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Abstract

Background. Problem of transformation of complex food systems is incom-
pletely solved. In the framework of this problem, the incompletely solved problem
of three-dimensional structure of proteids, including collagen, takes place. In this
regard, the authors propose solutions of this problem basing on the study of struc-
tural rheological properties of polydisperse heterogeneous systems on the basis of
natural intentionally modified biopolymers, incl. their microstructures. The rota-
tional viscometry and analysis of images obtained with the scanning electron mi-
croscopy have been used as test methods. As a result, dependencies of the dynamic
viscosity from the speed rate of the shear deformation have been obtained. They
have shown relatively regular changes of the viscosity indicators. Data from the
electronic microscopy let us to diagnose the structure of raw material and specially
prepared semi-finished product, dominated by biopolymers, for further processing
in industries.

Purpose. Taking into account the problem urgency, introduced in the first part
of the article, we have stated the characteristic dependence between the dynamic
viscosity of the typical polymer solution — alginate (semi-finished product for arti-
ficial caviar production) and shear deformation speed rate.

Materials and methods. The directions of solving the issue of microstructure
and properties of biopolymers from different groups are actualized. In particular,
biopolymers of alginate type and proteins from the collagen group have been in-
vestigated.

The peculiarities of the denaturation of native proteins cause the necessity of
their further study (analysis of the initial architectonics of molecules, their changes
under chemical and/or thermal influences) in the preparation of raw materials for
the product manufacturing, feeds, etc. The general orientation of process organiza-
tion is to avoid denaturation transformations.
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However, treatment in media with the adjustable pH level is expected. The ex-
ample is the treatment with electrolyte solutions (OH"), which weakens the complex
of cross-links, which causes some disturbance of the original histological structure
of tissues, but does not lead to denaturation, preserving in general the molecular
structure of the main structural molecular units (chains) of proteids.

Results. The first section of the rheogram, the “difficulty” of the system shear
and then, a relatively uniform course of the graph, which may indicate that this
solution is “stabilized” by structural agents based on natural biopolymers. The ap-
proximation reliability coefficient R2 = 0.98 demonstrates a high approximation of
the trend line to the exponential model of the equation.

It is worth to mention the study by E.Yu. Agarkova et.al. which made it possible
to reveal the exponential dependence between dynamic viscosity of polydisperse
milk-based food systems depending on the mass fraction of psyllium in them. The
obtained rheograms revealed nonlinear and non-additive dependences between vis-
cosity and psyllium content in them.

Enhancing our own results, we have pointed out that the composition of the
studied Collagen brand supplements also includes color-forming and flavor-forming
additives. Comparative analysis of rheological data is hampered by the lack of pub-
lications in domestic sources. There is some information on mechanical parameters
(e.g., the Young modulus, etc.) for protein hydrogels in foreign sources, F. Linglan.
However, the elasticity modulus is used to characterize hydrogels.

It seems that these results are consistent with the studies of biopolymers by Hu
Shiao et.al. [16], who revealed the special rheology of biopolymers with carbohy-
drate compartment. Thus, their thixotropic behavior was revealed.

Conclusion. The non-Newtonian flow character of biopolymer solutions can be
characterized as visco-plastic, the properties of thixotropic medium were observed.

Based on the obtained results, the database on rational directions of processing
of various biopolymers, which play, first of all, the role of structure formers, is be-
ing replenished. It is possible to combine these or those biopolymers in vitro with
the purpose of further involvement in the production of food products and biolog-
ically active food additives.

The use of the combinatorics principles, more effective and functional food sys-
tems, will establish the compliance of the developed products with the principles
of healthy nutrition. Especially it expands the possibilities of tissue repair from the
group of supporting tissues, optimizes the functions of the gastrointestinal tract of
humans and/or animals.

