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Llenbto faHHOTO mMccnefoBaHUA GbINI0 U3yUeHUe BAUAHUS Bo3gelicTBua faeneHusa (50; 90; 160; 250; 350 MMa)
Ha psaf ursmyecknx CBOWCTB MULENNbl KasemHa: rmapoaMHaMUYecKuii paguyc, 0opecLeHLnlo TMpo3nHa
n TpunTohaHa n xapaktepuctmky MK-cnektpos. Mo gaHHbIM (POTOHHO-KOPPENALMNOHHONM CMeKTPOCKONUWN Cpej-
HUA TMAPOAVMHAMUYECKUI pajnyc MULLENNbI Ka3emHa cocTaBun 128 HM, yBenmnumsascb npu 50 MMa go 467 HM
c o6bpasoBaHMeM KOHrnomepaToB. [lanbHeliliee yBenmyeHne gasneHus npueeno kK GopmMuposaHuto AByx cpak-
Lnii YacTuy, pasnnyatoLnxcs no BeIMYMHe rmapognHaMmmuyeckoro paguyca. MNpu gasneHmnmn B 350 MIMa oCHOBHYO
yacTb (75 %) cocTaBNANM YacTULbl CO CpefHUM paanycom 121 HM. ConocTaBieHne rucTorpaMmm rupognHammye-
CKOro pajunyca u hiyopecueHUUN TUPO3MHA 06HAPYXWJIO0 CHUXKEHMNE NHTEHCUBHOCTU CBEYEHUSA MPU YBETMYEHUN
00NN YacTuL, 60/bLINX pasMepoB U POCT U3NTYUYEHUSA B PacTBOPe MPU yMeHbLUeHUW pasMepa Muuenn. PocT dny-
opecUueHLUMN KasenmHa no TpuntoaHy n eé CHUXXeHne Mo TUPO3NHY yKa3sblBaloT Ha M3MeHeHNe KOoHopmaunm
6e/1KOBbIX MONEKY NPU 06paboTKe AaBneHneM. MK-dypbe cCNeKTPOCKONMUSA BbiABUIA N3MEHEHNE MHTEHCUBHOCTH
OMTUYEeCKOW NMIOTHOCTU B AnanasoHe amug |, amug Il v BaNeHTHbIX CBA3EW TUPO3UHA, NOATBEPXAas OTCYTCTBUE
nosiBNeHNs HOBbIX CBS3elA.

lMonyyeHHble PU3NYECKNE faHHbIE YKA3blBAOT Ha U3MEHEHUEe CTPYKTYpPbl Ka3eMHOBbIX MULIENN C YBE/IMYEHUEM
nonu (25 %) KpynHbIX YacTUL, nocne AelicTBUS BbICOKOTo faBneHus (350MIMa), uto cnefyeT yunTbiBaTb B Nepepa-
60TKe Monoka. PnoopecueHUNs KazenHa Npm o6paboTke gaBneHMem ABnseTcsa cnabo nccnefoBaHHbIM ursnye-
CKMM MoKasaTesneM M MOXeT HeCTU NPUKNagHoe 3HaYeHWe 418 TeXHONorm4yeckoi 06paboTKN MOTOYHOTO ChIpbSA.
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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 Il
and valence bonds oftyrosine, 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.
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1. BBegeHue

6enkoB [4]. KaseHHbl B MO/IOKE MOrMYyT paccMaTpuBaTbCs Kak

O6paboTka BbICOKMM [aBfeHWeM SiIBNsieTCA MepCcrneKTUB-
HbIM M OTHOCUTENIbHO HOBbLIM MOAX0A40M HETeMN/I0BOA TEXHO/O0-
rmm o6paboTKn MONOKa, CNOCOBHOM MHAKTUBMPOBAaTb MUKPO-
OpraHm3Mbl B MULLEBLIX MPOAYKTaXx, a TakxKe MOANMULMPOBaTbL
MOJIOYHbIE 6eNKU. PUINKO-XMMUNYECKME N3MEHEHUSI B MOJIOY-
HbIX CUCTeMax, Bbl3BaHHble BbICOKUM AaBfIeHUEM, BK/OYaOT
M3MeHeHMe pa3mepa YacTuy, U LBeTa MosoKa (YMeHblUeHue
MyTHOCTHM) [1,2].

