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Opurunanbnaﬂ Hay4YHas CTaTbsl

OU3NYECKUE XAPAKTEPUCTUKU KA3EVNHA
INTPU OBPABOTKE BBICOKUM OJABJIEHUEM B PACTBOPE

bynkesuu P.O*., Epemuna A.W., EBpokumos U.A., ®enopiios H.M., Maprak A.A., Bynkesuu E.B.

KJIFOYEBKIE CJIOBA:

KaseuH, 06pabomxa 8slCOKUM
dasnieHuem, 2udpoOUHAMUUECKUTI
paduyc, ¢roopecyeHyus
mpunmocgaxa u mupo3uHd,
HK-cnekmpockonus KaseuHa

CeBepo-KaBka3sckuii benepanbHblit yHuBepcuTeT, CTaBpoIronib, Poccus

Llesbi0 JaHHOTO MCCAemOBaHMs ObIIO M3yueHue BAMSIHMUS Bo3aeiicTBust gasiaenus (50; 90; 160; 250; 350 MIla)
Ha psp GuU3aMUecKMUx CBOVICTB MMIIEJUTBI Ka3euHa: TMIPOAVMHAMUYECKUIT pagmnyc, QIIIoopeciieHINI0 TUPO3UHA
u TpuntodaHa u xapakrepuctuky VK-crekrpos. [1o JaHHBIM (OTOHHO-KOPPEJSILIMOHHO CIIEKTPOCKOTINM CPeJI-
HUI I'MOPONMHAMMUYECKMI PaiMyC MULIENIbI KaderHa cocTaBm 128 HM, yBennuuBasice npu 50 MITa go 467 HM
¢ o6pa3oBaHMeM KOHIVIOMepaToB. [lanbHejiliee yBenuueHue qaBieHus IpUBeIo K GopMMUPOBaHMIO ABYX dpak-
LUt 4aCTULL, PA3IMYAIOIIMXCS [0 BeIMUYMHe TUAPoaHaMudeckoro paguyca. [Tpy naiaennu B 350 MITa oCHOBHYIO
yacTb (75 %) cocTaBiIsIM YacTULIBI cO cpefHuM paguycom 121 um. CorocrapiieHye TMCTOrPaMM IMIpOAHAMMYe-
cKoro paguyca u (ayopecieHIMM TUPO3YHA OGHAPYKUIIO CHYDKEHVe MTHTEHCUBHOCTY CBEUEHMSI TP YBETUYeHUN
JIOJTY YaCTULL 6OJIbLIMX Pa3MepPOB M POCT U3TyUyeHMs B PACTBOPe MPU YMeHbIIeHUM pa3zmepa mutemt. Poct ¢uy-
opeclLieHLMM Ka3eMHa 1Mo TpunTodaHy 1 e€ CHIDKEHME 0 TUPO3VMHY YKa3bIBAIOT HA M3MeHeHe KoH(opmauym
6eTKOBBIX MOJIEKYI ITpU 06paboTke nasneHneM. UK-Dypbe CrIeKTPOCKOIHMS BhISIBUIA M3MEHEHME MHTEHCUBHOCTY
OITMYECKO IIJIOTHOCTM B Ayana3oHe amup [, amup II v BasleHTHBIX CBSI3eli TMPO3MHA, TOATBEPXKIasi OTCYTCTBYE
TIOSIBJIEHYS] HOBBIX CBSI3€eil.

IMomyueHHbIe GU3MUYeCKNe TaHHbIE YKA3bIBAIOT HA M3MEHEeHMe CTPYKTYPhl Ka3eMHOBBIX MUIIEIUI C YBeIMYeHVEM
o (25 %) KpYIMHBIX YACTHULI TIOCTIe IeViCTBUSI BLICOKOTO faBienus (350MI1a), uTo ciemyeT yIUThIBATh B Iepepa-
60TKe MosIoKa. DroopeciieHIys Ka3enHa pu 06paboTKe JaBIeHeM SIBISIeTCs Cnabo uccaeqoBaHHbIM (busnye-
CKVMM IT0OKa3aTeleM Y MOXKeT HeCTV TPUKJIAJHOe 3HAUeHMe AJIS1 TEXHOIOTMYeCKOli 06paboTKM MOJIOUHOTO ChIPbSI.

Original scientific paper

THE PHYSICAL PROPERTIES OF THE CASEIN
IN SOLUTION: EFFECT OF ULTRA-HIGH PRESSURE

Roman O. Budkevich* Anastasia I. Eremina, Ivan A. Evdokimov,

K/TIOYEBBIE CJIOBA:

casein, high pressure treatment,
hydrodynamic radius, fluorescence
of tryptophan and tyrosine,

IR spectroscopy of casein

1. BBegenmue

Nikita M. Fedortsov, Alexey A. Martak, Elena V. Budkevich

North-Caucasus Federal University, Stavropol, Russia

The aim of this work was to study the effect of pressure (50; 90; 160; 250; 350 MPa) on a physical property of
casein micelle: hydrodynamic radius, tyrosine and tryptophan fluorescence and IR spectra characteristics. Ac-
cording to photon-correlation spectroscopy, the average hydrodynamic radius of the casein micelle was 128 nm,
increasing at 50 MPa to 467 nm with the formation of conglomerates. Further increase of pressure led to the
formation of two fractions of particles, differing in hydrodynamic radius. At a pressure of 350 MPa, an average
radius of 75 % of particles was 121 nm. Comparison of hydrodynamic radius and tyrosine fluorescence revealed a
decrease in the intensity of the glow with an increase in the proportion of large particles and an increase in the
radiation in the solution with a decrease of the micelles size. The increase of casein fluorescence by tryptophan
and its decrease by tyrosine indicate a change in the conformation of protein molecules during pressure treat-
ment. FTIR spectroscopy revealed a change in the intensity of the optical density in the range of amide I, amide II
and valence bonds of tyrosine, confirming the absence of new bonds. The obtained physical data indicate a change
in the structure of casein micelles with an increase in the proportion (25 %) of large particles after the action of
high pressure (350mpa), which should be taken into account in milk processing. The fluorescence of casein during
pressure treatment is a poorly investigated physical indicator and can be important for the processing of raw milk.

6enkoB [4]. KazenHbl B MOOKE MOTYT PacCMaTPUBATBHCS Kak

O6paboTKka BBICOKUM [aBJIEHMEM SIBJIIETCS IEepPCIIEeKTUB-
HBbIM U OTHOCUTEIbHO HOBBIM ITOJIXO/IOM HETEIJIOBOI TEXHOJIO-
ruu 06paboTKM MOJIOKa, CIIOCOOHOM MHAKTUBUPOBATH MUKPO-
OPraHM3MbI B MUIIEBBIX TPOAYKTAX, a TAKKe MOAUDULINPOBATH
MOJIOUHbIe 6eKky. PUBUKO-XMMUUECKIE U3MEHEHUs B MOJIOY-
HBIX CUCTEMaX, BbI3BAHHBIE BBHICOKMM [aBI€HUEM, BKIIOUAIOT
M3MEHEeHMe pa3Mepa YacTHUI] U I[BeTa MOJOKa (YMeHbIIeHN e
MYTHOCTH) [1,2].

KasenHOBbIe MUIIEIIBI SBJSIIOTCS TTpeobiaganomymMy 6en-
KOBBIMM KOMIIOHEHTaMM MOJIOKa, IPeACTaBJsSIOT co60ii Io-
JUAMCIIEpCHBIe, TPYy60 cdepuyeckme arperaTsl M COCTOSIT U3
HecKombKMxX ochomporenHos: asl-, as2-, B-, u k-kazeuH [3].
CTpYKTypa Ka3eMHOBBIX MUIIE/JT M3yUeHa ¢1abo, OMHAKO Mpe/I -
JIOKEeH psif, MoJiesieii ¢ pacCMOTpeHMeM UX Kak aMbdubmUabHbIX

o1 TUTUPOBAHUS: Bynkesuu P.O., Epemuna A.U., EBgokumoB U.A., ®e-
nopuos H.M., Maprak A.A., Bynkesud E.B. ®u3nueckue xapakTepuCTUKA Ka3enHa
pu 06paboTKe BLICOKMM JaBieHVeM B pacTBope. [Tuujessie cucmemst. 2018; 1(3):
4-12.DOI: 10.21323/2618-9771-2018-1-3-4-12

HaHOKAIICY/Ibl 06ecrevyBape AOCTaBKy IUTATEeNbHbIX Be-
IecTB, UX pazmep Kone6nercs ot 50 1o 500 HMm [5]. CornacHO
Mogenu Horne [6], ka3eMHOBasi MuIie/uia cTabuiabHa Giaro-
Japsi 6amaHcy MeXIy 3JIeKTPOCTATUYECKUM OTTATKMBAHMEM
u ruapodoOHBIM HpUTsDKeHMeM. I'mapodob6Hoe B3ammomeii-
CTBYE B MUIIe/IJIe OCHOBAHO Ha B3aMMO/IEMCTBUM MEXIY Kase-
uHaMu U pocdaTom KaabLys. JleiicTBMe BbICOKOTO JaBIEHUS
MIPUBOIOUT K PACTBOPEHMIO KOUIOMAHOTO Gocdara Kanbius
M JUCcoUManuu TUAPOGOOHBIX U ITEKTPOCTATUYECKUX B3aU-
MoJeiicTBUi. VI3BeCTHO, UTO Ka3eMHOBbIe MUIIE/UIbI 110, Aei-
CTBMEM JIaBJIEHUSI MOTYT HEOOPATUMMO pacrafaThCs Uau o0bpa-
30BBIBaTh Oojiee KpyIHble yacTulpl [7, 8]. CTpyKTypupoBaHue
6eJIKOB TPy 06paboTKe BHICOKUM JaBJIEHMEM MOKET MCIIONb-
30BaTbhCsl B BBICOKOTEXHOJOTMYHOM ITUILEBOM IMPOMU3BOMCTBE

FOR CITATION: Budkevich R. O., Eremina A. I., Evdokimov I.A., Fedortsov N.M.,
Martak A. A ., Budkevich E. V. The physical properties of the casein in solution:
effect of ultra-high pressure. Food systems. 2018; 1(3): 4-12. (In Russ.). DOI:
10.21323/2618-9771-2018-1-3-4-12
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6eJIKOBBIX HAHOUACTUII, YTO TpeOyeT MoucKka HOBbIX (usnve-
CKMX MeTOJ0B uccaenoBanus [9).

Llenpio JAaHHOTO UCC/IeNOBaHMSI ObIO U3YYUTD BAMUSIHME BbI-
COKOTO JIaBJIeHMsI Ha psifi GU3UNUYECKUX CBOVICTB MUIIE/IbI Ka3e-
MHA: TUIPOAVMHAMMWYECKUI pammuyc, GII0OPeCIIeHIINI0 TUPO3MHA
u TpuriTodaHa 1 xapakTepucTuky MK-crmekTpos.

2. Marepuabl U METOAbI
2.1 Mamepuans! u peakmuesl

ViccnemoBaHusl poBoamanch Ha 6ase HUJI «HaHo6moTex-
Hosorusl U 6uodusuka» LleHTpa GMOTEXHOIOTUYECKOTO VHXKM-
HupuHra CK®VY. [Iig npuroToBieHus paCTBOPOB UCIIO/Ib30BaHa
IeroHM3MpoBaHHas Boma (Smart2Pure, Thermo Scientific, USA)
U peakTuBbl KBammbukauum 4.n.a. (AppliChem, USA). Kazeun
TONTyJaIu U3 06e3KMPEeHHOTO MOJIOKA ITyTeM €ro MOIKUCIeHNS.
B 100 M monoka mo6asisiv 1 mMut 10 % yKRCYCHO#M KUCTOTBI OIS
mocTokeHust pH = 4,6. 3aTeM 06pasiibl 6bUTM LIEHTPUDYTUPOBa-
Hbl B TeueHue 10 muu npu 3000 06/MuH, 0cagoK KaseuHa Tpu-
SKABI TIPOMBIBIM TUCTU/UTMPOBAHHOM BOJOM U LIeHTpUDYTHU-
poBaiu 1ipu 3000 06/MUH B TedyeHMe 15 MUH C TTOCTEAYIOIIUM
BopIcylBaHuem 1ipu 40 °C.

B skcnepumenTe [71s1 TOIyYeHMSI pacTBOPa CyX0ii MOPOLIOK
KaseyHa pacTBOPSI/ICSI B IeMOHU3MPOBAHHOI BOME C KOHILIEH-
Tpaiueit 1 Mr/mj C UCIONb30BaHMEM MarHMUTHOM Mellaaku
IIpy KOMHATHOI TemIlepaType, [l CTaHAAPTU3aLUN YCIOBUI
pacTBOp HOBOAMIN A0 HEMTpaabHbIX 3HaUeHMi1 pH ¢ mpumeHe-
uueM pactsopoB NaOH u HCI. [Ins1 yoaneHust HepacTBOPEHHDIX
yactul, 6enka npobsl HeHTpudyruposaau mnpu 10000 06/MuH
(Centrifuge MPW-352r, MPW MED INSTRUMENTS, Poland).

2.2 MemoOsl ucciedosaHus

PacTBop KasemHa o6pabaTbIiBaaM Ha JabOPaTOPHOM TOMO-
reHusarope BbIcOKOro maBieHmsi (Stansted Fluid Power Ltd.,
UK). ITogroToBaeHHbI pacTBOP MOMEIAIN B IMIMHAP MIIPUIia
06bEMOM 20 MJI, COBTMHEHHBIM CO BITYCKHBIM KJIallaHOM, TIpK-
60p aBTOMAaTHUUYECKM OTOMPA HY>KHbII 0ObeM [IJIsT 3aTTOTHEH NS
SYeiiky ¥ HauuHaja o6paboTky. O6paboTKa MPOBOAMIACH TIPU
50; 90; 160; 250; 350 MITa. O6paboTaHHas rpoba cIMBaaach U3
BBIITYCKHOTO KJIaNaHa B OTAENIbHYIO MTPOOUPKY M XpaHUIACh IIPU
mitoc 4 °C.

T'MoponyHAMMYECKUIt paguyc ONpenessiv ¢ TOMouIbio do-
TOHHO-KOPPEJSIMOHHON CIeKTPOCKONMMM Ha CIIeKTpomeTpe
Photocor Complex (OO0 «®otokop», Poccust). diryopectieHLImsT
Ka3euHa OleHMBAIACh HA MyJIbTUMOIAIbHOM puaepe Varioskan
Flash (Thermo Scientific, USA) no TpunrtodaHy u TUPO3UHY
Ha CIeQyIIMX OJMHAX BOTH COOTBETCTBEHHO: BO30OYXKIEHMe
280 HM / cunTbiBaHMe 328—-350 HM 1 BO36YykaeHme 275 HM / cum-
TeiBaHMe 303 HM. 151 udyuenus: VIK-crekTpoB BOIHBIX PaCcTBO-
poB uctonb3oBanyu npucraBky HIIBO VK-®ypbe ciekTpomeTpa
Nicolet iS50 (Thermo Scientific, USA).

Bce skcnepuMeHTbI TPOBOAMINCH IPY HEMTPaIbHOM 3HaUe-
Huy pH mpu KOMHaTHO¥ TemrepaType. CTaTUCTUUYECKNT aHATNU3
JIIAaHHBIX TTPOBOJMJICS C UCIIONIb30BaHMEM 6JIOKA OIMMCATENbHOI
cratuctuku Excel (Microsoft Office, USA).

3. Pe3yabTaThl M 06CYKAEHUE
3.1 H3meHeHue 2udpoduHamuieckozo paouyca KazeuHda

nocJie 6o3deticimeus 6vIC0K020 0aesieHuUs

B kauecTBe o6pasiia [jis cpaBHeHMs ObLI MCIIOIb30BaH Ka-
3eMH 6e3 06paboTKYM BLICOKUM JIaBlIeHMEM, COMePKaInil OqHY
dpakmuio vactur, (Puc. 1). BospeiictBue gaBienus B 50 MIla
IIPUBEJIO K YEeThIPEeXKPAaTHOMY YBEJINYEHUIO I'MAPOAVHAMMUYE-
CKOTO pafuyca, ¥ yKa3bplBaJIO Ha 06pa3oBaHue KOHIIOMEPATOB
Ha OCHOBe Ka3eMHOBbIX MUIIE/UI. BeposiTHO, 1MoA BO3/eiCTBI-
€M BBICOKOTO JaBJe€HMS TIPOU3OILIN CTPYKTYpPHbIe MoauduKa-
LMY «BOJIOCKOBOTO CJIOSI», COCTOSIIIEro U3 a.sl- 1 k-Ka3euHOB,
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KOTODbIIi OTBeUaeT 3a arperupoBaHue CyOMMIIE/UT KaseuHa.
JTO MOATBEPKAAeT JaHHbIE O TOM, UTO Moc/Ie 06paboTKM IaB-
JIeHMeM B 006e3XKMPEeHHOM MOJIOKe Hab/ImaeTcss yBeauueHmne
KOJIMYeCTBa KOMKOB M KJIacCTepOB, IMOJNYYEHHBIX U3 CyOMMU-
Le/u1 1 MOHOMepoB ka3euHa [10]. Tak e cuuTaeTcs, 4TO yBe-
AMYeHMe pas3mepa YacTUI] MpeZiiecTBYeT paclagy MMUIIeNT
KaseuHa [11].

O6paboTka pacTBopa KaseuHa gasiaeHuem 90 MIla mpusesa
K pasfeneHunIo yacTuly Ha aBe dhpakiuu. B Mmenbrywo Gpakumnio,
cocTtaBuBLIyIO 40 % OT 0611Iero 4mciia, BOLLIM KPYIHbIe CTPYKTY-
pbl, a octaBumecs 60 % yacTul] He3HAYUTEIbHO U3MEHUIIUCH OT-
HOCUTEIbHO ITlepBOHAYaabHbIX 3HAUEHUIT pajguyca MULesUI, 4YTO
TaK)ke MOXeT pacCMaTPUBAThCS Kak JajabHelllee paspylieHne
«BOJIOCKOBOTO C/1051» [9].

IMocne yBenuuenus gasiaeHus 1o 160 MIla u 250 MIla Ha-
6TI0AJICST POCT Joay QpaKiuUy YacTull 60bllIero pasmMepa mo
56 % 1 68 % cOOTBETCTBEHHO, C TEHIEHIIMEN K CHIDKEHUIO Cpefl-
HEero 3HaYeHus TUAPOIMHAMUUECKOTO paauyca B o6enx dpak-
LIVSIX.

IMocne o6paboTku gasneHueM npu 350 MIla arperupoBaH-
Hble KOHIJIOMePaThl CUJIbHO YBEJIMUMBAINUCH B pazMepax, HO UX
JloJisl yMeHblIanach 0o 25%, a ocHOBHYI0 yacTh (75 %) cocra-
BWIM YaCTUIIbI G/IM3KMe [0 pa3Mepy K MulleJijlaM KazeuHa 6e3
06paboTky naBieHueM. IlosyuyeHHbIE Pe3yNbTaThl MOITBEP-
SKOAIOTCS JAHHBIMM O pacliajie MULIeJUTbI Ka3erHa Ipu JaBe-
Humn mexny 200-250 MITa (koMHaTHas TemMIiepaTypa), a Cpes-
HMIT pafiuyc MUIENT TIocae 06paboTKM AaBaeHMeM MO3TaITHO
YBEJIMUMBAETCSI U 3aTeM, Ipu AocTiokeHuu 350 MIla, ymMeHb-
maetcs [12].

3.2 dnyopecueHuyus KaseuHa

no mupo3uHy u mpunmodgany

O6pas3siibl KaserHa g0 06paboTKM JaBjIeHMeM XapaKTepus3o-
BJINCh 3HAUMUTENbHOV MHTEHCUMBHOCTbIO CBEUEHMSI TMPO3MHA.
IMocste peiicTBus nasneHus B 50 MITa GMKCHMpoOBaoch HAMMEHb-
Iiee 3HayeHue GIryopecleHInM, KOTOPOe XapaKTepu3oBaIoCh
TeHJeHIIMel K POCTY C YBeJMueHyeM 3HaUeHUi OKa3blBaeMOoro
nasieHus. OTMeuaeTcsl JOCTOBEPHBIN BCIUIECK 3HAUEHMI TIPU
90 u 250 MIlIa, omHaKo cBeueHue Ka3enHa Iocie 06paboTKu He
JIOCTUTAJIO YPOBHSI KOHTPOIbHOTO o6pasiia (Puc. 2A). dmyopec-
LieHIMs TpunTodaHa B KOHTPOJIbHOM 06pasiie Oblia JOCTOBEP-
HO HIKe, 4eM Tocjie 06paboTKy faByieHueM. [IoBbIIIeHKE aB-
JIeHUsI COITPOBOXKA,AIOCh POCTOM CBeueHMsI B [1Ba 3Tarla: epBblit
pu masiaeHuu ot 50 mo 160 MITa u BTopoii mpu 250-350 MIla
(Puc. 2B). ®dnoopeciieHI 1S OLeHMBAIACh B MOMEHT MaKC/Mallb-
HOro ucrnyckanus [13] u 3aBucena ot psiga GakTopoB, BKIOYAIO-
mux (GIryopeceHUnI0 MHIOOMbHON COCTaBIISIONIeN, HAIMUYMEM
B GOJBIIMHCTBE 6ETKOB HECKOIbKMUX TPUTITODAHOBBIX OCTATKOB
U OKPYKEHUS U3ydaeMoit MoseKysbl [14]. UHTeHCUBHOCTD (ity-
OpPEeCIIEHIIMY MOKET ObITh OOYC/IIOBIeHa Pa3HbIM YMCIOM aMM-
HOKMCJIOT, TaK, MUIIeJIJIa KA3eMHA COTEPKUT 41 OCTATOK TUPO3U-
Ha 1 7 octaTkoB Tpunrodaxa [15].

CormocTraByieHMe TUCTOrpamMM U GyopecuieHIIMM TUPO3UHA
yKa3bpIBaeT Ha CHMXEHME MHTEHCMBHOCTY CBEUYEHUS MpPU yBe-
JIMYEHUM TOIU YaCTUI OONBIINX PA3SMEPOB U POCT U3TyUEHUS
B pacTBOpe IIPU YMeHbIIeHUM I'MAPOAMHAMUYECKOTO paguyca.
BoisiBlieHHbIe OCOOEHHOCTM CBEUYEHMSI aMUHOKMUCIOT Ka3emHa
CBSI3aHBI CO CTPYKTYPHBIMM I€PecTpoiikamu Mpu 06paboTke
naBiaeHueM. PocT cBeueHust o TpuntodaHy U CHUKEHME TIO
TUPO3UHY NIPU BO3IENCTBUM BBICOKOTO IaBlIeHUsI YKa3bIBAIOT
Ha M3MeHeHMe KOoHMopMauuu 6eaKOBbIX MOJEKY1T Ka3euHa
C repepacnpeneneHyeM IOJI0KeHUSI aMUHOKUMIOT [16]. OgHo-
HarpaB/ieHHbIe M3MeHEeHMsI CBeUueHMs MCCIeOBaHHbBIX aMUHO-
KUCJIOT, TIoc/ie 06paboTKU, MOTYT GbITh OGYCIOBJIEHBI TTEPEHO-
COM 3Hepruyu OT TMPO3MHOBBIX K TPUITODAHOBBIM OCTATKAM
B 6enkax [14].
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Puc. 2. Jlunamuka GhayopecleHIMM Ka3enHa 1o Tupo3uHy (A) u Tpuntodany (B) 1o u mocie 06paboTKY BHICOKMM AaBIeHMEM

3.3 Xapakmepucmuka UK-cnekmpoe muuennsl KaseuHa

B mpoBeAEHHBIX MCCIENOBAHMSIX Ka3euHa ObUIM BbISBIEHbI
cTabuibHbie MUKU 1638-1649 cM!, uTO SBASIETCS XapaKTep-
HOI1 06/1acThio criektpa mis amup, I, 1600-1700 ecm! [17,18,19].
B criektpanbHbIil auanasod 1700-1550 cv! cpeguero UK moma-
JIAIOT BCe OETKOBbIE BTOPUYHBIE CTPYKTYPHI (0L-CITUPATH, B-JTACTHI
u B-BUTKM), a TaKKe IMHAMUUECKMe KoHbopMaluu 6eKkoB, Xa-
paKkTepu3ylolMecs OIHOM MM HECKOIbKUMY (MaskOpHOI U MU-
HOPHBIMU) XapaKTePHbIMU IT0JIOCAMU ¥ COOTBETCTBYIOIMMMU KO-
adbdunmenTaMm sKCTUHKIMM B o6acty amup, I [18,19].

ITpu 50 MIla Ha MK-crmieKTpe OTMeYanoch yBeauueHue o06-
1ieji MHTEHCUBHOCTM U CITIa)KMBaHMe BCeX MMKOB, YTO CONPOBO-
SKIATIOCh OIMMCAHHBIM BbINIe IMafeHueM MHTeHCUBHOCTU (imio-
opecueHiuu TpunrodaHa (Puc. 3). BeposiTHO, Ipu CIUIIaHUK
6€e/IKOBBIX YaCTUI] TPOMCXOAUT Tepexof, IPUHSITOTO MOJIeKYIIoi
¢doroHa Ha Ipyrue CBSA3Y U U3MEHSEeTCS] BeMMUIMHA VICITYCKaHUS
npu GIIoOpece N, YTO COITIACYeTCsI C IUTePaTypPHBIMU TaH-
HbeiMu [20]. TIpy panbHejIeM MOBBINIEHMN AABIEeHUST HaOIIO-
JlaeTcsl M3MEHeHMe OINTHUYecKoil IUIOTHOCTM B MK-crekTpax,
C YBe/IMYeHMeM MHTEeHCMBHOCTM B Pa3/IMYHBIX 30HAX, & MMEHHO
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Puc. 3. UK-criekTpbl Ka3enHa 10 U rocie 06paboTK BHICOKMM AaBI€HUEM

6enkoBble Tpymmbl amuaa I (1638-1649 cv?), amupa II (1560-
1567 cM™!) 1 XapaKTepHbIX [JIs1 KojeGaHui CBsI3eii B TUPO3UHO-
BoM Kosblie (1514-1519 cm™!) 1 MOKeT yKa3bIBaTh Ha yBeIuMye-
HMe KONMYeCTBa CBsi3ell JaHHOro tuna. B uccremoBanmsx [21]
I0Ka3aHbl aHAJIOTMYHbIE M3MEHEHUS ONTUUYECKOl IUIOTHOCTU
obnacty amup, [ 1 Iucconmanyisi MULeN Ka3eyH 13-3a 37eKTPo-
CTaTMYeCKOrO OTTAJKMBaHMS Ha Oojee MeJKMe OTPULIATENbHO
3apspkeHHble (parMeHThbl. [1070ChI, LEHTPUPOBAaHHBIE BOIU3U
1647 cm™! MOTYT OBITh TEOPETUMYECKM OTHECEHbI K eMeHTam
o-crimpaiu. ITosmockl, Haxopsiyecst Bomusu 1669 cm~' u 1680 cv™!
OTHOCSITCS K 3-BUTKaM U B-1MCTaM COOTBETCTBEeHHO [22]. Cnenmo-
BaTelbHO, OTCYTCTBMeE cMelleHuit crenbuueckux VK criekTpos
yKa3bIBaeT Ha CTAOMIBbHOCTh B-CTPYKTYPhI Ka3enHa.

4. BpiBOAabI

B cooTBeTcTBUM C 1€7bI0 JAaHHOTO MCC/IeJOBAaHUSI U3YUYEeHO
BJIMSIHME BBICOKOTO JaBJIEHUST HA psifi GU3NUECKUX CBOCTB MU-
LIe/UThI Ka3eyHa: IMIPOAMHAMUYECKNI paguyc, GiaroopeclieH-
LIMI0 TUPO3WHA U TpUITOdhaHa 1 XapakTepucTuky UK-crekTpos.
O6paboTka MUIENI KaseuHa AaBlIeHUeM MPUBOIUT K TPaHC-
dopmanum ux pasmepa, 4To 0OYCIOBJIIEHO CIMTIAHUEM YaCTUI]
(50 MIIa) u mosTarmHOMY APOOGJIIEHUIO TIpY JalbHENIIEM POCTe

1. Introduction

High-pressure processing is a promising and relatively new
approach of non-thermal milk processing technology, capable of
inactivating microorganisms in food products, as well as modi-
fying milk proteins. Physical and chemical changes in dairy sys-
tems caused by high pressure include change of particle size and
milk color (turbidity reduction) [1,2].

Casein micelles are the predominant protein components
of milk, polydisperse, roughly spherical aggregates consisting
of several phosphoproteins: AS1 -, AS2 -, B -, and k-casein [3].
The structure of casein micelles is poorly studied, but a number

JlaBieHus. ITO COMPOBOXKIALTCST KoebaHUsIMU YPOBHS GUTI00-
peciieHIIMM TUPO3UHA U TpunTodaHa, ykaspiBasi Ha Ieperpyr-
MMPOBKY MOJIEKYJISIDHOM CTPYKTYphI KasenHa. UK-Dypoe crek-
TPOCKOTIMSI BBbISIBWIA MI3MEHEeHMe MHTEeHCUBHOCTY ONTUYECKOM
IJIOTHOCTM B Auamna3oHe amup I, amup II 1 BajieHTHBIX CBs3eit
TUPO3MHA, TOATBEPXKAAST OTCYTCTBME (HOPMUPOBAHUSI HOBBIX
cBsaseii. TlomyueHHble Gu3MYeckue TaHHbIE YKA3bIBAIOT HA U3-
MeHEeHMe CTPYKTYPbI KA3eMHOBBIX MUIIEI C YBeIMUYeHMeM OO
(25%) KpyMHBIX YaCTUIL TTOCIE MECTBUS BBICOKOTO IABJIEHMUS
(350 MIIa), 4TO ClemyeT YYMTHIBATh B MepepaboTKe MOJIOKA.
dmoopeciieHIysT Ka3enHa Mmpy 06paboTKe JaB/IeHUEM SIBJISIET-
cs1 1abo MccenoBaHHbBIM (GU3UYECKUM TI0Ka3aTeeM U MOXKET
MMeTh MPUKIAJAHOE 3HaueHMe B TEXHOIOTMUYECKOii 06paboTke
MOJIOUHOTO ChIPbSI.

5. BaIpa’keHMe NPU3HATEIbHOCTHU

ABTOpDBI BbIpaXawT NpusHaTenbHocTh Kupna U.B., meHen-
skepy 1o pabore ¢ KiaoueBbiMu naptHepamu ['K «Apmar, 3a BO3-
MOXXHOCTb TIPOBeJleHMsI MCCIeOBaHUI Ha J1abopaTOPHOM TO-
MOTEeHM3aTOpe BBICOKOro faBneHus: u banHoBy A.B., acimpaHTy
Kadenpsl mpukIagHOi O6MoTexHomoruyu (CKDY), 3a momolrb
B IIpoBeJieHMM HOTOHHO-KOPPEISIIIMOHHOI CIIEKTPOCKOIINUMN.

of models with their consideration as amphiphilic proteins are
proposed [4]. Caseins in milk can be considered as nanocapsules
providing the supply of nutrients, their size ranges from 50 to
500 nm [5]. According to the Horne model [6], the casein micelle
is stable due to the balance between electrostatic repulsion and
hydrophobic attraction. The hydrophobic interaction in the mi-
celle is based on the interaction between casein and calcium
phosphate. The action of high pressure leads to the dissolution
of colloidal calcium phosphate and dissociation of hydrophobic
and electrostatic interactions. It is known that casein micelles
under pressure can irreversibly decompose or to form larger
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particles [7, 8]. Protein structuring in high-pressure processing
can be used in high-tech food production of protein nanopar-
ticles, which requires the search for new physical methods of
research [9].

The aim of this study was to investigate the high pressure
effect on a physical properties of casein micelle: hydrodynamic
radius, fluorescence of tyrosine and tryptophan and IR spectra
characteristics.

2. Materials and methods
2.1 Materials and Reagents

The study was carried out in the research laboratory «Nano-
technology and Biophysics» (Center for biomedical engineering,
NCFU). For the preparation of solutions used deionized water
(Smart2Pure, Thermo Scientific, USA) and reagents qualification
«p.a». (AppliChem Inc., USA). Casein was obtained from skim
milk by its acidification. In 100 ml of milk, 1 ml of 10% acetic
acid is added to achieve pH = 4.6. Then the samples were centri-
fuged for 10 min at 3000 rpm, the precipitate of casein washed
three times with distilled water and centrifuged at 3000 rpm for
15 min, followed by drying at 40 °C.

Dry casein powder was dissolved in deionized water at a con-
centration of 1 mg/ml using a magnetic stirrer at room temper-
ature; to standardize the conditions, the solution was brought
to neutral pH values using NaOH and HCI solutions. To remove
undissolved protein particles, the solution was centrifuged at
10,000 rpm (MPW-352r, MPW MED INSTRUMENTS, Poland).
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2.2 Research Methods

The solution of casein was treated with a laboratory high-
pressure homogenizer (Stansted Fluid Power Ltd., UK). The
prepared solution was placed into the cylinder of the syringe a
volume of 20 ml and was inserted into the inlet valve, the de-
vice automatically selected the right amount to fill the cell and
began processing. Processing was carried out in the range from
50 MPa to 350 MPa. The treated sample was drained from the
exhaust valve into a separate tube and stored at plus 4 °C. The
hydrodynamic radius was determined using photon-correlation
spectroscopy on the spectrometer Photocor Complex (Fotokor,
Russia). Casein fluorescence was evaluated on a multi-modal
reader Varioskan Flash (Thermo Scientific, USA) by tryptophan
and tyrosine at the following wavelengths, respectively: exci-
tation 280 nm / reading 328-350 nm and excitation 275 nm /
reading 303 nm. IR spectra of casein solutions were studied by
ATR-FTIR spectrometer Nicolet iS50 (Thermo Fisher, USA). Sta-
tistical analysis of the data was carried out using the descriptive
statistics unit, Excel (Microsoft Office, USA).

3. Results and discussions
3.1 The change in the hydrodynamic radius of casein

after exposure to high pressure homogenization

As a sample for comparison, casein without high pressure
processing containing one particle fraction was used (Fig.1). The
pressure of 50 MPa led to a hydrodynamic radius fourfold in-
crease, and indicated the formation of conglomerates based on
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Figure 1. Histogram of the hydrodynamic radius distribution before (A) and after pressure treatment: (C) 50 MPa; (C) 90 MPa; (D)
160 MPa; (E) 250 MPa; (F) 350 MPa. The average values of the hydrodynamic radius of the fraction are given
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Figure 2. Dynamics of casein fluorescence by tyrosine (A) and tryptophan (B) before and after high-pressure treatment

casein micelles. Probably, under the influence of high pressure
there were structural modifications of the «hair layer», consist-
ing of a1 — and «-casein, which is responsible for aggregation
of casein submicellae. This confirms the data that after pressure
treatment of skim milk, an increase in the number of clusters
derived from casein submicellae and monomers [10]. Thus, it is
believed that the increase in the size of the particles is preceded
by the disintegration of the casein micelles [11].

Treatment of a casein solution at 90 MPa caused the sepa-
ration of the particles into two fractions. The smaller fraction,
which made up 40% of the total, included large structures, and
the remaining 60 % of the particles slightly changed relative to
the original values of the micelles size, which can also be consid-
ered as a further destruction of the «hair» layer [9].

After increasing the pressure to 160 MPa and 250 MPa, an
increase in the fraction of larger particles to 56 % and 68 %, re-
spectively, was observed, with a tendency to reduce the size of
the average hydrodynamic radius in both fractions.

After treatment with a pressure of 350 MPa aggregated
conglomerates greatly increase in size, but their share was re-
duced to 25 %, and the bulk (75 %) was particles close in size
to the casein micelles without pressure processing. The results
obtained are confirmed by the data on the decay of the casein
micelle at a pressure between 200-250 MPa (room tempera-
ture), and the average radius of the micelles after pressure
processing gradually increases and then, when it reaches at
350 MPa, decreases [12].

3.2 Tyrosine and tryptophan fluorescence of casein

Samples of casein were characterized by an expressed inten-
sity of tyrosine fluorescence prior to pressure treatment. The
pattern of tyrosine fluorescence had a tendency to increase with
increasing values of the pressure. The lowest value of fluores-
cence was recorded at 50 MPa. A significant spikes were regis-
tered at 90 and 250 MPa, but the fluorescence did not reach the
level of the control sample. (Fig. 2 A).

The fluorescence of tryptophan in the control sample was
significantly lower than after pressure processing. The pressure
rise was accompanied by fluorescence increase in two stages: the
first at pressure of 50 to 160 MPa and the second at 250—-350 MPa
(Fig.2 B). Fluorescence was estimated at the time of maximum
emission [13] and depends on a number of factors, including
the indole component fluorescence, the presence of several
tryptophan molecules in most proteins and the environment of
the molecule [14]. The fluorescence intensity can be due to the
different number of amino acids, so the casein micelle contains
41 tyrosine residues and 7 tryptophan residues. [15].

Comparison of histograms and fluorescence of tyrosine indi-
cates a decrease in the intensity of the glow with an increase in
the proportion of large particles and the increase in radiation in

the solution with a decrease in the hydrodynamic radius. Pecu-
liarities of casein amino acids glow are associated with structur-
al rearrangements during the processing pressure. The growth
of tryptophan and decrease of tyrosine fluorescence under the
influence of high pressure indicate a change in the conformation
of protein molecules of casein with the reallocation provisions
of amino acids [16]. Unidirectional changes in the amino acids
glow, after treatment, can be due to the energy transfer from ty-
rosine to tryptophan residues in proteins. [15].

3.3 Characterization of IR spectra of casein micelle

In the carried out studies of casein, stable peaks of 1638-
1649 cm-! belonging to a characteristic region of the spectrum
for amide I, 1600-1700 cm™ [17,18,19] were revealed. Spectral
range 1700-1550 cm! mid-IR includes all of the protein second-
ary structure (a-helix, B-sheets and B-turns), as well as the dy-
namic conformations of proteins, characterized by one or more
(major and minor) of characteristic bands and the respective ex-
tinction coefficients in the amide I region [18,19].

At 50 MPa, the IR spectrum shows an increase in the to-
tal intensity and smoothing of all peaks, which is accompanied
by the described above decrease of tryptophan fluorescence in-
tensity.

