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AHnHomauyus

B Oannoti cmamve npedcmasnsiemcs: UHOOPMAyus o PyHKyu-
OHANILHO-MEXHONIOZUHECKUX CBOLCINBAX KONNAEHCOOEPHCAULUX
6enkos. Paccmompenvl ocobeHHocmu cmpoeHus Konnazend, 3a-
BUCUMOCY MeMNePAMYPbl 0eHAMYPALUL 01 COOEPHAHUS NPo-
JUHA U 2udpoxcunponuna. Ilpedcmasnervr 0anHvle 00 UsMeHeHU-
AX 6 CMpykmype KONndzeHa 8 YCIOBUAX mMennosoti 06pabomxi.
Ilocne oxnasoOenus ceéapennoeo KoazeHa 6 pesynvmame o6pa-
3YI0MCST NPOUHDbLE CHYOHU, CNOCOOHDBLE YOepuusamv 6onvuioe Ko-
JIUHeCtneo 600bL.

Onucano enusnue yposus pH Ha memnepamypy denamypauuu,
pacmeopumocmy Konnazena 6 600e, NPOUHOCMIHbIE XAPAKIMepPU-
CMUKU KONIA2EHCO0EPHAULUX OeNIKOB.

Ipusedetivt OanHvle 0 cmeneHu BIUSHUS PA3TUYHBIX NULEBbIX 00-
6a60K U XUMUHECKUX 8EU4eCTNB, A UMEHHO KUCTIOM U ujenoUeti, co-
nietl, pocgpamos, eudpoKonnOUO08 Ha CPYKMYpPY U PYHKUUOHATID-
HO-MexHoMo2uecKue C80Lcmea KosnnazeHcooepiauiezo Oenka.
Brusnue kucnom, wienoueti, coneil Ha c60LcmMea KonnAzeHa 3a6u-
cum om npupoosl U CUmbl UOHOB U UX CPOOCTNBA ¢ UOHAMU KO-
2eH06020 Oenka. Bsaumodeticmeue konnazenogvlx 6enKko6 u auopo-
KONoU008 NPUBoOUM K cunepeemuueckomy agppexmy. Pocgamot
8Mectne ¢ KONIazeHoM 00pasyiom npouHvle CMpyKmypol.

BBenenne

brarogaps cBoMM YHMKaIbHBIM CBOVICTBAM, KOJI/TAT€H-
cofepyKalie IpernapaTbl HaXOAAT MUPOKOe IpUMeHeHe
B Me[VIVHE, BeTePUHAPUN, OTPAC/AX MUILEBOI U JIETKO
npoMblieHHOCTH. OfHAKO, KOJITaTeH C/I0XKHO BBIJIENATh
U3 COEMHUTEIbHON TKAaHM U IIePeBeCTI B PACTBOPEHHOE
cocrosiaue [1]. CyuiecTByOT pas3nndHble CocoObI MONy-
YeHMsI KOJUIAreHCOfiepKalero 6enka, OT KOTOPbIX 3aBM-
CAT €ro XapaKTepUCTUKM M cBolicTBa. CHelyuIHOCTD
KO//TareHa OOYyCTIOB/IEHa ero BBICOKOI MOJIEKY/ISIPHOI
MaccCoil, 3HAYNTETbHBIM KOINYECTBOM aKTMBHBIX IOJIAP-
HBIX IPYIII, HU3KOJ TepMOCTabMIBHOCTDIO 1 Ap [1].

[IpuMeHeHMe KOITareHOBBIX O€TIKOB B Msicorepepabda-
THIBAIOIIE/l POMBIIIEHHOCTY TO3BOJIAET YIYYLINTb KOH-
CUCTEHIIVIO U CTPYKTYPHO-MeXaHIIeCKe CBOVICTBA MsCHOM
HPOAYKLY, UCK/TIOYUTD OY/TbOHO-KMPOBBIE OTTEKY IIPY 13-
TOTOB/IEHIY KOTIOACHBIX V3NN, TOCTIYb YKeTaeMOI MOHO-
JIUTHOCTM, HAPE3aeMOCTH I «KYCaeMOCTI» MSICHOTO IIPOLYK-
Ta. OHO M3 IIPEMMYIIECTB VCIONb30BAHVA KOTaTeHOBBIX
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Abstract

In the present review, we focus on the features of the collagen
structure. In particular, we report the correlation between the
amount of proline and hydroxyproline and the temperature of
denaturation, as well as the changes of collagen structure after
thermal treatment. After cooling, denaturated collagen forms
dense jellies which may absorb a large amount of water. The in-
fluence of pH on the denaturalion temperature, solubility and
the strength characteristics of collagen-containing proteins are
described. The review also describes the data on the influence
of various food additives and chemicals (acids, alkalis, salts i.a.
phosphates, hydrocolloids) on the collagen protein structure and
technological properties.

The effect of acids, alkalis, salts on the properties of collagen de-
pends on the nature and strength of the ions and their affinity for
the collagen ions. The interactions between the collagen proteins
and hydrocolloids result in the synergetic effect. Phosphates and
collagen form solid structures.

Introduction

Due to its unique properties, collagen-containing prep-
arations find wide use in medicine, veterinary, sectors of
food and light industries. However, it is difficult to extract
collagen from the connective tissue and transform it into
the solubilized condition [1]. Collagen protein can be ob-
tained by different methods, on which its characteristics
depend. The specificity of collagen is conditioned by its
high molecular weight, significant amount of the active
polar groups, low thermal stability and so on [1].

The use of collagen proteins in the meat processing in-
dustry allows improving consistency and structural and
mechanical properties of meat products, prevent broth-
fatty purge in production of sausage products and achieve
the desired monolithic structure, cutting and biting prop-
erties of meat products. One of the advantages of using col-
lagen proteins is a decrease in cooking and storage losses,
which results in high yields and stable quality of finished
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0€/IKOB 3TO CHIDKEHNe IIOTepb IIPY TeEPMIUYECKOiT 06paboTKe
Yl XpaHEeHMN U, KaK pe3yIIbTaT, BBICOKMII BBIXOJ U CTaOW/Ib-
HO€ Ka4eCTBO TOTOBOJ IIPOAYKIVN, Y/IydIlIeHVie 9KOHOMIYe-
CKIJX ITOKa3aTesIell IPOM3BOACTBA MACHBIX U3/

Bricokas (YHKIMOHAIBHOCTb KOJIATEHOBBIX OENKOB
II03BOJISIET UCIIO/NB30BATh UX B IPOU3BOACTBE OMY/IbIU-
POBAaHHBIX, PECTPYKTYPMPOBAHHBIX, II€/TbHOMBIIICYHBIX
uspenmit u nonydabprkatoB. Ha ocHOBe KojareHOBBIX
0€/IKOB TOTOBAT e/, SMY/IbCYUM, TPAHY/IBI VU UCIIONb3Y-
0T UX 6e3 IpeBapyUTeTbHOI MOATOTOBKU B CYXOM BUJE,
BHOCSI HETIOCPEeICTBEHHO B (hapiu mau B paccon [2].

