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HanyoHanbHbIi, peLieH31pyeMblii )KypHaJl ITIOCBSILEeH OCHOBHBIM
rnpo6iemMaM HayKy O MUILEBOI MPOMbIIIEHHOCT. OCHOBHO
MMCCHell SIBAsieTCs: Co3/laHMe, arperaiys, MogAepykKa 1 pacrpo-
CTpaHeHMe HayYHOTO KOHTEHTA B 00/1aCTH MUIIEBOI IIPOMBILIIEH-
HOCTH, 00beAVIHEeHVE YCUIIUIA MCCIIeoBaTeNell HAyUHBIX [IeHTPOB,
YHUBEPCUTETOB, ITPeOioIeHe Pa3pbIBa MeXKIY M3IaHUSIMMU PeTu-
OHAJILHOTO, HALIMOHAILHOTO U (eiepabHOTO YPOBHEI. JKypHain
MPU3BaH OCBELATh aKTyaIbHbIe TPOGIeMbI B MMIIEBON U CMEX-
HBIX OTPACJISIX, IPOJBUTATh HOBBIE MTE€PCIEKTVBHbIE TEXHOIOTUY
B IIMPOKYIO ayAUTOPUIO HAYYHBIX U MMPAKTUUECKUX PAGOTHUKOB,
MpernojaBaresieii, aCMpaHTOB, CTYIEHTOB, IPeIIpUHIMATeIeli.
HayuHast KOHLIeTI¥sI M3aHus TIpeJTioaaraeT myeaMKamio HOBbIX
3HAHMIT B 06J1ACTY MULIEBBIX CUCTEM M HAYYHBIX OCHOB pecyp-
cocHeperarimx TeXHOIOTMIi ITy6OKOI epepaboTKy CebCKO-
XO0351/ICTBEHHOT'O ChIPbsI, TPOPBIBHBIX TEXHUUECKMX PeIIeHMI ISt
MIPOM3BOJCTBA MUIIEBBIX TPOAYKTOB OOLIETO U CIIELMATU3UPOBaH-
HOTO Ha3HaueHusl. B JKypHase my6MmMKyOTCs HayYHbIe ¥ 0030pHbIE
CTaThU, AOKIAAbI, COOBIIEHMS, peLleH3MM, KpaTKie HaydHbIe
coob61eHus (MMcbMa B peakiuio), MHGopMaMoHHbIe y6in-
Kalyy 110 HallpaB/IeHMUSIM : TEXHOIOTMSI MUIIEBBIX TPON3BOACTB;
rporeccsl, 060pyLoBaHMe ¥ annapaThl MUIEBbIX TPOU3BOICTB;
TUTMEeHA UTaHWsT; GMOTEXHONIOTHS; CTaHAAPTU3ALMS, cepTUdu-
Kalusi, KauecTBOo ¥ 6€30MacHOCTh; IKOHOMMKA ; aBTOMATU3aLIMs
¥ MHGOPMAaTHU3aIMs TEXHOIOTMYECKMX Mpo1ieccoB. [Togpo6Hast
vHbopMauus 1Jis aBTOPOB M UMTaTE/Ieli IpeiCTaBlIeHa Ha caiiTe:
www.fsjour.com.
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OKUCTIUMENbHbLL B cratpe paccmarpmBaioTcsl HelipormpoTeKTopHble 3ddektsr nentugommumervka CC-18 ¢ mocimemoBaTeNbHOCTHIO
cmpecc, 60ne3Hb CTKSICTKKTLRTCPPIC, nony4yeHHOJ MeTOAOM MOJIEKY/SIpHOI NeNTUAHOM TpaHCcIIaHTauuu. Lenb uccieqoBanust — ole-
TapxuHcoHa, HUTD BIAMSIHYE MTENTUIOMUMETHKA Ha YPOBEHb aKTUBHBIX (opM Kuciopona (ADK) B MUTOXOHAPUSIX KIETOK HelipobiacTo-
buoaxmugHole Mbl yesioBeka (SH-SYS5Y) npu okucanTenbHOM cTpecce, BbI3BAHHOM POTEHOHOM. CHHTe3 MeNnTUAOMMMETKA ITPOBOIUI-
geujecmaa, cs MeTomoM TBephodasHoro cuHTe3a Fmoc (SPPS) ¢ mocnenyromeit 0OUMCTKOM C UCIIONb30BaHNEM BbICOKO3(DPEKTUBHOI
6uonenmudb, SKUMAKOCTHOV Xpomatorpaduu (BIXKX). BausiHue menTuaoMMMeTHKa Ha KM3HeCroco6HoCTh kineTok SH-SYS5Y ouenuBa-
MONEKyNApHas JIM B IMamnasoHe KOHLeHTpaiuii oT 5 o 150 mkr/min metomom MTT-Tecta. Takke ObIIO MPOBENEHO MPOTHO3MPOBAHME
nenmuoHas 610IOTMYECKMX CBOVICTB MENTHUAa C UCIOoNb30BaHMeM 6a3 maHHbix Cybase, APD u ADMET. Pe3ynbTaThl MOKasaau, 4To
mpaucnaaHmayust nentugomuMeTuk CC-18 obnamaeT HeMPONPOTEKTOPHBIM JeiiCTBMEM, KOTOPOe 3aKII04YaeTcss B CHYKeHUM ypoBHs ADK

B MMTOXOHIApUSIX KieTok SH-SY5Y. MexaHusM [OeiicTBUS MENTUIOMMMETIKA CBSI3aH C aKTMBALMeEl SKCITPecCUy reHOB,
OTBETCTBEHHBIX 3a aHTMOKCUAAHTHYIO 3alMTy, Takux Kak SOD1, SOD3, NQO1, GSS u GAPDH. 3To crioco6CTBYeT npeno-
TBpAaIlleHNI0 TMbeu HeiipoHOoB. [lonyueHHble JaHHbIe MOATBEPKAAIOT MoTeHnuan nentugommumerrka CC-18 kak addek-
TUBHOTO aHTMOKCUAAHTHOTO CPeACTBa ISl MPOMWIaKTUKM U JIeUeHMs HelipoJereHepaTUBHbIX 3a60/1eBaHMIt, CBI3aHHbIX
C OKUCJIUTENbHBIM CTPeccoM. [lepCreKTMBHBIM HalpaBIeHNEeM SBISIIOTCS MCCIeJOBaHMs, JOKa3biBawlye 3¢hdeKTUBHOCTD
nentuaoMumeTmka CC-18 B KIMHMUYECKOI TIpaKTUKE.
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oxidative stress, The article discusses the neuroprotective effects of the peptidomimetic CC-18 with the sequence CTKSICTKKTLRTCPPIC
Parkinson's disease, obtained by the method of molecular peptide transplantation. The aim of the study was to evaluate the effect of the peptido-
bioactive substances, =~ mimetic on the level of reactive oxygen species (ROS) in the mitochondria of human neuroblastoma cells (SH-SY5Y) under

peptidomimetic, oxidative stress caused by rotenone. The peptidomimetic was synthesized by Fmoc solid-phase synthesis (SPPS) followed by
molecular peptide purification using high performance liquid chromatography (HPLC). The effect of the peptidomimetic on viability of SH-SY5Y
transplantation cells was evaluated in the concentration range from 5 to 150 micrograms/ml by the MTT test. The biological properties of the

peptidomimetic were also predicted using the Cybase, APD, and ADMET databases. The results showed that the CC-18 pep-
tidomimetic has a neuroprotective effect, reducing the level of ROS in the mitochondria of SH-SY5Y cells. The mechanism of
action of the peptidomimetic is associated with the activation of expression of genes responsible for antioxidant protection,
such as SOD1, SOD3, NQO1, GSS and GAPDH. This helps to prevent the death of neurons. The data obtained confirms the
potential of the CC-18 peptidomimetic as an effective antioxidant agent for the prevention and treatment of neurodegenera-
tive diseases associated with oxidative stress. A promising area of further research are studies proving the effectiveness of the
CC-18 peptidomimetic in clinical practice.
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1. Beegenue

OxucmurenbHbiit crpecc (OC) — dusmnonornyeckoe siByieHue, Ipu Ko-
TOPOM JyCOaTaHC OKVICIUTENbHBIX Y aHTMOKCUIAHTHBIX IIPOLIECCOB B OP-
raHu3Me MPUBOAUT K BbIPAOOTKe M3OBITOUHOIO KOIMYECTBA aKTUBHBIX
dbopm kucimopop (ADK), moBpekgaromyx KIETKHU 1 CITOCOOCTBYIOLINX pa3-
BuTHIO 3a60neBanuii. Hanbonee nongsepskeHsl OC HepBHbIe KieTKy [1].
BO3HMKHOBEHME HEKOTOPBIX HEpPBHBbIX 3a00/IeBaHMiI TeCHO CBSI3aHO
¢ n36bITKOM ADK 11 CBOGOIHBIX PaiMKanoB B OpPraHKu3Me, B OCHOBHOM
ruapokcwibHoro paaukana (HO-), cymepokcuI-aHMOHHOTO paAyKasia
02¢(-)) u pagukana DPPH (2,2-nudennn-1-nukpunrugpasmn) [2]. [Ipu
M306BITKe aKTMBHBIX (GOPM KMCIOpOAa HapyIIaeTcs KJIeTOYHAs CUTHAIN-
3alysl, YTO BbI3bIBaeT MoBpexaeHue 6enkos u JTHK, a Takke MHULIMKUDY-
eT NMepOKCUAALMIO MOIMHEHAChIIEHHBIX )XUPHBIX KUCIOT. B pesynbTaTte
J1eCTabUIN3UPYIOTCS KIETOYHbIE MEMOPAHBbI, UTO IIPUBOIUT K TIOBPEXIE-
HMIO Helipo6IacTOMOB M 3aIyCKy anomnTo3a [3]. OKMCIUTeNbHBIN CTpecc,
CONPOBOXKIAMOIIMIICS arperauyeil GelKoB, peakTUBalMell KIeTOYHOro
LIMKJIa, alloNTO30M ¥ MUTOXOHAPMAIbHOI AuchYHKIMEN, 06HAPYKMBa-
ercst ipu 6omne3uy [TapkuHcona (BIT) [4]. VI3-3a BBICOKOI CKOPOCTM MeTa-
6om3mMa 1 oTpebeHns KUCI0POaa MO3T SIBJISIETCSI OPraHoM, 0CO6EeHHO
YSI3BMMBIM K OKUCIUTEIbHOMY CTpeccy. XOTsl TaTohu31onorusi HepBHOM
CHCTeMBI M3y4YeHa He 0 KOHIIA, GObIIHCTBO MCCIeNOBaHUI PA3TUMIHbIX
Mojiesielt HelipOHHBIX PaCCTPOCTB, BOCIIPOM3BOISIINX BaKHbIE aCIIEKThI
3a60/1eBaHMSI, BBISIBWIM TaKye K/IIOUeBble 3JIeMeHTbI, KaK OKUCIUTENb-
HBIii CTpecc, MUTOXOHApUaIbHas JucyHKIMSI, HelipoBoCaleHue U T. J.
A®K 3amyckaloT MeXaHu3M, IPUBOASIIIVI K HapylieHnio QyHKLMM HepB-
HBIX KJIETOK ¥ B KOHEUHOM CueTe K HejiponereHepauun. PazHoobpasHbie
HeBpOJIOrMyYeckue 3aboseBaHusl, B TOM uucie 6one3Hb AsblreiiMepa
(BA), 607e3ub [TapkmHCOHA, 60KOBOIT amuoTpoduyeckuii ckiaepos (BAC),
6onesnb XantuurroHa (bX), paccesusnsiit ckinepos (PC) u uiemMmmaeckuit
VHCYJIBT, CBSI3aHbI C OKUC/IUTEIbHBIM CTpeccoM. IIoHMMaHme BIMSHUS
OKMC/IUTENBbHOTO CTpecca Ha pa3BUTHe ITUX 3a60/1eBaHMIi KpaiiHe BayKHO
L1 pa3paboTKy HOBBIX METOLOB JiedeHus [5].

Vi3sMeHeHMe COOTHOIIEHUS DIyTaTMOH/mucynbbun rmyratioHa (GSH/
GSSG) mipu 6one3uu ITapKMHCOHA YKa3bIBAET HA TO, UTO OKVUCIMUTETbHBIN
CTpecc UrpaeT KJIIOUEBYIO POJb B IaTOreHese Iubeny HEPBHBIX KIIETOK.
B nocmepTHBIX 06pasiiax Mo3ra NaiyeHToB ¢ 60e3HbI0 [TapkKMHCOHA KO-
JIMYeCTBO MPOLYKTOB MePeKMCHOTO OKNUCIeHMs IMINUAO0B IpuMepHO B 10
pa3 BbIllle, YeM B IPYTUX 06/IACTSIX MO3Ta Y IalieHTOB KOHTPOJIBbHOM IPyII-
IbI TOTO ke Bo3pacra. AOK mpuBoIsT K rmbeny HelipobiacToM yeoBeka
SH-SY5Y [4]. CnemoBaTenbHO, KOHTPOJIb M PETYISLIUSI OKUCTUTEIBHOTO
CTpecca MOTYT OBITh IEPCIIEKTUBHBIM TepPAIeBTUYECKVM MOIXOOM IS
nauyeHToB ¢ 6one3Hpio [TapkuHcoHa. COBpeMeHHbIe METO[bI JIeueHUsI
60ne3Hy IlapkMHCOHA HaIIPaB/IeHbl Ha MOBbILIeHMe YPOBHS fodamuHa [6].
OpnHaKO 3TH MOXOAbI He SIBJISIIOTCS JONITOCPOYHBIM pellleH/eM, TIOCKOIbKY
KayKIbIi U3 HUX CO BpeMeHeM TepsieT 3¢ deKTUBHOCTb 10 Mepe MPOrpeccu-
poBaHus JodaMyHepriueckoit HejiposereHepaiyy. HeynosneTBopuTenb-
HbI€ pe3y/bTaTbl JIEUEHVS TPAOAMIVMOHHBIMU IIPOTUBOIIAPKMHCOHNYECKU -
MU IIperapatamu MoGYIMIU K TOMCKY HOBBIX a/IbTEPHATUB [6].

Pa3pabaTpIBalOTCSl INIPEBEHTMBHbIE CTPATerMy, IPEeISITCTBYIOIIME
MOBPEXAEHNIO HEeJiPOHOB U APYIUX CTPYKTYP HEPBHOI CUCTEMBI U CIIO-
COBCTBYIOIIME COXPAHEHUIO KOTHUTMBHBIX, CEHCOPHBIX M IBUTaTETbHbBIX
¢dbyHKuMit. ViccnemoBaTenyu M3y4aT BO3MOXKHOCTb MCIIONb30BaHMS aH-
TUOKCUAAHTOB U APYTUX MOJIEKY/, KOTOpble MOTYT IIOMOYb 3aLIUTUTHCS
OT OKMUCJIUTENBHOTO CTpecca M MpeJoTBPaTUTb UM 3aMelJIUTb IIporpec-
cupoBaHye 3a601eBaHMIi TOJIOBHOTO MO3ra. PacipeHne sHaHU O PO
OKMUC/IUTENbHOTO CTpecca B NaToreHe3e HEBPOJIOTMYECKUX PaCCTPOICTB
OTKpPBIBaeT BO3MOKHOCTHU IJIS1 co3manus Gonee 3pdeKTUBHBIX METOOB
JieyeHust ¥ MPoGUIAKTUKY ITUX 3a060/IeBaHUI )15 YITyYLIeHNsT KauecTBa
SKU3HU MTallIEHTOB.

K mepcrieKTVBHBIM BelljecTBaM, HAIpaBlIe€HHbIM Ha MPOQUIAKTUKY
U JledyeHye HEepBHBIX Gose3Helt, BbI3BaHHbIX 06pasoBaHueM ADK, oTHO-
caTcst Guonornyecku akTMBHbIE menTuabl (BAIT) ¢ aHTMOKCHMAAHTHBIMM
cBoiictBamu [7]. CienyeT OTMETUTb, YTO Ha MOTPEOGUTENIbCKOM DPbIHKE
CHelnyanu3upoBaHHble, (QYHKIVOHAIbHbIE U IePCOHAIMU3UPOBAHHbBIE
MIPOIYKTHI MUTaHusI, oboramjenHble BAII, mpencTaBieHbl B HEIOCTATOY-
HOM accopTumenTe. OLHOM U3 IPUYMH SIBJISIETCS TO, YTO MENTHUIbI, TOTIa-
Jas B >KeJyg,o4HO-KuileuHslil TpakT (PKKT), mogBepraioTcst NpoTeonnsy
Y, COOTBETCTBEHHO, TEPSIOT GV0JIOTMYECKYI0 aKTUMBHOCTb. [I09TOMY B IT0-
c/IeHMe Tofibl Pa3pabaThIBAIOTCS XMMUYECKMe U GMONIOTMYecKe MeTo-
bl MogudMKayy menTugos [8,9]. DTH MeTonbl BKIIOYAIOT B ce6st 1160
HUCXOJSIIVE TIOAXOAbI, TO €CTh BbIJeJNIeH)e MeNTUI0B HellOCPeICTBeH-
HO 13 UCTOYHMKA Genka [10], 160 BoCXoAsiIIMe MOAXOAbI, MPU KOTOPIX
MeNnTHIbI C 3apaHee ONpee/IeHHON M0C/Ie0BaTeTbHOCTbIO TPOU3BOAST-
Cs C TIOMOIIBIO XMMMUYECKOr'o CMHTEe3a MINn DEKOM6I/IHaHTHOﬁ TEeXHOJIO-
ruu [11]. Bce 3TV MHCTPYMEHTBI TIO3BOIMIIN COGPATDH OBIIMPHYIO KOJIEK-
LMIO MIEeNTHUIOB U pa3paboTaTh Takyue 6a3bl JAHHBIX, KaK 6a3a JAaHHbBIX
TMeTNTUI0B, KOTOPAst HAXOOUTCS B CBOGOAHOM Hoctyre [12].
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IIpy 5TOM MHOTHME 6MOTEeXHOJIOTMYeCK/e KOMIIaHUY aKTMBHO pa3pa-
6aTbIBAIOT TEXHOJIIOIMY NEPOPATbHOM AOCTaBKM MENTUIOB U/UIU ITPOBO-
JAT MCCIeq0BaHus TOKa3aHuii K UX MpuMMeHeHMIo [13].

Cxemaruyeckast OLleHKa CTpaTeruit pa3paboTKy NeNTUAOB AJIs [1epo-
panbHOrO BBeJleHUs IIpeAicTaBieHa Ha PucyHke 1 [14].

OnHUM 13 [TepCIIeKTVMBHBIX HallpaBIeHNI COXPaHeHMS YCTOMUMBOCTHU
MeMnTUAA K JAeiiCTBUIO IIPoTeas ¥ obecrevyeHus: TepMOCTaOUIbHOCTH SIB-
JISIeTCs BCTpauBaHye MeNTUIHBIX MOC/IeI0BaTeIbHOCTEN B YCTOMYMBBIN
K IIPOTeo13y Kapkac. Takoit MeToz co3aHMst HOBBIX IENTULIOB C 3aaH-
HBIMM CBOJMCTBaMM Ha3bIBaeTCsl MOJIEKY/ISIpHAs! MeNTHAHAs TPaHCIIaH-
taus [15]. Uuknmsanus crana 3G ekTMBHBIM MHCTPYMEHTOM TOBBIIIIe-
HMS CTaGWIIBHOCTM ITETNITUA0B Y OTPAHUYEHUS UX TPEXMEPHOI CTPYKTYPbI
IIJIST yCUJIEHUST JKeJlaeMoro 6mosnorudeckoro addekra. Hanpumep, 61aro-
Japsi 3TOMY MeTOAY, Harpumep, rugpodobHast 06/1acTh UMKIM30BAHHOTO
aHaJIora MeTUTTVHA OCTa/Jach HEM3MEHHOI, UTO 00eCIIeunIo CoxpaHe-
HUe ero MPOTVBOMYKPOGHO aKTMBHOCTM Y CHIDKEHME [eMOTUTIYECKO
aKkTMBHOCTY. lIMKIMUecKkye MenTyapl Ha3bIBAIOT NEeNTUIOMYMeTUKAMU
WM NIeNITUA,AMY HOBOTO ITOKo/IeHus [16].

IMenTAOMMMETUKM KaK TepaleBTMUeCKOe CpeCTBO IPMBIEKAIOT
60JbIlIOe BHMMAaHMe M3-32 MX CIIOCOOHOCTM K I1epOpaJbHOMY BCAChI-
BaHMIO U JOCTYNY K TPYAHONOCTYIHBIM BHYTPUK/IETOYHBIM MMILIEHSIM.
ABTODSI [17] mpOBeIN XMMMUUECKYIO OTITMMM3aLMI0 TeNTUAA, YTO I03BO-
JIMJIO CO3JAaTh HOBBINM KIMHMYECKUI NpenaparT AJIsl 1epopalbHOTO Npy-
MeHeHMsI, U3BeCTHbI Kak LUNA18.

OpHUM 13 IPUMEPOB UCIIONb30BaHMS IMKINYECKUX MeNTHUIOB B Te-
pamneBTUYECKUX LIeNSX SIBASIeTCS MeNTUIOMMMETUK LMKIoCIopuH. OH
006peH B KauecTBe MMMYHOJeIIpeccaHTa ¥ JOCTYIIeH B BYX IIperiapa-
Tax: MSITKMe >KeJIaTMHOBbIe KaICy/bl LMKIOCIOPYHA U PacTBOP LMKIIO-
CIIOpMHA JJ15 TIpyieMa BHYTPb, KOTOpble Ha3HAYaloTCsl [/1s JieueHus! Iocrie
TpaHCIUIAaHTaLMY TIOYeK, IleueHn U cepaua. CMHTe3MPOBaHHbIN MeNTH-
JIIOMMMETHK IeCMOIpPeccuH, MOgubUIMPOBAaHHbI aHAJIOT Ba30IPeccu-
Ha, 6bL1 paspaboraH B ¢popMe TabIeTOK [l Te4YeHUs] HecaxapHoro Au-
abera. lecmonpeccuH o6nanaer Goiee BBICOKOM aHTUAMYPETUUECKOI
aKTMBHOCTbBIO, YeM HaTypasbHbI/ Ba30IPECcCH, M HE3HAaUUTEeNIbHOI coCy-
IOCYKMBaIOLIeii aKTUBHOCTBI0. Takke OH 06/1a7aeT MPOIOHTVIPOBAaHHBIM
aHTUIMYPETUUYECKUM JIe/iCTBMEM I10 CPaBHEHMIO C HATMBHBIM Ba3o0IIpec-
CMHOM, OTYaCTM M3-3a €ro YCTONUMBOCTH K Jerpajaluy Ba3olpeccuHa-
3011 [18]. OmHAaKO 11e71ec006pa3HOCTh IMKIN3ALMM MENTUIOB KaK 001e
CTpaTeruy 1isl NOBbILIEHYsI IepopaibHOi 6M0LOCTYITHOCTY BCe elle 13-
yuaercst. HunbceH u p. uccinenoBany Gpu3nKo-XxMMMUUIeCcKye napameTpsl
¥ TIepopasbHYI0 a6cop61yio 125 HyKIMyeckux nenTugos [19].

Llenb paboOThI — OLIEHKA HEJIPOIIPOTEKTOPHBIX CBOIICTB HOBOTO IIMK/TYe-
CKOTO MenTuaoMuMeTHKa ¢ rnocienoateabHOCTbi0 CTKSICTKKTLRTCPPIC
rnyTeM u3ydeHus: uHaMuky AQOK B MUTOXOHIPUSIX Heiipo6iacToM uesno-
Bek SH-SY5Y Ha ¢oHe MHAYIMPOBAHHOI POTeHOHOM reHepaiuu ADK.

2. O6'BbeKTHI M METOABI

2.1. Xapakmepucmuka 06sekma ucciedosaHus

B kauecTBe 06beKTa MCCIENOBaHMS UCIIONB30BAIM CUHTE3VPOBAHHBIN
nentugoMmumeTuk CC-18 ¢ mocnemoBaTenbHOCThi0 CTKSICTKKTLRTCPPIC,
pa3paboTaHHbIi HA OCHOBE IMKJINYECKOTO MeNTHAa 13 6a3bl JaHHBIX IIY-
kmmueckux nentupos Cybase) (Sybase CIS, CIIA) ¢ Homepom [Nphe5]
SFTI-1(100). CuHTe3 NenTuAOMMMETMKA IPOBOOWICS B KOMIIAHUM
Pepmic (Kurait) ¢ wucrnomb3oBaHueM TBepmodasHoro meroma Fmoc,
IOC/Ie Yero OCYLIeCTBJISIACh OYMCTKA ITOCPEJCTBOM BbICOKO3(deK-
TUBHOI KMIKOCTHOI xpomarorpadmm (BIXKX) ¢ mpumeHeHMeM Xpo-
maTtorpaduueckoit konouku SHIMADZU Inertsil ODS-SP (SHIMADZU,
SImonust). [IporHO3upoOBaHMe CBOIMCTB M GUMOJOCTYITHOCTM MENMTULOMU-
MeTMKa BBITIOJTHSJIOCh HA OCHOBE TAHHBIX U3 CIeIYI0MNX pecypcoB: APD,
Peptidomimetic Property Calculator (Awesome Labs LLC, CIIIA) u mnat-
dbopmbr ADMET.

MorexynsipHasi MeNTMIHAas TPaHCIUIAHTaLUsI I10CIe0BaTelbHOCTU
TKKTLRT, uaeHTUGOULIMPOBAHHOI C TTOMOIIHIO MOJIEKY/ISIPHOTO JOKWHTa
B MPOTEOMHBIX 6a3axX JAHHBIX, B YCTONUMBBIN K MPOTEONU3Y IIUKIMUE-
ckuit mentuz [Nphe5] SFTI-1(100) nmo3Bonmiaa co3maTh HOBBIN LMKIN-
YeCcKMii MenTUAOMMMETUK C aMMHOKMCIOTHOV IOC/IeNoBaTelTbHOCTBIO
CTKSICTKKTLRTCPPIC mocie BbIpaBHMBaHMS IO 6ase maHHbIX APD.
ITo cepBepy Peptidomimetic Ranker 6uonornueckast akKTMBHOCTb TIENITUAA
cocrasnsieT 0,668782 en. IlenTuAbl CUNTAIOTCS GMOAKTUBHBIMMU TIPU TI0-
Kaszarese 6oiee 0,5 ex. [IporHo3upoBaHMEe PU3UKO-XUMUYECKUX CBOCTB
MeNTUAOMUMETUKA C UCIOIb30BaHMeM 06a3bl JaHHbIX APD mo3Bonmio
OmnpeleNnTh CAeNyloulie XapaKTepUCTUKM: MOJIeKy/asipHas dopmyra
CgzH,50N340,4S,, MonexysipHast Mmacca — 1996 [la, o6muit 3apsig — +4,
obmiee ruapodobHOe coOoTHOLIeHMe coctaBisieT 39%. TumpodobHOCTh
nenTuga 1no Yumau-YaurTy (CyMMapHasli SHeprusi IepeHoca IenTupa
6e3 ocraTKka M3 BOIbI Ha NOBepXHOCTb pasgena POPC) cocrasnser 3,23.
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PucyHok 1. CxemaTuueckasi OIleHKa CTpaTeruii pa3paboTKy NMENTUIO0B IS IePOPaJIbHOr0 BBeJEHMS MenTUI0B. (a) UHrm6uTopbt
poTeaskl, yCuanTe Iy npoHnuaeMocty 3¢ dekTUBHBI JJIS mepopaaibHOro BBeaeHus nentuaos. (b) s nepopalsHOro BBeAeHMs
YCIIENTHO VCIIOJIb3YIOTCS YCHMINTENIN IPOHUIIAeMOCTH, TaKMe Kak cajkanposaTt HaTpust (SNAC), comu jKeTYHbIX KUCJIOT M KanpuiaTt
HaTpusa. OHM 06ecreunBaloT MPOXOXKAEHe MOJIEKY/IbI Yepe3 CAM3UCTBIN CJI0i, KIeTOYHbIe MeMOPaHbI M IVIOTHBIE COeJVHEeHUS.
(c) Xumnueckass moavibmranusa ¥ DUKIN3ALAS ABISIOTCS MOAXOAAIIMMY MHCTPYMEHTaMU JJjIs1 U3MeHeHUsI (PU3UKO-XMMUIEeCKUX
CBOJICTB MENTUIOB U, TAKUM 00Pa30M, IPUMEHSIIOTCS JI/IsI IEPOPATLHOTO BBEIeHVS MenTUI0B [14].

Figure 1. Schematic evaluation of the strategies for the development of peptides for oral delivery of peptides. (a) Protease inhibitors, permeation enhancers
are effective for oral delivery of peptides. (b) Permeation enhancers, such as salcaprozate sodium (SNAC), bile acid salts and sodium caprylate, are success-
fully used for oral delivery. They enable passage of the molecule through the mucus layer, cell membranes and tight junctions. (c) Chemical modification
and cyclyzation are suitable instruments for changing physico-chemical properties of peptides and, therefore, are used for oral delivery of peptides [14].
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TMoTeH1Man cBsI3bIBaHMsI ¢ 6enkaMu (MHAeKc BomaHa) paBeH 1,4 KKaj/MOJb.
[MenTunoMuMeTUK 06JIaJAeT XOPOoIlIeil pacTBOPUMOCTBIO B BOZE, M30-
3JIeKTpUYecKas Touka cocrasisiet 9,34. 3nauenme logP pasHo 1,6 Momnb/1
(onTMMasbHBI guamnasoH: ot — 0,5 mo 3 mosb/n), a logD7,4-0,869 no-
rapubMmIecKX MOJIb/N (OITUMAaIbHBII quamna3oH: ot 0,5 1o 3 Momb/).

ITockonbKy B TOCTIEIOBATENbHOCTU COLEPKUTCS YETHOE KOIUYECT-
BO octaTtkoB Cys, MENTUAOMUMETUK GopMupyeT nedeH3MHONOA0OHYI0
B-CTPYKTYpY, CTaOUIM3MPOBAHHYIO TMUCYIbOUIHBIMU CBSI3IMMU. XpoMa-
TOrpaMMa CUMHTe3UpOBaHHOro mnentugomumMetuka CC-18 mpomemoH-
ctpupoBaHa Ha Pucynke 2. Ha PucyHke 3 mpencraBieH MacC-CIIEKTD
nentuga CC-18.

2.2. Knemku u ux KyiesmueuposaHue

Vcnonb3oBaHue in Vitro MOJENbHBIX CUCTEM 3HAUMTEIbHO pacCIly-
PUJIO BO3MOXKHOCTYM HEMPOOMOMOTUM U HelipoHayk. KieTku B KyJabType
MpeCTaBISIIOT 060/t adderTnBHYIO MIaTdopmy jis1 u3ydeHus: QyHKIN-
OHAJIBHOCTM GEIKOB M MOJIEKY/ISIPHBIX MEXaHM3MOB, JIeKallMX B OCHOBE
KOHKDEeTHBIX SIBJIEHUH, /IS IOHVMaHMs ITaToreHe3a 3aboyieBaHuii ¥ VH-
dekumii, a TakKe 151 IPOBEAEHMS TIPEIBAPUTENIbHBIX UCTILITAHMUI IeKap-
CTBEHHBIX IIpernapaToB. B Hejipo6MoIorMy OCHOBHbIMM TUIIAMU KJIETOY-
HBIX KYJIBTYP SIBJISIIOTCSI IMHUM YeTIOBeUeCKMX HEMIPOHHBIX KJIeTOK. B cBs131
C BBIIEN3JIOKEHHBIM B 3KCIIEpMMeHTe OblIa MCIIONb30BaHA KIeTOYHAs
nuHMS Heltpo6ractoMbl venoBeka SH-SYSY, KOTOpYIO KylIbTMBMPOBAIU
B cpene DMEM (10% sm6GpuoHaibHast ObIubsi CHIBOPOTKA, 1% L-mayTa-
vuH, 1% mmpysat Hatpus, 1% nenuiH/crpentomuuyH) (Capricorn
Scientific, TepmaHust). YCI0BUST KY/IbTUBMPOBAHMS: OTHOCUTETbHAST BIIAX-
HocTh 95 %, Temneparypa 37 °C. 3aMeHa Cpelibl IPOU3BOOMIACH KaKIbIe
3 [IHS B TeUeHMe BCero Iepyuosia KyJIbTUBMpoBaHMsl. [lepes KaKabIM dKCIe-
PUMEHTOM KJIETKY MCCIe,0BaIN Ha Ha/lluye MUKOIIJIa3Mbl.

2.3. Onpedenenue yumomoxcuuHocmu CC-18

Ilnst mocnemytoieit pa6oTsl ¢ mentuaomumetukom CC-18 Heobxomm-
MO BBISIBUTh HaMOOJBILIYI0 KOHIEHTPAIUIO, TIPU KOTOPOI POCT KJIETOK
JIM6BO CTUMYTUPYETCS, TG0 He MEHSIEeTCS.

Knetku 6piv paccaskeHbl B 96-TYHOUHBIN IUIAHLIET B KOJIMYECTBE
0,5x 10° xeTok Ha AyHKY B 100 MKa cpegpl. ITo moctvskenun 70 % KOH-
arosHTHOCTU K KiaeTkaMm mo6aBmin CC-18 B pasHbIX KOHIEHTPAI[MSIX
(5, 25, 50, 75, 100, 150 mkr/mi). PoTeHOH 6bL1 f06GaB/IEH KaK BELIECTBO,
MHAyLupytouee penokc. [To naHHbIM [20], pOTEHOH MCIIONB3YIOT B 9KCIIe-
pUMeHTax Ha JJaGOpaTOPHBIX KUBOTHBIX IJISI MHOYLMPOBAHMUS 6oNe3HU
INapkuHCOHA.

KneTku MHKYGMpPOBaIM C HKCTPAKTAMM B TeuyeHMe ABYX [Heil.
Ha Tpetuit meHb K kiaetkam pno6aBwiu 10 mkia pactBopa MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)) (koHeu-
Has KoHeHTpays 0,5 mr/mi). [Toce manmeT y6upany B CO,-MHKy6aTOp
Ha 4 yaca. 3ateM cmech cpenbl u MTT ynansm. [lanee no6asinsii 100 MK
DMSO u y6upanu miaHuier noBTopHo B CO,-uHKy6aTop Ha 30 MuHyT. [To-
[JIOLIeHMe OLIEHMBAIM Ha TUIAHIIeTHOM (oTomeTpe ¢ GIOKOM ISl KIOBET
Multiskan Spectrum (Thermo Fisher Scientific, CIIIA) ripu AJiMHEe BOJHBI
559 M. Kasknast u3 KCIepMMeHTaIbHbBIX JTYHOK OblyIa MOBTOpeHa 8 pas.
IKCIepUMEHT ObLT TPOBEIEH B TPEXKPATHOM MOBTOPHOCTH.

2.4. H3meneHue konuuecmea A®K 8 MumoxoHopusx

ISt ompefieNieHnst OTHOCUTENbHOro KoiuuectBa AD®K ObT MCIIONb-
30BaH Kpacurenb 6-kap6oreu-H,DCFDA (6-Kap6okcu-2',7'-auxnopoan-
rugpodyopectenH nuanerart). KineTku paccaskuBany B 24-JTYHOUHBIN
[UIAHIIeT B KommuecTBe 2x 10* kieTok Ha jayHKy. 110 JOCTMKEHUM KOH-
dmrosuTHOCTU 10 70% K KiIeTkam mobasmiu nentun CC-18 u poTeHOH
B KOHLIEHTpauuy, OIpefielIeHHO! Ha IpenbiayiieM srane. Ha Tpetuit
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PucyHok 2. XpomaTorpamma nentugomumeruka CC-18: mo ocu aéeuyce — BpemMs yaep>kuBaHus (MUH),
110 OCY OPAVMHAT — MHTEHCMBHOCTb CUTHAJIA JeTeKTopa
Figure 2. Chromatogram of CC-18 peptidomimetic: on the x-axis — retention time (min), on the y-axis — detector signal intensity (mV)
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PucyHok 3. Macc-ciekTp nentugomumernka CC-18, Ha ocu aGcupce m/z 0603HaYaeT Maccy, AeIeHHYI0 Ha YMCI0 3apsaaoB,
Ha OCM OpAMHAT — MHTEHCUMBHOCTD NMuKa (mpuHsaTa 3a 100)

Figure 3. Mass spectrum of the CC-18 peptidomimetic; x-axis — m/z means mass divided by the charge number, y-axis — peak intensity (taken for 100)
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JleHb KYJIbTUBUPOBAHMS Y KIIETOK COOMPAU CPey U MPOMbIBAIIYU TEILTBIM
pactsopom HBSS. 3atem H,DCFDA passenu 1o koHIeHTpanyy 10 MKr/Mi
B DMEM BBuzny naru6uposanus H,DCFDA cbiBopoTkoii. Hamune AOK
ompenensuin Ha MpoTouHoM nuTodaoypumerpe BD Fortessa (BD, CIIIA).

2.5. U3meHeHue akcnpeccuu mapkepos HakonieHuss AOK

KneTku 6bUtM paccakeHbl B 6-TYHOUHBIN IUIAHIIET B KOTMYECTBE
5x10* kneTok Ha aAyHKY. Ha cremyrommii feHb K KIeTKaM [00aBisin
nentug CC-18 u poTeHOH MO cxeMe, yKa3aHHO} paHee B KOHII@HTpa-
uyn. Yepes [Ba OHS KIETKM GbLIM TPUIICMHMU3UPOBAHBI U COOPAHbI 11t
BoigeneHusi PHK. Boinenenne PHK mpoBopuiu ¢ momoIbio peareHTa
ExtractRNA («EBporen», Poccust) o mpoTokomny mpousBoautesst. O6par-
Hasl TpaHCKpuIIMs 6blyIa CAe/aHa C MOMOIIbI0 Habopa SuperScript IV
(Invitrogen, CILIA), 3aTem npoBogwiu KomnyectseHHYyIo TP ¢ mpaiime-
pamu, ykasanubiMu B Tabnuiie 1, ucronb3oBanu Ha6op 50X SYBR Green I
(«EBporen», Poccus).

Ta6nuua 1. IIpaitMepbl IS OL€HKY U3MEHEHMS IKCIIPEeCCUN
MapKepoB MuUrpaumm
Table 1. Primers for assessing changes in expression of migration markers
TlocnemoBaTenbHOCTD, 5° -> 3’

GTCTCCTCTGACTTCAACAGCG

HasBaHue reHa

GAPDH

ACCACCCTGTTGCTGTAGCCAA
SOD1 CTCACTCTCAGGAGACCATTGC
CCACAAGCCAAACGACTTCCAG

ACGCTGGCGAGGACGACCTG
S0D3 GCTTCTTGCGCTCTGAGTGCTC
NOOL CCTGCCATTCTGAAAGGCTGGT
N GTGGTGATGGAAAGCACTGCCT
Gss CCAAGACCGAAGGCTGTTTGTG

TGTGACCTCTCCAGCAGTAGAC

2.6. Cmamucmuueckuti aHanu3s

PesynbTaThl McCnenOBaHMII BbIpaskeHbl B BUIE CpeJHEro 3Haue-
HMS * CTAaHAAPTHOTO OTK/IOHEHMs. Bce 3KCIIepyMeHThI ObUIN TOBTOPEHBI
TpU pasa. Pe3ynbTaThl MCCIEAOBAHMS KM3HECTIOCOGHOCTY KIETOK JIMHIUMI
SH-SY5Y 6b11M MpoaHanM3MpoBaHbl C TOMOIINbI0 METOAA HelIMHeTHOI
perpeccun. B pamKkax OCTaabHbIX 3KCIIEPUMEHTOB JJisl CpaBHEHMSI pe-
3y/IbTATOB MCITOb30BaMy TecT Kpyckana-Yommca.

3. PesyabTaThl M 06CYKAEHME

Krnetku SH-SY5Y 4acTo MCIIONb3YIOTCSI B KaueCTBe in Vvitro Momeneit
IIST M3ydeHust QyHKUMiA u suddepeHManny HeiipoHoB. OHU SIBJISTIOTCS
aZpeHepruueckuMu o HeHOTUITY, HO TaKKe IKCIPeccupyroT godammu-
Hepruyeckue MapKepbl ¥ MO3TOMY MCIIOIb3YIOTCS AJIs U3yueHus 6omes-
HM [lapkuHCOHa, HeliporeHe3a U OPYIUX XapaKTepUCTUK KIEeTOK MO3ra.

IIpn uccnegoBanum TokcuyHoct MTT TecTom menTMaOMMMeETHKA
CC-18 Ha k1eTKax yCTaHOBJIEHO, YTO MeNTUAOMUMETUK He LIUTOTOKCU-
YeH, TaK KaK BO BCeX MCCAeAyeMbIX BbINIE€YKa3aHHbIX KOHIIEHTPAIMIX
rubenb kietok SH-SY5Y He Habmomanack. [Ipy KOHLIEHTPALUMSIX MENTH-
momumeTuka 5, 25, 50, 75, 100 u 150 MKr/MJI OTMeYaeTcsl JOCTOBEpHast
niponudepaius KieTok Ha 5,4, 5,7,8 u 7% (P < 0,05). Pe3ynbTaTsl nccie-
JIOBaHWIi NIpencTaBaeHbl Ha PucyHKe 4.

150

=
a
i

g

%% OT KOHTPONBLHOMS
KONWYECTBa KNaTOK

=2
i

0DMSO 5 25 S0 75 100 150
KOHUEHTRALMA, MErn
PucyHok 4. Pe3ynbTaThl UCCIeJ0BaHUA TOKCUUYHOCTU
nenTuaoMmMMeTHKa Ha Kiaetkax SH-SYS5Y: craTucTmueckn
3HaYMMble pe3yabTaTsl (p < 0,05) HaGIIOAATUCH TP
KoHueHTpanyyu nentuga 0 u 150 Mkr/mi, 4To GbUIO
MOATBEP>XAEeHO ¢ MoMoIbio Tecta Kpyckana-Yomnnca
Figure 4. Results of the study of the toxicity of the peptidomimetic on the
SH-SY5Y cells: statistically significant results (p < 0.05) were observed
at the peptide concentrations of 0 and 150 nug/ml, which was confirmed
by the Kruskal-Wallis test

Pe3ynbraThl NMPOBEIEHHOTO MCCIeN0BaHMsI COOTBETCTBYIOT JaHHBIM,
MoyuyeHHbIM B pabote [20], roe mokasaHo, YTO HEHPONPOTEKTOPHBIN
nentun Tat-NTS memoHcTpupyeT 3¢QGeKTUBHOCTh (COXpaHSET aKTUB-
HOCTb B TeUeHMe 2 4) U SIB/ISIeTCSI HeTOKCUMYHBIM 1Py BBEeHUY Pas3iny-
HBIMM CITI0CO6aMU, TAKMMU KaK IIepOPabHbIii, TOAKOXKHbIN, BHYTPUOPIO-
LIVMHHBIV ¥ BHYTPUBEHHBINA.

Ha PucyHKke 5 npefcraBiieHbl JaHHbIE O HAKOTIJIEHUM aKTUBHBIX (OPM
kuciaopoza B kierkax SH-SY5Y.

Mentupomumetuk C18 cmoco6CTBYeT HOpPMaNIM3aUUM PeLOKC-
cocrossaust B kietkax SH-SYS5Y. Tak, no6asnenue CC-18 B mo3mpoBke
100 mkr/mut cokpatmio kKommdectBo ADK Ha 35 %, HUBEIMPOBAB MPUCYT-
CTBME POTEHOHA.

PesynbpTaThl MCCIENOBaHMIA COINIACYIOTCS C OAaHHBIMM [21], KOTO-
pbie Tokasanu, yto nentun Tat-NTS npengorspaiian oopasoBanme AOK
B HeJfpoHaX, a Takke MHTMOMPOBAJ SAEpHYI0 TpaHwtoKanuio ANXA1
B MMKpPOITIMYM, BBI3BAHHYIO MIIEeMMYECKMM IIOBPEXIEHMEeM MoO3ra.
ANXA1 ocraBajicsl B IMTOIUIa3Me ¥ MoABepraacs Mogubukaumum yepes
SUMO-okucneHne, mocie yero cBsi3biBajics ¢ IKKe 1 NBR1. 9To BbI3bIBa-
710 ayTodarmnyeckyo nerpananmio IKKe, 4To JONOMHUTENBHO MOABIISIIO
myTb NF-kB U CHIMIKano BBICBOGOXKAEHME IPOBOCHAINTENbHBIX IIUTO-
k1HOB IL-1B u TNF-a B MuKporauu. B pesynbraTe ocabisics anonTo3
HEeIPOHOB M YIY4YIIaJ0Ch BOCCTAHOBJIEHVE HEeBPOIOTMYeCKUX (GYyHKIMI
rocje UIeMum Mosra.

Ha Pucynke 6 mpezcraBieHbl JaHHbIe 006 3KCIIpecCUy reHOB peJioKC-
mapkepoB GAPDH, SOD1, SOD3, NQO1 u GSS.

[MenTumommumeTuk MHAyLMUpyeT anuMuHanuio AOK u, kak ciencraue,
CHIDKAeTCs 3KCIIpeccyst MapkepoB pefokc. Y reHoB SOD1 (cynepokcnp-
nucmyTasa), NQO1, GSS (rmyratuoncuHTtasa) 1 GAPDH (rmukonuTtuye-
cKuit pepMeHT Iuepanbaerny-3-docdarnerngporeHasa) JOCTOBEPHO
cHIMKaeTcs akcrpeccus Ha 40,83; 50,6; 35,5; 38,7 1 35,3% B cpaBHEHUU
C MX YPOBHEM IPU MHKYOUPOBaHNM C POTeHOHOM. [laHHbI 3bdeKT yKa-
3bIBAaeT Ha CHIDKEHMe KOIMYeCTBa Cylep-aHMOH KUCIOPOAa, IUIPOKCOT-
PYIIII ¥ TTepeKucy BOJOPOAA KaK KIoUueBbIX 1 Haubonee 3HaunMMbIX ADK.
SOD1 oTHOCHTCS K K/1accy hepMeHTOB, KOTOpbIe KaTalM3UPYIOT IpeBpa-
LieHye CylepoKCUAHBIX PaJiYKaloB B KUCIOPOZA, U MepeKuch BOLOPOIa.
Y Bcex MJIEKONMUTAIOIIMX, BK/IIOYasl Ye0BeKa, ecTb Tpu 130(opMbl cy-
nepokeuaaucmyTtaspl: Cu/ZnSOD (SOD1), mutoxoHapuaabHas MnSOD
(SOD2) u BHeknetouHas Cu/ZnSOD (SOD3). HapyiieHue ux aHTUOKCHU-
JAaHTHOV (DYHKLMM CBSI3BIBAIOT C 3a60/IEBAaHUSIMM C HapylieHueM (QyHK-
LMY HEPBHOJ CUCTeMBI U Opyrux [22,23].

B HameMm skcrepuMeHTe akTUBHOCTb SOD1 mpu OKMCIAUTETBHOM
CTpecce KIETOK CHYKaeTcsl Ha GoHe MpUMeHeHMs] MenTUIOMUMeTHKA
CC-18, 4TO CBUIETENBCTBYET 00 OCIa6AeHUY OKUCIUTEIBHOTO CTpecca
B KJIETKax ¥ COIVIaCyeTcsl ¢ UCCIefoBaHUAMU [24—-26], B KOTOPBIX JOKa-
3aHO, YTO CHIDKeHMe akcrpeccuu SOD1 cBsi3aHO ¢ ocIabeHneM OKMC-
JINTENbHOTO MOBpPEeXKIeHMs], BK/IIOUasl TepeKuCHOe OKMCIeHNe JUITUI0B
MeMOpaH, KapOoHUIMPoBaHue 6eKoB 1 paspsi JJHK.

VccnenoBanus [27] 1oKasaay, UTO aKTUBHBINA LEHTP PEKOMOWHAHT-
HOro 1uTo30/1bHOrO epmerta NQO1 comep>KUT HEKOBAJIEHTHO CBSI3aH-
Hblt QnaBuH B dopme PAJL U CIOCOGEH TeHepypPOBaTh BOCCTAHOBIIEH-
Hbllt @nasunH (PAIH,) myrem okucnenus HAI(®)H B skcrepumeHTax
C OYMIIEHHBIM (HepPMEHTOM U B KJIETOUHBIX CUCTEMax, IKCIIPeCcCUpYIo-
mmx NQO1. Takum o6pasom, NQO1 dbyukumonupyer kak HAII(®)H-3a-
BMUCUMAS CYIIepOKCUIPeAYKTAa3a, MONnepKMBasi BOCCTAHOB/IEHHBII ¢iia-
BuH. C/lelyeT OTMETUTb, UTO BbICOKMIT ypoBeHb NQO1, HabmomaeMbli
BO MHOTMX TUIIaX KJIETOK Kak /I0, TaK ¥ I10CIe MHIOYKIUYM B pe3yabTaTe
CTPECCOBBIX PeaKLMil, MOKET KOMIIEHCHPOBATh Gojee HU3KYI0 CKOPOCTh
BOCCTaHOBJIeHMS cyniepokeuaa ¢ nomoinsio NQO1. Kpome Toro, no gaH-
HbIM [28], BbicOKMIt ypoBeHb 3Kcripeccur NQO1 o6HapykeH B TKaHSX,
M0JBePralouyxcsl BO3/e/CTBUIO BBICOKOTO YPOBHSI KUCIOPOAA, TaKUX
KaK pOroBMIIA, XPYCTa/IMK IV1a3a, IbIXaTe/bHble ITyTH ¥ KDOBEHOCHBIE CO-
cynpl. B keTkax, 4yBCTBUTEIbHBIX K OKMCIUTEIBHOMY CTPeCCy, BKII0Yast
agumnonutel, NQO1 obecrieunBaeT JOMOTHUTENbHYIO 3aLIUTY OT Iepe-
KVCHOTO OKMCIeHMsI TunugoB [29]. [IoaToMy B SKCIIepUMEHTe MbI U3y4n-
s skcnpeccuio NQO1.

B uccnemoBaHMSIX ycTaHOBINIEHO, 4TO akcmpeccusi NQO1 gocrosep-
HO cHMKaetcs Ha 50,6 % B cpaBHEHMM C YPOBHEM IIPU MHKYGMPOBAHUY
¢ poreHoHoM. CnemoBartenbHo, NQO1 MoxeT (yHKIMOHMPOBATh Kak
6€e/I0K, UyBCTBUTEIBHBI K OKMUCINTENIbHO-BOCCTAHOBUTENBHBIM IIPO-
1ieccaMm, ¥ KaK OKMC/IMTeIbHO-BOCCTAHOBUTENbHBIN IlepeknodaTeb. ITO
cortacyercst ¢ ucciaefoBaHusiMu [30], B KOTOPBIX IIPeATIONAraeTcs, 4To
JIOKaJIbHOE COOTHOILIeHMEe MUPUAVHOBBIX HYKJIEOTUIOB IPUBOJUT K BOC-
craHoBneHnio @Al u K u3MeHeHMio KoHdopMaumu Genka. lismeHeHue
KOHGbOpMAaIY MPUBOAUT K TIOTEPe CBSI3BIBAHUSI C aHTUTEIAMY, KOTOPbIe
HalleJleHbl Ha HeCKOIbKO yuacTkoB NQO1. 9To KoHpOpMaLMOHHOE 13-
MeHeHMe 06paTVMO M 3aBUCUT OT YPOBHS BOCCTAHOBJIEHHBIX MUPUAK-
HOBBIX HYKJIEOTMIOB ¥ OKUC/IUTETbHO-BOCCTAHOBUTEIBHOTO COCTOSIHUS
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PucyHOK 5. Pe3y/IbTaThl MCCIeZOBAHMI IT0 HAKOIIEHMIO aKTUBHBIX (hOPM KucjIopoja B KieTkax SH-SYS5Y (kieTku cieBa
oT pasgeinsowei mmannu — 6es A®K, cnpasa — ¢ Hasmmunem A®K): 3HaYeHNsI ZOCTOBEPHO OTANYAIUCH APYT OT Apyra (p < 0,001),
4TO IOATBEPKAEHO C NoMoIbIo TecTa Kpyckana-Yoinnca

Figure 5. Results of the study of the accumulation of reactive oxygen species in the SH-SY5Y cells (cells to the left of the separating line — without ROS,
to the right — with ROS): values significantly differ from each other (p < 0.001), which was confirmed by the Kruskal-Wallis test
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PucyHok 6. dkcipeccuu reHos SOD1, SOD3, NQO1, GSS u GAPDH — mapKkepoB peJOKC B KJIeTKax SH-SYSY: 3HAYEeHMsI JOCTOBEPHO
OTIMYATIUCH APYT OT apyra (*** — p < 0,005; **** — p < 0,001); ns — 3HAYEHUS CTATUCTUIECKY HE3HAUMMBI. AHAJIN3 PE3Y/IbTAaTOB GbLT
MOATBep>XAeH ¢ MoMoIIbI0 TecTa Kpyckana-Yoanmnca
Figure 6. Expression of the genes SOD1, SOD3, NQO1, GSS and GAPDH — redox markers in the SH-SY5Y cells: values significantly differ from each other

— p < 0.005; **** — p < 0.001); ns — values are statistically non-significant. Analysis of the results was confirmed by the Kruskal-Wallis test
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¢bnaBuHa. 3ammTa OT MPOTEACOMHON Aerpajanyuy 6elKkoB ¢ MOMOIIbLIO
NQO1 3aBucena OT ypOBHS NMPUIMHOBBIX HYKJIEOTUIOB. ITO MO3BOISIET
MPEATIONOXUTD, YTO Ha B3aumopeiictBue NQO1 ¢ 6ekaMy-MUIIEHSIMU
MOXXeT Hanpsimyto BiausiTh cootHorienre NAD(P)H: NAD(P)* u koHdop-
martust 6enka. [Tosromy NQO1 MOKeT ObITh ITOTEHIIMATbHBIM CEHCOPOM
BOCCTAaHOBJIEHHBIX MMPUIOVMHOBBIX HYKIEOTUI0B, KOTOPBIii pearnpyeT Ha
V3MEeHeHMsI B OKMCINTENbHO-BOCCTAHOBUTEIBHO Cpelie MUPUAVHOBBIX
HYKJIEOTUIOB, U3MEHSISI CBOIO KOHGOPMAIIUIO.

YT0 KacaeTcss 6GMOXUMUM OKUCTUTETbHO-BOCCTAHOBUTEILHOTO MeXa-
Hu3Ma 3amutsl NAD(P)H oT okucieHus1 U NpOTEONUTHUECKOrO pacile-
IJIeHUSI, MOXKHO TPEeATIONOKUTh Cjlefiyiollee. B HOpManbHbBIX YCIOBUSIX,
korpa yposeHb NAD(P)H Bricok, NQO1 npuHMMaeT BOCCTaHOBJIEHHYIO
KoHbopmanyio nocie nepeHoca rugpuga or NAD(P)H k kodakropy
FAD B NQO1. B mpucyrctBur 3GGEKTUBHBIX aKIEMTOPOB IEKTPOHOB,
TaKMX KaK HEKOTOpbIe XMHOHBI, BOCCTAHOB/IEHHAas1 ¢dopMa ¢raBuHa Cy-
1IecTByeT o4eHb Heonro. OMHaKo B OTCYTCTBYE 3(DPeKTUBHBIX aKler-
TOPOB 37IEKTPOHOB peakuuss Mexay O, 1 BOCCTAaHOBJIEHHBIM (IaBMHOM
MpOTEeKaeT MeJIeHHO, YTO CBUIETEbCTBYeT O 3aMeTHO CTabMIbHOCTYU
BOCCTaHOB/IeHHO (hopmbl hepMeHTa B TaKUX YCIOBMSIX. PEHTreHOBCKast
Kpuctamorpadusi, 6MOXMMIUUECKMEe M BbIYMCIUTENbHbIE VCCIEIOBAHMS
MTO3BOJIMJTM TIPEATIONORKNUTD, YTO CTAOMIBHOCTh BOCCTAHOBJIEHHOM (op-
mbl NQO1 yacTiuHO 06yC/I0B/I€Ha CTabMIM3aIei pasaeieHns 3apsinoB
B BOCCTAHOBJIEHHOM (/1aByHe ¢ TIOMOIIbI0 6eska [31]. BoccTaHOBIEHHYIO
u okuciaeHHyo Gopmbl NQO1 MOXKHO pasiMyuTh C MOMOIIbIO PeJOKC-3a-
BUCUMBIX @aHTUTEJI, KOTOPbIe CBSI3BIBAIOTCSI C OKUCIEHHBIM, HO He C BOC-
craHoBimeHHbIM NQO1 (PucyHok 7) [30].

B nmpucyrcrsun HAI(®)H, HO B orcyTcTBUe 3P PeKTUBHOrO akiemn-
TOpa 571eKTPOHOB B BUJle XMHOHA, yAI0Ch MMMYHOIIPELIUIIUTPOBATh
JuIb Hebosnbioe KoauuyectBo NQO1, UTo CBUIETENbCTBYET O HATUUMU
BoccraHoBeHHOI (opmber NQO1. [To mepe cHyskeHust ypoHst HAJI(®D)
H NQO1 6Gonblile He MOXKET MOAEPKUBATh BOCCTAHOBIEHHYIO KOH(OP-
Maluio, a MPUCYTCTBUE OKUCTUTETbHO-BOCCTAHOBUTENbHBIX ()EPMEHTOB
CIIOCOGCTBYET MOAIEPSKAHMIO OTIPe/IeIEHHBIX OTKOB B OKMCIEHHO op-
Me, UTO Heo6XoAMMO 151 3 GEKTUBHOTO CBSI3bIBAHMS C AHTUTEIAMM ITPU
ummyHonperynuranuu. NQO1 npereprieBaeT KoHDOpPMAIMOHHbIE W3-
MEeHEeHMS IPpU CBA3BIBAHMU C BOCCTAHOBJIEHHBIMU NMUPUAVHOBBIMU HYK-
JIeOTUIAMU, UYTO IPUBOLUT K IIOTEPEe MMMYHOPEaKTUBHOCTY 10 OTHOLIe-
HMIO K aHTUTeNaM, KOTOpbIe CBSI3bIBAIOTCS C CEJbMOJ1 CIIMPabio JOMeHa
KaTaauTuueckoro sigpa win C-KoHLoM. BoccTaHOBI€HHAS ¥ OKUCTI€HHAST
koHbopmaiyy NQO1 He 6bIIM CTPYKTYPHO OXapaKTepu30BaHbl, HO Hefle-
HaTypuUpYyIoll/e ey IBHO JeMOHCTPUPYIOT PasInuys B MUTPALIMOHHBIX
CBOJICTBaX BOCCTAHOBJIEHHOW ¥ OKMCJIEHHOV KOoHbopManuii hepmeHTa.
B uccnemoBanuy [32] 6pu10 npopeMoHCTpupoBaHo, uTo NQO1 moxker
CYIIeCTBOBAaTh KaK MMHMMYM B TpeX DPa3IMYHBIX KOH()OPMaIMOHHBIX
(opmax: BOCCTaHOBIEHHO, OKMCIEHHOM ¥ MHAKTMBUPOBAHHOM, KOTO-
pble MO-pa3HOMY B3aMMOJENCTBYIOT C aHTUTeIaMU U, CIel0BaTelbHO,
[0-PasHOMY BJMSIIOT Ha B3aMMOJENMCTBME C HVDKECTOSIIMMU GelKaMMu.

B 1lesiom 3TO MomUepKkyMBaeT 3aBMCUMOCTb CTPYKTYpbl NQO1 oT okuc-
JINTEbHO-BOCCTAHOBUTEIBHBIX ITPOLIECCOB ¥ KOH(MOPMAIMK, a TaKKe TO,

HQ

IP
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KaK OHa MOXeT UTpaTh aJbTePHAaTUBHYIO POIb B BOCIPUSITUM OKUCIN-
TebHO-BOCCTAHOBUTEIbHBIX IPOLIECCOB M/UNM TePeKIOUeHUN MEXAY
HUMU. VI3MeHeHMs B OKUCIUTEbHO-BOCCTAHOBUTEIBHOM CTaTyce MUPU-
IMHOBBIX HYK/IEOTUIOB MPUBOIAT K U3MeHeHM0 KoHpopmauyu NQO1,
4To, B CBOIO OYepeb, MOKeT MOAY/IUPOBATh MOCIeAYIOIIie B3auMOeit -
ctBust NQO1. Bompoc 0 ToM, IIPUBOZST /i KOHGOpPMaIMOHHbIE M3MEHe-
Hust B NQO1 K U3MEHEHMIO PACIIONOKeHUsT 6ejika, OCTAeTCSI OTKPBITHIM
u TpeGyeT JanbHeiero usydyenus. MssectHo, uto NQO1 B 0CHOBHOM
HaxOAMUTCS B LIUTO3071e, HO, 10 HEKOTOPHIM JAHHBIM, B pa3HbIX TUIIaX
KJIETOK OH TaKke IMPUCYTCTBYeT B 3HAUMTEIbHBIX KOJIMUYECTBAX B sApe,
MUTOXOHAPUSIX U MeMbOpaHax [3,15,33].

ToT ¢aKT, YTO COOTHOIIEHVE MUPUIVHOBBIX HYKJIEOTUIOB OIpeiessieT
koHpopmaimio NQO1, 0 ueMm CBUIETEILCTBYET CBSI3bIBaHME PEIOKC-CITe-
UMPUIHBIX aHTUTEJI, I03BOJISIET TPEAIONoKUTh, 4To NQO1 Takke MOXeT
CITY>KUTb PeJOKC-IaTYMKOM, Kak 1 Apyrue GraBonpoTenHbl. MisMeHeHne
dyukumnonanpHocT NQO1, 0cO6€HHO B OTHOLIEHMM B3aMMOJENCTBUSI
¢ gpyrumu G6enkamu 1 PHK, B 3aBMCMMOCTY OT OKUCIMUTEIbHO-BOCCTA-
HOBUTEJIBHOTO COCTOSSHUS MMUPUAOMHOBBIX HYK/I€OTUA0B, OTKPbIBAET MH-
TepecHble BO3MOXKHOCTH [IJIs1 Tlepefauy CUTHAJIOB, 3aBUCSIINX OT OKUC-
JINTEebHO-BOCCTAHOBUTENbHBIX ITpolieccoB. CejoBaTeNbHO, IKCIIPeCCHst
NQO1 npu MHAYLMPOBAaHHOM PEIOKC-COCTOSIHUMM OTPaskaeT >KM3HEeCIo-
co6HOoCTh KineTok SH-SY5Y. 3To ykasbIBaeT Ha HEPOIIPOTEKTOPHOE Aeii-
CTBMeE NeNTUAOMMMETHMKA B IKCIIEPUMEHTe.

B skcnepyMeHTe HaMM pacCMOTPeHa KCIIPeccys IMyTaTUOHCYHTA3bI
(GSS). B mpucytcrBum GSS u3 riayramara, LMCTEMHA U IIMIMHA BbIpaba-
ThIBaeTcs rmyTaTuoH (CSH), yuacTByIomuii B aHTMOKCUIAHTHOM cucTemMe
M CIIOCOOHBIN 3alIUINaTh KIETKM OT MTOBPEKIAEHUS TUIMUIHBIMY [TEPOK-
cugamu. C MOMOIIBIO ITyTaTMOHA MOALEePKUBAETCSI OKUCTUTENbHO-BOC-
CTaHOBUTEJIbHBIN O6ajaHC B KIEeTKe ¥ B OpraHusMe B 1ejoM. CHIDKeHue
akTuBHOCTM CSS MPUBOAUT K OC/IA6IeHNI0 aHTMOKCUIAHTHOM 3alUThI,
HAaKOIUIEHMIO JIMITMIOHBIX TEPOKCUAOB M 3aIycKy deppornrosa — Tuma
rubeny kietok. Ilox nmeiicTBueM riayTatMoHa (GepponTo3 MopaBisieTcs,
MOCKOJIbKY JIMIIMIHBIE MTepOKCUIbI IIPEBPaLIAlOTCsl B COOTBETCTBYIOIIVE
crupThl. TakuM 06pa3oMm, UCTOLIEHME 3a11acoB ITyTaTHOHA SIBJISIETCS OC-
HOBHOJ PUYMHOI 3amycka pepponTosa [34-36].

Ilo maHHBIM [37,38], uHrM6upoBanme GSS MPUBOOUT K HAPYLIEHUIO
cunTe3a GSH, KOTOpbIit SIB/IsSIETCSI HEOOXOAMMbBIM KOPAKTOPOM [JIsl TITy-
taTuoHnepokeuaassl (GPX2). Hapyiienme cunresa GSH ocnabnser ak-
TUBHOCTH GPX2, uTO, B CBOIO OU€epe[ib, MPUBOIAUT K BIPAGOTKE JIUITUIHBIX
A®DK u depporrosy [39].

B uccnemosanuu [40] ycraHOBIeHO, uTO nojasieHue GPX2 pemaer
SMUTEeNNaNIbHbIe KIETKU JIETKUX UYBCTBUTEIbHBIMU K OKUCIUTEIBHOMY
noBpexaennio. ITopbiieHye ypoBHs GPX2 ocnabisieT anonToTMYeCKyIo
peakumio kiaetok MCF7 Ha okuc/IMTeNnbHBbIN CTpecc.

B pe3ysbTaTe MCCI€AOBAHMI YCTAHOBIEHO, UTO HAa (hOHE UCITOMb30Ba-
HUS TIENTUAOMMUMETHKA 3Kcmpeccust CSS ObuTa BbIllie, YeM B KOHTPOJIE,
Ha 307 %, HO HIKe, YeM NP MHKYOMPOBAHMM C POTEHOHOM, Ha 35,4 %.
JTO CBUIETENbCTBYET O HMUBEIMPOBAHUM OKMUCIUTENBHOIO JelCTBUS
pPOTEHOHA Ha KJIETKY U, COOTBETCTBEHHO, O TMpeAyIpexIeHuy rubenmn
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PucyHoK 7. CxemMaTH4yecKoe M306paskeHne pegoKc-3aBucumoit mmmyHopeakTusHocTu NQO1. Korma HAZI(®)H nerko gocTymeH,
NQO1 npuHMMaeT BOCCTAaHOBJIEHHYIO KOH()OpMAINIO (CUHSIS), YTO MPEISITCTBYET CBA3bIBAHMIO AHTUTEI C PeIOKC-3aBUCUMbIMU
snuronamu B cnvipaym 7 (A180) u ¢ C-koHueBbsiMM xBoctamu. Korga yposens HAJI(®)H nanaer, pepMeHT He MOKeT OAIeP>KMBATh
BOCCTaHOBJIEHHYI0 KOHQOPMAaLIO, ¥ peJOKC-3aBUCHMBbIE 3UTOIBI CTAHOBSTCS JOCTYITHBIMM A1 uMMyHonpenunutanyy (IP) [30]
Figure 7. Schematic illustration of the redox-dependent immunoreactivity of NQO1. When NAD(P)H is easily available, NQO1 adopts the reduced conforma-
tion (blue), which prevents binding antibodies to redox-dependent epitopes within helix 7 (A180) and to the C-terminal tails. When the NAD(P)H levels
decrease, the enzyme is not able to maintain the reduced conformation and redox-dependent epitopes become available for immunoprecipitation (IP) [30]
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Heiipobnactom ot A®K. CiemoBarenbHo, nentugaoMumeTuk CC-18 yua-
CTBYET B Pery/siiUM OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX Peakiuii. JlaH-
HOe JcclefoBaHye rnokasano, uto CC-18, BepoaTHO, MOXKeT HaIpsIMYIO
B3aMMOZECTBOBATh KakK C INTyTaTMOHCUHTEeTa30i, Tak 1 ¢ GPX2. MoxxHO
MIPEeATIONOXUTD, YTO U DIYTaTMOHCUHTETAa3a SIBJISIeTCS] MOTeHLMaabHOM
MuileHbo nentugommumermka CC-18.

B npucytcrBun HAJZI(®)H, HO Takke B OTCyTCTBME 3PPEKTUBHOrO aK-
LleNITOpa 37IeKTPOHOB B BUJle XMHOHA y4,al0Ch UMMYHOIIPELMITUTAPOBATh
b HeGosbinoe kKomrdectBo NQO1, UTO CBUIETENbCTBYET O HATUUUU
BocctaHoBeHHOIT hopmbl NQO1. OTaenbHbIe BOCCTAHOBIEHHAS M OKUC-
nenHas koHpopMmauyy NQO1 He 6bUIM CTPYKTYPHO OXapaKTepU30BaHbI,
HO He JIeHaTypUpYIollye Tely SIBHO IeMOHCTPUPYIOT Pasanumsi B MUTpa-
LIMOHHBIX CBOJCTBAaX BOCCTAHOBJIEHHOW M OKUCJIEHHOM KOH(pOpMaLmit
dbepmenTa [32]. B nmocnenymommx ucciefoBaHusIX [33] 6bUIO TPOJEMOH-
cTpupoBaHo, uTo NQO1 Mo3XeT CylllecTBOBaTh Kak MMHMMYM B Tpex pas-
JIMYHBIX KOHGOPMAIMOHHBIX (OpMax: BOCCTAHOBIEHHOI, OKUCJIEHHON
¥ VMHAKTMBMPOBAHHOM, KOTOpbIe I10-pPa3HOMY B3aMMOAENCTBYIOT C aH-
TUTENaMU U, CIef0BAaTENbHO, TI0-Pa3HOMY BIMSIOT Ha B3aMMOJECTBYE
C HUDKECTOSILIMMY 6eTKaMIu.

VccnenoBaHue Ha mMKonutudeckoM epmente GAPDH siBrisietcst oco-
6EeHHO MHTEPECHBIM, TaK KaK M0 HEMY MOXKHO CYOUTb 06 OKMCIUTENbHO-
BOCCTAHOBMTENIbHBIX CBOJiCTBax Genka. Bo-mepBbix, GAPDH mno cBoeit
npupone Gosee peakTHBeH IO OTHOIeHMIO K H,0,, ueM GOMbIIMHCTBO
IPYIUX pemoKc-perynupyembix 6enmkoB. Takske GAPDH ropasmo 6onee
pacrpocTpaHeH, yeM GOJIbIIMHCTBO JPYTMX GEIKOB, PeryIupyeMbIX OKMC-
JINTENIbHO-BOCCTAHOBUTEIBHBIMU TTpoLieccamy. 1IMTO30/bHAS KOHIEHT-
pauust rerpamepHoro GAPDH oneHnBaetcst B ~240 MKM, UTO 03Hayaer,
UTO LMTO30/bHAsl KOHIIEHTpalMsl TMOJOB akTMBHOro ueHTpa GAPDH
cocrasisieT noutu 1 MM. Takoe coueTaHMe MOBBIIIEHHON TUOOBON pe-
aKTMBHOCTM M BBICOKOI KOHIIeHTpauuu Teopetuuecku fenaeT GAPDH
Haubosiee 3HAYMMbIM GEIKOM-MMUIIEHBIO JIJIsi POTEHOHA, MOMMMO CIIe-
LIMaaM3MPOBAaHHBIX TMOJIOBBIX IIEPOKCHUAA3, Y [T03BOJISET IPeIION0XKNATD,
uto GAPDH nomkeH 3¢ deKTMBHO KOHKYpMPOBAaTh 32 pOTeHOH [41]. Yun-
ThIBasl LIMTO30/IbHYIO pacrpocTpaHeHHOCTb, GAPDH sBinsieTcs Hanbonee
3HauMMoit muuieHblo H,0, B KieTke, IOMMMO CIeLMaIU3MPOBAHHbBIX
TUOJIIEPOKCHUAA3, TTOTOMY MbI MCCIEOBAIM €r0 M3MeHeHMe B Hallem
JKCIepuMeHTe. B nccienoBaHusx aBTOPOB [42] 9KCIIePUMEHTANIBbHO GbIIO
ycraHoBieHo, uTo GAPDH siByisieTcst Hau6oiee 3HaUMMOI HeITepOKCHIa3-
HOJ MUIIIEHbIO /IS OKUCIUTENEe BHYTpU KiIeToK. HayuHo 060CHOBaHO,
nouemy GAPDH o65afiaeT MCKITIOUATENbHOM PeaKLMOHHOM CITIOCOOHO-
cThI0 N0 oTHOmeHMo K Hy,0,. B GAPDH Ttnonar C152 — aMMHOKMCIOT-
HBIif OCTATOK LIMCTeMHA — SIBJISIETCS] PeaKTMBHBIM HYKJIe0(hUIOM aKTUB-
HOro 1eHTpa. Kpome Toro, xopomo usBectHo, uTo GAPDH uyBcTBUTENEH
K OKMC/IMUTENbHOM MHAKTMBALMU U3-3a MPSIMOIi peakuum Tronata C152
¢ H,0,, B pe3ynbTaTe KOTOpOit 06pasyeTcs CyabpeHoBas KMCI0Ta U Iocie-
IyIOLIVie TPOAYKThI OKMCIeHNS. [loka3aHo, uTo peakuus Mexxay C152 B ak-
TUBHOM IieHTpe 6enka 1 H,0, KaTtanu3upyercst paHee HeM3BECTHBIM, BbI-
COKOKOHCEPBATMBHBIM U CITeIaIM31POBAaHHBIM MEXaHM3MOM, KOTOPBIIA,
oJ06HO MeXaHU3My, UCIIO/Ib3yeMOMY THOJIIIEPOKCUIA3aMU, CTAOMIN3Y-
pyet crienuduueckoe MepexogqHOe COCTOSIHME PeakLMu U CIIOCOOCTBYeT
OTIIEIVIEHMIO YXOJSIIeii TPYIIbl, obecrieunBas CrenMaan3upoBaHHbIN
IyTh IepeHoca MPOTOHOB. [IpMMeyaTeNbHO, YTO STOT MEXaHU3M BIIMUSIET
TOJIBKO Ha PeaKIMOHHYI0 crioco6HocTh C152 1o oTHomeHuo K Hy0,, He
3aTparuBasi peakiyIOHHYI0 CIIOCOOHOCTb 10 OTHOLIEHMIO K ITIMKOJIUTU-
YyeckoMy cy6cTpaTy rmuepaibaerua-3-docdary (G3P). Takum o6pasom,
peakuMoHHas criocob6HocTb C152 1o orHomenuto K H,0, 1 G3P perynu-
pyeTcst OTHeTbHBIMU MeXaHU3MaMM, KOTOPbIE He CBSI3aHBI IPYT C JPYTOM.
T pe3y/nbTaThl IPOTMBOPEYAT PaHee CYIeCTBOBaBIIMM IIpeJCTaBIeHN -
SIM O THOJIaX, KOTOPbIE B LI€JIOM SIBJISTIOTCSI PEAKLIMOHHOCITOCOOHBIMY WJTU
HEepPeaKLUMOHHOCIIOCOOHBIMY, U, TAKUM 06pa30M, ITO3BOJISIIOT JIyYllle I10-
HMMATh ITPOLIeCC OKMCIEHMSI TUOJIOB B GeslKax.

ITo panubIM [43], GAPDH sierko okucisieTcsi B CBOEM aKTYBHOM LI€H-
Tpe LMCTeXMHOM B OTBeT Ha yMepeHHOe IOBbILIEHMEe YPOBHS BHYTpPMU-
KJIETOYHOTO nepokcuna Bogopoaa (H,0,). Hu ogun gpyroit depmeHT He
oxkucnsgercsa H,O, [44]. GAPDH ommuaeTcst OT Apyrux TMOICOAePKaIIyX
6eJIKOB TeM, UTO peaKkMOHHas criocobHocTh H,0, 10 OTHOLIEHMIO K TH-
OJTy €r0 aKTMBHOTO IIeHTPA BbIIle, YeM Y GETKOBBIX THOJIOB B 1[eJIOM [42].
Oxwucnenue Tona GAPDH cHavana npMBOOUT K cyabduHupoBanuio (R-
SH + H,0, —» R-SOH + H,0), a 3aTem K rayratmonuposanuio (R-SOH +
GSH — R-SSG + H,0). B pe3ysnbraTe MpoucxoauT 06paTMoe MHIMGMPO-
BaHMe ITIMKOAMTHYecKoit aktuBHOCT GAPDH [43].

Cnenyet otMeTuTh, YT0 GAPDH 06/1a/1a€T «BCTPOEHHBIM» KaTaIUTH-
YecKMM MexXaHM3MOM, KOTOPbIii 3HaUMTEIbHO TOBbIIIaeT CKOPOCThb pe-
akuuy mexxny H,O, ¥ TMOZIOM B aKTMBHOM LIeHTpe. ITOT MeXaHU3M 06b-
SICHSIET, TIOYeMy KaXkyIasicsi KOHCTaHTa CKOPOCTY BTOPOTo MOpsiiKa st
okucinenuss GAPDH nipu pH 7 3HaUMTeNbHO BbILIE, YeM st APYruUx Oej-
KOB, PeryJlMpyeMbIX OKUCIUTENTbHO-BOCCTAHOBUTENBHBIMY [IPOLIECCAMMU.
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Ipenyiaraemplit MexaHu3M, creuncuunsiit aas H,O,, ocHOBaH Ha
CTabMIM3alUMu NEePeXOLHOIO COCTOSIHMSI M HAa COHNEMCTBUM OTIIeIlIe-
HUIO TPYIIIbI, TOLO6HO KATAIUTUYECKUM TMPUHIMUIIAM, TTPUMEHSIeMbIM
K CIelyanu3MpoBaHHbIM THOIIEPOKCHAa3aM. B yacTHOCTH, TOBBIIIEH-
Hasg vyBcTBUTeNbHOCT GAPDH K H,0, 3aBuCHT OT IIPOTOHHOrO pere,
KOTOpOe T03BOJIsIeT OTLIeIIISIOIeMYyCsI TUAPOKCUIBHOMY MOHY IIpeBpa-
LIaThCS B MOJIEKY/Ty BOAbl. OfHA 13 IPUYMH, 1I0-BUAVMOMY, 3aK/II04aeTCs
B TOM, YTO Y4aCTOK, CIIOCOOGCTBYIOIMiT okuciennio B GAPDH, He BuneH
NIpU M3Y4eHUM KPUCTA/UIMYECKON CTPYKTypbl. OCTaTKM, y4acTByOILIe
B peakuyy ¢ H,0,, CTPyKTYPHO He3aMeTHBI, [IOCKOIbKY He 06pa3yioT
COOCTBEHHO} IOJIOCTM aKTMBHOTO LeHTpa. Yuyactok peakuuyu ¢ H,0,
IIpeACTaBisieT co60ii HErTyO0KYI0 BOTHYTOCTh Ha BHYTPEHHEH IOBepX-
HOCTY KaHOHMUYECKOTO aKTMBHOTO LIeHTpa, a Liellb Iepefadyy NpoTOHOB
B OCHOBHOM CKDBITa BHYTpM 0ejKa ¥ B3aMMOZE/CTBYeT C MOMOCThIO aK-
TUBHOTO 1IeHTPA TOIbKO Yepe3 oguH octaTok (T153). CieqyeT OTMETUTS,
UTO MIMKOIUTUYECKYIO U MePOKCUAa3Hylo akTMBHOCTb GAPDH MokHO
MOJTHOCTBIO OTAEIUTH APYT OT Apyra HECMOTPS Ha TO, UTO, 00e aKTUBHO-
CTM 3aBUCST OT OSHOTO ¥ TOTO ke HyK/ieoduabHoro tiona. [Ipenmonara-
€TCs1, YTO THOJI B LIeIOM «aKTMBVPOBAH», ¥ TOITOMY HeT HeOOXOAMMOCTH
B OTHEeNbHOM MeXaHM3Me OKMUCIeHMS Tuona. [IouTu MCKIIoYnTenbHoe
BHUMAaHMe K HYKIeOo(MIbHBIM CBOJCTBAM, BO3MOXKHO, TAaKKe CII0CO0-
CTBOBAJIO PAcIpOCTPaHEHMI0 MHEHMSI O TOM, UTO 3HaueHus: pK, TMonoB
SIBJISIIOTCSL KITI0YeBBIMU (aKTOpamu, ONpeesisIoMMU UX PeaKLIMOHHYIO
CIIOCOGHOCTD 1O OTHOUIeHMI0 K H,0,. OgHako B paMKax KOHLEIINM,
OpPMEHTUPOBAHHOI Ha HykIeoduabl U pK,, IpakTUIeCcKy HEBO3MOKHO
HaTKU MYTaLMit, KOTOpbIe U36MPATENbHO YCTPAHSIOT YyBCTBUTEIBHOCTD
K OKMCIEeHMIO, COXpaHsisl MpY 3TOM KaHOHMUYECKYI0 KaTaaUTUYECcKyIo
dyHKIMIO, MM HA060POT.

IpoTMBOpeYNe 1eTKO YCTPAaHIeT s, eC/IV IPU3HATh, UTO IIPOAYKTUBHOE
okucienye tTmonos H,0, TpeGyeT 3aBeplieHNst BCero peakLMOHHOTO MyTH,
Ha KOTOPOM BO3HMKAIOT KMHETHYEeCKue Gapbepsl, He CBS3aHHbIE C MHU-
UMMUpyIoLei HyKIeopuIbHOI aTakoit. Takum 06pa3om, MJIs CYIeCTBEeH-
HOTO HOBBIIIEHNUS] CKOPOCTH peakuuu ¢ H,O, TpeGyloTcs KaTaIuTuyecKye
MexaHM3MbI, BO3JeJICTBYIOIIME Ha IepexOfHOe COCTOSIHME U YXOMSIIYIO
rpynny. [leiicTBUTeNbHO, pa3feneHye MepoKCUIA3HOM U IMUKOIUTHYe-
CKOJl peakTMBHOCTM B HAIIMX HKCIEPUMEHTaX ObIIO JOCTUTHYTO 3a CYET
rpepbIBaHMsI GYHKIMIA, MOBBILIAIOIMX CKOPOCTb peakuyy. I GyHKIymmu
CIIOCOGCTBYIOT IPOTEKAHMIO ITOCIENYIOIIVIX CTAIMI PeaKLMY U He CBSI3aHbI
¢ VHULMUpYIOLIeii HyKineoduibHOI aTakoit. ToT GakT, YTo MIUKOIUTNYe-
CKYyI0 ¥ TIePOKCHJA3HYI0 peakUuy MOXHO pasfeluTb, He MPOTUBOPEUUT
TOMY, 4TO HyKI1eodmnabHOCTh C152 sBsIeTcs] 06IIMM YCIOBMEM Kak st
ITIMKOIUTUYECKO, TaK U 7151 IEPOKCUAA3HOI peakiyii.

Crennduyeckast yyBcrBurenbHocts GAPDH k H,0, B coueTaHumu
C ero BbICOKOJ KOHIIeHTpalueli B IUTO30/1e ITOATBePXKIaeT UAel0 O TOM,
uto GAPDH perictByeT Kak gatuuk H,O, B yCIOBMSX AJIUTENBHOTO BO3-
peiicreusg H,0,. CHavasa cucTeMbl THONINEPOKCUAA3 TOALEPKMUBAIOT
HU3KUi ypoBeHb H,0,, HO X TOCTOSTHHASI aKTMBHOCTb IIPUBOAUT K UCTO-
meHnto 3amnacoB NAPDH, uyTo, B CBOIO ouepenb, 3aMe,iseT MOoIIoleHe
H,0,. Bo3HuKamwllee B pe3yibTaTe MOBbILIeH/e BHYTPUKIETOYHOI CTa-
LMOHapHOI KoHUeHTpaumuu H,0, npuBoguT K S-cynbdeHnIMpoBaHUIo
GAPDH, 3a KOTOpbIM ObICTPO CIefyeT S-IiIyTaTMOHMIMpoBaHue. IIpu-
MeuaTe/lbHO, 4YTO BOCCTAHOBUTE/IbHAS peaKTUBauys S-ImyTaTMOHWINPO-
BaHHOro GAPDH 3aBucut or NADPH-3aBMCHMBIX BOCCTaHOBUTEIbHBIX
cucreM. Takum o6pa3oM, S-mmyTaTMOHMIMpPOBaHMe coxpaHsieT GAPDH
B HEAKTMBHOM COCTOSIHUM 0 TeX 0P, IToka yposeHb NADPH He BoccTa-
HOBMUTCSI 10 YPOBHS, I03BOJIsTIONIEr0 peakTuBupoBatb GAPDH. 3to, cko-
pee Bcero, CO37aeT MeT/II0 06PaTHO CBSI3M AJIs caMmoperysauuy. Takum
o6pasom, GAPDH MoXeT HeiicTBOBaTh KaK «3aIlIUTHUK BTOPO TMHUM»
T1oCJIe TUOJIIEPOKCHIA3, yeuiavBast BbipaboTky HAJIOH. 3to obecreunBa-
eT nnogaepxkxky HAJIOH-3aBUCUMBIX «3aIIUTHUKOB ME€PBOI TMHUMU» B UX
aHTUOKCUAAHTHOM GyHKUMM. PeakTBHOCTL GAPDH B oTHOmEeHMM H,0,
MOKET GBITh TOYHO HACTPOEHA TaKMM 00pa30M, UTOObI pearupoBaTth Ha
He6osbIIoe [TOBbILIeHNe 0611ero yposHs H,0,.

IIpuBeneHHble Bblllle pe3yabTaTbhl MO3BOJSIOT MPENIONOXUTb, UTO
xietku SH-SY5Y ¢ Hu3koit skcmpeccueit GAPDH nyuiiie mopaepskmBa-
10T ypoBeHb HAJI®H B yC/l0BMSX OKUCIMTENBHOIO CTpecca MpyU BKIIIO-
yenun CC-18 1o cpaBHEHMIO C KJIETKaMM, I[e B IKCIIEPMMEHTe He GbLI
MCII0NIb30BaH MCCIefyeMblii menTu . [lomyuyeHHble [aHHbIE COMIACYIOTCS
¢ uccienoBaHusIMu [45], B KOTOPBIX JOKA3aHO, UYTO KJIETKY C HU3KO IKC-
nipeccueit GAPDH crioco6HbI TogaepskuBath yposeHb HAJIOH mipu Bo3-
peiicreun H,0,.

IMentuaomumeTuk CC-18 6bIT MOMYUEH B pe3y/ibTaTe MOIEKYISIPHON
MeNnTHUIHOM TPaHCIJIAaHTAlMM aMMHOKMCIOTHBIX I10C/Iel0BaTelbHOCTeN
B IMK/IMYECKMIT eNTUZ, 13 6a3bl JaHHBIX [MKINYecKyux mentunos Cybase
c HomepoM [Nphe5] SFTI-1(100). Taxasi crpaTerus rub6puam3aLmum Mo3Bo-
Jmia KOMGMHMPOBaTh (DyHKUMOHAIbHbIe GparMeHThbl JBYX PasIMYHBIX
MENTUAOB IJI CO3LAHUSI ITMOPUIHOTO MENTUAOMUMETHUKA C 3aJaHHON
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HampaB/Je€HHOCTbIO ¥ YCTOMNUMBOTO K MPOTEOIN3Y. ITOT MOAXOJ CETrOfi-
HsI TIPUMEHSIETCSI B PasjIMUHbIX MCCIeOOBAHMSX 6aromapsi CBOei Ipo-
crote u apdexruBHOCTHU [44,45]. TIpn pazpaboTKe MENTUAOMUMETUKOB
ellle OAHOM BakKHOM 3amaueit SIBISETCS BbISIBIeHME (GYHKIMOHATbHBIX
MeNTUIHbIX PparMeHTOB B 6GOMbIINX 6MOIMOTEKAX MEMTHUIHBIX ITOCIEN0-
BaTesbHOCTel . Biarogapst cTpeMuUTeIbHOMY Pa3BUTUIO KOMITbIOTEPHBIX
TEeXHOJIOTMIA, BUPTYaJIbHbIV CKPDUMHMHT Ha OCHOBE BBIUMCIEHWUI CAenas
BO3MOKHBIM BbICOKOTIPOM3BOAUTENbHbBIN CKPUHUHT (YHKIVIOHAIbHBIX
MeNTUAOMUMETUKOB. MOMEKYISPHbIA TOKMHT, TPOBEIEHHBI B HallemM
uccnenoBaHmy, noaTBepaua 3hdeKTUBHOCTD BBISIBIEHMS IENTUIHBIX
1OC/IeI0BATEILHOCTEI C BHICOKOM aHTMOKCUIAHTHOM aKTMBHOCTbIO U ad-
(DUHHOCTBIO K 1ie/IeBbIM 6ekaM. DTU pe3y/abTaThl, BOSMOXKHO, IO3BOJIST
3HAYMUTEIbHO COKPATUTh TPYA03aTPaThl IPU OTOOPE MOTEHLMATBHO Tep-
CHEeKTUBHBIX ENTUIO0B. Pe3yabTaThl MCCIELOBAHNI MTIOATBEPKAAIOT, YTO
C TTOMOII[bIO POTPAMMHBIX MHCTPYMEHTOB JIJIsI JOKMHTA GEKOB U TIel-
TUAOB MOKHO MOTYYUTH MENTUAOMUMETUKA C 3aJaHHBIMM CBOVICTBAMU
¥ 610JIOTMYECKOI HAaIIPaBIEHHOCThI0. ClielyeT OTMETUTD, UTO Y KaskIOTrO
MPOrpaMMHOTO 0OecTieueHust [jist JOKMHTA eCTh CBOM aJiTOPUTMUYECKIE
MpeATIOYTeHNSI, KOTOPbIE MOTYT BJIMSITh Ha MPOM3BOAUTENIBHOCTh B 3a-
BUCUMMOCTY OT KOHKPETHO! 3ajaun. ITO 0COGEHHO BasKHO [ist GBICTPO-
IO CKpMHMHTA TPU pa3paboTKe MENTUIOMUMETUKOB Y MOJIEKYISIPHOM
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TRACKING SHELF-LIFE DETERMINANTS IN SOFT, SEMI-HARD,
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ABSTRACT

This study evaluates the physicochemical and microbiological quality indicators of 81 cheese samples (soft, semi-hard, and
hard) produced in Iran, Saudi Arabia, and Turkey and marketed in Iraq. Samples were analyzed over storage periods of up to 60
days at 4 °C. Hydroxymethylfurfural (HMF) was quantified using HPLC-DAD, while total viable counts, Staphylococcus aureus,
Escherichia coli, and yeasts/molds were determined by plate count methods. Antioxidant activity and reducing power of water-
soluble extracts were assessed using DPPH and ferric reducing assays, respectively. Results showed a wide range of HMF con-
tent, with higher values generally observed in semi-hard and hard cheeses. Microbial analysis revealed that soft cheeses had
the highest total viable counts and yeast/mold counts, though all values were within permissible limits except for some E. coli
occurrences. Antioxidant activity and reducing power were highest in hard cheeses, particularly those from Turkey. Storage
time significantly influenced moisture content and peroxide values across all cheese types. This study highlights considerable
variability in cheese quality across origins and types. Findings support the need for routine quality control and stricter storage
guidelines to ensure consumer safety.
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OTCHEXUWBAHUE JETEPMUHAHTOB CPOKATOJHOCTHU B MAT'KUX,
IMMOJIVTBEPABIX U TBEPABIX CBIPAX: ACIIEKT KAYECTBA

®amux M. A.!, Ankaucu K. X.!, Anbremumu A. B.2)* A6egensmaxcyp, T. I.3*

ldakynbreT HAyKM U TEXHOJOIMM MOJIOKA, KoJle [k MuIueBbiX HayK, YHuBepcuTeT Anb-Kacum I'pun, Anbs-Kacum, Mpak
2Kadenpa nuiesbix HayK, Ce/bCKOX03SICTBEHHBII KoIenK, YHuBepcuteT Bacpsl, Bacpa, Mpak
3Kadenpa nuieBbix HayK, Ce/lbCKOX03ACTBEHHBII (paKynbreT, Kaupckuii yuuepcurer, I'usa, Eruner

K/IIOYEBBIE C/IOBA: AHHOTALIA
Kauecmeo coipa, ’'M®, B naHHOM MCCIe[OBAaHMM OCYILECTBIEHA OLeHKAa (MU3MKO-XMMMYECKMX ¥ MUKPOOMOJIOTMYECKUX IOKasaTenell KauecTsa

AHMUOKCUOAHMHAs 81 ob6pasia cbipa (MSTKOTO, TOYTBEPAOTO M TBEPAOTO), Tpou3BeneHHoro B Vipane, CaymoBckoit ApaBuu u Typuymn, v peanm-
aKmueHocmo, 3yemoro B Mpaxe. O6pa3iibl aHa/IM3MPOBAINU B Ipoliecce XpaHeHus 1o 60 nHeit ipu 4 °C. [IpoBeneHa KonuyecTBeHHAs! OLIEHKA
Mukpobuonozuueckast — runpoxcumermadypdypona (CM®) metogom B3)KX ¢ 1Cronb3oBaHMeM IeTEKTOPa Ha IMOLHOM MaTpulle; obuiee MUKPO6-
6e30nacHocme, HOe Y1CJI0, KommyecTBo Staphylococcus aureus, Escherichia coli v iposkskeit/TisieceHeii orpeaessiiv ¢ UCII0b30BaHEM METOfa
XpaHeHue rojcyeTa KOJOHMe06pasyomux eAyHNI. AHTMOKCUIAHTHYIO aKTUBHOCTb M BOCCTAHOBUTEIbHYIO CIIOCOGHOCTh OLIEHUBAIN

C UCMOAb30BaHMEM MeTona Ha ocHoBe DPPH u aHanmsa BOCCTaHOBJIEHMS JKejle3a, COOTBETCTBEHHO. Pe3ysbTaThl OKa3anu
LMIMPOKMI nuamna3oH copepxkanusi TM® c 6oee BBICOKMMY YPOBHSIMMU, OGHAPYKEHHBIMU B IOJYTBEPABIX U TBEPABIX ChIPAX.
MuKpO6GMOIOTMYECKIi aHaIn3 [T0Ka3aJl, YTO MSTKIME ChIPbI MMeJTM Hanbosiee BhICOKIE 3HAaUeHNsT 00Iero MMKPOOHOTo umciia
U IPOSKKe1/TIIeceHelt, HO 0CTaBaIMCh B paMKax IOMYCTUMbIX IIPEJEIOB 3a UCKIIOUEHMEM HECKObKUX CTyuaeB 0OHapYsKeHUS
E. coli. AHTMOKCUMIAHTHAS aKTUBHOCTh M BOCCTAHOBMTEIbHAS CITOCOGHOCTD 6bLIM HaMOGOBIIMMY B TBEPLIBIX ChIPaX, 0COOEHHO
B cbipax u3 Typunu. [TpogomKuTebHOCTb XpaHeHMsI OKa3bIBajia 3HauUMMOe BIMsSHME Ha cofiepskaHue Baru U MepoKCUIHOe
YMCIO BO BCEX BMOAX Chipa. JlaHHOE MCCIeJOoBaHMe MMOJUYEPKMBAET CYIIeCTBEHHYIO BapuabeabHOCTh B KauecTBe 06pasiioB
ChIpa B 3aBUCUMMOCTM OT UX MPOMCXOXKIEHMS ¥ Buaa. Pe3ynbTaThl MOATBEPKIAIOT HEOOXOAMMOCTh PETY/ISIPHOTO KOHTPOJIS
KauecTBa 1 60jiee CTPOTrMX PYKOBOACTB IO XpaHEHMIO 1JIs1 obecriedeHnst 6e30MacHOCT IIOTpeduTene.

1. Introduction

Cheese is a widely consumed dairy product that provides essential
nutrients, including proteins, fats, vitamins, and minerals, as well as
a diverse range of bioactive compounds with potential health-promoting
properties. The chemical composition, microbial safety, and antioxidant
capacity of cheese vary significantly by type (soft, semi-hard, or hard),
manufacturing conditions, and storage practices. As cheese is a perish-
able product, quality deterioration during storage, particularly under
refrigeration, can compromise consumer safety and product shelf-life.
Therefore, understanding the physicochemical and microbiological
changes that occur during cheese storage is critical for ensuring quality
and consumer health. One of the interesting compounds that form dur-
ing heat treatment or storage of dairy products is 5-hydroxymethylfur-

FOR CITATION: Falih, M. A., Alkaisy, O. H., Altemimi, A. B., Abedel-
maksoud, T. G. (2026). Tracking shelf-life determinants in soft, semi-hard,
and hard cheeses: A quality perspective. Food Systems, 9(1), 14-24. https://doi.
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fural (HMF). HMF is a marker of heat-induced reactions, particularly the
Maillard reaction and sugar dehydration, and its accumulation is associ-
ated with potential health risks, including genotoxicity and mutagenic-
ity [1,2]. Although HMF is regulated in products such as honey and fruit
juice, its presence in cheese is less studied and not yet legislatively con-
trolled, despite evidence that heat treatment and prolonged storage can
elevate HMF concentrations [1].

Equally important is the microbial quality of cheese. Cheese can
harbor various microorganisms, including spoilage bacteria and food-
borne pathogens such as Staphylococcus aureus, Escherichia coli, and, in
rare cases, Salmonella. These contaminants may originate from raw milk,
unhygienic processing, or post-processing contamination [3,4]. While
certain microorganisms are essential for flavor development in cheese,
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uncontrolled microbial growth poses serious safety risks. Thus, periodic
monitoring of microbial indicators is crucial, particularly during storage,
to evaluate hygiene, shelf-life, and overall safety [3].

Additionally, cheese possesses antioxidant properties owing to pep-
tides, amino acids, vitamins, and fatty acids. This antioxidant activity is
associated with neutralizing free radicals and reducing oxidative stress,
thereby providing additional health benefits [5]. The antioxidant profile
of cheese can change during storage due to proteolysis and microbial ac-
tivity, leading to the release of bioactive peptides with radical-scavenging
and metal-reducing capacities [6,7].

Despite the importance of these parameters, few comparative studies
have evaluated the chemical and microbiological quality of cheese pro-
duced in different countries under standardized storage conditions. This
is particularly relevant in markets where cheeses imported from neigh-
boring countries are widely available. Differences in manufacturing prac-
tices, heat treatment, and hygiene standards between these countries can
lead to considerable variations in product quality.

Given this context, the present study examines the physicochemical
characteristics, microbial quality, and antioxidant potential of soft, semi-
hard, and hard cheeses from three different countries Iran, Saudi Ara-
bia, and Turkey. This study aims to assess and compare the quality and
safety of commercially available cheeses by monitoring changes in HMF
content, moisture, peroxide value, microbial counts, antioxidant activ-
ity, and reducing power during refrigerated storage (4 °C), using validated
analytical techniques such as HPLC, the DPPH assay, and microbiological
plating methods.

2. Objects and methods

2.1. Sample collection

A total of 27 cheese samples were collected, with three replicates
per type, resulting in 81 individual samples representing all cheese cat-
egories included in the study. The selected cheeses were commercially
available products from various brands sold in markets and stores across
Babylon Governorate, Iraq, from November 2024 to February 2025. The
cheese samples from three countries: Iran, Saudi Arabia, and Turkey (A,
B, and C, respectively) were categorized into three main types: soft, semi-
hard, and hard cheese. All samples were assigned alphanumeric codes
that indicated three attributes: cheese type, the sample number within
each category (1-3), and the country of origin. Soft cheeses were labeled
with the prefix CHS, semi-hard cheeses with CHM, and hard cheeses with
CHH. The letters I, S, and T represented cheeses from countries A, B, and
C, respectively.

Accordingly, the soft cheese samples were designated as CHS1-I,
CHS2-1, CHS3-I (country A); CHS1-S, CHS2-S, CHS3-S (country B); and
CHS1-T, CHS2-T, CHS3-T (country C). The semi-hard samples included
CHM1-1, CHM2-1, CHM3-I (country A); CHM1-S, CHM2-S, CHM3-S
(country B); and CHM1-T, CHM2-T, CHM3-T (country C). The hard cheese
samples were labeled as CHH1-1, CHH2-I, CHH3-I (country A); CHH1-S,
CHH2-S, CHH3-S (country B); and CHH1-T, CHH2-T, CHH3-T (country C).

During sample selection, strict criteria were applied to ensure that the
samples reflected the consumption of popular brands across different age
groups and income levels, while also accounting for product availability
during the study period.

To standardize the starting point for comparative analysis across the
different cheese types, a “zero-time” reference point was established for
all baseline analyses prior to storage. This standardization was based on
production dates, with no more than five days elapsed from production
date for any of the soft cheese samples, given their high perishability. For
semi-hard and hard cheeses, where post-production market availability
can vary, the zero-time point was defined so that selected samples dif-
fered in production date by no more than 15 days. This 15-day window
was chosen because the lower moisture and higher stability of semi-hard
and hard cheeses minimize significant physicochemical or microbial
changes during this period, ensuring baseline consistency [8]. For ex-
ample, samples available two months and two months plus 10 days after
production were considered to fall within the same zero-time window.
This reference point served as a unified baseline for evaluation, ensuring
consistency in comparisons across cheese types and countries of origin
and improving the accuracy of subsequent storage-related assessments.

2.2. Determination of Hydroxymethylfurfural (HMF)

A 0.5 g portion of the cheese sample was placed into a 50 mL cen-
trifuge tube. To this, 9 mL of ultrapure water (containing 0.1% formic
acid) was added, followed by 0.5 mL of Carrez I solution (potassium fer-
rocyanide) and 0.5 mL of Carrez II solution (zinc acetate). The mixture
was homogenized for 1 minute and then centrifuged at 4.000 rpm for
10 minutes at 4°C (Anezka T 30B centrifuge, Janetzki and Schnuch AG,
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Germany). The supernatant was transferred to a new 50 mL centrifuge
tube. An additional 5 mL of ultrapure water was added to the residue,
followed by homogenization and centrifugation as previously described.
This step was repeated once more, collecting the upper liquid layer (su-
pernatant) each time.

From the pooled supernatant, 1 mL was transferred to a 1.5 mL Eppen-
dorf tube and centrifuged at 14,000 rpm for 10 minutes at 4 °C (MSB010.
CX1.5, Gallenkamp, England). The resulting supernatant was filtered
through a 0.2 pm membrane filter [9,10].

For HPLC analysis, 20 pL of the filtered extract was injected directly in-
to the system. An HPLC-DAD system (Azura, Knauer, Germany) equipped
with an automatic injector (D1357) and a diode array detector (DAD 2.1L)
was used. Detection was performed at 285 nm. The mobile phase consist-
ed of water: methanol (10:90 v/v) at a flow rate of 1 mL/min. Separation
was achieved using a C18 column (Shimpack, Shimadzu, Japan) measur-
ing 4.6 x 250 mm. A standard calibration curve for HMF was prepared at
concentrations of 0, 0.05, 0.5, 5, 25, and 50 pg/mL.

2.3. Microbiological analysis of cheese samples

Prior to conducting the microbiological tests, 10 g of each cheese sam-
ple was homogenized in 90 mL of sterile 2 % (w/v) sodium citrate solution.
Serial decimal dilutions were then prepared using sterile 0.1 % peptone
water. Microbiological analysis was performed by enumerating the fol-
lowing microorganisms as described by Herndndez-Morales et al.[11] and
Rashtchi et al. [12]: Total viable count was determined on nutrient agar.
Staphylococcus aureus was enumerated on Mannitol Salt Agar (MSA). The
medium was sterilized at 121 °C for 15 minutes (Systec: yx-280b, Italy).
The samples were inoculated using the pour plate technique and incu-
bated at 37 °C for 24 hours (FAV 061, Memmert, England). Colony-forming
units were expressed as log cfu/g for all cheese samples [13]. Escherichia
coli was detected on MacConkey agar using the pour plate method. Sam-
ples were incubated at 37 °C for 24 hours (FAV 061, Memmert, England),
and colonies were then counted [14]. Salmonella spp. detection was car-
ried out by weighing 1 g (Ohauscalaxy Germany) of each cheese sample
and pre-enriching it in Tetrathionate broth, followed by incubation at
37 °C for 24 hours (FAV 061, Memmert, England). One milliliter of the first
dilution was then plated onto Salmonella-Shigella agar; and incubated
at 37 °C for 24 hours (FAV 061, Memmert, England). Grown colonies were
counted accordingly [15]. Yeasts and molds were enumerated on Potato
Dextrose Agar (PDA) prepared by dissolving 39 g in 1 L of water and ster-
ilized at 121 °C for 15 minutes (Systec: yx-280b, Italy). Chloramphenicol
was prepared by dissolving 1 g in 10 mL of 70 % ethanol, and 1 mL of the
prepared solution was added per liter of PDA. The pour plate technique
was used for inoculation, and plates were incubated at 25 °C for 5-7 days
(FAV 061, Memmert, England) [16].

2.4. Preparation of water-soluble extracts (WSEs) of cheese

Twenty grams of freeze-dried cheese samples were ground into a fine
powder and mixed with 180 mL of distilled water. The mixture was then
sonicated in an ultrasonic water bath (Model LUC-405, Labocon, United
Kingdom) for 60 minutes at 40°C. After cooling, the water-soluble ex-
tract (WSE) was centrifuged at 6000x g for 20 minutes at 4°C (Anezka
T 30B centrifuge, Janetzki and Schnuch AG, Germany) to remove the fat
layer. The supernatant was filtered through Whatman No. 2 filter paper,
followed by additional filtration through a 0.22 pym membrane filter to
remove residual impurities. The clarified WSE was stored at —20 °C until
further analyses were performed [17].

2.5. Antioxidant activity determination

The antioxidant activity of the water-soluble extracts (WSEs) was
determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, as
described by Uzunsoy [18]. A volume of 1.5 mL of WSE was mixed with
1.5 mL of freshly prepared DPPH solution (60 uM in 95 % methanol) and
incubated in the dark at room temperature for 45 minutes. Absorbance
was then measured at 517 nm using a UV-visible spectrophotometer
(SP-3000nano, Optima, Japan). The radical- scavenging activity of the
WSEs was calculated using the following equation:

DPPH radical scavenging activity (%) = [1 — (Awsg/Ap)] x 100, (1)

where Ay is the absorbance of the blank (deionized water); Ayge is the
absorbance of the sample (Water-Soluble Extract, WSE).

2.6. Reducing power assay

The reducing power assay was conducted according to the method de-
scribed by Ramos et al. [19] with slight modifications. A volume of 250 uL
of the water-soluble extract (WSE) was mixed with 250 pL of phosphate
buffer (0.2 M, pH 6.6) and 250 pL of potassium ferricyanide (1 %). The mix-
ture was incubated at 50 °C for 20 minutes (FAV 061, Memmert, England).
Subsequently, 250 uL of trichloroacetic acid (10%) was added, and the
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mixture was centrifuged at 3000 rpm for 10 minutes (Model: PLC-036H,
Labnet, USA). From the resulting supernatant, 500 pL was collected and
mixed with 400 pL of distilled water and 100 pL of ferric chloride (0.1 %).
The final mixture was incubated at 50 °C for 10 minutes. Absorbance was
measured at 700 nm using a UV-visible spectrophotometer (SP-3000na-
no, Optima). The reducing power of the sample was calculated as follows:

(%) Reducing power = [(Absy, — Absg)/Absy] x (100), 2)

where Absy, is the absorbance of the sample; Absy is the absorbance of the
blank.

2.7. Storage evaluation

Storage tests were conducted at 4 °C for different cheese types: soft
cheeses were evaluated at 0, 7, 14, 21, and 28 days of storage, while semi-
hard and hard cheeses were evaluated at 0, 15, 30, 45, and 60 days.

2.8. Determination of moisture content

The moisture content of the cheese samples was determined by dry-
ing the samples in an oven at 105 °C (Schutzart-Din 4005 D-IP, Germany)
until a constant weight was achieved. The moisture content was calcu-
lated based on weight loss, according to the method described by Cebeci
et al. [20].

2.9. Determination of peroxide value

The peroxide value was determined according to the method of Saad
et al. [21]. Briefly, 5 g of cheese was dissolved in 30 mL of glacial acetic
acid/chloroform mixture (3:2, v/v). Then, 1 mL of saturated potassium
iodide solution and 40 mL of distilled water were added. The mixture was
titrated with 0.1 N sodium thiosulfate (Na,S,0:) until the yellow color
disappeared. Next, 0.5 mL of 1% starch solution was added, and titration
continued until the blue color disappeared.

The peroxide value was calculated using the following equation:

Peroxide value (mEq/kg sample) = Sx Nx1000/ W, 3)

where S is the volume of sodium thiosulfate solution, mL; N is the normality
of the sodium thiosulfate solution; Wis the weight of the cheese sample, g.

2.10. Statistical analysis

The data were statistically analyzed using a two-way analysis of vari-
ance (Two-Way ANOVA) at o = 0.05, followed by the Least Significant Di-
fference (LSD) test for multiple comparisons. This was done to evaluate
the effects of the two independent variables — cheese type and country
of manufacture — as well as their first-order interaction. The analysis was
performed using SPSS software, version 13 (SPSS Inc., Chicago, IL, USA).

3. Results and discussion

3.1. Determination of Hydroxymethylfurfural (HMF)

Figure 1 presents the chromatographic profiles of hydroxymethyl-
furfural (HMF) standard alongside those of the cheese samples. These
profiles reveal varying HMF concentrations across the samples. Table 1
displays the quantified HMF content in the tested cheese samples, with
cheese samples from country A containing HMF in the range of-ND (Not
Detected) to 1.8410 pg/g. In cheese samples from country B, HMF levels
ranged from ND to 1.7856 ng/g, while country C samples exhibited con-
centrations ranging from ND to 1.4436 ng/g.

These findings are consistent with those reported by Li et al. [1], who
evaluated four furfural compounds, including 5-hydroxymethylfurfural
(5-HMF), in various cheese types available in the Chinese market. Their
results demonstrated significantly higher concentrations of furfural com-
pounds, especially 5-HMF, in semi-hard and hard cheeses compared to

soft and fresh varieties. The researchers attributed these differences to
heat processing of milk prior to cheesemaking, which may influence HMF
formation. This supports the hypothesis that HMF could serve as a reli-
able indicator for assessing heat processing intensity [22].

Given the potential toxicity of HMF, its concentration in foods must
be regulated. Current regulations by the Codex Alimentarius and the Eu-
ropean Union specify a maximum HMF limit only for honey, ranging from
40 to 80 mg/kg, depending on the country of origin [23,24]. Similarly,
the International Federation of Fruit Juice Producers [25] recommends
a maximum concentration of 10 mg/L in fruit juices and 25 mg/kg in fruit
juice concentrates. Additionally, the Codex standard [24] considers a con-
centration of 25 mg/kg in apple juice as a marker of degradation and/or
excessive heat treatment.

Despite its toxicological importance, no maximum allowable HMF
concentration has been established for other food categories [26-28]. Ac-
cording to Xing et al. [29], HMF levels in dairy products ranged from 37
to 891 mg/kg as measured by HPLC-DAD, although other studies have
reported varying concentrations across dairy products.

3.2. Analysis of microbiological indicators

Table 2 shows the bacterial counts in the cheese samples. ANOVA re-
sults revealed significant differences (p < 0.05) in bacterial counts across
cheese types and countries of origin, including a significant interaction
effect.

The average total bacterial count was as follows: cheeses from coun-
ty A, 3.595 log CFU/g; cheeses from country B, 3.357 log CFU/g; and chees-
es from country B, 3.521 log CFU/g. When categorized by cheese type,
the total bacterial count was highest in soft cheeses (4.226 log CFU/g),
followed by semi-hard cheeses (3.458 log CFU/g) and hard cheeses
(2.788 log CFU/g). All values were below the maximum permissible limit
of 5.47 log CFU/g as defined by the European Commission [30].

Table 2 also highlights the presence of yeasts and molds in cheese
samples from all three countries. ANOVA confirmed significant differenc-
es (p < 0.05) in yeast and mold counts based on cheese type and origin, in-
cluding a significant interaction effect. Generally, cheeses from Country
C exhibited higher contamination levels compared to those from Coun-
tries B and A. Regarding cheese type, soft cheeses contained significantly
higher yeast and mold populations than semi-hard and hard varieties.
Notably, the mean count in soft cheeses approached the acceptable limit
of 2 log CFU/g defined by the standard [14], whereas counts in semi-hard
and hard cheeses remained well below this threshold.

Airborne contamination, production equipment, and plastic packag-
ing films are major sources of mold contamination in cheeses. Airborne
transmission is particularly critical, as the presence of molds negatively
affects the sensory qualities of cheese and poses a potential health risk
due to their ability to produce mycotoxins [31].

The results also confirmed the presence of Staphylococcus spp. in
some soft and semi-hard cheese samples from the three countries, while
the bacterium was not detected in any of the hard cheeses. ANOVA results
showed significant differences (p < 0.05) between brands based on cheese
type and origin, with a notable interaction effect. Although Staphylococ-
cus counts varied among the three countries, with Country C exhibiting
notably higher average counts than Countries A and B, all recorded lev-
els remained significantly below the maximum permissible limit of 2 log
CFU/g [32,33].

Contamination by Staphylococcus aureus may occur via three main
pathways: presence in raw milk, cross-contamination from infected han-
dlers, and contact with contaminated surfaces or equipment. Inadequate

Table 1. Hydroxymethylfurfural (HMF) content (ug/g) in cheese samples
Ta6muua 1. Cogepykanue rugporcumermiadypdypona (TMP) (MKr/r) B 06pasiax ceipa

Cheeseotfygg éiﬁountry Peak area, % Concentration, pg/ml
CHH2-1 105.206 0.7671%0.06
CHH3-T 100.142 0.7218+0.05
CHM1-S 102.396 0.7440+0.06
CHM2-T 94.241 0.6684£0.03
CHS2-T 49.006 0.2543+0.04
CHS1-I 37.531 0.1493+0.06
CHS2-S 38.737 0.1603+0.04

Final concentration

Sample volume, ml Sample weight, g

(ng/®)
1.2 0.5 1.8410%0.07
1.0 0.5 1.4436%0.09
1.2 0.5 1.7856=0.07
0.9 0.5 1.2032%0.06
0.8 0.5 0.4069%0.08
1.0 0.5 0.2987%0.03
0.8 0.5 0.2565%0.04

* Soft cheese samples: CHS1-I, CHS2-I, CHS3-I (country A); CHS1-S, CHS2-S, CHS3-S (country B); and CHS1-T, CHS2-T, CHS3-T (country C). Semi-hard samples:
CHM1-1, CHM2-I, CHM3-I (country A); CHM1-S, CHM2-S, CHM3-S (country B); and CHM1-T, CHM2-T, CHM3-T (country C). Hard cheese samples: CHH1-I, CHH2-I,
CHH3-I (country A); CHH1-S, CHH2-S, CHH3-S (country B); and CHH1-T, CHH2-T, CHH3-T (country C).
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Table 2. Results of microbiological analysis of the cheese samples
Tab6nuiia 2. Pe3y/bTaTbl MMKPOGMOIIOIMYECKOr0 aHa/In3a 06pasmoB chipa

Cheese sample Tota}:gia(l:)é%/c;unt, 15('; ;lé'l‘:ellj‘/sg’ Salmonella log. égIUl’ g Yeaslt;gaggU?golds,
Soft cheeses
CHS1-1 4.11£0.02 1.47+0.04 ND 1.49+0.08 1.82+0.09
CHS2-1 4.62+0.04 1.39+0.04 ND 1.43%0.06 1.91£0.05
CHS3-1 4.41£0.04 ND ND 1.50£0.05 2.62+0.07
CHS1-S 4.12£0.06 ND ND 1.38+0.07 2.51+0.05
CHS2-S 3.91+0.03 ND ND 1.43+0.09 ND
CHS3-S 4.31+0.05 1.39%0.06 ND ND 2.82+0.09
CHS1-T 4.23+0.04 1.39£0.07 ND ND 1.81£0.06
CHS2-T 3.81+0.03 1.60£0.08 ND ND 1.73£0.09
CHS3-T 4.52+0.08 1.00+0.05 ND 1.51+0.09 2.20+0.07
L.S.D (Cheese type) 0.260 0.155 - 0.045 0.500
L.S.D (Country of origin) 0.194 0.374 — 0.434 0.136
Semi-hard cheeses
CHM1-I 3.54%0.07 ND ND ND ND
CHM2-I 3.49+0.04 ND ND ND ND
CHM3-1 3.49+0.07 ND ND ND ND
CHM1-S 3.30%£0.09 ND ND ND 1.54%0.04
CHM2-S 3.54%0.05 1.39+0.07 ND 1.44+0.07 1.60£0.07
CHM3-S 3.54£0.05 ND ND 1.53+0.05 1.77+0.09
CHM1-T 3.59+0.05 ND ND 1.34+0.09 1.72+0.04
CHM2-T 3.32%+0.09 1.39+0.05 ND ND 1.81+0.07
CHM3-T 3.32%0.08 1.39+0.08 ND ND ND
L.S.D (Cheese Type) NS 0.461 — 0.030 0.050
L.S.D (Country of origin) 0.043 0.463 - 0.466 0.460
Hard cheeses
CHH1-I 3.00£0.07 ND ND ND ND
CHH2-1 2.80+0.08 ND ND ND ND
CHH3-1 2.90+0.04 ND ND ND 1.72%0.06
CHH1-S 2.70+0.09 ND ND ND ND
CHH2-S 2.50+0.08 ND ND ND ND
CHH3-S 2.30+0.04 ND ND ND 1.30£0.07
CHH1-T 2.90+0.05 ND ND ND 1.40£0.07
CHH2-T 3.00+0.04 ND ND ND 1.60%0.09
CHH3-T 3.00%0.09 ND ND ND 1.81+0.05
L.S.D (Cheese type) 0.048 — - - 0.066
L.S.D (Country of origin) 0.072 — — — 0.140
Averages
Soft cheeses avg. 4.226 0.915 - 0.971 2.177
Semi-hard cheeses avg. 3.458 0.463 - 0.538 0.937
Hard cheeses avg. 2.788 — - — 0.870
Country A avg. 3.595 0.317 — 0.491 0.896
Country B avg. 3.357 0.308 — 0.642 1.282
Country C avg. 3.521 0.752 — 0.316 1.564

* Results as mean+SD (standard deviation); ND: Not Detected; L.S.D.: Least Significant Difference; Soft cheese samples: CHS1-I, CHS2-I, CHS3-I (country A);
CHS1-S, CHS2-S, CHS3-S (country B); and CHS1-T, CHS2-T, CHS3-T (country C). Semi-hard samples: CHM1-I, CHM2-1, CHM3-I (country A); CHM1-S, CHM2-S,
CHM3-S (country B); and CHM1-T, CHM2-T, CHM3-T (country C). Hard cheese samples: CHH1-I, CHH2-I, CHH3-I (country A); CHH1-S, CHH2-S, CHH3-S
(country B); and CHH1-T, CHH2-T, CHH3-T (country C).
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pasteurization or the use of low-quality
starter cultures may also contribute to
contamination [34].