Probably, when protein particles stick together, the transi-
tion of the photon taken by the molecule to other bonds oc-
curs and the value of emission changes at fluorescence, which
is consistent with the previously described data [20]. With fur-
ther pressure increase, there is a change in the IR spectra optical
density, with an increase in intensity in various zones, namely
the protein groups of amide I (1638-1649 cm™!), amide II (1560-
1567 cm™) and the bonds characteristic of the tyrosine ring
(1514-1519 cm™) and may indicate an increase in the number of
this type of bonds. In studies [21], similar changes in the optical
density of the amide I region and dissociation of casein micelles
due to electrostatic repulsion to smaller negatively charged
fragments are shown. Bands centered near 1647 cm™ can be
theoretically referred to elements of a-spiral. The bands located
near 1669 cm™! and 1680 cm™ refer to B-coils and B-sheets, re-
spectively [22]. Consequently, the absence of displacements of
specific IR spectra indicates the stability of the B-structure of
casein.

4. Conclusion

In accordance with the purpose of this study, the effect of
high pressure on a number of physical properties of the casein
micelle was studied: hydrodynamic radius, fluorescence of tyro-
sine and tryptophan and the characteristic of IR spectra. Pres-
sure processing of casein micelles leads to transformation of
their size, which is due to the adhesion of particles (50 MPa) and
stepwise crushing with pressure increasing. This is accompanied
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Figure 3. IR spectra of casein before and after high pressure treatment

by fluctuations in the fluorescence level of tyrosine and trypto-
phan, indicating a rearrangement of the casein molecular struc-
ture. IR-Fourier spectroscopy revealed a change in the intensity
of the optical density in the range of amide I, amide II and va-
lence bonds of tyrosine, confirming the absence of new bonds.
The obtained physical data indicate a change in the structure
of casein micelles with an increase in the proportion (25 %) of
large particles after the action of high pressure (350 mpa), which
should be taken into account in milk processing. The fluores-
cence of pressure-processed casein is a poorly investigated

physical indicator and can have an applied value in the process-
ing of raw milk.
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Opurunanbnaﬂ Hay4YHas CTaTbsl

BJINAHUE CTEIIEHU MPAMOPHOCTU I'OBAJAVHBbI
HA ITOKA3ATEJIN KAYECTBA B ITPOLIECCE CO3PEBAHNA

Kossipes U.B.,* Mutrensbirreita T.M., KysHenoBa T.I., [Tuenkuua B.A., Ciupugonos K.U., JIucuiipia A.B.

denepan

K/IIOYEBDBIE CJIOBA:
20850uHa, CMeneHs
MPAMOPHOCMU, CO3PeBaHUe,
opezaHo/ienmuyecKue,
MUKPOCMPYKMYPHble NOKA3Ament,
ycunue pe3avus

bHBII HAYYHBIN LEHTD NULIEeBbIX cucTeM uM. B.M. Top6aToBa PAH, MockBa, Poccus

B sKcriepuMMeHTe UCIOMb30BaIY 06pa3Lbl TOBSIAVHBI CTEIIeHel i MPaMOPHOCTM «yMepPeHHas» U «Xopolas» (n=4),
MOJIOBMHY 06PasIiOB YIIaKOBBIBA/IM B TIOMMMEPHYIO TUIEHKY TIOJ BAKYyMOM, [TOJIOBMHY OCTaBJIS/IM B HEYIIaKOBaH-
HOoM Bue. Co3peBaHMe MPOBOAWIM B KAMepe XpaHeHMs OXJIaXKIEHHOro Msica ipu TeMmieparype 2+ 1 °C 1 oTHOCH -
TeJIbHOI BIaskHOCTHU He 60see 90 % B TeueHue 4, 16 u 28 cyTok. B mpoijecce co3peBaHust TOBSIVHBI UCCIEI0BAIN
BemuMHy pH, opraHosenTuyeckye mokas3aTean YPOBHSI KaueCcTBa UM CBEXKeCTU, MUKPOCTPYKTYPHbIE XapaKTepu-
CTUKH, yeuaye pe3anusi. [lo opraHosenTiyeckuM I10Ka3aTelsIM CBEXKeCTY BHE 3aBMCMMOCTY OT CTeTIeHU MpaMop-
HOCTM Ha 28 CyTKM rOBSIAVHA B HEYIIaKOBAHHOM BM/Ie MIMesa MPU3HAKM HEeCBEXEero Msca, B yIIaKOBAHHBIX 06pa3-
1Iax OTKJIOHEeHUI He ycTaHOB/IeHO. OpraHosenTiyeckas OlleHKa YPOBHS KauecTBa CBUETebCTBOBAIA O BBICOKUX
MOKa3aTesissX BapeHoro Msica 1 6yJbOHA B TeYeHMe BCEr0 BpeMeH! CO3PeBaHusI AJis YIIaKOBAaHHOTO MsICa U B Te-
yeHue 16 CyTOK JJisS HEyIIaKOBaHHOTO BHE 3aBMCMMOCTM OT YPOBHSI MpaMOpPHOCTU. B pesynbraTe rucronoru-
YeCKMX UCCIeIOBaHMII YCTAHOBJIEHO, UYTO C YBEJIMUEHMEM CPOKA CO3PEBAHMS TOBSIAVHBI YCUIMBAJICS XapaKTep
eCTPYKTUBHBIX M3MeHEeHU ! TKaHeit. O6pasiibl yITaAKOBAHHOI FOBSIAVHbI, KAK C MPAMOPHOCTBIO «XOPOIIasi», TaK
U «yMepeHHasi», Ha 16 1 28 CyTKM COOTBETCTBOBA/IM BTOPOMY M TpeTbeMy 3TaIly CO3peBaHMs MsICa, MU3MEHEeHMS
HEeYIaKOBAHHOJ TOBSIAMHBI HA COOTBETCTBYIOIIME CYTKM CO3pEBaHMs ObI/I MeHee BbIpaskeHbl. Pe3ybTaThl uccie-
JIOBaHMS yCWIIUSI Pe3aHys CBULETENbCTBOBAIM O TOM, UTO B TeUeHMe BCero HabIi0gaeMoro nepuosaa Co3peBaHust
MIPOUCXOMJIIO TIOCTENIEHHOE CHIDKEHME YCUITUST Pe3aHMsl.

Original scientific paper

INFLUENCE OF BEEF MARBLING SCORE
ON QUALITY INDICATORS DURING MEAT AGING

II'ya V. Kozyrev,* Tat 'yana M. Mittelshtein, Tat 'yana G. Kuznetsova, Viktoriya A. Pchelkina, Kiril I. Spiridonov,

Andrey B. Lisitsyn

V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

KJIDYEBKBIE CJIOBA:

beef, marbling score, aging,
sensory indicators, microstructural
indicators, shear force

1. BBegenue

In the experiment, beef samples were used with the marbling scores «moderate» and «good» (n=4). Half of the
samples were packaged in a plastic film under vacuum, while the rest ones were left unpackaged. Aging was carried
out for 4, 16, and 28 days in a storage chamber at a temperature of 2+ 1 °C and a relative humidity of not more than
90%. During beef aging, pH, sensory indicators of quality and freshness, microstructural indicators, and shear
force were evaluated. Regardless of the marbling score, on day 28, sensory indicators of unpackaged beef had the
signs of non-fresh meat, while the packaged samples had no deviations. Regardless of the marbling score, sensory
evaluation indicated the high quality of boiled meat and broth during the entire aging period for packaged beef
and during 16 days for unpackaged beef. Histological studies found that with the increase in beef aging period, the
destructive changes in tissues increased as well. On days 16 and 28, samples of packaged beef, both with marbling
score «good» and «moderate», corresponded to the second and third stage of meat aging. Changes in unpackaged
beef at the corresponding days of aging were less pronounced. The results of a shear force study indicated that,
during the entire observed aging period, a gradual decrease in shear force occurred.

Y B APYTUX CTPAHAX) U APYTUX. ITO CBSI3aHO C TEM, UTO MPaMOp-

Bnaromapst pasBUTMIO TIPOM3BOACTBA TOBSIAMHBI B Poccum
B TIOC/IeHIME TOMbl PAa3BMBAETCS TAKKE KY/IbTypa MOTPeOIeHMs
Msica. OMHUM 13 HEMaTIOBAKHbIX ITPOIIECCOB, MOMYIUBIINX Pac-
TIpoCcTpaHeHMe B Hallleil cTpaHe, SIBJISETCS AJIUTENbHOE CO3pe-
BaHMe rOBSIOVHBL. Biiarogaps [yiMTebHOMY CO3PEBAHII0 MOXKHO
MOTYYUTh BHICOKOKAUeCTBEHHBI IIPOYKT, 00718 JAIONI i1 OT/INY-
HbIMM OPTaHOJENTUYECKUMM XapaKTEPUCTUKAMU U BKYCOBBI-
MM cBoiicTBamMu. Tak Kak IUTEIbHOE CO3peBaHMe — MPOoIece,
Tpe6YIoIINit 60bIINX 3aTPAT SHEPTUM U CTPOTOTO COOTIONEHNS
BCEX PEXMMOB, OOBIUHO CO3PEBAHMIO TIOABEPTAIOT CHIPHE BBHIC-
IIeil eHOBOW KaTeropuu, B YaCTHOCTY, BBICOKOKAYeCTBEHHYIO
MpPaMOpHYIO rOBSIANHY [1,2].

[MomyyeHue Takoi TOBSIAVHBI BO3MOKHO TOJbKO OT CITEIIM-
aM3UPOBAHHBIX MSICHBIX IOPOJ, KPYITHOTO POraToro CKOTa:
MIPEeUMYIIECTBEHHO abepayH-aHTyCcCKOM, repedopacKoii, Bary
(Haubosnee pacmpocTpaHeHa B SMOHMM, HO BbIPAIMBAETCS

o TUTUPOBAHUS: KossipeB U.B., Muttenbiiteitn T.M., Kysneuosa T.I.,
IMTuenkuHa B.A., Cimpugonos K.W., JIucuubiH A.B. BausiHue cTerieHy MpaMOpHO-
CTY TOBSIAVIHBI Ha TIOKa3aTesI KauecTBa B Ipoliecce cospeBaHus. ITuwessie cucme-
Mot. 2018;1(3): 13-26. DOI: 10.21323/2618-9771-2018-1-3-13-26

HOCTb OOYC/IOBJIEHA, TIPEKIe BCEro, TeHeTUUECKOI Mpeapacio-
JIO’KEHHOCThIO — C HeJt CBsI3aH 1eJIblif psii TeHOB, HO Haubosee
>KeaTebHbIM IJI51 TIOSIBJIEHMSI MPaMOPHOCTM SIBJISIETCSI TeHOTUIT
GG rena GH. [l nonmy4yeHUsI BBICOKOKaYeCTBEHHON TOBSITVHBI
MCIIOb3YIOT OBIYKOB ¥ TEJIOK B BO3PACTe OT 8 MeCSIIeB 10 JBYX
JIeT, 6BIYKOB-KacTPaToB B Bo3pacTe oOT 8 1o 30 mecsies [3].

Takske AJ1s1 TTOTyYeHMS TOBSIAMHBI C BBLICOKMM YPOBHEM Mpa-
MOPHOCTU Jlaske OT TeHeTUYeCKM MPeIpacioNoKeHHbIX K STOMY
TIOPOJ, HEOOXOMMM 3aKTIOUUTENbHbI BbICOKOIHEPreTHUeCKMIi
(3epHOBOIT) OTKOpM B TeueHue He MeHee 100 mHeii. PaiinoHsl
OTKOpPMa MOTYT GbITh Pa3IMYHbIMU B 3aBMCMMOCTY OT PETHOHA,
MOTYT OBITh MCIIONTb30BaHbI KYyKypy3a, OBEC, SSIUYMEHb U Apyrue
3€pPHOBBIE KY/IBTYPBI.

OOLIeNPUHATO MMPOBOI TPAKTUKON SIBIISIETCS BBICO-
Kas KyJbTypa MPOU3BOACTBA BbICOKOKAYECTBEHHON TOBSIAMHBI
¥ BHeJpeHMe CUCTEeMbI IIPOCIEKUBAEMOCTY «OT IIOJS [0 MIPU-

FOR CITATION: Kozyrev IL.V., Mittelshtein T.M., Kuznetsova T.G., Pchelki-
na V.A., Spiridonov K.I., Lisitsyn A.B. Influence of beef marbling score on quality
indicators during meat aging. Food systems. 2018; 1(3): 13-26. (In Russ.). DOI:
10.21323/2618-9771-2018-1-3-13-26
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JlaBKa» — HAuyMHAsl C MOAGOpa SKMBOTHBIX UM IPVOKU3HEHHOM
OLIEHKM UX MPOAYKTUBHOCTY U 3aKaHUYMBAS YIIAKOBAHHOM MPO-
OyKUMen.

Co3peBaHue Msca — BaskHBIN Mpolecc B MOATOTOBKE Msica
JIIST KyIMHAPHOTO MCII0/Ib30BaHMsI, KOTOPBIN MPOUCXOOUT TIPU
BbIIEpyKKe TYII (TIOYTYII, YeTBEPTHH, OTPYOOB) TTOCIE YOO KM-
BOTHBIX C COOJTIOIeHEM OIpefie/ieHHbIX YCIOBUIL. B pesynbrarte
CO3peBaHMs YCWIMBAIOTCS HEXHOCTb, COUHOCTb, Crienuduyde-
CKUJi IPUSITHBINM BKYC M apoMar Msica.

Co3peBaHue Msca IpeacTaBseT co60ii HaYaMbHYIO CTaINIO
aBTO/MN3a, T.e. OOYCIOBAMBAETCSl AESITEIbHOCTbIO (pepMeHTOB
camoro msca. [Ipy 3ToM BaskHO He JIOITyCKaTb Pa3BUTHUS Hexke-
JIaTeIbHOI MUKPODIOpbI, hepMeHTbI KOTOPOJ TAKKe MOTYT BbI-
3BIBATh JIM3UC KIETOYHBIX CTPYKTYP JXKMBOTHBIX TKaHei U pac-
raj NUILEeBbIX BEIeCTB.

Cpa3sy mocie y60si MSICO HAXOAUTCSI B TIAPHOM COCTOSIHUU,
KOTOpOe 10 Mepe CHYDKeHMSI TeMIlepaTypbl MbILIL ITePeXOqUT
B IIOCMEPTHOe OKOUeHeHMe. Pa3BuTye cOCTOSHMS TOCMEPTHOTO
OKOUEeHEHMS CMEHSIeTCS ero pa3pellleHreM 1 HayaJoM CO3peBa-
HMS Msca.

Ilpu co3peBaHUM TPOUCKXOMSAT CIOXKHbIE OUMOXMMUYECKYE
MPOLeCChl, TPUBOASAIIE K U3MEHEHUI (QU3UKO-XUMUIECKHUX,
CTPYKTYPHO-MEXaHUYECKUX M OPraHOJENTUUYECKUX XapaKTepu-
CTUK Msca [4,5,6].

ITapHBIM CUYMTaeTCs MSCO, MOJyYeHHOEe HerNoCpeACTBEHHO
rocie y6os1, MMeromiee TeMreparypy He Hmke 35°C B m1060ii
TOUKe u3MepeHus. [TapHoe MSICO XapaKTepU3yeTCsl MSATKO KOH-
cucTeH1yelt Mbiil,. ETo criocO6HOCTD yepsKMBaTh COLepiKallly-
10Cs1 B HEM BJjIary MakCMMasbHO BbICOKA. ApOMaT M BKYC BbIpa-
>keHbI (J1a60. BennunHa pH mapHoro mMsica cocrasiseT 6,8-7,3.

ITocMepTHOe OKOUEHeHMe B TOBSIAMHE (AJISI MsICa B MOMTYTY-
11ax) HauMHaeTCs IPUMMepHO yepes 3 yaca rnociie yoosi. Pasputue
IIOCMEepPTHOTr'0 OKOYeHeHus Ipu Temiieparype 0-4 °C gocturaer
CBOEro MakcMMyMa K 24 yacam ¢ MOMeHTa y60s1. Msico B cOCTOSI-
HUY TIOCMEPTHOTO OKOUEHEHMSI XapaKTepu3yeTCs IMOBbIIIEHHO
5KeCTKOCTbI0, MMHMMA/IbHOI CIIOCOGHOCTBIO YAEePXUBATh BIAry,
¥ Haubosee HU3KUMU 3HaUeHVsIMM pH (1)1 TOBSIAVHBI, KakK IIpa-
BWIO, pH cHMsKaeTcst 10 5,5), YTO yXyAIlIaeT ero OpraHoenTuye-
CKVe XapaKTePUCTUKN.

IIpuMepHO uepe3 48 yacoB mocie y6osi MOCMepTHOE OKOoUe-
HeHMe IepexoguT B CTaguio paspeuieHus. [Ipy HOpmanabHOM
TeueHUM aBTO/MM3a pH He3HAUUTENbHO YBEIMUMBAETCS, BIAro-
yIepKMBaoIIasi CIOCOGHOCTb BO3pacTaeT. BMmecre ¢ 3TMM Hauu-
HAeTCsI IIPOLecC CO3peBaHMs U YIyUIIeHNUSI OPraHOIeNTUUeCKUX
CBOJICTB MsIca, B TOM 4Mc/ie, KOHCUCTeHIIMH, BKyca ¥ apoMara.

CKOpOCTb CO3peBaHMsI Msica 3aBUCUT Kak OT aHaTOMMUYECKO-
T'O MPOUCXOKAEHNS, TUTIA MBILIIIbI, KOTMYECTBA MOJIOYHOM KUC-
JIOTBI ¥ TJIMKOT€HA TaK UM OT BHEUIHUX (DaKTOPOB, [JTABHBIMU U3
KOTODBIX SIBJISIETCS TeMIlepaTypa OKpysKalollel cpelibl, yCIOBUS
TeIuIo- ¥ MaccoriepeHoca.

loBsiavHa (B MOMYTYIIaxX) CUMTAETCS CO3PEBLIEl HE MeHee,
yeMm yepe3 5-7 CyTOK ee xpaHeHusl ipu TemmepaTtype 0-4°C.
K aToMy MOMeHTY pa3BuUTHMe aBTO/NM3a IPUBOOUT K 3HAUMMBIM
TIOJIOKUTENbHBIM M3MeHEeHMSIM KauecTBa Msica — HabIomaeTcs
3aMeTHOe CHIKeHMe KeCTKOCTH, yaydllleHue apoMarta U BKyca.
OnHako co3peBaHMe MsICA MOXKET IMPOJOJIKATHCS JOCTATOYHO
JIOJITO B 3aBMCUMMOCTM OT JKeJlaeMOJl CTelleHM BbIPaXKeHHOCTU
OpraHONeNTUYECKUX XapaKTepuCTUK. Tak, Halpumep, psf, uc-
ClefoBaHMi, TIOKa3aayu, YTO CO3peBaHMe TOBSIAVHBI 1e7eco0-
6pasHo a0 10-14 cyTOK, Ipy 3TOM AaJbHENIIEro YIydIleHUs
OPTaHONENTUYECKUX XapPAKTEPUCTUK He OTMeYasoch. Bomee
MO3HME MUCCIefOBaHMS NTOKa3aay pe3y/lbTaThbl, 03BOMSBLINE
PEKOMEHI0BATh CPOK CO3peBaHMs TOBSIAMHBI A0 25-30 cyTOK
u 6oree.

BaskHO MOHMMATh, UTO Pe3y/IbTAT OPraHOJENTUYECKUX U3-
MeHeHMI, IPOUCXOASIINX B MsICe IIPU CO3PeBaHMUM, 3aBUCUT He
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TOJIBKO OT JAJIUTEJIbHOCTY CAMOTO CO3PeBaHMsI, HO U OT XapaKTe-
pa mpoTekaHMsi aBToau3a. Haumydimit pe3yapTaT co3peBaHus
JOCTVXXKMM TOJIBKO OJ1s1 T'OBAOVHBI, HOHy‘{eHHOﬁ OT JXMBOTHBIX,
COIepKaBIIMXCSl B HAJJIEXalIUX YCIOBUSX, IIPU TMPaBUIbHOM
¥ TYMaHHOM O6palieHn ¢ HUMM 10 MOMeHTa y60s. [Tpu oTKII0-
HEeHMM OT HaJJeXXallUX MPOU3BOACTBEHHBIX MPAKTUK, OMOXU-
MUYeCcKMe M3MeHeHMs, MPOXOAsIlue B MsICe TIPY aBTON3e, MO-
I'YT CYLIeCTBEHHO OTIMYAThCS, Kak 110 BpeMeHM U 110 XapaKkTepy
MX TIPOTEKaHMS, TAaK U 10 KOHEUHOMY Pe3YJIbTaTy, TPUBOASIIIE-
MY K HEYZIOBJIETBOPEHHOCTY MTOTPEGUTEIS.

B mpoMBIIIZIEHHBIX YCJIOBUSIX CO3peBaHMe Mmsica (B IOMY-
Tyliax) npoBoadaT npu temiepatrype 0-4°C 1 OTHOCUTENbHOI
BJIAKHOCTM BO31yxa 85% He MeHee UyeM B TeyeHMe 3 CyTOK. 3a-
TeM ero HalpaB/sIOT Ha peaau3aliuio UM BbIpaboTKY MSICHOI
MPONYKUMU. B 3TUX YCIOBUSIX MOTEPU MacCChl MOMYTYI MUHMU-
MaJIbHbI U COCTABJISIIOT He 6ojiee 3 % OT MacChl MTapHO¥ TYIIA.

B 3apy6eskHO PaKTUKe /IS TOTYYeHNS TOBSIAUHBI C OT/IN-
YUTETbHBIMY OPTaHOJIEITUYECKMMIM CBOCTBAMM TMPUMEHSIOT
CJlefyIole Criocoobl ee IIUTETbHOTO CO3peBaHMUs:

dry-ageing («cyxoe co3peBaHMe») — B IONYTYyLIAX, YeTBEP-

TMHAX ¥ OTPybax Ha KOCTM B HEYIIAKOBAHHOM BUJIE, MTOJBe-

COM WIM Ha CTe/ulaXax (Monkax) mpu temneparype 0-4°C

¥ OTHOCUTEJIbHOM BI&KHOCTY BO3yXa He Bblllle 75 %;

wet-ageing («BJIaskHOe CO3peBaHMe») — B OTPyOaxX Ha KOCTU

1 6ECKOCTHBIX, B YITAKOBAHHOM BuJie (C IPUMEHEHMEM He-

MMPOHMIIAEMBIX TUIEHOUHBIX MaTepHasoB, IOJ, BaKyyMOM)

npu temieparype 0-4°C, oTHOCUTe/lIbHAs1 BI&KHOCTb BO3-

Jyxa MPUHIUIIMAIBHOTO 3HAUEHMS He VIMeeT, TaK KaK KOH-

TaKkT BO3JyXa C MMPOAYKTOM MCK/IIOUEH, YyIIaKOBaHHOE MSICO

pacKIabIBAIOT B OAVH PSIZL Ha MOJIKAX VI CTeyIaxKkax.

Co3peBaHMe TOBSIMHBI BO3MOXHO IMPOBOAUTH B TeUeHMe
JITUTETbHOTO BpeMeH! MIPU YCIOBUM UCKITIOUEHMSI OTIACHOCTe,
CBSI3aHHBIX C PUCKAMM MUKPOOMOMOTMYECKOTO XapaKkTepa: OJis
IepBoro crnocoba — 3a CYeT OrpaHUUYeHMs BJIAKHOCTHU ¥ 06pas3o-
BaHMSI TO/ICOXIIETO TOBEPXHOCTHOIO CJIOSI MSICA 3HAYUTETbHOM
TOJIIIMHBI; IS BTOPOTO CII0co6a — 3a CUeT YIaKoBKY, IPersiT-
CTBYIOIIEI pasBUTHIO aspobHOII MuKpoduopbl. Kak mpaBuio,
co3peBaHMe Msica MTPOBOOUTCS B IMPOMU3BOACTBEHHBIX YCIOBU-
SIX B XOJIOOUIbHBIX Kamepax. K KOHIy cpoka co3peBaHUS MSICO
OTIIPAaBJISIIOT B TOPTOBYIO CETh, [7le OHO MPOAOIKAET XPaHUThCS
IIpM aHAJIOTUYHBIX YCIIOBUSX.

XOTS1 B INTEPATYPHBIX JAHHBIX MMEIOTCS 3apybeskHbIe ITy-
6MKalMY O KauecTBe MsCa IJIUTEIbHOTO CO3peBaHMs, OTHAKO
OHUM HEeMHOTOUYMC/IEHHBI I OTHOCSTCSI K MSICY, IIOTyYeHHOMY OT
ompeJieNIeHHbIX IIOPOZ, KPYITHOTO POraToOro CKOTa U YCIOBUSIM UX
BBIPAIMBAHMS 1 YOOSI B IPYTUX CTPaHaX. B ¢BSI3M ¢ aTuM, Mccie-
JIOBaHMe KaueCTBa POCCUICKOTO MsICa JJIUTeIbHOTO CO3peBaHMs
MIpe/ICTaB/ISIO HAYUHbII U TPaKTUUYeCcKuit MHTepec.

B 3apaun uccneoBaHus BXOAUIIO:

Ha OCHOBaHMM KOMILJIEKCHBIX UCC/IeN0BAHMI Ce/1aTh BbIBOZ,

0 MOTPEGUTENbCKUX CBOMCTBAX TOBSIAVHBI PA3HOI CTeNeHU

MPaMOPHOCTH;

MU3YIUTh U3MEHEHMe OpraHONeNTUYECKUX, CTPYKTYpPHO-

MeXaHUYeCKUX U TUCTOIOTMYECKUX CBOMCTB rOBSIAVHBI pa3-

HOVi CTeNIeHM MPaMOPHOCTH B IIpOLiecce CO3peBaHMs;

OTpefeINTh ONTUMAJbHBI CPOK CO3PEeBAaHMSI TOBSIOVHBI

pa3Hoii CTelleHM MPaMOPHOCTM B YIIAKOBAaHHOM U HeyIaKo-

BaHHOM BHU[le.

2. Marepuaabl U METOAbI

DKCIIEPUMEHT T10 CO3PeBaHMI0 TTPOBOAMIIN HA CIIMHHOM OT-
pybe roBsiAMHBI HA KOCTM (N=4), IOTyUeHHbIX NP pa3feKke Tyl
KPYITHOTO POTAaTOTO CKOTa — KAacTPaTOB abepauMHO-aHTyCCKOIA
noponbl (black angus) B Bo3pacte 18 mecsilieB, MOMYYaBIINX
B Teuenue 200 mHeit 3epHOBOI OTKOPM. Y60ii 1 TEPBUUHYIO ITe-
pepaboTKy TyIII OcyIecTBIsIM B yeinoBusix OO0 «BpsiHcKast Msic-
Has KommnaHus» (ATIX «MupaTopr»), BpsiHckas 06mactb. OTpyObI
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BBIIEJISTY yepe3 48 yacoB mocie y6os. Co3peBaHMe TOBSIIVHBI
MMPOBOAWIIN B YITAKOBAHHOM ¥ HEyNaKOBAaHHOM BHUJIe B Kamepe
XpaHeHUs OXJIAKIEeHHOV MPOAYKIMMU IpyU Temmepatype 2%1°C
Y OTHOCUTETbHO BiakHOCTHU He 6osiee 90 % B TeueHMe 28 CyTOK.

CrerleHb MpPaMOPHOCTM  ONpeAeasuiu  BU3YadbHO IO
I'OCT 33818-2016 «Msco. TI'oBsgauHa BBICOKOKAUYECTBEHHAs.
TexHMUUecKue yCIoBUSI».

V3mepenne BennuyHbl pH OCYIIeCTBIISIIN TTOTEHIIMOMETPU-
YyeCcKMM MeTOJIOM C MCIIOAb30BaHMeM MOpTaTuBHOTO pH-meTpa
«Testo 205». IIpy IpoBeeHMY MU3MEePEHIT TIEKTPOI, TOTPY3KaIN
B TOJIIIY MBIIIEYHOI TKAHM Ha IIy6MHY He MeHee 3 cM. 3a OKOH-
yaTeJbHbINi Pe3y/NbTaT MPUHUMAIM cpefdHee apudmeTnyeckoe
3HaueHye TpexX eOMHUYHBIX U3MepeHU, pPaCXOXKIeHue MeKIY
NpeenbHbBIMM 3HAYEHMUSIMM TPeX pe3y/lbTaTOB M3MepeHUil He
npessimaso 0,15 equaun pH.

OmpepneneHue CTPYKTYPHO-MeXaHUMUYECKUX XapaKTePUCTUK
MBILIIEYHOM TKaHU OCYIIECTBJISUIA C IOMOIIbIO UCIIBITATEbHOM
maiHbl «Shimadzu» cepun AGS-X, mpegHasHaueHHOM 1S U3-
MepeHUsI CABUTOBBIX, TOBEPXHOCTHBIX ¥ KOMITPECCMOHHBIX Xa-
paKkTepuUCTUK. Bce M3MepeHMs MPOBOIMINCH C YeTbIPEXKPATHOM
TIOBTOPHOCTBIO. 32 OKOHYATeIbHbINl Pe3yJabTaT MPUHMUMAJIOCh
cpeqHee apudmMeTHyeckoe 3HaYEHME MPU YPOBHE TOBEPUTEb-
HoVi BepositTHOCTH P >0,95.

VccnepoBaHme MUKPOCTPYKTYPbI 06pasiioB MPOBOIWIIN T10
I'OCT 19496-2013 «Msco 1 MsCHbIe IPOAYKTBL. MeTop, rucTo-
JIOTMYECKOTO MccieoBaHus». ISl uccaeqoBaHus OT KaXKIoro
o6pasiia oTéupanu Kycouek pasmepom 2x1,5x0,5 cm. Kycoukn
nomenianau B 10 %-7 BomHbIN pacTBOp dhopMasnHa Ha 72 yaca
MpY KOMHATHO TeMIlepaType. 3aTeM ITPOMBbIBAJIM IO/, XOJIO -
HOJ TIPOTOYHOI BOAOJ B TeueHMe 12 yacoB. [IpOMBITHIN MaTe-
puasn kinaau B GopMbl, 3anuBaiu 25 %-M KeJIaTUHOM U IoMe-
maau B TepMocTaT mpu Temmepatype 35°C Ha 12 yacoB mjig
MTPOTIUTKU.

[TonyyeHHBIV KycOueK MOMeIIaX B 3aMOpakMBaloIy0 Ka-
Mepy MuKpoTtoM-Kpuocrartatra «MIKROM-HM525» (Carl Zeiss,
TepmaHus) Ha TIpeJMeTHOM CTOJIMKe. 3aMOPaXKUBAIN TIPU TEM-
nepatype MmuHyc 20 °C B TeueHue 15-20 MUH ¥ M3TOTaBIUBAIN
cpe3bl TOMIMHONM 20 MKM.

OkpaummuBaiu cpe3bl TeMaTOKCMIMHOM Ipiauxa M AOKpa-
mmBaiM  1%-M CBEKENPUTOTOBJIEHHBIM BOAHO-CITUPTOBBIM
pacTBOpPOM 303MHA, 3aTeM 3aK/I4yaay Iof, ITOKPOBHbIe CTeK1a
B [VIML[EPUH-KEIATUH.

Vi3yueHyue TUCTONIOTMYECKMX MpernapaToB U ux dotorpadmu-
pOBaHMe OCYIIECTBIISUIV HA CBETOBOM MUKPOCKOITe «AXiolmaiger
Al» (Carl Zeiss, l'epmaHus) ¢ IOMOIIbIO IOAKIIOUEHHO BUJe-
okamepbl «AxioCam MRc 5». O6paboTKy M3006paskeHuit Mpo-
MU3BOOU/IN C TIPMMEHEeHMEeM KOMIIbIOTEPHOM CUCTeMbl aHaaM3a
usobpaskeHuit «AxioVision 4.7.1.0», aganTUpoOBaHHON OJIS TU-
CTOJIOTMYECKUX UCCIIeJOBaHMIA.

OpraHosenTnuecke MUCCIeIOBaHUs U OIpele/ieHre YPOB-
HSI KauecTBa 06pa3IoB II0CjIe BApKM OLEHUBAJIM 110 9-6a/l/IbHOI
mKase B coorBetcTBuyu ¢ T'OCT 9959-2015, mcciemoBanns cBe-
SKeCTy roBsiguMHbl mpoBoguan mo FOCT 7269-2015.
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3. PesyabTaThl M 06CYKaAEHUE

B pesysnbraTe OIIEHKM MPaMOPHOCTM YCTAaHOBJIEHO, YTO
06pasIipl XapaKTepu30BaINCh CTEMEHIMU MPaMOPHOCTU «yMe-
peHHas» U «xoporas» (Ta6m. 1). HeymakoBaHHbIe 00pasIlbl
o6o3Havamm Kak 1-1 (MpaMOpHOCTB «xopoiasi») u 2—-1 (mpa-
MOPHOCTb «yMEPEHHasI»), yIIaKOBaHHbIE 110, BAKYYMOM B ITOJIN-
MEPHYI0 IVIEHKY — KakK 1-2 (MpaMOpHOCTb «XOpollasi») u 2—2
(MpaMOpPHOCTb «yMepEeHHas»).

Ha mpoTsiskeHUM BCero BpeMeHM CO3PEeBaHMSI BeJIMYMHA
pH roBsimuHbI ocTaBasiach cTabuabHO (Tabs. 2). 3To 00bsIC-
HSJIOCh TE€M, UTO CyIeCTBeHHbIe M3MeHeHMsT pH HabmogamTCs
B TOBSIIVIHE B TepBble 4 CYTOK Mocie y6os. 3aTeM B Mpoiiecce
JaybHelero xpaHeuuss msica BennuuHa pH ocraetcst cra-
OGUIbHOM, MOXeT HabIIoAaTbCs MEAJIEHHBII POCT B pe3yiib-
TaTe THWIOCTHO IMOpYM ¥ HAKOIUIEHMSI ITPOAYKTOB pacraza
6eJIKOB, MMEIOIIMX MIeI0YHYI0 peaknuio. CtabuiabHOCTh pH
B IIpollecce MPOBeOeHMs MCCIeNOBaHUI CBUETEIbCTBOBAA
0 HOPMaJIbHOM pasBUTUM Tpoliecca co3peBanust msica. Cra-
OGUIBHOCTH BeJIMUMHBI pH B Ipoliecce co3peBaHMsS OTMEUYAETCS
” B paboTax Opyrux mcciemosareneii, Hampumep, Hulankova
n op. [4]

Tabnuiia 2
Bennununa pH o6pasios B mpoiiecce CO3peBaHms
CpoK co3peBaHMus, OGpasmt
CyTRM 1-1 1-2 2-1 2-2
4 5,50 5,52 5,91 5,90
16 5,61 5,60 5,90 5,87
28 5,61 5,61 5,90 5,85

ITo opraHonenTMyeCckKMM MoKa3aTeasiM CBesKeCTu (BHEIIHUI
BUJ, U LIBET MTOBEPXHOCTH, COCTOSIHME MBIIIL, Ha pa3pese, KOH-
CUCTEHUIINS, 3a1aX, COCTOSIHME JKMUPa, MPO3PAaYHOCTb ¥ apoMar
6GyabOHA) TOBSIAMHA Pa3HOM CTermeHr MPaMOPHOCTM B yIaKo-
BaHHOM U HeyIaKOBaHHOM BUJe INpPeuMYyIleCTBEHHO COOTBET-
CTBOBaja cBexkeMy Msicy. OfHAKO BHe 3aBUCUMMOCTU OT CTere-
HM MpPaMOPHOCTM TOBSIIMHA, CO3peBaBllasi B HEYIIaKOBAaHHOM
BUze, Ha 28 CYTKU MMeJia OTKJIIOHEHMSI 10 OPTaHONIeNITUYeCKUM
rokasaTessiM cBeskecTr. OTMEUEHO, UTO Ha pa3pese MsCO ObUIO
MeHee IUIOTHOe, MeHee yIIpyroe, 06pasyoomasics Ipy HaJaBIn-
BaHMM TIA/bIEM SIMKA BbIpaBHMBAJIAaCh Me[JIeHHee; OTMeueHbl
TaKKe KUCJIOBaThlii, He CBOVCTBEHHbIN CBekeMy MSICY, 3arax
¥ MyTHOBATbI GYITbOH.

AHanu3 JaHHBIX OPTraHONENTUYECKON OLIEHKM YPOBHS Ka-
yecTBa TOBSAVHBI B MPOLiecce CO3peBaHMs MoKasall, YTo Mociie
BapKy 00Ias OlleHKa KauecTsa 1o 9-6a//IbHOI 1IKaie Ha 4, 16
CYTKM CO3peBaHMsI [J1s1 yIIaKOBAaHHO MOJ, BaKYyMOM TOBSITMHBI
C MpPaMOPHOCTBIO «xopoliasi» (o6paser 1-2) U «yMepeHHas»
(o6paser 2—2) cocTaBuiia 8 6aI0B («oueHb Xopoliee») (Tabi. 3),
TIpY 3TOM Ha 28 CYTKM HAG/II0MaI0Ch YBeIMYeHe HEXKHOCTH C 8
o 9 6amnoB. O6IIas opraHoenTMyeckast olieHka 6yn1boHa Co-
craBwia 8 6a/I0B («0UeHb XOpoInit») (Tab. 4).