B dopmupoBanuy GyHKIMOHATBHO-TEXHOMTOIMYECKIX
CBOJICTB KOJ/UIATEHOBBIX 0€NKOB BAXXHYI0 POIb WUIPAeT
CTpoeHMe KoiareHa. VI3BecTHO 6ortee 27 BUJOB KOJIare-
HOB, HO Hanboree paclpoOCTPaHEHHBIM B Mscolepepaba-
THIBAIOLIE) TPOMBILITIEHHOCTI AB/IsAETCS QUOPV/ULAPHBII
koytareH tuma I. ITpoMexxyTouHble MOJIEKY/IbI KOJTareHa
COCTOSIT U3 TPeX-IeTIOYeYHOI CIUPATbHOM CTPYKTYPEL,
B OCHOBE KOTOPOJI HaXOUTCS MHOTOYVC/IEHHO IOBTOPSI-
tfomyiics Tpunentup Gly-X-Y, rie B 00nbIIMHCTBE ClTyYaeB
X sB/IsieTCsl HPOMMHOM, @ Y IMPOKCUIIPOTIHOM [3, 4, 5].
9Ta MoC/e0BaTeNbHOCTD ABJACTCA OCHOBHBIM (PaKTOPOM
TepMocTabunbHOCTH [6, 7].

CopeprkaHie IpOJMHA ¥ TUAPOKCUIIPOINHA OCOOEHHO
Ba)XHO J|/Is1 >Kenmpytolero addexra. Mexy Tem, IMapoK-
cunponuH, kak momaraior Hashim, Mohd Ridzwan u ap
[6], urpaeT 0cobyio porb B CTaOMIM3AIVN TPOVHON CIIN-
panu Ko/tareHa 6arofapsi CiocoGHOCT 0OPa30BBIBATH
BofOpopHbIe cBsA3y yepe3 -OH rpynmsi [3, 6]. CymmapHoe
cofiep)KaHue JaHHBIX IYPPOIUIMNHOBBIX OCTaTKOB OKa3bl-
BaeT B/IMAHIE Y HA TEeMIIePaTypy AeHATYpaLyn: 4eM 60b-
Ile ¥X KO/MMYEeCTBEHHOe COflep)KaHye B OefKe, TeM BBIIIIe
TeMIeparypa feHarypauun [5]. [leHaTypauns KorareHa
IPOVCXOAUT IPY PasINYHBIX TeMIepaTypax B Ipefienax
58...67°C. KpoMe copiep>kaHus IpoNINHA U TUAPOKCUIIPO-
JIVHA TeMIlepaTypa JleHaTypaluy 3aBUCUT OT TOTO, U3 Ka-
KOTO CBIPbsI OTy4eH OeyIoK.

[Ipy HarpeBaHMM [0 TEMIIEPATypbl MAEHATYpaLUK
YacThb BOJIOPOZIHBIX CBsA3€Ml KOJUIAreHa, yAep>KMBAIOIINX
HO/MUIIENTU/HBIE LI B TPETUYHOI CTPYKTYpe, ocmabe-
BaeT U paspbiBaercA. KoJtareHoBbIlI 6€IOK B pacTBOpe
CBapMBaETCsl, €T0 CTPYKTYPHBIE CBA3M IIOTTHOCTBIO paspy-
manTcsA. B pesynbraTe M3MeHeHNs HATUBHOM CTPYKTYPBbI
KO/TareHa (TenTusanym) MPOUCKOANUT YBeNndeHIe KO-
mmdecTBa akTuBHBIX rpymn (-COOH n -OH), urpatommx
ponb ruppodunbHbIX 1eHTpos [8]. Iporecc gecTpykunm
KOJI/TareHa HeoOPaTVMBIIl U CYMTAETCS HA4aloM JieHATy-
paunn ¢ubpwwuisapaoro 6enka [8, 9]. Ilocme TemoBoit
006paboTKy Ipy TeMIlepaType AeHATypPaLiy IIPOVCXOLNUT
TpaHchoOpMalysA KOIareHa ¢ o0pa3oBaHMEM COeluHe-
HMII MEeHbUIEN MOJEKY/IAPHOM MacCOil: YKelaTUHA, JKema-
TO3BI, IIIOTIHA, KOTOpbIe MOC/Ie OXTXIEHNsI 00pasyroT
mpoyHble cTynHM [2, 8, 10]. [Tepexop Ko/tareHa B IIIOTHH
YCKOpsieT He TONMBKO TeMIepaTypa, HO M KUCTas Cpefa.

DYHKIMOHAIBHO-TEXHONIOIMYECK/ e CBOJICTBA KOJIIA-
reHcofiepXKalmx Oe/KoB, a TaKkXe MACHBIX ((aplueBbIx)
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products and improved economic indicators in meat prod-
uct manufacture.

High functionality of collagen proteins allows their use
in production of emulsified, restructured and whole mus-
cle products, as well as semi-prepared products. Based on
the collagen proteins, gels, emulsions and granules are pre-
pared and used in a dried form without preliminary prepa-
ration by adding directly into minced meat or brine [2].

The collagen structure plays an important role in for-
mation of the functional and technological properties of
collagen. More than 27 types of collagens are known; how-
ever, fibrillar collagen type I is the most common in the
meat industry.

The transient molecules of collagen consist of the triple-
helical structure, the basis of which is multiply repeated
tripeptide Gly-X-Y, where in most cases X is proline and Y
is hydroxyproline [3, 4, 5]. This sequence is the main factor
of thermal stability [6, 7].

The proline and hydroxyproline content is especially
important for the gelling effect. At the same time, hydroxy-
proline, as Hashim, Mohd Ridzwan et al. [6] suggest, plays
a specific role in stabilization of the collagen triple helix
due to the ability to form the hydrogen bonds though
-OH groups [3, 6].

The total content of pyrrolidine residues also affects
the denaturation temperature: the more their quantita-
tive content in protein, the higher the denaturation tem-
perature [5]. Denaturation of collagen occurs at different
temperatures in a range of 58...67°C. In addition to the
proline and hydroxyproline content, the denaturation tem-
perature depends on raw material, from which protein was
obtained.

When heating up to the denaturation temperature, part
of the collagen hydrogen bonds, which hold polypeptide
chains in the tertiary structure, weakens and ruptures.
Collagen protein in a solution shrinks; its structure is fully
destroyed. As a result of the changes in the collagen na-
tive structure (peptization), an amount of the active groups
(-COOH and -OH), which play a role of the hydrophilic
centers, increases [8]. The process of collagen destruction
is irreversible and is considered the beginning of fibrillar
protein denaturation [8, 9]. After thermal treatment at the
denaturation temperature, the transformation of collagen
occurs with formation of compounds with the lower mo-
lecular weights: gelatin, gelatose and glutin, which form
strong gels after cooling [2, 8, 10]. Transition of collagen
into glutin is accelerated not only by a temperature, but
also by an acid medium.