Thus, prospects for the food system development, creation of new feeds, mate-
rials for medical purposes, etc. are opened.
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PEOJIOTUA 'ETEPOI'EHHBIX IIMINEBBIX CUCTEM
HA OCHOBE BUOITIOJIUMEPOB

A.FO. Coxkonos, /I.U. Illuwkuna, O.I. Illenomxkuna

Annomayus

O6ocnoBanue. [Tpodnema TpaHchopMariy CIOKHBIX ITUIIEBBIX CUCTEM SIBIISIETCS
HETOTHOLICHHO PEIICHHO#. B paMKax 9Toi mpoOieMbl IMEET MECTO He JI0 KOHIIA PEIlieH-
Hasi Mpo0sieMa TPEXMEPHOH CTPYKTYpBI OEJIKOB, B TOM YHCIIe KoJuTareHa. B cBsi3u ¢ atum
ABTOPBI IIPEIATaloT PELIeHNEe TAHHOI POOIEMbI Ha OCHOBE N3y4YEHHsI CTPYKTYPHO-Pe-
OJIOTUYECKHX CBOMCTB MOIMANCIEPCHBIX FeTEPOreHHBIX CHCTEM Ha OCHOBE IPHPOTHBIX
HaMEpEeHHO MOAM(HUILIMPOBAHHBIX OMOIOINMEPOB, B TOM YHCIIE HX MUKPOCTPYKTYp. B
Ka4eCTBE METO/IOB MCCIIEIOBAHMSI HCTIONB30BAHBI POTAIOHHASI BACKO3UMETPHS 1 aHa-
JIM3 N300paKEHUH, MOITYYSHHBIX C TOMOILBIO CKAHUPYFOLISH IEKTPOHHON MUKPOCKO-
iy, B pesynsrare ObUIH OTyYeHb! 3aBUCUMOCTH AMHAMUYECKOH BI3KOCTH OT CKOPOCTH
cIBUroBoi pedopmarmu. OHH MOKa3aay OTHOCHUTENBHO PETYISIPHOE N3MEHEHHUE MOKa-
3aresei BI3KOCTH. JJaHHBIE SNEKTPOHHON MUKPOCKOITUH MO3BOJISIFOT THarHOCTAPOBATH
CTPYKTYPY CBIPBsI M CIIELIHAIBLHO TIOJIrOTOBICHHOTO Toyadpukara ¢ npeoliiajaHuem
OUOTIONTMMEPOB IS IATIbHEHIIIeH TepepaOOTKH B IPOMBIIIIICHHOCTH.

Leab. YauTeBas akTyaJbHOCTB IPOOJIEMBIL, TIPEICTABICHHON B IEPBOIl YacTH
CTaThH, HAMH ObLJIA YCTAHOBJICHA XapaKTePHAsI 3aBUCUMOCTh MY ANHAMHYECKO#
BSI3KOCTBIO PACTBOPA TUITMYHOTO MOJIMMEpa — alibruHara (monydadpukara Juis mpo-
M3BOJICTBA MCKYCCTBEHHOM UKPBI) U CKOPOCTHIO CIBHTOBOI AedopMariuy.

MarepuaJbl 1 MeTOIbI. AKTYaJTU3UPOBAHbI HAMPABJICHHS PEIICHHsT BOIIPOCa
0 MHUKPOCTPYKTYpE U CBOHCTBaX OMOMOJIMMEPOB PAa3JIMUHBIX Ipymil. B yactHOCTH,
HCCIIeI0BaHbl OMOTIOIMMEPHI IBTMHATHOTO TUITA M OSJIKU U3 TPYIIIBI KOJUIareHa.

Oco0eHHOCTH AeHaTypalli HATUBHBIX OEJIKOB 00YCIIaBINBAIOT HEOOXOIUMOCTb
nux ﬂaaneﬁmero HU3YUCHUS (aHaJ’lH?; PICXOZ[HOI\/’I APXUTCKTOHUKH MOJICKYJI, UX U3-
MEHEHHH NMPY XUMHUYECKUX W/MIH TEPMHUUCCKUX BO3IEHCTBHSX) MPHU MOATOTOBKE
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CBIPBS LTS TPOU3BOJCTBA ITPOIYKTOB, KOPMOB U T.1. O0IIast HAPaBICHHOCTH Opra-
HU3AIMH TPOLIecca 3aKII0YaeTCs B TOM, YTOOBI H30€XkKaTh IeHaTYPALlMOHHBIX Ipe-
BpalleHUI.

