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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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Uzpucmole 8UHA, CPOK 200HOCMU, CpOK rOTHOCTY UI'PUCTOTO BMHA TPEICTABISIET COOO0I MOKA3aTeNlb, KOTOPbIA MOXKET M3MEHSIThCSI B 3aBUCUMOCTU
u3MeHeHue Kawecmad, ysem OT BO3JEICTBUSI HA MPOLYKT GOMBIIOTO KOMMYECTBa BHEIIHUX (akTopoB. K Takum akTopaM OTHOCSITCS yCI0-
OYMbLIKU, YC08US XPAHEHUS, BUSI TPAHCIIOPTMPOBAHMS, TEMIIepaTypa XpaHeHNs, BIaKHOCTb, BO3Je/ICTBIIE CBETa, a TAK)Ke KauecTBO YIaKOB-
6/1USHUE MemMnepamypbl, KI. B meiicTByIOLIElt HOPMATUBHOI JOKYMEHTALMM PEITIaMEeHTUPYIOTCS ONpe/ie/ieHHble TPeGOBaHMS K YCIOBUSIM
e/1usHUe ceema TPaHCIIOPTUPOBAHYS M XpaHEHMs] UTPUCTBIX BYH, OQHAKO, OHY YaCTO HAPYIIAIOTCSI, YTO MPUBOAUT K 3HAUNTEIb-

HOMY YXYIIIEHMIO KauecTBa MpoayKuuu. Hacrosumii 0630p MOCBsIIeH BOIIPOcaM M3yyeHus! M3MeHeHMit Kaue-
CTBEHHBIX XapaKTePUCTUK BUH B MIPOLieCCce UX XpaHeHMs U TpaHCIIopTupoBaHus. [loka3aHo, YTO MHTEHCUBHOCTb
bU3UMKO-XMMUYECKUX M3MEHEHM, TPOUCXOSIIMX B BUHE TIPY XPaHEHU N, 3aBUCUT OT TEMIIEPATYPHBIX PEXKMMOB,
Hajmuus BUOpaIuu ¥ BO3[IEeiCTBUS CBeTa. Bommpoc BIMSIHUS TeMIIepaTypHbIX PEXXMMOB XpaHEHUs Ha KaueCTBEH-
HbI€ XapaKTePUCTUKU BUHOMEIbUECKOI MPOAYKIMM, B TOM UMC/Ie UTPUCTBIX BUH, U3YUYEeH JOBOJBLHO MOAPOGHO.
BoJIbLIMHCTBO MCCIeIOBaTeNel CUMTAIOT, UTO JIJIs IIOAIePXKaHMsI CTaOMIIBHOTO KaueCTBa UTPUCTOTO BUHA HEOOXO0-
JIVIMO er0 XpaHUTb ¥ TPAHCIIOPTMPOBATh IIPY ITOCTOSIHHOJ TeMIlepaType, He nnpesbiaooeii 20 °C. B HayuHbIX ITy-
6MMKAIMSIX CYLECTBYIOT Pa3JIMUHble MHEHMS O TpobieMe BAMSHMS I[BeTa OYThIIKY HA U3MEHEeHe XMMUYECKOTO
COCTaBa ¥ COXpaHeHVe KaueCTBEHHbIX XapaKTePUCTUK KaK TUXMX, TaK M UTPUCTBIX BUH IIPU XpaHEHUN. YCTAHOB-
JIEHO, UTO OYTBUIKYM U3 60JIee TEeMHOrO CTeK/Ia MO3BOJISIIOT B GOJIbILEH CTeNeHN 3alUTUTh BUHO OT BO3AEiCTBIUS
cBeTa, 0COGEHHO B €ro yibTpadmonIeToBOM U BUAMMOM KOPOTKOBOIHOBOM (A=400 HM) AmarasoHax, M Mpemo-
TBPATUTb TOSIBJIEHNE B BUHE TaK Ha3bIBa€MOTO «BKyca cBeTa» (gout de lumiere). [TokazaHo, UTO MPUUMHAMMU I10-
SIBJIEHUST «BKyCa CBETa» B LIAMITAHCKOM SIBJISTIOTCSI CEPOCOMiepKalle cCoeHeHNs, 00pa3yIolinecs B pe3ysbTrare
oToxMMMUeCcKNx peakiuii. YCTaHOBIEHO, UTO MHTEHCUBHOCTDb 3TUX PeaKiMii 3aBUCUT OT CTeIIeH! OCBeIeHHO-
CTH, @ TAKXKe OT MPUCYTCTBMUS B BUHe pubodiaBuHa 1 MOHOB kese3a (III). CoenaH BBIBOZ, O TOM, YTO KOHTPOJIb 32
KOIMYEeCTBOM CBeTa, BO3[IeJCTBMIO KOTOPOTO ITOABEPraloTCs BMHA, MOXKeT IPeLOTBPATUTD YXYAIIeHe UX KauecT-
Ba IIPU XpPaHEeHUU ¥ MPOJIUTb CPOK TOTHOCTU. PaccMOTpeHa Takke BO3MOXKHOCTD TIpeaynpeskaeHus dboromerpa-
Jalyy BUHA 32 CUeT MCIT0/Ib30BAHMS Pa3/IMUHbIX aHTMOKCUIAHTOB. VICXO/SI M3 MMEIOIIMXCST B HAYUHbIX ITyO/IMKa-
LVSIX CBEeIeHMI, M3ydeHye yCIOBUI pasBUTHSI HeraTUBHBIX M3MeHEeHMI B BMHe II0[, e/iCTBMeM CBeTa SIBJISIeTCS
BA)KHBIM aCIIeKTOM C TOUYKM 3PeHMSI OLLeHKM PUCKOB MIPU XpaHEHUM IPOLYKLIUN.
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sparkling wines, shelf life, The shelf life of sparkling wine is an indicator that can vary depending on the impact of a large number of ex-
quality changes, bottle color, ternal factors on the product. These factors include transportation conditions, storage temperature, humidity,
storage conditions, influence exposure to light, and packaging quality. The current regulatory documentation regulates certain requirements
of temperature, light exposure for the storage conditions of sparkling wines, but they are often violated during transportation and storage, which

leads to a significant deterioration in the quality of products. This review is devoted to the study of changes in the
quality characteristics of wines during their storage and transportation. It is shown that the intensity of physico-
chemical changes occurring in wine during storage depends on temperature conditions, the presence of vibration
and exposure to light. The issue of the influence of temperature storage conditions on the quality characteristics
of wine products, including sparkling wines, has been studied in some detail. Most researchers are of the opinion
that in order to maintain a stable quality of wine, it is necessary to store and transport it at a constant temperature
not exceeding 20 °C. In scientific publications, there are different views on the problem of the influence of bottle
color on the change in chemical composition and the preservation of the quality characteristics of both still and
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sparkling wines during storage. It has been found that bottles made of darker glass allow protecting wine to a
greater extent from the effects of light, especially in its ultraviolet and visible short-wave (A=400 nm) range, and
prevent the appearance of the so-called “taste of light” (gout de lumiére) in the wine. It is shown that the causes
of the appearance of the “taste of light” in champagne are sulfur-containing compounds formed as a result of
photochemical reactions. It has been found that the intensity of these reactions depends on the degree of illu-
mination, as well as the presence of riboflavin and iron (IIT) ions in the wine. It is concluded that controlling the
amount of light to which wines are exposed can prevent deterioration of their quality during storage and extend
the shelf life. The possibility of preventing photodegradation of wine through the use of various antioxidants is
also considered. Based on the information available in scientific publications, the study of the development of
negative changes in wine under the influence of light is an important aspect from the point of view of risk assess-

ment during product storage.

FUNDING: The work was carried out within the framework of the Federal program “Scientific justification for the design of technologies for new types
of drinks based on the study of the characteristic features of traditional and non-traditional raw materials of plant origin” FGUS-2022-0012.

1. BBegeHue

Kak 13BecTHO, KaueCTBO UTPUCTBIX BUH, MOMYISIPHOCTb KO-
TOPBIX B IOC/IeAHME TOAbl MOCTOSIHHO PacTeT, OIpefesseTcs
B IIEepBYI0 OdYepelb COBOKYITHOCTBIO MX OPraHOJIeNTUUeCKUX
¥ GUBUKO-XUMUYECKUX XapaKTePUCTUK. DTU ITOKA3ATENN TOIK-
Hbl COOTBETCTBOBaTb HE TOJBKO TPEGOBAHMSIM [IEiCTBYIOLIEH
HOPMAaTUBHOI TOKyMeHTAIM!, HO U OKUIaHWSIM ITOTpeOuTeNeit.
Wrpuctoe BUHO acCOIMUPYETCS Y GOMBIIMHCTBA JTIOZEN ¢ Ipas/i-
HMKOM, TIOSTOMY €ro ocoOble OpraHoJeNTHYECKMEe CBOIICTBA,
BKJTIOUAst IEHOO06Pa30BaHMe, KOMIMIECTBO U pasMep My3bIPbKOB,
a TaKkKe MPOJOKUTENbHOCTD UTPBI, TOJKHBI ObITh HEM3MEHHbI-
MM Ha MPOTSDKEHUU BCETO CPOKA ero rogHOCTU. B cooTBeTCTBUM
¢ Tpe6oBanusmu I'OCT 33336-2015", cpoK rOOHOCTY UTPUCTHIX
BMH YCTaHaBIMBAET MPOMU3BOAUTENb, KOTOPBIi, Kak MPaBUIo, He
OrpaHMUYMBaAET ero oIipeneJeHHbIMM BPE€MEHHbIMM paMKaMM.
BmecTe ¢ TeM M3BECTHO, UTO CTAGMIBHOCTh KAUueCTBA UTPUCTOTO
BMHA B MOTPEOUTENHCKOI YIIaKOBKE, MPOMU3BEIEHHOTO JTH0OBIM
periaMeHTMPOBaHHBIM CIIOCOO0M, OIIpesiesisieTcs IIpeskie BCero
coOMIoIeHeM 00s13aTebHBIX TPEeOOBaHMII K MCIIOIb3YEMOMY
MCXOOHOMY CBIPBIO [1], a Taoke K MaTepuanam [2,3]. BaxkubiMnu
(akTOopaMu KauecTBa UIPUCTOTO BUHA SIBJSIIOTCS OCOGEHHOCTU
TeXHOJIOTMYECKOro Ipoliecca Mpou3BoAcTBa [4,5], BKIoJast Ky-
naskupoBaHue [6] 1 cobIoIeHNe YCTaHOBIEHHbBIX YCIOBUI Xpa-
HEHMsI TOTOBOTO TpoayKTa [7]. Takum 06pa3oM, CPOK TOIHOCTU
BUHA TPEICTaBJsIeT COO0V AOBOJBHO TPYAHO OIEHMMBIN IO-
KasareJib, KOTOPbI/i MOXeT U3MEHSThCSI B 3aBUCUMOCTU OT XU-
MMYECKOTO COCTaBa BMHA, a TaKKe BBUAY BO3[ECTBUS MHOTUX
TTOJIOKUTENbHBIX M OTPUIIATENbHBIX (AKTOPOB, BAMSIONINX HA
KavyeCcTBO UI'PUCTOTO BMHA MPU XPaHEHUN.

2. BiausiHuMe ynmaKOBKU

K dakropam, okasbpIBalIIMM CYIIeCTBEHHOE BIMSHME Ha
COXpaHeHMe KadyecTBa UTPUCTOTO BUHA IMPU XpPaHEHUHU, OTHO-
CSITCSI: TemIlepaTypa XpaHeHUsl [8], BIaXKHOCTb, BO3[eliCTBMe
9JIeKTPOMArHUTHOTO M3JIyYeHMUs], B TOM UuCIe BUIMMOIO CBe-
Ta [9], a Taxke KauecTBo ynakoskyu [10]. Knaccuueckum Bugom
YIAKOBKM UTPUCTBIX BUH SIBJISIOTCST OYTHITKM U3 HATPUI-Kab-
LIMIi-CUMJTMKATHOTO CTeKJIa, 06eCcrevnBalonero mpo3pavyHoCTb,
HeMpPOHUIAeMOCTb JIJIs1 KUCJIOPOia M MHEPTHOCTb B OTHOILIEHUU
nponykra. CTeK/IssHHbIe GYThUIKM, TpeAHA3HAUEHHbIe IS yIia-
KOBKU UTPUCTBIX BUH, COITIACHO JEJCTBYIONIEl Kiaccuuranmm
OTHOCSITCSI K TIEPBOI TPYIIIE U BbIIEPKMBAIOT JTaBIeHME IVOK-
cupa yraepoga He meHee 300-350 kITa. Kpome TOro, 6yThUIKM
JIOJDKHBI COOTBETCTBOBATH ellle psiAy TpeboBaHMiT HOPMATMB-
HOVi IOKyMEeHTAal[1¥, B TOM YMCJIe BbIAEeP>XKUBATD OIpe/eleHHbI
riepernaj, TeMIepaTyp, a Takke ObITb BOJOCTOMKUMMU B COOT-
BeTcTBUMU ¢ TpeboBaumsimu I'OCT 32131-20212. MccrenoBaHust

! TOCT 33336-2015. Buna urpuctbie. O61ime TeXHUUECKMe yCI0BUs. M.:
CranpaptuHdopm, 2019. —c. 11.

2 TOCT 32131-2021 YakoBKa CTeK/ISHHAsL. ByTbIIKM [7151 QlTKOTOJIBHO
¥ 6€3aJIKOTOJIbHOI MMUIIEBOI TPOAYKIMM. Q6L TeXHUYEeCKIe YCT0BUs. M.:
Poccuitckuit MHCTUTYT cTaHzaptusanumy, 2021. — c. 15.
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poccuiickux crnenyanuctos [11] mokasanu, YTO B LEeIOM CTe-
KJISTHHbIE OYTBIIKM, MCIIOTb3yeMble JISI YIIaKOBKY BUHOIENb-
YeCcKoii MPOAYKIMM, COOTBETCTBYIOT YCTAHOBJIEHHBIM HOPMaM.
[Tpu 93TOM O6BUIO OTMEUEHO, UTO IJIUTEIbHOE XPAaHEHME CTEeKIISTH-
HbIX GYTBIIOK Ha CKJIAZaxX MPemnpusTuii (CBbIlIe 6 MecsSIeB)
MPUBOIUT K HEOOPATUMMbIM M3MEHEHUSIM B CTPYKType CTeKIa,
YTO B CBOIO OUYEPElb OTPUIIATETHHO OTPAKAETCS Ha COXPAaHEHUM
KavecTBa roTOBOV MPOIYKIMMN.

B Hacrosiiiee BpeMsi B Poccuiickoit @emepaliiy B KauecTse
YIAKOBKM [IJIST UTPUCTBIX BMH UCITONb3YIOT OYTHIIKM U3 GeCIiBeT-
HOTO, KOPMYHEBOTO WJIM OJIMBKOBOIO, pPeXXe — KJIacCUUeCKOro
3€JIeHOTO CTeKJIa. Bpibop 11BeTa GYTHIJIOK UTPUCTOTO BMHA MPO-
U3BOIUTESIMMA, Kak ITPaBMIIO, OCHOBAH Ha MOyYeHUY Hauboiee
TIPUBJIEKATeTbHOTO BHEIIHEro BMIa MPOAYKTa AJIS IOTpeduTe-
sis1. OmHAKO, KaK U3BECTHO, TTPaBWIbHbIN BHIOOD LIBETA OYTHUTKM
MOYKET MOBbICUTD IIPOAO/DKUTENBHOCTD CPOKA TOJJHOCTY BMHA 32
CYeT CHMKeHMsI HETaTUBHOTO BIIMSIHUSI 3JIeKTPOMArHMTHOTO 13-
JydeHMsI Ha ero KauecTso [12]. [To HeKOTOPbIM JaHHbBIM, OYThLI-
K1 13 6ojiee TEMHOTO CTEK/Ia B OOJIbIIei CTeNeHM 3allyINaioT
BYHO OT BO3Je/CTBMS 3JIEKTPOMarHuTHOTO U3JIydeHus], TaK KaK
CHIDKAIOT TIPOIyCKaHMe YibTpaduoaeToBoro usaydenus [13].
PaHee 6bIIO MTOKA3aHO, UTO YD-Tyun U Toay6ast YaCTh BUAMMO-
ro cnekrpa (A=350-500 HM) OKa3bIBAIOT HETATUBHOE BJIMSHUE
Ha XMMMNYECKM1I COCTaB " OpraHoJIenITUu4YeCKe XapakKTepnucTuKmn
BUHA U PYIUX MPOAYKTOB, TaKMUX Kak, HAI[pMMep, IMBO U MO-
JIOKO [14].

[Ipu uccaemoBaHUM BAMSHMS I[BeTa GYTHLIOK Ha COXpaHe-
HMe KauecTBa BMHA MPU XpaHeHUY 6e3 KOHTPOJISI TEMIIEPATYPBI,
YTO XapaKTePHO IS MHOXKeCTBA HEeBOJbIINX TOPTOBBIX Opra-
HM3aLMIA, YCTAHOBJIEHO, UTO B 3€JeHBbIX OYTbIIKAX MCXOTHBI
1BeT 6eyoro BuHa IllapmoHe cOXpaHsIICS JyYilie 0 CpaBHEHUIO
C BMHOM, COJlep>KalyMcs B 6ecIiBeTHbIX 6yThUIKax [15,16]. dTo
COIIACOBBIBAJIOCH C XapAKTEPUCTUKAMM OYTHUIOK, IPUYEM JIaske
caMble TeMHbIe GYTbUIKM (AHTUYHO-3€eJIeHble) MPOIyCKaIu He-
KOTOPO€ KOJIMYECTBO YIbTPAdMONETOBBIX JTyueit. DKCIIePUMEHT,
MPOBEJIEHHbBI C BBIIEPKKOM BUHA I1O[ BO3HENCTBMEM JIAMII
HaKaJMBaHMUSI MPU KOHTpoaupyemor Temnepatype (38*2°C),
TIOKa3al yCuIeHye MHTEeHCUBHOCTH 1IBeTa 6eJIoTo BUHA, XpaHs-
1ierocst B 6ecLiBeTHbIX OyThUIKaX [16,17].

ITosske mpoBoaMINChH uccaenoBanus [17] mo oneHke u3Me-
HEeHUIT XMMMYECKOTO COCTaBa M OPTaHOJENTUYECKUX CBOMCTB
6esoro BrHa COBMHBOH OJ1IaH BO BpeMsl €ro XpaHeHusl. BMHO
XpaHwioch npu Ttemmnepatype 14-20°C B TeueHue 8 mecsieB
B YCJIOBUSIX MCKYCCTBEHHOTO OCBEIeHMsT B OYThUIKAX 13 KOPUY-
HEBOTO, 3eJIEHOTO, THTAPHOTO ¥ OECIIBETHOIO CTEK/IA. B pe3ynb-
TaTe GBIV BBISIBJIEHBI CYIECTBEHHBIE PA3IMUMS MEKIy 06pasiia-
MM TIO LIBETY U TI0 COZIePsKaHMI0 06IIero KomMuecTBa GeHOMbHbIX
BEIlleCTB ¥ OT/AEJIbHBIX COeIVTHEHNI. BbIJIO yCTAHOBJIEHO, UTO IO~
CJie OTHOTO MeCsilia XpaHEeHUsT BO BCeX 00pasiiaxX, HaXOmsIIIUXCST
B LIBETHBIX OYTHIIKAX, 06I1Iee comepskaHue (eHOTbHbIX BELECTB
OGBIIO HECKOJbKO BBIIIE, TT0 CpPaBHEHMIO ¢ obpasijamu B Gec-
LIBETHBIX OYThUIKAX. YMeHbIlIeHe KOHIEHTpauuyu (peHOIbHbIX
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BelecTB B 6eCI[BETHBIX OYTHIIKAX Ha IMEPBOM 3Tare XpaHeHWUs
aBTOPBI CBSI3BIBAIM C MPOTEKAHMEM peaKkluii TMapoau3a u 00-
pasoBaHMs ompefeneHHbIX KoMmIiuiekcoB [18]. Kpome Toro, mc-
crepoBanust Maury C. u gp. [13] ¢ ucronb3oBaHueM GYTBIIOK
Pas3IMYHOrO I[BeTa MOoKa3aly CHIUsKeHue abcop6Iinm, COOTBET-
CTBYIOIIEE€ CHIDKEHMIO KOHIIEHTpAIuMy O6IIMX (eHOIO0B, Mpu
navHe BoiaHbI 280 HM. YMeHbIleHMe abcopOuyy HabIH0aaI0Ch
00pasiiax, XpaHMBIIMUXCS B GECIIBETHBIX U 3€JIeHBbIX OyThIIKAX.
VCTaHOBJIEHO, YTO MPY XpaHEHNUM BMHA B 6ECIBETHON OYTHUIKE
CHIKAJIAch 0O6IIasi KOHIeHTpanysl GeHOMbHbIX BEIIeCcTB U MO-
HOMEPHBIX COeIMHEeHM, TaK1X, HAIIpUMep, KaK OKCMKOPUYHAasT
KMCI0Ta, 0COOEHHO B MOCIETHMIT TIepuof, XpaHeHus. IIpu xpa-
HEeHVMM B GECIIBETHBIX OYTBHIIKAX TAKKe CHIDKAIACh BeTMYMHA
MHTEHCUBHOCTM TomomieHus mpu 420 Hm Goree uem Ha 30%
OT MepBOHAYAIbHOTO 3HAuUeHMs. [Ipy MCITOMb30BaHMM TEMHBIX
GYTHUIOK (KOPMUHEBBIX, 3€IEHbIX U STHTAPHBIX) 3TOT IIOKa3aTeshb
CHIKAJICS KpajiHe He3HAUUTETbHO, TPUYeM MUHMMAJIbHbIE 13-
MeHeHUsT BeJIMUMHBI ToromeHus npu 420 HM 6b11M 3aduKCK-
POBaHbI IJIST THTAPHOI GYTHITKMA.

ABTOpBI uccenoBaHus [17] Takke OTMETWIM, YTO MHTEH-
CMBHOCTb OKpacky 06pasiioB 6e10ro BiUHa, XpaHUBIIXCS B 6ec-
LIBETHBIX OYTHIIIKAX, B KOHIIE 9KCIIePYMEHTA OblIa CyIeCTBEHHO
HIKe, YeM B 00pasiiaxX, XpaHUBIINXCS B TEMHBIX OYThIIKaX. DTOT
pe3y/bTaT yyeHble CBSI3bIBAIM C IMOBBIIIEHHO! CIIOCOOHOCTHIO
TEMHBIX OYTBIJIOK COXPAHSITh TEIIO, YTO MPU BHICOKOI KOHIIEH-
Tpaluy MOHOB 3KeJie3a, Kak 6bUIo IMoKa3aHo paHee [19], MoxeT
CIoco6CTBOBATh 06Pa30BaHNIO OKPAIIIEHHbIX COeIMHEHNA, YCI-
JUBAIOMIYX MHTEHCUBHOCTh IIBETA BMHA B TEMHBIX OYThLIKAX.
[Ipu 3TOM 6BUIO YCTAHOBJIEHO, YTO MCIIOIb30BaHMe OeClBETHOI
OGYTBUIKYM B pe3yJabTaTe XpaHEHMs B TeUeHue 8 MecsiieB IMpUBO-
IATIO K YCUJIEHUMIO PACTUTETbHBIX OTTEHKOB B apomare 6enoro
BUHA, a TIPY XpaHEHMM B TEMHbIX GYThIIKAX K KOHILY 3KCIIepu-
MeHTa B apomare 006pa31ioB Mpeobiamany 60siee IPUSITHbIE TPO-
nuyeckye U UUTPyCcoBble TOHA [17].

WccnemoBaHus BAMSHUST 11BeTa GYTHUIOK Ha CTaGUIBHOCTD
KavecTBa Oeyoro BuHa lllapmoHe, MpoBefieHHbIE B ABCTpaINM,
TOKas3aju, YTO TPYU XpaHeHUM MPOAYKIIMM, YITaKOBAHHOI B 6Y-
TBUIKM Pa3HOTO IIBETA, B TEMHOM TTOMEeIeHUM TP KOMHATHOIA
TeMIiepaType IBeT OYTbUIKM He OKa3bIBaJ BIMSHUSI HA MHTEH-
CUBHOCTb OKMCIUTEIbHBIX IMPOIecCcoB. B TO ke Bpemst GbLIO
YCTAHOBJIEHO, YTO OYTBUIKM 13 6ECLIBETHOTO CTEK/IA B OOJIbILEI]
CTeTIeH! TMPOITYCKAIOT YAbTPadyonIeToBble Iy4n, YeM OYThUIKM
13 3€eJIEHOTO CTEKJIa, UTO MIPUBOAMIIO K 06PA30BAHUIO COeIMHe-
HMI KCAHTUIMEBOTO TUIIA U K PA3BUTUIO KEITOI MATMEHTALUN
BuHa [20].

B 2021 ropy uTtanbsHCKYMe CHeLMannucTsl [21] usyvyanm mnpo-
1Iecchl XpaHeHusI caafKoro BuHa Malvasia delle Lipari. [Ins ipo-
BeJleHNsI MCCIeqoBaHMs Obla CO3[jaHa MMMUTALMSI TOPTOBOTO
3aj/la PO3HMYHOTO MarasuMHa C MCKYCCTBEHHBIM OCBEI€HMEM.
ITpoayKuust XpaHUIACh TIOf, XOMOAHBIM 6ebIM CBeTOM M GTyo-
peCIIeHTHBIMY JIaMITaMu. Pe3ysbTaThl MOKA3aay, YTO LIBET Oy-
TBUIOK (GecIIBeTHbIE, 3eJIeHble, THTAPHbIE) He OKA3bIBAJ CYIIle-
CTBEHHOTO BJIMSIHMSI HAa KaueCTBEHHbIE XapaKTePUCTMUKY BUHA.
ABTOpamy ObIJIO YCTAHOBJIEHO, UTO Haubosiee CUJIbHO Ha MPO-
11eCChl M3MEHEHMST XMMMUUECKOTO COCTaBa BMHA BIMSIIA MHTEH-
CUBHOCTb OCBEIIIEHHOCTY ¥ TeMITepaTypa XpaHeHus.

Takke MCCIenoBaHUsT YCIOBUI XpaHEHUsT MyCKaTHOTO WT-
PUCTOTO BMHA B 3€JIEHBIX, SHTAPHBIX U GECI[BETHBIX GYTHLIKAX
B TeueHue 12 MecsiieB, IPOBeIeHHbIe 6PasUIbCKUMU CIIela-
JIUCTaMU, He BbISIBUJIY CYIECTBEHHOTO BIVSIHUS IIBETA OYTHUIKYU
Ha M3MeHeHMe KauecTBa Mponykra [22]. i3MeHeHuUs: KaueCTBeH-
HBIX XapaKTEPUCTUK UTPUCTOTO BUHA MCCIEIOBATENM CBSI3bI-
BaJIM C MPOJODKUTENbHOCThIO XpaHeHMs. BpIIO TToKa3aHo, uTo
B MpoIlecce XpaHeHUs 3HAUMTETbHO BO3PACTalO COMep)KaHMe
KaTexyHa, COMPOBOXKIAIOIIEeCsT YCUIeHMEM JKeITU3HBI BO BCEX
obpasiiax, He3aBUCUMO OT IBeTa OyThbUIKM. Kpome TorO, TIpn
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U3YYEHUNM BIAUSHMUS 1IBeTa GYTHIIKM Ha aHTUOKCUJAHTHYIO aK-
TUBHOCTH (AOA) in vitro ¢ npumeHeHuem DPPH-meTona 6bu10
YCTAaHOBJIEHO TMOBBINIEHME 3TOTO [TOKA3aTesNs B UTPUCTOM BUHE,
XPaHMBIIEMCS B PO3PAYHBIX OYTHIIKAX IIECTh MECSIIEB. A TTPU
XpaHeHUM BMHA B 3eJIEHBbIX U SHTapHbIX OyThUIKax AOA yBenn-
YyMBaaach Ha IeBSIThbIII Mecsl XxpaHeHMs. [IpM MCIOIb30BaHUM
ABTS-meTona nokasatenb AOA BO3pacTasl B 3eJIeHbIX U SIHTap-
HbIX OYTBUIKAX Ha IMECTOi MecsI] XpaHeHMs], & B GeCIBETHBIX
OGyThUIKAX — Ha JeBATHIN Mecsil. Kak M3BeCTHO, MOBbIIIEHME
AOA 06yc/10BIeHO TPOTeKaHKeM Pas3InyHbIX pepMeHTaTUBHbIX
" HedepMeHTATUBHBIX peakiuit (TMaponn3a, MoauMepu3alinm,
KOHZEHCAIVM, OKUCJIEHMST), M3YUYEHHBIX B psijie paboT [23-25].
Veenmuuenne AOA 6e/10ro BUHA IPU XpaHeHUM ObLJIO TaKkKe 3a-
(buxcupoBaHO paHee B APYIUX UCCAeLOBaHMSIX [26,27].

B xone m3yueHusI BAUSHMS 1iBeTa OYTHUIKM Ha COXpaHeHUe
KAueCTBEHHBbIX XapaKTEePUCTUK OeJoro BUHA, YIIAKOBAHHOTO
B OYTBHUIKM M3 3€JIEHOTO ¥ GEeCIBETHOTO CTeKJa, MpU XpaHe-
HUY B TUTIMYHBIX YCIOBMSIX HA TIOJIKE CyllepMapKeTa B TeueHue
50 nHelt 61710 YCTAHOBIEHO, YTO B 11€/I0M OYTHUIKM U3 3€/IeHOTO
CTeK1a obecreyi COXpaHeHe KaueCcTBa BMHA Ha ITPOTSDKEHUM
BCEero Iepuopa TecTMpoBaHusi. HarmpoTus, y BceX UCIBITYeMbIX
06pasIioB BMHA, YIIAKOBAHHOTO B GYTHUIKM 13 GECIIBETHOTO CTe-
KJI1a, 0OHAPYKMJIOCh YXy[lIeHre apomMaTa M BKyca M3-3a IoMa-
IaHus BHYTPb cBeTa yepes3 20-40 nHel ¢ Hayajna NpoBeAeHUs
SKCIepuMeHTa [28].

TakuM 06pa3oM, B HAyYHBIX MyOGIMKALMSIX OTPAKEHBI pe-
3YJIbTAThl OTJENbHBIX MCCAEOBAaHMI BAMUSHUS LiBeTa OYThUIKK
Ha M3MeHeHMe XMMMUYEeCKOTO COCTaBa M Ha COXpaHeHMe Kaue-
CTBEHHBIX XapaKTePUCTUK KaK TUXUX, TAK ¥ UTPUCTBIX BUH MIPU
xpaHeHny. Kak mokasbIiBaeT aHA/INU3 JIUTEPATYPHBIX MCTOUHM-
KOB, 6ojiee TeMHOE CTEKJIO OYTBIIOK B GOJIblIell CTereHu 3a-
MIUIAeT BUHO OT BPEJHOTO BO3JeiCTBUS 37IeKTPOMArHUTHOTO
MU3My4YeHUs U TIpeayIpexaaeT MosBieHe B BUHE TaK Ha3biBae-
MOTO «BKyca cBeTa» (gout de lumiere).

3. BausiHue yc/I0BUI XpaHeHU S

CpOK rogHOCTY BYHA I10 CyLeCTBY HAUMHAETCSI C er0 PO3JIu-
Ba B OyThUIKM. C 3TOr0 MOMEHTa, KaK II0Ka3alM UCCIeSOBaHUS
[29], kauecTBO MPOAYKTa MOKET M3MEHSITbCS Ha MPOTSDKEHUU
BCETro Mepuoia XpaHeHUsI 1 JOCTaBKM 10 TIoTpebuTess. M3BecT-
HO, UTO IIPU TPAHCIIOPTUPOBAHUYM BUHOAEIbYECKOV TPOAYKLINN
Y IIpU ee XpaHeHMM Ha CK/IaJax, a 3aTeM Ha I10/IKaX MarasuHoB,
peKkoMeHyeMble IPOM3BOLMTeNeM YCIOBMSI XpaHeHUsl 3aya-
CTYIO HapyLIaIOTCsl, YTO MOXKET BbI3bIBATh M3MeHeHMsT pU3nKo-
XMMMYECKOTO COCTaBa M OPraHOJENTUUECKUX XapaKTePUCTUK
nponyKra. OCHOBHBIMM YCTIOBMSIMM, BIMSIIOLIVIMM HA MEXaHU3M
Y KUHeTMKY peaKluii, IPOTeKaloUMX B BUHe IIPU XpaHeHWUH, SIB-
JISIIOTCSI KonebaHust Temnepatypsl [30,31], Hanuuue pacTBOpeH-
HOTro Kucinopopa [32] u BosgeiicTBue ceta [28,33].

PaHee 6BUIO YCTaHOBJIEHO, YTO TEMIIepaTypa SIBJISETCS KO-
yeBbIM (aKTOPOM, BAMSIOUIMM Ha KaueCTBO BMHA IIPU €ro TpaH-
CHIOpTUpPOBaHMU U xpaHeHuM [34,35]. Tak, Ough [36] mokasai,
YTO IIUTEbHOE XpaHeH!e BUHA MpU TeMIiepaTtype cBbiie 25 °C
MIPUBOAMT K HEOOPaTMMOMY YXYIIIEHUIO ero KauecTBa. To ke
camoe TPOUCXOIUT NpU Oosiee KOPOTKOM CPOKe XpaHeHMs Mpu
temiepatype 40°C. Bo3gelicTBue TMOBBILIEHHON! TemIiepaTy-
pbl Ha MPOAYKT MOXKET IPOSIBJISATHCS B M3MeHEHU! 1]BeTa BMUHA,
a Taxoke ero apomara 1 BKyca. [1osiBjieHyie KOpMYHeBbIX OTTEHKOB
B I]BeTe UTPUCTOro ByHA KaBa (Cava) Ipy BblAepyKKe MCCIeoBa-
TeJIM CBSI3bIBA/IM C IPOLieccaMyt OKMC/IeHNsT (peHONMbHBIX BEeLeCTB
[37,38]. 9T M3MeHeHMsT MOTYT SIBISITHCSI MHAVKATOPOM BIIVSHUS
OTHOCUTEIbHO BBICOKOJ TeMIlepaTypbl Ha KauecTBO BMHA IpU
€ro AJINTeTbHOM TPaHCIIOPTUPOBAHMUM U XpaHeHuu [39].

Pe3ynpTaThl MCCIeLOBaHMS BAMSHUSI TeMIlepaTypbl Ha Ka-
yeCcTBEHHbIE XapakTepUCTUKM PO30BOT0 UIPUCTOrO BMHA MOKa-
3a7M 3HAUMTE/bHbIE Pa3INuMsl B I[BETOBBIX XapaKTepUCTUKaX
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M BKYCO-apOMaTMYeCKUX CBOVCTBAX 0OPA3IOB, XPAHUBIIMXCS
B TeueHue 9 mMecsilieB B TeMHOTe Tipu Temreparype 5°C u 30°C
[40]. ABTOpOM TOKa3aHO, YTO Gosee MOAXOISIIME YCIOBUS ST
COXpaHeHMsI CTabMIbHOTO KauecTBa PO30BOTO UTPUCTOTO BUHA
B Ipoliecce XpaHeHMUs CO3AaroTcst mpu Temriepatype 5 °C. Xpa-
HeHMe TIpU MOoBbIlIeHHOV TeMnepartype (30 °C) B TeMHOTe Mpu-
BOAMJIO K YCWIEHMIO XeJITOM NUIMeHTalu, pe3ylbTaTOM 4Yero
SIBJISIOCH TIpeobiiajilaHne JKeJITOTO OTTEeHKA B IIBETEe MCIIbITye-
MbIX 06pa3ioB. KpoMe TOro, MOBBINIEHHAST TeMIlepaTypa Xpa-
HEHMSI CITIOCOGCTBOBAJIA 3HAUMTEIBHOMY CHVKEHMIO IIBETOUHBIX
OTTEHKOB U IOSIBJIEHMIO B apoMaTe pPO30BOr0 UTPUCTOrO BUHA
JKOKeHBIX TOHOB.

ViccnemoBaHusl BAMSIHUSL TeMIlepaTypbl Ha COCTaB M KOH-
IIEHTPALIMIO JIETYUMX KOMIIOHEHTOB GeNbIX M KpaCHbIX BUH,
NIpOBeJleHHble 3apyOeskHbIMM CIeLMaaucTaMy, MoKas3auin, YTo
XpaHeHMe BMHA TPU TIOBBIIIEHHO! TemIlepaType MPUBOIN-
JIO K YBeJIMUYEHUIO KOHILIEHTpauuyu BUTHCIMpaHa u 1,1,6-Tpu-
metwi-1,2-gurnpponadrasmua  (TIH), oTBeTcTBEHHOTO 3a
nosiBjieHMe B apomate PuciauHra ToHOB KepocuHa [41]. IIpu
9TOM KOHIIEHTpauus M30amMuialeTaTa, rekcuaanerara u 2-de-
HWIalleTaTta CHWXKajlacb. MakcuMasibHble M3MEHEHMSI COCTa-
Ba JIETYYMX KOMIIOHEHTOB ¥ TpaHchOpManusi apomMara Oesbix
¥ KPacHbBIX BMH GbLIM 3aUKCUPOBAHBI IIPYU TEMITEpAType OKO-
710 40 °C. B MeHblIeli CTelleHM Ha M3MeHeHMe COCTaBa JeTyInx
KOMITOHEHTOB BJIVSUIM KOebaHMsI TeMIIEPaTyphl B IIpeJienax oT
20°C pmo 40°C, a xpanenue mnpu temmneparype 20°C B TeueHue
21 mHS TpaKTUYeCcK He TPUBEJIO K MU3MEHEeHMSIM COCTaBa JIeTy-
YMX KOMIIOHEHTOB MCIBIThIBAEMbIX BYH. Takke 6bIJI0 OTMEUEHO
CHIKEeHMEe KOHLIEHTPALMM BasKHBIX STUIOBBIX 3(GUPOB U alleTa-
TOB, OTBEUAIOIINX 32 Haanuye PPyKTOBbIX OTTEHKOB B apoMare
BUH, B YaCTHOCTM M30aMMJIalleTaTa, Ipy XpaHeHU! B YCIOBUSIX
HeKOHTpOIMpyeMoit TemiepaTypsl. [Ipu Temiepatype 5°C co-
KpallleH!sT KOHLEHTPAlMM STUX Bell[eCTB He HAabII0anoch [42].
bpu1o MoKa3aHo, UTO MOC/Ie BO3ENCTBUSI IEpEMEHHON TeMIle-
paTypbl Ha BMHA B GYTHIIKAX B MX COCTABE IMOBBIIIATACh KOHIIEH-
Tpauus TakKuxX 3GUPOB, KaK STUIIIAKTAT, IUITWICYKI[MHAT, STUI-
MOHOCYKIMHAT U IUATWIMAaT. ABTOPBI Ae/1aloT BbIBOJ, O TOM,
YTO XpaHeHMe 6YTUIMPOBAHHBIX BMH IIPU HU3KOM TeMIlepaType
TTO3BOJISIET JIyYIlle COXPAHSITh TUIT MOJIOAOTO 6eloro BMHA, Tak
Kak IPU 3TOM 3aMeJIJISTIOTCSI OCHOBHbIE XMMMUYECKYE TTPOLIECChI,
MpoXopsiMe Ipy 60/iee BBICOKMX TeMIIEpATypax.

B HayuHBIX MyGIMKALMSIX JOBOIHHO YaCTO BCTPEUAIOTCS UC-
CJ1eJOBaHMSsI, B KOTOPBIX TOBOPUTCS O TIPUTTYIIIEHUM [IBETOYHbIX
¥ GPYKTOBBIX OTTEHKOB B apoMare GesbIX BMH TPU TOBbIIIe-
HUM TeMIlepaTypbl UX XpaHeHMUs. DTO 06yCIOBI€HO MHTEHCU-
dbuxanmeit mporeccoB OKUCTEHNS U IUAPOAM3a. XpaHeHue BUH
npu 6osiee HU3KUX TeMIIepaTypax, HampOTUB, CIIOCOGCTBYET
coxpaHeHMI0 PPYKTOBbIX apoMaTOB B BuHe [43,44]. IIpu nomo-
1 MeTOAOB MaTeMaTuueckoit cratuctuku (PCA u LDA) 6bu10
YCTAaHOBJIEHO, UTO TeMITepaTypa OKa3bIBaeT Hauboiee CUIbHOE
BJIMSIHME HA COCTAB M KOHIIEHTPALIMIO JIETYUMX KOMIIOHEHTOB, 110
CpaBHEHUIO C APYTUMU M3ydyaeMbIMy haKTOpamMu, BKIIIOYast Bpe-
MSI U TTOJIO’KeHMe OYTHIIOK C BUHOM. BbISIB/IEHO, UTO KOHIIEHTpA-
UMl M30aMuialieTaTa CHYDKaaach B pe3ysibTaTe XpaHeHUs] BMHA
B YUIOBMSIX Konebanust Temrepatyps! ot 10,5°C mo 25,3 °C, mo
CpaBHEHMIO C BMHOM, XPaHMBIIMMCS TIPU TeMIiepaType B Ipe-
nmenax 15-20°C. Takke KoymeGaHMS TeMIIEPATYPbl XPaHEHUS
MPUBEIN K TIOBBIIIEHVIO KOHIIEHTPALUM STWIOYTUpaTa, STUI-
JIAaKTaTa M OUITUIICYKIIMHATA, YTO, 10 MHEHMIO aBTOpPOB [45],
OOBSICHSIET MOSIBJIEHME TOHOB TIepe3peBIINX GPYKTOB U MPSTHBIX
OTTEHKOB B apoMare 1 BKyce BMHA. ClieJlaH BbIBOJ, O BaXKHOCTU
¥ HEOOXOIMMOCTH IO IeP>KaHMS TEMIIEPATYPbI XpaHEHMST BUHA
Ha [TOCTOSTHHOM YPOBHeE.

Takum 06pa3oM, aHaIM3 HAYUHbIX ITYOIMKAIIMIA [TOKa3aJl, UTO
BOITPOC BJIMSIHUSI TeMIIEPATYPHBIX PESKMMOB XpaHEHMsI Ha Kaye-
CTBEHHbIE XapaKTePUCTUKU BUHOLEIbUeCKOl TPOAYKIMN, B TOM
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YMC/Ie UTPUCTBIX BUH, U3YYeH JOBOJBHO MOAPOOHO. BombImH-
CTBO UCC/IejoBaTenel MpuUaepsKMBalOTCSI MHEHMS O TOM, UTO JIJIsI
MOoAAepsKaHMSI CTAaOMIIBHOTO KayecTBa BMHA HEOOXOOMMO €ro
XPaHUTb U TPAHCIIOPTMUPOBATH MPU ITOCTOSIHHON TeMIiepaType,
He npesbimawieii 20 °C. 3To OTpakeHO B AeJCTBYIOLMX HOP-
MaTMBHBIX U TexHuueckux fokyMmeHTax (TOCT, TV).

B coBpeMeHHBIX HAay4YHBIX MyOMUKAIMSIX KpPOME M3YyUeHMsI
BJIMSIHMSI TeMIIepaTypbl Ha MPOAYKIMIO BaKHOE MECTO 3aHM-
MaloT MCC/IeJOBaHMSI BO3JEVCTBUSI CBeTa (IEeKTPOMArHMTHOTO
U3JTydYeHMsT) OT Pa3IUUHbIX MCTOUHMKOB Ha M3MeHeHle KauecT-
BeHHbBIX XapaKTePUCTUK BMUH MPU XPaHEHUN.

@paHlly3cKMe ydeHble [46] ompenenuau, 4TO IMPUUYMHAMU
TIOSIBJIEHUST «BKyCa CBeTa» B IIAMIIAHCKOM SIBJISIIOTCSI C€POCO-
Iepskaiiye coemMHeHMs, oOpasyioluecss B pesynbraTte (GoOTo-
XUMUUECKUX peakiuii, MPOUCXOOAIIMX TIOf, BO3[AelCTBUEM
(byopecuieHTHOTO WM COTHEYHOTO CBETa. ABTOPBI MOKA3aJIN,
yTo pubodIaBUH, aKTUBUPYEMBII KOPOTKOBOJIHOBBIM CBETOM
C IyIMHO¥ BOMHBI 370 HM 1 440 HM, CITOCOOEH MPUCOeAMHSTH IBa
MPOTOHA OT METUMOHMHA, ColepsKallerocsi B BuHe. [IpomyKTom
9TOV peakiuy SIBJISeTCsS MeTHMOHaJb, M3 KOTOPOTO B pe3ysbTa-
Te myUKiIa GOTOXMMUUECKUX TIpeBpallleHnii o6pasyeTcs: qume-
tuwicynbdug (IMC), numetungucynbbug (IMIC), meTaHTHON
¥ CepoBOIOpOI. Bece 3Tu BellecTBa 06/1aai0T TOBOIBHO HEIIPH-
SITHBIM 3aI1aXOM, KOTOPbI B 3HAUMUTEIbHOM CTEIeHU yXYyIIIaeT
OPTaHOJMIeNITUYECKYI0 XapaKTePUCTUKY UTPUCTOTO BMHA. V3yda-
JIOCh TaKKe BIMsIHMe KaTMOHOB Meay (Cu*™), IUTHOHUTA HATPUS
(Na,S,0,) M TaHMHOB B COCTaBe BMHA HA HETATUBHbIE MTPOLIECCHI,
MMpoTeKawIye Ipu BO3OENCTBUM CBeTa. bbulo MOKa3aHo, 4To
KaTVOHbI Mey Hauboiee CYMIIbHO 33[€PKMBAIOT pa3BUTHE TI0-
CTOPOHHMX TOHOB B UTPUCTOM BUHE.

ViccrmemoBaHus C MCIONIb30BaHEM (DIYOPECII€HTHBIX JaMIT
¥ MeTOJIOB OpPraHOJIeNTUUEeCKOTO aHaaM3a, HalpaBjieHHble Ha
oIpefeneHye XapaKTepHbIX TOHOB «BKyca cBera» (LST) B ur-
puctom BuHe, 6bUIM TpoBemeHbl B Kammudopuuu [47]. Jlam-
bl MOIHOCTBIO 40 BT pacronaranyu Ha pacCTOSHUM 35 CM OT
ITOBEPXHOCTM BEPTUKAJIBHO CTOSIIUX OYTBUIOK C UIPUCTHIM
BUMHOM. VICTOUHMKM cBeTa GbUIM TOZO6GpaHbl TaK, UTOOBI MUX
CIIeKTP BKJIIOYAJ yAbTPa(GMONEeTOBYI0 U BUAMMYKO YacTh CBe-
TOBBIX BOJIH, UMUTUPYS TaKUM 00pa30M COJTHEUHBIN CBET. DKC-
IepMMeHT IIPOBOAVIIN B TeUeHMe 72 4acoB C IepUOoAMUIeCcKoit
OpraHoOJenTUYeCKOl OLIeHKO}M apomara. bpio yCcTaHOBIIEHO,
YTO BO3JECTBUSI TAKMM M3JIyueHMeM B TeueHue 3 4acoB J10-
CTATOYHO [JIs1 3aMeTHO¥ TpaHcopmauuu apomara B UTPU-
croM BuHe. Takke 6bIIO YCTAHOBJIEHO, YTO OYTHUIKM Jaxke U3
3€JIeHOI'0 CTeKJ/Ia He IMOTHOCTHIO 3alUIa0T UTPUCTOE BUHO OT
BO3[IeJICTBUS CBETA — OILyTMMbIe M3MEHEeHMs apoMaTa B 3TOM
cryyae GbUIM OTIpefe/ieHbl Ha BTOpbIE CYTKM 3KCII€PUMMEHTA.
OcHOBHbIE TpaHchOpMalMM apoMara IOJ IeiiCTBMEM CBeTa
XapaKTepr30BaINCh CHUKEHMEM MHTEHCUBHOCTY LIUTPYCOBBIX
TOHOB U TOBBIIIEHVEM MHTEHCUBHOCTM HETaTUBHBIX OTTEHKOB
apomara, OIMMChIBAEMbBIX KaK «BapeHas KamycTa», «KapeHas
KYKypy3a», «<MOKpast IIepCThb» U «COsI», UTO MPUBEJIO K 3HAUM-
TeJIbHOMY YXYIIIeHNI0O OpraHoJeNTUYeCKOi XapaKTepUCTUKU
UTPUCTOTO BMHA.

BbuT0 06GHApPYKEHO, UTO YIbTPadMOIeTOBbI 1 B MEHbIIIei
CTeTleH! BUAMMBIN CBET C HU3KOI [JIMHOI BOTHBI CITOCOGCTBO-
BaJl 06pa30BaHMIO KEJITOTO IIMIMEHTA B 6€JIOM BUHE IIapoHe
[15]. OmbIT ¢ mO6GaBaeHMeM pubodIaBMHa B BUHO ITOKA3al, YTO
OH GBICTPO pasJiarajicsl pyu BO3AEICTBUM U3TYUEHUS C JIVMHOI
BosHbI MeHee 400 HM. ABTOPbI YCTaHOBWIN, UYTO MTPOAYKT PasJio-
SKeHUsT puOodIaBMHA MOKET CITOCOOCTBOBATDH YBEJIMUEHUIO T10-
[JIOTUTEIbHOI CIIOCOGHOCTM BMHA B BUAMMOI obmacTy. Takoit
3 dekT Bo3HMKaeT Ipy BO3EMCTBMM CBETA HA COCTAB MPOIYK-
ta. Kpome TOro, 6b1I0 ITOKA3aHO, UTO Pr6OQIaBMUH, IPUCYTCTBY-
01T B BUHE JaXke B HEOOIbIINUX KOHI[EHTPAIIUSX, B pe3yiIbTa-
Te hOoTOpa3pyIIeHNs] MOKET BbI3BATh IOSIBJIEHME «BKYyCa CBETa»
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(LST), xapakrepusywoIlerocsi HempuSTHBIMM 3amaxamMu [48].
ABTOpamu onucaHbl HOTOXMMUYECKME PeaKL, KOTOpble, KaK
CUMTAETCS, UTPAIOT OIPEAEIEHHYIO POJIb B M3MEHEHMSIX 1BETa,
apomara, COCTaBa JIETYYMX BeIleCTB, KOHLIEHTPalUy KUCI0PO-
Jla ¥ IMOKCUA cepbl B 6esioM BUHe B OyThlIKax [49,50]. K Hum
OTHOCUTCSI CEHCUOMIM3MPOBaHHOE PUGOGIaBMHOM OKMCIEHME
METUOHMHA, TIPUBOASIIee K 06pa30BaHUI0 METAHTHOIA U M-
MeTuaaucyibduaa, a Takke GoTomerpamals TapTpara jxenesa
(III), koTOpas MPUBOAUT K IMOSIBJIEHUIO TJIMOKCUIOBOM KMUCIOTHI.
[MocnenHsist pearupyet ¢ GiaBaH-3-oaaMu ¢ 06pa30BaHMEM JKeJ-
ThIX KATMOHHBIX IUTMEHTOB KCcaHTmus [51].

Takum 06pa3oM, BO3MECTBME CBETA MOKET ObITh IPUUM-
HOJVi 3HAUMTEIbHbIX M3MEeHEeHMI apoMaTa U BKyca BMHA, B TOM
yucie B pesynbTaTe 06pa30BaHMS JIETYUMX CEPOCOMEPIKAIIUX
COeIMHEHMI, a TAKKe TIPUBOAUT K OKUCTUTETbHOMY ITOKOPUY-
HeBeHMI0. HerpusiTHbI IPUBKYC U apOMaT, BbI3BaHHbIE CBETOM
” 00YCJIOBIEHHbBIE TIPUCYTCTBMEM pUbOdIIaBIHA, aCCOIUUPYIOT-
€SI C «OBOIIHBIMM» TOHAMM — KaITyCThI U JIyKa.

ViccemoBaHys BIVSIHUSI CTETIEHM OCBEIeHHOCTY XOJIOIHBIM
6esIbIM CBETOM Ha M3MEHEHMEe KauyeCTBEHHBIX XapaKTePUCTUK
BuHa Malvasia delle Lipari rioka3aim, 4To MU3MeHEHME 1IBETOBbIX
XapaKTepUCTUK 06pa3IioB BUHA B IIPOIleCce XpaHEHMUs B Tede-
Hue 90 qHe MPONCXOIUIN ITPOIOPIMOHATBHO YBEIMYEHUIO OC-
BeleHHOCTH € 2671 5K (1 dnyopecuieHTHAas 1amra) 1o 16 127 ik
(6 dyopectieHTHBIX 1amIt) [21]. Tak, Tpy UCTIOIb30BAHMUM TOJTb-
KO OJTHO1 JIaMITbI 3HAUEHME BEJIMUMHBI «a™» (XpoMaTuyecKas xa-
PaKTePUCTKA KPACHBIX OTTEHKOB B LIBETE BMHA) ITOBBICMIIOCH 33
BpeMs xpaHeHusI B 1,5 pasa, B TO BpeMs KaK IIpy MPUMEHEHUN
6 mamIr — B 2,3 pa3sa. B o6pa3siiax, XxpaHUBIIMXCS TIpU GoJiee BbI-
COKOJ1 OCBeIlleHHOCTHM, BeJIMYMHA HaCBIIEHHOCTM 1IBeTa uepes
TPU Mecsiiia XpaHeHus 6bl1a B CpeHeM Bbille Ha 2,8-5,2 efl., 1o
CpaBHEHMIO C 06pasiiamMy, XpPaHUBIIMMMCS TIPY MUHUMAaIbHOI’
ocBelieHHOCTH. Kpome Toro, 6bUI0 YCTaHOBJIEHO, UTO yBeanJe-
HMe CTeleHM OCBeleHHOCTY MTPUBOAMIIO K 3HAUUTEIbHOMY T0-
BBILIEHMIO KOHLIEHTPAUMM TaKUX BbICOKOTOKCUMYHBIX BEIECTB,
Kak ruppoxkcumetmndypdypon (8 2,8-4,7 pasa) u dypdypon
(8 0,6—-1,9 pasa).

BbUIO pacCMOTPEHO U OLIEHEHO TT0 CEHCOPHBIM, CIIEKTPOdO-
TOMETPUUYECKUM U KOJIOPUMETPUUECKMUM MTapaMeTpam UCIIO0/b-
30BaHMe MOPTATUBHOTO IMpubOpa IJjsi CBETOBOIO OOIydeHMUs
6enbix BUH IInHO-Tpu U IllapmoHe B pasjiMYHOM [Auana3oHe
JTVH BOJTH Pa3HOI TPOJO/KUTENbHOCTH [52]. Pe3ynbTaTsl 3KC-
repuMeHTa MOKa3aau, YTO BO3/AeiiCTBYe CBeTa C pPa3aMUYHbIMU
JUJIMHAMY BOJIH TIPUBOJIUT K MU3MEHEHUI0 CeHCOPHBIX XapaKTe-
PUCTUK BMHA U K MTOSIBJIEHUIO TOHOB OKMCJIEHHOCTHU. Bo3meiicT-
BUS cBeTa B TeueHue 20 MMHYT 0Ka3aJoCh JOCTATOYHO, YTOOBI
YCTAHOBUTb 3HAUMUTEIbHbIE M3MEHEHUs] OPraHOJeNTUYeCKUX
cBOiCcTB BMHA. OCOOEHHO CUIBHO 3TU M3MEHEHUS IMPOSIBIIS-
JIUCH TIOA, BAMSIHMEM 6eioro U roay6oro cseta. bBoina BbisBiIe-
Ha xopoias Koppessiuus (R, > 0,89) Mexay oCBeLleHHOCTbIO
M OTITUYECKON TUIOTHOCTBIO Ipu 420 HM, a TaKke MEXIY Apy-
MMM XpOMaTMUEeCKMMHU XapakKTepuCTUKaMy BMHA. ABTOpaMu
pPaboThI TTPeIIoskeHa MEeTONOMOTHUS 1T OI€HKU OKMUCIUTENb-
HOJi CTaGMIBLHOCTY OebIX BUH TPU XpaHeHUH, IpeaycMaTpu-
BaIOIIAs COBMECTHOE MCITOIb30BaHMe IIOPTATUBHOI YCTaHOBKY
JLIST TIPOBEIeHMST OKUCIUTENIBHOTO CTpecca o6pasiia M KOIopu-
MeTPUUECKOTO U3MePeHMSI.

B pa6ore [53] moka3aHo, UTO XpaHeHe BUH B TeUeHMe rofa
MpY OCBELIEHUM CBETOAMOAHBIMMU JIAMIIAMM CITIOCOOCTBOBAIO
6onpureii morepe obuero 1 cBo6oaHOro SO, M0 CPaBHEHMIO C B~
HaMM, XPAHUBIIMMUCSI TeMHOTe. Takke B YCIOBUSIX MMUTALIUN
TIpMIaBKa cyrmiepMapkeTa B BUHAX IMOSIBJSZIOCH OOJIbIe KOPUY-
HEBO-KEJITOBAThIX TOHOB 33 CYET OKUCIeHMS (iaBaH-3-0JI0B,
B OT/IMYMe OT 06paslioB, HA KOTOPbIe He BO3/E/ICTBOBA CBET.
Tak, CHIDKeHMe O6INero JMOKCKUaa cepbl B o6Gpasiiax, Xpa-
HUBIIUXCSI B TEMHOTe, B CpeAHEM COCTaB/Isuio oKomo 40% ot
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TepBOHAYAJIbHOM KOHIIEHTpAIMK, & B 06pa3iiax, XpaHUBIINXCS
nipu cBeTe — routu 50%. Hambosee cyiiecTBeHHbIE M3MEHEeHNUs
OBV OTMEUEHbI B COIEePsKaHMM OMOMTOTUUECKM aKTUBHBIX KOM-
TIOHEHTOB: B 00pa3lax, XPaHMBIIMUXCS TIOJ, e/iCTBMEM CBeTa,
KOHIIEHTpalMsl KaTexHa COCTaBmiia Bcero 32%, a TpaHC-pecBe-
patpona — 25% OT ero mepBOHAYaJIbHOTO COAEPSKaHMSI; MPU
XpaHeHUM B TEMHOTe B BMHe COXPaHMIOCh 6osiee 67% KaTexyHa
u 97% TpaHc-pecBepaTposna. Kpome TOro, 1noj BO3IeiCcTBMEM
CBeTa B BUHE HAOGMIOAAINCH 3HAYNTENbHbIE M3MEHEeHUST B KOH-
LIeHTpalMUM OTHETbHbIX JIETYUMX KOMIIOHEHTOB: €CJIM B MCXOM-
HOM BMHE KOHIEHTpalus M3oammialeraTta cocrasisuia 6,0—
6,8 Mr/oM>, a B 06pasiiax, XpaHMBIIMXCS B TeMHOTE — 2,5-2,7 Mr/
M3, TO B 00paslax, HaXOASIIMXCS TOJ, JefiCTBMEM CBeTa — He
6omee 0,2 mr/mm>. 3a cueT BIAMSHUS CBETA B BIMHE TaKKe ITOBbI-
1azach KOHLIEHTpaLMs STWIIAKTaTa ¥ 3TWI-2-TULPOKCU-3-Me-
TunbyTaHoata — 6Gosee yeMm B 2,5 u 2 pasa COOTBETCTBEHHO.
CuibHOI TpaHchOpMaLy O, AeiiCTBYEM CBeTa IOIBePraanch
TaK)Xe TepIieHOBbIe CIIMPTHI; HATIPUMeED, JIMHAIOOJ TIOYTH TIOM-
HOCTbIO OKUCJISICSI ¢ 06pa30BaHMeM TPaHC- U LIMC-OKCUAOB. DTU
M3MEHEeHMs IIPUBEJIN K CHVMIKEHUIO MHTEHCUMBHOCTU Cl)pyKTOBbIX
¥ LIBETOYHBIX apOMATOB. B TO ke BpeMsl yBeIu4ImIoch coepka-
HMeE JIeTYYUX COeMHEeHMIA, CBSI3aHHBIX C TTPU3HAKAMM CTApEeHMSI
MPOAYKTa, TAKUX KaK BUTUCIIMPaH, 1,1,6-TpumeTtui-1,2-quru-
IpoHa(TAIMH U MPON3BOAHBIE dypaHa.

VCTaHOBJIEHO, YTO BMHA B GYTHIIKAX 13 6€CIIBETHOTO CTEKIIA,
XpaHMBILMECS] Ha HUKHEN TI0JIKe, Ie TomnafaHue cBeTa MUHM-
MaJibHOe, MPOSIBMIM OONBLIYI0 YCTOMUMBOCTh K BO3MEICTBUIO
CBeTa I10 CpaBHEHMIO C BUHAMM Ha BepxHeil nojke. bosnee Toro,
XpaHeHVe BMH B TEMHOTe U XOJI0/Ie TI0CIe IIepuo/ia BO31eCTBIS
CBeTa He YCTPaHMJIO BbIsiBIeHHbIe JedeKTsI [28].

B npyroit pa6ore [54] mOKa3aHO, YTO KPaTKOBPEMEHHOE
(ue 6onee 10 gHeit) Bo3meiicTBMe cBeTa OT cBeTOAMOAHbIX (LED)
MCTOUYHMKOB He OKa3bIBaeT CYIeCTBEHHOTO HeraTMBHOTO BJIM-
STHUST Ha OPTaHOJIENITUYECKIE CBOJICTBA OGEJbIX U PO30OBBIX BUH,
B OTVIMUME OT yIbTPadoIeTOBOrO CBeTa, KOTOPbIi CITOCO6CTBO-
BaJ1 06pa30BaHMIO BICOKMX KOHI@HTPALil JIeTyunX cyabdoco-
enVHeHMit, pa3pyiennio pubodnaasuHa (RF) u yxyaiieHunio op-
raHOJeNTUYECKO XapaKTepUCTUKIU UCTIBITYeMbIX BUH. C LIebI0
TIOBBINIEHNMST YCTOMUMBOCTY BUHA K BO3[EICTBUIO CBETa GBLIO
NIpeJ/IOKeHO MCIIONb30BaTh OIpeJeleHHble pachl APOXCKet
S. cerevisiae v S. bayanus, BbIpabaThIBAIONIIMX MUHMMAIbHOE KO-
mudectBo pubodnasmua (RF) (MeHee 30 MKr/mM®), B TO BpeMst
KaKk GOJBIIMHCTBO IITAMMOB APOXCKeit S. cerevisiae BO BpeMs
CIIMPTOBOrO GposkeHMsT BhIAesoT ot 80 1o 170 MKkr/am® pubo-
dbnasuna [55].

OTtpuiiaTenbHOe BO3[eiCTBME YIbTpadmoneToBoro u ¢ury-
OPEeCIIEHTHOTO CBeTa Ha BMHO ObUIO OTMEYEeHO U B APYIOM UC-
ciepoBaHuy [56]. Ero pe3yabTaThl MOKa3aau, YTO 3TU BUIBI
OCBeleHMs BbI3bIBAJIM 3HAUNUTENbHbIE 3MEHEeHUsI B comepyka-
HMUM CBOGOIHOTO MMOKCUAA Cepbl, a TAaKKe TTPUBOIMUIN K HAPY-
meHnto cootHolneHus Fe (III) k Fe (II) u cHM>KeHUIO KOHILIEH-
Tpauuyu MajabBUAMH-3-0-rmokosuga. Kak ymbprpaduoneroBoe
U3JIyueHue, Tak u Genbiit QayopeciieHTHBINI CBET OKa3bIBaJIM
HeraTMBHOE BJIMSIHME Ha KaueCcTBO PO30BOTO BUHA. V3yueHue
XMMM3Ma M3MEHEeHMI cocTaBa BMHA IIOJ, [ejiCTBMEM CBeTa
C MCII0JIb30BaHMEM MOJE/NbHO CUCTEMBI Ha OCHOBE pacTBOpa
BUHHOJ KMCJIOTBI, COAEPsKalIleii skejie30 B KOHLIeHTpaluu 5 mr/
JIM>, TIOKa3ajI0, YTO CBETOBOE BO3[ENCTBME KCEHOHOBON Ayro-
BOI1 JIaMIIbI TIPUBOJMIIO K OKUC/IUTENbHON Jerpagaiuy BUHHOM
KVCTIOTBI ¥ K 06pa30BaHMIO IIMOKCUIIOBOM KUCIOTBI, B TO BpEMS
KakK B YCJIOBUSIX OTCYTCTBUSI sKejie3a U/UIM CBeTa IIIMOKCUIIOBAsT
KMCI0Ta He 06pa3oBbIBatach [57].

MHorue aBTOPBHI [1e71aI0T BbIBOJ, UTO KOHTPOJb 38 KOJIMYECT-
BOM CBeTa, BO3/IeliCTBMIO KOTOPOT'O TIOJIBEPTaloTCsl BUHA, MOXET
MpefOTBPATUTh YXYAIIeHNe KayecTBa MPOAYKIUU TIPU XpaHe-
HUM U IPOLLJINTD CPOK ee rogHocTy [17,21,52,53].
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B psime pa6or [50,58—61] 6b1a OlleHEHa BO3MOXKHOCTD MC-
MOJIb30BaHMS IMOKCHUIA CEepPbI, TIyTaTMOHA U OYyOMIIbHBIX Be-
1IeCTB KallTaHa B KauecTBe aHTMOKCUIAHTOB, MPeJOTBpallai-
IIUX OTPULIATEIbHOE BIMSIHME CBETA U MOSIBJIEHME TIOCTOPOHHMX
TOHOB B apoMarTe U BKyCe BUHA, MyTeM A006aBIe€HUsI UX IO OT-
JIeTbHOCTY WM B PasjMYHbIX KOMOMHaNMsIX. Bbicokas addek-
TUBHOCTh COBMECTHOT'O MCITOJIb30BAHMST 3TUX aHTMOKCUIAHTOB
ILJIS TIpeIOTBpalleHsI TTOSIBIIeHMsI «BKyca cBeTta» (LST) 6bu1a mo-
Ka3zaHa B pe3ysbTaTe paboThbl C MOAENbHBIMM PACTBOPAMM BUHA
M B CEPUM HKCIIEPVIMEHTOB C MOJIOZBIM GesibiM BUHOM [58]. TTpu-
yeM 10 cTerieHy 3¢ GeKTUBHOCTY NTpeAoTBpalleHus poromerpa-
Jalvy BMHA BbIIIeyKa3aHHbIe aHTVMOKCUAAHTHI ObIJIM pacripeme-
JIEHBI B CJIeYIONIEM TOpsiIKe: IyOMIbHbIE BelllecTBa KaliTaHa >
IJTyTaTUOH > IMOKCUJ, CePbI [62].

Takum 06pa3oM, B HAyUHbBIX MyGIMKAIMSIX JOBOIBHO MO -
pO6GHO OmMCcaH MexXaHM3M 00pa3oBaHMs BEIECTB, OTBevalo-
UIMX 3a YXy[AllleHMe KauecTBa BMHA IPU ero XpaHeHUM IOf,
IleficTBMEM pa3IMyHbIX (AaKTOPOB BHeIIHeH cpefbl. [Ipy 3TOM
60JIbIlIOE BHMMAaHME ObIIO yIe/IeHO BIUSIHUIO CBETa, B TOM UM-
cle 6bUTM TIPEJIOKEHBI Pa3IMUYHbIe CIIOCOObBI, TTO3BOJISIONIE
CHU3UTH €ro HeraTUBHOE BO3MeiicTBMe. V3yueHue TNPUUUH
M YCUIOBUIL PasBUTUSI HETaTUMBHBIX M3MEHEHUII B BUHE IIO[,
JefiICTBMEM 3JIEKTPOMArHUTHOTO M3JIyYeHUS SIBJISIETCSI BaXK-
HBIM acIIeKTOM C TOYKU 3peHMS OLleHKU PUCKOB IIPU XpaHEeHUU
MTPOIYKIN.

4. BbiBOABI

AHanu3 TaHHBIX, MPEICTAaBIeHHbIX B HAYUHBIX MTyOIMKAIIX,
ToKa3aJl, YTo XpaHeHMe BUH, B TOM UMC/Te UTPUCTBIX, SIBJISIETCST BasK-
HBIM 3TarioM, BAMSIOIINM Ha UX KaUeCTBEHHbIE XapaKTePUCTUKNA.
Bo Bpems XpaHeHMsI TPOAYKIMYU B OYTHIIKAX MOTYT ITPOUCKXOIUTD
Ty6oKMe M3MeHeHMsI 1[BeTa, apoMara M BKyca BUHA, MHTEHCHUB-
HOCTb KOTOPBIX BO MHOIOM 3aBMCUT OT BO3[IE€ICTBUSI BHEIIHUX
(akTOpOB, B TOM UMC/Ie OT TEMITIEPATYPHBIX PEXMMOB, HATUUUS
BUOpAIVY, BO3/IEICTBIMS CBeTa. YCTAHOBJIEHO, UTO CBET B BUAU-
MOV U yAbTPadMONeTOBOI YaCTSX CIIEKTpa SIBJISIETCS OSHUM U3
BaKHENMIINX (PaKTOPOB, CHIDKAIOIIMX KAYeCTBO BMHOIEIbYECKOI
MIPOAYKIVN. JIOBOTBHO MOAPOGHO U3YyYeH XMMMU3M U KUHETHUKA
TPOLIECCOB, MPOXOISIIUX ITPU XPaHEHUM OTAeNbHBIX BU0B TUXUX
BUH. B TaHHOM acreKkTe pacCMaTpUBAIUCh OIpeeaeHHbIe YCII0-
BUSI XpaHeHMs M BAMSIHME YIIAKOBKM HAa KaYeCTBO ITPOAYKTA. Bbio
ITOKa3aHO, YTO MPaBWIbHBII BHIOOP UCITONb3YEMOIA /)11 XpPaHEHUST
BMHA GYTBITKM CIIOCOOCTBYET 3aIMTe MPOAYKINM OT BO3IEMCTBUS
BHEIIIHelt cpebl ¥ MPOMAJIEHNIO CPOKa ee TOMHOCTH.

B 6yThUIKaX C UIPUCTBIMM BMHAMMU, B OTJIMUME OT TUXUX,
B OIpefeIeHHbIX KOHLIEHTPAILMIX COOEPKUTCS ra3000pas3HbIii,
pacTBOPEHHbIN U CBSI3aHHBIN OMOKCHUL, YIJIepoJa, KOTOPbIii MO-
SKET OKa3bIBATh BIMSIHME HA CTAGMIbHOCTh KaueCTBa IMPOAYKIUK
rpu xpaHeHun. [103TOMY masnbHeIIe UCCaeT0BaHUs JOIKHbI
OBITh HATIPaBJIEHbI HA OTIPe/Ie/IeH e PeaIbHbIX CPOKOB TOJTHOCTYU
UTPUCTBIX BUH C YIETOM UX PU3UKO-XMMUUECKOTO COCTaBAa.
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vation. Our findings reveal a range of indices of respondents’ perception as measures of productivity. The native
and the ‘aged’ majority of the population were more conservative in their farming practice exhibiting deeper
attachment to traditional practices and ecological wholesomeness with decreasing material productivity and per-
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graphic groups were open to the modern farming approach targeting the quantity and tons of yam tubers and were
not so keen on the overall health and integrity of the ecological system that makes sustainable production and hu-
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? HalMoHa bHbII HAyYHO-MCCIeA0BATeIbCKMIT MHCTUTYT KOPHENJIOAO0B YMYAuKe, YMyaxus, mtat A6ua, Hurepus

KJIDYEBKBIE CJIOBA: AHHOTAL KA

PAayuoHaIbHOe U IK0JI02UUEeCKU CoumoKynbTypHbIe (aKTOPBI IPK MPOM3BOACTBE SIMCA B 3HAYUTEIBHON cTerieHy GOPMUPYIOTCS Tpaguiyei, pe-
ycmotiuugoe npou3eoocmao, JIUTVIeit, yOeKIeHVSIMM, 3anpeTaMi, Mudamy, TyXOBHOCTHIO M COLVIATbHBIMM OTHOLIEHMUSIMM BHYTPM 00LIeCTBa.
COYUOKYNMbMYPHbI, YT0oObI U3YUUTH BIMSIHME ITUX (PAKTOPOB HA YPOBEHDb YPOKAMHOCTU SIMCa, @ TAKKe HAa PalMOHATbHOE U IKOJIO-
npou3e00cmaeo samca TMYECKY YCTOUMBOE IIPOU3BOCTBO sIMCa GbUIO BRIGPaHO coobiecTBO O6yay. laHHbIe ObLIV COGPaHbI B Xoze 60

MHTEPBbIO, 2 001IECTBEHHBIX BCTPeY, 3 06¢cyskaeHni B pokyc-rpymnmnax, B paMkax 6ecei ¢ MeCTHbIMYU MHGOPMATO-
pamMu, 0630pa IMTePaTYPbl, BKIIOUAsT BTOPUUHYIO ¥ MaJIOU3BECTHYIO IUTEPATYPY, & TAKKe 32 CYeT BHMMATETbHOTO
HabmomeHs. Haty pesybTaThl BHISIBUIM PSIZL TIOKA3aTeseli BOCIIPUSITUSI PECITOHeHTaMy TIoKa3aTeseil yposkaii-
HOCTM SIMCa. BOBIIMHCTBO KOPEHHOTO 1 TIOKUJIOTO HaceeHus 6blTn 60jiee KOHCEPBATUBHBIMYU B CBOMX METOAX
BEeJIEHMsI CEIbCKOTO XO3SIMCTBA, MPOSIBISISI TIYOOKYIO TIPUBSI3aHHOCTD K TPAAUIIMOHHBIM METOAaM Y 3KOIOTHYe-
CKOJi 4MCTOTe IIPY BO3/[eIbIBaHNY KOPHEIIONA IIPY CHVDKEHUY IIPOU3BOAMUTEILHOCTM M TIOKasareseii yposai-
HOCTH, XOTSI M HE CTOJIb 3HAYUTENbHbIX. COlMaTbHO MOGMIbHBIE PECITOH/IEHTHI, He SIBJISIoNecs: abopureHamMu,
1 6os1ee Mosozipie ieMorpaduueckyie rPyIIbI MPOSIBISIIN OTKPBITOCTD AJISI COBPEMEHHBIX CeJIbCKOX03SIICTBEHHBIX
MOJXOMIOB, OPMEHTMUPOBAHHBIX Ha KOJMYECTBO KOPHEIUIONOB 1 O6IIMit Bec KIyOHeit siMca, M He ObUTM TaK 3aMH-
TepPeCcOoBAaHbI B COXPAHEHUY 00LIEro 61aronoxydyeHust ¥ 1eJI0OCTHOCTY 9KOIOTMYECKOIi CUCTEeMbI, KOTOpast 1enaeT
BO3MOJKHBIM palllOHATIbHOE U 5KOJIOTMYECK) YCTOJuMBOe IPOM3BOACTBO B MpOLiecce YeI0Beyeckoro CylecTBo-
BaHMsI. Pe3ynbTaThl MOJYEPKMBAIOT HEOOXOAMMOCTh He OrPaHUUMBATHCS JIMIIb YAydIIeHMeM ToKasaTeseil Ma-
TepUaIbHOI MPOV3BOAUTENLHOCTH, IOCKOIBKY HEOOXOAMMO M3YUUTh U APYre, HeMaTepuaabHble TToKa3aTean
MPOU3BOANUTENbHOCTH. JIOJKeH GBITh IIPOBeJeH 6oee CTPOruii KOMMUECTBEHHBIN 1 OJTOCPOYHBI aHaIN3 TeH-
JEHIVI, YTOOBI OL[eHUTD TeH/IEHIIMIO ITPOU3BOIUTENIbHOCTH, CBSI3AHHYIO C eCTeCTBEHHBIM 9KOJIOTMYeCKUM 6J1aro-
MOJTyYMEeM ¥ YPOKAITHOCTBIO SIMCA Ha M3y4aeMOii TEpPUTOPUMN.

OUHAHCHPOBAHUE: T'paHT Ha MpoBe[eHIe UCCIeA0BaHNMII Ha MECTHOCTY ObUT MpefoCTaB/IeH MPOrpaMMoii uccieqoBaHms sMca HalyoHaabHOTO
Hay4YHO-MCCIeIOBATEIbCKOTO MHCTUTYTA KOPHEIVIOAOB I. YMyauKe, mrtaT A6ua, Hurepus.
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1. Introduction

The importance of food to human existence has been given
higher pre-eminence under the sustainable development goals
(SDGs). SDGs 1, 2 and 3 primarily touch on human well-being
and health reflected in their emphasis on zero hunger (SDG 2),
good health and well-being (SDG 3) and poverty alleviation (SDG
1). These goals are at the core of human search for food security
through sufficient production and distribution, enhanced access
and improvement in nutrition [1]. Attaining the SDG food se-
curity goals by 2030 has the potential of addressing other ele-
ments bordering on reduced inequality (SDG 10) and responsible
consumption and production (SDG 12), among other targets in
several other goals.

[1,2] noted that 239 million people in sub-Saharan Africa were
still afflicted by hunger due to inadequate supply, soaring prices,
and of course we would like to mention the challenge of poor in-
stitutional coordination. The recent projection from [3,4] shows
that one in every four people in sub-Saharan Africa is undernour-
ished. Compared to other regions of the world, sub-Saharan Af-
rica is shown to be lagging behind in the battle to achieve food
security for its population primarily due to a range of factors in-
cluding low productivity challenge, rising unproductive popula-
tion growth, climate and soil quality problem as well as slavery
in African history and weak health care [5,6,7]. Other challenges
include conflicts and wars, and poor optimization of the agricul-
tural value chains, among others. The climate change impact has
recently been one of the challenges to achieving food security in
sub-Saharan Africa through excessive flood and drought spells,
which affect food supplies, distribution and seasonal cultivation.

These are mostly biophysical and socio-economic factors.
The cultural perspectives underpinning agricultural productivity,
sustainability and associated issues are often overlooked. Besides
human capital, research and development (R & D), technology,
finance and innovations, other factors such as values, beliefs, atti-
tudes, taboos, myths and behaviors do influence agricultural fac-
tor productivity in many ways. Culture and religion have shaped
labor, capital and material productivity from the perspectives of
work ethics, achievement motivation and individualistic or col-
lective practices [8,9,10]. The mainstream definition of produc-
tivity focuses on the relationship between input and output in a
lineal manner of growth or non-growth [11]. Very limited studies
have paid attention to the broader impact of socio-cultural fac-
tors of productivity [8,9,10,12]. In the study on the social mean-
ings and cultural functions associated with yam (Dioscorea spp.)
cultivation in southern Nigeria, Obidiegwu et al. [12] argue that
yam farming and production are associated with many spiritual,
religious, social and cultural meanings and values that have tra-
ditionally and historically shaped the existence, relationship and
livelihood pattern of the population in the region (see also [13]).

Yam farming supports food security goals being one of the
major sources of calories and micronutrients for a greater pro-
portion of the world’s population in the tropical and sub-tropi-
cal environment [14,15]. Yam exists in multiple varieties (about
600) cultivated in Africa, Asia, parts of South America, as well
as the Caribbean and the South Pacific islands [16]. Yam-based
agriculture in West Africa is recorded to be over 500 years old
[17], but actual domestication is noted to have taken place along
an axis at the forest-savannah ecotone in the eastern part of
West Africa [18] and along the Niger River plains [19]. Nigeria
is credited with the most advanced yam culture and civilization
in the world [20]. According to the FAOSTAT statistic database
[3], Nigeria is at the forefront of yam production with about 65%
(about 50 million metric tons) contribution to the world’s out-
put. But yam farming has been linked with a range of biophysi-
cal and socio-cultural issues that impact productivity. Much less
is known of how the socio-cultural meanings and values linked

to yam and its production process influence their productivity.
Our present study moves beyond understanding the biophysi-
cal, socio-cultural, religious and spiritual issues to examine their
implications for yam productivity within the broader context of
further untangling the challenges associated with food security
attainment for Nigeria. We explored these issues by the example
of the Obudu community in northern Cross River State, south
eastern Nigeria. Our paper is organized into segments. We dis-
cussed the geography of the Obudu community, Nigeria, in re-
lation to the geographical, historical and socio-cultural aspects
of yam farming immediately following our introduction. The
second segment describes the study methods including commu-
nities under study, methods of data collection, analysis, ethical
procedures and possible limitations. The findings section fol-
lows the study methods. The final segment focuses on discus-
sions of findings and concluding remarks.

2. Obudu community: environment, socio-cultural issues
and yam farming

2.1. Location, ethnic and demographic structures

Obudu is located at latitude 6°40’ and longitude 9°10’. It has
a total land size of 459.458 km? [22] and is bordered in the south
by Boki, in the east by Obanliku, in the west by Ogoja and Be-
kwarra local government areas in Cross River State and in the
north by Vandeika local government area in Benue State. Obudu
is home to the clans of Bette, Obanliku, Bendi, Utugwang, Uk-
pe-Alege, Utanga- Becheve, Bekwarra and Mbube, who all lived
as autonomous communities sharing kinship being the sons of
Agba. [23] (Figure 1). These traditional clans are now composed
into the local government political administrative area called
Obudu. They are locally administered by a traditional structure
led by village chiefs and clan heads who are coordinated by the
Paramount traditional ruler who is answerable to the Local Gov-
ernment Political Chairman who is the head of the political ad-
ministrative structure of Obudu local government area.

The Obudu people speak five languages based on the num-
ber of tribes above. These five languages are inter-spoken by the
eight clans as listed above with Bette ranking the largest. There
is no clear cut demographic delimitation classifying which lan-
guages are spoken by each tribe as diverse tribes adopt several
languages as it appeals to each family’s preference. In Ubang,
men speak a different language from women, though they un-
derstand each other. There is a local belief that God stepped his
mighty feet on Ubang land as a gigantic footprint, which is left
indelible in the community till date [23]. Settlements in the lo-
cal government area include Akim, Atikpe, Begiaba, Beniabe,
Betukwe, Babwabie uya, Babwabie, Betukwe, Igalaba, Obudu,
Obuabung, Okolo obudu, Ohong, Okoshe. Obudu have some
clusters of heterogeneous national and ethnic groups compris-
ing of the Cameroonians, Hausas, Igbos, Igedes, Yorubas and
Tivs, among others, who have integrated into the various sub-
communities on account of migration, marriages and business-
es. Obudu has a total population of 161,457 with 81,537 males
and 79,920 females [22], most of whom have achieved various
levels of basic formal and higher education.

2.2. Socio-cultural beliefs and practices

Over 90% of the population are Christians, who co-exist
with other religious groups including the Muslims and the tra-
ditional religion worshippers. There is, however, a tendency of
syncretism among the various religious groups, which mani-
fests through ancestral worship, sacrifices, libation, and beliefs
in witchcrafts, myths, taboos, charms etc. Eko et al. [24] explain
that the prevalence of these beliefs has shaped the course of
many practices, ceremonies, and festivals, for instance, the
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designation of special days, when no economic and related ac-
tivities can be conducted. Saturdays are popularly reserved for
major traditions and festivals during which all forms of farming
activities are prohibited.

2.3. Economic activities

Obudu is dominantly a rural region. Consequently, the larger
proportion of the population (over 90%) is estimated to live in
the rural areas and are involved in subsistent and semi-subsis-
tent activities dominated by farming, trades, skill crafts, com-
merce, among others. Farming and related land-based activities
are rainfed and seasonal, shaped by the rhythm of rainfall and
temperature. Typically, public education is poor in rural settle-
ments in Nigeria, which is reflected in low literacy level among
the population. Under this circumstance, most social and eco-
nomic activities are shaped by the tradition, cultural beliefs and
local knowledge of the ecological environment with implica-
tions for productivity and sustainable practices.

3. Study methods, ethics and limitations

This paper is a product of a fieldwork activity on a doctoral
program on ‘food systems, livelihood and culture: a study on
yam in South-South Nigeria’ in September 2021. The fieldwork
took place in the Obudu community in northern Cross River,
Nigeria. The fieldwork process was largely qualitative and used
interviews, public meetings, focus group discussions, local infor-
mants, review of literature, including secondary and grey litera-
ture and keen observation. Our interviews mostly targeted two
demographic categories (60 years and above, and below 60 years)
to understand generational differences and associated impact
on yam farming. We also classified the population into native
and non-native groups to be able to delve deep into their socio-
cultural differences and associated impacts on yam farming.

We successfully conducted a total of sixty in-depth and semi-
structured interviews, three focus groups with women, native
and non-native population (each focus group had a maximum of
eight participants), two public meetings (initial public meeting
was used to explain the project and seek cooperation while the
last public meeting was used to share and triangulate findings).
The public meetings were organized at the villages’ Council with
wider representation from all demographic and gender-based
categories. The first public meeting had thirteen participants,
while the second had eighteen. Apart from the farming popula-
tion, we also interviewed two traditional rulers and eight opin-
ion holders. A single interview lasted, on average, between 55
minutes and one hour. Four local informants were used to facili-
tate our community entry, interaction with interviewees, clari-
fication of issues and communication with the local elders and
chiefs. Our respective individual experiences and familiarities
with the local customs and traditions were equally useful.

We took notes of important information and issues that
helped to clarify and strengthen our discussions. We had sev-
eral follow-up interviews through mobile phones and e-mails,
as well as in-person interviews to clarify issues, share findings
and probe into some unexpected results. We used the Internet
in search of relevant literature and visited public libraries and
institutions for grey and other local publications. We applied the
highest ethical standard of anonymity, confidentiality, informed
consents and ability to withdraw from participation at any time.
Our project also passed through stringent ethical approval from
the Department of Geography Ethical Approval Board during the
process of approving the doctoral project title and proposal, for
which this paper is a part. All our data were interpreted, coded,
thematized and analyzed. Narratives were collected and used for
strengthening discussions. We also used tables, percentages and
some quotes to strengthen our discussion of findings.
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A limitation of this study is that it was performed in a single
community (Obudu) as the starting point. We acknowledge that
Obudu alone cannot give adequate representation of the vast,
diverse and heterogeneous population of South-South Nigeria
with hundreds of ethnic groups. These heterogeneous ethnic
groups have vast and diverse perspectives, knowledge and norms
associated with yam agriculture, which can hardly be captured
by this small study area. Our study only focused on the qualita-
tive perspective. It would make good sense to situate analysis on
crop productivity in a balance of qualitative and quantitative pa-
rameters. These limitations relate much to funding limitations.
Given that research on this subject is rare in Nigeria, this study
stands to benefit the international community with literature,
stimulate debate and lay good foundation and opportunity for
further studies including cross-cutting thematic issues.

4. Results and discussion

4.1. Socio-demographic and economic characteristics

of the respondents

Fifty-three percent of the respondents were in the age
group of 60 years and above, while 47% were in the group of
below 60 years of age. Fifty-six percent of the respondents were
males and 44% were female participants. Fifty-four percent of
the respondents acknowledged Christianity as their religion.
Six percent admitted that they occasionally attend church
especially during thanksgiving services for new yam harvest.
They see themselves as practicing traditional religion insisting
that most of the other respondents that claim to be Christians
do so because of the social stigmatization attached with public
association with the traditional religion. Forty-eight percent
of the respondents were natives of Obudu with strong family
and kinship, while 12% were the first or second generation of
non-native settlers. Twelve percent of the respondents have
attained tertiary level of education, 18% have attained sec-
ondary education, while 24% have achieved different levels of
primary education. Eight percent admitted not having partici-
pated in formal education. Occupationally, 18% of the respon-
dents combined yam farming with public services. Forty-two
percent of the respondents were employed in other small scale
economic activities including trading, masonry, processing,
and all kinds of skill crafts, to mention but a few.

4.2. Socio-cultural perspectives on yam farming

Native farmers dominated farming operation (90%) over
non-natives (10%), and largely depended on the traditional
methods of farming practices including soil fertility determina-
tion, manual labor, non-use of chemicals (fertilizers, herbicides,
pesticides), use of native seedlings, gendered distribution of
farming tasks and responsibilities, the practice of shifting culti-
vation, and adherence to traditional beliefs and ritual practices,
among several others (Table 1).

The majority of the non-natives were migrants from the
neighboring ethnic regions of Igho, Bekwara and Ogoja (all in
Nigeria). They arrived in the region mostly for reasons of trade
and marital relationships. Non-natives were noted to be more
business minded, and more likely to embrace modern yam farm-
ing methods: °..they are more aggressive, businesslike, individu-
alistic and more likely to experiment on innovative and modern
methods...’, stated a male respondent in his early 50s. A female
respondent in her early 40s who relocated from Bekwara for the
marital reason argued that non-natives are not clearly bound by
most of the traditions of the natives. She, however, stated that
few general restrictions in fulfillment of traditional religious
ceremonies and beliefs also affect non-natives including tradi-
tional restriction of farming activities on certain days.
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Table 1. Yam related cultural practices and implication for productivity
Taﬁm/[ua 1. CBs13aHHBIE C IMCOM KyJIbTYPHBI€ IIPAKTUKU U UX 3HAYECHME IJISI IPOU3BOAUTE/IBHOCTU

Yam related cultural practices and routines
Worship of yam deities and ancestors

Yam ownership and cultivation is highly gendered

Excessive fixation on indigenous and native species (varieties)

Land rotation is still a traditional land-use management practice

The cultural practice of throwing outside pieces of harvested
yams to prevent the deceased owner from gaining access to farm

Twins in a family

Exponential rise in marriage during harvesting season

A yam test reveals the potential of a bride distinguishing who
can manage a home or not. The potential bride is given a yam
tuber to peel while the family gathers and watch

Farming close to river banks/watersheds

Yam and its symbolic values

Remarks

varies among ethnic groups

manifests in sacrifices of living beings

productivity of yam is believed to be determined by spiritual forces

excessive devotion to the gods of yam limits the introduction and acceptability of
modern methods of farming and improving yam productivity

culturally, women do not own or inherit land and cannot take an independent
decision on yam farming

yam cultivation is exclusively the preserve of the male gender

9oor or absence of participation of women limits labor expansion in the business

only indigenous and native species (varieties) are acceptable for traditional and
ritual ceremonies
this attitude rarely allows for experimentation on improved varieties

land inheritance is generational

traditional approach to soil fertility and quality management

in the context of rising population, excessive fragmentation limits mechanization
and large-scale cultivation

much yam tubers are wasted in the process once the owner dies

yam farming families publicly show off their twins signifying fertility and
blessings. Associating marital fecundity with the ‘goddesses’ of yam

procreation is encouraged

a strategy for increasing the family labor pool

a wife’s ineffectiveness in home management is identified... if she peels from the
head down. It is then concluded she will be incapable of managing the home.

has conservation values

yam symbolizes status, wealth and privileges
in some aspect, full scale commercialization amounts to a taboo and is

unacceptable
— commercial cultivation is severely restricted

Authors, 2021 (Field work)

In determining the fertility of soils for yam cultivation, all
the respondents who adhered to the traditional methods claimed
they always look out for the coloration of the soil, with the fertile
soil taking on the black or reddish color, while the white soil has
to be avoided: °..it is not every land that is fertile...we depend on
the color of the soil to determine its yield prospects...fertile land
range from the black to reddish color ..." noted a respondent aged
62. Soil fertility determination alone is often not the key decid-
ing principle for improvement in yam yields and outputs. Careful
choice of species (varieties) and other management practices are
critical. All the respondents placed premium on varieties with
70% indicating high preference for the native species (varieties).
Taste, texture and cost differences, in addition to availability
and easy access were listed to support their preference: *..yam
cultivated with chemical fertilizers hardly attract sales patronage
among our people who are adept at spotting the taste difference...if
you need urgent money, you may likely not secure market because
most people is not likely to buy...” argued a male respondent in his
late 40s. Limited exposure or non-exposure to many other yam
varieties as well as the rare use of yam tubers cultivated with the
aid of chemical fertilizers probably account for inability to gain
fast adjustments in attitudes toward other species.

Other cultural beliefs and practices bordering on gender dis-
crimination, religious ceremonies and land management were
also explored (Table 2).

Sixty percent of the respondents said yam farming was highly
gendered, 10% agreed on gender-based workload imbalance to a
certain extent, another 10% disagreed, while 20% of the respon-
dents were neutral. Most of the respondents (80%) in the ‘dis-
agree’ category were non-natives, while the remaining 20% have
been shaped by educational attainment and some measure of
social mobility including exposure to best practices. Men’s tasks
traditionally revolve around construction of yam molds, plant-
ing, stalking, trailing and harvesting. Women, on the other hand,
are traditionally involved in tasks such as weeding and, on rare
instances, could be allowed planting. Given that women could
be allowed planting yam, it means the traditional and perceived

division of tasks and responsibilities may not be spiritually sac-
rosanct between the genders, it is rather historically and socially
entrenched through a long period of socialization and practices.
Regarding the ‘weeding’ task, a male respondent in his late 60s
noted as follows: ‘..women’s traditional role in yam cultivation is
weeding, reason being that it is a meticulous task which demands
an appropriate attention and skills, which most men do not have the
time and patience to engage in...’

Table 2. Yam related beliefs and traditions
Ta6muua 2. CBsI3aHHBIE € SIMCOM YOeXXIeHUS U TPaauIun

SUBSCRIPTION SCALE
2
YAM RELATED TRADITION _% '?'2
8 o B 3
> X Z X &a Xz X
Deification 42 70 6 10 12 20 Nil Nil
Gendered practices 3% 60 6 10 6 10 12 20
Native species (varieties) 42 70 6 10 Nil Nil 12 20
Land rotation/ inheritance 48 80 6 10 Nil Nil 6 10
Throwing rp:fl‘ée;;’(fs"am 3 60 18 30 Nil Nil 6 10
Twins in family 30 50 12 20 6 10 12 20

Marriage during yam festivals 36 60 12 20 6 10 6 10
Farming close to river banks 12 20 36 60 6 10 6 10
Authors, 2021 (Field Work)

The religious festival popularly called the ‘new yam’ festival
is an important element in the Obudu age-long religious fes-
tivals that feature rites of sacrifices, obeisance, libation, fetish
and other practices in referential respect to the ‘goddesses’ of
yam fertility. Different ethnic groups designate special days for
their respective yam ceremonies. Obudu’s yearly festivals tradi-
tionally called ‘Kipam fufua’ are fixed on the first Saturday in
September every year always coinciding with new yam harvest.
A female respondent in her early 60s gave some details of the
Obudu yam ceremony as follows: °..this period is reserved for
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merrymaking...most youths are often carefree in partying...falling
victims to fatal accidents...often believed to be part of the sacrifices
to the gods...” She insisted that opting out of the tradition endan-
gers families, and misfortunes such as low yam yield and farm
accidents are attributable to their unwillingness to comply.

Other forms of labor and land management practices were
equally identified in the process of yam farming. Shared, com-
munal and rotational labor practices and exchanges, shifting
cultivation and avoidance of farming in fragile ecologies were
part of the traditional mode of yam farming in Obudu. The ma-
jority of the respondents practiced communal/shared/exchange
labor and on rotational basis among themselves. This has been
noted to save cost and achieve optimal labor power output with
minimal cost inputs for members. Land management practices
also formed part of our interview. Common practices identified
include shifting cultivation and land rotation, and avoidance
of farming in fragile and marginal areas. Sixty percent of the
respondents would clearly avoid farming close to river banks/
watersheds, while 20% would go ahead. We have learnt that vio-
lating the tradition will carry some spiritual and ecological con-
sequences that reflect negatively on yam yield and performance.
Our findings resonate with previous findings by [14,25] to the
effect that ecological consequences of inappropriate land use
management are linked to some spiritual breaches through hu-
man activities. These findings were reported in the geographical
region similar to this study, and clearly underline the role of the
traditional religion in fostering land use conservation and eco-
logical sustainability.

4.3. Implication for yam productivity

‘Yield abundance’, ‘bumper harvest’, ‘soil fertility’, ‘output/
seed input ratio’, ‘yield per yam crop stand’ were all the indi-
ces that were used to discuss the fecundity and productivity of
farmlands and yam vyield per planting season. Productivity was
assessed on the basis of the difference in yearly returns on invest-
ment in labor, inputs and finances, though such assessment was
not based on quantitative parameters. Most importantly, commu-
nal happiness is believed to rest on the harmonious relationship
with the ‘goddesses’ of fertility, which is partly expressed in their
annual merry making events that come with their yearly celebra-
tion in ‘new yam festival’. Yam farming was perceived by over
70% of the respondents as more of a cultural occupation nested
in beliefs, taboos, myths, sacrifices and spirituality, serving as a
rallying driver for collective and social engagements. How much
do these beliefs shape yield, fertility and profit outcomes?

All the native farmers made some references directly or in-
directly to the ‘goddess’ of fertility when discussing yield out-
comes, and perceive all yam related traditional practices as nor-
mal referential respect to the ‘goddess’: ‘...from the planting to
harvesting phase, our community has to follow the laid-down tradi-
tion that encourages sacrifices, libation, taboos and many forms of
ceremonies to protect our yam crop and sustain their yield...’, ar-
gued an elderly male respondent who should be in his early 70s.
He cited an instance bordering on how human twins are often
treated: ‘..if a family has twins as members during cultivation, the
first two sticks are inserted into the ground and made to cross. Upon
harvest time, yam is harvested early and the twins eat first before
other members of the household...” Associating marital fecundity
with the ‘goddesses’ of yam broadens the notion of productivity
beyond quantitative and material outputs. Yam farming families
tend to desire this prestigious public show of fertility if blessed
with a twin. However, if this ritual is violated due to ignorance
of the tradition by any twin family, there will probably be no di-
sastrous results unlike the so-called ‘nsobo udia’ (decreased yam
production), which would happen according to the belief of the
Ibibio ethnic group.

The yield trend was also estimated over the 30-year period as
a measure to assess how perceived cultural factors contribute to
productivity of yam. The yield trend displays a decreasing pat-
tern measured from 1992 to 2022 (Table 3).

Table 3. Ratio of yield trend and yam crop yield trend

Ta6nuia 3. COOTHOLIEHNE YPOSKAMHOCTH ¥ YPOXKAMHOCTH sIMca

YEARS E é = §
: 2 = 2
£ ® a ® & ® I ¥
1992-2002 42 70 6 10 6 10 12 20
2003-2012 30 50 6 10 6 10 18 30
2013-2022 30 50 12 20 6 10 12 20

Authors, 2021. (Field work)

Seventy percent of the respondents agreed that the yields in
1992-2002 were significantly higher. A male respondent in his
late 60s argued that there used to be higher yield output and bum-
per harvest compared to current yields, though they are not bad.

The 2003-2012 and 2013-2022 periods indicate a fairly sta-
ble yield output of 50% for each period, respectively, which is
significantly lower than the yields in the period of 1992-2002.
Between 20% and 30% of the respondents could not indicate
their responses to this particular question. Most of the respon-
dents under this category belong to the non-native farmers.
Some respondents who were able to assess the performance
trend blamed decreases and declining productivity on inability
to adhere strictly to the cultural traditions. However, few other
respondents went further and pointed to other human factors
that probably led to poor yam yield for the community, including
decreasing fallow duration, population pressure and inability to
embrace modern farming methods, among other factors. Gener-
ally, 80% of the respondents believed traditional and spiritual
factors largely shape yam cultivation processes, which tend to
undermine farmers’ ability to adapt to the innovative and mod-
ern production process in some cases. Most of these respondents
were not aware of the innovative and modern production pro-
cess as there were limited extension services across the study
area. Ninety percent of the yam farmers owned radio sets, which
were supposed to connect them to public information services,
with 60% of the socially mobile non-natives and the younger de-
mographic groups acknowledging adoption of one or more in-
novative modern farming technologies.

Social factors were equally mentioned among the deter-
mining drivers of yam crop farming and yield outcome. These
included labor management processes, large family size, social
and economic mobility of farmers and the availability of finan-
cial, self-help and cooperative support structures. As discussed
earlier, most of the farmers agreed that shared and communal
labor enhances performance and productivity. A respondent
in his late 50’s explained that in Kutia community shared and
communal labor can be divided into two categories. The com-
munity farm worker groups are further subdivided into age grade
groups. Community age grade groupings include the youths,
middle aged and elderly labor groupings. These groupings have
different sizes starting from five farmers depending on the de-
mand of a landowner. The norm is that a farmer invites a group
to his farm by giving a prior date notice. Upon arrival at the
farm, they execute their farming tasks with the farmer support-
ing them with meals and drinks. This is most often accompanied
by singing folklore songs to ensure the resilience and speed in
the execution of the task. A respondent, however, explained that
singing is an individual task and not a group thing and is done
voluntarily depending on the mood influenced by how they are
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entertained by the farmer. These communal farm groups con-
tribute to productivity outcome through extensive land culti-
vation. If some farmers are not in a right relationship with the
community, they will depend on paid private groups of small
farm workers who are less likely to achieve much compared to a
large group of communal farmers. The different farm groupings
are known by different names including Bebua baundie beh and
Bebua akapaha. According to the respondents, farm associations
are getting increasingly competitive and have variously contrib-
uted to enhancing the collective effort and yield performance.

Shared and communal labor contributes to the expansion of
a farm size as well as enhances an increase in the quantity of
yam crop planted per season: ..it would be practically impossible
to increase any farm size and quantity of yam planted with a small
labor size...it does not cost much to belong to a group but the benefit
is large...’, noted a female respondent who should be in her late
40s. Another female respondent in her late 40s also stated as fol-
lows: ‘..the involvement of a large number of individuals in weeding
through communal efforts incentivizes farmers and potential farm-
ers to expand their farm operation and enhance the productivity of
their efforts...”. Some respondents also described the impact of
large family sizes, level of education, extent of social exposure
and access to necessary information as vital to the productiv-
ity of yam farming. The yam harvesting season provides an op-
portunity for selecting hardworking ladies for marriage basically
aimed at increasing family sizes as security and insurance for
farm labor and productivity: °..it is mostly during this [harvest]
season that elders choose wives for their children...in order to be
able to identify a good woman, a yam test, in which a potential
bride is given a tuber of yam to peel and pound, is conducted while
the family watches...if the woman peels from the head down, it is
concluded that the woman is bad and will not be able to manage
the home...the woman that keeps the head will be judged as good
and more likely to preserve the future at least being able to plan
for the next yam planting season ...” Social and economic mobility
determined by the level of educational attainment, financial au-
tonomy, access to information and exposure to the best and in-
novative practices shaped the productivity of yam farming. The
majority of the non-natives (over 90%) and few of the natives
(less than 10%) who discussed and embraced the positive impact
of modern farming were more educationally and economically
empowered and could give account of the productivity of their
farming efforts as well as the improvement recorded in outputs.

The Obudu yam festival is the traditional public show of yam
harvest aimed to thank gods and ancestors for the help in farm
yield. The yield is often socio-culturally perceived by different
community groups as a result of diligence or god’s favor depend-
ing on each belief system. Folklore reveals that there used to be
great competitions where different farmers gathered with their
yam produce to compare which was the largest and to determine
the best farmer with traditional farming management skills.
The largest yam yield was publicly chosen and the participants
were awarded with different prizes by the community and local
government to motivate more farmers. These competitions are
still carried out, but a respondent explained that they are not
as grand as before, hence do not promote competition for more
productivity in the next farming season as they used to. How-
ever, another respondent believes that the Obudu yam festival
still has its awe of yam yield presentation as most farmers dur-
ing the cultivation seasons strive to be classed amongst the best
yam farmers. This prompts exceptional diligence of a farmer in
the process of cultivation and also promotes productivity and
better yield.

Yam farming in Obudu is largely shaped by the tradition,
religion, beliefs, taboos, myths, spirituality and social relation-
ship. Two broad categories of ethnic natives and non-natives,

and two sub-demographic categories consisting of the age group
of 60 years and above (majority) and a numerically low group
of people aged below 60 years are engaged in yam farming. The
native and the ‘aged’ majority of the population tended to be
more conservative in their farming approach exhibiting deeper
attachment to the tradition and less likely to embrace modern
farming practices. Their socio-demographic and economic sta-
tus are dominantly low (less educational attainment, low level
of social exposure), relatively poor financial autonomy, etc). On
the contrary, the non-natives and the younger demographic
groups, on average, were relatively better socially exposed), rel-
atively socially mobile, had some measure of higher education,
and were relatively more open to the modern farming approach,
though not completely averse and dismissive of the traditions of
the community. At least 80% in this demographic category vol-
untarily participated in some elements of the yearly yam festi-
vals, besides some traditionally mandatory activities.

Over 50% of the interviewees believed a declining produc-
tivity occurred over the years. About 10% disagreed probably
because their judgment may not be based on material outputs
alone (the quantity of yam tubers produced). While the non-na-
tives and the relatively young and mobile population advocated
for the improvement in yam farming practices through the in-
troduction of chemical and mechanical means, the natives and
the relatively older generations never gave consideration to such
changes. The fear that they may undermine their socio-cultural
tradition may be responsible for such conservative attitudes.
Differences in education and social exposure probably could ex-
plain such an attitudinal gap. Low population in Obudu implies
less pressure on available agricultural land, and may less likely
lend the needed impetus for a change in the direction of disrupt-
ing the cultural tradition.

Yam farming in Obudu has the relatively stable socio-
cultural history. The question of how the mode of cultivation
has shaped productivity is best answered from individual or
cultural perspectives of what productivity entails. From the
capitalist standpoint, productivity may be measured from the
perspective of lineal progress and quantitative improvement
in terms of financial profit and other forms of improvement in
material outcomes, even at the expense of the ecosystem and
social stabilization. While this sense may align well with the
western capitalist norms of material prosperity, it may not nec-
essarily be consistent with the African concept of prosperity
and productivity in the holistic sense of unity of human and
nature [26]. Productivity from the perspective of our study
population embraces a range of ecological and socio-cultural
aspects, as well as human well-being. The respondents placed
their emphasis on and gave priority to the health and continu-
ous functioning of the ecosystem. Inability to secure bumper
yam harvest at a particular season will most likely force collec-
tive imaginations and reflections on what probably went wrong
in the harmony and relationship of humans, nature and cul-
ture. Our findings demonstrate that most respondents rarely
fix their thoughts and expectations on the quantity and tons of
yam tubers at the expense of the overall health and integrity of
the ecological system that makes sustainable production and
human existence possible.

5. Conclusion

Our research had set out to qualitatively determine an im-
pact of the socio-cultural tradition on yam farming in Nigeria
by the example of the Obudu community, South-South region.
We have observed that yam farming in Nigeria is nested in the
socio-cultural tradition encapsulated in taboos, myths, customs,
beliefs, libation, spirituality etc. We have also found out that
ethnic and demographic groups with the strongest influence on
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yam economy are the ‘natives’ and ‘older’ generations, who are
still fixated on the values of the cultural tradition. This implies
that in the coming years between 2023-2032, while natural eco-
logical health of yam farms will be upheld through cultural pro-
duction, there may be some level of decline in yam crop yield
in most farms. The socially mobile and younger generation had
60% positive disposition towards adoption of modern yam pro-
duction innovations; however this generation is still dominated
by the ‘natives’ and ‘older’ generation groupings who are in-
clined to the cultural tradition of yam production.

When measuring in the quantitative, capitalist and west-
ern-based values, we have found out a decreasing productivity
and performance in yield outputs, though not so significant.
However, if productivity is to be measured outside the prism of
the western capitalist standard, our findings have touched on a
range of indices of what the respondents perceived as measures
of productivity, which are rather more holistic and account for
the harmony of ecological, socio-cultural and human interests.

We conclude that a more rigorous quantitative and long-term
trend analysis should be conducted to assess the productiv-
ity performance trend associated with the natural ecological
health and yam outputs for the study area. It is also important
for studies to look beyond an improvement in material produc-
tivity. Other non-material indices of productivity should be
explored.

6. Declarations Availability of Data and Material

Primary data was gathered from fieldwork using the quali-
tative methodology through interviews, public meetings,
focus group discussions, local informants and keen observa-
tions. There was a review of literature, including secondary
and grey literatures. Data was readily available and ethically
collected to reveal views of respondents in two demographic
categories (60 years and above and below 60 years) in order to
understand generational differences and associated impact on
yam farming.
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Helianthus annuus L., The aim of this study was to study the oxidation resistance and functional properties of oleogels based on high
Rosmarinus officinalis L., oleic oil and wax from Helianthus annuus L. with the addition of a natural complex antioxidant — an extract from
frying oil, high oleic sunflower oil, ~ Rosmarinus officinalis L. and lecithin from Helianthus annuus L. — when used as a frying medium for French-fries.
oleogel, sunflower wax, High oleic sunflower oil was structured into an oleogel with sunflower wax at a dosage of 5%. Studies were car-
rosemary extract ried out to determine the possibility of replacing the synthetic antioxidant tert-butylhydroquinone at a dosage

of 200 mg/kg with a natural antioxidant based on rosemary extract and sunflower lecithin in an oleogel with a
defoamer. It was determined that the introduction of sunflower wax increased the induction period of high-oleic
sunflower oil by 1.6 times, and the additional introduction of defoamer and antioxidants increased this figure by
1.8-2 times. The rate of accumulation of oxidation products in oil, which is characterized by the level of total
polar materials, decreased when wax and antioxidants were added. The degree of thermal oxidation most quickly
reached the limit value in oil without additives; in oleogels, it significantly decreased. The introduction of sun-
flower wax into oil contributed to a noticeable decrease in the absorption of oil by potatoes: fried in oleogel, it ab-
sorbed 34-38% less oil than fried in oil without additives. The addition of 0.07% rosemary extract with sunflower
lecithin to the oleogel increased the operating time of frying oil by at least 2 times, approximately the same as that
of the oleogel with tert-butylhydroquinone. This makes it possible to replace the synthetic antioxidant in deep-
frying oleogel with natural rosemary extract with sunflower lecithin. The developed oleogel is a frying oil that has
a longer service life and allows you to get fried products with a lower amount of fat.
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HELIANTHUS ANNUUS L. 1 ROSMARINUS OFFICINALIS L.
B KAYECTBE ®PUTIOPHOI'O JKXHUPA
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K/TFOYEBBIE CJIOBA: AHHOTALIUA

Helianthus annuus L., LlesbI0 HACTOSIIIETO MCCAEMOBAHMUS SIBJISIOCh M3YUYEHME YCTOMUYMBOCTY K OKUCAEHUIO U (GYHKIMOHATbHBIX
Rosmarinus officinalis L., CBOVICTB OJieoresieit Ha OCHOBE BhICOKOOJIEMHOBOTO Macjia ¥ Bocka u3 Helianthus annuus L. ¢ BBOJJOM HaTypaJIbHOTO
pumropHbLii 1cup, KOMIIJIEKCHOTO aHTUOKUCIUTEJIST — 3KCTpakTa u3 Rosmarinus officinalis L. u neuytuna us Helianthus annuus L. —
8bICOK00J1EUH0B0€E NOJCONHEUHOE MIPY UCIIOJIb30BAHMM MX B KauecTBe >KapOUHOIi cpenbl Ajsi KapTodens-dbpu. BbICOKOOTEMHOBOE TTOACOTHEUHOE
MAacno, 071e02esb, N0OCONHEYUHbLT Macs10 6bUI0 CTPYKTYPUPOBAHO B OJIE0TeJIb IO, COTHEUHBIM BOCKOM B 03UPOBKe 5%. [IpoBOaMIN UCC/IeZOBAHMS TTO
80CK, IKCMPAKmM po3mMapuHa orpeieJIeHNI0 BO3MOKHOCTM 3aMeHbI CMHTETUUECKOTO aHTUOKVMCIUTENSI TPET-OYTYMIITMIPOXMHOHA B TO3MPOBKE

200 Mr/Kkr Ha HATypajabHbI/l AaHTUMOKUCIUTEb HA OCHOBE 3KCTPaKTa pPO3MapuHa U MOACOJHEUHOrO JIeIUTUHA
B OJIeoresie C TieHoracuTesneM. BbIIo ompefeneHo, YTO BHECEHMEe IOACOTHEYHOTO BOCKA YBEIMYMIO MHIYKIIV-
OHHBIV TIePMOJ, BBICOKOOIETHOBOT'O MO/ICOIHEYHOTO Maciia B 1.6 pasa, a IOMOIHMTE/IbHbII BBOJ, TIEHOTaCUTeNs
Y aHTUOKUC/INTeJIeN YBeIMYWII JaHHbIN IMoKa3aresb yke B 1.8—2 pa3a. CKOPOCTbh HaKOIIJIEHUST TPOJYKTOB OKMC-
JIEHVST B Macjie, XapaKTepU3YIoLasicss YpOBHEM OOIIMX MOISPHBIX BEIECTB, TPY BHECEHMM BOCKA M AHTUOKMUCIIN-
Tejeil cHbKanach. CTerneHb TEPMUYECKOTO OKUCIEHUS GbICTpee BCeX MOCTUIVIA TIPeIeIbHOTO 3HAUeHUsI B Maciie
6e3 106aBOK, B OJIEOTE/ISIX OHA 3aMETHO CHIDKAIach. BBeJeHue B Mac/o MOJCOJHEYHOTO BOCKA CIIOCOGCTBOBAIIO
3aMeTHOMY CHMKEHMIO BIIUTHIBAEMOCTY Macja KapTodeseM: 06kapeHHbIN B 0Jieoresie, OH BIIUThIBAI Ha 34-38%
MeHbIlle Mac/ia, yeM OOkapeHHbIT B Macie 6e3 mob6aBok. Buecenme B oneorenb 0.07% 3KcTpakTa po3mapuHa
C TMOJICOTHEYHBIM JIEIIUTUHOM YBEJIMUMBAJIO BPEMS KCIUTyaTaluy GPUTIOPHOTO K1Upa HEe MeHee ueM B 2 pasa,
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MIPUMEPHO TAKXKe, KaK 1 Y 0JIEOTeJISI C TPET-Oy TMIATUIPOXMHOHOM. TO JaeT BO3MOKHOCTh ITPOM3BECTY 3aMeHY CMH-
TETUYECKOTO aHTUOKVCIIUTEJIS B 0Jieoresie jist GpUTIOpa Ha HaTypasibHbI SKCTPAKT PO3MapyHa C MOACOTHEUHbIM
JleuUTUHOM. Pa3pabGoTaHHbI oyieorenb SBISIETCS GPUTIOPHBIM KMPOM, MMEIONMM 6ojiee JIUTETbHbIA CPOK
IKCIUTyaTal[My ¥ MTO3BOJISIOIIMM ITOJIyYaTh 0O05KapeHHbIE TIPOAYKTHI C 60/Iee HU3KMM KOJMUECTBOM KUpa.