The functional and technological properties of collagen
proteins, as well as meat (forcemeat) systems obtained with
their use, significantly depend on the pH value of their
aqueous solutions. It is known that the isoelectric point
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CHCTEM, IOTYYaeMBIX C MX MCIIO/Ib30BaHMEM, CYILIECT-
BEHHBIM 00pa3oM 3aBUCAT OT 3HaueHusa pH mx BopHBIX
pacTBOpoB. VI3BeCTHO, YTO M3039/IEKTpUYecKas TOYKa
MBIIIEYHBIX 0€KOB IPUXOAUTCS Ha 3HaueHus pH or 5,0
u HipKe (KUcmasg cpefia), TOIA KaK M303/IeKTpUYecKast
TOYKA KOJUIAT€HCOAepKAIMX Oe/IKOB JIOKUT B 00/1acTu
pH ot 6,0 o 6,75. ITpu ymenpmenuu pH cHmxaercs uso-
MeTpHMYecKoe HaIlpsDKeHMe KO/Iar€HOBBIX BOJIOKOH [9].
Cpur pH B L1e/04HYI0 WM KUCTYI0 CTOPOHY IPUBOJNUT
K M3MEHEHMIO PacIipefie/ieHNs TOJI0KUTEeIbHbIX U OTPH-
LJaTe/IbHBIX 3apsfIOB Ha MOBEPXHOCTU MOJIEKY/IBI Oerka
U, CIeflOBaTelbHO, K M3MEHEHUI0 UX (PYHKIVIOHATbHBIX
csoricts [11]. Tak, mpu pH = 3 Temneparypa fgeHaTypanymn
KOJIZIareHa (Td) cakaerca no 35-40°C, mpu pH = 1T, co-
crasnset 30°C [12, 13].

Yposenb pH okasbiBaeT BIMAHNE U HA pACTBOPUMOCTD
KOJI/IaTeHa B BOJie. YBeNUeH/e IOHHO CU/IbI BUsAET Ha
CHIDKEHMe pacTBOPUMOCTH KojtareHa. B pabore [14] npo-
IIeHT PacTBOPMMOTro KojtareHa 6bu1 Hipke ipu pH = 7,4,
yeM 11pu 5,6.

[TpoBenens! nccrenoBanus [15] Ha MopenbHBIX 06pas-
I1aX CBIPOKOITYEHBIX KO/IOAC C VICTIONb30BaHeM )KMBOTHOTO
6erka ¢ pas3n4HbIM ypoBHeM pH. B IpoMBIIIIEHHBIX yCTIO-
BUSIX ey, 00pa3oBaHHble KMBOTHBIM OenkoM ¢ pH=3,5,
HOTy4a/IUCh O0/lee IIPOYHBIMY U pAaBHOMEPHBIMI 110 CPaB-
HeHUIo ¢ rensiMu 6enka, pH kotoporo coctassin 6,4 [15].

[Ipy HM3kux 3HaueHVsAX pH IpomcxommT paspylueHye
KOBAJICHTHBIX CBSA3€ll I HeKOTOPBIX CIIEIVI(pIYHBIX HEeITI -
HBIX cBsasell [9]. O6o6mas BmusHMe ypoBHA pH, MOXHO
CKa3aTb, YTO HM3KOe 3HaueHMe pH yBemmuymBaeT IMpOLEHT
PacTBOPMMOTO KOJITareHa, YCKOpseT IIpolLiecC pasBapyBa-
HYSL KOJUIareHa U 00pasoBaHMs ITIIOTHHA U XKeNaTVHA, TeM
CaMBIM OKa3bIBasi B/IVSIHYE Ha 00pa3oBaHue IIPOYHBIX reTIelt.

BesycnoBHO, He TonbKO ypoBeHb pH BiuseT Ha mpoy-
HOCTHBIE XapaKTePUCTUKN Tejlell KMBOTHOTO OeKa, HO
u fobaysieMble K O€/IKy Apyryie MHTpennreHTsl. 1o arToit
HIpUYNHE IPeACTaB/IANCA MHTepeC M3Y4YUTb BIIMSAHUE
Pas3IMYHBIX IUIIEBbIX T00ABOK M YCIOBUIT Ha QyHKLU-
OHAJIPHO- TEXHOJIOTMYECKIe XapaKTePUCTUKI KOJUIareH-
cofiep>Kalux OenKoB.

BnustHuMe KMCIOT U 1e/I0Yeli Ha KO/IareH

Kommaren o6mafaeT ciocoOHOCTBIO pearrpoBaTh Kak
C KUC/IOTaMI, TaK U ¢ Ijennoyamu. KapOoKcuibHbIe 1 OCHOB-
Hbl€ TPYIIIbl AMUHOKMCTIOTHBIX OCTaTKOB, IIPYMBbIKAIOIIJE
K 0-YIJIEPOIHBIM aTOMaM KOHEYHBIX aMUHOKICTIOT, 3aMeT-
HOTO B/IMSAHMA Ha B3aMMOJIe/ICTBME KOJIIaTeHa ¢ KUCIO0Ta-
MU U IeI0YaMi He OKa3bIBAIOT. TakyKe Ha IIPOTeo/InTIde-
CKO€ paBHOBECHE B CTPYKTYpe KO/UIareHa He3HauYUTeNbHO
BIMAHME AMUMIOB HEKOTOPBIX OCTAaTKOB aclapariMHOBOI
U IJIIOTaMMHOBOJI KIICIOT, TUPOKCIJIOB U MeNTUAHBIX [12].

B cnyyae, ecnmu pH HeliTpasbHOro 3HaYeHUsA, IIPOYC-
XOIMT B3aMIMHas KOMII€HCALVA IPOTUBOIOIOKHBIX 3aps-
0B OOKOBBIX IIeTeil OCTaTKOB aMUHOKVC/IOT (TaKMX Kak
aprMHMH, acllaparvHOBas U Iy TAMUHOBAsA KIC/IOTHI 1 .
(puc. 1a). [16, 17].
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of muscle proteins is at a pH value of 5.0 or lower (acid
medium); while, the isoelectric point of collagen proteins
is in a pH range of 6.0 to 6.75. With a decrease in pH, the
isometric tension of collagen fibers reduces [9]. The pH
shift to an alkaline or acidic region leads to the changes in
distribution of the positive and negative charges on a pro-
tein molecular surface and, consequently, to the changes
in their functional properties [11]. For example, at pH=3,
a temperature of collagen denaturation (T,) reduces to
35-40°C; at pH=1, T,is 30°C [12, 13].