Table 2 indicates the presence of
Escherichia coli in some cheese samples.
ANOVA analysis revealed significant dif-
ferences (p < 0.05) between brands across
cheese types and countries of origin, with
a significant interaction effect. These
results suggest a correlation between
cheese texture and bacterial contamina-
tion, as E. coli was predominantly found
in soft cheeses, to a lesser extent in semi-
hard cheeses, and was absent in hard
cheeses.

The contamination levels were evalu-
ated against GSO standards [33], which
specify maximum limits of 1 log CFU/g
for soft cheeses and 0 log CFU/g for semi-
hard cheeses. While most samples ad-
hered to these limits, samples CHM2-S,
CHM3-S, and CHM1-T exceeded the per-
missible thresholds by 1.44, 1.53, and
1.34 log CFU/g, respectively. Notably,
these exceedances were significant even
when accounting for measurement un-
certainty and method-related errors. All
hard cheese samples from the three coun-
tries were free from E. coli, in compliance
with the standards [33,34].

The elevated E. coli counts observed
in some samples reflect potential defi-
ciencies in hygiene and sanitation during
manufacturing and handling. As a fecal
contamination indicator, the presence of
E. coli is of serious concern, underscoring
the need for strict quality control and ad-
herence to food safety protocols through-
out the production and supply chain.

Finally, Salmonella spp. was not detect-
ed in any of the cheese samples, meeting
the requirements of absence in 25 grams
as specified by the standard [32,34].

3.3. Determination of antioxidant activity

Table 3 presents the antioxidant activ-
ity of extracts obtained from the cheese
samples. The results indicate a distinct
trend based on texture, with hard cheeses
exhibiting the highest antioxidant ac-
tivity, followed by semi-hard and soft
cheeses. While significant differences
were observed between cheeses from
countries A and B and between B and C,
no significant difference was found be-
tween countries A and C. Statistical anal-
ysis confirmed that both cheese type and
country of origin significantly influenced
antioxidant activity (p < 0.0001), with
a significant interaction between these
two factors.

Revilla et al. [35] and Kose and Oc-
ak [36] attributed variations in anti-
oxidant activity to milk type, processing
methods, and storage periods. Their find-
ings demonstrated a gradual increase in
antioxidant potential over time due to
ongoing proteolysis, which leads to the
release of soluble peptides and sulfur-
containing amino acids. In contrast to
these consistent trends regarding storage
time, other studies have reported diver-
gent results at specific time points. For
instance, Al-Hamdani et al. [37] observed
high antioxidant activity (63%) in soft
white cheese stored for 21 days, where-
as no antioxidant activity was detected
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Figure 1. HPLC chromatograms of hydroxymethylfurfural (HMF) standard and cheese samples
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in extracts of full-fat and low-fat soft
cheese in other research [38]. Given that
the soft cheeses in the present study were
analyzed after 28 days at 4°C, the lower
activity observed here (compared to Al-
Hamdani) suggests that specific compo-
sitional differences, rather than storage
duration, were primarily responsible for
the variation. The antioxidant activity
values for semi-hard cheeses in the pres-
ent study were notably higher than the
23.35+0.82% reported by Uzunsoy [18]
for Camis cheeses after 30 days of stor-
age. This increase is consistent with the
effect of ripening time, as the semi-hard
cheeses in this study were stored for
60 days at 4°C, allowing for greater pro-
teolysis compared to the 30-day period in
Uzunsoy's study. Regarding hard cheeses,
the findings of the current study align
closely with those of Chen et al. [39], who
reported approximately 47 % activity for
Cheddar cheese. It is important to note
that Chen et al. observed these results
after a substantially longer storage pe-
riod of 16 weeks (112 days), whereas the
hard cheeses in the present study reached
comparable levels after only 60 days. This
indicates that the hard cheeses in this
study underwent rapid protein degrada-
tion and release of antioxidant peptides
within the first two months of storage.

3.4. Determination of reducing power

Table 3 shows the reducing pow-
er values of the cheese samples. The
mean reducing power values were
42.544+8.194% for cheeses from coun-
try A, 42.22+11.686 % for cheeses from
country B, and 44.231%12.031% for
cheeses from country C. Regarding
cheese types, the mean reducing power
was 31.252+2.509% for soft cheeses,
42.587+2.281% for semi-hard cheeses,
and 55.155+4.142 % for hard cheeses.

The lowest reducing power was ob-
served insample CHS1-1at27.21+0.567 %,
while the highest was found in the hard
cheese sample from country C (CHH1-T),
at 60.56+0.523%.

Statistical analysis indicated signifi-
cant effects of both cheese type and coun-
try of origin, along with a significant first-
order interaction between these variables.
Significant differences (p < 0.05) in reduc-
ing power were observed between cheeses
from countries A and C and between
cheeses from countries B and C, while
no significant differences were found
between cheeses from countries A and B
(p > 0.05).

Ramos et al. [19] reported that bioac-
tive compounds in cheese extracts pos-
sess reducing power, with the ability to
donate electrons and neutralize oxida-
tive intermediates generated during lipid
oxidation. This property enables them to
act as both primary and secondary anti-
oxidants. Jafari et al. [40] observed that
cheese samples exhibited higher reduc-
ing power compared to other dairy prod-
ucts, potentially due to a lower electrode
potential (Eh) for redox reactions. While
milk typically has an Eh of approximately
+150 mV, cheese exhibits an Eh of around
—-250 mV. Although the precise mecha-
nisms underlying this reduction remain
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Table 3. Antioxidant activity and reducing power (%)

in cheese samples under study

Tabnuiia 3. AHTMOKCUJAHTHAsI aKTUBHOCTh M BOCCTAHOBUTEIbHAS
CIoCcoGHOCTH (%) B McCIeayeMbIX 00pa3Iax ceipa

Cheese type / Antioxidant Reducing power,
Country of origin activity, % *SD % *SD
Soft cheeses
CHS1-1 24.262+0.143 30.46+0.759
CHS2-1 25.117+0.113 33.11+1.018
CHS3-1 28.078+0.154 36.14%1.109
CHS1-S 28.386+0.588 27.21%£0.567
CHS2-S 27.740+0.514 30.51+0.986
CHS3-S 28.424+0.314 29.44+0.575
CHS1-T 28.921+0.212 31.47+0.674
CHS2-T 29.565+0.154 29.42%0.560
CHS3-T 30.869+1.324 33.51£0.511
Semi-hard cheeses
CHM1-I 40.435+0.929 40.62+0.690
CHM2-I 40.121+0.815 44.41+0.502
CHM3-1 40.642+1.039 45.11+0.940
CHM1-S 35.382%0.573 39.76+0.120
CHM2-S 36.604+0.154 40.78+0.225
CHM3-S 34.535+0.149 45.32+0.367
CHM1-T 37.588+0.605 40.21£0.450
CHM2-T 38.525+0.148 42.57+0.228
CHM3-T 35.352+0.147 44.51+0.407
Hard cheeses
CHH1-I 49.659+1.714 55.62+0.441
CHH2-1 47.583+1.487 48.32%0.510
CHH3-1 50.529+0.553 49.11+0.890
CHH1-S 45.328%0.186 53.64%0.390
CHH2-S 46.046*0.155 55.73+0.396
CHH3-S 47.285%0.648 57.59%0.566
CHHI1-T 52.118+0.223 60.56%0.523
CHH2-T 50.606+0.227 58.54%0.445
CHH3-T 46.617+1.179 57.29%0.804
Averages by cheese type

Soft cheeses
Semi-hard cheeses

Hard cheeses

Cheeses from country A
Cheeses from country B

Cheeses from country C

27.929+2.066
37.687+2.366
48.419+2.368

Averages by country

38.492+3.319
36.637+2.526
38.870+4.418

31.252%2.509
42.587+2.281
55.155+4.142

42.544+8.194
42.220+11.686
44.231+12.031

Significance of variables and interactions

Cheese type p <0.0001 p <0.0001
Country of origin p <0.0001 p <0.0001
Cheese type x Country interaction p <0.0001 p <0.0001

* p-value at 0.05; Results as mean*SD (standard deviation); Soft cheese sam-
ples: CHS1-I, CHS2-I, CHS3-I (country A); CHS1-S, CHS2-S, CHS3-S (country
B); and CHS1-T, CHS2-T, CHS3-T (country C). Semi-hard samples: CHM1-I,
CHM2-1, CHM3-I (country A); CHM1-S, CHM2-S, CHM3-S (country B); and
CHM1-T, CHM2-T, CHM3-T (country C). Hard cheese samples: CHHI-I,
CHH2-1, CHH3-I (country A); CHH1-S, CHH2-S, CHH3-S (country B); and
CHH1-T, CHH2-T, CHH3-T (country C).

unclear, it is generally attributed to lactose fermentation into lactic acid
by starter bacteria and the partial reduction of oxygen to water.

Sari¢ et al. [41] also demonstrated that Kupres cheese, a semi-hard va-
riety, exhibited reducing power. Key contributors to this property include
free amino acids, low- and high-molecular-weight peptides, and proteins,
all of which are effective at scavenging free radicals. The antioxidant ac-
tivity of peptides is influenced by factors such as radical scavenging abil-
ity, metal ion binding capacity, and ferric ion reduction, which depend on
the peptide’s amino acid composition, molecular weight, physical struc-
ture, content of sulfhydryl-containing amino acids (e.g., cysteine and
methionine), aromatic residues (e.g., tryptophan, tyrosine, and phenyl-
alanine), histidine content, and hydrophobicity.

Furthermore, differences in reducing power among cheeses may be
attributed to the content of compounds derived from milk and those
generated by microbial activity. Milk-derived antioxidants include
a-tocopherol, ascorbic acid, whey proteins, caseins, and minerals. Ad-
ditionally, although fatty acids are not direct antioxidants, they may
contribute indirectly to reducing power by interacting with other antioxi-
dants (e.g., vitamin E and -carotene). Microbial metabolites such as folic
acid, known for its antioxidant capacity and ability to reduce Fe3" to FeZ',
may also enhance cheese’s reducing power [42].

The values obtained in the present study were notably higher than
those reported by Ramos et al. [19], who found that the reducing power of
Gouda cheese was 11.2 % after 90 days of storage at 10°C.

3.5. Effect of storage duration on moisture content

Figure 2A illustrates the impact of storage duration on the mois-
ture content of the soft cheese samples, stored for 28 days at 4°C. The
moisture content of the soft cheese samples was 56.0+2.5, 62.3+2.3,
60.3%£2.6, 54.8%2.5, 55.3%¥2.8, 55.0+2.51, 58.4+2.4, 55.1+2.5 and
61.0£2.3% for CHS1-I, CHS2-I, CHS3-I, CHS1-S, CHS2-S, CHS3-S,
CHS1-T, CHS2-T, and CHS3-T, respectively. The greatest reduction in
moisture content was observed in CHS1-S, with a 14.10 % decrease after
28 days of storage at 4 °C. Statistical analysis revealed that both cheese
type-and country of origin, as well as their interaction, had significant
effects on moisture content.

Figure 2B shows the effect of storage time on the moisture content
of the semi-hard cheese samples, stored for 60 days at 4°C. The mois-
ture content was 43.77+2.5,40.26%2.3,42.76+2.6,39.96+2.5,43.56 +2.8,
43.76+2.51,48.66+2.4,39.46*2.5,and 40.06 2.3 % for CHM1-1, CHM2-1,
CHM3-1, CHM1-S, CHM2-S, CHM3-S, CHM1-T, CHM2-T, and CHM3-T, re-
spectively. The most significant moisture loss, 22.14 %, was observed in
CHM2-T after 60 days of storage at 4 °C.

Figure 2C displays the effect of storage duration on the moisture con-
tent of the hard cheese samples, stored for 60 days at 4 °C. The moisture
contents were 37.31%2.2, 35.36+5.2, 36.35+2.6, 34.24%1.3, 33.34+5.2,
27.59+4.2, 36.41%4.2, 38.19%7.2, and 37.48+8.2% for CHH1-I, CHH2-I,
CHH3-1, CHH1-S, CHH2-S, CHH3-S, CHH1-T, CHH2-T, and CHH3-T, re-
spectively. The greatest reduction in moisture content was observed in
CHH2-T, with a 25.4 % decrease after 60 days of storage at 4 °C.

These findings are consistent with those reported by Perveen et
al. [43], who noted a reduction in moisture content during refrigerated
storage of cheese. This moisture loss could be attributed to structural
protein breakdown (syneresis), leading to water expulsion. Additionally,
variations in water activity, salt content, and protein interactions con-
tribute to the gradual reduction in the water-holding capacity of cheese
over time.

3.6. Effect of storage duration on peroxide value

Table 4 presents the effect of storage duration on the peroxide value
of the cheese samples. For soft cheeses stored at 4°C for 28 days, the
peroxide value showed a significant increase, rising from an initial range
of 0.56-0.79 meg/kg on day O to a final range of 1.73-1.96 meg/kg at the
end of the storage period.

Similarly, for semi-hard cheeses stored for 60 days, the peroxide val-
ue increased progressively from an initial range of 0.41-0.63 meg/kg to
a final range of 1.58-1.81 meqg/kg. Hard cheeses, also stored for 60 days,
exhibited a comparable upward trend, with values rising from 0.44-
0.61 meqg/kg on day O to 1.63-1.76 meqg/kg by day 60.

Statistical analysis revealed significant effects of both cheese type and
country of origin on the peroxide value throughout the storage duration.
These results align with those of Siddique and Park [44], who reported
a significant increase (p < 0.05) in peroxide values in goat milk Cheddar
cheese over four months compared to fresh samples, indicating progres-
sive lipid oxidation during extended storage. The consistent increase ob-
served from day 0 to the final measurement across all cheese types in the
present study further confirms this progressive oxidative trend.
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Table 4. Effect of storage duration on peroxide value (meg/kg)
Tabmuiia 4. BimssHue Mpoao/DKUTETBHOCTY XPaHeHNsI Ha TIePOKCUAHOE YMCIO (MIKB/KT)

A. Soft cheeses

Storage duration

Country Cheese code
0 days 7 days 14 days 21 days 28 days
CHMI1-I 0.61+0.02 0.89+0.03 1.23£0.01 1.53%£0.02 1.79£0.03
Country A CHM2-I 0.63+0.02 0.92+0.01 1.25+0.01 1.55+0.02 1.81+0.04
CHM3-1 0.47£0.01 0.76+0.01 1.09+0.01 1.39%0.02 1.65+0.03
CHM1-S 0.58+0.02 0.89+0.01 1.20%0.01 1.50+0.01 1.74+0.04
Country B CHM2-S 0.61£0.02 0.90£0.01 1.23+0.01 1.53+0.01 1.77+0.02
CHM3-S 0.61+0.02 0.89+0.01 1.23%0.01 1.53+0.01 1.76+0.04
CHM1-T 0.51+0.02 0.80+0.01 1.13+0.01 1.43+0.01 1.68+0.03
Country C CHM2-T 0.41+0.02 0.72+0.01 1.03+0.02 1.33%0.01 1.58+0.04
CHM3-T 0.50+0.03 0.79+0.01 1.12+0.03 1.42%0.02 1.67%0.03
L.S.D. for cheese type 0.035 0.020 0.016 0.016 0.040
L.S.D. for country of origin 0.023 0.027 0.030 0.030 0.028
B. Semi-hard cheeses
Country Cheese code Storage duration
0 days 15 days 30 days 45 days 60 days
CHS1-1 0.65+0.01 0.97+0.01 1.28+0.01 1.58+0.02 1.83%0.02
Country A CHS2-I 0.56+0.01 0.85+0.01 1.18+0.01 1.48+0.02 1.73%0.03
CHS3-1 0.59+0.02 0.87+0.02 1.20+0.01 1.50£0.02 1.75+0.02
CHS1-S 0.79+0.02 1.07£0.02 1.41£0.01 1.71£0.02 1.96+0.02
Country B CHS2-S 0.62+0.01 0.92+0.01 1.23+0.01 1.53%0.02 1.78+0.03
CHS3-S 0.68+0.02 0.98+0.02 1.30£0.01 1.60£0.02 1.85+0.03
CHS1-T 0.60+0.01 0.90+0.01 1.22+0.01 1.52%0.02 1.77+0.02
Country C CHS2-T 0.57+0.01 0.88+0.01 1.19£0.01 1.49+0.02 1.74%0.03
CHS3-T 0.71+0.01 1.01+0.01 1.33+0.01 1.63+0.02 1.88+0.03
L.S.D. for cheese type 0.027 0.026 0.026 0.026 0.026
L.S.D. for country of origin 0.026 0.033 0.027 0.026 0.026
C. Hard cheeses
Storage duration
Country Cheese code
0 days 15 days 30 days 45 days 60 days
CHH1-1I 0.61%0.02 0.89 £0.02 1.23 #0.01 1.53+0.03 1.76+0.04
Country A CHH2-I 0.57+0.02 0.87 £0.02 1.19 +0.02 1.49+0.03 1.72+0.03
CHH3-I 0.44+0.02 0.72 #0.02 1.06 £0.03 1.36+0.02 1.63+0.04
CHH1-S 0.57+0.02 0.89 £0.02 1.19 +0.02 1.49+0.02 1.73+0.03
Country B CHH2-S 0.55+0.03 0.83 £0.03 1.17 £0.01 1.47+0.02 1.72£0.03
CHH3-S 0.52+0.02 0.84 +0.03 1.14 +0.01 1.44+0.04 1.69+0.03
CHH1-T 0.53+0.02 0.85 £0.02 1.15%0.01 1.45+0.02 1.69+0.03
Country C CHH2-T 0.56+0.02 0.86 +0.02 1.18 £0.01 1.48+0.03 1.73+£0.04
CHH3-T 0.55+0.02 0.85 £0.02 1.17 £0.02 1.47+0.04 1.72£0.03
L.S.D. for cheese type 0.055 0.047 0.056 0.055 0.057
L.S.D. for country of origin NS 0.025 NS NS NS

* Results as mean+SD (standard deviation); L.S.D.: Least Significant Difference; NS: Not significant (p > 0.05).

4. Conclusion

The present study provides a comprehensive comparison of cheese
quality parameters across products from three different countries (Iran,
Saudi Arabia, and Turkey). Findings reveal that cheese type significantly
influences physicochemical profiles, with hard cheeses exhibiting superior
antioxidant capacity due to advanced proteolysis and texture-dependent
composition, while country of origin affects initial microbial quality and
specific compositional variations. HMF accumulation was more pro-
nounced in semi-hard and hard cheeses, reflecting the impact of prolonged
ripening periods and the progression of Maillard reactions during storage
rather than initial heat treatment. While bacterial counts were generally

within acceptable limits, some soft cheese samples exhibited elevated E.
coli counts, suggesting lapses in hygiene or post-processing contamina-
tion that require targeted intervention. The antioxidant potential, assessed
through DPPH and reducing power assays, was highest in hard cheeses,
supporting their functional food value. These findings underscore the need
for strict adherence to type-specific storage protocols and enhanced moni-
toring of microbial safety to ensure consistent quality, particularly for im-
ported products. Moreover, the role of cheese as a source of antioxidants
may provide functional food benefits if appropriately processed and stored.
Further studies should explore peptide profiling and metabolomic changes
during storage to optimize cheese quality and safety.
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OIPEJEJIEHUE COOEPXAHUSA ®EHOJIbHBIX COETUHEHUN
B IINTIOOAX SORBUS AUCUPARIA HECTAHOAPTHBIMU METOOJAMUA

Huumerckast K. H., Craukesuu C. B., boponaii E. B.*
Cubupckuit pemepanbHblii HAYUHbII eHTpP arpo6uoTexHosaoruiit PAH, p. n. KpacHoo6ck, HoBocubupckas o6macts, Poccust

HayuyHas craTbs
OTKpBITHIN JOCTYIT

K/IIOYEBBIE CIOBA: AHHOTALI A
nnodst Sérbus DeHONbHBIE COENVMHEHNSI SIBIISIIOTCS] BXKHBIMYM GMOIOTMYECKY aKTMBHBIMM BeIieCTBaMM, OTBEYAIOMMMM 3a I[BET, BKYC U apo-
aucupdria, cywka, MaT pacTUTEeIbHOIO ChIpbsl. B cTaThe NpefcTaBieHbl pe3yabTaThl MCCIeLOBaHUI PACTUTENIbHOTO ChIPbS,  MMEHHO Sorbus

3amopaxueaHue, Aucuparia (psi6¥HBI KPacHOI1), O comepskaHmIo HeHOIbHBIX coenyiHeHuit. s uccaenoBanyst ObI OTOOGpaHsI Mo 3 o6pasma
(eHonbHbIE 13 06e3BOSKEHHBIX Y 3aMOPOXKEHHBIX IIOOB PSI6MHBI KpacHoi copta Nevezhinskaya. Bei6op MeTonoB aHanu3a HeHOTbHbBIX
coeQuHeHUsl, coenVHeHMI B II0faX PsIOVMHBI KPACHOM OCYIECTBIISUICS Ha OCHOBE M3yUeHVs] HOpPMAaTUBHOM JOKYMEHTAlVM, perylaMeHTH-
nasoroudsl, pyloleii MeTozbl onpeneeHNs 610IornYecky akKTYBHBIX BelllecTB HeHOMbHOI IPMPOBI, a TAKKe HAYYHO-TeXHUYECKUX ITy-
HecmaHdapmHole GnMKaLuii IO aHHO TeMe. st SKCTPaKLUMy GbUTY BHIGPAHBI ALIeTOH M 9TaHOM; KOMMYEeCTBEHHOE ONpee/ieH1e IPOBOIIIN
MemoQsl (OTO3IEKTPOKONIOPUMETPUYECKMM Y TUTPUMETPUIECKUM MeTozaMu. [IpoBejeHO CpaBHEHMEe De3y/lbTaToB, MOTyYeHHBIX

pasHbBIMU MeTOLAMM. YCTAaHOBJIEHO, UTO HaUOOIblIIee KOMMUECTBO (DeHOMbHBIX COeIMHEHMIT HKCTPATUpPyeTcst aTaHomoM (40 %).
B KauecTBe IOIXOASIIETO ChIPbsI GBIV OIpee/ieHbl 3aMOPOsKeHHbIe IITOAbI PSIOVMHBI KpacHOI. [IonyyeHHbIe JaHHbIe MOTYT
OBITh MICIIONIb30BAHBI IIPYU pa3paboTKe METOLOB aHaMM3a HeHOTbHBIX COeIMHEHMI B PACTUTETBHOM ChIpbe.
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ABSTRACT

Phenolic compounds are important biologically active substances that are responsible for color, taste and aroma of plant raw
materials. The paper presents the results of the study of the plant raw material, namely Sérbus aucupdria (mountain ash),
in terms of the content of phenolic compounds. For investigation, three samples were taken from dried and frozen fruits of
mountain ash of the Nevezhinskaya variety each. Methods for the analysis of phenolic compounds in the mountain ash fruits
were chosen based on the study of the normative documentation regulating methods for determining biologically active phe-
nolic substances as well as the scientific-technical publications on this theme. Acetone and ethanol were chosen for extrac-
tion. Quantification was performed by the photoelectrocolorimetric and titrimetric methods. The comparison of the results
obtained by different methods was carried out. It has been established that the highest quantity of phenolic compounds was
extracted by ethanol (40 %). Frozen mountain ash fruits were found to be the most suitable raw material. The data obtained

can be used in the development of the methods for analysis of phenolic compounds in plant raw materials.

1. BBegeHue

1.1. Xumuueckas npupoda eHonvHslx coeOuHeHULl

Buonornyecky akTUMBHbIE BellleCTBA MMEIOT Pa3INYHYI0 XMMUYECKYI0
nipupony. OTnenbHO ciefiyeT BbIIeNUTb IPyIny heHONbHbIX COeAVIHEeHMIA,
KJII0YeBasi pOjib KOTOPBIX 3aK/IIOUAETCS B 06ecrieueHn aHTUOKCUIAHT-
HOJi 3aIIMTHI PACTEHVsI OT BO3IEMCTBYSI CBOOOOHBIX PAIMKAaNOB M, KaK
CllefiCTBYE, B CHVDKEHMUM OKMCIUTENBHOTO CTpecca.

CocraB coenyHeHMit PeHOoTbHOI IPUPOILI B TUT0Aax Sorbus aucupdria
(manee — psIGMHBI KPaCHOI) OTPaskeH BO MHOI'MX HAay4YHbIX paborax. Hc-
crelyeMble TUIOABI OMNMCHIBAIOTCS KaK pacTUTeNbHOE ChIpbe, COonepsKa-
Iee Kak IMonMMepHble GeHOoNbHbIe coelMHeHNs (DYTUH, M30KBEPIIeTHH,
KBepLEeTHH), TAK ¥ MOHOMepHble (KyMapuHbl, KaTeXUHbl, aHTOLMAHBI,
JIEIKOAHTOLMAHbl ¥ XaJKOHBI, OTHOCSIIIMecs] K psiny raBoHOMIOB).
@eHONbHBIE COENVHEHMS] OMNMCHIBAIOTCS aBTOpaMM KaK XMMMUUYecKkyue
coeIMHeHMs] TIONMMepPHOJ IPUPOADI C BhIPAsKEHHO! aHTUOKCUIAHTHOMN
aKTMBHOCTBIO; TaKue CBOWCTBA BbISIBIEHbI Y KOGMEWIXMHHBIX KUCIIOT,
(haBOHOMOB ¥ IPOAHTOLMAHUIMHOB [1,2]. duTOXMMMUECKUI TPOGIITD
IIONIOB ¥ BEreTaTMBHBIX YacTel pSIGVMHBI BBITOMHSIET (PYHKUMIO 3aLIUThI
OT 3K30T€HHBIX U SHJIOT€HHBIX (GAaKTOPOB CTpecca; JIUCThsI U IJIOAbI pa3-

OJI1s1 HUTUPOBAHWS: HunmeBckas, K. H., CrankeBuy, C. B., Bopopaii, E. B.
(2026). Onpenenenue comepskaHusi GeHONbHBIX COeqUHEHMUI B 1utogax Sorbus
aucuparia HecTaHAAPTHbIMU MeTomamu. I[Tuwessie cucmemsr, 9(1), 25-31.
https://doi.org/10.21323/2618-9771-2026-9-1-25-31

JIMYHBIX COPTOB M BUJIOB UCIIONb3YIOTCSI B HAPOAHOM MeIMLIVHe U B IU-
LIeBbIX Lensx [3].

B sTHOdapmaxonoruy peHonbHbIE COeAVHEHMS] PACTEeHUI UCIIONb3Y-
I0TCSI B KQUeCTBe HAaTypasIbHbIX CPEJCTB IJIs TeUeH Vsl GaKTepUaIbHbIX, BU-
PYCHBIX M BOCIIAJIMTE/NbHBIX 3a60/IeBaHMI, B TOM UMC/Ie OIyXOJIeit, a TaK-
ke IJIs1 leyeHus1 nuabera, HEBPOJMIOIMUYECKUX U CepeYHO-COCYAMUCTBIX
3a6oneBannii [4]. ®apmMoKoIOrMYecKoe AeiCTBYE MEePeuncIeHHbIX de-
HOJIbHBIX COeJUHEHN CBUIETEbCTBYET 06 X KalM/ISIPOYKPEIUISIIoLIeM
¥ ruIoTeH3uBHOM 3¢ dekrax. [annoBas Kucinora, kemrdepos, KypKyMyH,
KBepLEeTHH ¥ pecBepaTpol SIB/SIIOTCSI MOLIHBIMY IIPOTMBOOYXO0IE€BbIMU
areHTaMM M aHTUOKCHMAAHTAMM; UX [eliCTBMe CBSI3aHO C aKTMBalLMei
OHKOTEHOB ¥ MHAKTUBalMell TeHOB-CyIPeccopoB oryxoneii [5]. ®eHob-
HOe COefiIYHEHVe ayKyIapyH, BbIIeJeHHOe U3 IVION0B PSIOMHBI KPacHOA,
MpersITCTBYeT pa3BUTMIO G16po3a nerkux 6arogapst MpoTMBOBOCIIAIN-
TeJIbHOMY JIe/ICTBMIO M MOLTBEPKIaeT CBOJ MOTeHIyall B KauecTBe Tepa-
MeBTUYECKOTO CPEeJCTBA PV JIeUeHUY UAVOMATHNYECKOTO JIETOUYHOrO (-
6po3a [6]. PeHONbHbIE COEAMHEHMS] CUMTAIOTCSI 3aLIUTHBIMYM areHTamu
C TepanieBTMUYEeCKUM MOTEHIMaIOM B YCIOBUSIX OKMCIUTEIBHOTO CTpecca;
B HAYYHOJ1 IMTepaType Takoke OMMCaHbl UX LIUTOTOKCHUUYECKYEe CBOCTBA
B OTHOILIEHNY PaKOBBIX KJIETOK [2].

FOR CITATION: Nitsievskaya, K. N., Stankevich, S. V., Boroday, E. V. (2026).
Determination of the content of phenolic compounds in Sérbus aucupdria fruits
by nonstandard methods. Food Systems, 9(1), 25-31. https://doi.org/10.21323/2618-
9771-2026-9-1-25-31
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AHTMOaKTepUaIbHbIE CBOVCTBA IUIOLOB PSI6MHBI KPAaCHOM OMMCaHBI
B oTHoIeHuu Enterococcus faecalis, E. coli u Pseudomonas aeruginosa, xo-
TOpbIE CTIOCOOCTBYIOT aHTMOAKTEPUAIBHOM 3all[MTE KJIETOK MTOUEK MPU UX
rnospexaeHnm [7].

B pa6ore [8] oLieHMBanoCh aHTUITPONMbEPATUBHOE, TPOTUBOMUKPOG-
HOe M aHTMOKCUIAHTHOE JIe/iCTBYE alle€TOHOBBIX, STAHOIbHBIX Y BOIHbIX
9KCTPAKTOB M3 KMbIXa PSIOMHBI. DKCTPAKTHI, TOTyYEHHbIE U3 SKMbIXA Psi-
6uHbI, 3)HEKTUBHO MOJABISIN POCT HEXKENATENbHBIX MUKPOOPTaHU3-
MOB, OCOGEHHO T'PaMITOJIOKUTENbHBIX GaKTepuii. B 11eJIoM pesyibTaThl
MICCIIEIOBAHUST CBUAIETEIbCTBOBAIM O TOM, UTO SKMbIX PSIGMHBI SIBJISIETCS
MePCIIeKTUBHBIM MCTOUHMKOM HaTypaJbHbIX COeqVIHEHMT, 00/1aJatonux
aHTUMOKCUAAHTHOM U 6MOOTMYECKOI aKTUBHOCTBIO.

1.2. dxcmpazuposarue (eHonbHbIX COeOUHEHUL

B HacTosiiee BpeMs HayuHbIe MCCIeA0BaHMUS PIGUMHBI KPACHO BEIyT-
€SI TI0 HECKOJIBKMM KJIIOUEeBbIM HAIlpaBAe€HMSIM; OLHUM U3 HUX SIBJISIETCS
dbopMupoBaHMe BKYCO-apOMaTUUYECKOTO GyKeTa MPOAYKTa € (QYHKIMO-
HaJIbHBIMU CBOMCTBaMM, 06€CTIeUMBAIOLIMMHU €r0 XPAaHUMOCIIOCOOHOCTh
3a CUeT KOHCePBUPYIOIIMX CBOVICTB OpraHMYeCKUX KUCIOT PaCTUTENbHO-
o CbIpb4 [9].

B HayuHOI1 IMTEpaType YCTAaHOBJIEHO, UTO Kinaccuduraums nmpupos-
HBIX ()eHONBHBIX COeAVIHEHMIT OCYILIeCTBIISIeTCSI HA OCHOBe GMoreHeTHyYe-
ckoro npuHiyma [10]. JaHHas KiaccubUKaLys YUUTHIBAET KOTMUECTBO
(heHOMBbHBIX KOJIel B CTPYKType COeNMHEeHUs] M TUIl (HparMeHTOB, CBS-
3BIBAIOLIMX 3TU KOJIbLIA. B pe3ynbTaTe BBIAEISIOT IIITh OCHOBHBIX Kjlac-
coB [10]: 1) dbeHOMbHBIE KMCIOTBI, IPEACTABISIONIME CO60II TPOU3BOAHbBIE
6eH30IHOM ¥ KOPMUHOI KUCIOT; 2) DIaBOHOMIBI; 3) TAHHMHBI, KOTOPbIE
TOAPa3aessioTCs Ha TUIPOIU3yeMble Y KOHIEHCUPOBAHHbIE; 4) CTUIb-
6eHbl; 5) murHaHbl. Bce epeuncieHHbIe KJIACChl OTHOCSTCS K BTOPMYHBIM
MeTaboaUTaM PacTUTENbHOTO MPOUCXOXKAeHMsI. Kpome TOrO, CyliecTBy-
eT TPYIIa CUMHTeTUYECKUX MMPOCTPAHCTBEeHHO-3aTPYIHEHHBIX (PeHOI0B.
OHM HaXOIAT NPUMeHeHNe B KauecTBe CTabMIM3aTOPOB MUIEBbIX MPO-
IYKTOB, a Talkoke PacCTUTENbHBIX U TEXHUUYECKUX Mace C 1e/bl0 Mpeo-
TBpallleH!sI OKUCTUTeTbHbIX ITPOLIECCOB.

OmnpepeneHrie MOHOMEPHBIX (EHOMbHBIX COEAVHEHUI, B YACTHOCTU
(hnaBOHOMIOB M KyMapyHOB, a TAaKKe aHTPALeHITPOM3BOAHbIX COeNVHe-
HMI OCYILEeCTB/ISIETCS C UCIIONb30BaHMEM HEBOAHBIX pacTBOpUTeNeil —
IMMeTUICYIbGOKCHIa, aleToHa u fumertmindopmamuia [11].

1.3. Memods! 06Hapy#eHUs U KonuuecmeeHH020 onpedesieHus: (PeHOIbHbIX
coeduHeHull

B Hay4HOI1 IMTEepaType OMMCaHO MHOXECTBO METONOB OOHaPYKeHMSI
(heHONMbHBIX COENUMHEHUI Y TUIIOB PACTBOPUTENEi-dKCTPAareHTOB, YTO
06YC/IOB/IEHO Pa3HOOOpa3yeM XMMMUYECKOi MPUPOIbl ITUX BEIeCTB.
B pa6orte [12] uneHTudbuKanmio GraBoHOMIHBIX COeAVHEHMIT HA TPUMe-
pe TpaBbl KUITpest Y3KOIUCTHOTO MMPOBOAMIN ITyTEM PACTBOPEHMSI ChIPbSI
B 70 u 95 %-HOM 3TaHOJIe C TOCIEAYIONMM A00aBIeHeM xiopodopma
IIJIST ICKJTIOUEHUST U3 cMecH TUAPO(OOHbBIX COeIMHEHNIA.

OcobeHHOCTM (HMU3UUECKUX CBOICTB (DeHOMBHBIX COEMMHEHMIT TPOSIB-
JISTIOTCST B MX CTIOCOGHOCTY PACTBOPSITHCS B MOISIPHBIX PACTBOPUTEISIX; ITY
0CO6EHHOCTb MHOTHME aBTOPBI UCITOIb3YIOT IPU pa3paboTKe CBOMX METO-
nmoB. Harmpumep, 6GbIT CO3IaH METOZ, M OTIpeieIeHbl TapaMeTpbl Kouue-
CTBEHHOTO aHajau3a CyMMbI (IaBOHOMAOB B I[BeTKax Tripleurospermum
inodorum flores ¢ mepecuyeToM Ha PYTMH. [I7s1 aHa/iM3a UCIIONIb30BAIN
nuddepeHIMaNbHYI0 CIEKTPOQOTOMETPHUIO TIPU AJjIMHE BOIHBI 410 HM
1 70 %-HbIl1 3TaHOJIbHBIN 3KCTpareHT [13].

IIpoBemeHbl MCCAEOBAaHUS TIO0 OIMpPENeNeHUI0 ONTUMAaJbHOTO 3KC-
TpareHTa INpu pa3paboTKe MeToa KOIMYECTBEHHOTO OIpeneneHust
cymMMbl (IaBOHOMZOB B LiBeTKax (Gop3uiyy mpoMexyTouHoit Forsythia
intermedia zabel, B KauecTBe KOTOpOTO 6bLI BbIGpPaH 30 %-HbIf 3TaHOI.
PaHee (apMakoIOrMYecKMMM MUCCIELOBAHUSIMU YCTAHOBJIEHO, UTO JKC-
TPAKT U3 LBETKOB (GOP3ULMU IPOSIBISIET BhIPASKEHHOE TeMaTOoNpPOTeK-
TOpHOe JeiicTBue [14].

JI7Is1 KOMVYECTBEHHOTO OTIpefielieHMsi CyMMbI (JIABOHOMIOB B JieKap-
CTBEHHOM DaCTUTEIbHOM ChIpbe B KaUueCTBe SKCTpareHTa TakKe MCIIO0Ib-
3YIOT BOJHO-3TaHOJIbHbIE PACTBOPHI PA3/IMYHOI KOHIleHTpauu [15].

@eHOMbHbIE COeIVMHEHVSI MOHOMEPHOI MPUPOIbI COAepKaT HeOOb-
1roe KOINYeCTBO TUAPOKCUITBHBIX TPYIIIL, IIO3TOMY B KaUeCcTBe PacTBOPHU-
Tejeil IJI UX BbIAENeHUs IPUMEHSIOT 6eH301, XiopodopM, 3¢up, 3Tu-
JlaneTar U aleToH [16].

Ins xpomartorpaduueckoro aHann3a (GIaBOHOMAOB U TUAPOKCUKO-
PUYHBIX KUCIOT MTPOBOAST 3TAHOIBHOE U3BJIEUEHME U3 IIBETKOB CUPEHU
pona Syringa (Oleaceae) (70 %-ubiit aTanon, 1:30) [17].

B kayecTBe peareHTOB /ISl BbICOKO3(D()EKTMBHOM KMIKOCTHOI XPO-
marorpadum (BIXKX) valiie MCIOIb3YIOT JUCTUIMPOBAHHYIO BOLY, Me-
TAHOJ Y JIEASTHYIO YKCYCHYIO KUCTIOTY; AeTeKTUPOBaHMe IIPOBOAUTCS MIPU
nimHax BoiH 280, 303, 330 1 360 HMm [18].
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XMMUYECKU COCTaB SKCTPAKTOB U3 IIOAOB PSIGMHBI KPaCHOI OIpe-
JLeJISITICSI C ITIOMOILBIO YIbTPa- BbICOK03(HeKTUBHOIM XXUAKOCTHOM XpoMa-
Torpadum ¢ TaHZEMHBIM MacC-CIIEKTPOMETPUYECKMM AeTeKTVPOBaHEM
u creKTpodoToMeTpuueckux MetTooB. OCHOBHBIMY (EHONbHBIMU COe-
IVHEeHMSIMU ObLIV HEOXJIOPOTEHOBAsI Y XJIOPOTeHOBast KUCIOTHI [8].

IIpuMeHeHMe ra3oxpoMaTorpaduyeckux METOIOB, II0 CPaBHEHMIO
¢ BOXX, TpebyeT mOMOIHUTEIBHOI CTafiuM MTPOOOIIOATOTOBKY — AEepPU-
BaTusanuy ¢eHomnos [19].

o maHHBIM AUTEPATYPBI, IPU OIpesiesieHU KOMMYeCTBEHHOTO U Ka-
YEeCTBEHHOI'O COflepsKaHUsl coefMHeHMi (eHONbHOM MPUPOABI B CIIEK-
TPOPOTOMETPUUECKOM aHAIM3€e WCIIONb3YIOT KOMIUIEKCHI C COMSIMM
MeTa/lIoB. B Takom MeToze (B YaCTHOCTH, B peaklMy B3aMMOeCTBUS
C QIIOMMHUS XJIOPUOM) TIPOUCKOOUT GATOXPOMHBIN CIBUT MIPU MaKCU-
MyMe MOIIONIEeHNSI B 06/1acTy YabTPadyoNeTOBBIX BOH.

KauectBeHHOe o6HapykeHMe (HIaBOHOMIOB OMMCAHO U B APYTUX ITy-
GMMKaLVSIX PeaKysIMI: IMaHUAMHOBO POGBI, alleTATOM CBMHIIA, C Pe-
akTMBOM BubcoHa [17].

KauecTBeHHbIE M KONMMUYECTBEHHbIE METOZbl BK/IIOYAIOT MpYMeHeHNe
TOHKOCJIOMHOM Xpomarorpadum n YO-crekrpodoromerpun. B cratee [20]
aBTOPBI OMpeneNsii comepskaHyue (IaBOHOMAOB B LIBETKAX, JMCThIX
u mmoGerax GOSIPBIIIHMKA B Mepecyere Ha rumneposup (A=412 Hm), a ais
GOSIPBIIIHMKA KPOBABO-KPAaCHOTO U ONHOIIECTMYHOIO — COMEepyKaHye
cymMmbl (haBoHOMIOB B Iepecuyere Ha 2P-O-pamMHO3MZa BUTEKCUH
(A=392 HM). B gpyrom mcroyHuke [21] METOZOM TOHKOCJIOIHO} Xpo-
marorpaduyu aBTopamMy YCTaHOBJIEHO Hanuuue B TpaBe darenmvy msk-
MOJIMCTHOV (heHOMKAap6OHOBBIX KUCIOT (XJIOPOTeHOBOi, KO(eitHOit)
u GnaBoHOUIOB (PyTMHA U KBepleTuHa). IIpu onpeneneHny 0CHOBHbBIX
KJIACCOB GMOIOTMYECKM aKTUBHBIX BEIECTB aBTOPAMU MCIIONb30BaINCh
XMMUYecKue peakUMM, Hampumep, Xpomartorpadusi, CIeKTPOCKOIMS
B Y®-o6nactsix u UK-o6nactsix criekrpa [22].

ITo MHeHMIO aBTOPOB, onpezeneHre (G1aBaHOHOB BO3MOKHO C TOMO-
mpio YO-criekTpockonuu u duryopumeTpun. B kauecTBe aHanmTa, Kak
MpaBWUJIO, BBICTYIIAET TecliepuIvH, pexxe — HapuHreHuH. [Ipencrasisier
MHTepec MOJXO0[ K OIpefie/IeHUI0 recliepyiyiHa B alle/IbCHOBBIX COKax.
OH ocHOBaH Ha 06paboTKe o6pasiia crenyduueckum hepMeHTOM recrie-
puauH 6-0-o-L-paMHO3MI-B-D-IMI0K03MIAa307 U3 rpubOB Acremonium
sp. DSM 24697 ¢ nocnenyomum YO-neTeKTUpoBaHMEM 00pa3yIoIIerocst
recrepeTuHa npu A =323 HM [23].

Ananu3 YO-CIeXTpoB TaKkKe JISKUT B OCHOBE MeTOA,0B KallU/UISIPHOTO
anexrpodopesa 1 BIXKX [24,25] ¢ iuonHO-MaTpUIHbIM, (riyoprmeTpu-
YeCKMM MUJIM MacC-CIIeKTPOMeTPUYeCKUM JIeTeKTVPOBaHMEeM.

PacTtuTtesnbHOE ChIpbe COOEPKUT CIIOKHbIN XMMUUECKMii cocTaB GpeHOb-
HBIX COeIVIHEeHMIi, OTHOCSIUMXCS K PaslIM4YHBIM KJIaccaM OpraHM4YecKux
BeIecTB. [IJ1st X MaeHTMGVKALVM KITacCUIeCcKy UCIIONMb3YI0T XpPOMaTorpa-
(brueckne meTopnpl. 17151 5TOr0 HEO6XOAMMO IIPeIBapUTETbHOE U3BIEUeHUEe
QHaIUTOB U MX KOHILIeHTpupoBaHye. [I03ToOMy IPUMEeHSIOT pasInyHble Ba-
PUMAHTBI XKUIKOCTHOI ¥ TBepA0Gha3HOI SKCTPAKIMY MU UX COYETAHME, UTO
3HAUMTENbHO yBeIMYMBAET TPYAOEMKOCTb aHaIM3a U ero CTOMMOCTbD [26].

3a py6GexxoM B MOCTeHee BpeMsl YAeNSIIOT BHMMaHMe Macc-CIIeKTpo-
MeTpuyeckoMy feTekTypoBanuio (MC), B TOM umucie TaHAEMHOMY U BbI-
COKOMY pa3pelleHMIO [ MOBbIIeHMS CeIeKTUBHOCTY Y UYBCTBUTEINb-
HOCTU omnpeneneHus [27].

ITo MHeHMIO aBTOPOB, MeToA, BO)KX mo3BonsieT onpenensiTh IPYIIIIbI
dbnaBoHoMnoB [28]. [Ipu ompeneneHUM ONTUUYECKUX M30MepoB (drasa-
HOHOB MeToA0M BIJKX mOCTUTHYTO XMpalabHOEe pasfesieHue mecTu rnap
n3omepoB (¢aBaHOHA, HAPMHIEHMHA, reClepPeTMHA, PUOLUKTUOIA,
JIMKBUPUTUTEHMHA ¥ MUHOCTpOM6MHA) Ha KomoHke Chiralpak AD-3R
(2,1 %150 MM, 3 MKM) C TPOIHBIM KBaApPYIOJIbHbIM TaHAEMHBIM Macc-
CIeKTPOMETPUYECKUM AEeTeKTMPOBaHMEM B PexkIIMe MOHUTOPMHIA MHO-
>KeCTBEHHBIX peakumii [29].

VnbTpa-BKX-MC mo3Bo/IsieT OGHOBPEMEHHO ompeaensith 11 dia-
BaHOHOB B PacTUTETbHOM ChIpbe. [IMana3oHbl KOJIMYECTBEHHOrO OIpe-
JleJIeHus1: SpUOLUTDPVH, TeCriepUAVH, HeOTeCIiePUAVH U SPUOSUKTHAON —
0,4-1000 ur/mi; mukBupuTUH — 0,4-300 HT/MJI. DTU COeAVHEHMUS OBLIN
ompeJeneHbl B 00paslax JIOLEPHBI, 30I0TapHMKA, QaLenny, TPeunxu,
JIaKpuLbI 1 naBaHabl [30].

B nccnepoBanusix [17,31] monmdbeHonbHbIe COENMHEHMS TAKKe UIEH-
TubuUIpoBaau meronom BaXKX-MC.

B pa6orte [32] aJist aHanM3a aHTMOKCUAAHTOB MM OTIpeJesIeHNsT aHTU -
OKCMJAHTHOJ CITOCOGHOCTM CIOKHBIX 00pa3LIOB IPeIOKeHO UCIIONb30-
BaTbh MeTOJ bl CIIeKTPOHOTOMETPUMN.

B dapmaxonoruy ucciesoBaHusl PaCTUTENIBHOTO ChIPBSI C XJIOPUAOM
aMIOMMHMS CTIEKTPOGOTOMETPUYECKM OMMCAaHbl B paboTax Jpyrux aBTo-
poB [33-35]. Tpymroit yueHbIX MOAOGUPATNACH OITUMAJIbHbBIE YCIOBUS IS
9KCTParupoBaHusi GeHONbHBIX COeJVMHEHUI U3 PaCTUTENbHOTO ChIPbS,
BKJIIOYAsl aHaIU3 [ peakuyy KOMILIEKCOOODPA30BaHMSI C XIOPUIOM
QIIOMMHMS [36].
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B ny6iukaryy [37] onucaHa pa3paboTka sKCIpecc-MeToa KOMUYecT-
BEHHOTO OIpeeNleHMs JefiCTBYIONIX BellleCTB B TpaBe 3Bepo6osi. Merop,
OCHOBAH Ha 3KCTPAKIMY (JIABOHOUIOB U MOCIEAYIOIIEeM CrIeKTpodoTo-
MeTpMUYeCKOM OIlpefielleHNy KOMIUIEKCa PyTHHA C XJIOPUL0M aTIOMUHMS
MpY AJIVHE BOTHBI A =415 HM.

B pabore aBTOpoB [33] mpencTraBieHbl MCCAENOBaHMS CUPOIIOB
M3 JIeKapCTBEHHO-PACTUTENBHBIX TPAaB — AYIIMIBI OOBIKHOBEHHOI, Ya-
6pela 1 JIMCTbEB MSTBI IT€PEYHON, TP KOTOPIX MCIONb30BAIN AJIUHY
BOMHBI A =410 HM. ABTOpBI [13] Tpy pa3paboTKe METOA KOINYeCTBEHHO-
ro onpezeeHnst CyMMbl (JIABOHOMIOB B LIBeTKax TpexpeGepHuKa Hera-
Xy4ero IIpOBOAM/IN UCC/IeOBaHMS NIPU JITIIHE BOMHBI A =410 HM.

B my6mmranuy [15] ommcaHbl Y®-CIEKTPbl 3KCTPAKTOB I[BETKOB
JIMIIBI ¢ MAaKCMMYMOM IIOITIOLIeHMsI IIPU AJIMHe BOMHBI A=279 HM. IIpo-
BeJleH CPaBHMTEJIbHBI aHA/IM3 CyMMapHOTO coiepskaHus GraBoOHOUIOB
B Pa3/IMYHBIX BUAX ChIPbsl OOSIPHILIHMKA KPOBaBO-KpacHoro (Crataegus
sanguinea) B mepecuete Ha runeposns [38]. Ilo MHEHMIO aBTOPOB, st
GOJIBIIMHCTBA MCCIeNyeMbIX SKCTPAKTOB B KayeCcTBE CTAHAAPTA MOXKET
CIYKUTh PYTVH, a OINpeNeseHue COIepkaHus CyMMbl O6uodrnaBoHOM-
IIOB B IlepecyeTe Ha PyTUH CilefyeT IPOBOAUTb B MHTEepBae JJINH BOIH
408-420 HM. [I)11 9KCTPAKTOB, UMEIOIIMUX MAKCUMYyM IOIJIOMIEHNUS B 06-
nactu 421-435 HM, CJIeqyeT UCII0NIb30BaTh B KAUECTBE CTaHJAPTa KBep-
uetuH [35]. [Ipu uccnenoBaHmm 1BETKOB JIUIIBI [15] SKCTpareHTOM BbICTY-
T1aJ1 3TAHOJ ¢ MaKCMMaJIbHBIM CIIEKTPOM IOIJIOIIEeHVS Ha [JIHE BOJIHBI
A=408 HM.

ABTopamy ctaThy [39] B KauecTBe OCHOBBI JiJIs1 pa3paboOTKM METOLMUKA
6bUI MCIIONb30BAH METOI, ITPeIIoNaraoinii CieKTpodoTOMeTPUUECKIU
aHanu3 KomIuiekcoB ¢ peakTusBoM Folin-Ciokalteu. IIpoBeneHa cpaBHM-
TeJbHasI OLleHKa cofiep>kaHMst PeHONbHBIX COeNVIHEHN, 8 TAKKe aHTHUOK-
CUIAHTHOI M aHTUPAAUKaIbHOV akKTUBHOCTU 70% BOLHO-3TaHOIBHOTO
9KCTPAKTa TPaBbl KPOBOX/IEOKY JieKapCTBEHHOM (Sanguisorba officinalis L.),
cob6paHHOIt B pasHble da3bl pa3Butus [40]. B uccienoBanmy aBTopos [34]
JlaHa XapaKTepyUCTMKa ABaALaTy (HeHONbHbIX COeNIHEHU I, B TOM 4ucie
AHTMOKCUIAHTOB B IUIOJAX, COKE Y BBDKMMKAX CJIQAKOM PSIGVHBI KPACHOIA.

KonyuuecTBeHHOe BbIpakeHye MTOIMMePHBIX (DeHONMbHbIX COeIMHEeHMU
OTIMCBHIBAETCS KaK COlepskaHye PyTHMHA B paboTax [41-43].

Hanmnuue ¢deHoOnbHBIX GparMeHTOB B CTPYKType (1aBaHOHOB SIBJISI-
eTCsI IPUYMHOI JIeKTPOXMMMUYECKOI aKTUBHOCTHU. [J151 X ompeneneHus
MCIIONb3YIOT METOAbI /eKTpoaHann3a. PesynbTaThl MCCIeA0BaHNI BbI-
pa’kaloTCs B KONMUYECTBEHHOM OIpefie/ieHUI TecriepyiyHa ¥ HapyMHIHA
B KOMIUIEKCaxX C PTYTbIO MPU MCIOAb30BaHUM (dochaTHOoro G6ydepHoro
pactBopa (pH 11) — auetonutpui (1:1) [44].

CymiecTByeT MHeHue [45], UTO IJI CTPYKTYPHO DOJCTBEHHBIX (e-
HOJIBHBIX aHTMOKCUMAAHTOB, KaK IIPaBWIO, He YAAaeTCs JOCTUYDb 3JeK-
TPOXMMMYECKOTO paspelleHusl IMKOB WIM CTyIeHel OKMUCIeHUS
NpY  MCHONb30BaHUM TPAAULMOHHBIX YITIEPOAMUCTBIX STE€KTPOAOB.
InddepenuyanbHo-UMITyIbCHAsT BOTbTaMIIEPOMETPUS Ha CTEKJIOyIIe-
POIHOM 37IeKTPOJie TI03BOJISIET ONpeAesiTh KBepLIeTUH U JTI0TeOINH IIPU
COBMECTHOM IIPUCYTCTBUN.

ABTODBI CTaTby [46] 11 OHOBPEMEHHOT0 OIIpeie/IeHsI ColepKaHmsI
XJIODOT€HOBBIX KUC/IOT M BaHWIMHA B MPUCYTCTBUM KodemHa npenyo-
SKMIM MCTIONIB30BaTh KBAIPATHO-BOTHOBYIO a/iCOPOLIMOHHYIO VHBEPCU-
OHHYIO BOJIbTAaMIIEPOMETPUIO, YTO TIO3BOJIMIIO YCTAHOBUTD MOTEHIIAIbI
OKMCJIeHMS 151 XJIOPOTeHOBO KMCIO0ThI M BauuamnHa — 0,68. IIpensioxkeH-
HBI/f MeTOA, XapaKTepusyeTcs IIMPOKMM [IMarla30HOM OIIpefensieMbIX
KOHLeHTpauuii (2,8-170 MKM [7151 XJIOPOT@HOBBIX KUCIOT U 3,3—-330 MKM
IUTISI BAHWIMHA), @ TaKKe HU3KMMM TipefenaMmu o6HapykeHus (0,40 MkM
nnst ClO04- m 0,38 MkM g1t BaHWimHA). dpdeKkTUBHOCTh MeToAa Gblia
MOATBepKIeHa NPy aHanmu3e 06paslioB PacTBOPUMOro Kode ¢ BaHWIBIO.

CeHCOpbI Ha OCHOBE YITIEPOAHBIX HAaHOMAaTepMUaaoB Pa3INYHbBIX TU-
noB [47] [al0T BO3MOXXHOCTb OLHOBPEMEHHO OIpenessiTb IMPUPOLHbIE
dbeHOMbHBIE AHTUOKCUIAHTBI: (PEHONbHbIE KUCIOTHI, apoMaTUYecKue
abIeruAbl, BAHWINH U IBaskoi, GruaBoHOMIbI. Bblo paspaboTaHo He-
CKOJIbBKO BOJIbTaMIIEPOMEeTPUYECKIX CEHCOPOB, OCHOBOJ KOTODBIX CIY-
SKUT OKeup, rpadeHa, BOCCTAHOBJIEHHBIN € ITOMOLIbIO GOpruApuaa Ha-
Tpusl, TUAPasyHa Wiy cepoBofopopa [48].

VronbHO-IaCTOBBIN  3/IEKTPOJ, C BK/IIOYEHHBIMM HaHOYaCTULLAMMU
Fe;0, mpenioskeH aBTOpaMu JJIs OHOBPEMEHHOT'O OIpeJe/leHus CYHa-
I10BOJ, CpPeHeBO KUCIOT U pyTuHa [49].

ABropamu [50] paspaGoTaHbl YyBCTBUTENIbHbIE U CeIEKTUBHbBIE CEH-
copbl Ha ocHOBe Tonudypdypans s OTHOBPEMEHHOTO OIpeneneHust
MIPUPOSHBIX GEHONbHBIX AHTUOKCUIAHTOB.

Taxoke yCIeIHO NPUMEHSIeTCs NPU aHa/IN3e PaCTUTEIbHOTO ChIPbS
MeToJ, KanwuIsIpHOro 3nekTpodopesa [51,52]. 30HHBIN KanMISIPHbIA
aneKkTpodopes ¢ pasIMUHbIMM TUITAMM JE€TeKTMPOBAHMS JAaeT BO3MOXK-
HOCTb IPOBOAUTH OJHOBpEMEHHOe orpefeneHue (GpraBaHOHOB B KOM-
TTOHEHTAax paCTUTEIbHOTO MPOUCXOKAEHMS, B TOM UMC/Ie B IPUCYTCTBUN
(heHObHBIX COeAMHEHMIT JPYTUX KITACCOB.
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B Hacrosiem mccieoBaHMM MPOBEAEH aHAIU3 HOPMaTUBHOI 6as3bl,
peraMeHTUPYIoNIe OL[eHKY 6M0IOTMYeCKM aKTUBHBIX BEIIeCTB (heHOb-
HOJ1 TIPUPOABI, @ TAK)KE HAYUYHO-TEXHUUYECKUX MyOIMUKAIMIl TOCTeIHUX
JIEeT 110 AaHHO TeMaTuke. Ha 0CHOBaHMM TIONTYyYeHHbBIX JAHHBIX 060CHO-
BaH BHIOOP METOAOB oOmpenesienns (peHONbHbIX COeAVHEH NI, Hanboee
YacTo TMPUMEHSIEMBbIX Y [JEeMOHCTPUPYIOIIMX HAWIYYIIME Pe3yabTaThl
TIPY UCCIIEIOBAHUY PACTUTENbHOTO ChIpbsl. Llenb pa6oThl — 060CHOBaHME
U BBIOOP METOJa KOJIMYECTBEHHOTO ompezeneHns: GeHOMbHBIX COeIMHe-
HMIT B TUIOIAX PSIOVHBI KPACHOI.

2. O6'beKTHI ¥ METOABI

2.1. O6sexkmol uccnedosaHuti
B xome mpoBeneHMS] MCCIeNOBaHUI KOMMYECTBEHHOIO CONEepP>KaHMS

BellecTB (PeHONMbHOI MPUPOABI UCIONb30BaIM TIOABI Sorbus Aucuparia

(manee — pst6MHBI KpaCHOI1), cobpanHbie B HOBoCMOUpPCKOI o6macTu (1e-

puop c6opa — 2022 rox):

0 o6paser; N2 1 (06e3BOKeHHbBIN 06paselr) — TeXHoIormueckass o6pa-
60TKa OCHOBaHA Ha MPUHIMIIAX CYLIKY ChIPbS IS abHeIero xpa-
HeHusl. [lapameTpbl Ieruapatauyuy IIOAOB MPOBOAVIIMCE IO TPUH-
LMy KOHBEKTMBHOM CYLIKM B TeMIlepaTypHbIX pexumax 60*2,0°C
npu 100 % KoHBek1MK. B KOHIIe mpoliecca 06e3BOKMBAHMS COEPKa-
HMe BJIaTU B ChIpbe 6bUIO HA ypoBHe 7,0+ 1,0 %.

0 obpaser; N2 2 (3aMOpOKeHHbIi 06pa3el;) — TeXHoJIOorn4Yeckass o6pa-
60TKa ¥ XpaHeHMe OCHOBaHbI HAa MPUHIMIIAX HU3KOTEMITEPATYPHO
o6paboTku pu Temiepatype (— 18+2) °C, Binasknoct 75-80%.
WccnenoBanme o6pasiioB N2 1 1 N2 2 Ha cogepskaHue Bjaryu poBOay-

y o TOCT 24027.2-801.

OT60p mpob nposoguics no I'OCT 24027.0-802; myis uccienoBaHUsS
6bUTM OTOOPaHBI 10 3 06pasiia 06e3BOKEHHBIX Y 3aMOPOXKEHHBIX TJIONOB

PSIGVIHBI.

2.1. Memoow! uccaedosaHuti

2.1.1. Memo0 1 — skcmpaxyus u nocaedyrwujee Koaopumempuueckoe

onpedeneHue Ha OnuHe 80J1Hbl 400 HM

ComepskaHiie MOHOMEPHBIX (DEHOJNbHBIX COEAVHEHMIT, B YaCTHOCTU
(draBoHOMAHOrO psAna, onpemensuy mo TOCT 28887-20193 (1. 6.13). Me-
TOZ, BLIGPAH B CBSI3M C IIPOCTOTOI BBITOTHEHYISI ¥ BO3MOKHOCTBIO OLIeHKM
ero NpUMMeHMMOCTH 151 BblleNieHMst eHONbHBIX COeAMHEeHMIT U3 IIOI0B
PSIGUHBI ¢ MOCTEeAYIOIYM CIIEKTPO(GOTOMETPUUECKUM OIpereeHNeM.
CylrHocTh MeTofa: 0TO0p Mpo6bI MI0A0B psi6uubl Maccoit 0,20+0,001 r
C JajbHeLIeli SKCTpakuyeii B IPUCYTCTBUM 4 cM® DUCTUIIMPOBAHHOI
Bozbl 1 20 cm® ameToHa (MccnemoBanue 1) uam 95 %-ro staHona (Mccie-
nosaHue 2) mpu temmeparype (20,0+2,0) °C B TeueHne 60 MUHYT B OTCYT-
CTBME CBETOBOTrO BO3lelicTBus. [lanee mpoBommiu GMIbTPaLMIO yepes
O6yMaskKHbI QUIABTP (<CUHSISI JIGHTa») U ONpeNeNsIi ONTUYECKYIO IIOT-
HOCTb IIpY JIMHe BOMHbI A =400 HM Ha (POTO3IEKTPUYECKOM KOJIOpUMe-
Tpe KOK-2 (30M, Poccus). B kauecTBe pacTBOopa CpaBHEHUsI [IPUMEHSIIN
JUCTWIIVPOBAHHYIO BOLY.

ComepskaHie MacCOBOJ IO/ MOHOMEPHBIX (PeHONMbHBIX COeNVHEHMI
(B yactHOCTM (hrTaBOHOMIHOrO Psifa) B 06paslax IUIONOB PSIOMHBI (MT)
paccunTbiBam o Gopmyie (1):

Dx24 100
X = x ) @™
mx 8,37 " (100 - W)
roe: D — KonMuyecTBeHHAsl eOUMHMUIIA ONITUYECKOI TIOTHOCTU ob6pasua, e.f.;
24 — KOJMYeCTBeHHbIi 06beM MPO6OIOATOTOBKY, CM>; m — Macca pobbl
psiouHBI, T; 8,37 — KOG OUIMEHT ITEpecyeTa ONTUYECKO TIOTHOCTI; W —
colepskaHue Biaaru B Iiogax, %.

2.1.2. Memo0 2 — Konopumempuueckoe onpedesieHue npu OnAuHe 80JHb!

400 HMm ¢ nocmpoeHueM 2padyuposku no pymuHy

AHanu3 KOJIMYECTBEHHOTO COfepskaHusi (EHONbHBIX COeAVHEeHMI
(%) mpoBOAWIM C TOCTPOEHMEM TPATyUPOBOYHOIN INKAIbI TIO PYTHU-
Hy. CyIIHOCTh MeTOJa 3aK/Iiouanach B OT60pe MpoObl IUIOLOB DsIOU-
HbI C TOCTAeSYIOUM 3KcTparMpoBaHueM 40%-M 3TaHOIOM 06beMOM
30 cm®. TIporecc 3KCTparMpoBaHMsl TMPOBOIWICS TIPY MCIIONb30BaAHUA
06paTHOTO XOJMOOMIbHMKA Tpu TemmepaType (60,0%2,0)°C B TeueHUe
60 munyt. Crnemyrommm stanoMm Obuta GuIbTpalus dyepe3 GymaskKHbIe
UIbTPBI («CUHSIS JIeHTa») MOTYUYEeHHbBIX SKCTPAKI[MOHHBIX M3BIEUEHMIT
po6bl B MEPHYI0 K016y BMecTuMOcThio 100 cm3. TIpoliece SKCTpaKum

1 TOCT 24027.2-80 «CbIpbe 71eKapCTBEHHOe pacTUTeabHOe. MeTo bl onpesiere-
HMS BIQKHOCTH, COTEPSKAaHMUS 30/1bl, 9KCTPAKTUBHBIX U TyOUTbHBIX BEIECTB, 3bup-
Horo macia». M.: UIIK V3parenbcTBo cTrangapros, 1998. — 10 c.

2 TOCT 24027.0-80 «ChIpbe JIeKapCTBEHHOE pacTUTeIbHOe. [IpaBiia IpueMKit
¥ MeTofibl 0T60pa po6». M.: UTIK U3maTenbCTBO cTaHapToB, 1998. — 5 c.

3 TOCT 28887-2019 «IIblibLieBast 0GHOXKKA. TeXHMUYECKME ycaoBusi». M.: CtaH-
nmaptuadopm, 2019. — 16 c.
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TTOBTOPSIU IOTIOJIHATETHHO [1Ba pa3a, IoC/Ie Yero JOBOIMUIN 061Nt 06b-
em 10 MmeTKM 40 %-M 3TaHOIOM (PacTBop A).

CyLIHOCTb MCC/Ie0BaHMS 3aK/II0Uanach B CJIefyloleM: B MepHYIO KOJI-
6y BMeCTMMOCTBI0 25 cm® BHOCum 1 cm® pactBopa A, mo6asnsuim 1 cm®
2 %-T0 XJIOpU/Ia aTFOMUHMS U TOBOIMU/IN 00bEM 10 METKM 95 %-M sTaHO-
JioM. MeTo[ mpeaycMaTpuBal MOATOTOBKY pacTBOpa CpaBHEHUSI — CMe-
IIMBaHye B MEPHOIi Kojabe BMeCTMMOCTBIO 25 cM3 pacTBopa A 06beMOM
1cem3u 0,2 cm? YKCYCHOJV KUCJIOTBI JIEASIHOV C Ja/IbHEMIINM JOBeieHueM
o meTku 95 %-M araHosoM. [Ipo6s! ocTaBisiioT Ha 40 MUH B 3aIIMIIEH-
HOM OT CBeTa IoMelleHnn. Jlajiee ompenessiv ONTUYECKY0 TIJIOTHOCTD
npu niauHe BOMHBI A=400 HM Ha KoJopUMeTpe (HOTOINEKTUPUYECKOM
K®K-2 (30M, Poccus).

KonnuectBeHHOe cofiep>kaHue HeHONMbHbIX COequHeHnit (%) B TIomax
pSIGMHBI B TIepecyeTe Ha PYTMH MPOBOAMIN COITIacHO dopmye (2) [36]:

_ DxVixV,x1,1
248 xm x (100 - W)

rme: D — KonmyuecTBeHHAsl eAVHMIA ONTHYECKON IUIOTHOCTY 06pasla, e.n.;
248 — ynenbHbI TIOKa3aTeNlb epecyeTa Mpy MOMIOIIeHUY PyTUHA B MPU-
CYTCTBUM aTIOMUHYS XJI0pKAIa; V — 06beM pacTBopa A, cM3; m — Macca mpo-
6bI TIOIOB PsIGUHBI, T; 1,1 — monpaBouHbIi KO3(DOUIMEHT HA HEMTOMTHOTY
9KCTpaKkIyM GeHONbHBIX coefyHeHnit; W — comepskaHye Biaru B IUIOZAX,
%; V,— 06beM KOJObI [Is1 9KCTPAKLMOHHBIX M3BIeyeHnit (100 om); V,—
06beM KobbI TPy MPOBOMOArOTOBKE K MCCIefoBaHuaM (25 cvd).

x 100, 2)

2.1.3. Memo0 3 — akcmpaxyusi 5maHoJioM u nocedyioujee

KoJlopumempuueckoe onpedeyieHue Ha OnuHe 80JHbl 590 Hm

DOTO3/IEKTPOKOTIOPUMETPUYECKOE OTIPENe/IeHe MacCOBOI KOHIIEH-
Tpaumu nonudeHonos nposoguwu 1o I'OCT 34798-2021%. AHanus sKkc-
TpakTa (Ha ocHoBe 40 %-HOTo 3TaHOJa) U3 IIONOB PSAGMHBI 00YCIOBIEH
MIPUMEHSIEMOCTbI0 PA3HBIX METOJOB IJIsSI OILleHKM (DEHOJIbHBIX COeMHe-
Huit. TloqroroBKa mpoObl 3aK/II04aIach B cmemnyBanmm 10 cm® srcrpakim-
OHHOTO M3BJIEUEHMsI PacTBOpa A (1o Mmetoxny 2), 8 cm® pacTBopa KapGoK-
cumeTuneunonossl (KMII) u 0,5 cm® pacTBopa IMMOHHO-aMMMUaYHOIO
skenesa (III), ¢ moctenyOIMM TOBeAeHEM 00beMa OUCTWIMPOBAHHOM
BOJO¥ 0 METKM MEPHOJ KojI6bl (25 cM® B HalIeM MCCIeIOBaHUN) U TIe-
peMelIBaHMeM COLEP>KMMOTO 10 TIOMyuyeHMsI OGHOPOLHOI cMech. 3aTeM
KonGy ¢ mpo6oit BeIgepkuBaau rpu temmeparype (20+5)°C B TeueHue
10 muH. [ToAroToBka pacTBOpa CpaBHEHMS INPOBOAMIACH aHAJIOTUYHO
po6oIoAroToBKe 06pasia, ¢ 3ameHoii 0,5 cm® pacTBopa JMMOHHOAM-
muauHoro xenesa (I1I) Ha 0,5 cm® pacTBopa ammmaka. [I0ATOTOBIeHHbIE
po6sl Tipu Temrepatype (20%5)°C BbiaepkuBaiu B TeueHue 10 MuH
U ONpefeNsuli ONTUYECKYI0 IUIOTHOCTb MpPU JjIMHe BOMHBI A=590 HM
Ha KonopumeTtpe doroanekrupuueckom KOK-2 (30M, Poccust).

CopnepskaHue MaccoBO KoM MOMMGEHOMbHBIX COEOMHEHMIT B TUIOAAX
psa6uHbI (Mr/nM3) Berumcsiv o hopmyie (3):

X=DxK, 3)

roe: D — KonMuyecTBeHHAsl eOUMHMUIIA ONITUYECKOVi TUIOTHOCTU ob6pasia, e.f.;

K — koadduiment mepecuera (K=_820).

2.1.4. Memo0 4 — nepmaHzaHamomempus
KonnuectBeHHOe ompeneneHne (GeHOMbHBIX COeIMHEHUI B IUIOAAX
PSIGMHBI TIPOBOAMIIN OKUCIUTEILHO-BOCCTAHOBUTEIBHBIM TUTPOBAHUEM
(mepmaHraHaTomeTpueil). BoipakeHMe pe3ynbTaTa TUTPOBaHUSI MpU-
BOIM/IM B Ie€pecueTe Ha COAepXKaHue pyTMHA B obpasuax. [Ipo6omnoa-
TOTOBKA 3aK/II0YaeTCsl B 9KCTparMpoBaHUM, B KayecTBe PaCTBOPUTENS
JCIOMb30BaNM AUCTWIIMPOBAHHYIO Bony Temmeparypoii (98,0+2,0)°C
B KomuuectBe 50 €M, MTPOMO/KMATENBHOCTh 3TAla COCTAaB/IsIA 5 MUH.
IIpouiecc TUTpOBaHUS 3aKIIOYAICS B MOATOTOBKE 3KCTPAarMpoOBaHHOIO
usBeyeHus B o6beme 10 cm3, 10 cM3 AMCTUAIMPOBAHHOI BOMbI, 6 Kamle/b
MHIMKATOpa MHOUTOKapMMHA B KOJIOY [IJIst TUTPOBaHMS. B KauecTBe TH-
TpaHTa MCIOAb30BaaM PAaCTBOP epMaHTraHaTa Kaausi B KOHLLEHTpaluu
0,05 H, IpoIeCcC TUTPOBAHUST CUMTAJICS OKOHUEHHBIM 0 (PUKCUPOBaHMS
YCTOMUMBOIL 3KenToi oKpacku. ComepskaHye MaccoBO BOMM (eHOTbHBIX
CoeIMHEeHMI B IUI0faX PSIGMHBI 10 PYTUHY (%) Haxomuiu 1o popmyie (4):
W 3,2x Ve XV
1000 x m x V,
rie: 3,2 — mMacca pyTuHa (Mr), He06XOLMMOTO IJIsl OKMCIEeHYsI B ITPOLiecce TH-
TpoBaHust; V), ,, — 06beM M3PACXOIOBAHHOIO TUTPAHTa, CM’; V, — 06bem
9KCTPArMpoBaHHO# MPo6sl (50 cm3); V, — 06beM IKCTPAKIMOHHOTO U3BJIe-
yenusd (10 cm3); m — mMacca Mpo6bI IIZIOA0B PAGMHDI, T.

x 100%, )

O6paboTka pe3ynbTaToB KOMMYECTBEHHOTO aHam3a (eHOMbHBIX COe-
IIVIHEeHMI TUIOMOB PSIOVHbI TIPOBOOVIN C UCITOIb30BAHMEM CTATUCTAIECKIX
MEeTOZ0B 00pabOTKM JaHHbIX B YCJIOBUSIX TPEX MTapalIeIbHbIX OTIPee/IeHNIA.

4 TOCT 34798-2021 «IIpoayKuyst muBoBapeHHast. pentudukauys. GoTosmex-
TPOKOJIOPMMETPUYECKMIT METO[|, OIIPe/ieIeHNsI MacCOBOJi KOHLeHTpaLuy nosnde-
HOJIOB». M.: Poccuiickuit MHCTUTYT cTaHgapTm3auuy, 2021. — 11 ¢
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O6paboTKy AaHHBIX MPOBOAWIM C TIPUMEHEHMEM PETPECCHOHHOTO
aHanmm3a nporpamMmbl MS Excel, mpu nmpoBepke afieKBaTHOCTY IOTyYeH-
HbBIX JaHHBIX UCNOAb30BaH F-kpuTtepuit duiliepa, mpu pacyeTe 3HaUUMO-
¢ty K03 puimeHToB — t-kKputepuii CThIOmEHTA.

3. Pe3ynbpTaThl ¥ O6CYKAECHMUE

Tpu BbIGOpE PacTBOPUTEIS /IS SKCTPAKLUY TPAAUILMOHHO PEKOMEH-
IIyeTCsl yUUTHIBATh IPUPOJY SKCTPArMpyeMoro BellecTBa (TUIT pacTeHMs,
yactu pacteHus) [18,19].

3a ocHOBY MeToza 1 GbUT B3SIT METOZ, Pa3paboTaHHbIN AJIS MbLIbIIE-
BOJ OGHOXKKM. B KauecTBe 3KCTpareHTa GbLI BHIGPAH al[€TOH, YTO 06b-
SICHSIETCSI XMMMUECKOIi TPUPOA0IL COeAVHEHNS, TaK KaK alleTOH He BCTY-
MaeT B XMMUYECKOE B3aMMOJEICTBME C IKCTPAarMpyeMbIM BeIeCTBOM.
O6pasupl WIOA0B PSI6MHBI B 3aMOPOKEHHOM BMIE TOABEPraayucCh IKC-
TPaKkUyUyY B MPUCYTCTBUM alleTOHA MpuMepHO B 1,8 pasa sddexrTuBHEee
10 CPaBHEHUIO C 06e3BO’KEHHBIMY TIOAMMA.

3aBUCUMOCTH COfepKaHusT GeHONbHBIX COUHEHM OT U3MepsIeMOit
ONTUYECKON IIOTHOCTY B 06pas3iax IIOf0B PSIOVHBI, a TAKKE MOTyUeH-
Hble 3HaUeHusT npezcrasaeHbl B Tabauiax 1 u 2 (peHoNMbHBIX coemuHe-
uwmit, mr/100 r — B Tabnuue 1; dnaBaHonnos, % — B Tabnuiie 2).

Ilnst cpaBHeHMSI IBYX JKCTPAreHTOB IO MeToxy | 3aMeHa alleToHa
95%-HpIM 3TAHOJIOM IIpU WM3BJI€YeHMM (GIABOHOUIHBIX COEIUHEHWN
uMena Gosiee HU3KME CPeIHME 3HAUEHUsI, YeM TIPU MCIIOIb30BaHUU
110 aHAJIOTMYHOMY MeTOAY 1 ¢ mIpMMeHeHueM aleToHa (uccienoBanue 1).
[Ipu uccnemoBanuy copepkaHusi (IaBOHOMIOB PACTBOP [IJIST U3BJeYe-
HMSI IOJDKEH HAaXOOUTHCS B YCIOBUSIX KUCIOM cpenpl pH 2-4 e.n., T.K. Ipu
MU3BJIEUEHNY BO3MOXEH TEPEXO0[ MOMMCaXapUaHbIX KOMILIEKCOB. OmHUM
U3 pelieHnit 3TO Mpo6IeMbl TPeIaraeTcsl UCCIeNOBaHMe SKCTPAKTOB,
MOTyYeHHBIX IIPU U3BI€UEHUM IIyTeM OCakAeHMs 95 %-HbIM 3TaHOIOM.
B Ta6muiie 1 oTo6paskeHbI 3aBUCMMOCTH TI0 COEPsKaHMIO (PEHONMbHBIX CO-
eIVIHEHMIi OT M3MepsIEMOJ ONTUYECKOI TNIOTHOCTY B 06pasijax IiofoB
psIGMHBI ¢ TpuMeHeHreM mMetona 2. ComepskaHue heHONMbHBIX COenHe-
HMIt 6bUI0 TPMMEPHO B 1,5 pasa Bblllle B 3aMOPOKEHHBIX IJIOAAX PSIOVHbI
10 CpaBHEHUIO C 00e3BOXKEHHBIMM, UTO MO TBEPXKAAIOCH Pa3HULIEI MeXK-
Iy o6bekTamu ucciaenoBanus B 0,080 %.

Ta6nuua 1. CpaBHUTEIbHAS XapaKTEPUCTUKA Pe3yIbTaTOB Pa3HBIX
MEeTOL0B KO/IMYeCTBEHHOI'O oIpee/eHus:
deHOMBbHBIX coepyHeHMit (p=0,95, n=3)

Table 1. Comparative characteristics of the results of different methods for
quantification of phenolic compounds (p=0.95, n=3)

1151 06e3BOKEHHBIX IVIOAOB J1/1s1 3aMOPO’KeHHbIX IUIO0B

aHa/IN3 aHa/IM3
3aBUCHMMBIX X, p *AX, cp* 3aBUCUMBIX ch £A ch*
¢akTopos ¢dakTOpoB

MerTop, 1 KonopuMeTpUUecKkoe onpeneneHue Ha AjuHe BoJIHbI 400 HM
(c 3KCTpaKkUyuei aleTOHOM)

Y=2,88-1,14x Y=—0,18+3,53x
R=0,76; F=0,34 R=0,90; F=0,20

MerTop, 1 KonopuMeTpUUecKkoe onpeneneHue Ha AjuHe BoJIHbI 400 HM
(¢ arcTpakumeit 95 % 3TaHOIOM)

Y=2,83-1,47x Y=1,64+0,46x
R=0,86; F=0,244 R=0,70; F=0,330

Mertop, 3 KOJIOpUMeTpPUYecKoe oIpeJe/ieHue Ha JJINHEe BOJHBI 590 HM
(c arcTpakuueit 40 % 3TaHOIOM)

Y=3,50+3,06x Y=-2,11+17,39%
5,61£0,04
R=0,70; F=0,36 R=0,95; F=0,15

* pru;euaHue: *AX., — pacXOkieHVe MEeXY Iapa/lIe/IbHbIMI M3MePeHMSIMU
p=0,95.

1,74+0,01 3,11%0,03

1,39+0,004 2,05%0,007

9,25%0,06

Merog, 3, COITIaCHO CTAHIAPTY U MPOBELEHHOMY JIUTEPATYPHOMY 06-
30Dy, IPMMEHMM J|JIs] IPOM3BOJCTBA IIPOAYKLIMY C COiepsKaHMeM TaHO-
na. KoH1eHTpalust 06Hapy>KeHHbIX O (EHOIOB 6blIa BbIIIE B 3aMOPO-
SKeHHBIX IUIOAAX PSIOGVHBI I10 CPABHEHUIO C 06e3BOKEHHBIMM.

MeToz 2 OCHOBAaH Ha KOJIMYECTBEHHOM OTpereseHNM (eHOTbHBIX
coenVMHEeHUI T0CPeSCTBOM MCIONb30BaHus qubdepeHMaNbHO CIIeK-
TpooTOMETPUM B COUETAHMM PEaAKUMU C KOMIUIEKCOM aTIOMMUHMS
xjnopuna; 6sul paspaboTaH [ TOPTeH3UM LPeBOBUAHONM. Ero BbIGOD
0OBSICHSIETCS. YCTOMUMBOCTBIO KOMIUIEKCA XMMMYECKUX COeIVHEeHMA
M JOCTYITHOCTHIO IIPU M3MepeHuM U 06paboTKe HaHHBIX. [Ipolecc om-
peneneHus: GpraBOHOMIOB B IUIONAX PSOGVMHBI 110 METOLY 2 VIMeJ Hau-
MeHbllIe ToKa3aTeny CpefHMUxX 3HaueHuit. [Ipy cpaBHeHUM C MEeTOLOM
1 pe3ynbTaThl O COmepsKaHMIO (IABOHOMIOB GBUIM MEHBbINE, OIHAKO
9TOT (aKT MOKHO OGBSICHUTH OINpeJeleHMeM TOJNbKO PYTMHA M3 BCEX
(1aBOHOMIHBIX COeIVIHEHMIA.
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Ipu cpaBHEHWUM MeTOofa 2 (C UCIIOMb30BAHMEM ATIOMUHMS XJI0PULA)
C JIATEPaTypHBIMM JAHHBIMM aBTOPOB cofiepskaHye (GIaBOHOMAOB COCTa-
Buio 0,49-1,24% [53].

WccnenoBannust GeHOMbHBIX COEIMHEHMI TI0 MEeTOAY 4, OCHOBAaHHOMY
Ha MeTOJe OKVUCIUTEIbHO-BOCCTAHOBUTEIbHOIO TUTPOBAHMSL, TPOBOLSIT-
Cs1 Ha TUTOJaX PSI6MHbBI KPACHOi B 3aMOPOSKEHHOM U 00e3BOSKEHHOM BUJIE.
CopepskaHne GheHOMbHBIX COeIVHeHMiT B 06pasiie N2 2 (3aMOpPOKeHHbIe
iozsl) B 1,3 pasa 6osbliie B cpaBHEHNUM ¢ 06€3BOKEHHBIMM 06pa3IaMu.
[TepMaHraHaATOMETpPUSI TIPYU CPAaBHEHUM JAHHBIX 06pa3LOB [0 CPETHUM
3HAYEeHUIM (X,,) (Ta6nuua 1) pasanuHb! He 6o1ee uem Ha 20 %.

Hambosiee HOCTYIIHBIM METOLOM [Jisi OmpenesieHns (peHOIbHBIX coe-
IVHEeHMIT 6bUT METON 4, He TPeBYIoLIMii TOTIOTHUTETLHOTO 000PYJOBaHMUS
IS TPOBEeHMsT KOJIMUECTBEHHBIX M3MepeHMit U MPUMeHsIeMblii Ha T1J10-
Jax psi6MHbI KpacHOM. OnMpasich Ha TMOMyYeHHbIe KOMMUYeCTBeHHbIe TaH-
HbIe, MOXKHO CYIUTb 06 0GHapyskeHuM (HEeHONbHBIX COeIVHEeHMIA pasany-
HOJi TPUPOZbI: MeTo, 1 HarpaB/ieH Ha UCCIe0BaHye 06IIEero CoaepKaHus
(heHONbHBIX COeNVMHEHWIT, METOMBI 2 1 4 — Ha TIepecyeT Mo PYyTUHY, METOJ,
3 — Ha BbifieieHue nondeHos0B. cnonb3yeMble MEeTOIbI MMeJ OLIMOKY
He 6omee 1%. B cpaBHeHNUM C BbICOKO3(D(HEKTUBHOI KMIKOCTHOI XpoMa-
Torpacueit MmetTozbl 1 1 3 yKkasbiBa/iM Ha 06liee comepkaHye GeHONMbHbIX
coegyiHeHMit. OHU SIBJISTIOTCSI HECTAHAAPTHBIMM Y BO3MOSKHBI /IS TIpMMe-
HEHMSI TTOC/Ie JOTIOMTHUTETbHBIX MCCIeI0BaHMIT 1 pa3pabOTKM Ha X OCHO-
Be HOBBIX METOJOB KOJIMYECTBEHHOTO aHaiM3a (GeHOMbHbIX COeIMHEHNIA.

Ta6nuua 2. CpaBHUTE/IbHASI XapaKTEPUCTUKA PEe3YIbTATOB
pa3sHbBIX METOAOB KOJIMYECTBEHHOTO onpeae/ieHns QeHoIbHbIX
coenyiHeHMIi o pyTuny (p=0,95, n=>3)

Table 2. Comparative characteristics of the results of different methods for
quantification of phenolic compounds in terms of rutin (p=0.95, n=3)

MerTop, 2 KonopuMeTpUIecKuii Ipy AjauHe BoHbI 400 HM
C IIOCTPOeHVeM IPagyUPOBKHU 110 PYTUHY

aHaIu3 aHa/IM3
3aBMCHMBIX XpEAX " 3aBMCHMBIX X pEAX "
daxkTopos ¢dakTOpOB
Y=-0,03+1,29x Y=—0,09+3,12x
) , + o i , 4t
R=0,98; F=0,09 0,03:0,00 R=0,75; F=0,32 0,040,005
Mertop, 4. [lepmaHraHaTOMeTpUS
Y=1,35+0,03x Y=1,66+0,5x
1,38%0,06 1,66%0,02
R=0,92; F=0,16 ’ ’ R=0,95; F=0,15 ’ ’

* Mpumeuanue:*AX,, — pacxoxueHue Mex/y napauielbHbIMU U3MePeHN-
amu p=0,95.
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Ilo JaHHBIM aBTOPOB, cofepkaHue (EeHOMbHBIX COENMHEHMI TIION0B
pSIGUHBI 3aBUCUT OT OMOJIOTMYECKUX OCOOEHHOCTEN copTa WM BU[A,
a TaKKe OT KIMMaTUYECKMUX YCJIOBUIT B KOHKPETHbIN roj 3aTOTOBKY ChI-
pbsi. Hanpumep, pstouHa copra Sorbus sibirica mpeBocxozmuiia copt Sorbus
aucuparia Ha 12,8 % [17,53].

4. BbeIBOABI

[IpuBeeHbI JaHHbBIE O KOIMUYECTBEHHOM COZlep>KaHMM (PeHOTbHBIX CO-
eqVHEeHMII B TUIOAAX PSIOMHBI ¢ IPMMEHeHeM pa3HbIX MeTon0B. He Bce
MIpUMeHsieMble MeTOIbI MMeJIM COOTBETCTBYIOUIYI0 aHA/IN3Y IIOLO0BOTO
ChIPbsI 06/IACTh MIpUMeHeHMsI. VICIIob3yeMble METO/IbI He TIPUMEHSIIUCh
paHee /i aHajM3a IUIOJOBOTO ChIPbSl, B YAaCTHOCTM ILJIOLOB PSIOVHBI.
B xome uccienoBaHus onpeeieHbl Haubosee ONTUMalIbHbIE SKCTPAreH-
ThI 1)1 BbIIeTIeHNST PEHOMbHBIX COEAVHEHUIA.

VI3 MCronbp3yeMbIXx METOLOB YCTAHOBJIEHO, UTO IJisI 00e3BOSKEHHBIX
M 3aMOPOKEHHBIX IIIOHOB PSIOMHBI B KaueCTBE SKCTPAareHTa MOAXOMST
ameToH 1 95 %-HbIit 3TaHon (Metop 1), a Takke 40 %-HbIi1 3TaHON (Me-
toz, 3). HamnbGomnbiee BbiieneHue GeHONbHBIX CONMHEHIT HAGMI0NAI0Ch
MpY UCTIONb30BaHMM MeTofa 3 u coctaBmio 5,61 mr/100 r gy o6e3Bo-
SKEHHBIX TIOH0B U 9,25 mr/100r AJ1s 3aMOPOSKEHHBIX TIO0B.

[Ipu cpaBHEHMM UMCIIOBBIX JAHHBIX OTMEUEHO, YTO BBIXOJ (PeHOIb-
HBIX COeNVHEeHMI Hamboee BhIpaskeH IIPU MCCIeIOBaHUY 3aMOPOKEH-
HBIX TJIOAOB PS6MHBI. [JaHHBINA (AKT MOXXHO OGBSICHUTH paspylieHuem
KJI€TOYHOV CTPYKTYPbl PaCTUTEIbHOI TKaHMU NP BO3AECTBUM HU3KUX
Temneparyp. O6e3BOKeHHbIE TIOJbI PSIOVHBI TOBEPTANCH BOCCTAHOB-
JIEHUIO KJIETOYHOI CTPYKTYPBI, YTO, BO3MOXKHO, MOTPe6OBasio yBeIuye-
HMSI BpeMeHU 3KCTPaKLMM JaHHOTO BUAA ChIPBSI.

Taxke MOXKHO IPEeAIIONOXUTb YaCTMYHOe paspylieHue (GheHOTbHbIX
CoelVIHEeHMIi B IMpoliecce KOHBEKTVBHOI CYIIKY, BbI3BAHHOE BBICOKMMMU
TemMIlepaTypaMu 1 M3MeHeHeM OCMOTUYeCKOTO AaBaeHMsI.

Vicrionb30BaHMe TPeACTaBIEHHbIX METOAOB aHanau3a (eHONbHBIX
COeIVIHEHU TTO3BOJIMJIO TIOJIYUUTh HOBbIE HAaHHbIE O MPUMEHUMOCTU
pa3JMUYHBIX METOAOB MJi1 OLIeHKM 06e3BOKEHHBIX M 3aMOPOKEHHbIX
II0A0B psi6MHbI. [loMyyeHHbIe DPe3ylIbTaThl KOJMYECTBEHHOTO aHa-
JIM3a paclpoCTPAHSIOTCS Ha JaHHbIe 00pa3ibl PaCTUTENBHOTO ChIPhS
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KOHTPOJIS.
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AMUHOKUCJTIOTHBIN COCTAB 1 BUOJIOTUYECKAS IEHHOCTbH
TUJAPOJIN3ATOB CBIBOPOTOYHBIX BEJIKOB, ®PAKIIMOHUPOBAHHBIX
KACKAJTHO-CEJIEKTUBHOM MEMBPAHHOM ®UJBTPAIIUEN
Kpyunuun A. T.*, Cimpuna M. E.

®depmepabHbI HAYUHbII [[EHTP MUIIEBbIX cucTeM UM. B. M. Top6aToBa, MockBa, Poccus

K/IIOYEBBIE CIOBA: AHHOTAL A

OTKPBITBIN JOCTYN

2udponus, B maHHOI cTaTbhe 06CYKAAeTCsl BOIIPOC MCIONb30BaHMsI MPOMBIIIIEHHBIX METONOB KaCKaJHO-CEeKTUBHON MeM6paHHOM
OUOaKMUBHbIE unbTpanyuy O OYUCTKY (PepMEHTATUBHBIX TUAPOIN3ATOB CHIBOPOTOUYHBIX OETKOB U (PPaKIMOHMPOBAHMS GMOAKTUBHBIX
nenmuosl, nentuaoB. OCHOBHOe BHMMaHMe YAeleHO KOMIUIEKCHOJ OLIeHKe BVMSHMS JAHHOTO TEeXHOJIOTMYECKOro Mpoliecca Ha aMu-

ynempaguaempayusi,  HOKMUCIOTHBINA COCTaB, 6MONOIMYECKYIO LIEHHOCTh M KMHETUKY [IepeBapyMBaHus in Vitro TOMyYEHHbIX HMEeNTUAHbIX (paKIuii
Havoduaguabmpayus, B CpaBHEHMM C MHTAKTHBIMM GenkamMu. HaTMBHBIN ¥ TepMOIeHATypUPOBAaHHbI KOHLIEHTPAT ChIBOPOTOUYHBIX GEJIKOB TUMAPO-

€80000HbIE nu3oBanu 6udepmenTHON Kommosuiueir (Alcalase u Formea CTL) u dpakumoHMpOBaIM MeTOdaMM YAbTpa-, HAHODWIIb-
AMUHOKUCIOMDL, Tpauuu U o6paTHOrO ocMoca. OCHOBHbIE pe3YJbTaThl [MOKA3aay, YTO pa3paboTaHHBIN MPOLECC KaCKaJHO-CEeTeKTUBHOM
MUuHepanvHole yabTpa-HaHoauauabTpanyy Mo3BossieT 3PGeKTUBHO YOANATb BHICOKOMOJIEKYISIPHbIE GETKOBbIE COeIMHEHMs, MUHEPaJIb-
seujecmea, HbI€ BELIeCTBa ¥ CBOOOIHbIE aMUHOKUCIOTHL. [Ipy 3TOM B COCTaBe I'MAPOIM3aTOB COXpaHseTcs Gpakiys MenTuaoB ¢ Moje-
nepesapusaemocms KyJsipHO# Maccoii 0,4-5 k[la, o6ragaoniasi MakKCMMaIbHbIMY aHTHOKCUAaHTHOM (1280 u 979 MkM T3/r B3) u AII®-unru-

6upyomeii (IC;,=0,10 u 0,19 mr/mir) akTMBHOCTSIMM. OuMIeHHBIe THPOIM3aThl XapaKTepU30BaINCh COaTaHCYPOBAHHBIM
aMUHOKUCIOTHBIM ITpoduiem (otHotnenne HAK/3AK 0,77-0,78), Bricokum comepskanmnem BCAA (19,07-19,20 r/100 r 6enka)
¥ TOBBILIEeHHBIM Ko3dduunenTom yrunntapaoctu (0,71-0,72) mo cpaBHEHUIO ¢ MCXOGHBIMY KOHLIEHTPAaTaMy ChIBOPOTOY-
HbIX 6enkoB. O1eHKa nepeBapuBaemocty Ha mogenu INFOGEST 2.0 mopTBepamia BbICOKYI0 GMOIOCTYITHOCTD, 6osee Gbic-
TpOe ¥ IOJHOe IepeBapyBaHue GPaKUMOHMPOBAHHBIX TMAPOIU3ATOB 10 CPABHEHVIO MHTAKTHBIMU Geskamu. [TonydeHHbIe
pe3ynbTaTbhl OTKPbIBAIOT II€PCIIEKTUBBI ITPOMBIIIJIEHHOTO MaCIHTa6I/Ip0BaHI/IH TE€XHOJIOTMU ITPOU3BOACTBA T'MAPOJIN3ATOB CbI-
BOPOTOYHBIX GE/IKOB Y UX UCIIONb30BaHMs B KauecTBe QYHKIMOHATbHBIX MHTPeIVIeHTOB. Takue MHTPeIMeHTbI MOTYT IpuMe-
HSTbCSI TIPU CO3TAHNUM MPOAYKTOB (PYHKIVOHAIBLHOTO U CIIELVATU3YPOBAHHOTO MUTAHNS, BKIIOYAs IPOTEMHOBbIE (HOPMYITbI
IL7ISI CTIOPTMBHOTO MMUTaHWUSI, HYTPUTUBHO IOAEPKKY ITPYU MeTab0IMYeCKOM CMHIPOMeE ¥ BO3PACTHO CapKOIIeH!M, a TaKkKe
JI7IS1 KOPPeKIMY XPOHMYECKOT0 OKCUIATMBHOTO CTpecca ¥ MPOoPUIaKTUKY TUIIEPTOHUMN.
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hydrolysis, This article discusses the application of industrial cascade-selective membrane filtration techniques for the purification of en-
bioactive peptides, zymatic hydrolysates of whey proteins and the fractionation of bioactive peptides. The main focus is on a comprehensive assess-
ultrafiltration, ment of the impact of this technological process on the amino acid composition, biological value, and in vitro digestion kinetics

nanodidfiltration, free  of the obtained peptide fractions in comparison with intact proteins. Native and heat-denatured whey protein concentrates were

amino acids, minerals, hydrolyzed using a two-enzyme system (Alcalase and Formea CTL) and fractionated by ultrafiltration, nanofiltration, and reverse

digestibility osmosis. The key results showed that the developed cascade-selective ultra-nanodiafiltration process effectively removes high-
molecular-weight protein compounds, minerals, and free amino acids. The hydrolysates retain a peptide fraction with a molecu-
lar weight of 0.4-5 kDa, which exhibits maximal antioxidant (1280 and 979 uM TE/g protein equivalent) and ACE-inhibitory
(IC5,=0.10 and 0.19 mg/mL) activities. The purified hydrolysates were characterized by a balanced amino acid profile (EAA/NEAA
ratio of 0.77-0.78), a high content of BCAA (19.07-19.20 g/100 g protein), and an increased coefficient of utility (0.71-0.72)
compared to the initial whey protein concentrates. Digestibility assessment using the INFOGEST 2.0 model confirmed high
bioavailability, as well as faster and more complete digestion of the fractionated hydrolysates compared to intact proteins. The
obtained results open prospects for the industrial scaling of the technology for producing whey protein hydrolysates and their
use as functional ingredients. Such ingredients can be applied in the development of functional and specialized food products,
including protein formulas for sports nutrition, nutritional support for metabolic syndrome and age-related sarcopenia, as well
as for the correction of chronic oxidative stress and the prevention of hypertension.
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1. Beegenue

CoBpeMeHHble MMPOBble TeHIEHIMM B 0067acTy NUILEBOI Ipo-
MBILUIEHHOCTY, HYTPMLMOJIOTMM, CIOPTUBHOIO, AETCKOTO U CIelMu-
aMM3MPOBAHHOTO MUTaHUS TPeNOTNpeAessioT MOBBILIEHHBII CIPOC
Ha KOMMepyYecKye KOHI[eHTPaThl Ge/lKOB, c6alaHCUPOBAHHBIE TI0 aMM-
HOKVCIOTHOMY COCTaBy M 06JIaialolye BbICOKOW GMOMOrMYecKoil 1eH-
HocTbio [1,2]. B maHHOM acnekTe oco60e BHMMaHue yrensieTcs 6enkam
MOJIOYHO} CBIBOPOTKM, GMONIOrMYecKasi eHHOCTh ¥ aMMHOKMCIOTHBIM
mupexc ycBosiemocty (PDCAAS) KOTOPBIX CONOCTaBUMBI C SMYHBIM GeJ1-
KOM, CYMTAIOIIMMCS STAJIOHHBIM. BesIky MOIOYHOI ChIBOPOTKM XapaKTe-
PU3YIOTCSI BLICOKMM COZlep>KaHMeM He3aMeHMMbIX aMMHOKMUCIIOT Y aMMy-
HOKUCJIOT C pa3BeTB/IeHHO 11embio (BCAA), KOTOpbie UTPAIOT KITIOUEBYIO
ponb B aktuBanyy mTOR-IyTH M CTUMY/ISLMY MbILIEYHOTO GEKOBOTO
cuHTe3a. KpoMe TOro, oHU 60raThl CepoCcoepKalyIMy aMUHOKUCIOTA-
MM, 3a[1€/ICTBOBAaHHBIMU B OIHOYITIEPOZHOM MeTabo/IM3Me, Mpoleccax
cBOpauMBaHus U QYHKUIMOHMPOBAHMS GEIKOB; MMEHHO 3TM aMUHOKMC-
JIOTBI CITY>KAT JIMMUTUPYIOIIIUM Cy6CTpaTOM AJis1 CMHTEe3a INTyTaTUuOHa —
KJII0YeBOTO BHYTPMKJIETOUYHOTO aHTUOKCUIAHTA [3,4]. BbICOKMIi ypoBeHb
c6ayaHCPOBaHHOCTY aMUHOKUCIIOTHOTO TPOMMIIS B COUETaHUM C BBICO-
KOJ 6MOIOCTYITHOCTBIO U GBICTPOIT abcopbIyeil neaeT CbIBOPOTOUHbIE
6e/IKY K/II0YeBbIM KOMIIOHEHTOM CIlelXaai3/pOBaHHbIX ITPOTEMHOBbIX
dbopmyn msis pasnuuHbIX (GU3MOTOTMUECKUX TOTPE6HOCTEN B CIIOPTUB-
HOM IMUTaHUM (YCKOpeHMe BOCCTaHOBJIEHMS M POCT MbIIIEYHOV Macchl)
[5-8], repoHTONOrMUYECKOM NMUTaHUM (NIPOGUIAKTMKA CApPKOIIEHUN)
[9,10], merckoM muUTaHMM (AMUHOKMCJIOTHBINM MPOGWIbL MaKCUMAIbHO
MIPUGIVKEH K TPYSHOMY MOJIOKY) [11-13], KIMHMYECKOI HyTPULIVIONIOT Y
(BOCCTAaHOBJIEHME NTOC/IE TPAaBM U omnepauuii) [14-16] u op.

Hapsimy ¢ HaTUBHBIMM CHIBOPOTOUYHBIMM GeIKaMy 0COOBIN HAyUHBIN
M IPaKTUYECKUIL MHTEePeC MPeCTaB/sIIOT UX I'MIPONM30BaHHbIe (GOPMBI,
IolyyaeMble IyTeM HaIpaBlIeHHON (GepMeHTaTMBHON GMOKOHBEPCUM
MeNTUAHbIX CBSI3€ii B aMUHOKMCIOTHO 1TOC/IeN0BaTeIbHOCTY 6eTKOBO
MOJIEKY/bL. B OoTimume OT HATUBHBIX GOPM Geska, TMIPOIU3ATHI ChIBO-
POTOUHBIX 6eJIKOB 06JIaIAl0T PSIIOM JOKa3aHHBIX IIPEMMYILECTB, BKIIIO-
yast 6oee GBICTPOE TepeBapUBaHMe U TPAHCIIOPT AMUHOKUCIOT B KPO-
BOTOK [17], CHVDKEHHYIO aJl/iepreHHOCTb [18], 60/ee BBICOKYIO CKOPOCTh
CMauyyBaeMOCTU M PacTBOPMMOCTH, IIOBBILIEHHYIO TEPMOYCTONUYMBOCTD
B MpokoM amamnasoHe pH [19]. C pasBuUTHEM COBpEMEHHBIX aHAIUTH-
YeCKMX METOZIOB B OOGNACTy INMUILEBOH MENTUIOMUKM B TMAPOIM3ATaX
CBIBOPOTOYHBIX 6/TKOB UIEHTUGUIMPOBAH IMPOKMIL CIIEKTP 6110aKTUB-
HBIX MEeNTUIOB, MPOSIBISIOIIMX PerylIsaTopHble GYHKLMM B OpraHuU3Me
¥ OKa3bIBaloIye lieJleHanpaBaeHHoe (GN3MoNornyeckoe Bo3neiicTeue,
BBbIXOJSIIEee 32 PAMKY [IPOCTOTO HYTPUTUBHOTO O6GecrieueHust OpraHm3-
Ma. MHOTOUMC/IEeHHBIMUM UCC/IeNOBaHMSIMY TOKa3aHO, UTO JaHHbIe coe-
IMHEeHUsT 06/1aJatoT psiaoM dapmakomornyeckux 3¢deKToB, TakMX Kak
aHTHOKCHAAHTHas [17,20-22], aHTurunepreHsmuBHas [23-26], aHTuaMA-
6etnyeckas [27-30], aHTUMUKpOGHast [31,32] ¥ UMMYHOMOAYIUPYIOLIAS
[33-35] akTMBHOCTU. YKa3aHHbIe 3P HeKTh 06YCIOBIEHBI HATNYMEM B UX
CTPYKType crenybuieckux aMMHOKUCIOTHBIX I10CIe0BaTelbHOCTeN,
CIIOCOGHBIX B3aMMOZENCTBOBATh C KJIIOYEBBIMM GMONIOTMYECKUMY MMU-
LIeHssMM. BbIXON MenTmaoB C LeeBoit Gyuonornyeckoit dyHkumeir Ha-
MPSIMYIO 3aBUCUT OT CyOCTPATHOI CrIenPUIHOCTY MpoTeas (KOMILIEKCa
rporeas), KOHGOPMAaIOHHBIX OCOGEHHOCTEN ¥ aMUHOKMUCIOTHOM I10-
C/1e0BaTeNIbHOCTY 6eIKOBOr0O CyOCTpaTa, a TakKe OT CTeNeHY TUAPOIIN-
3a, peryiMpyemMoii KUHeTMYeCKMMM ITapaMeTpaMu Ipouecca (cy6erpat-
dbepmeHTHOE COOTHOIIEHMe, pH, Temmeparypa, IPOLOKUTETbHOCTh
peakuym) [36]. IIpu aTOM cnefyeT KOHCTaTMPOBaTh, YTO Aa’ke MCIIONb-
30BaHMe COBpPEMEHHbIX METO/IOB TapreTMpoBaHHOI (epMeHTaTUBHOM
61MOKOHBepcKM Gesika, OCHOBAHHBIX Ha CENeKTMBHOM IMpPOTeou3e, Mpu-
BOIOUT K TIOMYYEHMIO T€TePOTeHHBIX CMecCeil MEeNTHUIOB U CBOGOTHBIX
aMMHOKMUCIIOT C MOAMMOAAIbHBIM paclpeieieHMeM 10 MOJIeKY/ISIPHOM
Macce ¥ ¢ BapuabenbHbIM Ipodunem 6moakTMBHOCTM [37]. B cBsi3u
C 3TUM OGMOaKTMBHbBIE MENTUADI, TONTyYeHHbIE B Pe3Y/IbTaTe TapPreTUpo-
BAaHHOJ OGMOKOHBEPCUM ChIBOPOTOUHBIX GEJIKOB, TPEOYIOT majbHelien
OUMCTKM OT KOMIIOHEHTOB CJI0KHOJ MaTPUIIbI TMAPOAM3aTa U MocIeay-
tonero GpakuMOHMPOBAHMS C LebI0 COXpaHeHMs/ycuneHns: 6MopyHK-
LMOHAJIBHBIX CBOJCTB. B paborax [38,39] mokasaHo, UTO TOBBILIEHHOE
coziepskaHye CBOOOIHBIX aMMHOKMCIOT B I'MIPOIM3aTax, 0COOEHHO NPy
IYGOKOM IIPOTEONN3e, YBEINUMBAET TOpPeYb M OCMOTMYHOCTD, CHYKAS
MX GMOJIOTMYECKYIO [[EHHOCTD 110 CPABHEHMIO C OUMILEHHBIMM MENTUAA-
mu. Kpome TOro, TexHOMOrMUeCKuit npouecc MosydeHus rMapoan3aToB
CONPSDKEH C HEOOXOMVIMOCTBIO KOPPEKUIMM IMEeKTPOXMMMYECKMX Iapa-
MeTpOB cpefbl (ToffepskaHue cratuyeckoro pH), uto mpepomnpenensier
HEeOOXOAMMOCTb NOTOMHUTENbHO 06paboTKM PeaKLUMOHHOM CMeCcy s
CHMKeHMs1 pH, MOHHOI CUJbI M KOHLEHTpaLuuu coneil. B To ke Bpems
B psifie pabor [40,41] oTMeueHo, uTo hepMeHTaTUBHBIN ruaponn3 s dex-
TUBHO CHJ/KAeT aHTUI'€HHOCTb MOJIOYHBIX G€/IKOB, OHAKO ITPOTeasbl, sIB-
JIS151Ch GEJIKOBBIMM BelLlleCTBAMU, CIIOCOOHBI CEHCUOMIMU3MPOBATD UMMYH-
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HYIO CUCTEMY U MHULIMMPOBATD IIepeKPeCTHbIe ajyiepruueckye peakiun.
Takum 06pa3oM, pa3paboTka 3GGEeKTUBHBIX TEXHOMOTMUI MeM6PaHHOMI
OUMCTKY ¥ (GPAKIMOHUPOBAHNS GMOaKTUBHBIX TENTUIOB IIPEICTaBIISET-
C4 aKTYaJIbHBIM U CTPpATETrMUYeCKM Ba>KHbIM HaIIpaBJIEHMEM IJIs1 PeLIeHMsT
0603HaUYEHHBIX ITPO6IEM, UTO HATIPSIMYIO 6YIeT CIIocO6CTBOBATh MOBbI-
IIEHNIO 6MOIOTMYECKOI LIEHHOCTH, PYHKIMOHATBHOCTY ¥ 6€30MaCHOCTH
KOHEUHOT'O ITPOYKTA.

Llenbi0 JAHHOTO MCCIENOBAHUS SIBISETCS pa3paboTKa TEXHOIOTUU
MeM6paHHOTrO (hPaKIVOHMPOBAHMS M OUMCTKY epMEeHTATUBHBIX TUAPO-
JI3aTOB CHIBOPOTOUHBIX GETKOB, HATIPABIEHHO Ha CEIEKTUBHOE yasie-
Hyue Ga/IaCTHBIX KOMIIOHEHTOB, BK/IIOUasi CBOOOJHBIE aMMHOKMCIOTHI,
MMUHepaJibHble BEIeCTBa M OCTaTOUHbIe MpoTeasbl. PaspabaTbiBaemast
TEXHOJIOTHSI TI03BOJISIET TI0/Ty4aTh TMAPOIN3aThl, 060TralleHHbIE MTerTH -
HBIMM QPaKLUMSIMU C 1IeI€BOI 6MOIOTMUECKO aKTUBHOCTBIO, B 4aCTHO-
CTU aHTMOKCUIAHTHOI U AII®-uHrubupyioieit. Kpome toro, B pabore
MCC/IEIOBAHO BAMSIHME IIPOBEIEHHOI 06paboTKM Ha aMMHOKUCIOTHBIN
pod b, 61OIOTMYECKYIO IIEHHOCTh M KUHETUKY TIepeBapyBaHMs in Vitro
IMOPOM3ATOB MO CPABHEHUIO C MHTAKTHBIMYU KOHIIEHTpATaMM GEJIKOB.
ﬂaHHbIe uccinegoBaHMA ABIAKTCA KPUTUUECKM Ba’)KHBIMU IJISI PeIIeHMsT
TeXHOJIOTMYeCKMX 3a/iay, CBSI3aHHBIX CO CTAHJapTM3al1el coctaBa 1 6u-
OIOCTYITHOCTBIO aKTUBHBIX MENTUIHBIX HPaKLMiA, YTO TO3BOJIUT B IMOJI-
HOJi Mepe peasn30BaTh MX TePANeBTMYECKUIT MOTEHIMAA B CO3JaHUN
MPOAYKTOB CITEIMaIN3MPOBAHHOTO HAa3HAYEHMUST OT TUITOAJIEPTEHHBIX
cMeceit ¥ CpefiCTB SHTEePaTbHOTO MMATAHMUS 0 CIIOPTUBHBIX HYTPULIEBTH-
KOB ¥ (DyHKI[MOHAIbHBIX MPOLYKTOB, HAIIPABIEHHbIX Ha MPOMMIAKTHUKY
BO3PACT-MHIYIMPOBAHHBIX 3a60I€BaHNI1, TAKMX KAK XPOHUUECKUIT OK-
CUJATUBHBIV CTPeCC OpraHu3Ma U rMnepToHusI.

2. O6'beKTHI ¥ METOABI

2.1. O6sekmol

Cnagkasi CbIBOPOTKA, MOMyYeHHAsl OT MPOU3BOACTBA IOIyTBEPAOrO
ceipa «MaHTOBa», O6buTa TpemocraBiaeHa KommaHuein OO0 «UTanbsiH-
ckue Tpamuiuu» (MockBa, Poccust). Kommepueckue dhepMeHTHbIE TIpe-
napatsl Alcalase 2.4L (CyOTMIM3NH) C IPOTEONUTUIECKON aKTUBHOCTBIO
2,4 AU-A/r u Formea CTL (XMMOTpPUIICMHONIOAOOHASI 3HZAOMPOTea3a)
C mpoTeonuTUUECKOi akTuBHOCTHI0 300 KPROT/r 6bUIM IIPHOOpPETEHbI
y poccuiickoro aucTpubbioTopa komnauuu Novozymes A/S, (BarcBepp,
Iauust). Bce peakTuBbl, UCMONb3yeMbIE B UCCIENOBAHUM, ObUTM aHATU-
TUYECKOi CTelleHM UYMUCTOThI. BOo Bcex skcmepMMeHTax MCIO0/Ib30Balach
OUOMNCTUIIMPOBAHHAS BOJA.

2.2. KoHyeHmpupogaHue csl80pomouHsLx 0eJIK08

TToaChIpHYIO CBIBOPOTKY IMOAOTpeBanu A0 Temmepatypbl (40%5)°C
B Buckyo6atope FlowTech 4/5-10 (Them, [Jauus), 06e3skupuBaIu 1 OUn-
IaaM OT Ka3eMHOBOJ MbuiM Ha JlabopaTopHoM cemapaTtope FJ 90 PP
(MilkyDay, Yexust). OcBeT/IeHHYIO 1 06€35KMPEHHYIO CBIBOPOTKY pasiessi-
JIVI Ha JIBe QJIMKBOTHBIE YaCcTy paBHOTO 06beMa. [IepBylo yacTh MOZCHIP-
Hoit ceiBopoTku (CHW (RC)) mactepusoBanu B Buckybatope FlowTech
4/5-10 (Them, [auus) mpu Temmepatype (72+2)°C ¢ BBbIIEPXKOI
20-25 ¢ u oxnaxkpanu no Temmepatypsl (10£2) °C. KoHneHTprpoBanue
6esIKa IIPOBOAMIIOCH C MCIIOIb30BaHMeM YiIbTpaduibTpanyy Ha OUIOT-
HOI1 KCIIepUMMeHTa/IbHOM ycTaHoBKe AL 362 (OO0 «Amnbraup», Poccus),
OCHAIIeHHOi 6JI0KOM MeMOpaHHbIX 3JIeMEHTOB 13 MonuaGupcyibhoHa
¢ orceukoit mo monekynsspHoit macce (MWCO) 5 x[la. KoHuentpupo-
BaHue Genka ocyuiectiasiv npu gasienun 0,50+0,05 MIla Ha BXOme
B MeMOpaHHbIit anmapart 1 0,37+0,03 MIla Ha Bbixoge. O6beMHbI (hak-
TOP KOHIIEHTPMPOBAHUSI COCTABIISIT 5, UTO COOTBETCTBOBAJIO HA BBIXOIE
MaccoBo¥ Jonu 6enka 3,4 %. [Ipyryio 4acTb ChIBOPOTKM TIOBEPTan Tep-
mopeHaTypanuu 6enka (CHW (RC) HD) B Bucky6aTope FlowTech 4/5-10
(Them, Janust) B mpucytctBum 10 MM cynbpdaTa KaabLys Ipy TeMIiepa-
type (95%2)°C u nponmomkurenbHocTy 120 MuHyT. TepMopeHaTypupo-
BaHHBII GENOK OTHENSIM C UCTIONb30BaHMeM TexHonoruu Centry Whey
Ha 9KCIIePUMEHTANbHON IeKAaHTepHOI LeHTpUdyre nepuoauecKoro
neiicTBUs Tipu cKopocTu BpauieHust 4000 o6/mMuH (3500 g), Temmepary-
pe (55%5) °C U IPOAO/DKUTENBHOCTH TIpoliecca 10 MMHYT, YTO ITO3BOJISIIIO
MOJTyYaTh KOHIIEHTPAT C MaccoBoit nosneii 6enka 11 %. [TonyyeHHbI KOH-
LIeHTpaT CTaHAAPTU30BaIM BTOPUYHON CHIBOPOTKOI [0 MacCOBOIi foje
6enxka 3,4% v nopBepraay OLHOCTYIEHYATOV rOMOreHu3aluu Mpy Jas-
nenuu 45 MIla Ha TUTyH)XepHOM romoreHusatope HomoLab 2.20 (FBF,
Urtanns).

