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HaunonanbHbIi, pelieH3MpyeMblii JKypHaJl TIOCBSIILEH OC-
HOBHBIM MPo6IeMaM HayKiu O TIUIIEBOi IIPOMBIIITIEHHOCTH.
OCHOBHOI1 MUCCHEN SIBIISIETCS: CO3IaHME, arperaiys, o/ -
Jlep>kKKa ¥ pacrpocTpaHeHe HayYHOTo KOHTeHTa B 06/1a-
CTY TIUIIEBOI TPOMBIIIEHHOCTH, 06beIMHEeHEe YCUTUIA
MCCIeioBaTeseit HayYHbIX [IEHTPOB, YHUBEPCUTETOB, ITpe-
ofioNieHe Pa3pbiBa MEXAY U3IAHVSIMU PETYIOHATBHOTO, Ha-
LIMOHAJILHOTO U (hefiepaabHOro YpoBHeii. JKypHas mpusBaH
OCBEIllaTh aKTyaIbHbIE IIPOOIEMbI B MUILEBOI Y CMEKHBIX
OTpaC/ISIX, IPOABUTATh HOBbIE MTEPCIIEKTMUBHbBIE TEXHOIO-
TUU B HIMPOKYIO ayAUTOPHUIO HAYUHBIX U MMPAKTUUECKUX
PabOTHMKOB, IIpernoaaBaTesei, aCMpaHTOB, CTYIEHTOB,
npeanpuHMMaresneit. HayuHast KOHIEIIVS M3IaHusT TIpe[-
TojiaraeT my6MKalMio HOBBIX 3HAHWIA B 06/IACTHU MUIIEBBIX
CUCTEM U HayUHbIX OCHOB pecypcocOeperarmumx TeXHOJ0-
it TIy6OKO# TlepepaboTKIA CeTbCKOXO03SICTBEHHOTO ChIPhS,
MTPOPBIBHBIX TEXHUUYECKUX PeIeHnit OIS TPOU3BOACTBA
MTUILEBBIX TPOAYKTOB OOIIETO ¥ CIIeNMaI3POBAHHOTO Ha-
3HaueHus. B skypHasie Mmy6aMKyOTCSI HayuHbIe ¥ 0630pHbIE
CTaThM, JOKJIA/IbI, COOOIIIEHNS], peLIeH3MY, KPaTKue HayIHbIe
coobuieHus (MMchMa B peIakiinio), MHPOPMalMOHHbIE
y6IMKALY 110 HATIPaBAeHMSIM : TEXHOIOTHS TTAIIEBBIX
MTPOM3BOJCTB; MPOIIECCh, 060PYIOBaHNMeE I aTllapaThl M-
IIEBBIX POU3BOJCTB; TUTVI€HA IIUTAHMS ; GMOTEXHOJIOTHS;
cTa”papTusaius, cepruduKaius, KauectBo u 6esorac-
HOCTb; 9KOHOMMKA ; aBTOMATU3AIMS ¥ MHOOPMATU3AINS
TEXHOJIOTMUYECKUX IpoileccoB. [TonpobHas nHpopma-
LIVSI AJ1s1 aBTOPOB U YMTaTeseli IpeicTaB/IeHa Ha caiire:
www.fsjour.com.
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COBPEMEHHbBIE HETEPMHWNYECKHUE CIIOCObbI
OBPABOTKHN PACTUTEJIBHOTI'O CbIPbA,
ITPUMEHSEMBIE JIS1 YBEJIMYEHUSA
EI'O XPAHUMOCIIOCOBHOCTH
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Bcepoccuiickuit HayUHO-MCCIeIOBATENbCKMIT MHCTUTYT TEXHOJIOT MM KOHCEPBUPOBaHM S, MOCKOBCKas 06/1acTh, Poccus

Open access

K/IIOYEBBIE CJIOBA: AHHOTAL VA

pacmumensHoe coipbe, Hapsiny ¢ TepMuyeckyMy crioco6amy 06paboTKM PAaCTUTEIBHOTO ChIPbS B ITOC/IENHNE NeCSTIIETHSI aKTUBHO pas-
8bICOKOE 0asneHuUe, UMNYIbCHblE BMBAIOTCSI HETEPMMUECKYe MeTO/IbI 06pa6OTKY, TO3BOJISIIOIME MAKCMMAIbHO COXPAHUTh KaueCTBeHHbIE XapaK-
Jnekmpuueckue noJs, TePUCTUKM VICXOJHOTO CBIPbSI U YBEIMUYUTDb CPOKM XpaHEHMsI TOTOBOTO MpoAyKTa. [Ipu ncrnonb3oBaHmMm JaHHbIX
paduoakmueHas 06pabomka, METO/IOB MOXKET ITPOMCXOAUTh He3HAUUTEIbHBIN HarpeB MPOYyKTa, Halpumep, Kak rpu 06paboTke yabTpaduorne-
you TOBBIM u3inyueHuem (YOU). B cimyuae npuMeHeHMs: TAKOTO BMAA 06paboTKY, KaK PUIbTpalysi, HarpeB MOJTHOCTIO

OTCYTCTBYET, B yCJIOBMSIX 06PabOTKM MTPOYKTa BHICOKUM JaBieHueM (aHes. High Pressure Processing, danee — HPP)
COOMI0IaeTCs peskKMM MOHVMKEHHBIX TeMIiepaTyp. JlaHHbIe MeTO/bI OTIMYAIOTCS MUHMMM3AIVel BO3eicTBUS Ha
OpraHoenTNYecKye TI0Ka3aTeay TOTOBOTO IIPOAYKTa (TeKCTypa, BHEIIHMIA BU/I, I[BET, 3aMax), a TAaKkKe COXpaHe-
HMEM MMKPO- ¥ MaKpOHYTPUEHTOB. B cTaThe paccCMOTpeHbl OCHOBHbIE HETEPMUYECKMe MeTOIbl 06paboTKY pa-
CTUTEJILHOTO ChIPbs: BbICOKOE AaBneHue (B/I), 06paboTka B MMITY/IbCHOM 3ekTpudeckom mone (PEF), pagmoak-
TUBHOE U3JTyueHne, yibTpadmonetoBoe usnydenme (YOU), bunbrpaiiys. OTMeUeHbI IIPeUMYIecTBa M GakTophI,
caepkMBaoIMe UX MUPOKOoe MpYMeHeHMe B IIPOMbIIIIEHHBIX MaciiTabax. OTMeUeHO, YTO BbICOKOe JaBjieHue,
YOU u bunbTpaliius B TOW MM MHOI CTEIeHM MMEIOT HOCTAaTOYHO IMIMPOKOe MpMMEHeHMe TPy MPOU3BOMICTBE
MPOAYKTOB MUTaHMS, B TO BpeMsl Kak 06paboTKa B MMITYJIbCHOM 3JIEKTPUUECKOM I10JIe U PaJMO0aKTUBHOE U3JTy-
YyeHye UCIIOb3YIOTCS KpaiiHe OrpaHMUEHHO B CYJTY HEOOXOAMMOCTHM o6ecrieyeHnst 6e30macHOCT 00paboOTKM ISt
obcmykuBalolero rnepconana. Cienyer Takske OTMETUTb, YTO 06pabOTKA TOTBKO HETePMUUECKUMMU CIIocobaMu
MIPUBOAUT K OTPAHMYEHHOMY CPOKY TOIHOCTM FOTOBBIX ITPOAYKTOB ¥ 3a4acTyio TpeGyeT MOHMKEHHBIX TeMIepa-
Typ XpaHeHus. [Ipy HEOOGXOAUMOCTY YBeIMYEeHNsI CPOKOB TOJHOCTY MMEeT CMbIC KOMOMHUPOBAHME TepMuye-
CKUX M HeTepMUYECKMX CII0COO60B 06paboTku. Harpumep, MukpobmibTpaius (yabrpaduabTpalys) COKa, po3jinB
B [TOTPEGUTENHCKYIO YIIAKOBKY, IIAIs1Iast TacTepu3anysi. HeCOMHEeHHBIM MTPeMMYIeCTBOM TAKOTO COUeTaHVSI MO-
SKET CTYSKUTh CHYKEHME TePMUYECKOl Harpy3Ku Ha MPOIYKT, T. K. UICXOIHAsE MUKPOOGMOIornyeckast 06ceMeHeH-
HOCTh CHYDKeHa GuibTpanmeit. U, Kak ciefcTBye, Mbl TIOTy4aeM CTaGUIbHO XPAHSIIUIACS MPOAYKT C MUHUMAIIb-
HBIMM ITOTePSIMM KayecTBa M COXPaHeHHbIM HAaTMBHBIM IIOTEHLIMAIOM.
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vegetable raw materials, Along with thermal methods of processing plant raw materials, non-thermal processing methods have been ac-
high pressure, pulsed electric tively developed in recent decades, which make it possible to preserve the qualitative characteristics of the initial
fields, radioactive treatment, raw materials to the maximum and increase the shelf life of the finished product. When using these methods,
UV radiation slight heating of the product can occur, for example, as in the processing by ultraviolet radiation (UVR). In the

case of using such a type of processing as filtration, heating is completely absent; under the conditions of high
pressure processing of the product (hereinafter HPP), a low temperature regime is observed. These methods are
distinguished by minimizing the impact on the organoleptic characteristics of the finished product (texture, ap-
pearance, color, odor), as well as the preservation of micro- and macronutrients. The article discusses the main
non-thermal methods of processing plant materials: high pressure (HPP), processing in a pulsed electric field
(PEF), radioactive radiation, ultraviolet radiation (UVR), filtration. The advantages and factors hindering their
widespread use on an industrial scale are noted. It is noted that high pressure, ultraviolet radiation and filtra-
tion to one degree or another are widely used in food production, while processing in a pulsed electric field and
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radioactive radiation are of extremely limited use due to the need to ensure the safety of processing for service
personnel. It should also be noted that processing only by non-thermal methods leads to a limited shelf life of
finished products and often requires lower storage temperatures. If it is necessary to increase the shelf life, it
makes sense to combine thermal and non-thermal processing methods, for example, microfiltration (ultrafiltra-
tion) of juice, bottling into consumer packaging, gentle pasteurization. The undoubted advantage of this com-
bination can be a reduction in the thermal load on a product, since the initial microbiological contamination
is reduced by filtration. And, as a result, we get a stably stored product with minimal quality loss and preserved

native potential.

FUNDING: The article was published as part of the research topic No. FNEN-2019-00011 of the state assignment of the V. M. Gorbatov Federal

Research Center for Food Systems of RAS.

1. BBegenmue

O6paboTaHHbIe TPOLYKTHI CTAIM HEOTbEMIEMOIT YACThIO COB-
pemeHHOro mMupa. IlepepaboTka He TOJIBKO obecrieunBaeT ynoo-
CTBO MCITOIb30BAHUS MPOAYKTOB IJIs KOHEYHOTO MOTPe6uUTess,
HO U YBEJIMUMBAET MX XPAaHMMOCIIOCOOHOCTS [1,2]. MHOTME BhpyK-
TBI ¥ OBOILY SIBJISIFOTCSI HU3KOKMCIIOTHBIMY TTUIIEBBIMY TIPOAYK-
TaMU C OUeHb KOPOTKUM CPOKOM TOFZHOCTH, TIPU STOM «KECTKas»
TepMuyecKast 06paboTka 1 Moceayioliee XxpaHeHe MOTYT Mpu-
BeCTM K 3HAUMTEIBHBIM MOTEPSIM KauecTBa C TOYKY 3peHMs opra-
HOJIETITMYECKIX, TUIIEBBIX M QYHKIMOHAIbHBIX CBOJICTB.

B mociegHue rofpl MIMPOKO UCCTENYIOTCS M BHEIPSIFOTCS MH-
HOBAIIYIOHHbIE TEXHOJOTUM O06PAGOTKM MUIIEBBIX MPOLYKTOB,
MMHMMM3MPYIOIIME [Aerpafanyio OpraHoJeNTUYecKuX II0Ka-
3aTeneil ¢ OMHOBPEMEHHBIM YBeIMYEHMEM CPOKOB TOTHOCTM.
BBezmeHne 1 mpuMeHeHMe HOBBIX TEXHOJIOTUI HETepMUUeCKOii
06paBOTKM MMEIOT pellalee 3HAUEHME JIJIST TPOMBIIITIEHHOTO
BHeJpeHu [3].

Llenpio JaHHOTO 0630pa SIBJSUIOCHh PACCMOTPEHME CYIIeCTBY-
I0IMX HETEPMUUECKUX CIIOCO60B 06pabOTKM, TIOAXOMSIINX IS
nepepaboTky GPYKTOB U OBOIIIEIA, & TAK)KE BBISIBJIEHVE TTPEUMY-
IIECTB M HEJOCTATKOB KasKIOTO Criocoba.

3amauy — MpoaHaIM3UPOBaTh KaskKIblii B 06paboTKu, cde-
py NpUMEHEeHUs], MepCIIeKTUBbI PA3BUTKSI M MCIIOIb30BaHMUS
HeTePMMUECKUX CIIOCO60B 06pabOTKM B MPOMBIIUIEHHBIX MacC-
mrabax.

2. Cmoco6sI 06paboTKU
2.1. IpumeHeHue 8vicok020 dasneHus (HPP)

B Haire BpeMsI OHMM M3 CaMbIX PaCIIPOCTPAaHEHHBIX HeTe-
IIJIOBBIX METOZOB 06PabOTKM SIBJISIETCS MCIIONb30BaHME BBICO-
koro gasnenusi (HPP), kotopoe mpoBogsT mipu masjieHun 100—
1000 MIIa 1 Temnepatype 20—-25 °C wiu Hske [4-6]. 9TO MeToz,
IIpM KOTOPOM TIPOLYKT MOBepraeTcsi paBHOMepHOit 06paboTke
JIlaBJIeHMEM CO BCeX CTOPOH [7]. YHMKaJIbHON 0COGEHHOCTHIO
9TOTO MeTOAA SIBJISIETCSI MMUHMMAaJIbHOE M3MeHeHUe OpraHo-
JIETITUYECKUX U MMUTATEIbHBIX CBOVICTB MPOAYKTA B CBSI3U C BO3-
JleliCTBMEeM TOJIbKO Ha HeKoBasieHTHbIe cBsi3u [8—10]. [Ipu aTom
B 06pabOTaHHOM ITPOIYKTE COXPAHSIIOTCS BUTAMMHBI M aMUHO-
KUCJIOTBI, & TAKKE CHYDKAETCSI TIoTePsi HU3KOMOJIeKYISIPHBIX -
1IeBbIX coeyiHeHui [11-13].

[Ipu MccnenoBaHMM BIUSHUST PA3TMUYHBIX BUIOB HETepMMU-
Yyeckoii 06paboTKM Ha LIBET SIGIOUHOTO COKa, IOJYYEHHOTO U3
si6;10K copta Poys, cpasy mocie o6pa6orku HPP coxpaHsuics
€CTeCTBEHHbII IIBET SI6JIOUHOTO COKa M0 CPABHEHMIO C IPYTUMMU
BUIAMU 06PaBGOTKM, TAKMMY KaK VIMITYJIbCHOE 3JIEKTPUUYECKOe
Iosie ¥ TepMuyeckast o6paborka [14].

[Tpu npomsBoOACTBE IJIOLOBOOBOIIHONM MPOAYKUMMU UCIIONb-
3oBaHye HPP Mo3BossieT BITYyCKaTh 6€30MacHYIO0 IJIST 3I0POBbSI
MIPOJYKUIMIO BHICOKOTO KavyecTBa C yBeJIMUYEHHBIM CPOKOM Xpa-
Henus [13]. Hampumep, B pabote [15] mccnenoBanach aKTUB-
HOCTb (DEPMEHTOB, BAMSIONIMX HA KAUeCTBO HEMOAKMUCIEHHOTO
MOPKOBHOTO COKa M3 HeGIaHIIMPOBAHHON MOPKOBM, KOTOpas
MHIMOMpoBasach Ha 95% mocie 06paGOTKM TOf, JaBjieHMeM
400 Mma nipu Temnepatype 10 °C B Teuenue 10 MuH.

C romoiibio 06paboTKY Mo faBieHrem 259 Mma v mpu TeM-
nepatype 35 °C B TeueHue 15 MUH yIaioch CHU3UTb MUKPOOHYIO
Harpy3Ky HeIogKMCJIeHHOT0 TOMaTHOTO coka. [Ipu 3ToM KauecT-
BO MOJYYeHHOTO MPOJIYKTa OKA3aJI0Ch BbIIlle, YeM IPU UCIIONb-
30BaHMM TPAJMLIVIOHHBIX TEXHOIOTUI [16].

B nyke-1iopee, IIBETHOI KaIycTe M 3eJIEHOV (acoiu rmocie
o6paborku HPP aBTopammu [17] oTMeuyeHO yBeandeHue 61070-
CTymHOCTU (onaTa, OMHAKO BO BpeMsI XpaHEHMSI MPU HUBKUX
TeMIlepaTypax KOJMYecTBO 06PasyIoMMXCss MOHOIITyTaMaTHBIX
CoefVHEeHMIT YMEHbIIMIOCh. MccnemoBaHne IMOKa3aulo HeoO-
XOIMMOCTb YCTAHOBJIEHMSI ONTMMAIbHBIX YCJIOBUIA XpaHEHMUS
C LIeTbI0 MMHUMM3AIUA 3TOM TTPOBIEMBI.

[Tpu ncrionbzoBanuu HPP BO3HMKAIOT omnpeje/ieHHbIe MPO-
6J1eMbI C IPOU3BOAUTENBHOCTBIO ¥ BHICOKMMM 3KCILTyaTalIOH-
HBIMU 3aTpaTaMM, KOTOpPbIe COEepPKMBAIOT MPOMBbIIIJIEHHOEe BHE-
JIpeHue 5TUX TexXHonorui [18].

2.2. Hcnonvb308aHue uMnynbCHO20 siekmpuueckozo noas (PEF)

O6paboTKa B UMITYyJIbCHOM 351eKTpuueckoM rose (PEF) (aHen.
Pulsed Electric Fields, danee — PEF) — npyroii HeTeIioBoii me-
TOM, 00pabOTKM, KOTOPBIA IMIPUBOAUT K MHAKTUBALIUK (pepMeH-
TOB ¥ TaTOT€HHbIX MUKPOOPTAHM3MOB 3a CUET 3JIeKTPOIiopa-
LMK KIETOUHbIX MeMOpaH. Cepusi KOPOTKMUX BBICOKOBOJIBTHBIX
MMITYJIbCOB Pa3pyliaeT KJIEeTOYHble MeMOpPaHbI BEreTaTUBHBIX
MMKpPOOPraHM3MOB, obecrieurBasi 06pasoBaHie HOBbIX ITOP MU
pacuMpeHye CymiecTByIONIMX B MeM6GpaHaX MUKPOGHBIX Kile-
ToK [19]. KonnuecTBo 1op, 06pas3yrouinxcsi BOKPYT KAETOYHBIX
MeMOpaH TOoJ AeCTBUEM 3JIeKTPUUYECKOTO ITOJIS, 3aBUCUT OT
CpeJibl, HAPSSKEHHOCTY 3IEKTPUUECKOTO TT0JIST, UHTEHCUBHOCTU
VIMITY/IbCA, MIMPYHBI MMITY/IbCA, YMCIa MMITYJIbCOB M BpeMeHMU
06paboTKH, a TAKKe OT TUIIA U [ITaAMMa MUKPOOPraHK3Ma, pas-
Mepa u reomeTpun Kiaetok [20]. PEF mpenmonaraer 06paboTky
TIUIIEBBIX TTPOAYKTOB, TIOMENIEHHBIX MEXIY JEKTPOJAMM, UM-
MyJIbCaMM BBICOKOTO HamnpspkeHus nopsiaka 20-80 kB, kotopoe
TIPUBOIUT K JIETAJILHOMY MCXOAY Pa3JIMYHBIX BUOB GakTepuit,
IIeceHeii u gposxoken [19,21,22].

Tak Kak o6pa6orka PEF BbI3bIBaeT HE3HAUUTEIbHOE YBEIN-
YyeHMe TeMIIepaTypbl, OTMEUAETCS] OTCYTCTBYE 3aMETHBIX ITO-
Tepb apoMara, [[BeTa U GMONIOTMYECKM aKTUBHBIX KOMILIEKCOB
B 06paboTaHHOM MpoayKTe [23-25]. B ucciemoBanuu [26] cpas-
HWIM cofepskaHme BuTamuHa C mmocsie o6paborku PEF, macrepu-
3auueit u 06pabotkoit HPP. [laHHbIe [TOKa3ain, uTo rocjie obpa-
6otku PEF comepskanme Butammua C B COKax 6b1710 HaMGObIIM
OTHOCUTEJILHO IPYTUX 06pasioB.

B npyrom mccieqoBaHum npu 06paboTke PpPyKTOBBIX COKOB
PEF cpenneit unteHcuBHoctu (E = 2,7 KB/cM U AJIUTENIBHOCTD
umMmyabca 15-1000 MKc) HaGIIOmamach MHAKTUBAIMS MUKPO-
OpraHm3MoB. /i MPOMBILUIEHHO 060pabOTKM 3TO COCTaBISIET
6OJIBIITON MTOTEHIMA LIS COXPaHEHUS GPYKTOBBIX COKOB M KU -
KX MUIIEBBIX MPOLYKTOB € HeliTpanbHbIM pH [27-29].

WccnemoBaHusl CMeIIaHHBIX MOPKOBHBIX COKOB TIOKa3a-
s, yto PEF oka3piBaeT Ha MMKpPOOPraHU3Mbl (B TOM 4MUCIe
L. plantarum u E. coli) neTaqbHOEe HETEPMUYECKOE [AEeJCTBIE, IPU
9TOM CTeneHb MHaKTUBaIuu E. coli BO3pacTaeT Mo Mepe yCu-
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JIEHUSI HATIPSDKEHHOCTY 3JIeKTpUYecKkoro moss ¢ 5 1o 20 kB/cm
Y 4KCIa MMITY/IbCoB ¢ 207 mo 1449 [30].

V3yueHne cocTaBa TOMaTHOTO coka rocie o6pabotku PEF 35
KB/cM B TedueHne 1500 Mc Tpy GUITOMSIPHBIX UMITY/IbCAX (4 MKC,
yacrtoTta 100 I'n) u mmoTHOCTU 3Hepruun 8269 kIHK/1 mokaszaio
yBeNnuMUeHMe COAepsKaHusl TMKOMMHA U BuTamuHa C, 1o cpas-
HEHUIO C COKOM, MPOLIeAIIMM TEeIUIOBYI0 00paboTky rpu 90 °C
B TeueHue 30 ¢, a cTelieHb MHAKTUBALUYU TEKTMHMETUIIICTEPa3bI
cocraBmia 82% [31].

VHakTuBauus MukpoopranmsmoB PEF 06pa6oTKoii 103BO-
JIsleT IPOMU3BOOUTDb MacTepu30BaHHbIe MPOAYKTHI B COOTBETCT-
BUU CO CTaHAAPTaMM, yCTAHOBJIEHHBIMY PETyAMPYIOIIMMY Opra-
Hamu. TakuM 06pa3om, MOKHO CUMTATb, YTO TEXHOJIOTVSI TOTOBA
IIJIS1 TIPUMEHeHUST B TPOMBIIIZIEHHBIX MaciiTabax. OmHaKo cie-
JlyeT OTMEeTUTb BBICOKME 3aTpaThl JJis1 OpraHu3alyy JaHHOTO
BUIa 06pabOTKY — Tepe], MaIlMHOCTPOUTENSIMY CTOUT 3azada
crenaTh 060pyIOBaHNe KOMMePYEeCKY KIM3HEeCITOCOOHbIM [32].

2.3. PaduoakmueHoe u3yyueHue

Pannanmss — 3TO HeTepMUYECKUII METO[, MUCIIONb3yeMbli
JIJISI COXpaHEHMSI MPOLYKTOB IMUTAaHMSI, KOTOPBIM YHUUTOXKAET
MUKPOOPTaHU3Mbl WJIM YMEHbBIIAET UX KOINYECTBO MPU TeM-
repaType OKpyXKalollieif cpembl, u3beras paspyluIuTeTbHOTO
BO37elCTBMS Telljla Ha apoMar, LiBeT U UTAaTeIbHYI0 IeHHOCTD
MpoayKTa. MexaHusm 06y4yeHMsl BKIOUaeT B cebst o6pa3oBa-
HMe peaKkTUBHBIX YaCTUL, KOTOPbIE Jajiee 3aITyCKaloT MpoLecc,
B3aMMOJENCTBYS C KIeTOUHbIMU cTpykTypamu u JHK Mukpo-
OpTraHM3MOB. YBenMUyeHMe CpoKka TOIHOCTY MTPOSYKTOB IUTaHUS
MIPOVUCXOIUT TyTEM BMeIIATeNbCTBA B KaTabOIM3M MUKPOOD-
TaHM3MOB, NMPUCYTCTBYIOLIMX B CBEXMX MPOAYKTAaX B Iporecce
XpaHeHus [33].

B Hacrosiee BpeMst 06JTyUeHMe OTAENbHO WU B COUETaHUU
C IPYTMMU TPaAULIMOHHBIMM MeTOAaMM KOHCEPBaLUU UCIIONb-
3yeTcsl OIS YBeIMYEeHMSI CpOKa TOJHOCTM CBeXKeHape3aHHbIX
MPOAYKTOB [34]. OgHAKO 3TOT Cr1O0co6 06PabOTKU YaCTO CBSI3bI-
BaeTcs C pa3BUTHMEM XapaKTEPHOTro MPUBKyca B IIpoliecce Xpa-
HeHMs IPOAYKTa U C pa3MsirueHueM CTPYKTYPbl HEKOTOPBIX CBe-
KX (DPYKTOB M OBOIIEi, TAK KaK OOTyUYeHre MOKeT BIMSTh Ha
I7IaBHbIe KOMITOHEHTBI MPOMYKTA, TO €CTh Ha YIJIEBOAbBI, OEJIKM
u Xupbl [33]. Bo MHOIMX CIydasx M3MeHeHNs], IIPOUCXOAsIIYe
B MPOJYKTE, 3aBUCST OT J03bl OOIYUEHUST U OT CTelleHM Hero-
numepusanuu. Kak ykasano Kommuccueit Codex Alimentarius,
MaKCUMMaJIbHO JOMYCTMMas N03a AJIS1 MUILEBbIX MPOAYKTOB CO-
crasisieT 10 kI'p. IIpu o6ayYeHUM GEIKM MOTYT ITOABEpPraThCs
KOoaryisiiuuu, pa3BopauyBaHMIO, MOJIEKYISIDHOMY pacKpy4yMBa-
HMIO U paclieruieHyo0. Hampumep, CeIpble siila CTaau SXUAKUMU
Y BOOSTHUCTBIMM TIOC/Ie O6GIydeHus 10307 6 KI'p. B pesynabrate
obmyueHus mieHuIbl mo3oii 0,2—10 KI'p, mocie pasioKeHuUs
Kpaxmasa, Habmomanoch 3HAYMTENbHOE IOBbBIIIeHNe YPOBHS
BOJIOPACTBOPUMBIX caxapoB. Takske NPy yBeTUUYEHUU 03Bl 00-
JIy4eHMsI TIPOMCXOAUT YCUJIeHMe IMPOTrOPKJIOro 3amaxa 3a CueT
CaMOOKMCIeHMsI KUPOB [35].

B GonpIIMHCTBe CcIyyaeB oOMyyeHNe He BbI3bIBaeT M3MeHe-
HMIT OPraHONeNITUYECKUX CBOVCTB oBoulelt u dbpykToB. Hampu-
Mep, M3MEeHEeHMe CTPYKTYPhI SIGJIOK 3aBYUCENI0 OT MUCIOIb3yeMOii
no3el: Tipu po3ax 0,15-0,30 k['p u3MeHeHUsI B CTPYKType He
Ha6II0aI0Ch, B TO BpeMs Kak mpu go3ax 0,30-0,90 kI'p 3Haum-
TeJIbHO YMEeHbIIMUIACh TBEPAOCTb. CHIDKEHME TBEPIOCTU TaKKe
Hab6JTI0IaI0Ch TSI MAJIMHBI, TPYII, Maraiu u MUTPycoBbix. 06-
smyyenue B 0,75 kK['p MpUBOAMIIO K U3MEHEHMIO apoMaTa rnamnanm
U amelbCMHOB [36-38]. [Ipyrue M3MeHEHUsl, KOTOpble GbLIn
OTMeUeHbI Mocjae 00yuyeHMsT HEKOTOPBIX GPYKTOB M OBOILEIi:
YMeHbIIIeHNe COMepKaHusl acKOpOMHOBOM KUCIOTHI B JIyKe,
Kaproderie, I6110Kax U TpeindpyTax; yBeauueHe comepskaHus
caxapo3bl, U3MeHeHVe aMUHOKMCIOTHOTO COCTaBa U CHDKeHMe
copepskaHust KApOTUMHOMIOB B KapTodese; yMeHbIlIeHNe Comep-

>KaHMST A-ToKodeposa B Hape3aHHBIX JOMTUKAMU TTOMUIOPAX;
yBenuueHne cogepskanus GraBoOHOMUIOB U CHIKEHME KUCTOTHO-
¢ty B Tpeindpyrax [39].

[lInpoxoMy BHEIPEHMIO JAHHOTO CI1oco6a 06paboTKy B IPo-
MBIIIJIEHHOCTY TPEMSITCTBYIOT MPO6IeMbl He TOIBKO C TOCTYII-
HOCTbI0 6e30TIacHBIX YCTAaHOBOK, HO U C 3aIIPeTOM MCITOb30Ba-
HUSI JAHHOTO BUAA 06pabOTKM MPU IIPOU3BOJCTBE HEKOTOPDIX
BUIOB IponyKToB. Hanpumep, B coorBetcTBum ¢ TP TC 023/2011
B Poccun u crpaHax TamMoOKeHHOTO COr03a 3arpemnieHo UCIOb-
30BaHMe VOHU3UPYIOIEro U3TyYeHNs IIPU MTPOMU3BOLCTBE COKO-
BOJ IPOLYKLIUN.

2.4. IlpumeneHue ynompaguoiemosozo usnyuerus (YOHU)

VnbrpaduonetoBoe usnyueHme (YOU) sBisieTcs ogHOM U3
TeXHOJIOT Ui, HAaITpaB/IeHHbIX HA obecrieueHe 6e30MacHOCTHM K-
LeBbIX [IPOAYKTOB, COXPaHEHNe BHELIHero Bua U MUTaTelbHbIX
BellleCTB, a TakKe MmpojJieHne cpoka xpanenusi [40,41]. Oddekr
oT YOU mpoucxoguTt 3a CYeT MOMIOLIeHUSI MUKPOOpraHU3Ma-
M1 KopoTkoBosHoBoro (100-400 Hm) Y®-cBeTa, ITpeoTBpamias
Tpolecc JeneHust KIeTkKu. DPGeKTuBHOCTh YOU HaxomuTcst
B IIPSIMOJ 3aBUCUMOCTY OT KOJIMUECTBA A,03bl, TOITIOLEeHHO MU-
KpOOpraHmsMom [42, 43]. IIpu 3TOM IIPOUCXOAUT Cepbe3Hoe IM0-
BpeKIeHMe KIeTOUHOI CTeHKM MUKPOOPTaHU3MOB, HapylIaeTcst
cucrema penaparyu JHK u 3atparuBaioTcsi hbepMeHTaTUBHbIE
(yHKITMY, KOTOpPbIE TPUBOISAT K PA3PYIIEHUIO KJI€TOYHOI CTPYK-
TYPbI 13-3a TIOBBIIIEHHO POHUIIAEMOCTH KJIETOUHOI MeM6pa-
HbI U ee genonspusanum [44]. YOU sddekTMBHO IS SKUIKUX
MUIIEBbIX TTPOAYKTOB [0 OTHOIIEHMIO K MATOTeHHbIM MUKPOOP-
TaHM3MaM, IIpY 3TOM B pe3y/ibTaTe JAaHHOTO BUAa 06paboTKy He
TOBBIIIAETCS] TeMIepaTypa NPOAYKTa U He MPOUCXOAUT HeXesla-
TeNbHbIX U3MEHEeHMIT OpraHoeNTUYeCKIUX IToKa3aTemneit.

ITo cpaBHEHMIO C TeIUIOBOI 06pabOTKOI, Mpu 00paboTke
VOU npoucxoant 3¢pPeKTUBHOE paspyllieHne Criop, KOTOpbie He
BOCIIPUMMYMBBHI K TemIiepatype [45,46]. YOI MOIIHOCTBIO OKO-
710 140 Ix/M? mocTaTOYHO 11 MHAKTUBALM crop B. anthracis
[47]. OmHaKO BO MHOTMX MCC/IeAOBAHMSIX COOOIIAETCsT 06 YCTOM-
yuBocTH K YOU criop poxa Bacillus [48,49).

JlocToMHCTBA UCIIONAb30BaHKA YOU 3aKk/I0UaoTCs B TOM, UTO
V®-cucreMbl TPeOYIOT MUHMMAIbLHOTO OOCTYKMBAHUS, SIBJISI-
I0TCSI 9KOJIOTMYECKM 6e30TaCHBIMY Y MOTYT OBITb YCTAHOBJIEHBI
B /1106071 TOUKe MPOMU3BOACTBEHHO JIMHUA.

HemoctaTkamyu JaHHOTO MeTOAA SIBJsSEeTCS Majasli TIyOuHa
MIPOHUKHOBEHMS (TaK Ha3bIBaeMast TOBEPXHOCTHAst 06paboTKa),
BO3MOKHO€ TIOBTOpPHOE OOCeMeHeHMe MPOAYKTA, HeCTPYKIUS
BUTAMMHOB (IIOT€PU HEKOTOPBIX U3 HUX MOTYT JOCTUTATh 50%
[50]), 6ekOB, aHTMOKCUIAHTOB, a TaKKe OKUCIEHMEe JIUITUIOB.
Bce 3T0 TpebyeT manbHeero n3ydeHust M royucka pelieHus
IUIsT MMHMMM3aUUM paspylIUTeNbHOro Bo3szeiicTBust YOU Ha
pasIMYHbIe TPYIIIIbI UIIEBBIX TPOAYKTOB [51,52].

2.5. Qunempayus

OunbTpoBaHme uepes (GUIBTPHI C TIOPUCTOI ITePEropos-
KOii — MeToJ 00paboTKM, IJTaBHBIM 06pPa3’oM MCIIOIb3yeMbIit
IUTIST SKMIKUX MTPOAYKTOB. [Ipy 9TOM pasmep mop buiabTpa Mop-
6UpaloT TakuM 06pa3oM, UYTOOGBI OH obecrieunBaa O6apbep s
OTIpeieIeHHbIX BUIOB MUKPOOPTaHN3MOB, KOHTAMUHUPYIOIIAX
JICXOAHBIN MPOAYKT. B nuieBoii IpOMBINUIEHHOCTY IIPUMEHSIIOT
MUKPODUIBTPALNIO U YAbTPaDUIbTPALINIO.

2.5.1. Muxkpopunempayus

Mem6paHHbII (QUIBTP B YCTAHOBKE MUKPODMIbTpALIIU
umeet cpenHuit pasmep nop 0,1 Mrm. [IMama3oH pasmepos,
B 3aBMCMMOCTH OT BuAa GUIbTpa U 1eeit GuabTpaunum, MOKeT
BapbyupoBaThcst oT 0,05 MKM 10 5 MKM. MukpodumibTpanys ad-
dbexTrBHA N5 yIaneHus U3 KUIKOCTY MPOCTEMIINX KUBBIX Op-
TaHU3MOB, 6AKTePUit ¥ BUPYCOB.
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2.5.2. Ynempagunempauus

Cpemuuit pasMep TOp MeMOpaHbl YIbTPaAbUIBTPALIUN
B 10 pa3 MeHblie, ueM y MuUKpoduabTpaiumu. OH COCTaBIsIeT
0,01 MkM 1 MoskeT BapbupoBaTbcs ot 0,001 Mkm 0 0,05 MKM.
VabTpadunsTpaiys 3¢bdeKTUBHA MPOTUB MPOCTEMIINX KUBBIX
OpraHmM3MoB, 6aKTepuit ¥ GOTBITMHCTBA BUPYCOB.

[TpeumyiecTBa, CBsSI3aHHbIE C 3TOV 06pabOTKOI, BKIIOUAIOT
yBeJIMUEHME CPOKA TOMHOCTM I'OTOBOTO MPOAYKTa U SHEPro-
coepexkerne. OmHaKO JaHHBIN Bu 00paboOTKM IIPUTOEH TONIb-
KO IJISl KUIKUX TIPOAYKTOB, OH MMeEeT BBICOKME IKCILTyaTa-
LIMOHHbIE 3aTPaThl HA OOCAY)KMBaAHME U 3aMeHy MeMOpaHHBIX
bunbTpoB.

3. BpIBOIbBI

Pan HeTepMMUECKUX CIIOCOO60B 06paboTKu, Takue Kak HPP,
VOU u GuibTpanysl MMUPOKO UCTIONb3YIOTCSI B TIPOM3BOICTBE
MIPOAYKTOB IUTaHMUS, B TO BpeMsI KaKk 06paboTKa B MMITYIIbC-

HOM 3JIEKTPUUYECKOM I10JI€ U PAJYIOAKTMBHOE M3/IyUYeHMe UMEIOT
KpajiHe OrpaHMYeHHOe IpuMeHeHue. [laHHble Crtocobbl 06pa-
60TKM TPeGYIOT NOMOTHUTETbHBIX Mep sl obecrieueHus: 6es-
OTaCHOCTY OBCTYKMBAIOIIETO MTEPCOHANA U JKECTKOTO KOHTPOJIS
npuMeHsieMbIx 103. ClieyeT OTMETHTD, YTO 00paboTKa TOIBKO
HETEePMMUYECKMMM CII0CO6aMM IPUBOAUT K OTrPAHMUYEHHOMY
CPOKY TOIHOCTY TOTOBBIX IIPOIAYKTOB ¥ 3a4acTyIO TPeOYyeT cIie-
L[MATbHBIX YCIOBUII XpaHeHMs. B CBS3M C 3TUM MMEET CMBbICT
KOMOVHMPOBaHME TEPMMUUECKUX U HETEPMMUUECKUX CIIOCOOOB
06paboTKy. I[IpyMepOM TaKOTO COUETAHMSI MOXKET CITYKUTb TTPU-
MeHeHMe yIbTpabuabTpallMy COKa M Tactepusaiuu. Hecom-
HEHHBIM MPEUMYIIECTBOM TaKOTO COUYETAHUS MOXKET CIYKUTh
CHIDKeHHue TepMI/I‘IECKOI‘/J{ HarpysKkm Ha IIPpOAYKT, T. K. MUKPO-
6uosiorMueckasi 00CeMeHEeHHOCTb IIpeIBapUTeIbHO CHIKEHa
dunprpanmeii. U, Kak ciemcTBie, Mbl IT0JTyd4aeM CTabMIbHO Xpa-
HSILIVICS TPOAYKT C MUHMMAIbHBIMY MTOTEPSIMY KaueCTBa U CO-
XpaHE€HHbIM HAaTMBHBIM ITIOTE€HIIMAJIOM.
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COBPEMEHHBIE BUOPA3JIATAEMBIE
MATEPUAJIBI C YCKOPEHHOU NETPAITAIIUENA
IJISI MOJIOYHOUW U MUILEBOUN IMPOAVKIIUU
(ITIPEJIMETHBIN OB30P)

Msnenko [I. M.

Bcepoccuiickuit Hay4HO-MCCIeA0BaTeNIbCKMI MHCTUTYT MOJIOYHOV IPOMBILIZIEHHOCTY, MocKkBa, Poccus

00630pHas cTaThs

KJ/IIOYEBBIE CJIOBA: AHHOTAL A

6uopasnazaemas ynaxkosxd, ITpomyKTHI MOMMMEPHO! TPOMBIIUIEHHOCTY, TbBUHYIO IO KOTOPBIX COCTABJISET YIIAKOBKA MUIIEBOI MTPOAYK-
0KCOpasnoxceHue, NOAUIAKMuo, L[MU, CO3/AI0T CYIIECTBEHHYIO Yrpo3y IJIs OKPY)Kalolleil Cpesibl, YTO TpebyeT MoucKa Hambosee JeiiCTBeHHBIX
noaubymuneHadounam- " QYHKIMOHANBHBIX pelreHnit. C KaXKIbIM TOfIoM 06beMbl POM3BOZCTBA MTOJIMMEPHO YITaKOBKM PACTyT B CPe[i-
mepegmanam, HeM Ha 10-12%, a B npouuiom rofy m3-3a pacnpocrpaHeHus no scemy mupy SARS-CoV-2 (COVID-19) u ero
buopasnazaemole 000asKu IITAMMOB ITPUPOCT cocTaBumit 6onee 20%. PerreHne 9KOI0rMIeCcKoit mpobieMbl BO3SMOKHO C MCII0/Ib30BaHMEM OC-

HOBHBIX 6a30BbIX [TOIXOMOB: YTMIM3ALIMS ¥ BTOPUUHAS IIepepaboTKa OTXOM0B, KOTOPAs JacT BO3MOKHOCTD «BTO-
POt KMU3HM» Y3Ke UCIIOIb30BAHHBIM [TOIMMEPaM; pa3spaboTKa 1 COo3JaHye HOBBIX 6MOopasiaraeMbiX MaTepyuasos,
CITOCOGHBIX IETPaaMpPOBATh IIOJHOCTHIO IO, BIVISIHEM BHEITHMX (JaKTOPOB Ha OTHOCUTENbHO 60jiee 6e30IacHbIe
BemecTBa. OQHAKO CJIeyeT OTMETUTD, UTO MEPBbIii CII0CO6 MMeeT PsJ CYIIeCTBeHHbIX HeJOCTaTKOB, CBA3aHHBIX
C 3aTPyIHEHMEM KOHTPOJIS KOIMUYECTBA OCYLIECTBJAEHHBIX TIPOIECCOB PELMK/IMHIA, YTO MOTEHIMATBHO MOKET
MIPUBECTY K YBEIMUEHNMIO MUTPAI[IOHHBIX TIPOI[ECCOB 13 MOMMMEPHBIX MAaTePHAIOB. BTOPhIM CITIOCO60M pelieHst
9KOJIOTMYECKON TPO6IeMbl YTUAN3AIMUM U TIepepaboTKM YITAKOBKY SIBJISIETCS HaIllpaBjieHue, CBI3aHHOe C CO3/1a-
HUEM TOIMMEPHBIX MaTEPUAIOB, C 3aMEHOIT YaCTH TPAAMUIIMOHHBIX KOMMEPUECKMX CUHTETUYECKVX OCHOB Opra-
HUYECKMMM ¥ HEOPraHMYeCKMMM HAMOJTHUTEISIMUA B PA3IMUYHBIX KOHIEHTpaLuusax. OMHAKO, MOXKHO MPeIToo-
SKUTB, UTO HamMGoJIee MepCrekTUBHBIM CIIOCO60M 06paleHyist C YIIaKOBOUHBIMM OTXOIaMI, SIBJISIETCST pa3paboTka
TEXHOJIOTHA, HATIPABIEHHbIX Ha CO3[jaHIe MOMHOCThIO 61Opa3iaraeMbix MaTePUAIOB C PETYIUPYEMbBIM CPOKOM
CTy>KObI, KOTOPbIE TIOC/IE CBOETO SKM3HEHHOTO IMKIIA YTUIV3UPYIOTCSI B KOPOTKME CPOKM 6e3 HaHeCceHMs Bpema
OKpysKarolieit cpezme. HacTostiimit 0630p MOCBSIIEH aHAIN3Y PhIHKA COBPEMEHHBIX 6110pasiaraéMbiX MaTepuaaoB
¥ CII0CO60B MOTYYeHMST TerpaaupyeMbIX KOMIIO3UIINMIA, CIOCOBHBIX CTATh CYIECTBEHHOI a/IbTePHATUBO TpaIu-
[MOHHBIM TUIACTUKAM.

OUHAHCHUPOBAHUE: CraTbsi MOATOTOBIEHA B paMKaX BBIIIOJIHEHMSI MCCIeIOBaHMI 110 rocynapcTBeHHOMY 3agannio HP N2 FNSS-2022-0005 Bcee-
POCCUIICKOTO HAYYHO-MCCIeA0BATENbCKOTO MHCTUTYTA MOJOUHOM MTPOMBIIIJIEHHOCTH.
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biodegradable packaging, Products of the polymer industry, the lion’s share of which is food packaging, create a significant threat to the en-
oxo-degradation, polylactide, vironment, which requires a search for the most effective and functional solutions to this problem. Every year, the
polybutylene adipate production of polymer packaging is growing by an average of 10-12%, and last year, due to the worldwide spread
terephthalate, of SARS-CoV-2 (COVID-19) and its strains, the increase was more than 20%. A solution to the environmental
biodegradable additives problem is possible using the main basic approaches: disposal and recycling of waste, which will give the pos-

sibility of the “second life” to already used polymers; development and creation of new biodegradable materials
capable of degrading completely under the influence of external factors into relatively safer substances. However,
it should be noted that the first method has a number of significant drawbacks associated with the difficulty in
controlling the amount of recycling processes carried out, which can potentially lead to an increase in migration
processes from polymeric materials. The second way to solve the environmental problem of packaging disposal
and recycling is the direction associated with the creation of polymeric materials with the replacement of part of
the traditional commercial synthetic bases with organic and inorganic fillers in various concentrations. However,
the most promising way to handle packaging waste, in our opinion, is the development of technologies aimed at
creating fully biodegradable materials with a regulated service life, which, after their life cycle, are disposed of in
a short time without harming the environment. This review is devoted to the analysis of the market of modern

OJ11 UUTUPOBAHUS: Msanenko M. M. (2023). CoBpeMeHHble Guopasna- FOR CITATION: Myalenko, D. M. (2023). Modern biodegradable materials with
raemple MaTepuaabl C YCKOPEHHO Ierpajaryeii Ajas MOJOYHON ¥ TMILEBOI accelerated degradation for dairy and food products (Subject review). Food Sys-
npopykuvu (IIpegmetsiit 0630p). ITuuwjessie cucmemst, 6(1), 11-21. https://doi. tems, 6(1), 11-21. https://doi.org/10.21323/2618-9771-2023-6-1-11-21
org/10.21323/2618-9771-2023-6-1-11-21



Myalenko D. M. | FOOD SYSTEMS | Volume 6 No 1 | 2023 | pp. 11-21

biodegradable materials and methods for obtaining degradable compositions that can become a significant alter-

native to traditional plastics.

FUNDING: The article was prepared within the framework of research on the state task of Research and Development No. FNSS-2022-0005 of the

All-Russian Research Institute of Dairy Industry.

1. BBegenmue

JKojIoruvecKkme Mpob6aeMbl, BbI3BaHHbIE aHTPOIIOTEHHBIM
(akTopom, M3ydaroTCcs ¢ MPOILIOro Beka. OTae/bHOE BHUMA-
HHe YOeNsiIoT BOIIPOCaM 3arpsisHeHMsI IPUPOIBI OTXOLAMM
KU3HeNesITeIbHOCTU venioBeka [1,2]. JInuTtenpHOe Bpems Mpo-
671eMy o6GpalleHust C 0TXOJaMM UTHOPUPOBAIK BO BCEM MUpe,
UTO TMPUBEJO K HAKOIJIEHMIO MCIIOIb30BAaHHBIX MaTepuaioB
B npupoge [3]. Pe3ynbTaToOM CIy>KUT paclpoCTpaHeHMe Iijia-
CTUKA B KQKIOI 6M0CKCTEME TIJIAHETHI: B TOUBE U OTJIOKEHMUSIX,
B OKeaHe, MOPSIX U peKax, Iake B 61omMacce sKkMBOTHOTO MUpa
” 4eyioBeka [3—-6]. IIpu 3TOM pasBuBaeTcsl 9KoJIOrnyeckas rpa-
MOTHOCTb HaceJeHMs U MOBbINIAETCS POJib TOCYAAPCTBEHHbBIX
peryasiTopoB B JaHHOM HarpasieHuu. Ha cerogHsHMI feHb
MYyCOP COPTUPYIOT U TTepepadbaThIBAIOT C I[e/TbIO0 TOTYYeHs BTO-
PUYHOTO ChIPbS MJIM S9HEPTOPECYPCOB, TAK¥Ke OTXOIbI TTOAIeXaT
3aXOPOHEHUIO ¥ CKUTAHMIO HA TMOJIUTOHAX U MPODUINPOBAH-
HBIX 3aBOJIaX COOTBETCTBEHHO [3,4]. PEIMKIMHT MOIMMEPHBIX
MaTepuanoB CHIDKAeT CTeleHb 3arps3HeHMs] OKpysKalomiei
cpefbl, OIHAKO TPOILEHT MepepaboTaHHBIX OTXOHOB BCe ele
3HAUMTEJbHO HMKe IO CPaBHEHUIO C KOJIMYECTBOM 3aXOpo-
HEHHBIX OTXOJO0B NPOM3BOACTBA. II0 JaHHBIM OTeYeCTBEHHBIX
uccenoBarTeneit, B Poccuy Takoit croco6 yTUamM3auum UCIob-
3yeTcst IMIIb IJ1s1 3-4% mycopa [7], B TO BpeMs Kak o6pasyeTcst
0K0J10 60 MJTH TOHH TBEPJIbIX KOMMYHaJIbHBIX OTXO/IOB B IO, 5%
¥3 KOTOPBIX COCTaBisieT InacTuk [8]. I[lonmmepHoe chIpbe Mpu-
BJIEKaeT MPOM3BOAMUTENEN HM3KOV CTOMMOCTBIO B COUETAHUN
C TIpeKPaCcHbIMU MeXaHUYeCKMMMU XapaKTePUCTUKAMHU, a TakkKe
HeO6OIBIIM BECOM U IJIUTETbHBIM CPOKOM MCIIO/Ib30BaHMS. 3a
rnocienHue 50 JieT MMUPOBOIT 00beM ITPOM3BOJICTBA TIIACTMACC
BBIpOC ¢ 30 10 367 MJIH TOHH [9]. B TO ke Bpemsi, 110 JaHHBIM
EBpormerlickoli accouyanuy MOPOU3BOOUTeENel IUIacTUKa, 3a
nociaegHue 3 roga B EBporie CHMKAeTCS BBIMTYCK MOJMMEPHO-
IO ChIpbs ¥ MaTepuanoB. TaKyo AMHAMUKY MOXKHO OGBSICHUTD
OCYILeCTBJIEH/EM Pa3yMHOM 5KOJIOrM4eckoil momutuku [10].
B crpanax EC oka3bIiBalOT 3aKOHOJATENbHYIO MOAAEPKKY Mep
I10 3alIMTe OKPYKAIOIEN Cpebl, yOesIoT 60IbIII0e BHUMAaHME
TTOCTOSTHHOJ MepepaboTKe MaTepuaaoB 1 06palieHuIo C 0TXO0-
namu. [ToMmrMmo 3TOro, eBporneickue mpou3BOAUTENN CTapa-
IOTCSI TIPeIOCTaB/IsATh Ge3BpeqHOe chbipbe. Takasi TEHIEHIUS
OOBSICHSIET CHVKEHME TIOCTYIUIEHWUSI TIPUBBIUHBIX ITOJIMMEp-
HBIX MaTepuaaoB Ha pbIHOK. OZHAKO B 11€JI0M IIPOTrpecc CTpaH
EBpomnbl He BiMsieT Ha MMPOBbIE MOIIHOCTM IIPOM3BOACTBA
noauMepoB. [IMacTuk Ko cux mop SIBASIETCSI OOHUM M3 CaMbIX
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Figure 1. Production volume of plastics in Europe, tonnes
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BOCTPeOOBaHHBIX ChIPbeBbIX MaTepuanos (PucyHok 1 u Pucy-
HOK 2) [10,11].

Uckmouennem ctan 2020 rom, Tak kak nmanaemus COVID-19
TIPEersITCTBOBajIA MPUBBIUHON ITPOMU3BOJCTBEHHO paborte. ITo-
MMMO TPYLHOCTeN € MOCTaBKaMM M3-3a YCJIOKHMBILENCS Mpo-
eaypbl TAMOXKEHHbIX ITIPOBEPOK, Ha MTOJIMMEPHYIO [IPOMBIIIIIEH-
HOCTD BJIMSUTM Takue GaKTOPbI, KAK Pe3KMil aSKMOTasKHbBIN CITPOC
Ha MeOUIIMHCKME U3OeNNsi U MHAUBUAYAIbHYIO YIIaKOBOYHYIO
MIPOAYKLMIO, B TO BpeMsI KaK K OCTaJIbHbIM CerMEHTaM DbIHKA
3aMHTEPECOBAHHOCTb HaCeIeHMs 6bUIa MPAKTUYECKN TOTePSTHA.
[TepeHOCHI PEMOHTHBIX pPabOT, M3MEHEHUS MHBECTUIIMOHHBIX
IJIAHOB ¥ CPOKOB BBITMIOJTHEHMSI TPOEKTOB — BCe 3TO MPUBEIO
K OO0 B HaJIaKEHHOI CUCTEME MPOU3BOACTBA, UYTO TOBJIEKIIO
yMeHblileHre o6bemMa MPOM3BOJCTBA HEKOTOPBIX I'PYIINT TeXHU-
YeCcKux noaumepos [11].

BBuamy pesko BO3pocIIero crnpoca Ha CPefcTBa MHIUBUAY-
albHOM 3aIUTHI MPoGIeMa BIVSHUS IIACTMKOBOTO Mycopa Ha
9KOJIOTMI0 He YMeHbUIMIach. BONbIIMHCTBO OJHOPA30BBIX Me-
JUIVHCKUX MAacOK, XajJaTOB COAepskaT B COCTaBe IOINUITUIIEH,
TIOJTUTIPOTIMIIEH U TTonuaTIIeHTepedTanat [12]. B Poccun 3a rop
MaHJeMUY HaKOTIUIOCh He MeHblile 30 ThIC. TOHH UCIHOIb30BaH-
HBIX CPeJICTB MHAUBUAYAIbHOI 3a1uThl. O6paleHne C UCTIONb-
30BaHHbIMM CU3 IPOUCXOOUT TaK Ke, KaK U C JTIOObIMU OTXO-
Iamu [13], a 3HAUMUT, MaCCUMBHAsI YaCThb MCIIOIb3yeMbIX CPEICTB
3aIIMUTHI 3aXOpOHEeHa ¥ GYIeT pasiaraThCs B IPUPO/IE B TEUEHME
JleCSITKOB JIeT.

CeromHsl GMOTOMMMEpPBI COCTABJSIIOT TNpUMepHO 1% OT
335 MJIH TOHH MOJIMMEPOB €KerofHO, HO IT0 Mepe POoCTa CItpoca
¥ TIOSIBJIEHUST 60Jiee COBEePIIeHHbIX 6MOTIONMMEPOB PHIHOK ITOC-
TOSIHHO pacreT [14].

ComtacHO MOwIeHUM AaHHbIM OT EBpOIeEicKoro MHCTUTY-
ta 6uorutactukoB (European Bioplastics), HayuHO-MCCIeAOBa-
TeIbCKOTO MHCTUTYTA nova-Institute (Xiopr, Tepmanus) u Ha-
YYHO-MCCIe0BaTeNbCKOTO MHCTUTYTa HOBOW WIKOAbI (XIOPT,
lepmaHus), MPOMU3BOACTBEHHbIE MOIIHOCTY 10 M3TOTOBJIEHUIO
TIJIACTUKOB 6yayT yBenueHbl Ha 20% mo 2023 ropa [14].

EBpomneiickuit MHCTUTYT 6MorIacTUkoB B 2018 romy omy6:im-
KOBaJI OK/JIaJ, B KOTOPOM BCe NPOM3BOACTBEHHbIE MOILHOCTU
MIPOMU3BOACTBA OMOIUIACTUKOB B MUPE PACCOPTMPOBAHBI M0 Ha-
3BaHMSIM MaTepuaioB (PucyHOK 3).

Ha cerogHsmnamii [eHb NpakTUIeCcky AJ1s1 KaKIO0ro KOMMep-
YeCKOTO CUMHTETUYECKOTO Io/MMepa MOKHO Iomo6paTh ajlb-
TepHATMBHBIIl 6MOpasnaraeMblii MaTepuas, KOTOPbIA B 6ONb-
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PucyHOK 2. MUpOBOJi 06'b€M MMPOMU3BOICTBA, T
Figure 2. Global production volume, tonnes
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Opyrue 6uopaznaraemole

PHA 1% matepuanel 1%

PBS 5%

PBAT 7%

PLA 10%

KpaxmanbHblie

cmecu 18% PE 9%

2 4

He 6uopasnaraembie
maTepuanbl Ha OCHOBe
6uo-cbipba 1%

PET 26%

PA 11%

PTT 9%

PucyHok 3. BumoBoe pacnpeneneHue 6uoriacTuka B mupe (2018-2019 rr.) B mpoIieHTHOM COOTHOIIEHUN

M3 pacyeTa ri100aabHbIX IIPOMU3BOACTBEHHBIX MOITHOCTE THIC. TOHH 3a mepyoa, 2018-2019 r. [14]
Figure 3. Distribution of bioplastics in the world (2018-2019) as a percentage based on the global production capacity
of thousand tons for the period 2018-2019 [14]

IIMHCTBE (JIyyaeB MMeeT Te JXe CBOICTBa, UTO U TPAAUIMOHHbIE
TJIACTUKY, 1 06ecIieurBaeT HEKOTOPbIE TIPEMMYIIECTBA, HAIPU-
Mep, BO3MOXKHOCTb YIIpaBJe€HMSI OTXOJaMH, MCII0JIb30BaHUe
IIPOMBIIIIEHHOTO KOMITOCTMPOBAHMSI U IIOTEHIMAIbHOE YMEHb-
LIeHMe YITIepOSHOTO caefa.

O6beM MPOU3BOCTBA OMOpPAa3araeMbIX MOJMMEPOB TI0 CO-
crostunio Ha 2018 rop cocrasisieT 1,2 MJIH TOHH [5], 6GO/IBIITYIO
YacTh OT ITOTO UMcIa (OKOMO 65%) cocTaBiiseT yIakoBKa st
TIMIEBbIX ¥ HENUIIEBbIX MPOAYKTOB. O6JaCTh MpPUMEHEHMs
JerpaaupyeMoit YIIaKOBKM pacIIUPSIeTCs C KKIbIM r'OIOM — OT
M3TOTOBJIEHMS UT'PYIIEK, TPOM3BOACTBA OBITOBON 3JIEKTPOHUKM
¥ aBTOMOOMIIEN O CeIbCKOX03sICTBEHHOM, MMMUIeBOi, B 4acCT-
HOCTY MOJIOUHOV TTPOMBIIITIEHHOCTM.

B Hacrosiiiiee Bpemsi B MPOM3BOACTBE IUIACTMACC OUeBUIHA
TeHAEeHIVS K MHHOBALIMSIM U SKOJIOTMYHOCTY TIPpOayKumu [15,16].
MennuyHa [17,18] 1 yrmakoBoYHasi MPOMBILIIEHHOCTD [19] sBsi-
I0TCST OMHMMMY M3 MHOTOUMCJIEHHBIX OTPac/ieif, B KOTOPBIX BOCTpe-
60BaHbl pas3aMyHbIe TIACTMACCHL [IpM 3TOM C KaXKIbIM TOIOM
obocTpsieTcst mpobiemMa 3arpsisHeHMSI OKPY3KaloIei Cpebl, B TOM
YyucrIe py MOTpebIeHn N 3TUX MaTepuanos [20], MO3TOMY aKTUB-
HO Pa3BMBAETCSl HAIpaB/ieHMe OGYMOpasIaraeMbiX MOJIMMEPOB —
TIOJIIMEPOB, CITOCOGHBIX K OBICTPOI OMomerpamayy mof, Bo3zeii-
cTBMEM (DaKTOPOB OKPYKAIOIIE Cpeabl M MUKPOOPraHM3MOB.
buopasnaraemple TOIMMEPBI MMEIOT CBOVICTBA, aHAJIOTMYHbIE
TpamuuMoHHbIM [21]. KoMOMHAILMS MCIIOMb3yEMbIX MCXOMHBIX
MaTepyrayioB MO3BOJSET TOMYYUTh TIOMMMED C BBICOKOW T'MOKO-
CTbI0, OTJIMYHOI yIapHOI1 BSI3KOCTHIO M OTHOCUTEIbHBIM Y IMHE-
HMeM Tipu paspbiBe (6osee 500%). Takke MOITyUEHHbIN TTOTMME]D
6ymeT 06/1aJaTh XOPOIIIeii TNIaBKOCThIO (TeMITepaTypa IJIaBIeHNs
115-125 °C) u xoporieit 6uopasnaraeMocTbio [22,23].

Ilpu  wuccremoBaHusX  GuopasjiaraeMbiX  MaTepuaaoB
[20,22,24-27] yueHble yzensuiu GObIIOe BHMMAaHMeE UX CBOICT-
BaM U CTPYKTYpe, B TO BpeMsI KaK 0COOeHHOCTY TTPYMEHEHMSI Ta-
KUX MaTepuaioB B KaueCTBe MUILEBOI YITAaKOBKY HEIOCTATOUHO
XOpOIIo n3ydyeHbl. CielyeT OTMETUTH, UTO MHOTHE TTONUI(PUPBI
13-32 0COOEHHOCTM CBOMX CBOJCTB HE MOTYT MCIIOTb30BaThCS
B KayeCTBe MMOJHOILEHHOM YIIaKOBKM [IJIS MOJIOYHOM U MUIIEBOIA
nponykuyv. OHM MPUMEHSIIOTCS B BUIe TTOKPBITUIT Ha 6Mopas-
JlaraeMbIX MOAMMEpPHBIX MaTepuanax, TeM CaMbIM IpuaaBas
TIOTIOJTHUTEbHYIO CTOMKOCTb K BO3IECTBUIO KMPOB U BJIATH,
TTO3BOJISIST MCITOB30BATh MX B KAueCTBE YITAKOBKM JJIST JTIOOBIX
MIPOAYKTOB, B TOM UMCJIe IS IPOAYKTOB C BJIAKHOCTBIO Gosee
15,0% [28-30].

KpoMe OCHOBHBIX 3ajau TMOJMMEPHO} YIIaKOBKMU, KOTOpbIe
3aK/TII0YAIOTCS B 0OeCIeYeHuy COXPAHHOCTY MOJIOUHON U M-
1IeBO¥ MTPOAYKIMM Ha TIPOTSDKEHUY BCETO KM3HEHHOTO IIMKIIA,

HeOOXOIMMO YUYMTHIBATh (AKTOpP ee 3KOMOTMYHOCTH [31-34].
CremyeT Takke OTMETUTb, YTO BBeJEHME PA3INUHBIX QyHKIINO-
HAJIbHBIX KOMIIOHEHTOB B ITOTMMEPHYIO OCHOBY MOKET CITy’KUTh
JOTIONMHUTENbHBIMM (paKTOpaMy pyucka pu obecriedeHny Kave-
cTBa M 6e30IMacHOCTM YIIAKOBAaHHOW mpomykumum [31,33,35,36].
OTO 0COOEHHO aKTyalbHO IJISl MPONYKUMM (BYHKLMOHANIBHOM
HAIPaBJIEHHOCTH U IeTCKOTO MUTaHus [35-37].

2. Marepuaibl M METOMbL

O6beKkTamMyu M3YYeHUS SIBJISUTUCh HAyuHble ITyOIMKaIUK
Y TIATeHTHbIE MCCAeNOBAHMUS POCCUIICKUX U 3apyOEXKHbIX aB-
TOPOB B 06GJIACTM CO3[aHUSI U Pa3pabOTKM COBPEMEHHbIX GMO-
pasyaraemMbix MaTepuanaoB Ha OCHOBE CUMHTETUYECKUX U TIpU-
POIHBIX KOMIIOHEHTOB. B 6azax PubMed, Scopus, Mendeley
Y B OTKPBITHIX MHTEPHET-VCTOUHMKAX ObIT ITPOBEIEH MOUCK UC-
C/1eI0BaHMit, OMYOIMKOBaHHBIX B Tiepuof ¢ 1995 mo 2022 rofsl,
C UCIIONIb30BaHMEM HEeCKOIbKMX KOMOMHAIMIA KITI0UeBbIX CJIOB,
BKJTIOYAS CIemyionie: 6uopasaraemasi yrakoBka, OKCOpasiio-
KeHye, TOMWIAKTU, ToNMubyTwieHagaunarrepedTanar, Io-
MUOYTWIEHCYOIIMHAT, OMopasiaraeMble NOOABKU. Pe3ynbTaTbl
aHaaM3a JIUTepaTyphl AJs1 TIOATOTOBKY 0630pa B BUAE CXEMbI
PRIZMA nipepncraBiieHbl Ha PucyHke 4.

CraTby, HalMCaHHbIE He HA aHITIMIICKOM M PYCCKOM SI3bIKaX,
a Tarke 6e3 MOTHOTEKCTOBOM MHMOPMAIMA, GBIIY VCKITIOUEHbI.
V3 mogo6paHHbIX MaTePUAIOB TaKke ObUIM MCK/IIOUeHbI CTAThH,
He OTHOCSIIIMECS K TeMe HACTOSIIero 063opa.

3. Pe3ynbTarhl U 00CYXAEHUE

[TonumMepbl Ha GMOOCHOBE, WM YIAKOBOYHbIE MaTepUasIbl
Ha OCHOBe GMOIONMMEPOB, MOKHO PasfeauTb Ha TPY OCHOBHBIE
TPYIIITBI B 3aBUCMMOCTY OT MX MIPOUCXOXKAEHMS Y CII0C06a TIpo-
M3BOJCTBA: IPUPOLHbIE, CUHTETUUYECKIE U TTOTyCUHTETUYECKIE.

3.1. [IpupodHsie noumepbl

XuTtuH 1 XUTO3aH MPUCYTCTBYIOT B MAHUMPSIX HACEKOMBIX,
KpaboB ¥ KpeBeTOK. B OCHOBHOM MCITONIb3YIOTCS B MEAUIIVHE.
PacTBOpMMOCTb XUTVHA OUeHb HM3Kasl, IO3TOMY €ro CMellBa-
0T JIJIS TIONTyYeHUsT YIIaKOBOYHBIX peliieHNit B Buae 6apbepHbIX
TOKPBITUI TPOLYKTOB [38].

XUTUH U XUTO3aH MPUMEHSIOTCSI B TIPOU3BOJICTBE PA3INY-
HbIX 61Opa3jiaraeMbIX IJIEHOK JJis YIIaKOBKY, yallle UCIOb3Y-
IOTCSI B KaueCTBe CbeJ0OHOTO MOKPBITHS IJISI MPOJIeHNST CPOKa
XpaHeHUsI cBeXknX (GpyKToB U oBoieii [39-41]. OHu obnamawT
XOPOUIMMM aHTUMMUKPOOHBIMM CBOJMCTBAMM IO OTHOIIEHUIO
K pasauMyHbIM TpMOKaM, APOXOKaM M 6GaKkTepusM, BCTpedaro-
LIVIMCSI B ITUILEBBIX ITPOIYKTaX.
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KonunuectBo 3anucent 1
NepBOHAYAILHOIO aHa/In3a
(n=380)

KonmuecTBo ynaneHHbIX 3anucei:
[InatHbIif JOCTY K CTATHsIM
(n=20)

\ 4

Oo0Hapy:KeHHbIE

A 4

KonunuectBo 3anuceint s
NalbHEHIIET0 aHaIu3a
(n=360)

KosnuecTBO HCKITFOUEHHBIX
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IIpoaHa/iM3upOBaHHbIE MATEPHAJIbI

KonmaecTBo HCKITIOUSHHBIX
MaTepuasoB: y3KOHAIIPABJICHHbBIC
peruoHanbHbIe 0030pE! (n=30);
Matepuainsl He Ha PyCCKOM HITH
AHMINICKOM s13bIKe (n=13)

A 4

B 0030p (n=82)

KonmaecTso 3al'II/ICSI71, BKIIFOUCHHBIX

BrJi1roueHHbIE

PuicyHOK 4. [IpOTOKOJI IPU3MBbI (AaHAIN3 TUTEPATYPHBIX MICTOYHMKOB /151 HAIIMCaHUsI 0630pa)
Figure 4. Prisma protocol (analysis of literature sources for writing a review)

Jlupmep Mpou3BOMCTBA XUTUHA U XUTO3aHa — SmoHust. B Poc-
C1M BBINTyCKalOT 0Koa0 100 TOHH 3TMX NPUPOSHBIX ITOIMMEDPOB
B TOJI, 3 PA3IMYHBIX BUOOB Kpabos [42].

InactuduimpoBanHeiii  Kpaxman (TPS) —  mpupop-
HbBIII TOMMMeEp, COCTOSIIIMIA U3 aMWIONeKTUHa (monu-o-1,4-
D-rnokonMpanosun U o-1,6-D-TIIOKONMPaHO3KUA) M aMUIO-
3pl (Tonn-o-1,4-D-rmokonmpaHosun). CelpbeBble VMCTOUHUKMA
TPS — menniia, puc, kKaprodenab u Kykypysa. [Ipy u3aMeHeHUN
MCTOYHMKA MEHSIeTCS CofepsKaHye aMMUI03bl ¥ aMUIOTIeKTHUHA.
VionuHeHMe ¥ MPOYHOCTh MaTepuanoB Ha ocHoBe TPS yBenu-
YMBAIOTCS 110 Mepe IOBBIIIEHMS COLePs)KaHMs aMMIIo3bl [43,44].
TPS o4eHb 4yBCTBUTEJIEH K BJIQXKHOCTU, TEPMUYECKIE CBOICTBA
MaTepuasa M3MEeHSIIOTCSI B 3aBUCUMOCTM OT COIEeP>KaHUsI BOMbI
[45-47]. BuopasnoxeHue MPOUCXOOUT MyTeM TMApONM3a aije-
TaJbHOM CBS3U. AMMIa3bl pa3pyluarT o.-1,4-CBs3b, a ITIIOKO3U-
a3bl pacUIeIvIsIoT a-1,6-CBSI3b.

[TpuMepbl HEKOTOPBIX KOMMEPUYECKM JOCTYITHBIX KPaXMaJiOB
” ux cMeceit BkiouatoT Ecofram™ ot National starch, Solanyl™
oT Rodenburg bio-polymers, Biocool™ ot Novamont, Bioplast™
ot Biotec u Plantic™ ot Plantic Technologies. B Poccumu:
000 «ITapycr», 000 «@yx ITak» «9xo dnekcor», OO0 «Tappar.

Llemtionosa — 9TO JIMHEHbI MoaMMep, 06pa3oBaHHbI 13
TIOBTOPSIIOLIVXCST €IMHNI, 11e/106103bl. OHA KPUCTA/UIMYeCKast

¥ He pacTBOpMMasi B OPraHMYeCcKuX pacTBopuTensx. V3-3a cBo-
eii HepaCTBOPMMOCTY Y HU3KOM TEeKYy4eCTy OHa TpaHCHOpMUPY-
eTcst B pa3inyHblie GOPMBI.

AuetaTtel Ue/0a03bl (CA) SBISIIOTCS TTPOU3BOAHBIMU L€~
JIF0JIO3BI C TIPOYHOCTBIO HA Pa3phIB, Kak Y MOMUIIPOIIMIeHa. Bbl-
cokas TemMIiepatypa crekinoBanus (Tg) orpaHMUMBaET MPUMeEHe-
Hue CA B TepMmuueckoit 06paboTke. Kommepuecku GOCTYIHbIE
ek CA BkmoualoT Bioceta™, paspaboTaHHYI0 KOMITaHM-
eit Mazzucchelli, u EnviroPlastic Z™, co3gaHHy0 KOMIIaHMel
Planet Polymer. Briopasnoskenne CA ocyliecTBisieTcs: 6akTepu-
SIMU U rpubamMu ¢ TOMOLIbI0 GepMeHTHOTO OKUCIeHMsI, B YacT-
HOCTHM, TIEPOKCHMAA3aMU, BbiAensemMbiMu rpubavu [48]. Kom-
MepuecKy OCTyIHbIe ToaMMepsl Mapok Tenite™ ot Eastman,
Fasal™ ot IFA u Natureflex™ ot UCB copepkaT B CBOEM COCTaBe
alleTaThl LIe/UII0I03bI.

Ha pnaueraTtHble mieHkM (DCA) XOpo11o HAaHOCUTCS TeyarT-
HBIi PUCYHOK, YTO MO3BOJISIET IPUMEHSTh UX B KaUueCTBe M3HO-
COCTOJIKOTO Hapy>KHOTO (JIOSI B MHOTOCJIONHOV yIiakoBKe. [1neH-
k1 Ha ocHOBe DCA [OBOJIBHO UyBCTBUTEIbHbI K M3MEHEHUIO
BJIQKHOCTM, TIPU 3TOM 0671a1al0T XOPOIIMMM ITPOYHOCTHBIMMU
XapaKTepUCTUKAMM, 6J1eCKOM U MPO3payHOCTbi0. OCHOBHAS 06-
JIaCTh MIPUMEHeHMS TaKUX MaTepuasoB — YIaKOBKa IJISI CyXUX
CBITTYYMX MaTepPUaios.
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KonareH u skeaTH — 9TO GEJIKY COeAVHUTEIbHOM TKaHM,
COCTOSIIIIVIE U3 PA3IMYHBIX TOJUIENTUAOB, B COCTAB KOTOPbIX
BXOJSIT TUJIPOKCUTIPOJIVH, TIPOIVH, IUIMH U n3uH. Comepska-
HMe IMLIMHA OTBeYaeT 3a TMOKOCTh KoyutareHa [49].

Bosiee BLICOKOMOJIEKYIISIPHBIN MOTUTIETI T, 06 Pa3YIOIIUIACS
B pe3y/bTaTe XMMUYECKOI Ierpajaluy KojamareHa — skeJaTuH.
OH ob6najaeT OTIMYHON IJIEHKOOOPAa3ywoleil CIoCO6GHOCTHIO
U COCTOUT U3 19 aMMHOKUCIOT. PacripeneneHne MOIEKYISIPHO
MacChl, COCTaB aMWUHOKMCJIOT U TUIT UCTIOTb3YEMOTO IIacTUdM-
KaTopa 3HAUYUTENIbHO BAMSIOT Ha GapbepHble U MexXaHUUYecKue
cBoiictBa tieHku [50]. Tepmuueckast CTabUIBHOCTH MPU 06-
paboTKe SIBJSETCS BaXKHBIM (DAaKTOPOM, OTPAHMUMBAIOLINM €e
npuMeHeHue. 115 yaydIieHus Win U3MeHeHUs] MeXaHU4eCKUX
1 6apbepHbIX CBOJCTB TJIEHKM TPYU MPOU3BOACTBE MaTepuaia
TIPUMEHSIOT/BHOCSIT pasjiMuyHble M00aBKYM, UYTOOBI MOTYUYUTh
(yHKIMOHATbHbIE TIUIEHKM JIJISI YIIAKOBKY TUIIEBBIX MPOIYK-
ToB. Harrpumep, 4% >kenaTuMHOBAS IJIEHKA C 2,5% KyKypy3HOTO
Macia M 5% OMMBKOBOTO Maciaa MCIOAb3YeTCs ISl YIIaKOBKMU
Kosbac.

3.2. [onumepol, nonyueHHbslE KAACCUUECKUM

XUMU4ecKUM cuHme3om u3 6uo-mMoHOMePOs

IMomunaktug (PLA) — 3To Tnm anmdaTuyeckoro nmonmsdupa,
110JIy4aeMoro IyTeM IOoJMMepu3alyuy JakTUIHOT0 MOHOMepa
C pacKppITMEM KOJIbIIa. MOHOMEPBI MOJIOYHO KMCJIOTBI OOBIYHO
MIOTyYaloT B pe3ynbTaTe hepMeHTalM BO30OHOBISIEMbIX MaTe-
pUaNoB, TaKUX Kak KYKypy3a, caxap, Apyroe cbipbe. OH IPUTOLieH
JLIs1 BTOPMYHOI TlepepaboTKM, KOMITOCTUPOBAHMSI, Pa3IaraeTcst
B TeUeHMe KOPOTKOro Mep1o/ia, MMeeT BbICOKYI0 MOJIEKYISIPHYIO
Maccy u o6yafaeT BbICOKOW Mpo3payHocThio [51]. TIpu nsme-
HEHUU COOTHOIIEHUS MOHOMEpPOB cBoiictBa PLA MOryT GbITh
M3MeHeHbl OT KpUCTaIMyeckux 10 amopdHbix. Temmepaty-
pa CTekJOBaHMS KOMMepuecku poctynHoro PLA cocraBisieT
63,0-63,8 °C [52]. HauasbHass KPUCTA/UIMYHOCTD ¥ COMEPIKaHMe
MOHOMepa M3MEeHSIIOT CKOPOCTh Jerpajaluy BCero MnoamumMepa,
IIe HauMMeHblIasi ferpajaius HabmonaeTcss Mpy HaubobIIeM
cofep>kaHuM MOHOMepa 13-3a BbICOKOI KPUCTAIINYECKON Ipu-
poxsi [53].

MupoBasi mpakTuKa I0 MpeloCcTaB/lIeHMI0 HAJOTOBBIX JIbTOT
Ha BBIITYCK IPOAYKIIMM, He HAHOCSLIel Bpel, OKpy>Kaloleii cpe-
Jle, CTUMynupyeT npousBoguteneii PLA Ha HapaluBaHue CBOUX
MIPOV3BOACTBEHHBIX MOIITHOCTEI [54].

JIupep B rpousBonctse L-PLA — kommnanus Nature Works —
BoinyckaeT B cpegHeM 140000 TouH/rofn rpanyi. Kinaccuueckui
PLA niocTaBisieTcs Ha PbIHOK PSIIOM KOMITaHMIA TI0 BCEMY MUPY:
Toyota (dmoums), Hitachi (Inmonus), Dupont (CIIA), Galactic
(Benbrus), Hisun Biomaterials (Kutait) [54].

O6b1yHO PLA uCMONb3yeTcs AJIsT MONyYeHMsT KOHTETHEepOoB,
MIUTBEBBIX CTaKaHUMKOB, CTAKAHYMKOB [IJII MOPOXXEHOTO U ca-
JIaTOB, 06EPTOUHO TUIEHKY U GIUCTEPHON YIAaKOBKM, a TaKkKe
SIBJISIETCSI XOPOIIO 6M0COBMECTMMOI IJIaCTMACCOi, KOTopast MO-
KeT IIPUMEHSIThCS B cepe MeauIMHBL. Takke 4acTo BCTpevaeT-
cs1 ucronb3oBaHye PLA B KOMITO3UTHBIX IJIEHKAX.

IMonukanponakroH (PCL) — monuadup, obaamaeT Kax xema-
TelbHBIMM PeOJIOTMUYeCKMMM CBOVICTBAMM, TaK ¥ HU3KOJ TeMIle-
partypoii naBienus (Muuyc 60 °C creknoBanus, Tg. 60 °C rias-
nenus, Tm) [55-57].

PCL cTabuieH B quamna3oHe TemMIepaTyp o6paboTKu pacruia-
Ba B TeueHMe HeCKOJIbKUX JHeN U JeMOHCTPUPYeT 3HAUNUTeNlb-
HYIO ¥ OBICTPYIO TEPMUYECKYIO NeCTPYKIVIO MTPY TeMIlepaTypax
cBbitte 170 °C. CuHTe3upyeTcs U3 g-KallpojlakTOHA [Py Harpese
Y VICII0JIb30BaHUM KaTaln3aTopoB.

[TonMKamposakKTOH MOXKET OBbITh CMHTE3MPOBaH M3 LIMKIINU-
yeckoro 3dupa e-kamnponakrtoHa (CL) myTemM KoJblieBOii IO-
AuMepu3anuu, KaTalu3upyemMoil MeTa/ul0alKOKCUIAMM, Kap-
60OKCMIATAaMM METAJIOB MM MOHHBIMM MHULIMATOPAMU TIPU
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MOBBILIEHHOI TemnepaType (>120°C) [58-62]. B kauecTBe ab-
TepHaTUBbI MOXXHO MCIIO/b30BaTh NOAMKOHIeHCAlMI0 6-TUIPO-
KCUT'eKCAHOBO# KMUCJIOTHI, XOTSI MPU TAKOM CHUHTe3e OOBIYHO
TIOJTy4aeTcs TPOAYKT Gosiee HU3KOro KauecTna [63]. CIOKHOCTh
MeTo/la TIOJIMKOHIeHCAllMM 3aK/TI0YaeTCsl B TOCTVDKEHUY BBICO-
KUX CTeIleHel oaMMepu3aluy U MOJIeKyJISIPHBIX Macc, IIPeBbI-
mwarmumx 10 kla, mo3ToMy MeTo[, IoaumMepu3aluun ¢ OTKPbITU-
€M KOJIbIIA SIBJISIETCS 6osiee MpeAnoYTUTENbHBIM [63].

Ho6asnenue B PCL XMTO3aHa YBEIMUMBAET OBIIYIO TUAPO-
dhobHOCTH cMecH. B cMecy HabTI0al0TCS HU3KME 3HAUEeHMSI CKO-
pPOCTM MPOIYCKaHMS BOASHBIX NTapOB 110 CPABHEHMIO C YMCTBIMU
IIeHKaMu. Biaromapst aToMy CBOICTBY IMPOAYKTHI, XpaHSIIMecs
B TaKMX TUIEHKAaX, MMEIOT Gosiee IIUTENbHbIA CPOK XpaHEeHUs
[64]. V3menusa 13 NaHHOTO MaTepuasa BbIITYCKAIOTCS I1OZ, TOP-
roBeiMyu HazBaHusimu Tone® ot Union Carbide, Celgreen® or
Daicel, CAPA® ot Solvay. IIpou3BOasT MOJMKAIIPOIAKTOH TaKKe
komrauuyu BASF SE, Sigma-Aldrich Corporation, Polysciences
Inc. ¥ HEKOTOpbIe ApyTHeE.

[MonubyTwieHn cykuuHat (PBS) — momumep, mpuHazjiexa-
Ui K CEMEICTBY IMONMaIKEeHIMKAPOOKCUIATOB, ITOTyYaeMblit
MyTeM TOMMKOHAeHcauuyu mivkoneit (1,4-6yTaHOMON M ITU-
JIEHTJINKOJb) C annbaTUIeCKUMM OUKapOOHOBBIMY KMUCIOTaAMU
(apunuHOBasi 1 siHTapHas). PBS obnamaer mpumMepHO TakKMMM
Ke MeXaHMUYeCKMMM CBOJCcTBaMM, Kak nonmstuieH (PE) u mo-
munporieH (PP) [65]. Biaromapsi BBICOKOW KPUCTANTMYHOCTYI
M XOpOIIMM TE€PMUUYECKUM CBOMCTBAM TOMOIIOJIMIMEPOB, COIO-
numep PBS u nonmubytuinakpuiaata (PBA) MoxkeT ObITh UCIIONb-
30BaH B KauecTBe YIIAKOBOYHOIO [66]. du3uueckyue CBOJCTBA
¥ KpUCTa/UIM4ecKasi CTpyKTypa cononumepa PBSA cuibHO 3aBu-
CAT OT COCTaBa MOMVMEPHBIX COeMHeHMA [67].

B 1993 rogy simoHckast kommanus Showa High Polymer pe-
anu3oBaja MPOEKT M0 CTPOUTENbCTBY KPYITHOTO IpeAIpUSTUS
o nponssBoacTBy PBS momHocTsio 3000 T/1. JaHHBI MaTepuan
CUHTe3UpPYyeTCcs IyTeM KOHIeHC Al B pacruiaBe C IpMMeHeH -
eM auu3sonmaHara. [Tonumep BBITYCKAETCS 10, TOPTOBOI Map-
Koit Bionolle.

B 2003 romy 6bu1 peanmsoBaH mnpoekT GS Pla (Green and
Sustainable Plastic) ¢ o6bemom mpoussoacTsa 3000 1/r. Ha gaH-
HbI/i MOMEHT Ha PbIHKE CYIIECTBYET HECKOJIbKO KPYITHBIX MPO-
nsBonureneit PBS, cpenu kotopsix: Hexing Chemical (Aubxoit,
Kurait), Xinfu Pharmaceutical (Xanusxkoy, Kuraii), IRe Chemical
(IO>knas Kopes).

Kommauum Hexing Chemical n Xinfu Pharmaceutical
¢ 2010 roma sIBIAIOTCS KpyNHeHmuMy npoussogurensimu PBS
(6onee 30000 T/T), B TOM 4KC/Ie C MPUMEHEHMEM TEXHOJIIOTUU
HeIpepbIBHOTO MPOM3BO/ICTBA.

PBS MOXXHO TiepepaboTaTh B IUIEHKH, TTAKEThI MM KOPOOKMU
Kak JiJ1sl MUIeBOJ, TaK U [ KOCMEeTMUYeCKOJ yIIaKOBKY, a TakoKe
B OZJHOPa30Bble U3Jenus, TaK1e Kak 11ocya Ui MeIUIMHCKIe
nspenusi. B cenbckom xo3siictBe PBS mpumeHsieTcsl Ipou3Bo-
IUTEISIMM MaTepUayioB C OTCPOUEHHBIM BbICBOOOKAEHMEM [T
MeCTULMIOB U YHOOpeHuit, a Takke MaTepuana MUCIOIb3yeTCs
B JIECHOM XO03$1/iCTB€, IPaskAaHCKOM CTPOUTENbCTBE WM IPYTUX
0671aCcTsIX, B KOTOPbIX COOp U IMepepaboTKa MaTepuasoB Iocie
JCIIO/b30BaHMsl Mpo6ieMaTUuHbl. B o6macty MemuiuHbl PBS
MOXXHO MCITOJIb30BaTh B KaUeCTBEe CUCTEM WHKATICYIIIuu 61o-
pasyaraeMbIX J€KapCTB, a TAKKe IIPY IPOM3BOACTBE MMILJIAHTa-
TOB [68].

Amubarmyeckuit conomumep nonmnaktuaa (CPLA) o6pasy-
eTCcsl U3 CMeCH JIaKTH[a, KOTOPBIi SIB/IsieTCss BO30GHOBIISIEMbIM
pecypcoMm, U OMKapbOHOBOI KUCIOTHI, KOTOpas MperCcTaBisieT
co6oit anudarndeckuii nmomuapup. OH 06agaeT CBOMCTBAMU
PP u PS, KOTOpBIE 3aBUCSIT OT MPOIIEHTA OAM3GUpPa, IPUCYTCT-
Byoiero B cmecu. CPLA cta6bues o Temmepatypb 200 °C. [Tpu
CropaHuy BbIE/seTCst 0ueHb Manoe Konuuectso CO, 1o cpaBHe-
uumio ¢ PE u PP. IIpu ckuranuu CPLA He o6pa3yeTcst TOKCUUHBIX
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BelecTB. B ecTecTBeHHOI cpene dparMeHTapHOe pasjioXKeHMe
3aHMMaeT 5-6 MecsIeB, a TIOJHOe PasJyiokeHne — 12 MecseB
[69]. Ilnenka npousBoauTcs B SInoHMM KoMmaHueil Dainippon
Ink Chemicals mox ToproBeiM HazBauvem CPLA™.,

IMonurnnkonua, wWin TOIUTIUKONeBas KUCIOTa, MOTydyeH-
Hasl TIOJIMKOHIeHCAIMell ITIMKOIeBO KUCIOThI, — 3TO OIVH U3
npocTeimmx anudaTuieckux Moan3(GUpoB ¢ TemIlepaTypoit
crexnoBanus (Tg) 35-40°C u Temmeparypoii miasiaeHus: (Tm)
npubnusutenbHo 220-250°C. OH HepacTBOPMM B BOfe M3-3a
BBICOKOW KpuctaymuHoct 40-55%, HO pacTBOpMM B 0O/Ib-
IIMHCTBE (DTOPMPOBAHHBIX PACTBOPUTEJIEN, UTO TTO3BOJISIET UC-
M0JIb30BaTh €ro st GOpMUPOBaHMSI BbICOKOMOJIEKY/ISIPHBIX
TTOJIMMEPHBIX TUIEHOK. TToMep MOTHOCTBHI0O peabcopoupyeTcs
OpraHu3mMoM B TeuyeHue 5-6 mecsues [70]. TTomurmukonnn xa-
pPaKkTepuU3yeTcs TUAPOIUTUYECKON HEeCTabWIbHOCTbIO W3-3a
HaIMuMs CJIOKHO3(UPHOI CBSI3M B €ero ocHoBe. IIporiecc fer-
pajauuy sIBJISIETCSI SPO3MOHHBIM U MIPOUCXOIUT B JiBa 3Tara, BO
BpeMs KOTOPBIX TOJIMMED MpeBpaIiaeTcs 06paTHO B MOHOMED
IJIMKOJIEBOM KUCJIOTHI: CHavana Boga auddyHaupyer B amopd-
Hble (HeKpUCTa/UIMUecKyue) 06/acTy IMOTMMEPHOV MAaTpPUILbI,
pacmeruisisi 9GupHbIe CBSI3M; BTOPOI 3TAll HAYMHAETCS IMOCTe
paspyuieHus aMmopGHbIX 061aCcTe, OCTaBIISIS KPUCTAITNIECKYIO
YacTh MOJIMMepPa BOCIIPUMMYMBONM K TUIPOIUTUUECKON aTake.
IIpu paspyleHuy KpUCTALIMYECKUX 0O6JacTeil MoauMepHast
Lenb pacrsopsiercs [70].

Kommnaumus Kureha Chemical Industries komMmepimaansmupo-
BaJIa BBICOKOMOJIEKYJISIPHBIN TTOMUTIMKONINT, IJIs1 TIPUMEHEHUST
B IUILEBOI YITAKOBKE IO/, TOProBbIM Ha3BaHueM Kuredux. ITpo-
U3BOACTBO BeneTcs B besib, 3anagHas BupmkuHus, ¢ mpegmno-
yaraeMorii MoufHocThi0 4000 ToHH. Ero cBoiicTBa Kak 6aphepHOTro
MaTepuasa 06yCI0BIE€HbI BHICOKOM CTENeHbIO KPUCTATU3AIUN.
[penrionaraeTcs, 4YTO JAHHbI MTOTMMep OYIeT UCIOIb30BaThCS
B KauecTBe IPOCIOiiky Mexmay ciosmvu PET mis obecrieueHust
YIYYIIEHHO! 6apbepHOi 3alIUThl CKOPOTIOPTSIIMXCS MPOAYK-
TOB, BKJIIOUasi ra3MpoBaHHbIe HATIUTKU U TPOAYKTHI, KOTOpPbIE
TepSIOT CBOM TIOTPEOGUTENbCKME CBOCTBA TIPU AJIUTETHHOM
BO3IEICTBUM BO3Myxa. bojiee TOHKME IJIACTUKOBBIE OYTBLIKM,
COXpaHsIIye kejaaeMble 6apbepHble CBOMCTBA, TAKXKE MOTYT
OBITH CO3/IaHbI C TTOMOIIIbIO TEXHOIOTUY MOTUTTIVKOIVIHOV TTPO-
CJIOVKM.

IMombyTuneHaaumnarrepedranat (PBAT) — 3TO JMHEHbI
apoMaTHYecKuii coronuapup, MOJyIeHHbII B pe3y/IbTaTe KOH-
nmeHcauuu 1,4-6yTaHOmona Co cMechio TepedTaneBoit u amu-
MMMHOBOW KUCIOT. [Ipy KOHUeHTpauu TepedTaneBoii KUCIOThI
6omee 35% OH IeMOHCTPUPYET OTIMUHbBIE CBOJCTBA: I'MOKOCTD
M JKeCTKOCTh. [Ipu yBenuueHuM copepskaHusi Bbile 55% cko-
pocTh 6uopasnokeHust PBAT cHiKaeTcs. DTOT MaTepuan rub-
Kuii 1 MsIrkuii, Kak PCL, T03TOMYy OH UCIIO/Ib3YyeTCSI B TIPOM3BO/I -
CTBe TUIEHOK, HUTe, 6yTbUIOK U GOPMOBaHHbBIX M3aenuit. PBAT
MOYKHO CMEIIMBATh C LIeJIII0JI0307 C 11e/IbI0 YIyUlleHUs TULIPO-
(hobHOCTH, MeXaHMYECKMUX M TePMMUUYECKUX CBOICTB, a TaKKe
C KpaxMajJioM ¥ [JOpyrMMy G6GuopasjiaraeMbIMM IOTMMEPaMU.
Hob6aBneHne qaHHOTO 6uomoauMepa B PHBV cHInKaeT cTerneHb
KPUCTAJZIMYHOCTH TTOYYeHHOM KoMno3uuuu [71].

IMonubyTmieHagunarrepedTanaT B YMCTOM BUIE TTPOU3BO-
nutcst Kommanueit BASF mmon Toprosoit mapkoii Ecoflex 1 B cve-
cu ¢ PLA mop, HasBauueMm Ecovio. Komnauunu Novamont, Zhuhai
Wango Chemical Co Ltd, JinHui Zhaolong u Eastman Chemical
BBIITYCKAIOT GMOpasiaraeMblii KOMITayH[I 1of, Ha3BaHmeM Origo-
Bi®, Wango® u Ecoworld®, a Takke KOMITO3UIMU C KPAXMaJIOM
rox, Ha3BaHueMm Mater-Bi®, Ecowill® u Eastar Bio®. Kpome
Toro, npousBoacTBoM PBAT 3aHuMaroTcst moctaBuiuku B Kutae
U APYTMX CTpaHax: K TaKMM KOMITaHMSIM OTHOCSTCST Zhejiang
Biodegradable Advanced Material Co. Ltd., Dongguan Xinhai
Environmental Protection Material Co., Ltd. (Kurait), a Takxke
Green Chemical Co., Ltd. 1 WILLEAP (fOsknast Kopest).
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PBAT mnpopaeTcsi HA KOMMEPYECKOM PbIHKE KakK MOJIHOCTBIO
6mopasnaraeMblii TiacTuk, mpu strom Ecoflex kommanum BASF
rokasas 90% pasnoxeHue nocie 80 fHel ucibiTaHM [72]. Bia-
rojapsl CBOeil BbICOKOJ TMOKOCTU 1 Guopasiaraemoctu, PBAT
TaKke MPOJaeTcss B KauecTBe M06aBKM K Oosiee KeCTKUM 61o-
pasyaraemMbIM IUIaCTMKaM JJIsT IPUAAHUST TMOKOCTY TIPU COXpa-
HEHMM TI0JTHO¥ 610pa3iaraeMoCTy KOHEYHOI CMecH.

IMonumnpornuieHn kap6ouat (PPC) — 6uononumep, sIBJSIO-
muiicss Haubosiee PacIpOCTPaHEHHbIM anudaTUIeCKUM TIo-
nuKap6oHATOM, KOTOPbI/ mpoussoautcs us CO, 1 mponmieH-
KapboHaTa myTteM cornonmMepusanyu. [ieaku n3 PPC umeror
pSio, TIPeVMYIIEeCTB — JIy4Iiasi PacTssKMMOCTh M GapbepHbIe
csovicTBa (mapsl O, u H,0) mo cpaBHenuio ¢ PBAT, PE u cme-
ceio PE/TPS. ConnpoTrusnenue pa3poiBy IieHok PPC Hioke, uem
PBAT, Ho BbllIe, uem Yy LDPE u cmecu PE/TPS. OgHako amopd-
Hblli PPC nMeeT psig HeLOCTaTKOB, BKIIOYAS IJIOXYI0 TepMU-
YeCKyl0 CTaGWIbHOCTD, BHICOKYIO YCA/IKy, HEOCTATOUHbIE Me-
XaHUYeCcKyue CBOJCTBA, HU3KYI0 TeMIIepaTypy CTeKJIOBaHUS
(25-45 °C) 1 U3MEHYMBOCTb XapaKTepPUCTUK MOIMMeDPa B 3aBU-
CMMOCTY OT TMUIIa KaTajJu3aTopa, UCI0Ib3yeMOro IJisi IIPUTo-
tosnenus PPC [73].

Komro3uTsl nonumnpomnuiaeHkapo6oHarta ¢ kpaxmaiom (PPC/
TPS) NpMMEHSIOTCS B KauecTBe GMOpasyiaraeMbIX IIACTUKOB.
OnHMM M3 KPYIHeNIUX [IPOU3BOAUTEIIeN MONIUIIPOIIMIeHKap-
6GoHaTa siByisseTcsl KoMmaHuss Empower Materials (Hpro-Kac,
CILIA).

3.3. [Monumepsl, nonyueHHsle U3 NPUPOOHBIX

uU 2eHemMuUecKu MooupuYUpPOBaHHslX OP2aHU3MO8

IMomuruapoxcuankaHoaTsl (PHA) mpemcTaBisioT co60ii mpu-
POZHBIN MoMadup, MoTyyaeMsblii IIyTeM GaKkTepuanbHOii dep-
MeHTalluM caxapa, IIIOKO3bl MM PacTUTENbHOIO Macia. JTO
OIIMH 3 CAMbIX HOBBIX M IIMPOKO MCIIOMb3yeMbIX O1MOpasiiara-
€MbIX ITOJIMMEePOB IJ151 yIIaKOBKY MUILEBbIX TPOAYKTOB [74]. Ero
Tm kone6ercs B npepenax 40-180 °C B 3aBUCUMOCTM OT MOHO-
MEepPOB, UCIOIb3YEMBIX [JISl CMHTE3a. B 3aBMCUMMOCTY OT UCTOY-
HMKA yIVIEPOAA U MPUPOLABI Ipoucxoxkaenus, PHA moxeT nmeTtsb
pasanJHble TPOYHOCTHBIE XaPAaKTEPUCTUKM: OT XPYIIKOTO J0 pe-
3UHOIIOL06HOTO [75,76].

PHA nosHOCTBI0 610pasiaraemMsbl. BopasioxkeHue mponcxo-
JIAT TIOJ1, AeJACTBMEM 3CTepasbl, pa3pbiBaloleli CBsI3M MOHOMepa
¢ koH1IamMu nemnu. Hanbosee pacrnpocrpaHenHbiM PHA siBrisieTcst
nonuruapokcubytupaT PHB, o6pasyomiuiics mpy monumepusa-
uun 3-rugpokcubyTupara. PHB 13BecTeH cBOet IPpeBOCXOHOI
YCTOMYMBOCTBIO K Y/IbTPa(1oIeTOBOMY BO3[IEICTBUIO U BBICO-
KUMU ontudeckyumu cBovictBamu ¢ Tm 180 °C u Tg 55 °C. Kpu-
CTAJUTMYHOCTb TIOUTUAPOKCUOYTHpATa cocTaBisieT 6omee 50%.
Xopotuio u3BecTHO, uTo PHB HecTabuiieH mocjie TemiepaTypbl
miasyienus 180 °C, a npu xpaHeHun gaxe Ha 10 °C HKe TeMIle-
paTyphbl TUIaBIEHUS MOXET ITPOU30MTHU CHUXKEHME MOJIEKYISIp-
HOI MacChl, YTO OTPAaHUUMBAET €r0 TEXHOIOTUYHOCTB [77].

JI71s1 TIOBBILIEHMS] TEXHOIOTMYHOCTY MICIIOb3YIOTCSI BCEBO3-
MOYKHbIE CTpaTeruy, Takue Kak COMOMMMepU3aluus ¢ APyTUMU
aJKkaHoaTaMM, Jo0OaBjeHMe OuopasjaraeMoro MojauMepa WIn
CcMelllMBaHMe CO BTOPhIM monvmMmepom. PHB monBepraercs mer-
pafalyy pasanuuHbIMU GaKTepUsIMM, TpUGaMU 1 BOZOPOCIIMM
B Pa3HBIX YCIOBUSIX OKPY)KAlOILeil cpefibl.

Comonumep mnonuruapokcubytuparsaiepat (PHBV) cuH-
Te3upyeTcs MyTeM M06aBAEHMUS MPOMMOHOBOI KUCIOTHI K UC-
XOOHOMY CbIpbi0. OH pasjaraeTcsl B TeueHue 5—6 Hellelb B MU-
KpO6MOJIOrMYecKM akKTUBHOJ cpefie ¢ ob6pasoBanuem CO, n H,0
B a9pOOHBIX YCIOBUSIX. B aHA9POOGHBIX YCIOBUSIX PasjiOKeHMe
MIPOMCXOIUT ObICTpee, C BbiAeneHreM MeTaHa [78]. PHB u PHBV
MIPOIAIOTCS TOJT, Pa3HBIMY TOPTOBBIMM Ha3BaHUSIMM: Biopol™ ot
Mosanto, Nodax™ ot Procter & Gamble u kopriopaiiuu Kaneka,
Eamat™ or Tianan u Biomer-P™ ot Biomer.
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3.4. Buopasnazaiouwjue dobasku

Ceityuac Ha pbIHKe MPUCYTCTBYeT OOJBIIOE pasHOOOpasue
6uopasyiaraeMbIX YITAKOBOYHbBIX PELIEHUII C Pa3HOil CTOMMO-
CTBIO U TPYLOEMKOCTbIO ITPOM3BO/ICTBA, KAUECTBOM U CBOMCTBA-
vu. [To MHEHMIO 9KCTIepTOB [49], Hanboee pacpoCTPaHEHHBIM
pellieHueM SIBJISIETCST MCIOJMb30BaHMe OKCO-6GropasaraemMoii
I06aBKM. YIIaKOBKa U3 MOIOOHBIX 9KOJIOTMUHbBIX MaTEPHUAIOB I10-
3UIMOHMPYETCS Ha PhIHKE KaK 61opasjaraemast, ¥ roIy/sipHOCTh
JIAHHOTO TIPOM3BOJICTBA OOYCIABIMBAETCS €r0 OTHOCUTEIbHOM
JIeIIeBU3HOIA, CITOCOGCTBYS MMPOABIKEHIIO TIPOAYKIIMM Ha PhIHKE.

B KayecTBe MPOOKCUIAHTOB (MHUIIMATOPOB (DOTOOKUC/IEHNST
CUMHTETUYECKUX IMMOJIMMEePHBIX MaTepI/IaHOB) MPUMMEHSIOTCA COIN
KaJIbLIMSI B BUe KApOOHATOB M KaPOOKCWIIAThI METAIOB [79].

HauMenblilee BAMSHME HAa OKPYXKAWOUIYI0 Cpely HAaHOCUT
6uomerpaavpyeMasi KOMIO3UIMS HAa OCHOBE TMOJUIIPOTIMIEHA
u Kapbokcmiara sxenesa [80].

HanGosbIieil MOIMyAsSpHOCTHI0 HA MUPOBOM DBIHKE OKCO-
610pasyiaraeMbIx MOIMMEPOB SIBJISIETCS MTPOOKCUAAHT d2w, KO-
TOPBIN B OTIPeIeJIEHHbBIX YCIOBUSIX TeMIIePaTypPhbl Y BIAXKHOCTU
SIBJISIETCSI KaTaaM3aTOPOM JeCTPYKTUBHBIX MPOIIECCOB TTOIMMe-
pa. KpymHeiiimmM mocTaBIIMKOM JT00aBKY SIBJISIETCS KOMITAHWST
Symphony environmental technologies plc.

KoMmmoHeHTbI, yCKOpsifolye paspyllieHye MIacTMKOB B BUe
MpoAerpagaHToB U MPOOKCUIAHTOB Pa3/IMUHOTO COCTaBa, Mpo-
U3BOJAIT OecsaTKM KomnaHuit o scemy mupy (EC, CIIA, Kanaga,
Benuko6puranus, Hopserus).

B EBpormeiickoMm coto3e ¢ 2020 roma BBeny 3arpeT Ha Ipo-
U3BOJACTBO Psia TJIACTUKOBBIX M3ENNiA, a TakKe TJIaHUPYeTCs
OTKa3aThCSl OT CMHTETMUYECKOTO TUIACTMKA B TeX OTPaC/sX MPo-
MBILIUIEHHOCTY, T/ie BO3MOKHO IPOBECTM 3aMeHy Ha aHao-
TMYHbIe WM GIM3KMe 0 CBOMM CBOMCTBaM GyopasyiaraeMbie

maTepuasbl. Kpome Toro, Ha psifi TVIACTUMKOB y3Ke YCTaHOBJIEHBI
1ieJIeBble TI0Ka3aTe/ M B OTHOIIEHUY ITepepaboTKM IIaCTUKOBbIX
OGYTBUIOK, KOTOPbIE HEOOXOAMMO JOCTUTHYTH K 2025 1 2030 ro-
nam [81,82].

Muunpupoasl PO mpepjaraeT coKpaimiaTh IOTpebieHue
niactuka B Poccum Ha 10-20% esxeromHo. OKOHYATEJIbHO 3a-
MPeTUTH TPOU3BOACTBO OLHOPA30BbIX TOBAPOB U YIAKOBKM U3
miactuka B Poccunm nnmanmpyetcs B 2024 rogy [83].