The pH value also influences collagen solubility in wa-
ter. An increase in the ionic strength affects a decrease in
the collagen solubility. In the work [14], the percentage of
soluble collagen was lower at pH 7.4 than at pH=5.6.

The study [15] on the model samples of uncooked
smoked sausages with the use of animal protein with dif-
ferent values of pH was carried out. In the industrial condi-
tions, the gels produced by animal proteins with pH=3.5
were stronger and more homogeneous compared to the
protein gels with pH=6.4 [15].

At low pH values, the covalent bonds and several spe-
cific peptide bonds are broken down [9]. Generalizing an
effect of a pH value, it can be said that low pH values in-
crease a percentage of dissolved collagen, accelerate the
process of collagen digestion and formation of glutin and
gelatin, thereby, influencing formation of strong gels.

Undoubtedly, not only pH values affect the strength
characteristics of animal protein gels, but also other ingre-
dients added to protein. Therefore, it seems interesting to
study an impact of different food additives and conditions
on the functional and technological characteristics of col-
lagen proteins.

Effect of acids and alkalis on collagen

Collagen has an ability to react both with acids and al-
kalis. Carboxyl and basic groups of amino acid residues,
adjacent to a-carbon atoms of the terminal amino acids do
not affect significantly an interaction of collagen with acids
and alkalis. Several residues of aspartic and glutamic acids,
hydroxyls and peptide residues also influence the proteo-
lytic equilibrium in the collagen structure [12].

In case of neutral pH, the mutual compensation of the
opposite charges of the side chains of amino acids (such
as agrinine, aspartic and glutamic acids and so on) takes
place (Fig. 1a) [16, 17].

However, in the presence of a strong acid, the groups of
the basic character become ionized, and those of an acid
character are suppressed (Fig. 1b). Molecular chains are
deformed due to the electrostatic repulsion, collagen fibers
become thicker and, as a consequence, their length reduces
[12,16]. Gradual destruction of the intermolecular hydrogen
bonds and water-bridged structure begins. In this connec-
tion, the temperature of collagen denaturation decreases.
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OnHako, B MPUCYTCTBUY CUJIBHON KMC/IOTHI I'PYIIIIBI
OCHOBHOTO XapaKTepa CTAHOBSTCS MOHM3MPOBAHHBIMU,
a KMCTIOTHOTO — ITofaB/ieHHbIMI (puc. 16). MornekynsapHble
neny 1epOpMUPYIOTCS 3a CUET STEeKTPOCTATUUECKOTO OT-
TaJIKMBAHN, IIPOVCXOUT YTO/IIIeHE KOJITAaT€HOBOTO BO-
JIOKHA U, KaK C/IefiCTBIE, YMEHbIIEeHNe ero JINHbI [12, 16].
HaumHaeTcsi HOCTeleHHOe paspylleHNe BHYTPUMOTIe-
KY/ISIPHBIX BOZOPOZHBIX CBsI3€il ¥ BOJHO-MOCTMKOBOI
CTPYKTYPBL B cBAI3U ¢ 9TUM CHIDKaeTCs TeMIlepaTypa je-
HaTypalyy KojUIareHa.

Hedopmaruio uemeit 6enKa MOKHO 00BSICHUTH MIOfIaB-
JleHMeM 3apsjja KapOOKCUIBHBIX I'PYII OOKOBBIX Iierieil
WIN 3apsAfa TPYII OCHOBHOTO XapakTepa Oerka Ipu fo-
6aBJIeHNY KICTOThI MJIN IeJI0Y COOTBETCTBEHHO [12, 17].
[Tpu B3anMOIeiiCTBUY C KUCTOTAMU I 1[e/I0OYaMU CTETEHb
HaOyXaHNUsA KO//IaTeHa yBeINYNBAETCSA, OJHAKO, CTEIeHb
B/IVISTHMS 3aBUCKT OT CUIBI armeKTponuta [17]. Tak, Hanpu-
Mep, [10 MHTEHCUBHOCTY B/IMSIHNUSA Ha CTeIIeHb HaOyXaHMs
OIHOOCHOBHBIE 1IIe/I04M OYyT pacHoNOXeHbI B CIeHYIo-
meM nopsaxe yosiBanus crenenu sausanaua: KOH, NaOH,
NH,OH [12]. YBennuenne KOHIEHTPALMM KUCTOThI U II[E-
JIOYY BBI3bIBAaeT HaOyxaHue KOJ/UIareHa M B Ja/IbHeiIIeM
ero pactopenue [17].

HabyxaHue B KUCIOTax INPOMCXONUT B pe3yjbraTe
CYMMAapHOTO JeNICTBMS OCMOTUYECKUX M 9TeKTPOCTATH-
vyeckux cun [17]. InutenpHast 06paboTka KMUCIOTOI, Ha-
IIpUMep, COJIAHOI, BBI3bIBaeT HabyXaHMe 1 MOC/IeAyIoliee
pacTBopeHMe Kojuiaresa [17].

B KOHIIEHTpUPOBaHHBIX PAaCTBOPAX KUC/IOT Ipeobaia-
eT MOJIeKY/IsIpHast afcOpOLVs C KOJUIAT€HOM B OCHOBHOM
[0 HENTUJHBIM CBS3SIM: B3aMMOJIEICTBUE IPOVCXOIUT
B HANpaBJeHNU BOJOPOISHOTO CBS3BIBAHMs KapOOHWIIb-
HBIX TPYIII OffHON LIeNM ¢ MMMHOTpyImaMu gpyroin [17].
Opnako mpouecc HabyXaHMs INPOTeKaeT C PasIN4HON
MHTEHCUBHOCTBIO, KOTOpasi 3aBUCUT OT CTEIIEHU POJCTBA
aHJMOHA KMC/IOTBI K KoJUtareny. Tak, HanpuMep, 6osbliee
CPOJICTBO aHMOHA CEPHOI KMUCIIOTHI IO CPABHEHUIO C CO-
JITHOV IIPUBOJUT K 6OJIbIIIEMY Pa3phIXIEHNIO CTPYKTYPBbI
KOJIaT€HA, K YBE/IMYEHNIO CTeIIeHN HabyXaHMs, a TeMIle-
parypa cBapuBaHMA KOJ/UIAT€HA B CEPHON KUCTIOTe HIDKE,
yeM B COJISTHOJ He 3aBUCKMO OT KOHIeHTpauuu [17].

Tem He MeHee, B pa3baBIeHHOM PacTBOpE COJSTHON
KUCTIOThI HabyxaHue OypeT HaOMIONATbCA MHTEHCUBHEE,
YeM B CEPHOIL. DTO 0OBACHAETCS TeM, UTO [isI pa3baBiieH-
HBIX KIC/IOT OCHOBHYIO POJIb UIPAIOT IIPOLECCHI MIOHHOI
copbiunu [17].

