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HanyoHanbHbIi, peLieH31pyeMblii JKypHaJI ITOCBSILEeH OCHOBHBIM
rnpo6iemMaM HayKy O MUILEBOI MPOMbBIIIIEHHOCT. OCHOBHO
MICCHell SIBIsieTCs: CO3/laHMe, arperanys, MoAepykKa 1 pacrpo-
CTpaHeHMe HayYHOTO KOHTEHTA B 00/1aCTH MUIIEBOI IIPOMBIILIIEH-
HOCTU, 00beAVIHEeHVe YCUIINIL MCCIIeoBaTe el HayuHbIX [IeHTPOB,
YHUBEPCUTETOB, ITPeOioIeHe Pa3pbIBa MeXKIY M3IaHUSIMM PETu-
OHAJILHOTO, HALIMOHAIBLHOTO U (eiepasbHOTO YPOBHEN. JKypHas
MPU3BaH OCBELATh aKTyaJbHbIe TPOOIEeMbI B MMILEBOI U CMEX-
HBIX OTPACJISIX, IPOJBUTATh HOBBIE MT€PCIIEKTVBHbIE TEXHOIOTUY
B IIMPOKYIO ayAUTOPUIO HAYYHBIX U MPAKTUUECKUX PAOOTHUKOB,
TperojaBaresieii, aCMPaHTOB, CTYIEHTOB, IIPeIIPUHIMATeel .
HayuHast KOHIIETIIVsI M3AaHWsI TIPeJTioaaraeT myoaImMKarmio HOBbIX
3HAHMIT B 06/IACTY MUIIEBBIX CMCTEM M HAYYHBIX OCHOB pecyp-
cocHeperarmx TeXHOIOTMIi Ty6OKO epepaboTKy CebCKO-
XO0351/ICTBEHHOT'O ChIPBSI, TPOPbIBHBIX TEXHUUECKMX PEIIeHMI ISt
MIPOM3BOJCTBA MUIEBBIX TPOAYKTOB OOIIET0 U CIIeMaTU3MPOBaH-
HOTO Ha3HaueHusI. B JKypHase my6nmnKyOTCs HaydHble 1 0030pHbIE
CTaThU, AOK/IAAbI, COOBIIEHMS, pelleH3MM, KpaTKiie HaydHbIe
coob6IeHust (IMchbMa B peiakiuio), MHGopManoHHbIe my6Iim-
Kalyy 10 HallpaBJIeHMSIM : TEXHOIOTMSI TUIIEBBIX TPOU3BO/ICTB;
poleccsl, 060pynOBaHMe ¥ annapaThl MUIEBbIX TPOU3BOICTB;
TUTMEeHA MUTaHWsT; GMOTEXHOIOTHS; CTaHAAPTU3AIMs, cepTUdu-
Kalusi, KauecTBOo ¥ 6e30MacHOCTh; IKOHOMMKA ; aBTOMATU3ALIMsI
¥ MHGOPMAaTHU3aIMsI TEXHOIOTUYECKIX MPoLieccoB. [Togpo6Hast
uHbOopManus jis aBTOPOB M YMTaTE/Iel IpeicTaBlIeHa Ha caiiTe:
www.fsjour.com.
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na6opamopHoie Bnaropapst HAMMUMIO B MX COCTaBe GMOAKTUBHBIX MENTHUIOB C MHTMOMPYIOIIeii pepMeHTbl aKTUBHOCTBIO, 6eTKOBbIE TUAPOIN-
HUBOMHble, OUNenmMu-  3aThl MPOSIBISIIOT pasiyHble Gusnonornueckue sbdexrol. Llenbio MCeIen0BaHNMi SBISIETCS YCTAHOBICHNE TI0TEeHIMATbHOI
Junnenmudasa-4, TUTIOTTIIKEMMYECKOJ aKTMBHOCTYM GeIKOBOIO TMAPOIM3AaTa JKEeJMYIKOB LBIIUISIT-6PO0iiiepoB B MOJIOUHOI CbIBOPOTKE, a TaKKe
duabem, 6enKo8blli paspaboTKa Ha ero OCHOBe HAIMTKa IJIs1 GOJIbHBIX caxapHbIM AuabeToM. MeTogom YBIJKX B coueTaHuy ¢ Macc-crieKTpome-

2udponusam, HanuUmMoK Tpueii 6bi1a IPOBeeHa OLIeHKA 6EIKOBBIX IMIPOIMU3ATOB, IIOJYUEHHBIX M3 MUKPOOHOI (hepMeHTaI[MI MbIIIEUHBIX KeTyIKOB
LBITUISIT-6POiiJIepOB B MOJIOYHOI ChIBOpPOTKe. [Tpy momory 6a3sl faHHBIX BioPep ornpenensiiioch MOIEKy/ISIpPHO-MacCOBOe pac-
npeneneHne MenTUa0B B IMIPOIM3aTax, a TAKKe GbUIM BbISIBI€HbI OMOaKTVBHbBIE TIEITHUIbI, TPOSIBISIONIME NHIYOMPYIOIIYIO
aKTUBHOCTb B OTHOIIEHUY (DEPMEHTOB JUITENITUIUIIENTHUIA3bI-4 1 aMmuiasbl. Ha OCHOBe MOTyuYeHHbIX ITUIPOIN3aTOB B IPO-
rpamme Excel 61111 CMOI@TMPOBAHbI PELENITYPbI HATTUTKOB 15 MALIMEHTOB C CaXapHbIM A1abeToM C yYeTOM peKOMeHalit
10 MATAHUIO IJIs1 TaHHOI IPyIIbl HaceaeHus. [0 moNMyYeHHbIM pelenTypaM B 1a60paTOPHBIX YCIOBUSIX GbUIM M3TOTOBJIEHbI
HaIUTKU U OL[€HEeH UX BKyC. VicciemoBaHO BAMSIHIE HATTMTKA HAa CHIKeHYE TTI0KO3bI B KPOBU Y TAG0PATOPHBIX SKUBOTHBIX ITPU
OIHOKPATHOM BBeIEHMM TO3UPOBKY 1,3 MJI ITepopaibHO TTepes; OCHOBHBIM ITPMEMOM MUIIN. Pe3yabTaThl MCCIeq0BaHMI el -
TUJTHOTO COCTaBa GETKOBBIX TMAPOIM3ATOB MOKA3a/M HAIMUME B HUX OMOAKTUBHBIX MENTHUIOB C MOATBEPXKIEHHOI 1Mo 6a3ze
BioPep unrubupyioieit GepmMeHTbI IUMENTUAUIIENTHIA3Y-4 1 aab(araoko3naasy akTuBHOCTbI0 — SY, VW, SW. B 6enkoBom
TUAPOM3aTe, TIOTyUeHHOM (epMEeHTalMel ChIpbsl IIPOMMOHOBOKUCIBIMU GaKTEPUSIMU, CYMMapHO OKa3aJ0Ch HaubobIlee
KOJIMYECTBO YKa3aHHBIX 6MOAKTUBHBIX MenTuaoB — 37,1 mr/100 r ruaponu3sara. HanmmToxk, M3roTOBIEHHBI Ha OCHOBE 6eJTKO-
BOTO TMIPOIN3aTa U JIMMOHHOTO COKa, 0Ka3aJIcs 1o BKyCY 6ojiee IpreMIeMbIM [Jist TOTPe6uTeselt, YeM HalIUTOK CO BKYCOM
Kakao. Pe3y/ibTaThl MCIIBITAHWIA in Vivo TIOKa3aJin, 4YTO HAITMTOK Ha OCHOBE 6eIKOBOTO TuAposu3aTta 3hdeKTUBeH ISl CHYKe-
HMSI caxapa B KPOBM Kak 3/I0POBbIX, TaK ¥ OOJIbHBIX CaXapHbIM [11abeToM KpbIC. YPOBEHD caxapa B KPOBM Y 3[J0POBBIX JKUBOT-
HbIX B rpymie 'l (6e3 ucmonb30BaHMs HAMMTKA) MOBbIIAICS Ha 151% OTHOCKUTETHHO HAaUaIbHBIX 3HAUEHUIA, UTO SIBJISIETCS
60Jiee BHICOKMM ITOKA3aTesIeM 0 CPaBHEHMIO € TPyIoii 2 (C MCIOMb30BaHMEM HAMNUTKA), T7e MOBbIIIEeHNEe COCTaBWIO 87%.
V 60/IbHBIX SKUBOTHBIX B rpytire '3 (6e3 1CIoNb30BaHMsI HATIUTKA) TaKKe HAOII01ancst 60/iee 3HaYMTEIbHbIN POCT YPOBHS ca-
Xapa B KpoBM — 61% OTHOCUTeNbHO HAYa/IbHBIX 3HaUeHMI, B TO BpeMsI Kak B rpytre ['4 (¢ ucronb30BaHMeM HAlIUTKA) 9TO M0-
BBIIIEHME COCTaBMIO 46%. Takum 06pa3om, pe3y/IbTaThl MCCIEN0BaHNIT TTOKa3a/I MePCIeKTUBHOCTD IPUMeHEeHMsT 6eTIKOBBIX
ITUIPOIM3ATOB U3 SKETYIKOB IBIIIST-6POiIEPOB B CHIBOPOTKE B KAueCTBe aKTMBHOTO TUIEPIIMKEMUUYECKOr0 KOMIIOHEHTA
B HAIMTKAX JIJIs JIIO[eli, OOJIbHBIX CaXapHbIM A1abeToM, OHAaKO HeOOXOAMMO MpoBeieHe 6osee TIIYOOKMUX MCCIeOBaHMIA,
B TOM YMCJIe Ha Perpe3eHTaTUBHOI TPYIIIe MMalyeHTOB.
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whey, laboratory Protein hydrolysates are a promising active component in specialized food products. Due to the presence of bioactive peptides
animals, dipeptidyl with enzyme inhibiting activity in their composition, protein hydrolysates exert different physiological effects. The aim of
peptidase-4, diabetes, the research was to establish the potential hypoglycemic activity of the protein hydrolysate of broiler chicken stomachs in
protein hydrolysate, whey and to develop a beverage on its basis for patients with diabetes mellitus. Protein hydrolysates obtained from microbial
beverage fermentation of muscular stomachs of broiler chickens in whey were assessed by UHPLC coupled to mass-spectrometry. Using

the BioPEp database, the molecular weight distribution of peptides in the hydrolysates was determined. In addition, bioactive
peptides showing the inhibitory activity toward enzymes dipeptidyl peptidase-4 and amylase were revealed. Based on the ob-
tained hydrolysates, recipes of beverages for patients with diabetes mellitus were modeled in the Excel software program with
regard to the recommendations for nutrition of this population group. According to the obtained recipes, beverages were pro-
duced in the laboratory conditions and their taste was assessed. An effect of the beverage on glucose reduction in the blood of
laboratory animals was assessed upon single peroral administration with a dose of 1.3 ml before the main meal. The results of
the investigation of the peptide composition of protein hydrolysates showed the presence of bioactive peptides (SY, VW, SW)
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in them with the inhibitory activity toward enzymes dipeptidyl peptidase-4 and amylase confirmed by the BioPep database.
The highest amount of the above indicated bioactive peptides (37.1 mg/100 g hydrolysate) was in the protein hydrolysate
produced by fermentation of raw materials with propionic acid bacteria. The beverage produced on the basis of the protein
hydrolysate and lemon juice was more acceptable for consumers in terms of taste than the beverage with the taste of cacao.
The results of the in vivo trials showed that the beverage based on the protein hydrolysate was effective in reducing sugar
in blood of both healthy rats and rats with diabetes mellitus. The blood sugar level in the healthy animals of the G1 group
(without using the beverage) increased by 151% relative to the initial values, which was a higher value compared to the
G2 group (with the use of the beverage), where an increase was 87%. A more significant growth in the blood sugar level
(61% relative to the initial values) was also observed in the ill animals in the G3 group (without using the beverage), while
this increase was 46% in the G4 group (with the use of the beverage). Thus, the results of the study show the prospects of
using the protein hydrolysates from broiler chicken stomachs in whey as an active hypoglycemic component in beverages
for patients with diabetes mellitus. However, more profound research is necessary including studies on the representative

group of patients.

1. BBegeHue

[po6iema MIMPOKOTO PaCIIpOCTPaHeH s MabeTa 1 IMOVCK HOBBIX Me-
TOZIOB U CPENCTB ISl JIeUeHMUsI M KOHTPOJISI 9TOr0 3a60IeBaHMsI aKTyasb-
HBI BO BceM mupe [1,2].

Llenbio MPOBOAVIMBIX UCC/IEOBAHUI SIBJISIETCSI BO3MOXKHOCTD paspa-
60TKYM HaTypaJIbHBIX MHIPEIVEHTOB C BbIPAKEHHBIM TeparieBTUYeCcKUM
3 dexToM 1 ¢ MUHMMAIbHBIM TTOOOYHBIM [I€/ICTBMEM, a TAKKE TIePCITeK-
TUBA CO3IAHMSI IPOAYKTOB IIUTAHMSI HOBOT'O IIOKOJIEHMSI C JAHHBIMU VH-
rpenueHTamu [3-5].

BroakTuBHbBIE MENTUABI M TUAPOIN3ATHI OEIKOB, I10yYyaeMble B pe-
3y/nbraTe epMeHTalVM [IUILEBOTO ChIPBsSI, B ITOC/IEHYIE TOIBI SIBJISTIOTCS
00bEKTOM BHMMAaHMSI MHOT'MX YU€HBIX M3-3a LIMPOKOTO CIIeKTpa 610s10-
IMYeCKUX CBOMCTB: VHIMOMPOBaHME aHIVOTEeH3MH-I-IpeBpalaoIiero
dbepmenTa (AIID), aHTMOKCHAAHTHOE, aHTUIIpOIM(DepaTUBHOE, TPOTH-
BOBOCHAIMTENbHOE, LIMTOMOIYIMpYIOIee, IPOTUBOMUKPOOHOE, MMY-
HOMOZYy/IMpYyIolllee cBojicTBa [6,7].

Benkossie runponusatsl (BI') comepkaT 6M0aKTUBHBIE TIENTUABI — He-
Gonpiive GparMeHThl 6eska, umerorye 2—20 aMMHOKMCIOTHBIX OCTaT-
KOB 1 MosneKy/sipHble Maccbl MeHee 6000 Da. Ot konmyecTBa 1 nocie-
[OBaTeIbHOCTY aMMHOKUCIOT B MENTHAAX 3aBUCUT UX GMOIOrMdecKast
aKTMBHOCTB. IIpy aToM pasnuyHble (HakTOpbl OKA3bIBAIOT BIMSIHME HA
BBICBOOOKIEHME OIpeleleHHbIX MeNTUI0B MPU IUAPoIn3e Genka: co-
CTaB MCXOIHOTO ChIPbSI ¥ GMONIOTMUECKOTO areHTa, y4acTBYIOLIero B pac-
LIeryIeHUY MOUTIeNITUIHOM ey, MeNTUAHbIA ¥ aMYMHOKUCIOTHBI Co-
craBbl osyyaeMbIx B, crenieHb rnaponmsa coeipbs [8].

Bromnornyecky akTUBHBIE MENTUIbI IPY BBICBOOOKIEHMUM ITPOTEOIN-
TUYeCKMMM pepMeHTaMy MOTYT perynMpoBaTh Gusnonornyeckye GyHk-
UMM OpraHM3Ma, IPOSIBISII aHTUMOKCHMAAHTHBbIE, aHTUOAKTepuasbHbIe,
MIPOTMUBOIPUGKOBBIE, U Ipyrue HU3MoIoruueckme cBoicraa [9].

BroakTuBHbIE TMIPOIN3ATHI TIONYYAIOT TPY HATIPABJIeHHOM (hepMeH-
TATMBHOM TIMIPOJN3e GETKOBBIX MOJEKYI. B KauecTBe GMOMOTMYECKUX
areHTOB JCIIONb3YIOT KaK OTAeNbHbIe BUIbI IIPOTEOUTUIECKIX PepMeH-
TOB, TaK M MMKPOOPTaHMU3MBI C BBICOKOJ MPOTEONUTUIECKOV aKTUBHO-
cThi0. [IpuMepom Takux Gakrepuii SIBISTIOTCS 6udumobakTepun u mpo-
MMMOHOBOKUC/IbIe GaKTepuu, KOTOPble MMEKOT CIIOCOGHOCTh K CUHTE3Y
610/10TVUeCKY aKTMBHBIX BellecTB, pepMeHTOB, OpraHMYeCcKUX KUCIIOT,
6saromapst uemy GeIKOBbIi Cy6CTpaT mpeobpasyeTcst 40 HU3KOMOJIEKY-
JISIPHBIX TEIITH/I0B ¥ CBOOOJHBIX AMUHOKMCIIOT.

BenkoBble rUapOMM3aThl ¥ GYOIOrMIECKY aKTVBHBIE ITeNITYBI, BbLIe-
JIEeHHbIE U3 TINIIEBbIX 6eIKOB, 61aronapsi CBOMM OMOIOrMYECKUM CBOMCT-
BaM LIVPOKO MPUMEHSIOTCS KaK 6MI0aKTUBHBIN KOMIIOHEHT B ITPOIYKTaxX
CIeLMaI3MpOBaHHOrO 1 (PYHKIMOHAIBHOTO muTaHus [10-12].

CaxapHblit nyabeT OTHOCUTCS K TPYIIe MeTaboanyecKux 3abosnesa-
HMJ, XapaKTepu3yILUXCs TUIleprivKeMueli BCIeNCTBMe HapyLleHWi
ceKpenyn/eicTBUSI MHCYINHA.

CymiecTByeT [iBa Mpeobiamannmx Tuma aqmuadera: quabet 1-ro turma
(CO1, 10% nauyentos) u auabet 2-ro Tuna (CIA2, 90% naumeHTos) [13].

Kaxk ocHoBHas popma guabera CII2 XxapakTepu3yeTcsi TUIIEPUHCYIIN-
HeMMel ¥ Pe3UCTEeHTHOCTBIO K MHCY/IVHY, YTO CBSI3aHO C [IyOOKUMM U3-
MeHeHMsIMM MeTabonM3Ma [TII0KO3bI M IMIIMIOB B opraHusMe. Pa3Butuio
CJ12 crioco6CTBYIOT reHeTnyeckyie mapaMmeTpsl U hakTopbl OKPYKAIOLei
cpezbl. B OHYX M TeX ke reHeTUUYeCcKMX YCIOBUSIX He34,0pOBoe MUTaHMe,
HEIPaBWIbHBIN BbIGOP MPOAYKTOB MUTAHUS U HEAOCTATOK (BU3MUYECKON
aKTMBHOCTY MOTYT IPUBECTY K BOSHUKHOBEHUIO JaHHOTO 3260/1eBaHMS.
[Inma u mMTaHye UrpaloT KIIOYEBYIO POJIb B JIeUeHUV OyabeTdecKyx
cumnToMoB npu CII2. TlanyeHTy ¢ caxapHbIM [1abeToM HeoOXOIMMO
JIerkKoycBosieMoe, 6oratoe BUTaMMHAMM ITMTaHMe, KOTOPOEe BlIeYeT 3a
c0060i1 CHYDKeHVe YPOBHSI INIIOKO3bl B KPOBU. MeOUIIMHCKME CIIelyan-
CTbl PEKOMEHAYIOT AMeTbl C YMEPEeHHO CHMKEeHHOJ 3HeproleHHOCTbIO
C LIeJIbI0 COKpAILeHNS TTIOTPe6IeHNsT JIETKOYCBOSIEMbIX YIIEBOIOB U K1~
BOTHBIX XKMPOB, C [Ipeob1ajaHieM B palioHe POAYKTOB PACTUTETbHOTO
rpoucxoxkaeHus [14,15].

OpHUM 13 peKOMeHAYyeMbIX KOMIIOHEHTOB NMUTAaHMS [JIs MalJeHTOB
C caxapHbIM /A1abeTOM SIBJISIIOTCS GeIKOBbIE TVMIPOIN3AThI — MCTOYHM-
KM OMOAKTMBHBIX NENTUIOB C VHrUOMpylomeil dbepMeHTbl aKTUBHO-
CTBIO: AVNENTUAVIIEeNTUAA3Y-4, o.-IJII0OKO31Aa3y U a-amMmuiasy. AMuiasa
M TIIOKO31[1a3a SIBJSIIOTCSI BasKHeHmmMy hepMeHTaMy B paclierieHuu
yrieBopoB. Caxap MOCTyIaeT B OPTaHM3M 4YeloBeKa B OCHOBHOM C IIPO-
IIyKTaMy MUTaHMs], @ [JITaBHBIM KOMIIOHEHTOM YIJIEBO/IOB B PallMlOHE SIB-
nsieTcsl Kpaxmau. OfHaKo MOJIeKy/IsIpHble CerMeHThI KpaxMmara U Jyca-
Xapyuja BelIMKM ¥ He CIIOCOGHBI HAIlPSIMYIO BCAChIBAThCSI B KPOBOTOK
yelloBeKa — OHM [O/DKHBI IPOXOOMUTb uepe3 BO3ZAENCTBME aMujasbl
Y BOPCMHOK TOHKOTO KMIIeYHNMKA. Ajbda-IIoKo3umasa IpOM3BOLUT
MOHOCaxapuabl (IJII0K03y U (HPYKTO3y) CMHepPreTuveckumM obpasom 10
ux abcop6umm. CrenoBaTebHO, KOMMYECTBO ITIOKO3BI MOKHO YMeEHb-
WINTh, KOHTPONMMPYsS JIBe (GepMeHTAaTUBHbIe peaKUMU O-aMUIa3bl
U o-DIIOKo3uAasel [16]. Junentuauinentunasa-4 IPUCYTCTBYET Ha
MeM6paHaxX Bcex KJIETOK B OpPraHu3Me, U OHA CBS3aHa C TOPMOHAMIN,
CIOCOOCTBYIOIIMMM BbII€NIEHMIO MHCY/IMHA — IVIIOKO303aBUCUMbIM VH-
CY/IMHOTPOITHBIM ITOJIMITENITHOM M ITIOKarOHOIOLOOHBIM MeNTUoM-1.
JvnenTuaWINenTuaasa-4 peryaupyeT Bbife/leH)e STUX TOPMOHOB U [P
caxapHOM [yabeTe BbIIESETCS B M3/IMIIHEM KOJIMYECTBE, YTO CHYKAeT
cekpeLMio MHCyauHA. CreoBaTeNnbHO, MHIMOMPOBaHME 3TUX (epMeH-
TOB MOXeT MMeTb pelllaiollee 3HaYeHNe [JI YMeHbIIeHMsT KoInyecTBa
[JII0KO3bl, BBIAEISIONIEiCS B OPraHu3Me, U OKa3blBaTh BAMSIHME HA Ke-
JIYOYHO-KUIIeYHbIi TPaKT [17]. UHrnbupoBaHme ruiponu3yonimux yrie-
BOIBI (hepMEHTOB PEKOMEH/IOBAHO B KaueCTBe MPAaKTUUECKOro MOAXO0IA
K pery/aMpoBaHMIO YPOBHA caxapa B KpoBM [18]. OkucanuTenbHblii cTpecc
KaK pe3y/abTaT IUIePIIMKeMNy MOXKeT BbI3bIBaTh IIOBPEXAEHNE MTeYeHN
npu auaberte, ¥ rUAPONM3ATHI OEIKOB C AHTUAMAOETUUECKMMU U aHTU-
OKCUJAAHTHBIMM CBOJCTBaMM MCIIO/Ib3YIOTCS B KaueCTBe MOTeHUMATbHON
tepanuy [19]. OTMeueHO, YTO 6M0aKTUBHBIE NENTHUALI B HACTOsIIIee Bpe-
ML SIBJISIIOTCSI OOHMM U3 Haubosiee MPOKO M3YYEHHBIX IOTEHIMATbHbIX
TepaneBTUYeCKMX cpeacTs npu teuenny CI2 [20].

B xauecTBe COCTaB/ISIOMIMX PELIENITYPbI HAIIMTKA ObUIM BHIOPAHBI CJIe-
IyIoIye KOMIIOHEHTBI: GeIKOBBII IMAPOIN3aT KaK MCTOUHVK 6M0aKTHB-
HBIX IETTUI0B, CUPOII JIAKTYIO3bI Kak 9()(HeKTUBHBIN MPe6UOTUK U BKY-
COBOJi KOMITOHEHT, a TakoKe JIMMOHHBIN COK M KaKao B KaueCTBe BKYCOBBIX
KOMITOHEHTOB ¥ MICTOYHMKOB BUTAMMHOB.

I'mnoBuramuHo3 C yacTo BcTpevaeTcs rpu auabere. [I[pyuunHOIi 3TOr0
SIBJISIIOTCSL AMeTHyecKue GaKkTopbl, OKMCINTENbHBIN CTPeCC ¥ BOCHAIIN-
TeJIbHbIe NPOLeCcchl [21].

[oatomy B guabeTnyecKOM IUTaHMY O0GOCHOBAHO yBelIMdeHue 03
ButamuHa C nmbo ImyTeM KOPPEeKTMPOBKY PaLMOHA, IMOO0 MPY TTOMOLIU
106aBOK.

O6uIMpHBI i 0630p HAYYHOII TUTEPATypPhl BBISIBUI JAHHbIE, IO TBEP-
KOAKOIIMe CIOCOGHOCTD JIAKTY/IO3bl CTMMY/IMPOBATh POCT Gudumobak-
TEepUil M yIy4yllaTh COCTOSIHME MMKPOOMOTHI KMUILIEYHMKA, IPOSIBIISITH
QHTUTOKCUMYECKMIT M aHTMKAHLLEPOTeHHbI 3GhdeKThl, MONTOKUTENTbHO
B/IMSTH HAa YCBOEHVIe MMHEPaNbHBIX BelecTB. O603HaueHa BO3MOKHOCTh
MpUMeHeHMsI TaKTY/I03bl B [MabeTUUeCKOM IMUTAHUU JIJISI CHUDKEHUSI CO-
JepsKaHus ITIIOKO3bI B KPOBMU [22].

TakuM 06pasoM, CleLManu3UPOBAHHOE MUTAHUE — HEeoTbheMJIe-
Masl 4acTb Jie4eHMsI ¥ BO3MOXKHOCTb MozjepskaHusi Gpu3moaornyecko-
ro COCTOSIHMS opraHmsma Kak npu CI2, rak u ipu C/I1. B ¢Bs13u ¢ aTum
aKTyaJbHBIM SIBJSIETCSI pa3paboTKa M BHeOpPEHVe B IPOMbIIUIEHHOEe
NPOU3BOACTBO CIeNMan34POBAaHHbIX IIPOAYKTOB 3aJaHHOIO COCTaBa
C UCKITIOUEHMEM U3 PelLleNTyphl caxapa, CofepsKalux He TONbKO medu-
LMTHbIE TPV JaHHOM 3a60/IeBaHNM BUTAMMHBI U MUHepalIbHble BelecT-
Ba, HO 1 6GMOAKTUBHbIE BelllecTBa [23].

Llenplo mccnenoBaHMii  SIB/IseTCS YCTaHOBJIEHME TIOTE€HLMATbHON
IUIOTVIMKEMUYECKO aKTUBHOCTM GETKOBOTO TUAPONM3ATA SKETYyIKOB
LBITJISIT-GPOIIEPOB B MOJIOYHO ChIBOPOTKE M Pa3paboTKa Ha ero OCHO-
Be HaNNUTKa JIsl Tal[JIeHTOB C CaXapHbIM 1abeToM.
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2. O6'BEKTHI M METOABI

O6BEKTOM VCCIeJOBAHMIA SIBIISIIOTCS:

0O 6enkoBbie ruaponausatel (BI), mosyyeHHbIe MUKPOOHO bepmeHTa-

LMeli KeTyoKOB IBIIUISAT-OP0iiIepOB B MOJIOYHON CbIBOPOTKE;

00 HamMTKM Ha OCHOBE GEJIKOBOTO I'MIpOIM3aTa.

TexHonornyeckas cxema nomnydyenus bI' mpexncrasiena Ha PucyHke 1,
ONTHMMaJIbHbIE TAPAMETPBI MPOIlecca rMaAposn3a (TeMIepaTypa, poao-
SKUTETbHOCTD, KOJIMUECTBO 3aKBACKM) ObUIM YCTAHOBJIEHDI IIPY TIPOBEE-
HMM MHOTO(aKTOPHOI'O SKCIIePYMEHTa B paHee OIyOIMKOBaHHOI Hayy-
HOVJ cTaThe [24].

Inst depmMeHTALMM ChIPbSI U TIONyYeHMsS] OENKOBBIX TUAPOIM3ATOB
JCTIONB30Ba/IM 3aKBACKM TPOGUOTUYECKMX GaKTepuii ¢ BbICOKOM IPO-
TEOUTUYECKOI aKTUBHOCTBIO: KUIKMII KOHIEHTpaT 6udmnodbakrepuit
(ombITHBIN 06paser; BI, depmenTupoBanubiii BLC) 1 KOHIEHTpAT MPO-
MMMOHOBOKMUC/IBIX GakTepuit «I[IpormoHmKe» (OTbITHBI 06paselr BT, dep-
MeHTUpOBaHHbI Propionix LCSC) («I[Ipormmonukc», Mocksa, Poccus).
[Ipu moMy4eHnM KOHTPOIbHOTO 06pasiia bI' mpu chIBOPOTKY hepmeHTH-
poBasnu 6e3 BBemeHMs 6aKTepraabHbIX KOHIIEHTPATOB.

KonnuecTBo BBOAMMBIX GaKTepUalbHBIX TIPErapaToB COCTABIISIIO
1-108 KOE/cm®.

V nony4eHHbIX 6eNKOBBIX I'MIPOIM3ATOB MUCCIEN0BATM MOIEKY/ISIPHO-
MaccoBoe pacripefielieHue TMenTuaoB MetomnoM YBIXKX, coBMeleHHOM
C Macc-CIIeKTPOMeTpueit, ¢ Mocienymolleii uaeHTuGuKaumein mnomyyeH-
HBIX [TENITUAOB U C YCTAHOBJIEHMEM UX OMOJIOTMUECKOVi aKTUBHOCTY METO-
oM in silico. XpomaTorpacduueckoe paseieHine UCCIeayeMbIX MeNTUI0B
MPOBOIMIN C MCIOMb30BaHMeM cucteMbl YBIXKX 1290 Infinity (Agilent
Technologies, Canra-Knapa, Kamudopuus, CIIA), aHaIUMTUIECKON KO-
nouxu AdvanceBio Peptide Mapping 120A (2,1x250 MM, pasMep YacTHIL
2,7 mrMm (Agilent Technologies, CanTa-Knapa, Kanmudopuns, CIIA)) n ana-
JIUTUYECKOI 3aiuTHOM KomoHku ZORBAX Extend-C18 (4,6x12,5 mm,
5 mxm) (Agilent Technologies, Canta-Knapa, Kamudopuus, CIIA). [Tox-
BIKHYIO Basy — H,O (A) u ACN (B), npurortosnenHblie ¢ 0,1% MypaBbUHOI
kucnotoit (Sigma-Aldrich, Darmstadt, TepmaHust) v/v, — poKauMBaIu CO
ckopocThio 0,2 MJI/MIH, 06beM BITPbICKA COCTaBIsUT 10 MKII.

XpomaTtorpaduio MpOBOAMIN B JUHEHHOM TpPafMEHTe CIeIyIoNIM
obpasom: 2% pactBoputenb b — 5 MmuH, ot 2% 10 43% pacTBOpUTENb B —
165 muH, oT 43% mo 100% pactBoputens b — 1 mun, 100% pacTBOpuUTeIH
B — 6 muH. [Toc/ie 9TOro rpafyieHT BepHYJICS K HAualbHOMY 3HAUEHUIO
98% A uepes 7 muH. O61iee Bpemst aHaIM3a COCTaBUIO 184 MUH.

BpemsrnponeTHslii Macc-CIeKTpoMeTpuieckuii merektop Agilent
6545XT AdvanceBio LC/QTOF (Agilent Technologies, Canta-Knapa, Ka-
nudopuus, CIIA), ocHamenHbiit DuoJet Stream ESI (Agilent Technologies,
Canra-Knapa, Kamudopuust, CLIA) 1 MOHHOI BOPOHKOI, YCTAHOBIEHHBIN
B PeXMMe TOJIOKUTENbHOM MOHM3AIMM, COeIMHEHbI ¢ cuctemoit YBIXKX.

Bbuti 3amaHbl CIefyollie OCHOBHbIE paboune rmapaMeTpbl KBaJpy-
MOAbHO-BpeMsinpoaeTHoi MC:

O xamwuisspHoe HanpsskeHne 4000 B; Hanpsikenne corta 500 B;
U morox raza-ocyumrens 13 i/muH nipu 325 °C;

0 pacxop rasa uepes Koxxyx 12 ji/mus nipu 275 °C;

U nmasieHne pacrbuinTens 35 GyHTOB Ha KBaIpaTHBI TIOVM.

VoHHasi BOPOHKAa BBICOKOTO [JaBjieHMs] paboTana Npu BbICOKO
yacrore (BY) 150 B, BopoHka HuU3KOro gamieHus: — mpu 65 B BY,
a okTomnosib — mpu 750 B. AHa/NMM3bl IPOBOAMIINCH B PEKMME TTOTHOTO
ckanmpoBanusg MC u B aBromaTtuueckoMm pexxkume MC/MC ¢ moaHbIM
ckaHupoBaHueM or 150 mo 2100 m/3. CriekTpbl (hparMeHTOB GbLIN
MOJTYYeHbI AJISI KaXO0i Macchl C MCIOJb30BAaHMEM SHEPTUM CTOJIK-
HOBEHMSI, 3aJJaHHOI MPOTPAMMHBIM aJTOPUTMOM ITOTyYeHUs] OHOB
MS2 [25].

B skcnepumentax MC/MC B KkauvecTBe ras3a Jjs CTOJKHOBEHWUI
nipuMmeHsuics asor. [Typun (M + H]+=121,0509) u coenuuenne Agilent
HP0921 (M + H]+=922,0098) 3apeiicTBOBalXCh B KaYeCTBE 3TAIOHHOTO
pactBopa Ajis KaaubpoBKM BHYTPEHHE! Macchl Ha MPOTSKEHUY BCETro
aHanM3a.

O6HapyskeHHbIe coenyHeHus1 (6onee 300) MaeHTUGUIMPOBAIN METO-
nom MC-dparmeHTauuu ¢ UCIOAb30BaHMEM ITPOrPAMMHOTO obecreye-
umst MSDIAL (Bepcus 5.1, RIKEN CSRS, Yokohama City, Japan) ¢ TouHbIM
nmoryckoM 1o macce MS1 (0,01 Ta) m MS2 (0,05 Ia) [26]. ComepkaHue
MeNTHUI0B OTPEeNesisu 10 CTAaHAAPTHOM KPUBOII C IpUMeHeHueM «Jleii-
TparnHa®» B AuarnasoHe KoHmeHTpauuit 1-1000 ur/mit; koadbduient
perpeccun > 0,990. 3HaueHMs A5 KQXKIOTO MeNTHUIa BbIPasKaau B MI-9KB.
Jleritparny/100 r rugponn3saTos [27].

Kaxxgoe m3MepeHye NMPOBOAMUIM TPOEKPAaTHO. 3HaueHMs BepOSITHO-
¢t p<0,05 GBIV TPUHSITHI AJIST yKa3aHUS CTATUCTUIECKOI 3HAUMMOCTA.
[aHHble GBUIM MPOAHATM3UPOBAHBI C IMOMOIIbI0 OJHO(DAKTOPHOTO Oy-
cniepcyoHHoro aHansa ANOVA no kpurtepuio Toioku [https://houssein-
assaad.shinyapps.io/TableReport/].

VneHTUGUIMPOBAHHBIE TIENTUIBI AHATU3UPOBAIN C UCTIOTb30BaHMU-
eMm 6a3 maHHbIX BioPep [28] u PeptideRanker [29].

Ha ocHoBe nomyuyeHHbIX BI' 6bUIM CMOZAEIMPOBAHBI PeLeNTyphl Ha-
MMATKOB C YYETOM PEKOMEHALMIi 10 JMabeTuuecKoMy MUTAHUIO B TIPO-
rpamme Excel Solver (Microsoft, CIIIA). B kauecTBe KOMIIOHEHTOB HATIUT-
Ka MPUHSATHI CTIeAyIoLye UHIPeAneHTsl Bofa — X, BI' — X, IMMOHHBI
COK (MM Kakao) — X, CUPOII JIaKTY/I03bI — X,.

[To onTMMM3UPOBAHHOI peLenType M3rOTOBIEHbI HAIUTKA II0 TeX-
HOJIOI'MU, NIPeLCTaB/lIeHHO Ha PucyHke 2. MeTOLOM IapHOTO CpaBHEHMSI
coracHo 'OCT ISO 6658-2016" BbiGpaH Hambosee MpuUeMIeMblit o6pa-
3el] HallUTKa 10 BKYCY HENOJTOTOBIEHHBIMY UCIIBITATENSIMMU (TIOTE€HIIN-
aIbHBIMY [TOTPEOUTESIMU HAITUTKA).

OueHKy 3GGEeKTMBHOCTY BAMSHUS TIOJYYEHHOTO HANUTKA Ha CHU-
>KeHJe YPOBHS IVIIOKO3bI B KPOBY ITPOBOAVIIM METOMOM iNn Vivo C UCIIOb-
30BaHMEM I10JIOBO3PeNbIX (3 Mecsilia OT poXkaeHus) Oesbix JabopaTop-
HbBIX Kpbic-camiioB juHMUM Wistar (PI'BY «DemepanbHbIit LIEHTP OXPaHbI
3I0POBBSI JKUBOTHBIX», Poccust). JKBOTHbBIE ObIM pasfesieHbl Ha 2 9KC-
repyMeHTa/lbHbIe TPYIIIbI: KOHTPOJbHAS TpyIIa, BKIIOYAIOIIas MH-
TaKTHBIX KpbIC (n=5, m=411,2+21,3 r), onbITHas IPyIIa, BKIOYAIOLIAS
SKMBOTHBIX C 9KCIIEPMMEHTAIbHBIM caxapHbIM AyabeToMm 1 tuma (n=5,
m=418,4%21,1r).

L TOCT ISO 6658-2016 «OpraHonenTudecknii ananus. Metogonorusa. O6imee
pykoBozcTBo». M.: Cranmaptundopm, 2016. — 26 c.

CMenmBaHIe
TTomygenue H3MeJIBIEHHBIX
CyOIIPOIYKTIOB B IIpoLiecce CYOIIPOIYKTOB C DepMeHTaIA B CyOnimaroHsas
MepBHYHOII IepepaboTKI  MOJIOYHOI CBIBOPOTKOIT, TedeHne 9-121 cyma t =-40 °C
IBIUIAT-6poneiipos TOMOTEHH3ALIIS t=38-40°C

VianeHHe MBIIIEYHO I BreceHne
CEepO3HOII TKaHII, 0aKTepHaIBHOIO
H3MeNBYeHIIe Ha BOTIKE C KOHLIEHTpaTa

JIIaMETPOM PEeIIeTKH 2-3 MM

1*10 KOE/cM3

MHUKPOQHIBTPALHAL. ToToBBI rIpoIH3aT
JuameTp mop Genka
MeMOpaHBI 0,45 MKM

PI/ICYHOK 1. TexHOMOrM4YecKas cxema IMOoJIyYeHUs 6Ge/IKOBBIX TUaApoIN3aToB (COSI[aHO C IOMOUIBIO ITPOrpaMMHOI0 oGecrieueHuUs

Visma (Ocno, Hopserus))
Figure 1. Technological scheme of protein hydrolysate production (created with the use of the Visma software (Oslo, Norway))

442



3uHuHa O. B. 1 ap. | MULLEBBIE CUCTEMbI | Tom 6 No 4 | 2023 | C. 440-448

IToaroroBKa ChIpbsi ’

HarpeBanue Boab! 7o 40°C ’

[

PaCTBOPEHPIe TUuapoJsikn3aTta B BOZe

BHeceHUEe KOMIIOHEHTOB
PeLenTypsl, IepeMeLInBaAHUE U
TOMOT€HU3aluuA

[ ITacrepusanus t=78 +2°C 6e3 }
l |

BBIAEP>KKHU

3

Oxnaxzaenue t=4 +2°C

3

Po3siuB, MAapKUPOBKA, yIIAKOBKA

PI/ICYHOK 2. TexHOJIOTMYECKas CxeMa U3TrOTOBJIEeHUSI HAIUTKa
Figure 2. Technological scheme of beverage production

T'pymIIbI JKUBOTHBIX 0003HAUEHBI CJIEYIOIMM 06pa3oM:

I'l — KOHTpONBbHAS Py JXUBOTHBIX C YIJIEBOLHOI HAarpy3Koii;

I'2 — KOHTpOIBbHA IPYIIIIA JXMBOTHBIX C YITIEBOLHO HArpy3Koi U Ha-
TIUTKOM;

I'3 — ombITHAs rpymIa >KUBOTHBIX € YIVIEBOLHOI Harpy3Koii;

I'4 — ompiTHas rpynmna >XUMBOTHBIX C YIVIEBOLHOI Harpy3Koi U Ha-
TIUTKOM.

MopenupoBaHue caxapHOro auabera MPOM3BOOVIIM IO OOLIENnpu-
HSTOJ MEeTOIVKe C MCIIOIb30BaHMeM [1abeTOreHHOTO BelecTBa — ajl-
snokcaHa tpuruapara (PEAXVM, Mocksa, Poccust) B 0,4 Mi1 pacTBopa 1ju-
TpaTHOTO Gydepa. BemecTBo BBOAMIN BHYTPUOPIOMIMHHO OIHOKPATHO
B 1,03upoBKe 163 mr/kr [30].

Bepudukanmio Momenyu OCYLIECTBIISIM IyTEM U3MEPEeHUs] YPOBHSI
[JIIOKO3bl B KPOBM HATOIIAK II0 MCTEUEeHUM HeNenu IOCIe MHbeKLUU
aj/uloKcaHa. ViccienoBaHye 110Kas3aso, 4YTO YPOBEHb M3MepsieMOro IoKa-
3aresst cocTaBui 3,2+0,31 MMOJIb// Y JKMBOTHBIX KOHTPOJIbHOJ TPYIIIIbI
u 22,1+ 1,6 MMOJTB/JT y KPBIC C 9KCIIEPUMEHTAIbHO MMaTOIOTUEI .

[Mocne BbIBemeHUS KMBOTHBIX U3 IKCIIEPUMeEHTAa Bepudukanms mo-
Jle TIPOBOAWIIACH MTOBTOPHO C MCIIOJMb30BaHMEM MOPGOIOTUIYECKOTO
MUCC/IeN0OBaHMsI CepUITHBIX CPEe30B IMOKeTyqOUHOI >Kele3bl KMBOTHBIX
(kadbempa TUCTONIOTUM, SMOPMOIOTUYN U IIUTONOTHM, «FO5KHO-YPaTbCKIMit
rOCYIapCTBEHHBI MEAUIMHCKUIL YHUBEpCUTET», Uensi6uHck, Poccus).

Pa6ora ¢ 1a6opaTOPHBIMM JKUBOTHBIMYU TIPOBOIMIACH B COOTBETCTBUNU
¢ «EBpOIeicKoil KOHBEHILMell O 3aljuTe MO3BOHOUHbBIX >KUBOTHBIX, UC-
TT0JTb3yeMBbIX JIJIS1 SKCIIEPVMEHTOB MJTY MHBIX HAYUHBIX LEJISIX»* M COTJIAaCHO
denepanbHOMY 3aKOHY Poccniickoit @epeparum ot 27.12.2018 N2 498-D35.

oo 00

Bce nccrenyemble 1a6opaTOpHbIE KMBOTHbBIE COZEPsKaINCh B CTaH-
JAPTHBIX YCIOBUSIX 9KCIIEPUMEHTANbHO-OMONIOTMYeCKO KIMHUKA (BU-
Bapust) ®I'BOY BO «lOskHO-YpanbCkuii rocyfapCTBEHHBIN MeOVLIVIHCKIUI
yHMBepcuteT» MuH3gpaBa Poccuy B COOTBETCTBUM C TPeOGOBAHMSIMU
I'OCT 33216-2014* u nynkra 3 PI-AIIK 3.10.07.02-095. )KuBoTHbI€E CO-
JlepyKalych B MHOVBULYAJIBHBIX KIeTKax pazmepoM 460 x 300 x 160 Mm co
CIUIOLIHBIM JJHOM CO CTAH/JapPTHBIM IOJCTUIOYHBIM MAaTepUaIOM B BUTE
rpaHy/IMPOBaHHbBIX APeBECHBIX ONMMUJIOK. KieTky pasmelnaniuch B crielya-
JIM3MPOBAHHO IIPUTOUYHO-BBITSDKHOJ BEHTUIISIIIOHHO YCTAaHOBKE C aB-
TOMAaTUYEeCKMM Pery/lMpoBaHueM CBeTOBOTO pexkuma (12 4acoB «THeBHO-
r'0 PeXMMa»). PeskymM KOpMIIeHMS ObIT COCTABIIEH C yYETOM 0COOEHHOCTEN
MATAHUST U COZlep>KaHMs 1aboPaTOPHBIX KMBOTHBIX. KopmieHue ocy-
LIeCTBJSIM TOTHOPALIMOHHBIM TPaHYIMPOBAHHBIM KOpMOM «/lenmbTa
®upnc» («buollpo», Poccus).

[l OLleHKY MOTEeHLMAIbHO TUITOITIMKEeMMUYeCKOi aKTUBHOCTH Gerl-
KOBOTO TMAPOIN3aTa CIYCTS 2 Hefleny Mocie MHbeKIMNM a/uIoKcaHa 3KC-
MepyMeHTaIbHbIM SKMBOTHBIM IMPOBOIVIIN INIIOKO30TONE€PAHTHBIN TeCT
6e3 1CIONIb30BAHMS HATIUTKA U C €r0 IPYMeHeHNeM.

JI7st 9TOrO B IEpBOJi Cepuy SKCIEPUMEHTOB HaTOLaK I0ocjae CyTOod-
HOT0 Iro/IOAAaHMS OIBITHBIM JKMBOTHBIM BHYTPVIKETYLO0YHO BBOAMIIM pac-
TBOp DMoKo3bl («Mocdapm», nirt Boroponckoe, CeprueBo-Ilocamckuit
p-H, MocKoBcKast 061aCTh, Poccust) B 1O3MPOBKe 2 T/KT KMBO MacChl.

Yepe3 7 CyTOK IOCIe I1€pBOI cepuy 3KCIEPUMEHTOB, BO BTO-
poii cepuyM SKMBOTHBIM HATOLIAK IIOCJ€ CYTOYHOTO TOJOAAHMUSI CHa-
yasia BBOAMAM 1,3 MJI HamuTKa BHYTPVIKETYIOUHO, a yepe3 15 MUHYT
KPBICHI TTOJTyYa/Iy YIVIEBOLHYIO HArpysKy B TOJi ke J103e, UTO U B Iep-
BOJ Cepuu 3IKCIIEePMMEHTOB. AHAJIOrMYHasl cxema OblIa JMCIOIb30Ba-
Ha I10 OTHOIIEHMIO K KOHTPOJIbHBIM YXMBOTHBIM. CpemHsisi 4O3MpoBKa
HamuTka 1,3 MJI paccuuTaHa Ha CPeJHIOI MAacCy KMBOTHBIX C yU€TOM
OTIBITA MOCTPOEHMS IIJIaHA IKCIIePMMEHTa I'PYIIOoi 3apyOexkHbIX yue-
HBIX [31].

VpoBeHb INIMKEeMUM OIpefesi 10 YIJIeBOAHON Harpysky, a Takoke
crycrs 30, 60, 90 1 120 muH nocie Hee [32]. KoHIeHTpauuio IMIOKO3bI
BBISIB/ISUIN B LIeJIbHOJ KPOBU C IIpMMeHeHMeM rimokoMeTpa Contour TS®
(Ascensia Diabetes Care Holdings AG, fmoHus). [Iis1 3TOr0 MeguUIVH-
CKOJ UIVIOV Aenany IMPOKOJI II0 X0y XBOCTOBOJ BeHbI SKMBOTHOTIO, 1a-
Jiee MOOHOCUJIM TJIIOKOMETD CO BCTaBJI€HHOI TeCT-T0JIOCKOi (Ascensia
Diabetes Care Holdings AG, SIrtoHust), mpu60Op aBTOMAaTU4YeCKy OT6Mpan
HY)KHO€ KOJIMYeCTBO KpoBM (15 MKII) /ISl M3MepeHMsI ITII0OKO3bl U BbI-
[aBaJl pe3y/lbTaT Ha JIeKTPOHHOe TablIo JCCIeN0BaTelbCKoro 06opy-
TIOBaHMS.

CraTucTHUecKyl0 06pabOTKy IONYyYeHHBIX NAaHHBIX MPOU3BOLIN
C MICMIOIb30BAaHMEM ITporpaMMHoOro obecreuenmst IBM SPSS Statistics 23
(ApmoHK, mTaT Hblo-Mopk, CIIA) (1aHHbBIe IpefcTaBIeHbl B BUAE CPefi-
HEro 3HAuYeHMs M ero CTaHAApPTHOIO OTKJIOHEHWS). YUUThIBAas HeGOb-
1IyI0 BBIGOPKY SKMBOTHBIX, JOCTOBEPHOCTH ITOMYYE€HHBIX HAHHBIX OIpe-
JleJIS TIpY TIOMOLIY HellapaMeTpyuyeckoro kpurepust MaHHa-YUTHU.
Pe3ynbTaThl CYMTAIM CTATUCTUUECKM 3HAYMMbIMK mpu p < 0,05. st
OILIeHKM CTaTUCTUUYECKON 3HAUMMOCTY M3MeHEeHMit BO BpeMeH! BHYTPU
I'PYIIIBI IPUMeHSIY KpuTepuii @puamana.

Tabnuiia 1. BMoaKTMBHBIE MENTUABI B 6EIKOBBIX TUAPOIM3ATAX
Table 1. Bioactive peptides in protein hydrolysates

Copepyxanue, mr/100 r rugponmsara

Menrun AKTUBHOCTD OmnbITHBIN O6pasel, OnbITHBI 06pasel,
(110 Gaze BioPep) dbepmenTUpOBaHHBI KoHTponbHbIii 06paser, dbepmeHTHPOBaHHBI
BLC Propionix LCSC
uHru6mTop AIld
SY 10,6000+0,0872° 20,4000+0,05832 9,7600+0,0600¢
VHTUOUTOP AU TUIMIIENITHIA3bI-4
uHru6MTOp ATl
AHTUOKCUIAHT
VW 1,3800+0,0735¢ 7,5000+0,0447° 20,1000+ 0,0600*
MHTUOUTOP AU TU M TUIA3bI-4
MHIUOUTOP amb(araoKo3nuaashbl
SW MHTUOUTOP OUIENITUAVIIIIeNITUAA3bI-4 1,1200%0,0800¢ 3,0200+0,0970° 7,2000%0,04472
O61iee comepskaHe BbISIBIE€HHBIX aKTUBHBIX MENTUI0B 13,1000+0,1720¢ 30,9000+0,1520° 37,1000+0,0775°

Ipumeuanue: cpenHue 3HAUEHYSI B CTPOKe 6e3 06IIero HaACTPOYHOTO MHIEKCa MMEIOT AOCTOBepHbIe pasnuuus (p < 0,05) mpu aHaau3e ¢ MOMOIIbI0 oqHODAK-

TOPHOTO AMCIIEPCMOHHOIO aHa/M3a ” TeCTa TbioKN.

2 EBpOHef/’[CKaﬂ KOHBEHLMA O 3alIUTe TO3BOHOYHBIX JKMBOTHBIX, MCITOJIb3YEMBbIX
IJIsT 9KCTIEPUMEHTOB M/ B MHBIX HAYUHbBIX IEMIsIX. DJIEKTPOHHbIN pecypc: https:/
rm.coe.int/168007a6a8 TaTta gocrymna 14.04.2023

3 depepanbHblii 3aK0H Poccuiickoii ®epepaumu ot 27.12.2018 N2 498-d3 «06
OTBETCTBEHHOM 06an_leHI/II/I C KMBOTHBIMM M O BHECEHUM MU3MEHEHU B OTaeJ/IbHbIe
3aKOHO/IaTe/IbHbIe aKThl Poccuiickoit @emepaiinin». DIEKTPOHHBIN pecypc: https://
docs.cntd.ru/document/552045936 [lata moctyma 14.04.2023

4 TOCT 33216—2014 «PyKOBOACTBO I10 COEPKAHUIO 1 YXO/y 3a J1a60PaTOPHbI-
MM KMBOTHBIMU. [IpaBuia comepskaHus M yxofa 3a Ja60paTOpHbIMM IPhI3YHAMU
u Kposmkamm». M.: Crangapturdopm, 2019. — 15 c.

5 PIO-AIIK  3.10.07.02-09 «MeToauueckue peKOMeHJAIMM II0 COofiepsKa-
HUIO naﬁopaToprlx JKMBOTHBIX B BUBApUAX HAYYHO-UCCIEOOBATEIbCKUX WH-
CTUTYTOB ¥ Y4YeOHBIX 3aBedeHui» JIeKTPOHHbII pecypc https://docs.cntd.ru/
document/1200088317 Jata moctyma 14.04.2023
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3. Pe3ynbTaThl M 06CYKAEHME

B nccnenyemom 6en1KOBOM TMApONM3aTe BBISIBIEHO 3 OMOAKTUBHBIX
MeNTHAA C MOATBEPKAEHHOI 1Mo 6a3e BioPep mHrnbupyiomei dhepmeH-
ThI JUMENTUIMIIENTUIA3Y-4 U anbdariioKo3Maa3y aKTUBHOCTbIO — SY
(cepuH-THpO3UH), VW (BasmmH-Tpunrodan), SW (cepuH-TpuntodaH).

Pe3ynbTaThl OLIEHKM MOJIEKY/ISPHO-MacCOBOTO pacIpeneseHus Ier-
TUIOB B TUIPOM3aTaXx IOKA3alu, YTO CyMMAapHO Gojee BBICOKOE CO-
Iep>)kaHye MeNTHUA0B HabIoanoch ¢ MHIMOYPYOIei JUIeNn TN -
TUAA3y-4 aKTMBHOCTBIO B T'UIpONM3aTe, MOTyYeHHOM QepMeHTalyen
KeJTYIKOB LIBIIUIST-6POiiIepoB B CBIBOPOTKE C NOGaBIeHeM ITPOIMOHO-
BOKMC/BIX GakTepuit (Tabmuua 1), uto cocraBmuio Ha 20% Gonblie, yem
Y KOHTPOJILHOTO 00pasija T’MApoIM3ara.

ConepskaHue JaHHBIX aKTUBHBIX ITENTUIOB B TUpONN3aTe, MOTyYeH-
HoM (epmeHTaLMe 61KUI06aKTePUSIMI, 0Ka3aI0Ch IPUMEPHO B 3 pasa
MeHblIle, YeM B KOHTPOJIBHOM 06paslie 1 06pasiie ¢ MPOIOHOBOKNCIIbI-
MU GaKTEPUSIMMU.

B cBs13u ¢ 9TMM JJ14 fanbHeIIero MofeapoBaHysl pelenTypbl Ha-
MMATKA MUCTIONb30BaIM GEIKOBbI rMApPONM3aT, MOMydYeHHbli hepmeHTa-
el IPOITMOHOBOKVCIIBIMY GaKTePUSIMIU.

[lnst mpoBeieHNsT ONTUMM3ALMM U MOJENMPOBaHUS PeLeNTypbl Ha-
MUTKA COCTaB/IeHa 6a3a JaHHbIX O KOMIIOHEHTaX PeLeNTYPbI Y TOTyYeHbI
6anaHcoBble ypaBHeHus (Tabmuua 2).

Ta6muua 2. BamaHcoBbIe YpaBHEHUS 11 MOJeTMPOBAHMUS
penenTypsl HaluTKa
Table 2. Balance equations for modeling recipes of the beverage

Iloka3arennb YpaBHeHue
CopepskaHue 6eka 24,3 - X, + 52X, < 27
ConepskaHue sKUPOB 15-X,+5,5 X,

CopnepskaHye yIIeBoioB 10,2-X,+12,5-X,+3,5-X,

CopepskaHue CyXyx BellecTB 30-X,+92- X3 +92-X,<12

Ceb6ecTOMMOCTb IPOIYKTA
(bynxums nesmn)

®opMMUpoBaHMe eAVHUIIbI
MPOAYKTA

5-X, +179-X,+ 1200 - X, + 800 - X, — min
X, + X, + X, +X,=1

B pesynbraTe momyueHsl IBe pelenTypsl HanuTka (Tabmmua 3).

Tabnuua 3. Penentypbl HAUTKa
Table 3. Recipes of the beverage

Coaep>kaHue KOMIIOHEHTa, Kr /100 Kr

KommnioneHnT
Penentypa 1 Penienntypa 2
Bopa nutbeBas 69 56
'maponu3sat 6esnka 15 15
CUPpOTI JIAKTYJIO3bI 15 15
Kaxkao-mopomok 1 0
JIMMOHHBII COK 0 14

ITo MONyYeHHBIM peLeNnTypaM B JIAGOPAaTOPHBIX YCIOBUSIX M3TOTOB-
JIeHbI HATIIUTKY 110 TeXHOJIOTUY, ITPeJicTaBlIeHHOi Ha cxeMe (PUCYHOK 2),
Y MIPOBeleHa UX OpPTaHO/MeNTNYecKasl OlleHKa JJIs1 BbISIBJIeHNUSI IIpeI1oY-
TeHuit moTpebuTesNet Mo BKyCy HaMTKa, TaK KaKk OelIKOBbIi TMAPOIN3aT
B 0603HaYeHHO} KOHLIEHTpPAIMM NMPUIAeT HAIIUTKY OPBKUII IPUBKYC.

TSl yCTaHOBJIEHUST ONITMMAJIbHOTO 06pa3ija HalUTKa 110 BKYCY IPO-
BOIM/IACh AErycTalysi HeloJrOTOBJI€HHbIMM UCIIBITATeNsIMM (TIOTeHIN-
QbHBIMM MOTPEOUTENSIMU HAMMUTKA), U TPU MAPHOM CPAaBHEHUM ABYX
HaIMUTKOB UCIBITATEISIM HEOOX0AMMO ObUIO BHIOPATh HAIUTOK C Hanbo-
Jiee TIpyieMJIEMBIM BKYCOM (B CBSI3M C T€M, UTO IMAPONM3aT 6esika B TaKoi
BBICOKOJ JO3MPOBKe MpUJaeT HAMUTKY FOPbKUii MPpUBKYyC). V3 24 ucmbi-
taTtesneit 19 oTnanyu npeArnouTeHe HalUTKy ¢ J06aBIeHeM JIMMOHHOTO
COKa. B cBsI3M ¢ 3TUM 1151 TpOBeeHusI [TOC/IeAYIOIIero OnbITa Ha J1abo-
PaTOPHBIX JKUBOTHBIX MIPUHST HAIIUTOK C JIMMOHHBIM COKOM Kak Goiee
NpyeM/IeMblii C TOUKYM 3peHus BKyca.

ITo pe3ynbraTaM IIPOBeNEHNs [II0KO30TOJIePAaHTHOIO TeCTa Y JKUBOT-
HBIX KOHTpOIIbHOI?’[ ¥ OTIBITHOM TPYIII B CJIy4yae C IpYMMeHeHeM HalluTKa,
a Taxke 6e3 ero UCIOIb30BaHMs, GBIV TIOCTPOEHBI rpadMKiM, XapaKTepy-
3yIOIIye pa3IMYHbIe ITaIlbl MeTaboI3Ma ITTI0KO3BI Y 3J0POBBIX JKMBOT-
HBIX U Y KPBIC C 9KCIIepMMEeHTaIbHOI natosnoruet (PucyHku 3 u 4).

B KOHTPOJIBHOJI TpyTIIe SKMBOTHBIX IIPY BHYTPUIKENTYLOUHOM BBeJe-
HMU [JIIOKO3BI B O3MPOBKE 2 I/KT 6€3 MCIoIb30BaHMSI HAIUTKA HAOII0a-
Jlach Kjlaccuyeckasi KapTuHa IpoBeeHNs ITTI0KO30TO/IEPaHTHOTO TecTa:
pe3Koe TIOBbIIIEHNE YPOBHSI TIIOKO3bI B KPOBM B 2,5 pasa Ha 30 MUHYyTe
MCC/IeIOBAHMS U ITOCTEeIIeHHOe CHIDKeHYe TI0Ka3aTesIsl BIUIOTh 10 120 Mu-
HyTbI (PrcyHOK 3). OmHako obpaiaeT Ha cebs BHMMaHMe TOT (HaKT, 4YTo

3HAUeHMs] [IMKeMMM HATOLIAK M K KOHIY MPOBEIeHMUs Tecta He ObLIu
MIOEeHTUYHBIMY, DA3HMIIA MeXy HMMM cocTaBuia 1,9 MMoib/1.

INoBbllIeHMe YPOBHS [MIOKO3bI B KPOBM Ha 30 MMUHYTe KCIlepMMeHTa
He3HauMTeNIbHO OTIMYAIOCh Mexxay rpymmamu I'1 u T2 (p >0,05), Tak xe,
Kak ¥ B Havaste skcrepumenTa (p >0,05).

VHast kapTyHa Hab/mofanach Mpy MpoBeJeHNy II0KO30TO/IePaHTHOTO
TeCTa Yy KOHTPOJIbHBIX JKMBOTHBIX C MCIIONb30BaHMEM HaIlMTKa (TpyIma
I'2) B cnepyiouyie BpeMeHHble OTMeTKY. CHIDKeHe KOHIeHTPaluu I7Ii0-
KO3BI HauMHas1 ¢ 60 MUHYTHI MCCIIELOBAHNS GbITIO GoIee BBIPaKeHHBIM I10
oTHouIeHuIo K rpymre I'l (p<0,05) 1 mpMBeIO K TOMY, YTO ITOKa3aTelb Ha
120 MyHyTe GbUI MPAaKTUYECKM VIEHTHUYEH 3HAUEHUIO, IIOTyYeHHOMY JI0
YIJIEBOLHOV HATPYy3KM, U CYIIECTBEHHO OTIMyasics ot rpyrisl I'1 (p<0,05).

B rpymme KppIC € 9KCIEPUMEHTaJIbHbIM CaXapHbIM JMabeToM Kak
C JICIIONIb30BaHMEM HAIIUTKa, TaK ¥ Ge3 Hero, HaGIIONANIOCh UIEHTNY-
HOe MOBbIIIeHVe KOHIIeHTPaIM [JII0KO3bl B KPOBM ITPUMepHO B 1,5 pasa
(PucyHOK 4).

B HavasnbHBIt MOMEHT BpeMeHM pe3ynabTaThl B rpynnax ['3 u I'4 omin-
yaauch He3HAuNTeabHO (p >0,05). B cpaBHeHUY ¢ KOHTPOJIBHO I'PYTINON
SKUBOTHBIX, B I'3 11 ['4 3HaueHMs1 yPOBHSI INIIOKO3bI B KPOBM KPBIC 3HAUM-
TeabHO pasanuanuch Ha 30 muHyTe sKcriepumenTa (p<0,01).

YuuTbIBas TO, YTO YPOBEHb IIMKEMMUM HATOLIAK Y NAHHON T'PYIIIIbI
MMeJl Upe3BbIualiiHO BbICOKME 3HAUeHs], TaKOe ITOBbIIIeH)e MOXXHO CUM-
TaTh 3HAUUTEIbHBIM. bosee Toro, B cepuu akcrepumenTa y ['3 uccnenye-
MBIt TOKa3aTeslb IIPOAODKII pacTy K 60 MMHYTe ¥ HaXOAWICS Ha TUIaTo
BIUIOTb 10 90 MMHYTBI, 3aT€M He3HaUUTeIbHO CHYDKACS.

B skcnepumeHTe € MCMOAb30BaHMEM HamuTKa B rpymme 4 cutya-
UMl 3HAUUTENIBHO OT/IMYajaach oT rpynmsl ['3 — HaumHas ¢ 60 MUMHYTBI
Hab6TI0AAN0Ch CHIDKeHMe YpoBHS mmkemun (p<0,05). K 120 munyTe mo-
KasaTesb MPUOIMKAICS K YPOBHIO INIIOKO3bI B KPOBYM HATOIAK M COCTAB-
s 22,0+ 1,68 MMOJIb/J, UTO 3HAYUTENIBHO OTAMYAIOCh OT KOHTPOJIbHOM
rpynisl I'3 (p<0,05). PesynbraTsl pacyeta Kputepusi @pupmana mokasa-
JI/ 3HAUMMOCTb M3MeHeHUi pe3ynbTaToB BHyTpu rpynn I'l, I'2 u I'4 Bo
BpeMeHHOJi mpoMeskyToK 30-120 muH ripu p < 0,05.

B KOHTpPO/IBHOJ TpyMIe XUBOTHBIX TUIOIAAb 1OA, KpMBOJi «KoHIeH-
Tpauysl IJII0KO3bl — BpeMs» IIPU MCIIOAb30BaHUM HamnmuTKa (rpynna I'2)
yMeHbIIIach Ha 15,7% 1o cpaBHeHUIO ¢ KOHTposieM (rpymma ['1), B akc-
TepMMeHTaIbHOJ IPyIIe JXMBOTHBIX IIPY NPMMEHEeHNM HaluTKa (TPyTi-
na I'4) nnomanb ymMeHbIIMIach Ha 23,4% 10 CpaBHEHMIO C KOHTPOJIbHOM
rpynmnori I'3.

Pe3ynbTaThl IPOBEIeHHBIX CCIEI0BaHMI HAIVISIIHO 1eMOHCTPUPYIOT,
YTO HAIIMTOK C 06aBIeHMeM 6elKOBOrO I'MpoIn3aTa IoMoraeT HopMma-
JIN30BaTh YPOBEHb IVIIOKO3bI B KPOBM Y 30POBBIX KMBOTHBIX, a TakoKe
Coco6CTBYeT 6osee GBICTPOMY CHIDKEHMIO JAHHOTO TIOKA3aTessl Y KPbIC
C 9KCIepYMEHTAIBbHBIM CaXapHBIM 11a6eTOM B CPAaBHEHUM C SKMBOTHBI-
MM, KOTOPbIM OblJIa JAHA TOJIBKO YIJIEBOAHASI HATPy3Ka.

VpoBeHb caxapa B KPOBM y 3[JOPOBBIX TaO0PATOPHBIX SKMBOTHBIX
B rpymnre I'l (6e3 jo6aBneHust HANMUTKA) MOBbIIACS Ha 151% oTHOCK-
TeJIbHO Hauya/lbHbIX 3HAYEHMIi, YTO sIBJsieTcs Gornee BBICOKMM I1OKa3a-
TejieM I10 CpaBHEHMUIO C IpyImmoit I'2 (¢ UCrnonpb3oBaHMEM HAMUTKA), I1e
MoBbILIeHKEe cOCTaBUIO 87%. [Ipy 3TOM MPUPOCT YPOBHS INIOKO3bI B KO-
HeyHOM Mu3MepeHun (120 MyH) 10 OTHOLIEHNIO K HAYaJIbHOMY COCTaBMJI
65% y rpymmbt I'1 u 12% y rpymimet I'2.

V GONbHBIX KMBOTHBIX B rpyrre '3 (6e3 MCIOIb30BaHMUSI HAIIUTKA)
Takke HabIIOAAsCs 6oee 3HAUUTEIbHBIN POCT YPOBHSI caxapa B KPOBU —
61% OTHOCUTENbHO HavyalbHbIX 3HAUEHMII, B TO BpeMsl Kak B rpymmne ['4
(c mpuMeHeHMeM HallMTKa) 9TO MOBbIlIeHMe cocTaBuIo 46%. KoHeuHoe
M3MepeHMe YPOBHS INIIOKO3bI B KPOBM y Tpynibl ['3 moKkasano 3HaueHue
Ha 53% Bblllle, yeM B HaUaJIbHbI/i MOMEHT, a y ['4 — Ha 17%.

IonyueHHbIe JaHHbIE COIVIACYIOTCS C pe3ylbTaTaMM MCCIefOBaHMI
npyrux aBTopoB. Tak, Hampumep, B paborte aBTopoB Du X. u mp. (2022)
6bUIa HKCIIEPUMMEHTAIBHO IMOATBEPKIeHa TUIIOMIMKeMUYecKass akTUB-
HOCTb TMIPOV3aTa CHIBOPOTOYHOTO Geska 13 KO3bero MOJIOKa, COnep-
SKaIero MHTMOUTOPBI aKTUBHOCTU OUITENTUAMINENTHAa3bi-4 (OI11-4),
0-IJIIOKO3UAA3bl U o.-aMWIassel [33,34].

IIpoBeseHbl UCCIENOBAHMS TPYIIION 3apYOEKHBIX YUEHbIX, YCTaHO-
BMBILMX BIMSIHVIE HATTUTKA Ha OCHOBE TMIPO/IV3aTa CBIBOPOTOUHOTO Ger-
Ka (15,6 r 6enka Ha 100 M1 HaNMTKa) HA YPOBEHD IJIIOKO3bI B KPOBU TIa-
LIMEHTOB C CaxapHbIM 11abeToM. [JaHHbIe MCCIeJOBAHMS MTOATBEPXKAAIOT
9(h(deKTMBHOCTb HAUTKA B CHVDKEHUY TUIIEPITIMKEMUY TIPU 7-IHEBHOM
Kypce yrnioTpe6ieHus 3 pasa B IeHb Iiepes mpueMom ruium [31].

Taxke B paboTax HEKOTOPBIX YUEHBIX SKCIIEPUMEHTATBHO BbISIBIEHO
¥ TIOITBEPYKIIEHO TIONIOXKUTEIbHOE BAMSIHME TMMOHHOTO COKa Ha CHIKe-
HUe YPOBHSI ITTIIOKO3bI B KPOBU [35,36], OIHAKO JO3UPOBKM €ro 6butn 60-
Jiee BBICOKMe, YeM B ITOJTly4eHHOM HaMy HanuTke. CTOUT OTMETUTD, 4TO
He JICK/II0YeHa BO3MOXKHOCTb CHUHEepreTnyeckoro sddexra JIMMOHHOTO
COKa ¥ aKTUBHBIX MeNTUA0B IMAPOo/M3aTa B CHYKeHUN INIMKeMI4eCKOro
MHJEKCa, YTO TPeOyeT JOTOIHUTEIbHBIX MCCTeSOBaHMIA.
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PucyHOK 3. Pe3ysbTaThl INIFIOKO30TOJIEPAHTHOTO TeCTa KOHTPOJIbHOM IPYIIIbI JKUBOTHBIX
a — AMHAMMKa KOHIIEHTPAUyM ITI0KO3bI B KPOBU Y KPbIC rpynil I'l (KOHTpO/IbHAsI TPYIIa JXUBOTHBIX
6e3 MCIO/Ib30BaHUsI HAMMTKA) ¥ I'2 (KOHTPOJIbHAS IPYIINA JKUBOTHHIX C UCIIOJIb30BAaHMEM HANUTKA);

6 — wIowaab Moj KpuBoii «KOHUEHTpaLys IVII0OKO3bI — BpPeMsi» IIPY [VIIOKO30TO/IEPaHTHOM TecTe B rpymmax I'1(1) n I'2(2)
Figure 3. Results of the glucose tolerance test of the control group of animals: a — dynamics of the blood glucose concentration in the rats
of the G1 group (control group of animals without using the beverage) and the G2 group (control group of animals with the use of the beverage);
6 — area under the curve “Glucose concentration — time” upon the glucose tolerance test in groups G1(1) and G2 (2)
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PucyHOK 4. Pe3yJIbTaThl I/II0KO30TOIEPAHTHOTO TECTA OMbITHON IPYIIIBI JKMUBOTHBIX «C MOJIE/IbIO IyabeTar:
a — AMHAMMKa KOHIEHTPAIM¥ IVII0K03bI B KPOBM Y KpPbIC rpymni I'3 (onbITHAS IPyNIia JXMBOTHBIX
6e3 UCno/Ib30BaHMs HANTKA) U I'4 (onbITHAS IpyIna JXMBOTHBIX C UCIOJIb30BaHMEM HAMNUTKA);

6 — wIowaab moj KpuBoii «KOHIEHTpaLys IVII0OKO3bI — BpPeMsI» IIPY [VIIOKO30TO/IEPAaHTHOM TecTe B rpymmax I'3(1) n I'4(2)
Figure 4. Results of the glucose tolerance test of the experimental group of animals with a model of diabetes: a — dynamics of the blood glucose
concentration in the rats of the G3 group (the experimental group of animals without using the beverage) and the G4 group (the experimental group of
animals with the use of the beverage); 6 — area under the curve “Glucose concentration — time” upon the glucose tolerance test in groups G3(1) and G4 (2)

Ipumeuanue: * — 3HAYMMOCTb MU3MEHEHUI PE3YIBTATOB MeKAY rpyrmamu rmpu p < 0,05; P — 3Ha4MMOCTb M3MEHEHMI Pe3y/IbTATOB BO BPEMEHY BHYTPY IPYIIIIbI

nipu p < 0,05 no kpurepuio Gpunmana; P, o

B MHOrouncieHHbIX paboTax OTMeUeHo, uTo hepMeHTalMell BTOPUY-
HOTO MUIIEBOTO ChIPbsI BO3MOXKHO IOJTyYeHMe TUIPONIN3ATOB C aKTHUBHBI-
MM MeNTHIAMM, 06/IaJaoIMy Pas3INIHbIM (HM3M0T0rMYecKuM JeiicT-
BMEM, B TOM YMC/Ie TMAPOIM3ATOB, Perymmpymoumux (GpepmMeHTaTHBHbIE
IIPOIIeCChl B OpraHM3Me GOJIbHBIX 1MabeToM.

IonyyeHHble pe3yabTaThl MCCAENOBAHMII TIO3BOJNSIOT DPACIIMPUTD
MpMMeHeH)e BTOPUYHOIO ChIPbSl B BUIE MOJIOUHON ChIBOPOTKU U CYO-
IIPOLYKTOB IITUIIBI /IS TIPOM3BOJICTBA GEIKOBBIX IMIPONMU3ATOB C OIIpe-
JlelIeHHOJ 6M0aKTMBHOCTBIO, ITepPCIIeKTUBHBIX AJISI JTeYeHMs] CaXapHOTro
nuabera.

4. BbIBOJBI

Pe3ynbTaThl MCCIEJOBAHMIA TENITUAHOTO COCTaBa 6eTKOBOTO IMIPOIIN-
3aTa [oKas3asy, 4TO B pe3y/ibTaTe MUKPOOHOI GepMeHTaIM KeTyIKOB
LBIIIISAT-6POJisIepOB B MOJIOYHOJ CHIBOPOTKE 32 CUET TMAPOIIN3a 06pasy-
I0TCS aKTMBHbIE TIeNITHAbI, KOTOPbIe BIMSIOT Ha CHYKeHMe YPOBHS caxa-
pa B KPOBY — C VIHIMOMPYIOLIEii AUNeNTUAWIIIeNTIIA3Y-4 Y o-aMIIasy
AKTMBHOCTBIO.

— 3HAUMMOCTDb U3MEeHEeHMI1 pe3y/bTaToB BO BpeMeHM (/151 BpeMeHHOT0 pomMeskyTKa 30-120 MyH) BHYTPY TPYIIIbL.

Ha ocHOBe mony4yeHHOro GENKOBOTO TMAPOIM3ATa CMOJIENMPOBaHa
pelienTypa CrelyajiM3upoBaHHOTO HATIMTKA [JIs 11MabeTHYecKoro miTa-
Hust. ONTMMU3UPOBAHBI IBE pelenTypsl B porpamme Excel (CIIA), o
KOTOPBIM ObIIM M3TOTOBJIEHBI HANIUTKY. [10 pe3ynbTaTaM OpraHoIenTy-
YeCKO¥ OIIeHKM ObUIO BBISIBJIEHO, UTO JIYULIMMM TIOKa3aTeasiMu obiagaer
HaITUTOK C T06aBIeHeM JMMOHHOTO COKa.

Pe3ynbTaThl MCCIENOBAHMIA N ViVo TTOKA3a/lu, YTO HAIIUTOK Ha OCHO-
Be GeJIKOBOTO T'MIPOJIU3aTa, MOJyYeHHOT0 MUKPOOGHO dhepMeHTalmein
SKeTYIKOB IBITUIST-GPOiiIepOB B MOJIOUHOJI CHIBOPOTKE ITPOITMOHOBOKIC-
JIBIMY GaKTepUSIMU, U COEPXKAIIii B COCTaBe OMOAKTUBHbBIE MEMTHUIbI,
9 deKTMBEH AJIsT CHVSKeHMsI YPOBHSI TJIIOKO3bI KPOBM Y J1a60paTOPHbBIX
JKMBOTHBIX.

OpHaKo, yUUThIBasI TOT (GaKT, UTO pasHble JIOIM [I0-Pa3HOMY pearmu-
PYIOT Ha OJHY U TY K€ AVETY, HeOOXOAMMbI KIMHUYECKIME UCTIBITAHMS
Ha JIIOASX, YTOObl YBUIETHh peasnbHblii 3¢ deKkT oT npuema paspabo-
TQHHOTO HaNMUTKA IJisi KOHTPOJIS TIMKEMUM Y TIAIMEHTOB C CaXapHbIM
nmabeTom.
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BJINSTHUE VIIbTPA3BYKA HA KOPMOBYI0O CMECH
IMTOACOTHEYHOTI O )XMbIXA 1 MOJIOYHOM CBIBOPOTKMU

Bomnonuyk C. K.*, MasaneBckuii B. b., Crankesuu C. B., Uekpspira I I1.
Cubupckuit penepanbHblil HAYUHBII eHTP arpobuoTexHoaoruiit PAH, p. n. KpacHoo6ck, Poccust

K/IIOYEBBIE C/IOBA: AHHOTAL A

JHCMBIX, CbIB0POMKA B HacTosiiee BpeMst [jist KOPMJIEHUST KPYITHOTO POTaTOTO CKOTA IIMPOKO UCIIOMb3YIOT TOGOUHbIE TPOAYKTHI OCHOBHOTO MTPOM3-

MOJIOUHASA, Y/IbMPA36YK, BOACTBA B BUZE XXMbIXa, LIPOTA, OTPYOeii, MOIIOYHOM CbIBOPOTKY. HecMOTpSs Ha BXOZSIIIME B UX COCTAB GeOK, KMUPHI, YIIeBO-

Kasumayus, KOpmoeas Jbl, MMHepaJbHbIe BEIIEeCTBA U KJIETUATKY, CYI[eCTBYeT MpobieMa HU3KOM YCBOSIEMOCTY 3TUX NMUTATEIbHBIX BeliecTB. Kpome

dobasxa, 6e30nacHoCcNs TOTo, TIOGOYHBIE MTPOAYKTHI YACTO HEGIArOMOIYYHbI 10 MUKPOGMOIOTMUYECKIM TT0Ka3aTessim. [Ijis pelieHns JaHHOi pobiie-
MBI MICITONIb3YIOTCSI pasianyHble Gyusnueckye, MexaHnueckye Bo3/1eiiCTBIS. B craTbe NpyuBeeHbI pe3y/bTaThl UCCIeL0BaHMUI
BJIMSIHUS yIbTpa3ByKa (Y3) Ha KOPMOBYIO CMeCh IIOJICOTHEYHOI'0 SKMbIXa ¥ MOJIOUHOV CbIBOPOTKU. YIIBTPa3ByK — 3TO BOTTHO-
Bble Kone6aHus ¢ yactoramyu 6onee 20 K1, YIbTpa3ByKOBbIE BOIHBI PACIIPOCTPAHSIOTCS B TBEPBIX, SKUIKUX U ra3000pa3HbIX
cpenax, 0671a1al0T GOJIBIION MeXaHMYeCKOi SHeprueit 1 BhI3bIBAIOT Psifi GM3MUECKUX, XMMUUECKUX Y GMONIOTMYECKUX SIBJIe-
Huit. [Ipu V3-Bo3pmeiicTBUM Ha cMeCh 06pa3yIoTCsl ITy3bIPbKY, IIPY CXJIOTIBIBAHMY KOTOPBIX BbIIE/NSIeTCs 60IbIIoe KOTMYeCTBO
9Heprum. JTa SHePIMsl pacXoLyeTcsl Ha paspylleHye KPYITHbIX YaCTHL] )KMbIxa ¢ pasMepamy yactuy, 1370,8-2776,6 MKM B Cy-
XOoM XMbixe 10 1,8—-300,0 MKkM B cycrien3uu. [Togasisioiiee 60bmMHCTBO (60-75%) yactui umerot pazmeps! ot 11 10 30 Mkm
P IPOIO/KUTENbHOCTY V3-06paboTky 20-30 MuH. ITO BMAHO Ha (ororpadusix cMecu 1o MUKpocKorom. [Ipu stom u3
MPOCTOJ cMecy KOMITIOHEHTOB 06pa3yeTcsi TOMOTeHHasl reieo6pasHasi Macca, cofepykarias 6es1ok, Kup, KIeT4artky, caxapa,
YTO CYIIECTBEHHO YIy4IlaeT MPOLEeCC YyCBOeHMS )XMBOTHBIMIM CTPYKTYPMPOBAHHBIX NMMILEBBIX BEIIeCTB XMbIXa. BpisgBiIeHO
yMeHblIeHNe copepskanust 6enka B cycriensuu ¢ 10,20% 1o 6,65% B COOTHOIIEHUY KOMIIOHEHTOB OT 1:4 mo 1:8. YcraHoBie-
HBI TeMIIepaTypHO-BpeMeHHbIe PeXMMBbI [l COOTHOLIEHM)I KOMIIOHEHTOB JXMbIX/CbIBOPOTKa. ONTUManbHas TeMIeparypa
cocrassuia 60-70°C, Bpemst 06pa6oTky — 20 MuHYT. [Ipy Bcex BpeMEHHbIX 3HAUEHNSIX B CMECH C COOTHoIeHeM 1:8 Tem-
repatypa 6bl1a HYKe BOIEACTBYE YMeHbIIeHNsI BSI3KOCTM obpasyloleiics cycrieHsun. [of neiicTBreM yabTpa3ByKa IPouc-
XOIOVUT MMKPOGHAsT MHAKTMBALVSI, YTO BaXKHO IJIST 3ZI0POBbS M IIPOLYKTUMBHOCTY JXMBOTHBIX. B pesyibpraTe CTaTUCTUYECKON
06paboTKM TOKa3aTeseil Mmpoiecca yCTaHOB/IeHA 06/1acTb ONTUMAIbHBIX 3HAUEHUI TTepeMeHHbIX (aKTOPOB, MPU KOTOPIX
TIPOMCXOUT CHIDKEHMEe MUKPOOMONIOTMYeCKOi KOHTaMIHALIMU CMeCH.
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THE EFFECT OF ULTRASOUND ON THE FEED MIXTURE
OF SUNFLOWER CAKE AND WHEY

Sergey K. Volonchuk®, Viktor B. Mazalevskiy, Svetlana V. Stankevich, Galina P. Chekryga

Siberian Federal Scientific Center of Agrobiotechnologies of the Russian Academy of Sciences, Krasnoobsk, Russia

KEY WORDS: ABSTRACT

cake, milk whey, At present, secondary products of the main production in the form of cake, oil meal, bran and whey are widely used for feeding
ultrasound, cavitation, cattle. Despite the presence of protein, fats, carbohydrates, minerals and fiber in their composition, there is a problem of low as-
feed additive, safety similability of these nutrients. Moreover, secondary products are often unsafe in terms of microbiological parameters. To solve

this problem, various physical and mechanical impacts are used. The paper presents the results of the study of an ultrasound
effect on the feed mixture of sunflower cake and whey. Ultrasound is wave oscillations with frequencies higher than 20 kHz.
Ultrasound waves propagate in solid, liquid and gas media, have a high mechanical energy and cause several physical, chemical
and biological phenomena. When ultrasound impacts a mixture, bubbles are formed and large amounts of energy are emitted
upon their collapse. This energy is expended on destruction of large particles of cake with particle sizes of 1370.8-2776.6 ym
in the dry cake and up to 1.8-300.0 pm in the suspension. The overwhelming majority (60-75%) of particles have sizes of 11
to 30 pym when duration of the ultrasound treatment is 20-30 min. This can be seen in the photographs of the mixture under a
microscope. With that, the homogeneous gel-like mass containing protein, fat, fiber and sugars is formed from a simple mixture
of components, which significantly improves the process of assimilation of structured nutrients of cake by animals. A decrease
in the protein content from 10.20% to 6.65% has been revealed in the suspension with a component ratio of 1:4 to 1:8. Tem-
perature-time regimes for ratios of the cake/whey components have been established. The optimal temperature was 60-70 °C,
treatment time was 20 min. A temperature was lower in the mixture with a ratio of 1:8 for all time periods due to a decrease in
viscosity of the formed suspension. Microbial inactivation occurs under the impact of ultrasound, which is important for animal
health and productivity. As a result of the statistical processing of process indicators, a range was established for optimal values
of variable factors at which a decrease in the microbiological contamination of the mixture takes place.

1. Beegenue KOpMa, UCITOJIb3yeMble [IJIsl X KopMyieHusi. KauecTBO KOpMOB 3aBUCHUT OT

B coBpemMeHHOM 00IecTBe HaGIIONAeTCS MTOCTOSIHHBIN POCT MOTpe-  MX IOTHOLIEHHOCTY 1 6e30I1aCHOCTH. JTH IBE COCTABJISIOIINE TIPeICTaB-
6/1eHMsT MOJIOKA U TIPOAYKTOB €ro mepepaboTKu 61arofaps Ux BbICOKOW  JISFOT MHTepeC /ISl HAyYHbIX UCCIe0BaHMii. BaxkHast poJib B Ipoliecce Co-
MMTATEeIbHOM LIeHHOCTH. Ha yBenueHye Mpou3BOACTBA MOJIOKA CyliecT-  3maHust 3G eKTUBHBIX KOPMOB MTPUHAJIEXKUT MIPOAYKTAM, TIOTy4aeMbIM
BEHHOE BJIMSIHME OKa3bIBAET MOPOJA MPOAYKTUBHBIX KMBOTHBIX, 8 TAKKE B TIPOIECCce MepepaboTKM CeTbCKOX03SIICTBEHHOTO ChIPbsl, TTOOOYHBIM

071 UUTUPOBAHUS: Bomonuyk, C. K., MasaneBckmii, B. B., Cranke- FOR CITATION: Volonchuk, S. K., Mazalevskiy, V. B., Stankevich, S. V., Chek-
BuY, C. B., Yekpsira, I. I1. (2023). Bausine yabTpa3Byka Ha KOPMOBYIO CMech Iofi-  ryga, G. P. (2023). The effect of ultrasound on the feed mixture of sunflower cake
COJIHEYHOTO 3KMbIXa ¥ MOJIOYHOW CbIBOPOTKU. ITuwyesvie cucmemsl, 6(4), 449-456.  and whey. Food Systems, 6(4), 449-456. https://doi.org/10.21323/2618-9771-2023-
https://doi.org/10.21323/2618-9771-2023-6-4-449-456 6-4-449-456
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MPOAYKTaM OCHOBHOI'O IIPOM3BOACTBA, KOTOPbIe B CBOIO O4Yepe/b SIBJIS-
I0TCSI BTOPMYHBIMM pecypcamu J1j1sl TpaHcdepa TexXHOMoruii. 113 HayqHbIX
IyG/IMKaIMii M3BECTHO, YTO JKMBIX, ITOTYyYEeHHBIN I0C/Ie MPecCcoBaHMS
CceMsIH pa3lMUHBbIX KYJIbTYP, OTHOCUTCSI K OTXOZaM IIPOM3BOJICTBA pa-
CTUTENILHOTO Maciia, comepxxamum 4-10% xupa, a Takke Gorblnee, 4em
B CAMMX CeMeHax, KonuyecTBo 6enka (30-35%) u kineryartky. [To aMuHO-
KUCTIOTHOMY COCTaBY M GMOJIOTMYECKOi IIEHHOCTM GeKM SKMBIXOB ITpe-
BOCXOJISIT O€JTIKYM 3€PHOBBIX 3/1aKOB, comepskaiimnx 10% 6eka 1yis 5 knacca
3epHa muennsl o FOCT 9353-2006. OHuU comepkaT Gosbliee Koauye-
CTBO JIM3MHA, METUMOHMHA, UUCTMHA U TpunTodaHa. JKMbIXM BKIIOYAIOT
B ce6st 6—7% MUHEPaTbHbBIX BelecTB; Kanblus U hochopa B HUX 3HAUM-
TeIbHO GO0JIblile, YeM B 3€PHOBBIX KOpMax [1]. VIbTpasByKoBoit 06paboT-
KO MO’KHO MOIM(UILMPOBATH CTPYKTYPY KMbIXa C LIEJIbIO TIOBBIIIEHNS
€ro NUTaTelbHO LIeHHOCTH [2].

YuyuThIBasi BBICOKVE KOHLIEHTPALMM ChIPOTO KMpa B KMBbIXe [3], yue-
Hble JOKa3ay MepCreKTUBHOCTb J06aBKM XXMbIXa IJIS PeryIupOBaHMsI
cofep)kaHMsl KMPHBIX KUCJIOT B pyOlie KMBOTHBIX. VcCiemoBaHme I10
BK/IIOYEHMIO )KMbIXa B pal[MOH MOJIOJIbIX Kyp II0Ka3aJIo CHYDKEHMe 3aTpaT
Ha KOpMa ¥ [OBBIIIeH/e 9KOHOMMUYECKOH 3 deKTUBHOCTH [4].

ITo cpaBHEHMIO C ceMeHaMM, [TO/ICOTHEeYHbIe KMbIXM MMEIOT B CBO-
eM cocraBe 6osbiie kietyatku (31,88% u 12,64% niyis 06pas3ioB B Bue
rpanyi) [5]. BBULY BbICOKOTO cofiepskaHusi Gesika B JKMbIXe ero BBOISIT
B palMOH KOPMJIEHVSI MOJIOJHSIKA U B3POC/BIX KMBOTHBIX B KOJIMYECTBE,
COOTBETCTBYIOIEM COBPEMEHHBIM HOpMaTBaM.

V3 XMbIXa MMOJCOMHEYHMKA Iepe] yrnoTpebieHeM peKOMEeHIYeTCst
YIAIATB XI0pOreHoBYI0 KucaoTy (CGA), KOTopas BIusIeT Ha ero KauyecTBO
[6,7]. OCOGEHHO LIEHHbIM SIBJISIETCSI GEIOK MO COTHEYHOT0 KMbIXa. YcTa-
HOBJIEHO, UTO BK/IIOUEHMEe B PALMOH SKMBOTHBIX ITOJCOIHEYUHOTO KMbIXa
JIVHETHO yBeMMUYMBAIO cilenyiouye nokasateau (mpu p<0,05): obiee
cozepskaHye IUMKUIOB, 6elKka 1 X0oIecTepuHa B Msice, BaroyepsKuBalo-
IIYI0 CTOCOGHOCTD. B KOpMa MOXKHO BK/ITI0YATh 10 21% skmMbixa [8].

VnbrpassykoBast (Y3) 06paboTka Crioco6CTByeT MOBBIIIEHNIO BHIXO/A
6esKa M3 )XKMbIXOB U YIYUIIEHUIO YCIIOBUIA 111 IPOTEKaHMsI 3TOTO IIPO-
1ecca. B onTuMMU3MpPOBaHHBIX YCIOBUSX ObUIM MOTYyYEHBI U30JISTHI C CO-
IepxaHueM 6enka 94,04-0,77 r/100 r u Bbixogom 43,6-0,97% [9].

Ba)kHO OTMeTMTh, UTO XKMBIXM COZlepKaT 3HAaUUTeIbHOEe KOINYeCTBO
BUTaMMHOB rpynmnsl B [10,11].

ITnacTyHbI )KMbIXa IIpeiBapuTeIbHO pa3MaibIBaloT. [Ipy 9TOM B CBS3U
C BBICOKOJ I'MTPOCKONMYHOCTBIO OH TOITIONIAeT Biary, 4YTo BeJeT K pas-
JIOXKEHUIO TPUITIMLIEPUIOB Ha SKUPHbIe KMCIOTBI ¥ IMLEPUH, KOTOpbIe
OKUCJISIIOTCS I‘p]/[6aMI/I n 6aKTepI/IHMI/I, comeprKammmMmces B >)KMbIXe, BCJIeo -
CTBYE Yero OH CTAHOBMUTCSI HEIPUTONHBIM JJIsi KOPMJIEHUS SKMBOTHBIX.
[TosTOMY MOJIOTBIN KMBIX He IOJJIEXUT IJIUTEeTbHOMY XpaHeHMI0. Tak-
>Ke CTOUT OTMEeTUTD, YTO OH MMeeT CBOJicTBO 3akucath [10,11,12]. Kpo-
Me TOTO, YCBOSIEMOCTb (DM3MOOTMYECK) LIEHHBIX BEIleCTB JKMbIXa, 3a-
KJIIOUeHHBIX B KPYITHBIX arperaumsix mocjie omorsa, siBJsieTcsl HeloaHOM
[10,11,12].

Hammu 6bU1a mocraBjieHa 3ajava CO34aTh KOPMOBYIO J06aBKy MOBbBI-
LIEHHOI IIeHHOCTH, He MMEIOIYIO YKa3aHHbIX HeJlOCTaTKOB. B pesysnbTa-
Te aHa/IM3a JIMTePATYPHBIX MCTOYHUKOB ObUI BLIGPAH METO[, YIbTPa3By-
KOBOT'O BO3/Ie/iCTBYSI HA KOMITOHEHTbI J06aBKU. [JaHHBII MeTO, OKa3aJIcst
9GbeKTMBHBIM IIPM U3TOTOBJIEHNM LIEJIOTO Psifia IIPOSYKTOB U3 pasind-
HOTO CbIpbsi. OH yCIENUIHO MPUMEHSIICS B IpoLiecce SKCTpakuyy Oeka
M3 CeMsIH TBIKBBI [9], IpM TOTyYeHUM 3€PHOBOTO ChIPbS M MPOLYKTOB
ero rnepepaboTKM AJISI CO3/aHMSI KOPMOBBIX JOOABOK B Pal[MOH KOPMOB
>KUBOTHBIX [10,11], a Taxoke Mpy MpoM3BOACTBE KOPMOBBIX MPOLYKTOB Ha
OCHOBE IIOJIMKOMITIOHEHTHBIX PacTUTENbHO-MUHEpaJbHbIX cMeceit [12].

MexaHu3M B3aMMOJECTBMS MKy KaBUTalMell ¥ MUIeBbIMU Cpe-
IaMu, oApo6HBI aHamu3 Gusuko-xummdeckux sddexkToB akycTmue-
CKOJt KaBUTaLMM [IpeCcTaB/eH B paboTe [13].

IIpy 060CHOBaHNM METOAA OCHOBHBIM IIOJIO)KEHMEM SIBJISIETCSI TO, UTO
BCe BUJIbI MEXaHWUYECKOH U Ipyrue BuAbl 00pPabOTKM ChIPbs, CBSI3AHHbBIE
C IPUIAHMEM OTAENbHBIM KOMIIOHEHTaM TpeGyeMoii AMCIIepCHOCTY WK
HeO6XOAMMBbIX PEOJIOTMYECKIX CBOMCTB, He HAPYIIAIOT IPUHIIUIIA CyTIep-
MO3MLMM B OTHOIIEHUY MCXOAHBIX MHIPEAMEHTOB, GMONIOTMYECKU BasK-
HBIX NIMILEBBIX BellecTs [14].

KopmoBast o6aBKa 13 cMecH MOJCOTHEYHOr0 KMbIXa ¢ BOJIOi, o6pa-
60TaHHO} Y/IBTPa3BYKOM, GblIa ITOyYyeHa B pe3y/abTaTe 3KCIepVMeH-
TalbHBIX MccaenoBanuii B Open6yprckom I'AV. Tlo utoram mcciie1oBaHMin
6bUIO YCTAHOBJIEHO, YTO NEPeBapyMOCTb CYXOro BelllecTBa IpeBbILIaga
rokasaresib HaTypaJbHbIX KOPMOB Ha 3,6—5,8% [10]. Ha moBbIeHue yc-
BOSIEMOCTM CYXOTO BeIlleCTBa KMbIXa YKa3bIBaIOT psif, Imybnmkanmit. Tak,
B paboTe [15] rOBOPUTCS O TOM, YTO CKOPOCTb Pa3JIOKEHMUST pACTBOPUMOI
dbpakuuu (Gpaxius B) u obiiee razoobpasoBaHme JIMHETHO CHUKAINUCH

1 TOCT 9353-2006 «ITmenuna. TexHuueckue ycnosus». — Mocksa: CTaHgap-
turdopm, 2019. — 10 c.

CO BK/TIOUEHMEeM ITOJICOTHEYHOTO KMbIXa B PAallVIOH KMBOTHBIX. 3HAUEHMSI
pH B poToBoi#t skupkocty 6euM Bbiue 1jist ypoBHeit 0, 200 n 600 r/kr!
TTO/ICOTHEYHOTO JKMbIXa.

ViccnenoBaHMSIMM YCTAHOBIEHO, UTO KaBUTAL[MOHHAsE 06paboTKa pu
pa3HBIX PEXMMaX OKa3bIBAeT OIpe[elleHHOe BIMSHYE Ha XMMMUYeCKUi
COCTaB, Ha KOHLIEHTPALIMIO OCHOBHBIX NUTATEe/NbHBIX BELIeCTB U Ha Iie-
PEeBapMMOCTb CYXOTO BEIeCcTBa ChIPhSI in Vitro. B 4acTHOCTH, KOJTMYECTBO
CBIPOJi KJIIETYATKM CHU3WIOCH B ITOACOTHEUHOM KMbIxe Ha 15,4-24,12%;
ChIpOro xkupa — Ha 6,4-11,2%; comepskaHue caxapoB B MOLCOTHEYHOM
SKMbIXe yBenmumniaoch Ha 18,8-25,0%. [lepeBapumMoCThb CYyXOTroO BellecTBa
MOJCOTHEYHOT'0 KMbIXa IepepaboTaHHOTO IPeBbIlaia T0Ka3aTelb Ha-
TypanbHOro Ha 3,6-5,8% [16,17].

Kak nonoxmuTenbHblii MOMEHT CTOUT OTMETUTD UCIIO/Ib30BaHMe MYKI
U3 CeMSIH IOJCOMHEYHMKA, 60raToi 6eKOM, KIeT4YaTKOM U aHTUOKCH-
laHTaMy, [TOIyYeHHO Toc/ie OTHe/leHMs TIO[COTHeYHOro Macia, B pe-
LeNType IeYeHbsl. ITO 3HAUUTETbHO YBEIMYMIO COLepskaHue Oeska
B IeueHbe, a Takke mosbicuio TPC (o6iiee comepskaHye GeHoI0B) 1 aH-
TUOKCUIAHTHYIO CIOCOGHOCTH MPOoAyKTa [18].

VI3BeCTHO, YTO yIbTPa3ByK (Y3) — 3TO BOMHOBbIE KOle€OGaHMs C ya-
croramu 6osee 20000 kosmebauuit B cekyHay (20 kI1). Y3-BOJMHBI pac-
MPOCTPAHSIIOTCS B TBEPAbIX, XXUAKMX M Ta3000pasHbIX cpegax, obnaza-
10T GOJIBIIOI MeXaHWYeCKO SHEepryeil M BbI3BIBAIOT PSifi (PU3NUECKUX,
XMMUYECKUX U 6Monornyeckux sisineHuit. 3a cuet sddexra kaBuranmm
TIPOUCXOUT YTyullieHre PU3UKO-XMMUUECKUX CBOVICTB, M3BJI€UeHME O1-
0JIOTMYECKM Ba>KHBIX MUILEBBIX BEILECTB 13 MIUIEBOrO ChIPbsl ¥ OTXOL0B
ero rnepepaboTku. YabTpasByKoBasi 06paboTKa OTHOCUTCSI K KaTeropmmu
9KOJIOTMUECKM UMCThIX TEXHOJOTUI U3-3a HETOKCUUYHOCTU HOCHeIICTBMﬁ
BO3/IeJICTBMSI MCIIOJTHMUTEIBHOTO MeXaHM3Ma Ha cbIpbe [19].

BospgeiicTBre ompeneseHHbIX YacTOT Y/IbTPa3BYKOBBIX KoeGaHMi
CIOCOGHO BBI3bIBATH AETONMMEPU3ALNI0 OPTaHe/T MMKPOOHBIX KIETOK.
[Mop meicTBMeM ynbTpa3ByKa B KMIKOI Cpefie KIeTKY BO3HMKAeT IIPoLecc
kaButauuu. Kapuranus — aTo o6pa3oBaHye 1 CXJIOMbIBaHME MTy3bIPbKOB
ras3oB, COTIPOBOKAAMOIIEECsS] CO3/IaHNeM BHYTPM KIETKM BBICOKOTO [1aB-
nenust (mo 10000 aTm), UTO IPUBOIUT K PA3PbIBy KJIETOYHON 060I0UKU
", KaK CJIeCTBUe, K rnbenn KneTku. biaaromapsi 6akrepunumgHomy ad-
exTy meicTBuS yabTPa3ByKa, B HACTOSIIIEe BpeMs Y 3-TeXHOIOTUN TIPH-
MEHSIIOT JIJISI CTEPWIN3AIMM TIUIIEBBIX TTPOLYKTOB (MOJIOKO, (PPYKTOBbIE
COKM, BUHA). Y3-06paboTKa SIBJASIETCSI ajbTEPHATMUBONM MCIIOIb3YeMbIM
JUTSI TIOBBIILIEHVST MMKPOOMOIOTMYeCKOi 6e30MacHOCTM CUHTeTUYeCKUM
XMMMUKATaM, KOTOPbIE, XOTSI M BBITIOJHSIIOT CBOIO (DYHKIINUIO, SIBJISTIOTCS HEe-
6e30I1aCHBIMMU JIJISI 3J,0POBbSI SKMBOTHBIX 1 UesioBeka [19].

B kavecTBe BTOPOro KOMIIOHEHTa KOPMOBOV A00aBKM IPUMEHSIIN
MOJIOUHYIO CBIBOPOTKY, KOTOpasi B GOJbIIMX KOJIMYECTBAX 0Opasyer-
cs1 Ipu TlepepaboTKe MOJIOKA, HO Majio MCIONb3yeTCsl B AaJbHeiIeM.
CrnemyeT OTMETUTH TOT (AKT, UTO GOMbIIAS YACTb CHIBOPOTKM CJIMBAETCS
B IIOYBY, BOJ,0€MbI, TEM CaMbIM 3arps3HSs UX U yXyLIasi 9KOJIOTUYECKYI0
o6cTaHOBKY. OHa comepskuT 1o 94% Boxsl, 0,5% Genka, 0,1% xupa, umeet
KUCIOTHOCTH 5,5 pH enuaui [20,21] M MOKET MOBBICUTD IUTATENIbHYIO
LIEHHOCTh KopMa. OmgHako 13 mateHTa N2 2154386 P® «Crioco6 momyue-
HMSI MOJIOYHO-PACTUTETbHON KOPMOBO 106aBKM» U3BECTHO, YTO CPOK
XpaHEeHMsT CIBOPOTKM COCTABJISIET He Gojiee ABYX CYTOK IPU TeMIIepaTy-
pe +6°C. DTO HY)KHO YYUTBIBATb IIPU €€ UCIIOTb30BaAHUN.

Llenbio paboThl SIBISIIOCH UCC/IAOBAHME BIMSHUS YABTPA3BYKOBOTO
BO3/Ie/ICTBMSI HA KOPMOBYIO_CMECh KMbIXa ITOJICOTHEUHOTO ¥ CbIBOPOTKI
MOJIOUHOI.

ISt BHITIOMIHEHMST TIOCTaBAEHHOM 3aauy Heo6X0IMO ObIIIO U3YUUTh
PEXMMBI YIbTPA3BYKOBOI 06pabOTKM CMeCH KMbIXa M MOJIOYHO ChIBO-
POTKMU, a TAaK)Ke UX BIMSIHME HA CTPYKTYPHbIE TTOKA3aTe KOMIIOHEHTOB
¥ MUMKPOGMOIOTMYECKYI0 6e30TacHOCTb.

2. O6'BEKTHI M METOABI

Pabora npoBoauiach B JabopaTopuu TpaHcdepa TEXHOIOTHUI OTmena
mmIeBbix cucrem u 6morexuonormii COHIIA PAH. B mporiecce mccieno-
BaHMST UCIOMb30BAIM MOJIOTBINM MOACONMHEUHbBI KMbIX 10 TOCT 80-962,
KOTOPbIN SIB/SIETCS] TIO60YHBIM MTPOAYKTOM I1€pPepaboTKM CEMSTH TOMICOI-
HeuHMKa Ha Macio kommnanum OO0 «3K biaro», M CbIBOPOTKY MOJIOYHYIO
o chIpHYI0 HeconeHyto 1o I'OCT 34352-20173. MonouHasi ChbIBOPOTKa SIB-
JIIETCSI OTXOIOM IepepaboTKy Mosioka B cbip Ha 000 «Dabpuka DaBopuT».

JKMBIX 1 CBIBOPOTKY CMeLIMBaIy B mporiopuym 1:4, 1:6,1:8 (Tabmuua 1).

O6pas3er; cMecH 3a/IMBaIN B CTEKISTHHYI0 6aHKY 00beMoMm 0,5 11, Y3-u3-
JIydaTesib MOTPY)Kalu BEPTUKAIbHO B LEHTP GAaHKM Tak, YTOOGBI TOpel|

2 TOCT 80-96 «KmbIX MOACONHEUHbIi. TeXHUUecKne ycnoBus». — MuHCK:
MesKrocyjapCTBEeHHbI COBET 110 CTaHJAPTU3ALN, METPOIOTMY U cepTudmKaun,
2015.—7c.

5 TOCT 34352-2017 «CbIBOPOTKA MOJIOUHAS ChIPbe. TeXHMUECKIE YCIOBUS». —
Mocksa: Cranpaptuadopm, 2018. — 7 c.
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V3-usmyuatenst Haxomuicst Boimie 0,5-1 cm ot ee nHa. Kaskapiit o6paser

rogseprany Y3-06yuyeHUI0 Ha YCTaHOBKe «YIbTPa3BYKOBON TEXHOJO-

rudyeckuii annapat «Bonna» Y3TA-0,4/22-OM» (LleHTp y/IbTpa3ByKOBBIX

TexHosoruit, buiick, Poccusi) (PucyHok 1) ¢ npogomkuTtenbHocTssmu 10,

20, 30 muH (Tabauia 1). BaHKy co cMechio Bpamaiy BOKPYT HAKOHEYHMKa

M3JIy4yaTens AJisg yCKopeHus Mpoliecca repexoia CMec B CyCIIeH3UIO.
Pesxxum 06TyueHMst IJ1s1 BCeX BAPMAHTOB 06pas3IioB:

U mocTosiHHBbIe ITapaMeTphl: 4acTOTa yiabTpa3Byka — 22 K[, MOIITHOCTb
usnydarens — 100 Bt, HanpspkeHMe B ceTy anekTponutanus — 220 B;

0 BapbupyeMble ITapaMeTpbl — IPOJO/KUTENbHOCTD 06yueHust: 10, 20,
30 MUH;

U peructpmpyeMmblil 3aBMCHMBI TapaMeTp — TemIlepaTypa CMecH, 13-
MepsuiM ¢ MHTepBajoM 10 MMH, BK/IIOUas MOMEHT JI0 Havyaua obpa-
60TKM. B MOMEHT M3MepeHus] reHepaToOp YAbTPAa3ByKa BBIKIIOYAJIN.
Jlns onpezeneHus TeMIlepaTypbl CMeCH MCIIONb30BaI KOHTAaKTHbIN
MMHM-TEPMOMETp CTepsKHeBOro Tuma (cTuk-trepmometp) Testo 905-
T1 (KoHuepH Testo, l'epmanus).

O603HaueHye OIBITHBIX 06PA3I0B U PEXMUMOB Y3-00paboTKM Mpes-

crasieHo B Tabmuue 1.

Ta6nuia 1. 0603HaYeHMe ONMBITHBIX 06Pa3IOB
¥ peskuMoB V3-06paboTKu
Table 1. Codes of the experimental samples and regimes
of the ultrasound treatment

O6paszer, 1 2 3 4 5 6 7 8 9

HpO,E[OJ'I)KMTe]'IbHOCTb

V3-06paboTku, MUH 10 20 30

10 20 30 10 20 30

CooTHoOIIeHe KOMITOHEHTOB,
ef.

V3-usnyuareis \
80 MM
S,

N
U

1:4 1:4 1:4 1:6 1:6 1:6 1:8 1:8 1:8

Kabenp nuranus

e

biox nuranus
PucyHok 1. Cxema ycTaHOBKM Y3-06paGoTKy cveceit

JKXMbIXa C CblBOpOTKOﬁ
Figure 1. Scheme of the plant for the ultrasound treatment
of mixtures of cake with whey

70 Mmm

CMech KMBIX + CBIBOPOTKaA

CTpPYKTYpY JXKMbIXa ¥ CMeCH M3yJasy C [IOMOIIIBIO 3/IEKTPOHHOTO MUKPO-
ckomna Carl Zeiss Stereo Discovery V8 ¢ kamepoit Axio Cam ICc 5 (Carl Zeiss
Cniekrpockonmst GmbH, Tepmannst) 1 ¢ mporpammHbIiM obecrieueHiem ZEN.

Broxummuueckuil coctaB ChIpbsl M CYCIIEH3UM MCCIeNOBaNIM B J1a60-
paTopuy KadecTBa M 06e30MaCHOCTM OTHea IMUIIEBbIX CUCTEM U OU-
orexHonormit COHIJA PAH. MaccoByio om0 Genka OINpenensuin Io
T'OCT P 51417-99* MaccoByto moito skupa Boissisiu mo 'OCT 13979.2—
94°. MaccoByro oo Biaru paccuntbiBaiay 1mo 'OCT 13979.1-68¢. Macco-
BYIO JIOJTI0 KiieTuaTKu onpepesstiv o TOCT P 52839-20077

AMMHOKMCIIOTHBIM COCTaB M3y4yaau C MCIIOJMb30BaHMEM Ipubopa
«Kamenb 105-M» N2 1679 ¢ pivHoii BoimHbI 254 HM («JIOMOKC», CaHKT-
[Tetepbypr, Poccus).

MuKpo6yonornyeckme MCCIeqoBaHusl MPOBOAUIM B jabopaTopun
KauecTBa M 0e30IMaCHOCTY OTHeNa MUIIEBbIX CUCTEM U OUOTEXHOJIO-
ruit COHLIA PAH. Mukpo6moiornueckme rmokasaTeln BbISIBISIA Me-
TOfaMM MUKpoOMoormyeckoro aHanamsa mo [OCT 10444.12-20138,

4 TOCT P51417-99 «Kopma, KOMGMKOpMa, KOMOMHMPOBAHHOE Chipbe. Ompe-
JlelleHMsl MacCOBOJi IOMM a30Ta ¥ BBIYMC/IEHME MACCOBOI IO/ CBIPOTO IIPOTEMHA.
Merton Kvenbaansi». — MockBa: 3narenbcTBo crangaptos, 2002. — 7 c.

5 TOCT 13979.2-94. «)KMbIX, LIPOTHI ¥ TOPUMYHBII OPOLIOK. MeToz onpese-
JIeHVsI MacCOBOA JOJIM XXMPa U SKCTPAKTUBHBIX BelllecTB». — MMUHCK: Mesxrocyznap-
CTBEHHbIN COBET I10 CTaHAAPTU3ALINM, METPOIOTHY 1 cepTuduranmmn, 2015 — 7 c.

% TOCT 13979.1-68 «’KMbIX, IIPOTHI ¥ TOPYMYHBII TTIOPOIIOK. MeTo omnpese-
JIeHVs1 MaCCOBO IO BIaru U JeTy4yux BemecTB». — Mocksa: UIIK M3gaTenbcTBo
craHgapTos, 2003. — 3 c.

" TOCT P 52839-2007 «Kopma. MeTompl OMNpemeNenHusi COfEPsKaHus ChIPOit
KJIeTUYaTKy C IPUMeHeHMeM POMeXyTouHoi dunpTpaumm». — Mocksa: CraHzgap-
tuHdopm, 2011. — 9 c.

8 TOCT 10444.12-2013 «MMUKpPO6GMOJIOTHSI MUILEBBIX IPOYKTOB M KOPMOB JIJIsi
JKMBOTHBIX. MeTO,E[bI BbISIBJIEHMSI U ITOACYEeTa KOJIn4YeCTBa npoxoxeﬁ " TIJIeCHEBBIX
rpubos». — MockBa: Craugaptuadopm, 2014. — 11 c.

TOCT 10444.15-94°, TOCT 30726-20011,
T'OCT 31746-2012'%, TOCT 31747-2012%.
DKcIepyMeHTalbHbIe TaHHbIe UCC/IeTOBAHMI 110 M3YUEHWIO BIVSTHUS
rmapaMeTpoB Y3-06paboTKM Ha KOHTaMMUHAIIMIO 06pabaThIBaii METOIOM
MHOKECTBEHHOTO perpeccMoHHOro aHanusa Ha IIK ¢ ucronb3oBaHuemM
rporpamm Statistica 10 u Excel. [Ipu 3TOM onpenesisiv cieayoline cTa-
TUCTUYECKME XapaKTepucTuku: koabduiment perpeccuu (R), BeposT-
HOCTb HYJIEBbIX 3HAUeHMit KoadduumenToB Ha ypoBHe 0,05, KpuTepui
®umepa (F), ypoBeHb 1OBepUTENIbHON 3HAUMMOCTH () 3HAUEeHMSI KpUTe-
pust duiepa, t-kputepuit CTbIOIEHTA /ISl yCTAHOBIEHMS JOCTOBEPHOCTI
OTINYMI MEXKAY BADMAHTAMM C PA3JIMYHbIMY COOTHOLUIEHUSIMU CMECH.

FOCT 31659-2012",

3. Pe3ynbTaTrhl ¥ 00CYKAEHME

XUMMUUECKMI COCTaB BTOPMUHBIX ChIPhEBBIX PECYPCOB IMPEACTaBIeH
B Ta6nuiie 2. B Tabnuiie 3 mokasaHo BiausiHue Y3-00paboTKy Ha GMOXM-
MMUeCcKIe TIOKa3aTesn CyCreH3nit.

Tabnmuua 2. XMMUYEeCKUii COCTaB BTOPUYHBIX ChIPbEBBIX
pecypcoB (M*A)
Table 2. Chemical composition of the secondary raw material
resources (M*A)

HaumeHoBaHMe noxkasareneit  [1oxCOMHEYHBI IMoxchipHas
XMMMYECKOr0 CoCcTaBa JKMBIX ChIBOPOTKa

MaccoBast osist Biaru, % 6,7+0,32* 92,8+0,30*
MaccoBas mois 6enka, % 39,2+0,68* 0,7%0,25*
MaccoBas 107151 5kupa, % 6,79+0,04* 0,5+0,03*
Knertuatka, % 24,24+291* -
VrneBopsl, % - 3,55+0,25*
Tpumeuanue: * — mOBepUTeIbHbIN MHTEPBAN Mpu p<0,05.

B pa6orax [2,19,22] mpencTaBieHbl 0630pHbIE JaHHbIE O XMMUUECKOM
cocTaBe JKMbIXa IOJCOMHeuHMKa. [TokasaHO, YTO cofepykaHMe ChIPOTro
MPOTEeMHA MOKeT HaXoAuThes B mpenenax ot 20,15% no 61,06%, sxupa —
ot 0,5 mo 15,77%, BonmokoH — OT 4,3 10 45. Takoit 60/bIION a1ana3soH
3HaueHui obpasyercs 1o psixy npuuyH. [[polieHTHOe cofepskaHye uTa-
TeJIbHBIX BeIleCTB MOKET BapbMPOBAThCS M3-3a MIOMTHONM UM YaCTUYHON
OUMCTKM OT 060I0UeK MaCI0CEeMSIH, a TAKKe OT CII0coba MPOM3BOACTBA
Macia. eHoTunmyeckye 1 peHOTUNMUECKMe Bapyaluyy OKa3bIBaloT 3a-
MeTHOe B/IMsIHMe Ha Oe/KY MOACOTHeYHYKA. VIMeeT MeCcTo TakKe OLIN-
60uHasl, HETOUHAs 1 HeroiHas MHdopMalyst 06 UCCIeNOBaHVM B OIY-
GIMKOBaHHBIX PaboTax.

PesynbraTsl BausiHus Y3-06paboTKM Ha 6MOXMMMUYECKye IToKas3aTenn
CyCITeH3Uii pecTaBieHbl B Tabnuie 3.

Ta6nuia 3. XumMmmuueckue moKasaTeim cycrneHsuii nmocie V3
06pa6oTku cmeceit, (M£m)
Table 3. Chemical indicators of the suspensions after the ultrasound
treatment of the mixtures, (M*m)

CooTHO- IToka3aTeay XMMNYECKOro COCTaBa CycreH3uit, %
IEeHUsT
nneen  BraxkHOCTB Kup Benok KneryaTka
1 1:4 75,87+0,12 3,25+0,01 10,24%0,08 5,8+0,01
2 1:6 80,43£0,20** 2,61%+0,01*** 8,28+0,01** 4,9+0,01***
3 1:8 82,78+0,39** 2,31+0,04** 6,65+0,04*** 4,2+0,01***

** Ornuns moctoBepHbl ¢ p<0,01 10 cpaBHEHUIO C BAPMAHTOM 1.
*% Oamums moctoBepHbI ¢ p< 0,001 o cpaBHEHUIO ¢ BapyaHTOM 1.

IanHble Tabauipl 3 CBUAETENbCTBYIOT O TOM, YTO HaubO/blINMe 3Ha-
4yeHMs IToKa3aTeseil comepskaHysi Kupa, 6eka, KIeT4aTKy HabIIofaoTCst
B CyCII€H3UM, IT0J[y4eHHO 13 cMeCy KOMIIOHEHTOB B COOTHOIIeHUM 1:4.
C yBenuueHyeM Cofep KaHysl BIaru B CyCIIeH3UM, TIOyYeHHO 13 cMeceil

 TOCT 10444.15-94 «ITpofiyKThl muieBbie. MeTo/bl OTpe/ieieHisl KOMUecTBa
Me30(pUIbHBIX a9POOHBIX 1 (aKyIbTATUBHO-aHA3POOHBIX MUKPOOPTaHM3MOB». —
Mocksa: Crangapturdopm, 2010. — 4 c.

OTOCT 30726-2001 «[TpomyKThl MuieBble. MeTO/Ibl BbIIBIEHUS] U OTpe/iene-
Hus KonmnuecTBa 6aktepuit Buaa Escherichia coli». — MockBa: CranmaptuHbopm,
2010. — 6c.

UTOCT 31659-2012 «ITpoayKThl TMILeBble. MeTos, BbIsiB/IeHUs 6akTepuii poga
Salmonella». — Mocksa: Cranzaptuadopm, 2014. — 20 c.

2TOCT 31746-2012 «ITpomyKThl MuieBble. MeTO/Ibl BbIIBNIEHUS] U OTpe/iene-
HMS KOJMMYECTBA KOAry/a3oroIOKUTENbHbIX CTabMIOKOKKOB U Staphylococcus
aureus». — Mocksa: CtangaptuHdopm, 2013. — 22 c.

3TOCT 31747-2012 «IIpomyKThl TMIIeBbie. MeTOIbl BHISIBIEHNUS U OTpesIesie-
HUST KOJMYeCTBAa GaKTepuii IPYIMITbl KUIIEUHBIX MaNOYeK (KomupOPMHBIX Gakre-
pwmit)». — Mocksa: Crangaptuadopm, 2013. — 13 c.
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1:6 m 1:8, 9T MoKa3aTeJM YMEHBINAIOTCST, UTO OOBSICHSIETCSI YMEHbIIEH -
eM KOHIIeHTpaluy CyXuX BelecTB B eguHuile obbema cycrieH3un. He-
3HAUMTEIbHOE CHIMKEHME KOMMYecTBa Gesika B COCTaBe KOMIIEHCHUPYeTCsI
Haubosee OIATONPUSITHON IJIT (GU3MOMOTMM TIUIIEBAPEHMS SKBAUHbBIX
SKMBOTHBIX CTPYKTYPOJ KOPMOBOJi J06aBKM, comepskalieii 6eok, Kup,
Kkieryatky [10,16,17].