OnnHako mpenmnonaraercsi 00padoTKa B Cpeiax ¢ peryimmpyeMbIM ypoBHeM pH.
ITpumepoM MOXKET CIIyKUTh 00paboTKa pacTBOpamu nnekrponutos (OH"), kotopsie
0Ca0MISIOT KOMIUIEKC TIONEPEUHBIX CBA3€EH, UTO BBI3BIBACT HEKOTOPOE HAPYLICHUE
HCXOTHOW THCTOIOTUYECKON CTPYKTYPHI TKAHEH, HO HE TPUBOIUT K JACHATYpalHH,
COXpaHsIsI B LIEJIOM MOJIEKYISIPHYIO CTPYKTYPY OCHOBHBIX CTPYKTYPHBIX MOJIEKY-
JISPHBIX €IMHUIL (1eTieil) MPOTEn 10B.

PesyabTarhl. [IepBolif yaacTok peorpaMmbl, «TPYIHOCTHY CABUTA CUCTEMBI, a
3aTeM, OTHOCHTEILHO PAaBHOMEPHBII X011 rpaduKa, 9TO MOXKET CBHIETEIHLCTBOBATh
0 TOM, YTO JAHHBII pacTBOP «CTaOMIIN3UPOBAH) CTPYKTYPOOOpa30BaTe/I MU Ha OC-
HOBE MTPUPOIHBIX OnornoauMepoB. KoadduimeHT 10CcTOBEpHOCTH anmmpoKCHMaIH
R2 = 0,98 cBueTENBCTBYET O BHICOKOW CTENICHN MPHOIMKCHHS JIMHUKM TPEH/IA K
9KCIIOHEHLIMAJILHOW MOJIENIN YPaBHEHUSL.

Crnenyet ormeTuth uccnenoBanue E.JO. ArapkoBoil ¢ coaBTOpamu, KOTopoe
MTO3BOJIMJIO BBISIBUTH AKCHOHEHIHAIBHYIO 3aBUCHMOCTD AMHAMUYECKON BSI3KOCTH
TTOJIMIUCTIEPCHBIX MHIEBBIX CUCTEM Ha OCHOBE MOJIOKA OT MAacCOBOM JIOJIM IICHII-
JinymMa B HUX. HOHy‘{CHHbIG peorpaMmbl BBISIBUIIN HEJIMHEHHBIE U HECAJAUTHUBHbIC
3aBUCHMOCTH MEXITy BSI3KOCTBIO M COJEPIKaHHEM B HUX ICHIUINYMA.

VYennuBasi cCOOCTBEHHBIE Pe3YJIBTAThI, MBI YKa3aJH, YTO B COCTaB UCCIIETYEMBbIX
no6aBok Mapku «Kostaren» Takske BXOIAT LBETOOOPa3yIOIIUE U BKycO0Opasyto-
mue 1o6aBky. CpaBHUTENBHBINA aHAIN3 PEOJIOTHYECKUX AAHHBIX 3aTPYIHEH OT-
CYTCTBHEM IyOJNUKALUi B OTEUECTBEHHBIX HCTOUYHHKaX. HekoTopast mHpopMaust
0 MEXaHWYECKHX rapameTpax (Hanpumep, Moayib FOHra u 1p.) 1uist O€JIKOBBIX -
Jporeneit ecth B 3apyO0eKHbIX cTOuHNKAX, . Jlunrnan. OHaKo Juis XapaKkTepu-
CTHKH THIPOTeJIed HCIOIB3YeTCsl MOAYb YIIPYTOCTH.

OTH pe3ynbTaThl COMIACYIOTCS C UCCIIEIOBAHUSAMH OMONOIMMEPOB, POBE/ICH-
HbIMU Xy [1I1ao u coaBt., KOTOpPBIE BBISBUIA 0COOYIO PEOJIOTHIO OHOTIOIMMEPOB C
YIJIEBOJHBIM KOMITAPTMEHTOM. Tak, ObLIO BEISBIEHO UX THKCOTPOITHOE TIOBEACHHE.