VIsMeHeHNs B CTPYKTYpe KO/UIareHa, BbI3BaHHbIe 00pa-
60TKOIT pa3baB/IeHHBIMI PACTBOPAMI COJLTHOM U YKCYCHOI
KIUCTIOT, OyIyT OGTHOTUIHBIMUL. B pasbaB/ieHHBIX pacTBOpax
YKCYCHOV KVC/TOTBI (CHSCOOH) B3aMMOJIEIICTBIE IIPO-
UCXOIANT y OOKOBBIX Ilenelt koutareHa [17]. Cremnens auc-
couyayy KapOOKCUIbHONM TPYIIBI YBEIMIMBACTCA HPU
BBeJIeHNM 9/IeKTPOHOAKIIEIITOPHBIX TPYIII B A-IIOIOXKEHE,
TaKUM 00pa3oM YCMIMBAeTCs [elicTBMe pa3baBIeHHBIX
pPacTBOpoB KMCIOT. Tak, 0-OKCUIIPONMOHOBas (MOIOY-
nas) kucnora [CH,CH(OH)COOH] cumxaer T, fo 15 °C,
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Figure 1. Compensation of the opposite charges in a collagen macro-
molecule (a) and interaction of protein with an excess of hydrochloric
acid (b) [16]

Puc. 1. KomreHcanus mpOTHBOIIONIOKHbBIX 3apsI0B B MaKpOMOJie-
Ky/ie KojiareHa (a) u B3aMMOJIeCTBIUsI 6eKa ¢ M30BITKOM COMSTHON
kucnotsl (6) [16]

Deformation of protein chains can be explained by sup-
pression of a charge of the carboxylic groups of the side
chains or a charge of the protein groups of the basic char-
acter when adding an acid or alkali, respectively [12, 17].
In interaction with acids and alkalis, the degree of collagen
swelling increases; however, the degree of the effect de-
pends on the strength of electrolyte [17]. For instance, in
terms of the effect intensity, the monobasic alkalis will be
arranged in the following order of a decrease in the effect
degree: KOH, NaOH, NH,OH [12]. An increase in the acid
or alkali concentration causes swelling of collagen and its
following dissolution [17].

Swelling in acids occurs as a result of the summary ac-
tion of osmotic and electrostatic forces [17]. Durable treat-
ment with an acid, for example, hydrochloric acid, causes
swelling and following dissolution of collagen [17].

In the concentrated acid solutions, molecular absorp-
tion with collagen (mainly, by peptide bonds) prevails:
interaction occurs in the direction of hydrogen bonding
of the carbonyl groups of one chain with amino groups of
another [17]. However, a process of swelling occurs with
different intensity, which depends on the degree of the af-
finity of the acid anions for collagen. For instance, the high
affinity of the anion of sulfuric acid compared to hydro-
chloric acid leads to significant loosening of the collagen
structure and an increase in the degree of swelling; while
the thermal shrinkage temperature of collagen in sulfuric
acid is lower than in hydrochloric acid independent of
concentration [17].

Nevertheless, in the dissolved solution of hydrochlo-
ric acid, swelling will be more intensive than in sulfu-
ric acid. This can be explained by the fact that the main
role in dissolved acids plays the processes of ionic sorp-
tion [17].

Changes in the collagen structure caused by treatment
with the dissolved solutions of hydrochloric and acetic ac-
ids will be similar. In the dissolved solutions of acetic acid
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n npu 20°C Ko/UTareHOBOe BOJIOKHO Y>Ke pacTBOPSAETCH.
AHaJIOTMYHO [IeVICTBME O-OKCUYKCYCHOM  (ITIMKOTIEBOII)
[OHCH,COOH] u tpuxnopykcycnoit [CCLCOOH] kuc-
NOT. MeHsis 3aMeCTUTeNeil B O-TIOMIOYKEHUY, MOYKHO J{O-
OUTHCST ONTUMA/IBHOTO BO3JEIICTBIS OPraHNIeCKIX KUC/IOT
Ha KOJUIaTeH (JieHaTypauus, AUCIIeprupoBaHIie, YaCTUIHOE
pacTBopenne) [16].

Oprannyeckre  CMabORMCCOLMMPOBAHHBIE  KIUCTIOTBI
(HammpuMep, YKCyCHas1 KIC/IOTa) COPOMPYSACH KaK B BUJE MO-
HOB, TaK ¥ B HEMOHM3UPOBAHHO (pOpMe, He MOTYT IIOJTHO-
CTBIO IIOfJABUTH MOHM3ALMI0 OCHOBHBIX Ipymm 6enka. st
paspylLIeHNs KOIAreHOBOI CTPYKTYPBI TPeOyIOTCs 3HAUM -
Te/IbHAs KOHIIEHTPALVSL YKCYCHOV KMCTIOTBI ¥ JINTE/IbHOE
BpeMs BO3/eIICTBIA, HO IIOJTHOTO PaCTBOPEHYIS KOJI/TaTeHO-
BOTO BOJIOKHA B UTOTe BCE paBHO He mpou3oiizer [16].

B xucrnoit cpepie 6emmkm OyyT 3apsHKeHbI IOJIOKUTETBHO,
HaXOJsACh B VIOHM3MPOBAHHOM COCTOSIHUM U 00Opa3oBbIBas
C aHMOHAMY J00OAB/IEHHOV KVC/IOTBI COEMVIHEHMA THIIA COTIL
ITpu mobaB/eHNy CUIBHOTO OCHOBaHMA 3apsif] OeNKoB CcTa-
HeT OTPULIATE/IbHBIM, & KapOOKCUIbHBIE TPYIIIIBI O€/IKa B 1O-
HVB3VMPOBAHHOM COCTOSTHIY OYAYT IIPeACTaB/IATb COO0II coe-
IVIHEHVEe TUIIA COMY C KaTMOHOM J06aBIeHHOoN 1ménoun [12].

OnHaxko, n3ydyeHye B3auMOJEIICTBIS PA3IMIHBIX KIC-
JIOT U 1je/IoYell C KOIATeHCOfiep>KaIIM OeIKOM HOCUT
VHAVBNUAYaTbHBIN XapakKTep, T.K. B CTPYKType Oe/ka Ha-
XOHATCSL  pasHOOOpasHble (QYHKIMOHA/IbHbIE TPYIIIBL
Heo6xoauMo yunTsiBath CpopcTBo noHoB Na* u Cl ¢ no-
HOTEHHBIMM TPYyIIIaMI KOJUIaT€Ha B OT/IN4YMe OT OOJb-
MIMHCTBA [JPYIMX JMOHOB, KOTOpble B3aUMOJENCTBYIOT
C 3apsDKEHHBIMM LIEHTPaMI CTPYKTYPBI KOJUIAT€HBI M TeM
CaMBIM HapyILIAlOT IOHHOE paBHOBecHe. I1o aTum mpuun-
HaM IIPefICTABIIAJICA MHTepeC J0Ka3aTb OTCYTCTBYE BIINA-
H1A NaCl Ha QyHKIMOHAIbHO-TeXHOIOTMYECKYe CBOVICT-
Ba KO/UTareHCOePKALX OE/TKOB.