KasenHoBble MULLEeNNbI ABAAIOTCA Npeobnagaowmmmn 6en-
KOBbIMW KOMMOHEHTaMM MOJIOKa, NpeAcTaBnsioT coboil no-
nnancnepcHble, rpy6o cdpepuyeckne arperatbl M COCTOAT M3
HeCKo/bKMX oocdonpoTenHoB: asl-, as2-, p-, U K-KasenH [3].
CTpyKTypa Ka3eMHOBbIX MULLEN N3yyeHa cnabo, 0fHaKo npes-
NOXeH psi, MoAeneit ¢ pacCMOTPEHMEM UX KaK aMpPUAUIbHbIX

Ana UMTUPOBAHWMA: byakesny P.O., EpemunHa A.W., EBgokumos N.A., dPe-
popuos H.M., Maptak A A, Byakesny E.B. Pnsnyeckme xapakTepucTUKKM KasenHa
npy 06paboTke BbICOKUM AaBneHneM B pacTsope. Muiesble cucTemsl. 2018; 1(3):
4-12. DOI: 10.21323/2618-9771-2018-1-3-4-12

HaHoKancynbl obecrneynBaloLLMe AOCTABKY MUTATeNbHbIX Be-
wecTB, Ux pasmep kKonebnetca ot 50 go 500 HmM [5]. CornacHo
mogenn Horne [6], kasemHoBass mMuuenna crabunobHa 6naro-
fapsa 6anaHcy MeXAay 3/eKTPOoCcTaTUYECKUM OTTaslKMBaHUEM
U rnmapodo6HbIM NpuUTaXeHnem. MmapocdobHoe B3anMopaeit-
CTBUE B MULLE/IIE OCHOBAHO Ha B3aMMOJEeCTBUN MeXAy Kase-
MHaMn 1 dpochaToM Kanbuusa. [JelicTBMe BbICOKOTO faBneHUs
NpMBOAUT K PacTBOPEHWUIO KOMoUAHOro duocthata KasnbLums
M gmccoumanmn rnapoobHbIX N 31EKTPOCTAaTUYECKUX B3an-
MOAENCTBUIA. 13BECTHO, UTO Ka3eMHOBbIe MULLENNbI MOS AeW-
CTBMEM AaBfleHUa MOryT Heo6paTMo pacnagaTtbcsi UAn obpa-
30BbIBaTb 60/ee KpynHble YacTuubl [7, 8]. CTpyKTypupoBaHue
6enkoB Npy 06paboTKe BbICOKUM [aB/eHUEM MOXET UCMOfb-
30BaThCA B BbICOKOTEXHOJIOTMYHOM MMULLEBOM MPOU3BOACTBE

FOR CITATION: Budkevich R. O., Eremina A. I., Evdokimov |.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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6eNKOBbIX HAHOYaCTUL, YTO TpPeGyeT MOUCKA HOBbIX (hU3nNYe-
CKUX MeTof0B uccnegosaHus [9].

Llenblo faHHOro nccnefoBaHUs 66110 U3YUUTh BAUSHWE Bbl-
COKOTO0 AaB/ieHUs Ha pAL PU3NYECKUX CBOCTB MULLEN bl Ka3e-
WHa: rMapoAnHaMuyecknii paguyc, aroopecLeHL Mo TUPO3NHa
1 TpynTodhaHa N xapakTepucTnky MK-cnekTpos.

2. Matepunanbl n MeTo4bl
2.1 MaTepuanbl U peakT UBbI

NcenepgoBaHua nposogunuck Ha 6ase HW1 «HaHo6uoTex-
Honornsa n 6uodunsnka» LleHTpa 6MOTEXHONOTMYECKOTO UHXU-
HUpuHra CK®Y. Ina npuroToBneHUs pacTBOPOB NCMO/b30BaHa
OenoHnsnpoBaHHas Boga (Smart2Pure, Thermo Scientific, USA)
M peakTuBbl KBanndukaymm y.g.a. (AppliChem, USA). KasenH
nony4ann n3 06e3KMPeHHOro Mosioka NyTeM ero NoAKNCIEHUS.
B 100 mn monoka go6asnanm 1 mn 10 % yKCYyCHOW KMUCNOTbI ANs
pocTuxkeHus pH =4,6. 3atem o6pasLbl 66111 LeHTpUdyrnposa-
Hbl B TedeHue 10 MuH npu 3000 06/MMH, 0CafoK KasenHa Tpu-
XAbl NPOMbIBAN AUCTUNNVNPOBAHHOM BOLOW N LEHTPUAYTU-
poBanu npn 3000 06/MVH B TeveHMe 15 MUH C nocnegyoLwum
BbicyLMBaHuemM npu 40 °C.