O LIEHHOCTY KOpMa MOKHO CYIMUTb HE TOIbKO IO KOJMYECTBY Geka,
HO ¥ TI0 er0 aMMHOKMCIOTHOMY COCTaBY, UTPAIOIeMy BaskKHEHIIYI0 POIb
B IIpoIleccax MuileBapeHus SKUBOTHOTO.

V3 aHanms3a JAHHBIX CIefyeT BBIBOJ, YTO aMWHOKMCIOTHBIN COCTaB
CyCITeH3UM 3aBUCUT OT aMUHOKMUCIIOTHOTO COCTABa ChIPbs. [Ipy MeHblIeM
comep)kKaHUM aMMHOKUCIOTBI B ChIBOPOTKE, UeM B SKMbIXe, TTPOUCXOIOUT
CHIDKEeHMe CONlePsKaHMsI MX B CYCIIeH3MU Y HAa060pOT. YBelndyeHue Komm-
yecTBa aMUMHOKMUCIOT, Lys, Leutlie, Met cBsI3aHO ¢ MX CUHTE30M IIOf, Ieii-
CTBYMEM aclaparnHOBOV KMUCIOTHI CHIBOPOTKU. Takoke HaGIIOmaeTcs: He-
3HAYUTENIbHOE CHUKEHNe 3HAaUeHUi1, CBSI3aHHOE C Pa3BeleHNeM CMeCH.

Ha PucyHke 2 nipefcTaBieHbl JaHHbIE [10 aMMHOKVCIIOTHOMY COCTaBy
CBIPbSI U CYCIT@H3UIA.

IlaHHbBIe, TIpeicTaBIeHHble Ha PUCYHKe 2, CBUIETEIbCTBYIOT O TOM,
yTo Y3-06paboTKa He OKa3bIBaeT OTPULIATETBHOTO BJIMSHUS Ha aMUHO-
KUCIOTHBIN COCTaB CYyCIIeH3UMN.

BusyanbHO ObIIO OTMEUEHO, YTO rocie Y3-06paboTKy cMech Iepexo-
AT B COCTOSTHME Tesie06pas3Hoil CYyCIeH3UN. DTO SIBJISIETCS Pe3yIbTaTOM
YIApHOTO BO3[ENCTBMS, TypOYI€HTHOCTH, & TAK)Ke TPEHUS, BOSHUKAIO-
LIYX BCIEICTBME QUCTIEPTMPOBAHNS KPYITHBIX YaCTUI] SKMbIXa 1 UX TIepe-
MeIMBaHMS C CIBOPOTKOVA.

$10,463 pm

B

Ha cHMMKax MMKPOCTPYKTYPBI 06pa3LioB XMbIXa M CyCIIeH3UH, Cae-
JIAHHBIX C TIOMOIIBIO 3JIEKTPOHHOTO MMKpockomna (Pucynku 3a, 36, 3B,
3r), BUIHO, UTO YACTUI[bI SKMbIXa CYI[eCTBEHHO YMeHbIImInch ¢ 1370,8—
2776,6 MKM B CyxoM xMbixe 1o 1,8-300 MM B cycneH3un. [Ipuuem
rnojasJsioniee GOMbIIMHCTBO yacTull (60-75%) umerot pasmepsl ot 11
10 30 MKM IIpM MPOAO/DKUTENbHOCTH Y3-00paboTku 20 MuH. B menom
Habmonanach TeHOEHLMsT YMEHbIIEHVSI pasMepoB YacTUI C yBeIuJe-

i

CBIBOPOTKA 1:4
HArg BMLys MTyr MPhe MHis MLeutlie MMet MVal MPro MThr MSer MAla HGly
PucyHOK 2. AMMHOKNCIOTHBIN COCTaB ChIPbSI
u nonycdaépukaros (ipu p <0,05)
Figure 2. Amino acid composition of raw materials and semi-finished
products (at p<0.05)

18.007
16.00
14.007
12.004
10.004
8.00 +
6.00
4.00 4
2.00 A
0.00 -

Cozepxanne, 1/100 r deaxa

|
@5,857 um

T

PucyHOK 3. MUKPOCTPYKTypa: a — JXKMbIxa; 6 — o6pasua cycreHsuu 1; B — o6pasua 2; r — o6pasua 3
Figure 3. Microstructure: a — cake; 6 — suspension sample 1; B — sample 2; r — sample 3
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HueM BpeMeHM V3-06pabotku. TemHble n306paxkeHust Ha Pucynke 3 (6,
B, I) — 9TO KYCOUKM CKODPJIYIIbI CEeMeHU IOJICOMHeYHMKA. Benku, skupsl,
KJIeTYATKA SI/Ipa CeMeH! TepeluIn B refib CYyCIIeH3UN. DTO CYIeCTBEHHO
YAy4IIaeT MPOIecC YCBOEHMSI CTPYKTYPUPOBAHHBIX MUIIEBBIX BeleCcTB
SKMbIXa TIPY KOPMJIEHMM JKUBOTHBIX, UTO OTMEUEHO B MyOIMKAIUSIX POC-
CUICKMX U 3apyOekHbIX aBTopoB [10,15,16,17,21].

Ha PucyHke 4 11oka3aHO IMPOLIEHTHOE pacrpeneseHne pa3MepoB ua-
CTUIL )KMBIXa B CYCITIEH3MU, TIONy4eHHOI rocie Y3-o6paborku. U3 aua-
rpaMMbl BUJIHO, UTO B CYCIEH3UM, 06pAa30BaHHOI MPU COOTHOIIEHUN
KOMITOHEHTOB CMeCH B 3aBMCUMMOCTH OT MPOIO/DKUTETBHOCTU 06paboT-
K1, mpucytcTByeT oT 10 7o 34% yvactull c pasmMepaMy MeHble 10 MKM.
B ocHOBHOM 370 yacTuisl Ot 11 10 30 MKM 1 OKOJIO 5% KPYITHBIX YACTMUI],
¢ pasmepom 6osee 300 MKM.

90.0
80.0
. 70.0

60.0
50.0
40.0
30.0
20.0
op Wl i
1, 2 3 4 5 6 7 S 9

310 W 11.30 ®31.50 MW51.300 mW>301
PucyHOK 4. PacmipegesieHne yacTuil B o6pasnax 1-9
mo pasmepam, % (mpu p<0,05)
Figure 4. Distribution of particles in samples 1-9 by sizes,% (at p<0.05)

%

KomnuecTBo gacTHI

Ananu3 naHHbIX PUCYHKa [TOKa3a, 4To TIPU yBeTUYeHUN TTPOFOIKI-
TenbHOCTY 06paboTky ¢ 10 10 20 MUH TPOUCXOANUT 3HAUUTEIbHBIN POCT
nonmu yactul, pasmepamu ot 11 go 30 MKM 3a cueT ApOGIeHNsT YacTul]
pasmepamu ot 31 Mkm. Takke HaGIIONAETCS YMEHbIIEHNe HOIM YacTuI
pasmepamu oT 3 1o 10 MKM, BEpOSITHO, M3-3a UX U3MEJIbUEHMS A0 YACTUI],
pa3mepamyu MeHee 3 MKM, KOTOpbIe TPYHO Pa3INIuTh IIPU UCIIOIb30Ba-
HUM CBETOBOTO MUKpOCKOTIIA. [Ipu yBenueHnn BpeMeHn 06paboTku ¢ 20
1o 30 MyH HabJTI0gaeTCss yMeHbllIeHye JOJV YacTull pasmepamu ot 11 go
30 MKM ¥ MOBBILIEHME AOIM YaCcTULL OT 3 70 10 MKM, UTO CBSI3aHO C ApO-
6eHMeM yactul, pazmepamu ot 11 go 30 MKM [0 4acTUI pa3Mepamu OT
3 10 10 MKM.

Ianuble PUcyHKOB 3 U 4 TIO3BOMWIM CHEIATh BBIBOJ, O TOM, UTO IO,
BVstHMEM Y3-006paboTKY TOCTUTHYTA MOAVI(UKALIMS KMbIXa, YIOBIETBO-
pSIIOIAsT YCIIOBUIO YIYUIIIEHMsI YCBOSIEMOCTM €0 TMUTATeIbHbIX BEIECTB.

B pe3synbraTe MccieoBaHMIi YCTAHOBIEHO, UTO TIPY YBEIMYEHUN TIPO-
JOIDKUTENbHOCTU Y3-06pabotku ot 10 1o 30 MUHYT TeMIiepaTypa cMe-
¢y noBbIanack B nponopuyun 1:4 ¢ 19,0°C go 83,9°C, B mporopuym 1:6
¢ 15,0°C mo 77,0°C u B mpontopumu 1:8 ¢ 17,0°C mo 74,0 °C. MakcumasbHast
temrieparypa 83,9 °C 6puta orMeueHa B o6pasie N2 3 npu Y3-06paboTke

B TeueHMe 30 MMHYT B CMeCH C IPONOpIIMeii KOMIIOHEHTOB 1:4. Bonee Hu3-
Kast Temmepatypa (77,0 °C u 74,0 °C) Habmrofanach B Iponopumm cMeceii 1:6
u 1:8. IIpu cooTHomeHuu 1:8 Temmnepartypa cMecy Mpy BCeX BPeMeHHbIX
3HaYeHMsIX OblIa HIKe BCIENCTBYIE YMEHbIIEHVS BI3KOCTI 06PasyIoeiicst
cycrieH3un. [Ipy uccnenoBaHuy BAMSIHUSI TeMIlepaTypbl Ha KOMITOHEHTbI
CMeCK YYUTBIBAIM TOT (akT, YTO HarpeBaHue IO BBICOKOI TeMIepaTypbl
TOHIKAET MePeBapUMOCTb GETKOB JKMbIXa U YXY/IIAET €ro BKYC.
3aBUCUMOCTb TEMITEPATYPHI OT MIPOIO/DKUTETHHOCTY 06pabOTKY U CO-
OTHOILIEHVISI KOMIIOHEHTOB CMeCH MpecTaBaeHa Ha PucyHke 5.

AHanus perpeccroOHHOro ypaBHeHus: (PYCYHOK 5) O3BOINUI CHENATh
BBIBOJI, YTO Ha TEMIIEPATypy CMecyu GOJIbIIOe BIMSIHME OKa3bIBaeT (ak-
TOP MPOAODKUTENBHOCTU Y3-06paboTKu. YpaBHEHME perpeccuy A0CTo-
BEpPHO — PAaCUueTHbIl yPOBEHb JOBEPUTENIbHOM 3HaUMMOCTHU (p = 2x 107°)
MeHble mpuHsitoro p=0,05), 3HaueHue kputepus Oumepa F=172,4
(Fb>Fr). Koaddnunent perpeccun (R = 0,99) cBumeTeNnbCTBYET O HAMN-
UMM KOPPENSIMM CBS3M MEXAY 3aBMCUMMBIMM U He3aBUCUMBIMMU Ilepe-
MeHHBIMU (hakTOpaMm.

3aBMCUMOCTh KOMMYECTBA Me30(MIbHBIX a9POOHBIX U (HaKy/IbTaTHUB-
HO-aHa3poOHBIX MUKpoopraHu3MoB (KMADAHM) OT MPOAOIKUTETHHO-
¢t Y3-06paboTKM M COOTHOIIEHNUS KOMIIOHEHTOB CMeCH TIPe/ICTaB/IeHa
Ha PucyHke 6.

TIpyu Bcex COOTHOIIEHMSIX CMeCH C yBeludeHueM BpemeHu Y3-o6pa-
60TKM 06/1acTh MeHbIMX 3HaueHnit KMA®AHM cOOTBETCTBYET MPOAOI-
SKUTETbHOCTY 06paboTKM 16—30 MMH. DTO OOBSICHSIETCSI TEM, YTO B YCIIO-
BUSIX [JIUTENbHOIM Y3-06paboTKM CMECh PasKMKaeTcsl, ¥ KaBUTALIMS
My3bIPHKOB ¥ MX BO3[EICTBME HA MUKPOOPTaHM3MbI CTAHOBSITCS Gosiee
MHTEHCUBHBIMMU.

AHanu3 perpeccMoHHOr0 ypaBHeHUs1 (PUCYHOK 6) ITOKa3asl, 4YTo Ha CO-
nepskanre KMA®AHM 605biiioe BIMsIHIE OKa3bIBAOT 06a (hakTopa: mpo-
TIOJDKATENTbHOCTD, COOTHOLIIEHVie KOMIIOHEHTOB B CMeCH ¥ IX COBMeCTHOe
nerictBre. O6 3TOM CBUAETENbCTBYIOT 60/IbIINE KOIPOUIMEHTDI TPU «X»
u «y». YpaBHeHMe perpeccuy JOCTOBEPHO — pacyeTHbII YPOBEHb OBEPHU-
TenbHOI 3HaUMMocTH (p = 0,003 mensbire nmpunsitoro p=0,05), 3HaUeHNe
kputepus @urrepa F=58,6 (Fd >Fr). Koabdunment perpeccun (R=0,99)
CBUIETEIbCTBYET O HAMYUY TECHOV KOPPEISIUU MEXIY 3aBUCUMbIMU
Y He3aBMUCUMBIMM TIepeMeHHbIMM (aKTOpPaMM.

Amnanu3s rpadukoB Ha PucyHkax 5 1 6 mokasait, 4To 061acTyi 6osiee BbI-
cokux remmeparyp (70-80 °C) cooTBeTCTBOBaM 60iee HU3KME 3HAYEHMSI
KMA®AHM. DTO rOBOPUT O TOM, YTO He TOJBKO KaBUTALMS, HO U T€M-
reparypa, KOTopasi 3aBUCUT OT SHEPTUH, BbIAEJISIeMOli TIPY KaBUTAIUNA,
BiMsiIa Ha comepykanie KMAG®AHM mipu Y3-06paboTke cMecH.

B Ta6nuie 4 mpencTaBieHbl Pe3yabTaThl MUKPOOMOMOTUUECKUX WC-
CJIeflOBAHMII CBIPBS ¥ CYCIIEH3WM 10 BapMaHTaM.

Bo BBemeHMM yxe MOSHMMAJICS BOIPOC OTPULATENbHOIO BIMSHMUS
MMKPOOPTaHW3MOB «IIOpPUYM» (TVIECHEBBIX I'PMOOB U APOSKIKENT) BO BJIAXK-
HOJl cpelje Ha KauyeCTBEHHbIe XapaKTEPUCTUKU KOPMOBOM [106GABKM).
VCTaHOBJIEHO, UTO TIO[COJHEUHBIN SKMBIX COIEPKUT TUIeCHEBbIE TPUGHI
1,00 x 10 KOE B rpaMme mpoayKTa, Apoxsku — 2,45 x 102, CbIBOpOTKa C ee
3HaueHmem pH 5,5 efi. crroco6cTBOBaMA CO3MAHMIO KMCION Cpebl CMeCH,

T, °C =20,8333+3,9483*x-0,22*y-0,0562*x*x-0,037*x*y-0,0625*y*y

cARRANRY

o

i

B >80
I <76
Bl <66
] <56
[]<46
[ <36
B <26
Ml <16

PI/ICYHOK 5. 3aBUCUMOCTH TeMIIepaTypsbl OT IIPOAO/DKUTEIbBHOCTU OGPHGOTKM ¥ COOTHOLIEHNMS KOMIIOHEHTOB CMeCH
Figure 5. Dependence of a temperature on treatment duration and a ratio of mixture components
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KMAD®AEM/10° = 89,7027-5.7769%x-5.4307*y+0,0917*x*x+0.1837*x*y+0.022*y*y

YROR O | NNV

Bl > 35

PucyHok 6. 3aBucumoctb KMA®AHM OT NPOgO/KUTETbHOCTH V3-00paGOTKM ¥ COOTHOIIEHVSI KOMIIOHEHTOB CMeCH
Figure 6. Dependence of QMAFAnM on ultrasound treatment duration and a ratio of mixture components

HEeoOXOAMMOI IJIsl UX pasBUTHS. UcwienoBaHyieM 06HapysKeHbl B CMeCH
riecHeBble TpubbI popa Aspergillus, Mucor, aHaspo6HbIe JPOXCKU U aK-
TUHOMMUIIETBI (JIy4MCThie TPy6ObI). I3BECTHO, YUTO HEKOTOPhIE aMUHOKMC-
JIOTBI SIBJISIFOTCSI TIMTATEIBHOM CPeIOii /ISl BBISIBIEHHBIX IPUGOB. DTUM
06BSICHSIETCSI HEKOTOPOE YMEHbIIIeHe CoaepsKaHMsT aMUHOKMCIIOT.

Ta6nuiia 4. Pe3yibTaThl MMKPOOMOIOTMYECKOTO aHAIN3a ChIPhS
¥ CyCIIeH3UM 10 BapuaHTaM
Table 4. Results of the microbiological analysis of the raw materials and
suspensions by variants

PesynbTaT
= s g
E] BIKIIT = 4 >
O6paser, < 2 2 g 8. 3
S = S i~ ® o =R ; B
=5 £ 5 5§ § B85 35
8 1001005 S § S E=58 28
£2 G W oY o BERE HXZ
JKmbIx s 2
Honcommeursui 247105 4+ _ 4 wo + 1,00x10 2,45x10
ChIBOpOTKa s B
HONCHIpHAs 9,54x10° + + + + H/O H/O H/O
1(1:4,10 Muu) 2,79x10° + + - + + + 100x10  ~
2(1:4,20 MmuH) 2,73x10° + + - 4+ + +  wHp 225x10*
3(1:4,30 muH) 3,00x10* - - - - + + H/p 2,59 x10?
4(1:6,10 Mun) 2,04x10° + + - + + + wmp 1,00x10°
5(1:6,20 MmH) 6,82x10* - - - - + + mp 500x10
6(1:6,30 mmH) 6,36x10" - - - - + + wmup 3,60x10
7(1:8,10 MmH) 1,29x10° + + - + + +  Hp 8,40x10°
8(1:8,20 mun) 1,30x10* - - - - + +  wp 204x10
9 (1:8,30 MuH) H/p - - - - - - H/p 1,54x 10
Tpeb6oBaHus B
CanlTuH 2x10° 001 ,¢ - 01 01 50K0Er -
2.3.2.1078-01

IIpumeuarue: «+» — OOHAPYXEHO, «—» — HE OOHAPYXEHO, «~» — CIUIOLIHOM
pOCT, «H/0» — He OTIPeeNsin COrNacHo Tpe6GoBanusiM HII, «H/p» — HeT pocTa.

AHanmu3 pesyabTaTOB MUKPOOMONIOrMUECKUX uccienoBanuit (Tab-
mmua 4 u PUCYHOK 6) CBUAETeNbCTBYET O TOM, YTO IPU MCIIONIb30BaHUN
ChIPbSI, HEOIArOMOYYHOTO IO MUKPOOGMOIOTMUECKUM TI0KAa3aTessiM,

c yBenMyeHneM BpeMmeHu Y3-06paboTKM ¥ IO Mepe IMOBBIIIEHUST CTe-
MeHu pasBeneHus: Habmonanoch cHukeHne KMA®DAHM, a TpebGyeMmblit
YpoBeHb 6e30MacHOCTY ObUT JOCTUTHYT NP COOTHONIEHUY KOMITOHEH-
TOB 1:8 u nipu npomo/skuTenbHOCTH Y3-00pabotku 30 MuH (peskum 9).
B03MOKHO, 4TO IpU MPUMEHEHUM ChIPbsl, He 06CeMeHeHHOTO S. aureus
u B. Cereus, mpuemieMast MMKpo6MoIornuecKkast 4ucTora 6ymer obecre-
yeHa Takke Mpu pexxnmax 3, 5, 6, 8.

YacTMYHO MHAKTUMBALMIO MMKPOOPIaHM3MOB MOXKHO OODBSICHUTH
BO3J€/CTBMEM CBOOOIHBIX PAIMKAIOB, KOTOPbIe 06PA3YIOTCS B SKUIKOM
cycrieH3uu Tofn nevictBueM Y3-BoimH. Ha aror adderr mHaKTMBALMA
MMKPOOPTaHW3MOB yKa3bIBaeTcs B padote [19].

CraHfapTHasi Mpolegypa M3ydeHUs] MUKPOOMOIIOTUYECKOI 3arpsi3-
HEHHOCTU CBUJETENbCTBYET O TOM, YTO Pa3IMYHbIe MUKPOOPTAHMU3MBbI
006J1/1a10T HEOAVHAKOBO YYBCTBUTEILHOCTBIO K BO3/I€/CTBUIO YIIbTPA3-
ByKa. BakTepun 60see UyBCTBUTEbHDI, U€M APOKKHM, CTIOPOBbIE (HOPMBI
GakTepuit 60/ee yCTOMUNMBBI, UeM BereTaTMBHbIE KIETKM. OTCYTCTBYIOT
Hecropoo6pasywoiine 6akrepun BIKII, B Tom umcie E. coli, S. aureus,
Salmonella. YcraHoBieHo, uTo Y3-06paboTka CMeCH C COOTHOIIEHMEM
KOMITOHEHTOB 1:8 6osee appeKTBHA B OTHOIIEHMM KOJIUYECTBA Me30-
bubHBIX a9POOHBIX U (HaKyIbTATMBHO-aHAIPOOHBIX MUKPOOPTaHU3MOB
(KMA®AMM) KOpMOBOIJi 06ABKN.

4. BeIBOIBI

1. WccnemoBaHMeM YCTaHOBJIEHO, YTO Y/IbTPa3ByKoOBasi 06paboTka
¢ yactoroyt 20 KI'l cMecy KMbIXa IOJCOTHEYHOTO ¥ MOJIOYHOI Cbl-
BOPOTKM TPUBOIUT K pacrafy KPYIHBIX YaCTHUIL KMbIXa pa3MepoM
1370,8-2776,6 MKM Ha Menkue pasMmepoMm 1o 1,8-300 MKM B CycrieH-
3un. [Ipuuem mogasJsitoiiee G6OMbIIMHCTBO YacTull (60—-75%) umeroT
pasmepsl ot 11 7o 30 MKM mpu IPOJOBKUTENbHOCTM Y3-06paboTKM
20 muH. [Tpu aToM 06pasyeTcsi TOMOreHHas reneobpasHast Mmacca, co-
nIepskamias mMTaTeabHbIe BellecTBa B 6ojee JOCTYIHOM hopme.

2. VCTaHOBJIEHO, YTO TOf, AeiCcTBMeM KaBuTaiuu mpu Y3-o06paboTke
U 3a CUeT BO3JeicTBuUS TemmepaTtypsl oT 74,0 1o 83,9 °C uncieHHOCTh
BCEX MpPeICTaBUTeNeii MUKPOOGMOTHI KOPMOBOJ CMeCH CHMKAIACh [0
YPOBHSI 6€30I1aCHOTO /IS JKMBOTHOTO.

3. s onipesenenyst 3pPeKTMBHOCTM pacCMaTPUBaeMOro criocoba mog-
TOTOBKM KOPMOBOIJi J06aBKM HEO6XOAMMO IIPOBECTY KOPMIIEHME KU~
BOTHBIX B XO3SIICTBAX B JOCTATOYHBIX 0O6bEMaX.

4. TIpoBeneHHbIe MCCIeOBaHMSI IPENCTABASIOT MHTEpeC B HayyHO-
MPaKTUUECKOM IUIaHe ISl TpaHcdepa TeXHOIOTHIA C LeTbi0 Toyye-
HMSI HOBOTO TTPOAYKTA.
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KOMIIO3NI VN PEPMEHTHBIX ITPEITAPATOB OJI51 HAl'[PABgIEHHOfI
MOANPUKALINUA ITOJINMKOMIIOHEHTHBIX OTPYBEN

Buron U. C."*, Menemkuna E. I1.!, KpukyHosa JI. H.2

! BcepoccuiicKkuii HAyYHO-MCCIeOBATEIbCKMIT MHCTUTYT 3€pHA U IIPOYKTOB ero nepepaborku, Mocksa, Poccus
2 BcepoccuiicK1it HAYyYHO-MCCIIe[0BATEIbCKUIT MHCTUTYT NMBOBapeHHOI, 6€3aIKOT0JIbHOI
Y BUHOZ,eJIbUeCKOJi TpoMBbILIIeHHOCTH, MocKBa, Poccus

Open access

K/TIOYEBBIE CJIOBA: AHHOTAL YA
nwenuya, uevesuya,  MukpoGHbIe hepMeHTHbIe Iperrapatsl (PI) LeUTIONOMNTUYECKOTO, TPOTEOMNTIYECKOTr0, PUTA3HOTO AEICTBUS VI MX KOMITO3M-

JIeH, ompy6u, LMY TIpU JIefiCTBUY Ha 3epHOBbIe OTPY6M MO3BOJISIIOT C IOMOIIbI0 HAIIPaB/IeHHOTO 6MOKaTaIM3a Moay4YaTh JOCTATOUHO LIMPO-
MYJIbI3IH3UMHbIE KM CIIEKTD ITPOAYKTOB IMIPOM3a 6eIKOB, HeKpaxMaJIbHBIX IoyvicaxapunoB 1 ¢dutuHa. Vicnonb3oBanye OI1 v MyIbTIH3MMHBIX
Komnosuyuu, Komro3uimit (MIK) sIBiIsieTcst 10 CBOeji CyTU COBPEMEHHbIM MHCTPYMEHTapueM MHTeHCUUKALY GYI0XVMWYECKMX ITPOLIeCCOB,
6uokamanus JIeKallyx B OCHOBE TOJ MM MHO¥ NuILeBoii TexHonoruy. Hapsimy ¢ atum @I1 1103BonsioT MOguGUIMpoBaTh MPOLYKTHI Iepe-

pabOTKY PaCTUTEILHOTO ChIPbSI, B YaCTHOCTY 36PHOBBIX, 6060BBIX ¥ MAaCIMYHBIX Ky/IbTYp (ITy60Kast mepepaboTKa), ¥ MoinyvyaTh
LIeHHbIE KOPMOBbIE 1 MUIL[EBbIe MHTPEOVEHThI. Pa3paboTaHbl M HAYYHO OGOCHOBAHBI JBE MY/IbTUIH3VMHbBIE KOMIIO3UIMM Ha
OCHOBe OTeUeCTBEeHHbIX U 3apybeskHbIX PI1. OnpemeneHbl ONTYMAIbHbIE YCIOBUS IS IIPOBeneHNs GepMeHTaTUBHbIX PeakLuit
TPY UCTIONIb30BAHMM B KaUeCTBe CyOCTpaTa MileHMYHO-YeuyeBUYHO-JIbHSIHBIX OTpy6eii. [TokazaHa Bbicokast 3 deKkTuBHOCTD pas-
pa6otanHbeix MOK: momnst PB B ucciemyeMbIX TMAPOIM3aTaX YBEIMIMBAIACH IO CPAaBHEHUIO C MaCCOBO 0/Ieli aBTOMNM30B IIle-
HUYHbIX U TPEXKOMIIOHEHTHBIX OTpy6eii B 2,8 u 2,3 paza (MOK-1) u B 3,5 1 2,7 pasa (MDK-2) coorBeTcTBeHHO.) CoflepskaHue pac-
TBOPUMOTO 6eska Bo3pocio B 4,7 u 3,0 pasza (MOK-1) u B 6,4 u 4,2 pasza (MIK-2). [lonst pactBopumoro dochopa yBennunBaaach
B cpepHeM B 3,0-3,5 pasa npu ucronb3oBanuy MIK-1 n MOK-2. MeTomom reb-xpomaTorpaduy 66110 YCTaHOBIIEHO, UTO (pak-
LI, CoTepsKalast HU3KOMOJIEKYISIPHbIE TTIENITHUIbI ¥ CBOGOAHbIE aMMHOKMCIOTH (M.M. <1000 [Ia) B rApoIM3aTax, MoMTydyeHHbIX
¢ ucrionb3oBanyeM MK, B 3—4 pasa MpeBOCXOOUT aHAJIOTMYHYIO (PAKLMIO B TUAPONM3ATAX TTO], JeiiCTBYEM COOCTBEHHBIX HH-
JIOTeHHBIX hepMeHTOB (aBToM3). [Ipu aTOM, 110 pe3dynbraTam BOXKX, koHUeHTpanyst Haubosee LeHHbIX aMUHOKMUCIOT C TOUKU
3peHusT a30THOTO MUTaHVS APOSKoKe (acraparMHOBOM KMUCIOTHI, apTYHMHA) B OIBITHBIX TMIPOIM3aTaX TPEXKOMIIOHEHTHbIX
oTpy6eii MoBbIIIAIAC B cpeiHeM B 2,5-3,0 pa3a; KOHLEHTpaIysl BaIMHA — B 5 pa3; TMcTuAMHA U n3oneiinyHa — B 2,0-2,5 pasa.
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COMPOSITIONS OF ENZYME PREPARATIONS FOR TARGETED
MODIFICATION OF MULTICOMPONENT BRAN

Irina S. Vitol'*, Elena P. Meleshkina!, Lyudmila N. Krikunova?

'All-Russian Scientific and Research Institute for Grain and Products of its Processing, Moscow, Russia
2 All-Russian Scientific Research Institute of Brewing, Beverage and Wine Industry, Moscow, Russia

Open access

KEY WORDS: ABSTRACT

wheat, lentil, flax, Microbial enzyme preparations (EPs) of the cellulolytic, proteolytic and phytase action, as well as their compositions, allow
bran, multienzyme obtaining quite a wide spectrum of products of hydrolysis of proteins, non-starch polysaccharides and phytin by means of
preparations, targeted biocatalysis upon action on grain bran. The use of EPs and multienzyme compositions (MECs) is inherently a mod-
biocatalysis ern tool for intensification of biochemical processes underlying one or another food technology. At the same time, EPs allow

modifying products of processing plant raw materials, in particular cereal, leguminous and oil-bearing crops (deep processing)
and obtain valuable feed and food ingredients. Two multienzyme compositions based on domestic and foreign EPs have been
developed and scientifically substantiated. Optimal conditions have been determined for conducting enzymatic reactions
when using wheat-lentil-flax bran as a substrate. High effectiveness of the developed MECs has been shown: the proportion
of reducing substances (RS) in the hydrolysates under study increased compared to the mass fraction of the autolysates of
wheat and three-component bran by 2.8 and 2.3 times (MEC-1) and by 3.5 and 2.7 times (MEC-2), respectively. The content of
soluble protein increased by 4.7 and 3.0 times (MEC-1) and by 6.4 and 4.2 times (MEC-2). The proportion of soluble phospho-
rus increased on average by 3.0-3.5 times when using MEC-1 and MEC-2. It has been found by gel-electrophoresis that the
fractions containing low-molecular-weight peptides and free amino acids (MW <1000 Da) in the hydrolysates obtained using
MECs exceeded by 3-4 times the corresponding fraction in the hydrolysates obtained under the action of endogenous en-
zymes (autolysis). With that, according to the HPLC results, the concentration of amino acids that are most valuable in terms
of nitrogenous nutrition of yeasts (aspartic acid, arginine) increased on average by 2.5-3.0 times, the concentration of valine
by 5 times, histidine and isoleucine by 2.0-2.5 times in the experimental hydrolysates of three-component bran.

FUNDING: The article was published as part of the research topic No. FGUS-2022-0006 of the state assignment of the V. M. Gorbatov Federal Research
Center for Food Systems of RAS; with the support of a grant in the form of a subsidy No. 075-15-2022-035 dated 22.02.2022.
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1. BBegeHue

Vcrnonb3oBanue dhepMeHTHbIX rpernapatos (PIT) aast perieHus pas-
JIMYHBIX TE€XHOJIOTMYECKUX 3a[ay B MUIIEBOJ IPOMBIIIIEHHOCTM B Ha-
CTOsIlllee BPeMsl SIBJISIeTCSI OCTaTOUYHO PacIpOCTPAHEHHBIM IPUEeMOM
[1,2,3]. Henbto npumeHeHuss @I B Mpou3BOACTBe NMPOLYKTOB MUTAHMS,
KaK M3BECTHO, SIBJISIETCS] MHTEHCUBUKALMS 6MOXMMUIYECKMX ITPOLIeCCOB,
JIeKalX B OCHOBE TO¥ MM MHOJ MUIEBOi TeXHONIOTMY, a TAKKe yBe-
JIMYeHNMe BBbIXOJA IMPOAYKTa, yIydyllleH)e ero KaueCTBEHHBIX XapaKTe-
PUCTHUK, HAIIpUMep, MPY TONYyYeHUM KOHIEHTPUPOBAHHOI'O 3ePHOBOTO
cycia sl CIMPTOBOTO MPOM3BOACTBA [4], aKTUBALMM APOXCKEN C LeIbI0
MHTeHCU(UKAIVY CIIUPTOBOTO OGPOKEHMS U YBEIMYEHUM BBIXOA KOHEY-
HOTO IpoayKrTa [5,6].

B Hacrosiee Bpems MHTepec uccienosareseli K OIT iexxuT elue B o[-
HOJ1 IUVIOCKOCTY, & MIMEHHO B MCIoab30BaHuy I Kak MHCTPyMeHTapust
IJIs. TIy6OKOJ IepepaboTKY PaCTUTENBHOIO CBIPbS, B YaCTHOCTY 3€ep-
HOBBIX, 6060BBIX U MaCIMYHbIX KyIbTYD U IOTyYEHUS] MHTPEIUEHTOB,
KOTOpBIE IT03BOJISIET YBEINUYNUTh GMONOIMYECKYI0 LIEHHOCTh ITPOLYKTOB,
NpefHa3HauYeHHBIX [/ KODMOBBIX U NNIIEBbIX Lieneil [7,8,9]. ®epmeH-
TATMBHBII CII0CO6 MOIVUKaLMY IpeNIouTUTeNnbHee GU3UKO-XMude-
CKOJI MOAM(UKALYY, TIOCKOIBKY €ro IIPEeUMYIIeCTBOM SIBJISIIOTCS MSATKUE
pekMMBI ITPOBeIeHMs] peaKlinit, BOSMOKHOCTb PeryI1pOBaHMsI CTeIIeH!
IUIPON3a, OTIPe/ieNIeHHAsT HAlIPaBI€HHOCTh Y COXpaHeHue 6uoornye-
ckoit neHHocty [10,11,12]. B pe3ynbraTe Mmoaudukanyy 610mnoaumMepon
(6e1KOB, HEeKpaxXMaJbHBIX IONMCAXapUIOB) C JVICIONb30BaHMEM dep-
MEHTHBIX TIPernapaToB ¢ PasiINYHON CrenuGUUHOCTBIO NeiiCTBUS MOTYT
OBITh TIOJTYYEeHbI IPOLYKTHI, 06/IagaoIye onpereeHHbIMM CBOMCTBAMM
[11,12,13].

Bo BHUMU 3epHa M MPOAYKTOB €ro rnepepaboTKY aKTUBHO U3ydaeTcst
BO3MOKHOCTb MCTI0Tb30BaHMsI PIT 11e/UTI0NIOMMTUYECKOTO U IIPOTEOTUTH-
YecKoro JeiicTBMS, a TakkKe MX KOMIO3UIMI 17151 hepMeHTaTUBHOI MO-
nubuKanuM 6MOMOIMMEPOB MOGOYHBIX (BTOPUYHBIX) MPOAYKTOB MYKO-
MOJIBHOTO M KPYIISTHOTO IIPOM3BOJCTBA (3€PHOBBIX OTPYOeii, MPOLYKTOB
nienyieHus, o6pyuienms, uuimbosanus) [11,14]. Lenb — noayyeHue ru-
JIPOIU3ATOB U CTPYKTYPHO-MOAMUMUIMPOBAHHBIX OTPY6eii, 06/1a1a10IMX
OTIpefieJIeHHbIMY CBOMCTBaMM, YTO B MTOTe ITO3BOJIUT UCIIOIb30BATh UX
He TOJIbKO B KauecTBe 06oraTuTeseii AJisl MOBBIILIEHNS TUILEBO 1 6110I10-
I'MYEeCKO IeHHOCTY IIPOSYKTOB IIUTAHMSI, HO Y LIS IPUIaHMST UM HOBBIX
(YHKIVMOHATBHBIX M (QYHKIMOHAIBHO-TEXHONIOTMYECKUX CBOJCTB. JTO
[103BOJIUT CO3ABATh HOBbIe BUJIbI IIPOJYKTOB HAa 3epPHOBOI OCHOBE ISl
MacCoBOro MOTpebIeHNs], a TAKKe CIelMan31pPOBaHHbIe BUIbI IPOIYK-
TOB J1J1s1 Ie4e6HO-1TpodMIakT1Ieckoro muranus [15,16,17].

Emle ofHMM acnekToM IpyuMeHeHMs pepMeHTaTUBHBIX TUAPOIN3a-
TOB 3€PHOBBIX OTPYOeii, SIBJISIETCS MX UCIIOb30BaHMe ISl 06ecreueHmst
c6asaHCUPOBAHHOIO a30TUCTOrO ¥ (ochopHOro mmTaHusl APOsKKeNn
poma Saccharomyces B TeXHOIOTUSIX GposkeHMst. DepMeHTaTUBHBIN TH-
Iponu3 6enkoB U GUTKHHA MO3BOJISIET 06eCeUNTh IIePexo]] B paCTBOPU-
mble hopmbl hocdopa 1 6eTKOBBIX BEIeCTB (B TOM YMC/Ie ¥ CBOOOLHBIX
aMMHOKMCIIOT), YTO B KOHEYHOM CUeTe MOJIOKUTEIbHO CKa3bIBaeTCsl Ha
X ycBoeHuM npoxckamu [18,19,20]. B saTom cirydae Hapsmy € yKa3aH-
HbIMM BbIllle (pepPMEHTHBIMM IIpernapaTaMy HeO6XOOUMO MPUMEHSITh
npenapatbl Gurassl [4,21], pacumeruisiiomue GUTUH (MHO3UTONreKCA-
dochopnas kucIoTa), KOTOPHIN COMEPKUTCS B TepudepuitHoin yacTu
3€pPHOBKU U I1epexXoiuT B OTPyOoM Ipy nepepaboTKe 3epHa Ha MYKO-
MOJIBHBIX NTPeANPUSITUSIX.

Takum 06pa3om, MUKPOOHbIe hepMeHTHBIe TIperapaThl ObLIY U OCTa-
I0TCSI B&KHBIM OGMOTEXHOJIOIMYECKMM MHCTPYMEHTapyeM COBepIleH-
CTBOBAHUSI MUILEBbIX TEXHOIOTMI, CIIOCOOHBIX BO3[€MCTBOBATh HA O1-
OXMMMYECKIe I MUKPOOMOIOTMYECKIEe MPOLECCh, JIeskallyie B OCHOBe
TOJABJISIONIEr0 GOJIBIIMHCTBA MUIEBBIX TeXHOIOTMI [1,22,23].

Llenb mcenemoBanus — pa3paboTka KOMIIO3ULIMIE MUKPOOHBIX (ep-
MEHTHBIX IIPeIapaToB OTEYeCTBEHHOIO M 3apyGeskKHOrO IIPOV3BOLCTBA
TSI HATIpaB/IeHHOM MoauduUKanyy MOIMKOMIIOHEHTHBIX OTPYy0eii.

2. Marepuajibsl ¥ MEeTOIbI

O6BeKTOM WCCTeNOBaHMs CIYKUIY OTeUeCTBEHHbIE ¥ MMIIOPTHbBIE
dbepmenTHbie mpenapatbl (PIT) ¢ pasnanuHOi CrenUGUIHOCTIO [Ieii-
crBus (Tabmuma 1). B kauecTBe MpUpPORHOro CybCTpaTa MCIONb30BAIN
MOJIVIKOMITOHEHTHbIE OTPY6U, TIOyYeHHbIe ITyTeM COBMECTHOTO j1abopa-
TOPHOTO MOMOJIA TPEXKOMIIOHEHTHO! 3epHOBOI CMecH, COCTOSIILeN 13
85% 3epHa meHuIbl, 10% ceMstH yeueBUITbI 1 5% CeMsIH JIbHA.

dddexTUBHOCTH IeiicTBMS (hepPMEHTHOTO Ipernapara LeJUToIOIUTU-
YeCKOTO AeVICTBYSI OLIeHMBAJIN 110 HAKOTJIEHUIO PeSYIUPYIOIIMX BEeLeCTB,
(hepMeHTHBIX MpenapaToB MPOTEONUTUUECKOTO HeiiCTBUSI — IO HAKO-
IJIEHUIO PAacTBOPUMOTO 6enka, a 3¢eKTMBHOCTb (PepMEeHTHOrO Mpera-
para GpuTaspl OLleHMBaIM 110 HAKOIUIeHV 0 MOHOB PO >, 06pa3oBaBuImxcst
B pesysibTaTe peakuyy rugponusa ¢uruHa. OnpeneneHue CopepsKaHmst
1oHOoB PO ,* MpoBOAM/IM KOJIOPYMETPUYECKIM METOOM IIPH JIIVHE BOJI-

Hbl 670 HM Ha criekTpodoromerpe CD-2000 (000 «OKB CriekTp», Poc-
C1s1) € UCIIONIb30BaHMeM IrpaaynpoBouHoii kpusoii (TOCT 31487-20121).

Ta6muua 1. Xapakrepucruka @I Ha CTaHAZAPTHBIX CYyOCTpaTax
Table 1. Characterization of EPs on standard substrates

=
5
depMeHTHbI CrangaprHas S =
npemnapar Tponssomurems aKTMBHOCTH E - E ¥
oa Or
LEJUTIONIONIUTUYECK T HepMEeHTHbIN Mpenapar
«ATpOKCIUIT OAO «Arpodepment», 3000 en. KMIIA 5,0 50
ITpemunym» Poccust 4000 enr. KcA
2500 ex. B-KcA
¢urasa
«Arpocut» OAO «Arpodepment», 5000 en. A 5,0 40
Poccust
IpoTeonuTnIeckye hbepMeHTHBIEe TperapaTsl
«ITenuummionern- OAO «ArpodepmeHT»,  CepuHOBas 10,5 40
cuH» + «OpU3NH» Poccust MpoTenHa3a
1:1 6500 en. TIC
Kucast 4,7 30
MpoTenHa3a
300 en. I1C
«Heitrpasa 0,8L»  «HoBo3aiimc», [laHmst 800 em.IIC  5,5-7,5 45-55

OCHOBHbIe KMHETUYEeCKue MmapaMerpbl (hepMeHTATUBHBIX peaxiuii
¢ ucrnonb3oBanuem @II pa3HOil crienMdUYHOCTY TIPU UX IECTBUM Ha
OTpYy6M OTpeeNsiv MPY CAeAYIOMMX YCIOBUSIX: HAYaJIbHYIO CKOPOCTh
dbepmeHTaTUBHO peakiuu — rpaduyeckumM mMetomom. HavanbHas cko-
pocTb GpepMeHTaTUBHO peakuyn (V) — 3TO CKOPOCTb B Ha4a/IbHbI MO-
MEHT BpeMeHM, KOorja peakuyst uaet 1o 0-mopsaKy, To ecTb HabIoaeTcst
MpsiMasi IIPOIMOPLMOHATbHAS 3aBUCYMOCTb MEXAY BpeMeHeM JIeiiCTBUSI
(bepmenTa 1 mpogykTamMu peakiyu. V, IBIsieTCsl Mepoit KonudecTsa dep-
MmeHTa. Ha mpakTuke 17151 ee ornpeneseHus] SKCIIepUMEHTATbHO CTPOSIT
KPUBYIO X071a (hepMeHTaTHBHO peakiMu BO BpeMEeHU (IJIs1 TOTO yepe3
oTIpesie/ieHHbIe MHTePBaJIbl BpeMeH! U3 MHKYOAI[MOHHO cMecy oTbupa-
10T MPOGDI, B KOTOPBIX BBISIBJISIIOT MPOAYKTHI PEAKLNM) Y PACCUUTHIBAIOT
BpeMsI, COOTBETCTBYIOIIee MPSIMOJIMHETHOMY YJ4acTKy Ha rpaduke (pe-
aknust 0-miopsigka). TemrnepaTypHble ONMTUMYMbI AeCTBYSI (pePMEHTHBIX
npernaparoB usydanau B guarnasosne ot 20 go 70 °C, ontumymsl pH — oT
3,0 mo 8,5 c ucnonbzosaumem 0,1 M nurpatHo-docdarHoro u pochaTHo-
ro 6ydepos. [IJis1 BbISIBIEHUS] ONITUMATbHOM J03MpOoBKM PII IpUMeHSIN
IMarna3oH KOHEUHbIX KOHIEHTpAluii B MHKybaluoHHOM cmecu oT 0,25
1o 1,25 ex./r oTpy6eit, HaChIIAIOIYI0 KOHIIEHTPALMIO Cy6cTpaTa — B J-
anasoHe oT 20 1o 120 mr/mi.

Ob6miee copmepskaHue Oenka ONpeAeNnsUIM 1O MeTomy Kbesnbmasst
(N x 6,25), KOIMYECTBO paCTBOPMMOro 6esika — 1o meTony Jloypu, comep-
SKaHMe PelylMPYOIINX BellecTB (BOCCTAHABIMBAIIINX CaXxapoB) — I10
mertony beprpaHa [24], 30/IbHOCTb — CKUTaHMEM MYKM C [IOCIeNyIOM
pacyeTom Macchl Hecropaemoro ocratka (I'OCT 27494-20162%). Bnaxk-
Hoctb onpegesnsiu 1o OCT 9404-88°. BeisiBiieH1e MaccoBoit Joau ¢doc-
dopa B o6pasuax orpybeit mposoamau B coorBetctBum ¢ TOCT 30615-
994, MeToJ, 3aK/II04aeTCsl B CyX0i MUHepaIm3auuy mpobsl, pacTBOPEeHUN
30J1bI, TIPOBEIEHNY IIBETHOM peakluu ¢ MOIMOAeH-BaHAJUEBbIM peak-
TUBOM U M3MepPeHMUM MHTEeHCUBHOCTH JKeJITOTO OKPALIMBaHMS pacTBOpa
pu 1jiviHe BOJTHBI 440 HM B KIoBeTax ¢ paboueii myvHoi 10 MM Ha CIlek-
tpodoromerpe CP-2000 (OO0 «OKB CriekTp», Poccus).

PaspgeneHne MpoayKTOB MPOTE0M3a MTPOBOAVIIA METOLOM TeJlb-XPOo-
marorpadum [24] Ha KomoHke (2,3x35) ¢ TSK-gel Toyopearl HW-55F
(ToSoh bioSep, SInonust). [TapameTpbl KOJTOHKM: CBOOOIHBI 06beM —
44 M (110 BBIXOAY [EKCTpaHa CMHEro C MOJIEKY/ISIDHOM Maccoii OKOJIO
2 mH [la); o6immit o6bem — 140 mut (110 BbIXOAY TMpPO3uHa). Ha KoIoH-
Ky HAaHOCW/IM 5 MJI MCC/IeIyeMOro pacTBOpa. DMIOLMIO TPOBOAVIIN M-
CTUJUTMPOBAHHOII BOJoii. O6beM cobupaeMbix ¢pakumii — 4 mi. Pern-
CTPaLMI0 ONTUYECKOl TUIOTHOCTY 3/TI0aTa BO (DpakuusIX OCYIIeCTBIISIN
rpu ayivHe BoHbI 280 HM Ha criekTpodoromerpe CP-2000 (OO0 «OKB
CnexTp», Poccust).

! TOCT 31487-2012 «®epMeHTHbIe MpenapaTbl. MeTozbl onpenenenus bep-
MEHTaTUBHOI aKTUBHOCTM GuTassi». M.: Ctangapturdopm, 2012. — 12 c.

2 TOCT 27494-2016 «Myka 1 oTpy6u. MeTo/pl OnpefeneHns 301bHOCTI». M.:
Crangaptuudopm, 2019. — 15 c.

3 TOCT 9404-88 «Myka 1 oTpy6u. MeTo onpe/eneHus BIaKHOCTH». M.: CTaH-
naptutdopm, 2007. — 4 c.

4 TOCT 30615-99 «CbIpbe 1 IpOAYKTHI TiiIeBbie. MeTo onpeaenerns Gpocho-
pa». Munck: 2019. — 6 ¢.
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Pa3pieneHye aMMHOKUCIOT TPOBOAMIM C MCHONb30BAHMEM BBICO-
K03 PeKTUBHOM KUIKOCTHOV Xpomartorpabuy Ha mnpubope Agilent
Technologies 1200 Series (Agilent, CIIIA) c xpomaTorpadudieckoit KOJIOH-
Koii Luna 5u C18(2) 150x4,6 mm 5 p (Phenomenex, CIIIA) ¢ ipeKoIOH-
kot B coorBeTBeTcTBMM ¢ ['OCT 34230-2017°. IIpuMeHsIM Cienyoliye
paboure mapaMeTpbl KMIKOCTHOTO Xpomarorpada: CKOpOCTb IMOTOKA
9NII0eHTa (alleTOHUTpuI/aeTaTHblit 6ydepHsiit pactBop) — 1,0 cm¥/
MUH; Tpaanent,%: 0-28 muu — 10/90; 29-40 My — 28/72; 41-50 MmuH —
25/75; 51-55 mun — 50/50; 56-60 muna — 90/10; 61-63 muu — 10/90.

[ns 06paGoOTKY pe3yabTAaTOB MCCIENOBaHMUI, B Xo4e KOTOPOM U3
3-5 M3MepeHuit ISl KaKOoro o6pasia onpenensiv CpeiHye 3HAaYeHMs
BeIMYMH, CPeHEKBaAPAaTUUHOe OTKIOHEHMe 1 TOBepUTENIbHBIN MHTEeP-
BaJI, MCITOJIb30BA/IMCh METO/bI MATEMATUUECKOM CTATUCTUKMU C TPUMeEHe-
HMeM TporpaMmMHoro obecneuenns: Microsoft Excel (Bepcus Excel 19.0,
BbIMycK 2018 1., Microsoft, CIIIA) [25].

3. Pe3ynbTaThl ¥ UX 00CYKAEHME

Ha mepBoM 3Tame McC/ieAOBaHMU OGbLIM M3yUeHbl OCHOBHbIE KMHE-
TUYeCKMe XapaKTepUCTUKM Kcronb3yeMbix @I1 mpu geiicTBumM Ha Tpex-
KOMIIOHEHTHbIe 0Tpy6u. Ha PucyHkax 1 u 2 B KayecTBe npuMepa Ipes-
CTaB/IeHbl JaHHbIe MO BINMSHUIO TeMIiepaTypel 1 pH Ha akTuMBHOCTD OIT
pa3Hoit CIerMdUUHOCT 1eiCTBHUS.

O6001IeHHbIe [aHHbIE I10 KMHeTMKe (epPMEeHTAaTMBHBIX peaxiuii
(HavasbHast CKOPOCTh peakuyy (V ), ONTMMasbHble TemrepaTypa u pH,
onTUMaabHoe KomyectBo PII) ¢ MCIONb30BaHMEM UCCIenyeMbIx dep-
MEHTHBIX IIPerapaToB oTpaskeHbl B Tabuiie 2.

Ta6nuia 2. CBogHasg TaGauIia OCHOBHBIX KMHETUYECKUX
nmapamMeTpoB IIpU AeCTBUM Ha TPEXKOMIIOHEHTHbIE OTpyou
(MIeHUYHbIe-4eueBUYHO-IbHSIHbIE)

Table 2. Summary table of the main kinetic parameters upon action
on three-component bran (wheat-lentil-flax)

«IleHMIUIIO-

IToka3aTenb ﬁ?)?;;;;ﬁ «Arpodur» r(;i,l;g]l;; : «H‘(e)]:is'rl]‘):xsa
Vi, MUH 30 30 30 30
Ontumym T,°C 40-50 40 40 40-50
Onrumym pH 4,5-5,0 5,0 5,0 5,0-6,0
OntumanbHast 1,2 em. IIA/r  0,5em. ®A/r 0,8 en.IIC/r 0,5 en. IIC/T
nmosupoBka ®IT  oTpy6eit oTpyb6eit oTpy6eit oTpy6eit

Ha BTOpOoM »3Tame wucciemoBaHuit 6puia msyyeHa 3¢QeKTUBHOCTD
@IT ripu geicTBUM Ha GMOIONMMEDPbI TPEXKOMITOHEHTHBIX (TIIIEeHNYHO-
YyeueBUYHO-JIbHSIHBIE) OTPYyOeii (PUCYHOK 3).

Ha 3akIi0unTesIbHOM 3Tarle MCCIeqoBaHusl 6bUIM pa3paboTaHbl JBe
MY/IbTIH3MMHbIE KOMITO3MLIMM, BKIIOUAloIMe hepMeHTHbIe IpernapaThbl
LIeJUTIOJIONTIUTUYECKOT0, TPOTEOTUTUUECKOTO AeiicTBus u ¢putaser: MOK-1
(«Arpokcui IIpemuym» + «Arpodut» + «[leHntmionerncuy + OpusmH»;
MBOBK-2 («Arpokcui I[pemuym» + «Arpocdut» + «Heiitpasa 0,8L»).

Tpu ux pa3paboTKe B KayeCcTBe HAYYHOTO 060CHOBAHMS MCITONb30Ba-
JIU CTlefylollyie KpUTepun:

0 B cocraB MOK momkubl BxoauTh @IT pa3Hoil CrienubUIHOCTM TeiCT-
BMSI, UMeoIye 6/1M3Kye 110 3HaYeHMIO ONITUMYMbI pH 1 TemriepaTypbl;

0 ©II B cocraBe MOK 10/IKHBI MMETb BbICOKYIO 3G ()EeKTUBHOCTD JIeicT-
BMSI HA IPUPOJHBIN CYOCTPAT; B JAHHOM C/Tyyae — aKTMBHO I'MIPOJI-
30BaTh COOTBETCTBYIOIIME CYOCTPAThl MOMMKOMIIOHEHTHBIX OTPYy6eit
(6es1kM, HEKpaxMaJsIbHbIe MToMcaxapuibl, GUTHH);

) BO3MOXKHOCTB CMHepreTnyeckoro adgdexra npu geiicrsum OII paszHoii
cenyduyHOCTY (B JaHHOM cirydae OIT 11e/uTiononuTnyeckoro 1 mpo-
TEOIUTUYECKOIO NeViCTBUSA);

0 ydYeT aBTOMMUTUYECKMX MPOLIECCOB MOJ AECTBMEM COOCTBEHHBIX (9H-
JIOTeHHbIX) (hepMEHTHBIX CUCTEM, B TIEPBYIO OYepe/ib KUCIOH poTe-
MHAa3bl, a Takke GUTa3bl 3epHa, KOTOPbIe COCPeOTOUEHBI B repude-
PUITHBIX YaCTSIX 3epHOBKY U II€PEXONST B OTPyOM Ipy nepepaboTke
3epHa [15,16].

VuyThiBasl BBILIEN3IOKEHHOE, ITpOBeeHNe hepMeHTaTUBHbIX peak-
LIMI OCYIIECTBISUIM NIPY ONTMMAJIbHBIX YCIOBUSX COINIACHO CIENYIOIIMM
BapyaHTaM:

KouTposnb 1: mimeHnyHble OTpyou: Bopa (ruapomonyib 1:10), ruaponus

1oJ;, AeiicTBueM cOOCTBEHHBbIX (epmeHTOB npu pH 4,5
B TeueHMe 4-X yacoB Ipu Temneparype 40 °C;

Kontponp 1-1: niueHNYHO-4edeBUYHO-TbHSIHBIE OTPYOM: BoJa (TMAPO-

momyib 1:10), rMapoNU3 oA, AeiiCTBYEM COGCTBEHHbBIX

5 TOCT 34230-2017 «IIpomykuusi cokopas. OmpefeneHye CBOGOZHBIX aMM-
HOKMCJIOT METOZIOM BbICOKOI(h(EKTUBHOM KMUAKOCTHOM XxpomaTorpadum». — M.:
Craugaptuudopm, 2007. — 15 c.
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PucyHok 1. BiussHue TemiiepaTypbl Ha aKTUBHOCTD
¢depMeHTHBIX IpenapaToB NPU JeiiCTBUN

Ha TPEXKOMIIOHEHTHbIE OTPyou
Figure 1. Effect of temperature on the activity of enzyme preparations
upon action on three-component bran
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MpernaparoB IPpY AeICTBUY Ha TPEXKOMIIOHEHTHbIE OTPYyOu
Figure 2. Influence of pH on the activity of enzyme preparations
upon action on three-component bran
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PucyHok 3. 3¢ddeKTMBHOCTH (hepMEHTHBIX IIperapaToB
npu I[eﬁCTBI/IM Ha NIIeHNYHO-YeUYeBUYHO-/IbHSIHbIE OTPVGM
Figure 3. Effectiveness of enzyme preparations upon action
on wheat-lentil-flax bran

dbepmenToB nipu pH 4,5 B TeueHue 4-X 4acoB Mpu TeM-
nepatype 40 °C;

KoHTposnb 2: mineHnyHble OTPy6M: Boja (ruapomonyib 1:10), rumponus
1oJi, AeiicTBUeM COGCTBEHHBbIX (GepmeHTOB npu pH 5,5
B TeueHMe 4-X yacoB rpu temreparype 50 °C;

KouTposnb 2-1: MIIeHNYHO-YeueBUYHO-JIbHSIHbIE OTPYOM: Boma (TMapO-
mopynb 1:10), ruaponus mop, OeiicTBMeM COOCTBEHHBIX
dbepmenTos npu pH 5,5 B TeueHue 4-x 4acoB Mpu TeM-
nepatype 50 °C;

OmbIT 1: MIIEHNYHO-Y€UeBUYHO-TbHSIHbIE OTPYOU (TMAPOMOAYIb 1:10) +
MDBK-1, remniepatypa 40 °C, pH 4,5;

OmBbIT 2: MIIeHNYHO-UYeUeBUYHO-TbHSHbIE OTPYOU (TMAPOMOAYIb 1:10) +
MD3K-2, Temniepatypa 5 °C, pH 5,5.

Boi6op pH 00yc/I0BIeH ONTUMAAbHBIMM 3HAYEHUSIMU [JIsI AeiCTBUS
COOCTBEHHBIX KUCIBIX MPOTEMHA3 1 GuUTa3, a TaKKe ONTUMYMOM [Ieii-
CTBUS MCCIeyeMbIX (pepMeHTHBIX IMperapartoB. [lomyyeHHbIe JaHHbIE
rpezcras/eHsl B Tabuiie 3.

AHanu3 mpefcTaBieHHbIX B Tabnmuile 3 HAHHBIX CBUIETETbCTBYET
O BBICOKOV MHTEHCUBHOCTM Tuaponusda u o6 addexruBHOCTM paspa-
6oranubix MOK. Tak, B ucciaemyeMbIx ruaponnsarax naons PB Bo3pocia
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B 2,8 u 2,3 pasa (mast MOK-1) u B 3,5 u 2,7 pasa (mnast MOK-2) mo cpas-
HEHUIO C aBTOMM3AaTaMM IIIEHNYHBIX ¥ TPEXKOMIIOHEHTHbIX OTpYy6eii co-
OTBETCTBEHHO. [IoJIs1 pacTBOpUMOro Geska yBeanumiach B 4,7 u 3,0 pasa
(M3K-1) u B 6,4 1 4,2 paza (MIK-2). [lons pactBopumoro dochopa Bo3-
pacraet B cpenHeMm B 3,0-3,5 paza npu ucrnonbpzoBanuyu MOK-1 n MIK-2.

Ta6muua 3. dddexrnBHOCT, MIK 1IpU HeiicTBUU
Ha MIIeHNYHO-YeuYeBUUHO-JIbHSHbIE OTPyOU
Table 3. Effectiveness of MECs upon action on wheat-lentil-flax bran

Benok no Jloypn, PO %, r/m win

O6paszer, PB, %

MI/MJI MI/MJI
Koutpons 1 0,18 0,070 0,017
KonTponb 1-1 0,22 0,110 0,020
OmpiT 1 (¢ MOK-1) 0,50 0,330 0,060
KonTtponb 2 0,20 0,078 0,017
Koutpons 2-1 0,26 0,120 0,020
OmbiT 2 (¢ MOK-2) 0,70 0,500 0,065

JIst pocTa ¥ pa3BUTHUSI IPOXOKeN pona Saccharomyces, UCTIONb3yeMbIX
B DasIMYHBIX TEXHOJOTUSIX GpO’keHMsI, HeobXomuma CHaJaHCUPOBAH-
HOCTh GMOXMMMUYECKOTO COCTaBa COPaskMBAeMOi Cpefbl, NOCTYITHOCTh
asorucroro u pochopHoro nmuraHusi. TpeXKOMITOHEHTHbIE OTPY6H, TTOJTY-
YeHHbIe IIPY COBMECTHOM pa3MoJie 36 PHOCMECH, COCTOSIITe 113 3/1aKOBbIX
(3epHo mieHuIbl 85%), 6060BbIX (cemeHa yeueBuibl 10%) 1 MaCIUUHBIX
(cemeHa JipHa 5%) KyabTyp, camu 1o cebe 06/1afaioT YHUKAIbHBIM 610-
XMMUYECKUM COCTaBOM [15,16]. depMeHTaTUBHbBIE TUAPOIN3ATHI TPEX-
KOMITOHEHTHBIX OTPYOeii, TOTyuyeHHbIe C UCITOIb30BaHEM KOMIIO3UIIIA
@I 11eJUTIONIONUTUYECKOTO, TPOTEOIUTUIECKOTO U (GUTa3HOTO JeiicTBuMS,
KaK I0Ka3ajIy Hallly UCCIeIOBaHMS, C 3TOV TOYKM 3pEHMUS MOTYT paccMa-
TPUBATHCS KAK aKTUBATOPBI GPOSKEHMSI, I10 CYTHU SIBJISISICh aIbT€PHATUBOM
JIOPOTOCTOSIIIIVIM MMITOPTHBIM aKTMBATOpaM OPO’KeHMSI Ha OCHOBE aBTO-
JIN3aTOB OCaJOYHBIX IPOsoKei [19].

MeTonom renb-xpoMarorpaduu yCTaHOBJIIEHO 3HAUUTeNbHOE (B 3-—
4 pasa) MoBbIIIeHNe JOIM HU3KOMOJIEKY/ISIPHBIX MEeNTUIOB ¥ aMUHOKVCIIOT
(M. m. <1000 [Ta), BBIXOOSIIMX C 0OLIMM 06beMOM KOIOHKM (PucyHKM 4, 5).

C LIe/TbI0 YTOUHEeHMST, KaKyie UMEHHO aMMHOKMCIOTBI BHOCST HauGOb-
LI BKJIA/ B yBeJIMUEHME KOHIIEHTPAIY CBOOOIHBIX aMUHOKUCIIOT, MC-
10JIb30Ba/IX METO], BICOKO3(h(HEKTUBHOI JKUIKOCTHOI XpoMaTorpadun.
VI3BecTHO, UTO ApOXKeBast KieTKa MOXKEeT acCUMMIMPOBATh aMMMUaYHBIN
a30T, GOBIIMHCTBO AMUHOKUCIIOT, KPOMeE TIPOJIMHA, & TAKKe AU- U TPU-
ety abl. [Ipy 3TOM TakMe aMMHOKMCIIOTHI, KaK acliaparnHoBast KUCIO0Ta,
aprUMHUH, BaIUH, TUCTUIVH, U30JIEHIMH, TpUITO(dAaH, YCIOBHO OTHOCSIT
K XOpOIIIO yCBaMBaeMbIM, 8 aMUHOKVC/IOTHI JIeMI[MH, MeTUOHWH, TUPO-
3YH, TD€OHVH, CEPpUH, JIN3VH — K IIJIOXO0 YCBaMBA€MbIM.

VCTaHOBJIEHO, UTO UCITO0/Ib30BaHMe pa3paboTaHHbIX MYJIbTIH3UMHBIX
xommnosyuumii (MOK-1 1 M3K-2) npuBOAMIO K ITOBBIILIEHNIO CYMMAapHOMI
KOHI[@HTpPAIMU CBOGOJHBIX aMUHOKMCIOT B OMBITHBIX 00pasijax ruapo-
JIM3aToB B cpemHeM B 2,5-3,0 pa3a 1Mo CpaBHEHMIO C TUAPOIM3ATAMMU,
MOJTyYeHHBIMM TI0L IeficTBMEeM COOCTBeHHBIX ¢hepMeHTOB chIpbs (Tab-
nuua 4).

IIpy aTOM KOHIIEHTpausi Haubonee IeHHBIX aMUHOKUCIOT C TOY-
KU 3peHus] a30THOTO NUTAHMUS APOXOKeN (acraparMHOBOW KUCIOTHI,
aprMHyHA) B OIBITHBIX TUAPOIM3ATAX TPEXKOMIIOHEHTHBIX OTpy6eit
MOBBINIANACh B cpegHeM B 2,5-3,0 pa3a; KOMMYECTBO BajMHA B OIIBIT-
HBIX 06pasilax IMIpoNM3aTOB MO CPABHEHMIO C MCXOOHBIM BO3PACTaIo
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PucyHok 4. ®pakuyoHupoBaHNe IPOAYKTOB IPOTE0/IM3a
MEeTOJIOM rejb-XpoMaTorpaduy TPeXKOMIIOHEHTHBIX

oTpy6eii ¢ ucnoab3oBannem MIK-1
Figure 4. Fractionation of proteolysis products by gel chromatography
of three-component bran with the use of MEC-1

B 5 pas; ructuauHa u msoneiyHa — B 2,0-2,5 pasza. OTo mpeumyiie-
CTBO TPEXKOMIIOHEHTHBIX OTPY0eii Iepe], OflHOKOMIIOHEHTHBIMM CBSI3a-
HO B IIEPBYIO OYepelb C TeM, YTO M3HAYAIbHO GEIKM CeMSIH Ye4yeBUIIbI
i JIbHA COZIEePYKAT 3HAUMTETHHO GOJIbIIE PACTBOPUMBIX GEJTKOB (2TbOYyMM-
HOB U I7I06Y/IMHOB) [26,27,28], B KOTOPBIX KOTMYECTBO YKA3aHHBIX BbIIIE
aMUHOKMCIOT OTHOCUTETBHO GOJIbLIIe [0 CPABHEHMIO C 36 PHOM ITIIE€HNLIBI
u psku [19]. [TonydyeHHbIe ¢ MCIONb30BaHMEM HAIPaBIeHHOTO 610KaTa-
JIM3a I'UIOPONIM3aThl TPEXKOMIIOHEHTHBIX OTpYy6eii 3a cueT BbICOKOI Ao
pactBopuMoro ¢ocdopa, pacTBOPMMOIrO HU3KOMOJIEKY/ISIPHOTO 6Geska
¥ CBOOOIHBIX aMUHOKVCIOT MOTYT ObITh PEKOMEH/I0OBAHBI JI/ISI MUHTEHCK-
(bukaimMm MporeccoB B TEXHOIOTUSIX GPOSKEHMS.

Ta6nuia 4. KoHueHTpanusa CcBOGOSHbIX aMMHOKUCIOT
B 00pa3uax ruagpoIn3aToB TPEXKOMIIOHEHTHBIX OTPyoeit

Table 4. Concentration of free amino acids in the samples
of three-component bran hydrolysates

KoHueHTpauyst CBOGOAHbIX aMUHOKMCIIOT,

O6paser, /Mt
cymMmMa % OT VICXOJTHOTO

[TireHNYHbIE OTPY6U 9431 -

KonTtposns 1 1226,0 130,0
KonTtposnp 1-1 1428,0 151,4
OmpiT 1 (¢ MOK-1) 3570,0 378,6
Koutponsb 2 1182,5 125,4
Koutponb 2-1 1308,0 138,7
OmpiT 2 (¢ MOK-2) 3924,0 416,1

Heo6XoauMO OTMETUTb, YTO TPUCYTCTBUE €CTECTBEHHbBIX IMATATEIb-
HBIX Cpe C IIMPOKMM COCTaBOM aMMHOKMC/IOT, K KOTOPbIM OTHOCATCS I'-
IIPOIM3aThl 36PHOBBIX OTPYOeil, 3HAUUTETbHO MOBBILIAET (hepMEeHTaTUB-
HYI0 aKTUBHOCTD JIPOKKEBBIX KJIETOK. B 3TOM Ciiyyae BO3MOXKHA MpsiMast
ACCUMWISILMST aMMHOKUWIOT APOXCKaMU B IMPOLiecce UX Pa3MHOKeHMSI
[29,30]. YpoBeHb acCMMMIMPYEMOT0 a30Ta B Cpefie olpenensieT CKOPOCTh
pocTa IpoxoKeit, BBIXOJ, 61MOMAaCcChl, CKOPOCTh YTMIM3ALUY caXxapa U CKO-
POCTb GPOSKEHMSI.

4. BbIBOJBI

Pa3paboTaHbl ¥ HAYYHO 060CHOBAHbBI MY/IbTIH3VMHbIE KOMIIO3UIIUNI
(M3K-1 1 M3K-2) Ha ocHOBe ®II 11e/II00IUTUYeCKOTO, IIPOTeONUTHYe-
CKOTO 1 (hMTA3HOTO EICTBHS.

VccnenoBaHbl KMHETHYECKME XaPAKTEPUCTUKM (epMEHTHBIX Tpera-
paToB, BXOASILIMX B COCTaB MY/IbTIH3MMHBIX KOMIIO3ULIVII IIpM AeiicT-
BMM HA TPEXKOMIIOHEHTHbIE (MLIeHUYHO-YeueBUIHO-IbHSIHbIE) OTPYOU.
OrmpenenieHbl ONTMMAalbHbIE YCIOBUS [ MTpoBemeHMst pepmeHTATUB-
HBIX peaklMii: HavaJabHas CKOPOCTb (HepMEHTATMBHOI peakiyu, OIl-
TUMYMbI TeMIepaTypbl 1 pH, onTuMaabHble KOHIeHTpauuu GepmeHTa
1 HaChILIAOIAsT KOHLIEHTpays cybcTpara.

IMokasana Bbicokasi adexTuBHOCTh paspadboranHbix MIK: nons PB
B MCCIeyeMbIX IMIpoau3aTax yBeluymiach 10 CPaBHEHUIO C aBTOJM-
3aTaMy MIIEHNYHBbIX U TPEXKOMIIOHEHTHBIX OTpy6eit B 2,8 u 2,3 pasa
(M3K-1) u B 3,5 u 2,7 paza (M9K-2) coorBeTcTBeHHO. KonmuecTBo pac-
TBOPUMOTO 6esika Bo3pocio B 4,7 u 3,0 pasa (MOK-1) u B 6,4 u 4,2 pasa
(M3K-2). Honst pactBopumoro ¢docdopa yBerMuMBaeTCsI B CpeqHEM
B 3,0-3,5 pasa npu ucmonb3oBauuyu MIK-1 1 MOK-2.
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A280
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0,100

0,000
0 10 20 30 40 50
-0,100

KouTpoub 2-1 Ne ppaxumit

PucyHOK 5. @®pakIMOHMPOBaHNeE IPOJYKTOB IPOTE0In3a
MEeTOJI0M rejib-XpoMaTorpaduy TPeXKOMIIOHEHTHbIX

oTpy6eii ¢ ucrmoabzoBaHuem MIK-2
Figure 5. Fractionation of proteolysis products by gel chromatography of
three-component bran with the use of MEC-2
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MeTtogoM reib-XpoMmaTorpaduy  YCTAHOBJIEHO 3HAYMUTENbHOE

(B 3—4 pa3a) MOBbILIEHNE JOIU HU3KOMOJIEKYISPHBIX MTENTUA0B U aMU-
HOkMCIOT (M. M. <1000 [Ia), BBIXOASALIVX C OOIMM 06beMOM KOJIOHKH.

KOHHEHTpaHI/IH Hauboee LEHHbIX aMMHOKMCJIOT C TOYKM 3PEHUS

A30THOr0 NUTaHUS IOPOXCKeit, Mo pesynbraTam B2JKX, acmaparmnHo-
BOJi KUCJIOTBI, apPTMHMHA B OTBITHBIX TUIPOIMU3ATaX TPEXKOMIIOHEHT-
HBbIX OTpy6eii MOBbIIANAach B cpemHemM B 2,5-3,0 pasa; KOJIMYECTBO
BaJIMHA B OMBITHBIX 00paslax MIPONM3ATOB [0 CPABHEHMIO C UCXOJ-
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HBIM BO3pacTajio B 5 pas; comepskaHue I'MCTUAMHA UM U30JEHLMHA —
B 2,0-2,5 pasa.

PeSyfIbTaTbI ucaiegoBaHMs COCTaBsT OCHOBY nanbHeNIero M3y4yeHust

BO3MOSKHOCTH VICIIOJIb30BAHMSI TUIPOIM3ATOB U3 3€PHOBBIX OTPYOeit st
o6oraieHust MAIIEBbIX MPOLYKTOB JIETKO YCBAMBA€MbIMIU KOMITOHEHTA-
MU, & TAKXKE C LIe/IbI0 UX TIPYMEHEHNsI B TEXHOIOTUSIX OPOKEHMS Ha CTa-
oy COpaskMBAHMSI B KaYeCTBE aIbTePHATUBHOIO MCTOYHMKA a30THOTO
u GocopHOTo MUTAHMS TIPONIKEA.
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OLHEHKA DOPEKTUBHOCTHU KCTPAKIIMU BUPYCOB
N3 IIMIMEBBIX MATPUI 1 YACTOTbI BCTPEYAEMOCTHU
KOHTAMMWHHUPOBAHHBIX ITPOJIVKTOB B TOPTOBOU CETU

IOmmuHua 10. K.',* CemenoBa A. A.}, Ky3neroBa O. A.!, Catabaesa [I. M.}, 3ajixo E. B.!, Beineour B.2

! @enmepaibHbI HAYYHBIN LIEHTD NUIIEeBbIX cucteM uM. B. M. Top6aToBa, MockBa, Poccust
VHCTUTYT I'UTMEHBI ¥ TEXHOJIOTUY Msica, Benrpan, Cepous

K/IFOYEBBIE C/IOBA: AHHOTALIUA

Hoposupyc, DKcIpecc-o6HapyKeHe BUPYCOB, B UaCTHOCTU HopoBupyca (NoV) u Bupyca rernatuta A (HAV), cTaHOBUTCS BaskHejiIe 3a-

2enamum E, naueii KOHTPOJIsI 6e30MacHOCTM MUIIEBBIX MTPOAYKTOB. B JaHHOM MccaenoBaHuy O6bUIM PACCMOTPEHBI Pa3/IMYHbIE TIOAXOLbI

nuujessle 8Upycol, K M3BJIEYEHWIO BUPYCHBIX YACTHUI] U CIIOCO6BI Bbimenenus PHK 13 muieBbIx MaTpuI] C 11eIbI0 OLIeHKY 3P PeKTUBHOCTH IKC-

OT-IILIP, 512006, Tpakuyy MeHrosupyca. dhdeKTMBHOCTb SKCTPAKLMU MEHIOBMpPYCA M3 MaJMHBI cocTaBmia 14,26%, us ycrpun, — 7,99%, u3

CBUHAS1 NeUeHb cBMHOI euenn — 8,33%. Boina rpoBemeHa oneHka skcerpakiyy PHK pasanunbiMnu metogavu. Hanbosbiiast 3¢ ekTMBHOCTD
9KCTPaKUMM MEHTOBMPYCa U3 CBMHOJ MedeHu Habmoganach rnpu BbieneHny PHK ¢ momolipio momyaBToOMaTUYeckoi cu-
crembl eGene up u cocraBmwia 19,37%. Haumenspias 3¢bGeKTMBHOCTb 3KCTpaKUMM 6buTa TOCTUTHYTA pu BbigeneHun PHK
py4HbIM crioco6om — 5,31%. IIpu akerpakimu PHK 13 yerpuil MmakcuMasbHas 3¢ deKTMBHOCTb 06ecreunBaaach ¢ OMOIIbIO
cranuuu ajis Beigenenust HK AutoPure n Ha6opa NucliSENS — 33,35%, a MuHuManbHast 3¢ eKTMBHOCTb HAOII0a1ach pu
JICTIO/Ib30BaHMM cucTeMbl eGene up u coctaBuia 9,78%. IIpoBeeHHbII I MOHUTOPUHT MUIEBBIX ITPOAYKTOB I1OKA3aJl, UTO Ha-
ubosbIas BCTpeuaeMocTb HopoBupyca GII 6buta 3acdukcupoBaHa B o6pasiiax yCTpUIl U cocTaBuwia 9,6% OT MCCiemyeMbIX
06pasioB; Ha BTOPOM MeCTe Haxo[uiach KiyOHMKa, Te BcTpedaeMocTb HopoBupyca GII cocraBumiia 6,8%. B o6pasiax masm-
HbI HOpoBupyc GII o6HapykeH He GbL.
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KEY WORDS: ABSTRACT
Norovirus, Express detection of viruses, in particular, norovirus (NoV) and hepatitis A virus (HAV), is becoming an extremely important
hepatitis E, task for food safety control. This study examines various approaches to recovery of viral particles and methods for RNA ex-

foodborne viruses,
RT-PCR, berries,
pork liver

traction from food matrices to assess mengovirus extraction efficiency. Efficiency of mengovirus extraction from raspberry
was 14.26%, from oysters 7.99%, from pork liver 8.33%. Assessment of RNA extraction by various methods was carried out.
The highest efficiency of mengovirus extraction from pork liver (19.37%) was observed when RNA was extracted using the
eGene-up semi-automatic system. The lowest extraction efficiency (5.31%) was achieved upon manual RNA extraction. When
RNA was extracted from oysters, the maximum efficiency (33.35%) was ensured by the AutoPure nucleic acid extraction sta-
tion and NucliSens kit, while the minimum efficiency (9.78%) was observed when using the eGene-up system. The performed
monitoring of food products showed that the highest occurrence of norovirus GII was recorded in oyster samples (9.6% of
tested samples); the second place was occupied by strawberry, where occurrence of norovirus GII was 6.8%. In the raspberry
samples, norovirus GII was not detected.

1. BBegeHue

Ionroe BpeMst OCHOBHOE BHMMaHMe B 06/1aCTV MUKPOOMOIOrMYecKo-
ro KOHTPOJISI MPOAYKTOB MUTAHMS YAEISUIOCh TOMbKO GaKTepuaabHbIM
raToreHaMm, B TO BpeMsl KaK BUPYCHbIe BO36ynuTeny 3ab0aeBaHMii Bbl-
3pIBa/AM MeHbLIMIi uHTEepec [1,2]. [IpnunHOii TOMY SIBJISIIACh HE TOIBKO
CJIOXKHOCTBH OGHAPY)KEeHUST BUPYCOB, HO U TOT (aKT, YTO IPUCYTCTBUE BU-
PYCOB B IUILEBBIX POAYKTAX OGBIYHO He CBSI3aHO C M3MEeHEeHVSIMY Opra-
HOJIENITUYECKNUX WUV CEHCOPHBIX CBOJICTB IIPOAYKTa [3,4]. Mepsl, mpuMe-
HsIeMble TIPY MUKPOOMOIOTMYECKOM KOHTpPOJIE, He 3 (eKTUBHBI B CTyyae
BMPYCHOTO 3apaskeHus. B mocyieiHee BpeMst B Mupe pacTeT 06eCIOKOeH-
HOCTb TMTMEHNMCTOB B CBSI3U C yBeJIM4YeHMeM ClTydaeB INMIIEeBbIX OTPaB-
JIeHUJ, CBsI3aHHBIX ¢ HOpoBupycom (NoV) u rematutom A (HAV), pac-
MIPOCTPaHSIOMIMMUCS Yepe3 3arpsisHeHHYI BOAY, MOJUIIOCKOB, OBOIIN

oIl TUTUPOBAHNMS: FOmmHa, 0. K., CemenoBa A. A., Kysnenosa O. A.,
Cara6aesBa, [I. M, 3aiiko, E. B., Bene6ur, B. (2023). Ouenka 3¢deKTuBHOCTI
9KCTPAKIMY BUPYCOB U3 MMIIEBBIX MATPHUI] ¥ YaCTOThI BCTPEYaeMOCTM KOHTa-
MMHMPOBAHHBIX MPOLYKTOB B TOProBO ceTu. [Tuwjessle cucmemol, 6(4), 463-470.
https://doi.org/10.21323/2618-9771-2023-6-4-463-470

u msarkue Gpykrsl [5,6,7]. Kak mokasan omelT maHgeMmun KOBuUI-19, He
CTOUT MCKIIIOYATh PUCKA Mepeauy yepe3 MPOAYKThbI MUTaHUS Jake Tex
BJMPYCOB, KOTOPbI€ IIepeIaloTCsl OT yesioBeKa K yesioBeky [8,9]. [Ipenmnona-
raeTcsi, UTO IIOCTEIeHHO BMUPYChl MOTYT CTaTh OCHOBHBIMM BO30yAMUTES -
MM IIUILEBBIX MHOeKMi Bo BceM mupe [10]. B 3T0ii cBSI3u 06HapyReHue
BMPYCOB B MMIIIEBbIX MaTPUIaX MMeeT BaXkKHelilllee 3HaUeHNe TPy M3yJe-
HUY BCIIbIIIEK MHDEKIVI, TePeHOCHMBIX Yepe3 IIPOAYKThI MATaHMUS.
Beco mporiecc naeHTUGUKALUY TAIIEBbIX BUPYCOB B OCHOBHOM COCTO-
UT U3 Tpex 3TaroB. Ha mepBoM 3Tare BMPyCHbIE YaCTULIbI OTHE/SIOT U TP
HEeoO6XOIMMOCTY KOHLIEHTPUPYIOT SO HEO6XOAMMOro oobemMa. 3aTeM IIpo-
BOISAT BblAeNieHNe reHetndeckoro marepuana (PHK), sa KoTopsiMm MoxeT
C/1e1oBaTh JOMOMHUTEIbHAsS OYMCTKA HYKJIEMHOBOV KMUCIOTbHI. 3aKII0uM-
TeJIbHbIM 3TaIlOM SIBJISIETCSI MOJIEKY/ISIpHOe OOHapy)KeHMe TeHeTUYeCKOro

FOR CITATION: Yushina, Yu. K., Semenova, A. A., Kuznecova, O. A., Sat-
abaeva, D. M., Zaiko, E. V., Velebit, B. (2023). Assessment of the efficiency of
virus extraction from food matrices and the frequency of occurrence of contami-
nated products in the retail network. Food Systems, 6(4), 463-470. https://doi.
0rg/10.21323/2618-9771-2023-6-4-463-470
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Marepuasa BMPyCoB. B HEKOTOPBIX C/Tyyasix BbIIe/IeHe TeHeTUUeCKOro Ma-
Tepyaa MOXKeT ObITb BBIIIOJHEHO HEMOCPEICTBEHHO M3 MUIIEBOi MaTpu-
LIbI, TIPY 9TOM TIepBasl CTaaus pasfeneHus M KOHLEHTpauyuy OIyCKaeTCs.

TMonyyeHue JTOKHOOTPUIATETbHBIX U JIOKHOTIONOKUTENbHBIX 06pa3-
LI0B MOKeT MPEeLCTaBIATh cO60ii Mpo6eMy BbISIBIEHMS BUPYCOB. Bomb-
LIMHCTBO JIOKHOOTPUIIATEIbHBIX PE3yIbTaTOB SIBJISIETCS IOCIeNCTBMEM
He3(bdeKTUBHOIO BbIgeNeHNs] BUPYCa/HYKIEMHOBBIX KMCIOT U3 aHajN-
3MpPYeMbIX MaTPULL MU MHIUOUpPOBaHMst 06paTHOI TpaHckpumuuu (OT),
nonuMepasHoii 1emnHoi peakiyu (II1IP) 1 MonexkynsipHbIX METOIOB B 1ie-
JIOM. BOJBIIMHCTBO JIOKHOIIOJIOKUTENIBHBIX Pe3YIbTAaTOB 0GYCIOBIEHbI
IepeKpecTHbIM 3arpsi3HeHMeM, KOTOpOe MOXKeT IPOM3O0ITU MOYTU Ha
JMI060M 3Tale aHaIUTUIeCKOi mpouenypsl. COOTBETCTBYIOIAS CUCTEMA
TIOJIOXKUTEIBHOTO ¥ OTPUILIATEIbHOIO KOHTPOJIS BCei PO e ypbl MOXKET
obecrieunThb MOLXOASIIee PelleHye U II03TOMY JIO/KHA ObITh UCIIOIb30-
BaHa IIpy uccienosanmmy [11].

ITepBblIii TAIT AHATUTUYECKOI IIPOLIeLYPbI OOBIYHO COCTOUT U3 OTAENe-
HVSI BUPYCHBIX YaCTULL, OT MAaTPULIBI ¥ ¥X KOHLIEHTPaLyy. OTO KpUTUUECKUIA
MOMEHT B GOJIBIIMHCTBE IPOTOKOJIOB IO BbISIBAEHMIO BUPYCHBIX YaCTMI
B IIPOAYKTaX MUTaHMs. MeTonbl SKCTPaKLUMM BUPYCOB, KaK MPaBUIO, MOTYT
ObITh KIAaCCU(DUIMPOBAHBI B COOTBETCTBMY C UCCIENyeMOli MaTpueit. x
MOXXHO Pa3felnnTb Ha MOAXOAbI, IPMMEeHMMble K IIPOAYKTaM YITIeBOJHOM
TIPUPOJIbI, KOTOPbIE COZEPsKaT GOMbIIOe KOMMYECTBO BOZABI (B OCHOBHOM
(pyKTBHI 11 OBOLIN), ¥ HA TIOIXOAbI, MOAXOASIIVE IJISI TPOLYKTOB C BBICOKUM
comepskaHMeM Kupa U 6enKka (HampyMep, MsCO M MSICHbIe TIPOAYKTHI. OT-
Jle/IbHas KaTeropyust MeTOI0B — 9TO MeTO/bl 111 KOHTPOJISI BUPYCOB B MOJI-
JIFOCKAX, KOTOPbIe IIPEACTaBIISIIOT C060i TOBOIBHO CIIeldUecKyo MaTpu-
LIy M3-3a UX CITIOCOGHOCTYM KOHLEHTPUPOBATh BUPYCHbIE YACTHLIBL.

OKCTpakUMsI BUPYCOB U3 SITOf (MajayHa, KIYOHUKA U [Ip.) SBISETCS
CJIOSKHOIA 3a/1aueli TJIaBHBIM 00pa30M 13-3a UX XPYITKOI TEKCTYPbI U pa3-
JIMYHBIX BelleCTB B STOLHOM COKe, KOTOpbIe IPEISITCTBYIOT OOHapyKe-
HMIO Bupyca ¢ nomouibio TP ¢ o6patHoii TpaHckpurnuueii (OT-TILIP)
[12]. ®eHosnbI U TTONMMQEHOIBI (HATTPUMeED, aHTOLMAH, GIaBOHOI, A/Iaru-
TaHHMH, IPOAHTOLVIAHNUAVH, (eHOIbHbIe KUCIOTHI, IyOMIbHAs KUCIOTa)
MOTYT CBSI3bIBaTh HyK/IenHOBbIe K1caoThl (HK), TemM cambiM MHr16MUpO-
BaTb peakuuio OT-IIIIP. Kpome Toro, nepBuyHas KaeTOUHasl CTeHKa pa-
CTeHMI COOEPSKUT CTPYKTYPHBIN reTeporioncaxapu, eKTUH, KOTOPbIi
take MHru6upyet peakuyy OT-IILIP [13]. IHrM6MUTOpBl B COUETAHUU
¢ HU3KOM 3G GEKTMBHOCTBIO MTIOMPOBAHMS BUPYCa U3 SITOZ 4aCTO CHU-
SKAIOT YyBCTBUTEIBHOCTb OOHAPY)KEHUSI M MOTYT MPUBECTU K JIOXKHOO-
TpULIATENbHBIM pe3ynbTaTaM [14]. B cBSI3M ¢ 5TUM Ba’kKHO MUCIIONb30BaTh
MOJXOAbI, TO3BOJISIIOIME MUHMMU3UPOBATD BAMSIHME UHTMOUTOPOB, CO-
Jlep>KalyXcs B ITOAAx.

CBMHas MeYeHb U MPOLYKThI 13 CBUHO TeUeHU SIBJISIOTCS Hamnbosee
yacTbeIMM uctouHukamu renatura E (HEV).

V cBMHel! 9TO 3a60/1€eBaHye IlepefiaeTcs B OCHOBHOM (heKalbHO-0pab-
HbIM ITyTeM. OHM HAUMHAIOT BbIIEJISITh BUPYC € heKaansIMu B TeUeHe IBYX
MecsiteB [15]. MHGUIMpOBaHHbIE CBMHBY OObIYHO HE MPOSIBIISIIOT KaKMX-
7160 SIBHBIX KIMHUYECKUX CUMIITOMOB, XOTSI B HEKOTOPBIX CJIYYasiX Y HUX
MOXXEeT pa3BUTHCSI OCTPbIVi CaMOOTPAHMUYMBAIOLIVIICS TelaTUT JIeTKON
u cpepHeit creneny Tspkectn [16]. Kak ciencrue, CBUHBY, MHGUIMPOBAH-
Hble HEV, mocTymator Ha 60iHIO KaK 3[J0pOBbIe SKMBOTHbIE, U, CTIEI0BATE/Tb-
HO, VX TKaHY ¥ MSICO MOTYT TIPEJCTaBJISITh OMIACHOCTb AJIS1 TIOTpeGuTeNe.

BO/bIMIMHCTBO BMPYCOB NUILEBOIO IMPOUCXOXKIEHMS TPYIHO WIN He-
BO3MOXKHO Ky/JIbTMBMPOBATH [17]. st MX o6HApyskeHMsT B 00pasuax mu-
1IeBbIX MPOAYKTOB M OKPY)Kaoleil cpefibl UCIIONb3YIOTCSI YYBCTBUTEb-
Hble MoseKynsapHble MeToabl. Cerogus OT-IIIIP mmpoko mpyMeHseTcst
IU1s1 OGHAPYKEeHMUST BUPYCOB, IIOCKOJIbKY OHA YYBCTBUTEJIbHA, crienuduy-
Ha, ObICTpa ¥ MOXKET MPeJoCTaBISITh KOMMUeCTBeHHbIe TaHHble. TeM He
MeHee 3((EKTUBHOCTh MOJIEKY/ISIPHBIX METOLOB CUIBHO BapbUpPYyeTCs.
[Tpo6ieMbl BO3HMKAIOT B CBSI3Y C PA3IMYHBIM MATPUUYHBIM COCTABOM,
C BBICOKOJI BapyabenbHOCTHIO MOCTeN0BATEeNbHOCTY BUPYCOB M C HaJM-
yyeM UHrM6mTopos. IIpu BpIOOpe MOAXOASIIET0 MeTOAA HeO6XOAMMO
YUMUTBIBATh XapaKTePUCTUKM KaK KOHKPETHOJ creuyduueckoit MmaTpu-
LIbI, B KOTOPOJ BBITIONHSIETCSI OOHAPY)KeHMe, TaK U IMOTeHLMATbHO MPK-
CYTCTBYIOLMX BUPYCHBIX areHToB [18].

VuuThIBasl BBILIEONVCAHHYIO MPOGIEMATHKY, Lielb PaGOThl COCTOSIIA
B olleHKe 3G GeKTUBHOCTM HKCTPArMpoBaHMSI BUPYCHBIX YaCTUL] U3 IK-
meBbIX MaTpul, 1 Beigenenus PHK ¢ ncronb3oBannem pasanyHbIX MO/ -
XOJI0B, a TAlOKe B ITpeJIBapUTEeIbHOI OlleHKe paclipOCTPaHEHHOCTY BUPY-
COB B IMILEBBIX IIPOAYKTAX POCCUICKOTO IIPOM3BOICTBA.

2. O6'BeKTHI ¥ METOABI
2.1. O6Bexmol uccnedo8aHus

B kauecTBe 00BEKTOB MCC/IEIOBAaHMS ObUIM B3SThI 0OpPa3lbl Ma-
HbI, KITyOHUKY, YCTPUILL M CBUHOV reueHn. O6pasibl MaJlMHbI, KITyOHUKYI
¥ CBMHOVA ITeveHN (B IIOTPeOUTeNbCKO yriakoBKe Mmaccoii ot 0,5 1o 1,0 kr)
OGbUIM TIOTYYEeHbI B TOUKAX PO3HUYUHOI TOProBv MoCKBbI 1 MOCKOBCKO#

obnactu. Yerpuisl 6buUmM BbIpamieHsl B IIpumopckom kpae, HOkHO-
CaxanuHcke, BraguBocroke, Pecrry6invke KpbIiM 1 OCTaB/ieHbI Ha UC-
CJIefloBaHMS B BaKYYMHBIX yIakKoBKax 1Mo 15-20 miTyk. [Ijis oteHku 3¢-
(beKTMBHOCTM MTOIXOIOB 110 M3BJIEYEHNIO LIeJIEBBIX BUPYCOB M3 06pa31joB
u a¢derTBHOCTY BhiZeneHyst PHK 6b11 B3ST MeHroBupyc, mramm VMCO
(Mengovirus Extraction Control kit KMG, bioMérieux, ®panuus) (nanee —
KOHTPOJIbHBIA BUPYC). DTOT BUPYC 06amaeT CTPYKTYPHbIMU, (GU3UKO-
XUMUYECKUMU U OPYTMMM aHAJIOTMUYHBIMM CBOIICTBAMM GOJIBIIMHCTBA
KUIIEYHBIX BUPYCOB, UTO JieJIaeT ero COBpeMeHHO! MOopdoIornyeckoit,
(bU3MKO-XMMIUYECKOIi ¥ TeHeTUUECKO MOJE/bIO i MOHUTOPUHTA BM-
pycos [18,19].

2.2. I[Todzomoska peakmugos
PeakTuBbI, UCIIOTb30BaHHbIE B paboTe, mpuBemeHbl B Tabnuie 1
¥ OIMCAHbI HIDKeE.

Ta6nuua 1. PeakTUBBI, UCIIONb3yeMble B paGoTe
Table 1. Reagents used in the work

Ne HammeHoBaHMe CocTaBHbIe KOMIIO- IIpousBoaguTens,
peakTuBa HEeHTBI cTpaHa
1 5x TMonuatuneHriMkonb  Sigma-Aldrich,
nonusTuneHrnukons/  (PEG) 8000 lIBerinapus
?Sgg/nﬁalg;pm Xnopup Hatpust (NaCl) OOO «M3XP», Poccust
2 Xnopodopma/oyraHona Xmopodopm Scharlab, Ucnianus
n-ByraHon neoFroxx, l'epmannst
3 Bydep Tpuc/rauuyus/ Tpuc ocHOBa neoFroxx, [epmanus
TOBSDKMI 9KCTPAKT [tris(hydroxymethyl)
(TGBE) aminomethane]
Tnuuux neoFroxx, [epmanus
IMopo1ok sKcTpaxTa Becton, Dickinson,
TOBSIIVHBI ®panuus
4 Bydep Tpuc/34TA (TE) Tpuc pacTBop neoFroxx, Tepmanust
(1 momnb/m)
D[TA pactBOp neoFroxx, [epmanus

(0,5 mosnb/m)

2.2.1. Pacmeop 5 x noausmuneHzaukov/xaopud Hampus (PEG/NaCl)

B 450 M Boger pactBopsiiv 500 T MOMMUSTUIEHITIUKONS U 87 T XJIOpHU-
nma Hatpusi. O6bem moBommiu 1o 1000+ 10 MuT BOZbI M XOPOIIO ITepemMe-
mBanu. IlomydyeHHbI pacTBOp cTepMIN30Baau B aBTokIase mpu 120 °C
B TeueHue 15 MUHYT.

2.2.2. Cmecw xs0poopma/O6ymarona

B naboparopHoii nocyme cmemuBamu 10 mu xmopodopm u 10 mi
n-ByraHos. [TosiyueHHYI0 CMeCh XpaHU/IM B TEMHOM MecTe B Oy ThIIKaX 13
TEeMHOTO CTeKJIa.

2.2.3. Bygep Tpuc/znuyum/zoesxcuti skempakm (TGBE)

B 800 mu1 Bozbt pactBopsuin 12,1 r ocHoBbl Tpuc [tris(hydroxymethyl)
aminomethane], 3,8 r mmuuHa, 10,0 T TOpOIIKA 9KCTPAKTA TOBSIIMHBL,
py Heo6XOAMMOCTU TOomHMMaAM ypoBeHb pH mo 9,5+0,2 mpu 25°C.
O6mmit 06vem moBogmau no 1000+ 10 M1 BOABI M XOPOLIO MepeMemin-
Bas. [TonmydeHHbIit 6ydep crepuansoBanu B aBToknase (CIIBA-75-1-HH,
«TpaHc CurHai», Poccust) mpu 120 °C B TeueHue 15 MmuHyT. CTepUIbHBIN
6ydep xpanmm npu temreparype 5+1°C.

2.2.4. Bygep Tpuc/SOTA (TE) (10 mmons/n Tpuc, 1 mmonv/n 3TA)

IOns nomyuenus: Gycdepa TE, comepskamero 10 mmonb/n Tpuc
u 1 mmonw/n DTA, cmemnBanu 1000 mxn pactBopa Tpuc (1 monb/m)
u pactBopa JTA (0,5 mosnb/n). Bydep xpaunau ripu 5 °C.

2.3. dxcmpaxkyus supyca
2.3.1. Okxcmpaxyus supyca u3 5200

25,0 r obpasua nepeHOCUIN B OTAeNeHue sl 06pa3lioB CeTYaToro
bunpTpoBaNbHOTO MakeTa eMKOCThio 400 Mi1. 3aTeM K 06pasiy 106aB-
s 10 MKJT KOHTPOJIBHOTO BUpPYCa M MHKYOMPOBaIM MPU KOMHATHOM
tTemneparype B TeueHue 10 muH. Ilo 3aBepuieHMM MHKYOMPOBAHMUS
B o6paser; BHocwiu 40 M TGBE. [lanee no6asisiin K obpasiam He Me-
Hee 30 Ex mexktuHasbl u3 Aspergillus niger (Sigma-Aldrich, llIpeitapust).
O6pasiipl MHKYOMpOBaau Ha ieiikepe Multi Bio 3D (Biosan, JlaTBus)
Mpy KOMHATHO Temmeparype 1 60 06/MuH B Teuenme 20 MuH. Bo Bpe-
MsI MIHKYGMpOBaHMSI 06pa3oB srof tect-monockamu (Merk, Tepmanmst)
nsMepsiin pH akerpakra kakabie 10 muH. IIpu cHmKeHMM ypoBHS pH
HKke 9,0 cmech mopmenaunBamy 10 9,5+0,5 ¢ UCII0Ib30BaHMEM BOLHO-
ro pacrBopa NaOH (> 10 monb/n) (Millipore, Sigma-Aldrich, Tepmanust)
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u uHKyoupoBanu eme 10 muH. 3atem pH mM3Mepsin eie pas, mpu He-
06XOOMMOCTH IOILIeIauMBaIM CMeCh M MPOAOJIKAIN MHKYOMPOBaHMe.
JKCTPAKT U3 OTHeNneHMs AJIs1 OTGMIBTPOBAHHOTO MaTepyasa lepeHocH-
JiU B LIeHTpUYKHbIe TPOOUPKM 06beMOM 50 MJI. DKCTPAKT IEeHTPUdy-
rupoBau ripu 10000 06/Muu mipu Temiepatype 5 °C B Teuenue 15 MmuH
B entpudyre Centrifuge 5804 R (Eppendorf, Tepmanmsi). CyrniepHaTaHT
IepeHOCUIN B OTHeNbHble uncThie (aabKOHbI U mosoawau pH mo 7,0
¢ ucrmonb3oBanuem BogHoro pactsopa HCI (> 5 N) (Charlab, Vicianus).
K nmonmyyeHHOMY 3KCTpakTy nobasnsuin Y% o6bema cynepHatanta PEG/
NaCl 5X st monmyyeHusi KoHeuHO# koHueHtpaumu 1X (100 r/n PEG
n 0,3 M NaCl). CMecb TOMOreHM3MPOBAIM BCTPSIXMBAHMEM B TeUeHUe
60 ¢ 1 nHKyOoMpoBanu B 1eiikepe Multi Bio 3D (Biosan, JlaTBust) mpu
60 06/muH u 5°C B TeueHue 60 MuH. [To0 OKOHUAHMM UHKYOUPOBAHMS
cvech neHTpudyruposanu mpu 10000 o6/mMuH u Temiepatype 4-5°C
B TeyeHye 30 MMH. 3aTeM yOaJsUIM OCaZoOK M IIPOBOLWINM IOBTOPHOE
ueHTpudyruposanue npu 10000 o6/muH u Temnepatype 4-5 °C B Teue-
HMe 5 MMH 114 yIJIoTHeHus. CyniepHaTaHT yAalsiv, a 0CafoK pecycIieH-
nupoBamu B 500 mMkn docdatHo-coneBoro 6ydepa (PBS, AppliChem,
TepMaHusI) ecny 06beM 0CafKa OKa3bIBAJICS 3HAUUTETbHBIM, IPUMEHSI-
nock 1o 1000 Mk docharHo-coneBoro Gydepa. IlonyyeHHbIE pacTBOP
IIepeHOCUIIN B EHTPUPYKHYIO TPOOUPKY 06beMoM 1,5 mit, 106aBsiimn
500 Mk cmecu xmopodopm/6yTanon (1:1), MHTEHCUBHO BCTPSIXMBAIN
¥ MHKYOMpOBa/IM B TeueHMe 5 MUH IpM KOMHATHON TemIiepaType. 3a-
TeM ob6pasers neHTpudyruposaau mnpu 10000 o6/Mun u 4-5°C B Teue-
Hue 15 MuH 1 nepeHocuan BogHywo ¢asy (400-500 MKIT) B UMCTYIO TTPO-
6MpKy. [TomyyeHHBII HKCTPAKT Cpa3y JKe MOoABepraau SKCTParupoBaHuUIo
BupycHoii PHK.

2.3.2. Dkcmpaxyus supyca u3 08ycmeaopuamstx MoJi0CK08

Ina aHanmu3a otb6bupanu He MeHee 10 MoOJUTIOCKOB. [TaHIMPBH OT-
KpPBIBA/IM CTEPWIbHBIM HOXOM. [IniieBapuTenbHbIe jKee3bl BbIpe3ann
C XCIOMb30BaHMeM HOKHULL U IIMHIIETOB, U [IEPEHOCUIN B CTEPUIbHbIE
yamky [letpu. O6uiasi mMacca skeye3 IJis MCCAeLOBAHMS COCTABIIsIA
He MeHee 2 T. [IuieBapuTebHbIe JKele3bl M3Melbyaay CKajblieleM
10 TIaCTOO06Pa3HOli KOHCUCTEHIMHU. 3aTeM 2 T MOJy4eHHOTo oOpasia
repeHoCuIn B LeHTpUDYRHYI0 MpobupKy ob6bemom 50 mur. Iuiea-
pUTeNbHbIE JKeJIe3bl CPa3y ke MOoABepraayu dKCTPaKuuu Bupyca. B ka-
SKIYI0 TPOOGUPKY ¢ 06pasioM BHOCWIM 10 MKJI KOHTPOJILHOTO BUpYca
mnpotiecca u 2 M pactBopa nporenHassl K (neoFroxx, T'epmanust), me-
peMelyBanu 1 MHKy6MpoBanu B 1ueiikepe (320 060pOTOB/MMH) TIPU
37°C B Teuenue 60 MuH. [To OKOHUAHMUM JIM3MCA TPOBOAUIN MTOBTOP-
Hoe MHKy6upoBauue mpu 60 °C B TeueHne 15 MMH, TOMECTUB MPOGUP-
KY B BozsiHyi0 6aHi0 WB-4MS (BioSan, JIaTBus). [Toy4eHHbI I pacTBOP
ueHTpudyruposanu Ha ueHtpudyre Eppendorf MiniSpin, (Eppendorf,
Tepmanus) npu 3000 06/MUH M KOMHATHOM TeMIlepaType B TeUeHue
5 MuH. CymepHaTaHT MEePEeHOCUJIM B YNUCTYIO MPOOUPKY U U3MEepSIIn
ero 06bem. O6beM MOTYYEHHOTO PacTBOpa 3ammchbiBaau. [IomyuyeHHbIN
SKCTPAKT He3aMeJlIMTeNbHO N0JIBepraay 3KCTparmpoBaHUI0 BUPYCHO
PHK.

2.3.3. Dxempakyus eupyca u3 c6uHoll neueHu

O6paser; cBUHOII mieueHu maccoit 100 Mr BHOCHIIM B TIPOOGUPKY C Ke-
pamuueckumu mapukamu (Bertin Technologies, ®paunuusi), nob6ass-
mu 1 v tpusona (Invitrogen, CIIA) n 10+0,5 Mk Bupyca st KOHTP-
osist Tipotiecca. [Ipo6upKy momelnanyu B romoreHusaTop Minilys (Bertin
Technologies, ®panuus) mpu 5000 06/MUH HA 3 MUHYTHI.

TMoce pecTpykiMy 06GpasiioB TPU30JIOM B TMPOOUPKM BHOCUIINA
200 mxn xmopodopma (Scharlab, Wcrianust). 3atemM He3aMeIUTETbHO
repeMeninMBaau Ha Boprekce MSV-3500 (Biosan, JIaTBust) ¥ OCTaBJISIIN
Ha 5 MMHYT IIpU KOMHATHOI TeMiieparype. [1o ucreyeHun BpeMeHU LIeH-
Tpudyruposamu rnpu 13,5 Thic. 060POTOB B MUHYTY B TeueHue 10 MUHYT.
HapocaiouHyo sKMIKOCTh OTOMPay B OTAeIbHbIe TPO6upK. ITonyyeH-
HBII 9KCTPAKT MOABEPraay sKCTparnpoBaHmio BupycHos PHK.

2.4. Sxcmpaxyus PHK

VI3 06pasiioB IBYCTBOpYATHIX MOJUTIOCKOB 3KcTparupoBasu PHK u3
500 MKJI TTOTy4YeHHOTO 00pasiia, BO BCEX OCTAJIbHBIX CYYasiX UCIOIb30-
BaJIM BCIO SKCTPArvMpOBaHHYIO KUIKOCTD.

IInst KaskAoii MapTuu TeCTUPYeMbIX 06pa3iioB GbLT BKIOUEH OTPUIIA-
TeJIbHBI KOHTPOJIb 3KcTpakiuu PHK.

Inst ouenku sddexTuBHOCTM 3KcTpakuuyu PHK 1 ¢ 1iebio co3manmst
CTaHAAPTHOM KPUBOW Iys1 omnpexeneHus 3(PQPeKTUBHOCTY IKCTPAKLINN
BUpYCa [JISI KaXKOOM MapTuy MCCIeqyeMbIX 00pasiioB GbLIO IOTOIHM-
TeabHO B35ITO 10 MKJI KOHTPOIBHOTO BUpPYCA M3BECTHOV KOHILIEHTpaluu
u n06aByeHo 490 % 10 MKJI BOZbI I7IsT MOJIEKY/ISIPHBIX MCC/IeoBaHMi. Tak-
ke 6bl1a poBeneHa skcrpakuyst PHK, KoTopast BHITIOTHSIIACh TPEMST pa3-
JIMYHBIMY METOZaMU, OTIVICAHHBIMMY HIKeE.

2.4.1. Oxempaxyus PHK ¢ nomouisio peazenmos NucliSENS

DYUHBIM Memooom

st arerpakumy PHK mo6asmsuim 2 mi 6ydepa mst insuca NucliSENS
(bioMérieux, ®paHiust) B IPOOUPKY ¥ KPATKOBPEMEHHO TepeMeInBan
BCTPSIXMBaHMEM, 3aT€M MHKYOMpoBaau 10 MUH Mpy KOMHATHOV TeMIle-
patype. lo6assi 50 MKJI TpeBapUTeNIbHO MTepeMelIaHHOTO PacTBOpa
MAarHMUTHOTO IMOKCUIA KPeMHMSI B TPOOVPKY, KPaTKOBPEMEHHO ITepeMe-
LIMBAIY BCTPSIXMBAHMEM ¥ MHKYOMpoBaay 10 MUH py KOMHATHO TeM-
reparype. 3atem eHTpudyruposamu B TeueHue 120 ¢ pu 1500 06/MuH
WY JaBajy OKCUAY KPeMHUS OTCTOSITBCS C TIOMOIIbI0 MAarHUTHOTO IITa-
TUBA ¥ OCTOPOXKHO YIAISIM CyTlepHATaHT. YOoupanm npobupKu ¢ MarHuT-
Horo mTatuBa U mob6asisuim 400 Mk 6ydepa NucliSENS1 st skcTpak-
MM, OCaJOK PecyCleHIMPOBaIM BCTPSIXMBAHMEM, CTApasch M30eXKaThb
rieHoo6pasoBanus. [Ipo6UpKM ¢ 06pasamMy MOMeNaayu Ha MarHUTHbIA
IITAaTUB, 3aTeM OXMOAJIM IMOJHOTO OCemaHMs MAarHMTHBIX YaCTUIl M aK-
KypaTHO yOaIsiM CylepHaTaHT. dTtanm ounctku 6ydepom NucliSENS1
IIST 9KCTpakumy moBTopsiny. CyrnepHaTaHT MOMHOCTBIO yaasnsian. [Ipo-
OMPKM CHUMAaIM C MarHUTHOTO WITaTMBA, fobasism 500 mkn 6ydepa
NucliSENS2 pnjis 3KCTpaKUUM ¥ MHTEHCUBHO BCTPSIXMBAIM B TeUeHUE
30 c. 3aTeM JaBaay OKCUIY KPeMHMSI OCECTb C IOMOILbI0 MarHMTHOTO
MITaTMBA M aKKypaTHO YOS/ CylepHAaTaHT. Tall OYUCTKU Gydbepom
NucliSENS2 st 9KCTpaKIyy OBTOPsuM ele pa3. CyrepHaTaHT IOTHO-
cThio yaassin. [Ipo6UpPKY CHUMaIM C MAaTHUTHOTO IITATUBA U 06ABISIIN
500 Mk 6ydepa NucliSENS3 nyst skerpakimn. Ocajok pecycrieHaupoBa-
JIM BCTPSIXMBAHMEM, CcTapasich 136exkarb rmeHoobpasoBaums. [Ipo6upKu
¢ o6pasiamy MoMeNniaay Ha MarHUTHBIN IITATUB U 1aBajyu OCECTbh Mar-
HUTHBIM YaCTUIIAM, 3aTeM aKKypaTHO YOS CyllepHaTaHT. IIpo6upku
y6Mpasy ¢ MarHMTHOTO ITatusa 1 BHocvin 100 Mk 6ydepa NucliSENS3
IJIST 9KCTPaKLMM, TIpeABapuTeabHo Harpetoro a0 60 °C. O6pasiibl mepe-
MeluBaau 4-5 pa3 myTeMm BCTpsixuBaHus. [ToyueHHbIe TPOOUPKHM CTa-
BuIY Ha 1wejikep npu 60 °C Ha 5 MuHYT. [0 MCTeUueHM BpeMeHy MHKYOu -
poBaHMs IPOGMPKY MTOMeIaM Ha MarHUTHbIM [ITaTUB, BCIO KUIKOCTh
TepeHOCUIN B yucThbie Tpobupku. [Tonyyennyio PHK ucrionb3oBanm st
nposenenus [1LIP.

OxcrparupoBanHyio PHK mcnonb3oBanm cpasy ske Win XpaHWIN NIpu
5°C makcumanbHO 24 4, mpu — 15 C uau Huke — 1o 6 Mec.

2.4.2. 3kcmpakyuro PHK ¢ TIOMOLIbIO TOJyaBTOMAaTUYECKON CUCTEMBI
eGene up (bioMérieux, ®paHuust) 1 C MOMOIIbI0 HabOpPOB abopa-
TOPHBIX peareHTOB 11 BbifesneHuss PHK innuPREP RNA MiniKit 2.0
(AnalytikJena, TepmaHus1) TPOBOAVIIM COIIACHO MHCTPYKLIMM TIPOU3-
BOAMTEJIS.

2.4.3. dkxcmpakyus PHK ¢ nomowsto agmomamuueckoti cmaHyuu

evtdeneHus PHK Auto-Pure 96.

Inst oxerpakiumy PHK mo6asmsuin 2 M 6ydepa ast insuca NucliSENS
B MPOGMPKY ¥ KPATKOBPEMEHHO TIepeMeIIMBaIN BCTPSIXMBAHMEM, 3aTEM
MHKY6MpoBamy 10 MUH NPy KOMHATHOI TemIiepaType. [lasee BHOCUIN
50 MKJI TTpeBapUTENIbHO TIepeMEIIaHHOTO PACTBOPa MAarHUTHOTO TMOK-
cuia KpeMHUS B TPOOMPKY, KPATKOBPEMEHHO NepeMeInBaIu BCTPIXU-
BaHMeM M MHKYOUpoBaayu 10 MMH ITPU KOMHATHOJ TemMIlepaTtype. 3aTemMm
ueHTpudyruposanu B reuenue 120 ¢ mpu 1500 06/MuH B neHTpudyre
Centrifuge 5804 R (Eppendorf, Tepmanust) 1 ;06aBISUIN 1O 2 MJT B YUCTYIO
IIAlIKy. B KaskayIo MUIamKy st KaskIoro o6pasiia BHOCUIU 110 OFHOM
nyHke 6ybepa NucliSENS1 o6bemom 400 MK/ Ajs1 9KeTpakiyy. Takke
BO BCe IUIALIKM JJIsT BCeX 06pasiioB BIMBAIM TI0 OOHOI JyHKe Gydepa
NucliSENS2 o6bemom 500 MK 151 sKcTpakuyn. To6asisiv 500 Mkt 6y-
epa NucliSENS3 B ogHy mamky. Takke B OTIeTbHYIO YMCTYIO IUIAIIKY
BHocwm 100 mkn 6ydepa NucliSENS3. [lanee cienoBaiy MHCTPYKLIUNA
MPOM3BOANUTES.

2.4.4. OT-IILIP 6 peanvHom 8peMeHU

s uneHTnbUKAIVM BYUPYCHBIX T€HOMOB VCIIO/Ib30BaIM OLHOITAIl-
Hyto OT-IILIP Ha npubope Gene up (bioMérieux, ®paHuus) B pexume
peaybHOrO BpeMeHM C TMAPOAM3yeMbIMM 30HAaMM. [Iis ompemeneHust
HOPOBUPYCA MPUMEHSUIM HAabop il 06GHAPY)KeHWUSI HOPOBMUPYCA T'eHOT-
pyrbl IT (NoVGII) (bioMérieux, @paniiyst); /151 BbISIBJIEHNS BUpPYcCa refa-
tuta E ucronb3oBanyu Habop 1j1st o6HapyskeHust Bupyca rernarura E (HEV)
(bioMérieux, ®paHIus); IJIst ONpeeeHs] MeHTOBUPYCa UCIIONb30Ban
Habop A5t o6HapykeHMst MeHroBupyca (bioMérieux, @panuus). Kaxxmast
rnocta”oBka [1IIP Bk/ouasa MONOKUTENbHBIN M OTPULIATeNbHbIN KOHTP-
071, BXOZSIIIME B COCTaB HaGOPOB.

2.5. UlHmepnpemayust pe3yismamos

CurHai dryopecieHLy AJ1s1 BHYTPEHHEIO KOHTPOJISI MCCIenyeMOro
obpasna cunThiBasics o KaHany VIC, a curHan ajis o6HapykeHus PHK
BMUpYyCa JJIs1 KOHTPOJS IPOIecca, MOJOKUTEIbHOTO M OTPULLATeIbHOTO
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kouTponeii TP, a Taxke PHK 1CKOMBIX BUPYCOB OINpenesijics 110 KaHa-
1y FAM. 3HaueHne noporosoro 1ykia (Ct) meHblie 40 IMK/IOB CYUTAIOCH
TIOIOXKUTENIbHBIM Pe3y/AbTaTOM.

[y OoLleHKM IapaMeTpoB KauecTBa IPOBeNEHHBbIX MCCleoBaHMit
CTPOMIIM KanubpOBOUHBIN rpaduk. [IJiss 3TOTO MCIOIb30BAIN Pe3YIlb-
tatbl [P pns cepuit pasBemsenmit PHK koHTponpHOro Bupyca. Ilo-
CTpOeHMe KaMOGPOBOYHOTO rpadmKa M OLEHKY ero rnapameTpoB Ipo-
BOOM/IM C TIOMOIIBIO MMPOrpaMMHOr0 obecriedenust mpuoopa Gene up
(bioMérieux, ®pauinus). C 1eNbl0 OMpeneaeHNs CUIbl B3aMMOCBSI3U
MeXJy IepeMeHHBIMM (CTeleHy MPSIMONIMHENHOCTM) MCII0Ib30BaIu
Koapuument koppensuuu IupcoHa (r?), 3a JOMYCTUMBbIE 3HAUEHMUS
KOTOpOro NMpuHMMaau 3HaueHus ot 0,98 u Beillle. B kauecTBe Ipyroro
rnapamMeTpa OLeHKM Kalu6GpPOBOUYHOrO rpaduka MCIoab30Baau 3HaUe-
HMe HaKJOHa KpUBOIi (m), moKa3aTeau KOTOPOTO LOJIKHBI HAXOAUTHCS
B npenenax ot — 3,1 mo — 3,6, 4To cOOTBETCTBYET 3PHEKTUBHOCTI aM-
mndukanyu ot 90% mo 110%.

O deKTMBHOCTh IKCTPAKIUYM BUPYCA CUUTAIM YCIEIIHON IPU ero
IKCTpakiuu 6osee 1%. DKCTpaKIMIO KOHTPOIBHOTO BUpyca (p,%) B 00-
1IeM CJTyyae pacCuYMThIBAIN 1O hopMyIie:

p = 10(ACt/m)x 100,

roe ACt — pasHOCTb TMOPOTOBBIX LIMKIOB amruinbukanuii (Ct) ucciaemyemMoit
¥ Hepa3BeJeHHOI KoHLeHTpauyuy PHK KOHTpoimbHOTO BUpyCa;
M — HaKJIOH Kam6poBouHoro rpadmka PHK KoHTpoIbHOTO BUpyca.

B ciyyasix, Korga nuieBoii MaTpuieii 6pu1M 06pasibl YCTPULL, OKOH-
yaTeabHbIi pacueT 3HeKTUBHOCTY HIKCTPAKIMY BUPYCA IIPOBOIMIIN CJie-
IYIOIIMM 06pa3oM:

E = (p/0,5)xv,

Toe p — SKCTpaKIys KOHTPOJIbHOTO BMpYyCa,
vV— 06]]_[]/1]71 MBMEDQHHI)II‘;I 06bemM CyrnepHaTaHTa B MJI.

2.6. Cmamucmuueckas 06pabomka

IlaHHbIe O6bUTM BbIPAXKEHbI KaK CpefHee 3HaueHMe * CTaHIapTHOe OT-
kinoHeHue. [Tpu orieHke 3GGeKTUBHOCTM IKCTPArMPOBAHMSI BUPYCOB IKC-
MepUMEHT MPOBOJMIA B TPEX MOBTOPaxX. AHA/IN3 3HAUMMOCTY TIOTyU€eH-
HBIX Pe3y/IbTaTOB ITPOBOAVIIN C VCIIOJNIb30BaHMEM KPUTePUs X1-KBaipaT
[upcoHa. Pa3nuuusi CUnTaIUCh 3HAUMMBIMM TIPU YPOBHE JOCTOBEPHOCTH
p < 0,05. [Ins1 craTUCTUUECKO 06pabOTKM JaHHBIX IPUMEHSUIN IIPO-
rpaMmMHoOe o6ecrieueHue STATISTICA 12.0.

3. Pe3ynbTaThl ¥ 06CyXKAEeHUE
3.1. OyeHka appekmusHOCMU IKCMPAUPOBAHUS BUPYCO8 U CNOC0008
evtdeneHust PHK
OueHKy 3G QeKTMBHOCTM IKCTPArMpOBAHMS BUPYCOB TIPU UCIIOIb30-
BaHMM PYYHOTO, MOTYaBTOMATHUECKOTO M aBTOMATMUYECKOTO CIOCOGOB
BbigenieHnss PHK HaumHam ¢ MOCTPOeHMsI KaauOpOBOUYHBIX TpadmKOB.
C 9TOit 1IebI0 6BUIM TIONYYEeHbI 3HAUEHMSI MOPOTOBOTO LIMKJIA aMILIN-
dbukaumii (Ct) ajist cepuy KOHIEHTPAUMii KOHTPOJIbHOTO Bupyca (Tabmm-
1a 2). Takke 6GbUTM MOCTPOEHBI KaaMOPOBOUHbBIE TpaduKy ST pacyeTa
rnapameTpoB MpsiMoii (PUCYHOK 1), COOTBETCTBYIOLIYE TPEM CIIOCOGamM
Boigenenust PHK.

