHUMU INOJIUCAXAPUIHBIX 'MIPOI'EJIEA C
AMMWHOKUCJIIOTAMHA
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AHHOTALIHA B cmamve paccmompero Memoo cuHme3a U aHAIU3A DUIUKO-XUMUHECKUX XAPAKMePUCUK 2efell NUujesbix
NIEHKOOOPA3YIoOWUX HA OCHO6e KOMNO3UYUL YPOHOBLIX NOAUCAXAPUOO0S, CUUMbIX Hanovacmuyamu kanvyus. Onpedenena
HEeobX00UMOCmb CO30aHUA 2UOpoeell Nuwesbix nieHkoodpasyowux. Hccnedoeanst QyHKyuu HUSKOMOIEKYIAPHBIX NOIUYPOHAMHBIX
@pakyuil 6 CeA3bIGAHUU KATLYUA U UHOYYUPOBAHHO2O KaNbYueM 2e1e00pa306aHus HOPMAIbHO20 HUSKOMEMOKCU-NEKMUHA.
Pesynomamul pabomul cmanu Hay4HblM 0CHOS8AHUEM Ol pa3pabOmMKu MexHOI02UY NUWEBbIX NOKPLIMUL, YMO CAMOOP2AHUZYIOMbCS
u buodezpaoupyrom npu CmaHOAPMHLIX YCIO0BUSX.

Knioueevie cnosa: cenu nuujegvie nienxoobpasylowue;, ypoHogvie NOIUCAXAPUObLL, ANbSUHAT HAMPUS, HUZKOIMeEPUDUPOBANHbLLL
NeKMuUH, UOHbL KATbYUs, CUHME3UPOBAHHbIE KOMNOZUMb.

Introduction

The film-forming edible gels on the basis of uronic
polysaccharides (sodium alginate and low-ester amidated
pectin) comprise a promising generation of materials, in
particular, coatings for different industries, including food
industry and catering business [1].

The most promising is use of such materials in
creation organic foods and edible envelopes for many
groups of goods, in particular for delivery of finished

products to their destination with possibility of prevention
of moisture release from semi-finished products and
further mixing flavoring substances. Due to use of the
film-forming edible gels, an opportunity of joint
transportation of different culinary semi-finished products
appears with saving quantity of packaging materials.

This explains an urgent necessity of search for new
and optimization of existing approaches to synthesis of
compatible materials on the basis of uronic
polysaccharides with given chemical and phase
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composition, which determine morphological, structural,
physical, physiological and toxicological properties of
obtained edible coatings [2].

Also an important factor is the type of
polysaccharide modification, which determines the
possibility of forming the gel spatial network by reaction
of ionotropic gelling with metal ions (in particular,
calcium ions), with subsequent forming the protective
envelope having certain functional characteristics,
including increase of shelf life with retention of high
sensory parameters [3-5].

Purpose

The purpose of this work is synthesis and analysis
of physical and chemical properties of film-forming
edible gels basing on compositions of uronic
polysaccharides cross-linked with calcium nanoparticles.

Use of pectin and alginate macromolecules as
polymeric stabilizing envelope is determined by a number
of their unique properties combining polyfunctionality,
non-toxicity, water solubility and own physiological
activity, which comprises precondition for creation of
multifunctional materials in many branches of
industry [6].

A great potential of practical use of compositions
on the basis of high-guluronate sodium alginate and low-
ester amidated pectin as materials for provision of film-
forming edible gels is determined by sufficient available
resources of pectin- and alginate-containing materials,
which are contained in all vegetable raw materials and
brown sea algae.

The advantage of the synthesized composites on
the basis of uronic polysaccharides cross-linked by
calcium ions consists, on the one hand, in synergism of
properties of each carbohydrate component of polymeric
matrix, and, on the other hand, in their high technological
characteristics, in particular: high strength, sufficient
elasticity, transparency, neutrality in relation to taste and
odor, high speed of transition from viscous-flow
condition to elasto-plastic body with subsequent
solidifying [7].

Basic material

The films were formed from solution by pouring
onto glass surface with subsequent its distribution over
the surface with the help of a special attachment —
“scraper” having a clearance making it possible to
distribute the solution evenly over the glass surface for
achievement of uniformed thickness of formed film. Prior
to application of solution, the glass substrate was
specially prepared by careful washing and drying. The
ready solution was applied to the surface in the form of a
thin strip, and then the film was formed with the use of
the scraper with a clearance of 1 mm.