B akcnepumeHTe ANs Nony4veHUs pacTBopa CyxXol MOPOLLOK
KasenHa pacTBopsacs B AeMOHU3NPOBAHHOWM BOAe C KOHULEH-
Tpauuvein 1 mMr/ma ¢ UCNONb30BAaHWMEM MarHWTHOW MeLlankm
npu KOMHaTHOW TemnepaTtype, 4NS CTaHAAPTU3aLUN YCNOBUIA
pacTBOp A40BOAMAM A0 HEMTPaNbHbIX 3Ha4YeHW’ pH ¢ npnmeHe-
Huem pactBopoB NaOH n HCI. ns yganeHns HepacTBOPEHHbIX
yacTtuy, 6enka Npo6bl LeHTpudyrnposanm npu 10000 06/MuH
(Centrifuge MPW-352r, MPW MED INSTRUMENTS, Poland).

2.2MeToO0Abl nccnefoBaHmAa

PacTtBop kKaseumHa ob6pabaTbiBain Ha n1abopatoOpHOM FOMO-
reHn3aTope BbICOKOro gaeneHus (Stansted Fluid Power Ltd.,
UK). MoaroToBNeHHbI pacTBOp nomeLany B UWANHAP WNpuua
06bEMOM 20 MJ1, COEANHEHHbLIM CO BNYCKHbIM KnanaHoM, npu-
60p aBTOMATMUECKN OTOMPAn HYXHbI 06beM AN 3aNO/THEHUS
AYekKM N HaunHan obpaboTKy. O6paboTka NposoAnnack npu
50; 90; 160; 250; 350 MIMa. O6paboTaHHas npoba cineanacb U3
BbIMYCKHOr0 KnanaHa B 0TAeNbHY0 MPOBMPKY 1 XpaHunacb npu
nntc 4 °C.

mapoanHaMmnyecknii pagnyc onpegensnn ¢ NOMoLLbio ¢o-
TOHHO-KOPPENALVWOHHOM CNeKTPOCKONUW Ha CAEeKTPOMeTpe
Photocor Complex (OOO «®doTokop», Poccusn). dnyopecueHums
KasenHa oueHmMBanach Ha MybTUMOAanbHOM puaepe Varioskan
Flash (Thermo Scientific, USA) no TpuntodaHy n TUPO3UHY
Ha cnegyoLmnxX ANHaX BOAH COOTBETCTBEHHO: BO36YXAeHUe
280 HM ZcunTbiBaHWe 328-350 HM 1 BO3OYKAeHMe 275 HM /cUn-
TbiBaHMe 303 HM. Onf n3yvyeHmnsa MK-cnekTpoB BOAHbIX pacTBO-
poB ucnonb3osann npuctasky HMBO NK-®ypbe cnekTpomeTpa
Nicolet iS50 (Thermo Scientific, USA).

Bce aKcnepuMMeHTbl MPOBOANANCHE NPU HEATPabHOM 3Haue-
HUU pH Npn KOMHaTHoO TemnepaTtype. CTaTUCTUYECKM aHanun3
AaHHbIX NPOBOAMICA C UCNONb30BaHWEM 6/10Ka onucaTebHOM
ctatuctnkm Excel (Microsoft Office, USA).