Ta6nuia 2. Iloporossiit nukia ammduranum (Ct) meHroBupyca
B 3aBMCMMOCTH OT croco6a Beigenennss PHK

Table 2. Threshold cycle (Ct) of amplification of mengovirus depending
on the method for RNA extraction

3uaueHue Ct

PyuHOI1 c110cO6 Cra”Hums
O6mexTsr ¢ HaGopom AutoPure eGene up (8)
innuPREP RNA ¥ HaGop P
MiniKit 2.0 (a) NucliSENS (6)
Menrosupyc 100% 25,15+0,40 25,55+0,29 24,19+0,03**
Menrosupyc 10% 28,39+0,37 29,32+0,15% 27,24%0,21%©
Menrosupyc 1% 32,48+0,31 32,40+0,27 30,60+0,16%%©
Menrosupyc 0,1% 35,49+0,23 35,62%0,34 34,54+0,36

Ipumeuanue: * — pa3muums CTATUCTUIECKY 3HAUMMBIE, p < 0,05.

Kak BumHO n3 Tabauiibl 2, TOPOTOBBIN LMK/ aMIUIM(pUKALIIA MeH-
roBupyca 3aBuces oT criocoba Beigenenust PHK, npyu 3Tom focTOBepHbIE
pasnuums HabIIomaNInCh U1l CPeSHUX 3HAUEHW, TOTyYeHHBIX IIPYU KOH-
neHTpauusx 1%, 10% u 100%, rmaBHbIM 06pa3oM MpU aBTOMAaTUUECKOM
crioco6e Boigenennst PHK. Ha ocHOBe JaHHBIX KalTMOPOBOUHBIX rpaMKOB
(PucyHOK 1) 61TV PACCYMTAHBI UX TTAPAMETPBI /IS OLIeHKY MPUeMIeMO-
CTM pe3ynbTaToB. [JaHHbIe MpencTaBaeHsl B Tabmuie 3.

[Ipy MCIIONMBb30BaHNM aBTOMATHUYECKOTO CII0c06a KanuOpOBKY 3HaUe-
Hye ko3 dumenTa 12, xapakTepu3yIoIero npsiMoIMHeTHOCTb Kanubpo-
BOYHOTO rpadyka, 6bI/I0 HEMHOTO BbILIe, YeM JIJIsl PYYHOTO U TIOyaBTO-
MaTM4YeCKoro MetozoB BoigeneHust PHK.
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PucyHok 1. KanuGpoBouHbie rpadvku Jjisi MEHTOBUPYCa:
a) py4uHoii croco6 ¢ Ha6opom innuPREP RNA MiniKit 2.0;
6) craumusa AutoPure u Ha6op NucliSENS; B) eGene up
Figure 1. Calibration graphs for mengovirus:

a) manual method with innuPREP RNA Mini Kit 2.0;

6) AutoPure station and NucliSens kit; B) eGene-up
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Tab6nuiia 3. OeHKa mapamMeTpoB KaJIMOPOBOYHBIX rpad)KOB
B 3aBMCHMOCTH OT crioco6a Bbigenenuss PHK
Table 3. Assessment of parameters of calibration graphs depending
on the method for RNA extraction

Koadbduument
Cnoco6 Beigenenus PHK KOppensIM Haxion (m)
MEeHroBMupyca Tupcosa (%)

Or-3,10
[IpuemiemMble 3HaYEHMSI >0,980 110 —3.60
Pyy4HOI1 crtoco6 ¢ Habopom B
innuPREP RNA MiniKit 2.0 0,996 3,51
CraHuus AutoPure 1 Ha6op NucliSENS 0,998 -3,33
eGene up 0,996 -3,44

[Monmy4yeHHbIe TaHHbIE TIO KOPPEJISIUU MEXIY IBYMS TlepeMeHHbIMU
(r*) moka3asnu BbICOKME TIONIOXKUTEeNbHbIE JIMHelHbIe cBsi3u — OoT 0,996 mo
0,998 B 3aBUCKMOCTH OT crioco6a Boigenennst PHK. Hak/ioH KpuBOii Haxo-
IIAJICS B TIpefieniax ot —3,33 1o —3,51, 4To COOTBETCTBOBAIO MPUEMIEMbIM
Tpe6OBaHMSM.

C MCIonb30BaHNeM KaaMOPOBOYHBIX IPadMKOB, TIOTYUYEHHBIX IS Ce-
puu pasBeneHnit MeHroBupyca (PucyHOK 1), GbIIM TPOBEEHbI AaTbHe -
1I1e UCCIeqoBaHms 1 olleHeHa 3G (GeKTUBHOCTD SKCTPAKIMM MEHTOBUPY-
ca M3 pas3IMYHBIX MUIEBbIX MATPULL (MaIVHBI, YCTPULL ¥ CBIHOI TIeUeHN)
(PucyHOK 2).

w b
w O
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7 CeuHan neuetb
1 YcTpuupl
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3¢ deKTuBHOCTb aKCTpaKumuu, %

o wn
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e-Gene up AsTomaTtuueckaa Habop «innuPREP
CTaHUUA RNA MiniKit 2.0»
sblgenenuna HK
PucyHOK 2. 3 dHEKTMBHOCTh IKCTPAKLIMM MEHTOBUpYCa
U3 pa3s/INYHBIX IMUIIEBbIX MaTPUIL
Figure 2. Efficiency of mengovirus extraction from various food matrices

Haubonbiast appeKTUBHOCTh SKCTPAKLMM MEHTOBUPYCA U3 CBUHOI
reueHn Habmomanack npu Beiaeneny PHK ¢ momoriibio cucremsr eGene
up u cocraBuia 19,37%. Haumenbiiast 3p(peKTMBHOCTb SKCTPAKLIMK Ha-
6momanachk pu Bbigenenny PHK pyunbiM crioco6om — 5,31%. IIpu akc-
tpaxuyy PHK u3 yerpun Hanbonbuiast 3G dekTrBHOCTD 6bl1a JOCTUTHY-
Ta C MCIIOJb30BaHMeEM CTaHIMu 11 BbimeneHuss HK AutoPure u Habopa
NucliSENS u cocraBuia 33,35%, a HauMeHbIlIast SKCTpaKIius Haboma-
JIach TIPU UCTIONb30BaHUM cucTeMbl eGene up u cocraBmia 9,78%. -
(heKTMBHOCTD IKCTPAKLUMM BUPyCa M3 MaJMHBI HaXOOWIACh B Ipeenax
ot 8,7% nmo 12,5%, rme HauMeHblllee 3HaUeHVe ObLIO MTOYYeHO MPU IKC-
tpakuuy PHK ¢ momornipio aBToMaTnueckoi ctaHumum Bbigenenus HK.

OrmeueHa 3aBucumoctb 3ddexruBHOCcTH 3KcTpakuuyu PHK ot mu-
eBoii MmaTpuibl. ITomyaBromaTrnueckast craniys Beigenenust HK eGene
up mokasasia Hamayuinyo 3¢GbGeKTMBHOCTb TPy 3KcTparnpoBanuu PHK
u3 cBUHOM neueHn. dpderTnBHOCTH skcTpakuuy PHK aBToMarnueckoit
CTaHLMeN BbIETeHMs U3 YCTpuIL GbUIa BbIlIe Gosiee YeM B [Ba pasa o
CpaBHEHMIO C IPyrMMM mMaTtpuiiamu. Takast ke CUTyalus HabI0#anach
Y TIPU MUCTIONIb30BAHMU PYYHOTO Habopa ajs nonyuenus HK, roe adpdex-
TUBHOCTB 9KcTpakuymy PHK u3 ycrpui tTakke 6bi1a Beilie. Tem He MeHee
cJleyeT OTMETUTb, YTO, COIIACHO TIPUHSTHIM cTaHaaptaMm, 3dderTus-
HOCTb Gosee 1% cuMTaeTcst yIOBIETBOPUTENbHON, Y BCE METO/bI BbIfe-
nenvist PHK 13 uieBbIx MaTpPUII ITOKa3ain CBOI paboTOCITIOCOOGHOCTb.

Kak oTmeuasnoch Bblllle, BbISBI€HME BUPYCOB B IUIIEBBIX MPOIYK-
Tax SIBJISIETCS] CJIOXKHBIM M TIO3TAINHbIM IpoueccoM [18]. [IpymeHeHHbIN
B Hacrosiieit pabore monuaTmieHrMkoab (1131 1151 KOHIEHTPUpPOBa-
HMSI BUPYCA U YAaJeHUs MHTUOUTOPOB U3 SITOJ, IIMPOKO MPUMEHSIETCS
B MOMOGHBIX MccmenoBanmsx [14,20,21]. PaHee 6b110 TOKa3aHO, UTO Me-
TOJ, MPSIMOJI SKCTPAKLMM BUPYCOB M3 MajMHbI MO3BOINUI JOCTUYD 3HA-
YUTEIBbHO 06oJsiee BBICOKOM 9(PPEeKTMBHOCTM IKCTpaKIMM HOPOBMUPYCA
(46,2%) n F-crienudmueckoro PHK-6akrepuodara GA, yem MeTon Ha
ocHoBe ocaxxgeHus II9I' [22]. OgHako B IpyroM CpaBHUTEIbHOM MCCIIe-
IOBaHMM MMEHHO CIoCco6 C OMHOKpaTHON 06paborkoit I13I' 06pasiioB
MaJIMHbI TIOKa3aJ1 HAWTYUIIUiA Pe3y/IbTaT M0 9KCTPArMpOBAHUIO BUPYCOB

¥ TIO3BOJIMJT OGHAPYKUTH HOPOBMPYC B KOHLeHTpauyy 10 kormii Ha 50 T
3aMOpOKeHHOJI Ma/iMHbl [23]. Hamle uccienoBaHue Takke IPOJEMOH-
CTPUPOBAJIO, YTO MOAXOABI € Mcronb3oBaHueM 19T nyst m3BIeyeHUs BU-
PYCOB 13 ManuHbI JaI0T 3 PeKTUBHBIN pe3yynbTar.

B cBs131 € Tem, uyTO PPYKTHI U SITOABI COEPKAT MHIMOUTOPBI peakiuii,
B TOM uucie npsMoyi nenHoy peakumu (IILIP), MHOrMe mccienoBaTenu
HACTaMBaIOT Ha HEOOXOAMMOCTH LOMOMHUTENbHON OYMCTKM SKCTPAKTOB
oT MHIMO6UTOPOB. Tak, Bartsch 1 coaBTOphI [24] MCIIONB30BaIM KOJTOHKY
Mobispin S400 myis ounctku PHK, BbimeneHHo 13 kiy6HUKM. OgHAKO
Hally pe3y/bTaThl MOKa3aay, YTO MajlVHa KaK MMILeBas MaTpuua Jjist
omnpeielleHNs] BMUPYCOB He IPeICTaBiisieT 3HAUUTEIbHBIX TPYLHOCTEIA.
BbIGpaHHbIe TOAXO/bI TO3BOIMIIN ITPOBECTH JOCTATOUHO YCITEIIHYIO 9KC-
TpaKILNIO BUpYyCa.

JI7st 9KCTpaKuym BUpyca U3 YCTpULL 6bUT IPUMEHeH MeTOJ, OCHOBaH-
HbIIl Ha paclieruieHny 6elKoB mpoTenHasoii K 1 BbICBOOOKIEHUN BM-
PYCHBIX YacTuL, B pacTBop. MbI nomyumin 3¢GeKTUBHOCTY HKCTPAKIN
KOHTPOJIbHOTO BUPYCa M3 3TO¥ muineBoit MaTpuibl oT 9,78 mo 33,35%
B 3aBUCMMOCTM OT criocoba akcrpakuuu PHK. B psime npyrux uccneno-
BaHMI TIOKA3aHO, YTO B 3aBUCUMOCTM OT BbIGpPAHHOTrO roaxona sddex-
TUBHOCTD SKCTPAKLUMM BUpyCa M3 YCTPULL MOKET 3HaUMTEIbHO BapbUpPO-
BaThCSl M COCTABIATDH 0 13,2% [25,26]. Cpenu npenjaraeMbiX METOIOB
M3BJEUEeHMS] BUPYCHBIX YaCTHUI][ pacCCMaTPUBAIOTCS TaKkye MOAXO[bI, Kak
NIpsIMOe Bblfle/ieH)e HYKJIeMHOBBIX KMUCIOT M3 NNIeBapUTeIbHBIX Kele3
YCTPUL, SMIOUPOBaHMe U KOHLIEHTPUPOBaHMe BUPYyCa, C Pa3IN4YHOl 4yB-
CTBUTENBHOCTBIO U 3(h(deKTUBHOCTBIO M3BIeueHus [27,28,29]. Le u gp.
[30] paszpaboTanu MeTox, IKCTPAKIVM U KOMUUECTBEHHOTO OIpesieneH st
HOPOBMPYCa M3 MOJIJIIOCKOB, OCHOBaHHbINM Ha sKcTpakuum PHK Tpusonom
€ TIoc/IeAyIoIeli CTafyell O4UCTKY C IPUMMeHeH)eM LeTUITPUMeTUIaM-
MOHMSI GPOMM[IA M OCAKIEHMS XJIIOPUIOM JIUTHSL. DTOT METOJ, 06eCIieuns
3HAUUTENBHO 60Jiee BBICOKYIO 3P QeKTUBHOCTb MO CPaBHEHMIO C MeTO-
JIOM 3KCTpaKIuyu IpoTenHas’oii K, ucronbsyeMbIM B HalleM MCCIeN0-
BaHuu. Tpuson obnagaeT MPeBOCXOAHONM CHOCOOHOCTBIO K JIM3UCY TSI
skcrpakuyy BupycHoii PHK n3 mommiockos [30]. OgHako stan pasgene-
Hys Gas ¥ OOTOTHUTENbHbIE ITAIbl OUMCTKY JeNaloT MeToq, 6osee Tpy-
J03aTPaTHBIM [JJIs1 aHaJIUTUKOB. Kpome TOTO, HOMONHUTEbHbIE 3TAIlbl
MOTEHLMAJIbHO MOTYT NPUBOAUTDH K roTepe BupycHoi PHK B mpouecce
BbIle/IeHNs. B paMKax KOHTPOJISI 6e301acHOCTY PUOPUTETHBIMU SIBJISI-
IOTCSI TIPOCTBIE M JOCTYIIHBIE TOAXOAbI IT0 M3BI€YEHNIO BUPYCOB, I103BO-
JISTIOLIYIe TIONYYMUTDb OBICTPBIN M JIOCTOBEPHBIN Pe3ylbTaT O BO3MOXKHOM
KOHTaMMHaLN.

Ton6op 3ddeKTUBHBIX METOIOB M3BJI€UEHUS] TeHeTUYeCKOro mare-
puana SBISeTcsl MepBOCTeNIeHHOV 3afadeli sl YCIelHOTO BbISIBIeHMS
MUIIEBBIX BUPYCOB. Pas/uHbie CriocoObl BbIIeNEHMSI HYKIIEMHOBBIX KIC-
JIOT T10-pa3HoMy 3 deKTUBHBI, 110 TOV MPUUMHE UX BbIOOP /IS JaHHOM
LIeJIV TO/DKEH ObITh TIIATETbHO MpomyMaH [31,32]. OLeHKM M CpaBHEHUSI
pasIMYHbIX METOMI0B SKCTPAKLVM IIPOBOJSITCS IIOCTOSIHHO C PasIMUHbIMMI
TUamMy 06pasloB M BUpPycaMu-MuiIeHs My [33,34,35]. Cuuraercs, 4To
pyuHast KCTpakuusl HyKIenHOBbIX KuciaoT (HK) u3 o6pasuoB sBisieTcst
Haubosee TPYZOEMKOJ Cpely COBpeMeHHBbIX MeTOmOB sKcTpakumy HK.
PaHee 6bUIO [TOKA3aHO, YTO MCIIOJIb30BAHME aBTOMATU3MPOBAHHBIX CIIOCO-
60B akcTpakuyy HK cumraercst mpuemieMbiM. BO3MOXKHO, Takoi MOIXOZ,
SIBJISIETCS] TIPEBOCXOJHOM 3aMeHOJi PyYyHBIX METOJ0B: aBTOMAaTH3aLMsI 110-
3BOJISIET COKpALIATh pabouee BpeMsl CIIeLMaICTOB U CHISKATh PUCK JOMY-
LIEHNUST OLIMOOK, CBSI3AHHBIX C YeloBeueckuM (akropom [36,37]. PyuHbie
MeTozbl u3BnedeHus: HK ro-npexHeMy OCTaloTCs XOpolleii aqbTepHaTH-
BOJ [JIS1 TTOJTy4eH)sI Ka4eCTBeHHOTrO reHeTn4yeckoro marepuana. OgHaxo,
Hanpumep, npu Boiaenenuy PHK Bupyca 13 CBMHOJ IleueHy aBTOMaTU3N-
pOBaHHbIE CHUCTEMBI ITOKa3au 6oree 3G deKTUBHBII pe3yIbTart.

Tak, Perrin u coaBTOpbl [22] yCTaHOBWIM, YTO IPUMEHEHNe aBTO-
MaTU3VM[POBAHHOM CHUCTeMbl BMECTO I10IyaBTOMaTUUeCKOM CHUCTeMBbI
NucliSENS MiniMAG, anasora eGene up, 1CIT0JIb3yeMOTO B JaHHOM MC-
CJlefloBaHUY, TIO3BOJIMJIO TONTYyYMUTh KOHLIEHTPALMIO BMpyca B CpelHeM
B 1,3 pasa Gosblie. B CBSI31 ¢ 3TUM MOKHO ITPEAIIONOKUTD, YTO aBTOMA-
TU3UPOBAHHAS cHCcTeMa u3BiekaeT BupycHyo PHK 6onee adderTusHO,
uyem NucliSENS MiniMAG.

DKCTpaKUMs C TIOMOIIbI0 aBTOMaTUUECKUX CUCTEM SIBJISETCS YIyd-
nieHyeM MO CPaBHEHMIO C 3KCTPAKLMeli PyYHbIMM MM N1OTyaBTOMAaTHU-
YeCcKVMM MeTOZaMM C TOUYKY 3peHMs Y06CTBa IIPMMeHeHNs, XOTs MOoTy-
YeHHbIe pPe3y/IbTaThbl CBUETeNIbCTBYIOT O IPYEMIEMOCTY UCTIONb30BaHMS
U TeX M PYTUX CUCTEeM, COITIACHO ITOTy4YeHHBbIM pe3y/bTaTaM JMCCIe0Ba-
HYs 3PHEKTUBHOCTM IKCTPAKIMY € TOUKY 3peHus uzpneuenus: PHK. Bece
TpU MeToja Mo3BoMMIN 3()(EKTUBHO NPOBECTY BbIENEHME U OUMUCTKY
BUpYyca (Ha IIpuMepe MeHrosupyca). IlosyuyeHHble pe3yabTaThl [T0Ka3alu,
YTO BCe BbIOpaHHbBIE CIIOCOOBI ITOAXOIST 1151 BblaeneHust 1 ounctku PHK
U3 NMULIEBBIX MTPOAYKTOB. A BO3MOXKHOCTD MCIIO/Ib30BaHMsl aBTOMaTHye-
ckoit akcrpakumy PHK MoskeT IpuBecTy K 3HaUUTeTbHOMY COKpaIleHUIo
06111ero BpeMeHy MCCIeS0BaHMS.
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Pe3ynbraThl OlleHKU 3(G(GEKTUBHOCTY PA3HBIX METOHOB BAasKHbBI JJIS
omnpeneneHns 3pPeKTUBHOCTY SKCTPAKINU HYKIEVMHOBBIX KUCJIOT U yia-
neHust GepMeHTOB MHIMOGUTOPOB, TIOCKOIbKY OHM OKa3bIBAIOT HEITOCPE -
CTBEHHOE BJIMSHIE Ha Pe3y/IbTaT aHa/IM3a aMIuIMpUKaLnn.

JIst IpoBeeHNsT NalbHeNIINX MCCIeI0BAaHMI HAMU GbUT CIIeJIaH BbI-
60p B MOIb3y aBTOMATUUECKOM cTaHIMM Bbimenenns HK, Tak kak moimy-
UeHHbIe JaHHbIe CPABHUTENIbHBIX MCC/IeN0BaHNI TIO3BOJSIOT CAeNaTh BbI-
BOZ, O psifie IPeuMYyIeCTB aBTOMAaTUYeCKOr0 MeTOza.

3.2. OyeHka pacnpocmpaHeHHOCMU 8Upycos 8 NUWesblx NPOOyKmMax

PacripocTpaHeHHOCTh HOpPOBUpYyca U renatuta E onjeHnBanu B o6pas-
LIaxX MPOJAYKTOB, MIPe/CTaBIeHHbIX HA BHYTPEHHEM DbIHKe Y BbIOpAaHHbBIX
C Y4eTOM aHa/lIu3a paclipoCTPaHEHHOCTY MUILEBbIX BUPYCOB B ITPO/IOBOIb-
cTBUM [2,6,47]. Bon uccenoBaHbl: Ha HOPOBMUpPYC — 52 obpasia ycTpul,
44 obpasiia KTy6HMKM 1 31 06pasel] MainHbl; Ha renatut E — 82 o6pasiia
CBUHOI reveHu. Bce o6pasiipl ycTpull, KIYOHMKY M MaIMHbI ObLIM MPO-
QHAIM3MPOBAHbl Ha HajMuye HOpoBuUpyca reHorpymmbl GII, a o6pasibl
YCTPHLL JOTIOTHUTEIbHO TPOBEPSIINCH Ha Halnuye HOpoBUpYca reHorpyI-
1l GI. [I1s1 Bcex 06pa3iioB B KaUeCTBe KOHTPOJIBHOTO BUPYCA UCIIONb30Ba-
JI MEHTOBUPYC. YUYeT pe3y/IbTaToOB ITPOBOIMIIN TOJIBKO B TeX 06pasiiax, rue
9(bdeKTUBHOCTb KCTPAKIMY MEHIOBUpYyca cocrasisiia 6oee 1%.

B kauecTBe IpuMepa HIKe IpefcTaBIeHbl KpYBble aMIIM(UKaLn
IUTSI TIOJIOKUTENbHBIX 00pasuoB (o6paser; 9 mpu uccaenoBaHUM KIy6-
Hukn (PucyHoK 3a); 06pasipl 6, 9, 11 u 12 npu uccienoBaHUM YCTPUIL
(Pucynxku 36 u 3B)). 3HaueHus Ct AJ1s1 TOTOKUTETbHBIX 06pa3Ii0B HAX0-
IVINCH B TIpenesiax 1o 40 UKIoB.

HamGonpiuas BcTpedyaeMocTs HopoBupyca GII 6biia 3admrcupoBa-
Ha B YCTPUIIAX U cOCTaBMIa 7,7% OT OOIIEro KOMMYeCTBa MUCCIIENYeMbIX
06pasioB; HA BTOPOM MeCTe HaXOAMU/Iach KIyOHMKA, Iie BCTPeYaeMOCTh
HopoBupyca GII cocraBuia 4,5% ot ucciemyembix 06pasioB. B o6pasiax
MaHbl HopoBupyc GII o6HapyskeH He 6buT. Takke B 06pasiiax CBUHOMN
revyeHy He 6bLI0 BbIsIBIEeHO renaruta E (Tabnuua 4).

Ta6nuiia 4. OueHKa BbISBISI€MOCTH MUIIEBbIX BUPYCOB
B IIPOAYKTaxX MUTaHUSA
Table 4. Assessment of detection rate of foodborne viruses in food products
KosnmyecTBO Mcc/ief0BaHHBIX 06Pa3Ii0B, T

(% TONIOKUTENBHBIX K 061eMY KOIMYECTBY
JICC/IeIOBAaHHBIX 06Pa31i0B)

Bupyc c

BUHAasI

Verpuna Mammua Kiy6HuMKa Hewen»  OGmas
@ ®) (8)
(r)
Hoposupyc GI 45(0%) - - - 45(0%)
Hoposupyc GII  52(9,6%)*  31(0%)  44(6,8%)*" - 127 (7,21%)

lematut E - - - 82(0%) 82(0%)

Ipumeuanue: * — pasnuums CTATUCTUIECKY 3HAUUMBbIE, p < 0,05.

ITo pesynbTaTaM MCCIENOBaHMS 0OPAs3IOB YCTPUIL ObUIO YCTAHOBIIE-
HO, 4TO cpenHee 3HaueHye Ct B MMOJOXUTEIbHBIX 06pasiiax COCTaBIISIIO
35,07+1,30 uMk/I0OB, B TO BpeMs Kak MMHMMaibHOe 3HaueHne Ct 6bLI0
32,39, a makcumanabHoe — 39,88 uukiaoB (Tabmuua 5). [Jist KpUBBIX aM-
mMduKay Ipyu UCcaeoBaHUM KIyOHUKY 3HaueHue Ct MOIOKUTeNb-
HbIX 00pas31[0B GbIJIO YCTAHOBIEHO Ha 6ojiee MO3IHMUX LMKIAX aMITUdu-
Kalyy ¥ HaXOOWIOCh B mpemenax ot 35,80 mo 39,36 MKIOB, IIPU 3TOM
cpenHee 3HaUeHMe coctaBwio 37,13+ 1,12 nukioB. YeM MeHbllle 3Haye-
Hue nokasaresisi Ct, Tem BbIlle Harpyska BupycHoii PHK B o6pasiie. ITo-
JIyYeHHbIe JaHHbIe CBUAETETbCTBYIOT O Pa3/IMYHOM KOJIMUECTBe TeHeTH -
YeCcKOro MaTepuaa B MCCIeSOBaHHBIX 060pa3iax.
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Ta6nuia 5. 3uayenus Ct a1 06pasoB, MOIOKUTETbHBIX
Ha HopoBupyc GII
Table 5. Ct values for the samples positive for norovirus GII

3Hauenue Ct Verpunbt KinyoHuka
CpenHee *cTaHZApTHOE OTKIOHEHME 35,07+1,30 37,13+1,12
MuHuManbHOe 32,39 35,80
MaxkcumanabHOe 39,88 39,36

MOTIOCKY U ITOZIbI ObIIY YCTAHOBJIEHBI B KAUECTBE OCHOBHBIX UCTOY-
HUKOB 3apa’keHMs] YelloBeKa HOPOBMPYCOM BO MHOIMX 3apyOesKHBIX MC-
crepoBaHusx [38,39,40]. IlomyueHHbIe pe3yabTaThl IO MCCIeLOBaHUIO
YCTPULL U KIYOHMKM TIONTBEPXKAAIOT aKTyaJbHOCTh MOHMTODMHTA Ha
HOPOBMPYC 3TUX MPOAYKTOB Ha BHYTPEHHEM PbIHKE OT OTeUeCTBEHHbIX
MPOV3BOAMTEIIEIA.

B Haieit pabote MMEHHO YCTPUIIbI B GOIbIIEN CTEITeHN ObIIY KOHTa-
MMHMPOBaHbI HOPOBMUPYCOM. OTO MOXKET OBITh CBSI3AHO C TEM, UYTO YCTPU-
LbI CITOCOGHBI 6M10aKKyMYJIMPOBATh BUPYCHI B CBOMX IMIIEBAPUTETBHBIX
TKaHSX M3-3a IPUCYTCTBUSI aHTUT€HOB, IOZOOHBIX YeJI0BeUeCKoi TUCTO-
rpynme kpoBu (HBGA-momoGHbie aHTHreHbl) [7,41]. Takas cuTyauust
MpefCcTaB/sieT OMACHOCTb IJIS 3[J0POBbsl HaceleHMs], IOCKOIbKY YCTPU-
LBl ¥ MUZMU YaCTO YIOTPEOISIOTCS B CBIPOM MJIM HEJOBaPEHHOM BUJe.
B Tpymax 3apyOekHbIX YUEHBIX KOJMYECTBO MHODUIIMPOBAHHBIX HOPOBM-
pycoM yCTpuIL IIpeBbILIaeT oKasaTesy, pyBeJeHHble B Hallleil paboTe.
Tak, B uccemoBanuy [41] 53,1% o6pa3iioB MUAVI Ja/M TOJIOXKUTETbHBIN
pesynbraT Ha PHK HOpoBupyca, mpu 3Tom 31,6% Bcex 06pa3iioB IoKasa-
JIV1 OHOBpEMeHHOe MPUCYTCTBYE Kak Hoposupyca GI, Tak 1 HopoBupyca
GII. B ycrpunax PHK HopoBupyca 6bu1a o6HapykeHa B 31,6% 06pa3ijos
¢ ogHoBpeMeHHbIM npucyrcTBueM PHK Hoposupyca GI u GII B 10,2%
06pasuos [41]. TenoTun HopoBupyca GI B HaleMm uccienoBaHUY 06HA-
py>keH He 6bLT, X0Ts1 HOpoBupyc GII mpusHaH BUPYcOM, HaubosIee 4acTo
BBISIBJISIEMbBIM B 00pa3iiax MUIIEBbIX MPOAYKTOB [37].

PacnipocTpaneHHOCTh HOpoBUpyca GII B KiIy6HMKE OTEuecTBeHHOTrO
IIPOM3BOACTBA ObUIa HIDKE, YeM B APYIMX CTPAHAX, IIPY MOHUTOPVHIE
Pa3IMUHBIX SITO Ha Haauuue Bupyca. Tak, ucciaenoBanne 900 06pasijoB
3aMOpokeHHBIX 1 900 06pasIOB CBEXKUX SITOM, UCIIONb3YeMBIX AJISI BHY-
TpeHHero norpebinenns B Kurae B 2016—-2017 romax, mokasaso, uto PHK
HOpoBUpyca 6bl1a 06HapykeHa B 109 o6pasuax cBexux arof (12,1%) [42].
B Coenmuennom KoposeBcTse B xozie aHanu3a 310 06pa31ioB cBeskeit Ma-
JIMHBI U 274 06pa31oB 3aMOPOKEHHO! MaJIMHbI CEMb 06pa3I[0B CBEXEN
manuHbl (2,3%) 1 10 06pa3iioB 3aMOPOKeHHO MainHbI (3,6%) manu 1mo-
JIOXUTeNbHbIN pesynbraT Ha PHK HopoBupyca [43]. Bo3sMOXXHO, TaKk1e He-
GosplIMe 3HAUEHVs MPUCYTCTBYUSI HOPOBMPYCA B HAIlleM MCCIeSOBaHUN
CBSI3aHbI C OTHOCUTEIBHO HEGOJTBINOM BHIOOPKOIT 06pasiioB.

Vuduuyposanne renaTutoM E MOKeT MPOUCXOAUTH HECKOIbKMMU
MyTSIMUA. B pa3BMBAIOLIMXCS CTPaHAX OCHOBHBIM CIIOCOGOM Tiepenauu
Mo-TIPeXKHEMY OCTaeTcsl yrnorpebneHye $ekaabHO 3arpsi3HEHHON BOJIBI.
OpHaKo B MPOMBIIUIEHHO Pa3BUTBIX CTPaHAX OCHOBHBIM ITyTeM 3apaske-
HUS SIBJISIETCSI TIOTPeO/IeH e 3arpsi3HeHHBIX MUIIEeBBIX TPOAYKTOB [44,45].
Tertatut E He 6b11 OGHAPY>KEH HM B OZTHOM M3 MCC/IENOBaHHBIX 00Pa3IOB.
Cxoxkme pe3yabTaThbl GbUIM TMOMyyeHbl B CIOBEHUM NPU MOHUTOPMHIE
pacripocTpaHeHHOCTH renatuta E B mpozmykrax ybosi CBMHel B Bo3pacTe
cTapiie 6 MecsIlEeB, i€ ero paclpoCTPaHeHHOCTh cocTaBmia Becero 0,25%
[46]. OnHako omy6MMKOBAHHbIE NAHHbIE U3 APYTUX eBPOIeiiCKMUX CTPaH
[10Ka3bIBAIOT BHICOKYIO PacIIpOCTPaHEHHOCTb renatuTa E cpeny npoayk-
TOB IepepaboTKM CBMHOI eyeHy. Hanpumep, mpu ucciiefoBaHuy, Ipo-
BeZleHHOM BO PpaHIMu, 6bII0 BhISIBJIEHO 17,3% ITPOAYKTOB, COEPsKAINX
CBMHYIO ITeYeHb U MMEIOIIMX IOJIOKUTENbHDI pe3y/lbTaT Ha renaTut E
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PucyHok 3. KpuBbie aMImn@uKanum MoJI0KUTEIbHbIX 06pa3IioB IpU MCC/IeS0BaHNM Ha HOpoBupyc GII
(IIK - IIOTIOKUTEIbHBIN KOHTPOIb, OK — oTpuIjaTeIbHbIii KOHTPOJIb): a) KITYOHMKA; 6) ¥ B) YCTPUIIBI
Figure 3. Amplification curves of positive samples upon analysis for norovirus GII (IIK - positive control, OK — negative control):
a) strawberry; 6) and B) oysters
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[47]. ABTOopamu Di Bartolo ¢ coaBropamu [48] reratut E 6bu1 0GHapyskeH
B COCMCKaX, IpofaBaeMbIx B Mcrianum u UTanmu, a Takoke B Ie4eHU U CO-
CHCKax, pofaBaeMbix B 'epmanum [48]. Kpome TOro, BUpPYC Takke GbLI
BBISIBJIEH B 59 00pasijax CBMHOI reyeHu us 345 o6pasios (17,1%), momy-
YEHHBIX 1 IIPOTECTUPOBAHHBIX 13 TPEX Pa3IMYHbIX OKpyroB Cep6mu [49].

Emle pas mopguepkHeM, YTO B OT€UECTBEHHbBIX O6pasiiax CBUHOI ITe-
yeHu Bupyc rematuta E oO6HapyskeH He GbLI. BO3MOXKHO, 5TO CBSI3aHO
C TIPaKTMKOM y0OsI CBMHEN B Bo3pacTe crapiie 6 MecsieB. CoOrracHO
JIUTEPATYPHBIM [TaHHBIM, HauOOJbIINIT PUCK MPUCYTCTBUS remaTtuta E
YCTaHOBJIEH 15 IPOAYKTOB YOOSI CBMHEI Myalie 6 Mecsiues [46]. Tem He
MeHee, HECMOTPS Ha TO, YTO MbI He MOTYYM/IU MTOJIOKUTENbHBIX Pe3yilb-
TaTOB I10 Ternatuty E, MOHMTOPMHT CBMHOJI IeUeHM Ha Hallnuue BUpyca
¥ OPYTrUX TPYII NUILEBbIX IIPOLYKTOB, MMEIOILIVX PUCK KOHTaAMMUHALINA
reratutoM E, 11e71ecoo6pasHo Mpomo/KUTh sl obecriedenns 6esornac-
HOCTU U 3[10POBbSI JIIOJE.

4. BbeIBOIBI

[IpoBefeHHbIe VICCIELOBAHMS IIO3BOTMIM YCTAHOBUTH 3(PQeKTUB-
HOCTb Pa3JIMYHbIX MOAXOMOB K HKCTPAKIMU BUPYCOB M3 MUILIEBBIX Ma-
Tpuu. Hanbomnee Bbicokast addekTuBHOCTD (33,35%) Habmomanach npu
9KCTPaKLMYM MEHTOBMpPYCa M3 YCTPULL C MCIIONb30BaHVEM aBTOMaTHYe-
ckoit cranuuu Boimenenust HK. [Ipyu 9TOM MUHMMAaIbHbIE 3HAUEHUS 3¢-
(eKTVBHOCTM SKCTPAKIMM MEHTOBMpPYCA BO BCEX CIyYasik ObLIN BbILIe
KpUTHUUYeCKOro 3HaueHus (1%), UTo CBUIETEIbCTBOBAIO O BO3MOXKHOCTH
VCIIONb30BaHUSI VICCIEIOBAHHBIX IOIXOMOB TIPYM KOHTPOJIE MMIIEBbIX
MPOAYKTOB BBICOKOTO pycKa. [[poBeseHHbI I MOHUTOPUHT 06Pa310B Ipo-
IYKTOB MTOKa3aJ1 BBICOKYIO PacIpoCTPaHeHHOCTh HopoBupyca GII B o6pa-
3axX ycTpuil U KiIyoHuKNM — 9,6% u 6,8% cooTBeTcTBeHHO. TakuM o6pa-
30M, [TOTyYeHHbIe JaHHbIe TT0Ka3bIBAlOT BO3MOXKHOCTb U HEOOXOIMMOCTh
[IOCTOSTHHOTO MOHMTODPMHIA PAaCIPOCTPAHEHHOCTM MUILEBBIX BUPYCOB
B psifie MUILEBBIX IPOIAYKTOB, MPEICTaBIEHHbIX HA BHYTPEHHEM DbIHKE.
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antiretroviral, HIV has a host cell, T-cell lymphocytes with CD4+ receptors. HIV drugs have the inhibitory activity on HIV-1 protease by pro-
bioinformatics, ducing chemical bonding interactions such as hydrogen and hydrophobic. However, some cases show long-term side effects
Garcinia mangostana, —that may be harmful from the use of synthetic antiretrovirals. This requires new innovations to make drugs based on natural
HIV-1, protease resources or alternative medicine for handling these cases. Natural-based drugs are claimed to reduce the side effects pro-
inhibitor duced. Garcinia mangostana L. or queen of fruit is widely found in Southeast Asia. Many parts of this plant, such as fruits, are

used for traditional medicine. Research with in vitro and in vivo approaches reveals that mangostin compounds from Garcinia
mangostana L. can be an antiviral candidate. Garcinia mangostana L. has the main chemical compounds of garciniaxanthone,
garcinone A, and mangostin. This study uses garciniaxanthone, garcinone A, and mangostin compounds to reveal the molecu-
lar mechanism of the antiviral activity in Garcinia mangostana L. through inhibition of HIV-1 protease with a bioinformatics
approach. In silico methods used in this study are druglikeness, molecular docking, interactions, visualization, and dynamic
simulation. Garciniaxanthon B, garcinone B, and beta-mangostin from Garcinia mangostana L. have potential as antiretroviral
agents for the treatment of HIV-1 infection. The three compounds are predicted to inhibit the protease activity in HIV-1 with a
more negative binding affinity score, form ligand-protein molecular complexes with van der Waals, hydrogen, pi/alkyl/anion/
sigma bonds, form stable bonds and drug-like molecules.
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KJIFOYEBBIE C/IOBA: AHHOTALIUA
anmupemposupycHole  BUY MeeT KIeTKy-x03s11Ha, T-kieTouHbie mMM@ouuTsl ¢ perentopamu CD4+. [Ipenapatet mpoTnB BUY 061a1a10T MHTMOM-

Open access

npenapambul, pYyIOIleit aKTMBHOCTBIO B OTHOIIEHNM TIpoTeasbl BUY-1, cosgaBast XuMuueckme CBsI3U, TaKye Kak BOAOPOAHbIe U rApodh0o6-
OuouHpopmamuxa, Hble. OMHAKO B HEKOTOPBIX C/IyYasix HAGIIOAAIOTCS JOATOCPOUYHbIE TT000UHbIE 3G (hEKThI, KOTOPbIE MOTYT GbITh BPELHBIMM OT
Garcinia mangostana, — VICTIOJIb30BaHMS CUHTETUYECKMX aHTUPETPOBMPYCHBIX IIPEapaToB. ITO TpebyeT HOBbIX MHHOBALIMIA /ISl CO3/IaHMsI JIEKAPCTB
BHY-1, uneubumop Ha OCHOBe MPUPOSHBIX PeCypCOB WINM aJIbTePHATUBHONM MeAULMHBI AJI JeueHus 3TUX caydaeB. Takke yTBEePXKIAeTCs, UYTO
npomeasu! JIeKapCTBa Ha HATYPaabHOM OCHOBE YMEHbBIIAIOT BO3HMKAIONMe o6ouHble 3 dexTsl. Garcinia mangostana L. iy KoposeBa

(bpykTOB MIMpPOKO pacmpocTpaHeHa B I0ro-BocTouHoit A3uu, MHOTME YacTy 3TOTO PAacTeHMUs, HAaIPUMeD TUIObI, UCIIONb3Y-
I0TCS B TPAAUIIMOHHON MenuivHe. VccienoBaHus in vitro v in vivo TIOKa3bIBaloT, UTO COeAVIHEHMsI MaHTyCcTHMHA U3 Garcinia
mangostana L. MOTYT 6bITh KaHOMOATaMy Ha MPOTMBOBMUPYCHbBIE TIpemnapathl. Garcinia mangostana L. cOmepskKUT OCHOBHbIE
XUMUYECKMe COeAVHEeHMs raplyHIMaKCaHTOHa, rapiMHOHAa A ¥ MaHTOCTMHA. B 3TOM MCCIeHOBaHMM VICTIONb3YIOTCSI COeNM-
HEeHMS] rapluyHMaKCaHTOHA, rapIHOHA A ¥ MaHTYCTMHA /I BbISBIIEHMSI MOJIEKY/ISIPDHOTO MeXaHM3Ma IIPOTMBOBUPYCHOI
akTMBHOCTU Garcinia mangostana L. mocpeacTBOM MHIM6MpoBaHus mpoTteasbl BUY-1 ¢ moMolpio 61onHbOopMaTUUeCcKoro
nogxozna. Merozpl in silico, MCTIONb3yeMble B 3TOM MCCIeJOBAHNUM, BK/IIOUAIOT MTOA00ME JIEKapCTBAM, MOJIEKYIISIPHBIN TOKVHT,
B3aMMOZENCTBYS, BU3YaIU3aLI0 U JUHAMIUECKOe MOJeapoBanue. [apiMHMakcaHToH B, rapunHoH B 1 6eTa-MaHTroCTUH
u3 Garcinia mangostana L. OT€HIMAJIbHO MOTYT MCIIONb30BAThCSI B KAUeCTBEe aHTUMPETPOBMUPYCHBIX CPEACTB ISl JTeYeHMsI
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nHdexkuymu BUY-1. [IpeamnonaraeTcsi, YTO 3T TPU COEIMHEHUS] MHTUOMPYIOT MPOTea3Hylo akTMBHOCTh BUY-1 ¢ Gonee oT-
puLaTenbHbIM TOKazaTesneM abGUHHOCTY CBSI3bIBaHUSI, 0O6PA3yIOT MOJIEKY/ISIPHbIE KOMIUIEKCHI JIMTAHA-0e/I0K C BaH-Iep-
BaaIbCOBBIMU, BOJOPOILHBIMU, ITM/aIKMII/aHMOHHBIMM/CUTMA-CBSI3IMM, 00PA3yIOT CTAGMIbHBIE CBSI3YU U MTOJ0GHbBIE JIEKaPCT-

BaM MOJIEKYJIbI.

OUHAHCHUPOBAHME: 9T0 mccinemoBanne mnopmgepskano Hibah Riset Mandat (Homep rpanTa: 215/UN3.15/PT/2022) ot YuuBepcuteta AjipiaHra,

Cypabasi, UngoHe3us.

BJIATOOAPHOCTD: 3To mccinemoBaHme moaaepskaHo YauBepeuteTom Ajipinanra, Cypabasi, UnmoHesusi. Kpome Toro, Mbl 6;arogapum [kanana TeH-

raxa, Viunonesus (https://jalantengah.site) 3a pegakTupoBaHue PyKOMMUCK.

1. Introduction

Garcinia mangostana L. or the queen of fruit is widely found in South-
east Asia. Many parts of this plant, such as fruits, are used for traditional
medicine. Garcinia mangostana L. is a popular plant for alternative med-
icine found in Asia that contains several chemical compounds such as
triterpenoids, flavonoids, and xanthones. Extracts from this plant can be
used in traditional medicine for treatment of several diseases such as diar-
rhea, infection, dysentery, inflammation, cholera, and fever. Compounds
from Garcinia mangostana such as a-mangostin have pharmacological ef-
fects such as the antioxidant activity [1,2]. Garcinia mangostana L. has the
main chemical compounds of garciniaxanthone, garcinone A, and man-
gostin [3,4]. The antiviral activity in other cases was also found through in
vivo research on the administration of the Garcinia mangostana L. extract,
which can inhibit the replication of the DENV-2 virus. In vitro and in vivo
studies show that a.-mangostin from the Garcinia mangostana extract can
trigger a significant decrease in viral replication in serum and muscle.
Previous research reveals that mangostin compounds from Garcinia
mangostana L. can be an antiviral candidate against chikungunya virus
(CHIKYV) infection. The cell model in the study was Vero cells (VC). The
results show that mangostin with a concentration of 8 uM can increase
cell viability and reduce virus replication [5]. The antiviral activity of Gar-
cinia mangostana L. may be used as an HIV-1 antiviral candidate, as many
previous studies revealed.

Human immunodeficiency virus (HIV) consists of two types, HIV-1
and HIV-2 (only found in West Africa). The first cases of HIV-1 infection
were identified in 1981 in San Francisco and New York. HIV was found to
be a trigger for opportunistic diseases of the immune system or acquired
immune deficiency syndrome (AIDS) based on genomic analysis of the
virus [6,7]. HIV-2 has a lower prevalence than HIV-1 and is very slow to
initiate AIDS in patients. The protease enzymes of HIV-1 are called aspar-
tic proteases used as the main targets for AIDS treatment. Ten years after
the discovery of protease (PR) in HIV-1, a drug with a selective antagonist
mechanism was discovered in 1987. Then a few months later, a phase 1
clinical trial was conducted on inhibitor candidates such as saquinavir
in 1989 (approved in 1995), as well as ritonavir and indinavir. By 2009,
around ten protease inhibitor candidates were launched in the market for
HIV treatment [8,9]. However, several reports show that long-term side
effects, such as nausea, diarrhea, skin rash, etc., can be caused by protease
inhibitors from synthetic drugs. In addition, HIV-1 drugs are expensive
and cannot be reached by patients with lower economic conditions [10].
This requires new innovations to make drugs based on natural resources
or alternative medicine for handling these cases. Natural-based drugs are
claimed to reduce the side effects produced.

HIV-1 is a class of retroviruses with RNA-like genetic material. HIV
infects T lymphocyte cells with CD4+ representation on the surface. HIV
infects host cells requiring a fusion mechanism at the cell membrane. The
first stage of replication is the interaction of envelope spike glycoprotein
consisting of gp120 and gp41 on host cell receptors (CCR5 & CXCR4) trig-
gering conformational changes in the envelope spike glycoprotein [11,12].
The process produces a hole for the viral capsid to enter the cell. During
the entry process several viral enzymes work such as reverse transcriptase
to produce cDNA from ssRNA, and integrase for integration of HIV-1 cDNA
to form mRNA [13]. The translational process of viral mRNA produces poly-
peptides, then proteases cut HIV-1 polypeptides into short peptides for the
virus assembly. Protease inhibitors act to inhibit the virus assembly process
and trigger the failure of the replication process. The inhibitor binds to the
functional domain of the enzyme through hydrogen bonding and hydro-
phobic interactions to produce the inhibitory activity. Hydrogen and hy-
drophobic bonds play an important role in drug stability in triggering the
inhibitory activity on the target. Both bonds play a role in inducing a spe-
cific biological response when a ligand-protein complex is formed [14,15].
Candidate inhibitors of HIV-1 proteases must have hydrogen and hydro-
phobic interactions when binding to functional domains on the target.

Previous research only revealed the potential of Garcinia mangosta-
na L. referring to mangostin compounds and the molecular mechanism
of compounds-target interaction is not yet known. Bioinformatics can be

used to predict the molecular mechanism of therapeutic effects of drug
candidate compounds through bioactivity tests, docking simulations, and
molecular dynamics. This study uses garciniaxanthone, garcinone A, and
mangostin compounds to reveal the molecular mechanism of the antivi-
ral activity in Garcinia mangostana L. through inhibition of HIV-1 prote-
ase with a bioinformatics approach.

2. Objects and methods

Garciniaxanthone, garcinone, and mangostin from Garcinia mangosta-
na L. consisting of garciniaxanthone A, garciniaxanthone B, garciniaxan-
thone C, garcinone A, garcinone B, garcinone C, alpha-mangostin, beta-
mangostin, and gamma-mangostin as ligands were used in this study. All
information on the ligands such as CID, formula, creation, modification,
SMILES, and sdf files were obtained from PubChem [16]. Minimization of
ligands was performed through OpenBabel v2.3.1 software for conversion
of sdf files to pdb and increasing the flexibility of ligand molecules. The
target in this study was HIV-1 protease RCSB PDB ID: 1DMP obtained from
Protein Databank (PDB; https://www.rcsb.org) [17] with pdb file. The re-
moval of water molecules and native ligands on the protein was performed
through PyMOL v.2.5.2 software (Schrédinger, Inc., USA) with an academic
license to optimize the molecular docking simulation process.

Similarity of physicochemical properties of query compounds
with drug molecules in this study was identified through SwissADME
(http://www.swissadme.ch) [18] by referring to rules such as Lipinski,
Ghose, Veber, Egan, and Muegge. A bioavailability score was used in this
study to determine a drug-like molecule. A drug-like molecule is a com-
pound that has similar properties to drug molecules referring to physico-
chemical properties such as molecular weight, refractivity, number of hy-
drogen bonds, lipophilicity, and others. Ligands with drug-like molecule
properties can circulate in the body, if they have a bioavailability score
>0.5 and trigger specific activity on the target [19,20].

Docking simulation in this study aims to identify the inhibitor activ-
ity of garcinoxanthone, mangostin, and garcinone derivates from Gar-
cinia mangostana L. on HIV-1 protease. Docking is an in silico method to
determine the level of the ligand activity on the target referring to the
binding affinity score [21,22]. Determination of the docking grid on HIV-1
protease in this study was as follows: center (A) X: -13.452 Y: 19.535 Z:
29.487 and dimensions (A) X: 30.378 Y: 24.648 Z: 31.525; then docking
simulation was performed through PyRx v1.0 software (Scripps Research,
USA). Ligand-protein molecular complexes from docking simulations are
displayed as transparent surfaces, cartoons, and sticks through structural
selection in PyMOL v.2.5.2 software (Schrddinger, Inc., USA) with an aca-
demic license for standard publication visualization. Protein coloring is a
single color and ligand coloring is based on C, H, N, and O atoms [23,24].

Identification of the position and type of chemical bond interactions in
the ligand-protein molecular complex was performed through Discovery
Studio Visualizer™ v.16.1 software (Dassault Systémes SE, France). Weak
bond interactions, such as van der Waals, hydrogen, electrostatic, hydropho-
bic, and pi/alkyl bond interactions, were formed in the ligand-protein com-
plex [25,26]. These bonds contribute to affecting the activity and biological
response of the target when an interaction with the ligand is formed [27,28].

Stability analysis of chemical bond interactions in ligand-protein in-
teraction hot spots is performed through molecular dynamic simulation
on the CABS-flex 2.0 server (http://biocomp.chem.uw.edu.pl/CABSflex2)
[29]. This server identifies the stability of ligand-protein molecular com-
plexes by calculating structural flexibility through large-scale confor-
mational simulations. The output score of the simulation results is the
root-mean-square fluctuation (RMSF) for the determination of molecular
complex stability [29,30].

3. Results and discussion
3.1. Compound and target collection

Garcinia mangostana L. can act as an antiviral candidate based on the
results of the in vitro and in vivo analysis. Previous studies have shown that
compounds from these plants can inhibit target virus replication and in-
crease cell viability. Garcinia mangostana L. has other benefits such as the
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Table 1. Ligand information from the chemical compound database
Ta6muua 1. UHdopManys o iMraHgax 3 6a3bl JAHHBIX XMMUYECKUX COeTMHEHMIt

Compound CID Formula Created Modified
Garciniaxanthone A 15293708  C23H2405  2007-02-09 2022-12-24
Garciniaxanthone B 10407298  C23H2205  2006-10-25 2022-12-24
Garciniaxanthone C 9842847 C23H2405 2006-10-25 2022-12-24
Garcinone A 70689919  C23H2405 2013-02-04 2022-12-24
Garcinone B 5495928  C23H2206  2005-08-01 2022-12-24
Garcinone C 44159808  C23H2607  2009-08-24 2022-12-24
Alpha-mangostin 5281650  C24H2606  2005-03-26 2022-12-24
Beta-mangostin 5495925 C25H2806  2005-08-01 2022-12-24
Gamma-mangostin 5464078 C23H2406  2005-08-01 2022-12-24

©
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(H) @O
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Figure 1. Structural visualization of ligands and target.
(A) garciniaxanthone A, (B) garciniaxanthone B,

(C) garciniaxanthone C, (D) garcinone A, (E) garcinone B,
(F) garcinone C, (G) alpha-mangostin, (H) beta-mangostin,
(I) gamma-mangostin, and (J) HIV-1 protease
PI/ICYHOK 1. CprKTYpHaﬂ BuU3yaausauvs JIMraHaoB U LIeJIn.

(A) rapuyHMaKkcaHTOH A, (B) rapuyanakcanToH B, (C) rapuyHmnakcaHToH C,

(D) rapuyusoH A, (E) rapuyuoH B, (F) rapuynoH C, (G) anbda-MaHrocTuH,
(H) 6era-manroctuH, (I) ramma-manroctuH u (J) nporeasa BUY-1

anti-inflammatory, antioxidant, antidiabetic, and antimicrobial activities
[31-33]. Screening of natural compounds-based HIV-1 antiviral candi-
dates through the computational approach is important in this study for
the discovery of new treatment alternatives and prediction of molecular
mechanisms of antiviral compounds from Garcinia mangostana L. Chemi-
cal compounds of garciniaxanthone, garcinone, and mangostin derivatives
from Garcinia mangostana L. with information on compound name, CID,
formula, creation, modification, SMILES, and sdf file were obtained from
the database (Table 1). The 3D visualization of ligands was performed with
the display of sticks and transparent cartoons on the target (Figure 1).

3.2. Drug-like compounds

The similarity of query ligands with drug molecules in terms of several
druglikeness rules such as Lipinski, Ghose, Veber, Egan, and Muegge was
analyzed with Canonical SMILES input from garcinoxanthone, mangostin,
and garcinone derivative compounds [34-36]. The results of the druglike-
ness analysis show that all query compounds from Garcinia mangostana L.

SMILES
CC(=CCC1=C(C2=C(C=C1) C(=0)C3=C(C(=CC(=C302) 0)C(C)(C)C=C)0)0)C
CC1(C=CC2=C(01) C3=C(C=C2) C(=0)C4=C(C(=CC(=C403) 0)C(C)(C)C=C)0)C
CC(=CCC1=C(C2=C(C=C1) C(=0)C3=C(C=C(C(=C302) 0)CC=C(C)C)0)0)C
CC(=CCC1=C(C(=C2C(=C10)C(=0)C3=C(02) C=C(C=C3) 0)CC=C(C)C)0)C
CC(=CCC1=C(C2=C(C=C10)0C3=C(C2=0)C4=C(C(=C3) 0)OC(C=C4)(C)C)0)C
CC(=CCC1=C(C2=C(C=C10)0C3=C(C2=0)C(=C(C(=C3) 0)0)CCC(C)(C)0)0)C
CC(=CCC1=C(C2=C(C=C10)0C3=C(C2=0)C(=C(C(=C3) 0)OC)CC=C(C)C)0)C
CC(=CCC1=C(C=C2C(=C10)C(=0)C3=C(02) C=C(C(=C3CC=C(C)C)0C)0)OC)C
CC(=CCC1=C(C2=C(C=C10)0C3=C(C2=0)C(=C(C(=C3) 0)0)CC=C(C)C)O)C

are probable drug-like molecules because they fulfill at least 3 druglikeness
rules such as Lipinski, Ghose, Veber, and Egan. All query compounds have a
bioavailability score of 0.55 (Table 2). The query compound can have activ-
ity similar to drug molecules and can circulate in the body of Homo sapiens
because it has a bioavailability score of >0.5. The query is also predicted to
pass through selectively permeable membranes to the target in cells [37].

Table 2. The result of drug-like molecule prediction
Taﬁm/ma 2. Pesynb'ra'r IIPOTHO3MPOBAHUSA HO/‘.[OGH]:IX JIeKapCcTBaM MOJIEKYJI

-

- =8

- % Fa

Compound a 2 " % o Probable

o= =] 3 g ) -] 'E'

s £ 9 & 2 8=

4 O > m = &5
Garciniaxanthone A Yes Yes Yes Yes No 0.55 Drug-like molecule
Garciniaxanthone B Yes Yes Yes Yes No 0.55 Drug-like molecule
Garciniaxanthone C Yes Yes Yes Yes No 0.55 Drug-like molecule
Garcinone A Yes Yes Yes Yes No 0.55 Drug-like molecule
Garcinone B Yes Yes Yes Yes No 0.55 Drug-like molecule
Garcinone C Yes Yes Yes Yes Yes 0.55 Drug-like molecule
Alpha-mangostin ~ Yes Yes Yes Yes No 0.55 Drug-like molecule
Beta-mangostin Yes Yes Yes Yes No 0.55 Drug-like molecule
Gamma-mangostin Yes Yes Yes Yes No 0.55 Drug-like molecule

3.3. Molecular interaction between the HIV-1 protease

and query compound

Simulation of ligand-protein molecular interactions in this study was
performed through the docking method with grid position: center (&)
X: -13.452 Y: 19.535 Z: 29.487 and dimensions (A) X: 30.378 Y: 24.648 Z:
31.525 on HIV-1 protease. Molecular docking aims to screen the ligand ac-
tivity on the target with reference to the binding affinity score [38]. Binding
affinity is a negative free energy from the result of ligand-protein complex
interaction that works according to the law of thermodynamics [39,40].
This is also proportional to the increase in the inhibitor activity on the tar-
get by ligands with more negative binding affinity scores. Docking simula-
tion results show that garciniaxanthone B (-9.3 kcal/mol), garcinone B
(9.4 kcal/mol), and beta-mangostin (-9.3 kcal/mol) have more negative
binding affinity scores than other derivative compounds (Table 3). This indi-
cates that the three compounds from Garcinia mangostana L. have the poten-
tial to be good HIV-1 protease inhibitor candidates. The 3D visualization of
ligand-protein complexes from docking results is displayed with the structure
of transparent surfaces, cartoons, sticks, and single-color selection (Figure 2).

Table 3. Comparison of binding affinity scores
Ta6bnuua 3. CpaBHeHMe 6a/mtoB ahpdUHHOCTY CBI3BIBAaHMS

Compound CID Target  PDBID Bi‘}ﬁi‘;ﬁfgf)‘iw
Garciniaxanthone A 15293708 HIV-1 protease 1DMP -8.9
Garciniaxanthone B 10407298 HIV-1 protease 1DMP -9.3
Garciniaxanthone C 9842847 HIV-1 protease 1DMP -9.1
Garcinone A 70689919 HIV-1 protease 1DMP -8.8
Garcinone B 5495928 HIV-1 protease 1DMP -9.4
Garcinone C 44159808 HIV-1 protease 1DMP -8.5
Alpha-mangostin 5281650 HIV-1 protease 1DMP -8.7
Beta-mangostin 5495925 HIV-1 protease 1DMP -9.3
Gamma-mangostin 5464078 HIV-1 protease 1DMP -8.7
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(A) ©

(B)

Figure 2. Ligand (green) and protein (red) complex. (A)
garciniaxanthone B_HIV-1 protease, (B) garcinone B_HIV-1

protease, and (C) beta-mangostin_HIV-1 protease
PucyHok 2. KomMIutekc inraHsy, (3eJieHblit) 1 6e/10K (KpacHBIIt).
(A) rapuuHMakcaHToOH B _ nporea3a BUU-1, (B) rapuuHoH B_ nporeasa

Garciniaxanthon B interacts with HIV-1 protease hotspots namely
Gly49, Arg8, Gly48, Gly27, Asp29, Asp30, Val32, Gly27, Gly49, Asp29,
Gly48, and Asp30 via van der Waals bond, Ile47, 1le84, Ala28, Ile50,
Asp25, Tle47, 11e84, 11e50, Val32, and Ala28 via Pi/Alkyl/Anion bond
with 0 unfavorable. Garcinone B interacted at the HIV-1 protease
hotspot through Asp29, Ile84, Gly49, Gly27, Gly48, Arg8, Asp29, Ile47,
Val32, Gly49, Gly48 with van der Waals bond, hydrogen bond identi-
fied at Asp30, and Pi/Alkyl/Sigma/Anion at Ala28, Ile47, Ile50, I1e84,
and Ala28 with 1 unfavorable. Beta-mangostin interacted at the HIV-1
protease hotspot through Val82, Pro81, I1e84, Val32, Ile47, Gly48, Gly27,
Arg8, Gly49, Asp30, Asp29, Gly48, and Gly49 with van der Waals bond,
hydrogen bond at Asp30 and Asp29, Pi/Alkyl/Sigma/Anion bond iden-
tified at Ile47, Ile50, Ala28, Ile84, Val82, Val32, Pro81, Asp25 (Figure
3). Weak interactions such as hydrogen, van der Waals, hydrophobic,
pi, alkyl, electrostatic, and hydrophobic can trigger the ligand activ-
ity on targets such as inhibitors [41,42]. Unfavorable bonds can trigger
unstable ligand-protein if >3 [43,44]. Garciniaxanthon B, garcinone B,
and beta-mangostin can affect the inhibitor activity on the target be-
cause they produce weak bonds such as van der Waals, hydrogen, and
pi/alkyl/anion/sigma with a number of unfavorable interactions (not
more than three).

3.4. Interaction stability

Identification of the chemical bond stability at interaction hotspots
in this study was carried out through molecular dynamics simulations.
The ligand-protein complexes of garciniaxanthon B_HIV-1 protease,
garcinone B_HIV-1 protease, and beta-mangostin HIV-1 protease

BUUY-1, u (C) 6eTa-MaHrocTuH _ riporeasa BUY-1 N N ) ) A 2
© - (Figure 4) was identified as having RMSF values >3 (A). Ligand-protein

O, @ . @ &
T = W P e Yy &
5 RN :
Yone @JE& & &
ey 6% :
Interactions [0 van der Waals B Pi-Sigma
3 van der Waals = Ayl =m:':mm E:MW
[ p-Anicn [ p-Alkyd [ Pi-Anion
(A) (1))

Figure 3. 2D ligand-protein interaction. (A) garciniaxanthone B_HIV-1 protease, (B) garcinone B_HIV-1 protease,
and (C) beta-mangostin_HIV-1 protease
PyicyHOK 3. 2D B3auMopeiicTBYe IMraHz-6e/oK. (A) rapuyHMakcaHToH B _ miporeasa BUU-1, (B) rapuyHoH B_ nipoteasa BUU-1, 1 (C) 6GeTa-MaHrocTHH _ ripoTeasa BIY-1
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Figure 4. RMSF fluctuation plot. (A) garciniaxanthone B_HIV-1 protease, (B) garcinone B_HIV-1 protease,

and (C) beta-mangostin_HIV-1 protease
Pucynok 4. I'paduxk cpesuekBagpaTuunbix ¢iaykryanmii (RMSF) (A) rapuunnakcanToH B _ nporeasa BUU-1, (B) rapuunon B_ nporeasza BUY-1,
u (C) 6eTa-MaHroCTHH _ nporeasa BUY-1
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complexes with RMSF values >3 at interaction hotspots show stable
properties and may trigger the inhibitory activity on the target [45-47].
RMSF shows the fluctuation of atoms that form amino acid residues in
an active protein. The molecular stability of the results of this study
refers to the ligand’s activity on the target as a good inhibitor [48-
50]. However, this computational prediction requires further analysis
through in vivo and in vitro approaches.
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Conclusion
In summary, garciniaxanthon B, garcinone b, and beta-mangostin from

Garcinia mangostana L. have potential as antiretroviral agents for the treat-
ment of HIV-1 infection. The three compounds are predicted to inhibit the
protease activity in HIV-1 with a more negative binding affinity score, form
ligand-protein molecular complexes with van der Waals, hydrogen, pi/
alkyl/anion/sigma bonds, form stable bonds and drug-like molecules.
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INFLUENCE OF DIFFERENT MILK-CLOTTING ENZYMES
ON THE QUALITY AND SHELF LIFE OF SEMIHARD CHEESES

Dmitriy S. Myagkonosov,* Dmitriy V. Abramov, Irina N. Delitskaya, Galina B. Bukcharina

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

ABSTRACT

The study examined semi-hard cheeses made with milk-clotting enzymes (MCEs) of animal origin (Naturen Extra with a mass
fraction of chymosin 95%, “Bovine Pepsin” with a mass fraction of chymosin 10%), microbial origin (Fromase 750 XLG) and re-
combinant origin (Chy-max Extra and Chy-max Supreme), at an introduction dose of MCE of 1,500 to 6,000 IMCU per 100 kg of
milk. In cheeses at the age of 7, 60, and 150 days, pH, the degree of proteolysis, the content of peptides with a mass of 1-5 kDa,
and the compressive stress at fracture were determined. Cheeses produced with a dose of MCE of 5,000—6,000 IMCU/100 kg of
milk had a substantially (p<0.05) lower pH compared to cheeses made with doses of MCEs of 1,500-3,000 IMCU/100 kg of milk.
At the same time points, there were no significant differences (p >0.05) in the degree of proteolysis between cheeses made using
diverse types of MCEs at the same dose. The exceptions were cheeses produced with Chy-max Supreme, which had a substantially
(p<0.05) lower level of proteolysis. Sensory assessment of the bitter taste intensity in cheeses is proportional to the content of
peptides with a molecular weight of 1-5 kDa. With an increase in the MCE dose, the content of peptides with a molecular weight
of 1 to 5 kDa increases in cheese. Chy-max Supreme forms the least number of bitter peptides in cheeses (p<0.05). There are no
significant differences (p<0.05) in the magnitude of the compressive stress at fracture between the cheese variants produced
with the same MCE doses of diverse types at the same time points.
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BJIMSTHUE PA3/IMYHbBIX MOJIOKOCBEPTBIBAIOIINX ®EPMEHTOB
HA KAYECTBO 1 CPOKU XPAHEHUS ITIOJIVTBEPbIX CbIPOB

Msarkonocos [I. C.*, Abpamos [I. B., enuukas U. H., byxapuna I'. B.

Bcepoccuiickmit HAyUHO-MCCIeIOBATENIbCKM MHCTUTYT MaCIOAeNus U ceipopaenusi, Yriud, IpociaBckasi 067acThb, Poccust

KJIFOYEBDBIE CJIOBA: AHHOTAILLN A
noJiymeepovle colpbl, ViccnemoBastu Oy TBEPAbIE ChIPbI M3TOTOBIEHHBIE C MOJIOKOCBEPThIBAIOIIMMY epMeHTamMy (M®D) SKUBOTHOTO IPOUCXOXKIEHUST
monokocsepmuiéaiowjue (Naturen Extra ¢ maccoBoit moneit xumosuHa 95%, «[OBSKMIT MTEICUH» ¢ MaccoBoOi moseit xumosnuHa 10%), MUKpOGHOTo Tpo-
epmenmol, xXumo3uH,  ucxoxmenus (Fromase 750 XLG) 1 peKOMOMHAHTHOTO mpoucxoxaenns (Chy-max Extra u Chy-max Supreme), ipu 103e BHece-
nencuH, MuKpoOHbl Hust M@ ot 1500 go 6000 IMCU na 100 kr monoka. B cbipax B Bo3pacre 7, 60 u 150 cyT onpenensuii pH, cTereHb IpoTeonnsa,
Koazynsum, cozepskaHue MenTuaoB ¢ Maccoit 1-5 kJla, HarpsskeHMe ckaTust Ipy paspyuieHn. ChIpbl, U3TOTOBIEHHBIE € 10301 M@ 5000—
npomeonus, 20pbKull 6000 IMCU/100 kr mosioka, umenu goctoBepHo (p<0,05) 6onee HU3KMIt ypoBeHb pH B CpaBHEHUY C ChIpAMU, TIPOM3BEIEHHDI-
8KYC, peono2us, M ¢ go3amu M® 1500-3000 IMCU/100 kr Mosioka. B oqMHaKOBbIe MOMEHTbI BpEMEHM, OTCYTCTBOBAJIM JOCTOBEPHbIE OTIIAUNS
MUKpocmpykmypa (p>0,05) 1o cTerneH MPOTeoIM3a MEXKAY CbIpaMM, M3TOTOBJIEHHBIMU C UCITOMb30BaHeM M® pa3HOro Tua B OAHAKOBOI 103€.
VickitroueHneM ObUTH ChIPbI, 13roTOBIEeHHbIe ¢ M@ Chy-max Supreme, B KoTopble uMesu qocToBepHo (p<0,05) 6omee HU3KMIT
ypoBeHb IpoTeosnu3a. CeHCOpHast OljeHKa MHTeHCMBHOCTY TOPbKOTO BKyCa B ChIPAaX MTPOMOPLMOHATbHA COEePKaHUIO B HUX TTell-
TUJOB C MOJIEKY/ISIpPHOM Maccoit 1-5 k/la. ITpu noBsiteHny 10361 BHeceHMs1 M@, B chIpax MOBBILIAETCS COAepyKaHue MenTUI0B
¢ MOJIeKy/ISIpHO# Maccoit ot 1 1o 5 k/la. M@ Chy-max Supreme o6pa3syeT B CbIpax HaMMeHblIlee KOJIMYECTBO TOPbKUX TEeNTHI0B
(p<0,05). OTCcyTCTBYIOT OCTOBEpHBIE OTIMumst (p<0,05) 110 BeMuMHe HaTIPsDKeHMe CRaTust Y paspylieHny MeXIy BapyaHTa-
MU CBIPOB Bpra6OTaHHbIX C OOVHAKOBbIMM N03aMU Mo Pa3HbIX TUIIOB B OAMHAKOBbI€ MOMEHTbI BPDEMEHU.

https://www.fsjour.com/jour
Hayunas craTbsi
Open access

OUMHAHCHPOBAHUE: CraTbsi IOATOTOB/IEHA B paMKax BBINIOJHEHMS] UCCIeNOBaHMI 10 rocymapcrBeHHOMY 3amaHuio N2 FNEN-2019-0010 dene-
paJIbHOTO HayYHOTO LIeHTpa MuiIeBbIX cucteM uM. B. M. Top6aToBa.

1. Introduction

Semi-hard cheeses are quite expensive, and keeping their quality for
a long time is a critical issue. The reasons limiting the shelf life of semi-
hard cheeses include proteolysis of cheese mass proteins.

Milk-clotting enzyme (MCE) is used as an essential component in
the production of semi-hard cheeses. Part of the MCE added to milk
passes into the composition of the cheese curd, where it retains its
activity throughout the entire period of cheese maturation and stor-
age [1,2]. MCE penetrates casein micelles and slowly hydrolyzes casein
molecules into large peptides [3]. Under the action of proteolysis, the
casein net, which makes up the power frame of the cheese, weakens, and

FOR CITATION: Myagkonosov, D. S., Abramov, D. V., Delitskaya, I. N., Buk-
charina, G.B. (2023). Influence of different milk-clotting enzymes on the qual-
ity and shelf life of semihard cheeses. Food Systems, 6(4), 477-487. https://doi.
0rg/10.21323/2618-9771-2023-6-4-477-487

the texture of the cheese softens. The cleavage of polypeptide bonds is
an important part of the ripening process of semi-hard cheeses, leading
to the transformation of the cheese consistency from a solid, hard, and
slightly cohesive one typical of young cheeses to a cohesive, plastic, and
homogeneous texture typical of mature cheeses [4]. As a result of prote-
olysis, peptides are released, which serve as predictors for the formation
of flavoring substances because of biochemical reactions in cheeses [5].
However, an excessively high degree of proteolysis leads to the forma-
tion of an undesirable texture for cheese: viscous, sticking to the knife
when cutting. Also, during deep hydrolysis of caseins, peptides with a
bitter taste are formed [6-8].

O UUTUPOBAHNS: MsirkoHocoB, [I. C., AGpamos, [. B., lemuikas, U. H.,
Byxapusa, I.B. (2023). BausiHye pas3auyHbIX MOJIOKOCBEPTHIBAIONINX (HEepPMEHTOB
Ha KauecTBO M CPOKM XpaHeHMsI TIONYTBEPABIX ChIPOB. [Tuwjessie cucmemsl, 6(4),
477-487. https://doi.org/10.21323/2618-9771-2023-6-4-477-487
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Excessively fast proteolysis leads to rapid overripening of the cheese and
limits the shelf life of the cheese [9]. Finding a balance between cheese flavor
development and long shelf life of cheese is of great interest. Considering the
key role of MCE in the cheese maturation, the selection of MCE with certain
properties can be one of the methods for creating a technology for cheese
with a pronounced taste and a long shelf life. Currently, the cheesemaker
has access to numerous industrially produced brands of MCEs of different
origin (animal, microbial and recombinant types), which have different
properties [10-12]. The purpose of this study is to evaluate the quality (taste
and texture) of semi-hard cheeses made using MCEs from different origins.

2. Materials and methods

2.1. Materials
For the purposes of test manufacture, milk was used from the single

supplier-manufacturer — AgriVolga, LLC (Yaroslavl region, Burmasovo

village). In the cheese production, a lactic acid starter based on the BK-

Uglich-No. 4 bacterial concentrate (the Federal State Budgetary Scientific

Institution “Experimental Biofactory”, Russia) was used; it consisted of a

set of cultures of Lactococcus lactis subsp. lactis, Lactococcus lactis subsp.

cremoris, Lactococcus lactis subsp. diacetylactis, and was preliminary activated
in sterilized milk. Milk-clotting enzyme preparations of various origins

(animal, microbial and recombinant) and with various levels of milk-clotting

and proteolytic activity were used for milk coagulation:

O Chy-max® Supreme 1000 (recombinant camel chymosin with a
modified amino acid sequence; nominal milk-clotting activity —
1,000 IMCU/g; proteolytic activity — 0.28 units of PA /g; manufactur-
er — Chr Hansen A/S, Denmark);

O Chy-max® Extra 600 Liquid (recombinant calf chymosin of genetic vari-
ant “B”; nominal milk-clotting activity — 600 IMCU/g; proteolytic ac-
tivity — 0.48 units of PA/g; manufacturer — Chr Hansen A/S, Denmark);

O Naturen® Extra 220 NB (enzymatic extract from the stomachs of
calves with a mass fraction of chymosin of at least 95%; nominal milk-
clotting activity — 220 IMCU/g; proteolytic activity — 0.95 units of
PA/g; manufacturer — Chr Hansen A/S, Denmark);

0 Fromase® 750 XLG (protease of the fungus Rhizomucor miehei;
nominal milk-clotting activity — 750 IMCU/g; proteolytic activity —
56.91 units of PA/g; manufacturer — DSM Food Specialties, France);

0 FS10 “Bovine pepsin” (enzymatic extract from the stomachs of adult
cattle with a mass fraction of chymosin of at least 10%; nominal milk-
clotting activity — 1,000 IMCU/g; proteolytic activity — 14.39 units of
PA/g; manufacturer — Zavod endokrinnykh fermentov, LLC, Russia).

2.2. Methods
2.2.1. Methods for studying the properties of milk-clotting enzymes

The determination of the total milk-clotting activity was conducted
according to GOST ISO 11815-2015".

The determination of the total proteolytic activity was conducted accord-
ing (Anson method modification on haemoglobin) to GOST 34430-20182,
as applied to weakly acidic proteases (at pH 5.3).

2.2.2 Cheese production process

Model semi-hard cheeses were made with a mass fraction of moisture of
42% (in fact, 41.87+0.94%), 32% of fat (in fact, 32.03+1.07%), 20% of protein
(in fact, 19.96+0.53%). Our previous article [13] described the technological
regulations for cheese production in detail. Briefly, the cheese production
process was as follows: cheeses were made from normalized milk with a mass
fraction of fat of 5% and protein of 3.2%, using a starter from mesophilic
lactococci, processed at a cooking temperature of 40-41 °C without washing
cheese curd with water. The resulting cheeses were salted by immersion in
brine, dried, and packed in Amivak CH-B polymer film bags (Atlantis-Pak,
Russia). The maturation of cheeses took place at a temperature of 11+1°C
for 60 days. Mature cheeses were stored at 4= 2 °C for 90 days. Analysis of
the composition and sensory properties of cheeses was performed at the
beginning of the ripening period (7 days), at the end of the ripening period
(60 days), and at the end of the storage period (150 days).

2.2.3. Methods for determining the composition and degree
of proteolysis of cheeses
The active acidity of cheeses was determined on a pH-150MI pH meter
(Izmeritelnaya Tekhnika, LLC, Russia) equipped with a FC200B combined pH
electrode (Hanna Instruments Inc., USA) in a cheese suspension prepared
by grinding 10 g of cheese with 10 cm3 of deionized water.

1 GOST ISO 11815-2015 Milk. Determination of the total milk-clotting activity
of bovine rennet. M.: Standartinform, 2015. — 10 p.

2 GOST 34430-2018 Enzyme preparations for food industry. Method for the
determination of proteolytic activity. M.: Standartinform, 2018. — 12 p.

The mass fraction of moisture in cheeses was determined by drying
at a temperature of 102+ 2 °C according to the Russian state standard
GOST 3626-735.

The mass fraction of fat in cheeses was determined by the acid method
according to the Russian state standard GOST R55063-2012+.

The mass fraction of total protein in cheeses was determined by the Kjel-
dahl method according to the Russian state standard GOST R54662-2011°.

The degree of proteolysis in cheeses was evaluated (in percent) as the
ratio of the content of water-soluble nitrogen to the content of total ni-
trogen in cheeses. Determination of the content of water-soluble nitrogen
was conducted in aqueous extracts from cheeses obtained by the method
of Kuchroo and Fox, in the modification described in [14].

The molecular weight distribution of soluble proteins in cheese was
determined by high resolution gel filtration using an AKTA Pure 25
chromatographic system (Cytiva, Sweden) equipped with a Superose 12
10/300 GL column (GE Healthcare, Sweden). Eluent was aqueous solution
of 0.05 M Na,HPO, + 0.15 M NaCl (pH 6.50), eluent flow rate was 0.5 ml/
min; detector wavelength was 280 nm. The column was calibrated according
to the release time of protein substances with a known molecular weight:
IgG (180 kDa), aldolase (158 kDa), BSA (69 kDa), ovoalbumin (43 kDa), -Lg
(36.0 kDa), a-La (14.4 kDa), cytochrome C (12.3 kDa), tryptophan (0.204 kDa).
The calibration curve was based on a logarithmic regression model [15]. For
analysis, aqueous extracts from cheeses, prepared to determine the mass
fraction of soluble protein, and additionally filtered on cellulose acetate
filters with a pore size of 0.45 ym, were used (Vladipor, Russia).

2.2.4 Rheology

The rheological indicators of cheeses were studied by the large
strain uniaxial compression method using a structure meter «Instron
1000» (Instron Corp., USA) according to the method of Madadlou et al
[16] with modifications. Cylindrical specimens 15 mm in diameter and
20 mm height were cut from the cheese block. The cheese samples were
immediately placed in an air-tight container to prevent dehydration.
The samples were kept for 4 hours to reach a temperature of 22+ 1 °C,
at which the measurements were conducted. Uniaxial compression was
conducted at a rate of 50 mm/min to a sample compression ratio of 60%
(up to a sample height of 8 mm). As a result of measurements, a force-
strain curve was obtained.

The compressive stress at fracture of the sample was calculated using
the equation (1):

@

where o, is the compressive stress at fracture of the sample, Pa;
F.is the force applied to the sample surface at the moment of fracture, N;

A is the cross-sectional area of the sample, m?.

The compressive stress at fracture of the sample was calculated at the
inflection point on the force-compression curve. The inflection suggests
crumbliness resulting from body breakdown. The change in the cross-
sectional area of the sample because of deformation was not considered.

2.2.5. Microstructure research

The microstructure of cheeses was studied by light microscopy in trans-
mitted light, on microsections of cheeses 100* 10 pm thick. Photographs
were taken with a digital camera “Canon EOS600D”. The photographs were
corrected using the Digital Photo Professional software v.4.5 (Canon Inc.).

2.2.6. Design of the experiment and statistical data processing

The study was based on the design of a factorial experiment [17], which
included two categorical factors: the “MCE type” factor and the “MCE
dose” factor. The experiments were conducted in two replicates in a ran-
domized order. Our previous article [13] provides the description of the
experiment design.

To assess the joint influence of experimental factors and cheese shelf
life on response variables (pH, degree of proteolysis and rheological pa-
rameters), the selected plan of the full factorial experiment was modified
into a “split-plot design” [18] by introducing an additional factor “Storage
duration” (Age).

Statistical processing of experimental data was conducted using the
Statistica® software package (ver. 5.5, StatSoft, USA).

3 GOST 3626-73 Milk and milk products. Methods for determination of moisture
and dry substances. M.: Standartinform, 2009. — 11 p.

4 GOST R55063-2012 Kinds of cheese and processed cheese. The rules of tests
acceptance, sampling, and control methods. M.: Standartinform, 2013. — 28 p.

5 GOST R54662-2011 Cheeses and processed cheeses. Determination of protein
mass fraction by the Kjeldahl method. M.: Standartinform, 2012. — 16 p.
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Table 1. Mean squares and probabilities (in parentheses),
and R2 values for the ANOVA model for response variables
(for MCEs of Naturen, Pepsin and Fromase at low and medium
introduction doses)

Ta6mua 1. CpegHsis cyMMa KBapaToOB OTKIOHEHUIA, ypOBEeHb
CTaTUCTUYECKOI JOCTOBEPHOCTH U K03(bDULMEeHTDI AeTepMUHALIUY MOJe/IN
ANOVA pj1s1 nepeMeHHBIX OTKAMKa (ay1s1 M® Naturen, ITencun u Fromase
IIpY HU3KUX U CPeJHUX 103aX BHECEHU)

. ‘Fraction pf
Factor ar pn oleolvis biterpepides Fracure
mV¥*s

Type 20,0014 (=) 6,471 (**%) 29362 (**) 358,4 (-)
Dose 1 0,0035(-) 30,192 (***) 184876 (***) 381,0 (-)
Age 20,0698 (***) 255,206 (%) 1150686 (***) 31198,8 (***)
Type*Dose 20,0036 (=) 1,064 (-) 19109 (*) 182,7 (=)
Type*Age 40,0003 (=) 2,671 (*%) 13669 (*) 85,6 (-)
Dose*Age 20,0031 (-) 1,406 (-) 17741 (%) 83,9 (-)
Error 28 0,0013 0,588 5081 113,8
R? 0,85 0,97 0,95 0,95

df — number of degrees of freedom

Factor keys: Type — MCE type; Dose — MCE dose; Age — shelf life of the cheese.
Error — share of the response variable variation related to an error;

R? — coefficient of determination for the ANOVA model.

The level of statistical significance of the factor effect evaluation (in parenthe-
ses): “~” — not statistically significant (p >0.05); “*” — p<0.05; “**” — p<0.01;
“rsir _ n<0.001.

3. Results and discussion
The influence of the experimental factors on the response variables

was evaluated: pH, the degree of proteolysis, indicators of the molecular

weight distribution of proteolysis products (the content of peptides with
mass of 1 to 5 kDa) and rheological indicators (compressive stress at frac-
ture) of test cheeses.

The experiment matrix held an incomplete set of combinations of factors
“MCE type” and “MCE dose”. No data were available for Fromase and “Bovine
Pepsin” at high introduction dose (6,000 IMCU/100 kg milk) and data for
Chy-max Extra and Chy-max Supreme were also missing at low introduction
dose (1,500 IMCU/100 kg milk). As a result, it was impossible to process the
data by the ANOVA method simultaneously for all 5 types of the investigated
MCEs with purpose of defining the influence of paired interactions of fac-
tors on the response variables. For processing, the experiment matrix was
divided into two separate matrices; each matrix had data for 3 types of MCEs:
1) Calfrennet (Naturen) and rennet substitutes of animal origin (“Bovine

Pepsin”) and microbial origin (Fromase), at low (1,500 IMCU/100 kg

milk) and medium (3,000 IMCU/100 kg milk) introduction doses;

2) Calf rennet (Naturen) and MCEs based on recombinant chymosins —
Chy-max Extra and Chy-max Supreme, at medium (2,000 for Chy-max
Supreme and 3,000 IMCU/100 kg for Naturen and Chy-max Extra) and
high (5,000 for Chy-max Supreme and 5,000 IMCU/100 kg for Naturen
and Chy-max Extra) introduction doses.

Tables 1 and 2 give the results of evaluating the effect of factors and their
pair interactions on the response variables obtained by the ANOVA method.

Further, when discussing the results of the analysis of variance, we will
refer to the data from Table 1 as obtained “at low and medium doses of
MCEs”, the data from Table 2 are obtained “at medium and high doses of
MCEs”, without additional interpretation of the MCE type.

The results of the analysis of variance allow drawing the following
conclusions on the influence of factors on the response variables.

3.1. Active acidity (pH)

There is a statistically significant influence of the “age of cheese” fac-
tor on the pH level. The influence of cheese age on pH is associated with
biochemical reactions that occur at various stages of cheese ripening and
storage. If in the period from 7 to 60 days, the decrease in pH is associated
with the accumulation of acid due to lactose metabolization, then in the
period from 60 to 150 days, the increase in pH occurs due to the accumula-
tion of proteolysis products with buffer properties [19,20].

There is a statistically significant effect of the MCE dose on the pH of
cheeses. The use of MCEs at high introduction doses (5,000 IMCU/100 kg
of milk for Chy-max Supreme and 6,000 IMCU/100 kg of milk for MCEs
of Naturen and Chy-max Extra) results in cheeses having significantly
(p<0.05) a lower average pH level throughout the ripening and storage
period than cheeses produced with medium and low doses of MCEs (1,500—
3,000 IMCU/100 kg of milk).

Table 2. Mean squares and probabilities (in parentheses),
and R2 values for determination of the ANOVA model for response
variables (for MCEs of Naturen, Chy-max Extra and Chy-max
Supreme, at medium and high introduction doses)

Ta6mua 2. CpegHsiss cyMMa KBaJpaToOB OTKIOHEHUIA, ypOBEeHb
CTaTUCTUYECKOI JOCTOBEPHOCTH U KO3(bDUIMEHTDI JeTepMUHAIIUY MOJe/IN
ANOVA pns nepeMeHHbIX OTK/INMKa (a1 M® Naturen, Chy- max Extra
u Chy-max Supreme, npu cpegJHUX U BBICOKUX J03aX BHECEHS)

. ‘Fraction pf
o ar  pn Mjoleolvis biterpeptdes  Fracture
mV¥*s

Type 2 0,0035(-) 239,382 (**¥) 843696 (***)  535,9 (%)
Dose 10,0128 (**) 47,748 (***) 272727 (***) 690,4 (*)
Age 20,0939 (%) 232,521 (%) 804733 (**¥)  32776,2 (**%)
Type*Dose 2 0,0015(-) 5,309 (**¥) 42513 (**) 271,4 (-)
Type*Age 4 0,0002 (=) 27,314 (***) 133447 (***)  239,9 (-)
Dose*Age 20,0009 (-) 0,281 (-) 33013 (**) 53(-)
Error 28 0,0011 0,458 5841 108,8
R? 0,88 0,99 0,964 0,96

df — number of degrees of freedom.

Factor keys: Type — MCE type; Dose — MCE dose; Age — shelf life of the cheese.
Error — share of the response variable variation related to an error;

R? — coefficient of determination for the ANOVA model.

The level of statistical significance of the factor effect evaluation (in parenthe-
ses): “-” — not statistically significant (p >0.05); “*” — p<0.05; “**” — p <0.01;
“rsir _ n<0.001.

The MCE dose influences the pH level of cheeses indirectly through the
effect on the moisture content of cheeses. The data presented in a previous
article [13] show that increasing the MCE dose leads to a reduction in the
duration of curd processing and to the preservation of more moisture in
the cheese. According to the moisture content at the beginning of ripen-
ing (7 days), cheeses made with different doses of MCEs were arranged
in the following order: cheeses with a high dose of MCE (42.38+1.28%
moisture) >cheeses with an average dose of MCE (41.59+1.22% moisture)
=~ cheeses with a low dose of MCE (41.33+0.81% moisture). Cheeses with a
high moisture content had a greater amount of lactose, the metabolization
of which by starter microorganisms led to a decrease in pH; the greater the
lactose content was, the greater the decrease in pH was.

Figure 1 shows the influence of experimental factors on the dynamics
of changes in the pH of cheeses during ripening and storage.

In Figure 1, the graphs of changes in the pH show, that the pH level in the
test cheeses during the ripening and storage period is within 5.05=0.10 pH
units and is close to the pH level at which PA of MCE was determined under
“in vitro” conditions (pH 5.3). So, it is possible to correlate the estimate of
the PA value of MCE measured “in vitro”, which is used for a comparative
assessment of MCEs of diverse types in scientific works [10,11] with the
actual proteolytic action of MCE in cheeses under real conditions.

3.2. Degree of proteolysis

The results of the analysis of deviation (see Tables 1 and 2) show
that there is a strong, statistically significant influence (p<0.001) of all
experimental factors (“MCE type”, “MCE dose” and “cheese age”) on the
degree of proteolysis in cheeses. Figure 2 displays the graphs with the
connection between the degree of proteolysis in cheeses and influencing
factors.

In Figure 2, the graphs show that the degree of proteolysis in cheeses
increases throughout the entire period of ripening and storage. An
increase in the MCE dose leads to an increase in the rate of accumulation
of proteolysis products in cheeses. However, there was no direct connection
between the rate of the proteolysis process and the level of PA of MCE.
Cheeses made with Chy-max Supreme, which has the lowest level of PA
among all studied MCEs, have the lowest level of proteolysis. For other
types of MCEs, there is no proportionality between PA of MCE and the
rate of proteolysis in cheeses made with them. At the same time points,
there were no statistically significant (p<0.05) differences in the degree of
proteolysis between cheeses produced with equal doses of MCEs of Naturen
Extra, Chy-max Extra, “Bovine Pepsin” or Fromase, which had various levels
of PA. Therefore, the proteolytic productivity of MCEs in cheeses cannot
be assessed from the PA level of MCE measured “in vitro”.

The results obtained are related to the fact that the level of proteolysis
in cheeses depends not only on the total proteolytic activity of MCE, but
also on the degree of MCE transition into the cheese mass. It has been set
up that the amount of MCE passing from milk to the cheese mass varies
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Figure 1. Dynamics of changes in the active acidity of samples of test cheeses produced with diverse types and doses of MCEs
during storage. Keys of MCE brands on the graph: Fromase — Fromase 750 XLG; Pepsin — “Bovine Pepsin” FS-10; Naturen —
Naturen Extra 220; Extra — Chy-max Extra; Supreme — Chy-max Supreme. Scatter bars show “*standard deviation”
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Figure 2. Dynamics of proteolysis in samples of test cheeses produced with diverse types and doses of MCEs during storage.

The keys of the MCE brands on the graph are similar to Figure 1. Scatter bars show “*standard deviation”
PucyHOK 2. lMHAaMMKa IPOTeo/In3a B 00pasmax sKCIepPyMeHTAIbHBIX CIPOB, IPOM3BeAeHHBIX ¢ PasHbIMM THUIamMu 1 Ao3amyu M®II, B npouecce
xpaHenusi. 0603HaueHnst Mapok M® Ha rpadmke aHaormuubl ¢ Pucynkom 1. [Itanku pasépoca MOKa3bIBAIOT « * CTAHAAPTHOE OTKIOHEHME»

depending on the MCE type and on the technological modes of cheese
production. In the cheese curd, up to 30% or more of chymosin and no more
than 2-3% of proteases of microbial origin are preserved [1,2]. Lowering
the pH of the curd increases the amount of retained chymosin but does
not increase the proportion of pepsin and microbial coagulants [21-24].
Small amounts of pepsin and microbial protease (Fromase) in cheese
offset their high PA. As a result, cheeses made with these MCEs achieve
the same or lesser degree of proteolysis than cheeses produced with calf
chymosin-based MCE (MCEs of Naturen, Chy-max Extra), which have lower
levels of PA (Figure 2).

3.3. Formation of small peptides

In addition to proteolytic activity, MCEs are characterized by proteolytic
specificity, which is expressed in the preferential release of peptides with a
certain molecular weight from the hydrolysable protein. Chymosin-based
MCESs (Naturen, Chy-max Extra and Chy-max Supreme) break down caseins
with the formation of a large amount of proteolysis products with a large
molecular weight (over 10 kDa), including insoluble ones [6], while MCEs
based on pepsin and microbial proteases (Fromase) are capable to continue
the hydrolysis with the formation of a significant amount of peptides with
a low molecular weight (less than 10 kDa) [25,26]. To characterize the

480



MsrkoHocos 1. C. v ap. | MALLEBDBIE CUCTEMbI | Tom 6 No 4 | 2023 | C. 477-487

peptide composition of proteolysis products, the indicator “molecular
weight distribution” is used.

An important indicator of molecular weight distribution is the
concentration of peptides with a molecular weight of 1 to 5 kDa. It is known
that peptides with a molecular weight of less than 0.5 to 3 kDa relate to the
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Figure 3. Molecular weight distribution of water-soluble
products of proteolysis in cheeses with different strength
of bitter taste
PucyHOK 3. MOJIEKYJISIDHO-MaccoBOe pacipeesieHue BoJ0PacTBOPUMBbIX
IIPOAYKTOB MIPOTEO/IN3a B ChIPaxX C Pa3HOI BIPA’KEHHOCTHIO
TOPBKOIo BKycCa

Dose: 1500 IMCU*100 kg™

Dose: 2000-3000 IMCU*100 kg™

formation of the bitter taste of cheese [6,27,28]. Peptides with a molecular
weight of more than 6 kDa, even containing hydrophobic amino acids, do
not have a bitter taste [6]. Excessive accumulation of hydrophobic peptides
with a molecular weight of less than 6 kDa in cheeses is the cause of the
bitter taste of the product. The most pronounced bitter taste is imparted
by peptides with a molecular mass in the range of 0.5-3 kDa [27,28]. When
comparing cheeses made with camel chymosins (Chy-max M) and calf
chymosins (Chy-max M), a higher content of these peptides was found in
cheeses made using calf chymosin, which had the consequence of more
pronounced bitter taste in them [29].

Figure 3 shows the molecular weight distribution of water-soluble
proteolysis products in cheeses with different severity of bitter taste
(authors’ own data).

The results of chromatographic studies, given in Figure 3, confirm the
connection described in the literature between the strength of bitter taste
and the quantitative content of peptides with a mass of 1-5 kDa in cheese.

The results of the analysis of variance (see Tables 1 and 2) show that there
is a strong, statistically significant influence (p<0.001) of all experimental
factors (“MCE type”, “MCE dose” and “cheese age”) on the number of
peptides with a mass of 1-5 kDa accumulated in cheeses. Figure 4 presents
the graphs showing the connection between the number of peptides with a
mass of 1-5 kDa accumulated in cheeses and influencing factors.

In Figure 4, the data show that with an increase in the MCE dose, the
amount of 1-5 kDa peptides accumulated in cheeses increases. The MCE
type affects the amount of 1-5 kDa peptides accumulated in cheese. There
were no significant differences (p>0.05) in the content of 1-5 kDa peptides
between cheeses made with the same MCE doses of Naturen Extra, Chy-max
Extra, “Bovine Pepsin” or Fromase at the same time points. In cheeses with
Chy-max Supreme, the smallest quantity of bittering-forming peptides
appears, which significantly (p<0.05) differs from their content in cheeses
with other studied types of MCEs.

Sensory assessment of the intensity of bitter taste in cheeses was
proportional to the content of peptides with a molecular weight of 1-5 kDa
(Figure 4).

Literature [10,30,31] hold numerous references to the ability of MCE
of microbial origin, based on the R. miehei protease (Fromase), to form
a strong bitter taste in cheeses. In our study, the degree of bitterness in
cheeses made with Fromase was not greater than the degree of bitterness
in other cheese varieties. At introduction dose of MCE of 1,500-3,000
IMCU/100 kg of milk, cheeses made with Fromase have the same or less
pronounced bitter taste than cheeses produced with Chy-max Extra,
Naturen or “Bovine Pepsin”.
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Figure 4. Dynamics of accumulation of bitter peptides in samples of test cheeses produced with diverse types and doses
of MCEs during storage. The keys of the MCE brands on the graph are similar to Figure 1. Scatter bars show “+*standard
deviation”. The callouts display the sensory assessment of the intensity of bitter taste in cheeses on a conditional
5-point scale: 0 — absent; 1 — very weak; 2 — weak; 3 — medium; 4 — pronounced
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BBIHOCKM MTOKAa3bIBAIOT CEHCOPHYIO OLI€HKY MHTEHCMBHOCTY FOPHKOTO BKyCa B ChIPaxX II0 YC/IOBHOM 5-6a/1bHOI mKaie: 0 — OTCYTCTBYeT;
1 — ouens cnabas; 2 — cnabas; 3 — cpegHss; 4 — BbIpasKeHHAsK
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At an equal dose of MCE, cheeses made with bovine pepsin did not
differ in the strength of bitter taste from cheeses produced with calf
rennet (Naturen Extra). This replicates the results of Emmons et al [32]
in a comparative study of calf rennet and bovine pepsin in the production
of Cheddar cheese.

The obtained data say that during the production of semi-hard cheeses
it is undesirable to use MCEs based on calf chymosins of both natural
origin (Naturen) and recombinant origin (Chy-max Extra) at a dose of 6,000
IMCU/100 kg of milk due to the risk of bitter cheese taste during storage.

3.4. Rheological indicators

The value of fracture stress (cf) is equal to the pressure at which the
material structure fractures [33]. The higher the value of fracture stress
is, the higher the strength and coherence of the cheese mass are [3]. The
value of fracture stress gives information about the rheological behavior of
cheeses during their chewing or industrial size-reduction operation such
as shredding, grating, shearing and portion cutting.

The results of the ANOVA (see Tables 1 and 2) show that the value of
fracture stress is influenced by the age of the cheese, and at medium and
high doses of MCEs, by the factors of “MCE type” and “MCE dose”. Figure
5 displays the graphs showing the relationship between fracture stress
and experimental factors.

In Figure 5, the graphs show that, there is an increase in the average
value of fracture stress over time, and then a decrease for all test variants of
cheeses. There are no statistically significant differences in the magnitude
of fracture stress between the variants of cheeses produced with the same
doses of MCEs of diverse types at the same time points (Tukey’s test, p<0.05).
An exception is a statistically significant higher level of fracture stress in
cheeses produced with a high dose of Chy-max Supreme at the age of 150
days, in comparison with cheese variants made with Naturen and Chy-max
Extra (Tukey’s test, p<0.05), which explains the revealed ANOVA influence
of the factors “MCE type” and “MCE dose” on fracture stress.

The statistically significant dependence of fracture stress on the “Age”
factor, proved by the results of the analysis of variance, means that fracture
stress changes under the influence of factors, which, in turn, are influenced
by the “Age” factor. According to the literature data, the structure of cheese
changes over time under the influence of demineralization, proteolysis,
and dehydration of the cheese mass [3].

At the first stage of maturation, the strength and plasticity of cheese
consistency depends on the amount of calcium ions associated with casein
molecules and combining them into aggregates [3]. As a result of the
metabolization of lactose by bacteria, lactic acid accumulates in the cheese
mass, accompanied by a decrease in pH. With a decrease in pH, calcium
ions are separated from caseins (demineralization), resulting in a decrease

Dose: 1500 IMCU*100 kg™

Dose: 2000-3000 IMCU*100 kg*

in cohesion and an increase in the plasticity of the cheese mass [34], as a
result of which the fracture stress index decreases.

Insignificant differences in pH between the studied cheese varieties at the
beginning of the ripening period (7 days) led to the absence of differences
in the level of fracture stress between them (Tukey’s test, p<0.05). At the
age of 7 days, all cheese variants had the same consistency, which can be
described as “elastic, slightly brittle”.

After completion of the metabolization of lactose and stabilization
of the pH in the cheese, a balance is set up between the calcium ions,
which are in the casein-bound and soluble forms. A further change in the
rheological properties of the cheese mass occurs under the influence of
proteolysis and dehydration [19].

Figure 6 A gives the graph of the dependence of fracture stress on the
degree of proteolysis. Figure 6 B gives the graph showing the dynamics of
cheese dehydration.

The graph of fracture stress versus the degree of proteolysis (Figure
6A) shows that the data points are divided into 2 groups according to
the minimum differences: those belonging to fresh cheeses at the age
of 7 days and those belonging to mature cheeses at the age of 60 and
150 days. For the group of mature cheeses, the graph (Figure 6A) shows
a trend — with an increase in the degree of proteolysis, the value of
fracture stress decreases. The division of data into groups is a sign of
the influence on the rheological parameters of cheeses of factors other
than proteolysis. At the same time, the nature of these factors differs for
fresh and mature cheeses.

In the studied cheeses, the process of conversion of lactose into lactic
acid, accompanied by a decrease in pH, continues after 7 days (up to about
15 days). Therefore, the pH of the studied cheeses at the age of 60 days is
lower than at the age of 7 days (Figure 1). Decrease in pH of less than 5.2
units leads to a significant removal of calcium ions from bonds with casein,
as a result of which the cheese mass becomes less cohesive, and at a low
moisture content in the cheese, even crumbly [34-36]. In the range of pH
of 4.90-5.05, a consistency typical of Cheddar cheese is formed — dense,
moderately coherent, slightly crumbly [3].

In all studied cheeses, by the end of the ripening period (60 days), the
acidity was in the range of 5.0£0.05 pH units (Figure 1). The consistency
of cheeses at this age was characterized as “brittle, crumbly”. At the
same time, cheese variants made using Chy-max Supreme had a firmer
and less plastic consistency compared to cheese variants produced with
other types of MCEs. Figure 6A shows that data points for cheeses made
with Chy-max Supreme stand out as a separate subgroup from the group
of mature cheeses. Of all mature cheese samples, those made with Chy-
max Supreme have the highest fraction stress with the lowest levels of
proteolysis (Figure 5).
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Figure 5. Dynamics of change in the indicator “ stress at fracture” in samples of test cheeses produced with diverse types and doses
of MCEs during storage. The keys of the MCE brands on the graph are similar to Figure 1. Scatter bars show “* standard deviation”
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Figure 6. Dependences: A) indicator of fracture stress of the cheese mass on the degree of proteolysis (data are presented on the
indicators of cheese at the age of 7, 60 and 150 days); B) moisture content in samples of test cheeses on the age
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The moisture content affects the texture of cheeses. With a decrease in
moisture content, the casein gel network decreases in volume and becomes
denser, which leads to an increase in the density and hardness of the cheese
mass [3,19]. The graph presented in Figure 6B indicates a trend towards
a decrease in moisture content in cheeses during ripening and storage,
as well as a significant variation in moisture content between individual
cheeses at the same time points. The decrease in moisture content and
the resulting compaction of the cheese mass explains the absence of a
decrease in fracture stress in some types of cheeses in the period from 60
to 150 days (Figure 5), despite the process of softening of the cheese mass
under the influence of proteolysis occurring in the same period. Differ-
ences in moisture content can explain the significant variation of points
compared to the regression line and the low coefficient of determination
(R?=0.21) of the regression relationship between the degree of proteolysis
and fracture stress in mature cheeses (Figure 6 A).

3.5. Microstructure

Microscopic studies of the structure of cheeses have been conducted.
The analysis of micropreparations of test variants of semi-hard cheeses
confirmed the pattern previously established in the works of other
researchers [2,37,38]: the higher the degree of proteolysis is, the higher the
degree of hydration of caseins is, and the higher the degree of homogeneity
of the cheese structure is. Cheeses with a higher degree of proteolysis are
characterized by a more uniform, finely dispersed structure. Cheeses with
a lower degree of proteolysis are characterized by a more fragmented
structure, with distinct boundaries between cheese grains or with traces of
these boundaries. For example, Figure 7 shows photos of the microstructure
of cheeses made using different doses of Naturen, at different ages, with
different degrees of proteolysis and various levels of fracture stress.

The structure of cheeses at the level of microstructure forms their
rheological properties [3]. The structure of a fresh cheese consists of
individual pressed cheese grains with intergranular space filled with
moisture (Figure 7, cheeses aged 7 days). Cheese mass, fragmented into
individual grains, has a low cohesion, and is destroyed along the boundaries
of grain joints under the influence of even a small load. The work of Tunik
et al [39] found that Cheshire cheese, which has the same protein and fat
content and pH level as Cheddar cheese, has almost 2 times lower levels
of elasticity modulus (G’), viscosity modulus (G”) and complex viscosity
(n*) due to the more fragmented structure. Due to the low cohesion of
the structure, test cheeses at the age of 7 days had a low level of stress
at fracture (Figure 5).

In maturation of cheeses, proteolysis of caseins of the cheese mass occurs.
The peptides formed from caseins have a higher hydrophilicity than the
original caseins. This leads to an increase in the moisture-binding capacity

of the casein gel. The mechanically bound water contained in the pores
of the casein net is converted into water chemically bound to the charged
carboxyl and amino groups of the peptides released during proteolysis of
caseins [20]. Increasing the hydration of the casein gel leads to the forma-
tion of a homogeneous, cohesive structure of the cheese mass, which has
a much higher mechanical strength and requires more load to break it. As
aresult, in the studied cheeses at the end of the ripening period (60 days),
the value of stress at fracture increases (Figure 5). Visually, the process of
hydration of the casein net appears in the disappearance of the boundaries
between the grains and the “gluing” of the grains (Figure 7, cheeses aged
60 and 150 days). Over time, under the action of proteolysis, an increasing
number of caseins is cleaved, as a result of which the mechanical strength
of the casein gel decreases. This leads to a decrease in the mechanical
strength of the cheese mass and a decrease in the magnitude of the load
required for its fracture [3]. As a result, cheeses aged 150 days have a lower
level of stress at fracture than cheeses aged 60 days (Figure 5).

Related results were obtained by the authors when studying the effect
of proteolysis on the structure of soft cheeses made using diverse types
and doses of MCEs [40,41]. At the same time, the significant differences in
the effect of proteolysis on the consistency of soft and semi-hard cheeses
should be noted. Compared to soft cheeses, due to their lower moisture
content, semi-hard cheeses have a denser casein network, which also has
a higher cohesiveness, due to the higher content of calcium bound to
molecules due to a higher pH level. The dense and coherent casein net of
semi-hard cheeses, even after splitting some caseins because of proteolysis,
retains high strength. As a result, there are no noticeable differences in
rheological characteristics and sensory assessment of consistency in all
variants of semi-hard cheeses made with diverse types and doses of MCEs,
having differences in the degree of proteolysis. The exception is cheese
made with Chy-max Supreme, which has the lowest level of proteolysis
and the densest texture among all studied cheese variants.

Conclusion

Based on the data obtained, the following conclusions can be drawn:

Cheeses produced using high doses of MCEs added to milk (5,000-
6,000 IMCU/100 kg of milk) have a significantly (p<0.05) lower pH level than
cheeses made with medium and low doses of MCEs (1500-3000 IMCU/100 kg
of milk). The use of high doses of MCEs for milk coagulation results in a
reduction in the processing time of the curd and the production of cheese
with a high moisture content. The higher the moisture content of the cheese
is, the greater the lactose content is, and the greater the decrease in pH
due to the conversion of lactose to acid by starter bacteria is.

An increase in the dose of MCE added to milk leads to an increase in
the rate of accumulation of proteolysis products in cheeses. At the same
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Dose = 1500 IMCU; Age =7 d;
WSN/TN = 6,82 %; of = 22,20 kPa

s

[ Dose = 3000 IMCU; Age = 60 d;
T WSNITN = 16,72 %;

Dose = 6000 IMCU; Age = 7 d;
WSN/TN =10,27 %; of = 22,57 kPa

Dose = 1500 IMCU; Age =60 d; 1.
WSN/TN = 15,20 %; of = 112,07 kPa /¢

Dose = 1500 IMCU; Age = 150 d;
WSN/TN = 15,57 %; of = 95,19 kPa

T

Dose = 3000 IMCU; Age = 150 d;
WSNITN = 19,28 %; Of = 84,54 kPa

Figure 7. Typical microstructure of cheeses produced using different doses of Naturen during ripening and storage.

Dose — MCE introduction dose (IMCU/100 kg of milk); Age — cheese age (days); WSN/TN — share of soluble nitrogen
from the total (%); of — fracture stress (kPa). The scale bars are 50 ym in length
PI/ICYHOK 7. TunuaHas MMKPOCTPYKTYpa CbIPOB, IIPOM3BEJEHHBIX C MCII0JIb30BaHVEM pa3HbIX 103 Mo Naturen, B TeUeHye CPOKa Co3peBaHVsI U XpaHEeHWMS.
Dose — no3a BHecenust M® (IMCU/100 kr mosioka); Age — Bo3pacrt csipa (cyT); WSN/TN — moJisi pacTBOPMMOrO a30Ta OT o61ero (%);
of — fracture stress (xIla). MepHbIii OTpe30K paBeH 50 MKM

time points, there were no significant differences (p >0.05) in the degree
of proteolysis between cheeses made using the same dose of distinct
types of MCEs. The only difference was cheeses produced with Chy-max
Supreme, which had the lowest level of proteolysis (p<0.05). The reason for
the lack of differences in the degree of proteolysis between cheeses made
with MCEs of Naturen or Chy-max Extra and cheeses made with MCEs of
“Bovine Pepsin” or Fromase, which have a significantly higher level of PA,
is a small degree of transfer of pepsin and microbial proteases from milk
to cheese, which levels their high PA.

With an increase in the MCE dose, the content of peptides with a
molecular weight of 1 to 5 kDa increases in cheese. Sensory assessment
of the intensity of bitter taste in cheeses was proportional to the content
of bitter peptides with a molecular weight of 1-5 kDa. Chy-max Supreme
produces the least number of bitter peptides among all MCE variants. At
MCE introduction dose of 3,000 IMCU/100 kg of milk, Fromase produces

fewer bitter peptides than Chy-max Extra, Naturen or “Bovine Pepsin”,
which have a lower level of proteolytic activity. This shows the high quality
of MCEs of microbial origin achieved to date and allows us to recommend
MCEs of microbial origin to use in the production of semi-hard cheeses
at a dose of up to 3,000 IMCU/100 kg of milk. At MCE introduction dose
of 6,000 IMCU/100 kg of milk, cheeses made with Chy-max Extra show an
accumulation of bitter peptides at the level of Naturen Extra (p<0.05),
which has a higher PA level than that of Chy-max Extra.

For all test variants of cheeses, over time, at first there is a tendency
to an increase in the level of fracture stress, and then its decrease. There
are no statistically significant differences in the magnitude of fracture
stress between the variants of cheeses produced with the same doses of
MCEs of diverse types at the same time points (p >0.05). The structure
and consistency of the test cheeses depended more on their composition
(moisture, protein, fat content) and pH than on the level of proteolysis.
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The consistency of the cheeses depended on the structure of the cheeses

at the microstructure level. In turn, the microstructure of cheeses depended

on

the calcium content associated with casein molecules and the degree of

casein proteolysis. The crumbling texture of fresh cheeses and low values
of fracture stress were associated with a substantial leaching of calcium
ions from bonds with caseins and a low water-binding capacity of native

leads to an increase in the water-binding capacity of the cheese mass. In
mature cheeses, there is a greater cohesion and a higher level of fracture
stress in comparison with fresh cheeses.

The rheology of the cheese mass can be controlled through the degree

of casein hydrolysis (by selecting the type and dose of MCE) or by changing
the content of micelle-bound calcium paracasein (by adjusting the pH),

caseins. Proteolysis of caseins, which occurs during the ripening of cheeses,  or both.
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KapomuHouobl, MATMEHTOB B JIMCTBSIX GafaHa TOJCTONMCTHOTO Bergenia crassifolia (L.) Fitsch, mpouspacratiiero B Pecnybnuke BypsTus,
cnekmpol C pa3HbIMM CpOKaMu BereTauuu. [IoKa3aHoO, YTO 3TO OFHO M3 HEMHOTMX DPACTEHUIA, JIUCTbSI KOTOPOTO COLEpsKAaT 3HAYM-
dnyopecyenyuu TeJIbHOE KOIMYECTBO KapOTHMHOMIOB. MaKCKManbHOe CYMMapHOe MX KOMMYEeCTBO OTMEYEHO B KPACHBIX JIUCThSIX GajaHa —

1257,9+33,1 Mmonb/MOJb XJI0Opoduia. BeIsBlIeHbl Ce30HHBIE M3MEHEHMsT KOMIUIeKca (DOTOCMHTETUUYECKUX TUTMEHTOB
B JIUCTbsIX. Tak, comepikaHue XJI0POGUIJIOB B UEPHBIX JIMCThSIX CHYDKAIOCh B 4 pasa o M0 CPAaBHEHMIO C YMCIOM MUTMEHTOB
B 3€JIeHBIX JIUCTbsIX. He3HaunTembHbIe motepy GOHAA 3eJIeHbIX MUTMEHTOB HABGMIONAINCh U B KPACHBIX JMCThSIX. B uepHbIX
JIMCTBSIX OCTABATIOCh OKOJIO 18% xmopodminos. B nepuop mocie BbIXona pacTeHuMit U3-110], CHera cofiepskaHue Xaopoduuia o
YBEJIMUMIIOCH B 3 pasa, a xinopodwiia 3 — B 1,8 pasa. B mucThbsix 6ajaHa B COCTaBe KAPOTMHOMIOB 06HAPYKeH B-KapoTuH (30%
CYMMbI KapOTMHOMIOB). B rpeo6agaioinem KOIMUeCcTBe 13 Yncia KCaHTOMU/UIOBBIX MUTMEHTOB OTMEUEH JIIOTEVH, Ha T0JTI0
KOTOPOTO MPUXOAMIIOCH 10 51% CyMMbI KADOTUHOUIOB.

BJIATOOAPHOCTU: pa6oTa BbITIOTHEHA Ha 060pymoBaHuM 1 pubopax JabopaTopuit Boctouno-CrubupcKoro rocyapcTBEHHOTO YHUBEPCUTETA TEX-
HOJIOTWIA ¥ YIIPaBIEHMS.
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leather bergenia, The topicality of studying synthetic colorants and a possibility of their strictly regulated application is linked with an increas-
composition, ing producers’ interest in natural food colorants due to the attempt to grant the status of natural products to foods. New data
pigments, carotenoids, on the content of photosynthetic pigments in leaves of leather bergenia (Bergenia crassifolia (L.) Fitsch) of different periods of
fluorescence spectra vegetation growing in the Republic of Buryatia were obtained in this work. It is shown that it is one of the few plants, which

leaves contain a significant amount of carotenoids. Their maximum total content (1257.9%33.1 mmol/mol chlorophyll) was
noticed in red leaves of bergenia. Seasonal changes in the complex of photosynthetic pigments in leaves were revealed. For
example, the content of chlorophylls in black leaves reduced by four times compared to the amount of pigments in green
leaves. Insignificant losses of the pool of green pigments were also observed in red leaves. About 18% of chlorophylls remained
in black leaves. During the period after plants’ appearance from under the snow, the content of chlorophyll a increased by 3
times and chlorophyll B by 1.8 times. In leaves of bergenia, 3- carotene was found in the composition of carotenoids (30% of
the sum of carotenoids). Among xanthophyllic pigments, lutein was found in the prevailing quantity; its proportion accounted
for 51% of the sum of carotenoids.

ACKNOWLEDGEMENTS: The work was carried out on the equipment and instruments of the laboratories of the East Siberian State University of
Technology and Management.

1. BBegeHue

B HacTosiiee Bpemst BO BCeM MMPE UCIIBIThIBAETCS TIOTPEGHOCTD B BbI-
COKOKaueCTBEeHHbIX, 6e30IacHbIX [JIs1 yesloBeKa KpacuTensx, obecrede-
HMe KOTOpOJi 00YC/IOBJIEHO 3HAYMTENbHOM MHAYCTpUaau3sanmein chepbl
0061LIeCTBEHHOTO MUTAHMs, B OCOGEHHOCTM IETCKOTO ¥ IVEeTUYeCKOro,
a TaKkke M3MeHEeHMeM BKYCOB IOTpe6uTeneii.

O6beM INPOM3BOACTBA ¥ ACCOPTMMEHT HATYpaJIbHBIX Kpacuresnei
OrpaHNYeHbl, B CBSI3YU C YyeM ITOTPeGHOCTb B HUX ITOKDPBIBAETCS 3@ CUET
KpacuTeneil CMHTeTMUYeCKoro rnpowucxoxkaeHus [1,2]. BesycioBHo, pas-
paboTKa HOBBIX TEXHOJOTUII M3TOTOBIEHVS eCTeCTBEHHBIX ITPUPOILHBIX
KpacuTeseil 1 COBepIIEHCTBOBaHME CYIIECTBYIOUIUX SIBASIOTCS IPUOPU-
TeTHBIM HallpaBJeHMeM UCCTIeLOBaHMIA B 3TOI 06/IaCTI.

oI HUTUPOBAHNS: isipengopkuesa, C. B., JKamcapaHnosa, C. [I., Baxke-
HOBa, b. A., Xamaranosa U. B. (2023). BajjaH TOJICTONMMCTHBIN KaK aJlbTepHATVBA
MUIEBbIM KpacUTeJIsIM JJIs1 UIIeBbIX cucTeM. [InmeBblie cucreMsl, 6(4), 488-496.
https://doi.org/10.21323/2618-9771-2023-6-4-488-496

B coorBeTcTBUM ¢ TexHUYECKMM peraMeHTOM TaMOKeHHOro CO3a
TP TC 029/2012! «Tpe6oBaHMst 6€30M1aCHOCTH MUIIEBBIX JOOABOK, apOMa-
TU3aTOPOB M TEXHOJOTMUYECKUX BCIIOMOTATEIbHBIX CPEICTB», IPU U3T0-
TOBJIEHUY TIUIIEBBIX TPOMYKTOB MPEIbSIBISIIOTCS CEphe3HbIe TPEGOBAHIS
KO BCEM IUIIEBbIM J06aBKaM 1 B TOM UMC/Ie K HATypaJbHbIM KPaCUTEISIM
MUIIEBOTO TIPOUCXOKAeHMsT. OMHMM 13 TpeGOBaHMiT K TPOU3BOACTBY Ha-
TYpaJIbHbIX KpaCuTeJIeil IBISIeTCs] OTCYTCTBUE OTPULIATETLHOTO BIIVSTHIS
Ha MUIIEBYIO EHHOCTh U3 ¥ COXpaHeHye OKPACKY Ha MPOTSKeHUN

! Texumueckuii peramenT TamoskeHHOTo cofosa TP TC 029/2012 «Tpe6oBanyst
6€30MaCHOCTM TIMIIEBBIX JOOABOK, apOMATU3aTOPOB ¥ TEXHOIOTMUECKMUX BCIIOMOTa-
TEJIBHBIX CPENCTB» (C M3MeHeHVsIMM Ha 18 ceHTsi6ps 2014 roga). [TpuusT PemeHnem
CoBeta EBpa3swniickoit skoHoMmueckoit komuiccuu ot 20 mronst 2012 roma N2 58.

FOR CITATION: Tsyrendorzhieva, S. V., Zhamsaranova, S. D., Bazhenova, B. A.,
Khamaganova, I. V. (2023). Leather bergenia as an alternative to synthetic colo-
rants for food systems. Food Systems, 6(4), 488-496. https://doi.org/10.21323/2618-
9771-2023-6-4-488-496
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CPOKOB T'OIHOCTM, KOTOPbIe YCTaHOBJIE€HbI HOPMATMBHBIMM JOKYMEHTa-
mu. [To 9TO¥ NMpUYMHE OCHOBHOI 3afaveil CIeIManiCcToB, paboTaMINX
B 06/71aCTY M3YUEHMST U MMPOU3BOLACTBA MUIIEBBIX KPACUTENe, SIBISIETCS
pa3paboTKa HOBBIX TOPTOBBIX IIPENapaToB KpacuTeseil ¢ MOBbILIEHHON
CBETOBOI U TeMIIepaTypHOJ YCTOMUMBOCTBIO.

[MaBHBI MCTOUHMK HATyPaJIbHBIX KpacuTeseli — pacTUTeIbHOe Cbl-
pbe, B TOM uMciie HeTpagulMoHHoe. Kpacsiine BelectBa 06bIYHO BbIjle-
JISTIOT U3 Pas3JIMYHbIX YacTeil pPacTeHMil, OKpacka KOTOPbIX 06YCIOBIeHA
MPUCYTCTBUEM B HUX aHTOI[MAHOB, KAPOTUHOUOB, (JIABOHOUIOB, XJIO-
podunnos u gp. [3,4].