XapakTepuCcTHUKa MPaMOPHOCTH 06pa3IoB

ITokasaTtenn

1-1
XapakTepucTka MpaMOpPHOCTH

«Xopomas»
23,54

onsi 5KUPOBBIX BKJIIOUEHUIA, %

®ororpadun MbIIIEUHBIX [TTA3KOB
06pasioB

Tabmuia 1
HaumeHoBaHMe ¥ HOMep 00pasia
1-2 2-1 2-2
«Xopouas» «YMepeHHas» «YMepeHHas»
20,43 10,98 11,82




MUALLEBbIE CUCTEMbI | Tom 1 No 3 | 2018

FOOD SYSTEMS | Volume 1 No 3 | 2018

Tab6nuia 3

OueHKa YPOBHS KauecTBa Yl'[aKOBaHHOf;I II0J, BAKYYMOM roBsiAVHBI I10CJ/I€ BaPpKU I10 9-6a/UTbHOI IIKaJIe

o cos I()]g:;(ﬂnﬂ O1eHKa MPOAYKTa o 9-Tu 6a/IbHOI cucTeMe O6mas omeHKa
/I obpasua BHelHmit BUZ, 3amax (apomar) Bkyc KoHcucreHums CoYHOCTH KaJyecTBa
1 4 CyTOK J OueHb nEI/IHTHbIIVI 8 8 8 8
o ’
OueHb MPUATHBI APOMATHBIA, CHTHHATI BxycHoe HexHas CouHoe OueHb xopollee
9
9 o 8 8 8 8
2 16 cyrox OueHb MPUSITHBIN QOueHb TIPVATHBIM, BkycHoe Hexnas CouHoe OueHb XOpoliiee
apOMaTHbI, CUITbHbIN
8 o 8 o 8 8
5 28 cyrox OueHb XOpoImit OueHb MpUATHBI, BkycHoe Ouenb CoyHoe OueHb XOpolIee
P apoOMaTHbI, CUITbHBIN Ky HeKHast P
Tabnuua 4
O1eHKa YPOBHS KayecTBa Gy/IbOHA M0 9-6a/UTbHOI LIKaJIe
° Cpok OneHKa MPOAYKTA Mo 9-Ty Ga/IbHO cucTeMe O61as oLeHKa
n/1 CO3peBaHUs BHelHWi1 BUA, 3amax (apomar) Bkyc Hasapucroctsb KaqecTsBa
9 9 8 8 8
1 4 cyToK " o . o o . .
OueHb NPUSATHBIN [IpusATHBINA, apOMaTHBI, CUJIBHBI BKycHbI1 HaBapucTsiit OueHb XOpOIINit
2 16 cyrox 9 8 8 8 8
th OueHb NPUSATHBIN IpuATHBINA, apOMaTHbIN, CUJIbHBII BxycHbI Hasapucrblit OueHb XOpoMMit
9 8 8 8 8
3 28 cyTok o o o o o . o
OueHb MPUSATHBIN IIpuATHBIN, apOMaTHbI, CUIIBHBI BKycHbI HaBapucrsiit OueHb XOpommit

O6111ast O1IeHKa KauecTBa rOBSIMHBI ITOC/Ie BApPKY 110 9-6a/1Tb-
HOV 1Kase Ha 4, 16 cyTku co3peBaHus [j1s1 HEyIIaKOBaHHO To-
BSIIMHBI C MPaMOPHOCTBIO Xopoias (o6pasel 1-1) u ymepeHHast
(o6pasers 2—1) cocraBuiia 8 6a1I0B («0UeHb Xopoliee») (Tabi. 5),
TIpYM 9TOM Ha 28 CYyTKM HabII0AaI0Ch yMEHbIIIeHVe HESKHOCTH C 8
o 7 6annos. O6Iast opraHoenTMyYeckas olieHKka 6yboHa Ha 4,
16 cyTkM co3peBaHMsI cocTaBwia 8 6aIOB («0YeHb XOPOILIL»),
HO K 28 cyTKaM OHa CHM3WIach 10 5 6asutoB (Tab6it. 6).

TomyyeHHbIe Pe3YAbTATHI COIMIACYIOTCS C paboTaMy APYTUX
aBTopoB. Tak, Berger u ap. [7], u3y4asi Tpu pasHbIxX criocoba co-
3peBaHMs] — B YIIAKOBAaHHOM I10J], BAKYYMOM BHMJie, B YIIaKOBaH-
HOM B BO3JYXOIIPOHMIIAEMBI MakeT Bue (KOMOMHMPOBAHHBI
croco6), B HEYIIaKOBAHHOM BUJIe — OTMETWIIN, YTO TOBSIAMHA,
co3peBaBIIas B TeUeHMe 7 CYTOK Mocje y6osi B HeyITaKOBaHHOM
BUIe ¥ KOMOMHMPOBAHHBIM CII0CO60M, o6/amana 6oee BbICO-
KMMM OPTaHOJNIENTUUYECKMMM XapaKTepPUCTUKaMM, YeM CO3pe-
BaBIas B yIaKOBAaHHOM Bupe. [Ipu 3TOM B 06pasiax, co3pe-
BaBIIMX KOMOGMHMPOBAHHBIM CIIOCOG0M, OTMeUeHa MeHbIlast
II0TepsI B/Iary, 4eM y 06pa31joB, CO3peBaBILINX B HEYITaKOBAHHOM

Bume. Hammum skcrieprMeHTOM He ITpeayCcMaTpuBaioch co3pe-
BaHle KOMOVHMPOBAHHBIM CIIOCOO0M; 3TO MOKET IIPeACTaB/ISATh
MHTepec AJ1s1 Ta/IbHeNINX UCCIeJOBaHUA.

IToxokue pesyabTaThl ObUIM ITOJNyUYEeHbl aMepPUKaHCKUMU
uccnepoBaTenssvu Colle n np. [8]. VIx pabota 6bu1a Hampasiie-
Ha Ha IJIUTeIbHOE CO3peBaHMe CTeIKOB U3 JBYI/IaBOV MBIIIILbI
6enpa (m. biceps femoris) ¥ ToayIepeIIoHYaTOM MBIIIIbI Geapa
(m. semimembranosus). Co3peBaHue MPOBOAUIN B TeUueHue 2,
14, 21, 42 u 63 gHel, BO BCeX CIy4yasix OTMEUEHO MOBbIIIeHNE
HEKHOCTM, COUYHOCTM, YJIyullleHVe OpraHOJIeNTUUEeCKUX Xa-
pakTepuctuk. IMu ke mposeneHa pabota [9] mo M3yUeHUIO
IoKasaTeJieil KauecTBa CTEKOB U3 CpefHel ATOAUYHON MBbIILI-
bl (m. gluteus medius) Vi TTOSICHUYHO MBIIIIIBI (M. longissimus
lumborum) B TeueHue 2, 14, 21, 42 u 63 gHeii. OTMeUeHO yIy4-
IIeHMe OPraHOJeNTUYECKUX XapaKTePUCTUK BO BCEX MUCCIEI0-
BaHHBIX 00pa31ax; MOJyueHHbIe TaHHbIE 110 YCUIMIO pe3aHust
CBUETEIbCTBOBAIM O TOM, UTO [IJISI CTEIKOB U3 CpeJHeli aro-
IWYHOJ MBIIIIBI OHO CHMKAJOCh HE3HAUYMTEIbHO Ha IPOTSI-
SKeHMM BCEro BpeMeHM CO3peBaHMsl, TOrna, Kak OJjIsl CTeKOB

Tab6muua 5

O1eHKa YPOBHS KaueCcTBA HEYIIAKOBAHHOJ rOBSIAVMHBI MTOC/IE BAPKM MO 9-6a/UTbHOJ LIKaie

o Cpok O1eHKa MPOAYKTa o 9-Tu 6a/UIbHOI cucTeme
/1 Co3peBaHNs BHelHuit BUZ, 3amax (apomar) Bkyc KoHcucrenuus Co4HOCTDH
9
1 4 cyTOK 0 9 o OueHb NPUSTHBIIA, 8 8 8
YeHb NPUSTHBIN . . BxycHoe Hesxnas CouHoe
apOMAaTHBIN, CUITbHbII
2 16 cyTok I 8 8 8 ILOCTa7Tquo
th OueHb MpUATHBIA  [IpUSATHBIN, CUIIbHBI BkycHoe Hexnas COuHOe
6 3 6 7 6
3 28 cyTOK HepocraTtouHo [TpusiTHBINA, HepocratouHo JlocTaTouyHO HepocraTouHo
XOPOUINIA CUJIbHBIN BKYCHOE HeXXHas COYHOe
OneHKa YPOBHS KauyecTBa Oy/IbOHA MO 9-6a/UTbHOI IIKaIe
° Cpok OneHKa NMpoAyKTa 1o 9-Tu 6a/IbHO cucTeMe
/o COo3peBaHNs BHenrHmit Buz, 3amax (apomar) Bkyc HasapucrocTtsn
9
1 4 cyTox OueHb n9 VSITHBIN TpusThii, B (?Hblﬁ Hasa SI/ICTbIﬁ
p apOMAaTHBIIA, CYIbHBII Ky p
8
9 . 8 8
2 16 cyTok . TTpusiTHBINA, . .
OueHb NPUATHBIN APOMATHBIIA, CHITHHBII BKyCHBI HaBapucrbrit
6 3 3 6
3 28 cyTOK HenmocraTouHo HemHoro HenpusiTHbIN, HeMHOro HenmpusTHbBIi HenmocraTouHo

XOPOILNIT, MyTHOBATBIN

MMOCTOPOHHUI

MOCTOPOHHMIA

HaBapUCThIN

OO6mas omeHKa
KauecTBa

8
OueHb XOpoliee

8
OueHb Xopoliiee

7
Xopotee

Tabnuua 6
O61as oeHKa
KadecTBa

8
OueHb XOpOLINit

8
OueHb XOpouImit

5
CpenHsist
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Y3 TOSICHUYHOV MBILILBI OTMEUYEHO CHUKeHMe yxke K 21 gHIo
CO3peBaHusl.

PesynbTaTbl TUCTOJOTMYECKUX MCCANOBAHMIT CTPYKTYpPbI
06pa3IoB roBSIAVHBI PA3HOI CTeIIeHM MPaMOPHOCTU B ITPOIeC-
ce co3peBaHMs MpeacTaBieHbl B Tabn. 7 u Tabn. 8 Ha Puc. 1-12
(co3peBaHMe B HeyllaKOBaHHOM Buie) u 13-24 (co3peBaHue

B YIIAKOBAaHHOM BUIE).
Tabmuua 7
Pe3y/bTaThl IMCTOIOTMYECKUX MCC/IeI0BaHMIT 00pa3nos
B HEYIIaKOBAaHHOM Buje

MpamopHOCTb MpaMOpHOCTb
«XOpouias» «yMepeHHasI»

(o6paser 2-1)

(o6pasern 1-1)

Cpox co3-
peBaHus,
CYTKU

PA £33

PucyHoxk 1.Ilonepeunslit cpe3 Pucynok 3. [ToniepeuHslit cpe3s

PucyHok 2. ITpomonbHbIii cpe3

PucyHoxk 4. IIpogonpHbIit cpe3

PucyHox 5. [TonepeyHslii cpe3

16

PucyHok 6.ITpomonbHbIii cpe3 PucyHox 8. [IpononbHblit cpes

Pucynox 11. [Tonepeunslii cpe3

Pucynoxk 12. I[TpononbHblit cpes

PMcyHOK 9. ITonepeuHslit cpe3

PI/ICYHOK 10. ITpomonbHbIii cpe3
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[Ipy TUCTOIOTMYECKOM MCC/IENOBAaHUM CTPYKTYypBHl 06pa3-
LIOB Ha 4 CYTKM CO3PeBaHMsI YCTAHOBJIEHO, YTO BCe 0Opa3Libl
(1-1, 1-2, 2-1 u 2-2) MMeIOT CXOLHble MMKDPOCTPYKTYDHbIE
xapakTepucTuku. Ha momepeyHoM cpese MblllleuHble BOJIOKHA
XapaKTepu3yIoTCs YIIJIOTHEHHOJ yIIaKOBKOI B ITydkaX I1epBOro
nopsiika. Popma BOTIOKOH ITOIMTOHAIbHASI MM JKe ¢J1abo OKpYy-

Tabnuiia 8
Pe3y/ibTaThl IMCTOIOTUYECKUX MCCIeN0BaHUT 06pa3oB
B YIIaKOBAaHHOM BUe

§ g MpaMOpHOCTb MpaMOpHOCTb
% =5 «xopomas» «yMepeHHas»
2 8 E. (oGpasern 1-2) (o6paser 2-2)
o a
4 PucyHok 13. I[Toniepeunslii cpe3  PucyHok 15. [Torepeunslit cpe3
PucyHoxk 14. IIpogonbHblii cpe3  PucyHok 16. IIpononbHblii cpes
16 Pucynoxk 17. ITonepeunslii cpe3  PucyHok 19. ITonepeuHslit cpe3
Pucynox 18. IIpononbHblit cpe3 PV[CYHOK 20. HpOZLOJIbeII/I cpes
28 PucyHok 21. [TonepeuHslit cpe3  PucyHok 23. ITorepeyuHslit cpes

Pucynoxk 24. IIpononbHblIit cpe3

Pucynoxk 22. IIpononbHblit cpe3

17
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rnast. IIpocinoiiku 3HAOMM3US XOPOUIO BBIPAsKEHBI, TPAHMUILIBI
MEXIY OTAeJbHBIMY MbIIIEYHBIMM BOJOKHAMM YCTaHABIMBA-
10TCsT 6€3 0COOBIX 3aTpyAHEHU. [[MaMeTp MbIIIEYHbIX BOJIOKOH
55-60 MKM.

Ha mpomonbHOM cpe3e MblllIeyHble BOJIOKHA TPEeUMYILecT-
BEHHO CITpSIMJIEHHbBIE, HO TIPUCYTCTBYIOT M BOJHUCTOM (PopMBbI
(cTamus paspellleHUs IOCMePTHOTO OKoueHeHus). [lonmepeuHas
MCUEPUYEHHOCTb XOpOIIO BbIpaskeHa. B OTHENbHBIX BOJIOKHAX
0GHApY)XMBAIOTCSI YYACTKY C HAJIMYMEM TPOMOJIbHOM ycyep-
YEeHHOCTU, CBUJIETENIbCTBYIOIME O HAIMYMM 30H COKpalleHMs.
Slopa B MbIIIEYHBIX BOJIOKHAX XOPOIIO OKPAIIMBAIOTCS, UMEIOT
OBaJIbHYIO0 (DOPMY U pacIIoNaraloTcsl HEIOCPeICTBEHHO IO, cap-
KOJIEMMOIA.

CoenVHUTENIbHOTKAHHbIE TIPOCTIONKM TEepUMU3US BOTHMU-
CThble, TJIOTHO MPUJIEraloT K ITyuykKaM MBbILIeYHbIX BOJTOKOH. Sapa
B COeIMHUTEIbHOTKAHHBIX MPOCIOIKAX OTYETIMBO BbISBIISIIOTCS
Ha mpenapare. Mexxay IydKaMy MbIIIEYHBIX BOJIOKOH B 06Jac-
TSX MEPUMMU3US BBISIBJISIIOTCS YYACTKM XKMPOBO¥ TKAaHU, UMeEI0-
1[Me TUITMYHOE TUCTOJIOTUYECKOE CTPOEHNE.

OyYHKIMOHATbHOE COCTOSIHME MBIIIEUHO! TKaHU JIOCTaTOY-
HO ONHOTHUITHOE. [IpMUCYTCTBYIOT eV HNYHbIE MOlepeyHble MU-
KPOTpPEIIVHbI, eqVHNYHbIE yUaCTKU C JIOKAJIbHBIM pacragom
capkroMepoB. TToBpeXaeHuit CapKOJeMMbI, JAeCTPYKIUU MUO-
(GubpuT M paspbrIBOB MbILMIEUHBIX BOJIOKOH HEe OOGHApYKEHO.
MUKpPOCTPYKTypa 06pa3iioB COOTBETCTBYET CBEKEMY MSCHOMY
CBIpbIO TTepBOro sTana cospeBanus (Puc. 1-4 u Puc. 13-16).

IIp¥ TUCTOOTUYECKOM UCCIeNOBAHUM CTPYKTYPbI 00pasIioB
Ha 16 CyTKM CO3peBaHMSI YCTAaHOBJIEHO, YTO B 0OOpasliax Hey-
IMAaKOBAHHOI roBsAVHbI 1-1 U 2—1 HabGmI0malTCs Cleaylonme
MUKDPOCTPYKTYpHbIe M3MeHeHMsl. Hapsiny ¢ BbIpakeHHOI Io-
TepeyHoi MCUepYEHHOCThI0 B HEKOTOPBIX MBIIIEYHBIX BOJOK-
HaxX MPUCYTCTBYIOT YYaCTKU CO CIJIaKeHHOW MCUepueHHOCTHIO.
Okpacka BOJIOKOH HepaBHOMepHas. Slapa B MbILIEYHBIX BOOK-
HaX TeHeBU[HbIe, Xy>Ke 0 CPAaBHEHMIO C COOTBETCTBYIOIUMU
obpasiamy Ha 4 CyTKM co3peBaHus OuddepeHIMPYIOTCS Ha
npemnapare. B MblllIeUHbIX BOJOKHAX MPUCYTCTBYIOT MHOXECT-
BeHHbIe TIOMepevyHo-Ie/IeBUAHbIe HapyIllleHUs 11eIOCTHOCTH,
eIVHMYHbBIE Pa3pbIBbI U GparMeHTalus. BcTpeuaroTcst yuacTku
C OTCJIOEHMEM CapKOJIEMMBI, & TAKKe C pas3pylieHneM BHYTpeH-
Hell CTPYKTYPbI BOJIOKHA (JIOKaJIbHBIN pacrnaf capkoMmepos). Ha-
GJTIOAETCST Pa3pbIXIEHME COEOVHUTEIbHOTKAHHBIX ITPOCIOEK
niepuMu3usi. MUKpOCTPYKTYpa 06pa3ijoB COOTBETCTBYET CBesKe-
MY He TofJIeXXalemMy JIUTeTbHOMY XpaHEeHUIO MSICHOMY ChIPBIO
Hayasia BToporo 3tarna co3peBanus (Puc. 5-8).

B o6pasmax 1-2 u 2—2 ynakoBaHHOJ FOBSIAVMHbBI M3MEHEHUS
B CTPYKTYpe TKaHei 60Jiee BbIpaskeHbI. B MbIIIIEUHBIX BOJIOKHAX
TIPUCYTCTBYIOT GOMBIIIME YUACTKM CO CIVIAKEHHON MCYepYeHHO-
CThI0. SIIpa TeHeBUAHbIE, B HEKOTOPHIX BOJIOKHAX B COCTOSIHUU
TOJTHOTO paciafa. B MblllleuHbIX BOTOKHAX MPUCYTCTBYIOT MHO-
>KeCTBeHHbIe TOTlepeyHOo-Ile/IeBUIHbIe HapylleHus 1eoCT-
HOCTM ¥ DaspbiBbl, ¢)parMeHTalnuss C 0O6pa30BaHMEM MEKOY
(dbparmenTaMmu MeTKO3e€pHUCTOI 6GenKOBOI Macchl. Bcrpeua-
10TCSI TTPOJIOJKUTENIbHBIE YUACTKM C OTCIOEHMEM CapKOIeMMBbl,
a TaKkke C pa3pylieHreM BHYTpeHHe! CTPYKTYpbl BOJIOKHA (JIo-
KaJIbHBIM pacraj, capkomepoB). Hab6imiomaeTcst paspbIxieHue
COeIMHUTeTbHOTKAHHBIX MPOCI0EK MepUMM3Nsl, Ha HEKOTOPbIX
Y4acTKax UX OTC/I0€HME OT MBIIIeYHbIX BOJIOKOH. MUKPOCTPYK-
Typa 06pa3IioB COOTBETCTBYET CBEXXEMY MSICHOMY ChIPbIO CEpe-
OVHBI BTOpOro Tamna cospeanus (Puc. 17-20).

[Ip¥ IUCTONOTMYECKOM UCCIeNOBAHUM CTPYKTYPbI 00pa3IoB
Ha 28 CYTKM CO3peBaHMsl YCTAHOBJIEHO, YTO BO BcexX o6Gpasiiax
YCUJIMBAIOTCS AeCTPYKTUBHBIE M3MeHeHMs TKaHe.

B HeynakoBaHHbBIX 00pasiax 1-1 u 2—1 morepevHas ucuep-
YEeHHOCTb MPUCYTCTBYET He Ha BCEM IMPOTSDKEHUM MBIIIEYHOTO
BOJIOKHA, MecTaMy criaskeHa. OKpacka BOJIOKOH ocjiabieHa,
HepaBHOMepHas. SInpa B MbIIIEYHbIX BOJTOKHAX Te€HEBUIHbIE
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WIX B COCTOSIHMM Tonoro pacmnaga. OTMeueHO yBeauuyeHue
M0 CPAaBHEHMIO C COOTBETCTBYIOI[MMM OOpasiamu Ha 16 cyT-
KU CO3peBaHMsI pa3pbIBOB MbIIIEYHBIX BOJIOKOH U dparMeHTa-
MK ¢ 06pa3oBaHMeM Mexay GpparMeHTaMy MeTKO3epHUCTO
6eJIKOBOJI Macchl. BcTpevaloTcsl yuyacTKU C Pa3sBOJIOKHEHMEM,
OTCJIOEHMEM M JECTPYKLMell capKojleMMBbl, a Takke C pa3py-
LIeHVeM BHYTPeHHe CTPYKTYPhI BOJIOKHA (JI0KaJIbHbBINM pacraf,
capkoMepoB). CoeqMHUTEIbHOTKAHHbIE TIPOCIONKM TEePUMMU-
31S pa3pbIXJIeHbl, MECTAMM OTMEUYAeTCs] OTC/IOEHNE UX OT MbI-
LIeYHbIX BOJIOKOH, IPUCYTCTBYIOT OYaXKKM MUKPOQIIOpLL. dnpa
xyxe mubdepeHMpyOTCS Ha mpenapate. MUKPOCTPYKTypa
06pasIoB COOTBETCTBYET MSICHOMY ChIPbIO COMHUTEIbHOI
KaTeropum CBeXeCTM OKOHYAHMSI BTOPOTO 3Tala CO3peBaHMS
(Puc. 9-12).

B o6pasiiax 1-2 v 2—2 B 6O/IBIIMHCTBE MbIIIEYHBIX BOJIOKOH
MCYEPUEHHOCTD CIVIaskeHa. SIapa TeHeBUIHbIe, B HEKOTOPBIX BO-
JIOKHAX B COCTOSIHMM TTOJTHOTO pacraja. B MpIlieuHbIX BOJIOKHAX
MPUCYTCTBYIOT MHOXXECTBEHHbIE DPAa3pbIBbI U (PparmMeHTaLNS
C pacxoxkpeHueM (pparmMeHTOB M 06pa3oBaHMEM MeXAYy HUMMU
MeJKO3epHUCTOl 6GeNKOBOI Macchl. BCTpevyaroTcss pomosKu-
TeJbHbIe YYaCTKM C OTCJIOEHMEM CapKOJIeMMbl, a TaKXKe C pa3-
pyllleHeM BHYTpPEHHEl CTPYKTYpbl BoJoKHA. O6GHApYKMBaeTCs
pacnaz oTAenbHbIX pparMeHTOB Ha MUOGUOPMILIBL, & MUOdU-
6pM/UT — HA CapKoMepbl B BUJEe 3ePHMCTOI Macchl, MeCTaMu
3aK/IIOUYEHHOM B 3HAOMM3UIA. CoequMHUTENbHOTKAHHbIE IIPO-
CJIOVIKY TIEPUMM3US Pa3phIXJI€HbI, HAOTIOJAETCS UX OTCIOEHMe
OT MBILLIEYHBIX BOJIOKOH. VI3MeHeHUs B CTPYKType TKaHeii COOT-
BETCTBYIOT CBEXXEMY He IofyIexKalleMy IIUTeIbHOMY XpaHEHUIO
MSICHOMY CBIPBIO TPeTbhero sTana co3peBanus (Puc. 21-24).

B pesynbraTe TUCTONOTMYECKUX UCCIeIOBaHN YCTAHOBIIEHO,
YTO C YBeIMYEeHMEM CPOKa CO3peBaHMs TOBSIOVHBI YCUIMBAETCS
XapakTep JeCTPYKTUBHBIX M3MeHeHMit TkaHeil. O6pa3Iibl YIako-
BAHHOJ TOBSIAMHBI, KAK C MPaMOPHOCTBIO «xopoiias» (1-2), Tak
U «yMepeHHas» (2—2), Ha 16 u 28 cyTKu COOTBETCTBOBAIN BTOPO-
MYy U TpeTbeMmy 3Tamy co3peBanus Msica no 'OCT 19496. Ceipbe
OCTaBaJIOCh CBEXKMM Ha IPOTSKEHUM 28 CYyTOK.

N3meHeHNs] HeyIIaKOBaHHONM TOBSIAMHBI, KaK C MpamMmop-
HOCTBIO «xopoutast» (1-1), Tak u «<ymepeHHas» (2—1), Ha COOTBeT-
CTBYIOILIME CyTKM co3peBaHms (16 1 28 cyTKM) MeHee BbIpaKeHbl.

Pe3ynbTaThl uccienoBaHusi ycwimust pesanust (Tabm. 9
u Ta6s. 10) cBUIOETENTBCTBOBAINM O TOM, YTO B TEUEHME BCETO
Ha6JII0AaeMOro Ieproa Co3peBaHmsI TPOUCKXOAMIIO TOCTETEH-
HO€e CHIDKEeHME YCUJIUSI Pe3aHMsl, UTO CBUIETeIbCTBYET O pas3-
msryeHum msca. OgHako, B OTeNbHbIX CIyJyasX, yCuiaue pesa-
HUST Ha 6oJjiee TTO3HEM 3Talle Co3peBaHMs ObIIO BhIIIE, UeM Ha
MpeapIayIeM. OTO MOXKHO OOBSICHUTh OCOOEHHOCTSIMMU CTPOe-
HMSI MPaMOPHOT'O MSICa, B COCTaBe MBIIIEYHO TKAaHU KOTOPOTO
HaXOJSITCS MHOXKeCTBEHHbIEe BKJIIOYeHMS XXUPOBOJ Tkauu. Ha 4
u 16 cyTKM co3peBaHMs B CpeJJHEM [10Ka3aTeslN KECTKOCTU Io-
BSIAVHBI YIIAKOBAHHOW 10 BaKyyMOM MMenu Goyiee HU3KME
3HAUEeHMs, YeM y HeyNaKOBAaHHOI TOBSAWHBI, YTO TOBOPUT
0 6osbIieit 9 beKTUBHOCTY CO3peBaHMs Msca B YITaKOBAHHOM
Buzge. OgHako, Ha Gojiee MO3IHUX CPOKAX CO3peBaHMs, AMHA-
MMKa CHVMKEHMS] yCUIIUST pe3aHus U Y YIIaKOBaHHO TOBSIAVHbI
CHMU3WIACh.

B pa6ore A.N. Lepper-Blilie [10] u ap. Takke BbISB/IE€HA
obpaTHasi KOppeNsILMOHHAs 3aBUCUMOCTb MEXAY YCUIneM
pe3aHMs U BpeMeHeM CO3peBaHUs, COIIACHO 3TUM JaHHbBIM,
CTereHb CHVDKEHMSI YCWINSI Pe3aHus He 3aBucesia HM OT YacTu
TYIIN, HU OT cIToco6a co3peBaHMs, HY OT MpaMOpHOCTH. OmHaKO,
B pabote Yuan H. Brad Kim u gp. [11], MMeloTcs1 IaHHbIE O TOM,
YTO ycuaue pe3aHust yepe3 17 CyTOK co3peBaHUsI ObLIO HIKE
Yy YIaKOBaHHBIX OOPAa3I[OB B CPaBHEHUM C HEYIMaKOBAHHBIMU,
YTO CBUIETEIHCTBOBAJIO O 60siee GHICTPOM CO3PEBAHUM B YIIAKO-
BaHHoM BuJe. L. Clay Eastwood u fip. [12] oTMeualoT Takxke, YTO
ycwiye pe3aHusl 3aBUCUT, B TOM UKC/IE U OT TOTO, B KAKOM BUJIe
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Tab6nuia 9
Pe3y/nbTaThl UCCIENOBAHNS YCWINS Pe3aHusi 06pa3LoB
B HEYyIIaKOBaHHOM BUe
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IIPOXOIVT CO3PeBaHMe — TaK, IJIsl 06pa3LioB, CO3PEBABIINX B OT-
pybax, ycunue pe3aHusi 6bIIO HIUOKE, YeM sl 06pasioB, co3pe-
BaBIIMX B Bufe nonydbabpukaTos (creiikoB). Fumiko lida u gp.
[13] ycTraHOBWIN, UTO yCUIMe pe3aHMsI Y HEeKHOCTb T'OBSIIVHBI
C BBICOKOJI CTENIEHBI0 MPAMOPHOCTM CTaOWIM3NPYETCS B Teue-
Hure 20 CYTOK CO3peBaHMs, TOTAA KaK yIydIleHue BKycoapoMa-
TUYECKUX CBOVCTB MPOLLO/DKAETCs BIUIOTh 10 60 CYTOK.
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Ta6nuia 10
Pe3y/nbTaThl UCCIEIOBAHNS YCWINS Pe3aHusi 06pa3noB
B YIIaKOBAaHHOM BUe
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4. BbiBoabI

Croco6 co3peBaHMSI OKa3bIBaeT GOJIbIIOE BAMSHME Ha IO-
Ka3zaTeNy KavecTBa TOBSIAMHBI (MUKPOCTPYKTYPY, OpraHoJern-
TUYECKME U CTPYKTYPHO—MEXaHMYECKMe CBOJCTBA) BHE 3aBU-
CUMOCTHM OT CTeIleHM MpaMOpPHOCTU. He yCTaHOB/IEHO BAMSIHME
M3YUYEHHBIX CTereHeil MpaMopHOCTU L. dorsi «ymepeHHas»
U «XOPOIIIasi» Ha CPOKYU CO3PEBAHMSI TOBSITMHBDI.
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1. Introduction

Due to the development of beef production in Russia, the
culture of meat consumption has also been developing in recent
years. One of the important processes that have spread in our
country is a prolonged beef aging. Due to prolonged aging, it is
possible to obtain a high-quality product with excellent sensory
indicators and taste properties. Since prolonged aging is a pro-
cess that requires high energy consumption and strict adherence
to all condition requirements, usually it is used for raw materials
of the highest price category, in particular high-quality marbled
beef [1,2].

The production of such beef is possible only with specialized
cattle meat breeds: predominantly Aberdeen-Angus, Hereford,
Wagoo (most common in Japan, but also grown in other coun-
tries) and others. This is due to the fact that the marbling score is
primarily determined by genetic factors: a number of genes are
associated with it, but GG genotype of the GH gene is the most
desirable for marbling. For the production of high-quality beef,
bulls and heifers are used of 8 months to 2 years old, as well as
steers of 8 to 30 months old [3].

Also, to obtain beef with a high marbling score, even from ge-
netically predisposed breeds, high-energy (grain) finishing diet
is required for at least 100 days. Feeding diets may be different
depending on the region, so corn, oats, barley and other cereals
can be used.

The generally accepted world practice is a high culture of
high-quality beef production and the introduction of «From
Field to Fork» traceability system — from the selection of ani-
mals and their antemortem productivity assessment to pack-
aged products.

Aging is an important process in meat production for cook-
ing, which occurs when carcasses (half-carcasses, quarters, cuts)
after slaughter are exposed to certain conditions. As a result of
aging, meat tenderness, juiciness, specific pleasant taste and fla-
vor increase.

Meat aging is the initial stage of autolysis, so it is determined
by the activity of the endogenous enzymes. It is important not
to allow the growth of undesirable microflora, the enzymes of
which may also cause lysis of cellular structures in animal tis-
sues and breakdown of nutrients.

Immediately after slaughter, the meat is hot, and then the
temperature of muscles decreases with the onset of rigor mor-
tis. The development of rigor mortis stops with the beginning of
meat aging.

During aging, complex biochemical processes occur, leading
to a change in physical and chemical properties, structural and
mechanical properties and sensory indicators of meat [4,5,6].

Meat obtained immediately after slaughter with a tempera-
ture of at least 35 °C at any point of measurement is considered
«hot». Hot meat is characterized by a soft muscle texture. Its
ability to hold the moisture contained in it is as high as possible.
Flavor and taste are poorly expressed. The pH value of hot meat
is 6.8 to 7.3.

Rigor mortis in beef (for meat in half-carcasses) begins
about 3 hours after slaughter. The development of rigor mor-
tis at a temperature of 0 to 4 °C reaches its maximum by 24
hours from the moment of slaughter. Meat in the state of rigor
mortis is characterized by increased toughness, minimal wa-
ter-holding capacity, and the lowest pH values (for beef, as a
rule, the pH decreases to 5.5), which deteriorates its sensory
indicators.

Approximately 48 hours after slaughter, rigor mortis passes
into the resolution stage. During normal autolysis, pH slightly
increases, and water-holding capacity rises too. At the same
time, aging process begins, which improves the sensory indica-
tors of meat, including texture, taste and flavor.
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The rate of meat aging depends on both endogenous factors,
i.e. type of muscles, the amount of lactic acid and glycogen, and
exogenous factors, the main of which are the ambient tempera-
ture and the conditions of heat and mass transfer.

Beef (in half-carcasses) is considered aged after its storage at
a temperature of 0 to 4 °C at least for 5 to 7 days. By this time, the
development of autolysis leads to significant beneficial changes
in the quality of meat, i.e. decrease in toughness, improved flavor
and taste. However, meat aging may take long time depending on
the desired degree of sensory indicators. For example, a number of
studies have shown that beef aging for up to 10 to 14 days is advis-
able, while with longer period no further improvement in sensory
indicators is noted. Later studies showed that a period of beef ag-
ing up to 25 to 30 days or more may be recommended.

It is important to understand that the result of changes in
sensory indicators during meat aging depends not only on the
duration of aging itself, but also on the nature of the autolysis.
The best aging result is possible only for beef obtained from
animals maintained in proper conditions, with the correct and
humane handling until the slaughter. Deviations from the good
manufacturing practices may cause significant changes in bio-
chemical processes that occur in meat during autolysis, both in
time and in nature, as well as in the final result leading to con-
sumer dissatisfaction.

In industrial conditions, meat aging (in half-carcasses) is
carried out at 0 to 4°C and 85 % relative humidity for at least 3
days. Then it is transferred for sale or production of meat foods.
Under these conditions, the weight loss of half-carcasses is min-
imal, i.e. not more than 3 % of hot carcass weight.

In foreign practice, to obtain beef with distinctive sensory in-
dicators, the following methods of its prolonged aging are used:

dry-aging — in half-carcasses, quarters and bone-in cuts in

unpackaged form, suspended or on shelves (racks) at 0 to 4 °C
and relative humidity not more than 75 %;

wet-aging — in bone-in and boneless cuts, in packaged form

(with the use of impermeable film materials, under vacuum)

at a temperature of 0 to 4 °C; the relative humidity does not

matter, since the contact with air is excluded; packaged meat
is laid in one row on shelves or racks.

Beef aging may be carried out for a prolonged time provided
that hazards associated with microbiological risks are excluded:
for the first method, by limiting humidity and creating a dried
surface meat layer of significant thickness; for the second meth-
od, by packaging, which prevents the development of aerobic mi-
croflora. Typically, meat aging in industrial conditions is carried
out in cooling rooms. By the end of aging, meat is transferred for
sale, where it continues to be stored under similar conditions.

Literature data contain foreign publications on meat quality
after prolonged aging, however, they are few and refer to meat
obtained from certain breeds of cattle and certain conditions of
their growth and slaughter specific to other countries. In this re-
gard, the study of the quality of Russian meat after prolonged
aging is of scientific and practical interest.

The objectives of the study were:

on the basis of complex studies, to draw a conclusion about

the consumer properties of beef with various marbling scores;

to study the change in sensory indicators, structural and me-
chanical properties of beef with various marbling scores dur-
ing the aging process;

to determine the optimal aging period for beef with various

marbling scores in a packaged and unpackaged form.

2. Materials and methods

The experiment on aging was carried out on in-bone dorsal
beef cut (n=4), obtained during the cutting of cattle carcass-
es from Aberdeen-Angus breed (black angus) at the age of 18
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XapaxkTepucTuKa MPaMOPHOCTY 0GpasLioB

Parameters
. 1-1
Marbling score
Good
Proportion of fat inclusions, % 23.54

Pictures of muscle samples

months fed with grain diet during 200 days. The slaughter and
the primary processing of carcasses were carried out at Bryansk
Meat Company LLC (Miratorg Agribusiness Holding), Bryansk
Region. The cuts were removed 48 hours after the slaughter. Beef
aging was carried out for 28 days in packaged and unpackaged
form in a cold storage chamber at a temperature of 2+1°C and a
relative humidity of not more than 90 %.

Marbling score was determined visually according to
GOST 33818-2016 «Meat. High quality beef. Technical condi-
tions».

The pH was measured by a potentiometric method using Tes-
to 205 portable pH meter. During the measurements, the elec-
trode was immersed in the muscle tissue to a depth of at least 3
cm. The final result was the mean of three single measurements;
the difference between the limiting values of three measure-
ment results did not exceed 0.15 pH units.

Determination of muscle tissue structural and mechanical
characteristics was carried out using AGS-X series Shimadzu test
machine designed to measure shear force, surface and compres-
sion parameters. All measurements were carried out in four rep-
licates. The final result was the mean with a significance level
P>0.95.

The study of sample microstructure was conducted in accor-
dance with GOST 19496-2013 «Meat and meat products. His-
tological examination method». A piece of 2x1.5x0.5 cm was
taken from each sample and placed in a 10% aqueous solution
of formalin for 72 hours at room temperature. Then piece was
washed under cold running water for 12 hours. The washed ma-
terial was put into trays, filled with 25 % gelatin and placed in a
thermostat at 35 °C for 12 hours to impregnate.

The resulting piece was placed in a freezing chamber of
MIKROM-HM525 microtome-cryostat (Carl Zeiss, Germany) on
object table. Freezing was conducted at a temperature of —20°C
for 15 to 20 minutes and sections were made with a thickness of
20 pm.

The sections were stained with Ehrlich’s hematoxylin and
dyed with freshly prepared 1% aqueous-alcoholic eosin solu-
tion, and then placed under cover slips in glycerin-gelatin.

Histological specimens were studied and photographed us-
ing the Axiolmaiger A1 microscope (Carl Zeiss, Germany) using
connected AxioCam MRc 5 video camera. Image processing was
performed using AxioVision 4.7.1.0 digital image analysis sys-
tem adapted for histological studies.

Sensory evaluation and quality assessment of samples after
cooking were carried out using 9-point scale in accordance with
GOST 9959-2015. Beef freshness evaluation was carried out in
accordance with GOST 7269-2015.

3. Results and discussions

As a result of marbling evaluation, it is established that the
samples were characterized by marble scores «moderate» and
«good» (Table 1). Unpackaged samples were labeled as 1-1 (mar-
bling score «good») and 2—-1 (marbling score «moderate»), while

Ta6nuua 1
Sample name and number
1-2 2-1 2-2
Good Moderate Moderate
20.43 10.98 11.82

samples packaged under vacuum in polymer film were labeled as
1-2 (marbling score «good») and 2—-2 (marbling score «moderate»).

Throughout the aging period, the pH of beef remained stable
(Table 2). This was due to the fact that significant pH changes
were observed in beef in the first 4 days after slaughter. Then,
during the further storage of meat, the pH remains stable, and
slight increase may occur as a result of putrefaction and the ac-
cumulation of protein decomposition products having alkaline
properties. The stability of pH during the research indicates the
normal development of meat aging process. The stability of pH
during aging process is also noted by other researchers, e.g. Hu-
lankova et al. [4].

Table 2
The pH of the samples during the aging process
Aging period, Samples
days 1-1 1-2 2-1 2-2
4 5.50 5.52 5.91 5.90
16 5.61 5.60 5.90 5.87
28 5.61 5.61 5.90 5.85

According to the sensory indicators of freshness (surface
appearance and color, the condition of muscles on the section,
texture, odor, fat condition, transparency and broth flavor), beef
with various marbling scores in packaged and unpackaged form
predominantly considered as fresh meat. However, regardless of
the marbling score, the beef aged in unpackaged form had devia-
tions in sensory indicators on day 28. It was noted that meat on
the section was less dense, less elastic; the fovea formed with the
finger pressing straightened more slowly; there were also sour
and not typical for fresh meat odor and slightly turbid broth.