BospelicTBue HeOpraHM4YeCKIX Comeit

KosnareHoBslit 6€/10K B pacTBOpax cojieli MOfiBepraeT-
cs1 MoMUKALMAM, KOTOPbIE 3aBUCAT ITIABHBIM 00pa3oM
OT KOHIIEHTpAlMM U BU/ja aHMOHA U KaTMOHA. DTN U3Me-
HEHVIS1 OKa3bIBAIOT BJIVMsHNUE B IIEPBYIO OYepelb Ha Haly-
XaHMe KojareHa [12].

YcTaHOBTIEHO, YTO 13 pa3baB/IeHHOrO PacTBOpa X/IOPU-
Jia HaTpysi KO/UIATeH MOITIOAeT NIPEVMYIeCTBEHHO MOHbI
xy10pa (12, 18]. Xyopuz HaTpus yMeHbIIaeT IPOYHOCTD TeJis
KOJI/IAT@HOBBIX O€/IKOB B CBA3Y C T€M, YTO CIIOCOOEH OTKIIIO-
4aTh IUApodoOHbIe 1 BOJOpOoRHbIe CBsisu. IIpersaTcTBue
CTabwImsauuy KOJIaT€HOBBIX Tejiell IPOVICXOfUT HeIo-
CPeJICTBEHHO 3a CYeT NIPeoTBpalleHs 06pa3oBaHIsA BOJIO-
POIHBIX CBs3ell M/WIN V3-3a V3MEHEHNS CTPYKTYPBI BOJBI
B HETIOCPEICTBEHHOII O/IM30CTY OT 3TUX y4acTKoB [19, 20].

CreneHb BIUAHMA CONMEll MOXXHO pasfie/INTh Ha TpU
rpynmnsl no Muxaiinosy A. H.[12]:

— K IepBOIi IpyIIle OTHOCATCS POFAHATbI, MOANIbL, X/I0-
parsl, comy 6apusi, KalbLiyisi, MarHus U JIUTUSA — COe-
[IVHEHM, BHI3BIBAIOIYE CYIbHOE HaOyXaHMe KoJIIare-
Ha TIpY TI0OBIX KOHIIEHTPAIIVAX;
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(CH,COOH), interactions will take place at the side chains
of collagen [17]. The degree of dissociation of the carboxyl
group increases when adding electron-accepting groups in
a-position; thus, the action of the dissolved acid solutions
increases.

For example, a-oxypropionic (lactic) acid [CH,CH(OH)
COOH] decreases T, to 15° C and a collagen fiber is al-
ready dissolved at a temperature of 20°C. The actions of
a-oxyacetic (glycolic) [OHCH,COOH] and trichloroace-
tic [CCL,COOH] acids are similar. By changing substitu-
ents in the a-positions, it is possible to achieve an optimal
effect of the organic acids on collagen (denaturation, dis-
persion, partial dissolution) [16].

The organic weakly dissociated acids (for example, ace-
tic acid) sorbing both in a form of ions and in the non-
ionized form cannot fully suppress ionization of protein
basic groups. To destroy the collagen structure, a signifi-
cant concentration of acetic acid and durable time of its
exposure are required, but, eventually, the full dissolution
of collagen fibers will not occur [16].

In the acid medium, proteins will be charged positively
being in the ionized condition and forming compounds
like salts with anions of the added acid. On addition of
a strong base, a protein charge will become negative and
carboxyl groups of proteins in the ionized condition will
present compounds like salts with a cation of an added al-
kali [12].

However, a study of the interaction of different acids
and alkalis with collagen protein has an individual charac-
ter as various functional groups are in the structure of pro-
teins. It is necessary to take into consideration the affinity
of Na* and CI ions for the ionogenic groups of collagen in
contrast to the majority of other ions, which interact with
the charged centers of the collagen structure and, thus, dis-
turb the ionic balance. For these reasons, it was interesting
to prove an absence of the NaCl effect on the functional
and technological properties of collagen proteins.

Effect of inorganic salts

Collagen protein in the salt solutions was subjected to
modifications, which mainly depend on a concentration
and a type of anion and cation. These changes primarily
influence swelling of collagen [12].

It was established that collagen absorbs mainly the
chlorine ions from the dissolved sodium chloride solution
(12, 18]. Sodium chloride reduces the strength of collagen
protein gels due to its ability to switch off the hydrophobic
and hydrogen bonds. A hurdle for stabilization of collagen
gels occurs directly due to prevention of formation of the
hydrogen bonds and/or changes in water structure in the
direct closeness of these regions [19, 20].

The degree of the influence of salts can be divided into
three groups according to Mikhailov A.N. [12]:
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— KO BTOpOII TPyIIle — XJIOPHJ, HATpUsI U APYyIMe COMM,
KOTOpble He OKa3bIBalOT 3HAYMTE/IbHOTO BIMAHMA Ha
CBOJICTBA KOJI/IaT€Ha;

— B TPETbIO IPYIILY BXOJAT COJY, IOH KOTOPBIX He OT/IU-
JaeTcs MOBBIIIEHHON aicOpOMpPyeMOCTbIO U 06/azaeT
BBICA/IVMBAIOLIVIMIY CBOVICTBAMM, HAIIpUMep, CyIbdarThl,
THOCY/IbQATBI, aIleTaTbl ¥ KApOOHATHI.

B cny4ae coneit mepBoii TPyHIIbI KOJ/IAT€HOBBIE BO-
JIOKHAa TPy HaOyXaHWUM YKOPAuMBAIOTCS M YTOMIAIOTCA,
a TeMIlepaTypa CBapMBAHUA Pe3KO CHIDKAETCs, KO/UIareH
CrIocoOeH CBapMBaTbCs Yo>Ke TPV KOMHATHON TeMIlepary-
pe. IIpn B3aMMopeiiCTBMM KOJIJIAT€HA C COJIAAMU BTOPOIA
TPYIIIBI IPOVICXOAUT Hebo/bIoe HabyXaHue Py HU3KUX
KOHI[eHTPaLUAX COMM, B C/Iy4ae UCIOIb30BAHNA BbICOKUX
KOHIIeHTpaIuii — He6obII0e 06e3BOKMBAHIE.

B3aumopericTBue ¢ THIPOKOIONAMHA

Kormnarencopepxamie 6enKy IOMTOXUTEIBHO B3au-
MOJIETICTBYIOT C Pa3/IMYHBIMU IVPOKO/UIONAAMY, HAIIPH-
Mep, B psfie pabor (2, 4, 21, 22, 23] onmcaH cuHepreTude-
ckuit 9 deKT KUBOTHOTO Oe/IKa C HUMIL.