3. Pe3ynbTaTbl N 06CYXAEHUE
3.1 N3MeHeHWe TMAPOLMHAMMNYECKOTO pajuyca KasenHa
nocne Bo3AeiCTBMS BbICOKOrO AaBNeHUs
B kauyecTBe o6pasLa N5 cpaBHeHUA 6Gbl1 MCMONb30BaH Ka-
3eNH 6e3 06pabOTKN BbICOKUM AaBfeHUEM, coaep Kalnuii ogHy
tpakymto vyactuy (Puc. 1). Bosgeiicteue gasneHus B 50 MlMa
NPUBENO K YeTbIPeEXKPATHOMY YBEIMUYEHUO TUAPOAVNHAMUYe-
CKOro paguyca, 1 ykasblBasno Ha 06pa3oBaHMe KOHI/IOMepaToB
Ha OCHOBE Ka3eMHOBbIX MULLEN/. BeposiTHO, Noj BO3AEeCcTBU-
€M BbICOKOT0 [laB/IeHMS1 MPOU30LLNN CTPYKTYPHble MOAVdIMKa-
LMW «BOJIOCKOBOTrO C/10S1», COCTOSILLEro U3 asl- U K-Ka3enHos,
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KOTOPbI/Ai OTBeyaeT 3a arpermpoBaHme cybmuuensn KasenHa.
3T0 NoATBepPXAaeT AaHHbIe 0 TOM, YTO nocne 06paboTkn faB-
neHnem B 06e3KMpPeHHOM MOJIOKe HabnwjaeTcs yBennyeHue
KONn4yecTBa KOMKOB W KNacTepoB, MOSYYEHHbIX U3 CyOMU-
Lenn un MoHomepoB KasenHa [10]. Tak e cumTaeTcs, UTO yBe-
NINYeHne pasmepa YacTuy, NpejLwecTByeT pacnagy MuLens
KasenHa [11].

O6paboTka pacTBopa KasenHa gasneHvem 90 Mla npueena
K pasfenieHnto yacTul, Ha aAse hpakumun. B MeHbLUYIO dipakuuio,
cocTasmBLLYO 40 % OT 06LLEero Ymcna, BOLWIN KPYMHbIe CTPYKTY-
pbl, @ ocTasLwvecs 60 % yacTuy, HeE3HAYNTENbHO U3MEHUJTUCH OT-
HOCUTENbHO NMepBOHaYanbHbIX 3HAYEHWI paguyca MULEN, YTo
TakXXe MOXEeT paccMaTpuBaTbCs Kak fJanbHelwee paspyLleHmne
«BOJIOCKOBOrO cros» [9].

IMocne ysenuyeHusa gasneHnsa o 160 MlMa v 250 Mlla Ha-
6nto0fancsa pocT AoNn dpakLumm YacTul, 60NbLUero pasmepa 4o
56 % 1 68 % COOTBETCTBEHHO, C TEHAEHLMEN K CHUXEHUIO Cpea-
Hero 3HayYeHus r’MapoaMHaMnUYeckoro paguyca B 06enx pak-
Lunax.

Mocne o6paboTkn aasneHnem npu 350 MlMa arpernpoBaH-
Hble KOHTIOMepaThbl CU/IbHO YBENIMYMBA/INCL B pa3Mmepax, HO UX
[0Na yMeHbLlanack 4o 25 %, a OCHOBHYH 4YacTb (75 %) cocTa-
BU/IN YacTuLbl 6/1M3KMe MO pasMepy K MmuLennam KasemHa 6es
06paboTkn pasneHueM. [lonyyeHHble pe3ynbTaTbl NOATBEp-
XAAKTCA JaHHBIMW O pacnaje MULeNbl KasenHa npu gasne-
HunM mexgy 200-250 MrlMa (komHaTHas Temnepartypa), a cpeg-
HWIA pagnyc muuenn nocne o6paboTkM faBfeHMEM NO3TanHO
yBeIM4YnBaeTCcsa M 3atemM, Npu goctmxeHmm 350 MIMa, ymeHb-
waetcs [12].