4. BbiBOABI

PemreHne mpo6ieMbl 3alIUThl OKPYKAIOIIeil Cpefbl IMyTemM
YMEeHbIIIeH!sT MPOU3BO/ICTBA TOIMMEDPHO YITAaKOBKM 3a CYET
ee 3aMeHbl Ha O6yMopasaraeMble MaTepyabl BBIVISIAUT OJHUM
13 Haubosee MepcrieKTMBHBIX. OOHAKO CJIeqyeT OTMETUTb, UTO
Ipy pa3paboTKe HOBBIX SKOJOTMUHBIX MaTePUaIOB HEO6XOmu-
MO YUMTBIBATh He TOJIBKO UX CITOCOGHOCTDb K YCKOPEHHOI Ierpa-
JIanyuu, HO 1 6e30IMacHOCTh TAKMX MaTepUaioB IO OTHOILIEHUIO
K MUIIEBOI MPOAYKIVU. DTO 0COOEHHO BayKHO [IJISI OKCOpasJia-
raeMoii yrnakoBKHU, IJie CyIeCTBYIOT PUCKY MUTPALIVU TSKEbIX
MEeTaJIOB U MX OKCUAOB B IPOAYKT U B pa3anM4yHble MOJebHbIe
cpensl. B EBpornie pejictByer Oupektusa 2019/904, 3anpeato-
miasi Bce MU3enus M3 oKcopasjiaraeMoro riacTuka. JupekTuBa
YaCTMYHO peann3oBaHa rocymapcrsamu-wieHamu EC B uione
2021 roma. COOTBETCTBEHHO, IIPOU3BOAMTENIN ¥ KOMIIAHUM, TIPO-
U3BOASIIMe, TTpoJalollyie WIM IUIAHUPYIOIIVe TPoaaBaThb 3TU
cyriepkoHIeHTpaThl B EC, MOJIKHBI 6yOyT afanTUpPOBaThCS K HO-
BbIM TpebGoBaHMsIM. OKOHUYATEbHBIE CPOKM BCTYTUUIEHUS B CUITY
IupextuBbl — mekabpb 2021 r. OueBuIHO, UTO 3amada obecrie-
yeHust 6MOpasIoKeHNsT YITaKOBKM ¢ MUHMMM3aLMen Xxumude-
CKUX PUCKOB SIBJISIETCSI/MOKET SIBSThCSI TpeaMeTOM AaabHeli-
IIMX UCCIeq0BaHUIA.
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OTPYBU N3 KOMHO.’%HTHOPI 3EPHOCMECH
KAK OBBEKT INIYBOKOMU ITEPEPABOTKHU. YACTD 2.
YIJIEBOOHO-AMUWJIA3HBIU U JINTINJHBIN KOMIIJIEKChI

Buron . C.*, MenemkuHa E. I1., ITankpaTos I. H.
Bcepoccuiickuii HayYHO-1CCIeA0BATEIbCKIUI MHCTUTYT 3€pHA U MMPOAYKTOB ero nepepaborku, Mocksa, Poccus

HayuHas craTbst
Open access

K/TIOYEBBIE CJIOBA: AHHOTALUMA

nuieHuya, yeuesuyda, JieH, TTOMMKOMITOHEHTHbIE OTPYOM, ITOyYeHHbIe MPY COBMECTHOM pa3Mojie 3epHOCMeCH M3 3€PHOBBIX (IILIEHWUIA),
NOJIUKOMNOHEHMHble 0mpy6U, 6060BbIX (UEUeBMIA) ¥ MACTMYHBIX (JIEH) KYJAbTYp, CJIeLyeT pPacCMaTpPUBATh KaK LIEHHOE BTOPUYHOE ChIPbe, UC-
Y2ne600H0-aMUNA3HbII TI0JIb30BaHMe KOTOPOTO AJIs ITyGOKO# MepepaboTKM ITO3BOIMT NOTyYaTh PasIMUHbIe MAIIEBbIe ¥ KOPMOBBIE MH-
U IUNUOHBLL KOMNJIEKCbL rpenyieHTsl. OIleHKa YITIeBOSHO-aMW/Ia3HOTO ¥ JIMIMIHOTO KOMIIIEKCOB TPeX BapyMaHTOB ITOMMKOMIIOHEHTHBIX

oTpy6eil mokasana, 4YTO COOTHOLIEHMe aMWJIO3bl ¥ aMMWIOIEKTMHA B KpaxMase TPeXKOMIIOHEHTHBIX OTpy6eii
MIPaKTMYECKM OOVHAKOBO, OFTHAKO B YeUEeBMYHO-TbHSHBIX OTPYOSIX OIS aMiIo3sl B 1,6 pasa Bblllle, YeM B Iep-
BBIX IBYX BapuaHTax. YielbHas aKTMBHOCTb aMMJIa3 TPEXKOMIIOHEHTHBIX OTpy6eil MpuMepHo B 2 pasa Bbllle,
YyeM B YeUeBMYHO-bHSIHBIX OTPY6sX. Kpome TOro, IMoc/ienHue XapaKkTepu3yoTcs 6oee BHICOKMM COLeP)KaHMeM
BOCCTaHaBIMBAIOIIMX CaXapoB M KjIeT4aTKy. MoseKy/sipHasi Macca aMuias, BblJelIeHHbIX 13 TPEXKOMIIOHEHTHBIX
oTpy6eii, Mo JaHHBIM reib-xpoMartorpadum cocraBuia: a-ammiaasa — 40000 [la; B-ammuaaza — 60000 Ja. Yera-
HOBJIEHO, YTO Ao6GaB/ieH)e CeMSH JbHA B IOMOJBHYIO CMeCh 3HAUMTENbHO YBeIMUYMBaeT COoIepKaHMe >Kupa
B OTPYOsIX 6,4; 6,0 u 12,9%. JKUPHOKMCIOTHBIA COCTaB MCCIEAyEMbIX OTPy6eit xapakTepusyeTcs mpeobagaHm-
€M HeHAaCBhIIIeHHBIX )XMPHBIX KUCIOT. [Ipy 9TOM COOTHOIIEHVE 3CCeHIMAMbHBIX KUCIOT — JIMHONEBOM KUCIOTHI
(®-6) K 0-TMHOIEHOBO KUCIOTe (®-3) B TONb3Y Hanbonee nedUIUTHON o-IMHOIEHOBOI KUCIOThI — ObLIO Xa-
PaKTepHO ISl YeUeBUYHO-TIbHSIHBIX OTPYy6eit ¥ cocTaBmio 1:4,2. AKTMBHOCTD LII€TIOYHBIX JINITA3, TPOSIBISTIOMINX
cBoe neiictBue pu pH 8,0 (mpeuMy1LieCTBEHHO 3epHOBBIE JIMIIA3bl), ¥ KUCIBIX JIUIA3 (IIPeUMYILeCTBEHHO JIMITa3bl
MaCIMYHbIX KYIbTYP) C ONITMMYMOM JeiicTBust ipu pH 4,7 B 06pasijax TpPeXKOMIIOHEHTHBIX OTpyOeil IpUMepHO
OIVIHAKOBAsI, @ YeUeBUYHO-JIbHSIHbIE OTPYOY XapaKTePU3YIOTCSI BBICOKOM YeMbHOV aKTUBHOCTBIO KMCIION JIUIIa-
3bl, KOTOpasi IPUMePHO B 4,2 pa3a IPeBOCXOAUT aKTUBHOCTb KMCIBIX JIMIIA3 TPEXKOMIIOHEHTHBIX OTpy6eii. ITo-
JIy4YeHHbIe JJaHHble, Hapsny ¢ JAaHHBIMM II0 OCOGEHHOCTSIM GeIKOBO-TIPOTEMHA3HOIO KOMILIEKCa MCCIeNyeMbIX
BUIOB OTpy6eil, OyIyT MCIIONb30BAHbI IIPU Pa3paboTKe crioco60B depMeHTaTMBHOM MogubuKaumm (rmy6oKast
nepepaboTKa) U NPy ITOTyYeHUM KOMIIOHEHTOB JJIS1 CO3/IaHNsI HOBBIX IMIIEBBIX TPOLYKTOB C IOBBIIIEHHO I1-
I1€BOJ1 U 6MOIOTYYeCKOIi LIeHHOCTBIO.
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BRAN FROM COMPOSITE GRAIN MIXTURE
AS AN OBJECT OF DEEP PROCESSING. PART 2.
CARBOHYDRATE-AMYLASE AND LIPID COMPLEXES

Irina S. Vitol*, Elena P. Meleshkina, Georgy N. Pankratov
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wheat, lentil, flax, polycomponent ~ Polycomponent bran obtained by joint grinding of a grain mixture from cereals (wheat), legumes (lentils) and

bran, carbohydrate-amylase and oilseeds (flax) should be considered as a valuable secondary raw material, the use of which for deep processing

lipid complexes will make it possible to obtain various food and feed ingredients. An assessment of the carbohydrate-amylase and
lipid complexes of the three variants of multicomponent bran showed that the ratio of amylose and amylopectin
in the starch of three-component bran is almost the same, however, in lentil-flax bran, the proportion of amylose
is 1.6 times higher than in the first two variants. The specific activity of amylases in three-component bran is
about 2 times higher than in lentil-flax bran. In addition, the latter are characterized by a higher content of re-
ducing sugars and fiber. The molecular weight of amylases isolated from three-component bran, according to gel
chromatography, was: a-amylase — 40,000 Da; 3-amylase — 60,000 Da. It has been established that the addition
of flax seeds to the grinding mixture significantly increases the fat content in bran 6.4; 6.0 and 12.9%. The fatty
acid composition of the studied bristles is characterized by the predominance of unsaturated fatty acids. At the
same time, the ratio of essential acids — linoleic acid (o-6) to a.-linolenic acid (o-3) in favor of the most deficient
a-linolenic acid — was typical for lentil-flax bran and amounted to 1:4.2. The activity of alkaline lipases, which
exhibit their effect at pH 8.0 (mainly cereal lipases), and acid lipases (mainly oilseed lipases) with an optimum of

01 UUTUPOBAHNS: Buton, U. C., MenemkuHa, E. I1., [Tankparos, I. H. FOR CITATION: Vitol, I. S., Meleshkina, E. P., Pankratov, G. N., (2023).
(2023). OTpy6yu 13 KOMIIO3UTHOI 3€pHOCMECH KaK OOBEKT ITTy6OKOi Imepe- Bran from composite grain mixture as an object of deep processing. Part 2. Car-
pa6otku. Yactb 2. VIJIeBOZHO-aMWIA3HbBIN U JIMIUAHBIA KOMILUIEKChI. [Tuuyessle bohydrate-amylase and lipid complexes. Food Systems, 6(1), 22-28. https://doi.
cucmembl, 6(1), 22-28. https://doi.org/10.21323/2618-9771-2023-6-1-22-28 0rg/10.21323/2618-9771-2023-6-1-22-28
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action at pH 4.7 in three-component bran samples are approximately the same, and lentil-flax bran is character-
ized by a high specific acid lipase activity, which is approximately 4.2 times higher than the activity of acid lipases
of three-component bran. The data obtained, along with data on the characteristics of the protein-proteinase
complex of the studied types of bran, will be used in the development of methods for enzymatic modification
(deep processing) and in the preparation of components for the creation of new food products with increased

nutritional and biological value.

FUNDING: The article was published as part of the research topic No. FGUS-2022-0006 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBegeHue

Iny6okass mepepaboTKa pPacTUTENbHOTO ChIPbsl, B IEPBYIO
ouepenb 3€PHOBBIX, 60OOBBIX ¥ MaCAMYHBIX KYJIbTYP, aKTUBHO
pasBuBaetcs [1-3] u MO3BOJSIET HE MPOCTO MUCIOAb30BATh BCE
KOMITOHEHTBI 3€pHA ¥ MOGOYHBIX MPOAYKTOB €0 MepepaboTKu,
HO ¥ TIONYYaTh UIMPOKUI CIIEKTP MPOIYKTOB C BHICOKOI 106aB-
JICHHOV CTOMMOCTBIO [4-T7].

C 3TOi1 1eTbI0 13 3epHA BBIEIISIIOT OTAeIbHbIe ppakuyy 6e-
KOBBIX BelllecTB, HallpuMep, KJIeiiKOBUHY, KOHIIEHTPaThl U U30-
nsTel 6enka; kpaxman (bpakuuu A, B, C) [1,6]; pacTBopuMbIie
¥ HepacTBOPMMbIe MUIeBble BOJIOKHA [8,9]; Apyrue KOMIIOHEH-
ThI [10,11]. TToryueHne rUOPOAN3ATOB U CTPYKTYPHO-MOAMDMI-
LUMPOBaHHBIX MMPOAYKTOB I1€pepaboTKY 3epHa C UCIIONIb30BaHM-
eM MeTOZOB HalpaBieHHOTo 6uokaTanu3a (pepMeHTATUBHAS
TpaHchopManus) — elle OJHO TepCIeKTUBHOe HaIpaBiieHKe
rmy6okoii mepepabotku [12-14]. Bce momyyaemMbie MPOAYKTBI
MOTYT OBITh MCIIOb30BAaHBl KaK KOMITOHEHTBI IMTaTeIbHbIX
cpel, B MMKPOGUOTIOTMYECKOM IIPOM3BOICTBE aMMHOKUCIIOT,
OpraHnM4YeCKux KMCjiIoT, CIIMPTOB U JP., @ TAKXKe ITPVYMEeHEeHbI /141
oboramieHysi ¥ CO3LAHMSI HOBBIX ITPOAYKTOB KaK 0OOIIero, Tak
M CHEeNVaJbHOrO JieueOHO-MPOGMIaKTMIECKOTO Ha3HAUeHMUS
[1,5,12].

3epHOBbIe OTPYOM MPEICTABIISIOT I[EHHOe BTOPUYHOE ChI-
pbe IS JanbHelieii ry6oKoii mepepaboTky, U € ITOW TOUKM
3peHNsI BAXKHO 3HATH He TOIbKO 0COOEHHOCTY XMMMUUYECKOTO CO-
CTaBa, HO U COCTOsIHME PepMeHTHBIX cUCTeM. II0MMKOMITIOHEHT-
Hble OTPyOM, TOTyUYeHHbIe TPU COBMECTHOM pa3MoJie 3ePHOBBIX,
6060BBIX ¥ MaCIUYHBIX KYJIbTYP, OUEBUIHO JOJIKHBI 00/1a0aTh
YHUKaJIbHBIM COCTaBOM pa3iMUYHbIX (epMEeHTHBIX CUCTEM, I10-
CKOJIbKY GOJBUIMHCTBO U3 HMX JIOKAIU3yeTcsl B repudbepunii-
HBIX YacTSIX 3ePHOBKU (B 3apofblilie U KIeTKax aaeifpoHOBOTO
crnost). IIpy mepepaboTKe 3epHOCMECY OHM II€PEXOJIST B OTPYOH,
OKas3bIBasl BO3JeiiCcTBME (B IIEPBYIO O4Yepenb TMAPONIUTAYECKOE
U OKVCIIUTEIbHOE) Ha BCe KOMITOHEHTBI OTPy6eii; KpoMe 3TOTO,
OHM CITOCOGHBI BAMSITh APYT Ha IPYTa, UTO B HEKOTOPBIX CIyUasIx
BBIpAKAeTCsl B BUje cuHepreTndeckoro addexra. Bce nepeun-
C/IeHHOE BbIIIe TpeOyeT CIeaJbHOTO0 U3YIeHNMs.

/3BecTHO, UTO HAOreHHble aMuiasbl 3epHa [15-17] u mu-
KpoOHbIe TpemnapaTsl ammias [18-21], HapsLy ¢ mpoTea3amu,
UTPAIOT CYIECTBEHHYIO POJTb B PA3IMYHBIX MUIIEBBIX TEXHOJO-
I'USIX, 0COGEHHO B TEXHOJIOIMSIX OpOsKeHMsI, o6ecrieunBast TUIpO-
JIM3 KpaxMaJia CbIpbsi M HAaKOIUIeHJe caxapoB, UTo, Hapsiay C Ipy-
rMmu pakTopaMy, TMOBBILAET BBIXOJ M KaueCTBO KOHEYHOTO
nponykra [22-25]. Kpome Toro, nanpHeiilnee npeobpa3oBaHue
caxapoB B IIpoliecce MUKPOOMOIOTMYECKOTO CMHTe3a IT03BOJISI-
eT I0o/Iy4yaTh UIMPOKUIL CIIEKTD BeleCTB (MHIPeAMEeHTOB) IS UX
MCIIOIb30BaHMSI KaK B MUIEBOI MHIYCTPUM, TAK ¥ B KOPMOIIPO-
u3BoncTBe. [IpenapaTsl aMuiIa3 MPUMEHSIIOT TakKe TIPU Bbije-
JIEHUM Y OYMCTKe MMUIIEeBbIX BOJOKOH!. VI3BeCTHO, UTO B ceMeHax
pacTeHMi MPUCYTCTBYIOT ABA TUIIA 0.-aMMUJIA3bI: O.-AaMUIA3bI CO-
3peBaHMsI U o-aMuIasbl IpopacTaHyus. B cospeBarwouieM 3epHe
CUHTe3MpPYyeTcsl o.-aMujia3a cCo3peBaHMsl, KOTopas 3aTeM Iepexo-
AT B JIATEHTHYIO popMy, TOKaaM3ysiCh Ha MeMOpaHax aneipo-

L TOCT P 34844-2022. «[Tpomykuus nuuieBasi. OnpeneneHne MaccoBoit
O/ MUUIIEBBIX BOJIOKOH». — M.: Poccuiickmii MHCTUTYT CTaHOapTU3aLuu,
2022, 12 c.
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HOBOTO c71051. [IoMMMO 3TOTO, TeHeTUUEeCKUMMU UCCIeL0BaHUSIMU
YCTAaHOBJIEHO Ha/IMuye B 3epHe MIIeHUIbl U OPYIUX 3/1aKOBbIX
KyJAbTYP 130(0OpPM o- U B-ammiias [26-28].

Uccnenosanus, nposeneHusie B0 BHVU 3epHa u mponyk-
TOB ero mepepaboTKM, MOKasaau, YTO B MOTMKOMITOHEHTHBIX
OTPYOSIX comepykaHMe KMpa B MPOLYKTaX ITOMOJIa 3HAYUTETbHO
YBEIUYMBAETCS 3@ CUeT N0OaBIeHNST CEMSH JIbHA B MCXOOHYIO
3epHOCMeChH [14]. B cBSI3M € 9TUMM MHTEPECHBIM TP CTaBISIETCS
M3ydeHMe aKTUBHOCTY JIUIIA3, KOTOPbIe MHUITUUPYIOT Pas3inmd-
HbI€ TIPOIIECChI, B [IEPBYIO OUEPE/Ib ITPOoIlecC GepMEHTATUBHOIO
niporopkanust [29-30]. 3epHOBbIE ¥ MUKPOOHbBIE JUIA3bl J0-
CTATOYHO XOPOUIO M3yUeHbI: pa3pabOTaHbl CIIOCOOBI MX BbI-
JlefleHuss ¥ OuMCTKYU [31-34], naHa XapakTepuCTMKa KaTalay-
TUUYECKUM CBOICTBAM U CTPOEHMIO aKTMBHOIO LieHTpa [33,35],
a Takke MOKa3aHa BO3MOXKHOCTh MMMOOWIM3ALUM 3€PHOBBIX
Y MUKPOOHBIX JIUTIA3 C IeJIbI0 UX MUCIOMb30BAHMS B MMUINEBOIA
uHpycTpun [29,36].

V3BecTHO, YTO IpMMeHeHNe TIpernapaToB JUMa3bl MIPUBOIUT
K YIyYIIeHUIO PeoIOTMUYecKuX CBOVCTB TecTa, K YBeJMUeHUI0
yIenbHOro 06bemMa U3AENNIi U YAYUIIEHUIO CTPYKTYPBI U I[BETa
MsIKuia. Takke ecTb CBeIeHMS O TOM, UTO JIUIIa3bl CII0OCOGCTBY-
10T 3aMe/IJIeHII0 UepCTBeHMs Xe6a. DTO MOKHO OOBSICHUTD JIeii-
CTBYEM ITPOAYKTOB TUAPOIN3a — MOHOITIMLIEPUIOB U SKUPHBIX
KUCJIOT, KOTOPbIe, 00pa3yst KOMIUIEKCHI C aMMUII03011, 3aMeJIISTIOT
ee perporpagauuio. IIpemmonaraercsi, UTO JUIMAa3bl U3MEHSIOT
B3aMMOAENCTBUS MEXKIY 6eMKaMu U IUTIUAAMU MYKU, YIydInast
KavyecTBO KJIeHKOBMHbI. KpoMe TOoro, IUIonuTuiecke pepMeH-
ThI KOCBEHHO BJIMSIIOT HA OKUCIUTEIbHBIE MTPOIECChI B TECTE IIPU
3amMece, 4YTO IMPOMCXOIUT 3a CUET YBeJMUEHMS JOCTYITHOCTU He-
HACBIIIEHHbIX SKUPHBIX KUCIIOT /IS IeCTBUS (hepMeHTa JINTIOK-
cuUreHasbl, IPUCYTCTBYIOIIETO B MyKe MM BBeJEeHHOTO B TeCTO
B COCTaBe yayuluresnei [37].

Llenp wucciemoBaHms OIleHKa YIVIeBOJHO-aMMUIa3HOTO
Y IUTIAHOTO KOMIIJIEKCOB TTOJIMKOMITOHEHTHBIX 3€PHOBBIX OT-
py6eit nyist uX JajabHeIe rimyboKoii mepepaboTKy C UCTIONb30-
BaHMeM QepMeHTHOM MoaUpUKAIIA.

2. MaTepuassbl ¥ MEeTOIbI

O6DbeKTOM MCCIeNOBAHUS CIYKWIM TPU BUA TOTUMKOMIIO-
HEHTHBIX OTpy6eit, oTyUYeHHbIX ITyTeM COBMeCTHOro jabopa-
TOPHOTO TOMOJIa TPEXKOMITOHEHTHOJ 3epHOBOW cmecu: 85%
3epHO MieHuIlpl, 10% ceMsH ueueBuIibl M 5% bHa (BapuaHT 1);
B BapMaHTe 2 3epHO MIIIeHNIIbI ObIIO 3aMEHEHO Ha KPYITy IIie-
HMYHYI0 nuiMdoBaHHyw. BapuaHT 3 — OTpyoM, MosydyeHHbIe
B pe3y/ibTaTe COBMECTHOTO IIOMOJIa OMHApHOI 3epHOCMeCcH:
67% ceMsIH yeueBUIIbI U 33% JIbHA.

XuMMueckuit coCcTaB MCXOAHBIX KOMIIOHEHTOB U MCCIenye-
MbIX 06pasI[oB OTpy6eii pecTasieH B paborte [14]. ConepskaHue
Kpaxmasia ornpezessiiiu no metony dBepca (TOCT 31675-20122),
MacCOBYIO JIO/TI0 aMMUJIO3bI ¥ aMWJIONIeKTMHA PaCCUMTHIBAIN Me-
togom M. II. TlonmoBa u E. ®. IllaHeHKO, BOCCTaHABIMBAKOIINX
caxapoB — 1o MeTony bepTrpaHa. PacTBopuMmblit 6e10K ompee-
nsin o Metopy Jloypu [38]. JKUpHOKMIOTHBIN COCTaB OIpe-

2 TOCT 10845-98 «3epHo 1 IPOAYKTHI ero repepabotku. MeToy onpesie-
neHus kpaxmanar». Mocksa: UIIK «M3paTenbcTBO cTanzapros», 2001. — 4 c.
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nmensum 1o T'OCT 30418-963. AKTMBHOCTh aMuIa3 O pPeaesIsiin
KOJIOPUMETPUYECKUM METOIOM II0 MHTEHCUBHOCTU OKPACKMU
KOMIIEKCA «Kpaxmay — iiof» mpu JjvHe BoHbl 590 HM Ha ¢o-
ToanekTpokonopumerpe KOK-3 (30M3, Poccus). CrerneHb ru-
JIPOM3a PACCUNTHIBAIY TI0 KaaMOPOBOYHOI KPUBOJAL. YIETbHYIO
aKTMBHOCTb aMMJIa3 BbIpakaJl KaK OTHOILIEHVE TTPOTUIPOIN30-
BaHHOTO KpaxMasa (Mr) K KOIM4YecTBYy 6esKa (MT) B BOLHOI BbI-
TSDKKE MCCIeAyeMbIX 06pas3ioB.

[lnst BbIfleJIeHNsT Y YaCTUYHOM OYMCTKU o- U -aMuiIasbl U3
TPEXKOMITOHEHTHBIX OTpyOeii (BapuaHT 1) 6bl1a paspaboTaHa
cxeMa, KOTopas BK/IIouasa Caefylollye STarbl:

U osran 1 — aKkcTpakiuus M3MeJNbUYeHHOTO MaTepuajia BOoit
B cooTrHomreHuu 1:10 (Macca/o6beM) B TeUeHMe 5 MUH IIpU
MHTEHCUBHOM TepeMelnvBaHun. lleHTpudyruposaHme mpm
6000 06/MuH B TeueHue 10 MUH.

Tam 2 — OCakKAeHMe o—aMWiIasbl CyabGaTOM aMMOHUS
(crennenp HacbimleHus1 oT 0 mo 30%); oTmeneHue ocagka
(a-aMmmiiaza + B-ammiaasa) meHTpPUGYTMpoBaHUEM IPU CKO-
poctu 6000 06/MuH B TeueHue 10 MuH.

atan 3 — mnepepactBopeHue ocanka B 0,02% pacTBope Xjo0-
puaa KajabLysi

atan 4 — TepmocratupoBanue mpu 70 °C B TeueHue 15 MuH.
Llentpudyruposanue mpu 6000 06/MuH B TeueHue 10 MuH.
IoBeneHue cynepHaTtaHnTa o pH 5,6.

aTan 5 — GpaKIMOHMPOBAHNE o-aMIIa3bl METOIOM Ielb-
xpomaTtorpadun Ha KonoHke ¢ TSK — gel Toyopearl HW — 55F.
3Tarn 6 — ocaxkaeHue B-aMuiasbl CynbGaToM aMMOHUS (CTe-
neHb HackimeHus: ot 30 go 60%) u3 HaZOCATOYHOM KU -
KOCTH, TOJIyYeHHOI MpU NpOBefeHMUM dTama 2; OoTheleHue
ocazka (B-ammiasa + caebl o.-aMuiasbl) meHTpudyrupoBa-
HueM 1pu ckopocTty 6000 06/MuH B Teuenue 10 MuH.

aTamn 7 — ImepepacTBOpeHMe OcajKa B BOJE C JOBeleHVeM
¢ momoinpio 0,11 HCI go pH 3,4 mjig MHAKTUBAIMK CJIEJOB
o.-aMmIIashl, ¢ JanbHeimmm nosegenem pH oo 4,5-5,0 0,11
pactBopom NaOH.

aTan 8 — ¢pakUMOHMpPOBaHKe B —aMWUIa3bl METOAOM Ieflb-
xpomaTtorpadum Ha KonoHKe ¢ TSK — gel Toyopearl HW — 55F.
B pabore ucnonp3osamu peaktusbl: CaCl, nBYXBOZHBIN
u (NH,),SO, (una); 0,11 NaOH n 0,1 u HCI (crangapr-TuTphI);
npousBoacTBo — Poccust.

Pa3spenenne ammias u oOIpefeeHMe UX MOJIEKYISIPHO
Macchl TPOBOAWIIM METO/IOM Teib-XpoMaTorpaduu Ha KOJOHKe
(2,3 x 35) c TSK-gel Toyopearl HW-55F (ToSoh bioSep, SIriouus).
[TapaMeTpbl KOJIOHKM: CBOOOAHBIN 00beM — 44 MJI (TI0 BBIXOAY
JIeKCTpaHa CMHEro ¢ MOJIEKYJISIPHOJM Maccoii okoso 2 MiuH [1a);
06111t 06emM — 140 M (TTO BBIXOZY TUPO3MHA).

Ha Ko/MIOHKY HaHOCWIM 5 MJI pacTBOpa, cofepskallero ya-
CTUYHO OUMIIEHHbIEe aMuia3bl (00beIVHEHHbIE QpaKIuy 1M0-
cie cragum BeicanmBanus ot 0 o 30% (NH,),SO, n or 30 mo
60% (NH,),SO,). Smionuio mpoBOaUIN OUCTUILIMPOBAHHONM BO-
noii. O6beM cobupaeMbIx Gpakuuit — 4 MiI. Perucrpauuio or-
TUYECKOH MVIOTHOCTY TI0aTa BO PPaKUMSIX OCYIIECTBIISIIN ITIPU
navHe BoiHbI 280 HM Ha criektpodoromerpe CP-46 (JIOMO,
Poccus).

Monexky/lsIpHYI0 MacCcy aMuias omnpenensuin rpadguueckum
METOJIOM, IMpeBapUTENbHO KOJOHKY MapKMUpOBaau CTaHIApT-
HBIMM METUYMKAMU C M3BECTHOI MOJIEKY/ISIPHOI Maccoit hUpMBI
Merck (Tepmanus) [14,38,39].

OmpeneneHne aKTUBHOCTU I[€JIOUHBIX Y KUC/BIX IUTIA3 IIPO-
BOOWJIV TUTPOMETPUYECKMM METOOO0OM I10 HayvaJabHO CKOpOCTN
dbepMeHTATUBHO peakiMy IYMAPOAN3a TPUITTUIIMPUIOB PACTH-
TeJIbHOTO Mac/ia, KOTOPYIO PaCCUMTHIBAIN 10 KOTUYECTBY 06pa-
30BaBILNXCS SKUPHBIX KUCIIOT [38].

* TOCT 30418-96 «Macya pacTuTenbHble. MeTo onpeaeneHust XUPHO-
KMUCJIOTHOTO cocTaBa». — MuHck.: CranmaptuHdopm, 2008. — 4 c.

24

Inst 06paboTKM pe3yabTaTOB MCCIENOBAHUI OMpenesin
cpenHue apudMeTNYecKre 3HaYeHMSI BEJIMUMH U3 TPeX U3Mepe-
HUI IJIS1 Kaskaoro obpasiia, CpegHeKBapaTUUYHOe OTKIOHEHME
He MPeBbIAI0 3% Mpy TOBEPUTENbHOM BeposTHOCTHU P = 0,95.
C 3TOJ1 11e/1bI0 MCIIOIB30BAIM METOAbl MaTeMAaTUUYECKOI CTaTU-
CTUKU C TIpMMeHeHNeM IIPOrpaMMHOro obecrnededns Microsoft
Excel, Bepcus 2018 r. [40].

3. Pe3yabTaThl ¥ UX 06CYKIEeHME

VI/IeBOAHBIN KOMILIEKC TTOJIMKOMITOHEHTHBIX 3€PHOBBIX OT-
py6eii, MOMYUYEeHHBIX MPM COBMECTHOM pasMojie 3€PHOCMECH,
COIJIaCHO yKa3aHHbBIM Bblllle BapMaHTaM IIpe/icTaB/leH Kpaxma-
JIOM, KJIeTYaTKOI, a TaK)Ke MOHO- U JucaxapuaaMu, IOCKOIbKY
Hapsioy ¢ 060/I0YKaMy M aJIefipOHOBBIM CJIOEM OHM COIEepsKaT
JIOCTaTOYHOE KOJIMYECTBO M3MeIbYeHHOI0 3apOAbllIa.

IMonyueHHble gaHHble (Tabmauia 1) CBUAETENBCTBYIOT O TOM,
YTO TPEXKOMIIOHEHTHbIE OTPY6M (BapuaHThl 1 U 2) comepikat
okono 45-50% Kkpaxmaia, MPUYEeM COOTHOILIEHME aMMUIO3bI
¥ aMWIOINEeKTVHA B HUX IIPaKTUYECKU OAMHAKOBO. YeueBMYHO-
JIbHSIHBIE OTPYOU (BapMaHT 3) comepskat kpaxmana B 1,6—1,8 pa3
MeHbIIIe, TIpU 3TOM [0/ aMuIo3bl B 1,6 pa3 Bblllle, YeM B ep-
BBIX JIBYX BapuaHTax. Kpome TOro, 13 BCex MCCaeayeMbIX OTPY-
6eil y ueueBMYHO-THHSIHBIX OTPyOei OTMeueHo 6ojiee BbICOKOE
cofep>kaHye BOCCTaHaBIMBAIOLIMX CaXapoB U KIeTYaTKM!.

Ta6muua 1.
VI/IeBOgHBI KOMIIIEKC ITOTMKOMIIOHEHTHBIX OTPy0eit
Table 1. Carbohydrate complex of polycomponent bran

Boccranas-

O6pasen Kpa)‘f/oMan, AMM;:OBa, 11211:'[;::11{?_"/0 1}33}3:’1;6 K,v:(e:;xi/in_
Bapuanr 1 45,50 23,8 76,2 0,33 15,0
Bapuant2 52,42 24,0 76,0 0,30 14,6
Bapnmanr 3 28,50 38,6 61,4 0,68 17,3

Ha Pucynke 1 npepncrasneHa yaenbHas akTMBHOCTb aMMJIa3
(MT IPOrUAPOAM30BAHHOTO Kpaxmasa/Mr 6eka) B BOLHON BbI-
TSDKKE UCCIeayeMbIX 06pa3iioB OTpyOeii.
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1,22

1,2 1,1
1
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0,4
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0,2

0

BapuaHT 1 BapuaHT 2 BapuaHT 3

PucyHok 1. AKTMBHOCTh aMmiIa3 B o6pasmax

MMOJIMKOMIIOHEHTHBIX OTPyOeit
Figure 1. Amylase activity in polycomponent bran samples

YeueBUYHO-TIbHSIHbIE OTPYOMU, 10 CPABHEHUIO C TPEXKOMIIO-
HEHTBIMM OTPYOSIMM, XapaKTepPU3YIOTCs Gosiee HU3KOI yIemb-
HOIl aKTMBHOCTbIO amwia3 (IpuMMepHO B 2 pasa). [Ipu manb-
Hejiieit mepepaboTKe YeUueBMYHO-IbHSIHBIX OTPY6eil miu mpu
MX UCIONb30BaHMYM B KauecTBe 06Oraljaioiiero KOMIIOHEHTa
B MYUHbBIX CMECSIX OHU He HO/DKHBI OKa3bIBaTh 3HAYMTENIHbHOTO
BJIVISTHUSI Ha PEOJIOTMYeCKIe CBOICTBA IIPU TeCTOBEIeHUN.

Ha Pucynkax 2 u 3 mpefcTaB/ieH npoduib 310uyy 6enka va-
CTUYHO OUMIIIEHHBIX [TPEapaToB aMuias u UX aKTUBHOCTb.
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PucyHOK 2. IIpodwiib 21011y 6eIKa YaCTUMYHO OYMIIEHHOTO Mmpernapara o- 1 f-aMuias
Figure 2. Protein elution profile of a partially purified preparation of o- and f-amylases
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PucyHOK 3. @paKIMOHMPOBAaHME o- ¥ -aMiIa3 TPEXKOMIIOHEHTHBIX OTpy6eii (BapuaHT 1)
Figure 3. Fractionation of a- and -amylases of three-component bran (option 1)

AKTMBHOCTD 0.-aMMIa3bl O6HAPYKeHa B 22-11 (ppaKuym, Bbi-
Xopseii ¢ 06beMoM TILNUY 88 MJI; aKTMBHOCTb [-aMM/Ia3bl
obHapyxeHa B 21-i1 dpakiym, BRIXOAAIIEN ¢ 00bEMOM ITIOLNUN
84 mu1. TakuM 06pasoM, IO JaHHBIM rejib-xpomMaTtorpadum mo-
JIEKYJIIpHAs Macca o- U B-aMuias, BbIIeJIeHHbIX U3 TPEXKOM-
IIOHEHTHBIX OTpy6eil 1o pa3paboTaHHOI CXeme, COCTaBuUJIa
40000 Ja 1 60000 Ja coOTBETCTBEHHO.

Kak mokasanmu Hamm wucciaemoBanus [12,14], mobaBieHue
CceMsIH JIbHA B TTIOMOJIBHYIO CMeCh 3HAUMUTEIbHO YBEJIMUMBAET
cofepykaHye XKuMpa B MPOAyKTax rmomosia. B Tabmuie 2 mpen-
CTaBJIEHbI JAHHbIE, XapaKTePU3YIOIIye MccaeayeMbie 00pasiibl
oTpy6eii o 06IIeMy COMePsKaHMIO JKMpa U 0 KOJIUYECTBY OC-
HOBHbIX HACBIIIEHHbIX M HEHACKIIIEHHbIX SKUPHBIX KUCIOT.

Tak, o0llee cofepykaHMe HACBIIEHHBIX >KUPHBIX KUCIOT
C yYeTOM KOJMYECTBa Xupa B obpasiax OoTpybeil cocTaBiis-
er 0,95; 0,96 u 1,72%, a obIiee comepskaHMe HEHACHIIIEHHbIX
SKUPHBIX KUCIOT — 5,40; 4,92 n 9,07% COOTBETCTBEHHO ISl

BapMaHTOB 1, 2 1 3. [Ipy 5TOM Ji/Isl Ye4eBUUHO-TbHSTHBIX OTPYOeii
(BapuaHT 3) xapakTepHO Haubosee GIArONPUITHOE COOTHOIIE-
HJ€ JIMHOJIEBOI KUWIOTHI (®-6) K a-JIMHOJIEHOBOI KUCIOTE (®-3)
B T0/Tb3Y Haubosee nedUIIUTHONM o.-TMHOIEHOBOM KMUCIOTBI, KO-
TOpoe cocTaBuio 1: 4,2.

VBenuueHyue Cofep>kaHusl Xupa B MOJIMKOMIIOHEHTHBIX OT-
pybsx 3a cuer mobaBieHus: ceMsiH JibHa (Tabmuia 2) CBSI3aHO
C HeoO6XOAMMOCTbIO M3Y4YeHUsT aKTUBHOCTM JINTIA3, KOTOpPbIE,
HapsIAy ¢ ApyruMu pakTopaMu, MHULMMPYIOT ITpoiiecc hepMeH-
TaTUBHOIO NPOropKaHusl. I3BecTHO, YTO pacTUTE/IbHbIE TUIIa3bl
OTIMYAIOTCSl ONITUMYMOM pH: 3epHOBBIE JIUIIa3bl IPEUMYILECT-
BEHHO MPOSIBJISIIOT CBOI0 aKTMBHOCTH B II€JIOYHOI 30HE — IIpU
pH 8,0; tnmassl MacIMYHBIX KYJIbTYP — B KUCION 30He mpu pH
4,7[15,29,30].

AHanu3 mnpencTaB/ieHHbIX Ha PucyHke 4 AaHHBIX I103BO-
JISIeT clienaTh BbIBOJ O TOM, UTO yAelbHas aKTMBHOCTD ILe0Y-
HbIX ¥ KMUCJIBIX JIUIIAa3 B 06pa3iiaXx TPeXKOMIIOHEHTHBIX OTpy0eii

Ta6nuiia 2. ComepskaHMe Kupa U SKUPHOKUCIOTHBIN COCTaB MOJIMKOMIIOHEHTHBIX OTPy6eit
Table 2. Fat content and fatty acid composition of polycomponent bran

HacsbimeHnHbie JKMPHbIE€ KUCIOTHI, %

HeHacsbIleHHbIE
SKMPHBIe KUCIOTBI, %

O6pasery, JKup, %
NaJTbMUTHHOBAsK CTeapuHOBast o/IeMHOoBas JIMHONeBast OL-JIHHOJIEHOBAsI
C16:0 C18:0 Cc18:1 C18:2 C18:3
Bapmanr 1 6,4 12,20 0,98 2,66 0,29 18,58 1,49 61,65 +3,07 4,19+0,46
Bapuanr 2 6,0 12,76 £ 1,02 3,23 0,36 17,19 £ 1,43 60,29 £ 3,02 4,57 0,50
BapuaHrT 3 12,9 7,12 0,52 6,26 % 0,50 17,58 = 1,35 10,23 *1,48 42,48 2,87

25
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(BapmaHT 1 U 2) MpMMepHO OAMHAKOBAs, & YeUeBUYHO-JIbHSI-
Hble OTpy6M (BapMaHT 3) XapaKTepU3YIOTCS MPAKTUUECKUM
OTCYTCTBMEM ILIeJIOYHBIX JUMa3 (MpeuMyIlleCTBeHHO 3epHO-
BbI€ JIUIIa3bl) M BBICOKON yIeJIbHOM aKTUBHOCTBIO KUCION N~
rnassl (IIpeMMyliecTBeHHO Jinasa JibHa), KOTopasi IpMMepHO
B 4,2 pa3a MpeBOCXOAUT aKTUBHOCTb KUCJIbIX JIMTIA3 TPEXKOM-
ITOHEHTHBIX OTPY6eii.
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PucyHOK 4. AKTMBHOCTD II@€/IOYHBIX ¥ KUC/IbIX JIMIIA3

TMMOIMKOMITIOHEHTHBIX OTPyGeit
Figure 4. Activity of alkaline and acid lipases of polycomponent bran

4. BbIBOJBI

OlleHKa YIVIeBOOHO-aMWIA3HOTO M JIMIMAHOIO KOMILIEKCOB
MTOJTMKOMIIOHEHTBIX OTPYOeii, IToTyuyeHHbIX IIPY COBMECTHOM pa3-
MoJIe 3epHOCMeCH 13 3ePHOBBIX (ITIIeHMIIa), 6060BbIX (YeueBUILIa)
¥ MaCIMYHBIX (JIeH) Ky/IbTYP, BBISBU/IA CJIEYIOLIVIEe OCOOEHHOCTH:

O cooTHOIIIeHVEe aMMUIO3bl M aMWIOTIEKTMHA B 06pa3iiax Tpex-
KOMITOHEHTHBIX OTPy0Oeil MpaKTUIecku OIMHAKOBO, B Ueyue-
BUYHO-JIbHSHBIX OTPYOSIX IO/ aMuIo3bl B 1,6 pasa Bbilile,
a yaoenbHash aKTMBHOCTb aMm/ia3 MPUMeEpPHO B 2 pasa HIKe,
yeM B IEPBBIX JBYX BapuaHTax. Kpome TOro, yeueBMYHO-
JIbHSIHBIE OTPYOM XapaKTepU3yIoTCsl 60jiee BLICOKMM COMEP-
>KaHMeM BOCCTaHaBIMBAIOUIMX CAXapOB U KJIeTYaTKH;
MOJIeKY/ISIpHas Macca aMuias, BbIAeJeHHBIX 13 TPEXKOMIIO-
HEHTHBIX OTPYy6et, TI0 JaHHbBIM rejib-XxpomaTorpadumu cocra-
Buia 40000 [da mist a-amunassl M 60000 [da miis B-aMumiassl;
nmobaBiieHe CeMSH JibHa B IOMOJIbHYIO CMECh 3HaUMTETbHO
YBEIMUMBAET COflepskaHle Kupa B oTpyosix 6,4; 6,0 u 12,9%
IIJIST BApMaHTOB 1, 2 1 3 COOTBETCTBEHHO. JKMPHOKMCIOTHBIN
COCTaB XapaKTepU3yeTcsl MpeobsafaHueM HeHAChIIEeHHbIX
SKUPHBIX KUCTIOT JIJIs1 OTPYOeii BCex MCC/IeAyeMbIX BapMaHTOB.
ITpu 3TOM [IJ11 YeUEBUYHO-TbHSIHBIX OTPyOeii yCTaHOBJIEHO
COOTHOIIIeHe 3CCeHIIVATbHBIX KUCIOT: TMHOMEBOM KUCIOThI
(®-6) K 0.-JIMHOJIEHOBOW KUCIO0Te (®-3), KOTOPOe COCTaBUJIO
1:4,2;

aKTUBHOCTH IIEJIOUYHBIX M KUCIbIX JIMIa3 B 06pasiiax Tpex-
KOMITOHEHTHBIX OTPy0eil MpMMepPHO OAMHAaKOBas, a uede-
BUYHO-JIbHSIHbIE OTPYOY XapaKTePU3YIOTCSI BLICOKOI yIeb-
HOV AaKTMBHOCTBIO KMC/IOV JUIAa3bl (MIPEUMYIIeCTBEHHO
JluTasa JibHa), KOTopasi MpUMepHO B 4,2 pa3a MPeBOCXOOUT
aKTMBHOCTb KUC/IBIX JIMIIA3 TPEXKOMIIOHEHTHBIX OTpPYyOeii.
[MonyyeHHbIe MaHHBbIE, HAPSIAY C HaHHBIMU TIO OCOGEHHO-
CTSIM 6€JTIKOBO-TIPOTEMHA3HOTO KOMILIEKCA MCC/IeAyeMbIX BM-
OB OTpy6eit, 6YAyT UCIIOIb30BaHbl IIPK pa3paboTKe Coco60B
dbepmenTatuBHOit Momudukanyu (rybokasi mepepaboTKa)
¥ TIpY TIOJTyYeHUM KOMITOHEHTOB [IJIs CO3JaHMsl HOBBIX MUILe-
BBIX IIPOAYKTOB C TMOBBINIEHHO! MUIIEBOI ¥ GMOIOrMYeCKOii
LIeHHOCTBIO.
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TEKCTYPA OBE3)KXUPEHHOTO MOTYPTA
C U30JATAMU U KOHIUEHTPATAMMU BEJIKOB

I'ypckuin U. A.

Bcepoccuiickuit Hay4HO-MCCIef0BaTeIbCKMUI MHCTUTYT XOJIOAMIbHOV IPOMBILIZIEHHOCTH, MocKkBa, Poccus

Hayunas ctaTbs

KJ/IIOYEBBIE CJIOBA: AHHOTALNA
tiozypm, KOHYyeHmpamat VorypT SIBIISIETCSI OGHMM M3 CaMbIX PacITPOCTPAHEeHHBIX KMCIOMOIOYHBIX TPOAYKTOB. Ero moTpe6iisioT Hermocpencr-
U u30/151Mol 6e1K06, mexcmypa BEHHOTO B NMIIY ¥ UCTIONb3YIOT [JIs1 TPOM3BOACTBA KMCIOMOJIOYHBIX JeCePTOB ¥ MOPOKEHOro. AKTyalbHas 3aJa4a

IU1s1 TIPOU3BOJUTENell IorypTa — TOBBIIIeHNe KauecTBa MIPOLYKTa 3a CUeT JOMOTHUTETbHO BHOCUMBIX GEIKOBBIX
KOMITOHEHTOB. B JaHHOM VICC/IeIOBaHMM OLIEHMBAIOCh BIIMSIHME MU30JISITOB M KOHIIEHTPATOB GEIKOB Ha PEOJIOru-
yeckye 1oKasarenay itorypra. MeTompl BKIIOUAIN OIpeesieHye IMHAMUIeCcKoi BSI3KOCTU U BbISIBI€HME TaKUX I10-
Kasareseit TeKCTypbl, Kak TBEPAOCTb, TUIIKOCTb, Pa3’keBbIBAEMOCTb, YIIPYTOCTb, KOTe3Msl ¥ KJIeKOCTb IIPUTOTOB-
JIEHHOTO JiorypTa 4yepe3 30 CyTOK ero xpaHeHusl mpu Temrnepatype 4*2 °C. Bblsia olleHeHa BJaroy/iep>kiBarolast
CITI0OCOGHOCTD 06PA3IOB JiorypTa. YCTAHOBIEHO, UYTO BHECEHVIe CBIBOPOTOYHBIX GEJIKOB MO3BOJISIET TIOBBICUTD BiIa-
TOyIeP>KUBAIOIIYIO CIIOCOGHOCTH 10 77% 1 80% cooTBeTCTBEHHO. HanbosbIllee 3HaUeHNe AMHAMUYECKOi BI3KOCTH
yepe3 5 u ckBaumBauus (19,3 u 26,1 I1a-c) 6bUTO0 YCTaHOBIEHO B 06pasiiax, COAepyKaIIMX KOHIIEHTPAT U U30JST
HATVUBHBIX CbIBOPOTOYHBIX 6€JIKOB. [Ipy BHECEHMM M30JISITA MOTIOUHBIX, KOHIIEHTPATa COEBBIX M M30JISITA HATUBHBIX
CbIBOPOTOYHBIX G€/KOB HAGIIONANOCh CHIDKEHNE NYHAMIUYECKOH BSI3KOCTH uepes3 5 4 cKBaumBaHus. [Jo6aBiieHne
6e/IKOBBIX KOMIIOHEHTOB ITPUBOAMIIO K 3HAUNTEIBHOMY YBeIMUEHMIO TIoKa3aTesiell TeKCTYPBI (3a MCK/II0UeHNEeM KO-
re3un). Hamnborbliee 3HaueHne koresuu, paHoe 0,4 H-c, 6bU10 yCTaHOBIEHO B 00pasiie 6e3 6eKOBbIX KOMIIOHEH-
TOB ¥ B 06pa3lie C KOHIIEHTPATOM CbIBOPOTOYHBIX 6eKkoB. [TokasaTesy TBepIOCTH, IUIIKOCTH, Pa3sKeBbIBAEMOCTH,
YIIPYTOCTY U KJIEKOCTY MMeny Haubosiblliee 3HaUeHMe B 00pasLie C M30/SITOM HaTUBHBIX ChIBOPOTOYHBIX GEKOB.
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THE TEXTURE OF NON-FAT YOGURT
WITH PROTEIN ISOLATES AND CONCENTRATES

Igor A. Gurskiy

All-Russian Scientific Research Institute of Refrigeration Industry, Moscow, Russia

KEY WORDS: ABSTRACT
yogurt, proteins concentrates Yogurt is one of the most common fermented milk products. It is consumed directly as food or used for the produc-
and isolates, texture tion of fermented milk desserts and ice cream. The urgent task for yogurt producers is improving product quality

due to additionally introduced protein components. In this study, an effect of protein isolates and concentrates
on the rheological parameters of yogurt was evaluated. The methods included the determination of dynamic
viscosity and texture indices, such as hardness, gumminess, chewiness, springiness, cohesiveness and adhesive-
ness. The prepared yogurt samples were investigated immediately and after 30 days of storage at a temperature
of 4%2°C. The water-holding capacity was evaluated. It has been established that introduction of whey proteins
makes it possible to increase the water-holding capacity to 77% and 80%, respectively. The highest value of dy-
namic viscosity (19.3 and 26.1 Pa-s) was found in the samples with isolate and concentrate of native whey proteins
after 5 hours of fermentation. A decrease in dynamic viscosity with the introduction of milk protein isolate, soy
protein concentrate and native whey protein isolate was observed after 5 hours of fermentation. Addition of the
protein components led to a significant increase in texture indices, except for cohesiveness. The highest cohesive-
ness value of 0.4 N-s was found in the sample without protein components and in the sample with whey protein
concentrate. The indicators of hardness, gumminess, chewiness, springiness and adhesiveness were the highest in
the sample with native whey protein isolate.

FUNDING: The article was published as part of the research topic No. 075-01190-22-00 of the state assignment of the V. M. Gorbatov Federal Re-
search Center for Food Systems of RAS.

1. BBegeHue ¥ MOPOYKEHOTO M3 3TOTO HPOAyKTa. B cocTtaB iiorypra BXOAST

[MoBbIlIIEHME CIIPOCA HA JOTYPT Cpeau MmoTpebuTtesneii 06yc- BelllecTBa, 06/1aJaolIie BLICOKOI OMOIOrMUYEeCcKOi IeHHOCThIO:
JIOBJIEHO €ro MMUINEBOJ EHHOCThI M BKYCOBBIMM OCOOGEHHO- 6esiky (Ka3erH M ChIBOPOTOUHBIE OEJIKM), MUHEpasIbl (KabIMii,
CTSIMM, UTO YUUTHIBAIOT TAKKe TIPU BbIGOpPE JiOTypTa B KavecT- Kasmit, HaTpuit, pocdop u Mmarumii) u BuTamuHsl (A, B6, B4, B2,

Be KOMIIOHEHTA /IS U3TOTOBJEHMSI KMCIOMOJIOUHBIX JIeCepPTOB B1 u B12) [1,2,3]. [loMrMoO 3TOrO, MOTYPT COLEPKUT MOTOYHO-

OIS UUTUPOBAHUS: T'ypekmit, U. A. (2023). TekcTypa 06€3KMPEHHOTO 10- FOR CITATION: Gurskiy, I. A. (2023). The texture of non-fat yogurt with
rypTa ¢ U30JSITaMM UM KOHLIeHTpaTamu OenkoB. [Tuujessle cucmemel, 6(1), 29-35. proteins isolates and concentrates. Food Systems, 6(1), 29-35. https://doi.
https://doi.org/10.21323/2618-9771-2023-6-1-29-35 org/10.21323/2618-9771-2023-6-1-29-35
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KUCTble GaKTepuu, KOTOPbIE CIIOCOOCTBYIOT BOCCTAHOBJIEHUIO
HOPMAaJIbHOV MMKPOQUIOPBI KUILIEYHMKA, CTUMYIUPYIOT UM-
MYHUTET, MPOSYLUMPYIOT MPOTMBOBOCIAIUTE/IbHbIE BEIleCTBa,
00J1a/1a10T IIPOTMBOOITYXOJIEBBIM JIeJICTBYMEM U T. JI. [4]. BKycoBbIe
XapaKTepUCTUKM HOrypTa 06yCIOBIEHBI MPOAYKTaMM, 06pasy-
IOUIMMUCST B pe3y/bTaTe Pa3sBUTUSI 3aKBACOYHBIX KyJIbTyp. Op-
raHo/leNnTUYecKre XapakTepUCTUKU JorypTa B 3HAUMUTETbHOIA
CTeIeHY CBSI3aHbl C er0 TEKCTYPHBIMU CBOVICTBAMM, TAKUMU KaK
IIAIKOCTh, BSI3KOCTh, YIIPYTOCTh U AP., KOTOPbIe GOPMUPYIOTCS
B ITpoIiecce CKBalIMBaHus. B mpoiiecce pocta u pa3BUTHUS 3aKBa-
COYHBIX MMUKPOOPTaHM3MOB, MCIONb3yeMbIX B IPOU3BOLCTBE
iioryptoB (Streptococcus thermophilus v Lactobacillus delbrueckii
ssp. Bulgaricus), TpoyCcXOauUT 06pa3oBaHMe MOTOYHOI KUCIOTHI,
KOTOpast BbI3bIBAET JeHATYypalnio Gesika, ero arperainuio u oo-
pa3oBaHue resst [5], CBOCTBA KOTOPOTO B 3HAUUTETbHOI CTelle-
HMU OIpefeIIoT TEKCTYPY TOTOBOTO IIPOAYKTA.

C 1enblo0 TIOBBIIIEHMS] OMONIOTMYECKUX, (DUUKO-XMMIYe-
CKUX, OPTaHOJIENITUUECKUX U CTPYKTYPHO-MeXaHMUeCKUX MoKa-
3aTesieit Jorypra BO3MOKHO IOIOTHUTENbHOE BHECeHUe 6es-
KOBBbIX KOMITOHEHTOB. Ha TeKCTypy iiorypra MOTYT OKa3bIBaTh
BJIMSIHME CJIeAyIolIMe MPOLeCChl: rmacTepusalys, CKBallBaHue
u xpaHeHue. [Ipy macrepusanmu neHaTypUPYIOT CBIBOPOTOUHbIE
6enki, a JajnbHelilee MOAKMUCIeHe TPUBOIUT K 06pa30BaHNIO
IUCYNbOUIHBIX CBSI3el MEXAY ®-Ka3eMHOM U ChIBOPOTOYHBI-
MM GelikaMu, B pesy/bTare uero opmupyercst 6oaee TBEPIbIit
TeJTb U CHISKAaeTCs ero cuHepesuc [6]. IIpoucxoauT o6pa3oBaHme
KOBaJIEHTHBIX CBSI3€ii MEXKIY %-Ka3eMHOM, a-JTaKTaaIbOyMUHOM
" B-JIAKTOIOOYIMHOM Yepe3 peakUMI0 TUOM-IUCYIbGOUIHOTO
obMeHa B CBSI3U € 06pa30BaHMeM CBOOOJHBIX TMOIOBBIX I'PYIIIT
(-SH) [7,8]. YacTh CHIBOPOTOUYHBIX OEIKOB MPU TMACTePU3aALNUN
06pasyioT pacTBOPMMbIe arperatbl. B mpoliecce CKBAIIMBaHMUS
Ka3eMHOBbIe GeJIKM MOJIOKA TEPSIIOT CBOIO CTAOGMIBHOCTD U KOa-
TYIMPYIOT IIPU AOCTVKEHMUM M3031eKTpuyeckoit Touku (pH 4,6)
¢ o6pa3oBaHMeEM TPEXMEPHOI 6eJTKOBOJ CeTu, B KOTOPOIt yaep-
SKMBAETCST ChIBOPOTKa [9]. B mpo1ecce xpaHeHMs B IOTypTe MO-
>KeT TIOBBICUTBCS KUCIOTHOCTh M3-32 MeIJIEeHHOTO OXJIasKIeHMsI
¥ OCTaTOYHO} aKTUBHOCTY MOTOYHOKMCIBIX MUKPOOPTaHM3MOB
[10]. YBennmueHMe KMUCIOTHOCTY B IIPOLIECCe XpaHeHUS MPUBO-
IUT K YKPYITHEHUIO YacTUIl Ka3enHa, K pacTBopeHuio docdara
KaJIbIVIST ¥ PeCcTpyKTypu3anuu 6enkoBoii cetu [11]. Tlomo6HOoe
M3MeHeHMe GesIKOBOI ceTu BeleT K YIUIOTHEHUIO CTPYKTYDHI,
CHIKEHUIO Pe0JIOrMUeCKUX IoKa3aTesiel Morypra u, Kak mpaBu-
JI0, K OT/IeJIEHUIO CBIBOPOTKY, UTO CHYKAEeT OPraHO/MeNTUIYecKue
ToKa3aTey MTPOAYKTa. BeTKoBble KOMIIOHEHTBI, TPUMeHSsIeMbIe
TIpM U3TOTOBJIEHUU HOTYPTOB /ISl TIOBBILIEHNUST UX CTAOUIBHO-
CTH B IIpoLiecce XpaHeHMs U YIy4dllIeHNsT TeKCTYPHbIX XapaKTe-
PUCTUK, B 3aBUCUMOCTU OT MCIIOIb3YEMOTO ChIPbSI U CIIOCOOA
MX TIPOU3BOJCTBA MOTYT PAa3/JMUYaThCS 0 KAUeCTBEHHOMY U KO-
JIMYEeCTBEHHOMY COCTaBy 6eskoBbIX (pakuuii. BeakoBbie KOM-
ITIOHEHTbI MOXHO pPa3ae/iMTb Ha KOHLEHTPATbl M MU30JIAThI, I10-
JIydaeMble 13 1[eJIbHOTO MOJIOKa [12] My MOGOYHBIX MTPOAYKTOB
MOJIOYHOJ oTpaciyu (cbIBOPOTKM) [13]. KOoHLIeHTpaThI 1 U307 T
CHIBOPOTOUHBIX 0ETKOB B OCHOBHOM IIPEACTAaBIE€HbI (PpaKiiu-
SIMU (-JTAKTATBOYMMHA U [-TaKTOITIOOYIMHA, & KOHIIEHTPATh
MOJIOUHBIX GEJIKOB — Ka3eMHOM ¥ ChIBOPOTOUHBIMMU OerKaMm
B TOM K€ COOTHOIIIEHV!, UTO U B MOJIOKe [14,15]. [mo6ynsipHbie
CHIBOPOTOYHbBIE GEJIKM, K KOTOPBIM OTHOCSITCS 0.-TaKTaIbOYMMH,
B-makTOrOGYIMH M albOYMMHBI, MMEIOT pa3HOe KOJMYECTBO
CcBOGOIHBIX —SH TPYIII, TO9TOMY [TOKa3aTeIN TEKCTYPhI 3aBUCST
OT BMJA VICIIOJIb3YeMbIX GETKOBbIX KOMIIOHEHTOB U OT COfiepyKa-
HIUXCS B HUX GpaKinii 6enaKkoB.

Pe3ynpTaThl MHOTMX MCCIEIOBAHMI CBUETENbCTBYIOT O BIIK-
SIHMY 6€JIKOB Ha BSI3KOCTh M BJIarOyAeP>KMBAIOIIYIO CITOCOOHOCTD
jiorypTa, a Taxke Ha MPO(WIb €ro TeKCTYPbl (OUIYIIEeHUS TTPU
skeBaHMM). B paborax [16,17,18] 6bUIO pacCMOTPEHO BIUSIHUE
coeBOro Gesika Ha peoyiorMyeckye rMokasaTenay orypra, Takue
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KaK BSI3KOCTb, TEKYUECTbh, & TAKKE MOIY/IM YIIPYTOCTU U TIOTEPD.
OnHaKO TEKCTYPHbIE XapaKTePUCTUKM TOTOBOTO IIPOAYKTa 6bUIN
pPacCMOTpEeHbI He B MOTHOM 00beMme, OO B COCTAB HOTYPTOB
BXOIWJIM Caxapo3a, CTAaGMIM3aTOPBI U SKUPbI, UTO CKA3bIBATIOCHh
Ha IOKa3aTelIsIX PeoJorMueckux M TEeKCTYpHbIX. Kpome TOro,
CTOUT OTMETUTD, UYTO B OOJIBIIMHCTBE PabOT COEBBII OETOK GBI
BHECEH B BUZE COEBOrO MOJIOKA, @ He KaK CyXOil KOMITOHEHT
(KOHIIEHTpAT coeBOro 6eska). 3apy6eKHbBIMM aBTOPAMU TaKKe
OBV PACCMOTPEHbBI BO3MOKHOCTY MCITO/Ib30BAHMST KOHIIEHTPA-
Ta ¥ U30JISTA CHIBOPOTOYHBIX 6enkoB [19,20] u u3onsTa HATUB-
HBIX CBIBOPOTOYHBIX 6esIKoB [21]. OfHaKo, Kak U B CIyvyae ¢ coe-
BBIM GE€JIKOM B COCTaBe i0TypTa ¢ M30JSITAMM Y KOHIIEHTPATAMMU
CBIBOPOTOYHBIX GEJIKOB MPUCYTCTBOBAIN KUPbI, UYTO TOBJIMSIIO
Ha TMOKas3aTely TeKCTypbl MPOAYKTA, TTOITOMY CPaBHUTH BJIMS-
HMe KakIOTo 6eKa 0Ka3aaoch HEBO3MOXKHBIM. Benku pasnny-
HBIX TIPOM3BOJUTENEHl MOI'YT HECKOIBKO OTINYATHCS 10 CBOEMY
COCTaBY, M3-3a Yero He BCe MOTyYeHHbIe Pe3YIbTaThl PA3IMUHBIX
3apy6EKHBIX aBTOPOB KOPPEIUPYIOT. YUUTHIBASI, UTO MCC/IEI0Ba-
HMIA TI0 UCTIOTb30BaHUIO U30JISITOB U KOHLIEHTPATOB MOTOYHBIX
6eTKOB HeZOCTATOYHO ¥ OHM HOCSIT TPOTMBOPEUMBBIiT XapakTep,
U3y4YeHVe UX BIUSHUSI HAa PEOIOTMYECKNe CBOJCTBA JOTYPTOB
SIBJISIETCSI aKTya/IbHOJ 3ajaueil.

[Tone3Hble CBOICTBA M XapaKTepHbIe JJIsI KMCIOMOJIOUHBIX
MIPOAYKTOB BBICOKOTO KauecTBa OPraHOMeNTUUeCcKue rmoKkasare-
JIV TAI0T OCHOBaHMe MJI COBEPIIEHCTBOBAHMS KOHCUCTEHIIVY
JioTypTa M AJist TPOBeeHMsI COOTBETCTBYIONIMX MCCIeNOBaHMIA.
CTOUT Takke OTMETUTb, YTO PeOIOTMUEeCKye XapaKTepUCTUKU
JOTYPTOB SIBJISIIOTCSI BAXKHBIMM TIOKA3aTeNsIMU TIPU U3TOTOBIIE-
HUM TIPOAYKTOB C UX UCITOb30BaHMEM, TAKMX KaK KUCTIOMOJIOY-
HOe MOPOYKEHOE MJIY KUCIOMOJIOUHbIE eCePThI, COXPAHSIOIINe
cBo10 (opmy Ipu pasMopaskMBaHMM. B CBSI3M C 9TUM Le/blO
JIAHHOI paboThI SIBJISTIOCH M3YUeHMe BAUSHUS Pa3INyHbIX 6er-
KOBBIX KOHIIEHTPATOB ¥ U30JIATOB Ha (DU3NKO-XMMUYECKye T0-
Kasarenyu 06e35KMPeHHOro iiorypTa 6e3 MpuMMeHeHUsT caXapo3bl
¥ CTaGWIIM3aTOPOB.

2. OOGBEKTHI M MEeTOIbI
2.1. O6sexmol

B nmaHHOIt paboTe 06BEKTaMM MCCAEIOBAHMS SIBISUTACH
06pasiipl orypra ¢ pasjIMuyHbIMU GEJTKOBBIMM KOMIIOHEHTAMMU,
CoCTaB KOTOPBIX MpeacTaBieH B Tabnutie 1. 151 Ipou3BOACTBA
JIOTYPTOB MCITONIb30Ba/IM CyXOe 00e3skupeHHoe Mosoko (COM)
(OO0 «IOroBckuit KOMOMHAT MOJIOUHBIX ITPOAYKTOB», Poccus),
U30JIIT MOJIOYHOTO 6esika (UMB) Prodiet 87B Fluid, koH1ieHTpaT
mosiouHoro 6eika (KMB) MPC85 (ST) 1 130/19T HATMBHOTO ChIBO-
porouHoro 6enka (MHCB) Prodiet 90S (Ingredia S. A., ®paniius),
KOHIIEHTpaT chiBopoTouHoro 6enka (KCB) WPC80 (Mlekovita
Group, ITTonbia), nsonsat coeBoro 6enka (MCob) Shansong-90
(Linyi Shansong Biological Products Co., Ltd, Kurait). Mcronb-
30BayM 3akBacky g ioryptoB JOINTEC (CSL, Utanus), B co-
cTaB KOTOPOIi BXomwmiu Streptococcus thermophilus w Lactobacil-
lus delbrueckii ssp. Bulgaricus.

Ta6muiia 1. CocTaB 06pasioB iiOrypTOB
Table 1. Composition of yogurt samples
KonmyecTBOo KOMIIOHEHTa B o6pasue Ha 100 1, r

Ne1
(KOHTPOJIb)

Kommno-

HEHT

Ne 2 N2 3 N2 4 Ne 5

COM*
VMB
KCBb
KMB
VHCB
NCob - -
Boma 90,4 86,8
* cyxoe 06e3KMpPeHHOe MOJIOKO.

9,6
3,6

3,5
3,3

86,8 86,6 87,1 86,9
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2.2. MemoOsi
2.2.1. OnpedeneHue akmugHoll U mumpyemoti KucJiomHocmu

pH JtorypToB msmepsuin ¢ nomoupio pH-merpa (mopenb
pH-150MU; OO0 «M3mepuTenbHas TexHUKa», Poccust). Tutpye-
MYIO KUCJIOTHOCTD ompenensiiu cornacHo TOCT 3624-921.

2.2.2. Onpedenenue snazoydepxcusaroujeti cnoco6Hocmu

BnaroygepskuBartoiiyio crioco6Hoctbh (BYC) 06pasiioB ompe-
JeJIsUT TI0 U3MEeHEeHHOMY MeTOfy, yKazaHHoMy B Akalin u gp.
[22]. O6pa31pl Maccoii okoo 10 T (M) neHTpudyruposamm mpu
1500 ob6opoTax B TeueHue 15 MuH. OTIENUBIIYIOCSI CHIBOPOTKY
(C) B3BemmBau. BYC 6bl1a paccumMTaHa Kak:

By (%) = @=9 100. 1)
u

2.2.3. Onpedenenue nokasameJieti mexkcmypeol

Ananmu3 mpodwis TeKCTypbl 06pas3iioB ObUT BBITOTHEH
C ucronb3oBaHMeM Tekcrypomerpa LFRA Texture Analyzer
(Brookfield, CIIIA), ocHaIleHHOTO 30HAOM B BMJle aKpUJIOBOTO
IWIMHApPA auameTpoM 2,5 cM. CKOpOCTh TOTPY>KEHUST IIMJINH-
nIpa 6su1a 0,5 MM/C TIpU ABYX IIMKIAX TOTPYKEHMS Ha TIIyOUHY
10 Mmm.

2.2.4. Onpedenenue duHamuueckoti 8s13K0Cmu

IMHAMMYEeCKyl0 BSI3KOCTb B Tpoliecce (epMeHTaIUU
oTpefeNsyivi C MCIOAb30BaHMEM peoBucKo3uMeTpa DV2+Pro
(BrookField, CIITA) ¢ mporpamMmMHbIM obecriedueHeM Rheocalc V3
1-1 (BrookField, CIITIA) u mmuHpaenss SC4—31 mpu ero cKopocTu
BpaiieHust 1 06/MuH.

2.2.5. Cmamucmuueckuii aHanu3

[Jist cpaBHEHMSI CpegHMX 3HAUeHUIT TTOJTyUeHHbIX pe3y/bTa-
TOB MCITOJIb30Ba/IN t-TecT, p > 0,05 17151 He 3HAUMMBbIX Pas3/IUNIA.
[Tpu aHaMM3€e KOHCUCTEHLIMY TAKKe TTPUMEHSITM MeTO/I aHaIM3a
rnaBHbIX KoMIoHeHT (PCA — principal component analysis) gjis
YMeHbIIIeHNST U3MepeHuit IyTeM ITpeobpa3oBaHmsI TaHHbIX, [10-
Ka3bIBAIOIMINX MX B3aMMOCBsI3b. CTAaTUCTUYECKNIT aHAIU3 U 00-
PabOTKy IMOMYUEHHBIX Pe3yJbTaTOB MPOBOAMIN C MCIIOIb30Ba-
HMeM cpenbl aHam3a gaHHbix RStudio (RStudio PBC, USA).

3. Pe3ynbTaTsl ¥ 06CYKAEHME

BHeceHMe GeTKOBBIX M3OMSITOB M KOHIIEHTPATOB OKa3aio
BAMSIHME Ha M3HAYAJIBHYIO TUTPYEMYI0 KMCIOTHOCTh 00pa3iioB
cmecu gis iioryptoB (Tabnuia 2). Buecenne KCb u UMB nipuBe-
JIO K YBeIMYEHUIO V3HAYAJIbHOM TUTPYEMOI KUCIOTHOCTU CMe-
cu B 1,4-1,5 pasa, KMB 1 MHCB — B 1,2 pasa. ITocie 5 u ckBa-
IIMBAHMSI B PaBHBIX YCIOBUSAX ObUIM YCTAHOBJEHBI Pa3inuis
B TUTPYEMOJ KMCIOTHOCTU 06pa3IioB jiorypra. 3a 3TOT MepPUOL,
HauOOJbIINII MPUPOCT KUCIOTHOCTY ObUT BBISIBJIIEH B 00pasiax
N2 2,N2 3 u N2 4 (ot 76 5o 83 °T). IIpu BHecenu MHCB nipupoct
TUTPYEMOI1 KUCIOTHOCTHM 3a 5 4 coctaBui auib 50 °T. Pasuu-
1Ia B CKOPOCTM HapacTaHMsI KMCIOTHOCTU MOXKET ObITh CBSI3aHA
C Pa3IMYHOM KMUCIOTHOCTBIO Cpexbl [23] U ¢ MpUCYTCTBUEM bGer-
KOB C PA3IMYHBIMM CBOVICTBAMY (KOHIIEHTPATHI U U3OJISIThI G-
KOB) [24]. Takke Ha CKOPOCTb KUCTIOTOOOPa30BaHMsI MOTYT OKa-
3bIBaTh BIMSIHME: COLep)KaHMe CyXUX BellecTB, COCTaB MOJIOKA,
B3aMMOZENCTBYE KOMITOHEHTOB, TEMITepaTypa MHKYOALIMM U D.
[25]. TlomyyeHHbIE Pe3yabTAThl B YaCTM GOJIbINEIT MHTEHCUBHO-
CTU KuUCI0ToOo6pasoBanmusi B oOpasmax N2 2-N2 4 coBmagaoor
C MCCIeN0BaHMSIMM IPYTUX aBTOPOB [26,27]. TIoBbIlIeHNe CKO-
POCTU HAPACTAHUS TUTPYEMOIi KMCIOTHOCTU MOSKET ObITh CBSI-
3aHO C HaJAM4YMeM MeNTUI0B C HU3KOI MOJIEKYJISIPHOI MacCoii.
[laHHbIE TIEMTU/IbI SIBJSIOTCS GMOMOTUMYECKM aKTUBHBIMM KOM-

' TOCT 3624-92 «MONIOKO U MOJIOUHbIE MPOAYKTbI. TUTpUMETpuUye-
CKIe METOJbI OIpejeseHns] KUCTOTHOCTM». MockBa, «CTaHZapTUHDOPM»,
2009. — 8c.
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TOHEHTAaMM M MOTYT YCUJIMBATh POCT U KUCIOTOOOGPA3YIONIYIO
AaKTMBHOCTb 3aKBACOYHBIX MMUKPOOPTaHU3MOB. VCIonb30BaHMue
coeBoro 6eska (o6paser; N2 5) He oKa3aji0 3HAUMMOTO BJIVSTHUS
Ha TUTPYEMYIO KMCJIIOTHOCTh 06PAsiiOB B M3HAYaIbHOI CMECH,
HO TOBBICWJIO TUTPYEMYIO KUCJIIOTHOCTb CITYCTSI 5 4 CKBaIlMBa-
Hus Ha 5 °T.

Tab6nuiia 2. 3HaUeHUs KUCJIOTHOCTU 06PasIoB orypTa
(Me£SD, n = 3)
Table 2. Acidity of yogurt samples (Me*SD, n = 3)

AKTMBHasi KUCTOTHOCTb, pH Turpyemast KUCIOTHOCTD, °T

061;?236511
0u 549 0y 549
1 6,5 4,7 20,3+1,2° 87,5+1,0
2 6,5 4,6 30,5+1,0¢ 108,5+1,2¢
3 6,6 4,7 25,3+0,3" 108,0+1,0*
4 6,4 4,6 28,5%0,6¢ 104,5+1,2
5 6,7 4,7 22,3%1,20 92,5%1,2
6 6,5 4,6 25,3%1,0° 75,0£0,6

3HaueHMsI C OOVHAKOBOII GYKBOI 9 B OfIHOM CTOJIGIIE HE MMEIOT 3HAUN-
MbIX pasanunii (p > 0,05).

B mporiecce ckBalmmMBaHMs ONPeNesuiv AUHAMUYECKYIO BSI3-
KOCTb MccienyeMbix 06pasioB (PucyHok 1). Haubosbiiee 3Ha-
yeHue BSI3KOCTU 06pasiioB N2 3, N2 5 u N2 6 6bUIO TOCTUTHYTO
CITyCTS 4 4 cCKBalIMBaHUs U coctasisino 9,8; 7,8 u 29 Ila-c coort-
BeTCTBEHHO. Yepes 5 U BI3KOCTh ITUX ke 06Pa3ioB YMEHbIIIN-
y1ach Ha 35,48 1 10% cOOTBETCTBEHHO, YTO MOXET OBITh CBSI3aHO
€O C1a6bIM yAEePKMBAHMEM BJIATU B CTPYKTYPE CTYCTKA, BbI3BaH-
HBIM Ype3MepHBIM CIIMBaHMEM MUILIE/UT KadenHa. B ocTaabHbIX
obpasiiax paspylieHust CrycTka yCTaHOBAeHO He 6b110. CTOUT
OTMETUTDH, YTO HAaMOOJIbIIIast BI3KOCTb OblIa BbISIBJIEHA B 06pa3-
max N24 u N2 6 (Boie 19 ITa-c), BI3KOCTb OCTaJbHbIX 00pas-
110B He mpeBbiniana 3HaueHus 10 I1a-c. YBenuueHue BSI3SKOCTU
06pasIioB ¢ 6eIkaMy 10 OTHOIIEHWIO K KOHTPOJIbHOMY 06pas-
11y CBSI3aHO C YBEJIMYEHMEM A0M 6e/Kka B MPOIYKTE U C €ro I'm-
IpoduUIbHBIMM CBOJicTBamMu. Hanbosbliast BSI3KOCTbh 06pasiioB
N24 y N2 6 MOxkeT ObITh CBSI3aHA C IPUCYTCTBMEM B COCTaBe
KOHIIEHTPATOB 0-JIaKTa/IbOYMIMHA, KOTOPbIN B ITPOIiecce TepMo-
06paboTKM 06pasyeT KOMIUIEKC C MUIIe//IaMM Ka3eyrHa, Busis
Ha ero rugpoduibHbIe cBoiicTBa [28]. B pesyibrate agcopoumm
CHIBOPOTOYHBIX OETKOB, KOHILIEHTpAlMsI KOTOPBIX IIOBBIIIEHA
B o6pasiax N2 4 1 N2 6, yBeTMuuBaIoTCs rejieo6pasyoriye CIo-
COGHOCTH, UTO ¥ TIOBBIIIAET BI3KOCTbD.
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PucyHok 1. 3aBUCMMOCTD JMHAMMYECKOM BSISKOCTH JiorypTa

OT NMPOOO/DKUTEJIbHOCTU CKBAllIMBAHUS
Figure 1. Dependence of dynamic viscosity of yogurt
on fermentation duration

BnaroygepskuBaiomiasi CroCOOHOCTb SIBJISIETCSI OJHUM U3
BaKHENMIIMX TToKasaTeseli KayecTsa jiorypra (PucyHoxk 2). BHe-
CeHye CbIBOPOTOUHBIX 6eTKOB (06pas3iipl N2 4 11 N2 6) TO3BOINIIO
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CHU3UTH CMHEPE3UC CHIBOPOTKM, BIATOYAEPKUBAIOIIAs CIIOCO0-
HOCTb 3TMX 06pasiioB 6blia Bbille 75%. BHeceHre MOTOUHBIX
6eJIKOB 1 COEBOr0 6ejka B HECKOJIbKO MEHbIIIEI CTEIIEHM TT03BO-
JIUJIO TIOBBICUTD BJIATOY/IEPKMBAONIYIO CITOCOOHOCTb. 3HAUEHNE
9TOTO TOoKasaTess AJist 06pasuoB N2 2, N2 3 u N2 5 HaxoamIoch
B myarnasoHe 3HaueHuii ot 50 no 60%. B menom, BHeceHne 6ei-
KOBBIX KOMITOHEHTOB YCUJIMJIO BJIAroyAepsKMUBAIOIIYI0 CITOCO0-
HOCTb B 1,3-2,0 pa3a. [lonyyeHHbIe pe3yabTaThl UCCIEN0BAHMS
BJIATOYE€P>KMBAOIIEN CIIOCOOGHOCTY KOPPEIUPYIOT C pe3ysbTa-
TaMM paboT 3apybeskHBIX aBTOPOB [29-31], M3y4yaBmIMX IpPU-
MeHeHMe 6eTKOBBIX KOHIIEHTPATOB 1 130/s1TOB. Pasnuuns BYC
MeskIy 06pasiamu ¢ pa3aMIHbIMY BULAAMM OETKOB 00YCIIOBIEHO
copepkaHyeM OeTKOBbIX GpaKiuii. B pe3ynbraTe yMeHbIIEHUS
OTHOIIEHWST MEKTY Ka3eMHOM U CbIBOPOTOUHBIMM GeJTKaMu yBe-
JIMYMBAETCST KOJIMYECTBO TOUEK COeNMHEHNUS B KOMIUIEKCE MeX-
Iy Ka3eMHOM ¥ ChIBOPOTOUYHBIMM G€JIKaMU, UTO YCUJIMBAET BET-
BJIeHMe 1 noselmaet BYC.
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PucyHoK 2. BraroyaepskuBamoias CliocCOGHOCTh 00pa3oB
iorypra. O6pasibl C OAMHAKOBOI GYKBOI (a—C) He MMEIOT

3HAYMMBIX pasmmauii (p > 0,05)
Figure 2. Water-holding capacity of yogurt samples. Samples with the
same letter (a-c) do not have significant differences (p > 0.05)
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[Ipu IpoBefeHMM TEKCTYPHOTO aHaau3a 06pasIoB iorypra
OTpesiesisyii TBePAOCTb, JIMIIKOCTh, Pa3XeBbIBA€MOCTb, YIIPY-
rOCTb, KOT€3UIO0 U KJIEMKOCThb. TUIMUHAsT KpuBast MpOGUIsT TeK-
CTYpBI COTNIacHO [32] npexncraBieHa Ha PucyHke 3. Pe3ynbraThl
M3MepeHus oKa3aTeieil TeKCTypbl 0TO6paskeHbl Ha PUCyHKe 4.

TBepmocTh — OfHA M3 MIaBHBIX XapaKTePUCTUK, ToayJae-
Masl B IPOILECCe M3YUYeHMST TEeKCTYPbl MPOAYKTA, SIBJISIOIIASICS
CIIOCOGHOCTBIO COMPOTMBISITECSI BO3MENCTBMIO, B pe3y/abTaTe
KOTOpOTO TPOUCXoOuT medopmaiyus. BbUIo yCTaHOBIEHO, UTO
TIpM BHECEHUM GEeKOBBIX KOMITOHEHTOB 3HAUUTEIbHO YBENM-
YMBAETCS TBEPAOCTb 00pas3ioB. Takke TBEPIOCTh YCUINBAETCS
u B npouecce 30 CyTOK XpaHeHMsI TOTOBOTO JOrypTa, 4YTO CBS-
3aHO C YIIPOYHEHMEM CTPYKTYypbl IPOAYKTA. 3HaueHue TBep-
nmoctu ob6pasia N2 6 6bUT0 Bbillle B 2—4 pasa, ueM B oOpasiax
¢ opyrumu 6enkamu. [Tomo6Hast pa3sHuUIla MOXKET ObITh CBS3aHA
C BBICOKMM COZIeP)KaHMEM TUOJIOBBIX T'PYII, O YeM COOOIIAIOT
aBTOPBI PaboThl [33]. [TosyuyeHHbIE Pe3yIbTaThl KOPPEIUPYIOT
C JAHHBIMM IPYTMX OTUETOB [34,35]. 3HAUMUTENbHO GOJbIIAS
TBepIOCTh 06pasiia N2 6 B cpaBHeHMM ¢ N2 4 06bsICHSIETCS 60/Tb-
MMM COZIep’KaHMeM HATMBHOTO ChIBOPOTOUHOTO GeNika 1 OTCYT-
CTBMEM Ka3eMHMAaKpOIEeNTUIOB. Bonibiasi TBepAoCTh 06pasia
N2 3 B cpaBHeHUM ¢ N2 4 MOXKET GbITh CBSI3aHa C YBEJIMUEHUEM
o6111ero KaszemHa u, Kak cJeficTBie, C HaInuueM 6osbiieii chop-
MMPOBaHHO! GEKOBOI CeTU. 3HAUMMBIX Pa3INUUil MEXIY
obpasuamy N24 u N2 5 ycTaHOBJIEHO He 6bUI10. OTINUmMs MexX-
Iy o6pasiamy 6eJIKOB MOJIOYHBIX ¥ CBIBOPOTOUYHBIX MOTYT ObITh
CBSI3aHBI C Pa3/IMYHOM KOHIIEHTpalUyell MyHepaabHbIX BELeCTB
Y C COOTHOIIIEH/EM ChIBOPOTOUHBIX GEJIKOB 1 Ka3enHa.

BricoKkoe 3HaueHMe JUIKOCTY MPU OLleHKe TeKCTyphbI Mpo-
JIyKTa SIBJISIETCSI €ro HeIOCTaTKOM, T. K. JaHHbBI IOKasaTelb
ompeeNseTcss Kak SHeprusi, Heo6XoamMmasi Jyisl pa3skeBbIBAHUS
MpoAyKTa [36]. 3HAUMMbIe OTANYMS JTUIKOCTY OBLIM YCTAHOB-
neHbl B 06pasiax N2 1 (MuHuManbHoe) 1 N2 6 (MakKCHMMaabHOE).
BbuIO BBISIBJIEHO YBeIMUYEHME JAHHOTO TI0KasaTessl B IIpoliecce
xpaHeHust B 1,2-1,5 pasa. PasHuila B IOKa3aTeNsX JUIIKOCTU
Mexkmy o6pasioM N2 1 1 OCTalIbHBIMM, KaK U B CTydae ¢ TBEePIO-
CThIO, MOKET OBITh CBSI3aHA C YBEeIMUEHMEM KOJIUYECTBA GeJKa,
B YAaCTHOCTY TMOJIOBBIX TPYNIl. B 3HaUeHMM mokasaTensi «JInuI-
KOoCTh» 00pasioB N2 1 u N2 6 pasHuiia coctaBuia 4,4 pasa uepes
1 cyTku xpaHenusi u 5,4 pasa yepe3 30 CyTOK XpaHeHMUSI.

Koreausa = O6nactb 2 / O6nactb 1

YnpyrocTb = PacctosHue 2 /
PaccTosHue 1

JlunkocTb = Koresus * TeepgocTb

PasxeBbiBaeMocTb = JlunkocTtb *
Ynpyroctb

Knelikoctb (O6nacTb 3)

Bpewms

PaccTosHue 2

PucyHok 3. TunuuHass Kpusasi, IOJIyYeHHasI B pe3yJIibTaTe aHA/IU3a TeKCTYPHOro mpodmiist
Figure 3. Typical curve obtained as a result of texture profile analysis
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PuicyHOK 4. Pe3y/IbTaThl aHA/IM3a TEKCTYPBI 06pa3IoB iiorypra
Figure 4. Results of texture analysis of yogurt samples

Pa3keBbIBa€MOCTbh — pabOTa, 3aTpaueHHast Ha IePeKeBbIBa-
HuMe 06paslia o ero COCTOSTHMSI, TOTOBOTO K IMPOIIAThIBAHUIO [36].
JlaHHBIV TTOKa3aTelb UMeeT 3HAUMMYK KOPPEeISUUIO C TBEPAO-
CTBIO, JIMIIKOCTBIO M YIIPYrocThi0. Hambonbliee 1 HaMMeHbIIee
3HaueHMs] JaHHOTO I0Ka3aTessl, Kak ¥ B CIyyae ¢ KOppelnpylo-
MMM BeJIMUMHAMY, TIpUcyly 06pasiyy N2 6 u N2 1 cooTBeTcT-
BeHHO. MOXKHO ciefiaTh BbIBO/I, UTO YBe/IMUeHMe JaHHOTO IToKa3a-
TeJIsl TAKOKE CBSI3aHO C TIOBBIIIEHEM OV GeJTKa M C er0 COCTaBOM.

VIIpyrocTh — IMoKa3aTesib, XapaKTepU3yIInii CIIOCOGHOCTD
IeopMIMpPOBAaHHOTO TPOAYKTA BO3BPAIIATHCS K MUCXOLHOMY CO-
CTOSIHMIO TIOCJIe YCTpaHeHMs Harpy3Ku. JlaHHast XapaKTepucTu-
Ka 3aBUCUT OT TE€MITepaTypbl 06PabOTKM, OT B3aMMOIEICTBUS
6e/KOB U pa3BepThIBaHMS VX ITI06YI B IIporiecce hepMeHTauyn
[37]. Bo Bcex obpasiiax iiorypra c BHeCEHHbIMU Oe/lkamMy 3Haue-
HUS yIpyrocty 6butn Beiie B 1,9-3,4 pa3a yepes 1 cyTKu XpaHe-
Hust v B 1,2-2,0 pasa yepe3 30 CyTOK, IT0 CPABHEHMIO C 06Pa3IIOM
OGBIYHOTO HOTypTa. 3HAUMMOe yBeaudyeHye JaHHOTO ToKasaTe-
71 GBUIO YCTAHOBJIEHO TOJMBKO B 06pasiie OObIUHOTrO jorypra.
OHO MOXXeT ObITh CBSI3aHO C YIJIOTHEHMEM CTPYKTYPBI fiorypra

33

B Ipoliecce XpaHeHus. HauGosnbliiee 3HaU€HME YIIPYTOCTY GbIIO
B 06pasiie ¢ MTHCB. O6pasipr N2 2, N2 4 11 NQ 5 3HauMMbIX pasiu-
YUt JaHHOTO [TOKa3aTess MexKIy cob0i He MMe.

Krneitkocth — HeobxomuMas paboTa JIJist IIPeooIeHNS CUITbI
TIPUTSDKEHUST MEeXIy TMOBEPXHOCThI0 TIMINEBOrO IIPOAYKTA,
¥ pasnInuHbIMU o6bekTaMu. Hampumep, pabota Heobxomumast
LIS OTeNIeHNsT MPOAYKTa, MPWIMIILIETO K 3y6aM BO BpeMs elibl
[37]. B mponecce xpaHeHMsI yCTAaHOBJIEHO 3HAUMMOeE yBelndeHyue
kneiikoctu (B 1,6 pasa) npu ucnonb3oBauuyu MHCBE. HaumeHb-
Iilee 3HaUeHMe JAHHOTO IOKa3aTess BbISIBJIEHO B oOpasie N2 1,
a Hanbosbiee — B N2 6. Cepbe3HbIX pa3inunii Mexxay obpasia-
My N2 2, N2 3 11 N2 5 ycTaHOBJIEHO He GbIIO.

Kaxk 1 B ciyuae ¢ TBEpIOCTBIO, GOIBINOE BIMSHYE HA UCCITe-
JlyeMble TI0Ka3aTenau (JIMIIKOCTh, Pa3keBbIBA€MOCTD, YIIPYTOCTb,
KJIEMIKOCTb) OKa3blBaeT KOIMUECTBO HATUBHBIX ChIBOPOTOUYHBIX
6eKOB WM 06ILero MOJIOYHOr0 6esika ¢ COOTHOIIEHMEM Ka3eu-
Ha ¥ CbIBOPOTOYHBIX 6€JIKOB 4:1. HecMOTps Ha TO, UTO YMeHbIIIe-
HJM€e OTHOIIIEHMS MEKIY Ka3eMHOM U CbIBOPOTOUHBIMM GeTKaMu
TTOBBIIIAET BSI3KOCTb, TIOKA3aTeIM TEKCTYPbl He YBeIUYMINCH.
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Bonee Hu3Kkue 3HaYeHMs B 0Opasile C COEBBIM OGEKOM MOTYT
OBITH CBSI3aHbI C €r0 BAMSIHMEM Ha 0Opa3oBaHMe KOMILIEKCOB
MEXIY ChIBOPOTOYHBIMM OelKamMy M Ka3eMHOM IIpU HarpeBa-
HUM, UTO OTMEUasy UCCIeoBaTeNu B psje pabor [38].

Koresmsi — mapameTp TeKCTypbl, OINpefessseMblii BeIndu-
HOV CWIbl BHYTPEHHUX CBSI3€i, MPemnsSTCTBYIIINX nedopma-
MM MPOAYKTa A0 paspbiBa. V3 mpencTaBieHHON OuarpaMmbl
Ha PucyHke 4 BUIHO, UTO HauboJbllass KOTe3UsI XapaKTepHa
IJIs1 06pasiia iorypra ¢ KOHIIEHTPAaTOM ChIBOPOTOYHOTO GeJika.
Bosbimiast Koresust MOXKeT ObITh CBSI3aHA C MeHbIleli arperamu-
eii MUIIeJUT Ka3erHa, B pe3y/bTaTe yero 60sbliiee MpoCTPaHCTBO
3aHSATO CbIBOPOTKOI. 3HAUUTEIbHOE CHUKEHME KOre3uu B Ipo-
11ecce XpaHeHMsI 6bIJI0 YCTAHOBJIEHO B 06pasiie C COEBbIM GETKOM
(N2 5). B ocTa/ibHBIX 00pasiiax Mpoliecc XpaHeHMs] He OKasall
3HAYMMOTO BIVSIHUSI HA TaHHbBIN MoKa3aTenb. [lomobHoe pasin-
yye Kore3uy oOpasIoB C COEBbIM OEIKOM U IPYyrMMM OerkamMu
MOKeT GbITh CBSI3aHO C (OPMUPOBAHMEM BBICOKOMOJIEKYIISIP-
HBIX TIOJIIMEPOB GEIKOBBIX MUIIEJUT C GeIKaMU ChIBOPOTKM, KaK
3TO 6bUIO omucaHo B pabore [39]. [Ipy OTCYTCTBUM TAKOTO POna
MMOJIMMEPOB B CJTy4yae MCIOIb30BaHUSI COEBOro 6GeKka ciabbie
BHYTpPEHHME CBSI3U B IIpoliecce XpaHeHUs MPOAYKTa paspylia-
I0TCS1, B pe3y/IbTaTe Yero MpOMCXOIUT CYIeCTBEHHOe CHIKeHe
Koresuu. Takske CTOUT OTMETUTb, YTO B 06pa3iiax co 3HaUeHMeM
koresuu Boie 0,37 (N2 1, N2 2 1 N2 4) uepe3 5 u depmeHTaLUK
IVHaMMUuecKast BI3KOCTb He CHMKaIach.

Pacripenenenue o6pasiioB iOTypTa B 3aBUCUMOCTY OT IBYX
OCHOBHBIX KOMITOHEHT, TTOJTy4YeHHbIX aHann3oM PCA, mokasaHo
Ha Pucyske 5.

AHanM3 I7aBHBIX KOMIIOHEHT IIO3BOJISIET VIIPpOCTUTb WMH-
TeprpeTanyun MoKasaresieii TeKCTypbl 00pa3ioB ioryptos. PC2
CBsI3aHa C Koresueit u o6bsacHseT 14,1% gucnepcun. PC1 o6bsic-
Hset 77,1% Bceit qucnepcun. Hambonbimii Bkaag B PC1 BHecn
TT0Ka3aTeIM «Pa3’KeBbIBAEMOCTb», «JIUIKOCTb» U «TBEPAOCTHY.
Koppensiys Mexty HUMM COCTaBWIIa: Pa3sKeBbIBAEMOCTb — JIUTI-
KOCTh (99,4%), pa3XeBbIBaeMOCTb — TBepAOCTh (99,1%), TBep-
JocTh — MUIKOCTh (99,8%). Ha pucynke yeTko nuddepeHumpo-
BaHbI 06pasiibl itorypra. CymmapHo PC1 n PC2 o6bsicHsieT 91,2%
Bceit mucrepcun. PaccrostHus Meskay obnactamu obpasiia N2 1
7 06pas1oB ¢ 6eTKOBBIMY KOMIIOHEHTAMU TTOATBEPKIAET BIIMSI-
HIe GEeJTKOBBIX KOHIIEHTPATOB ¥ M30JISATOB Ha TEKCTYpY iorypTa.

PC2(14.1 %)

5.0

2.I5
PCA(77.1 %)

PucyHok 5. PCA o6pa3uos jiorypra
Figure 5. PCA of yogurt samples

4. BwpiBOABI

B xome pa6GoTbl GbUIO M3YUYEHO BMSHME OIPeAeeHHbIX
6eJIKOBBIX KOMITOHEHTOB Ha (DM3UKO-XMMUYECKME U PEOJIOTH-
yecKye ToKasaTean 00e3XKUpeHHoro iiorypra. O6pasiipl ¢ pas-
JIMYHBIMM GeTKaMy MeTV 3HAUUTeTbHbIE PAa3INUMS KaK MEXITY
€o00J4, Tak ¥ B CPaBHEHMM C KOHTPOJIbHBIM 006pa3iiom (o6paserr
N2 1). Ucnonb3oBauue MMB, KMB 1 KCB npuBOoauT K nosyve-
HMIO Goslee BBICOKMX 3HAUEHMIT TUTPYeMOi KUCIOTHOCTH. BHe-
ceHue 6eKOB MpMBeJIO K yBennueHunio BYC go 51-80%. [To6aB-
nenve KMB u KCB He mpuBOOUT K CHVDKEHUIO BSI3KOCTHU MIOTYpTa
mocjie 5 4y cKBalMBaHUsL. BbUIO YCTAHOBJIEHO, UTO BCe OeNKU
yAyYIIaaM T0Ka3aTeny, CBSI3aHHbIe ¢ TeKCTypoil. Haubombinee
BJIMSIHME Ha Kore3uio okasayuo npumeHeHne KCB Ha ocTajibHbIe
VIHCB. B manpHeiinx pabotax BO3MOXKHO PaCCMOTPEHMEe BIIUsI-
HMUSI MICCTIeIyeMbIX O€TKOB TPU MX COBMECTHOM MCIIOTb30BaHUM
B PA3JMYHBIX KOHLIEHTPALIMSIX, & TAKKe 06e35KMPeHHOro foryp-
Ta, 060TaleHHOr0 KOHIIeHTpaTaMu GelKOB, Ha TEKCTYPY IMpo-
JIYKTOB C €ro MCIIOb30BaHMEM, B YACTHOCTY KMCIOMOJIOYHBIX
JlecepToB ¥ MOPOKEHOTO.
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®EPMEHTATUBHbBINU MPOTEOJIN3
INPN ITPEOBPA3OBAHHNU MOJIOKA B CbIP

Jlemmnkuna O. B.* I'puropsesa A. 1.

Bcepoccuiickuii Hay4HO-UCCIeN0BaTeNbCKNUIA MHCTUTYT MacJIOfe/INs U CbIpOfenns,
Vriny, SIpocaaBckast 06s1acTh, Poccus

00630pHas cTaThs
Open access

K/IIFOYEBBIE CJIOBA: AHHOTAULI A

MOJI0KO, Cblp, NPOMEOIU3, Tpeo6Gpa3oBaHMe MOJIIOKA B ChIP ITPOMCXOIUT IO, BAVSHIUEM MHOXKECTBA (PU3UKO-XUMUUECKUX, OUOXMMUUECKUX
Na3MuH, pepmeHmol Y MUKPOGMOIOIMYIECKUX TIPOLIECCOB, CPEIM KOTOPBIX ITPOTEO0IN3Y OTBOAUTCS OUeHb BaKHAasl POib. IIpoTeonms oT-
MOJIOUHOKUCTIbIX Oakmeputl, HOCKTCS K Hanbojiee CJIOKHOMY TUITY HeOGpaTMMOI MOCTTPaHCISIIMOHHOI MoauduKanuy 6ekoB. KaTanmsaTo-
ColuyHCHbLU hepmerm pamu hepMeHTaTMBHOIO IIPOTEO0/IM3a Ha PasHbIX CTauUSIX ITPOM3BOICTBA ChIpa SIB/ISIIOTCS HATUBHBIE (hePMEHTbI

MOJIOKa, 9K30- ¥ HAONENTHa3bl 3aKBACOUYHBIX M HE3aKBACOYHBIX MMKPOOPTaHM3MOB, MOJIOKOCBEPThIBAOLIVE
(bepMmeHTHI. B cTaThe MpeAcTaBaeH KpaTKuii 0630p COBPEMEHHbIX TIPEJCTABIEHNIT O CBOIICTBAX, MEXaHMU3ME JIei-
CTBUSI U CIIeLMGUIHOCTY OCHOBHBIX TPe/iCTaBUTeNel (hepMEeHTOB, TUAPOIMU3YIONIMX MOIOYHbIE OeIKY Ha CTau-
SIX TTOJITOTOBKYM MOJIOKA K CBEPTHIBAHMIO, BO BPEMSI CHIUY>KHOTO CBEPTHIBAHMS U TIOC/IEAYIOIIETO CO3PEBAHMS ChI-
poB. K HMM OTHOCSTCS IJIa3MMHOBAsI CUCTEMAa MOJIOKa, hepMeHTbI IICUXPOTPOGDHBIX GaKTEPHIT M MOTOUHOKMUCITBIX
MMKPOOPraHM3MOB, TIOMAAAIOIIMX B MOJIOKO KaK CIy4aifHO (He3akBacoyHasi MMKPOQIOpa), Tak U IIaHUPyeMO
B BUJIe 3aKBaCOK 13 CIelMaabHO MOJ06PaHHbIX HITaAMMOB. MO/IOKOCBepThIBaoIe epMEeHTbI, BBITIOIHUB CBOIO
OCHOBHYI0 (DYHKIVIO — CBEPThIBaHME MOJIOKA,— YACTUYHO IEPEXOMAT B ChIp M HApsAy ¢ ¢pepMeHTaMM 3aKBa-
COYHBIX MMKPOOPTaHM3MOB U TIa3MMHOM YYaCTBYIOT B ITPOTEOIUTUUECKUX MPOIeccax Mpy CO3peBaHUM ChIpa.
OO61IenpM3HaHO, UTO MPOTEOIN3 B CO3PEBAIOIIMX ChIPAX SIBJISETCS Hanbosaee 3HAYMMbIM OMOXMMUYECKUM MTPO-
1IeCCOM, BIMSIOIMM Ha (hopMupoBaHMe BKyca, apoMaTa ¥ KOHCUCTEHIIMY HAPSIAY C JIUIIOIU30M U TIMKOIU30M.
CoueTaHue IMPOAYKTOB MTPOTeo/M3a (eNTUI0B, aMUHOKICIOT, aMUHOB U [IP.) MHAVBUAYATbHO /IS Pa3HBIX BUIOB
CBIPOB ¥ MEHSIETCSI B 3aBMCUMMOCTY OT TEXHOJIOTMUYECKUX MTapaMeTPOB M3TOTOBJIEHNS, B TOM UMC/Ie OT IIPOLOJ-
SKUTETbHOCTHM co3peBaHms. [IpoTeons B chIpax MCCIeI0BaICs] MHOTMMM YY€HBIMY B PasIMUHBIX aclTeKTax. DTOT
0630D JOTIONMHSIET U3BECTHBIE CBEIEHMST HOBO MHbOpMaIeii, He TIpeTeH/Iys Ha BCeo6beMIeMOCTb.

OUVHAHCHPOBAHUE: CTaTbsi MOATOTOBIEHA B paMKax BBIMOTHEHMS UCCIeIOBaHMIA 1O TocymapcTBeHHOMY 3amanuio N2 FNEN-2019-0010 dene-
paJIbHOTO HayYHOTO I[eHTpa MUIIeBbIX cucteM M. B. M. Top6aToBa Poccuiickoit akajeMun Hayk.
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ENZYMATIC PROTEOLYSIS DURING
THE CONVERSION OF MILK INTO CHEESE

Olga V. Lepilkina* Anastasija I. Grigorieva

All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Yaroslavl Region, Russia

Open access

KEY WORDS: ABSTRACT

milk, cheese, proteolysis, plasmin,  The transformation of milk into cheese occurs under the influence of many physicochemical, biochemical and
lactic acid bacteria enzymes, microbiological processes, among which proteolysis plays a very important role. Proteolysis belongs to the most
rennet complex type of irreversible post-translational modification of proteins. Enzymatic proteolysis catalysts at dif-

ferent stages of cheese production are native milk enzymes, exo- and endopeptidases of starter and non-starter
microorganisms, and milk-clotting enzymes. The article presents a brief overview of modern ideas about the prop-
erties, mechanism of action and specificity of the main representatives of enzymes that hydrolyze milk proteins
at the stages of preparing milk for coagulation, during rennet coagulation and subsequent maturation of cheeses.
These include the plasmin system of milk, enzymes of psychrotrophic bacteria and lactic acid microorganisms
that enter milk both accidentally (non-starter microflora) and planned in the form of starter cultures from spe-
cially selected strains. Milk-clotting enzymes, having fulfilled their main function — milk coagulation — partially
pass into cheese and, along with enzymes of starter microorganisms and plasmin, participate in proteolytic pro-
cesses during cheese ripening. It is generally accepted that proteolysis in ripening cheeses is the most significant
biochemical process that affects the formation of taste, aroma and texture along with lipolysis and glycolysis. The
combination of proteolysis products (peptides, amino acids, amines, etc.) is individual for different types of cheese
and varies depending on the technological parameters of production, including the duration of maturation. Pro-
teolysis in cheeses has been studied by many scientists in various aspects. This review supplements the known
information with new information, without claiming to be comprehensive.
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1. BBegenmue

Hanbosee 11eHHOJ COCTaBHOJ YacThiI0 MOJIOKA SIBJISIIOTCS
6esIkM, pasHOOOpa3HbIe M0 CTPOEHUIO, PU3UKO-XUMUIECKUM
cBOMCTBAM ¥ GuonorndyeckuM QyHKIyusM. MOTOYHBIN MpoTe-
OM 4Ype3BbIUAiHO CJIOK€H, OH OTAMYAeTCS BbICOKOI reTepo-
TeHHOCTbBIO 13-3a MHOTOUMCIEHHbIX TeHeTUUECKMX BAPMAHTOB
n usodopm [1]. Ha mpoTeoMHbIit cOCTaB MOJIOKA CyLl[eCTBEHHOe
BJIMSIHME OKa3bIBalOT BUJ, U I10POJA JXKBAUHBIX KMBOTHBIX [2,3],
a Takke MHOTOUYMCIEHHbIE TOCTTPAHUISIIMOHHbIE MOAUbM-
Kaluu, TPOUCXOSINMe Ha MPOTSIKEHMM BCETO IMKIIA JKU3HU
6eJIKOB: OT CMHTE3a B BBIMEHU JIAKTUPYIOIIETO KMBOTHOTO 10
Mpoliecca MuUIeBapeHus B KeIYyTOYHO-KUIIEYHOM TPaKTe ve-
JIoBeKa [4].

MosouHble 6Ky TIPUHSITO JETUTh Ha IBeé OCHOBHbBIE T'PYTI-
TIbI: Ka3eMHbI ¥ CbIBOPOTOUHBIE Genkiu [5,6]. Poccuitckue mcce-
JIOBaTeM BBIJIEJISIIOT TPETHIO IPYIITy — 6eIKM 060I0U€eK JKUPO-
BBIX TJIOGYII [7].