Analysis of data from beef sensory evaluation during the
aging process showed that, on days 4 and 16, after the boiling,
the overall quality assessment according to the 9-point scale
for vacuum-packaged beef with marbling score «good» (sample
1-2) and «moderate» (sample 2-2) was 8 points («very good»)
(Table 3), while on day 28, there was an increase in tenderness
from 8 to 9 points. Overall sensory evaluation of broth resulted
in 8 points («very good») (Table 4).

On days 4 and 16, overall beef quality evaluation after cook-
ing according to the 9-point scale for unpackaged beef with mar-
bling score «good» (sample 1-1) and «moderate» (sample 2-1)
resulted in 8 points («very good») (Table 5), while on day 28,
there was a decrease in tenderness from 8 to 7 points. On days 4
and 16, overall sensory evaluation of broth resulted in 8 points
«very good», but on day 28, it decreased to 5 points (Table 6).

The results obtained are in agreement with the works of oth-
er authors. Thus, Berger et al. [7], studied three different aging
methods — in vacuum-packaged form, in air-permeable package
(combined method), in unpackaged form — and noted that beef
aged for 7 days after slaughter in unpackaged form and in com-
bined package had higher sensory indicators than aged in pack-
aged form. In the samples aged in combined package, less mois-
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Table 3
Quality evaluation of vacuum-packaged beef after cooking according to the 9-point scale
No Sample aging Product assessment according to the 9-point scale Overall quality
period Appearance Odor (flavor) Taste Texture Juiciness evaluation
9
9 e 8 8 8 8
1 4 days . Delicious, -
Delicious flavory, intense Tasty Tender Juicy Very good
9
9 e 8 8 8 8
2 16 days . Delicious, -
Delicious flavory, intense Tasty Tender Juicy Very good
9
8 i 8 9 8 8
3 28 days Delicious, -
Very good flavory, intense Tasty Very tender Juicy Very good
Table 4
Quality evaluation of broth according to the 9-point scale
Product assessment according to the 9-point scale o i lity
N i/t ing period verall quali
Aging p Appearance Odor Taste Richness evaluation
(flavor)
1 4 days 9 8 8 8
Delicious Pleasant, flavory, intense Tasty Rich Very good
9 8 8 8 8
2 16 days Delicious Pleasant, flavory, intense Tasty Rich Very good
9 8 8 8 8
3 28 days Delicious Pleasant, flavory, intense Tasty Rich Very good
Table 5
Quality evaluation of unpackaged beef after cooking according to the 9-point scale
. . Product assessment according to the 9-point scale Overall quali
Nem/m  Aging period . ‘ggﬁu;;ltl;géw
Appearance Odor (flavor) Taste Texture Juiciness
9
9 e 8 8 8 8
1 4 days e Delicious, -
Delicious flavory, intense Tasty Tender Juicy Very good
9 8 8 8 7 8
2 16 days Delicious Pleasant, intense Tasty Tender Juicy enough Very good
3 28 days 6 5 6 6 7
Y Not good enough Pleasant, intense Not tasty enough ~ Tender enough  Not juicy enough Good
Table 6
Quality evaluation of broth according to the 9-point scale
X X Product assessment according to the 9-point scale o 11 li
Ne n/m Aging period 5 ‘;evr;u;lilgr:ty
Appearance Odor (flavor) Taste Richness
9
9 8 8 8
1 4 days 2 Pleasant, flavory, :
Delicious intense Tasty Rich Very good
9 8 8 8
2 16 days Delicious Pleasant, flavory, Tasty Rich Very good
intense
6 3 3 6 5
3 28 days Not good enough, Not pleasant enough,  Not pleasant enough, .
slightly turbid off-odor off-odor Not rich enough Moderate

ture loss was noted than in samples aged in unpackaged form.
Our experiment did not investigate aging in combined package;
this is the object for further research.

Similar results were obtained by American researchers Colle
et al. [8]. Their work was aimed at prolonged aging of steaks
from M. biceps femoris and M. semimembranosus. Aging was car-
ried out for 2, 14, 21, 42, and 63 days. In all cases, tenderness,
juiciness, and sensory indicators improved. They also conducted
the study [9] on the quality of steaks from M. gluteus medius and
M. longissimus lumborum for 2, 14, 21, 42, and 63 days. Improve-
ment of sensory indicators in all samples was noted. The data
obtained indicated that for steaks from M. gluteus medius shear
force slightly decreased throughout the aging period, whereas
for steaks from M. longissimus lumborum a decrease was noted
already on day 21 of aging.

The results of histological studies to determine the structure
of beef samples with various marbling scores during the aging
process are presented in Tables 7 and 8 and in Figures 1 to 12 (ag-
ing in unpackaged form) and 13 to 24 (aging in packaged form).

Histological examination of sample structure on day 4 of ag-
ing showed that all samples (1-1, 1-2, 2-1, and 2-2) have simi-
lar microstructural indicators. In the cross section, the muscle
fibers are characterized by a densified packing in bundles of the
first order. The shape of the fibers is polygonal or slightly round-
ed. Endomysium interlayers are well pronounced; the boundar-
ies between individual muscle fibers are well defined. Diameter
of muscle fibers is 55 to 60 um.

In the longitudinal section, muscle fibers are predominantly
straightened, but there are also some fibers of curly form (the stage
of rigor mortis resolution). Cross-striation is well pronounced. In
some fibers, there are areas with longitudinal striation indicat-
ing the zones of contraction. The nuclei in muscle fibers are well
colored, oval in shape and located directly under the sarcolemma.

Perimysium interlayers are curly, tightly adjacent to bundles
of muscle fibers. The nuclei in the connective tissue layers are
clearly defined on the slide. Between the bundles of muscle fi-
bers, in perimysium, there are areas of adipose tissue with a typi-
cal histological structure.
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Table 7 Table 8
Results of histological examination of samples Results of histological examination of samples
in unpackaged form in packaged form
bo'g Marbling score «good» Marbling score «moderate» bo"g Marbling score «good» Marbling score «moderate»
| 'E % (sample 1-1) (sample 2-1) £ ‘E % (sample 1-2) (sample 2-2)
E.é ac 5’ ac
4 Picture 1. Cross section Picture 3. Cross section Picture 13. Cross section Picture 15. Cross section
Picture 2. Longitudinal section  Picture 4. Longitudinal section
Picture 5. Cross section
16 16
i
Picture 6. Longitudinal section ~ Picture 8. Longitudinal section
Picture 9. Cross section Picture 11. Cross section 28
Picture 10. Longitudinal section Picture 12. Longitudinal section Picture 22. Longitudinal section Picture 24. Longitudinal section
The functional state of muscle tissue is quite uniform There Histological examination of sample structure on day 16 of
are individual transverse micro-ruptures, single sites with local ~ aging showed that, in samples of unpackaged beef 1-1 and 2-1,
sarcomere degradation. Sarcolemma deterioration, myofibril de-  the following microstructural changes were observed. Along

struction of and muscle fiber ruptures was not detected. Sample  with the pronounced cross-striation, in some muscle fibers there
microstructure corresponds to fresh raw meat at the first aging  are sites with smoothened striation. The color of fibers is not
stage (Figures 1 to 4 and 13 to 16). uniform. The nuclei in muscle fibers are shady, worse defined on

23
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the slide in comparison with the corresponding samples on day
4 of aging. In muscle fibers, there are multiple fissured trans-
verse integrity disorders, single ruptures and fragmentation.
There are areas with sarcolemma separation, as well as with
the destruction of fiber internal structure (local degradation of
sarcomeres). There is a loosening of perimysium interlayers.
Sample microstructure corresponds to fresh raw meat of non-
prolonged storage at the beginning of the second aging stage
(Figures 5 to 8).

Ta6nuia 9
Pe3ynbTaThl MCCIENOBAHNS YCWINS Pe3aHusi 00pa3LoB
B HEYIIaKOBAaHHOM BUJe

%o'g " Marbling score «good» Marbling score «xmoderate»
E?‘E z (sample 1-1) (sample 2-1)
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In samples of packaged beef 1-2 and 2-2, the changes in tis-
sue structure are more pronounced. In muscle fibers, there are
large areas with smoothened striation. The nuclei are shady, and
in some fibers, are completely degraded. In muscle fibers, there
are multiple fissured transverse integrity disorders and ruptures,
fragmentation with formation of fine-grained protein mass be-
tween fragments. There are long areas with sarcolemma separa-
tion, as well as with the destruction of fiber internal structure
(local degradation of sarcomeres). There is a loosening of peri-

Table 10
The results of shear force study for samples
in packaged form

?:o'g " Marbling score «good» Marbling score «moderate»
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mysium interlayers, and in some areas, they are separated from
muscle fibers. Sample microstructure corresponds to fresh raw
meat at the middle of the second aging stage (Figures 17 to 20).

Histological examination of sample structure on day 28 of
aging showed that destructive changes were intensified in tis-
sues of all samples.

In unpackaged samples 1-1 and 2-1, cross-striation only
partly present throughout the muscle fiber, and sometimes is
smoothened. The color of the fibers is faded, and not uniform.
The nuclei in muscle fibers are shady or completely degraded.
On day 16, an increase in ruptures and fragmentation of mus-
cle fibers was observed in comparison with the corresponding
samples, with the formation of fine-grained protein mass be-
tween fragments. There are areas with sarcolemma separation
and degradation, as well as with the destruction of fiber internal
structure (local degradation of sarcomeres). There is a loosening
of perimysium interlayers, and in some areas, they are separated
from muscle fibers. There are foci of microflora. The nuclei are
worse defined on the slide. Sample microstructure corresponds
to raw meat of ambiguous freshness category at the end of the
second aging stage (Figures 9 to 12).

In samples 1-2 and 2-2, in most muscle fibers, the striation
is smoothened. The nuclei are shady, and in some fibers, com-
pletely degraded. In muscle fibers, there are multiple ruptures
and fragmentation with separation of fragments and the forma-
tion of fine-grained protein mass between them. There are long
areas with sarcolemma separation, as well as with the destruc-
tion of fiber internal structure. The disintegration of individual
fragments into myofibrils is detected, and myofibrils are de-
graded into sarcomeres in the form of grained mass sometimes
confined to endomysium. There is a loosening of perimysium
interlayers and separation from muscle fibers. Changes in tissue
structure correspond to fresh raw meat of non-prolonged stor-
age at the third aging stage (Figures 21 to 24).

As a result of histological studies, it was found that, with the
increase in the duration of beef aging, the nature of destruc-
tive changes in tissues is enhanced. On days 16 and 28, samples
of packaged beef, both with marbling score «good» (1-2) and
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«moderate» (2-2), corresponded to the second and third stage
of meat aging in accordance with GOST 19496. The raw material
remained fresh throughout 28 days.

On the corresponding aging days (days 16 and 28), changes
in unpackaged beef, both with marbling score «good» (1-1) and
«moderate» (2-1), are less pronounced.

The results of shear force study (Tables 9 and 10) showed that
during the entire observed period of aging, a gradual decrease
in shear force occurred indicating meat softening. However, in
some cases, shear force at a later stage of aging was higher than
at the previous one. This may be explained by the properties of
marble meat structure, in the muscular tissue of which there are
multiple inclusions of adipose tissue. In average, on days 4 and
16 of aging, the toughness of vacuum-packaged beef was lower
than in unpackaged beef, indicating greater efficacy of meat ag-
ing in a packaged form. However, at later stages of aging, the
dynamics of decrease in shear force of packaged beef declined.

A.N. Lepper-Blilie et al. [10] also revealed an inverse correla-
tion between shear force and aging period. According to these
data, the degree of shear force decrease depended neither on
carcass part, nor on aging method, nor on the marbling score.
However, in the work of Yuan H. Brad Kim et al. [11], there is
evidence that shear force after 17 days of aging was lower in
packaged samples than in unpackaged indicating faster aging
in packaged form. L. Clay Eastwood et al. [12] also noted that
shear force depended, in part, on the type of aged product, e.g.
for samples in cuts, shear force was lower than for samples in
the form of semi-finished products (steaks). Fumiko Iida et al.
[13] found that shear force and tenderness of beef with a high
marbling score stabilized during 20 days of aging, while the im-
provement in taste and flavor continued up to 60 days.

4. Conclusion

The aging method has a great influence on the quality in-
dicators of beef (microstructure, sensory indicators, structural
and mechanical properties) regardless of the marbling score.
In M. longissimus dorsi, the effect of marbling scores «moderate»
and «good» on the duration of beef aging was not established.
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Opurunanbnaﬂ Hay4YHas CTaTbsl

CBOVICTBA KOHUJIUN HITAMMOB AKTUHOMUILIETOB
STREPTOMYCES LUCENSIS U STREPTOMYCES VIOLACEUS
B ITPOILIECCE XPAHEHUS INPU HU3KNX TEMIIEPATVPAX

[llapoBa H.10."?* Bei6opHoBa T.B.!, [IpunneBa A.A."2, Mawxkuena b.C.!

! BcepoccuitCcKuit HayYHO-MCC/IeI0BATEAbCKMI MHCTUTYT MUIIEBbIX J06aBOK —
bunnan ®epepanbHOro HAYYHOTO LEHTPA MUILEBbIX cucTeM uM. B.M. Top6aToBa PAH, CaHkT-IleTep6ypr, Poccust

KJ/IIOYEBBIE CJIOBA:
wmammal Streptomyces

lucensis BKTIM Ac-1743

u Streptomyces violaceus BKIIM
Ac-1734, HuskomemnepamypHoe
XpaHeHue, #U3HeCnoCOOHOCMb,
UH2UOUMOPHASL AKMUBHOCMY,
nuemeHmoobpasosarue

2HUY UTMO, Caukr-IleTep6ypr, Poccus

KontekumoHHbIE KYJIbTYPbl aKTUHOMUIIETOB B OCHOBHOM XPAHSIT B BBICYIIEHHOM COCTOSIHMM Ha afcopOeHTax.
[TpaKkTUKyeTCs] HU3KOTEMITEpAaTypHOE XpaHeHMe aKTMHOMMUILIETOB IIpu TemIiepaTypy munyc 70 °C.

B cTaTbhe mpencTaBiieHbl pe3yabTaThl UCCIeNOBaHNUI CBOVICTB KOHMINI IITAMMOB aKTMHOMULIETOB Streptomyces
lucensis BKIIM Ac—1743 u Streptomyces violaceus BKITM Ac-1734 B ripouiecce xpaHeHus ipu MuHyc 12 °C 1 MUHYC
18 °C B pactBope ruiepuHa 1 B 0,9 %-oM BOIHOM pacTBOpe XJIOpUAA HATPUSI.

BbISIBIEHO, YTO MHIMGUTOPHASI aKTUBHOCTh B HATMBHOM PAcCTBOPE JJIsl MCC/IENYyeMbIX IITAMMOB, XPAHUBILUXCS
B pacTBope muieprHa npu MmuHyc 12 °C u mitoc 4 °C, B pe3y/bTaTe X MOCAeAYIOero KyIbTUBUPOBaHMS Ha TH-
Iponu3are Kpaxmaja B TeueHue 120 4 HaxopuTcsl Ha ypoBHe (450+10) VIE/cm®. [Tokasartesnb Ojist KYJAbTYp, Xpa-
HuBLIMXCS py MyHyc 18 °C, 651 Bbile — (560% 10) UE/cm3. HuskoTemnepaTypHoe XpaHeHue KOHUAMI B Gu-
310JIOTMYECKOM pacTBope MeHee 3ddekTuBHO. [IurmeHTO06pa3oBaHme 60ee aKTUBHO MIPU KYJIbTUBUPOBAHUM
LITAMMOB, XpaHUBILIMXCS ITpu MuHyc 18 °C.
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Collection cultures of actinomycetes are mainly stored in a dried state on adsorbents. Practiced low-temperature
storage of actinomycetes at minus 70 °C.

The article presents the results of investigations of the properties of the conidia of strains of the actinomycete
Streptomyces lucensis VKPM Ac-1743 and Streptomyces violaceus VKPM Ac-1734 is in the process of storage at
minus 12 °C and minus 18 °C in glycerin solution and in 0,9 % aqueous sodium chloride solution.

It was found that the inhibitory activity in the native solution for the studied strains stored in the glycerin solu-
tion at minus 12 °C and plus 4 °C, as a result of their subsequent cultivation on the starch hydrolyzate for 120 h is
at the level of (450%10) IE/cm3. The indicator for crops stored at minus 18 °C was higher (560% 10) IE/cm3. Low-
temperature storage of conidia in saline solution is less effective. Pigmentation is more active in the cultivation

of strains stored at minus 18 °C.

1. BBegeHue

Hanbonee 3¢ddbekTUBHO XpaHeHNe MUKPOOPTaHM3MOB pas-
JIMYHBIX TAKCOHOMMYECKMX TPYII IIPY HU3KUX TeMIlepaTypax
(ot munyc 12°C go munuyc 150°C) [1]. OdnutenbHOe XpaHeHNe
KJIETOK, 6e3 yTpaThl LIEHHBIX CBOMCTB, IPOBOLUTCS MYTEM IJTy-
60KOro 3aMOpPaskMBaHMSI MUKPOOPTaHM3MOB MM UX BBICYIIK-
BaHMsI U3 3aMOPOKEHHOTO COCTOSIHMS (JiModuamusaiys), 1Moo
HeIOCPeICTBEHHO M3 KUAKOTO COCTOSHUS (L-BBICYIIMBaHME).
Bricokuit apdeKT KoHCepBaLUM ITUMU MeTOLAMM LOCTUTAeTCs
TeM, UTO KJIETKH, JIMLIASICh CBOOOIHOI BOIBI B YUIOBUSX CYOHY-
JIEBBIX U (M) KPUOTEHHBIX TeMIlepaTyp, epexoisT B COCTOSI-
HyMe aHabuo3a.

KynbTypsl Streptomyces OTHOCSATCSI K POy 6akTepuit cemeit-
cTBa Streptomycetaceae mopsaka akTMHOMMIETOB. ComiacHO
MEXIOYHapOAHbIM CTaHJapTaM, IJsl AJIUTENbHOTO XpaHeHMS

IOJI1 HUTUPOBAHUA: laposa H.I0., BeiGopHosa T.B., IIpuHieBa A.A., Man-
skieBa B.C. CBoiicTBa KOHMAMIA IITAMMOB aKTMHOMULIETOB Streptomyces lucensis
u Streptomyces violaceus B mpoliecce XpaHeHMsI IPY HU3KUX TeMIieparypax. [u-
wesvle cucmemsl. 2018; 1(3): 27-32. DOI: 10.21323/1111-1111-2018-1-3-27-32

6GaKTepUaTbHbIX KYJIbTYP UCIIOIb3YIOT KPMOKOHCEPBAIINIO (Me]I-
JIeHHOe 3aMopaskuBaHue npu Temnepartype munyc 80 °C B rpu-
CYTCTBUM KPUOIIPOTEKTOPA).

Konmnekuys MMKpOOpPraHM3MOB BcepoccuiiCkoro HaydyHO-
MCCIeIOBATEIbCKOTO MHCTUTYTA TMUIIEBBIX m06aBoK (BHUUII)
pacronaraet mramMamu Streptomyces lucensis BKIIM Ac-1743
u Streptomyces violaceus BKIIM Ac—1734 — nponylieHTaMu UH-
I'MOUTOPOB TJIMKO3UAA3, KOTOPBIE SIBSIOTCS OGUOIOTMYECKU
aKTUBHBIMM BellleCTBAMU ¥ IOTEHIUAJIbHBIMU MUILIEBbBIMU
MUKpOMHrpenueHtamu [2]. PaHee npoBeneHnbsle Bo BHUUIIT
MCCIeOBaHMS TIOKA3aJIN, UTO IITAMMbI CTAOWIIbHBI U COXPaHs-
10T MTHTMOUTOPHYIO aKTUBHOCTH IO OTHOIIEHUIO K TAHKpeaTnyie-
CKOI1 a.-aMmiia3e Ipy TeMneparype xpaHeHus 1itoc 4 °C.

Ilenbio JaHHO pPabOThI SABISIETCS MCCIeJOBaHMe JKIU3HECIIO-
COOHOCTY, MHTUMOUTOPHOM aKTMBHOCTM M HMUTMeHTOOOpa3oBa-

FOR CITATION: Sharova N.Yu., Vybornova T.V., Printseva A.A., Manzhieva B.S.
The properties of the conidia of strains of the actinomycete Streptomyces lucen-
sis and Streptomyces violaceus during storage at low temperatures. Food systems.
2018; 1(3): 27-32. (In Russ.) DOI: 10.21323/1111-1111-2018-1-3-27-32
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HMS Y LITaMMoB Streptomyces lucensis BKIIM Ac—1743 u Strepto-
myces violaceus BKIIM Ac—1734, XxpaHUBIIMXCS IPU TEMIIEPATYpe
muHyc 12 °C u munyc 18 °C B pactBope rmuiepmusa u B 0,9 %-om
BOJHOM pacTBOpe XJIOpKJa HAaTpus C NMOCIeSy0NUM Ky/IbTUBY-
poBaHMeM Ky/lbTyp Ha I'MpONN3aTax Kpaxmania.

2. Marepuajsl ¥ METOIbI

OO6DbeKTOM MCCIeAOBAHMS SIBJISUTACH CeEKLMOHMPOBAHHBIE
B MHCTUTYTe mTamMMbl Streptomyces lucensis BKIIM Ac-1743
u Streptomyces violaceus BKIIM Ac—1734 — npopyueHTbl MHTU-
6uTtopa rukosumas [3, 4].

[ItamMmel Streptomyces XpaHUIUCh IIpY TeMIlepaTypax Mu-
Hyc 12 °C u munyc 18 °C B TeueHue 30 nHeli. 3aki1aaKy IIpOBO-
o B 15 %-HoMm pactBope ruiepuHa 1 B 0,9 %-HoM pacTBope
HaTpus xnopuzga (u3pacTBope) CMbIBOM CO CKOLIEHHOI arapo-
BOJA Cpefbl.

@epMEeHTALUMI0 TTPOBOAWIN MEPUOIUIECKUM CIIOCOO0M I10
TEXHOJIOTMM KOHIIEHTPUPOBAHHBIX CpeJ, B YUIOBUSIX ILieiikepa-
uHKy6aTopa Multitron (INFORS, IlIBeitijapus) B Konb6ax BMe-
cTuMocThbio 750 cM® mpu Temmepatype 1ioc 32+ 1°C B TeueHue
1204 [3,4].

CocTas cpefipl, I/IM3: TUIPOAU3AT Kpaxmasa ¢ JeKCTPO3HBIM
skBuBasieHTOM [IE = o1 20 % nmo 30 % — 150; coeBast myka — 5,0;
HaTpUil XJAOpUCTbIi — 3,0; MarHuit CepHOKMUC/BIA CEeMUBO[I-
HbIit — 0,5; Boma mo 1 am®; pH 7,0 [5].

IIpouiecc BOCCTAHOBIEHMS 3aMOPOKEHHBIX KJIETOK OCY-
LIeCTB/ISIM IyTeM OTTauMBaHUsS NpuU TemIieparype matoc 37 °C
B TeueHMe 3 MMH. B pasmMOpOKeHHBIX Ky/IbTypax OIpeAerneH
tuTp (KOE B 1cM® MCXOIHOTO MHOKYISITA).

JKu3HEeCoco6GHOCTh KOHMIMIA MCCIemoBaau B pes3yibTare
BbICEBA XPAHMBIUMXCS NPU HU3KUX TeMIlepaTypax KJIeTOK Ha
arapoByl0 KpaxMaJIbHYI0 cpeny (cpeny Yarexa).

VHTMOUTOPHYIO aKTUBHOCTDb ONPEAESI B HATUBHOM pac-
TBOpE KOJOPUMETPUUYECKUMM METOOM I10 OTHOIIEHWIO K IMaH-
KpeaTuueckoit ammiase (tect-dbepmeHT) [5]. [lepen ompernerne-
HMEM B HATMBHOM pacTBOpPe MHAKTUBUPOBAIU COOCTBEHHYIO
aMuwiasy MeTooM TepM0o0o6paboTku mpu mroc 98+ 1 °C. Hru-
GUTOPHOE AECTBYE M3yJyaIM MO OTHOILIEHUIO K MaHKpeaTuye-
ckoii amunase («Sigma», CIIIA). [IpoTeHNHa3HYI0 aKTMBHOCTD
HEMHaKTMBMPOBAHHOTO HATMBHOTO pPacTBOpa OLIEHMBAIM CO-
IJIaCHO [6].

[urMeHTOO6OPa30BaHMe OLIEHUBAIM IO OMTUYECKOI TIIOT-
HOCTM HATUBHBIX PACTBOPOB IIPU AJIMHAX BOIH OT 350 1o 700 HM.

O6paboTKy 9KCIepMMEHTAIbHBIX JAHHBIX [POBOIAWIIN
C TIpUBJIEYEHNEM METO/IOB MaTeMaTUU€eCKO CTaTUCTUKU U TTPO-
rpamm Excel XP.

3. Pe3yabTaTsl ¥ 00CYKAEHUE

OTIMUNTEIbHOM OCOOEHHOCTHI0 aKTMHOMMIIETOB SIBJISIETCS
CTIIOCOGHOCTD K CMHTE3y IMUTMEHTOB, aDOMATUYECKUX COelMHe-
Huuit, BAB, B wacTHOCTM MHTMO6UTOPOB (hepmeHTOB. Vcciemye-
Mble IITaMMBbl SIBJISIIOTCST TPOAYIIEHTaMU MHTUOUTOPA ITIUKO3U-
Jla3, TI03TOMY MX OMOCMHTETMYECKYI0 aKTMBHOCTb OLIEHWMBAIU
T10 TTOKA3aTeJTI0 «HIMOUTOPHAS! aKTUBHOCTDY.
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PesynbpTaThl ucciiegoBaHMUi OKa3aaun, UTO KIETKY IITAMMOB
Streptomyces B kKoHUeHTpauusax 107 — 108 KOE/cm® coxpaHman
BBICOKYIO JKM3HECTIOCOOHOCTh MPU 3aMOPAKMBAHUM TPU TEM-
neparype muHycC 12 °C 1 munyc 18 °C nocne 30 gHel xpaHe-
Hust. [l Streptomyces lucensis BKIIM Ac—1743 TuTp Haxoguics
B mipepenax ot 8,3- 107 mo 2,5- 108 KOE/cwm3, nst Streptomyces vio-
laceus BKIIM Ac-1734 — ot 2,96-107 mo 7,4- 10" KOE/cm®.

IMocte mepBOro ImaccaXka MaKCUMMAaJIbHOV WMHTUMOUTOPHOI
CIOCOGHOCTRIO O6Maman ImTaMm Streptomyces lucensis BKIIM
Ac-1743. CTeneHb MHIMOMPOBAHMS HAXOOMIACh B TIpefieax OT
10 % mo 55 %, 4TO COOTBETCTBYET IOKa3aTelo N0 3aKjJaJKyu Ha
XpaHeHHe.

B cpaBHUTENLHOM acrekTe, B (GbU3pacTBOpPe aKTUBHOCTH
MCCeMyeMbIX IITAMMOB CTPENTOMUIETOB 6Gblia Hioke B 1,1-
1,2 pasa, ueM Iipu XpaHeHUM B rauiepuHe. VimeeTcs mpen-
MOJIO’KeHMe, UTO BO BpeMsl 3aMOpPaXMBAHMS U OTTaMBaHUS
HEKOTOpbIe BUABI OAKTEPUII DPa3pyllalOTCs He B pe3y/abTaTte
CIABIMBAaHUS KPUCTAJIAMU JIbAA, a BCIEACTBME BO3IEMCTBUS
KOHIIeHTPMPOBAHHBIX PACTBOPOB 3/€KTPOJIUTOB MPU TeMIlepa-
Typax, IPeBbIIIAIMX UX IBTEeKTUYeCcKye TOUKM [7]. B pesynsb-
Tare no6GaBIeHNS B CpeNy ITIUIepUHA KOHIIEHTPAIMS JIEKTPO-
JIUTOB TMOCJIe JOCTVKEHUSI PABHOBECHOTO COCTOSIHUSI CO JIBJIOM
TIpM JII000t TemIlepaType MOHMKaeTcs. [UIepuH mpeaoTBpa-
1jaeT IMOBbINIEHMEe KOHIIEHTpAlUM CoJieit N0 YPOBHS, BbI3bIBa-
IOIIero HapylieHe 6MOXMMIUECKMUX ITPOIeCCOB B KJIETKaX MMU-
KPOOPTaHM3MOB BO BpeMsI 3aMOPaKMBaHMSI.

[Ipu Temmepatype xpaHeHuss MuHyc 18 °C MHIUGMTOpHAS
aKTMBHOCTD IITAMMOB COXpaHsJIach Ha 60jiee BLICOKOM YPOBHE,
yeM nmpu MUHYC 12 °C, 1 nipeBblllia/ia oKa3aTenb npu mirc 4 °C
(Tabm. 1).

[Mo-BuaMMOMY, Tpu GoJiee pe3KOM Iepernajie TeMIepaTyp
(c munyc 18 °C Ha mmoc 37 °C) uHTeHCUDUIMpPYeTCss BOCCTa-
HOBJIEHME OMOXMMMUYECKMX peakiuit B OTBET Ha CTPeCcOBOE
BO3eiicTBMe. AHAOTMYHBIA 3DdeKT MmomyyeH Mpu U3ydeHUn
TIPOTEOIUTHUYECKOI aKTUBHOCTH mTamMMoB (Tab:. 1). B mporiec-
ce depMeHTalUM TMPOTEOTUTUUYECKAST aKTMBHOCTh BO3pacTraja
¥ JOCTUTajIa MaKCMMAaJIbHOTO 3HAUYEHUS B KOHIIE 6MOTEXHOIOT -
YyecKoro rnpoiiecca. Bo3aMoskHO, IITaMMbl CTPENITOMULIETOB CUH-
Te3UPYIOT MPOTEMHA3BI [IJIST PETYIMPOBAHMUS KOIMYECTBA COOCT-
BEHHOIT aMuJIa3bl, KOHKYPUPYIOIEi C MHTMOUTOPOM B YCTOBUSIX
JIMMUTUPOBAHMS TTpoOllecca Mo UCTOUHUKY yriaepoaa. [Tpu oreH-
Ke MHTMOUTOPHOM aKTUBHOCTY B HEMHAKTYBUPOBAHHOM HATUB-
HOM pacTBOpe HAa6II0faNoch YBeIMUEeHMe aMWIOMUTAYECKO
aKTUBHOCTH, O6YCIIOBJIEHHOE COBMECTHBIM BO3/IEIiCTBMEM COO-
CTBEHHOI aMmWia3bl MPOAYLIEHTA U MMaHKpeaTuyeCcKoii aMuIassl,
JCIIONIb3yeMOJ1 B KauecTBe TecT-pepmeHTa. B pesynbraTe MH-
I'MOUTOPHAST aKTMBHOCTb OOHAPYKMBAIACh TOIBKO MPU MHOTO-
KpaTHOM pa36aBjieHM) HATMBHOTO PacTBOpPa, B pe3ysbTare Ko-
TOPOTO pacnafascs KOMIIEKC MHTMOUTOP — amuiiasa.

ITocKko/MbKY OCHOBHBIM KpUTEpUEM OLIEHKU KU3HeHesTelb-
HOCTU ¥ GMOCUMHTETUYECKO! CIIOCOGHOCTY MUKPOOPTaHM3MOB
SIBJISIETCSI aKTUBHOCTH X (DePMEHTHOI CHCTEMBI, 6BITIO U3YUEHO
B/IMSIHME TeMIIepaTypHOrO peXuMa Ha MPOTeMHa3HYI0 aKTUB-
HOCTb IIITAMMOB CTPEIITOMUIIETOB.

depMeHTAaTUBHASsI M MHTMOVTOPHASI aKTMBHOCTY HAaTUBHBIX PAaCTBOPOB B KOHIe npouecca (120 1) feommal
HayuMeHoBaHMe BKIIM Ac-1743 BKIIM Ac-1734
ToKRasaTesist wmoc 4 °C munyc 12 °C munHyc 18 °C mmoc 4 °C muHyc 12 °C munHyc 18 °C
XpaHeHNe B pacTBOpPe IIMIlepUHA
WHrnbuTopHas akTMBHOCTh, ME/cm3 1300+100 1600+100 1800+100 1800+100 2400+100 2800+200
[IpoTenHa3Hast akTMBHOCTb, ef1/cM® 0,204+0,011 0,204+0,015 0,024+0,002 0,144+0,015 0,144+0,015 0,084+0,008
XpaHeHue B Gpu3pacTBope

WurnburopHas aktuBHOCTb, ME/cM® 1300+100 1100+100 1600+100 1800+100 2000+100 2300+200
ITporenHa3Hasi akKTUBHOCTb, €11/CM> 0,204%0,022 OTCYTCTBYET OTCYTCTBYeT 0,052£0,006 0,052+0,005 OTCYTCTBYeT
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Puc. 1. lltamm Streptomyces violaceus BKIIM Ac-1734
KyJbTypasibHask XXUAKOCTb; 120 U KyJIbTUBUPOBAHUS
KOHUIMI, XpPaHUBLIMXCS IIPU TeMIlepaType MuHyc 12 °C,

muHyc 18 °C, rutoc 4 °C B Teuenue 30 gHen

HWccnemyemble MITAMMBI SIBJISIIOTCS TMTMEHTOOOPA3YIOMIN-
mu. IIpyu U3ydyeHUM M3MEHUYMBOCTU KYJAbTYp CTPETOMMUIIETOB
OTMEYEHO, YTO IIPU BBIPAIIMBAHMUM HA arapoBbIX Cpefax usme-
HSIeTCS I[BET BO3IYIIHOTO MUIIENNS, IIBET CYyOGCTPATHOTO MMUIIE-
JIUST OCTaeTcs MpakTuuecku 6e3 m3MeHeHuit. Ilocre mepBoro
rmaccaka Ha arapoByl0 Cpelly NMUTMEHT BO3IYIIHOTO MMIeIUs
uMes GeJIblif ¢ cepoBaThIM OTTEHKOM IIBET IJIsi 000MX UCCIeny-
€MBbIX IITAMMOB, @ CyOCTPATHBII — CBETIO-KeThIN s Strep-
tomyces lucensis BKIIM Ac-1743, po30Bblit — s Streptomyces
violaceus BKIIM Ac-1734, cBeT/IO-KOPUYHEBBIN IJI APYTUX
KkyabTyp (Puc. 1). B TeueHme ceMu CyTOK KyAbTMBUPOBAHMUS Ha
arapoBoOJi cpefie MHTEHCMBHOCTb MUTMEeHTAlUM y IITAMMOB YCH-
JINJIaCh, UTO CBUIETENIbCTBYET 06 aKTUBU3AIMY OVIOXMMUIECKUX
MPOLIeCCOB, CBSI3aHHBIX C afamnTalyeil KyabTyp B CTPECCOBBIX
cutyauuax. Ilocne xpaHeHMs KyJlbTyp IIpU HU3KUX TeMIleparTy-
pax MmuHyc 12 °C 1 munyc 18 °C B Teuenme 30 gHei HAGIIOIATOCH
6osiee MHTEHCUBHOE MUrMeHToo6GpasoBaume (Puc. 1). Bosamosk-
HO, BO3[eliCTBMe SKCTPeMaJbHbIX TeMIIepaTyp MPMUBOIUT K Ua-
CTUYHONM [MeCcTPyKIuu OeJIKOB, MPOTYKTbI KOTOPOJi SIBIISIIOTCS
cybCcTpaToM IS TUPO3MHA3BI, KATATU3UPYIOUIEN OKMUCIEHME
(enonoB (Hampumep, TMPO3UHA) U KATAIU3UPYIOIIE CUHTEe3
MeJlaHMHA U IPYTUX MUTMEHTOB U3 UX MpeliecTBeHHUKA TUPO-

1. Introduction

Storage of microorganisms of different taxonomic groups at
low temperatures (from minus 12 °C to minus 150 °C) is most ef-
fective [1]. Long-term storage of cells without loss of valuable
properties is carried out by deep freezing of microorganisms or
their drying from the frozen state (lyophilization), or directly
from the liquid state (L-drying). High conservation effect of
these methods is achieved by the fact that the cells, losing free
water in sub-zero and (or) cryogenic temperatures, go into a
state of suspended animation.

Cultures of Streptomyces belong to the genus of bacteria of
the family Streptomycetaceae of the order of actinomycetes. Ac-
cording to international standards, cryopreservation is used for
long — term storage of bacterial cultures (slow freezing at a tem-
perature of minus 80 °C in the presence of a cryoprotector).

Collection of microorganisms all-Russian scientific research
Institute of food additives (VNIIPD) has strains of Streptomy-
ces lucensis VKPM Ac-1743 and Streptomyces violaceus VKPM
Ac-1734 — producers of the inhibitor field of glycosidase inhibi-
tion, which are biologically active substances and potential food
microingredients [2]. Previously held in VNIIPD studies have
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3uHa [8]. He mckiIoueHo, yTo 60€ee MHTEHCUBHOE MUTMEHTOO-
6pasoBaHue y KyJIbTypbl Streptomyces violaceus BKIIM Ac-1734
06yC/IoB/IeHO Gosiee BBICOKOM aKTUMBHOCTBIO TUPO3MHA3BI 10
CpaBHEHMIO CO mTaMMoM Streptomyces lucensis BKIIM Ac—1743.
Kak c1encTBue MHTEHCUMBHO MUTMEHTVMPOBAHHBIN ITaMM Strep-
tomyces violaceus BKIIM Ac—1734 6osee yCTOWUMB K TeMITepa-
TYPHBIM M3MeHeHusiM. [lITaMM 60Jiee YCTOMUMB K BO3/IECTBUIO
KUCJIOPOZia BO3[yXa MpU IyOUHHOI (epMeHTaluu B MHTEH-
CMBHOM pekMMe BO3IyxXocHaOKeHUsT. IDPeKT 60ee BbIpaskeH
MpU KyJAbTUBUPOBAHUM KJIETOK IOC/Ie HU3KOTeMIlepaTypHOro
XpaHeHUsI, YTO BO3MOXKHO OGYCIOBIEHO HAKOTIEHVEM MeJTaHM-
HMa — CUJIBHOTO aHTMOKCHAAHTA. IlomyuyeHHbIe ClieKTpaabHble
KpMBbIE MOIIOIIeHNS CBUETeNIbCTBYET O MaKCUMMyMe TOIJIOolIe-
HMSI CBeTa KOMIIOHEHTaMM HaTMBHOIO pacTBOpa B MHTepBaje
IJH BOMH OT 450 mo 600 HM. B cpaBHUTE/NIBHOM acHekTe IUT-
MeHT006pa30oBaHye MPU KyJIbTUBUPOBAHUM IITAMMOB, XPaHUB-
mmxcst B Gpu3pacTBope, HE3aBUCMMO OT TeMIIEPaTypbl (MUHYC
12°C mau munyc 18 °C) 6b110 60siee MHTEHCHMBHOE. BO3MOKHO,
9TO O6YCIIOBJIEHO TEM, UTO XJIOPUJ, HATPUST yeunusaet nquddy-
3MOHHBIE MPOLIECCHI Yepe3 KJIETOUHYI0 MeMOPaHy, B TOM YUCTIe
M 9KCKPeLVIO MUTMEeHTOB.