3.2 dnyopecueHLNA KasenmHa

no TUPO3UHY U TpUNToaHy

O6pa3subl KasenHa 40 06paboTKM faBeHNeM XapakTepunso-
Ba/INCb 3HAYNTENIbHOW MHTEHCUBHOCTbIO CBEYEHUS TUPO3MHA.
Mocne pgericTBusa gasneHmsa B 50 MIMa gomkcrpoBanocb HaMMeHb-
Lwee 3HayeHue NyopecLEeHLMN, KOTOPOe XapaKTepu3oBanocb
TeHAeHUMeN K pocTy C YBeIMYEeHNEM 3HAYeHUN 0Ka3blBAemMoro
faBneHns. OTMeYaeTcs 4OCTOBEPHbIM BCMIECK 3HAYEHUI npu
90 n 250 MrIMa, ogHaKo cBeveHMe KaszemHa nocne 06paboTKM He
LOCTUTANo YPOBHSA KOHTPObHOro obpasua (Puc. 2A). dayopec-
LeHLMs TpunTodaHa B KOHTPO/IbHOM 06pasLe 6bin1a 4ocToBep-
HO HWXXe, YeM nocne 06paboTku aasneHneMm. MoBbllweHWe AaBs-
NleHUA CoNpPoBOXAa0Cb POCTOM CBEYEHMS B Ba 3Tana: Nnepsblii
npwv gaesneHmmn ot 50 go 160 MIMa n BTopoi npu 250-350 Mrla
(Puc. 2B). dntoopecLeHLMA OLeHnBanacb B MOMeHT MakKcuManb-
HOro ncnyckaHms [13] n 3aBmcena oT paga )akTopos, BKAKOYA0-
WMx dyopecueHLUNI0 NHAOMbHOM COCTaBAAKLWEN, Hannymem
B 60/IbLUMHCTBE 6€/IKOB HECKO/IbKUX TPMNTOWAaHOBbLIX OCTATKOB
M OKPYXXeHUS n3yvaemoin Mmonekynbl [14]. IHTeHCUBHOCTb ony-
opecLeHUNM MOXET ObiTb 006YC/NOB/EHA Pa3HbIM YMCNOM aMu-
HOKMCNOT, Tak, MULENNa KazemHa cogepXumT 41 ocTaTtoK TMPO3n-
Ha 1 7 ocTaTKoB TpunTodaHa [15].

ConocTaBfieHUe rncTorpamm n yopecLeHLnmn TUpo3mHa
YKa3blBaeT Ha CHUXEeHUe MHTEHCUBHOCTU CBEYEHUS NPU yBe-
NINYEHUN J0NN YacTuL, 60NbLLINX Pa3sMepoB M POCT U3NYYEHUS
B pacTBOpe Npuv YMeHbLUEHUN TMAPOANHAMMYECKOTO pajnyca.
BbiiBNeHHble OCOGEHHOCTU CBEYEHUS aMUHOKMCAOT KaseuHa
CBSI3aHbl CO CTPYKTYPHbIMU MepecTpokamn npu o6paboTke
AaBneHnem. PocT cBeYeHUS NO TpUNTOaHy U CHUXEHME MO
TUPO3MHY MpPU BO3AENCTBMN BbICOKOTO AaBNEHUNSA YKa3blBalOT
Ha M3MeHeHUe KOHQOpMaLnnM 6enKOBbIX MOMEKYN KaseuHa
C nepepacnpegeneHMemM NoN0XeHNA aMMHOKNCNOT [16]. OgHo-
HanpaBneHHble U3MEHEHWUSA CBEYEeHUS UccNef0BaHHbIX aMUHO-
KWUCMOT, nocne 06paboTKu, MOryT 6bITb 06YCNOB/IEHbI MEPEHO-
COM 3HEpruun OoT TUPO3UHOBLIX K TPUNTO(PAHOBLIM OCTaTKaM
B 6enkax [14].
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Puc. 1. M'ncTtorpamma pacnpegeneHns rmgpoanHaMmmnyeckoro paguyca o (A) v nocne obpabotku gasneHmem: (6) 50 Mra; (B) 90
MMa; (M 160 MMa; (4) 250 MIMa; (E) 350 MIa. BbIHECEHbI CpeAHME 3HAYEHUST TMAPOANHAMNYECKOTO pagmyca gpakummn
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Puc. 2. AnHammka chnyopecueHUMN KazenHa no TUpo3nHy (A) n TpuntodaHy (B) 4o 1 nocne 06paboTKM BbICOKUM AaBIEHMNEM

3.3XapakTepucTunka MK-cnekTpoB MULLEN/bl KasenHa

B npoBef&HHbIX MccnegoBaHUAX K53eMHa 6blin BbIBNEHbI
CcTabunbHble NUKM 1638-1649 cm 1 4TO sBNSETCA xapakTep-
HOIA o6nacTbio cnekTpa gns amug |, 1600-1700 cm-1 [17,18,19].
B cnekTpanbHbIi guanasoH 1700-1550 cm-1 cpegHero VK nona-
[aloT Bce 6e/1IKOBble BTOPUYHbIE CTPYKTYPbI (a-cnupanu, p-nnctbl
N P-BUTKMN), a TaKXKe ANHaAMUYecKmne KoHdopmaLmmn 6enKos, xa-
pakTepu3ytoLLnecs O4HOM UNN HECKOIbKUMN (MaXKOPHOMW N MU-
HOPHbLIMW) XapaKTepHbIMU M010CaMU N COOTBETCTBYIOLLMMMN KO-
aphurLMeHTaMM IKCTUHKLWN B 06nacTu amung, | [18,19].