Kaseunbl cocTaBiasioT okomo 80% 6enkoB Moynoka. OHU
IperCcTaB/IeHbl YeThIPbMS (PPakUMAMM: o, -Ka3euH, o, ,~Ka3euH,
B-ka3enH u K-KaseuH. [[pnbIM3UTEIbHOE COOTHOIIeHNe (pak-
M1 KaserHa B 00lIeM KOJMYeCTBe Ka3eMHOBBIX OeNIKOB: 38%
o, -KasenHa, 10% o ,-KazenHa, 35% B-kaseuHa u 12% k-kasenHa
[5]- EcTh MHeHMe 0 ropaszio 60sbliieii reTepOreHHOCTU Ka3eu-
HOB, OOHAPY)KEHHO C MTOMOIIIbIO 37eKTpodopesa B Kpaxmab-
HOM WJTY TIONIMAKPUIaMUIHOM Tesie. OHa 0OBSICHSIETCST HEGOb-
IIVMMU Pa3IMUMSIMKY B OMHOM MM HECKOMbKUX KaseMHax. DTU
He3HauMTe/IbHbIE Bapually, Ha3bIBa€Mble MUKPOTE€TEPOTeHHO-
CTBIO, OOYC/IOBJIEHBI TATHIO (DaKTOpaMM: U3MEHUYMBOCTHIO CTE-
e GochopuInpoBaHs, TeHETUUECKUM ITOIUMOPPU3MOM,
KOJIMYECTBOM IOUCYIbGUIHBIX CBSI3ei, pasiuuusiMyu B CTEIIEHU
[JIMKO3UIVMPOBAHMS, TUAPOIM30M MEPBUYHBIX Ka3eMHOB IjIa3-
MMUHOM [8,9].

ChIBOPOTOUHbIE GETKM, HA TOJTI0 KOTOPBIX ITPUXOIUTCS OKO-
70 20% obmiero 6eka KOPOBbETO MOJIOKA, TAKKe SIBIISIIOTCS
HeoJHOpOAHOI ¢pakiueit. CyMMapHy® (paKUU0 CbIBOPO-
TOUHBIX 6€JIKOB TIOYYAIOT IOC/Ie BbhIeNeHNsT U3 MOJIoKa Ka3se-
MHA. [IJIs1 3TOT0 UCIIONb3YIOTCS pa3Hble CIIOCOOBI: M303IEeKTPHU-
yeckoe ocaxkaeHue pu pH 4,6, BbicayBaHMe B HAChIIIEHHOM
pactBope NaCl miu cpiuyskHOe cBepTbiBaHMe, ChIBOPOTOUYHbIE
6esikM, TOJIyYeHHbIe STUMM METOJaMM, HECKOJbKO pasjinda-
IOTCSI: KUCTAsi CbIBOPOTKA COAEPSKUT IMPOTEO30IENTOHBI, @ ChI-
YyKHAsT — TIMKOMaKPOIIENTH/IbI, 06 pa3syIoliecs 13 k-KazenHa
TIpY BO3ZEICTBMUY Ha HEro ChIUysKHOTO epMeHTa. B ChIBOPOT-
Ke, TOJIyYEeHHO IOoCIe OCaXKIeHMs] KaseuHa HaChIIeHHbIM
pactBopom NaCl, He comepKaTcsi MMMYHOIJIOOYIMHBI, TaK
KaK OHM COOCQXKIAIOTCS C Ka3eMHaMM. B Kucmoit CbIBOpOT-
Ke YeTKO OIpefiesieHbl [IBe TPYIIbl 6eTKOB: JIAKTATbOYMUHBI
U JTaKTOTIOOY/IMHBI. JIAKTOTIOOY/IMHOBAasT Gpakius MpeacTaB-
JleHa B OCHOBHOM MMMYHOIIOOyIMHaMu. Opakius JaKTajab-
OyMMHA COHEPKUT [BAa OCHOBHBIX O€JiKa: o-TaKTaJIbOYMUH
u B-MakTormo6ynH. KpoMe TOro B Heli CoepsKaTcst HECKOIbKO
BTOPOCTENeHHbIX 6eJIKOB, BK/TI0Uast aTb6yMIUH CbIBOPOTKM KPO-
BU M IakTOdeppuH [5].

Benku, comepskaiuecs: B 000J0UKaxX KMPOBbIX ITI06Y/, CO-
CTaBJSIIOT Bcero 1-2% oT 06Iero KoiudyecTBa GEKOB KOPO-
BbErO MOJIOKA, HO Ha UX A0 mpuxoautcs 25-70% ot Bcex
BeIl[eCTB, BXOASIINX B COCTaB obosoueyHoro BemectBa [10].
CoBpeMeHHBIMM METOAAMM IPOTEOMUKM BBISBIEHO 6osee
100 6enkoB B 060/10UKaX KUPOBBIX 1106y [11]. K OCHOBHBIM,
TIPUCYTCTBYIONMM B BBICOKMX KOHIIEHTPAIMAX, OTHOCSTCS
6yTupoMINH, KCaHTUHAEIMAPOreHa3a/OKcuaasa, aguio-
bunnuH, mynuu-1, 6emoxk PAS III unu myimH-15, 6etok CD36,
6enku PAS6/7 1 6eJ10K, CBSI3bIBAIOIINIL JKMPHBIE KUCIOThI. Kpo-
Me TOro, C 060/I0YKaMU JKMPOBOJ IJIOGYIbI aCCOIMUPOBAHO He
MeHee 25 MMHOpHBIX 6enKkoB [11,12]. K HuM oTHOcsiTCs dep-
MEHTbI, UMMYHOTIJIOOY/IVHBI, 6€JIKY [IUTOTIa3Mbl CEKPETOPHO-
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SMUTETNAJIbHBIX KJIETOK, KOMIIOHEHTbI 06€35KMPEHHOTO MOJIO-
Ka, 67K MOJIOUHBIX JIeTKOIMTOB [10].

Benkam mpucyia croco6GHOCTb K PasaMyHbIM MEKMOJIEKY-
JISPHBIM ¥ BHYTPUMOJIEKY/ISIPDHBIM B3aMMOeiicTBUSIM. B 1ipo-
1iecce rmpeo6pa3soBaHMsl MOJIOKA B TOT VIV MHOW MOJIOYHBIN
MPOAYKT OHM ITOABEPrarTCsa MHOIOUYMCI€HHBIM IMOCTTPAaHC/IA-
IMOHHBIM MOAMGUKAIMIM. DTO TPOUCXOOUT IO BIVUSIHMU-
€M DPa3IUYHBIX GU3UUECKUX, XUMUUECKUX U BGUOXUMUYECKUX
(akTopoB, BO3AEICTBYIONIMX HA XMUMUUYECKIUE CBSI3U B MOJIEKY-
ne 6esika. IIpu paspbiBe BHYTPUMOJIEKYISIPHBIX CBsI3eii (BOZO-
DPOJIHBIX, IEKTPOCTATUUECKUX, AUCYIbOUIHBIX) TTPOUCKOAUT
JIeHaTypalus 6efka: MeHseTcsl ero KoHdopmanus. B ciaydae
paspbiBa KOBAJE€HTHBIX MENTUIHBIX CBSI3€il T7aBHON Lienu
6eJIKOBOI MOJIEKY/IBI TIPOMCXONUT ee pacmaz Ha ¢GparMeHTh
C MeHbIIIeli MOJIEeKYJISIPHOI Maccoit. DTO MOXKET ObITb TOCTUT-
HYTO MyTeM XMMUYECKOTO (KUCIOTHOTO, IeJI0UHOTO0) Miu dep-
MEHTATUBHOTO I'MAPOJM3a — IMPOTEONN3a, MPeACTaBIISIONIEro
€00607¥i CJIOKHBIN TUIT HEOOPATUMOI IMTOCTTPAHC/SILIVIOHHO! MO-
nudukanum 6enkos [13].

[Ipy M3TOTOBJEHUM ChIpa OCOGYIO POJib Urpaet dhepMeHTa-
TUBHBIN TIpoTeonn3. OH CIOCO6GCTBYeT TEKCTYPHBIM M3MeHe-
HMSIM CBIPHOJ MaTpWUIIbl BCIENCTBUE paspylieHus] GeTKOBOi
CeTH, CHI)KeHUSI aKTUBHOCTM BOJbI 3@ CUET CBSI3bIBAHMS BOJbI
BBICBOOOAVBIIVIMUCST KapOOKCMIBHBIMM ¥ aMMUHOTPYIIIIAMMU
u noBbiienust pH. O6pasylomiyecss Mpyu MPOTeoan3e IMenTH-
IIbI ¥ CBOOOMHBIE aMMHOKMCIOTHI HAIIPSIMYIO BJIMSIIOT Ha BKYC
M 3amax cbIpa. BpICBOOOKIEHHbIE aMUHOKMCIOTBI SIBIISIIOTCS
cy6CTpaTOM ISl BTOPUUHBIX KAaTab0OIMIeCKX U3MEHEeHUI: TTe-
peaMMHMPOBAHMS, Ae3aMUHMPOBAHMS, 1eKapOOKCUIMPOBAHMS,
necynbdyparyy. Hapsimy ¢ STMM IPOUCXOOUT KaTabolu3M apo-
MaTUYeCKUX aMUHOKUCIOT U peakiuy aMUHOKUCIOT C APYTUMU
coenyiHeHusiMu [14].

@depMeHTATUBHBIN MPOTEOIN3 B ChIpe MPOTEKaeT IOf, Iei-
CTBMEM IPOTEOIUTUUECKUX (PepMeHTOB — MpoTeas. [IpoTeassbl
MIPeNICTaB/SIIOT OO0 GOJMBINYI0 ¥ Pa3HOOOPA3HYI0 TPYIIY I'M-
JIPOIUTUYECKUX (PEePMEHTOB, KOTOPbIE KIACCUDUIVIPYIOTCS 10
MX MECTY JeCTBUSI, CTPYKTYpe aKTMBHOTO I[eHTpa U crienudu-
YecKMM MexaHu3MaMm peakuuu. Cpemy mpoTeas Ha OCHOBAHUMU
UX CIEeUU(PUUYHOCTY BBIIEISIOT IBE TPYIIIbI: SHIOMENTUAA3HI
(mpoTenHasbl) U SK30MENTUAA3bI (TIeNTHUaa3bl). JHAOENTHIA3bI
PaCHIETUISIOT MENTUIHYIO LIelb 6eka B CPeIHMX yYacTKax U I'M-
IPOMM3YIOT ee Ha Goree MesnKkue GparMeHTbl. JK3OMeNTHUIA3bI
JIeCTBYIOT Ha KOHIIAX MEeNTHUIHBIX IIeTeit Uiy BOMM3u HuX 1 060-
3HAYaKTCsd KaK aMMHOIIeNNTUaa3bl U Kap6OKCI/IHeHTI/I,E[a3bI, qTo
yKa3bIBaeT Ha uX AerictBye Ha N- miau C-KOHIIAX NeNTHUIHbBIX Le-
Tieii. OTu hepMeHThI MOTYT GbITh TOTIONTHUTENBHO AbdepeHI-
pPOBaHbI B 3aBUCUMMOCTY OT pa3mepa OTILEeIUISIeMOii YacTu, 6yab
TO, HAIIPMMep, aMUHOKUCIOTA, AUTIEIITU], Wi Tpurentug, [15].

[Ipy mpoTeonuse 3HAO0- U 3K30IENTUIA3BI [EeMCTBYIOT Ofl-
HOBPEMEHHO: TepBble 06PasyloT GOJbIIOe KOIMYECTBO «KOH-
1I0B», OT KOTOPBIX 3aTeM 5K30IeNTMIasaMy OTIIeIVISIOTCS
aMMHOKUCIOTHI. [IpeuMylecCTBEHHOE BhICBOOOXKIEHE aMUHO-
KUCJIOT IPOMICXOAUT BO BpeMsI CO3peBaHus cbipa [16].

CnemyeT OTMETUTb, YTO TEPMUHBI «IIPOTEa3bl», «IIPOTEMU-
Hasbl» U «IeNTUAa3bl» 06bIYHO MCIONb3YIOTCS KaK CMHOHVMBI
K CJIOBOCOYETAHUIO «IIPOTEONUTHUYECKe hepMeHThbI», KOTOPbIE
pacuiervisitoT nenTuaHbie cBsi3yu. CormacHo «<HoOMeHKIaTypHOMY
KOMUTETY MeKIyHapOIHOTO CO03a GUMOXMMMM U MOJEKYIISIP-
Hoit 6uonoruu (NC-IUBMB)», pekoMeHAyeTcsl MCIT0Mb30BaTh
TePMUH «IeNTHuaa3a» AJis 11060ro ¢pepmMeHTa, KOTOPbIi IMIpO-
JIM3yeT NenTyuaHbIe cBA3K [17].

Komruiekc mporeas, IeCTBYIOIIMX Ha MPOTSDKEHUM BCETO
Tepuoia M3roTOBJIEHUSI ChIpa, MPeCTaB/IeH HAaTUBHbIMU (ep-
MEeHTaMM MOJIOKa, (pepMeHTaMy MUKPOOPTaHU3MOB 3aKBaCKM,
MOJIOKOCBEPThIBaWOIIMMYU (pepMeHTaMu, 06J1aJaloIMU TTPOTe-
OJIUTUYECKMMU CBOVCTBAMMA.
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2. TIpoTeonns, KaTaau3upyemblii

HaTUBHBIMU (epMeHTaMU MOJIOKA

HauanbHasi aTaka Ha Ka3euMH OCYLIECTBJISIETCS HATUBHBIMU
TenTuaa3aMyu MoJaoKa, MPefnouYTUTEeNbHO IIIa3MMUHOM, Ilepexo-
JSLIMM M3 KPOBY XMBOTHOTO B MOJIOKO BO BpeMs ero CHMHTe3a
B BbIMeHM. IMeHHO B BbIMEHM HauMHAEeTCsl IPOTeO0n3 OTeNb-
HbIX dpaKinii kKazenHa. B pesynbrare B CBeXKeBbILO€HHOM MOJIO-
Ke MIPUCYTCTBYET IMPOTe030-TeNTOHHAs Gpakiiys 6enKoB, a Tak-
Ke y-KaseuH, MpeICTaBaSoonmii coboit dhparmMeHT B-KasenHa.
CocTraB IPOTE030-NIeNITOHOB MEHSIeTCsI B 3aBUCUMMOCTM OT IIPO-
MCXOXKIeHMSI, COCTOSIHUSI, TPOJO/KUTENIbHOCTY U TeMIIepaTyphbl
XpaHeHMs Monoka [18].

[Ina3mMuH — OCHOBHAs HaTMBHas IpOTeas’a MOJIOKa, KOTOpast
SIBJISIETCSI YaCTbhIO CTIOKHOI CHCTEMBI, COCTOSIILEN U3 M7Ia3MUHO-
reHa, aKTMBaTOPOB IIa3MMHOTeHa, MHIMOUTOPOB aKTMBaTOpa
IJIa3MUHOTEHA, TUIa3MMHA ¥ MHTMOUTOPOB TIa3MMUHa. AKTMUBA-
TOPBI IJIA3MMHOI€HA MIpeBpalllaloT HeaKTUBHBIN TIa3MUHOTeH
B aKTMBHbII IJIa3MMH, KOTOPBIii 3aTeM MOYKeT BbI3BaTh paclile-
TJIeHMEe MOJIOUHBIX GeTKOB. IHTMOUTOPBI I7Ia3MMUHA, IIPUCYTCT-
BYIOLIe eCTeCTBEHHbIM 00pa3oM B MOJIOKe, MOTYT OTK/IIOYaTh
IJIa3MUHOBYIO cucremMy [19].

B cBekeM MOJIOKe IUIa3MMH, IUIa3MMHOTE€H M aKTMBATODbI
[IJIa3MMHOTEeHA CBSI3aHbl C MULEIJION Ka3enHa, YTo JeiaeT Jer-
pajanuio KazenHoB oueHb 3¢ HeKTUBHOI, B TO BpeMs KaK MHTU-
6UTOpPBI crucTeMbl HaxoasaTcs B Base ceiBopoTky [20]. IIpemro-
JlaTaeTcs, YTO IMOBBIIIEHHAs! aKTMBHOCTH (pepMeHTa TUIa3MyuHa
SIBJISIETCSI BEPOSITHOV IIPUUMHOI HApyLIeHUs] TeXHOMOTMUeCKIX
CBOJICTB MOJIOKa KOPOB, HaxOASUIMXCS B MO3HENaKTallIOHHOM
repuofe 1160 CTpaganmyx MacTuTom [16,21].

[nasmmuHOBas cuUcTemMa JOBOJIBHO TepMocTolika. [Tnasmuu
Y IJIAa3MMHOTeH BbIIEPKMBAIOT YCIOBMS [TacTepU3alyy MoIoKa
nipu pH 6,8, a TaksKe SIBJISIIOTCS] YCTOMUMBBIMM K KPaTKOBpEMeH-
HOMY BBICOKOTEMIIEPAaTYPHOMY TepMMUYECKOMY BO3[Ie/CTBUIO
[19]. IIpn piuTenbHOI nacTepusaluy py TemMIlepaTypax Bbllle
80 °C mIasMuH TepsieT CBOI0 aKTUBHOCTS [18]. UHIMGUTOP aKTH-
BaTopa IUIa3MMHOreHa TepMoiabuieH, OH MHaKTUBUPYeTCs IIPU
ractepmsanyy Mojaoka. BaiencTeme 3TOro B acTepu30BaHHOM
MOJIOKE yBeIMYMBAETCS [IPOTeONUTMYecKasl aKTMBHOCTD I1j1a3-
MIHOBOJ CUCTEMBI.

Tepmuueckast 06paboTKa MOJIOKAa Ie€pel, M3TOTOBJIEHUEM
ChbIpa TaKKe MOXET MOBIMSATh Ha IIPOTE0NIN3 BO BpeMs ero co-
3peBaHysl. CHIUOKeHMe TMIPONK3a KaseyHa BO BpeMsl CO3peBa-
HMS CbIpa, NPUTOTOBJIIEHHOTO M3 IacTePM30BAaHHOTO MOJIOKA,
CBSI3aHO C YMeHblleHMeM aKTMBHOCTM IUIa3MMHa M3-3a Tep-
MMUYECKO} MHaKTUBALMM aKTMBATOPOB IUIa3MMHOTEHA U BBULY
B3aMMOAECTBYUSI MEXKITY B-IaKTOIIIO6YIMHOM Y KOMITOHEHTaAMM
IJIa3MMHOBOVI CUCTEeMBbI IpU HarpeBauum [18].

Tepmuueckasi MHaKTUBALMS IJIA3MUHOBOI CUCTEMBI yCY-
ry6iisieTcsl TI0Z, BLICOKMM JaBieHueM. Borda u gp. [22] uccre-
JIOBa/IM TePMOCTAOMIbHOCTD IJIA3MMHOBO CHUCTEMbI MOJIOKA,
MIOTyYeHHOI yabTpaeHTpUbyTMpoBaHMeM 1 cofepsKalieii Kak
IIa3MMHOTEH, TaK U I1a3MuH B hochatHoM 6ydepe mpu pH 6,6.
B nuamnasone temmepatyp oT 50 1o 64 °C yueHble Habmomanu
TIOBBINIEHMe aKTUBHOCTYU TUIa3MMHA, YTO MOTJIO OBITH CBSI3AHO
C MHAKTMBAILYell MHIMOUTOPOB I1a3MuHa. [Ipy 6omee BBICOKMX
TeMIlepaTypax CUCTeMa [eMOHCTPMUpOBala KUHETUKY MHaK-
TMUBALIMM TepPBOro MopsifKka. B mpoliecce BO3[eiiCTBUS Ha CU-
CTeMy IUIa3MMHA BBICOKOTO [aBieHMUs ObLIO YCTaHOBJIEHO, UTO
OHa COXpaHesieT YCTOMUYMBOCTh MPY KOMHATHOM TeMIlepaTrype.
CuuepreTnueckuil 3pdeKT BHICOKOTO JABIEHMS UM TeMIepaTy-
pbl HabGMIogancs B AuamnasoHax ot 300 mo 600 MIla u ot 35 1o
65 °C. ITpu naBnenun Boite 600 Mma nossisics 3G dexT crabu-
Ju3auyun. ABTOPbI CUUTAIOT, UTO IOJyYeHHble pe3yabTaTbl MO-
TyT OBITH TOJIE3HBI IJIT OLIEHKU IPUMEHMMOCTM TePMUUYECKIX
IIPOLIeCCOB IIPY BBICOKOM JIaBJIeHUM B IIPOM3BOJCTBE ChIPOB MK
JIIPYTUX MOJIOUHBIX MPOAYKTOB. IIpy 3TOM yueHble MPU3HAIOT
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HEeIOCTATOK YITyOIeHHbIX MUCCIeNOBAaHUI CTPYKTYPHBIX M3Me-
HeHMIT 1 pa3pbiBa JUCYIbGOUIHBIX CBSI3ell BHYTPU IJIa3MMHA BO
BpeMs1 KOMOMHMPOBAHHOI TePMUIECKOI 06pabOTKM IO, BbICO-
KM JaBiaeHueM [22].

HecomHeHHoO, Habmonaemoe Borda u op. [22] u3MeHeHMe ak-
TUBHOCTU IJIa3MMHOBOJ CUCTeMbI MOJIOKA CBSI3aHO ¢ TpaHchop-
MaLysIMM CTPYKTYPBI U psiia GU3MUIeCKUX CBOVICTB Ka3eMHOBBIX
MMIIeJI, KOTOpbIe IPOMUCXOIST IO, BAMSIHMEM BBICOKOTO AaBiie-
Hust. Tak, Bynkesuu P. O. u ip. [23], ucrnonb3yst MmeTon GOTOHHO-
KOPPEJISIIMOHHONM CIIeKTPOCKONNM, MOKa3anu, 4To oO6paboTka
MMIIe/UT Ka3erHa JaBjaeHueM MPUBOAUT K TpaHchopmanmm ux
pasmepa, IYTO 00YCIOBIEHO CAUIIAHKEM YacTuI] (Ipy JaBIeHUN
50 MIIa), 1 MO3TAaHOMY APOOGIEHNIO TIPU JajabHeNIIeM pocTe
JaBJIeHMs. DTO COMPOBOXKAAETCS KOIeGaHUSIMU YPOBHS (iroo-
peclieHIIMM TUPO3UHA U TpunTodaHa, yKasplBasi Ha Teperpyr-
MMPOBKY MOJIEKYJISIDHOM CTPYKTYphI Ka3enHa. UK-Dypoe criek-
TPOCKOINS BBISIBWIA M3MeHeHVe MHTEeHCUBHOCTY OITUYECKO
IIJIOTHOCTY B AuamnasoHe amuf I, amup I 1 BasleHTHBIX CBsI3eii
TUPO3MHA, MOATBEPKAAsT OTCYTCTBME (HOPMUPOBAHMSI HOBBIX
cBs3eit. [TonyyeHHble Qu3MUecKre JaHHbIE YKa3bIBAIOT HA U3-
MeHeHMe CTPYKTYPbI Ka3eMHOBBIX MULIEII C YBeIUUeHMeM 0NN
(25%) KpyIHBIX YacTUL, NOCIe AeiiCTBUSI BbICOKOTO [aBeHNs
(350 MITa).

[Ipoteonus, kaTanusmupyemsblii IVIA3MUHOM, MOXKET OKa3bl-
BaTb KaK IOJIOXKMUTENbHOE, TaK X OTPULIATEIbHOE BO3[eliCTBMe
Ha KaueCTBO MOJIOYHBIX IPOLYKTOB. Tak, B MOJIOKE, [TOJIBEPrHY-
TOM YJIbTPaBbICOKOTEMIIEPATYPHOI 06paboTKe, 1 B BLICOKOGE-
KOBBIX MOJIOYHBIX HAITUTKAX MOXEeT IIPOU30TH HeKkellaTebHOe
reseobpasoBaHye. A B CHIPOJENNY ITPOTEONN3 UTPAET ITOJIOXKM-
TEeJIbHYIO POJb, T.K. CIIOCOGCTBYeT (GOpMMPOBAHMIO BKyCa, apo-
MaTa ¥ KOHCUCTEeHIMM ChIPOB BO BpeMms co3peBanus [18,19].

O BAMSIHUM [JIa3MMHA Ha [IPOLeCC ChIYYKHOTO CBEPThIBAHMS
MOJIOKA VIMEIOTCSI IPOTUBOpeUNBble cBefieHMsl. Ho GONbIIMHCT-
BO JMcCiefioBaTeseli CKIOHHBI CYMTATh, UYTO IVIA3MUH BAMSIET HA
aTtoT nporecc. Tax, Villalobos u ap. [24] 6bUI0 OTMEUEHO YXY[I-
1ieHue IMapaMeTpoOB ChIUY;KHOTO CBEPTBIBaHMSI MOJIOKA OBell,
CTPaalOMMX MACTUTOM WMIM IepeHecHIMx 3TO 3aboseBaHMe
B IIPeJbIIYyLIYIO JIAKTALI0. ABTOPBI CBSI3bIBAIOT 3TO C BBICOKOIA
aKTUBHOCTBIO IUTA3MMHA B MOJIOKE C GONBUIMM KOJIUIECTBOM
COMaTMYeCKUX KJIeTOK. B aToM ciIydae yxy[oulaanuch Iapame-
TPBI CBIYY>)KHOTO CBEPTHIBAHMS M3-3a YCUJIEHMSI pacliaza Kase-
MHA: YBeIMUYMBAIACh MPOLO/DKUTEIBHOCTh 0OpPA30BaHMS Tels
Y YMEHbIIIaJach €ro IIOTHOCTh. Ho B Gosee TO3IHUX MCCIen0-
BaHMSIX OHM He OOHapYXKMJIU CBSI3U MeXKIy aKTMBHOCTBIO I171a3-
MIMHAa, KOJIMYECTBOM COMATHUYECKMX KIJIETOK UM IIapaMeTpaMu
nporiecca Koaryisiiuu [25,26]. TIpoTuBOpeunBbie PE3yIbTAThI
aBTOPBI OOBSCHSIIOT OTIMYMSIMU MEXKIY TOPOJaMM KUBOTHBIX,
a TaloKe pasJIMYHBIMM MeTOAAaMM, UCIIONb3yeMBbIMU JJIS1 M3Me-
peHMs KonmMyecTBa Iia3MmUHa.

Somers u np. [27] ucwienoBany BIMsIHME aKTUBHOCTU IIa3-
MMHA ¥ XOJIOOHOTO XpaHeHMs] MOJIOKa Ha IPOLEeCC ChIUY>KHO-
rO CBepThIBaHMSI MpU MpOoM3BOACTBe cbipa Mouapemia. C 3Toii
1esibio Mosioko xpaHuau npu 4°C B Teuenue 0, 24 u 48 yacoB
¢ nmobaBjeHMeM IIa3MMHA U 6e3 Hero. B mapasiesibHbIX 3KCIIe-
pPUMeHTaX M3ydJasiu BVISIHME VHKyOauuu MOJIOKa C 10O6aBIeHM-
eM IUIa3MMHa B TeueHue 2 4 npu 37 °C mepep, macrepusaiyein
¥ BHeCeHMeM ChIUy)KHOTO (hepMmeHTa. BbIJIO yCTaHOB/IEHO, UTO
XpaHeHMe B XOJIOAWIbHMKE OUueHb Majio IMOBIMSIIO Ha TPOLece
CBIYY’)KHOTO CBEPTBHIBAHMSI MOJIOKa. KpuBbie remeobpa3oBaHMs
KOHTPOJIbHOTO MOJIOKA M MOJIOKA, XpPaHUBILIErocsl B TeueHue 24
u 48 4, ObUTU TIPAKTUYECKU MOEeHTUUHbIMK. Ho mo6GaBieHne K-
30reHHOTO IJIa3MMHa O0Ka3a/io KpaiiHe HeraTMBHOe BIMSIHME Ha
3TOT IPOLIECC, YBEINUMBAsT BpeMsI Tesie00pa3oBaHusl M CHYDKas
IUIOTHOCTD 06pasytoierocs refst. dPQeKT 6bUT HAUOOTIINM IS
MOJIOKa, KOTOpO€e XpPaHWIOCh B TeueHMe 24 1 48 yacos. [IBa yaca
BbIIepsKKY 1Tpy 37 °C Taroke nmenu 6osbloit addekt. Ha ocHoBa-
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HUM 3TUX Pe3y/IbTaTOB aBTOPBI Ieal0T BBIBOA, O TOM, YTO TUAPO-
JI13 Ka3eMHa I7Ia3MMHOM BpeJieH IS TOC/IeAYIOLIero ChbITysKHOTO
cBepThIBaHMS. BMecTe ¢ Tem Somers u Ap. [27] OTMeYaloT, YTO He-
KOTODBbIE APYTUE UCCIEeN0BaTeNM He OOHAPYKMIM OTPULIATENbHO-
TO BJAMSIHYS TI/Ia3MMHA Ha [TPOLIeCC CIYY>)KHOTO CBEPThIBAHMSI.

VccnemoBanusamu Srinivasan u ap. [21] mokasaHo, 4TO I'M-
JIpO/IM3 Ka3eMHOB IUIa3MMHOM CYyLIeCTBEHHO B/IMSIeT Ha peo-
JIOTUYeCKMe IoKasaTelu rejieil, MOTyYeHHbIX CBepThbIBAHMEM
MOJIOKA ChIUYKHBIM (epmeHTOM. 10 Mepe yBennueHus pacraga
KaseMHa IPOMCXOAUT JMHETHOe yMeHbIlIeHNe KeCTKOCTH, MO-
LLy/sl YIIPYTOCTH, TIpefiesia TeKydyeCcTy U JMHeHoe yBeluyeHue
TaHI'eHCa yIJIa [10Tepb (3), UTO yKa3blBaeT Ha pa3MsrdyeHye re-
neil. [laxke mpy HU3KUX YPOBHSIX TMIPONM3a Ka3enHa pPeoso-
IMYecKye CBOJCTBA ChIUYXKHBIX Tejieil M3MeHSIUCh, YTO MOIJIO
OTpULIATeIbHO CKa3aThCs Ha BBIXOJE ChbIpa M Ha ero TeKCType.
C nomo1bio KOHGOKaJIbHOI CKaHUPYIOLIEH JTa3epHOIl MUKPO-
CKOMMM OBITIO ITOKA3aHO, YTO MPYU BBICOKOM YPOBHE I'MIPOIM3a
kaszenHa (< 40% MHTaKTHBIX Ka3eMHOB) MMUKDPOCTPYKTypa Cbl-
YYXKHBIX rejieii pe3ko u3MeHsiach [21]. PesynbTaThl 3TOrO MC-
CJ1IeflOBaHMsl COIMIACYIOTCSl C JaHHBIMMU, TIOJYYEHHBIMM Somers
u ap. [27] Ha OBeYbeM MOJIOKE U ITOATBEPXKAAI0T IUIIOTE3Y O TOM,
YTO MOBBILIEHHAs! aKTMBHOCTb IVIa3MMHA B MOJIOKE KOPOB, Ha-
XOSIIMXCSL B IO3HEM JIaKTallMOHHOM Iepuojie WM CTpajalo-
UIMX MaCTUTOM, MOXXET U3MEHUTH CbIUy>KHbIE CBOJCTBA MOJIOKA.
[Ipn 3TOM Kak OTpULIATE/IbHbIII MOMEHT CJIEAYET PACCMATPUBATh
TaKke yBelIMuyeHye TOTepb 6enka C ChIBOPOTKON BCIENCTBE
YCUIEHHOTO T'MIpojM3a KazeMHa ¢ 06pasoBaHMeM IMPOLYKTOB
C MeHbllIeli MOJIEKY/ISIPHO Maccoii [21].

WHTepecHas runoTesa BbigBUHYTa MupoHenko M. M. [28],
KOTOpasl OCBeLaeT COBMECTHOE [eJiCTBMEe HATMBHBIX IIPOTea3s
MOJIOKA ¥ MOHHOT'O KajbLysl B GOPMMPOBaHUM ChIUY;KHOTO Tefisl.
B coOTBeTCTBIUM C Heli TTOC/Ie BO3IEeNCTBUS ChIUYKHOTO (hepMeH-
Ta KaJblLIMEBbI/i 0OMEH MeXIy BOMHOI (a3oii MOJIOKAa U BHY-
TPUMMULLEJUIIPHOJ SKMAKOCTBIO OKAa3bIBAET BIMSHYE Ha 1ePeBOf,
HaTUBHBIX IIPOTEa3 MOJIOKA, JIOKAIM30BaHHbIX B MMIIe/IaxX Ka-
3elHa, B aKTMBHOE COCTOsIHME. VIOHHBII KanblMii aKTUBUPYET
BHYTPUMULEISIDHBIE (hepMeHTaTUBHbIE TTPOLIECChI, BhI3bIBAIO-
IIye OTIIeIIeHMe OT GEeTKOBBIX MOJIEKY/ KOHIIEBBIX (pparMeH-
TOB, TIPUBOASI GEJIKOBBIE MOJIEKYIBI B PEAKI[MOHHO-aKTUBHOE
cocTosiHMe. B yacTHOCTH, AejicTBMe Tla3MKHa Ha -Ka3euH Be-
JleT K pa3pbIBY NMENTUIHBIX CBSI3eil ¢ 06pa30BaHMeM y-Ka3eMHOB
u docpomnenTuaos, GOpMUPYIOIIMX B JaJbHENIIEM ITPOTE030-
MeNTOHHYI0 (DPaKIMIO IMOACHIPHON CBIBOPOTKU. Arperarys Ia-
paKa3erHOBBIX MULET MPOUCXOOUT 3a CUeT BO3SHMKHOBEHNS
HOBBIX CBsI3€}1 Ha X TIOBEPXHOCTH.

JlornuHbIMM ClleflyeT NIPU3HATh 4 BbIBOABI MupoHeHKo U. M.
[29] 0 TOM, 4YTO YC/IOBMSI CBIUY>KHOTO CBEpPTBIBAHMSI MOJIOKA
(pH 6,8-6,5 B nyanasoHe G13M0I0IMUECKUX TeMIIePaTyP) SIBJISI-
10TCSI KOM(MOPTHBIMU JJISI esiITeIbHOCTY HATUBHBIX IIeTOYHBIX
poTeas Mojoka. [I03TOMy aaropuTMbl UX AENCTBUSI BIIOJHE
MOTYT OBITb BIMCAHBI B Iporecc (GopMuUpoBaHUS GEITKOBOTO
reJIsl IIPY ChIYY>KHOM CBEPTBIBAHUM.

[Ipy BHECEHMU CBHIYY>KHOTO (epMeHTa B MOJIOKO IIa3MUH
Y TJIa3MMHOTEH CBEPTHIBAIOTCSI BMeCTe C MUIe/IaMM Kas3enHa
Y KOHLEHTPUPYIOTCSI B CBIDHOM 3€pHe, I1epexofisl 3aTeM B CbIP
IJII y4acTusl B MPOTeonu3e mpu ero cospeBaHuu [29]. Bxiafg,
IJIa3MMHa B IIPOLIECC CO3peBaHMSI IMPOSIBISETCS I10-Pa3sHOMY
B CbIPax Pa3AMYHbBIX BUJOB U 3aBUCUT OT TaKMUX PAKTOPOB, KaKk
pH cpIpa BO BpeMsI CO3peBaHusl, TeMIlepaTypa CBepThIBAHNSI MO-
JIOKa ¥ TeMIlepaTypa co3peBaHus cbipa [18].

[l1asMuH neiicTBYeT NPeMMYIeCTBEHHO Ha B- U o ,-Ka3euHBI;
o, -Ka3eyH MeHee YyBCTBUTE/IEH K IMIPOIN3Y IJIa3MUHOM, YeM
B- 1 o ,-KaseuHsl. B pesynbTaTe ruaponusa f-kaseuHa obpasy-
I0TCA ¥,~, ¥, V,-Ka3eMHbI X IIPOTEO30IIeNTOHDL. [Ipy cospeBanmnm
CbIpa TPOMUCXOAUT IIPEUMYILEeCTBEHHOE pacllelljieHue CBSI3U
Lys, -Gln,, B o, ,-kaseuHe. Briag riasmuHa B IPOLIECC TIPOTe-
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o/M3a B ChIpe 3aBMCUT OT BUIA ChIpa M TEXHOJIOTMYECKUX TIa-
paMeTpoB ero M3roTopieHus. Hampumep, 61710 YCTaHOBIEHO,
UYTO aKTMBHOCTbH IJIa3MMHA B CbIpe IMMeHTaJIb BbICOKAs, B ChIpe
layma — cpenuss, a B Uennmepe — Huskas [30]. HeBbicokas ak-
TUBHOCTh IIa3MMHA B cbipe Yepmep OOBSCHSIETCS HUSKUMU
3HaueHusimu pH. B cbIpax ¢ BBICOKOI TemIlepaTypoii BTOPOTO
HarpeBaHuUs TUIA DMMEHTa/b IJIa3MIH, HATIPOTUB, MPeICTaB-
JI1eTCSI Ba>XHbIM HpOTGO}II/ITV[‘{eCKI/IM areHToM, TaK KaK 6OJII:IJ_[aH
YacTh XMMO3MHA VHAKTMBUpYeTcs. [1a3MuH, 6ymaydn Tepmo-
CTOVKMM (epMeHTOM, BbIIEPKMBAET BBICOKYIO TeMIIEpaTypy
BTOPOTO HarpeBaHus.

IMomMuMo 1Ia3MMUHA B MOJIOKE COZIePsKUTCSI HECKOIbKO U IpY-
I'MX IIPOTeas, HO X BJIMSIHME Ha ITPOTEO/ M3 B ChIPe MPU CO3peBa-
HUM 10 CUX ITOP He BBISIBJIEHO.

3. IIporeonus, KaTaau3UpyeMblii

depmeHTaMYU MUKPOOPraHU3MOB

Beicokasi muTaTenbHas 1I€HHOCTb, BBICOKAs AKTUMBHOCTH
BOZbI M MOYTU HeNTpanbHbIi pH nenaiT MONIOKO MAeanbHOM
cpenot [yl poCcTa MHOIMX MMUKPOOPraHusmos [31]. B 3aBucu-
MOCTM OT CAaHUTapHO-TUI'MEHUUECKUX YCIOBUIt AOVKM U comep-
SKaHUS SKUBOTHBIX, METO/IOB CAHUTAPHO 06pabOTKY AOUIBHO-
rO ¥ CKJIAZCKOrO 060pydOBaHMs, COCTaB MUKPOGMOTHI ChIPOTO
MOJIOKa MOYKET CMJIbHO OTVIMYaThCs B Pa3HBIX X03siicTBaX. Mu-
KpOOHAas IMOMYJISINS XapaKTepU3yeT KaYecTBO MOJIOKA M MOXKET
cofepKaTh Kak HeXXenaTesbHble (MTaTOreHHbIe U BbI3bIBAIOIIE
TOpYy NPOLYKTOB), TaK U IMOJe3Hble (MOTOUHOKUCIbIE) MUKPO-
OpTaHU3MBI.

B MOJIOUHOIT TPOMBIIIIZIEHHOCTH CYIIECTBYET MpaKkTuKa c60-
pa 1 XpaHeHMsI MOJIoKa IPY HU3KUX TeMIlepaTypax 1o fepegaumn
Ha MPOMU3BOACTBO Chipa. [Ipy HU3KUX TeMIlepaTypax XpaHeHUsI
(meHee 7°C) B MOJIOKE pa3BUBAKOTCS MCUXPOTPOGHbBIE MUKPO-
OpraHM3Mbl, KOTOPbIE TPOAYLMPYIOT BHEKJIETOUHBIE (DEPMEHTHI,
B OCHOBHOM MeMNTUAA3bl 1 Inmassl [32]. B ominune ot nunonu-
TUYeCcKuX hepMeHTOB, IeNTHUIA3bl, KaK IIPaBUIIO0, Upe3BbIYalHO
TepMOCTaOWIbHBI U BbIIEPXXMBAIOT TeMIlepaTyphl MacTepusa-
uun (77 °C B TeueHuun 40 MMH), a TakKKe BBICOKOTEMIIEPATYPHYIO
06paboTky monoka (UHT: 140 °C B Teuenuu 4 c) [33]. BaiencrBue
9TOr0 B MOJIOKE, TIOCTYIAIOeM Ha MepepaboTKy B MOJOYHBIE
MIPOAYKTHI, HAPSIY C TNIa3MIUHOM TIPUCYTCTBYIOT TEPMOCTAGUITh-
Hble BHEKJIETOUHble GaKTepuaibHble MPOTEMHA3bI, TIPOLYLIMPY-
eMble TICUXPOTPOMHBIMM MUKPOOPraHM3MaMu. BosbInas 4yacTh
(okomo 80%) (epMeHTaTMBHO aKTUBHBIX M3OJISITOB IICUXPO-
TPOGHBIX MUKPOOPTAHM3MOB, PACTYIIMUX B MOJIOKE, OTHOCSITCSI
K pony Pseudomonas [34].

BakTepuanbHble MENTHUIA3bl MCUXPOTPOGHBIX MUKPOOpra-
HM3MOB Pa3INYarOTCs MO CBOEH CrelMbUIHOCTY B OTHOIIEHUM
MOJIOUHBIX GEJIKOB U BIMSIOT Ha CUCTEMY IJIa3MMHA, UTO MOKET
MIOBJIMSATDH BIIOCJIELCTBMM HAa KaueCTBO MOJIOYHBIX IIPOLYKTOB.
OHM POSIBIISIOT aKTUBHOCTD B IIMPOKOM AuanasoHe pH u tem-
repatypbl. TeMrepaTypHble ONTUMYMbl HaXOASITCSI B IMara3o-
He 30-45°C, HO U npu Gosee HU3KUX TeMIlepaTypax MenTuaa-
3bl MCUXPOTPO(PHBIX MUKPOOPTAHM3MOB YACTUUYHO OCTAIOTCS
aKTUBHBIMU. TepMOCTaOMIbHbIE TENTUAA3bl IMCUXPOTPOPOB
aTakyioT Bce GOpMbI Ka3enHa C MPeuMyIIeCTBEHHBIM TUIPOIN-
30M k-Ka3enHa, 3aTeM B-Ka3euHa U, HaKOHell, o-KaszenHa [35].
I'Maoponus k-KazeuHa MOKET IPUBECTU K JecTabunnsauyuy Mu-
1LIeJUT Ka3enHa U K 06pa30BaHMIO TIeNTUA0B, UMEIOIIMUX TOPbKMii
BKYC. [ITOMMMO BKYCOBBIX ITOPOKOB MENTUAA3bI IICUXPOTPOGHBIX
MMKPOOPTaHM3MOB MOTYT CTaTh NMPUYMHON reaeob6pasoBaHMs
B CTepWIM30BAHHOM U Y/IbTPaNacTeprM30BaHHOM MOJOKe IMpU
JITUTETbHOM XpaHeHU!, a TAaKKe BbI3BATh TEKCTYPHbIE HedeKTbl
ChIpa U IPYTUX MOJIOYHBIX IIPOAYKTOB [36].

K mone3HpIM MUKPOOPTaHU3MaM ChIPOTO MOJIOKA OTHOCSITCST
MOJIOUHOKMCIIbIE GaKTepyy, KOTOPbIe TOIafaloT B MOJIOKO C IT0-
BepXHOCTeli BbIMEHU, JOUJIbHOTO OOOPYLOBaHUS U €MKOCTeii
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IJIST XpaHEHUST U3 OKPYKAIOIeii Cpefibl MOJIOYHOTO MPepusi-
Tug [37]. DTO Tak Ha3biBaemasl ayTOXTOHHAasI MMKpodJiopa, 1moc-
TOSIHHO OOMTAIoUasi Ha JAHHOM, KOHKPETHOM IpPenIIpUSITUN.
CrnemyeT OTMETUTb, UYTO TIPU MTPOMU3BOJICTBE HEKOTOPBIX BUAOB
CBIPOB, M3TOTOBJISIEMBIX U3 CHIPOTO MOJIOKA, UCIIOTb3YIOTCST Ha-
TypaJibHble 3aKBACKM C HEKOHTPOIMPYEMbIM COCTAaBOM MOJIOY-
HOKMCJIBIX MMUKPOOPTaHM3MOB, Pa3IMYHbBIM Ha Pa3HbIX IpeJ-
NIPUATUSIX. AYTOXTOHHbIE MOJIOYHOKMC/IbIE GAaKTepuMM UIPaloT
BasKHYIO POJTb B IIPOM3BOACTBE U GOPMUPOBAHUM OPTaHOJIENTH-
YeCcKux ToKasaTesieit CbIpOB 13 CbIPOTO MOJIOKA, SIBJISISICh OCHOB-
HBIMM YYaCTHUKAMU OGMOXMMUYECKUX MPOLECCOB: MPOTEe0Nn3a,
JIUTIONM3a, TIMKON3A.

Pogaci¢ u mp. [38], usyuwin pasHooOpasue U AUMHAMUKY
IITAMMOB TUITMYHBIX MOJIOYHOKUCITBIX GAKTEPMI, TOMAgAIoIINX
B cbIp Grana Padano 13 chIporo Mosnoka ¥ HaTypanabHOI ChIBO-
POTOUHO 3aKBacKu, BO BpeMs ero co3peBaHusi. ChIpbl ObUIM
M3TOTOBJIEHBI HA IIECTU PA3JIMUYHBIX TPEINPUITHUIX CeBEPHOIA
Wtanuu. YCTaHOBJIEHO, YTO B COCTaB MUKPOOGMOTHI ChIPOB BXO-
oumu 11 BMOOB MUKPOOPTraHM3MOB: St. thermophilus, Lb. del-
brueckii subsp. lactis, Lb. helveticus, Lb. fermentum, Lb. rhamnosus,
Lb. casei, Lb. paracasei, Lc. Lactis, Pc. acidilactici, E. faecalis, Lb.
paraplantarum. MoJIOYHOKMC/IbIe GaKTepUu B OCHOBHOM ObLIM
npenctasneHsl Lactobacillus rhamnosus, Lactobacillus casei, Lac-
tobacillus paracasei, Lactobacillus delbrueckii, Lactobacillus helve-
ticus u Pediococcus acidilactici. TIpy 3TOM CTPYKTypa U JMHAMUKA
MMKPOOMOTBI B PA3HBIX MeCTaX IMPOU3BOACTBA ChIpa OBLIN CITe-
IQUYIHBL.

Bo MHOTUMX AJIUTeNbHO CO3PEBAIOIMX ChIPaX M3 CHIPOTO MO-
JIOKA He3aKBACOUHbIE MOJIOUHOKMCIIbIE OPTaHU3Mbl JOMUHUPY-
10T ¥ CIIOCOGCTBYIOT 60siee TIIYOOKOMY CO3PEBAaHMIO ChIPOB. Kak
TIPaBUJIO, ChIPBI, M3TOTOBJIEHHBIE U3 CHIPOTO MOJIOKA, 06/1a1al0T
60/iee MHTEHCUBHBIM BKYCOM, YeM ChbIPbI 13 MACTePU30BAHHOTO
MoOJIOoKa [39].

IMoce mactepu3aiuu B MOJIOKE OCTAeTCsI HEGOIbINOe KOMM-
YeCcTBO MOJIOYHOKUCIBIX MUKpooprannsmos (0—-76 KOE/mi), HO
OHM OBICTPO PacTyT B CbIpe Mpu co3peBaHMu. [loaTomy ornpese-
JieHMe MpefiesioB KOIOHMeo0PpasyIoIyX eIMHNUI] He3aKBACOUHbIX
MOJIOUHOKMCIIBIX GAKTEPUiT B MOJIOKE JOKHO ObITh PA3yMHBIM
II7IST BBIOGOPA COOTBETCTBYIOIIErO KayecTBa ChIPOTO MOJIOKA [Tt
IpoM3BOACTBa cbipa [40].

[Ipy ONTUMAIBHOM COAepsKaHMM MOJOYHOKMCIAsT MUKPO(-
JIopa ChIPOTO MOJIOKA UTPAET TOJIOKUTETHHYIO POJIb B CO3pEBa-
HUM CbIPa, BAMSST Ha GOPMMUPOBAHME €T0 OPraHONIENTUUECKUX
xXapakTepucTuk. Ho OHa OTHOCUTCS K HE3aKBACOYHOI MUKPOGD-
Jlope, HEKOHTPOJIMPYyeMOe Da3BUTHE KOTOPOil He II03BOJSIET
MOJTYYaTh ChIPbI CTAOMIILHOTO KavyecTBa. II03TOMY B ChIpOJEIUM
IIST TIOAIEPSKAaHMS TUTTMYHOCTY OTHENIbHBIX BUAOB CHIPOB UC-
TTOJIb3YIOT 3aKBACKY C OTOGPAHHBIMY IITAMMaMM U 3aTaHHBIMMU
TeXHOJIOTMYECKUMMU XapaKTePUCTUKAMMU.

VHTepecHO OTMETUTh, UTO IPOMBIIITIEHHbIE 3aKBACKM TSI
GOJIBIITMHCTBA ChIPOB OCHOBAHBI HA OJHOM BUE, @ MUMEHHO Ha
Lactococcus lactis. CylecTByeT MHOTO IITAMMOB 3TOTO BUIA, UC-
TI0JIb3YEMBIX ISl IPOM3BOACTBA Pa3IMYHBIX BUIOB cbipa. OHU
006/1a1a10T pa3sHBIMM XapaKTePUCTUKAMM, HO OOLIMMU OMOXU-
MUYECKMMU TTPU3HAKAMM: CIIOCOOHOCTHIO MPOIYIIMPOBATH KUC-
JIOTY ¥ TIpeo6pa3oBbIBaTh MOOYHbBIN GETOK BO BKYCOBbIE KOM-
IIOHEHThbl. Bo BpeMsi co3peBaHMsI CbIpa MPOTEOIN3 CUMTAETCS
CaMbIM BaXKHBIM IIPOIIECCOM ISl TTOMYUYeHUST sKelaeMOoro BKyca
M TeKCTYPHI. JIAKTOKOKKY 06JIaJaloT ITPOTEOTUTUIECKON CUCTe-
MOJi, KOTOpasi BMecTe ¢ ApyruMu (epMeHTaMu (XMMO3UHOM,
TIeNCMHOM) TUAPOIU3YIOT Kas3enMH ¢ 06pa3soBaHMEM TMeINTUIO0B
M aMMHOKMCJIOT. AMUHOKUCIOTHI 3aTeM Tof, meiicTBueM dep-
MEHTOB ITPEeBPAIAIOTCS B aJIbAETUIbI, CIUPTHI, KETOHBI, AMWHBI,
KUCTOTBI, CJIOKHBIE 3DUPBI U cepocofepskallye COHIMHEHUS,
KOTOpbIe BHOCSIT CBOJ BKJIaZ, BO BKYC I apoMart cbipa. 1 Bo Bcex
9TUX MpeBpalleHNsIX yIacTBYIoT Lactococcus lactis [39].
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Lactococcus lactis — omHa M3 caMbIX M3BECTHBIX MOJIOUHO-
KUCIbIX OaKTepuii, CTaBlIasl MapagurMoil ¢ TOUKM 3pEHUS T0-
HMMaHMsSI TIPOTeoNN3a UM YTUIM3ALUM TEeNTUI0B. DTa OGakre-
pusi TpeboBaTesbHAa K MUTATeNIbHBIM BellecTBaM. Harpumep,
GOJIBIITMHCTBO ITAMMOB L. lactis SIBNISTIOTCSI ayKCOTPOGHBIMM 110
HECKOJIbKMM aMUHOKMCIOTaM: U30JIeHIMHY, JIEHIVHY, BAJIVHY,
[JTyTaMMHOBOW KUCJIOTe, TUCTUOUHY U MeTUOHMHY [41]. Konu-
YyecTBa CBOGOIHBIX aMUHOKUCIOT ¥ KOMIIOHEHTOB a30Ta B MO-
joke B dhopMe, HEMOCPENCTBEHHO TMOIIONAeMOli GaKTepUIMu
IUISI MOJIOUYHOKUCIIOTO GPOSKEHMsI, HEAOCTaTOUHO, TO3TOMY MO-
JIOUHOKMC/IbIE GaKTepUM IOJIKHBI TOMYYaTh 3TU MHTPEOMEHTHI
MyTeM Pa3JIOKeHUsI MOJIOUHBIX GEJIKOB, B OCHOBHOM Ka3eMHa
C TMIOMOIIbIO TPOTEONUTUUECKUX (HDEPMEHTOB [42].

3aKBacKu, MpUMeHsIeMbIe IJIs1 IPOU3BO/ICTBA ChIPOB, COCTO-
SIT U3 HECKOJTbKMUX BUIOB MOJIOYHOKMCIbIX G6akTepuii. [ToMmumo
Lactococcus lactis B cocTaB IMepBUYHBIX 3aKBACOK BXOIAT Leuco-
nostoc mesenteroides subsp. cremoris, Streptococcus thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus v L. helveticus [43].

Croco6HOCTh aKTUBHO MPOIYLIIPOBATH MPOTEOTUTUYECKIE
bepMeHTBI SIBISIETCSI OMHUM M3 KpUTEpUeB OTOOpa IITAMMOB
MOJIOUHOKMC/IBIX GaKTepuii B COCTaB 3aKBACOK IS TTPOMU3BOJI-
cTBa (hepMEeHTMPOBAHHBIX IMUILEBBIX MPOLYKTOB, B TOM 4YuC/Ie
CBIPOB. DT (hepMEHTHI UTPAIOT BasKHYIO POJIb B CHAGKeHNY OaK-
TepUaNTbHBIX KIETOK COeOMHEHMUSIMU a30Ta, & MMEHHO CBOOOJI-
HbIMM aMVHOKMCJIOTaM¥, HEOOXOAMMBIMY JIJISI UX POCTA U pas-
BUTHUSA [44].

[TporeonuTiueckme hepMeHTbI CMHTE3UPYIOTCS BHYTpM 6aK-
TepUaIbHbIX KJIETOK 1 B OCHOBHOM CEKPETUPYIOTCS BHE KIETKMN.
bakTepuanbHasi mpoTeMHa3a, CBSI3aHHAas C KJIETOYHO CTEHKOIA,
IUAPONN3YyeT Ka3euH CHavalia [0 OJUTOIENTUIOB, KOTOpbIe
TTOTJIOMIAIOTCST KJIETKOM C yuyacTueM creuudmuyeckoro menTusi-
HOT'O TPAHCIIOPTa U B JaJIbHENIIIEM IO, IeICTBMEM Pa3IMUHbIX
BHYTPUKJIETOYHBIX MMENTUA3 I'UAPOIN3YIOTCS HA KOPOTKOLIEIO-
YyeyHble MEeNTHUIbl ¥ aMUHOKUCIOTH [45]. B HacTosiee BpeMst
paspaboTaHa Momelb MUKPOOHOII Aerpajanuy KaseuHa, TpaH-
CIIOpTa U pacuiervieHs MeNnTUAO0B, a TaKXKe PeryIsiuuy CTaaui
poTeonu3a [46].

®epMeHTbI, MPOAYLMPYeMble Pa3INYHBIMU BUIAMU MOIOY-
HOKMC/IBIX GaKTepuii, OTIMYAIOTCS Cy6CTPaTHOM crenmbuyHo-
CTBIO ¥ YDOBHEM IIPOTEOIUTUYECKON aKTUBHOCTH [47]. OTO yum-
TBIBAeTCS TPV COCTABIEHUY KOMIIO3UIIIA 3aKBACOUHBIX KYJIBTYD
C LIeJIbI0 HATIPaBJIEHHOTO PeryaMpoBaHMsI Ipoliecca MpoTeosn3a
IIpY CO3peBaHMUM ChIPOB [48].

MOoOJIOUYHOKMCIbIe GaKTEPUM BBIMUPAIOT B ChIpe BO BpeMsi
€ro Co3peBaHMs, HO MX BHYTPUK/IETOUHbIE ()epMEHTHI, 0COOEH-
HO MEeNTUAA3bI, BLICBOOOKAAIOTCS M Ha MIPOTSIKEHMU BCETO CPO-
Ka CO3peBaHUs IMAPONN3YIOT 6eku. Ha UX TOMI0 TPUXOIUTCS
6ombiias 4acTb 06pPA3yIOILerocs BOLOPACTBOPUMOTO a3oTa
[49]. TIo mpupocCTy TPOAYLUMPOBAHUST HU3KOMOJIEKYISIPHBIX MO
JIUTIETITUA0B OHM HAaMHOTO IMPEBOCXOJSIT MOJOKOCBEPThIBAIO-
mye dbepMeHTHbIe MpenapaTsl [48]. [IpoTeasbl Me30(MUIbHBIX
3aKBACOYHBIX OGAaKTepMii B OCHOBHOM aKTMBHBI B OTHOIIEHUM
MEeNTUAO0B, YK€ MPUCYTCTBYIOMIMX B ChIpe B OOJBIIMX KOJIN-
yecTBax B pe3y/bTaTe HA4YaJbHOIO IPOTEO0JM3a, BbI3BAHHOIO
CBIYYKHBIM (pepMeHTOM [32]. B MSTKMX ChIpax 6e3 co3peBaHus
WM CO3PEBAIOIIX HEMTPOIO/DKUTEIbHOE BpeMsI eiicTBue dep-
MEHTOB MOJIOUHOKMCJIBIX MUKPOOPTaHM3MOB 3aTPYAHEHO, TaK
KaK OHM He aKTUBHBI I10 OTHOLIEHNIO K MHTAKTHBIM Ka3eMHaM.
ITo mauubIM Franco m gp. [50] B McmaHckux cbipax Ahumado
de Aliva, M3rOTOB/ISEMBIX C MCIIONB30BAHMEM TMODIIN3UPO-
BAHHO MOJIOUHOKMC/ION Me30(uIbHOI 3akBacku (Lactococcus
lactis subsp. lactis u Lactococcus lactis subsp. cremoris) u Te-
JITYBErO CHIYY)KHOTO (epMeHTa, I0oCIe CO3DeBaHUS B Teve-
Hye 28 CYyTOK AerpagmMpoBaiy TOMbKO 22% o -KasemHa u 9%
B-kasenHa. He3HauMTeNbHBIN MPUPOCT PACTBOPUMOIO (B TOM
yycie He6eIKOBOTO) asoTa TOBOPWI O ci1aboM IpOTeosn3e
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M YTO B JAHHOM CJTy4yae OCHOBHBIM ITPOTEOJUTUUYECKUM areH-
TOM ObUT CHIUYKHbIIT (DepMEHT.

Pa3inuHblil cocTaB MMKPO(MIOphl 3aKBACOK B COUETAHUU
C TEXHOJIOTUYECKUMM OCOOEHHOCTSIMM TTPOMU3BOICTBA 06YyC/IaB-
JIMBaeT MHAVBUIYATbHbIE PA3IMUMS ChIPOB Pa3HbBIX BUIOB TI0
OpTaHONIeNITUYECKUM TTOKa3aTesnsIM. [Ipogykram dhepMeHTaTHUB-
HOTO TMIponnu3a 6esika OTBOAUTCS B 9TOM BakHast poiib. B cbIpax
C BBICOKOJ TeMIIepaTypo}i BTOPOrO HarpeBaHMSI NMPAKTUYECKU
BCS TMPOTEONUTUYECKAsT aKTUBHOCTb MCXOAUT OT (hepMeHTOB
TepMO(IMIBHBIX MOJIOYHOKUCIBIX TasovyeK. MX sK3omenTuaas-
Hasl aKTUBHOCTb, CBSI3aHHAsI ¢ (hepMeHTaMM, PaCIIOIOKEHHBIMU
Ha CTeHKaX >XMBBIX MMKPOOPraHM3MOB, CPDaBHUTE/IbHO HeBe-
Jjmka. [ToaToMy BbI3BIBAEMBIVi MMM MPOTEOAN3 HA HAYAJIbHON
CTaguu CO3peBaHMs ChIpa HeBbICOK. OTMMpaHUe MMUKpOOpra-
HM3MOB CONIPOBOXXIAETCS JIM3MUCOM UX KIETOK, U3 KOTOPBIX BbI-
JIeJISTIOTCST SH/IOTIENTUIA3bl, BbI3bIBAIOIIVE MHTEHCUBHBIN MPO-
teonmu3. Cpeay MPOAYKTOB pacrajga 6ejika B ChIpaX C BbICOKOJ
TeMIlepaTypoit BTOPOro HarpeBaHMs 3aMeTHast OIS TPUXOAUT-
Cs1 Ha aMMHOKMCIIOTHI [49].

ChIpbl C HM3KOI TeMIlepaTypoil BTOPOrO HarpeBaHUS CO-
3peBaloT IJIaBHBIM 06pa3oM 1of, faeiictBueM GpepMeHTOB Me30-
(uIbHOM TaKTOKOKKOBOJ MUKpOQIOphl. IIpoTeasHass aKTUB-
HOCTb y JIAKTOKOKKOB BBIpa)KeHa CUJIbHee, yeM IenTuia3Hasl.
[TosTomMy B pesyibTaTe IPOTeOaM3a B CbIpaX C HU3KON TeMIie-
paTypoit BTOPOTO HarpeBaHMsI IPeUMYIIeCTBEHHO 006pa3yoTCs
TeNTUABI C PA3HOV AJIMHOV Lenu [49)].

4. TIporeonns, KaTaausupyeMblii

MOJIOKOCBepThIBaomumu bepmeHTaMu

KittoueBbIM MOMEHTOM IIPOLIECCa M3TOTOBIEHMSI ChIpa SIBJISI-
eTcsI TIpeBpalieHyie MOJIOKA B Ieflb, CIIOCOOHBIN K CUMHEPE3UCy.
JTO BOCTUTAETCS MyTeM N00aBiIeHNs] B BbiiepykaHHOe C 3aKBa-
CKOJ MOJIOKO CBIYY>KHOTO (hepMeHTa MU APYTUX MOTOKOCBED-
TBIBAIOIIMX (DEPMEHTOB — 3aMEHUTEe ChIUY;KHOTO (hepMeHTa.
Vcronb3oBaHue MOJOKOCBEPTHIBAIOINX (EPMEHTOB B TEXHO-
JIOTMM M3TOTOBJIEHMSI CO3DEBAIOIIMX ChIPOB 00S13aTeNbHO. DTO
BasKHBIN (QYHKIIMOHAIbHO-HEOOXOIMMbIN MHTPEAUEHT, OCHOB-
HOJi 3aJjaueii KOTOPOTO SIBJISIETCS CBePThIBaHME MOJIOKa € 06pa-
30BaHMEM Tesis.

TpaIUIIMOHHO B CBIPOJENNM MWCIIONb3YeTCS TesTunii Cbl-
YY>KHBIN (hepMeHT. OH TMpefcTaBisieT cob60it cMech HeCKOMbKUX
MOJIEKY/ISIDHBIX ¥ TeHeTUUYeCKMX Pa3HOBUAHOCTEN XMMO3MHA
¥ nerncyHa. XMMO3UH JOMMHYMPYeT B COCTaBe ChIYY>KHOTO dep-
MeHTa TeJIeHKa, a MerCUH — B CbIYY)KHOM (hepMeHTe B3pOCIOTOo
skuBOTHOTO. ComepykaHye TMerncuHa B ChIYy;KHOM (epMeHTe 3a-
BMCHUT OT BO3PAcTa XMBOTHOTO HA MOMEHT y60s1 [51].

Ha HavasbHOV CcTaguy CBEpPTBIBAHMS MOJIOKA XVMO3VH
MIPOSIB/ISIET crieludUIeckylo MPOTeOIUTUIECKYI0 aKTUBHOCTh
B OTHOINEHMM MNeNTUAHONM cBasu Phe . — Met,, B Moneky-
Jle K-KaseuHa. B pesynbraTe paspbiBa 3TOM MENTUIHON CBSI3U
B ChIBOPOTOUHYIO (ha3y BbICBOOGOXKIAETCSI IMAPOGMIbHBIN [IK-
KoMakpornenTtu. OcranbHas N-KOHIeBas 4acThb k-Ka3enHa, Ha-
3pIBaeMasi mapa-k-Ka3emHOM, OCTAeTCs CBA3aHHO ¢ MULIe/UION.
[TocrenenHast moTepsi INIMKOMaKpOIENTHUIA COMPOBOXKAAETCS
CHMKEHMeM (-TIoTeHIMana MuULea. DTO IPUBOLUT K UX AecTa-
6UIM3ALMM U arperamym 10 COCTOSTHMS renst [52,53]. Arperupo-
BaHMe MUIIEJUT IIPOUCXOANT, KOTAa OKOI0 97% k-Kas3enHa B MU-
LieJuIe TUAPOIN30Banoch [54].

B ominume OoT XMMO3MHA, KOTOPBIN MPEMMYIECTBEHHO I'M-
Oponu3yeT IenTuaHylo cBasb Phe —Met, , nencun ropasmo
MeHee crienuduueH ¥ rYUIPONIMU3yeT MeNnTUIHbIe CBS3U C OCTAT-
kamu Leu, Phe, Tyr u Val [55]. OH cieunudnueH, maBHbIM 06pa-
30M, II0 OTHOILIEHMIO K IEeNTUIHBIM CBSI3IM apoMaTUYecKMUX
u O6’beMHbIX aJII/[Cl)aTI/I‘erCKI/IX AMMHOKMCIOTHBIX OCTAaTKOB,
a TaKke K CBSI35IM, BKJTIIOUAIONIVIM [JTyTAMMHOBYIO KUCIOTY [56].
EcTh cBemeHMSI O TUAPOI3E METICMHOM GeJTKOB 060I0UeK K-
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POBBIX 7106y [57]. [IpM 3TOM OCHOBHBIE GEJKM 06OTOYEK T'M-
IPOJIM30BAINCh C Pa3HOI CKOPOCTBIO: OYTUPOQIIINH OKa3aICcst
60J1ee yCTOMYMBBIM, UeM KCAaHTUMHOKCHUAA3a, PAS-6 v PAS-7.

BbicoKasi CKOpOCTh Hecmnenuduueckoro mpoTeonnsa, BbI3-
BaHHOTO IEINICYHOM, MOXKET CTaTb MPUYMHOI ITOTyIeHUS APsi-
670r0 TeNs, a TakkKe MPUBECTM K OOJMBIIMM TIOTepsiM Oenka
M XUpa C CbIBOPOTKOM. VIHTeHCUBHBII IIPOTEONN3 MPU CO3pe-
BaHUM ChIPOB CIIOCOOEH CTaTh IMPUUMHON TOSIBI€HMS TIOPOKOB
BKyca (TOpeub) ¥ KOHCUCTEHIVM (MakyIlasicsl, M3/UIIHE MsT-
Kast). [IJ1s1 TOro 4YTO6bI 1M36€KaTh 3TOTO ¥ ITOMYYUTD ChIPBI BBICO-
KOTO KavecTBa, BaXKHO MCIIOJb30BaTh MOJIOKO C KUCIOTHOCTBIO
He 60see 18 °T u perynupoBaTh MPOLIECC HAPACTAHUSI KUCIOT-
HOCTY B CBIPDOM3TOTOBUTEJIE, HE [OITYCKAsi CHVDKEHNS BEIMUMHBI
pH B cbIpHOIT Macce Hiske 5,1. ITO ycioBye Heo6XoaMo COOITIo-
JATh, YTOOBI OTPAHUYNUTD ITPOTEOTUTUYECKYIO aKTUBHOCTD TIell-
CHHAa, KOTOpasi pe3Ko Bo3pacraer ripu pH Himke 5,0 [58].

[IMPOKYIO MTPOTEOTUTUIECKYIO aKTUBHOCTD MTPOSIBJISIOT TaK-
ke 3aMEeHUTENM ChIYY)KHOTO (GepMeHTa — MMUKPOOHbIE U pa-
cTutenbHble. OHU PACIIEIUISIIOT GOJIblllee YMCIO CBsI3eil, uem
TeJISTYMii XMMO31H, He OTPaHUUMBAsICh k-KazenHoM [59,60]. Kpu-
TepueMm, ornpeneaIM IIPUTOJHOCTb 3aMEHNUTEe/ISI CbIUYy>KHOT'O
depmeHTa [ISI CBePTBHIBAHMSI MOJIOKA B CBIPOMETIVIN, SIBIISIETCS
BeIMYMHA OTHOIIEHMSI er0 MOJIOKOCBEPTHIBAIOIIE! aKTUBHOCTH
K 001Ieil MpPOTeoIUTUUECKOV aKTUBHOCTH. [IJiT TIPOM3BOMACTBA
ChIpa MPUTOAHBI TOJMBKO Te GepMeHThI, KOTOpPbIe XapaKTepu3sy-
IOTCSI BBICOKMM 3HAUYEHMSIMM 3TOTO COOTHOmIeHus [52,61]. Iox
MOJIOKOCBEPTBHIBAIOIIEll aKTMBHOCTBIO TIOHMMAaeTcs crienndu-
yeckasi MPOTeONUTHUYEecKasi aKTMBHOCTb B OTHOLIEHUM CBSI3U
Phe, —~Met,, B x-KaseuHe. XMMO3MH, COCTaB/ISIOWIMI OCHOBY
TeJISIYbero ChIUysKHOTO hepMeHTa, CIYXKUT [JIsl TOTO 3TAJI0OHOM,
Tak Kak 00/asaeT BbICOKOJ MOJIOKOCBEPThIBAIOIIE) aKTUBHO-
CTHIO M HU3KOJi 0611I€eiT TPOTEOTUTUIECKOI aKTUBHOCTDIO.

ITo cpaBHEHMIO C XMMO3MHOM, MOJIOKOCBepThIBawme dep-
MEHTbl MUKPOOHOTO IPOVCXOXKIEHUSI XapaKTepU3YIOTCSl He-
cnenuduueckuM rMIPONN3OM U k-Ka3enHa, U rapa-k-KazenHa
[52,59]. OTHomIeHMe UX MOJOKOCBEPTHIBAIOIIE aKTMBHOCTU
K 00IIeil MPOTeoNUTUUYECKO aKTMBHOCTU B CpefHeM B 4 pasa
HIKE, YeM Y MOJIOKOCBEPTHIBAKIIMX (HePMEHTOB JXKMBOTHOTO
TIPOUCXOKAEHMS, K KOTOPBIM OTHOCUTCSI TeSTUMIt ChITYsKHBI
depmenT [61].

[IpyMeHeHVe HEKOTOPBIX PaCTUTENbHBIX (DepMEeHTOB, Ha-
MpUMep, aKTMHUAVHA (TOTyYaloT U3 IUIONOB KUBM), TO3BOJISIET
MONy4YaTh ChIPbl C OPraHOMENTHYECKMMM TOKasaTelsmMy, Io-
JIIOOHBIMM TeM, YTO MPOU3BOASIITCS C UCIOTb30BAHMEM ChIUY3K-
Horo depmeHTa. [Ipyrue pacTutenbHble GepMeHTHI, TaKye Kak
MPOTeas’bl UMOUPST WM KYKYMU3YH (BBIIENSIOT U3 MSIKOTU MYy-
CKYCHOM HObIHUM), 06JIQJAIOT YPe3MepPHOI IMPOTEeONTUTUIECKO
aKTMBHOCTBIO U CIIOCOOCTBYIOT Pa3BUTUIO OUeHb PA3HBIX TeK-
CTyp ¥ BKYCOB ChIPOB C PYCKOM 0Opa30BaHMSI TOPHKUX ITIEIITH-
I0B. JI7Is1 TAKMX MOJIOKOCBEPTHIBAIOIIMX (DEPMEHTOB C BLICOKUM
HecrenuGUUecKuM AeiicTBMEM ObIO pa3paboTaHO HECKOJIbKO
YCOBEPIIEHCTBOBAHHBIX CTpATerunii MpoM3BOLCTBA ChIPOB. Tak,
HarnpuMep, 3QQPEKTUBHBIM CIIOCOOG0M YAYUIIEHUS TEKCTYpPbI
Y CHIDKEHVSI TOPeUM MOXKET OBbITh IIpMMeHeHNe PaCcTUTETbHOTO
depmeHTa B cMeCK ¢ XMMO3MHOM. [10JIOKUTENbHO BIMSIET yBe-
JAMYeHye ITPOLODKUTETbHOCTH TTOCOIKHM ChIpa TIPU CO3pEBaHMM,
a TaKkke MCIOIb30BaHNe MOJIOKA, TIOABEPTHYTOTO YIbTPadib-
TpauMy WM KOHIEHTPMPOBaHMIO. IIpuMeHeHMe MOCIeTHNX
MPYEeMOB OOOCHOBBIBAETCSI TEM, UTO YBeIMYEHMEe KOHIEHTpa-
1M GEJIKOB CHIKAET PUCK CJIUIIKOM BbICOKOTO OOLIEr0 MPOTe0-
JM3a 1 06pa3oBaHMs TOPbKUX MenTuAoB [60].

Hecnenyduueckast mpoTeonmTiyecKkast akTMBHOCTb 3aMeHU -
TeJell ChIYY>KHOTO pepMeHTa IIPUBOIUT K TOMY, UTO Y3Ke B ITPO-
ecce 06paboOTKM 3epHA 06Pas3yIOTCSI BOLOPACTBOPUMbIE IIETl-
TUIbI, HEOOPATMMO IepexoIsIIye B CBIBOPOTKY. DTO BeUeT 3a
co060¥i CHMsKeHMe BbIxoza cbipa [59]. B aTOM cityyae CbIBOPOTKY
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pPeKOMeHYeTCsI UCIIOIb30BaTh JJIsI MPOM3BOACTBA ChIBOPOTOU-
HBIX CBIPOB [60].

Vcrionb30BaHMe B CbIPOLIEINY PACTUTENbHBIX PepMeHTOB He
MMeeT UIMPOKOro pacrpocrpaHeHnsi. OCHOBHBIE TPUUYMHBI: HU3-
KOe COOTHOILIEHME MOJIOKOCBEPThIBAIOIIEel U TPOTEeONUTIYe-
CKO¥ aKTUBHOCTU, HU3KMIA BBIXOJL ChIPA, IOPOTOCTOSIIIAS TTPOILie-
Iiypa sKkcTpakuuy hepMeHTOB 13 PACTUTENbHOTO ChIpbs [30,61].

IleiicTBME MOJIOKOCBEPTHIBAKOIEr0 pepMeHTa He 3aKaHUM-
BaeTcs 06pa3oBaHMEM MOJIOYHOTO Teisl. Bosbias yacTb BHOCK-
MOTO B MOJIOKO ChIYY;KHOTO (hepMeHTa TepsieTCsI BMeCTe C ChbI-
BOPOTKOJ, HO HEKOTOPOE ero KOJMYeCTBO COXpPaHSeTCs B Trere.
B 3aBucuMocCTM OT BUAA, KOIMYECTBO MOJIOKOCBEPTHIBAIOLIETO
dbepmeHnTa, mepexoaAIIETO B ChIP, PA3IMYHO. DTO CBS3AHO C pas3-
HOJVi TepMOYCTONUMBOCTbIO, CTETIEHBIO CBSI3M C MOJIEKYJIaMU Ka-
3elHa, a TakKe C TEeXHOJOTMYeCKMMM IapaMeTpaMu Ipolecca
M3roToBaeHus cvipa (pH, TemiiepaTypa BTOpPOro HarpeBaHNus,
coepskaHue BJIary B CLIPHOM 3epHe B KOHIle 06paboTku) [59].

TTepexopst B CbIP, CHIYYKHbBIV (DEPMEHT UrPAET IVIABHYIO POJTb
Ha HAYaJbHOV CTaAWU IIPOTEO/N3a KA3eMHOB TMPU CO3pPEBAHUN
chipa [62]. XMMO3MH CHayvasa pacuiersiseT o -KaseuH I0 CBs-
su Phe,.~Phe,,. Crefyomumy paciieniseMbIMU CBSI3SIMM SB-
nsorest Leu , —Lys,, vt Trp,,~Tyr .. 9T CBA3M PaCUIEIUIAIOTCS
XMMO3MHOM C TOpa3/lo MeHbIlell CKOPOCTbI0 MO CpPaBHEHMUIO
C IepBMYHbIM paculernyienyem casasu Phe,.~Phe,,. Ckopoctb ru-
JIpONM3a Pa3HbIX MEeNTUIHBIX CBSI3€i 3aBUCUT OT MOHHOM CUJIBI
u sHauenus pH. Cumraercs, 4TO o ,-KaseMH M Iapa-K-KaseuH
YCTOMYMBBI K TPOTEO0NN3Y IIOJ, ielicTBMEM XMMO3MHa. VIX ruapo-
JIX3 B CbIpe HOCUT OTPaHMYEHHBIVi XapakTep. B 3-ka3enHe xumo-
3uH GbICTpee BCero paciernisieT NenTUAHYIO cBs3b Leu , ~Tyr
M HECKOJIbKO MeJijieHHee — CBSI3U Alam—Phe Leu. .-Ser
Gln,-Ser,, Leu, ~Leu,, u Leu,, ~Trp,,, [30].

BpicOKOKaueCcTBeHHBIV (OUMIIEHHbBIN) TENSUNIi CbIYY>KHbBIN
depmeHT comepskuT 0K0J10 10% KOPOBHETO IEINCKHA, HO BO MHO-
I'MX TIPOMBINUIEHHO BBIMYCKAaeMbIX (DepMEHTHBIX Ipernaparax
conmepskutcst 1o 80% nercuHa. [OBSHKUL TIETICUH OCYIIeCTBIISIeT
TUAPOIN3 Ka3euHa IIaBHbBIM 00pa3oM B TeX JKe 00JacTSIX, 4TO
u XxuMo3uH. Ho ero meiicTBue ropasio MeHee crielu@uyHo, 1mo-
9TOMY BBICBOOOXKIAETCS GOIbIIle pa3HbIX MENnTUAoB. OH yuacT-
BYeT B TUZPOIM3e 6OIbIIeTo uncia criennduueckux NenTUgHbIX
CBs3€it o -, o ,- U f-Ka3eMHOB, ueM XuMo3uH [30].

CbIUYKHBI (hepMeHT 0COGEHHO aKTUBEH B ChIPaX, MTPUTOTOB-
JIEHHBIX C VICTIONb30BaHyeM Me30(hMIbHO 3aKBacKu. ChIPbI, 13-
TOTOBJIEHHbIE U3 TepMOPMIBLHBIX 3aKBACOK, OOIUHO TOTOBSIT ITPU
60J1ee BBICOKMX TEMITIEPATYPaX, KOTOPbIe MHAKTUBUPYIOT IIPOTEO-
JIUTUYECKYIO aKTUBHOCTD CHITYKHOTO (hepMeHTa B cbIpe [32].

Bo Bpems co3peBaHMSI MPOUCXOOUT MHOKECTBO GUOXM-
MUYeCcKUX U GU3UKO-XMMUUECKUit U3MeHEeHUIA, TPU KOTOPBIX
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GesikM pacriajaiTcs Ha 6onee Menkyue pparMeHThl: HeITUIbI,
aMMHOKMCIOTDI, aMUHBI, KMCIOTBI, TOJbI, THO3(DUPHI. B mpa-
BWIbHBIX COUETAHMSIX C MPOMYKTAMM JIUIIONM3A U TIMKOIN-
3a 3T COeNVHEHUS] UTPAIOT BAXKHYIO POJIb B (HOpMUPOBaHUM
XapaKTePHbIX OPraHOJENTUUECKUX ITOKasaTeaeil Pas3aMyHbIX
CBIPOB [63].

3akino4yeHue

B ocHOBe TTpoM3BOACTBA GOMBIIMHCTBA ChIPOB JIEKAT IMPOTE-
OJIUTUYECKME MTPOLIeCChl, HETTPEPBIBHO TPOTEKAloIIe ¢ pa3Hoit
CTeTleHbI0 MHTeHCUBHOCTYM Ha MPOTSDKEHUM BCETO LIMKIIA U3TO-
TOBJIeHMsI cbipa. KatanmsaTopamMu depMeHTaTUBHOTO IMTPOTEO-
JIM3a Ha Pa3HBIX CTAAMUSIX MIPOM3BOACTBA ChIpa SIBJSIIOTCSI HATUB-
Hble hepMeHTbI MOJIOKA; 3K30- M SHIOMeNTUA3bl 3aKBACOYHbIX
Y He3aKBaCOYHbBIX MUKPOOPTaHM3MOB; MOJIOKOCBEPThIBAIOIIME
dbepmeHTBI.

HauanbHasi cragmsi mpoTeonnsa MPOUCXOIUT B MOJIOKE TIOf,
JejicTBMEM HAaTUBHBIX (hePMEHTOB MOJIOKA, B ITEPBYIO OUepeb,
IJIa3MMHA, KOTOPbIJi JejiCTByeT NPeMMYILEeCTBeHHO Ha - 1 o -
KaseuHsbl. [Ipy XpaHeHUM MOJIOKA Tepe], TPOU3BOACTBOM ChIpa
TIpM HU3KMX TEMIIepaTypax B HEM Pa3BMBAIOTCSI MCUXPOTPOd-
Hble MMKDPOOPTraHM3Mbl, IPOLYLMPYIOLIMe IPOTEONUTHYeCKMe
depmenTtsl. TepmocTabuiabHble TMENTUAA3bl IMCUXPOTPOGOB
aTakyioT Bce (GOpMbI KazenHa C MPeUMYIIeCTBEHHBIM TMIPO-
JM30M K-Ka3euHa, 3aTeM [-Ka3euHa ¥, HaKOHell, o-Ka3euHa.
@®epMeHTbI MOTOYHOKMCIBIX MUKPOOPTaHM3MOB 3aKBACOK B 3a-
BUCMMOCTU OT BUZA Pa3aUYalOTCsl CyOCTpaTHOM crenuduyHo-
CTHIO U YPOBHEM IPOTEONUTUYECKOV aKTUBHOCTY, TUIPOINUIYS
MpakTU4YeCcKy Bce ¢ppakiuu Ka3enHa. Bkia B 06111t MpoTeosnns
BHOCUTCSI 1 MOJIOKOCBEPTHIBAIOIIMMY (hepMeHTaMM, 9acTh KOTO-
DBIX COXpaHSIeTCSI B CTPYKTYpe ChIpa. B mpoliiecce cBepThIBAHNUS
MOJIOKA OCHOBHO} KOMITOHEHT ChIYY>KHOTO (hepMeHTa — XMMO-
3UH — MPOSIBJISIET CITENV(PUIHOCTH TI0 OTHOIIEHWIO TIeNTUAHOI
cesasu Phe —Met, B k-KaseuHe. A Ha HaYaJbHO CTAIUM TIPO-
Teonu3a MpU CO3pPeBaHMM ChIpa OH pacUieIuisieT MenTUIHbIe
CBSA3M o -KasenHa. COMyTCTBYIOIIMI XMMO3VHY MEIICUH MeHee
crieryueH U TUAPONNU3YeT GOJIbIlee YMCIO0 MENTUIHBIX CBSI-
3eit o, o, U B-Ka3enHOB.

TaxkuMm 06pa3om, Bce hpakuyy ka3enHa npeTepreBaloT HeO-
6paTuMble U3MeHEeHNsI, HeIIPEPBIBHO MOIBEPrasich MPOTEOIN3Y
Ha BCeX CTAAMsX U3TOTOBJIEHMS cbipa. Oc060 BaXKHOE 3HAUEHME
MIPOTeoNM3 MMeeT Ha CTaJuM CO3PeBaHMsl, KOIJa MPOSIBIISIEeTCs
COBOKYITHOE JIefiCTBME BCeX MPOTEONUTUYECKUX areHTOB, MpU-
CYTCTBYIOIIMX B Chipe. Pa3HOOOpa3Hbie MPOLYKTHI MTPOTEOIN3a
(enTubl, aMMHOKUCIOTHI, apOMaTUUeCcKre COeIMHEeHMsI) TTPU
MPaBMIbHOM COYETaHUM C MPOAYKTAMM JIMTIONN3a U TIMKOIM3a
hopmupyIOT XapaKkTepHbIit BKYC pa3IMIHBIX CHIPOB.
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K/IIOYEBBIE CJIOBA: AHHOTALNA

asokado, Kauecmeo, Ioka3aHO MpMUMeHeHVe MeTOLOB TuIepcreKTpanbHoro nzobpaxenus (HSI) B auanazone 400-1000 HM ¥ MHOTrO-
2unepcnekmpanbHoe MEepHOTO aHajM3a [JIs1 COPTMPOBKM IIJIOAOB aBoKano Xacc. MeToAOM ITIaBHBIX KOMIIOHEHT OCYILIeCTBIeHa JeKOM-
u300paxceHue, MHO20MepPHbIL MO3UIIMsE MaTPUIbl AaHHbIX HSI MI00B aBOKa0 ¥ BBISIBIIEHBI MTOJIOCHI OTPaskeHMsI B BUAMMOM U ONMVOKHEN WH-
aHanu3, e1aiHoOCMv, (bpakpacHoit 0671aCTSIX CIIEKTPA, B3aMMOCBSI3aHHBIE C ITPOLIECCOM CO3PEBaHNS U COePKaHMeM BIASKHOCTH IVIONOB
cyxoti ocmamok, PLS aBOKaJ0. YCTAaHOBJIEHO, YTO MPU MCIIOIb30BaHMM (PAKTOPHBIX HAPY30K B KAYECTBE TICEBIOIBETA BO3MOKHA BU3Y-

anu3anus Ipu MOTOYHOV COPTUMPOBKE TUIOAOB aBOKA/IO 0 BAAKHOCTU. [TocTpoeHme KainOpOBOYHbBIX MOJIETIei Orl-
peneneHyst BIaYKHOCTY U CyXOro BellleCTBa IJI0NO0B aBOKaI0 MPOBeAEHO Ha OCHOBE JAHHBIX M3MepPeHMI BIaXKHOCTU
U TUIIEPCIIEKTPATbHBIX M300paxkeHuit. @OpMMUPOBaHME MATPULIbI CIIEKTPAIbHBIX JaHHbBIX OCYIIECTBIISUIA JBYMSI
crioco6amii: OCPeACTBOM 0THOpa CrIeKTPaIbHbIX curHATYp HSI cryuaiiHbiM 06pa3om co Beeit TOBEPXHOCTH II00B
WM IOBepxXHOCThb n306pakeHust HSI rionos (Mcxopubie HSI) kak o6macty naTepeca (ROI). Ha ocHOBe maHHBIX U3-
MepeHMit BIaKHOCTY U 0T60Pa CIIeKTPaIbHbIX CUTHATYP TUIIEPCIIEKTPATbHBIX M306paskeHMit IIPOBEIEHO MOCTPoe-
HYe KaIM6POBOYHBIX MOJIesIeii OTIpe/ie/ieH st BIasKHOCTY M CYXOTO BellleCTBa IIO0B aBOKa10. [Tpy mocienoBaTenb-
HOM MOJAEeIMPOBaHMY MeTonoM PLS (Tpoekuyst Ha IaTeHTHbIE CTPYKTYPhI) pa3paboTaHbl TOUYHbIE KATMOPOBOYHbIE
MOJeNu Jisl OTpefeseHNs] BIaKHOCTU (R§=O,89) M CyXOrO BellecTBa (R§=O,92) B COCTaBe IIJIOIOB aBokajo. [1pn
MTOCTPOEHNUY KaJMGPOBOUHBIX MOJe/el Mo ucxoqHbiM HSI momyueHsl MO#enu Ajisi MPOTHO3UPOBAHMS BIAKHOCTH
(R%=0,99) u cyxoro Bemecrsa (R?=0,99) B cocTaBe mI010B aBOKaO. IIpeasaraeTcs UCIoIb30BaHNe Kanu6poBoy-
HBIX MoZesieii 1o ucxonHbIM HSI 1151 onpenienieHnst BIaYKHOCTY M CyXOr'0 BellleCTBa B MHTePBalax AOITyCTHMMBbIX 3HA-
YeHMi1 B cooTBeTCTBUM ¢ AelicTBytomum crangaprom UNECE STANDARD FFV-42:2019.
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AVOCADO FRUIT SORTING
BY HYPERSPECTRAL IMAGES
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KEY WORDS: ABSTRACT

avocado, quality, hyperspectral The paper shows the use of the methods of hyperspectral imaging (HSI) in a range of 400-1000 nm and multivari-
imaging, multivariate analysis, ate analysis for sorting Hass avocado fruits. The decomposition of the data matrix of HSIs of avocado fruits was
moisture, dry matter, PLS carried out using the principle component analysis. The reflection bands in the visible and near-infrared spectral

regions interrelated with the process of maturation and the moisture content of avocado fruits were revealed. It
has been established that visualization upon avocado inline sorting by moisture is possible when using factor
loadings as pseudo-color. Calibration models for determination of moisture and dry matter of avocado fruits
were built based on the data of moisture measurement and hyperspectral images. The matrix of spectral data was
formed by two methods: random selection of spectral signatures of HSIs from the whole surface of fruits or the
image surface of HSIs of fruits (initial HSIs) as a region of interest (ROI). Based on the data of moisture measure-
ment and selection of spectral signatures of hyperspectral images, calibration models were built for detection
of moisture and dry matter of avocado fruits. Using sequential simulation by the projection to latent structures
(PLS) method, accurate calibration models were developed to detect moisture (R2=0.89) and dry matter (R2=0.92)
in the composition of avocado fruits. When building calibration models by the initial HSIs, models were obtained
to predict moisture (R2=0.99) and dry matter (R2=0.99) in the composition of avocado fruits. It is proposed to
use calibration models by the initial HSIs to determine moisture and dry matter in the intervals of the acceptable
values according to the acting standard UNECE STANDARD FFV-42:2019.

1. BBe,HeHI/Ie IJI0ABI ABJIAIOTCA BIIOJIHE PAa3BUBIIMMUCI U C(l)OpMI/[pOBaBIJ.[I/I—

ABOKaJI0 — OIMH M3 TPOIIMYECKUX TIIOO0B, 00J1aJal0MX T - MMCS, HO He 00J1afaloT MOTPe6UTETbCKOI 3PesIOCThI0: BKYCOM,
1eBO U IMeTUYeCKON [eHHOCTBIO [1]. [IocKonbKy aBOKazio SIB- apomaToM 1 11BeToM [2]. OmpesiesieHye 3peIOCTH TIII00B aBOKa-
JISIETCA KIIMMAaKTePUYEeCKMM IVIOAO0M, IIO3TOMY I10C/Ie Cpe3aHs J0 — 3TO KJIIOUEBO1 Cl)aKTOp B o6ecreyeHnn ¢ O,E[HOVI CTOPOHBI,
ol TUTUPOBAHUS: Metnenkun, I.A., IlnatoBa, P.A., Ilnaros, 10.T., FOR CITATION: Metlenkin, D.A., Platova, R.A., Platov, Yu.T., Fedoseenko,
®epoceenko, 0.B., Cagkosa, 0.B. (2023). CopTipoBKa IJIONOB aBOKA0 M0 TU- 0.V., Sadkova, 0.V. (2023). Avocado fruit sorting by hyperspectral images. Food

MepCIeKTPaIbHBIM M300paxkeHsIM. [Tuwjessie cucmemet, 6(1), 46-52. https://doi. Systems, 6(1), 46-52. https://doi.org/10.21323/2618-9771-2023-6-1-46-52
0rg/10.21323/2618-9771-2023-6-1-46-52
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MUHMMAaJIbHBIX TpeGoBaHMiT KayecTBa [3], ¢ IPyroit CTOPOHBDI,
HU3KUX [TOTEPb B LieI0UKe ITOCTaBOK [4].

OmnpeneneHue 3peyioCTU IIJI0L0B aBOKa0 IPOBOJST KaK CeH-
COPHBIM aHa/IN30M (OlleHKa BHEIIHEro B/ia IOBEPXHOCTU), TaK
Y MHCTPYMEHTAJbHBIMMY MEeTOAAMM pa3pyllarllero KOHTPOJIS:
M3MepeHue CoIepPsKaHus BJIary, CyXoro BellleCcTBa, IUIUI0B, ca-
xapoB [4], a Takke oIpeneneHne TBepLOCTHU oza [5]. OxHaxo,
YKa3aHHbIe MeTObI 06/IaJal0T PSIIOM HEIOCTATKOB: CEHCOPHBIN
aHamM3 CyObeKTMBEH, a MHCTPYMEHTAJIbHbIe METOAbI VMEIOT
pa3pyIINTeNbHBIN XapakTep U TPYLOeMKHU, UTO ITOPOKAAeT He-
00XOOMMOCTb TIOMCKA Hepa3pylIalouiero MeTona Ijsi TOUHOTO
" BGBICTPOrO OTpeseNeHNs 3PeIoCT.

B pa6orax [2,6] mpuBeneH aHaAM3 MPUMEHEHUS] Hepaspy-
1IAIIIYX METOAOB OIpefeNeHus 3peJOoCTU TUIOAOB aBOKajo,
OCHOBAHHbIe Ha Pa3aNuMgX B IIJIOTHOCTHU, 3BYKe M ONTHUUECKUX
XapaKTepucTukax. B mocienHue rogpl IpeinpyUHUMAIOTCS T10-
MIBITKY MIPMMEHEHUST Hepaspyllalleil TeXHOJIOTUY IJisT KOHTP-
OJIsI KauecTBa IUIONOB, B YACTHOCTM METOHOB BU3yaau3alumu,
TaKMX KakK: CIIeKTpaJbHble MeTOAbl (PaMaHOBCKAsl BU3yalIn3a-
LMsI, TUTIepCIIeKTpaabHas BU3yanusanus, GiayopeclieHTHasT BU-
3yanm3anusi M BU3yaau3alys 06paTHOTO PacCesTHYST Ta3epHOTO
CBeTa), SIAepHO-MAarHUTHbIE MeTOAbl (MarHMTHO-Pe30HaHCHAs
ToMorpadus M MsArkasi peHTreHorpabus) M Opyrue MeTO[bl,
BKJ/IIOYAST TeIUIOBM3MOHHYIO, MH(ppakpacHylo Tepmorpaduio
M MMKPOBOJIHOBOe M306pakeHue [6]. K coxkaneHnio, GpykTsl,
06J1aJarolye TOJICTOM KOXKMUIIe, Takye KakK IUIOAbI aBOKazj0, CO-
3[1a10T MPOGIeMbI IJIs1 TPUMEeHEeHMs Hepa3pylaiolnx TeXHO0-
I'MIi MOHUTOPMHIA KayecTBa.

B xauecTBe HepaspylLIaloOIIero MeTofa onpeeaeHns 3peyo-
CTY aBOKAZO MCIIOIb3YIOT METO/I ITUIIePCIIEKTPaTbHOTO 1306pa-
>xeHus: (HSI) [7]. HSI-TexHonorus mosBossieT aHaaM3MpOBaTh
OIIHOBPEMEHHO CIIeKTpa/IbHble U NIPOCTPAHCTBEHHbIE XapaKTe-
PUCTUKY, TEM CAMBIM OCYIIECTBIISISI CETMEHTALMI0 TIOBEPXHOCTHU
Ha 06JIAaCTY MHTepeca ¥ BbIFENIEHME CIEKTPATbHBIX CUTHATYD
pa3IMIHOTO (HU3MOTOTUIECKOTO COCTOSTHMS TUI0/10B [8,9]. Heko-
TOpble 0OBEKTHI UMEIOT YHUKATbHbIE XapAaKTEPUCTUKYU B 3JI€K-
TPOMarHMTHOM CIIEKTPE, M3BeCTHbIE KakK CIIeKTpajabHble CUTHA-
TYPBbI, KOTOPbIE MTO3BOJSIOT MaeHTHGUIMpoBaTh MaTepua [10].

[Tpu ananm3ze HSI mcronb3yoT MHOTOMEpPHbIE METOIbI KJIac-
cUGUKAUU Y TIOCTPOEHUST KaIMOPOBOUHBIX Mogeneit [11,12].
B pa6ote [13] mokaszaHa BO3MOKHOCTb KaaccubUKaIMA II7I0H0B
aBOKaI0 IO CTeIleHM 3pesIoCTU MCIoab3oBaHuem HSI B nuama-
30He 300-900 uM. Pa3paboTKka KaJaMOPOBOYHBIX MOZENeN IJist
orpeziesieHUsT PU3UKO-XMMUYECKMX CBOVCTB TUIOSOB aBOKAI0
MIPOJeMOHCTPUPOBaHa B paboTe [14].

Paspa6otrka TexHosoruu HSI 1o3BosisieT MpoBOAUTh HEpas-
PYIIAIONIYI0 ¥ 6eCKOHTAKTHYIO IIM(POBYI0 COPTUPOBKY IJIOAOB
aBokazo. Vcronp30BaHMe TAKOrO MOAX0AA AAeT BO3MOXKHOCTD
OIpefieNaTh 3PeoCTb U NMPOBOAUTH COPTUMPOBKY IUIOLOB B pe-
KMMe peabHOTrO BpeMeHM M Ha MecTe.

Llenpio JAaHHOTO MCCIeNOBAHMS SIBISIETCS pa3paboTka MeTo-
JIMYECKOro TMOAX0Aa COPTUPOBKY TUIOAOB aBOKAZ0 COYETAaHNEM
MeTO[0B I'MIIePCIIeKTPaIbHOIO M306paskeHNs] 1 MHOTOMEPHOTO
aHanusa.

2. OOBEKTHI M MEeTObI

Inst uccnenoBanust chopMMUPOBaH KaauMOpPOBOUYHBIN HAbOp
IJION0B @BOKAaZ0, KOTOPBII UCIIOMb30BAJICS IJ1sI TIOCTPOEHMUS MO-
nmeneii. B kanu6poBouHbIii HA60p 0TO6paHbl 9 MIOMOB aBOKaI0
M3 OFHOW MapTuy coptra Xacc IMyprypHOTO M TeMHO-3eJIeHOTO
1BeTa (cTpaHa npoucxoxaeHus: TaHsanus; ypoxaii 2021 roga),
KOTOpbIe OTINYAINCH TI0 BIAKHOCTY Kak yKasaHo B Tabmuie 1.

Nsmepenne BnaxkHoctu (MS,%) mpoBOOMIOCH C MCIIOIb-
3oBaHueM Bjaromepa Mettler Toledo HB43-S (Mettler-Toledo
International Inc., USA), auana3oH mM3MepeHUs] KOTOPOTO CO-
crassiet ot 0,01 mo 100%, ¢ morpemrHocTbio * 0,04%. 151 Kax-
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JIoTO 06pasiia aBOKa0 M3 KaJM6pOBOUYHOTO Habopa oT6Mpaiach
rmpo6a maccoii 10 r u BeicymmBaauch pu 100 °C B A0 MOCTOSIH-
HOJi Macchl (45 MuH). PasHuila MeXIy M3HaUaIbHOI Maccoit w;,
M MAcCCOJi 10CIe BhICYIIBaHust W, MCII0Ib30BaIach 11 pacyeTa
cyxoro BemectBa (DM, %) Mm1oq0B aBOKazo 13 KaJIMOGPOBOYHOTO
Habopa, Kak MpecTaBieHo B ypaBHeHuu (1).
Wo B Wl
DM (%) :Tx 100

0

M

Perucrpaumst runepcrekTpaabHbIX M3006paskeHuit poBee-
Ha C [TOMOII[bI0 TUTIEPCIIEKTPAIbHON Kamepbl Specim IQ (Spectral
Imaging Ltd, Finland) B ciekTpasbHOM ayanaszone 400—-1000 HM
(cmekTpanbHOe pa3pellieHue 7 HM 1 BKatouaeT 204 mosocsn). Ka-
Mepa JJi TIPOBeIeHUs UCCIeIOBaHMIA TIpeIOCTaBleHa KoMITa-
Hueit 000 «AsumyT PotoHMKe» (MockBa). B mporiecce cheMKu
XapaKTePUCTUKYM OCBeIleHMsT (GUKCUPYIOTCS C TIOMOIIbI0 Geoii
JTAJIOHHOI maHenu (white reference) [15], KoTopas pacronosxke-
Ha B JIEBOM BepXHEM Iy 00/1aCTH CbeMKU. [[Jisi paBHOMEPHOTO
ocBellleHMsI 06pa31i0B MPY perucTpanyum n306paxkeHnit 06;1acTb
CbeMKM, COZepyKallylo 06pasiipl aBOKaAO Ha JIMCTe KapTOHA,
TIO[ICBEUMBAIM TajoreHoBoi ysammoii QL 500BW Falcon Eyes
o, yryioM ocBemieHust 30°. TumnepcrekTpaabHas Kamepa Obiia
YCTaHOBJIEHA Ha LITAaTUB U pa3MellleHa B BepxHeil 4acTu OCBe-
II[aeMoii JlamMIioi ob6iactu Ha paccTossHuMM 30 ¢cM oT 06pasioB
aBokamo. IIpu pernctpaunm HSI ¢ ucnonbsoBannem Specim I1Q
MIPOMCXOIUT HAIpaBeHMEe TUTIePCIIeKTPATIbHON KaMepsl ¢ T0-
Mouplo KaMmepbl-Bupouckarens: (RGB-kamepa). IlomydyeHHbIe
IUTIePCIIeKTpaTbHble M300paskeHNMsT ObUIM MMIIOPTUPOBAHBI Ha
KOMITBbIOTED IS TTOCTeqyIoNIei 06paboTKu.

HSI — 3TO TpexmepHbIii MacCUB AHHBIX, KOTOPbI BKIIIO-
YyaeT CIeKTP B KaX[Oi TOUKe-TMKCele MOBEPXHOCTU IITIOLOB.
[Tpouenypa cerMeHTalMy MOBEPXHOCTY pa3buBaeT M300paske-
HMe Ha TPYIIIbI MKCeNeii, 06IaIatoNMX CXOKUMM CIIEKTPaTb-
HBIMM XapaKTepuUCTUKaMu. BosbIlioe 4mucio KaHaJIoB — TIOJI0C
CIIeKTpa M YUCIO TUKCeei (AMCKPeTU3anusl) OMUChIBAOIINX
MIOBEPXHOCTh, MPUBOIAT K 3HAYMTENbHON MHPOPMAaTUBHOI
u36bpITOuHOCTH. [IpM 06paboTke HSI MCIONB3YIOT aaropuTMBbl
COKpalieHust pasmepHocTu [7,9,12,13,16], oqHuM 13 Hamboee
pacIpoCTpaHeHHBIM SIBJISIETCSI METO/I IJIAaBHBIX KOMITOHEHT.

st TI040B M3 KaTMOGPOBOUHOTO Habopa ObUIM MOTyYeHbI
IUTIePCIIeKTPaTbHble M300paskeHNsT (N=4) ¢ KaKAOi CTOPOHBI
(moBopoToM Ha 180°), UTO CITOCOGCTBOBAIO YBEIMUYEHUIO TTPO-
CTPAHCTBEHHBIX ¥ CIEKTPaJbHbIX JAHHBIX MPU pa3paboTke Ka-
AMO6POBOYHBIX Mogpeneit. PerucTpaumsi TUIMepCIeKTPaTbHbIX
1300paskeHMit 06pa3IoB IIOAOB aBOKAJ0 M3 TECTOBOTO Habopa
npoBeneHa Ha 7,9 u 12 nHM XpaHeHus.

[Ipy TOCTpOEHUM KaauMOGPOBOUYHBIX MOJeeli oIpeene-
Hust MS,% 1 DM, % mpoBoawIu OTOOP CIIeKTPaIbHbIX CUTHATYD
(CTIeKTPOB B OTHETbHBIX MUKCENSAX U300paskeHUsT) U3 TUIIep-
CIIEKTPaJIbHBIX M306pakeHMii IUIOMOB aBOKaI0 M3 Kaaubpo-
BOYHOTO Habopa. [ pa3paboTKyu KaauOpOBOUYHBIX MOJeJeii
onpenenenuss MS,% u DM, % 1cnonb3yloT MaTpULbl JaHHBIX X
u Y. ITo pe3ynbratam OTOOpa MOCTPOEHA MaTpuiia AAHHBIX X
pa3MepHOCTBI0 [x] (I — KOMMUECTBO CHEKTPaJIbHBIX CUTHATYP
HSI, ] — uncio Ko3hPuUiMeHToB OTpaskeHusl Ha OJIMHAX BOJIH)
u matpuiia Y pasmepHocTbio [ xK (K — unciio cTonb61ioB, paBHOe
YMCTy 3HAYEHWUi ToKasaTeseil, XapakTepu3yoUIuX 3peocTb
mwionoB (MS,% 1 DM, %).

Knaccuduxkaiiys 06pasioB 0408 aBOKaJ0 U3 KaanGpoBoU-
HOTO Habopa MOoCPefCTBOM CErMEeHTallMM TTOBepPXHOCTH 1Mo HSI
NpoBefleHa MeTOAOM IIaBHbIX KOMIIOHeHT (MI'K) B nporpamm-
HOM KoMmIutekce Anbbeno 4.0.23 (M®TU, Poccus) [17].

Pa3paboTka KaauMOpPOBOYHBIX MOJENEil OCYIIeCTBIsIach
B [IByX IporpaMMHbiXx Komruiekcax Unscrambler X 10.0.4
(Camo Software, Hopserus) u perClass Mira 3.1 (perClass BV,
Netherlands). KauecTBO ¥ TOYHOCTbh KaJIMOPOBOUHBIX MOJeIeii
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OLleHNMBajach 110 CTAHJAPTHBIM B IIPOTPAMMHOM KOMILJIEKCe
Unscrambler mokasartensim: Ko3QduiMeHTy TeTepMMUHALIUMU
(RY), cpepnexBagpatnunoii ommbke (RMSEC) m mo pesynbra-
TaM IIOJIHOJ IepeKpecTHOl Kpocc-Banmupaumyu mopenein (RZ,
RMSEP, cooTBeTcTBeHHO). [locnenoBaTesibHOE MOEIMPOBaHME
MPOBOOMIIOCHh C Y[aleHMeM BBIOPOCOB COMIACHO CTAaTUCTUKE
Hotteling’s T? u F-residuals.