Takum 00pasoM, KcciieqyeMblie IMITaMMbl Streptomyces lu-
censis BKIIM Ac—1743 u Streptomyces violaceus BKIIM Ac-1734
COXPaHMIY BbICOKYIO JKM3HECITOCOGHOCTD MPY 3aMOPasKMBAHUM
nipu Teminepatype muHyc 12 °C u munyc 18 °C 1 XxpaHeHUM B Te-
yeHue 30 gHeil. bosnee nmpeAoyTUTENBHBIM KPUOIIPOTEKTOPOM,
obecreunBalomuM npaktuueckyu 100 %-Hoe coxpaHeHMue VHTU-
OGUTOPHOI aKTUBHOCTU SIBJISIETCSI TIUIIEPUH.

4. 3akiwuyeHue

Vccnenyemblie MITaMMbl CTPEIITOMMIIETOB COXPAHSIIOT KU3-
HEeCIOCOGHOCTD ¥ GMOCMHTETUUYECKYIO aKTUBHOCTD ITPU HUBKUX
TeMmnepaTtypax. s AjIuTelbHOTO XpaHeHUs MpelnouTUuTe IbHa
TeMIriepatypa MuHy4y 18°C. 3aliuMTHOe [OeiiCTBUE KJIETOYHOM
CTPYKTYPBI IITAMMOB B 60JIbIIIEl T Mepe 06eCcreunBaeTcs TInIie-
puHOM. AKTUBM3aLVs GepMeHTHOM CUCTEMBI CTPENITOMUIIETOB
MHTeHCUDUIMpPYeTCs IIpy 6osiee pe3KOM Ieperaie TeMIeparyp.
HanbHelilllee M3yyeHue BAUSHUS HU3KMUX TeMIIepaTyp Ha CBOi-
CTBA CTPENTOMMUIIETOB — MPOAYIEHTOB MHTMOUTOPOB aMUIIONN-
TUYeCKUX epMEHTOB TPeICTAB/ISeT MHTEPEC U B MEPCIIEKTHBE
JlaeT BO3MOKHOCTb CKOPPEKTMPOBAaTh YCIOBUS IIUTEIbHOTO
XpaHeHUsT KOJIEKIIMOHHBIX KYIbTYp.

shown that the strains are stable and retain inhibitory activity
against pancreatic o-amylase at a storage temperature of plus
4°C.

The aim of this work is to study the viability, inhibitory ac-
tivity and pigment formation in strains of Streptomyces lucen-
sis VKPM Ac-1743 and Streptomyces violaceus VKPM Ac-1734,
stored at a temperature of minus 12°C and minus 18°C in a
glycerol solution and 0,9 % aqueous solution of sodium chloride,
followed by the cultivation of cultures on starch hydrolysates.

2. Materials and Methods

The object of the study was the selection at the Institute
strains of Streptomyces lucensis VKPM Ac—1743 and Streptomy-
ces violaceus VKPM Ac—1734 — producers of the inhibitor field of
glycosidase inhibition [3, 4].

Strains of Streptomyces were stored at temperatures of minus
12°C and minus 18 °C for 30 days. The tab was carried out in a
15 % glycerin solution and in a 0,9 % sodium chloride solution
(saline solution) by washing off the beveled agar medium.

Fermentation was carried out periodically using the tech-
nology of concentrated media under the conditions of the
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shaker incubator Multitron (INFORS, Switzerland) in flasks
with a capacity of 750 cm? at a temperature of plus 321 ° C
for 120 h [3, 4].

The composition of the medium, g/dm?: starch hydrolysate
with dextrose equivalent DE = from 20 % to 30 % — 150; soy
flour — 5,0; sodium chloride — 3,0; magnesium sulfate — 0,5;
water to 1 dm3; pH 7,0 [5].

The process of restoration of frozen cells was carried out by
thawing at a temperature of plus 37 °C for 3 minutes in thawed
cultures, a titer (CFU in 1 cm?® of the original inoculate) was de-
termined.

Viability of conidia was investigated as a result of seeding of
cells stored at low temperatures on agar starch medium (Chapek
medium).

Inhibitory activity was determined in native solution by
colorimetric method with respect to pancreatic amylase (test
enzyme) [5]. Before determining the native solution was inakti-
virovanie own amylase by the method of heat treatment at plus
98+1 °C. Inhibitory effect was studied in relation to pancreatic
amylase («Sigma», USA). Proteinase activity of the noninactivat-
ed native solution was evaluated according to [6].

Pigment formation was assessed by the optical density of na-
tive solutions at wavelengths from 350 to 700 nm.

Processing of experimental data was carried out with in-
volvement of mathematical statistics methods and Excel XP.

3. Results and discussion

A distinctive feature of actinomycetes is the ability to syn-
thesize pigments, aromatic compounds, BAS, in particular en-
zyme inhibitors. The investigated strains are the producers of
the inhibitor field of glycosidase inhibition, so their biosynthetic
activity was evaluated by the measure of the «inhibitory activ-
ity».

The results showed that the cells of Streptomyces strains in
concentrations of 107-108 CFU/cm?® retained high viability dur-
ing freezing at a temperature of minus 12 °C and minus 18 °C af-
ter 30 days of storage. For Streptomyces lucensis VKPM Ac—1743
titer was in the range from 8.3-107 to 2.5-10® CFU/cm?, for Strep-
tomyces violaceus VKPM Ac-1734 — from 2.96-107 to 7.4-107
CFU/cm?®.

After the first passage, the strain Streptomyces lucensis Ac—
1743 had the maximum inhibitory capacity. The degree of inhi-
bition was in the range from 10 % to 55 %, which corresponds to
the index prior to storage.

In the comparative aspect, in the saline activity of the stud-
ied strains of streptomycetes was 1,1-1,2 times lower than when
stored in glycerin. There is an assumption that during freezing
and thawing some types of bacteria are destroyed not as a re-
sult of compression by ice crystals, but as a result of the action
of concentrated electrolyte solutions at temperatures exceeding
their eutectic points [7]. As a result of the addition of glycerin
to the medium, the concentration of electrolytes after reach-
ing the equilibrium state with ice at any temperature decreases.
Glycerin prevents the increase of salt concentration to the level
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that causes disturbance of biochemical processes in the cells of
microorganisms during freezing.

At a storage temperature of minus 18 °C inhibitory activity
of strains remained at a higher level than at minus 12°C, and
exceeded at plus 4 °C (Table 1).

Apparently, with a sharper temperature drop (from minus
18°C to plus 37 °C), the recovery of biochemical reactions in re-
sponse to stress is intensified. A similar effect was obtained in
the study of proteolytic activity of strains (Table. 1). In the pro-
cess of fermentation, proteolytic activity increased and reached
its maximum value at the end of the biotechnological process.
Perhaps the strains of streptomycetes synthesize proteinases to
regulate the amount of its own amylase, competing with the in-
hibitor in terms of limiting the process by carbon source. When
assessing the inhibitory activity in the non-inactivated native
solution, an increase in amylolytic activity was observed due
to the combined effect of the producer’s own amylase and pan-
creatic amylase used as a test enzyme. As a result, inhibitory
activity was detected only with repeated dilution of the native
solution, which resulted in the disintegration of the inhibitor —
amylase complex.

Since the main criterion for assessing the life and biosyn-
thetic ability of microorganisms is the activity of their enzyme
system, the effect of temperature on the proteinase activity of
streptomycetes strains was studied.

The studied strains are pigment-forming. When studying the
variability of streptomycetes cultures, it was noted that the col-
or of the air mycelium changes when grown on agar media, the
color of the substrate mycelium remains virtually unchanged.
After the first passage on the agar medium, the pigment of
the air mycelium had a white with a grayish tint color for both
studied strains, and the substrate — light yellow for Streptomy-
ces lucensis Ac-1743, pink-for Streptomyces violaceus Ac—1734,
light brown for other cultures (Figure 1). Within seven days of
cultivation on agar medium, the intensity of pigmentation in
strains increased, which indicates the activation of biochemical
processes associated with the adaptation of cultures in stress-
ful situations. After storage of crops at low temperatures mi-
nus 12°C and minus 18°C for 30 days, more intense pigment
formation was observed (Figure 1). Perhaps, the influence of
extreme temperatures leads to partial destruction of proteins,
the products of which are a substrate for tyrosinase, catalyzing
oxidation of phenols (for example, tyrosine) and catalyzing the
synthesis of melanin and other pigments from their precursor
tyrosine [8]. It is possible that the more intense pigment forma-
tion in the culture of Streptomyces violaceus Ac—1734 is due to
the higher activity of tyrosinase compared to the strain of Strep-
tomyces lucensis Ac—1743. As a result, the intensively pigmented
strain of Streptomyces violaceus Ac—1734 is more resistant to
temperature changes. The strain is more resistant to air oxygen
during deep fermentation in the intensive mode of air supply.
The effect is more pronounced in the cultivation of cells after
low-temperature storage, which may be due to the accumula-
tion of melanin — a strong antioxidant. The obtained spectral

Enzymatic and inhibitory activity of native solutions at the end of the process (120 h) febled
Name VKPM Ac-1743 VKPM Ac-1734
indicator’s plus 4 °C minus 12 °C minus 18 °C plus 4 °C minus 12 °C minus 18 °C
Storage in glycerin solution
Inhibitory activity, IE/cm? 1300+ 100 1600+ 100 1800+100 1800+100 2400£100 2800+£200
Proteinase activity, u/cm? 0,204%0,011 0,204+0,015 0,024+0,002 0,144+0,015 0,144+0,015 0,084+0,008
Storage in saline

Inhibitory activity, IE/cm? 1300+ 100 1100+100 1600+ 100 1800+ 100 2000%100 2300%200
Proteinase activity, u/cm? 0,204+0,022 absent absent 0,052+0,006 0,052+0,005 absent
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Figure 1. Strains of Streptomyces lucensis VKPM Ac—-1743
culture fluid; 120 h cultivation of clonidia, stored for
30 days at temperature minus 12 °C, minus 18 °C, plus 4 °C

absorption curves indicate the maximum absorption of light by
the components of the native solution in the wavelength range
from 450 to 600 nm. In the comparative aspect, pigment forma-
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tion during the cultivation of strains stored in saline solution,
regardless of temperature (minus 12°C or minus 18°C) was
more intense. Perhaps this is due to the fact that sodium chlo-
ride enhances diffusion processes through the cell membrane,
including the excretion of pigments.

Thus, the studied strains of Streptomyces lucensis VKPM Ac—
1743 and Streptomyces violaceus VKPM Ac-1734 retained high
viability when frozen at minus 12 °C and minus 18 °C and stored
for 30 days. Glycerin is a more preferable cryoprotector provid-
ing almost 100 % preservation of inhibitory activity.

4. Conclucion

The studied strains of streptomycetes retain viability and
biosynthetic activity at low temperatures. For long-term stor-
age, the preferred temperature is minus 18 °C. The protective
effect of the cell structure of the strains is largely provided by
glycerin. Activation of the enzyme system of Streptomyces in-
tensifitsiruetsa when more drastic temperature difference. Fur-
ther study of the effect of low temperatures on the properties of
streptomycetes — producers of inhibitors of amylolytic enzymes
is of interest and in the future makes it possible to adjust the
conditions of long-term storage of collection cultures.
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KJIFOYEBHBIE CJIOBA:
MSACHble NPOOYKIMbL, KYAbIMYpPbl
KJIEMOK, in vitro, 6Guonozuueckas
aKkmueHocme

B cTaTbe pacCMOTpPEeHbI OCHOBHbIE IIPVHLIMIIBI METOMOB in Vitro, MpoaHanM3yupoBaHbl IpMMeHsieMble KyIbTypbl
KJIETOK M TKaHei, VICIOMb3yeMble J/ISl OLIeHKM TOKCMYHOCTYU U crelndudeckoit 6MomIornyeckoit akTMBHOCTH,
BKJTIOYAs MCCIeNOBAaHNSI MeTaboMMIeCKyX MPOLeCCOB, aHANIN3 TUIIOTEH3UBHBIX M IUTOIIPOTEKTUBHBIX CBOJICTB,
AHTUOKCUIAHTHO aKTUBHOCTH (in Vitro v ex vivo), UCIIONb3yeMble IJist OlleHKM (QYHKIMOHATbHBIX CBOMCTB MHTPE-

JAVEHTOB Ha OCHOBE ChIPbS JKUBOTHOT'O ITPOUCXOXOCHNM, a TAK)Ke MSACHBIX ITPOAYKTOB.

Review paper

ALTERNATIVE METHODS OF BIOMODELING
FOR FUNCTIONAL FOOD PRODUCTS
EFFECTIVENESS RESEARCH

Liliya V. Fedulova*, Ekaterina R. Vasilevskaya, Elena A. Kotenkova, Elta B. Kashinova

V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

KJIOYEBKBIE CJIOBA:
meat products, cell cultures, in
vitro, biological activity.

The article describes in vitro methods basic principles, authors analyzed cell and tissue cultures used to assess
toxicity and specific biological activity, including metabolic processes, include antihypertensive and cytoprotec-
tive properties analysis, antioxidant activity (in vitro and ex vivo) used to study ingredients functional properties

based on animal origin raw materials, as well as meat products.

1. BBegenue

BruomonenupoBaHue SBISIETCS HEOTHEMJIEMOJ YacThIO Ha-
YYHBIX M3bICKAHMIT M MOUTHEMIIIMM MHCTPYMEHTOM aHa/IM3a Ipu
MIPOBEIEeHUIM MeIMKO-610IOrMYeCKUX MCCAeT0BaHMIA.

B HacTosmMit MOMEHT IMpUHATA Kiaaccudukaums 6uomome-
Jieit, B COOTBETCTBUM C KOTOPOIt Ta60paTOPHbBIX SKUBOTHBIX OTHO-
CSIT K MOJIEJISIM TIEPBOTO ITOPSIIKA, KO BTOPOMY ITOPSIAKY OTHOCSIT
pasMyHbIe aJibTePHATUBHbBIE MOMEIN — KYJIbTYPbI KJIETOK, IPO-
cTeiiime, TMAPOOMOHTHI, 6aKkTepun, (epMeHTbl, aMUHOKUCIO-
THI ¥ TaK Jajiee, TPETUII ITOPSIIOK COCTABJISIOT MaTeMaTUYecKye
MOZE/, ONMCHIBAIOIIME Pa3/IMYHbIe GMOIOrMYECKIe TTPOLECChHI,
MOZE/M YeTBEPTOTO U 6ojiee BBICOKMX TMOPSIIKOB MCIIOIb3YIOTCS
IIJIST OTIVICAHMSI B3aMMOZEMCTBUSI 9JIEKTPOHOB, aTOMOB, KBAHTOBO-
XMMUYeCKMX, MUKPOBOJIIHOBBIX ITPOLIeCCOB U mpouee [1].

3a roc/ieqHye rofbl Hab/MIogaeTcst BCeobIast TeHAeHINS K CO-
KpallleH!I0 KOJMYeCcTBa UCCIeqoBaHuit in Vivo U 3aMeleHMIo Jia-
6OpaTOPHBIX KMBOTHBIX aJbTEPHATUBHBIMM GMOMOIENISIMMU, 3a
CYeT IMPOKOTO PACIIPOCTPAHEHNS Y BHEAPEHMS B ITPAKTUKY Me-
TOIOB GMOIOTMUYECKUX MUCCIeNOBAHMIA in vitro. Tak Ha3bIBaeMble
METOBI in Vitro, TOCIOBHO — «B ITPOOMPKE» SIBJITIOTCSI BEChMa
TIOMY/ISIPHBIMM OJ1aTofIapsi OTHOCUTENIbHOI [IelleBM3He, MMoyJe-
HMSI OCTOBEPHBIX U TOCTATOUYHBIX 110 06bEMY IKCIIEPUMEHTAb-
HBIX JaHHbIX. VICII0/Ib30BaHMe JaHHBIX METOLOB B 61OMeINIMHe
I03BOJISIET U3YYNUTD KITI0UeBOi hapmakonormdeckuii b dexT Be-
1IEeCTB, a TAKKe MeXaHM3M AeicTBus. OGHAKO 3T MOJeNN Tpe-
OYIOT ITOCTOSTHHOTO YTOYHEHUS ¥ COBEPIIEHCTBOBAHMS IO Mepe
Pa3BUTHUSI HAYKU U TEXHUKY, C HAXOXKIEHMEM KOMITPOMMCCA MEX-
Iy TEXHOJIOTMYECKO CJIOKHOCTBIO M OMOIOTMYECKMM 3HAUEHMEM.
NMmeHHO ITO3TOMY MHOI'O yCI/UII/[ﬁ TPATUTCA Ha ITOUCK TEXHOJIOT M-
YeCcKMX MTHHOBALIMI VIS YITYUIIeHVsI Mofienieit B mpobupke. Cerop-

oI HTUTUPOBAHWS: ®enynosa JI.B., Bacunesckas E.P., Korenkosa E.A., Ka-
nmHoBa J.B. [IpyMeHeHMe anbTepHATUBHBIX METOMOB GMOMOIENIMPOBAHMS ISt
usydeHus apdexkrrBHOCTY DYHKUMOHATBHBIX IPOAYKTOB MUTaHMS. [Tuwjesoie cu-
cmemet. 2018; 1(3): 33-37. DOI: 10.21323/2618-9771-2018-1-3-33-37

HSI METOZBI in Vitro MMPOKO UCIIONb3YIOTCS IJIsT TTIPOTHO3MPOBa-
HVUS TOKCUYHOCTY M OLIEHKU IV CTBUS JIEKApPCTBEHHBIX CPELCTB,
CyOCTaHIIMIT Y OTIENTbHBIX GMONIOTMUECKM aKTUBHBIX BEIIECTB.

2. OcHOBHas 4acTh

CoBpeMeHHbIE METOIbI in Vitro HaIlpaBJeHbl Ha M3y4eHMe
KJIETOYHBIX ¥ MOJIEKY/ISIDHBIX MEeXaHU3MOB JIeMCTBUS BelleCTB
Ha MMIIEHU (pelenTopbl, KIeTOUHble KOMIIOHEHTBI, CTPYKTYp-
Hble 6eKku, crienyduueckue pepMeHTbI, FeHbl, (PaKTOPbI TPaHC-
KPUITLIMY U TIP.), KOTOPbIE€ HE MOTYT ObITh ITPOCJIEXKEHBI B OITbI-
Tax Ha JKMBOTHBIX. [Ipy 3TOM 3KCIIEpUMEHTBI C VICTIOTb30BaHUEM
TI03BOHOYHBIX JKMBOTHBIX HE MOTYT ObITh IIOTHOCTBIO UCKIIIOUe-
HbI BBUJY HEBO3MOKHOCTY TOTyuYeHus] hapMaKOKMHETUUeCKUX
JlaHHBIX, BAMUSHUS Ha MEXKJIETOYHOE B3aMMOZAeiCTBIE, PETYIIs -
TOpHBIE TIpoliecchl. TakMM 06pa3oM, MCIONIb30BaHME METOOB
in vitro Kak HeJb3s JIydllle TTOAXOOUT MIJIST U3YUYeHUS HU3KOMO-
JIEKYJISIPHBIX COeNMHEHMI, B TOM UMciie 6eTKOBOI IIPUPOJbL, Me-
XaHM3M JeliCTBUSI KOTOPBIX 3aK/II0UaeTcsl B KacKaje IpOoLeccoB,
peanu3yeMbIx Ha MOJIEKY/ISIPHOM, KIETOYHOM M TKAaHEBOM YPOB-
HSIX OpraHM3alyy XUBOV MaTepun [2].

CeronHsi 6ypHOe pa3BUTHMe TMOMYIMIM OUONOTMYECKUEe UC-
CJIef0BaHMs in Vitro ¢ UCIOAb30BaHMEM KYJIbTYD KJIETOK B Ka-
YyecTBe 00bEKTOB MCCIeNOBaHMsI. B OCHOBHOM OHM HaIpaBJ/I€HbI
Ha M3y4yeHue IUTOTOKCUYHOCTU U OMOMOCTYITHOCTM, a TaKKe
OIIEHKYy MeXaHM3MOB OMOJNIOTMUECKOTrO [eiicTBMSI, HalpuMmep,
AHTUOKCUAAHTHOIO, MMMYHOMOAYINPYIOIIEro, Ir'mioIrJiMKeMu-
3upyloliee u Jpyrux.

KymbTypbl KIeTOK JMIIeHbl CTPYKTYPHOM OpraHu3aiuu, Te-
PSIIOT XapaKTepHYIO TMCTUOTUIIMYECKYIO0 apXUTEKTYPY U CBSI3aH-
Hble C Heit 6MOXV[MVI‘{€CKI/IE MPpU3HAKN U O6bI‘{HO He OOCTUrarnT

FOR CITATION: Fedulova L.V., Vasilevskaya E.R., Kotenkova E.A., Kashinova E.B.
Alternative methods of biomodeling for functional food products effectiveness
research. Food systems. 2018; 1(3): 33-37. (In Russ.). DOI: 10.21323/2618-9771-
2018-1-3-33-37
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PaBHOBECHOTO COCTOSIHUSI IIPY OTCYTCTBUM CITELIVATbHBIX YCJIO-
Buit. KlieTku B Ky/nbTypax pa3MHOKAIOTCS, YTO obecreunBaeT
rosnyyeHue GObIIONM MAacchl KIETOK, 3aTeM UX UAeHTUULIK-
pyIoT (110 (GeHOTUTIMUECKMM TPU3HAKaM, ITyTEM BbIpallyBaHUS
B CeJIeKTUMBHOI Cpele, TeHOTUIIMYECKN), pasIe/siioT Ha UIleH-
TUYHbBIE TTapajIeN U, eCJI 3TO HeO6XOOMMO, COXPaHSIOT. [In-
HaMM4ecKye CBOVCTBA KyJIbTUBUPYEMbBIX KIETOK YacTO TPYLHO
KOHTPOJIMPOBATD, TAKXKe TPYIHO PEKOHCTPYUPOBATD in Vitro He-
KOTOpbIe K/I€TOUHbIe B3aMMOENCTBMUs, HabIomaeMble in vivo,
B CBSI3M C UeM B 3aBMCMMOCTU OT 1€/ HEOOXOAMMO MUCITOb30-
BaThb KJIETOUYHbBIE CYCTEMBI, COXPaHSIOLIe CTPYKTYPHYIO LIe/I0CT-
HOCTb MCXOIHOV TKaHMU (ex Vivo).

CHOMCcOK MCIO/Nb3yeMbIX KYJIbTYpP KJIETOK AOCTAaTOYHO pas-
HOOGPa3eH — 3TO 37IEMEHTbI COeNVHUTENbHOM TKaHM YelloBeKa
(bubpobnactsl), cKeMeTHbIE TKAHU (KOCTb U XPSILIN), CKeJIeTHBIE,
cepIevHble U I7IaiKMe MbIIILbI, SIUTeNUaTbHble TKAHY (TIeUeHb,
JIerkue, IOYKU U JIP.), KIIETKM HEPBHOM CUCTEMBI, SHIOKPUHHbIE
KJIETKM (HAATIOYEUHMKOB, IUodu3a, KIeTKM OCTPOBKOB JIaH-
repraHca), MeJIaHOI[UTHI Y OIyXOJIeBbIe KIETKM!.

B xauecTBe MuilleHel MpU UCCIeSOBaHUM KJIETOYHONM TOK-
CMYHOCTM 3a4acTyl0 MCIIO/Nb3YIOT KaK IepBUYHbIE KYIbTYDPbI
KJIETOK, BbIZle/IeHHbIe M3 OpraHM3Ma SKMBOTHBIX MM YeIOBeKa
(HampMMep, rernaToOLUMUThI, SIMUTEIVOLNThI, KEPATUHOLUTHI, XOH-
JIPOLIUTHI, KIeTKM KPOBU U 110.), TaK ¥ IIepeBUBaeMbIX WJIM ITOCTO-
SIHHBIX, ITOJTyYEHHBIX U3 OTAENbHbIX BUI0B OITyX0Jiel (rermatoMma
(Hep G2), nejiko3Hbie neiikoiuTsl (HL-60), pakoBbie KI€TKMU JieT-
Kux (A-549), Heitpo6mactoma (NB-1), octeocapkoma (Mg-63);
dubpobaacter Mbimeit (L929, BALB, 3T3), Heitpo61acToOMa MbI-
weii (HelipoH-2a) u OIyXosb Dpinxa Mblllieli; rerraroMa KpbIC
(HTC); xnmetku mouek 6bika (MDBK)) [3,4,5]. OTOenbHO CTOUT
OTMETUTB, UTO JJIs1 OII€HKM TKaHEBOI TOKCMYHOCTHU, HATIpUMeD,
paszapaxaloiiero aeicteusi, GOTOTOKCUYHOCTH, MUCCIeNOBaAHUS
abcopbIMy BelecTBa Yepe3 KOXY U 6apbepHOit GyHKUMUM, UC-
TO/Ib3YIOTCSI Cpe3bl TKaHEeil UM PeKOHCTPYMPOBAHHbIE MOZENH,
MMUTHUPYIOIIYE TKaHM in vitro. Pa3paboTka Takux GapbepHbIX
CUCTeM OpraHM3Ma SIBSIeTCSI OGHUM U3 CaMbIX CIOXKHBIX Ha-
NpaB/ieHuii B CO3[laHUM albTepHAaTUBHBIX Mopeineii. Ha cerop-
HSIIIHUI IeHb CYIEeCTBYIOT MOZEIN, TO3BOJISIONMe BOCIIPOU3-
BOIUTb COOBITHSI, IPOVICXOMSIIME B YCIOBUSIX STUTENIUATbHBIX
¥ MHTEePCTULMANBHBIX 6apbepoB [6]. [Ipuuem, nmpu pa3paboTke
Toc/aelHero Haubosee MMUPOKOe NMpUMeHeHMe HAlUIM MOJenn
MPOIIecCcOB abcopoLUMM € MCIOMb30BAaHMEM KIETOYHBIX JIMHMIA
HT-29 u Caco-2. Heb3sI He OTMETUTH Pa3paboTKy MOZEH I1a3a
JIJISI U3YUEHUST Pa3Apaskalouiero AeiCTBUS Pa3aNyHbIX XUMUYe-
CKMX BelllecTB [7] 1 Mofenb TeModHIedannueckoro 6apbepa [8],
YTO SIBJISIETCSI BECbMa aKTyaJbHOM MPOG6JIEMOiT B YCIOBUSIX TMO-
BCEMEeCTHOJ TyMaHM3alUM UCCIef,0BaHMIA.

MopenupoBaHue ITPOLIECCOB, MPOUCXOSIINX TIPU BO3ei-
CTBUU IIUTOTOKCUYECKUX areHTOB Ha KYJIbTUBUpYEMbIe KJIeTKU
YyeJIoBeKa M MJIEKOIIMTAIINX (BHTepOHI/ITbI KMiie4yHukKa, rema-
TOLMTBI TIeUeHU, SMUTENUI MoUeK, KIeTKM MMMYHHO CUCTe-
MBI U T.J.) TaKKe MPOBOASAT /I OLEHKM IUTOMPOTEKTUBHbIX
CBOJICTB Pa3/IN4HbIX coeluHeHu [9].

OThenbHO CTOUT OCTAHOBUTBCS HAa MOJENSX IacCUBHOTO
TpPaHCIIOPTa Yepe3 SIUTETNI KUIIeUHKa in vitro, KoTopble MOXK-
HO TIPUMEHSITh JJI U3YYeHUS] GMOJOCTYITHOCTY GUMOAKTUBHBIX
BewiecTB. C 9TOJ LIeIbI0 B KaUecTBe MOZeNN MMPOKO IIPUMeHS-
ercst mHUA Caco-2 — KyJIbTypa KJIIeTOK KOJIOHOpPeKTalIbHOM ajie-
HOKapIMHOMbI YeT0BeKa, UX MOMYISIPHOCTh MOXKHO OOBSICHUTH
TeM, UTO TAaHHbIE KJIeTKM 00/1aIat0T Xapakrepuctukamu nudde-
PEHLVPOBAHHBIX SMTUTENMUATBHBIX KJIETOK KUIIEUHNKA Y XOPOIIO
BOCITPOM3BOJAT OOJIBIIIOE KOMTMYeCTBO UX cBojicTB [10,11].

B kauecTBe TpagMLUMOHHBIX MOJe/ei s U3YUYeHUS] UMMY-
HOMOZY/IMPYIOIMX CBOMCTB in Vitro MpUMEHSIIOT MMMYHHbIE
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KJIeTKM Tepudepuyeckoii KPOBY YesIoBeKa M MIIEKOTTUTAIIMX,
daBopuTamMm cpeny KOTOPBIX SIBJASIOTCSI OGHOSIIEpHbIE MaKpo-
caru [12]. VccnemoBaHye 3aKiI0yaeTcs B OLIEHKe 3KCIIpeccum
MMMYHHbIX (DaKTOpOB (Hampumep, IIMTOKMHOB) WIM aKTMBa-
LMY ecTeCTBeHHBIX KiuiepoB (CD56+), T-numdounTos (CD3+),
uutoTtokcuueckux T-kiaetok (CD8+) CD4+ T-K/eTOK) Ipu Ky/b-
TUBMPOBAHUM TaKUX KIETOK B MPUCYTCTBUM UCCIELyEMOTO Be-
uiecTBa. CTOUT OTMETUTD, UTO UCIIOIb30BaHME KYJIbTYpPaIbHbIX
TECT-CUCTEM [ OLEHKM VMMMYHOMOAYIMUPYIOLIEro HeiiCTBUS
BAB 1mo3BosisieT BBISIBJISATD AEJCTBME HA OTAE/NbHbIE ITyTU UM-
MYHHOrO oTBeTa. OJHAKO CTOMUT YUUTHIBATh, YTO MMMYHHBI
OTBET, SIBJISISICh CIOXXHBIM MHOTOKOMIIOHEHTHBIM IIPOLIECCOM,
obecrieunBaeTcs (GYHKIMOHMPOBAHMEM Pa3HOOGPA3HBIX MM-
MYHOKOMIIETEHTHBIX KJIETOK C BOBJIEUeHMEM IIeJIor0 Kackaza
LIMUTOKMHOB C 0OGPATHBIMMU CBSI3SIMM, TIOITOMY 3TOM aHAIU3 pe-
3yJIbTAaTOB JAHHBIX MCCIENOBaHUII HEOOXOOMMO MPOBOAUTH BO
B3aMMOCBSI3U C pe3yIbTaTaMy UCCIeSOBaHU in vivo.

Cpeny “3BeCTHBIX CIIOCOO0B aHa/MM3a aHTMOKCUIAHTHOI aK-
TUBHOCTY Pa3INYHBIX COEIMHEHMI MOXHO OTMETUTb METOLUKY
ornpepeeHs] aHTUOKCUIAHTHOV €MKOCTH 110 KaTMOH-paJiuKaly
ABTS [13], a Taroke Alamar Blue-aHanu3, KTI0U€BbIM MOMEHTOM
KOTOPOTO SIBJISETCS OIpeeneHne OKUCIUTENTbHO-BOCCTAHOBU-
Te/IbHOTO MOTeHIMala KJIeTOK [14]. B paccMaTpuBaeMbIX MeTO-
Oax IJisl omnpenesieHUsT aHTUOKCUIAHTHOM aKTUBHOCTU COeOu-
HEHMiT TTPUMEHSIOT OGIIYI0 CTPATEruIo, KOTOpas 3aK/II0YaeTCs
B MHKY6allMM KIETOK B MPUCYTCTBMM IMOTEHIVATbHOTO aHTU-
OKCMJAHTHOTO areHTa, JajabHelilllee BO34eJiCTBME MHMIMATOPA
CBOOOSHO-PAIUKATBHOTO OKUCIEHUS M METOAMKY IJISI OL[€HKU
aKTVBHOCTY PaguKaJIoB B KieTke [15].

15t O1I@HKY TUTIOTEH3UBHBIX CBOVCTB MUIIEBBIX KOMIIOHEH -
TOB pa3paboTaHbl pasauyHbIe in Vitro MOMeNu, OCHOBaHHbIE Ha
criekTpodoroMeTpun, GIYyOPUMETPUM, BBICOKOpA3pemIaloniei
SKUIOKOCTHOM Xpomartorpaduu (HPLC), paayoXMMUUeCKUX WK
anekTpodopeTnveckux mMetomax. MHorme u3 HUX OPUEHTUPO-
BaHbI Ha OIpefeleHNe CIIOCOGHOCTM MUIIEBBIX KOMIIOHEHTOB
¥ TIPOAYKTOB, B TOM UMCJIe MSICHBIX, OKa3bIBaTh MHTMOMPYIOIee
B/IMSIHME Ha aHTMOTEeH3MH-TIpeBpauiaimii ¢epmeHTt (AIID),
KOTOPBIiA TI0 COBPEMEHHBIM ITPE/ICTABIEHNSIM UT'PAET KIIUEeBYIO
POJTb B ITaTOreHe3e OCHOBHBIX (POPM IrMIepTOHMYECKOit 601e3HM
[16]. HecmoTpst Ha MHOTOOGpa3ue in vitro METOA0B OIpeeneHusI
ATI®-yHTMOUpYIOLIEH aKTUBHOCTU, B X METOHOOTUY OTMeYa-
I0TCSI CXOAHbIe 3Tanbl. KitoueBoii peakijueii mpu orpeneneHnn
ATI®-yHTMOUpYIONIEel aKTUBHOCTYU SIBJISETCS peakius TPaHC-
dbopmanum cybeTpara B MOOGOUHBIN MPOLYKT, KATAIU3UPYeMOii
cobcrBeHHO ATID. B manbHejineM yobUTh CyOCTpaTa OMPEeAessioT
pasIuMuHbIMM MeTogaMu. IIpu sTom Hamnume ATIO-uHrM6uUTOpa
OTMeYaeTcsl Kak YaCTMYHOE MY TIOTHOe MHTUOGMPOBaHMe peak-
uu TpaHchopMaluu cyoeTpara mnog, geiicrsuem AIID.

TakuMm 06pa3oM, CyLIeCTBYyWIIee pa3HOOOpasue MeTOI0B
in vitro Mo3BoNAEeT U3YUNTH IMUPOKUI CIIEKTP OUOTOTUIECKUX
3¢ deKkToB pa3IMUYHBIX areHTOB, B TOM uucie GYyHKIVMOHAJb-
HBIX U CHeLMaIM3UPOBAHHBIX NMPOAYKTOB MUTAHUS U UX UH-
rpenVeHTOB.

3. 3akjaodyeHue

CoBpeMeHHAas! TeHJEHLIMSI K VCIIOJIb30BAHUIO AIbTePHATUB-
HbBIX METOJ0B GMOMOIENMPOBAHMS in Vitro TIpUBeIa HE TOJbKO
K UX IIMPOKOMY ITPMMEHEHMIO B (hapMUHIYCTPUM JIJIST IPOTHO3U-
POBaHMSI TOKCMYHOCTY M OIIeHKY (hapMaKOJIOrMYeCcKOro IeiCTBUSI
JIEKapCTBEHHBIX CPEMICTB, HO M B MMINEBOI OTpac/in, 0COOEHHO
B CBSI3Y C pa3pabOTKOJ ¥ BHEIPEHMEM B ITPOU3BOACTBO (QYHKIIV-
OHAJIbHBIX U CITELVAJM3MPOBAHHBIX (OMETO-TepareBTUYECKMUX
U IMeTONpoPMIaKTUUECKIX) TTPOAYKTOB, UHTPEAVEHTOB U MOLY-
Jieit, a TaksKe GMOJIOrMYeCKy aKTUBHBIX BEIeCTB 1 J06aBOK.
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1. Introduction

Biomodeling is an integral part of scientific research and a
powerful tool for analysis in biomedical research.

At the moment, a classification of biomodels has been ad-
opted, according to which laboratory animals are referred to
models of the first order, various alternative models are referred
to the second order — cell cultures, primitive, hydrobionts, bac-
teria, enzymes, amino acids, and so on, the third order consists
of mathematical models describing various biological processes,
models of the fourth and higher orders are used to describe the
interaction of electrons, atoms, quantum chemical, microwave
processes, and so on [1].In recent years there has been a general
trend to reduce the number of studies in vivo and replacement of
laboratory animals with alternative biomodels, due to the wide
dissemination and implementation of methods of biological re-
search in vitro. The so — called methods in vitro, literally — «in
the tube» are very popular due to the relative cheapness, obtain-
ing reliable and sufficient experimental data. The use of these
methods in biomedicine allows to study the key pharmacological
effect of substances, as well as the mechanism of action. Howev-
er, these models require constant refinement and improvement
as science and technology evolve, with a trade-off between tech-
nological complexity and biological significance. That is why
a lot of effort is spent on finding technological innovations to
improve the models in the test tube. Today in vitro methods are
widely used to predict toxicity and evaluate the action of drugs,
substances and certain biologically active substances.

2. Main part

Modern methods in vitro are aimed at the study of cellular
and molecular mechanisms of action of substances on the target
(receptors, cellular components, structural proteins, specific en-
zymes, genes, transcription factors, etc.), which cannot be traced
in animal experiments. Same time experiments with the use of
vertebrate animals cannot be completely excluded due to the
impossibility of obtaining pharmacokinetic data, the influence
on intercellular interaction, regulatory processes. Thus, the use
of in vitro methods is best suited for the study of low-molecular
compounds, including protein nature, the mechanism of action
of which is a cascade of processes implemented at the molecular,
cellular and tissue levels of the organization of living matter [2].

Today biological research in vitro using cell cultures as ob-
jects of research has developed rapidly. They are mainly aimed
at studying cytotoxicity and bioavailability, as well as assessing
the mechanisms of biological action, such as antioxidant, im-
munomodulatory, hypoglycemic and others.