2.3. Tudpoau3s cvl80pomouHblx 6esK08

@epMeHTaTUBHBIN I'MIPOJIN3 KOHLEHTPATOB ChIBOPOTOUHBIX OEIKOB
CHW (RC) u CHW (RC) HD mipoBoawmin ¢ UCIIONb30BaHeM OudepmeHT-
Hoit cuctembl Alcalase 2.4L (cy6Tmnmsun) u Formea CTL (XMMOTpUIICK-
HOTIOO6HAsT SHOMPOTea3a) B COOTHOLIeHUM 75/25 B mepecuere Ha 6ej-
KOBYIO 4acTb. ['MIPONMM3 OCYIIECTBISUIM B GMOpeakTope ¢ pybaIikoit
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(«Anmxurex», Poccust) o6pemom 5000 M ¢ MarHUTHOI Merankoit SP-16
(MIULAB, Kuraii), coeIMHEHHBIX NOCIEeNOBAaTeNbHO C LMPKYIUPYIOIIEit
BOIsIHOM GaHeit. BuopeakTop 6611 060pymoBaH pH-merpom Starter 300
¢ anexktponom ST 320 (Ohaus, CIIIA) 1 mepucTasIbTUYECKUM HACOCOM [IIst
Io3upoBaHust 5 M pacTBopa IMIpoKcyia Kamusl, YTo 06ecrieunBao Iog-
JlepykaHye cTaTuueckoro pH peaxiyoHHO cpembl C JOMYCTUMbIM OTKJIO-
uennem=0,02. IIporecc ruapoansa MpoBOAWIN OMdepMeHTHO! KOMIIO-
3yULMeli B COOTHOLIeHMM (epMeHTOB (B repecyeTe Ha GEIKOBYIO YacTb)
K cyocrpary 1:1000 (mac./mac.) mpu Temnepatype (51%1)°C, akTUBHO
KMCIOTHOCTU peakiMoHHoi cpenbl 8,30+0,02 en. pH 1 TpoAomsKuTeIbHO-
ctu 180 MuHyT. TepMUUeCKYI0 MHAKTUBAIVIO (pepMEHTHBIX MpernapaToB
OCYIIEeCTBIISIV TIOCPENCTBOM HeIpepbIBHONM MOofauy TMApoan3arTa yepes
TPyOYaThIii TEIIIOOOMEHHYK B COCEIHMI 6110peaKTop, e I’MAPONU3aT Chbl-
BOPOTOYHBIX GETKOB MTHOBEHHO HArpeBasicsi 1o Temrepatypbl (87+2)°C
Y BbIEPKUBAJICS HA MTPOTsKeHMM 10 MUHYT, ITOC/Ie Yero IPOUCXOIMIIO ero
oxJaxkaeHue no remmepatypbl (10+2) °C o o6paTHoOit cxeme.

2.4. Ouucmka u ¢paxkyuoHuposaHue 2udponu3amos

CbIBOPOMOYHBLX OENK08

I'Maponu3aTbl CbIBOPOTOUHBIX GEJIKOB OUYMINAIU OT BHICOKOMOJIEKY-
JISIPHBIX 6EJTKOBBIX COEMHEHNI Ha MUIOTHOM 9KCITepUMEHTAIbHOM yCTa-
HoBKe AL 362 (OO0 «Anbraup», Poccust) ¢ UCITOIb30BaHUEM YIbTPAGIIb-
TPaLMOHHBIX MeMOpaHHBIX Momy/eit 13 nmoaadupcynbdpona ¢ MWCO 5
u 10 x[la. Pa6ouee maBieHue Ha BXOJle B MEMOpPaHHbII armapaTt COCTaB-
ssuto 0,50+0,05 MITa, a Ha Beixoge — 0,37+0,03 MIIa. OumcTKa OT CBO-
6GOIHBIX aMMHOKUCIOT M MMHEPAJIbHBIX COJIeil, a Takke KOHLIEHTPUPO-
BaHMe MeNTUA0B TPOBOAWIMCH HA TOV K€ YCTAaHOBKE C MCIIOIb30BaHUEM
HaHO(PWIBTPAIMOHHOTO MEeMOPAHHOTO MOAY/S U3 moausdupcyaboHa
¢ MWCO 0,4 x[la. laBneHne Ha BXOJe/BbIXO/le MO IepXX1BaIM Ha yPOBHE
1,5/1,1 MIlIa cooTBeTCTBEHHO. /IMadmabTpaIio MPOBOAVIIN C IPUMEHe-
HMeM 06pPaTHOOCMOTHYECKOV BOJbI B COOTHOLIEHUM 1:1 K KOHIEHTPATY
IMAPOIM30BAHHBIX 6esIKOB. CHIMsKeHVe aKTMBHOI KUCIOTHOCTU IPOBO-
AU Ha TIPOMEXKYTOUHOM cTaguu AuaduabTpalum myTem BemeHus 1M
pacTBopa COJSTHOM KUCIOTHI 10 JOCTvkeHus: ypoBHs pH 6,8. KoHueHT-
pupoBaHHbIE 06pa3Libl I'MIPOIM30BAHHBIX CHIBOPOTOYHBIX GEIKOB ITO-
CJ1e Tpolecca OYMCTKY U (GpakIMOHMPOBAHMS MTOJBEPraMCh JAeruapa-
Tauyy Ha pacmpuMTenbHON cyunuike BXT-2000MLH (Shanghai Yuhua
Instrument Equipment Co. Ltd, Kutait) ¢ guamerpom ¢opcyHku 1 Mmm
Ipy TeMIlepaType Bo3zyxa Ha Bxoge (175+5) °C u Ha Bixoge — (75£5) °C.

2.5. Xumuueckuti u pusuueckuti aHanius

Inst uccnenoBaHusl GU3MKO-XUMUYECKMX CBOMCTB CHIBOPOTKM UC-
MOJb30BAIUCh CTAHJAPTM30BaHHbIE MeTOAbl. MaccoByi0 MO0 Oeska
(B 5KBMBa/leHTe) ompenensiy MeTogoM Kbenpnans uepes colepskaHue
obuiero asora B coorseTcTBuM ¢ ISO 1871:2009!, ISO 8968-1:20142
Ha aBTOMaTMuyeckom aHaiusatope Kjeltec-2400 (Foss Electric, Tanus)
C TMOCTeyIOUMM ero rnepecyeToM Ha 6enoK ¢ KosdduuymeHToM 6,28.
MaccoByIo HOJIo kupa ornpenensiv Mmerogqom [ep6epa B COOTBETCTBUU
¢ ISO 19662:20183 1 ISO 11870:2009%. MaccoBy0 HOJIO JIAKTO3bI OIpe-
Jensuiv pepMeHTaTUBHBIM MEeTOAOM B COOTBeTCTBUM ¢ ISO 26462:2010°.
MaccoByio OO CyXMX BeLeCTB M3MepsUIM TepMOrpaBUMeETPUUECKUM
METOIOM B COOTBETCTBMM ¢ ISO 6731:2010°. Ob1ee comepkaHme MUHE-
paJIbHBIX BEILECTB ONpPeesisii CKUTaHMEM BbICYIIEHHBIX 06pa3LoB Py
temneparype 550°C B mydenbHoii anekrponeun MII-2VM (YTsHCKMiT
3aBOJI, JIabOPAaTOPHBIX 3JIeKTpoIieyeit, JINTBa) B COOTBETCTBUM C METO-
IMKO [42]. AKTMBHYIO KMCIOTHOCTb M3MePSUIM MOTEHI[MOMEeTPUIeCKUM
MEeTOZOM C ITOMOIIbI0 cTanyoHapHoro pH-merpa Aquasearcher AB33PH
¢ anektrpogom ST 320 (Ohaus, CIIIA). KoHIleHTpaIMi0 KaablMsl, MarHus,
HaTpus, Kaaus u dochopa orpenessiv C IOMOIIbIO ONTUYECKOV IMUC-
CMOHHOJ CITIEKTPOCKONINY C MHAYKTMUBHO CBsi3aHHOII asmoii (ICP-OES)
Ha npubope Agilent 5110 ICP-OES (Agilent Technologies, Manaii3us)
B COOTBETCTBMM C METOIMKOI TPOM3BOLUTESI.

MoJieKy/ISIpHO-MacCOBOE pacrpeeneHne 6eKOBO-MeNTUAHbIX Ppak-
LM IPOBOAMIV METOJOM BbICOKO3(()EeKTUBHOI XXMIKOCTHOI XpOMATO-

11SO 1871:2009 «Food and feed products — General guidelines for the deter-
mination of nitrogen by the Kjeldahl method». International Standard confirmed,
2009. — 7 p.

2 1SO 8968-1:2014 «Milk and milk products — Determination of nitrogen con-
tent -Part 1: Kjeldahl principle and crude protein calculation». International Stan-
dard confirmed, 2014. — 18 p.

3 1SO 19662:2018 «Milk — Determination of fat content — Acido-butyrometric
(Gerber method)». International Standard confirmed, 2018. — 15 p.

41S0 11870:2009 «Milk and milk products — Determination of fat content —
General guidance on the use of butyrometric methods». International Standard
confirmed, 2009. — 7 p.

5 1SO 26462:2010 «Milk — Determination of lactose content — Enzymatic meth-
od using difference in pH. International Standard confirmed, 2010. — 11 p.

6 1SO 6731:2010 «Milk, cream and evaporated milk — Determination of total
solids content (Reference method)». International Standard confirmed, 2010. — 5 p.
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rpaduu B COOTBETCTBUM C TPOTOKOIOM [43] Ha xpomarorpade «MAICTPO»
(000 «UHTepnab», Poccus). Xpomatorpadudeckoe paszmeneHyue IMpo-
BOIMIM Tipu TemrepaType 25°C ¥ CKOpOCTH TOTOKa 1 MJI/MMH C BBege-
HMeM o6pasna oobeMoM 20 MK B aHAIUTUUYECKYIO KOMOHKY ZORBAXE
C18250 MM X 4,6 MM, auametp mop 300 A (Agilent Technologies Inc.,
CHIA). leTeKLMIO OCYIIECTBSUIM NPy IjiHe BoiHbI 214 u 280 HM. B mo-
JIyYEeHHBIX XPOMaTOrpaMMax C MCIOIb30BaHMEM IIPOTPAMMHOrO obecrie-
yeHust «MynbTuxpom» (00O «AmmepceHn», Poccust) 66u10 naeHTUGUIN-
POBaHO OTHOCUTENIbHOE coepykaHue (hpakLmii ¢ MOIEKYISIPHO-MaCCOBbIM
pacnpenenennem: < 1 k[la, 1-5 x/la, 5-10 kIa 1 > 10 k[Ia.

ConepkaHue M UOEHTU(PUKALNWIO aMUHOKUCIOT OTIPEeAesIsiv Corac-
Ho TOCT P 55569-20137 1 metoguke M 04-94-20218 «IlumieBast mnpo-
OyKUus. MeTonuka M3MepeHuit MacCOBOM IO aMUHOKUCIOT METOLOM
KanmWUISIPHOTO 37eKTpodopesa C MCIONIb30BAHMEM CHUCTEMbI KaIwi-
NsIpHOTO 3ekTpodopesa «Karmenb»» Ha mpubope «Kamneab 205M» (000
«JIroM3KC- MapKkeTUHT», Poccust). B kKauecTBe aHATUTUYECKUX CTAHIAPTOB
MCIIONIb30BaJIM YMCThIe aMMHOKMUCIOTHI C COZlepskaHMeM OCHOBHOTO Be-
mectBa He MeHee 98 % (Sigma-Aldrich, CIIIA).

2.6. AHanu3 pyHKYUuoHanbHoIxX c80ticme u buonozuieckoli yeHHocmu

CreneHb I'MAPON3a OLEHMBAIM CIIeKTPOGOTOMETPUYECKMM METOIOM
COIVIaCHO MPOTOKOJIAM, OMMCAHHBIM B [44,45], Ha crekTpodoToMeTpe-
dnyopumerpe Feyond-A400 (Allsheng, Kurait) ¢ npumeHeHMeM peakTu-
Ba TNBS (2,4,6-TpUHUTPOOEH30/ICY/TIbGHOHOBAS KMUCIOTA), CIIennuIecKn
pearupyoero ¢ NepBUYHbIMM aMUHOTPYIIIaMM ¢ 06pa3oBaHMeM Xpo-
Modopa ¢ MaKCMMYMOM TOTJIOIIEHNST TIPY AJIMHE BOMHBI 340 HM.

OmpeneneHne aHTUMOKCUAAHTHOVM akKTUBHOCTUM 1o Metomy TEAC
MPOBOAVIN B COOTBETCTBMM C IHIPOTOKOJIOM [46]. Merom oOCHOBaH
Ha crmoco6HOCTM o6pasiia HeiTpann3oBaTh KaTMOH-paaukan ABTS
(2,2’-a3uHO6MC(3-3TMI6EH3THA30/IMH-6-CYIb()OHOBOI KUCIOTHI)) C IO-
CIefyIoIMM BbIpaskeHMeM aHTMOKCUIAHTHOVW aKTMBHOCTM B 3KBU-
BajieHTax TpOJIOKCA OTHOCUTENIbHO KaaubpoBoyHoro rpaduka. Heii-
Tpa/u3aluyuoo KaTMOH-paaukana ABTS oueHuBaau € MCIOIb30BAaHUEM
cnextpodoromerpa-diayopumerpa Feyond-A400 (Allsheng, Kurait) npu
OJIIHe BOJIHBI 734 HM.

OLIEHKY TUIIOTEH3UBHBIX CBOVCTB TUOPOTIN30BAHHBIX 6EJ'IKOB MO-
JIOYHOJ CBIBOPOTKM IIPOBONMIM IO CIIOCOOHOCTM MHIMOMPOBATbh aH-
I'MOTeH3UH- 1-npeBpamawnii  depmeHt (AII®) B  COOTBETCTBUU
C IPOTOKONOM [47,48] M BbIpakaJM B KOHLEHTpauuu (Mr Geyka/mir),
uHrnbupytomei 50% akruHocty AII® (IC50). Kunetuky Bo3pacTaHust
MHTEHCUBHOCTM (IIyopecleHIMY PerucTpupoBalu B TeueHue 15 muH
¢ uHTepBajoM B 20 ¢ Ha MMKPOIUIAHLIETHOM CHeKTpodoToMeTpe-
dnyopumerpe Feyond-A400 (Allsheng, Kurait) mpu remnepatype 37 °C,
JUTHE BOJIHBI BO3GYKIEHMsT 1 peructpauyy duyopecueHiym 320 u 420
HM COOTBETCTBEHHO.

PacueTsl €6amaHCUPOBAHHOCTY AMMHOKMCJIOTHOTO COCTaBa, TaKue
KaK aMMHOKMC/IOTHBIV CKOD, OTHOLIEeHMe He3aMeHMMBIX aMMHOKMUCIOT
(HAK) x 3aMmeHMMbBIM aMMHOKKCIOTaM (3AK), OTHOIIeHNe He3aMeHMMbIX
KUCTIOT K 06IIeMY COIepsKaHMI0 aMMHOKMCIOT B Genke, K0abbuuyeHT
YTUIUTAPHOCTH, U3OBITOUHOCTD M COTIOCTABMMYIO M30BITOYHOCTh He3a-
MEHMMbIX aMUHOKMC/IOT, MHIEKC He3aMeHMMBbIX aMMHOKMUCIOT MTPOBO-
JWJIN B COOTBETCTBUMA C O6I.L[er[pI/IH$[TbIMI/I MEeTOAMKaMMU, IIPpUBEeAEeHHbBIMN
B pa6ore [49].

MopenupoBaHue TepeBapuBaHUSI in Vitro OCYIIECTBJISIM IO CTaH-
JapTM3MPOBAaHHOMY MexnayHapogHomy rportokony INFOGEST 2.0 [50].
AHanus NpoAyKTOB IepeBapyMBaHMs Ha Kaxk[o¥ CTaAuy mpolecca mpo-
BOJMJ/IM [10 METOAMKAM, OTIMCAHHBIM B [51], c MU3BMEeHeHMeM B YaCTH OLleH-
K1 KoadduumeHta nepeBapuBaeMoCcTi. B 4acTHOCTHM, K MHKYOalMOH-
HOJ cMecy TI0 OKOHYaHMM KaxK[O0¥i CTafuUM MepeBapuBaHust JO6ABISIICS
24.% pacTBOp TPUXJIOPYKCYCHOV KucaoThl (TXY) mist ocaxkmeHns: 6eKoB
U TENTUAOB ¢ MOJIEKY/ISIPHOI Maccoii 6omee ~1-3 k[Ja. O6pasibl MHKY-
61pOBaIY NPY KOMHATHOJ TeMIlepaType, oxJIakaanu a0 4 °C 1 LeHTpu-
dbyruposamm (8000g) B Teyerne 10 MUHYT. [IJi1 M3MEPEHMS COLEPSKAHMSI
6enKa B ocajike MpUMeHsUIcs aHanu3 1o Metony Keenppans. Koadduum-
ent nepeapusaemocty (KII) paccumteiBasics mo dhopmyiie 1:

KH:(mMCXXBMCX_ (Myex X Byex — mCDXBCD))/(muCXXBMCx)X 100 (1)7
rfe: m,., — Macca MCXO[HOTO 06pasia, I'; Mg, — Macca GuIbTpara rnocie ieH-

Tpudyruposanus, r; b, — 6enoKk B ucxogHOM obpasle, %; By, — 6enox
B duIbTpare nociue LeHTpUYyrupoBanus, %

UCX UCX

7 TOCT P 55569-2013 «Kopma, KOMGMKOpMa, KOMGMKOPMOBOE ChIpbe. Orpese-
JIeHMe TIPOTEeMHOT€HHbIX aMMHOKMCIOT METOJOM KalM/IIPHOTO 37eKTpodopesar.
M.: Craupaptundopm, 2020. — 18 c.

8 M 04-94-2021 «[Inmwesast npopykuys. MeTonyuka u3MepeHuit MacCoBO¥ 10U
aMMHOKMCIOT METOJOM KallM/UISIPHOTO 31eKTpodopesa ¢ 1CI0Ib30BaHeM CHUCTe-
MbI Kanu/uIsipHOTo anektpodopesa «Kaneab»». 000 «JlloMIKC-MapKeTHHI», 2021.
(CBuAeTenbCTBO 06 aTTecTalMu MeToaMKM u3mepennii N2 032/RA.RU.311278/2022
ot 15 anpesnst 2022 1.).
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2.7. Cmamucmuka

CraTuCTUYeCKMI aHAIU3 JAHHbIX GbUT BBITTOIHEH C MCIIOIb30BaHEM
rakeTa rporpamMmmHoro o6ecrieuenus Statistica 2010 (Statsoft, CIIIA). Bce
M3MepeHNst TIPOBOAM/INCH B TPEX HE3aBUCUMbIX ITOBTOPHOCTSIX. Pe3yiib-
TaThl MPEJCTaBIeHbI KaK CpefHee 3HAUEHME = CTAaHAAPTHOE OTKIOHEHVE
(SD). CraTucTUUeCKMit aHaIu3 IKCIIePUMEHTATbHbIX JaHHBIX OCYIIECTB-
JISUIV C TIOMOIIBI0 OTHO(AKTOPHOTO AMCIIEPCMOHHOr0 aHaan3a (ANOVA)
M arnocTepuopHOro Tecta ThIOKY C MCIIOIb30BaHMEM [TAKeTa CTaTUCTUYe-
ckux nporpamm RStudio (Posit Software, CIIIA) mpu ypoBHe 3HAUMMOCTI
p<0,05.

3. PesynbTaTshl M 06CYKAEHUE

3.1. Ouerka 6uo02u4ecKoli akMusHOCMU 2UOPONU308AHHBIX (Ppakyui
CbIBOPOMOYHBLX OENK08

MornekynsipHasi Macca IeNTUIOB SBISIeTCS KIoueBbIM (hakTopom,
OTIpeeNsIIoMM UX QYHKIMOHAIbHbIE M GMOAKTUBHBIE CBOICTBA B 6eJ-
KOBBIX Iaponu3aTax. KoHTponb MoneKy/nsipHO-MaccoBOro pacipezere-
HMSI Ha 3Talle IPOM3BOACTBA NT03BOJISIET Lie/leHAIIPaBIeHHO M30/1MPOBaTh
dbpakuuy ¢ 3aJaHHOM 6MOTOTMYECKO aKTUBHOCTBIO (AaHTUOKCUIAHTHOM
Y @HTUTUIIEPTEeH3VBHOI) X OLHOBPEMEHHO NPOV3BOAUTD OUUCTKY OT BbI-
COKOMOJIEKY/ISIPHBIX COeTHEeHU 1 CBOOOIHBIX aMUHOKUCIOT. B JaHHOM
VCCIIeNOBaHUM TMIPOIM3AThI CBIBOPOTOUHBIX GEIKOB (GpaKLMOHMPOBA-
JI TIOC/IeIOBATEbHO Ha MOAM3GuUpCyabhOHOBBIX MeMOpaHax C pasme-
pom nop 10 kla (Y®-10), 5 x/la (Y®-5), 0,4 xIa (H®-0,4) u 0,1 am (00).
Ha kaxpoMm srare npoBoanmM ayaduibTpanmio 06paTHOOCMOTIYECKO]
BOJO¥ [I/ISI MAKCMMAaJIbHOM OUMCTKY U TTOTYYeHUs] BAIMAHbBIX pe3yibTa-
TOB. VccnenoBaHye MOJIEKY/ISIpPHO-MacCOBOTO pacIipefesieHus! B UCXOf -
HOM CbIpbe, TUIPONIN3ATAX, & TAKXKE B UX GETKOBO-MENTUIHbIX GPaKIMsIX
(peTeHTaTax) IpefcTaBleHO Ha PucyHke 1.

AHanu3 MOJeKy/ISIpPHO-MAaCCOBOIO pacIpefe/ieHus] IO0Kas3al, YTo
B KoHLeHTpaTax CHW (RC) 1 CHW (RC) HD noMuHUPYIOT BBICOKOMOJIE-
KyJsIpHbIe GelKoBble Gpakuyy ¢ MOJEKYISIpHOi maccoi Bbime 10 k/a,
YTO XapaKTepHO I HeIMIPOIM30BaHHBIX 6€/IKOB MOJIOYHO CHIBOPOTKU
M accOIMMPOBAHHBIX (GOpPM (IMMeEpOB/TPUMEPOB) IJIMKOMAKpOIenTHaa
[52]. Taxoke B coctaBe KoHLeHTpaToB CHW (RC) 1 CHW (RC) HD nnenTn-
duumposauo 7,7 % u 10,5 % dpaxumii ¢ MonekyasipHoit maccoi 5-10 k[Ia,
YTO COOTHOCUTCSI C MOJIEKYJISIPHOI Maccoii MOHOMepHO# GOPMBbI [TMKO-
makpornentuaa (~7,5 xlla) [53] u nporeo3o-nentoHHoi dpakuum PP8S
(~9,0 kIla) [54]. Kpome TOrO, B aHAIM3UPYEMbIX G€ITKOBbIX KOHLIEHTPATax
ungentuduimposano 2,5% (CHW (RC)) u 3,6 % (CHW (RC) HD) dpakumit
C MOJIEKY/IIPHOI Maccoit 1-5 k/la, oueBUIOHO, MPeCTaBISIOUX c060
rnporeo3o-nentoHuyo ¢pakuuio PP8F (~4,0 k[a) [55] u gpyrue memn-
TUIHbIe HparMeHThl YaCTUYHOTO PacUlerieHys! 6eIKOB ayTOXTOHHBIMM
rpoTeasaMu MOJIOKa. B 06pasax rmaponn3aTOB CHIBOPOTOYHBIX GEIKOB
CHW (RC) 1 CHW (RC) HD co creneHnbto ruaponnsa 19,9+0,4 n 21,2+0,8
COOTBETCTBEHHO OTMEUYEHO Pe3KOe CHMKEHME JOJIU BHICOKOMOJIEKYIISIP-
Hoit dppakuuu (> 10 x[1a) mo 1,21 % u 1,32 % 1o cpaBHEHUIO C MHTAKTHbI-
My Genkamu. B o6oux o6pasiax ruaponm3aToB JOMUHUPYIOT Gpakin
¢ MonekynsspHoit maccoit 1-5 kla (51,8 % u 59,5%) u B MeHbleii cTe-
reHu Gpakuum ¢ MoeKyIsspHoit maccoi 5-10 kla (37,4 % u 27,2 %). Co-
JlepskaHye KOPOTKOLIETIOUEUHBIX MEeNTUIO0B U CBOOOIHBIX AMUHOKUCIOT
B IMAPONN3aTaX CbIBOPOTOUHBIX GEJIKOB HAXOAMIOCh Ha YPOBHe 9,6 % s
CHW (RC) 1 12,0 % pnst CHW (RC) HD. IIpumeHeHMe 7151 OUMCTKY TUAPO-
nu3aTtoB yiabrpaduapTpauyy ¢ MWCO 10 k[la mpuBeno K CeleKTUBHOM
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MU3OJISILIAN U KOHIIEHTPUPOBAHMIO BEICOKOMOJIEKY/ISIPHBIX GEJTKOBBIX CO€-
IVHEHUI, Ha JOJI0 KOTOPBIX Tpuxoaunock 68,6 % njas CHW (RC) n 61,1 %
st CHW (RC) HD. Iocnenyromast yaprpadmibtpaums ¢ MWCO 5 k[a
M03BO/IMIIA TTOMYYUTh GPaKIMM C JOMMHMPOBAHMEM TMENTUAOB CpemHe-
ro pasmepa (5-10 x/Ia) 88,3 % u 84,1 % cOOTBETCTBEHHO ITPYU OTCYTCTBUMI
BbICOKOMOJIEKY/ISIPHBIX GETKOBbIX KOMITIOHEHTOB, UTO YKa3bIBaeT Ha ce-
JIEKTUBHOE yiajeHyie HerMIPOJIM30BaHHBIX OTKOB M ITPOTEONUTUUECKUX
dbepmenToB (Mo manHbiM Uniprot, MojieKky/asipHas Macca CyOTMIM3MHA
~38 k[la, a XMMOTPUIICMHONOAO06HO sHAonpoTeassl ~27 K/a). JanbHeii-
mee (QpakMOHMPOBAHNME TUAPOIMU3ATOB CHIBOPOTOUHBIX O6ekoB CHW
(RC) u CHW (RC) HD ¢ ucrnonb3oBauuem HaHodwmiabrpauuyu ¢ MWCO
0,4 k[la TTO3BOJIWJIO TTOJYYUTh PETEHTAT, I/ie OCHOBHAsI Macca GeTKOBbIX
BewecTB (74,4% u 78,7 %) NpuUXOAUTCS Ha MENTUAbI C MOJIEKYISPHOI
maccoii 1-5 k[Ia. B To ke Bpemsi B peTeHTaTe, MOJy4eHHOM HaHODUIb-
Tpaumeit, 22,3% u 19,2 % coctaBisioT GpakiMu ¢ MOJEKYISIPHOI Mac-
coii<1 k[a, yaepskaHue KOTOPbIX MOXET OOBSICHATBCS CeIeKTUBHOCTBIO
MeMOpaHbl, a TaKkKe BO3HUKHOBeHMEM 3(deKTa Mmosipm3aimoHHO KOH-
LIEHTPALMM Ha TOBEPXHOCTY MeM6paHbl ¥ GOPMUPOBAHMEM BTOPUYHOTO
JIMHAMMYECKOTO CJI0S1 C MEHbIIIeli MOPUCTOCThIO [56,57]. Ilepmear, mony-
YeHHBI Mocae HAaHOGWIbTPALMM ¥ CKOHUEHTPVMPOBAHHBI 0OPATHBIM
OCMOCOM, COCTOSIJI MCKTIOUMUTEIBHO 13 KOMIIOHEHTOB C MOJIEKYJISIPHO
maccoii< 1 k[la, mpemcraBissi cob60ii cMech CBOGOOHBIX aMUHOKMCIOT
U KOPOTKOLIETIOYEYHBIX MTEeMTU/IOB.

Ha cnenyromem srarie 6610 TPOBEEHO KOMIUIEKCHOE UCC/IeIOBaHNe
B3aMMOCBSI3Y MEXAY MOJIEKYISIPHO-MAacCOBBIM pacIpefie/ieH1eM TIel-
TUIHBIX QPaKLNiL, TOTYYEHHBIX METOJAMM KAaCKaqHO yIbTpa- U HaHO-
bunbTpanyy, 1 Ux 6MONIOTUYECKOI AKTUBHOCTHIO (PUCYHOK 2).

IMonyyeHHble [OaHHbIe OEMOHCTPUPYIOT CYyIeCTBEHHbIE Ppa3IUuus
B OMOJIOTMYECKOII aKTMBHOCTY MEXKIY HATUBHBIMU U TePMOJEHATYpPMU-
pOBaHHBIMU Ge/ikaMy, a TaKke UX ruaponausaTamu. luaponusatet CHW
(RC) 1 CHW (RC) HD mokasanu B 5,2 1 5,0 pasa 60siee BbICOKYIO aHTMOK-
CUJAHTHYIO aKTUBHOCTD (984 n 768 MkM T3/r BJ) 1o cpaBHeHMIO ¢ Ha-
TUBHBIM ¥ T€PMOIEHATYPUPOBaHHBIM KOHIIEHTPAaTaMy ChIBOPOTOUYHBIX
6enkoB (189 n 153 MM T3/r B3) coorBeTcTBeHHO. Cpenu dhpakuuii Han-
60JIbIIIeN aHTMOKCUIAHTHOI aKTMBHOCTbIO 061agana dpakius 0,4-5 klla
(1280 1 979 MM T3/r B3), uTO B cpefHeM Ha 29 % Bblllle, Y4eM Y COOTBET-
CTBYIOLIMX TUAPOIM3ATOB CHIBOPOTOUYHBIX OenkoB. ®pakumsa 5-10 kla
MPOJIEMOHCTPUPOBA/Ia YMEPEHHYIO aHTMOKCUIAHTHYIO aKTUBHOCTD (430
u 380 MkM T3/t B3), B TO Bpemst Kak dpakuus > 10 k/la (271 u 217 mxM
T3/r BD) Mo aHTUMOKCUIAHTHOI aKTMBHOCTM ObIa HE3HAYUTEIBHO BbIIIE
COOTBETCTBYIOLMX TUAPOIMU3ATOB AO MOMEHTA UX (QPAKLMOHUPOBAHUS.
Ipu atom dpakiusa< 0,4 kla XxapakTepu3oBaJach MMHUMAIbHOI aHTU-
OKCUAAHTHOI akKTUBHOCTBIO (18 u 15 MKM T3/t B3), uTO CBUIETENbCT-
BYET O MOTepe aHTMOKCUIAHTHBIX CBOVICTB MPHU Mepexoie K CBOGOIHBIM
AMMHOKMC/IOTAM M KOPOTKOLEIMOYEUYHbIM ITeNTUaAaM. PeSyI[bTaTbI OLIeH-
K1 ATIO-MHTMOUPYIONIeH aKTMBHOCTHM [TOKa3ain, YTo IS TUAPOIM3aTOB
CHW (RC) u CHW (RC) HD xapakrepHO ee yBenuyeHue B 65 u 48 pas
110 CPaBHEHMIO C COOTBETCTBYIOIIMMM KOHILIEHTpAaTaMy HaTUBHBIX (CHU-
skenme 1C50 ¢ 17,61 mo 0,27 mr B3/Mi1) 1 TepMOAEHATYPUPOBAHHBIX (CHU-
skerne 1C50 ¢ 22,89 mo 0,48 mr B3/mit) 6es1koB. MakcumanbHoit AITO-nH-
rubUpYyIoIei akTMBHOCTbIO 061agana dpaxiyst 0,45 k[la rMapoan3aToB
HaTuBHBIX 6eskoB (IC50=0,10 mr B3/Ma) 1 TepMoAeHaTypUPOBAHHbBIX
6enkoB (IC50=0,19 mr B3/mi), uto B 2,7 u 2,5 pasa MpeBbIIaeT aK-
TUBHOCTb MCXOLHBIX TUAPOIMU3ATOB CHIBOPOTOUYHBIX GenkoB. Dpakruus
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PucyHoxk 1. MoJIeKyJIIpHO-MaccoBOe pacipeneneHnne 6eIKkoBo-nmenTugHeix ppakumii (A - CHW (RC); B — CHW (RC) HD)
Figure 1. Molecular weight distribution of protein-peptide fractions (A - CHW (RC); b — CHW (RC) HD)
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PUCYHOK 2. AHTMOKCHMAAHTHAsA aKTUBHOCTD (A) ¥ AII®-MHrn6upyionas akTuBHOCTh (B) 6enkoBo-nenTuaHbIX dparumit
TUAPOIU3ATOB CBIBOPOTOUYHBIX GEIKOB
Figure 2. Antioxidant activity (A) and ACE-inhibitory activity (b) of protein-peptide fractions of whey protein hydrolysates

5-10 x[la mokasajia 3HAUYMMYIO, HO MeHbIIyi0 AIID-MHTUOUPYIOIIYIO
akTUBHOCTB, IC50 KOoTOpOIt cocTaBisia 3,73 mr B3/ma gis CHW (RC)
un 5,30 mr B3/ma gyt CHW (RC) HD. ATI®-uHrU6MpYIOast akKTUBHOCTh
B peTeHTaTax BbICOKOMOJIEKY/ISIpHbIX dhpakuuii > 10 k/la 6b11a Bcero B 1,2
u 1,4 pasa Bbllle, Y4eM B COOTBETCTBYIOIIMX KOHI[EHTPATaX CbIBOPOTOY-
HBIX 6€JIKOB, B TOM YJCJ/Ie 33 CUeT ITPUCYTCTBUSI B COCTaBe Gojiee MeTKUX
dpaxuuit (Pucynox 1). Bo dpaxkuyuyu ¢ monekyasipHoit maccoii<0,4 x/la
ATI®-uHrM6MpYyOLIask aKTUBHOCTh He OGHApY)KeHa, YTO MOATBEPXKAAeT
He06XOAMMOCTD OTIpPeIeNIeHHO JJIMHBI TIENTUIHON LNy AJIsl IPOsIBIIe-
HMS JTaHHOJ 6MOIOTMYeCKO aKTUBHOCTM.

Takum o6pasom, rmocaegoBaTeabHast GuUabTpalys ¢ yoaaeHueM Heru-
IIPOTM30BAHHBIX BBICOKOMOJIEKY/ISIPHBIX OEJIKOBBIX COeAVHEHMIT 1 MTPOTe-
a3 mertozoM ynerpaduasrpaumy (MWCO 10 k[la), a Takske KOHLIEHTPUPO-
BaHMe MeNTUIHBIX Gpakiuit MeTogoM HaHobmibTpauyu (MWCO 0,4 k[1a)
MpezcTaBisieT co60ii HAyYHO 0GOCHOBAHHBIA MoAxo[. PpaKIMOHMPOBa-
HMe NeNTHUIOB ¢ MOeKy/IsIpHON Maccovi 0,4-10 k/la MeTOOM KacKagHO-
CeNIeKTUBHO YIbTPa-HAHOMMIBTPALVM SIBJISIETCSI KOMITPOMYCCOM MEXIY
BBICOKOI OMONMOrMYEecKoi (aHTUOKCUIAHTHOV U AIlD-uHrubupyoieit)
aKTMBHOCTBIO M TNOTeHIMAIbHOM MMHMMM3aLMeil TOPbKOTro BKyca, yme-
PEHHOII OCMOJISTTBHOCTBIO, COXpPAaHEHMEM BBICOKOI GMONOrMYecKoii 1eH-
HOCTM ¥ COQTAHCYPOBAHHOCTH 10 He3aMEHMMbIM aMUHOKUCIOTAM.

3.2. ®dpakyuoHuposaHue u o4UCMKA OUOSI02UUECKU AKMUBHbIX pakyuli
CblBOPOMOUHBIX OEKO8
MHorouucieHHble pa6oThl [58,59] TOKasamM, UTO KJIACCUUECKUIA
a1ekTponmanu3 He 3(PpGeKTUBeH IS OUMCTKMA IUAPOIM3ATOB MUIIEBbIX
6€eIKOB OT MUHEPAIbHbIX COJIEl BBUIY pa3sHOHAIpPaBIeHHO! MUTrpaIn

OCHOBHBIX/KaTMOHHBIX, KUCIbIX/aHUMOHHBIX MENTUAOB U aAMUHOKUCIOT
B 3JIEKTPUYECKOM I10JI€, UTO MOKET OKa3aTh HETATUBHOE BIAMSIHUE HA OU-
obYHKIMOHAIbHbIE CBOCTBA IMAPOAM3aTOB. Vicxomst U3 3TOro, Ha Ciie-
IYIOLIEM 3Tare paboT GbIINM MCC/IeA0BaHbI ITOAXO0/bI K YaCTUYHOM TeMU-
Hepamm3auuu (OYUILEHHBIX C IMOMOILIbI0 yabTpadumibTpauyu ¢ MWCO
10 x/la) ruaponn3aTOB METOAOM HaHoaMaduabTpaluuu, roe Ha 1 sTame
ruaponu3at KoHueHnTpuposanmu (I'CB-H), Ha 2 sTane NogKUCIS/IA peTeH-
TaT PACTBOPOM COJISTHOM KMC/IOTOM ¥ MPOMBIBAJIM OAVHAPHBIM 06bEMOM
obpatHoocmoTnueckoit Boabl (ICh [Id-1), a Ha TpeThbeM 3Tare OCy-
LIECTBJISUIV OKOHYATETbHYIO IPOMbBIBKY OOVMHApHBIM 06beMOM OOpaT-
HoocMmoTnyeckoit Boxpl (I'CB I®-2). PesynbpraTel M3MeHeHus: Gpusmko-
XUMUUYECKUX TIOKa3aTesieii B mpoiiecce nuaguibTpaiuiu MpeacTaBieHbl
B Ta6nuue 1.

Ananus maHHbix Tabauibl 1 mokasas, YTO MpPU MPUMEHEHUM OTHO-
CTyIEeHYaTo HaHODUABTPALUYM TUAPOAU3ATOB CHIBOPOTOUYHBIX Oej-
KOB YpOBEHb AeMMHepanu3auyuy coctasiusieT 28—29% (110 OTHOILIEHUIO
K M.J. CyXMX BeLIeCTB), IPM 3TOM KUCIOTHOCTb CUCTEMbI JOCTOBEPHO
He u3MeHsieTcsl. HaHommadwibTpanyst ¢ MCIONb30BaHMEM TOIKUCIEH-
HOJi BOJbI NTO3BOIMJIA CHU3UTh aKTUBHYIO KUCIOTHOCTD 10 HEITpalIbHO-
ro pH u NOBBICUTH YPOBEHb leMUHepanIu3auu 10 36 %, a JaapHemas
nuaduabTpalus 06paTHOOCMOTUYECKOI BoOZoit — mo 54-56%. [era-
mm3auus M3MeHeHMii MUHepaJbHOTrO COCTaBa IpencTaBieHa B Tabmu-
1e 2. IIpu 3TOM COBOKYITHasl MOTEePsT a30TUCTHIX BeleCTB B SKBUBAJIEH-
Te 6enka coctaBmia 6,1% mjist TMAPONM3ATa HATUBHBIX ChIBOPOTOUHBIX
6enkoB CHW (RC) u 7,8% pmnst rupponusaTa TepMOAEHATYPUPOBAHHbBIX
chIBOpOTOUHBIX 6ekoB CHW (RC) HD. JlaHHbIE 3HAUEHUS] KOPPENUPYIOT

Tabnuua 1. UsmeHeHue (GU3UKO-XMMMUYECKUX MTOKa3aTe/Iel B MPoLecce HAaHOAUA(MWIbTPALUU TUAPOIN3ATOB CHIBOPOTOYHBIX GE/IKOB
Table 1. Changes in physicochemical parameters during nanodiafiltration of whey protein hydrolysates

HaumeHoBaHMue MaccoBas nonss  MaccoBas mons 6eika  MaccoBasi Jo1st MaccoBas nonst MaccoBas gons AKTUBHas
oKa3aTesist xupa, % (3KBMBAJIEHT), % JIaKTO3bI, % CYyXUX BellecTB, % 30J1b1, % KMCIOTHOCTD, pH
Tunponusatr CHW (RC)
I'Cb Orc. 3,32£0,09¢ 4,95+0,14¢ 9,79%0,21¢ 1,05+0,04¢ 8,25+0,05%
PerenTat I'CB Orec. 6,700,142 8,92+0,322 17,80+0,422> 1,340,072 8,21+0,112
ITepmear I'CB Orec. 0,23+0,024 0,45+0,054 1,45+0,08¢ 0,54+0,03¢ 8,30+0,06*
Perenrar I'CB 1®-1 Orc. 6,490,162 8,61+0,29° 17,04£0,37° 1,15+0,05" 6,82+0,06°
Iepmear I'CB J®-1 Orc. 0,13+0,03¢f 0,12+0,07¢ 0,87+0,16°f 0,46+0,04% 6,87+0,07°
Petenrat I'CB ID-2 Orc. 6,33%0,10° 8,39+0,30? 16,22%0,44° 0,76+0,04¢ 6,75+0,09°
Mepmeart I'CB JId-2 Orec. 0,07+0,02f 0,09+0,06¢ 0,69+0,10f 0,34+0,03" 6,82+0,07°
T'npponusatr CHW (RC) HD

I'Cb Orc. 3,43£0,08¢ 4,79+0,17¢ 9,88+0,24¢ 1,12+0,07¢ 8,170,082
PerenTat I'CB Orc. 6,760,152 8,83+0,30? 17,98+0,36% 1,46+0,09% 8,14%0,05%
ITepmear I'CB Orec. 0,30+0,03¢ 0,52%0,064 1,58+0,15¢ 0,57+0,03¢ 8,25%0,07*
PerenraT I'CB J@-1 Orc. 6,38+0,12b 8,33+0,26% 16,86+0,30° 1,21%0,06° 6,84%0,06P
Iepmear ['CB J®-1 Orc. 0,17+0,04° 0,27+0,08¢ 1,14%0,16° 0,49+0,04f 6,93+0,04°
Perenrar I'CB I®-2 Orec. 6,25%0,12° 8,24%0,27° 16,24£0,31° 0,840,034 6,79%0,07°
Ilepmear I'CB J®-2 Orc. 0,09+0,02f 0,14+0,05¢ 0,81%0,09° 0,37%0,048" 6,87%0,08°

Ipumeuanue: TlaHHbIe B Tab6MMIIe IPECTaBIeHbI Kak cpefHee 3HaueHMe £ SD (n=3). HagcrpouHble GYKBbI (a—g) B IIpeesiaX OLHOTO CTO6IIA OTPaKAIOT 3HAUM -
TeJIbHbIe Pas3IuuMs MEXIY IPyIaMu, Mo TaHHbIM AyciepcroHHoro aHanmsa (ANOVA) ¢ nocienyomum Tectom Teioku (p < 0,05).
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Ta6nuiia 2. 3MeHeHMe Copep:KaHus OCHOBHBIX MUHEPAIbHBIX Bel[eCTB (MaKpPO3JIeMeHTOB) npy HaHoauadbmasTpanumu
IMIPOIN3ATOB CHIBOPOTOYHOTO Genka
Table 2. Changes in major mineral content (macroelements) during nanodiafiltration of whey protein hydrolysates

HaumMeHoBaHUue Conep)l(a}me OCHOBHBIX MMHEPA/IbHBIX BE€LIECTB (MaKpOBJIEMEHTOB), MI‘/KI‘
TIoKasaTe/Is Kanpuuii Kanmii Marumnit HaTpuii ®ochop
Tugponuzatr CHW (RC)
I'CB 582+50d 3657 % 284bed 125+182 398+30P 56927
Perentar I'CB 846+ 85ab¢ 4238+3022b 173+212 569422 793+422
Iepmeat I'CB 16+3f 1508 +102f 15+4¢ 242+24¢ 65=7¢
Perenrar I'CB [J®-1 791+ 68bd 3055+2354 155+202b 383+30° 650+355
Mepmear I'CB J®-1 38+6° 1144+888 g+2d 155+174 52+5ef
Perenrat I'CB [I®-2 747+ 59¢d 2009+157¢ 127+192 253+25¢ 564%31°d
Iepmear I'CB JId-2 21%5¢f 859+55h 7+2d 105108 49+6°f
T'mpponusatr CHW (RC) HD

I'CB 716574 3913 +2943b¢ 124 %182 398+31P 534+25d
Perenrar I'CB 1041+1032 4535+3252 171+212b 569422 745+40%0
IMepmeat I'CB 18+ 7f 1795+133¢f 16+4¢ 248+27¢ 64=7¢
Perenrat I'CB [I®-1 1008 +972b 3359+249d 159202 430+38b 692+38¢
Mepmear I'CB J®-1 35+8¢ 1249+948 133 148+184 56+6°f
Perentar I'CB JI®-2 937 +96abe 2116+ 164° 118+17b 266+27¢ 556+33cd
Iepmear I'CB JId-2 25+ 7ef 980+ 668" 9+3cd 96+9¢ 46+ 6f

Tpumeuanue: [JaHHbIe B TabG/MMIE TIPEACTABIEHbI KaK cpefHee 3HaueHme = SD (n=3). HagcTpouHble 6yKBbI (a—g) B MpefieiaX OMHOTO CTOIOLA OTPasKaloT 3HAYM-
TeJIbHbIE Pa3InyuMs MeXIy IPynaMu, o JaHHbIM AyuciiepcoHHoro aHanmsa (ANOVA) ¢ nocienyomum Tecrom Teioku (p < 0,05).

CO CTeIeHbI0 I'MIPONM3a M MOJIEKYISIPHO-MAacCOBBIM paclpefe/leH1eM
6eKOBO-IeNTUIHBIX GpaKLuMii B IMIPONU3ATaX U B I1€JI0M COOTBETCTBY-
eT Iepexofy B IlepMeaTr CBOGOIHBIX aMMHOKMCIOT, IM- Y TPUIIENITUTOB,
a TaKke HeOENIKOBbIX a30TUCTBIX COENVIHEHMUIA.

V3 panubix Tabnuipl 2 BUIHO, YTO IIPU MCIONb30BAHMM HAHOOMA-
dunpTpauyy [eMyHepaau3anys IUAPONIMN3aTOB CHIBOPOTOYHBIX GEIKOB
CHW (RC) 1 CHW (RC) HD obecrieurBaeTcst B 60sblieli cTelleHM 3a cUeT
yroaneHus: ogHoOBaseHTHbIX MOHOB (Na*, K*) u B MeHblueil crerneHn —
JByXBaleHTHbIX (Ca%’, Mg?") uim MHOroBaJeHTHBIX MOHOB. Tak, oTMe-
YeHO, YTO MPY BbIOPAHHOI cxeMe HaHOAMA(GWIbTPALIUY IUIPONN3ATOB
CBHIBOPOTOYHBIX GEJIKOB ypOBeHb AeMuHepanmu3aumu mo K* cocrasiser
B cpegHeM 67 %, 1o Na* — 61 %, mo Mg?* — 40 %, o Ca%* — 22 %, 4to B Lie-
JIOM COTIOCTaBMMO ¢ pedynbpratamu [60,61]. Docdop (P) mpeumyiiecTBeH-
HO 3a/lep)KMBaeTCs B peTeHTaTe M3-3a er0 XMMMUUYECKOW CBSI3U C KaJlb-
uyeM U MaruueM (KoyutouzHele ocdaTsl), UTO CHUKAET ero MUrPaIUIo
yepe3 MeMOpaHHbIi CJI0J B miepMeaT mpy HaHogmaduabTpauuu. Takum
06pa3oMm, TpexcTyneHuaTass HaHogyaduabTpanyst 06ecreunBaeT ceaek-
TUBHOeE pa3jielieHe MIHepaIbHbIX BEIeCTB 3a CUeT pas3auuuii B UX XU-
MUYecKol npupoze. B pesynbraTe u3-3a HU3KOV MOJIIEKYISIPHOI MacChl
6o/bIIast yacTh ofHOBaeHTHbIX MoHOB (K', Na*), no6aBnennbix npu pH-
CTaTMPOBAHMM TUIPO/IN3A, [IepellIa B IepMear, a Haubosee BaXKHbIE JIs
(YHKUMOHMPOBAHMS U KM3HEesTeIbHOCTY OpraHM3Ma IByXBaleHTHbIe
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MOHBI KaJbLMs ¥ Maruus (B T.4. XMMUYECKM CBsi3aHHbIE ¢ (ochopom)
B 6OJIbLIIEl YaCTV COXPAHMINCh B pETEHTaTe.

3.3. HccnedosaHue amMuHoOKUCI0MHO20 cocmasd u 6u0102u4eckoti

YeHHOCmU 2UOPOIU3ANO08 Cbl8OPOMOUHbLX GENKOB

IMoreHuManbHasi LIEHHOCTb TMAPOIM3ATOB ChIBOPOTOYHBIX O6eIKOB
3aKJII0YAeTCsI He TONBbKO B MPOSIBIEHVM 6MOGYHKIMOHATBHBIX CBOVICTB,
HO ¥ B c6aJIaHCMPOBAHHOCTM aMMHOKMCJIOTHOTO MPOGWIIS, CIIOCOGHOTO
obecrieunTb MeTabonuecKye IoTpeGHOCTY OpraHn3Ma B He3aMeHMMbIX
aMMHOKUCIOTAX [62—-64]. [lepBOHAYAIbHO MHTAKTHBIE GEIKM MOJIOYHOM
CBIBOPOTKM COflepsKaT IOHbI CIIeKTp He3aMeHMMBbIX (BalMH, U307ei-
LIMH, JIEMILIVH, TM3MH, MeTMOHMH, TPeOHMH, TpurTodaH 1 heHnnamaHnH)
M YCJIOBHO He3aMeHMMBbIX (apIMHUH M TMCTUIMH) aMUHOKUCIOT, a Tak-
’Ke BBICOKYI0 KOHILIEHTPalMIO aMMHOKMCIOT C Pa3BETB/IEHHOJ Lielblo
(BCAA), xoTOpBI€ SIBISIIOTCS BaXKHBIMM (DaKTOpPaMu POCTa M BOCCTAHOB-
seHus TkaHe [65]. OgHaKo JOKa3aHO, YTO IOJ, NefiCTBMeM TeXHOIOTH-
yeckux (akTOpOB IpOLecca TapreTMpPOBAaHHON GMOKOHBEPCUM aMMHO-
KUCTIOTHBIH MTPOQWIb IMAPONM30BAaHHBIX OENTKOB MOXKET IIpeTepIrieBaTh
HeKoTopble u3MeHeHus [30]. TakuM 06pa3oMm, HajabHeIINe 1CCIef0Ba-
Hys1 ObLIM HaIlpaBJIeHbl HA OLIEHKY c6aIaHCMPOBAHHOCTY AMUHOKUCIIOT-
HOT0 TPoGIIIS TUAPONN30BAHHBIX CHIBOPOTOYHBIX 6EIKOB B CPAaBHUTENb-
HOM acIleKTe C KOHLIEHTPaTaMy HaTUBHBIX ¥ TePMOZIeHaTyPUPOBAHHbIX
CHIBOPOTOUYHBIX 6e/TKOB (PMCYHOK 3).
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PucyHoK 3. UccnegoBaHme 061Iero coaepikaHus aMMHOKMUCIOT B CYXMX KOHIIEHTPaTaxX M I’MAPOIN3aTax HaTUBHBIX (A)
¥ TePMOJEHATYPUPOBAHHBIX CBIBOPOTOUYHBIX 6enKoB (B)
Figure 3. Study of the total amino acid content in dry concentrates and hydrolysates of native (A) and heat-denatured (b) whey proteins
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ITpoBeneHHbIi aHaIN3 aMMHOKMCIOTHOTO COCTaBa HATMBHBIX Y TEPMO-
JIeHATyPUPOBAHHBIX GETKOB MOJIOYHOM CBIBOPOTKY, @ TAKKE MX TUAPOIU-
3aTOB TOC/IE MEMOPAHHOM OUMCTKM JIEMOHCTPUPYET BBICOKYIO CTaGW/Ib-
HOCTb 6€JIKOBO-TIENTUAHOM MaTPULIbI K TPYMEHSIEMbIM TEXHOIOTMYECKUM
BosgeiictBusiM. CpaBHeHMe HaTuBHOro (CHW (RC)) u TepmonmeHatypu-
poBanHoro (CHW (RC) HD) KCB BbIIBWIO OTCYTCTBME CTATUCTHNUECKU
3HAUMMBbIX M3MEHEHUI B COAEpKaHUY IOJABSIOUIEro GONMbLUIMHCTBA
aMUHOKMC/IOT. [JaHHBIN Pe3ylnbTaT MOATBEPKAAeT, YTO IIpeJBapuTelb-
Hasl TepMuueckasi 06paboTka, Heo6XxoaMMas [isl JeHaTypauuu Oenka,
He MHIYLMpPYeT MaclITaGHOTO paspylleHMs] KOBAJEHTHbBIX MENMTUIHbIX
CBsI3€ii W GOKOBBIX PAIMKAIOB AMUHOKUCIOT ¥ HE M3MeHSIeT aMUHO-
KUCJIOTHBIN MPOGWIb CBIBOPOTOUHBIX 6eNKOB. OCHOBHBIM CJIEICTBUEM
TepPMOJIeHATYpaLMH SIBISIETCS M3MeHeHVe KOHDOPMAIIOHHO CTPYKTY-
pbI 6ernka, 3aK/IIoYaloNeecs: B pa3BePThIBAHUN TIONUIIENITUAHBIX Liereit
C ToC/IeAyIolei UX arperaiyei, UTo MOATBEPKIAeTCs COBPeMeHHbIMU
M PeTPOCIIEKTUBHBIMMU MCCIefoBaHUsIMU [66—68]. Hanbonee BbIpaskeH-
Hble M3MeHeHMs] aMMHOKMCIOTHOTO poduist Ha6Gmogantuch s Ipes-
BapuUTEIbHO IE€HATYPMPOBAHHOrO cyberpara mocie GepMeHTaTUBHOTO
ruaponusa u MembpaHHoro ¢pakinyonupoBanus. B rugponnzare CHW
(RC) HD 1o cpaBHEHMIO C TEPMOJEHATYPUPOBAHHBIM GEJIKOM OTMEYEHO
3HAUMMOe CHIKeHMe MeTroHuHa (Ha 18,8 %), Tpunrtodana (Ha 14,5 %),
ajaHuHa (Ha 6,9 %), actiapruHa 1 acnaprmHoBOM KUWIOTHI (Ha 4,2 %). Ha-
610aeMoe CHIDKeHMe KOHLEHTpaluuu TpuntodaHa M MEeTUMOHMHA MPU
(hepMeHTaTUBHOM TUAPOIM3€E TEPMOJEHATYPUPOBAHHBIX GEIKOB, B OT-
JM4ye OT APYIUX 00pasl[oB, BEPOSITHO, SIBJISETCS CJIEACTBMEM UX OKUC-
JIUTETbHON MOoAM(UKAIMY Ha CTaOUY MpeIBapUTeIbHON TepMUYeCKOi
06paboTKM. B HATMBHOM COCTOSIHMM MHOTME YYBCTBUTEIbHbIE OCTATKU
MeTMOHMHA U TpUITodaHa pacronokeHbl BHYTPYU IMAPO(OOHBIX yyacT-
KOB 0€JIKOBOJ MOJIEKY/bI, UTO OOECIeuMBaeT CTEPUUYECKYIO 3allUTy
ot okucieHus [69,70]. B To ke BpeMs co061IaI0CH [66], YTO OCTATKYU LIM-
CTeMHa MOTYT HEeMTPaan30BaTh GOMBIIYIO YACTh AKTUBHBIX OKUCTUTENe.
BoiencTBue 3TOro OHM IOABEPraloTCsl OKUCIUTENbHO-0IOCPeN0BAaHHOM
MeperpyrmnMpoBKe 1 06pasoBaHUI0 OUCYIbOUIHBIX CBsI3eH, y4acTBYIO-
X B arperaiuyu 6ejka, KOTopasi, B CBOIO ouepeqb, obecrieunBaeT u-
3MYECKYIO 3alUTY OT oKucaeHus . Habmogaemoe CHIDKeHME COepsKaHmst
aJlaHMHa, acrapruHa ¥ acnapruHoOBO KUCIOTHI IpU hepMeHTaTUBHOM
IMIPONIM3e TEePMOAEHATYPUPOBAHHBIX GEJIKOB B YCIOBUSIX ILEIOYHOTO
PH ¢ BBICOKOJ BEPOSITHOCTBIO CBSI3aHO C MX y4yacTueM B peakumy Maii-
sipa, Ioe o-aMMHOTPYINA 3TUX aMMHOKMCIOT MOXET HaIllpsIMylo B3au-
MOJIEMICTBOBATh C KAPOOHMIbHBIMY TPYIIIAMM PEOYLMPYIONMX CaXxapoB
U BCTYNATh B HepepMeHTATUMBHOE IMMKO3MIMpoBanue. [Ipomecc compo-
BOXJAeTcsl 06pa3oBaHMEM MeJTaHOMIMHOBBIX COeIVHEeHMIA, YCTOMUMBBIX
K KMCJIOTHOMY TMIPONU3Y (IIpM IPoGOIOAroToBke) [71]. YeraHOBIEHHOE
CTaTUCTUYECKM 3HAUMMOEe yBeIMUYeHMe MacCOBOI Joiu cepuHa B dep-
MeHTaTUBHBIX ruaponusatax CHW (RC) u CHW (RC) HD moskeT oTpaskaTh
CeNIeKTUBHOe yAepkaHue cepyHa (B T.Y. B COCTaBe KOPOTKOLIETTOUEYHBIX
MeNTUIO0B) B peTeHTaTe, 00YCIOBIEHHOe ero crieluduyeckoii copoumenn
Ha MoMMMepHOIt MeMOpaHe uepe3 06pa30BaHie CJIabbIX BOJOPOIHBIX CBSI-
3eii MeXXy I'MIPOKCUIIBHOM TPYTIIIOi aMMHOKVCIOTHI Y TIOJIIPHBIMU (PyHK-
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LMOHAIBHBIMY IPyTNaMyu MeM6paHbl. OHO TaKKe MOXKeT OTPaskaTb COBO-
KYTIHYIO CUCTEMATUYECKYIO TIOTPELIHOCTb aHa/IN3a, BO3HUKAIOIIYIO M3-3a
nubdepeHIaIbHO Jerpagalum cepyHa Mpy KUCTOTHOM TUIPOI3€ UH-
TaKTHOTO 6eJka ¥ MeNnTua0B, MaTPUKC-3aBUCUMbIX Bapualinit ahdeKTuBs-
HOCTU AepUBATMU3ALMMA U TEKTPOPOPETUUECKOTO MTOBEAEHNUS B KAaWIUISIP-
HOM 3neKkTpocdope3se. BoisiBieHHbIV eHOMEH CTaTUCTUIECKM 3HAYMMOTO
YBeTMUEHUsT COIEpKaHMsI CEPUHA B TUAPOIM3aTax TpeGyeT MpoBeneHust
JIOTIOTHATETbHBIX ITyOOKMX VICCIEIOBAHMIA /IS YCTAHOBJIEHWSI JOCTOBEP-
HBIX MEXaHM3MOB, JIEKAI[X B OCHOBE HAOII0JaeMOro SIBIeHMSI.

Ha crenyromem atare pa6oT 6bUI0 M3YYEHO COAepKaHue aMUHOKMC-
JIOT B cBOGOIHOM (hopMe B mernapaTMpOBaHHbBIX 00pas3iiax KOHIEHTpa-
TOB ¥ TMJIPOIM3aTOB CHIBOPOTOUYHBIX 6enKkoB (PUCYHOK 4).

IlanHbie PucyHKa 4 CBUOETENbCTBYIOT O TOM, YTO Ha JI0JII0 CBOOGOIHBIX
amuHokucnor KCb CHW (RC) u CHW (RC) HD npuxogutcs 0,41-0,47 %
OT 0611Iero cCoiepskaHMss aMUHOKUCIIOT, B TO BpEMS KaK J/Isl COOTBETCTBY-
IOIIMX TUAPOIM3ATOB JAHHBIM IMOKa3aTelb cocTaBiser 2,44-2,59%. Tu-
IPOJIM3 HATUBHBIX M TEPMOAEHATYPUPOBAHHBIX CBIBOPOTOUHBIX OGENTKOB
MpUBEJ K 3HAYNTETbHOMY YBEJIIMUEHMIO KOHLIEHTpauuii heHmnaIaHnHa,
TUPO3WHA, MPOJIMHA, METMOHVHA ¥ B MEHbBIIEN CTerneHu TpunrodaHa,
neiHa, M30MeiiMHa, cepMHa M ajaHuHa. HabmomaeMoe 3HaYMMOe
yBeJIMUeHue ColepskKaHusi CBOOOIHBIX aMUHOKMUCIOT KOPpeIupyeT ¢ Ha-
YYHBIMY JaHHBIMM O CYGCTPATHOM CHIEIMPUUHOCTY UCIIONb3yeMBIX (dep-
MeHTOB. COIIacHO JaHHBIM [72-75], XUMOTPUIICUH IIPOSIB/ISIET BBICOKYIO
cenyGUUHOCTb K TUIPONM3Y TeNTUIHBIX CBsi3eii o C-KOHLIEBbIM apo-
MaTUYeCKMM aMUHOKMCIOTaM (beHuIalaHuH, TUPO3MH, Tpunrodas),
a TaK)Ke YMEPEHHYIO CIIen(pUIHOCTb K TMIPOIU3Y CBSI3€ii MOCIe TUIPO-
(HO6GHBIX OCTATKOB (JIEMLMH, IPOJIVH M METUOHUH). CyOTMIM3UH, HATIPO-
TUB, AEMOHCTPUpPYeT GoJjiee MMUPOKYI0 crenuduyHocTb, 3dekTrBHO
IUIPONU3YS eI TUIHbIE CBSI3Y [TOC/Ie apOMATUUECKUX U anndaTyeckux
ruapodO6GHBIX OCTAaTKOB (IEMIMH, GeHuTanannH, TpunrodpaH, MeTu-
OHUH, BanuH) [72-74]. IIpu 3TOM ClefyeT OTMETUTD, YTO COAepKaHNe
TOPbKMX CBOOGOAHBIX aMUHOKMUCIOT (TpuiTodaH, M30MeilnH, JeiilyH,
BaIVH, HeHMIamaHuH U M3KH [76]) B ruaponusatax CHW (RC) u CHW
(RC) HD cocraBnser B cpegHeM 1,29%, 4TO 4aCTMYHO OOYC/IaBIMBAET
MHTEHCUBHOCTb TOPbKOTO MpUBKyca. HecMOTpsl HA 3TO, OTHOCUTEIbHO
HM3KOE CcofiepykaHue CBOOOIHBIX aMUHOKVCIIOT B TUAPOIN3aTaX ChIBOPO-
TOYHBIX 6€7IKOB 06YCIOBIEHO, C OLHOI CTOPOHBI, cCrielnGUIHOCThIO dep-
MEHTOB M pallMMOHAJIbHBIMM PEXMMaMM IIPOTeO0/in3a, a C I[pyFOfI — Mnpu-
MEeHEHMEeM CeJIEKTUBHO MeMOPaHHOM OUMCTKY TUAPOIN3aTOB.

ITo ycpegHeHHBIM JaHHBIM aMMHOKMCIOTHOTO NMPpoduisi mpoBeneHo
MCCIeAOBaHMe GMONIOTMYeCcKoii IEHHOCTY KOHILIEHTPATOB U IMIPOJn3a-
TOB CHIBOPOTOYHBIX 6eKkoB (Tabiuia 3).

B 1IeJIOM YCTAaHOBJIEHHbIE€ BapMauuy aMMHOKMCIOT HE€ OTPa3mUINCh
Ha otHomeHusix HAK/3AK (0,77-0,78) u HAK/OAK (0,44). ConepskaHue
aMMHOKMC/IOT C Pa3BETBJIEHHBIMM OOKOBBIMU LETSIMU [JJIsT BCeX 06pas-
1I0B TaKke HaxOAMI0Ch Ha BbICOKOM ypoBHe (18,95-19,20 r/100 r Gesn-
Ka). AHAIM3 aMMHOKMCIOTHOTO COCTaBa CyXUX KOHILIEHTPATOB U TUJIPO-
JIM3aTOB ChIBOPOTOYHBIX GEIKOB B CPAaBHEHMM C «M[€aJbHbIM» OenKoM
no mkane ®AO/BO3 [77], npuHsToii B 2013 r., mOKa3all, YTO BeJIUUMHBI
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PucyHOK 4. UccnegoBaHme cogeps;kaHusi CBOOOJHBIX aMMHOKHUCIOT B CYXMX KOHIIEHTPATaX M TMAPOIN3aTaX HATUBHBIX (A)
¥ TEPMOJI€HAaTYPUPOBAaHHBIX CBIBOPOTOYHBIX 6enKoB (B)
Figure 4. Study of the free amino acid content in dry concentrates and hydrolysates of native (A) and heat-denatured (b) whey proteins
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Ta6nuua 3. Buonornyeckasi eHHOCTh CYXUX KOHIEHTPATOB U IMAPOIN3ATOB ChIBOPOTOYHBIX GETKOB
Table 3. Biological value of dry concentrates and hydrolysates of whey proteins

HaumeHoBaHMe aMMHOKUCIOTHI ((:Iyl-,l(\(;\? (Ié(él); %W&%; CHCYV,\(I()(];[{(IZ()C}]?D Cﬁyvﬁ(zgé‘)cgl)
CymMa He3ameHMMbIX aMuHOKuca0T (HAK) 43,65 4351 4374 43,52
CyMMa 3aMeHMMbIX aMUHOKUCTOT (3AK) 56,35 56,49 56,26 56,48
LClzr;v[Na[\Mal(v]xg]ACﬂ()lxtcnm‘ C pa3BeTBIIEHHBIMYU GOKOBBIMMU 18,95 19,07 19,00 19,20
OtHomenne HAK/3AK 0,78 0,77 0,78 0,77
OtHomenne HAK/OAK 0,44 0,44 0,44 0,44
AMMHOKUCIOTHBI CKOP, %

Banun 144,0 141,3 143,6 143,6
W3soneiuyx 193,5 189,4 194,4 188,6
JlejiuyH 121,1 126,8 121,7 127,8
JInsuu 185,9 188,5 193,0 185,8
MeTuounn+ Liicrenn 1944 199,2 200,8 185,3
TpeoHuH 297,0 307,5 290,0 3134
Tuctuonu 144,8 130,2 154,0 134,4
Tpunrodan 351,1 296,7 3449 296,1
®eHunanauui + TUPO3UH 176,1 179,5 177,5 184,1
JIMMUTUPYIOLAsl aMUHOKUCIOTA - - - -

KosbbuiMeHT yTMInTapHOCTU 0,68 0,71 0,69 0,72
M36bITOYHOCTD HE3aMEHMMBbIX aMUHOKUCIOT, T/100 r 6eka 16,42 14,95 16,79 14,72
CorocraBuMasi U36bITOYHOCTb, aMMHOKMUCIOT /100 r 6enika 13,56 11,79 13,80 11,51
MNHpexkc He3ameHMMbIX aMMHOKUCIOT (MHAK) 1,49 1,49 1,49 1,49

XUMUYECKUX U CKOPPEKTMPOBAHHBIX Ha OOIIYI0 MepeBapMMOCTb CKOPOB
[JIS1 BCeX He3aMeHMMBbIX aMMHOKMCIOT npesbimaloT 100%. Paccumran-
Hble K03(PULMEHTbI YTWIMTAPHOCTH, OTpakaloliye obliee KOIMYECTBO
HAK, KOTOpble MOTYT GBITh YTUIM3MPOBAHbI OPraHM3MOM YeToBeKa, st
rupponusatoB CHW (RC) 1 CHW (RC) HD Haxoamuauch Ha CXOXKeM ypOBHe
(0,71-0,72) u npeBblIIany [IOKa3aTeIM COOTBETCTBYIOLIMX KOHIIEHTPATOB
(0,68-0,69). KonmuecTBo He3aMEHMMbIX aMMHOKUCIOT, TUIIOTETUYECKU
He ToUIeAIIMX Ha aHaboIMYecKue HyKObl OpraHmama, AJIs TUOpOoM3a-
toB CHW (RC) 1 CHW (RC) HD cocrasnsiiio 14,95 u 14,72 r/100 r 6enka,
B TO BpeMsI KakK JJIsi MHTAKTHbIX CbIBOPOTOYHBIX OEKOB JaHHbII 1OKa3a-
Tesb Haxoawicst Ha ypoBHe 16,42 u 16,79 r/100 r 6enka. ITokasarenb co-
IOCTaBMMOI M3OBITOYHOCTY Il TMIOPOIM30BAHHBIX OENKOB COCTaBIISLI
B cpemdem 11,79-11,51 r/100 r Genka, a 1jis1 KOHIEHTpaToB — 13,56—
13,80 1/100 T 6Geska Mpy CXOKEM MHAEKCE HE3aMEHUMbBIX aMUHOKMC/IOT.
TakuM 06pa3oM, MO pe3yibTaTaM MCCIeNOBaHMI YCTAHOBIEHO, YTO TH-
IPOIM3aThl CHIBOPOTOUYHBIX GEJTKOB 06/1afiat0T BBICOKOI GMOIOTMUYECKOi
LIEHHOCTBIO ¥ COaJTaHCYPOBAHHOCTHIO 110 He3aMEeHVMbIM aMUHOKUCJIOTaM,

a TaKKe SIBJISIIOTCSI €CTeCTBEHHBIM MCTOYHMKOM aMMHOKMCIOT C pa3BeT-
BJIEHHOJ1 60KOBOJ1 LeTIbI0. B epCrieKkTyBe 3T0 MOXKET CTaTh OGHUM U3 VH-
CTPYMEHTOB /IS PeIleHNMs] PsIfia aKTyalbHbIX ITPOGIeM COBPEMEHHOII Hy-
TPUILIVOIOTUMN.

3.4. Oyenka nepegapusaemocmu 2udpoauU3amo8 cbl80OPOMoUHbsIX 6€7IK08

O1eHKa repeBapyBaeMOCTV 6eIKOBBIX MHTPEMEHTOB in Vitro sBisieT-
€SI KPUTUYECKM BaSKHBIM 3TAIIOM TSI IX XapaKTePUCTUKY C TOUKY 3PeHMSI
ycBosieMocTy. VcciemoBaHue ferpajalyy KOHIEHTPATOB CbIBOPOTOY-
HBIX GEJIKOB M MX TMAPOIM3ATOB B MPOLECCe MUIEeBAaPeHMsT TIPOBOAMIN
C JCIIONIb30BaHMeM craTuuyeckoili mogpenu nepesapuBaHusi INFOGEST
2.0, Britouatonieit nepopanbuyio (P. c,), sxenymounyio (K. c.) u kuieq-
Hyio (K. c.) dbasbl nuimeBapenus, ¢ yuetoMm (Hpu3mMoIOrMYecKUX AAHHBIX
0 COCTaBe Cpefi B3pOCJIOTO YesIOBeKa (JIEKTPOSIUTHI, (PePMEHTHI, JKeTub,
cTerneHb pasbasienyue, pH 1 BpeMs muiieBapeHus u mp.). IMHamMuKa ru-
Iponu3a 6esika OTCIeXMBANIaCh METOLOM 3eKTpodopesa B MOIMakpuIa-
MMIHOM Tejie Ha KaXIoii craguy nuiieBapeHust (PUCyHOK 5).
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PucyHOK 5. dimekTpodoperpaMma MpoayKTOB Aerpajganyy KOHIEHTPATOB M TMAPOJIN3ATOB CHIBOPOTOYHBIX O€/IKOB Ha CTATMIX
nepopanbHoro (P .c.), skeaxymounoro (K. c.) u kumeuHoro (K. c.) nepeBapuBanus
Figure 5. Electropherogram of degradation products of whey protein concentrates and hydrolysates at the stages of oral (P .c.), gastric (K. c.),
and intestinal (K. c.) digestion
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AHanu3 JaHHBIX PucyHKa 5 MoKasaa OTCYyTCTBME Ha IMepopanbHOii
(dase mepeBapMBaHuUSI IPOTEONMUTMUUECKON [erpajalyuy HATUBHBIX
U TepMOJEeHATYPUPOBAHHBIX CHIBOPOTOUHBIX GEIKOBBIX CTPYKTYP, UTO
MO TBEPXKJAETCSl COXpaHEeHMeM YeTKUX M MHTEHCUBHBIX I10JIOC, COOT-
BETCTBYIOIIMX OCHOBHBIM CBIBOPOTOYHBIM 6€/1KaM — B-JIaKTOITIOOYINHY
(18 x/1a) u a-nakranboymuny (14 kIa). OTCYTCTBUE BUAMMBIX MU3MeEHe-
HuUit B 6eNKOBOM Npoduiie Ha TAHHOM CTaguy SIBISETCS CIeICTBUEM
TOTO, YTO (DepPMEHT o-aMujIa3a, UCIONb3yeMblil [JIs1 UMUTALUY [1epo-
payibHOIt da3bl, He 06/1a1a€T IPOTEONUTUIECKOI aKTUBHOCTBIO U, IIpe-
MMYILECTBEHHO, I'UAPOIN3yeT o-1,4-IMMKO3UIHbIe CBI3M B Kpaxmaie
M INUKOTeHe. JneKTpodoperpaMMbl I'MIPOAM30BAHHBIX OENKOB Xa-
PaKTepU3YIOTCS OTCYTCTBYMEM I10JIOC B 30HE, XapAKTEPHOI IS OCHOB-
HbIX MHTAKTHBIX O€JIKOB, YTO MOATBEPXKOAeT Herpafaiyio 6elKOBbIX
CTPYKTYp Ha 3Tare ¢GepMeHTAaTMBHOTO IIPOTeOIN3a ¥ yAajleHNe BbI-
COKOMOJIEKY/ISIDHBIX COeNVHEHMII Ha CTaguy KacKaJHO-CeJIeKTUBHOMI
¢dunprpauuy runponusaTos. [lowie MHKYGaUUM C MENCHHOM B yCIIO-
BUSIX JKeTyIOYHOM (ha3bl OTMEUeHO IPAKTUYECKM IOJHOE VCUe3HO-
BEeHMe II0JIOC [B-JAaKTOIOOYIMHA M YacTUYHOE o-JaKTaJbOyMMHA,
YTO CBUAETENbCTBYET 00 3¢h(EeKTUBHOM IIPOTEONN3E IO AeiCTBUEM
nerncuHa. ChopmupoBaHHbI AMDQY3HBIA CIEKTP MONOC B 061acTu
MOJIEKYJISIDHBIX Macc MeHee 15 k/la MOXeT CBMIETeNbCTBOBATh Kak
O COXpaHeHMM He3HAauUTeNbHBIX KOHIEHTpaluili HeruJpoian30BaH-
HOTO o.-JIAKTa/IbOYMMHA, TaK ¥ 06 06pa30BaHMM IreTepOreHHOi CMecH
MeNnTUIOB C Pa3IMYHOM MOJIEKYJISIPHOI Maccoi, 4YTO Takke Mogyep-
KuBaetcsl B pabore [78]. TakuM 06pa3oM, MeICHUH, SIBASSICh SHIOIEI-
TMUJA30i4, OCYIECTB/ISIET MEePBUYHBIN TUAPONIN3 GeNIKOBBIX Cy6CTPATOB
Ha CpelHeMOJIeKYJIsSpHble ¥ KOpOTKue mentupiel. Ilocnenyromas o6-
paboTKa MaHKpeaTMHOM Ha KMUIIEUYHO ¢ase mepeBapuBaHUS MPUBO-
IMjIa K ITOJIHOMY MCYe3HOBEHUIO MeNTUIHBIX Y GeKOBBIX I10JI0C. DTO
CBUZIETENbCTBYET O NIYOOKOM TMAPONN3e MEeNTULOB, IIONYIeHHbIX 10-
CJ1e JKelmyJoyHO! cTaguu ¢ 06pa3oBaHMeM KOPOTKUX OUTOMENTUIOB
¥ CBOGOIHBIX aMMHOKMCIIOT IO, AeficTBMEeM KOMIUIEKCa TaHKpeaTuye-
CKMX IIpOTeas (TPUIICUMHA, XMMOTPUIICHHA, KApOOKCUIIeNnTHAA3). BaxkHO
OTMETUTD, YTO CYLeCTBEHHBIX M3MeHeHU B TPOoGMISX I'MADPOIN3ATOB
HaTUBHBIX ¥ CHIBOPOTOUYHBIX G€IKOB He HAGMIONaIoCch yKe Ha JTare
repopasnbHOii (a3pl nepeBapuBauus. Takum o6pas3om, 1jis yriay6ieH-
HOTO M3y4YeHMs Aerpajanyy OenKOBbIX COeIUMHEHUI B JKelyIO0YyHO-
KUIIEYHOM TpaKTe in vitro 6bUIM MCCIe0BaHbl moka3aTenu koabdu-
LMeHTa nepesapuBaeMocTy (PUCYHOK 6A) 1 06pa30BaHuUsI CBOGOIHBIX
aMuHOKUIOT (PucyHOK 6B).

Pe3ynbTaThl MCCIE0BaHMS 1eMOHCTPUPYIOT BbIpa)KeHHOe BIMSIHUE
IpeBapuUTeNbHO) 06paboTKM Ha IepeBapMBaeMOCTb CHIBOPOTOUHBIX
6enKoB in vitro. I'Maponu3aThl HATUBHBIX ¥ TePMOJEHATYyPUPOBAHHbIX
CBIBOPOTOYHBIX OENMKOB 06JIafiaii BBICOKOV OMOMOCTYITHOCTBIO YIKe
Ha CTaAuM TepOpaJbHOrO MuIeBapeHusl, UTO OOBSICHSIeTCS! IMpeJBa-
pUTENbHBIM paclielyieHseM MeNTUIHBIX CBsi3eil B pesysibTaTe Ipo-
Teomu3a depmeHTamu. [danpHeiiliee mepeBapuBaHME B KeTyJOYHO-
KMLIEYHOM TpakTe 06ecrneymyio MPaKTUUeCKu MOMHOe paclierieHye
IaHHBIX 06pasioB Ha XeaymouHoit (98,0% u 98,4%) u KuileuyHOi
cragusax (99,0% u 99,1 %) c o6pa3zoBaHKeM KOPOTKOIIETTOUEYHBIX Iel-
TUZOB, HE OCaXHAeMbIX TPUXIOPYKCYCHOM KMCIOTOM, ¥ CBOGOIHBIX
aMMHOKMCIOT. B oTinume oT rupponusaToB, HaTMBHASI GOpMa ChIBO-
POTOYHBIX Ge/IKOB IT0Ka3asa KIaCCUYECKYI0 TPeXCTafUHYI0 IMHAMUKY
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repeBapuBaHus, IIe OCHOBHBIE MPOLIECCHl Aerpafaluy MPOUCXOIUIN
MIpU UMUTALUU KeTyHRouHoit (73,3 %) v kumeuHoii da3s (89,9 %). [pex-
BapyTeNbHas TePMOJeHAaTypalysl YCKOpsiIa IpolLiecc Aerpagaunnm 6en-
Ka [py UMUTALMM XenynouHoit (82,0 %) u kuueuHoit das (96,3 %), uro
0GBSICHSIETCS] MOBBILIEHHO! NOCTYITHOCTHIO aMMHOKMCJIOTHBIX CaiiTOB
IUIST paclleruieHyus] MUIeBapuUTeNbHbBIMY (GepMeHTaMyu IMOCPenCTBOM
u3MeHeHMsT KoHbopMmanyy Genka. [TomyuyeHHble JaHHbIE IOTHOCTHIO
COITIACYIOTCS ¢ pe3yiapTaTamu pabot [79,80], rie Takke MOKA3aHO, UTO
HaTUBHAsl MIOGY/ISIPHAsl CTPYKTypa [B-TaKTOINIOOY/IMHA, XapaKTepusy-
omasicss HanuuueM B-6appesns ¢ TMAPodOGHBIM SIIPOM U CTAGUIU3K-
poBanHast nucyabhupubiMu moctukamu (Cys®0-Cysl®0) Cysl06-Cysl!l?),
CYIIeCTBEHHO OTPaHMUMBAET JOCTYIl IIPOTea3 K MEeNTUAHBIM CBSI3SIM.
IaHHbI (aKT 06bSICHSET HEMONHBI MPOTeoNn3 HATUBHOM 6enKOBO
MOJIEKY/Ibl NUIeBapuTeNnbHbIMM (epMeHTaMM. Kak M B yKasaHHBIX
MUCCIeOBAHUSIX, HAMM ObUIO MOATBEPXKAEHO, UTO TePMOAEeHATypaLus
6esKa 3HAYMTENbHO IOBbBIIIAET AOCTYIHOCTb NMENTUAHBIX CBS3eil st
NeJiCTBUS TeTICMHA Y TOCTeNYIOIMX MaHKPeaTMYecKux Mmporeas. dTO
SIBJISIETCSL CIeICTBMEM HeoOpaTMMOro u3MeHeHMsI KoHbopmanuy 6en-
KOBOJ MOJIEKy/Ibl, BK/IIOYAIOLIEr0 pa3BepTbhIBAHME ITONMUIENTHUIHON
[7106YJIbI, 9KCIO3ULMIO TMAPOGOOHBIX YUACTKOB, paHee CKPBIThIX BHY-
TPU MOJIEKYJIBI, ¥ Pa3phIB OUCYIbOUIHBIX CBsI3eil, CTaGMIU3NPYIOMNX
HaTMBHYIO CTPYKTYPY. AHA/IM3 BHICBOGOXKIEHMS CBOOOAHBIX aMUHOKMC-
JIOT TIPY MMMUTALMM TACTPOMHTECTMHANIBHOTO IlepeBapuBaHus in vitro
M03BOJIM/I BBISIBUTh CTAaTUCTUYECKY 3HAUMMBbIE PA3INUMS B KMHETUKE
repeBapyBaHysI MEXIY UCCIeLyeMbIMM (GOPMaMM ChIBOPOTOUHBIX Oer-
KOB. ['MApONM3aThl HATUBHBIX ¥ TEPMOLEHATYPUPOBAHHBIX CBIBOPOTOY-
HbIX GEJIKOB B CUITY ITpeIBAPUTEIBHOIO IIPOTE0IN3a JeMOHCTPMPOBAIN
HaUBBICIIYIO KOHIIEHTPAIVIO CBOGOIHBIX aMVHOKUCIOT Ha SKeTyL0YHO
dase (20,4 n 21,7 MM 3KB. mponuHa) U KuULIeyHOi dase mepeBapmpa-
Hust (55,3 n 57,5 MM 3KB. MpONMHA) 1O CPAaBHEHUIO C COOTBETCTBYIO-
MMM MHTAKTHBIMM Oe/IkaMy Ha 3aBepilawpliieM starne mpoiecca (35,6
u 49,1 MM akB. mponuHa). KiitoueBsIM HaGMIOLEHUEM SIBISIOCH CHMU-
skeHMe Koddbuimenta 3PpGeKTUBHOCTY BbICBOGOKAEHMST CBOGOIHBIX
amuHokucnor (CAK, ./CAK, .) y tugponnusoBaHHbIX GopMm 1o 2,7 mpo-
TUB 5,4 17151 HATUBHBIX OEIKOB U 6,5 1151 TepMOJ€HaTypUPOBaHHbIX 6er-
KOB, YTO MOKET O6BSICHATHCS 06pa30BaHMeM IIPOTea30-Pe3VICTEHTHBIX
nenTUIHbIX ¢pakuuit. [IpoBefeHHbII aHAIN3 IOATBEPXKAAET, UTO in
vitro mepeBapuBaHye CbIBOPOTOUHBIX GEJIKOB He MPUBOLUT K MX ION-
HOMY TMAPOAM3Y O CBOGOSHBIX aMUHOKMCIOT. 3HAYMTENbHAsI 4acTh
[poTeoM3a Ha KuieyHoit (ase 3aBepiaercst o06pa3oBaHueM KOPOTKO-
LIETIOYEYHBIX MEeNTUIO0B (B T.U. 6M0aKTUBHBIX), CIOCOOHBIX K KUIIEUHO
abcopbuyy yepe3 MeMOpaHHbIE TPAHCIIOPTEPBI IMO0 K MOCIeAYI0LIeMY
ruaponyu3sy GepMeHTaMy e TOYHOM KaiiMbl SHTEPOLUTOB Y MMKPOGIO-
Thbl. TakuM 06pa30M, COBOKYITHOCTb MOTYYEHHbIX JAHHBIX YOeJUTENIbHO
[IOKa3bIBAET, UTO I'MIPONM30BAaHHBIE GesKM 06/1a1al0T YCKOPEHHO KU~
HEeTMKOI NepeBapuBaHusI MO CPABHEHUIO C HATUBHbIMYU dhopmamu. Op-
HakKo TpeGyeTcs NMpOBefeHMe LOIONHUTETbHBIX MCCIeNOBaHUI Ha Ja-
60paTOPHBIX MOJENSAX KUBOTHBIX in vivo. Takue paboThl HEOGXOMMMBI
IUIS1 TIOATBEPKIEeHMSI YCTOMUMBOCTM aHTMOKCUIAHTHBIX U AIID-uHrU-
GUPYIOIIMX MENTHUOB K CYCTEMHOI lerpafjaliuy B pe3ynbTaTe Iepesa-
PUBaHMS B XKeITyLOYHO-KUIIEYHOM TPAKTe, KOMMUECTBEHHO OL@eHKM UX
TPAaHCAMUTENMATBHOTO TPAHCIIOPTA M J[OKA3aTeNbCTBA GMONIOIMYECKUX
adekrTos.

B)

=] & 8 8
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daza nepeeapuBaHnA
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PucyHok 6. KoadduimeHnt nepeBapuBaeMmocti (A) u cofepkanye CBOGOIHBIX aMUMHOKUCIOT (B) KOHIIEHTPATOB M IMAPOIN3ATOB
ChIBOPOTOYHBIX 0€JIKOB Ha cTagusax nepopaibHoro (P. c.), xexygounoro (K. c.) u kumeunoro (K. c.) nepeBapuBanus
Figure 6. Digestibility coefficient (A) and free amino acid content (B) of whey protein concentrates and hydrolysates at the stages of oral (P. c.), gastric (OK.
c.), and intestinal (K. c.) digestion
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®EPMEHTATUBHBIN CUHTE3 PACTUTEJBHBIX BEJIKOBbBIX
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I Bcepocceuiickmii HayuyHO-MCCIeNOBATENbCKMI MHCTUTYT KpaxMaJsia 1 IepepaboTKy KpaxMaICoAepsKalllero Chipbs —
bunman ®enepanbHOro UCCIEN0BATENHCKOTO IeHTpa KapTodens umenn A. I. Jlopxa, KpackoBo, MockoBcKast 06/1acTh, Poccus
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OTKPBITBIN JOCTYN

K/IIOYEBBIE C/IOBA: AHHOTALI A

NUWeHUYHAst DOYHKIMOHAIbHBIE CBOMCTBA PACTUTEIBHBIX GEIKOBBIX KOHIIEHTPATOB YaCTO He OTBEYAIOT TPEGOBAHMSIM, IPEIbIBISIEMbIM K HUM
K1eliK08UHA, CIIEIMATNCTaMMY [TUIIEBO IIPOMBINIIIEHHOCTH TP Pa3paboTKe perenTyp 6eI0KCoaepsKalX POAYKTOB MUTaHMS (MSICHbIE, KOH-
20p0X08bLLI IUTEPCKIME U T.1.). B JaHHOM MCCIeI0oBaHMM C Le/IbI0 MoguduKaLmy GyHKIMOHAIBHBIX CBOJICTB KOMMEPUYECKMX GEIKOBBIX IIpe-
KOHYeHmpam, apaToB pa3paboTaHbl ONTMMAIbHbIE/PAIIOHATbHBIE TAPAMETPBI 61I0CMHTE3a HOBBIX TOPOXOBBIX, IOJCOITHEYHbIX U IIIIEHNIHBIX
nodcoHeuHblL KOHIIEHTPATOB C (bepMEeHTaMU TUPO3MHA30# 1 MUKPOGHOM TPaHCITIOTAMMHA30I, OTHOCSIIIMKCSI, COOTBETCTBEHHO, K K/IaCCy OKCH-
KOHYeHmpam, nmopenykras 1 Tpancdepas. [Ipy 5TOM yCTaHOB/IEHbI 3aKOHOMEPHOCTH BIIVSTHMST KOHLIEHTPaI (epMEeHTOB, IPOIOJDKUTENEHOCTI
ouocuxmes, peaxiuit ¥ TMIPOMOZY/ISI HAa MAcCOBYIO ZI0JTI0 aMMHHOTO a30Ta ¥ PaCTBOPUMOTO Gejika B cpelie Kak 3G deKTUBHbIX ToKas3aTeei
napamempel, KOHTPOJIS XO[IA peakiui B cpezie. Y HOBOTO 6eIKOBOTO KOHIIEHTPATa, TIOyYeHHOTO M3 CYXO0ii MIIEHYHOI KIeIKOBUHBI, CUHTE-
onmumusayus, 3MPOBAHHOIO MPY MMOCIENOBATETHHOM BHECEHMY 060MX BUIOB (DEPMEHTOB, IT0 CPABHEHUIO C KOHTPOIbHBIM 06pa3iioM, Ha 44 %
ceoticmea, TMOBBICMIACH BOMOCBSI3bIBAIONIAS CTOCOGHOCTD M IIOUTH B 2 Pa3a SKUPOCBSI3bIBAOIIAS CTIOCOBHOCTD. Y TOPOXOBOTO U TIOICOTHEYHO-
Moldupukayus T'0 KOHIIEHTPATOB, IIPUTOTOB/IEHHBIX C Pa3/IelbHbIM BHECEHEM (epMEeHTOB, Ha 24—56 % cTajia Bblilie BOIOCBSI3bIBAOIIIASI CITOCO0-

HOCTb, B 2,3-2,4 pa3a — neHoo6pasyiolast crioco6HoCTh 1 B 1,6—5,7 pasa 60/iee BbICOKast CTaOMIbHOCTD IEHBL. Y MTOfICOTHEYHOTO
KOHLIEHTPATa YBEIMYMIIACH JKMPOCBSI3bIBAIOIIASI U KMPOIMYJIBTUPYIOIIAS CTIOCOOHOCTD, TI0 CPABHEHMIO C MCXOMHBIM KOHLIEHTpA-
TOM. Pe3y/bTaThl BAUSHUS TUPO3MHA3bI M MUKPOOHOI TPaHCITIOTAMMHA3bI Ha (QYHKI[MOHATbHbIE CBOCTBA GEJTKOBBIX KOHIIEHT-
paToB, HECMOTPSI Ha PasIMUHbBIN IPUHIMII X AEMCTBYSI, ObLIN, TPAKTUUYECKY, OOMHAKOBbIe. C/iefoBaTeNbHO, IJ1sT MOOM(pUKALIMI
CBOJICTB, B3aM€eH TPaHCIIIOTAMMHA3bI, C YUETOM BBISIBIEHHBIX IIAPAMETPOB ee JIe/ICTBMSI Ha TOPOXOBbIE, TIOJCOMHEYHbIE GeTKYI
M MIIEHUYHYIO KIeMKOBUHY, IJIs1 TPOMU3BOACTBA MUIIEBbIX M3IENiA 11e71ec006pa3HO UCII0Ib30BaTh 1 (pepMEHT TMPO3MHA3Y.

OUVHAHCHPOBAHMUE: UccinenoBaHus BHITIOTHEHBI B paMKax 3aganust FGGM-2022-00006 BHUUK — ¢unnan ®TBHY «@UL kapTodens umenn A. I. Jlop-
xa» «Pa3paboTaTh HayYHO-IIPAKTMUECKIE OCHOBBI TEXHOIOT MY MPOM3BO/ICTBA HOBBIX YIJIEBOAHBIX 1 OEIKOBBIX KOMIIOHEHTOB MX KPaXMaIOCOIEPyKaIIero
CBIPbSI HA OCHOBE CHCTEMHOT0 aHa/IM3a UX COCTaBa M CBOVICTB JIs ITyGOKOI IepepaboTky KapTodesisi, 3 PHOBOTO 1 3€pPHOG060BOTO ChIPbSI».
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wheat gluten, The functional properties of plant protein concentrates often do not meet the requirements imposed on them by food industry
pea concentrate, specialists when developing formulations of protein-containing foods (meat, confectionery, etc.). In this study, optimal/ratio-
sunflower concentrate, nal parameters of biosynthesis of new pea, sunflower and wheat concentrates, with tyrosinase and microbial transglutaminase
biosynthesis, enzymes, belonging, respectively, to the class of oxidoreductases and transferases, have been developed in order to modify the
parameters, functional properties of commercial protein preparations. At the same time, patterns of the effect of enzyme concentration,
optimization, reaction duration, and the hydromodule on the mass fraction of amino nitrogen and soluble protein in the medium as effective

properties, modification indicators for monitoring the course of the reaction in the medium have been established. Compared to the control sample,

[JISI TUTUPOBAHUV: Konmmakosa, B.B., l'aiiBoponckasi, U.C., I'yiakoBa, B.A.,, FOR CITATION: Kolpakova, V. V., Gaivoronskaya, I.S., Gulakova, V.A., Se-
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the new protein concentrate obtained from dry wheat gluten, synthesized with the sequential addition of both types of en-
zymes has a 44 % higher water-binding capacity and almost 2 times higher fat-binding capacity. The pea and sunflower con-
centrates prepared with separate addition of enzymes have a 24-56 % higher water-binding capacity, 2.3-2.4 times higher
foaming capacity and 1.6-5.7 times higher foam stability. The sunflower concentrate has increased fat-binding and fat-emul-
sifying capacity compared to the original concentrate. The results of the effect of tyrosinase and microbial transglutaminase
on the functional properties of protein concentrates, despite their different principle of action, were practically the same.
Therefore, to modify the properties, it is advisable to use also the enzyme tyrosinase instead of transglutaminase for the pro-
duction of food products, taking into account the identified parameters of transglutaminase action on pea, sunflower proteins

and wheat gluten.

FUNDING: The investigations were carried out within the framework of the assignment FGGM-2022-00006 VNIIK — Branch of Russian Potato Re-
search Centre “To develop scientific and practical foundations of the technology of production of new carbohydrate and protein components of their
starch-containing raw materials based on the systematic analysis of their composition and properties for deep processing of potato, grain and legu-

minous raw materials”.

1. BBegeHue

OmHoit 13 Ipo6jieM Hace/leHus 3eMHOTO ILiapa SBJseTcs mpobieMa
obecrieueHust IPOJOBOIBCTBMEM, TaK KaK OPTaHM3My ueloBeKka BCerga
Heo6X0oAMMbI NMUTaTeNbHbIe BeniecTBa [1]. [locnenHue mecsiTuieTus xa-
PakTepu3yIOTCd MHTeHCU(UKALMeil TPOLEeCcCOB MPUTOTOBIEHUS UL
C OQHOBPEMEHHBIM IPUIAHUEM €ii CBOICTB, OTPAasKAIOIINX TPEGOBAHMS
Hayky o nutanumu [2]. [IpyuuHaMy TaKoOro MONOXKEeHMs SIBJISIIOTCSI POCT
HaceJIeHMsI, HETIOCTOSTHCTBO 3aI1acoB MTPMPOSHBIX PECYPCOB U MX UCIIONb-
30BaHMsI, HEOGXOAMMOCTD BBIITYCKA KAYECTBEHHO HOBbIX M 6Ge30MacHbIX
MUIIEBbIX TIPOSYKTOB B CBSI3M C M3MEHEHMeM o00pasa >KM3HU, yXyalle-
HMEM JKOJIOTMYECKOI 0OCTAaHOBKM M HAKOIUIEHUEM (YHIAMEHTaTbHbIX
3HaHMIT B 06JIACTY eCTeCTBEHHBIX M TEXHMUYECKUX HayK. B kauecTBe mpu-
OPUTETHBIX ITPOLIECCOB COBPEMEHHbIE PelIeHNs] BKIIUYAIT TeXHOIOTUN
MOJTyYeHusT UIIEeBOro Geyka 1 MPOAYKTOB Ha ero ocHose [3,4]. TexHo-
JIOTMM OCHOBBIBAIOTCSI Ha (YHIaMEHTaJbHBIX 3HAHMSIX B 06yMacTu Gu-
0JIOTMYECKO, 6MOOpraHNYecKkoi, GU3nyeckoil XUMUY, M Ha 3HAHMSIX
B 00/1aCTV TEXHUYECKUX AUCLMUIUIMH (OMOTEXHOJIOTYSI, TEXHOJIOTUH TIepe-
paboTKM 3epHa, Msica, MOJIOKA U T.H.). B3aMOCBSI3b TIO3HAHMIT TO/KHA
MCTIOb30BAThCSI AJIST TOTO, YTOGBI 06ECTIEUUTh BbICOKME DYHKIMOHATb-
HbIe CBOJCTBA 1 Yepe3 HUX JOCTUYb BHICOKYIO OMOIOTMYECKYIO LIEeHHOCTh
MUIIEBbIX TPOLYKTOB (PYHKIVOHAIBHOIA, IMeTUUeCKOIi, TepCOHATU3UPO-
BaHHOJI MM CTelMalbHOI HallpaBeHHOCTH.

Benku B opraHu3Me 4esIOBEKA PACXOMAYIOTCS HAa CMHTE3 a30TOCOAED-
SKaIMX COeAVHEHUI, POCT U TIOAAEpPKKY usmomormyeckux QyHKUIMIA,
a B IUIIEBBIX MPOAYKTAX OHY BBIIOMHSIOT IUTATEIBHYIO U CTPYKTYPHYIO
dyukumio [5]. IlepBast GyHKUMS 3aKII04aeTCsI B 06ecrieyeHny OpraHms-
Ma He3aMeHVMbIMIM aMMHOKMUC/IOTAMH, KaK YaCTUYHO 3Hepr1/1e171, BTO-
pasi — B MpUIaHMM HAJJIeXKaIIMX MOTPeOUTENbCKUX KAaueCTB MUIIEeBbIM
u3menusam (BHEUIHUI BUA, TeKcTypa, o6beMm, T.74.). O6e dyHKIMM B3a-
MMOCBSI3aHbI, IUTATENbHAS Peaanu3yeTcs uepe3 CTPYKTYPHYIO 3a CUeT
(YHKUMOHATBHBIX CBOVCTB GEIKOB, KOTOpbIE M 06ECIIeunBalOT 3afaBae-
MbIe TEXHOJIOTMYECKME Y TOTPeGUTENbCKIE CBOCTBA U3AENIA [6].

B cBs13M ¢ Bo3pacTarleli CTOMMOCTBIO JKMBOTHOT'O ChIPbS IMILEeBast
MIPOMBIIIIEHHOCTb IIOCTOSTHHO UCIIBITHIBAET OTPEGHOCTD B G0JIee melré-
BbIX, HO 3G deKTUBHBIX UCTOUHMKAX 6eJIKOB [7]. OHa HAXOAMUT MUX B aCCOp-
TUMEHTe NPOAYKTOB 13 cou [8], muennusl [9-11], ropoxa, HyTa [12-15],
yeueBuIpI [16], baconu [17], puca [18] m MHOrUX Apyrux Kynbtyp [19,20].
IIpy 3TOM OCHOBHBIMM 3aJa4yaMy ITPOMBIIIJIEHHOCTU SIBJsIeTCS obec-
reyeHne BbIXoda GENKOB, UX MOMUMYHKIMOHATBHOCTY, 6€30MacHOCTH,
XOPOIINX OPTaHONEeNTUUEeCKMX CBOVICTB U IJINTENIbHOCTY XpaHeHus [21].
CeropHst HanboJee WMPOKO UCIIONb3YEMbIMU PACTUTETbHBIMU UHTPEIU-
€HTaMU B MUIIEBBIX MTPOAYKTAX SIBISIIOTCS COEBbIe OeIKM ¥ TMIIeHNYHasI
KiaeiikoBuHa [22,23]. TIpou3BOACTBO GEIKOBBIX MPOAYKTOB U3 IPYTUX
BUJIOB PaCTUTENBHOTO ChIPbs IIPOJOJDKAaeT pa3BMBaThCs. V3-3a cBoOeit
6e30MMacHOCTM U TPAAULUI TIPUMEHEHUS] PaCTUTebHbIe TPOLYKThI 60-
Jlee TIpUBJIeKaTe/lbHble, YeM Te, KOTOpble HauMHAIOT I0Ty4YyaTh CeTOAHS
13 HACEKOMBIX ()KYKU, TYCEHMIIbl, MypaBby Ky3HEUUKHU U T.[I.) WIK B BULE
«MsICa», BBIPAIIEHHOTO B JJAGOPATOPHBIX YCIIOBUSIX M3 HOBOTO WM HETpa-
IVMIVIOHHOTO CBIPBS [24].

Vi3BecTHBI MHOTHME CIIOCO6BI MOAMGbUKALIMIA QYHKIMOHATBHBIX CBOM-
CTB COeBbIX [25-27], KJIeIKOBUHHBIX [28—30] U APYruX BUIOB GETKOBBIX
MpernaparosB, 1 3TO, pex/e Bcero, GepMeHTaTUBHbIE CIIOCOObI C TUAPO-
JIUTUYECKUMMU SH3UMaMU. [IpU 3TOM JOCTUTHYTHI 3HAUUTEIbHBIE YCIIEXM,
BKJ/IIOYAS BbISIBJIEHME Y TUAPOIM3ATOB aHTUOKCUIAHTHBIX MU aHTUAI-
Jiepruyeckux mposisaennii [31,32]. OgHako croco6bl, Kak IMpaBuiIo, Mme-
10T OrpaHMYEeHMSI OTHOCUTEIBHO YITyUIIeHNsI CBOVICTB, KpDOME PacTBOPHU-
MOCTH U TIeHoOGpa3yoleii criocooHocty [18,28,30].

C 1enpl0 pacmMpeHnst BO3MOXKHOCTeI yaydiieHns: GyHKIMOHATbHbBIX
CBOJICTB HAMM M3yU€HbI MTPOLIECCH CUHTE3a HOBBIX OETKOBBIX KOHIIEHT-
paToB ¢ epmeHTaMU 0-AUbeHOMOKCKHIA30ii (Tupo3unasa) (EC1.14.18.1)
(TUP) u Mmukpo6HO# TpaHcrmoTamuHasoit (MTT) (EC2.3.2.13). Tlocnequsis

HIMPOKO MCIONb3yeTcst 3a pyoeskom (CIIA, crpansl EC, Kanama, Kurait,
Kopest uT.1.) [33,34] 1 ipousBoauTcs myTém hepmeHTauym Streptomyces,
Bacillus, Enterobacter, Providencia [34]. Ha nomto depmeHTa npuxoguT-
cst 6osbllasl yacTh MPOM3BOAMMBIX B Mupe (hepMeHTHBIX IperapaTros,
9TO HECMOTDS Ha TO, YTO BOIPOCHI 6€30MaCHOCTHM SH3MMa MPOJO/DKAIOT
obeyxknarteest [34,35]. IlpumeHsietcst depMeHT mjisi obecriedeHus! B3a-
VIMOZOIIOJIHEHMST COCTaBa Y CBOJCTB GEIKOB 1160 13 OGHOTO M TOTO Xe
CBIPbSI: MSICHOTO [36-39], MonouHoro [40-43], ppi6HOTO [44], MOpernpo-
IYKTOB [45], 3epHOBOrO [46-48], IceBn031aK0Boro [49], m16o u3 pasand-
HOrO KOMOMHMPOBAaHHOIO, U, KaK IPaBUIO, GOMbIIE KUBOTHOTO ChIPbS
(MsicHOe, mMosiouHoe, pbi6HOe) [50,51]. IIpu stom MTT Karanusupyet
o6pa3oBaHKe M3OMENTUIHONM CBSI3M MEXKIY IPYIIIOii y-KapOOKCaMUIOB
OCTaTKOB INTyTaMMHA (JIOHOP) U €-aMMHHBIMY IPYTIIIaMMy 1epBOTO MOPSIA-
Ka, BBICTYIAIOLIVX B KaueCTBe aKLelITOPOB allIbHOTO OcTaTka [34]. B oT-
CYTCTBME CBOOOOHBIX aMUHOTPYIN hepMeHT KaTaausupyeT U peakLuIio
Jle3aMUIMPOBaHMsI aMUAI0B C MCIIONb30BAHMEM MOJIeKY/ BOJbI B KauecT-
Be akuenTopa rpymni -NH,. CxemaTuHO peakUmy BBINISIOAT CIeQYIOLM
o6pasom:

GIn-CO-NH, + H,N-Lys — GIn-CO-NH-Lys + NHy;
GIn-CO-NH,+RNH, — GIn-CO-NHR+NH;
GIn-CO-NH,+HOH —> GIn-COOH+NHj.

ArperupoBaHHbIe (GelKOBbIe CTPYKTYPbl — CTaGMIIbHBIE B LIMPOKOM
nuarnasoHe pH u TemIiepaTypbl, MeXaHUYECKM YCTOMUYMBbIE C ITOBbIIIEH-
HOJl 3/IaCTUYHOCTBIO, TBEPLOCTHIO, BSI3KOCTBIO, BJIATOYAEePKMBAIOLIEN
U 3IMYJIBTUPYIOIIEN CITOCOGHOCTBIO [52,53]. TIPMHIIMIT «CIIMBAHUSI» G-
KOB B paboTax MCIIOIb30BAJICSI HEIOCPEICTBEHHO B TEXHOJOTMYECKUIT
LIMKJI TPOM3BOACTBA MUILIEBbIX U3eNNii.

AMIMHOKMCIOTA THPO3UH, SBJSISICE MOHO(EHOIOM, BCTYIIAeT B peak-
LMI0 OKUCTEHMSI T0J, NefiCTBUEM MeT-, OPTO-TUAPOKCUTUPO3MHA3 [54]
¢ 06pa3oBaHMeM XMHOHOB, KOTOpPbIE MOKHO OGHaPYKUTb TOTBKO CKaHM-
pymolueii ciekrpodoromerpueii [55]. B pesynbraTe HehepMeHTaTUBHbBIX
peaxiyil XMHOHBI MOTYT GBICTPO KOHJEHCUPOBATHCS ¢ 0Opa3oBaHUEM
KOMIUIEKCHBIX COeAVHEeHUI — MenaHuHOB [2,56] (PucyHok 1), 3atem
MpeBpallaThCs Mo peakuuu Muxasnsi-1,6- mpucoequHeHUs C TUOIAMU
M LIMKIM3alyeil ¢ aMMHOrPyIaMiu B 60KOBOJ Lieny GesKOB MM pere-
HepUpOBATbCSl 3a CYeT OKMCIMUTEeNbHO-BOCCTAHOBUTENBHOM peakuuyn
B MCXOIHYI0 aMUHOKUCIOTY/GeHos. TMpo3uHa3a akTMBUPYeT IOTMMepy-
3alMI0 MeNTUAOB, COAepXKallMX He TOJIIbKO TMPO3MH, HO U LucTeuH [57].
ITosyyeHHbIe MOMMMEPBI afiCOPOUPYIOTCS Ha PA3HBIX TOBEPXHOCTSX [57]
U TaKKe, KaK XMHOHBI, U3MEHSIIOT CTPYKTYPY K/I€TOYHBIX KOMIIOHEHTOB,
U, Ipexze Bcero, 6enkoB [55]. O6pa3oBaHyue IMCTEMH-OMBI B KaUecTBe
6MOTeHHOIt CBSA3M B GeKaxX MCIONb3yeTCsl, HallpuMep, Ipu paspaboTke
crocoba 1mosry4eHus UMUTaTOpPOB MUIVITHOI afgresumu [58].
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Pucynok 1. Cxema peakuuii CHHTe3a MeJIaHMHOB
Figure 1. Scheme of the reactions of melanin synthesis

B dpykTax 1 0BOIIAX YaCTO MHTMOMPYIOT TUPO3UHA3Y, TAK KaK XMHO-
HbI, 06pasylouyecs B pe3ylbraTe OKMCIeHUsT GeHONbHBIX COeNVHEeHMIA,
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MPUOAIOT MM 3aTeMHEeHHbIV LIBET ¥ CHIDKAIOT JOCTYIHOCTb HEKOTOPBIX
He3aMeHMMbIX aMMHOKUCIIOT. [I03TOMY BeeTcsl OVCK Pas3IMYHbIX MH-
ru6utTopoB hepmenTa [59], Kak u ero crabuanszatopos [60].

Llenpio maHHOM paboThl SIBMIACh pa3paboTKa MMapamMeTpoB GUMOCUH-
Te3a HOBBIX 6eKoBbIX KOHIeHTpaToB (BK) ¢ depmenramu mTI u TUP
U CPaBHUTENIbHAS OLIEHKA (QYHKUIMOHAIbHBIX CBOMCTB MOTYYEHHBIX TIpe-
11apaToB.

2. O6'beKTHI M METOABI

B xauecTBe 0GBEKTOB MCIIOIb30BAIN CYXYIO MIIEHNYHYIO KIeIKOBUHY
(CIIK) (00O «Cargill», Poccust), mogconneunstii konneHTpar (ITIK) (OO0
«Crenp MHBecT», Poccust), ropoxoBbiii kKoHLeHTpaT (I'K) («Roquette»,
®panuus) u dhepmeHTHbie mperapaTbl (PII): MUKPOOHYIO TPaHCI/IIO-
tammuHazy (MTT) (K® 2.3.2.13) («Novozymes», [JaHUSI) C aKTMBHOCTBIO
200 en./r u Tnpo3unHasy (THP) ¢ aktuBHOCTbIO 54 ef./r (OO0 Arpodep-
meHT, Poccust). Ucxopgubie BK 1o mokasaTenssM KayecTBa COOTBETCTBO-
Bam Kogekcy STAN 174-19891, TOCT 31934-20122 u TP TC 021/20113
u TP TC 022/2011%4 ®OyHKIMOHAILHO-TEXHOJIOIMYECKME CBOJCTBA
(®TC) BK (Bomocesi3biBawomiasi criocobHoctb — BCC; KMPOCBSI3bIBAIO-
mast crioco6HocTh — JKCC; meHoo6pasyomas criocobHocts — I10C; cTa-
6uabHOCTb TIeHbl — CII; skuposmynbrupyiomuas crmocooHocts — JKIC;
CcTabuIbHOCTh 3Mynbcuu — C3J; pacTBopuMOCTh — P) ompenensiyu
[0 METOIVKAaM, M3/I0KeHHBIM B pabote [28]. MaccoByio nomo Genka —
no metoxy Keenpgans (TOCT 10846-91%), Brarnm — FOCT 13586.5-20158,
30mbl — T'OCT 10847-20197, sxupa — TOCT 29033-918, knetuatku —
I'OCT 31675-2012°, pacTBopuMoro 6eika — 1o metony JIoypu, aMMHHOTO
asora — MeTogoM (hOPMOJIBHOTO TUTPOBAHUSI C M3MEPEHMEM PeaKiuyu
cpenbl Ha pH-MeTpe HI 2210 (HANNA, T'epmanust). Peakuuio 61MocuHTe3a
BK ocyimecTBsiv IPU pasiNMYHbIX 3HAUEHUSIX TUAPOMOAY/ISI, KOHLIEHT-
panuu ®IT u tremneparypsl. BuocunTes BK ¢ dpepmeHTaMu mpoBoamUiCs
10 TpeM BapuaHTaM: OAVH BapMaHT BKIIIOYaAJ pasfe/bHOe NIpUMeHeHNe
@I npu ONTUMAaTbHBIX WIM pallMOHATbHBIX ITapaMeTpax CUHTe3a, Ipy-
roii — coBmecTHOe ucnomnb3oBaHue ®I1 B onHy cTaguio (OLHOCTaIUITHBIN
croco6) 1 TpeTuit — Takke COBMECTHOe, HO B JIBe CTa[JMU: HA IePBO
craguu po6asnsack TUP, Ha BTopoit cragumu — MTT (OBYXCTaAMIAHbIA
croco6). ITpy Kask[IoM BHECEHUU MCITOIb30BaIMCh ONTHMAaIbHbIE/palln-
OHa/IbHbIE TTapaMeTphl peakiuu OMOCKHHTe3a GeKOB MpU pasaelbHOM
MCIIO/Ib30BaHMUN.
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KoncranTty Muxasnuca (K,)) aist depmenTtoB MTT 1 TUP onpepensu
0 pesynbTaTaM rpaduueckoit 3aBUCUMOCTM CKOPOCTM (hepMeHTaTUB-
HOJ peaklyy OT KOHIIEHTpauuy cybeTpaTta M BbIpaXkaiy Kak KOHIIEH-
Tpaumio, NPy KOTOPOi 6eky BCTYMAIOT B peakuuio B konudectse 50 %
OT MaKCMMaJIbHOTO cofepskaHusl. benkoBble mpernapaThl BBICYLIMBAIN CYO-
JIMMaLIMOHHBIM crioco6oM Ha creHze CBIT-036 (HITO «Bakyymmarii», Poccust)
110 BiiaskHoCTH 2—-8 % [61]. Bce peakTUBbBI ObUTM XMMUUECKY YVCTHIE.

sl TUIAHMPOBAHUST HKCIIepUMeEHTa ¥ 06paboTKM KCIepUMEeHTab-
HBIX JAHHBIX MCIIOAb30BaIM MaTeMaTuuyeckue MeTonbl. ONTUMMU3ALMIO
napameTpoB cuHTe3a BK ¢ ¢pepmeHTaMM OCYLIECTBIIS/IN 10 IJIAHAM JKC-
repyMeHTa, COCTaBIeHHBIM B BMIeE JATMHCKMX KBaJpaToOB (MaTpula)
17151 25 onbITOB. PYHKIME SIBIISIOCH KOMYECTBO aMMHHOTO a30Ta B cpe-
e, GakTopamMy — IPOLOKUTENbHOCTh CUHTEe3a, I'MIPOMOIY/b, KOH-
ueHTpauus pepmenTtoB. CratucTuyeckass 06paboTka pesyibTaToB OCY-
LIeCTBJISIACh METOLaMM AMCIEPCHOTO M KOPPENSLMOHHOTO aHaIM30B
¢ mporpammamu Statistica 6.0, Mathematica 12.2 u TableCurve 3D. Pe-
3YyJbTAThl IIPEACTABJISIZIVCH KaK CpeaHne apI/ICl)METI/I‘leCKI/Ie CO CpefHUMMN
KBaZpaTUYHBIMM OIIMGKaMy cpegHero apubmeTndeckoro (M m); nose-
PUTENbHBI MHTEPBAJ PACCUMTHIBAICS IIPU YPOBHE 3HaunmocTu p=0,05.

3. PesynbTaThl M 06CYKAEHME

3.1. Xumuueckuii cocmas u )yHKyUOHANbHbLe c80Licmea
0e/1K08bIX KOHYEeHMpamos

Vcxonubie BK 110 rmoka3saresissMm KauecTBa COOTBETCTBOBAIM HOPMAaTHB-
HBIM JIOKYMEHTaM, MMeJI MacCOBYIO oM 6enka, paBHylo 74,48—84,00 %,
CJIeI0BaTeIbHO, OTHOCMIINCK K Tpyrine «KoHeHTpatsr» (Tabmuna 1).

Anamu3 @TC koHueHTpaTOB nokasas, yTo BCC BK mM3MeHsnach B aua-
nasone 2,22+7,48 r/r, [I0C — 97+211 %, CIT — 7+59%, JXCC — 1,89+2,55 1/,
JKDC —43+53%, C3 —49+62 %, pactBopuMOCTb — 2,20+12.84 % (Tabnuua 2).

Ham6onpiieit BCC o6naman I'K, Haumenbineir — CITK. Hanb6onbiune
s3HaueHms1 [10C nonyuens! aiis CIIK, Haumenbuine — s [1K. CIIK nme-
n1a ¥ HU3Kkue 3HaueHus KOC u 0co6eHHO PacTBOPMMOCTH, YTO, B IIPUH-
LMIle, U OTPAaHNUYMBAET ee MPUMEHEHMe B MUILIEBbIX CUCTeMaX, KpoMe
xyeboreyeHns, HarpuMep, B MsicorepepabaThIBaOIIEei U KOHIUTEPCKOM
npoMbliiiieHHOCTH. 17151 iByx Apyrux BK pesynbTaThl yKa3biBajiM Ha He-
06X0AMMOCTb MOAMGbUKAIMHU CTIOCOGHOCTY 06Pa30BbIBATH IIEHY 1 ee CTa-
OGUIBHOCTH, YTOObI 06GecrieunTd 3PPeKTBHOE UCIIOTb30BAHMS CBOWCTB
B IIPOM3BO/ICTBE MIPOAYKTOB NUTaHusl. HEO6X0AMMO yUUTHIBATH U TO, UYTO
CBOJCTBA U TOPOXOBbBIX GEIKOB, 1, 0COOEHHO, [TOICOTHEYHBIX, MAJIO 13-
yUeHbI ¥ TPEBYIOT 60see ITy60KMUX MCCIeJ0BaHMIA.

Ins TUP Ha npumepe ropoxoBoro BK nepBoHauyajibHO MCC/IEOBAHO
€e COBMECTHOE JIe/iCTBIME C aCKOPOMHOBOI KMUCIOTO, KOTOpast MOI/ia Gbl
MCKITIOUATD MM YMEHBIIUTb TIOTEMHEHME GEJTKOB OT 06pa3yIoLIXcs Me-
naHuHOoB. I[Ipu meiictBun TUP B mosupoBkax 1,6—5,7 en/r u acCKOp6MHO-
BOM KMCIOTHI Mpyu KoHueHTpauyuu 0,05-0,1% KomuuectBo CBOGOIHOTO
aMMHHOTO a30Ta COCTaBsno 294,7-297,7 Mr/%, 4TO paBHSIJIOCh €r0 KO-
JIMYECTBY B KOHTPOJIILHOM 06pasiie 6e3 TUP (294,7+0,8 mr/%). C yueTom
STUX JaHHBIX U OTCyTCTBMeM noTeMHeHust BK ¢ TUP, ucnonp3oBaHne ee
B JAJIbHEMIINX OMBITaX UCKITIOUMIIA.