3. Pe3yabTaThl ¥ 06CYKAEHUE
3.1. Bnaxcnocms ni1odos8 agokado

3pesiocTh aBOKaJO TeCHO CBSI3aHa C COJepskaHMeM Bjaru
u cyxoro BelecTBa 1ionoB. CogepykaHye Cyxoro BellecTna Iio-
OB aBOKaJI0 MOC/Ie Cpe3aHus IOCTeNeHHO yBenuunBaeTcs [18].
CornacHo [3] comepskaHMe CyXOro BellleCTBa IUIOLOB aBOKaJo
copra Xacc B CTaiuM MOTPEOUTETHCKOM 3PETOCTU JOIKHO ObITh
He MeHee 21,0%. [lepe3peBaHue, ropua WM xpaHeHe aBOKaa0
B HEHaJJIeXXall[X YCIOBUSIX, NMPUBOIAT K YBETMUEHUIO BIIaXK-
HOCTM M YMEHBIIEHUIO COIepsKaHMsI CyXOro BellecTBa, 4YTo 00-
YCJIOBJIEHO OKMCIEHMEM JINTIUIOB MSIKOTH ¥ 06pa30BaHMIO CBO-
60 HOIT BOJIBI B COCTaBe TIomoB [19].

W3 manHbIX Tabmuipl 1 ciemyer, 4TO AMANa3oH 3HAYEHUI
BJIQKHOCTM JJIT 06pa3iioB aBOKA0 13 KaauGpOBOYHOrO Habopa
cocrasisieT 74,4-83,0%, a cyxoro BelllecTBa IyTeM pacueTa 1o
3HAYEHMSIM BaXXHOCTU — 17,0-25,6%, cooTBeTCcTBeHHO. Cpenu
oTOGpaHHbBIX 06pas3IloB, 00pasiibl 10 HOMepoM 5,6,8 ¢ comep-
skaHMeM Ccyxoro BeiecTBa 17,0-19,2% He COOTBETCTBYIOT Tpe6o-
BaHuaM crangapra UNECE STANDARD FFV-42:2019 (ue meHee
21,0%), a 06pasiibl IJI00B aBOKA/I0 10/ HOMepaMu 2—4 UMeloT
3HaueHMe CoIep>KaHusl CyXOro BelleCcTBa Bblllle MUHMMAaIbHbIX
TpeboBaHMii craHgapra (23,9-25,6% npotus 21,0%).

Ta6nuia 1. ComepskaHue BIaKHOCTU ¥ CYXOT0 BelecTBa
B 06pasiax IUIOA0B aBOKAaI0 U3 KAIMGPOBOYHOro Habopa

Table 1. Content of moisture and dry matter in the avocado fruit
samples from the calibration set

Homep o6pasua MS, %*
1 79,0£0,4
75,2+0,4
76,1%+0,5
74,4+0,4
83,0£0,6
82,6%0,7
78,3+0,4
80,8+0,5
79,1+0,4

O 00 0N L N

—— Sample N25
—— Saple N4

Reflectance
[3%]

N

[TokasaTenu comepskaHms BIasKHOCTY M CYXOTO BelecTBa mc-
OJIb30BAJIMCh B KaueCcTBe OTKAMKOB y MaTpulbl Y IJIsT pa3pa-
6OTKM KaIMOPOBOYHBIX MOJIEJIE.

3.2. I'padayus nnodos asokado

no cnekmpassHslm cueHamypam HSI

Conepskanue MS,% u DM,% cuJIbHO KOppenupyeT ¢ hpusno-
JIOTMYECKUM COCTOSIHMEM IUIOZOB, BKIIIOUAsl, HapUMep, TBEP-
nmoctb 1ioma. CormacHo [2,20] dwusmonmormyeckoe cocTossHUE
IJIOIOB HEOZHOPOAHO KaK BHYTPU eAVHUYHON MapTuu, Tak
¥ TI0 Pa3lIMYHBIM COpPTaM aBokamo. COrMacHO MeXIYHapOILHO-
MYy CTaHIapPTy HE3HAUMTEIbHbI 06'beM BbIOOPKM JIJIsI TPOBEPKU
KayecTBa IJIOOB aBOKaA0 He T03BOJISIeT OLEHUTh MHOXXeCTBO
OTHeMbHbIX TUIOAO0B U3 maptun. ludposas coptuposka mo HSI
TI03BOIUT OCYILECTB/SITh TPafallii0 MHOXKECTBA TUIOLOB aBOKa-
IO TIO 3PeJIOCTY LIeJI0¥ MapTuy OBICTPO U HAa MecTe.

Ha PucyHke 1 npefcraBieHbl yCpeJHEHHbIEe CIIEKTPalIbHbIe
CUTHATYPhI ABYX IIJIOAOB aBOKAJ0 U3 KaJMOGPOBOUHOTO HabO-
pa, uMelolIie MMHMMaAbHOe (0bpasel; N2 4) 1 MakCMMasabHOe
(o6paser; N2 5) comepkanue Biaru. Kak BUIHO, B Juaria3oHe
400-690 uM B Buaumoii obmactu (VIS) MX CIeKTpbl BU3Yasib-
HO C1a6o pas3aIMuYMMbl, HO 3HAYMMO Pa3INYaAIOTCI B JMara-
30He «KpacHblii Kpait» (red edge) (690-780 um) VIS-obmactu
u B O6mkHel nHppakpacHoit ob6mactu (NIR) (780-1000 HM).
B cBsI3u ¢ MaspIM pasnuumem B VIS-o6mactu 3TM nBa obpasia
MMEIOT, COOTBETCTBEHHO, MaJIOe LIBeTOBOE pasJinyie Mo OKpacke
(HVKe TIopora pasjanveHus Mpy BU3YaIbHOM OCMOTPE).

CornacHO OMy6AMKOBaHHBIM pabortam [21-23] B VIS-o6na-
CTU TIPUCYTCTBYIOT TI0M0CHI Konmebauuit C-H mpu 740 um [21]
M IIMPOKas 1ojoca TpeTbero obeprona konmebanmit C-H, CH,,
u CH, niput 840 M [22,23], UHTEHCMBHOCTb KOTOPBIX KOPPEIN-
pYeT c cozepskaHueM Cyxoro BemiectBa. CliemoBaTenbHO, 6oee
Hu3Kkoe oTpaskeHue B NIR-o6mactu ipu 740 u 840 HM XapakTep-
Hoe 1151 o6pasiia N2 4, COOTBETCTBYET MEHBIIEMY COIePKaHNIO
BJIArX ¥ 6OMbILIEMY COZIePSKAaHMIO CYXOTO BelecTBa.

3.3. Knaccugukayus nnodos agokado nocpeocmeom

cezmeHmayuu nogepxHocmu no HSI memodom

27108HbIX KOMNOHEHM

B kauecTBe MepBOTro 3Tama paspaboTKU OMpemeeHus 3pe-
JIOCTY TUIONOB aBOKAIO HEOOGXOAMMO M3YUYUTh BO3MOKHOCTH
cerMeHTalMM TTOBepXHOCTU 10 naHHbIM HSI B nuanasone 400-
1000 Hm. Takoit TOAXO0M, B CBOIO OYepeib, [I0O3BOIUT YCTAHOBUTD
MOXHO /v 110 HSI 1moBepXHOCTYM MJI0A0B aBOKaAO: MO OTAEIb-
HBIM CErMEeHTaM ITOBEPXHOCTY WJIM MO BCeJ TUIONMAAV MOBepX-
HOCTU NTPOU3BOAUTD UX COPTUPOBKY.

0
400 500 600

700 800 900 1000

Wavelength (nm)

PI/ICYHOK 1. VCIJEI[HEHHI)IQ CIIEKTpaJIbHbI€ CUTHATYPbI IVIOOO0B aBOKaJ0 U3 KaJIMﬁpOBO‘IHOI‘O Haﬁopa:

o6paser; N2 5 (kpacHast inHMS) U oopaser; N2 4 (CHMHSIS JIMHSIS)
Figure 1. Averaged spectral signatures of avocado fruits from the calibration set: sample 5 (red line) and sample 4 (blue line)
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[Ipn anammze HSI ¢ momonipio MI'K mpoBefeHa neKOMITO-
3ULMST TPEXMEPHOI MaTpuibl AaHHbIX (512x512 pixel, 204 ka-
Hasma) ¢ ucnonb3zoBaHueM anroputma NIPALS Ha maTpuibl
T-cueTtoB u P-Harpy3oxk. B matpuiie T-cueTOB IpUBOASATCS IPO-
CTPAHCTBEHHbIE KOODPAVHATBI, T.e. MUKCEIN U306paKeHUsT Kak
He3aBMCMMbIe IPYT OT Apyra JaHHble. A B KauecTBe P-Harpy3ok
K03 buLIMEeHTHI OTpaxkeHMs criekTpa HSI.

ITo pesynbraTamM 0O6pPabGOTKM MATPUIIBI SAHHBIX BBIIEIEHO
nepBble yeThipe rnaBHble KommnoHeHThl (I'K): mepBasi, BTOpas,
tpetbst u yetBeprast 'K (PC - principal component), KoTopbie
06bsICHSIOT 99,5% oT obmieit aucnepcun (70,3%, 27,0%, 1,4%,
0,8% cOOTBETCTBEHHO). 3HAUeHMe (HaKTOPHBIX HAarpy30K Ko3d-
buneHTOB OTpakeHMs Ha IJIVHAX BOJTH CIEKTPA IO YEThIPEM
I'K mpencrasnena Ha Pucynke 2. [IpoBeieHa MHTepHpeTanys
¢ nepBoit o yetBepTylo K 110 3HaKy (+/-) 1 1o 3HaueHUIO Dax-
TOPHBIX HATPY30K KOI(PGUIIMEHTOB OTPasKeHMsI Ha IJIMHAX BOJTH
CriexkTpa.

ITepBast TK cBsizaHa co 3HakoMm (+) ¢ KoaddummeHTamm
oTpaxkeHus! criekTpa 6e3 SIBHbIX MakcuMyMoB. Bropast I'K co-
IJIACHO 3HAaKy (+/-) (paKTOpHBIX HArpy3ok Ko3(pbuimeHTOB
OTpakeHMSI Ha JJIMHAX BOJH CIIEKTpa pa3jeisieT CIIeKTP Ha
JIBa Iyara3oHa: co 3HaKoM (+) — mjisi GaKTOPHBIX Harpy3ok
B VIS-nuanasone ot 400 go 710 HM, co 3HakoM (—) — B NIR-
nuanasoHe ot 710 mo 1000 um. CnemoBatenbHo, 1 u 2 I'K,
BO-TIEPBBIX, COZlepsKaT HOJbINYIO yacTh MHGopMaiuu (97,3% ot
ob1ieit qucrepcuin), Comepskallycs B TUIIepKyOe TaHHBIX, HO
IIPU 3TOM, BO-BTOPBIX, KOADDULIMEHTHI OTpaxkeHMs Ha JIMHAX
BOJIH crieKkTpa 1o 3TuM AByM ['K cuIbHO KOppennpoBaHbl U I0-
9TOMY He BHOCST BKJIa/, TO3BOJISIION I TPOBOSUTH KIaccudm-
KalMIo TUIOA0B aBOKaJo.

[Tpu aHanmse GaKTOPHBIX HArpy30K KO3(PhUIMEHTOB OT-
paskeHMsI Ha JAMHAX BOMH criekTpa 1o 3 'K BbIsiBIeHbI Ciiefy-
one MakCuMyMbl: 434, 487, 545, 604, 690. Psim MakCMMyMOB
akTopHBIX HATPY30K KOIDDUIMEHTOB OTPAKEHNS HA JIMHAX
BOJIH CII€KTpa, COOTBETCTBYIOT II0JIOCAM TIOTJIOMIEHUST TIUT-
MEHTOB B COCTaBe KOXypbl miopa. IIo 3 I'K cormacHoO 3Haky
(+) TMPUCYTCTBYIOT (DaKTOpPHBbIE HATPY3KU IONOC OTpakeHUs
KapoTUMHOUAOB TIpu 434 HM [24], aHTOIMAHOB TpU 545 HM
[25], mpoTuB haKTOPHBIX HATPY30K COTIACHO 3HAKY (—) MOJIO0C

0,3

434

oTpaxkeHust xjopobwiaa b ipu 604 HM u xyopoduia a npu
690 HM [24]. Kak moka3aHo B paborax [18,26] nmpu cozpeBaHUM
B KOXype aBOKaJ0 HabII0JaeTcss M3MeHeHVe COOTHOIIeHUS
comepskaHus xjopoduiia 1 KapOTUHOUIOB MTPU YBEJIUYEHUN
a"HTolMaHOB. [Ipy 3TOM B IepBble JHU CO3PEeBaHUS YMEHb-
IeHne comepskaHusl KapOTMHOWUIOB HAOMIO#AeTcss He3HauM-
TenbHO [18]. CnemoBaTebHO, MAKCUMYMbI (DAKTOPHBIX HArPy-
30K mpu 434, 545 HM co 3HaKOM (+) CBSI3aHbI C M3MeHEeHUEeM
collep>kaHMs aHTOLMAHOB M HE3HAUUTENbHO C COJepKaHueM
KapoOTMHOUIOB, a MakCuMyMbl ipu 604 1 690 HM CO 3HaKOM
(=) — ¢ comepskaHueM Xaopodwiaa MpU CO3peBaHUM TIOOB
aBokazo. ITosromy, 3 I'K mHbOpMUpPYyeT O COOTHOIIEHUN CO-
Jlep>)kaHMs NMUTMEHTOB B COCTaBe KOXYpbl IIPU CO3peBaHUMU
IJIOA0B aBOKAIO.

ITo 4 TK co 3HaKOM (+) BBISIBJIEHBI MMEIOT (haKTOpHbIE Ha-
I'PY3KM, COOTBETCTBYIOIIME TOJIOCE OTpaskeHust 1-ro ob6epToHa
OH mipu 963 HM [27,28], a cO 3HAKOM (—) — CIIeKTpanbHOii 06J1a-
CTY «KpacCHbIi1 Kpait» ¢ MakcuMyMoM Iipu 750 HM.

Takum obpasom, 3 u 4 TK, obbsicusiomme 1,4% u 0,8% ot
o611eit Aycrepcuy, COOTBETCTBEHHO, XapaKTepu3yIoT MPoIlece
CO3peBaHMs IO 0B aBOKAIO.

IMoce Borumcnenus I'K monb3oBaTenbckuii MHTEpdeiic Alb-
6emo 4.0.23. 03BoJIsIET IPOCMATPUBATh M3006pakeHye Mpu UC-
nonb3oBaHmuy ['K B KauecTBe NCeBIOLBETOB B PA3/IMUHBIX PEXKU-
Max oTobpaskeHMs (OTTeHKM ceporo, RGB (KpacHbIii, 3eIeHbli,
cyHMiT). [ BU3yannsaluuu pasanuuii IJIOA0B aBOKaZo U3 Ka-
MM6pOoBOYHOTO Habopa 1o BaaskHocTy 4 'K 6bi1a ucronb30BaHa
B KauecTBe ICeBAOLBETAa [JIs1 [IepeCTPOeHMs] TUIIePCIIeKTPab-
HoOTo M306paskeHus (PucyHOK 3b) 1 ero cpaBHEHUSI C MUCXOTHBIM
usobpaxenuem (PrucyHok 3a).

Ha PucyHke 3a npezcTaBieHO M306pakeHe TI0A0B aBOKa-
IO CHSITBIX C moMoInbio RGB-KaMepbl 110 cpaBHEHMIO ¢ 1306pa-
>KeHMEeM, TTOCTPOEHHOrO IO 3HAUeHUSIM (PaKTOPHBIX HArpy30K
1o 4 T'K (PucyHok 3b), 3HaueHMe KOTOPbIX MIPeCTaBIeHO B OT-
TeHKax ceporo (grayscale). IIpy Bu3yaJibHOM aHanu3e mu3obpa-
SKeHUS TIJIOA0B aBOKaAO CHSITBHIX C romolbio RGB-kamepsl He
BUJTHO SIBHBIX Pa3InMumii MeXay o6pasimamu.

V3 PucyHnka 3b BuIgHO, uTO 06pasipl N2 2,34 u3 Kaambpo-
BOYHOTO Habopa OKpalleHbl B CBET/IO-Cepble LIBeTa, B OTIMYUME

963

Factor loading value

-0.1 604
gg% 690
PC3 750
PC4
-0,2
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PrcyHOK 2. @aKTOpHbIe Harpy3ku Ko3¢GuiMeHTOB OTpaskeHNs Ha JJIMHaX BOJIH ciekrpa HSI B guanmaszone 400-1000 Hm

o uetrsipem I'K (PC1-PC4)
Figure 2. Factor loadings of reflection coefficients at HSI spectrum wavelengths in the range of 400-1000 nm by four PCs (PC1-PC4)

49
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a)

PucyHoKk 3. F'unepcneKkTpaJibHOe M300paskeHue II0I0B aBOKa0 13 KaJIMOPOBOYHOro Habopa:
MCXOZHOeE (a), B OTTeHKax ceporo o6pasios ¢ ucnonb3oBanmem 4 'K kak ncesaousera (b).

06])83].“:1 aBOKaa0 pacIio/IOKEHBbI II0 IIOPAAKOBBIM HOMepaM c/ieBa-HalipaBo ¥ CBepXy-BHU3
Figure 3. Hyperspectral image of avocado fruits from the calibration set: initial (a), in shades of gray of the samples using
four PCs as pseudo-color (b). The avocado samples are arranged by ordinal numbers from left to right and from top to bottom

OT IpyrMx 06pasiioB, LIBET IUIOMIAAM TTOBEPXHOCTY KOTOPBIX
6Ke K TeMHO cepomy I1BeTy. COmIacHO JAaHHBIM TaGmuIbI 1,
o6pasiibl N2 2,3,4 6osiee HM3KOe 3HAUEHMe BIaskHOCTY (0T 74,4%
o 76,1%) 1o cpaBHeHMIO ¢ aApyrumu obpasuamu (oT 78,3% mo
83,0%). CiiemoBaTenbHO, IOTOYHAS! COPTMPOBKA IVIOAOB aBOKa-
JIO TI0 BJIGKHOCTY BO3MOXKHA IIPU MCIIOIb30BAHUY (PaKTOPHbIX
Harpysok 1o 4 'K B kauecTBe TceBaOLBeTa IJ151 BUSyIU3aLUN.
Takke BBISIBJIEHO, UYTO BU3yalM3alysl TTO3BOJISIET BBISIBUTDH Jia-
TeHTHbIE (CKPBITbIE) 06IACTU MOBEPXHOCTHU, B KOTOPBIX ITPOUC-
XOOWUT V3MeHeHMe KaueCTBa IUIOA0B.

3.4. Pa3pabomka kanubposouHsix mooeseti onpedesieHust MS,%

u DM, % no HSI

ITo pesyabTaTam aHanm3a HSI BbIGpaHO JBa HAIpaBIeHMS
pa3paboTKy KaJMOPOBOYHBIX MOJIENe:

O mocpencTBoM OT60paA CrieKTpaabHbIX curHaTyp HSI cryvaii-

HbIM 06pa30M C MIOBEPXHOCTH TUIONIOB;

U wucnonb3oBaHMe Bceli Tomaau rnosepxHoctu HSI (mcxopn-
uble HSI) miogoB aBokazo B KauecTse.

Paspa6oTka KaJaMGPOBOYHBIX I10 CIIEKTPaTbHBIM CUTHA-
TypaM IMpoBefeHa MeTonoM PLS B nmporpaMMHOM KOMILIEKCe
Unscrambler X 10.0.4, o ucxomubiMm HSI — B perClass Mira 3.1
(perClass BV, Netherlands).

IIpu pa3paboTKe KanuOGPOBOUHBIX MOJENEl OIpenereHus
MS,% 1 DM, % m10m,0B aBOKa0 IO CIEeKTPAJIbHbIM CUTHATYpaM
MIPOBOAWIIM MOJENMPOBaHMe C U3MeHeHMeM CIeAyIoIIuX napa-
meTpoB (Tabauia 2):

U wucnonb3oBaHMe CIEKTPAJIbHBIX CUTHATYp C TUIEPCIEKT-

PAIbHOTO M300paskeHNs C OLHOM MU C IBYX CTOPOH;

U yMeHbllleHMe KOIMYECTBA CIIEKTPaIbHbBIX CUTHATYP MPU I10-
CJ1eI0BATETbHOM yIaJeHUY BbIGPOCOB COMIACHO CTATUCTUKE
Hotteling’s T? u F-residuals;

ompejeieHye KOJIMYEeCTBA JIATEHTHBIX TlepeMeHHbIX (paKkTo-
POB) IO KyMYJISITUBHOI [10J7Ie 06BSICHUMO AVICTIEPCUN.
OTr6op HamboMee penpe3eHTATUBHBIX MOJENEel MPOBOLUI-
€S TI0 CTaTUCTHUUECKUM oKa3aTtensim RMSE (TouyHOCTh Mozenn)
u R? (kauecTBO Momesn). IIpy aToM HeoOXOAMMbI HaubObIIe
3HaueHust R? mpu HaummeHbliem 3HaueHun RMSE. TTokasarens
RMSE oTo6paskaeT OTK/IOHEHME OTIpee/isieMOro pu Kanubpos-
Ke T0Ka3saTesis, I03TOMY [IJIsl TOCTVDKeHUS] BBICOKOI pernpeseH-
TaTMBHOCTY MOJEJM ITPOBOAWIOCH TI0C/IeI0BATeIbHOE MO e~
poBaHuMe mjis yMeHblneHMs1 nokasateneii RMSE u yBenuuenus
rokasaresneit R2

a
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Ta6nuia 2. [IpoBepKa TOYHOCTH ¥ KaUeCTBA KAIMOGPOBOYHBIX
Mopelei C MICII0/Ib30BaHNeM CIeKTPATbHBIX CUTHATYP
JIJISI OTIPEJie/IEeHMsI CYXOr0 BelleCTBA U BIaKHOCTU
IUIOZIOB aBOKago Xacc

Table 2. Check of accuracy and quality of calibration models using spectral
signatures to detect dry matter and moisture of Hass avocado fruits

sf 2.t s,
Moka- G 3c S3E% $2 RMSEC RMSEP  R: R?
saTenlb S ET FES PO

EBx Efn 5k

SEE 258 €2
MS, % 1 185 7 146 164 079 073
MS% 1 173 8 1,51 158 084 076
MS% 1 127 8 08 L1 095 089
MS% 1 125 8 08 11 09 089
MS% 2 410 10 144 157 077 074
MS% 2 369 9 141 161 078 072
MS% 2 296 11 09 L1 08 087
MS% 2 264 10 094 1 0,9 089
DM% 1 185 133 1,54 082 0,76
DM% 1 125 8 08 097 09 090
DM% 1 103 8 05 077 097 094
DM% 2 410 10 144 157 077 0,74
DM% 2 39 10 092 09 091 09
DM% 2 257 9 078 08 094 092

ITo uToram MonenupoBaHusl Hanboiee perpe3eHTaTUBHbI-
MU SIBSUTCH Mopenu (Tabmuiia 2), B KOTOPBIX UCIIOIb3YIOTCS
CIEeKTPAJIbHbIE CUTHATYPbI TUTIEPCIIEKTPATbHbBIX M300paskeHMIi
C IBYX CTOPOH IUJIOIOB aBOKazo. Hu3Kue 3HaueHMs mokasa-
Teneit R2 u R 1y Takmx mopeneii, B oTM4me OT Mojeseii co
CIEeKTPAIbHBIMY CUTHATYPAMU TUIIEPCIIEKTPATbHOTO M300pa-
SKEHMSI C OJTHOV CTOPOHBI, KOMIIEHCUPYIOTCSI MEHbIIMMM 3Ha-
yenusimy RMSEC 1 RMSEP, uTo moBblliiaeT KauecTBO Moz esieit.
IMocnemoBaTenbHOE OOHAapYXXKeHME U yhaajieHue BbIOPOCOB, TO
€CTh CHEeKTPa/JIbHbIX CUTHATYP, IMPEBBIMAIIINX KPUTUIECKUIL
nipezen coracHo cratuctuke Hotteling’s T? u F-residuals, mo-
BBIIIAJIO KAYeCTBO ¥ TOUYHOCTh Mopmeseit. K BbiGpocam Gbuin
OTHECEHbI CIIEKTPa/IbHbIE CUTHATYPbI, OTOOPAHHbIE C TTOBEPX-
HOCTMU TUIOJOB aBOKaJ0 B MECTax BO3HMKHOBEHUSI GIMKOB OT
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rajJoreHOBOJ JlaMITbl. [IoKa3aHo, YTO MCITOIb30BaHME JaHHbBIX
CIIEeKTPAJIbHBIX CUTHATYP TUIEPCIIeKTPATbHBIX M300paskeHMii
C IBYX CTOPOH IT03BOJISIeT YBEIUUYUTh KaueCTBO Mofeseit mpu
HEe3HAUUTE/JIbHOM CHIVJKEeHMNM TOUHOCTU. O[[HaKO, OT60p CIIeK-
TPaJIbHBIX CUTHATYp BPYYHYIO He IO3BOJISIET B OCTATOYHOM
Mepe 136aBUTbCS OT (DOHOBBIX IIYMOB ¥ BHIOPOCOB B CITEKT-
PaJbHBIX JAaHHBIX, COMEPKAIMXCSI B 061aCTIX C GIMKaAMU OT
raJJIoreHOBO JIAMIIbI, YTO NMPUBOAUT K CHMXE€HUIO TOYHOCTU
¥ He0OXOIMMOCTH TIOCIeIOBATELHOTO YAATeHMs BHIOPOCOB 13
KaJIMOPOBKIA.

Pa3paboTKy KaauMOpOBOUYHBIX Mojesneil mo mcxomubiM HSI
IUIOA0B aBOKAaJ0 MPOBOAMIM C peann3aliyeil aJiropuTMa: Bbi-
JlelieHyie TUIOJI0B aBOKA0 MO KOHTYPY, yaajaeHue 3aaHero hboHa
¥ GIVKOB OT TaJIOTeHOBOJ JIaMITbl. TToc/ie 3TOTO OCyIllecTBIeHa
cerMeHTanys O0OBEKTOB, TO €CTh BbIJeJeHME KaKIOTO TIoAa
aBOKaJ0 Ha MepeIHMIi TUIaH KaK OTAe/bHYI0 06/1acTh MHTepeca
(ROD).

TOYHOCTh KaJMOGPOBOUYHBIX MOfEIei s OIpeme/eHus
DM, % u MS,% no ymaneHust obnacteit ¢ 6iMKaMy OT raJloTeHo-
BOJi ammbl cocrasisia R2=0,93 u R2=0,86, coOTBETCTBEHHO.
IMocie cermenTauuyu HSI 6butn paspaboTaHbl KaJin6pOBOUYHbIE
MOJeM C BBICOKOV TOUHOCTBI0 R2=0,99 mia onpenenenus co-
nepskanus MS,% u DM,%. Bbicokasi TOUHOCTb TOCTUTAeTCsl 3a
CYeT yBeJIMUYEHMS KOIMYeCTBa pernpe3eHTaTUBHBIX CIIEKTPasIb-
HBIX TaHHBIX.

B omimune ot Kanu6poBOUHBIX MO/t 10 CIIeKTPaIbHbIM
CUTHATYpaM, BBIOPAaHHbBIM CJTyYaifHbIM 06pa3oM C MTOBEPXHOCTYU
IUIOZIOB, TIPOTUB MOJeJIell C UCIOAb30BaHMEM BCeli IJIOIALN
rmoBepxHocTy HSI mocTuraercs 60see BbICOKAsI TOYHOCTD 3a CUET
YBEMMYEeHMSI CIIeKTPAIbHBIX JAHHBIX — UMC/IA TTMKCeJIeii C TII0-
maan M306paxkeHnsT KaXXI0ro TUIofAa aBOKalo M3 KaanbpoBOU-
HOro Habopa.

KanubpoBouHble MOIEIM MO MCXOOHBIM TUIIEPCIIEKTPalb-
HbIM 306 paskeHMSIM MOTYT ObITh MCIIOb30BAHBI JIJIST OITpe/iene-
HUSI BJIQYKHOCTU U CYXOTO BeIleCTBa B MHTEPBaIaxX JOMYCTUMBbIX

3HAueHUlt B COOTBETCTBUY C AelicTByromum ctangaptom UNECE
STANDARD FFV-42:2019.

4. BbIBOJBI

[Toka3aH IMOTeHLMA UCIOAb30BaHMUS TUTIEPCIIEKTPATBbHOTO
1306paskeHsT B BUAMMOM-OVDKHEM MH(MPaKpacHOM Auanaso-
He ¥ MHOTOMEPHOTO aHa/IM13a I Hepaspyuiarolein ugeHTudn-
Kalluu TJI0I0B aBOKazo.

[IpoBesileHO CpaBHEHME CIIEKTPAJIbHBIX CUTHATYpP IIJIONOB
aBOKaZ0 M3 KaJuMOpOBOUYHOro Habopa C HauMMeHbIei U Hau-
GOoJTbIIielt BIAYKHOCThIO M BBISBJIEHBI AMATIa30HbI CIIEKTPA, KOP-
penupymolue ¢ GU3N0IOTUUECKIM COCTOSTHMEM TUIO/IOB.

MeTomoM I7IaBHBIX KOMITIOHEHT OCYILeCTBJIeHa JeKOMII03M-
LMt MaTpUilbl JaHHbIX HSI 110008 aBOKa0 M3 Kaau6pPOBOUHO-
ro Habopa ¥ BBISIBJIEHBI MTOJNOCHI OTpaskeHus B VIS- u NIR-o6a-
CTHU, KOppeIUPYIoIIye C ITpolieccami CO3peBaHMsI U COlepsKaHus
BJIAKHOCTM TIJIOJIOB aBOKaI0. YCTAHOBJIEHO, UTO P UCIIOIb30-
BaHUM (PaKTOPHBIX HArpy3ok 1o 4 'K B kayecTBe TCeBAOIIBETA
BO3MOYXHA BM3yajau3alusi IIPU IMOTOUHOV COPTUMPOBKE IJIOJOB
aBOKA/IO T10 BAA’KHOCTU.

Ha ocHOBe HaHHBIX M3MEpEHMI BJIAXXHOCTM U oOT6Opa
CIEKTPAJIbHBIX CUTHATYP TUIIEPCIIEKTPATbHBIX M300paskKeHMIA
TIPOBENEHO TMOCTPOEeHMEe KaaMOPOBOUHBIX MoOJeNeil ompene-
JIeHUsT BJIaKHOCTM UM CyXOTO BelllecTBa IUIOJOB aBokazno. [Ipu
rnocjaefoBaTeIbHOM MogenupoBaHuu metomom PLS paspa-
60TaHbl TOYHbIE KAJIMOGPOBOUYHBIE MOIEIM MAJiS OMpeJeneHus
Braxxnoctn (R2=0,89) u cyxoro Bemecrsa (R2=0,92) B cocrase
IUIOIOB aBOKazo. IIpy MOCTpOeHUM KaJinubpOBOUHBIX MOZeNeit
no ucxogusiM HSI momydyeHnsl Momenu Ajis MPOTHO3MPOBAHUS
BraxxHoctu (R2=0,99) u cyxoro Bemecrsa (R2=0,99) B cocrase
IJIOZ0B aBOKa/O.

IpenjaraeTcsl MCIIONb30BaHME KaJIMOPOBOUHBIX MOJENeit
no ucxogusiM HSI nyis onpeneneHnst BIaXKHOCTU U CyXOTO Be-
1[ecTBa B MHTEPBAJIaX JOMYCTUMbBIX 3HAUE€HUII B COOTBETCTBUN
¢ peiictBytomum ctrangaptom UNECE STANDARD FFV-42:2019.

BUBJIMOTPA®UYECKUN CITMCOK / REFERENCES

1. Hurtado-Fernandez, E., Fernandez-Gutierrez, A., Carrasco-Pancorbo, A.
(2018). Avocado fruit — Persea americana. Chapter in a book: Exotic
Fruits. Academic Press, 2018. https://doi.org/10.1016/B978-0-12—
803138-4.00001-0

. Magwaza, L. S., Tesfay, S. Z. (2015). A review of destructive and non-de-
structive methods for determining avocado fruit maturity. Food and Bio-
process Technology, 8(10), 1995-2011. https://doi.org/10.1007/s11947—
015-1568-y

. UNECE STANDARD FFV-42. 2019. ‘Concerning the marketing and com-
mercial quality control of Avocados’. Agricultural Quality Standards, Ge-
neva, Switzerland.

. Donetti, M., Terry, L. A. (2014). Biochemical markers defining growing
area and ripening stage of imported avocado fruit cv. Hass. Journal of
Food Composition and Analysis, 34(1), 90-98. https://doi.org/10.1016/j.
jfca.2013.11.011

. Ochoa-Ascencio, S., Hertog, M. L., Nicolai, B. M. (2009). Modelling
the transient effect of 1-MCP on ‘Hass’ avocado softening: A Mexican
comparative study. Postharvest Biology and Technology, 51(1), 62-72.
https://doi.org/10.1016/j.postharvbio.2008.06.002

. Hussain, A., Pu, H., Sun, D.-W. (2018). Innovative nondestructive imaging
techniques for ripening and maturity of fruits — A review of recent appli-
cations. Trends in Food Science and Technology, 72, 144—152. https://doi.
org/10.1016/j.tifs.2017.12.010

. Lohumi, S., Lee, S., Lee, H., Cho, B. -K. (2015). A review of vibrational
spectroscopic techniques for the detection of food authenticity and adul-
teration. Trends in Food Science and Technology, 46(1), 85-98. https://doi.
org/10.1016/j.tifs.2015.08.003

. Elmasry, G., Kamruzzaman, M., Sun, D. -W., Allen, P. (2012). Principles
and applications of hyperspectral imaging in quality evaluation of agro-
food products: A review. Critical Reviews in Food Science and Nutrition,
52(11),999-1023. https://doi.org/10.1080/10408398.2010.543495

. Manley, M. (2014). Near-infrared spectroscopy and hyperspectral imag-
ing: non-destructive analysis of biological materials. Chemical Society
Reviews, 43(24), 8200-8214. https://doi.org/10.1039/c4cs00062e

5l

10. Faltynkova, A., Johnsen, G., Wagner, M. (2021). Hyperspectral imaging as
an emerging tool to analyze microplastics: a systematic review and rec-
ommendations for future development. Microplastics and Nanoplastics,
1(1), Article 13. https://doi.org/10.1186/s43591-021-00014-y
Rodionova, O. Ye., Pomerantsev, A.L. (2006). Chemometrics: Achieve-
ments and prospects. Russian Chemical Reviews, 75(4), 271-287.
https://doi.org/10.1070/RC2006v075n04ABEH003599

Granato, D., Putnik, P., Kovacevi¢, D. B., Santos, J. S., Calado, V., Rocha, R.
S. et al. (2018). Trends in chemometrics: Food authentication, microbiol-
ogy, and effects of processing. Comprehensive Reviews in Food Science and
Food Safety, 17(3), 663-677. https://doi.org/10.1111/1541-4337.12341
Pinto, J., Rueda-Chacén, H., Arguello, H. (2019). Classification of Hass avo-
cado (persea americana mill) in terms of its ripening via hyperspectral imag-
es. TecnoLadgicas, 22(45), 111-130. https://doi.org/10.22430/22565337.1232
Vega Diaz, ].]., Sandoval Aldana, A. P., Reina Zuluaga, D. V. (2021). Predic-
tion of dry matter content of recently harvested ‘Hass’ avocado fruits us-
ing hyperspectral imaging. Journal of the Science of Food and Agriculture,
101(3), 897-906. https://doi.org/10.1002/jsfa.10697

Behmann, J., Acebron, K., Emin, D., Bennertz, S., Matsubara, S., Thomas,
S. et al. (2018). Specim IQ: Evaluation of a new, miniaturized handheld
hyperspectral camera and its application for plant phenotyping and
disease detection. Sensors (Switzerland), 18(2), Article 441. https://doi.
0rg/10.3390/518020441

Lyu, Y. (2019). Identify the ripening stage of avocado by multispec-
tral camera using semi-supervised learning on small dataset. Thesis
(M. Phil.)-Hong Kong University of Science and Technology, 2019.
Albedo. Hyperspectral data processing software. Retrieved from
https://geo.mipt.ru/albedo. Accessed October 20, 2022.

Ashton, 0.B.0O., Wong, M., McGhie, T. K., Vather, R., Wang, Y., Requejo-
Jackman, C. et al. (2006). Pigments in avocado tissue and oil. Journal
of Agricultural and Food Chemistry, 54(26), 10151-10158. https://doi.
org/10.1021/jf061809j

Parodi, G., Sanchez, M., Daga, W. (November 12-16, 2007). Correlation of
oil content, dry matter and pulp moisture as harvest indicators in Hass avo-

11.

12.

13.

14.

15.

16.

17.

18.

19.



Metlenkin D. A. et al. | FOOD SYSTEMS | Volume 6 No 1 | 2023

cado fruit (Persea americana Mill) grown under two conditions of orchards
in Chincha-Peru. Proceedings VI World Avocado Congress (Actas VI Con-
greso Mundial del Aguacate). Vina Del Mar, Chile, 2007.

Hofman, P. J., Jobin-Décor, M., Giles, J. (2000). Percentage of dry matter
and oil content are not reliable indicators of fruit maturity or quality in
late-harvested ‘Hass’ avocado. HortScience, 35(4), 694-695. https://doi.
org/10.21273/HORTSCI.35.4.694

Posom, J., Klaprachan, J., Rattanasopa, K., Sirisomboon, P., Saengpra-
chatanarug, K., Wongpichet, S. (2020). Predicting marian plum fruit
quality without environmental condition impact by handheld visible —
near-infrared spectroscopy. ACS Omega, 5(43), 27909-27921. https://doi.
org/10.1021/acsomega.0c03203

Jamshidi, B., Minaei, S., Mohajerani, E., Ghassemian, H. (2014). Predic-
tion of soluble solids in oranges using visible/near-infrared spectroscopy:
Effect of peel. International Journal of Food Properties, 17(7), 1460-1468.
https://doi.org/10.1080/10942912.2012.717332

Cen, H., He, Y. (2007). Theory and application of near infrared reflectance
spectroscopy in determination of food quality. Trends in Food Science and
Technology, 18(2), 72-83. https://doi.org/10.1016/j.tifs.2006.09.003

20.

21.

22.

23.

CBEJEHNA Ob ABTOPAX
IIpuHaAIe;KHOCTb K OpraHu3anumn

MeTneHKuH [IMuTpuii AHIpeeBUd — MHXeHep, VIHXVHUPUHIOBBINA LIeHTp,
Poccuiickuit sakoHoMMUueckuit yausepcuret uM. I B. [TnexaHosa

117997, MockBa, CTpeMSIHHBII Iepeyiok, 36

Ten.: +7-963-656-79-92

E-mail: Metlenkin.DA@rea.ru

ORCID: http://orcid.org/0000-0002-7006-2253

* aBTOP 1151 KOHTAKTOB

InatoBa Pamca A6pyaradapoBHa — KaHIMZAT TeXHUUYECKUX HAyK, JOLEHT,
Kacderpa TOBapOBEIEHNUSI U TOBAPHOI 3KCIIEPTU3bI, Poccuiickuii sKoHOMUYE-
ckumit yausepeureT uM. I. B. ITnexaHosa

117997, MockBa, CTpeMSIHHBI Iepeyrok, 36

Ten.: +7-916-346-37-75

E-mail: raisa.platova@yandex.ru Platova.RA@rea.ru

ORCID: http://orcid.org/0000-0001-9583-8188

IInaroB H0puit TUXOHOBUY — JAOKTOP TeXHMYECKUX HayK, rpodeccop, Kade-
Ipa TOBapoOBeIeHMS] M TOBAPHOI 3KCIepTU3bl, Poccuiickumit SKOHOMMUYECKUIL
yauBepcutet uM. I. B. [Inexanosa

117997, MockBa, CTpeMSIHHBII I1epeyrok, 36

Ten.: +7-910-473-21-75

E-mail: Platov.YT@rea.ru

ORCID: http://orcid.org/0000-0001-6157-572X

®epoceenko Osnbra BraguMupoBHa — HavyaabHUK Ja6opatopun, OO0 «Io-
POJCKOI CyTiepMapKeT»

113054, Mocksa, yi1. Banosas, 11.8/18, Poccust

Ten.: +7-916-564-50-02

E-mail: ofedoseenko@azbukavkusa.ru

CapkoBa Osnecs: BsuecnaBoBHa — xuMuk, OO0 «I'oponckoii cyniepmapkeT»
113054, MockBa, yi1. Banosas, 1. 8/18

Ten.: +7-495-504-34-87 / 6294

E-mail: osadkova@azbukavkusa.ru

Kpurepun aBropcrBa

ABTOpr B PaBHBIX OOJISIX MMEIOT OTHOIII€HME K HallMCaHUIO
PYKOIIMCU ¥ OAMHAKOBO HECYT OTBETCTBEHHOCTD 3a Iiarmart.

KoHIuKT MHTEpECOB

ABTODBI 3aSIBJISTIOT 06 OTCYTCTBYM KOHGIVKTA MHTEPECOB.

52

| pp. 46-52

24. Croft, H., Chen, J. M. (2017). Leaf pigment content. Chapter in a book:
Comprehensive Remote Sensing. Elsevier, 2017. https://doi.org/10.1016/
B978-0-12-409548-9.10547-0

Saha, S., Singh, J., Paul, A., Sarkar, R., Khan, Z., Banerjee, K. (2020). An-
thocyanin profiling using UV-VIS spectroscopy and liquid chromatog-
raphy mass spectrometry. Journal of AOAC International, 103(1), 23-39.
https://doi.org/10.5740/jaoacint.19-0201

Cox, K. A., McGhie, T. K., White, A., Woolf, A. B. (2004). Skin colour and
pigment changes during ripening of ‘Hass’ avocado fruit. Postharvest Bi-
ology and Technology, 31(3), 287-294. https://doi.org/10.1016/j.posthar-
vbi0.2003.09.008

Anne Frank Joe, A. Gopal, A. (April 20-21, 2017). Identification of spectral
regions of the key components in the near infrared spectrum of wheat grain.
Proceedings of IEEE International Conference on Circuit, Power and
Computing Technologies, ICCPCT. Kollam, 2017. https://doi.org/10.1109/
ICCPCT.2017.8074207

Ollinger, S. V. (2011). Sources of variability in canopy reflectance and
the convergent properties of plants. New Phytologist, 189(2), 375-394.
https://doi.org/10.1111/j.1469-8137.2010.03536.x

25.

26.

27.

28.

AUTHOR INFORMATION
Affiliation

Dmitrii A. Metlenkin, Engineer, Engineering Center, Plekhanov Russian
University of Economics

Stremyanny lane, 36, Moscow, 117997, Russia

Tel.: +7-963-656-79-92

E-mail: Metlenkin.DA@rea.ru

ORCID: http://orcid.org/0000-0002-7006—-2253

* corresponding author

Raisa A. Platova, Candidate of Technical Sciences, Docent, Department of
Commodity Science, Plekhanov Russian University of Economics.
Stremyanny lane, 36, Moscow, 117997, Russia

Tel.: +7-916-346-37-75

E-mail: raisa.platova@yandex.ru Platova.RA@rea.ru

ORCID: http://orcid.org/0000-0001-9583-8188

Yuri T. Platov, Doctor of Technical Sciences, Professor, Department of Com-
modity Science, Plekhanov Russian University of Economics.

Stremyanny lane, 36, Moscow, 117997, Russia

Tel.: +7-910-473-21-75

E-mail: Platov.YT@rea.ru

ORCID: http://orcid.org/0000-0001-6157-572X

Olga V. Fedoseenko, Head of Laboratory, City Supermarket LLC
Valovaya street, 8/18, Moscow, 113054, Russia

Tel.: +7-916-564-50-02

E-mail: ofedoseenko@azbukavkusa.ru

Olesya V. Sadkova, Chemist, City Supermarket LLC
Valovaya street, 8/18, Moscow, 113054, Russia

Tel.: +7-495-504-34-87 / 6294

E-mail: osadkova@azbukavkusa.ru

Contribution

Authors equally relevant to the writing of the manuscript,
and equally responsible for plagiarism.

Conflict of interest

The authors declare no conflict of interest.



MUALLEBbIE CUCTEMbI | Tom 6 No 1 | 2023 FOOD SYSTEMS | Volume 6 No 1 | 2023

DOI: https://doi.org/10.21323/2618-9771-2023-6-1-53-63

Received 10.12.2022 Available online at https://www.fsjour.com/jour
Accepted in revised 20.03.2023 Original scientific article
Accepted for publication 23.03. 2023

© Tlay R. H., Abdul-Abbas S.]., EI-Maksoud A.A.A., Altemimi A. B., Abedelmaksoud T. G., 2023

FUNCTIONAL BISCUITS ENRICHED
WITH POTATO PEEL POWDER: PHYSICAL, CHEMICAL,
RHEOLOGICAL, AND ANTIOXIDANT PROPERTIES
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biscuits, potato peel powder, This research aimed to replace wheat flour with potato peel powder (PPP) at different levels (3, 5, 7, 10, 30, and
total phenols, antioxidant activity, — 50%). An effect of PPP on physical, chemical, rheological, and antioxidant properties of biscuit samples was in-
organoleptic properties vestigated. The results show that the PPP sample had a significantly higher content of total sugar, protein and

ash, and a lower content of moisture (15.68g/100g dry weight, 15.32 g/100g dry weight, 9.11%, 8.35%, respectively)
compared with the wheat flour sample. Also, a higher total phenolic content and antioxidant activity (71.12 mg
Gallic acid equivalent / 100g dry weight and 68.39%, respectively) was observed in the PPP sample. The highest
percentage of PPP addition (50%) exerted the greatest significant effect on the content of total sugar, protein,
moisture, ash, total phenols, and antioxidant activity compared with the control sample and other biscuit samples
leading to their increase to 50.90 g/100g dry weight, 12.74 g/100g dry weight, 5.56%, 2.39%, 41.71 mg Gallic acid
equivalent / 100g dry weight, 59.72%, respectively. A decrease in the L*, a* b*, C* h and BI values, and an increase
in AE values were observed with replacing wheat flour with PPP. The 3% and 5% replacement rates contributed to
improving most organoleptic characteristics (general acceptability, color, taste) compared to the samples with the
highest studied percentages (30% and 50%). Although the highest percentages of PPP addition led to lower scores
for sensory characteristics, all studied samples were acceptable from the sensory point of view, except the samples
with the 50% replacement rate in terms of their taste and color.
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! Damacckuit YHuBepcuret, lamack, Cupust
2 YuusepcuretT bacpsl, bacpa, Mpak
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K/JIFOYEBBIE CJIOBA: AHHOTAL VA

neuetve, nopoulox kapmoegenvHoli  1leab 3TOi PaGOThI COCTOMUT B ONMMCAHWUM ¥ UCCIENOBAHMY PaHee HeM3BECTHOIO SIBJI€HMSI CAMOCETMEHTALMY MO-
KOXCYpbL, 00ujue heHonbl, JIOYHOTO CTYCTKA B ChIPOZIENbHOI BaHHE OTKPBITOTO THIA. Ha 0CHOBe aHam3a KMHETUKY Tesieo6pa3oBaHysl oIpe-
AHMUOKCUOAHMHAS AKMUBHOCMY,  JIEJIeHO0, UTO CaMOCerMeTaLysl TeJisl HauMHAEeTCsl BOM3Y Teflb-TOUKM, Pa3sBMBAETCS B TEUEHME HECKOIbKUX HeCaT-
opzaHonenmuueckue cgoticmea KOB CEKYH/I, M 3aKPEIUISeTCs 110 Mepe YIUIOTHeHMsI resisi. CerMeHThbI B MOJIOYHOM CI'YCTKE He MMEIOT OIpee/IeHHO
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1. Introduction

The potato (Solanum tuberosum L.) belongs to the Solanaceae
family, originated in South America circa 500 B.C [1], and is the
fourth most widely grown crop in the world [2]. Global potato
production reached 367.75 million tones [3].

On an industrial scale, potato products (e.g., potato fries, po-
tato chips, mashed sweet potatoes) generate between 3 and 5% of
waste (peel) [1]. Arapoglou et al. [4] reported that the losses (%)
caused by potato peeling ranged between 15 and 40%, depend-
ing on the peeling method (i.e., steam peeling, alkali peeling,
or abrasion). Typical potato processing plant generate from 6 to
10% of potato peel waste during the peeling process, and 15% of
waste are caused by defect removal, trimming, and cutting. Pota-
to peels contain fiber between 9.7 and 68% of its total weight [5].
Potato peel has a protein content of 18%, ash content of 6% on a
dry weight basis, and produce 63% of fiber on a dry weight basis
by manual peeling [6]. Additionally, potato peel waste contains
high concentrations of minerals (potassium, calcium, magne-
sium, iron, and zinc), as the potassium content reaches 15.7 g/kg,
calcium 3.05 g/kg, magnesium 1.09 g/kg, iron 388 mg/kg, zinc
18.65 mg/kg, copper 12.05 mg/kg, manganese 14 mg/kg, chro-
mium less than 5 mg/kg, lead less than 5 mg/kg [7].

Potato peels are an excellent source of numerous important
functional components, such as phenolic compounds. For ex-
ample, Sabeena Farvin et al. [8] found that potato peel extracts
are rich in their content of phenolic acids. The ethanolic extract
of potato peel contained gallic acid (0.9 mg/g dry weight), proto-
catechuic acid (7.38 mg/g dry weight), gentisic acid (15.42 mg/g
dry weight), chlorogenic acid (0.43 mg/g dry weight), vanillic acid
(1.10 mg/g dry weight), syringic acid (0.64 mg/g dry weight), caffeic
acid (2.79 mg/g dry weight), salicylic acid (0.11 mg/g dry weight),
p-coumaric acid (0.58 mg/g dry weight). Joly et al. [9] stated that
potato peels contain several important phenolic antioxidants that
can be used as natural antioxidants. The content of polyphenols in
potato peels is around 10 times higher than in flesh [10]. The anti-
oxidant potency of the freeze-dried extract of potato peel was also
found by Singh et al. [11]. Potato peel is an important source of di-
etary fiber, which accounts for about 40-45% of its dry weight [12].

Dietary fiber is an indigestible component that makes up the
plant cell wall. The botanists define fiber as part of the plant or-
gans, consumers as a substance with beneficial effects on human
health, while dietary fiber from a manufacturing point of view
is an object of marketing. Fiber consists of hemicellulose, cel-
lulose, lignin, oligosaccharides, pectins, gums, and waxes. The
diets with a high content of dietary fiber have a positive effect
on human health [13]. Dietary fibers act as a protective agent
against several diseases, including cardiovascular diseases, di-
verticulosis, constipation, irritable colon, colon cancer and di-
abetes [14,15]. It is recommended for healthy adults to intake
20-35 g of dietary fiber per day [16].

Thus, many studies aimed to create new applications of potato
peel in a wide range of food products. For example, the addition of
fiber in the bread industry contributed to an increase in the values

b

Figure 1. Potato peel powder

of hydration of flour with water. It was also noted that replacing
wheat bran with potato peels led to the superiority of bread in
terms of its content of minerals and total dietary fibers [17]. Also,
the cake prepared using 25% of apple pomace and wheat flour
was of acceptable high quality [18]. Toma et al. [17] reached the
best results when the levels of replacing wheat flour with potato
peel powder ranged between 10 and 15%. The resulting bread
was darker and tougher compared to the control. No significant
sensory changes were observed at the 10% replacement rate com-
pared to the control. Han et al. [19] reported that when wheat flour
was replaced with 10, 15, and 20% of potato peel powder in the
cookies, the glycoalkaloid content was 6.27, 9.40, and 12.54 mg,
respectively. These values are considered safe for the human body
and sufficient for the production of functional cookies according
to USDA guidelines. Replacing wheat flour in the cookie samples
with 10% potato peel powder gave the highest scores in senso-
ry evaluation. Shagufta et al. [1] showed the physical properties
(width, thickness, and spread ratio) of biscuits reinforced with po-
tato peel powder. The mean values ranged from 40.81 to 45.22 for
width, from 9.74 to 10.97 for thickness and from 37.20 to 46.43 for
spread ratio during 90 days of storage.

Therefore, due to the fact that potato peels contain many
components beneficial for health, large amounts of potato peels
produced in the form of waste, and the lack of local studies on the
possibility of converting potato waste (peels) into food products
with added value containing antioxidants, proteins, and dietary
fibers, the research objectives were as follows: 1) studying quality
characteristics of wheat flour and potato peel powder produced,;
2) studying quality characteristics, sensory characteristics, and
color indicators of the resulting biscuit samples; 3) studying an ef-
fect of replacing wheat flour with potato peel powder in different
proportions on the rheological properties of the resulting dough.

2. Materials and Methods
2.1. Materials

Potatoes were purchased from the local market of Damas-
cus, and the peels were obtained by peeling the potatoes of the
Spunta variety (Solanum tuberosum var. spunta). The materials
needed to manufacture the biscuits (wheat flour, butter, sodium
bicarbonate, sodium chloride, sugar) were purchased from the
local market of Damascus.

2.1.1. Preparation of potato peel powder

Potato peel powder was prepared according to the method
described earlier [20]. Potato tubers were washed with plain wa-
ter and peeled manually. The percentage of peels obtained was
on average 13% of the tuber weight. The peels were dried using
a hot air-drying oven (Kottermann, 2717, 2701, Gemini bv, Dutch
company, found in the Faculty of Agriculture Laboratories, De-
partment of Food Sciences at Damascus University) at 60 °C for
12 hours to constant moisture. After drying, the dried peels were
ground using a mill (Moulinex, Y44, Moulinex, France) until fine
(Figure 1), then sieved through a fine sieve (60 mesh) to obtain a
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fine homogeneous powder and stored in opaque sealed contain-
ers in a cool dry place until the time of manufacture and testing.

2.2. Methods
2.2.1. Preparation of biscuits

The control biscuits were prepared from wheat flour according
to the method described by Dhingra et al. [16] and Tyagi et al. [21]
with some modifications. The components of the control biscuits
were as follows: 100 g of wheat flour (72% extraction), 55 g sucrose
sugar, 50 g butter, 0.50 g sodium chloride, 1 g sodium bicarbonate,
1 g baking powder, 8.9 g glucose sugar and 150 ml of water. The
sugar and butter were mixed using a mixer for 3 minutes, then
sodium bicarbonate and sodium chloride were dissolved in water
at room temperature, then they were mixed well for 5-6 minutes
to obtain a homogeneous mixture (Moulinex, QA311127, France).
All ingredients were mixed using a mixer (Moulinex, QA311127,
France) with baking powder and sifted flour for 3 minutes. The
dough was cut into pieces of suitable sizes, shaped using special
molds and baked at 180°C for 11-12 minutes (WattarB9050S,

Wattar, Syria). After baking, the biscuits were cooled to room tem-
perature (28 to 30°C), then the biscuits were packed in airtight
containers until the analyses were carried out.

The other biscuit samples were prepared by replacing wheat
flour with different percentages of potato peel powder (3, 5, 7,
10, 30, 50%) according to the aforementioned method (Figure 2).

2.2.2. Chemical analysis

Moisture was estimated according to the method given in
AACC [22] No. (44-15.02) by drying at 105°C until constant
weight using a hot air oven (Kottermann, model 2701), and ash
content was estimated according to the method mentioned in
AACC [22] No. (08-01) by burning the sample at a tempera-
ture of 550°C until all the organic matter was burned using a
Wise-Therm incinerator. The total protein was determined by
the Kjeldahl method [23]. Total sugars in the samples were es-
timated using the reactions of the reversibility (Fehling’s test),
whereby sucrose is hydrolyzed into monosaccharides (glucose
and fructose) to be measured [23].

30%

50%

Figure 2. Wheat flour with different percentages of potato peel powder (3, 5, 7, 10, 30, 50%)
PuicyHoK 2. IIIreHMYHasg MyKa ¢ pasJiMYHbIMU MIPOLIEHTaMM IOPOIIKA KapTodeabHOoit KOXKypsI (3, 5, 7, 10, 30, 50%)
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2.2.3. Color analysis

Mapping of color indices (L*, a* b*): The color indices (L*, a*,
b*) were measured using the Hunter Lab device (Chroma meter
CR-410, Japanese) according to Bilgicli and Levent [24], where
the symbols denote: L* (Lightness), a* (Redness/Greeness), b*
(yellowness/blueness). The value of the indicators (h and C*) was
calculated according to Wrolstad et al. [25] from the following
two relationships:

Hue angle (h) = tan’! (b*/a*) 1)
=V (@) + () @

The total change in color was calculated according to Sarico-
ban and Yilmaz [26] from the following relationship:

AE* =V (L7-L* + (a] - a*)*+ (b} - b")*

©)

The value of the tan index was calculated according to Mo-
hammadi et al. [27] from the following relationship:

Browning Index (BI) = [100 (X* - 0.31)]/0.17 4)

where:
X*=(a*+1.75L%)/ (5.645 L* + a* - 3.012 b*) (5)
2.2.4. Texture profile analysis (TPA) of biscuits
Hardness, adhesiveness, resilience, and fracturability of bis-
cuits were measured using the Brookfield Texture Analyzer (CT3,
Brookfield, USA) in the Agriculture Research Center, Giza, Egypt
[28].

2.2.5. Mixolab and Alveograph experiments

Mixolab and Alveograph experiments were conducted in the
Food Science Department, Faculty of Agriculture, Cairo Univer-
sity, Egypt.

Rheological analysis of dough, the mixing behavior of
doughs obtained from wheat flour and blends were studied using
Mixolab (Chopin, Tripette, Renaud, Paris, France). It measures
in real-time the torque (expressed in Nm) produced by the pas-
sage of dough between the two kneading arms, hence allowing
the study of its rheological behavior [29]. For the assays, 50 g of
wheat flour was placed into the Mixolab bowl and mixed with
the amount of water needed to reach the target consistency
(1.1 Nm). When potato peel powder (PPP) was tested, 3, 5, 7, 10%
of wheat flour were replaced by PPP. The specific protocol (Mixo-
lab Standard) used for dough testing consisted of 30 min mix-
ing at 30°C and the mixing speed during the entire assay was
80 rpm. Two batches were made for each sample. Parameters
recorded from the Mixolab curve included: water absorption or
the amount of water required to reach the consistency of 1.1 Nm
(expressed as milliliters per 100g of flour at 14.0% moisture mass
fraction), dough development time or time to reach the maxi-
mum consistency, and stability of the dough during mixing that
indicates the elapsed time, at which dough retained the maxi-
mum consistency.

Rheological properties of wheat flour were determined by a
Chopin MA 82 alveograph (according to ICC Standard 55 30-3).
Each alveograph chart was analyzed for four factors: P — the
maximum overpressure needed to blow the dough bubble — ex-
presses dough elasticity, L. — the average abscissa at bubble rup-
ture — expresses dough elasticity, P/L. — alveograph ratio and
W — the baking strength. The variables represent the average of
five curves from five dough patties [30]. The results of analysis
were expressed by average, minimum, and maximum values and
by the standard deviation in each sample set. Spectra were ac-
quired with a NIRS6500 wavelength scanning instrument (NIR
Systems, Inc., USA) using a small annular cup. The range of
scanning was from 400 to 2500 nm, and wavelength increments
of 2 nm were used. Diffuse reflectance was recorded as log 1/R.
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The average spectra from two scans obtained for each sample
were utilized for calibration.

2.2.6. Determination of the antioxidant activity

The antioxidant activity was measured by estimating the free
radical scavenging activity using the 2,2°-diphenyl 1,1-picryl
hydrazyl (DPPH) radical scavenging assay according to Younis
et al. [31].

2.2.7. Determination of total phenolic compounds

In extracting total phenols, the method of L. Wada and B. Ou
[32] was employed, and the total phenols were estimated using
the Folin Ciocalteu method according to [33, 34].

2.2.8. Functional properties

Water, emulsion, and oil absorption capacities (WAC, EAC,
and OAC) of wheat flour and potato peel powder were deter-
mined using the AACC method 56-20 [35].

2.2.9. Sensory evaluation

Sensory tests were conducted by a group of 15 people (pro-
fessors, students and staff from the Department of Food Science,
University of Damascus) using the hedonic scale, identifying
seven points (color, taste, smell, texture, melting in the mouth,
fracture, and general acceptability) according to Akhtar et al.
[36]. Sensory evaluation scores were given as follows: 1 — poor,
2 — acceptable, 3 — good, 4 — very good, 5 — excellent.

2.2.10. Statistical analysis

Experimental results were analyzed by analysis of variance
(ANOVA) using XLSTAT software version 2014, 5.03 (Addinsoft,
New York, NY, USA) in three replicates and expressed as the
mean * standard error of the mean. Differences between sample
means with a p-value < 0.05 were considered to be significant.

3. Results and Discussion
3.1. Chemical composition of wheat flour and potato peel powder
Table 1 presents the results of some chemical indicators for
the studied samples (wheat flour and potato peel powder). The
results show a lower moisture content in the potato peel powder
sample compared with wheat flour (8.35%, 13.09%), respectively.
These results are in agreement with [16], where the moisture of
potato peel powder was 7.85%, and [37], where wheat flour mois-
ture was 13.90%.

Table 1. Some chemical indicators of wheat flour
and potato peel powder samples

Ta6nuia 1. HekoTopele XuMuJyecKye oKkasaTey o0pasmnos
MIIeHUYHOI MYKM U MOPOIIKa KapTodheTbHO KOKYPbI

Total sugar  Protein (g/100g)

2 O, 0,
Sample  Moisture% (2/100g) dry base dry base Ash%
Wheat flour 13.09%£0.10°  13.09£0.50 11.45%0.89°  0.44+0.05°
Potatopeel ' g 2510300 1568+0.66° 15.32%0.77°  9.11% 0.10°

powder

a and, b: small letters refer to significant differences (p < 0.05) between the
means.

It can be seen from Table 1 that the content of total sugars,
ash, and protein in the sample of potato peel powder was 15.68
g/ 100 g dry weight, 9.11%, and 15.32 g / 100 g dry weight, re-
spectively. These results are in agreement with those in other
studies. For example, the ash content was 9.03% in potato peel
powder [7] and 0.46% in wheat flour [37], the percentage of pro-
tein was 15.71% on a dry weight basis in potato peel powder [38]
and 11.32% in wheat flour [37]. Shagufta et al. [1] reported that
the proximate composition of wheat flour and potato peel pow-
der was as follows: 3.58 and 11.99% moisture, 6.92 and 0.52%
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ash, 2.25 and 1.06% fat, 68.73 and 0.54% fiber, 12.16 and 10.81%
protein, 4.97 and 86.06% carbohydrates, respectively. Leo et al.
[39] showed that potato peel contained 10.76% protein, 10.56%
ash, 4.98% fat, 4.97% carbohydrates, and 68.53% fiber. Sharoba
et al. [14] found that wheat flour had 11.98% moisture, 11.85%
protein, 1.05% fat, 0.51% ash, 0.54% fiber, 86.04% carbohydrates,
while potato peel powder had 3.57% moisture, 6.91% ash, 2.25%
fat, 12.17% protein, 73.25% fiber.

3.2. Effect of replacing wheat flour with potato peel powder

on chemical indicators of biscuit samples

The results shown in Table 2 indicate that there was a sig-
nificant effect of replacing wheat flour with potato peel powder
at the replacement rate of 3% to 50% on percentages of pro-
tein, moisture, ash, and total sugars. The 50% replacement led
to the highest content of total sugars, protein, moisture and
ash (50.90 g/100 g dry weight, 12.74 g/100 g dry weight, 5.56%,
2.39%, respectively) in the biscuit samples fortified with potato
peel powder compared to their content in the control samples
(40.62 g/100g dry weight, 7.42 g/100g dry weight, 4.76%, 0.70%,
respectively).

Table 2. Effect of replacing wheat flour with potato peel
powder on chemical indicators of biscuit samples

Ta6nuia 2. BaMssHue 3aMeHbI MIIEHUYHO MYKM Ha IIOPOIIOK
KaprodenbHOM KOXKYPHI HAa XMMMIYecKye II0Ka3aTeay 06pas3iioB eYeHbst

Total sugar  Protein
Samples Moisture%  (g/100g) (g/100g) Ash%
dry base dry base
Control 4.76+0.50¢ 40.62+0.238 7.42+0.10¢' 0.70+0.10¢
Biscuits fortified . . .
with 3% PPP 4.84+0.38% 41.42+0.55¢" 7.50+0.25¢ 0.75+0.17¢
Biscuits fortified . .
with 5% PPP 4.90%0.12¢ 41.95%0.66° 7.80+0.06° 0.79+0.28¢
Biscuits fortified c c
with 7% PPP 4.98+0.52¢ 42.48+0.55¢ 8.10%0.14¢ 0.84*0.18
Biscuits fortified be . . .
with 10% PPP 5.03+0.46> 43.28+0.55¢ 8.60%0.14° 0.89+0.12
Biscuits fortified
with 30% PPP 5.28+0.17° 47.59+0.55° 10.16%0.14* 1.59%0.06°
Biscuits fortified 5 5093 509040550 12.74%0.140 2.3940.10¢
with 50% PPP : : : . : : : :

The same letters within the same column indicate that there are no
significant differences between the means at the confidence level (p < 0.05).
PPP — potato peel powder

This may be due to the high content of proteins, sugars,
ash, and fiber in potato peel powder compared with wheat flour.
An increase in the moisture content in biscuits with a higher
percentage of potato peel powder was attributed to the high
water-holding capacity of potato peel as the fiber has a strong
water absorption capacity [1] and the corresponding large con-
tent of fiber in the biscuit samples with potato peel powder [40].
The high ash percentage is also due to the high fiber content in
the samples with a high replacement rate [41].

3.3. Total phenol content and antioxidant activity

of biscuit samples

Wheat flour is a good source of calories and various nutri-
ents on its own, but its antioxidant capacity is low because it is
refined during processing [42]. Biscuits made with refined wheat
flour and other ingredients lack phytochemicals and dietary fi-
ber, so wheat flour must be combined with potato peel powder to
increase its antioxidant capacity.

Table 3 demonstrates the effect of replacing wheat flour with
different percentages of potato peel powder on the content of
total phenols and the antioxidant activity of the studied biscuit
samples estimated using the free radical DPPH. The content of
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the total phenols and the antioxidant activity were 71.12 mg Gal-
lic acid equivalent /100g dry weight and 68.39%, respectively, in
the potato peel powder samples and 3.28 mg Gallic acid equiva-
lent /100g dry weight and 13.37%, respectively, in the samples
of wheat flour.

Table 3. Effect of replacing wheat flour with different
percentages of potato peel powder on the content
of total phenols and the antioxidant activity
of the studied biscuit samples
Tabnuua 3. BausHue 3aMeHbI MIIEHNYHO MYKV PasindHbIMMU
IIPOLI€HTAaMM ITOPOIIKa KapTod)eanoﬁ KOJXXYPBbI Ha comep>kaHue
061X (GeHOoIOB ¥ AHTMOKCUJAHTHYIO aKTMBHOCTD
MCCIIeJ0OBaHHBIX oﬁpasuon IeYeHbs

Samples TPC . Antioxida‘l)nt activity
(mg/100g dry weight) (%)
Wheat flour 3.28+0.60 13.37£0.52
PPP 71.12+0.87 68.39+0.26
Control biscuits 5.86%0.23¢ 20.06+0.35¢
Biscuits with 3% PPP 7.43 £0.75¢ 21.27+0.40f
Biscuits with 5% PPP 10.26+0.42¢ 25.23+0.65¢
Biscuits with 7% PPP 13.86+0.16¢ 40.43+0.17¢
Biscuits with 10% PPP 17.05%0.68¢ 42.85+0.33¢
Biscuits with 30% PPP 33.28+0.64° 54.71+0.44°
Biscuits with 50% PPP 41.71+0.58° 59.72 £0.61*

The same letters within the same column indicate that there are no significant
differences between the means at a confidence level (p < 0.05). TPC — total
phenol content, PPP — potato peel powder

The high antioxidant activity in biscuits fortified with potato
peel powder is due to a higher antioxidant content of potato
peel powder in comparison with wheat flour. The Maillard reac-
tion is responsible for the development of the brown pigments
melanoidins during the baking process. Melanoidins possess the
antioxidant properties. So the antioxidant activity of the potato
peel biscuits may be enhanced by the Maillard reaction. Abdel-
Aal and Rabalski [43] pointed out that free phenolic acids in-
creased after baking, while bound phenolic acids decreased in
bread and slightly changed in muffins and cookies. Whole grain
products should be considered good sources of phenolic antioxi-
dants, despite the fact that the effect of baking seems to depend
on a type of baked product, type of phenolic, recipe, and baking
conditions [43]. The dissociation of the bound phenolic moiety,
which is followed by polymerization and oxidation reactions, as
well as the formation of new phenolic compounds that were not
present prior to thermal processing, can be the cause of an in-
crease in the content of free phenolics during the process [44, 45,
46, 47]. The development of Maillard reaction products (MRPs)
can also be responsible for an increase in the content of phenolic
compounds [47]. It is necessary to note that certain products of
the Maillard reaction have the reductone structures and the for-
mation of MRPs can contribute to an increase in the total phe-
nolic compounds in the Folin-Ciocalteu assay [48]. Bressa et al.
[49] found that MRPs produced within the first 20 to 30 minutes
of cooking had the high antioxidant capacity. An improvement
in the antioxidant properties of naturally occurring compounds
and formation of Maillard reaction products are probably res-
ponsible for an increase in the antioxidant capacity [47].

The results obtained are consistent with what was indicated
by Rowayshed et al. [7] as the content of total phenols and the
antioxidant activity of ethanolic extracts of potato peels were
75.67 mg Gallic acid equivalent /100g dry weight and 67.65%,
respectively. Also, Almasri et al. [50] indicated that potato peels
contain a high concentration of antioxidants such as phenolic
acids (potato peel extracts had a phenolic content of 96.66 mg of
Gallic acid per 100 g), so they have a high nutritional value. The
potato peel fractions are considered a value-added ingredient in
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other foodstuffs to increase antioxidant intake by humans and
have the potential to be used as antioxidant supplements in the
pharmaceutical industry.

The addition of potato peel powder in different proportions
(3-50%) contributed to a significant increase of 26.79%-611.77%
in the total phenolic content and an increase of 6.03%-197.71%
in the antioxidant activity compared with the control samples.
Higher concentrations of potato peel powder in biscuits led to
a higher total phenolic content and a higher antioxidant activ-
ity in the studied samples. For example, the addition of 3%, 5%,
7%, 10% and 30% of potato peel powder resulted in an increase
of 26.79%, 75.09%, 136.52%, 190.96% and 467.92%, respective-
ly, in total phenols and an increase of 6.03%, 25.77%, 101.55%,
113.61% and 172.73%, respectively, in the antioxidant activity.
Biscuit samples fortified with potato peel powder at a 50% re-
placement rate showed a marked increase of 611.77% in the to-
tal phenolic content (41.71 mg Gallic acid equivalent /100g dry
weight) and an increase of 197.71% in the antioxidant activity
(59.72%) compared with the control biscuit samples (5.86 mg
Gallic acid equivalent /100g dry weight and 20,06%, respectively).

3.4. Color indicators of the studied biscuit samples

Table 4. Effect of replacing wheat flour with different
percentages of potato peel powder on the color indicators
of the studied biscuit samples

Tab6nuiia 4. BaussHue 3aMeHbI MIIEHNYHO! MYKU PasIMYHbIMU IIPOLEHTAMM
nopouika KaproderbHO KOKYpbI Ha IIOKAa3aTe Iy IBeTa VICCIeAOBaHHBIX
06pasnoB MeYeHbs

b*
14.49
13.25
34.83°
27.96¢

28.33°

26.784
18.44¢

a*
-1.82
3.03
6.36°
4.68°
3.68¢
5.044
5.88¢

L*
93.91
51.56
67.01°
66.91°
63.07°
62.054
53.46°

c*
14.61
13.59
35.414
28.35¢
28.57°
27.25¢
19.35¢

BI
14.90
33.48
77.63
57.884

62.16°
61.01°
49.64¢

h
-82.84
77.12
79.65%
80.50°
82.60¢
79.344
72.31¢

Samples AE*
Wheat flour

PPP

Control biscuits
Biscuits with 3% PPP
Biscuits with 5% PPP
Biscuits with 7% PPP
Biscuits with 10% PPP
Biscuits with 30% PPP 46.56" 4.947 14.19" 15.03* 43.557 70.80f 29.09°
Biscuits with 50% PPP 43.25¢ 4.718 11.64¢ 12.56° 38.85¢ 67.978 33.24°

The same letters within the same column indicate that there are no significant
differences between the means at a confidence level (p < 0.05). L*: Lightness;
a*: Redness; b*: Yellowness; C*: Color Intensity; h: Hue Angle; BI: Browning
Index; AE*: total change in color. PPP — potato peel powder

7.07°

8.06¢

9.554
21.27¢

Table 4 shows an effect of replacing wheat flour with differ-
ent percentages (3—-50%) of potato peel powder on the color in-
dicators of the studied biscuit samples. Adding potato peel pow-
der led to significant changes in all studied color indicators for
manufactured biscuit samples compared to the control sample.
L% a* b* C* h and BI values decreased and AE* rose with an
increase in the proportions of replacing wheat flour with potato
peel powder, and this gave the biscuits a darker color compared
to the control biscuits, while the control samples had higher L*,
a* b* and C* values. Additionally, the yellowness and brightness
of the biscuits decreased due to the enzymatic browning. Brown
pigments that occur during the browning and caramelization re-
action, as well as temperature and cooking time, influence the
color of biscuits.

The potato peel powder sample was characterized by higher
values of a’, BI and h and lower values of b* L* and C* com-
pared with the wheat flour sample. Rowayshed et al. [7] reported
that the L*, a* and b* values in the control biscuit samples were
63.58, 14.04 and 25.41, respectively. The addition of potato peel
extract to the biscuits with concentrations ranging from 0.5%
to 3% led to a reduction in the values of color indices compared
to the control biscuits. The L* a* and b* values were 62.96, 8.99
and 24.7, respectively, in biscuits enriched with the potato peel
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extract in a concentration of 0.5% and 53.33, 10.31 and 21.98,
respectively, in biscuits enriched with the potato peel extract in
a concentration of 3%. A decrease in the values of yellowness
(b*) and brightness (L*) was due to browning [51]. Han et al. [19]
indicated that replacement of wheat flour with potato peel in
different proportions led to higher brightness (L*) values (90.97,
89.24 and 90.04) and lower a* (4.69, 5.13 and 3.85) and b* val-
ues (-9.49,—7.68 and —10.66) in the biscuit samples with the
10%, 15% and 20% replacement ratio, respectively, compared to
the corresponding values of color indices in the control biscuits
(83.88,8.92 and 1.25, respectively).

3.5. Sensory properties of the studied biscuit samples

The results of studying the effect of replacing wheat flour
with different percentages (3—50%) of potato peel powder on the
sensory characteristics of the studied biscuit samples are pre-
sented in Table 5. As can be seen from the table, there was a
significant effect of replacing wheat flour with potato peel pow-
der on the sensory characteristics of the studied biscuit samples.
The biscuit samples enriched with potato peel powder in differ-
ent proportions were acceptable to the assessors from the sen-
sory point of view as the sensory evaluation scores for all studied
traits ranged between 2.1 and 4.7, excluding the samples with
the 50% replacement, which were unacceptable for the panelists
in terms of color and taste.

The samples with the 3% and 5% replacement rates had
better sensory characteristics (general acceptance, color, taste)
compared to the samples with the highest studied percentages
(30% and 50%), which had poor sensory characteristics as the
taste was unpalatable, the color was dark and unacceptable, and
the solubility in the mouth was poor in the samples with higher
percentages of potato peel powder compared to the control bis-
cuit sample. The reason for a decrease in the color tone in the
biscuit samples with the high percentage of potato peel pow-
der maybe the brown color of potato peels, which became dark
brown with the high temperature during baking. Similar results
were obtained by Srivastava et al. [52], who found that the ad-
dition of sweet potato flour imparted the dark brown color to
biscuits. Raymundo et al. [53] reported that the biscuits became
darker with an increase in the level of added fiber, and this effect
can be explained by the non-enzymatic browning when wheat
flour was replaced with fiber.

The scores for taste or flavor of the product decreased signifi-
cantly, especially in the samples with the 30% and 50% replace-
ment rate, probably due to the high content of glycol alkaloids
(alpha- chaconine and alpha- solanin) at higher percentages
of fortification with potato peels. The biscuits that contained a
high amount of potato peel powder showed contradictory results
regarding texture. A decrease in the general acceptance of bis-
cuits with an increase in the level of potato peel powder is due to
the total effect on taste, color and texture because they are the
basic qualities that influence consumer acceptance. Han et al.
[19] reported that replacement of wheat flour with potato peels
in different proportions (10%, 15% and 20%) led to a decrease
in a degree of biscuit hardness in all studies samples. Cohesive-
ness, springiness and brittleness increased in the samples with
the 10% replacement rate and decreased is all other samples
compared to the control. Sensory evaluation showed that the
highest scores for flavor, taste, appearance, texture and overall
acceptability were in the biscuits with 10% of potato peel powder
compared to the control and other samples. The scores for color
were the same in the samples with the 10% replacement rate and
the control. Rowayshed et al. [7] showed that an increase in the
proportion of potato peel extracts in biscuits from 0.5% to 3%
led to a decrease in the sensory scores for color, odor, taste, tex-
ture and overall quality compared to the control samples.
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Table 5. Effect of replacing wheat flour with different percentages of potato peel powder on the sensory
properties of the studied biscuit samples
Ta6nuiia 5. BaussHue 3aMeHbl MIIEeHNYHO! MYKU Pa3JIMYHbIMU MPOLEHTAaMM ITOPOIIKA KapTodeabHOi KOXKYPBI
Ha CEHCOpPHbIE CBOJICTBa HUccIegoBaHHBIX 06pa3u01; IIeYeHbs

Samples Taste Color Smell
Control biscuits 4.6+0.60° 4.7%0.33° 4.4%0.24°
Biscuits with 3% PPP 3.7+0.30° 4.4+042° 4.1£0.34°
Biscuits with 5% PPP 3.3+0.14° 4+0.59 4.1+0.54°
Biscuits with 7% PPP 3.1+0.21° 3.3+0.21° 3.6+0.52°
Biscuits with 10% PPP 3+0.63" 3.1£0.33¢ 3.5+0.24°
Biscuits with 30% PPP 2.1%£0.47¢ 2.3%0.30¢ 3%0.62¢
Biscuits with 50% PPP 1.8+0.54¢ 1.5+0.55¢ 2.1 £0.624

Texture i hemonh  FRCW iy
4.3%0.50° 4.3 £0.31° 4.5%0.22° 4.5%0.41°
4.1%0.17* 4.1+0.16* 4+0.34° 4.1%0.21°
4%0.26° 3.8+0.61" 4+0.30° 3.8+0.23
3.7£0.51° 3.7%0.64" 3.7£0.46" 3.5£0.64°
3.7 £0.23" 3.1%0.120 3.5+0.21° 3.3+0.25
3.3 £0.36" 2.3+0.46¢ 3+0.42% 2.740.32¢
2.3 £0.42¢ 2.2%0.24¢ 2.5+0.15¢ 2.1£0.20%

The same letters within the same column indicate that there are no significant differences between the means at a confidence level (p < 0.05). PPP — potato

peel powder.

3.6. Functional properties of potato peel powder and wheat flour

Table 6. Functional properties of potato peel powder
and wheat flour

Tab6nuiia 6. ®yHKIMOHAIbHbBIE CBOCTBA MOPOIIKA
KapTodeTbHOM KOKYPBI M MIIEHNYHO! MYKMU

Studied indicators Wheat flour Potato peel powder
Water absorption capacity, g/g 0.97 2.58
Oil absorption capacity, g/g 1.14 1.24
Emulsion absorption capacity, g/g 1.24 3.16

The results referred to in Table 6 show that potato peel pow-
der had better water absorption capacity (WAC), oil absorption
capacity (OAC) and emulsion absorption capacity (EAC). The
WAC, OAC and EAC values were 165.98%, 8.77% and 154.84%
higher, respectively, in potato peel powder than in wheat flour.
The results obtained are close to what was found by Ben Jeddou
et al. [38], who reported that the ability to bind water in potato
peel powder of the cultivar Spunta was 3.37 g/g and the ability to
bind fat was 2.07 g/g.

3.7. Texture profile analysis

Texture analysis is primarily concerned with the measure-
ment of the mechanical properties of a product, often a food
product, as they relate to its sensory properties evaluated by a
human. Texture analysis is performed by applying controlled
forces to the product and recording its response in the form of
force, deformation, and time [54]. Texture measurements are
useful for quality control, process optimization, and product de-
velopment with desirable features.

Data in Table 7 present the textural parameters assessed
from the texture profile analysis (TPA) test of the biscuits sam-
ples (control, 3%, 5%, 7% and 10%).

As can be seen from the table, hardness of biscuits increased
with increasing potato peel powder levels from 3% to 10%. The
highest value of hardness was in the sample with the 10% re-
placement rate. A similar trend was observed for fracturability
with its highest value in the samples with the biggest propor-
tion of potato peel powder. The increment in hardness and frac-
turability may be due to the addition of potato peel powder. On
the contrary, a decreasing trend was observed for adhesiveness,
which represents the work necessary to pull the compressing
plunger away from the sample [55,56], and resilience, which
shows how well a product ‘fights’ to regain its original position
[57]. The results in Table 7 show that the biscuit sample with
10% replacement had the lowest values (0.10 mj and 0.00, re-
spectively) of these parameters compared to the control sample
(0.30 mj and 0.08, respectively). The increased fiber content con-
tributes to hardness of biscuits influencing gluten network op-
timal formation and resulting in a solid compact structure [58].
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Table 7. Texture properties of biscuits samples
Ta6nuia 7. TeKCTypHbIE CBOJICTBA 00Pa3Ii0B MeYeHbs

Sample Hardness Adhesi\{eness Resilience Fracturability
) (mj) )
Control 11.95 0.30 0.08 11.95
3% 15.68 0.30 0.08 14.86
5% 28.08 0.20 0.01 28.08
7% 30.70 0.10 0.00 30.70
10% 41.96 0.10 0.00 41.96

Ben Jeddou et al. [38] stated that when potato powder was
utilized in place of wheat flour at replacement rates of 2-10%,
the cake cohesion and hardness significantly decreased. Dhingra
et al. [16] observed that when the fiber content increased from 5
to 15%, the biscuits’ breaking strength increased from 1.96 kg to
3.83 kg. The water-binding properties of potato peel fiber influ-
enced the biscuits’ hardness leading to its increase. So the dough
did not spread well resulting in greater breaking strength, thick
and small biscuits.

3.8. Dough rheological properties

Figure 3 and Table 8 illustrate the data recorded during
mixing in the Mixolab. The inclusion of potato peel powder up
to 10% affected the rheological behavior of the dough during
mixing. While the level of water absorption was the same in
the sample with the 3% replacement rate and the control, it
increased in the samples containing 5%, 7% and 10% of potato
peel powder by 1.24%, 2.83% and 2.83%, respectively. Similarly,
an increase of 25.25%, 246.21%, 288.28% and 510.35% was ob-
served in dough development time in the samples with the 3%,
5%, 7% and 10% replacement rate, respectively, but stability
decreased in these samples by 3.76%, 5.70%, 4.09% and 5.05%,
respectively, compared to the control containing only wheat
flour. Dough development time and stability value indicate
the flour strength. Higher values of these parameters suggest
stronger doughs [59].

Table 8. Mixolab values of the control sample
and the samples with different replacement levels
(3,5,7,10%)

Ta6nuua 8. YpoBuu Mixolab KoHTpobHOro 06pasia u 06pasinoB
C pasIMYHBIMM YPOBHSIMU 3aMeHsI (3, 5, 7, 10%)

Sample Water aEsorption Dougl_1 devel(_)pment Stab_ility
(%) time (min) (min)
Control 56.5 1.45 9.30
3% 56.5 1.82 8.95
5% 57.2 5.02 8.77
7% 58.1 5.63 8.92
10% 58.1 8.85 8.83
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Figure 3. Mixolab curve of the control sample and the samples with different replacement levels
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The results obtained from alveographic measurements of
dough are shown in Table 9. An increase in the proportion of
potato peel powder up to 10% resulted in an increase in P (dough
elasticity) compared with the control containing only wheat
flour. The P values were 53.68, 54.74, 75.79, and 85.26% higher,
respectively, in the samples with 3%, 5%, 7%, and 10% potato

Table 9. Alveographic measurement of doughs with different
proportions of potato peel powder

Tabnuia 9. AnbBeorpaduyecKkye M3MepeHNsI TeCTa ¢ pasIMIHbIMMU
MPONIOPLYSIMA ITOPOLIKA KapTO(eTbHOM KOKYPBI

Parameter Control 3% 5% 7% 10%
P (mm)* 95 146 147 167 176
L (mm)* 117 52 48 35 42
pP/L* 0.81 2.81 3.06 4.77 4.19
W(10*])* 350 301 286 256 167
Le%* 56.6 52.6 51.2 37.7 14.6

*P: dough tenacity (aptitude to resist deformation), L: dough extensibility
(maximum volume of air that the bubble is able to contain), P/L: configura-
tion of the curve, W: dough baking strength (surface under the curve), Le:
Flexibility index.

peel powder than in the control. The alveograph ratio (P/L) also
increased (by 246.91, 277.78, 488.89, and 417.28%, respectively)
in the dough samples with the 3%, 5%, 7%, and 10% replacement
rate compared to the control. A decrease in L (dough extensibil-
ity), W (baking strength) and Le (flexibility index) was observed
with an increase in the level of potato peel addition. The L value
decreased by 55.56, 58.97, 70.09, 64.10%, W value by 14, 18.29,
26.86, 52.29% and Le value by 7.07, 9.54, 33.39, 74.20%, respec-
tively, in the samples with the 3%, 5%, 7%, and 10% replacement
rate compared to the control.

Ben Jeddou et al. [38] indicated that the potato peel powder
significantly improved the Alveograph profile and texture of
dough, and technologically, the addition of potato peel powder
at a concentration of 5% boosts the dough strength and elas-
ticity-to-extensibility ratio (P/L). Iskander et al. [58] studied an
effect of addition of alcohol insoluble residue from potato pro-
cessing by-product (AIR-PPB) in wheat flour bread at different
particle sizes. As the particle size increased, the results revealed
an improvement in the AIR-PPB functional properties in terms
of water holding capacity (WHC), swelling capacity (SC), and wa-
ter solubility index (WSI). The total dietary fiber content, water
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absorption (WA), and dough development time (DDT) also in-
creased with an increase in the percentage of AIR-PPB and par-
ticle size. Higher particle size gave more stability to the dough
structure, but the opposite effect was exerted on dough weaken-
ing (DW) [58].

4. Conclusion

Potato peels of the Spunta variety are an important and rich
source of phenolic compounds and natural antioxidants, as well
as an important cheap source of protein and dietary fiber, which

are important components of a healthy diet. Replacing wheat
flour with different percentages of potato peel powder has con-
tributed to making functional biscuits, reducing the economic
cost and raising the nutritional value of the biscuits. Therefore,
we recommend taking advantage of the secondary wastes result-
ing from the potato manufacturing process to obtain compounds
useful in nutritional aspects instead of industrial materials, and
it is proposed to develop this work in the future to obtain phe-
nols, proteins and fibers as commercial preparations that can be
used in many food industries.
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K/JIIOYEBBIE CJIOBA: AHHOTALNUA

yugpposas Hympuyuonozus, KoHcTpyrpoBaHue MepcoHaaM3MPOBAHHOIO pal[OHa MUTaHKs YeJI0BeKa C y9eTOM MHOT000pasust pasinuHbIX
napamempuyeckoe onucaue, (akTOpOB CBSI3aHO C CMCTEMHBIM aHaIM30M U GhopManM3anyeli HAaKOIJIEHHbIX JaHHBIX U 3HAHUI, a TaKkKe
cucmemHulii aHanus, ¢ pasBuTHEM IUGPOBBIX TEXHONIOTMIA. B paboTe mpeacraBieHa METOLOIOTUSI ONMTUMMU3ALUK U GOPMUPOBA-
mamemamuuecKkue mMemodbl, HUSI IePCOHAIM3MPOBAHHBIX PAlIOHOB MUTAHMS HAa OCHOBE CTPYKTYPHO-ITapaMeTPUUECKOro MOJeanpoBa-
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CIMpYKMypHAas MampuuHas VIV OTHEeNbHbIE TIPYEeMbI UIIK (3aBTPAK, 06, ONIHNK, YKUH, TOTIOTHUTEIbHbIE TIPYeMbl UK (TIePeKyC))
Modenb C M3BECTHBIM KOJIMUYECTBEHHBIM HA60POM TOTOBBIX MMPOAYKTOB 10 SHEPTETUUECKO LIEHHOCTY ¥ XMMUUYECKOMY

COCTaBY C LIe/bI0 BBISIBIEHMS JUETHYECKMX HapyLUIeHnii; 2) pacCYMThIBATh ONTUMAIbHOE /ISl IpYeMa I
KOJIMYECTBO MPOJYKTOB 13 GUKCUPOBAHHOTO IEPEYHS, TeM CAMbIM COCTABJISIT MHAMBUAYAIbHBIN STATOHHBI
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Basl IIpM 9TOM BCe HeOOXOAVIMBIE ITapaMeTphl; 4) KOPPEKTUPOBATDh PAIVIOH MUTAHMUS C YUETOM IMEeTHYECKUX
OTK/JIOHEHUI M0 OTAETbHBIM MapaMeTpaM XMMMUUECKOTO COCTaBa M SHEPreTUUECKOi IIeHHOCTM 3a CUeT HO-
MIOJTHUTEIBbHOTO BBEIeHMs] IIPOJYKTOB MOBBIIIEHHON 610IOTMYeCKOii IIeHHOCTH CHelalbHOr0 Ha3HAUueHNUs,
MOMMBUTAMUHHBIX ¥ MOIMBUTAMVHHO-MUHEPATbHBIX MPENapaToB, a Takke MPUPOSHbIX GMONOTUYECKN aK-
TUBHBIX BeIleCTB.

OMHAHCUPOBAHME: CraTbsi ony6/iMKoBaHa B paMKax BbinoaHeHust Tembl HUP N2 FNEN-2019-0008 rocynapctBeHHoro 3aganust ®TBHY «®HI]
nuieBbix cuctem um. B. M. Top6aroBa» PAH.

Received 12.02.2023 Available online at https://www.fsjour.com/jour
Accepted in revised 11.03.2023

Accepted for publication 14.03.2023

© Lisitsyn A. B., Chernukha I. M., Nikitina M. A., 2023

DEVELOPMENT OF A PERSONALIZED DIET
USING STRUCTURAL OPTIMIZATION METHOD

Andrey B. Lisitsyn, Irina M. Chernukha, Marina A. Nikitina*

V.M. Gorbatov Federal Research Center for Food Systems, Moscow, Russia

Original scientific article
Open access

KEY WORDS: ABSTRACT
digital Nutrition, parametric The design of a human personalized diet considering a variety of different factors is associated with system
description, system analysis, analysis and formalization of data and knowledge, as well as with the development of digital technologies.

mathematical methods, knowledge  The paper presents the methodology of optimization and formation of personalized diets based on structur-

base, database, structural matrix ~ al-parametric modeling. The proposed approach allows solving the following tasks: 1) to analyze the daily

model diet or individual meals (breakfast, lunch, afternoon snack, dinner, additional meals or snacks) with a known
quantitative set of finished products in terms of energy value and chemical composition in order to reveal
dietary disorders; 2) to calculate quantity of products optimal for a meal from the fixed list, thereby com-
posing an individual reference diet with regard to the mental and physical activities, nutritive status of a
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1. BBegenmue

PaiyoH siByisieTcs OCHOBHBIM (DAaKTOPOM 3/I0POBBSI UEIOBEKA,
Y IPaBUJIbHBIN BHIOOD ITPOAYKTOB IMUTAHMS MOXKET 3HAUUTETbHO
CTI0CO6CTBOBATH YIYUIIEHNIO KauecTBa KU3HM ToTpebuTens [1].

9T0 06yCIOBAMBAET TPEGOBAHMS K PAIIVIOHY U PEKUMY ITATA-
HMSI C yUETOM aCCOPTMMEHTA U KOJMUECTBA MOTPe6IsIeMbIX ITPO-
JIyKTOB, UTO [T03BOJISIET PETYIMPOBATH ITOCTYIIJIEH)E B OPTaHU3M
KaJIOpuii M MUTaTeNbHbIX BelllecTB. B uccienosanmsx [2,3] mo-
Ka3aHo, UTO HecOaTaHCHPOBAHHOE TIMTAHME YBETMUMBAET PUCK
pPa3sBUTHS HeMH(EKIMOHHbIX 3a60/eBaHMIi, TAKUX KaK OKupe-
HIe, CaxapHbIii [UabeT U Ip.

IMogxonpl K aBTOMAaTM3alMM Mpoliecca TUIaHMPOBAaHUS pe-
LIENTYPbI, TPOU3BOACTBA ¥ IIOAOOPA pallMOHA B MIEPBYIO OUepeb
CBSI3aHBI C MaTeMaTUUYECKMMM MEeTOAAMU: JTMHENHON ONTUMU-
3alueli, MeTasBPUCTUKONM, PaCCyXIeHMsIM IO IpelLiefeHTaM,
HEeYeTKOM JIOTUKOTA.

B 1945 ropy amepukaHckuii skoHomuct G. J. Stigler npen-
JIOKWJI MaTeMaTU4yecKyl0 MOJeb [JiSI COCTaBJIeHMsI palyoHa
norpeburens [4]. B pamkax ero moxmxona 6bLT COCTaBJIE€H CITN-
COK HECTPYKTYPUPOBAHHBIX MUIIEBbIX MPOAYKTOB, OTBEYAIOLIMUX
CTaHJAPTHBIM TPEOOBAHMUSM K AMeTe TP ONTUMM3ALIMK IIeH Ha
MIPOAYKTHI NUTAHUSI.

3a mocteqHMe ABa AeCATUIETHS «Mojienb Stigler» 6puta mpu-
HSITa M pacuiMpeHa C UCIONb30BaHMEM Pa3IMUYHbIX Bapuauuii
rapaguUrmbl JIMHETHOTO TTPOrpaMMMUpPOBaHus [5], IeTouncieH-
HOTO MPOTPaMMMPOBAHMS [6], CMELIaHHOTO LeJI0YNCIAeHHO - -
HeJHOro NporpaMMMpoBaHug [7] U 1eleBOTr0 MPOrpaMMupo-
BaHus [8]. B pemeHnu mpob6ieM IIaHMPOBAHUST OUEThI ObUIK
MpoBesieHbl cnenyomye uccaenoBanust [9-11]. Foytik J. [10]
MU3y4yas pasauMyHble pekuMbl muTaHus B KamndopHuiickom
yHUBepcuTeTe oceHbo 1975 roma. B skcmepumeHTe ydyacTBO-
Basio 60 yenoBek u3 36 cemeii. Bce yuacTHMKM MCCIeL0BaHNUS
B TeUeHMe JBYX Hefeslb NPUIePKUBAINCh ONIpeeIeHHOrO pa-
LIMOHA TUTaHus, pa3paboTaHHOTrO Ha DBM ¢ UCITO/NIb30BaHMEM
MeTOLOB JIMHEIHOro MmporpaMMupoBaHus. IIpu cocraBieHun
I1eThbl BBOOWINCH UeTKMe paMKu: 1) 1leHbl Ha MPOAYKThI, pac-
cMaTpyuBaeMble 151 BKIIOUeHMsI B PallMOH; 2) Cofep>kaHue mu-
TaTeTbHBIX BEIIECTB B IPOAYKTAX; 3) 1l B 06/1aCTH MUTAHUS,
KOTOpbIe TOJDKHBI ObITh JOCTUTHYTHI; 4) MOTIOTHUTEIbHbBIE OT-
paHMUYeHMsl, OCHOBaHHbIe Ha BKYCOBBIX KaueCTBax MPOIYKTOB
M Ha UX pa3Hoobpasuu. IlomyueHHbIe B pe3y/ibTaTe MCCIENO-
BaHMS JaHHbIe GBIV HEOOXOIMMBI JIJIST BBISIBIEHMS] HEKOTOPBIX
po6JieM, KOTOpbIe MOTYT BO3SHUKHYTb IPU UCIIONb30BAHMUM HA
MpaKkTUKe JellleBbIX OUeT C HU3KUM COAepsKaHMeM HUTaTesb-
HBIX BellleCTB. ABTOpBI B paboTe [11] MCTIOMB3YIOT cUCTEMY 06-
MeHa /ISl TUIaHMPOBaHUsl MeHI0. BapMaHT 3aMeHbl TPOJyKTOB
MpeAJiaraloT M3 TOV ke IPYIILI (HallpuMep, 3aMeHuB 1/2 vam-
KM MakKapoH Ha 1/3 vamiku 6eoro puca, MOCKOAbKy 06a Mmpo-
JIyKTa HaXOIATCSl B KATeropuu Kpaxmajaocogepxamumx). Tem He
MeHee B paboTe He YIUTHIBAETCSI COBMECTMMOCTD IMPOTYKTOB 13
pPa3HBIX KaTeropuii, a Takke pasmepsl mopuuit. B pabore [12]
aBTOPBI YOENSIOT BHMMaHNMe NUIIEeBbIM MMPeaoYTeHUSIM YeJio-
BeKa MPU PacCMOTPEHUM MOTPEeOGHOCTEl B MUTAHNUY, HO UTHO-
PUPYIOT COBMECTUMMOCTb MeXIY OTIeNbHbIMU KOMIIOHEHTaMU
panyoHa. JITaHHbI/I MeTOJ, MpeCTaBsIeT Moao0p pPeKOMeHIy-
eMbIX NPOAYKTOB B BUE HECTPYKTYPMPOBAHHOTO CHMCKA, HO
He CIIOCOOCTBYeT COCTaB/IIEHMIO peXyMa NMUTaHMS Ha 3aBTpak,
o6en u yxkuH. [IpobiemMa B IpUMeHeHUM JMHENHON ONTUMMU-
3alMM CBSI3aHA B MEPBYIO OYepelb C TeM, UTO M3-3a GOIBIIOTO
KOJIMYeCTBA OTrPaHMYEHUII CHIDKAeTCSl Pa3pelIMMOCTb 3aJaun
[7]- [loaTOMY paccMOTpeTb MHOXeCTBO (aKTOPOB, TakuX Kak
MOTPEOHOCTh B MUINEBbIX HYTPUEHTAX, MPEAIIOYTEHNS B eJie,
pa3Hoo6pasye M COBMECTUMOCTh, HEBO3MOXKHO.

Jl1s1 co3panms epCOHANM3MPOBAHHBIX TPOTPAMM MMUTAHMUS
B paborax [13-17] 3ameiicTBOBAaH METa3BPUCTUUECKUI TTOIXOS,
C JCIIO/NIb30BaHMEM TeHeTUYeCcKMX aJropuTmoB. Mcciaemoa-
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Hue [14] cBsI3aHO € MpMMeHeHMeM reHeTMYecKoro ajaroputMa
¥ MeTOoZa posl 4acTull, IJj1s1 KOHCTPYMPOBaHUSI palMOHa MUTa-
HMSI CIIOPTCMEHA C 11eJ1bI0 TOBBICUTD €ro MPOU3BOAUTEIbHOCTD
C yYeTOM MHIMBUAYAJIBHOIO KOMILIEKCa yIpakHeHuit. Camo-
afANTUPYIOWIUICS TUOPUOHBIN TeHETVUECKUI aaropuTM [Jis
COCTaBJIeHUSI MEHI0 Mala3uiCKUX HIKOJIbHMKOB B BO3pacTe
ot 13 no 18 ner omucan B pabore [15]. DYHKIMS Leau CIUTa-
€TCsl JOCTUTHYTO, eciy yIOBIeTBOPEHB] BCe peKOMeHAyeMble
HOPMBI TIOTPe6IeHNSI MUTATETbHBIX BEIeCTB ¥ He IpeBbIle-
Ha YCTaHOBJEHHasi 9KOHOMMYeckasi cocTaBisiomas. B pabore
OTMeuaeTcsl, UTO COCTaBJIeHHble PAIlMOHbI MUTAHUSI HE ObUIM
OLIeHEeHbI SMITMPUYECKM IKCIIepTamMy B 06/1acTy MUTaHUS (HY-
tpuiimonorun). Seljak B. K. [16] mpuMeHsieT MHOTOYPOBHEBbIA
TeHeTUYECKUI QJITOPUTM «pasfdessii U BIACTBYii» (JeKOMITO-
3MLMM) OJI1 KOHCTPYMPOBaHMS pallMOHa NuTaHusg Ha N JHeii.
B kauecTBe orpaHnyeHmii: 1) 5KOHOMMUUECKIE 3aTPaAThI; 2) 3CTe-
TUYeCKMe TapaMeTpsl (BKyC, I[BET, TeMIlepaTypa ¥ CII0C00
MIPUTOTOBJEHUS). /sl TIONTyUeHMsl pelieHus1 TpeGyeTcss He Me-
Hee 250 uTepaluii, KOTOPble 3aHMMAIOT OT HECKOTbKUX MUHYT
[0 HEeCKOJIBKMX 4acoB. Bce 3aBUCUT OT KOJIMUYECTBA MPOAYKTOB
v 607, B paiMoHe nmuTaHusi. B pabore [17] aBTOPHI UCITONb3YIOT
TIOTTY/ISIPHBIN TeHeTUYeCKUil aarOpUTM COPTUPOBKM 6e3 ZoMM-
HupoBaHus (Non-dominated Sorting Genetic Algorithm IIT min
NSGA-III). B cBoeM nccienoBaHuy yyeHble IIOABEPraT pacCMO-
TpeHuIo: 1) CTOMMOCTb IPOAYKTOB; 2) MPEANIOYTEHNS TTOTPeO-
Teseit; 3) crocob MpUroToBIeHNs 6II0AA; IPU STOM YUUTHIBAIOT
eXeJJHeBHbIe OTPaHMYEeHMSI MUTATeIbHbIX BEIeCTB JJ151 KaXXI0r0
npuemMa NUIHM (AMarna3oH MUHMMYM — MaKCUMyM). [leTanbHbIi
0630p JaHHBIX MCCIeA0BAHNI ITpeicTaBieH B cTaThe [18]. C mpy-
roii cropoHsl, Bianchi L. et al. [19] u El-Ghazi T. [20] oTmeuator,
YTO METa’BPUCTUYUECKUIT TTOAXOM He TapaHTUPYeT IMI00aTbHOTO
OTNITMMAJIbHOTO DelleHNs, & CKopee 06ecrieunBaeT «Xopoliee»
pellleHMe 3aaull.

B pa6orax [21-24] MCIoOab30BaHbl METOMIbI PACCYKIEHMI
[0 TpellefeHTaM. YueHble M MCCAeHOBAaTeNM MbITAIOTCS pe-
KOMEeH/I0BaTh MPOrpaMMbl MUTAHUS IIyTEM OIpefeseHus] Ha-
uiaydiieil M3 Habopa CYIEeCTBYIOIIMX, a 3aTeM aJalTUpPYIOT
UX JJIs1 VIOBJIETBOPEHMS MOTPeOHOCTell 11e/1eBOTO MalMeHTa,
nepecmarpuasi MeHto. Husain W. ¢ coaBropamu [21] B cBO-
eM JMCCIeOBaHUM TIpejJiaraloT IepCcoOHaAM3UPOBAHHYIO CU-
CcTEeMY peKOMeHIaluii 1o AueTe 1jsi 60JIbHBIX pakoM. B Heit
00beJMHEeHbI MEeTOABl MHTEIIeKTYaJIbHOTO aHaIM3a JaHHbIX,
OCHOBaHHbIe Ha MpelLefeHTHOM pacCyKAeHUM, pacCyKAeHUN
Ha OCHOBe MPOAYKUMOHHBIX MpaBwmi «Ecin..., To...» 1 Ha re-
HeTHYeCckoM ajnroputme. [IpomyKUMOHHBIE TpaBuia HeobXo-
IOVIMBI U1 GUIIbTPAIVY HepeleBaHTHBIX BapMAHTOB MEHIO 13
CUCTeMBI ¥ 1JIs1 BbIGopa Haubosee moaxoasiero. Mcmnomb3oBa-
HJe TeHeTMYEeCKOro aAropuTMa Ha KOHEUHOM 3Talle CoCTaBlie-
HMS pallOHa IUTaHUS rapaHTUPYeT, YTO 1IpejjiaraemMasi JueTa
6ymeT aJanTMpoBaHa B COOTBETCTBUM C JMYHBIM COCTOSIHMEM
3[0POBbsI KOHKPETHOTO MaleHTa. B pabore [22] [Jis co3maHus
MEHIO IIUTAHUS COUETAIOT PACCYKAEHMS C MEXaHUM3MOM 06paT-
HOJ cBsI3U. Ha OCHOBe MHAMBUAYAIbHBIX TIOTPEOHOCTE B M-
TaTeJbHBIX BeIecTBaX IIPOMCXOANUT paHXMPOBaHMe I1abIoHa
MEeHIO C IIpUBJeYeHMeM Bpauya-IueTosora Wiy HyTPULIMOJIO-
ra. JIJiss KOppeKTHOI paboThl CUCTEMBI HKCIEPT L0OaBUI B Hee
330 n3MeHeHMI1, KOTOpble 6a3MpoBanuch Ha npasuie «Ecin...,
TO...» [23]. Petot G. J. ¢ coaBTopamu [24] ajist BbI6GOpA TYUIINUX
61107, MCIIOB3YIOT MIAGIOH U OrpaHMYeHys: 1) 1o HIDKHEMY
Y BepxHeMy IIpellelly B MMIIEBbIX BelllecTBax; 2) MpefIouTe-
HMS I0/Ib30BaTes o nponyKkramM. OfHaKo aBTOPbI B CBOEM JC-
CJlelOBaHUM OTMEYAIOT, YTO HEKOTOPbIE U3 CreHePUPOBAHHBIX
MEHIO COfepKaT «CTPaHHbIe» KOMOMHAIMM ITPOSYKTOB ITNTa-
HMSI ¥ IMILEHbI 3[paBOro CMBbICIA.