Cell cultures are devoid of structural organization, lose their
characteristic histiotypic architecture and related biochemi-
cal characteristics and usually do not reach equilibrium in the
absence of special conditions. Cells in cultures multiply, which
provides a large mass of cells, then they are identified (by phe-
notypic characteristics, by growing in a selective environment,
genotypically), divided into identical parallels and, if necessary,
retain. The dynamic properties of cultured cells are often diffi-
cult to control, it is also difficult to reconstruct in vitro some cel-
lular interactions observed in vivo, and therefore, depending on
the purpose, it is necessary to use cellular systems that preserve
the structural integrity of the original tissue (ex vivo).

The list of used cell cultures is quite diverse — these are ele-
ments of human connective tissue (fibroblasts), skeletal tissue
(bone and cartilage), skeletal, cardiac and smooth muscles, epi-
thelial tissues (liver, lungs, kidneys, etc.), cells of the nervous
system, endocrine cells (adrenal glands, pituitary, langerhans
cells), melanocytes and tumor cells.

As targets in the study of cell toxicity is often used as primary
cell cultures isolated from the body of animals or humans (eg,

FOOD SYSTEMS | Volume 1 No 3 | 2018

hepatocytes, epithelial cells, keratinocytes, chondrocytes, blood
cells and po.), and transplanted or permanent, is obtained from
certain types of tumors (hepatoma (Hep G2), leukemic leuko-
cytes (HL-60), lung cancer cells (A-549), neuroblastoma (NB-1),
osteosarcoma (Mg-63); the fibroblasts of mice (L929, BALB, and
3T3), neuroblastoma mice (Neuron-2A) and Ehrlich tumor of
mice; rat hepatoma (HTC); the kidney cells of a bull (MDBK))
[3,4,5]. Separately, it should be noted that for the assessment of
tissue toxicity, for example, irritant action, phototoxicity, stud-
ies of absorption of the substance through the skin and barrier
function, tissue sections and reconstructed models simulating
tissues in vitro are used. The development of such barrier sys-
tems of the body is one of the most difficult areas in the creation
of alternative models. For today, there are models that allow to
reproduce the events occurring in the conditions of epithelial
and interstitial barriers [6]. Moreover, in the development of the
latter, the most widely used models of absorption processes us-
ing cell lines HT-29 and CACO-2. It should be noted the devel-
opment of an eye model to study the irritant effect of various
chemicals [7] and a model of the blood-brain barrier [8], which is
a very urgent problem in the conditions of widespread human-
ization of research.

Simulation of processes, ocurring under the influence of
cytotoxic agents on cultured human and mammalian cells (en-
terocytes of the intestine, hepatocytes of the liver, kidney epi-
thelium, immune cells, etc.) are also carried out to evaluate the
cytoprotective properties of various compounds [9].

We should also focus on models of passive transport through
the intestinal epithelium in vitro, which can be used to study the
bioavailability of bioactive substances. With this goal as a model
is widely used line Caco-2 — cell culture colonrectal adenocarci-
noma of the person, their popularity can be explained by the fact
that these cells have characteristics of differentiated epithelial
cells of the intestine and reproduce well a large number of their
properties [10,11].

Peripheral blood immune cells of human and mamma-
lian are used as traditional models for the study of immuno-
modulatory properties in vitro, the favorites among which are
mononuclear macrophages [12]. The study is to evaluate the
expression of immune factors (e.g. cytokines) or the activation
of natural killer cells (CD56+), t-lymphocytes (CD3+), cytotoxic
t-cells (CD8+) CD4+ t-cells) in the cultivation of such cells in
the presence of the test substance. It should be noted that the
use of cultural test systems for the evaluation of immunomod-
ulatory effects of BAS allows to identify the effect on the indi-
vidual pathways of the immune response. However, it should be
taken into account that the immune response, being a complex
multicomponent process, is provided by the functioning of a
variety of immunocompetent cells involving a cascade of cy-
tokines with feedbacks, so this analysis of the results of these
studies should be carried out in conjunction with the results of
studies in vivo.

Among the known methods of analysis of antioxidant ac-
tivity of various compounds it is possible to note the method
of determining the antioxidant capacity of the cation radical
ABTS [13], as well as the Alamar Blue-analysis, the key point of
which is to determine the redox potential of cells [14]. In the
considered methods for determining the antioxidant activity of
compounds, a general strategy is used, which consists in cells
incubation in the presence of a potential antioxidant agent, fur-
ther free-radical oxidation initiator action and radicals activity
determination in the cell [15].

Different in vitro models based on spectrophotometry, fluo-
rometry, high-resolution liquid chromatography (HPLC), radio-
chemical or electrophoretic methods have been developed to
evaluate the hypotensive properties of food components. Many
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of them are focused on determining the ability of food compo-
nents and products, including meat, to have an inhibitory ef-
fect on angiotensin-converting enzyme (ACE), which according
to modern concepts plays a key role in the pathogenesis of the
main forms of hypertension [16]. Despite the variety of in vitro
methods for determining ACE-inhibiting activity, their meth-
odology has similar stages. The key reaction in determining the
ACE-inhibiting activity is the reaction of transformation of the
substrate into a by-product catalyzed by the ACE itself. In the fu-
ture, the loss of the substrate is determined by various methods.
In this case, the presence of an ACE inhibitor is noted as a partial
or complete inhibition of the substrate transformation reaction
under the action of ACE.
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Opurunanbnaﬂ Hay4YHas CTaTbsl

BIINAHUE TEHOTHUIIA KOPOB HA UX ITPOAVYKTUBHOCTb

K/IIOYEBBIE CJIOBA:

MOJI0K0, MONOUHBLL HUp U OOk,
KauecmeeHHbvle NoKasamenu,
2eHomun, ITL[P, /THK

N KAYECTBO MOJIOKA

TronpkuH C.B.

Ka3aHckuii rocygapCcTBeHHBIV arpapHblil yHuBepcuretT, Kazanp, Poccust

Kak 1moka3sIBalOT MCCAeA0BAHMSI POCCUIICKMX M MHOCTPAHHBIX YUEHBIX, TIOPO/A M TEeHOTUIT KOPOB BAMSIET HAa UX
MPOAYKTUBHOCTD M KAU€CTBO MOJIOKA. B CBSI3M € 5TUM, 1I€/1bI0 JaHHOTO MCC/IeIOBaHMs ObUTO M3yUYeHVe MOJIOUHOIA
MIPOAYKTMBHOCTY U Ka4eCTBa MOJIOKa KOPOB XOJIMOTOPCKO¥ IMTOPOJIbI TATAPCTAHCKOTO THIIA C PA3HBIMM KOMILTIEKC-
HBIMM TeHOTUIIAMM T10 TeHaM 6eJIKOB MOJIOKA, a MMeHHO aibga S1-kaseuHa, 6eTa-Ka3enHa, Kanna-kasenHa, 6e-
Ta-JaKTOIIOGY/IMHA U anbda-nakTanb6ymuHa. TeHOTUITBI IO TeHaM GelKOB MOJIOKA ONPENeNIsIv METOJaMM
IHK-ananusa. OnpeneneHne KOJIMYECTBEHHBIX M KaueCTBEHHBIX IOKa3aTeseil MoloKa MPOBOAUIN KOHTPOIb-
HBIMU AoiiKaMu U Ha aHanu3aTope mosnoka «JIAKTAH 1-4». Bonee kaueCcTBeHHOE MOJIOKO-ChIPbE, TO €CTh C Ha-
MOOMBIUIMM KOJIMYECTBOM ITMUTATEIbHBIX BEIIECTB, TAKMX KaK MOJIOYHBINA JKUP U 6EJIOK, ObI/I0O MOJIOKO OT KOPOB
¢ KOMIUIEKCHBIMU TeHOTUHaMyu 6enkoB monoka BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB. B mpa-
KTMYECKOM IIIaHE U3 TAKOTO ChIPbsSI MOSKHO ITOMYUUTH GOJIbILE KAUeCTBEHHBIX MOJIOUHBIX TIPOJYKTOB.

Original scientific paper

THE EFFECT OF COWS GENOTYPE

ON THEIR PRODUCTIVITY AND MILK QUALITY

K/JIOYEBBIE CJIOBA:

milk, milk fat and protein,
qualitative properties, genotype,
PCR, DNA

Sergey V. Tyulkin

Kazan State Agricultural University, Kazan, Russia

As studies by Russian and foreign scientists show, the breed and the cows genotype affects on their productiv-
ity and milk quality. In connection with this, the purpose of this research was to study the milk productivity and
milk quality of the Tatarstan type Kholmogory cows with different complex genotypes on the milk protein genes,
namely, alpha S1-casein, beta-casein, kappa-casein, beta-lactoglobulin, alpha-lactalbumin. The genotypes on the
milk protein genes were determined by DNA analysis methods. Determination of quantitative and qualitative in-
dicators of milk was carried out by control milking and on a milk analyzer «LAKTAN1-4». Better raw milk, that is,
with the greatest amount of nutrients, such as milk fat and protein, was milk from cows with complex genotypes of
milk proteins BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB. In practical terms, it is possible to get more

quality dairy products from such raw materials.

1. BBegeunue

B cBs131M ¢ BO3pacTamomyM Tpe6oBaHMEM PBIHKA K KaYeCTBY
MOJIOKA ¥ BbIpabGaThIBaeMOI MOJIOYHOM MPOAYKIUU, B YACTHO-
CTY 10 TAKMM T10Ka3aTessIM, KaK CoiepskaHMe XM1pa, KoIu4ecTBO
M COCTaB MOJIOUHOTO Oejika M Ip., aKTyaJIu3UpyeTcs moTped-
HOCTb B CeJIeKIMM AOVHOrO CTaja C IOMOLIbI0 FeHeTUUeCKUX
MapKepoB, aCCOLMMPOBAHHBIX C KaUeCTBEHHbIMYM IPU3HAKAMMU
MOJIOYHOJ IPOLYKTUBHOCTH [1].

B kauectBe mnoreHuyanbHbIXx JJHK-MapkepoB MOJIOYHOM
NIPOOYKTUBHOCTY U KauecTBa MOJIOKA Y KPYITHOTO POraToro CKo-
Ta PacCMaTPMBAIOTCS aJUleNny TeHOB GelKkoB Mosnoka. Tak, ai-
nenb B reHa anbda Sl-kaseuHa (CSN1SI) oka3bIBaeT BAMUSHUE
Ha yBeJlMYeHMe BbIXOAA MOJIOKaA, a Apyroit ero amienb C CBS-
3aH C yBeJIMUEHMEM cofepskaHus 6Genka B Mosioke [2]. Asenb
B rena 6era-kaseuHa (CSN2), ob6namamoiinii BbIpaskeHHBIM
MIOJIOKUTENbHBIM BJIMSIHMEM Ha CbIpOJebuecKye CBOICTBA
MOJIOKA, [OINOJHUTENbHO YCWIMBAeT aHaJIOIMYHOe BIMSHUE
atens B kamnma-kasemHa. [Ipu stom amiens A reHa CSNZ2
TO3UTMBHO BIMSIET HA TEPMOYCTONUYMBOCTD MOIOKA [3]. ['eH Kar-
na-kaseyHa (CSN3) oTBeuaeT 3a 6€IKOBOMOIOYHOCTb U TEXHO-
JIoruecKye cBoiicTBa Mmonoka. Tak, aynenb B rena CSN3 cBsi3aH
¢ 6osiee BBICOKUM COfiepskaHMeM 6ejika B MOJIOKE, a Takke 6ojiee
BBICOKVMM BBIXOZIOM TBODOTa U ChIpa. ['eH 6GeTa-1akTorIo6yHa
(BLG) accouumpoBaH ¢ 6eJIKOBOMOIOYHOCTBIO U GMOJIOTMYeCKO
LIEHHOCTbI0 Mosioka [4,5]. Ero amtens B XapakTepusyeTcs: Kak
BBICOKMM COfiepKaHMeM Ka3eMHOBBIX GeKOB, TaK U BBICOKUM

oI TUTUPOBAHUS: Tionbkun C.B. BausiHue reHoTuna KOpoB Ha MX Mpo-
IYKTUBHOCTb M KauecTBO Mojsoka. [luujessie cucmemst. 2018; 1(3): 38-43.
DOI: 10.21323/2618-9771-2018-1-3-38-43

MIPOLIEHTOM KMpa B MOJIOKE, a ajile/ib A — BBICOKMM COfepyKa-
HMEM ChIBOPOTOUYHBIX OEJIKOB, COOTBETCTBEHHO. YPOBEHb Ke
TIPOSIBJIEHMSI TIPYI3HAKOB MOJIOYHOJ MPOTYKTUBHOCTU Y KOPOB,
HeCYIIMX B CBOEM reHoMe ajutein A 1 B reHa anbba-1akTanboy-
muHa (LALBA) pasnuyaeTcst B 3aBUCHMOCTY OT TIOPOIHOM Tpu-
HaJJIeXXHOCTH [6].

Pacmvpsiemblii aCCOPTMMEHT MOJIOUHOM MPOAYKIMU CO3aeT
KOHKYPEHTHYIO Cpe[y, CTUMY/IMPYIOIIYIO K ITPOM3BOACTBY BbICO-
KOKa4eCTBEHHBIX MPOAYKTOB. [IpyueM MpOAYKIMIO HaMBbICIIE-
rO KauecTBa MOYKHO ITPOM3BECTM TOJNBKO M3 MOJIOYHOTO ChIPbS,
00J1aaI0MIero LeJIbIM KOMIIIEKCOM CBOJMCTB: BBICOKOI MaccCo-
BOJ1 fionieit 6enka 1 skupa, Tpe6yeMbIMY CaHUTAPHO-TUTHMEHYe-
CKMMM TTOKa3aTenssMu. Takke MOJIOKO-ChIpbe HOKHO 06/1aJaTh
crienbnIecKMMy KauecTBaMiM TeXHOIOTMUECKO TIPUTOTHOCTH,
o6ecreunBaroIMM BbIPabOTKY TOTO WIJIM MHOTO BUIa MOJIOUHOI
TIPOAYKIMY, 06ecrieurBasi Habop MOTPEeOUTENbCKUX CBOVICTB [7,8].

[leTbHOMOJIOUHbIE U CTEPUIM30BaHHbIE MOJIIOUHbIE TIPOIYK-
ThI, 0COGEHHO IIPOAYKThI KOHCEPBMPOBaHHbIE, TE€POAMETIUE-
CKue, q)yHKIU/[OHaI[beIe M O0EeTCKOIro IIMTaHMsI MOXXHO M3TrOTO-
BUTb TOJIBKO U3 MOJIHOIIEHHOTO M KAUeCTBEHHOTO MOJIOKA-ChIPBSI,
OIIeHOYHbIe KPUTEPUM KOTOPOTO IOCTOSTHHO PaCIIUPSIIOTCS
[9,10,11,12,13,14,15,16,17,18].

B cBSI13U € 3TUM, 1€/IbI0 TAHHOTO MCC/IeIOBaHMs ObUIO U3yde-
HM€ MOJIOYHO} MPOTYKTUBHOCTH ¥ KaueCTBa MOJIOKA KOPOB XOJI-
MOTOPCKOJi TTOPO/IbI TATAPCTAHCKOTO TUIIA C PA3HBIMY KOMILIEKC-
HbIMU reHOTUNIaMM 110 reHam CSN1, CSNZ2, CSN3, BLG, LALBA.

FOR CITATION: Tyulkin S.V. The effect of cows genotype on their productivity
and milk quality. Food systems. 2018; 1(3): 38-43. (In Russ.). DOI: 10.21323/2618—-
9771-2018-1-3-38-43
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2. Marepuaabl U MEeTOAbI

UccnegoBanuio nopnexanu 164 xoposbi-niepBoTenku OAO
«Ilnem3aBop, «BUPIOIMHCKUIT» BhICOKOTOPCKOTO paiioHa Pecry-
6k TaTapcrad Poccuiickoit @emepanym.

OCHOBHBIE 3Tamnbl MOJIEKYISIPHO-TEeHETUUECKOTO MCCIeno-
BaHUS COCTOSIM U3 TTOJyUeHMsT 6M0JIOTMYECKOTO MaTepuaia oT
KPYIIHOT'O pOraToro ckora, skcrpakumuu JHK mu3 ucaienyemoro
matepuana, JIHK-anannsa meromom [P u I[TLP-TTIP® u snek-
Tpodope3HOii AeTeKuuyu MPOAYKTOB aMIUIMOUKALIUU U pe-
CTPUKIIUNA.

IMonmyyeHue 6uMoOIOTMUYECKOTO MaTepuana. KpoBb, B3SITYIO
C SIpeMHOJ BeHbI Y KPYITHOI'O POTraToOro CKOTa, BHOCUM/IM B ILjIa-
cTuKOBbIe Mpobupkyu ¢ 100 MM D/ITA ¢ pa3BemeHMeM KOHCEP-
BaHTa J0 KOHeYHOI KoH1leHTpauyu 10 MM.

DKCTpaKIMS HYKIEMHOBBIX KMCIOT 13 ITOYUYeHHbIX 06pa3IioB
KPOBM BBITIOJIHEHA KOMOVHMPOBAHHBIM II€JIOYHBIM CIIOCOGOM.

YcTaHOB/IEHME TEHOTUIIOB y KOpPOB II0 reHaM Ka3eMHOB
(CSN1S1, CSN2, CSN3,) 1 cbIBOPOTOUHbBIX 6e1KoB (BLG, LALBA)
Mosioka npoBoauiau Metonamu [IHK-ananusa, a umenHo I1LP-
IOPD [19, 20, 21] u AC-TILIP [22,23,24].

Y1ou KOpOB-NEPBOTENOK OINpPeAesii eXeaeKaJHbIM yue-
TOM KOHTPOJIbHBIX JIO€HMIl, a Jajee pacCUMThIBIM 3a TIOJ-
HYIO ¥ HEIOJIHYIO JIaKTalMu, TO ecTh 3a 305 IHelt u He MeHee
240 nHelt COOTBETCTBEHHO.

TIpolleHTHOEe cofiepsKaHMe Kupa 1 6elka B MOJIOKE yCTaHaB-
JIMBau Ha aHanu3aTope Mosioka «JIAKTAH 1-4».

BapranoHHO-CTaTUCTUUECKHMIT aHAINU3 Pe3yabTaTOB UCCe-
JIOBaHMS TPOBOAWIM OMOMETPUUYECKUMM MEeTOAOM. JlocToBep-
HOCTb TIOJTYUYEHHBIX pPe3y/JbTaTOB MCCIAeA0BaHMS ITOATBEpsKIa-
J1aCh TAGIMYHBIMY JAHHBIMU KpUTEpUs 10 CThIOJEHTY.

3. PesyabTaThl M 06CYKAEHUE

B Tab6n. 1 mpuBegeHa OIleHKa MOJIOUHOV IPOOYKTUBHOCTU
¥ KauecTBa MOJIOKa (YO 3a TaKTalMIO, COIep>kaHye U Konuye-
CTBO XMpa B MOJIOKE, cofiepskaHue U KOAM4ecTBO Gelka B MO-
JIOKe) TIePBOTENIOK XOJIMOTOPCKOI TOPOJIbl TATAPCTAHCKOTO THUIIA
C Pa3HBIMM KOMIUIEKCHBIMYM '€ HOTUIIAaMU T€HOB OEJIKOB MOJIOKa
CSN1S1,CSN2, CSN3, BLG, LALBA.

VIoii 3a TaKTaLyI0 KOPOB XOJIMOTOPCKO TIOPOJbI C Pa3HBIMU
KOMIUIeKCHbIMU reHOTUNamu CSN1S1, CSN2, CSN3, BLG, LALBA
6b11 B Ipeenax ot 4311 kr (renotun BB/AA/AB/BB/AA) no 5427 kr
(renoturnt BB/AA/AA/AA/AB). I1epBOTENKM C KOMILIEKCHBIM T€HO-
tunom BB/AA/AB/BB/AA ycTynanu aHajoraM C APYTMMM KOM-
TUIEKCHBIMU TeHOTUIIaMu Ha 229-1240 xr monoka. [Ipuuém po-
CTOBepHas pasHMIla MMesach MeXIy aHaJIoraMy C KOMILIEKCHBIM
reHotunioM BB/AA/AB/BB/AA W mepBOTENKaMu C TeHOTUIIaMU
BB/AA/AA/AA/AA, BB/AA/AA/AA/AB, BB/AA/AA/AA/BB, BB/AA/
AA/AB/AA, BB/AA/AA/AB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/
AB, BB/AB/AB/AB/BB — 694-1240 kr mosnoka (P<0,05-0,01). Yoou
3a Jlaktanuio Beimie 5000 Kr MOJIOKa MMeJTU AEBSITh IPYIIIT KOPOB
C KOMIUIEKCHBIMM TE€HOTUIIAMM, TIPY 3TOM HaMOOJNbIINME YOOU
(5551 Kr) 611 Y TIEPBOTENOK C reHoTUIoM BB/AB/AB/AB/AB.

ComepskaHie Xupa B MOJIOKe ObUTO B Ipefenax ot 3,71%
(renotunt BB/AA/AA/AA/BB) no 4,02 % (renotun BB/AA/AB/AA/
AB). TIo copepskaHMIO KMpa B MOJIOKE KOPOBBI C KOMIIEKCHBIM
reHoTuriom BB/AA/AA/AA/BB ycTynanu oco6siM C IpYTMMU Te-
Hotunamu Ha 0,02-0,28 %. IIpu 3TOM [OCTOBepHas pasHULA
BBISIBJIEHA MEXKAY 0COOSIMY ¢ KOMILIEKCHBIMU TreHOTUIIamMu BB/
AA/AA/AA/BB i BB/AA/AA/AA/AA, BB/AA/AB/AA/AB — 0,28-
0,31% (P< 0,05-0,01) sxupa. Haubonsiuee (3,99-4,02 %) comep-
sKaHMe XUpa B MOJIOKe ObTO B IPYIax aHAJIOTOB C KOMILIEKC-
HbIMM TeHoTunamu BB/AA/AA/AA/AA, BB/AA/AA/AB/BB, BB/
AA/AB/AA/AB. TlonydeHbl Takke OaHHbIE, YTO IO KOIMUYECTBY
KMpa B MOJIOKE 3 JIaKTAlMIO CBEPCTHULIBI C KOMIUIEKCHBIM Te-
HotunoMm BB/AA/AB/BB/AA ycTynanyu XUBOTHBIM C IOPYTMMU
reHotunamu Ha 10,9-51,8 Kr MoyiouHOro Xupa. IIpuuém gocTo-
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BepHasl pa3HULA BbISIBIEHA MeXIy MepPBOTEIKaMU C KOMILIeKC-
HbIM re”HotunioM BB/AA/AB/BB/AA u reHotunamu BB/AA/AA/
AA/AA, BB/AA/AA/AA/AB, BB/JAA/AA/AA/BB, BB/AA/AA/AB/AA,
BB/AA/AA/AB/AB, BB/AA/AA/AB/BB, BB/JAA/AB/AA/AB, BB/AA/
AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/
BB, BB/AB/BB/AB/AB — 27,7-51,8 kr (P<0,05-0,001). Han60:b-
niee KOIM4eCcTBO MOJIOYHOTO XXupa (207,7-214,3 KT) IOTYy4eHO OT
KOPOB C KOMIIJIEKCHbIMU reHOTUNIamu BB/AB/AB/AB/AA, BB/AB/
AB/AB/AB, BB/AB/AB/AB/BB.

ComepskaHne Gejika B MOJIOKe GbLIO B Ipefenax oT 3,17 %
(renotun BB/AA/AA/BB/AB) no 3,45 % (renotun BB/AB/BB/AB/
AB). To comepskaHui0 6ejika B MOJIOKE KOPOBBI C KOMILIEKCHbI-
mu reHotuniamu BB/AA/AA/BB/AA, BB/AA/AA/BB/AB yctynann
CcBepCTHUIAM ¢ Apyrumu reHotunamu Ha 0,02-0,27 %. [Ipyuuém
JIOCTOBepHas pa3HMIIA BbISIBJI€HA MeXAY MepBOTEIKaMU C KOM-
njaeKcHbIMMU reHotunamu BB/AA/AA/BB/AA, BB/AA/AA/BB/AB
ureHotTunamu BB/AA/AA/AA/AA, BB/AA/AA/AA/AB, BB/AA/AA/
AA/BB, BB/AA/AA/AB/AA, BB/AA/AA/AB/AB, BB/AA/AB/AA/AB,
BB/AA/AB/BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/
AB/AB/AB, BB/AB/AB/AB/BB, BB/AB/BB/AB/AB — 0,05-0,28%
(P<0,05-0,001). Haubonbiee (3,32-3,45 %) comep>kaHue 6eyka
B MOJIOKE ObIIO B IPYIINAX aHAJIOTOB C KOMITJIEKCHBIMY T€HOTM-
nmamu BB/AA/AB/AA/AB, BB/AA/AB/BB/AA, BB/AA/AB/BB/AB,
BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB vi BB/AB/
BB/AB/AB. Takke TIOJTyYeHbI CBEJIEHMSI, UTO 10 KOJIMYECTBY GeJi-

Tab6nuia 1
MoviouyHasi HPOAYKTUBHOCTDb ¥ KaY€CTBO MOJIOKA
Y KOPOB C Pa3HbIMY KOMILIEKCHBIMM T€HOTUIIAMM
CSN1S1, CSN2, CSN3, BLG, LALBA
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Ka B MOJIOKE 3a JIaKTalMIO KMBOTHbIE C KOMIUIEKCHBIMM T'€HO-
tunavu BB/AA/AA/BB/AB v BB/AA/AB/BB/AA yctynanu ocobsim
C IpyruMu reHoTumnamu Ha 2,5-44,0 kr. [Ipnuém mocroBepHast
pa3sHul1a BbIsIBIeHA MEXY [IEPBOTENKAMM C KOMILJIEKCHBIMU I'e-
Hotunamu BB/AA/AA/BB/AB, BB/AA/AB/BB/AA u reHoTUIIaMU
BB/AA/AA/AB/AB, BB/AA/AB/AA/AA, BB/AA/AB/BB/AB, BB/AA/
AB/AA/AB — 18,8-44,0 xr (P<0,05-0,001) monouHoro 6enka.

KonmmyecTBo 6esika B MOJIOKE MPONOPIMOHATIBHO B HEM CO-
Jlep)XaHMIo Ka3eyHa, KOTOPbIN acCOMMPyeTCs C TaKUM I0Ka3a-
TeJieM KaK ChIPONIPUTOIHOCTH [25,26]. Hambosblliee KoMMIeCT-
BO MOJIOUHOTO Genka (180,9-187,1 Kr) MOTYYEHO OT JKUBOTHBIX
C KOMIIJIEKCHbIMM reHotunamu BB/AB/AB/AB/AA, BB/AB/AB/
AB/AB, BB/AB/AB/AB/BB.

1. Introduction

In connection with the growing demand of the market for
a quality of milk and dairy products, in particular for a fat con-
tent, composition and content of milk protein, there is a need for
dairy herd selection with the help of genetic markers associated
with qualitative signs of dairy productivity [1].

Alleles of milk protein genes are considered as potential DNA
markers of milk productivity and milk quality in cattle. Thus, al-
lele B of alpha S1-casein gene CSN1S1 influences on the increase
of milk yield, whereas other allele C is associated with the in-
crease of protein content in milk [2]. Allele B of beta-casein gene
CSN2 which has a pronounced positive effect on the cheese’s
milk properties, further enhances the similar effect of kappa-ca-
sein allele B. In this case, the allele A of the CSN2 gene positively
affects the thermal stability of milk [3]. The kappa-casein gene
CSN3 is responsible for a milk protein content and technologi-
cal properties of milk. Thus, allele B of the CSN3 gene is associ-
ated with a higher protein content in milk as well as a higher
yield of cottage cheese and cheese. The beta-lactoglobulin gene
BLG is associated with protein of milk and the biological value
of milk [4,5]. His allele B is characterized by both a high content
of casein proteins and high percentage of fat in milk, whereas al-
lele A — with a high content of whey proteins, respectively. The
level of manifestation of signs of milk productivity in cows bear-
ing the allele A and B of the alpha-lactalbumin gene (LALBA) in
their genome varies depending on the breed [6].

An expanding range of dairy products creates a competitive
environment that stimulates the production of high-quality
products. Moreover, the products of the highest quality can be
produced only from dairy raw materials which possess a whole
complex of properties: high mass fraction of protein and fat and
required sanitary and hygienic indices. Also raw milk should
have specific qualities of technological suitability that ensures
the production of a particular type of dairy products providing a
set of consumer properties [7, 8].

Whole milk and sterilized dairy products, especially canned,
gerodietic, functional and baby food can be made only from
high-grade and high-quality raw milk, the evaluation criteria of
which are constantly expanding [9,10,11,12,13,14,15,16,17,18].

In this regard, the purpose of this study was to study the milk
productivity and quality of milk of the Kholmogory breed of the
Tatarstan type with different complex genotypes according to
the genes CSN1, CSN2, CSN3, BLG, LALBA.

2. Materials and methods

The investigation was carried out using 164 cows of first
calving JSC «Plemzavod» Biryulinsky», Vysokogorsky district,
Republic of Tatarstan, Russian Federation.

The main stages of molecular genetic research consisted
from the obtaining of biological material from cattle, extraction
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4. BbpIBOJBI

B 1esiom 6Gosiee BbICOKAsT MOJIOYHASI MPOIYKTUBHOCTb BbI-
sIBJIeHa Y IepBOTEI0K XOJIMOTOPCKOI MOPOAbI TATAPCTaHCKOTO
TUIIA C KOMIUIEKCHBIMM TeHOTMUIIaMM 6eaKOB Mojioka BB/AA/
AA/AA/AB, BB/AA/AA/AA/BB, BB/AB/AB/AB/AA, BB/AB/AB/
AB/AB, BB/AB/AB/AB/BB, coOTBeTCTBEeHHO. [Ipn s3TOM nyunie-
ro KauecTBa ObLJIO MOJIOKO OT KOPOB C KOMIUIEKCHBIMY T€HO-
tunnamu BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/
BB, B UX MOJIOKE COIepsKajioCch HauboJIblliee KOJINMIYECTBO MO-
JIOUHOTO XMpa U 6ejiKa, YTO BasKHO IJIs1 TepepadaThIiBaIOIIX
peANpUTHIf MOJTOUHO TIPOMBIIIVIEHHOCTHU, B YaCTHOCTU TIPU
MMPOM3BOJICTBE CMETAaHbI, Mac/ia, TBOPOTa, ChIPA U IPYTUX MO-
JIOYHBIX ITPOAYKTOB.

of DNA from the test material, DNA analysis by PCR and PCR-
RFLP and electrophoresis detection of amplification and restric-
tion products.

Production of biological material. Blood that has been taken
from the jugular vein of cattle was introduced into plastic tubes
with 100 mM EDTA diluted with a preservative to a final concen-
tration of 10 mM.

The extraction of nucleic acids from the obtained blood sam-
ples was performed by a combined alkaline method.

Establishment of genotypes of cows according to the casein
genes (CSN1S1, CSN2, CSN3) and whey proteins (BLG, LALBA)
of milk was performed by DNA analysis methods, namely PCR-
RFLP [19,20,21] and AC-PCR [22,23,24].

Yield of milk of cows was determined every decade by the
counting of control milking, and then the complete and incom-
plete lactation was determined for 305 days but not less than 240
days, respectively.

The percentage of fat and protein in milk was established us-
ing a milk analyzer «LAKTAN1-4».

Variational-statistical analysis of the results of the study was
carried out by a biometric method. The reliability of the obtained
results of the study was confirmed by the table data of the Stu-
dent criteria.

3. Results and discussion

Table 1 gives an estimate of milk productivity and milk qual-
ity (milk yield for lactation, content and quantity of fat in milk,
content and quantity of protein in milk), a Kholmogory breed of
Tatarstan type with different complex genotypes of milk protein
genes CSN1S1, CSN2, CSN3, BLG, LALBA.

The yield for lactation of cows of the Kholmogory breed
with different complex genotypes of CSN1S1, CSN2, CSN3, BLG,
LALBA was in the range from 4.311 kg (genotype BB/AA/AB/BB/
AA) to 5427 kg (genotype BB/AA/AA/AA/AB). Whole sprouts
with a complex genotype of BB/AA/AB/BB/AA were inferior to
229-1240 kg of milk to analogs with other complex genotypes.
Moreover, there was a significant difference between analogs
with a complex genotype BB/AA/AA/AA/AA/AB, BB/AA /AA/
AA /AA/AA/AA/AA/AA/AB/AA/AA/BB/AB /AB/AB/AB/AB, BB/
AB/ AB/ AB / AB /AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/AB/
AB/AB/AB /AB/AB/BB — for 694-1240 kg of milk (P <0.05-0.01).
Nine groups of cows with complex genotypes had milk yield for
lactation above 5000 kg with the largest milk yield (5551 kg) for
the cows with genotype BB/AB/AB/AB/AB.

The fat content in milk was in the range of 3.71 % (geno-
type BB/AA/AA/AA/BB) to 4.02% (genotype BB/AA/AB/AA/
AB). In terms of fat content in milk, cows with the combined
genotype BB/AA/AA/AA/BB were inferior to individuals with
other genotypes by 0.02-0.28 %. A significant difference of fat
for 0.28-0.31 % was found between individuals with complex
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Table 1
Milk productivity and milk quality of cows with different
complex genotypes CSN1S1, CSN2, CSN3, BLG, LALBA
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genotypes BB/AA/AA/AA/BB and BB/AA/AA/AA/AA, BB/AA/
AB/AA/AB (P <0.05-0.01). The largest (3.99-4.02 %) fat con-
tent in milk was in the groups of analogs with complex geno-
types BB /AA/AA/AA/AA, BB/AA/AA/AB/BB, BB/AA/AB/AA/
AB. Data also show that according to the amount of fat in milk
for lactation peers with a complex genotype of BB/AA/AB/BB/
AA was inferior to 10.9-51.8 kg of milk fat in animals with
other genotypes. A significant difference was found between

1. Waiimynnuy, P.P., Tanues, A.C. (2017). KoMmryiekCHOe BAMSIHNE TOTUMOD-
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8eHHOlI akademuu eemepuHapHoii meduyuHst um. H.3. baymana, 207,51-57.
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the cows of first calving with the complex genotype BB/AA/
AB/BB/AA and the genotypes BB/AA/AA/AA/AA, BB/AA/AA/
AA/AB, BB/AA/AA/AA/BB, BB/AA/AA/AB/AA, BB/AA/AA/AB/
AB, BB/AA/AA/AB/BB, BB/AA/AB/AA/AB, BB/AA/AB/BB/AB,
BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, BB/
AB/BB/AB/AB — 27.7-51.8 kr (P <0.05-0.001). The greatest
amount of milk fat (207.7-214.3 kg) was obtained from cows
with complex genotypes BB/AB/AB/AB/AA, BB/AB/AB/AB/AB,
BB /AB/AB/AB/BB.

The protein content in milk was in the range from 3.17%
(genotype BB/AA/AA/BB/AB) to 3.45% (genotype BB/AB/BB/
AB/AB). In terms of protein content in milk, cows with complex
genotypes BB/AA/AA/BB/AA, BB/AA/AA/BB/AB were inferior to
peers with other genotypes by 0.02-0.27 %. A significant differ-
ence was found between cows of first calving with complex gen-
otypes BB/AA/AA/BB/AA, BB/AA/AA/BB/AB and genotypes BB/
AA/AA/AA/AA, BB/AA/AA/AA/AB, BB/AA/AA/AA/BB, BB/AA/
AA/AB/AA, BB/AA/AA/AB/AB, BB/AA/AB/AA/AB, BB/AA/AB/
BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/AB/AB/AB/AB,
BB/AB/AB/AB/BB, BB/AB/BB/AB/AB — 0.05-0.28% (P <0.05-
0.001). The highest protein content in milk (3.32-3.45 %) was in
the groups of analogues with complex genotypes BB/AA/AB/AA/
AB, BB/AA/AB/BB/AA, BB/AA/AB/BB/AB, BB/AB/AB/AB/AA, BB/
AB/AB/AB/AB, BB/AB/AB/AB/BB and BB/AB/BB/AB/AB. It was
also reported that animals with complex genotypes BB/AA/AA/
BB/AB and BB/AA/AB/BB/AA were inferior to individuals with
other genotypes by 2.5-44.0 kg in terms of protein content in
milk for lactation. A significant difference was found between
the cows of first calving with complex genotypes BB/AA/AA/BB/
AB, BB/AA/AB/BB/AA and genotypes BB/AA/AA/AB/AB, BB/AA/
AB/AA/AA, BB/AA/AB/BB/AB, BB/AA/AB/AA/AB — 18.8-44.0 kg
(P <0.05-0.001) of milk protein.

The amount of protein in milk is proportional to the con-
tent of casein in it which is associated with such an indicator as
cheese-worthiness [25,26]. The greatest amount of milk protein
(180.9-187.1 kg) was obtained from animals with complex geno-
types BB/AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB.