OnHMM U3 MePCIeKTUBHBIX 06BEKTOB U3YUYeHMUs SIBIsIeTCst 6aiaH To-
cronuctHeIn Bergenia crassifolia (L.) Fitsch — TpaBSIHUCTBIV BeYHO3elIe-
HbI/i MHOTOJIETHUK CEeMelCTBa KaMHEJIOMKOBBIX. biarogaps Haauumio
IIMPOKOTO CIEKTPa XMMMUYECKUX COeAVHEHMUII 6GaJaH TOJICTONMCTHBIN
C JABHMX IIOD MCIIOJIB30BAJICS B KadyecTBe JIeKapCTBEHHOI'O paCTeHMsI
B HapOJHOJ, B YaCTHOCTU TUOGETCKOW M MOHIOJIbCKOM MeauinyHe. [Ipo-
TUBOBOCIIAJINTEIbHbIE, MOL[HbIE aHTVMMUKPOOHbIE, MOUETOHHbIE, afar-
TOTeHHbIE U IPyTue CBOMCTBA 6a/ilaHa JeXkaT B OCHOBE JIeUeHMST Pa3HbIX
3a6oseBannii. [Ipy OlleHKe MMMYHOKOPPUTHPYIOIIMX CBOMCTB Y€PHBIX
mcTbeB 6alaHa TOJICTONMCTHOTO YCTAHOBIEHO MX G1aroTBOPHOE BIIVSI-
HJe Ha BCe 3BeHbsI UMMYHHO 3aIUTHI [5].

KopueBuiia 1 incThst 6amaHa cogepskat peHombHbIe coenHeHus, dia-
BOHOM[IbI, KAPOTMHOUbI, KyMapuHbl, apOyTuH, BUTAMUHBI, Grarogapst
KOTOpBIM TIpernapaThl 13 6ajfiaHa MPOSIBISIOT MPOTHBOBOCIIANUTEIBHOE,
QHTUMMKPOOHOE, TPOTHUBOOITYXO0JIEBOE U a/IallTOreHHOe AeiicTBuUS [6,7].

BamaH TONCTONMMCTHBIN PAcTeT TMOBCEMECTHO B NMPUOPEXKHON 30HE
Bajikasa Ha 3aTeMHEHHBIX BJIQ)KHbBIX CKJIOHaX B COCHOBBIX, KeJJpOBO-T/X-
TOBbBIX, 6€PEe30BO-COCHOBBIX T'OPHBIX JIeCax, MOCEISIeTCsS Ha CyXMUX COJI-
HEUHBIX CKIIOHAX, HOPMAJIbHO MIEPEHOCUT YCJIOBMSI KAMEHUCThIX Geperon
TOPHBIX peK. [locTaTouyHas 06ecrieueHHOCTh Pecry6imky BypsTust cbIpb-
eBbIMM 3amacamMy 6ajaHa He BbI3bIBaeT COMHeHysl. O61as momans 6a-
JIAaHOBBIX 3apocieit Ha Tepputopuu Bypstun sanumaet 600 ThIC. Ta pu
cpenHel yposkaifHOCTM ChIPBIX JTUCThEB 2,5, a KopHeBui — 2,1 Kkr/m? [6].

OcoO6bIit MHTEpec K 6aJjaHy B KaueCTBe MePCIIeKTUBHOTO PaCTeHNS ISt
CO3JIaHMsI JIEKAPCTBEHHBIX TIPENapaToB ¢ 3aJaHHbIMU (apMakoIornye-
CKMMM CBOVCTBAMMU, a TAKKe MMUIIEBbIX JOOABOK 1 HAIUTKOB 06YC/IOBIEH
HIMPOKMUM CIIEKTPOM ero 6MOoI0rM4YecKoii aKTMBHOCTH. [IJIsl MICIIONb30Ba-
HUSI B MEIUIIMHCKUX 11e/ISIX B OCHOBHOM M3y4alOTCSI TOJbKO KOPHEeBUIIa
pacTeHusi, XOTs GoIbliiee KOIMYeCTBO KapoTuHa, GyIaBOHOUIOB 1 aCKOP-
GVMHOBOJI KMCIOTbI CONEPKMUTCS B IUCTbSIX 6asiaHa [7,8]. IIpu aToM B 6071b-
LIMHCTBE CIy4aeB MCCAeAYeTCsSI XMMMUUECKUI COCTaB 3eeHbIX JIMCTheB
6ajaHa, B TO BpeMsI KaK B KPACHbBIX MJIY YEPHBIX JIUCTbSIX PACTEHUS MTPU-
CYTCTBYeT He MeHbllle (hapMaKOJIOTMYEeCKY aKTUBHBIX COeAVHEHUIA.

Takue pacTuTeNbHbIE MUTMEHTBI, Kak XJ10podui1, GpraBoHOMUIBI, Ka-
POTMHOUIBI U aHTOLMAHBI, ComepsKaluecs: B 6amaHe, M UX pas3INUHbIe
COOTHOIIIeHMSI 06YCIOBIMBAIOT IIBET PACTEHMSI OT 3€JIEHOTO /10 TEMHO-KO-
PUYHEBOTO, a TaKKe IMPUHMMAIOT aKTMBHOE yJyacTye B rpoueccax ¢oro-
CMHTEe3a B IUCTbsIX. Henb3s1 He OTMeTUTD, YTO IepeuncIeHHble TUTMEeHTbI
SIBJISIIOTCST Ge3BPeIHbIMY HATYyPaJIbHBIMM KPACUTEISIMU, TIPEICTABIISIO-
UMMM MHTepeC He TOJbKO [JIsI MUILEeBOI, HO U [IJIS1 KOCMEeTUYeCKOol Ipo-
MbIIUIEHHOCTH. OITHOBPEMEHHO C 3TMM OHM MOTYT GBIThH MCIIOTb30BAHbI
B MeJM1IYHe B KaueCcTBe MMMYHOCTMMY/ISITOPOB U MPU CO3LaHMUM HOBBIX
IVarHOCTMYeCKMX IIpernaparos [9].

AHTOLMaHBI He TONbKO UTPAIOT BaYKHYIO POJIb B )KM3HU pacTeHuit, HO
¥ MIPeACTaBIISIOT M10Ib3Y AJIS1 OPTaHM3Ma JIIOZeli M KUBOTHBIX, YTO IOJ-
TBEeP)KJAeTCsl COBPeMeHHbIMM Hay4YHbIMM JaHHbIMU. K mpumepy, MHTU-
6GMpoBaHMe AHTOLMAHAMM Pa3JMYHbIX (HOpM paka, MeTaboNIMYecKux,
CepIeYHO-COCYAVCTBIX ¥ HelpofereHepaTUBHBIX 3ab0yeBaHUil OGbUIO
3aJOKyME@HTMPOBAHO KaK Ha 3KCIIePUMEeHTaTbHbIX MOLENSIX in vitro u in
Vivo, TaK ¥ B KIIMHUYECKUX U ATMUAEMUOIOTMYeCKNX uccaenoBanmsx [10].
Kaxoe-To BpeMmsI IpeJIonaraaoch, YTO 3a YKpeIuIsioliye 340poBbe 3¢d-
(eKTbl OTBETCTBEHEH TOMbKO aHTMOKCUAAHTHBIN 3((}EKT aHTOI[MAHOB,
OJHAKO yuyeHbIe I0Ka3a/Iy CIIOCOGHOCTb ITUX IMUTMEHTOB B3aMMOZeicT-
BOBATh C PETYIATOPHBIMM O€KamMy, a TaKKe C KOMIIOHEHTaAMMU CUTHAIb-
HBIX IyTeil 1, TaKMM 06pa3oM, MOAYIMPOBATH IPOTEKAIOII/e B OPTaHU3-
Me uesioBeka u3uonoruyeckye mnpoueccst [11].

CnenyeT MOOYEPKHYTD, YTO JMAEPaMM 10 COLePKaHMIO aHTOLIVIAHOB
SIBJISIIOTCSI TEMHOOKpAIIIeHHbIE TUIObI, CPEIM KOTOPBIX SITO[bI Gy3UHBI,
PSIGMHBI YePHOTIOAHOM, rpaHaTa 1 yepHuku [12]. ITo MHeHuio IOpmuHoM
U Ap., B IIOC/IefHee BpeMs B KayeCTBe MCTOYHMKOB aHTOLIMAHOB CTaIN
paccMaTpuBaTh 60siee «9K30TUUECKMEe» B 9TOM IUIaHE KYJIbTYPbI, TaKue
KaK 3JIaKy ¥ KapTodesib, 3epHO U KIIYyOGHM KOTOPHIX TaKKe CIIOCOGHBI Ha-
KaIuIMBaTh aHTOLAHOBbIEe BelecTsa [13].

[MoBbImaeTcst MHTEpeC U K KapOTMHOMIAM CpeJy eCTeCTBEHHbIX ITNT-
MEHTOB, KOTOpble, HECOMHEHHO, 3aHMMAIOT JUAVPYIOMIYIO MO3UIKIO,
a IO CBOEeJi aHTMOKCUIAHTHOV aKTMBHOCTY IPEBOCXOAST TPaJULIVIOHHbIE
AQHTMOKCUAAHTBI acKOpOGaThl U TOKO(EpOIbl B TeCSITKM U COTHU pa3 [4].

JIuTepaTypHble JaHHBIE CBUIETETbCTBYIOT O IIVPOKOM CIIEKTpe Jieueb-
HO-TIPOQUIIAKTUYECKOTO JEeCTBUS KapOTMHOMAOB, O06GYCIOBIEHHOTO
[JIaBHBIM 06Pa30M 3allMTON OT OKMCIUTENbHOTO crpecca [14]. AHTHOK-
CcuUOaHTHBIN 3 deKT 1meaoro psma KapoTMHOWIOB 0becreunBaeT ux pa-
JIMONPOTEKTOPHOE, aHTYMYTareHHOe, MMMYHOMOZY/IMPYIOlllee, aHTUNH-
(eKIMOHHOe, aHTMKAHIIepOreHHOe JIeficTBYSL. VccienoBaHms TOCIeJHIX
JIeT II0Ka3ajiy, YTO aCTaKCaHTUH (3,3’-AUTUADPOKCU-B, B’-KapOTUH-4,4’-
IVIOH), CUHTEe3MpyeMblii MOPCKOJ MMKDPOBOZOPOCIbI0 Haematococcus
pluvialis Flotow, OKa3bpIBaeTCsl aHTMOKCUAAHTOM, Gornee 3P deKTBHBIM
10 CPAaBHEHMIO C TAKMMM M3BECTHBIMM aKLeIITOpaMyu CBOOOIHBIX paiy-
KaJIOB, Kak o-Tokodeposn (ButamuH E), B-KapoTuH, JIMKOINH, JTIOTEUH
u gp. [15]. IpyruM BakHbIM OTKPBITMEM, C TOYKYM 3PEHMUS PsfA YIEHbIX
[16], siBUIOCH TTOATBEPKIEHME BaskHOM (QYHKIMM JTIOTEMHA M 3€aKCaH-
TUHA (OUTUIPOKCUIIPOM3BOIOHBIX O- U [-KapOTMHOB COOTBETCTBEHHO)
B IIpelOTBPallleHNY BO3PaCTHOV OTepy 3peHNs.

lInpokoe mpuMeHeHMe KapOTUHOWIOB HABGIIONAETCS He TOJIbKO B Me-
IMLVIHE, HO U B IIMIeBOJ MPOMBIIIZIEHHOCTH. Tak, HanpuMmep, 3-KapoTuH
MCIIONB3YIOT NPU M3TOTOBJIEHMUM JIEKAPCTB M KOCMETUYECKUX CPeNCTB
[17], a Takke B cOUYeTaHMM C JMKONMHOM IPUMEHSIIOT B TEXHOJIOTMSIX
MUIEBbIX MPOJYKTOB KaK NMUTMeHTHbIE BellecTBa M KpacuTenu. B oco-
6EHHOCTYM BEJIMKO 3HaueHye JMKOIMMHA, 3aMeHSIIOLIero HUTPUT HaTPUsI
TPY M3TOTOBJIEHMUM KOJIOAC M BETYMHHBIX U3aennii [18]. B kauecTBe HaTY-
palbHOTO KpacuUTessl UCIONb3YIOT B-ano-8-KapoTuHalb, KOTOPbI Mpu-
JlaeT OpaHXXeBYIO OKDAacKy JefleHllaM, MUIIeBbIM TacTaM, KekcaM U Jp.
[19]. B eBpormeiickux cTpaHax 1o 6osblieil yacT B-KapoTHH MPUMEHSI-
10T AJI TIOAKpaIlMBaHMsl CIMBOYHOTO Macjia ¥ MaKapOHHBIX M3ZeNuii.
B-KapotuH u B-amo-8-KapoTuHa b AOGABISIIOT TAKKEe B ChIPBI Y OBOLI-
Hble mactsl [20]. V3BecTeH TOT (axT, UTO KaPOTMHOUAbI B KOMILIEKCE
C acKOp6MHOBO KMUCIOTON YCUIMBAIOT CTaGWIBHOCTh MUTMEHTOB [21].

BHe BCSIKOrO COMHEeHMsI, KAPOTMHOMbI UTPAIOT BaXKHYIO POiib B (o-
TocuHTe3e. KapoTHHONIHbIE KPAaCUTeNIN B Pa3HbIX KOHLIEHTPaLMSIX PU-
CYTCTBYIOT Y BCeX (DOTOCMHTE3UPYIOLIVMX OPTAaHU3MOB B BIJIe OPaHKEBBIX,
SKEJITBIX M KPAaCHBIX NMUMTMEHTOB M MPUHMMAIOT ydacTue B MOITIOUIeHUN
Vi [IlepeHoCe CBETOBOJ SHEePIMH, 3aIuTe GOTOCHHTETHYECKOTO anapara.

Llene6HbIe cBOjicTBA XyI0podMiIa, 0618 Ja0IEr0 MMPOKUM MOTOXKM -
TebHBIM CIIEKTPOM AeJCTBMS Ha OPTaHM3M, M3BEeCTHBI YeJI0BeueCTBY Ha
MPOTSDKEHMY MHOTMX BEKOB. JTO BEI[eCTBO CIIOCOOCTBYET MOBBIIEHUIO
o6MeHa BelLleCTB M YPOBHSI reMOIVIO6MHA, YIyYLIeH)I0 TOHYCa COCYIOB
Y TIePUCTATBTUKY KUIIEYHUKA, a TAKKe OKa3bIBaeT GakTepuLuaHoe aeii-
crBye. [Io HEKOTOPBIM JIUTEPATYPHBIM MCTOUHMKAM, XJIOPODWIIT TaKKe
aKTUBM3MPYeT pPaGOTOCIIOCOGHOCTh MMMYHHOM CHUCTEMBI OpraHM3Ma,
yckopsisi  arouuTos, ycwimMBaeT paboTy (epMeHTOB, Y4yacTBYIOIIUX
B cuHTe3e BuTaMnHOB A, E 1 K 1 B pabore skejie3 3HIOKPMHHOM CUCTe-
Mbl [22]. BONBIIMHCTBO IIPOBEAEHHbIX UCCIeLOBaHNUI CBULETENbCTBYIOT
0 TOM, YTO XJIOPOGWII MpenyIpeXaaeT pa3BUTIie PAKOBBIX 3a60seBa-
HMI, NIpeXJie BCero KuUIleyHnka [23].

B 9Kkonoro-¢usmonornyeckux McciIeoBaHMSIX COmepskaHue XJIOpo-
¢dbwmnna wmcronb3yercss Kak OOVH M3 TOKasareseii (HOTOCHMHTETUYECKON
crioco6HOCTH JivcTa. C TOUKM 3peHMs] HEKOTOPBIX YUeHbIX, OKPacKa JIUCTh-
€B 3eJIeHBbIX PaCTeHMIi 3aBUCUT OT NMPUCYTCTBMS B HUX JOMVHMPYIOLUIMX
MUTMEHTOB — XJIOPOMWIIIOB, IPOITYCKAIOLIMX MM OTPAKAIOIMINX 3e/IeHble
syun. [Io MHeHMIO aBTOpa PaboThl [24] MMEHHO XJIOPOGWU/IT BBITIOTHSIET
dbyHKIMIO mIaBHOTO (DOTOPELIENITOPHOTO KPACsIIero Bemectsa B (oOTo-
CUHTe3e. B IMCThIX XIOPOGUIIT CONePsKUTCS B BUJE BOCKOIIOIOOHBIX Be-
mecTB u coctasisgeT ot 0,6 1o 1,2% oT cyxoit Mmaccel. Henb3s He OTMETUTb,
YTO CTPYKTYpa MOJIEKYJIbI X/I0pOdUIIa B JIydllleM BUe afanTXpoBaHa JIst
BBITIOJIHEHVISI OCHOBHBIX (DYHKIINMIT B GOTOCHHTE3€e — MOVIONIEe s, 3amaca-
HUS 1 IIpeo6pa3oBanyst aHepruy [24]. He MCKIIOUEHO, YTO MHCTPYMEHTOM
MHOroo6pa3HbIX 3G deKToB X7I0podNIIIa SIBISIETCS YIIPOLeHNe IIPOLIeCCOoB
repeHoca 3apsiioB, B TOM YMc/Ie OMONOTMYECKM aKTMBHOTO BelecTBa Ha
COOTBETCTBYIOIYIO MUIIEHD MM PeLeNITOP M CONMyTCTBYIoLee YD-n3myye-
HUe py 0GbeqIHEHUY CBOGOTHBIX PAJVIKAIOB MU B APYTUX PeAKIMSIX [4].

BakHO OTMEeTUTB, UTO COBOKYITHASI [eSITeTbHOCTD XJ0POGIMIIIOB 1 Ka-
POTMHOUIOB CIOCOGCTBYET 3(h(HEKTUBHOMY MCIIONb30BAHMIO CBETOBO
sHeprum npu GoTocuHTe3e. B mocienHme rofpl MOSIBUINCH COOOIIEHMS
[25] (n ux cTaHOBUTCSI Bce GOMblIE) O TOM, YTO BETMUMHBI 3HAYEHMI
MMATMEHTHOTO KOMILIEKCa XapakTepusyloT QYyHKIMOHAIbHOE COCTOSIHUE
pacTeHuit, ONpesiesIoT NOTeHIVaIbHYI0 BO3MOXKHOCTb (GOTOCUHTETHYe-
CKOTO arrapara 1 cIykaT ykazateneMm (6MouMHIAMKaTOpom) 3¢ dHeKTUBHO-
¢ty hoTocuHTe3a.

WTax, COrIacCHO COBpEMEeHHBIM IIPe/ICTaBIeHSM, IMTMEHTbI 3aHMMa-
0T LIeHTpaIbHOe MecTO B pOoTOCHHTe3e, 6e3 HIX HeBO3MOXKHO I1OIVIOoLIe-
HMe U 3aracaHye CBeTOBOI sHepruu. K HacrosieMy BpeMeHM XOPOIIO
uccenoBanbl GoTocuHTeTMYEeCKMe (DYHKIMM TUTMEHTHOTO KOMILIEKCa.
BmecTre ¢ TeM KommMuyecTBeHHasl OLlEHKA COAEPKaHMSI M KauyeCTBeHHBIN
COCTaB MUTMEHTOB, a TakKe M3MeHeHMe X COOTHOIIeHM B PacTeHMsIX
SIBJISIIOTCSI BaSKHBIM M UYBCTBMUTEJIbHBIM IT0OKa3aTeseM UX Gusnonornye-
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CKOT'O COCTOSTHMS ¥ GOTOCHHTETUYECKOro anmapara. I103ToMy OCHOBHOIA
LieJIbI0 Hallleil paboTbl ObIIO0 MCCIefoBaHMe comepskaHmsl GOTOCUHTETH-
YecKuX MUTMEHTOB JIMCTheB GazaHa TOICTONUCTHOTO Bergenia crassifolia
(L.) Fitsch, cobpaHHbIX B pa3Hble ITepUOIbI BereTaluu.

2. OG'BEKTHI M METO/bI

Ilns TIpoBefeHMsT IKCIIEPUMEHTOB COOp JIMCTheB 6GamaHa TOJCTO-
JIUCTHOTO OCYILIeCTB/sIM B Mae-uioHe 2020-2022 rr., B 9TO BpeMsI rofa
Bergenia crassifolia (L.) Fitsch XxapakTepu3yeTcsl OZHOBpPeMeHHBIM TIPHU-
CYTCTBMEM Ha PacTeHMM 3eJIeHbIX, KPDACHBIX U YePHBIX JIUCTbEB B CUTY
0CO6EHHOCTEN IUKINUeCKOro pa3BuTusi. Co6paHHbIe TMCThs pasHbIX (a3
pa3BUTHUS CYIIMIN B €CTECTBEHHBIX YUIOBUSIX [0 BO3IYLIHO-CYXOTO CO-
CTOSIHUSI, YITAKOBBIBAIM B GyMaskKHbIe TTAKeThI ¥ XPAHWIM B TEMHOM Me-
cTe. BpigeneHne 6MOMOrMUECKY aKTUBHBIX BEIIECTB M3 JMCTheB OajaHa
[IPOBOJMIIN B ChIPbE, M3MeTbUeHHOM JI0 pa3Mepa yacTull He 6osee 1 M.

Ilpy u3y4eHMM XMMMUYECKOTO COCTaBa JMUCTheB GamaHa ObLIM M3-
yUeHbI C/lefylolllye [T0KasaTenn: cogepskaHye Blaru — B COOTBETCTBUM
¢ I'OCT 28561-90?; comep>kaHue 30JIbI — I10 OGIIEPUHSITOV METOIUKE;
o6mmMit a3oT — 1o Mertony Kbenbmainst; comepskaHue yrieBOJOB — Mac-
COBBIE IOJIVM PeAYLMPYIOLIMX CaXapoB, O6IIero caxapa, caxaposbl — I10
T'OCT 8756.13-87%; comepskaHue KoMILIeKca (peHOTbHBIX COeIHEeHN —
CHeKTPOPOTOMETPUYECKIM METOLOM.

In1s1 BBISIBJIEHUST KOIMYECTBEHHOTO COZlePyKaHMsI TUTMEeHTOB B PacTu-
TeJIbHOM CBhIPbE VICIIONb30BaIM CIIeKTpodoTOMeTpuYecKuii Mmeton, [26],
KOTOPBIII OCHOBAaH Ha M3BJEUEHUU XJIOPOPWIIOB M KaPOTUHOUAOB U3
pPaCTUTeNbHO TKAHM al[eTOHOM, Ha OYMCTKe 9KCTPAKTA ¥ HA U3MePeHUN
ONTNYECKOi IVIOTHOCTY PacTBOPOB CMecH B ixania3oHe AauH BoiaH 400-
700 um. OmpeneneHne Xaopoduia OCYIeCTBIs/IM B 0671aCTU UX Kpac-
HbIX MaKCMMYMOB TIOIJIONIEHNS, TIPY aHajau3e OOIIMX KapOTUHOUIOB
MCIIONB30Ba/IM CUHIOID 006/1acTh criekTpa. [Ijiss o6HapyskeHus: GOTOCUH-
TeTUYECKMUX MUTMEHTOB PACTUTENbHBIN MaTepyuaa 3aJUBaIM KUTISIIUM
100%-upiM anjeToHOM. I0 Hayana 3KCTPAKUUM MUTCMEHTOB M aHaam3a
06pas3siibl XpaHWIM B TEMHOM ¥ XOJIOMHOM MecTe 1ipu 5 °C.

ConepykaHue XJI0pOGUUIOB ¥ KaPOTMHOUIOB OIpenesisii Ha CIeK-
tpodoromerpe UV-1700 (Shimadzu, SInoHus) B ameTOHOBON BBITSIKKE
MpY AIMHAX BOMH 662 1 644 HM 115 xsopodusia oo M 3 COOTBETCTBEH-
Ho. OnpezeneHie KAPOTMHOMIOB IPOBOAVIIN IIPU AJIVIHE BOJIHBI 478 HM.
om0 XOpOoGMIIIOB, BXOSIIMX B CBETOCOGMPAIOLINIT KOMIUIEKC, pACCUm-
ThIBaIM 110 popmyse: [(Xa B + 1,2 X B) / (Xn a+ Xi B)], ucxopst u3 Toro,
YTO BeCh XJT 3 HAXOAMUTCS B CBETOCOGMPAIOIEM KOMILIEKCE POTOCHCTEMBI
11, a cootHoeHne X o/XJ1 3 B 3TOM KOMILIEKCe cocTaBsieT 1,2.

VHpyBuayanpHble KapOTMHOMIBI Pa3tessii MeTOLOM BBICOKO3(-
(exkTuBHOI XpomaTorpaduy B COOTBETCTBUM C MOAUMPUIMPOBAHHBIM
MeTozoMm [27]. Kommiekt miist BOXKX cocrosin u3 cie- Iyromiero 060pyno-
BaHusi: Hacoc Ayt BOYKX — HPLC Pump 1000 (Knauer, l'epmannst), ped-
pakromeTpuueckuit gerekrop — Smartline UV Detector 2500 (Knauer,
TepmaHust), aHaIMTUUECKast KOoHKa — 4.0 x 250 mm Tuacdep-110-C NT
¢ pasmepom vactuii 5 MKM («broXumMak», Poccust).

@parMeHTb! IMCTOBBIX INIACTMHOK pactupanu B 100%-HoM aljeToHe
¥ OTOUIBTPOBBIBAN. [I0ATOTOBIEHHBIN KCTPAKT IMUTMEHTOB C ITOMO-
1[I0 MUKPOIIMPUIIA HAHOCUIIM HA KOJIOHKY. DMI0MPOBaHMe MUTMEHTOB
MIPOBOAVUIM TIPU TPAafMeHTHOM peXMMe B TeueHUe 34 MUH B CUCTEMeE
57II0€HTOB A 1 B (MeTaHOI: 3TUIALeTaT B COOTHOILIeHMM 68:32) CO CKOPO-
CThIO TIOTOKA 2 cM3/MuH. Temriepatypa xpomatorpaduposanus — 25 °C.
[TurmeHTHI feMOLyIMpOBany Npu AjauHe BoaHbI 440 HM. [lns pacyera
KOJIMYECTBEHHOTO COCTaBa IMUIMEHTOB ObUI MCIIOAb30BaH METO[, BHeLI-
HETro CTaH/apTa, KOTOPbIii 3aK/TI0YaeTCsI B ONIPeIeIeHNUIU Kalu6pPOBOYHbBIX
K03GhPuIMeHTOB IS pacueTa KOHIEHTpAIMii BENECTB MyTeM IIpe/Ba-
PUTENBHOTO BBOZA B aHAIMTUYECKYIO CHCTEMY CTAaHIAPTHBIX PACTBOPOB
omnpe[ensieMbIX KOMITOHEHTOB. [I7151 pacrio3HaBaHMsI KADOTMHOWU/IOB MPHU-
MEeHSUIM CTaHIapThI UMCTHIX BEIIECTB U BpeMeHa yaepskaHusi. O6paboTky
XpomaTtorpaduueckux 3HAUE€HUI BBITIOIHSIY C TIOMOIIbI0 KOMITBIOTEP-
Horo rporpammHuoro o6ecneuennst EuroChrom for Windows.

[l IPUTOTOBJIEHMSI MICXOIHBIX CTAHIAPTHBIX PACTBOPOB, COAepsKa-
mux 1 mr (B-kapotus) u 0,1 Mr (JiloTenH, 3eakCaHTMH) BelljecTBa B 1 cm®
pacTBopa, COOTBETCTBYIOIME KAPOTUHOWUIBI IIEPEBOIUIN B PACTBOP J0-
6aBiieHneM rekcata (1yis -kaporuHa) u 100%-Horo aneToHa (AJ1s ToTe-
MHA U 3eaKCaHTMHA). XpoMaTorpaduueckyue n3MepeHus 3TaIOHUPOBAIN
MeTOJ0M abCOMIOTHOM IPagyUpOBKMU, KOTOPBI 3aK/II0UaeTCst B TOCTPOe-
HUM TpadMUecKkoii 3aBUCUMOCTY OFHOTO M3 KOJMYECTBEHHbIX Iapame-
TPOB XpoMaTorpaduueckoro mMKa OT COAepyKaHMsI BelllecTBa B Mpobe.
I'pasynpoBOYHbIE KPMBbIE TOCTPOEHbI OTAEIBHO JIJIS1 KaKA0T0 MUTMEeHTa,
ITOBTOPHOCTb TPEXKpATHasl.

2 TOCT 28561-90 «IIpoayKTbl TlepepaboTKY MI0A0B U OBOIIeit. MeTombl onpe-
JleJIeHMsI CyX1X BellecTs win Baarn». M.: Craugaptundopm, 2011. — 11 c.

3 TOCT 8756.13-87 «IIpomyKThl epepaboTKy IJION0B M OBOLIEi. MeTopl or-
penenenus. MeTozbl onpesiesienust caxapos». M.: Cranmaptundopm, 2010. — 12 c.

CrieKTpsl HM3KOTEMITEPAaTYpHOI (IyopecleHIMN JMUCThEB, XJIOPO-
I/1aCTOB U BbIAeNeHHbIX dpakumii usmepsu npu 77K Ha criekrpodityo-
pumetpe (Hitachi-850, Irmouwust) B uanasoHe ot 650 1o 800 HM Mpu BO3-
Oy>xkaeHuy GyopeclieHIMM JJIMHOM BOMTHBI, PaBHOI 435 HM U GIM3KOM
K MakCUMyMy nornoienus Xi a (440 Hm).

DKCIepyMeHTalbHble JaHHble 06pabaThIBaIV, BHIUMCIISISI CTAaHOAPT-
HYIO OIIMOKY ¥ JOBepUTENbHbIN MHTepBal. Kaxkablil pe3yabTaT oKa3aH
Kak cpefiHee 3HaYeHMe U3 MUHUMYM TPeX He3aBJMCUMBIX KCIIEPUMEHTOB
*A (craHpapTHas ommbka cpegHero). JoCTOBEPHOCTh Pa3Inynii OLeHM-
BaJIM COIIacHO t-kpuTepuio CThIONEHTA, Pa3INyuMs CYUTAINCh 3HAUMMBI-
mu nipu p<0,05. CTraTucTuueckas 1 MaTemMaTuueckass o6paboTka Mmosy-
YeHHBIX JJAHHBIX OCYIECTB/ISUIACh C MOMOIIBIO ITaKeTa CTATUCTUYECKUX
nporpamm Microsoft Excel, mpu 3ToM cTatucTryeckasi ommbka He rpe-
BbILIaNa 1-3% OT ornpezensieMoii BeTMUMHbI.

3. Pe3ynbTaThl ¥ 06CYKAECHUE

B aHHO#1 cTaThe PacCMOTPEHBI BOIIPOCHI BAVSIHMS (hasbl PA3BUTHSI JIN-
cTheB 6aJjaHa ToNCTOMMCTHOTO Bergenia crassifolia (L.) Fitsch Ha conepskaHue
6GMONIOTMYEeCKM aKTUBHBIX BelecTB U Ha GopMupoBaHue GOTOCHHTETIYE-
CKUX MATMEHTOB B HaJ[3eMHOI1 YacTu 6aiaHa TOICTOMUCTHOTO (PUCYHOK 1).
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Pucynok 1. BagaH TosncronuctHslil Bergenia crassifolia (L.)

Fitsch, npouspacTrarommii B pernote Pecry6iuku BypsaTus
Figure 1. Leather bergenia (Bergenia crassifolia (L.) Fitsch) growing
in the region of the Republic of Buryatia

V306paxkeHne HaA3eMHOI dyacTy 6GajaHa TOJICTOMMCTHOTO Bergenia
crassifolia (L.) Fitsch, npencTaBieHHOe Ha PucyHke 1, cBueTe/NbCTByeT
0 TOM, UTO Ha PacTeHMM OHOBPEMEHHO HaXOASITCSI ICThsI pa3HOTO 1iBe-
Ta, TO ecTh pa3Hoit $a3sl pa3Butus. Oco6eHHOCTh 6alaHa 3aKITI0YAeTCs
B TOM, UTO Y MHOTOJIETHET'O pacTeHMsI llepe3MOBaBlIye KpacHble 1 uep-
HbIe JIUCThSI BBIXOJST M3-TI0/ CHera MMeHHO B TaKOM BHJe, a B TeUeHNe
JIETHEro ce30Ha HapallyBaeTcsl BereTaTUBHASI 3e/leHasi Macca, I09TOMY
c60p 06BEKTOB MCCIENOBAHMS OCYIIECTB/ISI/IV B Mae-MiOHe.

@a3bl pa3BUTHS HAI3€MHOI1 YacTu 6aaHa XapaKTepu3yoTcsl IIBETOM
JIVICTBEB: 3€JIeHble JIMCTbsI, KOTOpble GOPMUPYIOTCS B MIEPBBI WM BTO-
poV¥i oz, KpacHble — Ha TPETUii WM YeTBePTbIi, YUepHble — Ha YeTBep-
TBIV-TISTBIN rof, (PUCYHOK 2).

a 6 B
PucyHOK 2. JIucTes 6ajaHa TOJICTOIMUCTHOTO Bergenia
crassifolia (L.) Fitsch pa3Hoii ¢a3bl pa3sBuTHUs (a — 3eJIeHbie
BTOPOro roga passBuUTusd, 6 — KpacCHbI€ TpeTbhero roga
Pa3sBUTHS, B — YePHbIE YEeTBEPTOrO roja Pa3sBUTUSI)
Figure 2. Leaves of leather bergenia (Bergenia crassifolia (L.) Fitsch)
in different development phases (a — green of the second year
of the development, 6 — red of the third year of the development,

B — black of the fourth year of the development)
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IlanHble PycyHKa 2 IOKa3bIBAIOT BbIpayKEHHOE M3MEHEeHMe OKPaCKy
JIMCTBEB B 3aBUCUMOCTH OT (a3bl Pa3BUTHSI, YTO MOXKET CBUIETEIbCTBO-
BaTh O CE30HHONM MMHAMMKe OGMOIOTMYECKM aKTMBHBIX BEIECTB, B TOM
YycIe TUTMeHTCOepsKalIyX.

Kak rokasan 0630p JMTepaTypbl, XUMUUYECKMIT COCTaB U I[€HHOCTb
6ajaHa MpeCTaB/sIIOT MHTepeC IS YUEeHBIX PasHbIX oTpaciei (61oso-
IMYeCKOi, papMaleBTUUeCKO, MUIEBO U Ap.). B 3aBUCHMOCTY OT Lien
MCCIeOBAHMIT M3yUaloTCs HaJj3eMHasl, oJ3eMHast yactu 6agaHa B pas-
HOJI cTasiyum pa3BUTKS. Maou3ydyeHHbIM OCTAEeTCsI BOITPOC KOJMMYeCTBEeH-
HOJ1 OLIEHKY COJeP’KaHMsI M KaUeCTBeHHOTO COCTaBa MUTMEHTOB JIICTheB
6a/laHa TOJICTOMUCTHOTO Bergenia crassifolia (L.) Fitsch B pa3nu4Hoii dase
pa3BUTHs. B CBSI3U € 3TUM B IaHHOJI CTaThe PaCCMOTPeHbI BOIIPOCHI (Hop-
MMUPOBaHMS (HOTOCMHTETUUECKMX MUTMEHTOB JINCThEB GaZaHa TOJICTO-
nuctHoro Bergenia crassifolia (L.) Fitsch, coGpaHHbBIX B pa3Hble TI€PUOMIbI
BereTalumn.

Ha mepBoMm asrarie 6buia M3yueHa Ce30HHAsI IMHAMMUKA XMMUYECKOTO
COCTaBa B JIMCThSIX 6afjaHa TOJICTOMMCTHOTO (Pa3HOro 1BeTa) (PUCYHOK 3).

20
18

Coaepxanne, %
o<
(=}

(SIS )

o

Buaara

Bemok 3oaa YrreBoast

[E3enenste  MKpacusie MUepwsle
PI/ICYHOK 3. Ce30HHas AVMHaAMMKa XMMHUYECKOro cocraBa
JIUCThEB 6ana1-la TOJICTOJIMUCTHOI'O
Figure 3. Seasonal dynamics of the chemical composition of leaves of
leather bergenia

KonuecTBeHHBIM OIpeesieHUeM CoepsKaHmst 6YI0IOTMUeCKy aKTUB-
HBIX BEIIeCTB B JIMCThSIX Oa/laHa ¢ pa3Hoit Ppa3oit pa3BUTHS YCTAHOBJIEHO,
YTO COZiep)KaHMe BJIarv B 3eJIeHbIX M KPACHBIX JUCThSIX OajaHa TOJICTO-
JIUCTHOTO TIPUMEPHO OAMHAKOBOE M coctaBiser 12,45% n 11,34%, pas-
HMIIA HECYLIeCTBeHHA, Tak Kak p>0,05. MOXHO OTMETUTb LOCTOBEPHO
6oJsiee HM3KOe COfIep’KaHMe BIary B UEPHBIX JMUCThIX (6,95%) 1o cpas-
HEHUIO C ero cofep>kaHueM B 3eeHbIX B 1,8 pa3a u B KpacHbIX B 1,6 pa3a
(p<0,05). YeTbipexroauuHbie Ce30HHbIE BO3MECTBUS U hepMEHTaTUB-
Hasl aKTMBHOCTH BEIIECTB BbI3bIBAIOT MIOTEPIO TYPropa YepHbIX JINCTHEB,
3aTeM IOJCYLIVBaHNe M BBICBIXaHME, UYTO OOBSICHSIET HU3KOE COomepska-
HMe BJIaTU B YePHBIX JIUCTHSIX.

BenkoBble BellecTBa, COIepXKaIIyecs B IMCThSIX, COCTABIISIIOT B 3elle-
HbIX JTUCTbsIX 1,82%, B KpacHbIx — 2,51%, B uepHbix — 4,21%. PasHuiia
MesKIy 3HaUeHMSIMU JOCTOBEepPHa, Tak Kak p<0,05. B mpouecce Beretauym
M CO3peBaHMsI B TeUeHYe HeCKOIbKMX JIET TPOUCXOJUT HaKoIIeHe 6er-
KOBBIX BelllecTB 6aziaHa TOJCTOMMCTHOTO, B COCTAaB KOTOPIX BXOAST B TOM
yucte xmopodusuiel. Takske 06e3BOKMBaHME JIMCTheB OalaHa BbI3bIBaeT
yBeJIMUEHME MAaCCOBOI MO CYXUX BEIEeCTB B UEPHBIX JIUCThSIX OalaHa.
CopepykaHye 3051bI, KOTOPOE XapaKTepu3yeT IO MUHEePaTbHbIX Be-
1IeCTB, COCTABJISIET B 3€/e€HbIX M KPACHBIX JUCTBSIX 2,96 u 3,72% — oT-
nuue HepocToBepHOe (p > 0,05). B uepHBIX TUCTBSX coepskaHme 307Tbl
coctaBuio 8,11%,4yTo Boillle B 2,7 1 B 2,2 pa3a, UeM B 3eJIeHbIX M KPACHbIX
JIUCTBSIX COOTBETCTBEHHO (p<0,05).

[lyHaMMKa comepykaHus YIJIeBOLOB, B COCTaB KOTOPBIX BXOIST pemy-
LMpYIOIINe, HepeoyLMPYIOI/e U IIPOCTbIe caxapa, aHaJIOTMYHA M3MeHe-
HUSIM B COAEPXKaHMY GETKOBBIX BEIECTB. B UePHBIX JIMCTBSIX UX 3HAUEHVE
BbIIlIe, YeM B 3eJIeHbIX U KPaCHBIX TUCTBSIX (p<0,05).

Ianee GbLIO VICCIENOBAHO M3MEHEHe OMOMOTMUeCKY aKTUBHBIX Be-
1eCTB, B TOM 4UMciae comepsKamnx NMUrMeHThbl, B 3aBUCMMOCTU OT q)aSbI
pasBUTHS IUCThEB 6ajaHa TOICTONUCTHOTO Bergenia crassifolia (L.) Fitsch
(Tabmuua 1).

IanHble Tabmuiibl 1 CBUAETENBCTBYIOT O TOM, UTO JINCThS OalaHa co-
nmepskaT GeHosIbl, 061ee KOIMUeCcTBO KOTOPhIX COCcTaBisieT cBbiire 20%.
OTMeueHO, YTO B KPACHBIX JMUCThsIX 6agaHa TOJICTONUCTHOTO Comepka-
Hye ¢deHONOB BhIlIe B 1,5 pa3a, B yepHbIX — B 1,7 pa3a 1o cpaBHEHUIO
C MX KOJIMYeCTBOM B 3eJIeHbIX JIUCTbSIX. B Mpo1jecce Beretanuu, pa3piu-
TUS ¥ GMOXUMMYECKMX M3MeHeHMi HabofaeTcss HaKOTUIeHe B Hajl-
3eMHOJ yacTy 6aaHa 6M0I0rMYecky aKTUBHbIX BEIIECTB, B TOM YMC/Ie
dbenomnos.

Ta6nuua 1. Bimsauue ¢asbl pasBUTHUS JIUCThEB 6agaHa
TOJICTOJIMCTHOTO Ha COZiepyKaHue GMOIOTMYECKY aKTUBHBIX
BellleCTB, B TOM 4uc/Ie coAepsKaliyX NUTIMeHTbI
Table 1. Effect of the development phase of leaves of leather bergenia
on the content of biologically active substances including substances
containing pigments

Buapl 11CcThEB

Buonornueckn
aKTMBHbIE BeIecTBa 3eseHbIe KpacHbie YepHsblie
JIMCTBS JICTBSA JICTBSA
Ob6uiee comepskaHue + * + i + i
tberonos, % 21,45+0,18 32,63%0,12 36,42+0,09
CymMMa KapoTMHO-
MI0B, MMOJIb/MOJIb 820,65+20,21*% 2524,12+52 34* 2259,27+64,13*

xaopoduia

Ipumeuanue: * pa3nnuysi B 3HAUEHMSIX, YKa3aHHBIX B CTPOKAX, CTATUCTUUECKN
nocToBepHsI (p<0,05).

CymMMapHoOe coepskaHue KapoTMHOUIOB, MpeJcTaBieHHoe B Tabmm-
e 1, mokasano, 4To UX 3HaueHue BbIPOC/IO B KPACHBIX JIUCTHSIX 110 CPaB-
HEHUIO C 3eJIeHbIMM ITOYTY B TpU pasa. He3HauuTenpHOe CHMKEHME UM-
CJ1a KAPOTVHOW/IOB B UePHBIX JIUCThSIX 6a/laHa, BO3MOXKHO, 00YCIIOBIEHO
YaCTVYHBIM OGHOBIIEHMEM pecypca XJI0POhIILIOB.

[MomyyeHHbIe IO XMMMUYECKOMY COCTaBY BbIBOABI COITIACYIOTCS C JaH-
HBIMM VICCJIEIOBAaHUI APYrUX aBTOPOB [5,7]. IIpencraBieHHble pe3yiib-
TaThl MO3BOJISIIOT PACCMATPUBATh JIUCThSI 6ajlaHa B KauecTBe MUIIEBOrO
PacTUTETLHOTO KOMITOHEHTa, GOraTOro MCTOYHMKA GUONOTMYECKM aK-
TUBHBIX BEILECTB, & B CBSI3Y C BBICOKMM COflep>KaHMEeM KOMIIOHEHTOB,
coziepKalyX Kpacsiiye MUIMeHTbI (heHOoNbHbIe COeIMHEeHMs, KapoTu-
HOMABI U [IP.), TUCThsI 6afjaHa TOJICTOMVICTHOTO MOTYT UIPATh POJIb HATY-
paJIbHOTO KpacUTesIsl B MUIIEBbIX CUCTEMAX: MSICHBIX, XJ1e600yI0UHbBIX,
KOH/IMTEPCKUX U T. II.

AHanu3 yccnenoBaHmii B 061aCTH COCTaBa M CBOVCTB JIMCThEB GajaHa
TI0Ka3aJl, YTO MHOTYVIe IPUPOHBIE KpacsIiyie BelecTBa 06/1aJatoT He TO/b-
KO aHTUMOKCUJAHTHBIMM CBOVICTBAMM, HO U 3HAUMTEJIbHOM (usmonornye-
CKOW ¥ aHTMOMOOTMYECKOH aKTUBHOCTBIO [2]. [ToaTOMY MCIIOMb30BaHME
eCTeCTBEeHHbIX IIMTMEHTOB JJI51 OKpaIlVBaHMs POAYKTOB MMUTaHMS 103BO-
JISIeT YIYYLUIMTh BHEIIHWI BuL [28], ¥ MOBBICUTH UX MMUIIEBYIO EHHOCTb.

OcHoBormonararouieit GpyHKIyen pacrenuii sipsietcst potocnnTes. Do-
TOCMHTEeTHYECKasl aKTMBHOCTb JIMCTA TECHO CBsI3aHa CO CTPYKTYPOI 1mcTa
[29]. CBemeHust 0 CTPYKTYPHO-(YHKLMOHATIBHBIX IpeobpazoBanmsx Go-
TOCMHTETMYECKOTO arrapara MpoJo/KUTETbHO BETeTUPYIOIIMX TPaBSHU-
CTBIX PACTEeHMUI, 3UMYIOIIVX I10]], CHEKHBIM IIOKPOBOM, HEMHOTOYMC/IEHHBI.
[To muennto Ipivosoit O. B. [30], 3umytoniue micTost Ajuga reptans Tepsim
3HAUUTENbHYIO YacTb (OTOCMHTETMUYECKMX IMUIMEHTOB, HO COXPaHSIIU
croco6HOCTh accumunnposath CO, B BeCeHHMIT TepUOf, TIOCIe TasTHUS
cHera. ABTopamu B pabore [31] oTMedeHO, 4TO (PyHKUMOHATIbHAS aKTVUB-
HOCTb (DOTOCHMHTETHYECKOTO arrapara XBou pactenuii Picea obovata, Abies
sibirica v Juniperus communis TIOTHOCTBIO BOCCTAHAB/IMBAETCS B MIIOHE.

Ha ocHOBaHMM pe3y/bTATOB M3YUEHMUs XMMUYECKOTO COCTaBa 6aja-
HAa, CBUJIETE/IbCTBYIOIIETO O COZlepsKaHUM B HEM KpacsIMX MUTMEeHTOB,
Ha C/IefyIoNieM 3Tare ObIIVM MCCIeNOBaHbl Ce30HHbIE M3MEHEHNS XJIO-
podUIIOB NUCTHEB, AAOMIMX XapaKTepusylollee COCTOSIHME MUTMEHT-
6e/IKOBBIX KOMIUIEKCOB (DOTOCKCTEM TPABSIHMCTOTO pacTeHMsl GajaHa
ToscTonucTHOTO Bergenia crassifolia (L.) Fitsch. Ce30HHas1 [yHaAMMKa CO-
Iep)KaHysI IUTMEeHTOB B JIMCThSIX 6alaHa TOJICTOMUCTHOTO IIpefiCTaBIeHa
B Tabnuiie 2.

Ta6nuia 2. CesoHHas AMHAMMKA COAEPKaHMUS MMTMEHTOB
B JIMCTBSAX OajiaHa, MI/T CyX0il MacChl
Table 2. Seasonal dynamics of the pigment content in leaves
of leather bergenia, mg/g dry mass

Honst
xnopoduina
Bup Xno Xnp Xn(at+B) Xumo /Xnap B CBETO-
JIMICTHEB
coGuparomem
KOMILIeKce, %
3enenble 3,24%0,12* 1,69+0,07* 4,93+0,19* 1,92+0,01* 72,1+0,12*
Kpacusie 0,85+0,05* 0,4*0,02* 1,25+0,07* 2,12%#0,01* 69,3%0,09*
Yepusie 0,58+0,02* 0,28+0,02* 0,86+0,04* 2,07+0,01* 75,2%0,08*

Ipumeuanue: * pasnuuus B 3HAUEHMSIX, YKA3aHHBIX B CTOJOIIAX, CTATUCTAYE-
cKu JocToBepHbI (p<0,05).

3eseHble JUCThs, CHOPMUPOBAHHbBIE B HAayaje jieTa TeKYIero roja,
XapaKTepU30BaIUCh HAMOOBIINM COIePKaHMEM XIOPODUUIOB, B 4aCT-
HOCTM OTMEYeHO, uTo 72,1% MPUCYTCTBYIOLUIMX B UX COCTaBe XJI0POGIII-
JIOB TIPVHAJJIEXUT CBeTocoOMparouiemMy KoMmIuiekcy ¢orocucrems II.
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BbIsIB/IeHBI Ce30HHBIE M3MeHeHUs! pecypca (OTOCHMHTETUYECKUX IINI-
MEHTOB B JIMCThsIX. Tak, comepkkaHue XJI0pOGUIIOB B UEPHBIX JTUCTHIX
6azaHa YMeHBIIAIOCh ITOYTH B 4 pa3a [0 CPABHEHMIO C UX KOINYECTBOM
B 3eJIeHbIX JIMCThsIX. He3HaunuTenbHble TIOTEPY 3e/IeHbIX MUTMEHTOB Ha-
6/TI0AA/Ch U B KPACHBIX JIMCTBSIX. B U€PHBIX JIMCTBSIX OCTaBaIOCh B CPeJi-
HeM 18% xmopodmios. [Tocie BbIX0HA pacTeHUit U3-TI0f, CHera OTMeyva-
J1ach B HEKOTOPOJ CTeIeHy pereHepanysi pecypca 3ejleHbIX [MUIMEeHTOB.
Ha Hamr B3IIsiZL, 3TO IIPOMCXOIVIIO 32 CUeT CHMHTe3a XJIopoduuia o, co-
JlepskaHye KOTOPOro BO3pacTaso B 3 pas3a, B TO BpeMs KaK KOJIMYeCTBO
xnopoduina B yBennuuBanocs B 1,8 pasa. Jletom u BecHoii 6onee 70%
COZlepsKALIMXCS B IUCTHSIX XJ0POGMWITIOB MIPUHA/JIEKAIO CBeTOCOOMPAlo-
1eMy KoMIuiekcy gortocycremsl I, omHaKo rmocsie 3MMHero nepuoza Jomst
XJI0poGMIIa B YePHBIX IMCThSIX 6aZjaHa B CBETOCOOMPAIOIIEM KOMILIEKCE
dotocucrems! cuusmnach B 1,4 pasa. ITo-BUOMMOMY, 3TO OOBSICHSIETCS
TeM, YTO Hy3Kasl GOTOCHHTeTIUeCKasl aKTMBHOCTh YE€PHBIX (IIepe3yMo-
BaBIINX) JIUCThEB 00YCJIOBIEHA 3HAUNTETbHBIMU U3MEHEHUSIMU B COCTO-
sTHUM (OTOCMHTETMYECKOIO amrapara, IepecTpoiikoil mMrMeHT-6emnKo-
BbIX KOMIIJIEKCOB (DOTOCUCTEM ITPY TIOATOTOBKE K 3MMHEMY ITepUOAY U UX
paspyleHyeM I10J, AeiiCTBMEeM He6IaronpusTHIX 0OCTOSITENIbCTB.

Ba)kHO OTMETUTb, UTO IMOTepsi XJIOpOohWuIa B KPAaCHBIX M YEepPHBIX
JIVICTBSIX GaZiaHa, KOTOpas MPOC/IEKMBAETCSI B OCeHHe-3VIMHMIA TIepyo,
MOXXeT IOATBEePKIaTh MeXaHM3M CHIKeHMS] KOJMYecTBa MOIoaeMoit
9HEePruy IO aHAJIOIMM IOBeJeHMs IOJAB/SIIouIero 6GoNbUIMHCTBA BeY-
HO3€eJIeHO-JIMCTONAgHbIX IOpOJ,. BbIsIBIeHHOe HaMM II03[lHe-OCeHHee
CHIDKEHMe CofiepyKaHusl XJIopoduiia COIIacyeTcsl ¢ UCCAeJOBAHUSIMU
OBcsinHMKOBa A. 10. [32], HaGmiomaBIIero pe3koe yMeHbIIeHMe CyM-
MbI XJIOPOUIUIOB B XBOE eJ1eii B 9TOT mepuoy,. Taxk, 1o JaHHbIM aBTOPA,
B paHHe-BeCeHHUI1 Iepuoy, B XBoe eneii cemeiictsa P. pungens u P. obovata
poct oTHomeHust X1 o/ XJ1 B IPOMCXOAMT 3a CUeT GOJbIIeN JeCTPyKIU
xnopoduina B. YUuThIBas, 4TO MPaKTUUIECKU BeCch Xa0poduit 3 comep-
SKUTCS B CBeTOCOGMparoieM KoMiuiekce dorocyucremsr II, 310 yKa3biBa-
eT Ha MPeuMYIIeCTBeHHOe BhII[BeTaHVe CBeTOCOOMPAIOIero KOMIUIeKca
10 CPAaBHEHMIO C XJIOPOGW/II-6eIKOBBIM KOMITIEKCOM doTocuctemsl 11
B 3TOT Iepuoj. JIeToM MaKcuMasabHble BeIMUMHBI OTHOIIEHMS XJIOpO-
(bMI0B TOCTUTANNCH Y MCCIeOBAaHHBIX BIIOB 3a CUET YBelIMYeHMsI CUH-
Te3a xnopodwmuia o. CHKeHue oTHomeHus X o/ X1 B paHHel 0CeHbIo
OTIpeeNsIoCh 3aMelJIeHreM 06pa3oBaHmsI XI0podMIIa o, M yBeTUeH!-
eM comepskaHus xopodyuia B, YTO XapaKTepusyeT [1ePexos, OT «CBeTO-
BOTO» TUIIA B BeCeHHe-JIeTHUI IIepuoJ, K «TeHeBOMY» TUITY OpraHM3aIumn
doTocKHTeTHUECKOTO amnapaTa OCeHbIo [33].

Vicxonsi M3 BbIlIECKa3aHHOTO, OYEeBMJIHOE COKpalleHMe comepKaHMs
X7T0poGWIIOB B YePHBIX JMUCThSIX 6afaHa CBSI3aHO C PacliafioM BaXHbIX
M CYLIECTBEHHBIX NMUTMEHT-6eKOBbIX KOMILIEKcoB dorocucrem. Hamu
YCTaHOBJIEHO, UTO ITOC/IE 3MMbI B U€PHBIX JIUCThSIX HAG/IONANIOCH He B IT0J-
HOJi Mepe BO30GHOBJIEHME pecypca XJI0pOodMIIOB, B OCHOBHOM 3a CYET
yBeIMYeHMs] KOHLEHTPaM XJI0poduiia o Kak IJTaBHOTO IUIMeHTa KOpo-
BOro KoMIutekca orocucreM. MHOTVIe aBTOPBI CYMTAIOT, YTO YHUBEPCAIIb-
HOJi CTPYKTYPHO enyHuLei 06enx GOTOCUCTEM SIBJISIETCS] KOPOBBI KOM-
IUIEKC, KOTOPBIii IIPeACTaBIIsIeT CO60i peaKIMOHHBIN LIEHTD, OKPY>KeHHbIi
MUTMEHTHBIMY MOJIEKY/IaMM, KOTOPbIe 06pa3yioT PULIEHTPOBYIO aHTEHHY
[34]. MbI Takke nosnaraem, 4To coxpaHeHye QyHKIMOHAIbHOM aKTUBHOCTU
JIMCTheB OGaZaHa BO3HMKAeT Grarofapsi CTPYKTYPHOJi MepecTpoiike KOM-
1ekcoB ¢otocuctemsl 11 u ux cBeTocobMparomux cucrem I1.

[asnee GbITV V3y4eHbI KaUeCTBEHHBIH 11 KOMMYECTBEHHBII COCTaBbI Kapo-
TUHOUIOB BJIUCThSIX 6aJjaHa B 3aBUCUMOCTH OT (a3bl pasButus (Tabmmia 3).

Ta6muua 3. Ce30HHasA AMHAMMKA COEPIKAHMS OTAEIbHBIX
KapOTMHOW/OB B IMCThIX 6afgaHa, MMOJIb/MOJIb XJA0podmiia
Table 3. Seasonal dynamics of the content of individual carotenoids in leaves
of leather bergenia, mmol/mol chlorophyll

Kapommonzs: P o ey
Heoxcantnn 53,2+14,1* 187,5+11,4*  140,7%£10,2*
BuonakcaHTUH 16,07 +1,4* 97,96 +6,7* 18,24+6,9
AHTepakcaHTUH 1,4+1,3* 2,06+1,8 6,33+1,7*
JlioTenH 209,74+10,5% 721,03+15,9* 572,0+14,7*
3eaKkCaHTUH 1,34+1,13* 5,58+1,8 38,0+1,25%
B-KapoTuH 126,3£8,5%  243,67+10,4* 351,65+9,3*
CyMMa KapOTMHOWUIOB 408,0+30,2* 1257,9+33,1* 1126,85+31,2*
Buo + AHT + 3ea,%

CyMMa KOMIIOHEHTOB 4,6+1,08* 8.4+1,10* 5,540,53

KC&HTO(I)I/I]UIOBOI‘O MKia,
% OT CYMMbI KapOTUHOUIOB

IIpumeuanue: *pasnuysi B 3HAUEHMSIX, yKa3aHHBIX B CTPOKAX, CTATUCTIYE-
CKM ocToBepHbI (p <0,05)

Ianubpie Tabauibl 3 ITOKa3aji, YTO B JIMCThIX O0amaHa B COCTaBe Ka-
POTMHOUIOB TNPUCYTCTBYIOT [-KapoTuH (30% CymMMbI KapOTMHOW/IOB)
¥ KCAHTOGMIITBI (JIIOTEVH, HEOKCAHTMH, BMOTAKCAHTYH, aHTePaKCAHTHH,
3€aKCaHTMH).

BaskHo oTMeTuTh, 4TO (oTocucrema II Gomee YYBCTBUTENbHA
K CTPeCCOBBIM BO37elicTBUSIM, ueM doTocucrema I. HekoTopbie aBTO-
PBI YTBEPKAAIOT, YTO B cOCTaB oTocucTeMsbl II BXOAUT mapa BaskHeli-
LIMX MMUTMEHT-6eTKOBBIX KOMIUIEKCOB, COIEPXKAIIMX KaK KaPOTUHOU/IbI
KCaHTOGWIIOBOrO UMKIa U X1 o, XJ1 B (CBeTOCOGMpAIOLINil KOMIUIEKC),
TakK ¥ B-KapoTuH C XJI0pobuioM o (KOMIUIEKC simpa dorocucTemsl 1)
[35,36]. Kak mokaspIBalOT TaGIMYHBIE JaHHbIE, B YEPHBIX JIUCThIX Oa-
aHa MPOMCXOAMIO HAaKOIUIeHMe cofepykaHMsl -KapoTHuHa, JI0TeMHa
M TUTMEHTOB BMOJIAKCAHTMHOBOTO IMK/IA Ha (DOHE TMOHVDKEHUs CO-
nepkaHus xiaopodusuios. [loxoxue rpeobpa3oBaHus GBI OTMeUeHbI
y GOJIBIIMHCTBA TOJIOCEMEHHBIX IePeBbEB U KYCTaPHUKOB [31].

Uro KkacaeTcss KADOTMHOUIIOB, TO UX 3HAUeHMe, OTHEeCEHHOe K elu-
Hule xyopodusia, BBIPOCIO TMOUTH B 3 pa3a B KPACHBIX JIMCThSIX K Ha-
yany sumbl. [Io MHeHmio MHorux asTopoB (fonmoBko T. K. [31], Os-
cstHaMKOB A. 10. [32], OeimoB O. B. [25]), B 1jeioM ce30HHas1 AMHAMMKaA
ComepKaHMsd KapOTMHOUIAOB M 3€JI€HbIX IIMIMEHTOB MOEHTUYHA. TaK,
KOMMYECTBO KapOTMHOMAOB B Hauaje jeTa He3HauUUTeIbHO, UX MUHU-
MyM HaGTIOfAeTCs B TIePUOZ, LIBETEHMST PACTeHMIA, B KOHIE Masi — Hava-
Jie MIOHSI, & OCeHbI0, IIPU CHIVDKEHUM TeMIIepaTypbl Cpelbl, a Takxke Mpu
YMEHBLIEHUY MHTEHCUBHOCTM M M3MEHEHMM CIIeKTPaJbHOIO COCTaBa
CBeTa, CMHTEe3 KapOTVMHOUIOB YCUIMBAETCSI.

Ilonroe Bpemsl CUUTAIOCh, YTO QYHKIMSIMY KaPOTUHOWUIOB SIBJISIOT-
Cs1 CBETOCOOMpAIOLIAst U 3aIIMTHAS (TyLIeHVe BO30YKIeHHBIX COCTOSTHUI
xyopodwmsia). B mocnenHet yeTBepTH MPONUIOTO BeKa YCUIIUIICS MHTepec
K M3YUEHUIO KAPOTMHOMUIOB U GbLIM BbISIBIEHBI HOBbIe QDYHKLMMU (CTPYK-
TypHasi, B3aMMOJENCTBUE C aKTUBHBIMU (HOPMaMM KUCIOPOJA, yUacTue
B c6OpKe KOMIUIEKCOB U T. 7i.) [4]. B HacTOsIIIee BpeMsI BbIJ€/I€HbI YeThI-
pe OCHOBHbIE (YHKIMY KAPOTMHOMUJOB: CBETOCOOMpPAIOLIAs], AHTUOKCH-
naHTHas1, poronpoTekTOopHas (yyactue B GOTOXMMUUECKUX ITPOIIeCccax),
CTpyKTypHas. HekoTopsie aBTOpPBI [21] CUMTAIOT, UTO CBETOCOOMpAIOLIAst
(aHTeHHas1) QYHKIMS CUMTAETCS IHEPTeTUUYECKOi, TaK KaK KapOTUHOU-
JIbI, TIOIVIONAS CBET B CMHE-3e/IeHOI 06/1aCTy CIIeKTPa, IIe XI0pohuiut He
3¢ deKkTUBEH, TEPEHOCST MOIIOMIEHHYI0 JHEPIUI0 CBeTa Ha CUHIJIETHBI
BO36YKIE€HHBI YpoBeHb xopodumiia. IIo ApyrumM TaHHBIM, yMeHMe Ka-
POTMHOMIOB HEITPaIN30BaTh PEaKLUI0 OKMCIEHNS 3aK/II0UaeTCsl B TOM,
YTO OHU CIIOCOGHBI MPEIOTBPAIATh TOBPEKAEHNMS, BbI3bIBa€MbIe 00pa-
30BaHMEM TPUIUIETHOTO XJIOPO(UIIIa ¥ CMHIJIETHOTO Kuciaopona [37,38].
BeccriopHo, KapOTMHOWABI yIaBAMBAIOT aKTUBU3MPOBAHHBIN KUCIOPOL,
TIPOSIBJISISI P 9TOM aHTUOKCUIAHTHBIN 3B deKT.

ABTOpBI TONIAraloT, YTO (OTOMPOTEKTOPHASI POJIb KaPOTUHOUIOB
3aK/II0YaeTCss B TOM, YTO OHM 3aIUMINAIOT pPeaKUVOHHbIe LeHTPbI OT
CWIbHBIX ITOTOKOB SHEPrUM IpPY BBICOKOJ OCBelleHHOCTH [25], B 4acT-
HOCTM B-KapOTMH 3amuinaet GOTOCMHTETUUECKNIA annapar, IOAaBIIsis
MOJIEKYJIBI XJ0podusIIa o, HaXOASLIECS B TPUIITIETHOM BO30Y)KJeHHOM
COCTOSIHUM, Y TIPEMSITCTBYS 9TUM Iepefaue sHepruu K kuciaopogy. Kak
yrBepxkaaet JpimoB O. B. [25], myTeM depMeHTaTUBHO MonuduKkanmum
KCaHTOQWIIOB 06Pa3yTCS] KapOTUMHOWUABI, YTUIN3UPYIOUME MU3JIUII-
HIOI0 SHEPIUI0 CBETOBOI BOJHBI B TEIIO 3G deKTUBHEE, YEM UX TIPe[-
1IeCTBEHHUKU.

He3HaunTtenbHOe CHIDKEHME COLEPKaHMSI KapOTMHOMIOB B UEpPHBIX
JIUCTBSIX, TTO-BUAVIMOMY, CBSI3aHO C YaCTMYHBIM OOHOBJIEHMEM pecypca
XJI0POGUIIIOB.

CepbeBHbIe VISMEHEHMS IIpeTeprie/in 1 MHAWBUAYaJIbHbI€ IIMTMEHTBI
KcaHTOMMIIIIOBOTO LMK/Ia. Hanbosbiee comepskaHye 3eakCaHTHHA OTMe-
YEHO B YePHBIX (MIePe3MMOBABILINX) JUCThSIX 6ajJaHAa — ero KOJIM4YeCTBO
BO3pacTajao paHHel BeCHOI, B TO BpeMsI Kak B KPaCHBIX JIUCThSIX B IIPe0-
671a1a101[EeM KOJIMYECTBEe HAXOAWJICS BUOTAKCAHTVIH.

CHIKeHMe BeJIMYMHBI cBeTocobMparoiiero komruiekca Il dotocucre-
Mbl II conpoBOXKIa10Ch BO3pacTaHueM [3-KapOTHHA B YEPHBIX JIUCTHSIX,
YTO B CBOIO OYepe/b CKa3aJoch Ha epMeHTATUBHBIX B3aMMOIIpeBpa-
LWeHUSIX MeXAY BMOTAKCAHTMHOM M 3€aKCAaHTMHOM M Ha KOJIMUYecTBe
06pa30BaHHOTO MPOMEXKYTOUHOTO MPOAYKTa — aHTepoKcaHTuHA. CKO-
pee Bcero, 3TO CBSI3aHO CO CBETO3aI[UTHOI (PyHKIIMEN KapOTUHOUA0B
npu He6GobIIOI Temmepatype. JINcTbsi 6afaHa TOJICTOIMCTHOTO Tepe-
3MMOBBIBAIOT I10J], OCBITIABIIEICS JMUCTBOI U CHEXHBIM MOKPOBOM. [1o-
CJle OTTayBaHMsSI CHera BeCHOJ JMCThsI NIOABEPraloTcsl He TOJNIbKO 3Ha-
YUTENbHOMY 06/Iy4eHMI0, HO M BO3IEeMCTBUI0 HEBBICOKUX TeMITepaTyp.
B 3TOiT cuTyanum caMocoxpaHeHUI0 (DOTOCHMHTETMUYECKOTO armapara
B UEPHBIX JIUCTbAX 6HaFOHpI/IHTCTBYET IIOBBIIIIE€HHAs CTeIleHb M3MeHe-
HMSI TUTMEHTOB KCAHTO(MM/UIOBOTO IIMKJIA ¥ HAaKalIMBaHUE MUTMEH-
Ta — 3€aKCaHTUHA. M3 uMcia KCAaHTOPWIIOBbIX TMTMEHTOB B KPACHbIX
JINCTBSIX TIPeBaaMpPOBAJl JIOTEUH, Ha JOJII0 KOTOPOTrO MPUXOAMUIOCH 0
51% cymMMbI KADOTMHOUIOB.
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CnenyeT 3aMeTUTh, YTO BMONAKCAHTMH, aHTePAKCAHTMH U 3€aKCaHTUH
SIBJISIIOTCSI TIMTMEHTaMM KCaHTO(MWIIOBOTO LIMKIIA, KOTOPbIe MpefoTBpa-
LIAIOT IMOBBIIEHHOE pasfpakeHue (HOTOCHCTEMBI 3a CUeT YCUIeHMS Te-
IIJIOBOTO pacceMBaHMsI TOV YaCTU SHEPTyM, KOTOPast He UCIIOIb3YeTCsT ISt
oTocuHTeTHUeCKOrO MepeHoca 31eKTpoHoB. Kak ormeuaer aBTop [25],
SKU3HEIesITebHOCTh 3€aKCaHTMH-3aBUCUMOIO 3all[UTHOTO MeXaHu3Ma
obecrieunBaeT TerIoBoe (6e3bI3TyyaTebHOE) PacCeMBaHMe MOIIOIEHHO
9HepIUM U CIIOCOGCTBYET CHIDKEHUIO pucKa (GOTOIMHAMMYECKOTO ITOBpe-
SKIEHVSI CTPYKTYPHO# opranu3anyy oTOCMHTeTMYeCKOTO anrapara B He-
6/1aroIONyYHbIX CUTYaLysIX. PaboTamMy psiia aBTOPOB MOKA3aHO, YTO TAKO
MUTMEHT KCAaHTO(GW/IJIOBOrO IMK/IA, KAK 3€aKCAHTUH MOXKET CUHTe3UpO-
BaThCS CJIEYIOLIVIMH CII0CO6aMM — IedNOKCHAAIel BMOTaKCaHTVHA VN
IMOpPOKCIIMpOBaHKeM fB-kapotuna [30]. B cBo ouepenb KCaHTODMILIBI
CII0COGHBI ITepexBaThIBATh CBOOOJHBIE PaIVKalIbl B IUITUAHOI dase MeM-
6paH, NOBBIIATH YIPYTOCTh MeMOpaH, CHIDKATh LOCTYII MOJIEKY/ISIPHOTO
KMUCIOPOJA BHYTPb GMIMIIMIHOTO C/I0SI M 3aIMILATh TMIaKOUIbI OT pas-
pYILIeHNs BCIeNCTBYe COBMECTHOrO AeJCTBYS cBeTa U Kuciopoza [30,36].

ArxmuMarusanuysi GOTOCMHTETMYEeCKOro amrapara JMCTbeB OajaHa
K Ce30HHBIM VM3MEHEHMSIM CpeZbl B3aMMOCBSI3aHa C IpeoOpasoBaHMEM
MMATMEHT-0€eIKOBbIX KOMIUIEKCOB. [To MueHuio [I. Bap6epa, BBIHOCIMBOCTh
(OTOCHHTETMYECKOTO anmnapaTa MpUobpeTaeT yCTOUMBOCTb IIOCPENCTBOM
peoOpa3oBaHMsI KOHIEHTPALMM UM PEKOMOMHALIMM 3€JIeHbIX U SKEIThIX
[MUTMEHTOB B CBETOCOOMpAIoLieM KOMIUIEKCe M PeaKIMOHHBIX LIeHTpax
dorocucrem [35]. Forster B. moaTBepkoaeT TEOPUIO O TOM, UTO B COCTaB
MUTMEeHT-6eJIKOBbIX KOMILIEKCOB XJIOPOIUIACTOB BXOMST KaK 3e/eHble
MIATMEeHTBI, TaK ¥ KaPOTMHOWM/bI, peann3yollye KapTUPOBOUYHYI MUCCUIO
B KoMILIekcax dorocucremsl II (B-KapoTHH) U B CBETOCOGMPAIOLIMX KOM-
rekcax (moteynH) [39]. Buomonekyna ancam6is ¢orocucremsl I oxBaTbI-
BaeT 36 ximopoduiioB u 11 KapOTMHOMAOB B BUJE TpaHC-B-KapoTuHa [40].

Cxopee Bcero, pas3anuysi B BeIMUMHe 9TUX 3HAUeHUI CBSI3aHBI C TeM,
UTO JIMCThS [0 U IOC/Ie Tepe3srMOBKY — 3TO JIMCThbSl Pa3HOTO BO3PAcT-
HOTO ¥ (yHKIIMOHAJILHOTO COCTOSIHMSL. B BeceHHMIT epmop, uepHsble (11e-
pe3MMOBaBIlVie) JUCThsI, BO-TIEPBBIX, CHAGKAIOT OVKOPOC MPOLYKTaMM
MpOTEKAILIEero mpolecca MpeobpasoBaHus SHEPruM BUAMMOIO CBETa,
a BO-BTODBIX, SIBJISIFOTCSI 3aI1aCHBIMM BelLlleCTBaMU MPEX/e BO30OHOBIIEH-
HOTO yI7Iepofa U IPYTUX BeIleCTB, OYeHb HYKHbIX JJIST 61arornoxyqyHoro
Y pe3yNbTaTUBHOTO pa3MHOXeHMs1. ClieflyeT 3aMeTUTb, YTO pacliBeTaHNe
6azaHa TOJICTONMCTHOTO IIPOTeKaeT paHHel BeCHOI Mocie cxona CHera,
a yepHbIe JIMCThSI TPUOOPETAIOT 3eJIeHYI0 OKPACKY B MIOHE Mecslie.

ITo mHenuio Kyuunoit B. A. u np. aBTOpoB [41], B OCeHHMII TIepuoOz,
y GOBUIMHCTBA APEBECHBIX PACTeHU JerpaaupoBaHye (GUTOCUCTEMBI
1 HaGromanock nepey coOpackiBaHMeM JIMCTBBI, B OTIIMUMeE OT HoToCyCTe-
mbl I1. Tlomo6HbIi Tipoliecc Aerpaganyy GoTocucTembl | oTMeueH B riepu-
of1 Ipoliecca OTLIBeTaHMs 3epPHOBBIX pacTeHmii [13].

IToMuMO 3TOrO0, B paboTe ObIIV M3y4YeHbl M3MeHeHNsI HU3KoTeMIIepa-
TYPHBIX CIIEKTPOB (hiryopecuieHIMM XI0poduiuia, XapakTepusyIomx co-
CTOSIHME IIUTMeHT-6eKOBbIX KOMIUIEKCOB (OTOCHCTEM JIMCTheB GasaHa
pa3HbIX CPOKOB BereTalun.

VUuThIBasl, YTO OCHOBHASI OGJMACTb CIIEKTPA TIOITIOLIEHVS COMTHEYHOM
paayanuy MUTMEHTaMM HaXOOUTCS B CHHe-()MOIeTOBOM 06/1acTy, MOXK-
HO TNPeJIIIONIOKNTD, UTO MU3MEHEeHMe COCTaBa CBeTa TaKKe MOXKET SIBJISITbCS
PEryIITOPHBIM (PaKTOPOM CE30HHOI IMHAMMUKY UX COMepsKaHMs. [JlaHHbI
(akT KOCBEHHO IOATBEpKIAeTCS HaIM4uMeM OOJbIIOro 4mMcaa KapoTu-
HOMJIOB B TeUEHMe BCEro OCeHHe-3MMHero nepuoza. Kpome Toro, B 3uM-
HMX YCJIOBMSX IPU HU3KMX TeMIlepaTypax, a Takke NPy OrPpaHMUeHHOM
dbyHKUMOHMPOBaHMYM (OTOCHMHTETMUYECKOTO ammapara U 3¢QQeKTUBHOro
aCCUMMJISILIMIOHHOTO MCII0/Ib30BaHMs 3aXBaueHHOJ COTHEUHOV paayanymn
YBeIMUMBaeTCsl 3HaUeH)e TIPoliecca 1eakTUBALMY SHePIUU BO36YKIeHNS
MOJIEKYJT XJIOPOdMIIIA U €€ TeIJIOBOV JUCCUITALIUY B KIIETOYHBIX CTPYKTY-

pax. DTO 3HAUUTENBHO YCWIMBaeT QYHKIVOHATBHYIO Harpy3Ky Ha KapOTH-
HOUJIBI U 00yC/IaB/IMBaeT HeOOXOAMMOCTb BBICOKOTO MX comepskaHus [31].

Vi3MeHeHUs] HM3KOTEeMIIepaTypHBIX CIIEKTPOB (ryopecieHIMM -
cTheB GamaHa ocyuecTssiv npu Ex = 435 HM, ipu 9TOM Bee 6e3 MCKITIO-
YeHMsl CIIeKTPbI NMPUOIVIKEHBI K HayuboblleMy 1okasareno diryopec-
LeHuuu npu 695 HM (PUCYHOK 4).

Kax roxasbpIBalOT JaHHbIE, B CHEKTPax HU3KOTeMIlepaTypHOii ¢ury-
opeclLeHIMM JIMCTheB 6GajaHa TOJICTOMVICTHOTO B IIE€PMOZ, aKTMBU3A-
umn Ex=435 um (abcopbums xmopodusia o) yCTaHOBIEHBI CIeSyIoNe
HauboIbIMe 3HAYEHNSI: TP IJIMHE BOJMHBbI 685 HM, 695 HM 1 735 HM.
CriekTpasnbHasi TMHUS QIyopeclieHI UM Py JyiMHe BOTHbBI 685 1 695 HM
COOTBETCTBEHHO IOATBEPKAAeT Hamuye XIopohui-a-6e1KkoBoro Kom-
J1eKkca peakMOHHOTO 1eHTpa dotocucremsl I 1 ero cBeTocobMparoiie-
ro komruiekca II. O Hannuuy xnopoduii-a-6eIKoBOro KOMIUIEKca peax-
LMOHHOTO IleHTpa doTocKucTeMsl I co cBeTOCOGMPAIOMMM KOMIUIEKCOM
I cBUIeTeNIbCTBYET CIIeKTP U3TyYeHMsI TPU JIIVHE BOJIHBI 735 HM.

CriekTpbl (rryopecieHIY XI0POIIaCTOB, BbII€JIEHHbIX M3 KPACHbIX
mucTeeB 6afiaHa, MMeNIM TPU MaKCUMyMa: IpU JIMHe BOJIHBI 685 HM
(anTenHa CP43), 695 um (anternHa CP47) 1 XOpoOIIO BbIPaKeHHBIN MUK
npu JavHe BOiMHbI 735 HM (doTtocucrema I). B uepHbBIX JIUCTBSIX ITOTO
pacTeHus] xXapakTep CIIeKTpa HM3KOTeMIlepaTypHOi ¢ayopecreHIn
XJIOPOTITIACTOB OCTABAJICS ITPEXKHIM, HO MHTEHCUBHOCTD (hrryopecieHImmn
HeCKOJIBKO CHMKanach. HuskoreMiepaTypHble CIIeKTPbl XJIOPOIIACTOB,
BbIZIC/IEHHBIX 13 3€JIeHbIX JMCTheB, [I0Ka3a/ay TPY MaKCMMyMa I0IIOoIe-
HUSI, UTO CBUIETENbCTBYET O MYHKIMOHMPOBaHMM 06enx HOTOCHUCTEM.
OpHako Ha (GOHe BOCCTAHOB/IEHMSI NMUKOB (HIyopecleHLM MIPU JIIVHE
BOJIHBI 735 1 695 HM 6GbLIO 3aMETHO CHVKEHME MHTEHCUBHOCTU TIOIJIO-
LIeHNs TIPY IJIMHE BOTHBI 685 HM.

B XooHbIe Ce30HBI rojjla MEXaHU3M 3aLUThI POTOCHMHTETUUYECKOTO
amnmnapara oT CBeTa BbICOKOJ MHTeHCUBHOCTH, MICIIONb3yeMblii pPacTeHNsI-
MU, TepsieT 3G PeKTUBHOCTD M3-3a CHYKEHVSI 9/IeKTPOHHOIO TPAHCIIOPTa
M TIOHMKEHHOJi 9Heprusauuy memopas. II09ToMy 0CO6€HHO BaskKHBIMU
CTaHOBSITCSI MEXaHM3Mbl, He 3aBUCSILIME OT CBeTa, KOTOpble Peryampy-
10T 6MOCHHTE3 peakIMOHHOro IeHTpa dorocucrembl II 1 obecrneunBa-
0T CTPYKTYPHO-(QYHKIMOHAIBHYIO IEPeCTPOiKy CBETOCOGVPAIOIIEro
KkomIuiekca II. OHM TO3BOJISIIOT MOBBICUTH YCTOMUMBOCTH K HEeDOTOXM-
MMUYECKOMY TYIIEHMIO NyTeM arperaumu GeaKOB CBETOCOGMPAIOIIETO
koMmIuiekca Il 1 3a cueT HaKOIUIeHNSI KADOTMHOMA0B 3€aKCaHTMHA U JTI0-
TeuHa, KOTOpble 061amaioT (GOTO3AIUTHBIMM M aHTUOKCUIAAHTHBIMU
CBOJICTBAMMY, a TAKKe YBEIMUYMBAIOT 3HAUMMOCTh GeikoB PsbS m ELIP
[42]. DHepreTuyeckuii 6amanc Mexxay dorocyucremoii I u poTocucremoit
I B ecTeCTBEeHHBIX YCJIOBUSIX XOTOAOBONM aKKAMMAaTU3aUMUMU Y PACTeHMIA
KOHTPOJIMPYEeTCsl uepe3 OKUCIUTETbHBIV CTPeCcC XMHOHA, BOBJIEUeHHOTO
B 1IeIIb [TepeHoca 37IeKTPOHOB CBeTOBOM (ha3bl hoTOCHHTE3a, HA KOTOPOE
CYIIeCTBEHHOE BJIMSIHYE OKa3bIBaeT yCUIeHNe IVUKINUeCKOTO TPaHCIIoP-
Ta 2/IeKTPoHa B doTocyucreMe I 1 XJIOPOIIIACTHOTO AbIXaHMsI [43].

JIns JanbHeBOCTOYHOIO PervoHa XapaKTePHO GBICTpOe IO TeMIlaM
CHVDKEeHMe TeMIIePaTypbl, YTO MPUBOAUT K YCTAHOBJIEHUIO GOMIbIIEro rpa-
IMeHTa MeXIy IajeHueM TeMiepatypsl 1 GoToneprona 1o cpaBHEHUIO
C perMoHamu IpH TOIi ke MUPOTe ¢ 6ojee MATKUM KIMMaTom. Takke
9TOT Per¥OH OTAMYAlOT KpaliHe HMU3KMe TeMIlepaTypbl 3MMOIi. DTU 0CO-
GEHHOCTY OMpPEeNeNsIoT CrienndUKyY X0T0I0BOI afanTalyy MepBUIHbIX
rpoueccoB GOTOCUHTE3a AMKOPACTYIIUX PACTEHNIA.

4. BbeIBOIBI

B 1ie/loM TpoOBefeHHbIe MCCAeJOBaHMsI TOATBEPKAAIOT, UTO GamaH
TOJICTONUCTHBIT Bergenia crassifolia (L.) Fitsch imeeT BbICOKME TIOKa3a-
TeNM MUILEBO 1eHHOCTM. OTMeUYeHO, YTO B TeueHye BereTalyoHHOro
uMKiaa 6asaHa TOJNCTOMMCTHOTO TIOKas3aTea OCHOBHBIX (DOTOCMHTETH-
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PucyHOK 4. Ce30HHbIE M3MEeHeHNsI HU3KOTeMIIepaTyPHBIX CIIEKTPOB (Iyopecie I JMCTheB 6agaHa
Figure 4. Seasonal changes of the low-temperature fluorescence spectra of leaves of leather bergenia
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YeCKUX IMUIMEHTOB I€pPecTPaMBalOTCsS B 3HAUMTENBHBIX MacliTabax,
oTo6paskast cCaMOIIPUCIIOCAGMMBAIONIECS M3MEeHEHUsT ero CBeTocobupa-
JOI[Er0 KOMIUIEKCA OTBETHO Ha MEePUOIUUECKMEe Ce30HHbIE SIBIEHMUS CBe-
TOBOTO M TEMIIEPATYPHOT'O PerIaMeHTOB B MecToo6uTaHun. CyliecTBeH-
Hble MUKPOKOHIIEHTpAIY KpacuTesneit (MMrMeHTOB) B JIMCThIX OajaHa
pa3HbIX CPOKOB Beretanuy yKasplBaloT Ha 3 HeKTUBHYIO AesSTeTbHOCT
CBETOCOOMPAIOIeii AHTEHHBI 3TOTO AMKOPOCA, YTO, MTO-BUIMMOMY, CIT0-
COGCTBYET yAEePKMBAHUIO (POTOCUHTETUYECKON TTPOAYKLMM B BereTarm-
oHHbIe (a3bl pasBUTKsI HA MMOCTOSIHHOM ypoBHe. He6osbline 3HaYeHMSI
MMTMEHTOB B YEPHBIX ¥ KPACHBIX JIMCThSIX 6aJjaHa MOATBEPKAAIOT (HaKT
dboTonoBpeskIeHNs, MPUBEIIIEro K 3aTOPMakMBaHMIO UX HOTOCUHTETH-
YeCKoit aKTMBHOCTH 1 POCTa.

IMomyyeHHble HAMM JJaHHbIE MHTEPECHbI He TOJbKO C TOUKU 3PEHUsI
oleHKM (DYHKIMOHAIBHOTO COCTOSIHMSI 6ailaHa TOJICTOJIMCTHOTO B TEUEHMe
rofa, HO ¥ B CBSI3Y C MAcCOBBIM MCIIOJIb30BaHMEM HATYPaIbHbIX IPUPOJ -
HBIX [TMTMEHTOB B MeIMIMHE, IUIIEBOi 1 dapMalieBTIUIeCKOi TTPOMBbIIII-
JieHHOCTH. Hemb3st He CKa3aTh O TOM, UTO JIVICThsSI M KOPHEBMIIE 6afaHa M-
POKO MCIIONb3YIOTCSI IPY U3TOTOBIEHMY PA3HOOOPa3HbBIX JIeKaPCTBEHHbBIX
MperaparoB, MUIIEBbIX Y GMONIOTMYECKM aKTUBHbBIX 106ABOK, 6ab3aMOB,
CUPOIIOB, HATIUTKOB, PA3JIMYHBIX BUIOB TPABSTHOTO Yasl.

O6namas uHbopmanmeit o comepkauy (GHOTOCMHTETUUECKUK ITUT-
MEHTOB JIMCTheB GaJaHa TOJICTOMMCTHOTO, COOPAHHBIX B PasHble Iepu-
OfIbl BETeTaly, MOKHO BbISIBUTH Haubosee Togxosiiee BpeMst IJIs UX
3ar0TOBKMU C LIEJIBIO [IMPOKOTO UCTIONb30BaHYSI B KAUECTBE HATYPAIbHbIX
Kpacuresei, TeM 6ojiee 4TO HOCTaTOYHAsl 06eCIIeueHHOCTh ChIPbeBbIMM
3anacamu 6ajiaHa B BypsiTvy He BbI3bIBA€T COMHEHMSI.

OueHb Ba)XHO OTMETUTb, YTO NIPUMEHEHNEe MPUPOSHBIX JOOABOK HE
MMeeT XMMUUECKOTO MTPOUCXOKAEHMS 1 HE OKa3bIBaeT OTPUIATENHFHOTO
B/IMSIHMSI HA OPraHM3M YeJIOBeKa, 0COGeHHO B C/Tyyae ajlyIepruuecKux 3a-
GosieBaHMil. A B CBSI3U C GOJBIIMM MOTEHIMAIOM HATYPaTbHbIX Kpacu-
TeJIeil B KauecTBe KOMIIOHEHTOB (DYHKI[MOHAIBHOTO IUTAHMsSI OTPOMHBIIA
MHTEpeC MPeJCTaB/ISIOT He TOJILKO TI0Ie3HBIE [IS1 30POBbSI €CTECTBEH-
Hble IUTMEHTBI, HO U CO3[AaHHbIe TIPUPOLOIN PACTUTENbHbIE IPOLYKTHI,
cofepskalyie CMeCH 9TUX COeAMHEHN, T0Iroe BpeMsl IPUMEeHSIBIINECs
B HapOOHOI MeguiyHe 6e3 TIIATETbHOTO U3YUEHUS Y HAYYHOTO MOJ-
TBEPKIEHNsI MX JOCTOMHCTB. XapaKTePUCTHKa IIyTeil GMOCHHTe3a HATY-
PaJlbHBIX MMUTMEHTOB PA3JIMUYHBIX BU0B paCTEHMVI U ero reHeTmydeckKast
peryisiumsi 06ecrednBaiOT LEHHBI pecypc, MO3BOMSIOWIMI CO34aBaTh
HOBbI€ TIPOAYKTHI C IOBBIII€HHBIMU (I]YHKLU/IOHaIII)HbIMI/I KauyeCTBaMu
IUISL YTy YLIeHVSI TIMTAHVISI YeJI0OBeKa.

BUBJINOTPA®UYECKUN CIIMCOK

—_

. Yepesko, A. 1, Muxaiinos, B. M. (2022). Suuuknonenyust nuranus. Tom 4. [In-
mieBbie fo6aBKu. (bakanaBpuar). CripaBouHoe usganme. Mocksa: M3naTenbCcTBo
«JIutPec».

. Dysin, A. P., Egorov, A. R., Godzishevskaya, A. A., Kirichuk, A. A., Tskhovre-
bov, A. G., Kritchenkov, A. S. (2023). Biologically active supplements affecting
producer microorganisms in food biotechnology: A review. Molecules, 28(3), Ar-
ticle 1413. https://doi.org/10.3390/molecules28031413

. Fernandes, A. S., Nascimento, T. C. do, Jacob-Lopes, E., Rosso, V. V. D., Zepka, L.
Q. (2018). Carotenoids — A Brief Overview on Its Structure, Biosynthesis, Syn-
thesis, and Applications. Chapter in a book: Progress in Carotenoid Research.
Brazil: IntechOpen. https://doi.org/10.5772/intechopen.79542

4. I0pkoBa, A. A. (2021). MccnemoBanust BIMSIHMSL IUTMEHTOB Ha OKPAc pacTeHMIA.
MexcOyHapoOHbLil #YpHAN ZyMAHUMAPHBIX U eCecmeeHHbIX HayK, 5—2(56), 69-72.
https://doi.org/10.24412/2500-1000-2021-5-2-69-72

. Jly6cangopskuesa, I1. B. (2010). ConepskaHue GheHONbHBIX KMCIOT B MHOTOKOM-
MOHEeHTHBIX c60pax. Acta Biomedica Scientifica, 3, 241-244.

. Lipipennopskuesa, C. B., Xamaranosa 1. B. (2017). Vcrionb3oBaHKe YepHbBIX JIU-

cTheB 6ajiaHa B IPOM3BOLCTBE MMILEBbIX TPOLYKTOB. TeXHUKA U MEXHON02US NU-

wesblx npouzsodcms, 45(2), 81-86.

Pamknut, C., BxaBana, I1., Xpamuenko, B. E. (2019). ComepskaHye acCKOp6MHOBO#

KUCJIOTHI B 3€JIEHbIX, KPACHBIX M YePHBIX JIMCThSIX 6afiaHa TONCTOMICTHOTO. Ha-

yuHOe 0603peHue. [Tedazozuueckue HayKu, 4(4), 86—89.

. IsipengopkueBa, C. B., JKamcapanosa, C. [I. (2020). CpaBHMUTeNIbHASI OLIEH-
Ka aHTMOKCUJIAHTHOM aKTMBHOCTM 3KCTPAKTOB JIMCThEB bergenia crassifolia (1.)
Fitsch pasHbIX CPOKOB Beretauuu. Xumus pacmumesnsHozo cuipos, 2, 231-239.
https://doi.org/https://doi.org/10.14258/jcprm.2020024349

. BaromyHkyes, A. B., Aunyniosa, T. I1., Jlybcanmopxkuesa, I1. b., Huxkonaesa, I'. T.
(2012). CpaBHMTENbHBIN aHaIU3 OMOIOTMYECKM AKTUBHBIX BEIECTB 3eje-
HBIX U (epMEHTUPOBAHHBIX (UEPHbBIX) JIMCThEB GalaHa TOJICTOMUCTHOTO. Acta
Biomedica Scientifica, 4(86),18-20.

10. Li, D., Wang, P., Luo, Y., Zhao, M., Chen, F. (2017). Health benefits of anthocya-
nins and molecular mechanisms: Update from recent decade. Critical Reviews
in Food Science and Nutrition, 57(8), 1729-1741. https://doi.org/10.1080/10408
398.2015.1030064

. Konpaes, B. M., Kponiotos, A. B. (2021). AHTOLIMaHbI B IPaKTUYECKO MeaUI-
He. TuxookeaHckuti MeOUYUHCKULL #ypHar, 3, 24-28.

12. Zhu, F. (2018). Anthocyanins in cereals: Composition and health effects. Food Re-

search International, 109, 232-249. https://doi.org/10.1016/j.foodres.2018.04.015

13. IOnuHa, P. C., Topzeesa, E. 1., llloesa, O. I0., Tuxonosa, M. A., Xnectkuna, E. K.
(2021). AHTOLMAHBI KaK KOMITOHEHTbI (PYHKIMOHAILHOTO MUTAaHUS. Basunosckuti
JHypHan eeHemuku u cenekyuu, 25(2), 178-189. https://doi.org/10.18699/V]2.022

14. Konpaes, B. M., Kpomotos, A. B. (2022). KapoTuHOMIbpl B IpaKTU4eCcKO
menuiyHe. Tuxookeawckuil meduyuHckuti xypuan, 1, 65-71. https://doi.
org/10.34215/1609-1175-2022-1-65-71

15. Kowsalya, K, Vidya, N, Vijayalakshmi, V, Arun, M. (2019). Super nutritive marine
astaxanthin, an effectual dietary carotenoid for neurodegenerative diseases.
International Research Journal of Multidisciplinary Technovation, 1(6), 115-124.
https://doi.org/10.34256/irjmtcon14

16. Ileitneka, B. 1., llanomuukos, A. A., [eiineka, JI. A., T'ycesa, T. C., Boctpu-
koBa, C. M., IllennieBa, E. A. n ap.(2008). KapoTuHOUABI: CTpOEHME, 61OIO-
ruyeckue (GyHKUMM U TepCrIeKTUBBI puMeHeHust. Hayunsie sedomocmu Ben-
20p0dcKo20 20cydapcmeenHozo yHusepcumema. Cepusi: Meduyuna. @apmayus,
6-2(46), 19-25.

17. Rodriguez-Concepcion, M., Avalos, J., Bonet, M. L., Boronat, A., Gomez-Gomez,
L., Hornero-Mendez, D. et al. (2018). A global view of carotenoids: Metabolism,
biotechnologies, and nutritional and health benefits. Progress in Lipid Research,
70, 62-93. https://doi.org/10.1016/j.plipres.2018.04.004

18. Cutyn, H. B., TexyTbeBa, JI. A., ®umienko, E. C., Con, O. M., Bo6uenko, B. U.
(2016). BapeHbie KomGacHbIe M3OEINST C MCIIOAb30BaHMEM IMUIIEBOI T0OaBKMU
«JIukonuH». ITuwesas npomoiuneHHocms, 12(5), 12-16.

19. Baynuna, T. B., 3aituesa, JI. B., Ocunos, M. B., BaskeHoBa, A. E. (2021). I[TomaznHbie

KOHbeTbI, 0boraleHHbIe 6eTa-KapoTHOM. Becmuuk KpaclAY, 9(174), 179-186.

https://doi.org/10.36718/1819-4036-2021-9-179-186

[58)

w

w

o

=~

o]

Nel

1

—

20. Hunosa, JI. I1., IToTopoxo, U. 10. (2021). KapoTuHONUIBI B paCTUTENbHbIX MKIIle-
BBIX crcTeMax. Becmuuk FOxcHo-Ypansckoeo 20cydapcmeenHozo yHugepcumema.
Cepusi: ITuujessie u 6uomexHosnozuu, 9(4), 54-69.

21. Rodrigues, T. L. M., Silva, M. E. P., Gurgel, E. S. C., Oliveira, M. S., Lucas, F. C.
A. (2022). Eryngium foetidum L. (Apiaceae): A literature review of traditional
uses, chemical composition, and pharmacological activities. Evidence-Based
Complementary and Alternative Medicine, 2022, Article 2896895. https://doi.
org/10.1155/2022/2896895

22. lpsinkuHa, I. A. (2018). TIurmeHTsI, 3GdEKTUBHOCTb GOTOCHMHTE3a U MPOAYK-
TUBHOCTG TiieHunbl. Plant Varieties Studying and Protection, 14(1), 97-108.
https://doi.org/10.21498/2518-1017.14.1.2018.126524

23. Romodin L. A., Lysenko N. P. (2022). The radioprotective effect of chlorophyll-
based drugs. Biophysics, 67(1), 78-84. https://doi.org/10.1134/s0006350922010158

24. Sautkina, M. Yu. (2021). Dynamics of the content of chlorophylls in the leaves of
the english oak (quercus robur 1.) of the forest-steppe zone. Journal of Agriculture
and Environment, 1(17), 1-4. https://doi.org/10.23649/jae.2021.1.17.11

25. IsimoBa, O. B., Tonosko, T. K. (2018). ®oTocuHTETNYECKVIE TUTMEHTHI: QYyHK-
LIMOHMPOBaHMe, 9KOIOrMs, 6GMONIOornyecKast aKTMBHOCTb. M3eecmust Yipumckozo
HayuHozo yenmpa PAH, 3-4, 5-16.

26. Kypaioxos, E. E., CemeHoBa, E. @., Mouceesa, 1. §1., l'aBpunosa, H. A., [ToHoma-
pesa, T. A. (2020). KonmnuyectBeHHOe OrpesieseHe CyMMbl KADOTMHOMUIOB B IJIO-
nax mepesbl KuTaiickoii Lycium chinense Mill. Xumus pacmumenstozo coipes, 3,
139-144. https://doi.org/10.14258/jcprm.2020036609

27. Corues, C. H., TaBpuinHa, B. A. (2022). BeicokoabdeKTUBHAS KUIKOCTHAS XPO-
marorpadusi: aHanuTKa, Gusnudeckast XMMUsI, paclio3HaBaHue MHOTOKOMIIO-
HeHTHBIX cucteM. CaHkT-IleTep6ypr: Jlaub, 2022.

28. TanymmHa, I1. C. (2023). IIpuMeHeHMe eCTeCTBEeHHbIX MUILEBbIX KpacuTeseil us
PaCTUTENBHOTO ChIPbSI B MUIIEBOI MPOMBbILLIEHHOCTH. TeHdeHyuu pazeumus Ha-
yKu u obpasosarus, 93(8), 128-130. https://doi.org/10.18411/trnio-01-2023-416

29. Bonanno, G., Cirelli, G. L. (2017). Comparative analysis of element concentra-
tions and translocation in three wetland congener plants: Typha domingensis,
Typha latifolia and Typha angustifolia. Ecotoxicology and Environmental Safety,
143,92-101. https://doi.org/10.1016/j.ecoenv.2017.05.021

30. WensikuH, M. A., 3axoxwuit, 1. I., Janbka, U. B., Ipimosa O. B., Masbies P. B., T'o-
soBko T. K. (2021). ®oTocuMHTeTHMYECKAS U IbIXaTeIbHAST CIIOCOOHOCTD TaJZIOMOB
KPYIHOJIMCTOBATOrO JiniaiiHMKa Lobaria pulmonaria B roguuHom nykie. Qusu-
onoeus pacmenuti, 68(6), 600-611. https://doi.org/10.31857/S001533032106018X

31. T'onosko, T. K., fluko, f. H., IpimoBa, O. B. (2013). Ce30HHbIe M3MeHEHUS CO-
CTOSTHMST DOTOCHHTETHYECKOTO ariapaTa Tpex 60peaybHbIX BUIOB XBOMHbIX pa-
CTeHWIi B TIOA30HE CpefHeli Taiiru Ha eBporieiickoM CeBepo-BocToke. XgoliHbie
6opeanvHoli 30HbL, 31(1-2), 73-78.

32. OBCSIHHUKOB, A. 0., CemkuHa, JI. A. (2014). Ce30HHbIe U3MEHEHMSI aKTUBHOCTU
dorocucremst 11 1 moKanM3aIMM XTOPOIUIACTOB B KJIETKAX XBOM PACTEHMI poja
Picea (PJNACEAE). BomaHuueckuti ¥ypHan, 99(9), 977-988.

33. Markovskaya, E., Kosobryukhov, A., Gulyaeva, E., Starodubtseva, A. (2020).
Adaptation of halophytes to the gradient conditions on the northern seas
coast. Chapter in a book: Plant Ecophysiology and Adaptation under Climate
Change: Mechanisms and Perspectives II. Springer, Singapore, 2020. https://doi.
org/10.1007/978-981-15-2172-0_32

34. TorepeBa, E. B., iImutpuesa, B. A., Boiinexosckas, O. B. (2017). Xmopodwumn B
KaK MCTOYHMK CUTHAJIOB, PErylIMpyIolMX PasBUTHe U MIPOSYKTUBHOCTD pacre-
Huit. Cenbckoxossaticmeennas buonozus, 52(5), 843-855. https://doi.org/10.15389/
agrobiology.2017.5.843

35. Barber, J. (2014). Photosystem II: Its function, structure, and implications for
artificial photosynthesis. Biochemistry (Moscow), 79(3), 185-196. https://doi.
org/10.1134/S0006297914030031

36. Nelson, D. L. (2022). Lehninger Principles of Biochemistry. W. H. Freeman and
Company, New York, 2022.

37. Leitao, D. d. S. T. C., Siqueira, F. C., de Sousa, S. H. B., Mercadante, A. Z.,
Chiste, R. C., Lopes, A. S. (2020). Amazonian Eryngium foetidum leaves exhibited
very high contents of bioactive compounds and high singlet oxygen quenching
capacity. International Journal of Food Properties, 23(1), 1452-1464. https://doi.
0rg/10.1080/10942912.2020.1811311

494



38.

39.

40.

—_

no

w«

o v

~

ol

Nel

10.

1

—

12.

13.

14.

15.

16.

17.

18.

1

Nel

20.

2

—

2

5V

2

w

LbipeHoopskuesa C. B. v ap. | MALLIEBBIE CUCTEMbI | Tom 6 No 4 | 2023 | C. 488-496

Jlappirud, B. T. (2014). IlyTu 6uocuHTe3a, JOKAIU3aIMsI, METa60mM3M U (DyHK-
LMY KaPOTMHOW/IOB B XJIOPOIIIACTAX Pa3IMYHBIX BULOB BOLOpoCieit. Bonpocel
cogpemeHHoll anveonozuu, 2(6), craThs 1.

Forster, B., Pogson, B. J., Osmond, C. B. (2011). Lutein from deepoxidation of
lutein epoxide replaces zeaxanthin to sustain an enhanced capacity for nonpho-
tochemical chlorophyll fluorescence quenching in avocado shade leaves in the
dark. Plant Physiology, 15(1), 393-403. https://doi.org/10.1104/pp.111.173369
Momceesa, E. A., KpaBuenko, Y. B., lllennenesa, JI. ®., Bopgaeii, P. X. (2022). Ha-
KoruieHne GpOTOCHMHTETMYECKUX TIUTMEHTOB ¥ BTOPUUHBIX METAGOMUTOB B JIM-
crbsix raneru (Galega orientalis lam.) copra raje B 3aBMCMMOCTY OT BO3pacra
TPABOCTOSI ¥ arpOTEXHOIOTMY TIPY MHTPOAYKLMM B 30HE CpegHeil Tairu 3a-
magHovi Cubupu. CenvckoxossiicmeenHas Ouonozus, 57(1), 44-65. https://doi.
org/10.15389/agrobiology.2022.1.44rus

41.

42.

43.

Kynusa, B. A., Benoyc, O. T. (2020). CoctosiHne GpOTOCHHTETUYECKUX TUTMEH-
TOB JIMICTbEB IPEBECHBIX PAcTeHMil B YCJIOBMSIX TOPOZICKOJ cpembl. YueHsie
3anucku Kposimckozo edepanvrozo yHueepcumema umeru B. H. BepHadckozo
Buonoeus. Xumus, 6 (72) (2), 108-118. https://doi.org/10.37279/2413-1725-
2020-6-2-108-118

Codponoga, B. E., Auran, T. K., IpimoBa, O. B., Tonosko, T. K. (2018). Ce3oHHbIe
M3MeHEeHMsI TIePBUYHBIX MPOIeccOB (HOTOCHHTE3a TPYU HU3KOTEMITePaTypHOI
amanTauuy xsou Pinus sylvestris B LleHTpanbHoit SIkyTun. Qusuonozus pacme-
Hull, 65(5), 331-339. https://doi.org/10.1134/S0015330318050160

Ruban, A. V., Johnson, M. P., Duffy, C. D. P. (2012). The photoprotective molecular
switch in the photosystem II antenna. Biochimica et Biophysica Acta (BBA) — Bio-
energetics, 1817, 167-181. https://doi.org/10.1016/j.bbabio.2011.04.007

REFERENCES

. Cherevko, A. 1., Novikova, E. V. (2022). Encyclopedia of Nutrition. Volume 4. Food

additives. (Bachelor’s degree). Reference edition. Moscow: Publishing House
LitRes (In Russian)

. Dysin, A. P, Egorov, A. R., Godzishevskaya, A. A., Kirichuk, A. A., Tskhovrebov,

A.G., Kritchenkov A. S. (2023). Biologically active supplements affecting pro-
ducer microorganisms in food biotechnology: A review. Molecules, 28(3), Article
1413. https://doi.org/10.3390/molecules28031413

. Fernandes, A. S., Nascimento, T. C. do, Jacob-Lopes, E., Rosso, V. V. D., Zepka, L.

Q. (2018). Carotenoids — A Brief Overview on Its Structure, Biosynthesis, Syn-
thesis, and Applications. Chapter in a book: Progress in Carotenoid Research.
Brazil: IntechOpen. https://doi.org/10.5772/intechopen.79542

Yurkova, A. A. (2021). Studies of the effect of pigments on the color of plants.
International Journal of Humanities and Natural Sciences, 5-2(56), 69-72.
https://doi.org/10.24412/2500-1000-2021-5-2-69-72 (In Russian)

. Lubsandorzhieva, P. B. (2010). The content of phenolic acids in multy-compo-

nental herb teas. Acta Biomedica Scientifica, 3, 241-244. (In Russian)

. Tsyrendorzhieva, S. V., Khamaganova, 1. V. (2017). The use of black leaves of

bergenia in food production. Food Processing: Techniques and Technology, 45(2),
81-86. (In Russian)

Rajdeep, S., Bhawana, P., Khramchenko, V. E. (2019). Ascorbic acid concentration
in green, red, and black leaves of bergenia crassifolia. Scientific Review. Pedagogi-
cal Sciences, 4-4, 86—89. (In Russian)

. Tsyrendorzhieva, S. V., Zhamsaranova, S. D. (2020). Comparative evaluation of

antioxidant activity of extracts of bergenia crassifolia (1.) Fitsch leaves of dif-
ferent terms of vegetation. Khimiya Rastitel’nogo Syr’ya, 2, 231-239. https://doi.
org/10.14258/jcprm.2020024349 (In Russian)

. Batomunkuev, A. B., Antsupova, T. P., Lubsandorzhieva, P. B., Nikolaeva, G. G.

(2012). Comparative analysis of biologically active substances of green and
fermented (black) leaves of leather bergenia. Acta Biomedica Scientifica, 4(86),
18-20. (In Russian)

Li, D., Wang, P., Luo, Y., Zhao, M., Chen, F. (2017). Health benefits of anthocya-
nins and molecular mechanisms: update from recent decade. Critical Reviews in
Food Science and Nutrition, 57 (8), 1729-1741. https://doi.org/10.1080/1040839
8.2015.1030064

. Koldaev, V. M., Kropotov, A. V. (2021). Anthocyanins in practical medicine. Pacific

Medical Journal, 3, 24-28. (In Russian)

Zhu, F. (2018). Anthocyanins in cereals: composition and health effects. Food Re-
search International, 109, 232-249. https://doi.org/10.1016/j.foodres.2018.04.015
Yudina, R. S., Gordeeva, E. I., Shoeva, O. Yu., Tikhonova, M. A., Khlestkina, E. K.
(2021). Anthocyanins as functional food components. Vavilov Journal of Genet-
ics and Breeding, 25 (2), 178-189. https://doi.org/10.18699/V]2.022 (In Russian)
Koldaev, V. M., Kropotov, A. V. (2022). Carotenoids in practical medicine. Pacific
Medical Journal, 1, 65-71. https://doi.org/10.34215/1609-1175-2022-1-65-71
(In Russian)

Kowsalya, K, Vidya, N, Vijayalakshmi, V, Arun, M. (2019). Super nutritive marine
astaxanthin, an effectual dietary carotenoid for neurodegenerative diseases.
International Research Journal of Multidisciplinary Technovation, 1(6), 115-124.
https://doi.org/10.34256/irjmtcon14

Deyneka, V. 1., Shaposhnikov, A. A., Deyneka, L. A., Guseva, T. S., Vostrikova, S.
M., Shentseva, E. A. et al. (2008 Carotinoids: the structure, biological functions
and perspectives of application. Scientific Bulletins of the Belgorod State Univer-
sity, Medicine. Pharmacy, 6-2(46), 19-25. (In Russian)

Rodriguez-Concepcién, M., Avalos, J., Bonet, M. L., Boronat, A., Gomez-Gomez,
L., Hornero-Mendez, D. et al. (2018). A global view of carotenoids: Metabolism,
biotechnologies, and nutritional and health benefits. Progress in Lipid Research,
70, 62-93. https://doi.org/10.1016/j.plipres.2018.04.004

Situn, N. V., Tekutyeva, L. A., Fishchenko, E. S., Son, O. M., Bobchenko, V.I.
(2016). Cooked sausages with use of food additive «Lycopene». Food Industry,
12(5), 12-16. (In Russian)

. Baulina, T. V., Zaitseva, L. V., Osipov, M. V., Bazhenova, A. E. (2021). Fondant

sweets enriched with beta-carotene. The Bulletin of KrasGAU, 9(174), 179-186.
https://doi.org/10.36718/1819-4036-2021-9-179-186 (In Russian)

Nilova, L. P., Potoroko, L. Yu. (2021). Carotenoids in plant food systems. Bulletin of the
South Ural State University. Series: Food and Biotechnology, 9(4), 54-69. (In Russian)

. Rodrigues, T.L. M., Silva, M. E. P., Gurgel, E. S. C., Oliveira, M. S., Lucas, F. C. A. (2022).

Eryngium foetidum L. (Apiaceae): A literature review of traditional uses, chemical
composition, and pharmacological activities. Evidence-Based Complementary and
Alternative Medicine, 2022, Article 2896895. https://doi.org/10.1155/2022/2896895

. Pryadkina, G. A. (2018). Pigments, efficiency of photosynthesis and winter wheat

productivity. Plant Varieties Studying and Protection, 14(1), 97-108. https://doi.
org/10.21498/2518-1017.14.1.2018.126524 (In Russian)

. RomodinL.A.,Lysenko N.P.(2022). The radioprotective effect of chlorophyll-based

drugs. Biophysics, 67(1), 78—84. https://doi.org/10.1134/s0006350922010158

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

3

w

34.

3

o

36.

37.

3

[oe)

39.

40.

4

—_

42.

43.

495

Sautkina, M. Yu. (2021). Dynamics of the content of chlorophylls in the leaves of
the english oak (quercus robur 1.) of the forest-steppe zone. Journal of Agriculture
and Environment, 1(17), 1-4. https://doi.org/10.23649/jae.2021.1.17.11

Dymova, O. V., Golovko, T. K. (2018). Photosynthetic pigments: Functioning,
ecology and biological activity. Proceedings of the RAS Ufa Scientific Centre, 3(4),
5-16. (In Russian)

Kurdyukov, Ye. Ye., Semenova, Ye. F., Moiseeva, I. Ya., Gavrilova, N. A., Pono-
mareva, T.A. (2020). Quantitative determination of the amount of carotenoids
in the fruits of Lycium chinense Mill. Khimiya Rastitel’nogo Syr’ya, 3, 139-144.
https://doi.org/10.14258/jcprm.2020036609 (In Russian)

Sychev, S. N., Gavrilina, V. A. (2022). High-performance liquid chromatography:
analytics, physical chemistry, identification of multicomponent systems. St. Pe-
tersburg: Lan, 2022. (In Russian)

Galushina, P. S. (2023). Use of natural food colorants from plant raw materials
in the food industry. Trends in the Development of Science and Education, 93(8),
128-130. https://doi.org/10.18411/trnio-01-2023-416 (In Russian)

Bonanno, G., Cirelli, G. L. (2017). Comparative analysis of element concentra-
tions and translocation in three wetland congener plants: Typha domingensis,
Typha latifolia and Typha angustifolia. Ecotoxicology and Environmental Safety,
143,92-101. https://doi.org/10.1016/j.ecoenv.2017.05.021

Shelyakin, M. A., Zakhozhiy, I. G., Dalke, I. V., Dymova, O. V., Malyshev, R. V.,
Golovko, T. K. (2021). Photosynthetic and respiratory capacity of foliose lichen
lobaria pulmonaria throughout the annual cycle. Russian Journal of Plant
Physiology, 68(6), 600-611. https://doi.org/10.31857/S001533032106018X
(In Russian)

. Golovko, T. K., Yatsko, Ya. N., Dymova, O. V. (2013). Photosynthetic apparatus

state seasonal changes of three boreal coniferous in taiga middle subzone of
Europe North- East. Conifers of the Boreal Zone, 31(1-2), 73-78. (In Russian)
Ovsyannikov, A. Yu., Syomkina, L. A. (2014). Seasonal changes in the photosys-
tem ii activity and chloroplast localization in cells of picea (PINACEAE) needles.
Botanicheskii Zhurnal, 99(9), 977-988. (In Russian)

. Markovskaya, E., Kosobryukhov, A., Gulyaeva, E., Starodubtseva, A. (2020).

Adaptation of halophytes to the gradient conditions on the northern seas
coast. Chapter in a book: Plant Ecophysiology and Adaptation under Climate
Change: Mechanisms and Perspectives II. Springer, Singapore, 2020. https://doi.
org/10.1007/978-981-15-2172-0_32

Tyutereva, E. V., Dmitrieva, V. A., Voitsekhovskaya, O. V. (2017). Chlorophyll
as a source of signals steering plant development (review). Agricultural Biology,
52(5), 843-855. https://doi.org/10.15389/agrobiology.2017.5.843 (In Russian)

. Barber, J. (2014). Photosystem II: Its function, structure, and implications for

artificial photosynthesis. Biochemistry (Moscow), 79(3), 185-196. https://doi.
org/10.1134/S0006297914030031

Nelson, D. L. (2022). Lehninger Principles of Biochemistry. W. H. Freeman and
Company, New York, 2022.

Leitao, D. d. S. T. C., Siqueira, F. C., de Sousa, S. H. B., Mercadante, A. Z.,
Chiste, R. C., Lopes, A. S. (2020). Amazonian Eryngium foetidum leaves exhibited
very high contents of bioactive compounds and high singlet oxygen quenching
capacity. International Journal of Food Properties, 23(1), 1452-1464. https://doi.
org/10.1080/10942912.2020.1811311

. Ladygin, V. G. (2014). Ways of biosynthesis, localization, metabolism and func-

tions of carotenoids in chloroplasts of different types of algae. Issues of Modern
Algology, 2(6), Article 1. (In Russian)

Forster, B., Pogson, B. J., Osmond, C. B. (2011). Lutein from deepoxidation of
lutein epoxide replaces zeaxanthin to sustain an enhanced capacity for nonpho-
tochemical chlorophyll fluorescence quenching in avocado shade leaves in the
dark. Plant Physiology, 15(1), 393-403. https://doi.org/10.1104/pp.111.173369
Moiseeva, E. A., Kravchenko, I. V., Shepeleva, L. F., Bordey, R. Kh. (2022). Ac-
cumulation of photosynthetic pigments and secondary metabolites in leaves of
galega (Galega orientalis lam.) cv. Gale depending on stand age and agrotech-
nologies during introduction in the middle taiga of Western Siberia. Agricul-
tural Biology, 57(1), 44-65. https://doi.org/10.15389/agrobiology.2022.1.44rus
(In Russian)

. Kunina, V. A., Belous, O. G. (2020). State of photosynthetic pigments leaves

of woody plants in an urban environment. Scientific Notes V. I. Vernadsky
Crimean Federal University Biology. Chemistry, 6 (72) (2), 108-118. https://doi.
org/10.37279/2413-1725-2020-6-2-108-118 (In Russian)

Sofronova, V. E., Antal, T. K., Dymova, O. V., Golovko, T. K. (2018).
Seasonal changes in primary photosynthetic events during low temperature ad-
aptation of Pinus sylvestris in Central Yakutia. Russian Journal of Plant Physiol-
0gy, 65(5), 331-339. https://doi.org/10.1134/S0015330318050160 (In Russian)
Ruban, A. V., Johnson, M. P., Duffy, C. D. P. (2012). The photoprotective molecular
switch in the photosystem II antenna. Biochimica et Biophysica Acta (BBA) — Bio-
energetics, 1817, 167-181. https://doi.org/10.1016/j.bbabio.2011.04.007



Tsyrendorzhieva S. V. et al. | FOOD SYSTEMS | Volume 6 No 4 | 2023 | pp. 488-496

CBEJEHHS OB ABTOPAX
IIpuHaAIe;KHOCTD K OpraHu3anumn

IsipennopkueBa CBeTnaHa BiaguMupoBHa — KaHOMUJAT TeXHUUYECKUX
Hayk, JoueHT, Kadenpa «TexHomoruss M opraHmsainms nutanus. Cepsuc
U TypusM», VIHCTUTYT MUIIEBOII MHKeHepUM U GuoTexHomoruu, BoctouHo-
CuU6MPCKMIT TOCYAApCTBEHHbBIV YHUBEPCUTET TEXHOIOTHUI U YIIPABIEHNUS
670013, Vnan-Yn2, yin. KimtoueBckasi, 40B, crpoenne 1

Ten.: +7-902-168-35-50

E-mail: ts-svetlana1971@mail.ru

ORCID: http://orcid.org/0000-0001-9941-5174

* aBTOP /151 KOHTaKTOB

JKamcapaHoBa Cacarma [ammeBHa — JOKTOP GMOMOTMYECKMX HAYK, MPO-
teccop, kadenpa «buorexuonorusi», UHCTUTYT MUIIEBOI UHKXeHepUM U 61o-
TexXHOornu, PykoBoguresnb

B1OTEXHOIOTMYECKOTO 1IeHTPa, BocTouHO-COUPCKIMIt TOCYJapCTBEHHBIN YHIU-
BEePCUTET TeXHOJIOT I U yIIpaBIeHNsT

I[Tpodeccop, kadenpa papmaronrorny 1 TpaAULIMOHHO MeANLIMHBL, MequIyH-
CKMI1 MIHCTUTYT, BypsITCKMI rOCyAapCTBeHHbBIN YyHUBEPCUTET

670013, Ynan-Yn3, yn. Kniouesckasi, 40B, ctpoenne 1

Ten.: +7-924-652-28-58

E-mail: zhamsarans@mail.ru

ORCID: http://orcid.org/0000-0002-0574-1575

BakeHoBa BassHa AHaTo/lIbeBHa — JOKTOpP TeXHUUYECKMX Hayk, Impodeccop,
kadezpa «IIpomyKThl MUTAHUS SKUBOTHOTO IIpoucxXokaeHyst. ToBapoBesieHe»,
BocTouHOo-CrOMPCKMit rOCyJapCTBEHHBI YHUBEPCUTET TEXHONOTHUIN U YIIPaB-
JIeHUst

670013, Ynan-Yn9, yn. Kniouesckasi, 40B, ctpoenne 1

Ten.: +7-902-454-21-46

E-mail: bayanab@mail.ru

ORCID: https://orcid.org/0000-0001-7380-5959

XamaranoBa VHra BsueciaBoBHAa — [OKTOD TEXHMYECKMUX HAyK, MOIEHT,
kadenpa «TexHOIOTHUS M OpraHu3anus nutauust. CepBuc u Typusm», UIHCTUTYT
MUIIEBOJ VHKEHePUM ¥ GUOTeXHOIOorMM, BocTouHO-CHBMPCKMil rocymapceT-
BEHHBII YHUBEPCUTET TEXHOJIOTUIA U yIIpaBIeHUsS

670013, Vnan-Yn9, yn. Kniouesckas, 40B, crpoenne 1

Ten.: +7-983-420-26-71

E-mail: xiv2609@mail.ru

ORCID: http://orcid.org/0000-0002-9953-7654

Kpurepun aBTOopcTBa

ABTOpr B PABHBIX OOJISIX UMEIOT OTHOILIIEHMEe K HallMCaHUIO PYKOIIUCHU
Y OOVHAKOBO HECYT OTBETCTBEHHOCTD 3a IlJIarnar.

KoudnukT uHTEpecoB

ABTODBI 3aSIBJISIOT 06 OTCYTCTBUM KOHGIMKTA MUHTEPECOB.

AUTHOR INFORMATION
Affiliation

Svetlana V. Tsyrendorzhieva, Candidate of Technical Sciences, Docent, De-
partment of Technology and Catering. Service and Tourism, Institute of Food
Engineering and Biotechnology, East Siberian State University of Technology
and Management

40/1, Klyuchevskaya str., 670013, Ulan-Ude, Russia

Tel.: +7-902-168-35-50

E-mail: ts-svetlana1971@mail.ru

ORCID: http://orcid.org/0000-0001-9941-5174

* corresponding author

Sesegma D. Zhamsaranova, Doctor of Biological Sciences, Professor, De-
partment of Biotechnology, Institute of Food Engineering and Biotechnology,
Head of the Biotechnology Center, East Siberian State University of Technol-
ogy and Management

Professor, Department of Pharmacology and Traditional Medicine, Medical
Institute, Buryat State University

40B/1, Klyuchevskaya str., 670013, Ulan-Ude, Russia

Tel.: +7-924-652-28-58

E-mail: zhamsarans@mail.ru

ORCID: http://orcid.org/0000-0002-0574-1575

Bayana A. Bazhenova, Doctor of Technical Sciences, Professor, Department
of “Technology of Animal Products. Commodity Science”, East Siberian State
University of Technology and Management

40B/1, Klyuchevskaya str., 670013, Ulan-Ude, Russia

Tel.: +7-902-454-21-46

E-mail: bayanab@mail.ru

ORCID: https://orcid.org/0000-0001-7380-5959

Inga V. Khamaganova, Doctor of Technical Sciences, Docent, Department
of Technology and Catering. Service and Tourism, Institute of Food Engi-
neering and Biotechnology, East Siberian State University of Technology and
Management

40B/1, Klyuchevskaya str., 670013, Ulan-Ude, Russia

Tel.: +7-983-420-26-71

E-mail: xiv2609@mail.ru

ORCID: http://orcid.org/0000-0002-9953-7654

Contribution

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

Conflict of interest

The authors declare no conflict of interest.