HeueTkas JIoTMKa Mpy COCTaBIeHUY MeHIO ¢ yueToM podu-
JIs1 anyeHTa MpeacTaBiaeHa B paborax [25-29]. B ucciemoBanum
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[27] B KauecTBe MCXOOHBIX HAHHBIX MCIIOIb3YIOT PE3YIbTaThl
CeMaHTUYECKOTO aHa/ln3a O COCTaBe IMeThbl, BBIOPAHHOI TOMb-
30BaTeneM. B pesysnbraTe MOTPeOUTENb TOMydYaeT IOe3HYIO
MHGOPMALINIO O CBOEJT IMeTe U MOKeT M3MEHUTD ee, ¢ienaB 60-
Jiee TIOJNI€3HO¥ JyIs 3M0pOBbsl. B paborax [25,26] aBTOPHI Mpej-
CTaBJISIIOT pellleHNe, KOTOPOoe HalpaBIeHo Ha MalMeHTOoB, CTpa-
JAloMMX caxapHbIM IuabeTom. B KauecTBe BXOOHBIX JAaHHBIX
YKa3bIBAIOTCSI MPOAYKTHI, MOTpebisieMble Ha 3aBTpak u ober,.
B pesynbraTte opmupyeTcss peKOMeHIyeMbIii pasMep MOpLUUK
M KaJIOPUITHOCTD IJI Y3KMHA. VCIIonb3ysl HeYeTKre OHTOIOIUNU
MMIIEBbIX U JMYHBIX Mpoduiet, aBTopel B pabote [28] mpen-
CTaBWIM pellieHye, KOTOpoe MpejjaraeT HecKoJIbKO BapMaHTOB
60, M3 KaXKOOVi KaTeropuyu MPOAYKTOB, COOTBETCTBYIOIIMX
TpeGOBaHMSIM K MOPUMSIM Ha YKMH. [JaHHBIII METO[ TOMOTaeT
moo6paTh BapMAHTHI IIPOAYKTOB, HO HE CIIOCOGCTBYET MPUTO-
TOBJIEHUIO [TOJIHOLIEHHOTO y>KMHA.

CylIecTBYIOT pasinuHble MOOWIbHBIE U BEO-TIPUIIOKEHUSI,
CBSI3aHHbIE C TIMTaHueM U 340poBbeM. Kak mpaBmiio, 3TO cyeT-
yMKM Kajopuii, Hampumep, MyFitnessPal [30], MyPlate [31],
MyNetDiary [32] n ip. OHM TOMOTralOT NaleHTaM KOHTPOIMUPO-
BaTh €KeJHEeBHOE IOTpe6IeHne KajJopuil 1 HyTPUEHTOB. B Ka-
YyeCcTBe BXOMHbBIX TAHHBIX MPUIOKEHMS IPUHUMAIOT TTOTPe6Is-
eMble MalMeHTOM IUIIEBbIe MPOAYKTHI, @ TaKXKe MMPOU3BOASIT
pacyeT KolMyecTBa KaJlopuii U HyTPMUEHTOB.

VHCTpyMeHTHI IUIaHMPOBaHMUS NUTaHUs, Hanpumep, Eat-
ThisMuch [33], Fitness Meal Planner [34], MakeMyPlate [35],
Yu-me [36] momoramT CO3[1aBaTb eXeLHEeBHble DPalVIOHbI
Ha OCHOBe HeOOXOZMMOIt KaJOPUITHOCTM, TpenoCTaBlieH-
HOVM mauyeHToM. OOHUM M3 TaKUX MHCTPYMEHTOB SIBJISIETCS
MakeMyPlate [35], MOGMIBbHOE MMPUIIOKEHME, KOTOPOE TPemo-
CTaB/sIET 3apaHee OITMMAJIbHO COaTaHCMPOBAHHBIE B COOT-
BETCTBUM C PeKOMeHJaUysIMM 5KCIIePTOB eXeJHeBHbIe paly-
OHBI MMTaHMS, COOTBETCTBYIOIIME 3aJaHHBIM I10Jb30BaTEIEM
YPOBHSIM KajopuitHOCTU. Kaskablil IJIaH NMUTaHUS MTO3BOJISIET
HaXOJUTb aJIbTePHATUBHbIE BapMaHThI, COXpaHsIsS GajaHC Hy-
TPUEHTOB B Tapejke. BmecTe ¢ TeM B KaueCcTBe HeJOCTaTKa
MOXHO OTMETUTb, UTO ajbTePHATMBHBIN BapMaHT NMUTAHUS
rnaiyeHT 6eper U3 uMemwIeicss 6as3bl JaHHbIX 6€3 IPOBEpPKU
KaJIOPUITHOCTM 3aMeIalolero mMpoayKTa (UTO MOXeT IpuBec-
TU K TIPEBBIIIEHUIO UM CHUKEHUIO PEKOMEHIYyeMOIO YPOBHSI
KaJOPUIHOCTM M KOIMYECTBa MUIIEBbIX HYTPUEHTOB). Kpome
TOro, Mo6uIbHOE TpuiokeHre MakeMyPlate He y4uuMThIBaeT
MpearouTeHMS MaleHTa B eJie.

Ipyroe pemenne — EatThisMuch [33] — nprHKUMaeT B ka-
YyecTBe BXOAHBIX JAaHHBIX OCHOBHYIO MH(OpMAaIMIO O MOIb30Ba-
Tese (11071, BO3pacT, POCT, BeC ¥ YPOBEHb aKTMBHOCTH) B JOTION-
HeHMe K MPOIeHTHOMY COJlepyKaHMI0 TeJleCHOro kupa. Hapsmy
C 3TMM 3aHOCUTCSI TEKCTOBasl MHGOpMaIys: 1) «4TO BbI XOTUTE
crenaTh C BeCOM» — IMOJepskaHue Beca, CHIbKeHe Beca, Habop
Beca M HAbOp MBIIIEYHOI MacChl); 2) MPemIOYTUTENbHbIA TUIT
IMeTbl — Cpelu3eMHOMOPCKas, BereTapuaHckas 1 Ap.; 3) ecTb
JIV TIPEATIOUTEHNS B efie M KaK YacTO Bbl XOTUTE «BUMEThH CBOE
TIpeJIiouTeHNe» B eXKeHelelbHOM pallyoHe MUTaHus. B pesynb-
TaTe MPUIOKEHME BbIJAeT M0Ab30BaTeI0 B KauecTBe BbIBOJA
eKeIHEeBHbIe PAlMOHBI NUTaHMSI. MOOWIbHOE TPUIOKEHME
EatThisMuch wnmeeT HecKoIbKO OrpaHMUYeHMIl. Bo-ITepBBIX,
110/1b30BaTe/Nb MOXeT CO37[aBaTh IIAHbBI NMUTAHMUS TOJABKO Ha
TeKylIuii I1eHb. [IaHMpoBaHMe pallyoHa Ha JBa OHS U Gosee
TpebyeT HOTIOJTHUTEbHOM MOAMICKH, «[[peMuym». BO-BTOPBIX,
HET yJyeTa IpeITouTeHNIT TI0b30BaTesI B TOM W1 MHOM GJTofie
B BU[Ie TPAAVIEHTHO OIIEHKU, HAIPUMED, OT «HEXEeIaTelTbHO»
IO «BechMa IpPearnouTUTeTbHO», UTO 6bII0 61 Gojlee TMOoNIe3HO
IIPU COCTaBIE€HNUM alalITUPOBAHHbIX [JIAHOB ITUTaHUS.

Ele ogHO oHMaiiH-TIpuIoxkeHue 1jis ¢putHeca Fitness Meal
Planner [34] moBTOpsieT GOMBIIYIO YaCTb GYHKIMIA U OTpaHUYe-
Huit mpunoskenus: EatThisMuch [33].
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Bo Bcex MccieoBaHUSX M MOOWIIBHBIX MPUIOKEHUSIX, KaK
MpaBWIO, MCIIONb3yeTCsS KPUTepuit 3HepreTuyeckoii LeHHO-
ct. CIIOKHOCTD IPUHSTHST ONITUMAIbHBIX PEllleHN 1 3aKioJa-
eTCsl B IIepCOHAIM3MPOBAHHOM IIOAXOfe, TIO00pe MPOLYKTOB
U GI0[ B palMOHEe MUTaHMS C YUeTOM TeHeTUKU U MeIUKO-
OGMONOTMYECKUX TPeGOBaHUI, CTPYKTYPHBIX COOTHOIIEHMIA
M OTPaHMUEHMIT HAa KOMIIOHEHTHOM, 3JIeMEeHTHOM ¥ MOHO-
CTPYKTYPHOM YPOBHSIX.

B cBsI3M €O BCeM BBIIIeCKA3aHHBIM I1eJTb JAHHOI paboThI 3a-
KIovaeTcs: B GOpMUPOBaHUM METOLOOT MY OIITUMM3ALIUY TIep-
COHAIM3UPOBAHHbBIX PALIMOHOB MUTAHMS.

2. Marepuaibl ¥ METOMbL

I[Tpu cocTaBneHUU U OLIeHKM pallOHa MUTaHMSI UCIIOIb30Ba-
7 6a3y naHHbIX «KynuHapHble usgenus u omopa» (CBUgeTenb-
ctBO PocmatenT RU2021621286 ot 17.06.2021 1.).

CTPYKTypHAast ONTUMM3AIMS PAllMOHA MUTAHMS, CBSI3aHHAs
C M3MeHeHMeM COOTHOIIeHMII ¥ TPOIOPIMii MOTPeOITeMbIX
MPOLYKTOB, OCYLIECTBJSIETCS C TpPMMEHeHMeM KBaApaTuy-
HbIX KPUTEPUEB MMUHMMAIbHOTO OTKJIOHEHMS OT 3TAJTOHHOI
CTPYKTYPbl MHOKECTBa IOKasaTeseil HyTPUEHTHO! aJeKBaT-
HocTH [39].

Co3paHne 3HaHME-OPMEHTVPOBAHHOV KOMIIBIOTEPHOI CUC-
TeMbl TTOAAEPKKM TIPUHSATUSI PelIeHNit OCyIecTBSIach B IPo-
rpaMmMHOi cpeme Embarcadero Delphi Ha sI3bIke OOBEKTHO-
OPMEHTMPOBAHHOTO porpamMmmypoBanus Delphi.

3. Pe3ynbTaTsl M 00CYKAEHUE

IIporpamMHas peanmmsauyss ONTMMM3ALUM II€PCOHAIN-
3MPOBAHHBIX PAIIIOHOB NMUTAHUS OCHOBaHA Ha 6a3e 3HAHMIA
B BUJle CTPYKTYPHO-IIapaMeTpU4yeckoro onucanus [37] MHo-
skecTBa (aKTOPOB reHOTUIIA U TTepeMeHHbIX PU3MOIOTUYECKO-
T'O COCTOSTHMSI KMBOJI ccTeMbI. [eHeTHUeckue 1 pusnonornye-
CKJe XapaKTepPUCTUKM OPTaHM3Ma YyesloBeKa, ero yriIeBOLHOrO,
JUNNUAHOTO U 6enKOBOTO o6MeHa MPaKTUUecKM MOTYT ObITh
orpeJiesieHbl B IIpoOllecce TeHeTUYEeCKO SKCIepTU3bl U Meu-
LIMHCKOTO 06C/Ieq0BaHMs, B YaCTHOCTY Ha OCHOBEe OMOXMMMUYe-
CKOro a”any3a KpoBu. CTPyKTypHO-IIapaMeTpyudeckass MOAeb
(CIIM) mepcoOHa/JIM3MPOBAHHOTO afeKBAaTHOTO MUTAHUS Yeso-
BeKa COCTaBJ/ISIeTCs Ha OCHOBE 3HaHUiA, colepiKalluxcs B Ia-
pamMeTpu4yecKoM OIMCAHUM YeJI0BeKa, M ero IpearnodyTeHui
B panuoHe mutanusi. CIIM mpencrtaBiseT co60i KIETOUHYIO
Matpuny [38,39] (PucyHok 1) u oTpaxaet Bce MHOroo6pasue
CYLIeCTBYIOIMX M3BECTHBIX M HEM3BECTHBIX CBSI3€Ml MeX-
Iy TEHOTUIIOM YejoBeKa, MepeMeHHbIMU (GU3UOIOTUYECKO-
IO COCTOSIHMS 4Yejl0OBeKa M IapameTpaMy pallMOHA M pexuma
MIUTaHUS.

B Tabmuie 1 mpemcTaBieHa 4YacTb OOOOUIEHHBIX JAaHHBIX
¥ 3HaHUI 0 YacTO BCTPeYaeMbIX reHOTUIIaX, KOTOPbIe acCOLMM-
DYIOTCSI C TIPOSIBJIEHMEM OOJIE3HEHHBIX COCTOSTHMI [40,41].

J1st cocTaByieHusT aleKBaTHOTO C6aIaHCUPOBAHHOTO PallM-
OHa MUTaHMS C YUETOM «IIacliopTa 34,0POBbs» YeoBeKa, pucka
3a00/€BaHMIi U CTATyca >KeNyAOYHO-KUIIEYHOTO TpaKTa MC-
TOIb3yeTCsl AMaaoroBbiii anroputM (PucyHok 2). ITo onmcanu-
SIM MeIVKO-OGMOIOTMYEeCKOTO COCTOSTHUSI UeIOBeKa, a TAaKKe 110
6momapkepaMm GopmupyeTcss mnapameTpuueckas MOAeNIb ero
aJleKBaTHOTO NMUTaHUS B BU/I€ KOHKPETHBIX I1apaMeTpPOB, HOPM
M COOTHOIIEHMIT TPeOyeMBbIX MUIIEBBIX BEIIECTB ¥ KOMIIOHEH-
TOB B CyTKHU [42,43].

[Ipy nocTpoeHUM napaMeTpu4ecKoil MoJeny yeaoBeka He-
00XOIMMO YUUTBIBATDH CIeLyIolIye I'PYIIbl CBOMCTB: 1) aHKeT-
Hble JaHHbIe (BO3DacT, MoJ, ¢usnyeckasi akKTUBHOCTb, PETMOH
NIPO>KMBAHMS, BUJ, €S TEIbHOCTH, ICUXO0IMOLIMOHATbHOE COCTO-
SIHMe U T.[.); 2) KpUTHUeCKMe ITapaMeTphl (MHIEeKC Macchl Tena,
aprepuanbHOe JaBjieHle, YPOBeHb [TII0K03bl, MHIEKC aTeporeH-
HOCTU U T.[1.); 3) BTOPOCTEIIEHHbIe [T0Ka3aTeny (IIULeBble IIpefi-
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PI/ICyHOK 1. CprKTypHa}I MaTpU4YHasA MOJAeJ/Ib IIEPCOHA/IM3VPOBAHHOIO IIMTAHMS Ye/IOBEKa
Figure 1. Structural matrix model of personalized human nutrition

Tabnuua 1. XapakTepucTUKU reHoTunos [40,41]
Table 1. Characteristics of genotypes [40,41]

Pe>xuMm nuraHus / H
Ten/SNP TeHorun ITaTonorus HpeaIoYTUTETbHBIN adaino
TUII JUEThI

Oco6eHHOCTH JKMPOBOTO U YIVIEBOZHOTO 06MeHa

PPARG (Pro/Pro) OxxupeHue [lvieta c HU3KUM 1. «ITacriopT 350pOBbSI»
rs180128 CaxapHblit 1uabeT cofep>kaHyeM KMPOB 2. Hopmb! 1oTpe6enmst
ADRB2 (GIn/Glu OxupeHne Jlneta ¢ HU3KUM MMINEbIX BeLeCTB ¥ SHepruu
rs1042714 Wi CaxapHblit iuabet collepskaHueM yIJIeBOOB
Glu/Glu) ¢
ADRB2 (Arg/Gly OskmpeHne lyera c HU3KUM
rs1042713 W cofiep>kaHyeM yIJIeBOA0B [TapameTpuueckoe onucaHue
Gly/Gly) Mob6unusaumyst JKIPOB paLVOHA IUTAHMS
ripu GU3MIeCKoit Ha-
rpyske ¢
ADRB3 OskupeHne Ddusnyeckue Harpy3Ku.
Konupyer 6e- HusKoyrIeBogHast AHanu3s 1 oLieHKa eXXeJHeBHOr0O
TIOK, BbIpata- ¥ HU3KOXKMPOBAsI AVEThI panyoHa NUTaHus
THIBAIOIINIACS —
B BUCLepallb- r*
HOM XHnpe
Y JKMPOBBIX
Iero.
SR (T/C TToBbIlIeHHAST CKTOHHOCTh JueTa ¢ HU3KUM Pamyion
(HTR2A) i K VIMITY/ILCYBHOMY ITATa- cozepyKaHeM c6anaHCHpoBaH?
156313 C/C) HUIO, TIOBBILIEHUIO arllie- YITIeBOL,0B
TUTA Y TEHAEHIUN «3ae- Pexomenpanumn
AaTb CTPece». VBenuyeHue 10 PEXMMY ITUTaHUSsI
MHpekca maccol Tena
(«cpenHss» IpefpacIono-
JKeHHOCTb K M36BITOUHOI CrpykTypHas ONTUMM3ALMS
Macce Tena) panMoHa NUTaHusI
KCTD10 (G/G) OskupeHne JlyeTta c HUBKUM ¢
rs10850219 collepskaHueM yIJIeBOOB
MMAB (©0 Oxnpenne flnera C HM3KIM PucyHOK 2. BJIOK-cXeMa JMaI0roBoro airOpuTMa aHaIN3a,
rs2241201 cofepskaHyeM yIJIeBOLOB
OLIeHKM ¥ ONTMMM3aL VM paluyoHa NUTaHUSA
LIPC (C/C) OskunpeHne Jvera ¢ HM3KUM Figure 2. Block diagram of the dialogue algorithm for the analysis,
151800588 COZIeP>KaHMEM YITIEBOL0B evaluation and optimization of a diet
FTO (T/T) OskupeHne JlyeTta c HU3KUM
159939609 cofiep>kaHyeM yIJIeBOA0B
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TIOUTEHMs], YIJIEBOAHbINI 06MeH, 06MeH 6eJIKOB, 06MeH JIUIMAO0B
1 T.1.). [lIa6/10H mapaMeTpuuecKoit MOeIu YesioBeKa MpeacTaB-
jied B Tab6nuiie 2.

Ta6nuiia 2. [lapaMmeTpuyeckast MOJe/Ib YeI0BeKa
Table 2. Parametric model of a person

I'pynna
. HaumeHoBaHmMe 11 MeT
CBOICTE aMeHOBaHMe napaMeTpa
AHKeTHbIe Bospact PernoH npoxuBanus (reorpapmye-
IlaHHbIe CKOe, KJIMMaTU4YecKkoe, COIalbHO-
KYJIBTYPHBIE YCIIOBUS)
ITon Bup, TIcuxosmoLiOHaIb-
JleITeIbHOCTM  HOE COCTOSIHMe
Kputnueckne Macca Tena Poct dusnyeckoe pas-
rnapameTpbl (aHTpoTmIOMeTpuye- BUTHE
CKMe JaHHbIE)
Bropocrenen- Ilniesbie VrneBopHblii  MuHepanbHbli
HbIe CBOJICTBA IpeJIouTeHNs obmMeH o6mMeH
O6MmeH 6eKoB O6meH O6MeH KUPOB
aMMHOKMCIIOT

CTpyKTypHasi ONTUMMU3aLMs palioHa MUTaHUSI OCYIeCTB-
JISeTCS C MCIOJb30BaHMEM KBaApPATUUYHOTO KPUTEPUST MUHU-
MajbHOTO OTKJIOHEHMSI OT ITAJOHHONM CTPYKTYpPbl HYTPUEHT-
HbIX IOKa3aTeseil MUIeBOM U SHepreTuYeCcKoi LeHHOCTU IJIs
KOHKDETHOJI IeTepMMHMPOBAHHOJ TPYIIILI JIIOAel. DTaJIOHHbIe
ToKa3aTeNy CyIleCTBYIOT B YCPeTHEHHOM BUE JJISI PA3IMYHbIX
eTepMUHMPOBAHHbBIX Tpynn Jmtofeii. [lepcoHanM3upoOBaHHBIX
pexoMeHIanuit HerT.

Pa6ora ajropuTmMa 3aK/IHOUYAeTCS B IOCAEA0BATEIbHOM
omnpeneneHny aycbaniaHca mo k-My sJieMeHTY TPy OTpaHUYeHM-
SIX 10 06IIeMy 06beMy CYTOUHOTO PalyiOHa ¥ IO AOMYCTUMbIM
rpenenamM M3MeHEeHMsI MacCoBOM Hoau (06beMa) j-TO MPOLYKTa
B paliOHe muTaHusl. B ciyuae meduuura k-sjgeMeHTa MPOMUC-
XOOUT MUHUMM3ALMS ITyTeM yBeJIMUEeHUSI 0 BepXHEro mpeena
MAaccoBOJi TOMM OMHOTO MPOAYKTA Y, C MAKCUMAJIbHBIM YI€/lb-
HBIM comepxanuem b, nepuuurHoro snemenra. CokpaieHme
MacCOBOJ IOV BO3HMKAET TAaKKe 3a CUYET COOTBETCTBYIOIIETO
YMEeHbIIIeHUs 0 MUHMUMYMa MacCOBO A0 APYTOTO MPOAYKTA

Y. ¢ MMHMMA/IbHBIM YAEIbHBIM cofiepxkanneM b"" k-ro snemeH-
Ta. B ciyyae u36bITKA CTPYKTYPHBIA CABUT CIeIyeT B MPOTUBO-
TIOJIOKHOM HarlpaBieHuu. B pesynbTaTe MepepacrpeneneHus
MAaCCOBBIX [0JIeli BhIOPaHHOI Mapbl MPOAYKTOB 1O Y, 1 yr"“'”
ToslyyaeM HOBOe YIyYIIeHHOe 3HaueHyue KPUTEPUST ONTUMM-
3aiMu. BennunHa nepepacrpeneneHnss MacCOBBIX T0Jeli KOM-
TIOHEHTOB BbIOMPAETCSI, UCXOJSl U3 OTPAaHMYEHUSI 110 3aJaHHBIM
npenenam y,"" u yr””'”, a Takke 13 OTpaHMUEHUS] TI0 OOIIemMy
06beMY paloHa:

6= min {Ayk’ Aykmux’ Aykmin}’

y,— IOITYCTUMOe YBeJIMueHye MaccoBoii 1omu [-ro mpo-

max _

rae Aykmax: 1
myKTa;
Aykmin= yp - y;m'n — A0IyCTMMO€ YMEHblIeHne MaccoBOi A0 p-To
IIPOAYKTA.

HoBble 3HaueHMsT MacCOBBIX OO/l OIPedensIoTCsS Kak
Y/ =y*8y, =y,-8.

[Mpouenypa MOBTOPSIETCST CO CIeAYIOLeil mapoii MPOLYyKTOB
IIJIS Tiepepachpee/ieHns UX MaCCOBBIX [Iojieli OO0 JOKaJIbHOTO
MUHMMYMa 1o k-My 371eMeHTYy. [Ipoiiecc Mpoao/sKaeTest 10 UC-
yepraHus BCeX BO3MOKHOCTEJ IepepacIipee/ieHnss MaCcCOBBIX
Jlorneli KOMIIOHEHTOB C TOJlyYeHMeM B UTOTe aJibTePHATUBHOTO
BapuaHTa paloHa C MMHMMAaJIbHBIM OTKJIOHEHMEM K-TO 3jie-
MeHTa OT 33JJaHHOTO HOPMAaTMBHOTIO 3HAUEHMS B CTPYKType ac-
COPTMMEHTA aIeKBAaTHOTO IUTAHMSI.

[Ipy TpakTMUYECKOM amnpo6MpOBaHMM aJITOPUTMA OCY-
1IeCTB/IEHO KOHCTPYMPOBaHMe pallMoHa MUTAHUS s CTYIeH-
TOB C Mpo6aeMaMy KeJTyIOUHO-KUIIIEUHOTO TPaKTa Ha OCHOBE
KOHKPETU3UPOBAHHBIX MeIUKO-OMOIOIMUYeCcKUX TpeOGOoBaHMIA.
C yueToM 9T0# MHGOpMaINy MpoBeieHa KiacTepusalius B 6ase
IaHHBIX «IIuIeBble TPOAYKThI» U MOJIyYEeH CITUMCOK MPOAYKTOB
u GJTI0N, TI0 KaTeropusM (cajaThbl, IIepBbie, BTOPbIe 611014, rap-
HUD U Ip.), KOTOPbIe OB UCIIOTb30BaHbI IIPY COCTABIEHUA pPa-
LIIOHA ITUTaHMSI.

B pesynbTaTe CTPYKTYPHOI ONTUMM3AINMA ObUTM TIOTyUeHbI
BapMaHThl PAlMOHOB JJI TMPOQUIAKTUKM 3a60/IeBaHUIA KeTy-
JIIOYHO-KMILIEYHOr0 TpakTa y mononmexxu. Ha PucyHnke 3 npepn-
CTaB/IeHa OIHA M3 IIPOrPaMM IUTAHMUS.

BrTaMuHbl MuHepanbHbie Belecrea

3aBTpak Bbixog, | benku,| XXuphbl, | Yrnerogsl, | 9H.ueH.,| C B2 | B1| PP E Ca Fe P Mg

7 r. r. r. KKan MI. | MI. | M| Mr | Mr. M. M. M. M.
1. Kawa u3 xnonwes "lepkynec” 125 3,00 | 5,00 18,50 131,25 | 0,00 |0,03|0,09( 0,25 | 1,38 | 23,75 | 1,00 | 87,50 | 36,25
C Macnom CruMBOYHbLIM 5 0,03 | 413 0,47 37,40 | 0,00 |0,01|0,00| 0,01 | 0,01 | 1,10 | 0,01 0,95 0,15
2. Bynouka "CryaeHueckan” 1730 2,20 | 1,50 16,10 86,70 | 0,00 |0,06(0,09| 1,62 | 0,00 | 24,42 | 0,99 | 0,00 0,00
BUTaMUHU3UPOBAHHAA
3. CbIpoK NnasneHbIn "PogHUUOK" 1720 4,60 | 3,80 0,00 52,60 | 0,00 |0,00|0,00( 0,00 | 0,00 | 152,00| 0,16 | 90,00 | 8,00
4. Kakao ¢ Mornokom 200 3,92 | 0,65 68,74 129,22 | 0,52 |0,17{0,04| 0,13 | 0,07 | 140,00 0,61 | 117,29 | 29,05
Wroro: 13,75 15,08 103,81 43717 0,52 0,27 0,22 2,01 1,46 341,27 2,77 295,74 73,45

BuTamuHb! MuHepanbHble BellecTea

Obep Bbixop, | Benku,| Xupbl, | Yrnesoabl, | 3H.ueH.,| C B2 | B1| PP E Ca Fe P Mg

B r. 5 T. KKan M. | ML [ MEL[ mr | ML M. M. M. MF.
1. Canar MACHOI 100 530 | 15,80 7,90 219,00 | 7,70 |0,10(0,07| 0,00 | 7,10 | 28,00 | 1,10 | 78,00 | 21,00
2. Cyn puCOBbLIfi Ha 0TBape 0BOLLHOM 300 6,6 6,6 171 153 (16,40|0,10|0,10| 1,97 | 1,38 | 24,06 | 1,35 | 100,75 | 31,55
C hpuKagenbkamMu MACHLIMU
3. Pbiba, 3aneyeHHan ¢ kaprogenem, 250 17,25 | 10,25 12 230 |12,42(0,19(0,17| 2,63 | 1,91 (127,14| 1,32 | 264,71 | 43,99
no-pyccku
4. Xne6o6ynouHoe uagenue "ToHyC" 60 7,20 | 0,54 25,20 129,60 | 0,00 (0,30(0,50( 4,30 | 0,00 | 26,40 | 7,02 | 342,00 | 87,60
5. KOMNOT U3 BULLUHU 200 1,20 | 0,60 47,40 202,00 | 4,00 |0,04(0,04| 0,40 | 0,40 | 20,00 | 0,80 | 34,00 | 16,00
Wroro: 37,55 33,79 109,60 933,60 40,52 0,73 0,88 9,30 10,79 225,60 11,59 819,46 200,14
BCEIO: 51,30 48,87 213,41 1370,77 41,04 1,00 1,10 11,31 12,25 566,87 14,36 1115,20 273,59

Oenok | xup | yrneBogb!
1,05 | 1,00 4,37

PucyHoKk 3. PanivioH nutaHus 0jisi npoduIakTUKY 3a60/IeBaHMI JKeIyI0YHO-KUIIeYHOTO TPAKTa,

PeKoMeH yeMblii Ji/Is1 HIKOJIbHO WUIU CTYAeHYeCKOl CTOI0BOM
Figure 3. Diet to prevent gastrointestinal tract diseases, recommended for a school or student canteen
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BpiBOIbI
B03MOKHOCTH COCTaBJ€HMS MePCOHAIM3UPOBAHHOTO pa-

LIMOHA NMUTaHMUs 4yelOBeKa HAIpPSMYI0 CBsI3aHa C pa3BUTUEM
UMGPOBBIX TEXHONOIUI. TOMTBKO OHU TO3BOJSIOT YYECTh BCE
HeoOXomuMoe pasHoo6pasyue (aKTOPOB: WHIAMBUAYATbHBIE
(usmonornyeckme xapakTepuCTUKM (Ipymra KpPoBU, YPOBEHb
IJIIOKO3bI B KPOBU, MUKpo6MoTa, cpepa XXKT u T.4.), Mopdo-

MeTpuUecKue IapaMeTphbl

yeJi0OBeKa, aHKeTHble JaHHbIe

(Bo3pacrt, 1o, pocT, BeC, MHIEKC MacChl TeJa U T.7.), YDOBEHb
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13.

14.

15.

16.

17.

18.

19.

20.

¥ XapakTtep TpaHcdhopManuy HYTPUEHTOB TOf [eiiCTBUEM
dbepmenTHoii cuctembl JKKT 1 nX yCBOSIEMOCTb.

AnroputM GopMUpPOBaHMS TTePCOHATN3UPOBAHHOTO TUIIE-

BOTO palyoHa pa3paboTaH M ampoOMpPOBaH C MpUMeHeHUeM
MeTO/Ia CTPYKTYPHO! ONTMMM3ALMM KOMIUIEKCA MapaMeTpOB,
BKJTIOUAIOIINX COLMOKY/IBTYPHBINA 1 (OU3MOTOTUYUECKUIT CTATYC
MOTEHI[UATbHOTO TMOTPEeGUTENSs,, Pe3yabTaThl CEMAaHTUUYECKOTO
aHa/M3a MpearnoYyTeHnit  Opyrue moKasaTesn.
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N3YYEHUE BO3MOXHOCTHU BbIPABOTKMU
ITOJIYTBEPABIX CbIPOB 13 3AMOPOJXEHHOTI'O
KO3bEI'O MOJIOKA

MopasuHoBa B. A., CBupuaenko I. M., Octpoyxosa U. J1.*, Octpoyxos [I. B.

Bcepoccuiickmit HAyUHO-MCCIeIOBATENbCKM MHCTUTYT MaCIOAeN s U coipoaenusi, Yriud, SIpociaBckast 0671acThb, Poccnst

Hayunas ctaTbs
Open access

K/TIOYEBBIE CJIOBA: AHHOTALUMA

K03b€e MOJI0KO, 3aMOPAXUBAHUE, B cTaTbe npencTaBieHbl Pe3ybTaThl MCCIeL0BaHNSI II0Ka3aTeseli KauecTBa MOy TBEPAbIX CbIPOB, BLIPAGOTaHHBIX
deppocmayusi, celponpuzooHsle 13 1epoCcTMPOBAHHOTO KO3bEr0 MOJIOKA. B KauecTBe 0GbEKTOB M3yUYeHMsI UCII0b30BaIM HATypasibHOe 1 Tedpo-
ceoticmea, nosiymeepoblii coLp, CTUPOBAHHOE KO3be MOJIOKO, ITOTyTBEPAbIe ChIPBI C HU3KOH TeMIIepaTypoii BTOporo HarpeBaHus. MccienoBaHust

opzaHoienmuueckue nokasameau  n1edpoCTUPOBAHHOTO KO3bEIO MOJIOKA MPOBOIWIM Yepe3 6+ 1 cyT ero xpaHeHus mpu temmeparype mutyc 18 °C
¢ mocnepywoouieit nedpocrauneit mpu Temiepartype 37%2°C B TeueHre 60 MUH; COCTaB HATYPaJIbHOTO KO3bETO
MOJIOKA pacCMaTpUBAJICS ITOC/Ie XpaHeHNsI B TeueHue 24+ 12 4 mpyu Temniepatype 4+ 2 °C. YCTaHOBJIEHO, UTO 3aMO-
pakuBaHyue MOJIOKA U Ioc/Ieyomas ero AedpocTrauyst He OKa3aay BAMSHUS Ha XMMUYECKMIi COCTaB MOJIOKA M Ha
ob1iee coepkaHye MUKPOOPTaHM3MOB, OLHAKO KOIMYEeCTBO COMaTHUECKMX KJIETOK YMeHbIIMIOCh. ChIPBI BBIPa-
6aThIBa/IY 110 TPAOUIMOHHO TEXHOIOTMYECKOH cXeMe MOTyTBEePAOTro ChIpa C UCIIOIb30BaHMEM TPOM3BOCTBEH-
HOV Me30pWIbHO-TepMOGUIbHOI 6aKTepuanbHON 3aKBacKy. He GbIIIO BBISIBIEHO 3HAYMMOTO BIMSHUS ITpoLiecca
3aMOpaskMBaHYS KO3bEro MOJIOKA Ha ero TeXHOJIOTMYeCKMe CBOMCTBA: MPOIO/IKUTETbHOCT 0OPA30BaHMSI CIYCT-
Ka B 000MX BapuaHTax coctasisuia (30+ 1) MUH, TPOJOIKUTENIBHOCTh 06paGOTKY ChIPHOTO 3epHa — (90+2) MUH.
VYpoBeHb cuHepesuca cocTaBuI B KOHTpoJie (55+2)%, B OMbITHBIX BapuaHTax — (55 *6)% 1 Haxomu/Ics B Ipefenax
NorpelrHocTy Metofa. CTeneHb Mepexo/ia CyXMX BellleCTB B CBIBOPOTKY COCTaBM/Ia: B KOHTpone — (7,26%0,21)%,
B omnbiTe — (7,21%0,32)%. BpIs10 yCTaHOBIEHO OTCYTCTBYE PA3/INuMii B CTeIIeH) IIPOTe0nn3a B CbIpax U co3peBa-
HUU. 3HaYeHMsI KMCIOTHOCTY KMPOBO# (hasbl B ChIpax 13 HATYPAJIbHOTO MOJIOKA GbUIM BbIlle B CPABHEHUM C ChI-
pamy 13 nedpoCcTMPOBaHHOIO MOJIOKA B cpefHeM Ha 15%, HO TeMIIbl M3MeHeHMsI KUCIOTHOCTY KUPOBOi dasbl
ObUTM MIeHTUYHBL. [IpK 3TOM conepskaHue JOCTYITHOTO KUpa B ChIpax 000MX BapUMaHTOB GbUIO COMOCTaBUMO. Op-
raHoJIeNITUYeCKMe TIoKa3aTey CbIPOB B KOHAMIMOHHOM Bo3pacTe 60 CyT MMesu CXOXKMe XapaKTepUCTUKM Kak Mo
CTeTeHy BhIPAKeHHOCTH ChIPHOTO BKYCa, TaK U 10 XapaKTePHBIM JIJISI CBIPOB M3 KO3beT0 MOJIOKA BKYCOBbIM HOTaM
«OCTPOTa» U «IMKAHTHOCTh». KOHCMCTEHLIMS CbIPOB 060MX BapMAHTOB XapaKTepu30Baiach Kak OFHOPOIHAs, yMe-
PEHHO TUIOTHasI. YCTaHOBJIEHO, UTO MPOLeCC 3aMOPakMBaHMsI KO3bero MOJIOKa He CHIKAeT ero ChIPONIPUTOIHbIe
CBOJICTBA ¥ KAYECTBEHHbIE XapaKTePUCTUKY BbIPAOOTAHHOTO U3 HEro IMOMYTBEPAOro ChIpa.
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paJIbHOTO HAYYHOTO LIeHTpa MUILeBbIX cucteM uM. B. M. Top6aToBa Poccuiickoit akageMun HayK.
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STUDY OF THE POSSIBILITY OF PRODUCING
SEMI-HARD CHEESES FROM FROZEN GOAT’S MILK

Valentina A. Mordvinova, Galina M. Sviridenko, Irina L. Ostroukhova®*, Dmitriy V. Ostroukhov
All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Yaroslavl Region, Russia

Open access

KEY WORDS: ABSTRACT

goat's milk, freezing, defrosting, The article presents the results of a study of the quality indicators of semi-hard cheeses produced from defrosted
cheese properties, semi-hard goat’s milk. Natural and defrosted goat’s milk, semi-hard cheeses with a low temperature of the second heating
cheese, organoleptic indicators were used as objects of research. Studies of defrosted goat’s milk were carried out after 6+ 1 days of its storage at a

temperature of minus 18 °C and subsequent defrosting at a temperature of 37+ 2 °C for 60 minutes; natural goat’s
milk — after storage for 24+ 12 hours at a temperature of 4+2 °C. It was found that milk freezing and its subse-
quent defrosting did not affect the chemical composition of milk and the total content of microorganisms, but
the number of somatic cells decreased. Cheeses were produced according to the traditional technological scheme
of semi-hard cheese using a bulk mesophilic-thermophilic bacterial starter culture. There was no significant ef-
fect of the freezing process of goat’s milk on its technological properties: the duration of curd formation in both
variants was (30+ 1) min, the duration of processing of cheese grain was (90+2) min. The level of syneresis was
(55%2)% in the control, (55+6)% — in the test versions and was in the range of error of the method. The degree
of transition of dry matter to whey was: in the control — (7.26+0.21)%, in the test — (7.21%0.32)%. It was found
that there were no differences in the degree of proteolysis in cheeses during ripening. The values of the acidity
of the fat phase in cheeses made from natural milk were higher in comparison with cheeses made from defrosted
milk, on average, by 15%, but the rates of change in the acidity of the fat phase were identical. At the same time,

0711 HUTUPOBAHUS: MopaBuHOBa, B. A., CBupugeHko, I. M., Ocrpoyxo- FOR CITATION: Mordvinova, V. A., Sviridenko, G. M, Ostroukhova, I. L.,
Ba, U. JI., OcTpoyxos, [. B. (2023). M3yueHne BO3MOKHOCTM BbIPaGOTKY TOTY- Ostroukhov, D. V. (2023). Study of the possibility of producing semi-hard cheeses
TBepIbIX CbIPOB M3 3aMOPO’KEHHOTO KO3bero Mosoka. [Tuujessie cucmemol, 6(1), from frozen goat’s milk. Food Systems, 6(1), 72-79. https://doi.org/10.21323/2618-

72-79. https://doi.org/10.21323/2618-9771-2023-6-1-72-79 9771-2023-6-1-72-79



MopasuHosa B. A. 1 ap. | MULLEBBIE CUCTEMbI | Tom 6 No 1 | 2023 | C. 72-79

the content of available fat in the cheeses of both variants was comparable. The organoleptic characteristics of
cheeses at the standard age of 60 days had similar characteristics, both in terms of the degree of intensity of the
cheese taste, and in the taste notes of “zest” and “spice”, typical of goat’s milk cheeses. The cheese texture of
both variants was characterized as “homogeneous, moderately dense”. It has been established that the process
of freezing goat’s milk does not reduce its cheese properties and the qualitative characteristics of the semi-hard

cheese produced from it.

FUNDING: The article was prepared as part of the research under the state assignment No. FNEN-2019-0011 of the V. M. Gorbatov Federal Research

Center for Food Systems of the Russian Academy of Sciences.

1. BBegeHmue

Ko3be MO0KO $SIBJISIETCSI YHUKAJIbHBIM MPOLYKTOM C I'MIIO-
a/UIepreHHbIMY U TIUTATEIbHBIMY CBOMCTBAMM, U MPOAYKTHI U3
Hero nmpuo6GpeTaroT Bce GOMBINYI0 MOMYISIPHOCTb Kak 3a pyoe-
5KOM, TaK 1 B P®. BbIpabaThiBaeTCs [OCTATOUHO 6OJBIION accop-
TUMEHT MPOAYKIIUU — MUTHEBOE MOJIOKO, IOTYPThI, MOPOKEHOE,
HO GOJBININIT MHTEepeC MepepaboTYMKOB BbI3HIBAIOT ChIPHI. B eB-
pOTIeliCKOM ChIPOZEIUY MOMYISPHbI MapOUHble ChIPbI KaTero-
pun PDO ¢ 3amuineHHbIMMY HaMMEHOBAaHUSIMU TI0 MeCTY IpO-
ucxoxnenus, takme kak CeHt-Mop, Kporren ge lllaBMHBOID,
Lla6uury me Ilyato, Banmauce, Pokamanyp u ap. [1].

OIHaKO TOBapHOCTb KO3bEro MOJIOKa He BbICOKA. I10 JaHHBIM
«Co103MO0JI0KO», B PO Ha TOTOBYIO ITPOAYKIIMIO B T'Of, Iiepepaba-
TBIBAE€TCS TOJILKO OKOJIO 40 THIC. TOHH KO3bero MOJIOKA, YTO He
npeBbimaet 20% oT 06beMa ero IMpou3BO/ICTBA, T.K. 3HAUUTEITb-
Hasl 4acTb IIOTOMIOBbSI KO3 COCPeJOTOUEHA B IMYHBIX MTOILCOOHBIX
X03SI/ICTBAX C HeOOMbIMMU ymosiMu. HakariMBaHue MOJOKa
IIJIST BBIPAGOTKYM ChIpa MO0 €ro TPaHCIIOPTMPOBKA Ha yHajeH-
HbIe PACCTOSIHUS C 1LIeJIbI0 peann3alum Uin JaabHelein mepe-
paboTKM MoJIpa3yMeBaeT ero MmpeaBapuTeIbHYI0 KOHCEPBAIIUIO,
HarnpuMep, 3aMOPasKMBAHMEM.

B mpaxTuke eBpOITeliCKOTO ChIpofAenusi KOHCepBMUPOBaHME
He6OMbIINX 06HEeMOB MOJIOKA 3aMOPAKMBAHMEM SIBJISIETCS JO-
CTaTOYHO paclpoCTpaHeHHbIM MpueMoM [2]. 3aMopakuBa-
HMe KakK ajJbTepHaTMBa [T KOHCEPBUPOBAHUSI ChIPOTO MOJIOKA
B KpPECTbSHCKO-(epMepCcKMUx XO03siCcTBax Ipe[araercst mjis
oBeubero [3,4], ko3bero [5,6,7], OyiitBomuHOro [8], KOGBLILETO
u onenbero [9, 10] monoxka. [To naHHbIM [11], KpMOKOHCEPBUPO-
BaHMe MOJIOKA MTO3BOJISIET COXPAHUTH GOJBIIMHCTBO €ro IMmojes-
HbBIX KOMIIOHEHTOB.

3amopakuBaHMe KO3bero MOJI0Ka MOKeT TOMOYb U3TOTOBU-
TeJISIM MTPe0I0NeTh CE30HHOCTh IMTPOMU3BOICTBA M HE HECTY YObIT-
KOB 13-3a OTHOCUTEJIbHO HU3KOI MPOAYKTUBHOCTY KO3 BBUAY
KOPOTKUX [TePUOJO0B TaKTALUN.

B mccnemoBanuu [12] coobimaercst, UTO 3aMOpaKMBaHMUE KO-
3pero Mosioka npyu muHyc 18 °C u xpanenue 1o 40 cyT He Bbl-
3BIBAJIO Pa3/MUMii B MAcCCOBBIX MOMAX KMUpa, 6esika, JaKTO3bI,
0011ero KoimMuecTsa 6akTepuii 1 GaKTepuii IPyIIbl KUIIEUHO
nanouku. K Takomy ke BbIBOAY MPUIILIY U yUeHble [6]: 06pas3iibl
KO3bero MOJIOKa, TIOJIBEPTHYThIEe MeJ[JIEHHOMY 3aMOPaskMBaHUIO
nipu temreparype (—18+2°C), xpanmwinch 1o 150 gHeit 6e3 u3-
MeHeHMsI ero (GU3UKO-XMMUYECKMUX XapakTepuctuk. Mcciemo-
BatensiMu [13] Takke GBIIO MTOKA3aHO, YTO B 06pa3iiax 3aMopo-
skeHHOTO TIpK TemriepaTtype Munyc 20 °C u gedpoCcTMpOBaHHOTO
riocje 6 MecsIlieB XpaHEeHMSI OBEUbET0 MOJIOKA 001Iee KOTMIeCT-
BO GakTepuii 66110 3HaUMTENBHO (P < 0,05) HIKE, UEM B CBEXKEM
Mosioke. Temnepatypsl 3amopaskuBanust (—15 1 -25 °C) u BpeMs
3aMOpakMBaHMs (IO 6 Mec) He ITOBJIMSIIM Ha coflepskaHue o6Iie-
IO KOMMYEeCTBa CyXMX BellecTB, 6esika, Ka3enHa, He6eaKkoBoro N,
MCTMHHOTO 0eKa " JaKTO3bl B OBEYhEM MOJIOKe, OHAKO IpO-
LIEHTHOE COZlep>KaHMe X1pa B MOJIOKe CHU3UIIOCH [14].

ChIUy)XHbIE CBOICTBAa 06Pa310B KO3bETO U OBEYHETO MOJIO-
Ka, 3aMOPOKeHHBIX MPYU MUHYC 18 °C U XpaHSIIUXCS B TeUeHMe
3 mec, 6bUTM JTyYllle B CpaBHEHUM C 06pa3iaMu, XpaHsIIMMUCS
oT 1 1o 7 cyT IpM MOMOKUTENbHOI TeMiiepaTtype 3 u 7°C [15].
DTO MOXeT GbITh CBSI3aHO C TE€M, UTO B 00pasiiax 060MX BUAOB
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MOJIOKA, XpaHSIIIMXCS B 3aMOPOKeHHOM Bue, CofepskaHue KO-
souaHoro ¢ocdopa, KaJbIys M MarHusi USMEHMUIOCh HE3HAUM -
TeJbHO. B TO Bpems Kak Mocie XpaHeHUsI B TeueHue 2 CyT Npu
temneparype 3 °C ypoBHu Ca, Mg 1 P B ruiasme Mosoka yBemnu-
yminck Ha 10,3, 3,1 1 9,4% cooTBeTCcTBeHHO. [I0 Mepe CHUKeHUsT
pH Mosoka uepes 4 IHS Ha6II0aa0Ch 3HAUUTENbHBI POCT KO-
JIMYeCTBa 3TUX JIEMEHTOB B PACTBOPUMOIL da3e.

MonoKko mpencTaBisieT co60it CJIOKHYIO MOMUAMCIIEPCHYIO
CUCTeMY, B KOTOPOJ IIPU IMOHMKEHNUY TeMIIepaTyphbl HVKe KpU-
OCKOTIMYECKOI CTPYKTYpHBbIE 37IeMEHThI IpeTepreBarT M3Me-
HeHMs. CHavama MPOUCXOOUT MPOIECC KPUCTA/UIU3AIUM BOJIbI
¢ obpa3oBaHMeM I[EHTPOB KPUCTALIU3AINN U POCTOM KPUCTA-
JIOB, YTO NIPMBOAUT K PACCIOEHMIO CUCTEMBI Ha MOJIOYHBIN Je[
M TIJIa3My MOJIOKA. 3aTeM ToCiIe JOCTVDKeHMSI IBTEKTUUYeCKO
TOYKM'! pacTBOp 3aMep3aeT paBHOMEPHO [16].

B cbhIpoM MOJIOKe JIUTTUABI IPUCYTCTBYIOT B BUAE SMYJIbCUNA,
CTaOMIM3UPOBAHHO MeMOpaHOit MIapMKOB MOJIOUHOTO JKMPA,
KoTopasi cocrout u3 6Genka u dochommmmmos [17]. IIpormecc
3aMOPaKMBaHMsI TIOBPEXKIAeT MeMOpaHy LIapuka MOJIOYHOTO
KMpa, UTO MPUBOIUT K OTHeNIeHMI0 cBo6omHOro xupa [18]. Ha
9TOT TPOIECC BIMSIET CKOPOCTb OXJMaxkneHus. CUMTaeTcs, uTo
MeJJIeHHO€e 3aMOpPaskMBaHMe C 6OJIbIeil BEPOSTHOCTBIO MPUBe-
JIeT K 00pa30BaHMI0 CBOOOIHOTO KMPA, UTO MOKET CITOCOGCTBO-
BaTh MOSIBJIEHUIO OKMCIEHHOTO M HEMPUSITHOTO MpuBKyca [14].

ITpo6iema BbIzeIeHMsT CBOOOIHOTO JKMpa ITOC/Ie 3aMOpakBa-
HUs U 1ePOCTUPOBAHMS MOJIOKA MOYKET GbITh MUHMMU3UPOBA-
Ha 3a cueT rOMOTreHM3alMN 13-3a 6osiee BbICOKOI CTabUIbHOCTU
Karlesb Xypa ¢ yMeHblIeHHbIM pa3MepoM [19]. [TockonbKy B KO-
3b€M MOJIOKE pa3Mep KMPOBbIX IIaPMKOB 3HAUMTEbHO MeHbIIle,
9TO MOXKET CHU3UTh PUCKM TIOBPEKIEHNST 6ETKOBO-TTELIUTUHOBOIA
060/I0UKM ¥ TIOSIB/IEHNSI IOPOKOB B TOTOBOM IIPOIYKTE.

Pa6oramu [20,21] 6pUIO0 TTOKA3aHO, UTO MPU 3aMOPAKMUBA-
HUM Ka3eMHOBbIe MUIIE/UIbI OCTAIOTCSI B HATMBHOM COCTOSTHUM.
Opnaxko, no cBefeHusiM Vandenberg [22], B ciyyae XpaHeHUs
MoJioKka 6osee 20 THe BO3MOKHO YaCTMUHOE BbIMajeHne 6e-
Ka B 0CafioK (B KojmuecTBe 1-2% OT 06Iero comepskanust 6e-
Ka). [TonmyueHHbIt 3 deKT 0ObCHAETCSA MOTEPeil KOIOUAHOI
yCTOMYMBOCTM GeNka BCJIENCTBYE BO3HMKHOBEHUST neduimra
IOCTYITHOV BOZbI, KOTOPBIN B CBOIO OYepeb MOPOKIAETCS Kpr-
CTaJUTM3alyeil BOObI ¥ CBSI3bIBAHMEM YacCTV CBOOOMHON BJIaru
COJISIMM MOJIOKA. TaKske ObIIO YCTAHOBJIEHO, UTO MTPY OCAXKIEHUM
KaseMrHa MPOUCXOOUT CHIDKeHMe KoHLeHTpauun Ca*', PO* u uu-
TpaTa; He TMAPOIM30BAHHAS JIAKTO3a CIIOCOOCTBYET 06pa3oBa-
HMIO XJIOTIbeB Ka3euHa [16].

ViccnemoBaHusT 3apyOeXKHBIX YUEHBIX TMOKA3bIBAIOT, UYTO Hau-
607ee TOCTYITHBIM CIIOCOOOM YBeIMUeHNsI CPOKOB XpaHEHMsI MO-
JIOUHOJ TPOAYKUMM TakoKe SIBISIeTCSl 3aMopaxkuBaHue [23]. OHO
TIPUMEHSIETCS AJIS1 TIPOJJIEHMSI CPOKA TOIHOCTY C/TMBOYHOTO Maca,
TBOPOTa, CIMBOK, HATYPaJIbHbIX CbIPOB, peJHA3HAYEeHHBIX 15 13-
TOTOBJIEHMSI TUIABJIEHOTO ChIpa [24], itorypTa [25,13], kedupa [26].

Park u ap. B cBoeit pa6ore [27] IpUIIUTM K 3aKTIOYEHNIO, UTO
MIPOIIECChI 3aMOPaKUBAHMS U XpPaHEHUSI B 3aMOPOXEHHOM B
ripy muHyc 20 °C 0 6 Mec CBEXKMX MSITKMX CBIPOB M3 KO3bEro MO-
JIOKa OKa3aay MUHUMAaJIbHOE BIMSIHME Ha X BKYCOBbIE CBOJCTBA.

! DBTeKTMUeCKAs TOUKA — COCTOSIHME SKMAKON (hasbl, Haxonsieics
B paBHOBeCUM C JBYMSI UK Gosee TBepabIMu (asamu
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Bbl coenaH BBIBOA, O TOM, YTO XpaHeHMe B 3aMOPO)KEeHHOM BUIe
MSITKMX KO3bMX ChIPOB MOXKET CIIaJAUTh C€30HHOCTb UX MPOU3-
BOJICTBA.

ChbIpbI 3 OBEUbET0 MOJIOKA, XPaHUBIINECS B 3aMOPOXKEHHOM
BUJIE B TeueHue 3, 6 u 9 mMec, JOCTOBEPHO oTamuaauch (p < 0,05)
OT KOHTPOJIbHBIX ChIPOB IO MAaCCOBOI 107I€ MOJIOUHOM KUCIOThI
u pH. IIpoTeony3 B 3aMOPOKEHHBIX CbIpaX MPOAOIKAICS Me[l-
JIEHHO, CO 3HAYUTENIbHO 60J1ee BLICOKMMM TTOKa3aTensiMu Heber-
KOBOTO a30Ta M aMVMHOKMCIOTHOTO a30Ta (p < 0,05), MpuCyTCTBY-
I0LIIero B KOHIle Ileprofa xpaHeHus [28)].

OpHako ObUIO TOKAa3aHO, YTO 3aMOpakuBaHMe OTpHUlia-
TeJIbHO BJIMSET Ha MMUKPOCTPYKTYPY M KOHCUCTEHLIMIO TBOpOra
¥ CIMBOK [29], monyTBeproro ceipa [30], Y¥TO MPUBOOUT K ITOTepe
MICXOIHBIX TIOTPEGUTENBCKUX CBOVCTB. VcciemoBaHUSIMM C TIO-
MOII[bIO 3JIEKTPOHHON MMKPOCKONINM GbLIM OOHapysKeHbI IMO-
BpeXeHMsS MUKDPOCTPYKTYPBI B CbIpax, 3aMOPOXXeHHBIX Cpasy
T10CJIe U3TOTOBIEHMS Y XPaHUBILNXCS B TeueHMe 4 mecsines [31].
DTO HALIUIO MOATBEPKIEHME U B PabOTaxX POCCUIICKUX YUEHBIX.
[Mocie 3aMopakuBaHMsl, XpaHeHUsT U Aedpoctamnuu cbipa «[om-
JIAHZACKUIT» U CBIPOB HESKMPHBIX COPTOB HAGIIONANI0CH YMEHbIIIe-
HMe X BSI3KOCTHBIX U YIIPYTUX CBOJCTB, UTO CBUETENbCTBOBAJIO
0 YaCTUYHOM pa3pylleHUM MUCXOLHOI CTPYKTYPBI U O IMOSIBJIe-
HMM HECBSI3HOJ, KPOIIJIMBOJ, MYYHMUCTOI KOHCUCTeHIUM [32].
B KpyIHBbIX GJIOYHBIX ChIPaX C BBICOKO} TeMIIepaTypoit BTOPO-
ro HarpeBaHus nocie xpaneHus: npu muHyc 20*2 °C B TeueHne
12 Mec OCHOBHOE€ CHIVDKEHME OPTraHOJIeNITUUECKO OLIEHKM TIPO-
M30LLIO M3-3a YXYALIeHMs KOHCUCTeHUMM [33].

Pe3ynbpTaThl IPOBENEHHOTO MOHUTOPUHTA HAYYHO IUTepaTy-
Dbl [TO3BOJISIIOT CAe/IaTh 3aK/II0YeHME O HeIOCTaTOUHOCT B OTKPbI-
TBIX MICTOUHMKAX CBEIEHUI O MIPUTOTHOCTM AedPOCTUPOBAHHOTO
KO3bero MOJIOKa JJIS1 M3TOTOBJIEHUST MIOMyTBEPAbIX ChIPOB, O He-
XBaTKe MHPOPMAIMU 00 UMX KauecTBE U XPAHUMOCIIOCOOHOCTM.

Vicxopst M3 aKTyaJbHOCTY TIPOOJIEMBI, LIeJIbI0 TaHHOI pabo-
TBI SIBJISIETCST VICC/IEIOBAHME TEXHOIOTMUECKUX CBOVCTB medpo-
CTUPOBAHHOTO KO3beTr0 MOJIOKA ¥ KauyeCTBEHHBIX IMOKa3aTeseil
BbIPAOOTaHHBIX 13 HETO MOMYTBEPIbIX CHIPOB B KOHAUIIMOHHOM
BO3pacTe U B Npoliecce XpaHeHUsI.

2. OOGBEKTHI M MEeTOIbI

O6beKkTamMu MCCIe0BaHMIi ObIIV TIOTYTBEP/bIE ChIPDI, BhIpa-
60TaHHbIE 13 HATYPAJIbHOTO (KOHTPOJIb) U Ne(pOoCTMPOBAHHOIO
(OTBIT) KO3bErO0 MOJIOKA, a TaKXKe HaTypaJibHOE KO3be MOJIOKO
SKMBOTHBIX aJIbIIMICKOI TMOPOAbl (KOHTPOJIb), 3aMOPOKEHHOE
u 1edpoCTUPOBAHHOE KO3be MOJIOKO (OITBIT).

OnBITHYIO TTAPTHMIO MOJIOKA 3aMOPasKMBa/IN TIPU TeMIlepaType
muHyc 18 °C u XpaHuiau B TeueHue 6+ 1 cyr. ITepen BbIpabOTKOI
MOJIOKO JedpOCTUPOBAIM TIpU Temrepatype 37+2°C B TeueHue
60 muH. KoHTpOnemM CIy>kmjio KO3be MOJIOKO, OXJIaKIEHHOe IO
TemIiepaTypbl 4+ 2 °C, mocye xpaHeHMsI B TeueHne 24+ 12 4.

ChIpbI BbIpabaThIBa/IM B SKCIIEpUMeEHTaIbHOM 1iexe BHUVMIMC
U3 1EeIbHOTO MOJIOKA IO TPaAMIMOHHONM [Jisi TOJNYyTBEPbIX
ChIPOB C HM3KOI TeMIlepaTypoii BTOPOTO HAarpeBaHMSI TEXHO-
JIOTMYeCKoii cxeme. [IJis1 MX M3TOTOBJEHUST UCIIOAb30BAIN TIPO-
M3BOJCTBEHHYIO 6GaKTepuabHYI0 3aKBAacKy B KoianuecTse 0,8%,
COCTOSIIYIO U3 CMecu Me30(MMIbHO-TePMOMIIIbHBIX 3aKBACOY-
HBIX MMUKPOOPTaHM3MOB. ChIpbI CO3peBaIM IIPU TeMIlepaType
11#1°C 1 OTHOCUTENbHO BIaXXHOCTU Bo3ayxa (80%2)% B Teue-
Hue 60 cyTok. [layjiee 06pasiibl HAXOOMUIMCh Ha XpPaHEHUU TIPU
Temmneparype 4*1°C B TedeHne 120 cyTOK.

B mosnoke onpenensuiv GU3MKO-XMMMUYECKMe ITOKa3aTenn
(MaccoByI0 J0JTI0 Kupa, 6emka, COMO, 1aKTO3bI, MUHEPATbHbBIX
cosieil, MJIOTHOCTb, KUCJIOTHOCTb M TOYKY 3aMep3aHMs) Mpu-
GOpPHBIM METOJOM C MCIIOAb30BAHMEM aHAIM3aTOpPa MOJIOKA
MilkoScan FT 2 (mpoussozcto “FossAnalytical A/S” (Hauus)),
JleiiCTBME KOTOPOTrO OCHOBAHO Ha MPUMeHeHMUM MeTona uHdpa-
KpacHOV @ypbe-CreKTPOCKOIUN.
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OrmnpepeneHne KomuuecTBa Me30(MMIbHBIX a9pOOHBIX U (a-
KYJIbTaTMBHO-aHA3POOHBIX MUKPOOPTaHM3MOB (B MOJIOKE U ChI-
pax) nposogwin no 'OCT 32901-20142, comaTuyeckux Kie-
TOK — 1m0 'OCT 23453-20145.

MaccoBYIO IOTI0 CYyXMX BEI[eCTB B CbIBOPOTKE BBISIBIISIIN Me-
tomoMm BbicynmBaHust o FOCT 33957-20164.

B ceipax mocie mnpeccoBanus 0 cyt, 15 cyt, 30 cyT, 60 cyT
u 120 cyr omnpemensyiv (QUSUKO-XMMUUYECKME ITOKasaTe-
au (MacCOBYIO JIONI0 BJaru ¥ aKTUBHYK KUCIOTHOCTB) TIO
T'OCT P 55063-20125 1 OCHOBHbI® OPTaHOJENTUYECKME XapaK-
TepPUCTUKU (BKYC M 3arax, KOHCUCTEHIIMI0O U PUCYHOK) C IIO-
MOIIIbIO T€CKPUIITOPHO-MPODMIBHOTO METOAA, MPUHUMAST BO
BHMMAaHME BBbIPA)KEHHOCTb OCHOBHBIX XapaKTepUCTUK BKyca
U 3araxa, XapaKTepHbIX IJIsI CIPOB U3 KO3bEro MOJIOKa (ChIp-
HbIM, OCTPBIN, MIMKAHTHBIN, CJIMBOYHBIN, IPOTOPKIIbIN), OLleHU-
BaeMbIX I10 YCJI0BHOI 1miKase ot 0 10 5 6a10B. MaccoByIO 0JTI0
SKMpa 3pesibIX ChIPOB (B IepecyeTe Ha CyXOe BelecTBO) oIpe-
eI KUCOTHBIM METOZOM, @ MacCCOBYIO JIONI0 TTOBApEHHOI
CONMM — KOHAYKTOMETPUYECKMM MEeTOLOM B COOTBETCTBUU CO
crangaptusoBanabiMy B TOCT P 55063-2012 meTogmkaMu.

MaccoByto fonio azoTa onpegensiiv metogomM Keenbaans mno
I'OCT P 54662-2011°. CreneHb IPOTEOIM3a — 10 OTHOIIEHUIO
MacCOBOJt 10K pacTBOPMMOrO a30Ta K MacCoOBO1 1oJie 061Iero
a30Ta, BbIpa)KeHHOMY B IPOLIEHTAaX.

[MyoMHY TUIPOIUTUYECKOTO pacrajga MOJIOUHOTO >KMpa
B CBIPHOJ Macce BBISB/ISUIM KOCBEHHBIM METOIOM IO BeIN-
YMHE KUCIOTHOCTU XMPOBOI (asbl cbipa. CYITHOCTb METOMM -
K1 BbInonHeHus usMmepenusi (MBU BHUMMC, cBupeTenbCTBO
N2 2-02-12-03) ompemeneHuss KUCIOTHOCTU SKMUPOBOi (asbl
ChIpa TUTPUMETPUUECKMM METONOM 3aK/IYaiach B 3KCTpa-
IMPOBAaHMUM SKMUPOBOM (hasbl, pacCTBOPEHMUM KUPOBOI (hasbl
B CMEIIaHHOM OpraHM4YeckoM pacTBOpUTENe U B IOCIENYIO-
IeM TUTPOBaHUM CBOOOMHBIX KUPHBIX KUCIOT (CXKK) pacTBO-
POM T'MAPOOKUCH Kajus. PaccuMThiBaiv KUCIOTHOCTD SKUPOBOIL
(asbl cbipa Kak BeIMUYMHY, PAaBHYI0 Macce TMAPOOKUCU Kayust
(HaTpusl), MMOJIb, HeobOXomumyto g Heitpammsanuu CXKK
U IPYTUX, TUTPYEMBbIX II€JI0UbI0 COITYTCTBYIOIIUX TPUTTULIEPU-
JlaM BelecTB, KoTopele cogepxkatcs B 100 r xxupa. KucmotTHOCTD
BbIpaKau B MMOb/100 .

Bkyco-apomatuyeckue BemjectBa (BAB) B chipax ompepe-
JIIM MeTomoM MapodasHoit xpomaTorpadun. s mposeme-
HMSI MICC/IEIOBAHMI VMCITONIb30Ba/IM CJIeAyIolniee 060pyIOBaHMe:
raszoBblii xpomaTtorpad «LiBer-800» (OAO «IIBeT», JI3€pPKMHCK,
Poccust) ¢ ycTpoiicTBoM paBHOBecHOro mapa «®dasa» 1jisi 0T60-
pa Tapa, HaXoASIIerocss B TepMOAMHAMMUUEeCKOM pPaBHOBECUM,
C TTOC/IeIYIONIYM JO3MPOBAaHMEM OTOGPAHHOTO TTapa B aHATUTH-
YeCKyI0 KOJIOHKY Ira30BOro xpoMaTorpada; KOJIOHKa CTEK/ISTHHAS
(mmuHA 2 M, BHYTpeHHUI fuaMeTp 2 MM) ¢ Hacagkoit OV-210 Ha
xpomatoHe N-AW-HMD (0,16-0,20 mm). Yu10BUSI IPOBEAEHUS
aHaIM3a: TeMIeparypa TepMOCTaTMpOBaHMs KOIOHOK — 70 °C;
Temnepartypa ucnapurens — 90 °C; TemmnepaTypa ImepexogHOI
kamepsl — 90 °C; pacxopn raza-Hocutens (azora) — 30 cm3/MuH,
Bomopozaa — 30 cm3/MuH, Bo3myxa — 300 cm3/MuH. O611ee comep-
>kaHMe eTyuux BAB BbIumc/siiiv Kak cpefgHee apudmernyeckoe
CYMMBbI IIJTOIA/ieli BCeX MMKOB Ha XpOMaTorpaMme 1o pe3ysbTa-
TaM JIBYX IapauieJIbHbIX OTpee/eHiI KaXXI0ro UCITbITYeMOTO

2 TOCT 32901-2014 «MOJIOKO ¥ MOJIOUHAsI npoayKkuusi. MeTobl MUKPO-
6uoornyeckoro aHanmsa».— M.: Crangapturdopm, 2015.— 25 c.

* TOCT 23453-2014 «MoJi0K0 cbipoe. MeTo/ibI onpe/ieieHus coMaTuye-
CKMX KJ1eToK».— M.: Crangaptundopm, 2015.— 14 c.

* TOCT 33957-2016 «CbIBOPOTKA MOJIOUHAs M HATIUTKM Ha ee OCHOBeE.
IIpaBwia mpreMKHM, OT60p MPo6 U MeToAbl KOHTPOIIsI».— M.: CTaHmapTUH-
dbopm, 2017.— 16 .

* TOCT P 55063-2012 «CbIpBI ¥ CHIPHI TIIaBJIeHbIe. IIpaBuIa MpueMKH,
0T60Dp P06 ¥ MeTOAbI KOHTpOJIsI». — M.: CtanzapTudopm, 2013.— 28 c.

® TOCT P 54662—2011 «ChIpbI 1 ChIPBI ITaB/IeHbIe. OTpesieIeHye Macco-
BO¥1 monu Gesika metonom Keenbaans».— M.: Crangaptuadopm, 2012.— 16 c.
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o6pasia. MaccoBYIO JIOMI0 MHAMBUAYAIbHBIX JETYUUX KOMIIO-
HEHTOB B IPOIEHTaX PACCYMTHIBAIM METOJOM HOPMAaIM3aLUU
IIomIafeil razoxpoMarorpadmyeckux MUKOB. AHATM3UPOBAIN
Mpo06y KcciienyeMoro 06’beKTa Maccoii 3 T, IpeiBapuUTeIbHO 13-
MeJTbUEeHHYI0 ¥ HarpeTyio Ha BOAsHOI 6aHe mo 50 °C.

HemocpeacTBeHHO Tiepen MpOBedeHMEM aHaau3a Mpo6y
BCTPSIXMBAJIN JIJIs1 YCTAHOBJIEHMSI TEPMOLMHAMMUIECKOTO PABHO-
Becus. InurtenbHOCTh aHam3a — 900 cek. O6paboTKy MOTyYeH-
HBIX TAHHBIX ITPOBOAMIIM METOIOM BHYTpPEHHe HopMan3aluumn
C TOMOIIIbI0 TIPOTpaMMbl «IIBeT-AHAIUTUK» C TOCTEOYIOIIe
ugeHTUdUKaIMe COOTBETCTBYIOIMX ITMKOB.

Crioco6 orpefeneHnss MaccoBOii 0/ CBOGOMHOIO >Kupa
B ChIpaX OCHOBAH Ha 3KCTPAarMpoBaHMM CBOOOTHOTO >KMpa U3
BBICYIIIEHHOJ B BaKyyMe ITPOObI MTPOAYKTa XJI0POPOPMOM, a Tak-
ke Ha yaneHuy xaopodopma BblllapuBaHMeM U B3BeIMBAHUY
CYXOTO OCTaTKa.

MUKpPOCTPYKTYpHbIE MCCAEIOBaHMSI ChIPOB TMPOBOIMIM Ha
TPAHCMMCCMOHHOM 3JIEKTPOHHOM MUKpockorie EM-410 PHILIPS
(HupmepnaHIbl) METOIOM CBEPXOBICTPOTO 3aMOPasKMBAHMSI-CKa-
neiBaHusI-TpaBneHns (C3CT). Vcciemyembie 06bEKTHI GBICTPO
3amMopaxuBanu npu Temneparype muayc 180°C. 3atem 3amo-
POSKEHHBI I 06bEKT PaCKaIbIBAIN U MTPOTPABINBAIN B TITy6OKOM
BakyyMme. C 11eJIbI0 MOBBIIIEHMSI KOHTPACTa Ha OOHAKMBIIYIOCS
TIOBEPXHOCTh CKOJAa HANBUISUIM CJIO¥ TSDKENIOro MeTasuia ToJ-
myHoit 10 HM mog, yriaom (15-35)° B HampaBaeHUM UCTIapuUTe-
Ji1 BaKyyYMHOJ YCTAHOBKM U TE€PIEHIUKYISPHO MMOBEPXHOCTU
CKOJIa — CJIOM ymiepona ToamuHoi 60 HM 1j1st hopMUpPOBaHMS
IIJIOTHO peruivKu. [TomydyeHHYI0 TaKMM 06pa3oM pervinKy CHU-
MaJIM C TIOBEPXHOCTM OOBEKTa, OUMIIAIM M MCCIeNOBaAM Ha
3JIEKTPOHHOM MMKPOCKOIIE.

MaTeMaTuueckyo 06paboTKy pe3y/lIbTaTOB MPOBOAVIIN C UC-
MOTb30BaHMEM JIBYXBBIOOPOUHOTO t-TECT C PA3IUUHBIMU [IU-
criepcusimu B mporpamme Microsoft Excel 2010.

3. Pe3yabTaThl ¥ 06CYKAEHME

Pe3ynbTaThl MCC/IEIOBaHN KaueCTBEHHbIX TIOKa3aTesei Ha-
TYpasbHOTO ¥ AedPOCTUPOBAHHOIO KO3bEr0 MOJIOKA MPeLCcTaB-
JieHsl B Ta6muue 1.

3HauUMMBIX Pa3INuUMli MeXIy IoKasaTelsiMy HaTypaJbHOTO
” 1edpOoCTUPOBAHHOTO KO3hETO MOJIOKA He 06HapykeHo. OTMe-
YeHa pasHUIA TOJBKO IO KOJINYECTBY COMATUUECKUX KIIETOK:
B 1e(pOCTMPOBAHHOM MOJIOKE 3TOT IIOKa3aTes b ObLT MEeHbIIIe Ha
34-37%. TeHIeHLMSI YMEHbIIEHUS COMaTUYEeCKUX KIIeTOK B MO-
JIOKe T10CjIe Pa3sMOPaKMBAHMS OTMEUYaeTCsl U B UCCIeL0BaHMSIX
3apyOEXKHBIX YUEHBIX [34].

AHanu3 TeXHONOTMYECKMX IMapaMeTpPOB BBIPAOOTKM IT0-
JIYTBEPAbIX ChIPOB IOKAa3aJ OTCYTCTBME 3HAUMMOTO BJIMSHUS
rpoLecca 3aMOopaXMBaHMs KO3bero MOJIOKA Ha ero TeXHOIOTM-
yeckue CBOWCTBA. [IPOIOKUTENIBHOCTh 06PA30BAHUS CTYCTKA
B 060X BapMaHTax coctaBisia (30+ 1) MuH, BpeMst 00paboTKM
cbIpHOTrO 3epHa — (90#2) muH. YpoBeHb cuHepesuca (KOIudyecT-
BO ChIBOPOTKM, BbIJIEJIMBILECS U3 CTyCTKA MIPU LEHTPUPyrupo-
BaHMM) COCTAaBMUJI B KOHTpOJIe 55%2%, B OIIBITHBIX BapMaHTaX —
55+ 6% 1 HaXOAWIICS B ITpeiesiaX MorpenHocTy Metoaa. He 6110
BBISIBJIEHO 3HAUMMBbIX Pa3INuMii U B CTeNeHU Mepexofa CyXux
BEIeCTB B ChIBOPOTKY: B KOHTpOJE OH cocTaBui 7,26+0,21%,
B onbIiTe — 7,21+0,32%.

OmHUM M3 KpPUTEpUEB OLIEHKM Ipoliecca BbIPAOOTKM ChIpa
SIBJISIETCSI YPOBEHb MOJIOUHOKMCIOTO GPOKEHMSI BO BpeMsi 00-
paboTKM CHIPHOTO 3epHA M Ha JTare HayaJlbHOrO CO3peBaHMUS
ChIpa, OLIeHMBAeMblii 110 MIPUPOCTY 3aKBACOYHBIX MOJIOYHOKIC-
JIBIX MUKPOOPTaHu3MOB (r1okasaTesb KMA®AHM) (Tabnuiia 2).

IauHble, ipuBegeHHble B Tabnuie 2, MOKa3bIBAIOT, UTO
KOJIMYeCTBO 3aKBACOYHBIX MMUKPOOPraHM3MOB, BHECEHHBIX
B CMecCh JJis1 BbIpaGOTKM CbIpa, B 060MX BapMaHTaX HaXOdu-
JIOCb Ha BBICOKOM YPOBHE, HECKOJAbKO MpeBbINIasi CpemHue
3HAYeHMs [IJIs1 JaHHOJ TPYIIbI CHIPOB, UYTO MpearnoiaraeT ak-
TUBHbBII MOJTOYHOKMCJIbIN TIPOIIECC BO BpeMs BbIpabOTKU. ITO
TIPUBEJIO K 3HAYMUTETbHOMY KOJIMUECTBY MUKPOGIIOPHI B ChIpe
1ocJie mpeccoBaHus. B mporiecce co3peBaHMsI MaKCMMyM MU-
Kpodaopbl 66T 06HAPYKeH K 15 cyTkam. 3aTeM HauMHaETCs
MpoilecCc 3aKOHOMEPHOTOo CHUKeHUsT konnvyectBa MADAHM.
CKOpOCTH TPOLIECCOB Pa3BUTUSI ¥ BbIMUPAHUS MUKPOQIOPHI
He OT/INYAIOTCS APYT OT Apyra M0 BapMaHTaM. JTO COIIaCyeTCs
CO 3HAYEeHMSIMM aKTUBHOV KMCJIOTHOCTU B ChIpe IOC/Ie Ipecca
(Tabnuiia 3).

Tabnuiia 1. ®U3UKO-XMMMUECKME ¥ MUKPOOGMOJIOTMUYECKIe II0Ka3aTe/I KO3bero MoJIoKa
Table 1. Physicochemical and microbiological indicators of goat’s milk

MaccoBas gons, %

Mosoko
Kupa Genka JIaKTO3BI
KoHTpomnb (HaTypanbHOe) 3,90£0,1 3,16+0,15 4,61+0,01
OmnbIT (medpocTrpoBaHHOE) 3,85+0,2 3,15+0,15 4,59+0,02

Turpyemas *Koi-Bo
KUCIOTHOCTD, KII‘(’%E%SM COMaTUYECKUX
coMO °T KJIETOK, ThIC. KJ1I/ cM>
8,76+0,1 17,0£1,0 3,8-10+0,5-10 1200+ 100
8,74%0,1 17,0£1,0 4,1-10£0,5-10 800+ 100

CpenHye 3HaYeHMs B CTOIOIIAX He MMEIOT 3HaUMMBbIX Pa3Inuiuii, KpoMe CTOIOIA Co 3HAUKOM «*»P < 0,05), unciio crerneHes cBo6ons! (n) = 4.

Ta6nuia 2. Usamenenne KMA®AHM B cMecH IJIst BBIPAaGOTKM ChIpa M ChIpax BO BpeMs BbIPAGOTKM M CO3pPeBaHMS
Table 2. Change of QMAFAnM in cheesemaking mixture and cheeses during manufacture and ripening

Bpems oT6opa mpo6

15 cyT 30 cyT

KonmnuecTBo Muxkpooprannsmos, KOE/r

BapuaHTBI cMech CBIp II/T
KoHTposnb 1,3107+0,5-107 5,2-108+0,5-108
OrpIT 1,0-107£0,5-107 8,2-108+0,5-108

2,0-10°£0,5-10°
1,8-10°£0,5-10°

5,4-108+0,5-108
4,8-108+0,5-108

CpenHue 3HaUeHMs B CTONGIAX HE MMEIOT 3HAUMMBIX pasianumii (P < 0,05), uncio crereHeii cBO60/bI (n) = 4.

Ta6auia 3. ®U3UKO-XMMHUUYECKIe II0Ka3aTeI CbIPOB
Table 3. Physicochemical indicators of cheeses

Bospacr cbipa

BapuaHTBI CBIp II/T1 15 cyT 30 cyT 60 cyT 120 cyT
AKTHBHasi KNCJIOTHOCTbD, eni. pH
Konrtponb 5,57%0,03 5,18+0,03 5,19+0,03 5,22+0,03 5,28+0,05
OrmpIT 5,52%0,03 5,20£0,02 5,27%0,04 5,30£0,02 5,34%0,03
MaccoBas gosns Biaru, %
Koutponb 45,6+0,8 41,0+0,7 39,2%0,5 38,8%0,5 38,2%0,3
OrmpIT 46,4+0,9 40,4+0,4 39,2%0,6 38,3%0,7 38,0£0,4

CpenHue 3HaUEHMS B CTOIONAX HE MMEIOT 3HaUMMbIX pasmnunii (P < 0,05), uncio creneHeit cBo6oms! (n) = 4

75



Mordvinova V. A. et al. | FOOD SYSTEMS | Volume 6 No 1 | 2023 | pp. 72-79

Kak cnemyet m3 Ta6muiipl 3, aKTMBHAsI KUCIOTHOCTb (pH)
M MaccoBas OJsl BlIaru B ChbIpax IO BapuaHTaM 3HAYMMO He
OT/IMYaINCh JOPYT OT ;Apyra. MaccoBasi Aojs Xupa B CyXOM
BellleCcTBe B KOHTPOJBHBIX M OIBITHBIX CbhIpaxX HaxoOAuIach
B OmamnasoHe ot 53,1% mo 54,3%, a MaccoBast LOJIS COMM — OT
1,2% no 1,3%.

OpraHosnenTuyeckas olleHKa BKyca 1 3araxa CbIpOB 13 KO3b-
ero MoJIOKa B Ipoliecce cO3peBaHMs MoKasasa, YTo B BO3pacTe
20-30 cyT BKyC CbIPOB 060MX BapMaHTOB ObIJT YMEPEHHO BbIpa-
SKEHHBIM CBIPHBIM C HAJIMYMEM CIMBOYHBIX M OPEXOBBIX OTTEH-
KoB. KOHCUCTEeHIMSI KOHTPONbHBIX U OMBITHBIX CHIPOB B 3TOM
BO3pacTe 6bIIa AMACTUIHO-TUIACTUYHOIA.

IanbHelie HaGMIOoeHNS 3a ChIpaMy B IIPOIeCce CO3peBa-
Hust (PucyHoK 1) mokasasiu, 94To BKYC ChIpOB 060MX BapMaHTOB
yke K 60 cyT co3peBaHusI ObUT BbIPAYKEHHBIM ChIPHBIM, U CTe-
TeHb ero BbIPaKeHHOCTU COXpaHmIach 10 120 cyToK.

JlOTOMHUTEIbHBIMM ~ TIOKA3aTeNsIMM, XapaKTepu3yoUy-
MM BKYC KOHTPOJIbHBIX CHIPOB B 60 CYT, OBUIM XapaKTePUCTU-
KU «OCTPBIii» U «MUMKAHTHBI». UTHTEHCUBHOCTD «IIPOTOPKIOI»
U «KO3b€Ji» HOThI B KOHTPOJIbHBIX ChIpax B 60 CyTOK Obla c1abo
3aMeTHO1, HO TIpU AajibHelileM XpaHeH!! CbIPOB YCUMIWIIACh 10
YMEPEeHHBIX U CUJIbHBIX OTTEHKOB K 120 cyTKaM.

B ombITHBIX cbhIpax B Bo3pacTte 60 CYyT BO BKyCe IPUCYT-
CTBOBaJIM YMEPEHHAS] «CAMBOYHOCTb» M (Jlabas «OCTPOTa».
K 120 cyTkam 3T OTTEHKU TPaHCHOPMUPOBAINCH B BbIpaXkKeH-

CbIPHbIM
S

anacTMyHaa NUKaHTHbIN
naacTM4Han CAUBOYHDIN
NPOropKAbIA
———KOHTPOAb  ———OMNbIT
60 cyT

HYIO IIMKAHTHOCTb C HaJM4YyMeM yMepeHHO OCTpOoJi HOThI. VH-
TEHCMBHOCTD «IIPOTOPKJION» HOTBI B OTBITHBIX ChIpax B 60 CyTOK
OTCYTCTBOBaJIa, B 120 CYyTOK OHa OIIylanachk, HO CJ1abo.

Cyl1ecTBeHHBIX Pasaniuii B KOHCUCTEHLIMY CbIPOB 110 Bapu-
aHTaM He 6p110 oTMeueHO (PucyHOK 1). B Bospacre 120 cyT KOH-
CUCTEHIIUSI ChIPOB 0GOMX BapMaHTOB IMPUOGPesia yMePeHHYIO
TIJIOTHOCTDb ¥ HEeBGOJIbINYI0 JIOMKOCTb B CBSI3U C TMOTepeli BJaru,
T.K. CbIPBI CO3PEeBa/N B JATEKCHOM ITOKPBITUM.

Pe3ynpTaThl 6MOXMMIUYECKUX M3MEHEHMIT MOJIOYHOTO Genka
(cTereHp MpPOTEONM3a) U KMpa (KUCIOTHOCTb KUPOBO (hasbl)
npuBeneHbl Ha PucyHkax 2, 3.

IMTo crenenu nporeonusa (PUcyHOK 2) TOCTOBEPHBIX Pa3im-
Unit MeXy KOHTPOJIbHBIMU U OTIBITHBIMM ChIPpAMU He YCTaHOB-
seHo (P < 0,05). I[TIpu 3TOM ypOBEHb IIPOTEON3a K OKOHYAHUIO
co3peBaHusl ObLI JOCTaTOYHO BbICOKMIT 1 cocTaBui 40,0£0,3%,
YTO COTJIACYeTCs C pe3yabTaTaMy 3apyOeskHbIX McCIenoBaTeneit
T10 MPOTEOJIN3Y CIPOB U3 KO3bEro MojIoKa [35].

3HavyeHMs KMCJIOTHOCTY XX1POBOIi a3bl (PUCYHOK 3) B ChIpax
Y3 HATYPaJbHOTO MOJIOKA GBIV BbIIIE B CPABHEHUM C ChIpAMM
13 nedbpoCcTUPOBAHHOTO MOJIOKA B cpeqHeM Ha 15% Ha mpoTs-
SKeHUM BCEero mepuopa HabmogeHuit. TeMIbl M3MeHeHUsT KUC-
JIOTHOCTM SKMPOBO# (hasbl ObUIM WMAEHTUUYHBI IO BapMaHTaM
ombITa. [Ipy 3TOM copiepskaHye JOCTYITHOTO KMpa B ChIpax 060-
MX BapMaHTOB 6bUIO COMOCTaBUMO: 94,44+0,76% B KOHTpOJIE
1 94,55+1,68% B ormbiTe.

CbIPHbIA
5

31aCTUYHaA

~

nnacTtuyHana CNUBOYHbIN

NPOropKAbli

KOHTPO/b
120 cyT

onbIT

PucyHok 1. leckpunropHbie mpoduaorpaMMsl BKyca ¥ KOHCUCTEHIIMM ChIPOB B Bo3pacte 60 1 120 cyTok
Figure 1. Descriptive profilograms of taste and texture of cheeses at the age of 60 and 120 days
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Figure 3. Dynamics of acidity of the fatty phase of cheeses
during maturation
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PucyHoK 4. dnekTpoHHbIe doTorpaduu 3pesoro noIyTBEpPAOro chipa U3 KO3bero MoaoKa

A) HaTtypanbHOrO, B) IedpocTupoBaHHOrO
Figure 4. Electronic photographs of ripened semi-hard goat cheese A) natural, B) defrosted

V3mMepeHHAs] KUCIOTHOCTh KMPOBO ¢a3bl B ChIpax M3 KO-
3bero MOJIOKa B CpefJHeM B 2 pa3a Bblllle, UYeM B ITOTyTBEPIbIX
Y TBEPABIX CbIPAX 3 KOPOBLEIO MOJIOKA TAKOIO >Xe BO3pacTa
[36]. YcraHOBneHHast 6Gosee BBICOKAs KMUCJIOTHOCTb SKMPOBOI
(asbl cbIpHOI Macchl B ChIpax U3 HATypaabHOIO MOJIOKA COIJIa-
cyeTcs ¢ 6oree BBIPAKEHHO «ITPOTOPKIOCTHIO» BO BKYCE CHIPOB
9TOr0 BapMaHTa.

He 6bU10 OTMEUEHO MPUHLIMIIMATBHBIX PA3INUUl B MUKPO-
CTPYKType ChIPOB: pPa3Mepbl SKUPOBBIX ITIOOYT U Ka3eMHOBBIX
YacTUll He MMe NIPUHIUIINAIbHBIX pa3ianunii (PUCYHOK 4).

Bo BKycO-apomaTuuecKOM CIIeKTpe KOHTPOIbHBIX M OIIbIT-
HBIX CBIPOB IIPUCYTCTBOBA/IN M EHTUYHbIE COeAVIHEHNS : CIIUPTHI
(MeTaHOM), aTbIeTUAbI (STaHAIb, FeKCaHa/b, TelTaHa/b, OyTe-
Hajb-2), KeTOHbI (6yTaHOH-2, TeMTAaHOH-2) ¥ Mac/IsHasT KUCIO-
ta. Ilo obuemMy comepskaHUI0 BKYCO-apOMaTUYeCKMX BEIeCTB
(1,14%+0,41 HA-C) pasnuunii MeXIy KOHTPOJIbHBIMHU U OTBITHBI-
MU CbIpaMM He YCTaHOBJIEHO.
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BJIMSIHMS Ha ero GM3UKO-XMMUUYECKMe ToKasaTelu, Ha ypo-
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cBoricTBa. [TomyTBepabIit ChIP, BEIPAOOTAHHBIN U3 TedpPOCTH-
POBAHHOTO KO3bEro MOJIOKA, IO OPTaHOJIENTUYECKUM Xapak-
TEPUCTUKAM CYI[eCTBEHHO He OTIMYAJICS OT ChIpa M3 HATy-
PabHOTO KO3hEro MOJIOKA.

[TonyyeHHble pE3Y/IbTAThI IO3BOJSIIOT CAENATh BbIBOJ,
0 TOM, UTO 3aMOPaKMBAHME U HEMTPOAO/DKUTEIbHOE XpaHEeHe
KO3bero MOJIOKa MOSKET SIBJISITbCS CIIOCOO0M, TTO3BOJISIONIUM
MIPOJJIUTh CPOKM €ro XpaHeHus repeq nmepepaboTKoit Ha ChIp.
71T OKOHYATEeIbHOTO MOATBEPKAEHMS MOTYYeHHbIX Pe3yilb-
TaTOB HEOOXOOMMO IMPOBeIeHMEe NOMOTHUTETbHbBIX MCCAeH0-
BaHMIA.

BUBJIMOTPA®UYECKUN CITUCOK

1. MopasuHoBa, B. A., Octpoyxosa, U. JI., Octpoyxos, [I. B. (2017). TexHo-
JIOTMYeCKye 0COGeHHOCTY M3TOTOBJIEHNSI ChIPOB 13 KO3bero Mosoka. Cai-
podenue u macnodenue, 5, 16—18.

2. Freeze IT, category Dairy. (2022). Can You Freeze Goat’s Milk?
DNeKTpOHHBII  pecypc:  https://www.freezeit.co.uk/can-you-freeze-
goats-milk/#How-to-Freeze-Goats-Milk [lata goctyma 20.01.2023

3. Tribst, A. A. L., Falcade, L. T. P., de Oliveira, M. M. (2018). Strategies for
raw sheep milk storage in smallholdings: Effect of freezing or long-term
refrigerated storage on microbial growth. Journal of Dairy Science, 102(6),
4960-4971. https://doi.org/10.3168/jds.2018-15715

4. Wendorff, W. L. (2001). Freezing qualities of raw ovine milk for further
processing. Journal of Dairy Sciences, 84(Suppl), E74-E78. https://doi.
org/10.3168/jds.S0022-0302(01)70200-7

5. Nurliyani, Suranindyabh, Y., Pretiwi, P. (2015). Quality and emulsion stabil-
ity of milk from ettawah crossed bred goat during frozen storage. Procedia
Food Science, 3, 142-149. https://doi.org/10.1016/j.profoo.2015.01.015

6. Lima, L. R. do N., Negreiros, I. F. L., da Silva, E. F., Ramos, L. de S. N.
(2021). Physicochemical characteristics of goat’s milk submitted to dif-
ferent freezing periods. Research, Society and Development, 10(4), Article
€23710414089. https://doi.org/10.33448/rsd-v10i4.14089

7. Yu, Z., Qiao, C., Zhang, X., Yan, L., Li, L., Liu, Y. (2022). Screening of
frozen-thawed conditions for keeping nutritive compositions and physi-
cochemical characteristics of goat milk. Journal of Dairy Science, 104(4),
4108-4118. https://doi.org/10.3168/jds.2020-19238

8. Hassan, Z., Hamzawi, L., el Naga, M. A. (2010). Effect of frozen storage on the
microbiological and technological properties of buffalo’s milk. Journal of Food
and Dairy Sciences, 1(12), 765-779. https://doi.org/10.21608/jfds.2010.82516

9. Tlat. N2 2272415. Crioco6 KOHCEpBMPOBAHMS KOOGBIILETO MOJIOKA XOJIO-
nom / A6pamos, A. @., [TaBioBa, A. . Omy6s1. 27.03.2006.

10. Crenanos, K. M. (2010). OnieHbe MOJIOKO — GMOJIOTMYECKY IIeHHbIN TPO-
IyKT. MonouHas npomsluineHHocmy, 2, 79-80.

11. KpyunnuH, A. I., Typosckas, C. H., nnapnonosa, E. E., Buraesa, A. B.
(2020). K Bonipocy BAMSIHUSI 3aMOPaKMBaHMS Ha TEXHOJIOTUYEeCKMe CBOi-
cTBa MOJIOKa. BecmHuk MexdyHapooHoti akademuu xonoda, 3, 58-63.
https://doi.org/10.17586/1606-4313-2020-19-3-58-63

12. Prayitno, E., Hartanto, R., Harjanti, D. W. (2021). Physicochemical and
microbiological appearance of sapera goat’s milk on frozen storage. Jur-
nal Sain Peternakan Indonesia, 16(4), 308-314. https://doi.org/10.31186/
jspi.id.16.4.308-314

13. Katsiari, M. C., Voutsinas, L. P., Kondyli, E. (2002). Manufacture of yo-
ghurt from stored frozen sheep’s milk. Food Chemistry, 77(4), 413-420.
https://doi.org/10.1016/S0308-8146(01)00367-3

14. Zhang, R. H., Mustafa, A. F., Ng-Kwai-Hang, K. F., Zhao, X. (2006). Ef-
fects of freezing on composition and fatty acid profiles of sheep milk
and cheese. Small Ruminant Research, 64(3), 203-210. https://doi.
0rg/10.1016/j.smallrumres.2005.04.025

15. de la Fuente, M. A., Requena, T., Judrez, M. (1997). Salt balance in ewe’s and
goat’s milk during storage at chilling and freezing temperatures. Journal of Ag-
ricultural and Food Chemistry, 45(1), 82—-88. https://doi.org/10.1021/jf960388a

16. Topel, A. (2007). Chemistry and physics of milk: natural product, raw ma-
terials, food products. Behr, Germany, 2007. (In German)

17. Truong, T., Palmer, M., Bansal, N., Bhandari, B. (2016). An Overview of
Milk Fat Globules. Chapter in a book: Effect of Milk Fat Globule Size
on the Physical Functionality of Dairy Products. Springer Cham, 2016.
https://doi.org/10.1007/978-3-319-23877-7_2

18. Muir, D. D. (1984). Reviews of the progress of dairy science: Frozen con-
centrated milk. Journal Dairy Research, 51, 649-664. https://doi.org/10
.1017/50022029900032982

19. Herrera, M. L., Hartel, R. W. (2012). Effect of processing conditions on
physical properties of a milk fat model system: Microstructure. Journal
of the American Oil Chemists’ Society, 77(11), 1197-1205. https://doi.
0rg/10.1007/ s11746-000-0186-2



Mordvinova V. A. et al. | FOOD SYSTEMS | Volume 6 No 1 | 2023 | pp. 72-79

20.

21.

22.

23.

24.

25.

26.

27.

10.

11.

12.

13.

14.

15.

16.

17.

Jonkman, M. J., Walstra, P., van Boekel, M. A. . S., Cebula, D.J. (1999). Be-
haviour of casein micelles at conditions comparable to those in ice cream.
International Dairy Journal, 9(3-6), 201-205. https://doi.org/10.1016/
S0958-6946(99)00061-8

Flores, A. A., Goff, H. D. (1999). Ice crystal size distributions in dynami-
cally frozen model solutions and ice cream as affected by stabilizers.
Journal of Dairy Science, 82(7), 1399-1407. https://doi.org/10.3168/jds.
S0022-0302(99)75366-X

Truong, T., Palmer, M., Bansal, N., Bhandari, B. (2016). An Overview of
Milk Fat Globules. Chapter in a book: Effect of Milk Fat Globule Size

78

28.

29.

30.

Tejada, L., Sdnchez, E., Gomez, R., Vioque, M., Ferndndez-Salguero, J.
(2002). Effect of freezing and frozen storage on chemical and micro-
biological characteristics in sheep milk cheese. Journal Food Science, 67,
126-129. https://doi.org/10.1111/j.1365-2621.2002.tb11371.x

MaxkKeH, B. M. (2008). CTpyKTypa 1 TeKCTypa IUILEeBbIX MPOAYKTOB. IIpo-
IYKTbI SMYJIbCMOHHO# mpupopbl. CII6.: IIpodeccus, 2008.

McSweeny, P. L. H., Fox, P. F., Cotter, P. D., Everett, D. W. (2017). Cheese:
Chemistry, physics and microbiology. CA: Academic Press, 2017.

Van Den Berg, L. (1961). Changes in pH of milk during freezing and frozen 31. Fontecha, J., Kalab, M., Medina, J.A., Peldez, C., Juarez, M. (1996). Effects
storage. Journal of Dairy Science, 44(1), 26-31. https://doi.org/10.3168/ of freezing and frozen storage on the microstructure and texture of ewe’s
jds.S0022-0302(61)89694-X milk cheese. Zeitschrift fiir Lebensmittel-Untersuchung und Forschung,
Alinovi, M., Mukchetti, D., Viking, L., Korredig, M. (2020). Freezing as a 203(3), 245-251. https://doi.org/10.1007/BF01192872
solution to preserve the quality of dairy products: the case of milk, curds 32. Kyuepenko, C. B., 3axaposa, H. II., JlenunkuHa, O. B., Cokonosa, H. 0.
and cheese. Critical Reviews in Food Science and Nutrition, 61(2), 3340— (2002). 3amopakuBaHue, XxpaHeHue 1 gedpocTauus ChIUYKHBIX CHIPOB.
3360. https://doi.org/10.1080/10408398.2020.1798348 Coipodenue u macnodenue, 6, 31-32.
Bysinosa, . B., Jlynuuckas, C. M., Jlo6aueBa, E. M. (2018). TexHonoru- 33. BysHos, O. H., BysiHoBa, U. B. (2003). XapakTepucTuka KOHCUCTEHLIUN
YyecKye acreKkThl XOTOAVIbHOTO XPaHeHWsST GENKOBBIX MOJOYHBIX TIPO- 3aMOPO’KEHHBIX KPYITHBIX CHIPOB. BecmHuk mexdyHapooHoli akademuu
IYKTOB. TexHuka u mexHono2us nuuyesslx npoussoocms, 48(4), 5-11. xonooa, 4, 24-217.
https://doi.org/10.21603/2074-9414-2018-4-5-11 34. Reed Jr., R. B., Reyes, A. L., Bradshaw, J. G. (1969). The effect of freezing
Nguyen, D. D., Solah, V. A. (2020). Effects of frozen storage on the physical milk samples on abnormal milk analysis results. Journal of Dairy Sciences,
properties and sensory acceptability of goat’s milk yoghurt. Vietnam Journal of 52(2), 261-262. https://doi.org/10.3168/jds.S0022-0302 (69)86541-0
Agricultural Sciences, 3(1),487-494. https://doi.org/10.31817/vjas.2020.3.1.01 35. Park, Y. W. (2001). Proteolysis and lipolysis of goat milk cheese. Journal
Sarica, E., Coskun, H. (2021). Effect of frozen storage on some char- of Dairy Science, 84(Suppl), 84-92. https://doi.org/10.3168/jds.S0022—
acteristics of kefir samples made from cow’s and goat’s milk. Food 0302(01)70202-0
Science and Technology International, 28(2), 127-168. https://doi. 36. MopnsuHOBa, B. A., TonHuKOBa, E. B., Tanunosa, E. C., Octpoyxosa, 1. JI.
org/10.1177/10820132211003710 (2022). BnustHue M3MeHeHMit JK1poBoii (a3bl Ha 0coO6eHHOCTH (hopMMpo-
Park, Y. W., Gerard, P. D., Drake, M. A. (2006). Impact of frozen storage on BaHMsI IOKa3areseil KauecTsa MOMYTBePAbIX U TBEPIbIX ChIPOB. [Tuujessie
flavor of caprine milk cheeses. Journal of Sensory Studies, 21(6), 654—663. cucmemsl, 5(4), 361-368. https://doi.org/10.21323/2618-9771-2022-5-
https://doi.org/10.1111/j.1745-459X.2006.00089.x 4-361-368

REFERENCES

. Mordvinova, V. A., Ostroukhova, I. L., Ostroukhov, D. V. (2017). Techno- on the Physical Functionality of Dairy Products. Springer Cham, 2016.
logical special features of making cheese from goat milk. Cheesemaking https://doi.org/10.1007/978—-3-319-23877-7_2
and Buttermaking, 5, 16-19. (In Russian) 18. Muir, D. D. (1984). Reviews of the progress of dairy science: Frozen con-

. Freeze IT, category Dairy. (2022). Can You Freeze Goat’s Milk? Retrieved centrated milk. Journal Dairy Research, 51, 649-664. https://doi.org/10
from https://www.freezeit.co.uk/can-you-freeze-goats-milk/#How-to- .1017/5S0022029900032982
Freeze-Goats-Milk Jara mocrymna 20.01.2023 Accessed January 20, 2023 19. Herrera, M. L., Hartel, R. W. (2012). Effect of processing conditions on

. Tribst, A. A. L., Falcade, L. T. P., de Oliveira, M. M. (2018). Strategies for physical properties of a milk fat model system: Microstructure. Journal
raw sheep milk storage in smallholdings: Effect of freezing or long-term of the American Oil Chemists’ Society, 77(11), 1197-1205. https://doi.
refrigerated storage on microbial growth. Journal of Dairy Science, 102(6), org/10.1007/ s11746-000-0186-2
4960-4971. https://doi.org/10.3168/jds.2018-15715 20. Jonkman, M. J., Walstra, P., van Boekel, M. A.]. S., Cebula, D.J. (1999). Be-

. Wendorff, W. L. (2001). Freezing qualities of raw ovine milk for further haviour of casein micelles at conditions comparable to those in ice cream.
processing. Journal of Dairy Sciences, 84(Suppl), E74-E78. https://doi. International Dairy Journal, 9(3-6), 201-205. https://doi.org/10.1016/
org/10.3168/jds.S0022-0302(01)70200-7 S0958-6946(99)00061-8

. Nurliyani, Suranindyah, Y., Pretiwi, P. (2015). Quality and emulsion stabil- 21. Flores, A. A., Goff, H. D. (1999). Ice crystal size distributions in dynami-
ity of milk from ettawah crossed bred goat during frozen storage. Procedia cally frozen model solutions and ice cream as affected by stabilizers.
Food Science, 3, 142-149. https://doi.org/10.1016/j.profo0.2015.01.015 Journal of Dairy Science, 82(7), 1399-1407. https://doi.org/10.3168/jds.

. Lima, L. R. do N., Negreiros, I. F. L., da Silva, E. F., Ramos, L. de S. N. S0022-0302(99)75366-X
(2021). Physicochemical characteristics of goat’s milk submitted to dif- 22. Van Den Berg, L. (1961). Changes in pH of milk during freezing and frozen
ferent freezing periods. Research, Society and Development, 10(4), Article storage. Journal of Dairy Science, 44(1), 26-31. https://doi.org/10.3168/
€23710414089. https://doi.org/10.33448/rsd-v10i4.14089 jds.S0022-0302(61)89694-X

. Yu, Z., Qiao, C., Zhang, X., Yan, L., Li, L., Liu, Y. (2022). Screening of 23. Alinovi, M., Mukchetti, D., Viking, L., Korredig, M. (2020). Freezing as a
frozen-thawed conditions for keeping nutritive compositions and physi- solution to preserve the quality of dairy products: the case of milk, curds
cochemical characteristics of goat milk. Journal of Dairy Science, 104(4), and cheese. Critical Reviews in Food Science and Nutrition, 61(2), 3340—
4108-4118. https://doi.org/10.3168/jds.2020-19238 3360. https://doi.org/10.1080/10408398.2020.1798348

. Hassan, Z., Hamzawi, L., el Naga, M. A. (2010). Effect of frozen storage on 24. Buyanova, L. V., Lupinskaya, S. M., Lobacheva, E. M. (2018). Technological
the microbiological and technological properties of buffalo’s milk. Jour- aspects of cold storage of protein dairy products. Food Processing: Tech-
nal of Food and Dairy Sciences, 1(12), 765-779. https://doi.org/10.21608/ niques and Technology, 48(4), 5-11. https://doi.org/1010.21603/2074—
jfds.2010.82516 9414-2018-4-5-11 (In Russian)

. Abramov A. F., Pavlova A. I. Method of preserving mare’s milk by cold. 25. Nguyen, D. D., Solah, V. A. (2020). Effects of frozen storage on the physi-
Patent RF, n0.2272415, 2006. (In Russian) cal properties and sensory acceptability of goat’s milk yoghurt. Vietnam
Stepanov, K. M. (2010). Reindeer milk — biological valuable product. Journal of Agricultural Sciences, 3(1), 487-494. https://doi.org/10.31817/
Dairy Industry, 2, 79-80. (In Russian) vjas.2020.3.1.01
Kruchinin, A. G., Turovskaya, S. N., Illarionova, E. E., Bigaeva, A. V. 26. Sarica, E., Coskun, H. (2021). Effect of frozen storage on some char-
(2020). The effect of freezing on the technological properties of milk. acteristics of kefir samples made from cow’s and goat’s milk. Food
Journal of International Academy of Refrigeration, 3, 58-63. https://doi. Science and Technology International, 28(2), 127-168. https://doi.
org/10.17586/1606-4313-2020-19-3-58-63 (In Russian) org/10.1177/10820132211003710
Prayitno, E., Hartanto, R., Harjanti, D. W. (2021). Physicochemical and 27. Park,Y.W., Gerard, P. D., Drake, M. A. (2006). Impact of frozen storage on
microbiological appearance of sapera goat’s milk on frozen storage. Jur- flavor of caprine milk cheeses. Journal of Sensory Studies, 21(6), 654-663.
nal Sain Peternakan Indonesia, 16(4), 308-314. https://doi.org/10.31186/ https://doi.org/10.1111/j.1745-459X.2006.00089.x
jspi.id.16.4.308-314 28. Tejada, L., Sanchez, E., Gémez, R., Vioque, M., Fernandez-Salguero, J.
Katsiari, M. C., Voutsinas, L. P., Kondyli, E. (2002). Manufacture of yo- (2002). Effect of freezing and frozen storage on chemical and microbi-
ghurt from stored frozen sheep’s milk. Food Chemistry, 77(4), 413-420. ological characteristics in sheep milk cheese. Journal Food Science, 67,
https://doi.org/10.1016/S0308-8146(01)00367-3 126-129. https://doi.org/10.1111/j.1365-2621.2002.tb11371.x
Zhang, R. H., Mustafa, A. F., Ng-Kwai-Hang, K. F., Zhao, X. (2006). Ef- 29. McCann, B. M. (2008). Structure and texture of food products. Products of
fects of freezing on composition and fatty acid profiles of sheep milk an emulsion nature. St. Petersburg: Profession, 2008. (In Russian)
and cheese. Small Ruminant Research, 64(3), 203-210. https://doi. 30. McSweeny, P. L. H., Fox, P. F., Cotter, P. D., Everett, D. W. (2017). Cheese:
org/10.1016/j.smallrumres.2005.04.025 Chemistry, physics and microbiology. CA: Academic Press, 2017.
de la Fuente, M. A., Requena, T., Judrez, M. (1997). Salt balance in ewe’s and 31. Fontecha, J., Kalab, M., Medina, . A., Pelaez, C., Juarez, M. (1996). Effects
goat’s milk during storage at chilling and freezing temperatures. Journal of Ag- of freezing and frozen storage on the microstructure and texture of ewe’s
ricultural and Food Chemistry, 45(1), 82—88. https://doi.org/10.1021/jf960388a milk cheese. Zeitschrift fiir Lebensmittel-Untersuchung und Forschung,
Topel, A. (2007). Chemistry and physics of milk: natural product, raw ma- 203(3), 245-251. https://doi.org/10.1007/BF01192872
terials, food products. Behr, Germany, 2007. (In German) 32. Kucherenko, S. V., Zakharova, N. P., Lepilkina, O. V., Sokolova, N. Yu.