4. Conclusions

In general, a higher milk productivity was found in the Khol-
mogory breeds of the Tatarstan type with complex genotypes of
milk proteins BB/AA/AA/AA/AB, BB/AA/AA/AA/BB, BB/AB/AB/
AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, respectively. The
best quality of milk was from cows with complex genotypes BB/
AB/AB/AB/AA, BB/AB/AB/AB/AB, BB/AB/AB/AB/BB, their milk
contained the greatest amount of milk fat and protein which is
important for dairy industry, in particular in the production of
sour cream, butter, cottage cheese, cheese and other dairy prod-
ucts.
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C 11e/1b10 OIpefiesieHysl XapaKkTepa MPOLeCCOB YMHAMIUeCKOT0 MOYMEPHOTO ITO0TOKA € MTPOCTBIMM XUMMUYECKUMMU
peakuusIMM B IBYMEpPHOJ LMIMHIPUYECKOI reOMeTpUM B paMKaxX T'MAPOAVMHAMMUYECKOrO OMUCAHMS BbIOPAHbI
00BEKTHI — pacIUIaB caxapa ¥ BBICOKOMOJIEKY/ISIpHAST Gpakuys [MIOTeHVHA MYKM, KOTOpPbIe JICCIeNOBaINCh Ha
porauyonHoM peoMeTpe HAAKE RotoVisco 1 u aHanusatope Biaarocogepskanuss OHAUS MB23. PaccmoTpeHa He-
JIMHeJHas AMHaMMKa BSI3KOTO TeUeHUs CKMMaeMoii, OMHOPOAHOM XKUAKOCTM C XMMMUUeCKUMY peakuysimu. ITomy-
YeHO HeCTal[MOHAPHOEe TOYHOE PelleHNe Mya3eiiyIeBCKOro TUIA. DTO PelleHMe UCIIONb3YeTCsl, YTOObI MCCIen0BaTh
BJIMSIHME BSI3KOCTM M XMMMUYECKMX peakiyil IepBoro rnopsiaka Ha XapaKTepUCTVKY HepaBHOBECHBIX JyHaMuye-
CKUX COCTOSTHUIA cucTeMbl. [IpMBefeHHbIe pe3yabTaThl COBMECTHBIX MCCIeoBaHnii crienuanuctoB BHUU koHgn-
TepcKoil nmpombinuieHHOCT U HUSY «MU®U» SBASIOTCS MPOLO/DKEHKEM paboT 1Mo GOPMUPOBAHUIO CTPYKTYP
B IIMIIEBBIX IMCIIEPCHBIX CUCTEMaX ¥ YKa3bIBAIOT Ha TO, YTO IOL0GHBIE 0COGEHHOCTY MOTYT TAK)Ke MPOSIBIISITHCS
B peasIbHbIX NTOTOKAX MOIMMEPHBIX KUIKOCTEN B Pa3/IMYHbIX TPOMBILUIEHHBIX YCTAHOBKAX.
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1. BBeaeHue

In order to determine the nature of processes of the dynamic polymer flow with simple chemical reactions in
two-dimensional cylindrical geometry, objects — a sugar melt and a high molecular weight fraction of glutenin of
flour — were chosen in the hydrodynamic description, which were investigated on a rotational rheometer HAAKE
RotoVisco 1 and the Moisture Analyzer OHAUS MB23. The nonlinear dynamics of a viscous flow of a compressible,
homogeneous liquid with chemical reactions is considered. A nonstationary exact solution of the Poiseuille type is
obtained. This solution is used to investigate the effect of viscosity and chemical reactions of the first order on the
characteristics of the nonequilibrium dynamic states of the system. The present results of the joint research of the
specialists of the All-Union Research Institute of the Confectionery Industry and the MEPhI are a continuation
of the work on the formation of structures in food disperse systems and indicate that similar features can also be
manifested in real flows of polymer liquids in various industrial installations.

npeHe6peraﬂ BO3MOJXHBIMU MBMEHEHUAMMU IVIOTHOCTU M COCTA-

JvHamuka noJMMepHbIX PacIuiaBOB M PaCTBOPOB B LIMJIVH-
JIPUYECKOVi TeOMeTpUM NpefCcTaBiisieT MHTepeC AJ1s1 pa3IMYHbIX
TeXHUYECKNX MNPWIOXKeHMi. B yacTHOCTHM, mOnMMepHble pac-
TJIaBbI UCIOB3YIOTCSI B XUMUUECKMUX U MUIEBBIX TEXHOMOTUSIX
[1,2,3.4,5,6,7,8]. B kauecTBe XapaKTepHbIX TPUMEPOB UCTIONb30-
BaHMS MOJMMEPHBIX CpeJ, B IUIIEBON ITPOMBILIJIEHHOCTH, B T.U.
KOHAUTEPCKON, MOXKHO yKa3aTb SMYJIbCUM, CYCIIEH3UN, UHBEPT-
Hble ¥ KOHLIEHTPUPOBaHHbIE caxapHble CUPOIIbI, B COCTaB KOTO-
PBIX BXOIST AVMCIIEPCHBIE YacCTUIIbI TBepAoil (asbl. K aTomy ke
KJIaCCy IMOJIMMEPHBIX Cpel OTHOCUTCS Bad)eIbHOE TECTO C HabyX-
TIeii BBICOKOMOJIEKYIISIPHO dhpaKimeit MyKy — IIIOTEHMH Gesika
¥ aMUJIOTIEeKTUH KpaxMania.

[Tpu 3TOM, ABIMKEHME TIOTOKOB MOAMMEPHOI KUIKOCTH, KaK
MpaBUIO, PacCMaTPUBAETCS B HEC)KMMAeMOM IPUOTMKEHUM,

oI HUTUPOBAHNS: Kapumos A.P., Taneiicuuk M.A., CaBenkosa T.B., Akce-
HoBa JI.M., TepacumoB T.B. ®u3nKO-XuMuuecKkie 0COOEHHOCTY AMHAMMUKN MOV~

MepHOIi xuakoctu. ITuwessie cucmemol. 2018;1(3): 44-54. DOI: 10.21323/2618—
9771-2018-1-3-44-54

Ba MONVMepHOJ cpenpl [2,7,8]. OnHaKo, B MOAMMEPHBIX Cpefax
MOTYT MPOXOOUTH (PU3NKO-XUMUYECKME TPOIECChl, TOCTOSIH-
HO MEHSIOLIVe COCTaB II0TOKa, HallpyMep MHBEePCHsl caXxapo3bl
IIpY TIOTTy9€HMM VHBEPTHOTO CUPOIIa, I7ie MPONCXOASAT KMHETHN-
YyecKye peakLyy pas3pbiBa U CIUSIHUSI TOAMMEDPHBIX ILIeNOYeK.
B sTom cryuyae mpubIMskeHue HECKMMAeMOCTU SIBJISeTCS He-
IpMeMJIEMbIM, M IIOTOK C/IeAyeT pacCMaTpMBaTh Kak CKuMae-
MyIo cpeny [2,6,7].

Llenbio paboThI SIBJISIETCS OTIpeie/ieHMe XapaKTepa Ipoliec-
COB JMHaMMUECKOI'0 MOJMMEPHOTrO IOTOKA C IMPOCTHIMU XUMU-
YeCKMMM peakUUsIMM B ABYMEpPHOM LWIMHIPUYECKON reome-
TPUM B paMKax I'MIPOAVHAMMYECKOTO ONVCAHMS.

O6UIM CBOMCTBOM TaKMX IIOTOKOB SIBJISIETCS HeCTalu-
OHapHBLIM ¥ HEeJIMHENHBII XapakTep TIUAPOAMHAMUUYECKUX
FOR CITATION: Karimov A.R., Taleysnik M.A., Savenkova T.V., Aksenova L.M.,

Gerasimov T.V. Physical and chemical features of dynamic of polymeric fluid. Food
systems. 2018; 1(3): 44-54. (In Russ.). DOI: 10.21323/2618-9771-2018-1-3-44-54
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Y KMHeTMYeCKMX IIPOLIeCCOB, UYTO OINpefeisieT BBICOKYI0 UyBCT-
BUTEIbHOCTD JAHHBIX T€UeHMI1 K BHEIIHUM (aKkTopaM, BKIoUast
BO3MYILEHMSI B HaYaJIbHbIX ¥ IPaHUYHBIX YUIOBUSX. [Ipyrumu
CJIOBaMM TOBOPS, AaXe He3HauMTelbHble BHEIIHYE BO3MYyIlle-
HMSI MOTYT NPUBECTU K CUIbHBIM M3MEHEHMSIM B JMHaMMKe
CUCTEMBL. DTO OOCTOSITENbCTBO OMpeAessieT TPaHuLbl GopmMu-
pPOBaHMS JOMYCTUMBIX IMHAMUYECKMUX COCTOSTHUI B ITIOTOKE, UTO
MOXET 00eCIeunThb YIIpaBIeHe TeEXHOIOTMYECKUMY TTIOTOKaMM
TOTy4YeHus B MUIIEeBbIX cucreMax [9,10].

YTOOBI BBISIBUTH JAHHYI0 0COOEHHOCTD, I[€JIeCO00pa3Ho aHa-
JIUTUYECKY PACCMOTPETD MPOCTENIIYI0 HEIMHENHYIO JUHAMUKY
TIOJTMMEPHO KUAKOCTH, TIPU ITOM, CpaBHMBaeTCs HopMupoBa-
HMe CTPYKTYPbI IIOTOKA C IPOCTEHINMY GU3UKO-XUMUIECKUMMA
IpeBpallleHNsIMU CO CTyyaeM IIOTOKa, B KOTOPOM YUTEHbI TOMb-
KO 3(deKThl HeTMHEITHOCTHU U CKUMAeMOCTH.

2. Marepuaabl U MEeTOAbI

O6bEeKTOM PACCMOTPEHMSI SBWINCh pacIulaB caxapa M BbI-
COKOMOJIEKYJIIpHAsT (Ppakumsl IIIOTEHMHA MYKM, KOTOpbIE UC-
ciemoBanuch Ha portauyoHHoMm peomeTrpe HAAKE RotoVisco 1
(Thermo Scientific, Tepmanust) ¥ aHanM3aTOpe BArocomepia-
uust OHAUS MB23 (OHAUS Corporation, CIIIA).

3. Pe3yabTaThl M 00CYKIAEHUE
3.1 Dusuko-xumuyeckue ceoiicmea

noJiuMepHbsIX HcudKocmeti

IMonuMepaMy Ha3bIBAIOT GOJIBbIINME MOJIEKYIbI, MTOCTPOEH-
Hble Y3 IOBTOPSIIOUIVXCSI CTPOMTETbHBIX OJIOKOB — MOHOMeE-
POB, COEIHEHHbBIX XMMUYECKMMMU CBSI3SIMU B €MHYIO 1|€TI0UKY.
IJaHHBIM MAaKpOMOJIeKyJIaM TIpUCYIla pa3BUTas BHYTPEHHSS
CTPYKTYpa U HaJIMuMe PasaMIHbIX CTerieHelt CBOOGOIbI, KOTOpbIe
3aJ]al0T OCHOBHbIE MaKpOCKOIMUeCKMe CBOMCTBA MOAMMEPHbIX
KUAKOCTEN. VIMEHHO 3TO ONpenessieT YHUKalIbHble (PU3UKO-
XUMUYECKME CBOJCTBA MOMMMEPHBIX KUAKOCTEN U crieluduxy
MX TEUEHUH, YTO TIO3BOJISIET OTHECTY TaHHBIE CPebI K KJIACCy TaK
Ha3bIBa€MbIX HEHbIOTOHOBCKUX skuakocTeit. Ciemys pabortam
[7,8,9,10,11,12,13,14,15,16,17,18,19], Ha KaueCTBEHHOM YypOBHE
PACcCMOTPUM OCHOBHbBbIE (DU3MUECKME XapaKTEPUCTUKM TAKUX
cpen.

Tak, ¢ pOCTOM CKOPOCTU HOAMMEPHOI KUAKOCTU MPOUCXO-
IUT 3HAUUTEIbHOE YMeHbllleHMe ee BSI3KOCTU. JJaHHble cpe[ibl
XapaKTepU3yITCS BS3KOYIPYTMMM CBOMCTBaMMU: HaIpuUMep,
eI pacTSHYTh TOAMMEPHBIN paciyiaB U pa3pe3aTh ero rnoce-
peluHe, TO TMOJIOBUHKM COKPATSITCS MPaKTUYECKU OO MepBO-
HavyaJIbHOT'O COCTOSIHUS. [IposiB/ieHNMe Takoil BbICOKON CTeIreHU
3JIaCTUYHOCTY O3HAYaeT, UTO MPU TeYeHU! MOAMMEDPOB MPOUC-
XOOUT BBIHY)KJEHHOE M3MeHEeHMe pacCIloNoKeHNs] aTOMOB (Ta-
KOV ITPOIIeCC IIPUHSATO Ha3bIBAaTh KOHGOpPMaLMeit) M u3MeHeHne
yMeia CUEIVIEHU MeXIY HUMU. YKa3aHHbIe CBOVICTBA 00YCIOB-
JIEHbI OCOOEHHOCTSIMM CTPOEHMS IOJIMMEPOB, COCTOSIIIIUX W3
OTPOMHOTIO YMC/Ia ATOMOB, COeMHEHHbIX B IJIMHHBIE LIETIOYKY,
KOTOpble MOTYT OIpe[eJeHHbIM 06pa3oM COeOMHSIThCS IPYT
C IpyroM, CBUBAThCS B KIIYOKMU M HA0OOPOT MPU OINpeeeHHbIX
YCIIOBUSX TaKMe HaJMOJIEKY/ISIpHble 06pa30BaHMSI MOTYT BbITSI-
I'MBaThCd B menouyku. CormacHo Teopun PebuHAepa B HaHHBIX
cucTemMax 00pasoBaHye IeroYeK U3 psifa MOHOMEPOB MOJIEKYIT,
Kak IIpaBUI0, OCYIIECTBSIETCS 3a CUeT arperMpyeMOCT YaCTHul],
TBepmoit (askl 1Mo yriaM 1 pe6paM B IEITOYKAaX MaKpPOMOJIEKYI,
B KOTOPBIX MOJIEKY/ISIDHBIE CUJIBI CLIETIJIEHMS], @ 3HAUUT U TIOTeH-
UManbHast SHEePIusl NJOCTUTAIOT CBOUX JIOKAJTBHBIX MaKCMMyMOB
[1,16,19]. Be3 BHemHUX BO3AEMCTBMII Ha MacIITabax, GOIbIINX
MEepPCUCTEHTHOM OAMHBI (MEePCUCTEeHTHAas AJIMHA — 3TO IJIMHA
BBINIPSIMJIEHHOJ ITOIMMEPHOIM MOJIEKYIIBI), JII000I IonumMep
CUJIBHO U3TMbaeTcss BAIEACTBYE TEIUVIOBOTO ABMKEHMS OT/IENb-
HBIX CerMeHTOB. [ToaTroMy popMy MoOMMMEpPHO MaKpOMOJIEKY-
JIbI B 001IIEM CJTyuae MOXKHO OXapaKTepyu30BaTh, KaK CJTyYaiiHbIii
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KIy6OK CO CIOXHOI BHYTPEHHeN AMHAMUYECKO CTPYKTYpOii
[18].

B paborax Pe6unpepa [1] mokaszaHO, YTO B CTPYKTYpUPO-
BaHHBIX CMCTEMax IPMU JI000J CKOPOCTM TeUeHUsl, IIPOTEeKAIT
JIBa MPOTMBOIOJOXKHBIX IIpoliecca — paspylleHue M BOCCTa-
HOBJIEHME CTPYKTYypbl. VITOTOBOV XapaKTepUCTUKOI, OIMMCHI-
Balollleii paBHOBECHOE COCTOSIHME MEXIY 3TMMM IIpolieccamu
B YCTAaHOBMBIIEMCSI ITOTOKe, SIB/seTcs] 3 derTrBHAS BSI3KOCTb.
OcHOBHOe, Haubosee CyIIeCTBEHHOE, AJIS1 IPOBEIEHMsI Macco-
OGMEHHBIX TPOIIECCOB C/IEACTBME BO3HUKHOBEHMS U pas3pbiBa
B BBICOKOHAIIOTHEHHBIX TBepHoi ¢a30ii AMUCIIepCHBIX CUCTe-
Max — 35TO M3MeHeHMe UX CTPYKTYPHO-MeXaH4YeCKIX CBOJCTB,
XapaxkTepusyeMoe pe3Koil 3aBUCUMOCTbIO BSI3KOCTM, MOJIYJIS
YIPYTOCTH, XapaKTepHBIX BpeMeH peylakcalii OT CKOPOCTHU Je-
dbopmanum (MM cCKOpOCTU M3MeHeHUs] 06bemMa CUCTEMBI), T.e.
B UTOre OT CTeIleH pa3pylieHus CTpyKTypslI [1,16,19]. Inamnaso-
HbI M3MEeHEeHMSI 3TUX XapaKTePUCTUK B 3aBUCUMOCTU OT CKOPO-
ctu gedopmManyy MM CKOPOCTU U3MEHEHUS] 06beMa CUCTEMBI
MOTYT MEHSTbCS B IIMPOKUX IIpeJesiax, KOTOpble YBeTNIMBaIOT-
€SI C POCTOM IMCIIEPCHOCTY TBEPOi (ha3bl U ee KOHLIEHTPALUN
B AMCIIEPCUOHHOM cpefe. Tak Kak npuBefeHHas Ha Puc. 1 kpu-
Basl xapakTepusyeT CTelleHb PAaBHOBECHOI'O Pa3pylleHMsI CTPYyK-
TYPbI OT MHT@HCUBHOCTY MeXaHMYeCKUX BO3IeiCTBUIt BO BceM
BO3MOKHOM [Juarna3oHe u3MeHeHus] 3GGbeKTUBHOI BSI3KOCTH,
TO OHA OTpakaeT IIOJIHble PeoorMyecKye CBOJCTBA TeueHMs
JIVCIIePCHBIX cucTeM. [Ipyrumu cioBamMu roBoOpsl, JaHHAsl TOJ-
Hasl peolioruyecKkast KpuBasi HeceT HaubOMbIIyi0 MHGOPMaLNIO
JJISl YCTaHOBJIEHUSI 3aKOHOMEPHOCTe! 00pa3oBaHMs, YCIOBUIL
COXpaHeHMs YCTOUMBOCTY 1, HA0OOPOT, pa3pyLIeHNsI CTPYKTYD
B KOHII@eHTPMPOBaHHbIX JMCIIePCHBIX CUCTEMAX.

i6 - = ArperHpoBaHHas CHCOTEME
LUl S FaspymeNMas cHOTEMA

12 =g

10

| e 4 \

e |

pEAKOCTE . [Ma-o

rpaguenT CEOpOCTH, © 4

Puc. 1. [TosiHast peosiornyeckasi Kpupasi
TIOJIMMEPHOI CYICTEMBI

CrnenyeT MMeTb B BULY, UYTO COIIACHO TEOPUY CTPOEHUS KU -
Kocreit Openkensi-iipunra [20,21] raHHbIe 0COGEHHOCTHU TPHU-
BOZST K HEIIOJTHOMY 3aIl0JTHEHMIO ITPOCTPAHCTBA, KOria MOXKHO
CKa3aThb, YTO KMAKOCTb COCTOUT U3 Bell|eCTBa ¥ TaK Ha3blBaeMbIX
ITYCTOT, OTAEJISIOMMX OTeTbHbIe HaZIMOIEKyIsIpHbIe 06pa3oBa-
HMSI APYT OT Apyra. OueBUIHO, UeM 60sblile AJIMHA IOTMMepHOIA
LIeMOYKY, CITIOCOGHOM CBEPHYTHCSI B KIIYOOK MpU OLHOBpPEMEH-
HOM CHMXEHUM YZEeNbHOJ IIOBEPXHOCTM, TeM Oosblie 06beM
IyCTOT B CaMMX HAJMOJIEKYISIPHBIX OOPA30BaHMUSIX U MEXKIY
OTHe/NbHBIMM MaKpoOMoJieKynamu. Yem 60sblile JOCTYIIHBIN CBO-
601HbBIT 06BEM, TeM OOJIbIlle BepOSITHOCTh Mepeckoka YacTull.

OpHako, BO3MOXHbBIE IIepexOfbl OTHE/NbHBIX MaKpOMOole-
Ky/ OTpaHMYeHbl PSIIOM TOIIOJIOTMYECKUX M SHepreTUyecKmux
ycnoBuii. B yacTHOCTH, J/1s1 MaKpOMOJIEKYJT TeIlJIOBOJ SHepruu
HeJJOCTaTOYHO JJ1s1 OLHOBPEMEHHOTO IlepeMelleHus] Bceil Ma-
Kpomosiekysbl [17,18]. IlosToMy mepemeleHVie MaKpPOMOJIEKY-
JIbl BO3MOJKHO JIMIIIb OTHE/NbHBIMM CerMeHTaMM Liellouku. B pe-
3yJIbTaTe TAaKOTO I10C/Ie0BATeIbHOTO ITepeMellieHHs OTAeTbHbIX
CerMeHTOB MOKeT ITPOUCXOOUTH NepeMelieHe Beeil Lenu. [Tpu
TaKoOM TlepeMellleHnY MakKpoMOoJIeKysIa BhIHYKIeHa U3rubaThCs,
MEHSTb CBOI0 KOHOUTYPALMIO, IIO3TOMY BeCh IIPOIIECC TeYeHMUS
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OCYIIIeCTBJISIETCS] KaK Mepexoibl U3 OgHOM KoHbOopMauum Lemnm
B JIpyrue. DTOT MeXaHU3M TeueHUs MPUHSITO Ha3bIBaTh AnDdy-
3MOHHbIM M€eXaHM3MOM IIepeHoca.

Hapsany ¢ nuddy3moHHBIM MeXaHU3MOM Y MOJIMMEPOB MO-
JKeT peann30oBaThCs TaK Ha3bIBaeMOe XMMNYECKOe MU KUHETU-
yeckoe TeueHye, IpM KOTOPOM IOJ, AeliCTBUEM IMPUI0KEeHHOTO
HanpsDKeHUs1 CHavala MAET pa3pblB MaKpOMOJIeKy/l Ha OTHeNb-
Hble GparMeHTHl, a TIOTOM YKe MepeMelneHne JAaHHOTO ¢par-
MeHTa. YCI0BME TIpeBaIMpOBaHMSI XMMMUUYECKOTO MeXaHMu3Ma
Haz b @y3HbIM MOKHO BbIPa3UTh Yepe3 COOTHOLIEHME MEKIY
XapaKTepHbIMM BpeMeHaMM XMMMUYECKOi Peakumu t, U Iepe-
HOCa T, B BuIe HepaBeHCTBa [17]:

7, <1, 1)

Hanpumep, faHHOe yCiiOBMe peanmn3yeTcsl B KJIACCUYECKOM
crioco6e TMOMyyeHusT paciiaBa caxapa (MHBEPTHOTO CUPOTIA),
B KOTOPOM IPOUCXOOUT MHBEPCUSI Caxapo3bl 3a IJIUTEIbHBbIN
BpeMeHHOI nepuop (nmopsigka 120 muHyT). Takke cienyeT OT-
METUTb, UTO TIPU BbITIOJHEHNUM (1) BO3MOKHO M 00paTHOe BO3-
JelicTBMe MPOIeccoB MepeHoca Ha XMMUJYeckuii mpouecc. Ha-
IJISIOHBIM TIPUMMEpPOM TakoTO pOAa SIBJSETCS TOT Ke MpoIecc
ToNyyeHusl paciuiaBa caxapa B 2,5 pa3za ObIiCTpee B YCUIOBUSX
JIOTIOJIHUTENBHOIO IOABOLA SHEPTUM 3a CUET COBMECTHOTIO Jeii-
CTBUSI TUAPOAVHAMMUYECKON U aKyCTUUeCKOM KaBUTaLUN.

Takum 06pa3oM, CIeIyeT, UTO MPU OIIPeAeIeHHBIX YCIOBUSIX
CTPYKTYypa MOIMMEPHOIO IIOTOKA He SIBJISIETCS] TIOCTOSIHHOM 13-
3a MAYIIMX BHYTPU Cpelbl M3MeHEeHWi, IVIOTHOCTb IMoaumepa
3aBMCUT OT BpPEMEHM, a 3HAUUT VUCIONb30BaHMeE TPUOTIKEHNS
HECKMMaeMOCTH B JAHHOM CJTyyae SIBJISIETCSI HEKOPPEKTHBIM.
B kauecTBe HAVIIIHOTO IPUMepa, TOKa3bIBAIOLIETO K KAKMM I0-
CJIeICTBUSIM MOKET IPUBECTY OTKa3 OT YCIOBMSI HECKMMAaeMOo-
CTU U3-3a KMHEeTUYECKMX U3SMEHEHMII B cpelie, paCCMOTPUM IIPO-
CTeIIIYI0 MOZEIb BSI3KOTO MOTOKA C XUMUUECKMMU peakLysIMU.

3.2 Modenb nomoka

HUccnemyem dopmMupoBaHue CTPYKTYpbl B OCECMMMETPUY-
HOM (6(P=0), BSI3KOM I1I0TOKe, COCTOSIIIEM M3 4YacCTUL, OLHOTO
copTa A, TIe MpoMCXOAUT HEKOTOpasi XMMMUUecKast peakiusi, me-
HSIIOLIAsT COCTaB NOTOKa. K ToMy >ke, UTHOPUPYSI BHYTPEHHIOIO
CTPYKTYPY SKUAKUX YaCTUII, MbI 6yieM MpeHe6peraTh 06beMHOIA
BSI3KOCTHIO0. [IJ151 IPOCTOTHI aHA/IM3a TAKKe OyeM UTHOPUPOBATD
CUJTy TPEHUS U BAUSIHME XUMUUYECKUX UCTOYHMKOB Ha TOJHbIN
MMITYJIbC ITOTOKA. [ToJIMMepHbIii paciiiaB 6yeM pacCMaTpUBaTh
KaK CKUMaeMylo, U35HTPONMYECKYI0 Cpefdy, B KOTOPOi IIIOT-
HOCTb MEHSIETCS TOJIbKO BO BpEMEeHMU, T.€. 11, =1,(t), & SHaUUT JJ1s1
rpagueHTa gaBJIeHUsl MMeeM VpA=0. Takum o6pa3om, IMHAMMU-
Ka MCCIenyeMoro Te4eHusl onpenenseTcss ypaBHeHueM Hasbe-
CroKca IJI1s1 CKMMAaeMOM SKUIKOCTH

M0V, + (V,-V)V,J=nVV, + JV(V-V)), )

rae V, — CKOpOCTh IIOTOKA, M, — Macca 4acTyIl OABYKHOM KUIKOCTH;
Py 3TOM K03 OULIMEHT AMHAMWYECKOH BSI3KOCTH 1) CUMTAETCS T10-
CTOSIHHBIM. Vi3MeHeHMe IJIOTHOCTY CPE/IbI 11, ONMChIBAETCS YpaBHe-
H/€eM HeIllpepbIBHOCTY C XMMUYECKUM MCTOUHMUKOM:

on,+nV-V, =W, 3

rae W — cKopoCTb XMMMYECKOI peakiiyu, popma KOTOpoii 6yIeT orpe-
[leJieHa Jasee.

Vno6Ho mepemucaTh cucremy (2)-(3) B 6e3pa3mepHOit
dbopme. Hopmupysi IMJIOTHOCTM Ha HAYAJIbHYIO IUIOTHOCTh
n, = n,(t=0), KOOpOMHATYy HA XapaKTepPHbI/ HavyajbHbI pas-
mep 1oToKa b,= b (t=0), CKOpOCTb Ha XapaKTE€PHYI0 Ha4aJIbHYIO
ckopocts V=V (t=0), Bpemst Ha macmTab Bpemenu b /V, u cko-
POCTb XMMMYECKO¥ peakiyy Ha BeIMuuny n,, W, — xapakTepHas
4acToTa CTOJKHOBEHMI HeyIpyroro Iporecca, Mbl IPUXOAUM
K ClenyIoleil cucreMe ypaBHEHMIA:
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1 1
0V, + (V, VIV, =g [AV, + 5 V(V-V))], “
d,n,+V-(n,V,) =-ChW, )

3gech Re=n/(bym,n, V) — uncio PeiiHonbAca, KOTOpOe 0603Ha-
YaeT OTHOIIeHMe HeJIMHeHOTO MHePLMOHHOTO WieHa K BSI3KO0-
MYy IMCCUNIATUBHOMY 4leHy B ypasHenuu (4) u Ch=n,V /bW, —
6e3pa3MepHOe YMCI0, KOTOPOE OIpeiessieT COOTHOLIEHME MeXK-
Iy XapaKTepHbIM XMMUUYECKUM BpeMeHeM CUCTEMbI, B JaHHOM
ciaydyae 3TO BenuuuHa t,=n, /W, M XapakTepHbIM BpeMeHeM
rpolecca MaKpOCKOIIMYECKOro IlepeHoca, B JaHHOM C/Iy4ae 3TO
BeIMUMHA T, = b /v,

MbI 6yeM 1CKaTh TOYHOE peliieHye cuctemsl (4)—(5) B Buae

A®)

V,=="re +[C(O) + B()z + H)r'le,, 6)

rIe HemsBecTHbIe QyHKIMK A(t), C(t), B(t) n H(t) cBSI3aHbI ¢ pa-
IMATbHON ¥ aKCUAJIbHOM KOMIIOHEHTaMM CKOPOCTY U TTOAJIesKaT
OIpefie/IeHNIo, a 3aBUCUMMOCTD IJIOTHOCTY, KaK y)Xe YIIOMMHa-
JIOCb, COOTBETCTBYET IPOCTPAHCTBEHHO OIHOPOLHON cpefe.
SIcHO, 4TO IpOCTas AMHaAMMYeCKasl CTPYKTypa, 3aJI0KeHHasl B CO-
OTHOLIEeHUM (6) He SIB/ISIeTCS] eAUHCTBeHHOVi. OMHAKO B 3aBUCH-
MOCTH OT UCXOIOHBIX NaHHbIX A(t=0)=A , B(t=0)=B,, C(t=0)=C,,
H(t=0)=H, 3amaomyux Xapakrep M0/l TeYeHNs], JaHHOe COOT-
HOLIeHMEe OINChIBAeT IIOBeAeHMe CUCTEMBbI, KOTOpOe MOXKET
OBITb JOCTATOYHO CJIOXKHBIM U (DU3NUECKM COMEpKaTeTbHbIM
C TOUKM 3peHMS Pa3/IMYHbIX TPUTOKEHUI.

ITocKO/MbKY IMJIOTHOCTb HE 3aBMUCUT OT MPOCTPAHCTBEHHBIX
KOOPAVHAT, BbIpaXkeHMe AJ1s1 XMMUUECKOi CKopocTu W Takke He
MMeeT MPOCTPaHCTBEHHON 3aBucuMOcTH. [109TOMY NOACTaHOB-
Ka ypaBHeHwus (6) B ypaBHeHMe (5) maeT

n,+(A+Bn,=-ChW, )
INopcraBnsisa cooTHOIIeHMe (6) B (4) ¥ yUUTBIBAsl, UTO B Ha-
et momenu dp/dr=0, Mbl TIOTYUUM

. 2
(A+A7)r=0

4
Re
KOTOpbIe JOJIKHBI BBITTOMHSITHCS IJIs JTI06BIX I U Z. [Io3TOMY KO-
3(pdULMEeHTDI IS KaXKIO0M CTEMeHN I' U Z JO/IKHBI ObITh TPUPaB-
HEHBI K HYJTI0, 8 UMEHHO

C+BC-—H+B+B)z+H+@A+B)H)?=0

. 2
A+A7=O, 8)
B+B =0, )
H+(A+B)H =0, (10)
: 4
C+BC- 4 H, (11)

Takum o6pa3oM, MbI MOJYUMJIM MIPOCTENIIYI0 MOJEIb He-
JIMHEHOM AuHaMunuyecKoii cucteMsl (7) — (11), B KOTOPOI1 Mpo-
CTpAHCTBEHHbIE 1 BpeMeHHbIe UacTy MOoJIsl CKopocTeit (6) pas-
IeneHbl. Kak BUAHO U3 JaHHBIX ypaBHEHUI, NMOBeAeHUe 3TOM
MOJenu 3aBUCUT OT JIBYX O6e3pa3mMepHbIX mapameTrpos Re u Ch.
[ToaTomy TipencTaBisieT MHTepeC U3ydeHue BAUSHUSI HA JUHAa-
MMKY CUCTEMbI TAaHHBIX MapaMeTpoB Re u Ch mo-OTaeIbHOCTH.

3.3 lunamuxa nomoka npu Ch — 0

CHayana pacCMOTpUM MOpOCTeilMe AMHAMUUYEeCKue CBOM-
cTBa mpoduis (6), mpucyume mnpeneny Re—~ u Ch—0. dtn
0CcO6eHHOCTM Bcerpa GymyT MpOsIBASTHCS Ha HAUaJbHOM JTale,
KoTJa JMHAMMKa MTOTOKA OMNpelenseTcss UMINHIPUIEeCKOoi Teo-
MeTpuen.

XOTs B 3TOM IT0Jie CKOPOCTeil BCerAa BBITIOTHSIETCS V(P=O,
B JAHHOM TEeUEHUM TOSIBJIIETCS a3MMyTalbHash COCTABJISIIOIIAS
3aBUXPEHHOCTU, T.e. JOIOJTHUTENbHOE IBVDKEHME >KUAKOCTU
¢ o6pa3oBaHMEM KOHIIEHTPUYECKOI OKPY;KHOCTY CMeIlaroleii-
Cs1 OT IIeHTpa TPYOBI K Tiepubepun,
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o =-2H(t) re,, (12)

YTO CBUJETEIbCTBYET O CYLIeCTBOBAHUM BYXPEBOTO IBVIKEHUS

B IUIOCKOCTH ¢ = const. UTOGBI BBIIBUTb IPUPOLAY SAHHOTO BUX-

peBOTO IBUKEHMS B pacCMaTpyBaeMoM IToJie cKopocTeii (6), He-
00X0AMMO TepemnucaTh ypaBHeHMe (4) KaKk

do+(V,-Vyo-(0-V)V,=0, 13)

Jlerko BUAETD, UYTO OIS (6; -V) V, =0 nns (6) u (12). 310 03Ha-

4aeT, UTO 3HaYeHMe 3aBUXPEHHOCTY ® COXPaHSeTCs BIOMb Tpa-
eKTOpUM, ONIMChIBaeMOJi ypaBHeHMeM (13).

Teneps mepeiiemM K paCCMOTPEHUIO TOTO, UTO IIPOU3O0NLET,

eciy y Hac Re sBisieTCSI KOHEUHON BenmMunHONM. V3 ypaBHeHMIt

(7) — (10) mbI mOTyyaem

n,=n,e’ H=Hge>, (14)
rae BeanuyHa 6 ecTb
t
00 =] (A + B2))dz, (15)
371eCh
- AO = BO
AO= 27 BO= T (16)

IMoacrasnsis (16) B (14), MbI IPUXOAUM K

n (= o
(1+Bt)(1+ >

IMoacranoska H u3 (17) u Bus (16) B (11), maer

8H,t 1
co=[ Re(2+A, 1) +Co](1+30t)- (18)

CoortHomenus (17) n (18) MOKHO paccMaTpUBaTh KakK OCHOB-
HYI0 AMHAMMUYEeCKYI0 CTPYKTYPY IIOTOKA B MCC/IelyeMOi MOLeNM.

Kak BMIHO M3 JaHHBIX COOTHOIIEHU, eC/U BeIUdMHbI A0
U B, TIOJIOXUTENIbHBI, TO MMEEM DEryisipHOe Te4eHue, Xapak-
Tepusyemoe 3aTyXallMMM BO BpeMeHM napamerpamu. [Ipu
A,<0wmmm B < 0 cooTHOLIeHM (16) OMUCHIBAIOT BOSHUKHOBEHME
CUHTY/ISIDHOCTE B ITIOTOKE 32 KOHEYHOe BpeMsl, KOTia 3HaMeHa-
Tenu B BbhIpaskeHUsX (16) o6pamiaTcss B HYJM. DTO M3BEeCTHAs
MaTeMaTuyeckasi 0COGEHHOCTb PAa3IMUHbBIX TEUEHUI, B KOTOPBIX
HemnyHeltHble 3¢ deKThl 0Ka3bIBAIOTCS CUIbHEN OUCIIePCUOHHBIX
[22,23,24]. K Tomy ke, cooTHomeHus (16) — (18) nmoxkasbIBaloT,
4TO paAyiajgbHble ¥ aKCHajabHble KOMIIOHEHTHI IIOTOKA CUIbHO
CBSI3aHbI, 0COGEHHO MIPK A,<0u B, <0, xorma ecTb CKaTHE TIOTO-
Ka B pafyanbHOM HampasieHuu. C Ipyroi CTOpoHsl, 1 A, > 0
u B, >0 takoro s¢pekra HeT, Tak Kak H(t) yObIBaeT co BpeMeHeM
Y HET YCWIEHMSI aKCUaIbHOTO ABVDKEHMS.

U3 cootHowenus (18) cnemyer, uto uncino PejiHonbaca oka-
3bpIBaeT cCaMoe CUJIbHOE BJIMSIHMEe Ha BpeMEHHYI0 COCTaBIISIIOILYI0
oceBoli ckopoctu C(t). Ho mpu sTom BeimumHa C Takke CUIIBHO
3aBMCUT OT HaYaJIbHbIX 3HAUeHuit A, B, u H, n3-3a B3aMMHOI0O
BJUSIHUSI PA3/IMYHBIX KOMITOHEHT ckopocTu (5). [JaHHOe CBOi-
CTBO SIBJISIETCS CJIE[ICTBYEM HEeNMHEeHOCTM paccMaTpuBaeMoit
mogenu (7) — (11).

B kauecTBe WIIOCTpaliMM TaKO AMHAMMKM Ha Puc. 2
u Puc. 3 npencraBieHbl XapaKTepHbIe uncieHHble pemeHus (11)
ny1st Re =1 1 Re = 10 cOOTBETCTBEHHO.

Kak BuagHO, 3aBucMMOCTM Ha Puc. 2 anasornuHsl Puc. 3, oHu
OTJIMYAIOTCS TOJBKO BenmumHOi C(t) ompenensemMoil BUAOM
Y MHTEHCUBHOCTbIO BHEIIHNUX BO3eiicTBuii. Hanboee cumbHOe
BAMSIHME MCXOOHBIX NAHHBIX M uuMcia PeitHombaca GymeT mpu
Re > 1, xorma ¢ poctoM umcia PeiiHombaca yCUaMBaIOTCS MPO-
LIeCChl JUCCUTIALINM, YTO CBUAETENbCTBYET O llepexoie KMHeTH-
YecKoJ SHeprum B TeIioByl0. OTMeTUM, YTO U3MeHeHye Yucia
PeitHonbCa MOXET MPOUCXOOUTH, HANIPUMeD, 3a CUET yBeu-
YeHMs BSI3KOCTU IOTOKA, MM YMEHbIIEHMSI CKOPOCTM IIOTOKa,
VI yMeHbIIeHNs XapaKTePHOTro pasmepa b,. B aTom cirydae Mbl
JIO/DKHBI YIUTBIBATh MOHYIO CTPYKTYPY OIS ckopocTeii (6). On-
Hako npu Re < 1 B mMpaKkTUUYeCKUX OlLlEHKaX MOXXHO YUUTBHIBATh

an

H
L HO= e
N CEDIESS
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Puc. 2. 3aBMCMMOCTb KOMIIOHEHT CKOPOCTU OT BpeMeH!
anaA,=1,B,=10% C,=10% H = 1npuRe=1
(myst yoo6CTBa BOCIIPUATHS Ha JAHHOM PUCYHKE U Jajee
MacmTab 3aBUCUMOCTH B(t) yBeMUeH B AECSITh pas,
T.e. B(t) = 10 B(t))
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Puc. 3. 3aBUCMMOCTb KOMIIOHEHT CKOPOCTY OT BpeMeHU
s A,=1,B,=102 C,= 103 H,= 1 ipu Re = 10

TOJIbKO KoMmmoHeHTy C(t), BbIOpachiBasi Apyrue. [IpaBma, Takoe
yTBepXKJeHNe CIIpaBeijMBO TOIbKO IJIS1 PaCIIMPSIOMIMXCS MO-
TOKOB.