1. Introduction

Development of landmark technologies as solution to the
issue of safety and quality of food is of immediate interest and
contributes to the sixth wave of innovation in the agro-industrial
complex [1]. For example, oleogels constitute a specific continuous
form of organogels consisting of liquid at ambient temperature
oils and fats — oil and fat products obtained in a new manner by
oil modification (oleogel formation). Oleogel is a solid dispersed
system, the dispersion medium of which is liquid edible oil, while
the dispersed phase is represented by low- and high-molecular
weight compounds forming a continuous homogeneous structure
[2]. Compared to other classic ways of fat modification (hydroge-
nation, interesterification and fractionation), oleogel formation
allows obtaining analogues of solid at ambient temperature fats —
confectionary, baking, frying fats, margarine without or with re-
duced content of trans and saturated fatty acids. For the purpose
of replacement of tropic oils, their fractions, hydrogenated fats
and other fatty acids with high content of saturated and trans fats,
oleogels were studied as frying fats. Oleogels were studied when
deep frying potatoes [3-5], chicken [6], and in the technology of
instant noodles [7-9]. Any liquid at ambient temperature oils and
fats may be used as the base of oleogel, but the most oxidation-
resistant due to reduced content of PUFAs appear the best choice
for deep frying: high oleic sunflower oil, rape seed oil, soya bean
oil and palm super olein. Being a domestic raw material, high oleic
sunflower oil is of immediate interest.

Different organic substances were studied as gelling agents
in oleogels [2]. Various waxes can be distinguished due to their
market availability [4,7,13,14,18,19,23,28,29]. However, car-
nauba wax (E903) [6,8,9,16,17], bee wax (901) [5,10,12,15,21,27],
candelilla wax (E 902) [21], and rice bran wax (E908) [25], used
in such studies, have restrictions in the application and/or ac-
ceptable content in products. Sunflower wax was also studied in
oleogels [3,11,16,17,21,22,24,26,27,30], though it is not a food
additive (does not have E index), but is contained in traditional
food items such as sunflower seeds, unrefined sunflower oil. As
compared to the most waxes used, the sunflower wax almost
does not contain any free fatty alcohol, acids, or hydrocarbons,
and 95% of it is wax ester. Today, the use of sunflower wax in
food is not restricted by Russian or international laws. However,
of course appropriate hygienic studies are required to assess the
risks of its use in food. Besides, the sunflower wax is a secondary
product of treatment of the sunflower oil refinery waste, which
makes it a cost effective domestic raw material to be used in the
manufacturing of oleogels. According to the researchers, advan-
tages of using waxes in oleogels include reduced oil absorption
by the deep fried product [3-5,8].

Traditional antioxidants for frying oils are synthetic tert-
butylhydroquinone (E 319), butylated hydroxyanisole (E320),
butylated hydroxytoluene (E321), gallates (E310, E311, E312).
Their content in frying oils is restricted by safety requirements
CU TR029/2012'. The following natural organic compounds were
studied as alternative to synthetic antioxidants in frying oils: to-
cochromanols (tocopherols, tocotrienols), phytosterols, pheno-
lic acids and their esters (gallic, caffeic, rosmarinic, ferulic, gam-
ma oryzanol), lignans (sesamin, sesamol, sesamolin, sesaminol,

! CU TR 029/2012 Customs Union Technical Regulation “On safety re-
quirements for food additives, flavouring agents and processing supple-
ments”, adopted by the Decree No. 5 of July 20, 2012 of the Council of the
Eurasian Economic Commission. (In Russian)

sesamolinol), carotenoids (beta-carotene), terpenoids (squalene,
carnosic acid, carnosol), phospholipids (phosphatidylcholine),
polyphenols (catechins, gallates), flavonoids (quercetine), phe-
nolamides (capsaicine), diarylheptanoids (curcumin) [31-34].
Among natural antioxidants, maximum antioxidant activity and
thermal resistance was demonstrated by phenolic compounds
contained in the extracts of the following plants: olive leaves,
hazel leaves, oregano, thyme, grape seeds, rosemary, sage, green
tea, green coffee, bamboo, coriander, etc. [32,34]. Presently,
rosemary extracts prevail in the markets.

Phospholipids play a special role among natural antioxi-
dants. Depending on the medium they can demonstrate pro- or
antioxidant properties [35]. Prooxidant effect was observed in
unrefined oil due to the surface activity of phospholipids, and
in products with low humidity. At the same time, phospholipids
together with tocopherols and flavonoids demonstrate a syner-
gistic effect and enhance the antioxidant activity due to their
regeneration [36-37]. The effect of phospholipids towards to-
copherols is determined by a substituted aminogroup in their
structure [38]. Due to lecithin availability in the market, incl.
domestic sunflower lecithin, it is of interest as a synergist to the
antioxidant for frying oils.

Based on the literature analysis and market demands, manu-
facturing of frying oils out of domestic raw materials with re-
duced content of saturated fats and clean label seems relevant
for the food industry. However, the literature does not contain
any data on such manufacturing.

The purpose of this article is to study the effect of rosemary
plant extract and sunflower lecithin as compared to synthetic
antioxidant tert-butylhydroquinone within oleogels based on
high oleic sunflower oil and sunflower wax on the quality indica-
tors in the deep frying technology.

The following tasks were to be solved to achieve the objective:
1. Obtaining of oleogel based on high oleic sunflower oil and

sunflower wax.

2. Obtaining of a complex antioxidant based on rosemary
extract and sunflower lecithin.

3. Study of the effect of rosemary extract, sunflower lecithin
and sunflower wax on the properties of oleogel based on high
oleic frying oil in the technology of French-fried potatoes.
It was suggested that rosemary extract and sunflower leci-

thin can replace the traditional synthetic antioxidant tert-butyl-
hydroquinone in oleogel for frying without loss of its properties
during the deep frying of potatoes. It was also supposed that the
oil absorption by potatoes would be lower when frying them in
oleogel based on high oleic sunflower oil due to sunflower wax.

2. Materials and methods

The following materials were used as study objects: refined
and deodorised high oleic sunflower oil (HOSFO) (Rusagro
Group, Russia); refined and deodorised sunflower oil (Laguna,
Russia); refined and deodorised palm oil (Efko Group, Russia);
sunflower wax (SFW) (Koster Keunen Holland B. V., Netherlands);
sunflower lecithin (SFL) (Lasenor, Russia); rosemary extract (RE)
(20% carnosol and carnosic acid) (Synthite, India), polydimethyl
siloxane (PDMS) (Dew, USA), synthetic antioxidant Grindox 443
(30% tert-butylhydroquinone (TBHQ)) (DuPont, USA).

The following physicochemical and organoleptic methods of
analysis were used in Aquanova RUS and Rusagro Group labo-
ratories:
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O in oil: peroxide value (PV) — according to GOST ISO 3960—
20202, acid value (AV) — according to GOST 31933-20123,
total polar materials (TPM) by device FOM 320, thermal
oxidation (TO) by spectrophotometric method, colour, taste
and odour organoleptically — according to GOST R 54607.3—
2014*, induction period (IP) by device Rancimat — according
to GOST 31758-20125, and by device Oxitest — according to
GOST 34815-2021¢, dynamic viscosity (DV) — by rheometer
Haake Viscotester iQ equipped with Peltier temperature
module, using the cylinder in cylinder measuring system
CC25 DIN/Ti — 02200715, fatty acid content (FAC) —
according to GOST 30418-967, GOST 31663-20128;

O indeep fried potatoes: fat weight ratio by gravimetric method
with extraction using chloroform and spirit mix — according
to GOST 8756.21-89° colour, taste, odour and texture —
according to GOST 33314-2015".

The oleogel was obtained at the laboratory of Saratov Fat-
Processing Plant (Rusagro Group) by mixing HOSFO heated to
85°C with SFW in a dose of 1, 3 and 5% until its complete melt-
down and further cooling in water bath with ice to 52-55°C at a
speed of 5-7 °C/min. while agitation in IKA RW 20 D at the rate
of 700 rpm. Cooling to ambient temperature was performed in
static condition. The cool samples were put into a fridge for 24 h.
Oil binding capacity of the SFW in oleogels at ambient tempera-
ture, and organoleptic characteristics at consumer testing of
French — fries were evaluated. Oil binding capacity of the SFW
was evaluated as described below. One mL of melted oleogel was
added to pre-weighed empty tubes and left for 2 days at ambi-
ent temperature for crystallisation completion. The tubes were
centrifugated at 3000 rpm for 30 min. at ambient temperature.
Then the tubes were turned upside down and left for a night on
filter paper for drainage of separated oil. The tubes were weighed
to calculate the quantity of the separated oil.

The complex antioxidant was obtained at Aquanova RUS lab-
oratory by mixing RE with SFL in a dose of 5-10% and sunflower
oil, so that the content of the extract’s active substances in the
mixture (carnosol and carnosic acid) was 6.75% (determined in
the previous studies when antioxidants were obtained). The an-
tioxidant activity of the complex antioxidant was evaluated by
its dilution in melted palm oil in a dose of 0.07% (determined
in the previous studies of the authors) and IP assessment in the
samples of oil with antioxidant in Rancimat (sample weight: 4 g,
temperature: 120 °C) [34].

The following samples of frying oil were made at Rusagro
Group laboratory:

? GOST ISO 3960-2020 Animal and vegetable fats and oils. Determina-
tion of peroxide value. Iodometric (visual) endpoint determination. — M.:
Standartinform, 2021. — 18 p. (In Russian)

* GOST 31933-2012 as amended by Amendment 1. Vegetable oils. Meth-
ods for determination of acid value. — M.: Standartinform, 2019. — 14 p.
Amendment No. 1 was introduced by the database author in the text IUS No.
10, 2020. (In Russian)

* GOST R 54607.3-2014 Public catering services. Methods of laboratory
quality control of products catering. Part 3. Methods of control of manu-
facturing processes of products of public catering. — M.: Standartinform,
2020. — 15 p. (In Russian)

°* GOST 31758-2012 Animal and vegetable fats and oils. Determination
of oxidative stability (accelerated oxidation test). — M.: Standartinform,
2019. — 16 p. (In Russian)

® GOST 34815-2021 Foods. Accelerated oxidation test using the oxida-
tion test reactor. — M.: Standartinform, 2022. — 12 p. (In Russian)

7 GOST 30418-96 Vegetable oils. Method for determination of fatty acid
content. — Minsk: MGSSMS, 1996. — 116 p. (In Russian)

® GOST 31663-2012 Vegetable oils and animal fats. Determination of
methyl esters of fatty acids by gas chromatography method. — M.: Stand-
artinform, 2013. — 8 p. (In Russian)

% GOST 8756.21-89 Products of fruits and vegetables processing. Meth-
ods for determination of fat. — M.: Standartinform, 2010. — 68 p. (In Russian)

“GOST 33314-2015 Quick-frozen potatoes. General specifications. —
M.: Standartinform, 2016. — 9 p. (In Russian)

1. Absolute control — HOSFO without additives;

. Control — oleogel: HOSFO with SFW without other additives;

3. Oleogel + PDMS + TBHQ: oleogel with PDMS 0.001% and
synthetic antioxidant Grindox 443 in a standard dose of
0.066% (200 mg/kg TBHQ according to CU TR 029/2012'1);

4. Oleogel + PDMS + Rosemary extract AR 2506 0.05%: oleogel
with PDMS 0.001% and complex antioxidant based on RE and
SFL in optimum ratio (Rosemary Extract AR 2506) in a dose
of 0.05%;

5. Oleogel + PDMS + Rosemary Extract AR 2506 0.07%: oleogel
with PDMS 0.001% and complex antioxidant based on RE and
SFL in optimum ratio (Rosemary Extract AR 2506) in a dose of
0.07%.

PDMS was used as a standard antifoamer for frying oils in the
maximum allowable dose of 0.001% according to CU TR 029/20121.

The effect of RE, SFL and SFW on the characteristics of
HOSFO-based oleogel for frying oils in the technology of French-
fried potatoes was studied at Aquanova RUS laboratory by deep
frying of potatoes using 5 samples of frying oil presented by Ru-
sagro Group. Potatoes pre-sliced into matchsticks of equal size
were frozen at -18 °C, and then defrosted before frying. Potatoes
were fried in a semi-professional deep fryer with the volume of
4 L with a metal basket. Frying parameters: required quantity of
fresh frying oil: 3 kg, frying temperature: 170-175 °C, portion of
potatoes: 100 g, frying time per portion: 8 min. Frying process:
the oil was heated to 180 °C, 2 portions of potatoes were fried one
after the other, then 2 h of idle heating, then again 2 portions of
potatoes were fried, etc. up to the end of the work day (total 4 fry-
ing cycles at 10 a. m., 12 a. m., 2 p. m., 4 p. m.), after that the deep
fryer was switched off and closed with the lid, the oil was not
filtered. The next day the same oil was heated to 180°C, and fry-
ing cycles were repeated. PV and IP were determined in the fresh
oil using Oxitest (sample weight: 10 g, temperature: 90 °C). While
frying, the following oil quality parameters were determined by
taking samples (10 mL) from the deep fryer at the beginning of
the test; AV, TO, taste, colour and odour were determined after
the first and the last idle heating during a day. TPM were deter-
mined directly in the deep fryer at the beginning of the test and
after the further 2 h idle heating. At the end of the workday;, after
the oil sample cooled down to the ambient temperature, the fol-
lowing parameters were additionally determined: IP using Ran-
cimat (sample weight: 4 g, temperature: 120 °C), DV. Based on the
results, the objective index of rejection of any frying oil according
to organoleptic parameters obtained in the international study
[39] was calculated — degradation level of frying oil DEGLEV:

DEGLEV = 117-8-AV-3-TPM [%]. (1)

When this index fell below 50%, the frying oil had unaccept-
able organoleptic parameters restricting its further use, there-
fore frying was stopped.

The fresh sample and the sample of oil from each batch
upon completion of frying were forwarded for FAC determina-
tion (to Rusagro Group laboratory). Mass content of oil in the
samples of fried potatoes was determined at the beginning and
at the end of frying.

The total time of use of the frying oil for a given batch was
recorded when one of the target indicators of frying oil quality
reached threshold values according to GOST R 54607.3-20141%
AV — over 0.6 mg KOH/g, TPM — over 20%, TO — over 1% or less
than 2 points based on organoleptic parameters.

"'CU TR 029/2012 Customs Union Technical Regulation “On safety re-
quirements for food additives, flavouring agents and processing supple-
ments”, adopted by the Decree No. 5 of July 20, 2012 of the Council of the
Eurasian Economic Commission. (In Russian)

2GOST R 54607.3-2014 Public catering services. Methods of laboratory
quality control of products catering. Part 3. Methods of control of manu-
facturing processes of products of public catering. — M.: Standartinform,
2020. — 15 p. (In Russian)
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Statistical processing of data was performed according to the
standard methods of mathematical statics using software Statis-
tica 10.0. The confidence level was determined based on 3 paral-
lel measurements according to Student’s t-test. The difference
between the average values was considered significant at confi-
dential probability p < 0.05. The measurement results are given
as average values *# standard deviation (n=3).

3. Results and discussion

3.1. Obtaining of oleogel based on HOSFO and SFW

Different doses of SFW (1, 3 and 5%) were used to determine
the minimum content necessary for oleogel formation. Content
of 1% resulted in a weak oleogel web, which ran down the in-
clined surface. Minimum quantity of SFW for oleogel formation:
3%. 0Oil binding capacity test was performed using 3% and 5%
oleogels. Neither sample of oleogel demonstrated oil separation.
Oleogels with 3% and 5% SFW content were used in 2 cycles of
frying potatoes. When evaluating organoleptic parameters, all
the testers noted less oily surface of potato matchsticks fried in
the 5% oleogel, their taste seemed less oily, they were drier. The
odour of ready products was similar.

Based on the results of this stage of study, it was determined,
that 5% is optimum content of SFW in the HOSFO-based oleogel
for deep frying.

3.2. Obtaining of complex antioxidant based on RE and SFL
The results of IP determination in the antioxidants based
on RE and SFL are given in Table 1.

Table 1. IP of complex antioxidants based on RE and SFL
in palm oil
Ta6muiia 1. UHAYKIMOHHBIN MePuo, KOMIUIEKCHBIX aHTUOKUCIUTEIei
Ha ocHoBe JP u I1JI B naibMOBOM Macjie

Sample IP, h (Rancimat, 120°C)
Palm oil, control 17.50+0.70
Palm oil + 0.07% RE 20.80%+0.83
Palm oil + 0.07% RE with 5% SFL 20.34%£0.81
Palm oil + 0.07% RE with 10% SFL 22.58+0.90

The values marked with <*> have no significant difference (p > 0.05)

Based on the results of this stage of study, it was determined
that maximum antioxidant activity is demonstrated by RE with
10% SFL, obtained by Rosemary Extract AR 2506 (Aquanova
RUS). Doses of Rosemary Extract AR 2506 in oleogels for the
next stage of study: 0.07 and 0.05% (to evaluate the possibility
of dose reduction).

3.3. Results of study of RE, SFL and SFW impact

on the characteristics of HOSFO-based oleogel for deep

frying in the technology of French-fried potatoes

PV in all the samples of frying oil was below 1 mEq of active
oxygen per kg, which shows freshness and low oxidation of raw
materials: HOSFO, SFW, SFL.

The results of study are given in the diagrams and charts,
Figures 1-10.

Figure 1 shows that SFW added to HOSFO increases IP (Oxit-
est) of fresh frying oil by 1.6 times, adding of antioxidants in-
creases this value by 1.8-2 times.

Absolute control - HOSFO  [IE=— 32,44

Control — Oleogel

Oleogel + TBHQ

Oleogel + Rosemary Extract AR 2506 0.05%

Oleogel + Rosemary Extract AR 2506 0.07%

——— 52,30
e 64,07
e 57,27
e ss,aa

0 10

20 30 40 50 60 70 80 IPh

Figure 1. IP of fresh frying oil determined with Oxitest (at 90 °C)

PucyHOK 1. UHAYKIIMOHHBIN epUOJ, CBeKUX GPUTIOPHBIX XKUPOB Ha ipuGope Okcurect (ripu 90 °C)

® Absolute control - HOSFO
+ Control — Oleogel
4 A Oleogel + TBHQ
® Oleogel + Rosemary Extract AR 2506 0.05%
Oleogel + Rosemary Extract AR 2506 0.07%

AV, mg KOH/g

§._.§.

Frying cycles, un.

Figure 2. AV dynamics in frying oil

PuicyHOK 2. I3MeHeHMe KMCIOTHOTO 4iciia (P)pUTIOPHOTO KUpa
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Figure 3. TPM dynamics in frying oil
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Figure 4. DEGLEV dynamics in frying oil
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Figure 5. TO dynamics in frying oil

PucyHOK 5. I3MeHeHMe CTelleHy TePMUYECKOro OKMcaeHns: GPUTIOPHOTO Kupa
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Based on Figure 4, the actual number of potatoes frying cy-
cles is shown in Table 2.

Table 2. Actual number of potatoes frying cycles
Ta6nuia 2. @aKTUYEeCKoe KOJIMYEeCTBO MPOBEeAEHHBIX JKapOK KapToders

Frying oil Number of frying cycles, un.
Absolute control — HOSFO 16
Control — Oleogel 32
Oleogel + TBHQ 44
Oleogel + Rosemary Extract AR 2506 0.05% 36
Oleogel + Rosemary Extract AR 2506 0.07% 40

The actual number of frying cycles given in Table 2 was de-
termined on the basis of reduction of the frying oil degradation
level DEGLEV below 50%. According to the formula (1), DEGLEV
depends on the AV and TPM, the data given in Figures 2—4 shows
that maximum growth rate of AV and TPM, and, consequently,
maximum falling rate of DEGLEV are recorded in absolute con-
trol — HOSFO. Accumulation rate of oxidation products, char-
acterised by TPM level, is much lower in oleogel without an-
tioxidants, than in absolute control due to added SFW, while
antioxidants added to oleogel decreased the rate even more.
TPM content in the absolute control — HOSFO — reached the
threshold of 20% after 10 frying cycles, in the control — oleo-
gel — only after 32 frying cycles, while in the samples with anti-

5 q e @ @ @ @ @ @ & 2 S S S O

oxidants after 45-54 frying cycles depending on their type and
dose (Figure 3). Analysis of the AV growth in Figure 2 shows,
that the quickest achievement of the threshold of 0.6 mg KOH/g
was observed in the absolute control — HOSFO (after 12 frying
cycles), in the control (oleogel) and samples with antioxidants —
after 14-19 frying cycles. As AV characterises the fat splitting,
but not oxidation, there is no correlation between adding an-
tioxidants and the value growth rate. As compared to AV, the
TPM content dynamics shows that minimum rate of the value
growth was observed in the oleogel sample with TBHQ, and the
closest result was obtained in the sample with Rosemary Ex-
tract AR 2506 0.07%, which demonstrates the antioxidant activ-
ity of these antioxidants in frying oil and its longer period of
use. TO accumulation rate (Figure 5) shows the same trend as
TPM: the quickest achievement of the threshold of 1% was ob-
served in the absolute control — HOSFO (after 19 frying cycles),
in the control — oleogel — after — 36 frying cycles, while the rest
3 samples with antioxidants did not reach the threshold at all up
to the end of the test.

Evaluation of changes in organoleptic parameters of frying
oil, given in Figure 6, shows that their quickest fall to the thresh-
old of 2 points was observed in the absolute control — HOSFO
(after 14 frying cycles), samples in the order of reduction in the
parameter falling ratio: Oleogel + TBHQ (after 27 frying cycles),
Oleogel + Rosemary Extract AR 2506 0.05% (after 29 frying

Py

Organoleptic parameters, points

20 25 30 35
Frying cycles, un.

—o— Oleogel + Rosemary Extract AR 2506 0.05%
Oleogel + Rosemary Extract AR 2506 0.07%

Figure 6. Dynamics of organoleptic parameters of frying oil
PucyHOK 6. I3MeHeHMe OpraHoJIenTUIYecKuX rmoKkasareneii ppuriopHoro xupa
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Figure 7. IP dynamic in frying oil determined with Rancimat (at 120°C)

PucyHOK 7. I3MeHeHMe MHAYKIMOHHOTO nepuosa GpuTIOPHOro xupa Ha npuéope Pannumar (mpu 120 °C)
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cycles), Control — Oleogel (after 32 frying cycles), Oleogel +
Rosemary Extract AR 2506 0.07% (after 33 frying cycles). SFW
added to HOSFO increased the period of use of the frying oil ap-
proximately by 2 times (control — oleogel — as compared to ab-
solute control — HOSFO), which correlates to DEGLEV (Table 2,
Figure 4) and confirms its objectivity for evaluation of the period
of use of frying oils.

Based on physicochemical (AV, TPM, TO) and organoleptic pa-
rameters of frying fat, standardised under GOST R 54607.3—-201413,
the quickest achievement of thresholds was observed in the abso-
lute control — HOSFO, which demonstrates practicability of use of
the studied additives for extension of the period of its use.

According to the previous studies of the authors, good cor-
relation to the period of use of the frying oil is demonstrated
by IP obtained using Oxitest at 90 °C [34]. It is confirmed by the
current study, as IP of oleogels with all types of antioxidants in-
creased the indicator by 1.8-2 times as compared to the absolute
control — HOSFO, while the period of use increases similarly.

Added SFW reduced the falling ratio of frying oil IP (using
Rancimat at 120 °C) (Figure 7). Maximum IP in fresh oils was ob-
served in the sample of oleogel with TBHQ (23.15 h), other sam-
ples in descending order: Oleogel + Rosemary Extract AR 2506
0.05% (11.97 h) and 0.07% (12.52 h), Oleogel — Control (10.12 h),
Absolute control — HOSFO (8.38 h). Such distribution correlates
to IP obtained using Oxitest (Figure 1). The sharpest drop in
IP after 4 frying cycles was observed in the absolute control —
HOSFO, and in the sample with TBHQ. However, at the end of
frying, maximum value was observed in the sample with TBHQ

GOST R 54607.3-2014 Public catering services. Methods of laborato-
ryquality control of products catering. Part 3. Methods of control of manu-
facturing processes of products of public catering. — M.: Standartinform,
2020. — 15 p. (In Russian)
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(3.78 h after 44 frying cycles), minimum value — in the absolute
control — HOSFO (0.73 h after 16 frying cycles). Positive effect
of all types of antioxidants on the reduction of IP falling ratio
is observed: Rosemary Extract AR 2506 and TBHQ cause softer
fall in IP during frying as compared to the absolute and ordinary
control. The data obtained by the authors in the previous study
also demonstrates the possibility of replacement of synthetic
TBHQ with rosemary extract in the frying oil with retention of
its regulated parameters [34].

Statistically significant difference of IP, TPM and TO (Figures
1,3,5,7) from the absolute control — HOSFO — was observed in
the samples of all oleogels (p < 0.05), while added antioxidants
significantly improved TPM and TO in oleogels (p < 0.05).

Added antioxidants reduced the frying oil DV growth rate
during frying (statistically significant difference of DV after
the last frying cycle as compared to the absolute control —
HOSFO — was observed in all the samples with antioxidants,
p < 0.05) (Figure 8). Viscosity of oleogels with antioxidants at
the end of frying increased by 17-21% depending on the oil
sample and temperature of measurement, while viscosity in
the absolute control — HOSFO — increased by 32-44%. This
effect may be associated with the impact of waxes and antioxi-
dants on the decrease in formation of polymer compounds in
the frying oil.

Added antioxidants hampered degradation of the most ex-
posed polyunsaturated fatty acids of the frying oil during fry-
ing. For example, the content of linoleic acid (C,;,) contained
in the oil in the statistically significant amount (10.2-10.3%)
decreased approximately by 18% in the samples of oil with anti-
oxidants, while it decreased by 32-33% in oil without such addi-
tives (absolute control and control) (statistically significant dif-
ference in C,,, content after the last frying cycle as compared to

at 65 °C
[ | _
25.49 Absolute control - HOSFO
After the last frying 20.17 23.28
cycle 19..83 H Control — Oleogel
i 19.74
H Oleogel + TBHQ
17.70
17.34 H Oleogel + Rosemary Extract AR 2506 0.05%
Before frying 16.85
16.67 o
I 16.50 Oleogel + Rosemary Extract AR 2506 0.07%
0 5 10 15 20 25 30
Viscosity, mPa-s
at 75 °C
19.56 B Absolute control - HOSFO
After the last frying 15.80 17.89
cycle 15. 4.6 HControl — Oleogel
H 15.27
mOleogel + TBHQ
13.86
13.53 HOleogel + Rosemary Extract AR 2506 0.05%
Before frying 13.33
12.75
H 12.81 Oleogel + Rosemary Extract AR 2506 0.07%
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Figure 8. DV dynamics in frying oil

PuicyHOK 8. IsMeHeHMe AMHAMUYECKOi BA3KOCTH (PPUTIOPHOTO KMpa
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Figure 9. Change in the content of linoleic acid (C,, ,) in frying oil

PucyHok 9. UsMeHeHMe conepykaHus IMHOJeBOI kucaoTsi (C,,,) puTiopHOro xupa

After the last frying
cycle

After the first frying
cycle

the absolute control — HOSFO — was observed in all the samples
of oleogel, p < 0.05) (Figure 9). There was no significant differ-
ence in the content of saturated (palmitic and stearic acids) and
monounsaturated fatty acids (oleic acid) due to their high resis-
tance to oxidation, and in the content of linoleic acid and trans
fats due to their low concentration in the initial oil (up to 1%)
between the oil samples during frying. Added waxes did not have
a significant impact on the FAC dynamics in fresh oil and in the
oil after frying.

Added SFW decreased absorption of oil by deep fried pota-
toes at the beginning of frying by 34-39% (statistically signifi-
cant difference in fat weight ratio in deep fried potatoes after the
last frying cycle as compared to the absolute control — HOSFO —
was observed in all the samples of oleogel, p < 0.05) (Figure 10).
At the end of frying the trend remained. The potato samples
fried in oleogels with added SFW contained less oil than those
fried in the absolute control. The obtained data correlates to the
data [3], where absorption of oil by deep fried potatoes fried in
oleogel based on sunflower oil with 3-8% of bee wax decreased
in average by 20%.

10

B Absolute control - HOSFO
B Control — Oleogel
H QOleogel + TBHQ

11.48

B Oleogel + Rosemary Extract AR 2506 0.05%

1 Oleogel + Rosemary Extract AR 2506 0.07%

12 14

Fat weight ratio, %

Figure 10. Change in the fat weight ratio in French-fries
Pucynok 10. I3MeHeHMe MaccOBOii KoM kupa B KapTodene-dbpu

4. Conclusion

As a result of the study, oleogel based on high oleic sunflower
oil, antifoamer, components of Rosmarinus officinalis L. and Heli-
anthus annuus L. (sunflower wax, sunflower lecithin and rosemary
extract) was obtained. Positive effect of complex antioxidant based
on rosemary extract and sunflower lecithin on the quality indi-
cators of oleogels in the technology of French-fries was studied:
lower growth in the degree of thermal oxidation, decrease in total
polar substances and dynamic viscosity of frying oil during the use.

Added Rosemary Extract AR 2506 0.07% in oleogel increased
the period of use of high oleic sunflower oil at least by 2 times,
which is very close to the indicators of oleogel sample with tert-
butylhydroquinone in a dose of 200 mg/kg. It means that the syn-
thetic antioxidant in frying oil (oleogel) may be replaced with natu-
ral rosemary extract with sunflower lecithin. The idea of decreased
absorption of oil by potatoes while frying in oleogel due to added
sunflower wax was confirmed. Correlation between the period of
use of oleogel-based frying oil until the thresholds of regulated
quality indicators are reached and the induction period were found.
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BEJIKOBBIE ITPEIMMAPATHI U3 OTX0O/10B
IMEPEPABOTKMU PATICA: OB30P COBPEMEHHOTO
COCTOSIHUS U TIEPCIIEKTUB PA3BUTUSA
CYUIECTBYIOUINX TEXHOJIOTUN

HertsipeB U. A.'*, ®omenko U. A.!, MuskeBa A. A.!, Cep6a E. M.%, Mameniesa H. I.!

! Poccuitckuit 6MOTEXHOMOTMUeCKIIT yHMUBepCcuTeT, MockBa, Poccust

00630pHas cTaThs
Open access

? BcepoccuiicKuit HAyUHO-UCCIeI0BATENbCKIUII MHCTUTYT MUIIEBOI GMOTEXHOIOTUY — bunnan
depepaIbHOTO MUCCIEIOBATEIBCKOTO IEHTPA MUTaHWSI, GMOTEXHOIOrMY 1 6e30nmacHoCTy nuiy, Mocksa, Poccust

KJIFOYEBBIE CJIOBA: AHHOTAL A

usonsim 6enka, 6enKoswlil Cripoc Ha 6e/TKOBbIe MPOAYKThI YBEIMUYMBAETCS 3@ CUET POCTa HAaceleHusl IIaHeThl. B KauecTBe albTepHATUBBI
KOHUeHmpam, #Mblx pancd, TPaJMLMOHHBIM MCTOYHMKAM Geika BCe GOMbIIYIO MOMYISIPHOCTh MPUOOGPETAIOT OTXOAbI IepepaboTKU pacTu-
AMUHOKUCTIOMHBLIL cocmas, TEbHOTO ChIPbs. BaskHOe MeCTO B MMPOBO S5KOHOMMKE 3aHMMAIOT MaC/JIMYHbIe KYJIbTYpPbI, B YACTHOCTU paric,
pancoewlii wpom 06beMbl ITPOU3BOACTBA KOTOPOTO Ha Tepputopun Poccuiickoit demepanym ¢ KaskabiM romoM BospacraioT. Ce-

MeHa parica (j1at. Brassicaceae napus) Tpe[CTaBisIIOT GOMbLION MHTepec 3a CYeT UX BBICOKOV MaCIUMYHOCTU
(39,80-46,00%) 1 60raTOro0 XMPHOKMUCIOTHOTO COCTABA, & SKMBIX ¥ LIPOT, 06pa3yIoNecs B IMPOLecce MOTyIeHMs
Macja, XapaKTepu3yIOTCss 3HAUMTETbHBIM COIepPsKaHMeM ChIpOTOo mpoTenHa (35,00-45,00%) 1 ChIpoit KIeTYaTKU
(8,20-17,50%). OpHako mepeuncaeHHbIe TTPOAYKTHI UCIIONb3YIOTCS B OCHOBHOM B KayecTBe KOPMOBOJ JOOABKM.
TMocnenHue uccaen0BaHMs, MOCBSILIEHHbIE IIepepaboTKe OTXOL0B PArca, yKa3bIBAIOT Ha IIEHHOCTD JAHHOTO ChIPbSI
B KaUeCTBe MCTOUHMKA MMUIIEBOTO O6ejTka, KOTOPbIii MeeT c6amaHCUPOBAaHHbIN aMUHOKUCIOTHBIN MPO(WIb U BbI-
COKYIO CTeIIeHb YCBOSIEeMOCTM — 10 85%. [Iyisl osryyeHust 6esika rmpeaycMaTpyuBaioT 06paboTKy parcoBOro CEMeHM :
OUMNCTKY, MU3MeJIbueHIe, X0I0AHOe IpeccoBaHMe pu TemiiepaTtype < 40 °C, 3KCTpakIuio xupa pacTBopurenemM. Ha
CIeQYIONIMX TANax OCYIIeCTBISIIOT IKeTpakiuio 6enka 0,1-0,5 M NaCl nipu pH 5,3-12,0 u temmneparype 5-30°C
B TeueHMe 1 u. DKCTparnpoBaHHbIN 6EIOK OCaKAAIOT B M303/IEKTPUUECKOI TouKe mpu 3HaueHun pH 4,0 ¢ momo-
mbio HCI, oTmensioT oT cMecy 1 HeiTpaninu3yIoT. B pesyibTaTe MogydaloT 6eJIKOBbI U30JISIT C COfiepskaHeM 6eka
90,0-98,7%. YBeMUMUTDb KAaUECTBO U BBIXOJ OETKOBOTO IIPOAYKTA MOKHO 3a CUET JTOIOIHUTENbHOI cTaguu ob6pa-
60TKM 06€35KMPEHHOr0 JKMbIXa LEeJUTIONIONUTUYECKMMY (epMEeHTHBIMM ITpernapaTamu. B JaHHOM ciydae Heo6Xo-
MO TIPOBEJIeHNE NOMOTHUTENbHBIX VICCTIeJOBAHMIA, CBSI3aHHBIX C OIpeziesieHyieM Cy6CTpaTHOM crieuUIHOCTU
KOMMepueckuX (epMeHTHBIX TPernapaToB LeJ/UTi0Ia3 1 ONTUMAaIbHbIX YCIOBUIT ruAponu3a. [lapamMeTpbl SKCTpak-
LU ¥ OCAKIEHMST GeIKa B CTyyae MCIOoNb30BaHMs CTaauy GepMeHTON3a TAKXKe JOKHbI ObITh YTOUHEHBI.
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protein isolate, protein The demand for protein products is increasing due to the demographic growth of the world’s population. As an
concentrate, rapeseed cake, alternative to traditional sources of protein, waste from plant raw material processing is becoming increasingly
amino acid composition, popular. An important place in the global economy is occupied by oilseeds, in particular rapeseed, which pro-
rapeseed meal duction volumes are increasing in the Russian Federation every year. Rapeseed (Brassicaceae napus) is of great

interest due to its high oil content (39.80-46.00%) and rich fatty acid composition, while cake and meal formed
in the process of oil production are characterized by a significant content of crude protein (35.00-45.00%) and
crude fiber (8.20-17.50%); however, they are used mainly as a feed additive. Recent studies on the processing of
rapeseed waste indicate the value of this raw material as a source of dietary protein, which has a balanced amino
acid profile and a high degree of digestibility (up to 85%). To obtain protein, rapeseed processing is envisaged:
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cleaning, grinding, cold pressing at a temperature of < 40 °C, fat extraction with a solvent. At the next stages, the
protein is extracted with 0.1-0.5 M NaCl at pH 5.3-12.0 and a temperature of 5-30°C for 1 hour. The extracted
protein is precipitated at the isoelectric point (pH 4.0) with HCI, separated from the mixture and neutralized. The
result is a protein isolate with a protein content of 90.0-98.7%. It is possible to increase the quality and yield of
the protein product due to the additional stage of processing the defatted cake with cellulolytic enzyme prepara-
tions. In this case, additional studies are required to determine the substrate specificity of commercial cellulase
enzyme preparations and the optimal hydrolysis conditions. The parameters of extraction and precipitation of the
protein in the case of using the stage of enzymatic lysis should also be specified.

1. BBeneHnue

Hacenenne mianeTtsl gocturino K 2023 . 8 miaph, 4enoBek,
IIpy 3TOM Bce GoJiblile 060CTpsieTcs iobanbHas rmpobiema me-
¢dumTa MoTHOIEeHHOro 6eka B MUTaHUM venoBeka [1,2]. Food
and Agriculture Organization (FAO) mporHosupyet neduiut
6enka 30 mutH T/Tof K 2050 1. [3], O5kumaeTcs yaBOeHMe CIIpoca
Ha KMBOTHBIN 6eyok [4]. B Poccuu B GONBUIMHCTBE PETMOHOB
Hace/leHKe cTpamaeT oT medunyra 6enKka: cpenHee moTpebie-
HMe B CYTKM COCTaBJIsIeT MeHbllle peKOMeHJyeMoit HOpMBI [5].
B 2T0J1 CcBsI3M BaskHelIIel 3agaueli SBASeTCsI TIOMCK HOBBIX «He-
MSICHBIX» aJIbTepHaTUB IIPOTENHa.

Pa3BuTHe MPOM3BOACTBA GETKOBBIX MPENapaToB Ha OCHOBE
PaCTUTETBHOTO ChIPbSI CIIOCOOCTBYET YaCTUYHOMY peIIeHUI0
pobeMbl JeduunuTa 6elKa, a TaKKe CHYDKEHUIO KOIMYEeCcTBa
MaJIOMCIIONb3yeMbIX OTXOLO0B [6,7]. B HacTosI1lee BpeMsI MHOTVe
MMPOM3BOAUTENN PACIIMPSIIOT ACCOPTMMEHT ajbTepPHATUBHOM
6eIKOBOI TPOAYKIMM, TIPY 9TOM OTMEUaeTCsl MOJIOKUTETbHAs
JIMHaMMKa crpoca Ha Hee [8,9]. MupoBOJi pbIHOK MCKYCCTBEHHO-
ro Msica exxerofHo yBenuuyBaeTcst Ha 8,1% [10], OCHOBHBIMU M-
Iepamu IBISIOTCST KoMmauuy Beyond Meat u Impossible Foods
[11], B Poccum BBITYCKOM «HEMSICHBIX» aJIbTEPHATUB 3aHMMa-
torcst komnanuu Welldone, HI! 6penp I'K «3dko», Greenwise,
«Hapo-®omuHckuit MsicokombuHaT», «OKIMU» u «Ypanxumy,
TIPY 3TOM UX MPOAYKLMSI BCTPEYAeTCsI BO BCeX KPYITHBIX TOPTo-
BBIX CeTSIX ¥ CepBUCaX JOCTaBKM efdbl [12].

Cpeny MaCIMUHBIX KYJIBTYP GOJIBIIYIO TTOMYISIPHOCTD MIPUO-
6peTaet paric. ParicoBoe Macio HaXOAUT IIMPOKOe ITpUMeHEeHEe
B Pa3JIMYHBIX OTPACISIX MTPOMBIIIJIEHHOCTH, a COaIaHCHPOBAH-
HbIt aMMHOKMCIOTHBIV COCTAB GEJIKOB MO3BOJISIET MCITOJIb30BATh
ero B KauecTBe MuIeBOi mo6aBku. [To maHHbiM FAO, B mMupe
€KeroHO TEePSIETCS TPeTh MPOM3BEIEHHBIX MPOAYKTOB IUTA-
HUS — YUCIO NoTepsb gocturaet 1,3 muipa, T, 20% KOTOPBIX MPU-
XOOWUTCSI HA MaCJIMYHBIE KyAbTYPSHI [13].

2. 0630p pancoBoOro 3eMJjenenus

Hamnbonee pacrmpocTpaHeHHBIMM MACTUIHBIMU KyTbTYPAMU
SIBJISIIOTCSI COsI, PariC ¥ TMOJCOTHEUHNK: Ha UX JOJI0 TTPUXOIUTCS
23% ob6pabaTbiBaeMbIX 3eMenb B Mupe [14]. OCHOBHbIMM IIPOU3-
BOOUTENSIMU parica SIBJSIIOTCsT cTpadbl EBpornbl, Kanama, Poccus,
Kurait, Ungus u [Takucran; con — CIIA, bpasunus u ApreHTuHa;
noaconHeyHnka — Poccusi, YkpamHa, AprentuHa, CIIA, Kuraii,
Wupus u Typuus [13]. B Tabnuie 1 mpencraBieHa CTaTUCTUKA
YpOXKast OCHOBHBIX MaC/IMUHBIX Ky/abTyp B Mupe ¢ 2018 o 2022 rr.

Ta6nuia 1. Yposkait OCHOBHBIX PAaCTUTEIbHBIX KYJIbBTYD
¢ 2018 mmo 2022 rr. [15]
Table 1. Yield of the main crops from 2018 to 2022 [15]

HaumenoBaHue 06nem yposkas, T/roj
KyIbTyPBI 2018/2019 2019/2020 2020/2021 2021/2022

Cost 362,66 340,00 368,00 355,00
Parnc 73,00 69,00 73,00 74,00
TMomcoMHeYHMK 50,66 54,16 49,20 57,32
Apaxunc 49,62 48,17 50,26 50,38
TlanbmoBbIe simpa 19,46 19,33 19,05 19,87
XJ10110K 43,08 43,63 41,00 41,73
Kompa (MsIKOTb opexa 5,82 5,70 5,59 5.86

KOKOCOBOJ1 ITaJIbMbl)

C 2018 1o 2022 TT. KOMMYECTBO COOPAHHOTO YPOXKast MacaInyg-
HBIX KYJIbTYP IIPAKTUUECKU He MEHSIIOCh, UTO CBSI3aHO C MaH/e-
mueii COVID-19. B 1iesiom yposkaii com ymeHbInmics Ha 2,15%,
xJIonka — Ha 3,13%, c6op parica, apaxuca, IaJbMOBOIO siapa
U KOTIPBI YBEIMUMIICS MeHee ueM Ha 2,0%, a coop IMOACOTHEUHN -
Ka — Ha 13,14%. OgHako 3a 6ojee gyuTeNnbHblil mepuop (1975-
2019 rr.) 0OTMeuaeTcs MOBbILLIeHMeE T0M parica ¢ 6 1o 12%, cou —
¢ 48 0o 62% v nmoxconHeyHnka — ¢ 7 1o 10% [16].

B Poccum B 2021 1. 3apuKCMpOBaH peKOPAHBIN yposkaii par-
ca: 6b110 co6paHo 2,79 MIIH T, uTO Ha 8,1% 6oibiie, uem B 2020 T.
[17]. Hambonblieil MOMYy/ASIPHOCTbIO TOMb3YIOTCS SIPOBbIE COPTa
parica, MoceBHas IUIOMIAb KOTOPBIX COCTaBisieT OT 65 mo 90%
[18]. OcHOBHBIMM perMoHamy, BO3[eIbIBAIOIIMMM PAIIC, SBIS-
otcst KpacHosipckuii kpaint (11,1%), Anraiickuii kpait (9,8%),
KemepoBckas obmactb (6,7%), HoBocubupckast o6maacts (6,2%)
u BpstHCKast o6macth (6,0%) [19].

B cpegHem B Poccum ypoKailHOCTb parca COCTaBisieT
20,5 1/ra mpu MakcuMasbHOM KonmmdectBe 40 1/ra [21]. B 30-
HaxX C yMepeHHO-KIMMAaTUYeCKMMU YCIOBUSIMU BO3[E/IbIBAIOT
03MMble COpTa € ypoxkaitHOCTbIO 33,5-38,1 11/Ta, B LleHTpanbHO-
YepHO3eMHOI 30He BbIPALIVBAIOT SIPOBbIE COpPTa C ypOsKaii-
HOCTbIO He Gosnee 23,8 11/Ta [22].

OsumMble copTa comepskaT 60sblile Macia, OHM MeHee TOf-
Bep)KEHBI Pa3IMYHBIM 3a60IeBaHUSM M JIyUIIlle TTPUCTIOCOOIEHBI
K KIMMaTUUYeCKUM yCI0BUSIM Poccum, HO Ha UX AOJI0 TPUXOOUT-
cs1 TpeTh 0611l TToceBHO¥ Tonany [23]. BombInas 4acTs ypo-
>Kasi IPUXOAUTCSI Ha SIPOBbIe COPTa, KOTOPbIe XapaKTepu3yITCs
MeHblIIell MTPOAYKTUBHOCTBIO B CPAaBHEHUM C O3MMBIMU. JTO
OOBSICHSIETCSI Pa3HMLEH B MPOLOKUTETbHOCTY BereTaTUBHO-
ro nepuopa: 92-114 qHs y spoBoro u 250-265 nHe y 03MMOT0
[22]. Ing Hamiel cTpaHbl 03MMble COpTa MpearnoyYTUTenbHee. 1x
MOXXHO BBIpAIIMBATh MMPU OTPUIATENBHBIX TeMIlepaTypax 0e3
CHEXXHOTO MOKpoBa 10 —18 °C u ¢ mokpoBom 110 —25 °C.

biaromapsi cenekiuyoHepam BO BTOPO¥ monoBuHe XX Beka
yIaJa0Ch MOMyYnTh copTa Tuma «00», comepskanie Hu3Koe KO-
YeCTBO aHTUIUTATENbHbIX BellleCTB — IIIOKO3MHOIATOB (MeHee
25 MMOJIB/T CeMSIH) U 9PYKOBOIt KUCIOTHI (MeHee 2%) [24]. B pe-
3y/IbTaTe ParcoBOe Macjio CTAJI0 BO3MOXHBIM [IJIS1 MCITOIb30Ba-
HUSI B TIMIIEBOJ MTPOMBIIIJIEHHOCTH, & TIPOAYKTHI IepepaboTKu
CEeMSTH TIOTYUMITY GOJTBIINI CITPOC B PALIMOHAX KOPMJIEHUS CETb-
CKOXO3SI/ICTBEHHBIX JXMBOTHBIX M NTUIIbI. B Poccuu cenexiu-
et coproB 3anumaetcss ®PI'BHY «BHVI PATICA». HoBble copra
TO3BOIMIA YBEIUYUTD YPOKAHOCTD, MOBBICUTh YCTOMUMBOCTD
K 3a60J1€BaHVSIM, YITYUIIIATD ITPUCITOCABIMBAEMOCTD K BO3/EJTbI-
BaHMIO NIPY MMHMMaJIbHOM 06paboTKe mouBbI [20].

Paric 6bICTPO ITPOPACTAET, SIBJSIETCS XOPOUIUM CUIEPATOM,
II03TOMY OH MOXKeT ObITh MCIIOb30BaH B KauecTBe MpeJIiecT-
BEHHMKA [IJIsI TI0CeBa TOJIeBBIX KyJIbTyp. Tak, BO3[esbIBaHUe
3€pPHOBBIX KYJABTYp IOC/Ee parica CIocOOCTBYET MPUPOCTY ypO-
skast Ha 10-15% [25].

C 2022 r. B Poccun BBelleH BpeMeHHbBIIi 3ampeT Ha KCIOPT
CeMsIH parica Jjisl CTabuiau3anyuy BHYTPEHHEro IMPOIOBOJIbCT-
BEHHOT'O PbIHKA U C 1[e/IbI0 YBeIMUeHMsI MOUIHOCTH Tepepaba-
THIBAIOIMX PACTUTETbHOE ChIpbe OTEeYeCTBEHHbBIX IpenIpus-
Tuit [26]. OxkmupaeTcs MOBbILIEHNe BaJOBOTO c60pa MaCAMYHBIX
KynbTyp A0 26,7 MuH T K 2030 1., gonsa parca coctaBut 12,8%
[27]. B cBSI3M € 3TUM aKTyaJIbHOCTb IIPMOOPETAIOT TEXHOIOT UM,
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HalpaBjeHHble Ha pellleHMe KOMIUIeKCHBIX 3a/ay, CBSI3aHHBIX
¢ mepepaboTKoii parca B Poccuiut.

ITesib HAaCTOSAIIETO MCCIEN0BAaHMS — CUCTeMaTMU3anus 1 0600-
IleHMe SKCIepMMEeHTANbHBIX JAHHBIX O CIIOCO06aX IONyIeHMs
6eKOBBIX ITPOAYKTOB Darica, a Takke BBISIBIEHNUE CYIIEeCTBYIO-
mux mpo6enoB 1 GopMyIMPOBaHMe MIPEIOKEHNI TI0 BO3MOXK-
HBIM MeTOZ,aM yBeI4YeHMs BbIXO[la M ITOBBILIEHMS KauecTBa I0-
JIy4aeMbIX IPOAYKTOB.

3. OGBEeKTHI M MEeTObI

CucreMaTUUeCKMii TTOMCK HAYYHOI JIMTepaTyphl GbLI MIPO-
BeJleH C MCI0b30BaHMeM MOMCKOBBIX cucteM PubMed, Scopus,
Web of Science n Google Scholar mo xio4eBbIM bpaszam co
BKJIIOUEHVEM OIIePaTOPOB «M» M <«WJIM»: «PAIlCOBBI SKMBIX»,
«ParCoBbIit MIPOT», «06E3KMPUBAHIE KMbIXa parica», «<Xummie-
CKMIT COCTaB paricar, «M30JIsIT 6ejika parca», <KKOHIIEHTpaT 6eka
parica», «GpepMeHTaTUBHbIN TUAPOIN3 KIETUATKY Parcar, «IKC-
Tpakius 6eykax». B 0611eit CJI0KHOCTHM TTOMCKOBOI 3aMpoc MoKa-
3ai1 2990 ncTouHMKOB. MccienoBanmst 6bIIM CTPYIIITMPOBAHBI 10
TeMaTUYeCKuM 061acTsIM 0630pa, CTaThby MCKIIOUAINCh Ha OC-
HOBaHMM TTPeBaPUTEIbHOTO aHAIM3a HA3BAHMS M aHHOTAIUN.
Bcero 6bUT0 MPOAHAIM3UPOBAHO 85 HAYUYHBIX MCCIENOBAHUIA,
B TOM YMC/Ie 0630PHbIX.
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BbuIM pacCMOTpEeHbI TOHbIE TEKCThI CTaTeii, COOTBETCTBY-
IOLIMX KPUTEPUSIM TIOMCKA. ABTOPBI HE3aBMCUMO JIPYT OT Apyra
MPOBEIM aHaIN3 OTOOPAHHBIX MCTOYHMKOB Ha IIPeIMeT COOT-
BETCTBUS MCCIEIOBAHUI KPUTEPUSIM BKIIOUEHMS/VICKITIOUEHMSI.
BO/IbIIMHCTBO UCTIOTb3YEeMbIX UCTOYHMUKOB OBLIO OITyOIMKOBAHO
He paHee 2013 roga.

4. JXMBIX ¥ HIPOT parnca

[To60YHBIMY MTPOAYKTAMM TTOTYUEHMST PATICOBOTO Macja SIB-
JISTIOTCST JKMBIX ¥ MIPOT. OHM CUMTAIOTCSI MAJIOL€HHBIM ChIPbEM,
MCTIONb3YEeMbBIM ISl ITOJTyYeHMST KOPMOB, KOMITOCTA, YI0OpeHMii
U 9HepreTuyeckux Hocutesnei [28]. OgHaKO KMBIX M HIPOT CO-
JepkaT OOJIbIIOe KOJMMUYECTBO IIEHHBIX COeMHEHMIA, B YaCTHO-
¢y 6enka. beky MacIMYHbIX KylIbTYP MMEIOT BLICOKYIO CTeTleHb
ycBosieMocT — A0 85% [29]. B Tabnuiie 2 npeacTaBieHa CpaB-
HUTETbHASI XapaKTePUCTUKA OGMOXMMUUYECKOTO COCTaBa CEMSH
cou, parica, TIOACOTHEUHNKA ¥ OTXOIOB UX IepepaboTKiu.

CemeHa cou copepkaT HaMMeHbllee KOJINYeCTBO ChIPOTO
skupa (15,50-24,70%) M MMeEIOT camblii BBICOKUIT TTOKa3aTelb
CbIpOro mpoTtenHa — 10 43,60%. CeIpoii Xup B ceMeHax parica

U TIOJCOTHEYHMKA cocTaBisieT 6omee 40%, mpu 3TOM paric co-
Iep>XUT GoJIbIIIee KOJIMYECTBO ChIPOTO MpoTeyrHa. CoCTaB sKMbIXa
¥ IIPOTa MOSKET BapbhMPOBATLCSI B 3aBUCUMMOCTY OT KJIMMaTuye-
CKUX, [IOYBEHHBIX U TeHEeTUUYeCKNX (GAaKTOPOB, & TAKKE C Y4ETOM
yCI0BMIi 9KcTpakumy macia [33]. Ilo comepykaHuIo CbIpOTo Ipo-
TeNHa JXMbIX U IIpoT parca (35,00-40,10% u 33,90-45,0%) ycTy-
arT coeBbIM (43,30-49,30% un 44-53,20% COOTBETCTBEHHO), HO
HaXOAsSITCSI HA OLHOM YPOBHE C MofjconHeuHbsiMu (23,60-29,0%
u 15,0-48,0% cOOTBETCTBEHHO).

KauecTBo 6esika ornpenensieTcss aMMHOKUCIOTHBIM Mpodu-
sieM. PacTuTenbHble 6€IKM COAEPKAT B HEAOCTATOUYHOM KOJIMUe-
CTBe JIM3MH, U30IeMLMH, TPUITOPaH, METMOHMH U BaJIMH, I103-
TOMY JIJIs1 TIOJTHO 3aMeHblI MSICHOV MPOIYKIIMY 11e7IecO00pasHo
MCIT0JIb30BaTh HECKOJIbKO BU/IOB PACTUTENbHOrO 6eKa. OmHaKo
6eJIKM MaCJIMYHbIX KYJIBTYP MMEIOT XOPOIIIO cOalaHCMPOBaHHbI
aMMWHOKVCIOTHBIM COCTaB, B UaCTHOCTY 6eku parica [34]. ITpo-
LIEHTHOe cofepskaHMe aMUHOKUCIOT B 6e/IKax Cou, parica u Iog-
COJTHEYHMKA MMpuBeAeHo B Tabnuiie 3.

Ta6nuiia 3. CpaBHUTE/IbHASA XapaKTepUCTUKA
aMMHOKMC/IOTHOI'O COCTaBa GeJIKOB cou, parica
¥ IIOZICOTHEeYHMKA [4,35]
Table 3. Comparative characteristics of the amino acid composition
of soy, rapeseed and sunflower proteins [4,35]

HicTouHMK Genka Cost Panc IlopcomHeuHUK -
g B X B < B % g
AMUHOKMUCIOTHI g g E g g g e <ot
S =] S = % g5 &6
AnaHuH 3,6 43 — 473 4.1 — —
ApruHuH 6,2 5,8 7,4 7,2 9,0 9,1 -
Acmnaparua 7,1 7,0 — 11,7 10,2 — —
IInucrenn 2,1 1,7 1,6 1,6 2,2 1,8 —
[nyramuu 9,1 17,5 — 18,7 21,9 - —
87800751 3,7 49 45 4.2 5,6 5,6 —
Tuctuouu 3,0 2,7 2,4 2,6 2,5 2,8 1,6
V3oneiimu 5,3 4,0 4.6 4,5 4,5 4.2 3,0
Jleityu 7,1 7,0 7,8 7,8 6,5 6,9 53
JInsun 6,1 58 6,1 6,4 3,9 3,5 45
MeTroHuH 2,7 1,9 1,4 1,3 2,3 2,2 2,2
deHmIaIaHNH 3,9 3,8 5,5 5,0 49 5,1 3,8
Tponuu 3,6 6,0 - 5,1 5,0 — —
Cepun 6,4 4,6 - 5,1 4.1 — —
TpeoHnH 3,7 4,5 3,8 4,0 3,6 3,4 2,3
Tpunrodan 7,6 1,3 1,3 1,3 1,2 1,4 0,6
Tuposux 4,1 3,1 3,5 3,2 2,9 1,4 —
Banuu 5,2 5,0 5,2 4.8 5,5 58 3,9

JIusuH B GeyikaXx COM M parica CONEpPKUTCS B KOJIMYECTBE,
contoctaBuMom craHgapty ®AO/BO3. [lokasarenb MeTMOHMHA
B cocTaBe 6ejka coeBoro urpora Ha 13,63% HuKe CTaHIapTHOTO
3HaueHus. Takke HeOCTATOK METMOHMHA XapaKkTepeH 151 BCex
6eJIKOB parica. Beslok mofcoTHeYHMKA B I1€JIOM COOTBETCTBYET
cranpapry ®AO/BO3, 3a MCKIOYEHNEM NOKa3aTessl JIM3MHa.

Tab6nuiia 2. BMOXMMMUYECKHiT COCTaB OCHOBHBIX MaCIMYHBIX KY/JIBTYP U IMPOAYKTOB UX nepepaéorku [4,13,30,31,32]
Table 2. Biochemical composition of the main oilseeds and products of their processing [4,13,30,31,32]

IokasaTe/b Cost Panc IoxconHeynnK
(/100 1) ceMeHa JKMBIX HIpOT ceMeHa JKMBIX HIpOT ceMeHa JKMBIX IpoT
Biara 5,60-11,50  8,40-9,60  10,50-15,20 5,10-12,70  5,10-7,40  7,20-10,00  3,13-5,20 5,60-7,60  8,00-10,40
ChbIpoii mpoTenH 32,00-43,60 43,30-49,30 44,00-53,20 22,00-28,17 35,00-40,10 33,90-45,00 19,80-26,69 23,60-29,00 15,00-48,00
[@30107 870 15,50-24,70  9,30-15,50  0,55-2,00  39,80-46,00 11,80-16,70  1,70-3,80  40,30-54,06 11,00-30,30  1,20-2,00
ChbIpast KeTyaTka 6,20-8,90  4,95-11,28  3,50-7,00  5,80-15,70  8,20-17,50  11,00-14,00 8,60-17,10  8,60-30,20  13,20-28,90
3ona 4,50-6,40 5,70-6,80 6,30-7,60 3,70-5,00 5,60-7,00 5,00-6,50 3,00-3,30 5,70-7,50 6,10-7,10
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CoeBblit 6€/I0OK COIEPKUT GOJIbIIIOe KOJTMYECTBO JIM3YHA, TPUII-
toaHa, M30/eilHa, BalXHA U TPeOHMHA. ParcoBblii 6e0K
TaKke XapakTepusyeTcsi cOaJaHCUPOBAHHBIM aMMHOKMUCIOT-
HBIM Ipodusaem, HO MMeeT HMU3KOe KOIMUECTBO cepocojepska-
LIYX aMMHOKUCIIOT.

[Ipy m3BeveHVM GenKka MACIMYHBIX KyIbTYp HOOOYHbBIE
MIPOAYKTHI NTepepaboTKy MPeACTaBIISIOT CO00i MepCreKTUBHOe
CBIpbe IS MOyYeH!Us] KOPMOB U MUINEBBIX J0OaBOK, a TakkKe
SIBJISTIOTCSI HEJOPOTMM CYOCTPATOM JI/ISI MUKPOOHOTO MTPOM3BOL;-
cTBa G€PMEHTOB, aHTUOMOTUKOB U 61oTOILIMBA [13,36].

5. Beakwu parmca

Y MacJIMUYHBIX CeMSIH OCHOBHOJ 3aracamplnell TKaHbIO SIB-
JIIeTCsl MapeHxuMa ceMsgoeit, B Kotopoit 90% Bcex 6eKOB
SIBJISIIOTCS 3anacHbIMM [37]. OHM IIpelCTaB/ieHbl B BUZE KpU-
CTAJVIOUAOB U IMTOGOMUA0B, OTKIAABIBAIOIINXCS B BAKYOJISIX pa-
CTUTENbHO KneTKu [38]. V parca mpeo6iagaloT [Ba 3amacHbIX
6eyika — KpyuedUPUH 1 HATIMH C MOJIEKYISIPHO¥ Maccoii 300—
350 kla u 12-15 xJa coorBeTcTBeHHO [39]. Kpynedupun (118
IJI06Y/IMH) COCTOUT M3 IBYX MOJUTIENITUIHBIX IeTeii: MoJInIen-
T, a BKIo4aeT 254-296 aMUHOKMCIOT, mojuientus, b — 189-
191 amuHOKMCIOTY. 11S IOGYIMH MMEET M303JIeKTPUUECKYIO
TOYKY ITpU 3HaYeHUu pH 6, neHaTypupyeTcs pu TemIiiepaType
80°C [40].

Hanuu (2S anpO6ymMuH) BKIIOUAeT B cebst ABe MOIUIENTUI -
Hble [Ieny MOJeKyIsIpHoi maccoit 4 kla u 9 klla, 06beIHEH-
HbIe TUCYTbGOUIHBIMY CBSI3IMMU. [ITMHHAS IETTb JOTIOTHUTETbHO
CTAOWIN3UPYETCS] YeTHIPbMST AVCYIbMUAHBIMMY MOCTUKAMU. 28
aIbOYMMH MIMEET M303JIEKTPUUYECKYIO0 TOUKY TP 3HaUeHusiX pH
BbIle 10, cOXpaHseT CTabWIbHOCTD 0 TeMIiepaTypbl 75 °C [40].

1 CemeHa parnca ’

A 4

B paricoBoM 1IpoTe Takke ObLIM OGHApYKeHbI GeNIKU TUO-
HMHBI, MUHTUOUTOPBI TPUIICMHA Y TIEPEHOCYMKM JIUITUIOB [41].
B cemeHax parica 60/blast 4acTh GeIKOB MPUXOAUTCS HA allb-
GYMMHOBYIO U TJIOOYMHOBYIO (DpakiMiu. BbICOKOMOIEKYIISIPHbIE
paricoBbie 6eky 6osee TUAPOGOOHbI IO CPaBHEHMUIO C GeTKamMu
MeHbIIIeli MOJIEKY/ISIPHO MacChl ¥ 06/1aIal0T XOPOIIMMM ITOKa-
3aTENIIMM CTaOMIM3aLMM SMYIbCUIT U TerneoOpasoBaHus [42].

5.1. IlonyueHue 6enK08bLX NPeNapamos panca

ITpotiecc MoMyyeHus paricoBOTO Oeka HauMHaeTcs ¢ 06e3-
SKUPUBAHUS KMbIXa. YCJIOBUS M3BJIEUEHMS KMpaA M3 PariCoOBO-
rO0 CeMeH! COBepIIeHCTBOBAIMCh Ha MPOTSDKEHUM MHOTUX JIeT
C 1IeJIbIO YBeJIMUEHMS BbIXO/Ia Macja, a TakKe [/ yMeHbIleHUs
3aTparT U yaydlleHus] KauecTBa MPOoAayKTa [43].

Cy1ectByeT Tpy criocoba u3BiedeHus macia (PrucyHox 1). ITep-
BbIif CITOCOG BK/TIOYAET OUMCTKY CEMSTH U MX M3MeJIbueHye Ha Bajlb-
LIOBBIX MeJIbHUIIAX. [13-3a 6OJIbIIOro copepykanust Macia (no 46%)
06e3KMpyBaHMe CEMSH METOIOM TIPSIMO¥ SKCTPAKIMM He TIOXO-
ouT [44]. [ToaToMy 5TOT ITPOLIECC OCYLIECTBIISIIOT ITyTeM BUHTOBOTO
VT 9KCITEIEPHOTO TTPEeCCcOBaHMsT NGO MpeqBapuUTeIbHOTO Mpec-
COBaHMA C MOC/IeAYIOLIel KCTpakuyeii. B pesynbraTe momyyaior
PaTICOBBIIi JKMbIX C cofiepykaHueM Macia 5—15% rocie IBOHOrO
rpeccoBanust 1 15-18% mocte mpeaBapUTeIbHOIO MPeCccoBaHMS.

PasnuuatoT XonmomHoe M ropsiyee ripeccoBaHue. C I1IebIO
TpeOTBpallleHMs JleHaTypaluu OenKa MPUMEHSIIOT XOIOLHOe
IpeccoBaHye ¢ TeMIiepaTypoii He 6osee 40 °C, UTO JOCTUTAETCS
3a CYEeT BHEITHETO OXJIaKAEeHMs mpecca [45], Tpy 9TOM 0CTaTou-
HOe cofepskaHue kupa coctabisieT 15-18% [46]. [locienyronryto
9KCTPaKUMI0O ¥ yAaleHue DPAaCTBOPUTENSl OCYLIECTB/SIIOT IIPU
TemIeparype He 6oee 60 °C.

CylLKa, OUYUCTKa, WenylieHne
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v
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&
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Q A 4
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MPeccoBaHHbIN }KMbIX
Y
lNpeccoBaHue \ 4
JKCTpaKuma
pacTsopuTesiem
Y
MonHocTbio A 4
NpeccoBaHHbIM }XMbIX YpaneHue
pacTsopuTens
\ 4

1 LpoT }

PucyHok 1. Cxema mosrydyeHus1 parcoBoro macsia [44]
Figure 1. Flowchart of rapeseed oil production [44]
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Ilnsi coxpaHeHMsI HaTMBHOTO COCTaBa parcoOBOro Macia
NPUMEHSIOT MeToq, CBepxXKpuTtudeckoii CO,-3KCTpakuuu npu
temieparype 30°C u gaBienun 6 Mlla [43]. KauecTBO Macna
OTIpezeNsieTCs OKUCIUTENbHOM CTabMIbHOCTHIO, KOTOPAsI 3aBM-
CUT OT COZlepsKaHMsI aHTMOKCUAAHTHBIX pochonmnmnmios, crepo-
JI0B U CBOGOHDBIX XMPHBIX KUCIOT. CO,-39KCTpaklMs B CpaBHe-
HMM C 9KCTpaKIiueii TeKCaHOM MPUBOIUT K MOSYUYeHUI0 Macia
¢ 60j1e€ HU3KOI OKMCIUTETbHOI CTabMUJIBHOCTHIO, OIHAKO YBe-
nudeHue o6bema CO, MO3BOMSIET MOBLICUTh OKUCTUTENbHYIO
CTaGUIBHOCTH [47], BBIXOJ, Mac/ia IIPU 3TOM COCTABIISIET OKOJIO
90% [48].

Brixon macia 92,8% MOKHO IONTYYUTD IyTeM BOLHO-CIIUP-
TOBOII 3KCTpakiyu [49]. Macio, moay4eHHOe TakKuM CII0CO60M,
uMeeT Gojiee HM3KOe KUCJIOTHOE U TIepeKMCHOe Yucia, u 6osee
BBICOKOE cofiepykaHMe TOKOGhepoloB B CpaBHEHUM C MacjioM,
M3BJIEYEHHBIM B [IPO1IeCce IKCTPaKIMM reKcaHOM. Bbicokokaye-
CTBEHHOE Macj0 MOXKHO ITOJTyYUTh SKCTPaKLyeil STaHOIOM IIpU
temmneparype 95 °C u npu gasinenuu 340-350 kIla [50].

MeToq, sKkCcTpakuuyu macia 6e3 pacTBOpuUTeNeil BKIOUaeT
MOKpOe M3MelbyeHVe ¥ BOSHYIO 9KCTPAKLMIO C IIPUMeHeHeM
TOMOTeHM3aLMM IO, BBICOKMM [IaBJIeHMEM, B pe3y/bTaTe 4ero
BBIXOJl Macja cocTaBisieT 72% [44]. BooHasg sKkcTpakuus € UC-
10/Ib30BaHMEM 1IeJ/ITI0Ia3bl, IeKTMHA3bI U 3-IJII0KOHA3bI TI03BO-
nsiet usBneub 90% macna [51].

V307ITBI M KOHIIEHTPATHI OIPEENSIIOTCS He CII0COO0M X
TIONTy4eHusI, a comepskanmemM 6enka [52]. O6Imast cxema Bbiene-

BoaHas (pH 4-6)

HMsI GETKOBBIX MTPenapaToB U3 CEMEeHM parica IpeJcTaB/ieHa Ha
Pucynke 2.

KoHIleHTpupoBaHue Gefka OCYIIeCcTBISeTCS MyTeM yaaie-
HUST HEGENKOBBIX MIPUMECeNi, 32 CUET Yero MPOUCKOIUT YBEIu-
YyeHMe ero cogepskanus [54]. MeTombl MOMyYeHNSI KOHIIEHTPATOB
BKJIIOYAIOT yHaJeHue CeMEHHOi 000JOUKM (CHMKeHMe KOJM-
YyeCcTBa KJIETYATKM) M CIMPTOPACTBOPUMMBIX BEILIECTB (CaxapoB
1 (eHOsOB), B pe3y/bTaTe Yero cofepskaHme 6eka MOBbIIAeTCs
1o 70% [54]. Yame Bcero mpuMeHSIIOT BOGHO-CIMPTOBBIE pac-
TBOpHI (60-80%) 1 mopkucwieHHYI0 Bony ripu pH 4,5 niis cHuske-
HUS TIOTepb Genka [55].

Vsonstiyst Genka TPOUCXOOUT 32 CUET BOLHOM SKCTPaK-
UMY UM OYMCTKM TMYTEM OCAKAEHMUS WIM YIbTpauibTpanyumn
[42,54,56]. DKcTpaKiuio 6eka OCyLIeCTBIISIOT B BOZE MM B pac-
tBopax NaCl mpu mienouHbix 3HaueHusix pH. Benok u3 mpota
MOXHO 3KkcTparupoBathb 0,5 M pactsopom NaCl ripu pH 5,3-6,2
u pu Temnepartype ot 5 10 35 °C B Teuenue 1 41 [55]; 0,15-0,6 M
pactBopom NaCl [57]; mpu pH 9,5-12 [58]. Beicokue 3HaUeHUS
pH yBenmMuuBaloT BbIXOJ, 6Gesika, HO MPU 3TOM CHUKAETCST ero
KauecTBO, UTO O0YCJIOBJIEHO OKMUCJIEHMEM TOMUDEHOTbHBIX CO-
eIVHEeHMIT 0 XMHOHOB. DTO IPUBOAUT K 00Pa30BaHUIO TEMHOTO
1IBEeTa Moay4aemMoro 6eJKoBOro mpoaykra [59].

OcaxkmeHue 3KCTPArMpoOBaHHBIX OETKOB MOKET ObITh JO-
CTUTHYTO pa3baBjieHMeM pacTBOpa BOJOI MpM TemIepaType
5-15°C c BblAeIeHNeM arperaToB. JTOT CIOCOO MMeeT Heno-
CTaTOK B Buje OGOJBIIOTO PAcXoia BOIbI, TOITOMY B KayecTBe
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PucyHok 2. Cxema nepepaGoTKa CeMSIH parica ¢ IoJyJyeHrneM Ge/IKOBbIX IpernapaToB u macia [53]
Figure 2. Flowchart of processing rapeseeds with production of protein preparations and oil [53]
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aJIbTePHATHUBbI IPUMEHSIIOT KMC/IbIe PACTBOPBI C MCITOTb30BaHM-
em HCl u H,SO, npu 3naueHnsix pH, COOTBETCTBYIOIMX U303/I€K-
TpUUeCKOit Touke 6enka. Besky parica ocaskIaloT MPU YPOBHSIX
pH ot 3,5 no 7,5 [55], Taxoke B CYJIbHOIIETOYHBIX YCIOBUSX TTO-
BBIIIAETCS CTeNEeHb JeHaTypaluu 1 arperauyu 6enka [60], mpo-
VCXOIOUT TUAPOIN3 HU3KOMOJIEKYISIPHBIX GEMKOBBIX (bpaKInii
[61]. B Tabnuiie 4 mpencraBieHbl OCHOBHbIE OMOXMMMUYECKME
ToKa3aTeIy CEMSTH parica, MPOAyKTOB MepepaboTKy 1 GeTKOBbIX
IperapaToB Ha OCHOBE parica.

Tab6nuiia 4. BUOXMMMUUYECKUI COCTaB parica, ’KMbIXa, IIpoTa
¥ GeJIKOBBIX MMPOAYKTOB [4, 31]

Table 4. Biochemical composition of rapeseed, cake, meal and protein
products [4,31]

ParicoBbiit
. Hsonar
HaumenoBanne CemeHa JKmbIx IIpor GenKOBBI 61?1?{;\
nokasareis, %  parmca parmca pamnca  KOHIIEHT- panca
par

Cyxue BemectBa  87,3-94,9 92,6-94,9 71,0-99,2

17,5-24,6 29,4-38,4 30,0-60,6

91,5-96,4 94,6-97,8

ChIpoit MpOTeNH 48,3-80,6 90,0-98,7

ChIpOit sKUp 39,8-51,0 10,3-20,3 1,7-3,8 0,3-9,5 0,9-4,1
CeIpag kneTuatka 5,8-15,7 8,3-19,7 9,7-13,9  0,5-4,9 <0,01-2,1
3ona 3,7-5,0 5,5-6,7 3,8-151 59-20,8 0,4-6,8

BenKkoBbIii KOHIIEHTPAT U M30JSAT Gejlka parca XapaKTepu-
3YIOTCSI BBICOKMM COAepKaHMeM CbIpOTrO MpoTenHa — OT 48,3
o 98,7%. I1o cpaBHEHUIO CO IIPOTOM M KMBIXOM, B 6€IKOBOM
KOHIIEHTpATe CoMepykKaHMe ChIPOTO XUpa He TpeBbiaeT 9,5%,
B u3osaTe 6esnka — 4,1%.

[71aBHBIM HeIOCTAaTKOM OITMCAHHBIX TEXHOJIOTUIA SIBJISIETCS
OTCYTCTBME METOMIOB CHUKEHUS COAEePsKaHMSI HeKpaxMasbHbIX
noscaxapunoB. JKMbIX U IIPOT parica CofepskaT GoJbIIoe KO-
JIMYECTBO ChIPOI KJIETUYATKM, KOTOPAst yMEHbBIIIaeT YCBOSIEMOCTh
6enka [62,63]. CHU3UTD cOepiKaHle BOIOKOH BO3MOYKHO C TIPK-
MeHeHMeM XUMUUECKUX U GMOTEXHOIOTUUECKUX METOI0B. XM-
MUYEeCKMe MEeTO/IbI BbICOKO3(h(EKTUBHBI, HO X MUCITOJIb30BaHNE
TIPUBOJIUT K TIOTEpe I[eHHBIX BEIIeCTB ChIPbsI U K IMpeskaeBpe-
MEHHOMY M3HOCY TEeXHOJOTMYECKOro o6opymoBaHus [64,65].
[TpumMeHeHMe hepMeHTOB Gosee MPeATOYTUTENBHO, TaK KaK 3TO
TTO3BOJISIET COXPAHUTh HATUBHbBINM COCTaB MepepabaThIBAeMOTO
pPacTUTETbHOTO MaTepuaia.

5.2. CHueHue co0epicanus HeKpaxmaabHbIX NOAUCAXAPUIO8
KiteTouHble CTEHKM pacTeHUi comepskaT CMeCh MOaMMepOB

CJIOSKHOI CTPYKTYPBI: II€/UTION03Y, TeMUIIEIION03Y, MeKTUH

M TJIMKOTIPOTEUIBI [66,67]. it 0bmerdyeHus: u3BjieueHus: 6eka

"3 TPYAHOLOCTYIHBIX II€JUTIOJIO3HBIX CyOCTPATOB MOXKHO WC-
MOIb30BaTh MeTOAbl (pepMeHTATMBHOI SKCTpaKuyu. [aHHbBII
CrI0cO6 CYMTAETCST OBICTPBIM, IMPOLIECC MPOTEKAET B MSITKUX
YCIOBUSIX ¥ TIPUBOIUT K 06Pa30BaHMI0 MEHbIEro KOIMUecTBa
OTXOJIOB B CPAaBHEHUY C XMMMUUECKOI U (HDMU3UUeCKOii IKCTPaKIIK-
eii 6enka [68]. B To BpeMst Kak TPaaUIIMOHHbIA METOI, ITpeATIona-
raeT NpoBefieHye SKCTPaKIMY B TeUeHye AIUTeIbHOI0 BpeMeHU
B BOZHBIX PaCTBOpax, IKCTPAKLMsI C MpuMeHeHeM (pepMeHTOB
T03BOJISIET YCKOPUTD MPOIIECC U YBETUUMUTD BbIXOZ, 6erKa [69].

V3-3a pa3sHOOOPA3HOrO COCTaBa KJIETOYHON CTEHKM pacTe-
HMIi 4Yalle BCero MpoM3BOAUTENM IpeAaraloT KOMILJIEKCHbIe
dbepmMeHTHbBIE TIpenaparThl, coepsKaliye LesTias3bl, FeMULen-
JII071a3bl, KCWJIAHA3bl U T. . Bonbinoe BiausiHMe Ha crienuduy-
HOCTb ¥ aKTMBHOCTD OJIHO ¥ TO¥I ke TPYIIbl pepMeHTOB OKa-
3bIBaeT NpoayueHT hepmentTa (Tabmnua 5).

OnHOBpeMeHHOe MCIIO/Nb30BaHMe TPaIMUIMOHHBIX U He-
TPaJMLVIOHHBIX METOJOB SKCTPaKLMM I03BOJISET YBEIUUYUTD
BBIXO[, Oesika ¥ yIy4yIIUTh ero KauecTBo. IIpu nomyyeHnn 6en-
KOBBIX IIPOLYKTOB M3MejbueHMe, HarpeBaHue U IpPUMeHeHMe
(epMeHTHBIX IpenapaToB [Js1 AEeCTPYKLMM HeKpaxMaabHbIX
TIOJIMMEPOB CIIOCOOCTBYIOT yBenuueHnio 3GdeKTUBHOCTM IKC-
TpakLUMM 3a CYeT JAerpajauyy IOAMCcaxapUIHOTO MaTpUKCa,
K KOTOPOMY TpucoeauHsioTcst 6enku [70,71]. IIpoTteassl, 1men-
JII071a3bl ¥ TeMUIIe/UTIONA3bl SIBJSIOTCST KIloueBbIMU hepMeHTa-
MM, IPUMEHSIeMbIMU JIJIs1 IKCTPAKIUY 6eka U3 pacTUTETbHOTO
ChIpbsl. DepMeHTaTUBHBIN I'MIPONN3 IIPOBOIUTCS IIPU 3HAUEHU -
sx pH 6,0-8,0 u ipu Temmeparype 40-60°C [72]. B Tabauie 5
npefcTaBaeHbl KOMMepuecKue depMeHTHbIe Ipenaparsl, UC-
Mo/Ib3yeMble B IIpoliecce SKCTpaKLuUM H6emKa.

OG6BIYHO (hepMEeHTHBIE ITpernapaThl MCIIOAb3YIOTCS /IS TIPeI-
06pabOTKM PaCTUTEIBHOTO MaTepuasa rnepes TPagUIVIOHHbIMA
MEeTOIAMM SKCTPAKUMU. [ 9KCTpakuuy GeKOB MOKHO 3a-
JeiCTBOBATh Pa3jiMUHble MPOTeasbl M Kapboruapassl. [Ipume-
HeHMe hepMeHTHBIX MPenapaToB, BbIeeHHbIX U3 CEMSH IO/ -
COJTHEYHMKA, TT03BOJISIeT TOBLICUTD 3(deKTUBHOCTD IpoIiecca
B 1,2 pa3a B cpaBHeHMM C HedepMeHTAaTMBHBIMM MeTOLAMMU
IKCTpakuuu [74]. O6e3KUPEeHHYI0 COEBYI0O MyKYy 00pabaThIBalOT
KOMILJIEKCHBIM (hepMeHTHBIM TpernapaToM (KCujiaHasa, MeKTU-
Hasa, [[eJI/TI0/1a3a) C IMOCAeayIoIEe 1eI0YHOM SKCTPAaKIMeid, 4TO
TI03BOJISIET YBEIMYUTD BbIXOH 6emka Ha 21% [75]. IIpumeHeHne
depmenTHoro npemnapara Viscozyme L B COOTHOIIEHUM TBep-
noit u skunkoii gassr 1:20, pH 9,0 mpu TemmniepaType 60 °C 1 1am-
TeJIbHOCTY 3KCTpaKkiy 30 MMUH MOBBIIIAET BbIXO[, O6eika Ha 23%
[76]. Micrionb30BaHMe MpOTea3 MO3BOJISIET U3BJIeYUb 74% Geka 13
KMbIXa parca [13].

Ta6muua 5. IlepeyeHs hepMeHTHBIX MPENapaToB, UCIIOIb3yEeMbIX B MPOLECCe IKCTPaKuyu 6enka [67,73]
Table 5. List of enzymatic preparations used in the process of protein extraction [67,73]

KomMmepueckoe Ha3BaHMe depMeHTbI IIponyneHTBI Hag(lma:::;ﬁue
Viscozyme L Apa6aHa3a’r§;i§g§§$; f ;I;?lﬁgy?;:g:;;[emmta%[, Aspergillus aculeatus Novozymes
Rapidase IMeKTMHA3bI U FeMULEJUIIONIA3bI Asp ergllll(;Ar.ls grizggzrczigxrf:oderma Oenobrands
Termamyl 120L TepmocTabuibHas o.-amMmuiiasa Bacillus licheniformis Novozymes
Celluclast 1.5 L Llenmonasa Trichoderma reesei Novozymes
Cellic Ctec Lenmonasa, B-moKko3ngasa, KCuaaHasa Trichoderma reesei Novozymes
AMG 300 L 9K30-1,4-a-d-rmroKo3umasa Aspergillus niger Novozymes
Ultraflo L TepmocTabuibHas B-rarokaHasa u hepymonnscrepasa Humicola insolens Novozymes
Pentopan 500 BG DHJ0-1-4-B-KkeunaHasa, bepynomiacTepasa U MekKTuHasa Thermomyces lanuginosus Novozymes
Pectinex Llenionasa, reMULE/UTIONA3bI M TIEKTUHA3I Aspergillus acueatus «Novozymes
Lallzyme Beta [TekTMHA3BI 1 B-IIIOKO3UIA3a Aspergillus niger «Lallemand
Rovibio MO Lk, 1L soumoomassa apOmOBPIONAS  utaromcesversails
Multifec Kcmnanasa Trichoderma longibrachiatum Genencor
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3a cuer fmeiicTBUsS (epMEHTOB COKpAIAeTCs BpeMs IIeiod-
HOI1 9KCTPaKIVY, YBEIMUMBAETCS BBIXOH, G€/IKa M YCUITUBAKOTCS
ero (yHKI[MOHA/IbHBIE CBOMiCTBA [77]. KpoMe TOTO, yiaydlaeTcs
pPacTBOPMMOCTb 6eJika, a Takske ero SMyJIbTUMpPYIONasl U MeHo-
obpasymomiasi crmoco6HocTH [78]. Markue ycIoBUs MPOTEKAHMUS
(epMeHTATUBHBIX peaklMii He HapyIIaloT LeJI0CTHOCTb U3-
BJIeKaeMoro 6eska, B OTIMYMe OT XMMMUUYECKUX MeTOLOB obpa-
6OTKM, MPUBOIAAIINX K pauemusanyu L-hopM aMUHOKMUCIOT
B D-opMbI, a Takke K AeHATyparyu 6eka u K 06pa3oBaHNIO
60JIbIIIero KoMnyecTBa oTxonoB [79,80]. Lemntonassl Viscozyme
u Celluclast crioco6HbI He TONBKO MOBBIIIATH YPOBEHD GEJIKa, HO
M CHIKATh copepykaHue GpeHoNbHbBIX coenmuennit [81].

5.3. IIpumenenue pancoewix 6€K0BbLX UHZPEOUEHMOB

V30714T 1 KOHIIEHTpAT parica 067aJal0T XOpomy GyHKLIKO-
HAJIbHO-TEXHOJIOTMYECKMMM XapPaAKTEPUCTUKAMU U MOT'YT UCITO/Ib-
30BaThCs B MUILEBOI TPOMBIIUIEHHOCTH B KaYeCTBe MUIIEBBIX J10-
6aBok. Tarke oHM MMeloT ctatyc GRAS (yBemomienne N2 327) [82]
u omo6pens! EFSA (The European Food Safety Authority, EBpormeii-
CKOe areHTCTBO 10 6e30MacHOCTM MPOLYKTOB muTaHus) [83, 84].

LIBeT 6€JTKOBBIX MTPEIapaTOB BAPbUPYETCSI OT CBETIO-KOPUYHE-
BOT'O 10 TeMHO-KOpU4YHeBoro [40]. KoHIieHTpaThl ¥ M30/SITHI parica
TIPYMEHSIIOT B MPOM3BOACTBE KOMOACHBIX M3, UTO TTO3BOJISI-
€T CHM3UTD [I0TepU MPU TepMuueckoi obpabotke Ha 7,6-7,8% 3a
CUeT MOBBIILIEHVISI BOLOYAEePKMBaoIIeii corocobHocTH dapia [85].
B penernitype majioHe3a MOKHO 3aMeHUTD 0 15% SIMYHOTO SKeTTKa
parcoBbIM GenkoM 6e3 IoTepy CBOMCTB IMY/Ibeu [42].

Ha ceropHsiHmit 1eHb Ha PbIHKE MPUCYTCTBYIOT CIeAyIOLIe
KOMMepuecKkye 6eTKOBbIe MperapaThl 13 SKMbIXa U IIPOTa parica:
O c comepkanuem Genka 6omee 90% — Puratein u Supertein,
ITOJTyYeHHbIE ITyTeM 3KCTPAKI[MM COJIEBBIM PACTBOPOM U OCa-
kIeHueM 6Oenka ¢ HelTpanabHbIM 3HaueHuem pH (Burcon
NutraScience, Kanaga);
¢ comepkanueM 6enka 60-65% — Isolexx, sKCcTparupoBaH-
HBIi IpU HelTpambHOM pH M ocaskIeHHbI B MSITKUX YCIIO-
Busix (TeuTexx Proteins, lepmanus);
ruaponusar 6enka Vitalexx, TonyueHHbIt U3 HepacTBO-
puMoii dpakiuyu GeaKOB LIPOTa parica MyTeM TUApou3a
(TeuTexx Proteins, Fepmanmust) [40].

6. PekoMeHIanuy IO MOJYYEHUIO 6ETKOBBIX

KOMIIOHEHTOB parca

1.TIporecc TOMyYeHMS] TUINEBBIX GEIKOBBIX IpernapaToB
parica 1esecoo6pasHO HaUMHATh C MPeABAPUTEIBHOTO «XOJIO[I-
HOTO» TIPeCccoBaHMsI pariCOBOTO CeMeHU IMpU TeMIlepaType He
6omnee 40°C 1 c manbHeiilIei sKCTpakiyeil rekcaHoMm. I'ekcaH
o6ragaeT pSAOM IIPEUMYIIECTB B CPaBHEHUU CO CBEPXKPUTHU-
yeckum CO, mpu naBaeHnn 350 xIlIa ¢ 1CI10/1b30BaHMEM BOLHO-
criupToBoit cmecu. OH obecrieunBaeT HaubO b BBIXO, KMpa
3a KOPOTKMIT POMEXYTOK BpeMeHMu. [Tpo6ieMy 6ObIIOro pac-
XOfa TeKCaHa MOXXHO PEIIUTh MYTeM UCIIOIb30BaHUS PEKTU(U -
KAIIMOHHBIX KOJIOHH ¥ TIOBTOPHOTO MpUMeHeHUs peKTuduKaTa
rekcaHa.

2. BbIcOKOE copmepskaHMe HEeKpaxXMaJIbHbBIX IOIMCaXapuaoB
06€e3KMPEeHHOTO parcoBOr0 IMIpOTa OTPaHMUMBAET KauecTBO
u BbIXO[, 6eyika. CHYDKEHMST KOJTMUECTBA KJI€TYATKM MOKHO J10-
CTUTHYTD ITyT€M MCIIOTb30BaHMSI L[€/UTIOIOMUTUYECKUX U TeMU-
LIeJUTI0NIa3HbIX (DepMEHTHBIX ITpernapaToB. B 0630pe MpuBeqeHbI
JlaHHbIe MCCIeNOBAaHMII OJHOBPEMEHHOV 3KCTpakuuu u dep-
MEHTAaTUBHOI'O TMIPOJI3a PACTUTEIBHOIO ChIPbs. Bbixop 6enka
yBenmumBaertcs Ha 20-25%.

3. 3aK/IIOYNTebHbIE CTAUM BKIOYAIOT HeHTpudyrupona-
HMe, SKCTPaKLUMIo Oeska u3 TBepmoi dpakiuu (hepmeHTONM-
30BAHHOTO YXMbIXA) U OCAXIEeHMe B M303JeKTPUUEeCKOl TouKe
nipu 3HaueHusx pH 4,0-4,5. dyrat 3aKUCISIOT 0 aHAJTOTUYHOTO
ypoBHs pH, 11eHTpudyrupyioT. IIomydeHHbI MPOAYKT BbICYIIN-
BaIOT 40 OCTaTOYHOJ BIaKHOCTY 6—8%.

4. HeoOGX0OMMbl MCCIEIOBAHMS 110 YMEHbIIEHWIO COHEpPsKa-
HMST HEKpaxMaJIbHbIX ITO/IMCcaxapyioB parica B Ipoliecce momiy-
YyeHMsT KOHIIEHTPATOB U U30JATOB. [IpMeHeHMe hepMeHTHbIX
TpenapaToB B JAaHHOM CJydyae MO3BOJUT IMOJMyYaTh OGETKOBbIE
rpenapatsl 60siee BHICOKOTO KauecTBa. OHAKO MMeeTCsl HeoO-
XOIAMMOCTD THIATEIBHOTO O0TGOpa BBICOKOCIIENMMUUHBIX (ep-
MEHTHBIX IperapaToB [Jisi COBMECTHOM 3SKCTPAKIUM XKMbIXa
U mIipota parca. [I0604HbIi MPOAYKT (GepMeHTOIN3aT MOKHO
MUCTIO/Ib30BaTh B KauecTBe YIJIEPOJSHOTO KOMIIOHEHTa B COCTa-
Be MUTATEeNbHbIX CPel AJIsT KyJbTUBMUPOBAHUSI MUKPOOPTaHM3-
MOB — IPOAYIIEHTOB ()€PMEHTOB, OPTAHNUECKUX KUCJIOT U aH-
TUOMOTUKOB.
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VICCJIENIOBAHVE 9KCTPAKTA
13 JINIIAIHUKA CETRARIA ISLANDICA
TIOCJIE VIBTPA3BYKOBOI'O BO3JEVICTBUS

Huumesckas K. H., Craukesuu C. B., boponaii E. B.*

Cubupckuit pemepanbHblii HAYUHbII eHTP arpobuoTexHoaoruiit PAH, p. . KpacHoo6ck, HoBocubupckas o6macts, Poccust

Open access

K/IIOYEBDBIE CJIOBA: AHHOTALINA

yempapus ucnaHockas, HeoTbemsieMoit 4aCThio 3J0POBOTO IMUTAHUS SIBJISIETCS ITOCTYIIJIEHVE B OPTaHM3M ueloBeKa 6MONIOTUYeCcKy aK-
OKUC/ITUMeJIbHO- TUBHbIX COEIMHEHMIT. DKCTPAKIINSI — BaXKHENMIINI STaIl BbIIEIEHMS U3 PACTEHMIT Pa3/IMUHbIX 6M0aKTUBHBIX Be-
60CCMAHOBUMENbHLIU NOMEHYUaAs, 1ecTB, M 3GGeKTUBHOCTb UX U3BJIEUEHNMs MTOBBIIIAETCS B COBOKYITHOCTM C YJIbTPa3ByKOBOM 06paboTKoii. Llenb
8513KOCMb, OnNMu4eckas IaHHOTO MCC/IeNOBAHNS — M3YUUTD BAMSHME PA3INUYHBIX BUIOB BOJHOI CpeIbl 1 CIIOCO60B 00pabOTKM Ha Iie-
NJIOMHOCMb, AKMUBHAS TPapUIo UCTAHACKYI0, B TOM YKCIIe C MCIIOIb30BaHMeEM IMPUHIIUIIOB YIbTPa3BYKOBOI 06pabOTKM ¥ METOLOM Ma-
KUCTIOMHOCMb epauuu (HacTauBaHue). JKCIIepUMeHTa/IbHble MCC/Ie0BaHMS 3aKII0UINCh B YCTAHOBIEHUY BJIAUSIHUS aKTUB-

HOJI KMCJIOTHOCTY BOJHO cpefibl (PaCTBOPUTENIST) M METOAA BO3AEMCTBYS IPY NPOBEIeHMUM IKCTPAKLIMM HA PSIJ,
bUBNMKO-XMMIYECKUX U PEOTOTMYeCKUX IToKasareneil. ViccienoBaHbl ONBITHbIE 06Pa3iibl 9KCTPAKTOB II0 CJie-
IOYIOIMM TTOKa3aTeNsIM: aKTUBHASI KUCJIOTHOCTb M OKUCIUTEIbHO-BOCCTAHOBUTEbHBIN MOTEHIMA, BbISIBIeH-
HbI€ C IOMOIIbI0 MOHOMETPUUECKOTO METO/a; IMHAMUYECKas BI3KOCTh U [MTyOMHA BBIXOAA IOIMMEPHBIX HOpM
(heHONMbHBIX BEIeCTB, YCTAHOBJIEHHbIE M3MepeHMeM OIITUYECKO! TVIOTHOCTM U Ko3hduLMeHTa MpoImyCcKaHusI.
[IpoBefeHa MaTemMaTKHyecKkas 06paboTKa SAHHBIX C MCIOIb30BaHMEM PErpecCOHHOTO aHanu3a. Pe3ynbTaTsl
IIpeZCTaB/IeHbl B Byje rpadyKoB, TabmuI ¥ ypaBHEHM I perpeccuy. YCTaHOBIIEHO, YTO IIepeXOJ BEIIeCTB M3
L[eTpapyuM MCIaHACKOM B 9KCTPAKTHI 13 HEe MMeNM BhICOKMe pe3ynbTathl pu pH="7,0 u pH=9,0 pacTBOpuUTENS.
IIpu momyyeHny SKCTPAKTOB METOLOM HacTayBaHMsI KOJIMYECTBO MTOMMMEPHBIX COeAMHEHNII B ITpoliecce Iepe-
xoza B 1,3 pasza mpeBbILIAI0 YMCI0 MOHOMEPHBIX hopm dheHOnbHBIX coequHeHnii. Hanbonbliee 3HaueHne 1o
UCCIIeNyeMOMY IOKa3aTeIo «JMHAMIYeCcKas! BSI3KOCTb» GbUIO BBISBJIEHO B 06paslie SKCTPaKTa, MNOTyYeHHOM
MEeTO/IOM HacTauBaHUS B LEJIOUHOI cpefe. BbieneHHbIe 9KCTPAKThl MOTYT OBITh IPUMEHEHBI IIPU MOJeNINPO-
BaHUY MMUIIEBIX CUCTEM.
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EXAMINATION OF THE EXTRACT
FROM LICHEN (CETRARIA ISLANDICA)
AFTER AN ULTRASONIC IMPACT

Kseniya N. Nitsievskaya, Svetlana V. Stankevich, Elena V. Boroday*

Siberian Federal Research Center of Agrobiotechnologies Russian Academy of Sciences, Krasnoobsk, Novosibirsk region, Russia

Open access

KEY WORDS: ABSTRACT

Cetraria islandica, An integral part of human healthy nutrition is intake of biologically active substances. Extraction is an im-
redox potential, viscosity, portant stage of isolation of different bioactive substances from plants and effectiveness of their extraction
optical density, active acidity increases with the use of ultrasonic treatment. The aim of this research was to study an effect of different types

of aqueous media and treatment methods on Cetraria islandica, including the use of principles of ultrasonic
treatment and maceration methods (infusion). The experimental studies consisted in detecting an effect of
the active acidity of the aqueous medium (solvent) and method of impact upon extraction on several physico-
chemical and rheological indicators. The experimental samples of extracts were examined by the following
indicators: active acidity and redox potential detected by the ionometric technique; dynamic viscosity and
the depth of output of polymeric forms of phenolic substances determined by measuring the optical density
and transmission coefficient. Mathematical processing of data using the regression analysis was carried out.
The results are presented as graphs, tables and regression equations. It has been established that transfer of
substances from Cetraria islandica to its extracts had high results at pH=7.0 and pH=9.0 of the solvent. When
obtaining extracts by the infusion method, the quantity of polymeric compounds in the transition process
was 1.3 times higher than the quantity of monomeric forms of phenolic compounds. The highest value of the
dynamic viscosity was revealed in the extract sample obtained by the infusion method in the alkaline medium.
The extracts obtained can be used in food system modeling.
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1. BBegenmue

B yclIoBUSIX COBpEMEHHOTO PbIHKA aKTyaJbHble HAyuyHbIE
paspaboTku B chepe mepepabaThiBaloOIIeil MPOMBIIIIEHHOCTU
JIOJDKHBI OBITh 3HAYMMBIMM B paMKaxX CTpaTerMu TOCYHapCT-
BEHHOI MOIUTUKN. DTa CTPATErysl HaIIpaBjieHa Ha MOBbIIIeHNe
KauvecTBa MUIIEBOI MPOIYKIMY ¥ OPUEHTMPOBaHA Ha obecrie-
YyeHMe TTOJTHOLIEHHOTO MUTaHusI. [Ipy 3TOM KOHKYPEHTOCII0C06-
HOCTb OTe€UeCTBEHHOI NPOAYKIMM Ha BHYTPEHHEM U MeXIyHa-
POOHOM DPBIHKaX (GOPMUPYETCS 3a CUET MPOABIKEHMSI TOBapa
Y ero TaCTPOHOMMYECKUX XapaKTepPUCTUK. [laHHbIi acrekT 6a-
3MPYETCS] Ha Pa3BUTUM TIPUHLIUIIOB MUIEBOM KOMOMHATOPUKNA
C VCIIOSIb30BaHMEM MOAVOUIMPOBAHHBIX TEXHOJOTUI MTPOU3-
BOJICTBA GJIIO/, HALMOHATBHOI KyXHM.

AKTyanbHOCTb pabOThl OCHOBaHAa Ha 3amavax CrpaTerummu
TIOBBIIIEHMST KauecTBa MuUlleBoi mpoaykiuu B Poccuiickoit De-
nepaunu go 2030 ropal, 3aK/TI0UAIONIMXCST B BO3POKAEHNUN TIPO-
M3BOACTBA TMUILEBBIX VMHTPEOMEHTOB, HalpPaBJIeHHbIX Ha IPO-
bunakTuky HeMHDEKIIMOHHBIX 3a60eBaHMii 1 Ha pa3paboTKy
TEeXHOJIOTUI TIPOM3BOJICTBA MUIIEBOY MPOAYKIIUM, OCHOBAHHOM
Ha IMPOJABVIKEHUN MPUMHIIUIIOB 3JOPOBOTO ITUTAaHMS.

B paboTte mpepsyiaraeTcs MCIOAb30BATh MOTEHIMAN PACTH-
TETbHOTO ChIPbSI [JISI BBISIBJIEHUSI M OTOOpa YHUKAJIbHBIX I10
XMMMUUECKOMY COCTaBy MPOAYKTOB MECTHOTO IPOUCXOXKIEeHMUS
C 11e/IbI0 TTOTyYeHMST TIPOAYKTOB UTAHMSI.

3acayXuBaeT BHMMaHMS MPaKTUYecKoe MpuMeHeHe MecT-
HBIX AVIKOPOCOB (JIMIIIA/AHMKOB), HE TPEGYIOMNX 3HAUMTETbHBIX
3aTpar Ha c6op. PaHee mpoBefeHHbIe MCCAeIOBaHMs MMOKa3a-
JI, 4YTO TaKue HeTpaauLMOHHbIe (I)I/ITOI‘eHHbIe KOMIIOHEHTbI
pacTeHMsT 06/1aIal0T AaHTUMUKPOOHBIMY, AHTUOKCUIAHTHBIMMU
¥ TIPOTUBOBOCIAINTENbHBIMMU CBOJicTBamMu. Kpome TOoro, oHUM
OKa3bIBaIOT CTUMYJIMPYIOIIee NeiiCTBMe Ha MUIeBapUTEeIbHYIO
CUCTEMY, CIIOCOOCTBYS YBEIMYEHMIO BBIPAOOTKM TMUIEBApU-
TebHBIX GEePMEHTOB U YITYUIIeHMIO PabOThI IevuenHu [1].

VccnemoBaHye MPOBOOWIM HA 3KCTPAKTe U3 CMECU CyXUX
CJIOEBUIN, IeTpapuu MUcIaHAcKoi. IleTpapust mcianackas (Mc-
JIAHJICKUI JIMINAHUK, ucnaHackuii mox) — Cetraria Islandica
(L.) AcH. cemeiicTBa mapmenueBbix (Parmeliaceae). B npupope
TIPEe/ICTAB/SIET COOO0J TUIMAHNUK C KYCTUCTHIM, MPSIMOCTOSTYVM,
peske — ¢ 6ecropsIOUYHO PaCIPOCTEPTHIM CJIOEBUILEM, COCTOSI-
LMM U3 KOMITAKTHO PACIIOIOXKeHHbIX BePTUKATbHBIX JIOTIACTEN.
B croeBuiie 1meTpapun UCIaHICKOM YCTAHOBIEHO BbICOKOE CO-
nepxkanue (30-70%) yrieBomos [2]. Bonbinyio 4acTb MX COCTaB-
JIeT monmcaxapus iuxeHnH. Kpome Toro, cioeBuia cogepxar
2-3% KpUCTAJNINUECKOTO TOPbKOTO BelleCcTBa LieTpapuHa (1e-
TpapueBOil KUCIOThI), 1-2% MMUHEPAJTbHBIX COJelt, HeGOIbIoe
KOJIMYECTBO KaMe[ay, BUTAMMHOB I'PYNIIbI B, MxecTeprHOBOIA,
TIPOTONIUXECTEPUHOBOI, (yMapomIpOTOLeETPAapOBOii, acKopou-
HOBOI 1 donueBoit kucior [1,2]. CiusucTbie BellecTBa IeTpa-
PUM UCTAHACKOM [eCTBYIOT OOBOJIAKMBAIOIIMM 06pa3omM Ha
cm3ucTbie 06004k, Ee IPUMEHSIOT MPU BOCITAJIEHUM SKeTy-
JIOYHO-KUIIIEYHOTO TpakTa B hopmMe OTBapa; OHA BXOOUT B CO-
craB c60poB (4aeB), IMOKa3aHa [JIsl JIEUEHUS] JIETOUHbBIX 32060-
JIeBaHUIi, B TOM UMC/ie KaK CMMIITOMAaTHUuYeckoe CpenCcTBO Mpu
TyOepKyJ/ie3e JIeTKUX, aHeMUSIX [3].

B HacTos1ee BpeMs MOBBIIIAETCSI MHTEpeC McciefoBaTesein
K pa3paboTKe aJbTepHATUBHBIX METOMOB CYLIECTBYIOIMM TeX-
HOJIOTMYECKUM CI1ocobam 06pabOTKM IMUIIEBOTO ChIPbS. Yilb-
TPa3BYK MPUBJIEKAET BHMMaHNe OTeUeCTBEHHBIX U 3apyOesKHbIX
YUEHbIX KaK 9KOHOMUYHBIN ¥ IMepCIeKTUBHbIN C10Cco06, ob6mama-
IO 3HAYUTETbHBIM ITOTEHIIVAIOM COBEPIIEHCTBOBAHMS TEX-
HOJIOTMYECKMUX TPOAYKTOB. [IpM MCIONb30BaHMUM YIbTpa3ByKa
YCTaHOBJIEHO HeIMHelHOe yBe/lueHe MacChl 9KCTPaKTa, a Mmo-

! CTpaTerus MOBbIIIEHNS] KauecTBa MUIeBoi Mpoaykuyumu B Poccuiickoit
®enepaunn o 2030 roga (Pacropsiskenne [IpaBurtenbcTBa Poccniickoir de-
nepauyy ot 29 uions 2016 r. N2 1364-p). dinekTpoHHbIi pecypc https://docs.
cntd.ru/document/420363999 Iata o6patuenns 02.02.2023.
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JIOKUTENbHBIN 3DGEKT 06BSICHIETCS MEXaHM3MOM PACTSIKEHMSI
U CKaTusl, CONpPSDKeHHBIM ¢ 3dderramu mynbcauuu [4]. O6pa-
60TKa B YCJIOBUSX YJIbTPa3BYKOBBIX BO3/IEICTBUII TIpeAIIonara-
€T TIOBbIIIEHNe MHTEHCUBHOCTM IMPOIIECCOB SKCTParMpoBaHUS
Y TypOYIM3aly CUCTEMBI IO, AEICTBYEM KaBUTALMOHHBIX 3(-
dexToB [5].

VAbTPa3BYK HMIMPOKO VCIOAb3YETCS B TEXHOJOTUU Pa3INU-
HBIX MPOM3BOACTB M MMeEeT OOJIbIlMe MePCIEKTUBBI ST Aajlb-
HEJIIero MpUMEeHEHMsI C 1IeJTbI0 BbIIeJIeHNsT pa3HbIX TPy O1-
OJIOTMYECKV aKTMBHBIX BEIEeCTB 0e3 M3MeHEeHUS UX CTPYKTYPbI
[6]. Cpemy pa3IMUYHbIX METOAOB SKCTPAKLIMK HauboIee BLICOKO
3(ppeKTUBHOCTBIO 06/1aaeT YAbTPa3BYKOBOE SKCTpParupoBaHue
TIPUPOAHOTO ChIPbsl. IIpyMeHeHMe 3TOr0 MEeToa CIIOCOGCTBYET
YCUIEHUIO TPOHUIIAEMOCTH KJI€TOUHBIX MeMOPaH 1 M y3HbIX
MPOIeCCOB, M3MEHEHUIO KOHIIEHTPAUUM BOAOPOJHBIX MOHOB
B TKaHSIX, @ TAK)Ke PaCLIeIJIEHNI0 BHICOKOMOJIEKY/ISIPHBIX COeMIM-
Henwmii [7]. TTo cBoelt hu3MyecKkoii CyITHOCTY YIbTPA3BYK — 3TO
yrnpyrue Koieb6aHust B AuanasoHe yacTotsl ot 20 K[ go 1 KT,
B oCHOBe JIEKUT TIPUHIIUIT OTPASKEHUSI U PACCESTHUS 3BYKOBbIX
BOJIH, aHAJIOTMYHBI CBETOBBIM BOIHAM [8]. DKCTparupoBaHue
Y/IbTPa3BYKOM I03BOJISIET YIYUIIaTh TEXHOIOTMYECKME TTPOLieC-
Cbl, 06eCTIeuMBaIONIe KAUECTBO MPOTYKTOB.

C uenbio TOBbINIEHUST 3(PGEKTUBHOCTY M3BIEUEHUST 6MO-
JIOTUUECKM aKTUBHBIX COEIVHEHUI TIPUMEHSIOT (usnyeckue
MeTOAbI 3KCTpaKIMu. Vicronb30BaHMe HOBBIX TEXHOJIOTUI 3KC-
TpaKIMM, U3BECTHBIX KaK 3eJieHas] XUMUsI, SIBJISIeTCS aKTyallb-
HBIM, TTOCKOJIbKY OHUM COKPAIIAIT BPeMSsI SKCTPaKIMM U CHUXKA-
10T TOTpebeHKe sHeprun [9].

B 3aBUCHMMOCTY OT MHTEHCUBHOCTH, YIbTPa3BYK UCITIO/Ib3YeT-
Cs1 IJIsl aKTUBALIVY MU IeaKTUBauyy hepMeHTOB, IS CMeIIN-
BaHMS ¥ TOMOT€HM3aLUH, SIMYJIbTMPOBAHMS, AVUCIIEPTYUPOBAHNS,
KOHCEpPBMPOBAHMS, CTAOWIN3AIMU, PACTBOPEHMUS Y KPUCTAIIIN-
3alMM, TUAPUPOBAHMS, a TaK)Ke B KaueCTBe BCIIOMOTaTeabHOTO
cpencTBa JJIsl TBEPAOKUAKOCTHOM SKCTPaKIMM C L[eTbI0 Malle-
pauuu [10].