Taxk, npu go6asnenny 1% kapparnHaHa B 2,5%-HbIi TeJlb
XXMBOTHOTO Oenka Mapkn ScanPro T95 npovnocTb n ma-
CTUYHOCTD Te/I YBeNM4YMBanach B 6,3 pasa u B 5,9 pasa 1o
CpaBHEHHUIO C 2,5%-HbIM reyieM YXMBOTHOTO Oenka. Takke
IOKa3aH CUHepreTndecknii 9¢¢deKkT >XMBOTHOro Oenka
U KapparrHaHa B IPUCYTCTBUY 2% IIOBapeHHoIt comu [23].

Kapparunaubl 1 fpyrue nojmcaxapujpl, Takue Kak,
HaIpuMep, Te/UTaHOBasA KaMellb, IMAPOKCUITPOIIVIMETII-
Le/UTIONI03a YBEMYMBAIOT IIPOYHOCTD TeJleil U UX TepMO-
CTabMIBHOCTD, YTO OBIIO ITOKAa3aHO Ha IIpUMepe PhIOHOTO
KOJITareHcoiepyKaiero 6enka [4].

B pabote [22] paccMOTpEHO MOIOXXUTETbHOE BVSIHIE
a/IBTMHATOB Ha (PYHKIIMOHA/TBHOCTb O€IKOBOI CUCTEMBI.
Ha mpumepe 6enxa mapku ScanPro CE 40 nokasaHo B3a-
UMOJIVICTBYIE C a/IbTVHATAMM U IOTydeHye Goree CUb-
HOTO TeJiA yoKe TI0CTIe IBYX YacoB Bblep>kkit. V3-3a 6onee
3¢ deKTUBHOTO Mpoliecca reneobpasoBaHMsA CTANIO BO3-
MO>XHBIM COKPATUTb BpeMs IIPOU3BOJICTBA Y COKOHOMUTD
3aTpaThl Ha NIEKTPOSHEpruio. [IpyruM npenmyiecTBoM
B3aJMOJIEVICTBUA >KMBOTHOTO O€/IKa M a/IbIMHATOB ABJIA-
eTCsl TepMOCTaOMIBHOCTD TejIell MM SMyIbcuii [2, 22].

Astopamu Changdao, Fang u np [21] onncano momyde-
HIIe TY/POTe/iA 3 KOJUIATeHOBOTO OeJIKa 1 AMaIbJJerUIHO-
ro kpaxmana. O6pasoBaHye IIPOYHOTO Te/IA JOCTUTAETCA
3a CYeT peaKIMM aabJerMIHbIX IPYIII KpaxMasia co CBO-
6OHBIMY aMMHOTPYIIIIaMu B KojutareHe. [Ipu atom Tpe-
TUYHAs CTPYKTYpa KO/UTareHa He MeHseTcs. B pesynbrare
HOJTY9aeTCsI TEPMOCTAOM/ILHBII TeTlb.

Bnusanne ¢pocdaros

B pabore [24] roTOBMIN YeTbIpe SMYIbCUN C Pa3/INy-
HBIM COJIep)KaHMeM KOJUIareHa ¥ Ie/IouHbIM (ocdaTom.
Ho6asnenne 0,25% Tpunonudocdara HATPUA YIYUIIAIO
CTaOMIBHOCTD 3MY/Ibcu. [IpyMeHeHMe Ko/tareHa ¢ Imoym-
docdaramm B cpaBHeHNN C Ko/IareHoM 6e3 pocdaTos mmm
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— The compounds that cause strong swelling of collagen
in any concentrations (rhodanates, iodides, chlorates,
barium salts) are in the first group;

— Sodium chloride and other salts, which do not signifi-
cantly affect the collagen properties, are in the second
group;

— The salts, which ions do not have increased absorbabil-
ity and has salting-out properties, for example, sulfates,
thiosulfates, acetates and carbonates are in the third
group.

In case of the salts from the first group, collagen fibers
shorten and thicken when swelling, and the shrinkage
temperature sharply reduces; collagen is able to shrink al-
ready at room temperature. Upon interaction of collagen
with the salts of the second group, small swelling at low
concentrations of salts and small dehydration in case of
high concentrations occur.

Interaction with hydrocolloids

Collagen proteins positively interact with different hy-
drocolloids. In several works [2, 4, 21, 22, 23], a synergetic
effect of animal proteins with them is described. For ex-
ample, when adding 1% of carrageenan into 2.5% animal
protein gel of ScanPro T95 brand, the strength and plastic-
ity of gel increased by 6.3 times and 5.9 times compared
to 2.5% animal protein gel. Also, a synergetic effect of an
animal protein and carrageenan in the presence of 2% of
table salt was showed [23].

Carrageenans and other polysaccharides, such as gel-
lan gum and hydroxy propyl methyl cellulose, increase the
strength and thermal stability of gels, which was shown by
the example of fish collagen proteins [4].

In the work [22], a positive effect of alginates on func-
tionality of a protein system was examined. By the example
of protein of ScanPro CE 40, an interaction with alginates
and production of a stronger gel already after two hours of
holding was demonstrated. Due to more effective process
of gel formation, it became possible to reduce the time of
production and electricity costs. Another benefit of inter-
action of an animal protein and alginates is thermal stabil-
ity of gels and emulsions [2, 22].

Changdao, Fang et al. [21] describe production of a hy-
drogel from collagen protein and dialdehyde starch. For-
mation of a strong gel is achieved due to the reaction of
the aldehyde groups of starch with free amino groups in
collagen. With that, the tertiary structure of collagen does
not change. As a result, a thermally stable gel is obtained.

Effect of phosphates

In the work [24], four emulsions with different content
of collagen and alkaline phosphate were prepared. Ad-
dition of 0.25% sodium tripolyphosphate improved the
emulsion stability. The use of collagen with polyphosphates
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¢ oprodocdaTamy yBeIM4MBAIO KOMNYECTBO CBSA3AHHON
BOJIbI, Y/TY4IIa/I0 KOHCYCTEHINMIO TOTOBOI pogyKuym [1].

B pa6ote [25] mpoBopmumM MCCIe[OBaHUA IOIy4e-
HVSI IPOYHBIX KOMITO3UTOB, 00Pa30BaHHBIX KOJ/IIAr€HOM
1 IByXOCHOBHBIM (pocdat natpusa (Na,HPO,) ¢ pH oxo-
no 14. IIpepBapuTenbHO KoJUlared Tuna I Bbliep>KuBam
B PacTBOpe, cofiepkaieM aHnonsl PO, , 3aTem norpysxa-
1 B PAacTBOP, HACBIIeHHBIIT KatnoHamy Ca?*, 4To6BI Ta-
KM 00pa3oM 00pa3oBaroch OCAXK/IeHNe MUHEpaJIa.