B paccMmoTpeHHOVI Mozeny BO3HMKHOBEHME CHUHIYISIPHBIX
ocobennocreii mpu A, < 0 mmu B < 0 cBA3aHO C TeM, 4TO 3BOJIIO-
LIMSI BSI3KOTO TIOTOKA He OrpaHMyYeHa KaKUM-In60 husmnueckum
MexaHusmMoM. Hampumep, TakuM Kak IpajgyieHT JaBjaeHUsl, KO-
TOPBIi O6BIYHO CUMTAETCSI OTPAHMUMTEIEM POCTA MMKA TIOTHO-
ctu. OgHaKo B cayvyae MOAMMEPHOI XKUAKOCTY MOXKHO yKa3aTh
¥ IPYro¥ MexaHu3M. B HauasbHbIl MOMEHT OCeBOro IiepemMele-
HMS MOJIMMEPHOM KUAKOCTU U3-3a 3HAUUTEIbHOM HepaBHOMEp-
HOCTM pacrpezeeHus 60IbIINX MOIEKYT, HATUMUUS CITyIaifHbIX
KJIYOOUKOB CO CJIOKHOJ BHYTpPEHHEl MMHAMUYeCKOi CTPyK-
TYpOJi KaKk OTMeYasloCh B pasfene 2, M Kak ClefCcTBUe, HU3KOM
YIEeNbHOV MOBEPXHOCTBIO UM 3HAYUTEIBbHOM HEOSHOPOLHOCTHIO
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UX pacrpeneneHus, BI3KOCTb MMHMMaJbHA. B mporecce nBu-
SKeHMS pacIliaBa, MOBBIIIAETCSI PABHOMEPHOCTD pacipeneneHust
MOJIeKY/, TIPOUCXOOUT paspyllieHue paHee 00pPa30BaBIIMUXCS
KJIYOKOB U IIeMovYeK, ¢ 06pa3soBaHMEM HOBBIX. IIpy 3TOM BSI3-
KOCTb MMeeT TeHEHIIVIO K TOBBIIIEHUIO.

B mpukIagHOM BapuaHTe JoKa3aHOo, UTO MPH JIIO6bIX 06CTO-
SITeNbCTBaX BOKPYT TBEPABIX YaCTUL], MUIEBbIX CUCTEM OCTAeTCs
MPOC/IOiiKa MUCIIEPCUOHHOM Cpedbl MPensTCTBYoIast ¢ha3oBo-
My CLeIVIeHuI0 yactul,. Ha onpenereHHOM BpeMeHHOM Nepu-
ome 06pasyIoTCS COMbBAaTHbIE OGOOUKM BOKPYT AMCIIEPCHBIX
YacTUIl WIN CIOU aICOPOGIMOHHOM CBSI3aHHOI Baru, BOKPYT
HabyXIIMX BbICOKOMOJIEKYJISIPHBIX (pakumii MyKyu, MOHOC/IOI
KOTOPBIX 00j1a7jaeT CBOCTBAMM TBEPIOro Tesia. biarogapst ato-
MY YBEJINYMBAETCS MOABVKHOCTh MOJIEKY/T OTHOCUTEIbHO APYT
Jpyra 1 BSI3KOCTb HauMHaeT CHMKaThCs [19].

Ho paHHBI MOHOC/IO TaKKe OyIeT IMpernsiTCTBOBaTh Pa3By-
TUIO KOJUIAIICOB IUVIOTHOCTU. XOTSI 5TO CIIPaBeJIMBO TOIBKO [IJISI
cpeq comepskallux MyKY, TO ClIeTyeT OKUAATh, UTO 06pa3oBaHue
TaKMX MOHOCJIOEB MOKeT MPOUCXOOUTH U B APYTUX MOTUMEPHBIX
KUIKOCTSIX. B 3TOJ CBSI3M MHTEpeCHO pacCMOTpPeTb JMHAMMUKY
mopenu (7) — (11) mpu ydyeTe KMHETUUECKUX MPOLIECCOB Paspbi-
Ba U CIVSTHUSI TIOIMMEPHBIX 1[eTlI0YeK.

3.4 Tlunamuka nomoka npu Ch # 0

B Haieit Mmogenu Takoit cueHapuii peanusyetcs npu Ch # 0.
MpsI ncciemyeM STOT CTy4dalt IPUMEHUTENbHO K IMPOLLeCCy MOIy-
YeHMs paciviaBa caxapa, pacCMOTPeB BAMSIHME MHBEPCUU caxXa-
PO3bI B INIIOKO3Y ¥ QPYKTO3Y HA AMHAMMUKY OTOKA.

Kak BuzgHO 13 (7) — (11), B Hawiei pocTeiilleil MOLeIN eCTh
BJIMSIHME TI0JIST CKOPOCTM Ha TIOTHOCTY, HO He Hao60poT. Takoe
ToBefeHNe BO3HMKAeT 13-3a TOTO, UTO Mbl HE YUYUTHIBAEM W3-
MeHeHMe TOJTHOTO MMITY/IbCa MCCIeLyeMoro MoToKa, 06ycIoB-
JIEHHO€ HEeYIIPpYIUMMMU, AMCCUIIATUBHBIMMU IIpOLeCCaMM (XI/IMVI‘{e—
CKVMMM MICTOYHMKAaMM, CUJION TPeHMSI), a 3HAUUT B ypaBHeHUM (2)
OTCYTCTBYIOT COOTBETCTBYIOIIVIE WIEHBI.

YT10o6bl BHIIBUTh Haubojiee SIBHBIM 00pa3soM BIMUSIHME ITOJIST
CKOpOCTeil Ha KMHETMKY, MPOMCXOISAIIYI0 B Cpefe pacluiaBa
caxapa, OrpaHMUYMM Hallle pacCMOTpPeHue 0co60 MpocToit dhop-
MO XMMMUUYECKOJ KMHEeTUKY, IPUHUMAs BO BHMMaHNe peaKkiumn
TOJBKO MTepPBOTO MOPSIAKA.

B kauecTBe TUITMUHOTO MMPUMepa peaki1y IIepBOro MopsaKa
MO>KHO yKa3aTb peaKUMI0 Pa3/IoKeHMs caxapo3bl (IOMeUeHHYI0
3ech MHAEKCOM A) Ha GPyKTO3y (IOMEUYeHHYIO 3[1eCh MHIEKCOM
B) 1 r110K03y (TTOMeUYeHHYIO 37iech MHAEeKcOM C), BCTpeuaollyio-
s B IOJIMMEPHOM pacIliaBe caxapossl [25]:

A—>B+C, (19)
ITonarast IMJIOTHOCTb IIOTOKa, paBHOVI IIJIOTHOCTU pacIlyiaBa

€axapo3bl, MOKHO 3allMCaTh CKOPOCTb XMMMUECKO} peakuuu,
Kak W=Wn,. Torna ypaBHeHnwue (7) CBOOUTCS K

hi,+ (A+B+Ch)n, =0, (20)

roe GyHKuumu A(t) u B(t) ompenensioTcs COOTHOIEeHUsIMu (16).
Pelrenyie faHHOTO ypaBHeHMS €CTh
n AOexp(—Cht)
nO=——"——,7 @1
(1+BR)(1+-)

B oTcyTcTBMe XxuMmueckoit peakiuu (Ch — 0) 3TO COOTHOLIIe-
Hue nepexonut B (17). Kak BuaHo u3 (21), xumMmmu4ueckas peakuus
B/IMSIET Ha ITOTOK uepes napametp A, B u Ch, T.e. 31ech Mbl Ha-
6JTI0jaeM HOBOE KaueCcTBO — BMSIHME HA AMHAMMUKY TVIOTHOCTU
SKUIKOCTM CKOPOCTHBIX TIapaMeTpoB A, u B, BMecTe C 4nciIoM
Ch, oTpakaloluM IIPOsIB/ieHMe KUHETUKHU. VI3 JaHHOTO COOTHO-
IIEHNS CIEAIYET, YTO B 3aBMCUMOCTH OT 3HAaKa M BeJIMUUHBI A |, B
MOXKHO TTOJTYYUTh TG0 YCKOpeHue, T1Mb0o 3aMe/ieHyie CKOPOCTH
peaxkuum.
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Tenmepp paccMOTpPUM CTy4yaill, KOTga CKOPOCTb peaKIuu
OIpeJienisieTcsl BHEUTHUMM yCenoBusMu. IlycTs uccnemyemast Cu-
cTeMa — 3TO Cpefia, cofepkalias MOoABVKHbIE YaCTUIIbI TUMA A
(3TO MOTYT OBITH YACTHUIIBI CAXAPO3Bbl, NIIOKO3bI MU (DPYKTO3BI)
¥ HeMIOABVIKHbIE YacTUIIbI TUIIA B. B KauecTBe TaKo¥ HEeIoaBIK-
HOVi KOMITOHEHTbI, UTPAIOILEl K TOMY K€ POJIb BHEIITHETO YIIpaB-
nstifonlero ¢GakTopa, MOSKHO IMPUHSTD YaCTULIBI Caxapo3bl B BULE
caxapa-Iecka, JOMOJHUTEIbHO BHECEHHOIO B cucTteMy. IIycTb
MeXIy STUMMU CYyOCTAaHUMSIMM IPOXOOUT Peakuysi, Bemylnas
K 06pa30BaHMIO HOBOI HEITOIBIMKHOI KOMITOHEHTHI AB [25]:

A+B > AB, (22)

Takas cuTyanust MOXeT ObITh peaqu30BaHa, ec Macca Mo-
JIeKy/ Bujia B 3HaumMTenbHO npeBocxopuT m,. Hanpumep, naH-
HYI0 KMHETMYECKYI0 CXeMy MOXHO PacCMaTpuBaTh B KauecTBe
npolecca YCIOKHeHNUS CTPYKTYPbI TOIMMepa 110 CXeMe, aHajIo-
IMYHbBINA peakuny (19).

Taxoke MpearonoXum, 4To A KOMIIOHEHTa HaXOOUTCS B U3-
ObITKE, T.€. n,>>n,. B 3ToM c1ydae MOXHO npeHe6peddb U3Me-
HeHMeM A — KOMIIOHEHTbI, 3aIliiCaB CKOPOCTb XMMMUYECKO
peakuuu, kKak W=Wn,. Torna sBOMIOLMOHHbIE YPaBHEHUS 3a-
MNUIIYTCS B BUIE

n,+(A+B)n,=-Chn,, (23)
o,n,=— Chny. (24)
W3 911X ypaBHEHMI MOKHO TOJYYUTh COOTHOIIEHME IS N,

B BUIE
n,+Chny, [ (1+B,2)(1+A2/2)" exp(-Chz)dz

(1+8,)(1+ 250y

n, ()= (25)

e ny = n,(t=0).

CpaBHuBas cootHomenust (21) u (25) ¢ (17) mpuxogum K 3a-
KIIIOUEHMIO, UTO 3aBUCMMOCTD 1, Tipu Ch # 0 B 061X yepTax co-
OTBETCTBYET OUHAMMUYECKOI CTPYKType moToka (17). Iipu A, > 0
u B, > 0 mpoucXopuT MOHOTOHHOE yMeHbIIeHKe IJIOTHOCTU N,
a 3HAUMUT C TeYeHMEeM BpeMeHU CKOPOCTb COOTBETCTBYIOLIEN KU-
HEeTUYEeCKOVi peakuuu 6ymeT yMeHbIIaThcs. OMHAKO, C pocToM Re,
KOT/Ia ITPOUCXOOUT yBeMUEeHVE AVCCUTIALIMM KUHETUUeCKOI SHEep-
MM TIOTOKA, YBEIMUMBAETCSI BPeMEeHHOM MPOMEXKYTOK, Ha KOTO-
POM IIOTHOCTb MMEET JOCTaTOYHYIO BEIMUMHY, UTO CTIOCOOCTBYET
MeHbIeMy yobiBaHuio W (cm. Puc. 2 v Puc. 3). MOKHO TPaKTOBaTh
9Ty 0COGEHHOCTh, KaK MHTEHCU(UKAINIO COOTBETCTBYIONINX K-
HeTMYeCKMX TPOLIeCCOB C yCWIEHMEM TypOYJeHTHOCTM TOTOKa.

Kak BumHO 13 (21) 1 (25), Bo Beex crydasix, korga A, < 0u B <0,
paccMaTpuBaeMasi MOJeb TpeNcKa3blBaeT pasBUTHE KOJUIarca
IUIOTHOCTY 3a HEKOTOPOEe KOHEYHOe BpeMs T. ITO 03HAYaeT, 4To
Hallla MOJie/Ib CTAHOBUTCSI HENJCTBUTE/IbHOIA 111 BpeMeH t>t =
min(1/|A,, 1/1B,|). Bbi10 651 MHTEPECHO 06CYAMUTD JAHHYIO 0COOEH-
HOCTb [IJISI CUCTEM C LVUIMHIPUYECKOM reoMeTpueli C TOUKY 3peHMsT
YCKOpeHMST XUMMUUEeCKMX peakiiyii BOIM3M ToUek, Iie MOeT pas-
BUTBCSA KOJIIATIC TUIOTHOCTM 3a BpeMs t~t. B paccMaTpuBaeMbIxX
0CECHMMETPUYHBIX ITOTOKAX JAHHbIE CUHTY/ISIPHbIE 0COOEHHOCTU
MOTYT 00pa30BbIBATh STYEMUCTHIE CTPYKTYPHI B IVIMHAPUIECKOIA
reoMeTpuu. B pesynbTaTe MHTEHCUMBHOCTb XMMMUYECKUX peak-
LM, HApUMeP, CKOPOCThb PeaKlnii pa3ioykeHus, paCCMOTPeHHast
B pasgere 4, 6yeT CMJIbHO BO3pPAcTaTh B OKPECTHOCTY TOYEK, TIe
MIPOVCXOOUT 3HAUUTENbHOE yBeIuMdeHNe TUIOTHOCTU pearupyro-
I1Iero KOMITOHEHTA. [TaHHYI0 0COGEHHOCTb, MTO-BUAVMMOMY, MOXKHO
MCTIONB30BaTh IJIS1 PellleHMsI HEKOTOPBIX TEXHOIOTMYECKMX 3a1au
B 00/1aCTY CO3TAHUS MUAIIEBBIX MPOAYKTOB C YHUKATHHBIMMU CBO-
CTBaMM, TPEOYIOIINX CEJIEKTUBHOTO BO3/IEiCTBYSI.

4. BbIBOIBI

[IpuBeneHHbIE pe3yJabTaTbl COBMECTHBIX MCCIeN0BaHUMI
cnenuanuctoB BHUW  KOHAMTEPCKOJM  IMPOMBIILIEHHOCTU
u HUAY «MUOU» gBASIOTCS MPOJOKeHueM pabot 1mo ¢op-
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MMUPOBAHUIO CTPYKTYD B IMINEBBIX AUCIEPCHBIX CUCTEMax.
B mauHoIt paboTe pacCMOTpeHbI HEKOTOPbIE MIPUHIIUITMATIbHBIE
0COOEHHOCTM TeueHUs MOIMMEpHON KUAKOCTU. B pesynbra-
Te aHa/i3a OCHOBHBIX PEOJIOTMUYeCKMX CBOVCTB ITONMMEPHBIX
SKUKOCTEN TIOKa3aHO, YTO B OTVIMYME OT OOBIYHBIX JKUIKOCTEN
B TOJIMMEPHBIX Cpefax Heo6X0MMMO YUUTHIBATh CXKMMAEeMOCTh
cpenbl, 0OYC/IOBIEHHYIO M3MeHeHeM BHYTPeHHe! CTPYKTYPbI
TIOJIMMEDPOB M3-32 KMHETUYECKUX MPOIECCOB. 3aech ObIIM pac-
CMOTPEHBI TOJIbKO peaklMy pa3pbiBa MOJIMMEPOB U 06paTHBIE
npoueccsl (19) u (22).

JaHHbIe 0COGEHHOCTM PACCMOTPEHBI Ha MPUMeEpE MPOCTeli-
1Iero MpoCTPAaHCTBEHHO OZHOPOOHOTO TeueHMs (6). [IokazaHo,
4YTO B TAKOM TE€YEHMM BO3MOXKHO Pa3BUTMeE KOJIJIAIICOB IJIOTHO-
CTY TIPU OTIpEeieSIEHHbIX HauaJdbHBIX YCIOBUSX, CM. (21) u (25).
B IaHHBIX CMHTYISIPHBIX TOYKaX BO3MOYKHO 3HAUMTENbHOE YCKO-
peHMe pacCMOTPEHHBIX KMHETUYECKUX IIPOLIECCOB B MIOTOKE I0-

1. Introduction

The dynamics of polymer melts and solutions in cylindri-
cal geometry is of interest for various technical applications. In
particular, polymer melts are used in chemical and food tech-
nologies [1,2,3,4,5,6,7,8]. Characteristic examples of the use of
polymeric media in the food industry, incl. confectionery, can be
emulsions, suspensions, invert and concentrated sugar syrups,
which contain dispersed particles of solid phase. This class of
polymeric media includes wafer batter with swollen high mo-
lecular weight fraction of flour — protein glutenin and starch
amylopectin.

In this case, the polymer flow movement, as a rule, is con-
sidered in an incompressible approximation, neglecting possible
changes in the density and composition of the polymer medium
[2,7,8]. However, in physicochemical processes, physicochemical
processes that constantly change the composition of the flow
can occur, for example, sucrose inversion in the production of
an invert syrup, where kinetic reactions of polymer chain dis-
ruption and fusion occur. In this case, the incompressibility ap-
proximation is unacceptable, and the flow should be regarded as
a compressible medium [2,6,7].

The aim of the paper is to determine the nature of dynamic
polymer flow processes with simple chemical reactions in two-
dimensional cylindrical geometry in the framework of the hy-
drodynamic description.

A common feature of such flows is the nonstationary and
nonlinear nature of the hydrodynamic and kinetic processes,
which determines high sensitivity of these currents to exter-
nal factors, including perturbations in the initial and boundary
conditions. In other words, even small external disturbances can
lead to strong changes in the system dynamics. This circum-
stance determines the boundaries of the formation of admissible
dynamic states in the flow, which can provide control of process
production streams in food systems [9, 10].

In order to reveal this feature, it is advisable to analyze ana-
lytically the simplest nonlinear dynamics of a polymer liquid,
while the formation of the flow structure with the simplest phys-
icochemical transformations is compared to the case of a flow in
which only the effects of nonlinearity and compressibility are
taken into account.

2. Materials and methods

The subject of the review were a sugar melt and a high mo-
lecular weight fraction of flour glutenin that were tested on a
rotational rheometer HAAKE RotoVisco 1 (Thermo Scientific,
Germany) and a moisture analyzer OHAUS MB23 (OHAUS Cor-
poration, USA).
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JIMMEPHO XkuIKoCcTU. TakMM 06pa3oM, IMPUBEIEHHbIE Pe3YJIb-
TaThbl MO3BOJISIIOT OXKUAATD, YTO 3a CYET M3MEHEeHMS] HauaJbHbIX
WY TPAHUYHBIX YCIOBUIA MOKHO YIIPABJSTh CKOPOCThIO KMHEe-
TUYECKMX peakuuii [26,27]. B yaCTHOCTH, 3TOTO MOXKHO JOOUTD-
Cs 3a CyeT reHepaluyM 3BYKOBBIX BOJIH OIpelleJIeHHOIO BUIA
B moroke [28,29,30]. B ciyuae A, > 0 u B, > 0, xorna HeT HeobXo0-
IVMBbIX YCJIOBUIA IS Pa3BUTUSI CUHTYJIIPHOTO MMOBeHeHMs, BO3-
MOXHO yBeJIMYeHMEe CKOPOCTY XMMMUECKUX peakiuii W 3a cuet
yBeMueHus TypOye3alum moToKa.

Taxxke ciegyeT OTMETUTb, UTO IOJIHOE aHAIUTUUYECKOE
OIlMCaHMe paccMaTpMBaeMOil 3ajauy IIOJy4eHO MJIsl IIpo-
CTeMIINX KUHETUYECKUX peakiuii. TeM He MeHee, HACTOSILIME
pe3yibTaThl YKa3bIBAIOT HA TO, YTO MOAOGHBIE 0COGEHHOCTU
MOTYT TakXe MPOSIBISTHCSI B PeajbHbIX IMOTOKAax MOJMMep-
HBIX XUJIKOCTell B pasjiMUYHbBIX MPOMBILIIIEHHBIX YCTAHOBKAX
[25,31].

3. Results and discussion
3.1 Physical and chemical properties of polymer liquids.

Polymers are called large molecules, built from repetitive
building blocks — monomers, connected by chemical bonds in
a single chain. These macromolecules are characterized by a de-
veloped internal structure and the presence of various degrees
of freedom, which determine the basic macroscopic properties
of polymer liquids. This is what determines unique physical and
chemical properties of polymer liquids and the specifics of their
flows, which allows us to classify these media as a class of the
so-called non-Newtonian fluids. Following the works [7,8,9,10,
11,12,13,14,15,16,17,18,19], we will consider the basic physical
characteristics of such media at a qualitative level.

Thus, as a polymer fluid velocity increases, a significant de-
crease in its viscosity occurs. These media are characterized by
viscoelastic properties: for example, if we stretch the polymer
melt and cut it in the middle, the halves will be reduced to al-
most the original state. The manifestation of such a high degree
of elasticity means that during the flow of polymers there occurs
a forced change in the arrangement of atoms (such a process is
called conformation) and a change in the number of cohesions
between them. These properties are due to the peculiarities of
the structure of polymers consisting of a huge number of atoms
connected in long chains that can connect with one another in a
certain way, roll into tangles and vice versa under certain condi-
tions such supramolecular formations can stretch into chains.
According to the Rebinder theory, in these systems, the forma-
tion of chains from a number of monomers of molecules is usu-
ally accomplished by aggregating the particles of the solid phase
along the corners and edges in chains of macromolecules in
which the molecular forces of cohesion, and hence the potential
energy, reach their local maxima [1,16,19]. Without external in-
fluences on scales larger than the persistent length (the persis-
tent length is the length of the straightened polymer molecule),
any polymer is strongly bent due to the thermal motion of indi-
vidual segments. Therefore, the shape of a polymeric macromol-
ecule in the general case can be characterized as a random coil
with a complex internal dynamic structure [18].

Rehbinder’s works [1] showed that in structured systems
at any flow velocity, two opposite processes occur — destruc-
tion and reconstruction of the structure. The final character-
istic describing the equilibrium state between these processes
in a steady-state flow is effective viscosity. The main effect, the
most significant for the mass-exchange processes, the effect of
the formation and rupture in disperse systems, highly filled with
a solid phase, is the change in their structural and mechanical
properties, characterized by a sharp dependence of the viscosity,
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modulus of elasticity, characteristic relaxation times on the rate
of deformation (or rate of change in the volume of the system)
i.e. as a result of the degree of structural failure [1,16,19]. The
ranges of variation of these characteristics, depending on the
rate of deformation or the rate of change in the volume of the
system, can vary within wide limits, which increase with increas-
ing dispersity of the solid phase and its concentration in the dis-
persion medium. As shown in Figure 1, the curve characterizes
the degree of equilibrium destruction of the structure from the
intensity of mechanical effects in the entire possible range of
variation of the effective viscosity, it reflects the complete rheo-
logical properties of the flow of disperse systems. In other words,
this complete rheological curve carries the greatest information
for establishing the patterns of formation, the conditions for
maintaining stability and, on the contrary, the destruction of
structures in concentrated disperse systems.

3 16 - " ""-} ;__.’] — Apgregated system
R4 4 [!‘.ﬂ...f"‘ —

P — Destroved system
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Figure 1. A complete rheological curve
of a polymer system

It should be borne in mind that according to Frenkel-Eyring’s
theory of the structure of fluids [20,21], these features lead to in-
complete filling of space, when it can be said that the liquid con-
sists of a substance and so-called voids separating individual su-
pramolecular formations from each other. Obviously, the longer
is the length of the polymer chain that is capable of coiling into
a coil while reducing the specific surface, the greater is the vol-
ume of voids in the supramolecular formations themselves and
between individual macromolecules. The larger is the available
free volume, the greater is the probability of particles jumping.

However, possible transitions of individual macromolecules
are limited by a number of topology and energy conditions. In par-
ticular, for thermal energy macromolecules it is not enough for the
simultaneous displacement of the entire macromolecule [17,18].
Therefore, the movement of the macromolecule is possible only
by individual segments of the chain. As a result of this successive
movement of individual segments, the whole chain can move.
With such a displacement, the macromolecule is forced to bend,
change its configuration, so the whole process of flow is carried out
as transitions from one conformation of the chain to others. This
mechanism of flow is called the diffusion mechanism of transport.

Along with the diffusion mechanism, polymers can imple-
ment the so-called chemical or kinetic flow, in which under the
action of applied stress, macromolecules first break into sepa-
rate fragments, and then the displacement of this fragment. The
condition of the chemical mechanism prevailing over the diffuse
one can be expressed in terms of the correlation between the
characteristic times of chemical reaction 1, and the transport t,,
in the form of inequation [17]:

Tch < Ttr (1)

For example, this condition is implementes in a classical
method of obtaining a sugar melt (invert syrup) in which sucrose
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inversion occurs over a long time period (about 120 minutes). It
should also be noted that when performing (1), the reverse ef-
fect of transport processes on the chemical process is possible.
A good example of this kind is the same process of obtaining a
sugar melt 2.5 times faster in conditions of additional energy
supply due to the combined effect of hydrodynamic and acoustic
cavitation.

Thus, it follows that under certain conditions the structure
of the polymer flow is not constant because of the changes oc-
curring within the medium, the polymer density depends on the
time, and hence the use of the incompressibility approximation
is incorrect in this case. As an illustrative example showing the
consequences of the failure of the incompressibility condition
due to kinetic changes in the medium, let us consider the sim-
plest model of a viscous flow with chemical reactions.

3.2Flow model

Let us study the structure formation in axisymmetric (d,=0),
viscous flow, consisting of particles of the same A grade, where
a certain chemical reaction occurs that changes the composition
of the flow. In addition, ignoring the internal structure of the
liquid particles, we will neglect the volume viscosity. For ease of
the analysis, we will also ignore the friction force and the effect
of chemical sources on the total flow pulse. A polymer melt will
be considered as a compressible, isentropic medium in which the
density changes only in time, i.e. n,=n (), so for the pressure
gradient we have Vp, =0. Thus, the dynamics of the studied flow
is determined by the Navier-Stokes equation for a compressible
fluid:

mn, [0V, +(V,-V)V,]=VV, + 2V(V-V)), @)

where V, is the flow rate, m, is the weight of particles of the mobile fluid;
in this case, the factor of dynamic viscosity n is considered constant.
The change in the density of the medium n, is described by the
continuity equation with a chemical source:

on, +nV-V,=W, 3)

where W is the rate of the chemical reaction, the form of which will be
defined later.

It is convenient to rewrite the system (2) — (3) in a dimen-
sionless form. Normalizing the density to the initial density
n,,= n,(t=0), the coordinate to the characteristic initial size of
the flow b = b (t=0), the velocity to the characteristic initial ve-
locity V= V(t=0), time to the time scale b/V, and the rate of
chemical reaction by the value n,, W, — characteristic frequency
of collisions of an inelastic process, we come to the following

system of equations:
1 1
0V, + (V- V)V, =2 [AV, + =V(V-V))], 4
on,+Vv-(n,V,)=-ChW, (5)

here Re=n/(b;m,n,,V,) is Reynolds number, which denotes the
ratio of nonlinear inertial term to viscous dissipative term in
equation (4) and Ch=n,V,/b,W, is a dimensionless number that
determines the ratio between the characteristic chemical time
of the system, in this case it is T, =n, /W, and the characteristic
time of the process of macroscopic transfer, in this case this is
T, =by/v,

We will seek the exact solution of the system (4) — (5) in the

form
V,="Ore + [C(0) + Bz + HOrle, 6)
where the unknown functions A(t), C(t), B(t), and H(t) are
associated with the radial and axial velocity components and
are to be determined, and the density dependence, as already
mentioned, corresponds to a spatially homogeneous medium. It
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is clear that the simple dynamic structure inherent in correla-
tion (6) is not unique. However, depending on the source data,
A(t=0)=A,, B(t=0)=B,, C(t=0)=C,, H(t=0)=H,, which determine
the nature of the flow field, this relation describes the behavior
of a system that can be quite complex and physically meaningful
in terms of various applications.

Since the density does not depend on spatial coordinates, the
equation for the chemical velocity W also does not have a spa-
tial dependence. Therefore, the substitution of equation (6) into
equation (5) gives

i, + (A +B)n, = -ChW, 7

Substituting correlation (6) into (4) and taking into account

that in our model dp/dr=0, we get

. 2
(A+A7)r=0
and . 4 . .
C+BC—EH+(B+B2)Z+(H+ (A+B)H)r2=0

which have to be true for any r and z. Therefore, the factors for
each degree r and z have to be equal to zero, in particular,

. 2
A+A7=0, ®)
B+B*=0, )

H+(A+B)H=0, (10)

: 4
C+BC- - H, (11)

Thus, we have obtained the simplest model of a nonlinear
dynamic system (7) — (11), in which the spatial and temporal
parts of the velocity field (6) are separated. As can be seen from
these equations, the behavior of this model depends on two di-
mensionless parameters Re and Ch. Therefore, it is of interest to
study the effect on the dynamics of the system of these Re and
Ch parameters separately.

3.3 Flow dynamics at Ch — 0
First, we consider the simplest dynamic properties of the
profile (6), which are inherent in the limit Re— and Ch—0.
These features will always appear at the initial stage, when the
flow dynamics are determined by the cylindrical geometry.
Although V =0, is always true in this velocity field, the azi-
muthal component of vorticity appears in this flow, i.e. addi-
tional fluid movement with the formation of a concentric circle
moving from the center of the pipe to the periphery,
®=-2H(t) re,, (12)
which indicates the existence of a vortex motion in the plane
¢ = const. To reveal the nature of this vortex motion in the con-
sidered velocity field (6), it is necessary to rewrite equation (4) as
do+(V,-V)o-(x-V)V,=0, (13)
It is easy to see that for (@, -V) V,=0 for (6) and (12). This
means that the vorticity value @ is conserved along the trajec-
tory described by equation (13).
We now turn to the consideration of what happens if we have
Re is a finite quantity. From equations (7) — (10) we get

n,=n,e®, H=Hge", (14)
Where the value of 0 is
t
0()=] (A@2) + B@)dz, (15)
here A B
- 0 - 0
AO= 15 7 PO 1o (16)
Substituting (16) into (14), we come to
G p—t H(p)=— (7
B S M (U DI D)
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Substituting H from (17) and B from (16) to (11) gives

o sH 1
cw=| Re(2+A,0) +C0](1+Bot)' (18)

Correlations (17) and (18) can be considered as the main dy-
namic structure of the flow in the model under study.

As can be seen from these relations, if the values of A0 and
BO are positive, then we have a regular flow, characterized by
parameters fading in time. When A < 0 or B, < 0 correlations
(16) describe the occurrence of singularities in the flow in a fi-
nite time, when the denominators in equations (16) turn into ze-
ros. This is a well-known mathematical feature of various flows,
in which nonlinear effects are stronger than dispersion effects
[22,23,24]. In addition, correlations (16) — (18) show that radial
and axial components of the flow are strongly connected, espe-
cially at A; < 0 and B, < 0, when there is compression of the flow
in the radial direction. On the other hand, for A; > 0 and B, > 0
there is no such effect, since H(t) decreases with time and there
is no increase in axial motion.

From correlation (18) it follows that the Reynolds number
has the strongest influence on the temporal component of the
axial velocity C(t). But at the same time, the value of C also
strongly depends on the initial values of A, B) and H,due to the
mutual influence of the various components of the velocity (5).
This property is a consequence of the nonlinearity of the model
under consideration (7) — (11).

As an illustration of such dynamics, Figure 2 and Figure 3
present typical numerical solutions (11) for Re = 1 and Re = 10,
respectively.
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Figure 2. Dependence of velocity components on time for
A,=1,B,=10% C =107 H =1 at Re = 1 (for convenience
of perception in this figure and further, the scale of
dependence of B(t) is increased tenfold, i.e. B(t) = 10 B(t))

As we can see, the dependences in Figure 2 are similar to
Figure 3, they differ only in the magnitude of C(t) determined
by the type and intensity of external influences. The strongest
influence of the initial data and the Reynolds number will be at
Re>1, when with an increase in the Reynolds number the dis-
sipation processes increase, which indicates the transition of
kinetic energy into thermal energy. Note that a change in the
Reynolds number may occur, for example, by increasing the vis-
cosity of the flow, or reducing the flow rate, or reducing the char-
acteristic size b. In this case, we must take into account the full
structure of the velocity field (6). However, with Re< 1, only the
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Figure 3. Dependence of components of velocity on time
forA,=1,B,=102 C,=103 H,=1atRe =10

C(t) component can be taken into account in practical estimates,
throwing epy others away. But such an assertion is valid only for
expanding flows.

In the considered model, the emergence of singular features
at A <0or B, <0is due to the fact that the evolution of a viscous
flow is not limited by any physical mechanism. For example, by
such as pressure gradient, which is usually considered as a limit
of the density peak growth. However, in the case of a polymer
liquid, another mechanism can be indicated. At the initial mo-
ment of axial movement of the polymer liquid due to the large
uneven distribution of large molecules, the presence of random
coils with a complex internal dynamic structure, as it was noted
in section 2, and as a result, low specific surface area and signifi-
cant heterogeneity of their distribution, the viscosity is minimal.
In the process of melt movement, the uniform distribution of
molecules increases, the previously formed coils and chains are
destroyed with the formation of new ones. In this case, the vis-
cosity tends to increase.

In the applied, it was proved that under any circumstances
around the solid particles of food systems there remains an in-
terlayer of a dispersion medium that prevents phase cohesion
of the particles. At a certain time period, solvation shells are
formed around dispersed particles or layers of adsorption-bound
moisture, around swollen high-molecular fractions of flour, a
monolayer of which has the properties of a solid body. Due to
this, the mobility of molecules relative to each other increases
and the viscosity begins to decrease. [19]

But this monolayer will also prevent the development of
density collapses. Although this is true only for media contain-
ing flour, it should be expected that the formation of such mono-
layers can occur in other polymeric liquids. In this regard, it is
interesting to consider the dynamics of model (7) — (11) when
taking into account the kinetic processes of breaking and merg-
ing of polymer chains.

3.4Flow dynamics at Ch # 0

In our model, such a scenario is implemented at Ch # 0. We
investigate this case as applied to the process of obtaining a sug-
ar melt, having considered the effect of the inversion of sucrose
into glucose and fructose on the flow dynamics.

As we can see from (7) — (11), there is an influence of the
velocity field on the density in our simplest model, but not vice
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versa. This behavior occurs due to the fact that we do not con-
sider the change in the total pulse of the studied flow condi-
tioned by inelastic, dissipative processes (chemical sources, fric-
tion force), and therefore the corresponding terms are absent in
equation (2).

In order to reveal most clearly the effect of the velocity field
on the kinetics occurring in the medium of a sugar melt, we limit
our consideration to an especially simple form of chemical ki-
netics, taking into account only first-order reactions.

As a typical example of a first-order reaction, we can specify
a reaction of sucrose decomposition (labeled here with index A)
to fructose (labeled here with index B) and glucose (labeled here
with index C), which is found in a polymer melt of sucrose [25]:

A-B+C, (19)

Assuming a flow density equal to the sucrose melt density,
we can write the rate of a chemical reaction as W=Wn,. Then
equation (7) is reduced to

A, +(A+B+Chn, =0, (20)

where functions A(t) and B(t) are determined by relations
(16). The solution to this equation is
n, exp(-Cht)
nO=—————Jr @1
(1+B,t)(1+ ) )

In the absence of a chemical reaction (Ch — 0) this corre-
lation turns into (17). As can be seen from (21), the chemical
reaction affects the flow through the parameter A, B, and Ch,
i.e. here we observe a new quality — the effect on the dynam-
ics of fluid density from velocity parameters A, and B, together
with the number Ch, which reflects the manifestation of kinet-
ics. From this relationship, it follows that, depending on the sign
and magnitude of A , B, either acceleration or deceleration of the
reaction rate can be obtained.

Now let us consider the case when the reaction rate is de-
termined by external conditions. Let the system under study be
a medium containing mobile particles of A type (these can be
sucrose, glucose or fructose particles) and fixed particles of B
type. We can take sucrose particles as granulated sugar added to
the system as such a fixed component, which also plays the role
of an external controlling factor. Let the reaction occur between
these substances and lead to the formation of a new fixed com-
ponent AB [25]:

A+B > AB, (22)

This situation can be implemented if the mass of molecules
of the B type exceeds m, considerably. For example, this kinetic
scheme can be considered as a process of complicating the struc-
ture of a polymer according to a scheme similar to reaction (19).

We will also assume that A component is in excess, i.e.
n,>n,.In this case, we can neglect the change in A component,
putting the rate of the chemical reaction as W=Wn,. Then the
evolution equations will be written as

n,+(A+B)n,=-Chn,, (23)
on,=- Chny. (24)
From these equations, you can get the ratio for n, as follows

N+ Chng, [ (1+B,2)(1+Az/2)" exp(-Chz)dz
At ’
(1+Bot)(1+ 2" )2
where n, = n,(t=0).

Comparing correlations (21) and (25) with (17), we conclude
that the dependence n, at Ch # 0 generally corresponds to the
dynamic structure of flow (17). With A, > 0 and B, > 0 a mono-
tonic decrease in n,, density occurs, and therefore the rate of the
corresponding kinetic reaction will decrease with time. However,

n, (= (25)
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with an increase in Re, when there is an increase in the dissipa-
tion of the kinetic energy of the flow, the time interval increases,
in which the density is sufficiently large, which contributes to
a lower decrease of W (see Figures 2 and 3). This feature can be
interpreted as the intensification of the corresponding kinetic
processes with increased flow turbulence.

As we can see from (21) and (25), in all cases when A < 0 and
B,< 0, the model in question predicts the development of a den-
sity collapse in a certain finite time t_. This means that our model
becomes invalid for the times t>t_= min(1/|A, 1/|B,l). It would
be interesting to discuss this feature for systems with a cylin-
drical geometry from the point of view of accelerating chemical
reactions near points where density collapse can develop during
time t~t. In the considered axisymmetric flows, these singular
features can form cellular structures in cylindrical geometry. As
aresult, the intensity of chemical reactions, for example, the rate
of decomposition reactions considered in Section 4, will greatly
increase in the vicinity of points where a significant increase in
the density of the reacting component occurs. This feature, ap-
parently, can be used to solve some process problems in the field
of creating food products with unique properties that require
selective influence.

4. Conclusions
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the All-Russian Research Institute of the Confectionery Indus-
try and the NRNU MEPhI are a continuation of the work on the
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