3.2. Buocunmes3 Kietiko8uHH020 KoHyeHmpama ¢ MTT'

CIIK siBnsieTCcsl IPOMBIIIZIEHHO BbilTyckaeMbIM BK, HegocTaTkom Ko-
TOPOTO, KaK YKa3aHO BbIIle, SIBJSIOTCS OTHOCUTETbHO HMU3KME (QyHKIM-
OHaJIbHbIE CBOVICTBA. TO Jenaet 0co60 3HaUMMbIM Mopudukaryio CIIK
6e301acHbIMM (hepMeHTaTUBHbIMM crtocob6amu. IIpu nmpoBegeHnm OnTu-
MM3aLMY TapaMeTPOB CHMHTe3a UCCIeLyeMbIX 6e/IKOB (QyHKIMel B Ipo-
1iecce BBICTYIIANIO KOJIMYECTBO AMMHHOTO a30Ta, TPV 3TOM YeM MeHbIIe
0CTaBaJIOCh €r0 B PeaKkiy 10cjIe Bo3aeiicTBusl pepMeHTOB, TeM dddex-
TUBHee IpoTeKanapeakiys. 3aBUCUMOCTb COAePKaHNsI aMMHHOTO a30Ta

Tabnuua 1. XMMUYeCcKuii COCTaB UCXOJHBIX OETKOBbIX KOHIIEHTPATOB
Table 1. Chemical composition of initial protein concentrates

MaccoBas gons, % Ha cyxoe BemecTso (CB)

BenKkoBblIii KOHIIEHTPAT Bnara, %
Benok, % XKup, % Kneruarka, % VrneBogml, %
IMuennuHas kiaeiikosuHa (CIIK) 7,55+0,87 74,48+0,23 (N X 5,7) 1,80+0,05 1,95+0,04 21,77+0,88
T'opoxosbsiii (I'K) 7,16%1,03 84,00+0,07 (N %X 6,25) 5,00%0,65 1,00+0,05 10,00+1,24
IMomconueunsiit (ITIK) 2,79+0,86 81,2%0,11 (N x 6,25) 0,71+0,35 1,73+0,02 16,35+1,03
Tabnuua 2. OyHKIMOHAIBHBIE CBOVICTBA GEIKOBBIX KOHIIEHTPATOB
Table 2. Functional properties of protein concentrates
KonmeHTpaT BCC, r/T 110G, % CII, % XKCC, i/t JKIC, % C3, % P, %
CIIK 2,22+0,03 211+1 59+2 1,970 43+£2 49+1 2,20%1,25
IT 7,48+0,51 109+2 655 2,55+0,05 50+1 62%6 12,84+1,20
IK 3,72£0,56 97+2 71 1,89+0,12 53+1 60+1 10,86+1,03
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OT MCKOMBIX (PaKTOPOB (KOHIIEHTpalus hepMeHTa, TPOAOIKUTENTbHOCTD,
rupgpomonynb) mias CIIK mckanu B Buae ypaBHEHMSI C IIOMOLIbIO IIPO-
rpamMmbl MaTemaTuka 12.2:

mA=ayx fce x ft x fh, (1)

rme: ce — KOHIEeHTpauus dpepMeHTa, ef./T; t — MPOAO/KUTETbHOCTh, Yachl;
h — TMapPOMOIYIb.

JI1st HaxOKIeHMsI HeM3BeCcTHOro kKoadduiyeHTa UCI0Nb30BaN IIPo-
rpammy Mathematica 12.2. Yepes JUCTUHT pellleHUs] ypaBHEHUS OIpe-
Jennay Ko3hOULMEeHT d,, TP APYIUX KodhduiimeHTa 11 uccienyeMbIx
(akTOpOB ¥ ONTMMAaJbHbIE 3HAUEHMS ITOCIENHUX ISl M3MEPeHUs! KO-
JMYecTBa aMMHHOTO a30TaB B XOZe peaklyy. YpaBHeHMe 3aBUCUMOCTHI
KOJIMYeCTBa aMUHHOTO a30Ta Y OT mcciemyemMsbix (HakTopos (2) umeno
clenyouit BUI:

Y=19,478 +0,5268X, — 0,0252X, — 0,04203X;, )

rge: Y — KonmM4yecTBo aMMHHOTO a30Ta, MI/%; X; — KoHueHTpauus MTT (en/r);
X, — NIPOLO/KUTENIbHOCTD ITpoLiecca (MUHYTHI); Xz — I'UMIPOMOIYIIb.

VBennuenue X; Ha 1 en. u3MepeHMs B CpefjHeM IOBbIANIO Y
Ha 0,527 en., a yBenmmueHne X, 1 Xz Ha 1 en. ymenbinano Y Ha 0,0252 1 0,042
efl., COOTBeTCTBeHHO. VI3 MakcumaipHoro koadduumenra f3,=0,5268 Bup-
HO, YTO HauboIbLIIee BIVsIHME Ha Y oKasbIBasl pakrop X;. CratucTiyeckas
3HAYMMOCTb YPaBHEHMsI IIPOBepeHa C MOMOLIbI0 KodbduleHTa gerep-
MMHaUVY 1 Kputepus ®uirepa. 3HaueHusI MapHbIX KoadduieHToB ypas-
HeHMs [TOKa3a/M HU3KYI0 B3aMMOCBsI3b Mexxay X; 1 X,. Hanbonbliee Bimsi-
HMe Ha pe3ynbTaT okasbian dpaxrop X; (r=0,2352), mo3ToMy B ypaBHeHUe
OH 6bUI BK/IIOYEH ITepBbIM. [I0BEPXHOCTM OTKIMKA KOMMYECTBA aMIHHOTO
a30Ta, IOCTpoeHHbIe B Buze 3D ¢ nmomoupio nporpammsl TableCurve 3D
(PucyHOK 2), oTpasmwimy 3aBUCUMOCTDh (QYHKIMM OT MCC/IemyeMbIX (GakTo-
poB. VI3 pelieHys ypaBHeHMSI ONITMMAa/bHbIe UX 3HAUEHUSI, 06ecreunBalo-
11yie MMHMMa/IbHOEe KOJIMYeCTBO aMMHHOro a3ota (Y=97,37 Mmr/%) B cpeze,
6bUTH CIenytolMe: KoHIeHTpauust MIT-8 ef1./r, MPOxOIKUTETbHOCTD MTPO-
necca-15,4 MunyT, rumpomomyinb — 1:8,05.

3.3. Buocunme3 K1etiko8UHHbIX KOHYeHmpamos ¢ THUP

ITapameTtpsl 6mocuuTe3a CIIK ¢ TUP ompenensin Mo pe3yabTaTaM
BIIVISTHUSI VICCIeyeMbIX (hakTOpOB Ha KOIMYECTBO aMMHHOTO a30Ta 1 pac-
TBOpMMOTO Geska. [TokasaHo, 4To Mpu ruapomonyse 1:5 u remreparype

25

20
10

L1,
@ ruapomogyns

& ey
&qqum,r% T on
gy

PucyHoK 2. 3aBMCMMOCTB KOJIMUECTBAa aMMHHOT0 a30Ta
(Mr%) ot TexHoormyeckux GakTopoB mpu 6GMOCHUHTE3e
KJIEIKOBMHHOTO KOHIeHTpaTa ¢ MTT
Figure 2. Dependence of the amount of amino nitrogen (mg%) on
technological factors in biosynthesis of gluten concentrate with microbial
transglutaminase (mTG)

53+2°C HaMMeHbIIee KOJMYECTBO CBOOGOSHOrO aMMHHOrO asora (54—
57 %) nocne peakuuu ¢ TUP ocraBasock mpy KOHIEHTpauuu hepmeHTa
5,40 u 10,80 en./r CB (Tabmuia 3). [Ipu naHHBIX 3HAYEHUSIX KOHILIEHTpAa-
uyu TUP B BK comepskanoch 1 MeHblllee KOJIMUYeCTBO PaCTBOPUMOTO Gesi-
Ka, YTO YKa3bIBaJIO Ha GOJIBIIYIO CTEIIEHb arperauyy U «CIIMBKU» GETKOB
1107, BAVSIHYEM 5H3MMa.

VccepoBaHue 3aBMCMMOCTM KOMMYECTBA aMMHHOTO as3oTa OT Be-
muyHbl tuapomonyins (1:4+1:5) mpu pasnuuHoi KoHumeHTpauyyu TUP
10Ka3ajo, 4To Mpy rMapomopyie 1:5 mocjie peakiyuyu ero OCTaBasoCh
Ha 19-25% wmenblue, uem nipu 1:4 (Pucynok 3A). IIpu rugpomonyie 1:5
u koHueHTtpauyu TUP 5,4 en./r CB Gosblile BCEro YMEHbIIMIIOCh U KOJN-
yecTBO pacTBopumoro 6enka (PucyHok 3B). B urore, 3a pauyoHa/IbHbIe
napametpsl cuHTe3a BK ¢ TUP npmHATHI CIKAYIOMINE [TapamMeTphl: KOH-
ueHtpauus ®I1 — 5,4-10,8 en./r CB, rugpomonyinb — 1:5, mpomomku-
TeJIbHOCTh peakimu — 15-20 mun. [TapameTpsl 6uocuuTesa BK u3 CIIK

Ta6nuiia 3. Bimsuue koHeurpauuu TUP Ha KoanyecTBO aMmMHHOrO asora B CITIK
Table 3. Effect of tyrosinase (TYR) concentration on the amount of amino nitrogen in dry wheat gluten

Konuenrtpauus TUP, ex./r CB

KoHTpoan
CIIK (6e3 0,160 0,216 0,270 0,378 0,540 0,810 5,40 10,8
depmenra) AMuHHBIN asot, Mr/% (55+2°C)
172,02 124,3+0,9 119,9 £4,3 104,9+1,5 109,4%8,1 104,9+5,1 102,9+8,0 93,1%2,3 98,8+2,1
AMMHHBIN a30T, 10 CPABHEHMIO C KOHTpoOIeM, %
100 72 70 61 63 66 68 54 57
PacTBOpUMBIit GENIOK, mr/cm3
0,175 0,092 0,095 0,102 0,125 0,120 0,120 0,067 0,072
PacTBOpUMBIit 6€JI0K, IT0 CPaBHEHMIO C KOHTPOJIEM, %

100 52 54 60 70 68 68 38 41

AMMHHBII a30T, Mr/% (24*1°C)
99,9%1,2 99,9+0,6 101,9%2,1 99,9+0,7 97,9%1,0 109,9+0,7 100,1+1,0 125,9+0,3 147,8+0,2
AMMHHBIN a30T, 10 CPAaBHEHMIO C KOHTpoIeM, %

100 100 100 100 88 10 1 26 85
180 0,2
s 0,18
S 160 é 0,16
= 140 g 014

§ é 0,12 In oI

:: 120 = B - = 0,1
E 2 0,08
E 100 § 0,06
< = 0,04
50 Ii E 0,02
60 0

T'uxpomonyns 1:4
&)

T'nppomonyns 1:5

TI'mnpomonyns 1:5
(B)

PucyHOK 3. BausiHue mapameTpoB cuHTe3a KieiikoBuHHOro BK ¢ TP Ha Ko/IM4yecTBO aMMHHOTIO a3oTa (A) u pacTBopumoro 6esnka (B)

npu KoHueHTpauuy ®II, en./r CB: M0 m (0,162

0,27 0,378 m0,8] ®m54 W10,8 m162 21,6

Figure 3. Effect of the parameters of synthesis of gluten protein concentrate with TYR on the amount of amino nitrogen (A) and soluble protein (b)

at a concentration of the enzyme preparation, units/g DM: B0 ® (0,162

0,27 0,378 W0,8] M54 W10,8 W162 WM21,6
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cBezeHbl B Tabuily 4. B Tabnuiie 4 mpuBeLeHbl ¥ TapaMeTpbl 6GMOCUHTe-
3a BK u3 CIIK mpu coBMecTHOM ucIonb3oBanumu ¢epmentoB MTI u THUP.
BunHo, uTO HaMMeHblllee KOMMYeCTBO aMMHHOTO a30Ta B Cpelie OCTaBa-
JIOCh TIPY OFHOCTaAUHOM cItocobe ucroab3oBaHus hepmeHTOB (58 %),
10 cpaBHEeHMIO ¢ ogHoit TUP miau gByxcTaanitHOM BBeIeHus 060X dep-
MEHTOB, KOIMYeCTBO a30Ta IPM 3TOM YMeHbIIa/lI0Ch Ha 67-68 %.

Ta6muua 4. [lapaMeTpbl CMHTe3a KJIEIKOBMHHOTO KOHIIEHTpaTa
Table 4. Parameters of gluten concentrate synthesis

Ronmerpars: 3‘:;‘;:2’5;{[ remunocm,  MWapono A
KonTpons (CIIK) 0 15 1:5,0 143,7+1,20
C depmenTammu:

TUP 5,4 15-20 1:5+1:5 98,5%5,6

mTT 8,0 15,4 1:8,05 121,5+0,41
JIByXCTaIuitHbIl CITOCO6

TUP+MTT 5,4+8,0 15+15 1:5+1:8 95,9+0,60
OmHOCTaIMITHBINA CIIOCOO

TUP+MTT 5,4+8,0 15-20 1:7,0 83,9%0,04

3.4. dyHKkyuoHanvHole ceolicmea KnelikouHHbLx BK,

noayueHHsix c MTT' u TUP

Konuenrpartsl, cuHTe3MpoBaHHble ¢ MTT u TUP, umenu npeumyuie-
CTBa, 110 cpaBHeHMIO ¢ KOHTponbHOI CIIK, Tonbko no 3HaueHuto XKCC.
CrocoGHOCTD CBSI3BIBATH KUP YBeIMUMBaaach Ha 29-43 % (Tabmuia 5).

Bonee monoxutenbHoe BiausHue Ha cBoiictBa BK u3 CIIK oxasbiBan
IBYXCTaAUIHBINA CIIOCO6 MCIIONb30BaHMSI (EepPMEHTOB, IIPU KOTOPOM,
1o cpaBHeHMIO ¢ KOHTpoabHOI CIIK, y KoHIleHTpaTa Ha 48 % MoBbIIIa-
nack BCC 1 moutu B 2 pasa — JKCC, HO He3HAUUTETbHO YMEHbIINIACh
pacTBOpUMOCTb. IIpy COBMECTHOM OJHOCTaAUIHOM MCIIOJb30BaHUM
TUP u MTT addekTuBHOCTS geiicTBus HhepMeHTOB 6blia Hinke. Crieno-
BaTeJIbHO, CUHTE3 KiIeliKoBMHHOro BK, 1, mpexze Bcero, 0js yBeanye-
uust BCC MOXXHO peKOMEH0BaTh NP ABYXCTAAMITHOM cIiocobe mpume-
HeHMSI SH3UMOB.

3.5. Buocunmes3 zopoxoesix KoHyeHmpamos ¢ TUP

VsyueHne BiMSIHUSI NapaMeTpoB cuHTe3a ropoxosoro BK c¢ TUP
Ha KOJIMYEeCTBO aMMHHOTO a30Ta MOKA3ao, YTO IPYU BHIOPAHHBIX LO3U-
poBkax ¢epmenta 0,72 en./r u 0,90 en./r CB Hanbonee appeKTUBHBIM,
C TOUKM 3peHMs] HaMeHbIIero ero 3HaueHusl, TMIPOMO/LY/Ib PaBHSIICS
1:1,50+1:1,67 (PucyHok 4). IIpu o6eux gosuposkax @II u ruppomonyie
1:1,67 Bpems peakiuu coctaBmio 30-35 munyT (PUCYHOK 5), a Konue-
CTBO aMMHHOT0 a30Ta B cpefie yMeHbIna0ch Ha 60-70 %, 1o cpaBHEHUIO
¢ KoHTposnbHO¥ CITK.

WccnenoBanue BAMSIHUS pa3indHOM KoHUeHTpauuu TUP npu ruapo-
mopyie 1:1,67 v TPOAOIKUTENbHOCTHM peakuuy 30—35 MUH Ha KOUYeCT-
BO aMMHHOTO a30Ta I10Ka3aj0, YTO HelpopearnpoBaBLIero a3oTa MeHb-
11e BCero oCcTaBaaoch npu fgo3mposkax 0,90-1,26 en./r CB (PucyHoK 6A),
a pacTBopumoro 6enka — npu gosuposkax 0,54 ex./r n 0,81 en./r (Pucy-
HOK 6B).

OTcrofa B KauecTBe palyOHAJIbHBIX [IapaMeTpPOB AJIsI CMHTe3a ropo-
xoBoro BK oto6paHbl: BpeMs peakuuu — 30—35 MUHYT; TUAPOMOLYIb
1:1,50+1,67; xoutenrpatys TUP — 0,81+0,90 ex./r CB.

Tabnuiia 5. OyHKIMOHATbHbIE CBOJCTBA K/IEIKOBUHHBIX KOHIIEHTPATOB
Table 5. Functional properties of gluten concentrates

OGpaser, BCC, 1/t I10C, % CII, % JKCC, 1/t JK3C, % C3, % P, %
KonTpons CITK 2,33% 0,03 1971 75%2 2,18+0,01 50%0 45+1 33,7%1,1
Komrmosur ¢ pepmeHTamm:
TP 2,16+ 0,03 1992 66+2 2,54%0,01 45+1 401 5,40%1,2
MIT 2,17+ 0,03 200£0 631 2,83%0,01 48+0 451 4,31+0,8
[IByXCTaAMITHBII CIIOCO6
TUP+MTT 3,46% 0,23 204+2 70£2 4,27+0,10 50+0 60+0 28,4+1,1
OpHoCTaAMITHBIN CII0CO0
TUP+MTT 2,36+ 0,13 197+0 770 2,13%0,01 55%0 60%0 25,7+0,8
=4—0,90 ex/r THPO3UHA3BI ~—(,72 en/r THPO3UHA3bI
390 +
370 -
§ 350 - I 1 1 I
= 330 -
£ 310
2 290 -
= 270
£ 250 -
E 230 -
210 T T
< 190 ,#
170 T T T T T T T
KonTpons 1,5 1,67 2 2,33 2,67 3,33 5 6,67
T'unpomonyns
PucyHok 4. BiusiHue ruApoMoaysisi Ha KOJIM4ecTBO aMMHHOro a3ora B I'K, mr/%
Figure 4. Effect of the hydromodule on the amount of amino nitrogen in the pea concentrate (PC), mg/%
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PucyHOK 5. BiusiHue Iposo/DKUTeIbHOCTH cuHTe3a BK Ha KosmmyecTBo amMmuHHOrO asora B 'K
Figure 5. Effect of duration of protein concentrate synthesis on the amount of amino nitrogen in PC
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PucyHok 6. Biussaue koHueHTpanyy THP Ha KOIMYecTBO aMMHHOIO a30Ta (A) u pacTtBopuMoro 6eska (B) B ropoXxoBoM KOHIIEeHTpaTe
Figure 6. Effect of the TYR concentration on the amount of amino nitrogen (A) and soluble protein (B) in pea concentrate

3.6. BuocuHmes 20pox08020 koHyeHmpama ¢ mTT (Oanee evidenume
pasodenvt no aHanozuu)
IMapameTtpsl cuHTe3a ropoxoBoro BK c¢ MTI ompegensiiu, opueH-
TUPYSCh HA KOHCTAaHTy Mwuxasnuca, u3MepeHHyw s depmenta THUP.
Vcronb3yst pe3yabTaThl 3aBUCUMOCTHM 6Oelika, Iepellesniero B pacTBop,

Ta6muua 6. KonuecTBo aMMHHOTO a30Ta MPY Pa3INIHBIX
napaMeTpax CMHTe3a ropoxosoro BK

Table 6. Amount of amino nitrogen upon different parameters of synthesis
of pea protein concentrate

Konuenrpanusa IIpopgomkurensb- I'mapo- AMMHHBINI
or HaBeckn BK (PMCyHOK 7), paccyuTanyu ee 3HaYeHMe M YCTAHOBWIM,  KOHIEHTpAThI q,l-][l’ en./l:‘ EB pﬂgc“, MMH Mo'zl;nb asor, mr%
YTO OHO, MPAKTUYECKM, OOVMHAKOBOE IJIs1 060X HEePMEHTOB U PaBHSIIOChH s : n
33,6036,4 Mr 6enka/MuH. [Ipu ToM Xe rugpomonyie 1:1,67 U KOHIEHT- Konrporns 0 30-3 111,67 147,4*1,20
pauyu mTT 0,81-0,90 en./r CB MpomomsKUTeNbHOCTD peakiiuy paBHSIaCh KoutieHTpatsi ¢ hepmeHTaMu
30—35 MUHYT (PUCYHOK 8). TUP 0,90 30-35 111,67 92,1%0,60

KonnuectBo amuHHOro asora B bK B mpoliiecce cuHTesa, 1o CpaBHe-
HUIO C KOHTPOJIbHBIM BapMaHTOM, YMEHbIIAIOCh Ha 66 %. COBMeCTHOe Xe TP 5,40 30-35 1:1,67 140,4%0,20
MCIO0Mb30BaHMe GepMeHTOB He MTPUBOAMIIO K JOCTOBEPHOMY CHUKEHUIO MTT 0,90 30-35 1:1,67 88,4%0,41
KO/IMYecTBa aMMHHOTO a30Ta, 110 CPaBHEHMIO C pa3fieNbHbIM UX UCIIONb-
sosanvem (Tabma 6) P pasit MTT 0,90 30-35 1:7,00 140,0£0,65

B mTT 5,40 30-35 1:7,00 136,7+0,25

3.7. QyHKyUOHAIbHBLE C80licMmBa 20p0X08bix KoHUeHmpamos ¢ MTI u THUP

TTo cpaBHEHUIO C KOHTPOJIbHBIM 06pa31LioM, Y KOHLIeHTpaToB ¢ MTT u TUP ( ?;IIZ;;WEM) 0,90+0,90 30+30 1:1,67 150,3%1,60
Ha 24-34% nosbicunack BCC, B 2,3-2,4 pa3a — I1OC, B 1,6—-1,8 paza — CII, A A
He3HAUMTEIbHO MOHM3UINCH pacTBopuMocTh 1 JKIC (Tabmuiia 7). OmHako TUP+MTT 0,90+0,90 30-35 1:1,67 89,8+0,04

3HAUeHMsI 3TUX [IBYX IapaMeTPOB OCTaBajlCh Ha YPOBHE, aHAJIOTMUYHOM
cBoricTBaM BK ¥ KOMIO3MTOB, NMOMY4YEeHHBIX U3 OPYTUX BUIOB 3€pPHOBOTO
cbIpbsi: mueHunsl [11,30,62], puca [18], pxu, stumeHst [63] TpuTukae [64].
Takum o6pa3oM, o6a pepMeHTa 11e1eco06pas3Ho VCIOMb30BaTD ISl YITyd-
IIeHNs. BOMOCBSI3bIBAIONIE) CIMOCOGHOCTY M TIeHOOOPasyIOUMX CBOWCTB
ropoxoBoro BK m1st crionb30BaHys B IPOU3BOLCTBE MSICHBIX, XJIe600Y/I04-
HbIX, KOHIUTEPCKMUX MU3/e/INIA, BKIIOYasi Te, B OCHOBE KOTOPbIX JIeXKaT MeH-
Hble cycTeMbl (3edup, acTmIa 1 Ap.) U COLepsKaTCs SKUPBIL.

(opmHa cragus)

3.8. Buocunmes nodcoyiHeuHblx 6e1k08blx KOHYeHmpamos ¢ TUP u mTT

VpaBHeHUS 3aBUCUMOCTH KOINYECTBA AMUHHOTO a30Ta Y OT UCCIeny-
eMbIX (aKTOPOB AJIS1 MOACOTHEYHbIX BK, IOTyYeHHBIX IIPU ONTUMM3ALUN
paspenbHoro ucnonb3oBanusi TUP (3) u MTT (4), uMenu, COOTBETCTBEH-
HO, CJIeSyIOL Ui BUA:

Y=0, 5908 + 50,4X, + 0, 0336X, + 0, 01736Xs, 3)
400 350
e 350
=300 o 300
5 <
5 250 =
=200 <)
g =
§ 150 5 200
£ 100 E
) 150
50
0 100
02 04 06 08 1 14 16 1,8 2 Kourpons 1,67 2 2,6 33 4 5 6 7
Hagecka koHLeHTpaTa, T I'mapomonyns

PyucyHOK 7. 3aBMCMMOCTDb PacTBOPMMOro 6esika ot HaBecku ['K
¢ pepmenramu: — TUP — mTT
Figure 7. Dependence of soluble protein on the weighted portion of PC
with enzymes: — TYR — mTG

PucyHok 8. BinsiHue rugpoMoayJisi Ha cogep>kaHue
aMuHHOro asora ¢ MTT
Figure 8. Effect of the hydromodule on the content
of amino nitrogen with mTG

Tabnuiia 7. OyHKIMOHATbHBIE CBOJICTBA TOPOXOBBIX KOHIIEHTPATOB
Table 7. Functional properties of pea concentrates

KoHueHTparst

BCC, 1/t 11oC, % CII, % JKCC, 1/t JK3C, % C3, % P, %
KouTpons (I'K) 3,16+0,19 47+0 18+1 1,87+0,06 74%1 97+1 22,2%0,3
KoHueHTpatsl ¢ hepmeHTaMM
TUP 4,19+£0,11 114£1 33%1 1,98+0,07 52+1 50+1 15,0%0,3
mTT 4,24%0,10 110#1 29+1 1,80+0,05 531 47+1 16,1+0,2
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Y=1,834 + (b,) 168X, — (b,) 0,0028 X, — (b5)0,14X;, )

rge: Y — KonmM4ecTBO aMMHHOTIO a30Ta; X; — KoHLleHTpauus OII; X, — nponon-
SKUTEeJIbHOCTB ITpoliecca; Xz — r’MApOMOAY/b.

IToBepxHOCTM OTK/IMKA KOIMYECTBa aMMHHOTO a30Ta OT MCCIeLyeMbIX
rmapamMeTpoB, IocTpoeHHbIe ¢ mporpammoii TableCurve 3D (PucyHok 9),
YKa3bIBaJIM Ha MX B3aMMOCBsI3b. KoadduiyeHTb KOppesiyy ypaBHeHWii
R(1)=0,5908 u R(2)=0,7875 cBumerenbcTBOBanmM 06 ameKBaTHOM OIMCA-
HUU IKCIIEPVMEHTAIbHBIX AAHHBIX, a 3HAYeHMsT HMapHbIX Koadduimen-
TOB X, 1 Xz, KaK U AJIs1 KJIeIKOBUHHOTO 6elka — O HM3KOIi B3aIMOCBSI3U
MeXIy IPOLODKUTENbHOCTBIO CMHTe3a U TuapomonyaeM. OnTyuManbHbie
3HaueHMs IapaMeTpoOB, COOTBETCTBYIOLIME HaMMeHbIIeMy KOINYeCTBY
aMMHHOTO a30Ta B cpefie, 6buty cnepyoiye: ajst TUP nipu Y=1,28 mr/% —
KoHienTpauus depmenta 0,189 en./r CB, IpomO/KUTETBHOCTh PEAKIIUNA
15,74 muH, rugpomonyine 1:5,06, nyis mTT npu Y=52,94 mr/% — KOHIIeH-
tpauus 0,30 en./r, IPONO/DKUTENBHOCTh 14,14 MuH, rugpomonyns 1:4,8.
B nopconneynom BK, nomydyeHHOM npy onTUManbHbIX Napametpax ¢ TUP,
10 cpaBHeHMIO ¢ ucxomHbM 1K, KomuecTBoO a30Ta yMeHbUIAIOCh TTOYTH
B 80 pas, a B koH1leHTpaTe ¢ MTT — B 2 pasa.

Ipu ABYX- I OMHOCTAAUITHOM CITOCO6AX COBMECTHOI'O MCITOJIb30BaHMST
TUP n MTT HaMMeHbIlee KOIMYECTBO aMMHHOTIO a30Ta B KOHIle peaKlun
BbISIBIeHO Ipy KoHUeHTpauuu TUP 0,216-0,270 en./r CB (BapuaHThI 5,
6), kouteurpaiuu MTI' — 0,3-0,8 exn./r CB (BapuaHThI 4,5) U rumpomo-
nyne 1:5 (Tabnuia 8). KommuecTBo a3oTa Npu JBYXCTAaAMITHOM BBEAEHUU
dbepmeHTa, 10 CPaBHEHMIO C KOHTPOIbHBIM BK, Ipy AaHHbBIX apaMeTpax
yMeHbUIWJIOCH NTOUTH B 60 pas, npyu ogHOCTaguitHoOM — B 48 pa3s. toro-
Bble IlapaMeTpbl CMHTe3a NofconHeuHbIX BK npencrasiensl B Tabmuie 9.

3.9. @yHKyUuOHAaNbHble c80licMBa NOOCOHEUHBIX KOHYEHMPamos
c¢mTT u TUP

AHanmM3 QyHKUMOHATBHBIX CBOMCTB BK, MoMyUyeHHBIX TT0 ONTUMAab-
HbIM rmapamerpam ¢ TUP u mTT, mokasas, uto BCC 06pa31i0B noBhICHIaCh
Ha 47-56%, 110 CpaBHEHUIO C KOHTPOIbHBIM 00pa3lioM, CTa6MUIbHOCTD
reHbl — B 5,7 pa3sa, )KOC — Ha 11 %, JKCC — Ha 25 % (Ta6nuua 10). 3Haue-
Hust BCC un JKCC Heckonbko syyine 66utn y BK, monyuennom ¢ TUP.

CaoiictBa BK, cMHTe3MpOBaHHBIX IPU COBMECTHOM MCIIO/Ib30BaHUMU
hepmMeHTOB, He YAYUIIMINCE, TI0 CPABHEHUIO C Pa3IeNbHbIM UX MpUMe-
HEeHMeM, CIef0oBaTeNbHO, 6uocunTe3 BK 1enecoobpaseH ¢ Kaxknbim dep-
MEHTOM B OTIETbHOCTH.

Tabnuua 8. AMMHHBIN a30T B nnogcorHeyHoM BK nipy pasnamyHbix
croco6ax BHeceHus1 hepmMeHTOB
Table 8. Amino nitrogen in sunflower protein concentrate upon different
ways of enzyme addition

KoH1eHT- IIpomomku- IIponosku-
= pauys, TEeJIbHOCTb, TeJIbHOCTB,
= en./r CB MUH AMMHHBII MUH AMMHHBIIT
oz- JByxcraguii- a3or, Mr % OpHoOcTagmii- asoT, MI %
THUP w™TI HBbIi C1IOCO6 HbIi1 CI10CO6
TP ™mTT TUP + mTT
KonTposns,
1 6e3 0 0 40,95+1,30 0 40,95+1,30
dbepmeHnToB
2 0,054 0,20 5 5 5,25%0,31 5 2,10£0,31
3 0,108 0,40 10 10  1,82+0,02 10 1,26+0,22
4 0,189 0,30 15,74 14,14 0,84+0,04 15 1,12+0,00
5 0,216 0,80 25 25  0,70%0,02 25 0,98+0,00
6 0,270 1,00 30 30  0,70%0,07 30 1,26+0,31
7 0,350 0,30 14 15  37,80+1,05 15 34,65+0,40
Ta6nuua 9. [lapaMeTpsl CMHTE3a MOACOTIHeYHOro BK
npy pasanyHbIX crroco6ax sBegeuns MTI' u TUP
Table 9. Synthesis parameters of sunflower protein concentrate upon
different ways of mTG and TYR addition
KonnieHT- IIpomoinku- ~ .,
Bemomte  pawm Ol rommocn, MR A
en./r CB MMH Y ’
[IK (6e3 hepMeHTOB) 0 15 1:5,0 106,1+1,20
KoHueHTpaThI ¢ hepmeHTaMM
TUP 0,216 15,74 1:5,00 1,30£0,25
MIT 0,300 14,14 1:4,80 54,30%0,91
KoHI1eHTpaThI ¢ AByMst hepMeHTaMMu
[IK (6e3 hepmeHTOB) 0 50 1:6,0 40,95+1,30
THP+mTT 0,216+0,80  25+25 1:60  0,70£0,00
(mBe cragun)
THP+mTT 0,216+0,80 25 1:60  0,98+0,04

(ogHa cTagus)

g
=
g
-
2
g
®)
PucyHok 9. 3aBMCMMOCTB KOJIMYECTBAa aMMHHOTO a3oTa (Mr %) OoT napaMmeTpoB cuHTe3a: (A) — TUP, (B) — mTT'
Figure 9. Dependence of the amount of amino nitrogen (mg %) on synthesis parameters: (A) — TYR, (b) — mTG
Tabnuia 10. PyHKIMOHAIbHBIE CBOVICTBA MO COTHEYHBIX KOHLIEHTPATOB
Table 10. Functional properties of sunflower concentrates

OG6paser, BCC, 1/t 110G, % CII, % JKCC, 1/t JK3C, % C3, % P, %

Konrpons ITK 3,72%0,12 140+2 7+1 1,90+0,12 53+2 64=1 10,9+0,72
KoH1eHTpaThI ¢ hepmeHTOM:
TUP 5,80+0,32 145+2 40%2 2,97+0,32 63+2 68+1 2,25+0,42
mTIT 5,47%0,22 1451 401 2,37%0,12 621 68+0 2,25%0,17
JIByXCTamuitHblii cr1oco6 ¢ AByMs dhepMeHTaMu

TUP+MTT

(1Be cTamum) 3,47%0,11 138+£3 7£1 2,63%0,12 48+2 28+1 3,34%0,54
OpHocTaguitHBI C110co6 ¢ ABYMS epMeHTaMM
TUP+MTT 3,30%0,11 138+2 6 =0 2,71%0,12 53+%2 50+1 3,45+0,24

50
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Vi3BecTHO, uTo pepmeHThl MTT 11 TP UCTIONb3YIOTCS B KAUeCTBE CIIIN-
BalOIMX areHTOB GEJIKOB C Lie/bl0 MOAMGMKALMY CBOMCTB U CTPYKTYPbI
MUIIEBbIX CUCTEM Garofaps Crioco6HOCTM 06pa30BaTh B HUX MOIEpeY-
Hble cBsA3U. [Ipu 3TOM B oTHOmeHN MTT nomydeHbI 3HaUMTeNbHbIE pe-
3y/bTaThl [65]. [[pyMeHeHMe oceHel Haubomee U3y4eHo AJIST MSICHBIX
cyucTeM, BKITIOYAsl, HAIIpUMeD, aHAJIOTY KypUHOI Kon6ackl [66], KyIbTH-
BMPYyeMOe MsICO [67], CTeJiKM M3 KYCOUKOB Msica C M30/IITaMy FOPOXOBOTO,
pUCOBOro 6e/ka M YeueBUYHOM MyKO¥ [68], KaK ¥ IJIs MOJIOUHBIX GEJIKOB
n ux dpaxuuii [69,70]. PaboTbI 110 UCTIONB30BaHMIO GepMeHTOB IS YITyd-
mreryst ®TC 6eNKOBBIX KOHIEHTPATOB/M30/ISITOB 3HAUMTEIBHO MEHbIIIe
1, 0CO6€HHO, 3TO OTHOCUTCS K TUP.

Ecnmu cpaBHUTBH NONTy4eHHblE [JaHHbIe, HalpuMep, C pe3ylbTaTaMu
TSI OBCSIHOTO Gesika 1 6enka 13 KOHCKMX 6060B [71], TO OHM COMIAcyIoT-
Cs1 B OTHOLIEHMM YMEeHbIIeHMs] X PacTBOPMMOCTH I0f, AeiicTBueM dep-
MEHTOB, M pasauMuMii B KOHIEeHTpanysx MTI, «CXBaThIBAIOIIMX» GETKM
13 3ePHOBBIX WM 6060BBIX KynbTyp: Aj1s1 CITIK KOHLIeHTpa1ys 6bl1a BhIIIe,
uyeM pyis1 ropoxosoro BK (8 en./r u 0,9 en./r, COOTBETCTBEHHO), TAIOKe KaK
1 100/1000 en./r ajist oBestHOrO, ipoTHB 10 ef./T 17151 6eIKOB M3 KOHCKMX 60-
608 [71]. C opyroii croponsl, MTT yiydmiana [TOC oBcsiHOro 6enka, a o Ha-
myuM JaHHbIM, ¥ TVIP noseiana ee 3HadeHus, kak y CIIK, tak u y I'K.
PesynbraThl 10 CHMKeHMIO pacTBopuMocT BK coracoBbiBanuch C pe-
3y/JbTaTaMM JPYTMX aBTOPOB, HAIIpUMeD, [/1s 6eJIKoB ropoxa, puca [72,73]
n ¢acom [74]. JKOC usMeHs1ach B 3aBUCUMMOCTY OT IPUPOABI GENKOB:
Yy TOPOXOBBIX — YXYALIATINCh, & Y IIOJCOTHEUHBIX OCTABaIUCh 6e3 M3MeHe-
H, IO CPaBHEHUIO C HATUBHBIMM Genrkamu. 1o Ipyrum JaHHBIM M3BECT-
HO, YTO CTaGMIIbHOCTD SMYJIbCHIA Y 6eIKOB HyTa Mo, BavsiHueM MTT TonbKo
TOC/Ie Mecsilia XpaHeHMsI GbLIa BbILIe, [T0 CPABHEHMIO C HATMBHBIMM GesKa-
mu [75]. VI3BECTHO M TO, YTO M30IMPOBAHHBI COEBbIi GEIOK MOKAa3bIBa
HIDKE SMYJIbTMPYIOLILYIO CIIOCOOGHOCTD 11of, BayusinyueM MTT, yeM MCXOTHbIN
6€eJI0K, 5TO IIPY CHIDKEHUY TOJIbKO 3% aMMHHOTO a30Ta 3a 1-2 vaca peak-
LMY TIPU YOBJIETBOPUTENBHOI CTAGMIBHOCTU 3MY/bcyM [76]. TTo Hammm
nmauHbIM, XKIC 1 cTabumbHOCTb aMysbenit y CIIK u [TK He yXyaIanamch, Tak
Kak TapaMeTpbl CMHTe3a OIpefieleHbl IIPM MeHblIeM KOJIMJYecTBe OCTa-
TOYHOTO aMMHHOTO a3oTa B cpezie: as1 CIIK oHo noHmkanoch Ha 43-46 %,
st [TK — Ha 49-98 %, 1o cpaBHEHMIO C KOHTPOJIEM.

Tak Kak 11e/bI0 JaHHOIi paboTsl 6bUT0 cpaBHeHEe OTC KOHIIEHTPATOB,
«cmmnTbix» ¢ MIT u ¢ HegocraTouHO M3ydyeHHo TUP ¢ ipyrum mMexaHmus-
MOM JeiiCTBUSI, TO YCTaHOBJIEHO, uTO A1 CITK pasnnumii B CBOVCTBAaX, CUH-
Te3upoBaHHbIX BK He o6HapyxeHO. [Toka3aHO MONOKUTETbHOE BIUSHUE
COBMECTHOTO JBYXCTaIUITHOrO Crioco6a MCHOoMb30BaHusl GepMeHTOB s
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yiryutienust BCC u JKCC. 151 ropoxoBbIX U IOACOMHeYHbIX BK, 1o aHasno-
run ¢ CIIK, pazmmunii B @TC 6enkoB nop, avsiiueMm THP u MTT He BbI-
saBieHo; BCC, I10C, crabmipHOCTh 1eHbl, JKCC u JKI3C ynmyumanicy npu
pasgenbHOM MX NpyuMeHeHuy. COBMECTHOE MCIIOIb30BaHue (pepMeHTOB
He VMeJIO PeVMYLIeCTB, [0 CPAaBHEHUIO C paszaenbHbIM, 111 060ux BK.

4. 3akjIueHue
Pa3paboTaHbl 6MOTEXHOMOTMYECKMe OCHOBBI cuHTe3a BK u3 cyxoit

MIIEHUYHON KJIeJIKOBMHBI, TOPOXOBOTO Y MOACOTHEYHOTO KOHLIEHTPATOB

st MoavduKauy ux QyHKIMOHATbHBIX CBOVICTB:

U ycraHOBIeHbI 3aKOHOMEPHOCTM BIMSIHUSI IapaMeTpOB Ha MacCCOBYIO
JTIOJTI0 aMMHHOTO a30Ta M PACTBOPUMOTO O€eJiKa: IPY TIOBBIIIEHUM TUIPO-
MOZYJIs1, IPOLO/DKUTENbHOCTY peakuyuu u KoHueHTpauuu MTT u TUP
ToKasaTely YMeHbIIanach, 3aTeM OCTaBAIMCh ITOCTOSTHHBIMY ¥ BHOBb
BO3pacTaiu. Bo3MOXHO, 3TO 6bII0 CBSI3aHO C MHTMOMPOBAaHMEM aKTUB-
HOTO 1IeHTpa (hepMEeHTOB MPOAYKTaMM PeaKLMy WU CyOCTpaTaMu;

U ompepesnieHbl ONTUMAaabHbIe/pal[MOHATbHbIE TMapaMeTpbl CUHTe3a
BK u crioco6sr BHecenus B @I1: qyis kieiikoBuHHOrO BK — mByxcra-
IUiHBIN criocob ¢ KoHueHTpauueir TUP 5,4 en./r u mTT 8,0 ex./r,
MPOJIO/DKUTENBHOCTBIO peakiuu — 1o 15 MuHyT, rugpomonyniem 1:5
u 1:8, coorBeTcTBeHHO. [IJIT TOPOXOBOrO U IomcomHeuyHoro BK ad-
dexTUBHO pasgenbHOe ucnonb3oBanne MTI/TUP ¢ KOHIeHTpalueit
0,81-0,90 en./r CB, mpomomkuTenbHOCTBIO 30—35 MUHYT U ITMIPOMO-
nmynem 1:1,50+1,67. TlapameTpsl mjst mogconHeyHoro BK: koHIeHTpa-
uyst TUP — 0,189 en./r CB, Bpems peakiuu 15,74 MuH, TMIPOMOAY/Ib
1:5,06, nns BK ¢ MTT — 0,30 en./r, 14,14 muH u ruapomonyis 1:4,8,
COOTBETCTBEHHO.

U dyHKUMOHANMBHBIE CBOVCTBA KIEMKOBMHHOTO BK, momydyeHHOro npu
coBMecTHOM yucrnonb3oBanuy TUP u MTI, a ropoX0BOro 1 IOACOIHEY-
HOTO ITPU Pa3feIbHOM PUMeHEeHUM ObUIH YITydIlieHbl. [0 CpaBHEHUIO
¢ xo"TponbHOM CIIK, y «ciintoro» BK Ha 44 % nosbimanacs BCC u no-
uyty B 2 paza — XKCC, y ropoxoBoro BK Ha 24-34 % ynyumminacs BCC,
B 2,3-2,4 paza — IIOC u B 1,6-1,8 pa3za — CII, y nogconHeynoro BK
Ha 47-56 % moBbicuinack BCC, ctabuibHOCTD TIeHbI — B 5,7 pasa, JKOC
u JKCC Ha 11-25 %, no cpaBHeHMIO ¢ ucxomgHbiMK BK.

0O pesynbratsl Bavsaus TUP u MTT Ha GyHKUIMOHATbHBIE cBOjicTBA BK,
He CMOTPS Ha PasUYHbI MPUHIVUT AeACTBUS (PepMeHTOB, MPaKTH-
YeCcKky, ONVHAKOBbBIE, CIIeJOBATENIbHO, 11 Moaudukaumu cBoiicts BK
BO3MOKHA B3aIM0O3aMeHSIEMOCTb (PepMEHTOB C yUeTOM [TapaMeTpOB
UX OeMCTBUSI HA KJIeIKOBMHHbIE, TOPOXOBBIE U TTOJICOTHEYHbIE OETKNU.
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ITPOTHO3MPOBAHUE CPOKA XPAHEHUNA HMEHHHI—!’O-KEHPOBOP’I
MVYKU U OIIPEAEJEHUE EE AHTUOKCUJAHTHON EMKOCTHA

Bensaeckasg U.T. * lyouosa I. H., Ocumuyk . P.

Poccuiickuii 6M0TeXHOMOTUYECKUIT YHUBEpcUTeT, MockBa, Poccust

OTKPBITBIN JOCTYN

K/IIOYEBBIE CJIOBA: AHHOTAIIN A
cbipbe, xnebonexapras IIpercTaBieHbl Pe3yIbTaThl UCCIELOBAHMI XPaHMMOCIIOCOGHOCTH, & TaK)Ke aHTUOKCUAAHTHbIE XapaKTEPUCTUKY KOMIIOSUT-
NPOMbIWAEHHOCMb, HOJ1 IMIIIeHNYHO-KeAPOBOI MyKY V1 X1e606YIOYHBIX M3/1e/Nit, BBIPaGOTaHHBIX Ha ee OCHOBe. YCTaHOBJIEHO, UTO pa3paboTaHHast

npozHO3Uposamue TEXHOJIOTYSI TIOJTyYeHMsT KOMITO3UTHOI MIIEeHNYHO-KeIPOBOi MYKM 00ecrieunBaeT MOBbIlIeHre CoaepskaHus Kupa B 4,5 pasa
CPOKA XPaHeHus, 1 6enika Ha 9,6 % 110 CpaBHEHMIO C KOHTPOJIbHbIN IIP060it MyKy 6e3 mobasieHns opexa. smenmst u3 KOMIIO3UTHOI MYKM IIPUO-
ypasHeHue AppeHuycd, GpeTaroT XapaKTepHbIii KeIPOBbIif apOMAT, UTO IOJIOKUTETBHO BIMSIET Ha MX OPTaHOIENITHIECKYIO OIIeHKY. [IpoBeieHHas CpaB-
Xapakmepucmuxu HUTe/IbHAs XapaKTePUCTMKA ITOKa3aTeleil KauecTBa 1abopaTOPHBIX P06 MIIEHNYHOM 1 KOMIIO3UTHO MIIEHUYHO-KeIPOBO
Kauecmea, MYKM T10Ka3aJia, YTO BHECEHME Siep KeIPOBOTO Opexa CHIKAeT oKa3aTelu BIasKHOCTH, GeM3HbI, UMcIa TTafeHns Y Cofiep-
opzaxonenmuueckue  KaHUs KJIEHKOBMHBI, a TAKKe M3MEHSET ee XapaKTePUCTUKU B CTOPOHY pacciabienus: M GOMbIlelt pacTsSsKMMOCTH. BoisiBieH
nokasamesu, NUWE6Asl xXapakTep M3MeHeHMsI [T0Ka3aTessl KUCIOTHOTO uncia skupa (KWK) MieHnyHoM 1 MIIeHNYHO-KeIPOBOi MYKM ITPU XpaHEHUU
YeHHOCMb B Teuenme 180 cyTtok mpu temmepatypax 20+0,5°C, 30+0,5°C u 40%0,5 °C, uyTO MO3BONMIO CIIPOTHO3MPOBATh CPOKM XpaHe-

HMSI KOMIIO3UTHOJ MIIEHUYHO-KEeIPOBOI MyKI. YCTAHOBJIEHO, UYTO NIPMMEHEeHMe siiep KeIPOBOTo Opexa B COCTaBe KOMIIO3MUT-
HOJ1 MILIEHMYHO-KeIPOBO MyKM He MOBbIlIaeT NpupocT rnokasarens KUK, [IporHosupyemMslii CpOK XpaHeHMs] KOMITIO3UTHOM
MILIeHNYHO-KeAPOBOI MyKM COCTaBMUII He MeHee 8 Mecsi1ieB. YCTaHOBJ/IeHbl aHTMOKCUIAHTHbIE XapaKTePUCTUKM KOMIIO3UTHOM
MIIeHNYHO-KeIPOBOi MyKu: 3HaueHust coctaBmn 0,32+0,03 u 5,22+0,14 mrmosb TD/T ¢.B. [1/1st AMIIOPUIBHOI U TUAPOGIIIb-
HOJ1 Gpakumii COOTBeTCTBeHHO. [ Ipo6 X1e600y/IOUHbIX M3IeNnit, BBIPAO0TAHHBIX HA ee OCHOBe, 3HaueHue Prior-kpure-
pust coctaBuio 0,26, YTO IpeBbIIIaeT aHAJIOTMYHbIe ITOKa3aTenu s MIIEeHNYHbIX U3 enuii u3 nenbHo3epHoBoil myku (0,10)
U U3 MILIEeHNYHOI X1e6ornekapHoii Myku 1-ro copra (0,07). Takum 06pa3om, KOMIIO3UTHAS MIIEHNYHO-KeJPOBasi MyKa MOXKeT
6bITh PEKOMEHJOBaHa /151 IPOMBIIIJIEHHOTO IIPOM3BOACTBA M BbIPAGOTKM TPOAYKIIVY TOBBILIEHHO MUIIEBOI LIEHHOCTH.
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ABSTRACT

The results of storability studies, as well as antioxidant characteristics of composite wheat-cedar flour and bakery products
produced on its basis, are presented. It has been established that the developed technology for producing composite wheat-
cedar flour provides an increase in fat content by 4.5 times and protein by 9.6 % compared to a control sample of flour without
nuts. Products made from composite flour acquire a characteristic cedar aroma, which positively influences their organoleptic
assessment. A comparative analysis of the quality indicators of laboratory samples of wheat and composite wheat-cedar flour
showed that the addition of pine nut kernels reduces the moisture content, whiteness, falling number, and gluten content, and
changes its characteristics in the direction of relaxation and greater extensibility. The character of the change in the acid value
of fat (AVF) of wheat and wheat-cedar flour during storage for 180 days at temperatures of 20£0.5, 30+0.5 and 40+0.5 °C was
revealed, which made it possible to predict the shelf life of composite wheat-cedar flour. It has been established that the use of
pine nut kernels in the composition of composite wheat-pine nut flour does not increase the growth of the AVF indicator. The
predicted shelf life of the composite wheat-cedar flour is at least 8 months. The antioxidant properties of composite wheat-cedar
flour were established, revealing values of 0.32+0.03 and 5.22+0.14 uym TEAC/g DM for the lipophilic and hydrophilic fractions,
respectively. For the samples of bakery products produced on its basis, the Prior criterion value was 0.26, which exceeds similar
values for wheat products made from whole grain flour (0.10) and from grade 1 wheat bakery flour (0.07). Thus, composite wheat-
cedar flour can be recommended for industrial production and the manufacture of products with increased nutritional value.

FUNDING: The study was carried out with the support of the Russian Biotechnological University (ROSBIOTECH).

1. BBegenue

B coorBercTBuUM ¢ Ykasom Ilpesmmenta Poccuiickoit ®epepaimm
ot 18 mioHs1 2024 1. N2 529 «O6 yTBepsKIEeHUM MPUOPUTETHBIX HAIIPAB-
JIeHUit HayYHO-TeXHNYECKOTO PasBUTUS U MePeyuHs] BaKHENIINX HayKo-
€MKUX TeXHOJIOTUI1» K BaKHEIIMM KPUTUUECKUM HayKOeMKUM TeXHO-
JIOTUSIM OTHOCSITCSI TEXHOJIOTMM TepCOHM(UIIMPOBAHHOrO, JeueGHOro
¥ GYHKIVOHAIBHOTO MUTaHMSI, HAITPABJIEHHbIE Ha 30pOBbecOepeskeHre

[JIsT TUTUPOBAHUS: Bensisckas, U. I., y6uosa, I. H., Ocumuyk, Y. P.
(2026). ITporHosupoBaHye CpOKa XpaHeHMsI MIIeHNYHO-KeIPOBOJi MYKU U OTIpefie-
JieHye eé aHTUOKCUIAHTHOM eMKoCTH. [Tuwyessie cucmemst, 9(1), 54—61. https://doi.
0rg/10.21323/2618-9771-2026-9-1-54-61

HacesneHus. [TepcrieKTUBbI Pa3pabOTKM TeXHOIOTH MPOAYKTOB (PyHKIIM-
OHa/IbHOTO MUTaHMsI 6a3MPYIOTCS Ha MPUMEHEHMM MCTOUHMKOB MMIIe-
BBIX U GJOJIOTMYECKY aKTMBHBIX BEILIECTB, B TOM U¥IC/Ie BO30OHOBISIEMbIX
PEeCypCcoB PaCTUTENbHOTO TPOUCXOKIEHMS.

B KauecTBe BO30GHOBIISIEMBIX PECYPCOB PACTUTENBHOTO ChIPhSI, 06/Ia-
JAIOUIVX BBICOKMMMU TOKA3aTeISIMM MUILEBOI LIEHHOCTH, MHTepeC Ipef-
CTaBJISIIOT ceMeHa pacTeHuit, pofa Pinus, HacuMThIBawIero 29 cbego6HbIX

FOR CITATION: Belyavskaya, I. G., Dubtsova, G. N., Osipchuk, I. R. (2026).
Prediction of the shelf life of wheat-cedar flour and determination of its antioxi-
dant capacity. Food Systems, 9(1), 54-61. https://doi.org/10.21323/2618-9771-2026-
9-1-54-61
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BUJOB, NPECTaBIeHHbIX B 0630pel. Mcronb3oBaHue sgep ceMsH Ke-
TIPOBOIi CcOCHBbI cubupckoit (Pinus sibirica) u manbHeBOCTOUHON (Pinus
koraiensis), Ha3bIBaeMbIX KeIpOBBIMMU opexamu, B Poccun u 3a pybexkom
06YC/IOBIIEHO MX XMMUYECKMM COCTABOM Y TIOKa3aTessIMU MUILeBO 11eH-
HoctH [1-3].

Slapa KeIpoBOTO Opexa XapaKTepu3YITCS 3HaUMTeNbHBIM COfepsKa-
HMeM NUIIEBBIX U GMONTOTMYECKM aKTUBHBIX BellecTB: 6enka — 1o 23 %
" kupa — #o 66,3 %. JKupsl copepaTt IelbTa-5-HeMeTUIeHOBbIe KUP-
Hble KJC/IOTbI, BK/II0Uasi IMHOJIEHOBYIO KMUCIOTY, 07151 KOTOPOJ1 COCTaBIs-
eT 14-24% ot 0611ero KoJM4ecTBa KUPHBIX KUCTOT. [IMHOMeHOBasT KuUC-
JIOTa, SIBJISIIOLIASsICSI M30MEPOM Y-JIMHOJIEBOV KUCIOTBI, XapakTepu3yeTcst
Hepery/sipHbIM paclolOXXeHMeM JBOMHBIX CBs3eli, MpM3HaHa TaKCOHO-
MeTpUUeCKMM MapKepoM pacTeHmii cemeiicTBa Pindceae [4]. Hannune
6MONOTMYEeCKY aKTMBHBIX COeIMHEHMIT KeIPOBOTO opexa, C OLHOI CTO-
POHBI, 06yC/IaBAMBAET MPOTUBOBOCTIANUTENbHBIE 3(deKThI U mone3HbIe
MeTabonuyeckye U3MeHeHusI Ipyu Ux yrnorpebnenuu [5-7], a ¢ Apyroit —
Heo6X0AMMOCTb KOHTPOJISI ITOKa3aTesieil KauecTsa MUILeBO MPOAYKII
IIpY XpaHEeHUN.

sl TIOBBIIIEHUST XPAaHMMOCIIOCOOHOCTM TMPOAYKTOB IIPUMEHSIIOTCS
pasanyHbIe CrIoco6bl 06pabOTKY PacTUTENbHOrO ChIpbs [8,9]. CoBpeMeH-
Hble TeHJEeHLMM, HalleJIleHHble Ha TMOTpebIeHMe MPOAYKTOB 3I0POBOTO
MMUTaHUS, CO3AAI0T HEOOXOAMMOCTb B pa3paboTke 6e30IMacHOM MPOIyK-
LMY, COXPaHSIOLIell BHICOKMe TIoKa3aTeny KaueCcTBa Ha IIPOTSDKeHMM BCe-
IO CpoKa XpaHeHMUs.

Pa3paboTka TeXHOIOIMYECKMX PelleHMii MCIIOIb30BaHus IPOAYKTOB
repepaboTKy KeIPOBOrO Opexa OCYIIECTBISIeTCSI B Pa3IMUHbIX OTPACIISIX
MUIIEeBOM MpoMbIUIeHHOCTH. ABTOpamu [10] paspaboTaH skeeifHbIN
MapMesnag, C siApaMy KepOBbIX OPeX0B B KolMuuecTBe 9% K macce caxa-
pa, YTO He3HauMTeNIbHO BAMSIET Ha ITOKa3aTeNy KUCIOTHOCTH, MacCOBO
JIONIM BJIaru ¥ KoluM4yecTBa HepacTBOPMMOIL 30/bl. M3aenue xapakrepu-
3yeTcsl [TOBBIIIEHHBIM COAepKaHueM Oefka, XKMpa, MUIIEeBbIX BOTOKOH,
MMHePaIbHbIX 37IeMEHTOB ¥ BUTAMMHOB IPYIIIbI B.

Vuenble KpacHOSIPCKOTO rocyqapCTBEHHOTO arpapHOr0 yYHMBEPCU-
TeTa [11] Ha OCHOBe M3y4yeHMs NTOKa3aTesell kKauecTBa 1 6€30MacCHOCTU
MIOJTyTBEPIOr0 ChIpa YCTAaHOBWIM DPEKOMEHJyeMyl0 A03MPOBKY KeJpo-
BOJi MYKM B KoiuuecTBe 7%, 06eCrieuuBaloNIyl0 BbICOKME TOKa3aTe-
MM KavecTBa mHpoayKuuy. C MCIONb30BaHMEM IPUHLMIIOB MUIEBO
KOMOMHATOPMKM Da3paboTaH OpexXOBblii HAMUTOK, MPOU3BEIEHHbIN
M3 CMecH sfiep U KMbIxa opexa B cooTHomeHun 20 : 80 ¢ rugpomonynem
1:7. IIponyKT 06saaeT ONTUMAIbHBIMM XapaKTePUCTUKAMMU BSI3KOCTU
(3,96 mIla-c) u c6asaHCMPOBAHHBIM COCTABOM IMUIIEBLIX BellecTB [12].
ITpoBemeHHbIMY MCCIeOBaHUAMMA [13] YCTAHOBIEHO pallMIOHAIbHOE CO-
Jlep>kaHMe KepOBOro XXMbIXa B pelleNType neyeHbs: «Kegposoe» mpy ya-
CTUYHO} 3aMeHe CIMBOYHOTO Macja ¢ COXpaHeHMeM MOTPeGUTEeNTbCKUX
CBOJICTB NMPOAYKLINY, COCTaBMBIIee 6—8 % K pellelITypPHOMY KOIUYEeCTBY
cnmMBoYHOro mMacia Ha 100 Kr BbIXOJA TOTOBBIX M3MeNuii. BKiaoueHue
B PeLeINTypy CMecu IMOMyoOe3KMPEeHHBIX U 00e3KMPEHHBIX KeJPOBbIX
0pexoB 06ecIeunsIo MosyYeHre MyYHbIX KOHIUTEPCKUX U3JIe/INIi TIOBbI-
LIEHHO# 6MO0I0rMYecKoii IEHHOCTY C BBICOKMMM OPraHONeNTUYeCKUMU
" GUBUKO-XMMMUYECKMMU XapaKTepUCTUKAMU, KOTOPbIe MOTYT ObITh pe-
KOMEHZIOBaHbI i GyHKIMOHaIbHOro nuTanus. Uccnegosatensmu Ky-
6aHCKOT0 rOCYIapCTBEHHOTO TEXHOJIOIMYECKOr0 YHUBEPCUTETA BbISIBIIE-
Ha 11e71ec006pa3HOCTb MPUMEHEHNST KePOBbIX OPEXOB B IPOM3BOJCTBE
3aBaPHbIX MPSTHUKOB U HYHKIMOHAIbHBIX MyYHBIX KOHAUTEPCKUX MU3J1e-
nmit [14,15]. B Hay4yHOI1 IMTEpaType NMPUBENEHbI Pe3yIbTaThbl UCCIEN0-
BaHMIT IO MPUMEHEHMIO TOPOLIKA 13 KMbIXa KeIPOBOTO Opexa B x/1e60-
IeKapHOM MPOU3BOJCTBe [16], 060CHOBaHA pelenTypa U MpeacTaBaeHa
TeXHOJIOTMYecKasi cxeMa IPOM3BOACTBA MPOLYKUMM C BHeceHMeM 15%
MCCIeNyeMOoro MPOAYKTa B peLleNnTypy xi1e606ynouHoro uspenusi. Paspa-
60TKa MHHOBAIIMOHHBIX IIPOJYKTOB MUTAHUS C IPMMEHEHMEM KeJ[POBbIX
0pexXoB IPOUCXOIUT He TOMbKO B Poccuiickoit ®emepanmm, HO 1 3a pybe-
koM [17,18].

TexHOMOrMYECKME ACIIEKTHI Pa3paboTKM MPOAYKTOB (QYHKIIMOHAIb-
HOTO MUTaHUs OOyC/IOBIeHbl (pOpMUPOBaHMEM CTAGMIBHBIX KaydecT-
BEHHBIX XapaKTePUCTUK MPOSYKUNM, 06Mafaronieil aHTMOKCUIAHTHBI-
MM U TepoAyeTHYecKuMu cBoiicTBaMu [19]. Borpocam 6e30macHOCTY
KeJ]pOBbIX OpexoB ynensercs: 6onbiioe BHuMaHue [20,21]. [pumene-
HMe MEeTOJOB CIIEKTPOCKOMUM B G1MskHEM MHGPaKpacHOM IMaraszoHe
¥ aHamm3 GU3NYECKUX XapaKTepUCTUK UGPOBBIX U306paskeHuit sagep
KeJ]pOBbIX OpPexX0OB MO3BOJISIOT UAeHTUDUIMPOBATH COPTOBBIE OCOOEH-
HOCTM M TIPOCIEXMBATH Teorpaduueckmii apean uX MPOU3PACTAHUS,
YTO CIIOCOOCTBYET CTAGMINM3aLMM KauyeCTBEeHHBIX XapaKTepUCTUK TIPO-
oykuumy [22].

1 pine Nuts (2024). dnekTpoHHbIN pecypc: https://www.sciencedirect.com/top-
ics/agricultural-and-biological-sciences/pine-nuts. [lata foctyna 15.09.2025

Bekrop, obecreumBaimMii CTaGMIBHOCTD KAayeCTBEHHBIX IIOKa3a-
Teseit MpoAyKuuy GyHKIMOHAJIBHOTO MUTaHMs, HallpaB/leH Ha MpyuMe-
HeHMe c6aaHCHPOBAHHBIX KOMIIO3UTHBIX cMeceii [23,24] 3afaHHOrO
coctaBa. KoMIo3uTHble My4Hble CMeCH, ITOTydYeHHble TeXHOJIOTHel COB-
MEeCTHOTO IIOMOJIa 3epHa IIIeHULIbI U Iep KeLPOBOro Opexa, JIeKaT B 0C-
HOBE COBPEMEHHbIX TeXHOJOIMYEeCKUX pelleHuit [25] ¥ MpencTaBisiioT
MHTepec AJIs HOTpeGuTeNnelt, MpeAIIouNTaoNX HaTyPanbHble TPOLYKThI
pacTUTENbHOTO IPOMCXOXKIEHMS.

JI71s1 TpaKTM4eCKOro NpMMeHeH)s] KOMIIO3UTHBIX MyYHBIX CMeceii He-
06X0AMMO IOTyYeHye TO0CTOBePHOI MH(OPMAaLIMM O CPOKe X XPAHEHMS.
B cootBerctBuy ¢ TOCT P 51074-2003% cpok XpaHeHMs1 — II€PUOL, B Te-
YeHKe KOTOPOTO IMUIIEeBOJ MPOAYKT IPY COOMIONEHNM YCTAaHOBIEHHbBIX
YC/IOBMII XpaHeHMsI COXPaHseT CBOJCTBA, yKa3aHHble B HODMaTMBHOM
MV TEXHUYECKOM JOKyMeHTe. VcTeueHne CpoKa XpaHeH)s He O3Havaer,
YTO IPOAYKT He MPUTOLieH [JIsl MCIIOAb30BaHMs 110 Ha3HaueHuIo. Vzme-
HeHJe IoKa3aTesleli KadyecTBa KOMIIO3UTHBIX CMeceli B OTPULIATeIbHYIO
CTOPOHY MOKET GBITh CBSI3AHO C KOJIMYECTBEHHBIMU VI3MEHEHUSIMU Ofi-
HOTO M/IY HECKO/IbKMX NTapaMeTpoB. Hanpumep, ¢ MU3MeHeHMeM cofiepyKa-
HMSI HyTPUEHTOB, YXy[LIeHNeM OPTaHOJNeNTUYeCKMX IoKasaTesneil muim
MMKPOGMOIOTMYecKoii mopueit. PazpaboraHHble KOMIIO3UTHbIE CMECH,
SIBJISIIOIIMECST TIPOAYKUMEN IJIMTENbHOTO XpaHeHMs, TPeGYIOT OLleHKU
MpeJIonaraeMoi XpaHMMOCIIOCOOHOCT.

[lnst onmpenienieHNs MPOTHO3MPYEMOTO CPOKa XpaHeHMSI TAKMUX ITPOAYK-
ToB npuMeHsioT MeTon, ASLT (Accelerated shelf-life testing), KoTopbiit
YCIIELITHO peann3yeTcsl 115 OLleHKM CPOKa XPaHeHMs pa3IMYHbIX IPOAYK-
TOB [26], B TOM uncie Myku [27,28], ¥ IO3BOIsIeT 3HAUUTEIBHO COKPATUTD
06beM IKCIIePUMEHTATbHbBIX JAHHbIX.

OCHOBHbBIE TIPeMMYyILeCTBAa METOHA TeCTMPOBAHMSI CPOKa XpaHEeHMs
3aK/II0YAIOTCS B IOTyYeHMM HaJleXKHbIX JaHHBIX O ITpoliecce IIOpUM 3a KO-
POTKMIt TIepuof, BpeMeHM U IPOrHO3UPOBaHMM (aKTMUECKOro Cpoka
XpaHeHUsI TpoayKTa. I[IporHo3upoBaHye ocylecTB/sIeTCs TyTeM paspa-
60TKYM KMHETUYEeCKOi MOfien, B KOTOPO#t JO/KeH MPUCYTCTBOBATb TeM-
repaTypHbIil (akTop, OKa3bIBAIOIINMI 3HAUNUTEIbHOE BINMSIHNE Ha CKO-
pOCTb NMPOTeKaHUsI XMMMUUeCKUxX peakumii [27]. LIMpoko ucrnonb3yemMsblit
MeTOZ, YCKOPEHHOTO VCIIBITaHMSI CPOKa XpaHEeHMs BKIIOYaeT MCCIeno-
BaHMe MPOJYKTa C MCIO/Nb30BaHMEM ypaBHEHMUsI AppeHuyca IIpy MOBbI-
LIEHHBIX TeMIlepaTypax ¥ 3KCTPaNo/sLMI0 KMHETUYEeCKUX Pe3y/lbTaTOB
Ha O6bI‘{HbIe YCI0BUS XpaHEHMS.

B ocHOBe MeTOzAA TeCTMPOBAHMS CPOKOB XpPaHEHMsI JIEXXUT OIpefere-
HMe ToKa3aTesst KUCAOTHOTO uncia skupa (KUWK) — kpurepust qo6poka-
4YeCTBEHHOCTM MYKM [29] 1 MyUYHBIX CMeceii.

Llenpio HacToOsIIEl paboThl SBJISIETCS OIpefeeHe XpaHUMOCIIO-
COOHOCTM ¥ AHTUOKCUJIAHTHBIX CBOJCTB KOMIIO3UTHOM MIIEHWYHO-
KeIPOBOJi MyKH.

1151 peanmsauyuy MOCTABIEHHOM e pellaay cjiefyroliye 3a1aun:
U mpoBecTM CpaBHMUTEIbHYIO XapaKTepUCTMKy IIOKas3aTeseii KadecT-

Ba J1abOpPaTOPHBIX MPOO TMINEHUYHON M KOMITO3UTHOI MIIEHNIHO-

KeIpOBOii MyKH;

U ompepenuTh BAMSIHME IPOAOJDKUTEIbHOCTU XPaHEHMs MpU pasind-
HBIX TeMIIepaTypHbIX ITapaMeTpax Ha mnokasarenb KWK mireHnyHOM
¥ MIIEeHVYHO-KePOBOJ MYKH;

0 mpoBecTy Mpo6GHbIe Ta60pATOPHbIE BBIIIEUKY U ONPENENINUTh MoKa3a-
TN KauecTBa X/1e600YIOYHbIX U3eNNil, IPUTOTOBIEHHBIX U3 P06
KOMITO3UTHOV MYKM C pa3IMYHbIMU CPOKaMM XpPaHEH NS ;

U yCTaHOBUTH NMPOTHO3MPYEMBbIii CPOK XpaHEeHMs MCCIeLyeMbIX Ipo6
KOMITO3UTHOV MYKW;

O ompenenuTb aHTMOKCUIAHTHYIO €MKOCTb KOMITO3UTHOJ MYKM U ITPO6
X11e606YIOUHBIX U3 eNNi1, BBIPaOOTaHHBIX Ha ee OCHOBeE.

2. O6'beKTHI ¥ METOABI

O6beKTaMy MUCCIeNOBAHMI SB/ISUIMCH: TPO6A 3epHa MSTKOI MIIeHN-
ubl (Triticum aestivum L.) yposkast 2023 ropa; npoba opexoB KeApPOBbIX
ounieHHbIX ypoxkast 2023 roxa (HoBocubupckast o6nactb PO); o6pasibl
MYyKM IIIEHUYHON ¥ MYKM KOMIIO3UTHON IIIEHUYHO-KeAPOBOi C J0-
3MPOBKOI1 siaep KegpoBoro opexa B Konmmdectse 10%, rnpousBeneHHbIe
B 1a60PaTOPHBIX YCIOBUSIX; 06pa31ibl X71e600yI0UHBIX U3/eNNii, BbIpabo-
TaHHbIE B JIAGOPATOPHBIX YCIOBUSX.

Ilpy mpoBeNEeHMM WCCIENOBAHUI UCIIONB30BAIM 3€PHO  IIIIe-
uunplt  mo TOCT  9353-2016%, opexu KempoBble OUMIIEHHbIE
no TOCT 318520-2012%, nposxokm IpeccoBaHHbIe X/e6oneKapHble

2 TOCT P 51074-2003 «ITpomyKTsI muieBbie. MHdOpMALyist Ayt HoTpeGuTens.
O6uine Tpe6oBanust». Mocksa: Crangaptundopm, 2019. — 25 c. (c M3MeHeHUIMHU
or 15.12.2009)

3 TOCT 9353-2016 «IMmrenua. TexHugecke ycaoBus». Mocksa: CTaHIapTHH-
¢dopm, 2019. — 12 c.

4 TOCT 31852-2012 (ISO 6756:1984) «Opexis KeIpoBbie OuMIIeHHbIe. TexXHirde-
ckue ycroBusi». Mocksa: Cranpaptuadopm, 2014. — 13 c.
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no TOCT 171-20155, conb muiiesyio 1o TOCT P 51574-20186, oAy MuTh-
esyIo 1o CanlluH 2.1.4.1074-01".

OmnpeneneHue  HaTypbl 3epHa IPOBOAMIM B COOTBETCT-
Buum ¢ TOCT 10840-2017%. TloxkasaTenb 30IbHOCTM OIpeNesIsICs
no I'OCT 10847-2019°. Jlnsa uccnemoBaHMS CTEKJOBUAHOCTM 3epHa
ucnonb3zoBanu auadanockon AC3-2M («MOTOTEX», Poccus) u me-
toguky TOCT 10987-76'%; npu ompenenenuyu mokasaTeseii KaduecTsa
KJIeVIKOBMHBI NpuMeHstin ycrpoiictBo IIPK-1 («<MOTOTEX», Poccust)
u npu6op UIK-3M («IVIAVH-cuctembl», Poccus), OLieHKY TPOBOLMUIN
o I'OCT P 54478-201111.

ITpo6bI MIIEHMYHO! ¥ KOMIIO3UTHO}M NIIEHNMYHO-KEeIPOBO MYKMU
royJany B 1ab0paTOPHBIX YCIOBMSX B Ipoliecce IMOMOJA APOGIeHOro
3epHa MILEeHNUIIbl, CMeCcH IPOOIeHOr0 3epHa IIIeHNIIbI U siep KeIPOBbIX
OpexoB C UCIONb30BaHNeM IieHTpobeskHoro u3menbuntens High Speed
Multifunctional Grinder CE (JUSTBUY, Kurait) ¢ 3aiaHHbIM CKOPOCTHbIM
peskMMOM BpallleHus yaapHbIX jomnacrteit 36000 06/mMuH. [[pobieHoe 3ep-
HO MIIeHUIIbl MPefBapUTEeNbHO MOAyYaau C UCIIONb30BaHMEM CXeMb,
MpuBefieHHO! B pabore [30]. [[puMeHeHMe YKa3aHHOTO OGOPYZOBAHMS
M03BO/IMJIO COKPATUTb TEXHOJIOTMYEecKye STalbl pasMosa ¥ IMOMYYUThb
PO6bI KOMITO3UTHOJ MYKM C HAIpaBJIeHHbIMY (QyHKIMOHAIBHBIMMU I10-
KasaTesIMU.

OLeHKy mokasaresieil KauecTBa 1abopaTOPHBIX P06 MYKU IIPOBOAM-
JIX TI0 CJIEAYIOIMM MapaMeTpaM: BaakHoCcTb — 110 TOCT 9404-8812, Ge-
msHa — 1o TOCT 26361-201313, kneitkoBuHa — 1o TOCT 27839-201314,
umcno nagerns — o FOCT ISO 3093-20161.

O6111ee KOMMYECTBO JIUMUAOB onpepensiy o FOCT 29033-9116,

KucnorHoe uncio skupa (KUK) mpob MyKu orpenesnsiy TUTPUMeTpy-
YecKMM MeTOJ,0M, OCHOBAHHBIM Ha yCTaHOBJIEHMY KOIMYECTBA CBOOO.-
HBIX KMPHBIX KVUCJIOT B aHaIM3MpPyeMOM 06pasile BBIIENIE€HHOIO Kupa
13 HaBeCKy uccaegyemMoro oobekra mo 'OCT 31700-201217,

[IpurotoBneHne xae6O6YIOUHBIX MW3LENUil OCYIIeCTBISIM  Ge3-
OTapHBIM CIIOCOOOM IO pelenType, npenacraBaeHHoi B Tabmuue 1.
JnuTenbHOCTh GPOSKeHUs Tecta cocTaBisia 90 MUHYT, Macca 3aroToB-
k1 — 450+0,1 r, MPOAO/DKUTENBHOCTb PaccToliku — 40-45 MUHYT 1pu
TeMIlepaTypHbIX pexxumax 38+ 2 °C; MpOLO/KUTETbHOCTh BbIIIEYKU CO-
craBisuia 25 MuHYT npu Temneparype 180-210°C. TotoBble u3menust
OXJIAXAAMN Mpu Temmeparype 25+2°C. [Ipu peanusaumm IpoOHBIX Ja-
6OpATOPHBIX BbIIEYEK IPUMEHSIV Clefyloliee 060pyLOBaHNe: TeCTo-
MecuabHas MalllMHa crypanbHas snektpudeckass TMC-40HH-1P cepun
LIGHT (Abat, Poccus), mkadp ABAT IIPT-12 (Abat, Poccust), KoHBeKLIM-
oHHas neub KOI1-43 (Abat, Poccus).

OlLeHKy rokasareseil KauecTBa X1e600yI0UHbIX U3IeNii OCYILeCTB-
JAM  OGUIETIPUHATBIMM® M CcrenuanbHBIMKU  OPraHOMENTUIECKYMU
¥ QUBUKO-XUMUUYECKUMM METOHIaMM. BaskHOCTh X1e606y/I0UHBIX U3/ie-
JIMii orpemens B coorBetcTBum ¢ TOCT 21094-20221°, dopmoycroiiunm-

5 TOCT 171-2015 «Iposxky xmeGoreKapHbie MpeccoBaHHble. TexHnyeckue yc-
J0BusI». MuHCK: EBpasuiickmii coBeT 0 CTaHAAPTU3aLMM, METPOJIOTUM U CepTU-
duranmm, 2015. — 21 c.

6 TOCT P 51574-2018 «Conb muuieBast. OGLiye TeXHUYECKUe yciaoBusi». Mo-
ckBa: Cranmaptundopm, 2018. — 8 c.

7 CanurapHble mpasuia M HopMbl. CanlInH 2.1.4.1074-01 IIutbeBas Boga. I'nu-
TMeHn4YecKue TpeﬁOBaHI/lﬂ K KauyeCTBY BOJbI LIEHTPA/IM30BaAHHBIX CUCTEM IMUTHEBO-
ro BogocHabxeHus1. KOHTposb KauecTBa. [MrueHnvecke Tpe6oBaHms K obecreyve-
HI10 6€30IIaCHOCTY CCTEM rOpsiuero BogocHaoskeHust. MockBa: Muusapas Poccuu,
2002.

8 TOCT 10840-2017 «3epHo. MeTo[, onpezenennst HaTypbi». MockBa: CTaHmap-
tuHdopm, 2019. — 14 c.

9 TOCT 10847-2019 «3epHo. MeTo[ onpefeneHust 301bHOCTU». MockBa: CTaH-
nmaptundopm, 2019. — 20 c.

10TOCT 10987-76 «3epHO. MeToy OIpe/eneHys CTEKIOBUAHOCTI». MOCKBa:
Cranpaptutdopm, 2009. — 6 c.

HTOCT P 54478-2011 «MeTonl onpejie/ieHNsI KOJIMYeCTBa ¥ KayecTBa KIeiiko-
BuHbI». MockBa: Ctrangaptundopm, 2012, — 23 c.

12TOCT 9404-88 «Myka u oTpy6u. MeToz, OmpeeeHust BIaKHOCTI». MOCKBa:
Cranpaptutdopm, 2007. — 4 c.

I3TOCT 26361-88 «Myka. MeTop ornpenenenus 6enustbi». Mocksa: CTaHmap-
turdopm, 2014. — 16 c.

14TOCT 27839-2013 «Myka mnueHuyHasi. MeTozpl onpeneneHusl KOauyecTsa
¥ KauecTBa KIeitkKoBMHbI». MockBa: CtanmaptuHdopm, 2014. — 18 c.

I5TOCT 1SO 3093-2016 «3epHO ¥ TPOAYKTHI €ro mepepaboTku. Ompenesne-
Hue umciaa nageHus merogom Xar6epra-IlepreHa». Mocksa: CtaHmapTrHbOPM,
2019. — 12 c.

16TOCT 29033-91 «3epHO U MPOAYKTHI €ro mepepaGoTKM. MeTOS, OIIpe/e/eHIs
skupa». Mocksa: UIK M3parenscTBo crangapros, 2009. — 6 c.

17TOCT 31700-2012 «3epHO M MPOLYKTHI €ro nepepaGoTki. MeTog omnpesene-
HMSI KUCJIOTHOTO YK skupa». Mocksa: Ctanmapturdopm, 2019. — 7 c.

18TOCT 27669-88 «Myka MureHnyHas xne6ornekapHasi. Metog, mpo6Hoit 1a60-
paToOpHOI1 Bbimeuku xae6a». Mocksa: Crangaptundopm, 2007. — 9 c.

19TOCT 21094-2022 «M3pmenus xne606ya0uHble. METONbI ONpe/IeeHNus BIaxX-
HoCTM». MockBa: Poccuiickuit MHCTUTYT cTaHgapTtmauuy, 2022. — 12 c.
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BOCTb XJ1€606Y/I0uHbIX M3zenuii — o TOCT 27229-88'8. Maccy usmenmii
oTIpefieNsiv B3BeIIMBaHMeM Ha Becax jlabopatopHbix MWP (Cas, IOskHast
Kopest). 06em x/1€606y/I0UHBIX M3/IeNIT OTIPeIeNsIY IIPU MTOMOIIM 06b-
€MOMEPHOTO YCTPOIiCTBA. YelbHbIit 00beM U3t OTIPeAeIsI 10 OT-
HoleHuIo o6bema K macce. ITopucrocts Maxuma 1o IT'OCT 5669-96%0,
KUCTIOTHOCTh — B cooTBeTcTBUM ¢ T'OCT 5670-96%!. KauecTBo m3menmii
onennBaay 1o 100-6a11bHOM CHUCTEMeE € YIeTOM (HU3MUeCKUX ¥ OpraHo-
JIETITUYECKYX TTOKa3aTesIeil, KOTOpble OMpenesisuIn 1o 5-6a/UIbHOI LIKate
¢ yueTom K03 GuIMeHTOB BeCOMOCTH.

Ta6nuua 1. Perentypa NII€eHUYHbBIX ¥ MIIEHUYHO-KEIPOBBIX
X1e600yTOUHBIX U3JeTNiA
Table 1. Recipe for wheat and wheat-cedar bakery products

HaumeHoOBaHMe KOMIIOHEHTA PeLENITYPbI Kﬁgg::;?;?%
Myka (KOHTPO/IbHAsI WIN MIIeHUYHO-KeJpOoBasi) 100
Cosb nuiLeBast 1,0
IIpOoskKM ITpeccoBaHHbIE 2,0

Bopa nuTbeBast II0 pacueTy

XpaHeHKe MyKM NPOBOAIN B KIMMaTUUYECKMX Kamepax IIpy TeMIle-
parypHbix peskumax 20+0,5°C, 30£0,5°C u 40£0,5 °C. OTHOCUTE/NIbHAS
BJI&YKHOCTb BO3JyXa IIPM BCeX 3HAUEHMSIX TeMIlepaTyp He IpeBblllaja
70%. Ilns oLleHKM KadyecTBa MYKM IPM XPaHEHUM MCIIONb30BalIU KUC-
JIOTHOE YMCJIO JKMPA ¥ OPTaHOJIeIITUIECKYe TI0Ka3aTesy X1e606yI0IHbIX
M3[e/nii, BBITEUEHHBIX U3 P06 MYKM C Pa3IMYHBIM CPOKOM XpPAHEHMS ;
onpeJeneHye MPOBOAVIIN C EPUOONIHOCTBIO 30 CYTOK.

O1leHKy IPOrHO3MpPYeMOTrO CPOKa XpaHeHMs IIIeHNYHO-KeIpOBOii
MyKu ipoBonuiau Mmetogom ASLT ¢ mpuMeHeHreM 060CHOBaHHOI Mojie-
1 AppeHnyca, KOTopasi ycTaHaB/IMBaeT 3aBUCUMOCTb KOHCTAHTbI CKOPO-
CTY XMMMYECKOJ peakLuy OT TeMIIepaTyphbl 4 ONMUChIBAETCS] YypaBHEHMEM
Appennyca:

k=A-exp(-Ea/RT), 1)
rae A — KOHCTaHTa MPOMOPLUMOHaNbHOCTY; Ea — sHeprus aktuBaumm; R — ra-
30Basi ITIOCTOsTHHAs!; T — abCoMoTHAs TeMITepaTypa.

Jlnst MaTeMaTU4yeckoil 06paboTKM pe3ylbTaTOB MCCIeNOBAHMS HMK-
HUII YpOBEHb OPraHONENTUYECKO OLEHKM XI1eG06YI0YHbIX U3IeNuii
npuHAT paBHbIM 60 6amnam, KIK — 50 mr KOH/r xxupa.

OrmpefienieHye TMPOTHO3MPYEMOrO CPOKa XpaHeHWUs IIIeHUYHO-
KeZpOBOJ MyKM Ha OCHOBAHMM Pe3y/IbTaTOB SKCIIepyMeHTa IIPOBOANIN
C UCTIOTb30BaHMeM TabmmuHoro mnpoieccopa Microsoft Office Excel, me-
TOAVKA pacyeTa omnucaHa B pabore [31].

OrmpefeneHye aHTMOKCUIAHTHON €MKOCTY MPo6 MyKU U XJ1e6o6y-
JIOYHBIX M3[EeNuit MPOBOOWIM B HayYHO-UCC/IENOBATENbCKOM ILieHTpe
«AxBaXpom» (MockBa, Poccusi) ¢ mcronb3oBaHueM 96-TyHOUHBIX He-
COpOUPYIOIINX MUKPOIUIAHIIETOB 13 onucTuposna (Geiner Bio One, l'ep-
MaHMs1) Ha MHOTO(YHKIMOHAIbHOM (oToMeTpe-doypumeTpe Synergy
2 (BioTek, CIIIA). [InvHa BOTHBI COCTaBMIA 734 HM 110 MeTOAMKE, OCHO-
BAaHHOI Ha peakiuy obGeciBeuMBaHMs KaTUOH-paaukana ABTC B ru-
IpOGUIbHBIX U IUNOGUIbHBIX QpakiyusX 06beKTOB. OLeHKY aHTMOK-
CUIAHTHBIX XapaKTePUCTUK NMPO6 X1e606YIOUHBIX U3LeNNii IIPOBOAVIIN
Ha OCHOBaHuU P-kpurepus.

Ilpy pacuere cpenHero apudMeTHUECKOro ITOMYYEeHHBIX 3KCIIepy-
MEHTa/IbHbIX JAHHBIX (TPEXKPATHOE TOBTOPEHME) OLIEHMBAIN UX HA Ofi-
HOPOJHOCTb JJISI MUCK/IIOUeHUs Ipy6bIX oUIM60K. MaTeMaTuyeckue 3aBy-
CUMOCTY OTIpefleNIsiIv C IpYMeHeHeM MeToJa Ha¥MeHbUIMX KBaJpaToB
(oTHOCHUTENbHAS OIIMOKA M3MepeHuit coctaBuia He Gonee 1,78 % mpu
noBepuTenbHOI BepositHocT 0,95).

3. PesynbTaThl M 06CYKAEHME

st monydeHus: po6 KOMITO3UTHOV IIIEHUYHO-KEIPOBO MYKM
6BUIO BHIOPAHO 3€pHO MIIEHUIIBI, XapPaKTEPUCTUKA KOTOPOTO MpUBeEJe-
Ha B Tabmuie 2. [Ipy ompemeneHny KayecTBa MPOObI 3epHa IMIIEHUIIbI
YCTAaHOBJIEHO, UTO 3HAYEHUsI IT0Ka3aTeseii COOTBETCTBOBAIM CTAHLAPTY
I'OCT 9353-2016.

JTabopaTopHbIe 06pa3iibl MIIIEHUYHO! MYKH, TOTyYeHHbIe 6e3 100aB-
JIeHUSI KeAPOBOTO Opexa, MMeJu II0Ka3aTelu, IpuBeeHHbIe B Tabmuie 3.
BHeceHMe KeZpOBOTr0O opexa B TIOMOJIbHYIO NTapTMIO BIMSIJIO Ha XapakTe-
PUCTUKM KOMIIO3UTHO MIIEHUYHO-KEAPOBOI MyKU.

20TOCT 5669-96 «Xi1e606yn0uHbIe n3HeMst. METOIbI ONpPeLeNeHIs] IOPUCTO-
ctu». MuHCK, MexrocymapcTBeHHbIii COBeT MO CTaHIApPTM3ALMM, METPOJIOTUMN
u ceprudumkarym, 2006. — 6 c.

21TOCT 5670-96 «Xn1e606yn0uHbIe u3genusa. MeTobl OnpeneneHus KUCIOT-
HOCTU». MUHCK, MeskrocygapcTBeHHblii COBeT 0 CTaHIapTU3alUU, METPOIOTUN
u ceprudumkarym, 2006. — 6 c.
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Ta6muua 2. [fIoka3aTeny KayecTBa 3epHa IIeHUIIbI
Table 2. Wheat grain quality indicators

3HavyeHue Win XapaKkTepucTuka

HaumeHnoBaHue HOKa3aTeNs
Krnacc mmeHuIb 3
Tun I — msrkas spoBast KpacHO3€epHast
TTogTumn 3
Liser CBOJICTBEHHbII 31,0POBOMY 3€pHY
CBOJICTBEHHBII 30,0POBOMY 3epHY
3amax IIIeHNIIbI, 6e3 I7IeCHeBeIoro, COI0L0BOro,

3aTXJIOTO M OPYI'MX IIOCTOPOHHMX 3aI1aX0B

KonmnuecTBO KII€IKOBUHBI, % 32,0+0,5
KauecTBO K/1e/iKOBUHBI, 82%2,0
en. UIK (rpymnmna) (II rpynma)
Yucio nageHus, 325+2,0
CTeKJIOBUIHOCTD, % 44*1
Hartypa, r/n 785%2
BiaskHocTb, % 12,6+0,5
CopHas puMech, % 0,04£0,01
3epHoOBas puMech, % 2,84+0,05

Ta6nuua 3. XapakTepucTUK Ipod MyKuU
Table 3. Characteristics of flour samples

3HayeHMe IoKa3aTeslst MyKu
HaumeHoBaHMe IOKa3aTes

MIIeHNYHOT THUEHIIHO-
KeipoBOii
BrnaskHOCTb, % 12,6+1,5 11,8+1,5
KonmnuecTBO KII€IKOBUHBI, % 322 25+2
Ié;f’ﬁg;‘gf‘;@%‘;‘;"”“”" 80%2,5 88%2,5
PacTsikumMocTb, CM 15%1 23%1
BenusHa, en. mpubopa 36,3+0,3 16,5%0,5
Yucito nageHusi, 325*8 2087
30/IbHOCTD, % 1,21£0,04 1,91£0,04
CopepskaHuie XUPOB, % 1,30+0,05 5,63+0,06
ConepskaHue 6enka, % 10,27+0,05 10,88+0,05
ConepskaHyue MOHO ¥ AYICaxapuaoB, % 1,99+0,05 2,23+0,05
ConepskaHue Kpaxmasa, % 55,9+0,4 56,2+0,4
CopepskaHue KIeTyaTku, % 0,73+0,05 1,89+0,05

BHeceHMe siep KeJpOBOro opexa B IOMOJIbHYIO MapTHIO MpU IIO-
JIydeHUM KOMIIO3UTHOI MYKM TPUBOOMIO K CHUKEHMIO TIOKa3aTesst
BJIQKHOCTM MIIEHMYHO-KeIPOBOil Myku Ha 0,5%. 3To 06GbSICHSIETCST TU-
IpoGOOGHBIMY CBOCTBAMIU OPEXOBOIO KOMITOHEHTA, COMIEPKAIIEro KUP
B KkonmuectBe 30,2-49,2% [32]. ®opMMpoBaHNE KOMIIO3UTHOI MYKU
COTIPOBOX/AIOCh M3MEHEeHMeM XapaKTepUCTUK OTMbIBaeMoOii Kileii-
KOBMHBI: CHMKAJIOCh ee CofepskaHue, CTPYKTypa KIeHKOBMHBI OC/Ia-
GeBasia ¥ OHa MpuobpeTana GOJBIIYI0 PACTKUMOCTh. Takoe M3MeHe-
HMe CBOJCTB IMIMAAVH-ITIOTEHVMHOBON (PakuMy KOMIIO3UTHOM MYKU
06YC/IOBJIEHO BIAMSIHMEM XMMMYECKOTO COCTaBa opexa, o6pa3oBaHUeEM
JIATIA]-GJTKOBBIX (QPaKIMii ¥ U3MEHEHVEM PEOJIOTUYECKOTO MOBEIeHNS
BOJIOHEPACTBOPMMOJ OEIKOBOI COCTABJISIOIIEI MPY BbIAEIEHUM KITeii-
KOBMHBI [33,34].

B nomonbHOI napTuMy KOMIIO3UTHOM MyKu cofepxkanock 10% spep
KeIpPOBOr0 Opexa, YTO MPUBOOMIO K CHMKEHUIO MOoKa3aTesisi Gev3HbI
Ha 19,8+0,5 ex. mpu6oOpa M0 CPaBHEHMIO C MIIIEHUYHO MYKOIA, TOTyUeH-
HO IIpU aHAJIOTUYHBIX TE€XHOJIOTUMYECKUX PEeXMMaX M3MeJIbUeHMS. ato
06BSICHSIETCS XMUMMUYECKMM COCTAaBOM OPEXOBOT'O KOMITOHEHTa, B YaCTHO-
CTYM OTCYTCTBMEM B HEM KpaxMa/IbHbIX 3epeH [2,35]. YcTaHOBIEHO, YTO
3HaUYeHMe YMCIa MafeHnss KOMIIO3UTHOV MyK!U 3HaUMTeTbHO CHIDKAIOCh
(117+£8 c), uTo 06ycnaBAMBaEeT TPEGOBAHMUS K MCXOIHBIM XapaKTePUCTH-
KaM IepepabaThbIBAeMOro ChIpbsl MPY MPOMBILIIEHHOM IMPOM3BOACTBE
KOMITO3UTHOM MIIEeHNYHO-KeIPOBOi MYKU IJis1 XIeG0NeKapHbIX Liejeii.

Myka, B OT/IUMe OT 3€PHOBOTO ChIPbSI, XapaKTepu3yeTcsl IOHMKEeHHO
CTOIMKOCTBIO IIpU XpaHeHuu. [[pofo/sKMUTeIbHOEe XpaHEeHV e MyKY OKa3bIBa-
eT 6oJIbILIoe BIIMSTHYIE HA M3MeHEeHe BKYCOBBIX [IapaMeTPOB IIPOAYKTa, YTO
MPOMCXOANT 3a CYUET TMIAPOTUTUUECKUX PEAKIUIl PA3IMYHOI MHTEHCUBHO-
CTM B IMITMAHOM dpakumm MyKku. Paciienienye MOIeKy/ TPUTULIEPUIOB
¢ 06pa3oBaHMEeM CBOBGOIHBIX SKMPHBIX KUCIIOT, B TOM unciie u [THXKK, sBiis-
€TCsI IPUYMHON CHIVDKEHMSI TIOPOTa BOCHPUSITHS BKyCa M apoMaTa, a TakKe

TI0SIBJIEHVSI TOCTOPOHHMX MTPMBKYCOB, 3aI1aX0B MM ITPOropKIoCcTy. Mcce-
JlOBaHMe CBEXXeCTV MYKM IPOBOAMIN C NPMMEHeHMeM MHCTpyMeHTaslb-
HOJ MeTOIMKM IO M3MEeHEeHMIO KUCIOTHOTO uucia kupa. Ha xpaHenue
ObUIY 3aJI03KEHBI 1BA BUAA MYKW: KOHTPOJIbHAS TTLIIEHUYHAS U TTIIEHUIHO-
KeZlpoBasi KOMITO3UTHast. OCHOBHBIM ITapaMeTpOM IPU XpaHEeHUM, KOTO-
PbIii XapaKTepu3yeT KaueCTBO IMPOAYKTa ¥ HOPMUPYET CPOK 6e30IMacHOro
XpaHeHMs], CYUMTAEeTCs] KUCTIOTHOE YMCIIO XXMpa.

PesynbraThl M3MeHeHus okasaTesst KIK mpu xpaneHuu 1a6opatop-
HBIX P06 MIIEHNYHON U MIIeHNYHO-KeJPOBOIi MyKM IpUBeNeHbl Ha Pu-
cyHke 1.
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PucyHok 1. I3MeHeHMe noKa3aTeseli KMCIOTHOTO 4iciia JKupa
MIIeHNYHO¥ (2) ¥ NIIIeHNMYHO-KeaPoBoii (6) MyKM B mpoiecce
XpaHeHMsI IPU Pa3/IMYHBIX 3HAUEHUIX TeMIlepaTyp

Figure 1. Changes in the acid value of fat in wheat (a) and wheat-cedar (b)
flours during storage at different temperatures

C mpuMeHeH)eM MeTOo/la HaMMeHbIIMX KBaIpaToOB /IS MaTeMaTude-
CKOJ1 06pabOTKM Pe3y/IbTaTOB MPOBEEHHbBIX UCCIENOBAHMI YCTAHOBUIIA
perpeccroHHbIe 3aBUCUMOCTM BIVSIHUST IIPOAO/DKUTETbHOCTY XpaHEHMSI
(x) MabopaTOPHBIX TPO6 MYKY IIPU Pa3IMYHBIX TEMIIEPATYPHBIX YCIOBU-
51X Ha noka3saTenb KYK Buma:

y,=10,267 + 0,324x — 0,0009x2, 1)
abCoIoTHAs CpeHSS KBaJApaTuyeckas MOrPenrHoCcTh coctaBmwia 1,750;
otHocuTenbHast — 0,870;
¥,=10,876 + 0,437x — 0,0015x2, 2)
abCoMIOTHAs CpeHssS KBaJpaTHueckasi MOrPeIrHoOCTh cocTaBuia 2,770;
oTHOCUTeNbHas — 1,22;
y3=10,95 + 0,731x - 0,0025x%, 3)
abCoMIoTHAs CpeHSS KBaJpaTUyecKkasl MOTPeNIHOCTh coctaBmwia 2,401;
oTHocuTenbHas — 0,725.
O6o3HaveHus y;, Yo, ¥3 — mokasaresu KK Mpo6 MIIeHNYHO MYKH, Xpa-

HeHMe KOTOPBIX OCYIeCTBIsIOCh npu Temieparypax 20°C, 30°C, 40°C
COOTBETCTBEHHO; 3HaueHMs nnpuBeAeHsl B Mr KOH Ha 1 rkupa;

¥4=6,260 + 0,180x — 0,0004x2, 4)

abComoTHAsT CpeHSS KBaJpaTUyecKasl MOTPelIHOCTh coctaBmwia 2,152;
oTHOocuTenbHast — 1,780;
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¥5=6,286 + 0,173x — 0,0002x%, )

abCoIOTHAS CpeHsS KBaApaTuyecKkasl MOrPenrHoCTh coctaBuia 2,276;
oTHOcuTeabHast — 1,686;

Ye="5,462 + 0,280x — 0,0007x2, 6)

abComoTHAs CpeHSS KBaJpaTUyeckasl MOrPemrHoCTh coctaBmwia 1,820;
oTHocuTenbHast — 1,182;
O6osHaueHus y,, ys Y, — nokasartenmu KWK npob nineHnvHO-KempoBOi
MYKM, XpaHeHMe KOTOPBbIX OCYIIeCTBJSIOCh Ipu Temmepatypax 20°C,
30°C, 40 °C cooTBeTCTBeHHO; 3HaueHus npuBeneHsl B Mr KOH Ha 1 rxkupa;
X — TIPOJO/DKUTENBbHOCTb XPaHEHMSI, CYTKMU.

TIpoBeIeHHBIMU MUCCIIEIOBAHMSIMM YCTAHOBWIN, UTO Y 06PAsIOB IIIIe-
HmyHOi Myku KUK mmesno 6onee Bbicokoe 3HaueHue (0T 8,2 0o 63,4 mr
KOH Ha 1 r xupa), uem y 06pa3iioB KOMITO3UTHOI MIIEHUYHO-KeIPOBOI
myku (ot 3,7 go 32,2 mr KOH nHa 1 r xupa). OTu JaHHbIE COITIACYIOTCS
¢ pesynpratamyu 3HaueHMit KK menkoit dpakumum kepoBoro opexa [36],
KoTopble He mpeBbimany 2 Mr KOH Ha 1 r npu XpaHeHUM B TeueHMe
210 cyTOK.

Ham6onbimit mpupoct nokasaTens KIK 3adurcupoBanu y mireHny-
Hoit myku ipu Temmneparype 40 °C, BiuioTs 10 63,4 mr KOH/r skxupa Ha 6-M
Mecsilie XpaHeHMsI, YTO XxapaKTepu3yeT MHTEHCMBHOCTb TMAPOIN3a Kupa
B MCCIeyeMOM oOpasiie.

CpaBHMTeNbHBIN aHaAu3 JaHHBIX PucyHKa 1 IO3BOMM/ YCTaHOBUTH
TOCTeNeHHOe YBelMUYeHye roKa3aTesieil KMCIOTHOTO YMCIa )KUPa, KOTO-
pble 3aBUCeNIM OT NMPONO/DKUTENbHOCTY M TeMIlepaTypHOro IapameTpa
MIpY XpaHeHUY J1a6opaTOPHbIX P06 MyKyu. O6pasLbl MIIEHUYHO MYKHM,
3a/I0keHHble Ha XpaHeHue npu Temmepatypax 20 °C, 30°C u 40°C, xa-
paKkTepM30BaIuCh HaMOOIbIIe MHTEHCMBHOCTHIO POCTAa KMCIOTHOTO YK -
CJ1a JXupa.

PesynbTaThl UCCIeIOBAHMI BAUSIHUS IPOAOKUTETbHOCTY XpPaHEHUS
¥ TeMIIEpaTypHOro akTopa Ha M3MeHeHMe rmokasaresns KIK mpo6 Mmyku
C UCTIO/Ib30BaHMeM ypaBHeHMs] AppeHuyca npuseseHsl B Tabnutie 4.

Tabnuiia 4. 3HaueHuss KO3PPUIMEHTOB CKOPOCTH MU3MEHEHMS
KYX g1 mpo6 MyKM OT TeMIiepaTypbl

Table 4. Values of the coefficients of the rate of change in the AV of fat for
flour samples depending on temperature

Temmeparypa 3HadeHMe MOKa3saTeJeli ypaBHeHMsI AppeHuyca
xpaHeHus1, °C 1T k In(k)
TIpo6bI MIIEHNYHO MYKU
20 0,003413 0,1599 -1,8333
30 0,00330 0,1627 -1,8156
40 0,003195 0,2801 -1,2725
[Tpo6BI MIIEHNIHO-KEPOBOI MyKM
20 0,003413 0,1468 -1,9188
30 0,0033 0,1330 -2,0149
40 0,003195 0,1000 -2,3026

Vicxomst u3 TOAyvYeHHOI MHDopMalum, ypaBHeHMe AppeHuyca Ijist
J1a60pPaTOPHOI MPOOBI MIIEHUYHON MYKM TPENCTaBIEHO B CIELYIOLUIEM
BUAE:

In(k)=6,7617-2,5440(1/T) = 6,7617-2,5440(1/293) = -1,6405.  (7)

IIpoBefeHHbIe pacyeThl O (HoOpMyJie TO3BOIMIN OMPENeIUTh MPO-
THO3MPYEMbIii CPOK XpaHEHUS TPOOBI MIIEHUYHOI MYKH TI0 TTOKA3aTesTo
KWX, koTopsiii coctaBui 218 cyTok u 7,2 mecsina.

VpaBHeHUe AppeHuyca Ijsi KOMIIO3UTHON TMIIEHUYHO-KeLPOBOiL
MYKM IIPEJICTaB/IeHO B BUJIE:

In(k)=-7,8573 + 1,7496(1/293) = —2,0788. 8)

TIporHo3upyeMmblit CPOK XpaHeHMsT pa3pabOTaHHOTO MPOIYKTA 10 1M0-
kasaremto KX cocrasnsier 276 cyTok, win 9,1 mecsua.

Hanuume pacTUTENBHOIO XMPA B COCTaBe KOMIO3UTHO MMIIEHNYHO-
KkegpoBoit mMyku (5,63+0,15%) rumoreTMyecku IODKHO MPUBOIUTH
K COKpAIleHMI0 CpoKa XpaHeHusi pa3paboTaHHOro mpopykra. OpHa-
KO TIOJIyYeHHbIe 3KCIepUMMeHTa/ibHble NaHHble u3MeHeHuss KWK npu
XpaHEeHUM IeMOHCTPUPYIOT IPOTUBOIOIOXHYIO TeHAeHUuio. Ilomy-
YeHHbIE Pe3y/bTaThl, BEPOSITHO, CBSI3aHbI C HECKOIBKMMU (haKTOpaMM.
Bo-nepBeix, 3HaueHus nokasatens KUK kemgpoBoro macia gakruue-
cku coctasmsaor 0,49-1,72 mr KOH Ha 1 rxupa [37], 1, B COOTBETCTBUM
C HOPMaTUBHBIMM JOKYMeHTaMM, He JO/DKHBI npeBbiiaTh 4,0 Mmr KOH
Ha 1 r>Xxupa. AHaJIOTMYHBIN MTOKa3aTesb IJ1s MIIeHNYHON MyKM 3HaUM-
TEJIbHO BbIIIE, er0 (PaKkTHUecKye 3HaUeHNST BapbUPYIOTCS B AMana3oHax
12,5-20 mr KOH Ha 1 r skupa [38], a B HOpMaTUBHO} AOKyMeHTaLUU

CpoK xpaHeHust onpenened sHauenuem 50 mr KOH Ha 1 r skupa?2.Bo-
BTODBIX, IIPUCYTCTBME B COCTaBe KOMIIO3UTHON IMUIIEHNYHO-KeIPOBO
MyKM NO3UIIMOHHOTO M30Mepa JIMHOJIeHOBO) KUCIOTbl — MMUHOJIEHO-
BOJi [39], MCTOUHUKOM KOTODOJi SIBJISIIOTCSI M3MeJb4YeHHble COBMECTHO
C 3epHOM ILIEHMIIBI SIIpa KeIPOBOTO OpeXa, MOXKeT BJIVSITh Ha CTabMIIb-
HOCTB JIMITUJIOB Y 3aMeJJISITh OKMCIUTETbHbIe ITPOLIeCChI IIPY XPaHEeHUMU.
B-TpeTbux, MHKANCY/ISLMs pacCTUTENIbHOTO Macia KepoBOro opexa Bo-
JIOHEepacTBOPMMBIM INIIOTEHOM ¥ pa3pylleHHbIMM 3epHaMM Kpaxmasa
MIIeHNYHOV MyKM [40] IPOUCXOOUT CaMONIPOM3BOJIBHO NIPU peanusa-
LMY TeXHOJIOTMYEeCKOTO Mpoliecca COBMeCTHOTO TOMOJIA IIpU MPOU3BOJ-
CTBe KOMITO3UTHO MYKMU.

JIns1 monTBepsKAeHUsl IIPOTHO3MPYeMOro CPoKa XpaHeHMs MCCIeny-
eMbIX 06pa3l0B OCYIECTBISUIM GAJVIbHYIO OLleHKY KauecTBa XJ1e6oOy-
JIOUHBIX U3/eNNii, IPUTOTOBIEHHBIX 13 IIPO6 IMIIeHNYHON ¥ MIIeHNYHO-
KeJIpOBOJi MyKY C [1IepMOAMYHOCTBI0 30 CYTOK Ha KaXKI,0M STarle XpaHeHMs
B TeueHue 180 nHeli. PesynbTaThl IpencTaBieHbl Ha PucyHke 2.
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PucyHoK 2. [IluarpaMMsbI M3MeHEeHUsI 0a/VIbHOV OLIEHKM KavyecTBa
x/1€6006YTOYHbIX M3AEeINii U3 MIIEeHNYHO (a) ¥ MIIeHNYHO-
KeJpoBoii (6) MK NPY XpaHEeHUN
Figure 2. Diagrams showing changes in the quality score of bakery products
made from wheat (a) and wheat-cedar (b) flours during storage

CnemyeT OTMETUTb, UTO IIOBBIIIEHNME Oa//TbHOI OIEHKU KavyecTBa
XJ1€606Y/I0UHbIX U3AENIA, TPOU3BEAEHHBIX U3 MYKM, XPAaHUBIIENCS TIPU
temneparype 20+0,5°C, cBS3aH B MepPBYI0 OYEPEb C TMOBHIIIEHNEM €e
BOJOTIOIIOTUTENbHOI CITOCOOHOCTM M, KaK CIEACTBUE, C YBeIMUEHUEM
(bopmoycToituMBOCTM MTOIOBbIX U3menuit. HabmogeHne 3a xyie6orekap-
HBIMM CBOMCTBaMM NMPO6 MyKM, XpaHeHMe KOTOPBIX MPOUCXOAVIIO TIPU
temmeparype 30%0,5 °C, mokasano CHYKeHMEe XapaKTePUCTUK TPUTOTOB-
JIEHHBIX U3 HUX U3EJNIA.

MatemaTuyeckass 06paboTKa JAHHBIX C MPUMEHEHMEM YpaBHEHUS
AppeHnyca 1o nokasaTeasiM 6a/UIbHOV OLIEHKU X/1e606Y/I0UHbIX U3Je-
JIUIA U3 TIIIEHNYHONM MYKM IIPeJICTaB/IeHa B BUAE:

In(k)=19,1802-6,8194(1/293) = -3,4168. 9)

PacueTHbIll 1OKa3aTelb CPOKa XpaHEHUs] cocTaBuia 215 CyToK, win
7,1 Mecs11a, UYTO OTJIMYAETCS OT PaHee MOMyYeHHbIX 3HAUEHU TPOTHO3M -
pyemoro cpoka xpaHeHus no KK nHa 1,4 %.

Ilnst ipo6 x1e606y/IOYHBIX U3AENN U3 KOMIIO3UTHOM IIIEHNYHO-
KeJIpOBOJi MYKM YpaBHEHMe MOyYeHO B BUJIe:

In(k)=20,1942 - 7,0363(1/293) = —3,0448. (10)

22TOCT 26574-2017 «Myka mueHndHasi xne6ornekapHasi». Mocksa: CTaHzap-
tuHdopm, 2018-12 c.
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IIporHo3upyeMblii NOKasaTelb CpOKa XpaHeHMs] paBeH 269 cyTkam,
nmu 8,8 Mecs1iaM, YTO OT/IMYAETCs OT ITOKa3aTesIsl CpOKa XpaHeHusl, Mpo-
THO3MPYeMOTO I10 KMCJIOTHOMY YMCITY, Ha 2,6 %.

Takum 06pa3oM, UCIONb30BaHMEe KeIPOBOrO Opexa B COCTaBe KOM-
MO3UTHBIX MYYHBIX CMeceii He OKa3blBaJO OTPULATENbHOTO BIVSHMUS
Ha IoKas3aTeJb KMCJIOTHOTO 4MCiIa JXupa IMPOoAyKUMH, IPOTHO3UPYEMBbIi
CPOK XpaHeHMsI KOMIIO3MTHOJ IIIeHNMYHO-KeJPOBOi MYyKM COCTaBUI
He MeHee 8 Mecs1eB.

Ha cienyromem srare MpoBOAWIN OLLEHKY aHTMOKCUAAHTHBIX XapaK-
TEePUCTUK MIIEHNYHO-KEIPOBOI MYKM U NMPO6 X/1e606yTOUHBIX 3Nt
B CPaBHEHMM C MTOKa3aTelsIMU U3AeNNii, TPUTOTOBIeHHBIX 13 MyKM IIIIe-
HUYHOJ PasIMYHBIX COPTOB. AHTMOKCUIAHTHYIO CIIOCOGHOCTD Jlabopa-
TOPHBIX MPO6 MYKU OLEHUBAIU CHEKTPOPOTOMETPUYECKMM METOLOM
10 OTHOLIEHMIO K KaTuoH-paaukany ABTC. [laHHbII MeTOn NMpUMeHs-
eTcsl B MeXIyHapOLHOJ IpaKTMKe JJIS CPaBHEHMS M CTaHJAPTU3aLvn
pacTUTENbHBIX MICTOUHMKOB M NMUILIEBBIX N06aBOK [41-43]. YcTaHOB/IEH-
Hble 3HaueHMS] aHTMOKCUIAHTHOJM €MKOCTY KOMIIO3UTHOV NMIIeHUYHO-
KenpoBoii Mmyku coctaBuiau 0,32+0,03 u 5,22+0,14 mrmosnb T/ ¢.B. ISt
munoduabHOM U ruapoduIbHOM QpaKiuit COOTBETCTBEHHO.

[TonmyyeHHble 3HAUEHUS I X1eOOGYIOUHBIX M3LENuil MpUBeLeHb
Ha Pucynke 3 u PucyHke 4.

Pe3ynbTaThl CpaBHMUTENIbHOV OLIEHKM aHTMOKCMIAHTHBIX XapakTe-
PUCTMK X/1eG06YIOYHbIX M3IeNNii, BHIPAGOTAHHBIX M3 MCCIELYeMbIX
po6 MyKM, TOKa3aJIy IOBbIIIEHHbIe 3HAUEHVSI KaK A/ TUIpOUIbHOI,
TaK ¥ A1 TMIOGWIbHOM Gpakumum MSIKUIIA U3LEIUil U3 KOMIIO3UTHOM
MIIEHNYHO-KeAPOBOi MyKu. OBOOGIIEHHO XapaKTepUCTUKON aHTUOK-
CUJIAHTHBIX CBOJCTB XJIeGOOYIOUHBIX M3LeNuil siBisercs: Prior-kpure-
puii [44]. Ero 3HaueHue AJIs1 U3AeINii, MOMTYY€HHBIX M3 KOMIIO3UTHON
MIIeHNYHO-KeIpOoBOii MyKHM, cocTaBuio 0,26, 4TO Bblllle 3HAYEHUS IJIS
usnenuii u3 nenbHo3epHoii myku (0,10) u nueHn4yHOM MyKku 1-ro copra
(0,07).

OKMCIUTENBHBII CTPecc, OIpesesieMblil Kak AucbanaHc Mexny npo-
IyKUMei akTUBHBIX GopMm kuciopona (ROS) u aHTMOKCHMAAHTHON 3a-
LIUTOM, CYNTAETCs KJIIOUeBOii ABIVDKYLIEN CUIOi, KOTOpasi yBeauuuBaeT
BOCIIPUMMMYMBOCTb K Pa3BUTHUIO BO3PaCcTHBIX NaTONOrMii. B Hacrosimee
BpeMsI MHOTOUNC/IEHHbIE aKTMBATOPBl TPAaHCKPUIILIMOHHOTO (akropa
NRF2, npuHajaeskalue K pa3iMyHbIM XMMIYECKMM KJIaCcCaM, HaXOASITCS
Ha Pa3HBIX CTAAMSIX 0G0CHOBAHMS M KIMHUYECKOI pa3paborku. K umcity
TaKMX COeNVMHEHMI OTHOCSTCS NMIIEBble GMONIOTMYECKY aKTHBHBIE Be-
IIeCTBA, BKIOYAsl KYPKYMMH, ITPOU3BOAHbIE (HyMapoBOii KUCTOTbI, U30-
THauyaHart cynbdopacdaH, pecBepaTpos 1 SKMPHbIe KUCTOTHI [45].

3nauenune AOE ruapodpuinbHoii ppakumn
o6pa3uos, (Mkmoab TI/r c. B.)

¥ x1e000y/104HOE H3JEITHE U3 MIIEHHYHO-KEAPOBOH MyKH
xJ1e000yI0UHOE M3eIne U3 LeTbHO3EPHOBOI MyKH
x71€600y104HOE H3/IeINe U3 MIISHUYHOH MyKn 1 copra
PucyHOK 3. AHTMOKCUZAHTHAsI eMKOCTh IrMApoMIBHBIX
dpakumit X1e606yIOUHBIX U3TeNit
Figure 3. Antioxidant capacity of hydrophilic fractions of bakery products

Takum 06pa3oM, MPOBEeJEeHHbIE VCCIeAOBAHMUS TIOKA3a/IM, UTO XIIe-

6006y/I0uHble M3/enMs U3 MIIeHNYHO-KeIPOBOil MYKyM O0/IafaloT aHTU-
OKCUIAHTHBIMM CBOJICTBAMM, OGYCJIOBJIEHHBIMU HaymuumueM 6uosormnye-
CKM aKTMBHBIX BeIlleCTB B COCTaBe KOMIIO3UTHOM MyKI. [MIIOTeTHYeCKH;
MMEHHO 6/1arofapst UX HaJMYMIO U BO3ZECTBUIO HA TUIUIHbIE KOMIIO-
HEHTBbI KOMIIO3UTHOM MYKM IIPOLiecC TUIpOnN3a XXUPOB UIeT C MeHbIIel
CKOPOCTBIO, UTO MO’KHO HaG/MI0gaTh 110 AVHAMMKE [IPYPOCTa IT0Ka3aTes
KWK npu xpaHeHMM MIIeHNYHO-KeJPOBOI MYKM.

4. BpiBOABI

B pe3ynbraTe npoBeIeHHbIX UCCIEN0BaHMIi yCTaHOBEHbI XPaHMMOCIIO-
COGHOCTb M aHTMOKCHAAHTHbIE XapaKTePUCTVKM KOMIIO3UTHOIA IMIIEHNYHO-
KeZIPOBOI MYKM U XJIe606YIIOUHbIX M3AENNiA, BHIpaGOTaHHBIX HA €€ OCHOBE.

BBeneHue simep KeApOBOTO opexa B IIOMOJbHYIO NApTUIO 3€pHOBOI
cmecu B KommuectBe 10% MpUMBOOMUT K yBelIMUYeHMIO kupa B 4,5 pasa
u Gesika Ha 9,6 % B KOMIIO3UTHO MIIEHMYHO-KeAPOBOI MyKe. [TIpy 3TOM
MPOAYKT 0OpeTaeT XapaKTepHbIil KeIPOBbIii apOMAT, UTO MOTOKUTETHHO
B/MSIET HA OPTaHOJIENTUYECKYIO OLIeHKY ITPOAYKTOB.

IIpoBeneHa cpaBHMUTeNbHAS OLIEHKA [T0Ka3aTesell KayecTBa MIIeHNY -
HOJf ¥ KOMIIO3MTHO} NIIEHUYHO-KeAPOBO/ MYKM. YCTaHOBJEHO, UTO
BHeCeHMe S/Iep KeIPOBOTO Opexa CHIKAeT MOKa3aTeNy BIaXHOCTH, Oe-
JIV3HBI, YMCIa A eHUs U COTepKaHusl KIeIKOBMHBI; TAK)Ke OTMeYeHO ee
pacciabneHue U yBeauueHue pacTsKMMOCTI.

BoigBreH xapakTep Wu3MeHeHMs1 mokasarenss KWK mnimeHMYHO!
¥ MIIeHNYHO-KeAPOBOV MyKy Ipy XpaHeHuM B TeueHue 180 cyTOK mpu
temmeparypax 20°C, 30°C u 40°C, 4To MO3BOJIWIO CIIPOTHO3UPOBATH
CPOKM XpaHeHMs] KOMIIO3UTHOM IIIeHNYHO-KeJPOBOi MyKU. YCTaHOB-
JIEHO, YTO IIPMMEHEeHMe siep KepOBOro Opexa B COCTaBe KOMIIO3MTHOM
MIIeHNYHO-KePOBOJi MyKyM He IOBbIIIAeT NMpupocT nokasarens KWK.
[TporHosupyemblit CPOK XpaHEHMs] KOMIIO3UTHO MIIeHUYHO-KeIpOBO
MYKM COCTaBII He MeHee 8 MecCs1eB.