DKCTPaKIMSI C TOMOIIbIO YIbTPa3ByKa MO3BOJISIET U3BIEKATh
610aKTUBHbIE KOMITOHEHTBHI 3@ FOpPa3A0 MEHBIINIT TPOMEKYTOK
BpeMeHM, TIpM HU3KOI TeMIepaType, C MEHbIIMMM 3aTpaTamMu
JSHepruM U pacTtBoputess. [JaHHBI MeTOH MHTEePIpeTupyeT-
Cs1 Kak CII0CO6 HeTepMMUYECKON IKCTPAKLUM JIT COXpPaHeHMS
(DyHKIVOHATBHOCTY OMONIOTMYECKM AaKTUBHBIX COEIMHEHMUIA.
[lepemeHHble, CBSI3aHHbIE C METOAOM — YacCTOTa, MOLIHOCTbD,
TemIlepaTypa, BpeMsi, TUIT paCTBOPUTEJISI, COOTHOILIIEHME Cpeibl
SKUIKOCTh/TBEPA0E BEIlleCTBO, — MO/DKHBI ObITH ONTUMMU3UPOBa-
HBI 1J1s1 Kask[IOTO MO60YHOTO IpoayKTa [11].

Cpeny MeTOIOB HeTePMUYECKOii 06pabOTKY YIbTPA3BYKOBAS
TEXHOJIOTYSI, UCIIOIb3yeMasi OTIeNbHO WIK B COYETAaHUM C JPY-
MMM MeTOIaMy 06paboTKM, TaeT 3HAUUTETbHbIE TIONOXKUATETb-
HbIe pe3y/IbTaThl B OTHOIIEHMM KAYeCcTBa MUILEBBIX TTPOTYKTOB.
DTO cUMTAeTCsI HOBOJ ¥ MHOT006elaoleli TeXHOIOoTr e, KOTO-
past 3bGEKTUBHO MPUMEHSIETCS B TIUIIEBOI MTPOMBIIIIZIEHHOCTH,
YTO MPUBOAUT K MOBBIIIEHNIO TTPOU3BOAUTEILHOCTY TIPOLiecca
M yIydlllaeT MOKasaTelny KavyecTBa MUILEBBIX MPOAYKTOB [12].

HayyHo pokasaHa 3(QeKTMBHOCTb CyXOro 3KCTpakTa W3
CJIOEBUIL, LIeTpapuM UCIaHICKONM U JIeKapCTBEHHbBIX CPENICTB Ha
MX OCHOBe B Tepamnuy reHepaJu30BaHHOTO Ty6epKyiesa, MUo-
Kapaa, macrornaTtun. B cocrase C. islandica o6Hapy>keHO 60sibliie
10 mose3HbIX MUKPO3JIEMEHTOB: aKTUBHbBI KOMIIOHEHT JIMXe-
HMH, U30IMXEeHMH, caxapa, BOCK, KaMellb, MapraHel, eJeso,
yion, Meb, TUTAH, MATMEHTBI, JINIIAafHUKOBbIE KUCIOTHI (YCHU-
HOBAasl, JIMXeCTePUHOBAS, IPOTOIUXECTEPUHOBAS, GyMapIpoTO-
LieHTpapoBast U apyrue). Kuciorsl mpuaaoT pacTeEHUIO TOPEYb,
a Taxke OOYCIABIMBAIOT €r0 aHTUCENTUYECKE Y TOHU3UPYIO-
1ye CBOiicTBa. boraTseiii cOCTaB MMKPO3/I€MEHTOB, Ha4ye 1Mo-
JIMCaXapuUIOB CIIOCOOCTBYIOT YKPEIJIEHMIO 3alIUTHBIX CUJI Opra-
HM3Ma yesioBexa [3].


https://docs.cntd.ru/document/420363999
https://docs.cntd.ru/document/420363999
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Llenbro JaHHOTO UCCIeIOBAHMS SIBISIETCS M3YUYeHMe BIUSTHUS
PasIMUYHBIX BOAHBIX CpPeJ ¥ CII0CO60B 06pabOTKM, B TOM UMCIIe
C JWCIOb30BaHMEM TIPUHLMIIOB YJIbTPa3BYKOBOI 06pabOTKMU
U MeToJa mMalepauuy (HacTauBaHMe) Ha TOTydyeHMe SKCTpakK-
TOB U3 CyXOl CMeCU CIOeBUII IIeTPapuu UCIaHICKOM. B paboTe
MpeCTaBaeHbI JaHHbIe QU3UKO-XUMUYECKUX U PEeOIOTUUECKIUX
XapakTepUCTUK, B TOM UNCIe MPOHUIIAeMOCTb (ONTHUYecKast
HJIOTHOCT])), AKTUBHAS KUCIOTHOCTDb M OVMHaAMMUeCKasl BSI3KOCTb
06pas1oB. C TOMOIIbI0 COBPEMEHHbIX TEXHOTOTUUECKUX TTPU-
€MOB U 000pyIOBaHMsI MOTyUYeHHbIE IKCTPAKThI BO3MOKHO MUC-
MOb30BaTh B IPOM3BOJCTBE MMUILEBbIX MPOAYKTOB IUTAHMSI.

2. OOGBEKTHI M MEeTOIbI

O6beKkTaMy UCCIeAOBAHUS SIBJSINCh 9KCTPAKTBI U3 CYXOii
cMecH CJI0eBULL LieTpapum UCIaHICcKoli. [0TOBOe ChIpbe COCTOUT
M3 XOPOIIO BBICYIIE€HHBIX, TBEPAbIX, XPAIleBaTbIX, HAIIOMMHAI0-
MYX KyCTUKM CJTOeBUII. 1IBeT cBepxy OYypblit, 3e/IeHOBATbIN MK
yepHO-6YpbIit, CHU3Y 6ojlee CBET/IbIN, B OCHOBAaHUY — KMHOBAP-
HO-KDACHBIN. 3amax OTCyTCTBYeT, BKYC TOPbKUIA, C OIIyIleHueM
cmsucroctu. Comepykanue Biaru He 6omee 10%, mOTYCTUMMBIX
OpraHuYecKux MpuUMecei (XBosi, MOX 1 1p.) He 6osee 5%, MuHe-
palIbHBIX — He Gosee 1%. B KauecTBe KOHTPOJIbHO T'PYIIITbI —
9KCTPaKThI, MTOJIyUeHHbIE METOAOM HAacTauMBaHUS (Malepauum),
C UCIIO/Ib30BaHMeM IlIepeMelIBalolero ycrpoiictsa tumna Water
bath shaker type 357 (Elpan, ITosb1ia) mpu remmepatype 55+1°C
B TeueHye 120 myHyT. MeTon Maliepalluy JJis IPUTOTOBJIEHUS
9KCTpaKTa BKIIOYAJ TIOMyYeHMe HaBeCKM CI0eBUIN, LieTpapum
MCIAHJCKOM BecoM B 5 T, KOTOPYIO MOMeIIaau B TepMOYCTOi-
YMBbIe CTAKaHbI U AOOABISIIN AVUCTU/UIMPOBAHHYIO BOLY, 00beM
pactBopuTens coctasisia 100 vut. KMHETHKY 3KCTpakuuy usyva-
au B TeueHue 120 MMHYT ¢ OT60OpOM MPo6 Kaskabie 30 MUHYT.
B kauecTBe pacTBOopuTessl MIPUMEHSIIA OUUILEHHYIO BOLY IIPU
pH=7,0 u Temniepatype 20+2°C.

B xayecTBe CpaBHEHMS UCIIOIb30BAIM YAbTPA3BYKOBYIO 00-
pPaboTKy, IPU STOM FOTOBWIM HaBECKY BECOM B 4 T (M3MeJIbUeH-
HOT'O CYXOT'O PACTUTENBHOTO ChIpbs He 60ee @ 10 MM 1 400 M
BOJIbI), 06PA6OTKY ITPOBOAMIIN C TPUMEHEHMEM Y/IbTPa3BYKOBOIA
cucrembl Mapky QUICK218-3560D («DiakoM», Poccust) B Hempe-
PBIBHOM peXkuMe Ipu yactoTe Bo3aericTBust 40 KI'1, B yCITOBUSIX
IIOCTeIIeHHOr0 HarpeBa 10 TemrmepaTypbl 55#*2°C. KuHeTuky
9KCTpaKIuy usydanu B TeyeHue 30 mMuHYT. [Ipo6bI oTOMpanu
yepe3 paBHble TPOMEXKYTKM BpPeMEeHM B MHTEpBale 5 MUHYT,
HauuHas ¢ 10 MuHYT 06paboTKy. B KauecTBe pacTBOPUTENS IIPU
MO EeIMPOBAHMUM TUIIEBbIX CUCTEM C MCIIOIb30BaHMEM LIeTpa-
pUM UCTaHACKOM MOTYT BBICTYNATh CpeAbl C pas3jauvHoit pH,
C 9TO¥ 1IeIbI0 B JJaOOPATOPHBIX YCUJIOBUSIX CO3[aHbl OydepHbie
pactBopsl ¢ pH=3,9 1 9,0 en. B kauecTBe cpefpbl IJis1 pacTBOpe-
HUSI ¥ YMEHbILIEHUS] MOTPEeITHOCTY MUCCIeA0BAHUI TTPUMEHSITN
OuUMILleHHYIO BoAy B amamnasoHe pH 3,9-9,0 mpu Temmneparype
20%2 °C. KucJioTHOCTb BOGHO Cpeabl peryanupoBaiv C UCIOJIb-
3oBanuem 0,1H pactBopa cosnsiHO# KucioTsl Ao pH=3,9 u 0,1H
ruapookucyu Hatpust 1o pH=9,0.

B mpotiecce uccienoBaHusl M3ydaau obpasipl Mo CleAyio-
LIMM [T0Ka3aTesiM: aKTUBHAsI KUCIOTHOCTD (pH) 1 okucanTenb-
HO-BOCCTAaHOBUTE/bHbIN noTeHIMan (Eh, MB) ¢ momoIibio 1o-
HOMETPUYEeCKOTO MeTOZa C UCIOoAb30BaHMeM pH-MeTpa Mapku
«Hutpon» («Buomep», Poccusi), KOTOpblit ObUT OTKanu6poBaH
10 CTAaHJAPTHBIM IoOKasarensm 6ydepa pH ¢ MOrpenrHoCThiO
nsMmepennii+0,03 en. M3mepeHusi mpoBOAWIM B Auaria3oHe
temnepatypsl T=20,0%1°C. TemnepaTypy U3MepsiiL TepPMO-
meTpoM Testo 905-T1 (Testo, 'epmaHMsI) C MOTPEIIHOCTBIO U3-
mepennii 0,2 °C. T[IpoBoguiayu aHanu3 M3MeHeHMs] MoKas3aTess
«IVTHAMMYECKAsT BSI3KOCTb», M3MepsIIM Ha arapare BUOPOBU-
cko3sumeTtpe cepum SV-1A (A&D, SInoHust) B eguHMUIlaX M3Me-
pennii mPa-s, OTKaIM6POBAHHOM COTJIACHO METOIMKe MCCie-
IIOBaHMIi C TOrPeIrHoCThio u3MepeHuit £0,3 mPa-s. dtajoHom

173

CpaBHeHMS BbICTyIajaa BI3KOCTh Boabl 1,0 mPa-s. B kauecTBe
pasgennTesis MIPUMEHSIM TKaHeBble GUIbTPBI (HEMIOH (puib-
TPOBaJIbHBIN 80 MKD).

Kosdpduument somonornomenus: (K ) paccymMThIBaOT IO
crepyromeit opmyre, ykasannoii B O®C.1.5.3.0012.15% u [13]:
_ V1 B Vz
- (w,

en

rae V, — o6beM, B3STbl [/ 9KCTPAKIMM, MIT;
V, — 06beM, IONy4eHHblit B IPOLiecce SKCTPAKLIMM, MIT;
a — Macca ChIPbsl, B3SITOTO AJIST 9KCTPAKLIMMA.

KoaddummenT HabyxaHus (o) paccumThIBaIM O hopmyrie [14]:

m m
(2),

Halbyx -

m

cyx
n mcyx — MacCcChbl H3.6YXLHE]/I " CyXOM HaBeCKU, I'.

cyx

rne m}mﬁyx

KnHeTuky mpoiecca HaGyxaHusl M3ydaau COITACHO MeTO-
Iy, IPUBEIEHHOMY B paboTe aBTOpoB [15]. CTerneHb HabyXaHMsI
OTIpesiessuTH 110 cenytoleit popmyie:

3,

rae W, — creneHb HaGyxXaHMsI, MJI/T;
V — 06beM, 3aHMMaeMblii 06pasiioM, MJT;
M — Bec UCXOIHOro 06pasiia, I.

[yGuHY BbIXOMA MOMMMEPHBIX (GOPM (EeHOTbHBIX BEIeCTB
OIIpeesisyii U3MepPEHEM ONTUYECKO MoTHOCTH (D) 1 Koad-
dbunyenTa nporryckauust (T %) MOTyYeHHBIX OMBITHBIX 06pa3-
IIOB HAa KOJIOpUMeTpe (POTOITEKTPUUECKOM KOHIIEHTPAIVIOH-
HoM KDK-2 (30M3, Poccust). 17151 9TOTO UCIIO/Ib30BaIM CBETOBOI
dbunpTp N2 2 ¢ nuHo BonHbl 440 HM 1 540 HM B KIOBeTe €O CJIo-
eM TomuymHoM 10 mm. B kKauecTBe pacTBOpa CpaBHEHMS UCIIOb-
30BaJIM OUMIIEHHYIO Boay. ViccimenoBanme KoadduimeHTa mpo-
nyckauus (T %) T03BOJIIET CYAUTH O MTPO3PAUYHOCTM 0O6PA3IoB,
a M3y4yeHMe ONTUYECKON IVIOTHOCTY — O BbIIeNeHMUM KPacsaImux
BeIleCTB, MTOCKOJIbKY TOTyYeHHbIe 06pa3ibl UMEIN PA3HYIO0 UH-
TEHCUBHOCTH IIPU BBIPasKeHMM ONTUUECKOI IIOTHOCTU. OnTH-
YeCKylo IIOTHOCTD (D) onpenesnsiv o dhopmyie [16]:

D =A440,540 XN

rae A,,, — KOlIuM4yecTBeHHOe 3Hauenue npy A =440 uwin 540 Hm;
N — dakrop pazbaBieHus.

4,

W3 nuTepaTypHBIX NAaHHBIX, [IaMHA BOJHBI A=440 HM Xa-
pakTepu3oBajga CofiepkaHue TMOMMMEPHBIX GopM (eHOTbHBIX
coefviHeHMIT B Mpoliecce 06paboTKM CI0EBUIIA [IeTpapun, Ipu
A=540 HM — conepskaHye MOHOMEPHBIX coefiMHeHuit [17,18].

MaTremaTnueckylo 06pabOTKy JaHHBIX C MCIOIb30BaHUEM
perpeccMoOHHOTO aHaau3a IMPOBOIM/IN C TMOMOIIbI0 MTPOTPaMM
Statistica 12 1 Exsel, ombITbI IPOBOAWINCH B TPEXKPATHOI TO-
BTOPHOCTM CO CTaTUCTUYECKO} 3HauMMocCTbio. [IpoBepka azex-
BATHOCTY ypaBHEHMI perpeccuy MpOBOAUIACH C IPMMEHEHUEeM
F-kputepust ®uiepa. 3HAUMMOCTh KO3G(UIMEHTOB perpec-
CUU OLIEHMBAJIM C UCIIONIb30BaHMeM t-Kputepusi CThrofeHTa. 3a
KOHTPOJIMPYyeMble IapaMeTphl B3SIThI CIeylolye IoKa3aTenn:
aKTMBHAsl KUCIOTHOCTb (pH, en.), OKMCIUTENIbHO-BOCCTAHOBY-
TenbHbIN oTeHan (Eh, MB), Temmeparypa (t, °C), mMHamMuyde-
CKast BA3KOCTb (mPa-s), Koapduument sogonornomenns (K, ),
ko3 duumenT Habyxanus (o), crenenb Habyxanus (W,). [my6u-
HY BBIXO/Ia TIOIMIMEPHBIX (OPM (HEeHONbHBIX BEIECTB OTIPeNesis-
JIM U3MEpPEHMEM OTTUYECKOi riotHocTH (D) u KoadbduimeHTa
nponyckanus (T %).

2 0®C.1.5.3.0012.15 Ompenenenue ko3bduimeHTa BOOMOIIOMEHMs
M PacXOOHOTO KO3GbOUIVEHTa JIeKapCTBEHHOTO PACTUTENBHOTO ChIPHSI.
DneKkTpoHHBIN pecypc https://pharmacopoeia.ru/ofs-1-5-3-0012-15-opre-
delenie-koeffitsienta-vodopogloshheniya-i-rashodnogo-koeffitsienta-lek-
arstvennogo-rastitelnogo-syrya/ lata o6pamienus 02.02.2023.
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Pucynoxk 1. [IpyHIunIMaabHas cxeMa IPOBeAeHUs IKCTPAKIUY (B KAUYeCTBe IKCTPAKToOpa

BBICTYIIAET MMepeMeNnnBalollee yCTPOiCTBO, B KaUeCcTBe pa3fe/InTesisi — TKaHeBbIi QUIbTP)
Figure 1. Flowchart of extraction (a mixing device was used as an extractor, fabric filter as a separator)

B ucoiemoBaHuM mpenycMaTpUBAAM BU3YAIbHYIO OLIEHKY
MPO3PavyHOCTM U IiBeTa 06pa3ioB. KauecTBeHHOI XapaKTepu-
CTUKOJ 06pasI[oB CUMTAIM IBET. V3ydyaemasi XapaKTepPUCTU-
Ka oIpenesyiach HA OCHOBaHMM BO3HUMKAIOLIETO 3PUTETbHOTO
omnyieHus. IIpo3payHOCTh OOPA3IOB OLIEHMBAIM BU3YaJTbHO
B CTEKJISTHHBIX ITPO6GMpPKaX B IIPOXOASIIEM €CTECTBEHHOM CBETE
cornacHo 'OCT 6687.5-86° Ha 6e1om ¢oHe.

[MpuHUMNIMAMbHAS CXeMa 3KCTPaKUuu MpuBefeHa Ha Pu-
cyHKe 1.

KopupoBka 06pa3ii0B OCYIIECTBIISUIACH B CJIEAYIONIEN TTOCTe-
IOBaTeJbHOCTY U MpeacTaBieHa B Tabuiie 1.

Ta6nuia 1. KogupoBka 06pasiioB 3KCTPaKTOB (mpu p < 0,05)
Table 1. Coding of the extract samples (at p < 0.05)

Koauposka
o6pasua

Temneparypa,
T, °C

HpOIlOJI)KMTeJIbHOCTb N
T MUH

MeTon0M HacTaMBaHUS

PactBOpuTens — ouniienHas soga (pH = 7,0)

k.0 28,1 0

K.1 55,0 30
K.2 55,0 60
K.3 55,0 90
K.4 55,0 120

VnbTpasByKkoBast 06paboTKa

PactBopuTens — ouniieHHast Boza (pH = 7,0)

1.1. 28,1 0
1.2 40,4 10
1.3. 50,1 20
1.4. 57,1 30
PactBopurens — ounienHas soga (pH = 3,9)
2.1. 30,0 0
2.2. 36,4 10
2.3. 41,0 20
24. 44,5 30
PactBopuTenp — ounineHHast soga (pH = 9,0)
3.1. 29,8 0
3.2 41,7 10
3.3. 50,4 20
34. 57,3 30

* [Ipumeuanue: TIPU UCCIEOBAHUY TeMITepaTyPbl METOJJOM HaCTauBaHUSI
OTKJIOHEeHMe cocTaBiseT + 1 °C, mpu yibTpa3ByKoBoit 06paboTke — 2 °C

3. Pe3yabTaThl M 06CYKIEHUE

OKCTPaKIMI0 TPOBOAWIM [JIT aHaIM3a afCcoOpOIIMOHHBIX
CBOJICTB NP CTATUUYECKUX YCIOBMUSIX, VICTIONb3Ys MOCTOSTHHBIE
KOHCTaHThI 00beMa BOJIbI 1 HABECKIA.

Pesy/bTaThl MCCIENOBAHMUST [TOKA3aTeNsl BOJOIOIIONIEHNMS,
cTeneHM HabyxaemMocTu ¥ KodpduiMeHTa HaOGyXaHUS TIpeJ-
cTaByieHbl B Tabmnuiie 2.

* TOCT 6687.5-86 IIpomyKiusi 6e3aJKOrojbHON MPOMBIILIEHHOCTH.
MeTobl OIpe/ieieHy st OpraHoJIeNITMYECKMX TIoKasaTesnei u o6bema IpoayK-
uuu. MockBa: M3paTenbCcTBO cTaHAapToB, 1994. — 9 c.
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Tabnuia 2. UccnemoBaHue MOKasaTe sl BOIOIOIIOIIeHMS,
crereHy HaGyxaeMocTH U Ko3dduuymeHTa HaGyXaHust
o6pasmos (mpu p < 0,10)

Table 2. Determination of water absorption coefficient, degree of swelling
capacity and swelling coefficient of the samples (at p < 0.10)

Kog, Koaddwuumenrt Bogo- Crenenb HaGyxauuss Koadduument

o6pasua mornomenus (Ksm) (W), mi/T HabyxaHus (o)
k.0 0 0 0
k.1 3,6 6,52 2,07
K.2 6,4 6,00 2,34
K.3 8,0 5,94 2,37
K4 8,8 5,93 2,37

Ananu3 maHHbIX Ta6muiibl 2 yKa3bIiBaj Ha TOBBIIIEHME MC-
cjlefyeMbIX IIOKa3aTeseil Npu yBeJIMYEeHUU TMPOAOIKUTENb-
HOCTM 06paboTKM (MEeTOJ, HaCcTaMBaHMSI MCIIONb30BAIM Kak
KOHTPOJIBHOE MCCIeJlOBaHMe.

OCHOBHOI1 3afaueil IpMMeHeHUs YAbTPa3BYKOBOI CUCTEMBI
SIBJISIeTCS paBHOMepHOe paclpejeseHne aKyCTU4ecKmx BOJIH 110
BceMy obpabaTbhiBaeMoMy 00beMy [1]. [IMHAMMKY SKCTPaKLIUK
ompesieNisii IyTeM M3MepeHUsl ToKasaTess MPOHUILAeMOCTU
(%) n omrtmueckoit mioTHocTu (D) uccimemyeMbIXx pacTBOPOB

(PucyHkn 2, 3).
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PucyHOK 2. [IMHaMMKa M3MeHeHus Ko3dduimeHTa
nponyckauus (T, %), npu p < 0,10
Figure 2. Dynamics of the change in the transmission coefficient (T, %)
atp <0.10
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VpaBHeHMe perpeccun koadduimenta mpormyckauust (T, %)
JIJIST BBIOpAaHHBIX PaCTBOPUTEIEN MMeeT ciemyonmii Bum (5-12):
O pactBoputenb — ounitneHHas Boga (pH = 7,0); o6pa3siibl, 11o-

JIyYeHHbIe METOAOM HACTauBaHUS:

ipu A =440 um:

y=65,94-1,73x,R?=0,51, F-kpurepuii=0,175 (5)
nipu A =540 HM:

y=71,64-1,62x, R?=0,57, F-kpurepuii=0,142 ©6)

O pacrBoputenb — ounineHHas Boga (pH=7,0); o6pa3iibl, 110-
JlydeHHblIe C NMPYMeHEeHMEeM YAbTPa3ByKOBBIX BO3/eiCTBUIL:
npu A =440 HM:

y=95,1-1,09x, R*=0,87, F-xpurepuii=0,069 (7
pu L =540 HM:
y=96,7-0,91x, R*>=0,91, F-xpurepuii = 0,04 ©))

O pactBoputenb — ounieHHast Boga (pH = 3,9); o6pasiibl, 11o-
JlyueHHbIe C TIpMMeHeHNeM YJIbTPa3BYKOBbIX BO3JIeiCTBUIA:



Huumesckasa K. H. n gp. | MULLEBBIE CUCTEMbI | Tom 6 No 2 | 2023 | C. 171-179
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a) 0)
2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4

B) r)
Pucynok 3. IIokasaTesu 1iBeTa 00pasiios: a) pacTBOpUTEIb — ounineHHas Boga (pH = 7,0), mo/rydeHHbIe METOA0M
HacTrauBaHMs; 6) pacTBOpuUTeNIb — ounieHHas Boga (pH = 7,0), mosryueHHbIe ¢ IPUMEHEeHEeM YIbTPa3ByKOBbBIX
BO3JeJiCTBUIi; B) pacCTBOpUTE/Ib — ouuiieHHasi Boga (pH = 3,9), moimydyeHHbIe ¢ IpYIMEeHEHMEM YIbTPa3BYKOBBIX BO3JEViCTBUI;

r) pacTBOpUTEIb — OuMIeHHasa Boja (pH = 9,0), mosydyeHHbIe ¢ IPMMEeHEeHeM YIbTPa3BYKOBBIX BO3AeiCTBUI
Figure 3. Color indicators of the samples: a) obtained using the infusion method, solvent — purified water (pH = 7.0);
6) obtained using ultrasound impacts, solvent — purified water (pH = 7.0); B) obtained using ultrasound impacts,
solvent — purified water (pH = 3.9); r) obtained using ultrasound impacts, solvent- purified water (pH = 9.0)

mpu A =440 HM: SKeH B 06pasiiax B KMUCIOW BogHON cpene (pH=3,9), npu sTom
y=96,8-0,59x, R2=0,99, F-kputepuii=0,0005 ) K03(GULMEHT TPOITyCKaHus COCTaBseT 83%; B 11eI04HOI cpe-

Jle 9TOT TokasaTesb paBeH 80,5%, B HeiiTpambHO — 72,5%.
Ianuble PucyHKa 4 yKasbIBalOT, YTO NP MUCIOIb30BAHUU
y=98,0-0,5x, R*=0,99, F-xpurepnii=0,0005 (10)  meroma «HacrauBaHMe» IS IONYYEHNMsT SKCTPAKTOB TIOJMMED-
Hble COeIVMHEHMsI MepexosT B HKCTPAKT mpumepHo B 1,3 pasa
6osibllle B CpPaBHEHMM C MOHOMEPHBIMU GopMamMy (eHOTbHBIX

pu L =540 HM:

O pactBoputenb — ounileHHas Boga (pH=9,0); o6pasiibl, 11o-
JIyueHHbIe C IPVMEeHeHVeM yIbTPa3BYKOBBIX BO3AEVCTBUIA:

1ipu %.=440 HM: CcoeITHEeHUIA.
y=96,65-0,76x, R*>=0,98, F-xpurepuii=0,011 (11) 200 .
npu A.=540 HM: izg <
y=97,85-0,59x, R?>=0,99, F-xpurepuii=0,004 (12) % 14:o
HauHble PucyHKa 3 yka3bIBa/iM Ha CHUKeHMe TIPOHUIIaeMO- E if,g N
CTY BOIHOII Cpe[ibl C yBeJIMUeHneM BpeMeHr 06paboTKu 1eTpa- 580 T
PUM UCTAHACKOM. DTM M3MEHEHMs] BbIpaxkaluchb B TpaHcdop- E 60 :
Manyy 1BeTa 06pasuos B 6oee KOPMYHEBbIE TOHA U Hambonee  © :g
SIPKO TIPOSIBJISUTACH B Mpoliecce HacTauBaHus (PUCYHOK 4). 0:0 T 1 i 1
TTokasarenu 1BeTa 06p33u03 Ne 11_34’ npeacTaBaeHHbIe k0 kl x2 k3 k4 1.1. 12. 13 14. 2.1. 22. 23. 2.4 31. 32. 33. 34.
Ha PucyHke 3, Majio pasaMuMMBbl YeJ0BeueckuM rinasom. Ecim N S A s
mpuA= 440 EM Wmpu i = 540 HM
npoaHﬁnM?’MPOBaTI’ fanHbie PucyHka 2 mpu A=540 HM (Bb160p PucyHoK 4. AHa/IM3 M3MeHeHMsI OIITUYeCKOI IVIOTHOCTH,
JIaHHOJ JITHBI BOJTHBI 06BSICHSIETCS YYBCTBUTEIBHOCTDIO K CBe- en. (mpu p < 0,10)
Ty Ue/lOBeUeCKMM I71a30M B 3eJIeHOI 4acTu CIeKTpa), MOXKHO Figure 4. Analysis of the change in the optical density, units (at p < 0.10)
clenaTh 3aKilouyeHre 00 M3MEeHEeHMM HaChINIEHHOCTM BO BCEX
o6pasiax B CBSI3M C MPUMEHEHMEM YIbTPAa3ByKOBOTO BO3Jeii- OpHaKoO MpY M3MEHEHUM KMCIOTHOCTYM PacTBOPUTENS [0
CTBUSI, TAKKe HACBIILIEHHOCTD MOBBIIIAETCS C MTPOAO/DKUTETbHO- pH=9,0 B KOHTpobHOM 06pasiie (o6paserm N2 3.1) pasHuiia
CThIO BpeMeHM 06paboTKM PacTUTENIBHOTO ChIpbs. LIBeT BbIpa- YBeIMUMBAETCS MO0 MPUOPUTETHOMY MepexoAy MOJIMMepHBIX
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dopm B 2 pasa, B mowiegyoumx obpasmax (06pasmsl N2 3.2—
3.4) — B 1,5 pa3sa. [Ipu cpaBHeHUM 06Pa3I[OB C OAMHAKOBHIM
pactBoputenem (pH=7,0) npu mucrnonb3oBaHuM MeTonma obpa-
60TKM «HacTauBaHue» B TeueHne 120 MuHYT (06paser; N2 k.4)
cofepykaHme MoaMMePHbIX PeHONbHBIX COeMHEHMIT VBTN -
BaeTcs B 13,6 pa3za, moHOMepHbIXx — B 10,89 pa3sa. [Ipu ynb-
TPa3BYyKOBOIt 06paboTke (o6paser; N2 1.4) uX KOIMUECTBO BO3-
pacraeT B 18 u 14 pa3 coorBeTcTBeHHO. Kucnas cpena (pH=3,9)
Ha HaYaJIbHOM 3Talle COCTaBIeHMsI BOJHOI cpelibl T0OKa3bIBaja
yBeJlmvueHye KoumdyectBa (GeHOMbHBIX coequHeHunit B 1,5 pasa
B cpaBHeHuu ¢ pactBoputenem pH=7,0. IIpu skcTparuposa-
HUM B KUCJION cpele B KUCIOW cpene B obpasie N2 2.4 mak-
CUMAaJIbHBIN TI€PEXOJ UCCIeyeMbIX COeIMHEeHMIT GbLT BbIIIe
Mo cpaBHeHMIO ¢ pactBoputenem B 10 pa3 mpu A=440 HM
” B 8 pa3 — npu A =540 HM. BeposiTHO, 3TO CBSI3aHO C BbINIaje-
HMeM B 0caJoK (HeHOTbHbIX GOPM B YCIOBUSIX KUCIOM Cpefbl
pH=3,9. B wenounoii cpene (pH=9,0) npu L=440 HM uccie-
JlyeMblii TToKa3aTenab yBenuuyuics B 13 pas, a npu A=540 Hm —
B 9,5 pasa. Ilepexon BelnecTB U3 LeTpapuyu WUCIAHICKOM
B O9KCTPaKkThbl MMeJM BbICOKMe pe3ynbTaThl Ipu pH=7,0
u pH=9,0.

YpaBHeHMe perpeccuy onTuuYeckoii mioTHocTr (D) asist BbI-
GpaHHbBIX pacTBOpUTENeH uMmeeT caemyomuyit Bua, (13-20):
O pacrBoputenb — ounineHHas Boga (pH=7,0); o6pa3siibl, 10-

JlyYeHHble MEeTOA,0M HacTauBaHUs:

npu A=440 HM:

y=4,76+0,31x, R*>=0,73, F-xputepuii=0,064 (13)
mpu A =540 HMm:
y=3,69+0,24x, R*>=0,77, F-xkputepuii= 0,050 (14)

O pactBoputenb — ounineHHas Boga (pH=7,0); o6pa3siibl, 110-

JlyueHHbIe C TIPMMeHeHNeM YJIbTPa3BYKOBBIX BO3[IeICTBUIA:
npu A=440 HM:
y=2,75%0,57x, R2=0,92, F-xputepuii = 0,040 (15)
nipu A=540 HM:
y=2,4%0,44x, R>=0,91, F-xputepuii = 0,044 (16)
O pacrBoputenb — ounieHHas Boga (pH=3,9); o6pasiipl, 1o-
JIydeHHbI€e C IPMMEeHeHMEeM YJIbTPa3BYKOBbIX BO3IECTBUI:
npu A =440 HM:
y=1,6%0,29x, R?=0,99, F-kputepuii=0,0009 17)
pu A =540 HM:
y=1,05+0,23x, R*=0,99, F-xpurepuii=0,0009 (18)

-

AKTHBHas KuenotHocts (pH), e
(=2 S VT LV - N B - B Vo B )

K.2 . ki 1. 1.2. 1.3.

O pacrBoputenp — ounieHHas Boga (pH=9,0); o6pasiipl, 1mo-
JIy4yeHHbIe C [IPMMeHeHeM Y/IbTPa3BYKOBbIX BO3/I€CTBUIA:
npu A=440 HM:

y=1,4%0,39%, R>=0,99, F-kputepuii= 0,005 (19)
ipu =540 HM:
y=0,7%0,30x, R>=0,99, F-kpurepwnii = 0,002 (20)

ViccnenoBaHo M3MeHeHMe aKTMBHOJ KUCIOTHOCTM B 39KC-
TpaKkTax U3 LeTpapuM UCIAHACKON C UCII0Nb30BaHMEM PaCTBO-
putens B puamnasoHe pH=13,9; 7,0 u 9,0. MaTepuaJ ripeacTaBieH
Ha PucyHke 5.

VpaBHeHMe perpeccuy akKTMBHOV KUCIOTHOCTY (pH) A1 BbI-
6paHHbBIX PaCTBOPUTETIEN MMeeT caenyoumit Buz, (21-24):

O pactBoputenb — ounineHHas Boga (pH=7,0); o6pa3siipl, 110-

JIy4YeHHbIe MeTOAO0M HaCTaVBaHMA:

y=4,69-0,0031x, R*>=0,87, F-xpurtepuii=0,063 (21)

O pactBoputenb — ounineHHas Boga (pH=7,0); o6pasiibl, 110-
JlyueHHbIe C TIpMMeHeHNeM YJIbTPa3BYKOBbIX BO3[IelCTBUIA:
y=5,08-0,013x, R2=0,90, F-kpurepuii=0,049 (22)

O pacrBoputenb — ouniieHHas Boga (pH=3,9); o6pasiipl, 1o-
JlyueHHbIe C TIpMMeHeHMeM YJIbTPa3BYKOBbIX BO3[IelCTBUIA:
y=4,67+0,007x, R*=0,96, F-xpurepuii=0,018 (23)

O pacrBoputenb — ounieHHas Boga (pH=9,0); o6pasiibl, 11o-
JIyuyeHHbIe C MPYMeHeHMeM YAbTPa3ByKOBBIX BO3/eiCTBUIL:
y=6,056-0,04x, R*>=0,82, F-xpurepuii=0,092 (24)

[Toka3aTenb aKTUBHOI KMCIOTHOCTY SKCTPAKTOB U3 LieTpapumn
MCIaHICKOM BapbupyeT B npepenax 5,0+ 1,0 ex., u pu UCIOb-
30BaHUM pacTBOpuTess ¢ ypoBHeM pH, paBHbIM 9,0 (1jenouHas
cpepa), MpOMCXOAUT CTabmIM3anyst BOgHO cpeabl 1o pH=5,0 ef.

O600611eHbI TaHHBIE TI0 OKUCIUTETHbHO-BOCCTAHOBUTETHHO-
My noTeH1uany (PucyHox 6), MaTepuabl IpeCTaBIeHbI B BULE
IyarpaMmbl.

VpaBHeHMe perpeccuu OKUCIUTENbHO-BOCCTAHOBUTENBHOTO
norennyana (Eh, MB) s BhIGpaHHBIX pacTBOPUTENIEHl MMeeT
cienyoumii Bup, (25-28).

O pacTtBopuTenb — ounileHHas Boza (pH=7,0); 06pasiibl, oIy-

YyeHHbIe MEeTOIOM HaCTauBaHUS:

y=153,5-0,295x, R*=0,91, F-kputepuii=0,044  (25)

O pactBoputenb — ounineHHas Boga (pH=7,0); o6pa3siipl, 110-
JlydyeHHbIe C MIPYMeHeHMEeM YAbTPa3ByKOBBIX BO3[E/iCTBUIL:
y=96,7-0,305x, R*>=0,83, F-xpurepuii=0,090 (26)

14. 2.1 2.2. 23. 24. L. 3.2. 33.

HacTalBaHIe HeifTpanbHas cpena KHCIas cpefia IIeNoYHas cpeaa
Hccnenyemsle o6pasibl
pHl E=pH2 = =pH=7,0 = =pH=39 = =pH=9,0

PucyHok 5. MccneqoBaHusl akKTMBHOM KMCIOTHOCTH 06pa3nos (mpu t=20,0%1°C) npu p < 0,10
Ipumeuanue: pH1 — nccnenosanue pH nocne oxnaxkaeHus no temnepatypst 20+ 1°C; pH2 — uccienosanme pH nocie xpaHeHus B TedyeHue 30 CyTOK Mpu
Temmeparype 4+ 2 °C c maJbHeIIMM BbIpaBHMBaHMEeM TemIiepatypbl go 20%1°C

Figure 5. Examination of the active acidity of the samples (at t=20.0%+1°C) at p £ 0.10
Note: pH1 — pH measurement after cooling to a temperature of 201 °C; pH2 — pH measurement after storage at a temperature of 4+2 °C for 30 days with the following temperature equalization

up to 20£1°C
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PI/ICyHOK 6. NccnenoBaHyie OKUCINTEIBHO-BOCCTAHOBUTEIBHOTO

norennuana (Eh, mB) ipu p < 0,10
Figure 6. Investigation of the redox potential (Eh, mV) at p<0.10

O pacTtBopuTeNb — ouniieHHast Boga (pH=3,9); o6pasiibl, mo-
JIy4YeHHbIe C IPMMeHeHMeM YIbTPa3BYKOBbIX BO3ECTBUI:
y=74,6%0,416x, R2=0,97, F-kpurepnii=0,015 27)

O pacrBoputenb — ounieHHas Boga (pH=9,0); o6pasiipl, 1o-
JIy4yeHHbIe C IPMMeHeHMeM Y/IbTPa3BYKOBbIX BO3/I€CTBUIA:
y=108,12-0,042x, R>=0,60, F-kputepmnii= 0,225 (28)

O600611eHbI TAHHBIE TT0 [TOKA3ATEeNI0 «BI3KOCTh» (PYCYHOK 7).
Martepuasisl, IIpefCcTaBJIeHHbIe B BUIE IMarpaMMbl, YKa3blBalOT
Ha M3MEHEHMs ToKa3aTejisl BSI3KOCTM BO BceX o6pasiiax, Mmpu
9TOM 3a KOHTPOJIb PUHSIT ITOKA3aTelb BSI3KOCTM BOIbI, PABHbIIA

1,0 mPa-s.
1.86
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% 14 147145145146
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W BazkocTs 00pasuos, mPa*s = BasxocTs Bogsl, mPa*s
Pucynok 7. [lokazaTenb JUHaAMMUYECKOI BA3KOCTU BOTHOI
cpebi 06pasuoB, mPa-s, mpu p € 0,10
Figure 7. Dynamic viscosity of the aqueous medium of the samples,
mPa*s, at p £ 0.10
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VpaBHeHMe perpeccui BI3KOCTH ISl BHIGpPAHHBIX PACTBOPU-
Tesielt uMeeT CIeaywlmii Bug, (29-32):
O pactBoputenb — ounineHHas Boga (pH=7,0); o6pa3siibl, 110-
Jly4eHHbIe METOAOM HaCTauBaHMSI:

y=1,43+0,02x, R*=0,74, F-xputepuii=0,063 (29)

pacTBOpuUTENIbh — OuMieHHas Boma (pH=7,0); o6pasiibl, 10-
JlyueHHble C TIpMMeHeHNeM YJIbTPa3BYyKOBbIX BO3[IelCTBUIA:

y=1,23%0,0006x, R*>=0,90, F-xputepuii=0,051 (30)
pacTBopuTeNb — ounileHHast Boxa (pH=3,9); o6pasiisl, mo-
JIyueHHbIe C IIpMMeHeHN)eM YIbTPa3ByKOBbIX BO3JeJCTBUIA:

y=1,11%£0,012x, R?=0,89, F-kpurepnii=0,057 (31)

pacTBOpuTENbh — OounineHHas Boga (pH=9,0); o6pasiibl, 10-
JIydeHHbIe C IPUMEHEHMEM YIbTPa3BYKOBBIX BO3OECTBUIA:

y=1,41£0,006x, R2=0,64, F-kputepnii=0,201  (32)

3a cpaBHeHMe MIPUHSIM 3HaUeHe AMHAMUYeCKO BSI3KOCTU
Bonbl mpu temneparype T=20°C, paBHoe 1 mPa-s, uccienosa-
HMe 06pasioB MPOBOOMIOCH Tpu TemmepaType T=20%0,5°C.
Hanbonbillee 3HaueHue MO UCCAELyeMOMY MTOKa3aTeNli0 BbISIB-
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JIeHO B o6pasnax N2 k.4 (IIpy MOoSydyeHUM SKCTPAKTa METOIO0M
HacTamBaHusy), N23.4 (IIpM UCIONB30BAHUU DPACTBOPUTEIIS
IIEeJIOUHOM cpefibl). B ocTanbHBIX 06pasljax Takxke oGHapysKe-
HO CMellleHMe BSI3KOCTM OTHOCUTENbHO cTaHzgapTa (1,0 mPa-s)
C yBeJIMYEeHVEM TTPOAOJIKUTETbHOCTY 00paboTKM. Tak, 06pasifbl
N 2.4 u 3.4 umeloT 6ojiee BHICOKME TTOKA3aTeNN BI3KOCTH.

VyeHble CUMUTAIOT 1e71eco0b6pa3sHbIM MCIIOIb30BaHMe eTpa-
pUM UCIaHICKOV B MUIIEBOV MPOMBIIUIEHHOCTY B KauecTBe
SKeTMPYIOLIETO areHTa M MCTOYHMKA OMOJIOTMYECKM aKTUBHBIX
BemiecTs [19]. [Ipu MmomennpoBaHMy NUIIEBBIX CUCTEM C LieTpa-
pueit UCIaHICKOM B Ja6opaTopuy ObUIM CO3[IaHbl BOIHbIE Cpe-
IIbI C Pa3JIMYHBIMM YPOBHSIMU pH, Tak Kak B yUIOBMSIX ITUIIEBOIA
MIPOMBIIIJIEHHOCTM MUCIOMIb3YIOT Pas3aMyHble 3KcTpareHThl. Ha-
rpumMep, MpU MPOEKTUPOBAHUYM COCTaBa HIUITYYUX TPOLYKTOB
OueHb BaskHA KMCIOTHOCTh PACTBOPA, KOTOPbI i 06pasyeTcs Io-
CJie pacTBOPEHMSI B BOZIE (3TO MOTYT OBITh TOTOBbIE KOMITO3UIIVY
JIJIST GBICTPOTO MPUTOTOBJIEHMS PA3IMUYHBIX MUHEPATN30BaHHbIX
1 6e3aJIKOTOJIbHBIX HATMTKOB) [20].

Ha ocHOBaHUM pe3yabTAaTOB MCCAEAOBAaHUI MOXKHO Cle-
JIaTh BBIBOJ, O TOM, UTO NMpUMeHeHMe pacTBOpoB ¢ pH (B Kuc-
JIOW U 1IEJIOUHOM cpefax) MO3BOJISIET IIPOBECTU SKCTPArmpoBa-
Hue 3bdeKkTBHEe, YeM B Cpejle C HeTPpaJbHBIM YpOBHeM pH.
[laHHasT 3aKOHOMEPHOCTh TOATBEPKAAETCS B MCCIeNOBAHUMU
aBTOPOB, paboraruux ¢ DXA-pacTBOpaMu, KOTOPOE YKa3bIBa-
eT Ha KaTaJUTUUECKME CITOCOOHOCTY OKUCIUTENIbHOM CUCTEMBI
(xucnotHas cpena) ¢ pH 2-5 1 BOCCTAHOBUTEIbHON CHCTEMBI
(wwenouHas cpena) ¢ pH 8—12 [21]. B Hawteii ctaTbe mpoBeeHa
OlleHKa BO3MOYKHOCTe 9KCTparupoBaHus B CO3JaHHbBIX JKCIIe-
puMeHTabHO 6ydepHbIX pacTBopax ¢ pH ot 3,9 en. no 9,0 en.,
TaK Kak [Py 3TOM MOKHO CYOUTb O BO3MOKHOCTY MIPUMeHEeHMS
LleTpapuM MCIaHACKOV B MOIEIMPOBAHUM TMUIIEBbIX CUCTEM.
[TyTeMm 0606IIeHNUsT MTaHHBIX IO pe3ylIbTaTaM MCCIeqO0BaHMIA
ObLIM YCTAHOBJIEHBI ONTMMAaJbHbIE IMapaMeTpPbl 3KCTParmpo-
BaHMS LETpapuyM MCAAHICKONA. DKCTPaKLMs C MpUMeHEeHUeM
YIIbTPa3BYKOBBIX BO3EICTBIUIT CIIOCOOHA pa3pylIiaTh MaTepuasl
KJIETOYHOJ CTeHKM, TeM CaMbIM YBeJMUMBas BBIXOM, IKCTPaK-
TUBHBIX BelecTB [22]. O6paboTKa BOLHOI Cpelbl B YCIOBUSIX
YJIbTPA3BYKOBbIX KOIE€O6AHWIT MO3BOJISIET TTOBBICUTbD MHTEHCUB-
HOCTb TPOIECCOB IKCTPArMpoBaHus IIOCPENCTBOM YBeINUYeHUS
IJIOLAAY TIPOHULIAEMOCTM KIeTOK [2]. MeTompl 3KCTpakLmUK
COTIPOBOKOAMNCH TIOBBINIEHMEM TeMIlepaTypbl B IIpoliecce
o6paboTku (06pasipl N2 K.1-K.4). [IpyMeHeHMe YIbTpa3ByKa
06YCJIOBJIEHO BO3HMKHOBEHVEM KaBUTAIIMM, TIOSIBIISIIOIIEIACS
B pe3y/abTaTe reHepaluu 1 paclpoCTpaHeHNs YAbTPa3ByKOBbIX
BOJH [9]. B pacTuTenbHOM ChIpbe NOJ AeliCTBYEM YAbTPa3ByKO-
BBIX KOJie6aHMIi BO3MOXHO MPOSIBIEHME CIIelUIECKUX MPOo-
11€CCOB, CBSI3aHHBIX C pa3pyIIAOIINM BO3/I€iiCTBMEM 00TyUeHUS
Ha KJIeTKM B Pe3y/IbTaTe TEPMUUYECKOTO U GMOIOTUYECKOTO BO3-
JlelicTBUS [6]. YIbTpa3sBYK BbI3bIBAE€T JIOKAJIbHOE IOBBIIIEHNE
TeMIepaTyphl, YTO BbI3bIBaeT pa3pyliieHne KIeTOUHO CTeHKU
", CJIeA0BATENbHO, TPEPHIBAET SIKCTPAKIINIO (EHONbHBIX COeM-
HEeHU. DTO 0OBSCHIETCS MUHMMAIbHBIMU M3MEHEHUSIMU T10-
KasaTeJsieii IIBETHOCTY 06Pas1ioB B CPaBHEHUM C TTepexoaoMm ode-
HOJIbHBIX COEIVIHEHMII B MCCIemyeMbIX o6pasiax. YIbTpa3ByK
TI03BOJISIET IKCTPArupoBaTh HeHONbHbBIE COENVHEHNS B BOIHYIO
cpeny MpyU MMHMMAJIbHOM Tepexofie KpacsiiyuX BellecTB, YTO
HeOoOX0AVIMO TIPY CO3IaHMUM [IBETHOCTH MPOAYKTA C KOPPEKTH-
pyeMbIMM XapaKkTepucTukamu. Ilepexop GeHONbHBIX BEIIECTB
6osiee BbIpaskeH MPU MCIIOAb30BAHMM YABTPA3BYKOBOW CUCTe-
mbI Mapku QUICK218-3560D m1s1 TEXHOJIOTMUYECKOI 06paboTKM
nipu pH BogHoi#t cpenbl (06pasiipl 1.3—-1.4 MMeT MaKCHMallb-
Hble 3HaueHus ). [Ipu mo6aBIEHNYM B BOOHYIO Cpemy IeTpapust
MCIaHACKasl criocobHa caBuHyTh pH K sHaueHusm 5,0+0,5 ep.
M COXPAHUTh 3TU 3HAUYEHMS] B HE3HAUUTEIbHOM OTKIOHEHUU
TIpY XpaHeHuM. JIaHHBIA acMeKT yKa3bIBaeT Ha CTAOMIbHOCTh
CUCTeMBbI B Ipoliecce XpaHeHus.
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B dopmupoBaHMM OLIEHKM CBOWCTB OydepHBIX CucTeM

60bIlIOe 3HAUEHME MMEeeT CTelleHb aKTUBHOCTM 3JI€KTPOHOB,
KOTOpble  XapaKTepU3yIT OKUCINTEIbHO-BOCCTAHOBUTENb-
HBIJ TOTeHLMal. PasBuTye OKMUCIUTEIbHO-BOCCTAHOBUTEb-
HBIX TPOIECCOB OOYC/IOBJIEHO JEICTBMEM HE TOMbKO KUCIO-
pona M ero akTMBHBIX (OPM, HO U TIPOIYKTOB IpeBpalleHNsI
dbepmeHTOB [23,24]. I3MeHeHMe OKMUCIAUTENbHO-BOCCTAHOBMU-
TebHOTO TIOTEeHIMaJa OIpese/ieHO B 06pasiax Mpu MCIOJb-
30BaHMM MeTojda HacTauBaHust (06pasubl N2 K.1-K.4) U 06b-
SICHSIETCSI HacChllleH/eM KMCI0POoJa BOLHO Cpelibl B Mpoliecce
TIPOLLOJIKUTENbHOM 00paboTKU. BhISIBIEHO M3MeHeHMe AMHa-
MMYEeCKO BSI3KOCTH, yKa3blBalolljee Ha Mepexo/, KeJIUPYIIX
areHTOB B BOOHYIO Cpeny, IPpM 5TOM OTMeYeH Jy4YIllnii ITepexon,
SKeTMPYIOUIMX BelleCTB MpU MCIOJb30BAaHUM BOLHONM Cpelbl
C HeJiTpaJbHbIM U LIeJOYHBIM 3HaYeHusiMu pH.

10.

11.

4.
1.

3akinodyeHue

[TpakTuyeckass 3HAYMMOCTb WCCAENOBAHUI  3aK/IIOYAETCS
B YIOBJIETBOPEHMY TIOTPEGHOCTEN Hace/ieH st B BLICOKOKAueCT-
BEHHBIX MTPOAYKTaX MUTAHUSI PACTUTETHLHOTO ITPOMUCXOKAEHMS
C YYeTOM HalMOHAJIbHBIX TPAAULMI U PA3BUTUSI OT€UeCTBEH-
HOTO PBIHKA MUILEBOM MPOAYKIIMY Y OTPACIM racTpOTypr3Ma.
Bnarogapsi cTaGWIM3MPYIOLIMM CBOJCTBAM ILeTpapuu MUC-
JIAaHZCKOJ, CTAJI0 BO3MOXKHBIM CO3[laHMe HM3KOKATIOPUITHBIX
MPOAYKTOB, COXPAHSIONIVX OpraHO/IeNITUUeCcKye XapaKTepu-
CTUKY TPAJMUIIMOHHBIX aHAJIOTOB. B rpoiecce nccienoBaHmst
BBISICHWJIOCh, YTO TIPU MCIIOb30BAHUM IKCTPAKTA U3 CMECU
CYXUX CJIOEBUIL] IIeTPapUM UCIAHICKO TIOTyYaeTCs: TPOAYKT
C TeKy4ei rejieo6pasHoOii CTPYKTYPOii, KOTOPBIN B JaabHe-
11eM BO3MO3KHO ITPMMEHUTD B IIPOM3BOACTBE MPOILYKTOB M-
TaHMSI B KAUeCTBe KeIVPYIOIIero areHTa.
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NIEHTUOUKALIUA UFGT-TEH-ACCOLLMUNPOBAHHDBIX
I'PVIIII VITIS VINIFERA L. PABPABOTAHHBIM CIIOCOBOM
IOP-IMAP®-TEHOTUIIMPOBAHUSA BUHOTPAIA

Bacdwuu P. P.,;* Muxaitnosa U. 10., Areiikuna . U.

Bcepoccuiicknii Hay4HO-MCCIen0BaTeNbCKII MHCTUTYT IMBOBAPEHHOA,
6€3aJIKOTOJIbHO ¥ BUHO/IeIbUeCKOi ITPOMBbIIIEHHOCTH, MockBa, Poccust

Open access

KJIDYEBKBIE CJIOBA: AHHOTAL A

Vitis vinifera L., auHozpao, Teu UFGT Vitis vinifera L. IBJSIeTCSI OGHUM M3 AMATHOCTUYECKM 3HAUMMBIX [IJISI TEHOTECTUPOBAHMS TEXHUUECKUX
UFGT, 2en, IHK, I11P, COPTOB BMHOI'PAJIa, a TaK)Ke MPOM3BOAMMBIX M3 HMX BUHOMAaTepKaaoB 1 BMH. PaHee oTpaboTaHHAs HAMM CTpaTe-
IIJTP®, anekmpodgpopes, rusi reHoueHTudUKaIMM COPTOB BUHOTrpaaa 1 JIHK-ayTeHTHbMKALIMY BUHOMATEPIAIOB Ha OCHOBE IIPSIMOTO CEK-
SNP, udenmudgurayus BeHMpoBaHus crienyduunoro IMIP-npogykTa fnmHoi 99 bp fana MMITYIbC K IIPOTHO3HOM OlleHKe ITPUMeHMO-

cru ITLIP-TIIP®-ananusa jist JeTeKUUM 5 IMarHOCTUYECKM 3HAYMMbIX MTOIMMOPQHBIX MO3UIMI 1 TTOCTeaYIOLIel
upentuukanum 13 UFGT-reH-accouMupoBaHHbIX rpymn Vitis vinifera L. Lenb paboThl 3aKk/I04yanach B ugeHTudm-
Kauy UFGT-reH-accOolMMpOBaHHbIX rpymi Vitis vinifera L. meTekuyei IMarHoCTMYeCKM 3HAYMMBIX MTOIMMOPG-
HBIX [TO3UIINI pa3paboTaHHbiM criocoboM ITIP-TTJP®-reHOTUNIMPOBaHMS BUHOTPaAa. OGbeKTaMy UCCIen0BaHMit
MOCTYkWn 24 06pasija TEXHMYEeCKMX COPTOB BMHOTPaza, MPO6OMOArOTOBKY KOTOPBIX ITPOBOAW/IN M3BIeUeHEeM
50-100 Mr MSKOTM 3peJIOro IIOAa MM KOCTOYKY C €€ MEeXaHMUeCKUM M3MelTbUeHMEM B CTYIIKE M ITOMelleHueM
B IIpOOMPKY TuMa dnneHpopd. [lanee mpoBOAMIIOCH BbIAeJIeHMEe HYKJIEMHOBBIX KUCIOT IIPY MIOMOIIM KOMMepYe-
ckux Ha6opos innuPREP Plant DNA Kit mnu DiamondDNA Plant kit. [ToctanoBky ITLP-IIIP® ¢ 5KcTparnpoBaHHOI
JITHK BmHorpaza ocyuiectsisiin Habopom Phire Plant Direct PCR Master Mix 1 4 mofgo6paHHbIMM PeCTPUKTa3aMu
(Pstl, BsaX1, BtsIMutl v Hinfl) B COOTBETCTBMU C IIPOTOKOIaMM, MTPEACTABIEHHBIMM B MaTepuaiax MmyoaMKaimun.
Herexuyio ITLIP-TIIP®-dparMeHTOB BBIIOMHSUIM BU3yanu3aumeii anekrpodoperpaMm B YO-TpaHCUMIITIOMUHA-
TOpe Iocjie TOPU3OHTATBHOTO AmeKTpodopesa B 2,5% araposHom rene ¢ okpameHHbIM TAE-6ydepom. Criocob
TLP-II[IP®-reHOTUITMPOBAHMS BUHOTpaza, Criel[MaabHO pa3paboTaHHblit s uaeHtudukanum UFGT-reH-acco-
UMMPOBAHHBIX rpymn Vitis vinifera L. geTexuueii IMarHoCTUYECKM 3HAUMMbIX MOTMMOPQHBIX TO3UILMIA, TIpofe-
MOHCTPUPOBAJ pabOTOCIIOCOGHOCTD MTPU TECTUPOBAHUY 24 06Pa31[0B TEXHUUYECKMX COPTOB BUHOTpaza. [Ipu stom
TMIOJIOKUTENbHBIN Pe3ybTaT 6bUI JOCTUTHYT Garofapsi MpakTUYeCcKOi CIIOCOOGHOCTY KaxKIoii U3 YeThIpex MoJ0-
OpaHHbIX PECTPUKTA3 JVICKPUMUHMPOBATD CTPOTO OTIPeIeIeHHYI0 MOMMMOPGHYIO TO3UIMIO, TeHePUPYS XapaKTep-
Hble [TLIP-TTIP®-npodwmnn tpunanuat UFGT-reH-acCcOIMMPOBAHHBIX TPYIII, CEMb M3 KOTOPBIX BbISIBJIEHO B XOfie
HaCTOSIIIEero mccaenoBanms. TakuM 06pa3oM, B pesysibTate TpoBeNeHHOM paboThl yCTaHOBIEHA TeHOTUITMYeCcKast
MIPUHAJIEKHOCTD LEJIOT0 PsJa TPOTECTMPOBAHHBIX COPTOB BMHOTPAJA: MIECTh 00Pa3LoB GbLIM MIEHTUGULIMPO-
BaHbI Kak npenacraButTenu UFGT-reH-accouumnpoBaHHO rpymbel NQ 1; oguH o6pasel; OTHOCUIICS K TeH-acCoLM-
MpoBaHHO# rpyrine N2 2; 1Ba 06pasiia XapakTepy30BaIuCh IPMU3HAKOM acCOIMMPOBAaHHOI rpymibl N2 3; ueTbipe
o6pa3ia npuHaaexkanu K rpyrre N2 4; onuH o6pasel — K rpyrmie N2 5; mectb 06pa3ioB — K rpyrmre N2 13.

OMHAHCHUPOBAHME: CraTbgd MNOArOTOBA€HA B pamMKax BbIMOJHEHMS MCCAeNOBaHMUI MO rocymapcTBeHHomy 3agaHuio N2 FGUS-2022-0012
@enepaibHOTO HAYYHOTO IIEHTPA MUIIEBbIX cucTeM M. B. M. l'opb6aToBa Poccuiickoit akageMum HayK.

BJIATOOAPHOCTD: ABTOpBI CTaTbM BBIpaXKalOT 6arofapHOCTb 3aBeAylolleil oTmenoM TexHomoruyu BuHa BHUUIIBMBII — dunmnana OHIL
MUIIEBbIX cucTeM uM. B. M. Top6aToBa PAH, kaHaumaty Texuudyeckux Hayk KyspbmuHoit EneHe MiBaHOBHE 3a IpegoCTaB/IeHHbIe 06pa3Iibl TeX-
HUYECKUX COPTOB BMHOTpasa.
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IDENTIFICATION OF UFGT-GENE-ASSOCIATED
GROUPS OF VITIS VINIFERA L. BY THE DEVELOPED
METHOD OF PCR-RFLP GENOTYPING OF GRAPE
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KEY WORDS: ABSTRACT
Vitis vinifera L., grape, The Vitis vinifera L. UFGT gene is one of the diagnostically significant genes for genetic testing of technical grape
UFGT, gene, DNA, PCR, RFLP, varieties as well as wine materials and wines produced from them. The strategy for genetic identification of grape

electrophoresis, SNP, identification  varieties and DNA authentication of wine materials that was previously developed by us and is based on direct se-
quencing of the specific PCR product with a length of 99 bp gave an impulse to prognostic assessment of feasibility
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of PCR-RFLP analysis for detection of five diagnostically significant polymorphic positions and the following iden-
tification of 13 UFGT gene-associated groups of Vitis vinifera L. The aim of this work consisted in identification of
UFGT gene-associated groups of Vitis vinifera L. by detection of diagnostically significant polymorphic positions
using the developed PCR-RFLP method for genotyping of grape. Objects of research were 24 samples of technical
grape varieties. Their sample preparation was carried out by extracting 50-100 mg of mature grape pulp or stone
with its mechanical comminution in a mortar and transfer to an Eppendorf-type tube. Then, nucleic acids were
extracted using a commercial innuPREP Plant DNA Kit or DiamondDNA Plant kit. PCR-RFLP with the extracted
grape DNA was performed with Phire Plant Direct PCR Master Mix and four selected restrictases (Pstl, BsaXI,
BtsIMutI and HinfT) according to the protocols presented in the paper. The detection of the PCR-RFLP fragments
was performed by visualization of electropherograms in a UV transilluminator after horizontal electrophoresis in
2.5% agarose gel with stained TAE buffer. The method for PCR-RFLP genotyping of grapes developed specially for
identification of UFGT gene-associated groups of Vitis vinifera L. by detecting diagnostically significant polymor-
phic positions demonstrated its feasibility when testing 24 samples of technical grape varieties. With that, the
positive result was achieved due to the practical ability of each of four selected restrictases to discriminate the
strictly specified polymorphic position generating characteristic PCR-RFLP profiles of 13 UFGT gene-associated
groups of Vitis vinifera L., seven of which were revealed during this study. Therefore, as a result of the performed
study, the genotypic affiliation of several tested grape varieties was established: six samples were identified as
representatives of the UFGT gene-associated group No.l; one sample was assigned to gene-associated group
No.2; two samples were characterized by the trait of associated group No.3; four samples belonged to group No. 4;

one sample to group No. 5; six samples to group No.13.
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1. BBegeHue

Ten UFGT Vitis vinifera L. (UDP-glucose: flavonoid 3-O-glu-
cosyltransferase — ypuauaaudbochar-raoKo3a: GHIaBOHOU
3-O-mmokosmitpaHcdepasa) [1] SIBISIETCS OTHUM U3 IMAarHOCTH-
YeCKy 3HAUMMBIX IJISI TeHOTeCTUPOBAHMSI TEXHUUECKUX COPTOB
BUHOIpaja [2,3], a TakKe IPOU3BOAMMBIX U3 HUX BMHOMaTepyua-
JI0B ¥ BUH [4,5]. IIpu aTom JJTHK-aHam3 60see MpoTsKEHHOTO JIO-
Kyca JaHHOTO TeHa yinHov 705 HYKIeoTUI0B MOKET TTO3BOJIUTD
uneHTuGuUIMpoBaTh He MeHee 21 UFGT-TeH-acCcOUMUPOBAHHOM
IPYIIITBI BUHOTPAJa-ChIpbs 6y1arofapst MHTePIpeTalyuy TeTeKTu-
PYEMBIX METOOM CEKBEHMPOBAHMUS 34 TTOIMMOPQHBIX MO3UIIMIT
(33 SNPs (Single Nucleotide Polymorphisms, OomHOHYK/I€OTV/THbIE
nonumopdusmbl) u 1 INDEL (INsertion/DELetion, nHcepiius/me-
nenus) [3,6]. Torna kak aHanM3 10Kyca MeHblleli IyiMHbI (0T 119 1o
99 HYKJIEOTUIOB) BCeTo ¢ 5 mommopdHbIMY o3utmsvu (4 SNPs
u 1 INDEL) crioco6eH OUMCKpUMMHMPOBATD b 13 UFGT-reH-
accouMMpOBaHHbIX Ipynn Vitis vinifera L. [6], HO ¢ TOTeHLMAIOM
IOHK-ayTeHTMdMKALMY BUHOMATEpUanoB 1 BUH [4,5].

HauenuBaHue Ha JIOKYC MeHbIIEN AJMHBI MPOAUKTOBAHO
CUJIbHOM pparmeHTanueii ocratouHoi IHK BuHorpaza, Beime-
JIIeMOi1 U3 BUHHOTO fe6puca. [Ipuuem ee merpamaius U CHU-
>)KeHMe KOHLEeHTpaluM MPOUCXOOUT Kak B Ipoijecce BUHU-
buxkauym, Tak ¥ IpyU XpaHeHU! yKe TOTOBOTO MPoxAyKTa [7,8].
ITpu 3TOM JONIOAJIMHHO U3BECTHO, UTO IO Mepe CTapeHusl BUHa
YMEHbIIIAeTCS U BBIXOJ, SKCTPATUPyeMOii HYKJIeMHOBOV KMUCIIO-
Th1 Vitis vinifera L. [9,10].

PaHee oTpaboTaHHasi HAMMU CTPATErus reHOUIeHTUDUKALIN
coproB BuHorpaza u JJHK-ayreHTudMUKaLuM BUHOMAaTEpUAaOB
Ha OCHOBE IIPSIMOT0 CeKBeHMpoBaHus crenuduuxoro ITLIP-mpo-
IyKTa AyMHoi 99 bp 6blTa pean3oBaHa uepes MHTePIIpeTaInio
JIeTEeKTUPYEMBIX MOTMMOPGHBIX MO3ULINIA BapuabeJbHOTO JIO-
kyca UFGT-reHa Vitis vinifera L. [5]. laHHas cTpaTerus aaaa uM-
MyJIbC K MPOTHO3HO onjeHKe npumenumocty [NIP-TTIP®-ana-
ymm3a (monuMepasHasi IelHasl peakuys — MoaMMopdusm IanH
PECTPUKIIMOHHBIX (DparMeHTOB) [JIs1 OETEeKUUM 5 OMarHoCTu-
YeCcKy 3HAYMMbBIX IMOMMMOP(HBIX TMO3ULNIA U MOCIeIYIONe
uneHTuduKauum 13 UFGT-reH-accOlMMPOBAaHHBIX Tpyrmn Vitis
vinifera L. Ipy TeCTUPOBaHMM COPTOBOTO MHOTO06Pa3usi BUHOT-
paza, a Takke NMPOM3BOAMMOIO U3 Hero BMHOMaTepuana [11].

Ecnu mipu reHOTeCTUPOBAHUU TEXHUUECKUX COPTOB BUHO-
rpaga mpobOMoAroTOBKa MPEMMYIIECTBEHHO CBOOUTCS K W3-
BJIEYEHMIO MSIKOTH TIJI0AA C MOUIeAYIOUMM ITOMeIleHeM OTO-

6paHHOrO MaTepuasa B MPOBUPKY, TO IJIsI MPOBOIIOATOTOBKMU
BMHOMATepPUaIOB U BUH INOTpeOyeTcsT LeHTPUdYKHAs Iperu-
muTanys gebpuca c MpuMeHeHeM 0CaAUTeNeli U COOCanuTeNeii
[5]. I3BecTHBI pa3anyHbie CIIOCOOBI TPOOOMIOATOTOBKH, MIPEIyC-
MaTpMBawlye NpelBapuTeIbHYI0 SKCIIO3MLMIO BUHA B CMeCU
rmomo6paHHbIX peareHTOB B MOpO3uIbHO Kamepe (—20 °C) B Te-
yeHue 1-2 Hepenb [12,13], KpaTKOCPOUHYIO BBIEPIKKY ITPY KOM-
HaTHOI1 TemIiepatype [14], a Takoke HOUHYIO WM TPEXCYTOYHYIO
arcro3unyio npu —20 °C win -80 °C cooTBeTcTBEHHO [15,16].

Hambornee pacrnpocTpaHeHHBIMM MTOIXOLAMY K BBIIETeHNUIO
ITHK 13 MSIKOTM IUIOfa BUHOTPaza WiM U3 OCAXKIEHHOTO BUH-
HOTO Jle6puca SIBISIIOTCS CIIOCOObI, TOCTPOEHHbIe Ha MoauduKa-
uun obmmensBectHoro CTAB-merona [8]. K 6a3oBoMy MepevHio
CTAB-Momu®uUIIMPOBAaHHBIX CIIOCOO0B IKCTPAKINMM HYKIEVHO-
BbIX Kuciot Vitis vinifera L. u3 BuHOMaTepuaaoB M BUH MOXHO
OTHeCTM YCJIOBHO MMeHHble TexHuueckyue mpuemsl Siret [17],
Savazzini & Martinelli [12], Pereira [13] u Bigliazzi [15], umelo-
Iye CXOOHBIE U OTIMYMTENbHbIe TIPM3HAKM. Takke U3BECTHO 06
ucnonb3oBaHuu Ajis Beigenenust JHK nenoro psima komMepue-
ckux HabopoB: DNeasy Plant Mini Kit 1 QIAprep Spin Miniprep
Kit mpomsBoxmctBa Qiagen [18,19], a Tawke QuickExtract
Seed DNA Extraction Solution (Epicentre Biotechnologies)
u NucleoSpin Food (Macherey-Nagel) [20,21].

AKTyalbHOCTh TPOBOAMMONM HAy4YHOI DPaGOTHI MPOIAUKTO-
BaHAa HEOOXOAMMOCTBIO DACHIMPEHMsI apceHana MeTOLOIOTHU-
YEeCKMX TTOIX0[J0B K TeHOMIeHTUGVKAIMY TEXHUIECKMX COPTOB
BUHOTpPAZa, MOTeHUMATbHO NMpuUrogHbix mias JJHK-ayreHnTmdn-
Kaluy BMHOMAaTepuanoB. HayuHass HOBM3HA BbIpakeHa B MPU-
meHeHuu [MIP-TIAP®-ananusa no ngoxkycy UFGT-reHa Vitis vi-
nifera L. 1751 yCTaHOBJIEHUS] TEHOTUTTMYECKOI TTPUHAIJIEKHOCTU
TeCTUpyeMbIX 06pa3I[0B BUHOTPaza.

llenrp HacTOSILErO MCCIENOBaHMSI — MIOeHTUUKALNS
UFGT-reH-accolMMpoOBaHHbIX rpynn Vitis vinifera L. netexiyeit
JIMarHOCTUYECKY 3HAYMMBbIX TTOMMMOPGHBIX TO3ULINIT pa3pabo-
TaHHBIM croco6om ITLP-ITIPO-reHOTUIIMPOBAaHMSI BUHOTPaa.

2. OG6GBEKTHI M METO/IbI

UccnenoBanusi mpoBoauian B MexXOTpacieBOM Hay4yHO-TeX-
HUYECKOM IIeHTPe MOHUTOPMHTA KaueCcTBa MUIIEBBIX ITPOOYKTOB
Bcepoccuiickoro Hay4qHO-MUCCIeI0BATeIbCKOTO MHCTUTYTA TIUBO-
BapeHHOI, 6€3aJIKOTOIbHOI ¥ BUHOIETbYECKOI TTPOMBIIIJIEHHO-
¢ty — pwinana OHII muieBbix cucrem uM. B. M. Top6atoBa PAH.
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Ta6nuua 1. IIIP-IIIP®-niporokosisl amimduranyu gokyca UFGT-rena Vitis vinifera L. ¢ npaiimepamu UFGT-F1 u UFGT-R2
U nNodIeAyIIInX SHAOHYK/I€a3HbIX pacmermeﬂm}i
Table 1. PCR-RFLP protocols for amplification of the Vitis vinifera L. UFGT gene locus with primers UFGT-F1 and UFGT-R2,
and the following endonuclease cleavage

IMIP-nipoToKkox

PeareHTbI HcxopHasi KOHIEHTpauust PaGouasi KOHIIEHTPAI NS 1 (rlcllzgga 5(15:11:;)6 lgvﬁg:;ﬁ
H,0 18 90 180
2X Phire Plant Direct PCR Master Mix 2% 1x 25 125 250
UFGT-F1 50 MkM 1 MkM 1 5 10
UFGT-R2 50 MkM 1 MxM 1 5 10
TIpo6a JHK 5
BCETO 50
[TocnenoBaTeNbHOCTY ONIUTOHYKJIEOTUIHBIX IIPaliMepOB:
UFGT-F1: 5-CTTGGCTGCCGTTTTGGA-3 (18 H.)
UFGT-R2: 5-AGGTAAAACCACCTGAGACT-% (20 H.)
Pexxum Tepmouykamposanus (Tepuuk, Poceus):
x1:98°C — 5 muH.; x40: 98 °C — 10 cek, 58 °C — 10 cek, 72°C — 10 cek. x1: 72°C — 1 MmuH.

IIIP®-11pOTOKOIBI

PeareHTbI HcxopHasi KOHIEHTpauus PaGouasi KOHLIEHTPAI NS 1 &E&?a 5(311:;)6 1?&‘:86
dH,0 7,5 37,5 75
rCutSmart™ Buffer 10x 1x 2 10 20

Pstl BsaX1 BtsIMutl Hinfl 20U 2U 10 10U 10U 10 0,5U 50 0,5 2,5 5

TILIP-mipo6a 10
WTOrOo 20

Temriepatypa 1 BpeMst MTHKYOMPOBaHMS:

O6beKTaMy UCCIIeNOBaHUI CIykuau 24 o6pasija TexHude-
CKMX COPTOB BMHOTpaza: «iappoHe» (CeBacToIlosnbckasl 30Ha,
Kpbim), «imiapaone» (1. ConHeunasi [onnHa, Kpbim), «iapgoHe»
(Bunna Bukropusi, KpacHogapckuii Kpait), «pkaunrtenn» (Kus-
nAspckmit paitoH, Pecry6nuka [larectaH), «pkauurtenn» (Hep-
6eHTCKMI paitoH, Pecrrybnnka JlarectaH), « IeBOKYMCKHUIA yCTO-
yuBbIii» (CTaBPOMONIbCKMIT Kpait), «Maibbek» (1. BacuibeBKa,
Kpeim), «mxaBaT kKapa» (n. ComHeunast [donuHa, Kpeim), «iia-
6arr» (1. Kokrebenb, Kppim), «anurore» (1. Kokrebenb, Kpbim),
«anurorte» (Panaropusi, KpacHomapckmii Kpaii), «carepaBu»
(Panaropusi, KpacHomapckuit Kpaii), «3kum Kapa» (1. CosHeu-
Hag [onuHa, Kpeim), «Mepiio» (CeBacToronbckasi 30Ha, Kpeim),
«KabepHe COBMHbOH»! (Poccus), «kabepHe COBMHbOH» (IT. Bacu-
nbeBKa, KppiM), «kabepHe cOBMHBOH» (1. ComHeuHas [[onMHa,
KpbiMm), «kabepHe COBMHBOH» (MuibcTpumM, KpacHomapckuii
Kpait), «kabepHe COBMHbOH» (Buia Buktopus, KpacHomapckumii
Kkpait), «kedecus» (n. ComHeunast JonuHa, Kpbim), «anurore»
(Baxuucaparickuii paiioH, Kppim), «cariepaBu»? (Poccust), <KKOKYp
6enblit» (11. KokTebenb, KpbiM) 1 «KOKyp 6emblit» (1. ComHeuHas
HonuHa, Kppim).

[Tpo6OTIOATOTOBKY TEXHUUECKMX COPTOB BMHOIpaja Ipo-
Bomuiyu u3BinedeHremM 50—100 Mr MSKOTM 3peiorTo IUIOAA MU
KOCTOUKM C ee MeXaHUYeCKMM M3MelbueHNEeM B CTYIIKE, C TO-
CTefyIonMM — TIOMellleHKeM OTOGpaHHHOTO —Guomarepuana
B IPOGUPKY THIA JeHAopd.

DKCTPaKIUMIO HYKIEMHOBBIX KUCTOT Vitis vinifera L. u3 mpo6o-
ITOITOTOBJIEHHOTO OMOMaTepuasa BBITOTHSUIM HabopoM innu-
PREP Plant DNA Kit (Analytik Jena GmbH, Germany) niu Dia-
mondDNA Plant kit («AnTtait6uorex», Poccus).

IMocranoBky IILP-TIAP® ocymectasuii Habopom Phire
Plant Direct PCR Master Mix (Thermo Scientific, USA) u 4 mo-
Io6paHHBIMM pecTpuKkrtasamu: Pstl, BsaXl, BtsIMutl, Hinfl
(New England Biolabs, USA) o mpoTokosiam, mpe/cTaBIeHHbIM
B cBOgHOI Ta6bnuie 1.

! MauHbI/ o6pasel; BUHOrpafa GbLT MOIydeH 6e3 CBeJileHuii 0 peruoHe
MpOM3pacTaHmsl.

? JlaHHbI 06paser; BUHOrpaza GbIT MOMydeH 6e3 CBeJleHMii O peryoHe
MpOM3pacTaHmsl.

37°C  37°C 55°C 37°C B TeUeHMe 4 yacoB

Hetexuuio IMIP-TTIIP®-dparMeHTOB BBIMOIHSIIN BU3YaIM-
3anueit anekrpodoperpamMm B YO-TpaHCWUTIOMUHATOPE BCIE,
3a 2,5% araposHbIM Trejb-31ekTpodopesom B TAE-Gydepe,
OKpallleHHOM 3TUI1eM 6pOMUIOM.

3. Pe3ynabTaThl M O0CYKIAEHUE

B pesynbraTte npuMeHeHus: pazpabotaHHoro crocoba ITLIP-
[NOP®-reHOTUIIMPOBAHMSI BUHOTPaAA MAeTeKIyeil OUarHOCTU-
YyecKy 3HAUMMBIX TOMMMOPQHBIX MO3ULNI U UAeHTUGMKaLMeit
UFGT-reH-accolMMpOBaHHbBIX Tpyrin Vitis vinifera L. 6bu1a moj-
TBEPKEeHa ¥ YCTaHOBJIEHA reHOTUIIMYecKasi PUHA/JIeKHOCTD
11eJI0TO Psifia TPOTEeCTUPOBAHHBIX COPTOB.

IpencraButenu UFGT-reH-accOUMMPOBAaHHOM rpynmnbl N2 1
Vitis vinifera L. reHepupoBanu crieuuduunsie I[THP-TIIPO-mpo-
wn, HATISIAHO MPOJAEMOHCTPUPOBaHHbIE Ha PucyHKe 1.

2 3 4

PucyHok 1. dnekrpodoperpamma ITIP-TIIP®-npodueit
UFGT-reH-accouuupoBaHHOI rpynnsl N2 1 Vitis vinifera L.
Figure 1. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.1 of Vitis vinifera L.

Ipumeuanue: M — mapkep onuv JHK (50+ bp DNA Ladder); 1 — Pstl-
IIPO-ppazmermot (76/23 bp); 2 — BsaXI-IT/IPD-ppazmermot (48/30/21 bp);
3 — BtsIMutI-IIJTIP®-ppazmenmot (52/47 bp); 4 — Hinfl-II/JPD-ppazmeHmo!
(79/20 bp)

K UFGT-ren-acconuupoBaHHO} rpymmne N2 1 OTHOCUIUCH
crenyrolye o6pasiipl BUHOTpaza: «iapaoHe» (CeBacToMombCKast
30Ha, Kpbim), «mapgone» (1. ConHeuHas [lonnHa, Kpbim), «iap-
noHe» (Bwina Buxropus, KpacHomapckuii kpait), «pKaiuTte-
mn» (Kusnstpckuit paiion, Peciybnmka JlarectaH), «pKaryuTenn»
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(OepbeHTCKMiT paiioH, Pecry6nuka [larectaH), «IeBOKYMCKMIA
ycToluMBbIl» (CTaBPOIIOABCKUIL Kpait).

[Ipy 5TOM BBIBOJ, O IPUYACTHOCTY IIECTY BbIIlIeIIepeYycIeH-
HbIX 06pa3I[0B BUHOTPaa MMeHHO K UFGT-TeH-accouunpoBaH-
HoVi rpyninie N2 1 cnenaH Ha OCHOBAaHMM Pe3y/IbTaTOB SHIOHYKIIE-
a3HOT'0 pacllelIeHMs aMIIMKOHA 10 YeThIpeM MCII0Ib30BaHHbBIM
pecTpukTaszaM, KOTOpble TeHepUPYIOT KapTUHY 3MeKTpodopeTn-
yeckoro paspenenust ITLP-TIIP®-¢pparMeHTOB, CBOVCTBEHHYIO
MCKITIOYUTENBbHO MPeSICTaBUTENSIM AaHHOJ IPYIIIbL.

JloCTOBEPHOCTh TIONYYEHHBIX DPe3y/abTaTOB IOAKpeIlieHa
paHee MpOBeAEHHBIM HaMU MCCIefOBaHMEM, II0 pe3ylbTaTy
KOTOPOTO COpTa <«LIapJoHe», «PKaUUTeNIn» U «JIeBOKYMCKUI
YCTOUMBBIi» 6bUTM cOOTHeceHbl K UFGT-TeH-acCoIMMpOBaH-
Hoit rpymre N2 1 [5]. UccorenoBanue MpoBOAWIOCH B paMKax
OTpabOTaHHO! CcTpaTerny reHouAeHTUGUKALUY MHTepIpeTa-
LMei JeTeKTUpPyeMbIX TOIMMOPMHBIX TO3ULINIT BapnabeTbHOTO
UFGT-rena Vitis vinifera L. ¢ McIioib30BaHMEM METOJa IIPSIMOTO
cexBeHupoBanus IMIP-nipogykra. JlemounpoBanHas B GenBank
NCBI HykneoTupHasi mociefoBaTelbHOCTh jIoKyca UFGT-reHa
copTa BMHOIpaja «IIapJoHe» C PEeruMcTPalOHHBIM HOMEpPOM
JF522483, npencraBieHHas B Tabiuile 2, BbIOpaHa B KauecTBe
pedepencHoii. Ee mpoduin moamMopdHbIX MO3ULIMI M paccum-
Ta"HHbIX [TIP-TIJIP®-dpparMeHTOB CTaHAAPTHBI AJI BCEX TP -
craButeneit UFGT-reH-accouMMpoBaHHoOi rpymnmbl N2 1 [5,11].

OnuH npencrasutenb UFGT-reH-accoMMPOBAHHO IPYIIIIBI
Ne 2 Vitis vinifera L. — TeXHUYECKUIT COPT BUHOTPAZA «MaTbOeK»
(1. BacunpeBka, KppiM) — dopMupoBan xapakTepHble IJisI Hee
[LIP-TTIIP®-podunu, mpuBemeHHble Ha PucyHke 2.

IMonyuenusbiit pesynaprat IMIP-TIJIP®-aHanu3a GakTUIecKu
MO TBEPAVI TeHOTUIIMYECKYIO IIPUHAJJIEXKHOCTb COPTa «Mallb-
6ek», paHee YCTAHOBJIEHHYI0O METOLOM IPSIMOTO CeKBEHMPOBa-
Hus ITIIP-npoxykra [5].

M 1

Pucynok 2. dnekrpodoperpamma ITIP-ITIP®-nipodmiieit
UFGT-reH-accouuupoBaHHOI rpymnnsl N2 2 Vitis vinifera L.
Figure 2. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.2 of Vitis vinifera L.

Tpumeuanue: M — mapkep onun JHK (50+ bp DNA Ladder); 1 — Pstl-
I/IP®-ppazmenmot (76/23 bp); 2 — BsaXI-IIIPD-ppazmenmut (48/30/21 bp);
3 — BtsIMutI-II[IP®-ppazmenmot (52/47 bp); 4 — HinfI-II[[PD-ppazmermeol
(99/79/20 bp)

PucyHOK 4. dnekrpodoperpamma IMIP-ITIPD-nipoduieit
UFGT-reH-accouuupoBaHHO rpynnsl N2 4 Vitis vinifera L.
Figure 4. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.4 of Vitis vinifera L.

Ipumeuarue: M — mapxkep onun JHK (50+ bp DNA Ladder); 1 — Pstl-
MIPD-ppazmermot (76/23 bp); 2 — BsaXI-IT/IPD-ppazmermot (48/30/21 bp);
3 — BtsIMutI-IIJTP®-ppazmenmet (99/52/47 bp); 4 — HinfI-IT/IPD-ppazmeH-
mot (79/20 bp)

IOea npyrux npencraButensi UFGT-reH-acCOUMMPOBAHHOM
rpymmbl N2 3 Vitis vinifera L. umenu cBojicTBeHHbIe eii ITLIP-
[MOP®-nipodumn, npencraBiaeHHbIe HA PucyHke 3.

B UFGT-reH-acconMupoBaHHylo rpymmy N2 3 Bouum o6pas-
1Ibl TEXHUYECKUX COPTOB BUHOrpaza «mkaBaT Kapa» (1. Coii-
HeuHast [JlonuHa, KpbiM) u «ma6amr» (. Kokre6enb, Kpbim),
TeHOTUITMYEeCKast TPUHAIJIESKHOCTb KOTOPBIX OblIa YCTAHOBJIEHA
BIIEpBbIE.

Psap npencrasuteneit UFGT-reH-acCcOUMMPOBAHHOM TPYIIITbI
N2 4 Vitis vinifera L. xapakTepu30Baauch crenudmuuabivu IMIIP-
[IOP®-nipoduisamy, 3aredaT/ieHHbIMM Ha PucyHKe 4.

B UFGT-ren-accouuupoBaHHy10 rpynmny N2 4 sauuiy cieny-
tole 06pasibl BUHOTpaga: «amurore» (1. Kokrebenb, Kpbim),
«anurote» (Panaropusi, KpacHopmapckmii Kpaii), «carepaBu»
(®anaropusi, KpacHomapckuii Kpaii) 1 «3kum Kapay» (. CoiHeu-
Hast JlonuHa, Kppim), TeHOTUITMYECKasT TPUHAIJIEKHOCTh KOTO-
PBIX TaKKe OblyIa yCTAHOBJ/IEHA BIIepBbIe.

EnuucTBeHHbli nipencraButenb UFGT-reH-accOLMMPOBaH-
Ho¥i rpynmbl N2 5 Vitis vinifera L. — TeXHUYeCKUii COPT BUHOT-
paga «mepino» (CeBactornosbckasi 30Ha, KppiM) — reHepupoBat
cnenuduunsie IMHP-TIIP®-nipoduan, HaISIAHO IIPOLEMOH-
CTpUpOBAHHBIe HA PucyHke 5.

HenonupoBanHasi B GenBank NCBI HykyieoTumHas mocie-
JIOoBaTenbHOCTh JO0Kyca UFGT-TeHa copTa BMHOTpaza «Mepyio»
C PerucTpanyoHHbIM HOMepoM JF522450 BrIOpaHa B KauecTBe
pedepencHoit (Tabnauua 2). Ee mpodwim nmonmmopdHbIX T03U-
uuit u paccuntaHHbix IIIP-TIIIP®-pparMeHToB CTaHIapTHbI
s Bcex npexacraButeneii UFGT-reH-acCOUMMPOBAHHON TPyTI-
el N2 5 [4,10].

Cnenyromue mnpencraButeny UFGT-reH-acCcOLMUPOBAHHOM
rpymmsl N2 13 Vitis vinifera L. popMupoBamy xapakTepHble st
Hee ITIP-TTIP®-npoduin, oTo6paskeHHbIe Ha PucyHKe 6.

M 1 2 3 4

Pucynox 3. dnexkrpodoperpamma ITIP-IIIP®-nipodueit
UFGT-reH-accouuupoBaHHOI rpymnnsl N2 3 Vitis vinifera L.
Figure 3. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.3 of Vitis vinifera L.

Tpumeuanue: M — mapkep onuv JJHK (50+ bp DNA Ladder); 1 — Pstl-
I/IPD-ppazmenmet (76/23 bp); 2 — BsaXI-IIZTIPD-¢ppazmenmot (48/30/21 bp);
3 — BtsIMutI-ITIP®-ppazmernmeot (99 bp); 4 — Hinfl-II[I[PD-ppazmeHmol
(79/20 bp)

PucyHoK 5. dnekTpodoperpamma ITIP-ITIPD-nipodmieit
UFGT-ren-accouuupoBaHHoii rpymmnsl N2 5 Vitis vinifera L.
Figure 5. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.5 of Vitis vinifera L.

O603HaueHus: M — mapkep onux JHK (50+ bp DNA Ladder); 1 — PstI-
MIPO-ppazmermot (99/76/23 bp); 2 — BsaXI-ITI/[PD-ppazmenmst (48/30/21
bp); 3 — BtsIMutI-IT[IPD-¢ppazmenmot (52/47 bp); 4 — HinfI-IIJIPO-ppaz-
Mmenmot (99 bp)
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M 1 2 3 4

200 bp—
150 bp—

100 bp— <99 bp

~79/76 bp

~—52/48/47 bp
<30 bp
<—23/21/20 bp

PucyHok 6. dnekrpodoperpamma ITIP-ITIP®-nipoduiieit
UFGT-reH-accouumnpoBaHHOI rpynnsl N2 13 Vitis vinifera L.
Figure 6. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.13 of Vitis vinifera L.

Tpumeuanue: M — mapkep onun JHK (50+ bp DNA Ladder); 1 — Pstl-
I/IPD-ppazmenmot (99/76/23 bp); 2 — BsaXI-II[IPD-ppaemenmot (48/30/21
bp); 3 — BtsIMutI-ITJTPD-ppazmenmot (99/52/47 bp); 4 — Hinfl-II[IPD-ppac-
meHmot (99/79/20 bp)

50 bp—

B UFGT-ren-accoumupoBaHHyo rpymnmy N2 13 Bxogman
IIeCTh IIPOTECTMPOBAHHBIX 0OPa3I[0B BUHOrpaja: «kabepHe co-
BUHBbOH» (Poccust), «<kabepHe COBUHBOH» (IT. BacuabeBKa, Kpbim),
«kabepHe cOBMHBOH» (1. ConHeuHast [fonuHa, KpbiM), «kabepHe
COBMHBOH» (MmitbcTpum, KpacHomapckuit kpait), «kabepHe co-
BUHBOH» (Buna Buxropust, KpacHogapckuit Kpaii) 1 «kedecnsi»
(1. Conneunas [onuHa, Kpeim).

Emie yeThipe o6pasija BUHOTPaLa MMeIU MPU3HaKU pasHo-
COpTULbL, Tak Kak pe3dynbratrsl [IIP-TIIP®-ananu3a ¢ Hyk/Ien-
HOBBIMU Kuciaotamu Vitis vinifera L., SKCTparmpoBaHHbIMU U3
pasHbIX BBIOOPOK OFHONM MPOMapKUPOBAHHON MapTUM, HE CXO-
IVATTUCH. DTO OTHOCUJIOCH K CJIEAYIONMM 06pasiiam:

U «anurore» (Baxumcaparickuit paiion, Kpbim) ¢ 1-it u 4-ii
rpynnoii no UFGT-reny;

U «canepasu» (Poccust) ¢ 3-eii u 13-11 rpymmoii no UFGT-reny;

O «kokyp 6esbiii» (1. Kokre6enb, Kppim) ¢ 1-it 1 4-ii rpymmoi
no UFGT-reny;

O «kokyp 6enblit» (1. ComHeuHas Jonnua, Kpbim) co 2-7 u 11-i1
rpymmnoii no UFGT-reny.

Camu xe ITLP-TIOP®-nipoduan UFGT-reH-acCcOMMUpPOBaH-
Hovi rpynmel N2 11 Vitis vinifera L. npencraBaeHbl Ha 3JIEKTPO-
doperpamme Pucynka 7.

PucyHok 7. dnekrpodoperpamma IMIP-TIIP®-npodueit
UFGT-ren-accouuupoBaHHOI rpynnsl N2 11 Vitis vinifera L.
Figure 7. Electropherogram of the PCR-RFLP profiles
of UFGT gene-associated group No.11 of Vitis vinifera L.

Ipumeuanue: M — mapkep onun JHK (50+ bp DNA Ladder); 1 — Pstl-
MIPD-ppazmenmot (76/23 bp); 2 — BsaXI-IT/IPO-ppazmermot (48/30/21 bp);
3 — BtsSIMutI-IIJTP®-ppazmenmot (52/47 bp); 4 — Hinfl-II/[PD-ppazmeHmo!
(99 bp)

TakuMm o6pasom, B pesynbrate ITIIP-IT[IP®-reHOTUTMPOBA-
HMSI BUHOTPaJa y POTeCTMPOBaHHbBIX 00Pa3LoB B 00111e CI03K-
HOCTU BBISIBJIEHO ceMb U3 TpuHanuatu UFGT-reH-accouumpo-
BaHHOII rpymn Vitis vinifera L. TlogTBepskaeHa UM YCTAHOBIEHA
BIlepBbIe TeHOTUIIMYECKAs] IPMHAIJIEXKHOCTb LIeJIOT0 Psifia Ccop-
TOB BMHOTpaja: «umapaoHe» (rpymnmna N 1), «xpkauurtenu» (Tpym-
ma N2 1), «IeBOKyMCKUi1 yCTOIUMBBIN» (Tpymma N2 1), «<Manbbex»
(rpymma N2 2), «mkaBaT kapa» (rpymmna N2 3), «mabair» (rpyr-
na N2 3), «anurore» (rpymnma N2 4), «canepaBu» (rpymnma N2 4),

«9KMM Kapa» (rpymma N2 4), «mepio» (rpymma N2 5), «kabepHe
coBMHBOH» (rpymma N2 13), «kedecus» (rpymma N2 13).

Psipi icciemoBaHHBIX 06pa3IiOB ITPeICTaBIsIN U3 ce6st cMech
Pa3sHOCOPTOBOTO BMHOIPAjia, YTO BCKPBUIOCH MPU UX T'eHOTe-
CTUPOBaHMM pa3paboTaHHbIM crioco6om ITLP-TIIP®-ananmsa,
KOTOPbIVi MOKET ObITh 3a/I€/ICTBOBAH U [IJIST OTIpeIe/IeHUsI COp-
TOBOJI YMCTOTHI PV BbIGOPE ChIPbS /1T BUHOMENNS. VIX TeHOTH-
myueckast MPMHAJIeKHOCTh C TIOBTOPHBIM OTGOPOM MaTepuaia
Ha MccIeoBaHKe OyeT M3yJyeHa B JajibHelilei pabore.

Paccuntanubie IILP-TIIP®-nipoduan UFGT-reH-accolmum-
poBaHHbIX Tpynn Vitis vinifera L., cornacyembie ¢ UX TPOGUIIMU
TTOMMMOPQHBIX TO3UINIA, TPeICTaBAeHbI B CBOAHO Tabuie 2,
chOpMMUPOBAHHO B pe3y/bTaTe CUCTEeMATU3aIMK PaHee TOy-
YeHHbIX JAaHHBIX [3,5,11].

Ta6auna 2. [Ipodman monmmMmopdHBIX MO3UIIMIT
UFGT-reu-acconMupoBaHHbIX rpymmn Vitis vinifera L.
¥ creHepyupoBaHHbIX IIIP-TIIP®-dparmeHTOB

Table 2. Profiles of polymorphic positions of UFGT gene-associated
groups of Vitis vinifera L. and generated PCR-RFLP fragments

o = HommopdHbIe Mo3MIMM
o E f« (INDEL*/SNPs)
8 =
EE " % 21% 22 39 56 80
. =} a,
= §~ E = = IIP®-dparmenTsi (bp)
= Sa =)
2 L9 $§ % Pstl BsaxI  BtsIiMutl — Hinfl
- G C C G
01 Chardonnay JF522483 99
76/23 48/30/21 52/47 79/20
_ - G C C R
02 Rabigato JF522420 99
76/23 48/30/21 52/47 99/79/20
- G C T G
03 £EMA0  jE522408 99
res 76/23 48/30/21 99 79/20
- G C Y G
04 Tinto Cao JF522519 99
76/23 48/30/21  99/52/47 79/20
- K C C C
05 Merlot JF522450 99
99/76/23  48/30/21 52/47 99
: - K C C S
06 FOUTEA yE5y7516 99
ranca 99/76/23  48/30/21 52/47 99/79/20
_ - G C Y S
07 Freisa JE522497 99
76/23 48/30/21  99/52/47 99/79/20
- G M Y G
0g Pedro JF522405 99
lmenez 76/23  99/48/30/21 99/52/47 79/20
T G C Y S
09 SAbemet - np 100
auvignon 100 48/30/22 100/53/47 100/80/20
T G C T S
10 Sousao ND 100
100 48/30/22 100 100/80/20
- G C C C
11 Cannonao JF522522 99
76/23 48/30/21 52/47 99
- G M C G
12 Parda JF522443 99
76/23 99/48/30/21  52/47 79/20
- K C Y S

13 Rondinella JF522509 99
99/76/23  48/30/21  99/52/47 99/79/20

Ipumeuanue: ND — No Data; A — Adenine; T — Thymine; G — Guanine; C —
Cytosine; Y —CunuT; S—GorC; K—GorT;R—Aor GG M—AorC.

[Tpu satom UFGT-reH-accounmpoBaHHas rpymnmna N2 9 c 3a-
sIBJIeHHOI nHcepyeit TuMuHa (T) B monoskeHmn 21* nmpogykra
aMIumMbuKaMK aHAIM3UPYeMOTo JIOKyca TeHa Ha Jielie MOKeT
6bITD ee inmieHa. O6 3TOM CBUAETENbCTBYIOT pe3yabTaThl ITLP-
[IOP®-aHanu3a pasHbIX 06PA3IOB COPTa «KabepHe COBMHbOH»,
OoTHOCSIIMX uX K rpymnme N2 13, Tem caMbIiM BHOCSI SICHOCThb
B HEBEpPHO MHTEePIIPeTUPOBAHHbII paHee pe3yabTaT Kaluuisip-
HOT'O CEKBEHMPOBaHMS OTHOCUTENbHO 0KHOM INDEL B ananm-
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3upyemoM Jiokyce Vitis vinifera L. [5]. Elie omHMM apryMeHTOM
B I0/Ib3Y OTHECEHMs copTa «KabepHe cOBMHbOH» K UFGT-TeH-
accouumupoBaHHO rpymme N2 13 MoKeT CIYyKUTb paHee [ie-
TIOHMPOBAaHHAs UTAJbSHCKUMU CeJleKIMOHepaMy T0Caeno-
BaTeJIbHOCTh aHAAM3MPyeMOro JIOKyca reHa [TaHHOTO copTa
C OTCYTCTBYIOIE}i MHCepLVel TUMIMHA, Yeli peruCcTpaMOHHbIN
HoMmep (GenBank A/N: JF522384) 6bl1 YIIOMSIHYT B OLHOI U3
Hammx my6eamkanuii [5].

JOTIOTHUTENBLHO CIelyeT OTMETUTb, UTO U3 BCex pedepeHc-
HBbIX COPTOB BMHOTPAJa, YKa3aHHBIX IO MOPSAKY B Tabmuiie 2,
TOMBKO TUTIOBbIe TipefcTaButenn UFGT-reH-acCOMMPOBAHBIX
rpynn N29 u N2 10 He MMeroT IernoHMpoBaHHBIX B GenBank
NCBI HykIeoTHIHBIX IOCIen0BaTenbHOCTel IoKyca UFGT-reHa,
TIPY TOM YTO UX Pe3yabTaThbl BBIDABHMBAHNSI CEKBEHMPOBAHHO
JTHK Bce ke npencTaBieHbl B IePBOMCTOUHMKE [3].

UFGT-ren Vitis vinifera L. — omHa U3 IMarHOCTUYECKM 3Ha-
YMMBIX [4], HO He eQVMHCTBEHHAasl reHeTu4yecKass MUILIEeHb [OJIs
TeHOTeCTUPOBAHMSI COPTOBOTO MHOroo6pasusi BMHOTpaaa
u THK-ayTeHTMGUKAINY TTPOM3BOAMMON U3 HErO MPOAYKIUU
[5]- menTHbMKAIMOHHBIN TOTEHL[MAN ellle OBYX TreHOB, F3H
(flavanone 3-hydroxylase — dmaBaHOH-3-Tuapokcuaasa) [22]
un LDOX (leucoanthocyanidin dioxygenase — yieiikoaHTOIMaHMN-
IUH AMOKcUreHasa) [23], BepBble GbLT PaCKPHIT B TeMaTHye-
CKOM HayuyHOM Tpyze S. Gomes et al. (2018) [24] u nanee u3yueH
B [IOC/IeAYIOLIMX UCCIeN0BaHMsIX [7,2].

AHanM3 MeTOmOMOTMYECKUX MOIXOM0B K TeHOUIEeHTU(U-
Kalyuy TeXHUYeCKUX COPTOB BMHOTpaja, mpurogHeix aas JTHK-
ayTeHTH(UKAUY BUHOMAaTepMaIOB, yKa3biBaeT Ha 6Gojiee BbI-
COKMIT UAEeHTUGUKALIMOHHBIN moTeHnyan UFGT 1o OTHOIIEHUIO
K F3H n LDOX. DTOT MOTeHIIMaJI CBI3aH C OOJIBbIIMM KOIUUECT-
BOM [IMAaTHOCTMYECKM 3HAUMMBIX MOAMMOPMHBIX MO3UIMNIA BO
dbnankmupyeMom JsoKyce aHanusupyemoro rexa [8]. ITostomy
BBIOOP MMEHHO 3TOi TeHEeTUUYECKOI MUIIEHY JJIS1 MUCCITEMOBAHMST
GBI IPUOPUTETHBIM.

IMonyyeHHble B XOM€ HACTOSIIIEH pabOThl IMPaKTUUYECKUE
pes3y/ibTaThl MOATBEPAUIM paHee IMPOBEAEHHYI0 MPOTHO3HYIO
oLeHKy o npuMmeHumocty IIP-TIIP®-ananusa njisi geTekuumn
JIMarHOCTUYECKY 3HAUMMBIX MOMMMOPGHBIX MTO3UIINIA U TTOCTe-
nytonieit uneHTUbMKany UFGT-TeH-acCOIMUPOBAHHBIX TPYIII
Vitis vinifera L. pu TeCTMpOBaHMUM COPTOBOTO MHOT000Opasus
BUHOrpaza [11].

Takum 06pa3oM, B KauecTBe MHCTPYMEHTA JeTeKLUVM TI0IN-
MOpPGHBIX MO3UIMIT BapuabenbHOro gokyca UFGT-TeHa U uieH-
TuduUKaMM reH-acCOUMMPOBAHHBIX IpyIn Vitis vinifera L. 6bi1
3a71elicTBOBaH pa3paboTaHHbIii Hamu criocob TTLIP-TTIPd-aHa-
JI13a, TIPY TTIOMOIIY KOTOPOTO ObUT BBISIBJIEH HEBEPHO MHTEIpe-
TUPOBAHHBIV paHee pe3y/abTaT KalWIISIPHOTO CEKBEHMPOBAHMS

[5]. iconb30BaHMe MpeIoskeHHOTO C1Ioco6a Kak 1Mo OTHeNbHO-
¢t [11], Tak 1 B CB3Ke C NPSIMBIM CEKBEHMPOBAaHMEM CIIELIV-
dbuunoro ITIP-npoxykTa mimuHoii 99 bp [5] HampaBaeHo Ha TO-
BBILIIEHME TOYHOCTY TeHOMAEeHTUDUKALINY TEXHUIECKUX COPTOB
BUHOTpaza. A ero mpuMeHMMocTb B yactu JHK-ayTeHTH]MKA-
LMY BUHOMATEPUAJIOB 1 BUH OyIeT M3ydeHa B OyayIeM.

Hapsgy ¢ 3TumM 0co60ro BHUMAHMS 3aCTyKUBAIOT U IPY-
rve aHaauTuuyeckue MHCTpyMeHTbl JTHK-Texnomoruit [25,26],
BKJTIOUAs aHAIM3 KPUBbIX IJIABJ€HUS C BBICOKO pa3pelialoniei
crioco6HocThi0 (HRM-ananu3) Ha IMTIIP-tutaTdopmax ¢ dyopec-
LIEHTHO-TMOPUAN3AIVOHHON aeTekueii [3,4] M 6MOCEHCOPBI
[24, 27]. Taxke B 3TOT CIIMCOK MOKHO BKJIIOUUTDH HETABHO IPO-
TeCTUPOBaHHBI MMOPTaTUBHBIN Tpad)eHOBBIN CEHCOPHBINM UMII
C BBICOKOJI paspelniaolieil cltocoOOHOCThIO B UaCTM paciio3HaBa-
HUSI OMHOHYKJIEOTUIHBbIX monuMopdusmoB (SNPs) maske B uc-
cTemyeMbIx 06pasiiax ¢ KpaiiHe HM3KOI KOHIIeHTpalueil HyKie-
MHOBBIX kKuciot Vitis vinifera L. [28].

BollrenepeuncieHHble TTOAXOAbI 3aAl0T BEKTOP OYmyIInMX
uccaenoBanuit ¢ komriekcHoiM JJHK-aHanmu3om 1o Tpem rese-
tueckuMm muiieHsm (UFGT, F3H, LDOX). A omHOi 13 TepBO-
CTEeIeHHBIX 33/lau CTaHeT ITPOrHO3HAsI OIleHKa MPUMEeHUMOCTHU
[LIP-TTAP®-reHOTUNIMPOBAHMS BUHOrPaLa U IO JIOKyCaM T'eHOB
F3H v LDOX c nioc/ienyroliei mpakTUuecKoii OleHKoii paboTo-
CIo6HOCTY pa3pabaThiBaeMbIX CITOCOO0OB, OKMIAEMO MEHee 0-
POTOCTOSMINX U 6oJiee JOCTYITHBIX B MCIONb30BaHMMA. [Ipy 3TOM
MpaKTUYecKasi 3HAUMMOCTb IIPOBEIEHHBIX U TJITAHUPYEMbBIX UC-
CJ1eOBaHMIT HaMpaB/ieHa Ha BHEAPeHMe pa3pab0TOK B CUCTEMY
MeHe)KMEeHTa KauecTBa ChIPbsl M MPOOYKIMM Ha OCHOBE pa3pa-
6aThIBAEMbBIX CTAHAAPTOB M1 BUHOMETbUECKON MPOMBIIIIEH-
HOCTH.

4. 3akiawo4eHue

Cnoco6 TIHP-ITIP®-reHOTUIMPOBaHMS BUHOTpaAa, paspa-
6oTaHHbIN M5 uaeHTUdUKauum UFGT-TeH-accouUMpOBaHHbIX
rpynn Vitis vinifera L. nqeTekuyei IMarHOCTUYECKN 3HAUMMBIX
MOMMMOPQHBIX TTO3UIINIA, TPOAEMOHCTPUPOBA paboTOCIIOCO6-
HOCTb IIPM TECTUPOBaHUM 24 00pasliOB TEXHUUECKUX COPTOB
BUHOrpaga. [1oMOKMUTeNbHbBIN pe3yabTaT 6bLI TOCTUTHYT Oa-
rogapsi MpakTUYeCcKOi CITOCOOHOCTY KaxkA0ii U3 MOA0O6PaHHbIX
DPECTPUKTA3 OUCKPUMMUHUPOBATH OIMpeNeIeHHYI0 MomMMopd-
HyI0 o3unuio, reHepupyst [ILP-TIIP®-nipodmmm 13 UFGT-reH-
aCCOLMMPOBAHHBIX I'PYIII, CEMb M3 KOTOPBIX BBISBIEHO B XOfe
HacTosiero ucciaepoBaHus. [loTeHIan MpeioKeHHOT O CII0Co-
6a, MPMMEHEHHOTO MPYU TeCTUPOBAHUM COPTOBOTO MHOTr006pa-
3Us1 BUHOTPaa, OymeT masbiie u3yueH Ha mpeaMet JHK-ayTeH-
TUGUKAMY Me3TH, CYCIa, BUHOMATePUAIOB ¥ BUH B KOHTEKCTE
MTPOC/IEXXNBAEMOCTHM 3TANOB BUHMMUKALIVIN.
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GEPMEHTHBIE CUCTEMBI IJ1I ®PATMEHTALINU
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VYACTKOB ITPOTOIEKTUHOBOTI'O KOMIIJIEKCA
PACTUTEJIBHOW TKAHU
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KJIDYEBKBIE CJIOBA: AHHOTAL KA

epmenmsl, ppazmenmayus, OCO6EeHHOCTY CTPYKTYPhI IIPOTOIEKTVHOBOIO KOMIUIEKCA PACTUTETbHOM TKAHU MPeJIIonaraloT Heo6XxoquMoCTh
JUaswl, 2u0ponasol, MpOBeNeHMsI TOUEYHOM JeCTPYKIVY OTAeNbHBIX INTMKO3UAHBIX CBSI3€il B CTPYKTYpe MOMMMEPHBIX Iieeil paMHO-
PAMH02a71aKMYPOHAH, rajakTypOHaHa JijIsl IPOMBIIIIEHHOTO MTPOM3BOACTBA TIEKTHHA. B cOCTaB 9TUX 1iereil BXOAST rOMOraJakTypOHa-
nexmuHosble ewjecmad, HOBBI€ YYaCTKM ¥ 30HbI BETBJIEHMUS. B CBS3U C TeM, UTO OCHOBHYIO (DYHKIMOHAIbHYIO HATPY3Ky HECYT roMora-
npPOMoneKmMuHo8bLll KOMNIEKC JIAKTypPOHAHOBbIEe (parMeHThI IPOTONEKTVHOBOTO KOMILIEKCA, I1e/IeBbIMU SIBJISIIOTCS ITIMKO3MIHBIE CBSI3Y MEXIY

ocTaTKaMy PaMHO3bI M raJIakKTyPOHOBOI KUCIOTHI. [IJis1 MX HAIpaBIeHHO JeCTPyKIMYU HanboJee 1eecoobpasHo
UCTIONIb30BaTh (hePMEHTHI JIMa3HOTO U TUAPOIA3HOTO AeiicTBus. LIenbio JaHHOTO 0630pa SIBJISIETCS CYCTeMAaTU3a-
LS IPEACTABIEHUI O MOJIEKY/ISIPHBIX OCOOEHHOCTSIX (hePMEHTOB JIMAa3HOTO Y I'MIPOJIA3HOTO AEiiCTBYSI, KaTaln-
3UPYIONIMX Mpoiecc hepMeHTaTUBHO JeCTPYKIMY OCHOBHO 1M paMHOTaIakKTypoHaHa. B ctaTbe paccmaTpu-
BAIOTCSI CUCTEMATMKM JIMA3HBIX ¥ TUIPOIA3HbIX (DePMEHTOB 0 MEXaHU3MY JeCTPYKIUYU [TIMKO3UIHBIX CBSI3eii
U 110 MOJIEKY/ISIPHOI CTpyKType. [lokasaHo, 4TO JaHHbIe KiaccuduKaumm rmepecekaiTcs, B pe3y/abTaTe yero B Ka-
SKJIOe CeMeiiCTBO MOKeT BXOAUTb KaK OfHA, TaK M HECKOJIbKO rpyI GepmMeHTOB. B 0630pe OKa3aHO OCHOBHOE
CTPYKTypHOE oT/inure GepMeHTOB JIMa3HOTO U TUAPOIa3HOTO JeiCTBIS, 3aK/II0UaloNeecst B 00s13aTe/IbHOM TIpH-
CYTCTBUM B COCTaBe JIMa3HbIX (hepMeHTOB KaTMOHOB Ca’'. DT KaTMOHBI YUACTBYIOT B cTabMIM3aLMu KoHdopMa-
LMY MOJIEKY/IbI pepMeHTa 1 B CAMOM KaTaJIMTUUECKOM Ipoliecce, 6I0KMPYSI OCTATOK raJakTyPOHOBOI KMUCIOTHI.
B cocTaBe 1eJIeBbIX THMAPOIAa3HbIX (GepMeHTOB KaTnoHbl Ca’* OTCYTCTBYIOT. MOJIeKy/IsIpHbIe 0COGEHHOCTH JIna3-
HBIX ()epMEHTOB OTIPEAEISIIOT YyBCTBUTETBHOCTD MX KATATUTUIECKOM aKTUBHOCTH K IIPUCYTCTBUIO KATMOHOB Ca%*
B cucreme. [IpeBbliliieHMe OpeeeHHOM KOHIIEHTPalyy CIIOCO6HO MPUBOAUTD K aHTATOHUCTUYECKOMY 3P QeKTy.
B oTHOIIeHMM TUAPOIA3HBIX (PEPMEHTOB OMHO3HAYHOE MTPe/ICTaB/AeH}e Ha 3TOT CUeT OTCYTCTBYeT. [loka3aHa He-
06XOIMMOCTD UCCIeJOBAHMS TIOIXOOB K OL[eHKe 1[eJ1IeCO00Pa3HOCTH MPeaBAPUTEIbHOTO YaCTUYHOTO YIaleHUs
KaTMOHOB M3 CyGCTpaTa.
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enzyme, fragmentation, lyase, Special features of the protopectin complex structure of plant tissue suggest the necessity of performing point de-
hydrolase, rhamnogalacturonan, struction of certain glycoside bonds in the structure of rhamnogalacturonan polymer chains for industrial produc-
pectin substance, protopectin tion of pectin. These chains include homogalacturonan sites and branching zones. As the homogalacturonan frag-
complex ments of the protopectin complex carry the main functional load, glycoside bonds between residues of rhamnose

and galacturonic acid are targeted bonds. For their directional destruction, it is most expedient to use enzymes
of lyase and hydrolase action. The aim of this review is to systemize notions of molecular specific features of
enzymes of lyase and hydrolase action that catalyze the process of enzymatic destruction of the rhamnogalactu-
ronan main chain. The paper examines systematics of lyase and hydrolase enzymes by mechanism of destruction
of glycoside bonds and by molecular structure. It is shown that the classification data intercross, as a result, each
family can include one or several enzyme groups. The review shows the main structural difference of enzymes
of lyase and hydrolase action that consists in the obligatory presence of Ca* cations in the composition of lyase
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enzymes. These cations take part in stabilization of conformation of the enzyme molecule and in the catalytic
process per se blocking the residue of galacturonic acid. Ca* cations are absent in the composition of targeted
hydrolase enzymes. Molecular specific features of lyase enzymes determine sensitivity of their catalytic activity
to the presence of Ca?* cations in the system. Exceeding certain concentration can lead to the antagonistic effect.
There is no unambiguous idea of this regarding hydrolase enzymes. The review demonstrates the necessity of
studying approaches to assessment of expediency of preliminary partial removal of cations from the substrate.