During forming the film, the temperature was fixed
directly before pouring the solution onto substrate. In

some cases, the substrate (glass) was also previously
heated.

The freshly formed film was immediately placed
in drying box where it was held at strictly defined
temperature and time (t of drying). The forming and
drying parameters of all films obtained during this work
was chosen with consideration of literature data on gelling
temperature of chosen polymer solutions for provision of
homogeneity of the forming solutions, as well as
thickness of obtained film (the lesser the film thickness,
the lesser time it requires for drying). After drying, the
films were taken out from the drying box, cooled down to
room temperature and removed from the substrate.

For studying influence of forming temperature on
mechanical properties of the films obtained by the above
methods, there were prepared the solutions with P/A
(pectin/alginate) ratios = 100:0; 90:10; 80:20 and 70:30.
All solutions contained 2 g of polymers and 100 g of
solution. The prepared solutions were removed from
thermostat and gradually cooled down to required
forming temperature (from 70°C to 30°C). On each of
previously prepared glass substrates, from each solution,
as it was cooled, five films were formed with the use of
scraper having clearance of 1 mm, at forming temperature
70, 60, 50, 40 and 30°C. Each film was placed in drying
box just after forming and was dried at 60°C for 30
minutes.

Discussion of the results

Lately, use of edible gels became more desired.
They, in addition to hydrophilic properties, also have
other target characteristics, such as gas permeability
peculiar for hydrophobic materials (polysiloxanes and
fluoropolymers), high mechanical strength of material in
hydrated condition, compatibility with biological tissues,
optical transparency, electrical conductivity, etc.
Combination in one material of the said properties makes
it possible to create unique products, for example, soft
contact lenses with high oxygen permeability, carriers of
water insoluble medicines, adsorbents capable of
absorption of both hydrophilic and hydrophobic
substances, new membrane materials and other products.
The said objectives may be achieved due to obtaining
principally new materials — composite hydrogels
containing at least two ingredients, each of which fulfils
certain functions.

However, creation and study of film-forming
edible hydrogels became the most prospective line in
catering and service industry. It is evident that the
characteristics of composite hydrogel are not only based
to physical and chemical properties of individual
ingredients but also on the material structure. With
consideration of practically unlimited thermodynamic
compatibility of uronic-nature polymers between each
other, between ions of some metals (calcium, magnesium,
iron, copper, chromium), as well as possibility of
provision of polymeric matrices cross-linked with amino
acids (glycine, threonine, cysteine), even with inclusion of
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fatty acids (oleic, linoleic, linolenoic) as branching agents,
it became possible to form hydrogels of different
composition, beginning from dense polysaccharide gel to
forming structures of “matrix/nanosized inclusions” type
or appearance of structures, in which both polymeric
phases are continuous [8].

In case of connection in one composite hydrogel of
two hydrophilic polymers, the morphology of the material
is not always evident. Taking into account an obligatory
presence in the hydrogel of one more ingredient (water),
we can suppose that in some cases, this ingredient may
serve as a solvent promoting connection of the polymers,
that is, under certain conditions, the composite hydrogel
may comprise a single-phase system.

The single-phaseness prediction for hydrogel with
nanoparticles has become quite evident. Since interphase
boundary in such materials is not distinct, it may comprise
a transition layer where a gradual change of properties
(transition from properties of phase 1 to properties of
phase 2) takes place. As to properties of the phases
forming the composite hydrogel, at least one of them must
be polymeric hydrogel. In this case, the hydrogel is
synthesized from natural ingredients easily assimilated by
human body with pronounced positive physiological
effect after consumption of such systems.