VcTaHOB/IEHbI  aHTMOKCMIAHTHbIE  XapaKTePUCTUMKM  KOMIIO3UT-
HOJi MIIeHNYHO-KeIpOBOM MyKu: 3HaueHus coctaBwin 0,32+0,03
n 5,22+0,14 mrmonb TD/r c.B. mjist IunoGUabHON ¥ TUAPODUIBHOM
dbpaxkuuit cooTBeTCTBEHHO. [l P06 x71e600YyI0UHBIX U3[enii, BbIpa-
60TaHHBIX Ha ee OCHOBe, 3HaueHue Prior-kpurepust cocrasmio 0,26, 4To
MpeBbIIIAeT aHAJIOTYUHble 3HAUEHMSI 1151 TIIeHUYHBIX U3/eNii U3 Liefb-
Ho3epHoit myku (0,10) 1 U3 MyKM MIIEHNYHOI XIe6onekapHoit 1-ro cop-
ta (0,07).

Takum 06pa3oM, KOMIIO3MTHAS IIIEHNYHO-KeIPOBasi MyKa MOXKeT
ObITh PEKOMEHJOBAHA ISl IPOMBIIIUIEHHOTO ITPOM3BOJCTBA U BBIPAGOT-
KM IIPOIYKLIMM TTOBBILIEHHO MUILEeBOI 1IeHHOCTU.

3nauenne AOE aunopuibHoii ppakuun
o6pa3uos, (Mkmoas TI/T ¢. B.)

B xJ1e000yJI04HOE H3/IeIHe U3 MIICHUYHO-KEPOBOH MyKH
X71€000y1049HOE U3/IeNHe U3 IeTbHO3EPHOBOM MyKH
xJ1e600yI04HOE U3JIeIHe U3 MILEHMYHON MyKH 1 copra

PucyHOK 4. AHTMOKCHMIZAHTHAsI €MKOCTb TUMOMVIBHBIX
dpaxkumit x1e606yT0UHbIX M3A TN
Figure 4. Antioxidant capacity of lipophilic fractions of bakery products
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Myricetin, flavonoid, Mpyricetin is a polyphenolic flavonol that is commonly present in tea, grapes, fruits, vegetables, and a number of medicinal
plant, medicine, plants. It is known to have a number of biological actions that are important for human health. Myricetin stands out for
human health its multifunctional potential in the prevention and treatment of different infectious and degenerative disorders, especially

as interest in natural bioactive chemicals grows. The primary mechanism entails robust antioxidant action by scavenging
reactive oxygen species (ROS) and inducing the endogenous enzymes like catalase and superoxide dismutase. Furthermore,
myricetin has anti-inflammatory properties via inhibiting the activation of the MAPK (mitogen-activated protein kinase)
and NF-«B (nuclear factor kappa-light-chain-enhancer of activated B cells) pathways, which lowers the synthesis of proin-
flammatory cytokines. Numerous in vitro and in vivo investigations have demonstrated its capacity to suppress the growth
of cancer cells, trigger apoptosis, and stop metastasis in the context of oncology. Myricetin decreases cholesterol, promotes
endothelial function, and guards against atherosclerosis in the cardiovascular system. Its neuroprotective benefits are
also encouraging, especially in terms of protecting dopamine in Parkinson’s disease and preventing f-amyloid buildup in
Alzheimer’s disease. Furthermore, myricetin is important for preventing diabetes and obesity because it regulates blood
glucose, improves insulin sensitivity, and modifies lipid metabolism. Antimicrobial and antiviral activities have also been
documented, although they are still limited to experimental studies. Nevertheless, two significant obstacles to its conver-
sion to practical applications are the lack of extensive clinical trials and the limited oral bioavailability. Future studies will
concentrate on developing novel formulations, investigating safe and efficient dosages, and conducting thorough clinical
trials. All things considered, myricetin shows significant promise as a multipurpose natural therapeutic candidate that
promotes human health.
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OTKPBITBIN AOCTYNT

KJIFOYEBBIE CJ/IOBA: AHHOTALIUA

Mupuyemun, MupuiieTMH — nonugeHoNbHbIN (IABOHOJ, IMMPOKO PACIIPOCTPAHEHHbII B Yae, BUHOTpaze, GPyKTax, OBOIAX U psifie JTeKapCT-

(nasoHoud, pacmeHue, BeHHbIX PACTEHUi. I3BECTHO, UTO OH 06/IaaeT PSIOM 6MOIOTMUECKMX CBOVICTB, BasKHBIX IS 3[0POBbS UeloBeKa. MypuileTH

J1ekapcmeo, 300p06ve  BBIAE/SAETCS CBOMM MHOTO(QYHKIMOHAIbHBIM IOTEHIMATIOM B IIPO(PUIAKTIKE U JIEUEHUY PA3TNUHbIX MHPEKIVOHHBIX 1 JlereHe-

uenoeexa paTMBHbBIX 3a60/1eBaHMi1, 0COGEHHO B CBSI3Y C POCTOM MHTEpeca K IPUPOSHbIM GMOaKTUBHBIM BeliiecTBaM. OCHOBHOM MeXaHMU3M
€ro JeMCTBIUS 3aK/II0YAETCS B MOIITHOM aHTMOKCUIAHTHOM JIEMCTBUM, KOTOPOE BbIPAKAETCsl B HEMTpaIm3aluy akTUBHBIX (hopM
kucnopozaa (ADK) v MHIYKIMM TaKUX SHAOTEHHBIX (hepMEHTOB, Kak KaTauasa U CylepoKcuaaucMmyTasa. Kpome Toro, MUpuieTMH
06s1a/1aeT MPOTMBOBOCIIAIATETbHBIMI CBOMCTBAMM, MHTMOUPYSI aKTUBAIIMIO CUTHATBHBIX TyTeit MAPK 11 NF-«B, UTO CHIKaeT CUH-
Te3 MPOBOCHAINTEbHBIX IUTOKMHOB. MHOTOUMC/IEHHBIE VICCTIENOBAHMS in Vitro 1 in Vivo TpOJeMOHCTPUPOBAIU €T0 CIIOCOGHOCTD
TIOABJISITh POCT PAKOBBIX KJIETOK, 3aITyCKaTh arlOITO3 M OCTAHAB/IMBATh MeTacTa3poBaHye B OHKO/IOTMY. MUpUIIETVH CHIUKAaeT
YPOBEHb XOJIECTEPUHA, CITOCOOCTBYET YIyUIIEHNIO (QYHKLIMM SHAOTENMS U 3alUIIAET CEPAEYHO-COCYIUCTYIO CUCTEMY OT aTepo-
ckepo3a. Ero HeiiponpoTeKTOpHbIe CBOJCTBA Takke BecbMa obelaolye, 0COOeHHO B IUIaHe 3alMThl JodaMyuHa pu 60/1e3HI
IMapKMHCOHA U TIPEIOTBPAIlEHNs] HAKOIUIEHUS B-amuiouaa rpu G6onesHu Anblireiivepa. Kpome TOro, MUpMIIETMH BaskeH ISt
MPOGUIAKTUKY AMabeTa ¥ OKUPEeHMsI, TOCKOIbKY OH Pery/upyeT YpOBeHb ITFOKO3bI B KPOBM, YTy4LIa€T YyBCTBUTEILHOCTD K MH-
CY/IMHY U MEHSIeT TMIUIHBIN 060MeH. Takke 6bUIM 3aperuCTPUPOBAHDI €r0 aHTMMUKPOGHbIE Y IIPOTUBOBUPYCHbBIE CBOJICTBA, XOTSI
OHM I0Ka OrpaHMYeHbl SKCIIepMMEeHTaIbHbIMU McCIefoBaHusIMU. TeM He MeHee, IBYMSI CyLIeCTBeHHBIMM MPEeISITCTBUSIMU AJIsI
MPaKTUYECKOTO MPYMEHEHMS SIBJISIOTCS OTCYTCTBYE OOLIMPHBIX KITMHUYECKMX VICITBITAHMI ¥ OTpaHMYeHHast 6MO0OCTYITHOCTD IIPY
TepopaabHOM MpuéEMe. Byayuine mccienoBanust GyIyT cCOCpenoTOUeHbl Ha pa3paboTke HOBBIX (HOpMYII, U3yueHMM 6e30MmacHbIX
1 3¢HeKTUBHBIX JO3MPOBOK ¥ IIPOBEEHUM TIIATETbHBIX KIMHUYECKYX VUCITBITAHMI. YAUTHIBASI BCE 9TO, MMPULIETVH MIMEET BO3-
MOKHOCTb CTaTh MHOTOLI€/IEBBIM ITPUPOSHBIM TepareBTUYECKMUM BelleCTBOM, YIyUYlIaioIIM 30POBbe YeloBeKa.

OUHAHCHPOBAHME: [JanHasi pa6ora 6bi1a mojaepskaHa HauyoHaJbHBIM areHTCTBOM McciemoBaHuii u uuHoBauuii (BRIN) u VIHIOHE3MIACKUM
dougom pasButus o6pasosanus (LPDP) B pamkax mporpammbl RIIM — KonkypcHast BosiHa 7 (Ykas N2 61/11.7/HK/2024). ®uHaHCUPYIOLas OpraHi-
3alMs He IPUHMMAJA yJacTus B pa3paboTke ucciaenoBaHus, coope, aHamM3e Wi MHTePIPeTalyy JaHHBIX, 4 TAKKe B HAIIMCAHUY JAHHOM CTaThu.

BJIATOOAPHOCTU: ABTOpBI BBIPasKalOT MCKPEHHIOW G/1arogapHocTh HaloHanbHOMY areHTCTBY uccinenoBanmii u uHHoBauuit (BRIN) u UHgoHe-
suiickomy ¢hoHay pasBuTust o6pasosanus (LPDP) 3a ¢puHaHCOBYIO OAAEPKKY B paMKax [IporpaMMbl MCCIeJOBaHMIT M MHHOBALWIA [Jisl TIepeIoBoii
Wuponesun (RIIM) — KoHkypcHas BojHa 7, IpefycMOTpeHHO [IocTaHOB/IeHMeM 3aMeCTUTeIIS 10 HAyUYHbIM MUCC/Ief0BaHNSIM U COLEeNCTBUIO MHHOBA-
umsam BRIN N2 61/11.7/HK/2024. ABTOpbI Takke BbIpakaloT 6/1arofapHocTh HayqHO-MCcCIen0BaTeIbCKOM OpraHu3alum CelbCKOTO X03sICTBA M MPO-
nososbcTBMS (ORPP BRIN) 3a MaTepuaabHYI0 M HEMaTepUAIbHYIO NTOAAEPXKKY, U HayuyHO-1CC/Ief0BaTe/IbCKOMY LIeHTPY MMUHEPaJIbHbIX TEXHOIOTHIA,
BRIN 3a 11eHHY0 TOMOILb B [TOATOTOBKE ¥ BBIITOTHEHUM JAHHOM aBTOPCKOI paboTsl. Mbl BbIpakaeM 6marofapHocTb MHCTUTYTY TexHomoruit CymaTpsl
(ITERA) 3a coBMecTHYI0 paboTy.
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1. Introduction

Flavonoids are a group of secondary plant metabolites that have an
important role in maintaining human health [1]. This compound, which
may be found in a wide variety of fruits, vegetables, tea, wine, and spices,
has long been acknowledged for its anti-inflammatory, anti-cancer, and
antioxidant biological benefits [2]. Flavonoids have garnered significant
interest in the domains of pharmacology and nutraceuticals in recent de-
cades due to their potential as preventive measures and supplementary
treatments for a range of degenerative illnesses [3]. Myricetin is a sig-
nificant member of the flavonol group and one of the flavonoids with the
strongest antioxidant potential due to its polyhydroxy chemical structure
and six hydroxyl groups [4].

Myricetin is found abundantly in berries, onions, spinach, green tea,
and red wine [5]. Its inclusion into common dietary items suggests that
people consume this compound in quite large quantities, so making re-
search on its impact on health extremely pertinent [6]. Numerous studies
have demonstrated that myricetin possesses a wider range of bioactivity
than other flavonols, including anticancer properties and defense against
the diseases of neurological, metabolic, and cardiovascular systems [7—
10]. This function is strongly linked to its capacity to control cellular
signaling pathways, neutralize free radicals, and alter the expression of
genes linked to inflammation and oxidative stress [11].

An important reason why myricetin deserves special attention is be-
cause of its pleiotropic properties, namely its ability to influence many
molecular targets simultaneously [12]. This compound operates as a reg-
ulator of signaling pathways that control immunological responses, apop-
tosis, and cell proliferation in addition to acting as a direct antioxidant by
absorbing reactive oxygen species (ROS) [13]. Therefore, myricetin holds
significant promise for preventing multifactorial chronic diseases like
cancer, Alzheimer’s, type 2 diabetes, and atherosclerosis [14-17]. A reas-
sessment of myricetin’s potential in the health industry is also urgently
needed, given the global trend towards a healthier lifestyle and the grow-
ing interest in functional foods and supplements made from natural in-
gredients [18].

Although much research has been done on flavonoids, comprehen-
sive studies specifically on myricetin are relatively limited. The majority
of the data that are currently available are still incomplete, concentrat-
ing primarily on specific elements, such as antioxidant or anticancer ac-
tivities, without thoroughly connecting the molecular pathways to the
potential therapeutic advantages attained [19]. However, there is still
a shortage of clinical evidence in humans, and the majority of the data
that is now accessible comes from in vitro and animal research [5]. This
leads to a knowledge gap that must be filled by critical research in order
to shift future research’s focus more toward practical applications.

The limited bioavailability of myricetin is another significant obstacle
to its use [20]. This compound is easily broken down in the liver and intes-
tines, thus resulting in a comparatively low active concentration entering
the bloodstream [4]. These elements bring up significant issues with rela-
tion to safe long-term use, ideal composition, and appropriate dosage.
Examining the biological elements and health advantages is therefore
important, but so is looking at the technical challenges and opportunities
for its development as a medicinal agent or nutraceutical.

Based on this background, this review was prepared with the aim of
summarizing the current scientific evidence regarding myricetin in the
context of human health. The focus of discussion includes natural sources
and bioavailability, key biological mechanisms, and documented health ef-
fects, ranging from cardiovascular, metabolic, and neuroprotective protec-
tion to anticancer and antimicrobial activities. This article also focuses on
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future development directions, research issues, and security aspects. Thus,
there is hope that this review can provide a comprehensive overview of the
potential of myricetin as a promising candidate bioactive agent, while also
highlighting research gaps that still need to be addressed.

2. Data collection method

This review synthesized evidence identified through systematic
searches of PubMed, Scopus, Web of Science, and Google Scholar cov-
ering publications through August 2025. Search strings combined con-
trolled terms and free text (e.g., myricetin AND flavonol AND (antioxidant
OR anti-inflammatory OR anticancer OR neuroprotective OR cardioprotec-
tive OR antimicrobial OR bioavailability OR nanodelivery OR clinical)), with
Boolean operators and citation tracking (snowballing) from key papers.
Eligible records were peer-reviewed articles in English, including in vitro
and in vivo studies, clinical investigations, and critical reviews directly
addressing myricetin’s sources, chemistry, pharmacology, molecular
mechanisms (e.g., NF-kB, Nrf2, MAPK, PI3K/AKT, AMPK), epigenetic
regulation, safety/toxicity, drug-interaction potential, bioavailability,
and formulation strategies. Exclusions consisted of conference abstracts,
non-English works without reliable translation, editorials, non-peer-
reviewed items, and studies lacking methodological clarity or having no
direct relevance. After deduplication, titles/abstracts were screened fol-
lowed by full-text assessment using predefined criteria; data were ex-
tracted on study design, model/system, exposure/dose/formulation, out-
comes, and mechanistic readouts, and then narratively integrated across
disciplines (biochemistry, pharmacology, nutraceuticals, and clinical
sciences) to produce an updated, critical appraisal compliant with best
practices for scoping reviews.

3. Sources and bioavailability of myricetin

To understand the health potential of myricetin, it is important to first
review the basic aspects including its natural sources in food, its chemi-
cal structure characteristics and physicochemical properties, its bioavail-
ability profile including digestion, absorption, metabolism, distribution,
and elimination, and various factors that influence its stability and bio-
availability.

3.1. Natural sources of myricetin

Myricetin is a polyhydroxy flavonol found widely in various plant
foods [21]. It is typically found in the human diet from the ingestion of
tea, wine, fruits, vegetables, and a number of herbal plants [5]. Myric-
etin is one of the significant flavonoids that frequently enters the body
through daily meals because of its broad distribution [22]. Table 1 sum-
marizes various natural sources of myricetin, ranging from fruits, veg-
etables, tea, wine, to herbal plants.

One of the primary sources of myricetin is fruit [4]. High levels of this
compound are found in many berries, such as blueberries, cranberries,
blackberries, and bilberries [23]. The high antioxidant content of berries
has earned them the moniker “superfood,” and myricetin is a key compo-
nent in supplying these health benefits [24]. Furthermore, myricetin is
available in considerable amounts in grapes, particularly red grapes [25].
Because of this, its fermented product, red wine, is frequently linked to
cardioprotective advantages through the “French paradox” [26].

Mpyricetin has also been found in kiwis, oranges, pomegranates, and
apples [27]. Similar to how other polyphenols are distributed, this com-
pound is more prevalent in the skin of apples than in the meat [28]. This
demonstrates how crucial it is to eat the entire fruit in order to maximize
its bioactive effects.

Table 1. Natural sources and characteristics of myricetin content
Ta6]’lMlIa 1. l'[pMpo;u{b[e VICTOYHUKU U XapaKTePUCTUKU YpOBHeI‘/‘l coaepKaHusa MUPUIIeTUHa

Category Example source Content/Distribution Relevance description References
Blueberries, cranberries, blackberries, .. , . © L Acting as a major source of antioxidants
Fruits bilberries, red grapes, apples, High in frg;zﬁl;;nf?;%;eo?sgapes are and consuming whole fruit increases [23-28]
pomegranates, oranges, and kiwis myricetin intake
Vegetables Onions, tomatoes, spinach, broccoli, The content variation and red Supports antimicrobial properties and is [29-31]
g and cabbage onions are relatively high protective against degenerative diseases
I . S - Regular consumption is associated with
Green tea (Camellia sinensis) and High in green tea and lower in black $ N h -
Tea black tea tea due to fermentation cardiovascular, antidiabetic, and anticancer ~ [32-35]
protection
It has been linked to the “French paradox”
Wine and products Red grapes (Vitis vinifera) and red High concentration on the skin and  and heart protection, although the specific [36-38]
wine increased through fermentation contribution of myricetin remains to be
investigated
. . . . Provides anti-inflammatory,
Herbal plants Myrica rubra (bayberry), Rhus High concentration and the basis of hepatoprotective, and immunomodulatory  [39-44]

verniciflua, and Ampelopsis spp.

traditional medicine

effects
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In addition to fruit, myricetin can be found naturally in a variety of
vegetables [5]. The flavonol content of red onions, which includes myric-
etin and quercetin, has been extensively researched in relation to its
antibacterial and anti-inflammatory qualities [29]. Moderate levels of
myricetin, which is frequently linked to a preventive effect against degen-
erative disorders, are also found in spinach and tomatoes [30]. According
to reports, broccoli and cabbage, which belong to the Brassicaceae fam-
ily, feature lesser levels of these flavonols but nevertheless contribute to
daily consumption when frequently ingested [31].

One of the main sources of polyphenols consumed worldwide is tea,
and green tea (Camellia sinensis) contains a notable quantity of myric-
etin [32]. The myricetin content in tea varies depending on the type, pro-
cessing method, and brewing time [33]. Green tea tends to contain higher
flavonols than black tea, because the fermentation process in black tea
causes the degradation of some of the polyphenol compounds [34].
Mpyricetin is thought to be one of the primary bioactive components of
green tea, which has been associated with a lower risk of diabetes, cardio-
vascular disease, and several types of cancer [35].

Red wine, which is made from fermented red grapes (Vitis vinifera),
is a significant source of myricetin [36]. Red wine has a relatively high
concentration of flavonols because the fermenting process uses the grape
skin, which has a higher flavonoid content than the fruit’s flesh [37]. Red
wine consumption in moderation has been linked to heart and blood ves-
sel protection, while further research is still needed to determine the pre-
cise role of myricetin [38].

There are also other traditional medicinal plants that are said to be high
in myricetin [13]. One well-known example is the bayberry (Myrica rubra),
which is also the compound’s source of name and is utilized in East Asian
traditional medicine [39]. High levels of myricetin have also been found in
plants like tea (Camellia sinensis), Rhus verniciflua, and a number of Am-
pelopsis species [4]. In addition to these sources, myricetin is also present
in several species of the genus Syzygium. For instance, a myricetin deriva-
tive-rich fraction from Syzygium malaccense leaves, particularly containing
myricitrin, has been reported to account for approximately 48.48 % of the
total flavonoid content based on HPLC analysis [40]. Moreover, Syzygium
polyanthum, a widely used culinary and medicinal plant in Southeast Asia,
has also been found as a natural source of myricetin, further supporting the
nutritional and pharmacological importance of this genus [41-44]. These
compounds are thought to support the herb’s anti-inflammatory, hepato-
protective, and immunomodulatory properties, among other therapeutic
benefits, in traditional medical practices [11,43].

It should be mentioned that a number of factors, including plant va-
riety, growth conditions, harvesting techniques, and storage, affect the
amount of myricetin in food [6]. For instance, it has been noted that ber-
ries cultivated in conditions with high light intensity featured higher fla-
vonoid contents [45]. Myricetin levels are also impacted by processing; for
instance, prolonged heating may degrade it, but some fermentations may
actually make it more bioavailable [46].

Mpyricetin is found in many fruits, vegetables, tea, wine, and herbs,
thus it can be naturally incorporated into a regular diet [47]. Consum-
ing foods high in flavonoids, such as myricetin, has been linked in epide-
miological studies to a lower chance of developing chronic illnesses like
cancer, diabetes mellitus, and atherosclerosis [48]. Consequently, adding
natural myricetin sources to the diet is one possible nutrition-based dis-
ease preventive tactics [49].

3.2. Chemical structure and physicochemical properties of myricetin

Myricetin Myricetin belongs to the flavonoid subgroup and is a poly-
phenol component of the flavonol group [4]. This compound has the mo-
lecular formula C;;H,,Og with a molecular mass of approximately 318.24
g/mol [12]. The basic structure is a C6—C3-C6 flavonoid skeleton, which
is composed of two aromatic rings (A and B) connected by an oxygenated
heterocyclic ring (ring C) [1]. Myricetin differs from other flavonols, such
as quercetin or kaempferol, in that it has six hydroxyl groups (-OH) at
positions C-3, C-5, C-7, C-3’, C-4’, and C-5' [50]. Myricetin is a flavonoid
with a very strong antioxidant capacity because of its extensive disper-
sion of hydroxyl groups [51].

The hydroxyl groups in ring A (5 and 7) contribute to the transition of
metal ion chelating activity, whereas the groups in ring B (3',4', and 5') are
generally in charge of the free radical scavenging capacity [52]. The stabil-
ity of flavonoid radicals is another benefit of the -OH group at position 3 of
the C ring, which enhances myricetin’s antioxidant properties [53]. There-
fore, myricetin’s hydroxyl-rich chemical structure allows neutralizing reac-
tive oxygen species (ROS) by donating hydrogen and electrons [54].

Myricetin has physicochemical characteristics as a pale yellow crys-
talline powder. Strong internal hydrogen bonding and the planarity of
its aromatic structure limit this compound’s solubility in water, despite
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the fact that it has several hydroxyl groups, which make it relatively po-
lar [55]. In contrast, myricetin is more soluble in polar organic solvents
such as ethanol, methanol, and dimethyl sulfoxide (DMSO) [56]. Accord-
ing to reports, this compound’s melting point ranges from 357 to 360 °C,
demonstrating the resilience of polyphenols’ aromatic structure [57].

There are a number of outside variables that affect myricetin stabil-
ity. This compound is highly stable in acidic pH environments (like the
stomach environment), but it readily undergoes oxidative degradation
and isomerization in neutral to alkaline pH environments (like the small
intestine environment) [58]. Degradation is also accelerated by exposure
to light and high temperatures, which can reduce biological activity by
generating oxidation products [59]. This explains why pure myricetin
typically loses stability when food is processed or stored.

The utilization of myricetin is significantly hampered by its physico-
chemical characteristics from a pharmacokinetic point of view. The quan-
tity of active aglycone that enters the systemic circulation is decreased
by quick phase II metabolism (glucuronidation, sulfatation, and meth-
ylation), and intestine absorption is restricted by its poor water solubil-
ity [60]. Consequently, myricetin’s oral bioavailability is comparatively
poor in comparison to other flavonols [20]. Thus, contemporary research
focuses on attempts to improve bioavailability by altering physicochemi-
cal features, such as via derivatization or complex formation.

Furthermore, myricetin’s chemical characteristics enable its interac-
tions with biomolecules. The hydroxyl group and its aromatic conjuga-
tion system can intercalate to DNA and bind to proteins via hydrophobic
and hydrogen interactions [61]. Metal chelating activity is crucial in stop-
ping the Fenton reaction, which generates hazardous hydroxyl radicals,
particularly with regard to Fe?* and Cu®" ions [62]. However, this ability
also has the potential to disrupt mineral homeostasis when consumed in
very high concentrations [30].

Myricetin has a higher antioxidant activity than quercetin or kaemp-
ferol when compared to other flavonols, mostly because it possesses an
extra hydroxyl group on the B ring [4]. Nevertheless, this additional hy-
droxyl group also decreases its chemical stability by increasing its sus-
ceptibility to oxidation [63]. In other words, the primary constraint on the
use of myricetin is its superior chemical structure.

3.3. Myricetin bioavailability: Absorption, metabolism, distribution,
and elimination

Absorption: Myricetin is typically found as glycosides attached to
sugar groups after being ingested from plant sources [5]. This compound
must be hydrolyzed by the B-glucosidase enzyme in the small intestine
or by the colonic microbiota to become a more easily absorbed aglycone
form [64]. However, the bioavailability of myricetin is highly limited be-
cause its polyhydroxyl chemical nature makes it poorly soluble in fat so
that the passive diffusion process in the enterocyte membrane becomes
inefficient [65]. Furthermore, myricetin stability in the gastrointestinal
tract is limited; exposure to digestive enzymes and the neutral pH of the
intestines might cause its breakdown [66]. As a result, very little of the
oral intake makes it into the bloodstream.

Metabolism: Myricetin promptly goes through first-pass metabo-
lism in the liver and enterocytes upon effective absorption [11]. These
metabolic activities include glucuronidation, sulfatation, and O-meth-
ylation, which are mediated by transferase enzymes such catechol-O-
methyltransferase (COMT), sulfotransferase (SULT), and UDP-glucurono-
syltransferase (UGT) [67]. Therefore, conjugated metabolites of myricetin
are more prevalent in plasma than free aglycones [68]. Certain metabo-
lites, such as antioxidants or cell signal modulators, have their own bio-
logical function even when this metabolism lowers the quantity of the
parent chemical [55]. However, a significant factor limiting myricetin’s
bioeffectiveness at target tissues is still substantial conjugation [19].

Distribution: Myricetin’s distribution profile demonstrates that it can
reach a variety of tissues, with a particular predisposition to the brain,
liver, kidney, and lungs [13]. According to experimental animal research,
myricetin has a restricted capacity to cross the blood-brain barrier, which
may contribute to its ability to prevent neurodegenerative diseases [69].
Myricetin and its metabolites are crucial for regulating detoxification en-
zymes and preventing oxidative stress in the liver [70]. However, the dos-
age form, timing of administration, and dose all have a significant impact
on tissue concentrations [11].

Elimination: The main ways that myricetin is evacuated through are
bile and urine [71]. The metabolites resulting from glucuronidation and
sulfatation are water-soluble and therefore easily excreted by the kid-
neys [72]. A comparatively minor portion is eliminated in the bile and
may go through enterohepatic cycle [13]. Myricetin typically has a short
elimination half-life, which could account for the low plasma levels fol-
lowing oral dosing [57]. Although it is uncommon for these compounds
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to accumulate, long-term ingestion of natural foods can keep the body’s
levels at a specific baseline [73].

3.4. Factors affecting the stability and bioavailability of myricetin

The bioavailability of myricetin is one of the main determinants of its
biological effectiveness in humans [74]. Despite the fact that these com-
pounds are known to possess neuroprotective, anti-inflammatory, anti-
cancer, and antioxidant properties, their efficacy is frequently limited be-
cause of the low plasma concentrations attained upon oral ingestion [20].
The chemical characteristics of myricetin, the surrounding environment,
and bodily biological interactions are some of the interconnected ele-
ments that contribute to this [75]. Figure 1 provides an overview of myric-
etin, highlighting its main dietary sources, core chemical structure, and
the principal factors that affect its stability and bioavailability.

Myricetin is extremely reactive due to its polyhydroxyl structure,
which contains six hydroxyl groups [52]. This property makes it easily
oxidized when exposed to light, oxygen, or neutral to alkaline pH such
as in the small intestine [59]. Food processing techniques like boiling or
baking can drastically lower the quantities of this chemical because of its
limited heat stability [76]. Therefore, the amount of myricetin that is still
available for the body to absorb depends in large part on physicochemical
variables and food preparation [77].

Bioavailability is also influenced by biological circumstances in the di-
gestive tract in addition to chemical considerations. Myricetin in the form
of glycosides should be hydrolyzed by the enzyme B-glucosidase or intes-
tinal microbiota to become an absorbable aglycone form [78]. Individual
differences in microbiota makeup result in wide variations in absorption
rates. Myricetin is subjected to a rigorous first-pass metabolism in the
liver upon absorption, which includes glucuronidation, sulfatation, and
methylation [79]. The quantity of myricetin in free form that circulates in
the plasma is greatly decreased by this mechanism, however some of its
conjugated metabolites still have some biological activity [80].

Stability and bioavailability are also influenced by interactions with
other dietary ingredients. For instance, myricetin can undergo oxida-
tive degradation due to complex formation from metal ions like Fe** and
cu® [59]. Conversely, absorption can be facilitated by increasing their
solubility in the intestinal micelle phase through its co-consumption
together with lipids or phospholipids [81]. Myricetin oxidation during
gastrointestinal transit may be prevented by other antioxidants, such as
vitamin C, which may also have a protective effect [82]. These factors

Natural Sources of Myricetin

suggest that overall dietary patterns may modulate the effectiveness of
myricetin.

Myricetin’s low bioavailability has prompted the creation of sev-
eral formulation techniques for use in clinical and nutraceutical pur-
poses [83]. Several strategies have been shown to be successful, such as
complexation with cyclodextrins to enhance stability, liposomes and mi-
celles to boost solubility, and polymer- or lipid-based nanoencapsulation
to prevent myricetin from degrading [84]. This method has the potential
to be improved in people and has continuously demonstrated elevated
plasma myricetin concentrations in animal studies [85].

4. Biological mechanisms of myricetin

Mpyricetin’s biological effects on health are mediated by a number of
interconnected molecular pathways. This compound not only demon-
strates antioxidant action by scavenging reactive oxygen species (ROS)
and altering endogenous defense enzymes, but it also contributes to the
regulation of the NF-«kB pathway and proinflammatory enzymes like
COX and iNOS [86]. Furthermore, myricetin affects important intracel-
lular signals that are involved in metabolism, apoptosis, and cell division,
such as AMPK, PI3K/AKT, and MAPK [87]. Additionally, this compound
may have long-term impacts on cellular homeostasis and the prevention
of degenerative diseases through its potential in epigenetic control and
gene expression [54].

4.1. Antioxidant activity of myricetin

A pathological state known as oxidative stress is defined by an imbal-
ance between the body’s ability to defend itself against oxidative stress
and the generation of reactive oxygen species (ROS) [88]. Overproduction
of ROS can harm proteins, lipids, and DNA, which can aid in the ethiology
of a number of chronic degenerative illnesses, including diabetes melli-
tus, cancer, cardiovascular disease, and neurodegenerative diseases [89].
Accordingly, myricetin, a flavonol that is widely present in fruits, veg-
etables, tea, and red wine, has a high potential for antioxidant activity
through both direct and indirect action mechanisms [90].

Scavenging ROS: Myricetin’s direct neutralization of ROS is the pri-
mary mechanism behind its antioxidant action [91]. Because myricetin
has a lot of hydroxyl groups (-OH) at positions 3, 5, 7, 3, 4, and 5’ in its
chemical structure, it can act as an electron or proton donor and change
ROS into a more stable and innocuous form [13]. For instance, myricetin
can lower the known highly reactive and biomolecule-damaging hydroxyl

Chemical Structure and

Common dietary sources include:

1. Berries (blueberries, cranberries, OH
blackberries)

2.Fruits (grapes, apples,
pomegranates)

3.Vegetables (onions, spinach,
broccoli)

Physicochemical Properties

Myricetin (C1EHL008)

* Flavonol with a C6-C3-Cé skeleton
= Contains six hydroxyl groups (-OH)
= Strong antloxidant capacity

* Pale yellow crystalline powder

= Poor water solubility

= Soluble in polar organic solvents

-0OH groups =+ responsible for ROS scavenging
Aromatic rings -+ stabilize free radicals

Factors Affecting Stability and Bioavailability

4.Tea (Camellia sinensis)
5.Herbal plants (Myrica rubra,

Syzygium spp.)

These foods contribute to the daily
intake of myricetin and provide
antioxidant benefits.

Myricetin bicavailability is influenced by:
* Exposure to light and oxygen

* Food processing and heating

* pH and digestive enzymes

* Intestinal microbiota metabolism

* First-pass metabolism in liver
These factors reduce the amount of bicactive myricetin reaching circulation.

Figure 1. Natural sources, chemical structure, and factors influencing the stability and bioavailability of myricetin
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radicals (¢OH), superoxide (O,-), and peroxyl radicals (ROO¢) [4]. Further-
more, electron resonance is supported by the conjugated double bond sys-
tem in the aromatic ring, which makes the myricetin radical that results
from the reaction with ROS comparatively stable [92]. This mechanism
of scavenging radicals efficiently interrupts the series of oxidative events
that might lead to lipid peroxidation and cell membrane damage [93].

Modulation of endogenous antioxidant enzymes: Furthermore, myric-
etin affects molecular pathways that control the expression of endoge-
nous antioxidant enzymes in addition to its direct role as a radical scav-
enger [22]. Research shows that myricetin can activate the transcription
factor nuclear factor erythroid 2-related factor 2 (Nrf2) [94]. The trans-
location of Nrf2 into the cell nucleus upon activation results in its bind-
ing to the DNA’s antioxidant response element (ARE), which raises the
transcription of several defensive genes [95]. These target genes include
those that encode vital enzymes like glutathione peroxidase (GPx), cata-
lase (CAT), and superoxide dismutase (SOD) [96]. Myricetin increases the
ability of cells to defend against oxidative stress by activating the Nrf2-
ARE pathway [97].

Increased SOD expression allows converting superoxide to hydrogen
peroxide (H,0,), which is further degraded to water and oxygen by catalase
and GPx [98]. Myricetin thereby improves the enzymatic ability that sustains
long-term redox equilibrium in addition to immediately removing ROS [99].
Myricetin differs from simple antioxidants that merely act chemically and
don’t alter cellular signalling pathways because of its dual action [11].

Biomedical implications: Myricetin’s ability to scavenge reactive oxy-
gen species (ROS) and modulate antioxidant enzymes makes it a highly
relevant supplement for the prevention and treatment of disorders linked
to oxidative stress [100]. Protecting the vascular endothelium can lower the
risk of atherosclerosis in the cardiovascular system [101]. Myricetin may
be able to decrease the progression of neurodegenerative disorders like
Parkinson’s and Alzheimer’s by reducing the accumulation of ROS in the
central nervous system [102]. However, myricetin may also help prevent
carcinogenesis by lowering DNA damage caused by free radicals [103].

4.2. Anti-inflammatory activity of myricetin

The body uses inflammation as a physiological defense against infec-
tion and tissue damage, but excessive or persistent inflammation can
lead to the development of a number of degenerative diseases, including
as cancer, atherosclerosis, arthritis, and neurological diseases [104]. The
main molecular pathways involved in the regulation of inflammation are
nuclear factor-kappa B (NF-«kB), cyclooxygenase (COX) enzymes, and in-
ducible nitric oxide synthase (iNOS) [105]. Myricetin, a flavonol found in
abundance in fruits, vegetables, tea, and red wine, has been demonstrated
in numerous studies to have a strong anti-inflammatory effect by influ-
encing these three targets [106-108].

NF-«B pathway inhibition: NF-«B is a central transcription factor that
regulates the expression of various proinflammatory mediators, includ-
ing cytokines (TNF-a, IL-1B, IL-6), chemokines, COX-2, and iNOS [109].
NF-«B activation is typically brought on by proinflammatory cytokines or
inflammatory signals like lipopolysaccharide (LPS) [110]. Translocation
of the NF-«kB component into the cell nucleus is made possible by the
breakdown of the IxB inhibitor [111]. According to reports, myricetin pre-
vents NF-«B from translocating to the nucleus by inhibiting the phos-
phorylation and degradation of IkB [112]. This lowers the synthesis of
inflammatory mediators by suppressing the expression of pro-inflamma-
tory genes. Myricetin suppresses the inflammatory response’s amplifica-
tion, which frequently causes tissue damage, by this mechanism [113].

COX enzyme modulation: COX is a key enzyme in the biosynthesis of
prostaglandins, lipid mediators involved in vasodilation, pain, and edema
during inflammation [114]. The COX-2 isoform is a key target of non-ste-
roidal anti-inflammatory drug (NSAID) therapy and is markedly increased
during inflammation [115]. According to research conducted both in vi-
tro and in vivo, myricetin can decrease the synthesis of prostaglandin E2
(PGE2) and inhibit COX-2 expression at both the transcriptional and trans-
lational stages [116,117]. Given that flavonoid modulation is typically more
selective and has no influence on COX-1, which is crucial for physiological
function, this action implies that myricetin may behave similarly to NSAID
mechanisms, but with a lower risk of adverse effects [118].

Suppression of iNOS expression: an enzyme called iNOS is in charge
of producing a lot of nitric oxide (NO) when inflammation occurs [119].
Despite the fact that NO plays crucial physiological roles in neurotrans-
mission and vasodilation, excessive synthesis brought on by iNOS activa-
tion can result in nitrosative stress and cell damage [120]. It is well known
that myricetin can reduce the buildup of NO in inflammatory tissues by
transcriptionally suppressing iNOS expression [121]. Therefore, myric-
etin not only lessens oxidative damage caused by NO, but it also lessens
chronic inflammation, which frequently makes tissue damage worse [6].
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Biomedical implications: Myricetin’s modulation of NF-«xB, COX, and
iNOS signaling has wide-ranging therapeutic effects [122]. Inhibiting
vascular inflammation may help stop atherogenesis in cardiovascular
disease [123]. Suppression of the microglia inflammatory pathway can
reduce the rate of neuronal damage in neurodegenerative disorders [124].
In contrast, myricetin’s anti-inflammatory properties help lower the pro-
inflammatory milieu that promotes tumor cell growth and dissemination
in cancerous situations [125]. This demonstrates myricetin’s potential as
a pleiotropic, naturally occurring anti-inflammatory agent [19].

4.3. Modulation of cellular signaling pathways by myricetin

Intracellular signals are crucial for controlling energy balance, dif-
ferentiation, apoptosis, and proliferation [126]. Deregulation of these
signalling pathways has a role in the pathophysiology of a number of
chronic illnesses, such as diabetes, cancer, cardiovascular problems, and
neurodegenerative diseases [127]. A polyphenolic flavonoid that is com-
mon in tea, fruits, and vegetables, myricetin has been demonstrated to
alter a number of molecular signalling pathways [11]. Regarding the bio-
logical effects of myricetin, the three primary pathways that have been
most thoroughly investigated are AMP-activated protein kinase (AMPK),
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT), and mitogen-
activated protein kinase (MAPK) [128].

MAPK path regulation: The MAPK pathway, which controls how cells
react to oxidative stress, inflammation, and proliferation, is made up
of ERK, JNK, and p38 MAPK [129]. Chronic inflammation or pathologi-
cal apoptosis may result from excessive activation of MAPK pathways,
especially JNK and p38 [130]. According to numerous studies, myricetin
can prevent JNK and p38 from becoming phosphorylated, which low-
ers the production of proinflammatory cytokines like TNF-o and IL-1B
and lessens oxidative stress-induced apoptosis [131,132]. On the other
hand, myricetin can sometimes trigger ERK to promote healthy tissue
regeneration or cell division [133]. According to this selective modula-
tion, myricetin functions contextually, adjusting its effects to the cell’s
microenvironmental circumstances [12].

Modulation of the PI3K/AKT pathway: One important signalling path-
way that controls angiogenesis, metabolism, cell growth, and survival is
PI3K/AKT [134]. Many malignancies have abnormal PI3K/AKT activation,
which results in unchecked growth and resistance to apoptosis [135].
It has been demonstrated that myricetin inhibits AKT phosphorylation
and PI3K activation, which lowers the expression of anti-apoptotic pro-
teins (survivin, Bcl-2) and increases the expression of proapoptotic pro-
teins (caspase, Bax) [136]. Furthermore, myricetin can improve glucose
transport in metabolic disorders like insulin resistance by altering the
PI3K/AKT pathway in muscle and adipose cells, which in turn increases
insulin sensitivity [137]. This demonstrates myricetin’s dualistic effects,
which include promoting metabolic balance and inhibiting pathogenic
PI3K/AKT activity in cancer [13].

AMPK pathway activation: A cellular energy sensor called AMPK is
crucial for preserving the equilibrium of energy metabolism [138]. AMPK
activation promotes glucose absorption, suppresses lipid production, and
boosts fatty acid oxidation [139]. According to reports, myricetin causes
AMPKa phosphorylation and increases the AMP/ATP ratio, activating
AMPK [140]. This activation has beneficial effects on preventing non-
alcoholic fatty liver disease (NAFLD), type 2 diabetes, and obesity [141].
Furthermore, myricetin-induced AMPK activation has the ability to block
mTOR, a crucial regulator of cell growth and proliferation, indicating an-
ticancer potential [19].

Biomedical implications: Furthermore, myricetin-induced AMPK ac-
tivation has the ability to block mTOR, a crucial regulator of cell growth
and proliferation, indicating anticancer potential [142]. Myocardial
protection in the circulatory system is facilitated by both AMPK activa-
tion and MAPK-mediated oxidative stress suppression [143]. PI3K/AKT
modulation and AMPK stimulation enhance glucose and lipid balance in
a metabolic setting [144]. In contrast, myricetin inhibits PI3K/AKT and
p38 MAPK in cancer to decrease growth and trigger apoptosis [14]. Thus,
myricetin addresses several important molecular pathways in human
health, acting as a multifunctional modulator [19].

4.4. Epigenetic effects and gene regulation by myricetin

Heritable changes to gene expression that do not alter the DNA se-
quence are known as epigenetics. These changes are mostly caused by
DNA methylation, histone modifications, and the control of non-coding
RNAs (miRNAs/IncRNAs) [145]. According to a number of preclinical in-
vestigations, the polyphenolic flavonol myricetin can contextually alter
all three levels of control, impacting a network of signalling pathways
linked to inflammation, oxidative stress, metabolism, and carcinogen-
esis [146]. Figure 2 shows the interconnected molecular mechanisms of
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myricetin, including its antioxidant effects through ROS scavenging and
Nrf2 activation, anti-inflammatory activity via NF-xB, COX-2, and iNOS
suppression, modulation of AMPK, PI3K/AKT, and MAPK signaling path-
ways, and epigenetic regulation, which together contribute to cardiovas-
cular protection, neuroprotection, and anticancer effects.

DNA methylation (DNMT-centric): Many important genes, such as an-
tioxidant, tumor suppressor, and anti-inflammatory genes, have their «on/
off» status determined by their promoter methylation patterns [147]. In
a number of cell models, myricetin has been shown to inhibit DNA meth-
yltransferase (DNMT1/3A/3B) production and activity. This is linked to
the hypomethylation of protective gene promoters and the transcriptional
restoration of those promoters [148]. Functionally, this can boost the tran-
scription of genes that regulate the cell cycle and apoptosis, as well as those
that are antioxidant and anti-stress. Large-scale methylome analysis is nec-
essary to confirm generalizations across tissues because demethylation pat-
terns vary by locus and are impacted by exposure duration and dose [149].

Histone modifications (HDAC/HAT/HMT/HDM): Chromatin accessi-
bility is controlled by the ratio of histone acetylation to methylation [150].
Myricetin is known to alter histone methyltransferase/demethylase and
HDAC/HAT, two enzymes that erase and write histones [151]. H3/H4
acetylation can be increased, chromatin can be loosened, and the tran-
scription of cytoprotective genes (such as antioxidant pathways) can be
encouraged by inhibiting specific HDACs [152]. However, myricetin can
reduce the transactivation of proinflammatory genes (COX-2, iNOS) via
suppressing the activity of p300/CBP HAT against NF-«xB in the context
of inflammation [116]. There are signs that myricetin either enhances
active marks (H3K4me3) or decreases repressive marks like H3K27me3
(for example, by suppressing HMTs like EZH2) or H3K9me2/3 in specific
models [153]. In the end, gene expression is reprogrammed to steer cells
toward a less proliferative and proinflammatory state.

Regulation of non-coding RNAs (miRNA/IncRNA): Additionally,
myricetin alters miRNA profiles that target important pathways [154].
Increases in anti-inflammatory/anti-proliferative miRNAs can inhibit
genes in the cell cycle factor, PI3K/AKT, or NF-kB axes [14]. It is possi-
ble to downregulate pro-survival/pro-angiogenic miRNAs, which would
reduce the expression of targets that promote angiogenesis, migration,
and proliferation [155]. The downstream consequences of these miRNA
alterations are frequently explained by enhanced glucose transporter
and fatty acid oxidation genes in metabolic contexts, or decreased Bcl-2/
survivin, increased Bax/caspase, and VEGF/MMP suppression in cancer
models [156]. Although the evidence is still being gathered, interactions
with certain IncRNAs have also been documented, providing support for
chromatin regulation and mRNA stability [157].

Antioxidant Effects
1. ROS5 scavenging
2. Activation of Nrf2 pathway
3.Increased antioxidant enzymes
4.(S0D, CAT, GPx)

HiCx

Anti-inflammatory Effects

* NF-kB inhibition

+ Reduced pro-inflammatory cytokines
(TNF-a, IL-1B, IL-&)

+ COX-2 and iNOS suppression

Crosstalk with key transcription factors: Myricetin epigenetics is
linked to NF-kB, AP-1, p53, and Nrf2-ARE regulation [54]. Chroma-
tin relaxing at target promoters frequently precedes Nrf2 activation,
which promotes transcription of HO-1, NQO1, GCLC, and other redox
genes [158]. NF-«B suppression is dual in nature: Limitation of acetyl-
transferase co-activator (p300/CBP) and chromatin accessibility at NF-xB
response elements [159]. Modification in p53 acetylation or activity in
response to DNA damage or stress might cause a cell to choose between
planned apoptosis or DNA repair [160].

Biomedical implications: Myricetin epigenetics can improve fatty
acid oxidation through the AMPK-SIRT1-PGC-1a axis, which is likewise
reliant on the histone/PGC-1a acetylation status, and decrease the pro-
duction of lipogenic genes (e.g. downstream of SREBP-1c) in cardiomet-
abolic [161]. Silencing repressive histone marks and selectively demeth-
ylating suppressor gene promoters in oncology slows EMT/angiogenesis,
decreases cancer cells proliferation, and initiates their death [162]. The
foundation for neuroprotective effects in neurology is the normalization
of neuroprotective miRNAs and the improvement of the antioxidant-an-
ti-inflammatory program (Nrf2T/NF-«B{) [163].

5. Health effects of myricetin

Various studies have shown that myricetin has a broad spectrum of
health benefits through complex biological mechanisms. This compound
not only provides protection to the cardiovascular system through vaso-
dilatory effects and improved endothelial function, but also plays a role
in metabolic regulation by increasing insulin sensitivity and controlling
lipid metabolism [5]. Myricetin has a neuroprotective effect by slowing
the progression of neurodegenerative illnesses including Parkinson’s
and Alzheimer’s and preventing damage to neurons [164]. Furthermore,
its antiproliferative, pro-apoptotic, and angiogenesis and metastasis-
inhibiting properties demonstrate its potential in oncology and even
provide support to its usage as an adjuvant in cancer therapy [19]. Fur-
thermore, myricetin has antibacterial and antiviral properties, and its
hepatoprotective, photoprotective, and immunomodulatory properties,
which fortify the body’s defenses, offer extra protection [11].

5.1. Cardiovascular

Myricetin has shown protective potential for the cardiovascular sys-
tem through several mechanisms. This compound can reduce blood pres-
sure by enhancing the generation of nitric oxide (NO), which is crucial for
vasodilation, by raising the activity of the endothelial nitric oxide syn-
thase (eNOS) enzyme [165]. It also has vasoprotective benefits by lower-
ing endothelial cell oxidative stress and inhibiting monocyte adhesion,

Biological outcomes:
* Cardioprotection
* Neuroprotection
= Anticancer effects

DOOL

Epigenetic Regulation

* DMMT inhibition

* HDAC/HAT modulation
—0n « miRNA regulation
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Signaling Pathway Modulation
+ AMPK activation

* PISKSAKT inhibition

* MAPK pathway regulation

Figure 2. Antioxidant, anti-inflammatory, signaling, and epigenetic mechanisms of myricetin in promoting cardiovascular protective,
neuroprotective, and anticancer effects
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a precursor to atherosclerosis [166]. Myricetin is also helpful in reducing
dyslipidemia and atherosclerosis since it helps to increase HDL fractions
and decrease total cholesterol and triglyceride levels [17].

5.2. Metabolic

Myricetin exhibits strong antidiabetic effects in a metabolic set-
ting [167]. This compound raises insulin sensitivity by activating the
AMPK pathway, which causes the liver to produce less glucose and muscle
and fat cells to absorb more glucose [168]. Furthermore, myricetin can
slow down the intestinal absorption of glucose by blocking the action of
the enzyme a-glucosidase [169]. Its effects are also shown in the regu-
lation of lipid metabolism, where myricetin may help avoid obesity and
metabolic syndrome problems by suppressing lipogenesis and stimulat-
ing fatty acid oxidation [170].

5.3. Neuroprotective

Myricetin’s capacity to prevent the aggregation of neurotoxic proteins
and lessen the buildup of oxidative stress is intimately linked to its neu-
roprotective properties [171]. Myricetin has been demonstrated to pre-
vent the development of B-amyloid fibrils and lessen the neurotoxicity
they produce in Alzheimer’s disease [172]. This compound can maintain
mitochondrial activity and shield dopaminergic neurons from oxidative
stress in Parkinson’s disease [173]. Furthermore, myricetin boosts the
brain’s natural antioxidant capacity, preserving cognitive function and
halting neuronal deterioration [15].

5.4. Anticancer

Mpyricetin plays a wide range of roles in both cancer prevention and
treatment [14]. Molecularly, this compound can restrict the growth of
cancer cells by blocking the cell cycle in the G2/M phase and causing
death by activating caspase-3 and raising the Bax/Bcl-2 ratio [174]. More-
over, myricetin inhibits angiogenesis by lowering VEGF expression and
stops metastasis via altering cell adhesion molecules [175]. Interestingly,
myricetin exhibits synergistic effects when combined with traditional
chemotherapy medicines, suggesting that it could be used as an adjuvant
in cancer treatment [175].

5.5. Antimicrobial

Apart from its anticancer and antioxidant qualities, myricetin also
demonstrates broad-spectrum antimicrobial action, which includes an-
tifungal, antiviral, and antibacterial qualities [11]. Myricetin has been
shown to have antibacterial properties against a variety of harmful bac-
teria, including both Gram-positive and Gram-negative ones [176]. For
instance, the mechanisms of myricetin sensitivity in Staphylococcus au-
reus and Escherichia coli include enhanced permeability, inhibition of
important metabolic enzymes, and loss of cell membrane integrity [177].
Myricetin may also prevent the production of bacterial biofilms, which
is a major contributor to antibiotic resistance, according to a number of
studies [178-180]. As a result, myricetin may be utilized as an adjuvant to
treat bacterial infections that are resistant to antibiotics.

5.6. Antivirus

Myricetin’s antiviral qualities include the ability to inhibit the
growth of different DNA and RNA viruses [113]. According to reports,
this compound targets viral DNA polymerase and interferes with viral
gene expression in the early stages of infection, hence inhibiting the
replication of herpes simplex viruses (HSV-1 and HSV-2) [181]. Myric-
etin also exhibits antiviral efficacy against RNA viruses, including in-
fluenza A, hepatitis C virus (HCV), and SARS-CoV-2, by inhibiting the
viral protease and RNA-dependent RNA polymerase (RdRp) enzymes,
which are critical for reproduction [182-184]. This demonstrates that
myricetin has the potential to be used directly as a treatment for some
viral infections in addition to its preventive advantages through immu-
nomodulatory actions [185].

5.7. Antifungi

Meanwhile, there has also been interest in myricetin’s antifungal
properties. According to in vitro experiments, myricetin can stop the
growth of harmful fungus like Aspergillus niger, Candida albicans, and
Cryptococcus neoformans [186-188]. The mechanism involves disrupt-
ing the biosynthesis of ergosterol, a key component of fungal cell mem-
branes, thereby increasing membrane permeability and causing leakage
of cellular contents [189]. Furthermore, myricetin triggers the accumula-
tion of reactive oxygen species (ROS) in fungal cells, leading to oxidative
stress and apoptosis [171]. Remarkably, this substance can also prevent
the growth of Candida biofilms, which is frequently the primary source of
resistance to traditional antifungal medications [187]. Therefore, myric-
etin may be created as an adjuvant or as a stand-alone medication to im-
prove the efficacy of current antifungal therapies [6].
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5.8. Other effects

Apart from the aforementioned primary advantages, myricetin also
exhibits hepatoprotective properties by decreasing lipid peroxidation and
boosting the activity of liver antioxidant enzymes, which may help avoid
hepatocellular damage brought on by toxins or oxidative stress [79]. This
compound has anti-aging and photoprotective properties in dermatol-
ogy; it can prevent collagen degradation and decrease UV-induced DNA
damage [190]. Not to be overlooked, myricetin also functions as an im-
munomodulator, specifically by regulating the innate and adaptive im-
mune responses [113]. This prevents excessive inflammation and offers
protection against infection. Figure 3 illustrates the diverse health effects
of myricetin, including cardiovascular, metabolic, neuroprotective, anti-
cancer, antimicrobial, and other protective benefits.

6. Safety and toxicity of myricetin

Safety and toxicity aspects are important considerations in evaluating
the therapeutic potential of a bioactive compound, including myricetin.
Although these flavonoids are generally considered safe as part of daily
dietary consumption through fruits, vegetables, and tea, toxicological
studies in animal models and pharmacological interaction data are still
needed to ensure their safe use in pharmacological doses [11].

6.1. Toxicological data on experimental animals

Toxicological studies are an important aspect in assessing the safety
of a bioactive compound, including myricetin, before its widespread ap-
plication in humans [191]. A number of studies on experimental animals
have been conducted to evaluate the potential acute, subchronic, and
chronic toxicity of this compound. In general, myricetin exhibits a rela-
tively low toxicity profile in various animal models, although some limi-
tations still need to be considered. Table 2 describes the main results of
myricetin toxicology tests in experimental animals, including acute, sub-
chronic, reproductive, genotoxicity, and chronic toxicity.

According to acute toxicity testing, giving rats and mice large doses of
myricetin did not result in any appreciable fatal side effects. The OECD
classification of this chemical as relatively safe is supported by the stated
LD, value of more than 2,000 mg/kg of body weight. High dosages often
only cause minor gastrointestinal problems, like diarrhea and appetite
loss, that don’t seriously harm any organs [192].

According to subchronic toxicity tests, myricetin did not significantly
alter hematological parameters, liver function (AST, ALT), or renal func-
tion (urea, creatinine) when administered repeatedly over a period of
28-90 days. Major organ histopathology, including those of the liver, kid-
neys, spleen, and heart, similarly revealed no notable structural anoma-
lies. However, some publications have indicated symptoms of oxidative
stress in the liver at very high dosages (> 1,000 mg/kgBW/day), suggesting
a potential safe limit for long-term usage [193].

Furthermore, myricetin is comparatively harmless for the reproduc-
tive system, as evidenced by reproductive toxicology tests conducted on
rats, which reveal that it has no effect on fertility, embryo development,
or reproductive organ parameters [194]. The micronucleus assay and the
Ames test yielded negative mutagenicity data, suggesting that this chem-
ical is not genotoxic at physiological quantities [195].

Even though animal toxicology test results indicate a good safety pro-
file, there are still a number of areas that require more investigation. First,
there is currently a dearth of information regarding long-term chronic
toxicity effects. Second, different animal species, dosage routes, and
myricetin formulations may produce different outcomes. Furthermore, if
delivery technologies that improve absorption are employed, the toxicity
profile may change since pharmacokinetic and metabolic evidence indi-
cate that limited bioavailability may decrease systemic exposure [196].

6.2. Safe daily consumption limits

The No Observed Adverse Effect Level (NOAEL) value from preclinical
experiments is typically used to determine the safe limit for daily inges-
tion of a natural bioactive molecule. This value is then translated into an
Acceptable Daily Intake (ADI) for humans by accounting for the safety
factor [197]. According to the OECD guidelines, myricetin is classified as
a chemical with a low toxicity level since toxicological investigations have
demonstrated that it has a reasonably excellent safety profile with an oral
LD;, > 2000 mg/kgBW confirmed in experimental animals [198]. Table 3
describes toxicological data and estimates of safe limits for myricetin con-
sumption based on experimental research and interspecies calculations.

Although there were signs of mild liver oxidative stress at the high-
est dose, subchronic investigations in rats given myricetin at doses up
to 1000 mg/kgBW/day for 90 days did not reveal any appreciable changes
in hematological parameters, liver function, kidney function, or histol-
ogy [199]. The NOAEL in animal models is predicted to be between 500
and 1000 mg/kgBW/day based on these studies [200].



Pratama B. P. et al. | FOOD SYSTEMS | Volume 9 No 1 | 2026 | pp. 62-77

L4

MYRICETIN
Natural flavonol compound

~ {3 9
E;a' i =
[}
yPA® o
Heuroprotective Effects

= Inhibition of B-amyloid aggregation
* Pratection of dopaminergic neurans
* Reduced oxidative stress in neurons
= Preservation of cognitive function

* Vasodilation via eNOS f NO

* Reduced oxidative stress

* Improved lipid profile

* Protection against atherosclerosis

Anticancer Activity
ped = Cll cycle arvest (G2/M)

= Activation of apoptosis
+ Inhibition of angiogenesis
- @ * Suppression of metastasis
il > Antimicrobial Effect
3 o Y
Y = Antibacterial activity
L, + . .ﬁnt?viral a.r_tiu'i.'t:._r
= Increased insulin sensitivity Additional Benefits - Antiunga. Sty

+ Inhibition of biofi
« Enhanced glucoss uptake Inhibition of biofilm fermation

* Reduced lipogenesis
* Increased fatty acid oxidation

» Hepatoprotective
* Photoprotective (UV protection)
= Immunomodulatory effects

Figure 3. Overview of the health effects and biological mechanisms of myricetin
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Table 2. Toxicological data of myricetin in experimental animals
T€l6HVIU,€l 2. TokcuKOIOTMYEeCKIe AaHHBbI€e I10 MUPULIETUHY B 3KCIIEPMMEHTaxX Hal JKMBOTHBIMU

Types of toxicology tests Species/ Test Tested dose Key results Infor-mation Reference
Acute toxicity Rats and mice Up to > 2,000 There were no deaths, mild symptoms LDs, > 2,000 mg/kgBW — [187]
mg/kgBW (oral)  such as diarrhea and decreased appetite considered safe (OECD)
Subchronic toxicity (28-90 Rats 100-1,000 mg/ There were no significant changes in ~ Doses > 1,000 mg/kgBW/day [188]
days) kgBW/day hematology, liver and kidney function;  trigger mild liver oxidative
histopathology was normal stress
Reproductive toxicity Rats Up to 500 mg/kgBW/ Does not affect fertility, embryonic Safe for the reproductive [189]
day development, or reproductive organs system
Mutagenicity/Genotoxicity ~ Ames test and Physio-logical Negative result — Supporting long-term [190]
micronucleus assay concentration not mutagenic/genotoxic security
Chronic (long-term) Limited data - There have been no consistent reports Needs further research [191]
toxicity of chronic toxicity effects
Table 3. Toxicological data and estimated safe daily consumption limits for myricetin
Tabnuia 3. TOKCMKOJIOrMYecKye JaHHbIe ¥ pacyeTHbIe Ge30macHble CyTOYHbIe HOPMBI TOTPeGIeHs] MUPULIeTUHA
Parameter Scientific findings Reference
LDs oral (animal experiments) > 2000 mg/kgBW — included in the low toxicity category according to the OECD [193]
Subchronic studies in mice 90 days, doses up to 1000 mg/kgBW/day — no significant changes in hematology, liver, kidney, [194]
histopathology; the highest dose induces mild oxidative stress in the liver
NOAEL (rats) 500-1000 mg/kgBW/day [195]
Conversion to human (HED) = 50-100 mg/kgBW/day (based on body surface area) [196]
Estimated ADI (with safety factor 100) 2-5 mg/kgBW/day — around 120-300 mg/day for adults weighing 60 kg [13]
Official regulations There has been no official ADI determination from FAO/WHO JECFA or EFSA [190]
Natural diet intake Usually < 10-20 mg/day from consumption of vegetables, fruit, tea, and other natural sources [197]

The estimated ADI for humans is between 2 and 5 mg/kgBW/day, or 120
to 300 mg/day for an adult weighing 60 kg, if the NOAEL value of 500 mg/
kgBW/day in rats is converted to humans using an interspecies conversion
factor (based on body surface area) and a conservative safety factor of 100 is
added [13,201]. Since international health organizations (FAO/WHO JECFA
or EFSA) have not formally determined the safe limit for daily consumption
of myricetin, this number is merely a conservative estimate [195].

In addition to supplements, myricetin can be found in a variety of natu-
ral foods, including tea, berries, spinach, kale, and onions. Consumption
through a regular diet is regarded as safe because the average daily dietary
intake of flavonoids (including myricetin) from the consumption of fruits

and vegetables is typically significantly lower than the toxic dose in ani-
mals [202]. However, the use of myricetin in high-dose supplement form
still requires caution due to the lack of long-term clinical trials in humans.

6.3. Potential drug interactions

Mpyricetin is a polyhydroxy flavonoid found in many fruits, vegetables,
teas, and herbs [4]. Apart from its anti-inflammatory, anti-cancer, and
antioxidant properties, this compound may interact with medications
due to its effects on membrane transporters, pharmacodynamic path-
ways, and enzymes involved in drug metabolism, particularly the cyto-
chrome P450 system [203]. It’s critical to comprehend these interactions
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in order to lower the possibility of side effects or decrease the efficacy of
treatment. Table 4 shows that myricetin can interact with various drugs
through pharmacokinetic and pharmacodynamic mechanisms.

Research on the pharmacokinetics of myricetin has demonstrated that
it inhibits a number of CYP450 isoenzymes, specifically CYP3A4, CYP2C9,
and CYP2C19 [204-206]. This has consequences for elevated plasma lev-
els of medications that are processed by this enzyme, including phenytoin,
warfarin, cyclosporine, and statins, which may result in clinical toxicity.
Furthermore, myricetin has an impact on P-glycoprotein (P-gp), a crucial
membrane transporter involved in drug excretion [207]. P-gp inhibition
may raise the bioavailability of substrate medications like doxorubicin or
digoxin, which could raise the risk of nephrotoxicity or cardiotoxicity [207].
Figure 4 shows the safety and interactions of myricetin, indicating general
safety from dietary sources with defined LDy,, NOAEL, ADI values, and po-
tential interactions via CYP450, P-glycoprotein, and drug synergy.

Mpyricetin has antidiabetic effects (reducing blood glucose, increasing
insulin sensitivity) that can work in concert with other antidiabetic medi-
cations, thus raising the risk of hypoglycemia from a pharmacodynamic
standpoint [208]. Additionally, the anticoagulant and antiplatelet actions
may intensify the effects of clopidogrel, aspirin, or warfarin, this way rais-
ing the risk of bleeding [209]. Furthermore, the effects of benzodiazepines
and SSRI antidepressants might be amplified by the modulatory actions

of neurotransmitters (GABA, serotonin), leading to excessive sedation or
mood swings [210].

7. Challenges and future prospects of myricetin

Numerous studies have demonstrated myricetin’s promise in terms
of health advantages, but before this substance can be widely used in the
pharmaceutical and functional food industries, a number of obstacles must
be addressed. One of the main limitations is the lack of research continuity
from in vitro to in vivo scale and clinical trials. Studies of cultured cells or
animal models continue to provide the majority of the molecular evidence
for antioxidant, anti-inflammatory, neuroprotective, and anticancer prop-
erties [54]. It is currently insufficient to establish safe and effective dosage
recommendations because human clinical evidence is still scarce in terms
of amount, sample size, and intervention duration [73]. This suggests that
in order to prove the advantages of myricetin in human populations, con-
trolled clinical trials with sound methods are required.

Another significant challenge is the low oral bioavailability of myric-
etin [211]. This compound has limited solubility in water and is suscep-
tible to presystemic metabolism in the intestine and liver, thus resulting
in low systemic concentrations after ingestion [11]. Its stability is further
diminished by metabolism via glucuronidation and sulfatation, which
frequently prevents biological effects on target tissues from occurring

Table 4. Potential drug interactions of myricetin based on mechanism
Ta6m/1ua 4. Bo3MOKHbIe B3aV[MOHeI‘/’[CTBI/I${ MHUPpULIETHUHA C JIEKAPTCBEHHBIMMU CpeaCTBAMM Ha OCHOBE MeXaHu3Ma ero ﬂEﬁCTBMﬂ

Interaction mechanism Potentially involved drugs

CYP3A4 enzyme inhibition

CYP2C9 & CYP2C19 Inhibition and diclofenac)

P-glycoprotein (P-gp) inhibition antiretrovirals

Pharmacodynamic interactions with
antidiabetics

Interactions with anticoagulant/
antiplatelet agents

Interactions with neuroactive agents

B

Safety Profile

Toxicological evidence

» LD50 = 2000 mg/kg (animal studies)

 Low acute toxicity

» No major organ damage in subchronic studies
* Mild oxidative stress at very high doses

Estimated safe intake (human)
*» 2-5 mg/kg body weight/day
= = 120-300 mg/day (adult)

Dietary intake from fruits, vegetables,
and tea is generally considered safe.

High-dose supplementation requires caution

due to limited clinical evidence.

Statins (simvastatin and atorvastatin),
calcium channel blockers, and cyclosporine

Warfarin, phenytoin, and NSAIDs (ibuprofen

Digoxin, doxorubicin, and some

Metformin, insulin, and sulfonylureas

Warfarin, aspirin, and clopidogrel

Benzodiazepines and SSRI antidepressants
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Figure 4. Safety, toxicity profile, and potential drug interactions of myricetin
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at physiological levels [118]. Novel formulation techniques have been
created to address this issue, such as complexation with cyclodextrins,
liposome-based delivery systems, nanocapsules, and polymeric nanopar-
ticles [212]. It has been demonstrated that this endeavour improves its
intestine absorption, stability, and solubility, which may enhance myric-
etin’s biological efficacy [6].

Future possibilities show that myricetin has a lot of potential for de-
velopment in a variety of applications. This compound can be utilized
in the food industry as a bioactive ingredient in functional food items,
such as fermented goods, health drinks, or fortified snacks [213]. Myric-
etin can be prepared as a supplement in powder or capsule form with
defined dosages to promote neuroprotective, cardiovascular, and meta-
bolic health [79]. In the pharmaceutical industry, this compound shows
promise as a candidate for adjuvant or supplementary medications, par-
ticularly in the treatment of cancer, neurological illnesses, and metabolic
syndrome [214]. Advances in molecular identification techniques con-
tinue to play an important role in biomedical and veterinary research,
enabling more accurate detection and characterization of pathogenic or-
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ITIOTEPU B HEITOYKE ITOCTABOK MOJIOKA B POCCUHU
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K/IIOYEBBIE CJIOBA: AHHOTALINA

nomepu Monoka, HecMOTps Ha aKTMBM3ALMIO HAYYHBIX MCCIeJ0BaHMIT B 06/1aCTH IIPOJOBOILCTBEHHBIX ITOTEPH M MUIIEBbIX 0TX0n0B (IIIII10),
npodo6oIbCMEEHHAS.  TIOHMMaHMe MCTUHHBIX MaCIITaboB I0TePh IPOJOBOILCTBYS, KaK B LIEJIOM, TaK ¥ IO OTAEeJbHBIM BULAM IIPOLYKLMM, Ha Ka-
yenouxa, SKAOM 3Tare OT MPOMU3BOACTBA O MOTPEeGIeHNST OCTAeTCsl CJIOKHOI M He O KOHIIA pellleHHOo 3amaveii. [TomuepkuBast Baxk-
npoo06oIbCMBEHHAS,  HOCTb COKPAIeHNs TI0TePb, COBPEMEHHbIE POCCUIICKME U 3apyBeskHbIe MyGIMKALM B OCHOBHOM COCPEIOTOYEHbI HA BhISBJIE-
6e3onacHocme, HMU CII0COGOB MX MPENOTBPAIleHNs], He YAEsis JOKHOTO BHUMAaHMS OL[€HKe COBOKYITHOTO 06'beMa MOTEPSIHHOM MPOIYKINU
3K0NI02UYecKast B ITPOM3BOACTBEHHO-COBITOBOII 1[erovyke. MOJIOUHasT MPOMBILIIEHHOCTh PO — cTpaTernyeckuii CeKTop, 06ecreunBaronmi
ycmotiuugocmo MPOIOBOILCTBEHHYIO 6€30IaCHOCTh, OJHAKO YPOBEHb CAMOOOGECTIEUEHHOCTY MOJIOKOM TOKa HIKe TIAaHOBBIX ITOKasaTeseit

JIOKTpMHBI TPOJOBOILCTBEHHO 6€30MacHOCTI. DTO CO3/IaeT MOTEHLMAN /IS JaJbHENIIero HapauyBaHusl pecypcoB MOJIOY-
HOJ MPOOYKIMM, B TOM UMC/IE 3a CUET COKpAIlleHMs MOTePh. YKe MMeIIMecs: B IUTepaType AaHHbIe M0 OI[eHKaM I0Teph
MOJIOKA Ha Pa3/JMYHBIX 9Tarax IerovYky HeBO3MOXKHO 00beIHUTh U3-3a HECOITOCTaBMMOCTH MCCIeyeMOii HOMEeHKIATyPbl
MOJIOYHOM MPOAYKLMM, Pa3HBIX METOLOTOTMYECKUX MTOJXOA0B K OLeHKe, pas3auuuii B Criocobax uaeHTUGUKAIY UCTOYHM-
KOB TIOTepb M HU3KOM CTeIeHM JOCTOBEPHOCTH MCXOMHO MHbOopMalMiu. B HacTOsIIelt cTaThe MPe[CTaBIeHbl Pe3yIbTaThl
KOJIMYECTBEHHOTO M3MepeHMs IOTeph MOJIOKA ¥ MOJIOUHOI MPOAYKLMM Ha 3Tarax OT CebXO3MPOU3BOACTBA O MOCTYILIe-
HMSI B PO3HMILY HAa OCHOBE pa3paboTaHHOI aBTOpaMy MeToAVKM. Takoi MOAXOM IMO3BOMWII BhISSBUTH peabHble MacCIITa0bl
rnotTepb Mojioka B Poccuu: busnueckuit 06beM B 9KBUBAJIEHTE UCXOJHOTO ChIPbsi, SKOHOMUUYECKYIO CTOMMOCTD ITOTEpPb, a TaK-
K€ B OTHOCUTEJIbHBIX BEJIMUMHAX K 0011eEMYy 06beMY PECYPCOB Ha Kask[IOM 3Talle I[eITOUKM MOCTaBOK MOJIoKa. Bepudmkaius
MOJTyYeHHBIX Pe3y/IbTaTOB YKa3bIBaeT Ha MX COMOCTAaBMMOCTh € olieHKamyu PAQ 1Mo MMUPY U APYIUX HAYUHBIX MCC/IEIOBAHMI
10 OTHENbHBIM cTpaHaM. KpoMme Toro, BriepBble st Poccuy mpefcTaBieHa KOJMUeCTBeHHasT OlleHKa BO3MOKHBIX 3 deKToB
OT MpeIOTBPAIEHNs TOTePh MOJIOKA M MOJIOYHO MPOAYKIIUY C TOYKM 3PEeHMSI MOBBILIEHMS TIPOJOBOJILCTBEHHOIT 6€30IacHO-
CTU, a TAKKe ITPOIEMOHCTPYPOBAHO, KaK COKpAIleHe MTOTEePb MOXKET CIIOCOGCTBOBATH PEIIEHNIO PA3IMUHBIX IKOHOMUYECKUX,
COLIMATbHBIX M HKOJIOTMUECKIX BOIIPOCOB.
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milk losses, Despite the increased research interest in the field of food loss and waste (FLW), understanding the true extent of food losses,
food supply chain, both overall and by product type, remains a challenge at each stage from production to consumption. Emphasizing the impor-
food security, tance of FLW reduction, current Russian and international studies focus mainly on identifying ways to prevent them, without
environmental paying due attention to assessing the total volume of lost products in the food supply chain. The dairy industry of the Russian
sustainability Federation is a strategic sector that ensures food security, but the level of self-sufficiency in milk is still below the planned in-

dicators of the Food Security Doctrine. This creates the potential for further increase in dairy resources, including by reducing
losses. The data already available in literature on estimates of milk losses at different stages of the food supply chain cannot
be aggregated due to the incomparability of the studied range of dairy products, different methodological approaches to as-
sessment, differences in the methods of identifying sources of losses and low degree of reliability of the initial information.
This paper presents the results of quantification of milk and dairy product losses at the stages from agricultural production up
to retail, excluding the latter, based on the methodology developed by the authors. This approach made it possible to identify
the real scale of milk losses in Russia: physical volume in the equivalent of raw materials, the economic cost of losses, as well
as in relative values to the total volume of resources at each stage of the milk supply chain. Verification of the obtained results
indicates their comparability with FAO estimates for the world and other scientific studies for individual countries. In addi-
tion, for the first time for Russia, this paper presents a quantitative assessment of the possible effects of preventing milk and
dairy product losses from the point of view of improving food security, and demonstrates how reducing losses can contribute
to solving various economic, social and environmental issues.

FUNDING: The research was carried out at the expense of grant No. 24-28-01898 from the Russian Science Foundation, https://rscf.ru/proj-
ect/24-28-01898/

1. BeBegenue 1 0COOEHHOCTSIMM Au3aiiHa MPOU3BOACTBEHHO-COBITOBBIX LIETIOUYEK pa3-

IlepBOOUEpenHOI 3aaueii Py U3yUeHUM MPoGaeMbl TPOJOBOIBCT-  HBIX BUIOB MPOAYKIMY. HecMOTpst Ha TO, UYTO B MUPOBOJI MIPAKTUKE UC-
BEHHBIX NOTepb U nuieBbix 0Tx0noB ([IIII10) Bo BceM Mupe SBASIETCS  CAeLOBaHMS B OTHOIIEHUM MOTEPDh U OTXOAOB MUILEBOI NMPOAYKLINU Be-
X KONMMYeCTBeHHOe M3MepeHue, mpu 3ToM oueHka IO ocnoxkHseT-  IyTcsS He OOVH JECSTOK JIeT, 10 CUX MOP CYILeCTBYIOT Pasanuus MeXIY
CS1 B CBSI3M C OTCYTCTBMEM JOCTOBEPHO CTaTUCTUYECKOM MHGOPMALMY  CTpaHaMM B OTIPEIENIEHMSX Y METOHAX U3MEPEHMS.

OIS UUTUPOBAHU: Kapnosa, H. A., ITalopoBa, E. H., Fanaktuonosa, E.A. FOR CITATION: Karlova, N. A., Payurova, E. N., Galaktionova, E. A. (2026).
(2026). IoTepy B LIeMOYKe IMOCTaBOK Mosoka B Poccun. IMuwessie cucmemst, 9(1),  Food losses in the milk supply chain in Russia. Food Systems, 9(1), 78—-85. https://doi.
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B Ta6nuie 1 npencrasieH OGIIMPHBIA 0630p HAYYHBIX MyOGIMKALMI
Ha npegMert: (1) METOLOMOTMYECKMX MOAXOLOB K OLleHKe IOTePb MOJIO-
Ka ¥ MOJIOYHO! MpOmyKumu, (2) uaeHTUbUKamum MCTOYHUKOB UX o6pa-
30BaHMs; (3) KONMUECTBEHHBIX OLIEHOK IO MOTEPSIM Ha PasHbIX 3Talax
Lenouku. JTa MHMGopManys xapakTepusyeT MacIITa6bl MOTeph MONIOKA
B pas/IMYHBIX PerMoHax ¥ Ha OTAeIbHBbIX 3Talax IPOAOBOJIbCTBEHHON
LIeTI0YKY, KOTOPbI€ MOTYT CIIY>KUTb OPMEHTUPOM JIJISI Pe3y/IbTaTOB, IIOMy-
yeHHBIX A1 Poccun.

IIpeskme Bcero, ciefayeT OTMETUTh Mmybaukaiuuio [1], KoTopas gana
MMITYJIbC IPYTUM UCCIIENOBaHMUSIM B obnactu noxcueta o6bemos IIITO.
B camom fokmaze yka3aHO, 4TO «M3-3a OTCYTCTBMSI AOCTAaTOYHBIX CBe-
JleHU, B UCC/IeJOBAaHUY CAEIaHO MHOTO TPEeATIONOXKUATENIbHBIX OLIEHOK
OTHOCUTEIbHO BO3MOXXHOTO YPOBHS IIOTEPb MPOAOBONbCTBUS», U €T0 aB-
TOPBI IPU3bIBAIOT K MHTEPIIPETAlMM Pe3YIbTATOB C GOIBLION OCTOPO3K-
HOCTBIO [1]. OHAKO BBIBOZBI 9TOTO MCCIeN,0BaHMsI CTaly OCHOBOIIOIAra-
IOLIVIMM B OGCY>KI€HMY COKPALeHNSI IOTePb U OTXOLOB ITPOOBOIBbCTBMS.

Yactp paboT MO IMOTEpSIM MOJIOKA MMeeT OTHOILIeHMe K TpyIiam
cTpad [1-3]. B HMX KUCIIONb3yeTcs MeTO[, SKCTPanosuuu, Mpu KOTOPOM
roKasarey I10Tepb B 11eJI0M II0 PerMOHY PaCIIPOCTPAHSIOTCS Ha OTAENb-
Hble CTPaHbl, BXoAsuue B Hero. OJHaKo CTpaHbl OGHOTO M TOTO JKe pe-
IMOHA MOTYT OTIMYAThCSI Pa3HOOOpasyeM IPOM3BOICTBEHHO-COBITOBBIX
LlerI04eK € TOYKM 3peHus XapakTepUCTHK, IPOLIeCcCoB, 3TAlOB U Y4aCTHMU-
KOB. Takue MCCIefoBaHysl JAlOT JUIIb MPUOIM3UTENbHbIE TIPEACTaBIe-
HMSI 0 MaclITabax MmoTepb ¥ He MOTYT CIIY>KUTh OCHOBOI JIs1 pa3paboTKu
aJpecHbIX Mep MOMUTUKI. B 3TOM KOHTEKCTe MCClIefOBaHMs O MOTePsX
Ha HallYIOHaJIbHOM YPOBHE SIBJISIIOTCSI 60Jiee penrpe3eHTaTUBHbIMY. [To MO-
JIOKY OHM OTpaHMYeHbl Y3KMM IlepeyHeM CTpaH: IVIOXO COMOCTaBMMBbIMU
¢ Poccueit — Benmko6puranueit, llotnanayeit u llIBenyeii [4-6] u 6omee
npubmkeHHbIMU K Poccuy — Benrpueit u [onbiueii [7,8]. Pap pa6or mo-
cBsmeHbl Poccuy [9-11]. [Ipy 3TOM HEKOTOpPbIe U3 HUX aKLeHTMPOBAHbI
JIVILIb HA OTAEIbHbIE YYACTKY IPOU3BOLCTBEHHO-COBITOBOI IIeTIOUKM.

IpencrasnenHas Tabnuia 1 Takke XOPOIIO IeMOHCTPUPYET Pasiu-
Yyusl B METOJaX M3MepPeHus IOTePb U UCIONb3yeMbIX NaHHbIX. Hanbonee
pacripocTpaHeHHbIi IIOAXO0J, OCHOBAaH Ha 6aJlaHCOBOM MeToJe, B OCHOBE
KOTOPOTO JIeXKaT PasjiMyHble JaHHble HALVMOHAJbHOM WINM PerMoHallb-
HOJ cTaTUCTUKM [1-3]. 3a4acTyro MCHOIb3YIOTCSl SKCIIEPTHbIE OLIeHKH,
KOTOpbIe CJIOKHO IPOBEPUTb M aKTyalM3MPOBaTb C TeYeHUEM BpeMe-
HU [4,9,12]. Haubonee ToUHbIe OLIeHKM [TO3BOJISIET MOITYYUTh PACUeTHBII
MeTOJ, Ha OCHOBe HaGJII0IaeMBbIX B CTAaTUCTVKe IIOKa3artesnel mpennpu-
stuii [11]. JaHHbIe HAa YPOBHEe NPEANPUSITUI SIBISIOTCS Hambosee 1mo-
JIE3HBIMU JJIS1 BBISIBJIEHUSI KDUTHUECKUX TOouekK 1oTeps [5,7,10]. Kpaiine
penKo MCIOIb3yeTCs MEeTOZ, IIPSIMOT0 M3MepeHMsI NTOTepb, ITOCKOIbKY OH
CONpSBKeH € BBICOKMMM pacxomamu [8,12]. MHoroo6pasue uCHonb3ye-
MBbIX METOOJIOTMYEeCKMX MOAXONO0B 3aTPYAHSET, a MHOTAA Jaxe JeaeT
HEeBO3MOXXHBIM COIIOCTaBJ/IeHMe MOTyYeHHbIX pe3ynbTaToB. Kpome Toro,
OTCYTCTBYeT eAMHOOGpa3ue kiaccuduKayy VCTOUHMKOB IoTepb. Ha-
MIpMMep, He BCe /CCiIeloBaTeNy YUUTHIBAIOT I0TeHIMaIbHble IOTEPY MO-
JIOKa, CBSI3aHHBIE C GOJIE3HSIMU JKUBOTHBIX (MacTUTOM, 3a00I€BaHUSIMU
KOHEUYHOCTejt) ¥ X MafeskoM, I BO3HMKAIOIMeE Ha 3Tarle rmepepaboTku
I10TepY BTOPUYHBIX [TPOLYKTOB ITepepaboTKy MOJIOKa — TBOPOSKHOM MU
TIOACBIPHOV CBIBOPOTKY, AXTHI [6,7,13].

AHanus MMelOIIMXCSl MyOGnMKauMii TOKa3bIBaeT IMIMPOKMIT pa3bpoc
OLIEHOK IT0 06beMaM NMOTepb MOJIOKA /AJISl Pa3HBIX 3B€HbEB LIETIOUKM U pe-
'MOHOB Mupa. TeM He MeHee, GONBIIMHCTBO M3 HUX YKa3bIBAIOT Ha TO,
YTO MaKCUMasbHbI/l 06beM IOTepb M OTXOLOB AOCTUIAETCs B Ipoliecce
CebCKOXO035/ICTBEHHOTO NPOM3BOICTBA M Ha JTare MoTpebneHus (IIo-
CJlefHUI He BXOAUT B paMKM MCC/IefoBaHMs). IMeHHO Ha 9T CerMeHThI
cenyeT OPMEHTHPOBAaTh MEPOIIPUSTHUS 110 CHIDKEHMIO 00BEMOB IIOTe-
PSIHHOJ IPOIYKIMN.

B nurepaType mpakTMuyecky OTCYTCTBYeT MHGOpMauusi O IOTepsiX
MIpY TPAHCIIOPTUPOBKe MOJIOYHOM NMpoAyKuyuyu. HeMHOrouncieHHble pa-
60TbI IOATBEPKAAIOT, YTO AOJISI [TOTEPb Ha JTare TPaHCIOPTUPOBKY He-
3HauNTe/lbHA I10 OTHOLIEHMIO K APYTMUM STanaM Lernouku [1,13].

Yto kacaetcsi Poccun, To MHTepec K TeMe MPOAOBOJIbCTBEHHBIX IO-
Tepb B CTPaHe BO3PaCTaeT, HO MCC/IeJlOBAHNS HOCAT B OCHOBHOM T€OPeTH-
YyecKMit, 0630pHBII XapakTep. BOJbIIMHCTBO U3 HUX HAXOISITCS Ha Tamne
dbopmupoBaHus MOHATMITHOTO ammapaTa [14]. OTpac/ieBble crienuau-
CTbl, KaK MTpaBUJIO, IPUBOAST UCTOUYHMKY I10TEPb, OAHAKO HEJJOCTATOUHO
YOENSI0T BHMMAaHMe M3MepeHuIo MacuTaboB moteps [15]. Yaiie Bcero
OTeueCTBEHHbIe MCCIe0OBaTeNM ONepUPYIOT JaHHbBIMMU U olleHKkamu GAO
¥ MHOCTPaHHBIX MCCIeloBaTereil, cchlnaloTes Ha MHbopmanuio Poccrata
0 TIOTepsx U3 6aJaHCOB PECYPCoOB ¥ MCIIONb30BaHMS 110 BUJAM IIPOIYK-
umm 160 UUTUPYIOT MUccIefoBaHye [9], KOTOpoe OCHOBAHO Ha 9KCIepT-
HBIX MHTEPBbIO, 6€3 ITOITBITOK KPMUTIUYECKOT0 B3IIsAA Ha 3TY JaHHbIe. [lo-
CTaTOYHO PeJKO B OCHOBE POCCMIICKUX MCCIeNOBaHMII JIeXKAT MCXOLHbIE
IaHHble Ha ypoBHe npennpusituii [10,16]. s pacyeTa notepb UCIOb-
3YIOTCS [Ie/iCTBYIOIIMEe HOPMbI pacxofia ¥ IOTeph ChIPbsl, yTBEPXKIeHHbIE
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MPUKAa3aMM COOTBETCTBYIOIUX MuHuctepers u Begomcrs CCCPL2, Ax-

TYaJIbHOCTb MCIIONb30BAaHMS B HACTOsILiee BPeMsi HODM pacxofa ChIpbsi

C Y4eTOM NOTePb, pa3paboTaHHbIX B 80-X rogax MpoIioro Beka, 060CHO-

BaHa B pabote [17]. 9TV HOPMBI UCITIONB3YIOTCS 10 Cet IeHb MpenIpus-

Tusimu [10,18-24], a Taxoke 151 IOATOTOBKY CIIELIVAIMCTOB-TEXHOIOTOB

B MOJIOYHOJi IIPOMBIIITIEHHOCTH.

Vcxops M3 BBISIBJIEHHBIX OTPaHMYEHHBIX BO3MOXKHOCTEN M3MepeHust
MOTePb, 11e/IbI0 Halllero MCC/Ief,0BaHys SIBSIeTCSl KOMMYeCcTBeHHas! OlleH-
Ka 06beMa II0Tepb MOJIOKA ¥ MOJIOYHOJ MPORYKIMY B Poccuu B pasnud-
HBIX 3BE€HBSIX ITPOM3BO/ICTBEHHO-COBITOBOI 11eTIOUKM Ha OCHOBe pa3pabo-
TaHHOJ aBTOPaMy MeTOAVIKM.

B xope uccienoBaHys pellieHbl CIefylolue 3a1aum:

1) mpoBezeH aHanu3 uMeloueiics MHGOPMaLMOHHO 6a3bl IS OLEHKU
T0Tepb MOJIOKA ¥ MOJIOYHOV MPOAyKuuy B P@, KOTOPBI MPOBOAMIICS
110 TPeM HaIlpaBJIEeHMSIM UCTOYHUKOB: OUIMaIbHbIe TaHHbIe TOCY-
IApCTBEHHBIX OPTaHOB, JaHHbIE NIPENNPUITUI Y HayYHbIe ITyOIMKa-
UMy, comepsKaliye 5KOHOMMUUYECKMe pacyeThl MOTepb ¥ SKCIIePTHbIe
OIIeHKMU;

2) ¢ yyeToM umerouieiics MHGOPMALMOHHOM 6a3bl MpeIokeHa MeTo-
IIMKa OLIeHKM IOTepb MOJIOKA B IIPOLiecce CelbCKOXO03s51/CTBEHHOTO
MIPOM3BOACTBA, IIepepaboTKy, XPaHEHVISI, TPAHCIIOPTHPOBKY (OTXOZbI
Ha KOHEYHBIX Talax LeMo4YKyY — B TOProBJe U MOTpebIeHnM JOMOXO0-
3SI/ICTBaMM — B KOHTYD MCCIef0BaHMS He BXOJSIT);

3) Ha OCHOBe INpeJIOKEHHO} MEeTOAVKM BBbIMIONTHEHa KOolMyeCTBeHHas
OlleHKa I10Tepb MOJIOKA M MOJIOYHO IpofyKumu B Poccuu, rmomyueH-
Hble pe3yJIbTaThl CONIOCTaBIEeHbI C UMEIOIMMUCS JaHHBIMU B POCCHUIA-
CKUX U 3apYOEKHBIX ITyOIMKaIMsIX;

4) pacCcMOTpeHbI HEKOTOPbIE aCIIeKThI BHENTHMX 3(hPeKTOB (3KOHOMMUE-
CKUX, COLIMABbHBIX, IKOJIOIMUYECKIX), CBSI3AHHBIX C IIOTEPSIMM MOJIOKa
Y MOJIOYHO TIPOSYKLIMU.

2. O6'BEKTHI M METOABI

IIpencraBieHHOe MCCIeOBaHME SIBISETCS MPOJO/DKEeHMeM pabo-
Thl @BTOPOB IO OlieHKe I0Tepb MPOAOBONBCTBUSI HA JTanax Leovkyu
OT CenbX03Mpon3BoAcTBa [11,25] mo nmocTaBku B po3HuULLy [16], BbIno-
HEHHOI Ha JOCTYIHBIX Ha TOT MOMeHT AaHHbIX 2021 r. [loatomy Ajst
COTIOCTAaBMMOCTH C Y)Ke TIOTYYeHHbIMM paHee pesylabTaTaMM B KauyecT-
Be 6a30BOro INepuoja Jjsl OLleHKM IIOTeph MOJIOKa M MOJIOYHOI Ipo-
IYKUMY, @ TaKKe OIpefie/ieHNs] CBSI3aHHBIX C 3TUM SKOHOMMUYECKUX,
coUMaIbHBIX, IKoMornueckux 3¢ dexros, npuHumaetcs taxke 2021 r.
OcHOBHOJI 06beM IOTepb MOJOKA CBSI3aH C YPOBHEM TEXHOJIOTMIA.
B mocnepHue ronbl TeXHONIOIMYeCckoe pa3BUTHE NMPOM3BOACTBA U Ile-
pepaboTKM ChIPOTO MOJIOKA HOCUT B OCHOBHOM MHEPLIMOHHBIN Xapak-
Tep. B yCJI0BUSIX OTCYTCTBMSI KAKUX-TMOO0 CePhe3HbIX TEXHOIOTUYECKIX
CIBUTOB B OTPAcIu B GiyskaiiiieM GyIyIieM B CBSI3U C CAHKLMOHHBIM
JlaB/ieHyeM ¥ BbICOKOJ 3aBMCUMMOCTBIO OT MMIIOPTHBIX TeXHOJIOT U1 eCThb
BCe OCHOBAHMS IPeJIosaraTh, YTo Ha CpeJHeCPOUYHOM TOPU30HTE IO-
KasaTeny OTHOCUTENbHOI HOPMBI I1OTEPh B Ije[I0YKe MTOCTaBOK MOJIOKA
CylLIeCTBEHHO He M3MeHSTCS.

2.1. Oyexka nomeps Ha 3mane ceJibX03npou3eodcmaa

KonyuuecTBeHHasl olleHKa IOTepb MOJIOKA Ha JaHHOM 3Talle ImpoBe-
JleHa pacyeTHHIM METOZOM Ha OCHOBe MIeHTMGMKAIVM MCTOUYHVMKOB
rnotepsb (BKIOYasi OyOOiiHbIe orepanym) 1 onpeneneHus 06beMoB I10-
TepSIHHOM MPOAYyKUMYU B GU3MUeCcKOM BblpaskeHUM. TaKkoii Mogxox, OT/n-
YyaeTcsl OT OPYIUX MCCIEAOBAHUI TI0 TeMe MPOM3BOACTBEHHBIX MOTEPD,
KOTODbIe yallle BCero OCHOBBIBAIOTCSI HA 9KCIIEPTHBIX MHEHMSIX MU YacT-
HBIX OLIEHKAaX (MIOTPELIHOCTb TAKMUX OLEHOK MOKET GbITh BBICOKOI), TM6O
CTPOSTCSI HA pacyeTe 6aJaHCOB ITPOAOBOIbCTBEHHBIX PeCYPCOB U MMEIOT
OrpaHMYeHMsI C TOUKY 3peHMsI 0XBaTa YUUThIBa€eMbIX BUIOB [10TepPb (IIOA-
pO6HBIIT 0630p MCCIeAOBaHMII TOTEPh MOJIOKA HA JTare MPOU3BOACTBA
npefcTaBiieH B [13]).

OCHOBHbIE IPMYMHBI BO3HUMKHOBEHMS ITOTeph MooKka B Poccuu cBsi-
3aHBbI C MaIeKOM KOPOB ¥ 60JIe3HSIMY JKMBOTHBIX HA MOJIOYHBIX hepmax,
a Takke OTOPAKOBKON ChIPbsS HAa MOJIOKOIIEpepabaThIBAIOIIMX 3aBOJAX.
VICTOYHMKOM JAaHHBIX IJI1 PacyeToB IOCTYKUIM (HOPMbI OTYETHOCTU
0 (GMHAHCOBO-3KOHOMMYECKOM COCTOSIHMM CeTbX03TOBApOIIPOV3BOAM-
TeJeit, KOTOpble OHM PeryJIsSIpHO MpefCcTaBisioT B PoccraT 1 MuHcenbxo3
Poccun. ITogpo6Hee o meTonuke B [11].

1 Ipuka3s Focarporpoma CCCP ot 31.12.87 N2 1025 «O6 yTBepKAeHMM HOPM
pacxoja ¥ TOTepb CbIPbSl MPU IPOMU3BOJCTBE LEJBHOMOJIOYHOM MNPOSYKLIUMU
Ha NPeANpPUITUSIX MOJIOYHO ITPOMBIIUIEHHOCTY ¥ OpPraHu3aLyu paboT 1o HOpMM-
POBaHMIO paCXoia ChIPbsi» DJIEKTPOHHBI pecypc https://normativ.kontur.ru/docum
ent?moduleld=1&documentId=85777 [lata moctyma 05.08.2025

2 Tlpukas Muumsicomonmpoma CCCP N2 387, Mumropra CCCP No 345
oT 29.12.1984 «O6 yTBepkaeHuy HOPM PacXofa ChIPbsi IPY MPOM3BOACTBE MOPO-
SKeHOT0» DJIEKTPOHHBI pecypc https://normativ.kontur.ru/document?moduleld=1
&documentld=41024. Tata goctyma 05.08.1925
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2.2. OyeHka nomeps Ha Imane nepepabomxu MoaoKa

B ommmume OT cxembl OIpefeneHMs NOTepb NMPONYKLMM Ha 3Tare
CebX03MPOM3BOACTBA (CyMMMUPOBAHMEM aOCOMIOTHBIX BEJIMUUH TOTEPh
110 MCTOUYHMKAM MX BO3HMKHOBEHMS Ha OCHOBAaHMM OTYETHOCTU XO-
3STCTB, MyOIMKYyeMbIX B OGUIMAIBHON CTATUCTUKE) IIOTEpU Ha Irare
repepaboTKy ONpenessIIoTCS HOpMaTUBHBIM METOZOM BBUIY OTCYTCTBUSI
BO3MOKHOCTY OLI€HUTD VX B HaTypa/lbHbIX BeJIMYMHAX HA OCHOBAaHUM OT-
YETHOCTY IepepabaThIBAIOIIMUX TIPEATIPUSITHIA.

VcroyHnkamMu 06pa3oBaHysl MOTeph B MepepaGoTKe SIBJSIOTCS IIO-
Tepy CbIPbSI WM TOTOBOJ NPOAYKLMYM BO BpeMs! OCYILLeCTBJIEHUS] TEXHO-
JIOTMYeCKOro Ipouecca (O4MCTKY ¥ MOATOTOBKM ChIPbS K IOCIeAyIoLei
repepaboTKe, MPOXOKAEHYS TPOAYKIVY MO TPYOOIIPOBOAAM VI MEXKIY
LieXaMu, yIIakKoBKM U (hacOBKM, XpaHEHMsI Ha CKJIale, PACX0Ja ChIPbSI U ro-
TOBOJ MPOAYKIMY HA TPOOHI).

st pa3paboTKy METOIMKM OLIEHKM ITOTePb B Mpoliecce rnepepaboTKu
MOJIOKa MCIIONB3YIOTCS NeliCTByIoIMe B Poccuy o6iieoTpacieBble HOp-
MAaTWUBBI, pa3pa60TaHHb1e l'[pOd)I/IIIbHI:IM]/I VHCTUTYTaMM Ha OCHOBAaHUN
MacLITaOHbIX McCaenoBauuit [17-24], Meromuyeckue peKOMeHIALU
IJIS1 CIIeLMa/INCTOB-TEXHONIOrOB [18-24], a TawkKe NOCTYIIHble OLIEHKU
KOHKDETHBIX MOJIOKOIIepepabaThIBalOIMX MPEeNIPUSITUI, TpUBeeHHbIe
B HayuHo ny6mkatyu [10]. Ist pa3paboTKy METOAMKM OLIEHKM MOTEPh
B ITpo1iecce nepepaboTKM MOJIOKA B HACTOSIIIIee BPeMsI UCIIONb3YIOTCS Jeii-
cTBylouMe B Poccun HOpMBI pacxoma u moteph cbipbsil. Ha ocHoBaHmu
9TUX NOKYMeHTOB uccienosarensimy @oxkunoii H. 3. u Crenanosoii b. H.
paspaboraHbl pekoMmeHzauuu <«[IpOoM3BONCTBEHHBbI y4yeT M Ilepecyer
HODPM Pacxofa ChIPbs B [TOKA3aTeIM MOJIOKa 6a3MCHOM SKUPHOCTH Ha Mpefi-
NIPUATUSIX MOJIOUHOJ IIPOMBIIIJIEHHOCTI». K coKasleHn10, B OTKPBITOI I1e-
4YaTy 3TOro JOKyMeHTa HeT. Ho OCHOBHbIEe ero I0I0KeH!s TpefCTaBIeHbl
B paborax [18-24]. PacueT noTepb NPOU3BOAMUTCS IO BCE HOMEHKIIATY-
pe BBIITyCKaeMOJ) MOJIOYHOJ IMpOAYKLMM Ha OCHOBe AaHHbIX PoccraTta
110 06beMaM IIPOM3BOACTBA MOJIOKA M MOJIOYHBIX IIPOIYKTOB B HAaTypasb-
HOM BbIpaxeHuu. [loTepu B mepepaboTKe 3aBUCST OT BUIA TPOU3BOAMMOIN
MOJIOYHO TPORYKUMMN. [/ MX COTIOCTaBIeHNUS] HEOOXOAMMO IpYUMeHeHye
K03 DUIIMEHTOB, KOTOpbIE TIO3BOJISIIOT NIEPEBECTY TOTOBYIO MPOAYKLIMIO
B MOJIOYHBIJ 5KBMBAJIEHT /151 OC/IeyIOIIero IMoMy4eHNs] OTHOCUTEIBHOMN
BEJIMYMHBI TIOTE€Pb B MPOLIEHTAX OT 001LIero oGbemMa pecypcoB MOJIOYHOM
MPOINYKIMY HA JAHHOM 3Tarle Lierovku. [Iist onpeneneHys 061X MOTephb
B IlepepabaThIBAIOIEM 3BeHE IT0TyYeHHbIe OLeHKM [TOTepb I10 BUIaM IIpo-
IYKLIVY IIePeBOASTCS B MOJIOYHBIN 5KBMBAIEHT ¥ CYMMMPYIOTCSI.

2.3. OyeHka nomeps Ha amane pacnpedeneHus

O1eHKa MOTepb Ha 3Tale TPaHCIOPTUPOBKYU U paclipefeneHus npo-
BOIM/IACh HOPMATMBHBIM METOLOM Ha OCHOBe AaHHbIX PAO u gpyrux
3apyOeXXHBIX MCcaenoBaHmii [1,2,7], OLleHKY MMOoTepb MOJIOYHOM MPOAYK-
LMY B POCCUIACKOJ TUTEpaType OTCYTCTBYIOT. [I[pyunHamMu NoTepb MOTYT
CTaTh HapylleHMe YIaKOBKM, OMIMOKM MapKUPOBKYU MPOAYKLIMM, JIOTH-
cTuyeckye c60u, HapyIIeHus: B XOIOL0BO# LIeM 1 IIpouee.

HopmaTuB 1oTepb Ha 3Tame TPAaHCIOPTMPOBKM M paclipelesieHus
(mpuHATHIN paBHBIM 0,5%) MpMMeHseTcs K 061eMy 06beMy pecypcoB
MOJIOYHOJ IIPOAYKUMM HAa BHYTPEHHEM pbIHKe, KOTOPBIN CK/Ia[IbIBAETCS
1“3 o6beMa MPOM3BENEHHOI MPOAYKIMKA U TOCTYMUBIIEH 110 UMIIOPTY,
332 MMHYCOM 3KCIIOPTa MOJIOYHBIX IPOAYKTOB. [I7I51 OLleHKY BHYTPEHHUX
pecypcoB MOJIOYHOM MPOAYKLIMUM B IlepecueTe B OCHOBHO BUJ, IPOAYK-
LMY UCTIONB3YIOTCST Koadduiments Poccrara.

3. PesynbTaThl M 06CYKAEHME

3.1. ®usuueckue 06seMbl NOmMeps

Ilo pacueram aBTOpOB, IIOTEPM MOJOKA B CEBCKOM XO3SIIICTBE CO-
craBuan 3,3% ot obuiero o6bema mpousBefeHHoro B Poccum monoka
cenpxo3opranu3anusavu B 2021 r. [11]. B ¢pu3uueckoM BbIpaskeHUM 3TO
OLIEHUBAETCS MpMUMepHO Ha ypoBHe 600 ThIC. TOHH, YTO SKBUBAJIEHTHO
06beMy IIPOM3BOMACTBA MOJIOKA B POCCUIACKMX PErMoHax, OTIMYAIONIX-
€Sl TPaOUILIMOHHO BBICOKOJ MHTEHCUBHOCTBIO BeleHNsI SKUBOTHOBO/ICTBA:
MockoBcKast 06nactb, JleHMHrpazackast obnacts, Pecriybnuka Baurkopro-
CTaH, KOTOpble 3aHMMaT 8—10 MecTa B peliTUHTe BeLyLIMX PErMOHOB-
npousBoAuTeneit ToBapHoro mosnoka B PO B 2021 .

IIpon3BOACTBO MOJIOUHOTO ChIpbsi B P® KOHIIEHTPUPOBAHO — TOI-30
KOMITaHui obecrneunBalT 16% BCcero MpousBegeHHOro Mojioka. Eciu
COIOCTaBUTh PacUeTHBIN 06beM ITOTEPh C 06beMaMi MTPOU3BOACTBA ChI-
pOro MOJIOKa KPYIHENIIMMY B CTPaHe NMPpefIIpUsITUIMU, TO IIOTePSHHBIN
06beM ChIPbsI GyZIeT 9KBUBAJIEHTEH COBOKYITHOMY 00beMY IPOM3BOACTBA
KOMIIaHW, 3aHMMaIMX 2, 3 1 8 MecTa B peiiTUHTe MPOMU3BOAUTENE
ceIporo mosnoka B 2021 r. (dupma «Arpoxkomiuiekc» um. H. Y. TkaueBa, 'K
«Pycmonko» (Olam International), TK « ArponpOMKOMIIIEKTAL )3, Wyn

| 2026 |

MPaKTUYECKY TTONOBUHE JOCTUTHYTHIX B 2021 r. 065eMOB MPOM3BOACTBA
KpynHejiero B Poccuy 1 B Mype arpoxongyHra « JKOHUBay.

Ha sramne nepepa6otku Tepsietcs 4,7 % oT o61iero o6bemMa pecypcoB
BXOZSIIIETO CHIPbSI Ha IIepepaboTKYy (T.e. OT 21 MJTH TOHH ChIPOTO MOJIOKA
B 2021 r.). 3TO uyTh GOJbBIIE 1 MJIH TOHH B MOJIOUHOM 3KBMBasieHTe (M3)
(Tabmuua 2). [TomyyeHHast olleHKa BbIILIe YPOBHS, IPUBEIEHHOrO B HAy4-
HBIX UCCIIeqoBaHMsIX: 1,3 % 1J1sl 11eIbHOMOJIOYHOV Iponykuum [8,10], au-
anasoH 1-5% 6e3 yka3aHusi BULOB WIM TPYIIIT MOJIOYHOV MPORYKIMY [2]
(Tabmuua 1). OGBSICHSIETCS 9TO TEM, YTO OHA BBIMIOJHEHA IO BCEil HO-
MeHKJ/IaType BbIITyCKaeMOi MOJIOUHO MPOAYKLINY, a He TI0 OTAeIbHbIM
BMUJAM WJIM TPYTIIaM: 1eIbHOMOJIOYHAs IIPOLYKLMS, ChIPbI, MOPOKeHOe
M IIp., KOTOpble 3HAUUTENbHO OTAMYAIOTCSI 10 HOpMaM IIOTepb U Becy
B 0011eM o6beMe MPOU3BOACTBA B MepepaboTKe Moyioka. Hambosnbive
rnorepu B (Gu3NUECKOM Bece 00pasyloTcs Mpu MPOM3BOACTBE LIENbHO-
MOJIOUHOJ NMPOLYKUMM (IUTbeBOE MOJIOKO, KMCIOMOJIOYHbIE TIPOAYKTHI)
(Tabnuiia 2). OgHAKO B IIepecyéTe Ha MOJIOKO ITOTEPU IIPY ITPOU3BOLCTBE
MOJIOKOEMKUX ITPOAYKTOB — ChIPOB, TBOPOTA — COCTABJISIIOT 66 % BCeX I0-
Tepb B KATETOPUU «MOJIOYHAS] TPOTYKIIVSI».

Ecv mpopo/mkuTh aHAIOTHIO CPaBHEHMSI TIOTEPb ¢ 00beMaMy Mpo-
M3BOZACTBA KOMIIAHMI-IMIEPOB OTPaCIu, TO pacyeTHbI 06beM MoTephb
Ha 9Tare rnepepaboTKyY MOJIOYHOTO CBIPbSI COIIOCTABMM C OOGBEMOM BBI-
ITyCKa MOJIOYHOJ MPOAYKLMY POCCUIICKMM IOApasfeleHreM TPaHCHa-
umoHangbpHOro ruranTta PepsiCo (Bumm-Buiuib-JlaHH) My COBOKYITHBIM
06beMOM IIPOM3BOJCTBA MOJIOYHBIX 3aBOJIOB, 3aHMMAIOLIMX 2 U 3 MecTa
B peiiTuHre repepaboTunKkoB Ha Tepputopum Poccunm B 2022 1. (MosBecr,
KOMOC T'PYIIIT)4.

Eciu cormocTaBuTh MOTEPSIHHBIN B MepepaboTKe 06beM MOJIOUHBIX
rpoaykToB (1 MJIH TOHH B IepecyeTe Ha MJ) c 06beMOM MMIIOPTa MOJIOY-
HO¥1 npopykuyy B PO B 2021 1. (6,5 MutH TOHH B M3), TO 3TO OTHOILIEHE
cocTaBuUT 15 %, T.e. BHYTPEHHMIT PBIHOK MOT ObI ObITh Ha 15 % Gosblile 3a-
MOJTHEH OTEeYeCTBEHHOII MpoAyKIyeit. Kpome Toro, Becb 06beM POCCHii-
CKOTO 3KCIIOPTa MOJIOYHON npoaykimu B 2021 I. mpakTuM4yecky 5KBUBa-
JIeHTeH 00beMaM II0Tepb B IepepaboTKe B Iepecyere Ha MD.

IoTepu Ha 3Tarne pacrnpeaeneHus IpuUHATHI 3a 0,5 % OT pecypcoB BHY-
TPeHHero pbIHKa MOJIOKa ¥ MOJIOYHOM npoayKuyuu PO mau 136 Teic. TOHH
B MD.

B pacueTax Takke YYMTBIBAJIUCH IOTEPU BTOPUYHBIX MPOAYKTOB —
CBIBOPOTKA B IepecyeTe Ha KOMIIOHEHTbI MCXOOHOTO ChIpbs (430 ThIC.
TOHH.), KOTOpasi He GbUIa HAIpaBjieHa Ha JAJbHENIIYI0 1epepaboTKy
M yTWIM3upoBaHa. Pacuer cienaH ¢ MCIONb30BaHMEM METOLVIKY, MPU-
BeJIeHHOM B [26].

CyMMapHO IT0Tep B LIe[IOYKe OT CelbX03MPOM3BOACTBA 10 IOCTYIIIe-
HMSI B PO3HMULLY COCTABJISIIOT OKOJIO 2,2 MJITH TOHH B IlepecyeTe Ha MOJIOKO
i 8% OT pecypcoB BHYTPEHHETO PhIHKA MOJIOYHBIX ITPOAYKTOB, KOTO-
pble C y4eTOM II0TOKOB MMIIOPTA ChIPbSI i TOTOBO¥ MMPOAYKLMY U 9KCIIOP-
Ta MOJIOYHOJ nponyKuyy B 2021 r. cocraisiiy 27 MiiH TOHH (PucyHOK 1).
JTOT ypOBEHb IpPEBbIIIAET OLIEHKM I0Teph MOJIOKA I10 BCet Ierouke
B €BPONENMCKMUX CTpaHax — 5%, mpuBeoeHHbIE B UCCIENOBAHUSIX [2,3]
(Tabmuua 1).

Ecny nposecTyt conocrasiieHus ¢ oneHkoi ®AO 1o norepsiMm MoJou-
Ho¥1 mponyKumu ajist EBpornsl, Bimovast Poccuio, To Hally OLleHKM ITOTepb
Ha JTare Mpou3BOACTBA HECKOIbKO HIKe (3,3 % [12], u 3,5 % 10 JaHHbIM
@AO [1]), mpu 3TOM Ha 3Tare nepepaboTKM HAIIM PAacUeTsl 110 BCeil HO-
MeHKJIaType BbIITyCKaeMOJ1 MOIOYHO MPOAYKIMY 3HAUNUTEIbHO IIPEBbI-
mratot oueHku ®AO (4,7 % u 1,2 % coorBeTcTBeHHO) (Tabnuia 1). Pacxo-
SKIIEHUST OOBSCHSIIOTCSI CYIeCTBEHHBIMM PasiMuMsIMyM B MeTOOMYeCKUX
MOJIX0Max M UCIIOIb3yeMOJ MCXOMHOM MHpOopMaLn.

3.2. DKOHOMUUECKas cmoumocms nomeps

CTOMMOCTD MOTePSHHOI MOJIOYHOJ MPOAYKIMM ¥ MOJIOYHOTO ChIPbSI
B IIPOJIOBOJILCTBEHHO IIeTI0YKe OT MPOV3BOACTBA [0 3TaIla IOCTYTUIeHMSI
B pO3HUIY (He BK/IIOUas MOC/IAeIHMIt) B 1leHax mpousBogureneir 2021 T.
onieHnBaetcs B 71 mipp py6. (moutu 1 Miapp qo1.). 3HaYUTENbHYIO A0JTI0
B CTPYKType IOTepPb B CTOMMOCTHOM BbIpaskeHUM 3aHMMAIOT IOTEPU
Ha 3Tare rnepepaboTku (PUCYHOK 2), HauM6OMbIINit BKIa B 9TY OLIEHKY
BHOCST ChIPBI U CbIPHBIE ITPOAYKTHI, TBOPOT — 64 %, Ha 11eIbHOMOJIOYHbIE
MIPOAYKTHI MPUXOIUTCS 25 %, MOpOoskeHoe — 6 %.

B OlLIeHKY CTOMMOCTY ITOTEPSTHHON MOJIOYHON MPOLYKIUY BK/IIOYeHa
9KOHOMMYecKasi CTOMMOCTb BTOPMYHBIX IIPOAYKTOB. BapuaHTOB MCHOMb-
30BaHMSI MOJIOYHOI ChIBOPOTKM HECKOJIBKO: pPeajn3arys IpegpusiTuemM
B CbIPOM BUJe€ (HarpuMep, KaK KOMIIOHEHT B MUILEBOI IPOMBIILJIEHHO-
CTU, MeIUIHE VI Ha KOPMOBBIE IIeJIN), a TAKKe 1mepepaboTKa U Mpo-
U3BOACTBO HAIUTKOB MUJIM CYXO¥ ChIBOPOTKU. KaXk[plii BapMaHT anabTep-
HaTUBHOTO UCIOb30BaHMS 3HAYUTEIIHO OTIMYAETCS 10 J06aBIeHHO

3 Peiitunr Tomn-30 MPOU3BOJUTENIEN MOJIOKA 1O BaJIOBOMY Hanow B 2021 roxy
B THIC. T. DIEKTPOHHBIN pecypc https://top.milknews.ru/milk-production#rating
Iara goctyma 05.08.2025

4 Pejitiur TOII-100 mepepaGoTUMKOB CHIPOrO MOJIOKA B Poccu 3a 2023 rof.
DnekTpoHHbI pecypc https://www.ufamol.ru/upload/iblock/014/z6ci2pol3wu9ng4
q7tg582bvd3a9e35x.pdf Marta mocryna 05.08.2025
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MNpoMIBOACTEO MONCYHOR NPO;

MOnOKD HANPAENEHHOE Ha TRy

Hunopt ceipea

= [lomeps v crane X
M NoTeps 1a aTane nepepaiomnm
= MoTep9 Ha HTane PacnpPeaeneHna

B NEPECYETE HA MONOKD
PECYPOhE BHYTPEHHEND PhiHKa

HunopRlAca0uHoN MPOLyKLME

. SO NORT

PucyHox 1. Pecypcbl BHyTpeHHero pbIHKa MOJIOKA € YU€eTOM IIOTOKOB 3KCIOPTa, MMIIOPTA ¥ IOTePb Ha KaXKIOM 3TaIre IelnouYKy
B 2021 r., ThIC. TOHH MOJIOYHOTO0 3KBUBaysieHTa (M) (PacueTsl aBTOPOB Ha OCHOBaHMM JaHHBIX: 1) PoccraTta o o6bemam Mpou3BOICTBA
MOJIOKA U BBIITyCKA FOTOBOV MOJIOUHO# npoaykiuu; 2) ITC mo o6bemam 3KCIOPTa ¥ UMIIOPTA)

Figure 1. Resources of the domestic milk market with account for flows of export and import and losses at each stage of the chain in 2021,
thousand tons of milk equivalent (ME) (Authors’ calculations based on data: 1) Federal State Statistics Service (Rosstat) for the volumes of milk
production and output of finished dairy products; 2) ITC by volumes of export and import)

Ta6nuua 2. [lorepu Mosioka Ha 3Tane nepepa6orku B Poccun mo ganubiv 2021 1, ThIC. TOHH. B MOJIOYHOM 3KBUBaieHTe (M3J)!
Table 2. Milk losses at the processing stage in Russia according to data of 2021, thousand tons in milk equivalent (ME)

Buabl MOTOYHOM MPOIYKIMMA

LenbHOMO/IOYHANA IIpoayKuus

Mornoxko xugkoe 06pa6OTHHHOE, BKJIIO4Yast MOJIOKO

TSI AeTCKOTO MUTAHUS 5684
CnuBKuU 238
TIponyKThbI KMCIOMOIOYHBIE (KpOMe TBOpPOTa M MMPOSYKTOB 2736
13 TBOpOTa)
cmemaua 536
npodyKmol KUCTOMONOYHblE (KPOME CMEMAHbL) 2196
npooyKmel KUCJIOMOI0UHblE NPOYUe 3
Macino 283
ChIpPbI, ChIPHBIE IIPOAYKTHI, TBOPOT, TBOPOJKHbIE MPOAYKTHI
cblpbl 8Cce20 648
CblpHble NPOOYKMbl 198
meopoz 495
npodykmel Ha 0cHo8e meopoza 207
MOoJOKO U CJIMBKU CyX1e, CyOIMMUPOBAHHbIE, B TOM UKC/Ie 64
uenpHble (CLIM)
Moroko cyxoe, Cy6IMMIpOBaHHOe 06e35kMpeHHoe He 6oree 9%
1,5 % >sxupHocty (COM)
CryuieHHOe MOJIOKO 157
MoposkeHoe 527
Bcero

1 PacueTsl ABTOPOB HAa OCHOBAHMM JaHHbIX Poccrara.

06bem np-Ba
B 2021 r., TBIC. TOHH

Koad. nepe- Koad. Iorepu B pus. IloTrepu B mepecyere
Boga B M3? moTtepb, % Bece, ThIC. TOHH Ha MD, ThIC. TOHH
169,0
1 1,51%3* 87,1 87,1
4 1,74%5 4,2 16,9
4 1,24 %% 6,7 26,9
1,70%%7 38,0 38,0
1 1,70%%7 0,1 0,1
22,79 1,229%38 3,5 79,7
668,0
8,1-10,5 5,84%° 40,0 324,2
5,25 5,84%° 12,2 64,2
7 5,07 %10 26,4 184,8
7 6,18 %> 13,6 94,9
8,7 0,82%° 0,5 4,6
11,2 3,40%3 3,4 37,7
2,5 1,80%3 2,9 7,2
3 2,40%"? 13,0 38,9
1005

2 MeTomyyeckue yKasaHMS IO COCTABJIEHMIO OaJaHCOB pecypcoB ¥ MCIONb30BAaHMS NPOAYKTOB KMBOTHOBOACTBA (MsICA M MSCONPOAYKTOB, MOJIOKA
¥ MOJIOKOTIPOAYKTOB, SIULL U SIALIENPOAYKTOB). YTBepKkaeHb! [Ipukasom Poccrara ot 27.11.2023 N2 605.