FUNDING: The article was published as part of the research topic N2 0585-2019-00015 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBegenue

PacturenbHoe cbipbe M MPOAYKTHI €r0 MEpPBUYHON Iepe-
PaBOTKM SIBJISIOTCSI MCTOYHMKOM OMOJIOTMUYECKM aKTUBHBIX CO-
CTaBJISIIOLIMX OJIMTO- U ITOJIUITIMKAHOBOM npupopl [1]. OpuH 13
KJIIOUEBbIX KOMIIOHEHTOB PaCTUTEIbHOTO ChIPbS MIpeACTaBIIsIeT
€000V COBOKYITHBINI MacCUB KJIETOYHBIX CTEHOK, CPEIVHHBIX
IIJIACTMHOK U MEXKJIeTHUKOB [2]. B OCHOBe 3TMX COCTaBIISIIOIIMX
JIEKUT CJIOKHBIM MAaTPUKC U3 OIUTO- U MONAMCAXapuaoB (apa-
6MHAHOB, raJlakTaHOB, apabMHOraJIAKTAaHOB, KCUIAHOB, apabu-
HOKCMJIAHOB, 11€JUII0JI03), MPOM3BOAHBIX (TOMOTaIaKTypPOHaHOB,
pamHoranaktypoHaHoB I u II, apabuHorapaktypoHaHos I u II,
KCUJIOTQJIAaKTyPOHAHOB, U AP.) [3, 4], CTPYKTYpPHBIX OeNKOB (IKC-
TEeHCMHA, HKCIIAHCMHA M apabMHOraJaKTaHOBOTO IIPOTENHA)
u tonmdeHONOB (MTMTHUHOB) [3, 5]. Crofa ske BXOIUT U HEKOTOPOe
KOJIMYECTBO MHKOPITOPUPOBAHHBIX JIOKAJTbHBIX OETKOBBIX aT/io-
Mepaluii MeXXKIeTOUYHOM TPaHCIOPTHOM CUCTeMbl, CUTHAIbHON
CUCTEMBI U T. 1. [2, 5]. Bce KOMITOHEHThI MaTPUKCa 00beAVTHEHBI
B eMHYI0 DAa3BETBJIEHHYI HaJMOJIEKYISIPHYIO CTPYKTYpY IO-
cpencTBOM 3bUPHBIX, 60PATHBIX ¥ BOMOPOIHBIX CBSI3€ii, 8 TAKXKe
COJIEBBIX MOCTMKOB C YYaCTHEM TOIMBATIEHTHBIX KATUOHOB Me-
Ta/UI0B (TIpeumyiiecTBeHHo Ca* u Mg*") u octaTkoB dochopHoit
KUCJIOTBI.

MounekynsipHasi CTPYKTypa OJIUTO- U TIOJUTIMKAHOBBIX KOM-
TMOHEHTOB MaTPUKCA KJIETOUHBIX CTEHOK B 3HAUUTEJIbHON CTe-
TIeH BapbyUpyeT B 3aBUCUMOCTY OT TaKCOHOMMYECKOi MpUHaz-
JIEKHOCTU pacTuTenbHOro opranmusma (PucyHok 1). Taxke oHa
3aBMCUT OT JIOKQ/IM3auuu 1 GpuU3nonornuyeckmx GyHKINI TKaHN,
OT 3Tana BereTalMOHHOrO Nlepuoja, OT OYBEHHO-KIMMaTIde-
CKMX ¥ TIOTOJHBIX YCJIOBUIA, MUKPOOMOIOTMYECKOTO (QOHA, YCII0-
BUIt KyJIbTUBUPOBAHMSI, CTEIIEHU 3PEIOCTH, a TAKXKe OT YCIOBUIt
U TIPOJIOJIKUTEIBHOCTY XPaHEeHUS.

[my6okas mepepaboTKa pacTUTENbHOM TKAHM ¥ BTOPUUHBIX
MPOJYKTOB €€ 06paboTKy, Ipearnoyiaraimas MaKkCUMMaabHO

CpeguHHas
nnacTuHka

—— lMeKTUHbI

—— Mukpodubpunnbl
Lienntonosbl

TONHYI0 (DparMeHTaIMI0 MUCXOLHOTO MAaTPUKCA HA COCTABIISIO-
IIyie KOMITOHEHTBI, MMeeT GOJIbINe TIePCITEKTUBBL. DTO CBSI3aHO
C HAIMYMEM 3HAYUTEIbHOTO GMOIOTMYECKOTO /WU TexXHUIe-
CKOTO TIOTEHI[MajIa TIeEKTMHOBBIX BEIIECTB, PACTBOPUMBIX U He-
pPacTBOPUMBIX MUILEBbIX BOJIOKOH, MX MPOU3BOIOHBIX U IPYIUX
KOMITOHEHTOB.

B Hacrosiee BpeMsl 13 BCeX HAaTUBHBIX KOMIIOHEHTOB Kile-
TOYHBIX CTEHOK PACTUTETbHOM TKAHU ¥ BTOPUYHBIX MMPOILYKTOB
eé mepepaboTKM HAMOOMBIINIL CIEKTP (GU3UKO-XUMUUECKUX
CBOJICTB, 06/1aa0IIMX BbIPAXKEHHO MTOTPe6UTENTBCKON 1IEHHO-
CTBIO, COOTBETCTBYET IEKTMHOBBIM Bell[eCTBAM — IIPOAYKTaM
HarpasjeHHOV (parMeHTalMy HATUBHOTO MTPOTOIMEKTMHOBOTO
KOMIIIEKCA MCXOLHOTO ChIpbsi. OCHOBHYIO Harpysky B IIpoliecce
peanu3aluyuyu 3TUX CBOWCTB IEKTMHOBBIMM Bell[eCTBAMMU HeCYT
rOMOTaJIaKTypPOHAHOBbIE YYacTKM UX Mosiekysl. COOTBeTCTBEeH-
HO, IJIS1 BBIIEIEHUS] U3 PACTUTETbHOTO ChIPbsi TOMOTaJIaKTy-
POHAHOBOIt COCTaBJSIONIelt MOCpeACcTBOM (parmeHTanMu Ha-
TUBHOTO MIPOTONEKTMHOBOTO KOMIIJIEKCA MaTPUKCa KIETOYHbIX
cTeHOK Haubosee 3(p(GeKTUBHBIM SIBJIsIeTCS (epMeHTaTUBHOE
BO37elCTBYE Ha lieJieBble TIMKO3UAHbIE CBSI3U, (DUKCUpYIOIIe
rOMOraJaKTypOHaHOBbIE YYaCTKM B IIOJVMMEPHBIX LIeTIsIX.

PesynpraThl HalIMX MpeNbIOYLIIMX MCCAefoBaHUil [6,7]
MO3BOJIMJIM Pa3paboTaTh METOHOIOTMYECKNI ITOAXON K OIpe-
Ie/IeHNI0 liesiecooOpasHoCT (epMeHTaTUBHON (parMeH-
TalMu TPOTOTIEKTMHOBOIO KOMILIEKCA Ha OCHOBE CUCTEMBbI
kputTepueB OCHOBHOJ aKI[eHT ObLT CAe/laH Ha PeCTaBIeHUN
roMorajakTypoHaHa Kak HeOTheMJIEMO COCTaBJsIIoleit 60-
Jlee (JIOKHOJM CTPYKTYpPbl — paMHOTrajJakTypoHaHa. [Ipu atom
TOCTeHNUI XapaKTepU3yeTcs HaauuueM JOTOTHEHHON 30HbI
BeTBJIEHMSI, IPeJCTaBIIsAI0Nel c0607 TOCIef0BaATeTbHOCTD I1ap
[-o-(1—2)-Rha-a-(1—4)-GalA-] u3 ocTaTkoB o-L-paMHO3bI
(Rha, o-L-pamHONuMpaHo3bl) U o-D(+)-rajakTypoOHOBOM KuC-
soTel (GalA).

(13),(1—4)-B-D-TMIOKaH oos s Soocs”
MIOKOMAHHAH eecsccococoogocs

Femuuennonossl MeKTUHbI
KcrnorniokaH gfeefersdersdersde [oMoranakTypoHaH ¢ e e o ApabuHaH
TTIOKYPOHOPABUHOKCUNEH eocooscocgbytits 30Ha KanbLneBoro BB PamHoranaktypoHaH |

CBA3bIBAHUA

ApabuHoranaktaH | Tuna

PucyHok 1. CTpyKTypa NepBUYHbBIX KI€TOUYHbBIX CTEHOK JBYI0IbHBIX, HEKOTOPBIX OJHOJOIbHBIX (A)

¥ TPaBSTHUCTBIX OAHOA0JIbHBIX (B) pacTennii [1]
Figure 1. Structure of primary cell walls of dicotyledonous plants, certain monocotyledonous plants (A) and herbaceous monocotyledonous plants (B) [1]
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B cuny cno)kHOCTM M BBICOKOV CTENeHUM TeTepOTeHHOCTU
MTeKTMHOBBIX MOJIEKY/ B OTHOIIEHUM MOJIEKY/ISIPDHOM CTPYKTYPbI
M YIJIEBOAHOTO COCTaBa, JIs IOJIHOV MX KOMITOHEHTHOI (par-
MeHTaluM Heo6XOAM JOCTAaTOUYHO OOJbIION Myl (GepMeHTOB
[8—10]. OpHako MpMUHAIEKHOCTb TOMOTaJIaKTyPOHAHOBOM CO-
CTaBJISIIONIEN K CTPYKTYpe PaMHOTaJaKTypOHAHA MpeJIioiaraeT
akIeHTMPOBaHMe BHMMAaHMS Ha GpepMeHTaX, KaTaTu3UPYIOIINX
dbparmenTanmo MMeHHO JAHHOM CTPYKTYPHhI. K TAKOBBIM OTHO-
csiTest hepMeHTBI JIMA3HOTO Y TUIPOIA3HOTO e CTBYS GaKkTepu-
aJIbHOTO, TPMOHOTO ¥ PACTUTETHHOTO TTIPOUCXOKIEHNS.

Llenb maHHOTO 0630pa 3aKIIOUAETCS B CHCTEMATU3ALUU
3HAHUIT O MOJIEKY/ISIPHBIX OCOOEHHOCTSIX (epPMEHTOB JMa3HO-
IO ¥ TUJIPOJIa3HOTO JeiCTBUSI, OTBEYAIOIIMX 3a OCYIEeCTBIeHe
KaTaJIUTUYECKOTO MPOoIecca HarmpaBIeHHOM JeCTPyKIUY OCHOB-
HOJi LlellY paMHOTraJakTypOHaHa B COCTaBe IPOTOIEKTMHOBOIO
KOMIUIEKCA MaTPUKCa KJIETOUHbBIX CTEHOK PaCTUTEIbHOM TKaHMU.

2. Marepuaibl ¥ METOMbI

B xauecTBe 00BbEKTOB MCCIeNOBAHMIA ObLIM IPUHSITHI HAY4-
Hble U3IaHUSI OTeYeCTBEeHHBIX U 3apyOekKHbIX yUEHbIX. O6IaCTh
MCCIIeIOBaHMIT BKIIOYAsIa B ce6si COBpeMeHHbIe ITPeCTaBIeHMs
0 KaccuduKanyuy, 0CO6eHHOCTSIX MOJIEKYISIPHOM CTPYKTYPBI
¥ MeXaHM3Ma MPOsIB/IeHMSI LieIeBOi aKTUMBHOCTY IMAa3HbIX U T'U-
IponasHbiX (epMeHTOB, MPUMEHSIeMbIX IJISI HampaBieHHO
JIeCTPYKIMY YIVIEBOTHOTO GMOTIOMMMEPHOTO MaTPUKCa KIeTOY-
HBIX CTEHOK PacTUTeNbHOI TKaHM. [IOMCK OCyIecTBIsUIM B 6a-
3ax CAZy, [IUBMB Enzyme Nomenclature, ScienceDirect, NCBI,
Mendeley, Google Scholar, eLibrary, LibGen u npyrux OTKpbI-
TBIX JIEKTPOHHBIX MCTOYHUKAX B COOTBETCTBUM C MPOTOKOIOM
PRIZMA. VcIonb30Baay KOMOMHALMM KIIOUEBBIX CJIOB, BKIIIO-
yaloliye Takyue Kak JMasbl, IUIposasbl, paMHOTaJaKTypOHaH,
MIPOTOMNEKTMH, TeKTVHOBbIE BelleCTBa, ITMKO3UIHbIE CBSI3H, MO-
JIUTJIMKAHBI, aKTUBHBIN CaiiT, MHTMOMpoBaHue. KirroueBbie ¢Ji0Ba
JCIIOIb30Ba/IM B QHITIMIICKOM M PyCCKOM BapMaHTax.

V3 pe3ynbpTaToB MOMCKA OBUIM MCKIIOUEHBI HEpeLleH3UpY-
eMble, ManouMHGOPMATUBHble U [AyOGMMPYIOL[Me WCTOUHUKH,
a TaKKe MCTOUHMKY, He OTHOCSIIMECS, TM60 MMeIoIlie OTIocpe-
JIOBaHHOE OTHOLIeHMe K TeMe JCC/IeJlOBaHNIA.

3. depMeHTaTMUBHASA AEeCTPYKI VS OCHOBHO eI
NIeKTMHOBBIX BelleCTB
®depMeHTbI JIMA3HOTO ALVICTBUS KaTATU3UPYIOT pacileryieHue
IJIMKO3UIHON CBSI3U MEXAY YIIEeBOIHBIMM OCTaTKaMM IOCpe[-
CcTBOM [-anumuHupoBanus (PucyHok 2). I[Ipyu 3TOM IpoucxoguT
pacierneHue o-(1—4)-IMMKO3UAHBIX CBSI3eil MeXIy OCTaTKaMu
o-L-paMHONIMpaHO3bI U a.-D-rasakTypOHOBOJ KMCIOThI HA y9acCT-

HCO HO
L0
0=C OH
0 0 o)
; OH  osc’ Y

\

HO OCH3

Kax BeTBJIeHMSI paMHOra/lakTypoHaHa. B mmpoliecce paciierieHust
BO3HMKaeT L-paMHONMPAHO3WIbHBIN OCTAaTOK Ha BOCCTaHABJIM-
BaloIleM KOHIIe OHOTO 13 (pparMeHToB. B ciryyae sHm0-bepmeH-
TaTUBHOTO MPOLiecca Ha HeBOCCTAHABIMBAIOLIEM KOHIIE APYTOTO
(parmenTa obpasyercst 4-meoKcu-4,5-HeHAChIEHHbII OCTATOK
D-rajlakTypOHOBO# KMUCIOTHI. B cityyae 9K30-pepMeHTaTUBHOTIO
poiiecca BO3MOXKHO oOpa3oBaHue aucaxapuaa 2-0-(4-me30Kcu-
B-L-Tpeo-rekc-4-eHONMPaHYPOHO3UI)-a-L-paMHONIMPaHO3bI
¥ YKOPOUYEHHOTo (hparmMeHTa OCHOBHOI LielM PaMHOTaIakTypo-
HaHa C 4-7e0KCH-4,5-HeHAaChIIIEHHBIM OCTaTKOM D-rajakTypo-
HOBOJI KMCJIOTBI Ha HEBOCCTaHABIMBAIOLIEM KOHIIE.

®epMeHTBI TUAPONA3HOTO [OEVCTBUSI KAaTaaU3UPYIOT TU-
IpONNTHUYeCcKOoe pacllervieHue (MHBEPCUIO) IMIMKO3UIHOI
CBSI3M MeEXIYy YIneBOOHbIMM ocTaTkaMu (PucyHOK 3): mpo-
MCXOOUT paclieluieHye B MPUCYTCTBUUM MOJIEKYJIBl BOZBI
a-(1-4)- mmn o-(1—2)-rMMKO3UAHBIX CBSI3eli MeXIy OCTaT-
Kamu o-L-paMHONMpaHo3sl U o-D-ragakTypOHOBOI KUCIOTHI
C U3MeHeHMeM aHOMEepPHOM KOHGUTrypaluyu rarakTypoHOBOTO
ocraTka 10 B-bopmbl 160 6€3 TAKOBOIL.

B oTHOmEHUM TOro, Kakue MMEeHHO TPYIIIIbI JIMA3HbIX U TU-
IpOoasHbIX (GepMEeHTOB 11e71ecO00pasHo MPUMEHSTh A dpar-
MEeHTMPOBaHMS OCHOBHOIA 1IeIT paMHOTaJIaKTypOHaHa, MHEeHUS
uccnenoBaTesieil pacxonsTCs.

Taxk, B HacTosIIlee BpeMsl CyLIeCTBYeT ABa Buaa Kiaccudu-
Kaiuy ¢GepMeHTOB — B 3aBUCUMMOCTU OT LIeJIEBOTO IeCTBUS
M B 3aBUCUMMOCTM OT OCOGEHHOCTEel MOJIeKYISIPHOM CTPYyK-
Typbl. B cooTBeTcTBMM C TIepBoOil kimaccupuranmeir [13], Bce
dbepmenTsI, (parmeHTHpPYOLIVE OCHOBHYIO IIellb paMHOTa-
JIaKTypOHAHA, MPeACTaB/IeHbl MIeCThI0 TPYNIaMU: ABe TPYTIIbI
mmas (EC4.2.2.23 u EC4.2.2.24) u yeTbIpe TIpynibl I'MApPOIa3s
(EC3.2.1.171,EC3.2.1.172,EC3.2.1.173 n EC3.2.1.174). ®yHK1IM-
OHaJIbHbIE OCOOEHHOCTY KasKI0H 13 TaHHBIX TPYIII CXeMaTUIHO
npencraBsiaeHbl Ha PucyHke 4.

B rpynny EC4.2.2.23 BXOOAT 3HI,0-/1Ma3bl, KaTaausupyloniye
paciierieHue IMMKO3UAHBIX CBSI3€il BHYTPU OCHOBHON LeIn
paMHOrajakTypoHaHa, Torga kak rpynmna EC4.2.2.23 Bxiouaer
9K30/11a3bl, PE3yIbTaTOM HECTBUSI KOTOPBIX SIBJISIETCS OTLIe-
IUIEHNe AyucaXapuaHOro (parMeHTa OT KOHIIA LIemy, TTPUBOAS
B UTOT€ K €€ YKOPOUEHMUIO.

B rpynmy rugponas EC3.2.1.171 BxomdaTt (epMeHTHI,
OCYIIEeCTBISIOIIME  SHAOTUAPONU3  o-(1—2)-TIMKO3UAHON
CBSI3M MEXIy OcTaTKaMM o-D-rajakTypoHOBOJ KUCIOTBI
" o-L-paMHONMPaH030i B OCHOBHOI L€l PaMHOraJIaKTypO-
HaHa C HavyaJIbHOJ MHBEPCHEeN ee aHOMEpPHO KoHuUrypauum
B B-dopMmy ocTaTka o.-D-rasakTypoOHOBOI KMCIOTHI Ha BOCCTA-
HaBJIMBAKIIEM KOHIle (pparMeHTa paMHOTraJaKTypOHaHa.

H3CO

W‘)M V%

OCH3

PucyHok 2. Peakuus B-anuMmuHupoBanys [11]
Figure 2. Reaction of f-elimination [11]

/X HgO
\\ o)

HO /OH 5
O=
. OH c 2
c OH
HO™ Ny HO

PmcyHOK 3. Peal(uml TUAPOIUTUYECKOro pacuierieHus (MHBepcun) INIMKO3uaHOoM cBsa3u [11,12]
Figure 3. Reaction of hydrolytic cleavage (inversion) of glycoside bond [11,12]
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PucyHok 4. Cxema epmeHTATUBHOI (hparMeHTALMM YIACTKA BETBJIEHNSI OCHOBHOV IIeNy paMHOTaJIaKTypoHaHa [14]
Figure 4. Scheme of enzymatic fragmentation of the branching site of the rhamnogalacturonan main chain [14]

B rpynny EC3.2.1.172 BXOOST 9K30-TUAPOJIA3bl, OCYILECTB-
JITIoIVe TUAPOIN3 o-(1—2)-TIIMKO3UIHOM CBSI3U MEXY OCTaT-
KaMM B-3MMMUHUPOBAHHOM (GOpMBI  o-D-rasakTypoHOBOIA
KUCIOTHI U o.-L-pamMHONMpPaHO3bl B OCHOBHOI LieNy paMHOra-
JIaKTypOHaHa.

I'pymma EC 3.2.1.173 BRTIoyaeT B ce6s1 TUIPOsIasbl, OCYIIeCTBIISI-
1011[1e 9K30-TUAPONN3 o-(1—2)-TIMKO3UAHO CBSI3U MEX/IY OCTaT-
KaMy o-D-ranakTypoHOBOI KUCIOTHI U o-L-paMHONMpPaHO030i1
B OCHOBHOII L) paMHOTaJIaKTypOHaHa C HadyaJIbHOJ MHBEp-
cueit TIUKO3UAHON CBSI3M, KOTOpasi BBICBOGOKIAET OCTaTOK
o-D-TasakTypoHOBOJ KMUCIOTBI Ha HEBOCCTaHAaBJIMBAIOIIEM
KOHIIe hparMeHTa paMHOTAIaKTypPOHAHA.

K rpynme EC3.2.1.174 OTHOCSTCS TMAPOJA3bl, OCYIIEeCTB-
JISonIe 3K30ruaponn3 o-(1—>4)-IUMKO3UAHOM CBSISU MeX-
Iy ocTaTKaMM o-L-paMHOTMPaHO3bl U o-D-rasakTypoOHOBOIA
KUC/IOTBI B OCHOBHOJ LIeNM paMHOTa/JakTypOHaHa C HayaJbHOM
MHBepcueil KoHburypayyu B B-dopmy ocraTka o-L-paMHO-
MMPAHO3bl HA HEBOCCTAHABIMBAIOIIEM KOHIIe (hparMeHTa paM-
HOTaJaKTypOHaHa.

B cooTBeTcTBMM cO BTOpoOil kinaccubuxaumeitr [15], Bce
(epMeHTBHI CTpPYNIMpPOBAHbI B CEMeNCTBA ¥ IIOJICEMEICTBA
B 3aBUCUMMOCTU OT OCOGEHHOCTEN MOJEKYISIPHON CTPYKTYPHI.
IIpu aTOM 06e rpymnIbl GepMEHTOB JMAa3HOTO U TUIPOIA3HOTO
IeiicTBusl, GparMeHTUPYIOUIMX OCHOBHYIO Liellb paMHOraJiak-
TypOHaHa, IpeJCTaB/ieHbl YeThIpbMs CeMelicTBaMM IoJuca-
xapun-nuas (PL) — PL4, PL9, PL11 u PL26 — u yeTbIpbMsI Ce-
MejicTBamMu mnKosua-ruaponas (GH) — GH28, GH78, GH105
n GH138.
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4. MoJekyasipHbie 0cCO0eHHOCTU (hepMeHTOB
JIMA3HOTO U TUPOJIA3HOIO AEeCTBUS
B OTHOIIEHUY PAMHOTA/IAKTYPOHAHOBBIX YYaCTKOB
MPOTONEKTUHOBOrO KOMILJIEKCA

4.1. @epmeHmsl 1UA3HO20 delicmaus

V3 [ByX BapMaHTOB DaMHOTraJaKTypOHaH-IMa3HbIX dep-
meHTOB rpynnel EC4.2.2 B cemeiicTBo PL4 BXOOMUT TOJBKO
paMHoOrajakTypoHaH 3sHpao-nmasa EC4.2.2.23 [16-20]. B co-
craBe QepMeHTa IPUCYTCTBYIOT TPU AOMEHA, IPOCTPaHCT-
BEeHHbIe CTPYKTYpPbl KOTOPBIX IPeICTaBIeHbl KOMOMHAIIMSIMMU
B-canpBuueii u B-mmctoB. IIpy 3TOM fOMeH | cogep>kut B CBO-
eif CTpyKType cyabdaT-MoH, a TakoKke aKTUBHBIN cailT hepmeHTa
C KJIIOUEBBIMM aMMHOKMUCIOTHBIMM ocTtaTkamu Lys150 u His210.
B cocrase nomena III mpucytcTByIOT KatuoH Ca? u cynbdar-
1oH (PucyHoK 5). ITpu aTom Ca?* HaXOAUTCS JOCTATOYHO JIATIEKO
OT aKTMBHOTIO CaliTa, B CMJIY Yero UrpaeT TOAbKO CTPYKTYPHYIO
pOJb B MIOAIEPsKaHUY HEe0OX0IMMOM KOHGOPMAIMU MOJIEKYIIbI
depmenTa. B cocTaBe akTMBHOTO caiiTa B Mpolecce dhepMeH-
TaTUMBHON peaklyy KIUEeBYIO POJIb UIPAIOT aMUHOKMUCIOTHbIE
ocratku Lys150 u His210 (PucyHOK 6).

Tak ke, Kak 1 B PL4, B cemeiicTBO PL9 BXOOUT paMHoOraak-
TypoHaH sHpo-nna3a EC4.2.2.23 [21-23]. Kpome Toro, CTpyk-
Typa depmeHTa BKIOUaeT B cebst Tpu gomeHa. Ho, B oTiauune
ot PL4, momeHbI 06pa3oBaHbl B-CIIMPaIbI0, KOTOPAsl BKIIOYAET
10 TIOTHBIX MOMUIIENITUIHBIX BUTKOB, B COBOKYIMHOCTU (Op-
MMPYIOIIVX TPY aKCUaJIbHO BBITSHYTBIX NTapajulebHbIX B-JIMCTa
(PucyHOK 7). IIpy 3TOM aKTUBHbBIN CaiiT BK/IIOYAET B Ce6SI KaTu-
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Domain IIT

[pumeuanne: A u B — mpocTpaHCTBEHHbIE OTOGPAKEHMST TPEXMEPHOT1 cTPYKTYphI hepmenTa [20] 1 [18] COOTBETCTBEHHO C aKTUBHBIM CAITOM B JOMEHe

1, c yuacTKOM MOIMMepHOIi 1enu imraiza (cyberpara) B momenax I u II, ¢ ey

bdaT-noHamu B jomeHax I u III u ¢ katnonom Ca** B momene I1I; Bu T —

yBeIMueHHast 06/1acTh aKTUBHOTO caiita [20] 1 [18] cCOOTBETCTBEHHO, € IMTAHAOM U AMUHOKUCIOTHbIMM ocTaTkamu K150 (Lys150) u H210 (His210)

PucyHoK 5. MosekynsipHasi CTpyKTypa Tejia M akTUBHOTrO caiita ¢pepmeHTa cemeiicrBa PL4
Figure 5. Molecular structure of the body and active site of the enzyme of the PL4 family
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y ; Lysis0 ﬁ)
¥S150
\/-\ H3
NH, O/Rha O/Rha
H
H OH OH
HO \‘7‘ HO
A ) ~ O
/ OH
OH
Rha’qH ° — Rfia o’ "OH
i N
- .
HN HN
Hisg1g Hisz1o

depmeHnTaTHBHOI peakuuy PL4 [18]

Figure 6. Assumed mechanism of the PL4 enzymatic reaction [18]

oH Ca? B OKpY)XeHMM K/II0UeBbIX aMMHOKMCIOTHBIX OCTAaTKOB
Lys273, Asp209, Asp233, Asp 234, Asp238 u Asp268. BaskubiMm
(axTOpoM KaTaIUTHMUECKOTO IIpoliecca SIBISIETCSI CBSI3bIBa-
Hue ocratka GalA cybcrpara kKatnoHom Ca?* M aMMHOTPYIIIION
ocraTtka Asp268 (PucyHOK 8).

B cemerictBo PL11 B cuiy CXOKeCTM MOJIEKY/SIPHON CTPYK-
TYpbl BXOOUT KaK paMHOTaJaKTypoHaH 3HJ0-1na3a EC4.2.2.23,
TaK M paMHOralakTypoHaH 5k3o0-ima3a EC4.2.2.24 [24-30].
B oTnmune ot mpenpiayyx cemeiicts PL, cTpykTypa pepmMeHTOB

192

IAHHOI'O CeMeliCTBa MpeacTaBjieHa AByMs AoMeHamu. OouH —
B BUJe f-Tiporesyiepa ¢ BoceMmblo jgonactsmu (A, B, C, D, E, F,
G u H), 06pa3oBaHHBIMMU B-TMCTAMU U 3-CIIUPATISIMHU, C BKITIOUE-
HyeM 1OoHOB Ca?* B KaskAYI0 JIOIIACTh; APYroi JoMeH o6pa3oBaH
B-muctom u Briouyaetr N-tepmuHan (PucyHOK 9). AKTMBHBIN
caiiT pepMeHTOB MMeeT MIEJEeBUIHYI0 CTPYKTYPY, UTO CIIOCOO-
CTBYeT CTPOTOMY 3axBaTy [ABYX3BeHHbIX yuyacTkoB Rha-GalA
cybcTpata co crabunamsanyeit KapOboKcuMabHONM rpymmbl GalA
COBMECTHBIM [iejicTBMeM KaTuoHa Ca? ¥ aMMHOKMCIOTHOTO
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[IpuMevaHne: A — MPOCTPAHCTBEHHOE OTOOPaskeHMe TPEXMEPHOI CTPYKTYpbI hepMeHTa ¢ TpeMsl JoMeHaMu. JJoMeHbl 06pa3oBaHbl f3-CIIMPasIbIo,
cocrosiiieit 13 10 IIOTHBIX BUTKOB, KOTOPbIe (DOPMUPYIOT TPY MapasuiebHbIX B-m1cTa; b u B — yBenueHHast 0671aCTh aKTMBHOTO CaiiTa, COOTBETCT-
BEHHO, ¢ KaTroHoM Ca?’, CBSI3aHHBIM C Y4aCTKOM Cy6CTpaTa M C aMMHOKMCIOTHbBIMY ocTaTkamu Lys273, Asp209, Asp233, Asp237, Asp234 1 Asp268
(rocyiefHYe 1BA He MTOKA3aHbl).

PucyHok 7. MosieKy/IsipHasi CTPYKTypa Tejla M aKTUBHOTO caiita ¢depmenTa cemeiicra PL9 [21]
Figure 7. Molecular structure of the body and active site of the enzyme of the PL9 family [21]

Lys273 Lys273

(:"quiig

NH3+

ot

Asn 268 Asn 268

PucyHok 8. IIpeamosiaraemslii MexaHu3M (pepMeHTaTUBHOI peakiuu PLI [21]
Figure 8. Assumed mechanism of the PL9 enzymatic reaction [21]
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A
[Ipumeuanme: A — MPOCTPAHCTBEHHOE OTOOpaskeHMe TPEXMEPHOH CTPYKTYPbI hepMeHTa ¢ JOMEHOM B Bue -Iporesiiepa C BOCeMbIO JIOTIaCTSIMM
(A, B,C, D, E, F, G u H), 06pa30BaHHBIMU -IMCTAMU U CIIUPAJSIMY, C BKIIOUeHNeM MOHOB Ca?* B KaKAylo JIONacTh; b — TO ke MpoCcTpaHCTBEHHOE
oTtobpaxkeHne depmeHTa, pa3BépHyroe Ha 90° myist oTo6paskeHust N-TepmMuHaia B foMeHe, 06pa30BaHHOM B-IUCTOM; B — yBenuueHHast 0671acTh
aKTMBHOTO cajiTa.

PucyHoK 9. MoJieKy/IsIpHasi CTPYKTypa TeJia ¥ aKTUBHOTO caiita pepmenTa cemericrBa PL11 [25,26]
Figure 9. Molecular structure of the body and active site of the enzyme of the PL11 family [25,26]
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ocratka Lys 170. Cra6minsanusi OCyIIecTBISIETCSI B KOMITIEKCe
¢ yeTbIpbMs octaTkamu Aspl53 (D153), Asn592 (N592), Ala594
(A594), 1 Asn596 (N596).

B cemeiictBo PL26 BXOmaT (GepMeHTbl paMHOTaJaKTypO-
HaH 5H70-mmasa EC4.2.2.23 1 paMHOTa/lakTypOHaH 3K30-1Masa
EC4.2.2.24 [31]. Oc06eHHOCTbIO MOJIEKYIISIPHOM CTPYKTYPBI ep-
MEHTOB 3TOTO CeMeiiCTBa SIBJSIeTCSI TO, YTO B COCTaBe TPEXIO-
MeHHOro KomIuiekca KoHbopmanust gomeHa III nmeer kKoHbK-
rypaunio (o/a),-poropa (PucyHoxk 10).

C 3TuM, IpenIonoKUTENbHO, CBsI3aHa M JIOKanM3auus ax-
TMBHOT'O caliTa MMEHHO B 3TOM JIOMeHe.

KittoueBbIMM aMMHOKMCTIOTHBIMYM OCTaTKaMy aKTMBHOTO Caii-
Ta PaMHOTaJIaKTypPOHAH SHJI0-1Ma3bl SIBISIIOTCS Arg634 1 Arg648.
V paMHOTa/IaKTypOHaH 3K30-11asbl — Lis535 u Arg452. HecmoTpst
Ha HeKOTOPYIO YAAIEHHOCTb OT aKTUBHOTO caiiTa kaTuoHa Ca?,
OH TaKXKe MPUHMMAaeT ydyacTue B KaTaIUTUUYeCKOM Ipoliecce,
670KUPYS Kap6oKcuabHYI0 Tpyrnny GalA B OKpyKeHUM aMUHO-
KMCIOTHBIX OCTaTKOB Asp562, Asp585, His616, Asp621 u His639.

4.2. @epmeHmbl 2u0PONA3HO20 delicmaus

B cocraB cemeiicTBa mmko3ua-ruaponas GH28 sxomsar dep-
MeHTbI pamHorasakryponasa EC3.2.1.171 u paMHoranakTypoHaH
a-1,2-ranakryponoruaponasa EC3.2.1.173 [22, 32-35]. B moneky-
JISIPHOM CTPYKTYpe GpepMeHTOB B-Crmpaab CKOMIIOHOBAaHA B TPy
TapayuteNbHbIX B-micta (PUcyHOK 11). AKTUMBHBIN cailiT dhepMmeH-

y

TOB JAHHOTO CeMeNCTBa BK/IIOYAET KIacTep U3 YeThbIPeX OCTATKOB
amMMHOKMCIOT Aspl77, Asp180, Asp197 u Glul98, a Takke — OT-
JIeJIbHO CTOSIIIMI ocTaToK Aspl56. [Ipy 3TOM pacCTOSIHME MeXIY
dbyHKUMOHANMBHBIMY TpynIIamMyu ocTaTkoB Aspl80 u Aspl56 xo-
POLIIO COITIACYeTCsI C CYIIEeCTBYIOUIMM TOHMMaHeM KaTaauTuye-
CKOTO MeXaHM3Ma NHBePCUM [TIMKO3UIHbIX CBSI3€iA.

B cemeiictBo GH78 13 paccMaTpriBaeMbIx hepMeHTOB BXOLUT
TOJIBKO paMHOranakTypoHaH o-L-pamHoruaponasa EC3.2.1.174
[36,37]. MonexkynsipHast CTpyKTypa (epMeHTa BKIIOUAET TISATh
OTHENbHbIX TOMEHAa, COGPAaHHBIX BOEOVHO B YETBEPTUYHYIO
CTPYKTYpY. IIpy 3TOM 4eThIpe fOMEeHa B BBICOKOJ CTENeHM Ha-
CBII[EHbI B-CTPYKTYypaMM (COMpalIsIMU U JIUCTaMMU), B TO BpeMsi
KaK TMSIThIIi — KaTAIUTUUECKM aKTUBHBIN M CaAMbIii GOMBIION —
npeficTaBleH B KOHGopManuu (o/o) ,-poTopa (PucyHok 12). [l
pamHoranakTypoHaH o-L-pamHorugponassl EC3.2.1.174, BxO-
Is11eli B JaHHOe CeMeliCTBO, TOUHBI ITyJT K/IF0UeBbIX aMUHOKMC-
JIOTHBIX OCTaTKOB aKTMBHOTO cajiTa Hen3BecTeH. [Io0 HEKOTOPbIM
MIpeATIoNOKeHUSIM [36], B KaueCcTBe TaKOBbIX MOXKET BBICTYIATh
Glu572 B kom6uHanuu ¢ Asp567 v Glu841.

B cemeiictBo GH105 BXOAUT HeHaChIIIEHHAsT paMHOraak-
typorws tuaponasza EC3.2.1.172 [38,39]. OcobeHHOCTH dep-
MEHTOB TaHHOTO CeMeiCTBa COCTOUT B TOM, YTO caM (epMeHT
MOHOMEDEH, TO eCTb, NIpefCTaBlIeH elIVHCTBEHHbIM JOMEHOM,
MMEIOmMUM CTPYKTYPY (o/a),-poTopa (Pucynox 13). Kiroue-
BBIM KaTIUTUYECKMM aMUHOKMCIOTHBIM OCTaTKOM aKTMBHOTO

[lpuMevaHue: A — MPOCTPAHCTBEHHOE OTOGPaskeHMe TPEXMEPHON CTPYKTYphl depmenTa ¢ gomenamu I, II u III (momen III — B KoHbUrypamum
(a/a),-poTOpA), C aKTUBHBIM caiiTom B momeHe III 1 ¢ KatroHoMm Ca’; B u B — yBennyeHHble 06/1aCTy aKTUMBHOTO CaiiTa ¢ KaTaTUuTUUeCKUMM IeHTpa-

My Arg634 n Arg648.

PucyHok 10. Moseky/IsipHasi CTPYKTypa Tejla M aKTUBHOTO caiita ¢epmeHTa cemeiicrBa PL26 [31]
Figure 10. Molecular structure of the body and active site of the enzyme of the PL26 family [31]

194



KonppateHnko B. B. 1 gp. | MALLEBDBIE CUCTEMbI | Tom 6 No 2 | 2023 | C.188-201

"D 156!

[IpuMevaHme: A — IPOCTPAHCTBEHHOE OTOGPakeHVe TPEXMEePHO CTPYKTYPbI pepMeHTa ¢ IapasyieTbHbIMI B-Ccrimpansivn; b — yBemueHHast 0671acTh
aKTUBHOTO caiiTa ¢ KaTaauTuyeckumu neHtpamu Asp180 (D180) u Asp156 (D156).

Pucynox 11. MonekynspHas cTrpykrypa ¢epmenTa cemeiictsa GH28 [34,38]
Figure 11. Molecular structure of the enzyme of the GH28 family [34,38]

[IpumeuaHme: A — IIPOCTPAHCTBEHHOE OTOGPakeHVe TPEXMEPHOI CTPYKTYPHI (hepMeHTa, BKIIOUAIoLIeil IISITh JOMEHOB; b — KaTanuTuIecKky-akTHB-
HbI/f TOMeH B KOHpopMauum (/o) ,-poTopa.

Pucynok 12. MonekynspHas cTrpykrypa ¢epmenTta cemeiictsa GH78 [36,38]
Figure 12. Molecular structure of the enzyme of the GH78 family [36,38]

IIpumeyaHye: A — IPOCTPaHCTBEHHOE OTOOpakeHMe TPEXMEePHOI CTPYKTYphI pepMeHTa B KoHpopmaLun (/o) ,-poTopa; B — yBemueHHble 061aCTH
aKTMBHOTO CajiTa ¢ KaTaIMTUYECKMMI aMMHOKMCIOTHBIMY ocTaTKaMu Asn(Asp)143 (D143), Thr333 (T333) u His189 (H189).

PucyHox 13. Moneky/sspHasi CTPYKTypa Tejla ¥ aKTUBHOTO caiita ¢epmenTa cemeiicrea GH105 [39]
Figure 13. Molecular structure of the body and active site of the enzyme of the GH105 family [39]
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caiita siBnsieTcst Asn(Asp)143. [Ipu 3TOM BakKHYIO POJb B KaTa-
JUTUYECKOM Ipoliecce urpaiot Taioke octatky Thr333 u His189,
yaep>kKuBalolyie MojeKyTy BOAbl, KOTOpast yuacTBYeT B Ipoliec-
ce TUAPOIUTUNYECKOTO pacllleTyIeHNs ITIMKO3UIHOM CBsSI3N, B Ka-
TINTUYECKM BhITOLHON no3uunm (PucyHok 14).

K cemeiictey GH138 oTHOCUTCSI (pepMeHT pamMHOTaJaKkTy-
poHaH o-1,2-ranakrypoHorugponasasa EC3.2.1.173 [40,41].
YeTBepTUYHAsT MOJIEKYJISIPHAsT CTPYKTypa hepmeHTa 06pa3oBa-
Ha yeTbipbMs gomeHamu (ND1, D2, D3 u CB4). AKTUMBHBIIA CaiiT
JIOKa/IM30BaH B goMeHe D2, uMeromeM KOHGOPMAIINIO (B/o),-
potopa (PucyHok 15).

B cocraBe axkTMBHOrO cajiTa aMMHOKUCJIOTHBIE OCTaTKU
Arg332 u Arg521 BBINONHSIOT POJIb JeTepMUHaHTa crenuduy-
HOCTYM KaTaJUTUUECKOV aKTMBHOCTY (pepMeHTa B OTHOIIEHUU
0OCTaTKOB D-rasakTypOHOBOW KMUCIOTHI.

B TO 3Xe BpeMsl KIIOUeBbIMI aMUHOKMUCIOTHBIMY OCTaTKaAMM,
OTpeeNIIIIMMI KaTaTUTUIECKYI0 aKTUBHOCTb (hepmMeHTa, SIB-
nsores Glu294 u Glu361 (PucyHOK 16).

OmnucanHas Kiaccuduranyst GepMeHTOB JIMa3HOTO U TUIPO-
JIA3HOTO JieficTBMS, GparMeHTUPYIOUIIX OCHOBHYIO €I PAMHO-
raJlakTypoOHaHa, C TOYKM 3PEHMS] HEKOTOPBIX YUEHBIX SIBJISIETCS
136bITOUHOI. Tak, ogHU uccaenoBatenu [31,42-45] monaraior,
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PucyHoxk 14. IIpenmonaraemMsiii MexaHu3sm ¢depmeHTaTuBHOM peakuyy GH105 [39]
Figure 14. Assumed mechanism of the GH105 enzymatic reaction [39]

IIpumeuaHne: A — MPOCTPAHCTBEHHOE OTOGPakeHNe TPEXMEPHOI CTPYKTYPhI hepmeHTa ¢ ueThipbMs fomeHamu ND1, D2, D3 u CB4; B — yBennuen-
Hble 06/1aCTM aKTUBHOTO caiita B KoH(opMauuu (B/o),-pOTOpa C KaTaaUTUUECKMMMU AMUHOKMCIOTHBIMM ocTaTkamu Glu361 (S361) u Glu294 (E294)

PucyHoxk 15. MoneKky/sspHasi CTpyKTypa Tejla ¥ aKTUBHOTO caiita ¢epmenTa cemeiictBa GH138 [41]
Figure 15. Molecular structure of the body and active site of the enzyme of the GH138 family [41]
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PucyHok 16. IIpenmonaraeMmsiii MmexaHusm ¢epmMeHTaTUBHOT

peaxkuyy GH138 [41]
Figure 16. Assumed mechanism of the GH138 enzymatic reaction [41]

YTO pPaMHOTaJaKTypoOHaH Jnasdbl 3(QQPeKTUBHO IpenCcTaBIeHb
Bcero IByMs cemeiictBamu — PL4 m PL11, npyrue aBTOpBI [46]
OTHOCSIT K HMM Takke cemeiicTBo PL26. B To ke Bpemsi B pabore
[47] n B 6a3e nanHbIX The Carbohydrate-Active EnZymes database
(CAZy) [15] peub UIET yrke 060 BCex UeThIPEX ceMelicTBax.
IToxoskas KapTrHa MMeeT MeCTO M B OTHOLIEHNMEe IVTIMKO3UI-
IUaposas: B pabore [45] M3 4eTHIPEX OMMCAHHBIX CEMEICTB paM-
HOTaJaKTypOHaH-TUIPOIa3 K TAKOBBIM OTHeceHbI Tonbko GH28
un GH78, Torma kax B [37,44] — GH28 u GH105. Bosnee Toro, B pa-
6otax [11,45] K paMHOTa/JakKTypOHAaH-TMAPOIa3aM He OTHOCST
depmenTs! rpymmbel EC3.2.1.172. B To ke BpeMs B 6a3e JaHHbIX
CAZy [15] Tak ke peub uaeT 060 BCEX UETHIPEX CeMeNCTBaX.

4.3. BausiHue kKamuoHo8 Ha (hepMeHMamueHy akmueHoCms

JUas u 2uoponas

Ha kaTaauTuueckyo aKTMBHOCTh GepMeHTOB, hparMeHTH-
PYIOLIMX OCHOBHYIO IIelTb PaMHOraJaKTypOHaHa, MOXeT OKa-
3bIBATh BJIMSIHME KaK KOHIIEHTpaLys cyocTpaTa (B 9TOM CJiydae
caMm Ipoljecc cieAyeT pacCMaTpUBaTh B KOHTEKCTe Kjiaccuyue-
CKOJi (hepMEeHTaTUBHOI KMHETUKM Mwuxasiauca-MeHTeH), TaKk
¥ KOHIIEHTPAIMSI CTOPOHHMUX KOMITOHEHTOB, B KaUeCTBe KOTO-
PBIX MOTYT TEOPETUUECKM BBICTYIIATh U MPOAYKTHI hepMeHTa-
TUBHOTO Tpoiecca. OgHaKo, HECOMHEHHO, TepPBOCTENeHHYI0
poJib UTPAIOT YCJIIOBUSI TIPOBeNEeHMs Ipoliecca: TemIiepaTypa
u pH cpenpl. Tak Kak Kaxkablii paccMaTpuBaeMblii GepMeHT
Kak JIMa3HOTO, TaK U I'MIPOAa3HOTO AeliCTBUSI MMeeT CBOU 3Ha-
YyeHMus ONTMMYyMa TeMIlepaTypsl mporecca u pH cpenbl npu
YCIOBUYM HAIWUMST HEOOXOOMMOTO cybcTparta. Takke B OTHO-
IIeHMH a3 0co6yi0 3HAUMMOCTh MPUOOGPeTaeT KOHIIEHTpa-
LIMST KATMOHOB MOJIMBAJIEHTHBIX METa/IIOB. [Ipy 3TOM BIMsIHUE
KaTMOHOB Ha (hepMEHTHI Pa3HbIX CEMEICTB JIMa3 MPOSIBIISIETCS
no-pasHomy. Tak, Bce pacCcMaTpyuBaeMble CeMelCTBa IoJuca-
xapup-nuas, 3a uckiaoyeHreM PL4, kpaiiHe 4yBCTBUTE/bHBI
K MMPUCYTCTBUIO KaTMOHOB Ca®": B OTCYTCTBUMU B Cpefie KaTuo-
HOB KaTJIUTUYECKass aKTUBHOCTb (EePMEHTOB MPAKTUUYECKU
ucyesaert [23,25,27,29,30]. IIpu aTom Bce mccienoBaTeny OT-
MEYaloT, YTO BBEJEHME B CUCTEMY KOMIUIEKCOHA IMPUBOAUT
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PucyHoK 17. Biusinue KatnoHoB Ca’* Ha aKTMBHOCTb PAMHO-
raJlakTypoHaH-JIMa3HbIX hepMeHTOB cemericTBa PLI [23]
Figure 17. Effect of Ca* cations on the activity of rhamnogalacturonan

lyase enzymes of the PL9 family [23]
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K 4YaCTUMYHOM MM IONHOM mHakTuBauuu (epmenrta. CTOUT
3aMeTUTh, YTO MHAKTMUBAI[MS 9Ta HOCUT O6PATUMBIii XapaKTep:
MpY BOCCTAHOBJIEHMM KOHIeHTpauuyu Ca* akKTMBHOCTH Ipa-
KTMYEeCKU TMOJTHOCThIO BOCCTAHABAMBaeTCs. Takoe MO0KeHue
IleJI, TI0 BCeii BEPOSITHOCTM, CBSI3aHO C 06S13aTEJIbHBIM TPUCYT-
CTBMEM KaTMOHOB B Tese dhepmenTa. [[prueM B GONBIIMHCTBE
ClyyaeB CaMM KaTMOHBI SIBJISIIOTCSI COCTaB/SIONIEl aKTUBHbBIX
caiiToB (pepMeHTOB ¥ HEIIOCPEICTBEHHO YYaCTBYIOT B KaTaln-
TUYeckoM Ipoiiecce. ITo Bceit BUAMMOCTH, B cocTaBe (hepMeHTa
KaTMOHBI TOCTATOYHO MOABMKHbBI, YTOOBI B CIyvyae TMIIOTOHM-
YeCcKoil KOHIIeHTpaly UX B Cpejie MOKUIATh MCXOLHOe MeCTO-
MOJIOKeHe, TIepexo/isl B Heé.

[Monucaxapupa-nmMasel ceMmeiictBa PL4 HapymaioT o6IIyIO
KapTUHY, He TpeOyst 06513aTeIbHOTO ITPUCYTCTBYMS KaTHOHOB Ca%*
B cpegie [16,18—-20], uTO, MPeNONOKUTENBHO, MOXET ObITh CBSI-
3aHO C IMOHMKEHHOJ MOABVKHOCTbIO KATMOHOB B COCTaBe dep-
MeHTa Ha (hoHe MOBBIIIEHHOTO CPOJCTBA K CBI3aHHBIM C HUMMU
OCTaTKaM aMMUHOKMUCIIOT.

Bo Bcex paboTax OTMeU€HO, YTO BHE 3aBUCUMMOCTHU OT MPU-
HAJJIESKHOCTM K OIMMCAaHHBIM ceMelicTBaM IoMcaxapui-inas
IUIST BCEX BXOIANIMX B HUX (epPMEHTOB MMeeT MeCTO IOBbIIIe-
HMe aKTMBHOCTY TPU HEKOTOPOM yBEeJIMYEHUM KOHIIEHTpaLuu
Ca* B cpepe. [Ipu 3TOM B paborax [19,23,25,27,29,30] nokasa-
HO, YTO BO3PaCTaHWIO aKTMBHOCTM JIMA3HBIX (DePMEHTOB MOKET
CII0COGCTBOBATD YBEIMUEHME KOHIIEHTPAIVN B Cpejie He TOITbKO
kaTnoHOB Ca%*, Ho u Mg, Mn?, Zn*, Ag*, Cu*" u naxxe Hg*. On-
HaKO Te ke aBTOPbl OTMEYAaloT, UTO MpU MpPeBbIIIeHU HEKOTO-
pPOTO KPUTMUECKOTO 3HaUeHMSI KOHLIEHTpaluy KaTMOHOB B Cpe-
Jle aKTUBHOCTb (hepMeHTa HauMHaeT yObIBAaTh, UTO YKA3bIBAET HA
VHUIIMAIUIO TPOIeCCOB MHIMOUpoBauus (PrcyHok 17).

Takum o6pa3om, MPUCYTCTBME OFHUX U TeX K& KaTMOHOB
B Cpefie MOXET MHUIIMMUPOBATh KaK YCUIEHME aKTUBHOCTU (ep-
MEHTOB, TaK U €€ MHAKTHUBALMI0. DTO XOPOLIO COIVIACYeTCs C Te-
opueli [48] o gBovictBeHHOCTM BimsiHMS (PucyHOK 18). Taxoke Ha
aKTMBHOCTD JIMAa3HbIX (PePMEHTOB MOXKET OKa3bIBaTh BIIMSHUE
MIPUCYTCTBYE B Cpefe MO0 HAKOTIeHMe B Helt B mmpoliecce dep-
MEHTaTUBHOJ peakLyy OTAeNbHbBIX yIieBomoB (Tabuia 1).

B oTHOmeHuM ruaposasHbiX (HepMeHTOB, He COmepyKallux
HATMBHO B COCTaBe CBOEV MOJIEKYJISIPHON CTPYKTYPbl KaTMOHBI
Ca?, B Hacrosilee BpeMsl HET OJHO3HAUHOIO IpefCcTaBIeHMs
O BIMSIHUYM KaTMOHOB Ha KaTJIUTUYECKYI0 aKTMBHOCTh. OmHa-
KO OTHeNbHble MccaenoBaHus [49-51] KoOCBeHHO yKa3bIBalOT Ha
TaKyl0 BO3MOXXHOCTb.

HpOTOHEKTI/IHOBbII‘/II KOMITJIEKC MaTpUKCa KJIE€TOYHBIX CTe-
HOK pacTUTEJIbHOM TKaHU — HaJMOJIEKY/IsIpHAsI CTPYKTYpa,
OIHUM M3 OCHOBHBIX KOMITOHEHTOB KOTOPOJ SIBJISIIOTCS I[eTN
pamMHorasiakTypoHaHa. OH BKJ/IIOUaeT B CBOIf COCTaB He TOJb-
KO TMOJIMITIMKAHOBbI€ CTPYKTYPbI, HO M 3JIEMEHTBI X B3aMMO-
cBsI31, B ToM unciie Ca*'- m Mg?'-, a Takke coneBbie (KOMOM-
HMPOBAHHBIE C KUCJIIOTHBIM OCTaTKOM) MOCTUKM (PucyHok 19).
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PucyHoK 18. [IBOICTBEHHOCTh MHTMOUTOP—-aKTUBATOD

3aBMCUT OT KOHIIeHTpanuu cyocrpara [48]
Figure 18. Inhibitor-activator duality depends on the substrate
concentration [48]
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CnemoBaTesibHO, B Iporecce hepMeHTaTUBHOM parMeHTaI U
MIPOTOTMEKTMHOBOTO KOMILIEKCA JIOKaJbHble KOHIIEHTpaIUu
BBICBOOOXKIAIOMIMXCST KATMOHOB MOTYT ITPEBbIIIATh HEKOTOPbIE
MTOPOTOBbIE 3HAUEHNS.

Ta6nuiia 1. Biusinue pasanvHBIX YIJIEBOIOB
Ha paMHOTa/JIaKTyPOHAaH 3K30-ymas3sl (PL11) [25]

Table 1. Effect of different carbohydrates
on rhamnogalacturonan exo-lyases (PL11) [25]

AKTUBHOCTB, % **
JloGaBiIeHHBIE YIJIEBOABI *

YesW YesX
— 100 100
L-dykosa 108 92
D-ranakrosa 89 104
D-rmroko3a 86 120
D-rmokypoHoBasi kucioTa 117 125
D-manHo3a 117 116
L-pamHo3a 108 124
D-kcnnosa 106 137
D-caxaposa 77 120
D-ranakrypoHoBas kuciaora (GalA) 43 59
2-IIeOKCUTTIOKO3a 73 102
D-rimoxo3aMuH 90 108

* YrieBobl 106aBIEHbI B KOHIEHTpAIUM 5 MM;
** AKTMBHOCTb B BapMaHTax 6e3 yreBofoB IpuHaTa 3a 100%.
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Pucynok 19. CTpyKTypa cBsi3ei MeXAy y4acTKaMu
IMIPOTOIIEKTMHOBOIO KOMIUVIEKCA, & TAK)KE€ HEYPOHUIHBIMU
MMOJIUT/IMKAHOBBIMM KOMIIOHEHTaAMM MaTpUKCa KJI€TOYHOI
CTeHKM pacTUTeNbHOV TKaHu [52,53]

Figure 19. Structure of bonds between sites of the protopectin complex
as well as non-uronide polyglycan components of the cell wall matrix
of plant tissue [52,53]

TakuM 06pasoM, pa3paboTKa MMOAX0Ia K OMpenesieHnI0 He-
00X0AVIMOJi CTENIeHM TTpeaBapUTENIbHOI JeKaTMOHM3ALUNU Cy6-

CTpaTa C MCITIOJIb30BaHMEM KOMIIJIEKCOHA U MOC/IeaymmnmMm ero
yoajleHeM U3 Cpenbl SBJ/ISIETCA aKTya/IbHbIM HallpaBJI€HMEM.

5. BeIBOABI

Bnaromapst mMpoKoOMYy CIieKTpy GU3UKO-XUMUUECKUX, TeX-
HOJIOTMYECKMUX Y OPraHoJIeNTUYeCKUX CBOMCTB, MEKTUHOBbIE
BelllecTBa, HaNpaBAeHHO BblAe/seMble U3 PacTUTEIbHOIO
CBIPbSI, UMEIOT HaMOOIbIINIT TTOTEHIMAJ IPYMEHEHUS B IUIIe-
BOJi U MepepabaThiBalolIeil MPOMBIIIIEHHOCTU CPEAy OCTallb-
HBIX KOMIIOHEHTOB MaTPUKCa KIETOUHBIX CTE€HOK. [T0CKO/IbKY
OCHOBHYI0 (PYHKIIMOHAJIbHYIO Harpy3Ky HECYT TOMOTaaKTypo-
HaHOBbIe (hparMeHTHI MPOTOMEKTMHOBOIO KOMILJIEKCA B COCTa-
Be MMOJMMEPHBIX Iereii paMHOTaJaKTypOHaHa, HallpaBieHHas
6MOTEXHOIOTMYECKas! JeCTPYKIMS JaHHBIX KOMITOHEHTOB TTPO-
TOIEKTVMHOBOIO KOMIUIEKCA C MCIIOJIb30BaHMEM (epMeHTOB
JIMAa3HOTO U TUIPOJIA3HOTO AEICTBUS IIpeacTaBisieT coboii Ha-
ubosee MepCreKTUBHBIN TEXHOMOTUYECKWI TTOAXOM, MpU pas-
paboTke 3G GEKTUBHBIX TEXHOJOTUIl MPOMBIIIIIEHHOTO IIPO-
M3BOJCTBA TEKTMHA. B COOTBETCTBUM C KiaccuduKaumeii o
MexaHu3My (GepMeHTaTMBHONM HeCTPYKIMM OCHOBHOI Iemnu
paMHOTaJIaKTypOHaHa, (hepMeHTbI JIMa3HOTO NeCTBUS TIpeJ-
CTaBJieHbl OBYMSI TPYIIIaMM, a TMIAPOJA3HOTO — YEThIPbMS.
B TO ke BpeMsi, B COOTBETCTBUM C Ki1acCU(pUKaIeii T0 MOJIEKY-
JIIPHO CTPYKTYype, KKObI paccMaTpuBaeMblii BuI GpepMeH-
TOB TIpe/CTaB/ieH YeTbIpbMs ceMeiicTBaMu. [Ipy 3TOM JaHHbIe
KIaccubUKau mepecekarTcsl, U B KaXI0e CeMelCcTBO MO-
KeT BXOAUTh KaK OfHA IpyIa (GepMeHTOB, TaK ¥ HECKOJIbKO.
CnenyeTr yUYUTHIBATh, YTO OCOOEHHOCThIO (PEPMEHTOB JIMA3HO-
ro JeiiCTBUS SIBJISIETCS HelpeMeHHOe TMPUCYTCTBME B OIHOM
WM HeCKOJIbKUX NOoMeHax KaTMoHOB Ca?*, 3a MCKIIUeHMEM
cemeiictBa PL4. KaTMOHBI UTPAIOT POJib CTAGMIN3aTOPOB/PUK-
CaTOPOB TrAIAKTYPOHUIHBIX 3B€HbEB B ITOJIOXKEHNY, GJIATONPH-
SITCTBYIOIIIEM BBITIOIHEHUIO 11€IeBBIMM  aMUHOKUCIOTHBIMMU
OCTaTKaMM aKTUBHBIX CaiiTOB (hepMEHTOB CBOUX KaTaaUTU-
yeckux GYHKIMIA. B cocTaBe ruaponasHbix GepMeHTOB KaTu-
oHbl Ca?* He y4acTBYIOT. Takoe IMOJIOKEeHYe el CITOCOOCTBYeT
YYBCTBUTEIBHOCTU KAaTATUTUYECKON aKTMBHOCTU (pepMeHTOB
JIMAa3HOTO JEeMCTBMUSI K MPUCYTCTBUIO KaTMoHOB Ca®" B cucte-
Me «pepMeHT — cybeTpat». [Ipyu 3TOM CYIIeCTBYeT HEKOTOPBIi
Tpeesl KOHIEHTPAIMY KaTMOHOB, TIPYU MPEBBIIIEHNM KOTOPbIX
OHM HAUMHAKIOT OKa3bIBaTh aHTArOHMUCTUUYECKOE BIMSIHME Ha
aKTUBHOCTb (hepMEHTOB. B oTHOIIEHUY (hepMEHTOB TUIPOIA3-
HOTO [JIeVICTBUSI ONMMCAHHBIX CEMENCTB OJHO3HAaYHOE MHEHMEe
Ha 3TOT CYET OTCYTCTBYyeT. OMHAKO MMelouiuecs: pa3po3HeH-
Hble TaHHbIE IMOKA3bIBAIOT HEHY/IEBYIO BEPOSITHOCTh HaJIMUMS
rpeesia KOHIEHTPpaUyuM KaTUOHOB U ISl TaHHbBIX (EPMEHTOB.
VauThIiBasi 0COGEHHOCTYM COCTaBa M CTPYKTYPbI IPOTOMEKTY-
HOBOTO KOMILIEKCA, & MOJIEKYJIIPHbIE OCOOGEHHOCTY IIeJIEBBIX
(epMeHTOB NMA3HOTO U TUAPOJNA3HOTO AEVCTBUS, TIPU pa3-
paboTKe OMOTEXHOJOTMM IPOMBIIUIEHHOTO IPOM3BOMACTBA
TEeKTUHOBBIX BELIECTB C UCIIOAb30BaHMEM (epMeHTOB Heob-
XOAVIMO MPUHMMATh BO BHMMAaHME BO3MOKHBI MHTMOUPYIO-
it abderr ot mpucyTcTBus KatnoHos Ca? B cucreme. st
9TOTrO 1e71eco06pa3Ho UCCIef0BaTh BO3MOKHOCTD ITPOBeIeHNUS
NpeaBapuUTeNbHOM JeKATUOHMU3AUNY — YaaJeHUS M30bITOUHOI
YacTU KaTMOHOB M3 CUCTEMbI HEMOCPeICTBEHHO Tepen dep-
MeHTaTUBHOI 06paboOTKOIA.
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K/ITFOYEBBIE CJIOBA: AHHOTALINA

MUKPO80J0pOCL, DK30MOoMcaxapuabl M SHIOTONCAXapUIbl SIBJSIIOTCS OCHOBHBIMIM COCTaBJISIIOIIMMIU aHTUOKCUIAHTHOTO KOM-
yuaxobaxmepuu, IieKca McuxpoGuabHbIX MUKPOBOAOPOCIE U muaHoGakTepuii. [Jisi M3BIeUeHUsT HAHHBIX COeAVHEHUN U3
AHMUOKCUOAHMHBITI KOMINJIEKC, KJIETKV TPeGYIOTCST BBICOKME 3aTPAThl SHEPTUY WIIU GOJTBIIOE KOMMYECTBO XMMUUECKIMX BEIeCTB M3-3a HeloaaT-
yasmpaseyk, buomacca, JIMBOCTH, CJIOKHOCTHM ¥ pa3HO0Opasus KJIeTOYHOI CTeHKM MUKPOBOIOPOCeii. Llebio JaHHO paboThI SIBJISLIOCH
€80000HbIE paduKabl M3yUeHMe KOJMMYECTBEHHOTO BBIXOZA IMOMMCAXapUIOB B 3aBUCUMOCTM OT MOITHOCTM YIbTPasByKa M IPOMOJ-

JKUTEJIBbHOCTU 3KCTPAKI MM, a TAKXKe OIllpenereHune aHTI/IOKCI/IJIaHTHOﬁ AKTMBHOCTM aHTMOKCUIOAHTHOI'O KOM-
IUIeKca MeuxpoduIbHbIX MUKPOBOLOPOC/IeH M LuaHoGakTepuit. [I71s BbISIBIEHVSI aHTMOKCUIAHTHBIX CBOVICTB
KOMIUIEKCOB, TIOTyUY€HHBIX 13 6110MAaCChl MMKPOCKOTIMUECKMUX BOJOPOCIIEt, MCIIOTb30BaIY METO/], OCHOBAHHBI
Ha MI3MEePeHMM ONTUYECKOI TUIOTHOCTH (B JKMUIKOI MUTATENbHOI Cpefie), MEeTOL, OlIpefe/ieHVs] aHTUMOKCUIAHT-
HOJi aKTMBHOCTH JICCTIeSyeMbIX 06pa3IioB MO UX CIIOCOGHOCTY BOCCTAHABIMBATH CBOGOAHbIE paayKaibl. B pe-
3yJIbTaTe IPOBeAeHHBIX MCCIeI0BAaHMIT YCTAHOBJIEHBI DALl OHAIbHbIE YCIOBMSI SKCTPAKIMY AHTUOKCUIAHTHOTO
KOMII/IEKCa 13 KYJIbTyPaIbHOM KUIKOCTY U CBSI3aHHBIX C KJIeTKaMM ICUXPOGMIBHBIX MUKPOBOLOPOCTIEit U I -
aHobGakrepuii Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphanizome-
non gracile u Anabaena cylindrica. YcTaHOBJIEHO, YTO IJIsl 9KCTPAaKUMM IK30IONMUCAXAPULOB MTCUXPOPUIBHBIX
MUKpOBOZOpOCieit u unaHobakrepuit Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica ucrionb3yeTcst STaHONbHASI SKCTPAKIVSI ¢ MOLYIeM
aKcTpakuyy 1:2 u reMreparypoii akerpakimu 5 °C. 3ydeHa CrioCOGHOCTb IICUXPOPMILHBIX MUKPOBOJOPOCIIE
u umnaHobaxrepuit Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphani-
zomenon gracile u Anabaena cylindrica npoayIpoBaTh aHTMOKCUIAHTHBIN KOMILJIEKC. YCTAHOBJIEHO, UTO B CO-
CTaB JAHHOT'O KOMILJIEKCA BXOAST MOIMCaxXapuIbl: 9HA0- U IK30monncaxapuabl. Cmoco6HOCTD MCUXPOGUIBHBIX
MMKPOBOIOpOCeit u nuaHobakrepuit Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica poaypoBaTh aHTMOKCUAAHTHbIN KOMILIEKC [0-
Ka3aHa HaJM4MeM 3HAUMTENbHON aHTUOKCUAAHTHOM aKTMBHOCTHU MCUXPOGUIbHBIX MUKPOBOLOPOCIEH U 1U-
aHobGakTepuit, onpenenenHoit merogamu ABTS, DPPH u FRAP. HauGosnbiiieit aHTMOKCUIAHTHOI aKTUBHO-
CThIO O6nazaeT meuxpoduabHas MUKPOBOLOPOCTb Skeletonema pseudocostatum. Hanuume aHTMOKCUIAHTHBIX
CBOJCTB y MCUXPO(UIBHBIX MMKPOBOZOPOCIIE U IIVIaHOGAKTePMIi OTKPBIBAET ITePCIIEKTUBBI MX MUCIIOIb30BAHIS
B MPAKTUUECKUX I[EJIX.
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ABSTRACT

Exopolysaccharides and endopolysaccharides are the main components in the antioxidant complex of psychro-
philic microalgae and cyanobacteria. The extraction of these compounds from the cells is really energy consum-
ing, as well as it requires large doses of chemicals due to the resilience, recalcitrance, complexity and diversity
of the cell wall in microalgae. The purpose of this article was to study the dependence of polysaccharides quan-
titative yield on the power of ultrasound treatment and duration of their extraction, as well as to determine the
antioxidant activity of the antioxidant complex of psychrophilic microalgae and cyanobacteria. In order to find
and confirm the antioxidant properties of the complexes obtained from the microscopic algae biomass, we used
the method based on measuring the optical density (in a liquid nutrient medium), i. e. the method for determin-
ing the antioxidant activity of the samples under research by their ability to reduce the level of free radicals. As
a result of the studies the rational conditions were found for the extraction of the antioxidant complex from the
cell culture fluid, and from the cell-related psychrophilic microalgae and cyanobacteria Skeletonema pseudocosta-
tum, Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile, and Anabaena cylindrica. For the
exopolysaccharides extraction from the psychrophilic microalgae and cyanobacteria Skeletonema pseudocostatum,
Thalassiosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile and Anabaena cylindrica, the method
of ethanol extraction with an extraction module of 1:2 and an extraction temperature of 5°C was used. The ability
of psychrophilic microalgae and cyanobacteria Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilari-
opsis kerguelensis, Aphanizomenon gracile and Anabaena cylindrica to produce an antioxidant complex was stud-
ied. It was found that this complex contains polysaccharides: endopolysaccharides and exopolysaccharides in
particular. The ability of psychrophilic microalgae and cyanobacteria Skeletonema pseudocostatum, Thalassiosira
pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile, and Anabaena cylindrica to produce an antioxidant
complex was proven by the presence of significant antioxidant activity of psychrophilic microalgae and cyanobac-
teria, determined and confirmed by the methods ABTS, DPPH, and FRAP. The psychrophilic microalga Skeletonema
pseudocostatum possesses the highest antioxidant activity. The availability of antioxidant properties in psychro-
philic microalgae and cyanobacteria opens up the prospects for their practical application.

FUNDING: The work was supported financially by the Ministry of Science and Higher Education of the Russian Federation (grant of the President of
the Russian Federation), project no. MK-484.2022.1.4 (agreement No. 075-15-2022-393).

1. BBegenue

OCHOBHOe cofiepsKaHMe aHTUOKCUIAaHTHOTO KoMIuiekca (AK) MeTobI pa3pyNIeHHsT KICTOK

MCUXPOGMIBHBIX MUKPOBOZOPOC/IEH 1 MaHOOaKTepuii 3aKITI0-
4YeHO B KJIETOUHOJ cTeHKe [1]. HapyllleHye K/I€TOUHONM CTeHKU
SIBJISIETCST KIoueBbIM (akropom 1yist peanmsanmu AK [2]. st
M3BJI€UEHMS COeAVIHEHNIT 13 KJIeTKY TPeOYIOTCST BBICOKME 3aTpa-
ThI SHEPTUU WU OOJBIIOE KOMMYECTBO XUMUUYECKUX BEIIECTB
13-3a HEMOJATIMBOCTH, CJIOXKHOCTY ¥ Pa3HOO6GPas3ust KIETOUHOI
CTEeHKM MUKPOBOLIopodciei [3]. s pa3pylueHus KIeTOK MUKPO-
BOJOPOCIIENT MCIIONB3YIOTCSI MeXaHnueckue, Gpusndeckne 1 He-
MeXaHM4YeCcKye MeTOIbl, KOTOpble IPUMEHSIOTCS ISl paspylie-
HMSI WK Je3UHTerpalui KIeTOYHO MeMOpaHbl. DTO MOBbILIAET
BBIXOJ], JKelIaeMOro KOMIIOHEHTa (HampuMep IMonucaxapuioB),
KOTOPBII MOKET ObITh M3BIeUeH 13 6romacce [4]. Ha Pucynke 1
ITOKa3aHbI 00IIVe Pa3INUMS MEKIY MeXaHUUeCKIIMY U HeMexa-
HMYECKMMM MeTOLaMM Pa3pylIeHMs] KIeTOK.

B Hacroslee BpeMsl MCIIONb3YIOTCS CIeAyIOLMe MeTOMb
AKCTPaKLMM MMOAMUCAXAaPUAO0B: SKCTPAKIMS TOPSI€Eli BOOOI, 9KC-
TpaKkuys ropsiyesi BOLOJ IO, AaBIeHMeM, SKCTPaKIys C TIOMO-
LIbI0 MMKPOBOJHOBOTO M3JIyUYeHMS, SKCTPAKLUMSI C ITOMOLIBIO
yAbTPa3ByKa, GepMeHTaTMBHAS IKCTPaKLMsI, hepMeHTaTUBHAS
9KCTPAKIVSI C IOMOLIBIO YIBTPA3ByKa ¥ SKCTPAKIIVS C IIOMOLIBIO
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PucyHok 1. MeToab! paspylieHNs: KI€TOK
Figure 1. Methods of cells destruction
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KUCTIOT U 1esioueii. IIpy UCIonb30BaHUM 3TUX BUIOB GbIIN TTO-
JIy4eHbI CXO[IHbIE TI0OKA3aTe/y 10 BbIXOQY YKCTPAKTOB, MOJIEKY-
JISPHOIT Macce, COCTaBy MOHOCAXapuAOB U COOepKaHUIO Heii-
TPaJbHbIX CaXapoB, (GYKO3bI, YPOHOBBIX KUCIOT U CYIb(aTHbIX
TPYIIII [5], OIHAKO [T MCCIeMOBaHMIi BLIGpaIM IBA METO/IA IKC-
TPaKIMM: MeXaHUYeCKY/PU3nIecKyr 3KCTPaKIMIO YIbTpas-
BYKOM U XMMUYECKYI0 3KCTPAKIMUIO C UCII0/Ib30BaHMEM PaCTBO-
POB 3TUIIEHAVAMUHTETPAYKCYCHOM KUCIOTHI (DI TA).

VAbpTpa3ByK AeiiCcTBYeT B IIpoliecce, Ha3bIBA€MOM KaBUTAIV -
eif, KoTopasl CO3/iaeT yAapHble BOJHbBI, BIUSIOIIME HA IEI0CT-
HOCTb KJIETOUHBIX CTEHOK MUKPOBOJOPOC/Ieil. DTO YBeJIMUMBAET
U3BJIeYeHNe psifia COeMHEeHMIi, B TOM YlCjie MeHee JOCTYITHBIX
roMcaxapuaoB 3a 601ee KOpOTKoe BpeMs 1 Ipu 6ojiee HU3KUX
TemIiepatypax. YIbTPa3BYKOBO/ MeTOM pa3pylIeHMs] KIeTOK
OCHOBAH Ha Cuje COBUTa KUIKOCTY, BbI3BAHHON M3TydyeHUeM
3BYKOB BOJIH BBICOKOJ 4acTOThl (mo 15-20 kIir). B skumrocTu
9TU 3BYKOBbIE BOJTHBI CO3/1AI0T Ia30Bble ITy3bIPbKY UJIU TIOJIOCTH,
KOTOpbIE TIOC/Ie OTIPeleJIEHHOTO KOIMYeCcTBa LIMKIIOB JOCTUTA-
10T KPUTUUECKOTO pasMepa, CXJIOMbIBAsICh M BBIAESIS GObIOe
KonMuecTBO 3Hepruu. Kpome TOro, akycTuueckas KaBUTAIUS
MIPOMCXOOUT 3a CYEeT TOBBILIEHMS] JIOKAJIbHOI TeMIlepaTypbl
” 06pa3oBaHMs TUIPOKCUIbHBIX PAJMKAIOB, KOTOpPbIe MOBpe-
KIAI0T KJIETOYHYIO CTeHKY [6]. [TomMMoO TOrO, UTO 3TO MacuiTa-
6UpyeMbIii METOA, C HU3KMMU 3KCIUTyaTallIOHHBIMM 3aTpaTaMu,
MOXXHO OINTMMM3UPOBATh HEKOTOpbIe MapaMeTpbl (HarpuMmep,
TemIlepaTypy, KOHILIEHTpalMI0 KJIeTOK, MHTeHCUBHOCTh 3BYyKa
¥ BpeMsI) C LeIbI0 YaCTUUHOTO Pa3pylIeHMs! KIeTOK, UTO TIpu-
BeIEeT K CEJIeKTUBHOMY BBICBOGOXKIEeHUI0 GenkoB [7]. Bomee
TOTO, Ha MHOT0O00eIalee MCII0Ib30BaHMe YAbTpa3ByKa [JIsi
KPYITHOMACIITa6HO 06paboTKM 6MOMacCchl MUKPOBOZOPOCIIE
paHee ykaspiBanu Wei et al. [8], KOTOpble IIpenIIONOKIIN, YTO
KpyIHOMAacIITabHble PEeaKTOPbI YIbTPA3BYKOBOM 3KCTPaKIMM,
JUCTIOJIb3yeMble B TUILEBO U XMMUUECKOM IMPOMBIIIIEHHOCTH,
MOTYT OBITb JIETKO MOAMOUIIMPOBAHBI [JISI TIPOBEIEHUS Yilb-
TPa3BYKOBOI SKCTPAKIIMY OMIOMOJIEKYST MMKPOBOIOPOC/IET B KO-
muyectBax no 200 Kr/4 cyxoi maccel 6umomacchl. OmHAKO 3TOT
MeTO[I He 04eHb 3 (PEKTUBEH IJIsT HEKOTOPBIX BUIOB MUKPOBO-
JIOpoCieit M 06bIYHO COUeTaeTCs C XMMUYEeCKMMY 06paboTKaMm
IJIST TIOBBIMIEHUST 3(PGEKTUBHOCTY M CHUKEHMSI TTOTPeGHOCTY
B oHepruu [9]. YIbTpa3BYK BKIOUAET B ceOs GBICTPOE CKaTye
U IeKOMITPeCCHIo MOoCaeA0BaTe/IbHOCTEel 3BYKOBBIX BOJH. JTOT
HeNpepbIBHBIN LMK/ CO3/laeT KaBUTALUIO BHYTPU STYEIKU, CO-
JIepkalleil >KUAKUI Map, Ha3bIBaeMblii MMUKPOITy3bIpbKaAMM —
OHM 00PAa3yIOTCS 3@ CUET IMOSIBJIeHMS aKyCTUUECKUX BOJH JIBU-
SKeHUST MOJIEKYJT SKUAKOCTU. B 3aBUCMMOCTY OT MHTEHCUBHOCTU
YIbTPa3ByKa MUKPOMY3bIPbKM CKMMAIOTCS, a 3aTeM paspylia-
torcsi. CiefoBaTebHO, OHM TTOBBIIIAIOT JIaBjieHe, POMU3BOAST
TeII0, CBOGOMHbIE pafMKasIbl, yoapHble BOJHBI U, B KOHEUHOM
UTOTe, pa3pyIIalOT KJI€TOUHbIe CTEHKU.

DK30MoIMcaxapuibl OOBIYHO SKCTPArvMpyloT W3 KY/IbTY-
paJbHOM CpeApl ITyTEM OCAKOEHUS CHUPTOM. Tepmmueckas
CTabUIBHOCTD K30MONIMCAXaPUAOB SIBISIETCS KITIOYEBOi Xapak-
TePUCTUKONM, KOTOpasi OTKPbIBA€T BO3MOXKHOCTU [JIS1 UCIOJb-
30BaHMS 3K30MOAMCAXapUa0B MUKPOBOIOPOCIEil B MUIIEBOA,
dapmareBTHUECKOI ¥ KOCMETHYECKOM MpoMbIIIeHHOCTH [10].
DK30M0IMcaxapu/ibl, TIOTyYeHHbIe C UCIIOIb30BaHMEM CIIMPTOB
C Pa3IuYHOl OJMHON pafuKalioB, OTIMYAIOTCS PacTBOPUMO-
CTBIO B BOJIE ¥ BOJOYZEPKMBAIOIIE CITOCOOGHOCThIO, UTO 0b6ec-
TeYMBaeT CTAOWIbHbIE XapPAKTEPUCTUKU IJISI X TTPUMEHEHUS
B KauecTBe I'MIPOKOJIONIOB U cTabuau3aTopos [11].

AK micuxpoduibHBIX MUKPOBOZOPOCIIEit U 1I1MaHOOGaKTePUiA,
ucmnosab3yemMble Ijs1 getokcukauum ADK, mMmeloT yrieBomHOe
” nomQeHoIbHOe MTPOUCXOKIEHME C BHYTPUKIETOYHBIM WJIN
BHEKJIETOUHBIM MEXaHM3MOM JeiiCTBUSI (Hampumep, racute-
JIV CMHTJIETHOTO KUCJIOPOAA, MOMIOTUTENN PaUKaI0B, JOHOPBI
3JIeKTPOHOB, IOHOPbI BOJIOPOA, pa3jiaraTesin MepoKCUI0B, UH-

'MOGUTOPBI GEePMEHTOB, PEryISITOPBI SKCIIPECCUU T€HOB, CUHED-
TUCTBI ¥ MeTaJloXelnaTUpYyIoliyie areHThl) [4].

AK micuxpodwiIbHBIX MMUKPOBOZOPOCIEHl ¥ IIMaHOOAKTe-
pu1it — KOMIUIEKC IO/I1caxapuaoB, KOTOPbIi 06/1amaeT croco6-
HOCTBIO MHIMOMPOBATH OKMCIEHNE MOJIEKYIT ¥ IMeeT MHOKeCT-
BO MeOMIMHCKUX U (hapMaKoJIOTMUecKuX MpuMeHeHuit. V3-3a
BPEHOTO BO3[EICTBUS OOBIUHBIX CUHTETUYECKUX AHTUOKCU-
JIAHTOB MX 3aMeHa npupoaHbIMy AK sBsieTcs IpaBUIbHBIM pe-
LIeHVEeM.

IlaHHOe yccnenoBaHMe 3KCTpaKIMM MONUcaxapuioB C I0-
MOIIIbIO YIbTPa3ByKa ObLIO HAIleJIEHO HAa M3yYeHMe KOIMUecT-
BEHHOTI'0O BbIXOJA MO/IVCaXapULo0B B 3aBUCYMOCTH OT MOIIHOCTU
Y TIPOJO/DKUTENBHOCTY SKCTPAaKLMM M Ha OIpene/ieHye aHTU-
OKCUIAHTHOI akTUBHOCTU AK ncuxpoduiabHbIX MUKPOBOZOPO-
c1eit u uaHob6aKkTepuit.

2. OOBEKTHI M MEeTOIbI

2.1. O6Bexmol uccnedosaHull

O6bekTaMy MCCIeqOoBaHuil B paboTe GbLINM 00pasiibl MTCUX-
POGUIBbHBIX MUKPOBOAOPOCIEI ¥ I[MaHOOGAKTepMii, KOTOpbIe
oTOMpaNM U3 MPUPOIHBIX MCTOYHMUKOB (BOHA, IMECOK, IMOYBA).
OT60p MPUPOAHBIX 06pa3IOB OCYIIECTBIISUIM B ITEPUOJ, C MapTa
2022 r. mo mait 2022 r. B akBaTopuu bantuiickoro mops B Kann-
HUHTPAACKO obnmactu (Kyprickuii 3anuB, BanTuitckuii 3aamuB).

2.2. OnpedesieHue 3HOONOAUCAXAPUOO8

JIns1 Beige/eHMs 9H0TI0NNCaxapuI0B B3BellleHHbI 0CaloK
KYJIbTYPaIbHOM SKUAKOCTM PACTBOPSUIM B IUCTMIUIMPOBAHHOI
BOJe ¥ TOAOMpaIM MapameTpbl YAbTPA3BYKOBOTO IMCIIEPIH-
poBaHUSI B YAbTPa3ByKoBO# ycraHoBke Ultrasonic Processor
(Antylia Scientific, CIIIA) c¢ pasauyHO¥ MomHOCTbIO (20 BT,
40 B, 60 BT) 1 mpogo/mkuTeNnbHOCThI0 06padoTtku (0,5; 1,0; 2,0;
3,0; n 4,0 MmuH). 3aTeM MaccCy SHIOMOJUCAXapUL0B U3MEPSIIN
AQHTPOH-CEPHOKMC/IBIM METOJLOM } IepPeCUMThIBAIM Ha CyXYIO
6uomaccy (Mr/T C. B.).

2.3. OnpeodesieHue 3Kk30n0uUCaxapudos

[TpucyTcTBME M KOMMUYECTBEHHYIO OLIEHKY 35K30Io/aKcaxa-
PUIOB TNCUXPODWIBHBIX MUKPOBOLOPOC/IEN M IMaHOOaKTe-
puii Skeletonema pseudocostatum, Thalassiosira pseudonana,
Fragilariopsis kerguelensis, Aphanizomenon gracile u Anabaena
cylindrica mpoBOOMIM METOIOM aHTUCY/Ib(dAaTa Ha KaXXIOM 3Ta-
me BbIGOpa mapamerpa. 150 mka aHTpoHoBoro areHrta (0,1%
pacTBOp MepeKPUCTAIM30BAHHOIO aHTPOHA B KOHLIEHTPUPO-
BAaHHOJ CEpHOII KUCIO0Te) M0OaBISIM B KAXKIYIO JIYHKY MUKPO-
miaHmera (IB-akcrept, MockBa, Poccust), comepskaiero 50 MK
06pasIoB. 3aTeM IJIACTUMHBI MOMEIANIN B XOIOOUIbHUK Pozis
RK-102 S (Diamond Elektrik, MockBa, Poccust) Ha 10 MuH mpu
temeparype 4 °C. ITocje oxaxaeHust 06pasiibl MHKY6MPOBaIu
B Tepmocrare A-24 (Millab, MockBa, Poccust) B Teuenme 20 MuH
nipu 70 °C. IToce HarpeBa 06pasLibl OXIAKAAIM O KOMHATHOI
TemiepaTtypbl. ONTHYECKYIO IVIOTHOCTD M3Mepsiiii 1pu 620 HM.
CraHIapTHYIO KPMBYIO CTPOWIIM C IIPMMEHEeH)eM PacTBOPOB Ca-
Xapos3sl [12].

OcaxgeHue CIMPTOM UCIIOIb30BAIN B CBSI3U C TEM, UTO IIPU
J06aBIeHMM 3TAHOJA B PACTBOP IOIMCAXApPUIIOB OH Hapyllan
6aylaHC B3aMMOJENCTBUIT MEXKAY MOJIEKYJIaMy TOIUCaXapusi-
roncaxapyus 1 noaycaxapyuzi-Boga. ITo BbI3bIBAJIO arperaunuio
M0/MCaxapyuioB U B KOHEUHOM cueTe BblllaJileHe B 0camok [13].

KynbTypasibHyio cpefy ¢ KIeTKaMy MUKPOBOLOPOC/Ieit 1ieH-
tpudyruposamm mpu 3900 06/mMmuH B TeueHue 20 MMUH B LIeHTPU-
¢dyre 1701 Hettich ROTINA 380 (DV-expert, MockBa, Poccus),
cobMpanu HaZoCaIOUHYIO KUAKOCTb U (hubTpoBamy uepes Oy-
MaskHbIVi GUAbBTp ¢ pasmepom nop 2-3 mkm (Millab, Mocksa,
Poccust). @unbTpaT cMelMBaiu ¢ pasiiMyHbIMU CIMPTamMy (3Ta-
HOJI, 6YTaHOJ, M30TMPOITaHO/) B Pa3/IMUHbIX COOTHOMEeHusX (1:1,
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1:2, 1:3) 1 oCTaBIS/IM OTCTAaMBATBhCS HA 12 4 MpU pas3IMUHbBIX
temneparypax (-30°C ... +30°C c warom 10 °C). [Tocse ocaxe-
HMSI pacTBOPbI HeHTpudbyrupoBanu npu 3900 06/MMUH B 1IeHT-
pudyre (DV-expert, MockBa, Poccust), HaoCaJOuHYI0 KUAKOCTh
JIeKaHTMPOBAIN, & 0CA/IOK BBICYIIMBAIN B TMOMDUIBHOM CYIINII-
Ke «VHeit-6» (MHCTUTYT OMONIOTMUYECKOTO MPUOGOPOCTPOEHNS
Poccuiickoii akagemun Hayk, [lymuHo, Poccust) B TeueHue 12 4
npu —-20°C npu nasnenun 0,350 mbap. ITocie CYIIKM BBIXOZ,
BBIJ€JIEHHBIX ITONMCAaXapUAOB OINpenesiy I'PaByMeTPUYeCKI.
3aTeM BBIIEJIEHHYIO MacCy Ionucaxapyuja epecuyuThiBaay Ha
cyxyio 6uomaccy (Mr/T cyxoii 6uomacch) o hopmyse:

m
m= rr(;d480 (1)
d.w.
2.4. OnpedeneHue aHMUOKCUOAHMHOU aKMU8HoCMu

IKCMpaxmos mMukpogodopocneti

Ilnst moKa3aTesbCTBa CIIOCOGHOCTHU ICUXPODUITBHBIX MUKPO-
BOIOPOCJIEN U IMAHOGAKTEPUI MPOAYIVPOBATH MOIMCAXAPYIbI
6bLIa BBISIBIEHA aHTMOKCUIAHTHAS aKTUBHOCTb CAMUX IICUXPO-
(bWIIbHBIX MMKPOBOZOPOC/IENT U IMAHOOAKTEPYIA ITyTEM aHATM3a
aKTMBHOCTH T10 TIOTVIOIIEHMIO PAIVIKA/IOB, BOCCTAHABIMBAIOMIEH
CIIOCOGHOCTH ¥ XeIaTHOI aKTUBHOCTH.

[pu onipesienieHMM aHTUOKCUIAHTHOM aKTUBHOCTY METOA,0M
DPPH 20 mki1 o6pasia Ncuxpo@uibHbIX MUKPOBOIOPOCEN
UM LMaHOOAaKTepMii WIM CTAaHJAPTHOTO pacTBopa (TPOJIOKca)
cmetuBany ¢ 300 MK cBexkernpuroTosyieHHoro 0,1 MM pacTBo-
pa 2,2-nudenwmn-1-nukpuarugpasmwia. CMech MHKYOUPOBAIK
B TeMHOTe IIpY KOMHATHOI TeMmIiepaType B TeueHue 30 MUH.
CHuXeHMe OITMUYECKON IIJIOTHOCTM II0 CPaBHEHMIO C KOHTp-
oneMm, cocrosmeM u3 0,1 MM pactBopa 2,2-mudeHns-1-mm-
KpWIrnapaswuia U pacTBOpuUTesis (MeTaHoJIa), perMCTPUPOBAIN
C MCIT0JIb30BAHMEM JBYXJIyU4eBOTO criekTpodoromerpa UV-3600
(Shimadzu, Imouwust) mpu 515 HM [14].

IIpu ornpepeneHMM aHTUOKCUAAHTHON aKTUBHOCTU METOLOM
ABTS npenBapuTenbHO TOTOBM/IM PacTBOp ¢ peakTuBom ABTS,
KOTODBI ITOJTy4Yasy IyTeM CMelluBaHus anmuksoT 7,0 MM pacTBo-
pa peaktnBa ABTS u 2,45 MM pacTtBopa nepcynbdara Kaaus. Pac-
TBOP BBIIEPKMBAIM 16 4acOB B TEMHOM MeCTe IPY KOMHATHOM
Temneparype. [Iis1 3amycka peakuyy 300 MK pacTBopa KaTMOH-
panukana ABTS+ go6asisuin K 20 MK CMXPOGUIbHBIX MUKPO-
BOZIOPOCJIElt U LIMaHOGaKTepuit Miu craHgapTa (Tposiokc). OnTu-
YeCKyl0 TUVIOTHOCTh M3MePSUIN C MUCTIOTb30BaHNEM JBYXJTy4eBOTO
criekrpodoromerpa UV-3600 (Shimadzu, SInonus) npu 734 HM
ocjIe MHKy6auuy cmecu B TedeHme 15 muH ripu 37 °C B TeMHO-
Te. B KauecTBe KOHTPOJIS IPUMEHSUTU TTPo6y ¢ peakTnBoM ABTS
¥ COOTBETCTBYIOIIVIM PacTBOpUTENeM (MeTaHonoMm) [13].

[lnst ompeneneHns] BOCCTAHABIMBAIOIIEH aKTUBHOCTU TICUX-
podUIBHBIX MMKPOBOLOPOCIEH U I[MaHOGAKTEPMiT MUCIONb30-
Ba/I CBEXeIIPUTOTOB/IEeHHbIV peareHT FRAP, rosydyeHHbIN ITy-
TeM cmemvBanus 10 vacreii 0,3 M areratHoro 6ydepa (pH 3,6),
ogHoii yactu 10 MM pactBopa 2,4,6-TpUNIMPUONI-S- TpUa3uHa
B 40 MM HCI u ogHy yacTb 20 MM BOJHOTO pacTBOpPA XJIOPUA SKe-
jesa FeCl3 x 6H,0. Peakiyio 3anyckamy cmenmBanyem 300 MK
pearenta FRAP n 20 mxn ucnbityemoro AK mny craHgapTHOTO
pactBopa (Tposnokc). Bpems peakuym — 10 muH npu 37 °C B TeM-
HoTe. ONTMYECKYIO MJIOTHOCTb OTpeNessiiv C UCII0Ib30BaHUEM
IByxIyueBoro criekrpodoromerpa UV-3600 (Shimadzu, SSronns)
pu 593 HM. B KauecTBe KOHTPOJISI TPUMEHSUTM TIPO0Y C peareH-
TOM FRAP 1 COOTBETCTBYIOIIMM pPacTBOpUTENEM (METAHOJIIOM).

[Ipr n3mepeHUM aHTUMOKCUIOAHTHOM aKTMBHOCTM METOHA-
mu DPPH, ABTS u FRAP B KauecTBe CTaHAAPTHOIO pacTBOpa
MCITOIb30BA/IM  PACTBOPBI TPOJIOKCA (6-ruaApoKcu-2,5,7,8-Te-
TpaMeTUIXpPOMaH-2-KapOboHOBasi KUCJIOTa) M3BECTHOM KOH-
ueHtpauyn. [Ipu aHanM3e MCUXpoPmIbHBIX MUKPOBOZOPOCIEi
U IMaHOGaKTepuii Pe3yIbTaThl AHATM30B BBIPAXKAIN B MKMOJTh
SKBMBAJIEHTOB TPOJIOKCA HA IPaMM CyXOro Beca (MKMOJIb 9KBU-

BaJIGHTOB TPOJIOKCA/T). Bce criekTpodoToMeTpuueckme nusMepe-
HMsI GBIV BBITIOJTHEHBI C MCTIOb30BAaHMEM YCTPOICTBA [JIs UTe-
Hust CLARIOstar (BMG Labtech, Opten6epr, lTepmanust).

2.5 Cmamucmuueckuii aHanu3

Bce skcrepuMeHTbl M BbIYMCIEHUSI MPOBOAWINCH B Tpex
TIOBTOPHOCTSIX. Pe3ysbTaThl MpeACcTaB/Isiiv Kak cpefHee 3Have-
HMe * CTaHAAPTHOE OTKIOHeHMe. IS 06paboTKM MOMyYeHHBIX
JIaHHBIX MCIIOAB30BaIM CTaHAAPTHBIE CTATUCTUUYECKNE MEeTO-
Ibl. [laHHbIE TTOJBEPraayu AycrnepcuoHHOMy aHanu3y (ANOVA)
¢ mpuMeHeHueM Tmakera Statistica 10.0 (StatSoft Inc., 2007,
CIIIA). AnocrepuopHbIii aHaiu3 (Kputepuit JlyHKaHa) MPOBO-
TUAJICSI IJ1S BBISIBJIEHVST 0OPA3II0B, CYIIECTBEHHO OTNYAIOIIVIXCS
IPYT OT Apyra. PaBeHCTBO AMCIIePCHii U3BJI€UEHHBIX BbIGOPOK
MPOBePsUIM C TIOMOIIbI0 KpuTepus JleBeHa. Pasnuunsi mexmy
CpeIHVMMM CUUTAINCh 3HAUMMBIMM, €CIU JOBEPUTETbHBIN MH-
TepBas 61 MeHee 5% (p < 0,05). 'paduKy CTPOUIIN C IIOMOIIBIO
mmaketa Excel (Microsoft 300 Office, Microsoft Corporation, 15.0,
2016, «PenmoH», Bammurron, CIIA).

3. Pe3ynabTaThl M 06CYKaAEHUE
B Ta6nuie 1 mokasaHa 3aBUCUMOCTDb BBIXOZA ITOMCAXapU-
JIOB OT BPEMEHU 1 MOIIHOCTU 06PabOTKM YIbTPA3BYKOM.

Ta6muia 1. BaussHue mapaMeTpoB YJIbTPa3BYKOBOIT 06paboTKM
Ha BBIXOJ ITOJINCaXapuaoB U3 KJI€TOK MI/IKpOBO,E[OpOCJIeI;'I
U IMaHOGaKTepuit
Table 1. Effect of ultrasonic treatment parameters on the yield
of polysaccharides from the cells of microalgae and cyanobacteria

§ Bobixop nmonucaxapuaos, MI/T C. B.
= 1 2 3 4 5
S
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% ‘§ 5] g N 2 g
8 8 ] B~ 2.2
£ ¢ 5% 8§ S8 g S5
1<) =S 5 = S R 5.8
E : ¢ &2 3¥ sz 5%
g = =3 = = & 5 =75 S £
S a  £3 S8 =5 S2 S3
= m - E & ] <5 <o
0,5 6,49+0,2° 28,72+0,9 27,39+0,8 23,77+0,7 43,38+1,3
1,0 21,10%#0,6 37,45%1,1" 46,96+1,4" 27,49+0,8 82,19+2,5
20 2,0 25,16%¥0,6 50,73%¥1,5 54,78%1,6 3741%*1,1 86,76*2,6
3,0 26,79+0,8" 46,30+1,4 60,00£1,8" 65,11+1,9° 95,89+2,9
4,0 30,84+0,9 5748%1,4" 62,61+1,9 56,15+1,7 105,02£3,2
0,5 9,74+0,3 35,24+1,1 28,70+0,9 28,59+0,9° 47,95+14
1,0 33,28+%1,0 45,02+1,4 5348+1,6 34,24+1,0 89,04+2,7
40 2,0 36,79+1,1 53,52*1,6 60,00+1,8" 26,66*0,8 100,46+3,0°
30 3490+1,0 62,73*1,9 66,52¥1,9 455414 109,59+3,3
4,0 2597+0,6 64,01x1,9 69,13+2,1 40,72+1,2 118,72%3,6
0,5 12,18%0,4 4747+1,4 27,39+0,8 25,42+0,8 70,78+2,1
1,0 3571+1,1 48,98+1,5" 66,52+2,0 23,91+0,7 132,42%39
60 2,0 5338+1,6 49,11+1,5 74,09%2,2 33,55+1,0° 146,35+4,4
30 41,40%1,2" 68,18+2,0° 73,17+2,2 57,80+1,7 146,30+4,4
4,0 3734%1,1 56,32+1,7 62,61+1,9 29,42+0,9 134,70%£4,0°

Ipumeuanue: 3HaueHus cmpok, 3a KOmopsimu ciedyem 3HAK * cyujecmeeH-
HO He omauuaiomcest (p > 0,05), oyeHeHbl ¢ NOMOWbI0 ANOCMEPUOPHO20 mecma
(kpumepus [IyHkaHa).

IMone momydyeHUs HAHHBIX, TPEICTaBIeHHbIX B Tabnuie 1,
6BUIO OIpEeNIeHO0, UTO YHUBEPCATbHBIX TTapaMeTPOB Y/IbTpas-
BYKOBOJ 06pabOTKM /11 BCEX MCCIeIyeMbIX MUKPOBOZOPOCIIE
U 1[MaHOGaKTepuii HeT, OMHAKO IMPY MaKCUMaJbHOM BbIOpaH-
HOIt mourHocTH (60 BT) moutu y Bcex 06pasiioB HaGIIOACS
MaKCMMaJIbHBIM BBIXO[ MMONMCAaXapuaoB B pacTBOp. Bpems 06-
pabotku npu 60 BT a1 Han6ObIIEro BhIXOAA MOaIMcaxapuaoB
Kose6eTcss Mexxay 2-3 muHytamu. IIpu sTom BapuaHTe u-
3MYECKOl 00pabOTKM MaKCUMMAaJIbHbIN BBIXO[, MONMCAXapUIoB
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Habmomaetcst Ay muaHobakTepuu Anabaena cylindrica n pa-
BeH 146,35+*4,4 mr/r c. B. Takke BBICOKMI1 BBbIXO[, PaBHBbII
74,09+ 2,2 M1/T C. B., OTMeuaeTcs: Iipu MoiHocTu 60 BT u mpo-
JOJDKUTETBbHOCTY 00paboTKM 2 MUHYTHI JIJ1T 06pasiia MUKPOBO-
nopocnu Fragilariopsis kerguelensis.

[Ipu Gonee AJMTENbHOI 06pabOTKe KOIMYECTBO TOMCaxa-
PUIOB CHUKANIOCh. BeposSTHO, 3TO CBSI3aHO C pa3pyllieHneM UxX
CTPYKTYPBHI IIOA, NeiiCTBMEM YAbTpa3Byka. HaMMeHbILINIT BbIXOZ,
MoMcaxapmuaoB YCTAHOBJIEH IPM MOIIHOCTYU Y/IbTPa3BYKOBOI
00paboTky MuKpoBogopociu Skeletonema pseudocostatum 20 Bt
B TeueHue 0,5 MUHYT; BBIXOA, cocTaBwmI 6,49+0,2 mr/T C. B.

V3BecTHO, UTO TOMMCaxapuabl TPYAHO SKCTPArUPYIOTCS BO-
JIO¥, OMHAKO MX MOXXHO COJIIOOMIM3MPOBATh C TTOMOIIBIO Xea-
TUPYIOIMX areHTOB, TAaKUX KaK 3TWJIeHIMaMMHTeTpPayKCyCHast
kucnora (OATA) unu 1,2-guamunonukinorekcadn-N, N, NO, NO-
TeTpaykcycHast kuciora (CDTA) [14]. B xonme npoBeneHust pabo-
ThI MCCJIEA,0BAIN BIAVSIHME PA3IMUHbIX KOHUeHTpauuii D[TA Ha
KOIMYEeCTBEHHOEe M3BJeueHMe TMOMMCAaXapuaoB U3 KIeTOK MMU-
KPOBOAOPOC/Ieii U iMaHobaKkTepuii. B mpoiiecce n3yueHus ante-
paTypHBIX JaHHBIX ObUIM BbIOpAHbI CJIEAYIOIIMe KOHIIEHTPALN
OOTA: 1%, 2%,4%, 6%.

B Ta6nuiie 2 mpeacTaBIeHbl pe3yabTaThl SKCIIEPUMEHTA 10
ron6opy KoHueHTpauuy JTA c 1enbio 601ee MOTHO SKCTPaK-
LMY TIOICaXapuioB.

Ta6nuiia 2. Bnusiune koHueHTpanun JATA
Ha BBIXOJ ITO/IICaXapuaoB
Table 2. Effect of EDTA concentration on the yield of polysaccharides

BaIxop, momcaxapuaos, MI/T C. B.

1 2 3 4 5
= s =
s g S
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= 3 2= 2% g .
B S 8 S g S8 S 5]
z R g3 3 = £ES X g8
&< 83 23 = §% S5
== -~ S = FO% = Q S .S
CI=! 2 3 3 =5 S5 53
N @A % & =5 ] <5 <2
1 14,61+0,4* 2591+0,8 15,65%0,5 69,12%2,1* 150,68+%4,5
2 22,21%£0,7 34,90+1,0 49,57+1,5% 72,41%2,2 155,25+4)7
4 14,15+0,4 33,12+1,0 53,48+1,7* 61,13+1,8 132,42+39
6 12,18+0,4 30,00£0,9 46,96+1,4 60,08+1,8* 132,42+39*

Ipumeuanue: 3HaueHuss cmpok, 3a KOmMopsmu ciedyem 3HAK * cyujecmeeH-
HO He omauuaiomcest (p > 0,05), oyeHeHbl ¢ NOMOWbI0 ANOCMePUOPHO20 mecma
(xpumepus [[yHkaHa).

IMocsie mpoBemeHMs] SKCIIEPUMMEHTA ObUIM CIeJIaHbl BBIBO-
IIbI, YTO ONTMMa/IbHAsA KOHIeHTpauus IATA mjsi sKCTpakium
MoMMcaxapuaoB [Ojis OONbINMHCTBA MUKPOBOAOPOCIE M LiM-
aHobakTepuit cocrapisger 2%. [Ipu [aHHOM KOHIIEHTpALUU
OOTA HaubGoNMbLIMII BBIXOH, IMMOJMCAXapUIOB HaOGIOmaNCS OJIst
uuaHobakrepuit Aphanizomenon gracile u Anabaena cylindrica —
72,41+2,2 mr/r c. B. u 155,25+4,7 MI/T C. B. COOTBETCTBEHHO.

B pesynbraTe 3KCIEPUMMEHTAIBHOIO IOAOOpPa PEXMMOB
1 c60pa TeOpeTHUECKMX JTAHHBIX ObUIM TIOZ00PAHbI YCITOBUS IKC-
TPaKIMK TIOMCaXapuI0B U3 61MOMacChl OTOGPAHHbIX IITAMMOB
MMKPOBOAOPOCIEi U LuaHoGakTepuit. Vicxomst U3 JTuUTepaTyp-
HbIX JAHHBIX [15], oNTMManbHBIMM MeTOLaMU SKCTPAKLMUK TO-
JIMcaxapuaoB SBsIeTCS XxuMuueckast skcrpakuus SIATA u yiab-
TpasByKoBast 06paboTKa.

B Tabmuie 3 mpencraBieHbl KOJIMUYECTBEHHbIE BbIXOIbI
CIIMPTOBOTO OCAKIEHMS ITONMMcaXapuaoB aTaHoimoM (96%) B pa3-
HbBIX COOTHOIIIEHMSIX U TIPU pa3HbIX TeMIlepaTypax.

AHanusupys nojaydyeHHble qanHbie (Tabiauia 3), MOXKHO cre-
JIaTh BBIBOJI, YTO MaKCMMAaJIbHBIN BBIXOJ TIOIMCAXapUIOB B KY/Ib-
TypaJibHYI0 cpeny Habmomascs rpu 5°C, Moay/ie SKCTpaKUIuu
(o6paser: crmpt) 1:2 s TMCUXpOWIbHBIX IMaHOOAKTepuit
Aphanizomenon gracile u Anabaena cylindrica — 1134,3+ 34,0 mr/T
c.B.” 1611,9+48,3 mMr/T . B. COOTBETCTBEHHO. HauasbHast KOH-

LIeHTpanus 3TaHoJa cocTasiisiia 96%. HauMeHbIMii BbIXOH, 110~
nucaxapuaoB otMevasncs npu 10°C, momyse skerpakunu 1:1 gist
rcuxpoduibHO MUKpoBopopociau Skeletonema pseudocosta-
tum — 104,5%3,1 mr/r c. B. [IcuxpoduibHble MUKPOBOZOPOCIN
Thalassiosira pseudonana v Fragilariopsis kerguelensis BbIIeNISIIOT
HauboJIbllIee KOJMUYECTBO MocaxapuaoB mpu 5 °C, MomyJie sKc-
Tpakuyy 1:2-432,8+12,9 mr/t c. B. u 537,8+16,2 mMr/t . B. co-
OTBeTCTBEHHO. BrIsiBiieHO, uTo nipu 10 °C 1 Mozy/e 3KCTpakLuum
1:1 Bce nmcuxpoduibHble MUKPOBOAOPOCIM U IIMaHOGAKTEPUN
Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragi-
lariopsis kerguelensis, Aphanizomenon gracile u Anabaena cylin-
drica BpIIEeNSIOT HaMMeHblllee KOMMYEeCTBO IK30I0NMCaXapuaoB
B Ky/IbTYPAIbHYIO CPexy.