Mpn 50 MMa Ha MK-cnekTpe oTMevanocb yBenmuyeHue 06-
Wwe MHTEHCUBHOCTU U Cri1aXkKnBaHMe BCEX NMMKOB, YTO COMPOBO-
XAanocb OMWCaHHbLIM Bbille NageHWeM MHTEHCMBHOCTU dOto-
opecueHunn TpunTtodaHa (Puc. 3). BepoATHO, Npu cAvnaHuu
6€e/1KOBbIX YacTUL, NPOUCXOANT Nepexos NPUHATOro MONEKyYoi
(hoTOHa Ha Apyrue CBA3M N U3MEHSETCS BE/IMYMHA UCMYCKaHUSA
npu dOPECLEHLMN, YTO COrnacyeTca ¢ NINTepaTypPHbIMU AaH-
HbiMn [20]. Mpn ganbHerwem MOBbILLEHUN AaBNeHUA Habto-
[aeTcs M3MEHeHMe OnTu4ecKor nnoTtHocTu B WK-cnektpax,
C YBE/INYEHMEM NHTEHCUBHOCTU B Pas/IMyHbIX 30HaxX, & UMEHHO
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Puc. 3. IK-creKTpbl KasenHa [0 1 nocne 06paboTKN BbICOKUM aB/ieHKEM

6enkoBble rpynnbl ammga | (1638-1649 cm 1), amuga 1l (1560-
1567 cm-1) n xapaKTepHbIX A5 KonebaHWiA cBSI3e B TUPO3UHO-
BOM KonbLe (1514-1519 cMm-1) n MOXeT yKasblBaTb Ha yBennue-
HMe Konm4yecTBa CBA3el gaHHOro Tuna. B nccnegosaHmax [21]
NoKasaHbl aHanoru4yHble M3MeHeHUs OMNTUYECKOW MNOTHOCTU
o6nactn amng | 1 guccoumanna MULEN Ka3enH 13-3a 3/1eKTPo-
CTaTU4ecKoro oTTa/lIKMBaHUA Ha 60/lee MenKue OTPULATENbHO
3apskeHHble dparmeHTbl. Monockl, LEHTPUPOBaHHbIE B6AM3N
1647 cM-1 MOryT 6bITb TEOPETUYECKM OTHECEHbI K 3/1IEMEHTaM
a-cnmpanu. Monocsbl, Haxoaswmecs B6:1m3n 1669 cm-1um 1680 cm-1
OTHOCATCA K [J-BUTKaM 1 P-1nctam cooTBeTCTBEHHO [22]. Cnepo-
BaTe/lbHO, OTCYTCTBME CMeLLLeHU cneundmyeckmnx VIK cnekTpos
yKasblBaeT Ha CTabUIbHOCTb P-CTPYKTYPbI KazenHa.

4. BblBOAbI

B COOTBETCTBMU C Le/IbI0 JaHHOr0 MUccnefoBaHUS U3YYEHO
B/IVISIHME BbICOKOIO AaBneHnNs Ha psag hM3NYeCcKNX CBOMCTB MU-
Lennbl KasemHa: ruapogmHamuyecknii pagmyc, ¢oopecLeH-
LMo TUPO3MHA N TpUNTodaHa 1 xapaktepuctnky MK-cnekTpos.
O6paboTka MULENN Ka3enHa faBfeHunemM NPUBOAUT K TpaHc-
dopMauummn nx pasmepa, UTo 06YyC/NOBAEHO CAMMAHMEM YacTuL,
(50 MIMa) n nostanHoOMy ApO6AeHUIO NPU AanbHelwem 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 -, p -, and k-casein [3].
The structure of casein micelles is poorly studied, but a number