3 TIpukas Tocarporipoma CCCP ot 31.12.87 N2 1025 ««O6 yTBepKAEHMM HOPM DPAcXOfa ¥ MOTEPb ChIPbsl MIPU MPOU3BOLCTBE LETbHOMOIOUHON TIPOMYKIIUM
Ha IPeIIpUSITUSIX MOJIOYHOI MPOMBIIUIEHHOCTY M OPTaHM3aluu paboT 110 HOPMMPOBAHMIO PACXO/Ia ChIPbSI».

4110],5[19],6[20], 7 [18], 8 [23], ° [24], 1 [21], 1 [22].

12 TIpukas Munmsicomonnpoma CCCP N 387, Muntopra CCCP N@ 345 ot 29.12.1984 «0O6 yTBepKAeHUM HOPM PacxXofia ChIPbs IIPU MPOU3BOACTBE MOPOKEHOTO>.

CTOMMOCT). B Hamem pacyeTe MbI UCIIONb30BAIM MUHUMAIbHbIE IIEHBI
JlalbHEIIero UCIOAb30BaHUSI — peanu3alys MpenpusTheM CbIBOPOT-
K 6e3 DOIOMHUTENbHOM 06paboTKY, T.€. TI0 MUHMMAaIbHOI CTOMMOCTH.

3.3. llpyaue acnekmsl HeahpekmusHoCmMu nomepew:
0100X3emHas, coyuanbHas, 3K0Ja02U4ecKas

Ecim cmoTpeTs Ha po6iiemMy 1oTephb MPOIOBOIbCTBMS LIMPe, TO yTpaTa
YacTy ChIPbSI ¥ TOTOBOJ MPOAYKLMY BeleT He TONMbKO K HeahheKTUBHOMY
MCTI0/Ib30BAaHMIO PECYPCOB U ITPSIMbIM 9KOHOMMYECKMM [T0TEPSIM, HO U CBSI-
3aHa C COLMAIBHO, 9KOJIOTMYECKOI1, GI0IKeTHO Heah(eKTMBHOCTBIO.

B cuny crienmduKy OTpaciy MOJIOYHOTO XKMBOTHOBOZACTBA — BBICOKOI
KalMUTaT0eMKOCTH, JJIUTENIbHOCTY MPOU3BOACTBEHHOIO LMKIIA, C1aboit

YIIPaB/ISIEMOCTM TEXHOIOTMYECKMX IPOLIeCCOB, a TaKKe HeOCTaTOYHOM
camoobecriedeHHOCTM PD MOJOKOM (HMKE YCTAHOBJIEHHBIX B CTpaHe
Liesiei), MOJIOYHAasl OTpacyb NPU3HAHA IIPUOPUTETHON OTPACIbI0 TOCY-
JIapCTBEHHOV MoaAepskku. OGbeM CpPe/iCTB, BbIAEISIEMbIX Ha MOAEPKKY
CebX03MPON3BOAMTEEeI MOJIOYHOM crieunanmusauuu, cocrabua B 2021 r.
47,5 mupn py6. (mau 6onbire 0,6 muipn momi.). Cpencrsa 6ioaskeTa Ha-
MPABJISIIOTCST Ha TOMIEPKKY OTepalMOHHOM NesSTebHOCTU, MHBECTUIIN-
OHHOJ aKTMBHOCTY U Pa3BUTHUS TUIeMeHHOIt 6a3bl. B mociemune 10 e,
¢ 2014 1o 2023 rT., eXXerofHble TeMITbl pa3BUTHS CbIPbEBOTO CEKTOPa MO-
JIOYHOJ1 OTpac/iy COCTaBsMN 3 %, UTO IPUMEPHO COOTBETCTBYeT HAalIUM
OlleHKaM ToTepb ChIpOro Mosioka B 2021 T. B 9T0J cTaThe He MPOBOISITCS
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mabic. MoHH 8 MO mrpd. pyb.

| 136 | :

HMoTepy CbIporo Mornoka
(Monoko He
noctynvsLlee
Ha nepepaboTKy)

100%
90%

80%

E[loTepu Ha aTane
nepepaboTtku
(B nepecyeTe Ha MJ)

70%
60%
50% 1005
MoTepu BTOPUYHBIX
NpPOAYKTOB CbIBOPOTKM
B nepecyeTe
Ha KOMMOHEHTbI
MCXO[HOTO CbIpbA

40%
30%

20%

594 m[loTepwu Ha aTane
pacnpenenexus
pecypcoB Mornoka

0% Ha BHYTPEHHEM PbIHKe
Motepu B hns. Bece,  CTOMMOCTb NOTEPSHHON (B NepecyeTe Ha MJ)
TbIC. TOHH M3 npoaykuun, Mmnpa.

PucyHox 2. CTpyKTypa moTepb MOJIOKa Ha 3Talax Ipou3BOACTBA,

nepepa6oTKU, TOTUCTUKHU [0 MOCTYIUIEHUS B PO3HMUILY,

B GM3MIECKOM UM CTOMMOCTHOM BBIPAK€HNUH (10 JAHHBIM
2021 r.), ThIC. TOHH B MOJIOUHOM 3KBUBasieHTe (M3) u Mipp pyo.
(PacueTsI aBTOpOB; [11])

Figure 2. Structure of milk losses at the stages of production, process-
ing, logistics up to retail in physical and monetary terms (according to
data of 2021), thousand tons in milk equivalent (ME) and billion rubles
(authors’ calculations; [11])

10%

OLIeHKM CTOMMOCTY MEePONPUSTHIL IT0 COKPAILEHUIO II0TePb CHIPOTO MO-
soka. OmHAKO COKpallleHue MoTepb MO3BOMNIO 6bl 3HAYMTENbHO MOBbI-
cuTh 3P EKTUBHOCTh PACKOFOBAHMS OIOJIKETHBIX CPECTB KaK KOMIIEH-
cupyromero (cyocuayy Ha 1 IUTP peann3oBaHHOTO MOJIOKA, Cy6CHOmu
Ha KOpMa B OT/e/IbHbIe IOJibl), TaK U CTUMYIMPYIOIEro Xxapakrepa (KOM-
MeHcauyst MPSIMbIX 3aTPAT Ha CO3TaHNe Y MOIePHU3ALUI0 00bEKTOB MO-
JIOYHOTO >KMBOTHOBO/ICTBA, TIbIOTHOE KPeAUTOBAHME U IP.).

[IpemoTBpamiasi IOTepM Ha ITanax IPOM3BOACTBA, IepepaboTKy
M pacrpeneneHus, 06ecrieunBaeTcsl AOMOTHUTENbHBII 06beM MOJOY-
HOJI TIPONYKUVY Ha BHYTPEHHEM DBIHKE, UYTO TI03BOJINIIO GBI YBEIUYNUTH
06eCcreyeHHOCTh ¥ MOTEHIMAIbHO TOTPe6IeHe MOMOYHBIX MTPOLYKTOB
Ha 4,8 % (6e3 yuyeTa ChIBOPOTKM) — ¢ 241 mo 253 Kr/Ha AylIy HaceleHMus.
C [pyroii CTOPOHBI, MPY HEU3MEHHOM YpPOBHe MOTpe6IeHUs] HOIOJ-
HUTENbHBI 06beM NpefOTBPAIeHHbIX MOTePh MOJIOYHOM MPOLYKLM
Mor 651 06eCIIeYnTh JOCTYI K MOJIOKY JOIIOTHUTENBHO MOYTH 7 MJIH Je-
JIOBeK (TIpY MPOYMX PAaBHBIX YCIOBUSIX — COXpaHEHMs JOXONOB Hacese-
HVS, HEM3MEHHOCTM BKYCOBBIX IIPETIOUTEHNIT TOTpe6UTENEiN).

Ecnu monmycTuThb, 4TO BHYTpPeHHee IIPOM3BOJCTBO MOJIIOYHBIX MTPOIYK-
TOB YBEIMUUTCS Ha BeIMUMHY IPeAOTBPAIIEHHBIX I10TEpPhb, TO YPOBEHb
caMmoobecrieueHust, KOTopsiii B 2021 1. cocTasisit 84,3 %, Ipy TOM e 00b-
eMe TOTpeOIeHNsT ¥ SKCIIOPTa MOXKET yBeIUUnThes 10 88,7 %, T.e. mpu-
GMM3NUTHCA K OTIpeie/IeHHOMY B JIOKTpIHe ITPOI0BOIbCTBEHHOM Ge3omac-
HocTy P® 11oporoBomy 3HaueHMUIO YPOBHSI cCaMo06ecieueHusI 110 MOJIOKY
¥ Monokonpoaykram B 90 %.

B 3TOi1 cTaTbe MbI He NpeAPUHMMAEM MONBITOK OLEHUTh BIMSHME
I0oTepb B LieIIOYKe MOJIOKA Ha 9KOJIOTMYecKMe acleKThl. JTa 3ajaya
CJIO’KHA, OHA BKJIIOUAeT OLIeHKY CBSI3aHHBIX C IIOTEPSIMM MOJIOKA:

U smuccum napHukoBbIx rasos (I1II) Ha 3Tare Mpou3BOACTBA, Iepepa-

GOTKM U TPAHCITOPTUPOBKU;

U 3arpsi3HEeHUS CTOUHBIX BOJ, Pa3IMYHBIMU OTXOLAMM [1€pepaboTKM MO-

JIOKa;

U moTepb 9HepropecypcoB B X0JIO[0BO LieNM U B JIOTUCTUKE;
U mociencTBuii OT yTMIM3aLyY YIAKOBKY HEBOCTPEGOBAHHBIX [TPOIYK-

TOB U APYTUX 9KCTE€PHAINIA.

B [27] npencraBneHa ouneHka smuccun II, cBSI3aHHOV € MOTepsiIMM
MPOANYKUMM Ha 3Tale CeabXo3NpousBopacTBa. HecMoTpss Ha He3Hauu-
TEIbHYIO JOMIO IIOTEPb MOJIOKA B 06111eM 06beMe ITOTEPSTHHOI B CEIbCKOM
XO3SIJiCTBe NPOAyKUyuM (8%), OHM OKa3bIBalOT CyIeCTBEHHOE BO3Zei-
CTBME Ha OKPYXXAIOLIYI0 Cpefy € TOYKM 3peHUs] BHIOPOCOB YINIEKMCIOTO
rasa — Ha HUX npuxonuTcs 27 % o61Iero yriiepofgHoOro ciefa OT IOTepb
i 570 teic. ToHH CO2-3KkBUB. 1Mo AaHHbIM 2021 r. B Apyrux poccwuii-
CKUX MCCIIeIOBAHMSIX BAMSIHYME TPOIOBOILCTBEHHBIX IIOTEPD Ha BHIGPOCHI
[apHMKOBBIX Ta30B He IpezcTaBieH0. OfHAKoO, COMIACHO OLleHKe, Tpefi-
CTaB/IeHHOJ B [epBOJi 6a3e JaHHbIX I106aabHbIX BbIGpocoB I1I' EDGAR-
FOOD [27], B 061X BbIGpOCAX MPOIOBOIBLCTBEHHOI CMCTeMbI B Poccyuu
HaMboNMbIINIT 060beM T'eHepUPYIOT CebCKOe XO3SICTBO U 3eMJIEIONb-

30BaHMe (62 %), B TOM 4uMCie 3Tallbl IPOM3BOLACTBA U CBSI3aHHBbIE C HUM
akToper — 38% oT ob6iiero o6bvema; 24 % NPUXOOUTCS HA BBHIOPOCHI
B cektope 3M3JIX, CBsI3aHHbBIE C CEJIbCKOXO3SIMICTBEHHBIM ITPOM3BOJCT-
BoM. OcrasibHasl YacTh BbIGPOCOB CBsI3aHa ¢ repepaboTkoit (5%) u nesi-
TeIbHOCTBIO LIEMOYKYM MOCTaBOK: TPAaHCIOPTUPOBKON (7 %), yIaKOBKOM
(7 %), po3HUYHOII TOproBieii (4 %), morpebnenuem (3 %), yrunimsaumei
0TX010B (12 %).

Ecim oT6pocuTh MPOAYKTOBbIE OCOGEHHOCTH M UCIIONIb30BATh PE3YIIb-
TaTbl Mozienu EDGAR-FOOD (rioka egyHCTBEHHO M3BECTHOI HaM OLleH-
KU TI0 BCeJi 1erouke arporpoAoBOIbCTBEHHOI cucTeMbl PD), TO MOXKXHO
clenaTh BbIBOZ, O BXKHOCTY COKpallleHMsI TOTephb Ha STarle IPOM3BOACTBA
C TOYKY 3peHus Bbi6pocoB I1I. OmHaKO HEOGXOAMMO YIUTHIBATH, UTO Me-
POTIPUSITHSI TIO COKPALIEHNIO ITOTePh MOTYT IMPUBOIUTH K ellje GoIbLUIMM
3aTpaTaM U 3arpsisHeHMIO JPYIUX cpef (MTOYBBI, BoAbI) [13].

HeraTuBHOe BIMSIHME Ha 5KOJOTMIO OKa3bIBaeT 3arpsi3HeHME CTOY-
HbIX BOJ PasjMYHBIMM OTXOZaMU IepepaboTKyu Mojoka. 1o JaHHBIM
MCCIeJOBAaHMUSI OSHOTO M3 MOJIOUHBIX 3aBOJOB B P®, 06beM CTOUHBIX
BOJ, 00pa3oBaBIIMXCSI NPU IIPOM3BOACTBE MOJIOUHOW IPOAYKLIMMU,
B 9 pas mpeBbllaeT 06beM MPOU3BOAMMOI Mpomykiyuu [28]. OCHOB-
HOJ COCTaB CTOYHBIX BOJ, — 3TO M3pacxOJOBaHHas BoAa B IIpoliecce
TEXHOJIOTYMYECKO/ MPOMBIBKM 000PYOOBaHMSI, @ OCHOBHBIMU 3arpsi3-
HSIOWVIMU BeLIeCTBaMM SIBJISIIOTCSI OpraHuyveckue coenuHeHus (6ern-
KU U Xupbl). B [26] oTmedaeTcs, UTo 1 T MOJIOUHOJ CBIBOPOTKM, CJIM-
BaeMoOJi B KaHaJAM3aLMIO, 3arpsa3HsIeT BOLOEMbl Tak ke, Kak 100 m3
XO3SIICTBEHHO-GBITOBBIX CTOKOB. MOJIOYHAsI CBIBOPOTKA  SIBJISIETCSI
CUTPHOMIEVICTBYIOIIMM OpPraHMYecKMM 3arps3HuTenem (4 Kiaacc orac-
HOCTM) C BBICOKMMM 3HAUEHMUSIMU IOKa3aTesaeil 6MOXMMUYECKOrO MO-
Tpebnenns kuciopoga (BIIK 40-60 r/i) u XMMMUUYECKOI MTOTPeGHOCTY
B Kuciopoze (XIIK 50-80 r/i), 4To CYIIeCTBEHHO MPEBBILIAeT Mpe/leb-
HO [OIyCTUMOE KOJUYECTBO COMEpPKaHUs OPraHMYeCcKUX COeNVHEHMIT
B cTouHbIX Bogax (BIIK x03s1iicTBeHHO-ObITOBBIX CTOUHBIX BOI — 300 MT
0O,/1, XITIK — 500 mr O,/1). HenocraToyHasi 041CTKa CTOYHBIX BOJ, 3a-
JITIOBBIE COPOCHI TOGOYHBIX ITPOAYKTOB MePepaboTKM MOIOKA TPUBOIST
K 9BTpoduKauum ruapocuctem. [I03TOMy COKpalleHue MoTepb MOJIOKa
Ha JTare repepaboTKu CIIOCOGHO CHU3UTH 3aTPAThl HA OUYMCTKY CTOY-
HbIX BOJI U MPEMSTCTBOBATH 3arPsI3HEHMIO BOIHbBIX OGBEKTOB.

TakuM 06pa3om, HOTepy Ha BCeii LIeMOYKe ITOCTaBOK MOTIOKA 0OXO/SIT-
Cs1 IOPOTO Kak /ISl TPOM3BOAMUTENS U TIOTPEOUTENS, TaK U Il TOCyaap-
cTBa. HecMOTps Ha He3HauUNUTeIbHble OTHOCUTE/IbHbIE BeJMYNMHbBI IOTePh
MOJIOKA ¥ MOJIOYHBIX MIPOLYKTOB HA KaXKIOM 3Tare, Mepbl 10 UX COKpa-
LIEHMI0 MOTYT OKa3aTh BIMsHME HA 3GGEKTMBHOCTb rOCYAAPCTBEHHOMN
MOJAEPKKM MOJIOYHOTO CEKTOPA, a TAKXKe CIIOCO6CTBOBATh HOCTUKEHMIO
1eJied MpOoI0BOIbCTBEHHOI 6€30MacHOCTM.

4. BbIiBOaBI

B cTaTbe NpUBOAUTCS KOMMUECTBEHHAS OL[€HKA [TOTePb B |eTIOUKe I10-
CTaBOK MOJIOKA, KOTOpas JaeT MpPe[CTaB/lIeHKe O TOM, Ha KaKUX 3Tarax
6omee 3¢HEKTUBHBI YCUIMS 110 UX CHIMKEeHMIO. [T OTBETa Ha 3TOT BO-
Mpoc 11e/1eco06pa3Ho OMMUPAThCS Ha TIOAXO, K OlleHKe MOHOM CTOMMO-
CTU TINIIEBBIX ITOTEPb, pa3paboraHHblii PAO. OH OCHOBBIBAETCS HA yUeTe
He TOJIbKO MOTePb 5KOHOMMUYECKOI CTOMMOCTH, HO U CBSI3HHBIX C HUMU
9KOJIOTMYECKMX M COLMAIBHBIX U3IEPKEK, KOTOPbIe HECYT CYGBHEKThI
YaCTHOT'O CEKTOPa ¥ O6ILIECTBO B LIETIOM.

[MonyyeHHbIe aBTOPAMU Pe3y/IbTAThI TOKA3bIBAOT, UTO B I[€TIOYKeE I10-
CTaBOK MOJIOKa U3 061iero ooGbeMa 1noTepb B p13mM4ecKoM BbIpaXKeHUU
27 % TpUXOOUTCS Ha 3Tal MepBUYHOTO MPOU3BOACTBA, 46 % — Ha mepe-
paboTKy, IOTEPY BTOPUYHOTO ChIPbsSI COCTABISIIOT 20 %, MOTepy Ha 3Ta-
e pacrpeneneHust Npoaykuuu — 6 %. IIpy 3ToM ymyleHHass S5KOHOMU-
yeckasi [EeHHOCTh (IKOHOMMYECKasi CTOMMOCTb IMOTeph) hopmmpyercst
B OCHOBHOM Ha 3Tare rnepepaboTkiu.

O6mumit achdekT OT coKpalieHus IoTephb Ha BCet [erovke (OT MPOou3-
BOJICTBA JI0 TIOCTYIUIEHMSI B PO3HMILY) CIIOCOOCTBYET JOCTVKEHMIO 1iesieit
B 0071aCTH MPOAOBOIbCTBEHHOM 6€30MacHOCTY U MUTaHMS 3a CYeT yBe-
JI4eHus IIOTeHUMAaJIbHOI'O HOTp66J'IEHI/IH MOJIOYHBIX IMPOAYKTOB IIOUTU
Ha 5% B ron uiau obecrieyeHuss MOJIOYHON MPOAYKLMEN TOTOTHUTETbHO
7 MUTH 4yesnoBek. Eci ske 06beM MoTpebieHus: He MI3MEHUTCS, TO YPOBEHb
camoobecrie4yeHuss MOJIOKOM ¥ MOJIOKOTIPOAYKTaMM B CTpaHe Ipuo6n-
3UTCSA K LIeJIEBBIM TOKa3aTeasiM JJOKTPMHBI MTPOAOBOIbCTBEHHON 6Ge3-
ornacHocty PO.

CHIKeHME TIOTepb MOJIOKA CO3[JAeT TIOJNOXUTeNbHble 3(P(deKTh
u B cepe IKOIOrMUecKoit ycToitunBoctu. Eciv roBopuTh 06 sMuccumn
[MapHMKOBBIX ra30B, TO Hambo/ee BaXKHBIM SIBJISIETCSI COKpaIlleHMe I0-
Tepb Ha JTale CeTbX03MPOU3BOACTBA, Ie reHepUpyeTcsl HaubGOoMbIIiA
06beM BHIOPOCOB IMAPHUKOBBIX Ta30B. pyroit acddeKT cBsI3aH C 3arpss-
HEHMEM CTOYHBIX BOA. HambGosbliiee 3arpsisHeHMEe BOOHBIX OOBEKTOB
B pe3y/bTaTe MOTePb MPOAYKIMU U ChIPbsI IPOUCXOOUT HA JTaIle mepe-
paboTKY MOJIOKa.
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Takum 06p830M, IIPUHSATHE MeP IO COKPAaIl€eHUIO MMOTEPb Ha Ka’XKOOM

JTare BaXHO C MO3ULMM TOCTUKEHUS! SKOHOMMUYECKUX, COLVATbHBIX,
9KOJIOTUYECKUX 1Ie/Ieli U yueTa MHTEPECOB MPOU3BOAMUTENEN, 00IIECTBa
u rocygapcrtsa. [IpomokeHne Uccae[0BaHMIA IO OLleHKe MOTepb Ha Jpy-
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TEOPETUYECKUN AHAJINU3 TUAPOOVMHAMUKU MPOILIECCA
CBUBAHUMA CJINBOK B MACJIOU3TOTOBUTEJE NIEPUOJNYECKOTIO
IOEVICTBUS C PABOUVM OPTAHOM THUIIA JIEHTBI MEBUYCA
Kynues 3. B.*, SIky60B K. I., Anmnes 2. M.

HayuHo-uccnenoBaTenbckuit UHCTUTYT «ArpoMexaHukar, [ssHska, Asep6aiigkaH

KJIFOYEBDBIE CJIOBA: AHHOTALIUA
yeHmpobexHas cuna, VcciaemoBaHMe MOCBSIIEHO U3YYEHUIO IMAPOIMHAMMUYECKMX MTPOLIECCOB, BO3SHMKAIOWIMX [IPY COMBAHMS CIMBOK B arlliapare
yenmpooexHas ¢ pabouuM opraHoM B (GOpMe IABOIHOI JeHThl ME6Guyca. AKTyaibHOCTb PaboThl 06YC/I0B/IEHA HEO6XOAMMOCThIO MOBBIIIE-
CKOpocme, 8uxpessle HUsE 3GPEKTUBHOCTM TIPOU3BOACTBA CIMBOYHOTO Macia, 0COOEHHO /IS MajbiX (hepMepCcKuX XO3SICTB, TIe TPaaULMOHHbIE
nomoku, uacmoma MEeTOAbI COMBAHMS YaCTO OKa3bIBAIOTCS SHEPTOEMKMMM Y HEAOCTATOYHO MPOAYKTUBHBIMU. LIe/bI0 MCCIeIoBaHMs SIBJSIETCS
spawjeHusl, 1eHma aHaIN3 XapaKTepUCTUK MTOTOKOB, GOPMUPYEMBIX PabOUMM OPraHOM, ¥ MX BAMSIHUSI Ha Mpoliecc cOMBaHMs CIUBOK. OObeK-
Meébuyca, cousarue TOM MCCIeIOBaHMS BbICTYIIa] MaC/IOM3TOTOBUTEb C paboUuMM OPraHOM B BUJIE IBOIIHOI JIeHThI MEGMyca, pacIioaoKeHHbIN
CJIUBOK, JHUPOBbLE B HayuHo-uccienoBaTebckoM MHCTUTYTe «Arpomexanmka» ([iHmKka, AsepbaiimkaH). MeTombl BKIIOYAIM MaTeMaTuye-
wapuku CKOe MOJENMPOBaHMe JJis aHA/INM3a EHTPOOEKHBIX M BUXPEBBIX MOTOKOB, @ TAKXKe OINpefe/ieHye KIOUeBbIX MapaMeTpOB,
TakuX Kak yactora Bpaienus (n=700—900 o6/Mun) u mupuua yeHt (b=0,03— 0,05 m). crnonb3oBanuch GoOpMyIbl st
pacyéTa eHTPOOEKHOM CKOPOCTH, CUITBI U TYPOYIEHTHBIX TIOTOKOB. Pe3ybTaThl MoKa3asay, YTO yBelIudYeHye YacToThl Bpa-
meHust 1o n=900 06/MMH ¥ MUPUHBI JTeHTbI 0 b=0,05 M MPUBOAUT K MaKCMMAaJIbHbIM 3HAUEHMSIM LIEHTPOOEKHOI CKOPOCTHU
(v=12,5 m/c) u cunbl (F=1408,5 H), uTo 3HAUMUTEIbHO MHTEHCUGbUIMPYET Mpolecc couBanus. TypOyneHTHbIe TOTOKH, CO37a-
BaeMble JIeHTO# MEbuyca, CrIocO6CTBYIOT pABHOMEPHOMY TepeMEeIMBAHNIO ¥ Pa3pyIIeHMI0 060I0UEK KUPOBBIX MIAPUKOB.
TeopeTuueckue UCCIeOBAHUS TOKA3aJIM, YTO HAaMOOIbLIAs TUIPOAMHAMMUUECKAs aKTUBHOCTb (hopmMupyeTcs B epudepuii-
HOJ1 30He paboueit EMKOCTH, T/Ie, COIJIACHO PACYETHBIM IaHHBIM, CO3AAI0TCS Hanbosee 6IaronpusTHbIE YCIOBYS AJIST KOalec-
LIEeHIIMY KUPOBBIX HIAPUKOB U (POPMUPOBAHUS MACISIHBIX 3€peH. [ToyyeHHbIe Pe3y/IbTaThl TO3BOJISIOT IIPOTHO3MPOBATD, YTO
peanu3anys yKa3aHHbIX TUAPOIMHAMUYECKUX PEKMMOB MOKET CIIOCOGCTBOBATH COKPALEHUIO MTPOAO/DKUTETbHOCTHM ITPOLIeC-
ca COMBAHUS Y CHYDKEHUIO YIEMbHbIX SHEPro3aTpar. DKCIIepMMeHTalbHas OlleHKa JaHHbIX 3 (eKToB TpedyeT MpoBeeHNUs
IIOTIOTHUTEIbHBIX MCCIeN0BaHMI U SIBJISIETCS TPeIMETOM JajibHelilnei paboThl.
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ABSTRACT

The study investigates the hydrodynamic processes occurring during the whipping of cream in a device with a working ele-
ment shaped like a double Mobius strip. The relevance of the work stems from the need to improve the efficiency of butter pro-
duction, particularly for small-scale farms, where traditional churning methods are often energy-intensive and insufficiently
productive. The aim of the research is to analyze the flow characteristics generated by the working element and their impact
on the cream-whipping process. The object of the study was a butter churn with a double Mobius strip working element, lo-
cated at the «Agromechanics» Research Institute (Ganja, Azerbaijan). Methods included mathematical modeling to analyze
centrifugal and vortex flows, as well as the determination of key parameters such as rotational speed (n=700— 900 rpm) and
strip width (b=0.03— 0.05 m). Formulas for calculating centrifugal velocity, force, and turbulent flows were applied. The re-
sults showed that increasing the rotational speed to (n=900 rpm) and the strip width to (b=0.05 m) leads to maximum values
of centrifugal velocity (v=12.5 m/s) and force (F=1408.5 N), significantly intensifying the churning process. The turbulent
flows generated by the Mdbius strip promote uniform mixing and the disruption of fat globule membranes. The theoretical
investigations show that the highest hydrodynamic activity is formed in the peripheral zone of the working chamber, where
according to the calculated data, the most favorable conditions are created for coalescence of fat globules and formation of
butter grains. The results obtained make it possible to predict that realization of the indicated hydrodynamic regimes can
facilitate reduction of the duration of the churning process and specific energy consumption. The experimental assessment of
these effects requires additional studies and is the subject of the further work.

1. BBegenue

OpHMM 13 BaXKHEHIIMX TPOAYKTOB KMBOTHOBOJCTBA, TpeHa3HaYeH-
HBIX JIJIS1 HeIIOCPEICTBEHHOTO MOTpe6/IeH Ms], SIB/ISIeTCS] CIMBOYHOE MaciIo
¢ MaccoBoi1 nosneit xkupa 50-85 %. CyliecTByoIIye TEXHOIOTUA TTOTyYe-
HMSI CJIMBOYHOTO Macjia pasanyaloTcsl 1Mo CYIIHOCTY MIPMMEeHSEMBIX Me-
TOJOB U UX aIapaTypHOMY MCIIOTHEHMIO.

I TUTHUPOBAHWA: Kynues, 3. B., SIky60B, K. I, Annes, 3. M. (2026). Teo-
peTHyecKkuii aHaIM3 IYAPONVMHAMMKM IPoliecca COMBaHMS CIMBOK B MaCJIOU3TOTO-
BUTeJIE TePHOINIECKOro AeCTBUS C pabouMM OPraHOM TuIIa IeHTbl Méouyca. ITu-
wesvte cucmemol, 9(1), 86—97. https://doi.org/10.21323/2618-9771-2026-9-1-86-97

B 3aBucuMocCTM OT MaciITaboB MPOU3BOACTBA /IS TTOMYYEHUST CIIU-
BOYHOTO Macjia MPUMEHSIIOTCSI pas3MyHble TEXHOJIOTMYECKME TTOAXO/bI:
Mpy riepepaboTKe 3HAUMUTENbHBIX 00bEMOB CJIMBOK MCITOb3YETCSI TEXHO-
Jiorust peo6pa3oBaHMsl BHICOKOKMPHBIX CIMBOK Ha Macioo6pa3oBare-
JISIX, TOTZA KaK [IJIT MajIbIX 00bEMOB XapaKTepPeH METOJ, TePUOINIECKOTO
COMBAHMS CIMBOK B MACJIOM3TOTOBUTEISX.

FOR CITATION: Guliev, Z. V., Yakubov, K. H., Aliev, E. M. (2026). Theoretical
analysis of hydrodynamics of the cream churning process in a batch butter churn
equipped with a Mobius strip working body. Food Systems, 9(1), 86-97. https://doi.
org/10.21323/2618-9771-2026-9-1-86-97
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B ycioBusix pasBuTyst Masibix GopM X035111CTBOBAHMST U JIOKAIbHBIX I1e-
pepabaTbIBaOIIMX [TPOM3BOJCTB aKTyasIbHOIA SIB/ISIETCS 3aja4a COBepIleH-
CTBOBAaHMSI MaC/IOM3TOTOBUTeEIe}] TepPUOIUeCKOro NeiCTBIS, OpMEHTUPO-
BaHHBIX Ha MepepaboTKy OrpaHNUYeHHBIX 0OBEMOB CJIMBOK, XapaKTepPHbBIX
IUIST KPeCThSIHCKO-(GepMepCKIUX X03SICTB. B 3TOM KOHTeKCTe paspaboTka
U TeopeTnyeckoe 060CHOBaHME KOHCTPYKIMI MacJIOU3TOTOBUTENE Ma-
JIO¥ TPOU3BOAUTENBHOCTH, 06eCIIeuMBaIOIIMX MHTeHCUUKALNIO ITpoLec-
ca cOMBaHusI, TPeNCTaB/sIeT HAYIHBIN Y IPAKTUIECKMiT MHTepeC.

OCHOBHBIM ChIPHEM JJIS1 IPOM3BOACTBA CJIMBOUHOTO Macjia SIBJSIIOTCS
He CKBallleHHbIe ¥ CKBallleHHble CIMBKU. [Toc/ieHme B psizie 3apy6eskKHbIX
JMICTOUHMKOB Ha3bIBAaIOT «JOTYPTOM», YTO OTHOCUTCSI K HAIVIOHAJIbHBIM
0CO6EHHOCTSIM K/IaccubUKaLMM MOJIOYHBIX POAYKTOB U HE COOTBETCT-
BYeT pPeryasiTopHbIM Tpe6oBaHmsM ctpaH EADC, B CBsI3M C UeM B HACTOSI-
1ieit paboTe JaHHBI 06HEKT HE PACCMATPUBAETCS KaK CAMOCTOSITE/TbHBI
BU/J, CbIPbS AJ1 Maciofenus [1].

BHe 3aBMCMMOCTM OT MCIO/Nb3yeMOJ TeXHOJOTMM OCHOBHBIM 3Ta-
IOM MPOU3BOACTBA CJAMBOYHOTO MAcjia SIBISETCSl Mpolecc cOMBaHMS,
HaIpaBJIeHHbI Ha TpaHchopMauuio KUpoBoii dasbl 1 hopMupoBaHue
CTPYKTYpbI Ipomykra. CO6MBaHME CIMBOK IPENCTABISET COOOM CIOXK-
HbIIi GUBMKO-XUMUYECKUI U TUAPOMEXaHMYECKMii MpoLecc, OCHOBAH-
HbIi Ha MeXaHMYeCKOM pa3pylleHuM O0OONIOYEeK SKMPOBBIX IIAPUKOB,
MX arperanyy ¥ NOCTemyolell KoanecueHUuu ¢ (HOpMUPOBaHUEM
MIPOCTPaHCTBEHHO-CTPYKTYPMPOBAHHOI CUCTEMbl CIMBOYHOIO Macia.
b derTMBHOCTD IIpOLlECca B 3HAUMTETbHOI CTeIIeHY OTIpeieNsieTcs! KOH-
CTpyKUMei paboyero opraHa, MeXaHM3Ma COMBAHMS U CO3/1aBaeMbIMU
MM I'MAPOSVMHAMUYECKVMU YCIOBUSIMI [2,3].

B mMacion3roToBuTeNsIX NepuoAnYeckoro 1eiCcTBMS arperauysi XKupo-
BbIX LIIAPMKOB B Mpolecce cOMBAHMS CIMBOK IIPOTEKAET KaK Ha MeXdas-
HOJ1 IrpaHuIe «MOJIOYHAS IIa3Ma — BO3AYX», TaK M B 00BEME SKUIKOM
(asbl. IbdHeKTUBHOCTD JAHHOIO Ipoliecca B 3HAUMUTETbHOI CTEIeHU
ompenensieTcsl MpeqBapUTENbHOM IOATOTOBKOM CJIMBOK K COMBAHUIO,
a TaKKe MX MacCoBOJi mosieit skupa, 4To BAMSIeT Ha MHTeHCUBHOCTD arpe-
ralyy )KMPOBBIX LIAPUKOB, BeIMYMHY [10Te€pb XKMpa C MaxXToi U IPOJOI-
SKUTENbHOCTB Mpolecca CoMBaHuUsI.

BHyTpU 06beMHOI (a3bl arperanysi He SIBISETCS CIeLCTBMEM JIAIIb
CJIyYaiiHbIX CTOJIKHOBEHUII MEX/Y KMPOBBIMM IIapUKaMy, OHA IIpeuMy-
IeCTBEHHO 00yC/IOBIeHa JeficTBMeM ITeHO0Opa30BaHMsI M MEXaHU3MOM
¢dmoranyym, mpy KOTOPOM SKMPOBBIE IIAPVKY aICOPOUPYIOTCS Ha TTOBEPX-
HOCTY ITy3bIPbKOB BO31yXa.

JL71st TOro YTOGBI CTOIKHOBEHYSI KMPOBBIX IIAPUKOB MPUBOIVIM K UX
arperanyy, OH/ JOJDKHBI 006/1aaTh JOCTATOYHO KMHETNYECKO SJHepIu-
el ISl IPeooNIeHNsT JHePTeTUUeCKUX U CTPYKTYPHO — MeXaHUYeCKUX
6appepoB. OfHAKO B MacJIOM3TOTOBUTENSX IepPUOANYECKOTO NeiicTBuUS,
IZie CKOPOCTb JBVWIKEHMS CJIMBOK CPaBHMTENBHO HM3KA, HEOOXOOUMYIO
9HEPrUI0 IMOJIYYyaloT JIMIIb OTHe/NbHbIe YaCTUIIBI XUpa. ITO 00YCIOBIN-
BaeT yBelMUeHye IPOIO/DKUTENIbHOCTY ITpoLiecca COMBaHuUS U CHIKEHVe
€ro TeXHOJIOTMYeCcKoii 3GGeKTUBHOCTH, BbIPAKAIOIIeecs] B yBeIMUEeHUN
IoTepb KUpa C MaxXTOi IMPpY HeGIAaronpusTHBIX TMIPOAMHAMMUYECKUX
YCJIOBUSIX M HELOCTATOYHOM Pa3BUTMY BO3AYIIHOM (a3bl.

AHanu3 TeopeTMIecK1X OCHOB ITpoLiecca CoMBaHMs CTMBOK 1 HopMUpo-
BaHMSI MaC/ISIHOTO 3epHa [4,5], I03BOMSIeT BbIOEIUTD TPU KIIOUEBbIX (ak-
TOpa, OTpeesoInX 3GpGeKTMBHOCT paboThl MaC/IOM3TOTOBUTENIEN TIe-
puonyueckoro aeiicrBusi. Haubornee cylecTBeHHOe BIMsSIHME OKa3bIBAIOT:
0 akTMBHOe MeHoO06pa3oBaHMe, CIIOCO6CTBYIONIEe (GIoTalMM KUPOBBIX

LIapUKOB;

U Hanuuue BbIpa’KEHHOH TypOYJIEHTHOCTM IMOTOKA, YCUIMBAIOLIEi ITe-
peMelBaHue;
U xaBUTALVOHHbBIE SIBIE€HUS, CTIOCOGHBIE BPEMEHHO Pa3pyLIaTh CTPYK-

TypHbIe 6apbepbl ¥ MOBBIIIATH CTENIeHb arperayy Xupa.

Takum 006pa3om, BO3ECTBME paboUNX OPraHOB MaC/I0M3TOTOBUTES
Ha CJIMBKM JTO/DKHO COTTPOBOKIATHCS FeHepalyeii yka3aHHbIX 3G GdeKToB,
YTO B COBOKYITHOCTY IOBBIIIAET MHTEHCUBHOCTb COMBAHMS U CIIOCOGCT-
ByeT GOPMIMPOBAHMIO YCTOMUMBOI CTPYKTYPhI MaC/ASTHOTO 3€pHa.

CrnenmoBaTenbHO, Y NPOEKTMPOBAHUM MaC/I0M3TOTOBUTeNEl Mepu-
OIVYECKOTO HeiiCTBUS 11eleco06pa3Ho OpUEHTMPOBATLCS Ha KOHCTPYK-
TUBHBIE pelleHNs, o6ecreunBaollye MOBbIlIeHre IPHeKTUBHOCTH UX
paboThl 3a CYET COBepIIEHCTBOBAHMSI pabouMx OpraHoB M BbIGOpa pa-
LMOHAIBHBIX PeXMMOB (GYHKUMOHMPOBaHMS. Takyue PEKVMMBbI JOKHBI
COIMPOBOXKIATHCSI PA3BUTBIM IEHOOOpPA30BaHMEM, MHTEHCUBHOM TypOy-
JIEHTHOCTBIO TIOTOKA U MPOSIBJIeHeM KaBUTALMOHHBIX 3¢ deKToB. B 1mo-
CIeqHMe rogsl 0c060e BHMMAaHMe yenseTcsl pa3paboTKe HeCTaHIAPTHBIX
reomMeTpuit pabounx OpPraHoB MacJIOM3TOTOBUTENEN, CIIOCOOCTBYIOLINX
TOBBILIEHNIO VHTEHCUBHOCTY COMBAHMUS CJIMBOK U, KaK CIeACTBME, YBe-
JIMYEHUIO IPOU3BOAUTENBHOCTY YCTAHOBKM.

B pab6otax A. B. Sfunmna u 0. B. TosnbiBsiHOTO [6,7] IpeAiIokeHa KOH-
CTPYKUMST MaCIOM3TOTOBUTENS IE€PUOANYECKOrO HeiCTBUS C I'MOKMM
BUOPOTIPMBOJOM, B KOTOPO# paboumii OpraH BbITIONIHEH B BUZE TACTUY-
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HOJl MeMO6paHbl, OHOBPEMEHHO SIBJISIIOLIEiCs THOM €MKOCTU U COBep-
malomeit mepuoguueckue KosaebGaTeabHbIE [BVKEHUS, peann3yeMble
MOCPeACTBOM KPMBOLIUITHO-IIATYHHOTO MexaHu3Ma. Ilo JaHHBIM 3KC-
NepMMeHTa/lbHbIX MCCAeNOBaHMII aBTOPOB, IIPMMEHEHMe YKa3aHHOTO
paboyero opraHa Mo3BoJsieT CHU3UTb OTEPH K1Pa, 06yCJIOBIEHHbBIE €T0
HaJMIaHMeM Ha 37IeMeHTbl MeXaHU3Ma COMBAHMS, a TAK)Ke YMEHBIIUTh
9HEepProéMKOCTb Inpouecca. Tak, mpy cOMBaHUM CIMBOK CTeIEHb UCIIONb-
30BaHMsI MOJIOYHOTO XXupa gocrurana S=99,6%, 4To COOTBETCTBOBAIO
comepskaHuIO Kupa B axTe Ha ypoBHe 0,4 % v TpeGoBaHUSM J€iCTBYIO-
I[Er0 CTaHAapTa Ha CIMBOYHOE MAC/IOo . DHEProéMKOCTb Ipolecca couBa-
Hus cocrasisiia O,=3,84 BT-u/Kr npy Ipou3BOANUTEILHOCTY YCTAHOBKY
Q,,=11,25 kr/u 1 MouHOCTY IPUBOAA N, =43,2 BT [6].

K uncny cynecTBeHHBIX HEJOCTATKOB SaHHOI pa3paboTKM OTHOCUTCS
pabounit opraH B Buzie MeMOpaHbl, SIBJISIIOLENICS ONHOBPEMEHHO JOHHOM
YyacThio paboueii Kamepbl. MeMGpaHa MOCTOSIHHO MTOABEPraeTcsl IVKIIN-
YecKkMM HarpyskaMm IIpyM KOHTaKTe C IPOAYKTOM, a TaKKe BO3[eCTBUIO
arpecCUBHBIX MOIOLIVX U Ae3MHGUIMPYIOIMX CPECTB B ITpoliecce CaHu-
TapHOi 06paboTKM 060PYIOBAHMS.

COBOKYITHOCTb YKa3aHHbIX (PaKTOPOB NMPUBOAUT K BO3HUKHOBEHUIO
MMKDPOTpeIVH BCIeICTBMEe LMKINYeCKUX gedopMaiyil, yCKOPeHHOMY
CTapeHUI0 MaTepyuaia (0COGEHHO B CJIyJae IPUMeHEeHNsI laCTOMePHbIX
KOMITO3MIVIT) ¥ K HEOOXOOVIMOCTY DETry/SIPHO 3aMeHBI JIIM PEMOHTA
MeMOpaHbl, YTO MOBBIIIAET KCIUTyaTalMOHHBIe 3aTpathl. Kpome ToOTO,
B Iporecce paboThl HaGIIOAETCS HepPaBHOMEPHOe pacIpefieneHye
SHEpPIMM U MEeXaHMUeCKMX BO3[EiCTBMIT Ha IepepabaTbhiBaeMblii Mpo-
IYKT, 4TO TIPMBOAMT K HELOCTATOYHOMY Pa3BUTHIO TYPOY/IEHTHBIX IIOTO-
KOB U YBeJIMUEHNIO 061efl TPOOJDKUTENIbHOCTY ITpoliecca epepaboTku
C/IMBOK B C/IMBOYHOE Macio.

VKa3aHHbIEe HEIOCTATK!U CBUJIETENbCTBYIOT O 11e1eCO006pa3HOCTY MO-
JIepHM3AUUU KOHCTPYKLMY, TIpeAycMaTpuBalolleii IpuMeHeHue Gonee
M3HOCOCTOMKMX MaTepyuasaoB, MU3MeHeHVe KOMIIOHOBKY paboyero opra-
Ha, a TaKkKe Mepexo] K 60Jee yCTONYMBBIM CIIOCO6aM Mepeaun ABVKe-
HMSI, HalIpMMeD C MCII0b30BaHMEM BpallaTeNbHbIX WM IUIAHETapHBIX
MeXaHM3MOB.

IOns uHTeHCcubMKaumMM Tmpouecca COMBaHUSI CIMBOYHOTO Macia
A. SfJumn u 10. TonbIBSIHHBINM [7] IpeaIoXKuay KOHCTPYKLMIO Maclou3-
TOTOBUTEJISI NIEPUOSUYECKOrO IeiCTBUSI, 00ecreunBaloIlylo CHIDKEHUe
9HEProéMKOCTM Iporecca 3a cuéT ¢dopmMupoBaHusi Oeryiieil BOJHBI,
C03/1aBaeMOil POTOPHO-JIOMACTHBIM pabouymMM OpraHoM. 3akpervieHue
paboyero opraHa B rOPM3OHTAJbHOM IIIOCKOCTU C SKCLEHTPUCUTETOM
OTHOCUTEJIBHO LIeHTpa paboueit EMKOCTM CIIOCOOCTBYeT yCTPAaHEHUIO 3a-
CTOIHBIX 30H IO BceMy 00bEMY IepepabaThiBaeMbIX CIMBOK. [Tomepeu-
HOe ceyeHMe pabGoyero opraHa MpencTaBisieT co00/ 3aMKHYTHIN CUHY-
coupanbHblit KOHTYP. 10 JaHHBIM 5KCIepUMEeHTANbHBIX UCC/IeL0BaHMUI
aBTOPOB, ITPY ONTUMAJIbHBIX KOHCTPYKTUBHBIX M KMHEMaTUYeCKMX [1apa-
MeTpax SHepProéMKOCTb Mpoliecca cOMBaHusI cocTaBuia 7,25 BT u/Kr npu
MPOM3BOAUTENBHOCTH 13,4 KT U OTpeb/sieMoit MouiHocTH 97,2 Br.

HecmoTpst Ha HecTaHJApTHble TeXHMUYECKMe pelleHMs] (IKCLeHT-
pucuTert, Gerymasi BOJIHA, CUHYCOMITAIbHBI MPOdMIb), KOHCTPYKIMS
MacIOM3TOTOBUTENST 00MafaeT DPSOOM HENOCTAaTKOB, CHIDKAIONIIMX eé
YHMBEPCAIBHOCTD, TEXHOTOTMYECKYI0 T'MOKOCTb M 3KCIUIYaTalVIOHHYIO
HafE&KHOCTh. Tak B Ipoliecce COMBAHMS CIMBOK YHEPrOEMKOCTb MOXKET
BBIPACTM I10 NIPUYMHE ee 3aTpaT Ha TpeHue U3 — 3a CJIOKHON (OpMBI
pabouero opraHa (CMHYCOMaIbHBII KOHTYD), HEOITMMAIBHOTO pacIipe-
JleJIeHVs] Harpy3KM M3 — 3a 9KCLEHTPUCUTETA, HEITOTHOTO OXBAThIBAaHUS
cbIpbs. Kpome TOro, K HeocTaTkaM MOKHO OTHECTM TaK JKe U CJIOKHOCTb
KOHCTPYKIMM U ee obcnykuBaHus. Tak 3akperuieHne pab6odyero opraHa
C 9KCUEHTPUCUTETOM TpebyeT TOYHOV GalaHCUPOBKM, UTO YCIOXKHSIET
M3TOTOBJIEHVE M TIOBBILIAET PUCK BUOPALVIii TPYU M3HOCE MOAIIMITHIKOB.
CTOUT OTMETUTD, YTO MPOU3BOJCTBO ¥ OUMCTKA CUHYCOMIATbHOTO KOH-
Typa JIoNacTeii — TPyLoeMKye IIPOLecchl, 0CO6eHHO Npy paboTe C Bsi3-
KUMU, HAJIMIIAIOMYMU IPOAYKTaMMU. 17151 ycTpaHeHMs 9TUX HeloCTaTKOB
c1enoBasio 6bI ONTUMMM3MPOBATh (HOPMY JIOTIACTEN C LIeTbI0 CHVDKEHMSI
9HEPronoTpe6aeHys ¥ yIpoLieHus 06CTyKMBaHMS YCTAHOBKMU.

A. Anpmxaadpex u ap. [8] 6pu1a paspaboTaHa yCTaHOBKA ISl TIPOU3-
BOJICTBA CIMBOYHOTO Maciia 13 JIOTypTa, IOTy4YeHHOTO 13 OBEYbEro 1 KO-
3pero Mosoka. [Ipoliecc mepepaboTKM Ha JaHHOM YCTPOJCTBE BK/IIOYAET
cleAylolMe CTafuy: MOJOKO IepeMelIVBaeTCsl M MacTepusyeTcsl Ipu
temneparype 90°C B TeueHue 5 MUHYT, 3aTeM oxJaxnaercs no 43°C
M TIOJIBepraeTcsl 3aKBALIMBAHUIO C Lie/bIo IoydeHus iiorypra. Ilocse 3a-
BepieHust GepMeHTauMM MPOAYKT OXIaXKIAIoT 10 14 °C, ciMBKY IIofABEpP-
raloTcst COMBaHMIO, B pe3y/IbTaTe Yero MPOUCXOIUT OTe/IeHNe CITUBOYHO-
ro Mac/ia OT HaxThl. PAG0UNM OpraHoM Jis TepeMeIIMBaHMs U COMBAHMS
cIyskuT gyck. ITo ero nmepudepuy Ha BepxHeii M HMKHEN ITOBEPXHOCTSIX

1 TOCT 32261-2013 «Macio cauBouHoe. TexHUUeCKue ycioBusi». MockBa:
Crangaptuudopm, 2019. — 23 c.
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pacronoXeHbl paguanbHble 3y04yaTble BBICTYNBI B (oOpMe JIomacTeit,
yCTaHOBJIEeHHbIe oA yriioM 90°. [INCK YCTaHOBJEHO Ha Bajy, KOTOPOMY
IIBUTaTeNb IlepejaéT BO3BPAaTHO — IOCTyIaTeabHOe ABIDKeHue. [Iporecc
cOMBaHMS HAa JAaHHOM YCTPOJCTBE B 3aBUCUMOCTM OT CKOPOCTU pabouero
oprana (1000— 2000 06/MuH) ayamiock 35— 110 MMHYT, @ BBIXO, JKupa
B ItaxTy cocrasuio 0,47 % [8].

OmHUM U3 CYIECTBEHHbIX HEJJOCTATKOB JAHHOTO YCTPOMCTBA SIBJISIET-
s IPAKTUYUECKY TTOJTHOE OTCYTCTBME BIOJb CTEHOK B paboyeit eMKOCTH
OTOGOTHMKOB ¥ MMHMMAaJIbHAS TUIOLIA b TOBEPXHOCTY COIIPUKOCHOBEHMSI
C IPOAYKTOM Ha MexXaHM3Me MepeMemBanus 1 couBauust. OTCyTCTBUE
OTOGOMHMKOB TIPUBOOUT K HEJOCTATOYHOMY Pa3BUTUIO TYypOYIEHTHOTO
TeUeHUsI ChIPbSI U, KaK CIeACTBIE, K CHIKeHUIO 3 PeKTUBHOCTH ITepeme-
LIVBAHUS U HEPALVIOHAIbHOMY pacIpeelIeHNI0 MeXaHNUeCKMX BO3Ieli-
CTBUIT B 00bEMe paboueii Kamepbl. B pesysibraTe He peannsyeTcs: K-
YyeBOIi 9Tar TexHonoruu — 3¢ deKTUBHOE cOMBaHME CIMBOK, MTOCKOIBKY
IIPU TOHMKEHHO! YacTOTe KOHTAKTOB MEKIY SKMPOBBIMM IIAPVKAMM
3aMeJJISIeTCs] MX KoasleCLieHLIMsI, TPUBOASILAS K GOPMUPOBAHNIO MACIIS -
HbIX 3épeH. MUHMMabHas TJIONIAlb KOHTAKTa Pabounx MOBEPXHOCTEN
C TIPOLYKTOM OTpaHMUMBAET KOIMYECTBO 3aLeIUISIOMNX, CPe3aloIinx
M YAAPHBIX 371eMEHTOB. DTO IPUBOIUT K CHVDKEHUIO MHTEHCUBHOCTY TU-
IPOOVMHAMMYECKOTO BO3JENCTBUSI HA CTPYKTYPY IPOAYKTA. YKa3aHHBIN
KOHCTPYKTMBHBIN HeJOCTAaTOK MexaHM3Ma IepeMeIlMBaHUsI IPUBOOUT
K YBeJIMUEHMIO SHEePTOEMKOCTM TeXHOJOTMYeCKOro Ipolecca U CHuXKe-
HMIO BBIXOJ]a TOTOBOTO IPOAYKTA, B CIEACTBUY YIIMHEHMS ITpoLiecca cou-
BaHMS ¥ YBEIMUYEHMS] OTXOJa KMpa B MaxTy. [IJ1 ycTpaHeHUs 3TUX HeJo-
CTaTKOB TPebyeTCcsl IepecMOTp rMAPOIMHAMUYECKUX YCIOBUIA B paboueit
KaMepe ¥ MOfiepHU3aLMst MeXaHu3Ma B36MBaHMSI.

Kalla A. M. c coaBropamu [9] paspa6oTaH MacIOM3TOTOBUTEND AJIS
MaJIbIX XO3SIACTB, pabouas €eMKOCTb KOTOPOTO BBIMOMHEHa B (opme
YCeYEHHOrO KOHYyCa ¥ OCHAaIeHa JBOMHBIMM CTEHKaMU IJISI TEPMOpETY-
JISUMY C LUPKYIUPYIOIIei OXIaXIEHHOM BOmOl. MexaHU3M COMBaHUS
MpefCTaBisieT cO60 JIOMACTh C JBOMHBIMY CTEHKAaMM MPUKPEIUIEHHOM
K CTeHKaM eMKOCTY IOJ, yIJIOM K OCM BpalleHMs. YCTaHOBKa CIIOCO0-
Ha NMpoM3BOIUTb U3 3,33 Kr cimBoK (JK=40%) 1,56 Kr Macia B TeueHUU
40 MUH IIpU CKOPOCTH BpaiueHus n=60 o6/MuH. [Ipy 3TOM KMPHOCTD
macnia cocrasisieT 82,7 %, maccoBas I0js Baaru 16 %, mpu 3TOM MUHU-
MaJIbHBIN oTX0#, kupa B maxty 0,5%. JJaHHass yCTaHOBKa MMeeT HU3-
Koe 3Hepromnorpe6nenne (367,75 BT, n=1400 06/MMH), IPUBOI, COCTOUT
u3 pegykropa (1:20) ¥ cucTeMbl LIKMBOB [Tl PEryIMPOBKY CKOPOCTH (35,
60, 85 06/MuH). YcTaHOBKa MeHee KOMITAKTHA U MOAXOIUT AJIST MaJIbIX
dbepmepckux xo3siicTB [9].

Pabounii opraH JaHHOV YCTAHOBKM, ONVMHOYHASI HAK/IOHHAS JIOMACTb
C BOMHBIMM CTEHKaMy, PaCIIOJIOKEHHAsl TOf, YIJIOM K OCM BpalleHWs,
MOKET IPUBECTY K AUCOANAHCY MPU MAKCMMAIBHOM CKOPOCTM COMBAHUS
(n=85 06/MMH), B CJIEICTBUM YErO MPOU3O0MIET YCKOPEHHBIN M3HOC TIOA-
LIAITHUKOB M penykTopa. [Torepu skupa ¢ maxrtoi gocturaiot 0,5 %. Ipu
BBICOKMX YACTOTaX BpalleHMs KoHMYeckast popma eMKoOCTH U crienubuka
pabouero opraHa MOTYT BbI3bIBATh M30BITOUHYIO TYPOYIEHTHOCTD. DTO IO-
BBIIIAET PYUCK ITOTEPh KMPa C IMaxToi, a MHTEHCUBHAS aspaliusi CMecH Be-
JleT K HekelaTelbHOMY POCTY MacCOBOJ JOMM BJIaTM B CIMBOYHOM Macrie.

VIpoueHHbI/ Mac/IOM3TOTOBUTENTH IEPUOAMNIECKOTO IV ICTBUS ISl Ma-
JIBIX XO3SI/CTB, npegyioxkeH C. A. JIasyTkuHoit 1 M. P. MuHHu6aeBbim [10].
OH mnpencraBiseT €060 BePTUKAIBHYI0 LMIMHAPUYECKYI0 €MKOCThb
C BHYTPEHHUMM pebpaMu MpsIMOYTObHOI (opMbl. MexaHU3MOM COU-
BaHMSI, PACIIO/IOKEHHbBI B HIMKHEI YaCT eMKOCTH, ITPEeICTaBIIsIeT CO60it
IUIOCKUIT UCK C TIPSIMOYTOJbHBIMMU JIOTIACTSIMMU, KOTOPbIE YCTaHOBJIEHbI
T10[;, TIPSIMBIM YIJIOM K OVICKY. DHEPrOeMKOCTb JAHHO YCTAHOBKM COCTaB-
nsiet 1o 2 KBT/Kr. B nporecce couBaHus npeonaranock GopMupoBaHme
TypOYJIEHTHOTO MePEMENIMBAIOIETr0 MTOTOKA UCKIIIOUMUTENBHO 33 CUET pa-
60TbI MexaHM3Ma COMBaHMsI, 6€3 JOMONTHUTETbHBIX YAAPHBIX BO3IENCTBII
Ha CJIMBKU, YTO JOKHO CIIOCOGCTBOBATH MOTYUEHUIO POYKTA C BHICOKOM
MAacCOBOVi [OJeit KUpa, COXPaHEHMIO IApPOBUAHOV (OPMbI MaC/ISTHBIX
38peH U, Kak CJIe[ICTBMe, CHVDKEHMIO ITOTepb skypa ¢ maxToii [10].

HeonTumanpHasi reoMeTpust JIONAcTeil, OTCYTCTBME M3TMOOB U UX
SKeCTKOe KpeIuleHye I10[] ITPSIMbIM YIJIOM, YBEeJIMYMBAET BEPOSITHOCTD CO-
3aHMSI HEPAaBHOMEPHOT'O TypOY/IeHTHOTO MOTOKA. [Toc/IencTBUSIMM STOTO
MOTYT ObITh MEHEe MHTEHCUBHOE IepeMelllMBaHNe B BEPXHel YacTh eM-
KOCTH ¥ M36bITOK BUXPEBBIX 30H B HVIKHEN, UTO MOKET IPUBECTH K pa3-
PYIIEHMIO CTPYKTYPbI Mac/IsIHbIX 3epeH. KpoMe TOro, MpOTMBOIONIOXHOE
OT LIeHTpa HalpaBjieHue JiomacTeil mpuBedeT K aucbasaHCy IOTOKa,
06pasyst B 30HE MEX/AY JIONACTSIMU «MepPTBbIe 30HbI» C HU3KOI TypOy-
JIEHTHOCTBIO. IIpy 3TOM MOTYT BO3pacTaTh PUCK JOKAJIbHOTO Ieperpesa
MPOAYKTa, HEPABHOMEPHOCTb COMBaHMS U yYBeIMUYeHNe MPOLOIKUTENb-
HOCTM TEXHOJIOTMYEeCKOTo Ipoliecca.

M. 96paxumu 1 coaBTopsl [11] paspaboTanu yCTaHOBKY Iepuoanye-
CKOTO JIeViCTBUS IJIsl IPOU3BOLCTBA CIMBOYHOTO Macjia M3 CIUBOK MIN
jiorypra € BO3BPAaTHO — IIOCTyIATeJIbHbIM MEXaHU3MOM. YCTaHOBKa

cocTouT M3 pambl, 6apabaHa (13,5-21,3 s1), KpUBOIIMITHO — LIATYHHO-
ro MexaHu3Ma U sjnekTpornpusoaa (2,9 kBT, n=1400 06/MuH + pegyKTOp
(1:40)). KOHCTpYKIIMS YCTAHOBKM OTIIMYAETCS IIPOCTOTOMA, a 32 CYET UMU-
Talyy TPaAUIIMOHHOTO MeTofa obecreunBaeTcss GopMupoBaHue Xapak-
TEePUCTUK TPOAYKTA, COMOCTaBMMBIX C IOKa3aTeIsIMU, AOCTUIAeMbIMU
IIpY KIaCCUYECKMX CII0Co6ax MPOM3BOACTBA. B mporecce cOMBaHMs, s
ONTMMM3aLMM BBIXOAA Macja, BO3MOXKHO IIJIaBHO DerylIMpoBaTh aM-
wtyny (40— 80) u yactoty (50— 72 umki/MuH). OCHOBHOM MPUHIUIT
paboThI COCTOMUT B TOM, YTO B Pe3y/IbTaTe MeXaHUYeCKOrO BO3JeiCTBUS
MIPOMCXOOUT paspylleHKe KUPOBBIX 1106y, GopMupoBaHMe MaCISHbIX
3€peH 1 OTHeeHMe MaxThl. [JaHHAsl YCTAaHOBKA SIBJISIETCST ONTUMAIbHBIM
pelieHyeM AJs1 MaabIX Gepm [11].

OTcyTcTBYME BHYTPU paboueii eMKOCTH ITepGopUpPOBAHHBIX IIEPeropo-
JIOK MK pébep, a TaKkKe JIMHeHOe IBMKEeHMe CaMOii eMKOCTY ITPUBOAUT
K HEPaBHOMEPHOMY ITepeMelIBaHUIO ¥ OTPaHMYeHMI0, OCHOBHOTO (ax-
Topa npu c6uBaHUM, GOPMUPOBAHMY TYPOYIEHTHOTO MOTOKA. B pe3yib-
TaTe B 06beMe He BO3HMKAIOT BUXPEBbIE M CABUTOBbIE TIOTOKM, HEOOXO-
nvMble 1711 3 deKTMBHOI KoameceHIMM KMPOBBIX I06y1. OTCyTCTBME
3aKPyYEHHbBIX MTOTOKOB MPUBOAMUT K 06Pa30BAHMIO «MEPTBBIX 30H», 0CO-
6eHHO B IIeHTPaIbHOM YaCTy eMKOCTM.

Bo Bcex paccMaTpyuBaeMbIX pa3paboTKax JMCCIeAyeTCsl B OCHOBHOM
BIIMSIHME TeOMeTPUY ¥ TUIIA pabGoyero oprana Ha GM3MKO — XUMUYeCcKye
IpoIlecchl COMBAHMS M TYPOYIEHTHOCTh IIOTOKA, KOTOPBIE U SIBJISTIOTCS
onpepensiomyMyY GakTOpamMy NPy IMPOM3BOJACTBE CIMBOYHOIO Macia.
Ocoboe BHMMaHMe yIeaeHo POy KOHCTPYKLMM pabouero opraHa B co-
30aHUM TpeOyeMbIX TMIPOLMHAMMYECKUX YCJIOBUIL, 00eCreunBaloniix
paBHOMepHOe IepeMelIXBaHMe IMPOAYKTAa M MUHMMMU3ALMIO MEPTBBIX
30H. Bo Bcex pacCMOTpeHHbIX KOHCTPYKUMSIX BbISIBJI€HBI TaKye TUIINY-
Hble IPO6GJIeMbl KaK HeJOCTaTOYHAs! IJIOIIaAh KOHTAaKTa paboumx opra-
HOB C MTPOLYKTOM, HEPaBHOMEPHOCTD paclpesieleHns yCuInii, MEPTBbIe
30HBbI B 06beMe TMPOAYKTA M KaK CJIEACTBYE OTCYTCTBUE PA3BUTOM Typ-
OyleHTHOCTY. YKa3aHHbIe HEJOCTATKY B KOHCTPYKLMSX COBPEMEHHbIX
Mac/IOM3TOTOBUTENIEN TepUOAMYeCcKOro AeiicTBYsI 00yC/IaBIMBalOT He-
06X0IMMOCTh paspaboTKy 6ojiee COBEPIIEHHbIX paboUMX OpraHoB, CIIO0-
COGHBIX 06€CIIeUNTh Pa3BUTHE TyPOYIeHTHBIX, COBUTOBBIX M KaBUTAIIM-
OHHBIX 3(()eKTOB, MHTEHCUUIMPOBATH IIPOIIeCC COMBaHMS, COKPATUTh
BpeMs 06pabOTKM U ITOTepPH KMpa.

HanGonee mepcrieKTVBHBIMM SIBISIIOTCSI MEXaHMU3MBI C YIy4IIeHHOM!
reoMmerpueii, obecreunBailieil akTMBHOe IepeMellBaHye 6e3 130bI-
TOYHOJ Harpy3ky Ha KOHCTPYKLMIO. B CBSI3M ¢ 9TUM, AJIS1 MaCJIOU3rOTO-
BUTeJISl TIePUOANYECKOr0 NeMCTBUS, MpelJIoskeHa MPUHIUIINAIBHO HO-
Bast KOHCTPYKLMS, Ile MEXaHU3MOM COMBaHMs SIBJsIeTCsl pabounit opran
B dopMme BOITHOI TeHTbI ME61yca, CO3AaI0IIMIi CI0KHbIE BUXPEBBIE I10-
TOKM 32 CYET reOMeTPUYeCKUX 0COOeHHOCTEIA.

Llenb aHHO paboTh! — 3TO aHAIN3 XapPaKTEPUCTUK ITOTOKOB, BO3HUKA-
IOIMX MTPY B36MBAHUM CIMBOK, U X BIMsIHUE Ha 3G HeKTUBHOCTD Mpoliec-
ca, a TAKKe TeopeTryeckoe 060CHOBaHME TMAPOAVHAMUYECKYX ITPOLIECCOB
B ammapare ¢ pabouum opraHom B popme ABOITHOI 1eHTH MéoMyca.

2. O6'bEeKTHI M METOAbI

2.1. @usuueckas Modenb npoyecca

Pa6ounit opran, MmexaHnusm couBanust (PucyHOK 1), BHIIIONHEH B BUJie
IIBYX JIEHT, BHelllHell 8 ¥ BHYTpeHHell 9, KOHIbI KOTOPbIX Pa3BEPHYTHI
Ha 180°, o6pasyst Mé6uycoBbI JIeHThI. [IpM 9TOM 3aBMBKA BHYTPEHHE
JIeHTbI 9 HallpaBjieHa MPOTMB 3aBUBKM BHEIIHe JieHTbl 8. O6e JeHTbhI
BpAILJAIOTCSl B OOHOM M TOM JKe HampaBieHMM. OHM KeCTKO 3aKperiie-
HbBI Ha CTep>KHE 7, KOTOPBI/ COeOMHEH C BaJoM 5. BepxXHsis yacTh Baja
3adMKCUPOBAHA B CAMOLIEHTPUPYIOLIEMCsI MO IIMITHYKE 3, YyCTaHOBJIeH-
HOM Ha KpOHUITeJiHe 4 B BepXHeil yacTy eMKOCTU 2. HIDKHSIS 4acTh de-
pe3 BTyIKM 16 1 17 coefuHeHa C IPOMEKYTOUHBIM BajJIoOM 14, KOTOPBIi
OMMpaeTcsl Ha YIUVIOTHUTENbHBI y3en 10, pacro/lo>KeHHbIV Ha JHe eM-
Koctu. Ha mpoMexxyTouHOM Basie 14 yCTaHOBJIeH WIKUB 12 ¢ KIMHOBUJ-
HBbIM peMHeM I 1, KOTOPBI COeAVHSIETCS C A/IeKTPoBUraTesieM (Ha cxeme
He yKazaHa). Pabouast eMKOCTb 2 MMeeT KPBIIIKY 1, CTMBHOI MaTpy6ok 13
" OTGOVIHUKY 6.

JlaHHasT KOHCTPYKLMsI obecreuynBaeT CTabuiIbHOe BpalleHue u 3¢-
ekTMBHYI0 paboTy MexaHM3Ma COMBaHMUSI.

2.2. OCHO8Hble napamempbsl CUCTEeMbL:

U auameTpsl 1eHT: BHelIHss feHTa — D; =0,220 M, BHyTpeHHS$Is IeHTa —
D,=0,210 m;

mypyuHa neHt: | Bapuant — b;=0,03 ™, II Bapuant — b,=0,04 M,
III BapuaHT — b3=0,05 M;

nuameTp paboueit emxoctu: DE=0,36 m;

BbICOTa paboueit emkocTu: H=0,5 m;

06bem cmBOK: V=0,022 m3;

oo00 O
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PucyHok 1. Mac/JIoOU3roTOBUTE/ b IEPUOINUECKOTO IeICTBUS
¢ pa6ounM opraHom B popme gBOITHOI TeHTbI MéGuyca:
1 — xpbinika; 2 — paboyast eMKOCTb; 3 — CAMOIEHTPUPYIOLIUIICS
TOUIMITHUK C Bpalllaloleiics ONopoii; 4 — KPOHUITENH;
5 — BaJt; 6 — OTGOITHUKM; 7 — CTepKeHb; 8 — BHEIIHSS JIeHTa;
9 — BHYTpPeHHSIs1 JIeHTa; 10 — yIIJIOTHUTE/IbHBII y3er;

11 — KIVMHOBUIHBIN peMeHb; 12 — BeJOMBbIii IIKUB; 13 — CAMBHOI
narpy6oK; 14 — IpOMeKyTOUHbI Bat; 15 u 16 — BTYIKU
Figure 1. Batch — operated butter churn with a working body in the form
of a double Mébius strip: 1 — cover; 2 — working chamber; 3 — self-centering
bearing with rotating support; 4 — bracket; 5 — working member shaft;

6 — deflectors; 7 — rod; 8 — outer belt; 9 — inner belt; 10 — sealing assembly;
11 —V — belt; 12 — driven pulley; 13 — drain pipe; 14 — intermediate shaft;
15 and 16 — bushings

IJIOTHOCTD CJIMBOK: p=997 Kr/M*;

MaccoBasi IoJIs KUpa B CIMBKax — 35 %;

BSI3KOCTb CiMBOK 11=0,02-0,04 ITa-c;

YacToTa BpallleHysI MexaHusMa cousanusi: I BapuanT — n; =700 06/MuH,
I1 BapmaHT — n, =800 06/MuH, I1I Bapuant — nz=900 06/MMH.

O000O

2.3. TudpoduHamuueckue 0COOEHHOCMU NOMOKA:
IIpu BpameHnn:
0 1eHTpOOEXKHbIE CUITBI ITEPEMENAlOT CIMBKYM OT IieHTpa K nepudepnu;
0 MpOoTMBOIOIOKHOE CKPYYMBAHME JIEHT CO3/iaeT 30HbI CABUTA, CII0CO0-
CTBYIOIIME TYPOYIEHTHOCTH.

2.4. Memodonozus
VccepoBaHue OCHOBAaHO Ha TeOpeTMYECKOM aHalu3e [ABVOKEHMS
BSI3KOJ AMCIIEPCHOI cpenbl B paboyeil EMKOCTM MaclOM3TOTOBUTESI
C Y4ETOM I'MIPONMHAMUYECKMX XapaKTePUCTUK MoToka. [Ipy aToM Bsi3-
KOCTb CJIMBOK paccMaTpuBaeTcs Kak 3¢GdeKTUBHBI TapaMeTp, 3aBUCS-
M OT X MACCOBOJ OMM XKMpa U TeMIlepaTypbl COMBaHMUS, YTO TIOTEH-
LMaTbHO OKAa3bIBAeT BJIMSIHME HA XapaKTep TypOY/IeHTHOrO IBVIKEHMSI
¥ BeJIMUMHY BO3HMKAIOIIMX LIEHTPOOEKHBIX CMUJI. B paMKax HacTOSIIEro
MCC/IeIOBAHMST aHAIN3 TPOBOAMUTCS NPy (DMKCHMPOBAHHBIX Jyana3oHax
YKa3aHHbIX TapaMeTPOB, COOTBETCTBYIOLIMX YCIOBUSIM TEXHOIOTMYeCKO-
ro rpouecca. OCHOBHbIE [TapaMeTphbl:
0 ILleHTpoGexkHasE CKOPOCTh:
v=w x(r+kxb), (m/c) 1)
»=27n/60, (pan/c) 2)
I7ie: ® — YIIOBasi CKOPOCTh, Pafi/c; n — YacToTa BpalljeHusl paboyero opraHa,
06/MMH; I — pafMyC JEHTbI, M; b — WIMPUHA JIEHT, M; K — TIOMPaBOYHbIH
KOI)(I)CIJML[]/IQHT, xapaKTepmyloumffI VISMEeHeHMe CKOPOCTH IO IMPUHE JIeH-
TbI, k=0,5.

060611eHHas cpeHss eHTPOGEKHAsI CKOPOCTD VO.CP, pacCuMTaHHAsI
C yYeToM rapameTpoB 06enx pabounx JIEHT:

Vi + V.
Vop. = 5 (W/Q) 3)
0 Lenrpob6eskuas cuia F:
“)72 (r+ kb)3 -’
b 3

I7ie: p — IJIOTHOCTh CIMBOK, KI/M%; V — 06beM CIMBOK, M>.

F=pV » (H) “)

IanHas popmysia yUUThIBAET pacipeseseHne Macchl 10 MMUPUHe JTeH-
Tbl. Macca JKMOKOCTU pacripenesisaeTcs 1o LMPUHE JIEHTbI OT paamuyca r
o paguyca r+b. [TockombKy Kaxkast 31eMeHTapHasi Macca 4acTUIbl pac-
MOJIoKeHa Ha pa3HOM PaCCTOSIHUM OT OCH BpallleHNs, pacyeT BbITIOTHSIEeT-
CSI IyTEM MHTETPUPOBAHUS 110 IIMPUHE JIEHTHI b.

[Tpu pelieHNM 3TOTO MHTETpaja CTAHAAPTHBIM METOIOM TIOSIBJISIETCSI
(r+ kb)3 -
3
poBaHMs BhIpAXEHMs BUOA I 1O mMpuHEe b U ABJSETCS Pe3ylbTaToM
yCpemHeHMsT MOMEHTa MHEePIMM MAacChl XKUAKOCTYU IO IIMPUHE Koeca.

OHO YUMUTBIBAET, UTO:
0 pacripeneneHne Macchl XUIKOCTY He Ha OTHOM pafiuyce r, a B MUHTEP-

BaJie OT I o r+b;

0 3aBMCMMOCTb LIEHTPOGEKHO CMIBI OT Kyba pamuyca (r°), 4To mpu

yCpeIHeHHOM BIVSIHUM IIMPVHBI HAET AesieHne Ha 3.

KoadduLeHT — . 3Iech YneIo 3 — 3TO pe3yabTaT MHTErPu-

O6obmennas cpenuss LeHTpobexHas cuna F,.,, paccuMTaHHas
C y4eTOM MapameTpoB 06eux pabounx JeHT:
F + F
Fo.cp. = %’ H) ®)

0 AHamu3 TypOyJeHTHBIX ITOTOKOB IPOBOLMIICS IO JBYM KOMIIOHEH-
TaM CKOpPOCTU: FOpU30HTanbHOM (U, M/C), onpenensiomeli AB/sKeHye
BIIO/Tb pajinyca BpalleHus, u BeptukaabHoit (V, m/c), bukcupyomeit
BOCXOZSIIIVE Y HUCXOZSII /e IOTOKM:

T
U=V, ~cos(6 : @), (m/c) (6)

: T
V=Y~ sm(e : mj, )

rme: 6 — yroja moBopora, °.

1151 aHanM3a UCIOAb30BaIUCh YUCTIeHHbIe MeTObI VHTErpupoBaHUsI
n I‘pa(bI/I‘{ECKI/Ie WUTIOCTPpauumn 3aBUCUMOCTE.

3. PesyabTaThl M 06CYKAEHME

3.1. LlenmpoGexcHble CKOPOCMU U CUTBL
MexaHu3m couBanust (PMcyHOK 1) BbITIOTHEH B GOpMe JBOVIHO JIEHTHI

MEéGuyca ¢ TPOTMBOIIONOKHO HATIPAaBJIEHHOI 3aBUBKOIA MOJIOC (BHEIIHE 8

¥ BHyTpeHHelt 9). biarogapsi Takoii reoMeTpuy B CIMBKaxX CO34AIOTCS

CJIOKHBIE BUXPEBbIE MTOTOKY, KOTOPbIE YCKOPSIIOT pa3pylieHne 060104eK

SKMPOBBIX IIAPUKOB U UX NMOUIESYIOUTYIO arperaiuuio (Caumnanue).
JIBMsKeHMEe CIMBOK IO jieHTe MEGuyca ompezmesnsieTcs CIeAylomyuMu

akropammu:

0 HepaBHOMEepHOe pacrpezeeHye MOTOKOB -MTOCKOIbKY JieHTa Méony-
ca He ¥MeeT pa3jie/leH)sI Ha BHYTPEHHIOIO M BHEIIHIOI0 CTOPOHBI (Of-
HOCTODOHHSISI IOBEPXHOCTD), IOTOKY HENIPEPBIBHO MEHSIOT HAalpaB-
JIEHME TI0 BCeli e€ IjInHe;

0 guMHaMMKa 1eHTPOGEKHBIX CUJT-BpallleHe BbI3bIBAET IBUKEHME CIT-
BOK K riepudepun, HoO YHUKaIbHAsI CTPYKTYPa JIEHTHI IIPUBOJUT K TTe-
pepacnpezeieHnIo CKOpocTeit u GOpMUPOBAHNUIO MHTEHCUBHBIX IIVIP-
KYJISIMOHHBIX [I0TOKOB;

O TypOy/NEeHTHOCTb M HAMNpPSDKEHMS] COBUrA — BUXPEBbIE 30HBI U CIBU-
TOBbIE YCU/INSI YCKOPSIIOT paspylueHye 6eKOBOi 060I0UYKY SKUPOBBIX
LIAPUKOB, CIIOCOOCTBYS MX arperanym.

TMop meiicTBMEM LIEHTPOGEKHBIX CUJI CIMBKM IT€PEMENAOTCs OT LeH-
TPaJbHOM 30HBI 00eMX JIEHT K nepudepuu, GOpMUPYsT MHTEHCUBHBIN
MOTOK. Bo3HMKaloII[ee TIpM 3TOM LIeHTPOOeKHOe YCKOpeHye HallpaBiseT
MOTOK OT LEHTPAJbHOI 30HBI K CTeHKaM pabouero o6bema. biaromapst
pasaMYHBIM pajuycaM BHeIIHel M BHYTpeHHe JIeHT, a Takke TpaJueHTy
CKOPOCTe 110 UX UIVIPVUHE, VICTIEPCHBIE YaCTULIBI JKMPOBOIL (ha3bl CIMBOK
IBVKYTCS C Pa3HBIMM CKOPOCTSIMM, CO3/1aBast JIOKa/IbHbIe TYpOy/IeHTHbIe
30HbI. Kpome TOr0, B3aMOIe/iCTBM e BCTPEYHBIX I0TOKOB, BOSHMKAIOIINX
6aropapsi MPOTUBOIIOIOKHO HANIPaBJIeHHBIM 3aBMBKaM JIEHT, BbI3bIBa€T
nedopmanum caBUTa U TPEHUS, UTO YCUIMBAET CTOIKHOBEHMS SKMPOBBIX
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LIaPVKOB, IPUBOAS K Pa3pyLIEHMIO X 060JI0YEK 1 YCKOPEHUIO Ipolecca
arperanyy KMpOBbIX YACTMUII.

TTOTOK C/IMBOK, HAIIPaBJ/ISIEMbIf 1IEHTPOGEKHBIM [IE€/ICTBMEM OT IIEH-
Tpa K CTeHKaMm paboueii €MKOCTY, (GOPMUPYETCS TIOA BO3[EiiCTBMEM
YacTOThI BpallleHVs] MeXaHu3ma comBaHusi. IIpy 3TOM CKOPOCTDb ITOTOKA
MPSIMO MPOTOPIMOHAIBHO BO3PACTAET C yBeIMUEeHEM OKPYKHOI CKOPO-
CTM ¥ pajuyca BpalleHusl MexaHu3Ma couBaHus. YeuaeHue eHTPo6exK-
HOJ CMUJIBI 3HAUUTENBHO IOBBILNIAET MHTEHCUMBHOCTb IepeMelIVBaHMS
U COBUTOBBIX fehopmarmii.

IIpyu yBeaMUeHUM YacTOThI BpAIEHUS] MeXaHU3Ma COMBAHUSI B Jua-
nasone n=700—900 06/M1H, HaGITIOAAIOTCS CIeAyIOle 3aKOHOMEePHO-
CTM — LIEHTPOOEXHAs] CKOPOCTb BO3PACTAET IMPOMOPLMOHAIBHO YaCTOTE
BpalleHus: B ouamasoue v, ., =8,98—12,5 m/c, a neHtpobexHas cuia
YBeIMUMBAETCS MTPOIIOPLIVIOHAIBHO KBAaIPATy YaCTOThI BPALEHUS B JU-
amnasoxe F, ., =780,83—1408,47 H, (PucyHok 2). [laHHbIe 3aBUCHMOCTH
JIeMOHCTPUPYIOT IMHETHYIO KOPPEJISILIMI0 MEXIY CKOPOCTBIO M YaCTOTOM
BpauieHus (v oc n), a TakoKe KBaJpaTUUHYIO 3aBUCHMOCTb CUJIBI OT 4aCTo-
bl (F oc n2), (oc — CMBOJI IPOIIOPLIMOHATBHOCTH).

TakuM 06pa3oM, yBeJIMUEHME YaCTOThI BpallleHMs YCUIMBAET LIEHT-
pobeskHbie 3G GEeKThI, UTO CIIOCOGCTBYET YCKOPEHUIO COMBAHUSI CIIMBOK.
Jro obecreurBaeT MHTEHCUBHOE TlepeMellBaHMe U CIBUTOBYIO Aedop-
MalMIO CPeZibl, UYTO YCKOpsIeT paspeneHue (a3 u arperanyio KMPOBBIX
mrapukoB. OJHAKO IMOBBIIIEHNE YacTOThl BpauieHus 1o n=900 o6/MuH-
CrOoCOGHO BbI3BaTh HEPABHOMEPHOE pacIipefie/ieHMe CIMBOK B paboueit
€MKOCTU ¥ Ype3MepHOe MeHOoOoOpa3oBaHue, YMeHbIIEeHME TTPOU3BOIU-
TeIbHOCTY BCIELCTBYE PEIMYIBITPOBAHNSI MOJIOYHOTO KMPa.

Ilpy BappMpPOBAaHMM UIMPUHBI JIEHT IPOUCXOOUT M3MEHEHMEe TU-
IpOOVMHAaMMYeCKO KapTuHbI mnporecca. C ee M3MeHEHNEM MeHSIeTCs
06BEM C/IMBOK, BKITIFOUEHHBIX B JBMKEHME, UTO MPUBOAUT K MoAMbIUKa-
LMY CTPYKTYPBI IIOTOKA ¥ YPOBHS TypOyneHTHOCTU. Tak mpu b;=0,05 M,
MHTEHCUBHOCTb BO3JEMCTBUS HA CIMBKM YBEIMUYMBAETCSI, CO3JAIOTCS
MOBBIIIEHHbIe HATMPSKEHMS COBUIA, CYLIECTBEHHO MEHSIOTCS Peosio-
IMYecKye XapaKTepUCTUKU TOTOKa. [Ipy yBemMyeHUM IIMPUHBI JIEHThI
b=0,03—0,05 M, ipu pocTe yacToThl BpaiieHuss n=700—900 o6/MuH,
CpemHMIi IPUPOCT LEHTPOOEKHOIM CKOPOCTH V, o, M cuibl F, ,, cocTa-
BuI =8 %(PuCyHOK 2).

HUcnonb3oBaHue y3kux JeHT (b;=0,03 M) 103BO/IsIeT reHepMpoOBaTh
MHTEHCUBHbIE JIOKaJIbHbIE BUXPU, KOTOPbIE YCUIMBAKOT TYpOYJIEHTHOE
repemenIBaHye u qucrepruposanme ¢as. OZHAKO 3TO MOKET TPUBECTU
K MIPOCTPAHCTBEHHOI HEOJHOPOIHOCTU PACIIpefesieHUs CIMBOK U Gop-
MMUPOBAHUIO 3aCTOMHBIX 30H.

Bonee mupoxue neHTs (b3=0,05 M) B cCOCTOSIHUM 06ecIeunTh Gonee
OJHOPOAHOE TeUeHMe CO CTAGMIIbHBIMM CKOPOCTHBIMY XapaKTepUCTHUKA-
MM U TIpe[icKa3yeMbIM paclipefie/ieHueM HarpsskeHuit capura. Ho mpu
3TOM MPOUCXOOUT CHYDKEHME IPaieHTa CKOPOCTH (0V/0r), YTO yMeHbIIIa-
et 3G pexTMBHOCTD AedopmMaLym KMPOBBIX LIAPUKOB U TpebyeT yBennye-
HMSI YaCTOTHI BPALEHMUS IJISI KOMITEHCAI[UNA.

Kak m3BecTHO, mpoliecc IpeBpalieHus] CJIMBOK B CIMBOYHOE Maciio
06YC/IOB/IEH MeXaHMUYEeCKUM BO3[eiCTBMEeM, B pe3yJabTaTe KOTOPOro

MPOUCXONUT paspylleHyue 6elKOBO-TUIIOIPOTeMHOBBIX 060I0UY€EK KUPO-
BBIX IVIOGY/I M MX TIOC/IeNYIoNIasi KoanecueHys ¢ GopMMUpOBaHNEM He-
MIpepbIBHO YXUPOBOI CTPYKTYPbI, XapaKTepHOI [/l MaC/IsSIHOTO 3epHa.
KitroueBy10 ponb 3[1eCh UrpaloT LEeHTPOGEXKHbIE CKOPOCTU M CUJIBI, GOp-
MMpyeMble IePUOINIECKM ABVOKYIMMCS PabouMM MexXaHM3MOM, a Tak-
Ke CBSI3aHHbBIe C HUMY MeXaHuueckye Kone6aHusl, CIBUrOBbIE U yapHble
BO37eCTBUS. VIHTEHCMBHOCTb YKa3aHHBIX 3(hGeKTOB oIpenensercs
KOHCTPYKTMBHBIMM ¥ KMHEMaTUYeCKMMM MapaMeTpamy 060pymoBaHMS
(vacTora BpallleHMsl, aMIUIMTy[a IBIVDKEHUS, TeMIIepaTypHBIl PeXuMm
U MIPOAODKUTENBHOCTh 06pabOTKM), UTO BAMSIET HA JUCIIEPCHBI COCTaB
SKMPOBBIX IIOGYT CIMBOK, CKOPOCTb MX arperauyy M KoalecLeHIWH,
a Takke Ha GOPMUPOBaHME TEKCTYPbl KOHEYHOTO MPOIYKTA.

Ha PucyHke 3 B IOMSIPHOJL cUCTeMe KOOPAVHAT BU3YyaJIM3MPOBAHO pac-
TpefiesieHMe 1IeHTPOGEKHOM CKOPOCTY M CUJIbI BIOJb Pafyyca eMKOCTMU.
I'padmky HAIISOHO MOKA3bIBAIOT 3aBUCUMOCTD ITUX [ApaMeTpPOB OT ya-
CTOTBI BpallleHMsI ¥ MIMPUHBI JIeHT Mé6uyca. B Takoii rpadmyeckoit uH-
TepIipeTalyy, yroj ONpeaesseT MoMI0KeHMe TOUKM Ha rpadyKe, TOrna Kak
paccTosiHue OT LIeHTpa (pafuyc) OTpaskaeT BeIMUMHY COOTBETCTBYIOLIEro
napamMmeTpa. AHaJIOTMYHBII ITOAXO0[, K aHAIM3Y U BU3yallu3aluy pacripese-
JIeHUSI LIEHTPOBGEKHBIX CKOPOCTEN! ¥ pafyanbHbIX CUI B OJISIPHOM cucTeMe
KOOpIMHAT HIMPOKO ITPMMEHSIeTCS ITPY UCCIeN0BaHMM BpalllaTelbHbIX I'N-
JPOIVMHAMMYECKMX ITPOLIECCOB B PA3/IMYHBIX TUIIAX POTOPHBIX allapaToB,
BKJIIOYAst HACOCHBIE CHCTEMBI, YTO II0Ka3aHo B paborax Wang M. ¢ coaBTo-
pamu [12], Cao W.c coaBTopamu [13], a Tarcke Kang Y. ¢ coaBTopamu [14].
Hecmotpst Ha pasnuuue (YyHKIMOHAIBHOTO HA3HAYeHMsl MCCIeNyeMbIX
006BEKTOB, METOOIOrMYeCcKass OOLUIHOCTh AAHHOIO IOAXOna OOYC/IoBie-
Ha UIEHTUYHOCTbIO (pM31MuecKoil NMpyupoAbl BUXPEBOTO ABVIKEHUS BSI3-
KO¥1 cpefibl B OTPAaHMYEHHOM BpaIaiolieMcsi 00béMe. ITO OATBEPKAAET
YHMBEpCaJTbHOCTb MCIIONb30BaHUSI TMOMSPHONM CUCTEMbl KOOpAMHAT Kak
9¢bdeKTVBHOr0 MHCTPYMEHTA IJISl aHalM3a CTPYKTYPhI ITIOTOKA, paclipe-
JlelleHMs] AMHAMMYeCKMX Harpy3oK U XapakTepa HeCcTalIOHapHBIX TUAPO-
JIMHaAMMYeCKMX SIBJIEHMI BO BpaLIAIOIIMXCS afapaTax He3aBUCUMO OT UX
KOHCTPYKTMBHOTO MUCIIOJTHEHMSI M 06IACTY TPUMEHEeHMS.

[lnst TOYHOTO OMMCaHMsI UEHTPOGEKHOM CKOPOCTH V,, ,, M/C ¥ CUIIBI
F, ., (H), pabouasi eMKOCTb IPeJCTaB/IsSIeTcs] KaK MOMHAs OKPYKHOCTb
(360°). Tlpn sTtom IeHTpPOGEKHbIe MMapaMeTpbl paBHOMEPHO pacIpe-
NeNSIOTC Mo yiaMm B amuanasoHe 0°—360°, ¢ marom 45°. 3Tu yrbl
COOTBETCTBYIOT MOJIOKEHMSIM TOUeK Ha OKDPYKHOCTM BpallleHusl mMexa-
HM3Ma cOMBaHMs. Il pacyéToB paamyc o6béMa mepepaboTKu (TIpyU
DE=0,36 m) paccmaTtpuBaetcs: B npegenax 0— 0,180 m, mpu 3TOM BBI-
6UpaloTCsl 8 OUCKPETHBIX TOYEK, PABHOMEPHO DaCIpeeNEéHHBIX C Ia-
rom 0,0225 m: 0,0225 m; 0,045 m; 0,0675 m; 0,09 m; 0,1125 m; 0,135 Mm;
0,1575m; 0, 18 m.

B nonsipHOIi cucTeMe KOOPAMHAT KaXkAasi TOUKa OoIpeensieTcs ABYMS
3HAUEHMSIMM: PacCTOSIHMEM OT LieHTpa rpaduka 10 aHaIM3UpyeMoit To4-
KM I, (M) (BHYTpeHHMIT pagnyc o6pabaTbiBaemoro o6béma r=0—0,18 m);
YIJIOM IIOBOPOTa MeKIY IOJIOXKMUTEIbHbIM HarpaBaeHueM ocy X Y IMHHU-
eli, CoeAVHSIONIeN LIeHTP C aHaAM3UPYyeMOi TOUKOI (Yroj, OIpesesio-
M IOJIOKeHMe aHaIM3MpPpyeMOoit TOYKY Ha rpaduke), 6, °.
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= 800 g
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400
200 - 2
0 L0
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= 780,830983(815,943823| 852,03884 |1019,86088(1065,72254(1112,86706|1290,76142| 1348,8051 |1408,47237
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PyCYyHOK 2. 3aBUCUMOCTb LEHTPOGEKHOI CKOPOCTH Vo.p. M/c U cynblL F,, o, , (H) o1 1, (06/MuH) u b, (M) MexaHu3Ma COMBaAHUS
Figure 2. Dependence of the centrifugal velocity v, ,, (m/s) and force F, ,,(N) on n, (rpm) and b, (i) of the churning mechanism
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Pucynok 3. I'paduk pacnipeneneHus eHTPOGEKHOI CKOPOCTH Vo.cp.s (M/c) ¥ cubl F, cp., (H) o papuycy B paboueit eMKOCTH:
(a) — n=700 06/MuH; (6) — n=800 06/mMuH; (B) — n=900 06/MWH)
Figure 3. Graph of distribution of centrifugal velocity vo.a, (m/s) and force Fo.a., (N) along the radius in the working tank:
(a) — n=700 rpm; (6) — n=800 rpm; (B) — n=900 rpm)
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3HaueHMs IeHTPOOEKHOI CUITBI M CKOPOCTY GbUIY pacripeenieHbl MCKYC-
CTBEHHO PaBHOMEPHO I10 yI/IaM, TaK Kak BpalleHne MexaHu3Ma COMBaHus
MUOET C TIOCTOSIHHO YIVIOBOJ CKOPOCTBI0. ITO CTaHAAPTHBIV MeTOoZ, II0CTpoe-
HUSI OJISIPHBIX TPadUKOB [I7IsI PABHOMEPHO BPAILAIOLIVIXCSI CUCTEM.

Yron noBopoTta 0 usMmeHsietrcs B nmpegenax 6=0°—360° B 3aBUCUMO-
CTU OT paauyca o6pabaTbiBaeMOro 06bemMa 1 ONpenesieTcs CIeqYIUM
ob6pasom:

r
R
rae: r — TeKyiuit paguyc obpabatsiBaemoro o6bema, r=0-—0,18 M; R — Mak-

CUMaJIbHbIN paguyc o6pabaTeiBaeMmoro o6bema, R=0,18 m.

0 = —360°, ®)

TIpomnopIMOHANbHOE paclpeneieHne eHTPOOEKHOM CHUITbI M CKOPO-
CTU TI0 paauycy o6pabaTbiBa€MOro 00beMa OIpeensieTcs CIeqYIOINM
o6pasom:

V(1) = Voep. - ©)
F(r)=Fpqp 5 (10)

LleHTpO6EeXHAs CKOPOCTb V, ., , (M/C) m cuna F, g, , (H) meicteyrommue
Ha C/IMBKY, MEHSIIOTCS JIMHEITHO C PafiuycoM eMKOCTHM, IIOCKOJIbKY OHU
MIPSMO MPOINOPLVIOHA/IbHBI ee PafuycCy:

11

Fa'cp'=mroa2. (12)

Vo.cp. = O

Hp]/[ BpalleHM MexXaHnu3sma C6I/IBaHI/IH C/IMBKU BHYTPU €MKOCTU OBU-
SKYTCSI TIO CJIOKHBIM TPAeKTOPWUSIM, TTOJBEPrasiCh BO3IENCTBUIO LIEHTPO-
6eXKHBIX M TPABUTALMOHHBIX CMJI. [IpM 3TOM B yI/Iax IOBOPOTA MPOMCXO-
JST caefyloliyie MpoLecchl:

U Ha yrnax 0° u 360° (BepXHsisi TOUKa — HayaJbHOE ¥ KOHEYHOE IOJIoXKe-
HMe) BIMSIHYME TPaBUTALMIOHHOJ CM/IbI MMHMMAJIbHO, TOLAA KaK LIeHTPO-
GeKHast CyIa HarpaBJieHa paguaabHO OT LIeHTpa K rnepudepuyt EMKOCTH;

0 Ha ymiax 90° u 270° (6OKOBble TOUKM COOTBETCTBEHHO Ha MPaBOM
U JIEBOM paguycax OKPY>KHOCTHU) LEHTPOOEKHAsI Cujla AEeCTBYeT ro-
PU30HTAIBHO ¥ CTIMBKY ABUTAIOTCS BIOb CTEHOK paboueii eMKOCTH;

0 Ha yrae 180° (HMKHSSI TOUKA) LEHTPOOGEXKHAs] M I'paBUTALMOHHAS
CUJTBI B3aVIMOZEMCTBYIOT ¥ ITPOVICXOAUT MaKCHMMaabHOe HaKOIUIeHVe
Macchl CIMBOK Iepefi X BLIGPOCOM BBepX;

U Ha MpoOMeXyTOYHBIX ymiax (45°, 135°, 225°, 315°) mpoucxoguT rias-
HbIi1 Iepexo, BAVSIHYUS LIeHTPOOEXKHO CUIIbI B pa3HbIX CEKTOPAX.
Takoit mogxo[ mo3BosisieT copMUPOBATh LIETOCTHYIO KapTUHY TPO-

1ecca, He reperpyskast ormicaHme M3IUIIHUMU noapo6HocTsaMu [15-17].

JTO pacrpefiefieHe BpalllaTelbHOTO ABMKEHMS] MexaHu3Ma COMBaHUS

paccMaTpMBaeTCs Kak aHaJIOT aHaI3a JMHAMMKM [I0TOKA BpallaTeabHO-

'O ABVOKEHMSI XKUAKOCTU B LieHTpudyre [18].

TToCKOMBKY JIEHThI MeXaHu3Ma COMBaHMS BpalalOTCS paBHOMEp-
HO, LIeHTPOGEKHBIE MapaMeTpbl CKOPOCTb V, ., (M/C) u cuna F,,, (H)
paBHOMEpHO pacIlpefensioTcsl B YIIOBOM AuarasoHe 0=270°—360°,
HaMOO/bIEe 3HAUEHNST KOTOPBIX HAGJIIOJAIOTCS B YIJIOBOM JMaria3soHe
0=180°—270° (HMKHMIT CEKTOP BpaleHus). ITO 00YCIOBIEHO BO3Mei-
CTBMEM CUJIBI TSDKECTM M JUHAMUYECKON CMMMETpHUel BpaljaTeIbHOTO
IBJVOKeHMs. B 9TOM ceKTOpe COBMeIAaIoTCsl HallpaBIeHuii AeliCTBUS IBYX
BEKTOPOB — YCKOPEeHMsI CBOGOIHOIO MaZeHysl U LeHTPOOEXKHOro YCKO-
peHMsI, BCIeCTBME Yero pe3yJabTUPYIOLIasi CKOPOCTh U CMUjIa JOCTUTAIOT
makcumyMma. Kpome Toro, B 3TOM ceKTOpe BOSHUKAET Ay HaMUUecKast CM-
MeTpusl MeXIy BpallleHneM MexaHu3Ma COMBaHMS M pacrpeneneHuem
Macchl 06pabaThIBAEMOIi CPEMIbI, UTO YCUIIMBAET LIEHTPOCTPEMUTETbHbBIE
u niepudepuitHbie ABUKEHNS, CTAOMIN3UPYS TPAEKTOPUIO U YBEIUMUUBASI
3¢ deKTUBHOCT COMBAHUS. 30€Ch TIOTOK CJIMBOK BCJIEICTBYE TYPOY/IEHT-
HOCTY U B3aMMOJEHCTBYSI C IIOBEPXHOCTSIMU JIEHT MeXaHU3Ma COMBaHMS
YaCTUYHO 3aMe[JIsSIeTCsl M 3aTeM BHOBb YCKOPSIETCS, B pe3yJbTaTe Yero
IBVKETCSI TI0 CJIOKHBIM TPAEKTOPUSM. JTO CIOCOOCTBYET YBEIUYEHUIO
IJIOLIAAY KOHTAKTa MeXAy (hazamMu, yCUIeHUIO TlepeMeInBaHus U YCKO-
pPEeHHOMY Pa3pyLIEHMIO KMPOBBIX 000JIOYEK MPU COMBAHUM, UTO MMEET
pemiaoiiee 3HaUeHMe 11 3 (HEKTMBHOCTY TEXHOIOTMUECKOTO IpoIecca.

Ha ocHoBe rpaduka pacrpemeneHns CKOPOCTH Vo.cp.» (M/C) M CHIIBI
F,.cp» (H), (PMCYHOK 3), MOKHO BBILENUTb TPU 30HBI BHYTPYU paboueii
€MKOCTU:

U penrpanbHas 30Ha (r=0— 0,045 m, masnslit pagnyc, 6=0°—90°) — us-
3a 1aboro BO3JENCTBUSI LEHTPOOEKHO CUIIBI CKOPOCTb BpaLleHMsI
3Iech MMHMMaJIbHA, HabmogaeTcss GopMMUpoOBaHMe YUacTKOB C Ipa-
KTUYECKM HYJIEBBIMM CKOPOCTSIMM, CITOCOOCTBYIOLIMMY 06pa30BaHUIO
BUXPEBBIX UCTOYHVKOB;

O cpenusis — mpoMeskyTouHast 30Ha (r=0,045 — 0,135 M, cpemuuit —
TIPOMEXYTOUHBIN paauyc, 6=90°—270°) — 3mech MPOUCXOOUT OC-

HOBHOJ KpYroBOJi IOTOK CIMBOK, COIPOBOXKIAeMblii JIOKaTbHbIMU
M3MeHeHUSIMY CKOPOCTH B CBSI3Y C 0COGEHHOCTSIMY FeOMeTPUIeCcKOit
(opmbl ieHTHI MEOMYCA;

O nepudepuitnas 3ona (r=0,135—0,180 ™, BHemHMII paguyc,
0=270°—360°) mpu DOCTVKEHUM IMMKOBBIX 3HAUEHMII LIEHTPOOGEX-
HOJ CUJIBI M CKOPOCTM BpaieHust GpopMmupyercss HepaBHOMEPHBIit
npoduiIb CKOpOCTEeHt Mo MpMHe JTeHTbl MéGuyca. [Tof Bo3aeiicTBeM
JIBYX BCTPEYHBIX IIOTOKOB B 3TOI 30HE MPOUCXOIUT aKTUBHOE 06pa30-
BaHMe MaC/ISHbIX 3epeH.

Io Mepe ymajeHus OT LIeHTpa HA6MI0faeTCs YBeIUUeHue IeHTPOOEsK-
HOJI CKOPOCTH V,, ¢, , (M/C). XOTSI B LIEHTPAJIbHOI 30HE CKOPOCTH OCTAETCS
Ha MMHMMAaJIbHOM YPOBHeE, C POCTOM pajyuyca OHa [TOCTeIIeHHO YBelIn4M-
BaeTCsl ¥ IOCTUTAeT MaKCMMabHbIX 3HaUeHui Ha nepudepun. Hausbic-
lIee 3HAYEHNME LeHTPOOEXKHOM CKOPOCTH COCTABIISIET V,, o, = 12,5 M/C TIpu
YyacToTe BpaleHus 1z =900 06/MuH 1 mypyHe eHThI bz =0,05 M. LleHTpO-
6ekHasl Cuia, BO3pacTaeT C yBeludeHreM CKOPOCTH, HO CHIDKAEeTCs ITPU
ymeHblnennn paxmyca. E€ maxkcumanbHoe sHaveHwe F, ., =1408,47 H
Habmopaercs: B nepudepuitHOi 30He, Ioe CKOPOCTb AOCTUraeT CBOEro
nukoBoro 3HaueHus! (PucyHox 3B). [laHHbIIT (PaKkT MOATBEPKAAET KBaApa-
TUYHYIO 3aBUCMMOCTD II€HTPOOEKHOM CUIIBI OT Pajuyca, XapakTepHYIo
IUISI BpaLaTeIbHbIX CUCTEM.

ITyTh, MPOXOAMMBIN YACTMIEH CJIMBOK 3a OOMH 0OOPOT, IO Mepe yraa-
JIeHMsI OT LeHTpa K mepudepun yBenmmuuBaeTcs, Tak Xe YBeTMIMBAETCS
u eé ckopocTb. COOTBETCTBEHHO, pacTeT ¥ LIeHTpoOeXHas cuia. Tak, mpu
n,;=700 06/MuH 1 b,=0,04 M B LIeHTpaIbHOJI 30He, (r=0,0225 M), IepBOHAa-
YaJIbHbIN POCT LIEHTPOOEXKHO CUIIBI M CKOPOCTY HAUMHAIOT YBEIMIMBATHCS
10 V.. =1,17 M/c, F, o, =102 H; B 1ieHTpe cpenHeit — MpOMeXyTOYHO —
30Hbl, (r=0,09 m), OKa3aTenu JOXOMAT 10 V,, o, =4,675 M/c, F, ,, =407,972 H,
a B nepudepuitHoii 30He, (r=0,180 M), OHM JOCTUTAIOT CBOMX MaKCUMaJTb-
HBIX 3HAYEHMIt V, ., =9,35 M/c, F, ,, =815,944 H. Takum 06pa3om, EHTPO-
GesKHbIE TapaMeTPhl YBEIMUMBAIOTCSI C POCTOM pafiuyca, Ipy 3TOM HalJio-
JlaeTcst BOCbMMKPATHBIN POCT 110 CPaBHEHMIO C HAaYa/IbHBIMM 3HAUEHMSIMM.

C yBennueHyeM 11eHTPOOEKHbIX IIapaMeTpPOB BO3pacTaeT KMHeTHuYe-
CKasl 9Heprusi 4YacTUILL CIMBOK, a TAKXKe JaB/leHye, OKa3biBaeMoe Ha K1-
pOBbIe MApMKK. B pesynbraTe ycuimMBaeTcsl paspylieHue 06010ueK Ku-
POBBIX IIAPMKOB U HabmonaeTcsl 6omee VHTEHCUBHOE BBICBOOOXKIEHVE
SKMPA, YTO U COCTABJISIeT OCHOBY ITpoliecca c6MBaHusl. ITO obecreynBaer
paBHOMepHOe NepeMellyBaHKe BCero 06beMa CIMBOK M YCKOPSIET CIIMsI-
HMe JXMUPOBBIX LIAPVKOB B KPYITHbIe YacTuilbl. TakuM 06pa3om, GeicTpee
opMMpyIOTCS MacIsIHbIE 3€PHA C OHOPOLHOM CTPYKTYPOI, COKpalaeT-
s BpeMs COMBAHMSI ¥ YBEMUMBAETCS BBIXOJ, TOTOBOI'O IIPOAIYKTA.

Ha BenmumHbI LIEHTPOOEXKHBIX MapaMeTPOB CyLIeCTBEHHOE BIIUSIHME
OKa3bIBAIOT KaK YacTOTa BpalleHus] MexaHu3Ma cOuBaHus n (06/MuH),
Tak M MMpUHA JeHTbI b (M), (PUCYHOK 3). VBennueHue JaHHBIX [Tapame-
TPOB IIPUBOAUT K POCTY YITIOBO¥ CKOPOCTU ® (Paf,/c), a TaKKe K paciimpe-
HMIO IIJIOLIAIY BO3ZEICTBYS Ha CJIMBKY, YTO B CBOIO OUepe[ib, BbI3bIBAET
POCT CKOPOCTY U CUJIBL. DTU M3MEHEeHMS CTIOCOOCTBYIOT YCKOPEHMIO TIPO-
ecca couBaHus 1 6osee 3GGEKTMBHOMY BBICBOOOKIEHMIO JKMPa.

Tak, Hanpumep, npu GUKCUPOBAHHOI IIMpPUHe JeHTb b,=0,04 M,
YBeIMUYeHMe YACTOTHI BpallleHVsI MexaHu3Ma COMBaHUs, TPUBOIUT K BO3-
pacTaHuio eHTpobexkHoi ckopoctu B 1,1 —1,3 pasa, a meHTpo6exKHast
cwia yBenumuuBaercst B 1,35— 1,65 pa3za (KBagpaTM4Hasi 3aBUCUMOCTD)
Ha kaxzabie 100 06/muH (Tabauna 1, PucyHok 3).

IIpu duKCKHpoBaHHO} YacToTe BpaileHus n;=900 06/MMH U M3MeHe-
HUY LIMPVHBI JIEHTBI, HAGTIONAETCST POCT LIEHTPOGEKHOM CKOPOCTHU U CUJTBI
B OJMHAKOBBIX Mpefenax B 1,04— 1,1 pa3a Ha kaxable 0,01 M. 3TO yKasbiBa-
eT Ha CPaBHUTEIbHO MEHBIIYI0, HO CTaOM/IbHYIO YyBCTBUTEIBHOCTD Hapa-
METPOB K IIMPYHE JIEHTbI ITPU BHICOKMX 060poTax (Tabmuia 2, PucyHok 3).

Ta6mmua 1. isMeHeHue IeHTPOGEKHOI CKOPOCTH V,, ., , (M/C)
u cunbl F,, o, , (H), ipu b, =0,04 m
Table 1. Change in centrifugal velocity v, ,, (m/s) and force F, ,, (N)

at b,=0,04 m
IMapameTp ny=700 06/mMun ny=800 06/Mmun nz=900 06/Mun
Vo.cp.r (M/C) 1,17-9,35 1,335—10,68 1,5—12,02
Fop, ) 101,993 —»815,944 133,215—1065,72  168,6 — 134881

Ta6mmua 2. IsMeHeHue IeHTPOOEKHOI CKOPOCTH V,, i, , (M/C)
u cunsl F,, o, , (H) ipu nz;=900 06/mun
Table 2. Change in centrifugal velocity v, ,, (M/s) and force F, ,, (N)
at n;=900 rpm

ITapameTp b,;=0,03m b,=0,04 m b;=0,05 m
Vo.ar (M/S) 1,44—11,55 1,5-512,02 1,56—>12,5
Fyq, N) 161,345—1290,76  168,6—1348,81 176,06 — 1408,47
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Kak yacTora BpallleHus] MexaHu3Ma couBaHus n (06/MIUH), TaK U MIU-
pMHa JIeHTBl b (m) OKa3bIBAlOT 3aMeTHOe BMSIHME Ha XapaKTepyUCTU-
KM BUXPEBOTO OBVIKEHMSI CIMBOK B €MKOCTM, BbIpaXalollyecs uepes
IEHTPOBEXHYIO CKOPOCTb V,, o, , (M/C) U cunbl F, ., , (H). 310 yKasbiBaer
Ha BBICOKYIO UyBCTBUTEIbHOCTb JMHAMMUYECKUX N1aPaMeTPOB K YacTOTe
BpalleHus, YTO Mo3BoiseT 3GGEKTUBHO YIPaBISTh VMHTEHCUBHOCTBIO
TypOY/IEHTHOTO [lepeMellBaHMs U BO3/iefiCTBMeM Ha KMPOBbIe IIapyUKK
npu c6uBaHMM. XOTS BAUSIHME IIMPUHBI He CTO/Ib BhIPaskKeHO, KaK 4acTo-
THI BpallleHys], yBenuueHue b (m) crioco6eTByeT 6oree MIMPOKOMY OXBATy
KOHTaKTHOJ 30HbI ¥ TIOTEHLMA/IbHOMY PaclIMPeHUI0 aKTUBHBIX TUAPO-
IOVHAMIYeCKMX obacTeii.

TakuM 06pa3oM yBeIMuUeHMe YacTOThl BpalleHus obecreunBaer 60-
Jlee MHTEHCUBHOE BUXpeBOe IBVIKeHNUe U TypOylIeHTHOCTb, B TO BpeMsi
KaK yBeJlyueHMe MIMPUHBI JIEHTbl CTaOMIM3UPYeT M pacliMpseT 30HY
KOHTAaKTa, y/Iy4liasi ycJ0Bys KoajleCLeHLMI XMPOBbIX LIapyuKoB 1 06pa-
30BaHMS MaC/ISIHOTO 3epHa.

3.2. Typb6ynenmHsle nomoxu

Iponecc npeBpaleHysl CIMBOK B CIMBOYHOE Macjao IIPYU MexaHu4e-
CKOM COMBaHUM IOApasyMeBaeT 0Opa3oBaHMe MHTEHCUBHBIX I'MIPOAK-
HaMMYeCKMX TOTOKOB, CTYUMYIMPYIOIIMX CTONKHOBEHUS M KOajleCleH-
LIMI0 JKMPOBBIX LIAPUKOB, YTO IPUBOANUT K GOPMUPOBAHMIO YCTOINUMBBIX
Mac/IsSHBIX 3epeH. MexaHMuueckoe BO3[elCTBMe Ha SMYJIbCUIO COIpPO-
Boxkzaercs: Ga3o0BOii MHBepcHeli M IepepacipeneseHneM CKOpoCTeit
u gedopmanuii B IOTOKe — 3TO HENOCPEeCTBEHHO BIMSIET Ha arpera-
LIMIO JKUPOBBIX 1106y [19]. TeopeTuueckue Mmopeny bha3oBoit MHBEPCUM
Y IVHAMUKM CTPYKTYPbI 3MY/IbCUY MO3BOJSIIOT TIOHSTh, KaK MexaHude-
cKoe B36yBaHMe ONpesessieT MTHTEHCUBHOCTD JIOKAIbHBIX TIOTOKOB 1 3¢-
dekTBHOCTD 06benmHeHuss 1o6yn [20]. HanbpHeiine yccienoBaHus
MY/IbTY-MaCIITAGHOTO MOZEeTMPOBAHMS MTOKA3aaM B3aMMOCBSI3b MaKpO-
CTPYKTYpPbI Macja ¢ MUKPOCTPYKTYpPOil IIOGYT M OVMHAMMKOJ ITOTOKOB
npu couBanuu [21]. DkcrepumeHTaIbHBIe paboTsl Lars W. ¢ coaBTopa-
v [22] u Buldo P. ¢ coaBTopamm [23] 10 MMKPOCTPYKTYpe U KPUCTAUIA-
3aLMM KMPOB MTOATBEPKIAIOT, YTO VI3MEHeHMe YUIOBMIE COMBaHMS, Bpe-
MeHM U BSI3KOCTM CUCTEMBI CYIIeCTBEHHO BIMSIET HAa YaCTOTY KOHTaKTOB
Meskay ro6ynamu 1 3¢GHeKTUBHOCTD UX KOATeCI[eHIIN.

IIpy nmepeMemMBaHUM MAcChl B €MKOCTM (POPMUPYIOTCS MHTEHCUB-
Hble BUXpPEBble IIOTOKM, OOGYC/IOBJEHHbIE AENCTBUEM I€HTPOGEKHOIM
CKOPOCTH V,, ¢, , (M/C) U LeHTPo6exHOi cuibl  F, ., (H). OTu motoku
coziepskaT 30HbI YCKOPEHUs], TYPOYJIEHTHOCTY M CTarHalyuy, U B LIeJIOM
XapaKTepU3YIOTCST BBICOKOJ HEYCTONYMBOCTbIO [24,25]. XapaKTep M Ha-
NpaBjieHe MOTOKA B TaKMX YCIOBMSIX ONpeZeseTcss BeKTOPOM CKOpO-
CTU, COCTOSALIMM M3 IBYX B3aMMHO MePIeHAVKY/ISPHBIX COCTaB/ISIOIMX:
ropu3oHTaNbHOM U (M/C), OTpaxkarouieil CKOpoCTb U HalpaB/ieHMe OBU-
SKeHMSI BJIOJIb pajuyca BpallleHus, M BepTUKaJbHOM V (M/C), oTpaskaro-
11eji CKOpOCTb M HalpaB/eHMe JBVsKeHNSI BBepX Wiy BHU3 [26-28]. DTn
COCTaB/ISIIOIME UIPAIOT KIIOUEBYI0 pOb B I'MIpOAMHAMMKe Ipolecca
c6uBaHMs: KoneGaHMsl M Bapyaluy TOPM3OHTAIBHONM M BePTUKAIbHOM
CKOPOCTeJi CO3/1al0T JIOKaJIbHbIe 30HbI TYPOYIEHTHOCTY U CABUIOBBIX Jie-
dbopmanmit, ycunuBasi MHTEHCMBHOCTb CTOJIKHOBEHUI JKMPOBBIX TJIOOYIL.
B pe3synbraTe YCKOPSIIOTCS KoanecueHIys M GopMupoBaHMe yCTONUMBBIX
Mac/ISIHBIX 3epeH, TaK KaK TypOy/leHTHbIe BUXPU CIIOCOOCTBYIOT ITlepeMe-
LIVBaHUIO, yBeIMYEHNIO KOHTAKTa MEXAY KMPOBBIMU 4acTULAMM U UX
arperMpoBaHUIO

Ecnu ropusoHTanpHas cocrapiswomas U>0, To macca OBUKETCS
OT IIeHTpa BIIpaBo 1, 0603HauaeTcs Kak «+U». Ecin ske U< 0, oBuskeHNE
Macchl HallpaB/IeHOo BJIeBO — K LIEHTPY, TO €CTb IPOTMB PafAMabHOTO Ha-
IpaBJieHys1 ¥ 0603HavYaeTcs Kak «—U».