Ta6nuia 3. CogepskaHye MOMUCAXaPUIOB B IICUXPOGWIBHBIX
MMKPOBOZOPOCIAX U IMaHobakTepuii Skeletonema
pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica
B 3aBUCUMOCTH OT YCJIOBMI 3KCTPAKIUU
Table 3. Content of polysaccharides in psychrophilic microalgae and
cyanobacteria Skeletonema pseudocostatum, Thalassiosira pseudonana,
Fragilariopsis kerguelensis, Aphanizomenon gracile and Anabaena cylindrica
depending on the conditions of extraction

Mopynb 3KCTpaK- Bbixop, 3K30-

e opaana o, (oopasen: GTLIEUAEY momicaxapunon,

10 104,5+3,1*

1:1 5 239,1£7,3

Skeletonema 0 179,1+5,3

pseudocostatum 10 194,058
1:2 5 806,0+24,1

0 253,7+7,6

10 477,6+14,3

1:1 5 955,2%28,6
Thalassiosira 0 373,1+11,2*

pseudonana 10 328,4+9,8
1:2 5 432,8+12,9*

0 358,2+10,7

10 159,7+1,8*

1:1 5 343,3£10,3

Fragilariopsis 0 174,6%2,2

kerguelensis 10 189,1+5,3
1:2 5 537,8+16,2

0 253,7%7,6*

10 507,5+15,2

1:1 5 940,3+28,2

Aphanizomenon 0 626,9+18,7
gracile 10 716,4+21,4
1:2 5 985,1%29,5

0 806,0+24,2

10 850,7+25,5
1:1 5 1134,3+34,0

Anabaena 0 955,2+28,6
cylindrica 10 641,8+19,2
1:2 5 1611,9+48,3

0 985,3%29,5

Ipumeuanue: 3HaueHus: CMpok, 3a KOMoOpbIMU cledyem 3HAK *, CyujecmeeHHo He
omauyaromes (p > 0,05), oyeHeHbl ¢ NOMOWBIO ANOCMEPUOPHO20 mecma (Kpu-
mepus [lyHkaHa).

AHanu3 TabmMuyHbIX JAaHHBIX (Tabauia 3) CBUAETETbCTBYET
0 TOM, UTO IJISI SKCTPAKIUU TCUXPODOUIBHBIX MUKPOBOZOPO-
wieit u umaHobakrepuii Skeletonema pseudocostatum, Thalas-
siosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon
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gracile v Anabaena cylindrica palyiOHaJbHO MCIIOTb30BAHME
96%-T0 3TaHOJA B KAYECTBE IKCTPAreHTa Py MOZY/Ie SKCTPaK-
uum (o6pasels: cnuprt) 1:2 u Temnepatype sKcTpakuym 5 °C.

CTOUT OTMETHUTD, UTO HE CYIeCTBYET YHUBEPCATLHOTO METO-
Jla pa3pyleHus! KIeTOYHOM CTeHKM, U YacTo CIefyeT OTHABaTh
MpeIoYTeHrie KOMOVHALMY METOLOB. BEIGOD 3aBUCUT He TONb-
KO OT KOHKPETHOTO BUIa MUKPOBOZOPOC/IEeit, HO U OT KOHEYHOIA
LIeJTV UJTH T1eJIeBbIX MTPOLYKTOB. VicciienoBaTenb qOKeH MPUHMK-
MaTh BO BHMMaHMe TaKye BaXKHbIe aCITeKThI, KaK 3arpsisHeHIe
MaTepuaaoB, CTOMMOCTb OOOPYLOBaHMS, SKCIUTyaTAIl[MOHHbIE
pacxonbl U gpyrue dhakropsl. Kpome TOro, BaskHO MOTYEPKHYTb,
4yTO, TOMMUMO 3 HEKTUBHOCTM IKCTPAKIMYU U KauecTBa Mouca-
XapuoB, BBIOPAHHBIN MeTO[, pa3pylleHus] KJIeTOK MOXeT Ha-
MIPSIMYIO BIMSITD Ha ITOC/TIEAYIOIINE 3TAIbl OUMCTKY TOMMCaXap-
JIOB MMKPOBOZIOPOC/IEN 1 IMaHOOAKTEPUIA.

Pe3ynbpTaThl OlpeneneHus] aHTUOKCUIAHTHON aKTUMBHOCTU
TIcuxpo@uIbHBIX MUKPOBOAOPOC/IENt U InaHob6akTepuii Skeleto-
nema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica nipep-
craByieHbl B Ta6nuiie 4.

Ta6nuiia 4. AHTMOKCUAAHTHAsA aKTMBHOCTh MCUXPODIMIbHBIX
MMKPOBOAOPOCIEi U iiuaHobakTepuii Skeletonema
pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica
Table 4. Antioxidant activity of psychrophilic microalgae and cyanobacteria
Skeletonema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile and Anabaena cylindrica

AHTUOKCUIAHTHAsI aKTUBHOCTb, MKMOJ/Ib

HasBanue nicuxpoduib-
9KBMBAJIEHTOB TPOIOKCA/T

HBIX MMKPOBOAOPOC/Ieit
¥ MaHOGaKTepuit

ABTS DPPH FRAP
Skeletonema pseudocostatum  17,62+0,91 58,16%£3,90 3,91+0,12
Thalassiosira pseudonana 12,08%£0,62  12,42+0,43* 3,13%£0,26
Fragilariopsis kerguelensis 13,53+0,73* 11,84 0,36 1,09+0,13
Aphanizomenon gracile 15,73+0,82 19,89 +0,97 2,47+0,23
Anabaena cylindrica 12,62+0,64 13,16 0,53  2,16*0,24*

IIpumeuanue: 3HaueHuss CMpok, 3a KOMOPbIMU Cledyem 3HAK *, CyujecmeeHHo He
omauuaromes (p > 0,05), oyeHeHbl C NOMOUIBI0 ANOCMEPUOPHO20 mecma (Kpu-
mepus [I[yHKaHa).

CoryacHo JaHHbIM Tabuiie! 4, HanOOIbIIe aHTMOKCULAHT-
HOJ aKTMBHOCTBIO IO BCEM TPeM crocobaM 06afaeT mCuxpo-
unbHass MukpoBomopocwib Skeletonema pseudocostatum. AH-
TUOKCUOAHTHAS aKTUBHOCTh mo Mertony ABTS nias maHHOI
MUKPOBOZOpOCau coctasisieT 17,62%0,91 MKMOJIb 5KBUBaJIEH-
TOB TPoOJ0KCa/T; Mo Mmetoxy DPPH — 58,16+ 3,90 MKMOJIb 3KBU-
BaJIeHTOB TpoOJiokca/T; 1o metony FRAP — 3,91+0,12 MkMoOIb
SKBMBAJIEHTOB TPOJOKCa/T. IlcuxpoduiabHasi MMUKPOBOMAO-
pocib Thalassiosira pseudonana TMpoOSIBNISET CleAyIOIINe 3Ha-
YeHMs] aHTMOKCUOAHTHOM aKTMBHOCTU: 1O Metony ABTS —
12,08+0,62 MKMO/Ib 3KBMBAJEHTOB TPOJIOKCA/T; MO METOHLY
DPPH — 12,42%0,43 MKMOJIb 35KBMBAJE€HTOB TPOJIOKCA/T; IO
metony FRAP — 3,13%£0,26 MKMOJIb 5KBMBAJ€HTOB TPOJIOKCA/T.
AHTUOKCUIAHTHAS AKTUBHOCTb TCUXPODUIBHON MMUKPOBO-
nopocnu Fragilariopsis kerguelensis cocTaBisieT: MO MeTOLY
ABTS — 13,53%0,73 MKMOJIb 9KBMBaJE€HTOB TPOJIOKCA/T; I10 Me-
tony DPPH — 11,84+0,36 MKMOJIb 9KBUBAJI€EHTOB TPOJIOKCA/T;
no wmerony FRAP — 1,09%#0,13 MKMOIb 3KBUBAJIEHTOB
TPOJIOKCA/T. AHTMOKCUIAHTHASI aKTUBHOCTb TCUXPOQUIBHOM
unaHobakrepun Aphanizomenon gracile cocTaBysieT: IO METOLY
ABTS — 15,73 +0,82 MKMOJTb 95KBMBAJE€HTOB TPOJIOKCA/T; 110 Me-
tony DPPH — 19,89+0,97 MKMOJIb 5KBMBaJI€HTOB TPOJIOKCA/T;
no wmertony FRAP — 247#(0,23 MKMO/Ib 3KBUBAJIEHTOB
TPOJIOKCA/T. BenunMHa aHTUMOKCUAAHTHOV aKTUBHOCTU TICUX-
poduibHOI UMaHOoOakTepuu Anabaena cylindrica oxasanach
paBHoOIi: o metony ABTS — 12,62+0,64 MKMOJIb 5KBMBaJe€H-
TOB TpOJIOKca/T; o Mmetomy DPPH — 13,16+0,53 MKMOJIb 5KBU-

BaJIEHTOB TPOJIOKCA/T, M0 meTony FRAP — 2,16+0,24 Mmkmoib
SKBMBAJIEHTOB TPOJOKCA/T.

OmHako IyIsl UCKITIOUeHUs BIAMSIHUSI HA aHTUOKCUAAHTHYIO
aKTUBHOCTD TICUXPODUIBHBIX MUKPOBOLOPOCIEN U IIMaHOOaK-
TEepUil Pa3IMUHbIX 3arps3HUTENEN, 6a/UTaCTHBIX ¥ MeIIaoX
BemecTB (6€NKOB, JUNUAOB, MUTMEHTOB, BUTAMUHOB, Opra-
HUYECKMX Y HEeOPraHMYecKuX MpumMeceit u T. 1I.) HEOOXOAMMO
BBIIENSATh M ouniiaTh AK IaHHBIX MMKpPOOpraHu3mos. IIpen-
ToJIaraeTcsl, YTo TMOBBILIEHHAs AaHTUOKCUAAHTHASI aKTUBHOCTH
BBIIEJIEHHBIX ¥ OuMieHHbIX AK McuXpo@uibHbIX MUKPOBOJO-
poceit u unaHobakTepuii Skeletonema pseudocostatum, Thalas-
siosira pseudonana, Fragilariopsis kerguelensis, Aphanizomenon
gracile u Anabaena cylindrica cBsi3aHa cO B3aMMHBIM 3KpaHMPO-
BaHMeM BOCCTaHaBAMBAKIINX eHTPoB AK (3K30- 1 3HAOIONN-
caxapyuzioB), a Takke C-yBeJMYeHMeM MX JOCTYITHOCTU 3a CYEeT
KOH(MOPMAIMOHHBIX M3MEeHEeHUiT MaKpOMOJIEKY/, BbI3BAaHHBIX
06pa3oBaHMEM BHYTPU- U MEKMOJEKYISIPHBIX BOJOPOIHBIX
cBsiseit [14,15].

CTpyKTypHast CJIOKHOCTh TIONMCAaxapuIOB OTPAaHUUMBAET
BO3MOSKHOCTb JJISI UX MCC/IeIOBAHMSI, HECMOTPSI Ha MHTepeC Ha-
YYHOTO COOBIIECTBA K MX OMOIOTMYECKO aKTUBHOCTY U IMOTEH-
LIMaJT UCITOJIb30BAHMS B KAUECTBE I'MAPOKOJJIOUAOB B PA3IMYHbIX
oTpaciisix. Kpome Toro, monucaxapuibl peiko paccMaTpUBAIOTCS
aBTOpaMM Kak I[eHHbIe MOJIEKYJIbI — CKOpee, Kak T060YHbIE ITPO-
JIIYKTBI TIPY TOJIyYeHUM MUTMEHTOB WiK JuuaoB. Hanpumep,
XOpOILIO M3yUYeHHbIN ITaMM MMKpOBoOAopocwieit Porphyridium
MCIIOIb3YeTCsl B OCHOBHOM Jyisl TOMy4YeHus: B-QpuKospuUTpuHa,
¥ TOJIbKO HeBGOIbINast YacTh 6110MAacChl ITaMMa IpegHa3HaueHa
JLIST TIOSTyYeHMST 9K30TI0McaxapuioB 1Jisi KOCMEeTUYecKoi oTpa-
o [16]. YacTo mporiece 3KCTpaKIyUy MoucaxapuaoB U3 6mo-
Macchl MMKPOBOJOPOC/IEl He MPUCIIOCO6/IeH K 06paboTKe 3TUX
IIJIOX0 PacTBOPUMBIX MOJMMEPOB, KOTOPbIE YaCcTO 06pas3yroTcs
B CpeJie C BBICOKMM COJiep>KaHueM Coeii.

VI3BeCTHO, YTO MUKPOCKOIIMYECKMEe BOLOPOCIN MOTYT BbI/ie-
JIITh GOJBIIIOE KOMMYECTBO IOIMCaxXapyua0B, MPenCcTaB/ISIONIX
€060¥t 3HAUUTETbHOE KOTMYeCTBO OPTaHMyecKoro yriaepona [17].
MHoOre MUKPOBOIOPOC/IN, OCOOEHHO JKUBYIIME B IPUOPEKHOI
cpefe, MPOM3BOASIT U BBIJIESIIOT TTOMIMCAaXapUAHbIe CAU3U, TT0-
KpbIBAIOIIME MX KJIETKU U TpeAHa3HaueHHbIe JJIS 3aIUThI OT
He6MaronpusITHBIX BO3IENCTBUIT OKpYyKalolleit cpenbl. ITonu-
caxapuabl M3 MUKPOBOZOPOC/IEH i M 0COGEHHO M3 I[MaHObOaK-
Tepuit 06pa3yloT OpraHOMMHEpPaabHbIe CJI0M HA TIOBEPXHOCTU
TIOUBbI, KOTOPbIE MPUBOIAT K (HOPMUPOBAHNIO GMOTOTHUECKUAX
TIOUBEHHBIX KOPOK, SIBJISTIOIIMXCST BBICOKOCTIeIaTM3MPOBAHHBI-
MM MMKPOO6HBIMM coobuiecTBaMu [18—19]. OHM TaKkKe BasKHBI
B OKOJIOTMYECKOM KOHTEKCTE, IMOCKOIbKY CITOCOOHBI MHTMOM-
poBaTb MHDexMM MUKpoBonopocieit [20]. M3BecTHO, UTO MU-
KPOBOJOPOC/N SIBJISIIOTCSI 3HAUUTENbHBIMU MPOU3BOAUTESIMU
TonMcaxapuioB B IuamnaszoHe ot okoso 0,5 r/m go 20 r/n [21], Ho
OYeHb HEMHOT'ME UCCIeN0BaTeNN U3ydain UX TPOU3BO/ICTBO.

IMonucaxapuabl U3 MUKPOBOZOPOCIEN MOTYT OCTaBaThCS
CBSI3aHHBIMM C KJIETOYHOI TOBEPXHOCTbIO MJIM BBICBOOOKIATHCS
B OKpyKatouryto cpeny [22]. CTaTyc CBS3aHHBIX C KJIeTKaMM I0-
JMCaXapuIoB O CUX IIOpP He SICeH, 0COGEHHO 3TO KacaeTcs Io-
JIVCAaXapUIOB, CUHTE3UPYEMbIX IIMAHOOAKTEPUSIMMU, UX WHOTIA
Has3bIBAIOT 9K30IT0IMCaXapuaaMu, 9K30MONIMMEPHbIMM Cy6CTaH-
LUMSIMM, SKCTPaKIETOUHBIMMU TONMCAXapUIaMM, SKCTPAKIETOU-
HBIMUM IIPOTEOITIMKaHAMM, BbIOEJIE€HHbBIMU ITOJIMCaXapuUaamMu,
KaTCybHBIMY MOJIMCAXapUAaMU U CYTbHaTUPOBAHHBIMU TIOJN-
caxapupamu [23-25].

V MHUKPOBOZOPOC/IeNl CUHTEe3 TIOoNMCcaxapuioB OCYIeCTB-
nsieTcst B ammapare Tombasku, B TO BpeMsl KaK y I[MaHOOak-
Tepuii — B puroruiasMe [26,27]. OCHOBHbIe CTaguyu CHUHTe3a
9K30TOICaxXapuI0B B MUKPOBOJOPOCISX: 06pa3oBaHue aKTH-
BMPOBAHHBIX CaxapoB (MPeKypCcopoOB); MX COOpPKa C MOMOIIbIO
IMKO3MIATpaHchepas M 9KCIOPT MOIMMEPOB BO BHEKIETOYHOE
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TIPOCTPAHCTBO MJIM BCTpaMBaHue B MeMOpaHy KiaeTku [28]. Tem
He MeHee TOYHas MH(OpMaIs 0 MeXaHu3Me yuacTUs YIacTust
(bepMeHTOB B CMHTe3e 3K30IMOAMCAXAPULOB IJISI MUKPOBOJO-
pociieit He oIy6IMKOBaHa.

O6HapyskeHVe TPOAYIIEHTOB IMOIMCAXaPUA0B — TPYI0EMKMIA
TPOLIeCC, MOCKOAbKY OHM YaCTO CUHTE3UPYIOTCSI MUKPOBOAOPO-
CISIMU TOJTBKO TIPU CHIeUUPUUIECKUX YCIOBUSIX KYJIbTUBUPOBA-
HMSI (HampuMep, a30THOE TOJOfaHue) Wi B crenuduueckux
(dasax pocra, HeKOTOpble M3 HUX MMEKOT CTATYC BTOPUYHBIX
MeTaboauToB. ComepikaHue 5K30IMOMMCaXapuaoB B CylepHa-
TaHTe KYJbTYPaJbHOM Cpefbl NeTeKTUPOBaIOCh (PeHoI-cepHo-
KUCIOTHBIM METOLOM [29] My ApyrUMM KOJIOPUMeTPUUYEeCKUMU
metomamu [30-32]. OgHAKO 3TU METOIbI He CIIOCOOHBI IeTeK-
TUPOBATh CBSI3aHHbBIE C KJIETKOM 9K30MONMCcaxapuapl U AAIOT He
BIIOJIHE Y[ OBJIETBOPUTEIbHbIE PEe3YAbTaThl IJIs1 PACTBOPUMBIX
ronyucaxapuioB B Cpefie ¢ BBICOKMM cofiepkaHueM coneli. Kaue-
CTBEHHAsl Y KOJMIMYEeCTBEHHAs! OLleHKa BSI3KOCTY KYJIbTYPaabHON
cpenpl TPy pOCTe MUKPOBOLOPOCIIEN MOXKET CITYKUTb XOPOUIUM
MHIMKATOPOM BbICBOOOXKIEHNMS GMOIOIMMEPOB KIETKOM U MUX
KOHLIEHTpauuii.

leTepomnonumepsl, IpoAyLypyeMble MUKPOBOLOPOCISIMMU,
B OCHOBHOM COCTOSIT U3 KCUJIO3bI, TAJIAKTO3bI U TJIIOKO3bI, TaXKe
ecu Apyrue MoHocaxapuabl (MaHHO3a, PyKo3a, paMHO3a, pU-
603a, apabuHO3a, PpyKTO3a, rajakTypoHOBast KMCJIOTa U Op.)
MIPUCYTCTBYIOT B X CTPYKType [30]. TonbKo HE6ObIIOe KO-
YeCTBO 9K30I0AMCaXapuioB, IPOAYLMPYEMBIX MUKPOBOAOPO-
CIISIMU, YH,A0Ch 1eTaJIbHO ONUCATh (TIMKO3UIHbBIE CBSI3M), U HU
OIHO M3 MPOBEAEHHBIX MCCAeN0BaHMIi He IIPUBEJIO K Iosyde-
HMIO ONMICAaHHOM CTPYKTYPBI HA ITpakTuKe. OueBugHOE OTCYTCT-
BJi€e TTOBTOPSIIOUINXCSI 3B€HbEB, IPUCYTCTBME HEMHOTOUNCIIeH-
HBIX HEYIJIeBOIHBIX 3aMeCTUTeNIell, TaKMX Kak CyJbQaTHbIe,
MeTU/bHbIe, alleTUIbHble U MUPYBaTHbIE TPYIIIbI, SBJSIOTCS
MPUYMHAMMU [VIOXOT'0 3HAHMS MOJMCAXapULHBIX CTPYKTYP. Tem
He MeHee [IJIsI OTIepeXkarolero pasBUTHUS OMOTEXHOIOTUY He00-
XOAMMO VIMETb JOCTYI K TOAPO6GHO CTPYKTYypHOI MHDOopMa-
LMY C LeIbl0 YCTAaHOBJIEHMSI B3aMIMOCBSI3M MeXAY CTPYKTYpOIt
¥ 6MOIOTUUECKUMU U/ GU3UKO-XUMUUYECKVUMU CBOVICTBAMM
MOJMCaxapuioB.

OCHOBHBIMY OVOJIOTMYECKUMY aKTUBHOCTSIMU 9K30ITOJMCA-
XapuaoB, TPOAYLUPYEMbIX MUKPOBOLOPOC/ISIMY, OTIMCAHHBIMU
B JIUTEpAType, SIBJSIOTCS MPOTMBOBOCIAIUTENbHAS, UMMYHO-
MOJIY/IMPYIOLasi, IPOTUBOOITYX0JIeBasi, MPOTUBOBUPYCHAs, IIPO-
TUBOIIApa3uUTapHasi, AHTUMOKCUIAHTHAsSI, TUIOIIMKEeMUYeCcKast
U TUIIOXOJIeCTepUHeMMYecKasi. 3a UCKII0YeHVeM MpUMeHeHUs
B KOCMETMYECKOV MHIYCTPpUM, TOaucaxapuubl He BoOCTpebo-
BaHbBI B 0OJIACTSIX Tepamnuy, MATAHNUS YeI0BeKa, MPOU3BOACTBA
30,0POBOJ MUY ¥ KOPMOIIPOMU3BOLCTBA BBUAY UX BBICOKOI CTO-

MMOCTU U HefiocTaTka MHbopmaimm 06 ux cTpykTypax. OqHUM
M3 CIOCOO0B TIOBBIINIEHNUSI YKOHOMMUECKO! KOHKYPEHTOCIIO-
COOHOCTY MOKET CTaTh IOBBINIEHVE 3HaHMII O MeTONOJIOTMSIX
KyJbTUBUPOBAHUS MUKPOBOZOPOCIEl it MPOU3BOICTBA IK30-
TIO/IMCaXapyuioB, O CIIOCO0aX MX U3BIEUEHUS] U aHATUTUYUECKUX
rpotiefypax Jjisi OMMCAHNS X XapaKTePUCTUK.

4. BwiBOAabI

Takum 06pasoM, ObUT MCCAENOBAH MMPOLECC SKCTPAKIUU
MONMCAaXapyuioB € TIOMOLIBIO YAbTPa3ByKa, M3y4eH KOIMYECT-
BEHHBIIi BbIXOJ, TIOMCAXAPUIOB B 3aBUCUMOCTM OT MOIIHOCTU
Y TPOAOIKUTEILHOCTM 3IKCTpakuyyu. OrnpeneneHa aHTUOKCH-
JaHTHasE aKTMBHOCTb aHTMOKCUIAHTHOTO KOMILJIEKCca IMCUXPO-
bunpHBIX MMKpPOBOIOpOCTei M LmaHobakTepuii Skeletonema
pseudocostatum, Thalassiosira pseudonana, Fragilariopsis ker-
guelensis, Aphanizomenon gracile v Anabaena cylindrica. B pe-
3y/bTaTe TPOBEIEHHBIX MCCIeqOBaHMIi ObUTM OINpemeaeHbl
palMoHaIbHbIE YCIOBMS SKCTPAKIMM aHTUOKCUIAHTHOTO KOM-
TIJIeKCa U3 KYJIbTYPAIbHOM KUIKOCTU M CBSI3aHHBIX C KIeTKAMMU
CUXpo@UIbHBIX MMUKPOBOAOPOC/IE U InmaHo6GakTepuit Skel-
etonema pseudocostatum, Thalassiosira pseudonana, Fragilariop-
sis kerguelensis, Aphanizomenon gracile v Anabaena cylindrica.
MaxkcuMasbHble BBIXOIbI IHAOIMOIMCAXAPUIOB HAGIIOIAINCH
B XO/le 3KCIIepUMEeHTa Mo Xxummudeckor skcrpakuyy DI TA ¢ KOH-
LleHTpauueit 2% nnas nuaHobakrepuit Aphanizomenon gracile
u Anabaena cylindrica.

VCTaHOBJEHO, YTO [MJIS1 SKCTPAKIMM 3IK30IMOIUCAXAPUIOB
cuxpo@uIbHBIX MUKPOBOAOPOCIENt 1 1inaHob6akTepuit Skeleto-
nema pseudocostatum, Thalassiosira pseudonana, Fragilariopsis
kerguelensis, Aphanizomenon gracile u Anabaena cylindrica wc-
M10JIb3YETCSI STAHOJIbHAS SKCTPAKLMS C MOLY/IEM SKCTpakumm 1:2
¥ TeMIIepaTypoii skcTpakiuu 5 °C.

B pesynabTaTe MpOBeAEHHBIX MCCIETOBAHMI M3yUeHa CIIO-
COOGHOCTh TCUXPOGMIBHBIX MMUKPOBOMOPOCIEI ¥ I[MaHOOaK-
tepuii Skeletonema pseudocostatum, Thalassiosira pseudonana,
Fragilariopsis kerguelensis, Aphanizomenon gracile u Anabaena
cylindrica pogyuupoBath AK. BeISIBIeHO, UTO B COCTaB JaH-
HOTO KOMIUTIEKCA BXOAST TONMCAaxXapuIbl: SHOO- M SK3OTIONMN-
caxapubl. CIIOCOGHOCTb TICUXPOGUIBHBIX MUKPOBOLOPOCIEN
u umaHobakrepuii Skeletonema pseudocostatum, Thalassiosira
pseudonana, Fragilariopsis kerguelensis, Aphanizomenon gracile
u Anabaena cylindrica npogyuuposaTh AK mokazaHa HaIMUMeM
3HAUUTEbHOM aHTMOKCUIAHTHON aKTUBHOCTU TCUXPOPUIH-
HBIX MMKPOBOJOPOCIEl ¥ IMaHOOAKTepUii, OIpeneneHHO
mertomamyu ABTS, DPPH u FRAP. Hambosblieil aHTMOKCUIAHT-
HOJ aKTMBHOCTBIO 00/1aiaeT MCUXpoduibHass MUKPOBOIOPOCTh
Skeletonema pseudocostatum.
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VUHOIUBUIAYAJBHBIN KOMIIJIEKCHBIN ITOAXO/I
K UIEHTUOUKAIIUU MEJA C UCITOJIb30OBAHUEM
NUHCTPYMEHTAJIBHBIX METOJIOB AHAJIU3A

IManaciok A. JI., Kysbmuna E. W., CBupugos . A.*, I'anud M. 10.

Bcepoccuiicknit HayYHO-MCCIeA0BATEIbCKIUI MHCTUTYT MMBOBAPEHHO, 6€3aIKOT0JIbHO
¥ BUHOJeJIbUeCKOJi TpoMbILIIeHHOCTH, MocKkBa, Poccus

Open access

K/ITFOYEBBIE CJIOBA: AHHOTAULI A

Med, u30monHas macc- TTuenuHbIi Me[l — IeHHbIV HATypaJbHbI ITPOAYKT, KOTOPbIii 06/1a/IaeT MUTAaTeTbHBIMY BEIIECTBAMMU, I0JIE3HBIMU
cnekmpomempus, Co8peMeHHble CBOJCTBAMM ¥ IIMPOKO IIPUMEHSIETCS Cpeiy HaceleHusl. BBUIY CBO€ii BbICOKOM CTOMMOCTHM HATypalbHbIi Me[ ya-
Memodbl UCCe008aHUsl, MeCIO CTO CTAaHOBUTCSI 00BEKTOM (habcrduranyn. [IOIIMHHOCTD Mefia SIBJSIETCS] TapaHTHel ero KauecTsa 1 6esorac-
npoucxoxaoeHus, 60maHuueckoe HOCTH, a TAaK)Ke 06ecrieurBaeT 310POBYI0 PHIHOUHYIO0 KOHKYPEHIMIO. B CBSI3U ¢ 3TUM mpobiema uaeHTUGUKaIn

npoucxoxoenue, panscuukayus — Mena CTOMUT JOCTATOYHO OCTPO BO BCEX CTPAHAX C Pa3BUTHIM ITUEIOBOLCTBOM. B craThe mpuBeneH 0630p ore-
YEeCTBEHHBIX U 3apyOeKHBIX JIMTEPATYPHBIX VICTOYHMKOB, BKIIOYAsi HOPMAaTUBHbIE JTOKYMEHTBI, Peryaupyrolye
CTaTyC Mefla Kak IPOJYKTa C KOHTPOJIMPYEeMbIM MeCTOM NPOMCXOXAeHMs. Ha ocHOBe aHanM3a Hay4yHOI uTe-
paTyphlI BblieleHbl Hauboee 3HaUMMble paboThbl, HAITPaBIeHHbIE HAa TIOATBEPKAeHME MOJJIMHHOCTY Mena. OHU
ObUIM MTPOBeeHbI yUeHbIMM U3 pasHbIX cTpaH: EBponeiickoro Coio3a, Kutast, Bpasuanu, CIIA, Mekcuku, uann
u apyrux. MccaemoBaHus mokasajiu, uTo Haubosee s(pGbeKTUBHBIMMY MeTomaMu Jis oOHapykeHus danbcudmn-
KaluM Mefia ITyTeM BHECeHMs] H9K30TeHHBIX CaXapoB M MUCIIONb30BaHMSI CUPOIIOB JISI IIOJKOPMKM ITYeT SIBJISIIOTCS
xpomarorpaduueckye MeTOLbl ¥ METOZbI M30TOIHOI Macc-crieKTpomMeTpun. OrnpeneneHne NOAJMHHOCTY Mefa
1o 60TaHNYeCKOMY U reorpaduyeckomMy MPOUCXOKIEHNUIO, KaK ITPaBUIIO, TPOBOAUTCS TI0 IPUHIUITY METOAA «OT-
1eYaTKOB IanblieB». [Ipoliecc ocyuiecTBsIeTcs IyTeM c60pa 3HaUeHMI! psiia IoKasaTeseil u MX 06paboTKY C UC-
MOTb30BAHMEM MHCTPYMEHTAIbHBIX METOLOB aHanu3a. [1jist hopmupoBanms 6a3bl JaHHBIX, TOMUMO YKa3aHHBIX
BbIIIE METOJ OB, IMPOKOEe PacIpoCTpaHeHKe nomryunan metonsl SIMP-cnexkTpockonny, IK-cnekrpockonuu, [TIIP,
VCII-MC u HekoTtopsle gpyrue. [Ipy onpeneneHny MOAJMHHOCTY MeAa Mo GOTaHMYeCKOMY U reorpadmyecko-
My IPOMUCXOXKAEHMIO TAaK)Ke HeOOXOIMMO YUMUTHIBATD Crelyduyueckye 0CO6eHHOCTY MECTHBIX MeJJOHOCOB, BUIA
IT9eJT, TOYBBI M KIMMaTHUYeCKUX yCIoBuit. TakuM 06pa3oM, MHAVBYUIYaIbHbI/ KOMIUIEKCHBIN MOAXOL, K MIeHTU-
¢bukaumMM Mea C UCIOMb30BAHMEM MHCTPYMEHTAIbHBIX METOIOB aHAIM3A M CTATUCTUYECKOI 06pabOTKM pe3yiib-
TaTOB, TI03BOJISIONIE} BBISIBUTD B3aMMOCBSI3M MEK/Y MOTyYeHHbIMM 3HAUEHMSIMU M OL@HUTD BKJIAZ, KaskKI0To 13
HMX B MaTeMaTH4eCcKyl0 MO/ie/b, CTAaHeT MOIIIHbIM MHCTPYMEHTOM JIJIs1 OTIpefiesieHNs ero IOAJIMHHOCTY, a TakKe
IJIS BBISIBJIEHMSI er0 GOTaHMUYEeCKOTo U reorpaguyeckoro IpouCXOKIeHMS.

OUVHAHCHPOBAHUE: CraTbsl MOATOTOBJIEHA B paMKax BBITIOTHEHMSI MCCAeLOBaHMIA IO rocyaapcTBeHHOMY 3amaHmio N2 FGUS-2022-0004 dene-
paJIbHOTO HayYHOTO I[eHTpa MUIIeBbIX cucteM M. B. M. Top6aToBa Poccuiickoit akafieMun Hayk.
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INDIVIDUAL INTEGRATED APPROACH
TO HONEY IDENTIFICATION BY MEANS
OF THE INSTRUMENTAL METHODS OF ANALYSIS

Alexander L. Panasyuk, Elena I. Kuzmina, Dmitriy A. Sviridov,* Mikhail Yu. Ganin,

All-Russian Scientific Research Institute of Brewing, Beverage and Wine Industry, Moscow, Russia

Open access

KEY WORDS: ABSTRACT

honey, isotope mass spectrometry,  Bee honey is a valuable highly nutritive natural product; it is widely consumed among the population. Due to
modern research methods, its high cost the natural honey often becomes the object of adulteration. The authenticity of honey is the most
designation of origin, botanical important criterion of quality, as on the one hand it ensures the biosecurity of honey, and provides the healthy
origin, falsification market competition on the other hand. In this regard, the issue of honey identification is quite acute in all coun-

tries with developed beekeeping culture. The authors provide an overview of domestic and foreign regulatory
documents regarding the authenticity of honey, as well as its status as a product with a controlled designation
of origin. Based on the analysis of scientific literature, the most significant studies aimed to a method of honey
authenticity confirmation were selected and brought out. These studies were carried out in the countries of the
European Union, China, Brazil, the USA, Mexico and other countries. These studies showed that chromatographic
methods and the method of isotope mass spectrometry are the most effective for detection of added sugars in
honey, as well as for revealing the fact of feeding bees with various syrups. The authenticity of the botanical and
geographical point of honey origin is usually determined by the principle of “fingerprints”. The principle involves

IIJIS1 HUTUPOBAHMNS: Manaciok A. JI., Kyspmuna E. 1., CBupuzos [I. A., FOR CITATION: Panasyuk, A. L., Sviridov, D. A., Ganin, M. Yu., (2023). In-
Tauuu M. 10., (2023). UHOMBUAYaTbHbI KOMIUIEKCHBIN MTOIXO0[, K MAEeHTU(MKA- dividual integrated approach to honey identification using instrumental meth-
LMY MeJia C UCITONMb30BaHMEeM MHCTPYMEHTAIbHBIX METO/IOB aHA/IN3a U CTATUCTU- ods of analysis and statistical processing of results. Food Systems, 6(2), 211-223.
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collecting the values of an array of indicators and processing them by means of statistical analysis methods. To
form a database, in addition to the above methods, methods of NMR spectroscopy, IR spectroscopy, PCR, ICP-MS
and some others have become widely used. When determining the authenticity of the botanical and geographical
origin of honeyj, it is also necessary to consider the specific features of local melliferous plants, bee species, soil
composition and climatic conditions. Thus, an individual yet integrated approach to the identification of honey
by means of the instrumental methods of analysis and statistical processing of results will become a powerful and
reliable tool in determining its authenticity, including its botanical and geographical origin.

FUNDING: The article was published as part of the research topic N2 FGUS-2022-0004 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBegenmue

Poccust siBnsieTcst CTpaHOM TPaAUIIMOHHOTO IMUYETOBOACTBA
¥ BXOAUT B MSTEPKY CTPaH, B KOTOPBIX pa3BUTa 3Ta OTPaciib, He-
CMOTpSI Ha HaMuMuye HeGIaronpUSTHBIX YCIOBUI /IS BeJeHNUs
CeIbCKOT0 X03511CTBa Ha TeppuTopusix PO. [Tuensl — HeoOTbEMIIE-
Masi 4acTh arpo6MOI[€HO30B, a ITUeJI0BOJCTBO — BaykHAasI OTPaC/ib
arpoIrpoMBbIIIZIEHHOTO KOMILIekca. Mes, MaTOYHOe MOJIOYKO,
MbLIbIIA, TIepra, IPOIIONC, ITYEIMHBIN S M BOCK — II€HHbIE
MIPOAYKTHI, TIONyYaeMbie B pesyabTaTe MepepaboTKy MmueaMu
HeKTapa pacTeHMUi1, a Takke BbIIeNeHII HaCEKOMBIX, SKUBYITUX
Ha pacTeHMSIX ¥ IMUTAIOLIMXCS UX COKOM. B Poccun, Kpome Menma
¥ BOCKA, 32 C€30H MOSKHO TOTY4YaTh OT OJHON MUeJNMHO CeMbU
3-5 kr mepru, 50 r nmpomnosnnca, 300-500 r MATOYHOIO MOJIOUKA,
4-6 r muenuHOro s7a. [TuenuHbIi MeJ, — LIeHHbIV HaTypalbHbIA
TIPOAYKT, 0GJIaAIOIINii MUTATETbHBIMYU U JIEUeOGHBIMYU CBOVICT-
Bamu. OH 3aHMMaeT GOMBIIYIO YaCTh aCCOPTUMEHTA MPOIYKTOB
MTYeIOBOACTBA Ha ITPOAOBOJILCTBEHHOM pPBbIHKE ¥ II0/Ib3YeTCs
LIMPOKMM CIPOCOM cpeny HaceneHus [1-4]. ExxerogHo B Mupe
pou3BoOAUTCS 1,2 MJIH TOHH MeZa, OOHAKO Jake 3TOro Koimye-
CTBa HEIOCTATOYHO, UTOOBI YAOBAETBOPUTD CIIPOC Ha PbIHKE [5].

Heo6x0q1M0 OTMETUTD, UTO MeJI, IpeHa3HAUEH He TOITbKO
[T TIOTpe6IeHNsI B CBEXXEM BUJIE: OH TaKKe SIBJISIeTCSI ChIPh-
eM [IJIS TTOJTYYeHUST Pa3INyHbIX BUAOB 6€3aJIKOTOIbHBIX U ajl-
KOTOJIbHBIX HAIUMTKOB, BK/IOYAs COMTHY, MEIOBYXM, MeIOBbIe
HanmuTKU. COOTBETCTBEHHO, B CJIy4ae MCIIOJIb30BAHUSI U3TO-
TOBUTEJIEM TIO[IIEJIbHOTO MeJla B MX IPOU3BOACTBE MOTpebu-
Teab monaydaeT GanbcuPUIMPOBAHHBI KOHEUHBIN MPOIYKT.
TakuM o6pa3oMm, IIPOBeJleHMEe UCCIeA0BaHMIA, HallpaBJIeHHbIX
Ha BBISIBJIEHME KPUTEPUATbHBIX IMapaMeTPOB, MO3BOJISIONINX
MOATBEPAUTb MOAJMHHOCTb MeJla M MPOJYKTOB Ha er0 OCHOBeE,
SIBJIIETCST 0COO0 BaskHBIM B paMKaxX OOecIieueHust HaceleHUs
MMPOAYKTAMM MTUTAHMS HAJIJIeXKallero KauecTsa, a Takxke 3alu-
Thl MHTEPECOB A06POCOBECTHBIX MTPOMU3BOIUTENEN TTPOTYKLIUN
ITYEeIOBOMICTBA.

Lleas maHHOTO 0630pa 3aK/aouajgach B 000OLIEHUM U CUC-
TeMaTU3alyUy Pe3yIbTaTOB OMyOJIMKOBAHHBIX HAYUYHBIX MCCITe-
JIOBaHUIA, HATIPABJIEHHBIX HA M3yuyeHUe (PU3UKO-XMMUIECKOTO
cocTaBa Mefia, i ClI0cO60B ero uaeHTU(MKaIMK, BKIOYast ycTa-
HOBJIEHME MOIJMHHOCTM OOTAaHMYECKOro u reorpaduyueckoro
TIPOUCXOKAEHMSI.

2. Marepuaabl ¥ METOIbI

MatTepuanamu jis MCCAeIOBaHMS TOCTYKUIM HaydHbIe
M aHAJIMTUYECKMEe TaHHble, HOPMATUBHAs JOKYMEHTALVSI, OITy-
GJIMKOBAHHbIE B OTEUECTBEHHBIX M 3aPYOEKHBIX MCTOUHMKAX.
OCHOBHBIM MCTOUYHMKOM MHGOPMAINN, SIBJISUINCh CJIeAYIOIIe
HaykoMeTpuueckue cucreMbl: Web of Science, Scopus, PubMed,
Google Scholar, PUHLI. TTouck 6bIT MPOBEAEH IO KIIOUEBBIM
CJIOBAM Ha PYCCKOM U aHIIMICKOM si3bIKax. [Ipy hopMupoBaHum
CrcKa MyoaMKaluii 1jist 0630pa O6bUIM MCKITIOUEHb! YUEOHVKM,
yueOHbIe IT0COOMsI, Te3MChI TOK/IAaL0B M MaTepuaioB KOH(epeH-
1uit. PellleHne o BKIIOYEHUNM MaTepuajgoB B 0630p MpUHMMA-
JIOCh C YUETOM CJIEAYIOIIMX KPUTEPMEB: HaydHasl 3HAUMMOCTh
pe3yabTaTOB MCCIeOBaHMIA, TOM, y6IMKAINM, KATETOPHs U T10-
KasaTesib UTUPYEMOCTH KypHaIa.
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3. OcHOBHAaS 4aCTh
3.1. @usuko-xumuueckuii cocmas meoa

XYMMUYECKMi COCTaB Mela HEeITOCTOSIHEH M 3aBUCUT OT BUIA
MeIOHOCHBIX PAaCTeHMI, OT PerMoHa MX MPOM3pacTaHysI, BpeMe-
Hu c6opa, 3pesIoCcTy Meja, IIOPOIbI ITUeJI, TOrOAHbIX U KIMMaTU-
YeCcKuX YCJIOBUIA 1 OT Apyrux (hakTopoB. OmMHAKO HEKOTOPbIE OCO-
GEeHHOCTY COCTaBa MeJia SIBJISIFOTCSI XapaKTePHbIMU U TUITAYHBIMMA.
CocraB Me/ia BeCcbMa CJIOKHbIN, B HEM COIEPKUTCS TIOPSIIKA TPeX-
COT Pa3IMYHBIX KOMITOHEHTOB, OKOJIO CTa M3 KOTOPBIX SIBJISIIOTCSI
TTOCTOSTHHBIMM ¥ MMEIOTCST B KaKIOM HaTypaabHOM o6pasiie.

OcCHOBHbIEe KOMITOHEHTBI MeJla — YIJIeBO/IbI, COCTABJISIOIIIE
95-99% cyxoro BelecTBa. HaubosbIiiee KOJIMUYECTBO YIIEBOAOB
MpeACTaBAeH0 MOHOCAXapugaMyu — TJIIOKO30 U (PYyKTO30i1,
MMPOILIEHTHOE COOTHOIIEeHMEe KOTOPBIX, 10 Pa3HbIM OII€HKaM, CO-
CTaBJISIeT COOTBETCTBEHHO 18-32% 1 37-42% [1]. B HeKOTOpBIX
CTyJastx copepskaHue IIIOKO3bl UM (DPYKTO3bI MOXKET COCTaB-
JIATh B co3peBiieM Mefe 10 90% oT cymMbl Bcex caxapos. 1oy
KaXkIOTO BMa caxapa 3aBUCUT OT aKTMBHOCTU (pepMEHTOB, OT
cocTaBa U IPOUCXOKIEHMST ChIPbsI, U3 KOTOPOTO IPOVI3BOIUT-
cs Me[l, a Takke OT 3peyiocTu Mena. MajibTo3a CUHTEe3UPyeTCs
B IIPOIIECCce CO3PeBaHMS MeJa, M ee KOJIMYECTBO MOKET JOCTH-
ratb 6-9%. Caxapo3sa rmaponn3syeTcs moj, aeiicteuem depmMeH-
TOB, 4 TIOCJIe CO3pEBaHMs Mefia ee cofiepskaHue Konebiaercs ot 0
o 1-1,5%, B mageBom — 110 3%. B Heco3peBLIMX MeJax YPOBEHb
caxapo3bl MOXKeT JocTurath 13—15%. Takke BbICOKOE comepska-
HMEe caxapo3bl YCTAHOBJEHO /ST Meda MpU OOMJIbHBIX cHOpax
HEKTapa C HEKOTOPBIX BMIOB MEJOHOCOB, B YACTHOCTU C JIUITBI
MeJIKOJIICTHOM, B HeKTape KOTOpOJi mpeobajaeT JaHHbIA ca-
xap. XpaHUBUIUICST Mel, OObIYHO COAEPKUT MEHbIIIE Caxapo3bl,
yeM CBeKeOTKaueHHbI [6].

B mMeze ycTaHOBIEHO Ha/IMUMeE PSIia PA3IMUHbBIX EPMEHTOB:
MHBEpPTAasbl, AMacTasbl, KaTanaassl, GocdaTassl (KUCION U Ie-
JIOYHOJ1), TITIOKOOKCHAA3bI, MOMM(EHONIOKCHIA3bI, TePoOKCHIa-
3blI, 3CTEPAa3bl, IPYIIIbI TPOTEOTUTUUECKUX SH3VIMOB U HEKOTO-
pBIX Ipyrux. @epMeHTHI COfePsKaTCsl B COCTaBe MeZa B MaJlbIX
KOJIMYeCTBaX, OHAKO OHY aKTUBHO JE/CTBYIOT Ha OEJIKY, KUPbI
¥ TIPOMEXKYTOUHbIE BEIecTBa, 00pasyemMble MPU UX pasjioxke-
HUM B KJIETKax >KMBOTO opranusMa. Komriekc ¢pepMeHTOB CO-
37AaeT YCJIOBMSI, TIPM KOTOPBIX BCE BEIIECTBA Meda MOTYT ObIThb
paciieruieHbl ¥ MCII0Ib30BaHbI [IJIT MTUTAaHMST TUest. Bce cocras-
HbI€ YacTy MeJa TMOJTHOCThI0 YCBAaMBAKOTCS 3MMYIOIIEN ITYenoi
6e3 KaKoro-ambo yJacTusi ee CO6CTBEHHBIX MUIEeBaPUTEIbHbIX
dbepmenToB. TIo 3TOi TpUYMHE Me[ SIBJISIETCS IUETUYECKUM
U JIeueOHBIM MTPOAYKTOM.

B HaTypasbHOM Me[ie COMEPKUTCSI OKOJIO 1% a30TUCTBIX Be-
wectB. OHM MONAJaT B MeJ, M3 PaCTeHUIi BMeCTe C HEKTapoM,
MBUILIION, a TaKKe M3 OpraHuM3Ma ITuesl. belkoBble coemMHeHMsI
HaxOMSTCS B MeJle B KOJUIOMJTHOM COCTOSIHUM, OHM TIpeJiCTaBje-
HbI B BuJie (hepMeHTOB ¥ TOPMOHOB. Takke B Mezie ITPUCYTCTBYIOT
TaKye CBOOOMHbIE aMIHOKMCIOTBI, KaK TPEOHMH, TPOINH, (heHMn-
JlaJlaHVH, METUOHMH, ITIOTAMMHOBASI KMUCJIOTA, JIM3MH U OpyTHe.
OTH coemMHEHMSI COIEePsKATCsI B COCTaBe MeIa B MaJIbIX KOJIMUe-
CTBax, B CBSI3U C UeM HE MOTYT 00eCIIeYUTh BBHICOKYIO MUIIEBYIO
LIeHHOCTh ITpoayKTa. OMHAKO OHM BBICTYTIAIOT B KAYECTBE BAXKHbIX
6MOIOTMYECKMX KaTaIM3aTOPOB GMOXMMUUYECKUX TTPOLIECCOB.
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CocTaB MMKPO3JIEMEHTOB MeJa 3aBUCUT OT ero GoTaHuyve-
CKOTO MPOUCXOKAEHUS U MOYBEHHbBIX YCIO0BUI TPOM3pacTaHUs
MeZIJ0HOCOB [7]. bOoMpIIMHCTBO aBTOPOB IIPUAEPKMUBAIOTCS MHe-
HMSI O TOM, UTO TeMHbBIIi MeJi COIEPKUT GOoJbIliee KOTMUECTBO
MMHEPaJbHBIX BEIIECTB, YeM CBET/Iblii. B momudiopHoMm mene
COCTaB JIeMEHTOB pa3Hoo6GpasHee, ueM B MOHOGMIOPHOM. 30/Tb-
Hble 27IeMeHThI BXOJST B COCTaB MHOTMX (DepMEHTOB ¥ MIO3TOMY
UTPAIOT BaSKHYIO POJIb B OMOXMMMUYECKUX MPOIIeccax, MPoucxo-
ISIIIMX B paCTeHMsIX, HeKTape, meze [8].

B cocraBe Mema o6Hapy>keHbI BUuTaMuHbl B1, B2, B3, B5, B6,
B9, C, K, 610TMH, KAPOTUH U HEKOTOpbIe Apyrue. MeJ, conepskuT
oxomo 0,3% opraHMyeckux KUCIOT (I6;109HAs, MypaBbUHAs, YK-
CyCHasl, MOJIOYHasl, SIHTapHasl, JIMMOHHAasl, JIIOKOHOBAasI U .P.)
u okono 0,03% Heopranmueckux Kot (pochopHas u comsi-
Hasl), HaXOISLIMXCSI B CBOOOTHOM U CBSI3aHHOM COCTOSIHUM [9].

JleTyune coeHEeHMSI Me[la OTHOCSITCS K 7 OCHOBHBIM I'DYII-
Tam: ajabJeruabl, KeTOHbI, KapOOHOBBIE KUCIOTBI, CIIMPTHI,
C10XHBIE 3(UPBI, YIIIEeBOLOPOAbl U IMUKINYECKUEe COeluHe-
Hus. Pam eTyuux coeouHeHUit B Mefie, KOTOpbie 06yc/IaBIIn-
BAIOT ero XxapakTepHble CEHCOPHbIe CBOJICTBA, CUHTE3UPYIOTCS
B IIpolLiecce ero NpUroToBaeHUs (HallpuMep, HOPU3O0IIPEeHOU-
Ibl). HeKoTOpbIe ayibAeru bl U CIIUPTHI MOTYT OBITH CJIEICTBMEM
MUKPOGMOIOTMYECKOii aKTUBHOCTY, BO3/Ie/CTBIUS TeIIa 1 CTa-
peHus mepna. [lnsg Mena M3 omlpefeleHHbIX BUIIOB MeJOHOCA
MO>KHO BbIOEJINUTDb TUIIMYHBIE JIETYyUMe KOMIIOHEHTBI, TaK1e CO-
eIMHeHNSI MOTYT BBICTYIIaTh B KaueCTBe MapKepOB COOTBETCT-
BYIOILIETO BUAa Mena. HekoTtopbsle neTydye coefMHEeHUS] MOTYT
6BITh MCIIOIB30BaHbI B KauecTBe MapKepoB Ipu kiaccuduka-
Uy 06pasiioB MeJa B 3aBUCUMOCTHU OT ero reorpadguyeckoro
npoucxoxaenus [10].

@eHOMbHBIMI KOMIUZIEKC MeAa MpeAcTaB/leH B OCHOBHOM
dbnaBoHomgamu 1 GeHONbHBIMM KUCTOTAMU U BKIIOYAET B cebs
BAaHWIbHYIO KUCIOTY, KOQEHHYI0 KUCTOTY, CMPUHTMHOBYIO KUC-
JIOTY, TI-KyMapoBYI0 KUCIOTY, GEPYIOBYI0 KUCIOTY, KBePIIETHH,
Kemribepos, MUPULIETUH, TMHOOAHKCYH, TTMHOIIEMOPUH, XPU-
3JH, 9JIJIaTOBYIO KUCJIOTY, TaJIaHTMH, Fa/VIOBYI0 KUCIOTY, Teclie-
peTuH, 6eH30/HYI0 KUUIOTY U ApyTue coenyHeHus [1]. @eHonb-
HbIe BeIeCTBa, CoAepsKaIluecs B Mesie, 00eCIIeunBaloT MPOIYKTY
AHTMOKCUIAHTHOE, aHTMMUKPOOHOE, TPOTMBOBOCIAIUTENIbHOE,
aHTHATepOTeHHOe, aHTUTPOMOOTIUECKOe, UMMYHOMOIYIUPYIO-
1iee 1 06e360/MBalolIee NeiicTBIe.

Takke cpeoy OMONOTMYECKM AKTUBHBIX BEIIECTB, COmEp-
SKAIIMXCST B Mefie, MMPUCYTCTBYIOT (GUTOHUMIbI — COAVHEHUS,
BbIpabaTbIBaeMble PacTEHMSIMU U 06JIaaloliye CBOCTBOM ITO-
JIaBJISITh POCT M pa3BUTMeE MUKDPOOPraHM3MoB. VccienoBaHus
BbISIBUJIM Ha/Iuue HpOTI/IBOMI/IKpO6HO]7[ AKTMBHOCTU Mea IIpOo-
B 60 IITaMMOB GaKTepuii, BKJII0Uast adpo6HbIe ¥ aHaAPOOHbIE.
B men puTOHIMIBI TOTAAAIOT C HEKTAPOM U ITBIIBIION MeOHO-
coB. XMMUUECKHUIi cocTaB GUTOHIUAOB, UX CBOICTBA U OaKTe-
PUIIMIHOE NEeliCTBME 3aBUCSIT OT 60TAaHNUECKOTO COCTaBa MeJo-
HOcoB. HanbobIeii 6aKTepuIMIHOCTBIO M3 IIBETOUHBIX MEOB
o6ajaeT KallTaHOBbI Me[l, HAMEeHbIIIeil — JUITOBBIA U Bepe-
CKOBBIIA. [TouTK He OKa3bIBaeT 6aKTEePULMIHOTO NeiCTBUSI Mef,
13 ofyBaHUMKa U Gesoro kiaesepa [11].

ABTOpBI BBIIENSIOT CJIeAyIolye TMoNe3Hble CBOJCTBA HATy-
paJIbHOTO MeJa:

OKasbIBaeT oblieyKpeIvisiollee NeiiCTBMe, CHIUKAST UYyBCTBO
YCTaJIOCTH, MOBBIIIAST YCTOMUMBOCTD K OOIE3HSIM;
YKpeIUISieT MBIIIEYHYIO I HEPBHYIO CUCTEMY;

CITOCOGCTBYET MOBBINIEHNIO YPOBHS FeMOTJIO0MHA;
yaydiiaeT (GepMeHTaTUBHYIO HeSTeNbHOCTh, CEKPETOPHYIO
¥ MOTOPHYIO QYHKIIMU KeTYIOUHO-KUILIeYHOT0 TPAKTa;
o6aaeT pereHepaTMBHBIMY CBOICTBAMMU;

OKa3bIBaeT OOJIEYTONSIONIee eiicTBMe (YMEeHbIIaeT BO36y-
IVIMOCTh pPelLleNITOPHOrO arnrmapara nepudepuieckoit HepB-
HOJI cucTeMbl U Koxu) [12].
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213

OTMeueHO MpUMeHeHNe MeJla B TAaKMX 0OIACTSIX MEIULIMHBI,
KaK XMUpyprusi (MCIoib30BaHMe JJIs1 JTeueHUsl CTOMKO He3aXu-
BaIOUIVX PaH) M OUETOJOrMS; TakoKe MeJl MOXKeT ObITh MOKa3aH
IIpY peabyuiMTanyy ManueHTa B I0CIeonepaliOHHbIN Tepyoz,
B KauecTBe IIPOLyKTa NUTaHus. MeJ He peKOMeHIyeTcsl yIioTpe-
6JISITh JIIOLSIM C a/UIeprUuecKMMM JepMaTUTaMy U IUILeBbIMU
peskuMaMy ¢ orpaHMYeHreM MoTpebieHNus YITIeBO0B, a TakkKe
IIpY UHIMBUAYAIbHON HEeIIepeHOCHMMOCTM ¥ B HEKOTODPBIX Jpy-
rUx orydasix [13].

3.2. Knaccuguxayus meoa

B mpoijecce Mpou3BOACTBa Mela MOTYT YYaCTBOBATh CaMble
pasHoo6pa3Hble BUABI pacTeHuit. HaTypalbHbIil MTUeTMHbIN MeJ
10 60TAHUYECKOMY ITPOUCXOKAEHUIO IOAPA3/IeJISTIOT Ha IIBETOY-
HbI, MaZeBblil 1 CMeILIaHHbIN (eCTeCTBEHHAS CMeCh LIBETOYHOT'O
U TIafeBOro Mena).

[MageBplli Men MOMYy4YalOT U3 BbIENEeHUII BereTaTUBHBIX
yacTeil pacTeHMit MAM IKCKPEMEHTOB HACeKOMbIX, COCYIIUX
pacTeHus.

LIBeTOuHBI/i Meq 0OpasyeTcs B pe3yibraTe cbopa U mepe-
paboTKM MYesaMy HekTapa LBeToB. OH MOXeT ObITb MOHO-
(bopHBIM, TO €CThb COCTOSIIIMM M3 HeKTapa OJHOTO (WIn
MPEMMYILIECTBEHHO OHOTO) PacTeHMsI, U MOMUQIOpHbIM (cO0p-
HbBIM) — IIOJTy4YE€HHBIM /3 HeKTapa HeCKOIbKUX PaCTeHMIA.

K3-3a TOTO, UTO MeIOHOCHbBIE ITYeJIbI COOMPAIOT HEKTAP MU
MEeIBSIHYI0O POCY M3 HECKOJbKUX OGOTaHMYECKUX VCTOUYHMKOB
B 30HE KOPMJIEHMUS Y/bsl, aOCOMIOTHO UMCTBIA OJHOI[BETHBI
MeJl BCTpevaeTcsl 04eHb penko. O6bIYHO Me[ Kiaccubuuympy-
eTcsl Kak MOHOGIIOPHBIN, KOTIa Mo KpaiiHeit mepe 45% Mblib-
LIeBBIX 3epeH MpUHAIJIekaT OGHOMY BUAY pacTeHuit. OmHaKo
€CTh HEKOTOpPbIe MCKJIIUEHMS, a MMEHHO: Mefbl, B KOTOPbIX
HeJIOCTaTOYHO MbUIbIEBBIX 3€peH (HAaIllpuMep, JaBaHIOBbI —
IS TIPU3HAHUSI €r0 MOHOQUIOPHBIM MeAoM TpebyeTcsl TOJb-
Ko 15% TbIIBIEBBIX 3€pEH); MeIbl, B KOTOPBIX UPe3MepPHO
TpeCcTaBIeHbl MMbUIbIIEBbIE 3epHAa (TaKyue, KaK 3BKaJIUIITOBbIE
M KalllTAaHOBbIE, KOTOpPbIE MOTYT JAEMOHCTPUPOBATh COAEepKa-
HMe NbUTbITBI 0T 70% 1o 90%) [14]. TlonudaopHbIit Mes COCTOUT
M3 TbUIbILIEBBIX 3€PEH HECKOIbKMUX BUAOB PACTEHMIA, HU OJUH
13 KOTOPBIX He CcuMTaeTcs Mpeobnagamomum. V3-3a ocoboro
BKyca ¥ apoMaTa MOHOQUIOPHBI Me[, IBJsieTcsl 6oiee BOCTpe-
GOBAaHHBIM B PBIHOUHBIX YCJIOBUSX. [IOTPEOUTENN MPOSBIISIOT
TIOBBIIIEHHBI MHTEpPeC K TaKMM MeJaM, Kak JUIIOBBIN, Ipe-
YMIITHBIN, 6e/10aKalMeBbIi, JOHHMKOBDI, ITOLCOTHEYHMKOBBIN
u ap. ITo 9TOV NMpuYKMHe 1leHa Ha HAaTypaJbHbIN MeJl B 3HAUM-
TEJIbHOW CTEeIreHu 3aBUCUT OT ero 60TaHUYECKOrO MCTOUYHM-
Ka. B cpegHem morpe6uTeb OleHMBAaeT MOHOMIOPHBIN Me
B 1,5-2 pasa moposke, ueM IOIMUQIOPHBIIL.

3.3. HoenmueukayuoHHsle nokazamesu nodJUHHOCIU Medd

HartypanbHblii Men yacto momsepraetcs dambcuburamym
BBU/IY €T0 BBICOKOJ CTOMMOCTH U BBICOKOTO CITPOCa Ha 3TOT IPO-
IYKT CPe BCeX CJIOEB HaceleHMs. B CBS3M ¢ 3TUM IOCTATOYHO
OCTPO CTOMUT BOIMPOC O CIOco6ax ero umeHtubukanuu. Ioa-
JIMHHOCTb MeJa, C OJTHOM CTOPOHBI, SIBJISIETCS ITOKA3aTelIeM €ro
6e30IacHOCTY 1 KauecTBa, a C APYroii — BHICTYIAeT KpUTEPUEM
obecrieueHust 30POBOI PhIHOUHOI KOHKYPEHIUU.

Ha ceropHsIIHMI [€HDb BBIOENSIOT CIEAYIOIINE OCHOBHbBIE
BUAbI pambcuduKany HaTypaJbHOTO Mea:
0 BHeceHMe Pa3IMYHBIX CAXapoCOAepPsKANIMX BEIeCTB, B TOM
YMCIe caXapHOTO CUPOTa, TMaTOKM, KpaxMaja HermoCpeacT-
BEHHO B MPOIYKT;
OTKavKa He3peyioro MeJa 13 COT A0 MX 3areyaThiBaHMs ITue-
JI07i. Y He3pesioro Meza He 3aKOHYEHbI Mpolecchl epMeH-
TaluK, MeIOBbI BKYC 1 apoMarT ellie He YCIean «BbI3PeTh».
Takoii MPOAYKT TII0X0 XPaHUTCSI, 4YaCTO OGPOIUT, paccianBa-
€TCs UM TI€HUTCH,;
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[ mopkopMKa Mmyesn caxapocofepskaiiymu BemlecTBamu. «Ca-
XapHbIt MeJ» He 06/1aaeT JOIKHBIMM OPTaHOMEIITUUECKI-
MU ¥ (QYHKIIMOHAIbHBIMM CBOVICTBAMM, MPUCYIMMM HATY-
pajbHOMY Mefy;

U HarpeBanue mena. Crpoc IOKymaTensi Ha >XUAKUNA Mef,
BBbIIIIe, YeM Ha KPUCTa/UIM30BaHHBINM. [Ipy HarpeBaHUmM Kpu-
CTa/IZTM30BAHHbIN MeJ, CTAHOBUTCS XUIKUM, TePsisl IPU 3TOM
MHOTMe T10jJie3Hble CBOJICTBA;

0 HeBepHOe yKa3aHye G0TaHMUYECKOTO WM reorpadmuyeckoro
MIPOUCXOKIEHMS Mefa.

CpaBHUTeNbHBIN COCTaB HATYypPaJIbHOIO IIBETOYHOTO U Ta-

IIeBOTO Mefla, a TakKe Meja, IMOJTy4YeHHOTO B pe3y/bTaTe IO -

KOPMKM ITUejI caxapHbIM CHPOIIOM, IipefcTaBieH B Tabiuie 1.

Ta6nuia 1. CpaBHUTENIbHBIN COCTaB HATYPATIBLHOTO
u dpanscudunypoBaHHoro mena [15]
Table 1. Comparative composition of the natural and adulterated honey [15]

IIBetounbnii IlapeBniii CaxapHbIit

ITokasaTenn men men men

Bonga, % 14,8-23,6 14,0-22,0  14,0-21,0
®pykTo3a, % 38,0-42,9 33,2-78,0  55,4-74,6
I'moko3a, % 28,7-39,0 29,5-34,9 —
Caxaposa, % 0,0-4,7 0,0-15,0 1,3-20,1
Penyuupyiouiye nucaxapuibl, % 2,2-6,8 1,0-16,0 —
Bricmine caxapa, % 0,1-7,9 0,3-19,0 —
Benku, % 0,04-0,9 0,08-0,2 -
QS&ZVC[;;I;I’G %{E6€HKOB]:I€ 0,2-0,4 0,4-0,6 .
MuHepasnbHble BellecTsa,% 0,03-0,2 0,2-1,5 0,04-0,22
O611ast KMCIOTHOCTb, MI-3KB./KT' 7,8-49,6 8,0-80,0 7,2-21,2
IuacraszHoe uucio, en. [ore 1,0-50,0 6,7-48,0 2,0-14,3

Bo MHOrMX paboTax aBTOPbI OTMEYAIOT HECOOTBETCTBME 3HA-
yeHMit psaga GU3NKO-XUMUUYECKUX ITOKa3aTeseit Ijsi HaTypaib-
Horo meza u ajyis danbcudurata. Ha cerogusurHmit geHb, co-
I71acHO MexXrocygapcrBeHHomy crangapty 'OCT 19792-20171,
B Meie KOHTPOIUPYIOTCS CJIeAyIOoNIMe TToKa3aTen:
OpraHojIenTUYecKye XapaKTepuCTUKHA;

MaccoBasi 0JIST BOZbI;

JMacTa3Hoe YKCio;

9JIEKTPOTIPOBOTHOCTb;

MaccoBast A0S peaylyUpPYIONIX CaXapoB;

06111asT MaccoBast OIS [TIOKO3bI U (PPYKTO3bI;

maccoBast 1ojst TM® (rupporcumetundypdypanis);
MaccoBast A0S MPOIMHA.

CaMblit TTPOCTOJE CITOCO6 OLIEHKM KauyecTBa Mefa — Op2aHo-
Jlenmuueckuti, HO, K COXKaJIeHUIO, OH HEJOCTATOUHO Ha/IEXEH, TaK
Kak 6a3upyeTcs Ha OI[eHKe KauecTBa Me/ia C TIOMOII[bI0 OPTaHOB
YyBCTB. IMEHHO OpraHOJEeNTUYECKMM METOAOM OTpPEeIessioT
BHEIHMIT BUJI, TPM3HAKM 6POKEeHMsI, apOMaT, BKyC Me/ia, YMCTO-
TY U XapakTep KpucTa/ausanyu. LiBeT Mema 3aBUCUT B TIEPBYIO
ouepelb OT paCTeHMUII, C KOTOPhIX OH COOpaH, ¥ OT BpeMeHM c60-
pa. Ha apomar meza BIUSIIOT OCOGEHHOCTM MEIOHOCA, a TaKkKe
CPOK ¥ YCJIOBMSI XpaHeHUsT MPoayKTa. Mel MOXeT MMeThb pas-
JIMYHbII BKYC B 3aBMCUMOCTM OT TOTO, KaKie caxapa, hepMeHTbI,
KMUCIOTBI, 9UPBI U Apyriie KOMIIOHEHTHI BXOAST B €ro COCTaB.
Takue TPOIeAypPbI, KaK MOAKAPMIMBAHME TTYET CAaXapHbIM CH-
poriom, nobaBjieHre B MeJ] caXapocoJepskallyx BellecTB Hera-
TUBHO CKa3bIBAIOTCSI HA €r0 OPTraHOIeNTUYECKIX XapaKTePUCTH-
Kax.

Codepxcanue 600bl B MeIe XapaKTepU3yeT ero 3peaoCTh
U OTIpefeseT MPUTOMHOCTD JJIST NJIUTEIbHOTO XpaHeHusI. 3pe-
JIBIi Me[ CO BpeMeHeM KPUCTAIM3UPYeTCs B OMHOPOIHYIO

OCo00D000DO

' TOCT 19792-2017 «Mej, HaTypaibHbIii. TexHuUeckue ycaoBusi» Mo-
ckBa: Crangaptuadopm, 2017. — 16 c.

Maccy, MOXET JJIUTETbHOE BpeMs XpaHUThCS 6e3 ToTepu Mpu-
POIHBIX JTOCTOMHCTB. Hespenblit Memd OBICTPO IOABEpraeTcs
COpakMBaHMIO. BIa)KHOCTh MeJa 3aBUCUT OT KJIMMaTUUECKUX
YCIOBUIT B CE30H Memoc6opa, OT COOTHOIIEHUSI caxapoB (UeM
6o0sbiiie GPYKTO3bI, TEM BBIIIE BJIAKHOCTH) M OT YCIOBUIA Xpa-
HeHUs. Biaromapst 3HaUMTENIbHON pasHUIlE B TUIOTHOCTU MeJa
¥ BOJIbI, MeJ1 06J1a[IaeT CITOCOGHOCTHIO PacciIanBaThCsl. ITO CBOV-
CTBO MCITOJIb3YIOT JJIS1 OTHe/IeHMsI MeZia C TOBBIIIEHHO BaX-
HOCTbIO B MEIOOTCTOITHMKAX, & TAKKE YUUTHIBAIOT IIPU OTOOPE
po6 [Jis ompeneneHus: cogepskaHust Bofbl. IIpemenbHO JOMYy-
CTUMas AeCTBYIOUMMU CTaHAAPTaMU BAKHOCTh Mefa — 20%.
[ToBbIlIEHHOE coAepykaHMe BJarM MOXKET CBUIETeNbCTBOBATH
0 HeIpaBWIbHOM XpaHeHUM, 106aBIeHUY B IIPOAYKT BOIbI VTN
caxapHOro cuporia.

Juacma3sa (bepMeHT) NMPUCYTCTBYeT B HATYpaJbHOM Mefe
U OTCYTCTBYeT B caxapHOM cuporie. OHa TOCTyIaeT B Meq, U3
HeKTapa LIBeTOB ¥ YaCTUYHO C CeKpPeTaMM CTIOHHBIX KeJie3 Imuel.
[lnacta3Hoe YMCIO XapaKTepu3yeT aKTMBHOCTb aMUJIOIUTHYe-
ckux epMeHTOB Meza [16].

Me[ comepsKUT MMUHepa/ibHbIe BellecTBa U KUCIOTbhI, KOTO-
pble BBICTYIAIOT B KAUeCTBE JIeKTPOIUTOB, TPOBOISILMX 3JIeK-
TpUUeCKUi ToK. YeM Gosibliie X comepskaHue, TeM BbIIIE J/1€eK-
mponpo8ooHOCMp. DTOT TTOKa3aTesb (7EKTPOIPOBOIHOCTD) IJIsST
Me/ia 6bUT BKITIOUEH B HOBbIE MEXTYHAPOAHBIE CTAHAAPTHI, B TOM
uynucie EBpormneiickoro cor3sa, a Takke B Kogekc AinmeHTapuyc,
¥ 3aMeHWJT OITpe/iesieHVie MaCcCOBOV KOHLIEHTpaIMU 30JTbI.

Kommosunus caxapoe B Mene SIBAsSIeTCS BaKHBIM ITOKa3a-
TeseM, 0CO6eHHO TIpu KiaccuduKamyy MOHOQIOPHBIX MeIOB.
Tak, cymMmMapHast Aos1 PPYKTO3bl U ITFOKO3bI [JIS1 IIBETOYHOTO
Mefia OJDKHA COCTaBJISITh He MeHee 60%, a MaccoBasi fOJIsI peny-
LIMPYIOIIMX CaXapoB — He MeHee 65%.

Tudpokcumemunypgypanre — TeTepOLMKINYECKUIA abe-
I'MJ1, KOTOPbIi 06pa3yeTcst U3 YIJIeBOIOB Meia MPU JIUTeTbHOM
XpaHeHNU 1 HarpeBaHMM. [ToBbIlIEHHOE COflepKaHMe STOTO coe-
IVHEeHMS YKa3bIBaeT Ha HM3KOe KauecTBO Mefa.

IIponu siBnsieTcs: HanboIee pacIPOCTPaHEHHO aMUHOKMC-
JIOTO¥, IPUCYTCTBYIOIIEl B Mesie. OH CMHTe3UPYyeTCsl BO BpeMst
repepaboTKM HeKTapa B MeJl M BBICTYIIAeT B KauecTBe MHIMKA-
TOpa 3penocTu npoxykra [17].

3.4. UHcmpymeHmanwsHole Memodsl AHau3a

NHCTpyMeHTa/IbHbIE METOAbI aHa/IM3a IOTYUMIN IIUPOKOe
pacrpocTpaHeHue Ipu uaeHTUdUKaIumy Mmeaa.

BOJKX stBsieTcst OMHUM M3 Haubojiee 4acTo MCIOMb3yeMbIX
AHAIUTUYECKMUX METOHOB IJIs1 OrpefesieHus (eHONIbHbIX KOM-
MMOHEHTOB M aMUHOKUCJIOT B M€eJie, KOTOpPbI€ MOTYT IIPUMEHSITh-
Csl 711 OLLeHKM TOAJIMHHOCTY M KadyecTBa MPOOyKTa. AMMUHO-
KUCJIOTHBIN MPOGWIb MOKET BBICTYIIATh B KAUeCTBe OJHOTO U3
KpUTepUeB OLIeHK!U TMOAJIMHHOCTY MeJla M Kak MOoKa3aTesb [IJis
ompefenieHNsT ero 60TaHMYeCKOTO U reorpaduyeckoro mpouc-
XOXKIEHMSI.

I'X/)TX-MC — 3TO MeTOx, UCIIO/Ib3yeMblil IJIs1 aHaIu3a Jie-
TY4MX OpPraHMUYeCKUX KOMIIOHEHTOB, OCTAaTKOB IeCTULIUIOB
B MeJe. MHoroumcieHHble COeAVMHEHMs, TpUHaAeXame
K pPa3HbIM XMMMUYECKUM TpyIIaM, 6bUiM MAEeHTUGUIMPOBA-
HBI Kak JieTyuue BellecTBa Mena ¢ nomouipio I'X-MC. Jlety-
yue COedVMHEHMS] MOTYT OOGpa3oBbIBATHCS M3 PACTEHUIT MU
MCTOYHMKOB HEKTapa B CBSI3M C TpaHchopMallyeil HaTUBHBIX
BEeIeCcTB B Ipollecce MeTaboin3Ma Imuesl, a Takke B pe3ysibTa-
Te HarpeBaHMsl, HEIIPaBUJIbHOIO XpaHeHMs, MUKPOOMAaIbHOI
nopun [18,19].

Kanunnapnas I'X MoOXeT ObITh MCIIONIb30BaHa MJISI aHa/IM3a
YIJIEBOOHOTO COCTaBa Mena. KauecTBeHHOe M KOIMUYECTBEHHOE
colepskaHye HEKOTOPBIX YIVIEBOAOB (Hampumep, MPUCYTCTBUE
MaJIbTO3bI ¥ M30MaJIbTO3bI) MOXKET CBUIETE/IbCTBOBATDb O HAJM-
UMM 9K30T€HHBIX CaXapoB B MeJe.
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BOTCX, TCX — meTonpl, MpeqHa3HAauUeHHbIe [JIS1 pasjene-
HUST Y UOEHTUGUKAUNY COeMHEHMIT B CMECsX, KOTOpbIe CTaIu
MIPUMEHSTHCS 11 UAEHTUPUKAIMM Meoa CPaBHUTEIbHO He-
naBHO. OcHoBHbIe TipeumyinectBa BOTCX mepen I'X n BIXKX
3aKJII0YAIOTCST B BBICOKOI CKOPOCTM MPOBeIeHUsT aHaliu3a 1 ero
(unancoBoIt mocTyrHOCTH. Biiarogapst BO3MOXKHOCTM OJHOBpPe-
MeHHOT'O MCC/IefoBaHuUsI HECKOMbKMX 06pa3lioB Ha OFHOI Iia-
ctuHe s TCX v mo/THOM aBTOMaTU3aluy npoLecca, CTOMMOCThb
aHa/IM3a CHUKAeTCS.

AHanu3 mema ¢ TIOMOIIBIO Memoda Mdacc-cnekmpomempuu
¢ uHOykmueHo-ces3anHoil niasmoti (MUCII-MC) mo3BoJIsieT Bbisi-
BUTH €r0 3JIEMEHTHbI TPO(WIIb, BKITIOUAIOLINIT B cebst comepska-
HME MaKpO-, MMKDPO3JIEMEHTOB ¥ pefKOo3eMebHbIX MeTaJlJIoB.
[MosmyyeHHbIe AaHHbIE MTO3BOJISIIOT CAENIATh BbIBOJ O GOTaHMYe-
CKOM ¥ TeorpauyeckoM MPOUCKXOXKIEHUY TPOAYKTA.

Cnexkmpockonuueckue memoosl SIBISIOTCS OBICTPBIMU U He
TPeOYIOT CJIOKHOM MPO6OMOAroToBKM. CIIEKTPOCKOIUSI C TIPeo-
6pasoBanmeM ®ypbe B cpenHem VK-muamnasone ¢ ocabieHHbIM
TTOJIHBIM KO3 (PUIMEHTOM OTPasKeHMSI — XOPOIIO 3apeKOMeH-
JloBaBlIye cebsi MeTOAbI ONpeseneHs pa3INnIHbIX TapaMeTPOB
MUIIEBbIX MPOAYKTOB. [isi Mema Hambonee MHGOPMATUBHBI
nuarnasoH ucciemoBanus cocrasiasieT 4000-400 cml. Ha ocHOBe
TaKMX JaHHBIX BO3MOXXHA UAEHTUGUKALIMS ero 60TaHNUECKOTO
u reorpaduyeckoro npoucxoxkaeHus [20].

DnyopecyeHmHas cnekmpogomomempusi OCHOBaHa Ha BTO-
PUYHOM CIIEKTPATbHOM CBEUEHMM OGBEKTOB, MPEeIBAPUTETHLHO
06TyUeHHBIX 3JIEKTPOMAarHUTHBIM U3JTyuyeHreM. Mef, Kak ¥ MHO-
rie ApyTMe TUIIEeBble MATPUIIbI, COLEP)KUT HECKOIbKO (Hryopo-
(hopoB: aMMHOKMCIOTHI, B TOM YMC/Ie TPUIITODAH, TUPO3UH U de-
HWIAJAHVH (CIIEKTPbI U3JTyYeHMsT BO3HMUKAIOT B uarasoHe ot 280
1o 480 HM mocie Bo36ykaeHus Ha 250 HM); moadeHons! (250-
280 HM); BUTaMUHBI (Hampumep, pubodIaBUH CO CIEKTpaMu
uamyderust ot 400 1o 640 HM mocie Bo36ykaeHus rpu 380 HM).
B cBsI131 € 3TMM XapaKTEPUCTUKY CIIEKTPOB GITyOpeceHIINY pas-
JIMYHBIX 06Pa3lOB Meia MOTYT GBITh UCIIONb30BaHbI B KAUECTBE
KpUTepUaabHbIX IApaMeTPOB ero MOJIMHHOCTH.

Cpeny aHAMUTUYECKUX METOJIOB, UCIIO/b3yeMbIX J1JISI U eH-
TUGUKAMY TUIIEBbIX MTPOAYKTOB, B TOM YNCIe Mena, MeTO[,
SIMP monmy4ns1 IMPOKOe pacrpocTpaHeHMe BBU/LY €ro BhICOKO
YYBCTBUTEIBHOCTU U BOCIIPOU3BOAMMOCTY pe3yabTaToB. OCHOB-
HOe TMPeuMYLIeCTBO Iepel, APYTMMMU MeTOHaMU 3aK/I4aeTcs
B ob6ecrieueHny HaIEesKHOTO CBSI3bIBAHMSI CUTHAJIOB C KOHKPET-
HBIMY MOJIEKY/ISIPHBIMM MapKepamu. [IInpoko mpuMeHsieTcs a1st
ayTeHTU(UKALMM MeJa U BbISIBJIEHUS TTapaMeTpoB, GopMuUpyIo-
LIMXCsl B IIpoliecce HarpeBaHuUs MeJa (HampuMmep, AJisl onpese-
JIEHUSI COOTHOIIEHMS -1 B-bopM mToKo3bI). MeTon IMP Takske
MOJXXET OBITh MCITONb30BAH [IJIS1 BhISIBIEHVSI BHECEHHBIX B COCTAB
MIPOAYKTa caxapocojepsKalluX BeLIecTB, NMPOU3BeINeHHbIX U3
C3 tumna pacreHuii. IIpy 5TOM CTOUTb OTMETUTD, UTO OIIpefere-
HMe BHECEHHbIX CaXapoB yKa3aHHBIM MeTOJOM BO3MOXKXHO IpU
ux KoHneHTpauuu 20% v 6onee. HemocTaTkoM JaHHOTO CIIOCO0a

SIBJISIETCSI BBICOKASI CTOMMOCTh aHAIMTUUECKOTO 060pyI0BaAHNS,
a Taxoke TeXHMYeCcKasi CJIOKHOCTb MPOBeIeHMS TTPOOOIOTOTOB-
KV TIPY BBITIOTHEHUY aHA/IN3A.

Onexmpoxumuueckue Memoodsl TaK >Xe TIPOCTbI, ObICTPO-
BBITIOJIHMMBI I 9KOHOMMYECKM JOCTYIIHBI, KaK ¥ HEKOTOpble
U3 BBIIIENEPEYNCIEHHBIX CITOCO60B. OHM MCITONb3YIOTCS IS
uneHTUGUKAIMM Mela ¥ TO3BOJSIIOT TMOMYYUTh BaXKHYIO MH-
dbopmaiyio 06 OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX CBOICTBAX
ero KOMIIOHEHTOB.

KanunnapHutii anekmpogope3 SIBISETCS pacpoCTpaHEHHBIM
9JIEKTPOAHAIUTUIECKMM METOIOM [JIsl pasfeneHus] M UOeHTU-
ukauym heHONMBHBIX COEAVHEHMUIA, YIJIEBONOB, aMUHOKMUCIIOT,
OpraHMYeckux KUCIOT M KaTMOHOB B Me[e. Bpicokasi CKOpPOCTb,
paspeleHne, MPOCTOTa, HU3KME 3KCIUTyaTallMOHHbIE PaCXObl
¥ KOPOTKOE BpeMsI aHaTM3a JeJIaloT KalJUISIPHbIN s5ieKTpodopes
anmprepHaTnBO BOXKX 151 aHamM3a pasanyHbIX 1[eIeBbIX COeIy-
HeHMIT B Mezie. Takke NpuMeHeHMe METOAOB MacC-CIIeKTpOMe-
TPUM B COUETaHUY C KaVIISIPHBIM 37IeKTpodope3om obecrieun-
BaeT BbICOKMI1 YDOBEHb UyBCTBUTENBHOCTHU U CEIEKTUBHOCTH.

Cpeny MHCTPYMEHTAJTbHbIX METOAOB aHAIN3a, MUCIOJb3ye-
MBbIX IJi UAeHTUbUKAIUM MeJa, OTAeIbHO CTOUT PaCCMOTPETh
Memod u30monHoli Macc-chekmpomempuu. VI30TomHasT Macc-
criektpomeTpus (IRMS) siBsieTCss MOITHBIM MHCTPYMEHTOM IIPU
YCTaHOBJIEHUY TTOAIMHHOCTY MUILEBBIX TPOAYKTOB [21,22]. OTOT
MeTOJ, YacTo GbIBaeT HEe3aMEHUMBIM B CTydasx, Korma (Gpusmu-
KO-XMMMUeCKMe CBOMCcTBa danbcudmkaTa OKa3bIBAIOTCS UIEH-
TUYHBIMU OPUTMHAIBHOMY IPOAYKTY. 3HAUeHUs OTHOIIEeHUIt
M30TOIOB OMOMWIbHBIX 3JIEMEHTOB COEAVHEHWIi, BXOMSIINX
B COCTaB MeJia, OTPaskaloT 0COGEHHOCTH M30TOITHBIX XapaKTepu-
CTUK MeJOHOCHBIX PaCTeHMi, KOTOpble OTHOCSATCS K PaCTEHUSIM
¢ C3 Tunom ¢otocuHTesa. C3-1yTh PUKCAIUM OUOKCUIA YITIe-
pozia XxapakTepeH ISl paCTeHuii, B KOTOpbIX accummsuus CO,
nporekaet 1o nykiay KanbBuHa. C3-myTh dbuKcanum atMmocdep-
HOT'O IVIOKCUAA YITIePOAA SIBJISIETCSI OCHOBHBIM [IJISI BBICIINX Pa-
CTeHUi (Hanmpumep, AJis HUTPYCOBBIX JePeBbEB, SITO/I, I6T0UHBIX
M TPYLIEBBIX AepeBbeB U 1p.). 85% Bcex pacTeHUiT OTHOCSITCS
K C3-tumy. [Ipy 5TOM HEKOTOpBbIE BUIBI paCTeHMII aCCUMUIN-
pytor CO, o C4-nytu. B gaHHbIX pacTeHusix (OTOCUHTE3 OCY-
LIeCTB/ISIETCS TI0 TaK HasblBaeMoMy UKy Xetua 1 Cioka. Kak
OTMeuasoch paHee, NMPUCYTCTBYE BHECEHHBIX CaxapoB B Mele
MOJXXET ObITh CBSI3aHO C HETIOCPEICTBEHHBIM T06aBJIEHIEM CUPO-
TIOB B ITPOAYKT Ha CTaAUM MPOU3BOACTBA. TakKe MPUUMHOI CO-
Jlep)kaHys 9K30TeHHBIX CaXxapoB MOXET CTaTh IIOAKOPMKA ITyel
B repuop c6opa HeKTapa C 1e/IbI0 M3BJIeUeHNsT OOIbIIEro KO-
yecTBa Mena M3 yabeB. s 9TOi 1ey 0ObIYHO UCTIONb3YIOTCS
CUPOTIBI, TIOJTyYeHHbIe, KaK MpaBwiIo, 13 pacteHuit ¢ C4 Tumom
doTocuHTe3a, TAKMX KaK KyKypy3a M caxapHbIil TPOCTHUK. 3Ha-
YyTeNbHas pasHNULA M30TOIHOM curHatypsl C3- 1 C4-pacTeHnit
(M B TIO;TyYaeMOM TIpM X TiepepaboTKe WM Mpeob6pasoBaHuUM
yrepoze BO Bcex opmMax) OTKPBIBAET IMIMPOKME BO3MOKHOCTHU
st viccnenoBanmii (PucyHoK 1).
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PucyHoxk 1. lyana3oH 3Ha4eHuUi1 moKa3saTesis $'3C yIrieBomoB Mea M pa3IMYHbIX TUIIOB pacTeHuii [21]
Figure 1. The range of values of the indicator '*C of honey carbohydrates and various types of plants [21]
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[TomnmMo Hemoporux caxapo3aMeHUTeNell U3 KyKypy3bl
M CaXapHOTO TPOCTHMKA, HA PbIHKE IMOSBUINCH CUPOIIbI U3 PUCA,
CBEeKJIbl, MMIIEeHUIIbI U LUKOPUS, KOTOpble oTHOcATCS K C3-pa-
CcTeHMSIM. BHeceHMe Takux A06aBOK OOHAPYKUTh 3HAUUTETbHO
cnoxHee [23].

Oco6blit MHTEepec AJig MUCCIeIOBaHUS TpeCcTaBiseT Ge-
KOBasl COCTaBJsIOLIas Mena. B HaTypaabHOM Mele GelkoBas
M YITIeBOOHAS COCTABIISIIONME 06Pa3yIOTCsl OMHOBPEMEHHO U U3
OHOTO MCTOYHMKA. [To3TOMY 3HaueHus mokasarens 5'°C B HUX
IIOJDKHBI 6BITh OMMHAKOBBIMMA. MICIIOIb30BaHMe 3TOi 0CO6EHHO-
CTY TIO3BOJIMJIO CYIIECTBEHHO CHU3UTh Ipefes OOHapyKeHMUs
9K30TeHHbIX caxapoB u3 C4-pacteHnii B Mefe. Tak, pasinyme
3HaueHMit nokasarens 3'3C 6enkoB 6osee yueM Ha 1%o cBume-
TenbCTBYeT 0 anbcudukauuy mena [21,24].

OmnycaHHble MeTOAbl MHCTPYMEHTAJIbHOTO aHalau3a Jerin
B OCHOBY MHOTMX HAy4yHbIX paboT, HampaBAeHHBIX Ha YCTa-
HOBJIEHME MOAJMHHOCTM Meaa. Tak, pabouast rpymnmna u3 Kuras
npoBenia ucciegoBane 800 KomMMepuecKux 06pasIjoB C UC-
1I0/Ib30BaHMEM MeTOZa M30TOIIHOM Macc-CIIEKTPOMETPUMN.
Bbutn u3yueHsl nokasatenu 8°C, 6°H u 50 B meme OpyTTO
U B BBIIRJIEHHO 13 Meqa 6elkoBoii dpakiyu. JOMOTHUTETb-
HO aBTOPBI UCIIOIb30BaIM METO/, JKMAKOCTHOW XpomaTtorpadumu
M TIOMyYeHHble JaHHbIe 3JIeMeHTHOro Mpoduisi. ITOT MOAXOL,
TO3BOJIMJI JOCTOBEPHO BBISIBUTDH MPUCYTCTBME HK30T€HHBIX Ca-
XapoB B Pa3HbIX TMUITAX Mega [25]. YueHble u3 Utanuu mpu mo-
MOIIM COBMECTHOTO UCTOAb30BaHMsI MeTomoB BOXKX u usoromn-
HOJ MaccC-CIIeKTPOMEeTPUM M3YYWIX BO3MOKHOCTb BBISIBIISITDH
9K30TeHHbIe caxapa B MeZie Ha OCHOBe aHa/iIM3a 3HaueHuit 313C
(bpyKkTO3BI, ITTIOKO3BI ¥ caxapo3bl B 06pasiie. Takoit momaxo, mo-
3BOJINJI OTIpeZieNINTh BHeCeHHbIe caxapa C3 u C4 Tumna pacreHuii,
BKJIIOYAsl CBEKJIOBMYHBIN caxap [26]. OmHaKo, COIIACHO DAY
COBpPEMEHHBIX HAaYYHBIX PabOT, B CTydae C HEKOTOPBIMM BUIAMMU
KUTAACKOro Mela yKa3aHHbI METOJ, MOXKET 1aBaTh ONIMOOYHbIE
pesynbTatsl [27].

B npyrom uccnenoBaHum 7151 BbISIBIEHMSI BHECEHHBIX caxa-
pOB B MeJie O6bUI MCIIOMB30BAH DPSIZ XpOMaTorpadmuyeckux Me-
TOIOB, @ MMEHHO XKMAKOCTHAs XpoMarorpadus B COUETAHUU
¢ pebpakTOMETPUYECKUM JTETEeKTOPOM, aHMOHOOGMEHHAs Xpo-
MaTtorpadusi B cOueTaHUY C UMITYJIbCHBIM aMITepOMeTPUUECKUM
nerekropom (HPAEC-PAD) u rasoBasi xpomartorpadusi B code-
TaHUM C T[UIAMEHHO-MOHM3aUMOHHBIM AetekTopoMm (GC-FID).
OcHOBHbIE caxapa Me/ia CYMTAIOTCS HeMH(DOPMaTUBHBIMY B Ka-
yecTBe MapKepoB Ijis ero uieHTuduxanmuu. B mpoBemeHHOM
MCCIeOBAaHMM BBISIBIIEHO HaIMUMe OUCAXapUA0B U HEOOMbIINX
KOJIMYECTB TpUCaXapuaoB U TeTpacaxapuMioB B MeJe, a Takxke
MIPOIEMOHCTPUPOBAHO OTCYTCTBYE OJUTOCAXAPUIOB C BBICOKOM
CTEIeHbI0 MOoMMMepU3aIn. YUUThIBAsI, YTO HEKOTOPbIE caxap-
Hble CHPOIIbI TOMYYaloT MyTeM (hepMeHTaTUBHOTO T'MIPOIM3a
Kpaxmajyia, OHM MOTYT COHEepKaTh OOJbIIOEe KOIMYECTBO OJIN-
rocaxapuaoB C BBICOKOJ CTelleHbI0 IonMmepusanumn. B cBsi3u
C 3TUM TaKKe OJIUrocaxapyuabl ObUIM TIPEIJIOKEHbI B KauecTBe
MHIMKATOPOB IJIsI BbIsIBIeHMSI panbcudukamm Meaa cupora-
MU Ha OCHOBe Kpaxmaiia [28].

VcraHcKue MCCIenoBaTeN ONeHWIM MPo@uWIb BhICOKOMO-
JIEKYJISIPHBIX OJINTOCAXapuIOB B HAaTypaJIbHOM Mefe U B 9 pas-
JIMYHBIX CaxapHbIX CHUPOIAX, BK/IIOYasl KyKypy3HbIi CUPOII
M BBICOKO-(PYKTO3HBIN KyKyPY3HBI CUPOTI C Pa3HOIi CTENIEHBIO
M30Mepu3aIyy. Y4eHbIM yIaI0Ch BbISIBUTH 06pa3iibl MeJia C BHe-
CeHHBIM KYKYPY3HbIM CMPOIIOM B KOdecTBe 5% u 6omee [29].

B pamkax gpyroii pab6oTsl [30] yueHble Mponeain aHaInu3
107 Bu0B Meza (BepeCKOBbIi, pO3MapUHOBBIN, 3BKATUIITOBBIN,
LMTPYCOBBIN) U MPeJIOKUIN UCTIOIb30BaTh MHYIOTPUO3Y B Ka-
yecTBe MapKepa IpU BbISIBJIEHUM MIPUCYTCTBUS B Mefie BbICOKO-
(OPYKTO3HOTO MHYJIMHOBOTO CUPOIIa. JTO COeNUHEHNE He ObUIO
06Hapy>XKeHO HY B OZHOM M3 MPOaHAIM3MPOBAHHBIX 00pa3I0B
Me[ia, B TO BpeMsI KaK BbICOKME KOHIIEHTPAIMM ObLIY HaoeHbI
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BO BCex 0bpasiax, cogepskaliux JaHHbI cupoIl. B gornonHeHne
K MMOBBIIIEHHOJ TOYHOCTY OOHAPYKeHMS daabcuduKranum Mmena
MpeIoKeHHbI MeTom BO)KX 6b11 HeIOPOruM U IPOCTHIM B MC-
TT0JIb30BAHMM JIJISI KOHTPOJISI KAUeCTBa MeIOBBIX ITPOILYKTOB.

Ha cerogusiuiauit neHb fo6aBaeHe PUCOBOTO CUPOTIA SIBJISI-
eTCsl pacIpoCTpaHeHHBIM MeTonoM (danbcudukanyy Mena Ha
DBIHKE, TaK KaK ero o6GHapyskeHue MPeiCTaBIsIeT 0COOYI0 CIIOXK-
HOCTb. PYCOBBIIT CHPOTI TIOYYAIOT MyTeM TMAPO/M3a Moucaxa-
PUIOB U OJIUTOCAXapUI0B, TAKMM 06pa30M, OH COLEPKUT HU3KME
YPOBHM UX KOHLIeHTpanuii [31]. Kurajickme nccienosaTtenn pas-
paboranu 3¢ GeKTUBHbI MeTO, BbISIBJIEHNSI BHECEHHBIX PUCO-
BBIX CMPOTIOB C UCITOJIb30BAHMEM KMUIKOCTHOM XpomaTtorpadum
¢ netekiueit Ha auonHoit matpuie (HPLC-DAD). Ha ocHoBe 13-
yuenust 160 06pas1ioB pas3IMUHbIX MeAOB (aKaluu, parca, JUIIbI,
JIMYY, KJIeBepa U MonuGIopHOTO Me/ia OT KUTACKUX ITYET0BO-
JIOB), @ TAaKKe 32 TUIMMYHBIX PUCOBBIX CMPOIIOB, MPUOOPETEHHbIX
B KuTtae, 61 BbIIB/IEH MapKep 2-aueTUiadypaH-3-IaroKonmpa-
HO3M[. ITOT MapKep MPUCYTCTBOBAJ TOJILKO B PUCOBOM CHUPOIIe
u oKkasajcst 3¢pGEeKTUBHBIM /IS er0 0OHAPYKEHUS B MeJIe.

Taxke ObLT paspaboTaH CIOCO6 BBISIBJEHMSI CaXapHBIX CU-
pomoB B Mene Ha ocHOBe BIJKX rmop BBICOKMM [IaBiIeHUEM
M KBaJIPYIOJAbHON BpEMSIIIPOJIETHOM Macc-CIeKTPOMeTPUn
(UHPLC/Q-TOF-MS). MeTop, 1T03BOJIMI OHOBPEMEHHO OOHApY-
SKUTh TIOMVICaXapUIbl, aHTUAPUIBI OUMDPYKTO3BI U 2-aleTUI(Y-
paH-3-mmokormpaHosua. C yueToM IMoKa3aTesneil KOHIeHTpa-
UMM YKa3aHHBIX COeIVHEHUIT MUCCIenoBaTeN CMOIIN BbISIBUTh
TIPUCYTCTBME CaXapHOTO CUPOIa B MeJie ¢ KoOHLieHTpauuel 10%
u Bbiie [32]. [To MHeHMIO psiia aBTOPOB, UCIIO/Ib30BaHMe CIIeK-
TPOCKOTIMYECKUX METOMIOB, OCHOBAaHHBIX HAa MH(MPAKPACHOM U3-
nyyenun (MK), pamaHoBcKOM criekTpockonuu u SIMP, cuntaeTtcs
TI0JIe3HOI aTbTepHATMUBO 151 06HApykeHMsT banbcuduranmm
IyTeM A00aBIeHusT caxapoB B Me[. [I0 CpaBHEHUIO C JPYTUMMU
QHWIUTUYECKMMU TIOAXONAMM, B ILI€JIOM CITEKTPOCKOIIMYECKe
MeTonbl 00/MaJaloT psiioM IpeumyinecTB. OHM 3aKIIOYAIOTCS
B obecrieyeHnM OBICTPOrO, MTPOCTOTO U HEJLOPOrOro CKPUHMH-
roBOTO aHaaM3a. OMHAKO 3TU METO[IbI, KaK MPaBUIIO, HEOOXOIM-
MO COYeTaTh C MHOTOMEPHBIM aHaJM30M JJaHHBIX, TaK KaK OHU
Tpe6GyIoT 60MbIIOr0 HaGopa BbIGOPOK, MO3BOSIONIMX CO3AATh
TIOIXOSIIIYI0 623y JAHHBIX, M HATMYMS CIIeLIMaaIbHOTO 060pyI0-
BaHUs, YaCTO Joporocrosiiero. Kpome Toro, TOUHOCTb JaHHBIX,
TTOTYYeHHBIX KIaccDUKAIMOHHBIMY MOZIEJISIMY TIPY Pa3INUUK
HacTrosiero Mmeaa u GaabcuGUIMPOBaHHOTO Mea, He BCerga
SIBJISIETCST BBICOKOV. VH(pakpacHas CIMeKTPOCKOMMUs C Ipeo-
6pasoBaHremM ®Pypbe ¢ 0CTabIeHHBIM IOJHBIM KO3 duIieH-
toMm orpaxkeHusi (FTIR-ATR) M MHOrOMepHBIi aHaiu3 ObLIU
YCITENITHO VICTTO/Ib30BAaHbI [IJIs1 0GHAPYKEHMS Y KOJTMUECTBEHHOTO
oIpeliesieHVsI Pa3/JIMUHBbIX CaxapHBIX IpuMeceil (KyKYpPy3HbIA
CUPOTI, KYKYPY3HbIii CUPOT C BBICOKMM COAepKaHueM (PPyKTO-
3bI M MHBEPTHBIN caxap) B Mefe [33]. AHaJOTMYHBIM 06pa3oM
JIJISI KAYeCTBEHHOTO M KOJIMYECTBEHHOTO aHaM3a MPUCYTCTBUS
CBEKJIOBMYHOTO CUPOIa 6bUT IPMMEHEH MeTO[, CIIeKTPOCKOIINUU
6mokHero nHdpakpacHoro auarnaszoHa (NIR) cOBMeCTHO € XeMo-
MeTpUYeCKMMM MeTofamu [34].

Vuensle u3 HWTanuum wusydaaM BO3MOKHOCTb BBISIBIEHUS
daxra danbcubukanyuy Mena ¢ UCIONb30BaHMEM OLHOMEPHO-
rO ¥ JBYMEPHOTO SIIEPHOTO MarHUTHOTO Pe30HAHCa BbICOKOTO
paspelieHus B JOMOJHEHUM C MHOTOMEDPHBIM CTaTUCTUYECKUM
aHaIM30M. BBl MpoBeeH aHaMNM3 JaHHBIM METOIOM 63 06pas-
1I0B HATypaJbHOTO MeJa 1 63 06pa31ioB MeJja C BHECEHHBIMM Ca-
XapHbIMM cMponiaMu B KonuuecTBe oT 10% no 40%. Hawnyuias
IVCKPUMMWHAHTHAS MOZEb CMOT/Ia BEPHO KIaccubUIMpOBaTh
95% 06pas1ios [35].

B nmpyroit pabote c ucronb3oBaHueM mertoma SIMP-crekT-
poMeTpuM uccienoBaTenu musydwin 424 obpasua Mena, OTo-
OGpaHHbIEe B pa3IMUHbIX pernoHax KaHampl B paMKax IBYX MUCCIIe-
nmoBaHumit B 2018 u 2019 romax. B pesynbTaTe GbIIY BBISBIEHbI
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33 coemyHEeHMsI, XapaKTepHbIe IJIsI XMMUYECKOro COCTaBa Meaa.
Bnarogaps mmpokoit BbI6opKe, MHOTOMEPHbBIE CTATUCTUYUECKIEe
meTonbl, BKIouast PCA, PLS-DA u SIMCA, no3BoWIM OTINYUTH
KaHa/ICKye 06pa3Iibl OT 06pa3IoB M3 APYruX CTpaH [36].

3.5. Bomanuueckoe npoucxoxcoeHue meoda

TapaHTUS TOAJMHHOCTY GOTaHUYECKOTO ITPOUCKOKIEHUS
Me[ia, IPeCTaBIeHHOTO Ha PhIHKE, SIBJISETCS OMHUM U3 Hanbo-
Jlee BaSKHBIX 3IEMEHTOB KaK JJIs1 06ecriede st 3[0pOBOIt KOHKY-
PEeHIIVN Cpeny IIPOU3BOOUTENEN, TaK U JIST 3alIUThl MHTEPECOB
norpebuTesneit. B ¢Bs3M ¢ 9TUM BOIPOC 6OTAHMUECKOTO MPOUC-
XOKIEHUS Mefa CTaJl 0C000 BAKHBIM M aKTyaabHBIM IJIS UC-
CIeIOBaTeIbCKMUX TPYIIT M3 Pa3HbIX CTPaH. Tak, B COBMECTHOM
CTaTUCTUYECKOM MCCIeNOBaHMUM IPeUecKue U YEelICKe YIeHbIe
U3YUMIIM TIepeueHb aHIJIOSI3BIYHBIX CTATE, MOCBSILIEHHBIX BO-
MIpOCy OTpeAeneHus MOIJIMHHOCTM MeZa, Pa3MeleHHbIX B Ha-
yromeTpuueckoit 6aze SCOPUS ¢ 1992 roga. ABTOpBI MOKa3au,
YTO HaMbObIIee KOMMIECTBO MCCIEIOBATEIbCKUX PAGOT GBIIO
HaIPaBJIEHO MMEHHO Ha OTpe/ieJieHe TOAJIMHHOCTY GoTaHIe-
CKOTO Npoucxoxnenus Mmena (PucyHoxk 2).

Opyroe,
MonesHble ceolicTa, 1%
14%

M3MeHeHne ~_
cocTaBa,
21%

BortaHuuyeckoe
NpoucXoXaeHue,
44%

BoTtaHuuyeckoe
1 reorpadguyeckoe

NPOUCXOXIEeHNe [eorpaduyeckoe

OiHOBPEMEHHO, NpoucxoxaeHue,
% 14%
PucyHok 2. YacToTa YHOMMHAHMS Pa3/IMYHBIX BOIIPOCOB

uaeHTU(GVKALMY MeJa B HAyYHO-VCCIE0BATEIbCKUX CTAThSIX
Figure 2. Frequency of references to various issues of honey identification
in research articles

Ha cerogHsiuHuit 1eHb npyu uaeHTUGUKaIMKU 60TaHNIeCKO-
TO MIPOUCXOXKIEHNMS MeJja Haubosblliee pacipocTpaHeHe Toy-
YUY OPTAHOJIENITUYECKN (CEHCOPHBI) U MaJMHOIOTUIEeCKUIA
(TIBLIBLIEBOVE) MeTOAbI aHaM3a. Llebio IepBoro MeToa SIBJseT-
CsT OIIeHKa BHENIHMX, 060HSITEIbHBIX 1 BKYCOBBIX KAUeCTB MeJia.
Cpenu akTyaabHOTO Kpyra BOITPOCOB, C KOTOPBIMY COMeJIbe Mefia
CTAJIKMBAETCS Yallle BCEro, MOKHO 0003HAUUTh ITPOOIEeMy aHa-
JIY3a MeJIOB, COIepsKallyX MPUMeCH C SIPKMMM OPTaHOJIENTH-
YeCKMMM XapaKTepUCTUKaMU. B TTOMOOHBIX CJTydassX HE COBCEM
«YMCThIe» MPOGBI HEPEIKO MHTEPIPETUPYIOTCS KaK MOHOGMIIOP-
Hble. [TaJIMHOIOrMYeCKNii MeTOo/, aHa/IM3a OCHOBAaH Ha JMarHo-
CTUKe COCTaBa IMbUIbIIBI B MeJie, KOTOpast He TOJIbKO o6oramiaeT
Meq aMMHOKUCIOTaMM, BUTAMMHAMM M MMHEPA/JIbHBIMU Bellle-
CTBaMM, HO U CBUIETEIbCTBYET O €ro HaTypaabHOCTU. [IbUib-
1IeBOe 3ePHO — 3TO MYXKCKOJ raMeTO(pUT CeMeHHBIX paCTeHMUIA.
OHO COCTOUT U3 ABYX KJIETOK (BEreTaTMBHON U reHepaTUBHO),
KOTOpPbIE OKPY>KEHbI ABYMSI 3aLIMTHBIMM 000JI0YKAMM — IK3U-
HOJ ¥ MHTUHOI. [lolydeHHbIe ¢ TTIOMONIBID 3TOTO METOAA pe-
3yJbTaThl JAIOT MHGOPMAIINIO 0 6OTAHMYECKOM MCTOYHUKE: TI0
npeo6afaroleit ¥ eIMHUYHOM MbUIbIIe COCTABJSIETCST CITMCOK
OCHOBHBIX U COITyTCTBYIOIIMX MEIOHOCHBIX pacTeHMH, C KO-
TOPBIX OcCyliecTBjsieTcss Memoc6op. K KioueBbIM MpobaeMam
IIAHHOTO MEeTOJIa MOKHO OTHECTY HETOUYHOCTb UAeHTUdUKALIIN
06GHapY>KeHHO MbUIbLIBI ¥ MHTEPIIpeTalui pe3ylIbTaToB (paH-
SKMPOBaHMe 00HAPY)KEHHBIX B COCTaBe Meja TAKCOHOB Ha MeJ0-
HOCBI ¥ TIEPTaHOChI, IMAarHOCTYIKA MOHOMIOPHBIX MEIOB C HEMIO-
U ieperpeCcTaBIeHHO MbUIbIION).

[TpoBeneHMe OPraHONENTUYECKOTO ¥ IaJMHOIOTMYECKOTO
MCCIIeNOBAaHMI OCYIIECTB/ISIETCS] HAa OCHOBE pPSifia HalMOHAab-
HBIX ¥ MEXKIYHAPOHbBIX CTaHIapTOB. B Poccuy Ha CeroHSIIIHMI
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nIeHb, cornacHo crangapty ['OCT 31766-20222, permamMmeHTUPO-
BaHbl XapaKTePUCTUKU JULIb IISITU BUAOB Mela (TPeYMIIHOrO,
JIUTIOBOTO, TIOJICOTHEYHMKOBOTO, aKal[MeBOT0 M KalllTaHOBOTO).
CoracHO 06OGIIEHHOV €BPOIEIiCKOV METOIMKe, OpraHojer-
TUYEeCKUii aHaaM3 Mefa BKIIOUYAeT ClAeAylole KPUTepUu: BU-
3yaJIbHbII, 0OOHSTENbHbIN, JeTyCTallOHHBIN, a TAKKe MPOIece
o1leHKM (U3NUecKux cBOMCTB. B EBporeiickux cTpaHax 13 yka-
3aHHBIX BBIIIE BUIOB JIy4llle BCErO M3y4eHbl XapaKTepUCTU-
K JIMIIOBOTO U TOACOTHEYHUKOBOIO MeNOB. ['peuninHblii Mep,
B GOJIBLIMX KOJIMYECTBAX MPOM3BOAUTCS JIUIIb B CTpaHaxX Boc-
TOYHOV EBPOIIBI 1 He OTHOCUTCSI K OCHOBHBIM €BPOTIeiCKMUM TO-
BapHBIM BUJaM Me[a.

VuuThIBask TPYAHOCTH, CBSI3AHHBIE C TPAAVLIVIOHHOW Mau-
HOJIOTMEN, B KaueCTBe albTePHATBEI [OSIB/ISIIOTCSI HOBbIE aHa-
JIUTUYECKYE METOHOJIOTUM IIJIT olpeneseHus: 60TaHNYeCKOTro
MPOUCXOXAEHUS Mea, B TOM UMC/ie OCHOBAaHHbIe Ha MHCTPY-
MeHTaJTbHBIX METOAAaX aHaaM3a M MOJIEKYISIPHOM OVMOIOTUMN.
Oco6oe pacrmpocTpaHeHue Mpu UAeHTUDUKAIUM Meaa MoJTy-
UMY CHeKTPOCKOMMYEeCKe MeToAbl aHanu3sa [37,38,39]. beuio
MIPEeJIJIOKeHO HEeCKOJIbKO IepelloBbIX MOJXO0J 0B, HalpaBjeH-
HBIX Ha TOYHYIO OI[€HKY 60TaHMYECKOTO U Teorpaduveckoro
MIPOUCXOXKAEHUS Me[a MyTeM OIpeJie/ieHIsI BTOPOCTeNeHHbIX
coequHeHuii. [IpoBeneHne uccaefOBaHUIl MpeAIogaraeT MC-
roib30BaHme MetonoB I'X—MC, sKMIKOCTHOM XpomaTtorpadum
¢ macc-criekrpomeTtpueit GKK-MC), KanuIsIpHOTO 37IeKTPodo-
pe3a, BpemsnponeTHoit macc-crekrpomerpun (CE-TOF-MS),
JlasepHoO mecopbuum/monusanum ¢ marpuieii MS (MALDI-
TOF MS) u SIMP-cniektpockonuu [23,38]. OgHako Ha OLIEHKY
XMMUYECKUX MapKepoB, TaKMX Kak JeTyudue Belectna, (e-
HOJIbHBIE KMUIOTBI, cCaxapa M Ipyrue KOMIIOHEHTHI MeJia, MOTYT
BJIUSTh OCOOEHHOCTY TEXHOJIOTMYECKUX IMPOIECCOB B ITUENIO-
BOJICTBE, YCIOBMS OKpYXKalollleil cpeibl U M3MeHeHMs] KiIuMma-
Ta, UTO YacTO NPUBOAUT K HEHAJEeXKHOMY OIIpelleIeHUI0 ero
60TaHMYeCcKOro mpoucxoxaeHus [39]. Kpome toro, men, mpep-
cTaBJsIeT cO607 OUEHb CIIOKHYIO MATPUILY C TOUKM 3PEHMUS TTPO-
MCXOKAEHMS TbIIBIIBI, TAK KaK ITUeIbl HUKOTAA He COOMPAIoT
MIBIIBLY MICKTIOYUTENbHO C OJJHOTO BUJA pacTeHWUii JJsl MOMy-
YeHMsI MeJia, UTO MPUBOAUT K U3MEHUMBOCTH ero coctaa. [Ijist
pelieHust 3TUX MpobiaeM MOXKHO UCIONb30BaTh JJHK-MapKrepbl
B KaUeCTBe MHCTPYMEHTOB [JIs UAeHTU(PUKALY TTbUIbIbI. OHU
MPeAOCTaB/ISIIOT aJbTE€pPHATUBBI, HE 3aBUCSIIME OT BHEIIHUX
yCI10BuUi Tpou3BofcTBa Mena [40,41]. B kauecTBe fomnomHeHUN
K aHJIMTUYECKMM MeTodaM IIpn I/I/IEHTI/[CI)I/IK&I_U/II/I Mena mupo-
KO NIPUMEHSIIOTCS CTaTUCTMUUeCKe MeToAbl aHain3a [36].