3akioyeHue. HeHbIOTOHOBCKMI XapakTep TEUEHHs PacTBOPOB OMOIOIHNME-
POB MO>KHO OXapaKTEepHU30BaTh KaK BA3KO-IIACTUYECKUH, HAOMIOIaIMCh CBOMCTBA
THUKCOTPOITHOH CpebI.

Ha ocHoBaHMU 1TOJTy4EHHBIX PE3y/IbTATOB MOMOIHACTCS 0a3a JaHHbIX 110 PaLU-
OHAJIBHBIM HAIPABJICHUAM HepepadOTKU PasINYHbIX OMONIOIMMEPOB, UTPAIOIIUX,
IIPeXIe BCETro, polb CTPYKTYpooOpaszoBaTeneil. BosMokHa KOMOMHAINS TeX WU
WHBIX OHOIIOIMMEPOB in Vitro ¢ IeNbio TaTbHEHIIero BOBJICUEHHS B IPOU3BOACTBO
MUILIEBBIX POAYKTOB U OMOJIOTMYECKH aKTUBHBIX JOOABOK K ITHIIIE.
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Hcnonp30BaHUE MPUHITUIIOB KOMOUHATOPHUKH, Oosiee 3Q(HEKTUBHBIX U QyHK-
[UOHAJIBHBIX MUIIEBBIX CUCTEM, MO3BOJHUT YCTAHOBUTH COOTBETCTBUE pa3padarhi-
BAeMBIX MPOAYKTOB MPHHITUIAM 370pOBOTO muTaHus. OCOOEHHO 3TO paciiupseT
BO3MOKHOCTH BOCCTaHOBJICHHS TKaHEH M3 IPYIIIIbI OTIOPHBIX TKAHEH, ONTUMH3UPY-
eT (DYHKIUH KETyTOYHO-KUILICYHOTO TPAKTA YETOBEKa 1/UIIN KUBOTHBIX.

Takum 00pa3oM, OTKPHIBAIOTCS TEPCTIEKTUBBI JJISl PA3BUTHSI CHCTEMbI TUTAHHS,
CO3/1aHMS HOBBIX KOPMOB, MaT€PHAIOB MEJUIIMHCKOTO Ha3HAYESHUS U T.JI.

KaroueBble cji0Ba: MUILEeBas Cpe/ia; BI3KOCTb; TETEPOreHHbIC CHCTEMBL; OCITKH;
OUOTIOIUMEPBHI; KOPMOBBIE IIEJTH

Jast umtupoBanusi. Coxonos, A. 0., llumxkuna, /1. U., & llenorkuna, O. I.
(2025). Peomorus reTeporeHHBIX MHUIIEBBIX CUCTEM Ha OCHOBE OHOITOIMMEPOB.
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Introduction

Problem of transformation of complex food systems is incompletely solved.
In the framework of this problem, the incompletely solved problem of three-di-
mensional structure of proteids, including collagen, takes place. In this regard,
the authors propose solutions of this problem basing on the study of structural
rheological properties of polydisperse heterogeneous systems on the basis of
natural intentionally modified biopolymers, incl. their microstructures. The ro-
tational viscometry and analysis of images obtained with the scanning electron
microscopy have been used as test methods. As a result, dependencies of the
dynamic viscosity from the speed rate of the shear deformation have been ob-
tained. They have shown relatively regular changes of the viscosity indicators.
Data from the electronic microscopy let us to diagnose the structure of raw ma-
terial and specially prepared semi-finished product, dominated by biopolymers,
for further processing in industries.

Purpose. The protein issue is not completely solved both in Russian and
foreign science. There are questions about heterogeneous in structure and prop-
erties food systems. In some sources they are called polydisperse, for instance,
in works by E.Yu. Agarkov and others [2]. In particular, the work by Yu.F. Shut-
ilin [8] is devoted to the issue of biopolymer study. The key contribution into
the formation of properties and physical-structural features of biopolymers is
made mostly by protein substances, glycosaminoglycans, etc.