Ecnu BepTuKanbHasi cocrasisomas V>0, To Macca JIBVDKETCS BBEPX
M ee 3HaueHMe 0603HauaeTcs Kak «+V». Eum ke V<0, TO IBUKeHME
MacChl HalpaB/leHO BHU3 — K JIHY eMKOCTH, ¥ 0603HavaeTcsl Kak «— V.
Hanuune 3HaKOB «+» U «—» nepeJ] 3HaUeHUSAMM KOMIIOHEHTOB CKOPOCTH
[103BOJISIET OTIPeNeNUTb CTPYKTYPY BUXPEBOTO ITOTOKa.

Ecmu ogHoBpemenHo U<0 u V>0, To Macca repeMelaeTcsi 10 BOCXO0-
Js1eli AaroHalIu K IeHTPY — 3TO YKa3bIBaeT Ha BOCXOASIINIE 3aKpydeH-
HBIIA I CBEPHYTHIV ITOTOK.

Ecnu ogHoBpeMeHHO U>0 1 V<0, TO ABMXKEHME MACChl HAallpaBieHO
OT LIeHTpa 0 HUCXOJs1lelt Iyre — 3TO CBUIETEIbCTBYET O CIMpaeBU -
HOIJ% CTPYKTYpe MOTOKa.

C penblo M3ydeHMs HaNpaBJIeHUs U CBOJCTB BUXPEBOrO IIOTOKA, CO-
3/1aBaeMOro MexaHM3MoM cOMBaHMsl, B (hopMe JBOITHOI TeHTbl MEGuyca
(PucyHOK 1), openiensiioTcst 3Ha4eHMsI COCTaB/SIIOLIMX BEKTOPa CKOPOCTU
[IOTOKA IIPYU Pa3INYHbIX peskuMax paboTel. Ha 3TMX 3HAUEHMSIX ITOCTPO-
eHbI rpaduKiM, OTpaKaIoIMe IBUKEHUST COCTABISIIOLINX BEKTOPA CKOPO-
CTU BUXpeBOro noTtoka (PucyHok 4). 3Hasi, IpM Kakux 4acToTax Bpallle-
HUs h (06/MUH) ¥ IIUPUHE JIeHT b (M), COCTABJISION/E BEKTOPa CKOPOCTHU
JIOCTUTAIOT HaMOOMbIIMX 3HAUEHMII, BO3SMOKHO OIpeieIUTb ONTUMalb-
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Hble KOHCTPYKTVUBHbIE TTapaMeTpbl, obecrieyyBaomiye 601ee MHTEHCHUB-
HOe TepeMellBaHue, a TAK)Ke BbISIBUTH 06/1aCTU YCKOPEHWSI BUXPEBOTO
TIBVDKEHUS M 3aCTOVHbIE 30HBI.

@opMHUpOBaHME BUXPEBOTO IMOTOKA 0GYCIOBIEHO CAeNYIOMMMU haK-
TOpamu:

0 meHTpoOeXHash OyMHAMMKa — CTpeMJIeHMEe CJIMBOK IIOf, JeiCTBMEM
MHEPIVOHHBIX CUJI K TIePEMEIIEHMIO B 06/1aCTH OKPY)KHOCTE, B KOTO-
PBIX IPOUCXOOUT KPYTOBOE TeUeHMeE;

O TypOy/IeHTHOCTb M CABUT — HaJMuMe IMepeceKkarouxcs CJI0E€B, CO-
MPOBOXIAKoLIeecs MOsIBJIeHUueM rOpu30oHTa/IbHOM (U) U BepTUKaAJIb-
Hoi1 (V) cOCTaBISIIOUINX CKOPOCTH;

O nmepuopyuueckue KoaebaHusi — LUKINYECKUI XapakTep M3MeHeHMs
yrina (0— 360°), BbI3bIBAIOIINIT YepeoBaHMe 3HAKOB («+» U «—») r0-
PU30HTAIBHO U BEPTUKATBHOI COCTABIISIONINX BEKTOPA CKOPOCTM.
Ipu Bcex mapameTtpax, (n=700— 900 06/muu 1 b=0,03—0.05 m), me-

xXaHM3Ma c6uBaHus ropusoHTanbHast (U) u BepTukanbHoii (V) cocrapisi-

I0IIJie BEKTOPA CKOPOCTY M3MEHSIIOTCS 10 CMHYCOUAY, YTO 0OYCIOBIEHO

reoMeTpuYeckoit Gpopmoii seHTbl Mébuyca. C yBenMyeHUeM YacTOTbI

BpallleHyus] MexaHu3Ma COMBaHMs U MIMPUHBI JTeHTbl Mébuyca TpaeKTo-

pusi TOTOKA Y/IMHSETCS, @ BUXPEBOe TeUeHMe CTAHOBUTCS Gosee o6Imp-

HBIM U MUHTEHCUBHBIM (PUCYHOK 4).

BepxHue mpenenbl 3HaUeHMIT 06€MX COCTaBISIONIMX HAGMIOAAIUCH
B CJIEIYIOUIVX TOYKAX:

U 1151 TOpM30HTANIBHON cocTaBisionieii U — B TOUKe, PacIooskKeHHOM
Ha caMOM KoHIIe niepudepuitHoii 30HbI ipu r=0.180 m; 6=360°, uto
COOTBETCTBYET 3aBEePILIEHMIO ITOTHOTO 060POTa;

U ns BepTUMKAJbHOM COCTaBisoIleil V — B TOUKe, PacIooskKeHHO
B Hayasie nepudepuitHoii 30HbI Ha JIEBOM paAuyce BpalleHUs IpU
r=0.135m; 6=270°.

Hwxkune npepenst (0— 1 Mm/c) 06enx COCTaB/SIIOUINX HaOTIOAAIUCDH
B CJIELYIOUIVX TOYKAX:

* 1711 TOPU30HTAJIbHOJ cocTaBJsowieii U — B LIeHTPaJIbHOM 30He, Ha-
YMHasl OT TOUYKM ¢ KoopanHaTamu r=0.0— 0,045 m; 6=0°— 90°, pacmomno-
SKeHHOJ B HaUaIbHO IMIO3UIMH 110 IPAaBOMY PagUyCy BpallleHMs], a TaKKe
B TOuUKe ¢ KoopauHaTtamu r=0,135 m; 0=270°, HaxoAsIIelics B Hauaje
riepudepnitHOI 30HBI 10 JIEBOMY PAJIMYCy BPALEHNUS ;

e II7I1 BEPTUKAJIBHOM COCTaBJSOLIEN V — B LleHTpaJbHON 30HE Mpu
r=0.0—0,0225 m; 6=0°—>45° (HauajbHast Mo3ulusi 060poTa), B Cpem-
Helt — nepexopHoi 30He nipu r=0,09 m; 6=180° (HVOKHSSI TOUKA OKPYXK-
HOCTM), a Takke B Touke r=0,180 m; 6=360° Ha 3aBeplLIeHUM ITOJTHOTO
060pOoTa, UTO COOTBETCTBYET KOHILY MepudepuitHoi 30HbI.

TakuM 06pa3oM rOpM30HTANbHASI COCTABJISIIONIAST BEKTOPA CKOPOCTH
JIOCTUTaeT CBOMX MAKCMMAaJbHBIX MOKasaTeneil Ha nepudepun, MUHU-
MaJIbHbIX B IIEHTpPe, B TO BPeMsI KaK BepTMKaJbHAas COCTaBisomas VvV
(r<0,045 m) MMeeT CJIOKHOE ITPOCTPAHCTBEHHOE paciipefesieHe ¢ 9KC-
TpeMymMamMy B crenu@uueckux Tovykax. IIpyM Takux O6GCTOSITeTbCTBAX
B ILIEHTPAJIbHON 30He IOMMHMPYeT JIAMUHAPHBI peXXuMm, a B nepude-
puitHOI 30He (r>0,135 M) pa3BuBaeTcst TypOyIeHTHOCTb.

HampaBiieHre TOpM3OHTAJbHOJ COCTAaBJSIOIIE)l M3HA4YaJbHO OpMU-
eHTHUPOBAHO OT LIEHTPa K CTeHKe eMKOCTHM (BIIPaBO) U Ha rpadmyeckom
1306pakeHnM 0603HaYaeTCs Kak «+U» IO MOJIOKUTEIbHOMY HaIlpaBJie-
HUIO OCU. DTO Hab/I0AAeTCsl 10 Beeit eHTpanbHO 30He (r=0-—0,045Mm,
Masbiii pagmyc, 6=0—90°). B maHHO} 061acTy, BCIEACTBUE C1abOro
BVISTHUSI LIeHTPOOEKHOM CUIIbI, IEHTPOGEKHASI CKOPOCTh MMeeT HU3KMe
3HAYEHUS, ¥ 9Ta 30HA CUMTALTCS 06/1aCThIO HYJIEBBIX CKOPOCTEH, rie op-
MMPYIOTCSI UCTOUHUKM BUXPeO6Pa30BaHMS.

Ipu yacToTax BpalieHus pabouero mexanusma n="700— 800 06/MuH
3HaueHye TOPU30HTAIbHOI cocTapisioueii U B LIeHTPalbHON 30HE CO-
crasyisier 0s U< 1, Toraa Kak npu n;=900 06/MMH B LieHTPaIbHOI TOUKe
9T0¥ 30HBI (r=0,0225 m; 0=45°) yke HabmonaeTcs 3HaueHue U> 1. Ve-
JIMYeHMe TOPU3OHTAIBHOM cocTaBisiomeii U B 1eHTpanbHOI 06actu
MPOVICXOIUT B HAIIPABJIEHUM K €€ reomMeTpuueckomy 1eHTpy (r=0,0225
m) ¥ B IepeXOfHOI YIIOBOI 30He 0=45°, rie BaMsHME 1IeHTPOOEKHOMN
CUJIBI HAUMHAET MSTKO PaclpOCTPaHSIThCS Ha cocemHue obmactu. [oce
9TOTO HaBJTI0JAETCS TOBTOPHOE CHVKEHMEe 3HAUEHMST CKOPOCTH. ITa 30Ha
XapaKTepu3yeTcsl Kak 06/1acTb IPUPOCTa CKOPOCTY U TPECTABIISIET CO-
6071 CTATMYECKUI KPYTOBOI TIOTOK, OXBAThIBAIOIINIA IIEHTPAIbHYIO YaCTh,
BHEIIHIOI MOBEPXHOCTh BUXPEBOTO (TYpOY/JIEHTHOTO) IIOTOKA, a TaKKe
BCIO ITOBEPXHOCTb MexaHu3Ma couaumst (PUCYHOK 4).

3HaueHMe TOPU3OHTAAbHONM cocTaBisiomeit U B cpenHeit 30He
(r=0,045—0,135 m, cpeguuit paguyc, 6=90—270°) npuobperaeT Kaue-
CTBa 1apaboonaa 1 HarpaBJIeHOo K LIEHTPY (BJIEBO), UTO Ha rpadmuyeckom
n306paxkeHny 0603HavaeTcss Kak «—U» Mo OTpuUIIaTeIbHOMY HalpasJie-
HMIO OcU. B 3T0i1 o6nactu, Ha (oHe yBeanueHus] OKPYKHOI CKOPOCTH,
MIPOVUCXOIMUT OCHOBHAS LIVIPKYJISLMS CIUBOK, MPU 3TOM BCJIEICTBUE Te-
OMeTpUYecKuX ocobeHHocTeit Gopmbl JeHTbl MEBMyca HaGIIOOAOTCS
JIOKaJIbHbI€ M3BMEHEHUSI CKOPOCTMU. Ta1<, BIIZIOTH 00 L[eHTpaJ'II:HOI?’[ TOUKN
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(a) rM 12

U-V,mlc

-10 0 45 90 135 180 225 270 315 360
=a» U, (w/c), 700 - 0,03 0 0,793727362 | 1,37523E-16 |-2,381182086 |  -4,49  |-3,968636809 | ~1,23771E-15 | 5,556091533 8,98
—=a» ¥, (w/c), 700 - 0,03 0 0,793727362 2,245 2,381182086 | 5,50092E-16 |-3,968636809 | —6,735 | -5,556091533 | ~2,20037E-15
=a U, (w/c), 700 — 0,04 0 0,826431051 | 143189E-16 | -2,479293152| 4,675 | -4,132155253 | —1,2887E-15 | 5,785017354 9,35
—=a» ¥, (w/c), 700 - 0,04, 0 0,826431051 23375 | 2479293152 | 5,72757E-16 |-4,132155253 | —7,0125 | -5,785017354 |-2,29103E-15
—a» U, (w/c), 700 - 0,05, 0 0,858250856 | 1,48702E-16 | -2,574752567 | 4,855 | -4,291254278| —1,33832E-15| 6,00775599 9,71
= 1, (w/c), 700 - 0,05, 0 0,858250856 | 2,4275 | 2,574752567 | 5,9481E-16 |-4,291254278| —7,2825 | —6,00775599 | -2,37924E-15

0,°

©® M 15
0 00225 0,045  0,0675 0,09 0,01125 0,135  0,1575 0,180

10

U-V,mlc

-10 0 45 90 135 180 225 270 315 360
=a» U, (w/c), 800 — 0,03, 0 0,906864447 | 1,57125E-16 |-2,720593341 5,13 |-4,534322234 | -1,41413E-15 | 6,348051128 10,26
== V/, (w/c), 800 — 0,03 0 0,906864447 2,565 2,720593341 | 6,28501E-16 |—4,534322234 | 7,695  |—6,348051128 | —2,514E-15
=a» U, (w/c), 800 — 0,04 0 0,943987553 | 1,63557E-16 |-2,831962659 |  —5,34 -4,719937764 | -1,47202E-15 | 6,60791287 10,68
=P/, (w/c), 800 — 0,04 0 0,943987553 2,67 2,831962659 | 6,54229E-16 |-4,719937764 | 8,01 ~6,60791287 | ~2,61692E-15
—a» U, (w/c), 800 — 0,05 0 0,981110659 | 1,69989E-16 |-2,943331977| 5,53 —4,905553294 | —1,5299E-15 | 6,867774612 11,1
== V/, (M/c), 800 — 0,05, 0 0,981110659 2,775 2,943331977 | 6,79957E-16 |—4,905553294 | 8325  |—6,867774612 | -2,71983E-15
0, °

(B) rm 15 [ S T V. ——

b 0 0,0225 0,045  0,0675 0,09 0,01125 0,135 0,1575 0,180

e S

10

U-V,m/c

-15

0 45 90 135 180 225 270 315 360
—a» U, (w/c), 900 — 0,03 0 1,020885415 | 1,76881E-16 | -3,062656246 | 5,775  |-5,104427077 |~1,59193E-15 | 7,146197907 11,55
=V, (w/c), 900 — 0,03 0 1,020885415 | 2,8875 | 3,062656246 | 7,07523E-16 |-5,104427077 | -8,6625 | —7,146197907 | —2,83009E-15
—a> U, (w/c), 900 — 0,04 0 1,062427939 | 1,84079E-16 | -3,187283816 | 6,01 | -5,312139694 | —1,65671E-15 | 7,436995571 12,02
=V, (w/c), 900 - 0,04 0 1,062427939 3,005 3,187283816 | 7,36314E-16 |-5,312139694 |  —9,015 | —7,436995571 | ~2,94526E-15
—a» U, (w/c), 900 — 0,05 0 1,104854346 | 1,91429E-16 |-3,314563037|  —6,25 | -5,524271728 | ~1,72287E-15 | 7,733980419 125
=V, (w/c), 900 — 0,05 0 1,104854346 3,125 3314563037 | 7,65718E-16 | -5,524271728 | 9,375 | 7,733980419 | ~3,06287E-15

0,°

PucyHok 4. XapaKkTep ABVO>KeHMsI ropu3oHTaNbHO¥ (U) ¥ BepTuKanbHO (V) cocTaB/sSIIOIIMX BeKTOPa CKOPOCTU BUXPEBOTO IOTOKAa
C/IMBOK B €MKOCTHY B 3aBMCHMOCTH OT n (06/MuH) u b (m): (a) n; =700 06/MuH; (6) n,=800 06/MuH; (B) n;=900 06/MuH)
Figure 4. Flow characteristics of the horizontal (U) and vertical (V) components of the velocity vector of the cream’s vortex motion
in the container depending on n (rpm) and b (m): a) n; =700 rpm; 6) n, =800 rpm; B) n;=900 rpm)
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30HbI (r=0,09 m, 6=180°), NOTOK HamIpaBJeH K LIEHTPY eMKOCTU C HapacTa-

I0I1Ieli CKOPOCTBIO, TIOC/IE YEero MPOUCXOOUT CHUKEHME CKOPOCTU JI0 3Ha-

YeHMit, TPUOIVKAIOMIMXCS K HYJTIO, HA CAMOM KOHLIE CpefiHell 30HbI. DTa

06/1aCTh CUMTAETCS 30HOI Mepexofa K TUITY AMHAMMUYECKOTO KPYroBOTO

IIOTOKA C HApaCTaloleli OKPYKHOI CKOPOCThIO. 3[,eCh TAKKE MTPOUCKOTUT

M3MeHeHe HarpaBJIeHys] IBVDKeHNS TIOTOKA 3a CUET CIIMSIHMS BCTPEYHBIX

IIOTOKOB, YTO BbI3bIBAET Pe3Kye KomebaHusi CKOPOCTH — Kak MajieHue, Tak

u nocyienytomuii mogbeéM. [loce cmeHsl HarpaBaeHs (BIIPaBO — OT LIeH-

Tpa K CTeHKaM eMKOCTH I K ee HY), Ha rpadKe OHO BHOBb 0003HAYaeTCst

Kak «+U» IO MOJIOKUTEIbHOMY HalpaBIeHUI0 OCH, TOTOK BXOAUT B MEPU-

depuitayto 3ony (r=0,135—0,180 m, BHemHMiT paguyc, 6=270—360°),

rae JOCTUTaeTCs MAaKCUMYM IIEHTPOGEKHOM CIUJIbI M HAaOMIOAAeTCsT MHTEH-

CUBHOE B3aMMOJEICTBME ABYX BCTPEUHBIX MIOTOKOB. B pesynbraTe 3TOrO

BIOJTb IIVIPVHBI JIEHTHI Mé6myca hopMupyeTcsi HepaBHOMEPHBII TPOGMIIb

cKOpocTeii. DTa 30Ha OIpeenseTcs Kak 0671acTb JMHAMUYECKOTO KPyro-

BOTO TOTOKA, I7le TOPU3OHTalbHas cocTapisiiomasi U pe3ko Bo3pacraer

¥ JOCTUTAeT CBOEr0 MaKCMMAaJIbHOTO 3HAUEHMsI B KOHIIe TepudepuitHoin

30HbI (r=0,180 m, 6=360°). 31ech IOTOK C yIAapPOM CTaJIKMBAETCS CO CTEH-

KaMu eMKOCTI. [laHHast 06/1aCTh XapaKTepu3yeTcst HaubOoMbIIMM IpagueH-

TOM CKOPOCTU U SIBJISIETCSI 30HO (hOPMUPOBAHMS YCTONUMBBIX BUXPEBBIX

TI0JI0C ¥ LIEHTPOB 3apOsKIEHNMS MAC/ISIHBIX 3€PEH, a TAKKe PacCMaTpUBAET-

€SI KaK [MOTpaHMYHBIN [TOACI0M (PUCYHOK 4).

HarmpaBiieHne BepTUKa/JIbHON COCTaBISIIOLIEN BeKTopa CKOpoctu V
M3HAYaJIbHO OPMEHTMPOBAHO BBEpPX, UTO Ha rpaduyeckoM M3o0paske-
HMM 0603HAYaeTcsl Kak «+V» MO OTPULIATEIbHOMY HalpaBIeHMIO OCH.
B maHHOM HampaBlIeHMM yBelMdyeHMe CKOPOCTM MPOUCXOLMUT CHavasa
B IeHTpasnbHO# 30He (r=0-—0,045 m, mansiit paguyc, 6=0—90°), roe
BJIMSIHME [[EHTPOOEKHOI CUITBI C71a60 BbIpaskeHO 1 (GOPMUPYIOTCS UCTOY-
HMKM BUXpeit. POCT pofo/mkaeTcs 4,0 eHTPaabHOM YacTu CpefHeit 30HbI
(r=0,045 — 0,135 m, cpeguuit pagnyc, 6=90— 270°), rae Mom BIUSHUEM
YBEIMUMBAIOIENCS OKPY)KHOI CKOPOCTM M TeOMETPUYECKUX O0COGEeH-
HocTeli GopMbl JeHTbl MEGKUyca HaGIIOIAIOTCS JTOKAIbHbIE M3MEHEHMUS
CKOpOCTH. B 3TO# 06/1aCTM MOTOK IUIABHO MEPEXOAUT OT CTallMOHAPHO-
IO KpPYyroBoro IIOTOKa K AMHaAMMW4YE€CKOMY. YBenuueHue BepTMKaJIbHOﬁ
cocraBnsoneii V Mpomo/mkaeTcsl BIUIOTh IO TOUKM C KOOPAMHATAMU
r=0,0675m, 0=135°, roe mocTuraeTcst e€é MakCUMaabHOEe 3HAUEHMeE B pe-
3y/IpTaTe MSITKOTO Iepexojia BO3AeiCTBIUS eHTPOOEKHOM CUiTbI Ha pa3-
Hble 30HBI eMKocTu. [locsie 3TOro, B LIEHTPANIbHOI TOUKE I1epexOqHOI
30HBI — B HIKHEI Touke okpykHOCTHU (r=0,09 m, 0=180°), mpoucxognt
CHIDKEHMe CKOPOCTM 10 3HaueHui, MpubaysKaiommxcs: K Hymo. B aToi
TOUKe, 13-3a CIMSIHUS MTOTOKOB, TPOMCXOAUT CMeHa HaIpaBlIeHus JBU-
SKeHUSI, YTO BbI3bIBAaeT OHOBPEMEHHO pe3koe NajieHue U Iocaeayoumit
noabEM cKopocT (PUCYHOK 4).

BepTuxasnbHas COCTaBJSIONAS BEKTOPa CKOPOCTU V OT LeHTpaabHOM
TOYKM cpenHeit 30HbI (r=0,09 m, 6=180°) no KoH1Ia TepubepuitHO 30HbI
(r=0,135—0,180 m, BHewHwuit pamguyc, 0=270—360°) npuobperaer
(bopmy mapabononga 1 Harpas/seTCs BHU3, K IHY eMKocTu. Ha rpadm-
YeCcKOM U306paskeHMM 3TO 0603HAYAeTCsT KakK «—V» M0 OTPULIATEIbHOMY
HampaBJeHMIO OCU. B JaHHOM HampaB/IeHUM BepTUKAaabHas COCTaBJISI-
fomass V mocTuMraeT CBOEro HauMBBICLIETO 3HAUEHMs] B Hauase nepude-
PUITHO 30HBI — B TOUKE, PACIIOIOKEHHOI Ha JIEBOM painyce BpallleHusI
(r=0,135 m, 6=270°). 3aTemM OHa CHIKAETCS IO 3HAUEHMIL, IPUBIMKA-
IOIIMXCS K HYJTIO, B TOUKE 3aBepiieHust moiaHoro o6opora (r=0,180 m,
06=360°) B KOHIIe niepudepuitHoii 30HbI (PUCYHOK 4).

Pe3kue KojebaHMsI B 3HAUEHMSIX BEPTUKAIbHOI cocTaBiswomuiein V
[Py HAMpPaBJIeHHOM BBepX M BHM3 ITOTOKe OGYCIOBIEHBI CIeLyIIINM
dakropamu:

U B mepBoM CiIy4yae — B3aMMOZENCTBMEM Ha IpaHMIle MEXKIY LIeHT-
panbHOIT 30HOI (r=0—0,045 m, mansiii paguyc, 6=0—90°), roe
npoucxonut (GopmMupoBaHMe BUXPEBBIX MCTOYHMKOB IPU HYJIEBBIX
CKOPOCTSIX, U cpenHeit 30Hoit (r=0,045 — 0,135 m, cpenuuit paguyc,
0=90—270°), roe peannsyeTcsl OCHOBHAsI LMPKY/ISALMS C yBeIuuyBa-
I0LLeJACST OKPYKHOJ CKOPOCTBIO;

U BO BTOpOM ciyyae — B3aMMOZENCTBMEM Ha TpaHuile MEXAY Cpen-
Heit 30H01 (r=0,045 — 0,135 m, cpenumit panguyc, 6=90—270°), roe

1. Kynues, 3. B., Iky6oB, K. I., Anues, 3. M. (2024). Biusuue napa-
METpPOB COMBaHMSI HA HEKOTOPbIE CBOICTBA TAXTHI Y Macia, MOTy4aeMo-
ro us3 iorypra. MonouHoxo3siticmeeHHsili 6ecmuuk, 3(55), 156-171. [Ku-
liev, Z.V., Yakubov, K. G., Aliev, E. M. (2024). Effect of churning parameters
on certain properties of buttermilk and butter developed from yogurt.
Molochnokhozayistvenny Vestnik, 3(55), 156—171. (In Russian)] https://doi.
org/10.52231/2225-4269_2024_3_156
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TaKke HAOIIOAAeTCsl OCHOBHAS IVMPKYJISIIVS U ITepudepuitHO 30HO

(r=0,135—0,180 m, BHemHuit paguyc, 6=270—360°), B KOTOpPOIi

LIeHTPOOEeXXHAsT CKOPOCTb M CUJIAa AOCTUTAIOT CBOEro IMUKOBOTO 3Ha-

yeHUsl. B 060ux cydasx MpUUYMHON KOeGaHWMil SIBISIETCS] B3aIMHOe

BJIMSIHYE ABYX TIOTOKOB, HAIIPABJIEHHBIX HABCTPEUY APYT IPYTY.

Ipu Bcex mapaMmeTpax pabouero mexanusma (n=700—900 o6/muH,
b=0,03—0,04 ™), BbionHeHue ycioBuit U>0, V>0 u V>U B 1eHT-
panbHOI 30He (r=0-—0,045 m, masneiit paguyc, 6=0-—90°) yka3siBaeT
Ha Gosee GbICTpOE MPSIMONMHEHOe IBVDKEHUM IOTOKA CHM3Y BBEPX
U OT LEHTPA K CTeHKaM eMKOCTK. I3MeHeHMe HampaB/ieHus BEKTOpa
ckopoctu B cTopoHy U<0 u V>0 B HampasieHUM K LeHTPY CpefHel
3oHbI (r=0,045—0,135 m, cpemgHuit paguyc, 6=90—270°) ykasbiBa-
eT Ha BOCXOZsliee NMaroHaJbHOe [BIDKEHME IOTOKA, 3aKPYyYeHHOTO
10 HAMpaBJIEHMIO K IIeHTPY. B MpomeskyTKe OT LleHTpa 10 KOHIIA Cpefi-
Heit 30HbI (r=0,045—0,135 m, 0=90—270°) HaGIIOHAIOTCS YCIOBUS
U<0, V<0 u V>U, u4TO CBUIETENbCTBYET O GOJiee MHTEHCUBHOM JIBU-
SKEHMM TIOTOKA CBEpXy BHM3 U K IEHTpPYy. B KoHle mnepudepuitHoit
3oubI (r=0,135—0,180 m, BHemHui pagnyc, 6=270—360°) ycaoBus
U>0 1 V<0 oTpaxkalT HMUCXOAsllee AyrooopasHoe ABVKEHMUE IOTO-
Ka OT LIeHTpa K CTeHKaM, YTO SIBJSIeTCS 3JIEMEHTOM CIMpaleBUIHOTO
MOTOKA.

4. BpiBOABI
TakuM 06pa3oM, TeopeTMUYeCKMe WCCIeNOBaHus, HallpaB/eHHbIe

Ha VM3yYeHye TMAPOAMHAMMKY IIpoIiecca B36MBaHNs CIMBOK B aIapare

¢ pabo4yM OpraHOM THIIa JIeHTbI MEGyyca MO3BOMMUIN CHENaTh Clleylo-

111ie BbIBOJbI:

1. 3a cyér HauBbBICIIE)l YaCTOTHI BpalleHus1 paboyero MexaHu3Ma
n3=900 06/MUH ¥ MIMPUHBI JIEHTHbI b;=0,05 M JOCTUralOTCSI MaKkCU-
MaJlbHble 3HAUeHMs IIeHTPOBEKHOM CKOPOCTH V, o, =12,5 M/C 1 TeH-
TpobexHoit cunbl F, ,, =1408,5 H, uTo nossonut obecrieuntsb Gonee
6BICTPBIN 1 3 (HEKTUBHBIN MTpoLiecc COMBaHNS;

2. [lpy MUHMMAaNBHO} YacToTe BpalleHusi paboyero MexaHU3Ma
n;=700 06/MyH u mupuHe neHTH b;=0,03 M JOCTUTralOTCS Hau-
MeHbIIMe 3HAUEHMUS IeHTPOBEKHOI CKOPOCTH V,, ., =8,98 M/C 1 cuiibl
F, ¢, =708,8 H, 4TO COOTBETCTBYET PEXMMY COMBAHMSI C TIOHMKEHHO
MHTEHCUBHOCTBIO I'MIPOMHAMIYECKOTO BO3/Ie/iCTBUS;

3. IlpucpenHeiiuacToTe BpaleHus paboyero Mexanmsma n, =800 06/MuH
M MVpuHe 1eHThl by=0,04 M JOCTUraloTCsl cpeHMe 3HaYeHMsI LieH-

TPOGEXHOI CKOPOCTH V, o, =12,5 m/c u cunbl F, ., =1065,72 H, uto
obecrieuyBaeT paBHOMEDHOE paclpefesieHye TUAPOAMHAMIYECKOIO
BO37e/ICTBUS HA MepepabaThiBaeMblii TPOLYKT M MOBbILIEHVE HTEeH-
CUBHOCTY cOMBaHMsI 6e3 HGOpMIUPOBaHNS JIOKATbHBIX 30H Upe3MepHO-
TO BO3[IeVICTBUS;

4. VsydeHue BWKeHUs] ropusoHTanbHoii (U) 1 BepTuKanbHoii (V) co-
CTaBJISIIOILMX BEKTOPA CKOPOCTH [10Ka3ajI0, YTO IIPM BCeX NapameTpax
pabouero mexaunmsma (n=700—900 o6/muH, b=0,03—0,05 M) oHU
JIOCTUTAIOT CBOMX MaKCHMMaJIbHBIX 3HAUeHMt B MepudepuitHoii 30He,
YTO YKa3bIBae€T Ha Ha/IMume MHTEHCUBHOM LUMPKYIAINN U PEUUPKYIISI-
LMY BIOJIb BHELIHETO KOHTYpa paboyeii eMKOCTH;

5. VisMeHeHMs] KOMMUYECTBEHHBIX ITOKa3aTeseil, COCTAB/ISIOMMX BEKTO-
pa CKOpPOCTM UX TPaeKTOPUit ABVKEHMs], YepefoBaHue MOMOXKUTEIb-
HBIX ¥ OTPULIATE/IbHBIX 3HAYeHMI yKa3bIBAIOT Ha Ha/llM4ye BCTPEUHbIX
(0OpaTHBIX) MOTOKOB, KOTOpbIE OYAYyT CIIOCOGCTBOBATH Gosee 3d-
(exkTMBHOMY INepeMeNIVBaHUIO KMPOBBIX LIAPMKOB M Pa3pyLIEHUIO
ux 000/04ek. DTO 06ecreuynT MHTEeHCU(DUKALMIO TepeMeIlBaHus
SKMPOBBIX LIAPMKOB U YCUIEHMe MeXaHMUYeCckoro BO3/eiCTBUSI Ha UX
060s10uKM, O6ecieunBasi BOBJIeUeHMe BCero o0béma o6pabaTeiBaeMoit
Macchl B [IPOLECC TMAPOLMHAMUYECKOTO B3aMMOJECTBUSI U TeM Ca-
MBIM YCKODSISI IIPOLIECC COMBaHMS;

6. IloBblIeHMe YaCTOTHI BpaleHus: obecrieunBaeT 60ee MHTEHCUBHOE
BMXPEBOe JIBIDKEHMe U TYPOY/IeHTHOCTD, B TO BpeMsI KaK yBelIudeHue
LIVPYHBI JIEHTbI IO3BOIUT CTAGMIN3UPOBATD U PACIIVMPUTD 30HY KOH-
TaKTa, YIy4llasi yCI0BUST Koa/leCLIeHLIMM XKMPOBBIX IIapUKOB 1 06pa-
30BaHMsI MaC/ISIHOTO 3epHa.
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FRESH ELDERBERRY OR SPINACH PUREES AS DUAL NATURAL
COLOUR AND EARLY TEXTURE MODULATORS IN SORGHUM
GLUTEN-FREE BREAD
Rodica Siminiuc*, Dinu Turcanu
Technical University of Moldova, Chisinau, Republic of Moldova
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KEYWORDS: ABSTRACT
acceptability, clean- Gluten-free breads typically exhibit rapid firming and limited natural color diversity, which issues are usually addressed
label, consumer test, through multiple additives. This study evaluated the properties of adding fresh elderberry (Sambucus nigra) and spinach

principal component (Spinacia oleracea) purées (15-35 %, flour basis) as multifunctional ingredients for sorghum (Sorghum oryzoidum) gluten-free

analysis, texture profile bread. Nine bread recipes were analysed for their instrumental texture, crumb CIELAB color, sensory profile, and consumer

analysis acceptability at 6 h and 24 h post-baking. At 6 h, bread with added spinach puree at 35 % achieved wheat-like softness, while
bread with added elderberry pureeincreased crumb firmness. After 24 h, all breads firmed, but bread with added 35 % of spinacj
puree remained substantially softer than the sorghum reference sample. Elderberry purée shifted crumb color towards red-
violet hues, spinach puree did it towards green-yellow hues, while the variants of bread with added spinach showed the lowest
24 h color change (AE*ab< 3.5). Consumer scores were consistently high (>7.0 on day 1), with 35 % elderberry-enriched bread
which retained the highest liking rating after 24 h. These findings demonstrate that fresh plant purées can expand natural
colours diversity and attenuate early firming in gluten-free bread, supporting their application as clean-label alternatives to
the conventional additives.
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MMIOPE U3 CBEJXUX SITOJ BY3WHBI UJIN IMIOPE 13 HIINHATA
KAK IBOMHOWM HATVYPAJIBHBIN KPACUTEJIb U MOAVJISITOPBI
KOHCHCTEHILIMM COPTOBOTO BE3IJIIOTEHOBOTO XJIEBA
HA PAHHUX CPOKAX ITOCJIE BBIITEUKU
CumeHntok P. 1%, llypkany [I. H.

TexHuuueckuit YuuBepcuret Monnossl, Kuninues, Peciy6iuka MongoBa

OTKPBITHIN JOCTYI

K/IIOYEBBIE CIOBA: AHHOTAL A

npuemiemocmo, Be3rmioTeHOBRI X1e6 06BIYHO GBICTPO YEPCTBEET M MMeeT OrpaHMuYeHHOe pa3sHooOpasye MPUPOAHBIX LIBETOB, UTO, KaK
npupooHole MPaBUJIO, VCIIPABJISIETCS] MHOTOUYMCIEHHBIMM HOOaBKaMM. B 3TOIl cTaTbhe OLIEHMBAIOTCS CBOMCTBA IMIOPE U3 CBEXMX SITOZ,
UHepedueHmbl, 6y3uHbI (Sambucus nigra) v unu#Hata (Spinacia oleracea) (15-35 % oT KonmuyecTBa MyKn), IpMMeHEHHBIX B KAUeCTBe MHOTO-
nodnadarowjue (byHKIMOHABHBIX MHTPEIMEHTOB AJIs1 6€3ITII0TEHOBOTO XJ1e6a, BBITIEUeHHOTO U3 cOpro (Sorghum oryzoidum). Beln npoBeneH
nod onpedenenue aHaNN3 AeBITU PelielnTyp, IJle MHCTPYMeHTalIbHO OLleHMBajaach KOHCUCTEeHIMs, 1iBeT MsIKMIIa o mkane npera CIELAB,
«qucmas 3Mukemxa», Mpoduab OPraHONEeNTUIECKMX CBOMCTB M YPOBEHD IMOTPEOUTEIBCKOI IIPUEMIEMOCTH uepes 6 1 24 vaca Iocjie BbIITeUKN.
nompebumensckas Yepes 6 yacoB xj1eb ¢ jobaBieHreM LINMMHATA B KOIMYECTBe 35% JSOCTUT YPOBHS MSATKOCTY, CPABHMMOTIO C MIIEHNUYHBIM
OYEHKa, aHau3 x71e60M, B TO BpeMsI KaK fo6aBeHHas Gy3MHa MOBbICHIIA YepCTBOCTh MsIKuIa. Yepes 24 yaca Bce BUBI x1e6a 3auepCTBey,
OCHOBHbIX HO X71e6, ¥iCIIeYeHHblii ¢ Jo6aB/IeHNeM IIIMMHATa B KOJIMYecTBe 35 %, 0ocTaBaicsl 3HAYMTENbHO MsIrUe, HeXXesl KOHTPOIbHbINI
KOMNOHEHMO8, o6pa3selr, BbITeUeHHBII 13 copro. [Trope u3 siron 6y3MHbI M3MEHWIIO LIBET XJIeGHOTO MSIKMIIA B CTOPOHY KPaCcHO-(QMONIeTOBBIX
ananus npoguns OTTEHKOB, ITIOPe U3 LINMMHATA — B CTOPOHY 3€JIEHO-KeJITOTO OTTEHKA, IIPU 3TOM BapMaHThI pelenTa ¢ J06aBIeHHbIM LIIN-
KOHcucmeHyuu HATOM II0Ka3a/1M HayMeHblllee u3MeHeHte [BeTa yepes 24 yaca (AE"ab < 3,5). [Torpe6uTenbCKie OLeHKY GblIM HEM3MEHHO

BBICOKMMM (> 7,0 B MepBbIit IeHb), IPU 3TOM Xje6 ¢ mobaBaeHueM 35 9% Gy3MHbI COXPaHMJI HAMBBICUIYIO OLIEHKY U Uepe3
24 vaca. DT pe3y/JabTaThl TOKa3bIBAIOT, YTO MPMMEHEHME MIOPE U3 CBEXKMUX PACTUTENbHBIX MaTepMaaOB CIIOCOGHO pacIimu-
PUTH ecTeCTBEHHOEe pa3HOoOOpasye 1[BeTa ¥ YMEHbIIUTD IIPeXXIeBpeMeHHOe YepCTBeHe 6e3IMIoTeHOBOro xieba, uTo Mmof-
TBEPXKIAET 11e1eC006Pa3HOCTb UX MPUMEHEHMSI B KAUeCTBE aJIbTePHATUBBI TPAAULIMOHHBIM AOOABKaM, TOANaJA0I MM IO,
ompeeeHMe «UMCTast ITUKETKAY.

OUHAHCHPOBAHUE: [laHHast cTaThst Oblsia BBIITOJHEHA IIPU MOAAEepKKe HallMoHaaIbHOTO areHTCTBa M0 MccaemoBaHusIM 1 paspaborkam (NARD)
Pecriy6iiky MosiioBa B paMKax MCCIe0BaTeIbCKOro poekTa «ViccaeqoBaTenbCKuit aHaiu3 MPoLoBOIbCTBEHHOM 6e3ormacHocTH B Pecriy6iike Mort-
TOBa Ha OCHOBE ITOKa3aTesIeit SKOJIOTMUECKOI UMCTOThI M MTUTATENbHOI eHHOCTH (SNuQ) muieBsIx PoayKToB» (rpauT N2 23.70105.5107.05), peann-
3yemoro B TexHuueckom yHuBepcuteTe MOIIOBBI.

FOR CITATION: Siminiuc, R., Turcanu, D. (2026). Fresh elderberry or spinach ~ IJII LUTUPOBAHNS: Cumuniok, P. U., Llypkany, M. H. (2026). ITiope
purées as dual natural colour and early texture modulators in sorghum gluten-  #3 cBexkux sirof Gy3MHBI WIM TIOpe M3 IINMHATa KaK ABOHOM HATypaIbHBI
free bread. Food Systems, 9(1), 98—105. https://doi.org/10.21323/2618-9771-2026-  KpacuTeib ¥ MOZIYISITOPHl KOHCMCTEHLIMM COPTOBOTO 0Oe3MIIOTEHOBOro xjeba
9-1-98-105 Ha paHHUX CPOKax Iocje Bbimeukua. [Tuujessie cucmemot, 9(1), 98—105. https://doi.
0rg/10.21323/2618-9771-2026-9-1-98-105
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1. Introduction

The gluten-free (GF) bread market has been expanding steadily, driv-
en by the diagnostics of celiac disease and non-celiac gluten sensitivity,
as well as by voluntary adoption of “clean” foods or perceived healthier
diets among non-celiac consumers [1,2]. Yet GF breads still lag behind
wheat analogues in three persistent quality domains: crumb openness,
early (first 24 h) firmness kinetics and naturally appealing color diversity,
which together influence repurchase behavior [3-6]. Current technologi-
cal optimization commonly relies on cumulative “packages” of hydro-
colloids (xanthan, psyllium), refined starches, emulsifiers and enzyme
systems; for visual differentiation, added colorants or processed extracts
are frequently used [3,7-10]. While effective for volume or softness sta-
bilization, this multi-additive reliance can lengthen ingredient lists and
erode clean-label positioning, increasingly valued in free-from-artificial
ingredients products [11,12]. These pressures motivate interest in whole,
recognizable plant ingredients able to contribute both technical& func-
tional (hydration, matrix support) and sensory (natural color) parameters.

Sorghum flour is a relevant GF platform due to its gluten absence,
starch functionality and phenolic potential, though unaided it can yield
compact crumb and limited elasticity [13,14]. The local hybrid Sorghum
oryzoidum (“soryz”) — featuring pale kernels, neutral taste, and a mod-
erate protein content (approximately 10 %) — adds specific advantages:
(i) a light, neutral crumb matrix that accentuates pigment contributions
from added plant purées; (ii) valorization of an underutilized regional
resource; (iii) distribution of compatible proteins fractions (albumins,
globulins and glutelins) with forming a stable matrix in the presence of
hydrocolloids [15,16].

Elderberry (Sambucus nigra) fruits, abundant and under-exploited
locally, supply anthocyanins (cyanidin derivatives, including acylated
forms), phenolics and simple sugars with intense red-violet dying capac-
ity [17]. Using fresh integral purée rather than extracts or powders retains
fibers, pectins and organic acids that may manage water distribution and
engage in weak hydrogen bonding or aromatic stacking with polysac-
charides/hydrocolloids — mechanisms proposed (not directly confirmed
here) to influence early crumb microstructure [18,19].

Spinach (Spinacia oleracea) purée contributes chlorophylls, carot-
enoids (lutein, B-carotene), predominantly insoluble fibers (plus a sol-
uble fraction), vitamins and moderate phenolic levels [20], providing
a green — yellow hues palette complementary to the red — violet elder-
berry spectrum without using of any synthetic colorants. Cellular inclu-
sions and fibers may dissipate localized mechanical stress during baking/
cooling, this way potentially supporting acceptable chewiness without
increasing perceived density [21].

Literature gaps still persist: many GF enrichment studies use pigment
extracts or dried powders, or examine a single botanical kind while pro-
cessing texture or color in isolation [22]. Integrated evidence is scarce
for two fresh, unpasteurized plant purées with complementary pigment
spectra — under-utilized S. nigra and accessible S. oleracea — applied at
graded inclusion levels (15-35%) in a neutral S. oryzoidum matrix with

concurrent evaluation of early instrumentally tested texture (6 h/24 h
TPA), measuring of colour by CIELAB (including A over 24 h), descriptive
sensory profile and consumer acceptability within the initial freshness
window.

The objective of this study was to determine whether fresh elderberry
and spinach purées, used at 15-35% inclusion levels, can simultane-
ously improve early crumb texture and broaden natural color diversity in
sorghum-based gluten-free bread. Novel contributions include: (a) dual
valorization of a spontaneous local resource and a widely accessible
horticultural species as unpasteurized whole purées; (b) establishment
of a bidirectional natural color platform (red-violet vs. green — yellow)
within a neutral sorghum matrix; (c) integrated multidimensional (tex-
ture — color — sensory) assessment focused on the early staling window;
and (d) orientation toward reducing reliance on added colorants and aux-
iliary functional ingredients consistent with clean-label objectives.

2. Materials and methods

The study compared nine bread recipes: one wheat-based bread (WB)
used as reference sample, two gluten-free control sample formulations
based on sorghum flour [S-GFB and S-GFB+CS], and six gluten-free
variants enriched with graded levels (15, 25, 35% w/w of flour basis) of
S. nigra or S. oleracea purée. All bread samples were prepared at labo-
ratory scale in the Department of Food and Nutrition at the Technical
University of Moldova under identical processing conditions, as described
in Section 2.2.

Instrumental evaluations (Texture Profile Analysis and CIELab color
measurement) and sensory assessments were performed at 6.0£0.5 h (af-
ter complete cooling to 23%1°C) and 24.0£0.5 h post-baking. The fruits
of S. nigra were manually harvested at full ripeness (September 2024)
from wild stands in Floresti district (Republic of Moldova). After removal
of the pedicels, the fruits were rinsed with potable water, drained, and
homogenized using a laboratory blender, then passed through a 0.5 mm
mesh stainless-steel sieve to remove the seeds. Fresh leaves of S. oleracea
were purchased in September 2024 from the local growers at the central
agricultural market. After rejecting damaged leaves, they were washed,
drained, and blended with potable water at a 4:1 ratio (leaf mass: water,
w/w) to obtain a smooth, particle-free purée. The purées were used im-
mediately after preparation, unpasteurized, without freezing or storage
longer than 1 h.

2.1. Sample formulation

The detailed compositions of all samples (wheat-based reference
sample, gluten-free control samples based on sorghum flour, and purée-
fortified gluten-free variants) are presented in the Table 1, expressed
both as grams per batch and baker’s percentage (values in parentheses;
flour basis=100 g total cereal solids). The nine formulations comprised
WB (wheat-based reference sample), S-GFB (sorghum-based gluten-free
control sample), S-GFB +CS (sorghum-based gluten-free dilution control
samples with corn starch), and six purée-fortified variants prepared with

Table 1. Formulation of control and gluten-free breads enriched with S. nigra or S. oleracea purée: absolute amounts per batch (g)
and baker’s percentages (g (%), values in parentheses=baker’s % w/w relative to 100 g total cereal solids)
Ta6nuua 1. Perrentypa KOHTPOJIBLHOTO 00pasiia xjie6a u 6e3rII0TeHOBOro xj1e6a, 060raleHHOro mope us S. nigra i S. oleracea:
a6CoIIOTHOE KOJIMYECTBO J06ABOK HA MapTHIO (T) U MeKapCKuii MpoueHT (T (%), 3HaYeHUs B CKOOKaX = MeKapCKMii MPOLIEeHT
B BECOBOM BBIpaKeHUM OTHOCUTENbHO 100 r 0611ero cogepskaHms CyXux 3ePHOBBIX BELIECTB)

Ingredients WB S-GFB S-GFB+CS S-GIFSB‘% SN S-GzFSB%J: SN S-G;SBD/: SN S-GIFSBO/: SO S-GZFSB‘;; SO S-G;SB%: SO
Water 120 (60%) 200 (100%) 200 (100%) 220(110%) 200 (100%) 200 (100%) 190 (95%) 180 (90 %) 170 (85%)
Sour cream (20% fat) 70 (35%) 70 (35%) 70 (35%) 70 (35%) 70 (35%) 70 (35%) 70 (35 %) 70 (35%) 70 (35%)
S. nigra purée 0(0%) 0(0%) 0(0%) 30 (15%) 50 (25%) 70 (35%) 0(0%) 0(0%) 0(0%)
S. oleracea purée 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 30 (15%) 50 (25%) 70 (35%)
Sugar 10 (5%) 10 (5%) 10 (5%) 10 (5%) 10 (5%) 10 (5%) 10 (5%) 10 (5%) 10 (5%)
Dry yeast 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%)
Salt 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%)
Xanthan gum 0(0%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%)
Psyllium powder 0(0%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%) 4(2%)
Baking powder 0 (0%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%) 3(1.5%)
Wheat flour 200 (100 %) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Sorghum flour 0(0%) 200 (100%) 100 (50%) 100 (50%) 100 (50 %) 100 (50 %) 100 (50%) 100 (50 %) 100 (50 %)
Corn starch 0(0%) 0(0%) 100 (50 %) 100 (50%) 100 (50 %) 100 (50 %) 100 (50%) 100 (50 %) 100 (50 %)
Total (g) 407 498 498 548 548 568 518 528 538

Legend: WB=wheat-based bread (reference sample); S-GFB=sorghum-based gluten-free bread (gluten-free control sample); S-GFB +CS =sorghum-based gluten-
free bread with added corn starch (dilution degree control sample); SN15, SN25, SN35=S-GFB+CS formulations containing 15, 25, and 35 % S. nigra purée, respec-
tively; SO15, SO25, SO35=S-GFB+CS formulations containing 15, 25, and 35 % S. oleracea purée, respectively. Percentages are expressed on flour basis.
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graded levels (15, 25, and 35 %, w/w of flour basis) of S. nigra (SN15, SN25,
SN35) or S. oleracea (SO15, SO25, SO35).

To ensure process consistency, the amount of added water was ad-
justed according to volume of purée adding and moisture contribution
in order to maintain comparable dough consistency across formulations.
Accordingly, added water varied inversely with added purée volume,
particularly for the higher-moisture S. oleracea purée (in this recipe the
water volume was accordingly reduced to maintain target dough consis-
tency). The ingredients common to all recipes (2% dry yeast, 5% sugar,
1.5% salt, 2% xanthan gum, 2 % psyllium powder, 1.5% baking powder;
baker’s %) remained unchanged. Each recipe was prepared in triplicate,
with one batch per day over three consecutive days, each batch represent-
ing an independent experimental unit. Ingredients were weighed using
a precision scales (model XE PLUS-600R, CAS Corporation, China).

2.2. Technological process

The dry phase (flour, starch, salt, sugar, yeast, hydrocolloids, baking
powder) and the liquid phase (water, sour cream, vegetable purée) were
homogenized separately, then combined and mixed for 2.0 min at speed 3
(medium) using an Electrolux Speedy Mixer (model SPEEDY250, 0.25 kW,
Electrolux, Italy), maintaining a total solids-to-water ratio of 1:0.85. The
final dough (batter) temperature was 27.0£1.0°C.

The resulting batter (approximately 450 g per loaf) was poured
into non-stick metal loaf pans (internal dimensions 20x 10X 8 cm;
length x width x height) to rest for 15-20 minutes at 20-22°C (bench
rest/pre-fermentation). The main fermentation was carried out for 70—
80 minutes (until visible volume increased by approximately 80-90 %) in
a UNOX Rossela TM proofer (XF193-B, UNOX S.p.A., Italy) at 30-35°C
and 70-85 % relative humidity.

Baking was performed in a UNOX Rossela convection oven (model
XFT193, UNOX S.p.A., Italy) in two stages: 30 minutes at 175°C fol-
lowed by 30 minutes at 180 °C, without steam injection. The loaves were
considered fully baked when the internal crumb temperature reached
96.0£1.0°C, then the loaves were cooled on the racks to 23-25°C (ap-
proximately 90 minutes) before analytical and sensory measurements.

2.3. Instrumental analysis

Texture (TPA). Crumb texture profile analysis was performed us-
ing a TA.HD Plus C texture analyser (Stable Micro Systems, UK). Crumb
cubes (20 x 20 X 20 mm), taken from the central area of three independent
loaves (three cubes per loaf), were tested at 23+ 1°C (n=9). Each sample
underwent double compression to 50% deformation using a cylindri-
cal probe P/36R (@ 36 mm), with a test speed of 1 mmy/s for all phases
(pre-test, test, and post-test). The following parameters were obtained
from the force-time curves: hardness, adhesiveness, springiness, gum-
miness, and chewiness. Cohesiveness was used only as an intermediate
factor in these calculations and therefore is not tabulated. Measurements
were performed at 6£0.5 h (day 1, after complete cooling) and 24+0.5 h
(day 2) after baking. Results are presented as mean*standard deviation.

Colour (CIELab). The L*, a*, and b* parameters of the crumb were re-
corded using a CR-400 colorimeter (Konica Minolta, Japan), with D65 il-
luminant and 8 mm aperture. The instrument was calibrated before each
session using the manufacturer-supplied white calibration plate (BC-10).
Two 10-mm crumb slices were taken from each of three independent
loaves (3 x 2), giving n=6 colour readings per formulation per time point.
The total colour difference between day 1 and day 2 was calculated fol-
lowing the standard ISO 11664-4:2019 [23]:

aEy, = (o + (e + (a0, 0

where AL*, Aa®, and Ab* are the differences between the corresponding mean
values at the two time points. Perceptibility thresholds adopted for AE*ab
were: <1 imperceptible; 1-3.5 slightly perceptible; 3.5-6 clearly visible;
>6 highly noticeable.

2.4. Sensory analysis

Quantitative Descriptive Analysis (QDA). Descriptive evaluation was
conducted in accordance with the standard ISO 13299:2016 [24]. Test-
ing booths, lighting conditions (D65, 1000 Ix), and serving procedures
complied with ISO 8589:2007 [25]. The panel consisted of 12 trained as-
sessors (6 women, 6 men; aged 20-50), selected based on triangle tests
(selection threshold >80 % correct identifications) and repeatability veri-
fication (non-significant within-one-assessor variance, p >0.05). Training
was carried out in four 90-minute sessions using reference samples to
define three texture attributes: bite firmness, springiness, and chewiness.
The intensity of each attribute was rated using an 11-point category scale
(0="very low”, 10="“very high”) with discrete integer scores and anchored
descriptors at 0, 5, 10.

Cubic crumb samples (20 x 20 x 20 mm) were presented in randomized
monadic order, coded with three-digit numbers, at 23%1°C under D65
lighting (1000 1x). Each sample was evaluated at two time points (6=0.5 h
and 24+0.5 h post-baking; day 1 and day 2) to assess early texture evo-
lution (one evaluation per an assessor per formulation per time point;
n=12 replicates per formulation per time point). Water and unsalted
crackers were provided as palate cleansers; a 60-90 s interval was intro-
duced between trying the samples.

Hedonic consumer test. Acceptability was assessed in accordance with
ISO 11136:2020 [26,27].The study involved 100 untrained consumers
(38 following a gluten-free diet for >6 months and 62 without dietary
restrictions), aged 20-60 years, recruited voluntarily based on written
informed consent, with the possibility to withdraw at any time. Samples
(25 g slices, coded with three-digit numbers) were served at 23+1°C in
individual booths. Each participant received five samples per session,
presented in a Williams Latin balanced design using an incomplete bal-
anced block plan across two sessions (day 1 and day 2). Appearance, oral
texture, taste, and overall acceptability were rated on a 9-point hedonic
scale (1=dislike extremely; 9=1like extremely).

The study was approved by the Ethics Committee of the Technical
University of Moldova. The study protocol complied with the Declaration
of Helsinki and received ethics clearance as stated in the Institutional
Review Board Statement.

2.5. Statistical data analysis

Raw data sets were verified and recorded in Microsoft Excel 365 (Mi-
crosoft Corporation, Redmond, WA, USA), and then statistically analyzed
using GraphPad Prism 10.5 (GraphPad Software LLC, San Diego, CA, USA).
For each instrumental and sensory variable, the mean and standard devia-
tion (mean*SD) were calculated; the significance level was set at a=0.05
(two-tailed criterium). Normality of residuals was checked by Shapiro-
Wilk test and homogeneity of variances by Levene’s test; where assump-
tions were not violated, parametric tests were retained. Instrumental tex-
ture and colour data were evaluated using two-way ANOVA with factors
“Formulation” (9 levels) and “Time” (day 1 vs day 2) plus their interac-
tion. QDA attributes (bite firmness, springiness, chewiness) were analyzed
similarly. Hedonic attributes were analyzed by two-way ANOVA. Planned
polynomial contrasts (linear, quadratic) were applied to graded purée lev-
els (15-25-35%). Correlations between textural, chromatic, and sensory
parameters were estimated using Pearson’s correlation coefficient; the re-
sulting matrices were represented as heatmaps (non-significant cells were
left uncoloured, p >0.05). Integration of instrumental and sensory variables
was performed by Principal Component Analysis (PCA) on standardized
data (mean=0, SD=1). The first two principal components explained 73 %
of the total variance on day 1 and 67 % on day 2, consistent with the results
reported. Loadings with absolute value >0.60 were considered salient.

Results

3.1. Texture indices

Two-way ANOVA revealed significant main effects of formulation
and storage time factors, as well as a significant formulation x storage
time factors interaction, for hardness, adhesiveness, gumminess, and
chewiness (p<0.0001 for all). At 6 h post-baking (day 1), crumb hardness
ranged from 578.9+3.1 g in the wheat-based reference sample (WB) to
1,487.0£2.5 g in the S-GFB+SN (25 %) formulation. Among gluten-free
(GF) samples, the S-GFB+S0 (35 %) variant exhibited the lowest hard-
ness (608.9%2.6 g), although it remained significantly higher than WB
(p<0.05). Relative to WB, hardness was approximately 144 % higher in the
sorghum control sample (S-GFB) and 157 % higher in S-GFB+SN (25 %).
Gumminess and chewiness followed the same general pattern as hard-
ness, with the highest values consistently observed for S-GFB +SN (25 %),
whereas the lowest values were recorded for WB or S-GFB+SO (35 %), de-
pending on the additive and storage time (Table 2).

After 24 h of storage (day 2), hardness increased in all samples, with abso-
lute increases ranging from 488.0 g in WB to 1,129.5 g in S-GFB+SN (25%).
The relative ranking of formulations remained unchanged, with S-GFB+SN
(25 %) remaining the firmest and S-GFB+SO (35 %) as the softest GF variant.
On the day 2, S-GFB+S0 (35 %) showed a hardness of 1,098.1+3.6 g, corre-
sponding to approximately 56 % lower hardness than the sorghum control
sample. Gumminess and chewiness also increased after storage and largely
mirrored the hardness pattern across formulations, being consistent with
progressive crumb firming during post-baking storage.

3.2. Color parameters

Two-way ANOVA revealed significant main effects of formulation and
storage time, as well as a significant formulation X storage time interac-
tion, for crumb L*, a*, and b* coordinates (p<0.0001 for all effects, except
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Table 2. Instrumental Texture Profile Analysis (TPA) of control and gluten-free breads fortified with S. nigra or S. oleracea purée
(hardness, adhesiveness, gumminess, chewiness at 6 h (Day 1) and 24 h (Day 2) post-baking)
Ta6nuia 2. UHCTpyMeHTa/IbHbI aHammn3 npodwis KoHcucreHuun (TPA) KOHTpoIbHOrO 06pasna x/1eda v 6e3rII0TEeHOBOro Xj1e6a, 060ralleHHOrOo mope
u3 S. nigra i S. oleracea (4epcTBOCTD, JIMIIKOCTH, KII€MKOCTb, Pa3)XKEBHIBAEMOCTb Yepe3 6 yacoB (geHsb 1) u 24 yaca (meHb 2) 1oc/Ie BhIIIEYKN)

Sample Hardness (g) Hardness (g§) Adhesiveness Adhesiveness Gumminess Gumminess Chewiness (g) Chewiness (g)
P Day 1 Day 2 (g's) Day 1 (g-s) Day 2 (g) Day 1 (g) Day 2 Day 1 Day 2

WB 578.9+3.1% 1066.9+4.1% -507.6+4.0°  -1143.0%5.0° 303.3+2.8° 643.3£4.7° 345.9+3.0° 600.6%5.0°
S-GFB 1410.9+2.1"  2480.0£5.0"  -1089.0+3.0" -2751.1+5.4' 559.4+4.6° 961.6+5.98 724.8+4.8% 867.0%5.3
S-GFB+CS 797.6%4.9° 1435.7%4.3 -724.8%3.9°  -1292.0%4.6' 427.5%4.1° 832.7%4.5 470.4%3.8° 832.7+4.5°
S-GFB+SN15 741.1+4.5¢ 1339.0+4.1¢ -735.5£3.60  -1205.0+4.89  422.7%3.3° 776.6%4.3¢ 425.9%2.9° 776.6+4.3¢
S-GFB+SN25 1487.0£2.5! 2616.5+2.5  -1338.0£3.4  -2643.0£3.1"  862.5%4.2¢ 1918.0+3.6! 862.5+4.2" 1766.0+3.8"
S-GFB+SN35 730.0%2.5¢ 1281.5+2.5¢ -657.0%4.1°  -1067.2+3.9% 423.4+4.0° 717.6%4.1¢ 423.4+4.0° 597.4+3.9°
S-GFB+S015 984.0%2.2¢ 1771.0£3.18  -885.624.0°  —1594.0%4.45  570.7+4.3 1027.0%4.6" 570.7+4.3f 1027.0+4.68
S-GFB+S025 774.0+2.6° 1393.0£2.9°  -696.624.2¢  -1254.3+4.2°  448.9+4.0¢ 807.9%4.1° 448.9+4.04 807.9%4.1¢
S-GFB+S035 608.9%2.6° 1098.1£3.6° -537.524.1>  -1161.2%4.8° 378.3£3.7° 539.1+4.4% 333.9+3.52 570.0+4.4%

Legend: WB=wheat-based bread (reference sample); S-GFB=sorghum-based gluten-free bread; CS=corn starch; SN=S8. nigra purée; SO=S. oleracea purée; 15, 25,

35=purée inclusion level (% flour basis).

Note: Values are mean*SD (n=9; 3 loaves X 3 central crumb cubes). For each textural parameter, means within the same column bearing different superscript let-
ters differ significantly among formulations at p<0.05 according to Tukey’s multiple-comparisons test following two-way ANOVA. Negative adhesiveness values

denote detachment work.

storage time for b*, p=0.0004). At 6 h post-baking (day 1), crumb light-
ness (L*) ranged from 33.87+0.13 for S-GFB+SN (25 %) to 78.00+0.14 for
S-GFB +CS, compared with 64.96+0.14 for WB and 75.32+0.33 for S-GFB
(Table 3).

The addition of elderberry purée decreased L* values and shifted a*
coordinates toward positive values (red-violet hues), whereas spinach
purée increased b* values (yellow tones) and shifted a* toward more
negative values (greenish hues). On the day 1, all formulations differed
significantly in L*. For a*, S-GFB and S-GFB+CS were statistically com-
parable, whereas for b*, S-GFB+SN (25 %) and S-GFB+SN (35 %) did not
differ significantly.

After 24 h of storage (day 2), formulation-dependent changes were ob-
served in crumb colour coordinates and total color difference. WB showed
the highest increase in lightness (AL*=8.07+0.26) and the largest total
color difference (AEab=8.32%0.10), indicating a highly noticeable crumb
color change during storage. In contrast, S-GFB presented a slight de-
crease in lightness (AL=-1.50+0.22) and a much smaller total colour
difference (AEab=2.22+0.18). Among elderberry-enriched bread vari-
ants, the largest variation occurred in S-GFB+SN (25 %) (AL=6.13+0.28;
AEab=6.45%+0.17), whereas S-GFB+SN (35%) showed the greatest
colour stability (AEab=0.50+0.33). Spinach-enriched bread formula-
tions showed lower total colour differences, with AEab values ranging
from 1.22 to 3.17, corresponding to slightly perceptible changes. On the
day 2, all formulations continued to differ significantly in L. For a*, WB
and S-GFB+CS were statistically comparable, whereas for b*, S-GFB + SN
(25%) and S-GFB+SN (35%) again did not differ significantly. Overall,
storage induced formulation-dependent changes in crumb colour. Com-
pared with WB and S-GFB+SN (25 %), spinach-containing breads gener-
ally exhibited lower total colour differences during storage, although the
highest colour stability was observed for S-GFB+ SN (35 %).

3.3. Quantitative Descriptive Analysis (QDA)

On the day 1, bite firmness scores ranged from 4.30+0.45 in S-GFB +
+ SN (35%) and S-GFB+SO (15%) to 5.80%£0.50 in S-GFB+SO (35 %).
Springiness values ranged from 5.30£0.45 to 5.90£0.55, whereas chewi-
ness ranged from 5.00+0.50 in WB and S-GFB+SO (25 %) to 6.10£0.65 in
S-GFB+SN (35 %) (Table 4).

Tukey’s post hoc test showed partial overlapping among formulations
for all three sensory descriptors. On the day 1, S-GFB+SO0 (35 %) had the
highest bite firmness score, whereas S-GFB+SN (35%) and S-GFB+SO
(15 %) showed the lowest values. For springiness, the highest values were
observed in S-GFB+SN (15 %) and S-GFB + SN (25 %), whereas S-GFB +SO
(15 %) showed the lowest score. For sensory chewiness, S-GFB+SN (35 %)
showed the highest score, whereas WB and S-GFB + SO (25 %) were among
the lowest-rated samples.

At the day 2, bite firmness increased across all samples by approxi-
mately 1.4 to 2.3 units, whereas springiness remained relatively stable
or decreased slightly depending on formulation. The highest bite firm-
ness scores were observed in S-GFB+SO (35%), S-GFB+SN (25%), and
S-GFB, whereas S-GFB+SN (35%) remained the lowest. S-GFB+CS re-
tained the highest springiness score, while S-GFB+SO (35%) showed
the lowest value. Sensory chewiness increased in all formulations, with
S-GFB+S0 (35 %) reaching the highest score, whereas S-GFB+SN (35 %)
and S-GFB+SO0 (25 %) remained among the lowest-scoring samples.

Although S-GFB+SO0 (35 %) was instrumentally the softest gluten-free
formulation, its bite firmness score was relatively high, indicating that in-
strumental and sensory texture were not fully superimposable. This dis-
crepancy suggests that oral texture perception was influenced not only
by crumb mechanical resistance, but also by structural and mouthfeel-
related attributes captured differently by instrumental and sensory mea-
surements.

Table 3. CIELAB crumb color parameters at 6 h (Day 1) and 24 h (Day 2) and total color difference (AE*ab)
in control and gluten-free breads fortified with S. nigra or S. oleracea purée
Ta6auua 3. HapameprI 1BeTa xJieGHoro Msakuia mo mxane usera CIELAB uepe3 6 yacoB (geHb 1) 1 24 yaca (oeHb 2), a TaKKe 001as
pasHuia B uBete (AE ab) B KOHTpOIBLHOM 0Gpasiie xine6a u 6e3rII0TeHOBOM x/1e6e, 060oranieHHOM miope us S. nigra wiu S. oleracea

Sample L*D1 a* D1 b* D1 L*D2 a* D2 b* D2 AL* Ad* Ab* AE*ab

WB 64.96%0.14° -1.71+0.48% 17.88+0.37° 73.03+0.35' -1.77£0.21¢ 19.90+0.32' 8.07£0.26 -0.06%0.18 2.02+0.23 8.32%0.10
S-GFB 75.32+0.33" -0.80£0.44° 15.68+0.39° 73.82+0.31%8 -0.73%0.34° 17.31+0.45° -1.50+0.22 0.07+0.31 1.63*0.16 2.22+0.18
S-GFB+CS  78.00£0.14' -1.00£0.30° 14.00£0.49% 76.21£0.38" -2.02%£0.17% 15.09£0.19 -1.79+0.48 -1.02%0.12 1.09%0.34 2.33+0.38
S-GFB+SN15 45.00£0.40° 11.00+0.48" 7.00£0.18° 47.80+0.20° 11.31+0.327 7.69+0.48° 2.80+0.47 0.31%0.36 0.69+0.22 2.90+0.21
S-GFB+SN25  33.87+0.13° 14.81£0.16" 5.14+0.42* 40.00%£0.26° 13.00£0.22¢ 6.00£0.26* 6.13+0.28 -1.81%0.16 0.86%0.18 6.45%0.17
S-GFB+SN35  37.51%0.16° 13.90+0.43% 5.47+0.42° 38.00£0.10° 14.00£0.21" 5.50+0.25" 0.49%0.15 0.10£0.15 0.03£0.26 0.50%0.33
S-GFB+SO15  70.00£0.18% -3.00£0.19° 25.00%0.218 71.00£0.27° -2.80+0.33° 22.00+0.26°5 1.00+0.41 0.20£0.42 -3.00%0.29 3.17%0.19
S-GFB+S025  68.00+0.32f -4.50+0.10° 28.00:0.41" 69.00£0.49 -4.80+0.23° 27.00£0.40" 1.00£0.44 -0.30%0.11 -1.00£0.15 1.45%0.12
S-GFB+S035  66.57+0.40° -6.07£0.19° 31.56£0.20' 67.74%0.14° -6.42£0.49° 31.53+0.44' 1.17£0.33 -0.35%0.36 -0.03£0.35 1.22%0.39

Legend: WB=wheat-based bread (reference sample); S-GFB=sorghum-based gluten-free bread; S-GFB+CS=sorghum GF bread with added corn starch;
SN15/SN25/SN35=S-GFB with 15/25/35 % S. nigra purée; SO15/S025/S035=S-GFB with 15/25/35 % S. oleracea purée (percentages on flour basis).

Note: Values are mean*SD (n=6 colour readings per formulation per time point; 3 loaves x 2 slices). For L*, a*, and b* coordinates, means within the same column
bearing different superscript letters differ significantly among formulations at p<0.05 according to Tukey’s multiple-comparisons test following two-way ANOVA.
AL*, Aa*, Ab*, and AE*ab denote day 2 — day 1 differences. Perceptibility thresholds (AE*ab): <1 imperceptible; 1-3.5 slightly perceptible; 3.5-6 clearly visible;

>6 highly noticeable.



Siminiuc R. et al. | FOOD SYSTEMS | Volume 9 No 1 | 2026 | pp. 98-105

Table 4. Quantitative Descriptive Analysis (QDA) texture attributes for the bread samples
Tab6nuiia 4. KommuecTBeHHbIN onucaTenbHblil ananns (KOA) mapameTpoB KOHCUCTEHIMM 06pasIoB xjie6a

Sample Bite firmness Day 1 Bite firmness Day 2 Springiness Day1 Springiness Day2  Chewiness Day 1 Chewiness Day 2
WB 4.50%0.30% 6.80+0.60° 5.60+0.55% 4.90%0.40 5.00+0.50% 7.10£0.70%
S-GFB 5.40+0.45" 7.30£0.65° 5.80+0.50* 5.10+0.45° 5.40+0.55%¢ 7.90£0.65"
S-GFB+CS 4.70%0.55%¢ 6.40+0.55° 5.70+0.45% 5.80+0.55° 5.10+0.70% 7.30£0.60%
S-GFB+SN 15% 4.80%0.40 6.20+0.50¢ 5.90+0.50° 4.70%0.45" 5.60+0.65" 7.80+0.60"
S-GFB+SN 25% 5.20+0.50" 7.40£0.65° 5.90£0.55° 4.70%0.65" 5.70+0.55° 7.90+0.60°
S-GFB+SN 35% 4.30%0.45¢ 5.90+0.55¢ 5.50+0.60% 4.80%0.45% 6.10+0.65¢ 6.90£0.60°
S-GFB+S0 15% 4.30%0.50° 6.00+0.60¢ 5.30+0.45" 4.90%0.45" 5.40+0.55%° 7.40+0.55%
S-GFB+S0 25% 4.50%0.55% 6.10£0.55% 5.70+0.50% 5.10+0.50" 5.00£0.60° 7.00£0.65°
S-GFB+S0 35% 5.80+0.50° 7.60£0.70° 5.40+0.55% 4.60£0.50° 5.60%0.60" 8.20%0.65°

Legend: WB=wheat-based bread (reference sample); S-GFB=sorghum-based gluten-free bread; CS =corn starch; SN=S. nigra purée; SO=S. oleracea purée; numer-

als (15, 25, 35)=% purée (flour basis).

Note: Values are mean+SD (n=12; one evaluation per assessor per formulation per time point). Within each column and for each sensory attribute, means bearing
different superscript letters differ significantly among formulations at p<0.05 according to Tukey’s multiple-comparisons test following two-way ANOVA.

3.4. Hedonic test — overall acceptability

Two-way ANOVA revealed significant effects of formulation, stor-
age time, and formulation X time factors interaction on overall hedonic
acceptability (p=0.0007 for interaction; p<0.0001 for formulation and
time). On the day 1, all gluten-free breads achieved mean scores > 7.0,
comparable to or slightly higher than the wheat control (WB: 6.70£0.70).
The highest scores were observed in S-GFB+SN (15%) (7.40£0.70) and
S-GFB+SN (35 %) (7.50+0.72), whereas WB remained among the lowest-
rated samples. Although numerical differences among formulations did
not exceed 0.80 points, Tukey’s test indicated significant differences be-
tween selected pairs of the samples (Table 5).

Table 5. Overall hedonic acceptability of the bread samples
(9-point scale: 1=dislike extremely; 9=like extremely).
Values are meanSD (n=100 consumer)

Ta6nuua 5. O61as reJOHUCTUYECKas IPUEeMIEMOCTh 06pa3IioB xjieba
(110 9-6a/IBHOI 1IKaJIe, rae: 1=KpaiiHe He HPAaBUTCS; 9 = KpaiiHe HPaBUTCS).
3HayeHNs NpeACTaBIeHbl KaK CpeiHee * cTaHJapTHOe OTK/IOHEHNe
(n=100 moTpe6uTesneit)

Sample Day 1 Day 2
WB 6.70£0.70 5.90+0.80°%
S-GFB 7.00%0.75%° 6.200.85%
S-GFB+CS 7.10%0.78" 6.10+0.88%
S-GFB+SN 15% 7.40%0.70° 6.00£0.90°
S-GFB+SN 25% 7.20%0.74" 6.20+0.88%
S-GFB+SN 35% 7.50%0.72° 6.80+0.85°
S-GFB+S0 15% 7.20%0.76™ 6.40%0.88"
S-GFB+S0 25% 7.30%0.75" 6.50£0.90"
S-GFB+S0 35% 7.10£0.79" 6.30£0.92°

Legend: WB=wheat-based bread (reference sample); S-GFB=sorghum-based
gluten-free bread; CS=corn starch; SN=S. nigra purée; SO=S. oleracea purée;
numerals (15, 25, 35)=% purée (flour basis).

Note: Values are mean +SD (n= 100 individual ratings per sample per day). With-
in each column, means bearing different superscript letters differ significantly
among formulations at p<0.05 according to Tukey’s multiple-comparisons test
following two-way ANOVA. Hedonic scores were recorded on a 9-point scale
(1=dislike extremely; 9 =like extremely).

On the day 2, overall acceptability decreased in all samples by 0.70 to
1.40 points. The smallest reduction was recorded for S-GFB+SN (35 %)
(final score 6.80+0.85), which remained the highest-rated variant, where-
as WB showed the lowest value (5.90+0.80). Despite this decline, all glu-
ten-free formulations retained scores at or above 6.0, remaining within
the acceptable hedonic range.

3.5. Correlation between instrumental parameters

and sensory perception

Day 1. Pearson correlation coefficients (formulation means, n=9) in-
dicated a compact instrumental texture cluster: hardness, gumminess,
and instrumental chewiness were strongly inter-correlated (r=0.90-0.99,
p £0.001), while adhesiveness correlated inversely with these parameters
(r=-0.96 to -0.99, p<0.001). Bite firmness (QDA) showed a weak, non-
significant association with hardness (r=0.31, p>0.05). Overall accept-
ability showed a non-significant trend with chewiness (QDA) (r=0.63,
p=0.07) and no association with springiness (r=0.06, p>0.05). Only the
high inter-correlations within instrumental parameters and their inverse
relation with adhesiveness were statistically robust (Figure 1).
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Figure 1. Pearson correlation matrix of instrumental texture,
crumb colour, sensory texture attributes, and overall
acceptability of bread samples on the day 1
Legend: Pearson correlation matrix of instrumental texture parameters
(hardness, adhesiveness, gumminess, instrumental chewiness), crumb color
coordinates (L*, a*, b*), sensory texture attributes [bite firmness, springiness,
and chewiness assessed by Quantitative Descriptive Analysis (QDA)], and overall
hedonic acceptability of bread samples on the day 1. Cell values represent
Pearson correlation coefficients (r) calculated using formulation means (n=9).
Blue indicates positive correlations and red indicates negative correlations;
color intensity is proportional to the absolute value of the correlation coefficient
(Ir]). White cells denote non-significant correlations (p >0.05)

Pucynoxk 1. MaTrpuna koppeasinuii IIupcoHa MHCTpyMeHTaIbHO
U3MEPEHHBbIX XapaKTePUCTUK KOHCUCTEHIIUH, [IB€Ta MSIKH/IIIA,
OPraHoOJICNITUYECKUX XapaKTePUCTUK KOHCUCTEHUIIN xneGa n onei’(
npuemiIeMocTy 06pasuoB xye6a B 1-it JeHb

Day 2. After 24 h, the instrumental texture cluster persisted, with
gumminess and instrumental chewiness remaining extremely inter-
correlated (r=0.99), while hardness retained a strong but attenuated as-
sociation with gumminess and instrumental chewiness (r=0.81-0.84).
Adhesiveness continued to correlate inversely very strongly with hard-
ness (r=-0.98), though its inverse links to gumminess and instrumental
chewiness weakened (r=-0.73 to —-0.76). Bite firmness (QDA) showed
only a weak, non-significant correlation with hardness (r=0.39), indi-
cating that storage did not increase alignment between perceived and
instrumental firmness. Overall acceptability showed weak, non-signif-
icant negative associations with bite firmness and chewiness (QDA)
(r=-0.41 to -0.43). This pattern may indicate a tendency toward bet-
ter acceptance of formulations retaining lower perceived firmness and
chewiness after 24 h, but the associations were not statistically sig-
nificant. Correlations with colour coordinates remained weak or absent
(Figure 2).

PCA. On Day 1, PC1 (48 %) represented a firmness-adhesiveness axis
(positive loadings >0.60 for hardness, gumminess, instrumental chewi-
ness, bite firmness (QDA); strong negative for adhesiveness), while PC2
(25 %) was mainly associated with variation in a*, overall acceptability,
and springiness (QDA) (Figure 3a).
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Figure 2. Pearson correlation matrix of instrumental texture,
crumb colour, sensory texture attributes, and overall
acceptability of bread samples on the day 2
Legend: Pearson correlation matrix of instrumental texture parameters
(hardness, adhesiveness, gumminess, instrumental chewiness), crumb color
coordinates (L*, a*, b*), sensory texture attributes [bite firmness, springiness,
and chewiness assessed by Quantitative Descriptive Analysis (QDA)], and overall
hedonic acceptability of bread samples on the day 2. Cell values represent
Pearson correlation coefficients (r) calculated using formulation means (n=9).
Blue indicates positive correlations and red indicates negative correlations;
color intensity is proportional to the absolute value of the correlation coefficient
(I7]). White cells denote non-significant correlations (p >0.05).
PucyHok 2. MaTtpuna koppeasinuii IInpcoHa MHCTPpYMeHTaIbHO
V3MEPEHHBbIX XapaKTePUCTUK KOHCUCTEHIUH, [IB€Ta MIKH/IIA,
OpPraHoOJICIITUYECKUX XapaKTePUCTUK KOHCUCTEHUIIN xne6a n 061ue1‘/'[
npuemMmIeMocTi 06pasoB xi1e6a Bo 2-ii IeHb

On the day 2, the first two components explained 67 % of variance
(PC1=41%, PC2=26%). PC1 remained dominated by the instrumental
axis (gumminess and instrumental chewiness highest; hardness moder-
ate; adhesiveness negative), with bite firmness (QDA) loading modestly,
indicating limited convergence of instrumental and perceived firmness
after storage. PC2 captured residual sensory-color variation; overall ac-
ceptability was positioned away from the high-chewiness/high-firmness
region, in line with its weak negative associations with sensory firmness
and chewiness (Figure 3b).

4. Discussions

This study shows that the partial replacement of the solid phase
in sorghum-based gluten-free bread with fresh integral S. nigra and
S. oleracea purées enables the simultaneous achievement of clear chro-
matic differentiation and the maintenance of consumer acceptability af-
ter 24 h in the gluten-free bread formulations. The principal contribution
lies in demonstrating that minimally processed, unpasteurised plant pu-
rées can act as multifunctional clean-label ingredients while modulating
instrumental texture in a formulation-dependent manner [11,28].

4.1. Texture and color: Integrated interpretation

The strong clustering of instrumental parameters (hardness, gummi-
ness, chewiness) and their inverse correlation with adhesiveness confirms
the mechanical interdependence already reported in other hydrocolloid-
rich gluten-free matrices [3]. The inclusion of purées did not disrupt this
structure; rather, it modulated the magnitude of textural responses in
a formulation-dependent manner, with several purée-containing breads
showing reduced firmness relative to the entirely sorghum control sam-
ple. This attenuation is consistent with mechanisms previously reported
for vegetable or fibre ingredients, namely water retention mediated by
dietary fibre and partial dilution of the starch-protein fraction [7,29].

From a chromatic perspective, S. nigra shifted the crumb towards posi-
tive a* coordinates (red-violet hues), while S. oleracea induced shifts to-
wards more negative a* and higher b* values (green-yellow tones), thus
generating two distinct visual identities without deterioration of hedonic
scores [7,29].The relatively low AE" values observed in spinach variants
suggest greater short-term pigment stability, whereas the marked in-
crease in lightness observed in the WB control and in S-GFB+SN (25 %)
indicates more pronounced colour evolution during storage. Such chang-
es likely reflect moisture redistribution and starch realignment processes,
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Figure 3. PCA biplots of instrumental, sensory, colour,
andhedonic variables
Legend: (a) Day 1; (b) Day 2. Arrows indicate variable loadings and points
indicate the scores of the nine bread formulations. Variables included
instrumental texture parameters, sensory QDA attributes, crumb colour
coordinates (L*, a*, b*), and overall hedonic acceptability. Variance explained by
PC1/PC2 was 48 %/25 % for the day 1 and 41 %/26 % for the day 2.
PryicyHOK 3. JIBOJiHBIE JMarpaMMbl llepeMEeHHBIX MHCTPYMEHTAIbHBIX,
OPraHoJIENITUYECKUX, LIBETOBBIX U re JOHUCTUYECKUX 3HaAYeHMUI aHaIu3a
OCHOBHOTO0 KomMnoHeHTa (PCA)

which phenomena are described in early staling studies of gluten-free
and composite breads [7,30]

4.2. Correlation with sensory perception and acceptability

The weak correspondence between perceived bite firmness and instru-
mental resistance parameters indicates that oral perception of structure
is influenced by additional factors not fully captured by TPA, such as pore
distribution, local moisture, bolus formation, and hydrocolloid-water
interactions. This pattern is consistent with previous findings in gluten-
free breads [31].

Overall acceptability scores remained high on the day 1 and decreased
moderately after 24 h, a trend consistent with early staling mechanisms
involving moisture redistribution and starch retrogradation. Despite the
increase in instrumental firmness during storage, consumer ratings for all
gluten-free formulations remained at or above the acceptance threshold,
suggesting that these early texture changes were not sufficient to impair
liking within the evaluated time frame. Among the formulations, the 35 %
elderberry-enriched bread variant combined pronounced visual differenti-
ation with the highest hedonic score after 24 h, indicating good short-term
consumer liking retention. In contrast, spinach purée-enriched bread con-
tributed to colour diversification with only limited reductions in acceptabil-
ity, suggesting that consumers tolerated natural chromatic shifts as long as
overall sensory quality remained within an acceptable range [21,32].

4.3. Limitations and future directions

This study has several limitations. First, the temporal window was re-
stricted to 24 h, which does not cover the full staling kinetics of gluten-
free bread [30]. Second, the correlation analysis was based on a limited
number of formulation means (n=9), thus reducing statistical power and
requiring cautious interpretation of moderate coefficients [33]. Third,
no rheological or microstructural data (e.g., dynamic oscillatory tests,
imaging) were collected, and no water-state analyses (DSC or low-field
NMR) were performed, so the proposed mechanisms remain inferential
only [34,35]. Fourth, the use of unpasteurised purées did not allow assess-
ment of microbiological stability or long-term pigment retention [36,37].
Finally, post-baking nutritional parameters, such as dietary fibre content
and residual anthocyanins or carotenoids, were not measured [38].

Future studies should extend the observation period beyond 24 h,
ideally to 48—-72 h, to track firmness and color dynamics trajectories to-
gether with starch retrogradation kinetics [30,39]. Additional analyses
should include rheology and quantitative imaging (X-ray micro-CT, SEM,
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digital image analysis) to better relate crumb microstructure to textural
evolution [34,35], as well as DSC and low-field NMR to assess water re-
distribution. Chromatographic monitoring (HPLC-DAD, LC-MS) of an-
thocyanins, chlorophylls, and carotenoids would further clarify pigment
stability [36,38]. Moreover, validation using a dedicated celiac consumer
panel, alongside a general consumer cohort, would strengthen the trans-
lational relevance of the sensory findings [31,40].

5. Conclusion

Fresh whole S. nigra and S. oleracea purées added to the recipes
demonstrated potential as multifunctional clean-label ingredients in
sorghum-based gluten-free bread. Their inclusion provided clear bidi-
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BJIMAHUE ITPUPOABI CTABNJIN3ATOPA 1 BPEMEHMU
KOHOEHTPUPOBAHUSA HA XPAHEHUE CBEKOJIBHOI'O COKA

Kyauuos P. E.!' * Kpemenesckas M. 1.1, Cutuukosa B. E.!, ®emopos A. B.12

l'Yuusepcurer U'TMO, Caukr-Iletep6ypr, Poccus
2BcepoccuiicKuii HayqHO-MCCIe[0BAaTeIbCKUIT MHCTUTYT kupoB, CaHKkT-IleTep6ypr, Poccus

OTKPBITBIN JOCTYN

K/IIOYEBBIE CIOBA: AHHOTAL A

COK CB€EKbl, VunuTthiBas BO3POCILMIi MHTEPEC K IIPUPOIHBIM CBEKOJbHBIM 6eTasanHaM, OCTPO CTOUT BOIIPOC O ITPOMU3BOMACTBE IIPUPOISHBIX
KOHYeHmpam, MIMTMEHTOB 3TOro Kiaacca. [IpMMeHeHne KOHIEHTPATOB, BhIpadaThiBaeMbIX 13 COKa KOPHEIIOLOB CTOMIOBOM CBEK/IbI, BOCTpe-
cmabuauzamop, 60BaHO B MUILEBOI, hapMaleBTMUECKOI M MEOUIIMHCKOM OTpacisax. 3afaHHble OTPAcIeBbIM IOTPeOUTEIEM CBOCTBA P/ -
6emauH, 0JIaraioT MOyueHre CTabUIbHOM CUCTEMBI B IIPOIIECCe IIUTEIbHOTO XpaHeHMs C COXpaHeHeM OGeTaHMHa, 06/1aqarolero
HamypanvHolli AHTMOKCHUIAHTHOM aKTUBHOCTbIO. M3yvanyu cTrabuimnsupyole CBOMCTBa JMMOHHOM Kucaotsl (0,5%) M cMecu JIMMOHHOM
Kpacumeno, (0,25 %) u ackop6mHOBOi1 (0,25 %) KMCJIOT Ha ONITUYECKME CBOCTBA CBEKOIBHOTO COKa copTa «Bopao-237» B mpolieccax KOH-

HUK-cnekmpockonus LIEHTPUPOBAHMS U TOCIEeNYIOIero XpaHeHust npu remmneparype 4+0,5°C MmeTogamMmy XMMMUUYECKOTO aHaAIM3a, EKTPOHHOMN
u ®ypbe-MK-cnekrpockonuu. OnpezeneHo BAMSHME TPUPOII CTAGMIN3UPYIOMINX areHTOB Ha KWHETUKY M3MeHeHUI cofep-
sKaHMsI 6eTaHMHA U COCTaB GeIKOBO-YIVIEBOSHBIX KOMIIOHEHTOB B ITPOLIECCe KOHIIEHTPUPOBAHYS CBEKOIBHOTO COKA. YCTAHOB-
JIEHO, YTO MPUPOZA CTa6MIN3aTOPa MPU HE3HAUUTETbHOM M3MeHeHUM pH CBEKOJIbHOTO COKa B MPOIecce KOHIEHTPUPOBAHMS,
OKa3bIBaeT CTAabMIM3MpYIOIIee AeiicTBMe HA GeTaHMH. YBeMYEeHMEe ero COepsKaHysl M0 OTHOIIEHUIO K 06pasiy 6e3 cTabu-
nusaropa (0,20 %) mocturaet 0,39 % B 06pasiie coka ¢ IMMOHHO Kuciotoit u 0,35 % B ob6pasije coka, CTabMIN3UPOBAHHOTO
JIMMOHHOJ 1 aCKOPGMHOBO# KMCIOTaMM. BBeieHMe IMMOHHOM KMCIOThI 3aMETHO M3MEHSIJIO KMHETUKY KOHILIEHTPUPOBaHMS.
Ipu cMelleHMM MaKCMMyMa IoIockl 540 HM B MOJIOKeHMe 535 HM CHIMKaIach BhIPaXKeHHOCTb M0I0Chl 490 HM 1 60IbIle MIPo-
SIBJISIIAcCh cy1abast 10 MHTEHCUBHOCTY Tooca 455 Hm. OmpeziesieHo, uTo Aerpaganyst 6eTaHMHA B KOHIIEHTPATax CBEKOJIbHOTO
COKa 3aBMCUT OT BpeMeHM KOHIIeHTpUpOoBaHusl. i3MeHeHMe CIIeKTPaTbHBIX XapaKTePUCTUK OT BpeMeHM KOHIIEeHTPUPOBaHMS
XapaKTepU3yeTcs 3afepskKoii 1o 10 MUHYT Mpoliecca, ¢ MOCIe YoM Pe3KuM MogbeMoM. Hanmydiie mokasaTesiu CUCTEMBI
IOCTUTAIOTCS B MPOLIeCCe KOHLIEHTPUPOBAHMS B TeueHuM 15 MuHyT 1ipu Temrepatype 60+0,2 °C u gaBienuu 72+ 10 mbap.
MuHMMasbHbIE TOTEpU GeTaHNHA B KOHI[EHTPATaX, CTa6MIM3UPOBAHHBIX IMMOHHOI KUCJIOTOI, TTOC/IE YeThIPEX MECSILIEB XO-
JIOOMUIIBHOTO XpaHeHus mpu Temiieparype 4+0,5°C, coctaBumm 5 %.
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EFFECT OF STABILIZER NATURE
AND CONCENTRATION TIME ON STORAGE OF BEET JUICE
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IITMO University, Saint Petersburg, Russia
2 All-Russian Scientific Research Institute of Fats, Saint Petersburg, Russia

Open access
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beetroot juice, Given the growing interest in natural beetroot betalains, the production of natural pigments of this class is a pressing issue.

concentrate, stabilizer, Concentrates produced from beetroot juice are in demand in the food, pharmaceutical, and medical industries. The properties

betanin, natural dye,  specified by industry consumers require a stable system during long-term storage, preserving betanin, which has antioxidant

IR spectroscopy activity. The stabilizing properties of citric acid (0.5 %) and a mixture of citric (0.25 %) and ascorbic (0.25 %) acids on the opti-
cal properties of Bordeaux-237 beet juice were studied during concentration and subsequent storage at 4+0.5 °C using chemi-
cal analysis, electron microscopy, and Fourier transform infrared spectroscopy. The influence of the nature of the stabilizing
agents on the kinetics of changes in betanin content and the composition of protein-carbohydrate components during beet
juice concentration was determined. It was found that the nature of the stabilizer exerts a stabilizing effect on betanin, even
with minor changes in beetroot juice pH during concentration. The increase in betanin content relative to the sample without
the stabilizer (0.20 %) reached 0.39% in the juice sample with citric acid and 0.35 % in the juice sample stabilized with citric
and ascorbic acids. The addition of citric acid significantly altered the concentration kinetics. As the 540 nm band maximum
shifted to 535 nm, the 490 nm band decreased in intensity, and the weaker 455 nm band became more prominent. Betanin
degradation in beetroot juice concentrates was determined to depend on concentration time. The change in spectral charac-
teristics with concentration time is characterized by a delay of up to 10 minutes, followed by a sharp increase. The best system
performance is achieved with a 15-minute concentration at a temperature of 60%0.2°C and a pressure of 72+ 10 mbar. The
minimum betanin loss in concentrates stabilized with citric acid after four months of refrigerated storage at 4+0.5 °C was 5 %.
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1. Beegenue

CpoKM XOIOAWIBHOTO XpaHEeHMs] COKa WM KOHIIEHTPAaTOB COKa
13 OBOIIHOTO ChIPbSI 3aBUCST OT BbIGOpa CTAOMIM3ATOPOB M PEXMUMOB
KOHLIEHTPMPOBaHMS, IIO3BOJISIOIIMX COXPAaHUTDb LiBET NpoAykra [1]. Oco-
6GEeHHOCTH MTpeiBapUTEIbHO 06pabOTKM COKOCOIEPSKAILETrO ChIPhS MTPe-
rojiaraeT 3HaHMe BIVSIHMSI BeLIeCTB M IIPOLIeCCOB, CTaOMIM3UPYIOLINX
LIBEeT B TeYeHMe IJINTeTbHOrO BpeMeH . [l pelieHns 3a/1a4, CBSI3aHHbIX
C IpUMeHEeHMeM TOJTYYeHHBIX KPacsIuX MUIEBbIX MPOLYKTOB, HEOOXO-
MBI JOTIONHNTe/IbHbIEe VICCIeN0BaHMs C UCIIO/Nb30BaHeM Pas3IVYHbIM
MEeTOZOB.

LiBeTOBBIE XapaKTePUCTUKM NPEACTABISIOTCS OOHUMM U3 BakHeli-
mMX B JIOTYCTUKE IPOABVKEHMS INPOAYKTOB HAa PbIHKE MMUTAHUSA. HUc-
C/lefloOBaHMS TVIACTUAHBIX M HeIJIaCTUIHBIX MUTMEHTOB PacCTUTEIbHBIX
pecypCcoB HallpaB/ieHbl Ha YYET VMHIAMBUIYAJIbHOV CEHCOPDHON OLL€HKU
YyesI0Be4YeCcKoro masa. Ero 1octaTouHo y3Kuii CriekTp MHGOPMAaIMOHHO-
IO BOCIPUSITMS CBETOBBIX 4AaCTOT OMpefie/sieT IPAaHNYHbIE YCIOBUS IIPU
CO3aHMM MMPOAYKTOB 3aJaHHBIX LIBETOBBIX OTTEHKOB. B KOHOUTEPCKUX
u3menusx Haubonee 4acTO MPUMEHSIOT pa3jMyHble OTTEHKM KPacHOTro
uBera. Haubonbumii MHTEpec MpencTaB/isiOT KPACUTENH, TONyYeHHbIe
M3 OPraHMYEeCKOTO ChIpbs. [IMTMeHTBI IJIOAOBBIX, STOAHBIX M OBOLIHBIX
Ky/IbTYD, 06JIQAAI0MIMX 1[BETOBOI raMMOi po30BO-(bMONIETOBOM, OpaH-
5KeBO-3KETO-KPACHOI M 3eJIEHOI OKpacky Haubonee u3yyeHbl. AHTOLM-
aH-, KAPOTUH- U XIopodmIcoepKalye pacTeHyst 61arogapsi HaIMIUIO
6MONOrMYEeCcKy aKTUBHBIX BelleCcTB, 001afaloT JOKAa3aHHBIM BIVSIHUMEM
Ha COCTOSIHMe OpraHyu3Ma 4esoBeka [2,3].

BeraHMHCOnepskalllee CbIpbe B MMILEBbIX CUCTEMaxX MOXeT pac-
CMaTpUBaTbCsl He TONBKO, KaK Kpacsllee, HO U cofepikalllee I0/Ie3HbIe
IUIsI 3M0pOBbsl BemecTBa [4—7]. TlocTynawolume ¢ Muieii 6M0aKTUBHbIE
coenyHeHMs1 06Majal0T aHTUMOKCUMAAHTHONM [8,9] M mpoTMBOOIyXOsIe-
BOJ1 [10-13] akTMBHOCTBIO. OTMeUaeTcsl MHTepeC B UX IPUMEHeHUN IJIsT
nuieBbix [14], dapmakoneitHbix [15-17] u MeguimHCKMX [18-20] HYKA.
MeXAUCUMIUTMHAPHBINA MHTepec CIIOCOGCTBYET IPOBENeHMIO [OIION-
HUTEJIbHBIX UCCIeOBAHUI U IIOJYYEHMIO HOBBIX CBEJEeHMI O IPOIyK-
Te C MCIOMb30BaHMEM pa3JIMUHBIX MeTOLOB. Hapsay ¢ TpaguLMOHHON!
criekTpodoromerpueit B YO 1 BUAMMOI 06/1aCTSX, BCe MIMpe HAUMHAIOT
MCII0/Ib30BaThCS TaKye BHICOKOUYBCTBUTEIbHbBIE ¥ MHGOPMATUBHBIE VH-
CTpyMEeHTalIbHble MeTOApl aHanu3a, kak K-, IMP-; Macc-crekTpocko-
s [21-23].

Ceropgust UK-cnekTpockonusi mpencraBieHa B ¢dopmaTe Kiaccuye-
CKOJ 1 3KCIIpecc-Bepcuu, He TpebyIoleit crelanbHoli TpegBapuTelb-
HOJ Tpo6omoAroToBku obpasua — dypbe WK-crekrpockonuu. MeTop,
MO3BOJISIET UAEHTUOUUMPOBATh COBOKYIMHOCTb JAHHBIX (U3NYECKUX,
XMMUYECKUX U 6uonoruveckux (GakTopoB BO3JENCTBMSI Ha MCCIeLye-
Mble MHIPeIVEHTHI. OTO BaKHO IIPY CO3TaHUM SMYIbCUI WM OUCTIEPCUIA
6eIKOBO-TIONIMCAXapPUIHBIX CTPYKTYP, [Oe OMpeNessIoUMU SIBISIIOTCS
CTaGMIIBHOCTb CUCTEMBI M ee GMOIOTMUeCKY aKTUBHBIX BellecTs [24,25].
CrnexTpa/bHble MCCAeIOBaHMSI He BCerna MMeIOT CUCTeMaTM3MPOBaH-
HbIi Xapakrep. Habmonatorcst pasHOUTeHNs GparMeHTapHOTO OIMCAHMS
CIEeKTPOB KpacsIMX BellecTB Mo (opme, CTPYKType, MHTEHCUBHOCTU
¥ TIOJIOKEHUIO TIOJI0C IO LIKajie BOTHOBBIX uucen [21-23]. Pasnuune pe-
3YJIBTATOB MCC/IENOBaHNI1 BO MHOTOM CBSI3aHO C HeCTaHIAPTHBIMMU YCJIO-
BUSIMM TIOTyYeHMS CIeKTPa, YTO BHOCUT 3HAUUTENbHYIO IOTPELIHOCTh
B VX MHTEPIPeTanuio.

BakHeiimymy dakropamyu CTaGWIBHOCTY MPOLYKUMM U3 OGeTaHUH-
CoflepsKalllero ChIPbS SIBJSIIOTCS ero GU3MKO-XMMMUYecKue IoKa3aTenH,
CHOCO6bI TEXHOJIOTMYECKOM M TepMMYecKoii 06paboTKM, arperaTHoe
COCTOSIHME KOHEYHOro MpoAaykra [26]. [IpenoTsBpalieHne MHAKTMBALVINA
61OIOTMYUECK) aKTUBHBIX BemlecTB (BAB) siBiiseTcs repBOOYEpPENHO
3aaveil mpy pa3paboTke QyHKIMOHAIBHBIX MPOAYKTOB mutaHus. OT-
MeyJaeTcsl, YTO IpMMeHEeHNe paclbUINTEeNbHON CylKu [27], yIbTpasBy-
Ka [28], ucnonb30BaHyue rOMOTreHN3aTOPOB BBICOKOIO JaBjieHus [29] cro-
COGCTBYIOT YMEHbLIEHNIO comepskaHusl BAB M yBelIMuMBaIOT CTOMMOCTD
MpomyKUyN. [IJish CTabuIbHOCTY GeTalaHOB COKa M ero KOHIEHTPATOB,
roiyuyeHHbIX U3 Beta Vulgaris, mpumeHSIIOT 1 opraHuyeckue KUCJIOTBI.
[IpeproyreHne OTAAIOT JIMMOHHOM KUCIOTE MO psny npuumH. Ee Hamu-
yyte CrIoco6CTBYeT YCKOPEHMIO MeTabomMyeckyx IIPoLeccoB B OpraHu3Me
YyeJIoBeKa, CBSI3aHHbBIX C IUMMIHO-YIIIEBOAHBIM 06MeHOM [30,31].

Ilnst yeumeHust Kpacsiieii CliocCO6HOCTY MUIIEBOI CUCTEMBI TPUMEHSI-
I0T KOHLEHTPMPOBaHMe CBEKOJIBHOro coka. OmpefeneHnue napaMeTpoB
JIAHHOTO IPolLiecca JOIKHO ObITh HAIIPABJIEHO He TOJIbKO Ha COXpaHeHue
6eraHnHa u Apyrux BAB. Heo6XxoaymMo yUMUThIBATh BHICOKOE COiepsKaHue
MOHO- U AMCaXapyuIoB B COKe BO M36ekaHMe peakiuu KapaMeau3auyn.
PesxuMbl KOHLIEHTPMPOBAHMSI JO/DKHBI O6GecreyuBaTh MaKCUMalbHOE
COXpaHeHyMe NMUTMeHTa, KaueCTBO KOHIIEHTpaTa M HeOOXOAMMYIO M-
TelbHOCTb €r0 XONOAMIbHOTO XpaHeHus [32]. KoHLleHTpupoBaHue coka
OCYLIECTBJISIOT B BBbIIAPHBIX YCTAaHOBKaX. B 3aBMCMMOCTM OT MX KOH-
CTPYKLMOHHBIX OCOGEHHOCTENi M PEeXMMOB IIPOLIECC OCYLIEeCTBIISETCS
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B TeMIepaTypHoM auamnasoHe 5-60 °C [33] o comepskaHUsl CyXUX Be-
mectB (CB) 55-75% [34].

Llenb paboThI 3aK/II0YAIACh B UCCIENOBAHUY BIAMSHUS TIPUPOABI CTa-
6unM3aTopa ¥ BpeMeHU KOHIIEHTPUPOBAHMS Ha ONTMYECKMEe CBOJCTBA
CBEKOJILHOTO COKa M er0 KOHLIeHTPATOB B IIpoLecce XOIOAMIbHOTO Xpa-
HeHMSI C UCIONb30BaHMEM MeTOJOB XVMMMUYECKOTO aHalnu3a, 3JIeKTPOH-
HOoi 1 dypbe VK-criekTpockonmu.

2. O6'BEeKTHI M METOAbI

2.1. Cok ceeknbl

JlJ1s1 TIo;y4eHus1 COKa MUCII0NIb30Ba/IVi KOPHEIUIOAbI CTOJIOBOI CBEKJIbI
copra «bopmo 237», BblpallleHHble B I0r0-3amajgHOM peruoHe JIeHMH-
IPaickoil 06s1acTU. BbIMBITBIE M OUYMILEHHbIE KOPHEIUIOAbI pa3pe3any
Ha KyCOYKM U IIPOITYCKaIN yepe3 COKOBbIKUMANKY JU655 (Moulinex, Ku-
Taif) Mpu CKOPOCTM BpalleHus poropa n=12000 o6/MuH. s ynaneHust
BO3MOXXHBIX TBEPABIX (HPAKIVOHHBIX BKIIOUEHNH TPOBOAWIN GUIBTPO-
BaHME C ITIOMOIIBI0 BaKyyMHOro 3nekrpoHacoca VE215N (Value, Kurait)
M CUTa U3 Hep)KkaBelolleit cTany, ¢ fuamMeTpom otBepcetuii 0,1 Mm.

2.2. Cmabuausayus
Ilnst crabuimMsanuy Kpacsiero nurMeHTa (6eTaHnHa) B COKe UCTIONb-

30BaJIY IMMOHHYIO K1cioty (99,8 %) (TTCA. Co., LTD, KuTait) u ackop6u-

HOBYI0 KUIOTY (99,7 %) (Hugestone Enterprise Co., LTD, Kutaif).
O6beKTaMy UCCIeA0BAHMUI SIBISUIUCH 3 cepyuy 06pasiioB CBEKOIbHOTO

CoKa ¥ KOHIIEHTPaTOB:

1 — CBEeKOJIbHBI COK ¥ KOHLIEHTPAThl 6€3 CTabuIM3aTopa;

2 — CBEKOJIbHBIN COK U KOHIEHTPATHI C 106aBIeHMEeM JIMMOHHOM KIUCIO-
b1 (0,5%);

3 — CBEKOJIbHBII COK ¥ KOHIIEHTPAThI C [06aBAEHMEM CMeCH JTMMOHHOI
(0,25 %) + ackop6uHoBO# KcioT (0,25 %).

2.3. Onpedenenue pH

Inst onpenenenust pH momydyeHHOro coKa MCIOAb30BaIu LMbPOBOIi
pH-meTp/KoHOyKTOMeTp S213 (cepusi SevenCompact Duo, METTLER
TOLEDO, IlIBejinapus). Ilepen nsmepenuem pH-meTp 6511 0TKaIMGpO-
BaH C /CII0/Ib30BaHMEM CTAaHJAPTHBIX 6ydepHBIX paCTBOPOB CO 3HAUEHM-
samvu pH 3,56 n 9,14.

2.4. Onpedenenue codepxcanus cyxux seujecms (CB)

Omnpepnenenne comepskanus CB B o6pasiiax CBEKOJIBHOTO COKa IPO-
BOIM/IM YCKOPEHHBIM MH(PPAKPACHbIM TEPMOTPaBUMETPUUECKUM METO-
oM mpu Temmneparype 120%5°C. Macca o6pasua cocraswia 0,5+0,05 1.
Vi3MepeHMs] OCYIECTB/ISUIM HA aHaIM3aTOPE BJIAYKHOCTY TaJOT€HHOTO
HR-83 (METTLER TOLEDO, llIBeiiiapus).

2.5. KoHyenmpuposaHue

KoH1ieHTprpoBaHMe COKa CBEKJIbI OCYIIECTBIISUIM Ha POTAIIOHHOM WUC-
napuTtene mapku RV 10 (MKA, l'epmanus) npu remneparype 60+0,2 °C, naB-
nennn 72+10 mbap, B Teyenue 5,10,15 munyT. [Toc/ie KOHLIEHTPUPOBAHMST
06pasiibl XxpaHmIu pu Temmeparype 4+0,5°C B TeueHnn 4-x MeCsI1IeB.

2.6. Onpedenenue codepxcanus GemanuHa

Comepkanne GetanuHa B 0,1% pacTBopax 06pasiioB COKa CBEKJIbI
onpenensuin Ha criekrpodoromerpe UNICO 2100 (United Products & In-
struments, CIIIA), cornacio TP TC 029/2012! (ITpunosxkenue 28). Pacuer
maccoBoit nonu (C, %) 6eTaHnHa onpenensim o Gopmyse:

| Aggs x 100
T 1120xIxm’ @

roe: A — onTuyeckast IIOTHOCTb Mpy A =535 HM; 1120 — yaesnbHOe moronie-
ume 1% pactBopa 6eTanuHa B 1 cm; | — [MHa KIOBEThI, paBHast 1 cvm; m —
macca o6pasiia, I.

2.7. Cnexmpomempuueckutl aHanus

VccienoBaHme ONTUYECKYX CBOVCTB 06pa3iioB CBEKOILHOTO COKA ¥ €T0
KOHI[EHTPATOB MPOBOAWIM METOAAMU JIEKTPOHHO (B IMana3oHe IIMH
BonH 200-700 HM) n @ypre UK-crnekTpockonuyu (B Ayana3oHe 4acTOT
4000-600 cm~Y). [l 3ammcyu 3MeKTPOHHBIX criekTpos 0,1% pacTBOpOB
COKa ¥ KOHIIEHTPATOB B KBaPLIEBbIX KIOBETAX C IJIMHOM ONTUYECKOTO IyTU
1,0 cm ucronb3oBaiu criekrpodyopumerp CM 2203 (COJIAP, Benapych).

Ilns BU3yanusaluu U CPaBHEHUS] CIHEKTPAIbHbIX XapaKTePUCTUK
1o (akType 1mosoc coka u ero KOHIeHTpaToB B YO 061acTy CrieKTpa Mc-
M0/1b30Ba/IM BcrioMoraTenbHble BejectBa: 20 1 40 % pacTBOPbI caxapo3bl
(Poccus), 0,75; 0,50; 0,25; 0,125; 0,0625 % pacTBOPbI IMUHOTO anbOyMUHA

L'tp TC 029/2012 «TpeGoBatusi 6e30MaCHOCTH MUIIEBBIX JO6ABOK, apOMaTH3a-
TOPOB ¥ TEXHOJOTMYECKIX BCIIOMOTATeIbHBIX CpeacTB» (YTBepskaeH perrennem Co-
Beta EBpasuiickoit skoHoMumueckoi komuccnu 20 miosst 2012 r, N2 58. D1eKTPOHHBbI
pecypc https://docs.cntd.ru/document/902359401 [lata o6parienus 21 08.2025.
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(POCKAP, Poccust), HATUBHBI SIMUHBI 6€TIOK KYPUHBIX SIUL], KYTJIEHHBIX
Ha MeCcTHOM pbIHKe 1 ero 0,5 u 1% pacTBOpbI.

Kone6aTenbHble crieKTpbl (32 ckaHa) 00pasi[oB moayvanu Ha dypbe-
criekrpomeTtpe Tensor 37 (Bruker, l'epmanust) ¢ anmasubsim HITBO arne-
MEHTOM, yIIpaBisieMbIM IporpaMMHbIM Naketom OPUS co cranpaprt-
HBIMM TPaAAYyUPOBOUHBIMM BO3MOXKHOCTIMM B (popMare MOIIOLUIEHUS.
[TonyueHHbIe pe3ynbTaThl 06pabaThiBamuch B mporpamme Origin 2021.

2.7.1. TTodzomoeka o6pa3syoe dns Oypve UK-cnekmpockonuu

O6pa3sipbl CBEKOIBHOTO COKA M KOHI[EHTPATOB C MOMOLIbIO MUIIETKYU
[TacTepa HaHOCW/IM Ha TpeAMeTHble CTeKIa pasMepoM 75x25x1,2 Mm
(Mukpomen, Poccust), KOTOpble OCTaB/ISIIM B M30JMPOBAHHOM OT CBe-
Ta Mecte npyu Temrnepatype 23+0,5°C 1o momHOro BbIChIXaHMsI. Takast
MPOGOIOATOTOBKA ITO3BOMSIET YETKO MAEHTU(DMUIMPOBATh PE3y/IbTaThl,
MCKJTIOYast MOTPelIHOCTYM X pa3HOUTEHMS, BHOCUMBIE BOJIOM.

2.8. Cmamucmuueckuii aHanus

VccnenoBaHus MpoBOOWIM C HEOOXOAMMON KPaTHOCTbIO, obecrie-
yyBaoLleli NOBEPUTENbHBIV MHTepBaJl CIy4aliHOM IOrPelHOCTH pe-
synprata usmepenust P > 0,95. Pasnuuusi cpeqHMX 3HaYEHUI BHIGOPOK
¢ npumeHeHMeM Kputepus CTblofeHTa MPU3HABAIU CTATUCTUIECKU
IOCTOBEPHBIMU TIPU TOBEPUTEIbHOM BepossiTHOCTH P < 0,05. Ipu cTaTu-
CTUYECKOI 06paboTKe IKCIIePUMEHTATbHBIX PE3yIbTaTOB UCIIOIb30BaIN
nporpammbl Microsoft Excel Office 2019 u OriginPro (mpo6Hasi Bepcusi,
OriginLab), CIIIA. AHanu3 CHEeKTPaJbHBIX JaHHBIX MHTEPIPETUPOBAINA
ocJjie IpeBapuUTeIbHOI 00pabOTKMA, COIIOCTABJIEHMSI CITIEKTPOB B 616IIM-
oTeke MpMOOpa 1 KOppeKIyy 6a30BOi IMHUN.

3. Pe3ynbTaThl ¥ 06CyXXAEHME

Vcrionb3oBaHMe CBEKOIILHOTO COKA /I €r0 KOHIJEHTPATOB B KauecTBe
VHTPeAMEeHTa B COCTaBe (GYHKUMOHANBHBIX MUIIEBBIX IIPOAYKTOB, B TOM
YyciIe SMYJIbCUIA, CBSI3aHO C YBeJIIMUYEeHMEeM CPOKOB XpaHeHus [35]. Ompe-
JlefieHye CTabuIn3aTopoB IBeTa M PeXXMMBI IIpoliecca KOHIIEHTPYPOBa-
HMS COKOB UTPAIOT PEIlalollyi0 Po/ib B M3MEHEHUM KpacsIlyX BelecTB
Y IPOAOJDKUTEIbHOCTY XPaHeHNs IPOAyKTa.

3.1. Xumuueckuti aHanu3s

BiusiHue npupozsl CTabmIM3aTopa OLeHMBaIM 10 COepsKaHuIo Kpa-
CSILIETO BellecTBa — GeTaHMHA, KOTOPbIii OTBEYAET 3a LIBET CBEKOIbHO-
IO COKa U SIBJISIETCSI OTpeHeIsIoNM ToKa3aTejaeM ero Kadecrsa. KoH-
LIEHTPUPOBaHME TPeX Cepuii 0O6paslOB CBEKOJIbHOTO COKa MPOBOIMIN
Io comepskanusi CB 57-59% [33]. AHanu3 faHHbIX B Tabmuue 1 mokasan,
YTO MPUPOJA CTabMIN3aTOpa HE OKa3biBAET CYIIECTBEHHOTO BIIMSTHUS
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PucyHok 1. 3aBMCMMOCTY U3MEHEHUSI CONEPKAHMUS OeTaHMHA
IIPU KOHLIEHTPUPOBAaHUM CBEKOJIbHOI'O COKa:
1 — 6e3 crabuimnsaropa, 2 — ¢ IMMOHHOJ KUCJIOTOJA,

3 — ¢ IMMOHHO/1 ¥ aCKOpP6GMHOBOI KucioTamu (A=535 HM)
Figure 1. Dependences of changes in betanin content during concentration
of beetroot juice: 1 — without stabilizer, 2 — with citric acid,

3 — with citric and ascorbic acids (=535 nm)

Ha KMUCJIOTHOCTh CBEKOJIBHOTO COKa B IPOLIeCCe KOHILEHTPUPOBaHMS.
Ho cTabmim3upyionyio posib KUCIOT MOATBEPXKAAET colepkaHue GeTa-
HMHA T0C/Ie KOHLIEHTpUpoBauus (15 MMHYT), KOTOpOe MOYTH B 2 pasa
6osbliie 110 CPAaBHEHMIO C COKOM 6e3 cTabuinsaropa.

Kunernka rmpoiiecca KOHIIEHTPUPOBAHMS, MpeICcTaBjeHHas Ha Pu-
cyHke 1 Takke IMokasajga CTaGMIM3UPYIOIIYIO POb KUCIOT. CKOPOCTh
KOHIIEHTpMpOBaHus mocie 10 MUMHYT pe3Kko Bo3pacTaeT B 06pasiiax coka
CO CTAGMIM3UPYIOIMMIM KOMIIOHEHTaMM B OT/IMYMe OT oOpasiia 6e3 cTa-
6umnsaropa.

Ierpaganus 6eTaHMHA B IMPOLIECCe XOJIOMMIBHOTO XpaHeHMsl B Teue-
HuM 1-2-4 mecsueB (PucyHOK 2) HalpsIMyIO 3aByucesia OT KOHCUCTEHIIY
06pa3LioB CBEKOJIbHOTO COKa, KOTOPAst ONpeesisuiach BpeMeHeM KOHIIeHT-
PUPOBAHUST 1 TIPUCYTCTBUEM CTabMIM3aTOpa. TOMBKO KOHIIEHTPUPOBaHME

Tabmuua 1. BiMsHue mpupoasl cTabuansaTopa Ha IMOKa3aTelIn CBEKOJIBHOTO COKa
Table 1. The influence of the nature of the stabilizer on the properties of beetroot juice

pH Copepskanue CB, % CopepskaHue GeTaHuHa, %
Cra6unamusarop
1 2 1 1 2

Bes crabunmusaropa 6,10+0,112 6,15+0,112 13,4+0,20? 58+12 0,110+0,0022 0,200+0,0052
Kucnotsi:

JIuMOHHasT 4,30£0,10° 4,35%0,10° 13,9+0,20° 58+12 0,120+0,003° 0,390+0,005"
JIMMOHHas+ 4,50%0,11P 4,55+0,11P 13,9+0,20° 58+12 0,120+0,003° 0,350+0,005°¢
aCKOpOMHOBAs

1 — 10 KOHIIEHTPUPOBAHMS; 2 — MOC/Ie 15 MUHYT KOHIEHTPUPOBAHMSI.