Tak, 6pasuabCKUMU MCCIeIOBATENIIMYU ObIIY TTPUMEHEHbI
cratuctuueckue metoabl PCA n HCA, a Takke MeTOIbI MalllMH-
Horo o6yuenust KNN, SIMCA u PLS-DA, 4To6bI CMOZETMPOBATh
pasImMuusl MEeXIY TPeMsI OCHOBHBIMM OOTAaHMYECKVMMU TUTIAMMU
MeJa (3BKaJUIITOBBIN, LIUTPYCOBbIE U IIOJIE€BbIE IBEThI) HA OC-
HOBe JaHHbIX, MoayyeHHbIX MeTogom SIMP. Metonst HCA u PCA
ToKa3aii Xopoliee paseneHre KOMMepUYeckmux 06pas3ioB Meaa
Ha OCHOBE MX 60TAaHMYECKOTO MPOVICXOKAEHMS B TPOCTPAHCTBE
npusHakoB. Mogenn SIMCA, KNN u PLS-DA cmomiu knaccu-
duimposarp 22,2%, 66,7% u 72,2% 06pa3ii0oB COOTBETCTBEH-
HO, B 3aBMCMMOCTH OT UX 6H0TaHMUECKOTO MPOUCXOXIeHMs [42].
B mpyrux paborax maHHbie SIMP-crieKTpoB pasHbIX OOTaHMYe-
CKMX TUIIOB MeJia (pOGMHMEBBI, KAIITAHOBbIN, IUTPYCOBDIN, 9B-
KQJIUIITOBBIA, TOMUGIOPHBIA U IP.) aHATU3UPOBAIU C UCTIONb-
30BaHMEM perpecCMOHHBbIX Mopeneil. TOUHOCTb MepeKpeCcTHO
npoBepku coctaBuia 92% u 97% [43]. Unouiickue uccnenosa-
TeJIV UCIOMb30BaIN KOPPeIIMoHHYI0 ciekTpockonuio (COSY),
CIEeKTPOCKOMNI0O MHOXEeCTBEHHOl TreTeposiiepHOli KBaHTOBOI
korepernTHocTU (HSQC) n ciektpockonuio HMBC nist BoisiBie-
HUSI CIIEKTPOB, COOTBETCTBYIOIIMX IBYM HOBBIM QJIKaJOUIAM,

2TOCT 31766-2022 «Menpl MoHOdIOpHbIe. TeXHUUYECKNe YCIOBUS».
Mocksa: Poccuiickuii MHCTUTYT CTaHJapTusaumuu. — 12 ¢
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BBIJIEJIEHHBIM U3 KalITAHOBOTO MeJa. OTU alKaJIOUIbl CTPYK-
TYPHO CBSI3aHbI C KUHYPEHOBOJ KMUCIOTOM, 6MOCHUHTETUUECKUM
NpelieCTBeHHMKOM XVHONIMHOBBIX ankalonnos [44]. Kuny-
peHoBasi KMUCI0Ta TakXke MCCAeNOoBalach B KauecTBe Mapkepa
KalllTaHOBOTO Meaa meTomom SIMP-crnekTpockonuu Ha OCHOBE
aHanu3a 374 ayTeHTUYHBIX eBPOIECKMX MeIOB, COOpaHHbIX 3a
2 ropa [45]. B xauecTBe MapKkepoB MeZia 3eMJITHUUHOTO JlepeBa,
ITOMMMO KMHYPEHOBOJ KMCIOThI, aBTOPBI U3yUaIn a-U30(POPOH
" 2,5-auruapokcudeHmIyKCyCHYI0 KUCIOTY. B Apyrom mccieno-
BaHUM KMHYPEHOBAS KUCIOTA U 4-XMHOJIOH-2-Kap6boHOBast KUC-
JloTa O6bUTM UIOEHTUGUIIMPOBAHBI KaK MapKepbl KallTaHOBOTO
mepa [46].

3.6. I'eozpapuueckoe npoucxoxcdeHue meda

ITpomyKThl MUTAHUSI C KOHTPOIMPYEMBIM reorpaduueckum
MeCTOM TPOUCXOKAEHMS TIONb3YIOTCS OCOOBIM CITPOCOM Y TIO-
Tpe6uTesnei B Culy Ux crienduueckux CBOMCTB, 06YCTIOBIEHHBIX
KIMMaTUIeCKUMMU, TTIOYBEHHBIMU OCOOEHHOCTSIMY, TPAAUIIMOH-
HBIMM TEXHOJIOTUSIMU WM MHBIMU (akTopamiu. K mpon3BoaCTBY
MPOJYKTOB MUTaHMSI C KOHTPOIMUPYEMBIM MECTOM MPOUCKOXKIE-
HMS TIPeIBbSIBIISIIOTCS 6ojiee cTporue TpeGoBaHmsI, UTO obeceun-
BaeT UX BbICOKOE KaYeCTBO Y YHUKATbHOCTb.

B crpanax EBpocorosa cucreMa 3auiuThl reorpadmuieckoro
MecTa IMPOUCXOXKIeHVsI TPONYKTOB MIUTAHUS PETYIMPYETCSI HOP-
MAaTUBHO-TTPaBOBOIT 6a30ii, mpemycMoTpeHHoI [TonoskeHuem EC
N2 1151/2012 EBporieiickoro mapaaMeHTas, U COIeP>KUT TPU OC-
HOBHbIE KaTeropun:

U samuineHHOe HaMMeHOBaHMe MecTa npoucxoxkaenus (PDO,
protected designation of origin);

3amuineHHoe reorpaduueckoe ykaszanme (PGI, protected
geographical indication);

rapantust tpaguuyonHoctu (TSG, traditional specialities
guaranteed).

B Hacrosee Bpems B EC 3apeructpuposano 23 PDO u 8 PGI
MeJI0B, TIpU 3ToM [lopTyranus SIBJASIeTCS CTPAHO € HaMOOMIb-
MM KOJINMYECTBOM MeJOB C COOTBETCTBYIOLIEN KaTeropumei
(9 PDO menoB), 3a kotopoit cienyet Mcmanus (5 PDO u 1 PGI
men) u @pannys (2 PDO u 3 PGI mega).

Ha teppurtopun Poccuiickoit @enepanum rnpaBoBble OTHO-
IIeHUsT B 3TOM cdepe PeryampyroTcs: rpaskIaHCKUM KOIEKCOM,
BelleTCsl peecTp HaMMeHOBaHMSI MeCT ITPOUCXOXKIEHMSI TOBApOB
Poccuiickoit @epepanun. 'paskgaHCKMIT KOAEKC OaeT Claenylo-
1ee ornpeaeeHe 3TOMY MOHATUIO: «HauMeHOBaHMEM MecCTa
MIPOMCXOKAEHMS TOBapa, KOTOPOMY IPeoCTaBIsIeTCsl TpaBoBast
oxpaHa, sIBjIsieTcsI o603HaueHue, IpeacTassioiiee coboit 1mb0o
cofepkaiee COBpeMeHHOe MM UCTOpUUYeckoe, ouimaabHOoe
uin HeopuIManbHOe, TIOMHOE MM COKpallleHHOe HauMeHOBa-
HME CTPaHbl, TOPOJCKOT0 WIN CeJIbCKOTO ITOCeeHMsI, MECTHOCTH
VIV IPYTOTO reorpadnueckoro 06beKTa, a Takke 0603HaUeHne,
MMPOM3BOAHOE OT TAKOTO HAMMEHOBAHUS U CTaBIllee M3BeCTHBIM
B pe3y/bTaTe ero UCIoJb30BaHMsI B OTHOLIEHUY TOBapa, 0COObIe
CBOJICTBA KOTOPOTO MCKIIOUMUTETHHO MM TJIaBHBIM 06pa3oMm
OTIPENENISIOTCSI XapaKTePHbIMU /TSI JAHHOTO reorpaduueckoro
06beKTa MPUPOTHBIMU YCIOBUSIMU U (MIU) TIOACKUMM (BaKTO-
pamu. Ha mcronb3oBaHue 3TOTO HaMMeHOBAHUSI MOXKeT ObITh
MPU3HAHO MCKITIOYUTENbHOE TPaBO IMPOM3BOAUTENEN TAKOTO
ToBapa» [47].

B oTnnMume OT TOBapHOro 3HAaKa, HauMMeEHOBaHME MecTa
MTPOUCXOXKAEHMSI TOBapa BBIMIONHSIET, TTOMUMO PasIUUUTENb-
HO¥, GYHKIMIO rapaHTUPOBAHMS OTIpeleJIeHHbIX CBOMCTB TO-
Bapa, BCJIEACTBME YeT0 06eCrieunBaeTCsl ero JOTIOTHUTEeTbHAS
TIPUBJIEKATEIBHOCTD JIJIsI IOTPeOuUTENeli. YAUTBIBAsI, UTO TaKue

a

a

* Regulation (EU) No 1151/2012 of the European Parliament and of the
Council of 21 November 2012 on quality schemes for agricultural products
and foodstuffs. Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A32012R1151 Accessed March 25, 2023
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TOBApbhl MOXKeT TPOM3BOAUTH HeOoIpeAeleHHOe KOIMYeCTBO
CYyOBeKTOB MpeaNpUHUMAaTeNbCTBa, Kofeke mpeaycmMaTpmuBaeT
MCK/TIOUMTEIbHbIE ITPaBa 3a BCEMM ITPOMU3BOAUTEISIMU TOBA-
pa. 3-3a 6Goyiee BBICOKOI CTOMMOCTM Meja C 3alvIeHHbIM
reorpaduMyecKMM MeCTOM TPOUCXOKAEHUS TaKON MPOIYKT
0COOEeHHO ToABEPKeH GanbcubuUKalUyu MyTeM HerpaBUIb-
HOJ MapKMPOBKU WJIM BHECEHMS] B MPOOYKT MeAa U3 APYrux
reorpa@uueckux PErMoHOB. B CBSI3M C 3TUM MCCIeO0BaHMS,
HampaB/eHHbIe Ha TOATBEPXKIEHMe Teorpadnyeckoro mecra
MIPOUCXOXKAEHMS Meia, TIOMYyYMTU IUPOKOe PacIipoCcTpaHeHue
C 1eblo0 0becreyeHus 3alUThl TOTPEOUTENE OT MTPOIYKLIUU
HeHaJIeXkalero KauecTsa M Mpou3BoguUTeNel OT Hexo6poco-
BEeCTHOJ KOHKYpPEeHLIUN.

MecTo TPOUCXOXKIEHUSI Mela UrpaeT BaKHYK POJb IIpU
bopmupoBaHuM ero (GU3UKO-XMMUYECKOTO COCTaBa U CIELM-
(uueckux cBoiicTB. Tak, cOCTaB Mea OZHOTO U TOTO ke 60Ta-
HMYECKOTO MPOUCXOKAEHUS] MOKET 3HAUUTEIbHO Pa3andaThCst
BBUY Pa3IMYHBIX KIMMAaTUUECKIX YCIOBUI, MUHEPAIBHOTO CO-
CTaBa IMOYBbI, PETMOHATbHBIX 0COGEHHOCTE MeIOHOCOB, BUIA
Tyes U Ipyrux GakTopoB. B CBSI3M C 3TMM MHOTME UCCIeI0BaTe-
JIM OTMEYaloT 11eJ1IeCO06PA3HOCTh YCTAHOBIEHMS TTOIJIMHHOCTY
reorpadnyecKkoro mMecTta MPOUCXOKAEHMS] Mea 0 MPUHIUITY
BBISIBJIEHVS «OTII€YATKOB ITAJIbI[E€B» U MPEAIIoNaraT c60p 6a3bl
JIaHHBIX ¥ ee aHAIUTUYECKYI0 06paboTKy. Vcmonb30BaHne mMe-
TOAOB CTATUCTUYECKOTO aHaIM3a MO3BOJIsIeT BbISIBUTD B3aMIMOC-
BSI3M MEXIY MOTyYeHHbIMM 3HAYEHMUSIMU U OLIEHUTD BRI, Kask-
JIOTO U3 HUX B MaTeMaTUUYeCKYI MOZEb.

OnHO U3 Haubosiee MaCIITAOHBIX MCCAENOBAHUI C 1LIeJbI0
reorpaduueckoii ayreHTudukanuu Mena ObUIO IpOBee-
HO B pamkax mpoekra «TRACE», dunancupyemoro EC [48].
V3 20 eBporeiickKMX PermMoHOB C Pas3JIMYHBIMM KIMMAaTHUue-
CKMMMU U TeOJIOTMYECKUMU XapaKTePUCTUKAMU ObLIM OTO-
6paHbl 516 06pa3oB Mena. B mcciaegyemMbix ob6pasiax Obuin
orpejie/ieHbl 3HAUEeHMsI OTHOIIeHui usorornos *H/'H, N/“N,
13C/12C, 34§/2S. O6paboOTKy pe3yabTaTOB IPOBOOMIN C MUC-
MOJb30BaHMEM PA3JIMYHBIX XEMOMETPUYECKUX MEeTOHOB. s
7 n3 20 permoHOB TOYHOCTb MAEHTUOUKAIMM TMpeBbIIIaaa
70% [49]. Yuensimu u3 CIIA 6buT1 pa3paboTaH MeTO[, OIpe-
JleJieHUs] reorpadMueckoro MPOUCXOXKIEHMST Mela Ha OCHO-
Be MCCaenoBaHusl GeIKOBBIX COeOMHEHMIT C TMpUMEHeHUEeM
metoga MALDI-TOF macc-cnekrpomeTpun. MccimemoBatenn
ompemeNuii Macc-CIeKTpbl 6eska mjsg 16 o6pasioB rasaii-
ckoro Mepa. ITo MoyyeHHbIM JaHHBIM yIaJI0Ch TOYHO pasJin-
yuTh 06pa3Ibl TABACKOro Meaa OT MeJa U3 IPYTUX PETVMOHOB
[50]. Teorpaduueckoe MPOUCXOKIAEHNE TPEX CIOBEHCKUX TU-
TOB Mefia GbLIO OMpeneNeHO MPU IMOMOIIM MCIONb30BaHUS
METOAOB PEHTTeHO(MIYOPECIEHTHOTO aHaaM3a C IIOJHBIM
BHelIHUM oTpaxeHueM (TXRF) m npumMeHeHMsT M3OTOIHOM
macc-crnektpomerpun (IRMS). 3a Tpu roga co Bcex permoHOB
CnoBeHnu 6s110 cobpano 122 o6pasiia Mena. BeiOpaHHble ma-
paMeTpsl MO3BOMMIM Pa3IUUUTh 06pasibl U3 YEThIPeX CJIo-
BEHCKUX IPUPOISHO-Teorpapuueckmx PermoHOB C TOUHOCTHIO
94,6-100% B 3aBUCUMMOCTH OT TUMa Mena [51].

B ApyroMm wmcciaemoBaHMM KUTANCKUX YUEHBIX aKIEHT OGbLT
IOCTaBJIeH Ha OBICTPOe OIpemeneHye reorpapuueckoro mpomnc-
XOXKIIeHUs aKalyueBoro u noiamdaopHoro mMena. B 3Toii pabore
MCII0/Ib30BAJICSI METOJ, CTIEKTPOCKOIIMM JIa3€pHO-UHAYLIMPOBaH-
Horo npo6os (LIBS). CriekTpsl amemeHToB Mg, Ca, Na u K umenn
3HAUUTEbHbIE PA3/INUMsI B 3aBUCUMOCTU OT reorpadmuueckoro
poucxoxkaeHus. [IpuMeHeHe TMHENHOTO JYCKPUMUHAHTHOTO
anammsa (LDA) 1o3BomIo KiaaccuuiypoBaTh 00pasiibl 110 Me-
CTy UX reorpadmyeckoro MpOUCXOXKIEHUS C TOYHOCTBIO 99,7%.
[To MHEHMIO aBTOPOB, yKa3aHHbIe METObI 06€CTIeUNBaIOT GBICT-
poe 1 TOUHOE ollpefeneHne reorpaduueckoro mMpoOUCXOXKIEHMS
MeJa ¥ MOTYT ObITh TOJIE3HBI [IJIST OTCIAEXXMBAHMS MeCTa IMPOMC-
XOKIEHUS IPYTUX MUNIEBBIX TPOAYKTOB [52].
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B coBMecTHOII paboTe rpeueckux M ITOJbCKUX MCCIem0Ba-
TeJieit 6bIT M3YyUEH 37IeMeHTHBIN poduiab 93-x 06pasiioB Mema
pa3IMYHOro reorpadguueckoro IMPOUCXOKAEHUSI C TOMOIIbIO
meTtona ICP-MS. Ucnonb3yemas HeiipoceTb PNN Ha ocHOBe 10-
JIYIeHHBIX JAHHBIX CMOIJIa BepHO KiaccuduimposaTh 85,3%
06pa3sIoB COOTBETCTBUM C UX reorpaduueckumM MPOUCXOKIEHN-
eM. PegkosemesbHbIe 31eMeHTHI Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu 1 MmukpoanemenTsi Li, Mg, Mn, Ni, Co, Cu,
Sr, Ba, Pb 6bU1M BbISIBJIEHBI KaK Hambonee MHGOpPMaTUBHBIE [53].

B aHA/JIOrMYHOM MCCIeJOBaHUM C MCIIOIb30BAaHMEM METOAA
ICP-MS 6bu1 M3y4yeH seMeHTHbIN npodwmib 50 06pasios ap-
TeHTUMHCKOro Mena u3 pPas3IMYHbIX l'[pOBI/[HLU/II‘/JI. HpI/IMEHeHI/Ie
JIMHEMHOTO IOUCKPUMMMHAHTHOrO aHaimu3a (LDA) mo3Bonamio
MpaBUIbHO KiIaccuduimpoBath 76% o6pasios. [Ipy BHeCeHUM
B MOJIeJTb JAHHBIX (PU3UKO-XMMUUECKUX ITOKa3aTenei nccieny-
eMbIX 06pasIloB KOJMYECTBO MPaBWIbHO KIaCCUPUIIVPOBAHHbIX
06pa3sIoB YBEIMUMIOCH 10 94% [54].

B pasHbie romsl MccaemoBaTeNy M3ydaau dJeMeHTHBIN Co-
ctaB oT 30 mo 140 o6pasiioB mMema u3 16 paitoHOB IIobINN.
C momo1bio MeTofa Macc-CIeKTPOMEeTPUI C MHAYKTUBHO CBSI-
3aHHOI rasmoii (ICP-MS) u abcop6LMOHHO CreKTpodOTO-
MeTpueli ¢ IiaMeHHoit atomusarueii (FAAS) B o6pasiiax mena
omnpepensin 15 anementos (Al, B, Ba, Ca, Cd, Cr, Cu, K, Mg, Mn,
Na, Ni, Pb, Sr u Zn). MccwieqoBanusi mokas3aayu 3HAaUUTETbHbIE
pasnuMuusl B MMHEpPaabHOM COCTaBe 06pa3ioB Mena U3 pasHbIX
paiioHOB, YTO MOKET OBITh MCIIOIb30BAHO MPU YCTAHOBJIEHUM
reorpaduueckoro Mecra npoucxoxgenus [55]. Taxke eBporieii-
CKUe MCCaenoBaTeny U3yIUIUM BO3MOXXHOCTb TOATBEPKIEHUS
MecTa reorpaduueckoro MpOMUCXOXKIEHUS Mea M0 HEKOTOPBIM
KOMITOHEHTaM-MapKepaM. ABTOPBI ITPEATIONOXKUIN, YTO 06pa3-
11l aHIVIMIICKOTO MeJja MOKHO MAEHTU(MULIMPOBATH 110 HATMUYUIO
1-mienTeH-3-oma, Mmex u3 JIaHUM — TI0 OTCYTCTBUIO 3-MeTUIOY-
TaHadd. 2,2,6-TPUMEeTUILNKIOTeKCAaHOH U 3TWI-2-TUAPOKCHU-
MIPOTIAaHOAT ObUTM MPEJIOKEHBI B KAUeCTBE BO3MOKHBIX MapKe-
poB s uneHTudUKanum Mena u3 Ilopryrammm, 1-okTeH-3-o0i
win 2,6,6-TpUMeTU-2,4-UUKIOrenTagueH- 1-oH — [ Mefa U3
Wcniauum [56].

CrnoBalikue yuyeHble MPOIEMOHCTPUPOBaAM, YTO CIEKTPO-
ckomus ¢ Tipeo6pasoBanmeM Oypbe B GIKHEM MHGPAKPaCHOM
nuamnasoHe (FT-MIR) aBnisieTcs mosie3HbIM MHCTPYMEHTOM JJIsT
OTCJIEKMBAHMSI Teorpaduyueckoro MpoucxokaeHusi. O6pasiipl
ObIIM KJIACCU(PUIMPOBAHBI 110 TeorpaguyeckoMy MPOVCXOKIE-
HUIO C BBICOKO TOUHOCThIO (Ppanius, [lBeiiapus win l'epma-
Hust). Takke GblIa MPoOBefeHa OlleHKa TOYHOCTH KiacCubuKaimm
06pasLoB M0 60TaHNUYECKOMY ITPOMCXOKIEHMIO MEeIOHOCOB: PO3a
anbrimiickass — 95%, Bepeck — 77%, kartad — 98%, omyBaHUMK —
76%. ViccnemoBaHue 1okasaio, utTo MK-crekrpockonmyeckue xa-
PaKTePUCTUKY MeJja ropaszmo Gobliie 3aBUCIT OT 6OTaHMYECKOTO
MIPOUCXOXAEHNS, UeM OT reorpacduydeckoro [57].

VccnemoBarenu u3 dduonuu musyumian 47 obpasioB mena
U3 7 agMUHUCTPATUBHBIX 30H Tpex IPOBMHIMIL. Pabora Gblia
HalpaB/jeHa Ha OIeHKY KauyecTBa Mela M Ha pa3paboTKy CTa-
TUCTUYECKOIM Mopenu Ajsl kiaccudurauyuyu o6pasioB MO Me-
CTy UX reorpaduyeckoro IMpOMUCXOXKIEHMS HAa OCHOBE JTaHHbIX

(usuKo-xuMMUeCcKUX mapaMeTpoB. B paspaboTaHHOI Momenu
PCA mepBble TPM OCHOBHBIX KOMITOHEHTBI OOBSICHSIIM OKOJIO
69,14% ot obuiero uncia Bapuaiuii. Mogenb LDA Ha oCHOBe Tex
ke TAaHHBIX BepHO Kiaaccubumyposana 100% obpasios [58].

B coBMecTHOIT paboTe MpaHCKMUX ¥ HEMEIKUX MCCIefoBaTe-
Jieii 6bUIa M3y4eHa BO3MOKHOCTb MAEHTU(UKAILMK Teorpadu-
YeCKOro IPOUCXOXKIEHNSI Meja MeTOIOM MeTabapKOAMPOBaHMS
IOHK, BKIIOUas cydyau, KOrga HeGlIaronpusTHbie KIMMaTude-
CKMe YCIOBMSI BBIHYXKAAIOT MMUEI0BOAOB B TeUeHMe rofa mnepe-
MeIaThCcsl Ha GOJbIIe paccTOSTHNS. MoJIeKy/IsIpHbIE MapKepbl
(ITS2 u RbCl) mosBonmmin uaeHTUGULIMPOBaTh 926 BUIOB pa-
CTeHUII B MCCIemOBaHHBIX oOpasiax. IIpy 3ToM GbLIO BBISIB-
JIEHO 34 KIII0UEeBBbIX BUA PACTEHMIA, KOTOPbIE MOKHO GbLIO ObI
MCITOJIb30BaTh JIS1 YCITEIIHOTO OIpeeneHus reorpaduueckoro
npoucxoxkaenus B 91,4% o6pasioB Mena. B psje ciaydaeB 3Tu
KJIIOUeBble BUbI IPUCYTCTBOBAIM B MeJie B CJI€JOBbIX KOIuJe-
CTBaX, ¥ TIO9TOMY OGbIUHAS MAJIMHOJIOTHUSI He CMOIJIa OBl UX 00-
HapyxuThb [59].

B nmpyroii pa6ore C 1e/lbl0 BBISIBJIEHUSI KOHKPETHBIX BU-
OB MeIOHOCOB pa3HbIX paiioHOB mmiTata Mwusopam B UH-
IV yUeHble MCII0Ab30BaIu MeTo[ mTpuxkoauposanus JTHK
U MeJIMCCOMAJIMHOIOTMYecKuii aHanu3. Ilo pesynbTaTam Kak
MeMCCONaaMHOMOTUYeCKOTo aHa/In3a, TakK U aHaau3a mTpux-
kogupoBauus OHK 6bLIM BbISBAEHBI MMOUTH OOHU U Te 3Ke
22 BUAA MeIOHOCOB, UTO IT03BOJISIET MPEAIIONIOKUTh, YTO 06a
MeToJa MOAXOAST OJisl ucciaenoBaHusi. [Ipu 3TOM aBTOpBI OT-
Me4YalT MpeumMyllecTBa MeTona wWTpuxkoguposanus [THK
B 4aCTM IPOCTOTHI aHanm3a [60].

4. 3akj0ueHue

ITpo6nema danbcudmKauy Mefa OCTAeTCS aKTyaJbHOI BO
BceM mupe. HecMoTpst Ha GOJIBIIOI MHTEpEC MccienoBaTesei
K 9TOMY BOITPOCY, Ha CETOMHSIITHNI IeHb HET eMHOI MeTOI0JI0-
TUY OTIpefiesieHNst TIOAJIMHHOCTY Mefia ¥ TTPOAYKTOB €ro mepepa-
60TKM. M3-3a CIOKHOI MPUPOIbI Mela ¥ MHOTO0Opasus BUI0B
danbcudukanyyu ero umeHTUOUKALMS SIBASETCS HEMPOCTOI,
MHOTOYPOBHEBOJI 3a/iaueii. B omy61MKOBaHHBIX paboTax Mpej-
CTaBJIEH MIVPOKNIA CITEKTP Pa3INUHBIX MHCTPYMEHTATbHBIX Me-
TOMIOB aHa/TM3a, KOTOPbI€ MOTYT ObITh ITOJI€3HBI TTPY BbISIBIEHUM
Pas3IMYHBIX BUIOB QanbcuduKkaToB Mena. [Ipy 3ToM O6ONbIINH-
CTBO aBTOPOB IPUAEPKMBAIOTCS MHEHUS, UTO UAEHTUDUKAIAS
Me[ia JO/KHA ObITh KOMITIEKCHOJ M BK/IIOUATh B C€0sI HECKOTHKO
pasIMUYHBIX METOMOB aHa/M3a, a TaKXKe CTaTUCTUUECKyi0 ob6pa-
60TKY pe3yabTaToB. KpoMe TOrO, Ipy OnpeaeneHnu moaIMHHO-
cTU 60TaHMUYECKOTO U reorpaduueckoro MpoUCXOXIEHUsT Meaa
HepenKko TpebyeTcss YHUKAIbHBIN TOAX0], K KaKIOMY XO3SIiCT-
BY BBUAY crieniubuUIeckux 0CO6€HHOCTEel MECTHbIX MeIOHOCOB,
BU[IA TTYesI, TIOUBBI, KIMMATUUECKUX YCIOBUIt U APYIUX (pakTo-
poB. TakumM 006pa3oM, MHAVBUAYaAJIbHbI KOMIUIEKCHBIN ITOM-
XOM, K uIaeHTU(DUKaMM Meoa C MCIOTb30BaHMEM OIMMCAHHBIX
MEeTOMOB MCC/IEOBAHUS ¥ CTATUCTUUECKOI 00pabOTKM Pe3yilb-
TATOB CTAHEM MOIIHBIM MHCTPYMEHTOM i OIIpeeIeHN s ero
TTOJIMHHOCTH, & TAKKe ero 60TaHMYeCKOro U reorpapuueckoro
TIPOVICXOKIEHMSI.
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Cbl8OpOMOUHbLe OeNKU, B cBSI3M € BBICOKO# PacpOCTPaHEHHOCTHIO alyIepriuueckux 3aboeBaHmii y geteil, 0cCOGeHHO Py MepeBofe Ha
eudponuszam, pepmeHmHslil MCKYCCTBEHHOE BCKapMJIMBAHMeE B pAHHEM BO3pacTe, aKTyaabHbIM HAIPaBI€HMEM SIBJISIETCST pa3paboTka MOJIOY-
npenapam, MOJIeKyNSAPHO- HBIX U IPYTUX MIPOAYKTOB MUTAHMUS C TIOHVKEHHOI aJuIepreHHOCThI0. ITpu 3ToM B Poccuyt OTCYTCTBYIOT OCTATOU-
maccosoe pacnpedeneHue Hble 06'beMbI TPOM3BOZCTBA ChIPbSI M MHI'PEIMEHTOB JJIs CO3aHMs OTeUeCTBEeHHOI CTiellan31pOBaHHOM uIIe-

BO¥ TIPOMYKIIMM, BKIIOUAS TTPOAYKIINIO, TIpeIHa3HAUEHHYIO /IS feTeit. VICIonb30BaHme ChIBOPOTOUHBIX 6EIKOB
MOJIOKA B IIPOM3BOICTBE MTPOAYKTOB JIETCKOTO MIUTAHMSI MMEeT MPEeUMYIECTBO, TOCKOIbKY GeTKM MOIOUHOM ChI-
BOPOTKM 06/1a/1al0T TOCTATOUYHO BBICOKOJ ITepeBapuMOCTbIO U 6MOIOCTYITHOCTHIO: MTOC/IE IpyMeMa MUIIEeBbIX MTPo-
IYKTOB Ha OCHOBE ChIBOPOTOUHBIX GETKOB KOHIIEHTPALMsI aMUHOKVCIOT M TIENITUIOB B KPOBY PE3KO BO3PACTaeT
yKe B TeueHue mepsoro yaca. OmHAKO, CJIeyeT YUUThIBATh, UTO A/UIEPIHs K GeIKaM KOPOBHETO MOJIOKA SIB/ISIET-
cs1 HanbosIee PacIpOCTPAHEHHBIM MTPOSIBJIEHMEM TUIIEBO a/UIepruy, 0COGEHHO YacTO BHISBISEMbIM B PAHHEM
MOCTHATAIBHOM BO3pacTe. TEXHOMOTMYeCKye TOAXO0MIbI K CHYKEHUIO TIOTEHIIVAIbHOI a//IePreHHOCTY GETKOBOTO
KOMIIOHEHTA IO/DKHbI 3aHSTh BEAYIee MeCTO B CUCTeMe KOHTPOJIS U obecriedeHus: 6e30MmacHOCTH JeTCKO Mo-
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K CHIDKEHUMIO TIOTEHIIMATbHO a/l/IepreHHOCTHM TUIEBOTro OeKa /IS MCTI0/Tb30BaHMUSI €T0 B COCTABE CIIeIMaTU3n-
POBAHHBIX MTUIIEBbIX MPOAYKTOB [T IUTAHWS JINII, CTPAAIOIINX TIAIIEBOI aJUIePIUeil UM BXOASIINX B TPYIIITY
puCKa, SIBJISETCS SMMMUHALIMS €r0 aHTUTEHHBIX CTPYKTYP. OHA IPOBOAMUTCS ITyTeM (HepMEeHTaTUBHOTO TUAPOIIN-
3a, B COYETaHUy C MeMOPAaHHOI 06pabOTKON MONIYyIaeMOro TUaApoau3aTa. [Ijis moaydeHns MenTUIHOTO0 MOLY/IS
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whey proteins, hydrolyzate, Due to the high prevalence of allergic diseases among the children, especially when transiting a child to bottle
enzyme preparation, molecular feeding at an early age, the development of dairy and other food products with reduced allergenicity is of high
weight distribution relevance and true importance nowadays. Meanwhile Russia still lacks sufficient production of raw materials and

ingredients to create home-produced specialized food, including designated babies’ and children’s food. The use
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of whey milk proteins for the production of baby food has its advantage, as whey proteins feature pretty high di-
gestibility and bioavailability: after eating the food based on whey proteins, the concentration of amino acids and
peptides in the blood increases dramatically already within the first hour. However, it should be kept in mind that
allergy to cow’s milk proteins is the most common symptom of food allergy, which is particularly often diagnosed
in early postnatal age. Technological approaches to reduction of the potential allergenicity of the protein com-
ponent shall take a leading place in the system of food control and food safety of children’s dairy products. The
most efficient and widely used technological approach to reduce the potential allergenicity of food protein is the
elimination of its antigenic structures, which approach makes it possible to include this protein into the composi-
tion of specialized food, which is intended for the people who suffer from food allergies or for the people exposed
to the allergy risk. The allergenicity is reduced by means of enzymatic hydrolysis in combination with membrane
processing of the obtained hydrolyzate. To obtain a peptide module with pre-determined physical and chemical
parameters, an appropriate selection of initial protein, application of various enzymes, and ranging of techno-
logical parameters like pH, temperature, exposure time, enzyme-substrate ratio and other parameters is required.

FUNDING: The research was conducted at the Research Institute of Baby Nutrition — a branch of the “Federal Research Center for Nutrition and Bio-
technology” within the framework of ensuring the conditions for performing the work of a grant in the form of a subsidy for: ensuring that Russian
scientific organizations and (or) educational organizations conduct higher education together with foreign organizations of scientific research as part
of providing implementation of the program of bilateral and multilateral scientific and technological cooperation, according to the contract between
the Federal State Budgetary Institution “Federal Research Center for Nutrition and Biotechnology” and the Ministry of Education and Science of Rus-
sia dated October 02, 2022 No. 075-15-2022-1211 on the topic: “Development of a technology for obtaining specialized dairy products with reduced

allergenicity for baby food based on milk protein hydrolysates”.

1. BBegeHue

Pa3paboTka MOJIOUHBIX U JPYTUX MMUIIEBBIX MPOAYKTOB C MO-
HWDKEHHO ajIepreHHOCTbI0 SIBJISIeTCS aKTyaJbHbIM HaIlpas-
JIEHVMEM TIUIIEBOJ TEXHOJIOTUY, VI €r0 Pa3BUTHE CIIOCOOCTBYET
COBEpIIeHCTBOBAHMIO KauecTBa M 0e30MacHOCTY IPOMYKTOB
nutanus. K coxxaneHuio, B HacToslllee BpeMsi OTeYeCTBeHHO
MUIIEBOJ MPOMBIIIJIEHHOCTBIO MPAKTUUYeCKM He IIPOU3BOAST-
Cs1 MOJIOYHBIE TIPOAYKTHI, IIpelHa3HAUeHHbIe JISI TTUTaHUS Jie-
Teil, CTpaJaloNuX auieprueii K 6ekaM KOpoBbero Mosoka [1].
B Poccuit OTCYTCTBYIOT HOCTATOUYHbIE OOBEMBbI MPOU3BOACTBA
ChIPbSI ¥ MHTPENMEHTOB [T CO3[aHMsI OTeUeCTBeHHO CIelru-
QTM3UPOBAHHON MUIIEBOI MPOAYKIMA, Pa3pabOTaHHO B TOM
yucie Jjsi NeTCKoro nuTaHus. VIMIopTo3aBUCMMOCTD TTPUBO-
IUT K YAOPOXXaHUIO AeTCKUX CIelaau3MPOBAHHbBIX MUIIEBbIX
MPOAYKTOB, TPOM3BOAMUMBIX Ha TeppuTopuu PO 13 mpuBO3HOTO
CbIpbS, B cpefHeM Ha 30%. OTO CBSI3aHO C MMIIOPTHBIMM ITOIII-
JIMHAMU, KOTOpbIe cocTaBisiioT oT 10 go 15%. Takoe ronoskeHme
B CBSI3M C CAHKI[MOHHBIMU JIEMCTBUSIMU B OTHOLIEHUM Poccum
MOYKET COCTaBJISITh YTPO3y MPOAOBOJBCTBEHHOI 6€30IMacHOCTU
HacejieHMs Hallleil CTpaHbI [2].

BblIIen3nokeHHOe MpeaorpeaeseT Heo6X0auMOCTb 6e30T-
JlaraTeTbHOTO paciIMpeHust 6a3bl OTEUECTBEHHOTO ChIPbS U MH-
rpeVieHTOB [1Jisl TPOU3BOACTBA MOTOUHOM MPOLYKIIMHU, IIIMPOKO
JCTIOJIb3YeMOIi B MUTAHMUM JEeTCKOTO HaceIeHusl.

O61ee comepykaHue GeJIKOB B MOJIOKE COCTaBJISIET OT 2,9 110
4,0%, rme OCHOBHAs YacTb GEJIKOB MOJIOKA MpeCcTaB/ieHa Kase-
nHamu (78-85%), comepskaHye CbIBOPOTOUHBIX GETKOB COCTaB-
siseT oT 15 1o 22%. Vcrionb30BaHMe ChIBOPOTOUYHBIX GETKOB MO-
JIOKa 1Sl TIPOM3BOACTBA MTPOAYKTOB JIETCKOTO MUTaHUSI MMeeT
orpefie/ieHHOe TTPeMMYyIleCcTBO, TTOCKOIbKY TI0 CBOEMY aMWHO-
KUCIOTHOMY COCTaBy (COOep>kKaHMIO M COOTHOIIEHUIO He3ame-
HUMbBIX aMMUHOKMUCIOT) OHM MPEBOCXOMAST Ka3euHbl ¥ MHOTUE
IpyTue TuineBbie 6enKku. Beaky MOIOYHOI ChIBOPOTKM 06Ia-
JIAlOT BBICOKO MepeBapuMOCTbIO ¥ GMOMOCTYITHOCTHIO: MOC/Ie
TpMeMa MHUIIEBbIX MPOAYKTOB HAa OCHOBE ChIBOPOTOUHBIX Geji-
KOB KOHIIEHTpalMs aMUHOKUCIOT U TeNTUA0B B KPOBU PE3KO
BO3pacTaeT y)ke B TeueHMe IepBoro yaca [3]. Cnenyert, ofHaKo,
YUUTBIBATD, YTO AJITIEPTUS K 6€IKaM KOPOBBETO MOJIOKA SIBJISIET-
cs1 Hamboee pacpOCTPaHEHHBIM MPOSIBIIEHNEM MUINEBOI ajl-
Jlepruy, 0CO6eHHO YacTO BBISIBJIIEMBIM B paHHEM ITOCTHATA/b-
HOM Bo3pacre [4]. B cbIBOpOTOUHOIT GpaKimu 6eIKOB KOPOBHETO
MoJIOKa MAeHTUGUIMPOoBaHO cBbIlie 30 GETKOBBIX aHTUTEHOB,
KOTOpbIE SIBJISIIOTCSI MCTOUHMKOM aHTUTEHHON CTUMY/ISILIVU
¥ TOTeHIMaJTbHON ajieprusauum OeTckoro opranusma. Oue-
BUHA MeIVKO-COLaTbHast 3HaUMMOCTb ITPO6IIEMBI, CBSI3aHHOI
C BO3MOKHOCTSIMM CHVSKEHMSI TIPOSIBJIEHMIT 9TOTO 3a607IeBaHNUS

MyTeM BKJIIOUEHMS B COCTaBbI CTIIEIMATM3UPOBAHHbIX MUIIEBBIX
TIPOAYKTOB ISl TIUTAHUS eTeil 6eJKOBbIX KOMIIOHEHTOB C I10-
HIKEHHOJ CEHCUOMIM3UPYIOIeli aKTUBHOCThIO. TeXHOoIorue-
CKMe TOAXOMAbl K CHIKeHMIO NMOTEeHIMaNIbHOM auilepreHHOCTU
6eTKOBOT0 KOMITOHEHTA JIOJIKHbBI 3aHSITh BeAyllee MeCTO B CUC-
TemMe KOHTPOJIs U obecrieueHnst 6e301MacHOCTY AETCKOM MOIOU-
HOI IUIeBOI MPOLYKLIVN.

Crnioco6HOCTh TUIEBOro 6Gesika BBI3BIBATH CEHCUOMIM3A-
LIMI0O TeHeTUUYeCKM IPeapacloioXKeHHOTO K aJllepruuyecKuM
MPOSIBIEHUSIM MHAVBUIA 3aBUCUT, BO-TIEPBbIX, OT HaIUUMS
B €ro CoCTaBe CTPYKTYp (3MUTOIIOB, a/UIePTeHHbIX AeTepMu-
HaHT), CIIOCOGHBIX BbI3BATh CIENUGUUECKYI0 aKTUBAIUIO
Th2-xenmnepoB u BeipaboTky IgE aHTUTeN. BO-BTOPBIX, NKIle-
BOi1 6€JIOK MOKET IMPOSIBUTh CBOVCTBA ajyiepreHa Mpyu Hapy-
IIEHHOM 3al[MUTHOM 6apbepe KeTyJToYHO-KUIIEUYHOTO TPaKTa
M TIPU BO3MOXHOCTM KOHTAKTa C MMMYHOKOMIIETEHTHBIMU
KJIeTKaMy opraHmsmMa. PUcCK MposiBAeHMs] MUILEeBbIM 6elKOM
aJUIepreHHbIX CBOJCTB TIOTEHI[MAJbHO BO3pacTaeT IPU €ero
MOBBIIIEHHOV YCTOMYMBOCTM K TIPOTEONM3Y B SKeTyZOUHO-
KUIIIeYHOM Tpakre [5].

AHTUTeHHBIE CTPYKTYpbI 6Gejika, paclo3HaBaeMble MMMY-
HOKOMITIETEHTHBIMMA KJI€TKaMM U aHTUTe/JIaMI, MOT'yT 6])ITI: He-
CKOJIbKUX TUIIOB: «I10CIeA0BaTebHbIE» SIUTOIbI — KOPOTKUE
(parmeHTBI MENTUAHO LIETIN; «TTeT/IeBbIe» SMUTOIBI — TAKKE
KOpOTKMEe (DparMeHTHI, HO JKECTKO CTAGMIM3UPOBAHHbIE M-
CymbOUAHBIMY MOCTUKAMU; U «KOH(GOPMAIMOHHBIE» 3IUTO-
bl, 06pa30BaHHbIe CTEPUUYECKM COMMKEHHBIMUM B HATUBHOM
6ejike aMMHOKMCJIOTHBIMM OCTaTKaMM, TPUHAJIEKAIIVMU
K yAQJIeHHBIM JIPYT OT Apyra y4acTkamM aMUHOKMCIOTHO T0-
cregoBaTenbHOCTU. KOpoTKue dparMeHThl MUIIEBBIX OENKOB
He MMMYHOTeHHBI ¥, COOTBETCTBEHHO, He ajulepreHHbl. B pe-
3ynbraTe GepMEeHTATUBHOTO TUAPOIM3a MEePBUYHAS CTPYKTY-
pa 6enka paspyiuaeTcs, TeM He MeHee MPOTEeOoau3 (maxe Mpu
MCIIO/Ib30BaHUM CIOXKHBIX TMONM(PEPMEHTHBIX CUCTEM) IIpa-
KTUUYECKU He UJET [0 KOoHIla (06pa3oBaHMsI CMeCU CBOGOIHBIX
aMMHOKMCIOT). B pesynbraTe 3TOro B (hepMEHTATUBHBIX TH-
Jposin3aTax, He TIOBePrHYTHIX JaibHeeMy GpakIoHUPO-
BAaHUIO, OCTAIOTCSI HEKOTOPbIe HepacllerieHHble aHTUTeHHbIe
cTpyKTYyphl. Hambosnee pacnpocTpaHeHHbIM U 3(G(EeKTUBHBIM
MOAX00M K CHUKEHMIO TTOTeHIMaNbHOM a/uiepreHHOCTY TH-
IIeBOro 6eika SIBASeTCS SMMMUHALINS €r0 aHTUTEHHBIX CTPYK-
Typ nyTeM (epMeHTaTMBHOTO TUIPOIM3a C MOCIeAyIolei
MeMOpPaHHO 06paboTKOI TMONyYeHHOro TuUAponmsara. JaH-
HbIIl CII0CO6 TIO3BOJISIET MCITONB30BATh I'MAPONM3AT COCTABE
Criel a3 POBAHHBIX MUIIEBBIX TPOAYKTOB /IS IO e, CTpa-
Jaloux MUILeBOit alneprueil MaM HaXOISIIMXCS B TPYIIIe
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pucka. B pesynprare ymaeTcsl mosydyaTh MENTUAHbIE CMeCH,
B KOTOPBIX COAEp)KaHMe AaHTUTeHHbIX CTPYKTYpP CHIKEHO Ha
HECKOJIbKO TMOPSIIKOB BEIMUMHBI IO CPAaBHEHUIO C MCXOIHBIM
6e1KoM 1 ¢ ero hepMeHTAaTUBHBIM I'MaponusaTom [6—-8]. [s
TIOJTyYeHMST TIeMITUIHOTO MOJIYJ/IS C 3aJaHHBIMY (DU3UKO-XUMM-
YyeCcKUMM TapaMeTpaMy TpebyeTcss BbIGOp MCXOMHOTO Geska,
npuMeHeHne GepMeHTOB U U3MeHeHMe TeXHOMIOTMYeCKIX Ia-
paMeTpoB: YpoBHSI pH, TemIiepaTypbl, BpeMeHM IKCIIO3UIIUH,
dbepmeHT-cy6CTpPAaTHOTO COOTHONIEHMsT M Tak panee. [9,10].
B kauecTBe MCXOMHBIX CYyGCTPATOB JJ1s1 ITPOBEIEHNS TTPOTEOI M-
3@ MOTYT MCIIOb30BaThCsI KAK MHCTAHTHbIe MHIAMBUAYaTbHbIE
6eJIky, TaK ¥ UX CMecy B BUJle KOHIIEHTPATOB MU MU3OJISITOB
[11,12]. LienieBoe Ha3HAUEHME UCITONb30BAHMST GEPMEHTONIN3A-
Ta 6eKa I MUAIIEBBIX 1e/Ieil onmpeiesseT A1ManasoH GepMeH-
TOB, KOTOPbIe MOTYT IPUMEHSIThCS I IPOU3BOACTBA TUIPO-
JM3aTOB MUIIEBOTO 6eska.

Ha ppiHKe MPUCYTCTBYIOT MUIleBbie hepMeHTHbIE TMpera-
PaThI U3 KUBOTHBIX, PACTUTEbHBIX, MUKPOOHBIX (6aKTepuab-
HBIX U TPUOKOBBIX) MICTOUHUKOB [13,14]. DepMeHThI SKUBOTHOTO
MIPOUCXOXKIEeHNSI, Takue KaK TPUIICUH, XMMOTPUIICUH, TIeTICUH
M 3J1acTasa IMOIKeTyIOUHO Kejle3bl MOTYT ObITh 3(DPEKTUB-
HO MCITOJIb30BAHbI JJIsSI TIOMYYEeHMs TUIIEBbIX OeMKOBbIX (ep-
MeHTOoMM3aToB. CrieudUUHOCTb 3TUX (EePMEHTOB TIIATETbHO
M3yuyeHa: BbISIBIEHA OIpeJeseHHass KOpPeasiiyusi MeXay BbIC-
BOOGOXIEHMEM IEeNTUIOB U3 OEIKOB MOJIOKA IPU UX IepeBa-
pUMBaHUM B OpraHM3Me 4yejoBeKa ¥ MMUTALMeN in vitro mepe-
BapMBaHMS B KeJTyLOYHO-KUIIeYHOM TpakTe [15]. JocTmskeHMe
NIpMeMJIEMOTO OPTaHOJMeNTUYEeCKOr0 BKyca TMIpOaM3aTa SIB-
JISIeTCSI HeMaJIOBa)KHOJ TeXHOJIOTMUeCKON 3amaueii, OCKOJIb-
Ky M3BeCTHO, YTO IO Mepe AEeCTPYKIMM TMeNnTUIHBIX CBs3eit
B IPOAYKTAX I'MAPOIM3a TOSIBJISIETCS TOPbKUI BKYC. DTO MOKET
ObITH 06YCIOBIEHO HAMMUMEM TUAPOGOGHBIX MENTULOB, MOJIe-
KYJISIDHBIe MacCChl KOTOPBIX HaxomsTcs B auamnasoHe 0,36-2,10
k/la 1 comepskaT KOHI|eBble aMUHOIPYIIIIbI M30JIeLIHA, TUPO-
3MHa, beHMIanaHnuHa u Tpuntodana [16,17,18]. [Insg ymeHblie-
HMSI TOPBKOTO BKyca IIpeJyIoskeH psif MeTOLMUeCKUX TOAX00B,
K YMCTYy KOTOPBIX OTHOCSIT XpOMaTorpadmnyeckyo OUMCTKY Ha
ruapodoOHbIX copbeHTax (HaNpumep, Ha aKTUMBMPOBAHHOM
yrie). Kpome 3TOro, yoaauTh ropeub M3 MeNTUIHBIX CMeceii
MOXHO 60jiee TIYOOKMM TUAPOIM30M TOPbKUX MENTULOoB [19-
20], 4TO, OZHAKO, MOKEeT IPUBECTM K CHIKeHUIO 6uonornye-
CKOJ LIeHHOCTY TaKMX TMAPOIM3ATOB BBUIY IOTEPU He3aMe-
HMMBIX aMUHOKUCIIOT.

Ins ycTpaHeHMsl TOPHKOTO BKycCa TUAPOIU3ATOB GEJIKOB
MepCIeKTMBHO MCIIO/Nb30BaHMe HaHOGWIbTpAIUM, IO3BOJS-
I0Iel YOAIUTb U3 MPOAYKTA COJM, CBOOOTHbIE aMUHOKVCIOTBI
¥ 3HAUMTETbHOE KOJIMUeCTBO KOPOTKUX MEeINTHUI0B, TPUAAIINX
rYAponu3aTaM ropeys [21].

Llenb paboThI: TIONyYeHNe GepMEHTATUBHBIX IMIPONTN3ATOB
CBIBOPOTOUYHBIX OETKOB KOPOBBETO MOJIOKA M UX YIbTPaduiib-
TPaTOB C BBICOKMM COZEpKaHMeM HU3KOMOJIEKYISIPHBIX Ier-
TUIHBIX QpaKIIA.

2. O6G'beKTHI M METO/IbI

O6beKTOM MCCIeOBAaHMS B KauecTBe GEITKOBOTO CybcTpaTa
CITY’KMT KOHIIEHTPAT ChIBOPOTOYHBIX OETKOB KOPOBBETO MOJIO-
Ka (comepkaHue Genka 80,2%). B paboTe 6bLIM MCIIONIb30BAHBI
2 obpasua depmMeHTOB: TPUIICUH (bepMeHTHBIN Mpemnapar, mo-
JIy4aeMblil U3 TTO/KeTYA,0YHOM JKele3bl CBMHEI, C aKTMBHOCTBIO
2,31 ne/t (onipegenena mo Kynuriyy M.)) [22] u ipoTto3um (dep-
MeHTHbIIT TIperapar, IoJyJaeMblii yTeM HampaB/IeHHO dep-
MEHTalUM CeJIeKIMOHHOTO mTamMma Bacillus licheniformis ¢ mo-
CIeqyIoNeli OUMCTKOM M KOHIIEHTPUPOBAHMEM, C aKTMBHOCTBIO
50000 en/r, o metomy ®OJIIT). 3a eAUHUILLY TPOTEOTUTUYIECKOIA
akTuBHOCTM ®OJIII MPUHATO TaKoe KOIMUeCTBO hepMeHTa, KO-
TOpOe KaTaJu3upyeT ruapoan3 1 r KaseuHa Mmpu TemIiepaType

40 °C, ypoBHe pH 10,5 1 BpemeHu ruiponn3sa 1 4 B COOTBETCTBUU
¢ T'OCT 20264.2-88".

2.1. Yenosus zudpoausa

@depMeHTAaTUBHbIN TUIPOANU3 TTPOBOAMIICS B BOISHON Tep-
MOCTaTUpyeMoit 6GaHe C TIOCTOSHHBIM IepeMelBaHneM
u nopgpepxkanueMm pH 1,0 M pacrBopom NaOH. [To okoHUaHMM
TUIPOM3a TIOMYYEHHBbI TPOAYKT WHaKTMBMUpoBaics (75°C)
B TeueHMe 15 MUHYT, OXJIaKIAICS 1O KOMHATHOW TeMIlepaTypbl
u ueHTpudyruposascs Ha neHTpudyre Beckman J-6B (Beckman
Coulter, CIITA) ipu 3500 06/MuH B TeueHue 30 MUHYT cO c6O-
pom cymnepHaTaHTa. CyrepHaTaHT B Ja/bHEIIIEM TOABEpTa-
cs1 ynbTpaduabTpalMy B TAHTEHIIMAJIbHOM ITOTOKe (YCTaHOBKA
IUISI MUKDPO- U ynbTpabuabTpalum Ha 6ase GuibTpomepskaTens
AC®-018, («Bnagucapt», Poccust)) uepes meM6paHy ¢ pa3MepoM
rop 10 /I, (Ha ocHoBe momaupcyibdoHa) co c60POM HUBKO-
MOJIEKY/ISIPHOI hpakumm.

[Ton60op ONTUMATbHBIX YCIOBMIA TUAPOIM3A BKIIOYAI OIIpe-
JlelieHVie BIMSIHUSI Ha TIpoliecc GpepMeHTONMM3a BpeMeH! peak-
un, 3HaueHus pH, cooTHomeHust hepMeHT/cy6CTpaT (10 Cy-
XJM BeIlleCTBaM), TEMIIEPaTyphI.

2.2. ITodzomoska npo6 2udpoauszama KCB 0ns xpomamozpaguu
O6paser ruaponusata 6eka o6bemMoM 5,0 MJT TIOMeIaloT
B TIONMATUIEHOBYIO MPOOUPKY 06bemMom 2,0 MiI, MOCIe Yero
TpoBOAUTCS eHTpudyrupoBanme Ha eHTpudyre IKA G-L (IKA,
Tepmanus) B TeueHue 15 muuyT npu 15000 06/MuH. ATUKBOTY
MPO3pavHoIi YacTu GUIBTPYIOT Yepes GUIbTPYIOIIYIO HITpUIIe-
BYIO HACAJIKy ¢ pazMepom mnop 0,22 MKM B CTEKJISTHHbII (IIaKOH.

2.3. Memoduka aHaiu3a MoJieKyaspHo-maccog8ozo pacnpedeseHus

MorneKy/nIipHO-MaccoBOe pacrpejeseHne IMoMydyaeMbIX I'M-
JPOMM3aTOB OLIEHMBAIY METOLOM SKCKIIO3VIOHHOM JXKUAKOCT-
HOJt XpomaTorpaduy BbICOKOTO HaBieHUs] Ha KOloHKe «CyTie-
posa 12» (1,0*30 cm) (Amersham, IlIBenust), mpenBapUTeIbHO
OTKaJMOPOBAHHON 0 CTAHJAPTHBIM IVIOOYJISIPHBIM BOAOPACT-
BOPUMBIM 6eJTKaM 13BEeCTHOI MOJIEKY/ISIPHO MacChl.

I[Tpu mpoBeieHNM MCCIeq0BaHM OBUT MCIIONb30BAH XpPOMa-
Torpad sKMAKOCTHOV M30KPATUUECKMIT BBICOKOTO IaBIeHUs CO
CIeKTPoOTOMETPUYECKUM MPOTOYHBIM AeTeKTopom YO 132
(HITO «XXUMABTOMATUKA», Poccus) ¢ nyiHOV BOHbI 280 HM.
CkopocTh smoupoBaHus cocrasisiia 0,40 mia/MuH, 06bem
o6pasiia, MHKEeKTUPYeMOoro B KOJIOHKY, — 100 MKkiI. B KauecTBe
anoeHTa ucnonb3osaics 0,2 M pactBop NaCl ¢ fobasieHnem
asyja HaTtpus. XpoMaTOrpaMMbl AeNalNucCh B TPeX peruiMkax
Y VHTeTPMPOBAINCH BECOBBIM METOLOM B Ayana3oHax MoJe-
KY/SIDHBIX MacC, PacCUMTAHHBIX MO KaJIMOGPOBOUHOI KPUBOIi
KOJIOHKM.

Ornpepensisicst xpoMmatorpaduyeckuii mpodmib aHATU3UPY-
eMoro ¢epMeHTOMM3aTa ¥ BBISIB/ISJIOCH MIPOLIEHTHOEe CconepyKa-
Hye GeKOBO-TIeNTUIHOTO MaTepuaia B 3aJaHHBIX AAa30Hax
MOJIEKY/ISIPHBIX MaCC OTHOCUTEIbHO BCeit GeTKOBOMTIeN TUIHOI
cMecCH.

2.4. Cmamucmuueckuii aHaaus

CraTucTuIeckyo 06paboTKy ITOTyUYeHHbIX Pe3Yy/IbTaTOB IIPO-
BOIMIM C MCITOJIb30BaHMEM MakeTa mporpamm SPSS Statistics
20. Beruncisiiv cpepHee sHauenue (M) 1 CTaHAAPTHYIO OMIMOKY
cpenHero (m). JlJaHHble TipeAcTaBieHbl Kak M*m. CraTuctuue-
CKMe pas3iuumsi MeXAy TpYIIamMy OLEeHMBaIM C MUCIONb30Ba-
HueM KputepueB CrblofeHTa U MaHHa-YuTHU. Kputnudeckmii
YPOBEHb 3HAUMMOCTY HYJIEBOV CTAaTUCTUYECKON TUIIOTE3bI (D)
npuHUMau pasubiM 0,05.

' TOCT 20264.2-88. TIpenapaTsl dhepMeHTHbIe. MeTo[bl Onpesie/eHus
MMPOTEOUTUUECKOI akTUBHOCTU. MockBa: 'ocymapcTBeHHblit komutetT CCCP
1o cra"gapram, 1988. — 16 c.
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3. Pe3ynbTaThl M 00CYXIEHME
3.1. [TonyueHue u xapakmepucmuka (pepmeHmamueHsLx

2udponusamos KCE

Ha Pucynkax 1-8 npuBeeHbl TMCTOIPAMMBbI, XapaKTepu3y-
1o1ye TpodUIN MOJIEKYJISIPHO-MAaCCOBOTO pacIpeiesieHus Mer-
TUIHBIX Gpakiuii B coctaBe HepMeHTATUBHBIX TMIPOIN3ATOB
KCB, mony4yeHHbBIX TIpM PasauUuHbIX ycaoBUsix mpoteonusa KCBb
TPUIICMHOM ¥ TIpOTO3MMOM. B Tabnmuiiax 1-4 mpuBemeHbl KO-
JIMYeCTBEHHbIe 3HaUeHMSI IPOLIEHTHOTO COOTHOIIEHNS MTeNTHU -
HBIX (DPaKIMIi B COCTABAX MMOTYYeHHBIX TUIPOIU3ATOB.

ITpomOKUTENBHOCTh MTPOTEOJM3a OEJIKOB ChIBOPOTKM KO-
pOBbErO MoOJIOKa BapbupoBana oT 60 MuHYT n0 240 MUHYT
(Pucyuku 1 m 2). Pe3ynbTaThl, mpencTaBieHHble B Tabmuie 1,
CBUZETENbCTBYIOT, YTO MaKCMMaJbHOE CYMMapHOe CoAep kaHme
«HU3KOMOJIEKY/ISIPDHBIX» MEeNTUOHBIX dpaxiuuii (MeHee 10k[a)
B COCTaBe TUIPOJIM3aTOB OGbUIO JOCTUTHYTO IIPU MPOIOJIKUTETb-
HocTu npoteony3a KCBb TpuUmcuHOM M MPOTO3UMMOM B T€YEHME
2-3 yacoB. [lanpHejilee yBeauMueHMe IPOLODKUTEIbHOCTU
MPOTeo/M3a He IPUBOAMUIIO K MOBBIIIEHUIO CYMMapHOTO Coaep-
SKaHUST «HU3KOMOJIEKY/ISIPHBIX» TIEMTUIHBIX PPaKILMii B COCTaBe
rupaponnsatos KCb.
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Ipumeuanue: 1 — pas3nnumsi JOCTOBEPHBI 1O cpaBHeHMIo ¢ T=60 MuH,
(p<0.05).

PucyHok 1. 3aBUCHUMOCTD MOJIEKY/IIPHO-MaCCOBOrO
pacnpeneneHus NENTUIHBIX (GpaKIuii B COCTaBe
ruaponusara KCB, rmosyyeHHOro ¢ uCrojib3oBaHueM
TPUIICMHA, OT BpeMeH! IIPOoTeoIn3a
Figure 1. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of trypsin, on duration of proteolysis
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Ipumeuanue: 1 — pas3nanumsi JOCTOBEPHBI 110 cpaBHeHMIO ¢ T=60 MuH, 3 —
pasnuust JOCTOBEPHBDI 110 cpaBHeHuto ¢ T= 180 muH, (p<0.05).
PucyHoK 2. 3aBUCMMOCTB MOJIEKY/ISIPHO-MacCOBOTO
pacnpeneneHus NeNTUIHBIX (GpaKIuii B COCTaBe
ruaponusara KCB, mosyyeHHOro ¢ UCro/jib30BaHueM
MpPOTO3MMa, OT BpEMEHHU IPOTEeoan3a
Figure 2. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of protozyme, on duration of proteolysis

Ta6nuia 1. BausiHue mpogo/DKUTETBHOCTY IIPOTEoIn3a
Ha CyMMapHoOe€ Coaep>XaHMe HU3KOMOJIEKY/IAPHBIX
nenTuUaHbIX ppakuuii B rugpoaIn3aTax
Table 1. Effect of duration of proteolysis on the total content of low
molecular weight peptide fractions in hydrolysates

Tponomkutens- CyMMapHoe conepykaHue dbpakunit menee 10 x/1a (%)

HOCTb ITPOTEO- TPUIICUHOBBI IIpoTo3MMHBIi
Jmsa, MUH TUapoan3aT TUApOIN3aT
60 70,2+7,0 72,4%72
120 75,8+ 7,6 78,8179
180 78,9+179 76,4+ 7,6
240 79,1%£79 81,5+8,2

HpuM@uaHue: A OCTOBEPHBIX pa3nwm17[ He BbISIBJIEHO.

VBenueHne COOTHOLIEHUS ITPOTeONUTHYecKuit (epmeHT/
6eJIKOBbI CyGCTpaT MOKET 06ecreunBaTh 60/ee MHTEHCUBHOE
nporekaHue GepMeHTaTUBHOM peakuyy (0COOEHHO Ha Hayvasb-
HOJ cTagum mpoTeosnsa). OmMHaKo MpY MaclITabupoOBaHUM ITPO-
1iecca Jijist TPOMBIIIZIEHHOTO TTPOM3BO/ICTBA TUIPOIM3aTOB TaKoe
yBenuueHue pacxopa hepmeHTa JOCTATOYHO 3aTpaTHO. B Halem
MCCIeNOBaHMM ObUIM MCTIONb30BAHBI Pa3inyHble hepMeHT-Cyo-
crpaTHble cooTHoweHus TpuricuH/KCB (PucyHOK 3) u npoTo3um/
KCbB (Pucynoxk 4). CymmapHoe cofepykaHyie HU3KOMOJEKYISIPHBIX
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pacmnpeneneHus HeNTUAHBIX (PpPaKuuii B cOCTaBe
rupponusara KCB, mosyyeHHOro ¢ UCIo/1b30BaHeM
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Figure 3. Dependence of the molecular weight distribution of peptide
ractions in the composition of the WPC hydrolyzate, obtained
with the use of trypsin, on the enzyme concentration
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Tpumeuarue: 1 — pasauumust JOCTOBEPHBI 110 cpaBHeHMIO ¢ 2,0% depmeHTa,
(p<0.05).
PucyHok 4. 3aBUCHMMOCTb MOJIEKY/ISIPHO-MacCOBOTO
pacmnpeneneHus HeNTUAHBIX (PpPaKuuii B cOCTaBe
rupponusara KCB, mosyyeHHOro ¢ UCIoib30BaHueM

IpoTOo3uMa, OT KOHIEHTPpaIun c])epmeHTa
Figure 4. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of protozyme, on the enzyme concentration
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TIENTUAHBIX QPaKiMii B paCTBOPMMbIX 00pa3iiax TPUIICMHOBBIX
TMIPOU3ATOB MPAKTUYECKM He 3aBMCENIO0 OT MCIOIb30BAaHHbIX
cooTHoIIeHnIi GpepmeHT/cyoerpat (Tabmuua 2). OgHAKO Py MC-
TI0/b30BaHMM 2% 1 3,5% pacTBOPOB MPOTO3MMa 3PHEKTUBHOCTH
MpoTeosn3a Obljia KpaiiHe Hi3Ka, UTO ITPUBOIMIIO K 00pa30BaHMIO
3HAUUTEbHOTO KOJIMYECTBA HEPACTBOPUMOTO 0CafKa U K HU3KO-
MY BBIXO[Y 11€JIeBOT0 IPOIYyKTa.

VHTepBasbl 3HaueHnit pH peaklIMOHHOI cpelibl BapbupOBa-
JIV TIPY TUAAPOJIM3E TPUTICMHOM OT 6,5 1m0 8,5 (PMCYHOK 5) M mipu
TUAPOIN3e MPOTO3UMOM OT 7,2 1,0 8,6 (PucyHOK 6). [TonydeHHbIE
pesyabTaThl (Tabnuiia 3) CBUOETENIbCTBOBAIM O TOM, UTO TIPU
nporeonu3e KCB TpuUIICMHOM M TPOTO3MMOM OITMMaJIbHbIE
3HaueHus1 pH peakiMOHHON Cpelibl COCTABISIM COOTBETCTBEH-
HO 7,4-7,6 1 8,4-8,6.

B uHTepBase MCIONb30BAHHBIX TEeMIIEPATYPHBIX DeXMU-
MoB (oT 37°C pmo 58°C mpm mporeonuse TpurncuHom (Pu-
cyHOK 7) u or 50°C mo 70°C mpu IpoTeosm3e MpOTO3UMOM
(Pucynox 8)) onTumasnbHble 3HaUEHUS] TEMIIepaTyp PacTBOPOB
coctraBuu coorBeTcTBeHHO 50 °C 1 60 °C (Tabnuua 4).
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Tpumeuarue: 1 — pas3nuumsi JOCTOBEPHBI 1O cpaBHeHMo ¢ pH 6,5, 2 —
pasmMuMst JOCTOBEPHBI IO cpaBHeHUo ¢ pH 7,5, 3 — pa3nuuusi JOCTOBEPHBI
o cpapHenmio ¢ pH 8,5, (p<0.05)

PucyHOK 5. 3aBUCMMOCTb MOJIEKY/IIPHO-MaCCOBOTO
pacrnpeneneHus NeNTUAHBIX (PPaKIuii B cOCTaBe
ruaponusaTta KCB, mosyyeHHOro ¢ UCrojb30BaHueM
TPUIICKHA, OT pH peakuMOHHOI cpenbl
Figure 5. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of trypsin, on the pH of the reaction medium
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Tpumeuarue: 1 — pa3nuuusi JOCTOBEPHBI 110 cpaBHeHMo ¢ pH 7,2, (p<0.05).

PucyHOK 6. 3aBUCMMOCTDH MOJIEKY/ISIPHO-MaCcCOBOTO
pacmpeaeneHus MeNTUIHBIX (GpaKIuii B COCTaBe
ruaponusara KCB, 1mosyyeHHOro ¢ UCIojb30BaHueM
npoTo3uMa, oT pH peakKIIMOHHOVI Cpebl
Figure 6. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of protozyme, on the pH of the reaction medium

Ta6nuia 2. Biusuue cooTHoureHus: pepmeHT/cyocTpaT
Ha CyMMapHOe coJepskaHye HU3KOMOJIEKY/ISIPHbIX
MenTUAHBIX GPaKUMii B TMAPOIM3ATAX

Table 2. Effect of the enzyme-to-substrate ratio on the total content
of low molecular weight peptide fractions in the hydrolysates

CymMmapHoe copepykaHue dhparimit

depmeHT/ meHee 10 x/la (%)
KCBKM (BecoBoe
COOTHOIIIeHVE) TpuUnCcUHOBBIN ITpoTO3MMHBI
rUgpoansaT TUapoIM3aT
2,0 81,1+8,1 69,7+ 7,0
3,5 78,1+ 78 73,2*+173
5,0 80,9+ 8,1 76,4* 17,6

HpuMeuaHue: JIOCTOBEPHBIX PA3/INYMs HE BBISIBJIEHO.

Tab6nuiia 3. Bausiaue pH peaKkuMOHHOM CMecu
Ha CyMMapHoOe CoAep>KaHVe HU3KOMOJIEKYJISIPHBIX
MenTUAHbIX GpaKkumii B IMAPOIN3aTax
Table 3. Effect of the pH of the reaction mixture on the total content
of low molecular weight peptide fractions in hydrolysates

CymmapHoe copepkanue ¢dparimii

MeHee 10 k/1a
TpurcuHoBbIN IIpoTO3MMHBII
pH TUAPOIN3AT pH TUAPOAN3AT
6,5 86,3 * 8,6 7,2 80,5+ 8,1
7,5 81,1 8,1 7,9 82,2+8,2
8,5 76,8 £ 7,7 8,5 76,4+ 7,6

HpuM&uaHue: AOCTOBEPHBIX PAa3/JINM4YMs HE BbISIBJIEHO.

Ta6muiia 4. BiussHue TeMnepaTypbl peakIMOHHO cMecH
Ha CyMMapHoOe coaep>KaHe HU3KOMOJIEKYIAPHBIX
MenTUAHbIX ¢pakumii B rMapoan3aTax
Table 4. Effect of temperature of the reaction mixture on the total content
of low molecular weight peptide fractions in the hydrolysates

CymMmapHoe copepykaHue dhpakimii

Menee 10 k[Ia
t°c TpUICUHOBLIN t°c IIpoTO3MMHBI
TUIpOIN3aT TUApPOIN3aT
37 76,6 7,7 50 64,2*6,4
50 81,0+ 8,1 60 76,4* 17,6
58 74,1+ 74 70 64,6 £ 6,5

Ipumeuanue: [OCTOBEPHBIX PA3IIUNSI HE BbISIBJIEHO.
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Ipumeuarue: 1 — pasnuums OOCTOBEPHBbI IO CpaBHeHMio ¢ t = 37°C,
2 — pas3nuumMsl TOCTOBEPHBI MO cpaBHeHMio ¢ t = 50°C, 3 — pasmnuust
JIOCTOBEPHBI 110 cpaBHeHMIo ¢ t = 58 °C, (p<0.05).
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PucyHoK 7. 3aBUCHMMOCTb MOJIEKY/ISIPHO-MacCOBOTO
pacipeneieHUs NMernTUuaHbIX (bpaxum‘/i B cOCTaBe
rmapoJ/sansarta KCB, IIOJTY4€HHOTIO C UCII0JIb30BaHUEM
TPUIICMHA, OT TEMIIEPATYPHOTrO pekuma
Figure 7. Dependence of the molecular weight distribution of peptide
fractions in the composition of the WPC hydrolyzate, obtained
with the use of trypsin, on the temperature mode
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Tpumeuarue: 1 — pas3nnuusi JOCTOBEPHBI MO cpaBHeHMIO ¢ t = 50°C, 2 —
pasnnuusi JOCTOBEPHBI 10 cpaBHeHMIO ¢ t = 60 °C, 3 — pa3auuusi JOCToBep-
HBI 110 cpaBHeHMIo ¢ t = 70°C, (p<0.05).
PucyHok 8. 3aBMCHMMOCTD MOJIEKY/ISIPHO-MaCCOBOr'O
pacnpeneneHus MeNTUAHbBIX GpaKkimii B cocTaBe
ruaponusara KCB, mosyyeHHOro ¢ ucrojb3oBaHueM

IIPOTO3MMa, OT TeMIIEpaTypPHOTO peskuMa

Figure 8. Dependence of the molecular weight distribution of peptide

fractions in the composition of the WPC hydrolyzate, obtained with
the use of protozyme, on the temperature mode

3.2. CpasHumenvHas xapakmepucmuka MoeKyIsIpHO-Macco8020
pacnpedeneHus nenmudHwlx ppakyuli

8 cocmase 2udpoauszamos KCE u ux yrempagpuiempamos

ITokasaTenb, KOMMUECTBEHHO XapaKTepuU3YIONIMii cymmap-
HOe coflepskaHme «HM3KOMOIEKYISIPHBIX» MEeMTUIHbIX hpaKIInii
B coctaBe rugponn3atoB KCb (menee 10 k/la), pelioskeH U UC-
MOb30BaH B HAllleM UCCIeLOBaHUM KaK YCIOBHbBIN «KpUTepUit
OJIsT OLl€eHKU HOTEHLU/[&JII:HOI‘/J[ VIMMYHOT€HHOCTU U aJlJIEPIru3m-
pymolleli akTMBHOCTW» MENTUAHBIX MOLYJ/el, 0TydyaeMbIX [IPpU
nporeonu3e KCBb u/mnm ux mocnenymoiein yabTpabuibTpanumn.
KopoTkotienoueuHbie MeNTHUIbl ¥ CBOOOMHbIE aMUHOKMCIOTHI
He CITOCOOHBI B3aMMOJEICTBOBATh C aHTUTEH-IIPE3EHTUPYIO-
mymy T-KIeTkaMyu UM MHAYLMPOBATh PeakUUio AerpaHy/siumn
KJIETOK MuIeHeit [23]. YToObI MpMBECTU K COMIKEHUIO B MeM-
O6paHe KJIeTKM MUIIeHM He MeHee yeM AByX Mosiekyn IgE, an-
JIepreH JO/DKEH ObITh ITOJIMBAJIEHTHBIM, TO €CTh COAEPKAaTb
HECKOJIbKO @aHTUTeHHBIX AeTepMMUHAHT (31MUTONO0B). COOTBETCT-
BEHHO, KOPOTKOIIeITOueuHble (hparMeHThl MUIIEBBIX OETKOB He
VMMYHHOTEHHBI ¥ TIOTEHIIMAIbHO He CITOCOOHBI CeHCUBUIU3N-
poBaTh opraHusm [5]. Yem Bbillle copepykaHue HU3KOMOJIEKY-
JIIpHBIX TenTuaoB (MeHee 10 kJ1a) M CBOGOIHBIX aMMHOKMUCIOT
B nnony4yeHHbIX ruaponusaTtax KCb, Tem 3HaunTenbHee CHMKEHA
X UMMYHOT€HHOCTD ¥ TTOTeHIMa/IbHasl aJl/IepTeHHOCTb.

Kak yxe 6bUI0 OTMeueHO B pasfene «BpeneHue», B dep-
MEHTATUBHBIX TUAPOIN3ATAX, HE TTOJBEPTHYTHIX Ja/IbHENIIeMY
dbpakuyoHnpoBaHnio, HEM36EKHO OCTAIOTCS BbBICOKOMOJIEKY-
JIIpHbBIE TIeNTUAHbIe hparMeHTbl. B COOTBETCTBUM C pe3ysIbTa-
TaMy IePBOTO 3Tara UCCIeJOBaHUI ObLIM MMOTyYeHbI OIbITHBIE
napTum gByx hepMeHTaTUBHBIX TUIponn3aToB. IIporeonus KCBb
TPUIICMHOM BeJIM B TeueHue 3 yacoB mpu Temmeparype 50 °C, pH
7,4-7,6, mpu cootHomenun Tpurcud/KCB, paBHom 1:50. IIpo-
IODKUTeNbHOCTD mpoTeonu3a KCB mpoTo3uMom cocTaBuia Tak-
Xe 3 yaca, Temreparypa — 60 °C, pH — 8,4-8,6, cooTHOLIeHN e
npoto3um /KCb pasHo 1:20

OrmnbITHBIE TAPTUM IBYX ruaponausaToB KCBb 6butu moasepr-
HyTBI ynbrpadwmibrpauym. ComepskaHue BbICOKOMOIEKYISIPHbIX
nenTtuaHbIX Gpakuuit (Beire 10 x/la) B cocTaBe TPUIICMHOBOTO
ruapomsata KCB (%) u ero yapTpaduiabTpaTa COCTaBUIO CO-
orBeTcTBeHHO 10,1% m 2,0%. AHanoruMuHble IoKasaTeay [Jisl
TMApPONN3aTa, MOJyUeHHOTO MPU MCIOAb30BaHMM ITPOTO3MMa
M €ero yiabTpaduiabTpaTa, COCTAaBWIM COOTBETCTBEHHO 16,2%

n 4,6%. Takum 06pa3om, copepskaHye BbICOKOMOJIEKY/ISIPHBIX
MeNnTUAHBIX (pakumit npM yabTpaguabTpanuy CHU3UIOCH
B 3,5-5,0 pas.

3.3 Hanpasnenus 6ydywux ucciedo8aHuti

Knuanueckum nccienoBanusiM 3GMeKTUBHOCTY CIIeLai-
3MPOBAHHOI MUILEBOI MPOAYKUMU /ST TPODWIAKTUKA U/ VTN
IMEeTUYeCKON KOpPEeKIUM MUIIEeBO auiepruu MOJKHA IIpe -
11eCTBOBATh JNOKIMHMYECKAS] IKCIIepUMeHTa/lbHas OlleHKa I0-
TEHIMaIbHO aJlJIepreHHOCTU MEeNTUIHBIX MOAYJIel, BBOAUMBbIX
B COCTaB 3TO¥ MpomyKiuu [24,25]. Pe3ynbTaThl Hamieit paboThl
MPeJCTAaBSIIOT OOVH U3 3TAINOB TAKOT'O JOKIMHUYECKOTO UCCIe-
IOBaHMSI, & UMEHHO KOJMUYECTBEHHYIO OILIeHKY MOJIEKYISPHO-
MacCOBOTO pacIlipeiesieHus] MeNTUAHbIX (pakiuii B cOoCTaBaxX
MOpy/eit, TOTyYeHHbBIX B pe3ysibraTe GepMeHTaTMBHOTO I'MIPO-
m3a KCB u nmowrenytomieit ynprpaduabTpanun. ITomryuyeHHbie
pesyabTaThl MOTYT GbITh MCIIONb30BAHbI MPU MacIITabupoBa-
HUUM TIpollecca TMOAyuyeHUs TeNTUIHBIX MOJyJeit Ajsi BKIIO-
YyeHUs] B KauecTBe MHIPEIMEHTOB B COCTAaBbI CIELMATU3UPO-
BaHHBIX ITPOAYKTOB. TeM He MeHee aBTOPbI pabOThl OTMEUAIoT,
YTO /TSI KOPPEKTHOM MOKIMHUUYECKOH OILIeHKM 6e30MacHOCTU
U MIOTEHIMAIbHOM 3(PPEeKTUBHOCTU pa3pabaThiBAEMOrO CIeIy-
aaM3MPOBAHHOTO MUIIEBOTO MPOAYKTa (C yUeTOM €ro 1ieJieBoro
Ha3HAUYeHMs) OIpe/esleHNs] MOJIEKY/SIPHO-MacCoOBOTO pacrpe-
IefleHus] TIeNTUIHBIX (pakiuii B ero COCTaBe HeAOCTATOYHO
[26]. KopoTKkolierioueuHble MeNnTUAbl, CBSI3bIBAsICh C BBICOKOMO-
JIEKYJISIPHBIMM MHTPeIeHTaMM B COCTaBe MUIIEBbIX TPOIYKTOB,
a TaKke C IPYrMMM MUIIEBbIMM U 3HAOTEHHBIMU BeleCTBaMu
B JKENYIOYHO-KUIIEYHOM TpaKTe, WIK, 06pas3ys] KOMIUIEKCHI
C CHIBOPOTOYHBIMM GeTKaMu KPOBU, MOTYT MPOSIBJISITD MMMY-
HOTEeHHbIE CBOJCTBA, MOTEHI[MAJbHO CITIOCOOHBIE BBI3BATH aj-
neprudeckue peakuyu [27]. Heo6XogyuMbIM JOTIOTHUTETbHBIM
¥ BBICOKOMHGOPMATUBHBIM I[10KAa3aTeJIeM CHVDKEHMSI TIOTeH-
LIMaAbHOI a/lIepreHHOCTU TUAPOIN3aTa SIBISIETCSI CTeleHb
COXPaHHOCTM AHTUTEHHBIX CBOJWCTB MCXOOHOrO Oeyika (ocTa-
TOYHAs aHTUTE€HHOCTD), OIpezensieMasi UMMYHOXUMUYECKUMU
meTtomamu. llInpoko ucmonb3yemblie B HAYYHBIX MCCIEI0BAHMSIX
¥ B TIPaKTUUECKOit paboTe METObl HEIIPSIMOTO TBepA0(ha3HOTO
uMmMyHObepMeHTHOTO aHanu3a (MPA) B pasnuuHbx Mmogudu-
KalMsIX MO3BOJISIOT HA/IEKHO OTIPeNeNsiTh OCTaTOUHbIE KOIuye-
CTBA aHTUTEHOB GEIKOB B COCTaBe UX (hepMEHTATUBHBIX IMIPO-
nu3aToB. V3 aHajM3a HAy4YHBIX CTaTei O MpobieMax MUIeBOoit
ajyleprum cienyeT pekKoMeHAALMs MUCIO/Nb30BaHMS HU3KOAH-
TUTEHHBIX MUILEBBIX MPOAYKTOB B KaueCcTBe JOIMOJHUTENbHOIO
MCTOUHMKA TIUTAHUS IJIs1 IeTell, UMeIIINX Jerkywo hopmy ai-
JIepruu, a TaKKe IJIs1 TeX, KTO BXOAUT B TPYIIITY PUCKA U MUCITHI-
ThIBAa€T HEJNOCTAaTOK MaTepPUHCKOro Moloka [24,28,29]. Takum
006pa3oM, GIVSKaIIMM TPOAO/DKEHVEM ITPOBENEHHBIX UCCIIeN0-
BaHUIi JO/KHBI CTATh UMMYHOXMMMUYECKME OTIpefieieHs aHTU-
TeHHOCTMU MOTy9aeMbIX TUIPOIMU3aTOB U MeNTUIHBIX MOIYIe.

4. BoiBOABI

KonnuecTBeHHO OXapaKTepU30BaHO MOJEKY/ISIPHO-Macco-
BOe pacrpefesieHre NmenTuaHbIx Gpakunit rugponmnsatoB KCB,
TTOJTyU€HHBIX TIPY BAPbUPOBAHUM YCJIOBUIA UX TIpoTeonn3a ¢ep-
MEeHTHBIMM IIperapaTamu: TPUIICMHOM U IIPOTO3MMOM. JKCIle-
pPUMeHTaJIbHO 060CHOBaHbI pexkumMbl mnpoteonnsa KCB atumu
(epmeHTHBIMM TIpemapaTamMy OTEUYECTBEHHOTO IPOM3BOACTBA
JIJIST TIOJTyUEHUST TUAPOIN3ATOB C 3aJJaHHBIM MOJIEKY/ISIPHO-Mac-
COBBIM pacIHpee/ieHeM MEeNTUAHBIX GpaKinii B UX COCTaBax.
B 1a60paTOPHBIX YCIOBUSIX YIbTpapuIbTpaleii pepMeHTaTUB-
HBIX TUJIPOJIM3ATOB MOMTyYeHbI MeTNTHIHbIe MOIY/I C TTOBbIIIEeH-
HBIM COZIEpsKaHMEeM HU3KOMOJIEKY/ISIPHBIX ITENTUIHbBIX (QpaKiuit
(menee 10 x[1a).
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®YHKIMMOHAJIbHBIE CBOHICTBA
IMAIMEBBIX BOJIOKOH 1 NX TIPUMEHEHUE
B TEXHOJIOI'U PBIBHOMU ITPOAYKI NN

ITnBHenko T. H.

JlanbHEeBOCTOYHBIN rOCYLapCTBEHHbI TEXHMYECKMIT PpIO0X03s/icTBeHHbI YHUBepcuTeT (JanbpbiOBTY3),
BnagusocToKk, Poccus

https://www.fsjour.com/jour

K/ITFOYEBDBIE CJIOBA: AHHOTALI A

nuujesole 80J10KHA, PblOHbLE B npencraBieHHOM 0630pe TIPUBENEHbI COBPEMEHHbIE HAYUHbIE TTPEICTABIEHNSI O PO MUIIEBIX BOJIOKOH pa-
npodyKkmol, K1emuamxka, Xumo3aH, — CTUTEJbHOTO (KJIeTYaTKa M TUAPOKOJION/IBI) M SKMBOTHOTO (XMTO3aH M KOJIJIAT€H) MPOUCXOXKAECHUS B MUIIEBBIX
KonazeH, pyHKYUOHAIbHO- cucremax. OCHOBHOE BHMMaHME YAEISeTCS MX 3HAUMMOCTM M CITOCO6aM MPUMEHEHMUsI B TEXHOIOTUM PbIGHOI
mexHonozuueckue ceoticmea npoayKuyn. [TnineBbie BOIOKHA PACCMATPUBAIOTCS KaK BasKHbIE KOMITOHEHTBI pal[MOHa TIUTaHMsI, 06eCreunBa-

e TpOoMMIAKTUKY ¥ PETY/ISINIO GU3MUIECKOTO U IICUXMIECKOTO 3[0POBbs HaceeHust. VICIIoNb30BaHme PhIGHBIX
MIPOIYKTOB CIIOCOGCTBYET HE TOJBKO OBOTAIEHMIO ChIPbS (QYHKLMOHATbHBIMM MHTPEAMEHTAMM, HO U TOBbIIIE-
HYI0 3G OERTUBHOCTH TTepepabOTKY MCXOTHOTO ChIPhsSI, B TOM UMC/Ie HEIOMCIIONb3YeMbIX BOTHO-GMOMOTMYECKIX
pecypcoB. [TokazaHO BJAMSIHME MUIIEBbIX BOJOKOH HAa PECTPYKTYPM3ALUIO PHIOHBIX MBIIIEUHBIX CUCTEM, CITOCOO-
HOCTbB YAEPKUBATb BOMY M JKUPbI, CTABUIM3MPOBATh IMYJIbCUM, U3SMEHSITh CEHCOPHbIE XapaKTePUCTUKIA, YBEITNUM -
BaTb BbIXO/[, TOTOBOJ MPOAYKIVN, a TAKXKE Ha CPOKM €€ XpaHEeHM . PaCCMOTpeHbI MeXaHM3MbI YUaCTU OTAETbHbBIX
TPYIII TIMAIIEBBIX BOJIOKOH B (DM3MKO-XMMUUECKMX U GMOXUMMUUYECKUX TIPOIECcax B3aMMOIeiCTBMSI C KOMITIOHEH-
TaMy PHIOHOTO ChIPhST, U3YUEHO BJIMSIHIME Pa3IMUHBIX YCIOBUIT 06paboTKM Ha refieo6pasoBaHme 1 popMupoBaHme
aMybeuii. TpuBeneHbl GakTopsl, 06eCreunBaoIe aHTUMUKPOOHOE ¥ AHTMOKCUIAHTHOE JeiiCTBIE PasIUUHbIX
MUIIEBBIX BOMIOKOH. OTIENMbHO ITPOaHaIM3POBAHbI CBOVICTBA M IIPUMEPBI TPYMEHEeH Vst KOMMePUeCKMX Mmpernapa-
TOB KJIETYATKM M3 PA3JIMUYHbIX MCTOUHMKOB, BbISIBIEHO 3HAUEHME MOJIEKY/ISIPHOM CTPYKTYPbI XMTO3aHa U KOJIjIa-
reHa Jijist o6ecrieueHnst 3aaBaeMbIX TeXHOJIOTMUECKMX MmapaMeTpoB. CesiaH BHIBOL O TOM, UTO MCITOIb30BaHMe
TMUILEBbIX BOJIOKOH B IpOLecce M3rOTOBJIECHUS pr6HOI7I NPpOAYKUMU IIPUBOOUT K YBEJIMYEHUIO 9KOHOMMUYECKO
3¢ PEKTUBHOCTH TPOU3BOACTBA ¥ CITOCOGCTBYET Pa3BUTHUIO MHAYCTPUM 3MOPOBOTO MATAHMS.

OUVHAHCHPOBAHMUE: CraTbsl MOATOTOB/IEHA B paMKax BBIMOJIHEHMS UCCIeSOBaHNii TI0 TOCYAapcTBeHHOMY 3aanuio delepaJbHOrO areHTCTBa 10
pb1600BCTBY PO N2 827/2023.
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dietary fibers, fish products, fiber, This review presents the up-to-date scientific ideas about the role of dietary fibers of plant origin (fiber and hy-

chitosan, collagen, functional and  drocolloids) and animal origin (chitosan and collagen) in the food systems. The main attention is focused on their

technological properties significance and methods of their using in the manufacturing technology of fish products. Dietary fibers are con-
sidered as important components of a diet; the dietary fibers prevent certain disorders and regulate the physical
and mental health of the population. Consuming of fish products contributes both to the enrichment of raw ma-
terials with functional ingredients, as well as to the increasing in the efficiency of processing of raw materials, in-
cluding underestimated and underutilized aquatic biological resources. The review shows the influence of dietary
fibers on the restructuring of fish muscles systems, their ability to hold water and fats, to stabilize emulsions, to
change their sensory characteristics, to increase the yield of the finished food products, and also their ability to
influence the shelf life of the finished food product. The mechanisms of involving the certain groups of dietary
fibers into the physicochemical and biochemical processes of interaction with the components of fish raw mate-
rials are considered; the influence of various conditions of processing on gelation and emulsification is studied.
The factors that provide antimicrobial and antioxidant effects of various dietary fibers are given. The properties
and examples of using the commercial fiber preparations obtained from various sources are analyzed separately,
and the significance of the molecular structure of chitosan and collagen for ensuring the specified technological
parameters is considered. It is concluded that using the dietary fiber in the manufacturing process of fish products
increases the economic efficiency of production and contributes to the development of the healthy food industry.
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1. BBegenmue

Vi3MeHeHUs B CTPYKTYPe MUTAHNUSI COBPEMEHHOTO 001IecTBa
NIPUBOJAT K YBEIMYEHMIO 1O/IM MIPOLYKTOB, TOTOBBIX K YIIOTpe-
67IeHII0, CPeIU KOTOPBIX MSCHbIE ¥ PhIOHBbIE MU3AETNUs MOIb3Y-
IOTCSI BBICOKMM CIIpocoM. MHOrme Karteropuym HacejleHus Ipu
JIIOCTATOUHOM yPOBHEe MOTPe6/eHusT GeTKOB MCIBITBIBAIOT Je-
¢yt numeBbix BomokoH (I1B). PekomeHayemble CYTOYHbBbIE
HOpMbI TToTpebieHust IIB cocrasisiior oT 10 7o 30 r mpu COOT-
HOIIIeHM HepacTBOpuMbie/pacTBopumblie [1B — 3 k 1. B coBpe-
MEHHOJi KOHILIeNIVY 3[J0POBOTO MUTAaHMS aKIeHT CMeCTUJICS CO
CTpeMJIEHNS YIOBIETBOPUTD CAaMy IIOTPEGHOCTD B MUIIE HA BbI-
sIBJIEHM€ TIOTEeHIMaaIbHbIX BO3MOXXHOCTE MUILEBBIX IIPOAYKTOB
KaK peryasiTopoB Gu3MUecKoro U ICUXUIECKOTO 3M0POBbS IS
CHYDKEHMSI PVICKOB XPOHMUYECKMX 3abomeBaHmit. C 3TOM TOURM
3penust I1B 3aHMMAaIOT AMAVPYIOUIYIO TO3ULMIO B civcke GYHK-
LIMOHA/IbHBIX MHTPeANEeHTOB [1-6].

Pp16a 1 MOPenpomyKTHI, MCIIOIb3yeMble B MMIe, 061aJato0T
BBICOKO} MMUTATENBHON M GMONIOTMYECKOl IIeHHOCThIO 3a CYeT
Ha/JIMYusl TIOJTHOLIEHHBIX U JIETKOYCBOSIEMbIX GEJIKOB M He3aMe-
HUMBIX JIMIUAHBIX KOMIIOHEHTOB, BK/IIOUAIOUIMX MTOJIMHEHAChI-
meHHbIe XupHble KUcaoThl (ITHXKK), xapakTepHble TOIBKO IJIsI
MOPCKMX OpraHM3MOB. Biaromapst 3ToMy pBIOHbIE MTPOLYKTHI
arnpuopy MOTYT PacCMaTpUBAThCSl B KauecTBe (PyHKIMOHA/Ib-
HBIX NUIIEeBbIX NPonykToB (PIIII), T. e. MPOXYKTOB IUTAHMS,
obecreunBaloIMX YpPOBEHb MOTpPe6/IeHNUsT GMONIOTMYECKM aK-
TUBHBIX VHT'DEAVIEHTOB, HEOOXOAVIMBIN /ST TOAAepsKaHusT 1/
Ui ynyuiieHust GM3MOIOrMUecKUX IoKkaszaTesieil opraHmsma.
VBeMMYUTh MOTHOLLEHHOCTh PBHIOHBIX MPOLYKTOB OCOOEHHO Ha
(bone morpebreHNsT 6OMBIIMX KOMMUECTB GesIKa 1 KMUpa CIIocoo-
HO BBefeHMe IIB B cocTaB M3MIeNnii, TOTOBBIX K YIIOTPeOIeHNIO.
Kpowme Toro, mpu pecTpyKTypm3annum PhIGHOTO ChIPBSI C UCIIONb-
3oBaHueM [IB MoryT 6bITh 3a/€/iCTBOBaHbI HEeJOMUCIIONb3yeMble
pbIOHBIE pecypchl, He 00JafalolIye MCXOAHO CTaHAAPTHBIMU
TeXHOJIOTMYeCKUMU cBovicTBamu [7-10].

BmecTe ¢ 3TUM MuUINeBble BOJIOKHA 006/1amaloT (GYHKUIMO-
HaJIbHO-TEXHOJIOTMYECKMMM CBOJCTBaMM, BAMSIOLMMMU Ha
busuko-xMMmyeckme CBOICTBA MPOLYKTOB MUTAHUSI: BOLOY-
IepskuBaroleii crioco6Hoctbio (BYC), BI3KOCThIO, KPUOPE3U-
CTEeHTHOCTBHIO, CTIOCOOHOCTHIO K CTPYKTYPOOOPA30BaHMIO U TaK
nanee. biaromaps ucnonbszoBanuio [1B pasBuBaeTcs oTgenbHOe
HarmpaBieHe B TEXHOJIOTUM PBIOOMIPOLYKTOB — PEeCTPYKTYpPHU-
3amysl PBIOHBIX MTPOJYKTOB, TO €CThb MCIIOIb30BaHMe M3Meslb-
YEeHHOJ MBIIIEeYHO TKaHb [JIS M3TOTOBJIEHMS HOBBIX BUIOB
MIPOAYKLU MM, OTAMYAIOLMXCS BHEIIHMM BUAOM U TEKCTYDOIA.
K 35T0i1 )Xe KaTeropuy MOXHO OTHECTM aHAJIOTOBbIE MPOIYK-
ThI C BBICOKOJ H06GABIEHHOI CTOMMOCTbIO, MMUTUPYIOIIME
MOpenponyKThl. IIpouecc pecTpyKkTypmsaumy 3aKIH04vaeTcs
B YOQJIEHUM OTHENbHbIX KOMIIOHEHTOB WIK AOOABIEHUN IPY-
rux. [Ipy 9TOM NpPOMCXOAUT HE TOJbKO M3MEHEeHMe COCTaBa
KOHEYHOTO MPOJYKTa, HO U NlepecTpPOeHye CTPYKTYPbl €ero uc-
XOJIHBIX COCTaBIISIOMMX. Take KOMIIOHEHTBI MOTYT CIIOCOOCT-
BOBaTbh XpaHeHMIO, MMeTb QYHKIMOHAIbHO TEXHOJOTMYECKMe
” GYHKIMOHAIBHO (u3nonoruveckue cpoiictpa. CyllecTByeT
MHTPeIVEHTDI, BBITIOTHSIOMIE 6G0iee OTHOM 13 3TUX QyHKIMIL,
K HuM oTHocsTes u I1B [2,6,8].

Llenplo TIpenCcTaBIeHHON pabOThI SIBUICS aHaIU3 COBpe-
MEHHBIX Hay4YHbIX TeHJIeHIMIi TIPYMeHeHMs MUILEeBbIX BOJIOKOH
pa3IMYHOro cocTaBa Jjsi obecreueHus] pa3BUTUS TEXHOIOTUU
PBIOHOT MPOLYKIMM C YU€TOM IIPUHILIMIIOB 3J0DOBOTO ITUTAHMSI.

2. Marepuaabl U MeTOABI

B kauecTBe OOBEKTOB IPOBENEHHOrO aHaiM3a ObUIM UC-
10JIb30BaHbl ONMYOIMKOBaHHbBIE HAayuHbIe PabGOThI POCCUIICKUX
U 3apybGekKHBIX MCCIemoBaTeNeil B TaKMX O6GIACTSIX MCCIeno-
BaHMS KaK HYTPUIIMOJOTHUS, U B YACTHOCTHU, QYHKIMOHAIBHO
6umosormnyeckue coiictsa I1B; HampaBiieHHOe Bo3feiicTBue T1B

Ha OUBMKO-XMMUYECKME U OpraHOoJeNTUYecKue CBOWCTBA M-
IIeBBIX CHCTEM U3 PHIOHOTO ChIPbsI; 000CHOBaHMe OOIINX TPUH-
LIMTIOB M CO3[IJaHMe YACTHbIX TEXHOJIOTUI PHIOHON TIPOAYKIINMA;
MIpUMepPbI UCITONIb30BaHMs OTAeIbHbIX BMI0B IIB. ITouck pa6or
ObUT MPOBEZIEH C MCITONb30BaHMeM 6a3 JaHHbIX Google Scholar,
PubMed, Scopus, Web of Science, Mendeley, eLibrary.ru, a Takxe
OTKPBITHIX MHTEPHET-UCTOUHUKOB. BbUIM MCII0/Ib30BaHbI CTATbU
B [TOJIHOTEKCTOBBIX BapMaHTax, Ha PYCCKOM ¥ aHIVIMIICKOM $13bI-
Kax. CpaBoYHbIe JaHHbIe ¥ OGUIIMATbHbIE TOKYMEHTbI ObUIN
B3SThI Ha caiitax PemepasbHOI CITYKObI 110 HaA30py B cdepe
3aIIUTHI [IPaB MOTpebuTeneit u 6aarononyumns yeaoseka PO, Ep-
POIIEiCKOTO areHTCTBA M0 6e30MMacHOCTM MTPOAYKTOB MUTAHUS,
VipaBieHus 110 CAHUTAPHOMY HaJ[30Py 3a KAYeCTBOM IUIIIEBbIX
NnponykToB 1 MeavkaMmeHToB CIIA.

3 @OyHKIMOHAJbHbIE CBOVCTBA NUILEBBIX BOJIOKOH

3.1. Knaccugukayus u ocHogHvle cgoticmea I1B

B Hacrosilee Bpemsl paccMaTpUBAETCs HECKOIBKO BapMaH-
TOB Kiaaccudukaium I1B, BKIOUast uX pasmeieHue Mo Mpouc-
XOXKIIEHUIO MM MOJIEKY/ISIDHOM CTPYKType (JIMHEeWHOW M pas-
BeTBJIeHHOI). Yaiie Bcero 1B noapasnensiioT Ha pacTBOPUMbIe
¥ HepacTBOpMMbIe. IIpy 3TOM YUMTHIBAETCSI UX CIIOCOOHOCTH
K Ipeobpa30BaHMIO B HM3KOMOJIEKY/ISIPHbIE MTPOM3BOAHbIE ITy-
TeM (epMeHTaTMBHOTO ruaponusa [1-3,11-12]. O6mias xapak-
TepucTKKa U cBoiicTBa I1B npezncrasiieHsl B Tabnuiie 1.

3.2. @usuonozuueckas QyHKYuoHaisHocms I1B

IlokazaHa BaykHAs POJIb MIUIIIEBbIX BOJIOKOH B TPOQUIAKTIKE
pasIMUHBIX 3a060IeBaHM U B TIOAAepKaHUM 3M0POBbs. bdek-
TUBHOCTb U ME€XaHU3M JIeiCTBUS 3TUX KOMIIOHEHTOB 3aBUCST OT
TUTIA ¥ CTPOEHUS BOJIOKOH.

3.2.1. BausiHue Ha cepOeuHococyoucmyr cucmemy,

2unoxoJiecmepuHemuteckoe deticmaue

MexaHu3Mbl, obecrieunBawie HabmomaeMbie 3¢G(eKTsI,
3aK/TI0Yal0TCs He TOJIbKO B MPSIMOi a6copOLy IUUI0B B Ke-
JIYIOYHO-KUIIEYHOM TPaKTe, HO U BO BIAMSIHUYM Ha MeTab0I13M
HeTpaJbHBIX CTEPOJIOB U KETYHBbIX KUCIOT. [1B, cogepykaiiye
YPOHOBBIE KUCIOTHI, IJTIOKOMAaHHAHbI U rajJaKTOMaHHaHbI, Me-
TabOMM3UPYIOTCS KUIIEYHO! MUKPOGMIOPOil A0 KOPOTKOIe-
MMOYEUHBIX KMPHBIX KUCIOT, KOTOpPbIe BIMSIOT Ha CHIKEHUE
YPOBHS X0JjiecTepuHa B KpoBu. Ellle ouH MeXaHU3M — UHTU-
6MpoBaHMEe CHHTE3a JIMTIOTPOTEMHOB U XOJIeCTEPMHA B Ieve-
HU. DTOT MPOIECC MPOUCXOOUT Baarogapst 06pa3soBaHMI0 060-
Jiouky u3 1B Ha moBepXHOCTU JUNMUAHBIX yacTull, B JKKT, uto
MpeIoTBpAllaeT UX MepeBapuBaHMe JUIOIUTUIECKUMU dep-
meHTamy [1,20-22].

3.2.2. CHuceHUe 2uKemMuueckozo uHoexkca

[1B 06/1aaoT CIIOCOGHOCTBIO YMEHbUIATh KOHIIEHTPALNIO
IJIIOKO3bl B IJIa3Me KPOBU, CHUKAasi BbIPasKeHHOCTb TUTIOT/IM-
KeMIYeCcKoil peakiMi, BbI3bIBAIONIEN C1ab0CThb, TOUTHOTY, y4a-
IeHHOoe cepAlebueHne, KOTOpble BO3HMKAIOT IOC/Ie Ipuema
nuiy. [1B moBbILIAIOT BSI3KOCTh MUILEBbIX IPAHYJI, IPETSITCTBYS
KOHTAaKTy BEIeCTB C MUIIEeBAPUTEIbHbBIMU (PepMeHTaMU U KU-
1eyHbIM snuTenem. Kpome Toro, [1B MOryT nsMeHsSITh Nepu-
cranbTuKy JKKT 1 Tem caMbIM yMeHbIIATh TPAHCIIOPT IIIOKO3bI
K abcopOupyroleit X ToBepxXHOCTH [23,24].

3.2.3. Pezynayus ¢pyHKyuli KuuieyHuxa

1B crmoco6GHBI CBSI3bIBATH GOJBIIOE KOTMUECTBO BOJbI, YBe-
auuyBasi 06beM BOAHOI (hasbl MUIIEBBIX TPAHYA M 3aMeIisst
BCachlBaHMeE MUTATETbHBIX BelecTs [25]. [IpoucxoskaeHmne 1 Ko-
nudectBo 1B mo-pasHOMY BAMSIIOT Ha (YHKIMIO KUIIEYHUKA:
yCTOiuMBbBIE K (hepMEHTALIMA MIIeHNYHbIEe OTPYyOU GOJTbIIE BCe-
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Ta6nuua 1. Knaccudukanus v ocHoBHbIe cBoiicTBa I1B
Table 1. Classification and main properties of the DF

IIpencraBuTenn HUCTOUHUMKM CBoiicTBa CchlIKa
Hekpaxmanucmole nonu- u 01u20caxapuodsl
HepactBopumble
Llenmtonosa PasnuyHble yacTy pacTeHuit HedepmeHTtupyemsie [1,2,12,13-15]
Hessizkue
HepacTtBopumblie
ApabuHOranakTaHbl, 3-IJTIOKAHbI VHOKCUJIAHBI
l'emu-uenntonosa PaGUHOTaNIAKTaHbI, B-IMIOKAHEI, 8paGMHOKCUIAHBI, HedepmenTtupyemsie [1,2,12,13-14]
[TTIOKYPOHOKCHMIIaHbI, KCUJIOTTIOKaHbl, Fa/lakKTOMaHHaHbI, H
eBsI3KIe
PacTBOpMMBIe MM YaCTMYHO PaCTBOPUMbIE
®DpyKTO3aHbL VHyauH, omurodpyKTaHbl depMeHTUpPYeEMbIE [1,2,6,13,16]
Hess3kue
DKCTPaKThI CeMSIH (Ta/lakTOMaHHaHbl — Ir'yapoBasi Kamelb U KaMelb PacTBopuMble win
Kamenu n POYKKOBOTO JlepeBa), SKCCyAaThl epeBbeB (KaMey akaluu, Kapau, YaCTUYHO PACTBOPUMbIE [1,2,6,13,16]
[¢176178 TparakaHTa), o/Mcaxapuibl BOJOpociesi (anbrMHaThl, arap, ®epMeHTHpYyeMble S
KapparmHas), ICUIINYM Bsskue
Jpyeue nonucaxapuov!
PactBOpMMBIE
IMexTMHBI DPYKTHI, OBOIIIM, 6060BbIE depMmeHTHpYyeMble [1,2,6,12-14]
Bsaskue
Pe3ucreHTHbIE PacTBopuMbIe min
Pa3nnuHbl TeHUST (KYK
KpaxmaJibl Kggj;o dJeJI')I: g(g)l%o?sble) (kykypysa, YaCTUYHO pacTBOPUMbIe [1,2,6,12-14]
Y MaJIbTOJ@KCTPUHBI P ’ depmMmeHTHpYyeMble
IIpou3seodHvie Xumuueckozo cunmesa
PacTBOpyMBIe MM YaCTMYHO PaCTBOPUMbIE
Tlonu- IMonumexcT K
u OJ'II/II‘OC()ZJEIJ.XH V1L noji)l/g?soc Eﬁza,gﬁngnozsj, PepMeHTUpyeMbIE [1,2,13,14,16]
pun p A a Hessizkue
IIpoussodHsie pepmenmHo20 cunmesa
n @OpyKTOOMMrOoCcaxapyuibl U3 I'MIpoNMU3aTa ryapa, ieBaH, KCaHTaHoBasi PacTBOpMMbIe WM YaCTUYHO PaCTBOPMMBIE
OJINA- Y1 OJIUTO-
Caxapubl Kame[lb, TPaHCTalIaKTOOIUIoCaXapyuibl, ouro-GpyKkTosa, ®depMmeHTHpYyeMble [1,2,12,13,16]
P KCUJIOOUTOCaXapu/bl Bsaskue
CnosxcHole nonumepHole coeduHeHUs
Bocka 1 HepacTBopumblie
JIUTHMH, KYTUH, CyOepuH HedepmeHTtupyembie [1,2,12,13,14]
oNMaGUpPsbI
Hessskue
Tonumeps! #UB0OMHO20 NPOUCXOHCOEHUS
HepacTBopumble
XUTUH Cnabo hepmeHTUpYyeMbIe [1,2,17,18]
onuaneTnn- Hessiskue
DITIIOKO3aMMHBI PacTBOpUMBIe B KUCJIOi cpefie
XuTo3aH ®depMeHTHpYyeMble [1,2,17,18]
Bsizkne
HepacTBopuMble B HATMBHOM COCTOSTHUM
Benku Konnaren ®depMeHTUpPYeEMbIE [17,19]
Bsiskne

IO YBeIMUMBAIOT COAEPKMMOe KUIlIeuHUKa; hepMeHTHUpyeMble
[1B mOBBINIAIOT BSI3KOCTb IMINEBBIX TPaHyd M CIIOCOOCTBYIOT
POCTY I0JIe3HO0 MUKPOQIIOpHI B KuileuHuke. B memom 1B Bin-
SIFOT Ha BPeMsI TPAaH3UTa COLEeP)KMMOTO KUIIeUHMKa, pa36aBiIsist
€r0 U IOCTaBJISISt CYOCTPaThI GPOSKeHMSI 71T MMKPOGIIOPHI SKemy-
JIOYHO-KUIIEUHOTo TpakTa [26]. [1B BaskHbI 1Ji11 TPODUIAKTUKI
paxa, OHM CHIMKAIOT BbIPaOOTKY KaHI[€POTeHHBIX BeIeCTB B TOJ-
CTOJ KMIIKE ¥ MMHMMM3VPYIOT B3ayIMOJeJCTBME MeXAY CIV3W-
CTOJ1 060IOUKOI KMIIIeYHVKA U KaHIleporeHamu [27].

3.2.3. HapyuieHus o6meHa eewjecms

OpHa 3 Bemymux IIpobieM COBPeMEHHOTO 3[paBoOXpaHe-
HUSI — OXMPEeHMe HacesleHus, 06YCIOBIeHHOe Yallle BCero Io-
TpeGleHNeM BbICOKOKAJIOPUITHOM MUIIY ¥ MAaIOTIOIBYKHBIM
obpasom ku3Hu [28]. YiioTpebaeHue [1B cHMSKAeT TOCTYITHOCTh
MATATEeNbHBIX BEIIeCTB M BIMSIET Ha KOIMYECTBO IOTpebiise-
MBIX Kajopuii. HeKoTopble BOJIOKHA MOTYT MHIMOMPOBATh aK-
TUBHOCTb (P€PMEHTOB IIOAKENyAOYHOI yKese3bl, IepeBapuBa-
IOIMX YITIeBOADI, MUMKAbI U Oesiku [11]. TIoBbILIeHNEe BSI3KOCTH
COZEPXMMOT0 KMIIeUHMKa 3aMeJljIsieT IPoLecc IlepeBapyBaHys
Y BCAChIBaHMS M obecrieuyBaeT 60see JIUTeNIbHOe YYBCTBO ChI-
TocTU [26,27-29]. Hamo yuntbiBaTh, uto 1B mpu 136bITOUHOM
MOTpebIeHNY MOTYT B OIIpefie/IeHHOIt CTelleH) TPensTCTBOBaTh

YCBOEHMIO Psiila BUTAMMHOB ¥ MMHEPaJIOB, HalIpuMeD, KaJlbIusl,
Xenesa, IMHKa ¥ Meu [1]. [Io3TOMy BaKHO yUMTBIBATb UHAM-
BUIyaJbHbIe 0COOEHHOCTY OpraHM3Ma U COOJTI0AATh HOPMBbI TT0-
TpebneHmsI.

Takum 06pa3oM, MHOTOUMCIIEHHbIE KIVMHUUECKUE UCCIem0-
BaHMSI TOKA3bIBAIOT BBICOKYIO CTeTIeHb KOPPEeSIUN MEXIY OU-
€TOJi C BBICOKMM copepxkaHueM [1B u cHukeHMeM pucCKa psga
XPOHMYECKUX 3a001eBaHmit, uTo genaeT [1B BasKHbIMM (PYHKITV-
OHaJIbHBIMM MHI'PeeHTaMU NUTAHUS.