496



MULLEBbIE CUCTEMbI | Tom 6 No 4 | 2023

DOI: https://doi.org/10.21323/2618-9771-2023-6-4-497-503
IHoctymmna 07.07.2023

FOOD SYSTEMS | Volume 6 No 4 | 2023

https://www.fsjour.com/jour

IToctynmia nmocie penensuposanns 30.11.2023
IIpunsra B neuats 06.12.2023
© Cyryna I. 1., Pa6yxuH [I. C., 2023

MHUKPOBOJOPOCIN U HACEKOMBIE KAK AJIBTEPHATHUBHDBIE
NCTOYHUKU BEJIKA: IPEMMVYIIECTBA U PUCKHA

Cyryna I. I*, Pa6yxun [I. C.

Bcepoccuiickuit HayYHO-MCCIeI0BATeNbCKMUIT MHCTUTYT MUIIEBbIX 06aBoK, CaHKT-IleTepOypr, Poccust

KJIIOYEBBIE CJIOBA: AHHOTAILIUA

csedoOHble HaceKomble, TIPOAYKTbI SKMBOTHOTO IPOVCXOXKAEHNS TPALUIIMOHHO CYMTAIOTCS OCHOBHBIMM MCTOYHMKAMM Oe/iKa, OHAKO BBUIY YBEJN-

MUKP0B0OOPOCIU, YeHMs] HaCeleHVsl TUIAaHeThl U 3arps3HEeHMsT OKPYKaloIeit cpeibl BO3HMKAET HEOOXOAMMOCTb ITOMCKA HOBBIX PELIeHMI IS

HmMoMmopazus, YIOBIETBOPeHNSI 6a30B0ii IOTPEGHOCTY YeloBeKa B IUTAaHVM. AJIbTEPHATUBOM MOTYT CTaTh HACEKOMBIE ¥ MMKPOBOLOPO-

anvmepHamugHole CJIV — TPYIIIbI OPTaHM3MOB, KOTOPbIE TI0 CBOMM MUTATEIbHBIM CBOCTBAM U XMMUUECKOMY COCTaBY HE YCTYIAIOT MPOAYKTAM

OenKu, mexHono2uu SKMBOTHOTO TPOMCXOKIeHMsI. OHY CITOCOGHBI OKa3bIBaTh GIATONPUSTHOE BO3ZEICTBIME HA OPTraHM3M YeIOBeKa 3a CUeT BbICO-
KOro coaepyKaHus BUTAMUHOB, IMTOJIMHEHACBIIEHHbIX JKUPHBIX KUCIOT M aHTUOKCUIAHTOB. BBe,ELeHI/[e C'I)ELL06HI)IX HAaCeKOMBIX
MM MMKPOBOZODPOC/IE) B pALIMOH MMUTAHMS YeIOBEKA MMeeT MHOKECTBO IIPEVIMYIIECTB 1 [T OKPY)KAIOIIeil CpeJibl, BKIIOYast
COKpaleHue o61iero o6beMa IapHUKOBBIX Ia30B, CHIDKEHYE TOTPeOIeHNsT 3eMeJIbHBIX PecypcoB M BOAbl. B HacTosiem 06-
30pe PacCMOTPEH XMMUUECKMIT COCTaB MUKPOBOLOPOC/IEii M HEKOTOPBIX BULOB HACEKOMbIX, OTMEUYEHO BIMSHMUE KOMIIOHEH-
TOB CBIPbSI Ha 3JJ0POBbE YeI0BeKa, ONMCAaHbl CONYTCTBYIONIVIE GYOJIOTMYeCKY aKTMBHBIE COeNVIHEeHNs, @ TAK’Ke OCHOBHBIE TeX-
HOJIOTYM KY/JIbTUBUPOBAHUS U MPUMEPbI KOMMEPUECKOTO MCII0Mb30BaHusI. B Poccuy BBUAY KIMMAaTUUECKUX OCOOEHHOCTEN
BO3MOYKHO TOJIBKO Ce30HHOE BbIpallyBaHMe MUKPOBOLOPOCIEN B OTKPBITHIX GacceiiHax. @UTOOGMOPEaKTOPHI AJIsI KPYIJIOro-
IMYHOM paboThI TPEOYIOT 3HAUMTETBbHBIX (DMHAHCOBBIX BJIOXKEHMIT, 0COOEHHO Ha NOTIOTHUTEIbHOE OCBelleHye 1 o6orpes. Mu-
KpPOBOZOpPOCIN B Poccuut He MOJb3YIOTCSI GO/BLION ITOMY/ISIPHOCTBIO, TPEUMYILeCTBEHHO IIPMMEHSIIOTCS B COCTaBe GMOoIoruye-
CKVI aKTUBHBIX 106aBOK. CheZj06HbIe HACeKOMbIE MOTYT GbITh BHIPAII[EHbI C MCIIONb30BAHIEM BTOPUUHBIX PECYPCOB 1 TPEGYIOT
MEHbIIINX [IePBOHAYATBHBIX BIOKeHMIT. Ha ceromHsIHit JeHb OHM PACCMaTPUBAIOTCS YUYEHbIMM B KAUeCTBe VICTOUHYKA Gel-
Ka JJI5 CelIbCKOX0351/1CTBEHHBIX JKMBOTHBIX.
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MICROALGAE AND INSECTS AS ALTERNATIVE
PROTEIN SOURCES: BENEFITS AND RISKS
Gleb I. Sutula*, Dmitry S. Ryabukhin
All-Russia Research Institute for Food Additives, Saint Petersburg, Russia

ABSTRACT
Animal products have traditionally been considered the main sources of protein, but due to the increasing population of the
planet and environmental pollution, there is a need to find new solutions to meet basic human nutritional needs. An alterna-

Available online at https://www.fsjour.com/jour
Review article
Open access
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entomophagy, tive can be insects and microalgae — groups of organisms that, in their nutritional properties and chemical composition, are
alternative protein, not inferior to products of animal origin. They are able to have a beneficial effect on the human body due to their high content
technology of vitamins, polyunsaturated fatty acids and antioxidants. Introducing edible insects or microalgae into the human diet has

many environmental benefits, including reducing overall greenhouse gases and reducing land and water consumption. This
review examines the chemical composition of microalgae and some types of insects, notes the influence of raw material com-
ponents on human health, describes associated biologically active compounds, as well as basic cultivation technologies and
examples of commercial use. In Russia, due to climatic conditions, only seasonal cultivation of microalgae in open pools is
possible. Phytobioreactors for year-round operation require significant financial investments, especially for additional light-
ing and heating. Microalgae are not very popular in Russia; they are mainly used as part of dietary supplements. Edible insects
can be grown using recycled resources and require less initial investment. Today they are considered by scientists as a source
of protein for farm animals.

FUNDING: This article was published as part of the research topic No. FGUS2022-0017 and No. FGUS2022-0018 of the state assignment of the
V. M. Gorbatov Federal Research Center for Food Systems of RAS.

1. BeBepeHue

CornacHo paHHbiM OOH, oXupaeTcsi, YTO HaceJeHMe TIUIaHEeTbI
K 2050 romy coctaBut 9,5 mipp denosex [1]. KonmnuectBo norpebiseMoit
MUY YBEJTMYUTCS, & TAKKE U3MEHUTCSI OTHOCUTEIbHOE COTepsKaHme M-
TaTeJIbHBIX BEIIECTB B pallOHe MUTaHMsI YeloBeKa. MuUpoBoii CIipoc Ha
6€eJI0K KMBOTHOTO TIPOUCXOXKIeHMsT yaBouTcst K 2050 roay [2], UTO BbI30-
BET 03a60YEHHOCTb YYEHDIX I10 TOBOAY IMI00aIbHOI MTPOIOBOIbCTBEHHOM
6e3omacHoCTU. TpaAuUIMOHHbIE METOMbI TIOTyUYEHMs KMBOTHOTO Gesi-
Ka MMEIOT Psifi OTPAaHMYEHMIA, CBSI3aHHBIX C HETATMBHBIM BJIMSIHMEM Ha

OJI1 UUTUPOBAHUS: Cyryna, I. H., Pa6yxuH, [I. C. (2023). MUKkpoBozmo-
poc/Iu U HaceKoMble KaK aJbTepHATMBHbIE MCTOYHMKM Geska: IpeyMyliecTBa
u pucku. [Tuwjessie cucmemol, 6(4), 497-503. https://doi.org/10.21323/2618-9771-
2023-6-4-497-503

OKPY)KaIOIIYIO cpeny. [TTaBHbIM 13 HUX SIB/ISIeTCSI 06pa3oBaHue TTapHUKO-
Boro 3¢ dexra, TOCKOIBKY CEKTOP KMBOTHOBOJCTBA OTBETCTBEHEH 3a BbI-
6poc 6onee 14% Bcex MapHUKOBBIX Ta30B [3] 1 59% BbIOPOCOB aMMMaKa
B CeJIbCKOM Xo03s17icTBe [4]. [IpyruMu oTpuLiaTelbHbIMM 0COO@HHOCTSIMU
OTpac/y SIBISIOTCS. GOJIbIINE 3aTPAThl BOAHBIX ¥ 3eMebHBIX PECypCoB.
Mepbl, IpYHUMAaeMble IJ15 CMSTYeHMs HeraTUBHBIX KOJIOTMUeCKUX I0-
CJIeACTBUIA [5], He TIO3BOJISAT OCTABaThCSI B paMKax 11eJIeBOr0 IT0Ka3aTesst
MoBbIIIeHMs TeMrepaTypsl (2 °C), ycTaHOBIeHHOTO PamMO4YHOJi KOHBeH-
uueit OOH no xammary [6], MO3TOMY M3MeHEeHMUs B pallyioHe MUTaHUS

FOR CITATION: Sutula, G. I., Ryabukhin, D. S. (2023). Microalgae and insects
as alternative protein sources: Benefits and risks. Food Systems, 6(4), 497-503.
https://doi.org/10.21323/2618-9771-2023-6-4-497-503
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OynyT Heo6XoAMMbI. PellieHreM 3TO¥ TIPOGIEeMbI SIBJISIETCS VICIIONb30Ba-
HMe JPYIUX UCTOUHMKOB Oejika, KOTOPbIe MOKHO TI0y4aTh 13 MUKPOBO-
IIOPOC/Ieit, HAaCeKOMBIX, IpU6OB 1 6akTepuii. Hanbosee mepcrieKTMBHIMI
IUTISE 9TUX LeJIel SIBJISTIOTCST HACeKOMbIe ¥ MUKPOBOIOPOCINM, TaK KaK Ha
JaHHBI/I MOMEHT TPOBENEHO JOCTaTOYHOE KOJMYECTBO MCCIIeIOBAHMIA,
[MOKa3aBIINX, YTO ST IPYIIbI OPraHM3MOB 00/IaJaAI0T ONpPeIeIeHHbBIMMU
9KOHOMMUYECKUMM Y HYTPULIMOHATbHBIMM TIPEUMYIIEeCTBAMMA.

Llesbio TaHHOTO 0630pa SIBJISIETCS OIMCaHMe BO3MOKHOCTEN MCTIONb-
30BaHMsl [BYX TPYII OPraHM3MOB, MUKPOBOAOPOC/IEHl ¥ HaCEKOMBIX,
B MMUIIEBBIX LEJSAX C YIETOM UX XUMUYECKUX U HYTPULIMOHAIBHBIX 0CO-
GeHHOCTEIA.

2. MaTtepuaisl M METOAbI

O6beKTaMy MCCIeNOBaHMs SIBJISUTMCh HayuHble MyOIMKaLNM, TOCBSI-
IIeHHbIe M3YYEHMIO BO3MOYKHOCTE/l MPUMEHEHUS HACEKOMbBIX U MMU-
KPOBOZIOPOC/IEii B MUIIEBBIX 1e/sX. [I0MCK TUTepaTypbl OCYIECTBIISIICS
¢ nomoInpo 6a3sl JaHHbIX PubMed 1o kiaroueBbIM CI0BaM «3HTOMO(a-
I'UsI», «ChbeINOOHbIEe HACEKOMbIE», «<MUKPOBOLOPOCIN», «GUOTIPOILYKTHI 13
MUKPOBOZOPOCIeit». [IpefrouTene OTIaBasoCh paboram, OMyGIMKO-
BaHHBIM He OoJiee MSATY JIET Ha3a[, B 3apYOeKHbIX sKypHaiaxX. Takke 6L
paccMOTpeHbI M MPUMEHEHbI JaHHbIEe MeXKIYHapOOHBIX OpraHM3alnii,
Kacarouyecs TeMaTUKM JaHHOTO 0630pa.

3. MuxkpoBoaopocan

MUKpPOBOJOPOCISIMM  SIBJISIIOTCSI OJHOKJIETOYHble OpPraHM3MBbl, JKU-
ByIME TI0 OTHEIbHOCTH, LleroukaMy vy rpynmnamMu. OHM COCTaBIISIOT
OCHOBY IMIIEBbIX LIEIIOYEK, XOPOLIO cebst IyBCTBYIOT B MOPCKOII 1 TIpec-
HOJ1 BOJle, BO BJI&XKHBIX [TOUBAX M TOPHBIX NOpojax [7]. bonbiioii 3koHO-
MMYECKMII MOTEHI[MAT MUKPOBOAOPOCIEl 06YCIOBIEH BO3MOKHOCTBHIO
MX BbIPALIVBaHUS B PaiiOHAX, HETIPUTOIHBIX /ISl BO3[IEIbIBAHNS pacTe-
HMit. OHM PacXOAYIOT SHEPIUI0 COTHEYHOIO CBeTa B HECKOJIbKO pa3 a¢-
(bekTMBHEe MO CPaBHEHMUIO C MOCTeAHUMMU, 00/1a/1asT BLICOKMM TTOTEHIIN-
aJIoM K TPOMU3BOACTBY 6MOMACCHI M LEHHBIX XMMUUECKUX COeNVIHEHMIA.
OpHAaKO MMKPOBOLOPOC/IM M3YyUeHbl He TaK MOAPOGHO, KaK CeTbCKOXO-
351/ICTBEHHBIE KYJIbTYDBI.

HVcrionp30BaHMe MUKPOBOIOPOC/IEN ISl MOBBIIIEHMSI TUTATEIbHON
LIEHHOCTY TIPOAYKTOB ¥ KOPMOB SIBJISIETCSI TIEPCIIEKTVBHBIM HarlpaBiie-
HyeM. Ha cerogHsimiHmii geHb 3ta GUIOTeHeTHYeCcKr pasHooOpasHast
IpyINa OpPraHM3MOB HalllJla Psiji IPOMBIIIJIEHHBIX IIPYMeHeHMUA, cpean
KOTOPBIX M3TOTOBJIEHME TPOLYKTOB [8], Kopma [9], KOMIIOHEHTOB KOCMe-
tuky [10], 6uotommsa [11] u ynobpenust [12]. 3HaYUTEIBHOTO KOMMeEP-
YeCKOTo ycrexa B IMPOMBIIIZIEHHOM MCIIOJIb30BaHUM MUKPOBOZILOPOC/IE
YIAI0Ch IOCTUTHYTh HEMHOTMM KOMIIAHUSIM. DTO OOBSICHSIETCSI CIeAYI0-
My dakropamu: 1 — HeGOMBIIMM pasMepoM pbIHKA Ha AAHHBIA MO-
MEHT; 2 — HeO6XOAMMOCTbIO TIPOV3BOJCTBA MO KOHKYPEHTOCIIOCOOHOM
LleHe 10 CPaBHEHMIO C aJbTepHAaTUBHBIMM NPOAYKTaMM, OTy4aeMbIMMU
IyTeM MpPSIMOTO XMMMYECKOTO CHHTe3a WM HeroCpelICTBeHHOTO Me-
TaboaM3Ma IPyrux MUKPOOPraHU3MOB: IpuboB U 6akTepuii; 3 — Honee
SKeCTKMMM HOPMATUBHBIMM OTPAHMYEHMSIMM C TOYKM 3peHUst obecrieye-
Hus1 6€30TMaCHOCTY, MMHMMM3AIMY BO3AECTBIUSI HA OKPYKAIOIIYIO Cpe-
ny u cieunuduxanyy kavecrsa [13]. Jaseko He BCe TaKCOHbI MUKPOBO-
OpOCIeNt TIOOXOAST AJIs TPOMBIIIIJIEHHOrO MCIIONIb30Banysl. Ha maHHbIN
MOMEHT Haubosiee TMOOXOASIIMMU ISl TIUTAHUSI YelOBeKa SIBISIOTCS
Chlorella sp. u Spirulina sp. i3BecTHO, uTO HaceneHne Mekcuku 1 Adpu-
K1 yroTpebinsiio Spirulina B nuiy ¢ IpeBHeMIINX BpeMeH, a BUIbI poja
Chlorella IBASITACH TPAAUIIMOHHONM IUIINEN BOCTOYHBIX HAapomoB. IIpo-
MBILTIEHHOE KYJIbTUBMPOBaHMe MMUKDPOBOAOPOC/IEN Hauyanoch B 1960-x
rogax B Sfnonuu ¢ Chlorella sp., mpuMeHsieMOli B KayecTBe MUIIEBOI
nmo6aBku. C 1970-x 1 80-X roI0B MPOMBIIIIIEHHOE TTPOM3BOACTBO Hava-
710 ocyuectBiasaTbesl B CUIA, Kutae, Tepmannn, ®panunu, Mspaune, AB-
crpanvu, Uugyn. Ha Pucynke 1 mpeacraBieHo pacmpezeneHye 06beMoB
MPOM3BOACTBA MUKPOBOAOPOCIE B Mupe 1o coctosiHuio Ha 2019 rog.
CrnenyeTt 06paTUTh BHMMAaHMe, YTO M3-32 KOMMEPUYECKOTO IMOIX0/a K ¢60-
py nndopmanuu, nanusie FAO MOTYT He OTpaskaTh UCTMHHBIE 3HAYEHMSI
06beMOB MPOM3BOZACTBA B TAKUX CTpaHaX, Kak CIIIA, SIroHust, ABcTpasst
VI HEKOTOPBIX APYIUX.

Ha cerogHsAuIHMiI [€Hb COBOKYITHOE TIPOM3BOACTBO COCTABJISIET
35000 ToHH cyxoii 6uomaccel B rof [14]. B Tabmuie 1 mpencTaBieHb
OCHOBHbIE MMKPOBOJ0POC/IN, KOTOPbIE UCII0/Ib3YIOTCSI B IPOMBIILITIEHHO-
CTU, UX IPUMeHeHNe U CTPaHbI-TIpon3BoauTenu [15].

Ilnst ymobeTBa 61MoMaccy MUKPOBOZOPOCIIEit repepabaThIBAOT B 0-
POIIIOK, TabIeTKM, KarCy/bl, 106aBIsis B pa3iuuHble TUIEBbie MPOIYK-
Thl. IO HEIaBHMX BpeMeH CYIeCTBOBaja MpobiiemMa IepeBapyBaHMsI
U yTUIM3aluu 6MOMacchl, TaK KakK KIETKM MUKPOBOLOPOC/IEN MMEKT
1LIeJUTIOJIO3HYIO0 KIIETOYHYIO CTEeHKY, OJHAKO Ha JAaHHBIII MOMEHT ITyTU ee
pelieHus HalifeHsl [16]. [lepes KoMMepueckMM MCIIONb30BaHMEM MaTe-
puan 13 MUKPOBOJOPOCIEH NOMKEH ObITh MPOAHAIM3MPOBAH HAa HaJM-

yye pasIMYHbIX TOKCUUHBIX coepnHeHmii [17]. TIpaBuia 6e30macHOCTU
MUIEBBIX TPOAYKTOB IJIS1 MOTPEOIeH S UesIOBeKa SIBJISIOTCSI OCHOBHBIM
JTVIMUTUPYIOIYM (GaKTOpOM JJsi GMOTEXHOJIOTMYECKOrO IIPYMeHEeHNs]
MMKPOBOAOPOCIIEIA.

Tabmuua 1. Buabl MUKpOBOZOPOC/IEi, UCIIOIb3yeMbie
B IIPOMBIIIJIEHHOCTH
Table 1. Microalgae used in the industry

Poa/sBup,
MMKPOBOAO- CrpaHsI Bup npomykuum IIpumeneHnue
pocnu
T'epmanus
Chlorella sp 5111)1 o?{ml > Tlopourky, TabneTky, I[IpOAYKTHI MUTAHUSI,
’ p > MaKapoHHbIe U USI  TIUILEBBI BKU
Taitpant aKkapo e usgen 1eBble 106a
Topoku, T TKU
Spirulina CIIA, qy?l?gbl Méksﬁglemblé TIponykTe! matTarus,
4 SInoHwmsl, > P MuIeBbie JOOABKM,

(Artrospira) usnenust, GURoOUIN-

Wunust, Kutait KOCMeTHKa

MPOTENHBI
CIIA, Kuraii,
Dunaliella salina  ABctpanus, Ilopomku, B-KapoTuH Thimessie KoGasky,
KOCMeTHKa
W3pannb

Haematococcus CHIA, Uuaus, IMopo1kw,

pluvialis W3paunb aCcTaKCaHTUH Imesbie foGasKu

,20%
1% 1,60%

W Kutali m Espona M Adpuka i JTaTUHCKas AMepuKa

Pucynok 1. PacnipegeiieHue 06’beMOB IPOM3BOACTBA
MMKpPOBOJOpoOciieii B Mupe [14]
Figure 1. Distribution of microalga production volumes in the world [14]

3.1. Xumuueckuti cocmas

MUMKpPOBOIOPOCIN MOXXHO pacCMaTpMBaTh KaK IEepCHeKTUBHBIN alb-
TePHATMUBHBIN VICTOYHUK IUTAHMS GIarofapst UX MUTATeNIbHbIM CBOICT-
BaM ¥ XMMUYECKOMY COCTaBY. VIX OYHKIMOHATbHASI IIEHHOCTh 06YC/IOB-
JiIeHa BBICOKMM COOEep>KaHMeM 6eJ'IKOB, TIOIMHEHACBIIIEHHbIX >XMPHBIX
KICJIOT, TOMCaXapyuioB, BUTAaMMHOB, NMurMeHToB [18]. Croco6HOCTB
CMHTEe3MPOBaTh BCE aMMHOKMC/IOTHI, B TOM UKC/ie He3aMeHMMble, [103BO-
JISIeT pacCMaTPUBATh MUKPOBOIOPOC/IY KaK HETPAOUIIMOHHBIN MCTOUHUK
6enkoB. Harpumep, cyiienast macca Spirulina sp. comepskut Bce He3ame-
HMMbIe aMMUHOKUCIIOTHI U 68% GeIKOB, MPUCYTCTBYIOMINX B Guomacce,
YTO IPEeBBIIIAeT aHAIOTMIHbBIE TTOKa3aTeNlN TOBSIAVHBI B TPU pasa. [Ipyrast
MMKpOBogpopocib, Chlorella sp., BkiodaeTt okono 60-70% Genkos, Kave-
CTBO KOTOPBIX COMIOCTaBMMO C GeIKaMu APOsKKeit, COeBOI MyKM U CYyXOTO
MOJIOKA. B 11e710M, comepikaHye Geska y pasHbIX BUJOB MOXKET BapbUpo-
BaTbcs oT 30% no 70%. Takum obpasom, Spirulina n Chlorella siBnsitoTcst
OCHOBHBIMM BMJJaMJ MUKPOBOZIOPOC/IENt, KOTOPbIE UCIIONb3YIOTCS B ITPO-
MBIIIJIEHHOCTHU C I[€JIbI0 MOJYYEHUsT CyXOil 61MoMacchl BBULY BBICOKOTO
comepskaHus 6enka. KommuecTBo IMNuI0B B HUMX MOKET IpeBbimiaTh 80%
10 YPOBHIO CYXOJi Macchl, Hanbosee pacIpoOCTPaHeHHbIMY 3HAYEHUSIMU
aBsitoTest oT 20% mo 50% [19], uTo mO3BONSIET IPUMEHSITh HEKOTODbIe
MMKPOBOZOPOCIN [T TPOU3BOACTBA 6MOIM3eTbHOTO TOIUIMBA.

MUKPOBOIOPOCIN SIBJISIFOTCST BaSKHBIM MCTOYHMKOM JIJTMHHOILEIIOYEeY-
HBIX HEHACBIIIEHHBIX KMPHBIX KMCIOT, KOTOPbIE VCIIONb3YIOTCS B INIIle-
BOJi MPOMBILVIEHHOCT B KauecTBe N06aBOK. OHM CITIOCOOHBI CUHTE3MU-
poBaTh MpencTaBuUTeNiell cemeiicTBa oMera-6 (m6), KOTOpble BKJIHOUAIOT
JIVHOJIeBYI0 KUCTIOTY, y-IMHOeBYI0 KucnoTy (GLA) 1 apaxuI0HOBYIO KMC-
soty (ARA), a Taxoke cemeiicTBa omera-3 (»3), BKIIOYAIOLIEro B cebst Jin-
HOJIEHOBYIO KUCJIOTY, 3JKO3aneHTaeHOBYI kucinory (EPA), nmokosarek-
coeHOBYI0 kncioty (DHA). DHA u EPA cHIKaIOT pUCK OCIOXKHEHUI TTpU
CepIeYHO-COCYAVCTHIX 3a60IeBAHMSX, aPTPUTE U TUIIEPTOHNMM. [ToMMUMO
3TOTO, OHU TIPOSIBJISIIOT TUITOTUITUIEMUYECKYI0 aKTMBHOCTD, CHV3KAsI ypO-
BeHb TPUIIMIIEPUIIOB U IIOBBINIAS YPOBEHb JIUIIOMPOTEMHOB BBICOKOI
miotHoctH [20]. DHA Takke uMeeT 3HaueHue i PasBUTUSI U DYHK-
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LMOHMPOBaHMSI HepBHOH cucremMbl. HecMoTpsl Ha TO, 4TO Hambosee
MIPUBBIYHBIM U pacIpOCTpaHeHHbIM McTOYHMKOM EPA n GLA sBnsieTcs
SKMPHAasI PbI6a, JAHHBIN CIIOCO6 MOMYyYEeHNUS »3-KUCIOT VIMeeT HEeCKOIbKO
CYIECTBEHHBIX HEIOCTATKOB: YPOBHU PTYTHU U AMQeHNUIa YacTo ObIBAIOT
He6e30MacHbIMM JIIs ONIPe/ieIeHHbIX KaTeropuii motpedureneii (o/s me-
Teit u 6epeMeHHBIX JKeHIMH, TaK KaK Pa3BMBAIOLIASICS HEPBHAS CUCTEMa
OueHb BOCIIPMMMUMBA JaXe K HU3KMM YPOBHSIM 3TUX BelleCTB); Ha/lIu-
yyle HENIPUSTHOTO 3allaxa; CHIDKeHMe 06beMOB PBIGONOBCTBA (MHOTME
BMJIbI BBUIOBJIEHBI TIOUTHU [0 Mcue3HOBeHMs). C APYroii CTOPOHBI, PHIObI
[IOTyYaloT OMera-3 13 palyoHa, 60raToro MMKpOBOLOPOCISIMI, KOTOPbIe
M SIBJISIIOTCSI TIePBOHAuYalbHBIMM MPOAYLIEHTaMM [JIVHHOLIEIIOYEeUHBIX
HEHACBIIIEeHHbIX XMPHBIX KUCJIOT B BOLHONM NMUILEBON Lenu. brarogaps
60J1ee BHICOKOI MPOAYKTUBHOCTM IO CPABHEHUIO C APYTMMU UCTOYHMKA-
MM JJIVHHOLIEIIOUeYHbIX HEeHACBIIEHHBIX KMPHBIX KUCJIOT, MUKPOBOZ0-
poC/Iy MUMEIOT OYeHb GOMbIIO0j TOTeHIMAI IS TIPOM3BOJCTBA IIPOAYKTOB
nuranust. 1o Bceit BUAMMOCTY, OCOGEHHO TMOAXOLUT JAJISI 9TOIO MHIY-
CTpUSI IETCKUX CMeceit, MOCcKoabky DHA sBisieTcst He06XOAMMbIM IUTa-
TelbHBIM BellleCTBOM J,1 Pa3BMBAIOILErocsi Mo3ra IJIofa, a Takke MMeeT
omnpefensOlee 3HaUeHMe B PETylIsaiyuy CeTYaTKM IVasa y MIIaJeHLeB
[21]. Ha maHHBII MOMEHT Ha PbIHKE CyLeCTByeT HeCKOIbKO KOMITaHWIA,
3aHMMAIOIIMXCSI IPOMBILUIEHHBIM Ipou3BoAacTBoM DHA. Tak, KoMnaHust
Martek (CILIA) pazpa6orasa 1 3araTeHTOBaa 1Ba [TaMMa MUKPOBOJIO-
pocieii, KOTopble MPOAYLMPYIOT Macia, 6orateie DHA. [Tomumo 3Toro,
npousBogcTBoM DHA B KOMMepuecKMX LeNisIX 3aHMMAaeTCs] KOMIaHMs
Lonzana (IlIBejiuapust). Takum o6pasom, DHA m GLA, ronyueHHble 13
MMKPOBOZOPOC/Ie, Tydllle BCEro MOIXOAST i GepeMeHHbIX JKeHIIVH,
JleTeil, BereTapuaHIieB U IS TAVIeHTOB C aljieprueii Ha poioy.

[IrMeHTBI MMKPOBOAOPOCIIEN OTHOCATCS, KaK MPaBUJIo, K TPeM KJiac-
caM: XJIOpOGU/UIbI; KapoTUHbI; (Guko6mmumnporentsl. OHM 06/1a7al0T
PSIIOM IOJIe3HBIX CBOVICTB, @ MMEHHO MPOTMBOBOCIAINTENbHBIM, IUIIO-
TEH3MBHbIM, IPOTUBOOITYXOJIEBbIM, aHTMOKCUIAHTHBIM, aHTUETIPeCCUB-
HBIM [22], 0 HaKO X OCHOBHBIM IIPMMeHEeH)eM Ha JJaHHbI/i MOMEHT $IB-
JISIeTCSI MCIIONb30BaHye B KaueCTBe MMIIeBbIX KpacuTesneil. Haubombmmi
MHTepeC 7151 6GMOTEXHONIOTUY TIPeICTABIISIOT MATMEHTbI KJIacca KapoTu-
HOB U (DUMKOGMIUIIPOTENHOB. Tak, MUKPOBOLOPOCIb Spirulina comepskut
B 10 pa3 6osbliie  -KapoOTMHA 10 CPABHEHUIO C JTIOOBIM MTPOIYKTOM IUTA-
HUSI, BKIIIOYast MOPKOBb [23]. B -KapOTUH MpeficTaBIIsieT co60ii IPKO OKpa-
LI€HHBIV OpaHXeBbIil MUTMEHT, KOTOPBIN SIBJISIETCS TIpelieCTBEHHUKOM
BUTaMMHA A — IMIMPOKO MPU3HAHHOTO (haKTOPa, BAMSIONIETO HA 3J0DOBbE
nereit. Ero neduumt npuBOaMT K HapyIIeHMSIM 3peHNs U K NaTONIOTUSIM
JIETKUX, TPaxeu, IosocTy pra. [IoMumMo 3TOro, B-KapoTuH 06/1aJaeT Mpo-
TUBOOITYXOJIeBOi, TPOTMBOBOCIIA/INTEIbHON 1 aHTUOKCUIAHTHO aKTUB-
HOCTBIO [24]. ACTaKCaHTMH — ellle OAVH IIUTMEeHT, OTHOCSLIMIICS K KJIacCy
KapOTMHOB, MCII0/Ib30BaHye KOTOPOro B IUIIEBBIX LeIsIX 6bUI0 0106peHO
ViipaBiieHyeM 10 KOHTPOJII0 KauecTBa MUILIeBbIX IIPOAYKTOB U JIeKapCT-
BeHHBIX cpenicTB CIIA (FDA) B 1999 ronmy. OH TaKske 06/1a5aeT PSIIOM I10-
JIe3HBIX CBOJICTB, CpeIy KOTOPBIX aHTUAMAOeTHYecKoe, aHTVOKCUIAHT-
HOe, IPOTMBOBOCHaNNTeNbHOe. PUKOLMAHNH — MUTMEHT, OTHOCSIIMIICS
K K/1accy GUMKOOGMIMIIPOTEMHOB M MIMEIOIMil YHUKAIbHbI CUHUI LIBET,
KOTODBI TaKKe MUCIIONb3YeTCs B MUILEBOI NMPOMBIIIIEHHOCTU. [ToMuMo
9TOrO, KJIeTKM MMKPOBOAOpocieli cogepkaT ButaMuHbl C 1 E, HUKOTHHO-
BYIO KMUCJIOTY, GMOTUH U TOKO]epoi1. Bce mepeuncieHHbIe BbIlle COeayHe-
HMSI TIOTb3YIOTCSI BBICOKMM M TIOCTOSIHHO PacTyLIMM CIIPOCOM Ha DbIHKe.
Dunaliella salina n Haematococcus pluvialis siBisiroTcs Hambosee 4acTo
MIpMMeHsIeMbIMM BUAAMM MMUKDPOBOJOPOC/IEN AJisi MPOMBIIIJIEHHOTO TI0-
JIy4eHMsI KApOTMHOB, TaK KaK JJI HUX XapaKTepeH BbICOKMIA yDOBEeHb Ha-
KOIJIEHUSI 3TUX COeAVIHEHMIA.

MMKPOBOZOPOCIN TAKKe COIepKaT GONbIIOe KOMMYECTBO KIIeTyat-
KM [25] ¥ monucaxapuaoB, U3 KOTOPBIX arap, KapparnHaHbl, aabrMHATbHI
SIBJISIIOTCST Haubosiee SKOHOMMYECKU BasKHBIMM, TAK KaK JMCIOMb3YIOTCS
B MMIIEBOJ IIPOMBIITIEHHOCTY B KayeCTBe KeIMPYILUINX BeIleCTB M
3arycTuTeseli B MOPO>KEHOM U MapMenafie. HekoTopbsle momycaxapuibl
MMKPOBOZIOPOCIEei MMeIoT apMaKoioruyeckoe 3HaueHue, CTUMYIUPYSI
MMMYHHYIO CUCTEMY YeJIoBeKa MM 06/1a/1asi TOTeHIMATbHO TPOTUBOBU-
PYCHOJI aKTMBHOCTBIO [26].

3.2. [IpumeHeHue u mexHo02uU npou3soocmeda

HecMoTpst Ha MTONIOKUTENTbHbIE CTOPOHBI MICIIOIb30BaHMSI MUKPOBOZ0-
pocieii, Ha TaHHbI/i MOMEHT KOJIMYEeCTBO IPOAYKTOB HA MX OCHOBE JI0-
CTaTOYHO OrpaHMueHo. B menom, cyuiecTByet JBe OCHOBHbBIE KAaTETOPUN
NIPOAYKTOB MUIEBOr0 PbIHKA, ITOJIYYEHHBIX 3 MUKDPOBOAOpOCeN [16].
[lepBast KaTeropmss — CylIeHble MUKPOBOZOPOC/IN, B YACTHOCTU, BUJIbI
ponoB Chlorella w Spirulina, xapakTepusyrolecss BbICOKOJ MUTATEb-
HOJi LIeHHOCTBIO, a Takoke cofepskaHueM BUTamMMHOB B12, C, D2. Takue
MPOAYKTbI MOTYT MPOJABaThCSI B KAauecTBe MUILEBbIX AO6GABOK B BUIE
MOPOIIIKa MY TableTOK, M Ha CETOAHSIIHUI TeHb UMEHHO OHU SIBJISI-
10TCs Haubosiee PacIpOCTPAaHEHHBIMM M MMEIOT HamOOoJbIIne 06beMbI

MMPOU3BOACTBA. [[OMIMO 3TOTO, MX UCITONb3YIOT KaK J06aBKM K MUIIEBbIM
MpOAYKTaM, HalpMMep, K UMIICaM ¥ MaKapoOHHBIM U3zeausim. Bropas ka-
Teropus — 1HeHHbIe COeaMHEeHMS, SKCTparmpoBaHHbI€ 13 KJII€TOK MUKPO-
BOJIOPOCJIENi: MUTMEeHTH! (PUKOIMAHNH, aCTAKCAHTUH), aHTUOKCULAHTDI
(B-xapotuH) 1 xxupHble kucioTel (DHA/EPA). JaHHasi KaTeropusi mpo-
JIYKTOB MMeeT ropa3/io MeHbIInii 06beM IPOM3BOJCTBA, 3aTO 0biagaer
6OJIBLIMM PHIHOYHBIM NOTeHIManoM. K mpumepy, 06beMbl ITPOM3BOACTBA
T10JITHEHACBIeHHBIX )KUPHBIX KUCJIOT BOCTUTAIOT Becero 240 T B rop, [27].

TexHOIOIMIO MPOMBIIUIEHHOTO MUIIEBOTO MPOM3BOACTBA MUKPOBO-
Jlopocieit B 11eJIOM MOXHO pa3[ielNTb Ha HECKOIbKO 3TAroB: KyAbTU-
BMPOBaHME B MUTATEIbHOI MMHEPATbHOI Cpefie, MoNyJyeHue 6110Macchl
IyTeM OCaKIeHMs], 3aTeM ee CylLIKa M M3MelbuyeHue. B mnpouecce Kyib-
TUBMPOBAHMSI HEOOXOAMMO 00€CIeUNTD KYJIbTYPY HY>KHBIM KOTNYECTBOM
CBeTa, JMOKCH/A YIVIepoa, BOAbI ¥ MUHEPaIbHOIO COCTaBa. B muTaTesb-
HOJI Ccpefie TO/DKeH cofiepskaTcsl HeoO6XoauMblii 11st hopMmupoBaHus Kie-
TOK Ha6Op MMKPO- ¥ MaKpO37eMeHTOB, B UMC/Ie KOTOPBIX a3oT, pocdop,
Kene30, MarHuit. KynibTuBMpoBaHMe MPOUCXOIUT TIPU MTOCTOSTHHOI TeM-
nepatype (20-30°C, 3aBUCUT OT IITaMMa) ¥ COITPOBOKA,AETCSI HeITPePhIB-
HBIM IlepeMellVBaHMeM UM aspauyeil Jjs peJoTBpalieHys] 0CaXKeHNsI
KJIETOK M HAKOTIJIEHVS PACTBOPEHHOTO KUCIOPOA. [IJIs1 TPOMBILIIEHHOTO
BBbIPAIIMBAHMS MMUKDPOBOAOPOC/IEN MUCIIONb3YIOT OTKPBITbIE M 3aKPbIThIe
cucTeMsl [15].

OTKpBITBIE CUCTEMBI IPENCTABISIOT €000/ OGBIYHBIE TPYIBI C HO-
CTYNoOM Bo31yxa. K HeraTMBHbIM OCOGEHHOCTSIM MX MPUMEHEHMS] MOX-
HO OTHECTM 3aBUCUMOCTb OT IIOTOJHBIX YCJIOBMIA, BHICOKMI PUCK X 3a-
IpsI3HEHMs], 3aTPaThl Ha BOAY; K MOJOXKMUTEIbHBIM — HMU3KME PAcXo/ibl Ha
CTPOUTENILCTBO U JIETKOCTh B O6CTY>KMBaHUM. [TTyGMHA OTKPBITHIX CUCTEM
06bIYHO He TpeBbIaeT 30 cM. LIMPKy/ISIVs BOABI C IUTATENbHBIMU Be-
1IecTBaMy OCYILEeCTBIISIETCS 10 KPYTy € IMOMOIIbI0 MeXaHMYeCKOTo pbl-
yara. JlaHHBI} TUIT CUCTEM CUIbHO BOCIIPUMMYMB K TIOSIBJIEHMUIO XMIITHBIX
MMKPOBOZOPOC/IEii, MapasuTOB WIM APYTMX LITAMMOB, KOTOpbIe pac-
TYT ¥ Pa3BUBAIOTCS GbICTpee, YeM sKelaeMble BUIbI MUKPOBOLOPOCTIENL.
B cBSI3M C 3TUM TOJNBKO HECKOTBKO POZOB ITOAXOMSIT AJISI JAHHOTO TUIIA
MPOU3BOACTBA, Hanipumep, Spirulina sp. u Dunaliella sp. COBOKYITHOCTb
CJIOKHOCTEJ IIPM OTKPBITOM THUIIE MPOM3BOACTBA MPUBOAUT K HU3KUM
06beMaM MoIy4aeMoro MpoayKTa.

3akpbIThle crucTeMbl — (DOTOGMOpPEAKTOPhl — 06ecHeuynBalT Cre-
PWIBHOCTb KYJIBTYPBI, 601ee 3P PeKTUBHBI, TTO3BOISIOT HAMHOTO JIyYIlie
KOHTPO/IMPOBATh YCI0BUs KynbTuBuposanus (pH, CO,, 0,), mpemoTspa-
LIAIOT MCIIApPEeHMe U COKPAIAIOT [TOTpebieHye BOAbI, & TAKKE YBeINIMBa-
10T 06beMHYIO TPOM3BOAUTENBHOCTD. 3aTPaThl HA YCTAHOBKY M 9KCILIya-
Tauuio GoTo6MOPEaKTOPOB ropaso BhIIle IO CPABHEHNIO C OTKPHITHIMU
cucreMaMu. TUIT yCTPOIACTBA, 06ecIieunBaloIlero nepeMeriBaHme Kyib-
TYPaJbHOM >KMIKOCTY, UTPAaeT BaXKHYIO PO/Ib B MPOM3BOAMUTENIBHOCTU
dboTobropeakTopa M B 3HAUUTENBHON CTEIIeHM BIMSET Ha ero UTOro-
BYIO CTOMMOCTD. LIMPKy/ISIuMs KyabTypsl HeOGXOAMMa AJIsI IPefoTBpa-
LIeHMsT TIepeMelBaHMs KIeTOK, IepenasioB TeMmneparyp u pH BHyTpu
CJCTEMBI, @ TAK)Ke C I[eIbl0 00eCIieueHys pacrpeeseHns] MUTaTeTbHbIX
BemectB 1 nofaun CO,. OqHAaKO Ype3MepHoe MepeMeInyiBaHye KIeTOK
MOXeT MPUBOAMUTH K UX MOBpekIeHuIo u rubemy. ITo aToit mpuumHe
BBIGOD MHTEHCMBHOCTM LVIPKYIISILVY M TUIA YCTPOJCTBA JO/DKEH GBITH
OTIOCPEeIOBAaH OCOGEHHOCTSIMM KyJIbTUBMPYEMOro opraHmsma. Hambo-
Jiee pacIipocTpaHeHsl fBa Tuna GoTo6MopeakTopoB: TpyGUyaThie U IJIO-
ckme. Tpy6uaTsie GHOTOGMOPEAKTOPbI COCTOSIT U3 MPO3PAUYHbIX TPYOOK,
COeqVHEeHHBIX MeXKIY CO60ii, Te HemPePbIBHO MTPOKAUMBAETCSI Ky/IbTypa
MuKpoBogopoceit. Kak u B 110601t Ipyroit cucTeme, KMCIOPOH, ObICTPO
HakKaIrMBaeTcsl B pesynabrare (OTOCKMHTE3a, UYTO MPUBOAUT K CTPEMMU-
TeJIbHOMY yBeIMUYEeHUIO [1apLaJbHOrO JaBIeHNMs, B CBS3M C YeM B 3TOM
tume GpoTod6MopeakTopa UCIOAb3YIOT Aera3alMOHHbIN cocy, obecreyn-
BalOLIMIi ero BbIXOA. [IIMHA TPYOOK M CKOPOCTh KUAKOCTYU B TPYOUATHIX
dboTobropeakTopax SIBISIIOTCS BaKHBIMY KOHCTPYKTMBHBIMM Iapame-
TpaMu, UX 3HaUeHUs OOBIYHO BapbupyoTcs ot 50 mo 100 meTpoB mjist
IvHbl 1 oT 2 1o 0,5 M/C /1T CKOPOCTH MOTOKA. [IpuMepamy KOMITaHMiA,
UCIIONB3YIOIMX TpybuaThie GoTo6MOpeakTopsl, IBsOTCS AlgaeEnergy
(Ucrtanust) n Roquette (Tepmanmust). BepTukaibHble TTaHebHbIE GOTO6M-
OpeaKTOPbI COCTOSIT 13 MPO3PAUYHbIX IPSIMOYTOIbHBIX eMKOCTEel BBICOTOM
ot 10 cm go 100 ¢cM M IJIMHO¥, KOTOPasi MOXKET COCTaBJISITh AeCSITKU Me-
TpoB. CozepskuMoe naHeseil nepemMelBaeTcs 6;aarogapsi ra3auyum Bo3-
IIyXOM, KOTOPBIIi HAaTHETAeTCsI 110 BCeli AJIMHe HYDKHMX YacTell maHenein.
HecmoTpst Ha HEOGXOAMMOCTD B Ta3alyu, KyJIbTypy MUKPOBOJLOPOCIEN
He HYXKHO ITPOITyCKaTb Yepe3 Jera3alOHHbII COCY[, C BBICOKOI CKOPO-
CTBIO, TIO3TOMY KOHEUHbBIE 3aTPaThl HA HEPrornoTpedIeHNe CyIecTBeH-
HO HIXe, ueM B Tpy6uaTbix (orobropeakropax. OqHaKO MacuTabupo-
BaHye GOTOPeaKTOPOB JAHHOTO TUIIA SIBJISIETCSI Goee CII0KHOI 3aaveit.
Ha maHHBI/I MOMEHT CYIIECTBYIOIINE [TaHeIbHbIe BepTUKaIbHbIE (POTO-
6110peaKkTopbl MIPeCTAaBIISIOT CO60¥ MMIOTHBIE CUCTEMBI, 3aHMMAIOLIe
HECKOJIbKO [eCATKOB KBaApaTHBIX MeTpoB. [IpuMepammy KoMITaHWMIA,
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MCITONB3YIONMX (HOTOOMOPEaKTOPhl JAHHOTO THIa, sABIsSIOTCs Ecoduna
(ABctpusi) u Phytolutions (Tepmanmust).

Takke CYIIEeCTBYeT TPETUIl TUI 3aKPBITHIX CUCTEM — (HepMeHTepbI
11 TeTepOTPOGHOTO Ky/IbTUBMPOBaHMS. JIaHHbBII CITOCO6 TIOAXOMNT AJIsT
HEKOTOPBIX BUIOB MUKPOBOAOPOCIEH, HO TpeGyeT MCTOYHMKOB Opra-
HUYECKOTO BEIECTBA, YTO YBEIMUMBAET 3aTPAThI M CHIKAET IKOIOTUY-
HOCTb. BbIpaliyBaHe MUKPOBOLOPOC/IeH TakKMM 06pa3oM Iperionaraet
MpUMeHeHue cTanbHOro hepmenTepa o6bemom 10 100000 71 ¥ ¢ MI0THO-
CTbIO KyabTypbl 30-100 /1.

TS TIONTyYeHusT CyxX0i 610Macchl B ITPOMBIIIJIEHHOM ITIPOM3BOJCTBE
3ae/iCTBYIOT HECKOIBKO BUAOB cyiieK. Hamnbomee mMpOCTHIM CIIOCOGOM
SIBJISIETCS VICTIONIb30BAHME PACIIbIMTEIbHOM CYIIKY — JAaHHbIA MeTo[,
rpeprnonaraeT 06paboTky 61MoMacchl MMKPOBOLOPOC/IEli TTOTOKOM TOPSI-
yero Bo3mayxa. [[py TakoM THIIe CYIIKM CYLIeCTBYeT BEPOSTHOCTb paspy-
LIeHMs1 GEJIKOB ¥ BUTAMMUHOB, YTO, HECOMHEHHO, YXY/ILIAeT MUTATeTbHbIE
CBOJICTBA KOHEYHOTO IPOAyKTa. JIpyrum, ropasao 6ojee mpuemieMbiM
TSI TIMIIEBOM TPOMBIIITIEHHOCTY CIIOCOG0M, SIB/ISIETCSI IMOMUITbHAS CYIII-
Ka. [Ipouecc modunmnsanmm 3aKiIoyaeTcst B 3aMOPO3Ke 6MOMACCHI C IM0-
CIemyIoMM GBICTPHIM MCIIAPEHMEM BOAbI B 6€3BO3AYIIHOM cpefie (IO,
[eiicTBMEM BaKyyMa), KOTOPO€e MPOUCXOAUT 6e3 oTTanBaHus Graromapst
BO3/€/CTBMIO HM3KOTO JaBjeHus. Tem caMbIM BO3/I€iiCTBYE BaKyyMa I10-
3BOJISIET YOAIUTD BOLY 13 GMOMACCHI 6€3 IOTepH ee CBOVCTB U MCXOIHOIA
CTPYKTYpbI. HeCMOTpS Ha BBIIIEN3/IOKEHHOE, Ha TaHHbI i MOMEHT TeXHO-
JIOTMM TIPOMBIIIJIEHHOTO MTPOM3BOACTBA MUKPOBOAOPOCIEIi He SIBIISTIOTCS
10 KOHIIa ONTUMMU3UPOBAHHBIMMA.

4. Hacekomblie
4.1. Budsl HaceKoMbIX 0151 UCNO0J1b306AHUS 8 NUU|EBOLI NPOMbIULIEHHOCMU
HacekoMble TpencCTaBAsSIOT cO60¥i Kiacc 6ecrio3BOHOYHBIX JKUBOT-
HBIX, PACIIPOCTPAHEHHBIX 110 BCeil I/IaHeTe M 3aHMMAIOLIVX caMble pa3-
HOOGpa3HbIe 9KONIOrMYecKye HUIIM. YIoTpebieHye HaCeKOMBIX B ITMIILY
HOCUT Ha3BaHue 3HTOMOGarus. ITa MpakTuka 6epeT HavaIo C SABHUX
BpeMeH M 0cob6oe pacnpocTpaHeHue IONydnia B CTpaHax JIaTMHCKOI
Awmepuxu, Abpuku u Asun. Ha cerogHsimHmit JeHb 0KoIo 2,5 MITH 4eso-
BeK Pery/sipHO IPUMHMMAIOT HACeKOMBIX B muuty [28]. [Iyig Takux 1enei
ucmosnb3yetcst 6oee 2000 BUOOB 13 3TOTO KJIacca, Cpeiyt KOTOPBIX MpeJi-
craBurtenu otpsinoB Coleoptera (31%), Orthoptera (13%), Hymenoptera
(15%), Lepidoptera (18%), Hemiptera (11%), Diptera (12%), Odonata (23%)
[29]. Hambonee mupokoe mnpuMeHeHye B MUILEBOI MPOMBIIUIEHHOCTU
nonyumu Tenebrio molitor, Locusta migratoria, Acheta domesticus. BBu-
Iy CIIOCOOGHOCTY TMePeuyyCIeHHbIX BUAOB CUHTE3MPOBATh He3aMeHMble
aMMHOKMCIIOTBI YYeHble PacCMaTpMUBAIOT UMX KaK MEePCHeKTUBHBIN ajb-
TePHATMUBHBII MCTOYHUK GesKa.

4.2. Xumuueckuil cocmas

[Momasisiioliee GOMBUIMHCTBO HACEKOMBIX MMeEET IMUTATeNIbHYI0 LIeH-
HOCTb, COIIOCTaBMMYIO C OOBIYHBIM MsicoM. MccmeoBaHme MUTaTeIbHbIX
KOMITOHEeHTOB 6osee 200 BMIOB HACEKOMBIX II0Ka3ajI0, YTO B OCHOBHOM
OHM COCTOSIT 3 GeTKOB 1 XXUPOB. B Tabnuiie 2 npencTaBieHbl 3HAYEHMSI
YDPOBHej1 6eJKa 1 Kupa B TPaAULMOHHOM MSICHO MIle JKUBOTHOTO ITPO-
VICXOXKIEeHNMS B CDaBHEHMN C Ol0GPEHHBIMM JI/ISI ICIIONb30BaHMS B IIMUIILY
HACEeKOMBIMMA.

Ta6nuua 2. CpaBHeHMe MacCOBO¥ JOIM GelKa U Kupa
B TPAAUIMIOHHOM MsICe ¥ OOOOPEeHHBIX 1151 IPYMeHEeHUS
B IIMIEBBIX Le/IAX HACeKOMBIX
Table 2. Comparison of mass fractions of protein and fat in traditional
meat and insects approved for use with food purposes

5 < v

- g o £ g

g s £ g8 -

5 g SS g s 58

] = )

gz = £% Shy  S5g

0, S SRS SER =R
Benok  22,2% 22,5% 20,3% 50,79%  42-45%
JKup 2,6% 8,7% 13,8% 34,93% 23-29%

Cbemo6HbIe HaCEKOMbIE COOTBETCTBYIOT TpeboBaHusm BO3 o amu-
HOKMCIOTHOMY COCTaBY, OHM XapaKTepu3YIOTCSI BBICOKMM COfiepskaHueM
dbeHmnanaHnHa ¥ TMPO3MHA, a TaKKe TpunrodaHa, MM3MHA ¥ TPEOHMHA
[35]. Haubonbuiee KomuuecTBO Geka COAEPXKUTCS B Ky3HEUMKAX U ca-
panue (Orthoptera) n coctaBmisieT 61% OT CyXOro Beca; TakKKe BBICOKMM
rokasareyieM 6eka 06mafgaT crpekosbl (Odonata) — 55% BelectBa OT
cyxoro Beca. HavMeHblIlee ero comepskaHue B epecyere Ha CyXyIo Maccy
HabIomaeTcs y TapakaHoB M TepMUTOB (35%) [36]. YeBauBaeMocCTh Gerka
HaCeKOMBIX CMJIBHO BapbUPYeTCst BBUIY TOTO, YTO YaCTh aMUHOKMUCIIOT
B KYTMKY/SIDHBIX GEJIKaxX CBSI3aHbI C XUTMHOM Y KOMITOHEHTaMM 3K30-
ckeneTa. XapaKTePUCTUKY GEJTKOB HACEKOMBIX MOTYT MEHSTbCSI B 3aBU-

CUMOCTH OT BMJIa HACeKOMOTO, 11071, CTaAUY Pa3BUTHS, MeTO/a SKCTPAK-
uyu [37]. [ X BblOe/IeHNsl VICIIONAb3YIOT pas3/IMuHble MeTOZbl, Cpeay
KOTODPbIX BOJHASI 3KCTPAKIMS, cyxoe (GpaKkIVMOHMPOBAHME, IEIOYHAS
aKeTpakuus [38]. UsmeHeHMsT GyHKIMOHATbHBIX BO3MOXKHOCTEN GeJIKOB
HACEeKOMBIX B XOZe 9KCTpaKLMM TeCHO CBSI3aHbI C MU3MEHEeHVeM TUIPO-
(hoOHOCTY TTOBEPXHOCTH U 3apsifia.

JIUTIUAbI TIPEACTABIISIOT COO0M BTOPYIO 1O BeuumHe GHpakiuio B CO-
cTaBe ChelIOOHBIX HACEKOMBIX, MX COHmep)KaHue coctaBiser ot 10% mo
50% B mepepacueTe Ha Cyxo¥i Bec. [Ijist BUJIOB, MICIIO/Ib3yeMbIX B TIUIIEBOIA
IIPOMBILIEHHOCTH, XapaKTepeH BbICOKMI1 YPOBEHb ITOJIMHEHAChIIeHHbIX
SKMPHBIX KUCJIOT, B 0COO@HHOCTY JIMHOJIEBOI U JIMHONEHOBOI [39]. 13-
BJIeUeHMe JTUMNI0B 13 HACEKOMBIX C L1e/IbI0 IIOTYyYeHMsI IUIIeBbIX Maces
6bUIO MCCIeOBAHO MPY oMoty MeTosna CokeeTa 1 aKCTpakuum Oosb-
xa [40]. ITpomecc sKCTpaKLUM He OKa3bIBaeT BAMUSIHMUS Ha KMPHOKMUCIOT-
HbII COCTaB, HO CUJIBHO BO3/I€JCTBYET Ha TUII OTyYyaeMbIX TUNUA0B. Ha-
npumMep, IpU UCIOIb30BaHUM BOFSHON 3KCTPAKIMM BBIAEJSIOTCS TOIbKO
TPUALMATIMIEPUIbI. TaKOM TUIT SKCTPaKIMM 06eCcTieurBaeT BbICOKOE Ka-
4eCcTBO Maciia, aHaJIOTMYHOe HaTypanbHbIM. [IpMMeHeHe opraHnyeckux
pacTBopuTesei Mo3BossieT monydath Gocdomummabt v rnuepuas [41].

Hacekomble Takke comepxkaT HabOp MUKPO- M MaKpOIeMEeHTOB:
KanbLysl, MarHMsI, Kaaus, HaTpus, enesa, Mmapranua. [lomumo sToro,
B HMX INPUCYTCTBYIOT BUTAMUHBI (pnGOQIaBuH, HUALMH, KOOaIaMMH,
An E) (Tabnuua 3).

Tabnuua 3. MMHepanbHbIi cOCTaB (MI/Kr) HEKOTOPBIX BUIOB
HaCeKOMBIX, VICIIOJIb3YIOIIUXCS B MIILEBO MPOMBIIII€HHOCTI
Table 3. Mineral composition (mg/kg) of several insect species
used in the food industry

COI[Ep)KaHI/IE MMKPO3JIEMEHTOB
B HACEKOMBIX, MI/KT

Ca Mg K Na Fe

UcTou-

Bun HUK

Tenebrio molitor
MyuHoOI
XpyIIaK

Acheta
domesticus
IoMOBOI1
CBEPUYOK

504,8 2450,8 82124 1047,1 98,4 14,2 [42]

1261,2 1040,6 13318,5 51259 77,7 38,1 [43]

Bombyx mori
TyTOBBIN
IIeJTKOTIPSIZ,

1023,1 2878,6 18,265,9 2745,6 24,9 [44]

Gryllus
bimaculatus

[ BYNSATHUCTBII
CBEpPUOK

1660,9 1073,8 8607,5 3649,5 66,3 [45]

VccnemoBaHys 10 OTpefie/IeHNI0 GMONOTMYeCcKOi aKTUBHOCTH Che-
JOGHBIX HACEKOMBIX MTOKa3aJiy, YTO OHM 06/1afaloT TPOTUBOOITYX0JIeBOIA,
aQHTMOKCUAHTHOM, aHTUMa6e TIYeCKOii U ITIPOTUBOBOCIIA/INTETbHOM aK-
TUBHOCTBIO [46]. Takum 06pa3oM, HaceKOMbIe MIMEeIOT He TONBKO BBICOKYIO
MUTaTe/lbHYI0 LeHHOCTb, HO Y PSifi TIOJIOKUTEJIbHBIX [JIs1 4el0Be4ecKoro
3/10pOBbsl CBOJCTB. COOTBETCTBEHHO, BO3MOXKHOCTb MX IPUMEHEeHMs
B KauecTBe (PYHKILMOHAJbHBIX MPOAYKTOB IMMUTaHMUS U (dapMaleBTUYe-
CKMX MaTepuanax BO3pacTaer.

4.2. TexHo02UU U NPUMEHEHUE

Ha maHHbIT MOMEHT HaCEKOMBbIX YIIOTPEOJISIOT B IIUIIY Pa3HbIMU CIIO-
cobaMu: LEIMKOM (ChIPBIX MM MIPUTOTOBJIEHHBIX), 06paGOTaHHbIX (He-
pacrio3HaBaeMasi ¢opma B IUIIEBOI CUCTEME) MM B BUJIE IKCTPAKTOB.
[MumieBasi MPOMBIIIEHHOCTb IMPOSIBIASIET aKTUBHBIN MHTEpeC K 3TOMY
HOBOMY MICTOUHMKY G€JIKa, UTO XapaKTepPU3yeTcst OsIBJIeHEM GOJIbIIOTO
YlC/ia TPOEKTOB, HAIPaBIeHHbIX Ha pa3BUTHeE 3TOTO HAIIpaBaeHMsI, M Ha-
YUHBIX ITy6IMKAIMiA 10 JaHHO TeMaTuke. MUpPOBOi PHIHOK CbeIOOHBIX
HaceKOMBIX B TedeHye 10 sieT mocTurHet 8 MiIpz 1o/napos [37]. B pesynb-
TaTe TaKOi 9KCIaHCMM, OPUMEHTUPOBAHHONM B 3HAUMTENIbHOI Mepe Ha
3aMafHyI0 KyJAbTYpY, MOAXOABI K MIPUTOTOBIEHNIO HACEKOMBIX JIO/DKHBI
OCHOBBIBATbCSI HAa TAKUX METOJaX 06paboTKM, KOTOpbIe ITPEeBPAL[AI0T UX
B Hey3HaBaeMylo popmy, HalipuMep, B IIOPOIIOK (MYKY). HekoTopbie aB-
TOPbI 06PAIAl0T BHUMAaHNE, UTO MIPY UCTIOIb30BAHUY TEPMIHA «MyKa U3
HaCceKOMBIX» HEOOXOIAMMO COBII0NATh OCTOPOSKHOCTD, ITOCKOIBKY 9TO CO-
3/1a€T JIO)KHOE BIleuaTieHue y norpebureneii [47]. B To BpeMs Kak Hace-
KOMbI€ COCTOSIT TIPEMMYIIeCTBEHHO 13 GeiKa, K1pa U XUTUHA, 3epHOBAst
MyKa (Harpumep, MIIeHNYHas1) COOep>kKUT KpaxMal 1 KieTdaTky. Hecmo-
TPsL HA XMMUYECKMe OTINYMSI, TEXHOIOTUM ITPOU3BOACTBA IPOAYKTOB Ha
OCHOBE 3JIaKOB OKa3aJIXICb XOPOUIO IPMMEHMMBI U [IJIS1 HACeKOMBIX, UTO
MMO3BOJIWJIO BKJIIOUMTDb MX B COCTAB Pa3IMUHbBIX XJI€O00YTOUHBIX ¥ MaKa-
POHHBIX Usaenuii [48]. Ene oHUM CIIOCO60M MHTErpalum MyKy HaceKo-
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MBIX B IMIEBble MaTPULIBI SIBJSIETCS OTAENeHye GelKOB OT XUTHHOBOTO
9K30CKeJIeTa C IIOMOIIbI0 KOMMepUecKkyx MpoTeas (HarpuMmep, ankaaasa)
[49]. B pesynbTaTe MOTy4yaroTCsi 6eIKOBbIE TUAPOIU3ATHI, KOTOPbIE YITyd-
1IAI0T OCHOBHbIEe (DYHKI[MOHATbHBIE CBOVICTBA OEIKOB — PaCTBOPUMOCTbD,
9MYJIBIMPOBaHMe, BCIIeHMBaHMe.

Insi [najabHeIero MCIoib30BaHMs B MUILEBBIX LIEISX CbeTOOHBIX
HaCceKOMBIX CYIIAT. PasnuMyHble TEXHOIOTMM CYLIKYM MO-PAa3HOMY BIIMS-
0T Ha MX [IMTATeJbHbII COCTaB U CTAGMIBHOCTD, B TOM UMC/Ie BBI3BIBAIOT
M3MeHeHUsI B cofiepskaHum Gernka, skupa u kiaetuatku B Tenebrio molitor
[50]. Takme cymkm, KaK MMKPOBOJIIHOBASI, B TICEBJOOKIKEHHOM CJIOe, Ba-
KyyMe, B IyXOBKe CHYDKaJIM PACTBOPMMOCTh Oe/ka, B TO BpeMsl KakK JiK-
odumzauust IpUBOLMIA K BBICOKOMY OKMC/IEHUIO InnuaoB. CTpaTerun
IUTIST ONTUMU3aLMM MIPOLecca CYIIKM CbeTOOHBIX HaCEeKOMBIX IO-TIPEXK-
HEMY HeOOXOIMMbI AJIs1 o6ecrieueHtsi KaueCTBa MUTATENbHBIX BelleCTB
" QYHKIVIOHATBHOCTY IIPOAYKTA.

Vcrionb3oBaHyue HaCeKOMBIX B IUIIEBOI TPOMBILITIEHHOCTU 000pY-
10 «EBporieiickoe yrpasiieHye Mo 6e30MacHOCTHM MUIIEBBIX IIPOLYKTOB»
(EFSA). Ha ganHbIii MoMeHT EFSA gomycTuio npuMeHeHue B MUILY ye-
JIOBEKOM CJIeYIOIIMX HAaceKOMBIX: My4HOU xpymak (Tenebrio molitor),
IIOMOBO# cBepuok (Acheta domesticus), nepenetHast capanua (Locusta
migratoria), My4HOIi Xpyuiak 6ypsiit (Alphitobius diaperinus). JJaHHbIe
BUJbI CUUTAIOTCS 6E30MaCHBIMM M MOTYT VCIIOb30BaThCsl 6€3 orpaHm-
YeHU OT COOTBETCTBYIOLIVX IIPOU3BOAMTENE, 00513aHHBIX KOHTPOJIMPO-
BaTh KaueCcTBO CBoej ponyKuyy. Hambonee mupoxoe pyMeHeH)e OHN
MOYYM/IU B XJ1€600Y/IOUHBIX U3AEIVSIX U OPYTUX IPOSYKTAX HA OCHOBE
3JIaKOB (TIeueHbe, X1e6, MakapoHsl). HampuMmep, B pesyibraTe 3aMeHBI
MIIeHNYHON MyKM 5%-HOV MyKO¥, MonydeHHO u3 Acheta domesticus,
Hermetia illuncense u Tenebrio molitor, x1e606y/I04HbIe U3AENS TTPUO-
6perayn yny4uieHHyl0 GopMy TecTa ¥ MOHMKEHHOE BOAOIOMIOIEHNe
[51]. Do6aBnenne 10-30% myku, nonydeHHo u3 Acheta domesticus, npu-
BOIVJIO K 60s1ee BHICOKOJI MUTATENIbHOI [IEeHHOCTH IT0Ty4aeMOro IIPOIYK-
Ta BBUIY 60s1ee 60raToro cocTaBa SKMPHBIX KUCTOT ¥ 000TAIeHHOCTY He-
3aMeHVMBbIMM aMMHOKMUCIOTAMM : IM3UHOM, TMPO3MHOM, BalTVHOM.

HecMOTpsT HA MHOXXECTBO ITOJIOXKUTEbHBIX CBOVCTB ISl 340POBBSI
Y BBICOKYIO IMUTATEIbHYIO LIEHHOCTb, MCIIONb30BaHMe HACEKOMBIX B Ka-
YyecTBe aJbTEPHATMBHOTO MCTOYHMKA IMUIIM MMeeT HEKOTOpble orpa-
Hy4yeHMsI. Bo-TiepBbIX, MHOTMeE JII0fM 1M30eraloT HelpUBLIYHON MUIIU
Y VICIIBITBIBAIOT OTBpAILleH)e OT YIOTpebIeHMs] ChbeSO6HBIX HAaCeKOMbIX
[52]. IlpucyTcTBMe M306paskeHMsT HACEKOMOTO Ha PeKIaMHbIX ITOCTepax
3HAUNMTENBHO CHIDKAeT JKelaHue y NoTpebuTeseli mprobpeTaTsb JaHHbI
ToBap [53]. Tem He MeHee, OTHOLIIEHMeE JIIO/Ieli K TAKOMY BUAY MUK I10-
CTEIIeHHO MeHSIeTCs B JIYYLIyI0 CTOpOHY. Harpumep, ucronb3oBaHue
B KauecTBe eJjbl 06paboTaHHBIX HACEKOMBIX, IPEBPAIleHHbIX B TIOPOIIOK,
CHMKAeT HeraTMBHbIE OLIyLIeHMs Y IIPeCTaBIsIeTcst Hambosee meperex-
TUBHBIM CII0CO60M 3HTOMOMaruu. Tak, MOTpe6uTeNN 1eMOHCTPUPOBATINA
60J1ee TI0JIOKUTEIbHYIO IMOLMOHATBHYIO PeaKIIo Ha MUIIeBble TPOAYK-
TBI, B COCTaBe KOTOPBIX COEPKaINCh HACEKOMbIE B Hepacll03HaBaeMoit

dbopme (B Buze MyKnu), I10 CPaBHEHMIO C TeMU MIPOLYKTAMU, IJje HACeKo-
Mble TIPUCYTCTBOBAIU B BUAMMOII Gopme [54]. Bo-BTOPBIX, OCHOBHBIM
akropoMm, ompezessSIIOUIMM BKIIOUEHME ChbeJOOHbIX HACeKOMBIX B pa-
LIVIOH YeJIoBeKa, SIB/IsIeTCs] 6€301acHOCTh. B HEKOTOPBIX MCCIen0BaHMSIX
CO006IIANIOCH O 3arpsi3HEHUM CheOOHBIX HACEKOMBIX TSDKEIbIMU MeTall-
namu [55]. B KuileyHnKe HAaCEKOMBIX MOTYT MPOLYLMPOBATHCSI MUKO-
TOKCHMHBI, BBI3BIBAIOLIME OCTPbIE ¥ XPOHMUYECKMe 3aboneBanus [56]. Euje
OIHUM PUCKOM, CBSI3aHHBIM C SHTOMOarmueit, SIBsIeTCsl ajlllepreHHOCTb.
V HaceKOMbIX BbIsIBJIeHO 6osee 200 ayuiepreHoB, MPeMMYILeCTBEHHO SIB-
nstonyxcst 6enkamy. Cpeiy HUX BCTPEYAIOTCST MblIIeUHble Oesku (Tpo-
MMOMMO3UH, aKTMH, MMO3UH) U (epMeHTbl (aprMHMHKMHA3A, hochomm-
nasa A) [52]. B nuTepaType onmcaHbl ciyday aJepruyeckux peaxumii,
CBSI3AHHBIX C yIOTpebieHneM B MUIy HACeKOMbIX [57]. TeM He MeHee
pasanyHble MeTObl 06pabOTKM MTO3BOJISIIOT IIOBBICUTH 6€30IAaCHOCTD KO-
HEeYHOro nponykTa. Harmpumep, croco6sl, MCIIONb3YIOMeCs] B TPAIVIIIN-
OHHBIX IIMIIEBBIX OTPAC/IAX, TAKME KaK ITacTepu3anys M IIPOMBIIIIEHHAas1
CTepUIM3auMs, 3HAUUTETbHO CHIDKAIOT MMKDPOOHYIO Harpysky, MOBBI-
LIAIOT YCBOSIEMOCTh M NMUTATeIbHbIE CBOJCTBA MPOLYKTA, MHAKTUBUPY-
10T depmeHnTs! [58]. UccnemoBanusi, mpoBeneHHble Ha Tenebrio molitor
n Acheta domesticus, TIoKasau, 4To TepMudeckass 06paboTka okasaaach
3¢ deKTUBHOI B yHMUTOKeHUM GakTepuii cemeiictBa Enterobacteriaceae
[59]. TpaguuoOHHbIE METOABI 06PA6OTKM, TakMe KakK OTBapyBaHMe MK
KUTISTYEeHME TIO3BOJISIM YCTPAHUTh 30JIOTUCTBINA CTAapUIOKK, CATbMO-
HeJUTy, TI/IeCHeBble I'PUOBI U IPOSKKM B MMUKPOGMOIOTMYECKOM COCTaBe
Hermetia illuncense, Tenebrio molitor, Acheta domesticus [60].

5. BoiBOABI

Bospacraronye mpo6seMbl yeoBeyecTBa, CBsI3aHHbIE C ITepeHacese-
HMeM IIIaHeThl, COKpallleHeM 3eMeTbHbIX U BOZHBIX PeCypCOB, TOION0M
B HEKOTOPbIX CTPaHax aKTyaJM3MPYIOT MOMCK aJlbTepPHATUBHBIX UCTOY-
HMKOB MuTaHusi. OHM JOMKHBI HE TOMBKO 06/1afaTh HEOOXOAMMBIM ISt
PasBUTHUS U JKU3HU YeJIOBEeKa Ha60pOM NMNUTATEeJIbHbIX KOMIIOHEHTOB, HO
U IMETb BO3MOXKHOCTh CHU3UTb HETATMBHOE BJIVSIHME HA OKPYKAIOLIYIO
cpeny. Ha ceromHsuHmii IeHb OCHOBHOI (DOKYC MCCIeq0BaHMIt 10 TaH-
HOI1 Mpo6JieMe HalpaB/ieH Ha IBE IPYIIbl OPraHM3MOB — Ha HACEKOMBIX
“ MUKPOBOZOpPOCIIEii. B 3TOM 0630pe pacCMOTPeH MX XMMUUECKUii COo-
CTaB, IpMMeHeHMe, TeXHOJIOT UM [T0Ty4eHMs], @ TaksKe BO3MOYKHbIE PUCKH,
CBsI3aHHbIE C YIIOTpe6ieHeM ux B muiny. Ha JaHHbIi MOMEHT M3BeCT-
HO, YTO HaceKoMble ¥ MUKPOBOJLOPOCIN XapaKTepU3yITCsl BICOKUM CO-
nepkaHyueM 6ejika, BUTAMUHOB, ITOJIMHEHACBIIEHHbIX JXUPHBIX KUCJIOT,
AQHTMOKCUAAHTOB, YTO GJArONPUSITHO BIAMSIET HA 3[J0pPOBbe YeloBeKa.
BritioueHme HaCeKOMBIX ¥ MMKPOBOZOPOC/Ieii B UII[eBble MaTPUIIbI CIIO-
COOHO YIYYIIUTh MUTATEIbHbIE CBOJVICTBA MPOAYKTA, YBEIUIUTDh IKOHO-
MMYECKYIO BBITOZY, IIPM 9TOM CHMU3UB HeGIaronpusTHOe BO3/elicTBIe Ha
OKpY)KaIOIIYI0 cpefy. Pa3sBuTne JaHHOM 06/aCcTH MCCIeqOBaHMIT MOXKET
peumTh BOIPOC 106abHOI MPOAOBOIBCTBEHHON 6€3011acCHOCTM U 3HA-
YUTEThHO YMEHBUIUTh HETaTMBHYI HATPy3Ky Ha OKPYXKAMIUIYIO Cpemy.
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ABSTRACT

The article discusses the prospects of creating vertical farms as a modern eco-friendly solution to increase the productivity of
the agro-industrial complex. Throughout the work, the authors justify the need to switch from the old model of food security
to a new one, which is based on innovative agricultural technologies. In particular, the nature of vertical farms, their orga-
nization models, as well as their relevance for the “smart city” concept are considered. The paper discusses the ecosystem of

vertical farms and the role of various stakeholders. The importance of vertical farms for digital transformation of agriculture

is demonstrated.
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OKOCUCTEMA BEPTUKAJIbBHBIX ®EPM: KOHUEIITYAJIbHASI OCHOBA

Hosranéga 0. A., Karpamosa IO. B.,* Kupumnosa T. B.
CaHkT-IleTepOyprckuii moauTexHuveckuit yuusepcuret Iletrpa Bennkoro, Caukt-Iletep6ypr, Poccus

K/IIOYEBBIE CJIOBA: AHHOTALIYA

6epmuKanvHole epmsl, B cTaTbe pacCMaTPUBAKOTCS MTEPCIIEKTUBbI CO3TaHNS BEPTUKAIBHBIX (hepM KaK COBPEMEHHOTO SKOIOTMYHOTO CII0C06a TIOBBI-

azponpoMmbluLneHHbLl
KOMNEKC, Yuppossle
mexHoJo2uu

LIeHUS IPOM3BOAUTEIbHOCTY arpOIIPOMBIIIIEHHOTO KOMITJIEKCA. B pa60Te ABTOPBI 000CHOBBIBAIOT HeoGXO,ELI/IMOCTb rnepexona
oT CTapOI‘/JI mMogenn HpO,E[OBOIIbCTBeHHOI‘/‘I 6e3011aCHOCTH K HOBOJA MO eI, OCHOBAaHHO Ha MHHOBALIMOHHBIX arpoTexXHOJIOTUSIX.
B uacrHoCTH, pacCMOTpPEHbI CYIIHOCTb BEPTUKATIbHbBIX d)epM, MOOenn X opranmsannm, a Takke MxX COOTBETCTBME KOHLeIMIN

«YMHOTO Topofia». B craTbe 06cysknaeTcst 9KOCUCTeMa BEPTUKAIbHBIX GepM U POJIb PA3TMYHbIX 3a/IHTEPECOBAHHBIX CTOPOH.
TToka3zaHa BaXXHOCTb BePTUKAIbHBIX hepm st uudpoBoit TpaHchOpMaLmy CenbCKOro X03siicTBa.

1. Introduction
While the existing models of agricultural production that emerged

after the first Green Revolution [1,2] have demonstrated a high level of
efficiency due to application of advanced biotechnologies, digital tech-
nologies, innovative models of management and international division
of labor, their ability to ensure sustainable and resilient food security for
the global population in the present economic, social, and geopolitical
situation is still under question:

0 Food supply chains include companies from many countries and
depend on unhindered movement of goods between these countries.
However, the recent events (pandemics of COVID-19 [3], special
military operation in Ukraine [4] etc) demonstrated that these food
supply chains have a low level of resilience against those shocks and
may not be able to provide people with sustainable access to food in
case of crisis [5] (as was shown by rationing of basic foods in Europe
during pandemics customers’ rush [6]).

O People are interested in replacing (or complementing) the global food
supply chains by alternative food networks that connect the local
producers and the local customers [7]. This interest is supported by
customers’ willingness to support local agriculture, to improve the
quality of food they buy and to get access to food that is absent in food
retail chains (including food that corresponds to changing values of
customers) [8,9,10];

0 Theworld population keeps growing, as a result, the area of agricultural
land per person decreases [11,12]. For this reason, to ensure food
security it is necessary to use the limited land resources as efficiently
as possible [5,12,13];

0O The existing models of agricultural production create a pressure on
environment thus leading to its pollution [14,15,16],1and degradation
[17], risks for biodiversity [18] etc. Moreover, the models of food
chains management have a negative social impact (dispossession
of farmers [19], destruction of rural environment [20], demographic
shifts [21] that cannot be neglected. Taking into account the growing
importance of ecological and social values for the customers (and
for the society in general) these negative effects lead to a demand
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for innovative models of food production and management of food

systems [22].

It means that global food supply chains should be complemented
and partially replaced by the alternative models of food production and
distribution that would contribute to both higher productivity of land
resources [11] (due to innovative technological solutions including pre-
cision agriculture [23], smart agriculture [24,25], introduction of new ed-
ible resources (insects etc. [26,27]), cultured meat [28,29,30] and cellular
agriculture [31], genome engineering [24] etc.) and higher resilience of
food chains (achieved by reducing the distance between the producers
and the consumers in order to reduce the risks of food supply chains
shocks [32,33,34]). Special attention should be paid to local food systems,
as in addition to a higher resilience they can provide local customers with
guaranteed access to locally grown high quality fresh food [34]. Sustain-
ability of new food chains is also an important requirement as people’s
awareness of ecological values is constantly growing [8,10,35].

One of the ways to reach these goals can be introduction of so called,
urban agriculture that can be described as agricultural production situ-
ated within the cities and peri-urban areas [36,37,38]. While urban ag-
riculture is a centuries-old practice, it has traditionally been limited to
individual producers who grew vegetables, poultry etc. at home [39] or on
the small land plots provided by the city authorities [40]. This model of
urban agriculture (in general being the form of subsistence agriculture) is
oriented towards the consumption of the products by the growers [41,42].
However, thanks to technological, social and organizational development
the new forms of urban agriculture emerge (community gardens [43,44],
urban farms [45], rooftop farming etc. [46]) that help overcome ineffi-
ciencies of traditional agriculture [45], increase resilience and outreach
of food security systems (by eliminating food deserts [47], thus provid-
ing people in need with affordable food [48,49], protecting food supply
chains against shocks [50]) and create positive social and ecological ef-
fects [23,51,52]. One of these forms is the vertical farms [53,54,55].

Vertical farms, which are often called as urban farms or indoor farms
[56], are the agro-industrial facilities in the cities and peri-urban areas
consisting of vertically arranged tiers of certain substrate assigned for
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growing plants and (or) animals (mainly mariculture, however, there are
also the urban farms for other species) [54,55,57]. This model of organiza-
tion of agricultural production supports the idea of intensive use of space
as due to this method the minimal space gives high yield productivity and
helps maintain an optimal microclimate [11,12,55]. Vertical farms repre-
sent a new stage of development of urban agriculture as they are based on
large and highly automated agro-industrial facilities located within the
cities [58,59]. High intensity of space usage is based on hydroponic and

aeroponic technologies [12,55,60].

Currently, there is a significant number of publications on the vertical
farms that can be divided into the following research streams [63,64,65]:

Technological aspects of the vertical agriculture [12,55,59]. The goal
of this research stream is to determine key technologies that can be used
for vertical agriculture and to evaluate their advantages and disadvantag-
es [56,60]. It is important to highlight that despite the growing popularity
of vertical farms, the scientists raise concerns about their real efficiency
as the technologies of vertical farming may be still immature [61] and the
energy consumption is high [62];

Role of vertical agriculture for urban food security [53,63,64]. As the
current level of geopolitical, ecological, climatic, economic and social
risks is very high, it is extremely important to ensure resilience of food
supplies to the cities;

Organizational and economic tools that can be used in order to ensure
efficiency of vertical farms [65]. Being innovative players on agricultural
market, urban farms may be associated with higher risks in comparison
with the traditional agricultural businesses [65]. Finding the ways to en-
sure their efficiency and selection of tools of elimination of risks is crucial
for development of vertical agriculture;

Environmental effects of the urban farms [66,67]. Ecological val-
ues play an important role for modern society as they comprise a part
of ESG-transformation [8,10]. Innovative models of agriculture have to
comply with these values.

Nevertheless, two issues remain relatively poorly studied:

O the system of relations between the participants of the ecosystem of
vertical agriculture. Expansion of the vertical agriculture means that
new stakeholders in agricultural industry emerge, and the system of
relations between the existing stakeholders and the new stakeholders
is constantly changing. Understanding these changes is essential in
order to implement the state and corporate strategies of development
of the vertical agriculture as a new element of urban food security.
However, despite the popularity of ecosystem approach for analysis
of companies, industries and markets, the literature on vertical farms
does not consider this approach. The study of linkages between the
vertical farms and external actors usually includes only cooperation
between the operators of vertical farms and technology providers [56].
Obviously, it is possible to provide conditions for the development of
the vertical agriculture only on the basis of understanding of the goals
and the conflicts of stakeholders of the vertical farms ecosystem;

O the role of vertical farms in digital transformation of agriculture
[25,68]. While vertical farms strongly depend on digital technologies,
these technologies are only analyzed as a technological basis of
the vertical farms [12,55,59]. However, being an innovative form
of agricultural production, the vertical farms can also contribute to
digital transformation of agriculture [68,69]. Moreover, as vertical
farms are situated within the cities and peri-urban areas they can be
considered as a tool of social transition towards smart cities [70,71,72].
This aspect is extremely important as putting vertical farms in the
context of the digital transformation of global economy will help
increasing efficiency of the vertical farms by linking them to the other
digital systems.

The present paper represents an attempt at filling in these gaps. The
goal of the research is twofold:

O Identification of the composition of the vertical agriculture ecosystem
and the description of interests, goals and conflicts of its stakeholders.

O Analysis of the role of vertical farms in the digital transformation of
economy.

The contribution of the present research to the existing literature on
vertical agriculture is made up of identification of potential models of
pooling resources of various stakeholders to promote the vertical farms
as an innovative model of agricultural production.

2. Objects and methods

The present research is based on ecosystem approach. The concept
of ecosystems as a model of organization of business activities was in-
troduced by Moore [73]. Ecosystems exist at the project, in the corporate
and industrial level, and can be broadly defined as the open networks of
various stakeholders that have common and private interests and who

influence the development of this project (business, industry etc.). The
balance of the common and private interests of various groups of stake-
holders leads to a coopetition among them.

Concept of ecosystems has been successfully applied to analysis of
various economic objects (platforms [74], fintech [75], cryptocurrencies
[76], cities [77] and helped to understand the structure of stakeholders
concerned in these objects, the nature of their relations as well as their
impact on the development of these objects [78]. It means that ecosys-
tem approach is a powerful research methodology and can be applied to
analysis of vertical farms industry.

Stakeholders are the groups of economic agents with more or less
uniform interests, goals and models of participation in economic activi-
ties (and similar model of interaction with the economic object under
analysis).

In order to identify the specific groups of stakeholders in the vertical
agriculture we use the general method of analysis and synthesis. For de-
scription of the impact of the vertical farms on digital transformation of
agriculture we use the method of strategic matrices [79].

3. Results and discussion

3.1. Advantages of the vertical farms
Vertical farms feature many advantages in comparison with tradition-

al agriculture:

0 More efficient use of limited land resources due to vertical arrange-
ment of production facilities, as vertical farms are multi-floor build-
ings [12]).

0 Vertical farms are less dependent on climatic conditions [80] because
of internal microclimate supported by special technological equip-
ment [60]. Thanks to independence from climatic conditions the ver-
tical farms can be used for organization of agricultural production in
area where traditional agriculture is impossible [81,82]. These mea-
sures will ensure food security of these areas. It also helps increase ef-
ficiency as multiple production cycles can take place all year round. Fi-
nally, it helps to reduce the negative effects of climate change [80,83].

O Better food supply for the cities [53,54,84]. Vertical farms can be lo-
cated within the urban areas thus eliminating the distance between
the place of production of food and the place of its consumption which
makes food supplies more resilient.

O Shorter food supply chains of retail operators and lower logistic costs
for retail chains.

O Lower environmental damage (less fertilizers, lower water consump-
tion, less fuel for transportation, no deforestation) [54]. However, ac-
cording to Vaughan [85], ecological effects of vertical agriculture are
unclear.

O Promotion of organic consumption.

0 Rehabilitation of urban landscape. Since the cities have a large num-
ber of abandoned buildings and territories (due to deindustrializa-
tion), it is possible to consider these resources as a place to create ver-
tical farms, which will improve the quality of the urban environment.
Development of the vertical farms corresponds to main trends of evo-

lution of agriculture:

0 Expansion of green agriculture (that is more environment friendly
than the existing model of agricultural production). Ecological values
become more important for customers [8,86]. In the same time the
legal pressure on business that do not care about the environment
is constantly getting harder. Producers of food have to comply with
these requirements and development of vertical agriculture is a good
option.

O Urban agriculture which encompasses various forms of growing food
in cities organized by companies, communities and individuals (like
urban gardening). Urban agriculture helps to improve the quality of
food and to increase the efficiency of use of city lands.

0 Smart agriculture as vertical farms are very much dependent on digital
technologies that control and optimize all processes.

It means that in addition to being an innovative model of ensuring
food security the vertical agriculture plays a strong transformative role
for the customers, food producers and cities as it promotes new models
of land use, production of food and interactions within the framework of
food consumption.

3.2. Vertical farms as a tool for the development of the smart city concept

Vertical farms are mainly attractive for megacities that historically
have been the industrial centers:

1. Megacities depend on external food supplies (since it is economi-
cally impractical to grow food in the cities within the framework of the
traditional agricultural production model). This provides a negative im-
pact on their food security.
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2. In the old industrial centers after deindustrialization there are ma-
ny abandoned or underused buildings remaining from the former produc-
tion facilities, as well as adjacent land plots. They are usually used for the
construction of residential and commercial real estate, but this leads to
a higher occupational density and to deterioration of the urban environ-
ment quality.

The construction of the vertical farms allows solving these problems,
since they create an opportunity for growing agricultural food products
within the city (which favorably affects the supply of food to the cities
[5]), and some forms of vertical farms may lead to greening of the cities.

Since vertical farms are based on the active use of digital technolo-
gies, they can be easily integrated into a single digital food management
system of “smart cities” — a new model of urban management and gen-
eral governance [87]. Thus, vertical farms correspond to new approaches
to urban management based on use of the digital tools [72,88,89]. They
can also be easily included into the digital systems of food security that
ensure seamless connection between the producers, retail sale chains and
the end users.

It means the role of the vertical farms cannot be limited only to direct
supplies of fresh food within the cities (without necessity of creation of
long supply chains which connect the cities and agricultural areas). Verti-
cal farms also contribute to transformation of urban environment and
urban management:

0 They help rehabilitate the abandoned industrial buildings by
organizing agricultural production there.

O Vertical farms may create green areas within cities. It improves the
quality of life of urban population.

O Urban agriculture becomes an integral part of smart Ccities’
management systems. It fosters digital transformation of cities.

It demonstrates the multi-dimensional role of vertical farms in trans-
formation of the cities. It also shows that the owners of former urban
industrial sites as well municipal authorities are the active stakeholders
of the vertical farm’s ecosystems.

3.3. Ecosystem of vertical farms
Vertical farms represent a sub-industry of urban agriculture. It means

that the ecosystem of vertical farms is an industrial ecosystem.

According to the classical approach developed by Moore [73] an indus-
trial ecosystem consists of the producers (who make up the core of the in-
dustry), the suppliers (both direct and indirect), the competitors and the
customers. This approach was developed in further research in order to
adapt it to specific industries and to provide more complex view by includ-
ing the additional groups of the stakeholders [75,76]. Defining the struc-
ture of vertical farms ecosystem means adaptation of this general model of
industrial ecosystems to the specific features of the vertical farms.

Ecosystem approach to the analysis of industries and analysis of
markets has gained its popularity in the scholarly literature and dem-
onstrated its high efficiency for understanding of interactions between
the stakeholders in various industries [74,77,90]. Applying this approach
towards vertical farms may extend our knowledge of potential conflicts as
well as raises the awareness on the models of cooperation between vari-
ous stakeholders of the vertical farms and contribute to creating a basis
for the strategy of development of the vertical farms within the frames of
smart cities.

In our opinion this ecosystem can include the following (Table 1):

1. Vertical farm operators are companies that invest in the creation
of city farms and then run them. This group of stakeholders constitutes
the core of the vertical farms industry. These enterprises generate profit
by supplying fresh and higher quality products to the customers. They
create value for all other groups of stakeholders of this ecosystem (or,
better, they have an impact on the value captured by the other stake-
holders). However their development is threatened by the high costs of
creating and running the vertical farms (associated with a higher cost of
land within the city, as well as boomingly high electricity costs), and, as
a result, the possible lower investment attractiveness of such projects.

According to economic calculations provided by iFarm, investments
into vertical farms are almost three times higher than investments into
the traditional greenhouses of the 4" or 5" generation (https://ifarm-
project.ru/technologies#vertical) as their payback period is about 4.3-
4.7 years. Vertical farms can be profitable in the big cities only (like Mos-
cow or St. Petersburg).

Operators of the vertical farms have two main groups of the rivals that
compete for the investments:

O residential and commercial real estate projects as an alternative option
for using urban land. These projects are well known to the investors
who are able to evaluate their potential profitability and risks. To the
contrary, the vertical farms are a new industry which, despite its high

potential, still has unclear prospects. Risk-averse investors may not

wish to invest their funds into the vertical farms and would prefer to

invest them into the residential and commercial real estate;

O traditional (non-vertical agricultural projects. Traditional agriculture
is more transparent for the potential investors in comparison with the
vertical farms.

Another problem is that vertical farms are the new companies that still
have to create and promote their brands (being surrounded by strong com-
petition with traditional agricultural producers brands). It also decreases
the attractiveness of vertical agriculture for investors, which may compli-
cate access to financing. Another factor that hinders the development of
vertical farms in Russia is unfavorable legislation. Vertical farms are not
considered as the agricultural companies and they have no state support.

Finally, operators of the vertical farms may face a shortage of qualified
personnel;

2. Manufacturers of equipment and software for the vertical farms, as
well as the developers of projects of such farms and management compa-
nies. They are interested in the possibility of making profit from working in
a new promising market. These stakeholders face the fact that the growth
rates of the vertical farming industry may be lower than they expected.

3. Utilities companies (electric power, water supply etc., as well as
those engaged in disposal of agricultural waste). Formally they should be
included in the previous group of stakeholders (the suppliers of resources
for vertical farms). However, electric power and water are key resources
that are necessary for vertical agriculture, and relations between vertical
farm operators and utilities companies are often based on non-market
basis. Utilities companies are often monopolists and their prices can be
established for all groups of the customers. In addition, their supply is
stable and inflexible and it may be difficult for these companies to serve
the new customers. Actually, the vertical farms may create an additional
load for electric power and water supply infrastructure. In the same time
the vertical farms may be the good customers for utilities companies as
the vertical farms have a stable demand for resources which helps the
utilities companies to avoid peaks of consumption.

It is extremely important for vertical farm operators to establish the
collaboration with utilities companies and to negotiate good terms.

4. Industrial customers of agricultural products — retail chains and food
industry enterprises. The attractiveness of the vertical farming concept for
this group of stakeholders is due to the fact that they can simplify their
logistics chains, ensure the stability of supplies throughout the year and
improve the quality of purchased products (due to the absence of the need
for long-term storage and transportation). Negative factors are associated
with the possibility of rising prices for the products of vertical farms in
comparison with traditional suppliers because of high investments (how-
ever, this is offset by the possibility of increasing retail prices for it due to
the formation of the image of these products as having better quality).

5. Traditional agricultural producers. On the one hand, vertical farm-
ing poses a threat to them, since it is a new model of agricultural organi-
zation that competes with traditional models and has important advan-
tages in comparison with them (lower logistics costs and higher product
quality) [57]. On the other hand, investing into vertical farms can provide
these companies with an opportunity to diversify their business, and due
to a stable market position and large financial resources, these enterpris-
es can effectively compete with specialized vertical farm operators. This
competition can occur on two levels. First, traditional companies have
well-established logistics chains, good connections with retail chains and
the ability to supply large volumes of food, and therefore the food prod-
ucts they produce in the traditional way can maintain their competitive-
ness in comparison with food supplied by vertical farm operators. Second,
traditional agricultural companies have the opportunity to invest large
resources in vertical farms (including acquisition of their operators) in
order to diversify their activities.

6. Land owners who control the access of farms to a key resource. The
transition to vertical farms will allow them to diversify models of land
management and reduce risks, but, on the other hand, the profitability
of vertical farm projects may be lower than alternative projects imple-
mented in cities, which will reduce the income of owners.

7. End consumers (and, more generally, city citizens) interested in
having access to quality food (but not willing to pay too high a price for
them) [39]. In the same time urban population may not like transforma-
tion of areas where they live into large agro-industrial facilities as it may
cause harm to the comfort of the city environment;

8. City administration that seeks ways to optimize the usage of ur-
ban land, to increase food security and to diversify city economy (all
these problems can be solved thanks to introduction of vertical farms).
However, city farms may create an additional load on the city infrastruc-
ture. It may also hinder transition to post-industrial creative cities. In
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Table 1. Risks and benefits of building vertical farms
Ta6nuua 1. PucKu U IpeuMMyliecTBa co34aHus BepTUKaIbHBIX hepm

Benefits
For hardware and software — Development of a new technology sales market
manufacturers
For vertical farm operators — Reduction of wage costs

— Water saving up to 90%

— Stable harvest

— Attracting investments by popularizing the trend of

greening
— Increase in profits

For utilities companies

generates high revenues)

For retail chains and food  — Reduction of transportation costs
industry enterprises — Simple logistics chains
— Stability of supplies

— High-quality locally produced products (which can be used

in a marketing strategy)

For traditional agricultural — Diversification of production
companies — Well-organized logistics chains
— Stable connections with retail chains

Risks

— The new market may not be promising enough

— Expensive equipment and high operating costs

— High electricity costs

— Lack of qualified personnel

— Possible lower investment attractiveness compared to
residential and commercial real estate projects (during
the construction of farms within the city)

— Supply of resource to customers with stable demand: — Additional burden on power and water infrastructure
— Cooperation with customers with a high demand (that

(that may undermine stability of supplies to other
customers)

— The capacity of the farm is insufficient to provide large
retail chains

— It is advisable to sell products exclusively on the local
market

— Decrease in demand for manufactured products
— The threat of displacement from the market

— Opportunity to invest in vertical farms (absorb competitors)

For land owners — Diversification of the direction of land
— Rational use of land resources

— The profitability of vertical farm projects may be lower
than alternative projects
— Possible decrease of income

For the population — Improving the quality of food supply — Risks of relatively higher price for the products of vertical
(end users) — Transition to organic consumption model farms;
— Improving the welfare of citizens by improving the quality = — Re-industrialization of cities may harm the urban
of products supplied environment
For city council — Higher food security: — Load on city infrastructure:
(municipal authorities) — Diversification of urban economy; — Problem of transition to creative cities;

— Expansion of smart city system

For the state — Development of the “smart city” concept
— Solving the problem of lack of fertile land
— Improving the food security situation

— Landscaping and land reclamation (on the site of old

industrial enterprises)
— Improving the efficiency of agriculture

comparison with creative industries, vertical farms may create less job
places (due to a high level of automation) which is a disadvantage from
the point of view of local authorities.

9. The state as the main regulator. The state needs to improve the
quality of the urban environment and ensure the food security of mega-
cities. At the same time, it seeks to minimize its business support costs
(in case of vertical farms development of this new industry may require a
substantial support from the state). In addition, the state may fear further
depopulation of rural areas and decrease of income (and quality of life
in general) of rural inhabitants associated with the transition to vertical
farming within the city. This transition may cause destruction of tradi-
tional agricultural jobs. This depopulation poses threats to social stabil-
ity and may require additional resources from the state to overcome its
negative consequences.

Stakeholders can combine different roles. For example, Magnit is not
only a retail company, but also the independent investor into the vertical
farms creation (which corresponds to the policy of this company targeted
to minimizing dependence on third-party suppliers). Similarly, iFarm
(https://ifarmproject.ru/projects) not only owns farms, but also manages
epy vertical farms of third-party owners.

As our analysis shows, the stakeholders not only share their common
interests, but also have their contradictions. Therefore, the development
of vertical farms will on a large scale depend on the balance of interests
of the stakeholders. The state can play an important role in finding this
balance by developing a favorable legislative framework and creating in-
centive measures to encourage investments into the vertical agriculture.

4. Conclusion

Vertical farms as an innovative form of organization agricultural pro-
duction in the context of the transition to the digital economy have sig-
nificant and promising potential:

1. First of all, they are a tool for the digital transformation of agri-
culture [66], which makes it possible to increase the efficiency of food
production (by optimizing the usage of land resources, reducing logistics
costs and widespread automation of production processes).

— Low number of jobs created (in comparison to service
and creative industries) because of high level of
automation of vertical farms

— Depopulation of rural areas

— Threat to social stability

— High level of consolidated budget expenditures to
support the development of vertical farm startups
and scientific research in the field of agriculture
and technology, as well as to eliminate the negative
consequences of depopulation

2. Due to vertical farms it is possible to improve the food supply of
megacities (since food production is organized directly within the cities)
and improve the quality of the urban environment.

3. Vertical farms serve as one of the tools for the transition to “smart
city”, i. e. the digital transformation of cities [71].

The potential of vertical farms, in accordance with the practice of stra-
tegic analysis, can be presented in the form of a strategic matrix below
(Table 2). To construct such a matrix, we use the following criteria:

1. Directions of influence of vertical farms — agriculture and cities.

2. The essence of the influence of digital farms — digital and non-
digital elements.

Table 2. Vertical farms potential strategic matrix

Tabnmuua 2. Crparermyeckasi MaTpuia MOTEeHIMAIA BePTUKAIbHBIX hepm
Non-digital element Digital element

Agricultural Improving the efficiency of  Tool for digital transformation

industry land use. of agriculture (based on a new
model of organization of food
production).

City — Improving the supply of  Transition to the concept of

a “smart city” (by building a
unified digital management
system for the supply of food
to cities).

food to epy cities;

— Improving the quality of
the urban environment
(recultivation of epy
old industrial facilities,
urban greening and
accomplishment).

This integrated approach to the very essence of vertical farms and
their potential is proposed for the first time. This strategic matrix dem-
onstrates key directions that should be taken into account in state and
corporate strategies of development of vertical agriculture.

Important conditions for realizing this potential are:

1. Thorough economic evaluation of vertical farm projects (innovative
technologies can be associated with high costs and risks).
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2. Coordination of interests of stakeholders in the vertical agriculture
industry in order to ensure their cooperation. This coordination is possi-
ble both on the basis of a partnership of stakeholders of different groups,
and by combining the functions of different stakeholders by one market
player (like in the case with Magnit, which simultaneously acts as a retail
chain and an operator of vertical farms).

This paper makes an important contribution to the literature on verti-
cal farms by describing the composition of vertical farms’ ecosystem and
defining the double nature of vertical farms as the tools that can increase
efficiency of agricultural production and support transition to smart cit-
ies. These results can be used as a theoretical basis for multi-stakeholder

approach towards development of strategies of the vertical farms imple-
mentation.

The paper also demonstrates the key role of the state in the introduc-
tion of vertical farms. The tasks of the state include the following:

1. Finding a balance of interests of different groups of the stakeholders;

2. Creating a favorable environment for development of the vertical
farms;

3. Using the vertical farms as one of the tools for the transition to
“smart cities” as well as a mechanism to ensure urban food security;

4. Compensation and elimination of negative effects of the vertical
farms (prevention of rural areas degradation, etc.).
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OCOBEHHOCTHU PA3BUTUA U METABOJ/IN3MA IITAMMOB
STREPTOCOCCUS THERMOPHILUS B PA3HbBIX YCJIOBUSIX
I'’'TYBUHHOT'O JKUAKO®A3HOI'O KYJIbTUBUPOBAHUSA
Csupupgenxko I. M.*, IllyxamoBa O. M., Tauuiosa E. C.

Bcepoccuiickuit HayYHO-MCCIe0BATEIbCKIUI MHCTUTYT MaCI0e/UsI U ChIpoenus, Yriany, IpociaBckast 06actb, Poccus

K/TIIOYEBBIE CJIOBA: AHHOTAL YA
MmodesibHble MosiouHble  Mukpodiopa GomblIMHCTBA (epPMEHTHPYEMbIX MOIOYHBIX HPOIYKTOB, B TOM YMC/I€ ChIPOB, IOJTHOCTBIO COCTOMUT M3 MOJIOY-

HayuHas craTbst
Open access

cpedbl, WMammbl HOKMC/IBIX GaKTepuii, T. €. CIielMaJbHO BHOCUMBIX B CMeCh GaKTepMalbHbIX 3aKBACOK C PAa3JIMUHBIM BUAOBBIM U IITAMMOBBIM
Streptococcus COCTaBOM. BUI0BO# cOCTaB 3aKBaCKM JO/KEH 06ECIIeUnTh MHTEHCUBHOCTD M HAIPaBIEHHOCTh MUKPOGYOIOTMYECKIX U O1O-
thermophilus, XMMMYECKIX ITPOLECCOB BIPAGATHIBAEMOTO MPOAYKTA ¥ TAPaHTUPOBATh €r0 6e30MaCHOCTb, KAYeCTBO M XPaHMMOCIIOCOOHOCTb.

KOJIUYMECmMe0 KNemokx, B uacTHOCTU, MOJIOUHOKUC/IbIE GAKTEPUM OCYIIECTBIISIIOT TPeobpa3oBaHe OCHOBHBIX KOMIIOHEHTOB MOJIOKa (6€e/1Ka, MOJIOUHOTO
Kuc0moobpasyroujas  skupa, JaKTO3bl) BO BKYCOBbIE, apOMaTNIECKIe, 6VOIOTMIECKY aKTMBHbIE BEINECTBA, YUACTBYIONE B (GOPMUPOBAHNI UIEH-
akmueHocmo, TU(UKAIMOHHBIX ¥ OPraHOJENTUYECKUX ToKa3aTeneii hepMeHTUPYEMbIX MOJIOYHBIX MPOAYKTOB. KOMM4eCcTBO 3aKBaCOYHbBIX
2/IUKOIU3, NPOMEOJIU3, MUKPOOPTraHU3MOB B (hepMeHTMPyeMbIX MOJIOYHbIX ITPOLYKTAX, B TOM YMCJ/Ie U ChIPAX, 3HAUMTEHLHO IIPEBBILIAET COlepsKaHue
JIUNONU3, 06pasosanue 060 MOCTOPOHHEN MUKPOGIOPHI ¥ MOXKET CTaTh IPUUYMHOJ IOSBI€HMS TaKUX OPTaHOTIENTUIECKMX TIOPOKOB, KaK KUACIO-
6KYCOAPOMAMUUeCKUx — Ta, ropeub, Hecrenubuueckuii MIOCTOPOHHMIA TPUBKYC MM M36BITOUHOE ra3o06pasoBaHme. CIIOCOGHOCT MUKPOOPraHM3MOB
seujecms K 06pa30BaHMIO TeX UM MHBIX MPOAYKTOB MeTab0oMM3Ma OIPEeIeNseTcs: Kak UX BUIOBBIMM M IITAMMOBBIMM CBOVICTBAMM, TaK
U YOIOBUSIMU KYJIBTUBUPOBaHMUSI. K TAKOBBIM OTHOCSITCSI, TIPEXAE BCErO, COCTaB CPelbl Pa3BUTUSI M TEMIIEPATYPHbIE PEKMMbI
KyJTbTUBUPOBaHMsI. KOMOMHMUPYS cOCTaB 3aKBACKM U MOAGKUpast 671aronpusiTHbie PeXKMMbI KYJIbTUBUPOBAHMS MUKPOOPTaHM3-
MOB, MOXXHO JOOUTHCST ONITUMAaIbHOTO Pa3BUTHUSI 3aKBACOUHOI MUKPOGIIOPBI, TIOYYUB MPOAYKThI C MICKOMBIMY KaueCTBEHHbI-
MM XapaKTepPUCTUMKaMI. B TaHHOI cTaTbe Mpe[CcTaBieHbl Pe3y/IbTaThl CPABHUTENBHOV OIEHKM CBOVCTB IPOM3BOICTBEHHBIX
HITAaMMOB Streptococcus thermophilus B Tipoiiecce Ux pa3sBUTHS B MOJIOYHBIX Cpeiax MY ONTUMAaIbHBIX TeMIepaTypax (41+1)°C,
VIMUTHPYIOIIUX YCIOBYSI TPOU3BOACTBA KMCTIOMOJIOUYHBIX ITPOAYKTOB, @ TAKKE B PEXXMUMAX, UMUTUPYIOLIVX YCIIOBUS CO3PEBaHMS
cbipoB (11+1) °C u KOHIeHTpaLMM [TOBapeHHOI con 4%. Takske IPOBOIMIACH OI[eHKA XapaKTepa ()epMeHTaTUBHBIX IIPOIECCOB
IJIVKOJIN3a, TIPOTEO0JIN3a, JIUIIONM3a U BKycOOOpa30BaHMs B pe3y/ibTaTe MeTabon3Ma JaHHBIX KYJIbTYD.
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PECULIARITIES OF DEVELOPMENT AND METABOLISM
OF STREPTOCOCCUS THERMOPHILUS STRAINS UNDER DIFFERENT
CONDITIONS OF DEEP LIQUID PHASE CULTIVATION
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All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Russia
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model dairy The microflora of most fermented dairy products, including cheeses, consists entirely of lactic acid bacteria, i. e., bacte-
media, strains rial starter cultures with different species and strain composition that are specially introduced into the mixture. The spe-
of Streptococcus cies composition of the starter must ensure the intensity and direction of the microbiological and biochemical processes of
thermophilus, the produced product and guarantee its safety, quality and storability. In particular, lactic acid bacteria transform the main
cell number, components of milk (protein, milk fat, lactose) into taste, aromatic, and biologically active substances involved in the forma-

acid-forming activity,  tion of identification and organoleptic characteristics of fermented dairy products. The number of starter microorganisms in

glycolysis, proteolysis, fermented dairy products, including cheeses, significantly exceeds the content of any foreign microflora and can cause the

lipolysis, formation appearance of organoleptic defects such as acid, bitterness, non-specific off-taste or excessive gas formation. The ability of

of flavoring substances microorganisms to form certain metabolic products is determined both by their species and strain properties, and by cultiva-
tion conditions. These include, first of all, the composition of the development environment and temperature conditions of
cultivation. By combining the composition of the starter and selecting favorable modes for cultivating microorganisms, it is
possible to achieve optimal development of the starter microflora, obtaining products with the desired quality characteristics.
This article presents the results of a comparative assessment of the properties of production strains of Streptococcus ther-
mophilus during their development in dairy environments at optimal temperatures (41*1) °C, simulating conditions for the
production of fermented milk products, as well as in modes simulating cheese ripening conditions (11#+ 1) °C and 4% table salt
concentration. The nature of the enzymatic processes of glycolysis, proteolysis, lipolysis, and flavor formation as a result of
the metabolism of these cultures was also assessed.
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1. BBegeHue

OCHOBOJ1 6GaKkTepuaNbHBIX 3aKBAaCOK, MCIONb3YeMbIX IPU IMPOU3-
BOICTBe (epPMEHTMPOBAHHO} MOJIOYHONM IMPOAYKINM, SIBISIIOTCS KHUC-
J0T006pA3yIoNe 3aKBACOYHbIe MMKPOOPraHu3Mbl. VX raaBHast QyHK-
uusi — c6pakxuBaHMe JaKTO3bl U obecriedeHMe HEOGXOLMMOIO YPOBHS
MOJIOUHOKMCJIOTO TIpoliecca, peraaMeHTUPYeMOTo TeXHOIOTMYeCKUMU
MHCTPYKUMSIMM 110 TPOM3BOZICTBY KOHKPETHOTO BMza mponykra [1]. B pa-
60Tax [2,3] onuchIBaOTCS GYHKIMOHATbHbBIE XapaKTEPUCTUKM 3aKBACOY-
HBIX MMKPOOPTaHM3MOB KaK He0OX0IMMbIX KOMIIOHEHTOB ITPOM3BOACTBA
hepMeHTMPOBAHHO MOJIOYHON MTPOAYKIIVIN.

BemecTBa, o6pasyomiuecst B pe3yabraTe cOpakMBaHUS JTAKTO3bI, He
TOJIBKO UTPAIOT BaXKHYIO pO/ib B GOPMMPOBAHMM BKyCa, apomMaTa, KOHCK-
CTEHIM! U PUCYHKA CHIPOB, HO U B 3HAUMTENIbHOI CTeIIeH! ONpefessioT
HaIpaBJIeHHOCTb (U3UKO-XMMUUECKUX, OMOXMMUYECKUX U MUKPOOMO-
JIOTMYEeCKMX ITPOLIECCOB BO BpeMsI CO3peBaHus ChIpOB. Steele ¢ coaBTopa-
Mu [4] B cBoeM 0630pe OAPOGHO paccMaTpuBaloT GopMupoBaHye BKyca
¥ apomara ChIpPOB IIOf;, IefiCTBMEeM 3aKBAaCOUYHOI MMUKPOdIopsl. ['pymmoit
yueHbIX 1oj pykoBoxacTBoM Hayaloglu [5] mpoBemeHsl mcciemoBaHust
TYPeLKOro CbIpa, M3TOTOBJAEHHOTO C MCIIOJNIb30BaHMEM 3aKBACOYHBIX
MMKPOOPraHu3MOB 1 6e3 HUX. BbIJIO YCTAaHOBJIEHO, UTO MTPYMEHeHte 3a-
KBACOYHBIX KYJIBTYP MOTOKUTETbHO MOBIMSUIO Ha HU3UKO-XMMUUYECKIe,
6GMOXMMMYECKME Y OPTAHOMENITUYECKME CBOMCTBA ChIPa, B TOM UMCIe HA
YPOBEHb PacTBOPUMOTO a30Ta, TPUXJIOPYKCYCHOM KUCIOTHI ¥ HAKOILIe-
HUST CBOGOIHBIX aMMHOKMCIOT. ChIPBI, M3TOTOBIEHHBIE 6e3 JCII0/Ib30Ba-
HUSI 3aKBACKM, TOTYYIIU GoJiee HU3KYe OPraHOoIeNTUYecKue OLeHKN [5].

B pesynbpraTe HaKOIIEHMSI MOJIOYHOM KMC/IOTBI M CHMKEHUSI aKTUB-
HOJM KUCJIOTHOCTH, IO JaHHbIM I'ynikosa A. B. [6], co3pmarorcs ycioBus,
MoJaBJSIONIMe pa3BUTMe MUKPOMIOPHI Mopun. VICTOUHMKOM SHepruu
TSI TAKOM MUKPOGUIOPBI CITYKAT YITIEBObI, & TAKKe MHAKTUBUPYIOIIME
1Ie/IOYHbIe MTPOTeasbl, KOTOPbIE OCYLIECTBISIIOT Hecrenubuiyeckuit st
ChIpa MPOTEO0/IN3, U3MEHSIOIINI CTPYKTYPY CbIPHO MacCChI

Kucnoroobpasyomiye MOTOUHOKMUCIbIE GakTepuu, BXOIsIINME B CO-
CTaB 3aKBAaCOK, [TPeMMYILECTBEHHO BKIIOUAIOT B cebst Buabl Lactococcus
lactis n Streptococcus thermophilus [6]. TepMOGMIbHBIN CTPENITOKOKK
yMeeT GOJbLIOe 3HAUEHMe JJISI MOJIOYHOI MPOMBIIUIEHHOCTH, TaK KaK
HIMPOKO MUCIIONB3YeTCs 1151 IPOU3BOACTBA ePMEHTUPYEMbIX MOTOYHbBIX
MPOAIYKTOB, B TOM 4McIie ChIpoB [7,8]. B mybmmkanusix [9,10] naercs npep-
CTaBjIeHVe 0 MMKPOOMOTE MOJIOKA ¥ CbIpa, a TaKke 06 MX CTPYKTYPHOI
¥ GYHKUMOHAIBHOM JUHAMUKE B CBSI3M C PA3IMYHBIMM TEXHONOTMUSIMU
CBIPOZIeNMS Y BAMSIIOUIVIMY Ha HUX IlePeMeHHbIMMU.

Bakrepuu pona Streptococcus, B cooTBeTCTBUM € «Orpenenuresnem 6ak-
Tepuit Bepmku», oTHOCATCA K rpymie 17 «['paMIonokuTenbHble KOKKM»
U SBJISIOTCS I‘OMOd)epMEHTaTI/IBHbIMI/I T'PaMITIONIOKUTEIbHBIMU Cl)aKyIIb-
TaTMBHO aHA’POObIMM KaTala3aoTPULIATETbHBIMY MOIOYHOKMUCIBIM MU-
KpoopranusMamu. C TOUKM 3peHNs] KOHCTPYKTMBHOTIO Y 9HepPreTUYecKoro
Merabonuama Streptococcus thermophilus OTHOCUTCSI K XeHOOpraHoreTe-
POTPOdHBIM GaKTEPUSIM, T. €. IJISI POCTa ¥ Pa3BUTHSI HYKIAETCS B CPeNax,
60raThbIX OPraHMYeCKUMY BelecTBAMM U B IEPBYI0 OYepeb YIIeBOJaMu
u Genkamu. [l JAHHOTO BUIA MOJOYHOKMCIBIX MUKPOOPIaHM3MOB Xa-
paKkTepeH SHePreTUUecKuii MeTabon3mM OPOAMIBHOTO TUIIA, 8 KOHEUHbBI-
MU MIPOAYKTaMM COPaKUBAHUSI JIAKTO3BI SIBJISIOTCS JIAKTATbI, IPU 3TOM
MpoIecc IMKOIM3a MPoXomuT 6e3 razoobpasosanus [11]. Temmepatyp-
HBI [Uana3oH pocra Streptococcus thermophilus cocrasmsiet ot 15 mo 55 °C,
a rpenenbHasl KUCJIOTHOCTh TP Pa3BUTUM B MOJIOKe He rpeBbiiiaeT 100-
140 °T. HanbGosnee akKTUBHbIE KMCIOTOOOPA3YIOIIVe ITAMMbI Streptococcus
thermophilus ipy onTUManbHO Temrepartype 40-42 °C cBepTHIBAIOT MO-
JIOKO 3a 6—8 yacoB. ECTb JaHHBIE O UYBCTBUTEIBHOCTY TEPMO(GUIBHOTO
CTPENTOKOKKA K MOBBIIIEHHBIM KOHIIeHTpauusm comu (6omnee 4,0%) [6].

Streptococcus thermophilus TpaguUIIMOHHO UCIIONb3YETCS B COUETAHUN
¢ Lactobacillus delbrueckii subsp. bulgaricus wnu Lactobacillus helveticus
IIJISI IIPOM3BOJCTBA JOTypTa M ChIPOB € BBICOKOI TeMIlepaTypoil BTOPOro
HarpeBaHusl, TAKUX KaK 3MMeEHTa/Ib, Tplojiep u Ap. BkiaoyeHne Tepmo-
(MIBHOTO CTPENTOKOKKA B COCTAB 3aKBACKM JJIsS M3TOTOBJIEHUSI CHIPOB
¢ yensepusalMeil ¥ TePMOMeXaHNUeCKoii 06paboTKO ChIPHOV MacChl
YCKOpSIeT MPOIlecchl COPakKMBaHMSI JIAKTO3bI BO BpeMsI BBIPaOOTKM IPO-
nykTa. OpHaKo IJ1 TOMYTBEPABIX CO3PeBalOIMX ChIPOB C HU3KOI TeM-
repaTypoit BTOPOro HarpeBaHusl, TAKMX Kak KOCTPOMCKOI, FOJUIaHACKMIA,
POCCUICKUIL U [Ip., OCHOBOJ 6aKTepMaIbHbIX 3aKBACOK SIBJISIIOTCSI M€30-
dbubHbBIE TaKTOKOKKY Buaa Lactococcus lactis subsp. lactis u Lactococcus
cremoris [12]. Wcronp30BaHue B COCTaBe 3aKBAaCOK [JISl 3TUX CBHIPOB
Streptococcus thermophilus TPUBOAUT K U3MUIIHEMY MOBBIILIEHUIO YPOB-
HSI MOJIOYHOKMCJIOTO IIPOIiecca, K YXYILUIeHMIO X Ka4eCTBa, K IOSIBIeHUI0
TaKUX MOPOKOB, KaK KUCIbIN MYCTOM BKYC, LeIeBUIHBINA UM CeTYATbIA
PUCYHOK, MayKyILast WM rpy6ast KOHCHCTeHIus [13].

MHorue mTaMMbl TepMOQUILHOIO CTPENTOKOKKA BBI3BIBAIOT CBEP-
ThIBaHME MOJIOKA C IIOSIBJIEHMEM BSI3KUX, MHOTIMA TSTYYMX CIYCTKOB. ITO
CBSI3aHO C VIX CIIOCOGHOCTBIO 06Pa30BbIBATh ITOMMCAXapyIbl B MOJIOKE, KO-

TOpBIE COEPXKAT TANIAKTO3Yy U INIIOKO3Y, & TaKKe HeGOoMblIMe KOIMYecTBa

KCUJIO3BI, apabMHO3bl, PAMHO3bI ¥ MaHHO3bI [14]. [ToaTomy mpu mox6ope

HITAMMOB TePMO(UIBHOTO CTPENTOKOKKA B COCTAB 3aKBACOK JIJIsI TIPOW3-

BOJICTBA OIpENeNIeHHbIX BULOB (PePMEHTUPYEMBIX MOJIOUHBIX TIPOTYKTOB

ux Heobxomumo aAudbepeHIpPOBaTh Ha «BSI3KME» U «HEBSI3KME» IITaM-

Mbl. Tak, 6;1arogapst CioCOGHOCTHM BSI3KMX LITAMMOB BIMSITh HA COCTOSIHUE

CTyCTKa, TepMO(WIbHBIN CTPENTOKOKK YaCcTO MCIIONB3YIOT B COCTaBe 3a-

KBACOK JI7151 KMCJIOMOJIOYHBIX ITPOYKTOB, B TOM UMCJIe 1151 IOTypTOB U CMe-

TaHBI C [[eJTBI0 YYYLIeHNsI KOHCHcTeHIMN. [[pyMeHeHre BI3KMX IITaMMOB

B COCTaBe 3aKBACKM /IS TIPOM3BOJCTBA ChIPA HENOITYCTUMO [15].
Croco6HOCTh MUKPOOPTaHM3MOB HAKaIUIMBATh T€ WM MHbIE IPO-

JIYKTbI MeTab0s13Ma BO MHOTOM OTIPE/IeNsIeTCs] Kak MX CBOMCTBaMM, TaK

U YCIIOBUSIMU KYJIbTUBUPOBaHMs. KOMOMHMPYSI BUOBOI U IITAMMOBBI

COCTaBbl 3aKBACOYHOI MUKPOGIIOPHI C YUETOM YCJIOBMIT Pa3BUTHUS TIPU

MPOM3BOACTBE KOHKPETHOTO BMAA hepMeHTUPYeMOil MOJIOUHO TPOAYK-

LMM, MOKHO HOOUTHCSI BBICOKOTO KayecTBa ¥ ICKOMBIX OpraHOJIeNnTHhye-

CKMX TIOKa3sareseii.