In particular, authors A. Ed-Daoui et. al. [9] studied features of the pro-
cess of agarose dissolution — biopolymer extracted from algae. Gel with vari-
able stiffness emerges from this polymer. It serves as a basis for food industry
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products, pharmaceutical preparations. Rheological properties of this gel have
shown the elastic microscopic behavior. Moreover, in order to understand the
value of hydrogen bonds in the gel formation, we have measured the entropy
of different modified agarose variants.

Materials and methods

The protein issue is not completely solved both in Russian and foreign sci-
ence. There are questions about heterogeneous in structure and properties food
systems. In some sources they are called polydisperse, for instance, in works
by E.Yu. Agarkov and others [2]. In particular, the work by Yu.F. Shutilin [§]
is devoted to the issue of biopolymer study. The key contribution into the for-
mation of properties and physical-structural features of biopolymers is made
mostly by protein substances, glycosaminoglycans, etc.

In particular, authors A. Ed-Daoui et. al. [9] studied features of the pro-
cess of agarose dissolution — biopolymer extracted from algae. Gel with vari-
able stiffness emerges from this polymer. It serves as a basis for food industry
products, pharmaceutical preparations. Rheological properties of this gel have
shown the elastic microscopic behavior. Moreover, in order to understand the
value of hydrogen bonds in the gel formation, we have measured the entropy
of different modified agarose variants.

The work by A.L. Ishevskiy is devoted the investigation of the alginate
properties and their application in the food industry [7].

Such systems as protein, soybean have been sufficiently studied. They are
able to form “dynamic” bases of disperse systems by K. N. Garrity [14].

Processes like lyophilization have facilitated formation of gelatin bases of
disperse media according to V. Peres-Puyana [15].

The methods for studying complex systems from protein mixes, including
mucoids or cellulose derivatives, have been formed by Akkermans C. [18],
Juan-Carlos Arboleya [19]. Features of adsorption of protein with methyl cel-
lulose and other polysaccharides have been found out in some works by J.-C.
Arboleya [19].

The protein mix, activating the gel-forming process, has been analyzed by
N. Yuno-Ohta [17].

The active investigation of biopolymers, their composition, has become
the theoretic base for own developments in the sphere of the smart use of bio-
polymers.

While developing our own model food systems on the basis of biopolymers,
in particular proteins, it is preferred to take into account pieces of information
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about other biopolymers similar in their structural-mechanical and microstruc-
tural properties, including derivatives of agarose, proteins (hydrolysed), etc.

As biopolymers serve as the base for creating products of “molecular gas-
tronomy” or as thickeners-structure formers.

Conjecturally, the systems, incl. food ones responsible for the unified con-
cept of manufacturing products of the given quality and safety level, can be
developed from raw materials or waste heterogeneous in their structure and
properties.

The present work uses methods of rheological tests, in particular, the ro-
tational viscometry and microstructural image analysis; the images have been
obtained through the method of the scanning electron microscopy (SEM) [1; 3].

Results

Taking into account problem urgency, introduced in the first part of the arti-
cle, we have stated the characteristic dependence between the dynamic viscosity
of the typical polymer solution — alginate (semi-finished product for artificial

caviar production) and shear deformation speed rate (Fig. 1).
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Fig. 1. Rheogram of the colloidal solution on the basis of alginate (Ca)
with 20% mass fraction

On the basis of the analysis of Fig.1, it is obvious that the graphical de-
pendency is of the power character which can attest to the specificity of the
rheological behavior of the biopolymer solution that refer to the group of
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non-Newtonian fluids (seemingly, thixotropic) with the sharp viscosity decline
under increase in the shear velocity in the rotational viscometry from 914.0 to
2.0 Paxsec, when there is the increase in the shear velocity from 1.38 to 2.77
sec!. For food media it important to study viscosity properties during the heat
treatment process. However, this issue is beyond the scope of the present article.

It seems that the texture of products may be non-uniform, formed accord-
ing to the principal of the biopolymer layering. It has been revealed during the
analysis of the histologic images. In this regard, probably, the directional modi-
fication of biopolymer properties of the alginate group by means of the addition
of other related biopolymers [4; 5].