The second phase, with consideration of interphase
interactions, is responsible for morphology of film-
forming edible gels. In addition to morphology, other
factors (size of structural elements, nature of interphase
interactions, methods of obtaining and connection of two
phases) are also quite important and may be used as a
basis for classification of such systems. It is worth to note
that change of dimensions of structural elements may lead
to creation of materials consisting of the same ingredients
but having principally different properties [9]. As to
nature of interactions between ingredients, these
interactions may be due to covalent bonds in block- and
graft copolymers, forming interpolymer complexes at the
expense of appearances of hydrogen bonds,
donor/acceptor, ionic and hydrophobic interactions of
functional groups, as well as due to engagements of
macromolecular chains in interpenetrating and semi-
interpenetrating polymer networks. The said interphase
interactions are directly connected with methods of
obtaining composite polymeric hydrogels: connection of
polymers in solution and subsequent forming physical or
chemical bonds between polymers, co-synthesis or
sequential synthesis of polymers accompanied by phase
separation [10]. The technological implementations of
these two variants are quite various and will be studied in
a short time.

There were studied functions of low-molecular
weight polyuronate fractions in binding calcium and
calcium-induced gelling of normal low methoxyl pectin
(LMP). The fractions of pectin with two different degrees
of esterification (DE), as well as of alginate with two
different mannuronate/ guluronate (M/G) ratios were
obtained within molecular-mass range approximately
from 40 to 65 kg/mol. In mixtures of LMP and each

fraction of polyuronate, the relative viscosity (n r) of
diluted solutions and rheological properties of gels were
studied in presence of calcium. Different results were
obtained for pectin and alginate fractions. Addition of
pectin fractions, irrespective of their DE, increase of n r
of diluted solutions and increased dynamic storage
modulus (G") of gels demonstrated a greater effect for
lower DE. On the contrary, addition alginate fractions,
irrespective of M/G ratio, increased critical threshold
concentration of calcium required for increase of n r of
diluted solutions and decreased G' of gels, demonstrating
a greater effect for lower M/G.

Conclusions

It was established that solution on the basis of P:A
(pectin/alginate) compositions have properties of non-
Newtonian liquids, which viscosity depends on shear
stress. For mathematical description of composites
behavior, the power-law dependence of Ostwald-de Ville
equation is the most suitable since it corresponds to the
pseudoplastic fluid model. The correlation of dependence
of solutions properties from composition with mechanical
characteristics of the films formed from them (rupture
strength and elongation) was detected. It was found that
content of non-film-forming additives shall be within
molecular ratios with consideration of binding points.
Otherwise, the mechanical properties of the films
deteriorate in a great extent. The water solubility of two-
ingredient films and their moisture permeability were
determined, and it was shown that the solubility increases
in proportion with growth of content of cross-linking
agents while growth of moisture permeability is just
inconsiderable. The obtained films have a good prospect
of use as an edible packaging for many groups of foods.
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Byos nacka, nocunaiimece na yio cmammio HACMYNHUM YUHOM:

Topogunua, A. B. TeopernuHi acmekTH BUBUYCHHS IOJIMEpPH3AI[HUX IpoueciB Hpy (GopMyBaHHI IOJiCaXapUIHUX
rigporenis 3 aminokuciaotamu / A. B. T'opognunya, €. I1. [IuBoBapos, O. I1. Hekaeca // Bichux HTY «XI1l», Cepis: Hosi piwienns
6 cyuacnux mexuonoeiax. — XJYXT. —2017. — Ne 53 (1274). — C. 60-64. — doi:10.20998/2413-4295.2017.53.09.

AHOTALIIIA Y cmammi posensnymo Memoo cunmesy ma aHARI3y QI3UKO-XIMIYHUX XAPAKMEPUCIMUK 2eli8  XAPYOGUX
NII6KOYMBOPIOIOYUUX HA OCHOGI KOMNO3UYILl YPOHOBUX NOAICAXapudis, 3WUMUX HaHOYACMUHKAMU Kabyito. Busnaueno neobxionicme
CMBOpeHHs 2i0pozenie Xapuoeux naieKoymeoprwuux. [ocnioiceno @QyHKYii HU3bKOMONEKYIAPHUX NONIYPOHAMHUX dparyii 6
36'A3y8aHHI Kanbyilo i IHOYKOBAHO20 KANLYIEM 2e/1eyMBOPeHHs HOPMATLHOLO HU3bKOMEMOoKcU-nekmuny. Pezyrsmamu pobomu cmanu
HAYKOBUM RIOIDYHMAM Ok PO3POOKU MEXHOA02IT XApuoeux NOKPUMMmIs, wWo CAMOOP2aHi3yIomucs I 6iodespadyioms npu
CMAHOAPMHUX YMOBAX.
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