(2002). Freezing, storage and defrosting of rennet cheeses. Cheesemaking
and Buttermaking, 6, 31-32. (In Russian)



MopasuHoBa B. A. v ap.

33. Buyanov, O. N., Buyanova, I. V. (2003). Characteristics of the consistency
of frozen large cheeses. Journal of International Academy of Refrigeration,
4, 24-27. (In Russian)

Reed Jr., R. B., Reyes, A. L., Bradshaw, J. G. (1969). The effect of
freezing milk samples on abnormal milk analysis results. Journal of
Dairy Sciences, 52(2), 261-262. https://doi.org/10.3168/jds.S0022—
0302 (69)86541-0

34.

CBEJEHNA Ob ABTOPAX
IIpuHaAIe;KHOCTb K OpraHu3anumn

MopaBuHOBa BaneHTnHa AnekcaHAPOBHA — KaHAMAAT TeXHUUECKMUX HAyK,
BeIyLIMiT HAYYHbIV COTPYIHUK, PYKOBOIOUTENb OTHesa chipogenusi, Bcepoccuii-
CKMI1 HAYYHO-YUCC/IeI0BATENbCKUI MHCTUTYT MaCJIOLeNNs ¥ ChIPOZeust
152613, SIpociasckast o6nactb, Yy, KpacHoapmeiickuii GynbBap, 19

Ten.: +7-915-970-36-38

E-mail: v.mordvinova@fncps.ru

ORCID: https://orcid.org/0000-0001-8588-7103

CeBupupenko l'anuuHa MuxaiiioBHa — JOKTOD TeXHUYECKMX HAyK, IIABHBIN
HaYYHbBIl COTPYIHUK, PYKOBOOUTENb OTAeNa MUKpPOOUoIoruu, Beepoccuiicknii
HAayYHO-MCCIEJ0BATEIbCKII MHCTUTYT MAaCJIO/IEIVSI Y ChIPOJENsI

152613, dpocnaBckas 06aacTh, Yrand, KpacHoapmeiickuii 6yabBap, 19

Ten.: +7-903-823-56-88

E-mail: g.sviridenko @fncps.ru

ORCID: https://orcid.org/0000-0002-9586—-3786

OctpoyxoBa Upuna JIeOHMIOBHA — KAHIMIAT TEXHUUECKUX HAYK, CTAPIINIL
HAy4YHbIi COTPYOHMUK, OTHEN cbhlpofenusi, Bcepoccmiickuit HayqHO-MCCIeq0Ba-
TeJIbCKUI MTHCTUTYT MACTOLENS U ChIPOLEINST

152613, SIpocnaBckast 061acTb, Yrnd, KpacHoapmeiickuii 6yabsap, 19

Ten.: +7-910-972-91-22

E-mail: i.ostroukhova@fncps.ru

ORCID: https://orcid.org/0000-0001-8578-4163

* aBTOP /11 KOHTaKTOB

OcTtpoyxoB JIMmuTpuii BsuecsiaBoBUY — Hay4YHbIl COTPYIHMK, OTHEIN ChIpOJe-
nust, 152613, IpocnaBckast o6mactb, Yring, KpacHoapmerickuii 6yibBap, 19
Ten.: +7-999-797-41-43

E-mail: d.ostroukhov@fncps.ru

ORCID: https://orcid.org/0000-0002-7131-7887

Kpurepun aBTopcTBa

ABTOpr B PABHBIX OOJISIX MMEKOT OTHOIIEHME K HallMICAHUIO
PYKOITUCHY M OAMHAKOBO HECYT OTBETCTBEHHOCTD 3a Iljlarmar.

Kondnukr nHTEpecon

ABTOpBI 3asIBJISIIOT 06 OTCYTCTBYM KOHGUIVKTA MHTEPECOB.

79

| MALLEBBbIE CUCTEMbI | Tom 6 No 1 | 2023 | C. 72-79

35. Park, Y. W. (2001). Proteolysis and lipolysis of goat milk cheese. Journal
of Dairy Science, 84(Suppl), 84-92. https://doi.org/10.3168/jds.S0022—
0302(01)70202-0

Mordvinova, V. A., Topnikova, E. V., Danilova, E. S., Ostroukhova, I. L.
(2022). Impact of changes in the fat phase on the peculiarities of the for-
mation of quality indicators of semi-hard and hard cheeses. Food Systems,
5(4), 361-368. https://doi.org/10.21323/2618-9771-2022-5-4-361-368

36.

AUTHOR INFORMATION
Affiliation

Valentina A. Mordvinova, Candidate of Technical Sciences, Leading
Researcher, Head of Cheese Making Department, All-Russian Scientific Re-
search Institute of Butter- and Cheesemaking

19, Krasnoarmeysky Boulevard, Uglich, 152613, Yaroslavl Region, Russia
Tel.: +7-915-970-36-38

E-mail: v.mordvinova@fncps.ru

ORCID: https://orcid.org/0000-0001-8588-7103

Galina M. Sviridenko, Doctor of Technical Sciences, Leading Researcher,
Head of Research Department of Microbiology, All-Russian Scientific Re-
search Institute of Butter- and Cheesemaking

152613, Yaroslavl Region, Uglich, Krasnoarmeysky Boulevard, 19

Tel.: +7-915-970-36-38

E-mail: g.sviridenko @fncps.ru

ORCID: https://orcid.org/0000-0002-9586-3786

Irina L. Ostroukhova, Candidate of Technical Sciences, Senior Researcher,
Department of Cheese Making, All-Russian Scientific Research Institute of
Butter- and Cheesemaking

19, Krasnoarmeysky Boulevard, Uglich, 152613, Yaroslavl Region, Russia
Tel.: +7-910-972-91-22

E-mail: i.ostroukhova@fncps.ru

ORCID: https://orcid.org/0000-0001-8578-4163

* corresponding author

Dmitry V. Ostroukhov, Researcher, Department of Cheese Making, All-Rus-
sian Scientific Research Institute of Butter- and Cheesemaking

19, Krasnoarmeysky Boulevard, Uglich, 152613, Yaroslavl Region, Russia
Tel.: +7-999-797-41-43

E-mail: d.ostroukhov@fncps.ru

ORCID: https://orcid.org/0000-0002-7131-7887

Contribution

Authors equally relevant to the writing of the manuscript,
and equally responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.



MUALLEBbIE CUCTEMbI | Tom 6 No 1 | 2023 FOOD SYSTEMS | Volume 6 No 1 | 2023

DOI: https://doi.org/10.21323/2618-9771-2023-6-1-80-94

INocrynmiaa 11.01.2023 https://www.fsjour.com/jour
IToctynmia nmocie penensuposanus 09.02.2023 0630pHas cTaTbs
IIpunsrTa B neuats 16.02.2023
© Bypax JI. Y., Canau A. H., 2023

BUOJIOTUYECKU AKTVIBHBIE BEIITECTBA BY3WHBI:
CBOUCTBA, METO/bI N3BJIEYHEHHUS 1 COXPAHEHHUS
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K/JIIOYEBBIE CJIOBA: AHHOTAL KA

6y3uHa uepHas, AHTOUMAHBI U TTOMU(EHOIBI SIBJISIOTCS OCHOBHBIMY GMOIOTMYECKM aKTUBHBIMU BELIECTBAMM, COIEePIKAIIMMUCS
Sambucus nigra L., B sirofax Oy3uHbI. MeTOIbl HKCTPAKIMY OKa3bIBAIOT CYLIECTBEHHOE BIMsSHME HA 3PPEeKTUBHOCTb M3BIEUEHMSI,
AHMUOKCUOAHMHASL AKMUBHOCMY,  GUOIOCTYITHOCTD M COXpaHeHye GMONIOTMYEeCKM aKTUBHBIX COeIMHenni. Llenb JaHHOoi paboThl — 0630p OMmy6u-
aHmoyuaHol, NOJUGeHONbL, KOBaHHBIX Pe3y/IbTaTOB HAYYHBIX MCCIeI0BaHMIT OY3MHbI U TIPOLYKTOB ee rmepepaboTKy, X BO3IEICTBIMs Ha Op-
Ouos02utecKu aKmugHole raHu3M, a Takke pacCMOTPEHMEe MEeTOJOB U3BJIeUeHNS M MHKATICY/ISUM GMOIOTMYECKM aKTUBHBIX COeqUHEeHM
coeduHeHUsl, IKCMPakyusl, 6y31HbI. B 0630p BKJIIOUEHBI CTAThY HA AHITIMIICKOM M PYCCKOM si3bIKax. [ToMcK 3apy6ekHO HayYHOI IuTepary-
MUKPOKancynuposatue, PbI Ha aHIJIMIICKOM SI3bIKeE I10 IaHHOIi TeMe MPOoBOAMIN B 6ubnmnorpadmyeckux 6azax Google Scholar, Scopus, Web
HAHOKANCyuposaHue of Science, Elsevier, ResearchGate. [Iji1 oT60pa HayuyHbIX CTaTeii HA PYCCKOM SI3bIKe TTPOBEIM MOUCK I10 KiToue-

BbIM (JioBaM B «HayuHoi1 anekTpoHHO# 61bnoTeke eLIBRARY.RU». O630p Hay4YHbIX IMy6IMKAIMii TOKa3asl, YTo
pe3y/IbTaThl MHOTOUMCIEHHBIX MCCIeq0BaHMIi TOATBEP)KAAIOT BHICOKYIO aHTMOKCUAAHTHYIO aKTUBHOCTD GY3MHbI
(Sambucus nigra L.), a Taxke quKoit 6y3sunbl (Sambucus ebulus), mpouspacTalolieit Ha TeppuTopun Pecrry6mmkmu
Benapycs, a Takke B Ipyrux crpaHax EBpomsl, Asun, CeBepHoit Abppuku u CeBepHoit AMepuku. Biaromaps Ha-
JIMYMIO B XMMUYECKOM cocTaBe 6y3uHbl (Sambucus nigra L.) 6M0aKTUBHBIX (IIaBOHOMIOB, TAKMX KaK KBEPLETHH,
KeMI1epost 1 pyTHH, a TakKe 3a CYET MPUCYTCTBUS APYTUX PeHOMbHBIX COeIMHEHN, 3TO pacTeHye UCITOIb3yeTCs
B TPAAMUIVOHHOV MEeAMIIMHE U MPUMEHSIETCSI B KaYeCTBE ChIPbsSI B MUINEBOM MPOMBIIUIEHHOCTY AJISI CO3MAHMS
MPOLYKTOB MPoduIakTyeckoro 1 GyHKIMOHAIBHOTO Ha3HaueHusl. BuoakTuBHbIe coenuHeHus: 6y3MHbI 06a-
JAIOT HEKOTOPBIMM YHUKATbHBIMY GMONOTMYeCKMMM 1 (apMaKoIOrMYecKMMM CBOVCTBAMM, BKIIOYAsT aHTUOK-
CUJIAaHTHYIO, IPOTMUBOOITYXO/IEBYI0, aHTUIETIPECCUBHYIO, aHTUAVAGETUUECKYIO, IPOTUBOBUPYCHYIO U aHTUOAKTe-
PUAIbHYIO aKTUBHOCTb. [IJ1s1 U3BJIeUeH s OMOaKTUBHBIX BEILECTB U3 SATO 6Y3MHbI UCIIOIb3YIOTCS TPAAULIMOHHbBIE
METOZbI IKCTPAKLMM, TaKMe KaK Mauepauus u sKcrpakuysi CoKcaeTa, a Takke COBpeMeHHbIe [TepPCIIeKTUBHbIE
«3eJIeHbIe» TEXHOJIOTUU: CBEPXKPUTHUECKME (QIIOU[IbI, UMITYIbCHOE 3JIEKTPUUECKOE T10JIe, SKCTPAKIUS JKUIKOM
9MYJIbCHM, MUKPOBOJTHOBAS M Y/IbTPa3BYKOBast IKCTPAKLMsL. [IJIsT COXpaHEHMSI M 3aLIUThI 6MOTOTMYECKM AKTUBHBIX
BeIeCTB, COAEePXKAIIMXCS B IUI0/1aX OY3MHbI, IPUMEHSIOTCS MEeTObl MHKATICY/ISLINM, SIBSTIOIMecs] Hanboee a¢-
(dbekTMBHBIMI. MaTepuabl JaHHOM CTAThbyU MOTYT GBITH MCIIONb30BaHbI IIPY MPOBEAEHUM AATbHEMIINX UCCTeno-
BaHMI1 TIO ONTUMM3AUNU ITPOLECCOB IKCTPAKUIMMU C LE/IbI0 IMMOBBIIIEHUS HVILLLEBOIZ OEeHHOCTU U aHT]/IOKCI/I,IIaHTHOﬁ
aKTMBHOCTYM HOBBIX (DYHKIIMOHAIbHBIX MIPOJYKTOB MUTAHMS, UIEBbIX J06ABOK, a TAKKe MPOAYKTOB dhapmarieB-
TUYECKOJ IPOMBILIIEHHOCTH.
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elderberry, Sambucus Anthocyanins and polyphenols are the main biologically active substances in elderberry. Extraction methods
nigra.L, antioxidant activity, exert a significant effect on the extraction effectiveness, bioavailability and preservation of biologically active
anthocyanins, polyphenols, compounds. The aim of this work was a review of the published results of scientific studies of elderberry and
biologically active compounds, products of its processing, their effect on the body, as well as examination of methods for extraction and en-
extraction, microencapsulation, capsulation of biologically active substances of elderberry. The review includes papers in English and Russian.
nanoencapsulation A search for foreign literature in English on this theme was carried out in the bibliographic databases Google

Scholar, Scopus, Web of Science, Elsevier, ResearchGate. To select scientific papers in Russian, a search was done
in the scientific electronic library eLIBRARY.RU by keywords. The review of the scientific publications shows that
the results of numerous studies confirm the high antioxidant activity of elderberry (Sambucus nigra L.), as well
as wild elderberry (Sambucus ebulus), growing on the territory of the Belarus Republic and in other countries of
Europe, Asia, North Africa and North America. This plant is applied in the traditional medicine and is used in
the food industry as raw materials for creation of prophylactic and functional products due to the presence in
the chemical composition of elderberry (Sambucus nigra L.) of bioactive flavonoids such as quercetin, kempherol
and rutin, and other phenolic compounds. Bioactive compounds of elderberry possess several unique biological
and pharmacological properties including the antioxidant, anti-tumor, anti-depressive, anti-diabetic, antiviral

IOJId UUTUPOBAHUS: Bypak, JI. Y., Camau, A. H. (2023). Buonornueckn Burak, L. Ch., Sapach, A. N. (2023). Biologically active substances of elder: Proper-
aKTVBHbIE BeIeCTBA Oy3MHbI: CBOVICTBA, METOAbI M3BJIEUEHMSI M COXPaHEHMS. ties, methods of extraction and preservation. Food Systems, 6(1), 80-94. https://doi.
TMuwesvte cucmemst, 6(1), 80-94. https://doi.org/10.21323/2618-9771-2023-6-1-80-94 0rg/10.21323/2618-9771-2023-6-1-80-94
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and antibacterial activities. To extract bioactive substances from elderberry, traditional extraction methods are
used, such as maceration and Soxhlet extraction, as well as modern promising “green” technologies (for example,
supercritical fluids, pulsed electric field, emulsion liquid extraction, microwave-assisted and ultrasound-assisted
extraction). To preserve and protect biologically active substances in elderberry, encapsulation methods that are
most effective are employed. The materials of this paper can be used in future studies on optimization of extrac-
tion processes to increase the nutritional value and antioxidant activity of new functional foods, food additives
and products of pharmaceutical industry.

1. BBegenue

Bysuna yepHas (Sambucus nigra L.) IpUHAIJIEXKUT K ceMeii-
cTBy Adoxaceae, KOTOpOe JOBOJIbHO MIMPOKO PACIIPOCTPAaHEHO
B YMEPEHHBIX perMoHax EBpPOIbI 1 APYTMX KOHTUMHEHTAX CeBepP-
HOT'O TMOJTyIIapusl.

KyctapHuky 6y3MHbI TPOU3PACTAIOT B JUKOI IPUPOAE, U ITO
pacTeHye MMeeT MHOXKECTBO pa3HbIX COPTOB. Hambosee mormy-
JApHbIMM cunTaloTca «Cammo», «Cammin», «Aneco», «Kopcop»
u «Xambepr». Bun Sambukus nigra L. u3BecTHa Kak «eBpOIIeii-
cKast 6y3uHa», «eBpoIeiickasl yepHasi Oy3uHa», «uepHasi Oy3u-
Ha», «By3uHa». JTa KylIbTypa MpeAIojaraeT MUHUMAaIbHbIE
TpeGoBaHMs K YCIOBUSIM BbIpalllMBaHusI. Biaromapst HempuxoT-
smuBocTy Sambukus nigra L., a Takke BBUIY €€ XMMUYECKOTO CO-
CTaBa SATOA, ¥ BBICOKOJ TOCTYITHOCTY PACTeHMIT B IMKOIi diope,
B TOC/IeIHME AEeCSITWIETHs BO3POC MHTEepeC K YIOoTpebIeHu o
6y3uHbI [1,2].

sIrompl GY3MHBI U€PHOIT M3BECTHBI KaK ChIPbE C BBICOKUM CO-
JIepskaHMeM OVOJIOTMYECKM AKTUBHBIX XMMMUECKUX BEIIEeCTB,
KOTOpbIe 06/1aIal0T aHTUAMAOETUYECKUM U TTPOTUBOBUPYCHBIM
JleiiCTBMEM, a TaK)Ke MOYETOHHBIMM CBOVCTBAMMU U TTPOQUIAK-
TUKOI aTepoCcK/iepo3a, CepHeuHO-COCYIMUCThIX 3ab0aeBaHMii
u paka [3].

CornacHo uccnenoBanusm Miynarczyk, Walkowiak-Tomczak
n Lysiak [4], ycTaHOBIEHO, YTO GMOAKTMBHbIE COeIMHEHMUS
Oy3MHBI 06/MAAIOT MHOTMMU OMOIOTMYECKUMU U (apmako-
JIOTUYECKMMM  CBOJCTBaMM, BKIIOYAsl AHTUMOKCUAAHTHYIO,
MIPOTUBOONYXOJIEBYIO, AHTUIEIPECCUBHYIO, aHTUaMabGeTIde-
CKYI0, TPOTMBOBUPYCHYIO U aHTUOGAKTEPUATbHYI0 aKTUBHOCTbD.
V3 sirom Oy3uHBI B OCHOBHOM M3TOTABIMBAIOTCS 3KCTPAKTbI
M COKM, KOTOpPbIEe MOTYT MCIIONb30BaThCSl B IIPOM3BOACTBE Oe3-
aJKOTOJIbHBIX ¥ aJKOTOJIbHBIX HAIMMUTKOB, KOHAUTEPCKUX U3-
Ienuii U Kpacuteneil. BysmuHa comepkuT moiaudeHobl, Takue
KaK UMAHUIOUH-3-caMOybuno3uI-5-Ia0K031 I, UMaHUIUH-3,5-
IUTIIOKO3U, LVaHUAWH-3-caMOyoro3u, IMaHUAVH-3-TJII0-
KO3 Y UMaHUIWH-3-pYyTUHO3UL, [4,5,6]. VI TUIOABI, M IIBETKU
OGy3MHBI cofepskaT MonvdeHoNbHbIE COeAVHeHNs. Beyble mim
KpeMOBO-06eJible I[BETKM He MMEIOT B CBOEM COCTaBe aHTOLMA-
HOB, HO B HMX MHOTO (D€HOJIbHBIX KMCJIOT, KOTOPbIE BKITKOUAIOT
MPOV3BOAHBIE KBEPIETMHA, M30paMHeETHHa M Kemriideposna,
a Takke HAPVHTEHVH, STIMKAaTeXMH Y KaTeXVH.

Anbda-tokodepon (BurtammH E) u ramma-torodeposn
comepkatcsi B OOJIBIIOM KOJMUECTBE B MYyKe U3 CeMSH
Sambucus nigra L., Torma Kak acKopoMHoBast Kucyiora (oT 6 10
25 mr/100 T) mpUCYTCTBYET B Airofax 6y3uHbl. Marumii, HaTpuii,
KanpLuit, pochop U Kammii, a Takke pasiMUHbIe MUKPOIJIe-
MEHTbI, BK/TIOUasi MapraHell, Mefb, keJie30 U LUHK, B 1306M-
JIUM CONepPsKATCsl B SITOAAX M I[BeTKax Oy3uHbI. YCTAaHOBJIEHO,
YTO B HEKOTOPBIX PETMOHAX BhIpaumMBaHus Sambucus nigra L.
COIIePKUT TSDKeJIble MeTasIbl, TaKMe KaK CBMHEIl U KaaMUit
[4,5]. IIpoBOAMMbBbIe paHee HaMM McCleoBaHUSI Oy3MHBI ca-
JIOBOII M IUKOI, Mpou3pacTrawplieit Ha Tepputopuun Pecry6-
nuku Benapych, moaTBepamiu 6e30MacHOCTh STOJ OY3MHBI
[6,7]. CunTaetcs, yTo MONMGEHOIBI TPEIOTBPALIAI0T MHOTHME
60/Ie3HM, B TOM YMCIEe CePIAEeUYHO-COCYOUCThbIe 3a60eBaHMUS
U paK, a MUKPO- ¥ MaKpO3JIE€MEHTHI HEOOXOOMMBI [IJis cOamaH-
cupoBaHHOro nutanus [8]. ComepkaHue B SIromax M LBeTKax
OGy3VHBI GOJIBIIIOTO KOJMYECTBA GUMONIOTUYECKM aKTUBHBIX Be-
IIeCTB M aHTOLMAHOBBIX KpacUTeell BbI3bIBAET MTOBBIIIEHHOE
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BHMMaHMe K 6y3MHe Kak MMOTpeduTene, Tak 1 CIelnyuanicToB
MUILEeBOI MPOMBILIIEHHOCTH [5,6].

dddexTrBHOE M3BIEUEHME U3 PACTEHNIT OMONIOTMYECKU aK-
TUBHBIX COE,EU/IHEHI/[I‘/J[ 3aBUCUT OT METOJ0B 3KCTPAKIIMN 1 OUMCT-
k1. Hanbosee mpremieMblii MeTOH, OMOaKTUBHOM 3KCTPaKLUU
JIOJDKEH COOTBETCTBOBAThH CJIEAYIONIMM KpUTEpUsIM: Ge3ormac-
HOCTb, 9KOJIOTMYHOCTb, 3 HEKTUBHOCTD 1 9KOHOMUYHOCTD. JKC-
TpaKuus 6I/IOJIOI'I/I‘IECKI/I AKTUBHBIX COE,EU/IHeHI/II‘/JI TaK>Ke SIBJIsSIeT-
Cs1 BOKHBIM 3TAriOM BbifeNeHNs M (QPaKIVMOHUPOBAHUS ITUX
BellecTB. MeToA 3KCTPaKIMH CYIIeCTBEHHO BJIMSIET Ha KAUeCTBO
Y KOJIMYECTBO GMONOTMYECKU aKTUBHBIX KOMIIOHEHTOB GY3MHBI
[9]. Onst BeIOEneHNsI 6GMOAKTUBHBIX COeAVHEHMI PACTUTETHHOTO
TIPOVCXOKAEHMS, ¥ U3 Oy3MHbI B TOM YMCIIe, UCIIOIb30BAINCH
MEeTO/IbI SKCTPAKLIMYU M OUMCTKM, HAUMHASI OT KOHBEKIIMOHHBIX
(Malepanys ¥ sKCTpaKLMs paCTBOPUTENIEM) U 3aKaHUMBAsI COB-
peMeHHbIMM crtocobaMy (06paboTKa yIbTPa3ByKOM, KCTpPak-
UMST 9MY/IbCUOHHOM JXUIKOCTU, CBEPXKPUTUUYECKUE KUIKOCTH,
MMKPOBOIIHOBO#) [10]. KauecTBO 1 6€301aCHOCTh 9KCTPArupo-
BaHHbBIX 6M10aKTUBHbIX COEAVHEHMIT MOKHO MaKCHMaJIbHO 06ec-
MeYUTh C TIOMOIIbI0O METOIOB MHKAICYISIMU. MeToabl MHKAII-
CYJISLIVMY 3AIIMIIAIOT KIIOUeBble 6M10aKTUBHbIE MUILEHMU, TAaKMe
KaK MMKPO3JIEMEHTBI, ¥ B TO K€ BpeMsl 06eCIeunBaiOT Peryin-
pyeMoe BbICBOGOXKIEHNE B KeTyLOYHO-KUIIeYHOM TpakTe [11].
st 3alIUThl JIETYUMX COeOUHEHMI U PYTUX OMONOTUUYECKU
aKTUBHBIX BEIIEeCTB OY3MHBI OT OKMUCIEHUS M PA3JIOKEHMS UC-
TTOJIb3YIOTCSI Pa3IMYHble METO/IbI MHKATICYISIIIUM, OT KOHBEKIIM-
OHHBIX, TAKMX KaK PACIbLIUTEIbHAs CYIIKa U Juoduansanus,
[0 IOTIONIHUTEIbHBIX COBPEMEHHBIX MeTOLOB (3MYIbCHOHHbIE
CUCTEMBI, TUITOCOMbI, KOAIIePBAIMS ¥ CBEPXKPUTUUECKME SKUJI-
KoctH) [12]. Takum 06pa3om, 1eIbI0 0630PHOI CTAThU SIBJISIETCS
aHaIM3 HayYHbIX MCCIeNOBaHMit GY3MHBI M TPOIYKTOB ee Tepe-
paboTKM, METOIOB U3BJIEUEHNSI, COXPAHEHMS U 3aIUThI OMOJIO-
I'MUYeCKM aKTUBHBIX BELECTB, COLEPSKAIIMXCS B ee MI0AAX, a Tak-
ke BbIPabOTKAa PEKOMEHIAIMIT ISl TIPOBEIEHMUS NaabHeNIIX
MCCIIeMOBAaHN M HATIPABIEHMIA IPUMEHEHUSI.

2. OOBEKTHI U METOIbI

MaTepuanamMyu Oji1 MCCA€NOBaHMS IOCTY>KUIM HaydHble
M aHAIUTHUYECKMe MaHHble 3apyOeKHbIX U OTeUeCTBEHHBIX
ncTouHMKoB MHbopmanyu (Scopus u Web of Science, Elsevier,
ResearchGate). B kauecTBe MeTOHOB MCCAEAOBAHUS TIPUMEHS-
JIVICb MOHUTOPVHT M aHaIM3 MCTOYHMKOB MHGMOpMaIMH, a TaK-
ke MX CUCTeMaTm3anysl u 060blLIeHNe IS TTOIBeIeHNs] UTO-
TOB MCCIeJOBATENbCKOV paboThl. Takke ObLT BBHITOTHEH 0630D
HayyHBIX KYpHAJIOB I10 TeMaTuKe uccienoBanusi. [Ipu ot6ope
y6nmKanyii 1yt 0630pa MpUMOPUTET OTHABaIN BHICOKOLUTUPY-
eMbIM MCTOYHMKaM. BbUlM MPOCMOTPEHBI CIMCKU JTUTEPaTyphl
OTOGPaHHBIX CTaTeii AJIST BBISIBAEHUS] JOTIOMHUTEIbHBIX perle-
BaHTHBIX MCTOYHMKOB MHOOpMaluu. B KauecTBe BpeMeHHBIX
paMoK 1y1st 0630pa HAyYHBIX MYOAMKALIMIA ObUT PUHSIT TIEPUOL,
2010-2021 rr. bonee paHHMe Hay4YHbIe CTATbU M3y4yajy TOJIBKO
MIPY OTCYTCTBUY HOBBIX ITyOIMKALINIA IO KOHKPETHBIM acIIeKTaM
UCCIelye MO TeMBbI.

3. Buosormvecku aKTUBHBIE COeIVHEHUS OY3UHBI
Xummueckuit coctaB IUIOHOB Sambucus nigra L. mMoxet

CUJIBHO PAa3JnyvaThbCs B 3aBUCUMOCTU OT COpTa, KIMMaTuye-

CKUX YCJIOBUIf, MeCTa MPOu3pacTaHus M CTaaAuM CO3peBaHMSI.
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AHTOIMAHbI U TIOMUGbEHObI SIBJSIOTCSI OCHOBHBIMM G1OaKTMB-
HBIMM XMMUYECKMMM BEIeCTBaMM, COMePsKaIlMMUCS B SITOmax
6y3mHbI. 0630p HAYYHBIX UCCAEIOBAaHMII XMMUUECKOTO COCTaBa
10108 Sambucus nigra L. vi comepskaHusl B HUX OCHOBHBIX I0-
J(eHONbHBIX COeIVHeHNH MOAPOOHO PacCMOTPEH B HeJABHO
omy6/IMKOBaHHOI 0630pHOII Hay4HOI cTaTbe [6]. [To cpaBHe-
HUIO C ApyruMU GpyKkTamMu, 6y31Ha MMeeT BbICOKYI0 KOHIIEHT-
pauuio nonudeHonoB. Hanbosee yacTo B cocTaBe sSirof;, 6y3MHbI
BCTPEUAIOTCS] KBEPLEeTUH-3-PyTMHO3UA, (PYTUH), KBEPIETHUH,
KBEPIEeTUH-3-TIIOKO3U[, (M30KBEPIUTPUH), HEOXJIOPOTeHOBas
KUCIOTa, KPUIITOXJIOPOTeHOBasi KMUCIOTa, XJIOPOTeHOBasi KUC-
jota, KeMmrdepon-3 pyTMHO3MI, MN30PaAMHETMH-3-ITIOKO3MT,
(acTparaqnH) 1 U30paMHETMH-3 II0K03u. B mogax Sambukus
nigra L. ipeo6iaiaeT pyTuH, B MEHbIIIEM KOJMUECTBE COepsKaT-
Cs1 Apyrue acTparaauHsel, GIaBOHONBI ¥ M30KBEPLUTPUH. AHTO-
LUMaHbI, AUUITIMKO3UIbI AHTOIIMAHUIMHOB WM BOLOPACTBOPU-
Mbl€ TJIMKO3U/IbI, TIPEJICTABIISIONME COO0I OKCUTEHUPOBAHHBIE
TIPOVU3BOAHbBIE coseli GhIaBUIs, IBISIOTCS (DeHONbHBIMY Bellle-
CTBaMM. DTO XOPOIIIO M3BECTHBIE MIUIIIeBbIe KPACUTENN, KOTOPbIe
YMEHBIIAI0T OKUCIUTENbHBIN CTpecc, yiassis CBOOOIHbIe paiK-
KaJIbI, UTO JIeJIaeT X BO3MOKHBIMMU IJ1I IPUMEHEHMS B KAUeCTBe
npodiakTIecKux cpeacts [13,14]. Ha pa3Hbix ¢asax co3peBa-
HMSI SITOT, KOHIIEHTpaLMsl ToM1(peHOI0B KOMe6IeTcst, U KaKIblii
KOMITOHEHT MMeeT CBOJi XapakTep u3MeHeHusl. B mpoiiecce co-
3peBaHMs B SITONAxX TOBBIIIAETCS KOHIIEHTPaLMsl aHTOIVAHOB,
0COGEHHO NMAHUIWH-3-TJI0KO3UIa, IMAaHUIUH-3-caMOy6mo-
3UMI-5-TII0KO3MIa U IMaHUIMH-3-caM6y6mosuma. BysuHa sB-
JISIeTCST aKTyaabHOM TeMOii AJi1 HayuHbIX MCCIeNoBaHuit 13-3a
cofepskaHus B 9TOM Ky/IbType OMONIOTMUeCKM aKTUBHBIX COeIM-
HEHM1, 0Ka3bIBAIOIIMX 030POBUTENbHBIN 3G GEKT Ha OpraHu3M
yeJioBeKa, MO3TOMY OHa 6blJIa BhIOpaHa HaMy B KauecTBe 06bek-
Ta JaHHOTrO ucciefoBaHus [15].

CrnemyeT OTMETUTb, UTO ATOZAbI OY3UHBI COIePKaT LIMaHOTeH-
HbIe [TIMKO3U[IbI, KOTOPbIE SIBJISTIOTCSI TOKCUYHBIMM GUOTOTIYe-
CKM aKTVBHBIMY COEIVHEHUSIMY 13 PACTEHUIA, TTOTyYeHHBIMY U3
aMMHOKMCIOT. Hanbosnee paciipocTpaHeHHBIMM U3 HUX SIBJISIIOT-
cst cambyHurpus (0,08-0,77 mkr/r FW) u npyHasuH. Beuio ycra-
HOBJIEHO, UTO BbICOTA, HA KOTOPOJ PACTYT IJIOAbI, MOKET BIUSITh
Ha cofepskaHue B HUX CaMOYHUTPUHA, ITOCKOIbKY HU3KAsI TeM-
repaTypa ¥ BBICOKMIT YPOBEHb COTHEUHOM pammManyuy CTUMY-
JUPYIOT 6MOCMHTE3 3TOTO coenyHeHMs1. Kpome Toro, Hespesnbie
SITOZIbI OY3MHBI COOEepsKaT 3MPUH U TOMIOKAINH (M-TUAPOKCU3a-
MellleHHbIe TIMKO3U/IbI), KOTOPbIe MOTYT OBITh MTPE0OPa30BAHBI
B LIMAHUJ yTeM TUAponusa. [IpuMeHeHMe TepMuieckoit o6pa-
60TKM CIIOCOGCTBYET IMPOLECCY Pa3IOKeHMsI ITUX COeNUHeHMIA
[16]. Kpome TOTO, /IS TPOMBIIIIZIEHHO TTepepaboTKy HeoOXomu-
MO MCITOJIb30BATh 3peJIble SITOMbI, B KOTOPBIX HaAM4Me JaHHBIX
CcoeVHEHMIT He3HAUUTETbHO ¥ KOTOpPbIe MOJMHOCThIO pasJara-
I0TCSI B IIpoliecce epepaboTKM.

4. AHTHMOKCUIAHTHASI aKTUBHOCTD,
aHTMOaKTepua bHbIe U IPOTUBOBUPYCHbIE

CBOJiCTBa GY3MHBI

Buonornyeckast aKTMBHOCTb, KOTOPYIO MOTYT OKa3bIBaTh (pe-
HOJIbHbIE COeOMHEHMs], 00afaeT aHTUOKCUAAHTHBIMY, VMMY-
HOCTUMY/IUPYIOIIVMY, MPOTMBOBOCIAIUTENIbHBIMY, HTPOTUBO-
aJUTepTUYeCKUMM, MPOTUBOPAKOBBIMY, aHTHOGAKTEPUATbHBIMM
¥ IIPOTUBOBUPYCHBIMU cBOVicTBamu [17]. ITonesHslie cBolicTBa
(beHONBbHBIX COeAVHEHMIT MOTYT CHUKATBCSI, €C/IY OHM pasJiara-
I0TCSI TIOC/Ie BO3MEICTBUS KMCI0POOa, cBeTa, hepMeHTaTUBHOM
aKTUBHOCTM, HEOJIarOTPUSITHBIX YCJIOBUI TemrepaTypsl U pH,
MOHOB MeTaJlJIOB U Bozpl [18,19].

Upe3MepHOe HaKOIUIEHME B OpraHM3Me 4YeioBeKa HEKOTO-
PBIX TIPOLYKTOB, IIOJIyUeHHBIX B Pe3y/lbTaTe peaKkuuii KUCI0po-
J1a C a30TOM, MOXXeT BbI3BaTb OKUCIUTENbHBIN CTPecc, BIUSIIO-
i Ha JTHK, cTeHKM KPOBEHOCHBIX COCYZIOB, O€JIKY U JIMTIMAbI.
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B pesynbraTe 5TMX MPOLIECCOB MOTYT IOSIBUTLCS OMACHBIE 3a-
6oeBaHus, Takue Kak HelipojereHepaTuBHbIe (AJblreiimep
u TIapKMHCOH), caxapHbIit [uabeT win mpekaeBpeMeHHoe CTa-
peHne. Ha pa3BuTye KJII€TOK MOXET BJVATD paclllelVIeHye Moe-
Ky JHK, npuBozsiee K 06pa30BaHMIO PAKOBBIX KIIETOK U K IT0-
SIBJIEHUIO CepAeuHO-COCYIMUCThIX 3a60meBanmii [20].

OxucInTeNbHble peaklUM B OpraHM3Me 4YesloBeka MOTYT
ObITh YMEHbIIEHbI aHTMOKCUAHTAMM, KOTOPbIE IeJICTBYIOT KaKk
3aIlKUTHbIe areHThl. Hamune GeHonbHbIX coelMHeHNit B pacTu-
TeNbHBIX 9KCTPaKTaxX MpUAaeT UM aHTMOKCUIAHTHbIE U dap-
MaKoJsiornueckue cpoiictsa [21,22]. Peakuum okucIeHUs MHNU-
LIMUPYIOTCSI CBOOOIHBIMM pafyKanaMu, M (HIaBOHOMUIBI MOTYT
B3aMMOJIeJiCTBOBAaTh C HMMM, NpefOTBpallas BO3HUKHOBEHME
okuciaeHus. OHM Takoke MOTYT B3aMMOJe/iCTBOBATh C aKTUBHBI-
My dopmamu kuciopona (ADK), KoTopbie 06pa3yroTcsl B Xone
LIeNIHBIX peakuyii. B HOpManbHbIX TOMEOCTaTUUeCKUX YCIOBU-
ssx AOK urpaioT BaskKHYI0 POJb BO MHOTMX (DM3MOIOTUYECKUX
mpoleccax, 061agasi CrioCOGHOCTBIO PEryIMpoOBaTh KIIIOUEBbIE
KJIeTOYHble QYHKUNM, TaKKe Kak rmponudepanus, nudbdepeHin-
POBKa U aromnTo3, 6yIydy Taxke y4acTBYIOIIMMM B 3aIIMUTe OT
MaTOTeHOB [23].

By3uHa MoXeT mMomynupoBaTh KoHUeHTpanuio ADK B Ku-
IIEYHOM COZEPKMMOM, a Takke B SMUTENMAIbHBIX KIeTKax
KUIIEYHNKA 32 CYET MOBBIIIEHHOTO COMlepsKaHMsI GMOIOrMYeCKu
aKTMBHBIX COEAVHEHMI C AHTMOKCUAAHTHBIM IIOTEHIVAIOM
[24]. MHoroumucineHHble TeCTbl Ha aHTUPAAVKAJIbHYIO aKTVB-
HOCTb in Vitro TOATBEPAUIN aHTUOKCUIAHTHYIO CIIOCOOHOCTH
iopoB Sambucus nigra L. [25]. Tuaponu3s v ferpaganus aHTOLM-
aHOB B TOHKOJ1 ¥ TOJICTO} KMIIIKE MOTYT OBITh BBI3BAHBI aKTUB-
HOCTBI0O MUKPO(DIOPHI B TOJICTOI KUIIKE Y UX HECTAOMIbHOCTHIO
B 1L[eJIOYHOM cpefie [26]. Kpome TOro, OHYM MepexofsiT OT KUCIO-
ro pH (Ha ypoBHe XeiynKa) K IIpakTU4yecky HelTpajibHOMy pH
(Ha KMIIEYHOM YpOBHe) [26,27]. YCTaHOBJIEHO, YTO B TOHKOM
KUIIeYHVKe aHTMOKCUIAHTHASI aKTMBHOCTD SKCTPAKTA OY3MHBI
cHIKanach ¢ 15,71+1,09 mxM Tponokca/mi/50 mr (B Hemepe-
BapeHHOM 3KCTpaKTe Oy3MHbI, BBICYIIIEHHOM J1oduin3anmeii)
1o 9,89+0,39 MKM Tposnokca/Ma. CHUsKeHMe 6bUIO CBSI3aHO
¢ TpaHcdopmanyeil OCHOBHBIX MOMMGEHONIbHBIX COeIMHEHMUI,
BKJII0Uas aHTOLIMAaHbI, KOTOPbIe OKa3bIBAlOT OCHOBHYIO aHTMOK-
CUJAHTHYIO aKTMBHOCTD. [I03TOMY MO/TyuyeHHbIe Pe3yabTaThl I10-
Kasaau, YTO MpU MPOXOXKIEHUM Uyepe3 KeTyJL0UHO-KUIIeYHbIi
TPAKT 3KCTPAKT Oy3MHBI JOCTUraeT KOMIIADTMEHTOB TOHKOIA
KMILIKY B M3MEeHEeHHO, HO Bce ke akTuBHOI popme [28]. ITocne
MMUTaLMM NUIeBapeHs B MCKYCCTBEHHO MUILeBapUTeIbHOM
TpyOKe (KeTyIOK, TOHKAasl KUIIKA M TOJICTAasl KMUIIKA) Haboma-
JIOCh CHIKeHMe cofepskaHusl IuaHuguHa-3-0-cambyomnosnma
u unaHuauHa-3-O-rmoko3uga Ha 88,4%. Beliy Takske coeyHe-
HusI, 60siee YCTOMUMBBIE K MTPOLIeCCY KMUIIEYHOTO MUIeBapeHNs
(uyaHuauH-3,5-0-0UImIoKo3un, U UMaHuaMH-3-0-camOyou-
03W1-5-0-1TI0K03MI). B TONCTOM KMUILKE TMOTeps aHTOLMAHOB
aKcTpakTa Sambucus nigra L. coctaBuia 44%. He6ombIioe Komm-
4eCTBO IIPOV3BOJHBIX [TeJlapTOHMIMHA Y IEOHUVHA IPUCYTCT-
BOBAJIO B HellepeBapeHHOM 9KCTpaKTe 6Y3MHbI ¥ OTCYTCTBOBAJIO
B IlepeBapeHHOM 3KCTPaKTe TOJCTOM KuIIKKU. DeHObHbIE Coe-
IOVHEHUS (KpOMe aHTOIVIAaHOB) GBIV OTHOCUTENIBHO CTAOMITHHBI
B BepXHell 4acTy KUIIeYHMKA. YBeIudeHue KOAMYecTBa XMHO-
BOJi KUCIOTbI MOATBEPAUIIO TUIPOIN3 XJIOPOT€HOBOI KMUCIOTHI.
JlOoTIOMHUTENbHO HabMonanach gerpajalus TaHMHOB Oy3MHBI,
BEpOSITHO, M3-3a AKTUBHOCTY MMKPOQIIOPBI TOICTON KUIIKN.
TeM He MeHee ObUIO 3aMEUEHO, UTO IEpPeBapeHHbBIN TOJICTOM
KMILIKOM 9KCTPAKT 6y3MHBI COepyKaa MPOAYKT pacrana pyTUHA
U U30KBepPLEeTMHA, Ha3bIBaeMbIli KBepLETUH. MomennpoBaHue
JKeJyNOYHO-KMIIEYHOrO MMILEeBapeHMs] Ha YPOBHE JKeTyaKa
¥ TOHKO¥ ¥ TOJICTOJ KUIIKM [T0Ka3asio rnorepio 80,5% ot 0611iero
KonmmyecTBa (heHONbHBIX COeNMHEHUI, KOMMUECTBEHHO OIpe-
JIleJIeHHBIX B 3KCTpakTe Oy3uHbI [28]. [lepeBapeHHbBIN IKCTPAKT
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€BpOTeNiCKO GYy3MHbBI COIEPKUT AOCTATOYHOE KOIMYECTBO aH-
TUOKCUIAHTOB, UTOOBI OKa3bIBaTh IOJOXUTEIbHOE [eiiCTBUE
Ha KJIeTKM CIM3UCTOI OOONOUKM KMUIUIEYHMKA, 3aIIMUIIAsT UX OT
OKUCJTUTENEl, BhI3bIBAIOIMX MyTareHes, ¥ OT OKUCTUTETbHOTO
crpecca IHK u orpannumBas runeprnpoayKIui0 BHYTPUKIETOU-
Hoit AOK. Vcnonb3oBaHue sirof, 6y3MHbI B KauecTBe (QyHKIMO-
HaJbHBIX NUIIEBBIX KOMIIOHEHTOB MOXKeT ObITb OOYCIOBIEHO
HETreHOTOKCNMYECKKMM, HEIIMTOTOKCUUYECKMM M HeMYyTareHHbIM
BO3JeiicTBMEM, KOTOpOe (GPYKTOBBINI SKCTPAKT OKa3bIBaeT Ha
OpraHusm [24].

VcTaHOBAEHA MPOTUBOBOCHAIUTENbHAS 3 ()eKTUBHOCTD
9KCTpakTa OY3WHBI, TIe B KauecTBe BO3OYIMUTENS] MUCIIONb30Ba-
nach 6akrepust Escherichia coli oisi CTUMYISIIUM TeHIPUTHBIX
KJIETOK, TIOTyY€HHBIX 3 KOCTHOTO Mo3Ta [29]. Takke 6bIIO yCTa-
HOBJIEHO, UTO aHTMOKCMUJAHTHASI aKTMBHOCTb BO3pacTaeT Mpsi-
MO IPOTIOPIMOHANIBHO KOHIEHTPAIMM aHTOLMAHOB B 9KCTPaK-
Tax 6Y3MHbBI, HO TOIBKO JI0 OTIPEJEIEHHOTO YPOBHS, TTOCKOJIbKY
BBIIIIE 3TOTO YPOBHSI aHTMOKCHUIAHTHAsI aKTMBHOCTb HAUMHAET
cHmKaTbes [30].

4.1. AumubakmepuansHsie c8olicmea skcmpakma 6y3uHasl

AHTHGAKTEPUATBHYIO aKTUMBHOCTb 3JKCTPAKTOB  OGY3MHBI
MHOTVE aBTOPbI OOGBSICHSIIOT cofmepskaHueM (GeHOMbHBIX KUC-
JoT u ¢dnaBoHOMAOB. Hambosbllee BAMsSHME Ha aHTUOaKTe-
PUANBHYI0O aKTMBHOCTb OKAa3bIBAIOT COEAVHEHMS: KeMIipepol,
arnureHuH, depynoBas KUCIOTa, TPOTOKATEXYMHOBAS M KyMa-
poBast KUCIOThI. BakTepusiMmu, KOTOpble HamboIee UyBCTBMU-
TebHBI K 9KCTPAKTy (PeHOTbHBIX COeMMHEHNI 13 GY3MHBI, SB-
nsrotest Micrococcus luteus, Proteus mirabilis, Pseudomonas fragi
u Escherichia coli.

[IpoBeeHHbIE MCCIENOBAHMS TTOKA3ay, UTO TOJbKO OT-
JleJIbHbIE TAHUHBI, TIONyYeHHbIE U3 TUIPOKCUKOPUYHOI, rayiio-
BOJi 1 Ko(eiiHO# KUCIOT, ¥ TPUTEPIIEHBI (0JleaHOBAasT KUCIOTa;
o- ¥ B-aMapyH) CUUTAIUCh AHTUMMUKPOOHBIMM BeNEeCTBAMM.
VCTaHOBJIEHO, YTO OTHeNbHbIe (EeHONbHbIE COENVHEHUS U UX
CJI05kHBIe 3GUPBI MHTUOMPYIOT POCT GaKTepuit Caefylomux po-
noB: Yersinia, Bacillus, Corynebacterium, Proteus, Staphylococcus,
Enterococcus, Klebsiella, Micrococcus, Escherichia n Pseudomonas
[31-33]. bakrepuu Bacillus subtilis v Bacillus cereus BbI3bIBalOT
MMIeBoe oTpaByieHne. X pocT 6bI1 MHTMOUPOBAH KO(hetHO,
(epyn0BOIT M TTPOTOKATEXOBOW KMUCJIOTAMM, KOTOPBIE COAEPKAT
9KCTpaKT Oy3uHbl. PocT Yersinia enterocolitica Takke MHTMOUPO-
Basicst eHONMbHBIMY KUCTOTAMMA.

YueHnble Hearst et al. [34] ucnonb3oBaau BOZHO-CIIUPTO-
BOJi 9KCTPAKT, MOAYUEHHbI 13 KOHIIEHTPATOB 6Y3MHBI, BbICY-
IIeHHBIX MTyTeM JMOQUIN3aun, AT U3YIeHUsT aHTUOAKTep-
aTbHOTO BO3MeiCTBUS Ha 13 BHYTPUOOIbHUYHBIX MMATOTEHOB,
BK/TIOUAss MeTUIM/UIMH-PE3UCTEHTHbI 30J0TUCTBIN cTadu-
7n0kOKK (MRSA). BOnbUIMHCTBO MpOaHaAM3MPOBAHHBIX Oak-
Tepuit 6bUTM MHTMOMPOBAHBI KCTPAKTOM OY3MHBI, BKIIOUAS
Staphylococcus sp wim Bacillus cereus (TpaMITOTOXKUTENbHBII),
Salmonella poona n Pseudomonas aeruginosa (rpamoTpuiia-
TenbHbIN). [pymnma aBTopoB Chatterjee et al. [35] ycTaHOBMIN,
yTo 6y3uHa obiagaet 30% MHTMOMPYIOIIEl aKTMBHOCTHIO B OT-
Homuenun Helicobacter pylori. UTo6bI TPOJEMOHCTPMUPOBATD aH-
TubaKkTeprarbHOE JAeCTBME SKCTPaKTa Oy3MHBI HA GaKTepun,
ropaxkaloluie abIxaTelbHble MyTH, aBTOpbl Krawitz et al. [36]
ucnonb3oBanyu 10% craHmapTU3MPOBAHHBIN KUAKUI 3KCTPAKT
Oy3UHBI I 6AKTePUATbHBIX KyJIbTYp. Pe3ylbTaThl MOKa3ain
70% nHrK6MpOoBaHMe (TI0 CPAaBHEHUIO C KOHTPOJIbHBIMY 06pas-
1amiu) pasBUTUS 6GaKkTepuaJbHBIX MITAMMOB Streptococcus
pyogenes, Streptococcus Group C u G (rpaMIiONOXKUTeIbHbIE
6akTepun) u Branhamella catarrhalis (rpamoTpulaTeIbHbIE
6akTepun). Bosee Toro, mpoieHT MHrUOGUpoBaHusT 99% ObLI
TIOJTyueH myTeM J06aB/IeHNsT 9KCTpaKTa 6y3MHbBI C KOHI[EHTpa-
umeit 20%.
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4.2. [IpomusosgupycHsle ceoticmea

VCTaHOBJIEHO, YTO CoeMHeHMsI KemIibepon 3-pyTuH, U30p-
MaMHeTUH 3-pyTUH, U30PMaMHeTUH 3-IJII0KO3U[ U IIPOU3BO/I -
Hble MAaHUIMHA SBJSIOTCS MPOTUBOBUPYCHBIMY XUMUYECKUMU
BemecTBamMu [37]. BpUIO M3yyeHO BIMSIHME IKCTPAKTa OY3MHBI
Ha Bupyc rpumnna yenosBeka A (HIN1), npumeHsiemblit 115 3apa-
skeHUsT KineTok NBL-2 cobaubeit mouku Maguua-Iapou (MDCK),
" 6bIO OGHAPYKEHO, UTO TIPU MCITOIb30BaHUY KOHIIEHTPALIUK
252 Mkr/mit 50% MokHO momyunThb nHrubuposanue (I1C)50. Ilo-
cle npuMeHeHMs KoHUeHTpauuu 1000 MKr/Mil MOIy4eHo CTO-
MPOLIeHTHOe MHTUOMPOBaHe BUPYCHOI nHbekimu [38].

[Mocre mo6aBneHMs sKcTpakTa 6y3mHbI BUpronbl HIN1 moTe-
PSUIM CTTOCOGHOCTD MHOUIIMPOBATD KIETKM-X03sI€Ba, [TOTOMY UTO
(deHONbHBIE COeOVHEHMS HKCTPAKTa OKa3bIBaayM BO3JelCcTBUE
Ha BUPUOHBIL. [TonndeHoNbHBIMM COeIVHEHUSIMM, CBSI3aHHBIMMU
¢ supuoHamu HIN1, aensiorcs 5,7,3,4>-TeTpa-O-MeTUIKBepILie-
TUH U 5,7-OUrUAPOKCU-4-0KCO-2-(3,4,5-TpUruapOKCubeHmI)-
XpoMaH-3-ui-3,4,5-TpUTMIPOKCUIIMKIOTeKCAaHKap6OKCUIaT
[39]. DxcriepMMeHTSHI in Vitro ¥ in Vivo NPOLEeMOHCTPUPOBAIN
CITOCOOHOCTb 3KCTPaKTa Oy3MHBI MHIMOUPOBATh Pa3BUTHUE BU-
pycos rpunna A u B [40,41]. Bonee Toro, mocie HEKOTOPBIX KC-
TIepMMEHTOB, POBEIEHHBIX in Vivo, 6bIJIO YCTAHOBJIEHO, UTO OY-
3MHA CTUMY/IMPYeT UMMYHHBIN 0TBeT 1 3¢ deKTUBHO OAABISIET
perumMkauuio supyca [42].

IMomMuMo (eHONbHBIX COEIMHEHU, B IKCTPaKTe G6Yy3MHbI
COIEepKaTCs JIeKTUHBI, KOTOPbIe TaKkKe SIBJSIIOTCSI ele OJHUM
KJIACCOM COeIVHEeHMI, 0ObIYHO BCTPEUAIOMIMXCSI B PACTUTENb-
HbIX 3KCTpakTax. OHM MOTYT 007aaTh TPOTUBOBMUPYCHOM aK-
TUBHOCTbBIO, CBSI3BIBASICh C peLeNTOpaMyu X03siMHa UM C BU-
pycHbIMM OeKaMu, MpeJoTBpallasl UX B3aumopeiicTBue [43].
AHTOIMaHbI, TPUCYTCTBYIOIINE B COCTaBe OY3MHBI, TAKKe CIIO-
COOHBI MPOSIBIISITH MTPOTUBOBMUPYCHYIO aKTUBHOCTb. DKCTPAKThI
OY3MHBI TAKXKE XapaKTePU3YIOTCS BHICOKMM COZIepyKaHeM KBep-
IIeTMHA, MU3BECTHOTO iN Vitro MHrM6MUTOpa 6bIUbero KOPOHABUPY-
ca [44]. DKCTPaKThI Gy3UHbI, TOTyUY€HHbIE METOLOM SKCTPAKIVN
9TAHOJIOM (PYKTOBBIX COeIVHEeHUH, MHrubupywt IBV (Bupyc
NTUYBET0 MHGEKIVOHHOTO OGPOHXUTA, TramMMa-KOpPOHABUPYC,
TOpaykawIMii AbIXxaTelbHbIe ITyTU Kyp) Ha HECKOJIbKO TOPSIA-
KOB. IHTM6MpoBaHe BUpyca YMEHbIIATIOCh TIPSMO TIPOIOPIIN-
OHAQJIbHO CHMKEHUIO KOHLIEHTPALMM IKCTPaKkTa Oy3MHBI U yBe-
JIMYMBAJIOCh C COKpallleHMeM KOHLeHTpauuu Bupyca. C 1esbio
MHTMOMPOBAHUS Pa3BUTUS BUpYcCa Mepes 3apaskeHyeM MpumMe-
HSJIOCD JIeUeHye IKCTpakTamu u3 6y3uHbl. OMHAKO 3TOTO BO3-
JeCTBYSI GBUIO HELOCTATOYHO AJISI TIOJHOTO MHTMOGUPOBAHUS
BUpYyCa. DIEKTPOHHAST MMKPOCKOITMSI BUPMOHOB, 00paboTaHHbIX
9KCTpaKkTaMy Oy3MHBI, [TOKAa3ajaa IMOsSBIeHe MEeMOPaHHbBIX Be-
3UKYJ ¥ KOMIIPOMETAIIMI0 BUPYCHBIX 06004eK. [TomyyeHHbIe
Pe3y/IbTaThl CBUIETENBCTBYIOT, YTO SKCTPAKT GY3MHBI MOXKET MH-
rnbuposath IBV Ha paHHeit craguu nHbekuyy [37]. PerienTopsl
KJIETOK-X0351€B, MCITO/Ib3yeMble 1BV, 6bU1M 3a6/I0KMPOBAHBI JIEK-
TMHaMU Oy3MHbI. CyIIeCTBYeT BEPOSITHOCTh TOTO, UTO JIEKTUHBI
OyIyT CBSI3BIBATHCSI HEMTOCPEACTBEHHO C BUPYCHBIMU Geskamiu,
TeM CaMbIM MHTMOMPYS MHPeKuMoo. Ambdha-KOpoHaBUPYCHBIE
” 6eTa-KOPOHABUPYCHBIE BUPUOHBI MHTUOVPOBAIUCH MPSIMbIM
CBsI3bIBaHMEM JIEKTMHOB. C IPyroit cTopoHbl, 6enku IBV, Takue
KaK CITaifKoBbIii OE0K, ComepskaT HeCKOTbKO IOCIeI0BaTelb-
HOCTeJ1, KOTOpble CUTHAAM3UPYIOT 0 fo6aBaeHn N-CBSI3aHHBIX
onurocaxapunos [45]. BnusHue skcrpakra Sambucus nigra L. Ha
CTPYKTYpY BupMoHa IBV MoskeT 6bITh 06YCIOBIEHO MO0 Belle-
CTBOM, KOTOpOE eliie He 6bIJI0 06HAPYKEHO B HEM, JIMOO CUHED-
reTuueckum 3¢deKTom coenuHeHuit B IKCTpakre. Bonee Toro,
ele OJHMM BapMaHTOM MOXKET CTaTh HaJIM4Me XeJlaTOPOB XoJe-
crepuHa. YcTaHOBJIeHA Takke 3(Q(eKTUBHOCTb CHUKEHUS MH-
(bexumMoOHHOCTM APYTUX BUPYCOB, NEVCTBYIOIINX HA BUPYCHYIO
MeMmbpaHy [46]. HrMbupyoias akTUBHOCTb, 0OYCIOBIEHHAs
CUHEePTeTUYECKMM J[eiiCTBYeM BellecTB, Oblia BbISIBJIeHA IPU
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Pa3IMYHBIX KOMOMHAIIMSIX BO3JENCTBUS IKCTPAKTOM OY3MHBI.
Korga mpenBapuTenbHOe JieueHUe BUpPYCa COYETANIOCh C TOCT-
MHQEKLUMOHHBIM JieyeHMeM ITPOMCXOAMIIO MTOTHOe MHTUOMPOBa-
HMe Bupyca [37].

Bupyc ummyHomeduiuta yenoseka (BMY) oTHOCUTCS K poay
JlenTHBUPYC B cemelicTBe Retroviridae. BupycHoe MHT1OMpoBa-
HMe SKCTPAKTOM Oy3MHBI aHAIM3UPOBAIMU C UCIONb30BaHMEM
9KCTpaKTa, IPUTOTOBJIEHHOTO B JBYX PpasHbIX pa3BeleHMSX,
KOTOpbIe MHKYOMPOBAIM C BUPYCOM Iiepefi J0OaBIeHNEeM B UC-
TIbITYyeMble KJIeTKU. Hab6imiomaaoch 3HAUMUTETbHOE CHUKEHME
MHQEeKUMOHHOCTM BUpYCa, M Haauuue BUpyca He ObLIO OOHa-
DPY;KEHO TIOC/Ie YeThIpex M HeBATH [Hei MHKybanuu. Ipyrue
MccyIeqoBaHMS TOKa3ain, YTO BUPYCHAsI Harpy3Ka y MaluyeHTOB
¢ BUY MosxeT 6bITh CHMKEHA KOMOMHAIIMEN SKCTpaKkTa Gy3MHBI
M 9KCTPaKTa TUMYyCa, HO JI/Is1 HOATBePsKAEeHNsT STOMY Heobx0onu-
MO JanbHeliliee usydyeHyue. OnaBOHOUABI SIBISIOTCS OCHOBHBI-
MM COeIMHEHMSIMU B IKCTPaKTe OY31MHbBI, KOTOPbIe MHTUOUPYIOT
BUY-uHpeKIM0. DTO MOXET GbITh HOBBIM aJbTePHATUBHBIM
croco6oMm, Ucronb3yeMbiM B Tepanuy BUY-1/CITNa (cuHaApOM
prMo6GpeTeHHOro MMMyHOZedULINTa), 0COGEHHO AJIS OLHOBpe-
MEHHOT'O NMPYMEeHEeHMs C CYIIeCTBYIOIIMMY MeTOaMM JIeuyeHUsT
[47,48].

VuutbiBasi 9GGeKTUBHOCTh MPOAYKTOB 13 GY3MHBI B jieue-
HMM CMMIITOMOB IIPOCTYZbl ¥ TPUIIINA, HeJaBHMe UCCIef0OBaHNS
MOKa3aay, YTO OHU MOTYT ObITh MOTEHIMATbHBIM BCIIOMOTa-
TeJIbHBIM CpelicTBOM Jijis iedeHus Bupyca COVID-19. Takue BbI-
BOJIbI OCHOBBIBAIVCh Ha PAHIOMM3MPOBAHHBIX M1a1e60-KOHTP-
ONMPYeMBIX MCCIeNOBaHMSIX U MeTa-aHaimmusax [49-51]. Bouio
MIPOAHATM3MPOBAHO MHIMOMPOBAHME BUPYCA C MUCTIOIb30BaHM-
€M 9KCTpaKTa IJIOAOB IMKOIi GY3MHBI, a TAKKE IKCTPAKTOB, TO-
JIYYeHHBIX U3 TIJIOA0B 6Y31HbI copTa «Xani6epr». [TepBbIii U3 HUX
1oKasan 6osiee BBICOKYIO MHIMOMPYIONIYIO CIIOCOOHOCTD K CBSI-
3piBaHMI0 ACE2 1 SARS-CoV2 RBD, uem 5KCTpaKT, [10JTy4YeHHbI
U3 KYJIbTUBUPYEMBIX IIJIOAOB Gy3MHbI. YCTAHOBJIEHHBIE PE3YITb-
TaThl 3()PEKTUBHOCTY IKCTPAKTOB OY3MHBI JAIOT OCHOBAHMS
JL151 IPOBe/leHNs JalbHeNIIMX UCC/Ief0BaHNIT HOBBIX CEPUITHBIX
npuMeHeHuit Sambucus nigra L. npotus SARS-CoV2 [32].

4.3. Aumuduabemuueckue ceoticmea

BbUIO yCTaHOBI/IEHO, UTO MOTMJIOIIeHNMe III0KO3bl B KIeTKax
CKeJIeTHBIX MBIIII] YeJoBeKa MOKET ObITh YBeIMYeHO aHTOoIMa-
HaMU, KOTOPbIE COEPKATCS B 9KCTPAKTAX OY3MHbI, B OCHOBHOM
IMAHUIVMH-3-TIIOKO3UIOM U IMAaHUIWH-3-caMOy6uo3nuIoM,
MIPOIMaHUAMHAMY U UX MeTabonuTamu. UTHTMGUpoBaHe Bca-
ChIBAHMSI KMpa U caxapa U3 KUILIEYHOTO TPaKTa MOXKeT IpeJ-
CTaBJISITh COO0I aHTUAMabeTMUECKOE IeiiCTBIE IJIs1 OpraHu3Ma
YyejioBeKa, SIBJSSICh CPECTBOM OT METAaboMMYecKux auchyHK-
uuit u npoduniakTUKoit oxkupenus [4,52]. I[ToBblieHHOe copep-
sKaHMe MUIIEBbIX TUTUIOB MOKET CTaTh IPUUMHOI MTOSIBIEHUS
OKMCJIUTEIBHOTO CTpecca, KOTOPbI y4acTByeT B BOSHUKHOBE-
HUY COMYTCTBYIOUIUX MPO6GIEM CO 30POBbEM, TAKMX KaK OH-
KOJIOTMYECKVe U CepAeyHO-COCYOUCTbIe [3a60eBanmsl], BKIIIO-
yast OXMpPeHYe, MHCYTMHOPE3UCTEHTHOCTb U CaXapHblii [uabeT
[53]. Bo BpeMs M36bITKA MUTATENbHBIX BelleCTB (Y CKIOHHBIX
K TIOJIHOTE) JItofieil) Makpodaru M amguIlolUThl T€HEePUPYIOT
60mbioe kKomuuectBo AOK Ha ypoBHE BUCIIEPATbHOI KMPOBOIA
TKaHU, KOTOpas HaKaIIuBaeTcs B BUe JKMPOBOIi TKAHU B opra-
HKu3Me. HUKOTMHAMMUIAJeHMHHIMHYKIeOTUA(GOChaTOKCUIA3bI
(NADPH oxcupmaser, NOX) akTUBMUPYIOTCS TOC/IEe BBICBOOGOXKIE-
HMSI GOJIBIIIOTO KOMMYECTBA KUPHBIX KUCIOT U3 JUMUIOB KU-
poBo¥t TKaHM. OHM MOTYT MHAYUMPOBATH WJIM CTUMYIMPOBATD
BbIpaboTky ADK. Kpome Toro, xpoHMveckoe BocCIajeHue, I'i-
TepIeNTUHEMIST M HU3Kas aHTUMOKCUAAHTHAS 3all[UTa CII0CO0-
CTBYIOT OKMPEHUIO U OKUCTUTEIBbHOMY cTpeccy [54]. Tenepaumst
A®K MokeT 6bITh YMEHbIIIEHA TT0C/Ie YIOTPeBIeHNsT 9KCTPaKkTa
6y3MHBI 32 cueT CHuKeHMsT akcrpeccun NOX4, oCHOBHOII 130-
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dbopmbr NOX B agumnouuTax. ITocie uCmomb30BaHMUS SKCTPAKTA
6y3MHBI [JIST IeueHMsI TUTIepTPOdUPOBAHHBIX afUITONUTOB 3T3-
L1 Hab/110/12J10Ch 3HAUMTETbHOE CHVKEHME SKCITPECCUN MECCEeH-
mxkepHoit PHK (MPHK) NOX4. Kpome ToTO0, ITOBbIIIeHMe 3ddeK-
TUBHOCTY aHTUOKCUIAHTHOI 3aIIIUTHI aIUITOI[MTOB MOXKET ObITh
IOCTUTHYTO IyTeM peryasiuiuy MPHK sxcrpeccun aHTHMOKCU-
JIaHTHBIX epMeHTOB, TakMX Kak SOD (CymepoKCcUagucMyTasa)
u GPx (rmyTaTuoHnepokcuaasa) [55].

BBemeHme 3KCTpakTa Gy3MHbBI MbIIIAM C OXKMPEHUEM, KOTO-
PBIX KOPMWIM TMILE C BBICOKMM COAepskaHMeM SKMPOB, CIIO-
COOCTBOBAIO COKPAIIEHMI0 KOMMYECTBA MeTaboIMuecKux Ha-
pYIIeHUii 3a CUeT CHUKEHUS TPUITULIEPUIOB U YMEeHbIIEeHUS
CUCTEMHOTO BOCITaJIEHUSI I PE3UCTEHTHOCTY K MHCYIMHY. JKC-
TPaKT OY3MHBI TaKKe MPOAYIMPOBAI CHMUKEHUE ChIBOPOTOU-
HOTO MOHOIIMTApHOIO XeMoaTTpakTaHTHOro 6enka-1 (MCP-1)
u ¢akropa Hekposa omyxonu-a (TNF-a), KOTOpbie SIBIISIIOTCS
MMPOBOCTIATIUTENBHBIMM MapKepaMy THOWMHOTO XPOHMYECKOTO
BocnasieHus [56]. JokazaHo, 4TO 1onudeHoNbHbIe COeAVHEHNS
Y TPUTEPIIEHOBbIE KUCIOThI U3 IKCTPAKTa OY3MHBI OTBETCTBEH-
HbI 32 CHIKEHME Pe3UCTEHTHOCTM K MHCYIVHY Y KPbIC, 6OTBHBIX
nuabetoM. Koppekuusi TUIEepIIMKEMMUM ¥, COOTBETCTBEHHO,
CHIKEHME CeKpeluy MHCYIMHA TPeCTaBIsIoT c060i MexaHU3-
MBI, C TIOMOIIIbI0 KOTOPBIX 3KCTPAKTHI MOLYIUPYIOT METab0/I13M
rmroKko3bl [57]. TIporpeccupoBaHme atepockiepo3a 6bUIO Ocia-
6JIEHO Y MBIIIIEii, KOTOPBIX KOPMMJIM SKCTPAKTOM OY3MHBI, TTO-
CKOJIbKY OH COIEPKUT GOJbIIIOe KOJIMUECTBO aHTOIMAHOB, CITO-
COGHBIX CHMKATD OOIINIA XOIeCTepUH aopThI [58].

VYuensle Opris et al. [59] B cBoeM mcciie[oBaHMM YCTaHOBWIIN,
YTO YPOBEHbD [TFOKO3bI B KDOBY MOSKET OBITh CHVKEH C TOMOIIBIO
(orocuHTe3MpoBaHHBIX HAaHOUACTUI] 30710Ta (NPS) ¢ Mcmonb3o-
BaHMeM 9KCTpaKTa 0y3MHbI (BBOAMMOTO B f03ax 0,3 MI/KT MaccChl
Tena), a Hanbosee BaxkHbIM 3 deKTOM SIB/IsSIeTCS YMeHbIlIeHKe
BOCITaJIeHUSI ¥ OKUCIUTETbHOTO CTpecca, MHAYLIMPOBAHHBIX I'M-
repriMKeMueii. 9TO HAILIO MOATBepkIeHre B pabote Karthick
et al. [60], rme yctaHOBIEHO, uTo NP 30510Ta, 6MOCMHTE3MPOBAH-
HbIe C UCTIONMb30BaHMEM HATypalIbHbBIX SKCTPAKTOB, IPOSIBISIOT
aHTUaMabeTYecKye CBOMCTBA, a TAaKKe YMEHbBIIAIT BOCIaie-
Hue B 1o3se 0,5 MI/Kr Macchl Tena.

VccnemoBaHus in vitro mokasasin, YTO BOIHbIE 9KCTPAKTHI Oy-
3MHbBI OKa3bIBAIOT MHCYIMHOIIOL00HOE IeficTBYe Ha BCAChIBaHMe
rmoKko3bl. Kpome Toro, mpupopHbsie (eHONbHbIE COeTMHEeHUS],
M3BJIEUEHHbIE 113 GY31HbI, OKa3bIBAJIV MTOJIOKUTEbHOE BIVSHME
Ha perpeccuio 0CTeoIropo3a y caMIioB KpbIC € I1abeToM MyTeM
YAy4llIeHUsT MUHEPaJbHO TJIOTHOCTM KOCTHOW TKaHWU, KOTO-
past KpajiHe HM3KA Y KPbIC C AyabeToM. Y KpbIC C JAHHBIM 3a-
60sieBaHMEM YCTAHOBJIEH HU3KUIT IIPOIIEHT KMpa B OpraHu3me,
a BBefeHMe (DEHOTbHBIX COeAVMHEHMI MPUBEIO K YIYUIIeHUIO
COCTOSIHMSI UX 3[0POBbsI. ITociie TIOMyUYeHHbIX B X0 IKCIepu-
MEHTOB JaHHBIX ObUT CIeJIaH BBIBOL, O TOM, UTO TIPU AMETHYe-
CKOM ITOTPe6IeHMM IKCTPAKTOB OY3MHbBI, 6OTATHIX TPUPOIHBIMMU
(beHOMBHBIMM COEIVIHEHNSIMY, BO3MOXKHA Perpeccusi OCIOXKHe-
Huit quabeTa 1 0CTeoroposa y toneii [61].

Hapsiny ¢ opyrumu sironamu, 6ysuny Sambucus nigra L. MOsK-
HO cuuTaTh 3(PGEeKTUBHBIM MHTUOUTOPOM aAKTMBHOCTY IaH-
KpeaTMyecKoi JMMasbl, o.-aMWiIasbl M o-TIMIOKO3UAa3bl. OxXu-
peHue U CBSI3aHHbIE C HUM PacCTPOICTBA, COMTPOBOKAAIOIIECS
OKUCJIUTENbHBIM CTPECCOM, BOCIaJeHeM U Pe3UCTEeHTHOCTHIO
K MHCY/IMHY, MOXHO IPEeIOTBPAaTUTh WIN JIEUUTh IKCTPAKTOM
6y3uHbI. KpoMe TOro, jeueHue OXMPEHUS] U COMYTCTBYIOIINUX
MeTabomuecKkux 3ab6oeBaHuit MOKeT GBITh JOCTUIHYTO Ona-
rozapsi CioCOGHOCTHM IKCTPaKTa 6y3MHbI YMEHbIIATh KUIIEYHOEe
BCaChIBaHME MUIIEBbIX IUUAOB U YITIEBOJOB ITyTeM MHIMOUPO-
BaHUSI aKTMBHOCTY MUIIEBAPUTENbHBIX GepMeHTOB. ITocie mc-
CJIeOBAHMIA in Vitro vt in vivo yueHble 06HAPYKMIIN, YTO SKCTPAKT
108,08 Sambucus nigra L. MOXXeT ObITh UCIIONb30BaH AJI HYyTpU-
LIeBTMYECKMX IPMMeHeHumit [55].
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CremyeT OTMETHUTb, UTO TPOBeZeHHbIE MHOTOUVC/IEHHBIE MC-
C/IeIOBaHMS He SIBJISIIOTCSI MCUEPITBIBAIOLIVIMYU C TOUKM 3PEeHMUS
BAMSIHMSI OY3MHBI Ha 3J0POBbeE YesioBeKa. [103ToMy Heo6X0AMMO
MIPOBOJUTH JaNbHENIIMe U3yUeHNs] Y SKCIIEPUMEHTSHI C IIeJIbI0
MO TBEPXKIEHNST paHee ITOTYUeHHBIX Pe3y/IbTaToB, a TAKKe IS
orpesiesieHyst IeViCTBYSI SKCTPAKTA OYy3MHBI B OTHOLIEHUM [IPY-
I'MX TTATOT€HHBIX IITAMMOB U HOBBIX BUIOB BUPYCA.

5. OKCTpakuyus 6GMOJIOrMUYecKy aKTMBHBIX COeTMHEHMIT

st M3BIeueHMsT 6MOaKTUBHBIX COENMHEHM 13 TTPUPOIHbBIX
MICTOYHVMKOB MCITOJIb3YIOT MHOTOUYMC/IEHHbIE METObI SKCTPaK-
LMY, TTIOCKOJIbKY CTa[MsI SKCTPaKIMY OUYeHb BakHa. Bbi6op Me-
TOMA KCTPAKIUY 3aBUCUT OT HEOOXOIMMOTO BbIXOA SKCTPAK-
Ta U KeJlaeMO¥ YMCTOThI (PEHONbHBIX COeIMHEHMI, TIOCKOIbKY
KaXX[IbI/i METON MMEeT CBOM IIPEMMYINECTBA M OrpaHNYEHMS.
B menoMm 3KCTpakuusi BKJIOYAET IMOCIe0BaTelbHOe U CUCTe-
MaTHYeCcKoe BbICBOOOXKIEHMeE MoM(eHONI0B U3 PaCTUTELHOTO
maTepuasna. PacTBopumble cOeqMHEHUS 3KCTPArupyloT C UC-
MMOJIb30BAaHMEM BOJHO-OPraHMUYECKOro pactBopurensi. OmHaKo
CYIIECTBYIOT TaK’Ke HEpaCcTBOPMMbIE CBSI3aHHbIE MONMUGEHOTb-
Hble KOMILIEKCbhI, KOTOpbIe He 3KCTParupyoTcsl OpraHnyeckumm
pacTBopuTensiMu. ITu GheHONbHbIE COeqMHEHNS CBSI3aHbI C MO-
JIUMepaMM KJI€TOYHOM CTE€HKU 3(DUPHBIMU, CIOKHOI(PUPHBIMU
Y TTIMKO3UIHBIMM CBSI3sIMM. UTO KacaeTcs CBSI3aHHbBIX (EHONb-
HbIX KVMCJIOT, TO OHY OOBIYHO BBICBOOOKIAIOTCS ITyTEM KMCIOT-
HOTO TUIPOJNIN3a, IETOYHOTO TUAPOIM3a WIN TOTO U JIPYTOro
[62,63].

DKCTPaKIMIO aHTOLMAHOB U3 OY3MHBI POBOJST CJIETKA IO/ -
KUcIeHHbIM (06b19HO HCl) criMpTOBBIM pacTBOPUTENIEM C IO-
CIeqylouMM KOHIIEHTPUPOBaHMEM 107, BaKyyMOM, OYMCTKO
U BbIJeNeHMEeM MUTMeHTOB. JKelaTeJllbHO 3KCTParnpoBaTh coe-
IVHEHUS OO TIOSIBJIEHUSI XMMUYECKUX M3MeHeHMUii. [T0OCKOIbKy
aHTOLIMAHbI YYBCTBUTEIbHBI K BBICOKMM TEeMIIepaTypamM U CBe-
Ty, HEOOXOAVMO TTPOBOANUTH HKCTPAKIIUIO IIPU TEMIIepaType He
Bhitie 40 °C.

5.1. TpaduyuoHHas skcmpaxkyus pacmeopumenem

DKCTPaKILMIO PACTBOPUTEIEM MOXKHO MCIIOIb30BaTh IJIsI 13-
BJI€EUEHNS] MaceJl U3 PaCTUTENbHOTO ChIPbs [10,64]. laHHBIV Me-
TOJ, ToJiTOoe BpeMsl 6bLT Haubosee MpyeMIeMbIM U SKOHOMUYe-
CKY BBITOIHBIM CITOCOOOM ITOJTYYEHMSI OCHOBHBIX OMOaKTUBHbIX
KOMITOHEHTOB ¥ 3(UPHBIX MaCel.

st M3ByiedeHsT 6MOaKTUBHBIX KOMIIOHEHTOB GY3MHbBI TTPU-
MEHSIOT Pa3/iMYHble PAacTBOPUTENM, TaKue KaK BOAA, TAHOJ
WV BOOHO-CIIMPTOBBIE PACTBOPHI C KOHIIEHTpALMel CIuUpTa
35-50%, a Tak)ke OpraHnMyecKkue pacTBOPUTEIN U UX KOMOMHA-
1IMK. BUOIOrMYeCcKy akKTUBHbIE BEIecTBa 13 6y3MHbI IKCTParu-
pOBaIM TaKXe C MCIIONb30BAHMEM TaKUX PACTBOPUTENEN, KaKk
aneToH. B mccimemoBanum rpymnmbl yueHbix Kowalska et al. [65]
paccMOTpeHa BO3MOKHOCTbD TTOTyUeHMSI aHTOIMAHOBBIX COeMIN-
HEHMI1 U3 TJI0JI0B UePHOTUIOMHOM PSIGMHBI Y GY3UHBI C VICTIONb-
30BaHMEM CUCTEMbI IuiepuH-Boga. COIIACHO IMONyYeHHBIM
JIaHHBIM, MaKCUMMaJIbHOE CoflepyKaHMe aHTOLMAaHOB ObUIO [10-
CTUTHYTO 1)1t 50%-ro pacTBopa INIMIIEpUHA MPU TeMIIepaTypax
9KcTpakiymu B xome matepauyu 20, 50 u 80 °C. Haubonee ad-
(bekTUBHBIM CITIOCO6GOM 3KCTPAKIMYU OBIT METOM, KOTOPbIi MPO-
Bogwin npu temmnepartype 80°C u ¢ KOHLIeHTpalueit niepu-
Ha 65%. VicciemoBaHyMe 1MOKa3aiio, YT IIMIEPUH TaKKe MOXKHO
MCII0/Ib30BaTh B KAYECTBE ajJbTePHATUBHOTO PACTBOPUTEIS [T
9KCTPaKIMM aHTOLMAHOB BMECTO 3TaHOJIa, KOTOPbIl He BCeraa
MOXKHO MCITO/Ib30BaTh B MUILEBBIX MPOLYKTAX [65].

Iy sKCTpakuyuu (QEeHONbHBIX COeAMHEHMII MOXKHO MpUMe-
HSITh HECKOJIbKO PAacTBOPUTEJIeIi: 3TaHO (Hamubojee 4acTo Mc-
M0JIb3yeMbIif), MeTaHOJI, M30IPOIAHO/, alleTOH, IUITUIOBbIN
a¢dup, sTUIaLeTaT U UX CMeCU C BOJOM, KOTOpPbIE€ TMOBBIIIAIOT
3(hEeKRTUBHOCTH SKCTPAKIMM 3@ CUET YBEIMUYEHMS TIOBEPXHOCTU
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KOHTaKTa MEXIY PacTBOPUTEIEM ¥ IKCTpParMpoBaHHBIMU (e-
HOJIbHBIMU COeIMHEHUSIMM (PACTBOPEHHBIMM). [IJIs1 TIONTyUeH s
BBICOKOTO BBIXOJA IKCTPAKLIMY TP UCIIOTb30BAHUM OOBIYHOI
9KCTPAKIMM TpebyeTcsi GONbIIOE KOTUYECTBO PACTBOPUTEIISI.
TpaguIIMOHHBI METOH SKCTPAKIMM TPOBOMAT IIPU BBICOKOI
TeMIlepaType C Lebl0 TOayYeHust 6oee GbICTPOI KMHETUKMA.
JTO OOCTUTAeTCs 3a CUET CHMKEHUSI BSI3KOCTM KCTPAKLIMOH-
HOJ1 CpeJibl, ITPOIIecca, KOTOPbIN CII0COGCTBYET MPOHMKHOBEHWIO
pPacTBOPUTENISI B MATPUKC PACTeHUS [66)].

[TomyyeHHble pe3yabTaThl MOKA3aaM, YTO MCIIONb3yeMblit
PacTBOPUTENIb MOXKET BIUSITh Ha 3Q(HEKTUBHOCTD ITPOLIECCA IKC-
TpaKUMM (TTOCKOIbKY TUIT PACTBOPUTEJISI Y €T0 MOISIPHOCTD BJIN-
SIIOT Ha PacTBOPUMOCTD (eHONMbHBIX coemHenuit). Kpome toro,
IPYTMMM BaXKHBIMM (aKTOpaMu SIBJASIOTCS KOHII@HTpAIus pac-
TBOPUTEJISI, COOTHOILIEHME MEXAY 06pa3lioM U PaCTBOPUTETIEM,
MCIIOb3yeMas TemriepaTtypa, pH pacTBopa, BpeMst SKCTPaKInu,
CTerneHb monuMepusanyy GeHoNMbHBIX COeNVHEHUIT U B3aUMO-
neiicTBre (DEHOMbHbIX COeAVHEeHMUI ¢ OPYTMMU COCTAaB/ISIONIN-
MM pacTUTeNbHOV MaTpuipl [67,68]. [Ipu Mcrionb3oBaHUM pas-
JIMUHBIX TAapaMeTPOB 3KCTPAKLUM 06pa3ioB Oy3MHBI OO
BBIXOJ] 9KCTpaKTa ObUI MOyUEH B Mpeaenax ot 38,21 mo 45,25%.
Bapbupysl IpOIEHTHOE COAepkKaHue 3TaHola M TeMIlepaTypy,
yueHble TIONMyYMIu OOpaTHYIO KOPPEeSIMIO C KOHIeHTpalyeit
9TAHOJIBHOTO pacTBopuTensi. Haubombimiit Bbixon, (> 44%) 6bu1
TIOJTy4YeH MPY HU3KOI KOHIEHTpAIMK 3TAaHOMA, a TeMIlepaTypa
9KCTPAKIMM He BIMsUIa Ha mpoliecc. KoppeKTUpoBKa 3HaUEHNs
pH yiyJiana BeIXOH 9KCTpakTa Ha 45% [67]. B HEKOTOpPBIX UC-
CJIeIOBaHMSIX ObUTM TTOYYEeHbI Pe3y/IbTaThl, KOTOPbIE TTOKA3AJIN,
YTO SKCTPAKIMS CyMMapHbIX GEHOJOB U3 rof, 6y3uMHbI 6oee
acddexTVBHA TIPK UCTIONB30BAHMM B KauecTBE PaCTBOPUTEIEN
50% pacTBOpOB 3TAaHOI-BOJAA M AlleTOH-BOJA C IOBBIIIEHUEM
temiepatypsbl 10 60 °C. TakuM 06pa3oM, pe3yibTaThl POTUBO-
DEeUMBBI, TOITOMY ¥ HEOOXOIMMBI AOTIOHUTETbHBIE VICCIIEA0BA-
HMUSI C LIEThI0 ONITUMM3AIMM METOIOB SKCTPAKIIMMA.

5.2. Okempaxkyus Cokcnema

Okcrpakuust 1o CokcieTy 6bUIa MIMPOKO MCIOMb3YyeMOii
U OGIIENPUHATON CTAaHZAPTHON METOAMKONM SKCTPaKUMM pas-
JIMYHBIX OMOJIOTUYECKM aKTUBHBIX COEIVHEHUII U3 TBEPIbIX
MaTepuaaoB BCEBO3MOXHbBIX MIPUPOSHBIX MCTOUHMKOB. Hemelr-
Kuit yueHsblii @pani Purrep ¢poH COKCIET MepBbIM MPenIoKAIT
9KcTpakTop B 1879 romy, mosToMy JaHHbBIV MPUOOP Ha3BaH ero
vmeHeM. OH GbUT CO3[]aH B TEPBYIO OuYepenb MJIsT SKCTPaKIUK
JIUTIUIOB, XOTSI 3TUM €ro (YHKI[MOHaJbHOCTh HE OTpaHMYMBA-
eTcst. MeTon, skcrpakuyuy COKceTa UCIIONIb3YeTCs IJIS U3BJeve-
HMSI B&KHBIX 6MOAKTUBHBIX XMMUUECKUX BENIECTB U3 MIMPOKO-
rO CIEeKTpa MPUPOIHBIX UCTOUYHMKOB. OH MPUMEHSIETCS] TaKKe
B KaueCTBe CPAaBHUTEbHOM MOJIe/iM TIPU UCTIONb30BaHMUM HOBBIX
CII0CO60B IKCTPAKIMNA.

OxcrpakTop CokwieTa MPUMEHSUIM AJiSI SKCTPAKIMU JIUTIO-
GUIBbHBIX KOMIIOHEHTOB M3 SITOA, GY3MHBI C VMCIIOJb30BaHMEM
IMXJIOpMeTaHa B KayecTBe pacTBopuTesns. YueHble Salvador,
Rocha u Silvestre [69] paccMoTpeny XMMUYECKH# COCTaB JIMIIO-
buIbHBIX coemVIHEHMIT U3 Pa3HBIX COPTOB GY3MHBI C TIOMOIIIbIO
rasoBoii xpomartorpaduy M Macc-CIeKTPOMEeTPUU. ABTOPbI
YCTAHOBWJIM, UTO TPUTEPIIEHOUIbI U SKUPHbIE KUCIOThI COCTaB-
nsioT 84,9-93,8% u 4,3-11,4% COOTBETCTBEHHO OT OOILIEro Ko-
JINYeCTBa TUMOMWIbHBIX KOMIIOHEHTOB Y SIBJISTIOTCSI OCHOBHBIM
XUMMWYECKMM KJIacCcoOM B 3TuX (pparunsix. CoequHeHUs YPCOIO-
BOJ1 11 0JIEaHOJIOBO¥ KMCJIOT GbIIM Hauboee pacrpoCcTpaHeHHbI-
MM XMMUYECKMMM BeIlleCTBaMM, UAEHTU(GUIIVPOBAHHBIMM KaK
KOMITOHEHTBI ATof, 6Y3MHbI, 32 HUMU CIeQYIOT JJIMHHOIEIOYeY-
Hble anudaTnyeckue CIIUPTHI U CTEPOJbI B 6oiee HU3KUX KOH-
LeHTpaumsx [69].

[Tpono/KUTENIbHOCTD TIPOLiecca 3KCTPaKILMM, BbICOKOE II0-
TpebiieHye PaCTBOPUTENSI U SHEPTMM, 3arpsS3HeHNe SKCTPAKTa,
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HM3Kast 6e30MacHOCTb ¥ HU3Kasi 3GGEKTUBHOCTL SKCTPAKINUM
SIBJISIIOTCSI OCHOBHBIMM HeHOCTaTKaMy SKCTpakTopa Cokciera
10 CPaBHEHMIO C MHHOBALVMOHHBIMM WM JOIMOJHUTETbHBIMMU
Metomamu akcrpakiuu [10]. Mogudukanust metoma Cokciera
u ero coueTanue c 6ojee 3pheKTUBHBIMMU CIIOCOOAMM IKCTPAK-
uy GyayT CITOCO6CTBOBATH 6oiee MIMPOKOMY ero MpuMeHeHUIO
LIS M3BJIeueHMst 6M0aKTUBHBIX XMMUUECKMX BEIeCTB 13 PacTh-
TEJIbHOTO ChIPbSI.

5.3. Tudpoducmunnayus

BroakTuBHbIE ¥ 3QUPHbIE Macia MOTYT ObITh TIOTyUYEHbI 13
pPacTUTEbHBIX TKaHeil MeTOmOM ruapomucTuisiunu. Kommo-
HEHTbI YCTAaHOBKM MOHTUPYIOT B ITEPETOHHOI Kamepe, B KOJIOY
I00aBISIIOT HEOOXOAMMOE KOJIMUYECTBO BOMbI M JOBOMSIT A0 Ki-
reHus. Topsiuast Boga ¥ map 4acTo MCIOIb3YIOTCS Kak Haubomee
3¢ deKTUBHbIE PACTBOPUTENN IIJISI BBICBOOOKIEHMS 6MOaKTUB-
HBIX COeNVHEHMI U3 TKaHeil pacreHuii. CremyeT y4MTHIBATh,
YTO BBICOKME TeMIlepaTypbl 3KCTPaKIMM TPUBOAIT K TOTepe
HEKOTOPBIX OMOJIOTMUYECKM aKTUBHBIX BEIIECTB, MIO3TOMY JaH-
HBIIi CII0CO6 He TO3BOJISIET MIMPOKO UCIIOAb30BaTh €ro sl U3-
BJIEUEHMSI TEPMOUYYBCTBUTEIbHBIX GMOAKTUMBHBIX XMMMUUECKUX
BemiecTB [10]. Kpome 3TOrOo, JaHHBIN MeTOZ, MMeeT DS, IPYTUX
HeJ0CTAaTKOB: IJIUTEIbHOE BpeMsi 06paboTKM ¥ BO3HMKHOBEHME
TaKMUX XMMMUYECKUX M3MEHEHMI B TePIIEHOBBbIX COEOVHEHMSIX,
Kak paspylieHue MOoMSIPHbIX MOJIEKY/ M3-3a Tleperpesa, a Takxke
LIVKJIN3ALMS Y TUIPOJIN3, BbI3BAHHbIE IJIUTE/IbHBIM B3aMMO/Ieli-
CTBMEM C Kutsinieit Bomoii. KosoHHa ¢ TapenkaMy UCTIOIb3YeTCst
IIJIST M3BJIeUeHMsT OMOaKTUBHBIX XMMUYECKUX BEIeCTB, PUCYT-
CTBYIOIIMX B IMape. TMAPOAVCTIIIIAIMS YKe JaBHO CUMTAETCS
3¢ PeKTUBHBIM TPOLIECCOM 3KCTPAKIUU [JIsT MPOMbIIIIEHHBIX
Y TIOSTYTIPOMBIIIIJIEHHBIX TTPUMEHEeHM 13-3a ee HU3KO0W CTOUMO-
CTU, TIPOCTOTHI MOAXOMA M KaueCTBEHHOJ cenekTMBHOCTH [70].

Il moyvYeHus SKCTpaKkTa, 60TraToro JIETyYuMM COenuHe-
HUSIMM U VIMEIOILIETO B CoAepyKaHuu 3(PMPHOE Macio I[BETKOB
GY3MHBI TYPeIKOi, GbUT UCITONb30BAH METOJ, MUKPOIKCTPAKIIMN
B TBepmoit dase a1 c6opa JeTyUnuX KOMIIOHEHTOB B T€KCAHO-
BOM 3KCTpaKTe OeruapaTMPOBAaHHbBIX IIBETKOB Oy3uHbI. JleTy-
yye KOMITOHEHThI 3(DMPHOro Macjia Oy3uHbI GbLIM BbIIEIEHbBI
MEeTOAOM TUIPOOUCTWIISAIMK. D(PUPHOE MacIo COmepsKaao
MSITHAALATh JIETyUYMX KOMIIOHEHTOB, UTO cocTaBiseT 90,4% or
oburero Kosyectsa Macyia. OCHOBHbBIMM KOMITOHEHTaMM Macjia
6bLIM TeHsiKko3aH (18,8%), Tpukosan (17,3%), HoHamekaH (13%)
u neHTako3aH (10,3%) [71].

6. «3ejieHbIe» TeXHOJIOTUY V3BJIeUEHUS

6MOaKTUBHBIX BelIeCTB GY3MHBI

«3eJleHasT» TeXHOJIOTHSI M3BJIeUEHMS] GMOIOTMUECKM aKTUB-
HBIX BEIEeCTB HaIlpaB/ieHa Ha yMeHbIIEeHMe KOJINYeCcTBa opra-
HUYECKMX pacTBOPUTENEl BO BpPeMs ITPOLIECCOB ITOATOTOBKMU
Mpo06, SKCTPAKIMYU, OUUCTKU U OOHapykeHMs1. CBeleHMe K MU-
HMMYMY UCIIOJIb30BaHMSI OPraHMUYeCKUX pPacTBOpUTeNel, He3a-
BUCUMO OT 9KOHOMMYECKUX Y IKOJIOTUYECKMX aCIIeKTOB, MOKET
3HAUMUTETbHO COKPATUTb KOJMYECTBO ITOOOUHBIX IPOTYKTOB
B IIpOIieccax 3KCTPaKLUUM M aHaIu3a, BIAMSIONIMX Ha KaueCcTBO
TOTOBOTO MPOAYKTa [72].

HayuHbIM COOGIIECTBOM IMPUMEHSETCS HECKOJIbKO pasiny-
HBIX KOHLIEIIMIA «3eJIeHO» XMMUM, BKIIOYast TpefoTBpalleHne
00pa3oBaHMsI OTXOMOB, IPUMEHEHME 3SKOJOTUYECKM YMCThIX
U «3€JIeHbIX» PaCcTBOPUTEJIeN, MOBbIlIeHNe 3HeproshdeKTuB-
Hoctu. Kpome artoro, yaensieTcsi 0co60e BHUMAaHME BbICOKOMY
YPOBHIO 6€30IMacHOCTU JTabopaTOPHBIX PabOT — MPAKTUKYETCS
JCITOJIb30BaHM e MUHMMAJIbHOTO pasMepa Ipo6bl, SKOJIOTMYECKU
YNMCTBIX aHAIUTUUECKMX METOMOB MCCAeA0BaHMSI, TPUMEHSIOT-
CST aBTOMATUUYECKYEe CEeHCOPbI, IIPOBOASATCS Oe30ITacHbIe C TOUKM
3peHUs 3KOJIOTMY OHJIAH-TIPOLIeTyPbI JUCTAHIIMIOHHOTO 30H/I-
poBaHMsI U 06paboTKM n306paskeHnit. COOTBETCTBEHHO, METOL,
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cBepxKpuTmyeckoit dmongHoi skerpakuuu (SFE), sakcTpaxiyms
¢ momouipio ynbrpassyka (UAE) mwim 06paboTka ylabTpa3ByKOM,
SKCTPaKLMS C OMOILbI0 MUKPOBOJIH (MAE) 1 sKkcTpakums num-
My/IbCHBIM 371eKTpudyeckuM nonem (PEF) saBasiioTcs mpumepamnu
«3eJIeHbIX» METOIOB 3KCTPAKIMM, KOTOpPble IOKa3aau BBICO-
Kyio 3GdeKTUBHOCTh B MpOllecce M3BJIEUEeHUST OMOaKTUBHBIX
COeIVIHEHMI PaCcTUTENbHOIO ChIpbsl. Kak NpaBumiio, ycIlelHoe
MpOBeNleHNe SKCTPAKUMM 3aBUCUT OT BbIGOPA TMOAXOMASIINX
pacTBopuUTeseli C yUeTOM UX COBMECTMMOCTU C PACTBOPSIEMBIM
BeIlleCTBOM M B CIy4ae MCIIO/IIb30BaHUS JOTIOTHUTENbHBIX UIN
COBMECTHBIX METO/I0B 9KCTPaKIUMA.

B pesynbraTe aHanM3a 3KOIOrMYECKUX aCIEKTOB IOSIBUIOCH
HeCKOJIbKO MeTOI0B, HO 3KcTpakiuy MAE n UAE 3aHMMAalOT Ha-
1bosee 3HAUMMOE MeCTO B HAyYHBIX MCCIeNOBAHMSIX MTpoliecca
BbIZleIeHNs] 6MOAaKTUBHBIX XMMUUYECKMX BENIECTB U3 PacTeHUit
[73]. C OMOIIBI0 TaHHBIX METOMOB IOBbIMAETCS 3DHEKTUB-
HOCTB 3KCTPAKIMM 3a CUET UCIIOTb30BaHMSI CIIelDUIEeCKUX SIB-
JIeHUI1, KOTOpble TIPOMCXOAST BO Beex npotueccax B UAE; Tak, Ha-
npuMep, BO3HUKAET KaBuTauus. [Ipu mpoBefeHMM SKCTPAKIUN
MAE MMKPOBOJIHBI B3aMMOJIEMCTBYIOT C MOJISIPHBIMM MOJIEKYJ/Ia-
MM B cpenie. B mpoiiecce mpoBeneHus 060X BUOAOB SKCTPAKIUK
poucxoauT 3¢bdeKTUBHOE U3BIeUeHe GMOTOTUYECKN aKTUB-
HbIX KOMITOHEHTOB, TAKMX KaK MOIM(EHOJIbI, B PE3YJ/IbTATE YETO
TIONTYYAIOTCST SKCTPAKThI C 6osiee BbICOKOW KOHIIEHTpalMeil ak-
TUBHBIX XMMMUYECKUX BEIIECTB U C IIPEBOCXOJHOM GMoIorie-
CKOJi aKTMBHOCTBIO [73].

Vuenble Vujanovic et al. B cBoeM 1CC/IeIOBaHUY UCIIONb30-
BajJM MEeTOJ, SKCTPaKIUM C IPpUMeHeHeM «3eJIeHbIX» PacTBO-
puTeneit st BbiAeneHUsT MoAMbEHONIOB U3 aron 6y3uHbI [2].
Mota et al. 3ameiicTBOBa/IM CBEPXKPUTUUYECKYIO (IIOUIHYIO
9KCTPAKIMIO B KaUeCcTBe CeleKTUBHOT0, 9KOHOMUYHOTO U 5KO-
JIOTMYECKM YMCTOTO CII0Cco6a M3BIeUeHNs] 6MOaKTUBHBIX COe-
IVHEeHWUIT 6y3UHbI [74].

6.1. Dxcmpakyus ¢ nomoujbto MukposonH MAE

OKCTpaKLUys € IOMOIbI0 MUKPOBOIH MAE paccmaTpuBaeTcst
KaK HOBasl TEXHOJIOTUS M3BIeUeHNs PACTBOPUMBIX COeAHEeHUI
M3 PA3MUYHBIX MaTepUaIOB C MCIIOAb30BAaHMEM MMKPOBOTHO-
BOT'O U3JTy4eHUsI. MMKPOBOJIHBI — 3TO 3JIEKTPOMAaTrHUTHBIE TIOJIST
¢ yacrortoii ot 300 MI'y, o 300 ITu. OHM COCTOST U3 IBYX Mep-
TTEHIMKY/ISIPHBIX KOJEOITIONIMXCST TI0eil, TakKuX KaK 3JIeKTpU-
yeckoe ¥ MarHuTHoe. KoHIenuusi MMKPOBOJTHOBOTO Harpesa
OCHOBAHAa Ha TMPSIMOM BO3[€/CTBUM HA TOJSIPHbIE MaTepuaIbl.
[Tpotiecchl BpalleHusT OUIIOJS M MOHHAS TIPOBOAMMOCTD TIpeo-
6pa3syIoT JIEKTPOMArHMTHYIO SHEPTHIO B TeIio. YueHble Milena
et al. [73] npumensiiu meton MAE, cnionb3yst 50%-Hblii BOGHO-
CriMpToBo¥t pacTBop win Boxy (H,0) B KauecTBe 3KCTparmpyo-
LIEer0 PAacTBOPUTENISL IJIs1 TIOMYYEHUS 1IBETOYHBIX 3IKCTPAKTOB
Sambucus nigra L. XpomaTtorpadnyeckue (Takue kak LC-MS/MS)
U CcrieKTpodoToMeTpuUecKre MeTOAbl aHaaM3a UCIIOMb30BaIN
IJIsT onpeneneHuss PUTOXMMUIECKUX TPOQUIEi MOTyYeHHbIX
SKCTPAKTOB. OCHOBHBIMU XUMUUECKUMM BemecTBaMu, UOEeHTU-
dbunpoBaHHBIMM BO BCEX IKCTPAKTAX, ObLIM PYTUMH U 5-O-Ko-
deomnxuunasa kuciora. Haubosee pacrpocTpaHEeHHBIMU KOM-
MMOHEHTaMM ObUTM TPOKATeXOBasi ¥ XJIOPOTeHOBasl KMUCIOTHI,
a Taxke (yIaBOHOM[IbI KBepLETUH-3-0-reKco3ua M KBePIeTHH.
[TpoBeneHHbIIT aHAIN3 COKA OY3MHBI TTOKA3aJ 3HAUUTEIbHOE CO-
JIepskaHue o6Imux GeHOTbHbIX KOMIIOHEHTOB (1945 mr GAE/cm3
COKa) ¥ BICOKYIO KOHIIEHTpaIMi0 aHToIMaHoB (30,85 Mr iiMaHm-
IVH-3-TTI0K031Aa/cM3 coka). Kpome Toro, ucciieqyeMblii COK 6y-
3MHBI 06/1a/1aJT BBICOKMMU HEPOTIPOTEKTOPHBIMIU CBOICTBAMM.
KoHIeHTpaIuss HEKOTOPbIX MMHEPAIOB, 0COOEHHO Kalus 1 Ke-
Jie3a, 6blJIa 3HAUUTEIBHO BbIIIE B COKE OY3MHBI, T03TOMY OH I10-
TEHIMAJIbHO SIBJISIETCS XOPOIIMM MCTOYHMKOM MUKPOHYTPUEH-
TOB ¥ MOAXOAUT JJIs €KeIHEBHOTO MoTpebaeHus [73]. CoracHo
pe3y/ibTaTaM, 3KCTPaKT, IPUTOTOBIEHHBIN ¢ 50%-M 3TaHOIOM,
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o6raman HambOsbIIe)l AHTUMOKCUAAHTHOJ aKTMBHOCTBIO, UTO
XOPOUIO COIVIACOBBIBAJIOCH C BBICOKMM COfiepykaHueM (eHOJIOB.
B 9TOM 3KCTpaKTe TakKe 6buIa 06HApYKeHa HaMbOobIIas aKTHUB-
HOCTb MHTMOMPOBAHMS TUPO3MHA3BI [2].