In order to use different polymers in combination, we will consider further
collagen-containing raw materials representing a reach source of protein of
collagen, elastin, keratin and other groups. These proteins account for at least
one-third of the total mass of the raw sample of raw materials. In the raw con-
dition, protein preparations contain protein on the concentration 80.0-90.0%
which distinguishes them from other raw materials.

The directions in which they are used vary. In particular, food direction is in
priority. In this case, collagens are considered to be a necessary part in healthy
diet as a biologically active supplement, A.P. Korzh, Yu.G. Bazarnova [5].

When utilize raw material of the food industry rationally, including
side-products, forming along with the main ones, the optimized methods of
their preparation and processing into different products are necessary. So, raw
materials, being a thick connective tissue, includes elementary fibers which
are stronger than steel wire of equal cross-section. They represent a coarse
substance with high mechanical strength, hence, the high textural properties of
products, incl. gelled, structured products.

In order to transform it into an acceptable one in terms of structural, me-
chanical and chemical properties, it is necessary to apply a pre-treatment con-
sisting mainly in chemical or, less frequently, biochemical action on the initial
substrate, which is reflected in Fig. 2.

For economic and technological reasons, it is easier and cheaper to apply
treatment in solutions with the adjustable pH value, which provide practical use
of swelling maxima, reducing the energy of the complex of chemical bonds, for
example, hydrogen bonds, which are considered a type of electrostatic, hav-
ing donor-acceptor nature (N.D. Sokolov. Hydrogen bonding. — M. Publish-
ing House: Nauka). This type of bonds is divided into weak and strong bonds.
Without going into details of chemical interactions, we would like to note that
in general the non-compliance of side-product raw materials, formed during
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slaughtering, primary processing of connective tissue, hides, etc., with the re-
quirements for food systems.

1
1

Semi-finished product : Conversion into “marketable”
[

i 1 !
| | Raw materials: waste ‘ : :
1| from food and light | || | modification form, e.g., dietary supplements :
| | industries ]
!  §| Chemical Fermentation (7 1.ophilization, milling, |
I . —— 1| hydrolysis (protease- |, { introduction of functional !
! | Raw mat_enal preparation : (bases-acids- inactivation), : additives, dietary supplements, |,
| | (mechanical, degreasing, | 1| salts) etc. 1 | texture stabilizers, etc. :
Hete) ¥ ! { “Convenient” packaging !
1 ! 1

L 1

Flg 2. Block modular scheme for conversion of raw materials or side-products
into protein-based dietary supplements

Specifically, basing on the image analysis introduced in the Fig. 3, the tex-
ture features of the raw material and produced from it modified products, refer-
ring to the class of protein stabilizing systems, become clear. The modification
is performed using the chemical method (Fig. 2).

s\;,,‘. 5 Ve

N2

Fig. 3. Histological structure a) pork skin (K. Yoshimura et.al.); b) protein modified
stabilizing system obtained from the collagen-containing pork raw material, author’s
photo (the SEM method, amplification ~ 600x)

The initial structure has a quite thick microstructure arrangement due to the
tightly interwoven collagen compartments. It is hard to trace the course of indi-
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vidual fibers but analysis of a number of histological images reveals transverse
weaves, loop structures, and parallel bundles. The nature of fiber interlacing
is related to the topography of the raw material. However, its investigation is
beyond the scope of this paper.

The structural characteristic of hair follicles, causing the heterogeneity of
raw material structures, can be mentioned. On the other hand, the presence of
pores can positively affect the hydrophilic properties of raw materials, enhanc-
ing their moisture-binding capacity and other technological properties. The
obtained data are in general agreement with the results of the work by E. V.
Litvinova et. al [11].