[laBfieHunsl. 3TO COMPOBOXAAETCA KONebaHMsAMU YPOBHS (p/too-
pecueHUMN TUPO3UHA U TpUNTogaHa, yKasbiBass Ha neperpyn-
NMUPOBKY MO/EKYNSIPHOW CTPYKTYpPbI KasenHa. NK-dypbe crek-
TPOCKOMNMA BbiABUMNA U3MEHEHWNE UHTEHCUBHOCTU OMTUYECKOW
NAOTHOCTW B AvanasoHe amMmug |, amug Il 1 BaneHTHbIX CBA3ei
TMPO3NHA, MOATBEPXKAAs OTCYTCTBME (POPMUPOBAHUS HOBbIX
cBsizeid. MonydyeHHble PU3NYecKMe AaHHbIE YKa3blBaloT Ha 13-
MeHeHMe CTPYKTYPbl KA3eMHOBbLIX MULLESIN C YBETMUYEHMEM 40N
(25 %) KpynHbIX YacTUL, Nnocse AeACTBMA BbICOKOIO AaBneHus
(350 MIMa), uTo cneayeT yuuTbiBaTb B MNepepaboTKe MOJOKa.
dnroopecLeHLMa KasenHa Npu o6paboTke AaBneHUeM BMsSeT-
cs cnabo nccnefoBaHHbIM (PU3NUYECKMM MOKa3aTeNeM N MOXeT
UMeTb MPUKNagHOe 3HaueHne B TEXHONOrMYECKon 06paboTke
MOJ/IOUHOTO CbipbS.

5. BblpaxeHVe Npu3HaTeNbHOCTU

ABTOpPbI BblpaXkaloT npusHatensHoctb Knpna W.B., meHeq-
XXepy Nno paboTe ¢ KNto4veBbIMU NapTHepaMmn MK «Apma», 3a BO3-
MOXHOCTb MpOBeAeHUA MUccnefoBaHUM Ha nabopaToOpHOM ro-
MOreHM3aTope BbICOKOrO0 AaBneHnsa n bnnmHosy A.B., acnnpaHTy
Kadpegpbl nNpuknagHoii 6motexHonornm (CK®Y), 3a nomoLlb
B NpoBeAeHNN (DOTOHHO-KOPPEeNSALNOHHON CNeKTPOCKOMUN.

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 nf 1 mg/ml using; a magnetic stireer at room tempee-
ature; to standardize the conditions, the solution was brought
to neutral pH mvalues usingNaOH and HCI solutions. To /emove
undissolved protein particles, the solution was centrifuged at
10,000 rpm (MPW-352r, MPW MED INSTRUMENTS, Poland).

A
128 nm

C 90 MPa

113 nm

342 nm
E
250 MPa
251 nm
85 nm
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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 GC. 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 180 nm nleading; 328-350 nm and excitation 275 nm /
reading 303 nm. IR spectra of casein solutions were studied by
ATR-FTIR spectrometer Nicnlet iS50 -rharmo 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 ofcasein

after exposure 1o high pressure homogenization

As a sample for comparison, casein without high pressure
procnssmgcnntaming 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 nonglomerates based on

B 467 nm
50 MPa
fflguipam
D
160 MPa
34'7 nm
i
100 nm /
F 350 MPa
121 nm
610 nm

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 asl —and K-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 ofcasein

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
firstat 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 ofcasein micelle

In the carried out studies of casein, stable peaks of 1638-
1649 cm-1 belonging to a characteristic region of the spectrum
for amide I, 1600-1700 cm-1 [17,18,19] were revealed. Spectral
range 1700-1550 cm-1 mid-IR includes all ofthe protein second-
ary structure (&-helix, P-sheets and P-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 | 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 ofamide | (1638-1649 cm-1), amide Il (1560-
1567 cm-1) and the bonds characteristic of the tyrosine ring
(1514-1519 cm-1) 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 | region and dissociation of casein micelles
due to electrostatic repulsion to smaller negatively charged
fragments are shown. Bands centered near 1647 cm-1 can be
theoretically referred to elements of @-spiral. The bands located
near 1669 cm-1 and 1680 cm-1 refer to P-coils and P-sheets, re-
spectively [22]. Consequently, the absence of displacements of
specific IR spectra indicates the stability of the P-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 Il 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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