6.2. Ynempa3seykosas sxkcmpakyus (UAE)

B nocnenHue gecaTuaeTus MIMPOKO U3ydaaoCh IpUMeHeHe
meToga UAE B kauecTBe UMCTOI, SKOJIOTMYHOV ¥ 9KOHOMUYECKU
3G GEKTUBHOM aJIbTePHATUBBI TPATUIIMOHHO WCIIOTb3yEeMbIM
MeTOZaM 3KCTpakumu [75]. OKCTpakiums TpexX LMaHOTeHHBIX
COeMHEHMIT (aMUTOANMHA, TIPyHA3MHa M CaMOyYHUTpUHA) U3
JIUCTHEB, LIBETOB, BETBE U MI00B Sambucus nigra L. 6b11a OI1-
tuMusupoBaHa Rodriguez Madrera u Sudrez Valles [76]. B kaue-
CTBe METOZA SKCTPaKIMM UCIIOIb30BAJICS YIBTPA3BYK BbICOKOI
MOIIIHOCTU, 9KCTPareHTOM SIBJISIach TTOAKNUCAeHHas Boaa. bbiio
MCCIeIOBAHO BIMSIHME BpeMeHM 3KCTPaKIMM, UMITY/Ibca U aM-
TUTUTYbI HA BBIXOJ, 9KCTPaKTa. Ha o0CHOBaHMY MOTyYeHHBIX TaH-
HbIX ObUTM OIpe[eNieHbl ONMTUMAaJIbHbIE YCIOBUS SKCTPAKIIMMA:
aMIUTMTyIa 06paboTky yIbTpa3sBykoM 80%, BpeMst SKCTPaKIUM
55 ¢, pabounii ukn 70%, macca obpasua 0,1 r u 10 v mop-
KUCJIEHHOM BObI, comepxkanieit 0,1% XJIOpHOJ KUCIOTHI. Bblio
JIOKa3aHo, UTO COOTHOIIIEH)Ee MPO6BI ¥ IKCTPATMPYIOIIEro pac-
TBOPUTEJIS SIBJISIETCSI CYII€CTBEHHBIM (haKTOPOM, BJIMUSIIOIIVM Ha
BBIXOJI, I[MaHOTE€HHbBIX TVIMKO3UIOB C B-IJIIOKO3MIAa3HOI aKTUB-
HOCTbIO. [10 CpaBHEHMIO C UCITO/Ib3YEMbIMM paHee IapaMeTpa-
MM SKCTPaKIMM, BpeMsI SKCTPaKIMM B STOM MUCCIeL0BAHUM ObIIO
3HAUUTEIbHO COKPAIIEHO, YTO OCOGEHHO BasKHO [JIsI CBEHEHMS
K MUHMMYMY Jerpajaiuy aMUrgaaMHa Ha 3Tare SKCTPaKIUu.
VAbTpa3sBYK pacIiipoCTpaHsIeTcsl uepes Jrbbie cpefbl, MPOMU3BO-
TSI IIMKJTBI PACIIVPEHMS M CKaTUS B BUIE MEXaHNYECKOI BOTHbI
¢ yacrotoit ot 20 kI'y o 100 MI'u. Korga akyctuyeckasi MOIIL-
HOCTb JJOCTATOYHO BbICOKA, OHA MOKET BbI3BaTh CO3JaHNe, POCT
Y CXJIOTbIBaHME KaBUTAILIMOHHBIX ITY3bIPHKOB B SKUAKON cpene,
YTO IIMPOKO MCIIONB3YeTCs IJIS1 YIYUIIeHUSI MHOTUX TUIIEeBbIX
npoueccos [77,78].

6.3. Caepxkpumuueckas ¢awoudHas saxkcmpaxkyus SFE

SFE mpencraBiisieT co60ii MeTOf SKCTpaKUuyi, B KOTOPOM
B KauyeCTBe 3KCTPAKLUVOHHBIX PacTBOPUTENEN MCIIOIb3YIOTCS
CBepXKpuTHUecKue Quonasl. Yriekucnpii ras (CO,) sBiser-
CSl TUIIMYHBIM CBEPXKpUTUYECKMM pacTtBoputeneM mjsi SFE,
Y 9TO IKOJOTUMYECKM UMCThIN PACTBOPUTENTH 6€3 TOKCUUHOCTU
i o60uHbIX 3QdexToB. CO, AB/AETCS BHIOPAHHBIM (IIIOM-
noMm B SFE m3-3a ero IjioTHOCTH, CPaBHUMOM C XXUIKOCTSIMMU,
a Takke BBUAY HU3KOM BSI3KOCTU U BBICOKOI muddy3mMoHHOI
criocob6HocT. TemmepaTypa, OaBjlieHNUe, TIOTHOCTb YaCTMIL
U cofepykaHue BOIbl B MCXOLHOM MaTepuae, IPOAOIKUTENb-
HOCTb 9KCTpaKiyu, pacxon CO, 1 COOTHOILIEHVE PACTBOPUTEJIS
M VICXOITHOTO ChIPbSI SIBJISIIOTCS KIOUeBbIMM (haKTOpaMu, Orpe-
mensoiymu  3GdEeKTUBHOCTh 3KCTpakiuu. MopaenupoBaHue
u ontumusauus SFE-CO, s Bbiie/IeHUs BaXKHbIX TUIIO(UIIb-
HbIX COeMHEHUI 13 MOOOYHBIX ITPOAYKTOB IMepepaboTKy COKa
Sambucus nigra L. 6bUT1 11eJIbI0 MCCIeqoBaHus yueHbx Kitryte
et al. [79]. ABTOpBI UCTIOSTb30BAIM CBEPXKPUTUUECKYIO IKCTPaK-
uuio anokcuaom yrnepona (SFE-CO,) u CKOppekTUpOBain ee
CBOJICTBA (TeMIIepaTypy, IPOAOKUTEIbHOCTD U JaBJI€HUE) OIS
M3BJIEUEHNST BAXKHbBIX HETTOISIPHBIX KOMITOHEHTOB 13 COKa Oy3M-
ubl. M3 100 r kmbixa 66110 M3BIeueHO 14,05 r aunoduiabHOI
(bpaxumy npu onTuManbHbIX yenosusax SFE-CO, (53 °C, 35 MIa,
45 MMH), B TOM YMC/Ie TTOJIe3HbIX 711 3J0POBbS TOTMHEHACHI-
LIEeHHBIX JIMHOJIEBbIX (42,0%) 1 TMHONEHOBBIX (34,1%) KUPHBIX
KUAI0T. C TOUKM 3peHMST BBIXOJIOB U BpeMeHM 3KcTpakuyy SFE-
CO, 06b14HO 6051€€ 3 dEKTUBEH, UeM TPAAMLMOHHbIE METOMbI
Cokciera u SLE, Ho meHee s¢dektuBeH, yem PLE u UAE. ITo
cpaBHeHuto ¢ PLE n UAE, ocHOBaHHBIMM Ha 3KCTpPaKIUM rekca-
HoM, SFE-CO, umeeT mpeuMmyLecTBO MCIONb30BAHUSI PACTBO-
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purens GRAS CO, u mossossier 1306ekaTh onepanyuy yaaaeHus
pactBoputesns. [lowie TMnuaopacTBOPUMOIL cernapanmnn CBepx-
kputndeckum CO, M reKCaHOM U3 BHIKMMOK 6y31HBI ObLI I10-
JIydeH He3HAUMTeIbHbIN MPOLIEHT aHTMOKCUIAHTOB, B TO Bpe-
M KaK 06e3kK1peHHbIe BbDKMMKY U3 SAT0J, OY3MHBI COXPAHWIIN
3HAUMTEIbHOE KOMMUECTBO (> 60%) cpemy 3TUX 6MOaKTUBHBIX
KOMITOHEHTOB. TakuM 06pa3oM, MHOTOCTyIeHYaToe (Gppakiymo-
HMPOBaHME€ BBIDKMMOK 6y3]/IHbI 1100, BBICOKVM [OaBJIeHEeM I/I/I/I)II/[
Y/IBTPa3BYKOM MOXKHO MCITOJIb30BaTh IJIs1 pa3fefeHNs leHHbIX
MOJIEKYJT 60jiee BBICOKOI MOMSIPHOCTM C YHUBEPCATbHBIM MPMU-
MeHEHMEeM B IUIIEBO, hapMalleBTUUECKO M HYTPULIEBTUYE-
cKoi1 npombliieHHocTH [80].

6.4. Qepmenmamuenas sxcmpakyus (EAE)

OKCTpakuusi OMOMOJIEKYT U3 pacTeHuit ¢ MoMolbio dep-
MEHTOB HabupaeT MOMY/SIPHOCTh KaK aJlbTepHATUBA TPaIULIK-
OHHBIM METOJaM 3KCTPAKIIMM PACTBOPUTENIEM G1arofapst CBOMM
XapaKkTepucTuKam, 6€30MacHOCTH, YCTOMUMBOCTY U 3P heKTHB-
HocTu. DyHIaMeHTAJIbHOM MPeIIOChUIKO /s NPOBeIeHNs
(bepMeHTATUBHOI SKCTPAKLMU SIBJISETCSI TUIPONN3 KIETOYHOI
CTeHKM pacTeHust pepMeHTOM B KauecTBe KaTaau3aTopa B ujie-
QTbHBIX KCIIEPUMEHTANbHBIX YCIOBUSIX IJISI BHICBOOOXKIEHMS
BHYTPEHHMX KOMIIOHEHTOB. CTE€HKa PACTUTENbHOI KJIETKU CBSI-
3bIBaeT aKTUBHYIO 007acTh hepMeHTa U MO3BOJsIET hepMeHTy
U3MEHSATh PopMy, UTOOBI Cy6CTPAT MTOMEIAJICSI B €r0 aKTUBHBbIN
LIEHTP, YTO NMPUBOAUT K 3D HEeKTUBHOMY B3aVIMOIEIICTBUIO MEXK-
Iy HMMU. FI3MeHeHUsT B CTPYKType dhepMeHTa BbI3bIBAIOT pac-
TBOpeHMe CBsI3eii KIIeTOUHO CTeHKM, UTO [103BOJISIET AKTUBHBIM
KOMIIOHEHTaM BBIITY HapyKy [72]. DTy sKomornyecky 6e3ormnac-
HbIe TTPOLIEAYPHI SKCTPAKIMM He TOJBKO HE TOTHKO COKPAIAIOT
KOJIMYECTBO TOKCMYHBIX PACTBOPUTENIEN MPU MUCIIONb30BaAHUN,
HO ¥ YMEeHbLIAIOT IPOLOJIKUTETbHOCTD IpoIiecca.

Kpome TOro, MOCKOMBKY 3Ta SKCTPAKIVST TTPOUCXOAUT MIPU
peryimpyeMoit TeMriepaType, OHa UaeaabHO MOIXOIUT IJIsl TeP-
MOUYYBCTBUTEIbHBIX COEOVMHEHMIA, TaKMX KaK apoMaTu3aTOpPhl,
nurmeHTsl 1 Macia [81]. EAE nMeeT He TOIbKO MHOXKECTBO IIpe-
MMYILIECTB B 6MI0aKTUBHOM XMMUYECKOH SKCTPAKIMM, HO U DS
HEeJOCTAaTKOB. BO-TepBbIX, KaK M3BECTHO, HEBO3MOKHO IMOTHO-
CTHIO TUIPON30BATD KIETOUHbIE CTEHKM MaTPUKCA C TTIOMOIIIbIO
JIOCTYITHBIX B HacTosiilee BpeMsi pepMeHTHBIX ITpernapaToB, UTO
OTPaHMYMBAET BBIXOM, IKCTPAKLIMMU (HUTOOMOAKTUBHBIX KOMITO-
HeHTOB. Kpome TOro, hepmMeHThI MOTYT OBITh 60JIee JOPOTUMMU
TIPY KPYITHOMACIITaOHOM WJIM MTPOMBIIIIJIEHHOM ITPOM3BOJICTBE,
et 06pabaThIBAIOTCSI C BBICOKMM COOTHOIEHMeM (epMeHTa
u cyberpaTa. HakoHell, TOCKOMbKY epMeHThI IT0-Pa3HOMY pea-
TUPYIOT HAa Pa3/IMYHbIE YCIIOBYSI OKPYsKAIOIIEl Cpeibl BBUIY BO3-
MOXXHOTO Kosie6aHusi pH u TeMIiepaTypbl BHYTPU IKCTPAKTOPA
MIPOMBIIITIEHHOTO MaciiTaba, EAE MoskeT 6bITh TPYIHO MacIITa-
61pOBaTh B IPOMBIILITIEHHOCTH. EC/u ipenpiayiiye HeJOCTATKA
ymactcst yerpaHuTb, EAE MOeT 6bITh 3G ()eKTUBHBIM CIIOCO60M
TIOBBICUTD BbIXOJ] 9KCTPAKIUM, MUHUMMU3UPOBATH BPEMS IKC-
TPaKUIMU U YAYULIUTH KAUeCTBO SKCTPAKTOB 3a CYET MCITOIb30Ba-
HUs Gonee AKX YOIOBUI 9KCTPAKIMY, B YACTHOCTU Gosee
HM3KMUX Temnepatyp [75]. ABTops Flores et.al. ananmusupoBainu,
Kak (hepMeHTbI, YIAbTPA3BYK, MUKPOBOJIHBI ¥ Mallepaius MOTYT
CII0COGCTBOBATD M3BJIEUEHNIO OOJBIIIETO KOIMYECTBA aHTUOKCH-
JAHTOB U3 SIT0[] OY3MHbI ITyTEM OIpeeIeHNUST aHTUOKCUIAHTHOM
CITOCOOHOCTHM, COMepyKaHNMsI aHTOLIMAHOB U OOGIIEro KoamJyecTBa
beHoMOB. MUKPOBOTHBI, GEPMEHTHI U YIBTPA3BYK MCITOIH30Ba-
JIUCH IS YIYUIIeHUST aHTMOKCUIAHTHBIX CBOVICTB C TIOC/IEAYIO-
meit mauepauueii ipu 70 °C B TeueHne 20 MUHYT, MPUMEHSUIUCH
HECKOJTIbKO BUIOB (hepMeHTa, KOMOMHAIMM (GepMEHTOB U OblIa
3a/1e/ICTBOBaHa MUKPOBOTHOBAS T€Yb. Bojiee BLICOKME BBIXOIbI
9KCTpaKTa B 06beMe coKa CTaay BO3MOKHBI OGaromapsi mpume-
HeHMo epmMeHTOB. HammToK 13 6y3MHbI C BBICOKMMM aHTUOK-
CUIAHTHBIMYM U CEHCOPHBIMM CBOVCTBaMU ObUI TIPUTOTOBJIEH



Burak L. Ch. etal. | FOOD SYSTEMS | Volume 6 No 1 | 2023

C UCIOMb30BaHNMEM COKa, ITOJIyYeHHOro ITyTeM Matepanun [82].
Yuensle Mattson et al. [3] HegaBHO NpoBenM MCCIefOBaHMUe,
TIpMMeHsIsl pa3nnuHble Temiepatypsl (40, 50 1 60 °C) 1 KoHLIeH-
tpaiuu depmenTos (80, 120 n 160 ppm) 7151 TOTyIEHNS ONITH-
MaJIbHOTO 9KCTPAKTa GY3MHBI C BBICOKMM OGIINM COepsKaHMeM
nosmdenonos (TPC), comepkaHneM MOHOMEPHBIX aHTOLIMAHOB
(ACY) 1 aHTMOKCUIAHTHO aKTUBHOCTU (AA). CornacHo momy-
YEHHbIM [JaHHBIM, IKCTPAKIUSI C MOMOIIbI0 (HepMeHTOB pe-
KOMEHAYeTCsl KaK IepBasi 9KOJOTMYEeCKM YNCTasl MpoLeaypa.
Temneparypa 45,3°C u kKoHueHTpauus Gepmenta 160 yacreii
Ha MWIIMOH GbUTM ONMTMMAaJbHBIMU YCIOBUSIMY TECTUPOBAHMS,
nmaronyimu 3HaueHust TPC656 mr rayiioBoii KuciaoTsl/100 T, 3Ha-
venust ACY326 mr uuH-3-11y/100 r 1 3HaueHust AA 353 mr raj-
J10BOJi KCIoThl/100 T. BRIXOM COKa BO BCEX CTydastX GbUT OfVHA-
KOBBIM, KaK pe3y/bTaT, 3TOT MeTo[, 3¢deKTUBHO BBICBOOOKIAET
611010TMYeCKM aKTUBHbIE KOMIIOHEHTBI PPYKTOB [3].

6.5. JKudxocmuas skcmpaxuus nod dasneHuem PLE

JKupkocTHasi akcTpakuus nog aasieHnuem PLE; Taioke u3-
BeCTHas KaK YCKOpeHHasl 3KcTpakuusi pacrsopurenem (ASE),
OCHOBaHA Ha CIIOCOGHOCTM YAEPKMUBATH PACTBOPUTENN C HU3-
KOJ TeMmIlepaTypoli KUIIeHUSI B SKMAKOM COCTOSIHUM IOJ, BbI-
COKMM [aBJI€HMEM TpU OJHOBPEMEHHOM TOBBIIIEHUN AUD-
(by31OHHOII CTOCOGHOCTY aHAAUTA U3 TBEPLOi MaTPUIbI [83].
Bo mHorux aiyvasx PLE onTummusmupyeT KOJIM4yeCTBO PacTBOPH-
TeJisl, TeMIIepaTypy, BpeMsI CTaTUYeCKOl SKCTPaKLMU U KOIU-
YeCTBO LMKJIOB MPOXOXAEHUS PaCcTBOPUTENSI uepe3 MaTpully.
HanHblli MeTon, skcTpakuum PLE ucnonb3oBasics O u3Bje-
YeHUs] TePMOUYYBCTBUTEIbHBIX (QUTOXMMUUECKUX BEIECTB U3
Pa3IMYHBIX PACTUTENbHBIX MCTOUHUKOB C BBICOKO 3 HeKTUB-
HOCTbHIO, TAKMX KaK MajyHa, 06jemnuxa, apoHus, YuepHasi CMO-
poAvHa U ekeBUKa.

7. CoxpaHeHUe OMOAKTUBHBIX BeIIeCTB OY3MHBI

MeToZaMy MUKPOKAICYJIMPOBAHUS

@DeHObHBbIE COENVMHEHUS MOTYT pas3jaraTbCsl UM TepSITh 3P-
(bexTMBHOCTD TpM BO3JEICTBUM CBETA, KUCIOPOIA, TIEpeMeH-
HbIX TemIiepaTyp M pH, MOHOB MeTaJIOB U (hepMeHTaTUBHOIA
akTuBHOCTM. COOTBETCTBEHHO, BO3AEICTBME ITUX (PAKTOPOB
MOXET TIOBJIMATh Ha KauecTBO M OMOMOCTYITHOCTD, a TaKke Ha
CPOK TOJHOCTYU TIPOAYKTOB 13 Oy3UHBI. [I03TOMY [IJIs COXpaHe-
HUSI KauecTBa, MUIIEBOM IIEHHOCTU U jieueGHbIX CBOJMCTB IMpo-
IYKTOB U3 Gy3MHbI HEOGXOMMMO O6ECIeunTh UX COXPAaHHOCTD
¥ He MOTMYCTUTb Aerpajalyy OMOaKTMBHBIX COeIMHEHUN me-
CTPYKTUBHBIMM (DaKTOpaMM OT ITPOU3BOJCTBA 10 TTOTPEGIEHUSI.

TexXHUKY MUKPOKAIICYJIMPOBAHMS C 3aIIUTON 6GMOaKTUBHBIX
COeIMHEHMIT pacCMaTPUBAIOT KakK IIPakTUUHOe U 3D PeKTUBHOe
pellleHue 3TOV pob6aeMsbl. B mocieqHme rofapl STOT METOS, Gb-
CTPO Pa3BMBAETCS B Pa3IMUHBIX OTPACISIX MPOMBIIUIEHHOCTH,
TaKMX Kak MPOM3BOACTBO MPOAYKTOB MUTaHMS, dapMaleBTh-
Ka U CelbCKOe XO03$1CTBO. Bo Bpems mpoljecca MHKAICY/ISIIUN
1IeJIeBble COeNVMHEeHUs YIaBAMBAIOTCS B TBEPAON WM KUAKOM
MaTpHulle M 3aKpbIBAIOTCSI MaTepuanaoM MOKpbITHs [84]. B 3a-
BUCMMOCTY OT pasMepa, Karcyybl IOApasesiioT Ha TPU BUAA:
Makpokarcyiabl (> 5000 MKM), Mukpoxarncyiabl (1-5000 MKMm)
¥ HaHOKamcynbl (> 1 mrm) [20]. Ber6op momxozsimero MeTona
MMKPOKATICYIMPOBaHNS 61M0aKTUBHbBIX COeAVHEHMIT 3aBUCUT OT
pasIMYHBIX (HAKTOPOB, TAKUX KaK (U3MUECKUE U XUMUYECKUe
CBOJICTBA sApa ¥ MHKAICYIMPYIOLIEro areHTa, CBOMCTBA BBIC-
BOOOXKIEHMUST MHKATICYIMPOBAHHBIX GMOAKTUBHBIX COIVHEHMIA,
a taxke 3(dexkTUBHOCTD Mpotiecca [85].

7.1. Unkancyaayust ¢ pacnsliumensHoll Cyukou

PacrbuintenpHas CyIika — 3TO XOPOIIO U3BeCTHBIN (HDU3NKO-
MeXaHMYeCKMii CIoco6 MMKPOKATICYIMPOBaHMS GUOAKTUBHBIX
coenyHeHwnit [84]. OH siBisieTCsT HAMboOee PacpOCTPaHEHHBIM,
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XOTSI CYIIECTBYeT HeCKOIbKO IPYTUX METOMOB, TAaKMX KaK CYIII-
Ka BbIMOP&XMBAaHMeM, 3KCTpy3us, cBepxkpurudeckuii CO,,
JIBOJHAsT SMYJIbCHUSI U SMY/IbIMPOBaHME 1)1 MHKATICYIMPOBaHMS
6M0aKTUBHBIX COEIMHEHN B STOTHBIX PacTeHMsIX. HKaICys-
1IMsI PACTIBITUTENBHOM CYIITKOI SIBJISIETCSI OCHOBHBIM CIIOCOO0M
MHKAICY/ISIIUU aHTOIMAHOB [86]. ETo mpuMeHsUM 1JisT MUKPO-
MHKATICYSIINY GMOaKTUBHBIX COeMMHEHNT YePHUKY C UCTIONb-
30BaHMEM Y/IbTPA3BYKOBO HACAIKIA.

PacrmbiiuTeNbHasI CyIIKa sSIBsieTcst 3G GeKTUBHBIM METOIO0M
y/aBAMBaHMsI GMOAKTUBHBIX COENMHEHUI U 0COOEHHO COoemu-
HeHMi1, YYBCTBUTENbHBIX K TemIiiepaType. VIHKaICyasiuus pac-
MbUIMTE/IbHOM CYLIKOM MMeeT MHOTO IPEMMYILECTB, BKIKOYAs
I'MOKOCTb, BbICOKYIO 3G ()EeKTUBHOCTh U OBICTPOE MCIIONb30Ba-
HM€e, HU3KYIO0 CTOMMOCTh, BO3MOKHOCTb MHKATICY/ISIIINU B 6OMTb-
mMUX MaciiTabax ¥ TMpUeMIeMYI0 CTaOMIbHOCTh KOHEUHBIX
MMKPOKATICYII. B 11€/10M MUKPOKAIICYIMPOBAaHHbIE COEUHEHNS,
TOJTy4YeHHbIe METOAOM PaCIbUTUTENbHOM CYIIKMA, OTHOCSTCS
K MaTPUYHOMY TUITY C OMHOPOAHBIM MaTePUaaIOM CePIII€BUHbI,
pacrpee/IeHHbIM IO BCEMY MaTepuany CTeHKM U pa3MepoM OT
MMUKPOH IO HECKOJIIbKIX MeCITKOB MUKPOH.

7.2. OMynvCcuoHHblE cucmemal

B KauecTBe KOJUIOMAHBIX CUCTEM AOCTaBKM IMYIbCUY TIPEM-
CTaBJISIIOT CO6O0I CMeCh BYX HECMEIIMBAIOUIMXCS KUIKOCTek
(BOIbI M Macja), TAe YacTULIbl IUCIePCHOI (asbl pacrpemens-
I0TCSI B BUle HEGOMbIMX chepuuecKux Kareab BHYTpU (asbl
JIucriepraTopa. B 3aBMCMMOCTM OT pa3mepa 4YacTUll, SMYJIbCU-
OHHBIE CMCTeMbI MOXXHO PasfelnTb Ha HAaHOIMYJIbCUM, MUKDPO-
9MYJIbCUU Y MaKpO3IMYyJibcui. CyliecTByeT HECKOIbKO Pa3IMUHbIX
MPOCTBIX MM MHOKECTBEHHBIX SMYJIbCUIA [IJIT MUKPOMHKAIICY-
JIMPOBaHMsI OMOAaKTUBHBIX COEIMHEHMIT, TAKMX KaK BOJIa B Macjie
(8/m), Mmacio B Boze (M/B), BOfa B Macie B Boze (B/M/B), Macio
B BOJle B Macile (M/B/M), BOZ,a B Macje B Macje (B/M/M) WiIu faxe
BOJIa B Maciie B Macye B Boze (B/M/M/B) [87]. Comunian et al. pa3-
paboTany MeTo[ MUKPOKATICYJVMPOBAHMS /IS 3aIIMUThI aHTOLIM-
aHOB U3 9KCTPAKTOB OY3MHBI C UCIIOIb30BaHMEM 3MYIbCUOHHOI
CUCTEMBI BOZIa-B-Macjie-B-BOJe U coo0ImIM 06 3¢hGeKTMBHOCTU
MHKATICY/ISIIIY aHTOIMAHOB Ha YpoBHe 47-54% [88].

7.3. CybnumayuoHHas cywka

Cymika BbIMOpPaKMBAHMEM SIBJISIETCSI TTOAXOOSIIUM MeTO-
JIOM VHKATICY/ISIUY YYBCTBUTEIbHBIX K TeMIlepaType 61oak-
TUBHBIX COEIVHEHMII C MeHbIIel CTaOMIbHOCTHIO B BOLHBIX
pacTBopax. 3aMopaskMBaHMe, CyOaMMaIust, 4ecopoums M OKOH-
yaTeabHOe XpaHeHMe SIBJSIOTCS OCHOBHBIMM BbIeJI€HHBIMU
CTagMsIMU 3TOro MeToaa. du3nueckye CBOCTBA 11eJ1eBOro coe-
IVHEeHMs, BKIovasi popmy, I[BeT, BKYC, TEKCTYPYy ¥ apoMaT, MO-
T'YT OBITH COXpPaHEeHbI BO BpeMs 3TOTO Ipoliecca. YacTo M1CIob-
3yeMble MHKATCY/IMPYIOIIe areHTbl B METOAE IMOGUIN3al U
BKJIIOUAIOT T'yMMMapabuK, KpaxmMaJjbl, CbIBOPOTOUHbBIN 6GeIoK
u ManbTofekcTpuH. ABTopbl Kanha et al. [88] mccinemoBanu
MeTon TMOGUIN3VMPOBAHHONM TBOMHONM SMYIbCUNM IJISI MUKPO-
MHKATICYTMPOBAaHUS aHTOLMAHOB U (EeHOJbHBIX COeIUHEHUI
C MpUMEHEHMEM >KeJIaTUH-apaBUICKOM KaMeOu U XUTO3aH-
KapOOKCMMETWIIIIEJUTIONO3bl B KauecTBe MHKAIICYIUPYIOINX
areHTOoB. [10o cpaBHEHMIO C APYTMMU METOLAMM MHKATICY/SIIUN,
BBICOKME 3aTpaThl SHEPTUM U IJIATEIbHOE BpeMs 06paboTKM
SIBJITIOTCSL IBYMSI HeXejlaTeIbHbIMU (aKTOpaMu, CBSI3aHHBI-
MM ¢ mpouenypoit muodumsanuu [88]. Yuensie Casati, Baeza
u Sanchez [89] ouenmnu addexTUBHOCTS MeTOA MObMIN3a-
UMK [JIS MHKATCYASLIUM aHTOLMAaHOB, MOMyUYeHHBIX U3 STO.
OHM UCIIONMB30BaAM MAJbTONEKCTPUH U apaBUIICKYI0 Kamelb
B KaueCTBe MHKAMCYJIUPYIOIINX ar€HTOB U TTOYYUJIN B PE3Yiib-
taTe 84,35 u 71,69% ob1iero kKoanuectna GeHOIOB U comepika-
HMS 06Iero MOHOMEPHOIO aHTOI[MaHa B 9KCTPAKTaxX Oy3MHBI
COOTBETCTBEHHO [89].
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8. BmIBOIBI

[IpoBemeHHbIE MHOTOYMCIEHHbIE WCCIeNOBaHMs Oy3MHbI
Sambucus nigra L. vi TIpOIYKTOB ee 1epepaboTKY MOATBEPKIAIOT
UX BBICOKYIO aHTUOKCMOAHTHYIO aKTMBHOCTD, a TaKKe aHTI/I6aK—
TepuaibHble ¥ MPOTUBOBUPYCHBIE CBOWCTBA, Garomapst Haju-
YMIO0 aHTOIMAHOB, (DEHONMbHBIX KUCIOT U (UIaBOHOMIOB. By3uHa
COIEPKUT pas3INMUHble OUMOJIOTUYECKM AKTUBHBIE COEOVHEHMUS
M IIMPOKO MUCIIONb3YEeTCS BO MHOIMX OTPAC/ISAX ITPOMBIIIIIEHHO-
CTY, BKJTIOUAsI TMTPOAYKTHI MUTAHMS, KOCMETUKY U (hapMaieBTu-
Ky. K coskanennio, B Pecriyouke Benapych 6y3uHa He TIOTydmiIa
IOJDKHOTO TPUMeHEeHUsI B TMUILEeBOI MPOMBILIIEHHOCTU U MC-
MOJIb3YETCSI B OCHOBHOM B KauyecTBe KpacuTess. buonornueckn
aKTUBHbBIE COENMHEHMS OY3MHBI OTHOCUTEIBHO UYBCTBUTEbHBI
KO MHOTMM pa3jinuHbIM dakTopaM, BKiIouast pH, Temieparypy,
KUCIOPO/I, aKTUBHOCTh (PEPMEHTOB, COJIHEUHbINI CBET U VIOHBI
MeTaIoB. [T03TOMY CJIeffyeT OTBETCTBEHHO ITOAXOOUTD K BbIOO-
Py ¥ UCIIO/Ib30BaHMIO COOTBETCTBYIOIIVX METONOB SKCTPAKLIUN,
OCHOBAHHBIX HA HOBBIX TEXHOJIOTUSIX, [IJIs1 TTOBbIeHNST 3ddex-
TUBHOCTM 9KCTPAKIIUY ¥ COXpaHEHMST OM0aKTUBHbIX COeIMHEeHMIA
OGy3MHbBI OT paspylIalollero Bo3aeicTBusa. Kpome Toro, MeTombl
9KCTPaKLUMM M aHAIM3a OMONOTMYECKN aKTUBHBIX COeIVHEHUA,
JICIIONIb30BaHHbIe B MHOTOUYMCJIEHHBIX MCCIA€LOBAaHMSIX, IOKa-
3a7M POTUBOPEUYNMBbIe pe3ylabTaTbl. B OCHOBHOM 3TO CBSI3aHO
C TeM, UTO, B 3aBUCMMOCTM OT MHOTMX (paKTOPOB, XMUMUYECKUI1
COCTaB IIJIOIOB MOXET CUMJIbHO BapbUpOBAaThCS. B CBSA3M € 3TUM
ONTUMM3AIMST METONa SKCTPAKIMM OMONOTMYECKM AKTUBHBIX

coeMHEeHNI Heo6X0omMMa [Ijisi MaKCMMAaIbHOTO M3BJI€UEHNMS U3
TIJIOZIOB C 1@JTbI0 UX UCTIONb30BAHMS B KAUECTBE TOMOTHUTETBbHO-
IO MCTOYHMKA (DEHONBHBIX COeIMHEeHN . AHAIN3 OMyOIMKOBaH-
HBIX PEe3y/lbTAaTOB HAYUHBIX MCCIENOBAaHUI MOATBEPXKAAET, UTO
MeETOAbI MUKPOKAIICY/IMPOBAHMS COXPAHSIOT 6I/IOJIOI'I/I“IECKI/I akK-
TUBHbIE COEIVHEHUS SITOf, OY3MHbBI, YBEINUMBASI CPOK TOTHOCTU
MIPOAYKTa ¥ Mpoduib 3aMeJIEeHHOTO BbICBOOOXKAEHMS. TakuM
06pa3oM, MHKATCYIMPOBAaHNE MOXHO CUUTATh MTEPCIIEKTUBHBIM
MMOJXOIOM K COXPAaHEHMUIO KauecTBa OMOMIOIMYECKM aKTUBHBIX
coenviHeHMt Oy3uHbI. TeM He MeHee HEOOXOOVMO MPOBOAUTH
JIalbHeIe WCCaeloBaHus /ST JOCTVDKEHUS ONTUMAabHbIX
¥ UHHOBAIIVIOHHBIX METOMOB IJIst CYICTEM MHKATICY/ISIIAMA.

OnTuMM3aIyUs METOLOB MOXKET CTaTh OCHOBOII AJIsT paspa-
6OTKM HOBBIX IMUIIEBbIX IPOAYKTOB, (MYHKUMOHATBHBIX IPO-
IYKTOB TIUTaHMsI, TIUIIEBBIX AOOABOK, a Takke s hhapMaleB-
TUYECKUX U KOCMETHUYECKUX MPOAYKTOB. Kpome TOro, BaskHO
MIPOBOIUTH AaIbHEIIINe JOTIOTHUTEIbHbIE UCCIE[OBAHMS, UTO-
OblI OTIpeNeNNTh, KaKue COeIMHEHNMS UTPAIOT HanboIee BaskKHYIO
POJIb Kak B MpoduIakTUKe, Tak U B 60pbbe ¢ ompene/ieHHbIMU
3a60/IeBaHMSIMM, a TAKKe a TaKkKe C IebI0 BBISIBJIEHUST UX CH-
HepreTuyeckoro 3ddexra. COK 1 IKCTPaKThI U3 6y3MHBI HEOOXO-
MO 6oJiee MMPOKO MUCITONIb30BaTh IJIS1 pa3paboTKY IPOAYKTOB
MPOGWIAKTUYECKOTO U (DYHKIIMOHAIBHOTO Ha3HAUYEHWMSI, TIPeJi-
Ha3HAYeHHBIX JJIs OTIpeie/IeHHbIX KaTeropuii HaceaeHus (IeTH,
CTIOPTCMEHBI, TOKWIIbIE JIOM, & TAKKe JIMIIA, TOCTPaJaBIiye
OT HeGIaronmpUsITHOTO BO3IECTBYS OKPYKAIOIIEi Cpeibl).
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OILIEHKA ITOCJIEACTBUN TOKCUYECKHUX
OODEKTOB IITMITEBBIX ITOAC/JIACTUTEJ/IEN
METOOOM BUOTECTUPOBAHUA

Camoitnos A. B.,* Cypaesa H. M., 3aiiiieBa M. B.

Bcepoccuiickuit HayUHO-MCCIeIOBATENbCKMIT MHCTUTYT TEXHOJIOT MM KOHCEPBUPOBaHM S, MOCKOBCKAs 06/1acTh, Poccus

Open access

K/JTIOYEBBIE CJIOBA: AHHOTALNUA

achapmam, ayecynivpam Kanus, Acnapram u anecyabbaM Kajausi BXOIST B IPYIITY Hauboiee M3BECTHBIX MUILNEBbIX MopaciaacTureneit. Hecmo-
6uomecmuposanue, GUOMApPKepbl, TP Ha MHOTOYMCIEHHbIE Pe3yabTaThl MCCIENOBAHMUI, CBUIETENbCTBYIONME O 6e30MMacHOCTM STUX J06aBOK,
6e3onacHocmo B MTOC/IeIHME TObI BHUMAHME MCCaeqoBaTeeil CoCpeoTOUueHO Ha TTOG0YHBIX HeraTUBHBIX 3pdeKTax ux BO3-

JeMCTBYSI, CIIOCOOHBIX TIPUBOAUTD K PasBUTMIO HeMH(DEKIMOHHBIX 3a6oneBaHmii. llenb JaHHOTO MCCIenoBa-
HUSI — U3y4YeHUe XapaKkTepa BO3JeicTBUs (06paTumMoe 1M HeoOpaTUMOe) acriapraMa U anecyinbpama Kainst
Ha MPUPOCT MACChl, & TAKXKE Ha LIMTOJOTUYECKME, IIUTOTeHeTUUeCKMe U MeTabomuecKme moKas3aTeanm KOpHeii
JIyKa pernyartoro. [Ijis 3Toro KOpHU IpensapuTenbHo obpabarsiBanuchk 0,5 1 1 1/1 BOZHBIMM PAacTBOPaMU IO -
cacTuTeneit, a 3aTeM MepeHOCIINICh B BOZLY C LIeJIbI0 TaJbHeIIero BOCCTaHOBUTEIBHOTO ITpopaniuBaHus. [To-
CIe[ICTBUSI TOKCMYECKOTo dddeKra acrmapraMma Ha MPUPOCT MACChl KOPHEI TyKa 0Ka3aaych MUHMMAaIbHBIMM MO
CpaBHeHMIO ¢ KOHTposeM. Torga Kak B o6pasiax ¢ aecyiabGpamMoM Kaaus 3TOT IoKa3aTelb JOCTOBEPHO U [0-
303aBMCUMO CHIDKAICS 10 38%, UTO YKa3bIBAJIO HA HAJIMYYE OTCPOYeHHOro addexTa rmocie BO3geiCTBIUSI 3TOTO
MO/ICIACTUTEJIS. B OMBITHBIX IPyMIax ¢ MAaKCUMaTbHBIM COJlepKaHMEM ITOACTACTUTENeN COXpaHsIcS u 6onee
HU3KMIT MUTOTUYECKMIT MHIEKC (p<0,05) B KIeTKaX MepUCTEMBbI [0 CPABHEHMIO C KOHTposieM. [lonyyeHHbIe
pe3yIbTaThl CBUAETEIBCTBOBAIM O HEOOPATMMOM MUTOTOKCHMYECKOM 3(deKTe maHHbIX coefuHeHn. OgHAKO
o6HaApy>KeHHOEe B OIBITHbIX 006pPa3lax MOBBILIEHVE YaCTOThI MATOJIOTUII MUTO3a BCIEICTBYUE ITPEeIBaPUTEIb-
HO¥1 06pabOTKM MOACIACTUTENSIMY TTIOMTHOCTBIO HUBEIMPOBAIOCH TIOC/Ie BOCCTAHOBUTEIBHOTO MPOPAIIMBAHUSI.
TTosTOMY yKa3aHHbIe TeHOTOKCHYECKME HapylIeHus] ObUIM 06paTUMbIMM. [IJIs OLIEHKY MPOLIECCOB JIUITUIHOTO
OKMCJIEHUS TKaHeli KOpHel M3MepsuiM KOHLEHTPAIMI0 MAaJOHOBOTO Ananbaeruaa. dhdexT cHUKeHUs YPOBHS
3TOTO MOKAa3aTeJsl BO BCEX OMBITHBIX 00pa3ijax Mo CPaBHEHNIO C KOHTPOJIEM OKa3aJICsi HeOOPaTUMBbIM, XOTSI U He
J0303aBUCUMbBIM. [10/ydeHHbIe Pe3ylIbTaThl MOTYT GBITH MCIIONb30BAHBI IIPY Pa3pabOTKe PelenTyp BHECEHMS
MUIIEBBIX TTOCJIACTUTENEN B IPOLYKThI MUTAHUS [JISI CHVKEHMSI PUCKOB BOSHMKHOBEHUSI OTCPOYEHHBIX TOKCHU-
yeckux 3¢ HeKToB.
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EVALUATING THE CONSEQUENCES
OF THE TOXIC EFFECTS OF FOOD SWEETENERS
WITH BIOASSAY

Artyom V. Samoylov*, Natalya M. Suraeva, Mariya V. Zaytseva

Russian Research Institute of Canning Technology, Moscow Region, Russia

Open access

KEY WORDS: ABSTRACT
aspartame, acesulfame potassium, Aspartame and acesulfame potassium are among the best known food sweeteners. Despite numerous studies
bioassay, biomarkers, safety showing the safety of these supplements, in recent years the attention of researchers has been focused on the

negative side effects of their exposure, which can lead to the development of non-communicable diseases. The
aim of this investigation was to study the nature of the impact (reversible or irreversible) of aspartame and
acesulfame potassium on weight gain, as well as cytological, cytogenetic and metabolic parameters of onion
roots. Roots were pre-treated with 0.5 and 1 g/l aqueous solutions of sweeteners, and then they were trans-
ferred to water for the purpose of further regenerative germination. The consequences of the toxic effect of
aspartame on the weight gain of onion roots were minimal compared to the control. This indicator significantly
and dose-dependently decreased to 38% in the samples with acesulfame potassium, which shows the presence
of a delayed effect after exposure to this sweetener. In the experimental groups with the maximum content of
sweeteners, a lower mitotic index (p<0.05) in the meristem cells was also maintained compared to the control.
The results obtained indicated an irreversible mitotoxic effect of these compounds. However, an increase in
the frequency of mitosis pathologies found in the experimental samples due to pre-treatment with sweeteners
was completely leveled after regenerative germination. Therefore, these genotoxic disorders were reversible.
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To assess the processes of lipid oxidation of root tissues, the concentration of malondialdehyde was measured.
The effect of reducing the level of this indicator in all experimental samples compared with the control turned
out to be irreversible, although not dose-dependent. The results obtained can be used in the development of
formulations for adding food sweeteners to food products to reduce the risk of delayed toxic effects.

FUNDING: The article was published as part of the research topic N2 0585-2019-00014-C-04 of the state assignment of the V. M. Gorbatov Federal
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1. BBegenmue

VicKycCTBEHHbIE TTO/CTACTUTENIN OTHOCSITCS K TIUIIEBBIM J10-
6aBKaM ¥ IIMPOKO MCIIOAb3YIOTCSI BO MHOTMX ITPOAYKTaxX MATa-
HMS B KaueCTBe 3aMeHUTeNeli HaTypalabHbIX caxapoB. OgHaKo
9T 106aBKM MOTYT MMETh HeGIaronpusiTHbIE MTOCAENCTBUS OIS
3/I0POBbSI, TIO3TOMY TPOBOZSITCS TOKCUKOJIOTMYECKME UCCIe0-
BaHMS C 1IeJIbI0 pa3paboTKy WK MePeolieHKY HOPMAaTUBOB UX
cofepykaHus B IPOAOBOIBCTBEHHOM NpoayKuyn. Tak, Ha OCHOBe
HOBBIX HAayUYHBIX JAHHBIX O HETATMBHBIX 3P deKTax B 3aKOHO-
JlaTeIbCTBE HEKOTOPBIX CTPAH GbIIM MPUHSTHI aKThI O 3aIipeTe
MUCTIO/Ib30BaHMST OTpefe/eHHbIX MOJCIaCTUTeNelt, Halpumep,
uMKiIaMarta. PasnuyuHble muccieqoBaHKs BbISIBUWIN CBSI3b MTOTpe-
67IeHUST TIOACTACTUATENE M MCKYCCTBEHHO TOACTAIeHHbIX Ha-
ITUTKOB C TOBBINIEHMEM PYCKA BO3HMKHOBEHUSI M3OGBITOUHOTO
Beca, OXXMpeHMeM, MeTaboIMYeCKUM CUHIPOMOM ¥ AMabeToM
2-ro Tumna [1,2]. HemaBHo 6bl1a Omy6;aMKoBaHa paboTa, B KOTO-
poit TpefCcTaBieH MeTa-aHalM3 IPOCIEKTUBHBIX KOTOPTHBIX
MCCIIeNOBAaHN, TTPOBEAEHHBIX [/ BbISIBIEHUS B3aMMOCBSI3U
TTOTpe6IeHMsT MCKYCCTBEHHO TMOACTANeHHbIX HAMMUTKOB C PU-
CKOM pasBuUTHUS Auabera 2-TO TUIIA, CEPIEYHO-COCYIMUCThIX 3a-
60sieBaHMI1, @ TAKSKE CO CMEPTHOCTDIO 110 PA3TMYHBIM IIPUUNHAM
[3]. TTouck crareii, Beimenmx mo 20 mioHs 2020 roga, 6b11 0Cy-
1IeCTBJIEH B TaKMX 0a3ax JaHHbIX, Kak PubMed, Embase u Ovid.
PesynbTaThl TPOBEIeHHOTO aHA/INM3a TI0Ka3aJIN, UTO YBeJIMUeHe
TOTpe6IeHMsT TIOACIAIIEHHBIX HATIMTKOB CBSI3aHO C BbIIIEYKa-
3aHHBIMM PUCKaMM 3a607eBaHMii M CMEPTHOCThIO. B Apyrom
KPYITHOMACIITaGHOM ITPOCTIEKTMBHOM KOTOPTHOM MCC/IeOBa-
HUY OIIEHUBAJIM PUCK CEPIIEUHO-COCYAMCTIX 3a060IeBaHNiT TIPU
yIoTpebieHn ¢ MPOAYKTaMM IUTaHMUS acliapraMa WIM ale-
cynbdama kamust [4]. Okasanoch, YTO MPUMeHeHMe acrapraMa
OBIIO CBSI3AHO C TOBBIIIEHHBIM PUCKOM I1€Pe6POBACKY/ISIPHBIX
CoObITHIL, a TIOTpe6eHne atecyinbpama Kaaus — C TOBbIIIeH-
HBIM PYCKOM pa3BUTUS UIIEMUUYECKOI 60e3HM cepatia. OmHaKko
TaKke M3BECTHBI JaHHbIE KPYIMHBIX 00CEPBAIMOHHBIX MCCIIe-
JIOBaHUIA, Pe3yJbTaThl KOTOPBIX MMPOTMBOPEUYWIN YKa3aHHBIM
BbIllle BbIBOAAM. [Ipy yyacTuu B MPOCHEKTUBHOM KOTOPTHOM
uccenoBauuy 37716 My>XuMH 6bUIO 0GHapPYKEHO, YTO TOTpe-
61eHMe MCKYCCTBEHHO MOIC/IANIeHHBIX HAITUTKOB He GBIIIO CBSI-
3aHO C PUCKOM TIOBBIIIEHNSI CMEePTHOCTH [5].

Acmaptam u atecyabdaM Kaaus BXOOSAT B TPYIIY Hauboee
TTOITY/ISIPHBIX MUIIEBbIX J06aBOK, KOTOPbIE MPUMEHSIOT BMECTO
(bpYKTO3BI M TTTIOKO3bI TP U3TOTOBAEHUY PA3IMYHBIX TTUIIEBIX
TIPOJYKTOB, @ MUMEHHO 6e3a/IKOTOIbHBIX HAIUTKOB, KOHAUTEP-
CKUX U3eNit, HTOTYpPTOB, IecepToB. Atlecymbdam KaJusl, B OT/IN-
Yie OT acriapTama, He COIEPKUT Kalopuii. ITu J06aBKM CUMTA-
10TCSI 6€30MaCHBIMM B COOTBETCTBUYM C HOPMaTUBHBIMY aKTAMM
GOJIBIITMHCTBA CTPaH, B KOTOPBIX MTPEYCMOTPEHBI TOMYCTVIMbIE
HOPMBI X COZlepskaHus B TpoayKrax. B Poccuiickoii @engepanm
MaKCMMaJIbHbIN YPOBEHb COAEPKAaHMS acapTama u amecyibda-
Ma KaJiusl B OTpeie/IeHHbIX TTPOAYKTaX MOXKET COCTaBJSATh OO 2
r/kr. TeM He MeHee Ha ITPOTSDKeHUY BCero Mepuopa MpuMeHeHusT
9TUX TMOACIACTUTEEl MyOAUKYIOTCS CTaThM Kak 06 OTCYTCTBUM,
TaK ¥ O HAIMUMUM HeOIaronmpusTHhIX (PU3MOIOTUYECKNX, MeTa-
60/IMYeCKUX U TeHOTOKCHUeCKMX 3P HEKTOB X BO3IEICTBUS HA
Mogensix in vitro u in vivo [6]. Tak, TOKCMYeCKMe TOTeHLabl
acrapTrama 1 atecyibdama Kaaus 6bITM OLleHEeHbI B MCCIeI0Ba-
HMSIX Ha Aapo3oduie [7]. YueHble MPUILIM K 3aKIOUEHUIO, UTO
YKa3aHHbIe TOJC/IACTUTENN ObUTM 6e30TaCHbIMM B aHAIU3UPY-
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eMbIX KOHI[@HTPAIMSX, TOCKOIbKY TOKCUIYHOCTDh ¥ T€HOTOKCUY-
HOCTb He GbLIM 3HAUMTEeNbHO MHAYIMPOBaHbI ¥ MyX. B 0630pe
2021 roma Ha OCHOBAHMM MHOTOUMCIEHHBIX MCC/IeIOBaHUIL
in vivo wnu in vitro 6bUI TIpOaHAIM3MPOBAH T€HOTOKCUUYECKIMIL
TTOTEeHIMAN 3TUX J06ABOK C TOUKM 3PEHMS CTeIYIONINX PUCKOB:
Hajau4ye MyTaluii, KTaCTOTeHHOCTb U/MJIX aHEYTeHHOCTb, a TakK-
Ke U3MeHeHMs1 B MexaHu3Max penapaunu JHK min srenpeccun
reHOB [8]. ABTOPBI COOOIMIN 06 OTPUIIATENIbHBIX Pe3yIbTaTax
110 BCEM BbIIIeyKa3aHHBIM BuIaM oleHKu. C Ipyroii CTOPOHBI,
M3BecTHa pabora [9], B KOTOPOIi Mmocie 06paboTKM ITUMU Coe-
IVHEHVSIMU KJIeTOK Tepudeprueckux JMMOOLNUTOB YeroBeKa
B Tpex mo3ax (1,25, 2,5 u 5 ppm) ¢ MOMOIIbI0 MEeTOA KOMET GbLT
3a(MKCUPOBAH T€HOTOKCUUYECKMIT 9PDEKT.

Heo6X0m¥MO OTMETUTh, UTO NpPU YaCTOM YIOTPEOIeHUU
MIPOJYKTOB, COAepsKalluX IOACAaCTUTeNN, NaHHble BellecTBa
MY TIPOIYKTBI MX pacriajia MOTYT HaKaIllJIMBAaThCSl B OpraHu3Me,
BbI3bIBasI Pa3BuUTHe HeMHOEKIMOHHBIX 3a06oneBaHuit. OcobeH-
HO TaKOMY PUCKY IOJBEPKEHbI MOXKUIIbIE JIIOAU, GepeMeHHbIe
JKeHIIMHBI, OeTu, Jula C BbISIBJIEHHBIMU IMATOJOIMSIMU UJIN I'e-
HeTMUYECKMMU M3MeHeHUsMu. Tak, HarpuMep, amecyiabdham Ka-
JIVSI TIpU TUIPOJTM3€ PA3JiaraeTcsl 10 aleToaleTamma, KOTOPbIii
SIBJISIETCSI TOKCMYHBIM B BBICOKMX J03aX. II03TOMY B mociesHue
rofbl BHMMaHMe MCCIefoBaTeneil CoCperoTOYeHO IVIaBHBIM
00pa3oM Ha MeXaHu3Max M3yUeHUs] OOOUHBIX, OTCPOYEHHBIX
BO BpemMeHM 3¢ (HeKTOB BO3/IeiCTBMS MUIEBBIX J0OABOK. B ciy-
yae HeoOpaTMMOCTU AaHHBIX 3(h(dEeKTOB BO3HMKAET OOJbIIast
BEpOSITHOCTh TOSIBJIEHUST 6110MapKkepoB HapyiieHus: Hpusmosno-
TMYECKUX U OGMOXMMUYECKMX M3MEHEHMI B T€X MU MHBIX 00-
MEHHbIX ITPOIIeccax U B paboTe OpraHoOB YeoBeKa.

B skcmepumeHTax Ha camiiax Mbimeit mramva ddY 6bi1
M3yyeH MeXaHM3M [JIUTeNbHOTO BAMSHUSI allecyibdama Ka-
JIUSL HA yBeJIM4YeHMe MOTpebIeHMs BObl, @ TAK)Ke Ha CHIsKeHYe
KPaTKOCPOUHBIX ¥ O6bEKTHBIX KOTHUTUBHBIX QYHKIINIA B TECTAX
Y-nabupuHTa M pacrosHaBaHUS HOBBIX OGBHEKTOB, COOTBETCT-
BeHHO. OKa3aj0Ch, UTO NepeuncieHHble HeraTuBHble 3 QeKTh
OB CBSI3aHbI CO CHVDKEHMEM YPOBHS IIIOKO3bI B JIOGHOI KODE,
HO He B 1a3Me [10]. MI3BeCTHBI 9KCIIepYMEHTHI Ha CaMKax MbI-
mreit C57BL/6], KoTOpbie MOMyJanu MUTheBYIO BOMY C anecyibda-
Mom Kaymst (12,5 MM) Ha npoTsbkeHM Beeil 6epemeHHocTH [11].
YyeHble NTepMoANYECKM aHAIU3UPOBAIN UX Maccy Tesa, IoTpe-
6J1sIeEMYI0 MUY ¥ KOJIMYECTBO BOJIbI, IPOBOAVIIN IT€POPATHHBI
TeCT Ha TOJIEPAHTHOCTH K ITIOKO3€, a TaKKe M3ydyanu Mopdoso-
TMIO JKMPOBOJ TKaHU. BbIJIO MOKA3aHO, YTO MOTpe6/IeHNe 3TOTO
MO CJIACTUTEISI BBI3BIBAJIO METab0MMueCKy0 NUChYHKINIO Y be-
peMeHHbIX MbllIelt, CHYKeHME POCTa TUIofAa U ero TUIIOTTIMKe-
Muio. TToxoskue uccienoBaHust 6bUTM MTPOBEIEHDI C aCIIapTaMOM
[12]. T'pymma caMOK KpbIC IIoy4asna acriapTaM B fose 14 Mr/Kr Ha
9-it, 10-7i n 11-71 mpenb 6epeMeHHOCTM. OKA3a10Ch, YTO acrapTam
3HAYUTENIbHO CHIKAJ CPeHMIT BeC IUIALEHTHI U CITOCOOCTBOBA
TOBpeXIeHNI0 ee KiaeToK. Kpome TOro, BhISIBUIINCH HETAaTUBHbIE
M3MEHEHUS B CTPYKTypax IIofa.

Beuta mpoBeleHa paboTa LeNbl0 M3YYeHUsT BIUSHUSI ac-
rnapraMa Ha pelnpoAyKTMBHYIO CUCTEMY Y CaMLIOB Mbliei [13].
Tpu rpynmel nonyvyanyu acnapram B gosax 40, 80 u 160 mr/kr
Beca yepes JKeJyLOouyHblli 30H B TeueHne 90 gHeli. Yepes cyTKu
MocJTe TIpeKpaleHus 06paboToOK OLEHMBAIM MAcCCy TeJla U sIu-
YyeK, TapamMeTpbl CIIepMaTO30MI0B, KOHIIEHTPALWIO TeCTOCTe-
POHA B CHIBOPOTKE KPOBU, OOIIYI0 aHTMOKCUIAHTHYIO €MKOCTh
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¥ YPOBHM MaJIOHOBOTO AVAbeTHa, AKTUBHOCTD B KDOBY aHTU-
OKCUIAHTHBIX (pepmMeHTOB (cynepokcuaaucmyrassl (SOD), Ka-
tanasel (CAT) u rmyratuoHnepokcugassl (GSH-Px)), rucromop-
(bOMeTquecxme II0Ka3aTeJaIn U I'MCTOXMMHUUYeCKMe M3MeHeHUsI
sinJeK, a Takke MPHK 1 MMMYHOTMCTOXMMMUYECKYIO0 S9KCIIPECCUI0
Hsp70-2 B TKaHSAX sIMUYKa. YKa3aHHbIE [TOKA3aTeIN B OIBITHbIX
IpymIax OvINYaJuCh OT aHAJIOTUYHBIX JAHHBIX B KOHTPOJIbHOI
rpyrie. ABTOPbI MPUIUIM K BBIBOLY, YTO JJIUTENbHOE IMOTpe-
G7eHMe acrapramMa TPUBEIO K PENpOIYKTUBHBIM IOBPEXK/e-
HMSIM Y CaMIIOB MBIIIIEN B pe3ybTaTe MHIAYKIUM OKUCIUTETb-
HOTO cTpecca. BiusHue acmaprama Ha pa3BUTHE IMOPMOHOB
pbi6KM nanno (Danio rerio) B KoHUeHTpauusx 10000, 15000,
20000 Mr/n1 Takske OBUIO CBSI3aHO C 3aMETHBIMM HETaTUBHBIMMU
M3MEHEeHUSIMU, TAKMMM Kak 3aJepykka pocrta, nedopmarus Xo-
PMOHA, KeJITOYHOTO MeIKa, XBOCTa, OTCYTCTBYME MUTMEHTALUN
M CKOJIMO3 y Pa3BUBAIOIIMXCS 3MOPUOHOB [14]. OnHako 6omee
Cepbe3HbI TOBOJ B OTHOIIEHUY OTPAHUYEHUS YIIOTPe6IeHUs
JIAaHHOI MO06GABKM CBSI3aH C MPOAYKTOM €ro pacrana, hopmab-
IeTUI0M, KOTOPbBIii 06/aJaeT KaHIePOTEeHHBIM MOTEHI[MAIOM.
Tax, 6p11a O1Ty6JIMKOBaHa paboTa, B KOTOPOJi acriapTam 100aBJisi-
JIX B KOpM Kpbicam Sprague-Dawley B koH1leHTpanusix 100000,
50000, 10000, 2000, 400, 80 mau 0 ppm, HauMHas ¢ 8-HeIeIbHO-
r'0 BO3pacTa 1 10 eCTeCTBeHHOi cmepTy [15]. 3aTem nmpoBoguin
T'YCTOIATOIOTMYECKYIO OIIEHKY BCEX OPTaHOB U TKaHel. Pe3yb-
TaThl 3TOTO GOJMBIIOTO SKCIIEPUMEHTa TTOKa3a/y, UTO acrapTam
SIBJISIETCSI MYJIBTUIIOTEHLIMATIbHBIM KaHILIEPOTeHHBIM COelyHe-
HMEeM Jaxke TIpu CYTOYHOI mo3e 20 MI/KT Macchl Tena, KoTopas
3HAYMTETbHO MEHbIIIE TEKYIEI AOMYCTUMOM CyTOYHO HOPMBI.
ABTOpBI CTAThy MPUILIM K 3aK/ITIOYEHMIO O HEOOXOIMMOCTI He-
OT/JIO’KHOJ TepeoleHKM HbIHEITHUX PYKOBOISIINX MTPUHLIUIIOB
JICTIONIb30BAHMS ¥ TTOTPEOIeHNST TAHHOTO MTO/IC/IaCTUTES.

BoIcIme pacTeHMs TaKKe UCIIOMb3YIOTCSI B KaUecTBe 6MOMH-
IMKATOPOB IJISI OLIEHKM HeoOpaTUMMbIX TOKCUUYHBIX 3(D(PEKTOB
MUIIEBLIX 106aBOK. PacTuTeNbHbIe TECThl YOOOHBI B VICIIOTHE-
HUM, KPATKOCPOYHBI U HE YCTYIAIOT M0 YyBCTBUTEIbHOCTY MMU-
KPOOMOIOTUYECKUM U KUBOTHBIM MOJIENSIM, @ UX Pe3ylbTaThl
KOppenupyloT MeXay coboit [16]. Haubonee M3BeCTHBIM SIBJIS-
ercs Allium-Tect, B KOTOPOM B KaueCTBe TECT-00bEKTa UCIIOTb-
3YIOTCSI KOPHM JIyKa peryatoro Allium cepa. 9Ta Monemnb Tpaau-
LIMOHHO TIPMMeEHSIeTCS TIPU UCC/IeNOBAaHUY T'e€HOTOKCUUYECKOTO
BO3JEICTBUSI 3aTPSI3HSIONIMX BEIIECTB OKPYKAIOIIEei Cpembl,
TaKMX KakK TsDKeJible MeTasulbl, TeCTULNIbI, OPraHUuecKye coe-
IVHEeHUS CTOUYHBIX BOI U Apyrue [17-19]. OnHako B nmocinenHue
nmecsitunetust Allium-tect 3apekoMeHIOBan cebs B KauecTBe
3 deRTUBHOI in Vivo MOIeNnu A U3y4eHUs pasauyHbIX OMO-
MapKepoB TOKCMYHOCTY MeIMULMHCKUX TPernapaToB Ha OCHOBe
JIeKapCTBeHHBIX TpaB [20], a TakKe MUIIEBBIX 106aBOK [21-23].
Bosee Toro, C TOMOIIBIO 3TOTO TECTA, TTO CPABHEHUIO, HATIPUMED,
C 9KCIeprMeHTaMM Ha JIabopaTOPHBIX KMBOTHBIX, MOXKHO GbI-
CTPO, C BBICOKOI UYBCTBUTEIBHOCTbIO, 6€3 CyIeCTBeHHBIX Ma-
TepuasibHBIX 3aTPaT UCCIeN0BaTh Pa3BUTHE MOGOUYHBIX 3ddek-
TOB BO3ZEICTBUSI KCEHOOMOTMKOB Ha MpeaMeT X 06paTUMOCTH
[24-26].

Llenpio TaHHON pabOTHI SIBJSIETCS] M3YUeHUe TOCIeNCTBU
BO3JIe/CTBMS TIOAC/IACTUTENEN acmaprama U anecyibdama Ka-
JIUST Ha IIUTOJIOTMYECKMe, IUTOTeHeTUYeckue 1 MeTabommde-
CKMe ToKkasaTenu KopHeit Allium cepa.

2. OOGBEKTHI M METOIbI

B pa6oTe 6bIIM UCIONIb30BAHBI MTOACIACTUTENN allecyibdham
kamus (Thermo Fisher Scientific, CIIIA) u acnapram (Thermo
Fisher Scientific, CIIIA). OnibITHbIE PACTBOPbBI MOACIACTUTENEN
¢ KoHueHTpauusivMu 0,5 u 1 1/ 6bUIM TIPUTOTOBJIEHBI C UCIIOTb-
30BaHMeM IUTbEeBOI BOMIbI BBICIIETO KauecTBa (AKBa/MHKa, Poc-
cust) ¢ obieit mmuuepanmusanueit 50—1000 mr/i, 0611l JKeCTKO-
cThi0 He 6Gosee 7 °JK. VIOHHBI COCTaB OIBITHBIX PACTBOPOB HE
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TpeBbIlIa (JIeayloliye mokasaTenn: Kaabuuii 130 Mr/i, HaTpuit
50 mr/n, xiopuasl 150 mr/a, cyabdatsl 150 mr/n, 6Mkap60HaThI
350 mr/n. ViccnemoBaHye MPOBOAMIIOCH IIPY KOMHATHO TemIte-
parype.

[I71s1 TOCTaHOBKY 610TecTa 6T BbIGpaHbI TYKOBUIII Allium
cepa L. copra «lItyrrapren Pusen» (JIYKOMOPBE, Poccus),
npruobpeTeHHbIe B MECTHO TOPTOBO¥ CETH, OOMHAKOBOI Mac-
cbl (5-7 r) u imameTpa (oo 3 M), C TpeIBAPUTENbHO YaaTeHHOI
cyxoii yerryeit 1 moHiem. O6pasiibl 61oTecTepa 6bUIM TTOMeIIIe-
HbI B IPOOMpPKM 06beMom 15-20 MJI ¢ MUTHEBOI BOLOI Ha Tpoe
CYTOK B TepMocTaT cyxoBo3ayuHbiii TC-1/80 CITY (CmoneHckoe
CKTB CITY, Poccust) ¢ Temnepatypoit 24+1°C B yUIOBUSIX TTON-
HOTO 3aTeMHeHUs (TIpefBapuTeIbHOe MpopalBaHue). 3aTem
6B OTOOPAHbI JIYKOBUIIBI C JIJIMHOM KOpHel He MeHee 1 cm
¥ TIOMellleHbl B OMbITHbIE ¥ KOHTPOJIbHbIE PACTBOPHI (MMUTbeBast
BOJIA), MHKYOALMSI KOTOPBIX ITPOBOAMIIACH B 9TOM K€ TEePMOCTa-
Te B TeueHMe wlenymux 48 yacoB. B Kaxkgoii rpymiie OnbITHBIX
¥ KOHTPOJIbHBIX 06pa3iioB 65110 1o 10 aykoBuil. [lajee Bce TyKo-
BUIIbI C KOPHSMM ObLJIV aKKYPATHO ITPOMBITHI B BOZE U MUHKYOM-
pPOBaJINCh ellle B TEUEeHME IBYX CYTOK B IUThEBOI BOJIE C LIeIbI0
BOCCTAaHOBUTEIBHOTO MpopaliBanus. [Io oOkKoHYaHMM SKCIIepU-
MeHTa Bce KOPHM GbLIM Cpe3aHbl, OCTATKM JKUIKOCTH C HUX yaa-
JISTM QUITBTPOBAJIbHO Gymaroii M MpoOBOAWIM OLIEHKY MacChl
KOpHeii. VisMepeHMe Macchl TPOU3BOAMIOCH Ha JIaG0paTOPHbIX
Becax LA620S ¢ mmamazonom m3amepenwust 0,1620 r (Sartorius,
Fepmanust) ¢ TouHocteio 0,001 r. [IpupocT Macchl onpenesnsuin
C yuyeToM BblUueTa MacChl KOPHeli ocJie IpeiBapUTeIbHOTO IPO-
pauBaHus.

[l ATONOTMYECKOTo aHaM3a KIeTOK alMKaabHO Mepu-
CTeMbl KOpHeJi ObUIO TTPOBEEHO UX OKpaliMBaHue 2%-M pac-
TBOPOM alleToopcenHa. Ilocie 06paboTKM TKaHel KpacuTenem
ObLIM TIPUTOTOBJIEHBI MOMEHTAbHbIE [aBJIeHbIe MperapaThl.
AHanu3 roToBbIX MpenapaToB OCYLIECTBIISIICS TPU MCIIO0Ib30-
BaHMM CBETOBOTO MMKpoOcKora Axioskop 40 (Zeiss, lepmanms)
npu 40-KpaTHOM yBeJMueHUU. [IJIs1 UCKITI0YeHUs TOBTOPHOTO
yyeTa KJIETOK MCIOAb30BAJICS WHAUBUAYAIbHbBIN Z-MaplIpyT
IIpU IIPOCMOTPeE MpenapaToB. @UKCHMPOBANINUCH KJIETKU B UHTEP-
dase, a Taxke cramusx murtosa: rnpodase, meradase, anadase
v Teiodase. B ombiTe 6bUTM TIOACUNMTAHBI MUTOTUYUECKII MHIEKC
(OTHOLIeHME AeSIIUXCS KIeTOK K 06IIeMy KOIUYeCcTBY Mpoc-
MOTPEHHbIX) U YaCTOTa HAOII0AAeMbIX [1aTOJIOTUIT MUTO3a.

Bruoxummueckuit mokasaTtenb MHTEHCMBHOCTY I€PEKMCHOTO
OKMCJIEHUSI JIMTTUIOB B KJIETKAX MEPUCTEMbI JTyKa OTIPeIesIsyicst
110 KOJIMYECTBY MaJIOHOBOI'O Auaybaeruaa (MKMOJb/T CbIPOiA
Macchl), B3aMMOJIE/CTBYIOIIET0 C 2-TMOOapOUTYPOBOI KUCIIO-
TOV B COOTBETCTBUM C METOAVKOI [27]. I3MepeHMsI MPOU3BOAM-
JIACBh ITpU IjivHaX BoiaH 600 HM 1 532 HM Ha cieKTpodoToMeTpe
Cary WinUV 100 (Varian, CIIIA).

s craTUcTUYecKoii 06pabOTKM pesyabTaTOB ObUIM MC-
T10JIb30BaHbI MporpamMmbl Microsoft Excel 2016 u Statistica 12.
[lns ToKasaTesiss MacChl KOpHel TPUMEHSJICS HerapameTpu-
YecKuit KpUTepuii cpaBHeHMSI IBYX CpefHUX Mo MaHHa-YUTHU
(p € 0,05). [Iyis KOMMYECTBEHHOV OIIEHKMU Pa3NuMii B JAHHBIX,
XapaKTepU3yIMMXCS OMHOMMAIbHBIM pacrpeneneHuemM (Mu-
TOTUYECKMIT MHIEKC ¥ YaCTOTa XPOMOCOMHBIX abeppariuit), 6but
MCITOJIb30BaH TOUHbIV Kputepuit dumiepa (p < 0,05).

3. Pe3yabTaThl M 06CYKIEHUE

BbUT MccemoBaH xapakTep MOCIEeACTBUIT TOKCUYECKOTO (-
tdekTa acmaprama u anecynbdama Kanausi B KOHI@HTPAIMIX
0,5 n 1,0 r/n Ha IPUPOCT Macchl KOpHeit jiyKa. [Ipy yKa3aHHbIX
Jo3axX TIOAC/IAaCTUTeNIel, KaK M3BECTHO, Habmomancs 3dQexT
CYyOXpOHUYECKO TOKCUMYHOCTM B OTHOIIEHMM TaKuX TOKa3a-
Tejeif, Kak MPUPOCT MacChl KOpHEH M MUTOTUUECKUIT UHIEKC
[27,28]. B Haieii paboTe Takke ObLT TOATBEPKAEH yKa3aH-
HbIlt 3 dexT (PucyHoK 1). OgHAKO MOCTe BOCCTAHOBUTEIHLHOTO
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MpopallyBaHusl B BOJAE MPUPOCT 06paboTaHHBIX acrapTamMoM
KOpHEe JOCTOBEPHO He OTJMYAJICS OT KOHTPOJIbHBIX 06PasIioB,
T.€. OKasajcs IMOJHOCTbIO obpaTuMMbIM. Torma Kak B obpas-
11ax ¢ arecyinbhaMoM Kaausl B 1o3e 1 1/ 9TOT rmokasaTeslb Mo-
MpekHeMY JOCTOBEPHO OTINYAJICS OT KOHTPOJIbHBIX 3HAUEHUI
B mipenenax 38%. Ha mpupocTe KOpHeii, OueBMUIHO, OTpaXkanach
CyMMapHasi peaklysi OpraHu3Ma Ha Bo3JelicTBuMe alecyabdama
KaJnst, ¥ XapaKkTep BO3[eiCTBMS Ha 3TOT ITOKa3aTesb, KakK 6bIIO
0o6HapyXeHOo, 6bUT HeO6paTUMbIM. M3BeCTHO, UTO IaHHbBIE IO
TOKCUYHOMY BO3JECTBUIO Pa3JIMUHbIX KCEHOOMOTUKOB, TOMY-
yeHHbIe B Allium-TecTe, XOpoIIO KOPPEIUPYIOT C aHAJTOTUYHbI-
MM pe3yJbTaTaMM APYTUX TecToB [29]. B 9T0¥1 CBSI3U HEOOXOAMMO
OTMETUTH PaboTy, B KOTOPOJi B IKCIIEPMMEHTAX HA MbIIIAX GbIIO
TT0Ka3aHo, UTo yrnoTpebieHye JaHHOI T06aBKM B TeueHne 6epe-
MEHHOCTY He TOJIbKO BbI3bIBAIO METa60IMUECKYI0 AMCHYHKIINIO
Yy CaMOK ¥ COKpAIaI0 MPOAOIKUTENbHOCTb UX 6epeMeHHOCTH,
HO ¥ IIPUBOIMJIO K CHVDKEHMIO Ha 16,5% Macchl I107a MY>KCKOTO
nona [11].
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PucyHok 1. IlpupocT Mmaccbl KOpHel IpU BO3eliCTBUA
acraprama (ACII) u anecyabdama kanus (ALE):

(a) mo u (6) moc/ie BOCCTAaHOBUTEIBHOTO IMPOpAIlIMBaHNUS
[IpyMevaHMe: IUIAHKAMY ITOTPEITHOCTY OTMEUYeHO 3HaUeHye CTaHAaPTHO-
ro otkioHeHust (n = 10), 6ykBamyu 0603HAUEHbBI JAHHbIE, PA3INYAIONINECS
cratucrudecku (p < 0,05)

Figure 1. Weight gain of roots upon exposure to aspartame (ASP) and ace-
sulfame potassium (ACE): (a) before and (6) after regenerative germination
Note: error bars indicate the value of standard deviation (n = 10), letters indicate
data differing statistically (p < 0.05)

Kak BugHOo u3 Tabmuibl 1, ocjie BO3AECTBUS ITOACIACTI-
Tejleil MUTOTUUECKMUIA MHOEKC A0303aBUCUMO CHUKAJCS, MPU
9TOM JJisT 06pasIoB C alecylbGaMoOM Kajius B KOHIIEHTpaLuu
1 r/n 3HaUeHMe 3TOTO MoKa3aTessl COKPaTUIOCh MaKCUMaJbHO
B 3,3 pasa mo cpaBHeHMIO ¢ KOHTposieM. [locie mpekpaiieHus
BO3JeICTBUS IIOACAaCTUTeNIell 6oee HU3KUIT MUTOTUUECKUIA
unpekc (p < 0,05), Mo cpaBHEHUIO C KOHTPOJIEM, COXPAHSIICS BO
BCEX OTIBITHBIX IPYIINAX, KpoMe 06pa3iioB, 06paboTaHHbIX alle-
cynbdamom Kanus B KoHUueHTpauu 0,5 r/1. JJoctoBepHast Mak-
cUMasibHas pa3HUIIA ITOTO ITOKa3aTes I acriapTaMa COCTaBu-
na 27,4%, nnst anecynbdama Kaams — 22,1%. ITu JaHHbIe TaKKe
MOATBEPKIAIM Heo6paTUMbIii XapaKTep LIMTOTOKCUUECKOIrO
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BO3/IeVICTBUSI 3TUX coenuHeHui. HackoibKO HaM M3BeCTHO, 10
CUX IOp He TMTPOBOIMUIINCH MUCCIeIOBAHNS 10 U3yUEeHUIO BO3 e~
CTBUSI OTCPOUYEHHBIX 3Gh(dEKTOB MOACTACTUTENEN B YCIOBUSIX
Allium-Tecta. OmHaKo GbUIM OMYOIMKOBAHbI TIOXOKNE PE3Ylb-
TaThl TOC/Ie 06PabOTKM KOPHEI JTyKa MUIIEBbIM KOHCEPBAHTOM
6eH301THOM KucaoToi [24]. O6paboTka KOpHEi 3TUM KOHCep-
BaHTOM B fo3e 200 Mr/m mociae BOCCTAHOBUTENBHOTO IMpopa-
HIYBaHMs CIIOCOGCTBOBA/IA JOCTOBEPHOMY CHVDKEHUIO MUTOTH-
yecKkoro nHaekca Ha 31,3%. [lonaraem, yTo yKa3aHHbI s dexT
MOYKeT BO3HMKATb U B CJIydae C APYrMMU BUIAMU IO C/IaCTUTE-
Jieit, CIIOCOOHBIMM, KaK M3BECTHO, CHVDKATh MUTOTUYECKUI MH-
JleKC B Mepucreme KopHeli iyka [30,31].

Tabnuia 1. IuHaMMKa MUTOT€HeTUUEeCKMUX MoKasaTe/iei
KOPHeJi Mmoc/ie X MHKyOoauuu B pacTBOpax acmapraMma
u auecynbhama Kanus
Table 1. Dynamics of cytogenetic indicators of roots after their incubation
in the solutions of aspartame and acesulfame potassium

XpomocoMHbIe aGepparum,

BapuaHT onbiTa Muromiraeckmii % B paciere na
VHJEKC obLIee YNCIO AesIyiecs
KJIETOK KJIeTKU
J10 BOCCTaHOBUTEILHOTO MIPOPAIIMBAHMS
KonTponb 10,66+0,34* 0,15+0,04° 1,40%+0,40°
Acmaprawm, 0,5 /1 7,55%0,32° 0,16+0,05®  2,11+0,63"
Acmapram, 1 r/n 5,63%0,26° 0,35+0,07¢  6,25+1,14¢
Auecynbdam kamus, 0,5t/n 4,22+0,21¢ 0,27+0,06>¢  6,40+1,26¢
Auecynbdam kamus, 1 r/n 3,21+0,18¢ 0,17+0,042d 4 ,64+1,07¢
TToc/ie BOCCTaHOBUTEIBHOTO IIPOPALVIBAHMS

KonTtponp 7,92%0,27° 0,15+0,04 1,93+0,49
Acnapram, 0,5 r/n 5,75+0,23° 0,14+0,04 2,44%0,62
Acnaprawm, 1 r/n 6,04%0,23¢ 0,19+0,04 3,20£0,70
Auecynbdam kamus, 0,5 r/n 7,91+0,28* 0,18+0,04 2,22%0,55
Auecynbdam kamus, 1 1/ 6,17+0,220 0,15+0,04 2,39+0,57

* [laHHbIE TIpefiCcTaBIeHbl B opmare: cpefHee 3HaUYeHNe = CTaHAapTHAS
ommnbKa; 6ykBamy 0003HAYEHbI JAHHbBIE, PA3INYAOLIECS CTATUCTUYE-
cku (p € 0,05).

[Tocne o6pabotrku moncnactutensmu (1 r/1 acmaprama
u 0,5 r/n anecynbdaMoM Kajaus) 4acTOTa MATOJOTUIA MUTO-
3a B pacueTe Ha 06Ilee YMCIO KIETOK TOBBIIIAIACh TPUMEPHO
B JIBa pa3a 10 CPaBHEHMIO C KOHTPOJIEM, a B pacueTe Ha JeJIsIIiy-
ecst KIneTku — 10 4-x pa3 (Tabmuiia 1). MHOTOKpaTHOE TOBbIIIIe-
HJe YPOBHS TeHOTOKCMYEeCKMX HapylleHN 1 B KOPHSIX JIyKa [ocje
06paboTKM MOACAACTUTENSIMU O6bUIO 3aUKCUPOBAHO U B JPY-
rux paborax [30,32,33]. TeM He MeHee B HallleM KCIIEPUMEHTE
IoC/Ie BOCCTAHOBUTENILHOTO TIPOPAIIMBAHMS MPOLEHT OOIEero
y/71a XpOMOCOMHBIX abeppaliyit B ONBITHBIX TPyNIaxX He OTIK-
YyaJjIcsl OT KOHTPOJIbHBIX 3HaueHuit (Tabmuiia 1). DTy pesynbTaThl
CBUJIETEIBbCTBOBANIM 06 06pPaTMMOCTM TeHOTOKCUYECKMX Hapy-
menuit. OgHAKO, BO3MOXKHO, [TOC/Ie TTpeKpalleHus: BO3eiiCTBIUS
TIOACIaCTUTeNell MPOM30LIIO MepepaciipefieieHne 3TUX MaTo-
JIOTWIA, BCJIEACTBME YETO MOIJIA YBEIMUUTLCS A0Sl HapylIeHii
c Gosee HeraTMBHBIM IIOTEHIMAAOM. B CBSI3M € yKa3aHHBIM
MIpeJIoNOKeHieM ObUT ITPOBEIeH aHAIM3 CIEeKTPa TeHOTOKCHU-
YyecKMX HapylleHui, o pe3yabTaTaM KOTOPOTO BbIsIBIEHHbIE
abeppaiuu 6bIIM paclpeseneHbl 0 rpynmnam: 1 — HapylueHus
rpoliecca pacxoXXIeHUs: XpOMOCOM, 2 — aHOMa/IUy MUTOTHYe-
CKOTO ammapara, 3 — abeppauyi, oTpaxalllye KIacTOTeHHOe
IeiictBue dakropa. Kak BuaHo u3 PucyHka 2, B KOHTPOJIbHBIX
06pasiiax 0OCHOBHOJ BKJIaZ, MPUMEPHO MIOPOBHY MPUXOIMUICS HA
TepBYIO M BTOPYIO TPYIIITbI HapylieHuii. Cpeny Hamubosee pac-
MIPOCTPaHEHHBIX XPOMOCOMHBIX HapylleHu#, 3aduKcupoBaH-
HBIX B allMKaJIbHOJ MepucTeMe KOPHeii, K IepBOii rpyIie OTHO-
CWJIXCh OTCTaBaHMSI U Je30praHMu3alus XpOMOCOM B MeTadase
u a”adase, BO BTOPOIi rpyIire yaiie GUKCUPOBAINICH CIAUTIaHUS



Camowinos A. B. v gp. | MALLEBBIE CUCTEMbI | Tom 6 No 1 | 2023 | C. 95-102

100

Ipouent
(9%} B wn [ ~1 [es] O
S =) S I S S S

[
(=]

—_
(=)

ACIL 0,5r/n  ACIL, 1 r/n  ALE, 0,5 r/n

Konrpons

J1o BOCCTaHOBUTEIBLHOTO MTPOPAIHBAHHS

[ ] [
c
c

ALE, 1 r/n

ACIL 0,5r/n  ACIL, I t/n  AUE, 0,5r/n  ALE, 1 o/n

Konrpons

IMocne BOCCTAHOBUTEIBHOTO TIPOPAIIHBAHUS

m] m2 m3
PucyHOK 2. CIIeKTp XpOMOCOMHBIX abGeppanuii B K/IeTKaxX MepucTeMbl KOPHEJi JIyKa [0 ¥ I0Ccje BOCCTAHOBUTEIbHOIO
IpopaiyBaHus B pacTBOpax noaciaacrureneit acnaprama (ACII) u anecynbdama kamus (ALIE), nmpeacraBiie HHBII
B IIPOILIEHTaX OT 0611ero Koanyecrsa 3ahMKCUPOBaAaHHBIX XPOMOCOMHBIX HapyIIeHUi ; GyKBaMy 0603HaYeHbI

JaHHbIe, pasanJalnyecs cratuctuuecku (p € 0,05)
Figure 2. Spectrum of chromosomal aberrations in the meristem cells of onion roots before and after regenerative germination in the solutions
of sweeteners aspartame (ASP) and acesulfame potassium (ACE) presented in percentages of the total quantity of recorded chromosomal
abnormalities; letters indicate data differing statistically (p < 0.05)

XPOMOCOM Takke B MeTadase u aHadase. Torga Kak B OTIBITHBIX
o6pasiax Mocjae BOCCTAHOBUTEIBHOTO MPOPAIIVBAHUS CIIEKTD
TIaTOJIOTUI 3HAYMUTETHHO OTIMYAJICS OT KOHTPOJIS, 32 MCKITIO-
yeHueM 06pasIioB KOPHeii, 06paGOTaHHbIX aclapTaMoM B Jj03€
0,5 mr/n. Tak, HanboIee pasUTeNIbHbIE OTNYMST ObUIM OOHAPY-
SKeHbI B OTIBITHBIX 06pa3iax ¢ MaKCHMAaIbHOI KOHIIEHTpalyei
MOACAACTUTENeN . A UMeHHO ObLIM 3abUKCHMPOBaHbI abeppalinmu,
oTpakalolye KJIacToTeHHOoe JieiicTBMe (3-s IpyIina) acrapraMa
(5%) n anecynbdama kanust (12%), a Takke yBeJIMUMIACh OIS
aHOMAaJIMit MUTOTMYECKOTO armapara (2-5 rpyrna) B o6pasiax,
00paboTaHHbIX aciapTaMmoM, 10 80%.

KnacTorenusiit 3¢ dekT 06yC/IOB/IEH IeiiCTB/IEM MyTareHHO-
TO areHTa U CBSI3aH C JelelysiMy, BCTaBKaMM WM TTepecTpoii-
KaMU IeJIbIX YUYaCTKOB XPOMOCOM. B HacTosiee Bpems mupo-
KO MPU3HAHO, YTO TOA06HbIE XPOMOCOMHbIE abeppaluy MOTYT
CIIOCOGCTBOBATh Pa3BUTMIO KaHLeporeHesa [34]. U xors Takue
MCKYCCTBeHHbIe MOACIAaCTUTeNM, KaK acraptaM U aiecyibdam
KM TIPU3HAHBI MEXKAYHAPOIHBIM HAYYHBIM COOOIIECTBOM
COeIVHEHUSIMY, He OO0JaAaoIMMM KaHIIEPOTeHHBIM IOTEH-
umanom [35,36], B HeZaBHO OMyOGIMKOBAHHOM KOTOPTHOM WC-
crenoBaHuy Bo OpaHIny ObUIM MOMYUYEHbI ITPOTUBOTIONIOKHBIE
pe3yabTaThl [37]. B UuacTHOCTH, 6BIIO TTOKA3aHO, YTO PErY/ISIPHOe
ynortpebieHyue acrmaprama M arecyiabdaMa Kajausl MOBIIIAI0
PUCK pa3sBUTHS paKa, B TOM YMCIe Paka MOJIOUYHON SKeJie3bl.

PaHee oTmeuvasoch, UTO acrmapraM U aiecyabdam Kaaus
CITOCOOHBI CHMXKATh YPOBEHb JIUIIUAHOTO OKUCIEHUS B COOT-
BETCTBUU C YMeHbIIIeHMEM KOHI[EHTPAIY MaJIOHOBOTO IMaJlb-
Jeruna B TKaHSIX KOpHelt syka [27,28]. B maHHOit paboTte 6bl1a
M3ydyeHa JMHAMMKa U3MEHEHUS 3TOTO TTOKa3aTessl B OIMBITHBIX
obpasiax 1o cpaBHEHMIO C KOHTPOJIEM [0 U T0CIe BOCCTaHO-
BUTEJIBHOTO MpopainiuBanus. Kak BuaHO n3 PucyHka 3, TONb-
KO B 06pasiax ¢ anecyiabhaMoM Kaaus 3TOT 3ddeKT okazacs
HeoOpPaTUMBbIM, XOTs ¥ He 10303aBMUCUMbIM. BepOsITHO, B 3TOM
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cTyyae HabIIomaIcst OTIOCPeOBAHHbIN MeXaHM3M MPOSBIEHUS
MMOGOYHBIX MOC/IEICTBUI BO3/IEMCTBYS allecy/ibdama Kaaus Ha
JIUTIMOHBI 0OMEH.

B 1iesioM mpu CpaBHEHMM BCeX M3YUEHHBIX B Hamieit pabo-
Te TIOKasaTeseil IMOCIeNCTBUII BO3HENCTBUSI MCCIeTOBaHHbIX
MOAC/IACTUTENe TIPU UCIOAb30BAaHUM DPACTUTENbHON MOMeIn
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Pucynok 3. KoHnieHTpanusa MajioHoBoro guansaeruaa (MIA)
B KOPHSIX JIyKa Per4aToro rnocjie MHKyoaumum
B pacTBOpax MOACAACTUTeNen
TIprMeyaHye: MIaHKaMM MOTPEIIHOCTY 0003HAueHbl 3HaueHus 95% mo-
BEPUTETIbHOI'O MHTEPpBaJia CPeIHEro; *— BAapMaHTHI OITbITaA C I/IHKy6aLH/IeI‘/'I
B pacTBOpax IMOACIACTUATENEN M C MOCIEAYIUM BOCCTAHOBUTETbHBIM
NpopalBaHNeM.

Figure 3. Concentration of malondialdehyde (MDA) in onion roots
after incubation in the solutions of sweeteners
Note: error bars indicate the value of 95% confidence interval for the mean; * —
variants of the experiment with incubation in the solutions of sweeteners and
the following regenerative germination.
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MOYKHO 3aKJIFOUMTb, UTO allecy/ib(ham Kaans oKasancs 6onee TOK-
CUYHBIM, YeM acrapram. B cpaBHMUTEIbHOM aHaIM3e BIVSHYS Ha
poCT ¥ MeTaboMM3M KMIIEYHOM MaJOUKM TPeX MCKYCCTBEHHBIX
MOZIC/IacTUTeNIell — acraprama, CyKpauo3sl U arecyabdama Ka-
JIVST — TaKoKe GBUIO ITOKA3aHO, YTO MMEHHO ITOC/IeHNI OKa3bIBaJI
Haybosee 3aMeTHbIE VI3MEHEHS 110 ITUM IoKa3aTessM [38].

4. BbIBOJBI

BriepBble BbITIOIHEHBI MCCIEIOBAHMS 110 M3YYEHUIO BIAUSHUS
OTCpOYeHHBIX 3(hheKTOB BO3AeCTBMS acriapTama u amecyiibda-
Ma Kanausl B KoHueHTpauusix 1 u 0,5 r/n Ha pusnonoruyeckue,
OUTOJIOTMYEeCKMe, IUTOreHeTnYeCKne un METa6OHVI‘{eCKI/Ie I10-
KasaTely KOpHeN JyKa pendaToro. bbul M3ydeH xapakTep Io-
CJ1eqCTBUIT TOKCHMUeckoro addekra acraprama u aiecyabdama
KaJIusl Ha IPUPOCT MacChl KOPHEIi JIyKa. Bblsio 06HapysKeHO, UTOo
00paboTKa KOpHEe yKa3aHHbIMM TOCJIACTUTE/ISIMU YMEHbIIIa/ia
MIPUPOCT MAacChl IO CPAaBHEHMIO C KOHTPOJIEM, OFHAKO 3TOT He-
raTuBHBIN 3G deKT 6bUT 06PaTUMbIM B OTHOLIEHUN acrapTama.
B o6pasiax c anecynbdamom Kanust B o3e 1 1/71 mocie BoccTa-
HOBUTEIBHOTO MPOPALIVMBAHMS STOT MTOKA3aTeNb MMO-IPeXXHEMY
IOCTOBEPHO OTJIMYAJICS OT KOHTPOJbHBIX 3HaueHuit (Ha 38%),
TakuM 06pa3oM, ObUI YCTAHOBJIEH OTCPOUYEHHbIN 3(deKT BO3-
IeiicTBMsa 3TOi mo6aBkuM. O6pabOTKM KOpHeH acmapTramom
u anecynbdamMoM Kauus MPUBOAWIM K JABYKPATHOMY U Tpex-
KpPaTHOMY J0303aBUCUMMOMY CHMXKEHUI0 MUTOTUYECKOTO MH-

JleKca COOTBETCTBEHHO. [Tocie BOCCTAaHOBUTENBHOTO MTPOpAIIN-
BaHMS GbUT YCTAHOBJIEH HEOOPAaTUMbIii XapaKTep BO3IECTBUS
9TUX M06aBOK Ha JaHHbIN MTOKa3aTeab BO BCEX OIMBITHBIX I'PYII-
rmax, Kpome 06pasioB, 00pabOTaHHBIX alecylTbGaMoOM Kayus
B KoHIeHTpauuu 0,5 r//1. [IOBBILIEHHbII YPOBEHb FT€HOTOKCHYE-
CKMX HapYyIIEHWH 10 CPAaBHEHMUIO C KOHTPOJEM B KOPHSX JIyKa
rocie 06paboTKM TaHHBIMM MOACTACTUTENSIMY He COXPaHMIICS
11ocjie BOCCTAaHOBUTEIBHOTO MpOpaliyBanus. DTU JaHHbIe yKa-
3bIBJIM HA 06PATMMOCTD TIATOIOTMIT MUTO3a B OMBITHBIX 06pa3-
11ax. BpIT MpoBeleH CPaBHUTETbHbBIN aHAINU3 CIIEKTPA T€HOTOK-
CUYeCKUX HapylIeHuii, Ha OCHOBaHMM KOTOPOTO YCTaHOBWJIN,
UTO TOC/Ie TpeKpalleHns BO34eliCTBUS MOACIaCTUTeNeil Mponu-
301IJI0 He6IaronpusTHOe TepepacipeaeneHe BUAOB XPOMO-
COMHBIX abeppanuii. B pe3yabTaTe 06HAPYKMIOCH YBEIMUEHME
oy Gojiee OMAaCHBIX )1 MeTabom3Ma BUIOB HaPYIIEHMIA, OT-
pakaloIMx KIacTOTeHHOe IeficTBIe 9TUX MofcaacTuTenei. Ilo-
CJ1e BO3[IeICTBMSI acrapTama 1 arecy/abdama Kaaus abeppainn
TaKOTO TUIIa ObIJIM BBISIBJIEHBI Y 5 1 12% mensiumxcst KJIeTOK, COo-
OTBETCTBEHHO. DPGEKT CHYKeHMST YPOBHS 61ioMapKepa TN -
HOTO OKMC/IeHMS OKa3aJicsi 06paTMMbIM BO BCex 06pasiiax mocie
06paboTKM acrmapramoM, Toraa Kak B obpasiax ¢ amecyibda-
MOM KaJiusi, Ha060pOT, HEOGPATUMBIM, XOTSI U He J0303aBUCK-
MbIM. B ycioBusix Allium-Tecta MakcumabHast TOJS BbISIBJIEH-
HbIX Heo6paTuUMbIX 3(deKkToB 6GbUTa CBSI3aHA C BO3[EIICTBMEM
arrecynbdama Kasus, HO He acriapTama.
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Milk-clotting enzymes, enzymatic ~ The effect of milk-clotting enzymes (MCEs) of animal origin (Naturen Extra with a mass fraction of chymosins
coagulation, semihard cheese, of 95%, “Bovine Pepsin” with a mass fraction of chymosin of 10%), as well as MCEs of microbial origin (Fromase
cheese whey, cheese yield 750 XLG) and recombinant origin (Chy-max Extra and Chy-max Supreme) on the duration of milk coagulation

and processing of cheese curd, as well as on the composition of whey and fresh cheeses in the manufacture of
semihard cheeses, at an introduction dose of MCE of 1,500 to 6,000 IMCU per 100 kg of milk. Increasing the MCE
dose from 1,500 to 2,000-3,000 IMCU/100 kg of milk leads to a decrease in the coagulation duration by an aver-
age of 20 min (p<0.05). A further increase in the MCE dose to 5,000-6,000 IMCU/100 kg of milk does not lead to a
reduction in the coagulation duration. With equal introduction doses, MCE brands of Fromase and “Pepsin” show
greater losses of fat (by 0.15-0.60%) and dry matter (by 0.30-0.50%) in whey than MCEs of Naturen brands, Chy-
max Extra and Chy-max Supreme. Cheese variants made using different types and doses of MCEs did not have
statistically accurate differences in the content of dry matter, fat, protein, salt and pH (p>0.05). The use of MCEs
of Naturen, Chy-max Extra and Chy-max Supreme brands at a dosage of 5,000-6,000 IMCU/100 kg of milk gives an
average of 1.5% higher actual cheese yield compared to MCEs of the Fromase and “Pepsin” brands at an introduc-
tion dose of 1500 IMCU/100 kg of milk.
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MosioKocgepmelgaroujue VccnenoBaHo BaMsIHME MONOKOCBepThiBawomux hepmeHToB (M®) skuBoTHOrO nmpoucxoxnenust (Naturen Extra
hepmermol, pepmeHmamugHoe C MaccoBojt Jonei xumosnHa 95%, «[0BsIKMiT ITeICMH» C MacCoBOI moseit xumosuHa 10%), a takske MO MUKpoO-
ceepmoleaHue, nosymeepovie Horo npoucxoxnaeHust (Fromase 750 XLG) u pekombuHaHTHOTO mpoucxoxneHust (Chy-max Extra u Chy-max
Cblpbl, NOOCHLIPHASL CbIBOPOMKA, Supreme) Ha NMPOAOIDKUTENBHOCTb CBEPTHIBAHMST MOJIOKA M 06pabOTKM ChIPHOTO CTYCTKA, a TAK)Ke Ha COCTAB Chl-
8b1X00 cblpa BOPOTKM ¥ CBEXUX CHIPOB IPU M3TOTOBJIEHMY MTOTYTBEPAbIX CHIPOB, B H03e BHeceHuss M®, paBHoii ot 1500 no

6000 IMCU Ha 100 xr mosoxka. IToBsimenue 10361 M@ ot 1500 go 2000-3000 IMCU/100 Kr MosioKa PUBOIUT
K YMEHbIIEHVIO BpeMeHM CBepThIBaHus B cpeqHeM Ha 20 muH (p < 0,05). [JanbHeiiiiee moBbiiieHne 103s MO 1o
5000-6000 IMCU/100 Kr Mosi0Ka He MPUBOAUT K COKPAIEHUIO IPOAOJDKUTENIbHOCTY CBepThiBaHMs. [Ipy paBHBIX
no3ax BHeceHust y MO mapok Fromase u «Ilercun» oTMevaroTcst 6ombiive morepu skupa (Ha 0,15-0,60%) u cyxux
BemiectB (Ha 0,30-0,50%) B cbIBOPOTKY, ueM y M® mapoxk Naturen, Chy-max Extra u Chy-max Supreme. Bapuan-
ThI CBIPOB, M3TOTOBJIEHHBIE C UCITOIb30BaHNEM Pa3HBIX TUIIOB U 103 M®, He MeNN CTaTUCTUYECKU JOCTOBEPHBIX
OTJINYMIL TIO COEPSKaHUIO CYXOTO BellecTBa, kupa, 6enka, conu 1 1o ypossio pH (p > 0,05). [TIpumeHenne M® ma-
pok Naturen, Chy-max Extra u Chy-max Supreme B gosuposke 5000-6000 IMCU/100 Kr Mo/IOKa JaeT B CpeIHEM
Ha 1,5% 6onpiinit hakTueckuit BbIxom cbipa B cpaBHeHNUM ¢ M® mapok Fromase u «IIercuH» Ipu 103€e BHECEeHMsI
1500 IMCU/100 r moJioka.
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1. Introduction

The composition, quality and cost of cheese depend on the
properties of the MCE used in the manufacture.

Enzymatic coagulation of milk begins with the hydrolysis
of kappa-casein, which stabilizes micelles, under the MCE ac-
tion. After the cleavage of the critical fraction of kappa-casein
(from 60% or more), the process of aggregation of micelles be-
gins, leading to the formation of a milk curd [1]. The greater
the proportion of kappa-casein is split, the higher the density
of the resulting curd is and the better the curd releases mois-
ture [2].

The rate of cleavage of kappa-casein and its amount at the
beginning of the curd formation process depends on the amount
of MCE introduced into the milk. Increasing the MCE amount
reduces the coagulation duration [3,4].

Traditionally used MCEs of animal and microbial types have
insufficient specificity of proteolytic action and, in addition to
kappa-casein, also cleave other proteins, incl. alpha and beta ca-
sein, located in the nuclei of micelles. The cleavage of alpha and
beta caseins leads to a weakening of the curd strength, which
leads to loss of dry matter of the curd in the form of cheese dust
due to its crushing during processing. In addition, the dry matter
of the curd is lost in the form of water-soluble peptides, which
are formed during the hydrolysis of alpha- and beta-caseins un-
der the MCE action [5]. As a result, the cheese yield decreases,
the milk consumption for the manufacture of a unit mass of
cheese increases [6,7], which leads to an increase in the cheese
cost.

The proteolytic activity (PA) of MCE creates the risk of de-
fects in cheese taste (bitterness) and texture (viscous, spread-
able consistency) during its ripening and storage, which leads
to a limitation of the cheese shelf life. This is especially true
for MCEs of animal and microbial origins, which have a high PA
[3,8,9]. Therefore, the use of these MCEs in high doses is inap-
propriate.

Considering the requirements of cheesemakers, MCEs with
increased specificity for kappa-casein and a low level of non-
specific PA (Chy-max M, Chy-max Supreme, Maxiren XDS) have
been created [10,11]. Such MCEs can be used at high introduc-
tion doses. By increasing the MCE dose, the coagulation time is
reduced, which has a number of positive consequences for im-
proving the quality and reducing the cheese cost:

— duration of free circulation of bacteriophages in liquid
milk is reduced, the risk of damage to the bulk starter by
bacteriophage is reduced [12];

— time, energy and labor expenditures for the manufacture
of a production unit are reduced; the productivity and
turnover of technological equipment increases [13].

When using MCE with low PA, there is no cleavage of al-
pha- and beta-caseins at the stage of curd processing in a
cheesemaking tank. The resulting curd has a high density
and quickly releases moisture. Due to the high mechanical
strength, the curd is resistant to mechanical crushing, which
reduces the loss of fat and protein into the whey in the form of
cheese dust and makes it possible to increase the cheese yield
by 1-2% in comparison with MCEs of animal and microbial
origins [11,14].

Part of the MCE introduced into milk transfers into the com-
position of the cheese mass [15]. MCE preserved in cheese con-
tributes to the proteolysis process in cheese, which depends on
the PA value of the enzyme [16,17].

MCEs with low PA are more relevant for non-ripening
cheeses — soft cheeses and stretched curd cheeses, for which
a minimum level of proteolysis during storage is important
to preserve taste and texture for the longest possible time
[16,18,19]. To form the taste of ripening cheese varieties, pro-

teolytic modification of cheese mass proteins is necessary.
Under the action of proteolysis, the cheese texture is trans-
formed from hard, crumbly to plastic, and cohesive, and a typi-
cal cheese taste is formed. An insufficient level of proteolysis
leads to an excessively dense texture and an insufficiently pro-
nounced taste of cheeses [17,19,20]. Such a product will not be
competitive in a market rich in cheeses from different manu-
facturers.

A cheese with an attractive taste and texture that is of in-
terest to consumers will bring profit to the manufacturer. As a
result, to date, in countries with developed economies and high
competition in the marketplace, there has been a tendency to
create new cheese varieties with new tastes that can attract
the consumer and be in demand. An example of a commercial-
ly successful product is “Serra da Estrela” cheese, made from
sheep’s milk, in the production of which MCE is used based on
an extract from artichoke inflorescences “Cynara cardunculus”
[21]. Other MCEs are also being sought from other sources to
create new cheese varieties. The possibility of using enzymes
from plants [22,23], marine organisms [24], and avian pepsins
[25] is being studied. The disadvantage of such MCEs is the
high PA, which causes the risk of defects in taste and texture in
cheeses produced with them and a reduction in their shelf life.
This disadvantage can be eliminated by reducing the MCE dose.
The resulting negative consequences in the form of obtaining
a weaker curd [26] can be compensated in the production of
semihard cheeses by increasing the duration and temperature
of curd processing [27].

The purpose of this study is to evaluate the quality (taste and
texture) and economic indicators of cheese production (yield
and process time) obtained by using MCEs of different origins in
the manufacture of semihard cheeses.

2. Materials and methods
2.1. Materials

In the studies, cow’s milk was used from the single supplier-
manufacturer — AgriVolga, LLC (Yaroslavl region, Uglich district,
Burmasovo village).

In the cheese production, a lactic acid starter based on the
BK-Uglich-No. 4 bacterial concentrate (the Federal State Bud-
getary Scientific Institution “Experimental Biofactory”, Russia)
was used, consisting of a set of cultures of Lactococcus lactis
subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococcus lactis
subsp. diacetylactis, with preliminary activation of the culture in
sterilized milk. To coagulate milk, milk-clotting enzyme prepa-
rations (MCEs) of the following brands were used:

— Chy-max® Supreme 1000 (recombinant camel chymosin
with a modified amino acid sequence; nominal milk-clot-
ting activity — 1,000 IMCU/g; manufacturer — Chr Han-
sen A/S, Denmark);

— Chy-max® Extra 600 Liquid (recombinant calf chymo-
sin of genetic variant “B”; nominal milk-clotting ac-
tivity — 600 IMCU/g; manufacturer — Chr Hansen A/S,
Denmark);

— Naturen® Extra 220 NB (enzymatic extract from the
stomachs of calves with a mass fraction of chymosin of at
least 95%; nominal milk-clotting activity — 220 IMCU/g;
manufacturer — Chr Hansen A/S, Denmark);

— Fromase® 750 XLG (protease of the fungus Rhizomucor
miehei; nominal milk-clotting activity — 750 IMCU/g;
manufacturer — DSM Food Specialties, France);

— FS10 “Bovine pepsin” (enzyme extract from the stomachs
of adult cattle with a mass fraction of chymosin of at least
10%; nominal milk-clotting activity — 1,000 IMCU/g;
manufacturer — Zavod endokrinnykh fermentov, LLC,
Russia).
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2.2 Methods
2.2.1. Methods for studying the properties

of milk-clotting enzymes

The determination of the total milk-clotting activity was car-
ried out according to GOST ISO 11815-2015".

The determination of the total proteolytic activity was car-
ried out according to GOST 34430-20182, as applied to weakly
acidic proteases (at pH 5.3).

2.2.2. Methods for studying the properties of milk,

whey and cheeses

The active acidity of milk, whey, and cheeses was determined
on a pH-150MI pH meter (Izmeritelnaya Tekhnika, LLC, Russia)
equipped with a FC200B combined pH electrode (Hanna Instru-
ments Inc., USA). The active acidity of cheeses during self-press-
ing was measured with a potentiometric electrode of a pH meter
immersed in cheese mass. The active acidity of cheese after salt-
ing was determined in a suspension of cheese, for the prepara-
tion of which 10 g of cheese was ground in a mortar with 10 cm?
of deionized water.

The mass fraction of moisture in cheeses was determined by
drying at a temperature of 102+2°C according to the Russian
state standard GOST 3626-735.

The mass fraction of moisture in whey was determined by
the method according to GOST 3626-73 (clause 2.3, in relation
to milk).

The mass fraction of total protein in milk and whey was de-
termined by the Kjeldahl method according to the Russian state
standard GOST 23327-984

The mass fraction of total protein in cheeses was determined
by the Kjeldahl method according to the Russian state standard
GOST R54662-20115.

The mass fraction of fat in milk and whey was determined
by the acid method according to the Russian state standard
GOST 5867-90°.

The mass fraction of fat in cheeses was determined by the
acid method according to the Russian state standard GOST
R55063-20127.

The optical density of whey was measured after dilution of
whey with water (1:10) in a cuvette with an optical path length
of 10 mm at a wavelength of 650 nm on a LEKI spectrophotom-
eter of model SS1207UV (MEDIORA OY, Finland).