3.3. Texronozuueckas pyHKyuoHanvHocmy I1B

Ucnonb3oBanue [1B B nuileBbIX MPOU3BOACTBAX IOTyYaeT
Bce Gosblliee pacmpocTpaHeHue. IIpenMyliecTBa BKITIOUEHUS
[1B B cocTaB MPOAYKTOB CBSI3aHBI C UX BJIMSHMEM Ha yrepka-
HMe BO[IbI, TOBbIIIEHME BSI3KOCTHU, MpeNOoTBpalleHne MoTepb
B IIpoliecce MPUTOTOBJIEHNS, a TAK)Ke Ha M3MeHeHe TeKCTYPhI
C He3HauMTeNbHbIM M3MEeHeHMeM BKyca U 3araxa. B mocienHue
rofpl 3HAYMTETBHO PACIIMPWIICS aCCOPTUMEHT KOMMepPUeCKuX
npernapaToB I1B 13 pasauyHOTO ChIPhsl, 0COGEHHO, PA3IMYHbIX
BUIOB KJeTYaTKM (U3 IIIeHUIIbl, MOPKOBU, CBEKJIbI, OBCA, 1IM-
TPYCOBBIX, SIGJIOK, COM, Bogopocieii) [2,5,7,13,30]. Takke B Ha-
CTOSIIIIee BpeMsI B TEXHOJIOTUM UCITONb3YIOT 1B 5KMBOTHOTO Mpo-
MCXOXKIeHMSI — XUTO3aH U KostareH [13,15,17, 31].
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3.3.1. Bodoydepacusatoujas cnocod6Hocms (BYC)

[lnst pbIGHBIX MMPOAYKTOB Hauboiee BaXKHbIM TEXHOIOTHYE-
CKMM CBOJVICTBOM SIBJISIETCSI CITOCOOHOCTb CBSI3BIBATH UM YHAEP-
KMBaThb Bo#y. PacTBopuMble BOJIOKHA, HAIpuMep, MeKTUH
U Kamenu, obmafamT Gosee BbICOKOW BYC, uem KjeTdaTka.
B u3MebueHHOM BUJie TaKye KOMIIOHEHTBI, Kak OTpy6u, CBsI-
3bIBAIOT BOAY B KOJIMUECTBE B HECKOJIbKO pa3 MPeBOCXOSIIYI0
X COGCTBEHHYIO MAcCy, 4YTO OMpPeNesieTcss pa3MepoM YaCTHII.
KommoHeHTBI BOIOpOC/Iei B 3aBUCUMOCTH OT TUIIA, MOTYT CBSI-
3bIBATh MO CYXOMY BeIleCTBY KOJIMYECTBO Bofbl B 20 u Gosee
pa3 o OTHOLIEHMIO K CO6CTBEHHOMY 06beMy. I'esin Ha OCHOBe
IUAPOKOJIJIONIOB, OTHOCSIMXCST K I1B, ob6ecreunBaioT cosma-
HMe aHAJIOTOBBIX MPOAYKTOB C Xopomieii BYC, yTo 0co6eHHO
Ba)XXKHO B TeX CIyvasiX, KOTJa MCIIOIb3yeMOoe ChIpbe MMeeT UC-
XO[THO HU3KMe (YHKIIMOHAIbHO-TEXHOJIOTMYECKNE TToKasaTe-
JI1 KauecTsa [2,7,30].

3.3.2. XKupoydepxcusaroujas cnocooHocms (JKYC)

Crioco6HOCTb 1B CBSI3BIBATH KUP MOXKET 3aBUCETh Kak OT
TIOPUCTOCTM BOJIOKHA (KJIeTUaTKa U ee MPOU3BOJHbIE), TaK U OT
MOJIEKYJISIDHOTO cpofcTBa (xuto3aH) [10,14,32-34]. Ilo sToit
MIpUUYMHE, eCIy TIOT/IOIIeHMe Xupa HeXeaTelbHO, TO CHavasaa
TpebGyeTcst TOMECTUTh IIpernapaThl KJIeTUaTKy B BOAY, YTOObI OHA
3aI0THWIIA TIOPBI ¥ IIPETSITCTBOBAJIA COPOLIMM SKMpa. ITO T0oe3-
HO JIJII TOTO, YTOGBI M36€KaTh Upe3MEPHOTO MOMIOLIEHMS KMpa
TIpY KapKe, KOTIa BOJIOKHA MCIIOMb3YIOTCS B TecTe wiu B dap-
mre. BYC u JKVC paccmarpuBaeMbIXx KOMIIOHEHTOB 3aBUCSIT OT
X XMMMWYECKOJ CTPYKTYpbl, pH, MOHHOI CUiIbl U pasMepa va-
ctu, [14,15,32]. B uactHOCTH, [1B MMeloIIye BbICOKOe CPOJICTBO
K JKMpaM, 06ecreunBaroT CTabUIN3AINIO JKUPOBBIX IMYIIbCUIA,
Torma Kak I1B, ymepskuBaloliye BOfy, CIIOCOOHBI PErylupoBaTh
BSI3KOCTb ¥ CHMKATh BO3MOYXKHOCTD CMHepe3uca. Tak, Harpumep,
Kammna-KapparuHaH MpegoTBpaIiaeT CMHePe3yC B PhIOHBIX TeJIIX
B Ipolecce 3amopaxuBaHusi/oTTanBanus [33]. JKYC knetuyaTkn
Pa3IMYHOTO MPOVCXOKAEHNST MOXKET ObITh CBSI3aHAa CO CTEIEHbIO
M3MeJIbueHNs U STYEMCTON CTPYKTYPOIt, UTO obecrieunBaeT copo-
LIMI0 U yOepskuBaHMe kupa 6raromapsi XOpolei JOCTYyITHOCTU
ruapodo6HbIX yacTeii [15]. B Tabim. 2 mpuBeeHbI BenunHbI BYC
1 XKYC nns pa3nuuHbix [1B.

Ta6nuiia 2. Bogo- u skupoyaeps;kuBaromiye crnocoouoctu I1B
Pa3/IMIHOrO IMPOUCXOKIACHUA
Table 2. Water holding and fat holding capacities of the DF of various origin

BYC, JKVYC,
Haumenosaumue I1B I BOOBI/T T JKMpa/r CchlIKa
Macchl Macchl
[TimeHNYHBIE OTPYOU 2-3 1-5 [2]
PucoBsle oTpy6u 4-5 4 [2]
JKMbIX MOPKOBM 18 5 [2]
Lnrpycopast 2-10 1-2 2,32]
KIeT4yaTKa
S16mouHast KneT4aTKa 4 — [2]
CBeKo/bHas KIeT4aTKa 4-6 1-4 [2]
[MueHnyHas KieTyaTka - 5-7 [2,15]
OBcsHas KJeTJyaTka 1-6 — [2]
Tocrmsonas : g
T'opoxoBasi KjieT4aTKa 5 - [2]
CoeBasl KyeTyaTKa 5-10 1 [2]
Kineruarka Bomopocieit 0,5-4 2-3 [8,30]
KapparnHaHnsl 20-100 2 [32]
I'yapoBasi Kamesib 55 1 [32]
KcaHTaHOBasi Kamesb 100 1 [32]
XuTo3aH 2-5 5-20 [17,31,32]
Konnaren 10-20 2-12 [17,18]

3.3.3. Baskocmo

CriocoGHOCTDb BOJIOKOH 3aryliaTh MUIIEBbIe CUCTEMbI Ha BOA-
HOJt OCHOBe LUIMPOKO MUCIIOMb3YeTCsI IPU TPOM3BOLCTBE MPOLYK-
TOB TuTaHus. Ux npumeHeHne 3¢ dOEKTUBHO TPU HEOOXOAMMO-
CTM 3aMeHBI Xupa Bofoii. [IoBbIlIeHMEe BI3KOCTY 06ecTieunBaeT
BO3MOXKHOCTD PEryIMPOBAHMS TEKCTYPBI ¥ OPTaHOTENTUYECKUX
CBOJICTB MpopykToB. Hampumep, mekTuH, kKaMmenu, b-riarokaHbl
M TonMcaxapunbl BOLopociieit, 06pa3yioT BBICOKOBSI3KME pac-
TBOpBL. Kamenyu, Haubosee 4acTo JCIIOMb3YIOTCSI B KaUecTBe 3a-
TyCcTUTeNeli. BSI3KOCTh HEPACTBOPMMBIX BOJIOKOH MMHMMaIbHA
[1,2,35-36].

3.3.4. Smynveupyowas chocobHOCMb

[1B crioco6CTBYIOT 06pa30BaHMIO IMYIIbCHI TUTIA SKUP B BOZE
¥ CTAOUAM3UPYIOT UX. CTaOUIM3AIMS SMY/IbCHI TO3BOISIET CHM-
3UTDb IIOTEPU IIPU IIPUTOTOBJIEHUN MM U3SMEHEHUN KMUCJIOTHO-
¢t cpenbl. CTaGUIBHOCTD 3MYJIbCMIT HA OCHOBe (apiiieil Mbi-
1IIeYHBIX TKaHeN MoaaepXkKMBaeTCs py Hanuumum Beicokoii JKYC
y n06aBJIeHHBIX BOJIOKOH. [Tpy 3TOM yCH/IMBAETCS afAre3uBHOCTh
dapei [2].

3.3.5. I'eneobpasyiouias cnoco6HoCMs

P pacTBopuMbIX [IB — HampumMep, KapparnHaHbl, TEKTUHBI,
KOH)KaKkoBasi KameIb — 06pa3yioT reau. Croco6HOCTh hopmMu-
DPOBATh TeJIb ¥ €T0 XapPAKTEPUCTUKY 3aBUCST OT KOHIEHTPAIIUK
KOMITOHEHTOB, TEMIIEPATYPbI, HATUYUST OINpeIeeHHbIX MOHOB
u oT 3HaueHus pH. OtmenbHbie I1B 06/1a0aI0T CMHEPTAYECKOI
reseo6pasyoleil ClIOCOGHOCTHI0O B COUETAHWUM C KPaxMajoM,
KCAaHTAHOBOJ KaMenplo WM KapparmHanamu [8]. IIpu mo6as-
JeHuu B (apin asbruHaTa HaTpusl ¢ 06pa3oBaHKEM CMeIlaH-
HOTO Tesisi HaOMI0JaeTcsl CHYDKeHMe TPOYHOCTU UM ob6pasyeTcs
KOJUTOM[IHASI CCTeMa, chOPMUPOBAHHAS 338 CUET B3aMMOCBSI3U
HaOyXIIMX MUIET abIYMHATA U TUIPOMIMIbHOM 060T0UKM MMU-
Kkpouactul] dapira. [ToryuyeHHast MPOCTPAHCTBEHHAST CTPYKTYP-
Has ceTKa 00/1alaeT 31aCTUIHOCTHIO, CTIOCOGHOCTHIO U3TUOATHCS
U CBOPAUMBATBHCS, OKA3bIBAsl MEHbIIIEe COMPOTUB/IEHME BHEII-
HeMy BO31elicTBuIo [37,38]. VcciienoBaHbl MeXaHM3MBbI acCOLV-
alyy I'UAPOKOIONIOB C MbIIIEYHBIMY O€TKaMy PbI6 ¥ MOJITIO-
CKOB. Tax, ¢ TOMOIIbIO 37IEKTPOHHO MUKPOCKOIMMM HAGTIOAIN
o6pasoBaHue cetu IIB, KOTOpas pacrosarajach MapauiebHO
6eJIKOBOI ceTy MUOGUOPMIIIPHBIX GEKOB, MOBBIIIAS, TAKUM
06pa3oM, 0OIIYI0 MPOYHOCTH Tess [7,39]. MexaHU3M [eiiCcTBUS
T1B pasnuueH. 3arycTuTeNM — rappoduH, ryapoBast ¥ KCaHTaHO-
Bast kKameay, KMII — 06pa3yioT HUTUATYIO0 CTPYKTYPY, rejeobpa-
3YIOIIIJ€e areHThl — KapPareHaHbl, AIbIMHATBI — TOKPHIBAIOT WA
BBICTMJIAIOT TIOJIOCTM CIUJIOIIHOM CeThI0. [lpyrasi BO3SMOKHOCTh
nmeiicTBus [1B — cBsI3bIBaHME C BOLOPACTBOPMMbBIMM OeIKaMu —
MIPUBOIUT K YCUJIEHUIO JKepoBaHus. COBMeCTHOe To0aBeHe
jioTa-KapparMHaHa ¥ KaseuHa B Qapil KajbMapa 06ecreumio
TTOBBIIIEHIO ITPOYHOCTH TeJISI 38 CYET CMHepPruueckoro sgdexra
TP acCoIManyy 6eIKOB C TMApPOKouTonuaAamu [7].

3.3.6. Xenamupyiowast Choco6HOCMb

V MHOTMX TUITOB MUILEBBIX BOJIOKOH €CTh CITOCOOGHOCTD K Ka-
TMOHHOMY OGMEHY, OHU CBSI3bIBAIOT MOHbI METAJJIOB U TaKUM
o6pa3oM MpemoTBPANIAIOT UX yUacTue B aKTUBALMM Peaxinii
OKUC/IeHust TunuaoB. Haubomnee BhICOKasi CTOCOOHOCTD K COPO-
LIV IOHOB MeTa/lJIOB YCTaHOBJIeHa AJ1s1 XuTo3aHa [1,40].

3.3.7. TexcmypuposaHue

[TpumeHeHue I1B B pbIGHBIX MPOAYKTAX CIIOCOOHO obecrie-
UYUTH KeJIaTeIbHYI0 TeKCTYPY M3MeIbYeHHOM MbIIIEeYHO TKaHU
[7,8,37]. IlpymepoM TakOro MCHOAb30BAHMS SIBJSIETCS] KOHIIEH-
TPaT coeBOro GesnKka, comepsKalinii OKoIo 25% KIeTyaTKy, CIo-
COGHOIM MMMTMPOBATh MbllleyHble MMOTOMBbI [41]. CBojicTBa
[1B M3MeHSTh TEKCTypPy MMUIIEBLIX Cpef, HaXOOUT IIPYMeHeHue
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B MIPOM3BOJICTBE MPOLYKTOB MUTAHUS C MOTydyeHVeM BOJOKHM-
CTOI4, CJIOUCTOM, OMHOPOLHOV, TBEPAON, MITKOM, MIACTUIHOI,
XPYIKOJ CTPYKTYD [42].

I1B Takke 067aHalOT PSIIOM JIPYTUX CIIOCOOHOCTEN: KOHTP-
0JTb KPUCTAUIM3ALMY CaXapoB, CTaOMIN3ALMS 3aMOPOSKEHHBIX
MIPOAYKTOB, TIpeioTBpalieHne aehopMaluum 1 yCagku pecTpyk-
TYPUPOBAHHBIX TIPOLYKTOB, TIOBbIIIEHME CPOKOB XpaHeHMs,
yBeJIuUeHMe BbIXOJa TOTOBOV MPOAYKUMM, NpPeNOoTBpalleHue
rnporopaHusi. biarogapsi TakoMy HIMPOKOMY CITEKTPY BO3MOXK-
HOCTeii pbIGHbIE TPOAYKTHI, oboraimieHHbie IIB, MOTYT ObITh
TIpeficTaBaeHbl Ha PbIHKE PA3HOOOPA3HBIM aCCOPTUMEHTOM U3-
JleNnii, MOAXOSIIIMX IJIST BCEX KaTeropuii morpebureneit, B co-
OTBETCTBUM C UX BKYCOBBIMMU ITPEATIOUTEHUSIMU U TIpeACcTaBie-
HUSIMM O TPaBUJIbHOM NUTaHuUM [16].

3.4. Csoticmsa omdenvHoix 1B

3.4.1. Xumo3san

XuTo3aH — npefcraBuTenb [1B XKMBOTHOTO MPOMCXOKAEHNUS.
Ero mnpenuiecTBEHHUMKOM SIBJISIETCSI XUTUH, BCTPeUYarOLIUICS
B IIpUPOJE B IK30CKeIeTax PaKooOpasHbIX, MOJIIIOCKOB, Hace-
KOMBIX, & TaK’Ke B HEKOTOPBIX Ipubax B KaueCcTBe OCHOBHOTO
bubpwIsipHOrO MONMMMeEpPa KAETOYHOM CTeHKU. XUTUH — Ka-
TUOHHBIN TonMcaxapui, o6pa3oBaHHbIi MOHOMepaMu N-alie-
TUIITIIOKO3aMMHa ¥ IVI0KO3aMyHa. Ilpy meaueTuaMpoBaHuMU
XUTMHA NOMY4YalT XUTO3aH B ByUZeE Psfa MPOM3BOLHBIX, OT/IN-
YawluMxcs CTeneHblo feanetuanpoBanus (CL), MoneKyIsspHOii
maccoit (Mm) m Bs3KoCTbi0. OHM MCHOMB3YIOTCS B LIMPOKOM
CIIeKTpe MNMUILeBbIX NPONYKTOB [16,18,31,32]. Xuto3aH He Iu-
IPOIU3YeTCs] MUIIeBapUTeNbHBIMY (epMeHTaMy, YacTUIHOe
€ro IepeBapMBaHMe MOKET OCYIIECTBIISTHCS OaKTepUaIbHOIM
MMUKPODIOpOii M HEeKOTOPbIMMU MUILEeBAPUTETbHBIMU (hepMeH-
TaMM C Hecrenu@uUecKkoi akKTMBHOCTHIO, TAKMMU KaK amuiia-
3pl U Junaspl. OCHOBHBIM OrpaHMYEHMEM B JCIIOIb30BaHUM
XUTO3aHa B MMIIEBLIX NIPON3BOLCTBAX SIBJISIETCS Ype3BbIUaifHO
cabast pactBopuMoOcCTb rpu pH 5,5-7,5. Bapbupyst Takyio xapak-
TepucTUKyY Kak CIl MO>KHO BJIMSITh Ha 5TO CBOJCTBO [43]. IIpons-
BOJHBbIEe XMTO3aHa B BUJIe alleTaTa, ackopbara, 1akrara, MaaaTa
pacTBOPUMEBI B Boie. PacTBOPVMBIIT XUTO3aH TAK)Ke MOXKET OBITh
nonyvyeH B GopMe onmurocaxapuios myteM (epMeHTaTUBHOTO
rupponusa [44].

Xurto3aH obrazaeT MHOTOYMCIEHHBIMM OMOMOTMYECKY aK-
TUBHbIMM CBo¥icTBamu [18,43,44]. C GbU3MONOrMIECKON TOUKMU
3peHNs OCHOBHOE JeJiCTBMe XUTO3aHa — CHIDKeHME BCachIBa-
HMSI B KUIIIEUHMKE JIUTIUIOB, I03TOMY OH TMpu3HaH 3 deKTnB-
HbIM a6COPOEHTOM XOJIeCTEPUMHA M ar€HTOM, CITOCOOCTBYIOIIM
roTepe mMacchl Tena [17,29,42]. O6bIYHO XMTO3aH XOPOIIIO Tepe-
HOCHUTCSI KTMHUYECKY, HO TIPU AJIUTETbHOM IIOTPebIeHnM Heoo-
XOOVMMO KOHTPOJIMPOBATb OTCYTCTBME HapyLIeHMS] KUIIEUHOI
(bropBI, BBISIBISITH IIPEIISITCTBYISI BCACHIBAHMIO MUKPO3JIEMEHTOB
¥ BUTaMMHOB [32,40].

OpnHoJt U3 TeHIeHLIVIi IIpU CO3JaHuM MTPOLYKTOB 3J0POBOTO
TIUTAHUS SIBISIETCS OTKa3 OT XMMUYECKMUX KOHCepBaHTOB. C 3TOl
TOYKM 3pEHMSI XMTO3aH U ero NPoM3BOAHbIE MOIYT pacCMaTpu-
BaThCs Kak Haubosee IMepCreKTMBHbIE MHTPequeHThbl [18,44].
OHM npenoTBPAIAIOT XU3HEAESATEeIbHOCTb PA3AMYHBIX IPYIII
MMKPOOPTaHU3MOB: GaKTepuii, rpu6oOB U Aposkskeit [18,46-47].
[penJioskeHbI ABA OCHOBHBIX MeXaHM3Ma MHIMOMPOBAHUS MMU-
KpPOOHBIX KJIETOK. B3auMopneiicTByie XUTO3aHa C OTPULIATENIBHO
3apsDKeHHBIMM KapOOKCYIIBHBIMM IPYIIIIAMU JIUITOTIONMCAXapU-
JIOB U MIENTYUIOTIMKAHOB Ha TTOBEPXHOCTU GaKTePUATbHOI Kie-
TOYHOJ CTEHKM BbI3bIBaeT 0Opa30BaHMe HEITPOHUIIAEMOTO CJIOSI
BOKPYT KJIETKM U GJIOKMPYET TPAHCIIOPT HEOOXOOVIMBIX BEI[ECTB.
Takke OTMeueHO MHTMOUpoBaHue cuHTe3a PHK u 6enka mytem
IIPOHUKHOBEHMS B SIAPO KiIeTku [45,46]. B aToM citydyae Benuun-
Ha MM sBjisieTcsl pelalolMM rapameTpoM. MexaHu3M MpOTU-

BOTPMOKOBOTO IE/CTBMS XUTO3aHa aHATOTMUYEH U TIPOSIBIISETCS
10 OTHOLIEHNIO K TPUOKaM, CoepsKaliyiM 60/IbIIoe KOMMUeCTBO
[MTH)XK. HaHoMmaTtepuasibl Ha OCHOBE XMTO3aHa MPOSIBJSIOT 10-
BBIIIEHHYI0 GaKTEPUIMIHYIO CIOCOOHOCTh. Ha BUIOBYIO BOC-
TIPUUMYMBOCTD U 3GHEKTUBHOCTD aHTUMUKPOOHOTO EIiCTBHUS
BausoT Mm u CJI, mosnekysn xuto3aHa [48].

Xuto3aH o61aaeT CriocO6HOCTHI0 00Pa30BbIBATH MOYIIPO-
HUIlaeMble TIOKPBITUSI, KOTOpPbIe MPU HAHEeCeHUM Ha MuleBbie
TIPOAYKThI TIPOMJIEBAIOT CPOK XpaHEeHMsl, AeCTBYS Kak 6apbep
JUIS1 KUCJIOpoza U BoApbl [42—44]. TIoKpbITUSI U3 XUTO3aHA MOTYT
cofepKaThb JOIOMHUTE/NbHble KOMIIOHEHTbl (AaHTMOKCUIAHTHI,
aHTMMMKPOOHbIE TperapaThl, apoMaTM3aTOPbI), 00IamaloNe
CIIOCOGHOCTBIO TIOCTENIEHHOTO BBICBOOGOKIEHMS MIPU XPaHEHUM
NpoayKTa. MccmenoBaHo BAMsSHMeE OKPBITUI M3 XUTO3aHa pas-
HOT'O COCTaBa, BK/II0Uasi HAHOYACTUIIbI, HA COXpaHeHMe KauecTBa
DBIGHBIX TTPOAYKTOB, & TAKKE HA 3aMelJIeHNe MPOSIBIEHMST Me-
JIaHO3a Y paKoo6pasHbIX [7,49].

AHTUOKCUIAHTHASI aKTUBHOCTb XWUTO3aHA, N00ABJIEHHOTO
B pacTUTe/IbHbIE U SKMBOTHbIE SKUPbI, XOPOIIIO CpaBHMUMA C Jieli-
CTBMEM acKOp6MHOBOW KucioThl [50]. [TokazaHo, UTO XMUTO3aH
C BBICOKOJ MM IPOSIB/ISIET MeHee BbIpakeHHbIi aHTMOKCUIAHT-
HbIl 9bdeKT 3a cueT 06pasoBaHMs 60/iee KOMIIAKTHOM CTPYKTY-
PbI, CTAOMIM3UPOBAHHONM IMPOUYHBIMM BHYTPUMOJIEKYISIPHBIMU
BOJOPOIHBIMMU CBSI3SIMU [47-49]. AHTMOKCUIAHTHOE HeiiCTBMe
XUTO3aHa B MomyhabpukaTax U3 pbIObl ¥ MOPEMTPOAYKTOB U 3a-
BUCUT OT KOHIIEHTpAIMyu U Tuma xurosaHa [2,7]. [Ipu mob6as-
JeHUM ero B Gapliu cenpAy M TPecKu HAOGMIO#aIu CHMUKeHUe
CTEIeHU OKMUCJIEHUS KMUPOB MouTu Ha 50%. MexaHu3M TaKoro
IIeViCTBUS MOKET ObITh 0OYC/IOBJIEH CBSI3bIBAHMEM MOHOB METAJI-
JIOB ¥ IUNIUI0B [7,50].

[IpuMeHeHMe XUTO3aHA IO3BOJISIET TONYYaTh CTaGUIbHbIE
amysabcun [51]. [y TIpOSIBIIEHMSI SMYJIBIUPYIOIIEl CrIocO6HO-
CTY XUTO3aHa TpebyeTcst coOoIeHNe OTIPeieIeHHbIX YCIOBMIA
(KoHIeHTpanuu, TemepaTypsl, pH cpeasr). CoueTaHue ¢ pyru-
MM TOIMMeDPaMy, HallpUMep, arapoM Win 6eaKaMy IPUBOAUT
K YCUJIEHMIO 3TO¥ CIIOCOOHOCTH. XUTO3aH MOKET 06pa30BbIBATh
aMysbcuM 6e3 Ho6aBIeHNsT MOBEPXHOCTHO-AaKTUBHBIX BEIIECTB
(TTIAB), 6raromapst HAIMYMIO MOJIEKY/ C pasnuuHoii CII. Mose-
KyJIbI ¢ HM3KO¥ CJI CTabMIM3UPYIOT KaTulii BOAbI BHYTPY Mac/s-
HBIX Kallejib, B TO BPEMS KaK rMApo(IIbHbIe MOJIEKYIIbI CTAOM-
JIM3UPYIOT MAC/ISIHbIE KaTlIM B 06Pa3yIoIeiics: MHOKEeCTBEHHOI
amysabcun. OGHAPYKEHA IMOJIOKUTENbHAS KOPPEISIS MEKIY
TTOBBIIIEHMEM YCTOMYMBOCTY K CUHEPEe3UCYy U YBeIMYeHUeM
BSI3KOCTU XMTO3aHa. HauMeHee G/aromnpusiTHOe BAMSHUE TIpe-
rapara ¢ Hu3Koii MM Ha CTaGMIbHOCTD SMYIbCUI OObSICHSETCS
yTparoit 3GGeKTUBHOCTY COBMECTHOI afcopOIMy Ha TpaHuUIle
pasmena das. [MokazaHO TpeobIamaHyue 3TeKTPOCTATUUECKUX
B3aMMOJeICTBUIT TIpU MexdasHoi cTabuimsanuu, uto Gosee
XapaKkTepHo AJis xuTo3aHa ¢ Hu3Koi CH [52]. Omynabcuu, cTa-
6MIM3MpoOBaHHbIe KOMIUIeKcamu ITAB-xuTO3aH, 061aganm ayd-
IIeil YCTOMYMBOCTBIO TIPU TePMOOGpaboTKe U 3aMOPasKMBAHUM
yeM 3MY/IbCUH, Ha OCHOBe [TAB, uTO 00BsICHSIETCSI YBeNMUEeHEeM
9JIEKTPOCTATUYECKOTO M CTEPUYECKOr0 OTTAJKMBAHUS MEXKAY
KarsiMu. MM XMTO3aHa He OKasblBajla CUIbHOTO BIMSHUS Ha
CBOJCTBa 3MYJIbCUII «MaC/IO B BOJe», HA (-TIOTEHLMAT U Cpefi-
HUIT JuaMeTp 4acCTUL, BO BTOPUYHBIX SMYIbCUSIX, HO TIPU OYeHb
Huskoit CII, (40%) mons arpernpoBaHHBIX Karejib Oblia 3HAUM-
TebHO HIDKE [53].

[Ipy mpUMeHeHUM XUTO3aHa IS TTomyueHust popMOBaHHbIX
PBIGHBIX MPOAYKTOB MCITONB3YETCSI €r0 CIIOCOOHOCTh M3MEHSITh
peonornyeckue xapakTepUCTUKY MUIIEeBBIX Macc U Gopmupo-
BaTh CTAOMIbHBIE CTPYKTYPHl. PacTBOpEHHBINI XUTO3aH IOCITEe
BHECEHMsI ero B MUIIEBYIO CUCTEMY 00pasyeT B MPOCTPAHCTBE
MeXIy yacTuiiamu dapiia CIuionrHoi ¢ioit. C TeueHreM Bpeme-
HMU YIIJIOTHEHMeE TeJisl M yMeHbllIeHNe ero 06beMa MeKay YacTh-
namMu dapia TpUBOOUT K 06pa3oBaHMI0 MycTOT. OKOHUYATEb-
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Hasl CTPYKTYpa IpeJCcTaBiseT CO60i MPOYHBI KapKac M3 TOHKUX
BOJIOKOH XUTO3aHa [7,8,31,38]. B pbIOHBIX MPOAYKTAX, IIOTYIEH-
HbIX IyTeM HU3KOTEeMIIepaTypHOI O0CajKu, B3amMMOJeiicTBUe
CTPYKTYpOOOpa3oBaTesieil ¥ COMepacTBOPUMBIX GETKOB UTpaeT
OCHOBHYIO POJIb JIJISI TIOTYYEeHMST TTPOAYKTOB C JKeIaeMoii TeKC-
Typoii. [Ipu pH cucTeMbl, peBbIlIaoliei pl, cyMMapHbIi 3apsi
MBIIIEYHBIX OETKOB CTAHOBUTCSI OTpULATeNbHBIM. [I03TOMY 115
06pa30BaHMST MEKTPOCTATUYECKUX B3aMMOZENCTBUIT HEOO6XO-
VMO nobaBjieHyie KaTMOHHBIX OMOIMOIMEPOB, TAKMX KaK XUTO-
3aH. BHeceHMe XMTO3aHa MO3BOISIET YAYUIIUTh PEOIOTUYECKMe
CBOJICTBA PECTPYKTYPUPOBAHHBIX PbIOHBIX U3MeNii, HAlIpUMep,
CYypUMM U3 ChIPbSI CO €J1a00ii Teseob6pasyloleit crioco6HOCThIO
MBIIIEYHO TKaHU. BbIpakeHHOCTb TaKOTO AelCTBMS 3aBUCUT OT
TUIIA ¥ KOHIIEHTpanuu XutosaHa [54]. Haubonee omHopogHas
CTPYKTYpa 06pasyeTcs Py UCII0NIb30BaHUM XUTO3aHOB CO CPeJI-
HUMM UM HUSKUMU 3HaUeHUsMu Mm. OnTumasabHasi MPOYHOCTD
CYpMMM U3 KaHaJIbHOTO COMa C J0o0aBjeHMeM XUTO3aHa Oblia
JIOCTUTHYTA MPY KOHIIeHTpanuu 1,5% 1Mo OTHOIIEHMIO K Macce
ChIpbS. YBeMUEHMEe KOHIEHTpAIMy MPUBEIO K 06pa3soBaHUIO
MeHee YIOPSIAOYeHHOV CTPYKTYpPbl M CHVDKEHUIO TTPOUYHOCTU
resis. OmHAKO B psiie paboT COOBIAeTCsI, UTO IJIST TOCTVIKEHUST
nogo6Horo sddekra mocratouno 0,3-0,5% xuTo3aHa, U IIpHU
9TOM HauMeHee BbIPasKeHbI HeXKeJlaTeJbHble CEHCOPHbIE U3Me-
HeHMs] — NOSIBJIeHMe BSDKYILero rnpmBKyca [32].

IMoka3aHo BiaussHME pH, cCOOTHOIIEHMS 6e/ToK/ToamMcaxapu/,
oHHOV cubl M Cll Ha MUKPOCTPYKTYPY IPU B3aUMOZEVICTBUN
MeKIy MUOGUOPU/UIAIPHBIMY GekaMu U XUTo3aHOM. OTHOCHK-
TeJIbHO HU3KUE COOTHOIIEHUsT Geyok/momcaxapun (5:1) ymyd-
I KOJUIOMAHYIO CTAOMIIBHOCTb MPOAYKTOB B CIAOOKMCIIBIX
cpegax (pH < 6,5). lo6asnenue KCl (0,05-0,6 M) paspymrano
KOJUTOMIHYIO CTaOWJIBHOCTh M CIIOCOOGCTBOBAJIO pa3fIeleHNIo
a3. MakcumanbHyI0 BSI3KOYIPYTOCTh HaGMIONaAM MPU COOT-
HoueHuu 6enok/monucaxapup 1:1, pH 6,5 n 95% CII. TTonTBep-
SKIIEHO, UTO B 00pa30BaHMM KOMIIEKCOB IJIABHYIO POJIb UTPAIOT
3JIEKTPOCTATUUECKYEe B3aUMOeiCTBUS [52].

I[Tonaraiot, UTO BO3ZE/CTBME XUTO3aHA Ha TeJleo6pa3oBaHe
B MBILIEYHO TKAHU PbI6 MOXKET ObITh 00YC/IIOBIEHO €ro BAUSHU-
eM Ha aKTMBHOCTb SHAOTeHHOV TKAaHEBOM TPaHCIITyTaMMUHA3bI
(TT). OTHOCUTENIBHO CITOCOOHOCTY XUTO3aHa ObITh CyOCTPATOM
st TT cyliecTBYIOT MPOTUBOpEUMBBIE HaHHbIe. ECTb G0JbIast
BEPOSITHOCTD TOTO, YTO AMMUHOTPYIIIIbI XUTO3aHA MOTYT CIY>KUTh
aKIenTopaMy alyUIbHBIX IPYIIT B PeakMy MepeHoca anuia oT
Y-KapOOKCWIaMUIHBIX TPYIIT K [IyTaMUIbHBIM OCTaTKam 6er-
Ka. OmHaKO Takke MOKa3aHO OTCYTCTBME M3MEHEHMI B MOJIeKY-
JISPHO-MaCCOBOM pacIipe/iesieHny 6eTKOBbIX (paKiuii B apiie
pbi6 ¢ mobaBieHMeM XuTo3aHa rocie BosgeiictBust TI, a ero
TIPUCYTCTBYE PACCMATPUBAETCSI KaK CTEPUYECKOe MPEISITCTBIE
IJIs1 06pa3oBaHMsT MeK6eTKOBbIX CIIMBOK. HO BO Bcex caydasix
OTMEUeHO CTabuIM3Mpylollee BAMSIHME HA TEKCTYPY MPOLYKTa
[55-56].

3.4.2. KonnazeH

UccnenoBaHust mOC/iefHUX JieT MO3BOJSIIOT pacCMaTpUBaTh
KoJis1areH B Kauectse [1B. OTO ¢BSI3aHO C HM3KOI CTEIEHbIO T1e-
peBapuBanus ero B JKKT u HamumeM (QyHKIMOHATbHBIX TEX-
HOJIOTMYECKUX U GU3MOIOTNUECKMX KauecTB, CBOVCTBeHHbIX [1B
[17-19]. KomnareH $IBJsIeTCSI OCHOBHBIM KOMIIOHEHTOM COeZM-
HUTEJIbHBIX TKAHEN XMBOTHBIX M COCTaBJIsIET OKOJIO 70% CyXoii
Macchl Koku [57]. Bumosast u TkaHeBas crielMdUUHOCTb KOJIIA-
reHa o6ycioByieHa ero MM, KOJIMYECTBOM M pacIpefeneHneM
aKTUBHBIX MOJIIPHBIX TPYIIM, BapMabeabHOCThIO0 TEPMOCTaGUTb-
HocTU. KosistareH pasamMuHbIX TUIIOB, TIOyUEeHHbIV U3 MOPCKUX
¥ Ha3eMHBIX XVBOTHBIX, VCIIOJIb3YeTCSI B MIPOU3BOACTBE psiia
MUIIEBBIX TPOLYKTOB, KOCMETVUKN ¥ MeJUIIMHCKUX MaTepuaioB
[58]. B mocnenHee Bpemsl ero MMPOKO MPUMEHSIOT B COCTaBe
O@IIII [59-60].

dusnonornyeckre 3 heKTs KosareHa CBsI3aHbI C er0 BIN-
SIHMEM Ha HapylleHus] 0OMeHa BeleCTB, TAKUX KaK OXMPEHMUE,
caxapHblii [uabeT 2 TUIa, TUMIIePTOHMS, HEKOTOpbIE BUJIbI paKa,
a TaKKe pas3MyHbIe MCUXOJIOTMYECKMe Mpo6aeMbl U Gusnde-
CKye HapyleHus[28,61].

[lnis BbIe/IeHNST KOJUTareHa U3 COeqMHUTEIbHOM TKaHW U T1e-
peBoJia ero B pacTBOPMMOe COCTOSTHYE Pa3paboTaHbl pa3iMyHbIe
MEeTO[Ibl, OTpefeNsonie XapaKTepUCTUKM U CBOMCTBA TIOTY-
YeHHbIX CyOCTaHLMii. PaspylieHne BHYTpU- M MEKMOJIEKYIISIP-
HBIX ITOIePEYHbIX CBSI3€ii MaKpOMOJIEKYJ KOJIareHa IO, Ieii-
CTBMEM XUMUYECKUX, QUINYECKUX U MEXaHUUECKUX (aKTOPOB
MIPUBOJIUT K MU3MEHEHUIO MTPOCTPAHCTBEHHOM CTPYKTYphI. Yalie
BCEro ISl U3MeHEeHUsI MUKPOCTPYKTYPbI KO/UTareHa MCIIOIb3Y-
10T TepMO06Pa6OTKY, ITOC/Ie Yero OH MpeBpallaeTcs B sKeJaTuH,
obnamaromuii  reeobpas’yoUMMyU  CBOMCTBaMU. VI3MeHeHus,
MIPOUCXOJsIME B MOJIEKY/IaX KOJulareHa, B IepBYI0 Ouepelb BbI-
paykaroTcsI B TOKA3aTessIX CTeNeH) MOJIMMEePHOCTY U BBITIABIISI-
emMocTu [62-64].

BrIriaBisieMocTh — 06pa3oBaHue IIPU TeEMIIEpaType JeHa-
Typaluu U3 HepacTBOPUMMOIO KoJulareHa pPacTBOPMMBIX IPO-
IYKTOB, KOTOPbIE MOC/Ie OXIKIEHUS 06pasyioT Teib. [Ipyu aTomM
YacThb BOAOPOIHBIX CBSI3€ii, YAEPKMUBAIOIINX TOJUIIENTUIHbIE
LIEeNIOYKY B TPETUYHOI CTPYKType, ociabeBaeT U pa3pbIBaeTcs.
TTponCcXOOUT MPOMIOIbHOE paciierieHe GuOpUIT 1 paspbixie-
HMEe COeVHUTENIbHOM TKaHU. PaccMaTpuBaloT iBe CTaauy pac-
Tajia KojulareHa: paciiervienue Ha cyopubpmiibl, puiaMeHTsl,
MaKpOMOJIEKY/ISIPHBIE TSIKU, U aJiee AeNoMMMePU3alni0 CaMuX
MakpoMoJiekyil. IIpy TepMoo6paboTKe HAaKAaIUIMBAKOTCS COeM-
HEHUsI C MeHbIlleit MM — >KeJIaTyH, KelaTo3a, ITITUH — o6pa-
3yIolIye Tocje OXJIaXkaeHus pouHble reau. [Ipu pacnage (omn-
HOV IenoIMMepu3ali) KojutareHa MosIBJISTIOTCS TOIUTIENTTH/IbI
pasINyYHO AJIVHBI U OTAE/IbHbIe aMUHOKMUCIOTHI [60].

OTIMYNTETHHO 0COGEHHOCTHIO MOJIEKY/T KOJJIare€Ha SIBJISI-
eTCsl X CIIOCOOHOCTh K arperanyu. IIporecc JecTpyKuyuy Koi-
jlareHa SBJsieTCsl HeoOpaTuMMbIM. [103TOMy peHaTypaius He
MIPUBOJUT K BOCCTAHOBJIEHMIO MCXOHOI CTPYKTYPbI, BO3MOXXHO
JIMITb 06pa3oBaHye arperaToB C BbICOKOI Mm. YacTuuHOe BOC-
CTAHOBJIEHME MOJIEKY/I KoJjulareHa BO3MOXKHO, eCIu TpU JeHa-
Typaluyuyu paspyliaeTcsl TOMbKO TPeTUYHAsl CTPYKTypa. PeHaty-
PUPOBAHHbIN MTPOAYKT COOTBETCTBYET MCXOJHOMY T10 BEINUMHE
BSI3KOCTM, TemIlepaType OeHaTypauuu, rUAPOAMHAMUYECKUM
cBoiictBam [60].

BYC kommareHa BapbupyeTCsl B 3aBMCUMOCTM OT COCTaBa
OKpY)Kalollleil cpembl, MPUCYTCTBUS U TUIIA KUCJIOT, LeIodei
u coneii. Beimensior HabyxaHue ¥ pasbyxaHue KosareHa. Ha-
6yxaHue MMHUMAaIbHO mpu pH 6,5-8,5, 4To cooTBeTCTBYeET pI
KoyutareHa. [Ipy 3TOM MPOUCXOOUT YTONIIEHNE KOJUIareHOBbIX
BOJIOKOH, YMeHbllIeHNe X IauHbI [60,63]. PazbyxaHue mop neii-
CTBMEM KUCIOT U IIEJI0YEN, SIBJIIETCS HeCcrenuuuHbIM U I10-
JlaBJIsIeTCs JobaBIeHeM cosieil. 9To cBsi3aHo ¢ 3 derTom [ToH-
HaHa WIX OCMOTUYECKONM CIOCOGHOCTBIO 3apSDKEHHBIX TPYIII
aMUHOKUCIOT MPUTITUBATh U YAEPKUBATH MOJIEKY/TbI BOIbI.
B pacTBOpax HeNTpaJbHbIX COJMeil BOMOKHA KOJJareHa yToJ-
IaroTcst 6e3 yKopaumMBaHMsI U PACIIEIUISIIOTCS Ha TOHKYE HUTH.
10T 3¢ dEKT 3aBMUCUT OT IPUPOABI COJElt 1 06YCIOBJIEH CIIEIN-
(uueckm paspylieHreM COJMIEBBIX MOCTUKOB MEXIY LIeTsSIMU
KoJutareHa [65].

Ha TexHosmormyeckue CBOJMCTBA MBIIIEUHBIX CUCTEM C LO-
6aBJIeHNEeM KoJUIareHa CyIlecTBeHHO BiusieT pH cpeabl. CoBur
pH B 1IETOYHYIO MM KUCTYIO0 CTOPOHY MPUBOIUT K M3MEHEHUIO
pacripeziesieHys TTOJIOKUTETbHBIX ¥ OTPUIIATETbHbIX 3aps/I0B Ha
TIOBEPXHOCTY MOJIEKY/Ibl M U3MeHeHUIOo ee CBOVICTB. [TokasaTenp
pl Mrodu6pUIIIpHBIX 6€IKOB MeHee 5, a pl Ko/ijlareHoB OKOJIO
6,0—6,75. B KMCIOI cpeme CHMUKAETCS M30MeTPUUYecKoe Harmpsi-
>KeHMe BOJIOKOH KoylareHa. IIpy 9TOM Takke MEeHSIETCSI TeMIIe-
partypa genatypatyu: mpu pH 3 ona cocrasisier 35-40 °C, a ipu
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pH 1 ona camkaetcs o 30 °C. B kucioii cpefie yBenmumBaeTcst
pPacTBOPMMOCTD KOJIJIareHa, YCKOPSIeTCSl MPOLlecC ero pasBa-
pviBaHMs M 00pa30BaHUS KeJIaTHHA, TEM CaMbIM ITOBBIIIAETCS
MIPOYHOCTD Tejieil. Bo3meiicTBMe peareHTOB Ha (PyHKIIMOHATb-
Hble CBOJCTBA KOJUIATEHA, 3aBMUCUT OT UX CPOACTBA K OemKam
¥ HOCUT VHAVBUAYAIbHBIN XapakTep. XJI0paThl, MOAUABI, COMU
KaJIbIIMsI M MarHusl BbI3IBAIOT CUJIbHOE HaOyXaHMe, a XJIOPWU[
HATpUs TIOUTM He BJMSIET Ha MPOCTPAHCTBEHHYIO CTPYKTYpPY
KostareHa [63—64].

[lpymeHeHMe KoJUTareHa B IPOM3BOIACTBE IPOLYKTOB Ha
OCHOBE MbIIIEUHbIX 6EJIKOB 06ecreurnBaeT BO3SMOKHOCTH YIy4-
IIeHUsI KOHCUCTeHIMM U CTPYKTYPHO-MeXaHUUYeCKUX CBOJICTB,
ob6pasoBaHye TpeGyeMoit MOHOJIMUTHOCTY, HAPEe3aeMOCTHU U «Ke-
BaTeJbHOCTM». C TTIOMOIIBIO KOJIJIareHa MOKHO TTOJTyYaTh IMYJTb-
TMpPOBaHHbIE U PECTPYKTYPUPOBAHHbIE I€bHOMBIIIEUHbIE
usgenust u nonydabprkartel. K rnpeumyIiecTsaM MUCIONIb30Ba-
HMSI KOJIJIareHa B MBIIIEYHBIX MUIIEBBIX CUCTEMaX OTHOCUTCS
CHIKEHMeE TTOTePb MPU TePMO06GPa6OTKe Y XPaHEHWUY, BBICOKMIA
BBIXO/ TOTOBBIX U3JIEJNIA, YIydllleH/e SKOHOMUUECKIX IToKa3a-
Teseli Ipou3BoJCTBa [2,66,67].

KonmareHoBbie GeKM CIIOCOOHBI K CMHEPreTUUeCKOMY B3a-
VIMOZEVICTBUIO C Pa3IMUHBIMYU IMIPOKOUIONAAMU [62-63]. VBe-
JMYeHre MPOYHOCTU U TePMOCTAOMIBLHOCTHM Tejieil HabIomaeT
IIpY COBMECTHOM MCIIO/Ib30BaHUM KoOJlJlareHa C KapparuMHaHa-
MM, Te/JIaHOBOJ Kamefblo, TUIPOKCUIIPOIMUIMETIILLENTION0-
3011, KpaxmasiaMu. [Ipy couyeTaHuyM KojuiareHa C ajabTyMHaTaMu
B MBIIIEYHBIX GEIKOBBIX CUCTEMaxX 06Pa3yIOTCS TeIU U SMYITb-
CUY C TIOBBIIIEHHOV TepMOCTabUIbHOCTHIO [2,17]. OnucaHo mo-
JIy4eHyre TepMOCTaOMIbHBIX TUpOreseit U3 KolareHa u Ipo-
U3BOAHBIX Kpaxmasia u KML] 3a cueT peakiiyy B3aMMOAECTBUS
aJbIEIUIHBIX TPYIIT CO CBOGOMHBIMM aMUHOTPYIIIIAMM KOJIIa-
reHa. [Ipy 3TOM TpeTMuHasl CTPYKTypa KoJijlareHa He MeHSeTCs
[62,63,68].

[ns  monyuyeHUs] 3a@HHBIX CTPYKTYPHO-MeXaHMUeCKUX
CBOJCTB NHUIIEBBIX MPOAYKTOB COBMECTHO C KOJ/UIAT@€HOM WC-
MONb3YIOT XMUTO3aH. [IpM B3aumMomeicTBUM aMUHOTPYIIT XUTO-
3aHa C IPOTUBOMOHAMM B MOJIeKy/IaX KojulareHa Wi JKeaaTuHa
TIPOVICXOOUT 0Opa30BaHMe TOIMIIEKTPOIUTHBIX KOMILIEKCOB.
Vcrionb3oBaHue 6THAPHOTO CTPYKTYPOO6Gpa30oBaTesist Ha OCHOBE
sKeJlaTUHA M XMTO3aHa B PHIOHBIX (hapiirax obecreunynio GopmMu-
pOBaHMe TUIOTHOJ YIIPYTOii CTPYKTYPbI GETKOBBIX Tejieit U ObIIO
6omee 3G(EeKTUBHBIM, Ue€M IMPUMEHEHME OTIEIbHO B3SITOrO
skenaTuHa. [Ipy 3TOM 3HAUMTENBHO YBEJIMUYMIIACh TeMIlepaTypa
IIJIaBJIEHNS Tenell, BI3KOCTb, YIPYTOCTb [32,69].

B0O3MOXHOCTb YCOBEPUIEHCTBOBAHMST (DU3MKO-XUMUUECKUX
CBOVICTB KOJIJIaT€HA U KelaTuHA MOKeT ObITh peaan30BaHa Mpu
KOMOMHAIIMMA C IPYTUMM GeIKaMu WU IyTeM hepMeHTaTUBHOIA
Monudurauum [70,71]. KonmareH cuMtaeTcs XOpommMm cyberpa-
toM 1151 pepmenTa TI. [TormepeuHble MEXMOJEKY/SIPHbIE CBSI-
31, obpasyembie TT' B 6eKax, SBJASIOTCS BAKHbIMM (hakTOopaMm
B mpoliecce reieobpasoBanust [55]. [lepekpecTHbIe CBSI3U MEX-
Iy OTAEJbHBIMU HUTSIMM KOJIareHa MPUBOIST K GopMupoBa-
HMIO HOBOJI CTPYKTYPhI ¥ 06pa30BaHNI0 6MOMOIMMEepa C MHbIMM
cBoiictBamu [71]. Vi3ameHeHMe QYHKIIMOHAIBHBIX CBOMCTB KOJ-
JlareHa MOXKeT TMOBJIMSITh Ha KaueCcTBO MHOTUX BUJIOB IPOAYK-
1. OCO6eHHO BasKHBIM SIBJISIETCSI MCIonb3oBauue TT myst re-
pepaboTKM HeCTaHAAPTHOTO B TEXHOJOTMYECKOM TIJIaHE ChIPbSI,
KaKOBBIM, HAIlpMMED, SIBJSIOTCS TIJTyOOKOBOIHbBIE PBIOBI poaa
MaKpypyCOB, MbIIIEUHAs] TKAHb KOTOPBIX comepkut 6osee 90%
BOJIbI, @ BYC MrodubpminsipHbix 6€1KOB OUeHb HU3Ka. [I03TOMYy
TIpY pasJIMYHBIX BUAAX MmepepaboTKy Hab/II0aloTCsl OUeHb BbI-
COKMe TexHonornyeckue norepu. O6pa3oBaHye TepMOCTaOUIIb-
HOJi rejie06pasHoli CTPYKTYPhI B MBIIIEUHOJ CHUCTEME MaKpypy-
COB BO3MOKHO TIpu coueTaHuu TT U CTpyKTypoo6GpasoBaTesneii
6eIKOBOI M TIOMMCAaXapuIaHOM TPUPOAbL. IIpu MccaemoBaHUM
BJIMSIHUSI CUCTEMbI KOJIIareH + JJaKTaT XUTO3aHa B IPUCYTCTBUN

TT Ha dopMMUpoOBaHMe TEKCTYPbI MBIIIEUHOI TKAHM MaKpypyca
Albatrossia pectoralis moka3aHO yBeJluMYeHUEe MPOYHOCTU MbI-
1evyHo¥ cuctembl HA 90% 110 CpaBHEHUIO C UCXOAHBIM ChIPbEM.
VcciemoBaHyue (QpaKIMOHHOTO COCTaBa OeJIKOB IT0Ka3aJio, u4To
BHeCeHMe KoJUIareHa ¥ JIaKTaTa XMTO3aHa He MEeHsUIO HaIpas-
JIEHHOCTb IeVcTBUSI (pepMeHTa, HO 06eCreunaio yMeHbIIeHUe
dbpakiuu MMOTEHOB ¥ MOBbIIIEHME KOIMYECTBA BBICOKOMOJIEKY-
JITPHBIX OETKOBBIX arperaros [55].

3.4.3. Knemuamka

B Hacrosiee BpeMsl MMeeTcsl OOJbIIOE KOJIMYECTBO KOM-
MepuecKux IMpernapaToB KJIETYaTKM U3 Pa3HBbIX PACTUTEIbHbBIX
MCTOUYHMKOB (Tabs1. 3). Kpome mpemnapaToB 13 MIIEHNUIIbI, B Kaue-
CTBe MCTOYHMKOB UCIIO/Nb3YIOT OBEC, PUC, CAXapHYIO CBEKITY, COI0,
rOpoX, TOJOPOKHUK U fpyrue [1,2,13,15,72]. BOMbIIMHCTBO Mpe-
11apaToB KJIE€TUYATKM He SBJISIIOTCS MUIIEBbIMM TO0OaBKaMU U He
BXOJSIT B IIepeueHb MHTPeAMEHTOB, ITOAIeXKalMX 00s13aTeTbHO-
MY AeKJIapupOBaHUIO C MHAEKCOM «E». TIB 3TOrO THIA B MPOIYK-
Tax M3 MBbIIIEUYHBIX TKaHeil 06eCreunBalOT MOBBIIIEHNE BbIXO-
a Tpy MPUTOTOBJIIEHNUM, YJIyUIIE€HVE PEeOIOTUYeCKUX CBOVICTB,
BKYCOBBIX KaueCTB U TEKCTYPbl, CHUKEHME TTPOU3BOLCTBEHHBIX
3aTpar. B 3aBMUCUMOCTY OT MPOUCXOKOEHMSI BAPbUPYETCSI COCTaB
MpenapaToB: IOJlydYaeMble U3 OBOINE M (PYKTOB COAEpKat
6oJTbIIle TTEKTMHA, a B BBIIEJIEHHBIX 13 3JIaKOB ITPe00/IagaloT He-
pacTBOpUMas LIeJIJTI0NI03a U TeMULIeIIIINo3a [2].

Tab6nuiia 3. CBOJiCTBA IpenapaToB KJIeTYATKU, UCIIOIb3yeMbIX
B HI/IIIIEBOﬁ IIPOMBINUIEHHOCTH IO JAHHBIM pOCCI’IﬁCKI/IX
Hay4YHO-IIPOU3BOACTBEHHBIX KOMIIAHUI
Table 3. Properties of fiber preparations used in the food production
industry according to the Russian research and production companies

Pasmep
HaummeHoBaHue Cocras, % YJacTHIl, IIBeT/BKyC
MKM
ITmennyHas Ienmonosa u Beubiii /
KJ/IeT4aTKa remuyenonosa — 98 - 70-300 i
(Burauesnn)! Benok < 1 P
IutpycoBas IIB- 36, B TOM uncie .
KJIeTYaTKa pacrBopumbie —40  70-350 Tgnzzgéc
(Ceamdaiibep)' Benok — 4. P
CBeK/IOBUYHAS 1B — 45 .
KJIeTJyaTKa IMexTnub — 15 200; 400 ):feeg :o;;g;;;lﬁ/
(ECOLIGHT native)? Benox — 8 p
I1B — 80, B TOM uncie o
CoeBast ’ - Benblit/
KJeTJarka' pacTBopymble — 12 150 HeJTpalbHbIi
6emoxk — 20
OBcsiHast HBH:T?;%’ BMTV?;\I’[:EC;I € 350 Benblit (KenTblit)/
KIeTyaTkal p P HeJiTpasIbHBbIA
6ey10K — 3,
d6mounas I1B — 60, B TOM unciie CseTiio
reTyaTkal pactBopuMbie — 11 <500 KOPUYHEBbI/
Benok — 5 SIGIOUHBII
TopoxoBas I1B — 50; kpaxmas — 350 JKenrtoBatbiit /
KiIeTyartka (Swelite)’ 35; benok — 10 HeTpabHbII
KaprodenpHas 1B — 25; kpaxman — <500 KpemoBblit /
Kieryarka’ 45 benok — 3 HeTpanbHbIi
BuHorpazHas 1313130; iOg _7?0 <400 KopnuHeBsblit/
5
KJIeTYaTKa TlonmdbeHos! >5 Kakao
HepacrBopumbie 1B
>60 PacTBOopuMble
Kneruarka n3 IB— 16 <400 3eneHoBarast/
6GypbIX BOJOPOCIIEN® [MonudeHoms! >5 crierubnveckmit
AnbruHoBast

Kucnora — 4

! http://www.ingredico.ru/katalog/syrie/piwevye_volokna_seamfajbr_

ceamfibre/

2 http://WwWW. uiieBbie-BOJIOKHA. P
3 http://www.100ing.ru/product/gorokhovye-volokna-frantsiia/
+ https://ntk.kubstu.ru/data/mc/0077/3888.pdf
5 kubansad.ru/media/uploads/files/dissovet/predv_rassmotr/dis_tichono-

va.compressed.pdf
© HayyHast cTaThs [73]

239


http://www.ingredico.ru/katalog/syrie/piwevye_volokna_seamfajbr_ceamfibre/
http://www.ingredico.ru/katalog/syrie/piwevye_volokna_seamfajbr_ceamfibre/
https://ntk.kubstu.ru/data/mc/0077/3888.pdf
http://journal.asu.ru/public/doc/cell-2016.pdf   
[73

Pivnenko T. N. | FOOD SYSTEMS | Volume 6 No 2 | 2023 | pp. 233-244

KietyaTka He OTHOCUTCS K reseo6pasyonym I1B. OgHako
MMIIeBbie MbIIIEYHbIE CHCTEMBI C ee J0oOaB/ieHreM 06/1aJaloT
YIIOBJI€TBOPUTEIbHBIMY CBOJCTBAMM, HECMOTPS Ha M3MeHeHNe
MeXaHMUeCKUX IoKa3aTesneit M TeKCTYypbl. DTU U3MeHEeHMUS SIB-
JISIIOTCS CTIeACTBYEM MPOMOPLMOHATBHOTO CHIKEHMS COepKa-
HUSI B Tesie 6eka, 06pasyloniero B MTOre HePeryasipHyio CeTb.
Boicokas BYC wieTyaTKu He Bcerga 6arompusiTHO BAMSIET HA
CTPYKTYPY TeJid, T. K. MOKET MPUBOIUTb K 06€3BOSKMBAHUIO Ca-
moro 6enka [10]. Takoe siBJeHME MMEJIO MECTO MPU UCIIONb30-
BaHUM MIIEHNYHOI KJIeTUYaTKY B PHIOHBIX dapiiax, rae B o6Ieii
MaTpuile 06pa3oBbIBAINCH [IBA OTENIbHbBIX TUIA BOLHBIX M10JIO-
CTel, YTO KOCBEHHO YXY/IIIMIO Teleo6pasyIollyio ClI0COOHOCTD
MbIIIeyHOro 6esnka [74,75].

OmcaHbl KPUOIMPOTEKTOPHbIE CBOVICTBA KJIETYATKM, 06ec-
MeYMBAIoIINe CTaOUIbHOCTh aHATIOTOBBIX ITPOLYKTOB 13 MOJLTIO-
CKOB TIPM 3aMOPaKMBAHUM-OTTaMBaHuU. [Ipyu mo6aBaeHun mpe-
11apaToB MIIeHNYHON KJIeTYaTKM Pa3HOVi CTelleHM M3MelbueHMsI
(250 1 80 MKM) B (apiiy 13 MBIIIEYHO TKAHM XeKa M CTaBPUIbI
JIyUIIIie pe3y/abTaThl B OTHOIIeHy BYC GbIy ITOKa3aHbI IIPY MC-
M0/b30BaHMM TpaHyn pasMepom 250 MKM. Takke nob6aBieHMe
9TOTO IMpernapara Mo3BOIMIO0 OCBETIUTL 06Pa3IIbl, YTO OCOGEHHO
Ba&)XHO [JIJ151 TPOLYKTOB U3 CTaBPUIbI, MMEIOIleli TEeMHYIO MbIIIey-
HyI0 TKaHb. OTMeueHa KOMMepuecKasi IPUBIeKaTeTbHOCTb TaKo-
TO sIBJIeHMs. PecTpyKTYypUpOBaHHbI MPOAYKT ObUT MEHee KecT-
KUM ¥ munKuM. [ToBbIlIeHe cofepskaHus KJIeTUaTKu 6oee yem
Ha 3% IIpMBeJIO K CCHCOPHOMY OLIYIIeHUIO CYXOCTU n3nenusi [7,8].

Ucnonb3oBanne mnpenapara MKI B pecTpyKTypUpOBaH-
HBIX PBIOHBIX M3MAEINSIX TMO3BOMMUIO CHU3UTH KOTUUECTBO JO-
6aB/IsSIEeMbIX [JJIsI TIPUTOTOBJIEHMSI CYPUMM KPUOIIPOTEKTOPOB
¥ MOAMGUIIMPOBAHHOTO KPaxMasia, ¥ TOCTUYb 06Pa30BaHMs He
KpaxMaJIUCTOM TeKCTyphl. ITOT BUJ [IB Takke mpemoTsBpalmian
npeo6pa3oBaHKe rese0bpa3HbIX MPOAYKTOB B 37IACTUYHBIE U CY-
Xye TP MOPO3WJIBHOM XpaHEeHU!, a Takke 06ecreum1 yBenn-
yeHre BYC u ymeHbllleHMe CMHepe3yca IIPY pPa3MOPaKMBaHUNA.
KneruaTka 13 ropoxa mo3BONIMAa yAyULIIUTh TeKCTYPHbIE CBOJ-
CTBa TEPMOMHIYIIMPOBAHHBIX Tee00pasHbIX MPOLYKTOB U3
XeKa M MOPCKOTO OKyHs1. OIHAKO 3TOT e pernaparT He MOBIMSII
Ha MPOYHOCTb CYPUMM U3 CKYMODPUM, HO YBEIUUUI TBEPAOCTH
M CyXOCThb TIpoAykTa [75]. BBemeHnne no 6% MIIeHNYHON U BU-
HOTPAIHOI KJIeTUYaTKU B CYPUMU U pyOieHHoe dujie U3 MUHTast
u ¢apir U3 xeka U3 MPaKTUUECKU He M3MEHWIO UX BHEIIHUI
BUJ, HO YMEHBIIMJIOCH OLIyIIeHNe W3JINIIHEeN 3MacTUYHOCTU.
OmHOBpPEMEHHO BO3POCia CIIOCOGHOCTD YIEePKMBATh BOAY aske
rocie TepMmoo6paboTku. [lob6aBnenne 1-3% KieTyaTKu B MPO-
IYKTbI, TIpefHa3HAauUeHHble /51 XapKu, MO3BOJMUJIO CHU3SUTH
TIOIJIOIeHMeE KUPOB 13 (puTiopa [76]. VicTionb30BaHNMe SMYIlb-
raToOpOB Ha OCHOBE MIIeHNYHOJ KJIeTUYaTKy, TUAPATUPOBAHHON
PBIGHBIMY GYJIbOHAMM 13 BTOPUUYHOTO PHIGHOTO ChIPBSI TIPUBEJIO
K yBenmueHuto BYC, arperaTBHOI YCTOUMBOCTM U TEPMOCTA-
O6UIBHOCTY IMY/IbCHUIL [72].

Cpenyt GOBIIOTO KOJIMYECTBA TUIIOB KJIETYATKM BBIAEISIOT
AHTMOKCUIAHTHBIE, TOJMydyaeMble U3 S6JIOK, BMHOTpada, IM-
TPYCOBBIX U Bogopocieii [30]. 9T npenapaThbl MMeEIOT BbICOKOE
cofep>kaHyue pacTBOPMMBIX BOJIOKOH, a Hajauyue acCcoluupo-
BaHHBIX MOMM(EHONbHBIX COeIMHEHUI (>5%) HamenseT ux aH-
TUOKCUIOAHTHBIMM cBoiicTBamMu. Takue IIB 6bUIM HOGaBIEHBI
B PeCTPYKTypUPOBaHHbIe TPOAYKTHI, TPUTOTOBJI€HHBIE U3 CTaB-
pUABl — PBIOBI, CKIOHHON K OGBICTPOMY OKMCJIEHMIO. B muTOTe
3HAUUTEIbHO NMOBbICKMIIACh BYC, CHU3MIIOCH KOMMYECTBO KUIKO-
CTY, 06pa3yIoueNics: Mpy pasMOPAKUBAHMM, TTOBBICUIICS BBIXOJ,
TOTOBOTO MPOJLYKTAa ¥ YMEHbUIMINUCh TOTePU IIPU HaTpeBaHUU.
IIpy 3TOM KOTe3MOHHAasI CIIOCOOHOCTb U TBEPAOCTh MPOLYKTA
cHMU3WINCD. Jlo6aBieHne 2% BUHOrpamHbIX IIB o6ecreunsio Xo-
pomie CeHCOPHbIe XapaKTePUCTUKU U 3aMeIJjIUI0 OKUCIeHMe
JIUTIUIOB B MbllIIeuHOM (apiie, xpaHusiieMcs rpu MuHyc 20° C
1o 180 nHeii [8,77,78].

biaropaps 3amenyieHnnto ypoBHs okucienus [THXKK aHTuoK-
cunanTtHbie [1B o6ecrieunBaioT co3gaHye IUIEBbIX TPOLYKTOB,
MMeIOUIMX TOBBILIEHHbIE OPraHOJIeNTUYeCKe U MUTaTeabHbIe
cBojicTBa. MccaemoBaHusl MHTEPECOB MOTPeOUTeNIel moKas3ano
MPeAIIoUYTeHUs K MCIIOIb30BAHMIO QJIbTE€PHATUBHBIX MCTOUHM-
koB [1B, TakMx Kak, HalpMmMep, Mopckye Bofopociu [78].

[IpyMeHeHMe KIeTYaTKyU M03BOJsIeT IPOU3BOLUTD NPUBIIE-
KaTelbHbIE TI0 BKYCY U BHEIIIHEMY BUY PECTPYKTYPUPOBAHHbIE
TIPOAYKTHI. McciiemoBaHo BAMsIHME KOHIIEHTpaTa 13 6ypoii BoJo-
pociu Fucus spp. Ha dapill CTaBpyAbI P MOPO3WJIBHOM XpaHe-
HuM. KoHIIeHTpaT COCTOSI/T B OCHOBHOM M3 HEepacTBOPUMBIX [1B
(>60%) mpyu DOCTaTOYHO BBICOKOM COOEPKaHUM PACTBOPUMBIX
BeiectB (16%) u dheHOMbHBIX coeauHeHuit (>5%). B o6pasmax
pbIGHOTO dapiia ¢ gobasneHuem 1 u 2% 1B dykyca oTMeueHO
CHIDKEHME CTeTlleHM OKMCIeHNS IUTIUIO0B U 06IIero KoumyecTsa
TIOTePb IMOC/Ie Pa3MOPaKMBAHMUS U BapKy 06pa31ioB. CEHCOpHbIe
XapaKTePUCTUKU TMPOAYKTOB HE OTAMYAINCH OT KOHTPOJIbHBIX.
Vi3MebueHHbIe MOPCKIME BOZOPOCIN OGN MCITOb30BaHbI B Ka-
yecTBe UCTOUHMKA [1B B pbIOHBIX TPOAYKTAX C BOCCTAHOBIEHHO
CTpyKTypoIi [9]. IIpenioskeHbl U3Henus 110 TUITY «IIBeJapCKOro
posuia» M3 MOPENpOAYKTOB, colepskalliye HaTypalibHble LIBEeT-
sble [1B 13 MOpckux Bogopocwieil n BuHorpaga. OqHO M3 HUX
B KauecTBe TIOKPBITHUSI COIEPKANIO TeJlb CypUMM, 0OOTAII€HHBI
MIIeHUYHON KJIeTYATKO, a BHYTPY HAXOOMIICS PbIOHBIN dapi,
CMENIaHHbI € CyGIMMUPOBAHHBIMY MOPCKMMM BOIOPOCTSIMMU
Ulva rigida [8). ComepskaHue B TakoM poxykre I1B 6b110 JocTa-
TOYHBIM, YTOOBI CUUTATb €r0 MCTOYHUKOM (DYHKIMOHATbHBIX
MHTPEeVIEeHTOB.

BomopocieBylo KIeTuaTKy pacCMaTpPMBAIOT Kak Habyxaro-
it monMMep. B ee HaIMONMEKYISIPHOV CTPYKTYpe BBIIEJSIOT
06JIaCTM C Pas3NIUYHON CTENEeHbI0 YIOPSILOUEHHOCTY MOJIEKYII,
BAMSIIONIMX HA TMPOTeKaHMe COPOIMOHHBIX IPOLeCCOB, KOTO-
pble OCYIIeCTBISIEMbIX I'MAPOKCWIIBHBIMU TPYIIIIaMM LIeJITI0N0-
3bI ¥ KAPOOKCUIBHBIMY TPYIIIIAMM MPUMECHBIX COCTABJISIONINX.
Inst cynbdaTtupoBaHHbIX Monaucaxapuaos (CIT) BaskHO HammMuue
TIOJISIPHBIX TPYIIT: TUAPOKCUIbHBIX, KaPOOKCWIIbHBIX U CYilb-
datHbIX, CTTOCOGHBIX yAepkuBaTh Boay [79-80]. M3yyeHa ad-
(dexTuBHOCTH M0OGaBIeHMS TOPOIIKa 3e1eHoi Bomopocan Ulva
intestinalis v BpimenieHHOro 13 Hee CII Ha OKMC/IeHMe JIUITUIOB,
pH, 1IBeT, TEKCTYPY, BBIXOA, U BKYC PECTPYKTYPUPOBAHHBIX PbIO-
HbIX MPOJAYKTOB TUIIA CYPUMM U3 cepebpucToro kapma [8,77].
B 06oux cryyasix MoKa3aHO CHYDKEHME HAKOTUIEHUS TTPOILYKTOB
OKMC/IEHUSI JINTIUAOB IPU XpaHEHUY B TeueHue 6 mec. HaumeHb-
1IMe MOTepU Baru GbUIV MOKA3aHbI st 06pasIoB ¢ 106aBIeH-
HbIM CII. TeRCTypHbIE XapaKTePUCTUKM 060X MMPOSYKTOB B 3TOT
Teproj, OCTABAJIUCh CTAOVIBHBIMMU, B TO K€ BPeMSI KOHTPOJIb-
Hble 06pasiibl 3aTBepaeBain. CeHCOpHbIe oKas3aTeu, M Hanbo-
Jlee BCErO COYHOCTh, ObUTM MIPU3HAHBI IYULIMMHK JIJIsT 06pas3LoB
¢ no6asnenmem CII, 6rarogapst MEHBIIMM TIOTEPSIM [IPU ITPUTO-
ToBneHun. CrenoBaTenbHO, TUIpaTal[MOHHbIE CBOCTBA Iperna-
paToB B GOJIbIIIEN CTEIIeHM 3aBUCEIN OT COIEePKaHMST PACTBOPU-
MmbIx I1B, a Hanbosee BbicoKMe 3HaueHust BYC ormeuens! gjis CIT
B OUMIIIEHHOIT (hopMme.

4. BwpiBOABI

TakuMm 06pa3oM, IPOBENEHHBII aHaau3 BO3MOKHOCTEN
M TIPeMMYILEeCTB MCIoab30Banust [1B mpu mpou3BOACTBE PHIO-
HO¥I TPOLYKUMM TIO3BOJISIET TOBOPUTDH 06 MX OTPOMHOM TEXHO-
JIOTMYECKOM TIOTeHIyaje, 06ecrneuynBaIMM VCIIOIb30BaHMe
PasIMUYHBIX BUIOB MCXOMHOTO PBIGHOTO CBHIPBSI ISl CO3JaHMUS
MIPOAYKTOB C A00aBlIeHHOl CTOMMOCTBIO. Llenecoobpa3HoOCTh
BKIoueHus1 11B B ppIOHBIE TIPOAYKTHI Ga3mpyeTcs Ha UX CIO-
COOHOCTYM BIMSTH Ha TaKue IMPOLECChl KaK yhaepskaHye BOJIBI
U KUPOB, CTabWIM3anysi SMyIbCuil, reneobpa3oBaHne, M3Me-
HeHMe TeKCTypbl M CEHCOPHBbIX XapaKTepUCTUK, yBelnveHue
BBIXOZIAa TOTOBOV MPOIYKLMM, YBeIMUYEHME CPOKOB XpaHEHMS
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i Tak fgayee. Ha ocCHOBe aHa/IM3a COBPEMEHHbIX HAyUHBIX MCCITe-
JIOBaHMiT 06OCHOBAHO MCIIONb30BaHME PA3MMUYHBIX BUAOB I1B
B TEXHOJIOTMM PBIGHBIX MPOAYKTOB. K MOCIeTHUM CllefyeT OT-
HECTY PeCTPYKTYPUPOBAHHbIE MPOAYKTHI, BKIIOYAS TeIU CYpU-
MM, CTY[IHU, 3KeJie, TUIIeBbIe TTOKPbITUS U TTAHUPOBKY, a TAKKe

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

pasHo06pa3HbIii acCOPTUMEHT (OPMOBAHHBIX PBIOHBIX MU3e-
JIVIA, BKITIOUast KOJIGAChI, COCUCKHU, KOT/IEThI, MeJalTbOHBI, Ta/I04-
K, 60JIIBI, mamTeTbl OMHOBPEMEHHO C COBEPLIEHCTBOBAHMEM
TEXHOJIOTHUI MCIIOIb30BaHe (DYHKIMOHAIbHBIX MHTPEIMEHTOB
obecrieunBaeT pa3sBUTHE UHIYCTPUY 3T0POBOTO MUTAHMS.
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B CEBEPHbBIX PETMOHAX POCCHUU
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2 BcepoccuiicKuit HAyUYHO-MCCIIeIOBATeNIbCKIUI MHCTUTYT XOJIOAMUIIBHO MTpOMbIIIIIeHHOCTH, MockBa, Poccus

K/TIOYEBBIE CJIOBA: AHHOTALUMA

HenpepuieHAst X0N0OUNbHAS Yenb, B cTaThe pacCMOTPEHO COBPEMEHHOE COCTOSIHME 3MMHUX JOPOT (aBTO3MMHMKOB) M TPUBENEHbI JaHHbIe, IO/ -
Xumuyeckoe moouguyuposarue TBepKAaloIMe Heo6X0oMMOCTb MPOJJIEHMsI CPDOKOB UX IKCIUTyaTalMU ISl TTOAAeP>KaHUsSI HelpepbIBHOM X0JIO0-
Jb0a, apmuposarue J160a, IVTBHOI LIeny B ceBepHbIX permoHax Poccun. IlpoaHann3MpoBaHbl HOPMATHUBHBIE TOKYMEHTHI, PETYIUPYIOLINe

asmMo3UMHUK, Ce6epHble Pe2UOHbl,  TIPOEKTUPOBAHME U CO3MaHme 3UMHMUX HOpor. [IpoBeseH 0630p CYIECTBYIOLIMX METOIOB 1 TEXHOIOTMIT M3TOTOB-

(usuko-mexaHuueckue ceolicmea  jieHUS aBTO3UMHMKOB. PaccMOTpeHa BO3MOKHOCTD TIPMMEHEHNS TeOCHHTETUUECKIX MaTepUasIoB i YKperie-

nvda HUSI IEAOBBIX OPOT, & TAKKE BBISIBJIEHBI BO3MOSKHbIE IIPO6/IeMbl, BO3HMKAIOIIVE TIPY UX MCITOIb30BaHuy. [Tokasa-
Ha MepCreKTUBHOCTh TPUMEHEHMS XMMUYECKX MOAU(UKATOPOB ISt CO3IaHMsI KOHCTPYKIVIOHHBIX MaTepuaaioB
Ha OCHOBE BOZHOTO JibJla, B OCOGEHHOCTM B COYETaHMM C apMUPOBAHMEM JIeIOBbIX MacCuBOB. OMMCcaHbI COBpe-
MeHHbIe MTOAXO0/IbI K BEIGOPY MOAMMUIIMPYIOMINX COeIMHEHMIT M MaTePUAaIOB [Jist apMMUPOBaHMS Jibaa U chopMu-
pOBaHHbIE Ha UX OCHOBe KpuTepun. [IpoBeneH 0630p HAyYHBIX UCCIEIOBAHMIA, IIOATBEPKIAIONINX BO3MOXKXHOCTD
3HAUUTEILHOTO YCUMJIEHUST HeCyleii CIIOCOGHOCTY TIeOBbIX MIOKPBITUI 1, KaK CIeACTBUE, Go/iee paHHEero Havaaa
UX 9KCIUTyaTanuu. Iloka3zaHo, YTO COBMECTHOE TIPUMEHEHME apMUPOBAHMUS U JIELOBbIX MOAU(PUKATOPOB IT03BO-
JINJIO JIEAOBOMY 06pasily COXPaHWUTb CBOIO LEJIbHOCTh JaKke TPY 3HAYUTENbHOM medopmanyn. OmycaHa Takke
BO3MOKHOCTb TOTIOJTHUTEILHOTO YIIPOUHEHMSI JIENOBBIX OPOSKHO-TPAHCIIOPTHBIX MyTEli B Pe3y/IbTaTe ONMTUMMU-
3aMM PeXXMMHBIX [TapaMeTpPOB UX (GOPMUPOBAaHMS B 3aBUCUMOCTH OT ITOTOJIHBIX YCIIOBUIA.
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NEW TECHNOLOGIES OF ICE ROADS CONSTRUCTION
TO MAINTAIN THE SUSTAINABLE COLD CHAIN
OF SUPPLY IN THE NORTHERN REGIONS OF RUSSIA

Galina Yu. Goncharova'?, Sergey S. Borzov'?, Georgiy V. Borschev?
! Bauman Moscow State Technical University, Moscow, Russia

Review article

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

KEY WORDS: ABSTRACT

sustainable cold chain, chemical The article reviews the current state of winter ice roads (winter glacial roads) and presents data that confirm the
modification of ice, reinforcement ~ necessity of their service life extension in order to maintain the uninterrupted cold chain of supply in the north-
of ice, ice road, northern regions, ern regions of Russia. The regulatory documents that regulate the design engineering and construction of winter
physical and mechanical ice roads are analyzed. The existing methods and technologies of winter roads construction have been analyzed.
properties of ice The possibility of using the geosynthetic materials for ice roads reinforcement is considered, as well as possible

challenges arising from their use are exposed for consideration. The use of chemical modifiers for the creation
of structural materials based on water ice is shown to be prospective and promising, especially in combination
with the reinforcement of ice blocks. Modern approaches to choice of ice modifying compounds and materials for
ice reinforcing are described, as well as criteria achieved on the basis of their application. The scientific studies
confirming the possibility of a significant increase in the bearing capacity of glacial coverage and, as a result, an
earlier start of their operation is carried out. It is shown that the combined use of reinforcement and ice modifiers
allowed the ice sample to maintain its integrity even under exposure to significant deformation loads. The techni-
cal possibility of additional reinforcement of ice transport routes as a result of optimizing the modal parameters
of their formation, depending on weather conditions, is also described.
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1. BBegenmue

[Tnomanb apKTUYECKUX Tepputopuii PO cocTaBisgeT OKOIO
4,8 MJIH KB. KM. Ha HMX mpokuBaet 2,5 MJIH Y€JIOBEK, UYTO CO-
oTBeTcTBYeT 40% BCero HaceneHusl, IPOXKMBAIOILETO B apKTUye-
cKkoJi 30He 3emiu. B Hacrosiee Bpems 3kOHOMMKa KpaliHero
CeBepa akKTMBHO pa3BMBaeTCs U cocTaBiseT no 15% BBII cTpa-
HblI [1]. ObecrieueHne HempepbIBHOM XomoayibHOI Henu (HXI)
st pernoHoB Kpaiinero CeBepa SIBJISIETCSI OCTPOIi TTPOGIEMOA.
C opmHOII CTOPOHBI, HEOGXOAMMA TPAHCIOPTUPOBKA MPOIYK-
TOB NMUTaHMS HEe TOIbKO B TOpPOJAa, HO U B OTHAJeHHbIe cese-
HUS ¥ BaXTOBbIE TIOCENKU. ITO 0COGEHHO aKTYyaJIbHO, YUUTHIBAS
9KCTpeMaJibHble YCIOBMSI KM3HM B JAHHBIX DeruMoHax, a cie-
JIOBaTe/NbHO, U TMOTPe6HOCTh B COATaHCMPOBAHHOM paliOHe,
B KOTOPOM MPUCYTCTBYET MSCHas, MOJIOYHAsI U OBOILIHAS MPO-
nykuun. C IPyroii CTOPOHBI, BasKHO CO3/aHMe GIarompUsTHBIX
YCIIOBUMIA JJ1S1 9KCIIOPTa PEeKOro ¥ BecbMa LIeHHOTO Jie/uKaTe-
Ca — OJIeHVHHBI [2,3]. 3HauMTeNbHas YacTh 9KCIIOPTA UIET B €B-
poreiickue crpaHbl. B 2019 romy 6bUI0 3KCIOPTUPOBAHO 440 T
OJIeHMHbI B OUHISHANIO ¥ [epMaHMIo Ha 0010 CyMMY 2,9 MITH
JIOJIapoB, a TOJIbKO 3a stHBaph 2022 roma SHAO moaroToBumi Ajist
aKcropra B GuHISTHANIO 60ee 112 TOHH oneHMHBI [4]. ormosn-
HUTETbHO TOCTABJISIIOTCS IIKYPBI, & TAKKE CYOIPOIYKThI, KOTO-
pble mepepabaThIBalOTCS M UAYT Ha KOpMa KUBOTHBIM [5]. Byp-
HO pa3BMBAIOLIMIICS PBIHOK CTPaH A3MM TakKe 3alfHTepeCcoBaH
B [TOCTaBKaX CEBEPHOTO AeuKaTeca  Cy6IpoayKTOB, 0COGEHHO
TIAHTOB U KPOBM OJIeHeli [6].

Inst obecrieueHusT KauecTBa M 6e30MaCHOCTU TMPOIOYKIINM,
a TaKKe C LIeJIbI0 YMEHbIIIeHMsI ee MOTepb B Ipoliecce XpaHe-
HUS ¥ IOCTaBKM Heob6xoaumo npumeHenne HXII. OHa BKIoyaeT
B cebsl pasIMyYHble TEXHUUECKME CPEICTBA ISl MMOMAIePsKaHMUS
TpebyeMbIX TEMIIePATyPHbIX YPOBHEI TPAHCIIOPTHUPYEMOIL ITPO-
IOYKLMU, OTITUMU3ALMIO JIOTYCTUYECKUX MapIIPYTOB 1 obecre-
YeHMVe KOHTPOJIA KaueCTBa Ha BCEM JKM3HEHHOM LMKJIe IIPOAYK-
Ta muTaHus. KooueBbIMM TPUHIUIIAMU (GYHKIVOHUPOBAHUS
HXII aBnsioTcs:
0 o6ecrieueHne 6€30MaCHOCTU U COXPaHEeHMe KauecTBa MuIe-

BOJ IIPOSYKLIVNA;
U yMeHbllleHMe TIOTePb Ha MPOTSIKEHMUM BCETO KM3HEHHOTO

LIMKJIa IPOAYKTa;
O onTuMmsanus 3aTpaT Ha GYHKIMOHUPOBAaHME 1IeMN, COKpa-

eHyne sHepromnoTrpedaeHus [7,8].

B moronHeHne K u3BeCTHbIM Ipobiemam HXII, cBSI3aHHBIM
C M3HOCOM MAIIMH ¥ 060PYI0BaHNsI, C OTCYTCTBMEM HEIOCPE[-
CTBEHHOTO KOHTPOJISI TPOM3BOJCTBA HA MPOTSIKEHUU BCETO SKU3-
HEHHOTO IMKJIa MPOLYKLMY, B CEBEPHBIX perrMoHaxX BO3HMKaeT
Takke npob6imema soructuku [9]. B ycnoBusix Kpaitnero CeBepa
IJIST TPAHCTIOPTHOTO COOOIIEHMST UCTIONb3YIOTCSI MOPCKOIA, ped-
HOIA, 5KelIe3HOL0POXKHBIN ¥ BO3AYIIHbBIN BUABI TpaHcropTa. Of-
HAaKoO JI0CTaBKa rpysa 0 HY)KHOrO ITyHKTa 3a4acTyl0 BO3MOKHA
MCKJIIOUUTEbHO TIPY MTOMOIIY aBTOTPaHCIIopTa. 3MMHME 10pO-
I'M, U3BECTHBIE KaK «JIOPOTU >KU3HU», COCTABIISIIOT OT TPETU [0
TIOJIOBMHBI BCEX aBTOMOOM/IbHBIX ITyTeii B 3aBUCUMOCTY OT pe-
ruoHa [10]. Tak, B 4acTHOCTH, AJis1 pecryOnuku Caxa (SIKyTus)
NIPOTSDKEHHOCTh aBTO3MMHMKOB COCTaBjsieT ¢Bbille 20 ThICSY
KkunoMeTpoB [11]. He MeHee BakKHBI U JIeJOBBIE ITepernpaBbl, KO-
TOpbIe COBMECTHO C 3MMHMKaMy 00ecIieuuBaloT CBSI3b C 6ONb-
moit 3emieit. B XMAO, dxytun, Yykorckom AO ot 56 no 80%
HaceJleHHbIX ITyHKTOB He MMeIOT KPYIJIOTOAMYHOIO BbIXOZAA Ha
JIOpOTU C TBEPIOBIM IIOKPBITMEM, ITO3TOMY IOAJepsKaHNue BbI-
COKMX O9KCIUTyaTallMIOHHBIX XapaKTePUCTUK BPEMEHHBIX NOPOT
SIBJISIETCST KpaeyroybHO 3amayveii [12]. Heo6XonuMo OTMeTUTb,
YTO NpUMeHEeHMe aBTOIEepPeBO30K 3HAUMTEIbHO 3aTPyLHEHO
reorpaduueckMmMy 0CO6eHHOCTSIMM PeroHOB [13,14]. B mepByio
odepefpb 3TO CBSI3aHO C TeM, UTO 3MMHMKU U JIeJOBbIe Tepernpa-
BbI, GYIyuM C€30HHBIMY AOPOTaMM, CTAHOBSITCS HETTPUTOTHBIMM
K MICTIO/Ib30BAHMIO OOMBIIYIO YacThb rofia. Taxk, B SIKyTuM JeloBble

TiepernpaBbl MOTYT 9KCILTyaTMPOBAThCs ¢ 15 HOSI6Ps 1o 15 ampe-
JIs1, TapOMHble TepernpaBbl — ¢ 15 uioHs 1o 30 ceHTSI6psI, TO eCTh
OT TPeX [I0 YeThIPEeX MECSIEB B TOAY 60/bIIASI YACTh TEPPUTOPUU
pecry6imKy octaeTcs 6e3 TpaHCIIOPTHOrO obecreueHus. B cBs-
3M C 9TUM Jake He3HAUMUTeTbHOE MPOJJeHMe CPOKOB PabOThI
JIeIOBbIX Ileperpas SIBJSIeTCS SKM3HEeHHO He0OX0AMMOCTbIO JIsT
CeBEePHBIX U apKTUUeCKuxX Tepputopuii. [Ipu 3ToM, KaKk IpaBu-
JI0, IPEXIEBPEMEHHOE 3aKPbITVE aBTO3MMHIKOB 06YC/TIOBIEHO
He TIOJIHBIM OTeIlIEHMEeM U BBIXOAOM X U3 CTPOSI, a IOKATbHBIM
(TOYeuHBIM) pa3pylIeH)eM, CBSI3aHHBIM C YTOHYEHMEM U IO-
BpEXIeHMEeM JIbJja OTHENbHBIX MPOOIeMHBIX YUaCTKOB JOPOTH,
B IEPBYI0 ouepefb IleperpaB yepe3 MHOIOUYMCJIEHHbIE DPeKu
U T. A. [15,16]. Pa3pa6oTKa TeXHOJOTUI YIIPOUHEHMS JIeIOBOTO
TOKPBITUS, OCHOBAHHBIX Ha yIpaBjieHMM IPOlleccaMi Terio-
Maccoo6MeHa, MOKeT 3HAUMTEIbHO YBeTNIUTh PO O/KUTENb-
HOCTb 9KCIUTyaTalluy 3MMHUKOB Y PEIINTh BayKHEHMIIYI0 3a7auy
noaaepkaHus TorucTuky Bcero KpaitHero CeBepa. Llenbio mpefi-
CTaBJIEHHOJI CTaTby SIBJISETCS 0630p TPAAMUIIMOHHBIX CIIOCOG0B
YBeIMYEHMS] MPOUYHOCTHBIX XapakKTePUCTUK aBTO3MMHMKOB
" JIefOBBIX Iepernpas, a TakXke aHajln3 COBPeMEHHbIX HayUHbIX
pa3paboToK B 06/IACTU YIIPOYHEHMUS JIENOBbIX CTPYKTYP, KOTO-
pble B COBOKYITHOCTM MOTJIY Obl BBIBECTM Ha MPUHIMITAAILHO
HOBBIIi YPOBEHb 3a7jauy UCII0NIb30BaHMs BOSHOTO JIbAA B KauecT-
Be TIOJTHOLIEHHOTO KOHCTPYKIIMOHHOTO MaTepuasna. Ocobyio ak-
TYaJIbHOCTH MTPEICTABISIET 0630P COBPEMEHHbIX OTEUECTBEHHBIX
TEXHOJIOT M1 YIIPOYHEHMS JIeIOBOTO MAacCHBa KaK CTpaTernyecku
B&)KHOT'O HaIlpaBJIeHNs MO lepyKaHysl JIOTUCTUKM CEBEPHBIX pe-
TMOHOB U aPKTUY€eCKOi 30HbI PD.

2. Marepuajsl ¥ METOIbI

O6BbeKTaMy U3ydeHUS SIBJISITUCh HOPMAaTUBHbIE OKYMEHThI
¥ Hay4yHbIe MyOIMKALMY POCCUIICKUX U 3apPYOEKHBIX aBTOPOB
B 00JIaCTM CO3JaHMUs U Pa3pabOTKM COBPEMEHHBIX CIIOCOG0B
YIIPOYHEHMUSI JIeJOBOTO MTOKPBITHUSI M MaTePUAIOB IJisI apMUPO-
BaHMS HA OCHOBE CMHTETUUECKUX U TIPUPOIHBIX KOMIIOHEHTOB.
Ha nratopmax eLibrary.ru, Scopus, ResearchGate u B OTKpbI-
ThIX MHTEPHET-MCTOUYHMKAX ObUI MPOBEIEH IMOWCK IybiyKa-
LM C MCTIOb30BAaHMEM HECKOJNbKUX KOMOMHAIVI KITIOUEBBIX
CJIOB, BKJIIOUASI CIeAyIolIe: HelpepbIBHAS XOIOAMIbHAS 1Ielb,
XUMMUYECKoe MoauduuupoBaHyue Jbla, apMUpPOBaHMeE JIbIa,
aBTO3MMHMUK, CEBEPHbIE pEruMoHbl, (U3MKO-MeXaHNYeCKue
cBoticTBa 1ba. CTaThy, HANMMCAHHbIE HE HA aHITIUIICKOM U pyC-
CKOM $I3bIKax, a Takke 0e3 ITOJIHOTEKCTOBOI MHbOpManuu,
He paccMaTpuBaluCh. M3 MOmMOOGPaHHBIX MaTepPUalIOB TaKsKe
OBLIM MCKJTIOUEHBI CTATbM, HE OTHOCSIIIMECS] K TEME HaCTOsIIe-
ro o63opa.

3. CoBpeMeHHOe COCTOSIHVE ITPO0GIeMbI

Ha nipoTsiskeHUM AOTOTO BpeMeHM SKUTeI CeBepPHBIX CTpaH
MICTIONb30BaIM BOMHBIN Jie[, B KauecTBe yOOOHOTO ¥ TOCTYII-
HOTrO MaTepuasa [jisl CO3MaHMusl PasIMUYHbIX 000POHUTEIbHbIX
U XO3SIICTBEHHbIX CcoopykeHuii. CTomeTus: Ha3ahd, BOJHbIN Jef,
MPUMEHSJICSI B KauecTBe MaTepuasia JIJisl Co3laHMsI BpeMeHHbIX
hopTrdUKAIIMOHHBIX COOPYKEHMIA, JKUIIBIX TTOMEIEeHIi, UTTY,
XOJIONHBIX CKJIaZ0B 130 JibJa U Mep3Jsioro rpyHTa [17]. Uctopu-
YecKM camMoe LIMPOKOe pacIpoCTpaHeHMe MOMyUYMIM COOPYXKe-
HUSI JTOPOKHO-TPAHCIIOPTHON WMHQAPACTPYKTYPbl — 3UMHUKU
U JenoBele nepenpassl [18]. 3MMHMKM Ha MPOTSDKEHUM BEKOB
MICTIONTb30BAIMCh B KAUECTBe YIOOHBIX TPAHCIIOPTHBIX apTepuit,
CBSI3BIBAIOIINX HACEJIEHHbBIE TTYHKThI CEBEPHBIX PETMOHOB MEX-
Iy co6oit [19]. OpHaKo [0 HACTOSIIIEr0 BpeMeHU OCHOBHBIMU
MPeTSITCTBUSIMU, OTPAHMUMBAIOIIVMMM TIpMMEHeHMe BOIHOTO
JIbIa B KauecTBe IMOJIHOLIEHHOTO KOHCTPYKIMOHHOIO MaTepua-
J1a, OBLIM M OCTAIOTCS €r0 HeJOCTATOUHAS IIPOYHOCTh U BhICOKASI
XPYNKOCTb. TpaguIIMOHHO 3MMHMKU M3TOTaBJMBAIOT IMOCION-
HBIM Hapal¥BaHMeM JOPOXXHOTO TO0THA.
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[71s1 co3aHMs aBTO3MMHMKOB IIPUMEHSIIOT Pa3JIMYHbIE BUIbI
CIIeLITEXHUKNM: CHETOOYMCTUTENM, Be3[eX0[bl, CHeroraguiKy,
a TakoKke MalllMHbI )1 YIUIOTHEHUS] X pa3paBHMBaHUS JOPOIMU.
KnroueBoii 3amaydeii SIBsIETCS HapallMBaHMe TTOBEPXHOCTU CHe-
TOJIEIOBOTO TIOJIOTHA i 0OecrieyeHns: HeOOXOAMMOI TOJIIN-
HbI, TIPM KOTOPOJi CO3AaBAaE€MBbIif YUaCTOK TOPOTU GBI GbI BhIIIIE
OKpPYsKaloIllero CHEXKHOTO ITOKPOBA. 3aTeM CO CHEerocO0pHBIX
T10JI0C Ha MOJIOTHO AOPOTY Ha6PAChIBAIOT CHET, KOTOPbIii B Ja/b-
HerimeMm yraoTHSIoT [20].

[Ipy 3TOM CyIIeCTBEHHBIMU HeOOCTaTKaMM HAaHHONM TeX-
HOJIOTMM SBJISIeTCS HM3Kas IPOYHOCTh IOJyyaeMOro MacCuBa,
a Tarke Maasi MPOLO/DKATETbHOCTh SKCILTYaTalMU TTOH0OHBIX
Iopor. [I1s1 ykpenieHNsI TOKPBITHST 3MIMHMKA €r0 OpOUIaloT BO-
IO, co3/maBasi MepUoOANUECK) OGHOBIISIEMYIO JIEISTHYI0 KODPKY,
HO ¥ 9TO He UCIIPaBJsieT CUTyalyIo B 1jesioM [21].

JlemoBasi TiepemnpaBa IMpencTaBisieT coboil TOpory, Mposo-
SKEHHYIO 10 JIeSIHOMY TTOKPOBY 3aMep3Ilell peKy U SIBJISIOILY-
10CS1 YYACTKOM aBTO3MMHMKA. OmHA 13 0COGEHHOCTEN JTIeIOBBIX
IepernpaB — HEIMOCTOSIHHAsI TOJIMHA JIbJa, KOTopas TpebyeT
TLIATeTbHOTO KOHTPOJIS. OLIeHKY COCTOSIHMS IepernpaBbl Mpo-
BOJST MPY IIOMOILIM reOopaAVoNOKallMOHHBIX M3MepeHui [22],
MO TBEPKIAE€MbIX KOHTPOIbHBIM OypeHMEeM JTYHOK.

Ha cerogusmuHmii neHp B Poccum mpakTuka co3maHUS ce-
30HHBIX JIeIOBBIX MTepenpaB U aBTO3MMHUKOB OCTaeTcs 6e3aib-
TepPHaTUBHOM HAa OTPOMHBIX TEPPUTOPUSAX APKTUUYECKON 30HBI
P®. BeeneH craHmapT, yCTaHABAMBAIOLIMII TEXHUYECKNE TTPaBU-
Jla YCTPOJCTBA U COMEepPsKaHMUSI 3MMHUX aBTOMOOWM/IbHBIX TOPOT
u nenoBbixX nepemnpas 'OCT P 58948-2020'. IIpumeHeHMe CTaH-
nmapra gomosHseTcs: pekomeHpmamysvmu OIM 218.4.030-20162
u OTH 218.4.010-985.

BmecTe c Tem ciemyeT OTMETUTb, YTO IpefCTaBlI€HHbIe
B YKa3aHHBIX JOKYMEHTax TeXHUYeCKye pelleHus 110 yKperuie-
HMIO JIeJOBBIX MepernpaB He MEHSIIVCh NEeCSITWIETUSIMU, OHU
Upe3BbIUAMHO CJIOXKHBI, TPOMO3AKM U TpygoeMKu. [Ipu stom
B KayecTBe YKpeIUIIIoUMX (apMUPYIOLIMX) 3/€eMEHTOB DPeKOo-
MEeHJyeTCsl UCTI0/Ib30BaTh BETKU IePEBLEB, JOCKM, METAITIOKOH-
CTPyKUMM U Tp. [23-27]. OgHAKO COBpeMeHHbIe UCCIef0BaHMSI
YKe TI03BOJISTIIOT ChOpMYIMPOBATh IepeueHb OCHOBHBIX KpUTe-
pUEB, B KOTOPBIX COOCTBEHHAS IPOYHOCTD U JKECTKOCTH apMarTy-
DBI 1aJIeKo He BCeTa CII0COOCTBYET YIIPOUHEHUIO JTbJa U yCuITe-
HMIO HECYIEN CITOCOOHOCTY CO3/IaBAEMBbIX JIEOBBIX TOKPBITHIA.

VccnemoBanuio 3G GeKTUBHOCTM TPUMEHEHMSI PasInIHbIX
apMMPYIOIINX MaTepyuaaoB AJ1s YIPOUYHeHMs JbJa (OT CTaabHOM
apMarypsl [28] D0 CMHTETMYECKUX BOJIOKOH U CeTOK [29-35])
TIOCBSIIIIEHO 6GOJbIlIOe YMCIO Iy6nmukanuit. OTMevaeTcs, UTo
JCIOJIb30BaHNMe apMUPYIOLIMX BOJIOKOH He TOJbKO YCMJIMBAET
JIeIOBbIN TIOKPOB, HO U CIIOCOOCTBYeT KYNMMPOBAHUIO BO3HMKA-
IOUIVX TPeLMH.

ApMupoBaHue JIeOBOr0O MacCuBa C IIOMOILIBIO pasiny-
HBIX KOHCTPYKTUBHBIX JIEMEHTOB U XMMMUUECKUX COeIVHEeHUI
B psizie pabot [36,37] yUIOBHO MOAPAa3IeNseTcs] HA MUKPOApMM-
pOBaHMe ¥ MakpoapMypOBaHue.

1. MukpoapMupoBaHue TPeICTaBISeT Cco60i yaydiieHue
TIPOYHOCTHBIX XapaKTePUCTUK JIba U Haubosee cabblx KOMITO-
HEHTOB MepP3JIbIX TPYHTOB IyTeM CMeLIMBAHUS JibJla C pa3ainu-
HBIMU COeIVHEHUSIMU WU TUCKPeTHO ¢a3oii, mpegHa3HaAUeH-

' TOCT P 58948-2020 «Jloporyu aBToMOGM/IbHbIE OBIIEro MOoIb30BaHMs.
[opory aBTOMOGMIIbHBIE 3MIMHME U JIeIOBbIe MepenpaBbl. TexXHuueckye npa-
BMJIa YCTPOJCTBA U cofiepskaHMsl». MockBa, CTanaapTuHdopm, 2020. — 54 c.

2 OIM 218.4.030-2016. OTpacyieBoit AOPOKHBIN METOAMYECKUIA TOKY-
MEeHT. MeTOl[I/[‘-IeCKI/Ie peKoMeHOalum 1o OLleHKe IrPy30II0AbEMHOCTH JIELOBBIX
repernpas. DJIeKTPOHHBI pecypc: https://docs.cntd.ru/document/456055369
Iara gocrymna: 15.03.2023

* OITH 218.010-98. OTpacieBble JOPOXHbIE HOPMbI. MIHCTPYKIMS IO
MIPOEKTUPOBAHNIO, CTPOUTEJbCTBY M ISKCIUTyaTalMM JIEOOBLIX TI€peripaB.
dnekTpOoHHbI pecypc: https://docs.cntd.ru/document/1200029712 [laTta go-
crymna: 15.03.2023

HBIMM [IJII KYTIMPOBAaHMS BO3SHMKAIOIINX TpellyH. B pesynpTaTe

JIAaHHOTO TPOIecca MoyyyaeTcss OMHOPOIHAS KOMITO3MLIMOHHAS

CTPYKTypa. B KauecTBe MMKPOAPMUPYIOLIMX MaTePUAIOB UC-

TIOJIb3YIOTCSI Pa3/IMUHbIe BOAOPACTBOPMMbIE MOIMMEDDI, BOIOK-

Ha U IMCIIepCHbIE YaCTUIIbI.

JlemstHbIe U JIBIOTPYHTOBBIE KOMIIO3UTHI, YAyUIIeHHbIE MU-
KpOapMMpOBaHMeM, aBTOPHI [38] Mo pa3aensioT Ha ABe IPYIIIbI:
0 KOMITO3UTHI, COCTOSIIME M3 HEMNpPepbIBHOV (asbl (JIbaa)

Y OUCTIEPCHOT (a3bl: YaCTUII, COIEBbIX KAPMAHOB, BO3IYIII-

HBIX BKJIIOUEHUI 1 TIP.;

0 KOMIIO3UTHI, BKIIOYAIOIIME pa3auMYHble BOJOKHUCTBIE Ha-
TIOJIHUTENN (MOJIMMEpPHbBIE LIeNIOYKY, AUCIIePCHbIEe BOJIOKHA
nap.).

OTHOCKUTeNTbHOE YITIPOYHEHMeE JTbIA TIPU UCIIOTb30BAHUM [N -
CKpeTHOI1 dha3bl BMeCTe CO CTPYKTYPUPYIOLIMMU COeIMHEeHUSIMU
B ONTUMAaJIbHBIX KOHI[EHTPAIUSX, 10 JAHHBIM OTKPBITHIX MCTOY-
HMKOB, MOXeT OCTUraTh 3HaUeHM1 cBbIie 9 pas [39].

2. MakpoapMupoBaHue MpejroiaraeT NpMMeHeHye pas3ind-
HBIX TTPOTSDKEHHBIX MATEPUAJIOB: CETOK, TIOJIOTEH, CTA/IbHBIX Ka-
HaTOB O6peBeH, Pa3JMYHOrO POJA JOIMOMHUTENbHBIX KOHCTPYK-
TUBHBIX 3JIEMEHTOB.

C mo3uIMM OMMCAHHOV KIaccubUKAIMY MPOTSsKeHHbIE BO-
JIOKHA MOTYT ObITh OTHOBPEMEHHO OTHECEHbI K 060MM BUIAAM
apMMPOBaHUsI, OGHAKO HaM Mpe[CTaBisieTcsl 60see JIOTUIHBIM
OTHECTM UX K MaKpOapMMUPOBAHUIO, TAK KaK MX MUCTIOIb30BaHME
obecreunBaeT CBSI3HOCTb BCEil KOHCTPYKLMM M COXPAaHEHMeE Iie-
JIOCTHOCTY BCETO JIe[IOBOTO 0ObEKTa Jaxke MPY YaCTUUYHOM pas-
pyILIeHUM JIbAA.

B pa6orax [40,41] omuchIBalOTCSI Hauboee COBpeMEeHHbIE
KOHCTPYKIMM U3 TaKepuTa, JeISHbIX U JTbIOTPYHTOBBIX KOM-
1mo3uToB. B 2014-2015 rr. B ®UHASHANM 6bUIM ITOCTPOEHbI CO-
opykeHust 13 maiikeputa, a B 2016 . — 13 apMMUPOBAHHOTO
LIeJUTINI0301 Jibaa. IIpuBeneHbl omnpene/ieHHble SKCIIepUMEH-
TaJbHBIM ITYTEM PEXMMHBIE MTapaMeTphbl TOXIeBaHMs BOASHOM
ITY/IBITBI C TOJyYeHMeM TMaiikepuTa IMOBBIIIEHHOW MTPOYHOCTM.
PexomeHngyemoe comepskaHue ommioK coctasisiio 10%. Xapak-
TepHbIIi pa3Mep OMMUIOK OIPAaHUUYMBAJICS 2 MM B CBSI3U C TeM,
YTO MeJIKME YaCTUIIBI PABHOMEDPHEe pacIpefessioTcsl B 00beme
B IpoIiecce co3maHus najikepura. B pabote [42] npeacTaBaeHbl
pe3yabTaThl Ja60PaTOPHBIX MCCIeNOBaHMII ITPOYHOCT O6pas-
LIOB JIbJIa, aPMMUPOBAHHBIX OTXOLAMM J1epeBoo6paboTKu (Omu-
JIOM ¥ CTPY)KKOI1), Ha pacTspkeHue 1 u3rmn6. O6pasiipl pa3MepoM
100x 100x400 MM 130 JibJa OBLIM M3TOTOBJIEHBI IIPU ITOMOIIM
MOCIOHOTO HaMOpakMBaHUs (2 CM Ha CJIOi) Ha TeMIlepaTyp-
HOM ypoBHe MMHYC 16°C c mo6aBieHMEM OMWIOK, APEeBECHbIX
CTpyXeKk. B pesynbraTe mccienoBaHus ObIJI0 YCTAHOBIEHO, UTO
HaubobIllee yBeIMYeHVEe MPOYHOCTM B CpaBHEHUM C 06pas-
amMyu 6e3 apMMpoBaHUST (KOHTPOJbHAS T'PYIINA) JOCTUTATIOCh
B IIpoliecce MpUMeHEeHMs IPeBeCHOl CTPYXKKU. DKOIOTUYHOCTb,
JIOCTYITHOCTb U IIPOCTOTa BHECEHMSI MaTepuaia B jie]] T03BOJIsieT
aBTOpaM pabOThl PEKOMEHAOBATh MaHHbBIN BUI, apMUPOBAHUS
IIJIST CTPOUTENIbCTBA PA3MYHBIX HA3€MHBIX JIEMOBBIX 0OGHEKTOB.

Heo6x0qMMOCTb COBEPIIEHCTBOBAHMSI TEXHOJIOTUIL CTPO-
MUTENbCTBA JIEJOBBIX TepernpaB 00ycioBuaa 6osiee LIMPOKOe
BHeJIpeHMe B MMPaKTUKy MeTOJ 0B YIIPOUHEHUS JIbJa C UCIIO/b-
30BaHMEM TeOCHMHTEeTUYECKUX CETOK, M3TOTOBJISIEMBIX U3 pa3-
JIMYHBIX BUJIOB CMHTETUYECKOIO BOJNIOKHA [31,32,43-47]. B pa-
6orax [31,32] omncaHo ¢bopmMMpoOBaHME IKCIIEPUMEHTAIbHOI
JIeJ0BOJi MepernpaBbl U IIpeACTaBIeHbl Pe3yabTaThl ee IPaKTy-
yeckoit ampobanyuu. B mybiamkanmusix paccMOTpeHa cucTema
pasmMelneHus U QUKcAMM CETOK, SKCITyaTalluu U YHATEHUS
MX Tlepef, HaCTyIJIeHVeM TeIUIbIX IeprofoB roga. OTmevaeTcst,
YTO BIIEPBbIE OBV APMUPOBAHBI HE TOJIBKO HETIOCPEICTBEHHO
JleoBast TIOBEPXHOCTD IIepernpasbl, HO 1 Haubosee ciabblie Me-
CTa — CTBIKM JIEASTHO TUINTHI ¢ GeperoBoit 30HOI (PucyHOK 1
u PucyHOK 2).
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PucyHok 1. Ilorpy>keHue reOKOMIIO3UTa B «MaiHy»
¥ IIPOTACKUBaHMeE ero MO0 JIbIOM KallpOHOBBIMU

Tpocamu («HVJKHee» apMUpOBaHue)
Figure 1. Immersion of the synthetic geocomposite mesh into
the ice hole and its dragging under the ice with nylon cables
(“lower” reinforcement)

OpHaKo A0 HACTOSIIIEro BpeMeHy (hakTopoM, ITPersITCTBYIO-
VM IIMPOKOMY BHEIPEHMIO OTIMCAHHO TEXHOTIOTUMN, SIBIISIETCS
HeJO0CTATOYHOe afTe3MOHHOe CIeIUIeHMEe CO JIbAOM IPOMBIIII-
JIEHHO BBIITYCKaeMbIX T€0CETOK B CBSI3U C UX IMAPO(POOHOCTHIO.
IIpenBapuTeibHasl MPOIMUTKA BOJIOKOH TUAPOGOOHBIM CBSI3Y-
IOIYIM COCTaBOM («3aMacC/IVBaHMe») OCYILIEeCTBIISIeTCS C LeIblo
YIIPOIIeHNs Mpoliecca MPOU3BOMICTBA CETOYHOTO IMOJMIOTHA, TaK
KaK MCXOHbIE€ BOJIOKHA MPEACTABIISIIOT COO0I Myuku Guopmi,
JIOCTAaTOYHO JIETKO CIyThIBAOIMXCst. TakuM 06pasoM, UCKyC-
cTBeHHas TUapodo6M3aiMs BOIOKOH IIPU ITPOM3BOMICTBE CETOK
CYIIIECTBEHHO CHIKaeT 3P GheKT YIIpOUuHeHMs JIELOBOTO MOKPBI-
TUSI B CBSI3U C OTCYTCTBYEM HEOOXOAMMOI CUJIbI afTe3uu C jie-
IIOBOJi MaTpulleil 1 TpebyeT pa3pabOTKM HOBBIX METOAOB MX
MIpOM3BOACTBA. II03TOMY 0c060€ BHMMAaHMe MpU BbIGOPE apMM-
PYIOIIMX 3JIEMEHTOB JOJ/KHO YAENATbCS UX afre3MOHHOI CITo-
COGHOCTH K JIeIOBOV MaTpuIle, YTO CBOVICTBEHHO MaTepuaiam,
006J1a/Ia10IIMM BbICOKOH TMAPOGMIBHOCTHIO. B MPOTUBHOM CITy-
yae, MOXKHO HabO/oaaTh 3¢ deKkT paccianBaHus KOMIIO3UTHOTO
MaTepuasa, uTo MPUBOIUT K €ro pa3pyuieHuIo Aaxe MMpy He3Ha-
YMUTeNbHBbIX Harpyskax (PucyHoxk 3).