BriBogbr

B pesynbrare IpoOBefeHHOTO aHaMM3a JIUTEPATYPBI
YCTAQHOBJ/IEHBI 0COOEHHOCTM (YHKI[MOHATIBHO-TEXHO/IO-
TMYECKUX CBOVICTB KOJIIAaT€HOBBIX O€/KOB B 3aBYCUMOCTH
OT CJIOXKHOCTY UX CTPYKTYpbL Iloc/efoBaTeIbHOCTD Tpu-
HeNTHAA, COCTOSAIIErO0 U3 IMIMIMHA, IIPONINHA M TUAPOK-
CUIIPO/IVHA, B/IMsIET Ha TePMOCTAOMIBHOCTb KOJ/TareHa
U Kenmpyromuit 9pdexr.

Temmeparypa feHaTypaluy 3aBUCUT OT COfEpPXKaHUA
HpOIMHA ¥ TUAPOKCUIIPOINHA, a TaKXKe OT MCXOJZHOTO
colpbsi. IIpy GONMBIIOM COfep>KaHMM NUPPOTUANHOBBIX
OCTATKOB TeMIIepaTypa AeHaTypaLyu OyAeT BhILIe.

ITocne jeHaTypaumy KojrareHa o6pasyoTcs coefyiHe-
HMA MEHbILIEN MOJIEKY/IIAPHOV MacCON: >KelaTuHa, JKemla-
TO3BI, IIIOTMHA, KOTOpbIe MOC/Ie OXTXJIEHNs 00pasyroT
IPOYHbIE CTYAHM, CIIOCOOHBIE YHiep>KUBaTh OOJIbIIIOE KO-
JINYeCTBO BOAIBI B CBOel CTPyKType. Ha Tpancdopmanyio
KOJI/IaTeHa B IJIIOTVH BIMAIOT TeMIlepaTypa 1 ypoBeHb pH.

BoisBlIeHa 3aBUCHMOCTb CTEIEHVM pPacTBOPUMOCTH,
TeMIIepaTypbl CBAapMBaHMA KOJ/UIATEHOBBIX >KMBOTHBIX
0€/IKOB M TPOYHOCTHBIX XapPAaKTEPUCTUK WX Teieil OT
ypoBHs pH. IIpomeHT pacTBOpMMOrO KO/jIareHa BbIlle
npu sHadeHuax pH=>5,4, yem npu 7,4. B xucnoit cpene
leHaTypalyis KOJUIaTeHa IIPOMCXOANT PV HU3KMX TeMIIe-
parypax Tak, Hanpumep, npu pH =3 Temneparypa cBapu-
BaHusa cocrasnger 35..40°C, npu pH=1 T, pasna 30°C.

BrnusiHue KucmoT, 1enodeit 1 cosneil Ha GyHKIVOHA/Ib-
Hble CBOJCTBA KOJ/IAT€HOBBIX 0€IKOB HOCUT MHAMUBULY-
aJIBHBIIT XapaKTep, 3aBUCUT OT IIPUPOABI U CUIBI AaHNOHOB
U KaTMOHOB, UX CPOJCTBA C KO/UIareHOBBIM 6enkom. Ha-
IpUMep, XIOPaThl, IOAN/IbI, COMY KaTbLIUA ¥ MAaTHUA BbI-
3BIBAIOT CWIbHOE HabyXaHMe KO//IareHa, B TO BpeMs Kak
XJIOpYJ] HaTpUs He BbI3bIBAET 3HAYMTETbHbBIX MI3MEHEHMII
B CTPOEHUM KOJI/IaTeHa.

Vimeer MecTO cuHepreTndyeckuit 3¢ eKT >KMBOTHOTO
OenKa ¢ TUApOKo/IoNaMu. Vcrnonbp3oBaHye XMBOTHOTO
6eka B KOMOVHALIMM C KapparuHaHaMU VI APYTUMMA IO-
nmcaxapupamu (re/ulaHoBasg KaMefb, TUAPOKCUIIPOINI-
MEeTWILIE/TI0N03a, KPaxMasibl) yBeINYMBAET IPOYHOCTD
rejieil ¥ X TePMOCTAOMIBHOCTb.

®ocdarbl BMecTe ¢ KO/TareHOM CITIOCOOHBI 00pa3oBbI-
BaTb IPOYHBIE KOMIIO3WTBI.

I[IpencTaBysieT MHTepeC [ajibHelilllee M3ydeHe BIVs-
HVS IPYTUX BUZIOB cortelt, (pochaToB U IUAPOKOIONIOB
Ha IPOYHOCTHBIE XapaKTePUCTUKMU Tejlell KO/IareHOBBIX
6e/1KOoB.
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increased an amount of bound water and improved consis-
tence of finished products compared to collagen without
phosphates or ortophosphates [1].

The work [25] studied production of the strong com-
posites formed by collagen and sodium phosphate dibasic
(Na,HPO,) with pH about 14. Preliminary collagen of type
I was held in a solution contained anions PO A then, it
was dipped into a solution saturated with cations Ca** to
precipitate the mineral.

Conclusions

As a result of the performed analysis of the literature,
the peculiarities of the functional and technological prop-
erties of collagen proteins dependent on the complexity of
their structure were established. The sequence of tripeptide
that is composed from glycine, proline and hydroxypro-
line affects the thermal stability of collagen and the gelling
effect.

The denaturation temperature depends on the content
of proline and hydroxyproline as well as on the initial raw
material. Upon the high content of the pyrrolidin residues,
the denaturation temperature will be higher.

After collagen denaturation, the compounds with lower
molecular weight are formed: gelatin, gelatinose and glu-
tin, which, after cooling, form strong gels capable of retain-
ing high amounts of water in their structure. The collagen
transformation into glutin is influenced by a temperature
and pH value.

The dependency of the degree of dissolubility, shrink-
age temperature of collagen animal proteins and strength
characteristics of their gels on a pH value was established.
Percentage of dissolved collagen is higher at pH 5.4 com-
pared to pH 7.4. In the acidic medium, collagen denatur-
ation occurs at how temperatures; for example, the shrink-
age temperature at pH 3 is 35...40°C; at pH 1, T, is 30°C.

An effect of acids, alkilis and salts on the functional
properties of collagen proteins has an individual character,
depends on the nature and strength of anions and cations
and their affinity for collagen protein. For instance, chlo-
rates, iodides, calcium and magnesium salts cause strong
swelling of collagen; while, sodium chloride does not cause
significant changes in the collagen structure.

The synergetic effect of animal proteins with hydrocol-
loids exists. The use of animal proteins with combination
of carrageenans or other polysaccharides (gellan gum, hy-
droxy propyl methyl cellulose and starches) increases the
strength and thermal stability of gels.

Phosphates with collagen are able to form strong com-
posites.

It should be interesting to further study an effect of
other types of salts, phosphates and hydrocolloids on the
strength characteristics of collagen protein gels.
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