The molecular weight distribution of soluble proteins in
whey was determined by high resolution gel filtration using
an AKTA Pure 25 chromatographic system (Cytiva, Sweden)
equipped with a Superose 12 10/300 GL column (GE Health-
care, Sweden). Eluent — aqueous solution of 0.05 M Na,HPO, +
0.15 M NacCl (pH 6.50), eluent flow rate — 0.5 ml/min; detector
wavelength — 280 nm. The column was calibrated according to
the release time of protein substances with a known molecular
weight: IgG (180 kDa), aldolase (158 kDa), BSA (69 kDa), ovoal-

! GOST ISO 11815-2015 Milk. Determination of total milk-clotting ac-
tivity of bovine rennet. M.: Standartinform, 2015. — 10 p.

* GOST 34430-2018 Enzyme preparations for food industry. Method for
the determination of proteolitic activity. M.: Standartinform, 2018. — 12 p.

* GOST 3626-73 Milk and milk products. Methods for determination of
moisture and dry substance. M.: Standartinform, 2009. — 11 p.

* GOST 23327-98 Milk and milk products. Determination of mass part of
total nitrogen by Kjeldahl method and determination of mass part of protein.
M.: Standartinform, 2009. — 8 p.

® GOST P 54662-2011 Cheeses and processed cheeses. Determina-
tion of protein mass fraction by the Kjeldahl method. M.: Standartinform,
2012. — 16 p.

® GOST 5867-90 Milk and dairy products. Method of determination of
fat. M.: Standartinform, 2009. — 12 p.

" GOST P 55063-2012 Kinds of cheese and processed cheese. The rules
of test acceptance, sampling and control methods. M.: Standartinform,
2013. — 28 p.

bumin (43 kDa), B-Lg (36.0 kDa), a-La (14.4 kDa), cytochrome C
(12.3 kDa), tryptophan (0.204 kDa). The calibration curve was
based on a logarithmic regression model [28]. To determine the
molecular weight distribution of soluble protein substances,
whey was filtered on filter paper “type 102” (China standard GB
/T 1914-2007), and then on a cellulose acetate filter with a pore
size of 0.45 pym (Vladipor, Russia).

The cheese yield was calculated using the equation given in
[29].

The actual cheese yield was calculated using equation (1):

Mcheese
Ya=M7x100%, )
milk starter
where

Y — actual cheese yield, %;

M, ... — mass of cheese, kg;

M .. — mass of milk used for cheese production, kg;

M., — mass of the starter used for cheese production, kg.

Milk fat yield (MFY), expressed as kg milk fat transferred
from milk into cheese, was calculated using equation (2)

cheese " %Fc
MFY=—————x100%, 2)
ank -%F, milk

where
MFY — proportion of milk fat that has transferred into cheese, %;
%F_— mass fraction of fat in cheese, %;
%F . — mass fraction of fat in milk used for cheese production, %.
Milk protein yield (MPY), expressed as kg milk protein
transferred from milk into cheese, was calculated using equa-
tion (3)

Mchee:e ' %Pc
MFY = —2% ¢ 4 100%, 3)
ank'%P milk

where

MPY — proportion of milk protein transferred into cheese, %;

%P_— mass fraction of protein in cheese, %;

%P ., — mass fraction of protein in milk used for cheese production, %.
2.2.3. Methods for controlling the process

of milk curd formation

To obtain comparable results, the moment of the curd readi-
ness for cutting was determined online using a measuring sys-
tem based on the Hot-Wire method [30,31].

2.2.4. Microscopic studies

Microscopic studies of whey were carried out on “wet mount”
type microscope preparations by light microscopy in transmit-
ted light, using a dark field condenser. Photographs were taken
with a Canon EOS600D digital camera. The photographs were
corrected using the Digital Photo Professional software v.4.5
(Canon Inc., Japan).

2.2.5. Cheese production process
A semi-hard cheese was produced with a mass fraction of dry
matter of 59% and a mass fraction of fat in dry matter of 55%.
Cheese was made in laboratory-scale 12 1-capacity cheese vats
with water jacket, equipped with electric paddle mixers. Milk
was normalized:
— Dby fat, to obtain a mass fraction of milk fat of 5.0+0.1%, by
adding fresh cream with a fat content of 34-38%;
— by protein, to obtain a mass fraction of total milk protein
of 3.5+0.05%, by adding dry milk protein concentrate of
Ledor MPC85 LH with a protein content of 85% (Hochdorf
Swiss Nutrition AG, Switzerland).
Table 1 gives the technological regulations for the cheese
production.
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Table 1. Technological regulations for the production
of semi-hard cheese
Tab6muiia 1. TeXHOIOTMYECKUI PerJiaMeHT IPOM3BOACTBA IIOIyTBEPAOro Chipa
Indicator Meaning
6,62+0,05
72,0+0,5°C; 30 sec

Based on 35 g of
anhydrous salt per

Acidity of the milk mixture before pasteurization, pH

Pasteurization mode of milk mixture
Introduction dose of calcium chloride, g/100 kg of milk

100 kg of milk
Acidity of milk before milk-starter addition, pH 6,50+0,02
Introduction dose of milk-starter * kg/100 kg of milk 0,7
Duration of milk ripening after milk-starter addition, min 10-15
Acidity before the introduction of a milk-clotting 6,42+0,02
enzyme, pH
Introduction dose of MCE **, IMCU/100 kg of milk 1500-6000
Coagulation temperature, °C 33,5+£0,5
Coagulation time, min 15-50
Duration of cutting and formation of curd grain, min 15-20
Duration of stirring before cooking, min 25+1
Temperature of the cooking, °C 40-41
Duration of temperature increasing to cooking 15
temperature, min
Duration of the stirring at cooking temperature, min 40-50
Whey draining time into the molds, min 30
The number of turns of molds during whey draining 3
Pressing duration, min 120-180
Head weight after pressing, kg ~1,5
Acidity of cheese before salting, pH 5,30+0,05
Salting duration, h 2

Note:
* activated starter culture in sterile milk is used
** the introduction dose of MCE is based on the design of the experiment.
The table shows the nominal durations of the process steps *deviations.

After pressing, fresh cheeses were salted by immersion in a
22% NaCl solution for 8 h at a temperature of 4+2 °C. After salt-
ing, the cheeses were dried for 14-16 hours at a temperature of
4+2°C and a relative humidity of 85+5%, and then packaged.
After salting and drying, fresh cheeses were packed. Packing was
carried out under vacuum (pressure 0.96+0.01-10-° Pa; duration
of vacuum treatment — 17 s) into bags made of Amivak CH-B
polymer film (Atlantis-Pak, Russia) using a Henkelman Boxer 42
packaging machine (Henkelman Vacuum Systems). Packed
cheeses were ripened at a temperature of 11+1°C.

2.2.6. Methods of statistical analysis
The study was based on the design of the experiment that
included two categorical factors: “MCE brand” and “MCE dose”.
Table 2 shows the design of the experiment.

Table 2. Design of experiment
Tab6nuia 2. [naH 3KCIepuMeHTa

Introduction dose of MCE

MCE brand
Factor level IMCU/100 kg of milk
Fromase 750 XLG -1 1,500
Pepsin FS-10 -1 1,500
Naturen Extra -1 1,500
Fromase 750 XLG 0 3,000
Pepsin FS-10 0 3,000
Naturen Extra 0 3,000
Chy-max Extra 0 3,000
Chy-max Supreme 0 2,000
Naturen Extra +1 6,000
Chy-max Extra +1 6,000
Chy-max Supreme +1 5,000

Two replications of the experiments were carried out in a
randomized order.

Mathematical data processing was carried out using the soft-
ware packages of Microsoft Excel and Statsoft Statistica (v. 5.5).
The effect of the “MCE brand” and “MCE dose” factors on the re-
sponse variables was assessed using two-way analysis of variance
(ANOVA) using the Tukey pairwise comparison method [32].

3. Results and discussion
3.1. Milk-clotting and proteolytic activity of MCE

One of the aims of the experiment was to evaluate the influ-
ence of the level of non-specific PA on the course of technologi-
cal processes in the cheese production, as well as on the dynam-
ics of proteolysis during the cheese ripening. Table 3 shows the
data on the dose of non-specific PA introduced into milk when
using different doses of different types of MCEs for coagulation.

Table 3. Introduction dose of MCE in units of milk-clotting
and total proteolytic activity

Ta6muua 3. Jo3a BHeceHuss M@ B eIMHUITY MOJTOKOCBEPTHIBaIoLIei
¥ 061Iei MPOTEOTUTUIECKOI aKTUBHOCTH

é é*go ‘E 00 Introduction of MCE

=) 5 g in terms of units of PA,

‘é";g ® - at the level of the factor

MCE brand B0~ 85 “introduction dose

825 £ of MCE”***

O o cQ

=28 25

525 E5% 1 o m
Fromase® 750 XLG 776** 56.91 110.01 220.01 —
FS10 “Bovine pepsin” (15/85) 1087** 14.36  19.82  39.63 —
Naturen® Extra 220 (95/5) 193* 0.95 7.38 14.77  29.53
Chy-max® Extra 600 Liquid 554* 0.48 - 2.60 5.20
Chy-max® Supreme 1000 912* 0.28 — 0.61 1.54

Note:

* Nominal (declared by the manufacturer) milk-clotting activity of MCE.
** Actual (measured) milk-clotting activity of MCE.
*** The level of the “MCE dose” factor in IMCU units is given in Table 2.

The milk-clotting activity of MCE in liquid dosage form, re-
calculated from the nominal activity of 1 cm® to the nominal
activity of 1 g, based on the measured density of these prepara-
tions: Chy-max Supreme — 1.096 g/cm3; Chy-max Extra 600 Lig-
uid — 1.083 g/cm3, Naturen® Extra 220-1.134 g/cm?, Fromase®
750 XLG — 1.180 g/cm?®. The specimen FS10 “Bovine Pepsin” has
a dry dosage form.

Their dosage was based on the proteolytic activity of MCE in
the cheese production.

Chymosin-based MCEs have been used in the cheese pro-
duction at doses of 3,000 and 6,000 IMCU/100 kg milk, respec-
tively, for Naturen Extra and Chy-max Extra MCE, and 2,000
and 5,000 IMCU/100 kg milk for Chy-max Supreme, which cor-
responds to the minimum and maximum used doses of these
MCEs recommended by the manufacturer. Naturen Extra MCE
has also been studied at a dose of 1,500 IMCU/100 kg of milk,
which is %2 of the minimum introduction dose recommended by
the MCE manufacturer. Introduction doses of MCEs from 1,200
to 1,600 IMCU/100 kg of milk are obtained using the “VNIIMS
rennet-probe” method to calculate the minimum amount of
MCE required for milk coagulation within ~30 min [33,34].

For MCE based on microbial protease (Fromase 750 XLG)
and bovine pepsin (“Bovine Pepsin” FS-10), which have higher
levels of PA than MCEs based on chymosins, introduction doses
of 1,500 and 3,000 IMCU/100 kg of milk were chosen, due to
the high probability of obtaining a bitter taste in cheese at a
higher dose of these MCEs, as proved by the results of studies
of microbial proteases [8, 35] and pepsins [6, 36] in production
of cheeses.
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3.2 Milk coagulation and curd processing

To coagulate milk, working solutions of MCE were prepared
with a concentration of 5.0 IMCU/cm®. The introduction dose of
MCE working solutions was calculated to achieve a concentration
of MCE from 1,500 to 6,000 IMCU per 100 kg of processed milk,
depending on the factor levels in the design of the experiment.

MCE was added into milk after the introduction of the starter
of lactic acid microorganisms and holding the milk until an acid-
ity of 6.45+0.05 pH was reached. To obtain comparable results,
the moment of the curd readiness for cutting was determined
online using a measuring system based on the Hot-Wire method.
The milk with the introduced MCE solution was stirred for 2 min,
after which the sensors of the measuring system were immersed
into the product. The moment when mixing is completed is con-
sidered the moment of the beginning of coagulation.

The moment of coagulation completion (curd readiness for
cutting) was confirmed by a qualified cheesemaker by an organo-
leptic test for curd fracture. The curd, ready for cutting, when
lifted with a spatula, gave a fracture with sharp edges with the
release of a transparent yellowish-green whey.

The duration of the curd processing stages was not a fixed
value, but was determined by its readiness for the next process-
ing stage in accordance with the regulations for the production
of semihard cheeses. Process formation and stirring of curd
grain was continued until a sufficient degree of compaction was
obtained and a dense layer was formed on the surface of the
grains, protecting the grains from destruction during kneading
thoroughly. Processing during and after cooking continued until
the cheese grains acquired the necessary density and stickiness,
making it possible to form a coherent cheese mass from indi-
vidual grains, which can be pressed.

The processing of cheese grains in the cheese vat was con-
sidered completed after the cheese grains acquired the required
density (which indicated a sufficient degree of dehydration) while
maintaining sufficient stickiness of the grains. The readiness of
the grain was determined by the method generally accepted in the
cheesemaking practice — a “grinding test” for the grain.

To establish the influence of experimental factors (type and
dose of MCE) on the duration of coagulation and the total dura-
tion of grain processing in the cheesemaking tank, analysis of
variance of the data was carried out. Table 4 shows the results of
the analysis of variance.

Table 4. Mean sum of squared deviations, level of statistical
significance and coefficients of determination of the ANOVA
model for response variables

Ta6muua 4. CpegHsiss cyMMa KBaJipaTOB OTK/IOHEHMIi, YDOBEHb
CTaTUCTUYECKOI JOCTOBEPHOCTH U KO3 DUUMEeHThI JeTepMuHaALMNU
Mmopenyt ANOVA 1 nepeMeHHbBIX OTK/IMKa

df Coagulation duration, Processing time (without

Factor

min coagulation), min
Type 4 10.32 (-) 14.83 (-)
Dose 2 805.36 (***) 172.97 (*%)
Error 17 4.58 19.04
R? 0.96 0.61
Note:

df — number of degrees of freedom
Factor keys: Type — MCE type; Dose — MCE dose.
Error — part of the response variable variation related to an error;
R? — coefficient of determination for the ANOVA model.

The level of statistical significance of the factor effect evaluation (in pa-
rentheses): “~“ — statistically inaccurately (p>0.05); “*” — p<0.05; “**” —
p<0.01; “***” — p<0.001.

The results of the analysis of variance show that the MCE
dose (p<0.001) affects the coagulation duration and the total du-
ration of grain processing in the cheesemaking tank, and there is
no influence of the MCE type (p>0.05). The analysis of variance

model containing the selected set of factors provides a reliable
description of the variation of the response variables “coagula-
tion duration” at the level of R? = 0.96 and “processing duration”
at the level of R2=0.61.

Figure 1 shows the graphs reflecting the dependence of the
duration of milk coagulation and the stages of the milk curd pro-
cessing on the introduction dose of various types of MCEs in the
manufacture of experimental variants of semihard cheeses.

The graphs visualizing the influence of experimental factors
on the response variables (Figure 1) show that with an equal
dose of MCE, there are no statistically accurate differences be-
tween MCEs of different types (Tukey’s test, p>0.05) in the coag-
ulation duration and in the total duration of curd processing in
the cheesemaking tank. Increasing the MCE dose from the mini-
mum level (1,500 IMCU/100 kg) to the average level (2,000 for
Chy-max Supreme MCE and 3,000 IMCU/100 kg for other MCEs)
results in a statistically accurate (Tukey’s test, p<0.05) reduction
in the coagulation duration by an average of 20 minutes. Fur-
ther increase in the MCE dose to the maximum level (5,000 for
Chy-max Supreme MCE and 6,000 IMCU/100 kg for other MCEs)
does not provide a significant result in terms of reduction in the
coagulation duration (Tukey’s test, p>0.05).

At the same time, with an increase in the MCE dose from the
average to the maximum one, it leads to a statistically signifi-
cant (Tukey test, p<0.05) reduction in the duration of curd pro-
cessing in the tank by an average of 10 minutes.

Based on the obtained results on the effect of the type and
dose of MCE on the duration of the stages of processing the
cheese curd in the tank, it can be concluded that the use of high
doses of MCE (5,000-6,000 IMCU/100 kg of milk) for milk coagu-
lation can be considered an appropriate technological method,
leading to a reduction in the time spent on cheese production
and to an increase in the turnover of technological equipment.

3.2 Whey composition

To establish the influence of experimental factors on the in-
dicators of the composition of whey obtained in the manufacture
of cheeses using different types and doses of MCEs, an analysis
of variance of the data was carried out. Table 5 shows the results
of the analysis of variance.

Table 5. Mean sum of squared deviations, level of statistical
significance and coefficients of determination of the ANOVA
model for response variables
Tab6nuia 5. CpegHsss cyMMa KBaJpaTOB OTK/IOHEHUI, YPOBEHb
CTaTUCTUYECKO JAOCTOBEPHOCTU U KOB(bC]JI/ﬂ.lMeHTLI AeTepMyHaIUN
mopenyt ANOVA nj1s nepeMeHHbIX OTKJIMKA

Mass Mass Mass Optical
Factor df fraction fraction of  fraction of density *,
of fat, % protein, % dry matter, % units
Type 4 0.08625 (**) 0.00076 (-) 0.102 (*) 0.02594 (%)
Dose 2 0.001583 (-) 0.00743 (-) 0.049 (-) 0.00259 (-)
Error 17 0.01527 0.00363 0.031 0.00923
R? 0.69 0.36 0.68 0.56
Note:

df — number of degrees of freedom
Factor keys: Type — MCE type; Dose — MCE dose.
Error — part of the response variable variation related to an error;
R? — coefficient of determination for the ANOVA model.

The level of statistical significance of the factor effect evaluation (in pa-
rentheses): “-“ — statistically inaccurately (p>0.05); “*” — p<0.05; “**” —
p<0.01; “***” — p<0.001.

Based on the results of the analysis of variance shown in
Table 5, the following conclusions can be drawn. The factor sig-
nificantly (p<0.05) influencing the composition of cheese whey
is “MCE type”, but not “MCE dose”. At the same time, the MCE
type has a statistically accurate effect on the total content of dry
matter and fat in whey, but not on the content of whey protein.
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Figure 1. Influence of the type and introduction dose of MCE of different brands on the duration of milk coagulation (A)
and the processing duration of the curd in the cheesemaking tank without considering the coagulation time (B). Keys of MCE
brands on the graph: Fromase — Fromase 750 XLG; Pepsin — “Bovine Pepsin” FS-10; Naturen — Naturen Extra 220; Extra —
Chy-max Extra; Supreme — Chy-max Supreme. Data are given in the form “mean value * standard deviation”

PucyHok 1. Bnusinue tina v 703b1 BHeceHys: M®II pasHbIX MapoK Ha NPOJO/DKUTENbHOCTh CBePThIBaHMSA MOJIOKA (A) ¥ Ha MPOJO/DKUTETbHOCTD
06paboTku crycTka (B) B cbipoensHOI BaHHe (63 yueTa BpeMeHu cBepThiBaHus). 0603HaueHuss mapok M® Ha rpaduke: Fromase — Fromase 750 XLG;
Pepsin — «IlenicuH rosspkuii» @C-10; Naturen — Naturen Extra 220; Extra — Chy-max Extra; Supreme — Chy-max Supreme.

JlaHHbIe IpyuBeeHsI B GopMe «cpegHee 3HaUeHNe £ CTaHAAPTHOE OTKJIOHEHME»

The effect of factors (type and dose of MCE) established by
the method of variance analysis on indicators of the composi-
tion of cheese whey is visualized in the form of graphs presented
in Figure 2.

The difference between various types of studied MCEs
is the level of non-specific PA (Table 3). The data given in
Figures 2 (A) and 2 (B) can show that at equal introduction dos-
es, MCEs with high PA (Fromase, Pepsin) have statistically sig-
nificant (p<0.05, Tukey’s test) large losses of fat and dry mat-
ter of the curd into whey than MCEs with lower PA (Naturen,
Chy-max Extra and Chy-max Supreme). In addition, there are
similar differences between the MCE variants in terms of pro-
tein losses in whey and in whey optical density (Figures 2 (C)
and 2 (D)), but these differences are not statistically accurate
(p>0.05, Tukey’s test).

According to data [8], MCEs with high PA cause proteolytic
cleavage of alpha- and beta-caseins in the cheese curd at the
stage of processing in the cheesemaking tank. Under the ac-
tion of proteolysis, the strength of the curd and its resistance to
mechanical stress decrease. Such a curd is subjected to crush-
ing, followed by the loss of part of the dry matter into whey in
the form of “cheese dust”. In addition, as a result of proteolytic
cleavage, water-soluble peptides are formed from caseins, which
transfer into whey.

The results of the analysis of variance (Table 5) and graphs
visualizing them (Figure 2) allow us to conclude that the type
of used MCE affects the loss of milk dry matter in the form of
“cheese dust”, and not in the form of water-soluble proteolysis
products (peptides) formed during caseins cleavage. This con-
clusion is confirmed by the results of microscopic and chro-
matographic studies of cheese whey. Figure 3 shows a photo
of a micropreparation of cheese whey taken at the end of the

curd processing. Figure 3 (1) demonstrates the appearance of
fat globules; Figure 3 (2) gives the appearance of a particle of
cheese dust.

On the fracture of the “cheese dust” particle, it can be seen
(Figure 3 (2)) that fat globules occupy the main volume of the
particle. Therefore, the loss of dry matter in the form of “cheese
dust” leads mainly to the loss of fat from the curd being pro-
cessed.

Figures 4 and 5 show the chromatograms of whey obtained
from the manufacture of cheeses with different types and doses
of MCEs, reflecting the content of water-soluble protein sub-
stances in whey.

The peak in the free volume of the chromatogram (VO) is
formed by the smallest particles (“cheese dust” and fat globules)
passing through a filter with a pore size of 0.45 pm used for fil-
tration before chromatography. Figure 4 shows that whey sam-
ples from cheeses produced with MCEs of Fromase and “Pepsin”
at the minimum introduction doses (1,500 IMCU/100 kg of milk)
show a higher peak free volume (VO0). This means the presence of
a greater amount of cheese dust in the composition of whey ob-
tained from cheeses made with minimal MCEs doses of Fromase
and “Pepsin”.

Water-soluble products of proteolysis potentially formed
from curd caseins under the action of MCE have a mass of less
than 5 kDa [37]. On the chromatograms of cheese whey obtained
from cheeses produced with different combinations of the type
and dose of MCEs, there are no significant differences in the area
of the peaks of substances with a molecular weight of less than
5 kDa. This means that during the grain processing in the tank,
there is no proteolytic effect of MCE on alpha- and beta-caseins,
to the extent that leads to the formation of water-soluble prote-
olysis products and their loss from the curd to the whey.
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Figure 2. The influence of the type and introduction dose of MCE of different brands on the mass fraction
of dry matter of whey (A), the mass fraction of whey fat (B), the mass fraction of whey protein (C) and the
optical density of whey (D). The keys of the MCE brands on the graph are similar to Figure 1.
The data are given in the form of “mean value * standard deviation”
PucyHOK 2. BausiHue tuna u 1o3sl BHeceHMs1 M®II pa3HbIX MapoK Ha: MacCOBYIO JIO/IIO CYXOTO BelleCTBa CbIBOPOTKM(A), MacCOBYIO JOJTIO
JKMpa ceIBOpoTKY (B), MaccoByro noio 6esika cbiBOPOTKM(C), ONITUUECKYIO INIOTHOCTH CHIBOPOTKM (D). O603HaueHuss Mapok M@
Ha rpadyuKe aHaJIOrM4YHbI ¢ PucyHkoMm 1. JlaHHbIe IpuBeneHbI B opme «cpesHee 3HaUeHNeE * CTaHAAPTHOE OTKIOHEHME»
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Figure 3. Whey micropreparation 1) fat globules; 2) cheese dust particles (A) containing a large number of fat globules (B)
PucyHok 3. MuKponpenapaT CbIBOPOTKH: 1) >KMPOBbIe IAapMKU; 2) YaCTUIbI CBIPHOJ NbLu (A),
comepikalnye 60JIbIIoe KOJINYEeCTBO JKMPOBBIX IAapUKOB (B)
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Figure 4. Chromatograms of cheese whey samples obtained from cheese variants produced with rennet
enzyme (Naturen), microbial MCE (Fromase), and MCE based on bovine pepsin (Pepsin)
PVICYHOK 4. XpOMaTOI‘paMMbI 06])33110]5 HO,Z[CBIpHOﬁ CBIBOPOTKM, HOJIY‘IQHHOﬁ OT BapMaHTOB CbIPOB, IIPOU3BEAEHHBIX C CBITY>KHbIM
depmenTtom (Naturen), c M® mukpoGHoro npoucxoxaeuus (Fromase) u ¢ M@ Ha ocHOBe roBskbero nerncusa (Ilemcus)
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Figure 5. Chromatograms of cheese whey samples obtained from cheese variants produced with rennet
enzyme (Naturen), MCE of Chy-max Extra (Extra) and MCE of Chy-max Supreme (Supreme)
PuicyHOK 5. XpoMaTorpaMmbl 06pa31ioB MO/ICHIPHONM CHIBOPOTKM, IIOTYY€HHO OT BAPMAHTOB ChIPOB, IIPOM3BEIEHHBIX
¢ ceraykHbIM (bepmenTom (Naturen), c M® Chy-max Extra (Extra) u ¢ M® Chy-max Supreme (Supreme)

The influence of the MCE type on the optical density of the
whey (Table 5, Figure 2 (D)), is also confirmed by the fact that
the dry matter of the curd is lost in the form of optically opaque
particles, i.e. “cheese dust”.

Based on the obtained results on the effect of the type and
dose of MCE on the amount of dry matter loss of the curd in
cheese whey, it can be concluded that the use of higher doses of
MCE with a high MCA/PA ratio, such as Chy-max Extra and Na-
turen (6000 IMCU/100 kg of milk) leads to a decrease in the loss
of milk dry matter to whey by ~0.6% (from 7.8% to 7.2%). At the
same time, the use of Chy-max Supreme MCE makes it possible
to achieve equally low losses already at an introduction dose of
2,000 IMCU/100 kg of milk.

3.4. Physicochemical indicators of cheeses

The aim of the experiment was to obtain cheeses of the
same composition. To achieve this goal, the duration of me-
chanical processing of the curd in the tank was adjusted (see
section 3.2).

Table 6 shows the physicochemical indicators of test cheeses
at the beginning of the shelf life (in 7 days).

Cheese variants made using different types and doses of
MCEs did not have statistically accurate differences in the con-
tent of dry matter, fat, protein, salt and pH level (Tukey’s test,
p>0.05).

Table 6. Physicochemical parameters of test cheeses at the beginning of storage
Tabnuua 6. PU3UKO-XMMMUYECKIe II0Ka3aTe/ I IKCIePUMEeHTaIbHBIX CBIPOB B HaYa/ie XpaHEeHMs

Mass fraction of dry  Mass fraction of fat,

Mass fraction Mass fraction of salt,

%
MCE brand Dose matter, % % ofprotein, % % PH
-1 58.28+0.27 30.80+0.61 20.18+0.56 1.24%0.03 5.11+0.06
Fromase 750XLG
0 58.23+0.40 32.27+0.11 20.15+0.28 1.15%£0.08 5.08+0.05
. -1 56.85+0.44 30.80+1.10 20.01£0.54 1.10£0.06 5.10%0.07
Pepsin FS-10
0 58.70+1.28 31.53+0.53 20.55+0.82 1.41+0.02 5.12%0.06
-1 58.04+0.44 31.10+0.55 20.67+0.15 1.30+0.03 5.11+0.04
Naturen Extra 0 58.95+1.34 31.53+1.12 20.52+0.64 0.95+0.05 5.15+£0.03
+1 57.08+0.96 31.12+0.57 19.25%0.79 1.36+0.04 5.11+0.03
0 58.92+0.01 33.00£0.01 19.56+0.23 1.36+0.03 5.13£0.02
Chy-max Extra
+1 56.97+0.17 31.02+1.00 19.13£0.69 1.29+0.01 5.09%0.03
0 57.58+0.87 33.00+0.28 19.31%£0.64 1.36%0.04 5.13+0.02
Chy-max Supreme
+1 56.92+1.07 31.77+0.59 19.31£0.62 1.33+0.05 5.09%0.01

Note:

* Introduction dose of MCE into the milk mixture, IMCU/100 kg of milk: “-1” —

1,500; “0” — 2,000 for Chy-max Supreme MCE and 3,000 for other MCEs; “+1” —

5,000 for the Chy-max Supreme MCE and 6,000 for other MCEs. Data are presented in the format “mean value +standard deviation”.
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3.5. Conversion efficiency of milk dry matter

To establish the influence of experimental factors on the ef-
ficiency of converting milk dry matter into cheese, an analysis of
variance of the data was carried out. Table 7 shows the results of the
analysis of variance, reflecting the degree of influence of the type
and dose of MCEs used in the cheese production, on the indicators
characterizing the efficiency of the conversion of milk dry matter.

The results of the analysis of variance, given in Table 7, show
that the MCE dose has a significant effect on the actual cheese
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yield and on the weight of the cheese head (p<0.001). In addi-
tion, the MCE dose affects, although less significantly, the de-
gree of transition of fat and protein into the composition of the

cheese mass (p<0.05).

The influence of the experimental factors (type and dose of
MCE) on the indicators characterizing the efficiency of the con-
version of milk dry matter is visualized in the form of graphs in

Figure 6.
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Figure 6. Influence of the type and introduction dose of MCE of different brands on the actual cheese yield (A), the degree
of transition of fat into the cheese composition (B), the degree of transition of protein into the cheese composition (C),
the weight of the cheese head (D). The keys of the MCE brands on the graph are similar to Figure 1.

The data are given in the form o

f “mean value * standard deviation”

PuicyHOK 6. BnussHue Tuna u g03s1 BHeceHust M®OII pasHbIX MapoK Ha: haKTUUeCKuil BHIXOJ, ChIpa (A), CTeneHb Iepexoa JXupa B cocTas cbipa (B),
creneHp nepexona 6enka B cocras cbipa (C), Maccy cbipHOIi ronoBku (D). OGo3Hauennss Mmapok M® Ha rpadmke aHanornussi ¢ Pucynkom 1.

JlauHble npuBeaeHsl B popme «cpesH

ee 3HaUeHMe * cTaHJapPTHOE OTKJIOHEHMe»
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Table 7. Mean sum of squared deviations, level of statistical
significance and coefficients of determination of the ANOVA
model for response variables

Ta6muua 7. CpemHsIsi CcyMMa KBaJpaTOB OTKJIOHEHMI, yDOBEHb
CTaTMCTMYECKOI JOCTOBEPHOCTH U KO3 DUIVIEeHTsI AeTepMUHALUN
Mmoaent ANOVA 1 nepeMeHHbBIX OTK/IMKa

Actual Percentage transferred to cheese Weight of
df  cheese the cheese
yeild, % Milk fat, %  Milk protein, %  head, g
Type 4  0.035(-) 15.5 (=) 2.1(-) 2005 (-)
Dose 2 2.917 (**%) 35.1 (%) 38.9 (¥) 37776 (***)
Error 17 0.068 7.9 7.4 2157
R? 0.88 0.68 0.48 0.78
Note:

df — number of degrees of freedom
Factor keys: Type — MCE type; Dose — MCE dose.
Error — part of the response variable variation related to an error;
R? — coefficient of determination for the ANOVA model.

The level of statistical significance of the factor effect evaluation (in pa-
rentheses): “~” — statistically inaccurately (p>0.05); “*” — p<0.05; “**” —
p<0.01; “***” — p<0.001.

The reason for the influence of the “MCE dose” factor on the
actual cheese yield and the weight of the cheese head is the re-
duction in the total duration of processing of the cheese curd
with an increase in the MCE dose. Other conditions being equal,
reducing the processing duration leads to the preservation of
more moisture in the curd. Cheeses with high doses of MCE had
a shorter duration of curd processing in the tank (Figure 1), and
as a result, a higher moisture content, compared to cheeses pro-
duced with lower doses of MCE and subjected to longer mechan-
ical processing. Figure 7 (A) visualizes the relationship between
the MCE dose used to coagulate the milk, the duration of curd
processing, and the mass fraction of moisture in the cheese.

In addition, a factor that implicitly affects the cheese yield and
the weight of the cheese head is the “MCE type”. The use of MCE
in the cheese production, which have a low level of PA, helps to
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reduce fat loss to whey (Figure 2 (B)) and increase the degree of
transfer of milk fat to cheese (Figure 6 (B)). Emmons [6] showed
that loss of whey fat leads to a proportional decrease in fat con-
tent in cheese and a decrease in cheese yield. On the contrary, a
decrease in fat loss leads to an increase in the cheese yield and the
weight of the cheese head. Figure 7(B) shows the relationship be-
tween moisture and fat content of cheeses and actual cheese yield.

The data obtained indicate the effect of the use of types and
doses of MCEs in the study on the duration of the stages of pro-
cessing the cheese curd, on the loss of dry matter of the curd in
the cheese whey, the composition of fresh cheeses (mass frac-
tion of moisture and fat) and on the cheese yield. The regulari-
ties discovered in this work coincide with the results of studies
by other authors discussed in the introduction to this article.

Conclusions
Based on the data obtained, the following conclusions can

be drawn:

O the studied MCEs of different origins (animal, microbial, and
recombinant) differ significantly in the level of specific non-
specific proteolytic activity, expressed in terms of the MCA/
PA index, according to which the studied MCEs of different
types are arranged in descending order: R. miehei protease
(Fromase) > bovine pepsin (PS-10) > calf rennet (Naturen) >
recombinant calf chymosin (Chy-max Extra MCE) > modified
camel chymosin (Chy-max Supreme MCE);

O despite significant differences in the level of specific non-
specific proteolytic activity, the duration of milk coagulation
by the studied MCEs depends only on the dose of units of
milk-clotting activity, but not on the proteolytic activity
of MCEs. The exception is Chy-max Supreme, which has
the highest MCA/PA. When adding Chy-max Supreme
MCE to milk at a dose of 2,000 IMCU/100 kg of milk, the
duration of milk coagulation is provided at a level that
requires the introduction of other studied MCEs at a dose of

B)

() DR 2SR \RORN

Figure 7. A) Effect of the total curd processing time, include the coagulation time, on the moisture content of the cheese.
Introduction dose of MCE (see Table 2): o — level “-1”; o — level “0”; m — level “+1”. B) The dependence of the actual

cheese yield on the indicators of the cheese composition
PucyHOK 7. A) BinsiHue 00611eii IPOgO/DKUTETBHOCTY 06paGoTKYM CBIPHOTO CTYCTKA Ha COAepskaHue BJIaru B cbipe. Jlo3a BHeceHuss M@
(cm. Ta6auiy 2): © — ypOBeHb «-1»; 0 — ypoBeHb «0»; m — ypoBeHb «+1»; B) 3aBucuMocTh (hakTHMUECKOro BBIXOAA ChIpa OT MOKa3aTesieil cocTaBa
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3,000 IMCU/100 kg of milk. In addition, the dose of Chy-max
Supreme MCE at 5,000 IMCU/100 kg of milk provides the
same duration of milk coagulation as other tested MCEs at a
dose of 6,000 IMCU/100 kg of milk;

the level of specific non-specific proteolytic activity of
MCEs does not affect the total duration of grain processing
in the cheesemaking tank. There are no significant (p<0.05)
differences between MCEs with different levels of MCA/PA in
terms of the total duration of grain processing in the tank,

of rennet on the composition, proteolysis and microstructure of reduced-

114

composition during the processing of the cheese curd. In
variants of cheeses made with the use of MCEs with a low
level of MCA/PA (Fromase, “Bovine Pepsin”), the highest
waste of milk dry matter into whey is noted. When using
natural calf rennet (Naturen Extra), there is less release of
milk dry matter into whey. In the variants with the use of
MCEs with the highest level of MCA/PA (Chy-max Extra and
Chy-max Supreme), the lowest release of milk dry matter
into whey among the studied types of MCEs is noted;

which is significantly (p<0.05) affected by the MCE dose O the use of MCEs with a low level of PA at an increased dosage
introduced for milk coagulation. With an increase in the MCE (6,000 IMCU/100 kg of milk for Naturen and Chy-max Extra
dose, the duration of grain processing in the tank is reduced; or 5,000 IMCU/100 kg of milk for Chy-max Supreme) can
the level of specific non-specific proteolytic activity of MCEs increase the actual cheese yield by an average of 1.5% (from
affects the proportion of milk dry matter lost in the whey 12.7% to 14.2%).
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K/IIOYEBBIE CJIOBA: AHHOTALNA

KoybumepCKaﬂ 2J1a3ypb, IInomooBolHOE CbIpb€ U IIPOAYKTDLI €ro nepepaGOTKM comepikaT MnuiieBbie BOJIOKHA U 6110JTOTMYECKY aKTUBHbBIE
I’l/lO@OOBOlMHbl(:‘ nopowku, BelecTBa, MO3TOMY 3a CUET MCITOJIb30BaHMS TAKOT'O ChIPbS B IMPOM3BOACTBE IIPOAYKTOB ITUTAHMS ITOBBIIIAECTCA
nuuwiessle 80J10KHA, NEKMUH, UX MnuiieBas LeHHOCTb. KpOME TOTI'O, MMIIeBbie BOJIOKHA IVIOAOOBOIIHOTO ChIPbS MOTYT OKa3bIBaTh BJIMSAHME HA
CMmeneHov 3mepucbw<al4uu TeXHOJOTUYEeCKMe CBOVCTBA MUIIEBBIX cucTeM. Llenp maHHOM pa60T1>1 — OIpenesieHre Koam4yecTBa IIMIIEBbIX
nekmuHa, npeaeﬂ mexyuecmu BOJIOKOH, IIEKTMHOB M CTEII€HU UX BTEPMCIJI/IKHIII/II/I B IIVIOOOOBOIIHBIX IMOPOIIKAX, a TAKXKe YCTAHOBJIEHWE BJIMSI-
no KaCCOHy HMS 9TUX IOKa3aTeseli Ha TeXHOJOTUYeCKye CBOVCTBa KOHOUTEPCKUX rna3ypel7[ C ,IIOG&B]'IGHI/IEM TIJIOJOOBOMIHBIX

MOPOLIKOB (C YIeTOM CIIOCOGHOCTM MOCIeAHUX ITOMIOATh KMp). O6beKTaMM UCCIeL0BAaHMUI SBISIIOTCS TIOPOIII-
KM U3 MOPKOBHU, s16710Ka, CBEKJIbI, MAJIMHBI ¥ MOJETbHbIe 06pa3iibl KOHAUTEPCKUX IIa3ypeit ¢ X J06aBlIeHNeM.
Peonoruyeckne moxasaTeny KOHOUTEPCKUX I7Ia3ypeil orpenensin mo merony KaccoHa Ha poTallOHHOM BU-
crkosumeTtpe. ComepskaHue MUIIEBBIX BOJOKOH YCTaHABIMBAIM (DePMEHTATUBHO-TPABUMETPUUECKUM METOLOM.
ITeKTUHBI M3 MOPOIIKOB BBIAESUIM KUCIOTHBIM T'MIPOIN30M ChIPBSI C MOCIENYIOIMM OCAKIEHNEM 3TaHOIOM.
CreneHb 3TepuduKaLMM NEKTMHOB PACCYMTHIBAIM HA OCHOBAHMM PE3y/IbTATOB IONYYEHHbIX METOLOM ITOTeH-
LIVIOMETPUUYECKOTO TUTPOBAHMSI. YCTAaHOBJIEHO, UTO MCCIeAyeMble MJI0LOOBOIIHbIEe TOPOLIKY U3 OTeYeCTBEHHO-
TO ChIPbSI XapaKTepM30BalMCh BHICOKMM KOIMYECTBOM IMMUIIEBBIX BOJIOKOH (24-38%), OCHOBHAsl 4acTb KOTOPBIX
ObUIa MpeCcTaB/ieHa MeKTMHOM. B MMOpoIkax 13 CBEKJIbl M MaJMHbI COIEePKaINCh HU3KOITepUDULIMPOBAHHbIE
nekTuHbI (18 1 33 /100 r); B MopoIikax u3 si6J0Ka ¥ MOPKOBY — BBICOKO3TepM(UIIMPOBaHHbIE TIEKTUHBI (16
u 27 /100 r). [Topourky ¢ HU3K03TepUDUIIVPOBAHHBIMM MTEKTUHAMM JEMOHCTPUPOBAIM YMEPEHHOE YBeTuUYeHre
npeesna TekydecTy rmo Kaccony rasypeii ¢ ux go6aBieHueM, He PEeBBIIIAIoNee ONTYMAaIbHbIX 3HAYEHNIT 3TOTO
nokasaresis. C TOBBIIIEHNEM KOHIIEHTPAIVY TTOPOIIKOB C BbICOKOITEPUMULIMPOBAHHBIMIU MEKTUHAMU HAOITIO-
JAJIOCh pe3Koe BO3pacTaHMe Mpeaena TeKydecTy rasypeit mo KaccoHy, mpu KoHieHTpauusx 13% u 6osee aToT
rokasaresib BBIXOAWII 3a ONTMMasbHble 3HAUeHMs. TakuM 06pa3oM, Mpu pa3paboTKe KOHAUTEPCKUX I[Iasypeii
C IJIOLOOBOIIHBIMY IIOPOMIKaMY IPOTHO3MPOBaHMe UX IIPee/IbHOV KOHLIEHTPALMy MOKET OCYILeCTBIISIThCS IPU
YCTaHOBJIEHUM COZIeP>KaHUSI B HUX MUIIEBbIX BOIOKOH, IEKTVMHOB M CTeTIeHM UX 3TepuduKaimm, a Takke ¢ y4eToM
PpH ¥ crtocO6HOCTY TTOPOIIKOB MOIIOMIATb KUP.
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confectionery glaze, fruit and Fruit and vegetable raw materials and processed products contain dietary fibers and biologically active substances,
vegetable powders, dietary so the use of such raw materials in the manufacture of foods increases their nutritional value. In addition, dietary
fiber, pectin, degree of pectin fibers of fruit and vegetable raw materials can influence the technological properties of food systems. The purpose

esterification, Casson yield stress of this work is determination of the amount of dietary fibers, pectins and the degree of their esterification in fruit
and vegetable powders, as well as establishment of an impact of these parameters on the technological properties
of confectionery glazes with the addition of fruit and vegetable powders (taking into account the ability of the
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latter to absorb fat). Objects of research are powders of carrots, apples, beets, raspberries and model samples of
confectionery glazes with their addition. Rheological parameters of confectionery glazes were determined by the
Casson method on a rotary viscometer. The content of dietary fibers was established by the enzymatic-gravimetric
method. Pectins from powders were isolated by acid hydrolysis of raw materials followed by ethanol precipitation.
A degree of esterification of pectins was calculated on the basis of the results obtained by potentiometric titration.
It has been found that the studied fruit and vegetable powders from domestic raw materials were characterized by
a high amount of dietary fibers (24-38%), the main part of which was represented by pectin. Beet and raspberry
powders contained low esterified pectins (18 and 33 g/100 g); apple and carrot powders contained highly esterified
pectins (16 and 27 g/100 g). Powders with low esterified pectins showed a moderate increase in the Casson yield
strength of the glazes with their addition that did not exceed the optimal values of this indicator. With increas-
ing concentrations of powders with highly esterified pectins, a sharp increase in the Casson yield strength of the
glazes was observed. At concentrations of 13% and more, this indicator exceeded the optimal values. Thus, in the
development of confectionery glazes with fruit and vegetable powders, prediction of their maximum concentra-
tion can be carried out by determining the content of dietary fibers, pectins and a degree of their esterification, as
well as by taking into account pH and the ability of powders to absorb fat.

ACKNOWLEDGEMENTS: The authors express their gratitude to Vladimir V. Gustinovich, Director of VITBIOKOR LLC, for providing samples of fruit

and vegetable powders for research.

1. BBegenmue

[uineBast MPOAYKIMS ¢ HOOaBIeHMEM HATypaJbHOTO ILIO-
JIOOBOILHOTO ChIPbS MOJIb3YETCS TOBBILIEHHBIM CIIPOCOM Y I10-
TpebuTeneii. [IpyMeHeHMe IIJIOL00BOIIHOTO CHIPbSI Y IIPOSYKTOB
ero mepepadboTKy (KOHLIEHTPATOB, BBDKMMOK, IIOPOILIKOB U JIp.)
B IIPOM3BOJCTBE MUILEBOJ MPOAYKLVY [TOBBILIAET ee MUILEBYI0
LIeHHOCTb. OBoLIY, SITOAbI ¥ GPYKTHI comepskaT 6MOIOTMYeCcKN
aKTVBHbBIE BeleCTBa — BUTAMMHBI, (JIaBOHOW IbI, TIOMUDEHOITBI,
aHTOLMAaHbI ¥ MHOTMe ApyTue GUTOHYTPUEHTHI, MPOSIBIISIONIVE
AHTMOKCUIAHTHbBIE CBOJCTBA. B cocTaBe KpacHOI MODPKOBU OT-
MeueHO BBICOKOE COIepiKaHMe KapOTMHOUIOB U (I1aBOHOMAOB
[1], @ B uepHOJI MOPKOBM IIPUCYTCTBYIOT aHTOLMAHBI [2], BBICO-
KOe Cofep>kaHMe KOTOPBIX XapaKTepPHO IJIS SIrOf, MaluHbI [3],
yepHUKM [4] v rony6uku [5]. Takue Srombl, KaK CMOPOAVHA, LN -
MOBHUK, 06senyxa 1 ManuHa 6oratsl Butamuuom C [3,6]; Bu-
HOTPAaJ, YepHUKA U TONyOUKa SIBJSIIOTCS MICTOUHUKOM CTUITbOe-
HOuAOB [5]. CBeKiTy OT/IMYaeT 60JIbII0E KOTMYECTBO B €e COCTaBe
QHTMUOKCUIAHTA B-UMaHuHa [1].

[11000BOIITHOE ChIPbE SIBJSIETCS GOTATHIM MCTOUHUKOM ITU-
1eBbIX BOJIOKOH [6—8]. [loKa3aHo, YTO 3TU KOMIIOHEHTbI IIPUHU-
MaIOT yuacTtue B MpoduiakTike HeMHMEKIMOHHBIX 3a00IeBaHMIA,
M [OCTaTOYHOE IIOCTYIUIEHME MMUIIEBbIX BOJIOKOH B OPraHM3M
yeyioBeKa B COCTaBe pallliOHa CIIOCOOCTBYeT HOPMAaJbHOM mesi-
TeNBbHOCTY >KEeYJOYHO-KUIIEeYHOT0 TpakKTa, IMperoTBpalieHUIo
HapyleHuss oO6MeHa BeIeCTB, CHIDKEHMIO PYCKA Pa3BUTHUS Cep-
JI€YHO-COCYOVICTBIX, OHKOJIOTMYECKUX I MHOTMX APYIUX 3abose-
BaHmii [9]. [IniieBble BOJIOKHA OKa3bIBalOT OTPOMHOE BIIMSIHME Ha
COCTOSTHME KUILEeYHOM MMUKPOOUOTHI. B CBOIO 0Uepe[ib, BXOsIINe
B ee COCTaB MMKPOOPraHM3Mbl YUaCTBYIOT B CMHTE3€ HEKOTOPbIX
BUTaMMHOB, B UMMYHOJIOTMYECKIX PeaKLsIX, B MeTabomm3Me X0-
JIeCTepyHa, B CTUMYJISILIM BCACbIBaHMS KaabLys U Ap. [9]. 3HaHUA
0 pOJY MUILEBLIX BOJIOKOH B OpPraHM3Me uejioBeKa IPOA0/DKaloT
pacmpsiThesl 6raromapsi MPOBeAEHMI0 BCe HOBBIX M HOBBIX MC-
CIeIOBaHMIA. YCTaHOBJIEHO, YTO ITOTpebIeHye MUIIEBBIX BOIOKOH
YMeHbLIaeT PUCK IepeefaHys CIaIKOM Y XUPHOM Ny, JTU Be-
1IecTBa Takke BAMSIIOT Ha CEKPEeLJIO KII0YeBbIX TOPMOHA/IbHbIX
MeNnTHUI0B, YYaCTBYIOUIMX B PETYISLUM MUIIEBOrO IOBeAEHUS
M CITOCOOCTBYIOLIMX KOHTpoOo armreruTa [10,11]. JlJokasaHo, 4To
HU3K03TepUGUIMPOBAaHHbIE TEKTVHBI 00JIaIal0T IPOTMBOBOCTIA-
JIUTeNbHBIM feficTBueM [12]. [Ipy 3TOM B paliyioHe MUTaHMS BCeX
rpynn HaceneHusi Poccuiickoit @enmepauyy oTMedeH eduiiuT
TIUITIEBBIX BOJIOKOH [9], UTO AVIKTYeT HEOOXOAMMOCTb 060TaIeHMST
VIMM Da3IMYHBbIX BUIOB IMIIEBOJ MPOAYKLMM. YUUTBIBAsT BaXK-
HOCTb ObecIieueHyst HaceJeHMsI TINIIeBbIMM BOJIOKHAMM Ha PEKO-
MeHIyeMoM ypoBHe, B Texunueckom pernamenTe TP TC 022/2011!

! Texamueckuii pernamedT TaMoxeHHOTo coro3a TP TC 022/2011 «ITu-
1ieBasi MPOAYKLMS B UaCTU ee MapKUPOBKM» (C MU3MEHEHUsIMM Ha 14 ceHTs-
6pst 2018 roma). VreepkaeH Pemenvem Komuccry TaMOsKeHHOTO €O03a OT
9 mekabps 2011 roma N 881
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OT/IeJTBHO BbIZIe/IeHa KaTeropyst MUILeBOH IIPOILYKLIMHU, 060TalleH-
HOJ1 NUILeBBIMY BOJIOKHaMM. VccleoBaHue XMMUYeCcKoro cocTa-
Ba IUIOLOOBOLIHOIO ChIPbs, IIPOMU3PACTAIOIIEI0 Ha TePPUTOPUK
P®, nmo3Bonmiao cuenaTh 3aKalOUeHMe O ero BbICOKOI IUIIEBO
¥ GMOIOTMYECKO LIEHHOCTH, UTO [ejlaeT 1e/leco06pasHbIM Ipo-
M3BOACTBO MUIEBOI MPOAYKIMM C ero UCIonb3oBaHueM [1,6].

B HacTosilee BpeMst MUMEIOTCSI pa3pabOTKY PasIUUHBIX BU-
JI0B NNIIEBOJ MPOAYKUMM C NPUMeHeHMeM IJIOLOOBOLIHOIO
CBIPBSI: XIe600YIOUHbIe ¥ MyYHble KOHAUTEPCKVE W3IeNus
[13-18], caxapuctble KoHAUTepckue uspenus [19], makapoH-
Hble nsnaenus [2,20], cmeTaHHble cOychI [21], MsATKMe ChIPbI [22]
u MHOroe npyroe [23]. Hame Bcero ucciaenoBaTeny yOemsioT
BHMMaHJe IT0BbILIEHNIO IUILeBOi LIeHHOCTM IIPOAYKTa 3a CYeT
BHECeHUSI B Hero IJIOLOOBOLIHOIO ChIPbsl. 3HAUNUTEIbHO MeHb-
1Ie paboT IOCBSIIEHO BONIPOCAM BVSIHYS 06Iero KommvecTsa
NMILEBbIX BOJOKOH Ha TEXHOJOTMYecKue CBOJCTBA MUILEBBIX
CUCTeM, B KOTOpble OHM BHOCSTCS. [lokasaHo, uTo mobaBie-
HMe NUIIEeBbIX BOJOKOH B peLeNnTypy MYYHBbIX KOHAUTEPCKUX
uspenuit (kexkcol, Mad@uHbl) B 3HAUUTENbHBIX KOIUYECTBAX
(60mee 15% oT Macchl MyKM) MPUBOIUIIO K YMEHbIIEHUIO 00b-
eMa U3Aenusi U K YIUIOTHEHUIO ero CTPYKTYphl; NPUCYTCTBUE
MAIIEeBBIX BOJOKOH B COCTaBe IeUeHbsI CIIOCOOCTBOBAJIO YBe-
JIMUEeHMIO ero TBeprocTy [13,14]. BHeceHMe ThIKBEHHO Me3Tu
B pelieNTypy MaKapOHHBIX M3/enuii IoTpeboBano M3MeHeHUs
TEeXHOJIOTMYEeCKUX PEKMMOB UX mpousBogcTsa [20], a mobas-
JIeHMe TI0POIIKa YePHOI MOPKOBYM NMPUBOJAMUIIO K COKPAILleHUIO
BpeMeHM Bapky MaKapoOHHBIX M3nenauit [2]. Bpio ycTaHOB-
JIEHO, YTO BHeCeHMe NUILEeBbIX BOTOKOH B CMeTaHHbIe COYChI,
B YAaCTHOCTY MOPKOBHOTIO IIIOpe U MIIEeHWYHOW! WU PyKaHON
KJIETYATKY, TIOBBILIANO BSI3KOCTb SKMUIKOJ MUILEBOJ CUCTEMBI
[21]. TIpn 3TOM HpaKTMYeCcKu OTCYTCTBYIOT MCCIeLOBaHUS I10
YCTaHOBJIEHMIO B3aMMOCBSI3M MeXAYy XMMMUYEeCKMM COCTaBOM
NUILEBBIX BOJOKOH IIJIOLOOBOLIHOTO ChIPbS M €0 BIMSIHMEM Ha
TeXHOIOrn4eckye CBOMCTBA MUILEBBIX CUCTEM, B KOTOPbIe OHO
BHOCUTCS. TakMM 06pa3oM, orpeseseHne CofepkaHus B II0-
JIOOBOLIHOM CbIpb€ PacTBOPUMBIX ¥ HEPAaCTBOPMMBIX INILe-
BbIX BOJIOKOH, ITeKTMHA M CTeINleHM ero 3Tepuduxaimu, a Tak-
ke HalIMuusl OPYTUMX HeKpaxXMalbHBIX ITONMCAXapuioB, 6ymeT
CII0CcO6CTBOBATDH MPOrHO3MPOBAHNIO M3MEHEeHN B TOBeIeHUN
U CBOJCTBax NuIIeBbIX cucrem [13,18].

I'masupoBaHHas NuIleBas MPOAYKILM, 67arofapsi ee BHeIl-
HeMy BUY M IIPOJIOHIMPOBAHHBIM CPOKaM XpaHEeHMs], MOJIb3Y-
€TCsI TTOBBIILEHHBIM CIIPOcoM. [103TOMy IPOM3BOACTBO I1a3ypu
C IIONOOBOIIHBIM ChIPbeM SIBJISIETCSI TIEPCIIeKTUBHBIM U pe-
ryaupyetcst B cootBetcTBuu ¢ T'OCT P 53897-2010%. Cornac-
HO HOPMAaTMBHBIM JOKyMeHTaM, Ha Tepputopuu Poccuiickoii

2 TOCT P 53897-2010 «I'1a3ypsb. O61ye TexHnuecKume ycaoBus» MockBa:
CranpaptuHdopm, 2019.— 14 c.
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denepauyy KOHAUTEPCKAS TMIa3ypb MOXET M3TOTaBAMBATHCS Ha
OCHOBe 3aMeHUTeNeli Macia Kakao HeTeMIlepupyeMbIX JIaypu-
HOBOTO W/ HelaypMHOBOTro Tuma. TexHuyeckoe peryamnpoBaHme
cocTaBa 3Tux 3ameHuTesneit 0o 2026 roga He IpearionaraeT orpa-
HUYEHUI 110 COIePsKaHMI0 aTePOTeHHBIX TPAHC-M30MEepPOB KUP-
HBIX KUCJIOT, CLIOCOGHBIX BBI3BIBATH PUCK PA3BUTUS CEPAEUHO-
COCYIMCTBIX, OHKOJIOTMYECKUX U APYTUX 3aboeBanmii. C yueTom
TOTO, UTO B IIPOU3BOACTBE 3aMeHNTe/elt Macaa Kakao HeJlaypu-
HOBOI'O TUIIA B OCHOBHOM MCIIOJIb3YIOTCSI TUIPUPOBaHHBIE Pa-
CTUTEJIbHbIE Mac/ia C BBICOKMM COIepyKaHMeM TPaHC-M30MePOB,
JIJIST T7Ia3MPOBaHMST 060TaleHHOM MUIIEBOI MPOAYKLIUY Liesie-
CO000pa3sHO MpPUMEHEHMEe KOHAUTEPCKUX Ia3ypeil Ha 3aMeHu-
TeJIsIX Macja Kakao JIaypMHOBOIO TuUIa [24].

Llenbio pabGoThI SIBJISIETCST OIpee/ieHre KOMMUecTBa Muile-
BBIX BOJIOKOH, IIEKTMHOB U CTEMEHU UX 3TepUbUKALNY B TIJIOJ0-
OBOIIHBIX TTOPOIIIKAX 13 OT€UeCTBEHHOT'O ChIPbsI U YCTAHOBJIEHE
BJIMSIHMSI 9TUX ITOKa3aTeseil BO B3aMMOCBS3M CO CITOCOOHOCThIO
ITOPOIIKOB ITOTJIOMIATD XXM Ha TEXHOJIOTMYECKYe CBOJCTBA KOH-
IUTEPCKUX I7a3ypeit, BbIpabOTaHHbIX HA OCHOBE 3aMEHUTeJIeik
Macja Kakao JIaypMHOBOTO TuIa C A06aB/IeHMEeM IUIOA00BOIII-
HBIX TIOPOIITKOB B3aMeH YaCTy caxapa.

2. O0BEKTbI M METOIbI

O6beKTamMy MCCIeOBaHMI SIBJSUIUCH TIJIOJOOBOIIHbBIE TIO-
POIIKYM M3 CAeAYIIIMX BUIOB ChIPbs, IIPOM3PACTAIOLIET0 Ha
Tepputopun Poccuiickoii @egepanym u benapycu: cBexsia, Mop-
KOBb, s16;710K0, MasinHa (OO0 «BUTBMOKOP», Benapych), a Tak-
Ke MOAeJIbHble 00pa3ibl KOHAUTEPCKON I71a3ypy, BbIpaboTaH-
Hble Ha OCHOBE 3aMeHUTeJIsI Macja Kakao JaypMHOBOIO TUIIa, He
cofiep>Kallero aTeporeHHbIX TPaHC-U30MEePOB KUPHBIX KUCIIOT,
¢ mo6aBiaeHMeM 3TUX TOPOIIKOB. PelenTyphl MCCIeqOBaHHBIX
rnasypeii peacrasieHsl B Tabnuiie 1. MozenbHbie 06pasiibl Bbi-
pabaTbiBanu ¢ BHeceHueM ITAB B KoymuecTBax, o6ecrieumBaio-
LIMX ONTUMAaJIbHbIe TEXHOJIIOTMYECKNE CBOMCTBA KOHOUTEPCKIUX
r7a3ypei Ha 3aMeHUTeJISIX Macjia Kakao JaypMHOBOTO TUTIA.

Tabnuia 1. PerienTypHbIe COOTHOLIEHNSI KOHOAUTEPCKUX
mIasypeii ¢ ;o6aB/ieHNeM IUIOLOOBOLIHBIX TOPOUIKOB
Table 1. Recipe ratios for confectionery glazes produced with
the addition of fruit and vegetable powders

KommmuectBo MHIpegueHTa
B 3aBUCMMOCTHU OT BapuaHTa

HaumMeHoBaHMe CBIPbSI peuenTypsl, %

1 2 3 4 5 6 7
CaxapHas myzpa 51 48 46 42 38 36 31
Kakao-nopouiox anakaan30BaHHbBIN 17
I17108,00BOIIHO¥ TTOPOIIOK 0 3 5 9 13 15 20
3aMeHuTeNb Mac/ia Kakao 39
JIAypUHOBOTO TUIIA
WUTOT'O 100

ConepskaHue THUIIEBBIX BOJIOKOH ompenensuin depMeHTa-
TUBHO-TPaBMMeTPUYECKMM METOAOM B COOTBETCTBUM C
MU 01.00282-2008/0174.01.07.13 (®P 1.31.2020.37150)3. Peo-
JIOTMYecKye ToKa3aTeay MOJEeIbHbIX 06pasiioB KOHANTEPCKUX
I71asypelt orpeessuin 1o metony KaccoHa Ha poTalyioHHOM BU-
cko3umeTpe RV1 ¢pupmser «XAAKE» (Tepmanus).

JKupormnornotutenbuyio crocobHocts (CIDK) mopoikos
ompefieNnsii 10 MeTomuKe, paspaboraHHoit Bo BHUMKIIL
B cxnaguaTslit GUIbTp 13 06e3KMPeHHO GUIbTPOBAIbHO OY-
Maru, yCTaHOBJIEHHBIN B XMMMWYECKUII CTaKaH BMECTUMMOCTBIO

* MM 01.00282-2008/0174.01.07.13 (®P 1.31.2020.37150). Ompene-
JIeHVe COIep>KaHMsl paCTBOPMMBIX M HEPAaCTBOPMMBIX MUILEBbIX BOJIOKOH
B IMUIIEBBIX MpoayKTax ¥ BAJ] k niuie. Paspa6orana ®I'BY «HUU nutanms»
PAMH, aTTecToBaHa, yTBepskieHa U 3aperucTpupoBaHa B ®efepaabHOM pe-
ecTpe MeTOAMK BbIMoNHeHusT n3aMepenuit B 2013 r. ®BY3 «DenmepanbHblit
LIEHTpP I'MIYeHbI ¥ dnuaeMuonorun» Pocriorpe6Hansopa.
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100 cm®, moMe1nanay HaBeCKy MOPOIITKa Maccoi 1 T ¥ MOCTereHHO
npuinBan 25 T pabMHUPOBAHHOTO [1€30I0PMPOBAHHOTO TOA-
CcoHevyHoro Macsa. Yepes 2 yaca B3BelIMBa/IM CTakaH C MacJioM
u paccunteiBasii CIDK (r/100 r mpoxykTa) mo popmyse (1):
25-(m,—-m))
2 1
CIDK=———— @),
rme m — mMacca HaBecKu obpasiia, T;
m, — macca CTakaHa, r;
mz — MaccCa CTakaHa C OTAe/JIMBIIMMCS KOJIMYeCTBOM Macia, I.

KoHeuHbIM pe3y/bTaTOM pacueTa CUMTaIM cpeqHee apud-
MeTHUecKoe 3HaueHlMe pe3yabTaTOB TpeX MapasieibHbIX U3-
MepeHUI, pacXoXXIeHne MexXay KOTOpbIMU He mpesbimaer 0,1 T
>KMpa/T 06pasiia MopoIuIKa.

DKCTPaKIMIO ITeKTMHA IMTPOBOIMIN coriacHo P 4.1.1672-034.
HaBecky m0[J00BOIIHOrO MOPOIIKA MOMeIIaa B KOHUUECKYI0
KOJIOY M IPWJIMBAJIM OTIpeeieHHbI 00bem 0,05 M cosTHOI KuC-
JIOTBI, 3aKPbIBAIM KPBIITKOM M CTABMIM HA BOASHYIO OaHIO MPU
temmneparype 95-100 °C Ha 30 MuH. 3aTeM KOIOY OXIasKAAIN IO
KOMHATHOJ TeMITepPaTypbl M GUIBTPOBAIN ITOTYYEHHYIO CMeCh
yepe3 KalpOHOBYIO TKaHb. IIpolienypy MOBTOPSIIM JBa pasa.
K o6beayiHeHHOMY 3KCTPaKkTy TeKTMHA no6asisuim 1,5 o6be-
Ma 96%-HOro 3TWJIOBOTO CIIMPTa M OcTaBisin Ha 30-40 MuH.
[Tocse yero pacTBOp MPOIEKUBAIM Ha Mpubope At GUIbTpo-
BaHMsI MMUILEBBIX BOJIOKOH C MCIT0JIb30BaHMEM (DUIbTPOBATbHbIX
TUTJIEN U Momy/st njist GuiabTpauuu B cucteMe Fibertec System
E1023 (FOSS, lIBenns). [TomydyeHHbIN 0CafOK MEKTUMHA ITPOMBbI-
Ba/i 96%-HbIM STUJIOBBIM CIMPTOM U cyuvay ripu 60 °C fo no-
CTOSIHHOJ MaccChl.

OrmpepeneHue cTereHn 3TepubUKAIVY BbIIeIeHHbIX TeKTH-
HOB ITPOBOJM/IM METO/IOM MTOTEHLMOMETPUYECKOTO TUTPOBAHMS
TI0 Mpolenype (BapuaHT 1), onmucaHHOi B crtaThe [25]. HaBecky
nekTuHa maccoil 0,2 T B3BelIMBaIM Ha aHAIUTUUECKUX Becax
u 3anuBaiv 60 M OUCTUIIMPOBAHHOM Bonbl. Yepes 24 yaca
nonay4yeHHbI pactBop tutpoBanu 0,1 M pactBopom NaOH Ha
tutpatope 916 Ti-Touch, ocHameHHoM aBTOomomaTuMkom 810
CO BCTPOEHHBIM HAcocoM ¥ pH-37eKTpomoM KOMOMHMUPOBaH-
HbIM i-Solvotrode (Metrohm, [lIBeiiiiapus), 40 CKauKa 3HAYEHUST
pH B o6nactu 7-9 (1-e TuTpoBaHue, V)). 3aTeM K IOTy4eHHOMY
pactBopy mo6asisiu 10 mu 0,1 M pactBopa NaOH u B TeueHne
IIBYX 4acoB IMPU KOMHATHOJ TeMrepaType MPOBOIWIN TUAPO-
JIU3 CJIOKHO3(MUPHBIX CBS3eii. [lasee B TUAPOIM3AT BHOCUIIOCH
10 m 0,1 M pacrBopa HCI, n o6pa3oBaBIiniicsl paCTBOP CHOBA
TUTPOBAJIM IEJI0UBI0 10 ckauka pH (2-e tTurposanue, V,). Tou-
Ka 9KBUBAJIEHTHOCTY DUKCHPOBaIach aBToMaTnuecku. CTerneHb
aTepudUKAIUY TMEeKTVHA PACCUMTHIBAINM COIVIACHO METOIUKE
[25] mo dopmyie (2).

V,+AV

V +V,+AV
roe V, — 06beM 11104, TIOIIeAIIel Ha IIepBoe TUTPOBaHMe CBOOOIHBIX

KapOOKCUIBbHBIX IPYIII, MJT;

V, — obbeM ILenouy, Moulejileil Ha BTOpoe TUTPOBaHMe KapOoK-

CUJIBHBIX T'PYIIII ITOC/IE TUAPOIN3a CJ'IO)KHOBCI)MI)HI:IX CBH3e]‘/‘I, MJT;

AV — TIorpaBKa Ha 136BITOK 1ejioun B IepBoM TUTPOBAHUM, MJI.

E

mem

-100%

@),

B skcrnepuMeHTaabHOI YacTy IPUBeIeHbI cpefHiie apudme-
TUYECKUe 3HAYeHMs TIOMYYEHHBIX HAHHBIX. DKCIIePUMEHTAlb-
Hble JaHHbIe ObUTU CTATUCTUYECKM OII€HEeHbI HAa OHOPOJHOCTD
C 1EeTbI0 VICKTIOUEHMSI pPe3y/lIbTaTOB, OTSTOIIEHHBIX TI'PYOBIMU
ommbraMu. Pasnmuns cpeqHUX 3HaUE€HUIT BBIGOPOK C IpUMe-

* P 4.1.1672-05. PYKOBOJICTBO 10 METOZAM KOHTPOJISI KauecTBa 1 6e30-
MACHOCTY GMOJIOTMYECKY aKTMBHBIX JOOABOK K IMNIIE: [yTBEPKIEHBI IIaB-
HBIM FOCYJapCTBEHHBIM CaHUTApHbIM BpauoM PO I'. I'. OHuiienko 30 uoHS
2003 r.] — M.: ®enepanbHblii LeHTp ['occaHsnuaHan3opa MuH3zapasa Poc-
cun, 2003.— 183 c.
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HeHueM t-kputepusi CThIOfeHTa IIPU3HABAINCh CTATUCTUYECKN
JIOCTOBEPHBIMM IIPU JOBEPUTENBHON BeposiTHOCTHU P < 0,05.

3. Pe3yabTaThl M 06CYXIEHUE

B uccienoBaHusix, MpoBeIeHHBIX HAMM paHee, OblIa TToKa3a-
Ha TPUHIUITMAIbHAS BO3MOXKHOCTb BBIPAGOTKM KOHIUTEPCKOIA
I71a3ypy Ha 3aMeHUTeNsIX Macia KaKkao JIaypMHOBOTO TUIIA C 3a-
MEHOJ1 YyacTu caxapa B peleNnType Ha IJIOJ00BOIHbIE TTOPOLI-
K1 [26,27]. BpUIO yCTaHOBIEHO, YTO BHECEHVE IJIONOOBOLIHBIX
TIOPOUIKOB BJIMSIET Ha CTPYKTYPHO-MeXaHMUeCcKue MoKasaTean
OTIeI0YHOTrOo MonyabpukaTa 1 Ha €ro TeXHOJIOTMYHOCTb. YUn-
ThIBAsl TO, YTO OCHOBHOJ OMCIIEPCUOHHON Cpefoii B KOHOUTEP-
CKMX IIa3yPSIX SIBJSIETCS SKMPOBasi GPaKIs, XapaKTep B3auMO-
IeJiCTBUS C Heil GyIeT onpenessiTh TEXHOJIOTMUeCK/e CBOCTBA
rnasypeit. Ha ocHoBaHUM 3TOTO ObLIO MpeaioskeHO Kiaaccudu-
LIMPOBATH IVIOA00BOIIHbIE TTOPOLIKHM TT0 UX CIIOCOOHOCTY afcop-
6upoBaTh (romiomiath) kup (CIDK) Ha Tpu rPyIIIIbI:

U ¢ Hmuskoii CIDK, meHee 2 T Xupa/T NpoAyKTa (IIOPOIIOK U3

CBEKJIbl);

U co cpepneii CIDK, 2—-4 r upa/r nponykra (IIOPOLIOK U3
s16710Ka);
O c Boicokoit CIDK, 6omee 4 T skupa/T TpoAyKTa (ITOPOIIOK U3

MOPKOBH).

[IpoBesieHHbIE MCCIENOBAaHUSI PEOIOTUUYECKUX M KPUCTa-
JIM3AIMOHHBIX CBOJCTB MOZEIbHbIX 06PA3I0B KOHAMTEPCKO
I7Ia3ypy MPpU YPOBHE CTATUCTUUECKOI mocToBepHocTH (P <0,05)
ToKa3ajiy, YTO CTPYKTYPHO-MeXaHuUyecKye CBOICTBA OTHeou-
Horo nonydabpukaTa 3aBUCST KaK OT KOJIMYECTBA MOPOILKA, TAaK
u oT ero CIDK [25]. YBenuueHMe KOMMUECTBa MOPOIIKA U3 CBe-
kbl (CIDK = 1,70) B penernitype miasypu ¢ 3 1o 15% oxkassiBaiio
He3HauNuTelIbHOE BMSIHME HAa M3MeHeHMe Mpefena TeKyuyeCTu
o Kaccony (c 1,72 no 2,44 Ila). Torga Kak BHeCeHye MOPOIIKa
u3 sibroka (CIDK = 3,63) u mopkoBu (CIDK = 4,81) mpuBoauio
K pe3KoMy yBelIMYeHMIO Ipepena Tekydectu 1o Kaccony c¢ 1,83
no 13,03ITau c 2,44 oo 10,77 ITa cooTBeTCcTBeHHO. [Ipy comepska-
HUM 9TUX MTOPOILKOB B perienType 13% u Gosee mpemesn Tekyde-
CTU T71a3ypeii IpeBbICUII ONITUMaIbHbIe 3HaueHus (3-9 I1a), uto
JleJiajio T1asypb HeTexXHoaormuHoi (Tabauia 2).

B xome manbHemmx paboT 6bII0 YCTAHOBIEHO, UTO PE3YIlb-
TaT BHECeHMS B IVIa3ypb MOPOLIKA M3 ManuHbl (cpennss CIDK;
3,13) He COINIACOBBIBAJICS C IOJYYEHHBIMM paHee UTOraMy MUC-
cnenoBaHui [26]. BnusiHue 5TOro mnopomka Ha pefen TekyJe-
cTy miasypu 1o Kaccony B 3aBMCMMOCTYM OT BHOCMMOTO KOJM-
yecTBa He 6bLI0 OomHO3HAuUHBIM (Ta6nuia 2). [IpM HEBBICOKUX
KOHIIEHTpaUMsIX B peleIType IOpoIIKa M3 MaauHbl (3-9%)
npenen TeKydecTy rnasypeii 1o KaccoHy mnpeBbliian 3HayeHMe
9TUX MTOKAa3aTeseil y rimasypu ¢ o6aBaeHneM IOPOIIKa U3 s16710-
ka. OgHako mocneaymwllee yBennyeHue KoHLeHTpauyy (11%
u 6osee) MOpPOIIKA U3 MaaMHbl He OKa3bIBaJO CTOJb CUJIBHOTO
BJIMSIHMS HAa PEOJIOTMYEeCKMe CBOJCTBA I[1a3ypy, N0 CPaBHEHUIO
C TMTOPOMIKOM 13 I6JI0Ka, U MPefesT TEKYUeCTy P BCeX UCCIIey-
eMbIX KOHLIeHTPALMSIX He MPeBbILIaa ONTUMA/IbHbIX 3HAUEHUIA.
Ha ocHOBaHUM 3TOrO OBUIO CHEIAHO MPEANOIOKEHUE, UTO Ha
TEXHOJIOTMYECKME CBOMCTBA I/1a3ypeil C IUIOLOOBOIIHBIMMU I10-

poirkamu BausieT He Toinbko CIDK mocimeqHmx, HO TakKe KO-
YEeCTBO M XapaKTep BXOASIIMX B MX COCTAB MUIIEBbIX BOIOKOH.
[IJist TIPOBEPKM 3TOTO IPEIIONIOKEHNS 6T MPOBENEH aHa-
JIVI3 TIOPOILKOB M3 CBEKJIBI, SI0JIOKA, MaJIMHbI ¥ MOPKOBM Ha CO-
JIepskaHue B HUX MMUIIEBbIX BOOKOH ¥ TIEKTMHA ITPY YPOBHE CTa-
TUCTUYECKO mocToBepHOCcTH (P <0,05) (Tabnuiia 3).

Tabnuia 3. PU3UKO-XUMUYECKME MT0Ka3aTe/IN IVIOT00BOUIHBIX

IIOPOLIKOB M COEpP>KaHME€ B HUX IMUIIEBbIX BO/IOKOH

Table 3. Physico-chemical parameters of fruit and vegetable powders
and their dietary fiber content

Dyu3uKO-XxMMMYecKue noxkasareau

IInogooBoONIHOV Copepykanue, r/100 r
IOPOLIOK pH CIDK,

r/100 TMMEBBIX o rmma

BOJIOKOH

13 CBEKJIbI 6,93+0,08 1,70£0,09  25,80%2,58 18,0+1,8

U3 MaJIMHbI 4,16+0,01 3,13£0,04 37,80%3,78 33,033

13 s16;10Ka 4,40+£0,02 3,63%£0,02 23,90%£2,39 16,0£1,6

13 MOPKOBU 4,71+0,02 4,81%¥0,12  31,70£3,17 27,0+2,7

B pesynbTaTe OGbUIO YCTAHOBIEHO, UTO BCe 06pas3iibl MM
BBICOKOE CofiepskaHMe MUINEBbIX BOJIOKOH. IIpy 3TOM Gosbliie
BCETO MUIIEBBIX BOJIOKOH CONEPKAIIOCH B ITOPOIIKE M3 MaTVHBI
¥ MEHbIIIe BCEro — B TIOPOIIKE U3 sI6/10Ka. AHAIN3 MTOTYYeHHBIX
JIaHHBIX HE TIO3BOJWJI YCTAHOBUTH OJHO3HAUHOI KOPPEISIUn
MEXIY CoIepsKaHMeM MUIIEBbIX BOJIOKOH VIV MTEKTMHA B IIJIO0-
OBOIITHBIX MTOPOIIKAX U BIAVSHMEM UX KOHIIEHTPAIUY Ha TIpe/Ien
TeKyuecTy rnasypeii. ToIbKO MPpY HU3KUX KOHIIEHTPAIUSIX T10-
po1IKOB (3%) 3HaueHue npenesna Tekydyectu 1o Kaccony koppe-
JIVPOBAJIO C OOIMM COMlepKaHMEM B HUX MUIIEBBIX BOJIOKOH, HO
C yBeJIMYEeHVEM KOJIMYECTBA MOPOIIKOB KOPPEISINS 1cye3aa.
Ilons meKTHHA BO BCeX MOPOIIKaX COCTaBisiaa OT 67 10 87% or
06111ero comepskaHust MAIIEBbIX BOJOKOH, TO €CTb MMEHHO XM-
MuJeckast Ipupoza MeKTUHA JO/DKHA Obliia B OOJIbIIEN CTereHn
OKasbIBaTh BIMSIHME Ha XapaKTep B3aMMOMENCTBUS TTOPOIIKOB
C OCTAJIbHBIMM KOMITOHEHTAMM I71a3ypy B PacCIIaBIEHHOM CO-
CTOSTHUM.

VI3BeCTHO, YTO MEKTMHBI C Pa3JIMYHOI CTENEHbIO 3TepudmKa-
LMY [T0-Pa3HOMY BeIyT ceOsl B MUILEBBIX CUCTEMAX, B YaCTHOCTU
B peakiuu CTPYKTYypooOpasoBaHus. BbicokoaTepubuiMpoBaH-
HbIe MEeKTUHBI (CTereHb 3Tepudukaiy > 50%) o6pasyioT reim
B KUCJION IMCTIEPCUOHHOI cpefie B MPUCYTCTBUM BHICOKMUX KOH-
eHTpanuii caxapa (55-75%). Teneo6pa3oBaHuie HU3KOITEPU-
(uipoBaHHBIX TEKTUHOB (CcTeIeHb sTepudukanmm < 50%) nmpo-
MCXOAUT TIPY IIMPOKOM Jyarna3oHe pH He3aBUCUMO OT HaIUUMS
caxapa. OCHOBHBIM TpeOGOBaHMeM /IS 9TOTO MPOoIecca SIBJIsieTCst
MIPUCYTCTBIE MOHOB JBYXBAJIEHTHBIX METAJIJIOB, B ITUIIEBBIX Cpe-
Jlax OJIs1 9TUX LieJieil yalie BCero MCIoIb3yI0T MOHBI KanbLys [28].
BbIIO BBIABMHYTO MPEIIIONOKEHNE O TOM, UTO B KOHIAUTEPCKUX
I1as3ypsiX B KUOKOM (pacryiaBJieHHOM) COCTOSIHUM TIIOIOOBOIII-
HbI€ TTOPOIIKHU, COlepsKallllie BBICOKOITEPUPUIIMPOBAHHbIE ITEK-
TUHBI, TAK)KE MOTYT BCTYIIaTh BO B3aMMOZENCTBYE C YaCTUIIAMMU
MeJTKOIVICIIEPCHOI CaxapHO¥ Iy PbI, UTO OYIET CIIOCOOCTBOBATh
TTOBBILIEHNIO BSI3KOCTY TUIIEBOI CUCTEMbI. DTO B3aMMOJEICT-
BlMe, BEPOSITHO, TaKKe OYIeT YCUIMBAThCS TIPU HATMUUM KUCTBIX

Ta6m/[ua 2. U3ameHeHUe mnpepneia TeKydyecTu 1o Kaccmry KOHOUTEPCKUX rnaaypel}i B 3aBUCMOCTHA
OT KOHIIEHTpauum A00aBIeHHbIX IVIOJ00BOIIHBIX ITOPOIIKOB
Table 2. Change in the Casson yield strength of confectionery glazes depending on the concentration of added fruit and vegetable powders

IInomooBoIHOE
cbIpbe ﬁggorlll?zzqenm 9% 5% 79%
13 CBEKJIbI 1,72+0,04 1,82£0,02 1,85+0,05
13 MaJIVHbI 3,31+0,07 3,61%0,05 4,06%0,04
13 s16/10Ka 1,83+0,02 2,82%0,03 3,17£0,06
13 MOPKOBU 2,44+0,02 3,93+0,09 5,75+0,03

3HaueHMs SIBISIOTCS cpegHuMu £SD (n = 3).
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IIpenen Tekyuectu ria3ypu no Kaccony (I1a) mpyu pa3ImMuHbIX KOHIIEHTPAIMSIX IVIOAOOBOIIHBIX TIOPOLIKOB B pelenType

9% 11% 13% 15%

2,01£0,02 2,14%0,02 2,19%0,02 2,44%0,02
4,33+0,06 4,57%0,07 4,92+0,07 5,53%0,08
4,51%0,06 6,10+0,04 9,57+0,08 13,03+0,09
7,74+0,05 8,92%0,06 10,02+ 0,07 10,77+0,08



3aviuesa J1. B. v gp. | MALLEBBIE CUCTEMbI | Tom 6 No 1 | 2023 | C. 117-125

3HaueHM’ pH BHOCMMOrO MOPOIIKA, JONOJHUTEIbHO ITOBbILIAs
BSI3KOCTb IIMIIEBOJ CUCTEMBI.

ViccnemoBaHus MO BAMSIHUIO CyXMX KOMIIOHEHTOB peLlenTy-
PBI IIIOKOIaJHBIX MacC Ha ee Peoiornyeckye CBOJCTBa 6bUIM Ha-
YyaThl CPAaBHUTEIBHO HeaBHO. Tak, B pa6ore 2019 roma BriepBbie
COO006IAIOCH O TOM, YTO MOJIOUHBII IIOKOIAM, B PACIIIABIIEHHOM
COCTOSIHMM 00671aiaeT CBOMCTBaMM Tefisl. ABTOPBI CUMTAIOT, UTO
MOJIOYHbIE GeNKyM MOTYT AeiicTBOBAaTh KaK ITOBEPXHOCTHO-aK-
TUBHBIE BeIeCTBA ¥ CTAaOMINM3ATOPBI, CIIOCOOHbIE BBI3BIBATH
o6pasoBaHMe chepryecKux MUILEUISIPHBIX arperaToB BHYTPU
CTPYKTYPBI IoKonazAa [29].

B paborax 1o 13yuyeHuI0 PeoJIOrMYeCcKMX CBOICTB IOKOIad-
HBIX MAacC Takke ObIJIO OTMEYEHO, UYTO BHECEHNUE B PeLernTypy
MOJIOYHOTO ILIOKOJaa B3aMeH YaCTM CYXOro 00e3KMPEeHHOTO
MOJIOKa MOJIOYHOV CBIBOPOTKM COIPOBOXKIANIOCH CHYDKEHMEM
Iipefie/ia TeKy4eCTy HIOKOIagHO Macchl 110 KaccoHy ¢ yBennye-
HMeM ee KoluuecTBa. IIo MHEHMIO aBTOPOB, 3TO ObIIO CBSI3aHO
C BHeJ[peH)eM 4acCTUL, MOJIOYHO CHIBOPOTKM B BBICOKOOPTaHM-
30BaHHble KPUCTAZIMYECKMEe arperaTbl Maciaa Kakao, 4To CIIO-
COOCTBYeT IIOBBILIEHMIO TeKy4yecTy LIOKOJamHO¥ Mmaccel [30].
VYCTaHOBJIEHO, UTO BHECEHME MHYAMHA Hapsany ¢ MaJbTUTOIOM
BMeCTO caxapa B OesbIii IIOKO/Ia] MPUBOAVIIO K YBeTNUEHUIO
TeMIlepaTypbl IUIaBIeHus usnenns [31].

Cyl1ecTBYIOT MCCIeOBaHMS BAMSIHUS XapaKkTepa >KMPOBOTO
NIPOAYKTa — 3aMeHMTesIs] Mac/la Kakao JIaypMHOBOIO UM Hejay-
PMHOBOTO TUIIA — Ha XapaKTePUCTVKM KPUCTA/UIM3ALVY TOTOBbIX
rnasypeii [32]. HayuHble Tpyzbl, IOCBSIEHHbIE U3YYEHUIO BO3-
JIeMCTBYSI Pa3IMUYHBIX TIOPOIIKOOOPa3HbIX J0OABOK HAa PeOsoru-
yeckye CBOJCTBAa KOHOUTEPCKUX IVIa3ypeli, B HaCTosIllee BPeMst
OTCYTCTBYIOT. B 3TOJ1 CBSI3M IpenCTaBisieT MHTEPEC KaK C Hayd-
HOJA, TaK ¥ C MPaKTUYECKOV TOUKYM 3peHNs MUCCIefOBaHe BV~
HMSI XMMMUYECKO} NMPUPOIbI MUILEBbIX BOJOKOH IJIOF00BOIIHbIX
IIOPOILIKOB Ha PeosIor1yeckyie CBOJCTBa KOHAUTEPCKYX [1a3ypeii.

B cBSI31 C TeM UTO CIIOCO6 TONYYeHMS TTOPOIIKOB U3 IIIO-
JIOOBOILHOTO ChIPBS BJIMSIET HA CBOVICTBA COIEPKALIMXCS B HEM
MeKTUHOB, ObUIO NPOBeNeHO OIpefieNeHKe CTelleHU aTepudu-
KalMy TeKTUHOB, BXOISIIMX B MCCAeAyeMble IJI0J00BOLIHbIe
IIOPOILIKM. 3a CYeT BbIABIeHMS XapaKTepa BAMSHMS IVI0A00BOLI -
HBIX IIOPOLIKOB Ha peoJIorMYecKye IoKasaTeay I10TydaeMbIX
KOHIMUTEPCKUX IVIa3ypeii ObIIO BHICKA3aHO MPEITIONOKEeHI e, UTO
B [TOPOIIIKAX U3 CBEKJIbI M MaJMHbBI COEePIKaTCsl HU3K0ITepudu-
L[MPOBaHHbIe ITEKTMHBI, @ B TIOPOIIKAX U3 5S6/710Ka I MOPKOBY —
BBICOKOATepUGUIPOBAHHBIE.

Ha Pucynkax 1-4 npuBemeHbl KpUBble TUTPOBAHMUS IIeK-
TUHOB, BbIJIeJIEHHBIX U3 MOPOIIKOB MOPKOBM, CBEKJIbI, SI6IOKA
Y MaJIVHBL.

1 1-e 1 2-e TUTPOBaHUE NEKTUHA, BLIAENEHHOrO N3 NOPOLLKa MOPKOBU

10

0 05 1 15 2 25 3 35 4 a5 5

—em\/] V2
PucyHok 1. [IpymMep KpUBBIX TUTPOBAHUS IEKTUHOB,
BbIJIe/IeHHBIX U3 MMOPOIIKa MOPKOBHU: V, — o6bem 0,1M
pacTBopa 1ejiouu, rnoureauiesi Ha 1-e TurpoBaHue;
V, - o6bem 0,1M pacTBOpa 1e104M, oleaInes

Ha 2-e TUTPOBaHUE
Figure 1. Example of titration curves for pectins isolated from carrot
powder: V, — volume of 0.1M alkaline solution for the 1+ titration;
V, — volume of 0.1M alkaline solution for the 2 titration
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1-e n 2-e TUTPOBaHUE NeKTUHA, BbIAENEHHOro U3 NOPOLLIKA CBEKbI

15 2 25 3

V] V2

PucyHok 2. [IpyumMep KpUBBIX TUTPOBAHUS I€KTUHOB,
BbifIe/IeHHbIX 13 IIOPOIIKA CBeKbl: V, — 06bem 0,1M
pacTBopa 1ejiouy, rnoureauiesi Ha 1-e TurpoBaHue;
V, — 06bem 0,1M pacTBOpa 1ea04n, momemesi

Ha 2-e TUTPpOBaHUE
Figure 2. Example of titration curves for pectins extracted from beet
powder: V, — volume of 0.1M alkaline solution used for the 1* titration;
V, — volume of 0.1M alkaline solution used for the 2" titration

1-en2-e TUTpOBaHUE NeKTUHa, BblAENEHHOro U3 nNopoLuKa sabnoka
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PucyHok 3. [IpymMep KpUBBIX TUTPOBAHUS IEKTUHOB,
Bbl/IeJIEHHbIX U3 MOpPOIIKa si6/10Ka: V, — o6bem 0,1M
pacTBOpa 1iejIoun, nomenmeﬁ Ha l-e TUTPOBAHUE,
V, — oobem 0,1M pacTBOpa 11e104M, Iomuieue
Ha 2-e TUTPOBaHUE
Figure 3. Example of titration curves for pectins extracted from apple
powder: V, — volume of 0.1M alkaline solution for the 1* titration;
V, — volume of 0.1M alkaline solution for the 2" titration

1-e 1 2-e TUTpOBaAHWE NEKTUHA, BbIAENEHHOro U3 NopoLUKa
ManuHbl!

o o
| | pilcbe—ml

0.4 0.6 0.8

@ V1

PucyHok 4. IIpuMep KpUBBIX TUTPOBAHMS IEKTUHOB,
BBIJI€/ICHHbIX U3 MOPOUIKA MaIMHBI: V| — oobem 0,1M
pacTBopa 1esiouu, rnoueauieii Ha 1-e TurpoBaHue;
Vv, — o6bem 0,1M pacTBOpa 1Ie/I04M, HoIeaIIei

Ha 2-e TUTPOBaHMeE
Figure 4. Example of titration curves of pectins isolated from
raspberry powder: V, — volume of 0.1M alkali solution that was used
for the 1+ titration; V, — volume of 0.1M alkali solution that was
used for the 2" titration

1 1.2

o V2

1.4 1.6 1.8



Zaytseva L.V.etal. | FOOD SYSTEMS | Volume 6 No1 | 2023 | pp. 117-125

Vcxonst M3 pe3ynabTaTOB IE€PBOIO ¥ BTOPOTO TUTPOBAaHMS
[IeKTUHOB, 10 dopMyrie (2) pacCUMTHIBANIN CTelleHb aTepuduKa-
uum (C3) BhILLIENIepeuncIeHHbIX TeKTMHOB (Tabnuiia 4).

Ta6muia 4. Konnuectrso menoun (0,1 M), nmomeainee
Ha IepBoe ¥ BTOPOe TUTPOBAaHME CBOOOAHBIX TUMAPOKCUIbHBIX
TPy B IEKTMHAX U3 IIOA00BOIIHBIX IIOPOIIKOB,
¥ CTeIIeHb 3TepuUKALUY IIEKTUHOB

Table 4. Quantity of alkali (0.1 M) for the first and second titration
of free hydroxyl groups in pectins from fruit and vegetable powders
and the degree of pectin esterification

06mbem 0,1M pactrBopa NaOH, CreneHn

IInomooBONIHOM ToLIesIero Ha TUTPOBaHue srepuduka-
HOPOUIOK LUU IeKTU-

v, v, AV HOB,%

13 CBEKJIbI 1,1796+0,1181 0,8840+0,0885 0,1 45,50

W3 MaJIVHbI 0,6755+0,0675 0,0672+0,0068 0,1 19,84

13 s16710Ka 1,0807+0,1091 1,2973+0,1298 0,1 56,39

13 MOPKOBU 2,3499+0,2350 2,4679+0,2468 0,1 52,20

ITexTMHBI, BbIIEIEHHbIE U3 TOPOIIKOB CBeK/Ibl (CD=455)
u MmamuHel (CD=19,8%), 6buUM HU3KOITEPUDUIMPOBAHHBI-
MM, a TIEKTMHBI U3 MOPOMIKOB st6;10Kka (CI=56,4) 1 MOPKOBU
(C3=52,2) okasamuch BbICOKOITEpUdUIIMPOBaHHBIMU. Ha oc-
HOBaHMM TIONYYEHHBIX DPE3y/IbTATOB ObLIO PEIIeHO, YTO IS
MIPOTHO3MPOBAaHUSI BIUSIHUS TUIOA,00BOIIHBIX ITOPOIIKOB HA TeX-
HOJIOTMYECKMEe CBOMCTBA KOHAUTEPCKMUX IIa3ypeil ¢ UX BKITIO-
YeHUeM HeoOXOOMMO Pa3IeluTh MOPOIIKY Ha [BE TPYIIIbI 110
cTemieHM 3TepudUKaIMM MMEKTUHOB, BXOOSIIUX B MX COCTAB.
Takas kimaccubuKaIys Mo3BoIMIIa BHIIBUTH 60iee TECHYIO KOP-
pensuui MeXIy IpenesioM TeKkydecTu miasypeir mo Kaccony
B 3aBucuMocTy OT ux CIDK mpyu pasimMyHbIX KOHLIEHTpaLMsX
MOpPOIIKOB. JlaHHBbIe TpUBeNeHbl B (opme «cpemHee 3HaUe-
HMe £ cTaHAapTHOE OTKIOHeHe»/ M+ m (PucyHoOK 5).

IMopomky ¢ HMU3KOITepUPUUMPOBAHHBIMM TEKTUHAMMU U3
cBekibl (Hu3kasi CIDK) u manunsl (cpepnss CIDK) nemoHCcTpu-
poBaIyu yMepeHHoe yBe/lnueHue npepena Tekyuectu 1o Kaccony
riasypeit ¢ ux gobapyienueM. Jlaxke MMpy BbICOKMX KOHIIEHTpPa-
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PucyHOK 5. I3MeHeHMe npeaena Tekydyectu nmo Kaccony
KOHAUTEPCKUX IJ1a3ypeii ¢ IVIOA00BOUIHBIMY ITOPOIIKAMMU
B 3aBMCUMOCTM OT KOHIIEHTPaLuy MOPOIIKOB:

a) U3 CBeKJIbI M MAJIMHBI; 6) U3 I6/I0KA ¥ MOPKOBU
Figure 5. Variation of the Casson yield strength of confectionery glazes
with fruit and vegetable powders depending on powder concentration:

a) from beet and raspberry; b) from apple and carrot

1 13 15
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LIMSIX TTOPOIIKOB (13—15%) mpemen TeKy4ecTy He MpeBbIIias Or-
TUMaJIbHbIX 3HaUeHWIi U IJIa3ypb COXPaHsIa XOPOoIlye TEXHOIO-
rMyeckye XapaKTepUCTUKMU (TeKydecTb, BpeMsl U TeMIlepaTypy
3actbiBaHus) [27]. IIpy 3TOM IpakTuMdecku B 2 pasa Gosbliee
copepskaHue TMeKTMHA B MOPOoIIKe U3 MainHbl (cpenHsiss CIDK)
CII0CcO6GCTBOBAJIO MOMYYEHUIO TIa3ypeit ¢ 6osiee BHICOKMM IIpe-
IenoM tekyuecty (PucyHok 5(a)). CIDK MOpoIIKOB ¢ HU3KO3Te-
pUGULIMPOBAHHBIMM TIEKTMHAMM KOppeaupoBaga ¢ KOIMYecT-
BOM B HUX IEKTMHOB — B IOPOIUIKE M3 MaJMHbI COAEPKAIOCh
B 1,8 pa3a 6osblie rekTHOB, 1 ero CIDK 6bu1a B 1,8 pasa Bbilile,
yeM COOTBETCTBYIOIMe TIOKa3aTeay y MOPOIKa 13 CBeKJbl. Ta-
KM 06pa3oMm, pu 106aBI€HNUM B COCTaB I1a3yPy MJIOA0O0BOIII-
HBIX TTOPOIIKOB C HU3KOITePUGULIMPOBAHHBIMYU MTEKTUHAMMU UX
mpefenbHasl KOHIIEHTpAIysl OymeT ONpenensThCsl OpTraHOer-
TUUYECKMMM XapaKTepUCTUKAaMU IJa3ypeii, BO MHOTOM 3aBUCS-
MMM OT nokasaresst pH nopoikos. PaHee 6b110 yCTaHOB/IEHO,
YTO BHECEHMeE B IMIa3ypy IIOPOIIKOB € KUCJIBIMM 3HaUeHusiMu pH
(4,16—-4,40) B konmuecTBe 6osee 11% crocoOGCTBYET MOSIBIIEHNIO
PE3KOro KMUCJIOTO MPUBKYCa, TOTA Kak HobaBeHye MMOPOIIKOB
C HeliTpa/sibHbIM 3HaueHueM pH (6,93) npuBOOUT K BOSHMKHOBE-
HMIO MyYHMCTOT'O IIPUBKYCA IIPY KOHIIeHTPaLyy Nopoikos 20%
[26,27].

Jpyrasi 3aKOHOMEPHOCTb HAOIIOanach NPy CpaBHEHUU
Iasypeit ¢ MOPOIIKAMM, COIepsKallMMM BbICOKOITepUbULIK-
pOBaHHbIe MEeKTUHBI, C s16;10K0M (cpenHsisi CIDK) 1 ¢ MOPKOBbBIO
(Bbicokas CIDK). C pocTOM KOHLIEHTpalUy 3TUX MOPOIIKOB B pe-
LeNType IMasypeii HaGIIOLAIOCh Pe3Koe yBelnnueHue Ipesiena
TeKy4yecTu rnasypeii no Kaccony, u npu KoHueHTpauusx 13%
1 6oJiee 9TOT MOKa3aTeslb BHIXOAWI 32 ONTMMasbHble 3HAUEHNS
(PucyHOK 5(6)). IHTEpPECHO OTMETUTD, UTO MPU KOHIIEHTPALIVSIX
oT 3 10 13% mnpenesn TeKydyeCcT! y I1a3ypu € IIOPOUIKOM U3 MOP-
KOBU ObUI BbIIIIE, YeM Y IJIa3yPy € MOPOIIKOM 13 s16710Ka. B TO ke
BpeMsI IpM KOHIIEHTPaluyu MOPOIIKOB 15% miasyph C Mopoli-
KOM U3 sI6J10Ka MMeJia CyleCTBeHHO 60Jiee BbICOKOe 3HAueHMe
rpefena TeKyuyecTu. ITo, BEpOSITHO, 06YCIOBIEHO 6osiee BbICO-
KOJt cTerneHblo 3TepuduKanyy NEeKTUHOB M MeHbIUMM 3Haue-
HueM pH (4,40) y mopoika u3 si6;10Ka Mo CpaBHEHMIO C TIOPOIII-
KOM 13 MOPKOBM, YTO IIPYU BBICOKMX KOHLIEHTpALMSIX TOPOILIKOB
OKa3bIBaeT pellamollee BIVMSHNE HA MpOTeKaHMe MeK(asHbIX
B3aMMOJENCTBUIA B pacIiaB/ieHHO rna3ypu. Onupasce Ha pe-
3y/lbTaThl MUCCIENOBAaHMII MOJIOYHOrO ILIOKonMaza [29], MOXXHO
MIPeJIIONIOKNATh, YTO KOHAUTEPCKME I1a3ypy C IUIOA00BOILTHBI-
MM TIOPOIIKaMM C BBICOKO3TEePUOUIIVPOBAHHBIMM ITeKTMHAMM
B PaCIIaBIIEHHOM COCTOSTHUM TaKKe 0OPa3yIoT TeNeBYI0 CTPYK-
TYpY, CIIOCOOCTBYSI PE3KOMY BO3PaCTaHMIO Ipefena TeKy4eCTU
rna3ypu no Kaccony.

4. BwiBOABI

Vi3y4eHO BiIMSHME IIJIOLOOBOLIHBIX MOPOLIKOB M3 pasany-
HOTO ChIPbSI, JOOABIIEHHBIX B IMIa3ypy B3aMeH YacTu caxapa, Ha
npenes Tekydecty 1o KaccoHy KOHAUTepCKMX IMIasypeli Ha 3a-
MEHUTeJISIX Macia KaKao JIAypYMHOBOTO TUIIA. YCTAHOBJIEHO, UTO
Ha TEXHOJIOTMYeCKye CBOJICTBA IOJlyyaeMbIX I1a3ypeii BausieT
copepkaHye B MOPOLIKAxX MeKTMHOB U UX CTeleHb aTepuduka-
LIMM, HAPSTY C UX CIIOCOOHOCTDIO TIOTTIOMIATH JKUDP.

Jloka3aHO, UTO BHeCeHMe ITOPOIIKOB C HU3K03Tepuduumpo-
BaHHBIMM MEeKTMHaMU (M3 CBEKJ/Ibl Y MaJMHBI) IIPU BCEX JCCIe-
IlyeMbIX KOHLeHTpauusx (3—-15%) He yxy[liaeT TeXHOIOTMYe-
CKMX CBOJCTB I10OTy4aeMbIX IVIa3ypeii — UX IIpefes TeKy4eCT 110
Kaccony niaBHO yBenmuMBacs € MOBBIILIEHVEM KOHIIeHTpaLlumu
TIOPOUIKOB, HO He TIPeBbIIal ONTMMAaAbHbIX 3HaUeHnt (3-9 [1a).
KonnuyecTBO BHOCMMBIX TJIOO0BOIIHBIX ITOPOIIKOB B 3TOM CITy-
yae 3aBUCUT TOIBKO OT OPraHOJNIEITUYECKMX CBOJCTB IoIyJae-
MBIX IVIa3ypeii.

[Toka3zaHO, UTO MCIIONb30BaHMeE TUIOLOO0BOIIHBIX ITOPOLIKOB,
cozepsKaluX BbICOKOITEPUDUIIMPOBAHHBIE MTEKTUHBI (U3 I6J10-
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Ka ¥ MOPKOBM), OKa3bIBaeT 3HAUMUTENbHOE B/INSIHME Ha yBeIJe-
HMe Tpenesia Tekyuecty 1o Kaccony. YcTaHOBIEHO, UYTO UX KOH-
LIeHTpalMs B KOHAVTEPCKMX ITIa3ypsiX JO/DKHA ObITh MeHee 13%,
B IPOTUBHOM C/Ty4ae IJIa3ypy CTAHOBSITCS HETeXHOJOTUUHBIMU
BCJIE/ICTBME MPEBBIIIEHNS TTOKa3aTeneM Ipejesa TeKy4ecTu o
Kaccony onTuMabHbIX 3HAUEHUIA.

[ TOPOILKOB C HU3KO3TEPUDUIIVMPOBAHHBIMY MTEKTUHAMU
BBISIBJIEHA KOPPEJISINS MEXIy cofepskaHueM B HUX MeKTUHOB
U UX CIIOCOGHOCTBIO TIOTJIOIIATh JKUP, UYTO 06/IerdyaeTt MporHo3u-
pOBaHMe CBOVCTB I7Ia3ypeit C MX UCIIOIb30BaHMEM.

[Jist TIOPOIIKOB C BBICOKOITEPUDUIIMPOBAHHBIMM TIEKTHHA-
MU YCTAHOBJIEHO, UTO C YBeJIMYEHMEeM COMIepsKaHMs B HUX TeK-
TUHOB MX CITOCOGHOCTD ITOIIOIIATD JKUP BO3PACTAET, HO TeCHOIA
KOppensIMoHHOoM 3aBucumMoctu mexay CIDK u xonmdyectBom
BHOCMMBIX MTOPOIIKOB He BbIsIBIeHO. OTMeUYeHO, UTO MPU KOH-
LeHTpauusix ot 3 no 13% mnpepnen tekyyectu no Kaccony y rna-
3ypu ¢ MOPOIIKOM ¢ Bbicokoii CIDK (M3 MOpPKOBM) OB BBIIIE,
yeM y IJIa3ypu ¢ Mopoukom co cpemueii CIDK (u3 s6oka). IIpu

KOHIIEHTPALM IMOPOIIKOB 15% I71a3yphb ¢ MOPOILIKOM U3 s16JI0Ka,
Ha060POT, MMesia 6osiee BBICOKOE 3HaUEHMe TIpee/ia TEKYYeCTH.
BeposiTHO, 9TO 06YC/I0B/IEHO 60Ojiee BHICOKON CTEIEeHbI0 STepu-
dbuKkaim BXOAAIMINX B €€ COCTaB MeKTMHOB ¥ MEHBIIM 3Haue-
HueM pH (4,40) 1o cpaBHEHMUIO C [IOPOIIKOM M3 MOPKOBMU, 3a CUET
Yero yCUIMBAIOTCS Meskba3Hble B3aMMOAECTBYUS TTPU BBICOKUX
KOHIIEHTpAIMsIX MTOPOIIKOB. [Ipeamnonaraercs o6pa3oBaHue re-
JIEBO# CTPYKTYPbI B KOHAUTEPCKUX [Iasypsix (B pacljiaBIeHHOM
COCTOSIHMM) C BBICOKOATEPUPUIIMPOBAHHBIMU TTEKTUHAMM JO-
6aBJISIEMBIX TIJIOAOO0BOINIHBIX ITOPOIIKOB.

TakuM 06pa3oM, pe3y/abTaThbl TPOBEIEHHBIX MCCIeNOBAHMI
MTO3BOJISIIOT CieJiaTh BBIBOZ, O TOM, UTO MpU pa3paboTke KOHIM-
TepPCKUX Iasypeit ¢ nob6aBieHreM TUIOIOOBOIIHBIX TOPOIIKOB
MIPOTHO3MPOBAHME UX MPENETbHOI KOHIEHTPAIMM MOXKET OCY-
HIECTB/SITCS TIPY YCTAHOBJIEHUY CIEQYIOMNX XapaKTePUCTUK
TTOPOIIIKOB: COoAepskaHMe B HUX MUIEBBIX BOJOKOH, TIEKTUHOB,
cTerneHb aTepudUKaIMM TeKTUHA, a TAKKe QU3UKO-XUMUUECKIe
rokasaTenu (pH, crioco6HOCTH MOTJIONIATb XKMUP) ITOPOIIKOB.
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