PucyHoK 3. Pe3ynbTaThl IPOYHOCTHBIX UCIIBITAHUI Ha
u3ru6: a) apMUPOBAHHOIO 3aBO/ICKOI 6a3a/IbTOBOI CETKOJ,
IIPONMUTAHHOI rUAPoGOOHBIM CBSI3YIONIYM COCTABOM;

6) apMUPOBAHHOTO 6a3aJIbTOBBIMM BOJIOKHaAMU 6e3

nponuTku [48]

Figure 3. Results of bending strength tests: a) ice reinforced with
a factory-made basalt mesh impregnated with a hydrophobic bind-
er; b) ice reinforced with basalt fibers without hydrophobic binder

impregnation [48]

BaxHelIMM [OCTOMHCTBOM apMMPYOIIUX MaTepuaaoB
SIBJIIETCSI COKpallleHVe BpeMeHM HaMOpPakKMBAaHMUS JIe[OBOTO
ciosi, TpebyeMoro [jisi 6e30TacHOTO TMepelBIVDKeHMST TPaHC-
TOPTHBIX CPEZCTB Ha JIe[JOBbIX [leperpaBax. B uacTHOCTH, B pa-
60Te [49] mpeCTaB/IeH pacueT JIUTeNTbHOCTY HAMOPaKMBAHUS
JIeJIOBOJi TeperpaBbl ¢ IPMMEHeHeM apMUPYONUX MaTepu-
asoB. [TokasaHo, UTO HA TeMMepPaTypHOM ypoBHe MuHyC 15°C
I obecrieyeHust 6e301macHoOro mpoesa 40-TOHHBIX KOJTECHbIX
aBTOMOOMIEN AJIUTENbHOCTh HAMOPAXKMBAHMS COKPAIAETCS
Ha 44 pHA.

PucyHoK 2. CxeMa, WUTIOCTPUPYIOLIAS CIIOCO0 «HVKHET0»
apMHMPpOBaHMA JIE40OBOro IIOKpoBa: 1 — ecTecTBeHHbIN
JIeIOBbIN IIOKPOB; 2 — Gepera; 3 — «MayHbI» BO JIbAY
AJIA IIogaun U rmpueMa apMmupyrouiero 1moJioTHa, 4 —
JIVHKU IJIS IIPOTATUBaHUSA TPOCOB 5 II0J0 JIbAOM; 6 —
PYJIOH re0CMHTETUYeCKOro MaTepuana; 7 — MoJIOTHO

reoCHMHTEeTUKH, IPOTAaCKMBaeMoe TPocaMu MO0 JbI0oM [31]
Figure 2. Schematic sketch of the “lower” reinforcement method of the ice
cover: 1 — natural ice cover; 2 — coast; 3 — ice holes for submerging and
receiving the reinforcement mesh; 4 — holes for pulling cables 5 under
the ice; 6 — a roll of geosynthetic mesh material; 7 — geosynthetic mesh
dragged by cables under the ice [31]

HecmoTpst Ha 3HaUMTeIbHOE pa3sHOOGpasue MCccaemI0BaHMit,
MpeNCTaBAeHHbBIX B JINTEPATYPe, HA CETOIHSIIHUI TeHb OTCYT-
CTBYET eIVHbIIT Y YHUBEPCATbHBI MOIXO0] K BHIOOPY COBPEMEH-
HbIX, 06/IaJaI0MMX HaMOOMBIIMM CPOICTBOM C JIEMOBOI MaTpu-
1Ieii MaTepuasIoB JJIsl CO3AaHMsI aBTO3VMHMKOB.

4. ABTOpCKMe pa3paboTKu B 00/1aCTU CO3TaHMUA

KOHCTPYKIIMOHHBIX MaTepyrajoB Ha OCHOBE

BOJHOTIO JIBJA

Ba)kKHBIM HarmpaBjIeHMEM B 00/1aCTV YIIPOYHEHUS] KOHCTPYK-
IIMOHHBIX MaTE€PUAJIOB HA OCHOBE BOJHOTO JIb/A SIBJISIETCS TIPU-
MeHeHVe apMUPOBAHMST COBMECTHO C BHECEHMEM BbICOKOMOJIE-
KYJISIPHBIX MOAMGUUUpYNmX coeguueHuit [50,51]. JlemoBbie
MOAUGUKATOPbI HAILIM IIMPOKOE TIPUMEHEHNe B PasIMUHBIX
BUIAX 3MIMHErO CIOpTa: B XOKKee, GUTYpHOM KaTaHWM, IMIOPT
Tpeke, 606ciee U ap. Oco6yI0 3HAUMMOCTH YCIIENIHOe armpoou-
poBaHMe MoAM(MUKATOPOB MMEEeT Ha CAaHHO-606CIeITHBIX Tpac-
cax, IJie JIe0BOe MMOKPbITYE MTOIBEPTAeTCsT Hanboee arpeccuB-
HbIM paspylLIalolyM Harpyskam, He TOJIbKO COM3MepPVMbIM, HO
¥ TIPEBBINIAIOIIMM Harpy3Ky Ha JIeJOBOE IMOKPBITHUE OT KOJeC
IPY30BOTO aBTOTPAHCIIOPTA. DTO OOBSCHSIETCS CYIIeCTBEHHBIM
BecoM 606OB CO CIIOPTCMEHaMU, MaJioii IUIOLIAbi0 KOHTAKTa
11071034 CO JIBIOM ¥ CKOPOCThIO MTPOXOKIEHNS TPACChI, JOCTUTA-
tommeit 150 kv/u (PucyHok 4) [52].

[IpuMeHeHMe MOAM(UKATOPOB Ha JIEAOBBIX OGBEKTAX ITO-
3BOJISIET 3HAYUTETHHO TMOBBICUTH MPOYHOCTD JIbJjA, UTO OTKPBI-
BaeT [OIMOJHUTEIbHbIE MEPCIEKTUBbI IPU IIPOEKTUPOBAHNM
aBTO3MMHMKOB U JIeIOBBIX ITepernpas [53].

JlemoBble MoAMGUKATOPBI, TPUMEHseMble Ha O00BeKTax
C UCKYCCTBEHHBIM XJIaI0CHAGXKEHMEM, IO/DKHBI COOTBETCTBO-
BaTh CJIEAYIOMIMM KPUTEPUSIM |
9KOJIOTMYECKAst YMCTOTA U 6€30I1aCHOCTD AJIs OpraHu3Ma Je-
JIOBEKa;

XUMMUYECKast UHePTHOCTb;

HM3Kasl TEMITePATypa KPUCTAITU3ALIMMA WU «CTEKIIOBAHUST»;

Ir'MOKOCTb MOJIEKY/ISIDHOM 1IeMy, OIpeaessionias Croco6-

HOCTb MAKpOMOJIEKYJIbI K M3MEHEHMI0 (GOPMbI U JTMHENHbIX

pasmepoB 6e3 pa3pbiBa SKECTKUX BAJIEHTHBIX CBSI3ei TOMM-

MEepHOI] Lieny;

BbICOKAST MOJIEKY/ISIPHAS Macca IoMMepa;

romo6ye BbIOGVPAEMBIX COEIMHEHWIT CTPYKTYpPe TPUPOTHbIX

6GMOTIOIMMEDPOB.

Jl71s1 ceBepHBIX perMOHOB Poccuu B Iipoliecce MPOeKTUPOBa-

HUSI COOPY)KEHUIT Ha OCHOBE BOJHOTIO Jibjia C N0OaBIEHUEM Jie-

JIOBBIX MOIM(UKATOPOB HEOOXOIMMO T0OABUTH ellle TP JOIT0JI-

HUTETbHBIX KPUTEPUS:

1. MuHMManbHAsT BSA3KOCTh MOAMUGUKATOPA, M3MEHSIoIa-
sic He3HAUUTEJbHO BIUIOTh A0 TEMIIEPATyPHOTO YPOBHS

o000

0o
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PucyHOK 4. JlemoBoe MOJIOTHO CAHHO-006C/IeITHO TPACcChI:

a) 6e3 BHeceHMs1 MOAUMUIMPYIOIUX COeAUHEeHMIT; 6) ¢ JobaBiennem moanbnKaTopos
Figure 4. Ice coverage of the bobsleigh track; a) without the modifying compounds; b) with the ice modifiers added

muHyc 70°C, uTO crioco6CcTByeT 60siee paBHOMEPHOMY pac-

TpeiesIeHnI0 MOAUMUIIMPYIONIEr0 COeMHEHNUSI B 00beMe

3aJIMBaeMOil BOIBL. B CBsI3M ¢ 3TuM o6erdaercs: mpoiecc

JanbHellero mnepepacrpeneneHuss Moaudukaropa Ipu

9KCIUTyaTaIy JIeL0BOTO 0OBbeKTa.

2. MogudukaTop Ko/DKeH BKIIOYATh KaK TOBEPXHOCTHO aKTUB-
Hole ([TAB), Tak u noBepxHocTHO MHakTMBHBIE (TIVIB) coe-
JIMHEeHMs, MOJIeKY/Ibl KOTOPBIX B3aMMOZENCTBYIOT C BOMOI
CUIbHEe, YeM MOJIEKYIIbI BOZIbI MeKIy CO00iA, ¥ YBIEKAITCs
B IyGMHY Pas3INTOro CJIOS.

3. BO3MOXKHOCTb HAanpaBIeHHOTO YBeIMYEHMs VUIU CHVDKE-
HMST QPUKLIMOHHOIO B3aMMOZENCTBUSI CO JIbAOM. YBeIu-
yeHMe QPUKLIMOHHOTO B3aMMO/EJCTBMSI HEOOXOAMMO ISt
TIOBBILIEHNS] YIIPaBJISIEMOCTY TPAHCIIOPTHBIX CPECTB Ha
MOIMOUIMPOBAHHOM JIeLOBOM ITOKPBITUM, & TAKXKe IJIsI
CHUKeHUsI TOPMO3HOTO MYTH, B YaCTHOCTH, CAMOJIETOB IIPU
nocaake. YMeHblieHe (QPUKIMOHHOTO B3aMMOZENCTBUS
MOKET ObITh HEOOXOAMMO JJIsI CHVKEHUSI TPEeHUS IIPU UC-
TIOJIb30BAHNM JIBDK WM IIOJIO3bEB IJIST TPAHCIIOPTUPOBKU
IPY30B WM AJIs1 OCNa6IeHNsI MHTEHCUBHOCTY BO3JECTBUS
CyIHa Ha Ipumai.

Ha ocHOBe cOBpeMeHHbIX UCCAeI0BaHMI1, TPOBOAMMBIX COB-
MecTHO ¢ MI'TY um. baymana u BHUXU, 66011 chopMMUpPOBAHBI
KpuTepuu oTbopa apMUPYIOIIMX MAaTepuaaoB, B HaMOOIbLIEH
CTEIEeHM CITOCOOCTBYIONIMX YBETMUEHWIO HECYIIEl CTIOCOGHOCTH
JIeTOBbIX KOHCTPYKIMiT B yotoBusix Kpaiinero CeBepa [54]:

[ MakcuMMajJbHO BO3MOXXHOE€ OTHOIIEHMEe CMOUYEHHOJ IIola-
IIV 5JIEMEHTOB apMMPOBaHMs K UX 0011ei Macce;

BBICOKMII TIOKa3aTelb COGCTBEHHOI IPOYHOCTY MaTepuajia
apMUpPOBaHMUS;

MaKCUMMaJIbHO BO3MOXXHAsI afre3usi apMUPYIOMIUX dJieMeH-
TOB K JIEJIOBOI1 MaTpuiie;

CYLIECTBEHHOEe IIpeBbIllleHMe [JIMHOV apMMUPYIOIMUX 3e-
MEHTOB X IIMPUHBI U BbICOTHI;

JKeCTKOCTh apMMPYIOIIero marepuasna, He MpeBbIIIaoiias
>KeCTKOCTbD JIeJIOBOJ MaTPUIIbI.

Takke 6bUIM TIPOBEIEHbI MCCIENOBATENbCKME PabOThI IO
CO3JJaHUI0 KOHCTPYKIIMOHHBIX MaTepuajioB Ha OCHOBE BOAHO-
r0 JIbJIa C YUeTOM BCeX MepeuncieHHbIX KpUTepueB. 3aJadaMu
JlaHHO¥ pabOoThI SIBJISINCH:

1. Tlom6op ONTMMAaJIBHOTO COCTaBa M KOHIIEHTPALMii BHICOKO-

MOJIEKY/ISIPHBIX MOAM(UKATOPOB;

2. Tlombop ¥ ONTMMM3AIMS apMUPYIOIIEro MaTepuana u ero
reoMeTpUUYeCKUX XapaKTepUCTUK;
3. Ob6ecrieyeHre MaKCMMAaIbHOI aATe3uu MeKAY JIbAOM U ap-

MMPYIOIIVM MaTepuaioM.

Bbutn poBefieHbl SKCIIepUMeHTaIbHbIe VCCIeN0BaHMS JIel0-
BbIX 06PasI[0B, HAMOPOSKEHHBIX C MCITOJIb30BaHMEM MOIUDUIUPY-
IOIIMX COeNVHEHMIT Y apMMUPOBAHHBIX 6a3aIbTOBBIMI BOJIOKHAMM
(PucyHoKk 5). Ouu nogTBepmmm 3dEKTUBHOCTD MPeJIoKEHHBIX
METOZIOB BO3JeiCTBIS Ha (Dr3MKO-MexaHWuecKye CBOCTBA BOJ-
HOTO JIbJIa.

o 0 0O O

PucyHoxk 5. UccnenyemMsie jiegoBbie 06pa3Iibl MOC/Ie UCIBITAHUIA:

a) o6paser U3 IUCTWIIMPOBAHHOJ BOJBI; 6) o6paser ¢ MOAUMUIMPYIOIMMM KOMIIOHEHTAMM ¥ apMUPOBaHMEeM
Figure 5. The analyzed ice samples after tests exposure:
a) sample of ice made from distilled water; b) sample of ice made with reinforcement fibers and modifying components
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Kak BMIHO M3 IMpeacTaBIeHHOTO M306pakeHus], COBMECT-
HOe TIpMMeHeHMe apMMPOBAHUS U JIeIOBBIX MOAU(PUKATOPOB
(PucyHOK 56) TIO3BOIMIIO JIEAOBOMY 00pasiy COXPAaHUTh CBOO
1IeJIOCTHOCTH JaKe MPY 3HAUUTENbHOI Aedopmanny, 06pasiisl
MOXXHO COTHYTb IOJ, yriioM 120 rpagycoB, a B HEKOTOPBIX CITy-
yasgx — 10 90 rpagycoB. BHeceHre MoauGMUKATOPOB KynupyeT
pasBuUTHE TPEIMH B 06pasiie 6rarogaps MosiBIeHUI0 gemMdu-
pyloIeit cyocTaHIMM B MEKKPUCTALINIECKOM ITPOCTPAHCTBE,
a BOJIOKHA CITOCOOCTBYIOT COXPaHEHMIO I[EIOCTHOCTY 06pasiia
ke TIOC/Ie YaCTUYHOTO paspylleHus, B OTAnYye OT 06pasijoB
Ha OCHOBE AMCTWIIMPOBAHHOI Bombl (PMCYyHOK 5a). DTO 0COo-
6eHHO BaykKHO IMPM IKCIUTyaTalMM JIeIOBbIX Iepernpas, HA KO-
TOPBIX paspylieHne JeI0BOro MOJIOTHA IPUBOANUT K Hambosiee
TSDKEJTBIM TIOCTeICTBUSIM, YeJIOBEUECKMM JXepTBaM U MOTepsSM
aBTOTPAHCIOPTA.

B uccnemoBaHusAX mocieqHMX jeT [55] 6bUIO Takke ycra-
HOBJIEHO, YTO MPOYHOCTHBIE CBOJVICTBA JIELOBBIX ITOKPBITUIA,
bopMupyembIx 3a CUET eCTeCTBEHHOTO XOI0a, 3aBUCST TaKKe
OT TpeTbero (GakTopa — PEKMMHBIX NTapaMeTPOB HaMOPaXKM-
BaHMS, BK/IIOYAIOIIVX B [IEPBYIO OUepelb TeMIlepaTypy pasin-
BaeMoit BOAbI, TOJNUIMHY €AMHUYHOTO CJIOSI ¥ NIePUOLUYHOCTD
npoBefeHust 3aMuMBOK. OT coueTaHMsI ITUX IMapaMeTpPOB 3aBU-
CUT 3ITI0pa pacipeeneHns BHOCUMBIX B Jiei MOAUMDUIIUPYIO-
UIMX COeNVHEeHMI U, KaK ClIeCTBMe, IPOUHOCTHBIE CBOJICTBA
€0371aBaeMOT0 JIeJOBOTO MacCKBa. B yka3aHHbIX paboTax mpei-
CTaBjieH ajarOpUTM OIpeJe/leHNsT ONTUMATbHbBIX PEKMMHBIX
rmapaMeTpoB, a TaK)Xe YMCIeHHAs] MOZelb UX pacueTa B 3aBU-
CUMOCTY OT M3MEHEHMS TeIUIO-BIXKHOCTHBIX YCJIOBUI OKPY-
>Karollei cpefpbl.

ABTopamu [48] yCTaHOBJIEHO, UTO MpUMeHeHue Moaudu-
LMPYIOUINX COeIMHEHUI ¥ apMUPYIOIINX BOJIOKOH TIPU CTPYK-
TYPUPOBAaHUM JIeOBbIX 0OpaslOB IPUBEIO K YBEIUUYEHUIO
Hecymieii crtoco6HOCTH Tbaa 10 10-KpaTHOTro pasmepa; gedop-
Marnus ycumiach B 15-20 pas (mo 2000%) mo paspyuieHus
o6pasiia, B 100—150 pas Bo3powia paboTa pa3pyuieHust oopas-
ua (PucyHok 6).
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PucyHoK 6. luarpaMmMa HanpspbkeHue—aedopmanys

IJISI Pa3jIMYHBIX BUAOB JIeJOBBIX 00pa31oB [48]
Figure 6. Stress-deformation diagram for various types of ice samples [48]

HOJIY‘—IGHHI)IQ pe3ynbTaThbl CBUOETETIbCTBYIOT O BbICOKOM IT0-
TeHLMaJIe VICII0OJIb30BaHMS apMMUPOBAHMA COBMECTHO C BHECEHI -
€M XMMMNYEeCKUX MO,E[I/I(I)I/IK&TODOB U ONITUMAaJIbHOM HaCTpOﬁKOﬁ
Iponecca HaMOpa>KMBaHMA JIEJOBBIX MaCCUMBOB IIPpU CO3OaHUN

pas3IMYHBIX OOBEKTOB, BK/IIOYASl CE30HHBIE NOPOTHU, JIeIOBbIE
TeperpaBbl U X03sCTBeHHbIE COOPY>KeHMSI. DTO TTO3BOJIUT 3Ha-
YUTEIbHO YBEIUYUTh CPOK 6E30IMaCcHOM IKCIUTyaTaluy TaKUX
00BEKTOB.

HemanoBaskHbIM (haKTOPOM SIBJISIETCSI KOJIOTMYecKas 6e3-
OINACHOCTh TPUMEHEHUS] MOAUGUIIMPYIOMINX BEIIeCTB U ap-
MMUpOBaHMs. BHeceHMe XUMMUYECKUX MOAUGUKATOPOB B MMU-
KpOZ03ax He MpeNCTaB/sieT OMacHOCTU AJist (aopbl U dayHbI;
pekoMeHyeMble BUbI BOIOKOHHBIX MaTepUaaoB, B YaCTHOCTH,
6a3a/JIbTOBbIE BOJIOKHA, MMEIOT IMPUPOMHOE IPOUCXOKIEHME,
a reoCHMHTeTMUeCKMe MaTepuajbl He COmepsKaT OIAaCHBIX XU-
MMWYECKMX BeIeCTB, He Pa3JiaraloTcs IO, BO3AeCTBMEM Teria
U BJIaTH, a TaKKe He BCTYIMAIOT B peakiuM C KUCJIOTaMU U lie-
souamu. ITocste aKCIUTyaTalyy 3MMHMUKOB U JIeIOBBIX Ieperpan
MIPOBOAUTCSL COOP TEOCMHTETMYECKOTO MaTtepuasa, HermoBpe-
SKIEHHYI0 4acTh KOTOPOTO BO3MOSKHO 3a/1e/iCTBOBATh MTOBTOPHO.

Vcmnonb3oBaHMe B pa3IMUHbIX COUETAHUSIX TPeACTaBIeHHbBIX
MeTOJIOB Haubosiee TepCreKTUBHO [IJIs IPUMEHEHMST B paMKax
nonaepkanusg HXII B ceBepHbIX permoHax:

Co3pmaHre BpEMEHHBIX JIeJOBBIX COOPY>KeHMII Ha OCHO-
Be HAOyBHbIX KOHCTPYKIMI WM XKeCTKuX 3neMeHTOB (Pucy-
HOK 7) [56]. [Togo6HbIe 6HICTPOBO3BOLMMbIE COOPYKEHMSI MOTYT
OBITH MCITOB30BAHBI B KAUECTBE XPAHMUINII, TIUIIEBOI MTPOIYK-
LMV WJIV 3Ke B BUIe PasIMUHbIX MHK€HEePHbBIX 00bEKTOB, a TAKKe
pacrpenennTeabHbIX TYHKTOB.

PucyHok 7. Co3aHMe JIeJOBbIX KyII0OJI000Pa3HbIX

KOHCTPYKIIMIA C MCII0JIb30BaHMEM HaJyBHOI onaayoxru [56]
Figure 7. Creation of ice dome structures with the help of inflatable
formwork [56]

VBenuyeHne MpONO/DKATETbHOCTY IKCILTYaTalMM U TIOBbI-
IIeHVe TTPOYHOCTHBIX XapaKTePUCTUK aBTO3MMHVKOB, JIETOBBIX
Tiepernpas " B3JIeTHO-ITOCAZOUHbIX ITOJIOC B YCI0BUSIX KpaitHero
Cesepa.

5. 3ak/ioueHue

B pesynbraTe NMpOBeAEHHOTO 0030pa MOATBEPXKIEHA aK-
TYaJbHOCTb U BOCTPEOOBAHHOCTh COBPEMEHHBIX TEeXHOJIOTMIA
YIIPOUHEHNS JIbIa TPV CO3TaHNUY aBTO3VMHIKOB ¥ JIEHOBBIX T1e-
pernpaB. B HacTosimeM 0630pe MpencTaBIeHbl PasIndHble MO -
XO[IbI K YIIPOYHEHMIO JIbIA ¥ [TOKA3aHO, UTO IIPUMEHEHMEe COB-
pEeMEeHHbIX HAayYHbIX pa3paboTOK OTKPbIBAET MPUHIMIIAAIbHO
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HOBBIE€ BO3MOYKHOCTY JJISI VICITOJTb30BaHMSI KOMITO3UI[MOHHOTO
MaTepuasa Ha OCHOBe BOJHOTO JIbJja B KauecTBe IIOJHOLIeHHOTO
CTPOUTENILHOTO MaTepuasa IJisl CeBepHBIX PeroHoB PD. Basxk-
HBIM aCIIeKTOM SIBJISIETCSI HEOOXOIMMOCTh Pa3paboTKy TEXHOIIO-
UM TIOMyYeHUs TUAPODUIbHBIX MaTepuanoB Jjisl obecreyeHus
MaKCMMAaIbHOM afre3uy C JeJ0BOM MaTPUIIEH, UTO MO3BOJSIET
3HAUMTENBHO MOBBIIATH MIPOYHOCTb M IPENSITCTBYET Paccio-
eHuio chOpPMUPOBAHHOIO JIEOBOrO MaccyuBa. Haubombiive

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

MEePCIeKTUBbI MMEeeT COBMECTHOE MCIIOIb30BaHMe BCEX Tpex
(akTOpOB, CITOCOOCTBYIOIINX YITPOUHEHMIO JIbJIa: BHECEHME MO-
INGUUMPYIOIINUX COeIMHEHMI, apMUPOBaHNMe U ONTUMMU3AIIVS
PEXMMHBIX NTapaMeTPOB CTPYKTYPUPOBAHUS JIEOBBIX MOKPbI-
Tuit. OUeBUAHO, YTO CIEKTp NMpUMEeHeHMs] OMMCAHHbIX pa3pa-
60TOK OyIeT PacIIUPSThCS, 8 COBEPIIEHCTBOBAHME TEXHOIOTMIA
KOMIIJIEKCHOTO YIIPOYHEHMS JIb/ia SIBJISEeTCS TpeJMeTOM Hajb-
HeIINX 1Uccieg0BaHMit.
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taxifolin, vitamins, stress, feeding ~ One of the priorities of the Strategy of scientific and technological development of the Russian Federation (ap-
method, animal adaptation, proved by Presidential Decree N2 642 of December 1, 2016) is the transition to a highly productive and environ-
productivity, meat quality mentally friendly agriculture. Organic agriculture can help to ensure sufficient food for the population by 2050

and simultaneously reduce the impact of agriculture on the environment only if it is implemented as part of a
system of agricultural production, which should provide the same volume and composition of products as in the
baseline scenario. An important aspect of organic livestock production is to reduce the impact of stress factors
on animals. A promising solution can be the use of natural biologically active substances with pronounced an-
tioxidant properties. The action of natural bioflavonoids (Taxifolin) and also in a complex with vitamins on the
organism of fattening pigs during the periods of stress of various etiology (climatic, fodder, social etc.) has been
studied. A complex including vitamin C, vitamin E and Taxifolin has been developed. The provisions of the method
of feeding pigs as a way to reduce the negative impact of stress factors on meat quality by means of the studied
nutritional factor have been studied experimentally.
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makcugonuH, sumamuHslt, cmpecc, OmHUM U3 TIPUOPUTETOB CTpaTerny HayYHO-TEXHOIOTMYECKOro pasBuTus Poccuiickoii ®emepatum (yTBEpsKIeHa
€noco6 KopmieHus, adanmayus Vkazom [Ipe3nunenTa Poccuiickoiit @epeparyu ot 1 gexabpst 2016 r. N2 642) siBiisieTcst iepexof, K BLICOKOITPOLYKTHB-
JHCUBOMHBLX, NPOOYKMUBHOCMY, HOMY ¥ 9KOJIOTMUECKM YMCTOMY arpoxo3siiicTBy. OpraHuyeckoe CelnbCkoe X03s/CTBO MOYKET CIIOCOOCTBOBATb 06ec-
Kauecmeo msca MeYeHMI0 JOCTATOUHOIO KOMYECTBa IIPOLOBOILCTBIS 1151 HaceneHust K 2050 romy ¥ OfHOBpeMeHHOMY CHVYKEHUIO

BO3JIE/ICTBISI CEbCKOTO XO3SI/ICTBA Ha OKPYKAIOLIYIO CPely TONbKO B TOM C/Iydyae, eC/iyi OHO GymeT pean30BaHO
B PaMKaX CUCTEMbI CeTbCKOXO3SIFICTBEHHOTO MTPOU3BOJCTBA, KOTOPAsI TO/KHA 06ecreunBaThb Te ke 06beMbl U COo-
CTaB IPOAYKIVM, YTO ¥ Ipy 6a30BOM ClieHapuy. BaskKHBIM acIieKTOM IOTy4YeHVsI OpraHNYecKoil SKMBOTHOBOIYE-
CKOJ TPOIYKLMM SIBJISIETCSI CHVKEHME BO3/IeCTBIUS (DaKTOPOB CTpecca Ha JKUBOTHBIX. [I03TOMY CyLIeCTByeT OCTpast
HEeo6XOIVIMOCTb B pa3paboTke 3(hGdEeKTUBHBIX M YCTONUMBBIX MOIXONOB K YIIPABIEHWIO /IS CMSITY€HMsT HETaTHB-
HBIX TIOC/IEICTBUIA CTPECCOB M TOBBIIEHNS 3(D(HEKTVBHOCTY KOHBEPCUMYM KOPMa TIPY MOTyYeHUM CBUHUHBI Gosiee
BBICOKOTO KauecTBa. [lepCIeKTMBHBIM PellleHeM MOXKET ObITh IIPYMEHeHMe IPUPOIHBIX OMOMIOTUUECKU aKTUBHBIX
BEIIeCTB C BEIPaKeHHBIMY aHTVIOKCHIAHTHBIMY CBOJICTBaMI, KOTOPBIE MOTYT IIOCPEICTBOM CTaOMIM3aIyy CBOGO -
HOPAJMKaJIbHOTO OKMC/IEHNSI TIOBBIIATh aJallTal[MOHHbIE CBOJICTBA OpraHM3Ma K BO3eiCTBMIO cTpecc-GpakTopoB
cpenpl. VI3yueHO felicTBIEe IPUPOIHBIX 6110(IaBOHONMIOB (TaKCU(OINH), a TAKKe B KOMILJIEKCe C BUTAMMHAMU Ha
OpraHyu3M OTKapMJIMBAEeMbIX CBMHE! B MEPUOIBI CTPECCOB PA3IMYHONM ITMONOrMM (KIMMATUYECKOr0, KOPMOBOTO,
TPaHCIOPTHOTO, COLMAIBHOTO U T. 1.). Pa3zpaboTaH KOMILUIeKc, BKIovaouyii ButamuH C, ButamuH E, TakcudonmH.
OKCIIepUMEHTaIbHBIM ITyTEM M3y4YeHbI TIOJIOXKEHMSI CIT0C06a KOPMIIEHMS CBUHEI, KaK CrIoco6a CHMKEHYS HeraTuB-
HOTO BIMSIHYS cTpecc-(GaKTOPOB Ha KAYeCTBO MsICa ITOCPELCTBOM M3YUeHHOTO (hakTopa MUTaHMs.
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1. Introdution

In the practice of animal husbandry and, in particular, pig
breeding, there are stresses of different etiology associated with
feeding and housing conditions, climatic conditions, physiologi-
cal characteristics of the organism. Under chronic exposure to
various stress situations there is an activation of free radical oxi-
dation with simultaneous depletion of antioxidant protection.
The body forms the syndrome of stress maladaptation, ketosis,
hepatodystopia, autoimmune processes [1].

There are known studies on the use of various biologically
active substances — adaptogens, in particular, antioxidants,
trace elements, bioflavonoids, vitamins and other substances, in
pig feeding. Vitamins are organic compounds necessary for nor-
mal life activity of organisms, some of them are simultaneously
antioxidants.

It is known that antioxidants are added to feed or feed ingre-
dients to inhibit lipid oxidation processes, the development of
which can lead to changes in the chemical composition, nutri-
tional and energy value of feed, the appearance of foreign flavors
(rancidity, sedimentation), loss of important substances in the
diet of animals, especially unsaturated fatty acids and several
vitamins [2]. Vitamin E, Vitamin C and Se are effective antioxi-
dants that help increase the antioxidant status of the body [3,4].

Fat-soluble vitamin E (D-alpha-tocopherol) is widely used in
premixes for animals, but often its insufficient content in feed
and stress loading of animals is not taken into account. Vitamin
E is a universal protector of cell membranes and an effective im-
munomodulator that activates the immune system. Vitamin E
is also important for the formation of catalase and peroxidase,
which neutralize peroxides, which is necessary for adequate im-
mune response of the body. The vitamin E action develops grad-
ually over several weeks of intake, therefore vitamin E must be
given as long term doses [5].

The oxidized form of vitamin E is reduced by Vitamin C, and
Vitamin E can again perform the function of an antioxidant [6].

Water-soluble vitamin C (L-ascorbic acid), entering the ani-
mal’s body with food, does not accumulate and is quickly elimi-
nated from the organism. For this reason, its content in the body
must be constantly replenished. As an antioxidant, ascorbic acid
performs the biological functions of reducing agent and coen-
zyme of a number of metabolic processes. It is an important sub-
stance in the diet of animals, necessary for normal development
and functioning of all body systems, including bone and connec-
tive tissue [7].

Vitamin C participates in biological redox reactions of the
body, has antiradical properties, which causes inhibition of the
process of peroxidation of proteins, lipids and other components
of cells and their protection from damage, has membrane stabi-
lizing and immunomodulatory effects [8].

It is known that polyphenols (flavonoids) have pronounced
antioxidant properties, similar to vitamin E, such as protection
from reactive oxygen species, chelation of metal ions and induc-
tion of antioxidant enzymes [9]. Our 2019-2021 studies showed
that the use of adaptogens-bioflavonoids (in particular, Taxifo-
lin) during periods of stress of various etiologies is reasonable
[10,11,12,13].

However, the complete replacement of tocopherols in the di-
et with polyphenols is questionable. Polyphenols cannot replace
the unique antioxidant function of vitamin E, which, due to its
lipophilic structure, is embedded in biological membranes and
effectively neutralizes fatty acid radicals and AFC [14].

Based on the analysis of information obtained from public
sources, as well as the norms of using vitamins in feeding pigs
[15], taking into account their synergistic effect on activation of
antioxidant protection of the body, immunostimulation; as well
as taking into account the previously obtained results of works,

a complex of biologically active substances including Taxifolin,
Vitamin E and Vitamin C (TaxEC) was developed. The aim of the
research was to study the effectiveness of using a new complex
of biologically active substances to provide an antioxidant effect
on pigs during the fattening period against the background of
environmental stressors.

2. Materials and Methods

For the scientific experimentation 30 clinically healthy cross-
bred castrated young boars (F-2:(LW x L) x D) were used. The age
of piglets at the beginning of the experiment was 60 days. Ac-
cording to the principle analogue scale, the animals are divided
into two groups, based on the body weight (Table 1).

Table 1. Experimental design

Ta6nuia 1. IusaiiH 3KCIepumMeHTa

Number Feeding
Groups ani(r)rt;als characteristics
1 Control (C) 15 Basic diet (BD)

15 BD + Feeding complex (Taxifolin with

2 Experimental E) vitamins C and E, TaxEC)*

* The composition of the additive is currently under registration. The
experimental party contained Tax (“Ekostimul-2”, JSC Ametis, Russia),
vitamin E (INNOVIT E60, GC “MEGAMIKS”, Russia), vitamin C (Tiger
C35, “Anhui Tiger Biotech Co. Ltd.”, China). The claim of the invention
is stated in the application for the invention “Method of feeding young
pigs during the feeding period” No. 2022129798/20(065177), filing date
17.11.2022.

The basis of diet was mixed fodder SK-4 (during pig grow-
ing), SK-5 (during 1st period of fattening) and SK-6 (during final
fattening) (Table 2), balanced by nutrients and energy accord-
ing to modern standards and recommended feeding regime [15].
TaxEC was fed with mixed fodder to pigs of the experimental
group (0.25% of the feed composition).

The research was conducted in accordance with the re-
quirements of the European Convention for the Protection of
Vertebrate Animals used for Experimental and other Scientific
Purposes (ETS No. 123, Strasbourg, 1986). The research was ap-
proved by the bioethical commission of the L. K. Ernst Federal
Research Center for Animal Husbandry (Protocol No. 6, dated
May 27, 2022).

The production area where the experiment was conducted
had all necessary equipment, tools, and feed distribution system.
All animals were kept under the same conditions and had free
access to feed and water during the whole period of the experi-
ment. The conditions of housing and care of the animals were
identical.

When simulating environmental conditions, temperature
ranged from 14.0 to 32.0°C (in sections up to 33.0°C), and
relative humidity from 60 to 85%.

Growth rate of the experimental animals was monitored by
individual weighing on electronic scales REUS-300 (Tenzosila
LLC, Russia) before the experiment and then every 7 days until
its end. Gross and average daily gains, as well as feed expenses
per growth unit were calculated based on the results of weighing
and feed consumption.

At the beginning (n=5), in the middle (n=5) of fattening
and before slaughter (n=5) blood from the jugular veins was
sampled in vacuum tubes. Serum was separated by centrifuga-
tion (3000 rpm for 15 min) and stored at —20 °C until analysis.
Stress markers (glucose (GLU), triglycerides (TG), lactate dehy-
drogenase (LDG), creatine phosphokinase (CPK), aspartate ami-
notransferase (AST), were examined on a BioChemFC-360 auto-
mated analyzer (HTI, USA) according to the procedures enclosed
with the reagents (HTI, USA). The antioxidant status of the
blood was determined on the basis of the following parameters:
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total antioxidant status (TAS) and total amount of water-soluble
antioxidants (TAWSA) in blood by amperometric method on a
Color-Yauza-01-AA device (NPO Khimavtomatika, Russia).

Control slaughter of pigs with determination of: body weight
before slaughter, carcass weight, fat thickness (over spinous
processes between 6th and 7th thoracic vertebrae, excluding
the thickness of the skin, mm); slaughter yield (ratio of carcass
weight to body weight before slaughter) was conducted in accor-
dance with the “Rules of veterinary inspection of slaughter ani-
mals and veterinary and sanitary examination of meat and meat
products”. Meat quality indicators: determination of moisture-
holding capacity (MHC) by Grau and Hamm pressing method
with Volovinskaya modification; total amount of water-soluble
antioxidants (TAWSA) — as per Tsvet-Yauza-01-AA (NPO Khi-
mavtomatika, Russia) device by amperometric method.

Data were analyzed using a one-way ANOVA analysis of
variance using STATISTICA statistical software (Version 13RU,
StatSoft Inc., USA). Differences of p < 0.05 were considered
statistically significant, whereas a trend was considered when
0.05<p<0.1.

3. Results

Against the background of feeding the TaxEC during the pe-
riod of rearing, the ADG in group 2 were higher than in group
1 by 2.5% (p>0.05). At the same time, in the first week there
was a tendency to better growth of animals in the experimen-
tal group (p<0.10). By simulating the conditions, the temper-
ature optimum (18-20°C) was exceeded to 32-33°C during
the first fattening period. On this background, the animals of

Table 2. Live weight of pigs (kg) and feed consumption
for the whole period of the experiment (M * m, n=15)

Ta6nuiia 2. JKuBast Macca CBUHeI (Kr) ¥ IOTpeb/ieHe KopMa 3a BeCh
nepuop, sxkcriepumenTta (M £ m, n=15)

Indicator Groups p-value
C E
Growing period
Duration of period, days 35 35 —
BW at staging, kg 15.87+0.42 15.92+0.25 0.92
BW at the end of the period, kg 36.37+1.02 36.93+1.04  0.69
Gross gain, kg 20.50%£0.91 21.01£0.98  0.69

ADG, g
1st fattening period

585.71+25.87  600.38+28.0 0.69

Duration of period, days 42 42 —
BW at the end of the period, kg 77.69+1.48 80.16%1.39  0.22
Gross gain, kg 41.32+0.98 43.23+0.56  0.09

ADG, g
2nd fattening period

983.81+23.26 1029.21%13.39 0.09

Duration of period, days 37 37 -
BW at the end of the period, kg 125.27+1.89 127.21+1.34  0.39
Gross gain, kg 46.70+1.27 46.35+0.83  0.81

ADG, g 953.06+25.85 945.85+16.98 0.58
For the whole period of experiment
Duration of period, days 126 126 -

Gross gain, kg 108.52+1.91 110.59%£1.29  0.36

ADG, g 861.27+15.17 877.67+10.26 0.36
Feed expenses for the whole period

of experiment

Fodder, kg/kg gain 3.14 3.08 —
% to control 100 98.1 -
Safety, %

For the whole period of experiment 100.0 100.0 -

Compiled by the authors

experimental group against the background of simulated high
ambient temperature also showed the tendency (p=0,09) to
better growth — 1029,21 vs. 983,81 g in the control, or by 4,6%.
During the 8th week of experiment, the growth of experimen-
tal group animals was reliably higher than the control values
(p=0.03), indicating the effectiveness of feeding TaxEC during
the temperature stress. In the 2nd period of fattening, the ani-
mals showed similar growth parameters (p >0,05) — 945,85 g vs.
953,06 g in control, or lower by 0,8%. On the whole the gains
during the experiment were 877,67 vs. 861,27 in the control, the
animals of the control group were more exposed to the environ-
ment stress-factors during the fattening period, but later on
they slightly improved their results.

Additional feeding of pigs with TaxEC resulted in the im-
provement of metabolic processes, first of all, it was reflected
in the increase of antioxidant protection, better adaptability of
animals to the conditions of temperature stress, which was char-
acterized by the level of stress markers (Table 3).

Feeding TaxEC was effective already in the early periods of
rearing and fattening, and further feeding led to the preserva-
tion of general antioxidant status and improved the formation
of product characteristics (slaughter performance, meat quality)
(Table 4).

Table 3. Blood serum indices of experimental animals (M*m)
Ta6nuua 3. [Ioka3aTeny CHIBOPOTKY KPOBU IKCIIEPUMEHTATbHBIX
JKUBOTHBIX (M £ m)

Indicator Gr(::ups p-v:lue

The rearing period (n=5)

GLU, mmol/l 5,22%0,24 5,40£0,23 0,75
TG, mmol/1 0,17+0,02 0,21+0,02 0,43
LDH, U/l 207,21£29,00  201,05+27,48 0,93
CPK, U/1 815,18+203,89 786,58+98,89 0,94
AST, U/l 29,73%0,66 28,67+1,28 0,66
CREA, pMol/L 102,26+1,99 110,04+ 1,50 0,09
TAS, mmol/l 1,55+0,05 1,39+0,04*  <0.05
TAWSA, mg/1 19,01+1,53 14,17+1,05*  <0.05
The 1% period of fattening (n=5)

GLU, mmol/1 5,67%0,45 5,57£1,02 0,96
TG, mmol/1 0,22+0,02 0,22+0,02 0,96
LDH, U/l 325,65+27,39  187,82+29,83" 0,07
CPK, U/l 1845,67+503,94 1573,54%336,29 0,79
AST, U/l 35,94+2,08 32,46+3,08 0,58
CREA, uMol/L 129,19+2,45 133,53%£2,22 0,44
TAS, mmol/l 1,47+0,04 1,65+0,08*  <0.05
TAWSA, mg/1 11,69%0,93 12,99+0,52  >0.05
The 2™ period of fattening (n=5)

GLU, mmol/1 6,15+0,14 5,95+0,05 0,44
TG, mmol/1 0,21+0,03 0,15%0,02 0,39
LDH, U/l 374,51+£3,36  343,96%+26,94 0,50
CPK, U/l 2617,40+344,39 1290,00+ 144,621 0,06
AST, U/l 59,16+4,69 39,14%1,15 0,03
CREA, puMol/L 145,16%2,50 148,27+2,54 0,60
TAS, mmol/l 1,47+0,06 1,60+0,021 0.10
TAWSA, mg/1 11,31+0,67 11,61+1,01 >0.05

GLU, glucose; TG, triglycerides; LDH, lactate dehydrogenase; CPK, creatine
phosphokinase; AST, aspartate aminotransferase; CREA, creatinine; TAS,
total antioxidant status; TAWSA, total amount of water-soluble antioxidants.
Significantly at * — p<0.05 compared to the control; T — tendency at p<0.10.
Compiled by the authors
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Table 4. Pre-slaughter and slaughter performance of pigs
(M£m, n=15)

Ta6nuiia 4. [Ipexy6oitHbie U y6oiiHbIe TOKa3aTeau cBuHeit (M*m, n=15)

Indicator Groups p-value
C E

Weight of a fresh carcass, kg 93,30+1,58 94,50+1,43 0,49

Slaughter yield, % 74,43+0,45 74,38+0,38 0,85

s e con sthand Tth  3,55+0,98  23,5022,03 0,78

Fat thickness on loin, mm 16,80%0,77 15,29+1,36 0,33

pEl of the longest muscle of back, 5794008  584+0,11 0,57

g}}-[ﬁ)(fége) Lc;lr;tgsest muscle of the back, 5,44+0,01 5,5240,03** 0,01
Area of muscle eye, cm? 46,52+1,62 49,26+2,35 0,22

MHC, % 81,62+1,09  82,54+1,41 0,87

TAWSA, mg/g 0,081+£0,002 0,0083+0,002 0,60
MHC, moisture-holding capacity; TAWSA, total amount of water-soluble
antioxidants. Significantly at ** — p<0.01 compared to the control. Compiled
by the authors

4. Discussion

The use of combinations of various antioxidant-adaptogens
has been extensively studied in the poultry industry [16]. Re-
garding applications in swine production, it has been reported
that studies on the effects of Vitamins E and C in stressed pigs
are necessary elements that can form part of a strategy to im-
prove animal health and productivity [17].

Positive effects of polyphenol supplementation have been
observed in studies with sick or stressed animals and have been
attributed to their systemic anti-inflammatory effects, improved
gut health and reduced translocation of pro-inflammatory and
pro-oxidant stimuli into the bloodstream. The health effects of
bioflavonoids likely result not only from direct antioxidant ac-
tivity, but also include inhibition of radical-forming enzymes
such as xanthine oxidase, NOX and lipoxygenase, in addition to
effects on platelet aggregation, leukocyte adhesion and vasodi-
latory properties. Flavonoids have different biological activities
in different cells, tissues and disease states [18].

The antioxidant properties of flavonoids are convincing and
in a number of cases they were even more effective than tradi-
tional antioxidants such as vitamins E and C [14]. Attempts to
completely replace vitamins (particularly E) in animal diets with
various plant extracts containing flavonoids were found to be
unsuccessful. At the same time, the need to clarify the effective
doses of polyphenols in studies on farm animals was noted [19].
Therefore, we chose the strategy of using a combination of the
action of polyphenols with vitamins E and C.

Additional feeding Tax pigs in combination with vitamins
(C and E) led to improvement of metabolic processes, first of all,
it was reflected in the increase of antioxidant protection, better
adaptability of animals to the conditions of temperature stress.

Stress metabolites such as lactate and glucose in blood can
be useful indicators to assess pre-slaughter stress, and their high
levels in blood indicate an accelerated rate and high degree of
postmortem muscle metabolism, resulting in low muscle pH,
while carcass temperature remains high, which causes a higher
incidence of pale, soft and exudative (PSE) pork [20]. Glucose
levels in animals of control and experimental groups were within
normal values. Feeding TaxEC had no effect on this parameter in
this case. At the same time, the level of triglycerides in animals
of both groups was <0.22 mmol/l, which confirms the high level
of animal stress throughout the experiment.

Evaluation of the potential use of various biomarkers of phys-
iological stress in slaughter pigs is important in terms of predict-
ing carcass and meat quality parameters. According to [21] LDH

can help pork producers predict changes in pork quality, while
cortisol, alanine aminotransferase and albumin can be useful in
predicting carcass quality. In our experiment, LDH activity was
normal in animals of groups C and E throughout the experiment,
but during the temperature stress (mid-fattening), there was a
tendency (p=0.07) to decrease this index in animals of group
E. Elevated CPK content was observed in all animals throughout
the whole experiment, but the highest level was in the middle
and end of fattening. In group E, this index was insignificantly
lower in the beginning and middle of fattening, and at the end of
the experiment there was a tendency to lower values (p=0.06),
which indicates a favorable protective role of antioxidants.

AST is a marker of liver and cardiovascular damage, and
CREA characterizes the rate of creatine phosphokinase reaction
and the rate of muscle mass gain. AST and CREA values were
normal in all animals throughout the experiment. At the end of
the experiment in Group E AST was reliably lower (p<0,01) and
there was a tendency (p=0,09) to a higher CREA level, indicating
a positive effect of TaxEC on the animals’ condition against the
background of better growth.

It was found that combining Tax with vitamins C and E en-
hanced the mechanism of antioxidant protection. For instance,
at the beginning of the experiment, there was a loss of water-
soluble forms of antioxidants (TAWSA) (p<0,01) (Table 3), but
later, their level in the blood of experimental animals exceed-
ed the control level, indicating a better protective mechanism
against environmental factors (including temperature stress
during the period of fattening).

The effect of TaxEC was clearly manifested at the end of the
experiment. In pigs of Group E, the level of TAS in blood se-
rum became higher (p<0.05) during basic fattening and before
slaughter (p=0.1) as compared to the control under the influ-
ence of TaxEC feeding.

The slaughter yield in Group E was 74.38% vs. 74.43% (p>0.05)
in Group C (Table 4). Slaughter weight correlated with paired car-
cass weight without head and legs (r=0.34 and r=0.46, respec-
tively groups), whose mean values were 1.29% higher in Group
E (p=0.49). The thickness of the backbone, both at the level be-
tween the 6th and 7th thoracic vertebrae, and in the lumbar part
of the carcass were: 23.50 vs. 23.53 mm (p=0.78) and 15.29 vs.
16.80 mm (p=0.33), respectively. Muscle eye area was higher in
animals of the experimental group by 2.74 cm? (p=0.22).

The pH value of the longest muscle back 45 minutes after
slaughter was relatively the same for carcasses of groups C and
E, 5.79 and 5.84 (p=0,57), respectively. Anaerobic glycolysis pro-
duces lactate, which accumulates and lowers intracellular pH, so
that by 24 hours after death, pH can fall to about 5.4-5.7 [22].
The use of TaxEC resulted in an improvement of this index. 24 h
after slaughter, the pH in the experimental group was higher by
0.07 units (p<0.01).

Prolonged chronic stress, even at a moderate level of expo-
sure, can worsen the growth of animals and lead to a decrease
in the quality of production. Tax in combination with vitamins
can regulate in animals through suppression of excessive activa-
tion of the RAAS system, improve water and sodium retention,
reduce inflammatory response [23]. Tax inhibits free-radical oxi-
dation of both water-soluble and fat-soluble substrates and can
function as a trap for reactive oxygen species and as a chelator
of variable valence metals [24]. Complex feeding of Tax with vi-
tamins E and C inhibited oxidation reactions, which resulted in
the accumulation of water-soluble antioxidant reserves in the
animals over time. The results of control slaughter testified to
obtaining the carcasses from the Group E with higher values of
the following indices: slaughter yield, muscle eye area, pH of the
longest muscle of the back 24 hours after slaughter demonstrat-
ing the correctness of the chosen strategy.
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Thus, the study and application of poorly studied feedstuffs,
as well as combining them with well-studied ones, is important
to reduce the exposure of animals to stress without significantly
affecting the characteristics of organic production.

5. Conclusions

One of the priorities of the Strategy of scientific and tech-
nological development of the Russian Federation is the tran-
sition to a highly productive and environmentally friendly
agriculture. Organic agriculture can help to ensure sufficient
food for the population by 2050 and simultaneously reduce the
impact of agriculture on the environment only if it is imple-
mented within the system of agricultural production, which

should provide the same volume and composition of products,
as in the baseline scenario. The use of targeted feed additives
to reduce the effects of stressors is the most convenient and
cost-effective method of reducing their impact on the animal
body. In the given research we considered feeding young pigs
including feeding them with complete fodder a micro additive
consisting of vitamins complex (C and E) and Taxifolin during
the period of fattening against the background of stresses of
different etiology. The implementation of this strategy con-
tributes to a better adaptation of animals to environmental
conditions and can contribute to obtaining products of higher
quality when implementing the direction of development of
pig breeding.
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ITOKA3ATEJIN KAYECTBA MOJIOYHOI'O MOPOJXEHOTIO
C HUTPYCOBBIMHA BOJIOKHAMU U KAMEJSIMH

JlanguxoBckas A. B.,* TBoporosa A. A.
Bcepoccniickmiit HayYHO-UCCIef0BATEeIbCKUIT MHCTUTYT X0JIOAMUIBbHONM ITPOMBILIIJIEHHOCTH, MockBa, Poccus

Hayunas craTbsi
Open access

KJIDYEBKBIE CJIOBA: AHHOTAL A

Cmabunu3amopbsl, nulessle B Hacrosiiee BpeMst B TPOM3BOACTBE MOPOKEHOTO IJIS CTaGMIM3aLY CTPYKTYPBI UCIIONb3YIOT He MeHee 4-X Mulle-
60JI0KHA, CMpyKmypd, BbIX I06ABOK — 9MY/IbI'aTOPOB ¥ TMIPOKOJUIONIOB. [lo6aB/ieHe TaKMX BEIECTB CITI0COBCTBYET CHIKEHNIO CIIpoca Ha
8030ywiHas gasa, 3TOT MPOAYKT Y IPUBEPKEHIIEB 37I0POBOTO 06pa3a >ku3HM. LIenbio MCCIenoBaHMit SIBMSUIOCh YCTAHOBIEHVE BO3MOMK-
Kpucmanist 160a HOCTY TIPMMEHEeHUsI JJIs1 CTabMIM3aLMU CTPYKTYPbI MOJIOYHOTO MOPOXKEHOTO IIUTPYCOBBIX BOJIOKOH M MX KOMIIO3M-

LM ¢ KaMeIsIMU TyapoBOJi M KCAHTAHOBOJA. B KauecTBe KOHTPOIbHBIX MCIIOb30BaIM 06Pa3Iibl C JKeIATUHOM U KOM-
TJIEKCHBIM CTaOM/IM3aTOPOM — IMY/IbTaTOPOM. YCTaHOBJIEHO, UTO BHECEHME LIUTPYCOBBIX BOJIOKOH B KojuecTtse 0,6%
TIPUIAEeT MPOAYKTY FTOPbKMIT BKYC, He 00ecTieurBaeT TpebyeMblii YpOBEHb JMHAMUYUECKO BSI3KOCTU CMecH, hopMupy-
€T HeCcTabMIbHYIO0 BO3AYIIHYIO (ha3y ¥ KPYITHbIE KPUCTAJLIbI Jibaa. KOMITO3UIINS MTMIIIEBbIX BOJIOKOH C KAMEISIMU OKa-
3aJ1a MOJIOKUTETbHOE BIIMsIHME Ha YKa3aHHbIe MoKa3aTe KayecTBa. Hamnbosee BbICOKast IUCIIEPCHOCTh KPUCTAJUIOB
Jbaa (cpegHMii pasmep — 36—39 MKM) U IMHaMMUUecKasl BI3KOCTb CMeCH, COITOCTaBMMbIe C ITOKa3aTeNsiMM KauecTBa
06pasiia ¢ KOMIUIEKCHBIM CTabMIM3aTOPOM-3MYJIbTaTOPOM, ObliIa JOCTUTHYTA B 06pasiie ¢ BOJIOKHAMM ¥ KCAHTaHO-
BOJi Kame[[bt0. O6pasels ¢ MUIIEBHIM BOIOKHOM ¥ TyapoBO#i KaMebIO 10 TEPMOYCTOMUMBOCTY MTPEBOCXOIVI 06Pa3IIbI
TOJIBKO C BOJIOKHOM, a TaKske 06pasiibl C BOJIOKHOM U I'yapoBoii Kamepio. [Tocsie 60 MUH TEpMOCTaTUPOBAHMSI MacCo-
Basi IOJISI TIaBa coctaBuiIa 7%, 4to B 2,8 ¥ B 2 pasa MeHblIlie, ueM B 06pasiiax 6e3 KaMe/iei 1 ¢ KCaHTaHOBOJ KaMe[bio.
BbIsiB/IeHA KOPPEJISIVS MEKIY TIOKa3aTelIsIMI «TBEPIOCTb» U «TePMOYCTOUMBOCTb»: Hanbosiee TBEpIbie 06pasIibl
ObLIM 6oJiee YCTOMUMBBIMM K TassHMIO. Ha OCHOBaHMM pe3y/bTaToOB MCCIENOBaHMS YCTaHOBJIEHA 11€/1eCO00PasHOCTh
MCTIO/Ib30BaHMS B IIPOU3BOCTBE MOPOSKEHOTO C OrPAHMUYEHHBIM UMCIOM ITUIIEBBIX J0OABOK KOMITO3UIIVIA IIUTPYCO-
BbIX BOJIOKOH ¥ KaMe[ieil TyapOBO#l WM KCAHTaHOBOA. IIpy 3TOM HEOOXOAVIMO YUUTHIBATb COCTOSIHUE CTPYKTYPHBIX
97IeMEHTOB B [TPOLIeCCe XPaHEeH VST Y UCIIOIb30BaTh YITAKOBKY, CIIOCOOCTBYIOIIYIO COXPaHEHMIO (hOPMBbI TIOPIIMIA.

OUVHAHCHPOBAHUE: CTaThsi NOATOTOBIEHA B PaMKaXx BbITIOTHEHMSI UCC/IeL0BaHMIi 110 rocygapcTBeHHoMY 3agannio N2 FGUS-2022-0013 ®enepaib-
HOTO HayYHOTO LIEHTPA MUIIEBbIX crcTeM M. B. M. Top6aToBa Poccuiickoit akazgemMum HayK.
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QUALITY CHARACTERISTICS OF MILK ICE CREAM
WITH CITRUS FIBERS AND GUM

Anna V. Landikhovskaya*, Antonina A. Tvorogova
All-Russian Scientific Research Institute of Refrigeration Industry, Moscow, Russia

Open access

KEY WORDS: ABSTRACT
stabilizers, food fiber, structure, Currently at least 4 food additives — emulsifiers and hydrocolloids — are used for ice cream production to stabi-
air phase, ice crystals lize its structure. However adding these substances reduces the demand for this product among healthy lifestyle

adepts. The aim of the research was to define the possibility of using citrus fibers and their compositions together
with guar and xanthan gums to stabilize the milk ice cream structure. Samples with gelatin and a complex stabi-
lizer (emulsifier) were used as control samples. It was established that adding of citrus fibers in amount of 0.6%
makes the product bitter, does not provide the required level of dynamic viscosity of the mixture, it forms an un-
stable air phase and large ice crystals. The combination of dietary fibers with gums had a positive effect on these
quality characteristics. The highest dispersion of ice crystals (average size accounted for 36—-39 pum) and dynamic
viscosity of the mixture, comparable with the quality characteristics of the sample with a complex stabilizer-
emulsifier, was achieved in the sample with added fibers and xanthan gum. The sample with dietary citrus fiber
and guar gum showed better characteristics in terms of heat resistance in comparison with the samples with fiber
only, as well as samples with plain fiber and guar gum. After 60 min of thermostating, the mass fraction of melt
was equal to 7%, which is 2.8 and 2 times less than in samples without gums and with xanthan gum. The correla-
tion was found between the parameter “hardness” and the parameter “thermal stability”: the hardest samples
showed the highest resistance to melting. Based on the results of the research, the expediency of using combina-
tions of citrus fibers and guar gum or xanthan gum in the production of ice cream with a limited number of food
additives was established. Meanwhile it is necessary to take into account the state of structural elements during
the product storage, and using the packaging that helps preserve the shape of the ice cream portion.

FUNDING: The article is prepared as part of the research under the State Assignment No. FGUS-2022-0013 of Gorbatov Federal State Research Center
for Food Systems of Russian Academy of Sciences.

IJ11 HUTUPOBAHUS: JlanpnxoBckasi, A. B., TBoporosa, A. A. (2023). Cta- FOR CITATION: Landikhovskaya, A. V., Tvorogova, A. A. (2023). Quality in-
6MIM3aLMST CTPYKTYPbI MOPOKEHOTO C HU3KMM COIEPKaHMEM KMPA LIUTPYCOBBI- dicators of milk ice cream with citrus fibers and gum. Food Systems, 6(2), 261-268.
MU BolIOKHaMu. [Tuujessle cucmembol, 6(2), 261-268. https://doi.org/10.21323/2618- https://doi.org/10.21323/2618-9771-2023-6-6-261-268

9771-2023-6-6-261-268


https://doi.org/10.21323/2618-9771-2023-6-2-261-268
https://www.fsjour.com/jour 
https://www.fsjour.com/jour 
https://www.fsjour.com/jour 
https://doi.org/10.21323/2618-9771-2023-6-6-261-268
https://doi.org/10.21323/2618-9771-2023-6-6-261-268
https://doi.org/10.21323/2618-9771-2023-6-6-261-268

Landikhovskaya AV. et al. | FOOD SYSTEMS | Volume 6 No 2 | 2023 | pp. 261-268

1. BBegenmue

dddexTrBHAS CTa6MIM3AIMS CTPYKTYPHI MOPOKEHOTO B 3Ha-
YUTENbHOJ CTeNeHM OllpefiesisieT TeXHONOTMYEeCKMe M OpraHo-
JIeTITUYeCKye CBOJMCTBAa MOPOKeHOro. OnHaKO KOMITJIEKCHbIe CTa-
OGUIM3AIMOHHBIE CUCTEMbI, MTpeHa3HAUEHHbIe JIJIST 9TO IeNN,
MMEIOT B CBOEM COCTaBe He MeHee UeThIpex MUIIEBbIX J00aBOK,
BKJIIOYAs TUIPOKOJITIOUIBI X 3MYJIbTraToOpbl. TeHIeHLIMS 3[0POBO-
r'O IMTaHMS HaceleHMs, oA Aep;kuBaeMasi Ha ypoBHe TOCyIapCT-
BEHHO MOJIUTHUKY, OTPAKAET CTPEMJIEHVE POCCUSTH K YIIOTpebIIe-
HUIO HATYpaIbHO muiu. [ToTpeOGuTeny OTHAIOT MpearnoYTeHye
MIPOJYKTaM C «YUCTOV STUKETKO» UM C MUHMMAaJIbHBIM COLep-
>KaHMeM TIMIIEBBIX N006AaBOK B MPOAYKTe. B CBS3M C 3TUM aKTy-
TbHO JICIIONb30BaHME aJbTEPHATUBHBIX CTAOMIM3AaTOPOB IS
TIPOM3BOJCTBA MOPOKEHOTO B3aMeH KOMIUIEKCHBIX CTaOMIM3a-
LIMOHHBIX CUCTEM, COTep>KalllMX TMAPOKOUIOMIbI U SMY/IbTraTOPbI.
IMAPOKOIIONB! OBIBAIOT PACTUTETHHOTO, SKUBOTHOTO, MUKPOO-
HOTO U XUMMUYECKY MOAUMDUIIMPOBAHHOTO TTpouCXoxkaeHus [1,2].
OHM OKa3bIBAIOT BIMSHME HA BSI3KOCTb CMeCei IJIs MOPOsKEHO-
ro ¥ Ha GOpMMUPOBaHME KPUCTAIIOB JIbAA TP 3aMOPaKUBAHUY
U B TIpoliecce XpaHeHMsl, a TakoKe MPeISITCTBYIOT peKpUCTalan3a-
uuu [3,4]. JeiicTBye 3MyIbraTOpOB B IPOU3BOLCTBE MOPOKEHOTO
OCHOBaHO Ha BbITeCHeHMM 6esika ¢ 060JI0UKM SKMPOBOTO IIapuKa,
YTO B JajIbHEeIIIeM IPUBOIUT K JeCTabuIM3ayy 060I0UKM TPy
bpuzepoBaHuM 1 K 06pa30BaHNI0 KOHIIIOMEPATOB kupa [5]. Bce
9TO, B CBOIO OUepe[ib, CIOCOOCTBYET 3aMeJIEHMI0 CKOPOCTH Tasi-
HMSI MOPOKEHOT0, 06pa30BaHNI0 6osiee Cyx0it TOBEPXHOCTH TPO-
JIyKTa, YTO OCOOEHHO BasKHO MPU MIPUMEHEHUY JIMHUI SKCTPY3U-
OHHOTO THMa [6]. B KOMITIEKCHBIX CTaOMIM3AIMOHHbBIX CHCTEMAX,
rpeAHa3HaueHHBIX JJIs1 TPOM3BO/ICTBA MOPOYKEHOT'0, Yallle BCero
B KauecTBe 3MYyJIbraTopa MCIONb3YIOT MOHO- U JUITIUIEPUIbI
SKUPHBIX KUCTOT (E471) [7]. DMynbraTopbl OKa3bIBalOT BIMSHME Ha
BSI3KOCTb, IEHO06GPA3YIOIIYI0 CIOCOGHOCTD, CTAGMIbHOCTD IMYJTb-
CUI U TIeHsl [8].

Hanbonee M3BeCTHOI M OOCTYIHONM MUINEBOI T06aBKOIA,
TIpMMEHsSIEMOJ B KaueCcTBe MOHOCTa6MIM3aTOpa B ITPOM3BOJICT-
Be MOPOKEHOT0, sIBJIsieTcst )enaTuH [9,10]. B kauecTBe MCTOUHMK-
Ka ChIPbS JIJIST SKeJIaTVHA MOTYT BbICTYIIATh CBUHMHA, TOBSIAMHA,
poiba [11]. JKenatuH sIBNISIETCST XOpOIIMM Teyieo6pa3oBaTesneMm,
ero mosekysiaa ambuduIbHa, UTO CITIOCOOCTBYET XOpoIei Bia-
rocBsi3biBamolieil croco6HocTr [12]. JKenaTuH MCHOMb3YIOT
B MOJIOUHBIX MTPOAYKTaX TaKkke B KauecTBe MeHO0Opa3oBaTess
JUIS1 yAy4IieHus: CTPYKTYpbl. OmHAKO MPYMeHeH e KeJlaTyHa Or-
paHMYeHO 1S TPYIIT HaceaeHMsI, OTKa3bIBAIIIMXCS OT YIIOTpe-
61eHMsT 6esika JKMBOTHOTO ITPOUCXOKIeHNs . [I[OMMUMO sKeslaTuHa,
B COCTaBe MOPOXKEHOT'O C OTPAaHMUYEHHBIM UMCIOM MMUILEBBIX J0-
6aBOK MOTYT IIPUCYTCTBOBATH MOAUMDUIIMPOBAHHBIE KPAXMAaJIbI
¥ NINIEeBbIe BOJIOKHA Ha OCHOBeE Lejutiono3sl [13]. Ha mpennpusi-
TUSIX TIUIIEBOM OTPACIY MUCIIONb3YIOT U IPYTYe Pa3HOBUIHOCTU
BOJIOKOH, B YaCTHOCTY LIUTPYCOBBIE. VX M3BIEKalOT U3 KOXYpPbI
LIMTPYCOBBIX (PYKTOB: amelbCUMHOB, JIMMOHOB, TpeidpyTos,
naiiMoB u np. [IpyMeHeHMe LUTPYCOBBIX BOJIOKOH ITO3BOJISIET
YMEHBIIUTH KOJUYECTBO OTXOIOB COKOBOW IMPOMBIIIIEHHOCTH
Y TIOJTYYUTDb TEXHOJOTMYECKM QYHKIIMOHAIbHbBIV MHIPEIUEHT U3
1O60YHOTO ChIpbsI [14,15]. B KOKype IUTPYCOBBIX COAEpsKATCS
(beHONMBbHBIE KUCITOTHI, 06/IaAI0IINE AHTVOKCUIAHTHBIMU CBOJA-
CTBaMU, a Takke (y1aBOHOM/IbI, KYMapUHBI U IP. ITU KOMITOHEH-
ThI MPUIAIOT IUTPYCOBBIM BOJIOKHAM OVOTIOTMUYECKYIO IIeHHOCTb,
YTO BaskHO JJIs1 0OecrieyeHns KauecTBa ChIPbsl, IPUMeEHSIEMOTO
IUIST TIONYyYeHMsT MUIEBbIX A06aBoK [16,17]. LIMTpycoBbie BO-
JIOKHA COCTOSIT U3 PaCTBOPUMBIX (TIEKTMH) UM HEPaCTBOPUMBIX
(KeT4aTKa) MUIIEBbIX BOJOKOH. DTU MHTPEAVIEHTHl aKTUBHO
MCIIONb3YIOTCS B MUIEBOJ MPOMBIIIJIEHHOCTH, IOCKOJIBKY OHU
MMEIOT GOJIBIIYI0 MOJIEKY/ISIPHYI0O Maccy U 06J1aaioT XOpoliei
BJIATOCBSI3BIBAIONIEN ¥ BJIArOyAepKMBAIONIE CIIOCOOHOCTHIO
[18]. Vix m0o6GaBASIOT B KOHAUTEPCKIME U X71e600YI0UHbIe U3TeNs
JUTST YAYYLIeHUST TEXHOMOTMUeCKUX U TIOTPEOUTENbCKUX CBOMCTB

[19,20]. Ha TexHONOrMYeCcKue CBOJCTBA MUILEBBIX BOJIOKOH BJIV-
sieT CTelleHb UX U3MesbueHus (momona) [21]. Ons yaydiieHus
(bYyHKIIMOHANBHBIX CBOVICTB IIUTPYCOBBIX BOJIOKOH MCIIONb3YIOT
TOMOTeHM3alMI0 BBICOKOTO AaBieHus [22,23,24]. Kpome Toro,
Ha (YyHKIMOHAIbHbIE CBOVICTBA I[UTPYCOBBIX BOJIOKOH BIIMSIET
TUM GPyKTAa, U3 KOXKYPHI KOTOPOTO OHM ObIIY M3TOTOBJIEHBI [25].
B pa6orte [18] ycTaHOBW/IN, YTO AEVCTBYE LIUTPYCOBBIX BOJIOKOH
B OMY/IbCUSX TUIIA «MaCJIO B BOJE» MPEICTABISIET COO0I «KOM-
6unHaimio adexra IMukepuHra 1 HGOPMUPOBAHNS TPEXMEPHOIA
CeTy Ha OCHOBE Kamelb-4acTUI».

JI7151 MOPOXKEHOTO C HU3KMM COJepsKaHMeM Kypa XxapakTepHO
o6pa3oBaHMe KPYITHbIX KPUCTAJ/UIOB JibAa C IPybo0ii CTPYKTYPOii,
B CBSI3Y C YeM TaKO¥ MPOAYKT GICTPO TaeT [26,27]. Ha 1010 BOIbI
B TaKOM ITPOAYKTe pUX0OauUTCs 60ee 60%. Mcmonb3oBaHye KOM-
TJIEKCHBIX TUILEBBIX A0OABOK IO3BOJISIET BAMSATH HA BS3KOCTb,
KpUCTaJIO0Opa3oBaHMe ¥ TEKCTYpy. BHeceHMe KakKuUx-mubo u3-
MEeHEeHMIT B CTa6MIM3AIIO CTPYKTYPhI JAHHOTO MPOIYKTA MOXKET
CWJIBHO CKAa3aThCs Ha ero MoKa3aTesIsIX KauecTBa 1 TOTPeOuTeNb-
CcKkMx cBoiicTBax. OfHaKO MCIONb30BaHME LUTPYCOBBIX BOJIO-
KOH MOXET TIOJIOKUTEIbHO OTPa3sUThCSl Ha CTPYKType ITPOAYKTa
C HM3KOJ MAacCOBOI [ofeii sKkupa M BBICOKOI MAacCOBOI mojeit
BJIATM, & TAKKE MTO3BOJIUT CHU3UTD UMCJIO BHOCMMBIX B COCTaB MO-
POSKEHOTO TIMIIEBbIX JO6ABOK. BMecTe ¢ TeM 0TKa3 OT KOMILIEKC-
HbIX MMUILIEBBIX J06ABOK BHI3OBET HEOOXOAMMOCTh MOHUTOPWHTA
COCTOSIHUSI CTPYKTYPBI IIPOJIYKTa B ITPOLiecce XpaHeHNs.

Ilenabio MaHHOV pabOThI SBJSETCS M3yueHMe ToKasaTeseit
KayecTBa MOJIOYHOTO MOPOXKEHOTO C HM3KMM COfepKaHMeM
KMpa TPU UCIOIb30BaHUM LUTPYCOBBIX BOJIOKOH B KauecTBe
MOHOCTaOWIM3aTOPa ¥ B KOMITO3UIIUY C TMAPOKOUIOUIAMM.

2. O6GBEKTHI M METO/IbI

O6beKkTaMM MCCIeIOBaHU GbUTM 5 00pasIOB MOPOXKEHOTO
C OIMHAKOBOJT MaccoBoit moneii skupa (2,5%), COMO (11%) u ca-
xapo3sl (15,5%). s cTabuimmsaiyy CTPyKTYpbl B 06pasiiax uc-
nonb3oBain: N2 1 — quTpycoBbie BOIOKHA, N2 2 — KOMITO3ULIUIO
Y3 UUTPYCOBBIX BOJIOKOH U I'yapoBoil Kamenu, N2 3 — KOMIIO31-
LIMIO U3 LUTPYCOBBIX BOJIOKOH M KCAaHTAaHOBOV Kamenu, N2 4k —
skemaTuH U N2 5K — KOMIUIEKCHYIO CTaGMIM3AIMOHHYIO CUCTEMY.
B o6pasuax N2 2 1 N2 3 KolmmM4ecTBO LIUTPYCOBBIX BOIOKOH PaBHSI-
jioch 4,0 1/KT. B HaTypaibHOM BbIpaskeHUM CyMMapHasi J03MpOBKa
BCEX CTaGMIM3aTOPOB B KaXKIOM 13 06pas1ioB cocTasJisiia 6,0 I/KT.

MoposkeHoe m3roTaBauBain B coorBeTcTBUU ¢ TTU T'OCT
31457-2012'. Cramust co3peBaHus B obpasijax N2 1-4 Gbuia
MCKJIIOUEeHa B CBSI3M C OTCYTCTBMEM B5Mysbratopa. BomokHa
B ob6pasiax N 1-4 mpeaBapuUTeIbHO CMELIMBAIM C CaxapoM,
3aTeM BHOCUJIM B BOAY, IIepeMelIBaau 5 MUH, MOc/Ie Yero J0-
6aBJISIIM OCTAlIbHbIE CyX)Me KOMITOHEHTHI. PacTBOp sKejaTuHa
TOTOBMJIM OTHENbHO U BHOCUJIIM B CMECH JIJIsI MOPOXKEHOTO Ipu
Temreparype 45 °C.

[l IPUTOTOBJIEHUSI MOPOKEHOTO MCIOMb30BaIN CJIEAYI0-
Iee ChIpbe: CJIMBOYHOE Macjo C MaccoBOi Jomeit skupa 82,5%
o I'OCT 32261-2013% (Poccust), cyxoe 06e35KMpeHHOe MOJIOKO
o T'OCT 33629-2015% (Poccusi, OO0 «HOroBCcKOii KOMOWHAT
MOJIOUHBIX MPOAYKTOB»), caxap 6enbiit TOCT 33222-2015* (Poc-
cust). B kauecTBe cTabman3aTopa MPUMEHSIM LIUTPYCOBbIE BO-
sokHa CITRI-FE100M20 TtoproBoii mapku Naturex (®paniys),
ryapoBylo kamenpb (Vuaus), kcaHTaHOBYI0 Kamenb (Kwuraii),
skenatuH (Poccust), KOMIUIEKCHBIN CTabUIM3aTOP-3MYIbraTop
Cremodan 709 (IlaHus), COCTOSIIIINIT U3 MOHO- Y AUTTTUIUPUIOB,

' TOCT 31457-2012. «MoposkeHoe MOJIOYHOe, CJIMBOYHOE U TIOMOUP.
TexHuveckue ycnoBusi». Mocksa: Crangaptuadopm, 2014. — 27 c.

2TOCT 32261-2013. «Macio cnuBouHoe. TeXHWUeCKVe YCIOBUS».
Mocksa: Crangaptuadopm, 2019. — 24 c.

* TOCT 33629-2015. «KoHcepBbl MoouHble. MoIoKo cyxoe. TexHude-
ckue ycinoBusi». Mocksa: Crangaptuadopm, 2017. — 13 c.

* TOCT 33222-2015. «Caxap 6enblit. TexHMdecKue ycaoBus». Mocksa:
Cranpaptuadopm, 2019. — 22 c.
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KapparuHaHa, a Talkoke 13 KameJell pO’KKOBOTO JiepeBa U ryapo-
BOI1. IMHAMMYECKYIO BSI3KOCTb CMeCH OTpefensiii C UCII0/Ib30-
BaHMeM Buckosumerpa DV-II+ PRO ¢ mporpaMMHbIM obecrie-
yenneMm Rheocalc V3 1-1 (Brookfield, CIITIA) mpu Temmepartype
cmecu (4,0£0,5) °C.

MeTonuKa ornpeneneHus B30uToctu omvcada B 'OCT 31457-
20125, MoposkeHOe TIoayJaiu ¢ ipuMeHeHneM ppusepa repuo-
nuueckoro gericteusi LABO 8/12 XPL P (CARPIGIANI, Utanus).

[Tokasaten HOPMO- ¥ TEPMOYCTONUMBOCTY BBISIBISIV T10
meTtoavke BHUXW. MeTonnka TepMOYCTOIMYMBOCTY 3aKII0YaAET-
Cs1 B OTIpefie/ieHM MAaCCOBBIX [0/ell TiaBa MOPOsKeHOro, o6pa-
3YIOIIETocs 3a ONpe/ie/IeHHbli TPOMEXYTOK BpeMeHU (IiepBast
TOuka cHuUMaeTcs yepe3 60 MuH, gajee eiie B TedyeHue 60 MUH
c mrarom 10 MuH.) oz, Bo3gericTBueM Temmepartypsl (20+1,5) °C.
OmnpeneneHyue NPOBOAMIM C MWCIOIb30BaHMEM TepMoOcCTaTa
TCO-1/80 (CKTB CIIY, Poccus) u anekrpoHHbIX BecoB HL 2000
(AND, SInoHusI) ¢ TOUHOCTBIO B3BelmMBaHMs *1 r. opMoycTovi-
YMBOCTb OMpenensuii myTeM (GUKCUPOBaHUS (HOPMBI MOPUUK
MOPOKEHOTO C IMOMOIIbIo hoToarnmapara kaxabie 10 MuH, TToKa
MOpPOYKEeHOe He TTOTepsIIo CBOI0 hopmy.

CTpyKTypHO-MeXaHM4YeCK/e CBOMCTBA (TBEPHOCTb, anre-
31, KJIEKOCTb) BBISIBJISUIM Ha TekcTypoMeTrpe LFRA Texture
Analyzer c ITO TexturePro Lite v1.1 (Brookfield, CILA). [Iis 13-
MepeHUs UCIIONb30BaIN IMINHApUYecknuii 30H TA 28 nuame-
Tpom 2 MM. CKOpPOCTb TTOTpy>keHMst 30H1a cocTasisiia 0,5 Mm/c,
ITy6MHA TOTPY’KeHMS B TOBEPXHOCTH MPOAYKTa — 5 MM. TeMrte-
paTypa o6pasiia pu usmepennu — mmuyc 18 °C.

MMKpPOCKOIIMYECKME UCCAeA0BaHMS ObUIM MPOBENEHbBI TIPU
rmomouy Mukpockorna CX-41 (Olympus, SnoHMS), CHUCTEMBbI
IMenbthe PE120 (Linkam, BeamkoGpuTaHus) 1 MpOrpaMMHOIO
obecrieuennst ImageScope M (Poccust) ist TIofcUeTa CTPYKTyp-
HBIX 9/IeMeHTOB MOPOsKeHOT0. O6pasLbl MPOAYKTA JJISI MCCIeN0-
BaHMS UMesy TeMneparypy munHyc (20+2) °C.

OpraHosnenTuyeckye XapaKkTepyucTukyu o06pasioB MOpPO-
SKEHOTO OLIeHMBAIM MO TPeM OCHOBHBIM IOKa3aTessIM: «BKYC
u apomat» (6 6alIoB), «CTPYKTypa U KOHCUCTEHIUs» (3 Gas-
J1a) U «LIBET U BHeIrHuii Buy» (1 6amwn). Temmneparypa o6pasiioB
MOPOXKEHOIO IpU Aerycrauuyu cocrasiasuia muHyc (14*2)°C.
3a OCHOBY IMpOBeHeHMs OpPraHOJeNTUUYeCKOl OLeHKU B3ST
I'OCT P MICO 22935-2-2011¢.

* TOCT 31457-2012. «MopokeHOe MOJIOUHOE, CIVBOYHOE U IIOMOUP.
TexHuueckue ycaoBusi». Mocksa: Crangaptundopm, 2014. — 27 c.

® TOCT P MICO 22935-2-2011. «<M0JIOKO ¥ MOJIOUHbIE ITPOLYKTHI. Opra-
HoJlenTMYecKuii aHanmu3s. YacTb 2. PekomMeHlyeMble MeTOZbl OPraHOJIeNT-
YyecKoif oleHku». MockBa: CranmaptuHdopm, 2012. — 20 c.

2500

2000

1500

1000

500

06paboTKy JAaHHBIX OCYLIECTBJISIV C VICIIONIb30BAHMEM ITPO-
rpamMm Microsoft Excel u Past 4.03. [Ij1s1 OLIeHKM CTaTUCTUYECKU
3HAUMMBIX Pasanumii MeXAy o6pa3iiaMy MCIOIb30BaIy OLHO-
daxTopHbIiT guciepcnoHHbI aHanu3 ANOVA. [l mornapHOoTro
CpaBHeHMsI BbIOOPOK IPUMEHSUIM arlOCTEPUOPHbIN KpUTepuit
Thioku. CTaTUCTUUECKM 3HAYMMBbII pe3ylIbTaT OLEHUBAIU TIPU
p < 0,05.

3. PesynabTaThl M O6CYKaAEHUE

Ha kauecTBO MOpPOKEHOTO C HM3KOV MacCOBOI Ioel kupa
60JTbIIIOE BJIMSIHME OKA3bIBAIOT TAKME TTI0OKA3aTeN!, KaK MCXOIHAS
IMHAMMYecKast BI3KOCThb CMeCH, B3OUTOCTb, CKOPOCTh TasTHUS
¥ TBEPILOCTH MOPOKEHOTO, a TAKKe AUCIIEPCHOCTD ero CTPYKTYP-
HBIX 3JIEMEHTOB, KPUCTA/UIOB JIbla U MY3bIPbKOB BO31yXa. JTU
ToKasaTelu kKauecTBa ObLIM OIpesesieHbl B IpoLiecce MpoBee-
HUS MCCIIeIOBaHUI CMeCH ¥ MOPOKEHOTO0.

IOuHamMuyeckasi BSI3KOCTb xapaktepusyeT 3hdeKTMBHOCTD
CTabUIM3aTOPOB, MCIIOIb3YEMbIX TPU TPUTOTOBJIEHUM CMe-
CU MOPOXXeHOro. V3yueHe 3TOro noxkasaTesi IPOBOAUIN TIPU
temreparype (4*2)°C, DOCTVOKeHMEe KOTOPOi HeO6XOOMMO IO
rogauu cmecu Bo ¢pusep (PucyHok 1). B pabore oleHuBamn
ToKa3aTeay BSI3KOCTU CMeCU TIpM IpajyeHTe COBUra Ha cpes
0,83 cl.

Kak cnemyer u3 maHHBIX, IpUBEAEHHbIX Ha PucyHke 1, Ha-
MMeHbIIIeil BI3KOCThI0 (74 Mlla-c) XapakTepyu3oBajaach CMeCh
IJIsT 006pasiia MoposkeHoTo N2 1, B KOTOPOM B KauecTBe CTabu-
nu3aropa GbUIM MCITONIb30BaHbI TOJMBKO I[UTPYCOBBIE BOJIOKHA.
VCTaHOBJIEHO, UTO HAaMOOJbIIAs BI3KOCTh XapaKTepHa IJis CMe-
cu obpasiia MOpPOKeHOTO N2 3 ¢ COBMECTHbIM IIpUMMEHEeHNeM
LIUTPYCOBBIX BOJIOKOH ¥ KCAHTAaHOBOM Kamenu — 311 mlla-c. 3To
3HaueHue B 1,5 pasa mpeBbIIIAeT 1MOKA3aTeNb BI3KOCTU CMECU
B 06pasiie N2 2 (c ryapoBoii Kameblo ¥ BOJIOKHAMM). Takke OHO
B 2 pasa BblIllIe 110 cpaBHeHMIO ¢ o6pasioM N2 4k u B 2,8 pasa
Gosbile, ueM B o6pasie N2 5k. Huskue 3HaueHMs BSIBKOCTU
cMmeceit 06pasLoB ¢ skenaTMHOM (N2 4k 1 N2 5k) 06yCIOBI€HbBI
OTCYTCTBMEM CTaJuM CO3peBaHus. DTO IOATBEpPXKIaeTcs MUC-
crepoBanusiMu Dervisoglu u coaBTopoB [28], B KOTOPOM TaKkKe
YCTaHOBJIEHO, UTO 0OPAa3IIbl TOJBKO C I[UTPYCOBBIMM BOJOKHA-
MM M€Y HaMEeHbIIYI0 BI3KOCTb 10 CPaBHEHUIO C 06pas3iammu
C 9MY/IbTaTOPOM/CTa6MIN3aTOPOM MJIV TIPU COBMECTHOM UX UC-
10JIb30BaHMM C IUTPYCOBBIMM BOJIOKHAMM.

TakuM 06pa3oM, YUMUTBIBASI, UTO BSI3KOCTb CMeCeii Mpu Of-
HOBPEMEHHOM IPUMEHEHUM IIUTPYCOBBIX BOJIOKOH U Kamezeit
ryapoBOii M KCAHTAHOBO 3HAUMUTEbHO MOBbILIAETCS U TIPeBOC-
XOOUT 3HaUeHMe TloKa3areseii ¢ TPaAUILMOHHO IIPUMeHsIeMbIMMU

o1 @2 3 4k @ 5K

[AnHamunyeckas BA3KOCTb, mlla-c

0 0,2 0,4

0,6 0,8 1
lpaameHT casura Ha cpes, ¢t

PucyHok 1. i3aMeHeHMe AMHAMUYECKOV BA3KOCTU CMeCH B 3aBUCUMOCTH OT rpajyieHTa CaABUra
Figure 1. Change in the dynamic viscosity of the mixture depending on the shear gradient
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CTabMIM3aTOpPaMM, UCIONb30BaHME KOMITO3UIIMIA MPEeAIOUTH-
Te/ibHee, ueM 00aB/ieHe OJHMUX BOJTOKOH.

CTOUT OTMETUTb, UTO OTCYTCTBME IMYAbraTOPOB B COCTa-
Be CTaGMIM3AlMOHHBIX CCTEM MOXET MPUBECTU K CHUKEHUIO
CITOCOGHOCTY CMeceii K HAChIIEHMIO BO3TyXOM, [IO3TOMY CYIIle-
CTBYET HEOOXOAVMOCTb KOHTPOJISI COCTOSIHUS M TUCII€PCHOCTH
BO3IYIIHOW (a3bl B MPOIECCe MPOM3BOACTBA U XPAHEHUS MO-
poskeHOTO. [IJ1s1 BO3AYUIHBIX MTy3bIPbKOB XapaKTepPHO HECKOJIbKO
TUIIOB M3MEHEHUI COCTOSTHUSI BO3AYIIHOM (hasbl, OCHOBHBIMM
13 KOTOPBIX SIBJISTIOTCSI AUCITPOIIOPLMOHMPOBAaHME U KOaJleCL,eH-
ums [29]. B mpouecce mccienoBaHKs YCTaHOBIEHO, YTO UCIIONb-
30BaHMe LIUTPYCOBBIX BOJIOKOH IMPU OTCYTCTBUM SMYJIbTaTOPOB
TIPUBOAUT K CHVKEHUIO TMCITEPCHOCTY BO3MYIIHON (asbl (Tab-
auia 1).

B o6pasiiax ¢ IMTPycOBbIMM BOJIOKHAMU 6ojiee MeJIKiie BO3-
IYIIHbIE TY3BIPbKY TOC/IE 3aKaJuBaHMUSI ObUIM OOGHApYKEHbBI
B oOpasie N2 1. OmHako, pa3Mep ITy3bIPpbKOB ITOC/IE 3aKa/IiBa-
HusT ObLI BbIIIe Ha 7 U 37%, ueM B KOHTPOJIbHBIX 06pasiax (N2 4k
n N2 5Kk). Yepes 1 Mecsil xpaHeHMs] CpefHUIT pa3Mep BO3LYyLI-
HBIX ITy3bIPHKOB YBEJIMUMJICS BO BCceX ob6pasliax: B MEPBOM —
B 1,3 pasa, Bo BTopomMm — B 1,2 pasa, a B o6pasiax N2 3, N2 4k
u N2 5k — B 1,1 pasa. [lmameTp BO3OYIIHBIX MTy3bIPbKOB uepes
1 mecsi xpaHenus B o6pasiiax N2 1 1 N2 3 He uMesT 3HaUMMBbIX
pasmunii (p > 0,05).

3a mepuop ot 1 1o 3 mec. xpaHeHus B oOpasmax N2 1, N2 2
1 N2 3 OTMEeTMUIIOCh yBeNMUeHe CPeSHMUX Pa3MepPOB BO3IYIIHBIX
my3bIpbKOB Ha 25, 11 u 14% cOOTBETCTBEHHO, a TaKXXe CHIKe-
HMe UX KoiuuyecTBa pasmepoMm Ao 50 MkMm. ITogobHble M3Me-
HeHUs ObUIM XapaKTepHbI U AJIsI KOHTPOJIbHOTO o6pasiia N2 4k.
IlaHHbIE M3MeHeHUST 06YCIOBIEHbI, CKOPee BCErO, OTCYTCTBMEM
9MY/IbraTopa B COCTaBe CTAGUIM3AIIOHHbII CUCTEMbBI ¥ HU3KUM
cofep>KaHMeM XuUpa B MPOAYKTe. 3HaUMTeNbHbIe TpaHChopma-
MM 32 3 MeC. XpaHeHus B 00paslie C IUTPYCOBBIMU BOJIOKHA-
MM 0GYCTOBJIEHBI TAKKE M3HAYATBHO HMU3KO BI3KOCTHIO CMECH,
YTO CIIOCOOCTBYET GOJbIIEMY AVCIPOMOPUMOHUPOBAHNIO BO3-
IYUTHBIX ITy3bIPbKOB. B 06pasiie N2 5K ¢ MCII0b30BaHNEM KOM-
IIJIEKCHOJ MUILEeBOi H0O6aBKM C dMy/abraTopamu (MOHO- U K-
IJIALLepUIaMM JKUPHBIX KMCJIOT) pa3Mep BO3AYIIHBIX Ty3bIPDbKOB
XapaKTepn30BajCsl HaMMEHbIIMM pa3MepoM, M Ha UX JIOMI0 10
50 MKM puxoguaoch 77%.
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VUnTBIBas], UTO AVCIIEPCHOCTb BO3AYIIHBIX ITy3bIPbKOB BIIMSIET
Ha OpraHoJienTuyeckye rnokasaTeay roTOBOro MPOAYKTa, BKIKOYAast
OIIYIIEHYS TIOTHOTBI BKYCa M KPEMOOOPA3HOCTH, CJIeAYeT YUUThI-
BaTb 3aMETHOE CHIDKEHME 3TOrO TOKa3aTesisl y)Ke B IepBble Me-
CsILIBI XpaHeHUs. B cBsI3M ¢ 3TUM mepuop, XpaHeHUs MOPO>KeHOTO
C IIUTPYCOBBIMM BOJIOKHAMM HE MOKET ObITb MTPOIOKUTETbHBIM.

Boicokasi mosisl KPUCTAIIOB Jibfa CBbiie 50 MKM OTpulia-
TEbHO CKa3bIBAETCS Ha OPTaHOJENTUYECKOM BOCIPUSTUN
CTPYKTYPBI MPOayKTa. Ha pocT KpUCTaIOB Jib/ia 60/IbIIIOE BIMSI-
HMe OKa3bIBaeT BSI3KOCTb Cpeibl, CO3[jaBaeMOii MCII0Ib3yeMbIMU
TUIPOKOUIONIAMY, YTO OBLIO MOATBEPKIEHO IIPU UCCIIeA0BA-
HUM 3TUX CTPYKTYPHBIX JIEMEHTOB B MOPOKEHOM C LIUTPYCO-
BBIMM BOJIOKHAMU. [JaHHBbIE O JUCIEPCHOCTU KPUCTAIIIOB JibJa
B OTIBITHBIX ¥ KOHTPOJIbHBIX 06pasiiax npuseneHbl B Tabnuiie 2.

[TonyyeHHbIE NaHHbIE TTOATBEPKIAIOT, UTO IIPU UCIIOIb30Ba-
HMM KOMIUIEKCHOM CTaOGMIM3AIMOHHOM CUCTEMbI 00pa3yioTCs
60iee MenKMe U CTaOMIbHbIe KPUCTAJLIBI JIbJA B IIpoliecce Xpa-
HeHMsI 06pa310B MOPOKEHOT'0, UTO COTIACYeTCSI C JaHHBIMMU, TTO-
JlyueHHbIMU paHee Baer u coaBTopamu [30].

Cpeny OTIBITHBIX 06pa3IioB HAaMMEHbINNI pa3Mep KPUCTa-
JIOB JIbZIa OTMeYeH B o6pasiie N2 3 (COBMeCTHOe MCITOb30BaHe
LIMTPYCOBBIX BOJIOKOH M KCAHTAaHOBOI Kamenu): pa3smMep Kpu-
CTJVIOB yepe3 1 mec. XpaHeHUs1 yMeHbIIMICSI Ha 17% u 27%
COOTBETCTBEHHO IO CPaBHEHMIO C 06pas3laMu C IUTPYCOBBIMMU
BosiokHaMu (N2 1) ¥ ¢ UMTPYCOBBIMM BOJIOKHAMU U TyapOBO¥ Ka-
Menbio (N2 2). OnHaKo CIyCTsI Mecsil] B 9TOM 06paslie KpucTa-
JIBI JIBJIA CTAJIM KPYITHEE, UeM B OTIBITHOM 06pasIie C JKeJIaTUHOM,
Ha 6%. Kak 1 oxXupanoch, HAaMMEHbIINIT pasmMep KPUCTA/LJIOB
Jibla OTMEeYeH B o6pasiie ¢ KOMIUIEKCHOM CTaGMIM3alMOHHOM
cucremoii. Bo Bcex obpasijax B TeueHue 1 Mec. XpaHeHMS POCT
KPUCTAJIIOB JIbJa HEe OTMeYeH, 3a MCKIUYeHeM KOHTPOJIbHOIO
o6pasiia ¢ skemaTHOM N2 4K (yBenmyeHue Ha 11%).

Yepe3s 3 mecsilia XpaHeHUSI TIPOLYKTa CPeIHUIA pa3Mep Kpu-
CTAJVIOB Jbaa B obpasmax N2 1 u N2 2 3aMeTHO He OT/IMYaJICS
(p > 0,05), omHako 6b11 Ha 13% 6Gosnblie, uem B o6pasiie N2 3. [Tpu
COBMECTHOM MCIIOJIb30BaHUM LIUTPYCOBBIX BOJIOKOH M KCaHTa-
HOBOJ kamenyu (o6paser; N2 3) dopmupyercs: 6osee BbICOKast
BSI3KOCTh CPeJbl 1, BEPOSITHO, 06pa3yioTcst 6osiee MpoUYHbIe CBSI-
31 C BOZOI, UTO B COBOKYITHOCTM OKa3blBaeT BAMSIHME Ha JUC-
IePCHOCTb KPUCTAJIIOB JIbJiA.

Tab6muia 1. JucrepcHOCTh BO3ayIHOI (hassl B 06pasmax
Table 1. Dispersion of the air phase in the samples

Cragus xpaHeHUs:

3aKa/JMBaHMe 1 mecsy 3 mecHLy,
OGpasubt
0151 BO3OYIUIHBIX I0JISI BO3YIIHBIX 0711 BO3AYIIHBIX
dcp = SE, MKM y3bIPbKOB pa3MepoM dcp = SE, MKM y3bIPbKOB pa3MepoM dcp = SE, MKM Iy3bIPbKOB pa3MepoM
1o 50 mxm, % 1o 50 MM, % 1o 50 MM, %
1 40,8+0,8 72 51,7%1,5 52 65,0+2,0 38
2 48,6*1,4 62 56,5+1,6 48 63,0+1,9 42
3 449+1,2 67 49,7%1,2 58 56,7+1,6 48
4K 37,9%0,7 69 41,1%0,7 64 48,5+1,2 51
5K 29,8+0,5 87 31,6+0,5 84 35,9%0,7 77
Tab6nuia 2. JUCIepCHOCTh KPUCTAJIIOB JIbAA B 06pasnax
Table 2. Ice crystals dispersity in the samples
Craaust XxpaHeHUst
O6pasist 3aKajyBaHyue 1 mecsny 3 mecs,
1 =SE. Mxm [I0JISI KPUCTALJIOB JIbJA 1 =SE JI0JISI KPUCTAJIIOB JIbJia 1 +SE IIOJISI KPUCTAJIJIOB JIbJA
o O pazmepom 10 50 MKM,% C pasmepom 10 50 MKM,% o pasmepom 110 50 MkMm, %
1 45,0+0,7° 71 45,9+1,0° 67 45,0+0,7¢ 66
2 42,9+0,6° 74 43,3+(0,7° 73 45,9+0,7 65
3 36,5+0,5¢ 81 37,0+0,6° 84 39,7%0,5 77
4K 31,2+0,4 91 34,8+0,44 87 34,7%0,5¢ 84
5K 25,7£0,3¢ 95 25,8%0,3¢ 97 31,0+0,4 91

[IpuMevaHue: 3HAUEHMS C OOMHAKOBOI OYKBOI B OJJHOI CTPOKE CYILIeCTBEHHO He pasynyatorces (p > 0,05).
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Bce o6pasupl o6mamany XOpolleil CIIOCOGHOCThI0 K HAaChI-
IIeHNI0 BO3AyxoM. Hammewnblieit B36uTOCThIO (58%) xXapak-
TepusoBaJicsi obpasel, ¢ MCIoNIb30BaHMeM skenatuHa (N2 4K),
Haubosblllee 3HAUEHME JTAaHHOTO IT0Ka3aTesst ObLI0 OTMEUeHO
y o6pasiia ¢ IUTPYCOBBIMU BOJIOKHAMM M TyapoOBOJi KaMeIbio
(N2 2) — B 1,4 pasa Bblllle TI0 CpaBHEHUIO C OPyruMu obpasiia-
mu. B o6pasiie N2 3 B36MTOCTD cocTaBmia 67%, B o6pasiax N2 1
1 N2 5k oHa 6bl1a ogyiHaKoBoit — 73% (p > 0,05).

B36MTOCTh MOPOSKEHOTO B 3HAUMTEJIbHOI CTEIIeHN CKa3bIBa-
eTCsl Ha KOHCUCTEHIIMM MOPOXKeHOoTo. B Tabnuile 3 MpuBeIeHbI
MexaHMYecKre XapakKTepPUCTUKY 06pasiioB MOPOKEHOT0, KO-
YeCTBEHHO XapaKTepU3ymllye KOHCUCTEHIMIO 3TOTO ITPOAYKTa.
OTU CBeIEHUS] YUUTHIBAIOTCS MPU BbIGOpe criocoba dacoBaHus
Y YIIAKOBKM JIJISI MOPOKEHOT0, @ TAKKe TOTMOTHSIIOT MTpe/icTaBIie-
HME O TEKCType, ToJyYaeMoe TIPY OpraHoeNTUYeCKOii OI[eHKe.

Tabnuia 3. 3HaueHMsI roKasaTejeii KOHCYMCTEeHIIN
(cpemHee 3HaYeHMeE * CTAHJAPTHOE OTKIOHEHVE) MOPOKEHOIO
C PasJIMYHbIM COCTABOM CTaOMIN3aTOPOB

Table 3. Parameters of texture (mean value *standard deviation)
of ice cream with various combination of stabilizers

£ ]
~f n
— 3\l el a ]
= = = = g
IokaszaTenn @ @ @ g g
2] 5] 2] | 3]
(=9 Q (=] -] i
A=) O © =] (=]
<} S S 2 >
Teepmocts, H  7,9+2,3 13,0£2,8° 6,4+1,5¢ 13,0+1,9° 9,6+1,7
AITESUOHHAT 71030 084030 —0,6£0,2 —-0,7£0,2¢ —0,3%0,1
cuna, H

Kuneiikocts, H¢  -0,6+0,1m -1,1+0,3 -0,6+0,1™ -1,9%0,2 -1,0%0,3*

[IpyMevaHMe: 3HaYEHMSI C OAVHAKOBOJ GYKBOI B OLHOI CTPOKE CYILIeCTBEH-
HO He pasnuuarorcs (p > 0,05).

[laHHbIE, TIOMyYeHHble SKCIIePUMEHTAIbHO, [103BOJISIOT
TIPEATIONONKNUTb, UTO HA TBEPAOCTb MOPOKEHOTO HaubOJbIIee
BJIMSIHME OKa3bIBAIOT €r0 MCXOAHAs BI3KOCTh, B3OUTOCTDb U pas-
Mep KPUCTAJUIOB Jiba. B ob6pasnax N2 1 u 5K ¢ OgMHAKOBOI
B3OUTOCTHIO, HO C PA3JIMUHBIMU TI0 pPa3Mepy KPUCTALIAMU JIbAA
TBEPIOCTh OT/IMYanach B 1,2 pasa. O6pasiibl N2 2 1 N2 4K 110 BSI3-
KOCTM ¥ TBEPAOCTM Pas3anyaauch He3HauMTelbHO. B Hamnbomee
BsI3KOM 006pasiie N2 3 TBepmocTb Oblyia HauMeHblei. Han6osmb-
el aAre3MOHHON CUJION U KJIEMKOCThI0 XapaKTepu30BaauCh
camble TBepabie 06pasibl N2 3 u N2 4K. B HallleM uccieoBaHUM
He 6bUTO OGHAPYKEHO SIBHOI 3aBMCUMMOCTM MEXKIY pasMepaMu
KPUCTAJIJIOB JIbJla ¥ TBEPA0CTbI0O MOPOXKEHOT0, B OT/AMYME OT pe-
3y7BTAaTOB PaboTHI [31].

MaccoBas 8,044 naasa, %

80 90 100

BaskHbIMM TIOKa3aTesIMM, XapaKTepU3yIUMU CTPYKTYPY
MOPOYKEHOTO, SIBJISIIOTCST (GOPMO- ¥ TEPMOYCTONUMBOCTL 06pas-
110B, OMpefesieMble MPU UX BbIIePKMBAHUM TIPU TeMIlepaType
(20£1,5) °C (PucyHoK 2 1 PucyHOK 3). YCTOYMBOCTD K TEMIIEpa-
TYPHOMY BO3[IeJiICTBMIO 3aBUCUT OT MaCCOBOJ 1OV >KMPa B IIPO-
IyKTe, OT B3GUTOCTM ¥ Pa3MEPOB KPUCTAIIOB Jibla B MOPOsKe-
HOM [26,32]. [TockonbKy cofepykaHye Xupa B IPOAYKTe BO BCeX
obpasiiax He MpeBbIano 2,5%, TO OH He OKa3bIBaJ 3HAYMMOTO
BJIMSIHMSI HA JAHHbIE TI0Ka3aTesn.

AHanus naHHbIX, IpUBENEeHHbIX Ha PUCyHKe 2, BBISIBUJI KOP-
peNSIMI0 TI0Ka3aTeseil «TepMOYCTOMYMBOCTb» M «yCTONUM-
BOCTb K TasiHMIO». BBICOKOI TepMOYyCTONYMBOCTBIO XapaKTepu-
30BaJIMCh 06pasiibl ¢ HaubosbIIeli TBEPAOCThI0 — N2 2 1 N2 4Kk.
B sTux o6pasiiax, BeposiTHO, chopMupoBaHa HambosIee IMpovHast
CTpyKTypa. Hammyuiiei TepMoyCTOYMBOCTbIO 06/1aman KOHTP-
ONbHBIN ob6paser] ¢ skenaTuHOM (N2 4Kk), uepe3 60 MMUH TepMO-
CTATMPOBAHMS IUIaBa B JAaHHOM o6pasiie He ObLJI0, TOCKOJIbKY
KemaTuH sBisieTcs: 3¢@eKTUBHBIM rejieo6pa3oBaTeieM U CO-
3/IaeT MTPOYHbIE CBSI3Y C BOZOIA. VI3 OTIBITHBIX 06PA31[0B HAMTYY-
el TepMOYCTOMUMBOCTBIO XapaKkTepusoBajcs o6paser N2 2,
3a 3TO >Ke BpeMsl MaccoBas [0Js I1aBa coctaBmia 7%, 4To B 2,8
” B 2 pa3a MeHbliie, ueMm B o6pasiax N2 1 1 N2 3 cOOTBETCTBEHHO.
KonuyecTBo 1iaBa B KOHTpOJbHOM o6pasiie N2 5k u B o6pas-
1le ¢ UMTPYyCOBbIMM BOnOKHaMu (N2 1) 3aMeTHO He OTIMYanoch
(p > 0,05). TBepmocTh 3TUX 06Pa3IOB TAKXKe cormocraBuma. Ha-
ubosIbIIee KOMMUYECTBO IUIaBa uepe3 60 MMH 06pa3oBajoch
B o6pasiie N? 3, xapakTepu3yeMoM HaMeHbIIIei TBePIOCTHIO.

Hannble 1o GopmoycToitunBoctu (PUCYHOK 3) COIacyroTcst
C TIoKa3aTensiMy TepMOYCTONUMBOCTH.

Yepes 50 muH o6paser; N2 3 ¢ HaMMeHbIIIeii TePMOYCTOJi-
YMBOCTHIO MOTHOCTBIO TIOTEPSUT UCXOMHYIO opMy. B Hanbomb-
nreit crernenu opma mopuuu 6sl1a COXpaHeHa B KOHTPOIbHOM
obpastie c skenatTuHOM (N2 4K). O6pa3ipr N2 1, N2 2 u N2 5Kk BuU-
3yaJbHO CyLeCTBEHHO He OTANYaINCh.

Pe3ynbTaThl OpPraHONIENITUYECKON OLIEHKM IIPeJICTaBIeHbI
B Ta6nuie 4.

Ta6nuiia 4. OpraHoenTuUYecKmne XxapaKTepuCTUKI
MOPO’KEHOTr0 B 00pasuax ¢ pasjinyHbIM COCTAaBOM
TUAPOKOIJIONI 0B
Table 4. Organoleptic characteristics of ice cream in the samples
with different composition of hydrocolloids

06pasibt
1 2 3 4K 5Kk
Bkyc u apomar 5,2*0,0 5,6+0,2 5,6+0,1 5,6+0,2 54%0,2
CtpykTypa 1 KoHcucTeHmst 2,5€0,1 2,7+0,1 2,7+0,1 2,7+0,1 2,6%0,2
1,0£0,0 1,0£0,0 1,0£0,0 1,0£0,0 1,0%0,0

Iloka3arenun

LIBeT 1 BHEIIHMIT BU,

YpaBHeHue perpeccumn y=ax2+bx+c
KoadpduumeHTbl ypasHeHus,
KO3bPULMEHTbI Koppenaumm:

e Obpaszey 1:

a=0,0001, b=1,33, c=-66,8, R=0,99
e Obpasel, 2:

a=0,0052, b=0,41, c=-38,0, R%=0,99
e Obpasey, 3:

a=0,003, b=1,86, c=-84,6, R?=0,99
e Obpasel 4K:

a=0,01, b=-1,13, c=31,6, R2=0,99

o Ob6pasel, 5K:

a=0,0014, b=1,03, c=-54,0, R>=0,99

)

110 120

PO AO/IKUTENIbHOCTb BblAEPXKUBAHUA, MUH

PucyHOK 2. 3aBUCMMOCTH MaCCOBOJ JOJIU IUIABa OT MPOJO/KUTETbHOCTH BbIAEPKMBAaHUS B 06pasiax MOPOKeHOro

C pa3s/iMYHbIMMU CTaﬁM.TII/ISaTOpaMM
Figure 2. Dependence of the mass fraction of melt on the duration of heat exposure for the ice cream samples with various stabilizers
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PucyHok 3. CocTosiHMe NOpLIi MOPOKEHOTO NIPU BbIAEP>KMBAaHMM B TepMoOcCTaTe:

A — Havasio TepMocTaTupoBaHus, b — yepes 50 Mmuu
Figure 3. The state of ice cream portions after exposure in a thermostat: A — at the beginning of thermostating, B — in 50 minutes

IerycraTopbl 3aMeTW/IM, YTO o6pasel] C BOJIOKHAMU U Tya-
pOBOIJi KaMeJpi0 UMeeT 6osee KpeMoobpa3Hyl KOHCUCTEHIINIO
110 CPAaBHEHMIO C 0O6PA3I[OM, COIEPKAIINM TOTBKO IIUTPYCOBbIE
BosIOKHA. Kpome Toro, cTpyKTYypa 06pasiia ¢ BOOKHAMM U KCaH-
TAHOBO¥ KaMe[bI0 IMOTyUmI 60Jiee BBICOKYIO OI[€HKY, ueM o6pa-
3ell, cofepskalluii TOIbKO BOJIOKHA. Bo Bcex 06pasiiax ¢ BOMIOK-
HaMM OTMeueHa XapaKkTepHas /ISl IUTPYCOBbIX BOJIOKOH rOpeyb.
TakuM 06pa3oM, yBeandeHye JO3UPOBKM IUTPYCOBBIX BOJIOKOH
cBbitre 0,6% HEBO3MOXKHO M3-3a MX HETaTMBHOTO BJIMSHMUS Ha
BKyC. [IpuemsieMblii BKYC MOPOXKeHOTO AOCTUTAETCS TIPU UX UC-
T0JIb30BaHMM B KOJMYecTBe He 6ostee 0,4%, UTO TaKKe KOppenn-
pyeT C IeryCTallMOHHOM OLIeHKO IPYTrMX aBTOPOB [28,33].

4. BbIBOIbI

B pesysbTaTe sKCIepMMeHTaIbHbIX MICCIeIOBaHMIT ObUTN 13-
Y4eHbI TTI0Ka3aTeM KauyecTBa MOPOKEHOIO C HU3KUM Copepska-
HMEM 3KUpa, IJe B KauecTBe CTa0WIN3aTOpPOB MCIIOIb30BaNCh
LIUTPYCOBbIe BOJIOKHA U X KOMIIO3UIIMM C TYapOBOIl 1 KCaHTa-
HOBOI1 KaMeIsIMI. YCTaHOBJIEHO, UTO /151 JOCTMKEHUSI TEXHOJIO-
IMYeCKOi BSI3KOCTM CMeCH MPUMeHEeHMUSI TObKO OIHUX LUTPY-

COBBIX BOJIOKOH (06pasel] N2 1) HemocraTouHo. O6pasibl N2 2
u N2 3 1o JaHHOMY ITOKa3aTelio MPeBOCXOIMIN KOHTPOIbHbIE
06pasiibl: UX BI3KOCTH [T0 CPaBHEHMIO C JKeJTaTHHOM Oblia BbIIIe
B 1,3 1 B 2 pasza COOTBETCTBEHHO, a 10 CPABHEHMIO C KOMILIEKC-
HOJi TuIeBoit mo6aBkoit — B 1,8 1 B 2,8 pa3a COOTBETCTBEHHO.
OrnpemenieHo, 4To 10 [MOKA3aTelio «IMUCIePCHOCTh BO3IYIIHOM
(asbi» 06pasibl ¢ HUTPYCOBBIMM BOJIOKHAMM He TTOAJIEXAT I -
TeJIbHOMY XpPaHEeHMIO, YTO BbI3BAHO OTCYTCTBMEM SMYy/IbraTopa
TIPY CTAOMIM3AIUM CTPYKTYPBI. [10 MOKA3aTeo «IMCIePCHOCTh
KPMCTAJIJIOB JIbZJa» OTIBITHBIE 00Pa3Ilbl YCTYIaTM KOHTPOIbHbIM,
OIHaKO uepe3 3 Mec. XpaHeHMs Ha OJTI0 KPUCTAZIOB Pa3MepPOM
Io 50 MkM mpuxommiock 6omee 60% B obpasmax N2 1 m N2 2
u 6osee 70% B o6pasiie N2 3. ITo rmokasaTesnssm GopMo- 1 TepMO-
YCTOMUMBOCTY Haubosee yCTOMUMBBIM ObLT OTBITHBIN 06paselr
C comiepskaHeM IIUTPYCOBBIX BOJIOKOH ¥ IyapoBOi KaMeay, Tak-
5Ke OH XapaKTepM30BaJiCsi CaMOi BBICOKOI TBEPHOCThIO Cpemu
OIBITHBIX 00pasioB. TBepaoCTh 06pasiia C BOJIOKHAMM U KCaH-
TAHOBOJ Kame[bio 6blIa B 2 pa3a Hypke. O6pasIlbl C UCIOMb30-
BaHMEM IIMTPYCOBBIX BOJIOKOH U Kame[eii obmamanu Hauboee
BBICOKMMM OPTaHOJeNTUUeCKIMIU TIOKa3aTeISIMA.
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