HayuHblIit MHTepec K MPOBeJeHNI0 MHOTOUYMCIEHHBIX UCCIeOBAHMUIA,
HaIpaBJIEHHBIX HA PACKPBITME 3HAUMMBIX aCIEeKTOB (DU3MOIOTUU KOH-
KPETHBIX LITAMMOB TEPMO(WIBHOTO CTPENTOKOKKA, BbI3BAaH BUJOBBI-
My ocobeHHOCTsIMU Streptococcus thermophilus: TepMoOCTabMUIBHOCTHIO
M BBICOKOJ CKOPOCTBIO KMUCIOTOOOPa30BaHMs, 0COGEHHOCTSIMM MeTabo-
JIM3Ma caxapoB, a TAKKe CIIOCOOHOCTHIO CTPENITOKOKKA MPOAYLMPOBATD
PSiI, BaXKHBIX METabOIMTOB, BAUSIONIMX HAa MOTPEGUTENbCKIE CBOMCTBA
(epMeHTMPOBAHHBIX MOJIOUHBIX ITPOAYKTOB [16,17]. Kpome Toro, Ha ce-
TOIHSILIHMIA eHb HAGII0aeTCsl PacTyIIMii CIIPOC HA KaYeCTBEHHYI0 MO-
JIOUHYIO MPOIYKIINIO.

Llenb maHHOM PabGOTHI 3aKIIOUAETCS B MPOBEJEHMYU CPABHUTEIbHBIX
MCCIeOBaHMIT 0COGEHHOCTel PasBUTUSI U MeTaboam3Ma MPOU3BOACT-
BEHHBIX IITAaMMOB Streptococcus thermophilus B miporiecce Ux pa3sBUTHS
B MOJIOUHBIX Cpe/lax B OIITUMMAaJbHBIX YCIOBUSIX, UMUTUPYIOLIVX YCIOBUS
MMPOU3BOACTBA KMCIOMOJIOYHBIX MTPOAYKTOB, M B PEeXMMAaX, MUMUTUPYIO-
LIUX YCIOBYMSI CO3PEBaHMSI ChIPOB.

B 3amaun uccienoBaHMii BXOOVIIN:

U cpaBHUTeNnbHas OLieHKA AVMHAMMKM Pa3BUTHSI MTPOMU3BOJCTBEHHBIX
mTaMMOB Streptococcus thermophilus B MOJIOUHBIX Cpeax IPY OINTH-
MaJIbHBIX TeMIlepaTypax KyJabTuBupoBaHms (41+1)°C, a Takke B pe-
SKMMax co3peBaHMsi cbIpoB Ipu (11£1)°C u ¢ KOHIeHTpalyelt oBa-
peHHoIi conu 4%;

U oneHKa MHTEHCUBHOCTM M HAIPaBIEHHOCTU (pepMeHTATUBHBIX MTPO-
11eCCOB (TaKMX KaK TIMKOJIN3, TPOTEONU3, TUTIONU3) U U3yUYeHNe Ha-
KOIUIEHMST BKyCOaPOMAaTUUECKMX BEIIECTB B pe3y/bTaTe MeTabonmusma
IaHHBIX KYJIbTYP B YCIOBMSIX ITyOMHHOTO XMIKO(DA3HOTO KYIbTUBU-
pPOBaHUS B MOJIOUHBIX CpeJiaX IIPY PA3HbIX TEMITePAaTyPHBIX PEKMMaXx.

2. O6'BeKTHI ¥ METOABI

T8t viccieOBaHMIi BbIGPAHO TPY MPOMU3BOICTBEHHBIX ITAMMA 3aKBa-
COYHbBIX MUKPOOPraHu3MoB Streptococcus thermophilus (223, 742,,115 ),
pery/sipHO BKJIIOYaeMbIX B COCTaB GaKTepuanbHbIX 3aKBACOK. [JMHAMMKY
pa3BUTMUS MMKPOOPTaHM3MOB U HAKOIUIEHMS] IIPOLYKTOB MeTabonm3ma
M3y4dann, KyJAbTUBMUPYS LITAMMBbI B CTEPMJIBHOM MOJIOKE IIPU 3apakeHUM
1% axTMBHOII KyAbTypbl. [Ipy IpoBefeHNM 3KCIIepUMMEeHTa UCXOOMUIN U3
TOTO, YTO pa3Hble MITaMMBbI [PV KYJAbTUBMPOBAHMUM B MOJIOKE IIPY OITU-
MaJIbHBIX YCJIOBUSIX U B YCIOBUSIX, UMUTUPYIOIUX IIPOLECC CO3PEBAHMS
CbIpa, MOTYT I10-Pa3HOMY Pa3BUBAThCSI M MeTaOOMM3MPOBATD YII€BOJBI,
6eJIKM M SKUPbI MOJIOKA.

JIst mpoBesieHMsl SKCIIePUMEHTOB LieIbHOe ChIPOe MOJIOKO CTepUIIN-
3oBasu ipu (121£1)°C ¢ BbIIEPsKKOI 15 MMH, UTO MCK/ITIOUAET HAIN4ue
OCTAaTOYHOM MMKPOQIIOPBl U ee BAMSIHME HA pe3ynbraT. KymrbTusupo-
BaHMe IITaMMOB TepMO(MMUIBHOIO CTPENTOKOKKA B CTepPMIN30BAaHHOM
MOJIOKe OCYIIeCTB/IsUIM B TeueHMe 10 CyTOK, KakK Py ONTMUMAaIbHOM TeM-
nepatype pa3Butusi (41+1)°C ¥ ipu OTCYTCTBUM IOBAPEHHOI COMN, TaK
Y TP TeXHUUYeCKy 3Haummoit Temrneparype (11+1)°C u ¢ KOHLIeHTpa-
LMell TIOBapeHHOI comu 4%, UTO COOTBETCTBYET yCJIIOBUSIM CO3PEBAaHMS
cbIpOB. KomnuecTBo KM3HECIIOCOOHBIX KJIETOK UM KMUCIOTOO6Pa3yOIIyIo
aKTMBHOCTD MCC/IeyeMbIX Ky/IbTYp KOHTPOIMPOBAIM B AVHAMMKeE Yyepe3
6,12,24,48,72, 69, 168, 240 yacos.

KonmuuecTBo KM3HECIIOCOGHBIX KJIETOK OINpeNeNsivi IMyTeM I0oceBa
pa3BelieHNi Ha TBEPYIO MUTATENbHYIO CPely /ISl BBISIBJIEHMS MOJIOUHO-
KUCTbIX MUKpoopraunsmos mo 'OCT 33951-2016'.

TutpyeMyio KUCIOTHOCTb B MOJIOUHBIX CpeflaX yCTaHaBIMBalIM IO
I'OCT 3624-922.

! TOCT 33951-2016 «M0JIOKO 11 MOIOUHAs POAYKIVsl. MeTO/bI OTpeIeIeHist
MOJIOUHOKMC/TBIX MUKPOOPraHmn3moB». — M.: Cranmapturdopm, 2016. — 10 c.

2 TOCT 3624-92 «MOJIOKO 1 MOJIOUHbIE TPOAYKTHI. TUTPUMETPUUECKIE METO-
bl OTIpeIeIeHNsT KUCTOTHOCTU». — M.: Cranmapturdopm, 2009. — 8 c.
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OrnipefeneHne MacCoOBON JOJM JIAKTO3bI, [TIOKO3bI, FAJIAKTO3bI ¥ MO-
JIOYHO#M KUCIOTHI MPOBOLMINM TMPU IMOMOIIM CUCTEMBl KaNWUISIPHOTO
anexkTpodopesa cepuu «Karmenb-105M» («/Iromakrc-MapkeTuHr», Poccmst).

JI71s1 yCTaHOBJIEHUS XapaKTePUCTUKM ITPOIiecca PoTeosn3a, KOTOPbIi
TaKke MOKeT MOB/VSITh Ha HAKOIUIeHE BKYCO-apOMaTUUECKIX BEIeCTB,
JIOTIOJTHUTENbHO MCCIeA0BANM M3MeHeHue OelnKoBOi Gpakiyuy Moo-
Ka, olleHMBass MeTofoM Kbesbgans MacCoBYIO IOJIIO OOIIero asora Io
T'OCT 23327-983, He6enkoBoro asora — 1o 'OCT P 55246-20124.

MorneKkyIsipHO-MacCoBOe pacIpezeseHyie pacTBOPUMBIX a30TUCTBIX
COeIMHEHMI OIpenesii MEeTOAOM Treb-(GpuabTpauyuy Ha KOJIOHKE
Superose 12 10/300 GL ¢ ucrnonb30BaHMEM MPELMU3UOHHOTO IUIYHXKeP-
Horo Hacoca P-500 (Amersham Pharmacia, llIBenust), YO-gerexkropa LKB
Uvicord-III ¢ 6110kOM M3MepeHUsI U GJIOKOM yrpaBieHus. 'enb-buib-
Tpauusi OTHOCMTCS K KMIKOCTHOM Xpomarorpaduu, B xome KOTOpPOit
MOJIEKYJIbI aHAIM3UPYEMOI CMecu DPasfessiioTCsl Mo pasMepy 3a cuer
pa3HOi CrIOCOOHOCTY MPOHMKATh B MOPBI XpoMaTorpabuieckoii (reib-
dbunbTpanoHHoit) MaTpuiibl. [ToAroToBKa o6pasia s renb-GuabTpa-
MM BKITIOYAeT 06e3kupuBaHme po6sl, B3sITHE HABECKM 00e3XKUPEHHO
MpoObI, pacTBOpeHye ee B GyhepHOM pacTBope, OTAejeHIe HepacTBO-
puMBbIX B Boze dpakiuii GuiabTpoBaHMEM WM LEeHTPU(YrnpoBaHueM.
dmoeHT — BopHbI pactBop 0,05 M Na2HPO4 + 0,15 M NaCl, ckopoctb
rmogauy smoenTa — 0,5 MyI/MWUH; IJIMHA BOJTHBI AeTekTopa — 280 HM.

OrnpefeneHye sKMPHOKUCIOTHOTO COCTABA KMPOBOJ (a3l OCYIeCTB-
JIST MEeTOOM Ta30Boii xpomaTtorpaduu mo FOCT 32915-2014°. Vicrionb-
30BasiM ra3oBblit xpomaTorpad «Xpomoc I'X-1000» («Xpomoc VHKMHM-
puHr», Poccust), komonky CP-Sil 88 for FAME100m x0.25mm x0.2pm
(Agilent Technologies, CIIIA). O6beM BBOAMMO# MPo6bl — 1 MM®; TeM-
repatypa umxkekropa — 220 °C; ra3-HOCKUTeTb — a30T. MeTuioBbie 3¢u-
PBI JKUPHBIX KUCTOT MOMYYaIn U3 TPUIIULIEPUIOB TepesTepuduKaiein
C METAHOJbHBIM PACTBOPOM MeTwiata HaTpus. s uaeHTuduKamm
METUIIOBBIX 3(DUPOB SKUPHBIX KUCIOT NMPUMEHSUIM CTAHJAPTHYIO CMeCh
Supelko 37 Component FAME Mix (Supelko, CIIIA). PacueT mosy4eHHbIX
JIAHHBIX MPOBOAMIM METOLOM BHYTpeHHell HopMalu3auuy B Iporpam-
Me «XpoMOocC».

KauecTBeHHbIVi aHA/IM3 BKYCO-apOMAaTUYEeCKMX BEIIeCTB B TapOBOit
(ase mpoaykra MPOBOAWIN C MCIIONb30BaHMEM ra30BOr0 XpoMaTorpa-
da «IIBeT-800» (OAO «IIBeT», Poccust) u ycTpoiicTBa /s paBHOBECHOTO
rnapa, mpegHasHayYeHHOTo i 0T60pa rmapa, KOTOPbIif HAXOOUTCS B Tep-
MOAVHAMMUUYECKOM PaBHOBECUM C KMUIKOM KOHIEHCHPOBaHHONM (a3oit
C TIOCTEeYIONUIMM [O03MPOBaHMeM OTOGPAaHHOIO Iapa B aHAIUTUUECKYIO
KOJIOHKY ra30BoOro xpomarorpacda. MeToJ; OCHOBaH Ha TepMOCTaTUPOBa-
HMM IPOGBI MPOAYKTA B 3AMKHYTOM COCYZIe C OCIeIYIOIMM ra30xpoma-
TorpadmMyeckuM orpeeseHneM B 1apoBoii (ase Mpo6bl MPOAYKTa WH-
JAVUBUAYAJIBHBIX KOMIIOHEHTOB JIETYUMX BKYCOAPOMATUYECKUX BEIEeCTB
U UX UAeHTUGUKALMY C UCIIOIb30BaHMEM TIaMEeHHO-MOHM3alMOHHOTO

3 TOCT 23327-98 «MOJIOKO U MOJIOUHbIE TPOAYKThI. MeTo M3MepeHns Macco-
BOJ1 ou 061Iero a3oTa 1mo Keesbaasaio u onpeeneHe MacCoBoit H0au G6enka» —
M.: Cranpaptuadopm, 2009. — 8 c.

4 TOCT P 55246-2012 «Mo0JIOKO 1 MOJIOYHbIE MTPOAYKTHI. OINpesiesieHue comep-
skaHMsI He6EeTKOBOTO a30Ta ¢ IpuMeHeHneM meTtoaa Keenpaas». — M.: Ctanpap-
tuHdopm, 2013. — 9 c.

5 TOCT 32915-2014 «MoJIOKO ¥ MOJIOUHAs IPOAYKIMs. Onpe/ieNeHye XUPHO-
KMCJIOTHOTO COCTaBa KMPOBOH (a3bl METOZOM ra3oBoit xpomatorpadpum». — M.:
Cranpaprundopm, 2015. — 10 c.
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PucyHnok 1. CpegHue 3HaUueHMsI IMHAMMKY M3MEHEeHMSs
KOJIMYECTBA JKM3HEeCIMOCOOHBIX KIeTOK, 1g KOE/cm3
Figure 1. Average values of the dynamics of changes in the number
of viable cells, 1g CFU/cm3

IeTekTopa. AHaIM3MpPOBaAIM MPO6Y McCCIenyeMoro o6beKTa Maccoit 3 T,
MpeABapUTEIbHO HATPEeTYI0 Ha BoAsiHOM 6aHe mo 50 °C. HemocpeacTBeH-
HO TIepefi IpOBeIeHMeM aHam3a Mpo6y BCTPSIXMBAIIN TSI YCTAHOBIEHMSI
TepMOJIMHAMMYEeCKoro paBHOBecus. JInuTenpHocTh aHaimmsa 900 cek.
O6paboTKY MOTyYEHHBIX JAHHBIX OCYILIECTBIISJIM METOAOM BHYTpPEHHE
HOpMa/IM3aluy C IOMOIIBIO Iporpammbl «lIBeT-AHanmuTuk» (Poccus)
C Moc/enyouein nreHTuguKalmnen.

JlocTOBEepHOCTD NOTYUYEeHHBIX JAHHBIX IOATBEPsK/IaeTCs TPOBeIeHNEM
9KCIIEPMMEHTOB He MeHee YeM B 3-KpaTHO MOBTOPHOCTY C TPUMEHEHMU-
€M COBPEMEHHBIX METOIOB aHa/IM3a, TEXHOJIOTMYECKOrO 060pyIOBaHMS
” pu6OPOB, a TAKXKe CTATUCTUYECKOI 06pabOTKM pe3ynbTaToOB MUCCiIe-
IOBaHMII C MCIIOAb30BaHMEM ITakeTa mporpamm Microsoft Excel 2010.
JI71s1 TTIONapHOTO CpaBHEHMST BBIOOPOK PasHOro pasmepa M OLEHKMU CTa-
TUCTUYECKM 3HAUMMBbIX Pa3auumii Mexxay obpasiamu npumensuin HSD
tecT (KpuTepuit ThioKi). YPOBEHb 3HAUMMOCTHM ITPUHMMAa/IM Kak p < 0,05.
Pe3ynbTaThl 9KCIIEPUMEHTAIbHBIX OAHHBIX TMpPENCTaBlIeHbl B (GopmaTe
«CpefHee 3HaueHMe * CTaHIapTHOe OTKIIOHEHNE».

3. PesynbTaThl M 06CYKAEHME

CpenHue 3HaUeHNSI AMHAMUKY Pa3BUTHUS TPEX LITAMMOB Streptococcus
thermophilus 110 KOIMYECTBY KM3HECIIOCOGHBIX KJIETOK Y MOJIOUHOKMCIIO-
TO Ipolecca 1o M3MeHeHMI0 TUTPYeMOJ KMCIOTHOCTY IIPeCTaB/IeHbl Ha
Pucynkax 1 u 2.

OJKCIlepyMeHTalbHble Pe3yJIbTaThl II0KA3bIBAIOT, UTO AJISI BCEX MC-
CJIeIOBaHHBIX IITAMMOB Streptococcus thermophilus npu onTUMaNbHbBIX
TeMIlepaTypHBIX peXMMax KyJAbTMBMPOBaHMSI B MOJIOKE MaKCUMalb-
HbII yposkait kmetok (PucyHok 1) cocrasisier 6omee 10° KOE/cm?, mist
WTaMMoB 223 . un 115, naHHbIii IOKa3aTeIb JOCTUraeTcs K 8—~12 yacam
Ky/IbTUBUPOBaHUS, a IJis mTamma 742, — K 18-24 vacam. Ilocre mo-
CTVDKEHMS] MakCMMyMa PasBUTMSI IITaMMbl Streptococcus thermophilus
repexoisiT K CTaguy BBIMMpAHUSI, MUHYSI CTalyoHapHylo ¢dasy. Cko-
pOCTb BBIMMpPAHMSI KJIETOK ITPM ONTMMAJIBHBIX TeMIlepaTypax Kyilb-
TUBMPOBAHMS KpaliHe 3HAuUMTeIbHA, M K 96 yacaM C MOMeHTa Hauasia
Ky/bTUBMPOBAHMSI KOMMIECTBO JKU3HECIOCOOHBIX KJIETOK CHIKAeTCsI Ha
5-6 nopsinkoB. [Ipu Temneparype KynbTuBMpoBauus (11+1) °C B mo-
nouHoit cpese ¢ 4% NaCl Bce 6e3 MCKIIOYEHUST MITAMMBI Streptococcus
thermophilus He pa3MHOKAIOTCSI, O YeM CBUIETEJILCTBYET IIOJIHOE OTCYT-
CTBUE yBeJIMYEHMS] KOIMUECTBA SKM3HECIIOCOOHBIX KIeTOK M MPUpoCcTa
TUTPYEMOJ KUCIOTHOCTH.

Yepe3 6—8 yacoB ¢ Hauana KyJAbTMBMPOBAHUS B ONTMMAaJbHbBIX TEM-
IepaTypHBIX PeXMMax pa3bpoc Mmokasareseil TUTPYeMOii KMCIOTHOCTH
(PMCYHOK 2) MexKIy IITaMMaMy 3HaUMTeNIeH U KoueblneTcsl B 3aBUCUMO-
ctu ot mwtamma ot (70£2) °T mo (90%4) °T. MakcumanabHOe 3HaUYeHMe
TUTPYeMOJ KMCIOTHOCTY IJ1s1 BCeX MCCIe;yeMbIX IITaMMOB Streptococcus
thermophilus nocturaercst K 12-16 yacam KyJIbTUBUPOBAHUS U B CPESHEM
cocrasisieT (106+5) °T.

B ycnoBMax pasBUTMSI IITAMMOB TePMOGMIBHOTO CTPENTOKOKKA
B MOJIOUHOJ1 Cpefie, UMUTUPYIOLIVX PEKMMBI CO3PEBAHMSI CbIPA, T. €. IPU
TeMmreparype KynabruBrpoBanus (11+1) °C ¢ 4% NaCl, npouecc copaxu-
BaHMs JIAKTO3bl, KaK ¥ MOJIOYHOKMCIIBII IIPOLLECC, OTCYTCTBYET, YTO IOJ-
TBEP)KIAeTCsT JaHHbIMU, TTpeicTaBAeHHbIMY B Tabmuiie 1.

B BapumanTax, rae Streptococcus thermophilus pa3BuBamuch B yCIOBUSIX
ONTMUMAJIbHON TeMIepaTypbl, He3aBMCUMO OT LITaMMa, JIaKT03a uyepe3
24 yaca cOpaxkuBasiach TOIbKO Ha 33,9-26,9% OT UCXOFLHOTO KOIMYECT-
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Ba. YCTAHOBJIEHO, UTO BCE IITAMMbI Te€PMOGUIBHOTO CTPEIITOKOKKA MPU
temreparype (41+1)°C B mporiecce cOpakMBaHMsI JIAKTO3bl He CIIOCO6-
Hbl MeTaboIM3MPOBATh IaJakTO3y, YTO MPUBOAMUT K €€ HaKOIUIEHUIO
" K 06pa30BaHMIO MEHbLIEr0 KOJMYeCTBA MOJIOUHOM KMCIOTBI.

[Ipy pasBUTUU MOJIOYHOKMCIBIX MUKPOOPTaHM3MOB B MOJIOKE TIPOMC-
XOIMT YaCTUYHBIN TMAPOIU3 6GeIKOB MOJIOKA U TTepexoj yacTyu 6eka u3
HepacTBOPMMOTO COCTOSIHMSI B pacTBOpUMOe. JlaHHbII Mpoliecc mpoTe-
KaeT I10J] BO3[€/ICTBMEM TIPOTEOTUTUYECKM aKTUBHBIX 9K30()epMEHTOB,
MPOAYLIMPYEMbIX IITAMMaMM TePMOGDMIBHOTO CTPEIITOKOKKA B ITPOIIecce
pasButus. 1o IUTEpaTypHBIM HaHHBIM, HanGoJee aKTUBHBIN TPOTEONN3
Habmopaercst B Havasne jorapudmuueckoit $assl pasBUTHUS KYIbTYPBI,
YTO CBUIETEILCTBYET O TOM, UTO OEJIOK B MOJIOKE PACIIEIIsIeTCsI B OCHOB-
HOM IIPOTeas’aMy pacTyLMX KJIeTOK [6].

B yw1oBUSIX 9KCIIepMMEHTa MPOTEONUTUUECKYI0 aKTUBHOCTh IITaM-
MOB Streptococcus thermophilus olleHMBaIM 10 YBEJUUYEHUIO MTPOLIEHT-
HOTO CofiepskaHusi HeGeJIKOBOro asoTa, YTO MJUIIOCTPUPYET YaCTUUHYIO
TpaHchopMaIuio 6eJIKOB MOJIOKA B HEGETKOBbIE a30TUCTbIE COeIMHEHNMS,
TaKye KaK CBOOOIHbIE aMUHOKMCIOTBI, MENTHAbI U aMMOHUITHbIE COeM-
HeHus [18]. Pe3yabTaTsl MccaeqoBannii mpuBeneHbl B Tabmuie 2.

Ianuble Tabmuiibl 2 MOKA3bIBAIOT, UTO MUCIIBITAHHbBIE MITAMMBbI Strep-
tococcus thermophilus B ONTUMAaNbHBIX YCIOBUSIX KYJIbTUBUPOBAHMS
(41+£1)°C obnamaT ¢1aboil MPOTEONUTUIECKON aKTUBHOCTBIO, O YeM
CBUIETEIbCTBYET He3HAUMTEIbHBIN TIPUPOCT HEGETKOBOTO a30Ta B CpaB-
HEHUMU C ero KOJIMUeCTBOM B MCXOmHOM mMojioke. [Tpu (11+1)°C /4% NaCl
B MOJIOYHBIX CpeJjaX Yy BCeX MCCIeqyeMbIX IITaMMOB ITPOLECC IIPOTeOosN-
3a, KaK ¥ IJIMKOJIN3, OTCYTCTBYET.

O1ueHKa M3MeHeHMsT MacCOBOJi 10/ He6eIKOBOr0 a30Ta HelO0CTaTOY-
HO OTpa’kaeT CTereHb MPOTEOIUTUUECKOTO BAUSHMUS Ha OelIKY MOJIOKa,
[TO3TOMY JIJIsI TIOJTyueHust 6osiee oapo6HOIT MHMOPMAI[MM aBTOPbI OTIpe-
NSV TIeNTUAHBIA TPoGIIb B MOAEIbHBIX MOJIOYHBIX Cpefax Iocie
KyJTbTUBMPOBAHUS ITAMMOB Streptococcus thermophilus B Teuenue 10 cy-
TOK. JlaHHbIe MpefCTaBIeHbl Ha PucyHKe 3.

Pe3ynbTaThl MOJIEKY/ISIPHO-MACCOBOTO pacIipeesIeHNs TPOIYKTOB T~
nponu3sa 6enka (P1CyHOK 3), TOKa3bIBalOT, UTO BCE MCCIIEYEMBbIE IITAMMBbI
TepMOGUIBHOTO CTPEIITOKOKKA, HE3aBUCUMO OT YCIOBUI KYJIbTUBUPOBA-
HMS, He [IPOSIBJISIOT CYILLeCTBEHHO TPOTeOIUTNYECKOV aKTUBHOCTU.

Hawn6osnbinast mpoTeouTnyeckast akTMBHOCTh OTMevasnach y Strepto-
coccus thermophilus mramma 115, a HauMeHb11ast — y Streptococcus ther-
mophilus 742..

[TomryuyeHHbIe pe3yabTaThl OATBEPXKAAIOT JaHHbIE O TOM, UTO LITaM-
MbI Streptococcus thermophilus 06/1afaloT KpaiiHe HMU3KOI TTPOTEOTUTH-
YeCcKoi aKTMBHOCTbIO, TO3TOMY CIIOCOGHBI MTPOAYLMPOBATH B IPOLIECce
pasBUTHSI B MOJIOYHONM Cpefie Aaxke MpY ONTUMAaJbHBIX TeMIIepaTypax
HeO6O0JIbIII0e KOMMYECTBO IIPOAYKTOB rMapomu3a 6enka [19,20].

MuKpoopraHusMbl, pa3BMBasiChb B MOJIOKe U CbIpe, MOTYT BO3JEiCT-
BOBATb M HAa €ro >KMPOBYIO COCTABJISIOUIYIO, T. €. IIPOSIBJISITD JIUITOIUTH-
YeCKYyI0 aKTYMBHOCTb, UYTO BaXKHO, C OJHOJ CTOPOHBI, /IS OLIeHKY CTeleH!U
3PeJIOCTY ChIPOB, @ C IPYroil — JJIsl OTpe/ie/IeHMsT XPaHUMOCIIOCOOHOCTI
MOJIOYHBIX TPOAYKTOB [21,22]. IIpM 5TOM B IepByI0 ouepenb rUIPOIU3Y
10/IBepraloTcsl Tak Ha3blBaeMble «KOPOTKME» TPUIIMUIIEPUJIbI, B COCTaB
KOTODPBIX BXOISIT HU3KOMOJIEKYJSIDHBIE JKMPHbIE KMUCIOTHI [23,24,25].
CBOGOIHBIE JKMPHBIE KUCJIOTHI JIerye BOBJIEKAIOTCS B AabHEMIINIA TIpo-
1ecc 6MOXMMMUYECKUX TPeBpalLleHNii U CTaHOBSITCS MCTOUHMKOM obpa-
30BaHVSI CIIMPTOB, ATbAETNUI0B U KETOHOB, & TAK)Ke CIIOCOGCTBYIOT TPAHC-
dbopmaiMy HeHaChIIEHHBIX JKMPHBIX KUCIOT B HACBIIIEHHbIE, YTO MOXKET
OBbITb IPUYMHOI M3MEHEeHVSI COOTHOIIEHMSI SKMPHBIX KUCIOT B pepMeH-
TUPOBAHHBIX MOJIOUHBIX IIPOAYKTAX [26].

IIpoBeneHbl MCCIENOBAaHMST SKMPHOKMCIOTHOTO COCTaBa >KMPOBO
(aspl MOIOKa B CpaBHEHMM C MOJIOYHBIM KMPOM, (HhepMEeHTHPOBAHHBIM
mrammamu Streptococcus thermophilus B Teuenne 10 CyTOK Mpu TeMrie-
parype (41+1)°C u B yUIOBMSIX, MMUTUPYIOIIUX IIPOLECC CO3PEBAHMS
CBIPOB. [laHHbIE M3MEeHEeHMsI >KUPHOKMCIOTHOTO COCTaBa MOJIOYHBIX Cpef,
o7, AeJiCTBMEM IITAMMOB Streptococcus thermophilus mpecTaB/ieHbl Ha
Pucynke 4.

IlaHHble, IIpefCTaBlIeHHble HAa PucyHke 4, CBUIETENBCTBYIOT O TOM,
YTO, HEe3aBMCUMO OT YCIOBMIA KyJbTUBMPOBAHMS, IITAaMMBbI Streptococcus
thermophilus He TIPOSIB/ISIIOT JIUITOJIUTUYECKO aKTUBHOCTY OTHOCUTEb-
HO MOJIOYHOTO XMpa.

@aKT OTCYTCTBUS JIUITOIUTUYECKON aKTMBHOCTU ITO3BOJISIET 3aKIIIO-
YNTb, YTO HOPMIPOBAHNE B MOJIOKE JIETYYMX BKYCOAPOMATUIECKUX Be-
LIeCTB, TaKMX KaK aabJeryuibl, KeTOHbI, COMPTHI ¥ OpraHnyYecKye KuUCIo-
TBI, TPOVMICXOOUT B pe3yibTare Gosee [IyGOKOTO PasioskKeHMs IPOLYKTOB
[JIMKOJIM3a Y YaCTUYHO IIPOTeonn3a.

[IpoBeneHHbIe MCCIENOBAaHMSI COCTaBa JIETYUMX BKYCO-apomMaTuye-
CKMX BeIlllecTB B MOJIOYHBIX CpeflaX BKJIIOYaaM KyJIbTUBMPOBaHUE WC-
cIelyeMbIX IITAMMOB Streptococcus thermophilus mpy pasHbIX pexumax
B TedyeHye 10 cyTok. Pe3ynbTaThl JaHHBIX MCCIeLOBAaHNI NTPEJCTaBIEHbI
B Tabnuiie 3.)

OG1ee comepkaHye BKyCOApOMAaTHUYECKUX BelleCTB B MOJIOKE B ITPO-
Lecce pasBUTHSI LITAMMOB Streptococcus thermophilus (Tabnuua 3) npu
ONTMMAJIBHON TeMIlepaType KyJIbTVBUPOBAHMSI OTHOCUTEIbHO MCXOZ-
HOro MoJioka yBenmnumaoch Ha (0,35+0,02) HA « c. ITog meiictBuem dep-
MeHTOB Streptococcus thermophilus B MONIOUHOJI cpelie IIpy TeMIlepaType
(41%1)°C obpa3syeTcst IMPOKMUIT CIIEKTP PA3IMUHBIX JETYYUX BKYCOapO-
MaTUYeCKMX COeAVHEeHUIA, Tpe/iCTaBleHHbIX a/lbAernaaMu M KeTOHaMMU.
OGHapy>XeHHbIe C ITOMOLIBI0 Ta30-KMUAKOCTHON Xpomarorpadmm pas-
HOBECHOTO I1apa ajbJeruibl BKIIOUAIOT 3TaHa/lb, 6yTaHaIb, IPOMaHalb,
OGyTeHasb-2; KETOHBI OYTaHOH-2 U relTaHOH-2. B mpo1jecce KyIbTUBUPO-

Ta6muua 1. [IlMHaMMKa mpouecca INMKOIN3a B MOJe/IbHbIX MOJIOYHBIX CpeJiaxX IOJ, AeiiCTBMeM IWITaMMOB Streptococcus thermophilus
Table 1. Dynamics of the process of glycolysis in model dairy media under the influence of strains of Streptococcus thermophiles

O6paser; Kynbxtcg;;gﬁannu JlakTo3a, % TanakTo3sa, % MosiouHasi KUCIOTa, %

MoJI0KO — KOHTPOJIb — 4,34+(,028 — —
Streptococcus thermophilus 223 41+1)°C 2,53+0,01° 0,72+0,012 0,78+0,012
Streptococcus thermophilus 223 (11£1)°C/4% NaCl 4,33+0,02¢ — —
Streptococcus thermophilus 742, 41£1)°C 2,58+0,01° 0,73+0,012 0,780,022
Streptococcus thermophilus 742, (11£1)°C/4% NaCl 4,34+0,03¢ — —
Streptococcus thermophilus 115, (41x1)°C 2,93+0,01¢ 0,58+0,02° 0,62%0,02°
Streptococcus thermophilus 115, (11£1)°C/4% NaCl 4,31+0,03¢ — —

Ipumeuarue: 3HaY€HNSI C OAVHAKOBBIM MH/IEKCOM B OLHOM CTOJIOLIE CTATUCTUIECK) 3HAUMMO He oTinyaioTes (p > 0,05).

Tab6nuiia 2. IsmeHeHne MacCOBO SOJIM OOIIEro M HeGeIKOBOro a30Ta B MOJE/IbHBIX MOTOYHBIX Cpegax
¢ BHECEHHBIMM IITaMMamu Streptococcus thermophilus
Table 2. Changes in the mass fraction of total and non-protein nitrogen in model dairy media with introduced strains of Streptococcus thermophilus

O6pasery VenoBus MaccoBast /ILOJU‘I) MaccoBast 10/t . MaccoBast nonst Heﬁem(onoroo

KY/JIbTUBVPOBaHMUSI o6ero a3ora, % He6e/IKOBOro a3oTa, % a3oTa B 06mIeli M. . a30oTa, %
Monoko KOHTPOJb - 0,464+0,017° 0,017+0,022 3,66+0,212
Streptococcus hermophilus 115, 41+1)°C 0,468 +0,024* 0,033+0,03" 7,05+0,33°
Streptococcus thermophilus 115, (11%£1)°C /4% NaCl 0,464+0,018* 0,018+0,01* 4,09+0,11¢
Streptococcus thermophilus 742, “41+1)°C 0,466+0,0112 0,025+0,01¢ 5,36+0,14¢
Streptococcus thermophilus 742, (11£1)°C /4% NaCl 0,462+0,0212 0,017+0,022 3,67+0,26°
Streptococcus thermophilus 223 (41+1)°C 0,461%0,016* 0,027 £0,02¢ 5,85+0,11°
Streptococcus thermophilus 223 (11£1) °C/ 4% NaCl 0,466+0,0122 0,017+0,012 3,64+0,13°

HpuMeuaHue: 3HauYeHMsI C OAMHAKOBBIM MHAEKCOM B OJHOM CTOJ'I6]_[8 CTAaTUCTMYECKNM 3HAUYMMO He OTIIMYAIOTCI (p > 0,05).
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Figure 3. Diagram of the molecular weight distribution of proteolysis products in milk and model dairy media
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Figure 4. Changes in the fatty acid composition of milk media under the influence of strains of Streptococcus thermophilus

Ta6nuia 3. ComepskaHue BKycoapoMaToOpasyoluX BelecTs B IapoBoii (ha3e MOJIOYHBIX Cpef,
C BHECEeHHbIMMU mTammamu Streptococcus thermophilus
Table 3. The content of flavoring substances in the vapor phase of dairy media with strains of Streptococcus thermophilus introduced

O6pase O61ee K-BO Anbaerunnsi, % or BAB KeToHnsl, % or BAB K-Tb1, % oT BAB
pasen JIBAB,HA'C  3ramame  Byramame Ilponmasans ByreHanp-2 Byranon-2 Temranos-2 MacasiHas KMCTOTa

MoZI0KO-KOHTPOIb 0,12+0,01  0,27+0,05 26,62+0,12 28,620,21  7,55+0,02 - 4,910,11 0,57+0,02
Streptococcus ermophilus 223, 0474003 75,3540,16  14,0940,05 - 1,92€0,00  2,58+0,07  6,09%0,19 -
Streptococcus thermophilus 223 _

(1£1)°C /4% NaCl ' 011001 0,28+0,11  25,62£0,4 27,79%0,13  7,57%0,11 4,93%0,01 0,33+0,11
S"e”t"“’“éjflti"i’;’?gl’h”“S T2 0,42+0,03  78,54£0,01 10,79+0,15 - 1,970,17  2,44%0,01  6,02£0,08 -
Streptococcus thermophilus 742, _

(1121)°C / 4% NaCl 0,12£0,01  0,26£0,03 26,83+0,09 28,39%0,16  7,47%0,08 4,90+0,03 0,35+0,03
Streptococcus (emiophius 115, 0452002 79,510,06  9,77+0,06 - 1,840,12  2,520,03  6,11%0,02 -
Streptococcus thermophilus 115, _

(1121)°C / 4% NaCl 0,10£0,01  0,28£0,05 26,89%0,09 27,17%0,18  7,650,07 4,8940,13 0,39+0,01
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BaHMS BO BCEX MCCIEAyeMbIX mITaMMax Streptococcus thermophilus 6w
OTMeYeHbI CIefylollye V3MeHeHUs: MosiBjeHne OyTaHOHa-2, yBenuye-
HMe KOJIMYeCTBa 3TaHA/s M TeNTaHOHA-2, CHIKeHMe cofepskanus GyTa-
Hazs U GyTeHans-2, a TakKe MOMHAS YTUIM3aLUMs POTIAHA/s M Macis-
HO¥ KuCI0THI. [IpeobafaioiMM BKYCO-apOMaTUYECKUM COeqViHeHeM
SIBJISIETCS 3TaHaJIb, KOTOPbINi cocTassieT (77,8 +1,7)% oT BelecTB 0611ero
KoymmyecTBa. IlomyueHHbIe pe3yabTaThl MOATBEPKAAIT JIUTEPATypHbIE
IlaHHbIE O TOM, YTO aleTalbJernus, WIK 3TaHajb, SIBISETCS KIH0UeBbIM
apoMaTH4ecKuM coelMHeHVeM B KMCIOMOIOYHbIX TPOAYKTax [27,28,29].
B ycnoBusix, MMUTHPYIOIIVX ITPOLIeCChI co3peBanms cbIpoB (11+1)°C /4%
NacCl, Bo Bcex mrtammax Streptococcus thermophilus obiee KOIM4eCTBO
BKYCOApOMAaTHUECKMX BEIIeCTB U VX COOTHOIIEHNE OCTAIOTCS Ha MICXO[I-
HOM YpOBHe.

3. BbIiBOObI
[TonyyeHHbIe JaHHBIE TTO3BOJISIIOT CAEIATh BBIBOJ, O TOM, UTO:

U muHaMuKa pa3BUTHS Y KMCIOTOO6PA30BaHNMS UCCTIeLyeMbIX IITAMMOB
Streptococcus thermophilus B MONOKe NpPK ONTUMAIbHBIX YCIOBUSIX
KynbTUBUpPOBaHus (41 +1°C) 3aBUCUT OT CBOJICTB KOHKPETHBIX LITaAM-
MOB, BXOASIII[MX B COCTAB GaKTepUaIbHbIX 3aKBACOK;

U B MOIenbHOV MOJIOYHOJ Cpefie, UMUTUPYIOILEN YCI0BUS CO3peBaHMsI
CBIPOB, IIPOLIECCHI KAaK KMCIOTOO6Pa30BaHMsI, TaK M PasBUTHS LITAM-
MOB Streptococcus thermophilus MOMHOCTBIO OTCYTCTBYIOT;

U mporuecc rmmuKonau3a, TO eCTb I'MAPOAU3 JAKTO3bl, HE3aBUCUMO OT
MCCIeLyeMbIX LITAMMOB, IPOTEKaeT C 00pa30BaHMEM TajaKTO3bI
KaK MPOMEXKYTOYHOTO MPOAYKTa IJIMKOIM3a. JIakTo3a cOpokeHa Ha
(30%£4)%, uTo O0OYCIIOBIIEHO HE3HAYUTEIbHOI Oy(PEepHOCThIO MOIOY-
HOJi cpenpl;

O wuccenyemble mtaMMbl Streptococcus thermophilus He TIPOSIBIISIIOT JIU-
MOJINTUYECKOI 11 06/1a1al0T ¢/1ab0ii MPOTEOTUTUUECKOI aKTUBHOCTHIO;

0 obpasoBaHMe JeTyunx BKyCOapOMaTHUUeCKMX BeIIeCTB B MOJIOKE IO,
IeJiCTBMEM IITaMMOB Streptococcus thermophilus TIpy ONTUMAaIbHBIX
YCIOBUSIX KyIbTUBUPOBaHUS (41 %1 °C) mpoucXoamT 3a cUeT ry6oKoii
eCTPYKIUU TIPOAYKTOB IIMKOIN3a U IIPOTE0IN3a.

TakuM 06pa3oMm, MPOBEIEHHbIe MCCIENOBAaHMS MOATBEPKIAIOT 1e-
J1eC006Pa3HOCTh UCIIONb30BaHMS TEPMODUILHOTO CTPENTOKOKKA B Ka-
YecTBe KMUCIOTOOOPA3YIOIMX 3aKBACOYHBIX MMKDPOOPraHM3MOB TIPU
pou3BOACTBe GepMeHTUPYEeMbIX MOJIOUHBIX ITPOLYKTOB, C yY€TOM HE00-
XOAMMOCTH ITo6opa ITaMMOB Streptococcus thermophilus 110 uX ckopo-
CTU Pa3BUTHUS KUCTIOTOO6pa3oBanMst. OMHAKO HEBO3MOKHOCTb Pa3BUTHSI
u MeTabonM3Ma ITaMMOB TePMOGMIBHOTO CTPEITOKOKKA B MOJOYHBIX
cpefax B YCIOBUSIX, UMUTUPYIOLIVX PEXXMMBbI CO3PEBAHMSI CHIPOB, & TAKKE
MPaKTUYECKOe OTCYTCTBUE MPOTEONUTUYECKOV U JIUTIONUTUYECKON aK-
TUBHOCTE/ OTHOCUTEILHO OEKOB MOJIOKA ¥ MOJIOYHOTO KMpa TOBOPSIT
0 Hellesecoo6pasHoOCTM paccMoTpeHus Streptococcus thermophilus B Ka-
YecTBe CO3PeBaIOIeil KyJIbTypPbI B CHIPOETNN.
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FLEXIBLE SENSORS FOR FOOD MONITORING. PART I: PRINCIPLE
Dongjie Luo!, Marina A. Nikitina?, Xinqing Xiao'*

! College of Engineering, China Agricultural University, Beijing, P. R. China
2 V.M. Gorbatov Federal Research Center for Foods Systems of RAS, Moscow, Russia

ABSTRACT

Monitoring and maintaining food quality, safety, and authenticity are the most important concerns in the food industry. The
cutting-edge flexible sensors for food monitoring precisely meet the needs of acquiring information on multiple parameters in
small space and more reasonable layout, providing data on mechanical deformations, and conformably attaching to arbitrarily
curved surfaces. Flexible sensing materials with a large specific surface area, high carrier mobility and carrier density, dense
active sites, outstanding tunability, and processability, such as two-dimensional carbon nanomaterials, conductive polymers,
and nanohybrid materials, have further improved the sensitivity, stability, and selectivity of flexible sensors. This article
attempts to critically review state-of-the-art developments with respect to materials, fabrication techniques, and sensing
mechanisms of devices, as well as the applications of the electrically-transduced flexible sensors. In addition, this review
elaborates on the transduction mechanisms of several typical transducers, with a focus on the physics behind, including the
modulation of doping level, Schottky barrier, and interfacial layer that typically lead to changes in conductivity, work function,
and permittivity. We also highlight the benefits, technical challenges with corresponding solutions of current flexible sensors,
and discuss potential strategies to overcome limitations in energy consumption, quantify the trade-offs in maintaining qual-
ity and marketability, optimize wireless communication, and explore new sensing patterns.
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IT'MBKUE CEHCOPBI JJI1I MOHUTOPUHTA ITUIEBBIX ITPOAYKTOB:
YACTDb 1 — ITPUHIIUII
Jlyo !, Huxutuna M. A.2, Cso II.1*

! TH>keHepHBbII KoJIIe K, KuTtaiickuii cesibCKOX03s1/iCTBEHHbIN yHUBepcuTeT, IlekuH, KHP
? ®epepasibHbBII HAYUHBIN LIEHTP MUIEBbIX cucTeM MM. B. M. Top6aToBa, MockBa, Poccust

K/IFOYEBBIE CJIOBA: AHHOTALIU A
2ubKuli ceHcop, MOHUTOPUHT U TIOAAEPKaHMEe KauecTBa, 6€30MacCHOCTY M ayTeHTUUHOCTU IMUIIEBbIX MPOAYKTOB SIBJISIOTCS Hauboiee Bask-
MOHUMOPUHZ HBIMY [TPOGIEMHBIMM BOITPOCAMM B TIUIIEBOI IPOMbIIIIEHHOCTY. CaMble COBpeMEeHHbIe TMOKME CEHCOPDI IJIST MOHUTOPUHTA
nuwessx NPooyKmoe,  MULIEBbIX MPOLYKTOB TOUHO COOTBETCTBYIOT MOTPEGHOCTAM B TIOyYeHM MHGOPMAIMHU 110 MHOTUM TIapaMeTpaM B He6O/b-
271aCMUYHbLe NO C60ell  1IIOM MPOCTPAHCTBE U Gojiee palMoOHAIbHOM pa3MeleHny, 00ecrieunBast JaHHbIe 10 MeXaHueckum nedhopManusm u mpu-
npupode, MexaHuueckoe jierasi COOTBETCTBYIONIMM 06pa3oM K MPOM3BOTIbHO M30THYTHIM TOBEPXHOCTSIM. [M6KMe CeHCOPHbIE MaTepUasIbl C GOMBIION
coomeemcmeue, YIeJIbHOI TUIONIAIbI0 TOBEPXHOCTY, BBICOKOV MOGMIIBHOCTHIO HOCUTEJSI M TVIOTHOCTbIO HOCUTEJISI, TZIOTHBIMM aKTUBHBIMU
npoeodswuli anekmpood, TOUKaMMu, IPEKPACHOH HACTPABAEMOCTbIO U TEXHOIOTMYHOCTHIO, TAKME KaK JIBYMEPHbIE YIIepOIHbIe HAHOMAaTEePUAIIBI, IIPO-
a7eKkmpuyeckoe BOJISILIVE TTOIMMEPbI M HAHOTUOPUHbIE MaTepUAaIbl, JOMOTHUTEIbHO YIYUIIMIN YYBCTBUTEIbHOCTD, CTAGMIBHOCTD U CeJIeK-
ce0ticmea, CeHCOPHbILI  TUBHOCTb TMOKMX CEHCOPOB. B MaHHOI cTaThe MpeaIpyHSITA MOMbITKa KPUTUIECKOTO 0630pa IepeoBbIX Pa3paboTOK B OTHO-
MEXaHU3M, MEXAHU3M  LLIeHUM MaTepuaaoB, METOLOB M3TOTOBIEHMS Y CEHCOPHBIX MEXaHM3MOB YCTPOICTB, & TAKkKe IPUMeHeHU I'MOKMUX CEHCOPOB
npeobpasosanust C 3JIeKTpUYECKIM IpeobpasoBaHmeM. Kpome Toro, B JaHHOM 0630pe pacCMOTPeHbI MeXaHU3MbI IIPeo6pa3oBaHMst HEKOTOPhIX
TUIMYHBIX Ipeo6pa3oBaresieii C aKLIEHTOM Ha JIeXAIyI0 B OCHOBe (p13MKy, BKIIOYAsT MOAY/ISIIVIO YPOBHS JIETMPOBaHus, 6a-
poep IIoTTKM U MeskdasHblit CI0i, KOTOPble 06BIYHO TPUBOIAT K M3MEHEHMSIM B ITPOBOAMMOCTY, paboueit GyHKIMU U I13-
JIEKTPUYECKOM TTPOHMUIIAeMOCTH. MbI TaK)Ke OCBEIaeM IMO0Ib3Y, TEXHUYECKME MPOGIEeMbI C COOTBETCTBYIOIIMMM PEIIeHUSIMU
COBpeMeHHbIX TMOKMX CeHCOPOB 1 06CYKIaeM TMOTeHIMabHbIe CTPaTerni /ISl IIPEOOIeHNsT OTpaHMYeHMIT B TOTPe6IeH
9HEepPruu, KOIMUYEeCTBEHHOM OMpeiesieHN!M TUTIOCOB M MYHYCOB B MO AePKaHMM KauecTBa U MOTPeGUTETbCKIUX CBOMCTB, OTITH-
MM3auuy 6ecIpOBOLHON CBSI3Y U M3y4YeHMsI HOBBIX CEHCOPHBIX ITaTTEPHOB.

https://www.fsjour.com/jour
00630pHas cTaThs
Open access

1. Introduction
1.1. How important is food safety?

The World Health Organization (WHO) pointed out [1] that contami-
nated food is responsible for causing an estimated 600 million people fall
ill globally, resulting in 420,000 deaths each year [1]. Over the past few
years, the increasing awareness among consumers about a healthy life-
style has sharply raised their familiarity towards food quality and safety
[2]. Food quality is a reliable indicator that relates to the consumption
needs and expectations of consumers. Common food quality includes
factors such as freshness, texture, ingredients, grading of physical ap-
pearance and so on. It can lead to taste, health, safety, and pleasure [3].
Food products with high quality are always expected and demanded by
consumers [4]. Food safety problems typically include chemical pollution,
microbial pollution, and physical pollution [2]. Bacteria, viruses, parasites

FOR CITATION: Luo, D., Nikitina, M. A., Xiao, X. (2023). Flexible sensors
for food monitoring. Part I: Principle. Food Systems, 6(4), 519-530. https://doi.
0rg/10.21323/2618-9771-2023-6-4-519-530

and fungi existing in the environment may cause diseases of consumers,
and they can also easily contaminate the consumable food materials [5].
During the past decades, pesticides have been widely used for high yield
productions [6], while the increasing usage of various pesticides can lead
to high levels of residues in foodstuff and accumulation in the food chain,
which poses a huge threat to human health [7,8].

1.2. What are the key concerns in food monitoring?

With the globalization of economy and trade, and the rapid circula-
tion of various food products around the world, potential food contami-
nation, and fraudulent food manufacturing have prompted consumers
to pay more attention to the quality and safety of their food [9]. All this
has generated the urge to develop food monitoring systems that can
control and prevent food-borne illnesses, ensure consumer health and

[JII TUTUPOBAHUNS: JIyo, ., Hukuruua, M.A., Csio, C. (2023). I'n6kue ceH-
COPBI /11 MOHUTOPMHTA IIUIIEBBIX MPOLYKTOB: 4acTh 1 — npuHumIL. [Tuwjesste cuc-
memol, 6(4), 519-530. https://doi.org/10.21323/2618-9771-2023-6-4-519-530
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safety, and promote the development of the food industry. In recent years,
significant progress has been made in food quality and safety monitor-
ing based on traditional laboratory analysis and rigid sensor detection.
Food quality detection involves measuring various parameters such as
temperature [10], humidity [11], pH [12], flavor [13], multi-gas [14] and
freshness marking [15]. On the other hand, food safety monitoring in-
volves detecting microorganisms [16], pesticides [17], illegal additives
malachite green [18], melamine [19], antibiotic residues [20] and so on.
However, traditional rigid sensors exhibit several challenges in food
monitoring. First, the intrinsic mechanical non-conformability property
of rigid sensors makes them difficult to adapt to arbitrarily curved sur-
faces and shape changeable parts (or movable parts). Secondly, rigid sen-
sors are large, unbendable, and heavy, which makes effective integration
with detection targets difficult. Thirdly, rigid sensors may not maintain
consistent contact, resulting in inaccurate or unreliable data collection.
Finally, manufacturing process of rigid sensors is extremely complex and
contaminated, and they cannot be manufactured in individualized and
small batches [21,22].

1.3. Flexible sensing have emerged as a prominent technological
advancement in the realm of flexible electronics

Compared to conventional rigid sensors, flexible sensors play a crucial
role in the application of flexible electronics, which possess unique advan-
tages such as light weight, portability, great flexibility, stretchability, fold-
ability, and adaptability [23-25]. Flexible electronics refers to circuits and
electronic components that can retain their functions under circumstanc-
es of bending or stretching [26—28]. The concept of flexible electronics was
introduced in the 1960s when copper was patterned on polyimide, result-
ing in a reduction in the thickness of the solar cell from 400 to 100 pm and
leading to an unprecedented leap forward in power density [29-31]. Ever
since then, innovations in materials with greater flexibility and large pro-
cessability, such as conductive polymers [32-34], organic semiconductors
[35,36], and amorphous silicon [37,38], have gradually laid the foundation
for flexible electronics. With the rapid development of material science,
flexible electronics have recently ridden the wave of carbon nanotubes
[39,40], graphene platelets [41,42], precious metal nanomaterials (e. g.,
silver NWs, platinum NPs, etc.) [43,44,45], nanohybrid materials (e. g.,
CNT-PDMS composites) [46] and even optically transparent hydrogels
[24], which brings high sensitivity, fast response, low power consumption,
and long lifespan to flexible sensors. With the unique characteristics such
as ultrathin, low modulus, light weight, high flexibility, and stretchabil-
ity [47], flexible sensors precisely meet the needs in food monitoring: ac-
quiring multi-parameter information in a small space, a more reasonable
layout, providing data on packaging deformation [48], and conformably
attaching to the surface of the skin [47]. Simultaneously, the new gen-
eration of information technology represented by wearable Internet of
Things (W-IoT) [49], blockchain [50] and cloud computing, have generated
immense interest for the nascent flexible sensing because it can integrate
and connect personnel, processes, data, and equipment enabling the high
adaptability [51], high precision, multiple scale, dynamic non-destructive
monitoring [49]. Flexible sensing in food monitoring has become increas-
ingly significant in recent years [44,52,54,55], and is rapidly evolving in its
application scenarios [44,48,52,53,54,55], and manufacturing methodol-
ogy [44,53]. The synergy between flexible sensing and developments in
material science [26-46] and microfabrication technology has been in-
strumental in the success of both fields with innovations in one driving
progress and in the other.

In this review, we systematically discuss the configurations, sensing
mechanisms, and application of flexible sensors in food monitoring. First,
we summarize the basic architecture regarding flexible substrates, con-
ductive electrodes, and sensing materials focusing on the unique prop-
erties (e. g., mechanical, electrical, chemical properties, etc.) of materi-
als and the fabrication techniques. Secondly, we elaborate the sensing
mechanisms and transduction mechanisms of several typical transducers
(i. e., resistor, electrochemical sensor, and capacitor). Thirdly, we com-
prehensively discuss the applications of flexible sensors in the catego-
ries of physical, chemical, and biological aspects. Finally, we provide an
overview of the benefits and technical challenges of current flexible sen-
sors, and highlight the potential strategies to improve the performance of
state-of-the-art flexible food monitoring sensors.

2. Principle of food monitoring flexible sensors

To understand why sensitive detection of physical perturbations,
chemical analytes, and microbes can be realized in flexible sensors, and
how sensing materials work (e. g., resistive [58], capacitive [59], piezoelec-
tric [44,60], potentiometric [61], amperometric [62,63], impedimetric [63]
sensors, etc.), it is necessary to know the physics behind. A typical flexible

food monitoring sensor contains a flexible substrate, and two functional
components: a conductive interconnect/electrode [64,65,66,67] (herein-
after referred to as “conductive electrode”) which connect the transducer
and the output interface of data and an active sensing material-equipped
flexible transducer (i. e., transducing the concentration of analytes or a
physical perturbation, such as temperature, into an electrical signal). In
this section, we will systematically introduce the configurations, materi-
als, and working mechanisms of flexible sensors for food monitoring.

2.1. Flexible substrates

Flexible sensors have intrinsic characteristics including the abil-
ity to bend [44,51-55], fold [51,55], stretch [68,69,70,71], twist [72], and
even self-heal [56,73] if damaged. Flexible substrates are the main con-
tributor to the deformation dynamics of the sensors. Conventional rigid
substrates such as silicon [74], plastic [75], Al,O, [76], etc., have the ad-
vantages of simple structure, convenient preparation and reliable re-
sponsiveness. However, the rigidity hinders the capture of analytes and
results in poor signal transduction [77], which limits the performance
of conventional sensors. Flexible food monitoring sensors, whether at-
tached to the living organisms’ surfaces [44,52,55,78] or integrated inside
or outside of packaging [58], need to be lightweight, small, and easy to use
[67]. Flexible substrates, taking polymers as an example, are intrinsically
or molecularly stretchable materials, which use the materials themselves
to accommodate strain [79]. At the molecular level, mechanical softness
can be determined by two classifications: tailoring of the chemical struc-
ture (e. g., the lengths and composition of the side chains and rigidity of
the backbones) and tuning properties familiar to the polymer engineer-
ing community (e. g., molecular weight, polydispersity, and cross-linking)
[80]. The use of flexible substrates can greatly enhance the functionality,
durability, and versatility of flexible devices, making them ideal for use in
food monitoring. Among various materials used as substrates for flexible
sensors in food monitoring, polymers [51,58,81,82] dominate as the most
commonly employed base material, with a few exceptions using materials
such as paper [83], carbon paper [84], carbon cloth [84], and others [74].
In this section, we will discuss several typical types of polymer substrates
and paper-based substrates. Although paper and carbon-paper substrates
are infrequently used as substrate materials, we will introduce them to-
gether in the same section to provide an overview of their potential use.

2.2. Polymer substrates

In food monitoring, polymers represent the predominant substrate
material for flexible sensors, accounting for a significant majority of their
composition. In addition to high flexibility, adaptability and low cost,
polymer substrates offer a range of unique advantages for flexible sensor
components, including biocompatibility (e. g., PEDOT: PSS, HPU, PLA,
PDMS, PET, etc.) [63,85,86,87], elasticity (e. g., PDMS, PEDOT: PSS, HPU,
rubber, etc.) [44,58,63,88], and intrinsic stretchability (e. g., PEDOT: PSS,
PDMS, HPU, rubber, nitrile, etc.) [44,89,90]. Biocompatibility is highly ad-
vantageous for direct contact measurements between sensors and living
organisms; elasticity and intrinsic stretchability allow sensors to adapt
to irregular deformations of the analytes’ surfaces, obtaining more reli-
able data. The polymers used for flexible substrates can be classified into
the following categories based on their chemical structure and proper-
ties: (1) polyimide: PI (polyimide) [51,81,91]; (2) polyester: PET (poly-
ethylene terephthalate) [59,92], PEN (polyethylene naphthalate) [93]; (3)
polysiloxane: PDMS (polydimethylsiloxane) [44,58]; (4) biodegradable:
PLA (polylactic acid) [87]; (5) rubber: rubber [88], nitrile (nitrile rubber)
[89,90]; (6) polyurethane: HPU (hydrophilic polyurethane) [63]; (7) ep-
oxy: epoxy (epoxy resin) [82]; (8) polyethylene: PE (polyethylene) [82],
PVC (polyvinyl chloride) [58], OPP (oriented polypropylene) [62]. Herein,
we will discuss several typical polymers regarding their physical, chemi-
cal, and possibly biological properties.

Polyimide (PI): In the polymer family, polyimide (PI) has some notable
properties. For example, PI is a high-temperature resistant polymer, with
excellent mechanical and electrical properties. In the field of laser direct
scribing for flexible PCB [53,58,81], PI is a commonly preferred substrate
material due to its favorable properties. Xiao and his team [51] proposed
and developed a flexible battery-free wireless electronic system (FBES)
for food monitoring. The FBES was fabricated by laser direct scribing on
commercial PET/PI/Cu film. PI also has good chemical resistance and can
withstand exposure to many solvents and chemicals. Schoning et al. [94]
developed calorimetric gas sensors on PI films for more precise detection
of gaseous H,0, over a wide H,O, concentration range. In addition, the
nature of the PI chemical repeat units plays a key role in the fabrica-
tion of LDG electrodes [95]. Ever since it was first discovered in 2004 by
Geim and Novoselov, graphene has garnered significant attention from
the scientific community owing to its unparalleled properties [96,97,98].
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Figure 1. Flexible sensors application architecture. (A) Three typical categories of flexible electronics using physical, chemical,
and biological sensing mechanism, respectively. E-Skin: Adapted with permission [56]. Copyright 2022, Nature Publishing Group.
CLIPS: Cl-functionalized iontronic pressure sensitive material. Wearable electronics: Adapted with permission [57]. Copyright
2016, Nature Publishing Group. ISEs: Ion-selective electrodes. Flexible sensor: The PI film was patterned using laser scribing to
obtain 3D porous LIG. Then, liquid PDMS was drop-casted and heated for a specific period of time. Finally, the side of PDMS/
LIG was peeled off to obtain the stretchable LIG-based electrode. LIG: Laser induced graphene. (B) Summary of monitoring
indicators, materials, transduction mechanisms, etc., of three types of flexible sensors (i. e., physical, chemical, and biological)
used for food monitoring. (a) OP: Organophosphate. (b) PET: Polyethylene terephthalate, PDMS: Polydimethylsiloxane, PEN:
Polyethylene naphthalate, PLA: Polylactic acid, ITO: Indium Tin Oxide, OPP: Oriented polypropylene. (c) IDE: Interdigitated
electrodes, Tri-electrode: three electrode system, D-parallel lines: Double parallel lines, P-lollipop sheet: This is a new definition
here that refers to a flat shape resembling a lollipop. (d) PEDOT: PSS: Poly(3,4-ethylenedioxythiophene) polystyrene sulfonate,
CAB: Cellulose acetate butyrate, SWCNTs: Single-walled carbon nanotubes, LSG: Laser scribed graphene, rGO: Reduced graphene
oxide, PPy: Polypyrrole, BP-Ti3C2-MXene: Two-dimensional phosphorene (BP) nanohybrid with graphene-like titanium
carbide MXene (MXene, 2D material, can be synthesized by etching “A” from MAX phase (“M” represents transition metals, “A”
represents group IIIA/IVA elements and “X” represents C and/or N elements)), p(D-co-M): poly(N-[3-(dimethylamino)propyl]-
methacrylamide-co-2-N-morpholinoethyl methacrylate), SPPM: SWCNT-PdNP-polystyrene microsphere, IrOx: ilridium oxide,
OPH: Organophosphorus hydrolase, NPs: Nanoparticles. (C) Timeline of major events in flexible electronics development. PAB:
Polyclonal antibody biosensor, TENG: Triboelectric nanogenerator.

PucyHOK 1. ApXxuTeKTypa NpuMMeHeHUsI TMOKUX CeHCOPOB. (A) Tpy TUNMYHBIX KATETOPUM I'MGKOI 3JIEKTPOHUKM C MICIIO/Ib30BaHMeM (hM3NYeCKOoro,
XMMMIYECKOro ¥ 6110/IOrMYeCcKOro CeHCOPHOro MeXaHn3Ma, COOTBETCTBeHHO. JineKkTpoHHas Koska (E-Skin): aganTupoBaHo ¢ paspemenns [56]. Copyright
2022, Nature Publishing Group. CLIPS: Cl- ¢pyHKIMOHAIM30BaHHbBI MOHTPOHHBII YYBCTBUTEIbHBIN K JaBIeHNI0 MaTepuan. Hocumast 3/IeKTpoHMKa:
amanTUpoBaHo ¢ paspeurenns [57]. Copyright 2016, Nature Publishing Group. ISEs: noHocenexkTusHbIe 3neKTpoabl. ['m6kuii cencop: Ilnenka PI 6pu1a
CTPYKTYpMPOBaHAa, UCIOJb3Ys JIa3epHoe CKpaiiGupoBanme 111 moiaydeHns 3D nopucroro LIG. 3aTem 6b11 HaHeceH Xuaxkuiit PDMS MeTo0M IMThsI KaruisiMu
¥ HarpeT B TeUeHNe omnpeaeIeHHOro nepuosa spemenn. Hakonen, 6pu1a otaenena cropoia PDMS/LIG fjis HOJTy4eHMsI pacTsDKMMOTO 37I€eKTPOa Ha OCHOBe
LIG. LIG: na3epHO-MHAYIMPOBaHHbII rpadeH. (B) KpaTkoe npeacrasieHie MOHUTOPMHIOBbIX MHAMKATOPOB, MaTepuaaoB, MEXaHM3MOB IIPeoGpa3soBaHmst
M T. . TPEX TUIIOB TUGKUX CEHCOPOB (T. €., husnueckuii, XMUMUIECKUI1 ¥ GUOTIOTUYECKUIT), UCIIOIb3yeMble /IS MOHUTOPHMHIA IUIIEBbIX MPOAYKTOB (a) OP:
opranodocdar. (b) PET: nommatunenrepedranar, PDMS: momuaumermiacuiokcad, PEN: monmatmwienHadranar, PLA: moiMonouHas kuciora, ITO: Okenp,
uHaNs-0noBa, OPP: opuenTupoBaHHbIii nonunpommieH. (¢) IDE: rpe6enuarsie amekTponsl, Tri-electrode: Tpex asekrpoguas cucrema, D-parallel lines:
IBOjiHBIe MapasuienbHbie TuHuUK, P-lollipop sheet: 3To HOBoOe omnpeesieHNe 3eCh, KOTOPOE OTHOCUTCS K IUIOCKOI opme, HATTOMMHAIOLIE JIeJeHel] Ha
nanouke. (d) PEDOT: PSS: momn(3,4- astmiieHanoreutnoden) nommcrupoicyiabdonar, CAB: arero6yrupar uesnnonao3bl, SWCNTS: ogHOCTeHHbIEe YIiIepOSHbIe
HaHOTPY6KH, LSG: 1asepHo-ckpaitGupoBaHHblii rpadeH, rGO: BoccTaHOBIeHHbI oKeuz, rpadeHa, PPy: noaunuppoi, BP-Ti3C2-MXene: HaHOrUGPUT,
nsymepHoro docdhopena (BP) ¢ rpadeno-nmogo6HsIM Kapougom turana MXene (MXene, 2D maTepuas, MOXKeT ObITh CMHTE3MPOBAH ITyTEM TPABIEHUS
“A” us a3t MAX (“M” npeacrasisieT co60ii epexoaHbie MeTalIbl, “A” peacTasisieT co6oii rpyminy ssemenTos IIIA/IVA u “X” npeacrasiseT co60ii
C u/umu N anemenTsr)), p(D-co-M): mom(N-[3-(ZMMeTUIaMMHO) IPONWII]| - MeTaKpWIaMNA-Ko-2-N-MmopdonnHosTuia merakpuiar), SPPM: SWCNT-PANP-
nosmmcTuposioBas mukpocdepa, IrOx: okena upuaus, OPH: docdhopopraunueckas ruaponasa, NPs: HaHouacTupl. (C) BpeMeHHas HIKa/Ia OCHOBHBIX
COOBITHIT B pa3paGoTKe rMGKOii 3;IeKTPOHUKN. PAB: 61oceHCOp MOMMKIOHAIbHBIX aHTUTeN, TENG: Tpr6031eKTpUIecKuii HAaHOTeHepaTop
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Gomes et al. [99] developed an impedimetric immunosensor based on LIG
electrodes functionalized with specific antibodies for the detection of
Salmonella enterica using laser-induced porous graphene produced from
PI, showing potential in the sensing field.

Polyethylene terephthalate (PET): PET has gained widespread popu-
larity as a platform for food monitoring sensors, owing to its excellent
mechanical properties (i. e. bendability, durability, etc.) [100], low cost,
commercial availability [59], and outstanding adhesion with nanowires
(mixed with PDMS, ZnO, etc.) [100] and functional ink materials (silver-
nanoparticles ink) [59]. Duan et al. [100] developed a flexible ammonia
sensor with highly aligned conducting polymer nanowires fabricated by
a capillary filling-based soft lithography technique on a PET substrate.
Owing to the PET substrate’s superior mechanical stability and adhesion
ability to nanowires, after 1200 bending cycles, no physical damage to
the sensing material (flexible nanowire) was caused by mechanical fa-
tigue failure of the substrate, which could have resulted in unfavorable
resistance changes of a sensor. Rooij et al. [59] developed humidity sen-
sors equipped with planar interdigitated electrodes (IDE) capacitors. The
extraordinary adhesion between silver ink and PET substrate permitted
the growth of thicker (up to 15 um) layers of Ni on substrate. However,
PET substrates are unsuitable for stretchable sensing platforms due to
their relatively higher tensile strength (2-4 GPa) [65,67], and high tem-
perature (>100 °C) [101] material processing is not possible on it because
of less thermal stability.

Polydimethylsiloxane (PDMS): PDMS is a commonly used flexible sub-
strate material of flexible sensors for food monitoring due to its unique
mechanical properties [102], remarkable transparency (under visible
spectrum) [58], extraordinary biocompatibility, and resistance against
chemicals such as water and the majority of alcohols and bases [58]. Esc-
obedo et al. [58] fabricated a smart strain tag through injecting an ac-
tive material into a microchannel made from PDMS. This flexible strain
sensor exhibited a considerably good performance with an average gauge
factor of up to 13000, and an average degree of hysteresis (DH) within
the range of < 9%. PDMS was also applied as a protective layer for flexible
PCB (preventing the oxidation of the Cu circuit) [51] and NFC tag (encap-
sulating and protecting against moisture, liquid, etc.) [58]. Xia et al. [44]
fabricated a flexible dual-mechanism pressure sensor, where PDMS was
employed as the substrate due to its exceptional elasticity, as well as the
cross-linking matrix due to its chemical stability and low relative permit-
tivity. This sensor demonstrates a long-term stability of over 5000 pres-
sure cycles and exhibits satisfactory linearity, repeatability, and stability
when detecting pressures in the range of 0-100 kPa.

2.3. Paper-based substrates

Just like the knight Edgar, who has fewer appearances but is essential
in Shakespeare’s King Lear, paper-based substrates also play a crucial role
in the fabrication of flexible food monitoring sensors. Paper-based sub-
strates possess excellent properties including flexibility [109], breathabil-
ity [66], hygroscopy [110], ionic conductivity modulation [110] and easily
forming cross-linked structure with nanosized sensing materials [83],
which makes them ideal for use as a lightweight, low-cost, recyclable,
biocompatible starting substrate [83,111]. Tang et al. [83] designed a pa-
per-supported H,S sensing electrode through loading CuxO-polypyrrole
conductive aerogel (CuxO-PPy). The flexible electrode exhibits excellent
H,S sensing and egg spoilage monitoring performance owing to the syn-
ergetic effect between the different components and 3D porous architec-
ture. Padalkar et al. [84] developed a ZnO-based biosensor on flexible and
porous carbon paper/ cloth to detect organophosphates (e. g. paraoxon).
Due to the three-dimensional substrate and the morphology of the nano-
materials, the path length for charge carriers was significantly reduced,
leading to a decrease in recombination losses and an increase in electri-

cal conductivity. As a result, the device exhibited higher sensitivity and
lower LOD values. Table 1 summarizes the mechanical, physicochemical
and thermal properties of the four most used materials of substrates in
fabrication of food monitoring sensors [104,105].

2.4. Conductive electrodes

Conductive electrodes play a crucial role in the fabrication of flex-
ible sensors [67,118]. The function of the conductive electrode is to col-
lect electrical signals from the sensor and transmit them to a proces-
sor or other circuit for analysis and processing. They are usually made
of conductive materials such as metal nanoparticles/nanowires (i. e. Au
[100,113], Ag [58], Ni [59], etc.), conductive ink compound (e. g., Ag/Cl
ink, carbon ink, etc.) [114], conductive polymer (e. g. PEDOT: PSS [63],
polypyrrole [83], etc.), laser-derived graphene (LDG) [91,99], graphene-
carboxymethyl cellulose(G-CMC) [119], etc. The design and fabrication of
conductive electrodes have a significant impact on the performance and
sensitivity of sensors.

The fabrication of conductive electrodes and device arrays have been
investigated via three different approaches:

1. flexible electrodes were fabricated with a micrometer-scale thick-
ness [59] using non-stretchable materials such as metal [58,100,113],
polymer [91,99], and paper [83] through various processing techniques
including inkjet printing [59], screen printing [87], laser irradiation [92],
photolithography [113], etc.;

2. stretchable electrodes were obtained by intrinsically stretchable
materials (e. g. PEDOT: PSS [63] and polypyrrole [83]);

3. stretchable electrodes were developed through i) geometric engi-
neering of non-stretchable but flexible materials and ii) mixing conduc-
tive ink with intrinsically stretchable polymers such as silicone elastomer
and polystyrene-block-polyisoprene-block-polystyrene (PS-PI-PS) [90].

Molina-Lopez et al. [59] developed a functional humidity sensor with
planar interdigitated electrodes (IDE) using an all-additive approach.
They achieved this by ink-jetting the silver nanoparticle ink onto a PET
substrate and electrodepositing nickel on silver with nickel thickness
ranging from a few hundred nanometers to 15 uym on PET. High sen-
sor stability was obtained by passivating printed silver electrodes with
nickel. This prevented silver from oxidizing or releasing any possible
trapped organic residue after interacting with humidity, and also pro-
vided extra stiffness to reduce strains on the electrode plane. Escobe-
do et al. [58] fabricated a strain sensing tag by injecting intrinsically
stretchable conductive polymer PEDOT: PSS into the microchannel
shaped by a copper mold in a PDMS substrate. Mishra et al. [90] de-
signed a wearable organophosphorus (OP) glove biosensor via printing
Ag/AgCl and carbon-based serpentine structures on the glove. This ex-
cellent geometric structural design allows the electrode to withstand
extreme mechanical deformations while detecting organophosphate
(OP) nerve-agent compounds on suspicious surfaces and agricultural
products. Table 2 summarizes the materials, fabricating methods and
geometry forms of conductive electrodes in fabrication of flexible sen-
sors for food monitoring.

3. Flexible sensing materials

Flexible sensors require the integration of various crucial compo-
nents, including sensing materials that can be incorporated within or
stacked onto flexible substrates [120]. Sensing materials play a vital
role in the performance of flexible devices [67], enabling them to detect
and respond to stimulation of analytes or physical perturbation. The
electrical and physicochemical properties of sensing materials deter-
mine the sensitivity, stability, and selectivity of the sensors. Therefore,
the development and incorporation of advanced sensing materials are
essential for the fabrication of flexible sensors. Conventional sensing

Table 1. Summary of the mechanical, physicochemical and thermal properties of typical flexible substrates used in food monitoring sensors

Tabmuua 1. KpaTkoe npencraBieHie MeXaHUUeCKNX, (PM3MKO-XMMIUYECKUX U TEPMMYECKUX CBOVICTB TUIIMYHBIX TIMOKUX CYGCTPATOB,
VICITIO/Ib3YEMBIX B CEHCOPAX JJIsI MOHUTOPVHTIA MUILEBBIX IIPOJYKTOB

I T LT e ————

PI Flexible 2-3x10° 70-150 Resist temperature (<450°C) Weak aclds, Low e
e e w0 el Dsoben g oui
PDMS Stretchable 1.8" 6.7 Resist temperature (<100°C) Ethanol and (Eggﬁ/;) [106,107]
Paper Flexible 2.1-2.8x10° 40-60 Resist temperature (<100°C) No No [101,108]

® PI: polyimide; PET: polyethylene terephthalate; PDMS: polydimethylsiloxane; » SYLGARD184 silicone elastomer.
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Table 2. Materials, fabricating methods and geometry forms of conductive electrodes in fabrication of food monitoring sensors
Ta6m/1ua 2. MaTepMaﬂbl, MeTOIbI U3rOTOBJIEHUS U TeOMeTpu4YecKue d)Oprl IIPOBOIAIINX 3JIEKTPOAOB IIPU U3rOTOBJIEHMM CEHCOPOB IJII MOHUTOPMHIa

MNUIIEBBIX MPOAYKTOB

Analyte§/Mon1§0rlng Materials? Methods of fabrication® Geometry forms® Ref.
indicators®
Temperature Silver conductive paste Stencil printing Planar serpentine structures [58]
1 Ag NPs ink Inkjet printing
Humidity Ni Electroplating IDE (591
PDMS Spinning coating
Pressure Ag NWs Drop-casting Planar sheet [44]
Strain PEDOT: PSS Injecting Nanowire [58]
H,S Cu Commercial Cu foil Planar sheet [83]
Au, Cr e-beam evaporation
IrOx Sol-gel process Planar dguﬁfnflectrode [81]
Ag/AgCl Electroplating th
PH I
Laser exfoliating and .
ITO Evaporating patterning Planar lollipop sheet [61]
PDDA-IrOx LbL IJP and alternate deposition Planar sheet [60]
Sulfonamides LIPG Laser scribing Three-electrode system [112]
NH, Au Evaporating through copper shadow mask IDE [100]
ITO Photolithography
Isoprene and H,S Au Magnetron sputtering IDE [113]
Ag-OPP cathode Commercial available silver-deposited OPP film
0, Zinc anode Commercial available zinc film Planar sheet [62]
Heavy metal Cﬁgr{)%hcggr?éﬁg{senilrlfk Printing Planar array [114]
. Carbon ink Screen printing B
Pesticides ‘Ag/AgCl Coating Three-electrode system [87]
LIPG Laser scribing Three-electrode system [115]
Carbon ink and CSS/PCBN Screen printing and drop-casting Three-electrode system [88]
ZnO nanostructures and Ag/AgCl Electrodepositing Three-electrode system [84]
H,0, PEDOT: PSS/HPU/HRP Screen printing Three-electrode system [63]
LSG Laser irradiation
Ag/AgCl Electrodeposition Three-electrode system [92]
Co, Carbon black Printing Planar double parallel lines [116]
Ethylene gas Gold foil Laser direct writing IDE [117]
Ecoflex, carbon ink, . Three-electrode system with
op and PS-PI-PS Screen printing serpentine structures [90]
Biogenic amines LSG Laser scribing Three-electrode system with [91]
Salmonella enterica LSG Laser scribing Planar lollipop sheet [99]

¥ OP: Organophosphate.

Y Ag NPs: Ag nanoparticles, Ni: Nickel, PDMS: Polydimethylsiloxane, Ag NWs: Ag nanowires, PEDOT: PSS: Poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate, IrOx: Iridium oxide, ITO: Indium Tin Oxide, PDDA: Polydiallyldimethylammonium, LIPG: Laser induced porous graphene, OPP: Oriented poly-
propylene, CSS: Carbon spherical shells, PCBN: Printex carbon nanoballs, HPU: Hydrophilic polyurethane, HRP: Horseradish peroxide, LSG: Laser scribed
graphene, Ecoflex: Ag/AgCl ink with platinum-catalyzed silicone elastomer, PS-PI-PS: Polystyrene-block-polyisoprene-block-polystyrene.

9 LBL IJP: Layer-by-layer inkjet printing.

9 IDE: Interdigitated electrodes, Planar lollipop sheet: This is a new definition here that refers to a flat shape resembling a lollipop, formed by a combination

of a circle and a rectangle.

materials are modular, generally semiconducting and conducting in-
herently, changing their electrical properties upon exposure to various
application scenarios [67]. Although their electronic performance ex-
hibits high carrier mobility and stability, compared to novel nanoma-
terials such as conductive polymers, they show weaknesses in physical
and chemical properties: high Young’s modulus, poor controllability
and tunability of chemical composition and molecular structure [120].
The sensing materials need to be lightweight, low-cost, and well com-
patible with large scale processing [67]. With advancement in nano-
technology, carbon nanomaterials [67,121], conductive polymers [122],
nanohybrid materials, metal nanomaterials (e. g., AuNPs, BiNPs, etc.)
[114] have been demonstrated to be promising sensing materials in
flexible electronics applications. Numerous materials such as laser-
scribed/induced graphene (LSG/LIG) [92,95,99,123,124,125], laser-
induced porous graphene (LIPG) [112,115], graphene-CMC (carboxy-
methyl cellulose) [119], SWCNT-PdNP-polystyrene microsphere (SPPM)
[117], carbon spherical shells (CSS) [88], CuxO-PPy@GO aerogel [83],
PEDOT: PSS [44,58,126,126,128], poly(N-[3-(dimethylamino)propyl]-
methacrylamide-co-2-N-morpholinoethyl methacrylate) (p(D-co-M))
[116], Ti3C2-MXene/BP nanohybrid [112], AuNPs [114], iridium oxide
(IrOx) nanoparticles [60], etc., have exhibited remarkable performance
in various research settings. In this section, we focus on three catego-
ries of nanomaterials: carbon nanomaterials, conductive polymers, and

nanohybrid materials. The electrical, physical, mechanical, and chemi-
cal properties, fabrication methods, and sensing mechanisms of sensing
materials are explained.

3.1. Carbon nanomaterials

The unique electronic, mechanical, and chemical properties of car-
bon nanomaterials make them very interesting for developing the new
generation of miniaturized, low-power, ubiquitous sensors [121,129].
Low-dimensional carbon structures, with the majority of their atoms ex-
posed to the surroundings, provide a large specific surface area that can
be advantageous in achieving high sensitivity [121,130]. In the last few
years, nanomaterials like carbon spherical shells (CSS), single-walled car-
bon nanotubes (SWCNTSs), laser-scribed graphene (LSG), laser-induced
porous graphene (LIPG), laser-scribed graphene oxide (LSGO), reduced
graphene oxide (rGO), etc., have become the most studied carbon-based
materials for developing food monitoring sensors. In this part, we will
discuss two types carbon-based nanomaterials systematically.

Single-walled carbon nanotubes (SWCNTs): After their discovery
in 1991 by lijima and Ichihashi, carbon nanotubes (CNTs) have been
extensively researched for their unique electrical, physical, mechani-
cal, and chemical properties in the development of high-performance
sensing devices [131]. Sensors equipped with SWCNTs exhibit revers-
ible stretchability, fast response and substantially higher sensitivity at
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room temperature [66,132], owing to their high carrier mobility, excellent
physical properties, ease of modification, and sizeable surface-area-to-
volume ratio, which provides a huge number of active sites for analytes
[133,134,135,136]. Yan et al. [117] developed a flexible paper-based che-
moresistive sensor by modifying a SWCNT-PANP-polystyrene micro-
sphere (SPPM) composite (SPPM/FWPCS) for the low-cost and online
detection of C,H, from banana. SWCNT-PdNP-PM composites were syn-
thesized by a method of self-assembly under van der Waals forces, and
then was pipetted on the sensing area of the interdigitated electrodes and
dried at room temperature. The sensing mechanism involves the release
of trapped electrons due to the oxidation and cleavage of ethylene, re-
sulting in a decrease in resistance. More specifically, the Schottky barriers
between SWCNTs, PdNPs, and adsorbed oxygen in the sensing composite
create an electron depletion layer, and adsorbed oxygen (O,-) is formed
during the process. The concentration of C,H, can be detected down to
100 ppb (subppm level). The detection range of a rigid sensor is the total
amount of ethylene in the entire space, which, coupled with diffusivity of
gases, leads to hysteresis for the monitoring of fruit ripeness and corrup-
tion. Flexible sensors can be used to overcome this limitation by placing
them inside fruit packaging.

Laser-scribed graphene (LSG): The discovery of graphene in 2004 by
Geim and Novoselov generated great scientific interest because of its
excellent properties [137-141], including rapid electron mobility, self-
assembly behavior, excellent conductivity, large specific surface area,
high mechanical strength and stability, etc. [141-149]. Graphene is a
single layer of sp2-hybridized carbon atoms covalently bound together
in a honeycomb lattice [140]. First, its outstanding electronic proper-
ties, such as high carrier mobility and high carrier density, make it a
promising candidate for fabricating high-performance electrically-
transduced analytical devices [64,148]. Secondly, the surface prop-
erties of graphene enable it to interact with a wide range of analytes
through different mechanisms such as van der Waals forces, electron
transfer, or covalent bonding [140,149], which can lead to changes in
the conductivity of the sensing layer. Thirdly, graphene’s high surface-
to-volume ratio implies that each carbon atom in graphene functions
as a surface atom, resulting in the maximum possible surface area per
unit volume. As a result, the charge transport in graphene is extremely
sensitive to its chemical surroundings [149,150]. Fourthly, flexible elec-
tronic devices often undergo mechanical stress and deformation during
operation, so they require materials that can withstand these stresses
without breaking or losing their functionality. Graphene, which has
high mechanical strength and stability, is therefore a promising mate-
rial for use in flexible electronic devices. By using graphene as a base
material, flexible electronics can be designed with improved durability
and reliability, even under harsh operating conditions [146,151]. Tradi-
tional methods for producing graphene, such as thermal decomposition
[152,153], mechanical exfoliation [154,155], and chemical vapor depo-
sition (CVD) [156,157] are time-consuming and complex. In contrast,
laser-derived graphene (LDG) technology offers an easy, mask-free, and
low-cost alternative for the production of graphene-based materials.
The products are now mainly termed laser-scribed graphene (LSG) or
laser-induced graphene (LIG), etc. [95]. Aparicio-Martinez et al. [92] de-
veloped a novel, flexible and non-enzymatic electrochemical H,0, sen-
sor based on a laser-scribed graphene (LSG) electrode decorated with
silver nanoparticles (LSG-Ag). They fabricated a graphene electrode on
a PET substrate that was coated with GO, using a 780 nm 5 mW infra-
red laser from a DVD unit. And then, they decorated the LSG electrode
with silver nanoparticles (LSG-Ag). The changes in morphology caused
by the laser treatment, such as increased roughness, expansion, surface
defects, and exposure of edge planes, have a significant impact on the
electrochemical performance of the material [123,158,159]. Specifically,
during silver electrodeposition, defects and features of LSG acted as nu-
cleation sites and induced a high density of non-spherical nanoparticles
(sizes from 70 to 120 nm) with uniform distribution over the LSG layers.
The sensing mechanism of this amperometric sensor can be described
as follows: the sensing material’s role is to interact with the analyte
through the active sites on its surface, while the electrode is maintained
at a fixed potential and the cathode current is monitored over time. The
cathode current magnitude is related to the concentration of the ana-
lyte present. The morphology features of LSG such as 3D architecture,
surface defects, exfoliation, edge plane exposure and oxygen removal
were combined with the electrocatalytic activity of AgNps, resulting in
an overall enhanced non-enzymatic H,0, detection. The LSG-Ag sensor
demonstrated low LOD of 7.9 uM, rapid amperometric response within
3 seconds, as well as high repeatability of 3% R.S.D. and reproducibility
of 4.5% R.S.D. It also showed minimal loss of performance even after
continuous bending.

3.2. Conductive polymers

Conductive polymers (CPs) have been acknowledged as a distinctive
category of organic materials possessing exclusive electrical and opti-
cal characteristics comparable to those of inorganic semiconductors and
metals [160]. CPs can be synthesized through simple, versatile, and cost-
effective methods. Furthermore, they can be easily assembled into supra-
molecular structures with multifunctional capabilities through electropo-
lymerization processes [161]. The development of various methodologies
has enabled the modification and tuning of CPs to incorporate them into
the fabrication of stretchable sensors, which include both physical and
electrochemical sensors. Such novel innovations are highly desired and
sought after in various fields of flexible sensing, including temperature
monitoring, strain sensing, and the high-sensitivity active gas sensing
(e. g., H,S), as they hold the potential to pave the way for future break-
throughs. Conjugated m polymers are a class of materials with electrons
held in their backbones [162], such as poly(3,4-ethylenedioxythiophene)
(PEDOT) and polypyrrole (PPy). The unsaturated backbone of conductive
polymers allows for the delocalization of m-electrons, which facilitates
the movement of charge carriers along an electrical pathway [163,164].
Flexible sensing materials that incorporate CPs exhibit RT-sensing ca-
pabilities and ease of chemical modification. Specifically, the high flex-
ibility of polymeric materials enables the sensing materials to be easily
deposited or patterned onto flexible or stretchable substrates, and they
can withstand mechanical deformation during use, thus maintaining the
integrity of the sensing layer [67]. As typical examples of conductive poly-
mers, PEDOT: PSS and polypyrrole (PPy) will be discussed here.

Poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:
PSS): polythiophene is a fascinating material due to its persistent conduc-
tivity and impressive electrical conductivity (103 S cm™), which is influ-
enced by the dopant and polymerization type [165,167,167]. PEDOT can
be polymerized through electrochemical or oxidative chemical methods,
and it is a polymer with high electrical conductivity [160]. Compared to
PPy, PEDOT possesses superior chemical [168-170] and thermal [170]
stability and has been postulated for possible use as an interfacing agent
[160]. PEDOT can be hybridized with poly(styrenesulfonate) (PSS) to im-
prove electrical conductivity [171]. PSS was used for doping the PEDOT for
film fabrication by spin coating and vapor phase polymerization [160]. The
conductivity mechanism of PEDOT: PSS is based on the synergistic effect
between PEDOT and PSS, where PEDOT serves as the conductive backbone
providing the pathway for electron transfer, while PSS acts as the electro-
lyte stabilizing the polymer chains of PEDOT and regulating the conduc-
tivity. The highly ordered hybridization between PEDOT and PSS results
in PEDOT: PSS composite materials with high conductivity. Conductive
polymers are a popular choice for temperature sensing due to their ease
of processing and excellent electrical properties, although they may be un-
stable at high temperatures [172]. However, PEDOT: PSS stands out as one
of the most stable organic conductive polymers with electrical properties
similar to those of a metal or semiconductor [173,174]. Escobedo et al. [58]
designed a temperature sensing tag by printing silver electrodes on a flex-
ible polyvinyl chloride (PVC) substrate and then drop-casting PEDOT: PSS
on silver electrodes with a gap of 2 mm. With an increase in temperature,
the mobility of carriers within the sensing layer is predicted to rise, result-
ing in a decrease in resistance. This PEDOT: PSS based temperature sensor
showed a 70% change in resistance for a temperature change of ~60 °C. Ja-
copo et al. [79] developed a dual-mode highly flexible hydrogel-based H,0,
sensor, which is based on poly (3,4-ethylenedioxythiophene): polystyrene
sulfonate (PEDOT: PSS) as the transducer, hydrophilic polyurethane (HPU)
as the hydrogel matrix, and horseradish peroxide (HRP) as the H,0, spe-
cific redox enzyme. The solution containing PEDOT: PSS/HPU/HRP was
applied onto the work electrode of a three-electrode system using a drop-
casting method. The sensor operated in both amperometric and chemire-
sistive dual modes. The sensing mechanism can be explained as follows.
In the amperometric mode, H,0, undergoes electrochemical reduction in
the presence of HRP to produce water and oxygen on the surface of the
modified electrode [175]. The process entails the alteration of the oxida-
tion state of the iron ion within the heme group present in HRP, result-
ing in the discharge of electrons that are subsequently transmitted to the
electrode, thereby inducing a current peak [176,177]. Conductive PEDOT:
PSS plays a key role in the direct electron transfer between the enzyme and
the electrode [178]. In the chemiresistive mode, the sensing mechanism
relies on the conformational change of PEDOT between two molecular
structures, quinoid and benzoid, in response to H,0,. The quinoid group,
which has alternating double bonds and more charges, is more conductive
form leading to an increase in PEDOT: PSS conductivity. The change to the
fibrillary-like structure of quinoid increases the delocalization of charges
and m-electrons in the PEDOT backbone, resulting in higher conductivity.
The conformational change to the coil-like benzoid structure reduces elec-

524



Nlyo 0. v gp. | MALLIEBBIE CUCTEMbI | Tom 6 No 4 | 2023 | C. 519-530

tron mobility [126,179]. The HRP and H,0, reaction initiates the PEDOT
conformational change to the quinoid structure, resulting in higher con-
ductivity [178]. The amperometric sensor showed a rapid response time of
less than 6 seconds, selectivity towards common interferents, and a broad
detection range spanning from 100 uM to 101.6 mM.

Polypyrrole (PPy): PPy can be traced back to the 1919 studies by Angeli
and Pieroni, who described the synthesis of pyrrole blacks from pyrrole
magnesium bromide [180]. PPy is unique among the electronically con-
ductive polymers in that the pristine form is oxidized by molecular oxygen
[181]. PPy exhibits impressive conductivity, outstanding redox properties,
biocompatibility, tunability and processability, as well as environmen-
tal stability, and could be widely applied in the field of chemical sensing
[182,183,184]. Conductive polymer aerogels are considered a promising
option to create versatile electronics due to their mechanical deform-
ability and their 3D porous structures [185]. Compared to conventional
porous materials, conductive polymer aerogels possess advantages such
as regulated conductivity, low density, large specific surface areas, and in-
terconnected channels, making them suitable for gas sensing applications
[83]. Shu et al. [83] developed a paper substrate-based flexible H,S sensor
by incorporating CuxO-polypyrrole conductive aerogel (CuxO-PPy) into
the sensor design. The aerogel is prepared by in situ polymerization of
pyrrole with a “big-macromolecular surfactant” of graphene oxide (GO).
GO is composed of both aromatic regions consisting of benzene rings and
aliphatic regions consisting of oxygen-containing groups, which give it
amphiphilic properties [186]. The surface of graphene oxide was improved
by the self-assembly of positively charged pyrrole monomers through m-mn
stacking and electrostatic interactions, resulting in a better pyrrole dis-
persion. Additionally, the 3D porous structure of the coated aerogel was
maintained on the paper substrate, and due to the combined mechanical
properties of the aerogel and paper, the resulting paper electrode was me-
chanically flexible and could be easily cut into desired shapes. The sensing
mechanism of this chemiresistive gas sensor can be speculated as follows.
First, when the sensor was exposed to H,S, some of the absorbed gas mol-
ecules dissociated into H* and S,” (HS-). Secondly, the S,- readily reacted
with semiconducting CuxO, transforming it into metallic CuxS with good
conductivity [187,188]. This process facilitated the continuous dissocia-
tion of H,S molecules, generating more H' ions. Thirdly, the dissociated
H+ ions protonated PPy, serving as the host conducting pathway, and
facilitated electron transfer through multidimensional paths, including
2D nanosheets and 3D cross-linking frameworks, ultimately improving
conduction [189]. The CuxO promoted the protonation of PPy. Fourthly,
the aerogel’s inherently hierarchical and porous micro-nanostructures
of CuxO-PPy@GO, with a large surface area and pore volume, provided
abundant reaction sites (such as vacancies, defects, functional groups,
and sp2-bonded carbon) for gas molecule adsorption [190]. Moreover, the
loose and porous structure facilitated rapid gas diffusion and worked si-
multaneously on both the internal and external surfaces. Overall, the ex-
ceptional sensing performance was attributed to the synergistic function
of the micro-nanostructures, the strong chemical interaction between
CuxO and H,S, and the effective proton acid doping with PPy.

3.3. Nanohybrid materials

Nanohybrid materials are distinct combinations of inorganic and or-
ganic materials [191]. Compared to single-component materials, hybrid
materials possess a diverse range of functionalities as well as enhanced
chemical and physical properties. Advanced nanostructures that are
based on organic/inorganic composites play a significant role in driv-
ing innovations across various fields [192,193]. Hybrid materials exhibit
enhanced properties such as higher conductivity, increased porosity,
improved catalytic activity, and greater optical and electrical poten-
tial compared to their single-component counterparts [194,195]. When
polymeric materials are combined with metal oxides or other inorganic
materials, the resulting composite can exhibit enhanced selectivity and
unique sensing properties. This is due to the synergistic and geometrical
effects of the different components [196,197]. Polymer materials and 2D
graphene-based materials have been shown to have a large surface area
and good electrical conductivity, but the performance of these devices
can be further improved by synthesizing nanohybrid materials.

BP-Ti3C2-MXene: Zhu Xiaoyu et al. [115] designed an ultra-trace
analysis phytoregulator a-naphthalene acetic acid (NAA) sensor fabri-
cated by two-dimensional phosphorene (BP) nanohybrid with graphene-
like titanium carbide MXene (Ti3C2-MXene. MXene, 2D material, can be
synthesized by etching “A” from MAX phase (“M” represents transition
metals, “A” represents group IIIA/IVA elements and “X” represents C and/
or N elements)) on the flexible substrate surface of laser-induced porous
graphene (LIPG). A BP-Ti3C2-MXene nanohybrid with excellent ambient
stability is produced through liquid-phase exfoliation of black phospho-

rus with cuprous chloride and Ti3C2-MZXene, which is obtained by etch-
ing Al layers of Ti3AlC2, using ultrasonic assistance in an organic solvent.
MXene has a unique thin-layered nanostructure that provides ample
space for supporting other functionalized nanomaterials. However, the
performance of MXene is compromised when its nanosheets restack too
severely, which can damage the effective area [198]. To address this issue,
a noncovalent nanohybrid between BP and MXene is expected to resolve
the aggregation of MXene or BP and combine the advantages of both ma-
terials [199]. The sensing mechanism of this electrochemical sensor is as
follows. In the amperometric mode, the working electrode modified with
Ti3C2-MXene/BP biomimetic enzymes exhibits oxidase-like characteris-
tics (nanozyme) when the zymolyte NAA is electrocatalytically oxidized.
Electron transfer reactions generate measurable changes in current.
Since the size of the measured current is proportional to the number of
NAA molecules in the solution, the relative concentration of the mol-
ecules can be monitored on a physiological timeline [200]. The LOD of the
sensor is as low as 1.6 nM with a wide linear range of 0.02-40 uM.

4. Principle of flexible sensing

The sensing layer of a flexible sensor interacts with physical distur-
bances or analytes, causing changes in its own physical properties, which
are then transduced into variations of electrical signals (e. g., current,
voltage/ Nernst potential, capacitance, etc.) or others by the transducer.
In this section, we will discuss the sensing principle of electrically-trans-
duced analytical flexible sensors from the aspects of sensing and trans-
duction mechanisms.

4.1. Sensing mechanism

A typical sensing device consists of two primary elements: sensing
material and the transducer [201]. The sensing material is accountable for
responding to physical perturbation (e. g., temperature, humidity, pres-
sure, mechanical deformation, etc.) or chemical/biological analytes (e. g.,
gases, pesticides, foodborne pathogens, etc.). This interaction results in a
modification of one or more properties of the sensing material, which is
subsequently transformed into detectable signals by the transducer [202-
204]. Sensors capable of detecting physical changes have been achieved
through the collaborative advancements in material development, in-
volving the synthesis of materials with novel electrical, optical, and me-
chanical properties and refinement in the methods of integrating mate-
rials into devices [205]. In contrast, to advance electrically-transduced
chemical sensing, there is an added level of complexity posed by the
chemical interfaces between the sensing material and the analyte [201].
The chemical interfaces between the material and the analyte are crucial
in determining the sensitivity, selectivity, stability, and biocompatibility
of chemical sensing devices [206—208]. The interaction between sensing
materials and analytes is a prerequisite for the operation of sensors.

We can classify these interactions as:

1. Non-covalent interactions, including van der Waals forces, hydro-
gen bonds, coordination bonds, and m—1 interactions.

This may result in reversible or partially reversible reactions. For ex-
ample, the large, electron-rich m—surface of graphene can interact with
target analytes through van der Waals forces, charge transfer, and n-m
interactions.

2. Covalent bonding.

This leads to irreversible reactions but brings improvements in selectiv-
ity and sensitivity. For example, metal oxides contain chemically adsorbed
oxygen molecules on their surface, which are responsible for the interaction
with gaseous analytes through oxygen-involved chemical reactions [64].

4.2. Transduction mechanism

The sensing material serves a dual purpose in chemical sensing. Firstly,
it should have the ability to covalently or noncovalently interact with the
analyte on its surface. Secondly, it should react to this interaction by al-
tering its electrically related physical properties. The transduction mecha-
nism relies on conductivity, work function, or electrical permittivity, which
can be transformed into a change in resistance, capacitance, or inductance
[203]. These transduction events, which involve changes in resistance/im-
pedance, capacitance, current, and voltage/electrical potential, can be de-
tected and measured using various devices such as resistors, electrochemi-
cal sensors, capacitors, diodes, and field-effect transistors. The magnitude,
frequency, and phase of the resulting signal can provide important infor-
mation about the sensing event [64]. In flexible sensing for food monitor-
ing, the main transducers are resistors and electrochemical sensors, while
capacitors are uncommon. Diodes and field-effect transistors are rarely
seen. The modulation of doping level, Schottky barrier, and the formation
of dipole and interfacial layer are the basic mechanisms that typically lead
to changes in conductivity, work function, and permittivity [64].
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OBOCHOBAHUWE, HAITPABJIEHHSI 11 PE3YJIBTATBI NICI1I0JIb30OBAHHSI
MPOAYKTOB ITEPEPABOTKHN MOJIOYHOHN CbIBOPOTKU
B ITPON3BOJCTBE MOPOJXEHOTI'O

Curnukosa I1. B.*, Kasakosa H. B.
Bcepoccuiickuit Hay4HO-MCCIef0BaTeIbCKMI MHCTUTYT XOJOAVMIIBHOV IPOMBILIZIEHHOCTY, MockBa, Poccus

K/IFOYEBBIE C/IOBA: AHHOTAL A

MOpOo3#ceHoe, Hebuuut Genka sIBIsSeTCs] BaXKHOI MMPOBOJ IP061eMoii. [JOTOTHUTENbHBIM VICTOYHUKOM Ge/ika MOXKeT CTaTh MOOGOYUHBIN

KOHYyeHmpam, IIPOIYKT IIPOM3BOACTBA ChIpa ¥ TBOPOra — CHIBOPOTKA. B 0630pe 060CHOBaHA 11€71eC006pa3HOCTh VICIIONb30BAHMS MOJIOY-

u307151m, 2u0poAU3AM,  HOM CHIBOPOTKM B IIMIIEBBIX LIEJSIX, 0GYCIOBIEHHASI €e COCTaBOM 1 GMOIOrMYeCcKOi eHHOCTbI0. Kpome Toro, mpumeHeHue

Cbl60pOMOUHDBIT 0€N0K  CHIBOPOTKYM B KAUeCTBE IPOAYKTA MUTAHMS CHIDKAET YIPO3Y 3arpsisHeHMsT OKPYIKaIolileii Cpebl, BOSHMKAOIYIO [IPU YTH-
JIM3aluu ee B KaHaau3auuio. Llenbio TaHHOM cTaTby sIBIsIeTCSsl CO60p, aHAIU3 U 06001eHe JaHHbIX O TPUMEHeHUN ChIBO-
POTKM ¥ MPOLYKTOB ee repepaboTKM B TeXHOJIOTUY MODPOKEHOTO ¥ B3GMTHIX 3aMOPOKEHHBIX ecepToB. IIpuBeneH aHa-
JIM3 TaHHbIX MexayHaponHoii MonouHoi denepanum (MM®) 0o MUPOBBIX 06beMax MPOU3BOLCTBA MOIOYHOI CbIBOPOTKH,
a Takke O KOJIMYeCTBe BHICOKOLIEHHOTO 6esika, KOTOPOMY OHM 9KBMBaJIeHTHBI. [[poaHa/IM3MPOBaH COBPEMEHHBI MIPOBOI
OTIBIT TEXHOJIOI M1 TepepaboTKM MOJIOYHOI CBIBOPOTKY ¥ aCCOPTMMEHTA IIPOLYKTOB, OTyYaeMbIX B pe3yJabTaTe MX MCIO/b-
30BaHMSI. AKIIEHTVMPOBAHO BHMMAaHMe Ha XapaKTepUCTMKE U CBOMCTBAX IPOLYKTOB MepepaboTKy MOJIOYHON ChIBOPOTKU
(KOHIIEHTPATbI, M30JISTHI, TUIPONM3AThl MOJIOYHBIX, B IEPBYIO OYepesib, CLIBOPOTOUHBIX GENIKOB) M MULIE/UIIPHOTO Ka3emu-
Ha. OueHeH 1 060011eH OMBIT UCCIeJOBAHMI BO3MOXKHOCTM MX MCIIOIb30BaHMSI B TPOMU3BOLCTBE MOPOKEHOIO U B APYIUX
MNILEBBIX MPOAYKTaX. PacCMOTpPeHO BIMSIHME YKa3aHHBIX IIPOAYKTOB HAa TEXHOJIOTMYeCKyue, CTPYKTYPHO-MexaHu4yecKue,
MMKPOCTPYKTYpPHbIE, OPTaHOIeNTHYeCK}e [TOKA3aTeM MOPOKEHOTO 1 ero 6M0I0TMYeCcKyI0 LIeHHOCTb. OTMeUeHO Halu4ue
KaK ITOJIOKUTENbHOTO, TaK X OTPULLATENTbHOTO OIbITAa IPYMEHEeHNsI MOTIOYHbIX, BK/II0Uasl CLIBOPOTOUHBIe, 6€/IKOB Ha IOTpe-
61TeNbCKYE XapaKTePUCTUKY 3aMOPOXKEHHBIX IPOAYKTOB. O60CHOBaHA HEOOXOOMMOCTDb OoJlee NeTalbHOTO M3y4YeHNus pe-
3y/IbTATOB MCIIONb30BaHMSI KaskIOT0O ONPeIeIeHHOTO MCTOYHYKA MOJIOYHOTO Oe/lka IPMMEHUTETbHO K KOHKPETHBIM BUAAM
MOPOSKEHOTO ¥ B36MTBIX 3aMOPOSKEHHBIX JIeCEPTOB.
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ice cream, concentrate, The deficiency of protein is an important global problem. Whey, as a by-product of the production of cheese and cottage

isolate, hydrolyzate, cheese, can be an additional source of protein. The feasibility of using whey for food purposes due to its composition and

whey protein biological value is substantiated in the review. Besides, the usage of whey for food purposes reduces threat of environmen-
tal pollution existing when disposing it into the sewer. The aim of the article was to collect, analyze and summarize data on
the use of whey and products of its processing in the technology of ice cream and whipped frozen desserts. The analysis of
the data of the International Dairy Federation (IDF) on the global volumes of milk whey production as well as the amount
of high-value protein, to which they are equivalent, is given. The modern world experience in processing technologies of
whey and the product assortment made with its usage has been analyzed. Attention is concentrated on the characteristics
and properties of whey processed products (concentrates, isolates, milk hydrolysates, first of all, whey proteins) and micel-
lar casein. The research experience in studying the possibility of their use in the production of ice cream and other foods
is assessed and summarized. The influence of these products on the technological, structural-mechanical, microstructural
and organoleptic characteristics of ice cream and on its biological value is considered. The presence of positive and negative
experience in the usage of dairy proteins, including whey proteins, on the consumer characteristics of frozen food is noted.
The necessity of more detailed study of results of using each particular source of milk protein in relation to different types
of ice cream and whipped frozen desserts is substantiated.
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1. BBegeHue

B pamkax XXIII ITeTep6yprckoro MesxIyHapoIHOTO SKOHOMUYECKOTO
dopyma (IIMD®) pykoBoautenb Pocrorpe6Han3opa Anna Ilomosa oT-
MeTWMIIa, YTO B palMOHe POCCUSIH TedUIUT 6eka COCTaBIIsIeT B CpeqHeM
11,5%!, a mo maHHbIM «DUIl muTaHUs U OGMOTEXHOTIOTUM», eKETOTHbI
neduuut nuieBoro 6enka B Poccuy mpesbimiaer 1 MuiH T. CHUKeHMe
rotrpe6yeHust 6esika B MuUILy 06yCIOBIEHO HEIOCTATOUHON obecreyeH-
HOCTBIO HAceleHus: 3eM/I SAHHBIM MUTATeNbHbIM BelnecTBoOM. OOt
nedbuuut 6eska Ha IulaHeTe oleHuBaeTcs B 10—-25 MutH T B rof. [Ipu aToMm,
1o JaHHbIM MexmyHaponHoi MonouHoi denepannnu (MM®), B mupe
MpoM3BOAUTCS 10 130 MJIH T MOJIOUHOV ChIBOPOTKM, UTO IKBMUBATEHTHO
60see 800 ThIC. T BBICOKOIIEHHOTO Oeska [1].

B Poccunt exxeromHbie 06beMbl MOACBIPHONM CIBOPOTKM BO MHOTO pa3
MPEBBIIAIOT 00bEMbI €€ TMOCIeIYIOUIer0 MCIOMb30BaHNS B IMUIIEBBIX
nessix. BMmecre ¢ Tem B mociejHMe rofibl MMPOBAsi PIHOYHAS CTOMMOCTD
CBIBOPOTOYHBIX OETKOB €KeroJHO YBeIMUMBaeTcs B cpegHeM Ha 4% [2,3].
910 06YC/IIOB/IEHO PAa3BUTMEM MHAYCTPUU TIPOU3BOCTBA M MOMYJISIpU3a-
1yelt MpUMeHeHUs CbIBOPOTOYHBIX MPOIYKTOB B CIIOPTMBHOM MUTAHUH,
MOJIOUHO MPOAYKLUMM U JPYTUX MUIIEBIX poaykTax. B Poccun B mpo-
M3BOACTBE TMPOLYKTOB IUTAHUSI MUCIIONb3yeTcs: 48% BbipabaThiBaeMoit
CYXOil ChIBOPOTKM, @ B KauecTBe KOpMa MJI CeIbCKOXO3SIMCTBEHHBIX
SKMBOTHBIX — 52%2. Ha BBIMYCK MTPOAYKTOB J€TCKOTO MUTAHMS TPATUTCS
6onee 75% o6bema MPOM3BOAVIMOIL IeMMHEPATN30BAHHON ChIBOPOTKMU,
54% obbeMa KOHLIEHTpaTa ChIBOPOTOYHOTO Oeska. V30/T ChIBOPOTOU-
HOT'O IPOTeVHA IIPYMEHSIeTCS] B CIIOPTUBHOM IIUTAaHUM U B MeIuLVHe [4].

CoBepIlIeHCTBOBaHME GUOTEXHOIIOTUYECKUX TMPOLECCOB TMepepaboT-
KI TIOGOYHBIX CHIPbEBBIX PECYPCOB, K KOTOPHIM OTHOCUTCSI ChIBOPOTKA,
SIBJISIETCSl TIPMOPUTETHOM CTpaTermyeckoil 3ajaveil M KOppeCcIOHAM-
pyetcst ¢ HarpaBieHusiMyu CTpaTerMu pasBUTKsI MUILEBO U Tepepaba-
ThIBAMILEl TPOMBILIZIEHHOCTU Poccuiickoii deepauum Ha mepuon, A0
2030 ropma’. B moKymeHTe MOAYEePKUBAETCS HEOOXOAMMOCTb BHEIPEHMS
HOBBIX TEXHOJIOTMIA, B TOM 4MC/ie GMOTEXHOIOTHIA, TO3BOJSIIONMX 3HA-
YMTENbHO PaCIIMPUTh aCCOPTUMEHT MPOSYKTOB HOBOTO TIOKOJIEHMS C 3a-
IaHHBIMM KaueCTBeHHBIMM XapPaKTePUCTUKAMMI.

Heo6xopuMocCTb 1epepaboTKy MOJIOUHOV CbIBOPOTKY C LIETbIO AaJTb-
HEJIIero MCIoab30BaHMsI Takke 06YC/IIOB/IeHa CTpeMJIeHeM MPOU3BO-
nuTeneil K MUHMMM3ALMM aHTPOIIOTEHHOIO 3arpsi3HeHMST OKpyyKalolen
Cpenbl, CBSI3aHHOTO C €e yTuiausanueil B KaHaim3auuio. ChIBOpOTKA
o6JafaeT KpaiiHe BLICOKMMY 3HAUEHMSIMU ITOKa3aTeneii 61M0XMMUIecKo-
r0 ¥ XMMMUYECKOTO MOTpe6aeHus kucinopopa: BITK — 40-60 mr/m, XIIK —
50-80 mr/n. Ilo nuTepaTypHbIM JaHHBIM [5,6], aHTPOIIOTE€HHBI Bpeq,
BbI3BaHHBIII HEKOHTPOIMPYEMBbIM BBIGPOCOM ChIBOPOTKM, B 100-175 pa3
MPEeBbIIIAeT aHAJOTMYHbIEe I0KA3aTel BPeJOHOCHOTO BO3eiCTBMUST Obl-
TOBBIX CTOYHBIX BOJI,.

2. Marepuaabl U METOAbI

[Mouck HAYYHOV TUTEPATYPHI IPOBOAMIICS C MCIIONb30BaHMEM ITOMC-
KoBbIix cucteM Web of Science, Scopus u Google Scholar, npu momorm
Hay4YHbIX 3JIeKTPOHHbBIX 6MOmoTek «KubepJlennnka», eLIBRARY, a Tak-
3Ke TI0 OTKPBITHIM MHTEPHET-UCTOUHMKAaM. CO0pP JaHHBIX OCYLIECTBIISII-
Cs1 HA PYCCKOM M aHIIMIICKOM SI3bIKaxX IO KTIOUEBBIM ()pasaM CO BKITIO-
YeHMeM OIlepaTopa «M»: «MOPOKeHOe», «KOHILIEHTPAT ChIBOPOTOYHOIO
6esika», «<KKOHLIEHTPAT MOJIOUHOTO 6GeJika», «M30JIIT CbBIBOPOTOUHOTO 6esi-
Ka», «M30JISIT MOJIOYHOTO Gejika», «TMAPOIM3AT CBIBOPOTOUHOIO Gesikay,
«TUAPONM3AT MOJIOYHOTO Geka», «MOJIOYHbBIN GeTOK», «ChIBOPOTOUYHDIN
6eJ10K», «<MUIIeJUISIPHBIN Ka3eMH», «MOJIOUHAST ChIBOPOTKA», «TBOPOYKHASI
CBIBOPOTKA», «IIOZICBIPHAST CBIBOPOTKA». 10 MOMCKOBOMY 3arpocy 6bUI0
HalgeHo 6omee 3500 MCTOYHMKOB.

B xozme paGoThl OGbUIM MPOAHATM3VPOBAHBI TTOJMHBIE TEKCThI CTATE,
COOTBETCTBYIOIIMX KPUTEPUSIM 1oyucka. CTaTby, He OTHOCSIIIMECS K TeMe
MCCIeIOBaHMSI, OTKJIOHSUIM TIOC/Ie 3yUeHMsI Ha3BaHWSI ¥ aHHOTAIVIN.

Kputepun BKIIOUEHMS ITyOIMKALINN

1. [Ty6nukarys co3mana B mepuon 2015-2023 rr.;

2. Wictounmk nponnaekcupoBad B Web of Science, Scopus mau PUHII;

! @enepanbHas c1yx6a Mo Hansopy B cdepe 3amuThl NpaB MoTpebureneit
u Gnaromnonyunsi yenoseka (2019). PykoBoautenb Pocrorpe6Hanzopa AnHa Ilo-
rnosa B pamkax [IOM® mpexcraBuia demepanabHbIil TPOEKT «340POBOE MUTAHNE»
M TIpOBeJia TAHEeNbHYI0 CeCCMIO C MPeCTABUTENSIMM OPTaHOB BIACTM, HAYYHOTO
COO0IIeCTBA ¥ PYKOBOJUTEISIMM KPYITHEMIINX POCCUIICKUX U 3aPYOEKHBIX KOMITa-
Huit. ITonyueHo c https://www.rospotrebnadzor.ru/about/info/news/news_details.
php? ELEMENT ID=12067. [Tata o6pamennst 06.07.2023 r.

2 HOoBOCTM M aHAIUTMKA MOJIOUHOTO phiHKa (2019) 10 rpadukoB o coCTOsI-
HUM PBIHKA MOJIOYHON ChIBOpOTKM. [TonmyueHo c¢ https://milknews.ru/analitika-
rinka-moloka/rinok-moloka-v-Rossii/grafiki-syvorotka-rf.html. Tata o6parienus
06.07.2023

5 Crparermyt pasBUTMSI MUINEBO M MepepabaThiBAIONIE)i TPOMBINIIEHHOCTI
Poccuiickoit Penepauyy Ha nnepuog, 1o 2030 ropa (PacniopsiskeHne IIpaBuTenbcTBa
P® N2 559-p)

3. BO3MOXHO BhIOOPOUYHOE BKIIIOUEHME CTaTel, ONyOIMKOBAHHBIX pa-
Hee 2015 . B c7Tydyae OTCYTCTBUSI HOBBIX ICTOYHMKOB IO 3aJaHHBIM KPU-
TepusIM MOMCKa.

Kpurtepun nckioueHms:

1. [Ty6nvkayy, Boimeaumnie panee 2000 r.;

2. PaboTbl, He OTHOCSIIMECS K TeEMEe MCC/IeOBaHMS;

3. OTCyTCTBUE TIONHBIX TEKCTOB ITyOIMKATIIA.

3. BuoJsiornyeckasi eHHOCTb ¥ TEXHOJIOruuyecKasi

(GYyHKIMOHAJIBHOCTH MOJIOYHOJ CBIBOPOTKYU U MPOAYKTOB

ee nepepaboTKu

B MOJIOYHOJI CBIBOPOTKE, SIBJISIIOILECS] TOGOYHBIM MPOLYKTOM Iepepa-
6OTKM MOJIOKA TPV IIPOM3BOICTBE ChIPA, TBOPOTA MM Ka3eMHa, OCTAeTCSI
oKoso 50% cyxux BelecTB MOJIOKA-ChIPbSI, M3 KOTOPBIX HA JOJIO CHIBOPO-
TOUYHBIX 6eikoB TpuxonuTcs ot 0,7 mo 0,9%. Buonornyeckast IEHHOCTb ChI-
BOPOTOUYHBIX 6€/TKOB 00YC/IOBIEHA HAJTMYMEM B MX COCTaBe 8 He3aMeHVMbIX
aMMHOKMCTIOT (U3 18 M3BeCTHBIX), OMOAKTMBHBIX MENTII0B ¥ MHOroo6pa-
31eM (YHKILMI, KOTOPble OHY BBIMIOJIHSIOT B OpraHu3me uenoseka. K rmo-
C/IeIHUM OTHOCSTCS Takyie QyHKIMM, KaK MMMYHOCTVMY/IMPOBaHMe, TOHU-
SKeHMe XO/lecTepyHa B KPOBY, yyacTye B CUHTe3e TOPMOHOB U (hepMeHTOB
[7-9]. H13KmMit ITMKeMMUUECKIUIT MHIEKC ChIBOPOTOYHBIX GENKOB T03BOJISIET
ONTUMMU3MPOBATh BbIICTICHME MHCYIVMHA, PETYIupys YPOBEHb ITIIOKO3bI
B KPOBM M TEM CaMbIM ITPeOTBpPallasi BO3HMKHOBeHMe AuabeTa 2-ro Tuma
[10]. Kpome TOro, aMMHOKMCIOTHBIN COCTAB ChIBOPOTOYHBIX OETKOB Ham-
6osee 630K K aMUHOKMCIIOTHOMY COCTaBY MBIIIEUHOM TKAHM YeIoBeKa
[11]. COBOKYITHOCTb YKa3aHHbIX XapaKTEPUCTUK CBIBOPOTOUHBIX GETKOB 00-
YCTIOB/IMBAET L1e1eCO06Pa3HOCTb MX UCIIONb30BAHMS B Ka4eCTBe (PyHKIO-
HaJIbHBIX MUILEBbIX MHTPEAVEHTOB B MMIIEBbIX MPOAYKTax [2,12,13].

Buonornyeckasi 11eHHOCTb Ka3euHa, B OTIMYME OT ChIBOPOTOUYHBIX
6eIKOB, HECKOJIbKO OTpaHMUYMBAeTCsl AeGUIUTOM CcepocofepsKkaleit
aMIMHOKMCIOTHI IycTVHA. KpoMme Toro, KaseuH ComepKuT GomblIoe KO-
M4ecTBO GeHWIaNaHNHa, TUPO3MHA M METMOHMHA, YTO 3aTPYJHSIET ero
MeTabo/IM3M B OpraHu3Me y TpyIgHbIX feTeii [14].

TToMMMO 6MOIOTMYECKOi LIEeHHOCTU ChIBOPOTOYHBIX GEITKOB, JIJISI [TPO-
M3BOAMTE el MUIEeBbIX IIPOAYKTOB MIPEICTABIISIOT He MeHbIINIT MHTepec
U TEXHOJIOTMYECKMe (PYHKIMOHAIbHbIE CBOICTBA YKA3aHHBIX KOMITOHEH-
TOB. OCHOBHbIE 13 HUX — PACTBOPUMOCTD, CIIOCOOHOCTD K AMUCIIEPIUPO-
BaHUIO, refe06pa30BaHNIO, TTIOBBIILIEHNIO BSI3KOCTM MIPOAYKTA U K (op-
MMPOBAHMIO TEKCTYPbI, XapaKTEPHOI IJIs1 MPOLYKTOB ¢ Gojee BbICOKOM
MaccoBoit Jomnedt xkupa [2,15].

ITo mHeHUI0 aBTOPOB [10], OMHOM U3 BasKHBIX (PUZUKO-XUMUUECKUX
XapaKTePUCTUK MPernapaToB ChIBOPOTOUHBIX GETKOB MPY IIPOU3BOLCTBE
(bYHKUMOHAIBHBIX HAITUTKOB SIBJISIETCS AUCIIEPIUPYeMOoCTb. OHA 3aBUCUT
OT crocoba IosyvyeHusl Ipenapara ¥ XapakTepusyeT ero CriocOOHOCTb
K CMaYMBaHNIO, HAGyXaHMIO U HajbHelileMy Iepexony B pacTBop. Kak
MpaBWIO, U30JSITHl U TUAPOIMU3ATHI CHIBOPOTOUYHBIX GEJIKOB 061amaioT
60s1ee BBICOKOJ IUCIIEPIUPYEMOCTBIO TI0 CPABHEHMIO C KOHLIEHTPATaMM.