Modification in media with the adjustable pH level allows, at pH 12-14,
to break strong, including intermolecular, bonds quite effectively and to give
a higher level of technological properties to the prepared raw material. As it is
known from the experience of Russian and foreign science, proteid fibers are
aggregated due to chemical cross-links forming essentially the 3D mesh. Fur-
ther, the solubility of protein structures depends on the degree of crystallinity
of key sub-fibrillar units of the molecular structure of proteins. Sub-fibrils (size
<50 nm) can be detected by electron microscopy.
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Fig. 4. Rheogram of beef collagen hydrolysate solution (Collagen supplement),
dry matter concentration about 20%
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The main principle of obtaining commercial products from collagen-con-
taining raw materials is directed hydrolysis at the optimized pH. It allows to
obtain dissolution products forming a solution close to the idealized one. In par-
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ticular, hydrolysate of beef connective tissue protein forms the solution, which
is convenient for taking as a biologically active food supplement. Its rheogram
is presented in Fig. 4.

The first section of the rheogram, the “difficulty” of the system shear and
then, a relatively uniform course of the graph, which may indicate that this
solution is “stabilized” by structural agents based on natural biopolymers. The
approximation reliability coefficient R? = 0.98 demonstrates a high approxima-
tion of the trend line to the exponential model of the equation.

Discussion

It is worth to mention the study by E.Yu. Agarkova et.al. [2] which made
it possible to reveal the exponential dependence between dynamic viscosity of
polydisperse milk-based food systems depending on the mass fraction of psyl-
lium in them. The obtained rheograms revealed nonlinear and non-additive de-
pendences between viscosity and psyllium content in them.

Enhancing our own results, we have pointed out that the composition of
the studied Collagen brand supplements also includes color-forming and fla-
vor-forming additives. Comparative analysis of rheological data is hampered
by the lack of publications in domestic sources. There is some information on
mechanical parameters (e.g., the Young modulus, etc.) for protein hydrogels
in foreign sources, F. Linglan [10]. However, the elasticity modulus is used to
characterize hydrogels.

It seems that these results are consistent with the studies of biopolymers by
Hu Shiao et.al. [16], who revealed the special rheology of biopolymers with
carbohydrate compartment. Thus, their thixotropic behavior was revealed. For
pullulan, Newtonian viscosity was observed even at its content of 20%, which
provides a basis for application in industries, particularly in food.

In the monograph by S.A. Muslov et.al. [4] presented visco-elastic proper-
ties of leather by various mechanical methods, and the results (ultimate strength,
the Young modulus, etc.) have been processed using polynomial mathematical
models.

Skin properties are determined by the indices of collagen, elastin fibers and
intercellular substance. Thus, “stift” fibers that significantly improve the skin
mechanical performance are highlighted. In this case, protein composites are
intended for biomedical applications.

During modification in one way or another, the intercellular substance frac-
tions are washed out and it is possible to realize the potential of rheological and
textural properties of the fibrous framework of the obtained products.
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Conclusion

The directions of solving the issue of microstructure and properties of bio-
polymers from different groups are actualized.

In particular, biopolymers of alginate type and proteins from the collagen
group have been investigated.

The peculiarities of the denaturation of native proteins cause the necessity
of their further study (analysis of the initial architectonics of molecules, their
changes under chemical and/or thermal influences) in the preparation of raw
materials for the product manufacturing, feeds, etc. The general orientation of
process organization is to avoid denaturation transformations.

However, treatment in media with the adjustable pH level is expected. The
example is the treatment with electrolyte solutions (OH-), which weakens the
complex of cross-links, which causes some disturbance of the original histolog-
ical structure of tissues, but does not lead to denaturation, preserving in general
the molecular structure of the main structural molecular units (chains) of proteids.

The non-Newtonian flow character of biopolymer solutions can be charac-
terized as visco-plastic, the properties of thixotropic medium were observed.

Based on the obtained results, the database on rational directions of process-
ing of various biopolymers, which play, first of all, the role of structure formers,
is being replenished. It is possible to combine these or those biopolymers in vi-
tro with the purpose of further involvement in the production of food products
and biologically active food additives.

The use of the combinatorics principles, more effective and functional food
systems, will establish the compliance of the developed products with the prin-
ciples of healthy nutrition. Especially it expands the possibilities of tissue repair
from the group of supporting tissues, optimizes the functions of the gastroin-
testinal tract of humans and/or animals.

Thus, prospects for the food system development, creation of new feeds,
materials for medical purposes, etc. are opened.
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