PacTBOpPbI KOHIIEHTPATOB CHIBOPOTOUHBIX OEIKOB 00pa3yloT reu npu
KOHIIeHTpaiuu 6eka 6osee 8—10% ¥ 1pyu HarpeBaHUM 10 TEMIIEPATYPbI
80-85 °C u BbiiIe. [IpOUHOCTH TeJIsl BO3PACTAET C YBEeIMUEHNEM MOHHOM
cunbl v pH ¢ 4,5 no 7,5. VckimounTenbHO BICOKOI CIIOCOOHOCTBIO K Tejie-
06pa30BaHNI0 06/1aIal0T M30JSIThI CBIBOPOTOUHBIX OEJIKOB: OHM ITEPEXO-
IST B CTyAHEoO6pas3Hoe CoCTosiHMe mnpu Temreparype 56—-58 °C u pH 7-9
[16]. 1o manubIM TokaeBa u coaBTOPOB [10], B3KOCTD IpernapaToB CaMux
CBIBOPOTOYHBIX GEJIKOB 3aBUCUT OT YCJIOBUIA Y TEXHOJIOTUM UX IOTyYe-
Hus1. KOHIIEHTPATBI ¥ U30JISIThI CBIBOPOTOUHBIX GETKOB, [TOTyIeHHBIE Yib-
Tpa- ¥ HaHODUIbTPALVeli, MMEIOT CPABHUTETHbHO HU3KYIO BSI3KOCTD (JJIST
1%-ro pactBopa okosno 1-10-3 [Ta-c). YBennueHne KOHIIEHTPAIMM PACTBO-
pa mo 10% Bieuet 3a co60li MOBBIIIEHME BI3KOCTM A0 (3-5)- 1073 IMa-c.
BsI3KOCTh PacTBOPOB I'MIPOIN3aTOB CHIBOPOTOUHBIX GEJIKOB CYIleCTBEH-
HO HIJKe I10 CPABHEHUIO € KOHLIEHTPAaTaMy U M30/IITaMy ¥ He TIpeBbIla-
er 1,5-10-*[1a-c B guana3oHe KoHUeHTpauuu pactsopa ot 1,0 1o 10% [10].

ChIBOPOTOUHBIE GENIKM 3a CYeT CIIOCOOHOCTM K IeHOO0GDPa30BaHMIO
MOJIOKUTENBHO BIAMUSIOT Ha OpMMPOBaHMe U CTAOMUIBHOCTD BO3IYIIHOMN
(aspl BO B3OMUTHIX MUILEBBIX MPOSYKTAX, M3MeHss MeXXda3Hoe MoBepx-
HOCTHOE HaTSDKEHVE U MOBbIIIAs CIOCOOHOCTh TPOIYKTOB K HACBIIIEHUIO
Bo3ayxoM [17-19]. TloMrMo yKka3aHHOTO, 6e/KY, B TOM UYMUCIe ChIBOPO-
TOYHBIE, YYACTBYIOT B (HOPMMPOBAHUM OGONOYEK KMPOBBIX IIAPUKOB,
MPUCYTCTBYIOLMX B XXKMPOCOAEpsKaIlyX MUIIEeBbIX MPOAYKTaX, U TeM ca-
MBIM CIIOCOGCTBYIOT HOTIOTHUTENIBHOM CTa6MIM3aIMM BO3AYIIHOM (a3bl
¥ GOPMUPOBAHUIO CTPYKTYPHI MpoaykTa [20-22].

OMYyJIbIMpYIOIIMe CBOJCTBA CHIBOPOTOUHBIX GEIKOB HIBKE II0 CpaBHe-
HMIO CO CBOJCTBaMM Ka3eMHa. BMecTe ¢ TeM KOHL@eHTPaThbl CbIBOPOTOUHBIX
6€e/IKOB, IONTy4YeHHbIe M3 TOJICBIPHON M CONSIHOKMUCION Ka3eMHOBOM Chl-
BOPOTKM, MMEIOT SMY/IbIMPYIOIIYIO CIIOCOGHOCTD, IIOYTH He YCTYIAIOIIYIO
crioco6HoCTH stmyHoro 6esnka. Tak, B 100 mi 0,1%-ro pacTBopa 6e7KOBOro
KOHIIEHTPATa MOYKET GBITh IMYJIbIMPOBAHO OT 34 0 42 rkupa [23].
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IepeuncieHHbIe GMOMOTMYECKIE U TEXHOMOIMYeckre GyHKIMOHAIIb-
HbIe CBOJCTBAa ChIBOPOTOUHBIX OEJKOB BOCTPeGOBAaHbI U B TEXHOJIOTUU
MOPOKEHOTO.

4. IIpoxyKThHI epepaboTKM MOJOYHON CHIBOPOTKMU, CIIOCOOBI MX
TOJIyYE€HUS U COCTaB

B Hacrosimee Bpemsi Ipy NMPOM3BOACTBE MOpOXKkeHOro [20,24] yacTb
CyXOoro 06e3XMpeHHOro MoynoyHoro ocratka (COMO) 3aMeHSIIOT CyXoit
TTO/ICBIPHOM CBIBOPOTKOM MM KOHIEHTPATaMM ChIBOPOTOYHBIX UM MO-
JIOUHBIX OEJIKOB, UTO OOYCIOBAEHO 3KOHOMMYECKON I11e71ecoo6pasHo-
cTh10. [Ipy 3TOM Ccyxast MOAChIPHAS CBIBOPOTKA 110 CPABHEHMUIO C IPYTUMU
MCTOYHMKAMM MOJIOUHBIX OGEIKOB COLEPKUT MeHblile 6eka (He MeHee
10,0%) u 6osbllle MOJIOYHOTO caxapa — JakTo3bl (He MeHee 70,0%)*. Ou
XapaKTePUCTUKY OTPAaHMYMBAIOT BO3MOKHOCTY ee MPUMEeHeHMS B IPOo-
U3BOJCTBE MOPOKEHOTO, BIMSISI HA €r0 OpraHoeNnTuIecke mokasaTesn,
a Takke Ha GOPMMPOBAHNME ¥ COXpPAaHEHME CTPYKTYPbI IPOAYKTA B MPO-
1iecce XOJIOAVIBHOTO XpaHeHMSI.

AbTepHATUBOI MCTIONb30BAHUIO MOJIOUHOI CHIBOPOTKM B KayecTBe
MCTOYHMKA MOJIOYHOTO Gesika SIBJISIeTCS IIPYMMEHEHMe TaKUX IPOIAYKTOB ee
repepaboTKM, KaK KOHIIEHTPAThI, U30JISAThI, TUIPOIN3AThl MOJIOUHBIX OeJI-
KOB, BK/TIOYAsI CBIBOPOTOUHBIE, & TAKKe MULe/UISIPHBI KazenH [4,25-29].

B COOTBETCTBMM C HAIIMOHAJIBHBIM CTaHZAPTOM P®S, cyxiue KOHIIEH-
TPaThl CIBOPOTOUYHBIX GEIKOB B 3aBMCHMOCTM OT MaCCOBO oMM Geka
rnogpasnensiorT Ha NponykTel Mapok KCb-Y®-40, KCb-Y®-60, KCb-Y®-80
C MaccoBoIi osieit 6enka B cyxoM BelectBe He meHee 40,0, 60,0 1 80,0%
¥ C MaccoBO¥ moseii 1akTo3bl He meHee 47,0, 28,0 n 8,0% cooTBeTCTBEH-
HO. YKa3aHHOE COOTHOIIIeHe Geika M JIAKTO3bI eJIaeT TPUMeHEeHe KOH-
LIEHTPATa CbIBOPOTOUHBIX GEIKOB 60/Iee BBHITOLHBIM C TEXHOIOTMYECKOMI
TOYKU 3pEeHMSsI, HEXeM UCIOAb30BaHMe CyX0ii CbIBOPOTKU. Kpome ToOTO,
6uoornyeckasl eHHOCTb CYXOli IOJCBIPHOIM CBIBOPOTKM COCTABJISIET
34,51%, KCB-70 u3 mopchIpHOi ChIBOPOTKM — 49,6%, KCB-70 13 Kase-
MHOBOW CbIBOPOTKU — 47,5% [1,30]. KOHLIEHTpaThl CHIBOPOTOUYHBIX OeJI-
KOB XOPOIIIO PACTBOPMMBI B BOJIe, UTO, HAPSIZLy C BBIIIENepeurCIeHHbIMMI
CBOJICTBaMU, MTO3BOJISIET TIPUMEHSITh MX B KauecTBe GeIKOBBIX 000raTu-
Teseit 1Jis TIOBbILIeHMsI GMOIOTMYECKO [eHHOCTY MOJIOUHBIX, MSICHBIX,
KOH/IUTEPCKUX, X7Te600yIOUHBIX U IPYTUX MMUIIEBBIX TPOAYKTOB, a TAKKE
MCIIONIb30BaTh B POV CTAOMIM3ATOPOB CTPYKTYPBI MOPOSKEHOTO, HU3KO-
SKMPHOJi cMeTaHbl, Kedupa u T. 1. [30].

MaccoBast o751 6eJika B KOHIIEHTPATaX MOJIOUHBIX OEJTKOB COCTABJISIET
He meHee 80%, B M30/I5ITaX MOJIOYHBIX ¥ CHIBOPOTOUHbIX 6€JIKOB — OT 97,0
o 97,5%, B rupponusatax — ot 60,0 1o 90,0%, B MULIe/UIIPHOM Ka3eu-
He — ot 70,0 mo 85,5% [25,29,31].

BeJki KOHIIEHTPATOB U M30JISITOB ChIBOPOTOUHbIX 6€JIKOB ITpeICTaBIIe-
HbI B OCHOBHOM (PPaKIMsIMU o.-TaKTATbOYMMHA U 3-TaKTOIIO0YIMHAHA,
a KOHIIEHTPAThl U M3O0JISIThI MOJIOUYHbBIX GEIKOB — Ka3eMHOM ¥ ChIBOPO-
TOYHBIMM OeJIKaMy KakK B TOM K€ COOTHOIIEHUM, YTO U B MOJIOKE, TaK
¥ B UI3MEHEHHOM [26,32,33]. KazeuH B KOHI[EHTPATaX MOJIOYHBIX GEIKOB
MPUCYTCTBYET B MUIIE/UIIPHOI opMe, KOTOpasi TIoXoka Ha GopMmy Ka-
3eMHOB B MOJIOKE, & CbIBOPOTOUHbBIE GEJIKM HAXOMATCS B HATUBHOM WU
JIeHATYPMUPOBaHHOI hopme [34].

V307SIThI CHIBOPOTOYHBIX GEIKOB XapaKTepPU3YIOTCS BBICOKO KOH-
LIeHTpaleil aMUHOKMCIOT C pa3BEeTBIEHHBIMM GOKOBBIMM II€TTIOUKAMIA,
KOTOpbIe Pe06/IafaloT B MeTabo1M3Me MbIIIeUHOi TKaHu [31].

B rugponusaTtax CbIBOPOTOUHBIX O€NKOB, TIOJIYYEHHBIX METO-
oM (epMEeHTATUBHOTO TUAPOIM3a, HAPSLy C o-JTaKTaJIbOyMUHOM
U B-JIaKTOITIOOY/IMHAHOM MPUCYTCTBYIOT HEOOXOAMMbIE OPTaHU3MY aMM-
HOKMCJIOTBI, B TOM YMC/Ie He3aMeHMMble (TpurnrtodaH, dheHuIamaHnH
U TUPO3VH, IN3UH, BaJIMH, U30JIeMI[VH, TDEOHNH, METMOHVH U I[UCTEVH).
JTO CIOCOGCTBYET MpUAAHMI0 (YHKIIMOHAIBHBIX CBOMCTB MUIIEBOMY
MIPOAYKTY, [P BhIPAGOTKE KOTOPOI'O OHM MCIONB3YIOTCS [14]. B pesyib-
TaTe rUAPOJM3a OeIKM PacCIlervISoTCsS Ha Meikue Gpakimu, 6iaarogapst
yeMy TMIPOIN3aThl CHIBOPOTOUYHBIX GETKOB XapaKTePU3YIOTCS TIOHVKEH-
HOJ1 a/lJIepreHHOCThIO, TI0 CPaBHEHMIO ¢ GenKkamMy MoJoka [35], B CBSI3U
C YeM IMIMPOKO MPUMEHSIOTCS B TUITOA/JIEPTEHHBIX MPOAYKTAX CIelna-
JIM3UPOBaHHOro nutanus [10].

KoHIIeHTpaThl ChIBOPOTOUHBIX GEIKOB IMONYYAIOT MPEUMYLIECTBEHHO
yIaneHreM MUHEPATbHBIX BEIIEeCTB U JTAKTO3bI U3 ChIBOPOTKU PA3INYHbBI-
MM MeToIaMu 06pabOTKY ChIPbSI: YIbTpabMIbTPALIMEN, JTeKTPOAMUATA30M,
MOHHBIM 0OMEHOM WJTY KPUCTA/UTM3ALIMEel TAKTO3bI C AaTbHEeIIIel CyIKoit
[25]. KoHIIEHTpaThl MOJIOUHBIX GENKOB BBILENSIOT YIbTpabuUIbTpaIei
¥ gyaduiIbTpalyeil Moioka C MOCIeAYIOIMM BbITaPUBAHUEM U BBICYIIN-
BaHMEM Ha CyLIWJIKaX IPeMMYyIIeCTBeHHO PacibUIMTeNbHOrO Tuma [25].
V30719 ThI CHIBOPOTOYHBIX GEIKOB IOyYal0T METOAOM MOHHOTO OOMeHa

4 TOCT 33958-2016 «CbhIBOPOTKA MOJIOUHASI CyXasi. TeXxHUUecKme yCaoBusi». M.:
Cranpaprundopm, 2019. — 12 c.

5 TOCT P 53456-2022 «KOHILIeHTpaThl CbIBOPOTOUHbIX 6eKOB cyxue. TexHmue-
ckue yctoBusi». M.: Cranpaptuadopm, 2022. — 10 c.

MM MUKPOGWIBTPALIMY MOJIOUYHOM ChIBOPOTKM. M30/STBI MOJOYHOTO
6eJka MPOMU3BOMST MTOCPENCTBOM OCAKAEHVISI GETKOB Ka3enHa U ChIBOPOT-
K/ 13 00€3KMPEHHOT0 MOJIOKa MeTofioM auadiibrpanyi. [MaponsaTsl
ChIBOPOTOYHBIX OETKOB BhIPAGATHIBAIOT MTYyTEM KMUCIOTHOTO WK (hepmeH-
TaTMBHOTO TMIPO/IM3a MOJIOYHON ChIBOPOTKM. [Ty61Ha hepMeHTaTMBHOTO
ruaponmsa cocrasisiet 41,0-72,0% ot obiero conepykans 6enka [14].
MuLeUISIPHbI Ka3eMH BBIIEISIOT M3 MOJIOKA B ITPOLIeCcce MHOTOITall-
HOIT GM3MIeCcKoi GUIbTPaI C UCTIOMb30BAHMEM CIIENMATbHBIX MUKPO-
MMOPUCThIX MeMOpaH, UTO MO3BOJSIET OUMCTUTh Ka3eMHOBBI MU
¥ OTHEINATH €ro OT APYITUX KOMITIOHEHTOB, TIPUCYTCTBYIOIIMX B MCXOLHOM
chIpbe. MULIeISIPHBII KazenH comepskut ot 70,0% no 85,5% 6Genka [29].

4.1. KoHyeHmpamot Cbl80pOMOUHbIX U MOJOUHbIX OEIKO8

I[To uMermMMCcs IUTepaTypHbIM JaHHBIM [25,30], Hanbosee LIMPOKO
M3YUYEHHOI U BOCTPeGOBAHHOM MUIIEBOV IPOMBIIITIEHHOCTHIO HOpMOit
MOJIOUHBIX GEJIKOB SIBJISIIOTCSI KOHIIEHTPAThI MOJIOYHBIX U ChIBOPOTOUHBIX
6€eJIKOB, YTO 0GYCJIOBJIEHO MPUCYIIMM MM PalYIOHAIbHBIM COOTHOIIEHM-
eM LieHbI 11 KauecTBa.

IpyMeHeHVie KOHI[EHTPATOB M M30JIITOB MOJIOUHBIX OEIKOB OIpaHu-
YMBAETCs, C OIHOI CTOPOHBI, Ae(PUIIUTOM B Ka3eMHe CepocofepsKaiieit
aMUHOKMC/IOTHI LIMCTUHA, YTO CHIDKAET MX OGMOJIOTMYECKYH I[€HHOCTb,
C IPyroit — BBICOKMM COfiepskaHueM (GeHuIaaHHa, TUPO3UHA Y MEeTH-
OHUMHA, UTO BBI3bIBAET MPOGIEMbI MPU MeTaboIU3Me Y TPYIHbIX AeTeit
[14]. KazeuH xys>ke paCTBOPMM B BOZE, €T0 KOJIJIOWIHbIE PACTBOPBI TPY/I-
Hee MOJAAIOTCS CTYIIEHMIO M CYIIKe, HeXXelM PacTBOPbI CbIBOPOTOUHBIX
6e1KoB. [T09TOMY CTOMMOCTb MCTOUHMKOB Ka3enHa, K KOTOPBIM, Hapsioy
C KOHOEHTpaTaMM U U30JIITaMM MOJIOYHBIX 6EJ'IKOB, OTHOCUTCS MULel-
JISIPHBIN Ka3enH, 607ee BbICOKas.

B CBs3M C BBILIEM3/IOKEHHbIM, 06beM VH(MOPMAIVIOHHBIX JAaHHBIX
0 11eJISIX, BO3MOKHOCTSIX U pe3y/bTaTax MpUMeHeHMUs KOHII@eHTPAaTOB ChbI-
BOPOTOUHBIX GEJTKOB B IIPOV3BOJCTBE MUIEBBIX IIPOAYKTOB, B YACTHOCTY
MOPOKEHOT0, JOMMHMPYET HaJ, KOJIMYECTBOM ITyOIMKALMiA, OTpakaro-
LIMX yKa3aHHbIe acIeKTbl MPUMEHUTENbHO K APYTMM MCTOYHMKAM MO-
JIOYHBIX OEJTKOB.

B nurepartype umeroTcs cBemeHUs1 06 MCIONb30BAaHMM U PEKOMEH-
JIyeMbIX T03MPOBKAX KOHIIEHTPATOB CbIBOPOTOUHBIX OEIKOB ISl ITOBbBI-
LIeHMSI TUIIeBOI LIEHHOCTY, BAMSHUS Ha CTPYKTYPHO-MexaHuUuyecKyue
¥ Opra”ojIeNnTyYecKye XapakTepUCTUKI MIPOAYKTOB MUTAHMSI, BKIIIOYAsT
HM3KOXKMpHbIE. Tak, B mybavkanyy [30] npuBeneHa MHGOpPMAaNMs 0 BO3-
MOKHOCTM TIPMMEHEHMST KOHI[EHTPATOB ChIBOPOTOUYHBIX OETKOB Kak 6eJ-
KOBBIX 000TaTUTeNeii, CIOCOOHBIX TTOBBICUTH OMOIOIMYECKYI0 LIeHHOCTh
MOJIOYHBIX, MSICHBIX, KOHIUTEPCKIUX, X7Ie600YIOUHBIX 1 APYTUX MUIIEBBIX
MPOAYKTOB, & TAK)KE B KAYECTBE CTAGMIN3aTOPOB CTPYKTYPbI MOPOKEHO-
T'0, HU3KOXMPHOI CMeTaHbl, Kedupa U IPYTUX MPOAYKTOB.

B pa6ore [34] mpencTaBiieHbl pe3y/ibTaThl MCCIeN0BaHNIT PPAKIVIOHHOTO
COCTaBa MOJIOYHO-0€/TKOBBIX KOHIIEHTPaToB «Heorponakt Y (1)» u Promilk
Kappa Optimum 85. Ormpeneneno, uto «Heomponakr V (1)» comepsKuT
3 dpaxuym CbIBOPOTOUHBIX OENKOB (0i-TAKTANbOYMUH, B-TaKTOIIOOYINH
¥ MMMYHOIIOOYIMH) U 3 dpakiyuy KasenHa (osl-kaseuH, os2-KaseuH,
-kazenH). Promilk Kappa Optimum 85 Bkitouaet B ce6st 2 ¢hpakumm Chbi-
BOPOTOUHBIX GEJIKOB (0L-TaKTaIbOYMMH U B-TaKTOIIOGYIMH) U 2 hpaKimn
KaseuHa (osl-kasenH, as2-KaseuH). Paccuntanbl aGCOMOTHBIE 3HAUEHMSI
bpakumit CLIBOPOTOYHBIX GETKOB U KazenHa [36].

DU3MKO-XMMMUUeCKe, CTPYKTYPHO-MeXaHN4Yeckue ¥ MUKPOCTPYK-
TYpHbIE MOKa3aTeJ MOPOKEHOro C IpMMeHeHMeM KOHIeHTpaTa Oeka
Nutrilac CH-7611 npuBeneHs! B pa6ore [37]. YCTaHOBJIEHO, YTO MOPO3Ke-
HOe€ C YKa3aHHBIM KOHIIEHTPATOM IT10 OPraHOJIEIITUYECKUM CBOJICTBaM He
YCTyIaeT MOPOKEHOMY C BBICOKMM COJIep>KaHMeM K1pa, 0b1aaeT BABOe
MeHblIIIeli KaJIOPUITHOCTBIO ¥ BBICOKO GMOIOTMYECKO EHHOCTBIO.

ABTOpBI [38] pazpaboTany KOMIIO3MULMOHHBIN COCTAB 06€35KUPEeHHO-
IO MOPOXKEHOTO. Mcrob30BaHMe KOHIIEHTPATOB ChIBOPOTOYHBIX GEJIKOB
COBMECTHO C MHYJIMHOM I103BOJIsIeT KOMIIEHCHPOBATb OpraHojenTuye-
CKMe OLIYIIeHMs] OTCYTCTBMS XUpa B MOPO>KeHOM. [lIomumo artoro, yka-
3aHO, YTO BHECEHMEe KOHIIEHTPATa CbIBOPOTOUHBIX GEIKOB B KOJINYECTBE
2,0% B MOpOX€HOe C HU3KOJi MacCOBON AOJeil kupa obecrieuynBaeT 3a
cuer Genka He MeHee 20% ero SHePreTMYecKoii EHHOCTU. ITO MO3BO-
JIIeT HAHOCUTD Ha YIIAaKOBKY IMPOAYKTA AOMOJHUTETbHYIO MHPOPMALIUIO,
TOBOPSIIIYIO O BBICOKOM COZiepsKaHuy 6esika B IPOAYKTeE.

B pa6ore [39] paccCMOTpeH acIieKT IpYMeHeHUs] KOHIIeHTPATOB Chl-
BOPOTOUHBIX GEIKOB [ BOCIIOMHEHWSI KOJIMUYECTBA CYXUX BEIECTB,
HEeIOCTATOK KOTOPBIX OOYCJIIOB/IEH 3aMeHO B MOPOKEHOM CaXapo3bl
[JTIOKO3HO-(PYKTO3HBIM CUPOIIOM. YKa3aHHbIN IIpYeM I03BOMUI CHMU-
3UTh KOJIMUECTBO A0OABIEHHOr0 caxapa B mpoaykTe Ha 10,0%, kamopnii-
HOCTb — Ha 12,0%, rmMKkeMuveckuit nuaekc — B 1,5 pasa.

ITo maHHBIM Tex ke aBTOPOB cTaThy [40], BHeceHMe 3,0% KOHLIeHTpaTa
ChIBOPOTOUHBIX GEJIKOB B MOPOKEHOE MPUBOAUT K TTOBBILIEHUIO €r0 610-
JIOTMYeCcKoi eHHocTy Ha 15,0%.

533



Sitnikova P. B. et al. | FOOD SYSTEMS | Volume 6 No 4 | 2023 | pp. 531-538

B matenTte N2 2661396 C1, monygerHoM OO0 «Jomkap-OnMHCKUM
XnagokombuHatom», aBrop Taneposa JI. H. [41] mpeaoxuia croco6
IIPOM3BOACTBA U COCTaB GEIKOBOIO MOPOXKEHOTro. 3amava 1306peTeHns
3aK/II0YaIach B TOM, UTOGBI OTYIUTh MOPOKeHOe (DYHKIMOHAIBHOTO Ha-
3HAUYeHMsI C BBICOKMM COZiepyKaHyeM Oenka, oboraieHHoe BUTaMUHAMM
A, B, E, HM3KOKa/iopuitHoe, 6e3 caxapa, KOHCEPBAHTOB, IJIIOTEHA U COM,
KOTOpO€ MOAXOIUT AJISl OTPebIeHyst TalMeHTaMM C MHCYIMHO3aBUCK-
MBIM CaXapHbIM 11a6eToM ¥ CIIOPTCMEeHaM! B LieJIsIX Habopa MbIIIeYHO!
Macchl. B perjenType ofHOBpeMEeHHO IPUCYTCTBYIOT: KOHIIEHTPAT ChIBO-
poTouHbix 6e1K0B — OT 8,0 10 9,0%; KOHILIEHTPAT MOJIOUHBIX OEJIKOB — OT
6,9 o 7,9%; Mmosnoko 1enbHoe — oT 33,0 1o 38,0%; Mac/io CIMBOYHOE — OT
0,1 m0 0,5%.

Pa6oTa [42] moCBsIeHa UCCIeN0BAHMIO BAVSIHUSI HA XapaKTePUCTUKU
MOPOKEHOT'0 C MaccOBOJ [1ojeit upa 5% MCIO0Nb30BaHMsI CbIBOPOTOY-
HBIX GEJIKOB B KOMIIO3MIIMM C TPAHCITIIOTAMMHA30/. B cTaThe yKasaHo,
YTO MpYMEHeHMe Ha3BaHHBIX MHTPENVEHTOB II03BOJISIET YBEIUYUTD
BSI3KOCTb CMeCU [JISI MOPOYKEHOTO, YAYUIIMB T€M CaMbIM CTPYKTYPHO-
MexaHMYecKye XapaKTepUCTMKM MOPOKEHOIO C HeBBICOKOJ MaccOBOI
TIo7Ie¥i SKupa U ero TepMOYCTONYMBOCTb.

B ny6nukanyy [43] mpencTaBieHbl Pe3yabTaThl MCCIEIOBAHUST Xa-
pPaKkTepUCTUK MOPOKEHOTO ¢ MaccoBoii mosneii xxupa 8,0%, COMO 10,0%
U C JOTIOTHUTEIbHBIM BHeceHueM B peuentypy 1,0-5,0% KoHueHTpaTa
CBIBOPOTOYHBIX 6€IKOB. YCTAHOBJIEHO, YTO BKJIIOUEHME B COCTaB MOPO-
SKEHOTO KOHLIEHTPATa CbIBOPOTOYHBIX GEJIKOB B YKa3aHHBIX KOJINYECT-
BaX IPUBOJUT K TIOBBIIIEHMIO TUTPyeMoii KucioTHocT B 1,1-1,9 pasa
U OMHaMMYEeCKOi Bs3KOCTU cmeceil B 1,2-2,9 pasza. CKOpPOCTb TasiHUS
MOpPOYKEHOTO TIPM 9TOM CHMsKaeTcsl B 3 pasa yepe3 60 MMH BbIIEPKKMU.
B xogne sxcriepyMeHTa yCTaHOBJIEHO, UTO BHeCeHMe B MOposkeHoe oT 1,0
1o 3,0% KOHIIEHTpaTa CbIBOPOTOUHBIX OETKOB TIPUBOIMUT K ITOBBIIIEHNIO
IVCIIEPCHOCTM KPUCTAJUIOB JIbJA M BO3LYMIHONM (dasbl, K YIy4LIeHUIO
XapaKTePUCTUK TEKCTYPbl MOPOKEHOTO, B TOM UMC/Ie K CHVKEHUIO ero
TBepHoctu B 1,4-8,3 pasa, 1 K GOPMUPOBAHUIO TTOJHOTHI CIMBOYHOTO
BKyca. OfHaKo JanpHejilee yBeayueHue MaccoBO¥ JOMM KOHIeHTpaTa
CHIBOPOTOYHBIX OEIKOB CIIOCOGCTBYET CHMKEHUIO KOITMYECTBA BO3MYLI-
HBIX ITy3BIPHKOB € pa3mMepoMm [0 50 MKM, UTO SIBJISIETCS] HeskeaTelbHbIM
dakropom. Takum 06pa3zoM, 060CHOBAHA Hele1eco06pa3HOCTh UCIIONb-
30BaHMs B IponykTe 6osee 3,0% KOHILIEHTpATa ChIBOPOTOYHBIX GEIKOB.

ABTODBI [44] M3y4niy BO3MOXKHOCTb 3aMeHbl B MOposkeHOM oT 1,0
1o 4,0% COMO Ha KOHIIEHTPAThI CLIBOPOTOUHBIX GEJIKOB. YCTaHOBJIEHO,
YTO 110 Mepe TOBbILIeHMSI MAaCCOBO 10/IM KOHLIEHTPATOB CbIBOPOTOYHBIX
6eIKOB BO3paCTaeT BSI3KOCTb, KUCJIOTHOCTb U B3OUTOCTH CMeCH JIJISl MO-
POKEHOT0, YTO 00YCIOBIIEHO YBeIMUeHeM MaccoBOii oy GeNka B IIpo-
nykre. [To pe3ynbprataM UCCIeLOBaHMI peKOMEHI0OBaHa 3aMeHa He 6oree
3,0% COMO Ha KOHIIEHTPAThI CLIBOPOTOUYHBIX OEJIKOB.

B pa6ore [45] Tak’ke 060CHOBAHO UCIIOIb30BaHMe C LeJbI0 oboraie-
HMSI MOPOKEHOTO KOHIIEHTPATOB ChIBOPOTOYHBIX GEJIKOB B KOJINYECTBE
He 6oree 3,0%. OTmeueHo, uto BHecenue 1,0, 2,0 u 3,0% KOHIIEHTPATOB
CBIBOPOTOYHBIX OEKOB MPUBOAUT K HAPACTAHUIO BSI3KOCTM CMECU ISt
MopokeHoro B 1,65, 1,8 u 2,48 pa3a coorBeTcTBeHHO. OKa3bIBaeT I0JI0-
SKUTENIbHOE BIMSIHME Ha TePMOYCTOMYMBOCTb MOPOXKEHOTO U AycIepc-
HOCTb KPUCTAVIOB JIbZA B NPOAYKTE, pa3Mep KOTOPBIX IO OKOHYAHUU
3 MecsLeB XpaHeHMs He MpeBblan 34 MKM. [Ipy 3TOM KOHCTaTMpOBaHa
Helenecoo6pa3HOCTh IPEeBBIIIeHMsT MAaCCOBO 1oy ob1ero 6eka B MO-
poskeHOM Gostee 6,5%, Tak Kak 3TO MPUBOIUT K Ype3MepHOMY yBesuJe-
HUIO BSI3KOCTY CMECH /)11 MOPOXKeHOTO.

B my6aukaium [46] M3ydyeHO BAMSIHME KOHIIEHTPATa MOJOYHBIX Ges-
KOB, TIOJIy4eHHOTO MeTonoM HaHoduabrpauyy (HO-koHIeHTpaT), Ha
COCTOSIHME M [IMCIIepPCHOCTb BO3AYLIHOM (asbl MoposkeHOro. OTmeye-
HO, UTO MO0 Mepe yBenmnueHus maccoBoi nonu COMO, 3ameHsieMOil Ha
H®-KoHIIeHTpaThI, CpeIHUI OyaMeTp BO3LYLIHbIX ITy3bIPHKOB YMeHb-
LIaeTCs U He TpeBpllaeT 44 MKM. MakcuMabHas IUIOLaab IOBEPXHO-
CTM BO3AYLIHBIX MTy3bIPHKOB 3ahMKCcHpoBaHa B 06pasiie Co CTeNeHbIo 3a-
meHbI 20% COMO. [anbHeline UCcaef0BaHMs CBUAETENbCTBYIOT O TOM,
yTto 3aMeHa 20 u 30% COMO Ha H®-KOHIIeHTpaT He IPUBOAUT K CyIlle-
CTBEHHOMY M3MEHEHMIO OPraHOJIeNTUYeCKUX CBOJCTB MOPOXKEHOTO OT-
HOCUTEJIbHO KOHTPOJIBHOTO 00pasiia, a 3ameHa 50,0% COMO mpuBHOCUT
B MIPOAYKT HeXKeJIaTeNbHbIN «ChIBOPOTOYHBI» TIPUBKYC.

ITo mauubIM [19], BBemeHme 3,0% KOHIIEHTpATa ChIBOPOTOYHBIX Gesi-
KOB BO B30MTbIe 3aMOPOYKEHHbIE KMCIOMOJIIOYHBIE [ecepThbl IT03BOJISIeT
TTOBBICUTD BSI3KOCTH CMECHU TSI X BIPAGOTKY B 4,4 pasa, a B36MTOCTb —
B 1,4 pasa. OTMeueHO TaKXe IOJIOKUTEeNIbHOE BIMsIHIE KOHLIEHTpaTa Chl-
BOPOTOYHBIX G€/KOB Ha CTaGMIIBHOCT BO3ILYIIHO a3kl fecepToB Npu
UX OJINTEJIBHOM XOJIOAMIIBHOM XpaHEeHUN.

B cratbe [11] HauumM OTpakeHMe pe3yabTaTbl MCCI€AOBAHUI MO-
POSKEHOTO C IOBBIIIEHHBIM COIepKaHMeM Geka ¥ YIVIEBOLOB 3a CUET
MCIIO/NBb30BaHMsI KOMIIO3MIMY KOHLIEHTPATa ChIBOPOTOYHBIX GEJIKOB
Y MaJbTOIEKCTPMHA. ABTOpaMyM OTMeYEeHO, YTO o6pasel] MOPOKEHOro

¢ npumeHennem KCB-80 o6aman rapMOHUYHBIM BKYCOM 1 cbasiaHCHUpO-
BaHHOJ KOHCUCTEHIIVE.

Pe3ynbTaThl 9KCIIEPMMEHTA 10 ONTUMM3ALIMY PELIeNITYPbI MOPOSKEHO-
IO C UCIIO/Ib30BaHMeM GelKOBBIX 060raTUTeNel (CHIBOPOTOYHBIX GETKOB)
npejcTaBiaeHbl B mybmukauyu [47]. B Xome mcciemoBaHuii MpoBeIeHO
CUMILJIeKC-pellleTyaToe IJIaHMpOBaHye 9KCIIepMMeHTa, B pe3y/bTaTe Ko-
TOPOTO HalifleHbl ONTYMaJIbHbIe COOTHOIIEHNMSI MOJIOYHBIX KOMIIOHEHTOB
B pelenType MPOAYKTa: CyXOro U CrylleHHOro Monoka — 8,7% u 5,1% co-
OTBETCTBEHHO, 6e7KOBOTO oboraTutens — 1,3%. [IpUroToBieHHoe B pe-
3y/IbTaTe S9KCIIepMMEHTa MOPOKEHOe XapaKTepyu30BajaoCh XOPOIIMMM
OPraHOJeNTUYECKMMU I10Ka3aTelsIMi, B3OUTOCTbIO 64,4% U BBICOKUM
rokasaTejeM O6MOoIorMYeckoi eHHoCcT — 61,92%.

CTPYKTYpy MOPOKEHOTO C HM3KOJ MacCOBOJi JoJeit kupa cTabuim-
3MPOBAIM ITyTeM MCIIOIb30BaHMSI KOMIIO3UIMM KaMeOy CeMsH Jiae-
MaHTUU KOPOJIEBCKO# (GaslaHTy IMpa3n) M KOHIIEHTPATa ChIBOPOTOYHBIX
6emKkoB [48]. B mporiecce paboThl 6bUT CIeIaH BbIBOA O TOM, YTO MpUMe-
HeHue komruiekca u3 0,4% kamenu u 5,0% KOHLIEHTPATa ChIBOPOTOYHBIX
6€eJIKOB [T03BOJISIET IIPY HU3KOJ MaCcCOBOJ 10JIe SKMPa B IIPOAYKTE UMUTH-
poBaTh OpraHoJeNTUYecKye ¥ CTPYKTYpPHO-MeXaHUUYecKye XapaKTepu-
CTMKY MOPO3KEHOTO C 60siee BBICOKOJ MacCOBOJi JOJei Kupa.

B my6nmkauyy [26] mpeacTaBaeHbl JaHHbIE O BAUSIHUM KOHIIEHTpA-
TOB GE€JIKOB Ha PeoJIornvecKue rmoKkasaTenu norypra. YCTaHOBJIEHO, UTO
BHeCeHMe KOHIIEHTPaTa ChIBOPOTOYHBIX GENKOB II03BOJSIET MOBBICUTH
BJIATOYIEPKMBAIOIIYI0 CIIOCO6GHOCTHh TpoAykTa Ao 80%. HambGombinast
IMHaMuueckas BSI3KoCTh 19,3 Ila-c u Hambosbllee 3HaUeHMe KOresuu
0,4 H-c 3adukcupoBaHbl B 06pasiie ¢ KOHIEHTPATOM ChIBOPOTOUYHBIX
6eJIKOB.

IToka3zaHa BO3MOKHOCTb pyMeHeHNs1 KCB-Y® B TeXHOIOTUM TTPOU3-
BOJICTBA HMU3KOXKMUPHOJ cMeTaHbl [30]. [IJ1s1 IPOMBIIITIEHHOTO BHEIpeHMsI
peKoMeHJI0BaHa peLlenTypa CMeTaHbl C MacCOBOJ foineii sxupa 10%, B co-
CTaB KOTOPOii BXoguT 0,6% KOHIIEHTPATA ChIBOPOTOYHBIX OETKOB.

B pab6ore [49] mpencTaBieHbl pe3yabTaThl MCCIENOBAHUI IpuMe-
HEHUsI KOHIIEHTPATa MOJIOUHBIX GEJIKOB C MaccoBO¥ moineit 6enka 56%
u 85% B KauectBe 3amenuteneit COMO B cmecu ajit MOpokeHOTo. OT-
MeYeHO, YTO MaccoBasi foJsl 6eka OCTaeTCsl ONVIHAKOBOI B MOPOKEHOM,
IIpY 3TOM MacCOBYIO JOJIIO CyXMX BellleCTB JOIOJHSIOT IONNUAeKCTPO30ii
10 OIVMHAKOBBIX 3HAUEHNIT BO BCeX MCCIeNyeMbIxX o6paslax. B pesymnbra-
Te YCTAHOBJIEHO, YTO CMeCU JJII MOPOXKEHOTO C KOHILIEHTPATOM MOJIOY-
HBIX 6eKOB 06/71aJat0T 6ojee BBICOKOII BSI3KOCTBIO, GOJBIIEl CTEIeHbI0
JIeCTabuaM3aLMM KUpa U JIydllle COXPaHSIOT GopMy MOPIN.

Hapsizy ¢ MosokuTeIbHbIMM pPe3yabTaTaMy MCCIeJOBaHUI U C BbIBO-
JlaMy O PalMOHAIbHOCTY MCII0/Ib30BaHMsI KOHIIEHTPATOB CbIBOPOTOYHBIX
M MOJIOUHBIX 0€KOB, B JMTepaType BCTPEeYyaroTCsl SKCIePUMeHTaTbHO
oA TBeP)KIeHHbIe 3aK/II0YeHMs] MPOTUBOIONOXKHOIO Xapakrepa. Tak,
B nyonukanym [50] OTMeuYeHo, YTO IIBETOBAsI ¥ BKYCOBAsI XapaKTePUCTH-
KM KOHIIEHTPATOB YacTO SIBJISIIOTCS OrPaHMYMBAOIMMY hakTOpaMu st
6oJsiee IIMPOKOTO TMPUMMEHEHUS KOHIIEHTPATOB ChIBOPOTOYHBIX GEJIKOB
B MOJIOYHOM IIPOM3BOJCTBE M He ITO3BOJISIIOT MCIIOJIb30BaTh 3HAUMMble
uX KonuyecTBa (He Gonee 1%) Bo m3beskaHye HEraTMBHOTO BIMSHMS Ha
KauyecTBO caMoro Inpoaykra. B paborax [17,18,38,43,51] ykaspiBaeTcst Ha
TO, YTO IPUCYTCTBYE KOHLIEHTPATOB CIBOPOTOYHBIX GEJIKOB B COCTaBe
MMIIEBbIX IPOAYKTOB He BCErZa IMOJIOKMUTEIbHO BIMSIET Ha IeHoo6pasy-
IOIIYI0 CIIOCOGHOCTH CMeceii, Ha SMY/IbIMPYIOIYI0 CIIOCOGHOCTh GeKOB
¥ Ha IMHAMMKY KPUCTAIUIOOOPA30BAHMST B MOPOKEHOM.

B craTbe [20] mpuBeneHbl pe3ynbTaThl U3ydeHNs] OCIeNCTBUI MPU-
MeHEeHMsI KOHLEHTPUPOBAHHBIX OPM MOIIOUHOTO U CBIBOPOTOYHBIX OeJI-
KOB C 1IeJIbI0 ITOBBIIIEHNST CcoflepskaHMsl Gesika B MOPOSKEHOM IIIOMOMp
IIpY OfIHOBPEMEHHOM CHIDKEHUM 3aTpaT Ha CbIpbe. B KayecTBe 1MCTOY-
HMKa 6eJika paccMaTpPUBAaJICS KOHLIEHTPAT CbIBOPOTOUHBIX GETKOB MapKy
WPC80 Mlekovita ¢ maccoBoit qoneii 6enka He meHee 80%. B pesynbrare
MCCIel0BaHMII OTMeUYeHO, YTO BSI3KOCTb CMeceii IIpY IpYMeHeH!UM KOH-
LIeHTpaTa CbIBOPOTOUHBIX O€JIKOB CHYKalach B 2 pasa, a cpegHuit aua-
MeTp BO3JYILIHBIX ITy3bIPbKOB yBenuuuBaics B 1,23-1,26 pasa.

B pa6orte [22] yka3aHO, UTO IIPU UCIIOIb30BAHUM KOHLIEHTPATOB ChI-
BOPOTOUHBIX OEIKOB C MacCOBOIi moseit 6enka 65% m 80% Hab/II01aI0Ch
CHVDKeHMe B36MTOCTHM U MOBbIIIEHVE TBEPAOCTY MOPOXKEHOTO.

B ny6nvkanyy [24] yCcTaHOBJIEHO OTPUIIATETbHOE BIMSHME 3aMEeHbI
COMO cyxuMmu BelljeCTBaMy MOJChIPHO CBIBOPOTKY Ha IMHAMUYECKYIO
BSI3KOCTb CMECH, TePMOYCTONUMBOCTD, IMCIIEPCHOCTb BO3JYIIHOM (a3bl
M OPTaHOJIENITUYECKMe TIOKa3aTea MOPOKeHOro ¢ 3ameHoii 50% COMO.
OpHAaKo NPy 3TOM OTMEYaeTcsl, YTO L0/l 6eka B MOPOKEHOM B 9KCIIe-
pUMeHTe yBeInumiach ¢ 3,4 1o 5,9%; momst 1akTo3bl CHU3MIIACH C 5,4 10
3,2%; 0omsl MMHEPaJIbHbIX BellleCcTB yMeHbImaach ¢ 0,9 no 0,45%.

B cratpe [11], oTpakaromieii pe3ynbTaThl SKCIEPMMEHTOB I10 I1OBbI-
LIEHMIO CcofepyKaHusl Gesika U YIJIeBOZOB B MOPOXXEHOM IOCPeICTBOM
VCIIONb30BaHMSI KOMIIO3MIMY KOHLIEHTPATa ChIBOPOTOYHBIX OEIKOB
Y MalbTOAEKCTPMHA, aBTOPaMM OTMEYEHO, UTO 06pa3zel] MOPOXKEHOTro
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¢ npumeHenuem KCB-35 o6nagan ciaboii, IbAUCTON CTPYKTYpOii U Xa-
paKkTepu30BajICs HAIMUMEM KPYITHBIX KPUCTAIOB JIbJa.

4.2. M30n1mol U 2udponu3amel Cbl80pOMOUHbIX 6€NK08

IMomumo mMHpopManuyu 0 GyHKUMOHATBHBIX CBOWCTBAX M BO3MOXK-
HOCTSIX TIPMMEHEHMS] KOHLEHTPATOB ChIBOPOTOUYHBIX GEJIKOB B IMPOM3-
BOJZICTBE IMUIIEBLIX MPOLYKTOB, B TOM UMC/I€ MOPOKEHOrO, B JTUTEPATY-
pe TPUCYTCTBYIOT CBeIeHMsI 00 aHaJOTMYHbIX aCleKTaxX MCCIeTOBAHMI
MPUMEHUTENTBHO K JIPYTUM IPOAYKTaM IepepaboTKM ChbIBOPOTKU. Tak,
B my6imKanum [52] mpuBeZeHbl pe3yibTaThl SKCIIEPUMEHTOB I10 oG0Py
ONTUMAJIBHOM JO3MPOBKY U30JISITA CIBOPOTOUHBIX GEJTKOB /ISl UCIIOb-
30BaHMSI B 3aMOPOXXEHHOM MOJIOYHOM [ecepre. KonmuuecTBo m3onsita
CHIBOPOTOUYHBIX GEJIKOB B dKCIIepuMeHTe Bapbupyercst oT 10 1o 25% ot
Macchl MOJIOKA. YCTaHOBJIEHO, UTO OMNTUMAJIbHOE CONEpXKaHMe W30JIs-
Ta CHIBOPOTOYHBIX GEJIKOB cocTaBisieT He 6oee 20% OT Macchl MOJIOKA.
3aMOpO>KeHHBII ecepT € YKa3aHHOJ MaccOBOI Jofelt 130/14Ta CbIBOPO-
TOYHBIX GENKOB 006JajaeT MPUSITHBIM BKYCOM M apoMatoM. OTMeueHo,
YTO B HEM OTCYTCTBYIOT KPYIHbIE€ KPUCTAJUIBI JIbAA. IIpy mpeBbILIeHUY
YKa3aHHOM J03MPOBKM HAGMIONAIOT CHIDKEHVE PacTBOPUMOCTM M30JIsITa
CHIBOPOTOUYHBIX GEJIKOB, Ype3MepHOe yBeluuyeHye BSI3KOCTU CMeCH st
Iecepra, yMeHblIeHe B3OUTOCTY POLYKTa, GOPMIUPOBaHYE MyYHUCTOM
KOHCHUCTEHIIUY, Hajauyye TropbKOTro IPMBKYCa M BBIPAXKEHHOTO 3araxa
CbIBOPOTKU. CHVDKEHUE TO3MPOBKYU U30JIATa ChIBOPOTOUHBIX OETKOB 10
10% npuBOAUT K GOPMUPOBAHUIO iecepTa CO CIaGOBBIPAKEHHBIM BKY-
COM M JIBIUCTOM CTPYKTYPOIA.

Vcronb30BaHMe U30JsITa CbIBOPOTOUHBIX GEITKOB MPY M3TOTOBIEHUN
3aMOPOYKEHHBIX J€CePTOB MOBBIILIEHHON MUIIEBOI LIEHHOCTH, MpeHa3-
Ha4yeHHBIX [JIs1 YIIOTpeOIeHst oceTuTensiMu GuTHec-KIy6oB, BbI3bIBa-
eT yBeJMueHye AVHAMMUUeCKOV BSI3KOCTY CMeceii JIs MX IIPOM3BOACTBA
u B36UTOCTM TponyKTa [4]. AHamornuHsiit addexr HabmOHAETCS U TTPU
BHECEHMM U30JIATA CIBOPOTOUHBIX GENKOB B COCTaB MOTYPTOB, O YeM
CBUJETEe/NbCTBYET yiIyullleH)e PeoorMueCcKMX XapaKTepUCTHK, a UMEHHO
TBEePAOCTH, TUITKOCTHU, Pa3KeBbIBAEMOCTH, YIIPYTOCTY U KIIEIKOCTY TOTO-
BOTrO NPOAYKTa [26].

B crarbe [29] mpuBemeHbl pe3ynbTaThl NpPUMeHEHUS KOMIO3ULIVIA
M30IATa CHIBOPOTOUHBIX OEIKOB ¥ MMULEISIPHOTO Ka3eMHa C MacCOBO
noneii 6enka 95,0% v 85,5% cOOTBETCTBEHHO B CMECSIX IJIsI MOPOYKEHOTO.
HccnemoBaHo 8 KOMOMHALINI, OTIMYAIOIINMXCS KOIMYECTBEHHBIM COOTHO-
LIeHVeM MICTOUYHMKOB ChIBOPOTOYHOTO Genika. OTo6paH obpasel| ¢ cooT-
HOILIeHVEeM MUIIe/UIIPHOTO Ka3eMHa M U30JISITA ChIBOPOTOUYHBIX GETKOB
20:80. PazpaboTaHa pelenTypa MOPOKEHOTO C 06Ileii MacCcoBO moneit
CyxXux BelecTB 25,4% u ¢ 3asIBJIeHHO MaccoBoii nomeit 6enka 18,0%.

B pa6ore [53] omy61MKOBaHbI BHIBOABI O BO3MOXKHOCTY TIPUMEHEHUST
M30JIATa ChIBOPOTOUHBIX OETKOB M3 GYABOIMHOTO MOJIOKA B TEXHOIOTUM
MOPOKeHOTO. B mporiecce mcciienoBaHus U30SITOM CbIBOPOTOUHBIX G-
KoB 3ameHsun 25, 50, 75 1 100% COMO. [To Mepe yBenu4eHus B IPOAYK-
Te MacCOBO¥ OV U30JISITa CIBOPOTOUHBIX GEIKOB MaccoBast 10JIs Gerka
BO3pAcCTaeT, a coepskaHue JaKTO3bl 3HAUMTENbHO cHmKaeTcs (P<0,05).
OnHOBpPEMEHHO C 3TUM CHUXKAeTCsI U COMPOTUBIISIEMOCTh ITPOIYKTA Tasi-
HUIO, UTO OTPUIATETHHO CKA3bIBAETCS HA €r0 MOTPeOUTENbCKUX CBOICT-
Bax. Ha ocHOBaHUM M3/I0KEHHBIX B MyOIMKALMM TaHHBIX aBTOP CHeIaj
BBIBOZ, O TOM, UTO MaKCMMaJIbHO Aomyctumasi 3aMmeHa COMO Ha n3onsaT
ChIBOPOTOUHBIX OEJIKOB He IOoJKHA MpeBbimath 50,0%.

ABTOpBI [54] WMCCIEmYIOT AVMHAMMUYECKYI0 BSI3KOCTb, ITOKa3aTenn
CTPYKTYPbI ¥ KOHCUCTEHLIMY CIMBOYHOTO MOPOYKEHOI'0 C MacCOBOJi fomneit
skupa 10% 1 MOIOUHOTO MOPOXKEHOTO ¢ MacCOBO¥ fgoseit xxupa 6% u 3%.
[Tpu 3TOM MOPO’KEHOE C MaCCOBO¥ oMeit Xkupa 3% 1 6% BbIpabaThIBAIU
¢ nob6aBeHreM 4% 1305151Ta CbBIBOPOTOUHBIX O€TKOB. DTO MTO3BOINIIO 3HA-
YUTENbHO MOBBICUTD BSI3KOCTb CMeceii 1jist MoposkeHOro. OTMeueHo, 4YTO
TBEPAOCTb U YCTONUMBOCTD K TasTHUIO MaJIOXXUPHBIX 06pa31ioB MOpOsKe-
HOTO TaKKe CyI[eCTBEHHO BbIPOCIIN.

B pa6ore [55] mpuBeneHbl pe3yibTaThl CPABHEHMSI KAUeCTBEHHBIX ITOKa-
3aTesieil MOPOXKeHOTO, IIPUTOTOBIEHHOTO C MCIIO/Ib30BaHMeM U30JISITa ChI-
BOPOTOYHBIX GEJTKOB Pa3IUUHBIX CIIOCOGOB IIMKMPOBaHMS. [NIMKMPOBaH-
HBIi1 M30JISIT CBIBOPOTOUHBIX OEJIKOB TTOTYUYaloT ITyTeM MHKYOAIM U30JIsITa
CBHIBOPOTOUHBIX 6eIKOB ¢ D-am1030ii, D-1ic1ko30ii, D-11oko30i, D-Gpyk-
TO30/1 U C APYTMMM caxapaMu IMpU ONpeAeeHHbIX YCIoBUsX. OTMeueHo,
YTO BCE IIMKMPOBAHHbIE M30JISITHI CBIBOPOTOUYHBIX GEJIKOB 06/1aJat0T CII0-
COOHOCTBIO K HACBILIIEHMIO BO3AYyXOM M K 00pa30BaHMIO MEHbI HapaBHE
C HaTYMBHBIMUM M30JIITAMY CbIBOPOTOUHBIX GEJTKOB. YKa3aHHAs TeHIEHIIVISI
COXpaHseTCsl IIPU UCIIOIb30BaHMM X B IPOU3BOJICTBE MOPOKEHOT0. YcTa-
HOBJIEHO, YTO U30JISIThI CIBOPOTOYHBIX GETKOB, ITIMKUPOBAHHBIE PEIKUMU
caxapamu D-a/mt030i 1 D-TICMK03071, 06/1a/1al0T BHICOKOI aHTMOKCUIAHT-
HOJ1 aKTMBHOCTbIO, KOTOpAst COXpaHsSIeTCsT Py J0OaBIEHMM UX B MOPOKe-
Hoe. B paboTe cmenaH BbIBOM, UTO B pe3y/ibTaTe MPUMEHEHMUsT IUKUPO-
BaHHbIX M30JISITOB CHIBOPOTOUYHBIX OGEIKOB MOXKHO TOJMYYUTh MOPOKEHOE
XOPOIIEro KauecTBa ¢ BbICOKOV aHTMOKCUIAHTHOI CITIOCOGHOCTBIO.

VccepoBaHa BO3MOKHOCTD ITPMMEHeHMSI KOHbIOraTa K-KapparuHaHa
C M30JISITOM MOJIOYHOTO Gejika B KauecTBe CTabuIM3aTopa B TEXHOIOTUN
MIPOMU3BOACTBA MoposkeHOro B nosuposke 0,1-0,2% [56]. OTmeueHO, UTO
cMecH IJIsi MOPOKEeHOT0, CTabMIM3MPOBAHHbIE KOH'BIOTaTOM, MTOKa3bIBa-
7y Goree HU3KMe 3HAUEHMS I10 IIOKa3aTessIM KayeCTBa TeKCTYPBI U pe-
0JIOTMYECKMM I10Kas3aTeslsaM, yeM MexaHuyeckasi CMeChb K-KapparsHaHa
C M30/ISITOM MOJIOYHOro Genka. CyleCcTBeHHBIX OTIMYMIL 110 B3GUTOCTH
¥ TBEPAOCTHM B 06pasiax MOPOKEHOTO He 06GHAPY)KeHO. YCTAaHOBJIEHO, YTO
BBeJleHVe KOHbIoraTa K-KapparyMHaHa ¢ “30/I9TOM MOJIOYHOTO 6eJka I1o-
BBIIIAET YCTOMUMBOCTb 06PA31I0B MOPOKEHOTO K TASTHUIO 32 CYeT JTyYIei
BJIarOyAepsKMUBaloleli CIOCOGHOCT.

PesynbTaThl MCCTeLOBaHMS BAVISIHMS BYUJA U MCTOYHMKA Ge/IKa Ha M-
KPOCTPYKTYPY M CKOPOCTb TasiHMSI MOPOXKEHOTO IPefCTaB/IeHbl B CTaTbe
[57]. MoposkeHOe BBIpaGATHIBAIOT C MPUMEHEHMeM KOHIIEHTpaTa Mo-
JIOYHBIX GEIKOB, M30JIATa ChIBOPOTOUHBIX OENIKOB U (DYHKUMOHAIbHBIX
6eKoB Procream 1o KOHIEHTpalLuu obiero 6enka B mpoaykTe 4-10%.
YcTaHOBIEHO, UTO 3HaUEHMe CPeJHMX pa3MepOB KPMCTAIIOB JIb/la ¥ BO3-
IYIIHBIX ITy3bIPbKOB, & TAKKE B36MTOCTb He 3aBUCSIT OT MCTOUHMKA Geka
MM OT ero KoHIleHTpauyuy. OTMe4yeHO, YTO CKOPOCTb TastHUS YBeIn4yBa-
eTCsI C TIOBbIIIEHVeM MacCOBOJi 10/ Gesika B MPOJLYKTe, 38 UCKII0YeH! -
eM MOPOXKEHOTO0 ¢ Procream, KOTOpbIii 06ecriedrBaeT BbICOKYIO YCTOWYM-
BOCTb K TasTHMIO BO BCeX 06pasiax.

B cratbe [58] ommcaHo uccienoBaHNe MPUMeHeHNS M30IISITa CbIBOPO-
TOYHBIX OEJIKOB C 11eJIbI0 IIOBBILIEHNMST MacCOBOV monu 6enka 10 6, 8 u 10%
B MOpPOXXeHOM 13 OYyJBOIMHOrO MOJIOKA. Pe3ynbTaThl SKCIepuMeHTa
MOKa3bIBAIOT, YTO BO3PACTaHMe MACCOBOI TOMU Oenka CHYKAeT WHIEKC
tekyuectu (¢ 0,86 no 0,57) u moBbIaeT KOIPOUIMEHT KOHCUCTEHLIVIN
(c 0,18 mo 4,22 Tla-c) cmecu A1t MOpPOXKeHOro. [Ipy 3TOM OTMeuYeHO OT-
puLaTeIbHOE BIMSIHME YBeJIMYEHMs MacCoBOi oy Genka B MPOIYKTE
Ha HeKOTOpbIe II0Ka3aTe/y 3a CYeT MCI0NIb30BaHMs U30/ISITa ChIBOPOTOY-
HbIX 6esIKOB. B36uTOCTh yMeHbIiaeTcst ¢ 94,9 no 33,9%, TBepmoCcTh yBe-
mmnumBaetcs ¢ 13,60 go 47,66 H, u ckopocTs TasiHus Bospactaert ¢ 0,24 1o
0,74 r/mn. CoenaH BbIBOJ, O TOM, UTO IPU YBEJIMYEHUM MaCCOBOM A0/INU
6enKka B IIPOLYKTE CHIDKAETCS KOIMYECTBO AEe3MY/IbIMPOBAHHOIO KUPA,
a TaK’ke IHTEHCUBHOCTb 06pa30BaHMsI aIJIOMePATOB JKMPOBBIX IIAPUKOB.

He MeHee akTMBHO B HacToOsiIllee BpeMsI M3y4aeTcsi BO3MOXKHOCTD IpH-
MeHEeHMsI TMIPONU3ATOB ChIBOPOTOUHBIX O€IKOB B ITPOAYKTAX ITMTAHMS.
Hmelorcsa JaHHbIe 06 VIX ICITOZIb30BAHMM B TEXHOJIOTMY MOJIOYHBIX ITPOAYK-
TOB [59], B TOM umcie itorypros [60,61], MyccoB 1 B36GUTBIX JecepToB [62].

B cratbe [20] nmpuBeneHbl pe3yIbTaThl MCIIOIb30BAHNS TMAPONN3ATOB
CBIBOPOTOYHBIX OEJTKOB B TEXHOIOTMY MOPOXKEHOT0 INIoM6up. OTMeueHo,
YTO BSI3KOCTb CMecei [jIs1 MOPOKeHOTO M CTelleHb AMCIePCHOCTU Kpy-
CTaJUIOB JIbAA TPYU MPUMEHEHUM TUIPONNU3aTa ChIBOPOTOYHBIX GEIKOB
MOBBIIIAIOTCS, @ TEPMOYCTONYMBOCTD CHYDKAETCSI.

ABTOpBI [63] moKa3anu, Kak GepMeHTaTUBHO TUAPOIN30BAHHbIN Oe-
JIOK YJIy4lllaeT KaueCTBO CTPYKTYPbI NMPOAYKTa MO CPAaBHEHUIO C HATUB-
HbBIM G€JIKOM ¥ BJIMSIET Ha Teie06pasyIolyio, TIeHO06pa3syoIlyio, BOIOY-
IEPKUBAIOIIYIO ¥ SMY/IbIUPYIOLIYIO CTIOCOOHOCTH.

B matenTte RU2708 331 C2 [64] ommcaH croco6 MPOM3BOACTBA SITOJ-
HOTO JilecepTa C KMCI0PO0M, 060raiieHHOTO I’MAPOIM3aTOM ChIBOPOTOY-
HBIX GEJIKOB C BBICOKOJT CTEIIEHbIO TUIPOIN3a (0KojI0 60%), B KOIMUECTBE
1-3% oT 06beMa CbIBOPOTKMU.

PesynbraThl MCCIEN0BaHMIi TOBEPXHOCTHO-aKTUBHBIX CBOVICTB I'MIPO-
Ji3aTa KaserHaTa HaTPpUS U IMMPUMMEHEHMS €ro B TEXHOJIOTMM MOPOXKEHOTr0
B3aMeH rugpokoionaa win smynbratopa (E 472b) ¢ uenpro popmupo-
BaHMSI YMCTON STUKETKY TPeJCTaBIeHbl B paboTe [65]. ABTOPOM MOTyueH
Ka3eMHAT HaTPusl C HU3KOM CTeleHblo ruaponmsa (2,2-2,4%) [65,66]. Ot-
MeUeHO, YTO MCIONb30BaHMe TUIPOM3aTa B KadyeCTBe TMAPOKOIIONIA
Helesecoo6pa3Ho B CBSI3Y C HETaTMBHBIM BIMSHMEM Ha B3GMTOCTb U CTa-
GMIIBHOCTb CTPYKTYPBI IpOAyKTa. HampoTuB, 3aMeHa SMy/IbIMPYIOLIEro
BelllecTBa IIpyBeJIa K MOTyYeHNI0 IIPOAYKTa, CPaBHMMOTO 10 TEXHOJIOTYe-
CKVM M OpraHOJIENTMYeCKMM ITOKa3aTe/sIM CO CTaHIaPTHBIM MOPOSKEHbIM.

Vi3yyeHO BIMSIHME TMIPOIM30BAHHOTO HAHO(PWIBTPOBAHHOTO KOH-
LleHTpaTa yIbTPaduIbTPOBAHHOTO IlepMeaTa KUCION ChIBOPOTKM Ha
KayeCTBEeHHbIe NTOKa3aTeNy MOJIOYHOTO MOPOXKeHOro [67]. B pesynbraTe
paboThI CIeNIaH BbIBOJ, O TOM, UTO KMCJIAsi CLIBOPOTKA He BJIMSIET Ha YCTO-
YMBOCTb MOPOYKEHOTO K TasiHMIO, HO MPY 3TOM CHMKAeT TeMIlepaTypy
3aMep3aHus cMecu. [Ipy 9TOM OTMeueHO, UTO KPMOCKOMMYeckasl TeM-
repatypa u Temriepatypa crekiaoBanus (Tg) MOHVKAIOTCS 110 Mepe yBe-
JIMYEeHMs] KOMMYecTBa KUCIO ChIBOPOTKM B MOPOXKEHOM, a TUIPOIN30-
BaHHBII HAHOGWIBTPOBAHHBIN KOHLEHTPAT YAbTPadUIbTPOBAHHOTO
repMeaTa KICION CHIBOPOTKM MOYKET GBITh MCIIONb30BAaH B MOPOSKEHOM
I1sI 3aMeHbI He 6oiee 20% CyxX1X BeIeCTB MOJIOKA.

ITo MHeHMIO aBTOPOB psifia MCCIeN0BaHMIt, OTPAaHNUMBAIOIUM (haK-
TOPOM MpPUMEHEHMsI TUAPOIN3AaTOB ChIBOPOTOYHBIX OETKOB B MUIIEBBIX
MPOAYKTAX SIBJISIETCS] X TOPbKMI BKYC, 00YCIIOBJIEHHBII HAIMYMEM B UX
cocTaBe ropbKuX nentuaos [20,65].
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B/INSTHUE pH HA N3BJIEYEHHE BEJIKOB
N3 IMOJJKEJIYAO0YHOU JXEJIE3bI SUS SCROFA

IMomumyk E. K., Aprosunaa M. A., Crimpuna M. E., Korenkoa E. A.*

@depepaabHbIl HAYUHbII [[EHTP MUIIEBbIX cucTeM M. B. M. Top6aTtoBa, MockBa, Poccus

K/TIOYEBBIE CJIOBA: AHHOTALIYA

Open access

anekmpogopes, TMomxkenynounas skenesa (IDK) cBUHe COOEP)KUT MHOKECTBO (hepMEHTOB, CTPYKTYPHBIX, PETYISITOPHBIX, CEKPETOPHBIX, pe-
Image], pl, azpezayus, 1ENTOPHBIX U APYTUX OMOIOTUYECKN aKTUBHBIX BEIIECTB, 06eCreunBanX Kak GYyHKIMOHMPOBaHNE OpraHa, Tak 1 ero 6uo-
epmermol, JIOTMYECKYIO POJIb B opranu3me. Llebio HacTosiei paGoThl 6bII0 M3yueHue BivstHus usMmeHeHust pH B 0,9%-M pacTBope Xj0-
npomeonus, pUAa HATPUS, UCIIOb3YIOLIET0Cs B KAUECTBE IKCTPAreHTa, Ha 3¢ (GeKTUBHOCTb U3BJIeUEeHMSI 6M0TOTMUECKM aKTUBHBIX BEIECTB
6uonoeuuecku 6eTKOBOI TPUPOABI U3 TIOMKETYIOYHOM sKee3bl CBMHEN. IKcTpakiyio mposoauau 0,9% NaCl, 0,9% NaCl pH<4 u 0,9% NaCl,

akmueHesie ewjecmeéa  pH=8,5 co ckopoctbio nepemeniBauust 400 06/MuH B TeueHue 150 muH nipu 4 °C, cootHouenne IDK: akerpareHT 1:5, cymep-
HaTaHT oTHeasun neHTpudyruposanvem. KonueHnrpauus 6eika Oblia M3MepeHa 6MypeToBO peakiiyeii Ha TOyaBTOMAaTH-
YecKoM 6roxmMmMmyeckoM aHanmusaTope Biochem SA. IIpoTeoMHBIN COCTAB HKCTPAKTOB ¥ HATMBHOI TIOMKETYIOUHO KeIe3bl
OLIEHMBAIM METOJJOM OJHOMEPHOTO 3eKTpodopesa 1o Jlammiu B 10% nonuakpunamugHom resie B kKamepe VE-10. ITonHbie
1uMdpoBbIe U306paskeHMst 37eKTpodoperpaMm Momydasy ¢ IoMolbio ckaHepa Bio-5000 Plus, 3aTem ux peqakTMpOBasu B rpa-
(buyeckom perakTope 1 aHaNIM3UPOBAJIY C IOMOLIBIO TPOrpaMMHOro obecrieveHust Image]. IIpu onpeneneH MHTEHCUBHOCTY
6eKOBBIX (BpakiMii OTMeYaaoch, uto mpumenenue 0,9% NaCl crroco6cTBOBaIO GOMbIIIEMY BHIXOAY B 9KCTPAreHT OEIKOB C MO-
nekynasipHbiMu Maccamu (Mm) 200 k[Ia, 150 x/Ia, 69 x/la, 52 x/la u 33 k/la, cMeleHue pH B K1C/Iyi0 06J1aCTh CTUMYJIMPOBAJIO
BBIXO[, (hpaKkumii c MmonekyasipabivMy Maccamu 130 k/la, 50 k[a, 49 k[la, 45 x/1a, 40 k1a, 30 k/la u 27 x/1a, a B MIETOYHYIO — TOJIb-
K0 47 k[la n 42 k[Ta. BoabimHCTBO IpoTeonuTnyeckux Gepmenton IDK nmeeT MoeKkyIsIpHYIO Maccy B quarnasone 34—23 k]la,
3a UCKJIIOUeHVeM He3penoit popmbl KapookcumenTtuaas ¢ Mm 45-47 k]la, Ha OTy4eHHBIX 37IeKTpodoperpaMmax HauOoIbIIast
MHTEHCUBHOCTh GEIKOBBIX ITOJIOC BhIpakeHa B o61acT ¢ MM mMeHee 33 k/la. Takske OTMEYAI0Ch MPUCYTCTBME MHTEHCYBHbBIX
6e1KOoBBIX (pakiyit B 06/1aCTY MONEKy/ISIPHBIX Macc MeHee 50—52 k/Ta 1 40 k[la, YTO MOKET COOTBETCTBOBATb TAKMUM SH3MMaM,
Kak maHkpeaTtuyeckas jumnasa u pochonumnasa A2, u Hammume 6enKoBbIX pakiyii ¢ Mm Bbimie 130 k[1a, COOTBETCTBYIONIUX
pasIMYHBIM THIIAM U M30(opMaM KomnareHa u jaMmmHuHa. Kpome Toro, Takme mpouecchl, Kak 6eJIKoBast arperauus 1 mpoTeo-
JI3 TaKKe MOTYT OKa3bIBaTh BIIMSIHIE HAa MOJIEKYJISIPHO-MACCOBOE pacrpe/esieHne 6eKOBbIX GpaKiiuii.
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electrophoresis, The porcine pancreas contains various enzymes, structural, regulatory, secretory, receptor and other biologically active sub-
Image], pl, stances that ensure both the functioning of the organ and its biological role in the organism. The aim of this work was to study

aggregation, enzymes, the influence of pH changes in 0.9% sodium chloride solution used as an extractant on the efficiency of bioactive protein isola-

proteolysis, biologically tion from the porcine pancreas. The extraction was carried out with the 0.9% NaCl, 0.9% NaCl pH=4 and 0.9% NaCl pH= 8.5

active substances with a stirring speed of 400 rpm for 150 min at 4 °C; the ratio of pancreas: extractant was 1:5, the supernatant was separated by
centrifugation. The protein concentration was measured by a biuret reaction on a semi-automatic biochemical analyzer Biochem
SA. The proteomic composition of extracts and native pancreas was evaluated by 10% SDS-PAGE according to Laemmli method
in the “VE10” chamber. Digital images of electrophoregrams were obtained using a Bio-5000 Plus scanner, edited in a graphic
editor and analyzed using Image] software. When determining the intensity of protein fractions, it was noted that the use of
0.9% NaCl contributed to a greater yield of proteins with molecular weights of 200 kDa, 150 kDa, 69 kDa, 52 kDa and 33 kDa into
the extractant; a pH shift to the acidic area stimulated the yield of fractions with molecular weights of 130 kDa, 50 kDa, 49 kDa,
45 kDa, 40 kDa, 30 kDa and 27kDa, and a pH shift to the alkaline area — only 47 kDa and 42 kDa. Most pancreas proteolytic en-
zymes have a molecular weight in a range of 34-23kDa, excepting the immature form of carboxypeptidases with MW 45-47kDa.
The greatest intensity of protein bands was observed in the region with MW less than 33kDa on the obtained electrophoregrams.
The presence of intense protein fractions in the region of molecular weights of less than 50-52kDa and 40kDa was also noted,
which may correspond to enzymes such as pancreatic lipase and phospholipase A2, and the presence of protein fractions with
MW above 130 kDa corresponding to various types and isoforms of collagen and laminin. In addition, such processes as protein
aggregation and proteolysis can also influence the molecular weight distribution of protein fractions.
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1. BBegeHue

MomskenynouHas xenesa (IDK) — cI0XHBI OpraH, COCTOSIIINIA U3
nuddepeHIPOBAHHBIX KIETOK M BHEK/IETOYHOTO MAaTpMKCa, opra-
HM30BAHHBIX HaJJIeXkalluM 06pa3oM Jyisi obecrieueHus ee SHIOKPUH-
HBIX ¥ 9K30KPUHHBIX QYHKIMI [1]. DHAOKPUHHBIN OT/eNT OpraHM30BaH
B CTPYKTYpBI, MU3BECTHbIe KaK OCTPOBKY JlaHrepranca. OHU COCTOST U3
MSITU TUIIOB KJIETOK, MPOAYLUMPYIOUIUX TaKue TOPMOHbBI, KaK MHCYJINH,
[JIIOKAroH, TpeyH, COMaTOCTaTUH U Ap. [2]. dk3okpuHHas [DK saBnsetcs
MCTOUHUKOM (epPMEHTOB, HEOOXOAMMBIX JJIsl TIPOIecca MUIleBapeHust
[3], BkIIOYass mpoTteonuTudeckue (TPUIMCKH M XMMOTPUIICUH, KOTOPbIe
CeKpeTUpyITCs B Buie NpodepMeHTOB: TPUIICUHOTeHA, XMMOTPUIICK-
HOT€eHa, KapOOKCUITENTHUAA3a M 3JIacTasa), JUIOIUTUYeCKMe (InIasa,
dochonumasza u screpasa), IMUMKOMUTUYECKME (JlaKTa3a M aMmiasa)
U HYKJIeonuTnueckme (puOoHyKIeasa M I1e30KCUPUOOHYK/Ieasa) IH3M-
Mbl [4,5]. Kpome Toro, IDK cogepskuT MHOKECTBO CTPYKTYPHBIX, PETyJs-
TOPHBIX, CEKPETOPHBIX, PEIIENITOPHBIX U AP. OEJIKOB, 06eCIeunBaromnx
Kak QYHKLUMOHMPOBaHME OpraHa, Tak ¥ ero 6MoJ0rnuecKyio poib B Op-
raHusMe.

IMopxenymouHble xene3nl (IDK) cBuHeli paHee aKTMBHO MCIIONb30-
Ba/JICh B 60)'[]:]]_[]/IX KOo/JIM4ecCcTBax C ILeJbI0 ITOJIYy4YeHMS MHCY/IMHA OJIs1
MAIVeHTOB C CaxapHbIM A1abeToM [6], OHAKO COKpalieHnue o6beMa I1e-
pepaboTku ckoTa rnocie 1990-x rogos [7], a TakKe BHEJPEHME TEeXHOJO-
ruit pekom6uHanTHOI THK [8] puBeny K pe3KoMy CHMKEHUIO 00beMOB
repepaboTKy 3TOTO SKMBOTHOTO ChIPbsl. B HACTOSIIIMIT MOMEHT IpOTe-
omHbIi poduiab TDK cBuHe npopo/mwkaeT u3ydyatbest [9], a HeKOTOpbie
rmieBbie hepMeHThI To-TIpeskHeMy rmonyvatoT u3 [DK ceuneii [10,11,12].
NHTepecHO, yTO KOMIIOHEHThI DK, B 4aCTHOCTU OeLeuoasIpu30BaH-
HbI/i BHEKJIETOUHbBII MAaTPUKC MOIKeTyLOUHON >Kele3bl, MOTydeHHbIN
M3 TIOAKETYLOYHOM JKeJie3bl KPbIChI, MOTYT CIIOCOGCTBOBATh PA3BUTHUIO
TKaHM MOJKeTyqOUHOI Kejie3bl YesJoBeKa. B ¢BsSI3u ¢ 3TMM IIpOTeoM Je-
LeJUTIONISIPU30BaHHO MOKETYA0UHO 3Kee3bl CBMHEl pa3sHOTo BO3pa-
CTa ¥ 1oJsia 6bUT TAKKe M3Y4YeH C Lelblo uaeHTUudGUKany 6M0akTUBHbBIX
MOJIEKYJI, UTPAIOIIVX KITIOUYEBYI0 POJIb B CO3/IaHUM TKaHeCTelMOUUHbIX
CUTHAJIOB J1J1 MH)XXeHepuM TKaHeli in vitro [13].

B Poccwmiickoit ®emepaiyu Ko3bbULMEHT epepaboTKu MOIKeNy-
JIOYHOI >Kejle3bl CBMHEeN, HeCMOTPSI Ha BbICOKOE COZlepsKaHye B Heil LieH-
HbIX OMOAKTUBHBIX BEIIECTB, TOBOIbHO HU3KUI, M BaXKHBIMU OCTAIOTCSI
BOIIPOCHI Pa3paboOTKy MPOCThIX TEXHOIOTMYECKMUX PEIIeHMI IJis U3BJIe-
yeHMs! GEJIKOBBIX BEIIECTB M3 TKAHEBOTO MaTPUKCA, YTO COOTBETCTBYET
MPUHLMAIIAM LYPKYJISIPHOV S5KOHOMMKM. DKCTPAKLMS Ha BOLHOM OCHOBE
OCTaeTcsl CaMbIM OO[IKeTHBIM METOJOM, IPM KOTOPOM Haubosee Bak-
HBIM SIBJISIETCSI 3HaHMe 3HaUeHMs M303/eKTpuueckoit Touku (pl) mene-
BbIX 6enikoB [14]. ITpu cmemeHuy pH B IEIOYHYIO MM KUCTYIO 06/1aCTh
6eJIKY MTPUOOPEeTAIOT OTPULIATEIbHbIA MM TIONIOKUTEIbHBIN 3apsifl. DTO
MIPUBOOUT K 3JIEKTPOCTATUUECKOMY OTTATKMBAHUIO MEXAY MOJIEKyIaMu
U TUAPATALUU 3aPSKEHHBIX OCTATKOB, UTO CIIOCOOCTBYET MOBBILIEHUIO
pacTBOpuMOCTU 6e/KoB [14,15]. Bonee TOro, coy TaKkke MOTYT CTaOuUIN-
3MPOBATh 6eIKOBbIE MOIEKyIIbI [14,16]. K npumepy, KOCMOTPOITHbIE COMHU,
takue Kak NaCl, ;eiicTBYIOT Kak cTabuin3aTop 6eka 1 06pasyioT mossip-
HYIO CTPYKTYpY BOAbI [14,17].

Llenpio HACTOSIIEH paBGOThI 6BIIO U3yUeHMe BAUSHUS u3MeHeHust pH
B 0,9%-M pacTBOpe xXJI0puAa HaTPUsI, UCIIONb3YIOIErocs B KaueCcTBe KC-
TpareHTa, Ha 3(pPeKTUBHOCTb U3BJIEUEHNMSI OMOIOTMYUECKM aKTUBHBIX Be-
1eCTB 6EIKOBOI TPUPOADBI 13 MOIKETYIOUHOI sKele3bl CBUHEI.

2. O6'beKTHI ¥ METOABI
TMomkenynoyHasi Jxene3a cBuHelt 6puta otro6pana Ha OO0 «ITymkuH-

CKMIT MSICHO# IBOP», MOCKOBCKast 0671acTb, I. [TymkuHo. )KUBOTHOE ChI-

pbe OUMILAIN OT COeNVHUTENbHBIX TKaHel, 3aMOpaXkMBaIu MIPU MUHYC

18°C, 3aTeM B 3aMOpPO’K€HHOM BHJle M3MeIbuaay U 3aMOPAKUBAIN 10

JlaNbHENIIero MpoBefieHMss KCTpakiyuy. Vi3MenbueHHYIO MOIKeTyI0u-

Hy1o xene3y (IDK) pasmopaxkusany npu Temieparype 4 °C 1 cMeLIBammn

C 9KCTPareHTOM B COOTHOIIEHNY 1:5. DKCTPAaKUMIO TPOBOLMIN B J1a6o-

paTopHOil nucneprupyouieii ycranoske (JIAY, «Jlaborekc», Poccus) co

crkopocTbio niepemerBanust 400 06/MUH; BpeMsl 3KCTParupoBaHMsI CO-
crasisuio 150 muu mpu 4 °C.
Bb110 TpOBeeHO 3 9KCTPaKIMY CO CIeAYIOMMMM IKCTPareHTaMMu:

1) 0,9%-i1 pactBop Hatpus xynopupa (OO0 «I'emarek», Poccus), (0,9%
NacCl);

2) 0,9%-it pactBop NaCl (OO0 «I'emaTek», Poccus) ¢ mob6asinenvem 1M
YKCYCHOJ KUCTOTHI (X. 4., «KoMmmoHeHT-PeakTus», Poccus) no moctu-
>KeHMsI B pacTBope 3HaueHus pH 4,0;

3) 0,9%-i1 pactBop HaTpus xiaopuaa (000 «I'ematek», Poccust) ¢ mobas-
nennem 1M runpoxcuna Hatpust (PanReac AppliChem, CIIA) no mo-
CTVDKEHNS B pacTBOpe 3Hauenns pH 8,5.
3HaueHyne pH 9KCTPareHTOB PETrMCTPUPOBAIU C UCIOIb30BAHUEM

pH-merpa ST3100-F (OHAUS, CIIIA).

ITo 3aBepieHNU Mpoliecca SKCTPaKLMM CylIepHATAHT OTHEeNSUIN LIeHT-
pudyrupoBaHuem B TeueHMe 5 MUHYT co ckopocThio 3 500 06/muH (ELMI
CM-6M, JlatBusi). B kaxkmom o6pasiie ObUia M3MepeHa KOHILEHTPaLMs
6enKka ImyTeM IIpOBeleHus 6MypeToBOi peakuyuy Ha IONyaBTOMAaTuUye-
CKOM OmoxummdeckoM aHanmsatope Biochem SA (HTI, CIIIA) ¢ ucrosnb-
30BaHMeM KOMMepUyecKoro peakTvsa «06umii 6enok» (HTI, CLIA). i3me-
pEeHMS BBITIONMHSUTNCh B TPEX MTOBTOPHOCTSIX.

IIpoTeoMHBIIi COCTaB SKCTPAKTOB ¥ HATUBHO ITOIKETYIOYHOM KeJle3bl
OLIEHMBAIM METOIOM OJHOMEPHOTO 37ekTpodopesa 1o Jiammin. [Ipo6o-
MMOJITOTOBKY 00pasIlioB OCYLIECTB/ISUTM Ceaylommum o6pasom: 100 Mk /
100 mr o6pa3sua cmemmBanu ¢ 1000 M1 iM3upytoiero pactsopa (9 M mo-
yeBuHa (PanReac, Tepmanust), 5% -mepkanroaranon (PanReac, Germany),
2% TputoH X-100 (Helicon, Poccust), 2% ambonuust pH 3-10 (Serva, T'ep-
manus)). [lomydeHHBIT TOMOreHaT OCBeTISUIM IeHTpUdYrMpoBaHeM
npu 14000 06/MuH B TeueHne 20 MUHYT. 3aTeM CyIe€pPHATAHT OTHESIIN
u 006aB/IsI K HeMy B COOTHOmeHun 1:1 6enkoBbiit Gydep. st mpuro-
TOBJIEHMST GesTKOBOro Gydepa B MPOOMPKM THUIIA «3IMIEHI0pd» BHOCKUIN
crenyomiye kKomrmoHeHTsI: 1 M 10%-ro gopemvicynbdara Hatpus (SDS,
Panreac, Mcnanust), 250 MK/ KOHIEHTPUPOBAHHOTO B-MepKanTo3TaHoIa
(PanReac, Germany), 625 mxi 0,5 M Tpuc-HCI (PanReac, Germany), 1,5 ¢
moueBuHbI (PanReac, Germany), 6pombenonossiii cuumit (Helicon, Poc-
cust) Jyist mpupanus 6ydepy TeMHOI OKpacky, TIOC/Ie Yero SOIMBaIU BOLY
1o o6bema 5 mit. Cmech cyriepHaTaHTa ¢ 6eIKOBbIM Gyhepom MporpeBanu
Ha KUIISIIIei BOAsHOI 6aHe B TeueHue 5 MUHYT. [Ij1s1 TPOBENEHNST OJHO-
MepHOro 31ekTpodopesa ucnonbzoBamu kamepy VE-10 (Helicon, Poccust)
y 3anonHsuy ee 10%-M nonuakpuiaMyugHbeIM resieM. [IoBepx Hero 3anmBa-
71 6%-11 Tenb, ceaB B HeM JIYHKM 1151 BHeceHust 06pasioB. Vcciemyembie
06pa3sibl BHOCUIN B KonuuecTBe 15 MkiI. B kauecTBe Gydepa 1cronp3oBa-
JI pacTBop, copepxkaimii 25 MM Tpuc-HCl (PanReac, Germany), 192 MM
rmyHa (PanReac, Germany) u 0,1% SDS (PanReac, Germany). JimeKkTpo-
dopes ocyiecTBISUIM IPU CIEAYIOLIMX TapaMeTpax: nepsbie 30 MUHYT —
60 B 1 manee npu 120 B, moka dpoHT Kpacuresns (6pombeHOTOBbIN CUHIIT
(Helicon, Poccust)) He TOCTUIHET HVDKHEroO Kpasl TeJieBbIX IIacTuH. B ka-
YyecTBe PacTBOpa CTaHIAPTOB MPUMEHSUIM MapKep, COCTOSIIMUIT U3 Tpe-
MapaTtoB — CTaHAAPTOB MoJeKy/sipHbIX Macc (Thermo Scientific, CIIIA).
OxkpauBaHue 6eJKOB IPOBOAVIIN B PacTBOpe cieayouiero cocrana: 10%
ykeycHoit kucnorsl (Fisher scientific, United Kingdom), 25% wm3omnpora-
Hona (PanReac, Germany), 0,05% xymaccu G-250 (Helicon, Poccust). Iyist
yoameHus! He CBSI3aBIIEroCsl KpacuTessl MCIonb3oBam 10%-10 yKCYCHYIO
kucnory (Fisher scientific, United Kingdom). OkpaiiBaHe a3oTHOKMC-
neiM cepebpom (PanReac, Germany) OCyIIeCTBIISZIM COIVIACHO METOIVIKE
[18]. DnekTpodoperpaMmbl GbUTM BBITOTHEHBI B TPEX TIOBTOPHOCTSIX. st
MpoBeieHVsI KOMIIbIOTEPHOH JeHCUTOMETPUY IPUMEHSIN deKTpodope-
rpaMMbl, HAXOAVMBIIMECS] BO BI&KHOM COCTOSTHUU. VX rTonmHbIe 111 poBbie
1306pakeHNMs TIOJTyJasy ¢ TIOMOIIbIo ckaHepa Bio-5000 Plus (Serva, I'ep-
manusi) B pesxkume 600 ppi 2D-RGB. ITonyueHHbIe 11(PPOBbIe M306paKeHSI
penakTUpoBanu B rpaduyeckoM pesakTope ¥ aHaIM3UPOBAIA C TIOMOIIBIO
rporpamMmmHoro o6ecriedennst Image] (National Institutes of Health, CIIIA).

Pe3ynbpTaThl pacCUMTHIBAINCh C MCIIONb30BaHMEM IIPOrPaMMBI
STATISTICA 10.0 u ipencTaBisiinuCh B BUAe «CpefHee 3HaUeHMe * CTaH-
JlapTHOE OTK/IOHeHMe». CTaTUCTUYECKYIO TOCTOBEPHOCTD OTIPeessin Of-
HomapameTtpuyeckum ANOVA Tectom ¢ mpumeHeHnem kputepust Lledde.
BepositHocTs 0,05 6blTa BhIGpaHa B KauecTBe 3HAYMMOTO YPOBHSI.

3. PesynbTaThl M 06CYKAEHME

Pe3ynbraThl ONIpefeneHnst KOHIeHTpauyuy 6eKka B 9KCTPAKTAX, TOTy-
UeHHBIX C Mcnonb3oBanueM 0,9% HaTpus XJI0pUIa, a TakKkKe ¢ IpuMeHe-
Huem 0,9% HaTpus XI0puaa C pa3HbIMM HavYaJIbHbIMM 3HAUeHUsIMU pH,
npezctaBeHbl B Tabmuiie 1.

Ta6muua 1. Pe3ynbraThl ONpeaeneHys KOHIEeHTpany 6enka
B 9KCTpaKTax
Table 1. Results of determination of the protein concentration in the extracts

JKCTpareHT 0.9% NaCl 0'913"_1151(:1’ 031? =1\§a§1,
Kounenrpamis Gexa 24,411,08  21,59+1,66  22,69%1,78

B 9KCTpaKTe, I/

CraTucTHUecKy 3HAUMMbIX M3MeHeHMIi KOHLIeHTpaluii 6enka B 3Kc-
TPAKTaxX C Pa3IMYHBIMM HAYAIbHBIMM 3HaYeHVUsIMU pH o6HApYKeHO He
6bU10, OHAKO ITPY UCIIONb30BAHMM B KauecTBe skcTparenTa 0,9%-ro pac-
TBOpA XJIOpMUIA HATPUS OTMeYanach HaubombIuasi KOHLeHTpauus 6enka
B IKCTPaKTe, KOTOpasl TpeBbIlIaga cofepskaHue Geska B KCTPAKTe CO
CMeIeHHBIM B KUC/TyI0 o6sacth 3HaueHust pH Ha 15,1%. MonekyisipHo-
MaccoBoe pacIpefiefieHye 6eIKOBOIO COCTaBa MONTYyYeHHBIX 9KCTPAKTOB
OLleHMBa/I NTOCPENICTBOM JEeHCUTOMETPUM OIHOMEDHBIX deKTpodope-
rpamm, IIpefiCTaBlIeHHbIX Ha PucyHKke 1.
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PucyHok 1. OgHOMepHbIe 3/1eKTPodoperpaMmMbl 3KCTPAKTOB
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Figure 1. One-dimensional electrophoregrams of extracts and tissue i
of pancreas 4 4
CT — cTaHzapT MOJIEKY/ISIPHBIX MacC; 1 — HaTMBHAS MOJKeTyoYHas sKeje-
3a (IDK); 2 — akcrpakr IDK ¢ 0,9%-m pactBopom NaCl; 3 — akcrpakr TDK
¢ 0,9%-m pactBopom NaCl (pH = 4); 4 — skcrpakr IDK ¢ 0,9%-M pacTBopom
NaCl (pH = 8,5)
i

Ilns manbHelfero aHaansa BbIOpAHO M300paskeHMe 3aeKTpodope-
rpaMMbl, OKpAIIeHHO! a30THOKUCIbIM cepebpom. O6paboTKa MOoTyUeH-
HOTO M300paskeHus 3meKTpodoperpaMM C IMOMOIIbI0 MPOrPAMMHOIO
koMmIuiekca Image] npezcrasieHa B Buze rpaduka (PucyHok 2), roe Ka-
SKIO¥ 6GeIKOBOI TI0IoCce Ha 37eKTpodoperpaMmMe COOTBETCTBOBAJ OTpe-
JleJIeHHbIIi UK. [I10maay KaXaoro nmuka 6puiM M3MepPeHbl M BhIPaKeHbl
B YCJIOBHBIX eIMHUIIAX. Pe3ynbraThl npuBeeHsl B Tabmuie 2.

Bo Bcex aKCTpakTax MPUCYTCTBOBAIM BBICOKOMOJIEKY/ISIPHbIE (Dpak-
uuu ¢ MosexkynsipHoit maccoit (Mm) 200 k[la, 160 xIa u 140 xIa. Ouu
OTCYTCTBOBa/IM B HaTuBHOM IDK, B KOTOpO# MposiBIsIach Gpaxiys
¢ Mm 170 x/la (tutomanp nmuka 683+25 y. e.). HanGosnbiee mpucyTcTBIe
dpakuyuyu ¢ Mm 200 k[la otmedanoch B akctpakTe 0,9% NaCl u cocraBu-
510 2180,8+50,3 y. €., CTATUCTUYECKYU JOCTOBEPHO IIPEBBIIIAS BAPUAHT CO
cMeleHneM 3HaueHust pH B 1esiouHyto o6nactb Ha 14,4% (p<0,05). 3Ha-
yeHMs TUTOIAel MMKOB M1J1st 6eJIKOBbIX dpakinit ¢ Mm 160 kla u 140 k[la
He3HAUMTEIbHO OTINYAINCh MeXAY oopasuamu. @pakuust ¢ Mm 150 k/la
HabmomaIach BO BceX 00pasiiax, OMHAKO MHTEHCHBHee BCero OHa Ipo-
SBJIsIach B 9KeTpakTe ¢ 0,9%-m pactBopom NaCl (699,3+29,3 y. e.). 910
3HaUYeHMe MPeBBINIAIO BeIMUMHY ee MHTeHCMBHOCTK B [DK 1 B 9KcTpak-

PucyHoKk 2. 'padMK MHTEHCUBHOCTH O€TKOBBIX (DpaKImit
Figure 2. Graph of the intensity of protein fractions
CT — cTaHgapT MOJIEKY/SIPHBIX Macc; 1 — HaTMBHASI TOKETyL0UHAsT JKeje-
3a (IDK); 2 — sxcrpakt IDK ¢ 0,9%-m pactBopom NaCl; 3 — arcrpaxrt IDK
¢ 0,9%-m pactBopom NaCl (pH = 4); 4 — skcrpakt IDK ¢ 0,9%-M pacTBopom
NaCl (pH = 8,5)

tax ¢ pH=4 u pH<8,5 B 1,3 pasa (p<0,05), 1,9 pasa (p<0,05) n 1,8 pasa
(p<0,05) cooTBeTcTBeHHO. HammeHblllass WHTEHCUBHOCTb (paKIun
150 x[la oTMeyanach B 3KCTPaKTax co cMelleHreM pH B KUCIYIO U Ile-
Jounyto obnactu (366,775 u 397,3+66,8 y. e.) 1 OblIa HIKE €€ MHTEH-
cuBHoctr B IDK Ha 29,7% (p<0,05) n 23,8% (p<0,05) cOOTBETCTBEHHO.

BenkoBast hpakuysi B 06;1acTii MOMEKy/IsIpHbIX Macce 130 k/la mpucyT-
CTBOBAJIa BO Bcex obpaslax 1 Hamnbosee MHTEHCUBHO MPOSIBIISLIACH B Ha-
tuBHOM IDK (4310,0%63,1 y. e.), mpeBbILIasl ee MHTEHCUBHOCTb BO BCEX
aKcrpakTax B 1,8 pasa (p<0,05), 1,3 pasa (p<0,05) u 1,6 pasa (p < 0,05)
COOTBETCTBEHHO. Hambonbiinii BbIXOA 9TOi 6GenkoBoit (pakiuy Ha-
GI0mAsCS TPV UCIIOAb30BAHMM BAapMaHTa CO CMeIeHVEeM 3HauyeHMst
pH B kucmywo obmacte. MHTEeHCHBHOCTD dpakumm 130 kla cocraBmia

Mm, k/la 200 170 160 150
IDK H/O 683,2 + 25,4 H/O 521,3+ 16,6
0,9% NaCl 2180,8 + 50,3* H/O 295,0+ 49,1 699,3 + 29,3b¢
0,9% NaCl, pH = 4 2027,6 75,0 H/O 264,1+ 19,5 366,7 £ 7,504
0,9% NaCl, pH = 8,5 1906,3 + 129,4" H/O 305,2+ 32,4 397,3 + 66,8 ¢
IInomanb NMKOB, V. e.
Mm, x/la 85 72 69 52
IDK 568,5 + 44,2 500,9 + 15,6 H/O 2644,3 + 50,42
0,9% NaCl H/0 H/0 3782,9 23,37 967,7 £ 76,9
0,9% NaCl, pH = 4 H/0 H/0 732,9 + 17,5 H/O
0,9% NacCl, pH = 8,5 H/0 H/0 804,2 + 54,5 H/O
IInomanss NUKOB, y. €.
Mm, k/la 45 44 42 40
IDK H/O 4332,5+129,6 H/O 11641,1 £ 222,22
0,9% NaCl 1213,4+10,4° H/O H/O 10397,6 * 84,5>¢
0,9% NaCl,pH=4  1581,9 £ 49,6"¢ H/0 794,8 = 57,70 10967,9 = 124,5>¢
0,9% NaCl, pH = 8,5 1405,5 % 30,9>¢ H/O 1619,8 £ 57,3  10736,8 £ 177,9"

Ta6nuiia 2. Iromaay NMMKOB, COOTBETCTBYIOIIMX Ma’kOPHbIM GeTKOBBIM (hpaKkiuymsIM
Table 2. Peak areas corresponding to major protein fractions

Ilowagb NMKOB, V. €.

140

H/O
259,4 + 58,6
257,0 £ 23,3
369,5 £ 47,5

50
1452,6 + 34,40
8724,9 + 142,6>
11582,6 + 404,84«
6035,1 % 1075,94

33
14781,7 * 394,8¢
16720,4 + 309,20
15935,2 177,504
16520,2 + 140,5

130
4310,0 £ 63,1°
2433,1 +105,8>¢
3204,7 £ 97,304
2660,7 £ 157,5"¢

49
890,5 * 32,3
4248,8 56,20
4813,8 + 234,401
4202,3 * 95,45

30
7976,0 + 411,40
12119,8 + 224,3%¢
16266,4 % 111,90 0¢
14230,6 + 62,8% 1

Ipumeuanue: 1/0 — He 0GHAPYKEHO, * a-b, c-d, e-f — pa3Hbie 6YKBbI 0603HAUAIOT CTATUCTUUECKM JOCTOBepHbIe pasmnumst (p < 0,05).

541

95
1146,2 £ 28,4
H/O
H/0

H/O

47
682,6 % 7,7°
1190,5 * 16,1><
3492,1 + 17,400
5695,6 % 146,801

27
4711,1 + 202,20
11206,1 + 188,6>¢
12203,1 + 239 4bd.
9986,1 * 146,4v &1



Polishchuk E. K. et al. | FOOD SYSTEMS | Volume 6 No 4 | 2023 | pp. 539-546

3204,7%+97,3 y. e. u NpeBbIlIajia BeJINUYMHbI BADMAHTOB C IIPMMEHeHeM
0,9% NaCl u co cmemenuem pH B menounyto obnacts Ha 31,7% (p<0,05)
n 20,4% (p<0,05) coorBeTcTBeHHO. BenkoBrie dpakium ¢ Mm 95 k/la,
85 x/la u 72 k/la POSIBSUTUCh TOJTBKO B HATUBHO TOIKETYIOYHOI Ke-
Jie3e M OTCYTCTBOBA/IM B 9KCTPAKTaX, B TO BpeMst Kak 6ekoBast hpaximst
¢ MM 69 k/la 06HapykMBasach TOJbKO B 9KcTpakTax. C HamMbobIIIei 1H-
TEHCUBHOCTHIO — B 3KcTpakTe 0,9% NaCl (3782,9+23,3 y. e.), UTO MPEBbI-
1I1aJ10 €€ MHTEeHCUMBHOCTb 9KCTpakTax c pH<4m pH< 8,58 5,2 pasa (p<0,05)
u 4,7 pasa (p<0,05) coorBeTcTBeHHO. B HaTMBHOI [DK ueTKo mposiBisi-
nach dpakuys ¢ Mm 52 k/la ¢ MHTeHCUBHOCTBIO 2644,3+50,4 y. e., KOTO-
past IpUCYTCTBOBAJIA TOMBKO B akcTpakre ¢ 0,9% NaCl u orcyTcrBOBana
B ABYX IPYIMX 3KCTpakTax. Ee BbIXOH B 3KCTpakT ObUT B 2,7 pa3a HIKe
(p<0,05), uem getexTrpoBasoch B IDK.

Hamn6osee sipko GbIIM BbIpaskeHbI GeIKOBbIE ITOJIOCHI B 061acTi Mm
meHee 50 k[a. Tak, B HaTuBHOI DK mpucytcrBoBanu GenkoBbie ¢pax-
uuy ¢ Mm 50, 49 u 47 x[la, OMHAaKO UX BBIPAYKEHHOCTh B 3KCTPAKTaX
6bUIa CYIIEeCTBEHHO BbIlle. Hanbombiast MHTeHCUMBHOCTDb Gpakumu ¢ Mm
50 x[Ja Habmofanach B 9KCTPAKTe o cMeleHueM pH B Kuciyio 061acTb
u cocraBmsuia 11582,6+404,8 y. e. OTO 3HAUEHMe TIPEBBIIIAIO BEIUUN-
HY MHTEHCUBHOCTM IaHHOI dpakuym B IDK, B akcrpakTax ¢ 0,9% NaCl
u co cMmeleHreM pH B 1enounyio obimacts B 8,0 pas (p<0,05), B 1,3 pasa
(p<0,05) n B 1,9 pasa (p<0,05) cooTBeTCTBeHHO. IHTEHCMBHOCTH (pak-
unm 50 k[1a B arcTpakre ¢ pH< 8,5 cocraBuina 6035,1+1075,9y. e. u 6b11a
HIDKe ee MHTEHCMBHOCTM B ApPyrux sKkcrpakrax Ha 30,8% (p<0,05)
u 47,9% (p<0,05) cooTBeTcTBeHHO. VMHTEHCUBHOCTh (Ppakiuu ¢ Mm
49 x/la 6bUTa BbIIIIE B 9KCTpAKTaxX B cpemHeM B 4,7-5,4 pasa (p<0,05) mo
cpaBHeHMIO ¢ TKaHblo IDK. Hanbombiiast MHTeHCUMBHOCTDb Gpakuum ¢ Mm
49 x/la HabIIOJAIAaCh B 9KCTPaKTe CO cMelleHreM pH B KUCIYIO 06/1aCTh
(4813,8%234,4y. e.), IpeBbILIasi BEJINYMHY €€ MHTEHCUBHOCTU B OKCTPAaK-
tax ¢ 0,9% NaCl n co cmeniennem pH B 1enouHyio obmacts Ha 13,3%
(p<0,05) 1 14,6% (p <0,05) cooTBeTcTBeHHO. OTMeEUaeTCst BO3pacTarolinee
nposiBienne dpaxkuun (Mm 47 x/1a) B psaay IDK < 0,9% NaCl < 0,9% NaCl,
pH<4 < 0,9% NaCl, pH<8,5 (682,6+7,7 < 1190,5+16,1 < 3492,1£174 <
< 5695,66+146,8). Tak, HanboObIIass MHTEHCUBHOCTb (pakuyuu ¢ Mm
47 x[la HabmOmaMach B 9KCTPAKTe CO CMelleHueM pH B IIeT0uHyi0 06-
JIaCTh, TIPEBbIIIAs BeIMUYMHY ee MHTeHCMBHOCTM B IDK, B aKcTpakrax
¢ 0,9% NaCl u co cmemennem pH B kuciyio obiacts B 8,3 pasa (p<0,05),
4,8 pasa (p<0,05) 1 1,6 pasa (p<0,05) coorBeTcTBEHHO. [Ip1 3TOM UHTEH-
cuBHOCTb pakumu 47 x/la B akerpakre ¢ 0,9% NaCl 6bu1a HKe ee MH-
TEHCMBHOCTU B IPYTUX 3KCTpaKTax Ha 65,9% (p<0,05) un 78,7% (p<0,05)
COOTBeTCTBEHHO. benkoBast hpaxius 44 k[la 6p11a IpeCTaBIeHa TONIbKO
B HATMBHOM ChIpbe, OJHAKO B 9KCTPAKTaX IMPOSIBJSUIACH MOTOCHI Gej-
KOB ¢ MM 45 n 42 k[la. Haubosnbluas MHTEHCUBHOCTb (pakumm ¢ Mm
45 xJla HabI0gAIach B 9KCTPaKTe CO cMelleHneM pH B KMCIyIO 06/1aCTh
(1581,9£49,6 y. e.), IpeBbIlIast BeIMUNHY €e MHTEHCUBHOCTM B 9KCTPAK-
tax ¢ 0,9% NaCl u co cmemennem pH B mwenounyio o6nacts Ha 30,4%

(p<0,05) n 12,6% (p<0,05) coorBeTcTBeHHO. BenkoBast ¢hpakumst ¢ Mm
42 k[la 1eTeKTUPOBaIach TOIbKO B KCTPAKTaX C MOAMMUIIMPOBAHHOIM
BeIMUMHO pH, MpuyeM B 9KCTPaKTe CO cMeleHneM pH B 1e/I0uHyIo 06-
JIACTh ee MHTEHCUBHOCTb cocTaBmia 1619,8+57,3 y. e., npeBblias Bemu-
ynHy BapuaHTa ¢ pH<4,5 B 2,0 pasa (p<0,05).

Tonockl Ha anekTpodoperpammax B obmact Mm 40-27 k/la o6Hapy-
SKMBAJIUCh BO Bcex o6pasiax. benkosast ppakims B 06;1acTy MOJIEKYISIP-
HbIx Macc 40 k/Ia Hanbojee MHTEHCMBHO MPOSIBISUIach B HaTMBHOM DK
(11641,1+222,2 y. e.), mpeBbllIasi ee MHTEHCUBHOCTb BO BCEX KCTPAKTAX
12,0% (p<0,05), 6,1% (p<0,05) u 8,4% (p<0,05) cooTBeTCTBEHHO. B 0THO-
e 6eaKoBoIt Gpakiymu ¢ Mm 33 k/la, HaPOTUB, HA6JIOAIOCH YBe-
JIMYeHne ee MHTEHCUBHOCTU B 3KCTpakTax. HambosbIieit oHa 6blia rnpu
ucnonb3oBauun 0,9% NaCl u co cmemiennreM pH B 1en0uHyI0 06/1aCTh
(16720,4%309,2 y. e. u 16520,2+140,5 y. e. COOTBETCTBEHHO), X IIPEBbI-
mrajia ee MHTeHCMBHOCTh B HatuBHOM DK Ha 13,1% (p<0,05) un 11,8%
(p<0,05) cooTBeTCTBEHHO. B 11€710M, pe3Kux OT/INuMii B U3MEHEeHUN UH-
TeHCcMBHOCTU (dpakumit 40 u 33 k/la He oTMevanoch. BesKkoBbIe MOIOChI
B o6sactt Mm 30 k/la B 9KCTpaKTax MPOSIBJISINCH MHTEHCUBHEE T10 CPaB-
HEHMIO C HATMBHBIM ChIpbeM. Hanbosblirast MHTeHCUMBHOCTD Hab/II01a1ach
B 9KCTpaKTe co cMemieHreM pH B kuciyio obmactb (16266,4+111,9y. e.),
MpeBblIlasl BeMMUMHy ee MHTeHCMBHOCTH B IDK, B akcrpakrax c 0,9%
NaCl u co cmemenrem pH B mienounyio o6iacts B 2,0 pasa (p<0,05),
Ha 34,0% (p<0,05) u 14,3% (p<0,05) cooTBeTCTBEHHO. IHTEHCUBHOCTD
dpakuyun 30 klla B akcTpakTe ¢ ucrnonb3oBanuem 0,9% NaCl cocraBu-
na 12119,8+224,3 y. e. u ObUIa HIKE ee MHTEHCUBHOCTM B 9KCTPaKTaX
co cMelenreM pH B KuCIyio 1 IenouHyio obaactu Ha 25,5% (p<0,05)
n 14,4% (p<0,05) cOOTBETCTBEHHO. IHTEpECHO 3aMEeTUTh, UTO B HATUB-
HOM CbIpbe MPUCYTCTBOBaMN dpakiuu 27 u 26 k/la ¢ TUIOmaasIMu MMKOB
2763+74 11 1948+ 157 y. e. cooTBeTCcTBeHHO (B Tabmuile 2 npeacraBieHa
cymma 4711,1£202,2 y. e.), a B TpeX KCTPAKTaX OHU ObUIM MpPeNCTaB-
JIeHbI ONHOV MakOopHON dpakiueir ¢ 1womanpio 11206,1+188,6,
12203,1+39,4 1 9986,1+146,4 y. e. Ee MHTEHCUBHOCTH ObljIa BbIIIIE B 9KC-
TpakTax B cpegHeM B 2,1-2,6 pasa (p<0,05) o cpaBHeHMI0 ¢ TKaHbio IDK.
HauMeHblasi MHTEHCMBHOCTH HAG/IIOaIach B 9KCTPAKTE CO CMeleHeM
PH B 11e04HYI0 06/1aCTh ¥ ObUIA HYDKE €€ BeJIMYMHBI B 9KCcTpakTax ¢ 0,9%
NaCl u co cmemennem pH B kucayio o6macts Ha 10,9% (p<0,05) u 18,2%
(p<0,05) COOTBETCTBEHHO.

B 1ieiom, HamGosiee 3aMeTHbIE OTVINYMSI Ha TPeKax anekTpodoperpam-
MbI Habmoganuch B o6mactu 50 k[Ia u Hoke. PasninuHasi MHTE@HCUMBHOCTD
6eNKOBBbIX (paKIMii, UX OTCYTCTBME B IKCTPAKTAX CBUIETENbCTBYET HE
TOJBKO O HU3KOM IKCTPAKTUMBHOCTY OIpeJeNIeHHBIX GeTKOB, HO U 00 UX
SH3UMAaTUUYECKOI MOAUbUKALIVY, TPOTEOIN3e WU 00 arperaiuu B Ipo-
meccax sKkcTpakiyu. IDK comepskuT MHOXKECTBO (epMEHTOB, CTPYKTYP-
HBIX, PEryIsITOPHbIX, CEKPETOPHBIX, PEIeNTOPHbIX U Ap. 6esnkoB. B Ta-
6ruile 3 TpUBEIEHbI XapaKTePUCTUKM OCHOBHBIX ITPOTEOTUTUUECKUX
dbepmenToB, mpucyrcTBytomux B IDK.

Ta6muua 3. XapaKTepUCTUKYU OCHOBHBIX IIPOTEOIMTUYECKUX (pepMeHTOB, npucyTcTByomux B IDK cBuHeit
Table 3. Characteristics of the main proteolytic enzymes present in porcine pancreas

depmMeHT Mm, k/la
T 25,9
PUTICMHOTeH
Tpurncux 24,4/23,5%
Ilenntupasa S1 23,3
27,5-29,2
27,5-29,1/25,6*
XMMOTPUIICMHOTEeH
B2 25,7
A 27,3+0,5
XMMOTPUIICUH
A 24,1
B 24,1
IMentnpasa S1 4
C 23,9
IMentupasa S1 28,9/27,3*
25,9
Kap6okcurienrumasa
Al 47,2/45,6/34,7*
B 47,4/45,8/34,7"
21,9-28,821
onacrasa 28,8/27,1/25,9*
XuUMOTpUIICMHOTION06HAs 91acTasa 1
Ilennrupasa S1 25,7
XMMOTpPUIICMHOTIOA00HAS 3/1acTasa 2A
Ilentupasa S1 28,7/27,1/25,8*
25,6

pl pH CcbUIKM
6,85
7,0/8,26* 7,0-9,0 [10,19-22]
8,26
6,68-7,43/6,86*
8,3 7,0-8,0 [11,23-28]
4,7
6,1
4,96/4,96*
4,86
8,0-10,0
5,13/5,13/5,46* 7,5 [12,29-33]
5,24/5,24/5,73 7,6-17,7
8,0-10,0
8,42/8,11/8,44*
8,44 &fig’g [12,34-37]
8,33/8,08/7,68* 8,%—3,0

7,68

HpuMEanue: * nis 3peysoro 6eka B cryydasix, Korma eCTb 6EJ'IOK—1'[DE,E[H_[8CTBGHHI/IK C CMTHAJIbHBIM ITEIITUAO0M, ITPOIENTUOOM MUJIN IIeIITUA0M aKTUBALUN.
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CoracHO CYCTeMaTV3MPOBAHHBIM JIaHHBIM, IPVBeIeHHBIM B Ta6imu-
e 3, 60/MBIIMHCTBO MpoTeonuTuyeckux hepmenToB IDK mmeror more-
KYJISIDHYIO Maccy B nmanasoHe 34-23 k]la, 3a UCK/IIOUeHNEM He3penoi
dbopmbr kKap6okeunenTnsas ¢ Mm 45-47 x/la. Ha mony4eHHbIX 37€KTPO-
dboperpammax HauGOMbIIAsI MHTEHCUBHOCTD GETKOBBIX I10JIOC BhIpaKeHA
B obmactu ¢ MM meHee 33 k[a. Kak nmpaBuio, Teoperudeckue Mm u pl
HEMHOTO OT/IMYAIOTCS OT paCUeTHBIX BApMAHTOB [38,39]. 9To MponucxoguT
B CBSI3M C HAJIMUMEM IMOCTTPAHCISIMOHHBIX Momudukaimit (bochopn-
JIMpOBaHMe, IMUKO3WIMPOBAHME U T. [I.), C OTLIEIIeHeM CUTHAIbHBIX
VIV VIHBIX [TOCIEN0BATENbHOCTEN, ¢ 06pa3oBaHueM 6elKOBBIX KOMILIEK-
COB, Pa3JINYHbBIX OEIKOBBIX M30OPM, a TaKKe BBULY HeCcIelupuueckoro
MPOTEONMTUUECKOTO paclieryieHus 1 gerpaganum 6eka [40].

BapuaHT pH CO cMeleHMeM B I[eIOUHYI0 CTOPOHY HAaXOIMUJIICS BOIM-
31U M30IeKTPUYECKMX TOUeK 371acTa3 M 3penoit Gpopmbl TpUIICKHA,
KOTOpbIE pacIoNokeHbl B obmactu 27 klla, tutomaab nuka ¢ pH<8,5
6bUIa HIDKE ee BeMMuMHbI B 9KcTpakrax ¢ 0,9% NaCl u co cmerieHnem
pH B kucnyio o6nactb Ha 10,9% (p<0,05) u 18,2% (p<0,05) coorBet-
cTBeHHO. Hespesnbie ¢popmMbl Kap6okeumnentugas B obnactu 45-47 xlla
XapaKTepu30BaInCh KUCION pl, Hau6OIbIIAs MHTEHCUBHOCTD pakimmn
¢ Mm 47 k[la Habmoganach B 9KCTpaKkTe co cMmelneHneMm pH B mienou-
HYI0 06/1aCTh, MPEBBILIAsl BeIMUMHY ee MHTEHCUBHOCTY B 9KCTPaKTax
¢ 0,9% NaCl u co cmerennem pH B kuctyio obsmacts B 4,8 pasa (p <0,05)
u B 1,6 pasa (p<0,05) coorBeTcTBeHHO. B 06mactu 40 k[la cyuiecTBeH-
HBIX PasJMuMii 10 MHTEHCUMBHOCTM OelKOBBIX (pakiinii He HabIIO-
[1aJIoCh, B 9TOM B Ayalna3oHe MOJeKYyISPHbIX MacC MOTYT HaXOAUTbCS
Takue 6eskM, Kak CBMHas MmaHkpeaTnueckas docdonnmnasa A2 [41], aH-
HeKcVH Al [42], a B o61acTy 50-52 k/la — cByHAas IaHKpeaTudecKas 1u-
nasa [43], o-amunasa [44], peuenTop ractpuna [45]. IlaHkpeaTuyeckast
TPUALMITIUIEPOJINIIA3a U 6el0K-2, CBS3aHHBIN C IMIA30i ITOKeNy-
JIOYHOJ 3xee3sl, umeloT pl 5,73-6,10 [46,47], a HanbobIIasT MUHTEHCUB-
HocTh ppaxkimu ¢ Mm 50 k/la HabGII0aIach B 9KCTPAKTE CO CMEIeHeM
pH B kucayo 061acTh. ITO MPEBBILIAIO BEIUUMHY €e MHTEHCUBHOCTYU
B 9KcTpakTax ¢ 0,9% NaCl u co cmemenuem pH B 1e0uHyI0 06/1aCTh
B 8,0 pa3 (p<0,05), B 1,3 pasa (p<0,05) u B 1,9 pasa (p<0,05) coor-
BeTcTBeHHO. Kpome Toro, B IDK cBUHe naeHTUOUIMPYIOTCS pas3ind-
Hble TUITbI JaMMHMHA B o6macty Mm 200 k[a [48,49], Ko/utareH u ero
nsodopmel [50-53] ¢ guanasoHOM MoOIEKyISIpHbIX Macce 116-315 k/la
[54-62], UTO COOTBETCTBYET MOJIEKY/ISIPHO-MaCCOBOMY pacIipefielieHuIo,
I0JTly4YeHHOMY B Halei pa6oTe.

IDK comep>kuT Takske MHOXKXECTBO CTPYKTYPHBIX, PEryJIsiTOPHBIX, Ce-
KPeTOPHbIX, PeLeNITOPHBIX U Ap. 6eNKOB, a B OGHON (pakiuu Ha OLHO-
MepHOM 3anekTpodopese, Kak MPaBUiIo, COLEPKUTCS MHOKECTBO GEIKOB
CO CXOLHOJM MOJIeKYJISIDHOJ Maccoii, HO C Pas3/IMYHOI M3031eKTpude-
CKOJ1 TOUKOIA [63,64]. KpoMe TOro, M3MeHeHMe MOJIeKy/lISIpPHO-MacCOBOrO
pacnpeneneHyss 6eKOB MOXET ObITb CIeACTBMEM IIPOTEOTMUTIYECKO

aKTMBHOCTY H3MMOB, KOTOPbIe B GOJIBLIOM KOTMYECTBE IPUCYTCTBYIOT
B TKauu IDK. [Iy11 KapOOKCUTIENTHA3 ONTUMYM JEeMCTBUS JIEXKUT B 00-
nactu pH 7,5-7,7 [31,32], a [yi TPUIICMHA M XUMOTPUIICMHA — B 06Ja-
ctn 7,0-9,0 [10,11,21,22,26,27], B TO BpeMsl KaK IJiI CMeCH IMIIEeBbIX
dbepmenToB IDK ontumymom cuntaercst pH 8-10 [12]. B Haweit pabore
paccMOTpeHbI pa3Hble BapuaHTbl pH Ipy 9KCTpakuum, HO 3HAYUTEIbHO
M3MEHYMBOCTH GETKOBBIX MOJIOC, CBSI3aHHBIX C BBICOKOI aKTUBAIe 9H-
3JIMOB, OTMeUeHO He 6bUI0. ITO CBSI3aHO C TeM, UTO (hepPMeHTbI TPUIICUH
Y XMMOTPUIICUH CEKPETUPYIOTCS B B MPOdHepPMEHTOB: TPUIICUMHOTEHA,
XMMOTpPUIICHMHOTeHa [4,5], a cama dKcTpakuyst npoxonwia mnpu 4°C, uyto
6BbIJIO CYIIECTBEHHO HIDKe OINTMMAJIbHO TeMIlepaTyphl JeJCTBYS MIpU-
CYTCTBYIOLMX 5H3MMOB [12]. C ApYyroit CTOPOHBI, )XMBOTHbIE TKAH!U IO/ -
BeprarTcsl MpoIeccaM aBTou3a [65], KOTopble TaKKe IMPOMCXOIST B TKa-
Hax DK post mortem u mpu sKkcTpakiym [66—69], UTO MOKET OTpaskaThCs
Ha MOJIEKY/ISIPHO-MacCOBOM pacIipefie/ieHnu 6enKkoBoro mpodmis npu
MPOBeAEeHNM EKTPOPOPEeTUYECKOTO aHAIU3A.

4. BeiBOaBI

IMopskenymouHasi Keje3a CBUHEN COHEepsKUT MHOXECTBO OMOIOTU-
YecKy aKTMBHBIX BEIEeCTB, BKIIOYAs TOPMOHBI M MUIIEBAPUTEIbHbIE
dbepmentsl. IIpyu usydeHum BaussHMs pH Ha MOJIEKY/ISIPHO-MaccoBOe
pacripezniesieHne GeNKOBbIX (Dpakiuii B MOJYYEHHBIX IKCTPAKTaX OBIIO
M0KAa3aHO, YTO HaMOOJbIIASI MHTEHCMBHOCTh OENKOBBIX (Gpakumii OT-
Meyvasach B 06JIaCTU MOJMEKYISIPHbIX Macc MeHee 50 k/la. 9TO cOOTBeT-
CTBYeT TaKMM SH3MMaM, Kak IMaHKpeaTuyeckass jumnasa (50-52 xla),
He3spesble GopMbl KapbokcumenTunas (45-47 xla), dbochonumaza A2
(40 x[1a), anmacrasa u 3pesbie hopmbl TpuricuHa (27 k[la). B 1iesom, 60/1b-
LIMHCTBO MPOTEOIUTUYECKUX (HePMEHTOB MMeeT MOJIEKYISIPHYI0 Maccy
B nmarmasoHe 34-23 kJla, UTO COOTBETCTBOBAIO HAMOOIbINEl NHTEHCHUB-
HOCTY GeKOBBIX IOJIOC HA MOMTYyYeHHbIX Tpekax. Takke HabII0IANIOCh
MPUCYTCTBME OENTKOBBIX (PaKiMii, COOTBETCTBYIOIIMX COITIACHO BeJIM-
YyHe MOJIEKY/ISIPHBIX MAacC pPasaMyHbIM TUIIAM U M30dopMam KoJuia-
reHa u jamMyHuHa. [Ipy aHanM3e MHTEHCUBHOCTYM GEIKOBBIX (pakiyit
oTMeuanoch, uto npumeHenme 0,9% NaCl croco6crBoBasio Gosnblire-
My BBIXOJY B 3KCTPareHT GEeIKOB ¢ MoieKylIspHbiMM Maccamu 200 k[a
(2180,8+50,3 y. e.), 150 k[la (699,3%29,3 y. e.), 69 k[la (3782,9+23,3 y.e.),
52 xla (967,7+76,9 y. e.) u 33 klla (16720,4+309,2 y. e.). Cmeuienne pH
B KUCIYIO 00/1aCTh CTUMYIMPOBAIO BBIXOA, (Dpakiyii ¢ MOIEKYISIPHBIMU
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THE KINETICS OF MILK GEL STRUCTURE FORMATION
STUDIES BY ELECTRON MICROSCOPY

Igor T. Smykov

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

KEY WORDS: ABSTRACT

milk, casein micelle, The aim of this study is to enhance the comprehension of the mechanism of enzymatic gelation in milk by visualizing the

gelation mechanism, evolution of its microstructure through transmission electron microscopy. In order to minimize the potential for artifacts dur-

electron microscopy, ing the preparation process and eliminate any possible difficulties in interpreting the resulting images, three distinct methods

microstructure, cheese were employed in the research: shading the surface topography with vacuum deposition of heavy metal, negative staining of

production the specimen with a heavy metal solution and replicating a cleavage of a quick-frozen sample. The selection of time intervals
for sampling the gel during its evolution is determined by the most probable significant modifications in the resulting gel.
Based on the research, it has been shown that natural milk is a nonequilibrium system from the perspective of statistical ther-
modynamics. A notable observation is that the glycomacropeptides forming the hair layer on the surface of casein micelles
are unevenly distributed, leading to the formation of micelle dimers and trimers. It has been determind that during the initial
stage of enzymatic gelation in milk, clusters of loosely bound micelles are formed in areas with the highest concentration.
The formation of micelle chains is absent at this stage due to the non-anisometric nature of micelles and the energetic disad-
vantage of their formation. It has been found that under the influence of enzymatic gelation near the gel point, a hierarchical
process involving the transformation of the milk’s protein component is activated. The trigger mechanism for this process is
a cooperative conformational transition in clusters of casein micelles, which initiates a chain of more energy-intensive reac-
tions in the following sequence: hydro-phobic interactions — hydrogen bridges — electrostatic interactions — calcium bridges.
The result is the conversion of loosely bound micelle clusters into denser aggregates, predominantly contributing to the
formation of milk curd. It is worth noting that gelation in milk can be regarded as a process that reduces the free energy of
the dispersed system. Understanding the correlation between the decrease in the free energy value during gelation and the
physical properties of the finished cheese and other dairy products continues to be a relevant area of research.
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JJIEKTPOHHO-MUKPOCKOIIMYECKHUE NCCJIEJOBAHUSA
KUHETUKUN CTPYKTYPOOBPA30BAHUA MOJIOYHOTO I'EJIA

CmpikoB U. T.
Bcepoccuiickuit HayYHO-1CCIeIOBATENbCKMUI MHCTUTYT Maca0Ie/ s U cbipopenus, Yrind, SIpociaBckas o6macTb, Poccust

K/TIOYEBBIE CJIOBA: AHHOTALINA

Open access

MOJI0KO, MUYea Llenb 9T0¥ pabOThI 3aKIIOUAETCS B YIYYLIIEHUM TIOHMMaHUSI MexaHu3Ma (hpepMeHTaTUBHOTO resieo6pa3oBaHusl B MOJIOKE 3a
Ka3euHa, Mexamuam CUET BU3yaIM3aLys IBOJIIOLVM €r0 MUKPOCTPYKTYPbI C TIOMOII[bIO ITPOCBEUMBAIONIEH 9I€KTPOHHO MUKPOCKOMMM. [IJIst CHI-
2e71e00pazo8aHus, SKeHMsI BO3MOKHOCTM BO3HUMKHOBEHMsI apTedhaKTOB IIPernapupoBaHysi M yCTpaHEHUS TPOGJIeM JOCTOBEPHOI MHTEePIIpeTalun
INeKMpOHHas OJTy4aeMbIX M300pakeHuil B paboTe GbUIM MCIIOAb30BAHbI TP PA3JIMYHBIX CIIOCO6a MOATOTOBKM IPErapaToB K UCCIeNO-
MUKpOCKonusi, BaHMSIM: OTTEHEHMe Tormorpaduy MOBEPXHOCTY BaKYYMHBIM HaIlblJIEHVEM TSDKEJIOrO MeTajlla; HeraTMBHOEe OKpalllBaHue
MUKpoOCmpykmypa, rpernapara pacTBOPOM TSDKEJIOT0 MEeTaula; PeIruiMKauus cKoja 6bICTPO3aMOPOKEHHOT0 06pasia. Bbi6bop MOMEHTOB BpeMe-

npouseoocmeo cvlpa  Hy 0TGOpa 06PA3IOB TeJIsl B MPOIIECCe ero SBOIOLMM 06YCIOBIeH HanboIee BePOSITHBIMU CYIIEeCTBEHHBIMY M3MEHEHUSIMU
B 06pasyiolemcst resie. B pesyabraTe nCCIeqOBaHNUiT MTOKA3aHO, YTO C TOUKM 3PEHVSI CTATUCTUUECKOH TePMOIMHAMMUKI Ha-
TypaJbHOE MOJIOKO SIBJISIETCSI HEpaBHOBECHO cucTeMoit. OTMeUYeHO, YTO BOJIOCKOBBIN CJ10i1 Ka3eMHOMAaKpOIIeIITHIOB Ha I10-
BEPXHOCTV MMIIE/IT Ka3eMHa pacpenesiéH HepaBHOMEPHO, UTO CIIOCOOCTBYeT 06pa30BaHMIO JUMEPOB U TPMMEPOB MULIEII.
OmpezieneHo, YTo B IepBUYHOI (ase pepMeHTATUBHOTO Tesie06pa3oBaHst B MOJIOKE 06Pa3yrTCsI C1ab0CBsI3aHHbIE KIaCTePbI
MMIIE/T B MEeCTax MX HanbobIleit KoHIeHTpanyy. O6pa3oBaHys eroueK MULIe/UT Ha 9TOM Tare He HabIIofaeTcst, uTo 06b-
SICHSIETCST OTCYTCTBMEM aHV30METPUM MULIEIT U IHEPTETUUECKO/ HEBBITOLHOCTHIO MX 06pa30BaHusl. YCTAaHOBJIEHO, UTO TIPU
bepmeHTaTMBHOM Te1e06pa30BaHMM B MOJIOKE BOJIM3Y I'eib-TOUKM 3aITyCKAeTCs MepapXmuuecKuii poliecc mpeodpa3oBaHmiit
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1. Introduction

The central aspect in the technological process of cheese manufac-
ture, one of main dairy products, resides in the milk gel formation. Nu-
merous researchers from different countries dedicated their works to
studying this process and defining optimal methodologies for regulating
the gelation process in milk.

The process of rennet milk coagulation, according to the prevailing
current opinion, can be subdivided into two partially overlapping main
phases: the primary (enzymatic) phase, which involves the hydrolysis of
k-casein micelles resulting in the formation of paracasein and the partial
aggregation of destabilized micelles; and the secondary (non-enzymatic)
aggregation phase, which encompasses the complete aggregation of mi-
celles into a cohesive spatial gel structure and its densification.

The enzymatic phase mechanism has been thoroughly explained in
[1,2], with a quantitative understanding of its interaction with various
environmental factors. In [3], it is demonstrated that during gelation,
stronger bonds tend to substitute weaker bonds. This occurs due to the
denaturation of micelle structures, which exposes new reactive centers
according to a hierarchical order: hydrophobic interactions — hydrogen
bonds — electrostatic attraction — calcium bridges. Additionally, the inves-
tigation highlights the ongoing relevance of determining how individual
casein micelles contribute to the microstructure of milk curds.

In previous studies [4,5], researchers observed that enzymatic desta-
bilization of casein micelles leads to their transformation into a “molten
globule” state, accompanied by micelle swelling, which is visually clear
through an increase in their size. It signifies the initial stage of subse-
quent conformational changes.

The initial aggregation of rennet-destabilized casein micelles during the
enzymatic phase has been confirmed by electron microscopic photographs
obtained by various researchers [6,7]. Furthermore, it is observed that co-
operative transitions take place in casein molecules towards the end of the
enzymatic phase. These transitions are a result of conformational changes
that substantially alter the properties of casein micelles and their subse-
quent restructuring [8,7]. It is important to note that while these processes
occurring with proteins in the gelation phase are often referred to as dena-
turation, caseins are rheomorphic proteins, meaning that their conforma-
tion depends on the surrounding environment. Therefore, it is more correct
to describe the changes as conformational rather than denaturation.

The conformational changes in milk proteins and their kinetics, which
play a crucial role in determining the characteristics of the final product,
have been a subject of interest for many researchers [9,10]. However, the
conformational changes of proteins within casein micelles induced by
different milk-clotting enzymes and their specific effects on the proper-
ties of the resulting milk curd are still not sufficiently studied.

The understanding of the state of milk protein system near the gel point,
specifically the transition mechanism from the primary gelation phase to
the secondary phase, is still limited and not fully comprehended. At this
stage, clusters of micelles or their aggregates reach a state where they are
no longer actively engaged in random motion known as Brownian motion.
Nevertheless, there must be a mechanism facilitating intensive interactions
between these clusters, leading to the formation of a common structure.

In the secondary phase of rennet coagulation, which typically takes
place under conditions of relative rest of the milk, there is continued ag-
gregation of micelles that have undergone conformational changes. This
aggregation process ultimately results in the formation and densification
of a milk curd [11,12].

The mechanism of micelle aggregation in this phase can be described
by the von Smoluchowski theory for diffusion-limited aggregation (DLA),
according to some authors [13,14]. The theory suggests that the rate of
aggregation is limited by particle diffusion, and it occurs through random
collision and joining of particles of destabilized micelles [15].

The percolation model of gelation or the fractal model of cluster-clus-
ter aggregation offer a broad understanding of the process, but they do
not fully clarify how clusters of micelles from the primary phase interact
with one another to form a unified spatial structure.

Researchers are increasingly recognizing the secondary gelation
phase as including two substages: micellar aggregation and densification
of the milk curd, resulting in the formation of a three-dimensional struc-
ture. In this context, paper [16] focuses on the primary descriptive models
of gelation in milk. The findings reveal that the majority of these models
solely address the micellar aggregation substage, neglecting the densifi-
cation substage. However, more recent models are applicable to a broader
range of conditions and accurately distinguish both substages.

Electron microscopy is extensively applied in numerous studies re-
garding the mechanism and kinetics of milk gel formation. Its usage en-
ables the visualization of specific moments during these processes and

enhances our comprehension of gelation mechanism. Different methods
of electron microscopy, such as transmission, scanning, and high reso-
lution, are employed in these studies. In an early work [17], dedicated
to electron microscopy analyses of milk proteins and dairy products, it
was highlighted that a deeper understanding of how microstructure in-
fluences the properties of the final product enables the development of
production processes focused on making high-quality products.

Modern researchers [18] confirm it and emphasize that analyzing the
microstructure of cheeses at various stages of their production enhances
the comprehension of manufacturing processes and the connection be-
tween cheese microstructure, product quality, and functionality. This un-
derstanding ultimately enables the optimization of production methods.

In [19], researchers examined the impact of high-pressure treatment
on the microstructure of casein micelles in milk using electron micros-
copy. The findings revealed three phenomena associated with increasing
pressure and processing time: the reduction in size of casein micelles,
deformation and loss of their round shape, and the formation of agglom-
erated micelle fragments with more intense treatment (higher pressure
and/or longer duration). This agglomeration resulted in an overall in-
crease in the average diameter of micelles.

The microstructure of milk curd samples was examined [20] using trans-
mission and scanning electron microscopy. The results of this study prove
a notable interaction between coagulation temperature and the coagula-
tion characteristics of milk protein, which requires certain modifications in
cheesemaking procedures. It is worth mentioning that reducing the coagu-
lation temperature significantly alters the microstructure of the milk curd,
leading to a decreased tendency for syneresis during curd cutting.

Exciting advancements in research methodologies are becoming more
prevalent, enabling us to get supplementary knowledge regarding the
intricate transformations that occur within protein microstructures dur-
ing the manufacture of dairy products. Consequently, to investigate the
impact of endogenous milk protein additives on the microstructure and
properties of milk gels, a super-resolution microscopy technique called
Stimulated Emission Depletion (STED) was used [21].

The effect of temperature on the structure of casein micelles and the
gelation process in milk was examined through the use of transmission
electron microscopy and field emission scanning electron microscopy
(FESEM) in [22]. The findings revealed a clear correlation between the
temperature, microstructure of casein micelles, and the gelation charac-
teristics of cow’s milk.

The impact of pH on the microstructure of casein micelles was stud-
ied in [23] using direct Stochastic Optical Reconstruction Microscopy
(dSTORM). dSTORM-visualization of casein micelle aggregates at a pH of
4.5, which was below the isoelectric point of caseins, demonstrated that
B-casein dispersed throughout the protein network and revealed minus-
cule pores within the structure at the nanoscale level.

Super-resolution microscopy is a powerful method for analyzing the
microstructure of complex colloidal systems in conditions that closely re-
semble their natural state. In a study cited as [24], Coherent Anti-Stokes
Raman Scattering microscopy (CARS) showed that the use of fluorescent
dye during the preparation of milk gel does not affect the visualization of
its microstructure, while offering exceptionally high resolution.

In relation to electron microscopy, diverse techniques are used to
prepare specimens for research. The researcher’s selection of a particu-
lar area of interest within the sample also holds significant importance.
Nevertheless, the process of choosing microscopy methods and preparing
specimens unavoidably gives rise to preparation artifacts and challenges
in accurately interpreting the resulting images.

In [25], three techniques were applied to prepare specimens for study-
ing milk proteins using transmission electron microscopy, aiming to as-
sess and eliminate preparation artifacts while gaining supplementary in-
sights. Research findings indicate that utilizing the ultra-fast freeze-chip
method, as opposed to fixation with glutaraldehyde, enables the visual-
ization of finer structures within milk’s casein micelles.

Even with the multitude of techniques available for investigating the
microstructure of milk gel and the diverse specimen preparation meth-
ods used, it is notable that the majority of studies focus solely on either
the morphology and microstructure of casein micelles or the microstruc-
ture of the completed milk curd, encompassing its initial and final states.
Intermediate states are typically depicted solely through theoretical
models. A comprehensive depiction of the development of milk gel mi-
crostructure during enzymatic gelation, substantiated by (electron) mi-
croscopic images confirming this evolution, is currently missing.

The primary objective of this study is to enhance comprehension of
the process of enzymatic gelation in milk and to visually depict the evo-
lution of the microstructure of rennet milk gel through the application
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of transmission electron microscopy and a range of specimen prepara-
tion methods.

2. Objects and methods

2.1. Materials
The research used the following:

O milk sourced from AgriVolga LLC, the village of Burmasovo, Uglich
district, Yaroslavl region, Russia, the Yaroslavskaya cow breed, with
a raw milk fat content ranging from 4% to 4.2% and protein content
between 3.4% and 3.7%;

O milk-clotting enzyme of Chy-max® M 1000 Liquid, manufactured by
Chr Hansen A/S, based in Hoersholm, Denmark.

2.2. Methods
2.2.1. Milk preparation

The milk underwent pre-treatment, which involved heating to 401 °C
and standardizing it by adjusting the casein/fat ratio to 0.7. The milk
pasteurization was carried out in a tank at a temperature of 68+1 °C for
10 minutes, followed by cooling to a temperature of 361 °C. Enzymatic
coagulation was then initiated by adding the enzyme at a ratio of 0.0025-
0.0075% and stirring the milk for 2 minutes. The milk coagulation process
took place at a temperature of 35+1 °C.

2.2.2. Electron microscopy

Electron microscopic examinations of the microstructure of milk
components and milk gel were conducted using an EM-410 transmission
electron microscope (Philips, the Netherlands). To minimize distortions
caused by the microscope’s electron beam on the sample, investigations
were performed using the microscope’s electron beam at a minimal cur-
rent and a voltage of 40 kV.

Three different methods were used for preparing specimens for elec-
tron microscopy:

L. Shading of surface topography by vacuum deposition of heavy metal (MS)

Milk samples, obtained from a common reservoir at specific time
intervals after adding rennet, were fixed at room temperature using a
2% glutaraldehyde solution in 0.1 M Sorenson phosphate buffer with
a pH of 7.2 for 20 minutes (0.1 ml milk to 1 ml fixative). Subsequently,
the fixed samples were diluted with distilled water at a ratio of 1:100.
A 5 pl drop of the diluted, fixed sample was then transferred using a
pipette onto a 400-mesh copper grid coated with nitrocellulose film
(parlodium) and held for 2 minutes. Afterward, excess solution was re-
moved from the grid’s surface with filter paper, and the grid was dried in
a vacuum chamber at room temperature. To enhance sample contrast, a
3-5 nm thick layer of platinum (Pt) was deposited on the sample’s sur-
face at a 24° angle using vacuum metal sputtering in a vacuum chamber
[26]. The thickness of the applied metal was monitored using a quartz
sensor. The completed sample, featuring shadows reflecting its surface
topography due to the metal deposition, was then ready for examina-
tion in the electron microscope.

II. Negative staining of the preparation with a heavy metal solution (NS)

Samples of milk were collected from a common reservoir at specific
time intervals after adding the rennet enzyme. All selected specimens
were fixed at room temperature using a 2% glutaraldehyde solution in
0.1 M Sorenson phosphate buffer at pH 7.2 for 20 minutes (at a ratio of
0.1 ml of milk to 1 ml of fixative). Subsequently, the fixed samples were
diluted with distilled water at a ratio of 1:100.

A 5 pl drop of the fixed sample was pipetted and transferred onto a
copper grid coated with a nitrocellulose film (parlodium) and held for 2
minutes to ensure dispersed particles adhered to the film’s surface. To
enhance contrast, negative staining was employed by pipetting a 2 ul
drop of a 4% uranyl acetate solution onto the fixed sample on the grid
and holding for 4 minutes [27,28]. Excess solution was removed with
filter paper, and the grid was dried in a vacuum chamber at room tem-
perature. The resulting sample was transferred to an electron micro-
scope for analysis.

III. Frozen Fracture Replication (FFR)

Gel samples were collected at distinct stages of its formation. The
samples were carefully taken from the milk gel as minimally deformed
parallelepipeds and placed into specially prepared tanks measuring about
2x2x8 mm made of aluminum foil.

To freeze the samples, a precisely controlled process was employed us-
ing a polished copper block cooled with liquid nitrogen to a temperature
of —180 °C. The freezing rate was maintained at no less than -100 °C s™! to
prevent the formation of ice crystals in the sample. Subsequently, the frozen

sample was placed in a cold vacuum chamber, where it was split crosswise
at a temperature of —170 °C and held for one minute to remove surface ice.

To obtain a contrasting replica of the prepared cleavage surface of a
milk gel sample, a 3-5 nm thick layer of platinum (Pt) was applied to the
sample’s surface at a 24° angle and a temperature of —130 °C in a vacuum
chamber using thermal vacuum metal sputtering. Subsequently, to obtain
a durable replica, a layer of carbon (C) with a thickness of 20-30 nm was
also applied at a 90° angle. The thickness of the applied material was
controlled by a quartz sensor.

After the replica was applied to the cold cleaved sample, it was
promptly removed from the vacuum chamber and separated from the
sample using a heated sodium hypochlorite (NaOCl) solution and then
washed with toluene, acetone, and ethanol. Finally, it was rinsed with dis-
tilled water. The resulting finished replica of the cleavage surface of the
milk gel sample was placed on a 400-mesh copper grid and transferred to
an electron microscope for research.

Images of the microstructure of the prepared specimens, captured at
various magnifications using an electron microscope, were then analyzed. At
each stage of the study, at least ten obtained images were analyzed, and the
most representative ones were selected for further examination and analysis.

3. Results and discussion

Electron microscopy provides a means to visually observe changes in
casein micelles and their interactions during the gelation process in milk.
This can be achieved using different specimen preparation methods for mi-
croscopy. However, the selection of research methods and specimen prepa-
ration techniques for microscopy invariably introduces the possibility of
preparation artifacts and challenges in interpreting the resulting images.

In this study, the use of three distinct specimen preparation methods
allowed for a reduction in the influence of preparation artifacts on re-
search result interpretation. Consequently, it enhanced our understand-
ing of the intricate mechanism underlying enzymatic gelation in milk.

For microscopy specimen preparation, milk samples were obtained at
specific time points denoted by letters in Figure 1, which represents the
gelation kinetics of milk due to enzymatic activity. These time points were
selected based on previous literature highlighting significant changes in
the resulting gel during milk gelation.

1.4
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Viscosity, e.u
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Time, min
Figure 1. Kinetics of enzymatic gelation in milk

PucyHok 1. Kunetuka cepmMeHTaTMBHOTIO rejieo6pa3oBaHMs B MOJIOKe

In Figure 2, the electron microscopy images captured at time point (A)
depict casein micelles in the original pasteurized milk. Image (a) in this
figure was generated using heavy metal shading (MS), which effectively
reveals the micelles as spherical structures of different sizes. This obser-
vation aligns with the widely accepted notion of their typical shape.

—~
]

Figure 2. Casein micelles in pasteurized milk.
Methods: (a) — MS, (b) — NS

PucyHOK 2. Munennbl Ka3eMHa B IIacTepU30BaHHOM MOJIOKe.
MeTopnsr: (a) — MS, (b) — NS
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The utilization of the negative contrast (NS) technique with uranyl
acetate in the specimen allowed for the generation of image (b), which
reveals that the ideal spherical shape of the casein micelles is not ac-
curate and demonstrates the existence of a specific shell (hydrophilic
hairbrush), on the micellar surface, that in general is not uniform. In a
previous study [15], the presence of a casein macropeptide brush on the
micellar surface was noted, although it was depicted as uniform. This un-
evenness indicates that different areas of the micelles have various levels
of hydrophilicity. However, this unevenness specifies that in the original
milk, as clear from both images, dimers and trimers of micelles, formed
due to weak hydrophobic interactions, may also be present.

However, both methods of specimen preparation mentioned have a
notable drawback: they require preliminary chemical treatment and
strong dilution of the solution. These processes can potentially introduce
preparation artifacts and prevent an accurate assessment of the micelles’
native state and volume distribution in milk. The presence of dimer and
trimer micelles observed in the images could possibly be attributed to
such artifacts, thus additional research using a different, non-destructive
method is required. Figure 3 presents an image that demonstrates the
distribution of micelles across a microvolume of milk. This image was
generated using the ultra-fast freezing-fracture method (FFR) for speci-
men preparation, which enables the preservation of the micelles’ native
state and volume distribution.

@ " (b)

100 nm

milk (a) — FFR method; (b) — enlarged images of casein
micelles — NS method
PucyHok 3. PacnipefiesieHust MA@/ IO MMKPOOGbeMY MOJIOKA (a) — METOJ,
FFR; (b) -yBe/MueHHbIe M300paskeHNsI MUIe/UT Ka3enHa — meTog, NS

The image presented in Figure 3(a) provides evidence supporting the
presence of dimers and trimers of casein micelles in milk, as also ob-
served in Figure 2; perhaps they are weakly bound by hydrophobic inter-
actions, but they are not regarded as mere preparation artifacts. Though
there may be debates among researchers regarding the existence of these
dimers and trimers in natural milk. Figure 3(a), despite its clear simplic-
ity, necessitates careful analysis and addresses a significant question.
In the realm of statistical thermodynamics, most researchers view milk
as an equilibrium disperse system. This implies that the dispersed par-
ticles (casein micelles) should be uniformly distributed throughout the
entire volume, i. e., the level of fluctuations in their location should be
minimum from a thermodynamic perspective. However, as evident from
the image and several similar ones we have obtained, the distribution of
casein micelles in reality is highly uneven across the milk volume. Some
areas contain a considerable number of micelles, while others exhibit an
absence of micelles altogether. Importantly, this is not a result of prepa-
ration artifacts. These observations lead to two conclusions. Theoreti-
cal conclusion: milk can be considered as a nonequilibrium system; and
practical one: gelation primarily initiates in areas where casein micelles
accumulate, forming primary clusters of micelles. These findings contrib-
ute to a deeper understanding of the gelation mechanism in milk.

Figure 3(b) displays high-magnification images of two casein micelles
with different sizes. It is evident that both micelles show a complex inter-
nal structure, similar to the images described in [29]. While these images
are occasionally interpreted as evidence of submicellar structure within
casein micelles, it is more probable that they signify the complex nature of
the overall micelle structure. Furthermore, the image clearly shows a halo
surrounding the micelles. However, this image clearly shows a halo, fram-
ing the micelles, but these are not glycomacropeptides, which are much
smaller in size, but the area of their interaction with the environment.

The widely-held belief among researchers is that the structure of ren-
net milk gel can be described as a spatial (three-dimensional) network of
casein micelle chains. This notion is often supported by repeated artistic
illustrations (models), suggesting that individual micelles form chains
during the initial stages of enzymatic gelation. However, experimental
data from various researchers have revealed contradictions to the tradi-

tional views on the gel structure. In our opinion, this prevailing belief is
erroneous for two reasons. Firstly, systems inherently strive to minimize
free energy, and the formation of chains becomes energetically unfavor-
able when glycomacropeptides are uniformly removed from the micelle
surface. Instead, it is more plausible that these glycomacropeptides are
randomly clustered together. Secondly, the formation of primary chains
would require an anisometric arrangement of hydrophobic areas on the
micelle surface, which is unlikely, unsupported by observations, and lacks
confirmation from any evidence. The photographs in Figure 4 illustrate
the formation of small, loosely bound clusters of micelles during the ini-
tial phase of enzymatic gelation, represented at time point (B) in Figure 1.

(b)

Figure 4. Formation of clusters of casein micelles in the
primary gelation phase. Methods: (a) — MS, (b) — NS

PucyHok 4. O6pa3oBaHMe KIacTepPOB MUIIE/II Ka3eMHa B IEPBUYHOI dase
reneo6pasoBanus. Meroasl: (a) — MS, (b) — NS

At this moment, the milk-clotting enzyme molecules eliminated the
glycomacropeptides of k-casein from the surface of some micelles and
formed a hairy layer with hydrophilic properties on the surface of the mi-
celles. Consequently, the surface of the micelle (or a part of it) turned into a
hydrophobic surface, which is not energetically favorable for the dispersed
system. To reduce its free energy, the system aims to minimize the size of
free hydrophobic areas by connecting micelles into clusters through hydro-
phobic interactions. Figure 4(a) and Figure 4(b), obtained using different
methods, clearly show the formation of these loosely bound micelle clus-
ters. However, the presence of any chains is not evident.

Figure 5 displays images of large clusters of casein micelles observed
at time point (C) in Figure 1, marking the end of the initial stage of en-
zymatic gelation. By this time, approximately 80-90% of the glycomac-
ropeptides attached to the micelles’ surface were removed by the milk-
clotting enzymes. Images obtained through various techniques reveal
that the majority of micelles are arranged in large, loosely connected
clusters. It’s important to mention that despite these changes, the vis-
cosity of the milk remains relatively unchanged throughout the primary
gelation phase. This can be attributed to the well-known Einstein for-
mula (1), which states that the viscosity n of a dispersed system is solely
dependent on the volume fraction of the dispersed phase, rather than the
sizes of non-interacting particles.

n=n,(1+2,5¢) ©)
where 1 is the viscosity of the dispersion medium, ¢ is the volume fraction of
the dispersed phase.

Figure 5. Clusters of casein micelles at the end of the primary
gelation phase. Methods: (a) — MS, (b) — NS
PucyHok 5. Kiacrepsl Muiie/i1 Ka3eMHa B KOHIIe IIePBUYHOI (ha3bl
reneo6pa3zoBanus. Meroasi: (a) — MS, (b) — NS

The electron microscopic studies of the gelation process at this stage
yield results that are consistent with earlier findings in [30,31] obtained
through different methods and indicate the occurrence of a clustering
process of casein micelles as a preliminary step prior to coagulation.
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Regarding the timeframe, the formation of large clusters of casein mi-
celles occurs around the “gel point”, which refers to the moment when
the viscosity of the dispersed system rapidly increases. Consequently,
investigations were conducted on the microstructure of the resulting
gel immediately after reaching the gel point (time point D — Figure 1).
Figure 6 presents electron microscopy images depicting the state of ca-
sein micelle clusters at this specific time.

Figure 6. Clusters of casein micelles at the beginning of the

secondary gelation phase Methods: (a) — MS, (b) —
PucyHok 6. KiracTepsl Muiie/i1 Ka3eMHa B Hayajie BTOpUYHOI (asbl
resmeo6pa3oBanus Merogsi: (a) — MS, (b) —

Based on the photographs and a comparison with Figure 5, it is evi-
dent that both the micelles within the clusters and the clusters them-
selves experienced notable structural alterations after reaching the gel
point. Prior to the gel point, the micelles maintained a spherical shape,
and the bonds between them in the clusters were relatively weak (hy-
drophobic). However, after the gel point, only a few spherical micelles
remained within the clusters, with some disintegrating, unfolding, and
forming multiple intermicellar bonds.

Our observation suggests that during the final stage of the primary
gelation phase, there is a cooperative conformational transition similar
to a second-order phase transition in casein molecules, forming micelles
and clusters of micelles. This transition has two main effects: first, the
increase in micelle size due to enhanced hydration and volume frac-
tion, resulting in a slight viscosity increase, and, secondly, the signifi-
cant alteration of physicochemical properties of the micelles, facilitat-
ing the formation of a cohesive milk gel structure. Loosely bound micelle
clusters transform into coherent aggregates of remaining micelles and
protein particles after the conformational transition. These aggregates
gradually become denser through fluctuation, oscillatory, and rotational
movements of casein micelles and protein particles within the aggregate,
leading to the formation of additional intermicellar bonds. Subsequent-
ly, these aggregates serve as the starting materials for the formation of
the three-dimensional spatial structure of the milk gel in the secondary
phase. This viewpoint is supported by the analysis of a series of gel state
images at the end of the secondary gelation phase. Figure 7 displays pho-
tographs capturing the progression of casein micelles clustering into a
cohesive structure. The photographs vividly show the formation of small
micelle aggregates, their mutual interactions, and the subsequent emer-
gence of a unified structure.

Figure 7. Interaction of aggregates of casein micelles during

the formation of an integral structure. Methods: (a), (b) —
PucyHok 7. B3anmopgericTBMe arperaToB Mulie/I/I KazeMHa nmpu
06pa3oBaHMy LIEIOCTHOI CTPYKTYPhI. MeToast: (a), (b) —

The studies conducted prove a notable drawback despite their appar-
ent clarity. The method employed for direct transmission electron mi-
croscopy involves the deposition of dispersed particles on a flat substrate,
resulting in significant deformation of the particles. Consequently, the

three-dimensional structure of clusters and aggregates can only be in-
ferred from their two-dimensional representations in photographs. Fur-
thermore, this method proves inadequate for assessing the evolution of
gel structure during coagulation and syneresis, as the structural deforma-
tions become catastrophic in nature. Therefore, alternative methods are
necessary to examine these changes. In [32], scanning electron micros-
copy was used to capture images of the structure of the final milk gel.
The findings clearly illustrate that the gel primarily consists of aggregates
(flakes) formed by micelles and protein particles rather than chains of
micelles, which aligns with our own results.

Our investigation into the microstructure of the milk gel using the
ultrafast freeze-cleavage transmission electron microscopy method
showed similar results (Figure 8(a)). If the image obtained by scanning
electron microscopy provides a comprehensive view with a large depth of
field, allowing for a quasi-three-dimensional assessment of the structure,
transmission electron microscopy presents an image of a random cross-
sectional cleavage of the structure of studied sample. It is highly unlikely
that such a random cleavage would consistently pass through chains of
micelles. Thus, the photograph presented above depicts a cross-sectional
cleavage of the spatial structure formed by aggregates of micelles. It is
important to note that the gel’s characteristic size can be influenced by
the size of the gel’s unit cell, which varies based on the properties of the
milk and the processing techniques used. In this case, the cells have an
average size of approximately 5 pm, which is similar to the characteristic
sizes of micelle clusters near the gelation point. Evidently, this size af-
fects the gel’s permeability and, accordingly, the rate of syneresis.

Figure 8(b) illustrates the location of the milk fat globule within the
milk gel structure. This photograph demonstrates that the fat globule, as
it undergoes the gelation process, gets a secondary protein shell, which
serves as a protective measure for the fat against lipolysis during the stor-
age of cheese.

Flgure 8. Structure of milk gel FFR method

PucyHnok 8. CTpykTypa MosiouHOro rejs. Metoa FFR

Therefore, the experimental confirmation of the hypothesis that the
composition of rennet milk gel consists of sequential chains of distinct
casein micelles is absent, thus rendering it an inadequate description of
the gel structure. Instead, it can be proposed that milk gel structuring
occurs on two levels: localized structuring within clusters of micelles
and overall structuring of a pre-existing cluster system. It is highly prob-
able that the final gel structure is formed during the coagulation process
through the aggregation of pre-formed aggregates of casein micelles.

To complete the description of the milk gel structure, it is crucial to
elucidate its topological characteristics. The key aspect to consider is that
the topology of the resulting structure should minimize the energy of
the phase interface during the sol-gel transition. During enzymatic gela-
tion, para-k-casein, which has a notable hydrophobic nature, is formed.
Namely, an additional phase interface appears, leading to an increase in
free (excess) interphase energy. According to the Gibbs-Helmholtz prin-
ciple, this energy tends to spontaneously decrease in dispersed systems.
As a result, the entropy of the system decreases due to the increased pro-
portion of ordered entities within the surrounding water structure. The
hydrophobic interactions between para-x-casein molecules and water
molecules contribute to an increase in entropy and the system transition
to a more favorable energetic state. Furthermore, the combination of mi-
celles into a single, compact structure is advantageous in terms of energy
dynamics for the system. This combination minimizes contact of hydro-
phobic areas with water, and, consequently, the interaction of identical
hydrophobic areas also contributes to a reduction in the system’s overall
free energy. The process of diminishing interfacial energy is further fa-
cilitated through the aggregation of micelles, which goes with a decline
in free surface energy as a consequence of decreased specific surface area
of dispersed phases upon intermolecular contacts among the micelles’
hydrophobic areas. Additionally, the formation of a curd at specific stages
involves the participation of ionic, hydrogen, and van der Waals bonds.
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During the process of gelation, milk undergoes a transition from a
stable dispersed state to a metastable state. The phase separation of the
metastable system does not occur through the emergence of nuclei of two
finished phases followed by competitive growth, as assumed in the chain
model. Instead, it is attributed to the initial formation of numerous small
nonequilibrium areas (clusters) within the metastable system, which
show slight variations in concentration and have the ability to gradually
merge and approach an equilibrium state. Consequently, the transforma-
tion of the dispersed system (milk) into a structured one (milk curd) oc-
curs as a result of this process.

From the perspective outlined, the milk curd can be characterized
within the realm of scientific discourse as a bicontinuum system. There
one continuum corresponds to whey, while the other continuum relates
to a structured protein matrix. These continua permeate each other mu-
tually. The main condition for the emergence, existence, and develop-
ment of this system lies in the organization of its topology, prioritizing
the minimization of the interface between the continua. The conver-
sion of milk into a milk curd occurs under the influence of deterministic
and stochastic factors. Deterministic processes dictate the fundamental
nature and properties of the curd’s topology, whereas stochastic pro-
cesses govern their distortion or dispersion within a specific confidence
interval.

4. Conclusion
Based on the conducted research, the following conclusions can be drawn.
From the perspective of statistical thermodynamics, natural milk
shows characteristics of a non-equilibrium system, as proved by the un-
even distribution of casein micelles throughout its volume.

The uneven distribution of a glycomacropeptide hair layer on the sur-
face of casein micelles in milk contributes to the generation of dimer and
trimer micelles.

During the initial phase of enzymatic gelation in milk, loosely bound
clusters of micelles form at areas of the highest micelle concentration.
Due to the weak nature of these hydrophobic bonds, these clusters have
minimal impact on the viscosity changes observed in milk. The formation
of micelle chains does not occur at this stage, which can be attributed to
the absence of micelle anisometry, and the energetic disadvantage asso-
ciated with their formation.

During the enzymatic gelation process in milk near the gel point, a
hierarchical transformation process of the protein component of milk is
activated. The trigger mechanism for this process is a cooperative con-
formational phase transition in clusters of casein micelles, leading to a
sequential chain of increasingly energy-intensive reactions in the order:
hydrophobic interactions — hydrogen bonds — electrostatic attraction —
calcium bridges. The result is the conversion of loosely-bound micelle
clusters into more densely packed aggregates.

Ultimately, the resulting milk curd predominantly consists of indi-
vidual aggregates and constitutes a bicontinuous system. In this sys-
tem, one continuous phase is the whey while the other continuous
phase is a structured protein matrix. These two phases permeate each
other mutually.

Generally, the gelation phenomenon in milk can be conceptualized as
an energy-reducing process. Investigating the correlation between the
reduction in milk’s free energy during gelation and the physical charac-
teristics of the final cheese and other dairy products continues to be an
ongoing subject of scientific inquiry.
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MHHOBAHHOHHbIﬁ MMoAXo4 K OBOTAIIEHUIO ITUUIEBBIX .
ITPOAYKTOB C IPUMEHEHUWEM XJIEBOIIEKAPHBIX OPOXJXXEU
IOpackuna T. B.*, Cokonosa E. H., ®ypcoBa H. A., Cep6a E. M.
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Open access

xnebonexapHole B HacTosIIee BpeMsI aKTyasIbHOI OcTaeTcst mpobiema geduinta Makpo- ¥ MUKDOHYTPUEHTOB B pallMOHaX HaceneHus. OMHUM
OpoxoHu, 13 TIepCIIeKTVBHBIX HAIIPaB/IeHNII ee pelIeHN s SIB/ISIeTCsI pa3paboTKa CIIoCO60B IPOM3BOACTBA OTEUECTBEHHBIX ITUIIEBBIX MH-
MUKPOINIEMEHNbL, IPEIMEHTOB C LIebI0 CO3/IaHMsI Ha MX OCHOBe 06OralieHHbIX MUKPOHYTPUEHTaMM MUIIEeBBIX TPOAYKTOB. BroTexHomornye-
nuujessle CKUi1 crIoco6 MOMyYeHMsl TaKUX MHTPEeOVIEHTOB CYMTAETCS] OLHMM U3 aKTyasIbHBIX, a Hauboee MPOKO IPUMEHSIeMbIM MU-
UHzpedueHmol, KPOOPraHM3MOM B IMILIEBOI IPOMBILIJIEHHOCTH SIBJISIIOTCS IpOsioku Saccharomyces cerevisiae. Llenbio faHHOI pabOThI CTaIO
Saccharomyces M3y4yeHye BO3MOXKHOCTY 060TalleHus X1e6oeKapHbIX IPOXCKell MUKPOTeMeHTaMM: IMHKOM U XPOMOM. B xone uccieno-
cerevisiae BaHNSI OATBEP)KAEHA BO3SMOXKHOCTD GhopTuduKanmy APOoXoKeii B IIpoliecce KylIbTYBUPOBAHMS IIePHOSMYECKIM CIIOCO60M Ha

COJIOZIOBOM CycJIe C B0OaB/IeHyieM PacTBOPOB COJleil — MCTOYHMKOB MUKPO3/IeMeHTOB: cy/lbdata umHKa (ZnSO, x 5SH,0) u xj10-
puna xpoma (I1I) (CrCl, x 6H,0). OnTuManbHbIMMU N03MPOBKaMM BhIOPAHHbIX COJIeli MUKPO3/IeMEHTOB /1Jisl 060TaleHisl 6bLIn
250 mr Zn/am® u 500 mkr Cr/am?. TIpy aTOM Ha6/II0aI0Ch YBeJIMUeHMe cofiepykanns cbiporo npotenHa (CIT) va 11,6+0,5%.
[Tpu ucrionb3oBaHuM gaHHOTO couetaHus (250 mr Zn/am® + 500 mMxr Cr/am®) yianoch JOCTUYb ONTUMAIbHBIX PEe3yIbTaTOB
B IIpOIiecce OJHOBPEMEHHOTO 00OTalle sl 06beKTa IBYMsI MUKPOJI€MEHTaMMU. DTO TIO3BOJIMIIO MOTYUUTh 06paselr ¢ KOH-
ueHTpaumeit 263,4% 13 mr Zn/ 100 r mposkskeit (mpoieHT BeTpanBaHus — 58,8%) n 308,2+ 15 mkr Cr/ 100 r mposkokeit (POLEeHT
BcTpamBauus — 34,4%). Taxoke HAGIIONATOCH TTOBBILIEHME KOIMYECTBA ChIPOTo mpotenHa Ha 30+ 1,5%. Bpina usydyeHa Bo3-
MOKHOCTb BKJIIOUEHMSI TIOIYYeHHBIX 9KCIIePUMEeHTAIbHBIX 00pa3lioB B COCTAB MUIIEBbIX ITPOAYKTOB, Y B KAUeCTBe MOZEIN
6bII0 BBIOPAHO M3/Ie/I1e MacCOBOro MoTpebaeHms — xyied. O6pasiisl xeb6a 6bIIM TPOU3BEIEHbI C IIOJHOM 3aMeHOI IPOsKKet
6e3 oborauieHust Ha GopTUdUIMPOBAHHBIE LIMHKOM ¥ XpOMOM. OpraHoyenTiuiecKkas OreHKa M UCCIeS0BaHMe TaKUX BasKHbIX
rokasareseit, Kak BJQKHOCTb ¥ KUCIOTHOCTb, TPOIEMOHCTPUPOBAJIN, UTO SKCIIEPUMMEHTaIbHbIe 00pasiibl MOTYT ObIThH MC-
0JIb30BaHbI B IIUILEBOJ IIPOMBIIIIIEHHOCTY MTOCJ/IE MTPOXOKAEHNST HEO6XOAMMbIX TECTOB Ha 6€30MacHOCTb. [IJIs1 BOCITOTHEHMSI
PEKOMEeHIyeMOi1 CyTOUHOI HOPMbI MTOCTYTIJIEHNUSI B OPTaHM3M MUKPO3JIEMEHTOB TIpu yroTpebneHun 100 r 3KCIIepUMeHTab-
HOro o6pasiia xjeba 6bUTM pacCUMTaHbl 3HAUeHUST: 68,5+ 3,4% mis unnHka u 19,2+1,0% mas xpoma.

OUVHAHCHPOBAHMUE: VccnenoBanus MpOBeAEHbI 32 CUET CPEACTB CYOCUANY Ha BBITIOJTHEHME TocyaapcTBeHHoro 3aganust N2 0410-2022-0006.
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baker’s yeast, Currently, the problem of deficiency of macro- and micronutrients in the diet of the population remains relevant. One of the
trace elements, promising areas for solving this problem is the development of methods for the production of domestic food ingredients with
food ingredients, the aim of creating food products fortified with microelements on their basis. The biotechnological method for production of
Saccharomyces such ingredients is considered one of the most relevant. The most widely used microorganism in the food industry is the Saccha-
cerevisiae romyces cerevisiae yeast. The aim of the research was to study the possibility of baker’s yeast enrichment with microelements:

zinc and chromium. The possibility of yeast fortification during batch fermentation on malt wort with the addition of salt solu-
tions — sources of trace elements (zinc sulfate (ZnSO,x5H,0) and chromium (III) chloride (CrCl, x 6H,0)) was confirmed. The
optimal dosages of the selected trace element salts for fortification were 250 mg Zn/dm? and 500 pg Cr/dm?. An increase in the
crude protein content by 11.6+0.5% was also observed. When using this combination (250 mg Zn/dm? + 500 pg Cr/dm>), it was
possible to reach optimal results in the process of simultaneous enrichment of the object with two microelements. It makes pos-
sible to obtain a sample with a concentration of 263.4+13 mg Zn/100 g of yeast (percentage of incorporation was 58.8%) and
308.2+15 pg Cr/100 g of yeast (percentage of incorporation was 34.4%). An increase in the crude protein content by 30£1.5%
was also observed. The possibility of including the produced experimental samples in food products was studied. Bread as a mass
consumer product was chosen as a model. Experimental bread samples were produced with a complete replacement of yeast
without enrichment with yeast fortified with zinc and chromium. Organoleptic evaluation and study of important parameters
such as moisture and acidity demonstrated that the experimental samples can be used in the food industry after passing the
necessary safety tests. The values of replenishing the norms of physiological needs in microelements when consuming 100 g of
the experimental bread sample were calculated: 68.5+3.4% for zinc and 19.2+1.0% for chromium.
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1. BBegeHue

B Hacrosiiee BpeMst NepCrieKTVBHBIM HallpaB/eHMeM pa3BUTUS M-
11eBOJl IPOMBIIIJIEHHOCTM SIB/ISIETCS IOy4YeHMe HOBBIX OTe4eCTBEeH-
HBIX HATypalbHbIX MUILEBbIX MHIpenyeHTOB. ONHMM U3 BO3MOKHBIX
Croco60B MX IIPOU3BOJCTBA SIBJISIETCS GMOTEXHOIOTHSI, TO3BOISIIOLIAST C
MMHUMAaJIbHBIMU YCYIIUSIMM TOCTUYD 33AHHBIX CBOVICTB KOHEUHOJA IIPO-
nykuyu [1,2]. IIMpPOKO MCIONb3yeMbIMM GUOTOTMYECKUMM OGBEKTAMU
B MIIIEBOI OTPAC/N SIBISIIOTCS APOXCKY [1,2]. IpOsKokM IPUMEHSIIOT B Ka-
YyecTBe BeLyIIero dJIeMeHTa B IIPOM3BOACTBE XIeG00YIOUHBIX M3eNuil
¥ 3TaQHOJIA, B IMBOBAapeHMM, BUHOMEINH, U T. I, Takoke IPOsKOKIU UCIIOIb3Y-
10T B KAUeCTBEe MICTOUYHNMKA GMOMOrMYeCKy IIeHHBIX KOMIIOHEHTOB, TaKVUX
KaK 6€JI0K, BUTaMMHbI IPyTbl B, npoButamMuu D, u ip. CTOUT OTMETHUTB,
YTO CKOP He3aMeHMMbIX aMUHOKMCIOT Y IPOSXKIKEBBIX 6€TKOB IPUOIMKEH
K COZIePyKaHMIO JAaHHBIX aMMHOKMCIIOT B 6eJIKaX SKMBOTHOTO IIPOVICXOKe-
Hus [3,4]. XnebonekapHble APOXOKM pona Saccharomyces cerevisiae cum-
TAIOTCSl MOAPOGHO M3YYEeHHBIMM MMKPOOPraHM3MaMM, U4TO I103BOJISIET
MCIIONB30BaTh MX B KAYeCTBE MOJEIbHOIO 06beKTa i PasiNIHbIX MC-
cnenoBaHmii [5]. Oco6eHHOCTBIO S. cerevisiae sIB/ISIETCS BbICOKASsI J1IaOUIb-
HOCTb K BHEIITHEMY BO3Je/ICTBMIO, YTO CIIOCOGCTBYET HEO6XOAMMOMY OT-
KJIMKY U 06ecIieuyBaeT BbICOKMIA ITOTeHLIMaI Il IPOM3BOJCTBA LIeIeBbIX
MeTaboIUTOB 1 GUOTIPOAYKTOB [6].

Ha ceropHsIHMi neHb HAOIIOLAETCS HECOBEPUIEHCTBO IMUIIEBBIX
MaTTepPHOB HaceJleHusl, NPUBOASIIMX K MMUKPOHYTPUEHTHOI HeJo-
CTaTOYHOCTY, YTO SIBJISIETCSI OCTPO CToslell mpobiuemoit [7]. Odedbuut
MMKPOHYTPMEHTOB UTpaeT BaKHYI0 POJIb B PasBUTUM alIMMeHTapHO-
3aBYMICMMBIX COCTOSIHVII, KOTOpDbIe, B CBOIO Ouepesib, MOTYT CIIOCOOCT-
BOBaTh BO3HMKHOBEHUIO Da3iIM4HbIX 3aboneBaHuit. OGHUM U3 TaKUX
3ab0ieBaHMit ABIsIeTCS caxapHbiii auabet II-tuma (CI2), KOTOPBIiA, 11O
naHHbIM PefepanbHOrO perucTpa, paclipocTpaHeH cpeau ~ 4,6 MIIH 4ye-
noBek B Poccun [8]. CII, 2 — maTonmoruyeckoe COCTOSIHME, IIPY KOTOPOM
HapyueHa 3 }eKTMBHOCTb UCIONBb30BaHMS TOPMOHA YIVIEBOJHOTO 00-
MeHa — MHCY/IMHA. B yeI10BUSIX HM3KOI TPOM3BOAUTEIbHOCTY MHCYIMHA
CHVDKAETCS TIPOHMUIIAEMOCTb IIa3MaTUYECKUX MeMOpaH sl TIIOKO3bI,
B CBSI3M C YeM ypOBeHb caxapa B OMOIOrMUeckuX KUIKOCTSIX ITOBBILIA-
eTcsl. DTOMY COIYTCTBYET POCT OCMOTMYECKOTO [aB/IeHMs, UTO NPUBO-
IUT K 00e3BOKMBaHMIO opraHu3ma. Ha ¢oHe 3TOro coctosiHus MoxeT
BO3HUKHYTH neduiut snekrponntoB (Na, K, Ca, Mg). B cBowo ouepens
TaKoii quc6aJaHC MPUBOAUT K OOGIEi M MBIIIEYHOI c1abocTu, K CHU-
>KeHMI0 (PYHKIIMOHAIBHOCTY KPOBY M pereHepalui, a Takke K mopaxke-
HMIO I71a3 M K OPYTMM HeraTuBHBIM nociaencTBusM [9]. ITopmepskaHuio
HOPMaJIbHOTO (PM3MOTOTMYECKOTO COCTOSIHMSI OpTaHM3Ma M yMeHblile-
HMIO pucKa rporpeccupoBanms CII 2 crmoco6CeTByeT yroTpebaeHne Bak-
HBIX [IJIS1 CMHTe3a M CeKpelluy MHCYAMHA MuUKpoasieMeHTOB [10]. MHCy-
JIMH TIPOM3BOJMT B-K/IETKM OCTPOBKOB JlaHrepraHca, YyBCTBUTEIbHbIE
K KOHILIEHTpalMy IJIIOKO3bl B KPOBU. B 3pesibix CeKpeTOPHBIX TpaHylIax
KpOMe MHCY/IMHA HaXOISTCSl MOHBbI Zn?', KOTOpble OTBEYaloT 3a 6uo-
CUHTe3 U XpaHeHMe ropMoHa. LIMHK He TOJNIBKO BXOAMUT B COCTaB MHO-
r“x GepMeHTOB, HO U y4acTBYeT B IIpolieccax MeTabonu3ma, pery/sinym
9KCIpeccuy reHoB U Op. Hedbmumt nyHKa, HAGIIOLAEMbIi TPUMEPHO
y 2 MJIpZ, 4esI0BeK, MOXKET IIPMUBECTY K Pa3BUTHUIO aHEMUY, K HApyLIeHWIO
MMMYHOJIOTMYeCKO} PeakKTUBHOCTH, K IIMPPO3Y NleYeH! U K APYTUM He-
raTMBHBIM nowiencTBusiM [11,12]. Xpom (Cr) — acceHIMaNIbHBIN MUKPO-
3JIeMEHT, KOTOPbIii HOPMaIMU3yeT MPOHUIIAEMOCTb KJIETOYHBIX MeMOpaH
JUIST TJIIOKO3bI, YIIPaBJIsIeT MpoLieccaMy MCII0b30BaHMsI U IeITIOHMPOBA-
HMS caxapa KJIeTKaMM ¥ yBeIMuMBaeT UyBCTBUTENBHOCTb PeLeNITOPOB
TKaHeli K MHCYJIMHY, a TAaK)Ke 0TBeyaeT 3a HOpMaJIbHOe QYHKIMOHUPO-
BaHIe CepAeYHO-COCYIUCTOI CUCTeMbl. XpPOM Takke 61aroTBOPHO BIIM-
sieT Ha OpraHu3M Ipy MHQPEKIMOHHBIX MTPOLIeccax U B YCIOBUSIX OKMC-
JIMTENBHOTO cTpecca. leunuT Xxpoma MOXKET NMPUBOIUTD K CHUKEHUIO
TOJIEPAHTHOCTM K I7I0K03e 1 ypoBHs JIIIBII, a Takke K MOBBILIEHUIO XO-
necrepuna [13,14]. Takum 06pa3om, st MUKPO3TeMeHTHOI poduak-
TUKM nporpeccupoBanusi CII, 2 Heo6XoaMMO exxeHeBHOe ToTpebneHe
unHKa (Zn) u xpoma (Cr) B Kommyectse (cormacHo MP 2.3.1.0253-211)
12 mr 1 40 MKT COOTBETCTBEHHO.

VcTouHMKaMY GMOOCTYITHOTO LIMHKA SIBJISIIOTCS TIPOSYKTHI JKMBOTHO-
TO IIPOUCXOKIEHMS, TAKMe KaK MSICO (TOBSMHA, bapaHWHa, CBUHIHA, [0-
MaLIHSISI ITUIIA), pbI6a ¥ MOPEITPOAYKTHI (YCTPUIIbI), MMEIOLIVie BBICOKYIO
CcTOMMOCTD [15]. LIeHHBIMM MCTOUYHMKAMM XPOMa MOTYT CIYKUTH TAKKe
sti11a, MSICO, TTe4eHb, ChIp [16]. [IpM 3TOM CTOUT OTMETUTH UHTUOUPYIOIIee
BJIVISIHYE TIPOYKTOB, B COCTaBe KOTOPBIX CONEPKUTCS GUTUH min GUTK-
HOBasi KUCJI0Ta, HA YCBOEHMe IIMHKA U3 TaKMX MCTOYHVMKOB, HAaTIpMMep, 13
MIIEeHNIBI ¥ U3 IPYIUX 3JIaKOBBIX Ky/IbTyp [17,18].

Bo MHOrux paborax OTe4eCTBEHHBIX U 3apyOeXHBIX MCCIenoBaTeneit
oTMeueHa Goree BBICOKas 6110I0rnyecKast JOCTYITHOCTb MUKPO3/IeMEHTOB
13 MUKPOOYOIOTMYECKIX MCTOUHMKOB 110 CPABHEHUIO ¢ HEOPraHNYeCcKy-
Mu GopmamMy, a TakKe MX IKOIOTMYecKasl UMCTOTa M CIIOCOGHOCTb CHM-
3KaTh TOKCMYHOCTb MEeTaJIOB. B paborax [19-20] moka3aHa BO3MOXKHOCTb
romy4yeHust opraHmyeckux Gopm cenena (Se) ¢ UCIOMb30BaHMEM MUKPO-
OpraHu3MOB: CeJIeHOMEeTHOHMH-o6orameHHbie Bifidobacterium bifidum,
a TaKKe ceJleHOLYCTeNH-oboraleHHble Streptococcus thermophilus n En-
terococcus faecium. B ucciegoBanuy [21] oTMeueHO IIPeMMyIIecTBO CeleH-
06oraiieHHbIX JPOsKsKeil Kak HaTypaJbHOrO OPraHMYecKOro MCTOYHMKA
CelIeHOMETHOHVHA, MMeollero 6osee BBICOKYIO 3(QdeKTUBHOCT 10
CPaBHEHMIO C HEOPTAHMYECKUM CeJIEHOM B Teparmy KOTHUTUBHBIX Hapy-
LIeHMI y MblILieii. PnoM yueHbIX OMMcaHo yCIenHoe IoyYeHye MUKPO-
OpraHy3MOB, 060TallleHHbIX OPraHM4YecKMMY GOpMaMy MUKPOJIEMEH-
TOB, IyTeM KYJIbTMBMPOBAHMS Apoxkeit Yarrowia lipolytica Ha cpemax
¢ mo6aByieHMeM HeopraHmueckoii conu Se (cesennTa) [22], a Takke 6akTe-
puit Lactobacillus rhamnosus v Lactococcus lactis Ha cpefax ¢ [06aB/IeHM-
em xsiopuzga maruus [23]. [To pe3ynbTaTaMm OTMeEUeHO, UTO IOTyYeHHbIe
Marumii-o6oranjeHHble 6akTepyuy 6GbUIM YCIENIHO IPUMEHEHbI B ITPOM3-
BozcTBe (GOPTUOULMPOBAHHOTO MOPOXKEHOro. B paGore [24] muccieno-
BaJIM BIMSIHME GMONOCTYIMHOCTM oboramieHHbIX XpoMoMm (Cr) Iposokeit
M XJI0pKUJa XpoMa Ha TI0KasaTeay pocTa UbIUIT-6poitiepos. OTMeueHa
607ee BbICOKAsI GMONOCTYITHOCTh XpOMa Y3 OPTaHMYECKUX VICTOYHMKOB
10 CPAaBHEHMIO C HEOPTraHMYECKMMM, a TAKKe YIydylleHye rokasaresei
pocTa LBIIUIST M XapaKTepPUCTUK TYIIEK MPY MCIONb30BaHUM B PaLMo-
Hax Cr-o6oraleHHbIX IpoXxoKeit. B paborax [25,26,27,28] paccMaTpuBamm
BO3MOXXHOCTb ITPMMEHEHUSI Pa3IMIHbIX ponoB Gakrepmit (Lactobacillus,
Streptococcus, Enterococcus, Bifidobacterium, Bacillus) B KauecTBe 06bek-
TOB I oborameHuss MUKposnementamu: ceneHom (Na,SeO,), LMHKOM
(Zn0), mapranuem (MnCl,), meapio (CuCl,). PesynbTaTbl JaHHBIX paboT
IO TBEPKAAIOT IIepCIeKTUBHOCTD IIPOBEeHMsT UCCTIeL0BaHMI 110 POopTH-
dbukaumMyM MUKPOGHOI 6MOMACChl 3CCEHIMATbHBIMU MUKPOTEMEHTAMMN.

B psime pa6oT MOKa3aHO, YTO IPOXKMU SIBJISTIOTCSI [TePCIIEKTUBHOI cucTe-
MOt 1151 06OTaleHNs] MUKPOJIEMEHTaMM, T. K. COOEPKAT BUTAMMHbI, UT-
palonye pery/sITOpHYIO posib B MeTabom3Me venoBeka. K HMM oTHOCUTCS,
Hanpumep, pubodiaByH, 06pasyroLImii ¢ IMHKOM 6osee 3¢ dekTUBHOE coe-
nvaenne [29,30], a Taroke sprocreput — nposuramuu D, [31]. Jeduunt Bu-
TamyHa D, KaK M3BEeCTHO, SIB/ISIETCS! ITI0O6aIbHON IIPOGIEMOIA, 3aTparmBaro-
11e¥i TPUMepHO 1 MJIPJ, UeJIOBEK, 13 KOTOPIX UyTh 6otee 123 MITH SIBJISIIOTCSI
rpaxpaHamu Poceyn [32-33]. HemoctaTtok BuTammuHa D B paijyioHe MoxeT
TIPUBOAMTH K HAPYIIIEHMSIM MeTabom3Ma KasbLyst 1 hocdaTos, uTo, B CBOIO
ouepe/ib, BbI3bIBa€T HEKOPPEKTHYIO MMHEePaInu3alyio KOCTHON TKaHu [34].
Tawke pedbuuuT BuTaMyHa D CHIDKaeT MMMYHHYIO 3alUTy OpPraHu3Ma
M HeceT PUCK BO3HMKHOBEHMS CepIieuHO-COCYIMCThIX 3a001eBaHmit [35].

Takum 06pa3oM, 6YI0TeXHOIOIMIECKII CII0C06 MOMTYIeHVISI TUILEBBIX
MHIPEIMEeHTOB Ha OCHOBe 06OramieHHbIX MUKPOIeMEeHTaMU MUKPOOP-
raHM3MOB SIBJISIETCS] aKTYaIbHBIM Y ITepCIeKTUBHbIM. OHAaKO IIpaKkTuye-
CKM OTCYTCTBYIOT CUCTEMATU3MPOBaHHbIe JAaHHBIE O BIUSHUU CIIOCOG0B
doprudukanuy Jpoxckeit Ha YpoBeHb BCTPAaMBaHUSI MUKPOIIEMEHTOB,
Ha MX 6M0[IOCTYITHOCTb, & TAK’Ke Ha TeXHOJIOTMYEeCKIe IToKa3aTeny obora-
IIeHHBIX IPOXCKeNt IIPY UCIIONb30BAHMUM UX B XJIeO0TIeYeH M.

Llespio maHHOI PabOoThI CTAJIO MCCIeNOBaHMe BO3MOKHOCTH oboraiiie-
HMS xJ1e60TIeKapHbIX APOsKOKelt Saccharomyces cerevisiae 3cCeHIMATbHbBI-
MM MMKpO3/IeMeHTaMy (LIMHKOM ¥ XPOMOM).

It OCTMsKeHUS TIOCTaBJIEHHOI 11eyin 6bUTM cHOPMYIMPOBAHbI Ciie-
IyIonye 3a1aun:

1) HccrenoBaTh BO3MOXKHOCTh O0OTaleHMsT X1e60MmeKapHbIX IPOsKKeit

MMKpoaneMeHTaMu (Zn u Cr) MHOVBUAYAIbHO M COYETAHO;

2) WccrenoBaTh BO3MOKHOCTD MCIIONIb30BaHMsI 000Tall[@HHbIX TPOKKet

B IIPOM3BOJICTBE MUILEBBIX IPOLYKTOB (Ha IpuMepe xy1eba).

2. O6G'BEKTHI M METOABI

O6BbeKTOM IaHHOTO UCC/IeJOBAHMS CTAIV APOSKKM pofa Saccharomyces
cerevisiae 13 KOJUTEKIIY MUKpOOpraHn3MoB BHUU nuiieBoit 610TeXHO-
jiorun. B kauecTBe MCTOUHMKOB MUKPOIIEMEHTOB ObLIY BbIGPaHbI HEOP-
raHuyeckue comy, paspemenssie TP TC 021/2011?% mjist UCoOIb30BaHMUS
B IMIIEBOJ TPOMBIIIZIEHHOCTH, B TOM YMCJIe B IPOM3BOACTBE GMOIOTMYe-
CKM aKTUBHBIX f06aBOK (BAII): cynbdaT umHKa (ZnSO, x 5H,0) u xnopup,
xpoma (III) (CrCl, x 6H,0).

DKCcIepyMeHTalbHble 06pasibl 06OralieHHbIX IPOXOKeH monyva-
JIV TIePUOAMYECKUM CITIOCO60M KY/IbTMBMPOBAHUS B TeueHue 18 4. mpu
30%2°C, 200 RPM. BrodopTrudukanmio oCymecTBIsuiv IyTeM BHECEHMUS

I MP 2.3.1.0253-21 «Hopmbl (U3MONOTMYECKUX TOTPEGHOCTEi B 3HEPruu
U MMILEBbIX BeleCcTBaxX IJIsl PAs3IMYHbIX IPYII HaceneHus: Poccuiickoii ®enepa-
uyv» Mocksa: HEHTPMAT, 2023. — 80 c.

2 TP TC 021/2011 Texunueckuii pernament TamoxkeHHOTo coro3a «O 6e3omnac-
HOCTM NMILEBOV NPOLYKUMM», YTB. pemeHrem Komuccun TaMOXXeHHOro co03a OT
9 meka6pst 2011 r. N2 880.
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PacTBOPOB coJell B IUTATENbHYIO cpeny. B kKauecTBe 3HaUMMoro daxropa
paccMaTpuBaiy JO3MPOBKY MUKPO3JIeMeHTa.

DKcIepyMeHTalbHble 06pa3siibl X1e606YIOUHbIX U3AeNNil ObLIN 13-
TOTOBJIEHBI M3 OZHOI MAPTUM ChIPbSI, BKIOUAIONIEH MYKY IMIIEHUYHYIO
(TOCT P 26574-2017%), caxap (I'OCT 33222-2015%), He iOmMPOBaHHYIO
conb (TOCT P 51574-2018%), cyxoe monoko (TOCT 33629-2015°%), macio
nogconHeyHoe (TOCT 1129-20137), a Takke Ha OCHOBE OZHOTO LITAMMa
TIPOSKOKeN.

ConepskaHMe MMKPOJIEMEHTOB B IPOXOKAax OIpelessiii MeTOAOM
aTOMHO-a/ICOPOLIMOHHOII CITIEKTPOMETPUY C IeKTPOTePMMUIECKOH aTo-
Mu3anueit Ha npubope Agilent 240Z (Agilent Technologies, CIIA) o
T'OCT P 57162-20168.

OnpepeneHye comepskaHusl CbIPOro IPOTeVHA B 06pa3uax JposoKei
npoBomwin o Metony Keembmans cormacHo 'OCT P 57221-2016° Ha
ycraHoBke Vapodest (Gerhardt, lfepmanus).

AMMHOKUCTIOTHBIN CcOCTaB 06pa3LoB xyeba OINpenensii MeTOLOM
B3XKX cornmacHo 'OCT 32195-2013'° Ha xpomartorpacde AZURA (Knauer,
TepmaHus). [leTeKTMPOBaHME OCYIIECTBISIN NTPU K = 570 HM 1 £ = 440 HM
(o715 IpONIMHA).

JIsT OpraHONeNTIYeCcKOoil XapaKTepPVCTHUKM ITOMyYeHHBIX 06pasioB
xJ1e6a MPOBOAVIIM OLIEHKY 110 5-6a//TbHOM IIKae M0 C/IeAyI0MM [10Ka-
3aTensiM: (popma, MOBEPXHOCTD, 1IBET, IIPOIeYeHHOCTb, IIPOMeC, TTOpK-
CTOCTb, BKYC, 3amax. OnpezeneHne KMUCIOTHOCTY M BIaKHOCTYU ITPOBO-
muu cornacHo 'OCT 5670-96'" 1 TOCT 21094-2022'2 cOOTBETCTBEHHO.

B Tabmuuax npuBemeHsl cpenHyue apudmeTnyeckye 3HAUEHVS M UX
CTaHJapTHbIe OTKIOHeHUs (X + SD; n = 3). Cratucruyeckas o6paboTka
pe3y/bTaTOB UCCIe0BaHNsI BHIIIONTHEHA C MCII0NIb30BaHMeM MaKkeTa Ipo-
rpamm STATISTICA 6.0. Kputnueckuii ypoBeHb 3HaUMMOCTM HYJ€BOI
CTaTUCTUUYECKO I'UIoTe3bl (p) MpuHUMany pasHbiM 0,05.

3. Pe3ynbTaThl M 00CYKAEHUE
3.1. HccnedosaHue 803M0oXcCHOCMU 0602aujeHus xJ1e60neKapHslx Opoxcxceli
Mukpoanemenmamu (Zn u Cr) uHousudyaibHo u couemaHHo

OCHOBBIBASICh HA TEOPETUYECKMX U TPAKTUUECKMX JAHHBIX O CIIOCO6-
HOCTY OPOJOKeNi aKKyMy/IMpPOBaTh MMHepa/IbHbIe BellecTBa [36], u3yJyanu
BO3MOXXHOCTb TTOJTy4eHMsI 060TallleHHbIX MHTPEeJMEHTOB Ha X OCHOBe.

ITepBbIM 3TAoM yucciaenoBanus crana Goprubukanys ApoxoKeit Mu-
KpO3JIeMeHTaMM MHIVBUAYATbHO. B KauecTBe 3HaUMMOro ¢akropa 6biia
BbIOpAHa J03MPOBKA ZN, B KAYECTBE COMU-UCTOUHUKA KOTOPOTO MUCIIONb-
30BaM CynbdaT umHKa (ZnSO,x 5H,0). [TonyyeHHbI BapuaHT J0/DKeH
6])1]'[ OTZIMYATHCS IMOBBIIIEHHBIM COAEP>KaHMEM CIT 1 1Toka3aTb HaKoOILIe-
HUe IVHKa Opoxokamu. PesymbraTbl GopTuduKaumy xmae6GorneKapHbIX
IpOsKKedt cynbdaToM IMHKa MTpuBeneHb! Ha PrucyHke 1.

ITo pe3ynbTaTaM OTMEYEHO, UTO BHECEeHNe CybdaTa L[MHKa B O3MPOB-
Kax 250 1 500 mr Zn /mm® 1O3BOJISIET JOCTUYb CTATUCTUUYECKY 3HAUMMOTO
(p < 0,05) yBenmueHus comepskaHust CbIPOro npoTenHa B GopTuuumpo-
BaHHBIX JPO3KOKaX M0 CPAaBHEHUIO C KOHTPOJIEM, UTO COOTBETCTBOBAJIO Ha-
ureii rumnorese. IIpy 3TOM MeXAy BapyaHTaMy OOOTAIIEHHBIX POXOKEN
oTINYNMS GbUIM HEe3HAUMTENbHBI, UTO JAaeT BO3MOXXHOCTb MCIIOIb30BaTh
MEHBIIYI0 JO3MPOBKY COMM MMUKpPO3JIEMEeHTa [JIsl MOMy4eHUs LieleBo-
ro uHrpegueHTa. Takum o6pa3oM, ONTMMAJIBHOI BBIOpAIN JO3MPOBKY
250 Mr Zn/mM®, BEI3BIBAOIIYIO TIOBBIIIIEHVIE COIePIKaHMsI ChIPOTO ITPOTEN-
Ha Ha 11,6%0,5%. OTO MMO3BOJISIET TIOTYUNUTD JPOSKKM CO CTETIEHbIO 060Ta-
meHust 82,1%, npu KOTOPOJi KOHLIEHTpaLMsI MMKPO3TIeMeHTa COCTaBIIsIeT
683+34 mr Zn Ha 100 r gpoxokeii. [TonydyeHHble JaHHbIE KOPPEIUPYIOT
¢ pesyabratamu Sheykhi et al. [36], KOTOpbIe YCTAaHOBMIIN, YTO HAKOILIe-
HMe IMHKA B APOXOKAX YBeIMYMBAETCs IIPY TIOBbILIEHUY KOHIIeHTpaluii
cynbdaTta IYHKa B TUTATeIbHbIX CPe/iax.

5 TOCT 26574-2017 «Myka meHnuHas xiae6onekapHas. TexHMueckue ycuo-
Bust». — Mocksa: Crangaptuudopm, 2018. — 21 c.

4 TOCT 33222-2015 «Caxap 6ebiit. Texauaeckue ycioBusi». — Mocksa: CraH-
naptundopm, 2019. — 22 c.

5 TOCT P 51574-2018 «Conb numenas. O61iue TexHudeckye yeaoBus». — Mo-
ckBa: Crangaptundopm, 2018. — 12 c.

6 TOCT 33629-2015 «KoHcepBbl MojIOYHbIe. MOJIOKO cyxoe. TexHuueckue yc-
noBusi». — MockBa: Crangaptundopm, 2017. — 13 c.

7 TOCT 1129-2013 «Macso nozconHedHoe. TexHudeckme ycaoBus». — MoCKBa:
Craugaptuudopm, 2019. — 20 c.

8 TOCT P 57162-2016 «Bopa. Ompefieienye cofepskaHus 31eMeHTOB MeTO0M
aTOMHO-a6COPOIVIOHHOM CIEKTPOMETPUM C 3IeKTPOTePMMUUECKOi aToMM3aLm-
eit». — Mocksa: Crangaptundopm, 2019. — 23 c.

9 TOCT P 57221-2016 «JIposkku KOPMOBbIe. MeTo/bl UCTIbITaHUii». — MocKBa:
Craugaptuudopm, 2020. — 57 c.

1OTOCT 32195-2013 «Kopma, Komb6ukopma. MeToz, orpesie/ieHus: cofiepsKaHus
aMMHOKMCI0T». — Mocksa: Cranmaptundopm, 2020. — 23 c.

HTOCT 5670-96 «Xne606y104Hble usaenus. MeTopl onpeseneHus KUCIOTHO-
ctu». — Mocksa: Crangaptundopm, 2006. — 9 c.

12IOCT 21094-2022 «M3genus xne606yaounbie. MeToIbl ONpee e Hns BaaxK-
HocTu». — Mocksa: Cranmaptuadopm, 2022. — 17 c.
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Pucynok 1. [Ioka3aTenu cbIporo mpoTerHa ¥ MpPOIeHTa
BCTPaMBaHUSA IMHKA 060raleHHbIX CyJIb(aTOM IMHKA

XJ1e0oIeKapHbIX APOsKKeIt S. cerevisiae
Figure 1. Crude protein and percent of zinc incorporation in zinc sulfate
enriched baker’s yeast S. cerevisiae
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Ilanmee, OCHOBBIBAsICb HAa pe3yJabTaTaX COGCTBEHHBIX MCCIENOBa-
Huit [37] u manHbiX Zhang S. Q. et al. [38] o HeBbICOKOIT abcopbIVIM
HEOPTaHMYEeCKOro ¥ IIMIIEBOrO0 XpoMa U CIOCOGHOCTM o6Gpa3oBa-
HMSI TIENTUOHBIMU CTPYKTYpaMu IPOXIKEBON KIETKM OUOTUIEKCOB
¢ nonamu Cr, u3y4aay BO3MOKHOCTb ITOYY€HMsI OOOTAIE€HHBIX WH-
IPeIMEeHTOB — MCTOYHMKOB OuopocrynHoro Cr. B maHHOM 9Kcre-
pMMeHTe [03MpOBKa XpoMa BapbpupoBana B mpepenax ot 100 mo
1000 mMKr/om3, B KaueCcTBe COMM-MCTOUYHMKA UCTIOTb30BaIM XJIOPULL XPO-
ma (III) (CrCl, x 6H,0) [37]. Pe3ynbTaTsl GopTUOMKALIMM IPOXOKEI XI0py-
JIOM XpOMa IpefCTaBleHbl Ha PucyHke 2.
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B Cripoii npoTerH (10 Kbeapaamo), %a.c.B.  MIIpoueHT BCTpaHBaHHA Cr
TpumeuaHue: * ctaTucTUYeCKY 3HaUMMble oTinuus (p < 0,05) oT mokasaresst
KOHTpOJI.

PI/ICyHOK 2. ITokasaTenu ChIPOroO IIpOTE€MHA U IIPOLIEHTa
BCTpaMBaHMA XpoMa 060raieHHbIX XJIOPUMAOM XpoMa
XJ1e60IeKapHbIX APOSKKeii S. cerevisiae
Figure 2. Crude protein and percent of chromium incorporation
in chromium chloride enriched baker’s yeast S. cerevisiae

Ilo pesynpTaTaM OTMEU€HO, UTO BHECEHMe XJIOpKIa XpoMa B JI0-
3upoBkax meHee 1000 Mkr Cr/mm® mo3BoisieT AOCTUUb CTATUCTUUECKU
3Haunmoro (p < 0,05) yBenmueHnst comepskaHysI CBIPOTo MpoTenHa B pop-
TUGOUUMPOBAHHBIX JPOXCOKAX 10 CPABHEHMIO C KOHTpOieM. Jl03MpoBKa
cBoie 750 mkr Cr/gm® BbI3Basia MHIMOMPOBAaHME PA3BUTUSI KYJIbTYPHI,
4yTO cooTHOCKTCA ¢ AaHHbIMU Lipinska E. et al. [39], B uccienoBaHmy Ko-
TOPBIX OTMEYAETCs], YTO B BBICOKMX 103X XPOM MOXKET IOZaBJISITh POCT
nposkkeit. Cpeny BapMaHTOB 00OTaleHHbIX IPOXIKel TakkKe MMeINCh
3HauMMble DPasanyKs, NpPM 3TOM ONTMMAaJbHOM OKa3zajach [03MPOBKa
500 mkr Cr/mm®, BbI3bIBatolIast MOBBIIIEHME COfIePSKaHMsI ChIPOTO MPOTe-
MHa Ha 26 % 1,3%, pu KOTOPOIt o6oraieHue cocTaBmio 43,1% — KOHLeH-
Tpanus MukpoanemenTa 512,5+25 mkr Cr Ha 100 1 IposksKeii.

[TormyyeHHbIEe IAHHBIE IIOATBEPKIAIOT BO3MOXKHOCTb O6OraIleHyst
xJ1e601eKapHBIX APOXKKeNt S. cerevisiae MUKPO3IEMEHTaMM CO CTATUCTH-
YecKky 3HAUMMBbIM Y/IydlleHMeM TeXHOJIOrMYecKux Iokasaresneit. [Tomno-
SKUTENbHBIA OTKJIMK KyJIbTYPbl Ha OOOralleHue I1aeT BO3MOXHOCTb JJIS
MpoBefleHMsI JalbHeNIINX MCeIefoBanmit GopTuduranym Jpoxokein co-
YeTaHO C Lie/IbI0 TIOTyYeHMs] BapMaHTOB C HaKoIlJIeHVeM OJJHOBpEMEHHO
LIMHKa ¥ XpoMa.

B Xome cienyromiero sKkcrepyMeHTa OGbUIM PACCMOTPEHBI Pasiiny-
Hble TO3MPOBKYU IIVHKA, IIPY ONTUMAJIbHOI JO3MPOBKE XpPOMa, PaBHOMI
500 mxr Cr/am®. PesynbraThl GopTudMKaLmMm APOKKEii COUueTaHo mpem-
cTaBjeHbl Ha PucyHKke 3.
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3Ha4ueHHA IToKa3aTeeH
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B IIpouenT ectpaneanus Cr
[Ipumeuanne: * cTaTUCTUUIECKU 3HAUMMbIe oTmnumst (p < 0,05) OT mokasa-
TeJIst KOHTPOJISL.

PMCYHOK 3. ITokaszaTenn ChIPOroO IIPOTE€MHA U IIPOLIEHTa
BCTpaMBaHMS IMHKA ¥ XpoMa 000rallieHHbIX Cy/lIbdaTom
IVHKAa U XJIOpUIOM XpoMa xneﬁoneKaprlx IlpO)K)Keﬁ
S. cerevisiae
Figure 3. Crude protein and percent of zinc and chromium incorporation
in baker’s yeast S. cerevisiae enriched with zinc sulfate
and chromium chloride

Ilo pesynbTaTamM OTMEYEHO, YTO oboraiieHyue APOXCKei LMHKOM
¥ XPOMOM OJHOBPEMEHHO MO3BOJISIET TOCTUYb 3HaUMMoro (p < 0,05) yBe-
JIMUEeHUST CoflepyKaHMUsI ChIPOTO MPOTEeMHA MO0 CPaBHEHUIO ¢ KOHTPOJIEM.
Cpenyut GopTUbUIIMPOBAHHBIX BapMaHTOB TaKKe OTMEUEHbI 3HAUMMBbIe
pasnuuus, Ipu 3TOM ONTUMAaIbHBIMU GbLIU AO3UPOBKU 250 Mr Zn/mm3
u 500 mxr Cr/mm®, BbI3bIBAIOINME IIOBBINIEHME COAEPIKaHMS ChIPOTO
nporenHa Ha 30%1,5%. DTO MO3BOMSIET HOCTUUYb OGOTAIIEHNS] IMHKOM
58,8% u xpomom 34,4%, KOHIIEHTPAIUM MUKDPO3IEMEHTOB TOCTUTAJIN
263,4+13 mr Zn/100 r mposkskeit n 308,2+ 15 mkr Cr/100 r gposkskeit co-
OTBETCTBEHHO.

[lonyyeHHbIe IaHHbIE IOATBEPKIAIOT BO3MOXKHOCTb COYETAHHOTO
oborarneHus: xaeboneKapHbIX IPOXKKei S. cerevisiae cO CTaTUCTUUECKU
3HAYMMBIM y/TyYlIeHMeM TEXHOJIOTMYEeCKMX TI0Ka3aTese.

3.2. Hccnedosatue 803MOXCHOCMU UCNOIb308AHUS 0002aujeHHbIX OPOHCHcell
8 npou3ssodcmae nuiwyesslx Npodykmos (Ha npumepe xieéa)

Iyt oA TBEPKAEHUSI BO3MOXXHOCTM MTPUMEHEHMSI TTOTyYeHHbIX 060-
ralieHHbIX X1e60MeKapHbIX JPOXCKeil B TMINEBOV MPOMBIIIIEHHOCTY
MPOBOJMIM HAPAGOTKY HKCIIEPUMEHTAIBHON MapTum GopTUGUIMPOBaH-
HBIX IPOXKKEi C IOZ06PAaHHBIMU ONMTUMAIbHBIMM TO3MPOBKAMY MUKPO-
3J7IeMEeHTOB. 3aTeM GbLIM M3TOTOBIEHBI 06PasIIbl Xaeba ¢ MOMHOM 3aMe-
HO¥1 IPOXKKEN, TIPU 9TOM He TIPOU3BOAMIOCH OboraiieHye B pelentype
KOHTPOJIbHOTO 00pasiia. Pe3ybTaThl peficTaBaeHbl Ha PucyHKe 4.

BiaXXHOCTb ¥ KUCJIIOTHOCTH TIOTYUYE€HHBIX 00pa3I[0B COOTBETCTBOBAIN
tpe6oBanusam I'OCT P 58233-2018'3 u cocrasisuin 42,60% u 3,0 rpap.
y KoHTpoJs n 44,07% u 3,0 rpaj. y OIbITHOTO o6pasiia.

[IpoBOOMIM OPraHONENTUYECKYI0 OIIEHKY IIOTyUYEeHHBIX 06pa3ijoB
XJ1€606YI0UHBIX U3ENNIi TI0 BOCbMM KaueCTBEHHBIM ITOKa3aTensm. Pe-
3y/IBTAThI IIPe/CTaB/IeHbl Ha PucyHKe 5.

Kak BugHO M3 mpoduaorpaMmebl, TPy OPraHONENTUYECKON OlleHKe
ObUIM OTMeUeHbI He3HAUMTeIbHbIe Pa3Inyysl B TIOKa3aTessix xueba ¢ BHe-
CeHMEeM B DeLeNTypy 3KCIePUMEHTATbHBIX APOXCOKEN T0 CPaBHEHUIO
¢ KoHTposeM. [TokaszaHo, UTO B OCHOBHOM 3T Pa3any4Msi KacaJuch TaKUX
rokasaresneii xye6a, Kak «popmMar, «IIOBEPXHOCTb» U «[TOPUCTOCTh>.

3TOCT P 58233-2018 «X1e6 13 MuIeHNyHoi MyKy. TexHudeckye yeIoBus». —
Mocksa: Crangaptundopm, 2019. — 14 c.

== OmnsIT

== KoHTpob

OBEPXHOCTH

POIIEYEHHOCTh

TIpomec

PucyHok 5. [IpodumorpaMmma sKCIiepuMMeHTATbHBIX 00Pa310B
X1e000YIOUHBIX U3TENNIi: KOHTPOIb — C IPOXKKaAMU,
6e3 o6oralIeHNs; ONbIT — C APOKKaMM, 000Trame HHbIMU
OVMHKOM M XpOMOM
Figure 5. Profilogram of the experimental samples of bakery products:
control — with yeast, without enrichment; experimental sample —
with yeast enriched with zinc and chromium

COHyTCTByIOH.Ief;I YaCThIO JAHHOTI'O MCC/IeJOBaHMS 6BLIO ornpenejneHue
AMMHOKMC/IOTHOTO M 3JIEMEHTHOTIO COCTaBa /i IMOATBEPXKOEHNMS ITOBbI-
LIeHMS MTUIEBO IeHHOCTU I10/Ty4aeMoro InpoaykKra. HOBTOMY pganee OB
IIpoBeieH aMMHOKMCIOTHBIN aHaIn3 TIOJTYY€HHBIX 3KCIIePUMEeHTaJIbHbIX

06pas1ioB xjeba. Pe3ynbTaThl nmpeactasieHbl B Tabmuiie 1.

Tabnuiia 1. AMMHOKMUCIOTHBIN COCTaB GEIKOBBIX BEIIECTB
o6pasuos xiaeba
Table 1. Amino acid composition of protein substances in bread samples

AmuHokuciaora, mr/100 r
Banuu (Val)
WsoneiiuH (Ile)
Jlettuumn (Leu)

JInsun (Lys)
Metunonns (Met)
TpeounH (Thr)
Tpunrodan (Trp)
®enmnananuH (Phe)
He3ameHuMmbIe, BCEro
AcraparuHoBas Kuciora (Asp)
CepuH (Ser)
ImyramuHoBast kuciaora (Glu)
TIponus (Pro)
Tmuums (Gly)
AnaunuH (Ala)
Tuposun (Tyr)
T'uctuouu (His)
ApruHuH (Arg)
3amMeHMMBbIe, BCEro
Bcero:
He3zameHumsIe: 3aMmeHMMbIe

Xi1e6 KoHTpO/IBL
325,02+42,25
304,35+36,52
597,65+77,69

98,58+6,90
111,15+8,89
255,44+30,65
1356,72+176,37
377,09% 26,40
3426,03+171,30
412,21+32,98
440,49+ 39,64
3037,55+212,63
871,40+ 61,00
268,58+18,80
241,45+16,90
124,06+ 14,89
80,86+6,47
126,16+8,83
5602,77+280,13
9028,77 £496,58
1: 1,63

Xne6 Zn+Cr
319,02+41,47
323,69+38,84*
594,70+77,31
257,42+18,02*
121,38+9,71*
234,18+28,10%
1870,98+243,23*
380,93%26,67
4102,3+205,12*
384,59+30,77*
401,78+36,16*
2824,06+197,68*
908,30+ 63,58
262,91£18,40
246,75+17,27
128,35+15,40
256,99+20,56*
295,97+20,72*
5709,70+ 285,49
9812,01+539,66*
1: 1,39

IIpumeuanue: * craTucTyuecky sHauMMele (p < 0,05) oTIMuMs OT roKasaTesst
xJ1e6a ¢ Ipoxkskamy 6e3 o6oralieHmus.

A) ®)
PucyHOK 4. DKcIIepyMeHTaIbHbIe 00pa3ibl XJ1e600yI0OYHbIX U3aennii: (A) — KOHTPOJIB € IPOKKaMy 0e3 o6oraneHns;
(B) — OMBIT C APO3K’KaMM, 060ramieHHBIMY IIMHKOM M XPOMOM
Figure 4. Experimental samples of bakery products: (A) — control with yeast without enrichment;
(B) — experiment with yeast enriched with zinc and chromium
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OTMeueHO, YTO B OIBITHBIX 0Opa3iax xjae6a comepskasoch JOCTOBEP-
HO GoJIblllee KOJMYECTBO HE3aMEHMMbIX aMUHOKMUCIOT (B 1,2 pasa), uem
Y KOHTPOJIbHBIX 06Pas31|0B, MOTyYEHHbIX B AHATOTYUUHBIX YCTOBUSIX.

Ilanee ompemensuii COOEpKaHWE MCCIENYeMbIX MMUKPOTEMEHTOB
B 06pasiax xie6a ¢ 060raeHHbIMIU APOXOKAMU /IS BbISIBJIEHMST BO3MOJXK-
HOCTM oGecrieyeHMst MPOGUIAKTUKY MUKPOHYTPUEHTHOI HEJOCTaTOYHO-
cti. Pacyer KomyecTBa HEOOXOIMMBIX BEIECTB ISt BOCIIONIHEHUST PEKO-
MEH/yeMOJi CYyTOYHOJ HOpMbI (bu3monornueckoit morpe6uocru (PCHIT)
B I[IHKeE 1 XpoMe cortacHo MP 2.3.1.0253-21 npuBenen B Tabnutie 2.

Tabnmuua 2. PacyeTHOe 3HaYeHMe BOCIIOJTHEHNSI PEKOMEHIye MO
CYTOYHOI HOPMBI (PM3MOIOTrMIECKO TOTPEGHOCTH COITIACHO
MP 2.3.1.0253-21 npu ynorpedieHun xneda ¢ Jo06aBIeHUEM

060raieHHbIX MHIPEeINEeHTOB
Table 2. Calculated value of replenishment of the recommended daily
physiological requirement according to MR2.3.1.0253-21 when eating bread
with the addition of enriched ingredients

Kaxk BuaHO 13 Tabnuiisl 2, HE06XOAMMO yItoTpedeHne He 6omee 100 T
ONBITHOTO 0Opasiia xyeba 1yist BocrionHeHus 6omee 15% ot PCHIIL, uto
MMOATBEPKIAeT BO3MOKHOCTb MCIIONb30BaHMsI 0OGOTANIEHHBIX IPOSKKeE
IUTST TIONYYeHMsI TIMIIEBBIX MPOAYKTOB, OMHUM M3 HarpaBIeHUii pume-
HEHMsI KOTOPBIX OYIeT SBISATbCS MPOMMIAKTMKA MUKPOHYTPUEHTHOI
HEeI0CTaTOYHOCTH!.

4. BbIiBOaBI

Takum 06pa3oM, 9KCIIePUMEHTAIbHO J10Ka3aHa BO3MOXXHOCTD I10-
JIy4eHus] 060rauleHHbIX IITHKOM M XPOMOM XJ/Ie60IeKapHbIX IPOXKKEN
C YIyYLIeHHBIMM TEeXHOJIOTMYEeCKMMM IOKasaTeNsiMU [ BHeCeHMUS
MX B COCTaB NMPOAYKTOB IMUTAHMS Ha IpUMepe X1e600yI0UHBIX U3e-
nuit. OGoralleHHble TUIIEeBble MPOAYKTHl C MPUMEHEeHUEeM TaHHbBIX
00pa31oB MOTYT GbITh MCITOb30BAHBI AJIs1 MPOGUIAKTUKY MUKPOHY-
TPMEHTHOJ HeZoCTaTOUYHOCTH. Tak Kak JaHHasi popma «060raIeHHbIX
MMKpPO3/TIeMeHTaMM X1e60eKapHbIX JPOXKKeii» He BXOOUT B IlepeyeHb
pa3pelIeHHbIX K IPYMEHEHMIO B MMIIEeBOM IIPOM3BOJCTBE COIIACHO
TP TC 021/2011, Heo6xonMMO MpOBeJeHMe NaTbHENIINX UCCIeN0Ba-
HUit ux 6uobGesonacHocTy. Ilociae MPOXOXKIEHNUST BCeX KOHTPOIbHBIX
MCIIBITAHUI JAHHbIE MHTPEeJMEHTbI OYyIyT MpPeNCcTaBasITh COOO0i mep-
CIeKTUBHBIN MCTOUHMK MUKPOHYTPUEHTOB JIJIsl IPOU3BOAUTENEl U IT0-
Tpebureseit.

BUBJINOTPA®UYECKUN CIIMCOK

BepxHwnii gomy-
HaumeHoBaHue PCHIT CTMMBIii YpOBeHD Xne6 Zn + Cr,
MMUKPO3IeMeHTa 100 r
norpeGieHns
LnHK (Zn) 12 mr/cyT. 25 MI/CyT. 68,5%3,4%
Xpowm (Cr) 50 MKr/CyT. 250 MKT/CYT. 19,2+1,0%
1. TyrenbsH, B. A., lllapadernuuos, X. X., Jlanuk, U. A., Bopo6sesa, U. C., Cyxa-

HOB, B. I1. (2014). [IpmopuTeTh B pa3paboTKe CreuanM3upOBaAHHbBIX MMAIIEBbIX
MPOAYKTOB OINTMMM3MPOBAHHOIO COCTaBa IJIsi OOMBHBIX CaXapHBIM 111a6eToM
2 Tumna. Bonpocet numanus, 83(6), 41-51.
. Cepba, E. M., I0packuna, T. B., Pumapesa, JI. B., PeBskuna, B. A., Megpuii, M.
3., Horopskenbckas, H. C. (2022). ®epmeHTONmM3ar Saccharomyces cerevisiae: Ha-
YYHO-IIPaKTHYeckoe 0G0CHOBaHME VUCIOIb30BaHVsI B KauecTBe GMONOrMYeckm
aKTUBHOI 106aBku. Buomexnonozus, 38(4), 107-113. https://doi.org/10.56304/
$0234275822040123
. Maso, B. K., 3opuH, C. IL. (2008). IlepcrieKTUBbI 6OTEXHOIOTMYECKOTO MOTyye-
HMSA HOBBIX MUIIEBBIX MICTOYHNUKOB OpPraHnM4yeCKux COeZU/IHeHI/H‘/JI ceneHa. Ycnexu
cospemeHH020 ecmecmeo3HaHust, 11, Ctatest 15.
4. Comitini, F., Agarbati, A., Canonico, L., Ciani, M. (2021). Yeast interactions and
molecular mechanisms in wine fermentation: A comprehensive review. Interna-
tional Journal of Molecular Sciences, 22(14), Article 7754. https://doi.org/10.3390/
ijms22147754
. Nielsen, J. (2019). Yeast systems biology: Model organism and cell factory. Biotech-
nology Journal, 14(9), Article e1800421. https://doi.org/10.1002/biot.201800421
. Jorda, T., Puig, S. (2020). Regulation of ergosterol biosynthesis in Saccharomyces
cerevisiae. Genes, 11(7), Article 795. https://doi.org/10.3390/genes11070795
. Al-Fartusie, F. S., Mohssan, S. N. (2017). Essential trace elements and their vital
roles in human body. Indian Journal of Advances in Chemical Science, 5(3), 127-136.
8. Henos, U. 1., lllecrakoBa, M. B., Bukynosa, O. K., JKene3usikosa, A. B., Uca-
KoB, M. A., Ca3zoHoBa, [I. B. u 1p. (2023). CaxapHblit nuabeT B Poccuiickoit ®ene-
pauyu: JUHAMMKA SIMIEMIOIOIMYeCcKUX MoKasaresei 1o JaHHbiM defepab-
HOTO permcrpa caxapHoro auabera 3a mepumogp 2010-2022 rr. CaxapHelii duabem,
26(2), 104-123. https://doi.org/10.14341/DM13035
. Waled, A., Ahmed, A. A. (2022). Disturbance of Electrolytes (Na, K and Cl) Ho-
meostasis among Patients with Type II Diabetes Mellitus. Libyan Journal of Med-
ical Research, 16(2), 153-160.
10. Dubey, P., Thakur, V., Chattopadhyay, M. (2020). Role of minerals and trace
elements in diabetes and insulin resistance. Nutrients, 12(6), Article 1864.
https://doi.org/10.3390/nu12061864
. llleii6ak, B. M. (2015). CuHTe3 U CceKpelyst MHCYIMHA: POJIb KATMOHOB IIMHKA.
JKypHan TpooHeHCK020 20cy0apcmeeHH020 MeduyuHckozo yHueepcumema, 1(49),
5-8.
. Prasad, A. S. (2017). Discovery of zinc for human health and biomarkers of zinc
deficiency. Chapter in a book: Molecular, genetic, and nutritional aspects of
major and trace minerals. Molecular, Genetic, and Nutritional Aspects of Major
and Trace Minerals. Academic Press, 2016. https://doi.org/10.1016/B978-0-12-
802168-2.00020-8
. Khodavirdipour, A., Haddadji, F., Keshavarzi, S. (2020). Chromium supplementa-
tion negotiation with diabetes mellitus, hyperlipidemia and depression. Journal
of Diabetes and Metabolic Disorders, 19(1), 585-595. https://doi.org/10.1007%2
Fs40200-020-00501-8
14. Swaroop, A., Bagchi, M., Preuss, H. G., Zafra-Stone, S., Ahmad, T., Bagchi, D.
(2019). Benefits of chromium (III) complexes in animal and human health.
Chapter in a book: The nutritional biochemistry of chromium (III). Elsevier,
2019. https://doi.org/10.1016/B978-0-444-64121-2.00008-8

15. Bohrer, B. M. (2017). Review: Nutrient density and nutritional value of meat
products and non-meat foods high in protein. Trends in Food Science and Tech-
nology, 65, 103-112. https://doi.org/10.1016/j.tifs.2017.04.016

16. Gharibzahedi, S. M. T., Jafari, S. M. (2017). The importance of minerals in hu-

man nutrition: Bioavailability, food fortification, processing effects and nano-
encapsulation. Trends in Food Science and Technology, 62, 119-132. https://doi.
org/10.1016/j.tifs.2017.02.017

17. Handa, V., Sharma, D., Kaur, A., Arya, S. K. (2020). Biotechnological applications

of microbial phytase and phytic acid in food and feed industries. Biocatalysis
and Agricultural Biotechnology, 25, Article 101600. https://doi.org/10.1016/j.
bcab.2020.101600

|5

w

N w»n

-

Nel

1

—_

1

5V

1

w

18. Gibson, R. S., Raboy, V., King, J. C. (2018). Implications of phytate in plant-based
foods for iron and zinc bioavailability, setting dietary requirements, and for-
mulating programs and policies. Nutrition Reviews, 76(11), 793-804. https://doi.
org/10.1093/nutrit/nuy028

19. Krausova, G., Kana, A., Vecka, M., Hyrslova, 1., Stankova, B., Kantorova, V. et al.
(2021). In vivo bioavailability of selenium in selenium-enriched Streptococcus
thermophilus and Enterococcus faecium in CD IGS rats. Antioxidants, 10(3), Ar-
ticle 463. https://doi.org/10.3390/antiox10030463

20. Jin, W., Yoon, C., Johnston, T. V., Ku, S., Ji, G. E. (2018). Production of sele-
nomethionine — enriched Bifidobacterium bifidum BGN4 via sodium sel-
enite biocatalysis. Molecules, 23(11), Article 2860. https://doi.org/10.3390/
molecules23112860

21. Zhang, Z.-H., Wu, Q.-Y., Chen, C., Zheng, R., Chen, Y., Ni, ].-Z. et al. (2018). Com-
parison of the effects of selenomethionine and selenium — enriched yeast in the
triple —transgenic mouse model of Alzheimer’s disease. Food and Function, 9(7),
3965-3973. https://doi.org/10.1039/C7FO02063E

22. Kieliszek, M., Dourou, M. (2021). Effect of selenium on the growth and lipid ac-
cumulation of Yarrowia lipolytica yeast. Biological Trace Element Research, 199(4),
1611-1622. https://doi.org/10.1007/s12011-020-02266-w

23. Goéral, M., Koztowicz, K., Pankiewicz, U., Géral, D. (2018). Magnesium enriched
lactic acid bacteria as a carrier for probiotic ice cream production. Food Chemis-
try, 239, 1151-1159. https://doi.org/10.1016/j.foodchem.2017.07.053

24. Krdl, B., Stupczyriska, M., Kinal, S., Bodarski, R., Tronina, W., Morika, M. (2017).
Bioavailability of organic and inorganic sources of chromium in broiler chick-
en feeds. Journal of Elementology, 22(1), 283-294. https://doi.org/10.5601/
jelem.2016.21.1.1119

25. Yang, J., Wang, J., Yang, K., Liu, M., Qi, Y., Zhang, T. et al. (2018). Antibacte-
rial activity of selenium — enriched lactic acid bacteria against common food —
borne pathogens in vitro. Journal of Dairy Science, 101(3), 1930-1942. https://doi.
org/10.3168/jds.2017-13430

26. Pieniz, S., Andreazza, R., Mann, M.B., Camargo, F., Brandelli, A. (2017). Bio-
accumulation and distribution of selenium in Enterococcus durans. Journal of
Trace Elements in Medicine and Biology, 40, 37-45. https://doi.org/10.1016/j.
jtemb.2016.12.003

27. Pophaly, S. D., Poonam, Singh, P., Kumar, H., Tomar, S.K., Singh, R. (2014). Se-
lenium enrichment of lactic acid bacteria and bifidobacteria: A functional food
perspective. Trends in Food Science and Technology, 39(2), 135-145. https://doi.
org/10.1016/j.tifs.2014.07.006

28. Adiwena, M., Murtilaksono, A., Egra, S., Hoesain, M., Asyiah I. N., Pradana, A.
P. et al. (2023). The effects of micronutrient-enriched media on the efficacy of
Bacillus subtilis as biological control agent against Meloidogyne incognita. Bio-
diversitas Journal of Biological Diversity, 24(1), 33-39. https://doi.org/10.13057/
biodiv/d240105

29. Averianova, L. A. Balabanova, L. A., Son, O. M., Podvolotskaya, A. B., Tekutyeva,
L. A. (2020). Production of vitamin B2 (riboflavin) by microorganisms: An over-
view. Frontiers in Bioengineering and Biotechnology, 8, Article 570828. https://doi.
org/10.3389/fbioe.2020.570828

30. Rai, A. K., Pandey, A., Sahoo, D. (2019). Biotechnological potential of yeasts in
functional food industry. Trends in Food Science and Technology, 83, 129-137.
https://doi.org/10.1016/j.tifs.2018.11.016

31. Liu, J.-F., Xia, J.-]., Nie, K.-L., Wang, F., Deng, L. (2019). Outline of the biosyn-
thesis and regulation of ergosterol in yeast. World Journal of Microbiology and
Biotechnology, 35, Article 98. https://doi.org/10.1007/s11274-019-2673-2

32. Amrein, K., Scherkl, M., Hoffmann, M., Neuwersch-Sommeregger, S., Kdsten-
berger, M., Berisha, A.T. et al. (2020). Vitamin D deficiency 2.0: An update on the
current status worldwide. European Journal of Clinical Nutrition, 74(11), 1498-
1513. https://doi.org/10.1038/s41430-020-0558-y

33. [lerpymikuHa A. A., ITuraposa E. A., Poxxunckag JI. 8. (2018). dnunemmonorus
nedwuumra ButammHa D B Poccuiickoit @eneparuu. Ocmeonopo3 u ocmeonamu,
21(3), 15-20. https://doi.org/10.14341/0steo10038

558



34.

35.

36.

—_

»o

«

w

o

~

o=l

Nel

10.

11.

12.

1

w

14.

1

w

16.

17.

18.

1

el

20.

lOpackuHa T. B. u ap. | MALLEBBIE CUCTEMbI | Tom 6 No 4 | 2023 | C. 554-560

Berger, M. M., Pantet, O., Schneider, A., Ben-Hamouda, N. (2019). Micronutrient
deficiencies in medical and surgical inpatients. Journal of Clinical Medicine, 8(7),
Article 931. https://doi.org/10.3390/jcm8070931

de la Guia-Galipienso, F., Martinez-Ferran, M., Vallecillo, N., Lavie, C. J.,
Sanchis-Gomar, F., Pareja-Galeano, H. (2021). Vitamin D and cardiovascu-
lar health. Clinical Nutrition, 40(5), 2946-2957. https://doi.org/10.1016/j.
clnu.2020.12.025

Sheykhi F. et al. (2018). The effect of different concentrations of organic and in-

thionine — enriched Bifidobacterium bifidum BGN4 via sodium selenite biocatal-
ysis. Molecules, 23(11), Article 2860. https://doi.org/10.3390/molecules23112860

37.

38.

559

Cepb6a, E. M., Cokonosa, E. H., Pumapesa, JI. B., ®ypcosa, H. A., Bonkosa, I. C.,
Kyp6arosa, E. 1. n ap. (2020). [lepcrieKTMBHbIE PAChl XJIEG0TIEKAPHBIX APOSKIKE
JU151 IOJTyYeHVsI TUIEeBBbIX MHIPEeAMEeHTOB, 060TrallleHHbIX CeJIeHOM Y XpOMOM. Bo-
npocst humatus, 89(6), 48—57. https://doi.org/10.24411/0042-8833-2020-10078
Zhang, S.-Q., Qin, X.-W., Zhang, Y. (2023). Pharmacokinetics of chromium-
enriched yeast in rats following oral administration. Naunyn-Schmiedeberg’s
Archives of Pharmacology, 396(1), 167-170. https://doi.org/10.1007/s00210-022-
02334-z

organic zinc on the growth and zinc content in yeast (Saccharomyces cerevisiae). ~ 39. Lipinska, E., Blazejak, S., Koczon, P., Piwowarek, K. (2019). Research on the qual-

Biological Journal of Microorganism, 7(28), 103-109. https://doi.org/10.22108/ ity of baker’s yeast enriched with chromium. Zeszyty Problemowe Postepéw Nauk

BJM.2018.107135.1090 Rolniczych, 596, 13-21. https://doi.org/10.22630/zppnr.2019.596.2
REFERENCES

. Tutelyan, V. A., Sharafetdinov, Kh. Kh., Lapik, I. A., Vorobyeva, I. S., Sukhanov, B. ~ 21. Zhang, Z.-H., Wu, Q.-Y., Chen, C., Zheng, R., Chen, Y., Ni, ].-Z. et al. (2018). Com-
P. (2014). Priorities in the development of specialized food products with opti- parison of the effects of selenomethionine and selenium — enriched yeast in the
mized composition for patients with type 2 diabetes mellitus. Problems of Nutri- triple —transgenic mouse model of Alzheimer’s disease. Food and Function, 9(7),
tion, 83(6), 41-51. (In Russian) 3965-3973. https://doi.org/10.1039/C7FO02063E

. Serba. E. M., Yuraskina. T. V., Rimareva. L. V., Revyakina. V. A., Medrish. M.  22. Kieliszek, M., Dourou, M. (2021). Effect of selenium on the growth and lipid ac-
E., Pogorzhelskaya. N. S. (2022). Saccharomyces cerevisiae enzymatic hydro- cumulation of Yarrowia lipolytica yeast. Biological Trace Element Research, 199(4),
lysate: scientific and practical substantiation of its use as a biologically ac- 1611-1622. https://doi.org/10.1007/s12011-020-02266-w
tive supplement. Biotechnologiya, 38(4), 107-113. https://doi.org/10.56304/  23. Géral, M., Koztowicz, K., Pankiewicz, U., Géral, D. (2018). Magnesium enriched
$0234275822040123 (In Russian) lactic acid bacteria as a carrier for probiotic ice cream production. Food Chemis-

. Mazo, V. K., Zorin, S. P. (2008). Prospects for the biotechnological production of try, 239, 1151-1159. https://doi.org/10.1016/j.foodchem.2017.07.053
new food sources of organic selenium compounds. Advances in Current Natural — 24. Kr6l, B., Stupczyniska, M., Kinal, S., Bodarski, R., Tronina, W., Morika, M. (2017).
Sciences, 11, Article 15. (In Russian) Bioavailability of organic and inorganic sources of chromium in broiler chick-
Comitini, F., Agarbati, A., Canonico, L., Ciani, M. (2021). Yeast interactions and en feeds. Journal of Elementology, 22(1), 283-294. https://doi.org/10.5601/
molecular mechanisms in wine fermentation: A comprehensive review. Interna- jelem.2016.21.1.1119
tional Journal of Molecular Sciences, 22(14), Article 7754. https://doi.org/10.3390/  25. Yang, J., Wang, J., Yang, K., Liu, M., Qi, Y., Zhang, T. et al. (2018). Antibacte-
ijms22147754 rial activity of selenium — enriched lactic acid bacteria against common food —

. Nielsen, J. (2019). Yeast systems biology: Model organism and cell factory. Biotech- borne pathogens in vitro. Journal of Dairy Science, 101(3), 1930-1942. https://doi.
nology Journal, 14(9), Article e1800421. https://doi.org/10.1002/biot.201800421 org/10.3168/jds.2017-13430

. Jord4, T., Puig, S. (2020). Regulation of ergosterol biosynthesis in Saccharomyces ~ 26. Pieniz, S., Andreazza, R., Mann, M. B., Camargo, F., Brandelli, A. (2017). Bio-
cerevisiae. Genes, 11(7), Article 795. https://doi.org/10.3390/genes11070795 accumulation and distribution of selenium in Enterococcus durans. Journal of
Al-Fartusie, F. S., Mohssan, S. N. (2017). Essential trace elements and their vi- Trace Elements in Medicine and Biology, 40, 37-45. https://doi.org/10.1016/j.
tal roles in human body. Indian Journal of Advances in Chemical Science, 5(3), jtemb.2016.12.003
127-136. 27. Pophaly, S. D., Poonam, Singh, P., Kumar, H., Tomar, S. K., Singh, R. (2014). Se-

. Dedov, L. L., Shestakova, M. V., Vikulova, O. K., Zheleznyakova, A. V., Isakov, M. lenium enrichment of lactic acid bacteria and bifidobacteria: A functional food
A., Sazonova, D.V. et al. (2023) Diabetes mellitus in the Russian Federation: perspective. Trends in Food Science and Technology, 39(2), 135-145. https://doi.
Dynamics of epidemiological indicators according to the Federal Register of org/10.1016/j.tifs.2014.07.006
diabetes mellitus for the period 2010-2022. Diabetes Mellitus, 26(2), 104-123.  28. Adiwena, M., Murtilaksono, A., Egra, S., Hoesain, M., Asyiah I. N., Pradana, A.
https://doi.org/10.14341/DM13035 (In Russian) P. et al. (2023). The effects of micronutrient-enriched media on the efficacy of

. Waled, A., Ahmed, A. A. (2022). Disturbance of Electrolytes (Na, K and Cl). Ho- Bacillus subtilis as biological control agent against Meloidogyne incognita. Bio-
meostasis among Patients with Type II Diabetes Mellitus. Libyan Journal of Med- diversitas Journal of Biological Diversity, 24(1), 33-39. https://doi.org/10.13057/
ical Research, 16(2), 153-160. biodiv/d240105
Dubey, P., Thakur, V., Chattopadhyay, M. (2020). Role of minerals and trace  29. Averianova, L. A. Balabanova, L. A., Son, O. M., Podvolotskaya, A. B., Tekutyeva,
elements in diabetes and insulin resistance. Nutrients, 12(6), Article 1864. L. A. (2020). Production of vitamin B2 (riboflavin) by microorganisms: An over-
https://doi.org/10.3390/nu12061864 view. Frontiers in Bioengineering and Biotechnology, 8, Article 570828. https://doi.
Sheybak, V. M. (2015). Synthesis and secretion of insulin: Role of zinc cations. org/10.3389/fbioe.2020.570828
Journal of the Grodno State Medical University, 1(49), 5-8. (In Russian) 30. Rai, A. K., Pandey, A., Sahoo, D. (2019). Biotechnological potential of yeasts in
Prasad, A.S. (2017). Discovery of zinc for human health and biomarkers of zinc defi- functional food industry. Trends in Food Science and Technology, 83, 129-137.
ciency. Chapter in a book: Molecular, genetic, and nutritional aspects of major and https://doi.org/10.1016/j.tifs.2018.11.016
trace minerals. Molecular, Genetic, and Nutritional Aspects of Major and Trace Min- ~ 31. Liu, J.-F., Xia, J.-]., Nie, K.-L., Wang, F., Deng, L. (2019). Outline of the biosyn-
erals. Academic Press, 2016. https://doi.org/10.1016/B978-0-12-802168-2.00020-8 thesis and regulation of ergosterol in yeast. World Journal of Microbiology and

. Khodavirdipour, A., Haddadji, F., Keshavarzi, S. (2020). Chromium supplementa- Biotechnology, 35, Article 98. https://doi.org/10.1007/s11274-019-2673-2
tion negotiation with diabetes mellitus, hyperlipidemia and depression. Journal =~ 32. Amrein, K., Scherkl, M., Hoffmann, M., Neuwersch-Sommeregger, S., Kosten-
of Diabetes and Metabolic Disorders, 19(1), 585-595. https://doi.org/10.1007%2 berger, M., Berisha, A. T. et al. (2020). Vitamin D deficiency 2.0: An update on
Fs40200-020-00501-8 the current status worldwide. European Journal of Clinical Nutrition, 74(11),
Swaroop, A., Bagchi, M., Preuss, H. G., Zafra-Stone, S., Ahmad, T., Bagchi, D. 1498-1513. https://doi.org/10.1038/s41430-020-0558-y
(2019). Benefits of chromium (III) complexes in animal and human health.  33. Petrushkina, A. A., Pigarova, E. A., Rozhinskaya, L. Ya. (2018). The prevalence
Chapter in a book: The nutritional biochemistry of chromium (III). Elsevier, of vitamin D deficiency in Russian Federation. Osteoporosis and Bone Diseases,
2019. https://doi.org/10.1016/B978-0-444-64121-2.00008-8 21(3), 15-20. https://doi.org/10.14341/0steo10038 (In Russian)

. Bohrer, B. M. (2017). Review: Nutrient density and nutritional value of meat  34. Berger, M. M., Pantet, O., Schneider, A., Ben-Hamouda, N. (2019). Micronutrient
products and non-meat foods high in protein. Trends in Food Science and Tech- deficiencies in medical and surgical inpatients. Journal of Clinical Medicine, 8(7),
nology, 65, 103-112. https://doi.org/10.1016/j.tifs.2017.04.016 Article 931. https://doi.org/10.3390/jcm8070931
Gharibzahedi, S. M. T., Jafari, S. M. (2017). The importance of minerals in hu-  35. de la Guia-Galipienso, F., Martinez-Ferran, M., Vallecillo, N., Lavie, C. J.,
man nutrition: Bioavailability, food fortification, processing effects and nano- Sanchis-Gomar, F., Pareja-Galeano, H. (2021). Vitamin D and cardiovascu-
encapsulation. Trends in Food Science and Technology, 62, 119-132. https://doi. lar health. Clinical Nutrition, 40(5), 2946-2957. https://doi.org/10.1016/j.
org/10.1016/j.tifs.2017.02.017 clnu.2020.12.025
Handa, V., Sharma, D., Kaur, A., Arya, S. K. (2020). Biotechnological applications ~ 36. Sheykhi F. et al. (2018). The effect of different concentrations of organic and in-
of microbial phytase and phytic acid in food and feed industries. Biocatalysis organic zinc on the growth and zinc content in yeast (Saccharomyces cerevisiae).
and Agricultural Biotechnology, 25, Article 101600. https://doi.org/10.1016/j. Biological Journal of Microorganism. 7(28), 103-109. https://doi.org/10.22108/
bcab.2020.101600 BJM.2018.107135.1090
Gibson, R. S., Raboy, V., King, J. C. (2018). Implications of phytate in plant-based =~ 37. Serba, E. M., Sokolova, E. N., Rimareva, L. V., Fursova, N. A., Volkova, G. S., Kur-
foods for iron and zinc bioavailability, setting dietary requirements, and for- batova, E. L. et al. (2020). Promising races of baker’s yeast for the production of
mulating programs and policies. Nutrition Reviews, 76(11), 793-804. https://doi. food ingredients enriched with selenium and chromium. Problems of Nutrition,
org/10.1093/nutrit/nuy028 89(6), 48-57. https://doi.org/10.24411/0042-8833-2020-10078 (In Russian)

. Krausova, G., Kana, A., Vecka, M., Hyrslova, I., Stankova, B., Kantorova, V. et al. ~ 38. Zhang, S.-Q., Qin, X.-W., Zhang, Y. (2023). Pharmacokinetics of chromium-
(2021). In vivo bioavailability of selenium in selenium—-enriched Streptococcus enriched yeast in rats following oral administration. Naunyn-Schmiedeberg’s
thermophilus and Enterococcus faecium in CD IGS rats. Antioxidants, 10(3), Ar- Archives of Pharmacology, 396(1), 167-170. https://doi.org/10.1007/s00210-022-
ticle 463. https://doi.org/10.3390/antiox10030463 02334-z
Jin, W., Yoon, C., Johnston, T. V., Ku, S., Ji, G. E. (2018). Production of selenome-  39. Lipinska, E., Blazejak, S., Koczon, P., Piwowarek, K. (2019). Research on the qual-

ity of baker’s yeast enriched with chromium. Zeszyty Problemowe Postepéw Nauk
Rolniczych, 596, 13-21. https://doi.org/10.22630/zppnr.2019.596.2



YuraskinaT. V. etal. | FOOD SYSTEMS | Volume 6 No 4 | 2023 | pp. 554-560

CBEJEHHS OB ABTOPAX
IIpuHaAIe;KHOCTD K OpraHu3anumn

IOpacknna TarbsHa BaagymupoBHa — acnypaHT, MIaJLINi HayYHbIA CO-
TPYAHUK, OT/IeN GMOTeXHOIOTMY (pepPMEHTOB, IPOSKIKET, OPraHNIECKUX KUCTOT
u BAJI, Bcepoccuiickuit HAyqHO-MCCTeN0BATENbCKUI MHCTUTYT MUIIEBOI G10-
TexHonorvu — buan ®TBYH «DULL mutauust M 61OTEXHOTOTUI»

111033, MockBa, CamokaTtHas yi., 4B

Ten.: +7-495-362-45-72

E-mail: tatyanavladyuraskina@gmail.com

ORCID: https://orcid.org/0000-0002-6877-9933

* aBTOP 1151 KOHTAKTOB

CoxkosioBa Enena HukonmaeBHa — KaHAUAAT OMONOTMYECKMUX HAYK, BEIYIINIA
Hay4HbIi COTPYAHMK, OTAET OMOTEXHONIOTUM GEePMEHTOB, IPOXOKEN, OpraHiu-
yeckux kucaoT u BAJI, Bcepoccuiickmii HaydHO-MCC/Ief0BaTeNbCKUI MHCTUTYT
nuieBoii 6uorexHonorvvt — uman ®TBYH «OULL mutaHust M GMOTEXHOIOTUN»
111033, MockBa, CamokaTtHas yi., 4B

Ten.: +7-495-362-45-72

E-mail: elenaniksokolova@inbox.ru

ORCID: https://orcid.org/0000-0002-6084-7786

®ypcoBa Hartanbsa AlekcaHAPOBHA — 3aBeAyiONuit jabopaTopueit 61uorTex-
HOJIOTMM TIeKapHBIX APOsXCKelt, Beepoccuiickuit HaydHO-MCCIeq0BaTebCKMUiA
MHCTUTYT MUILEBOH OuorexHomoruu — ¢unnan ®IBYH «DULl nutaHus
Y GUOTEXHOIOTUY»

111033, MockBa, CamokaTtHas yi1., 4B

Ten.: +7-495-362-36-31

E-mail: pekardroj@yandex.ru

ORCID: https://orcid.org/0000-0003-3903-6644

Cep6a Enena Mmuxait/ioBHa — JOKTOP GMOMOTMYECKUX HAYK, AOIEHT, TPO-
heccop PAH, ueH-KkoppecrnionaeHT PAH, 3amecTuTenb qyupekTopa 1o HayuyHoi
pabote, BcepoccuitcKuii HayuHO-MCC/IeI0BATEIbCKUI MHCTUTYT MUILEBO 6110~
TexHonmornu — ¢mman ®IBYH «PULL nuTaHus M GMOTEXHOIOTUI»

111033, MockBa, CamokaTtHas yi., 4-b

Ten.: +7-916-515-92-73

E-mail: serbae@mail.ru

ORCID: http://orcid.org/0000-0002-1660-2634

Kpurepun aBTopcTBa

ABTOpr B PaBHBIX OOJISIX MMEIOT OTHOIIEHVE K HallMCaHNIO PYKOIINCHU
V1 OAMHAaKOBO HECYT OTBETCTBEHHOCTD 3a Itaruar.

KoHdnuKT MHTEpecoB

ABTODBI 3asIBISIIOT 06 OTCYTCTBMUYU KOHGIMKTA MHTEPECOB.

AUTHOR INFORMATION
Affiliation

Tatyana V. Yuraskina, Postgraduate Student, Junior Researcher, Depart-
ment of Biotechnology of Enzymes, Yeasts, Organic Acids and Dietary Sup-
plements, Russian Research Institute of Food Biotechnology is a Branch of
Federal State Budget Institution of science "Federal Research Center of Food,
Biotechnology and Food Safety”

4B, Samokatnaya str., 111033, Moscow, Russia

Tel.: +7-495-362-45-72

E-mail: tatyanavladyuraskina@gmail.com

ORCID: https://orcid.org/0000-0002-6877-9933

* corresponding author

Elena N. Sokolova, Candidate of Sciences in Biology, Leading Researcher,
Department of Biotechnology of Enzymes, Yeasts, Organic Acids and Dietary
Supplements, Russian Research Institute of Food Biotechnology is a Branch
of Federal State Budget Institution of science "Federal Research Center of
Food, Biotechnology and Food Safety"

Tel.: +7-495-362-45-72

E-mail: elenaniksokolova@inbox.ru

ORCID: https://orcid.org/0000-0002-6084-7786

Natalya A. Fursova — Head of the Laboratory of Baker’s Yeast Biotechnol-
ogy, Russian Research Institute of Food Biotechnology is a Branch of Federal
State Budget Institution of science "Federal Research Center of Food, Bio-
technology and Food Safety"

4B, Samokatnaya str., 111033, Moscow, Russia

Tel.: +7-495-362-36-31

E-mail: pekardroj@yandex.ru

ORCID: https://orcid.org/0000-0003-3903-6644

Elena M. Serba, Doctor of Biological Sciences, Docent, Professor of the Rus-
sian Academy of Sciences, Corresponding Member of the Russian Academy of
Sciences, Deputy Director for Research, Russian Research Institute of Food
Biotechnology is a Branch of Federal State Budget Institution of science "Fe-
deral Research Center of Food, Biotechnology and Food Safety”

4-B, Samokatnaya str., 111033, Moscow, Russia

Tel.: +7-916-515-92-73

E-mail: serbae@mail.ru

ORCID: http://orcid.org/0000-0002-1660-2634

Contribution

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

Conflict of interest
The authors declare no conflict of interest.

560