HpuM@uaHue: OIMHaKOBbBIMU HaIACTPOUYHBIMU JIATUHCKUMMU 6YKBaMI/I 0603HaYeHbI CTATUCTUUECKM HE pasinyamumecss MexXny co6oit 1 1o CpaBHEHMIO C KOH-

Tposnem rpu P<0,05 (1o kputepuio CTbIOIEHTA).
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PucyHOK 2. UsMeHeHMe comepikaHus 6eTaHMHA B 06pa3iax CBEKO/JILHOIO COKa B 3aBUCUMOCTHU OT BpeMeHU KOHII€HTPUPOBaHMS
¥ IPUPOIBI CTAOUIN3UPYIOIIUX BelIeCTB B pouecce xpanenus: 1 — 1; 2 — 2; 3 — 4 mecsneB
Figure 2. Changes in betanin content in beetroot juice samples depending on the concentration time and the nature of stabilizing substances
during storage: 1 — 1; 2 — 2; 3 — 4 months
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PuCyHOK 3. DIeKTpPOHHbBIE CIIEKTPBI CBEKOJIBHOTO COKa: a) 1 — 6e3 crabmiamnsaropa, 2 — ¢ IMMOHHO KUCIOTOM, 3 — ¢ IMMOHHO
¥ aCKOpOMHOBOJ KMUCI0TamMmu; 6) pacTBOpoB: 1 — mumonHas kuciora (0,5 %); 2 — ackopouHoBas kuciora (0,5 %); 3 — TMMOHHas
(0,25 %) u ackopomnoBas (0,25 %) KMCIOTHI
Figure 3. Electronic spectra of beetroot juice: a) 1 — without stabilizer, 2 — with citric acid, 3 — with citric and ascorbic acids; 6) solutions:

1 — citric acid (0.5 %); 2 — ascorbic acid (0.5 %); 3 — citric (0.25 %) and ascorbic (0.25 %) acids

B T€UeHUM 15 MMHYT CBEKOJBHOTO COKA, CTAGMIM3MPOBAHHOTO JIMMOH-
HO¥ KMCJIOTO#, TMMOHHOI 1 acCKOPGMHOBOM KMCIOTaMM COXpaHsieT Ge-
TaHWH B TeueHun 4-x MecsieB. Jlerpagaiust 6eTaHmHa coctaBmia 5%.
B coke 6e3 crabunm3saTopa copepskaHue 6eTaHMHa CHU3MUIOCH Ha 67,5 %.

Ilo6aBiieHMe acCKOP6MHOBO KMUCIOThI B KonuuecTe 0,25 % K TMMOH-
HOJl He OKa3aJl0 3HAUMTENbHOIO BIMSHMSI HA M3MEHEHUsI COLepsKaHMsI
GeTaHMHA [TPY KOHLIEHTPUPOBAHWM, TOITOMY 11€7IeCO06Pa3HO UCITOb30-
BaTh B KaueCTBe CTabmiamM3aTopa JIMMOHHYI0 Kuciory [30,36]. Viccnenosa-
TensIMU B [37] GbUIO YCTAHOBJIEHO, YTO HobaBieHne 1% ackopOMHOBOI
KMCJIOTBI 00ecreunBaeT MaKCUMAalbHYI0 CTaGWIBHOCTh 6GeTalaHOB.
OCHOBBIBAsICh Ha IMPEACTABIEHHbIX HAMM PE3yIbTaTax, MOXHO 3aKIIIO-
YUTb, YTO UCIIONb30BaHMe 0,5 % 6osee melieBoi 1Jis IPOU3BOICTBEHHbIX
HY)XII, TIMMOHHO KVUC/IOTBHI SIBJISIETCSI JOCTATOYHBIM YCIOBYMEM JJISI COXpa-
HeHUs1 6eTaHMHA B KOHIIEHTPATaX M3 CBEKIIbI.

3.2. SnekmpoHHas cnekmpockonust

JIo6aBeHye B CBEKOJIbHBII COK IMMOHHO KUCIOTHI ¥ CMeCH IMMOH-
HOJ ¥ acKOp6MHOBOM KUCIOT (PUCYHOK 3), He3HAUUTEIPHO M3MEHWUIIO
(axTypy 10I0CHI KpacuUTeJIsl, IPOSIBISISICh B IOSIBIEHNY HEGOMbILIOI I10-
JIOCKU 455 HM 1 cMeleHuM MakcuMyMa 6eTaHnHa 535 HM B MOJIOKeHME
540 HM. BBeneHMe CTaGMIM3aTOPOB HE3HAUUTENBHO YBEIUYMIO COLEP-
skaHMe GeTaHuHa, YTO MOATBEPKIAET XUMUIECKMIT aHATIU3.

OcHOBHbIe M3MeHeHMs Habmomamich B YO obmactu criekrpa. Bse-
JleH)e B CBEKOJIbHBI COK JIMMOHHOJM KUCIOTBI Pe3KO CHVDKAJIO MHTEeH-
CUBHOCTb nosiockl 210 HM B cHekTpe coka 1 ee pacrany Ha ase — 205
u 220 HM, He 3aTparuBas C1abo BbIPAKEHHYIO Tonocy 265 HM. IIpu mo-
6aBJIeHNY B CUCTEMY acCKOPOGMHOBOM KMCIOTBI, rTosoca 205 HM Bo3pacTa-
Jla IO MHTEHCUBHOCTY, a B 061acTu 265 HM guddepeHnpoBanacs no-
CTaTOYHO MHTEHCUBHAs 1onoca. O6e 1MoIoCcsl MOTYT CBUAETENbCTBOBATh
0 IPUCYTCTBMM B 00pa3sIax coKa KaK CTabuIn3aTopa, Tak ¥ IPOTeMHOBbIX
KOMITOHEHTOB — IEeMNTHIHas CBsi3b B o6/mact 190-210 HM 1 apomaTiye-
CKMe aMMHOKUCIOTHI (TpunTodaH, TMpo3uH) B obmacty 260-275 Hm [38].
Kpome Toro, B aHHOM /ixana3oHe MOTYT IOIVIOIATh M caxapa, MPUCYT-
CTBYIOIIME B CBEKOJIbHOM COKe B GOJIBILIOM KOJMYECTBE.

AHanu3 CrieKTpoB PacTBOPOB cTabmnM3aTopoB (PrcyHOK 36) rokasai,
UTO JJIS HUX, KakK U )i CBEeKOJbHOTO COKa XapakTepHa mosoca 210 HM.
B criekTpe pacTBOpa IMMOHHOJ KMCIOTHI 1os10ca 265 HM OTCYTCTBOBAa,
a B CIIEKTPe aCKOPOMHOBOI KUCIOTHI ee Hajmnuue 00yC/IOBIEHO KOJIblie-
BOJi CTPYKTYPOIJi B cOcTaBe MOJeKybl (PUCYHOK 46).

V3sMeHeHMe CIeKTPaJbHbIX XapaKTePUCTUK OT BpeMeHM KOHLIEHT-
pUpOBaHUSI WUTIOCTpUPYeT PucyHok 5. [Is1 Bcex Tpex cepuit 06pasLoB
CBEKOJIbHOTO COKa OTMeYeHa 3aflepyKKa B M3MeHeHuy crekTpa 1o 10 mu-
HYT IIpoliecca KOHILEHTPMPOBaHUS U pe3Kuii nogbeM mocne. IIpu sTom

H OHH HO OH
0\\\\': ¢ _é _C _C_//_.c" 1_';_ c £ OH
N v T
HO H C_H OH 0=C, _C—CH—CHOH
O OH 0§
a) 6)

PucyHok 4. CTpykTypHas popmysia KUCIOT:
a) TMMOHHas, 6) acCKopOGUHOBasK
Figure 2. Structural formula of acids: a) citric, 6) ascorbic
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PUCYHOK 5. D/IeKTPOHHBIE CHIEKTPbI KOHIIEHTPATOB CBEKOJIbHOIO

coka: a) 6e3 crabmiansaropa, 6) C IMMOHHOM KUCIOTOIA,
B) C IMMOHHOJ ¥ aCKOPOMHOBOJ KUCIOTAMM; BpeMs
KoHueHrpupoBanusi: 1 — 0,2 — 5,3 — 10,4 — 15 munyT
Figure 5. Electronic spectra of beetroot juice concentrates:

a) without stabilizer, 6) with citric acid, B) with citric and ascorbic acids;

concentration time: 1 — 0, 2 — 5, 3 — 10, 4 — 15 minutes
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OCHOBHbIE TIOJIOCHI GeTaHMHA 535 1 490 HM He MEHSUIM CBOEro IMOJIosKe-
HMS 110 LIKaJie IJIMH BOJH [32], a monoca 210 HM B criekTpe-4 3aHMMaeT
rosoxxeHue 215 HM.

BBeneHye JIMMOHHOI KUCJIOTHI 3aMEeTHO M3MEHSUIO KMHETUKY KOH-
ueHTpupoBanus (PucyHok 56). IIpy cMeleHuy MakCHMyMa IOTOChI
540 HM B nonoxkeHyue 535 HM CHM3KAIach BHIPasKeHHOCTH MOOChI 490 HM
1 GOoJIbIIIe TTPOSIBIISIACh C/1abast 10 MHTEHCUBHOCTH Tojioca 455 um. B VO
obmactu monoca 220 HM, 3aMETHO YBEIMYMBAIACh MO MHTEHCUBHOCTH,
B CIIEKTPe MocIeqHero o6pasia nepexonnia B nonoxeHne 210 HM, a 1o-
yioca 205 HM MIPU 3TOM, CHMKASICh TI0 MHTEHCUBHOCTH, ITOC/IEIOBATEbHO
CMelanach B 30Hy BaKyyMHOTO y/abTpaduosnera.

Io6aBieHye B CUCTEMY aCKOPOMHOBOM KCIOTHI (PUCYHOK 5B) Takke
CYIIeCTBEHHO OTPAXXaloCh HAa KMHETMKe KOHILEeHTPUPOBaHMS, OTIMYA-
SICb OT KMHETMKM KOHLEHTPUPOBAHMUS COKa C OJHON JIMMOHHONM KuC-
JIOTOJ MO M3MEeHEeHUI0 MHTeHCUBHOCTHU Bcex rnosoc. CienyeT o6paTuthb
BHMMaHMe, BO-NIePBbIX, HA TO, YTO MakCMMyM 540 HM nepeliesn B [10JI0-
>keHMe 535 HM, KakK U B CIIEKTpaXx MOCAeAHMX KOHIIEHTPATOB COKa C JIN-
MOHHOJI KucioToii [21]. B jaHHOM ciryyae Takke MpOSIBJISAIAch rosuoca
455 um u crmaxkuBanach 490 HM. Y, BO-BTOPBIX, XapaKkTep M3MeHeHUs
MHTEeHCUBHOCTU nosioc 215/265 HM M cocTaBa Ionoc B obimactu 205-
215 HM B X0/ie Ipoliecca KOHIIeHTpMpoBaHus. B criektpe 1 B 3T0IT 06s1a-
CTU MMeJach He6GobIIast, HECKOIBKO yIMpeHHas monoca 205 HM, KOTo-
past uepes 5 MMHYT KOHLIEHTPMPOBaHMS ITPeo6pa3oBbIBAIACh B Ny6/IeT
205/215 HM U cHMDKaANACh 1o MHTEHCUBHOCTY. K 10 MUHYTaM MHTEHCUB-
HOCTb fy6rieTa Bo3pacTaia, Ho uepe3 15 MuHyT ny6ieT pacrnagancs. [To-
yoca 215 HM coxXpaHsiyia CBOe IOJIOKeH e, a Tojoca 205 HM cMelanach
B 06/1aCTh BaKYYMHOTO yiabTpadmonera. OTMeueHHOe yKa3bIBaeT Ha ToO,
YTO [IPUPOJA CTabMIM3aTOPA 3aMETHO CKa3bIBAeTCS He TOIbKO Ha KU-
HeTMKe U3MeHeHus comepkannsi 6erannHa (PucyHok 1), HO 1 Ha Xxapak-
Tepe M3MEHEHMII B COCTaBe COIYTCTBYIOLIMX KOMIIOHEHTOB CUCTEMbI
coKa.

VccnenoBaHust U3SMeHEHM B ONITUYECKMX XapaKTePUCTUKAX CBEKOJIb-
HOTO coKa 6e3 crabunmu3aTopa 1 ero KOHLIEHTPATOB pu XpaHeHun (Pu-
CYHOK 6) IToKa3aayu BO3MOKHOCTY MeTOa 37IeKTPOHHO CIIeKTPOCKOIIMM
IIpY KOHTPOJIE CBOMCTB GeTaHNHA, a TAKKe COCTOSIHUSI COIYTCTBYIONINX
M CYIIeCTBEHHO ITPeobIafaoMX YIJIeBOAHO-IPOTEMHOBBIX KOMIIOHEH-
TOB, IIpeTepIeBaloLIX 3aMeTHbIEe M3MeHeHMsI.

ITpyu XxpaHeHUY CBEKOJIBHOTO COKa 6e3 cTabmuiamn3aTopa u ero KOHIeH-
TPaTOB IIPOMCXOIWIIA Aerpafamys 6eTaHNHa, YTO [TOATBEPKIAET Pe3Koe
CHIDKeHMe MHTEHCMBHOCTM MaKkCcMMyMa ero kpacHoi ¢opmer (535 HM)
B CIleKTpax obpasia-4 (PucyHOK 6r). B JaHHOM 9KCIIepMMeHTe Ha Mpu-
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Mepe 4-x 00pasI[oB CBEKOJIbHOIO COKa 6e3 cTabuimsaTopa ImpoC/iekBa-
JIOCh HEOJHO3HAaUHOe BAMSIHME X KOHCUCTEHLIMM Ha CKOPOCTb Jerpafa-
uyy 6eTaHMHa.

N3smeHeHus1 B YO 4yacTu criekTpa MO3BOJWIM TOBOPUTb O CYILECT-
BEHHBIX Pa3pylIeHMsIX B OOILIei cyucTemMe CBEKOJIBHOTO COKa MPYU KOH-
LIEHTPUPOBAHMM. A TaKkKe 00 yYBeIMYEHUY CKOPOCTU AOCTUKEHUST PaB-
HOBeCHUsI, KaK B JIF060/ SKMOKOM 6MONOTMYECKOi CUCTeMe, CIIOHTaHHO
CTpeMSILIeiiCcsl K 9HepreTMUeCKoii CTabMIbHOCTY C YBEJIMUEHMEM CTelle-
HM KOHLIEHTpUPOBaHMUs. HeycTOMUMBOCTh COCTOSIHUS B CUCTEME MEPBBIX
JIByX KOHI[EHTPATOB coKa (PMCYHOK 66 ¥ PUCYHOK 6B) NPOC/IEKMBAIACH
Ha MPOTSDKEHMY BCET0 CPOKa XPaHEHUSI 110 XaOTUYHOCTHM TONIOC U BaKTy-
pe caMMX CIeKTPATbHBIX KPUBBIX B JAHHOM PETMOHE.

Ul coBceM MHYIO KapTUHY ToKa3as o6pasell-4 Ha PucyHke 6 T. YeTkuit
CTaGWIbHBIN MTPUBBIYHBIA CIIEKTP CBEKOJIBHOTO COKA, KOTOPbINA IOIHO-
CThIO M3MEHSIT CBOJ BUJ uepes 2 Hefenu xpaHenus. [Toigoca 215 Hm cme-
1IaJ1Iach B BaKyyMHBIN yibTpaduoneT u GopMupoBasach MHTEHCUBHAS
cTabuibHAas ooca ¢ AByMs Makcumymamyu — 240 u 250 HM M CTPYyK-
TYpUPOBAaHHOJ NPaBoii BETBbIO, B KOTOPOJi MPOCMAaTPUBAINUCh ITepBbie
MIPU3HAKY [TPOSIBIIEHNS] TPOTEMHOBBIX KOHCTPYKIMit. [[pM3Haku caxapo-
3bl IIPY 3TOM PETYLIMPOBAINCH 06Pa3yIOLUIVIMUCS IIPOTEMHOBBIMY aIJIO-
MepaTaMu, HO He MCK/TIOUEeHO, YTO MHULIMATOPOM MX 06pa30BaHMsI SIBJIsI-
JIach Ta e caxaposa.

[laHHBIV 3KCIIEPUMEHT IO3BOJWI YCTAHOBUTDH BIMSIHME OCHOBHOTO
(akTopa — KOHCUCTEHIMM, HA CKOPOCTb U CTeIeHb Aerpajanuu Gera-
HMHA ¥ TpaHchHOpMaMIO BelleCTBEHHOTO COCTaBa CBEKOIbHOTO coka 6e3
cTabuimsaropa Mnpyu XpaHeHuM, KOTopast 3aJaeTcsi BpeMeHeM KOHIIEHT-
pupoBaHusi. Kpome TOro, 6610 OTMEUEHO SIBHO BbIPayKeHHOEe MOC/IeN0-
BaTesibHOe dopmupoBaHue B YO 06/aCcTy CTPYKTYPUPOBAHHO MOTOCHI
240-270 HM, uMeloLIel IPOTEMHOBYIO Npupoay. [Ipyuem npoucxoanao
3TO MMEHHO MPYU XpaHEeHUM KOHIEHTPATOB U He HAGJI0AaI0Ch ITPYU KOH-
LIEHTPUPOBAHMM COKA. DTO MO3BOIWIO TOBOPUTH O TOM, YTO IPU Xpa-
HEHUU B CHUCTEME COKOB MMEIOT MeCTO CIIOHTAHHbIe MpeoOpa3oBaHMsI
MPOTEUHOBBIX CTPYKTYP C YKPYITHEHMEM UX [TI06YI, XapaKTep KOTOPbIX
onpeJensieTcss KOHCUCTeHLVel KOHLIeHTpaTa.

OuyeHb MOKa3aTeleH CTaGMIM3UPYIOIMit 3bdeKT 06enx KUCTOTHBIX
CUCTEM B OTHOILIEHMM GeTaHMHA 1O CPaBHEHMIO CO CIIEKTPOM COKa 6e3
cTabuimsaTopa Ha IPOTSHKEHUY BCEro cpoka xpaHeHus (PucyHok 7). On-
Hako B YO 06/1acTy CTabMImM3ayst ONTUYECKMUX CBOJICTB B 060MX CITydasix
6blIa OTMEUYeHa TOIbKO Uepe3 2 Mecsiiia. ITO MPOSIBJISIOCh B (popMupo-
BaHMM ABYX CTaGMIIBHBIX IO MOJIOXKEHUIO Iosoc — 215 1 265 HM, Xapak-
TepHBIX AJIs1 caxapo3bl (PucyHOK 76 u PucyHOK 7B).
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PUCYHOK 6. DJIeKTPOHHBIE CIIEKTPbI CBEKOJIBHOIO COKa 6e3 crabuiamsaropa:
a) UCXOmHbIiA, 6) 5, B) 10, r) 15 MMHYT KOHIeHTpUpoBaHus; 1 — 0,2 — 1, 3 — 2, 4 — 4 HeAenU XpaHEHUS
Figure 6. Electronic spectra of beetroot juice without stabilizer: a) initial, 6) 5, B) 10, r) 15 minutes of concentration; 1 — 0,2 — 1, 3 — 2, 4 — 4 weeks of storage
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PUCYHOK 7. DlIeKTPOHHbBIE CIIEKTPbI KOHIEHTPATOB (15 MMHYT)
CBEKOJIBHOTO COKa Yepes: a) OAVH, 0) ABa, B) YEThIpe MecsaIa
xpaHenus; 1 — 6es3 crabmamnsaropa, 2 — C IMMOHHO KUCIOTOI,
3 — c IMMOHHO/1 ¥ aCKOPOGMHOBO¥ KUCIOTaMM
Figure 7. Electronic spectra of beetroot juice concentrates (15 minutes)
after: a) one, 6) two, B) four months of storage; 1 — without stabilizer,
2 — with citric acid, 3 — with citric and ascorbic acids

B cmexTpax Bcex pacCcMaTpMBaeMbIX KOHLIEHTPATOB B YO o6mactu
(240-275 HM) yepe3 MecsL XpaHeHNSI OTMEYaINCh CTPYKTYPUPOBAHHbBIE
rnosocel. VX Hanmuuye roBOPUT O MPOSIBIEHHOCTY 37€KTPOHHBIX Iepe-
XO[IOB B MOJIEKY/IaX apOMaTUYeCKUX aMMHOKUCIOT NPOTEMHOBBIX KOM-
oHeHTOB. OHAKO B TeueHMe IOCIENYIOIIero Mecsiia XpaHeHUS OHU
ncye3any. OTMeUeHHbI SKCIIepMMeHTANbHbIN GakT yoenuTeneH B MUi-
JIIOCTPaLMM Cepbe3HBbIX HapylIeHWUil B 11eJIOM B CUCTeMe KOMIIOHEHTOB
CBEKOJIBHOTO COKa B pe3y/bTaTe Mpolecca KOHILeHTPUPOBaHMSL.

DJIEKTPOHHBIE CIIEKTPbI BCIIOMOTaTe/NbHbIX BellecTB Ha PucyHke 8
Croco6CTBOBaIM BU3YaIM3alMU MPOLIECCOB, MMEIOIIMX MECTO B 610II0-
I'MYEeCKOJi cucTeMe CBEKOTbHOTO COKa IPY ero XpaHeHUM. DIeKTPOHHbIe
CIeKTPbl PacTBOPOB caxapossl (PucyHoK 8a) mokasanu He6GonblION Oa-
TOXPOMHBIH (215—220 HM) COBUT OCHOBHOTO MaKCMMyMa C YBeTMYeHU-
eM KOHILIeHTpalMy, YTO COOTBETCTBOBAJIO CABUTY MaKCMMyMa B CIIeKTpax
MpY XpaHEHMM KOHIIEHTPATOB MCXOFHOTO coka (PucyHkm 6a, 66 u 6B)
M ero crabuimsauyu B rojaoxkeHuu 215 HM B criekrpax o6pasua-4 (Pu-
cyHOK 61). [Tonoca 265 HM mpu 3TOM, BO3pacTana Mo MHTEHCUBHOCTU
M coxpaHsuia cBoe rosnokeHue. Ha PyicyHKe 6 oHa HaGIII0Aanach TONbKO
B CIIeKTpax COKa, He IOfiBepraBlLIerocsi KOHIeHTpupoBaHuio. OgHaxo,
KakK CIemyeT M3 CIeKTpoB Ha PucyHke 76 u PucyHke 7B o6e MOIOCHl —
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PucyHOK 8. D1eKTpOHHbBIEe CIIEKTPbI PAaCTBOPOB: a) Caxapo3bl:

1 — 20, 2 — 40%; 6) smuuoro 6enka: 1 —0,5%,2 — 1%, 3 —
HaTUBHbBINI AMYHBINA 6€/IOK; B) AMUYHOro anboymmuua: 1 — 0,75;

2 —-0,50; 3 —0,25;4 — 0,125; 5 — 0,0625%
Figure 8. Electronic spectra of solutions: a) sucrose: 1 — 20, 2 — 40%;
6) egg white: 1 — 0.5%, 2 — 1%, 3 — native egg white; B) egg albumin:
1—0.75; 2 — 0.50; 3 — 0.25; 4 — 0.125; 5 — 0.0625%

215 1 265 HM MPUCYTCTBOBaIM B CIEKTPaX 00eMUx cepuii CTabUIN3UPO-
BAHHOTO COKa C YBeJIMUEHMEM CPOKA XpaHEHUs 10 2—4 MeCsIeB.
CrieKTpbI pacTBOPOB SIMYHOTO Geska (P1CYHOK 86) M SMYHOTO alibOyMMu-
Ha (PUCYHOK 8B) Mpy HU3KMX KOHLIEHTPAIMSIX TAKKe TIOKa3aau B 061acT
JanbHero yabTpaduonera IBe Monockl. HakiaapiBasich Ha MOIOCHI B CIIEK-
Tpax KOHI[EHTPAaTOB CBEKOJIBHOTO COKa, OHM MeLIaayu MAeHTUGUKaLNN.
CrouT 06paTUTh BHMMAaHME HAa KOHTYP IIMPOKOTO CTPYKTYPUPOBAHHOTO
MaKCMMyMa MHTEHCUBHOI MOJIOCHI B CIIEKTPaxX 0O6pa3iioB BbICOKOI KOH-
LEHTpaIyM AJIs1 060MX MPOTEMHOBBIX 00BEKTOB. TAKOro XapakTepa Iojio-
CbI HAOTIOAAINCD B CIIEKTPaX KOHIIEHTPATOB (15 MUHYT) BCEX TpeXx uccie-
IlyeMbIX Ccepuii CBEKOIBbHOIO COKa yepe3 Mecsil xpaHeHMs (PucyHOK 7a).

3.3. @ypwve UK-cnekmpockonus

KauectBo M uHpOpPMATMBHOCTb cIleKTpoB B Merome PDypbe UK-
CIeKTPOCKOINY BO MHOTOM OIpeenseTcsl KOHCUCTeHILMeit o0pas-
uoB [21,23,39]. [Ins cTaHgapTM3aluy YCIOBMIT MX 3alMCU MPOBeHEHO
CpaBHUTEJIbHOE UCCIeNOBaHMe IBYX CIIOCOOOB CYLIKYM OFHOTO U TOTO JKe
o6pasija KOHI[@HTpaTa CBEKOJbHOTO COKa: C MCIIO0Mb30BaHMEM BO3MYIII-
Ho1 cymiku Ha HITBO anemeHTe mpubopa ¢ MpuBeYeHMEM MUKPO-BEH-
TUJISITOPA Y Ha IIpeIMEeTHOM CTekJie IIpY KOMHATHOI TeMIiepaType.
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PucyHok 9. O6muit Bug, UK-creKTpoB 06pa3ioB KOHIEHTPATa CBEKOJIBHOIO COKa, BHICYLIEHHOIO Ha:
a) HIIBO snemeHT npu6opa; 6) mpegMeTHOE CTEKIIO
Figure 9. General view of the IR spectra of beetroot juice concentrate samples dried on: a) the ATR element of the device; 6) a glass slide

CorocraBiieHMe CIIEKTPOB MOKA3a/I0, YTO HEIIONHOe yJaleHue Baaru
(PucyHok 9a) no-pasHomy otpaxaercst Ha VIK-criekrpax o6pa3LoB B 3a-
BUCUMMOCTM OT MX COCTaBa, 3aTPyHHSSl MHTeprpeTauuio. bonee yerkas
MPOSIBJIEHHOCTD BCEX I0JIOC, BOCIIPOU3BeNeHMe X GaKTypbl B CIIEKTPaxX
0601x 06pasIoB, yKa3bIBaIOIe Ha GIM30CTh M0 CBOMCTBAM, U YBeIude-
HJe VMHTEHCVMBHOCTY IIOJIOC Ha NMOpsNoK (B 10 pa3) nmpu cyuike Ha Ipen-
MeTHOM cTeKite (PYCYyHOK 96) OCTYKMIM OCHOBaHMEM JiJIS ee MCIIOIb30-
BaHMs B 9KCIIEPVMEHTe.

B oTmune OT 21eKTpOHHOM criekTpockonuu Metop, VK-crekTpocko-
MUY He MO3BOMMI UIeHTUGUIPOBaTh GeTaHMH, COTepsKalluii B CBOeii
CTPYKTYpP€e MOJIEKY/TY ITIOKO3bI, HA (JOHE BBICOKOTO COAEPKaHMS caxapo-
3bl. Ha Pucynke 10 npeacrasiied o6mmit By UK-crieKTpoB CBEKOILHOTO
coka 6e3 crabum3saropa u co crabunmusatopamu. Ha mpucyrcreue crabu-
JIM3aTOPOB yKasbiBaeT mojoca 1718 cv~! C=0-rpynmmpoBOK JMMOHHOI
KMCJIOTBI, 3aMeTHO CHYDKAIOLIASICS 10 MHTEHCUBHOCTY 110C/Ie B,06aBaeHMsI
aCKOpO6MHOBOI KMCIOThI. BbicOKOuacToTHast o6macts crekrpa (3700-
2800 cm~!) B manHOM ciyuae masio MHGOpPMaTUBHA. 31ech CyMMapHO pe-
ITUCTPUPYIOTCS TUAPOKCUTIbHbIE TPYIIIbI, B TOM UMC/Ie ¥ MOJIEKY/ BOIBI,
n CH,-rpynnympoBKyM BceX KOMIIOHEHTOB CJIOKHO CMCTeMbI CBEKOJIbHOTO
coka. Bricokoe copepskanme caxapossl (1o 80 %), MacKupyolleit T106bie
MIPOSIBIIEHMST ONITMUYECKUX CBOJCTB APYTUX COCTaBHBIX YacTeit coka, Jena-
€T ero crexTp HeuHbopMaTUBHBIM. [Tosoca 1626 cm™!, mpuHaaexamas
IedbopMaIoHHBIM Kose6aHMsIM MOJIEKYIT BOJbI, DACIIONIOKEHA B TO JKe
06J1aCTH, TIe TPAAULMOHHO PerMCTPUPYIOTCS KoaeGaHus IPOTEeMHOBBIX

CTPYKTYD.
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Pucynoxk 10. O6uuit Bua FK-crieKTpoB CBeKOJIbHOIO COKa:
1 — 6e3 crabunusarTopa, 2 — ¢ IMMOHHOM KMC/IOTO¥,
3 — c IMMOHHO/1 ¥ aCKOPGMHOBOJ KUCIOTaMM
Figure 10. General view of the IR spectra of beetroot juice: 1 — without
stabilizer, 2 — with citric acid, 3 — with citric and ascorbic acids

@®parmMeHTHpOBaHNe MOay4eHHbIX VK-CIeKTpoB M yBelnueHue BbI-
neneHHbIX (GparmeHTOB (PycyHOK 11) MO3BOMMIO YBUAETb JOMUHUPO-
BaHJe CIIeKTPAIbHOrO 06pa3a caxapo3sbl [10 BCEM ee SIPKO BhIPaKeHHbIM
VHAVBYUIYaJIbHBIM OIITMYECKMM II0Ka3aTelsIM B UCXOLHOM COKe (Kp. 1) —
ny6mersl monoc 1135/1108, 1044/988, 868/831 u monoca 924 cm~! (Pu-
cyHoK 1la, u Pucynok 116) [40,41]. Ha monoskeHue MX MaKCMMYMOB
T10 IIKaJie BOJTHOBBIX UMCesl He 0Ka3bIBaJI0 3aMEeTHOTO BIMSIHMS BBeleHNe
CTabMnIM3aTopoB (KP. 2 U 3), HO OHO MPOSIBIISUIOCH B M3MEHEHWM ITOJI0Ke-
Hus nonoc (1375—1370 cm~1) B cocrase my6nera 1375/1335 cm~! (Pucy-
HOK 11B), TaKKe XapaKTe€pPHOTO [JIs1 CAXapo3bl.

OCHOBHbBIE M3MEHEHMS CIIeKTPaJbHBIX XapaKTePUCTUK COKa Ipu
BBeeHMM CTabMIN3aTOPOB HAOMIOANMCH B JMaIa30Hax CIeKTpa, rae
MOTYT IPOSIBJISTHCS KOJIEGAHNS IIPOTEMHOBLIX KOMIIOHEHTOB. JTO Ipe-
ke Bcero o6macth (PucyHok 11r) Hamnbosee XapakTepHas 1151 6eJIKOBbIX
(1631, 1626 cm™!) u menuaabix (1576 cm~t) crpykTyp. C1abo BhIpaskeH-
Hoe m1eyo 1654 cvm~! Ha J1eBOJi BeTBY LIeHTPaIbHOJ II0/I0ChI MOXKET YKa-
3pIBATh Ha HauMuye GpparMeHTOB O6eTKOBBIX CTPYKTYD O-CIIMPATbHOTO
Tuna [42]. bonee HamISIAHO JAHHYIO CUTyalMI0 WLIIOCTPUPYET I0I0Ca
1268/1210 cm! (PucyHoK 111) B crieKTpe coka 6e3 cTabuin3aTopa, KoTo-
past Ipy Ko6aBIeHNM TVIMOHHO KUCIOTHI yIIUPSIETCsI ¢ 06pa3oBaHyueM
CTPYKTYPUPOBAaHHOTO Makcumyma 1268/1233/1210 cm~!. D10 MOKeT ro-
BOPUTDb O YaCTUYHOI AEeCTPYKLMM NIPOTENH-CaXapO3HbIX arJIoMepaToB
C BbIIeJICHVEM KaK IeNTu-yIJIeBOJAHbIX KOMIUIEKCOB, TaK ¥ BO3MOX-
HbIX (bochonmUmua-yrieBoqHbIx obpasosanmit (1240-1230 cm~! [43]).
HobGaBneHye acKOpPGMHOBOJ KMUCIOTHI NPUBOOUT K ee JeCTPYKLUMU
¥ GOPMMPOBAHUIO TIOIOCH OU€Hb 6/M3KOI MO daKType Moaoce B COKe
6e3 cTabunmsaropa.

XapakTepucTuuHoii monocoii 1210 cv~! B jaHHOM AyamnasoHe Mpo-
sIBJIsIIA cebs M caxapo3a, UTO WUTIoCTpuUpyeT hparMeHT «a» PucyHka 12.
3nech ke (Pucynku 12a, 126 u 12B) Hauy4dmmm o6pa3om MpecTaBIeHbl
M OTMeYeHHbIe BbIllle TUIIMYHBIE JJI caXapo3bl Ay6meTsl mosnoc. Boiia
OTMeyeHa CHMMMeTPUYHAs 1os0ca TeOpPMalMOHHBIX KOeGaHMii BOLBI
1646 cm~! (PucyHOK 12r), Ha 06€MX BETBAX KOTOPOJi OTCYTCTBYIOT MPU-
3HAKM IIPOTEMHOBBIX KOMIIOHEHTOB, KaK 3TO HaGJI0JANOCh B CIIEKTpax
CBEKOJIBHOTO coka (PucyHoK 11r).

@®parmenTs! UK-crieKTpoB Tpex cepuii 06pa3LioB CBEKOJBHOIO COKa
B Ipolecce KOHIeHTpupoBanus (PucyHok 13), rmokasaayu Henociaeno-
BaTeJIbHOCTh B MX PACIIOIOXKEHNUY, XOTSI (HaKTypa OCHOBHBIX ITOJIOC MPU
9TOM M3MeHsSach He3HAuMTeNbHO. JTO TOBOPDUT O DasHOM CTeleHu
yCTO]‘;I‘{MBOCTM CBsI3eit MeXOy KOMIIOHEHTaMM CMCTEMbI K BHEIITHMM BO3-
Jle/iCTBMSIM B IpolLiecce KOHL@eHTPMPOBaHMSL.

Crabunusupyiolee BAMSHME JMMOHHOM ¥ aCKOPOMHOBOM KUCIOT
NpM KOHLIEHTPMPOBAHUM JIyullle BCErO MPOCMAaTpMBaaOCh MO COXpa-
HeHuio Gopmbl 1y61eToB caxaposbl 1375/1335 cm~! (pparmeHTsI «6»)
u 868/831 cM~! (bparMeHTHI «B») 10 CPAaBHEHMIO C 06PA3I[OM CBEKOJb-
HOTO COKa 6e3 crabuamusatopa. A CTPYKTypu3auus II0710chl 1628 cm!
(bparmeHThI «I»), IIe BO3MOXKHO IPOSIBIEHME KOjle6GaHMii MPOTEMHO-
BBIX CTPYKTYP, ¥ HEKOTOPOE yBe/luueHe ee MHTEHCUBHOCTY C BBeJleHMU-
eM CTaGMIM3aTOpPOB, MOTYT yYKa3bIBaTbh Ha MEHBIIYIO YCTOMUMBOCTD UX
CBsI3€if B CTPYKType CBEKOJIbHOTO COKa C IOBBbIIIEHMEM KUCIOTHOCTHU.
U 3mech HAIISITHO MIPOSIBIISIETCS BIMSIHME TPUPOLBI CTAOUIN3ATOPOB.
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Pucynok 11. ®parmenTsl UK-cIIeKTpOB CBEKOJIBHOIO coKa: a) 1175-950, 6) 950-750, B) 1500-1175, r)1700-1560,
o) 1280-1180 cm~!; 1 — 6e3 crabunmsaTopa, 2 — € IMMOHHOMM KUCIOTOM, 3 — C IMMOHHOJ ¥ aCKOPOMHOBOJ KMCIOTaMMU

Figure 11. Fragments of the IR spectra of beetroot juice: a) 1175-950, 6) 950-750, B) 1500-1175, r) 1700-1560, 1) 1280-1180 cm™!;
1 — without stabilizer, 2 — with citric acid, 3 — with citric and ascorbic acids
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PucyHok 12. ®parmeHnTbl UK-crieKTpoOB pacTBOPOB Ipenapara caxapossl: 1-20, 2-40, 3-50, 4-60%; a) 1175-950, 6) 950-750,
B) 1500-1175, r) 1750-1500, x) 1280-1180 cm™!

Figure 12. Fragments of the IR spectra of sucrose preparation solutions: 1-20, 2-40, 3-50, 4-60 %; a) 1175-950, 6) 950-750, B) 1500-1175,
r) 1750-1500, x) 1280-1180 cm™!
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PucyHok 13. ®parmeHTsI UK-CIIEKTPOB CBEKOJIBHOI'O COKA B IIpollecce KOHLeHTPMPOBaHMSI
a) 1175-950, 6) 1500-1175, B) 950-750, r) 1780-1525cm™1;1 — 0,2 — 5,3 — 10, 4 — 15 MmuHyT
Figure 13. Fragments of the IR spectra of beetroot juice during concentration:
a) 1175-950, 6) 1500-1175, B) 950-750, r) 1780-1525 cm™!;1 — 0,2 — 5, 3 — 10, 4 — 15 minutes
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PucyHoK 14. Muau dparmenTsi 1280-1175 cvm~! UK-CreKTpoB CBEKOJIBHOTO COKa: a) 6e3 cTaéunamsaTopa, 6) ¢ IMMOHHOI KICIOTOI,
B) C JIMMOHHOJ1 ¥ aCKOPGMHOBOJ KMCJIOTAaMM B IIponecce KOHLeHTpupoBauusa: 1 — 0,2 — 5,3 — 10, 4 — 15 munyT
Figure 14. Mini fragments of 1280-1175 cm™! IR spectra of beetroot juice: a) without stabilizer, 6) with citric acid, B) with citric and ascorbic acids during
concentration: 1 — 0, 2 — 5, 3 — 10, 4 — 15 minutes

Jlyuire Bcero o6 3TOM TOBOPSIT MUHM (GparMeHTbI crieKTpoB 1280-
1175 cv™! Ha Pucydke 14, wUTIOCTPUpPYSI pasiuuus B COCTOSTHUM
MMPOTENH-YIJIEBOMHOI CUCTEMBI TPEX CEPUit 06pa3I[0B CBEKOIBHOTO COKa,
oTMeueHHbIe Bbille (PMcyHOK 117), 1 BO BCceX CIy4asix MOAYepKUBas:

U pasHMIlY B ONTUMYECKUX CBOICTBAX MEXKIY CUCTEMOI, IIOJBEPrHYTOM
MexaHu4yeckoMy BosfelicTBuio (PucyHok 14a) u cucremamu (Pucy-
HOK 146 u PycyHOK 14B) moc/ie CyMMapHOTO BO3[EiCTBUS — KUCJIOT-
HOTO ¥ MeXaHN4eCcKoro;

U ee KayeCcTBEHHYIO CTaOMIBHOCTb HE3aBUCUMO OT CTEIleHV KOHIEHT-
pupoBaHust 06pasIoB;

U ponb acKOpGMHOBOM KMUCIOTHI, CHWKAIOLIE) PEKOHCTPYKTUBHYIO 30-
(heKTMBHOCTD IMMOHHO KUCIOTHI;

U pasHuily B [MHaMMKe KOHLIEHTPUPOBaHMS, KOTOpasl OCTaTOUHO XO-
pOLIO MPOCTIEXMBAETCS] N0 OTHOCUTETBHOMY PacIIONIOKEHUI0 Y UH-
TE@HCUBHOCTY KPUBBIX CBETOIOITIOIEHNSI.

PucyHok 15, mpepcrasiisis GparMeHTbI CIIEKTPOB MOCIEIHUX KOHIEH-
TpaToB (15 MUHYT) Tpex cepuit 06pasLoB CBEKOJIBLHOTO COKa MOCIe Xpa-
HeHMsI yepe3 1, 2 U 4 MecsiLa, He MMOKa3aJl KAKUX-JIMOO CYIIeCTBEHHbIX
M3MEHEeHUI B 06/MacTsX IMPOSIBIEHMS] XapaKTEPUCTUUYHBIX MPU3HAKOB
caxapo3bl (pparMeHTsI «a, 6»), 06YCIOBIEHHbIX KOTE6aHMUSIMU CTPYKTYP-
HBIX 37IeMEHTOB IVIKIOB IIIOKO3bI M (GpyKTO3bl. HO 1MO3BOMIMI OTMETUTH
HEeKOTOpbIe M3MeHeHMs B ITOJIOKEHUY ee (PYHKIVOHAIbHBIX IPYIIIPOBOK
B y6nere 1375/1335 cm~! (hparmeHTsI «B»), GOPMBI CAMOro LybieTa, OT-
HOCUTEIbHOM PAacCIIOIOKeHUY CIIeKTPaJbHbIX KPUBBIX B COCTaBe I10JIOCHI
1412 cm! u cmemenny ee MakcuMyMa B TonokeHue 1409 cm~! uepes
4 Mecsija XxpaHeHMs 06pa31oB.

Comnocrasiisisi GparMeHThI «» PrCcyHKOB 13 1 15 66T OTMEUEHbBI 13-
MeHeHMs Kak B hopMe, TaK 1 ITOTIOKeHMY MaKCMyMa OCHOBHOJ ITOJIOCHI
B CIIEKTPaxX Bcex 06paslioB B Mpoliecce XpaHeHNs], He HAaGIIOAaBLIMeCs
IIpYU KOHIEHTPUPOBaHUYU. MeHee BbIpaskeHO, HO aHAJIOTUYHBI b deKT
MMeJT MeCTO U Ha (pparmenTax «a» PucyHka 15 rmpu coxpaHeHUM 001[ero
KOHTYpa CIeKTPaTbHbIX KPUBBIX.

JlaHHbIe MPOSIBJIEHUS] B U3MEHEHUY OINTUYECKUX CBOMCTB KOHIEHT-
paToOB CBEKOJILHOTO COKA MOTYT OOBSICHATHCS CIIOCOGHOCTBIO 61OMOIIe-
KyJI K CIIOHTaHHO} caMOOpraHu3anyuy ¥ TpaHchopMaiyy B IpoLeccax
CTPYKTYDHOJ ¥ 9HepreTM4ecKoi crabmuamnsanuy ero CUCTeMbl B TIepuoz,
XpaHeHMsI MocJIe psfia PaspyLIMTeNbHBIX MeXaHUYeCKUX Y XUMUYEeCKUX
BMeLIaTeNbCTB. [IpyyeM B 3aBMCHMOCTM OT BellleCTBEHHOT'O COCTaBa CU-
cTeMbl [34,44,45] MOTYT nOC/I€0BaTeNbHO Peaa30BbIBAaThCS Pa3Hble ec-
TeCTBeHHble MeXaHM3Mbl CAMOOPTaHM3alUMM, BIAVSISI Ha JUHAMUKY TIPO-
ecca ee CTabMIM3aLY IPU XPAHEHWUHA.

OpHaKko Ipy BCeX CTPYKTYPHBIX MPeoOpa3s0oBaHUSIX B KOHLIEHTPATax
CBEKOJIbHOTO COKa IIPU XpaHeHWM, CTabunusupylolee BIMsHME BBeLeH-
HBIX KMCJIOT XOPOILIO BU3YalIU3UPYIOT 3/1eKTPOHHbBIE CIIEKTPbI KPacUTeNst
Ha Pucynke 6.

4. 3akno4yeHne
KommekcHoe 1mcciefoBaHMe coka OT IUIOOOB CBEK/Ibl COpTa

«Bopno-237» IByMs CIIeKTPaabHBIMU METOLAMY C KOHTPOJIEM MeTOLAMU

XMMMYECKOTO aHa/IN3a TI03BOJIUIIO OTMETUTD:

O crabunmmsupytomuit addert MMMoHHOI U cmecu TuMoHHOI (0,25 %)
1 ackop6uHOBOIi (0,25 %) KUCTOT HA ONTHYECKye CBOMCTBA GeTaHMHA
(535 HM) M CHUCTEMY KOHLIEHTPATOB CBEKOJIBHOTO COKa B Ie/IOM. YcTa-
HOBJIEHO, YTO MCIIOJb30BaHMe CMeCu acKOpOMHOBOM U JIMMOHHOM
KMUCIOTHI OKa3bIBaeT MeHbllee BIMSHYE Ha CTAaGMIBHOCTh GeTaHMHA
NPy KOHLUEHTPUPOBAHMUM U XOIOOMUIBHOM XpaHeHUM. J[JoCcTaTOYHbIM
KOJIMYECTBOM MCIIOJIb30BAHUSI CTAaOMIM3aToOpa B TEXHOIOTMU Gera-
HMHCOZepsKalyX KOHIeHTPaTOB siB/sieTcs copepskanye 0,5 % MMMOH-
HOJ KUCJIOTBI;

U pasnuuue B IeMCTBUY CTAGMIM3ATOPOB GOslee HAIISTHO MPOSIBIISIETCS
B PeCTpyKTypu3auuu npotenH-hochomnmnm-yrieBogHbIX KOMIUIEK-
COB, COCTaBJ/ISIOLIMX OCHOBY CUCTEMbI CBEKOJIBHOTO COKa. BbIsIBIEHO,
YTO yyKe uepes JBe Heleny XOJI0AUIbHOr0 XpaHeHus: o6pasia, cTabu-
JIM3UPOBAHHOTIO JIMMOHHO KUCJIOTO U KOHIEHTPMPOBAHHOIO B Te-
yeHun 15 MuHyT, monoca 215 HM cMemjanach B BAKYyMHbIN yIbTpa-
dbuoner. opMmpoBanach MHTEHCUBHASI CTAGMIIbHAS [10I0CA C ABYMSI
Makcumymamu — 240 1 250 HM 1 CTPYKTypMPOBaHHOI IIPaBOii BETBBIO,
B KOTOPOJi TPOCMAaTPUBaINCh NTepBble IPM3HAKM MTPOSIBIEHMS ITPOTe-
MHOBBIX KOHCTPYKUMIL. [IpM3HaKy caxapossl Py 3TOM PeTYIIMPOBa-
JIMCh 06PA3YIOIMMUCS IPOTEMHOBBIMM arioMepaTaMiu. YCTaHOBJIEHO,
YTO Ha CKOPOCTb, CTeIleHb Jerpaganuy 6eTaHuHa 1 TpaHchopManmio
BeIleCTBEHHOTO COCTaBa CBEKOJIbHOTO COKa 6e3 crTabuansaTopa mpu
XpaHEeHU! BAUSET KOHCUCTEHIMS. [JlaHHbIi (aKTOp SIB/ISETCS OCHOB-
HBIM M ONIpeZessieTcsl MPOAODKUTENbHOCTbIO KOHLIEHTPUPOBAHMSI.
B Y@ o6nactyt mpu XoMOOMIbBHOM XpaHeHUYM KOHIIEHTPATOB OTMeYeHO
SIBHO BBIpaKEHHOE I10C/IeioBaTeIbHOe GOPMMUPOBAHME CTPYKTYPUPO-
BaHHOJI nonockl 240-270 HM, MMeloIlleli TPOTeMHOBYIO IPUPOLY. ITO
TIO3BOJIMJIO TOBOPUTH O TOM, UTO MMEIOT MECTO CIIOHTaHHbIe ITpeobpa-
30BaHMSI IPOTEUHOBBIX CTPYKTYP C YKPYIHEHMEM UX [IOGYI, Xapak-
Tep KOTOPBIX OIIpeJieNsieTcsl KOHCUCTeHIIel KOHLIeHTPaTa;

U BapuabGMIbHOCTb ONTHYECKMUX CBOJCTB KOHLIEHTPAaTOB IPU XpaHe-
HUM OOYC/IOBIIEHA eCTeCTBEHHBIMM IIPOIeCCaMM CIIOHTAHHON ca-
MOOpraHM3aluy BCeX KOMIIOHEHTOB JJIsl CTPYKTYPHOI U SHepreTu-
Yyeckoii crabmnimsanum cucreMbl. OTMeUeHO POosIBIeHNe TPUPOLIbI
KMUCIIO¥ Cpenbl ¥ KOHCUCTEHIMY 06pasia, KOTOpble Mpenonpesens-
I0T MeXaHM3M M CKOPOCTb CIIOHTAHHOJ CaMOOPraHM3alyuy COMyTCT-
BYIOLIVX GMOMOJIEKYJT B IIPOLIECCAX CTPYKTYPHOI CTaGMIM3aLUM CU-
CTeMbl IIPY XpaHeHUY KOHLIEHTPATOB CBEKOJIbHOIO COKa B TeueHue
4-X MecCsI1eB;

) KOHIEHTPMpOBaHMe Ha POTOPHOM MCIapuTese B Te4eHue 15 MUHYT
ripu temneparype 60+0,2 °C u gaBnenuu 72+ 10 mbap no3BosnseT Jo-
CTUYb TIPOIO/IKUTEIbHOCTY XpaHeHUs KOHIleHTpaToB mpu 4+0,5°C
110 4 MecsiLeB ¢ 5 % roTepsiMy KpacsIiero BelecTsa — 6eTaHuHa.
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METOINYECKHUE ITOJA X0/ bl ISO.TII/I‘IECTBEHHOI'O OITIPEAEJIEHUSA
BUC®EHOJIOB B IITMIIEBOU IMPOAVKIIMU METOAJOM I'X-MC
VrosauoB [I. A.1*, Bocrpukosa H. JI.!, TytHoB A. B.2, 3axapoBa B. A.!, iBanos A. A.!, [Toymmyk E. K.!

ldenepanbHblii HAYYHBIIT [EHTP MUIIEBbIX cucTeM uM. B. M. TopbaToBa, MockBa, Poccus
2CeBepo-OceTMHCKMII FOCYIapCTBEHHBI yHUBEpCUTeT, Biagukaskas, Poccus

OTKPBITBIN JOCTYN

K/IFOYEBBIE C/IOBA: AHHOTALIUA

Bucgenonst, ’X-MC, B pabore pazpa6oTaHa 1 BaIAMPOBaHA METOIMKA KOJMUECTBEHHOTO OTIPeieieH sl IeCTU U3 CEMU BbIOpaHHbIX 61cheH0I0B

naacmugukamopel, B IIMILEBOJ IIPOSYKLMYU MEeTOLOM ra30B0ii XpoMaTorpaduy ¢ Macc-ClieKTpOMeTPUYECKUM JIeTeKTMPOBaHMEeM I10C/Ie CUTATIN-

6e30nacHocmo, pyroiteit mepuBaTusanuu. [Ipo60moAroToBKa OCHOBaHA Ha SKCTPAKLMM aHAIUTOB C ucmoiab3oBaHueM QUEChERS u mocie-

nuwesas npooyKyust  AyIoLei OYMCTKOM 3KCTpakToB TOD U KOHIEHTPUPOBAHMEM Tiepef xpomarorpabuueckum ananusom. [Ipoueaypa mpo6o-
TIOATOTOBKY BKJIIOYAeT reKCaHOBOe 06e3KMpuBaHue U IMUCIIePCHYI0 TBepnodasHyIo OUNCTKY. lepyBaTu3alysl BHIIOMHIETCS
¢ ucronabzoBaHueM MCT®A rnpy KOHTPOIMPYeMOi TeMIiepaType Jisl TOyUYeHUsT CTaOUIbHBIX JIETYUMX [TPOU3BOAHBIX, TPU-
rogHbIx 11t [X-MC aHanmm3a. IlomyueHs! KOMMYecTBEHHbIe XapaKTePUCTUKY MeTOAa, BKIIIOYAIOIye ITpenesbl 0GHapysKeHNsI
(LOD) u npezensl KonuvecTBeHHOro onpenenenus (LOQ) i KaXkoro U3 ucciemayeMbix 61cheHonoB. s KaskIoro aHaaIuTa
paccuMTaHa CTeleHb SKCTPaKUMM IPU TPEX YPOBHSIX BHECEHMsI, KOTOpasi COCTaB/sieT He MeHee 88 %, UTO Mo TBepsKIaeT BOC-
MPOM3BOAVIMOCTb M JOCTATOUHYIO 3 GEeKTUBHOCTb BHIGPAHHON CXeMbI MOATOTOBKY MPo6bl. XpomaTorpaduueckue ycroBust
obecrieynBaloT pasjieneHue uccienyeMslx 61cheHoI0B, KpoOMe OIHOM KPUTUUYECKO Mapsl, U YCTOMUMBOCTD yoepKMBaeMbIX
CUTHAJIOB B XOfle CepUIfHOTO aHanu3a. [ljis1 Bcex coeiHeHMI TIOMyYeHbl XapakTepHble MacC-CIEKTPhI U ONpefieseHbl MOH-
HbIe TIepexo/ibl, UCIIO0Nb3yeMble 17181 uaeHTndukauyu. IlpencrasieHHas MeTOAMKa IT0J0iIeT B 60/IblIIel cTeneHy 1uccae0Ba-
TEeJIBCKUX PabOT 110 M3yUYeHNI0 GaKTOPOB, YBeIMIMBAIOLINX CTEIIeHb MUrpalyy 61cheHoIoB B MMIIeBble IPOAYKTHI. B cTaThe
MpYUBEIEeHbI BCe HEOOXOAMMbIE ITAIIbI AJIS1 UCCIeA0BAHMS MULIEBOI MPOAYKIVN: AeTaTbHOE OMMCAHYE MTPOLecca MOATOTOBKY
Mpo6BI, IPOTOKOJ AePUBATU3aLUY, MIHCTPYMEeHTaIbHbIe YeTaHOBKY A/1s1 [X-MC cucteMsl. [Ipoliecc MoAroTOBKY IPOOLI cae-
JIAH AJIST CJIOKHBIX MUILEBBIX MaTPULL, KOTOPbIE TPEGYIOT BHICOKON CTEIIEHM OUMCTKY AJIS ITOCTeAYIOLIero aHaausa.
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bisphenols, GC-MS, The paper presents the developed and validated method for quantification of six out of seven selected bisphenols in foods by
plasticizers, safety, gas chromatography with mass spectrometric detection after silylation derivatization. Sample preparation is based on extrac-
foods tion of analytes using QUEChERS with the following purification of extracts using SPE and concentration before chromato-

graphic analysis. The procedure of sample preparation includes defatting using hexane and dispersive solid phase purifica-
tion. Derivatization is carried out with the use of MSTFA under controlled temperature to obtain stable volatile derivatives
suitable for GC-MS analysis. The quantitative characteristics of the method were obtained that included limits of detection
(LOD) and limits of quantification (LOQ) for each of the studied bisphenols. For each analyte, a degree of extraction at three
levels of introduction was calculated, being no less than 88 %, which corroborates reproducibility and sufficient performance
of the chosen scheme of sample preparation. Chromatographic conditions ensure separation of the studied bisphenols, except
one critical pair, and stability of retained signals during serial analysis. For all compounds, characteristic mass spectra were
obtained and ion transitions used for identification were determined. The presented method is suitable to a larger extent in
research on studying factors that increase a degree of migration of bisphenols into foods. The paper presents all necessary
stages for analysis of food products: detailed description of the process of sample preparation, protocol of derivatization,
equipment for the GC-MS system. The process of sample preparation is designed for complex food matrices that require
a high degree of purification for the following analysis.
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1. Beegenue

CoBpeMeHHas MHUILEBasl NMPOMBIIIIEHHOCTh He MOXeT 3()QeKTUBHO
byHKUMOHMPOBATh 6e3 IIMPOKOrO MCIONb30BaHMS IMOIMMEPHBIX MaTe-
pUaIoB, KOTOPbIE UIPAIOT KPUTUYECKYIO POJTb B 06eCIieueHny COXpaHHO-
CTY MIPOAYKTOB, ONTUMMU3ALUM JIOTUCTUUECKMX TIPOLIECCOB U MOBBIIIEHUN
yoo6cTBa ux norpebaenust. Cpeyt MHOXKXECTBA ITOJIMMEPOB MOTMKApOOHATbHI
3aHMMAIOT 0c060€e TOMOKEHYe, PeICTaBIsisi CO60/ BHICOKOTEXHOMOTMY-
HbIe TePMOILIACTUYHbIE MOIMMEPbI C XOPOIUMU BUZUKO-XUMUIECKUMU
XapaKTepUCTUKaMM. JTU MaTepuajbl HaxOAAT IIMPOKOE MpMMeHeHue
B IIPOM3BOACTBE MHOTOPA30BO#1 MOCY/bI, INIACTUKOBBIX GYTHIIOK, KOHTE-
HEPOB 1 YITAKOBOYHBIX TJIEHOK, YTO 0OYC/IIOBJIEHO MX BHICOKO/ MeXaHuye-
CKOJi IIPOYHOCTBI0, TEPMOCTOVIKOCTBIO M YCTOMUMBOCTBIO K BO3ZEMCTBUIO
OKpY>Kalolleit cpefibl.

OpHako, HeCMOTpPSI Ha 3HAUMTENIbHbIE IIPEVMYILeCTBa, IOTeHIMalb-
Hble PUCKY, CBSI3aHHbIE C MUTpaleli HU3KOMOJIEeKY/ISIPHbIX COeVIHEHUI
13 IONMMEPHO MaTpUIbl B IUILEBYIO CPeNy, BbI3bIBAIOT Cepbe3Hble Ola-
CeHMsI B HAyYHOM COOOIIeCTBe, Cpeayt TPOU3BOAMUTEINEN U PEryIsITOPHBIX
opraHoB. OCHOBHBIMM OITIACHBIMM MUTPAHTaMU SIBJISIIOTCSI OCTaTOYHBIE
MOHOMePpBHI, Takue Kak 6ucheHon A (BPA), a Takke IMPOMYKTHI €CTPYK-
UMY TIOJIMMEPHO e, BKIoUasi (GeHOJbI U KarpolIakKTOH. DTU COeIU-
HEHUSI SIBJISIOTCS. UMUTATOPAMy 6a30BO TETPALMKINYECKON CTPYKTYPbI
SKEHCKUX TIOJIOBBIX TOPMOHOB (3CTPOTEHOB, OCOOEHHO 7-B-3CTpaauorna)
(PucyHOK 1) 1 MOT'YT OKa3bIBaTb HETATMBHOE BO3[EJICTBME Ha 3[0POBbE
yesoBeKka, 0COGEHHO HAa SHIOKPMHHYIO CUCTEMY, BbI3bIBasl HApyIIEHUS
rOpPMOHAJILHOTO 6ajlaHca M, KaK CJIeACTBYe, MOTeHI[MaTbHbIe PUCKY IS
PenpoAyKTUBHOIO 310POBLA [1].

Bucdenon A, Kak M3BeCTHO, OPUIIMATBHO TPU3HAH BEILIECTBOM C BbI-
paKeHHBIM HEraTUMBHBIM BO3[JEJICTBMEM Ha DENpPOAYKTMBHYIO CUCTEMY
yesioBeka. MccienoBanus B 3TOM 06/1aCTy MOJUYEPKMUBAIOT, YTO BPA MoskeT
OKa3bIBaTh IITyOOKOE BIMSIHME HA pa3BuUTHE 1 QYHKIVIOHMPOBaHME PEIpo-
IYKTUBHBIX OPraHOB, UTO JIE/IaeT ero 06beKTOM MPUCTATbHOTO BHUMAaHUS
YUEHbIX U CIIELUATUCTOB B 06IACTY TOKCUKOIOTMY Y SHAOKPUHOIOTUY [2].

VuuThiBas OMacHOCTh 61cheHosa, BO MHOTUX CTpaHaX OH GbLT 3arpe-
LIeH K IPUMEeHEeHMIO B MPOM3BOLCTBE MaTePUaloB, YaCTUUKM KOTOPBIX
MOTYT IOTACTh B Y€TIOBEUYECKUIT OpPraHm3M b0 yepe3 KOHTAKT C IMpo-
IyKIMeli, KOTopasi XpaHUTCSI B TAKOM MaTepuase (Harpumep, HAMUTKH,
MUIIEBast TMPOAYKIMS), MO0 HENOCPeNCTBEHHO HAMpsMyl (Hampumep,
netckye urpyuku [3]). [lpyHuMas Bo BHMMaHMe To, uTo BPA 13-3a cBoeit
CTPYKTYDPBI MOKET OKa3bIBaTh CMJIBHOE B/IMSIHME Ha TOPMOHAJIbHYIO CUCTe-
My YeIoBeKa, IPOAYKLMS IJIS IeTei i KOHTPOIUPYeTCsl B 0C060i CTeneHM.
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PucyHok 1. CTpyKTypHOe cxoncTBo 17-f actpaayoina v Bucdenona A
Figure 1. Structural similarity of 17-p estradiol and bisphenol A

Ho, k coxkaneHu1o, 3anpeT npuMeHeHus1 BPA npuses auiib K IpMMeHEeHUI0
npyrux 6ucheHonos. BucdeHombl — 3TO KIacc OpraHNYecKux CoemyHe-
HUIA, comepsKallyx ABe GeHobHbIe Ipymnbl. Haubonee u3BecTHbIe Mpef-
craBuTenn: 6ucdenon A, 6uchenon B (BPB), 6uchenon C (BPC), 6ude-
Hon E (BPE) u fip. (PucyHOK 2), KOTOpbI€e 13-3a CXOXXECTU CBOMX CTPYKTYPY
¢ BPA B 60/IbIIMHCTBE CBOEM OKa3bIBAIOT cxoxkee ¢ BPA meiicTBie Ha ueno-
BeKa [4]. VIX cTpyKTypHBIe 0COGEHHOCTM (3KECTKOe apoMaTHUIecKoe SiIpo +
+ PeaKkIMOHHOCIIOCOOHbIe ()eHObHbIE I'PYIIIbI) AETal0T UX UeaTbHbIMU
MOHOMepaMM AJIs1 Psiia BbICOKOIIPOUHBIX T€PMOIIIACTOB M MOMMMEPHBIX
CMOJI, 0CO6€HHO 3MOKCUAHBIX. PopMyna 0OGBIYHO MPEeACTaBsIieT CO6Oii:
OH-Ar-C(R)(R’)-Ar-OH, rne Ar — deHmnpHas rpymmna, a R—pasnuyHsle 3a-
MecTuTenu (Hanpumep, it BPA C(R)(R’) — aTo mpormnas).

BucdeHonsl He DO6ABISIOT B YIIAKOBKY KaK CAMOCTOSITEbHbIE KOM-
roHeHTbl. OHM MCIONb3YIOTCSI KaK peareHTbl (MOHOMEDBI MM OTBEP-
IATeNN) TPU CUHTe3e OIpeleléHHbIX NonumepoB. BPA — ocHOBHOI
MOHOMep JIs1 TIOIMKapbOHATHBIX MIacTUKOB. IIponecc: BPA pearupyer
¢ docreHoM (B HMPOMBIIIIEHHOCTM — MeXda3Has MOIMKOHAEHCALVS),
obpasyeTcs JyiMHHas 1enb nonn(6rcheHon-A kKap6oHaTa), MoNTyYeHHbII
TonyMep — IIPO3payHbIi, yIapOIIPOYHBIN, TEPMOCTOVIKMIA.

IMonnKkapOOHATHBIN IIaCTUK LIMPOKO MCIONB3YeTCs] IIPU IIPOU3-
BOACTBE:

0 6yTBUIOK MHOTOPa30BOT0 MCIIONb30BaHMS,

0O perasneit KodeMalH, KOPMYILIEK, Ky/IePOB, 103aTOPOB BOZbI,

U éMmKkocTeii o151 XpaHeHus,

U KpbllIeK, 57iIeMeHThbl TEPMOCTOMKO YyIIaKOBKM.

U marepuana-noKpbITHS [JI TIeYaTHONM MOBEPXHOCTY KaCCOBBIX YEKOB.
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PucyHox 2. [IpymeHsieMble B IIPOU3BO/CTBE MoJMKap6oHaTa 6uchenossl (co3gano B KingDraw V3.0.2 En_us)
Figure 2. Bisphenols used in production of polycarbonate (created in KingDraw V3.0.2 En_us)
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Tak ke u3 BPA (umm BPF, BPS) u snuxnoprujpuHa M3rorasiuBa-
10T 3MOKCHAHbIE CMOJIbI. BuicheHon BbIcTynaeT Kak OfHa U3 KII0UeBbIX
4yacTeii ABYXKOMIIOHEHTHOV CTPYKTYPbI SITOKCHUIHON CMOJBI.

B ynakoBKe 3MOKCH/IHbIE CMOJIbI MCTIONb3YIOTCS IS

BHYTPEHHMX 3aIIMTHBIX IIOKPHITMI KOHCEPBHBIX OAHOK,

BHYTPEHHMX CJI0€B MeTalJIN4eCcKX KpbIIIeK,

TTOKPBITUI /11 MeTA/INYeCKX 6aHOUEK AJIS1 HAIIUTKOB,

3aIMTHOTIO CJIOSI aJIIOMMHMEBOJ U CTa/IbHOM YIIaKOBKM.

DIOKCUAHBIE TOKPBITUS IPYMEHSIOT TaK KaK OHM NIPUIAIOT YIIaKOBKe
KOPPO3MOHHYIO CTOMKOCTb, 6APbePHYI0 3aLIUTY OT arpeCcCUBHOI Cpesbl
usgenus, KOTopoe XpaHUTCS, IIPefOTBPallaloT KOHTAKT MeTaa ¢ Mpo-
IyKTOM.

VUuUTBIBasA, YTO HEBO3MOKHO ITPOBECTY Miea/IbHYI0 peakLtIo, TPy KO-
TOPOJi GBI Bce KOMMUECTBO 6MCHEHOIOB GBIIO «CIINUTO» B YIIAKOBKY, YACTh
61cheHONIOB 0CTaeTcsl He 3aJe/ICTBOBAaHHON B peakiuy, 13-3a Yero oHa
MOXeT MUT'PMPOBATh B MPOAYKT. [ToMMMO 3TOr0, ecThb 1 Apyrue hakTopsl,
KOTOpbIe MOBBIIIAIOT PUCK MUrpauyy 6ucdeHonoB, cpeay KOTOPbIX Ha-
rpes, YO-uzmyueHue, Boicokuit pH u nip [5,6,7]. IlocnenHue necTpykTus-
Hble (aKTOPBI BBI3BIBAIOT AKTMBHbIE MPOLECCHI PACIaja IOIMMEPHbIX
MaTepuasoB, B pe3yabTaTe KOTOPBIX U3 MOIMMEPHOJ MaTpULbI BBICBO-
605K Ial0TCs CBO6OIHbIE 6VICHEHOTBI.

Pucky murpauym 61ucheHoN0B NoABep)KeHbl abCOMOTHO BCe BUIBI
MMIEBOJ MPOAYKLUMM, YTO MOATBEePKOAeTCsl pe3yabTaTaMy MHOTOYM-
C/IeHHBIX MCCIeNOBAaHUI Ha Pa3IMUHbIX MOJENbHBIX cpefax. B Tabmuie
1 mpuBeneHa cBogKa o murpauuy BPA B 4 cMmonenupoBaHHbIe UIEBbIE
maTpuiibl: criMpToBast (10-50% pacTBop 3TaHOMA), KUMpPOBast (H-reKcaH
WU H-TeNTaH), KUCIOTHAs (3-5 % yKCycHast KUCJIOTa) M BOmHAs (IUCTU-
JIMPOBaHHAs BOHA).

Kax moka3bIBalOT 3KCIIEPUMEHTHI, 6McheHObl aydllle MUTPUPYIOT
B JKVMPOBBIE CPEeZpbI, T.€. B KMPBI X Macia (WX B IIPOLYKTHI C GOMBIINM
coziepskaHMeM Xupa). ITO CBSI3aHO ¢ ux IunoduabHocTh0. Ho HecMoTpst
Ha TO, 4TO 6McdeHOIBI 110 cBoeii mpupoze ruapodo6GHbI, OHYU BCe JKe B He-
KOTOPBIX KOTMYECTBAX paCTBOPSIIOTCS B BoJe (HallpuMep, paCTBOPUMOCTb
6uchenona A B Boge moxonut o 190 Mr/m), mo3TOMY PUCKM MUTPALIVIA
61cheHoNoB B GYTMIMPOBAHHYIO BOAY TOXe ecTh. K ToMy ke Gosblioe
KOJIMYeCTBO HAay4YHbIX paboT MOCBSIEHO KOHTaMMHaLuK 6ucheHomammu
He IUIIeBOV MPOAYKLMM, & PA3JIMYHOTO POJA BOGHBIX MCTOYHVKOB.

Tak, HanpuMmep, Lim u gp. [10] npoBenu ucciaenoBaHus NUTbEBOI
Bonb! [OkHOIT Kopeu (BOZONPOBOAHYIO, OUMIEHHYIO U GYTMIMPOBAH-
HYI0), Pe3y/lbTaTbl KOTOPBIX IOKa3alu, Haauuye 3HAUMTENbHbIX KOJIU-
yectB BPA B BogornpoBoaHOit Bozie 1 6uchenona @ (BPF) B ounieHHOM
BoJie. B 11e710M, aBTOpPBI 3asIBJISIIOT, UTO HECMOTPSI Ha O6HApykeHue 6umc-
eHo10B B 06pasLax, cpegHee UX MOTpedIeHye s KaKAbIX TPYII Hace-
sneHus coctapisiet 0,36—0,72 HI/KT Macchl Teja B AeHb, UTO, KaK OTMeva-
10T aBTOPbI, 3HAUMTENBHO HMKe HOPMBI, yCTaHOBJIEHHON EBponeiickum
areHTCTBOM IO 6e30IacCHOCTM IMILEBBIX NPOLYKTOB B 4MKI/KT MacChl
Tesna. OZHAKO BaKHO OTMETUTb, UTO B 2023 romy 6blIM OMy6GIMKOBAHbI
HOBbIe MCCIeIOBaHMs, HA OCHOBAaHMM KOTOPBIX JOIYCTMMasi CyTOUHAs
no3a BPA 6bu1a cHiokeHa B 20000 pa3 o 0,2 Hr/kr [1].

Ipyrast paboTa B 3TOM HarpasieHuy [11] 6bl1a MOCBSIILEHA UCCTeN0-
BaHMIO MOBEPXHOCTHBIX BOJ, psioM ¢ roponom Ilopt JukcoH, Manaisus.
Pe3ynbTaThl MOKa3aan, YTO MIOBEPXHOCTHbIE BOJbI COOepsKalu KOHLIEeH-
tpaiun 6uchenonos moutu mo 2000 Hr/n. Bosblnas yacTh MpUIUIACH
Ha BPF co cpenueit koHnenrtpaiueit 1100 ur/m1, a BoT BPA u 6ucheHnona
S (BPS) comepskanoch 3HauMTeIbHO MeHblIle, = B 20 1 B 100 pa3 cooTBeT-
CTBEHHO.

U1 pabGoTbl IoKasbiBawllee Hamuuue 6UCHEHONOB M UX aHAIOTOB
B IIPUPOIHBIX BOMHBIX MCTOUHMKAX y3Ke He HOBbI. Jin 1 Zhu B 2016 rogy
BIIepBbIe YCTAaHOBWIM Hanuuye 6ucdeHo0B B Bomax peku JIsioxa 1 o3epa
Taiixy, Kutaii [12]. CoriacHO Ommy6/11MKOBaHHbBIM JAHHBIM, B HAMOOMbIINX
KonmuuecTBax 6putM 06HapykeHbl BPA 1 BPS. [Ipnuem B ominume ot [11]
B KMTACKMX BOIHBIX pecypcax HambosbIiast Jossl mpuxoauinach Ha BPS.

Zhang M COaBTOpBI OLIEHWIM 3arpsi3HeHue BOAbI OGucdeHOIAMU
Ha 20 CTaHIMSX OYMCTKU BOABI [13]. DKCIIepMMeHT NPOBOAMIN IO U TO-
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CJle OYMCTKY BOJbI, PE3Y/IbTAThl [TOKa3aay Hajuuue B 00Opasiiax BOJbI
IO OUMCTKM TakuXx 6ucdeHonoB Kak BPA, 6ucdenon AF (BPAF), BPB, BPE,
BPF u BPS ¢ koHuieHTpauusimu no 34,9 ur/n, 10,8 ur/n, 14,3 ur/n, 6,2 Hr/u,
12,6 ur/n u 5,2 Hr/n. [IpyMeHsieMasi TEXHOJIOTUSI OUMCTKM BOJIbI IT03BO-
JiMjIa CHU3UTh KOJIMYECTBO OMC(hHEHO/MOB B HEl, MOC/Ie OUMCTKMA COMEp-
skaHue 6uchenonos cocrasmino: BPA no 6,5 ur/n, BPAF no 4,7 ur/n, BPB
no 3,2 ur/a, BPE no 0,6 ur/n, BPF no 0,9 ur/n u BPS mo 1,6 Hr/n. B nenom
OUMCTKA BOJbI ITO3BOJISIET M36aBUTHCS OT 6MCHEHOIOB, HATIPUMED, KOJIA-
yecTBO BPA 1oc/ie 0uMCTKY CHU3MUIIOCH Gojiee ueM B 5 pas, TeM He Me-
Hee OHA He TIOMOTraeT M36aBUThCS OT 61C(HEHONIOB OKOHUYATENIBHO. ABTO-
pbI [13] Taxk ke paccuMTaIyM NMPUMepHOe NoTpedieHue 61cheHoI0B, OHO
cocraBuiio 0,25 HI/KT Macchl Tesia B IeHb, UTO MeHbllle ueM B pabore [10],
HO TaK>Ke ITPeBbIIIaeT HOBYIO JOMYCTMMYIO CYyTOUHYIO 103y 110 [1].

OLIeHKY OUMCTHBIX COOPYKeHMIT CTOYHBIX BOJ, IPOBEIM B CBOEI pabo-
te Cesen u zip. [14]. CornacHo omy6/1MKOBaHHBIM Pe3y/IbTaTaM B CTOYHbIX
BOJIaX, 1O OYMCTKM ObUTM O6HAPYKeHbI 8 61cdheHonoB — BPAF, 6ucdenon
AP (BPAP), BPB, BPC, BPE, BPF, BPS u 6uchenon Z (BPZ). Hau6osnbiee
KOMM4ecTBO 61cheHO0M0B 61710 06HAPYKEHO B LIEHTPAX OUMCTKY BOJIBI,
KyZa MomnafgarT CTOYHbIE BOJbI C MUILEBbIX MPeANpUsITUIA, KOHIIEHTpa-
uumu 6ucheHosIOB B TaKMX BOAAx ObLIM B Auarnasone oT 599 mo 3030 Hr/m.
Bonbuie koHUeHTpauuu 6ucheHo0B 66U OOHAPYKEHbI Y B CTOYHBIX
BOAAX PSIIOM C TIPeANPUSTUSIMU IO TepepaboTke TekcTuisi. OgHAKO
TOC/Ie OUMCTKY, KOMMYECTBO 61C(HEHONOB B BOZE PE3KO CHMKAIOCh —
13 8 o6HapykeHHbIX 61cdeH0m0B ToabKO BPF 1 BPS 6bUIM B KOJTMYECTBaxX
JIOCTaTOYHBIX [/ OOHAPYKeHMsI 10 METOLY OrpenesneHus. X KOHIIeHT-
pauuu coctaBuiaun 36,7 u 40,6 HI/M COOTBETCTBEHHO. B 1ie/ioM yrnaneHue
611cheHONOB ITPY OYMCTKE COCTABUIIO ropsiaka 96,2 % [14].

AHanormuHyo paboTy poBeIu aBTOPHI [15], OleHMBAsT KOHIEHTpa-
uyy 6ucheHOIOB B CTOYHBIX BOAAX JI0 U MOC/Ie OYUCTKU. B aToM ciryyae
OGbUTM M3y4YeHbI TIOMUMO YK€ YIIOMSIHYTBIX aHAJIOTOB 6ucdeHomoB 6umc-
tdenon G u 6ucdenon Cl,. HanGonbiras KOHIEHTPALMS SO OUMCTKY OblTa
y BPA — no 400 Hr/m1, mocjie o4MCTKY OHa cocTtasisia 100 Hr/m, T.e. cTe-
rieHb ypanenust BPA cocrasuna mopsigka 75 %, 4To 3HAaUMTETHbHO MEHbIIIE,
yeM B pa6orax [13,14]. B 1mesiom 1o pesynbraTam paboThl CTEIeHb yaa-
yeHust 61cheHOOB B OUMCTHBIX COOPYKEHMSIX COCTaBMU/Ia OT IIPUMEPHO
7 o 88%.

PaboT, MOCBSIIIEHHBIX MCCIEJOBAHMIO 3arpsi3HEHUS OKPYXKaIolIein
cpenbl 6ucdeHoIaMM ¢ KaXKIbIM FOJOM CTAHOBUTCS BCe Gosblie U 60b-
mre. IIpuuem reorpadust 3Tux paboTt camast pasHoo6pas3Hasi, HO GosIbIIast
MX 4aCTh B TIOCIeJHEee BpeMs yBIMKYeTCss KUTaiCKMMM yueHbIMU. AHa-
sornyHo pa6ote [12] Guan u coaBTOpBI [16] McCIemOBaIM TIOBEPXHOCT-
Hble BOAbI, Bonbl 3anuBa Beiiby KkHo-KuTaiickoro mops. B [17] uccie-
JIOBaJIV BOAY Y IOHHbIE OTIIOKEeHWS pekyt YuHT XBait, 0TOGpaHHbIE B MSATU
Pa3IMYHBIX MeCTax peKkiu. Bce 3T paboThl TOKa3bIBAIOT CEPHE3HYIO MTPO-
61eMy 3arpsisHeHMsI OKpysKaroleit cpebl 6ucheHonamu. B esom comep-
skaHMe 61CcheHONIOB MPUPOIHBIX MCTOUHMKAX BOJIbI HAXOOUTCS HA YPOB-
He eCSITKU-COTHY HI/JI. HecMOTpSI Ha TO, UTO MPU TaKUX KOHIEHTPALUSIX
61c(eHONIOB B BOJE OPMEHTMPOBOUHbBIE KOJIMYECTBA MOTpebieHus 6uc-
(beHOIOB MOTYT GBITH 3HAUUTETHHO MEHbIIIE TOMYCTUMbIX HOPM, HE CTO-
UT 3a0bIBaTh, UTO 3arpsiI3HEHHAsT BOJA — 3TO JIMIIb OAMH U3 TOTeHIIM-
aJTbHBIX VICTOYHUKOB 61cdeHom0B. [T09TOMY ITpU KOHTPOJIE COEPIKAHMS
611cheHO0I0B 0CO6EHHO BasKHO MOAXOAUTD K 3TOMY BOITPOCY KOMILIEKCHO.
OpgHMM 13 Haubosiee BasKHEMIIINX MCTOUHUKOB, MOJJIEKAIINX KOHTPOJIIO
Ha copepskaHue 6McdeHOOB, HO/KHA ObITh MuIIeBast MPOIYKLMS, T.K.
KOHIIeHTpauuy 61cheHOoN0B B MUILEBOM MPOLYKLMM TOPA3J0 BbIIIE UX
KOHLIEHTpaLMii B BOJie U3 TPUPOIHBIX MCTOUHUKOB.

JI71s1 KOHTPOJISI cofepskanust 61cheHONIOB B IMUIEBOI MPOAYKIVM He-
06X0IMMO pa3paboTaTh METOAMKY UX ONPENEeNeHNs C YUeTOM MUIIEBbIX
matpuil. CerogHs HauboIee pacIpoCTPaHEHHbI METO, MCTIOb3yeMbIit
B IIEJIIX OIpeAeNeHus KoauuecTBa 61Mc(eHONOB B MUIIEBOI MPOMYK-
uyuy — BOXKX-MC/MC. 3TOT MeTOZ, IMPOKO UCTIOAb3YeTCs OISl 9TUX Lie-
Jieit, T.K. I03BOJISIET OINpelesisiTh KpaliHe Hu3Kue konnvectsa. [X-MC me-
TOJI, IPUMEHSIOT HAMHOTO PeXe JJIS 9TUX LIeJieit, T.K. YyBCTBUTETbHOCTh
ero noxyxe, uem y BO)KX-MC/MC 1 ecTh CIOKHOCTH B TIOATOTOBKE MPOO.

Ta6mmua 1. Murpaums BPA
Table 1. Migration of BPA

YnakoBOUHbBIi MaTepua/Tapa Marpuna VcnoBus Juana3oH 3HaYeHU HcTouHuk
TMonukap6oHaT BopHas cpena KomnaTHas Temmnepartypa Ilo 83,7 Mkr/n [8]
Tonukap6oHaT CrnimpToBasi cpefa Harpes o 70°C Ilo 54,3 MKr/n [8]
TMonukap6oHaT JKuposas cpena KomHaTHas Temnepartypa o 142 mMxr/n [8]
IMonukap6oHat KucnorHas cpena KomHaTHas Temmnepartypa o 40,9 mMxr/n [8]

AnmomuHueBas Tapa KucnorHas cpena Ipono/mKuTenbHbli HarpeB Ilo 47 MKr/n [8]
ByTbuiku CnimpToBasi cpefia IIpomomkuTenbHbIN HarpeB Ilo 6 MKr/n [9]
CriopTUBHbIE GYTHUIKM CnimpToBasi cpefia, KMCIOTHAs cpesa KomHaTHas Temnepartypa o 0,2 MKr/n [9]
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st onpenenenus 6ucdeHonoB naxke mpumenstor BIXKX c dmoopec-
LeHTHbIM JeTekTopoM (DJIMI) [18] — MeTOx, KOTOPBIi MOKET ObITD Jaske
yyBCcTBUTeNbHee, yeM BIKX-MC/MC, HO, K COXaJIeHUIO, He SIBJISIeTCS
B TaKOJ1 ke CTeIleHM CeIeKTUBHBIM.

OmvcaHHble paHee paboThl B GOMBUIMHCTBE CBOEM ObLIVM BBIMOIHE-
HbI ¢ ucnonb3oBaHueM BIXKX-MC/MC kpome pa6otsl [15], B KOTOPOit
ucnonb3oBamu I'X-MC meton. IIpenenbl KaueCTBEHHOTO OIpeeneHMst
B 3TMX paboTax HAXOMOATCS Ha YPOBHE JECSITKOB M COTEH HI/J, HO B pa-
6ote [16] aBTOpaM ymanoch OOCTUYb HeBeposTHbIX 0,02-0,36 Hr/m mist
Bozpl 1 0,01-0,12 119 BOGHBIX OTJIOKeHUHE, UTO B 10 pa3 4yBCTBUTE/IbHEE
I'’X-MC meronuxu u3 [19] u go 1000 pa3 4yBCTBUTENbHEE 10 HEKOTOPBIM
6ucdenonam raxke I'X-MC MeToauku 13 [15] paBHO Kak U ¢ MeTOAMKOIA
¢ @OJI]I [18]. Takue npenensl O6GHApPY>KeHMSI BO3MOXKHBI He TOMbKO M3-3a
HaJIM4Ms BBICOKOTOYHOTO 060PYIOBaHMsI, HO U 13-3a CIT0CO0a IO rOTOB-
KU 1po6 1 camuXx mpob, KOTopbie UccIeAyloT. TBepaodasHas IKCTPaKLus
(T®D) 103BOMSET CUIBHO OUUCTUTH MPOOY, UTO 3HAUUTETHHO TIOBBIIIA-
€T YyBCTBUTEIbHOCTD Mpubopa. I Boma cama 1o cebe mpoba SOBOIBHO
YyuCTas, AJ1s1 ee aHaIM3a He TpebyeTcst MHOTOCTaAMTHASE M CJIOKHASI IO -
rOTOBKA MPO006, YTOO M36aBUTHCS OT BCEX KOMIIOHEHTOB, KOTOpbIE B Heit
eCTb, B OTIMYME OT MUILEBO MponyKuuu. IInieBast MpomyKIus conep-
SKUT B CBOEM COCTaBe OOJbLIOe KOMMYECTBO GMOMaKpOMOIeKyi (6enku,
YIJIEBOAbBI) M KPYITHBIX OPraHMUeCKMUX MOJIEKY (JIMITMUIbL), HE TOBODS ykKe
0 BUTAMMHAX, OPraHMYECKUX KUCIOTax, CBOOOSHBIX aMMHOKUCIOTAX
U T.11. Bce 9TM KOMITOHEHTHI 6YIYT B CMIbHOI CTeIleHy MelaTh onpese-
JIEHUIO KOHKPETHBIX aHAJINUTOB, €CJIM OT HUX He M36aBUTHCSI B TODKHOM
CTeNeHM B IMPOIECCe MOATOTOBKM MPOoObl. COOTBETCTBEHHO, METOIUKU
ompepenenus 61cheHoNOB B MMIIEBON MPOAYKIMYU (OCOOEHHO IS MHO-
TOKOMITOHEHTHBIX IMPOAYKTOB, KOTOPbIE OTINYAKTCS BBICOKMM COOEeprKa-
HMEM Xupa win 6esika, a He HaIMTKM) OYOYT B 3HAUUTETbHOI CTEIeH
MeHee YYBCTBUTeIbHEe METOAVK JJIsS BOIbl. B OKa3aTesbCcTBO 3TOMY
MOKHO MpuBecTy ctaThio Hu u coaBTopos [20], B KOTOPO# 6bLIM MCCTe-
IOBaHBI 3eJIeHblil 1 YepHBbIii Yayu pasHbiXx npoBuHLMi Kurtas. Hecmotps
Ha TO, YTO Yay He COJlep>KaT B CBOEM COCTaBe 3HAUMTEeNIbHBIX KOINYECTB
6eJIKOB 1 KMPOB, Yay 60raThl pa3iMnyHOro poja nonudeHonamy, aakano-
MOAMV Y OpraHnYecKUMu Kuciotamu. OeHoNbHbIe COeIVHEeHNST, BXO -
1IMe B COCTaB YaeB — TOXe BakKHast Mpo6IeMa IJisl pellieHusl B Ipolecce
MOITOTOBKM TPOGBI, T.K. (GeHOIbHbIE COeAVHEHUS U 6MCHEeHONbI 0YeHb
ITIOXOXXM TI0 CBOMM XMMMYECKMM CBOMCTBAM, COOTBETCTBEHHO TSDKEJIO
136aBUTBCS OT (HEHOJIOB, TPV ITOM He Tepsisi 61cheHO0I0B, KOTOpbIe He-
06xonyumo onpenenuTtsb. CortacHo [20] mpefenbl KaueCTBEHHOTO 06GHapy-
skeHust 6rcdeHonoB 661 Ha ypoBHe 0,02-0,17 MKI/KT, YTO BbIILIE CAMO
YYBCTBUTENIbHOI M3 ONMMCAHHBIX paHee MeToauk [15] B 500-1000 pas.
[IpMepHO Takue ke Mpenesibl O6HAPYKEHUST YCTaHOBJIEHBI U AJIST MO-
JIOYHO¥ npopykuyy B pa6ote Cheng u np. [21]. Ho moMuMo pe3ynbTaToB
aBTOpBI [21] MPUBOZST B CBOEJI CTAThe CTATUCTUKY O BAMSIHMY MOJIOYHOM
maTtpuubl Ha curHan BPF, BPA, BPB, BPS, BPC, BPZ. CornacHo pe3ynbTa-
TaM, MoJIaB/ieH e CUTHA/IA OT MaTPUILIbI TTPOOBI MOXKET JOCTUTATh TIOUTHU
70% pyst BPS, KOTOpBIi aBTOpPbI OTMEUalOT, Kak eIMHCTBeHHbII 3HaAUM-
MblIii. MaTpuuHblit 3¢ deKT 11t gpyrux 61ucheHoNoB 6bIT B JUANa30He
oT 6 10 19%, uTo aBTOpPHI OTMeYaloT, KaK He3HauMMblit. UTO KacaeTcs
MMPOSYKIVY XKUBOTHOTO MPOMUCXOXKIEHUS, TO Tpeebl KaueCTBEHHOTO
0o6GHApY)KeHUsI, HECMOTPSI Ha BBICOKYIO UYBCTBUTENbHOCTh BIYKX-MC/
MC meTopa, OJis HEKOTOPbIX 6MC(EHONOB 1 UX METabONUTOB B LIEJIOM
HECWIBbHO GYAYT OT/IMYATHCS OT MpPefesioB MHOTMX aHaJMTOB, KOTOPbIe
OTIPeZeNSIIOT TAKMM METOAOM (@HTUOMOTMKM, TOPMOHBI U T.II.) U HAXO-
nutest Ha ypoBHsx 0,1-0,5Mkr/kr [22].

VUnUTBIBas TO, UTO 6MCHEHOIBI B MUILEBBIX IIPOAYKTAX HAXOASTCS O6BIU-
HO B C/IEIOBBIX KOHIEHTPAIMSIX, €C/IY He GbIIO BMsHMS (PaKTOPOB, KOTO-
pble YCUIMBAIOT UX MMUrpanuio (Hanpumep, HarpeB), BOXKX-MC/MC He-
COMHEHHO SIBJISIeTCs1 6osiee MPeAIOUYTUTENbHBIM METOAOM [IJIsl KOHTPOJISI
cozepskanusi 6ucdeHos0B B nuIneBoi nponykumu. Ho o6opynoBaHme st
TAKOTO aHa/IM3a CeroHsI CTOMT Yepecuyp JOpOro, 1 He Kaskaas jnabopa-
TOPUST MOKET cebe MO3BOUTb TPEXKBALPYIOIbHbBIN MacC-CIIEKTPOMETD.
Ceropssi nieHbl Ha BO)KX-MC/MC cuctemy HaunHawTcs ot 70 MULIMO-
HOB py6Jeit, a pa3paboTKa OTeYeCTBEHHOTO aHajora 6blia 3aBepileHa
B 3TOM rony. Tonbko B 2026 romy ero IJIaHUPYeTCSI BHECTU B peecTp
CpeICTB M3MEPEHUIA, TOITOMY CEPUITHOE TIPOU3BOACTBO CTOUT OXKUIATH
He paHee KoHLIa 2026 — Havasna 2027 roga. B To Bpems kak I'X-MC crout
3HAUYMUTEJIbHO MeHbllle, CerogHs B Poccun ecTb oTeuecTBeHHbIE aHaJyioru,
KOTOpBIE TI0 CBOMM XapaKTePUCTUKAM He YCTYMalT 3apybekHoMy 060-
PYIoOBaHMIO, a TPUOGPECTY €ro BIIOHE MOKHO A0 7—10 miH py6ieit. Kak
TOKa3aj MpUBEINEHHbI 0630p, MeTogoM ['X—MC BO3MOXHO AOOGUTHCS
UyBCTBUTEIBHOCTY HECUJIBHO YCTYIAlolleil YyBCTBUTeIbHOCTH BIXKX-
MC/MC, B CBSI3M C YeM I[eJIbl0 HacTosIIel paboTel Gbiia paspaboTka
METOAVIKM KOJTMYECTBEHHOTO oOmpeneneHus 61ucheHONoB B MUIIEBOI
MMPOSYKIVYM METOLOM ra3oBoit XxpoMmarorpadmm ¢ Macc-CreKTpOMeTpHu-
YeCKMM AeTeKTUPOBaHMEM.

| 2026 |

2. OG'BEKTHI M METOABI

sl TOCTAaHOBKM METONMKM omperneneHus 6ucdeHONOB B Mulle-
BOJi TPORYKLUMM WCIIONb30BAIM CTaHAApTHble 06pasubl 6GyucheHONM
A (BPA) — 2,2-6uc(4-rugpokcudenun)npomnasa >99% (TCI Chemicals,
Snouust), 6uchenona B (BPB) — 2,2-6mc(4-rumporcudeHnn)oyTaHa
>98% (TCI Chemicals, SIrouus), 6ucdenona C (BPC) — 2,2-6uc(4-ruz-
pokcu-3-metmindennn)nponasa >98% (TCI Chemicals, InoHust), 6uc-
tdenona E (BPE) — 4,4-stunupene6uchenona >98% (TCI Chemicals,
SInmonust), 6ucchenona F (BPF) — 4,4-nuruapokcuandennamerana > 99 %
(TCI Chemicals, Inouust), 6uchenona S (BPS) — 6mc(4-ruaporcubeHmnt)
cynbdoHa >98% (TCI Chemicals, ImoHust), u 6ucdenona AP (BPAP) —
4,4-(a-meTunbeHsuauneH)6uchenona >98% (TCI Chemicals, SInouus).

[lns  pepuBaTU3auMyM CTaHAAPTOB MCHOAb30Banu N-Metumn-N-
(TpumeTtuncunun)Tpudropameramus — MCTDA >98,5 % (DapMCUHTIK,
Poccust), nupuauu x.4. (JlenPeaktus, Poccus), rekcan x.4. (JleHPeaxk-
B, Poccus), cymmmnpHbiit mkad LIC 80-01 (Cmonenckoe CKTB CIIV,
Poccus).

Xpomarorpaduueckue ycIoBUs OAGMPAIM Ha ra30BOM XpPOMAaTOrpa-
e XpomaTak-Kpucramn 5000.2 ¢ Macc-CrIeKTPOMETPUUECKNUM AETEKTO-
poMm (Xpomatak, Poccust) ¢ ycraHOB/IEHHO# 6M6IM0TEKOI Macc-CIIeKTPOB
NIST Bepcuu 2020 rozma. Komonka HP-5MS 30 mx 0,25 MM x 0,25 MKM.

[N TOATrOTOBKM P0G MCIIONb30Banu 0Ge3BOLHBIN CynbhaT MarHms
X.4. (JlenPeakTtus, Poccust), ximopun Hatpus x.4. (JleHPeaktus, Poccus),
aueToHUTpua 4.na.a. (JlenPeaktus, Poccusi), stmnaueratr x.4. (JleHPe-
akTuB, Poccus), kaptpumku T® Chromabond SiOH (Macherey-Nagel,
TepmaHus), BopTekc saboparopHblit L-VM-MINI (Labgic, Kuraii), uen-
tpucdyra NF800 (Nuve, Typiius), ucriapuTe/IbHbI KOHI[EHTPATOP B TOKE
asora ¢ BofsiHOi 6aHeit WT-12 (Miulab, Kurait).

Pe3ynbTaThl M 06CYXACHNE

3.1. lepusamu3sayus

K coxanennio, onpenenenne 6ucheHONOB C UCIIOIb30BaHMEM Ta30-
BOJ xpomarorpaduy HEBO3MOXXHO B HM3KMX KOHIIEHTpauusx 6e3 me-
puBaTu3auMu. BrucdheHonbl XapakTepHbl HaMM4yueM GYHKIMOHATbHbBIX
rUIPOKCWIbHBIX rpynn (-OH) y dheHo10B, 3amMelasi BOLOPOA, B KOTOPbIX
¥ MOKHO TIPUIaTh MOJIEKYJIE CBOIICTBA HEOOXOAMMBbIE [IJISI OTIPENeIeHUSI
nx ['X MeTomom — TepMOCTabMIbHOCTD U JieTyuecTb. OOHUM U3 Haubosee
pacrpocTpaHeHHbIX CIIOCOGOB AepUBATU3ALINM CETOMHS SIBISIETCS CUIN-
supoBanue MCT®OA mamu BCTDA. Bricokasi Tepmuueckasi M rUMIpOIUTHA-
yeckasl MPOYHOCTh cBsI3yU Si-O B MOMy4YeHHBIX JAepuBaTax sIBJISETCs ra-
PaHTOM MX CTaOMIBHOCTM TIPY MaHUITY/ISIIUY ¢ Tpo6aMu, 0COGeHHO NPy
BBICOKMX TemIepaTypax B ['X komoHkax. BucdeHosb! Takke Xopoiio Je-
PUBATU3MPYIOTCS alleTMIMPOBAHMEM C YKCYCHBIM aHruzapuaom [15,20].
B pesynbrare peakiuu BOOOPOL B IMAPOKCYIIBHBIX IPYIINAX 3aMeNIaeTcst
TpuMeTuICUIMIbHOM rpynmnoii Si(CHs); (TMC). YuuTbiBas, uTo B 61ucde-
Honax ase -OH rpymmbl, COOTBETCTBEHHO, 3aMellleHre GyIeT MPOucXo-
IIATD IO IBYM aTOMaM BOZOPOZA, B CBSI3M C 3TUM B XOfie AepUBATU3AIN
¢ MCT®A 6ynyT o6pasoBbiBaTbes 1'TMC u 2TMC gepuBatel 6ucheHona.
YeM [o/bliIe TPOUCXOIUT IPOLIECC AePUBATU3ALIMH, TEM B GOIbLIEM KO-
nmyecTBe 6MchEHONOB 3aMellaloTcss 06a BOLOPOJA, OTHAKO Yepecuyyp
6osbIIIast TEeMIIepaTypa Uin MpoJO/DKUTETbHOCTh MOTYT IIPUBECTU K pa3-
PYILIEHNIO aHAJIMTOB. B X0zie BbIMOIHEHMsI HaCTOsIIei paboThl og6Mpa-
JIUCh ONTMMAaJIbHBIE TTPOAOKUTENBHOCTD M TeMIlepaTypa AepuBaTu3a-
uuu cemu 6McheHooB.

Ilnst mepvBaTM3auyy B XpoMaTorpaduyeckyio BUamy oGbeMoM 2 M
BHOoCwm 110 1,0 + 0,1 Mr MHOMBKUAYaabHOTO 6GUcheHona. K 6uchenonam
npwimBanu 0,1 mn nupuanza u 0,05 mn MCT®DA. Buasy Ma0THO 3aKpbl-
BaJIM ¥ MIOMeLaIN B IIpeABapuUTeabHO pa3orpeTslii 7o 60 °C cymmabHbIi
mkad Ha 30 muHyT. [lo McTeYeHNN BpeMeHY BUAITy OCTAaBaau 13 mKada
¥ IABajM OCTBITD 10 KOMHATHOM TeMIIepaTypbl, II0C/Ie Yero pacTBOPSIIN
B 100 mu rekcaHa. 3 aroro pactsopa 1 mr/100 M1 rOTOBMIM TPafyUpO-
BOYHbIE PAaCTBOPBI ITyTeM IIPSIMOTO MV IIOC/Ief0BaTeIbHOTO Pa3BefeHNs.

I'papynpoBky ctpouny B Auanasose 1-100 mxr/100 mi. Mcnonb3oBa-
smck pactBopsl = 10,0, 25,0 50,0, 75,0 n 100,0 mxr/100 mi1. B ykazaHHOM
IyarnasoHe KaauO6pOBKM IMHEHOCTh IPagypOBOYHOI KpuBoii R? cocra-
Buna: st BPF 0,99, nyis BPE 0,98, njist BPA 0,98, nist BPC 0,9848, nyist BPB
0,96 n nyist BPAP 0,97.

B xopme BbImomHEHUs] paGOThl AePUBATUM3ALMIO TIPOBOAMIN Ipu 50,
60, 70, 80, 90 °C. TemnepaTtypa 60 °C 6bTa BbiGpaHa Kak Hauboiee OnTu-
MasbHast. ONTUMAaIbHOE JKe BpeMsl JepuBaTusaumm st 6 6ucheHonoB
cocrasisieT 30-60 muHyT. Ha PucyHkax 3-8 mpe[cTaBiieHO COOTHOIIe-
e 1TMC u 2TMC gepuBaTOB /IS KaXKOOT0 UCC/IeToBaHHOTO 6McdeHona
(kpome BPAP) nepuBatusupoBaHHoro npu 60 °C B Teuenue 5-120 MUHYT.
Tur gepuBata ONpeNeNsiv MO CHeKTpaM M3 OGMOIMOTEKU MacC-CIIeKT-
poB NIST (NIST MS Search Version 2.4, build Mar 252020). [Inst pacuera
3a 100 % npuHUMau cpegHee apudmMeTHUECKOe IIolaaei mmkos 2TMC
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PucyHok 3. CrenieHs gepuBaTtusanyy BPA c TeueHuemM BpeMeHU
Figure 3. Degree of BPA derivatization over time
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Pucynok 5. Crenens gepuBatusanyuu BPC ¢ TeueHneM BpeMeHU
Figure 5. Degree of BPC derivatization over time
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Pucynok 7. CtreneHsn gepuBatusanyuy BPF ¢ TeueHuem BpemeHn
Figure 7. Degree of BPF derivatization over time

IepuBaToOB 61cheHOIOB [TOTyYeHHBIX MOCTIe AepuBaTU3aLuy B TedeHue
30, 40 1 50 MyHyT. [I)151 IpYrUX TOUYEK NMPOLIEHTHOE cofepykaHue epuBa-
TOB pacCYUThIBaIM 110 hopmyre:

c= SJ-TE]JMBaTa/SCp x100. 1)

VI3 monmy4eHHBIX Pe3ylIbTaTOB MOXHO YCTAaHOBUTH C/IeAyIOIlMe 3aK0-

HOMEpPHOCTU:

1. HOepuBatusaumusi BPA u BPB mnpoucxogut NpMMeEpHO OAVHAKOBO.
Ilo 20 MMHYTBI IepMBATU3MPYETCS ellie He BCe KOMMUeCcTBO 6ucheHo-
JIOB, oTMeuaeTcs 6osbiinoe Haauune 1TMC gepuBaTa, KOTOpOe IOCTe-
neHHo cHukaetcs K 20 munyTe. [1o ucreuennn 30 muuyT, 1'TMC ne-
puBaT 6oJblile He JeTeKTUPYeTCsl, HauuHasi ¢ 30 MUHYTbI, KOINYECTBO
2TMC pepuBaTta BbIXOAUT Ha IJIATO M HAXOAUTCS NMPUMEPHO Ha Ofi-
HOM ypoBHe 10 80—-90 muHyT. [Tocie 90 MMHYT fepuBaTU3aLIMM OTMe-
yaeTcst He6oIbliioe, HO BCe ke CHIsKeHme KonmuecTBo 2-TMC nepuBa-
Ta OTHOCUTENIBHO CpefqHero 3HaueHus Tpex Touek 30, 40 u 50 MuHyT.
OnHaKo CHYDKEeHMe COCTAaBJISIET BCETO 2—5 MPOIEHTHBIX ITyHKTA, YTO
CKOpee MOKeT TOBOPUTb O CHCTeMaTUUeCKOii MOrPeIIHOCTY UCIIO/b-
30BaHHbIX CH, 4yem 0 paspylieHNM fepUBaToB.
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Pucynox 4. Ctenness aepuBatusanyuy BPB ¢ TeueHnneM BpeMeHU
Figure 4. Degree of BPB derivatization over time
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Pucynox 6. Crenens aepusBatusanyuy BPE c TeueHnem BpemeHn
Figure 6. Degree of BPE derivatization over time
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PucyHok 8. CrenieHn gepuBaTtusamnyy BPS c TeuenHuem BpemeHn
Figure 8. Degree of BPS derivatization over time

2. Cxoxwuit mpotiecc aepuBatusauuu ormevaetcsi u 'y BPC, BPE u BPF.

V atux 6mcdeHoNoB gepuBaTM3alysI IPOXOaUT cxoxke ¢ BPA u BPB
o 60 MMHYT — CHayajia OTMeuaeTcCs Helo/IHAs AepuBaTu3aus aHa-
nuTa, o6HapyxkuBaioTcs miku 1TMC nepuBartoB, K 30 MUHYTe Komuue-
CTBO BBIXOIVT Ha I171aTO. A BOT HauMHas1 ¢ 60 MMHYTBI OTMeUYaeTcs: yxke
6osee siBHOe cHMsKeHMe KonmuuecTB 2TMC mepuBaTOB, UYTO TOBOPUT
o ToM, uto 2TMC mepuBaThl 3TUX Tpex 61chHEHONOB yke MOHEMHO-
Iy HAUMHAIOT Pa3pyLIaThcs Ipu Gosee AJIUTETbHOM TEMIIEPATYPHOM
BO3IeJiCTBUN.

. IlepuBaTtusanys BPS BbIIISIAUT HETTOXOXKEN HM Ha OOMH M3 IPYTUX OMC-

enonos. Y BPS Tak ske oTMevaloTcst HeKoTopble Komyuecrsa 1TMC ne-
puBara, KoTopoe najgaet K 30 MUHyTe, HO B 11€JIOM CyMMapHOe KOJIu-
yectBo 1TMC 1 2TMC mepuBaToB 10 30 MUHYTBI COCTaBIISIET GOIbIIIE,
yeM Ha oTpeske BpemeHy 30-50 MuHyT. [Tocsie 50 MUHYTBI TAKKe HET
HMKaKol 3aKOHOMepHOCTH, KonudecTBo 2TMC nepuBata TO pe3Ko yBe-
JINYMBAETCSI, TO Pe3KO YMEeHbIIAeTCsI. BeposiTHO, 3TO CBS3aHO C TEM, UYTO
onoOpaHHbIe YCIOBUST NepuBAaTU3AINM, TTOAXOISIINE OIS 5 OPyTuX
61cheHoNoB, He oaXoasT it BPS, 1160 mogo6paHHbIe XpoMaTorpa-
dbuyeckue yenoBus He nogxopsrt st 2TMC nepusara BPS.
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CxOXy10 KapTUHy IO JepuBaTM3aluy NpuBOJAT Lucarini ¢ coaBTo-
pamu [23]. BonbumMHCTBO 61cheHOMOB AaéT ycToiuuBbie 2-TMS-mpowns-
BOJHbIE, a MOBbIILIEHNE TeMIIepaTypbl JepuBaTU3aLyy CHIKAET ITOJHOTY
peakumMy M BbI3bIBAET AECTPYKLUMIO (DeHONbHBIX MPOM3BOAHbIX. Hecra-
GMIIBHOCTD CUJIbHEE BbIpaskeHa Y Cylb(hOHAT-3aMellEHHbIX aHATIOI0B, YTO
TIOJTHOCTBIO COBIAZAeT ¢ HallMMu pesynbraTamu o BPS [23]. [ToryueHHbIE
IAHHBIE B BOIIPOCE BBIGOpA TEMITepaTyphl IepyBaTH3aLMM TaKKe COBIIA-
JIAI0T ¢ 0630pHOII paboToii [24], rae ckazaHo, uTo MCT®A onTuMaabHO pa-
60taet ripu 40-60 °C; Boimre 70 °C HaumHaeTcs gerpamauns TMS-adupos
u obpartHoe oTiieruieHue. JlanHble 1o BPS coBnanator u ¢ pa6oroit [25],
I7ie OTMeYeHo, UTO 11 BPS 1 Apyrux cuibHO MOJSIPHBIX aHAlIoroB 6ycde-
HOJIOB CWJIMJIMPOBaHMeE NA6T HeCTabuIbHble MPORYKTHI. Takke MpUBeIeH-
HbIJf HAMY IIPOTOKOJI epMBaTU3aLMM COBIIA/IaeT C ONMCAHMEM CIIOCOO0B
JepMBaTU3aLyy 10 [26], THe CKa3aHO, UTO MPU U3ObITKE peareHTa u/min
C/IVILIKOM JUIATETbHOM HarpeBaHMM BO3MOXKHO obpasoBanue u 3TMC ne-
PMBATOB ¥3-3a BTOPMYHOTO CY/IVIIMPOBAHMS GOKOBBIX IPYIIIL.

OOHMM M3 BO3MOXHBIX OObsICHEHMII HecTrabmibHOCcTM BPS 1 ero
MPOM3BOAHBIX B IIpoliecce JepuBaTMU3ALUY MOXKET ObITb €ro BbICOKAast
(hOTOUYBCTBUTENIBHOCTD XapaKkTepHast IJisi apOMaTUUYECKUX CYTb()OHOB.
B yacTHOCTH, B paboTe [27] 6b110 OGHAPYKeHO, uTo oTomerpanarys BPS
MTPOVCXOIMUT 3HAUNTEbHO ObICTpEE, ueM B ciryuae BPA. dotomerpagaimst
MUOET MO PaJUKaIbHOMY ITyTU C BBICBOOOXKIEHMEM I1apa-TUIpOKCUOeH-
30/1CY/IbOKMUCIIOTEL, U BBICOKMIT YpOBeHb pH mepuBaTM3alOHHOM cpe-
IIbl, T7e IMPUOVH IeiiCTBYeT Kak OCHOBaHMe, MOKeT TOIbKO CTIOCO6CTBO-
BaTh 9TOMY Pa3JIOXKeHUIO.

3.2. Xpomamozpaguueckue ycnosus

TonyueHHbIe AepuBaThl 6McHEHOIOB ONPEAEISIIN C UCTIONb30BAHUEM
cienyonmx Hactpoek [X-MC cucTeMbl:

Temmeparypa ucnapurens: 250 °C.

Konounka: HP-5MS.

l'a3-HOCUTENb: TeNNIi.

CkopocTtb notoka: 0,6 MjI/MUH.

TeMriepaTypHblii TpafMeHT TeEPMOCTaTa KOJIOHKM: HavanbHas TemMrie-
partypa 100°C, BbiAepKKa 2 MUHYTBI, IOJbEeM TeMIIEPATyphbl CO CKOPO-
cthio 10°C B MuuyTy 10 300 °C, BhIAEPKKA 8 MUHYT, 001iee BpeMs aHa-
nm3a 30 MUHYT.

TemniepaTtypa ucTouHMKa MOHOB: 230 °C.

Temnepatypa nepexopHoit auauu: 300 °C.

CkaHMpoBaHMe B AyuarasoHe macc 33-550.

3aziep>KKa BbIXOJ]a PACTBOPUTENISI: 5 MUHYT.

OmvcaHHble TPUOGOPHbBIE YCTAHOBKY MO3BOJSIOT HOJYYUTb XPOMATO-
rpammy 2TMC mepuBaTOB CTaHIAPTHOM cMecu 6 6ucdeHonoB, MpuBe-
IeHHyI0 Ha PucyHke 9. Xpomatorpamma npuBefeHa [IJis1 KOHIeHTpaLuii
~10mkr/100MAa B guamna3oHe BpeMeHU € 16 1o 21 MUHYTY.

[Tuk nepusata BPS oTcyTCTBYeT Ha XxpoMaTorpaMme, T.K. [IOcjIe usyude-
HuUs criocoba AepuBaTU3aluy GbIIO IPUHSITO pellleHue He MPOLOIKATh
pa3pabotky metonuku st BPS. Ha aTo pelreHme moBiusiio, BO-MIEPBbIX,
HeOIHO3HAYHbIe Pe3y/IbTaThl [10 M3YYEHNIO lepuBaTu3anuy. Bo-BTopsIx,
y aepuBaTa BPS npu onyHakoBbIx KOHIleHTpauusx ¢ BPA, BPB, BPE, BPF
MHTEHCUBHOCTD curHasia 6bu1a B 70—100 pa3 MeHblle, ueM y JPyrux 6mc-
enonos.

PucyHok 9. XpomaTorpamma cmecu 2TMC nepuBaToOB cMecH CTaHZAPTHHIX 06pa3noB 6ucheHoIoB

TIpyuMH TaKOMY OTANUMIO 17151 BPS MOskeT ObITh HECKOMBKO. [TepBast —
HaJuuye B COCTaBe MOJIEKY/IbI CynbHOHMWIBbHOI Tpymmbl —SOa—. Cyib-
¢dhoHMNpHAs TpynIa — CUJIBHOIIO/SIPHAS TPYIIa, KOTOpasl He MO3BOJISIEeT
cmenath MOJIEKy/y 6ucdeHona ¢ B 4OCTATOYHOM CTEIEHM HEIMOJSIPHOM
ripu peakiyy ¢ MCT®A, uTo6bI MOTyYeHHBIN JepuBaT XOPOIIO PacTBO-
psSUICST B HEIO/SIDHOM TeKcaHe Iociie AepuBaTusaumu. Ilommumo sToro,
cynbGOHMIbHAS IPYINIAa OYeHb TepPMOCTabuiIbHas, 13-3a Yero AepuBar
BPS mokeT Xyke MCHapsITbCSl B MCIIapuTese ra3oBoro xpomarorpada,
COOTBETCTBEHHO, TOpPa3[i0 MeHblllee ero KOIMYeCcTBO MOMajeT U Ha Je-
TEKTOp. YUUTBIBASI, YTO B pe3y/ibTaTe MPOBEJEeHHBIX MCCIeNOBAHMI ObLI
TOJTy4YeH MUK, Macc-CIIeKTP KOTOPOTo COBIazaeT ¢ Macc-crekrpom 2TMC
nepuBara 6ucdeHona S, paspaboTaHHas METOAMKA OTpeneneHus 6uche-
HOJIOB IIO3BOJIUT KaueCTBEHHO ompenensTs BPS B nmuieBoit mpoaykimu,
HO KOHIIEHTPpALUUM B IIPOAYKTE IIPU 3TOM O OJI>KHbBI 6I:ITb OYeHb BbICOKU-
MM, YTO MOXKeT 6bITb He OY€Hb TPMMEHMMO U HEO6XO,III/IMO Ha IIpaKTuKe,
T.K. BPS 13-3a cBOe#1 MoNSIpHOCTY U «CTaGMUIBHOCTM» B CAMOM YIIaKOBOY-
HOM Marepuase Xyxe BceX Ipyrux 6ucheHoN0oB MUTPUPYET B IIMILEBYIO
MIPOIYKIIVIO, OCOGEHHO C BHICOKMM COZlePyKaHVeM KMpa.

Kak BUIHO M3 XpOMarTorpamMMmbl IIpMBeEeHHbIE NPUOOpHBIE yCTa-
HOBKM TO3BOJISIIOT JOGUTHCS OTIMYHOTO pasjeneHyss 4 U3 6 IUKOB.
Kosdpduumentsr 6azoBoro paspemenusi R, mmst BPF-BPE (R,=3,8),
BPE-BPA (R,;=5,7), BPA-BPC (R,=12,1), BPB-BPAP > 1,5. R, naps! BPC-
BPB=0,58. [Ipu pa3paboTke MeTOAMK ISl KOJIMYECTBEHHOTO OIpefese-
HUSI HY>KHO 106MBaTbCS XpoMarorpaduyeckoro pasjeneHus ¢ Rg 6onee
1,0. YunuTbIBasi, 4TO HACTOSIIASI METOLMKA pa3pabaThiBaeTcs sl Orpe-
neneHus: 6ucdeHoNoB, TO JaHHBIM MPABUJIOM MOXHO ITpeHeOpeub, T.K.
MpYU TIPOU3BOJCTBE MOIMMEPHOTO MaTepyasa MUCIOAb3YIOT TOMbKO OOVH
61cheHo, COOTBETCTBEHHO, BEPOSITHOCTh TOTO, YTO B MPOAYKT MUTPU-
pyeT aBa 6ucheHona (tem 6osee umenHo C u B, 4ToObI moMemniaTh J0-
CTOBEPHOMY KOJIMUYeCTBEHHOMY OIpeJie/IeHII0 OJHOTO U3 HUX) JOBOJIBHO
masa. K Tomy ke ecTb oT/Mumsi B Macc-crekTpax BPB u BPC — HanbGonee
MHTEHCUBHBIE MOHBI ObIIM 357 m/z u 385 m/z COOTBETCTBEHHO, YTO JO-
TIOJTHUTETBHO TIOMO3XeT B uaeHTHbuKanyy 6yucdeHomna.

TTomyyeHHBIE MacC-CIeKTPbl 61ChEHONIOB IOMHOCTHI0 COBIAANIN
¢ mMacc-crektTpamu 6ucheHono o 6ubmoreke NIST. He ymamoch cpaB-
HUTb TOJIBKO TIONyYeHHbI1 Macc-crekTp BPAP (PucyHok 10) ¢ 6u6nmo-
TEYHBIM, T.K. B GMOIMOTEKe OH He mpuBeneH. Ho B 1ieoM Haubonee MH-
TeHCUBHBbIN MOH J1J1s1 6ucheHonIa MOXKHO PacCuuTaTh 1o hopmyre:

M"=M+2xTMC-2-CH;-e, 2)
roe: M — monekynsipHas macca 6uchenona a.e.m.; TMC — TpumeTwicu-

JIMIbHASI TpyNIa mMaccoii 73 a.e.M.; CH; — MeTWIbHBI paaMKan Maccoit
15a.e.m.

B monekyne 6ucdeHona 2 aToma BoAopoaa 3aMeHsioTest aymst TMC
IpynIamy 3a CYeT Yero ee Macca yMeHbIIAeTCsl Ha 2 M YBeIU4MBaeTCs
Ha 146. B pe3ynpraTe MOHM3aUMM U TOCTeRyONIel ¢gparMeHTauumn OT-
LIeIISIeTCs] MeTWIbHBIN pafyKall, B CBSI3M C UeM CaMblil MHTEHCUBHBIN
MOH TOJTy4yaeTcsl MeHbllle Ha 15 a.e.M., 4YeM MOH TPUMeTUICUINIBHOTO
nmepuBata 6uchenona. VickiaoueHne coctasisioT BPB, y koToporo camblit
MHTEHCUBHBIN MOH, KaK U y BPA, 357m/z, BBUAY OTIIEIUIEHUS] § HETO
rnpu ¢dparMeHTalMM He METMIBHOTO, a 3TUIBHOTO paaukana, u BPF,

Figure 9. Chromatogram of the mixture of 2TMS derivatives of the mixture of the bisphenol standard samples
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Yy KOTOPOTO CaMblif MHTEHCUBHbBI MOH 344m/Z, T.e. OTIIeIIeHe HUKa-
KOTO pafyKana He MPOUCXOOUT, M/Z MOHA COBIALaeT C Maccoil Hedpar-
MeHTUpoBaHHOM MoneKynbl 2TMC-BPF. Kaptuna ¢ BPF mosxeT ciry>kuThb
MOATBEPKIEHMEM TOTO, UYTO NPy GpparMeHTalMu OT AepuBarta 6ucheHo-
JIa OTLIEIISIeTCSl MeTUIIbHBIN (MM 3STWIbHBIN Kak Y BPB) pagykan umeH-
HO OT camoro 6ucdeHona, a He ot TMC rpymi.

CornacHo nosyyeHHOMY Macc-cnekrpy (Pucynok 10) — camblii uH-
TEHCUBHBII MOH 419 m/z. [logTBEPKAEHNEM TOTO, UTO ITO UMEHHO 6UC-
enon Al ary>kuT CtemyroIMii pacueT 1o IpUBeLeHHOI paHee Gopmyrte:

290 + 146 - 2 - 15 =419.

Ho B 1enoM, MHTEHCMBHOCTDb cUTHazia gepuBata BPAP ropasmo Huske
JlepuBaToB gpyrux 6ucdenonos (PucyHoxk 7). [1omany nmukoB gepusarta
BPAP 6butv MeHbllle TUIOIAfiel TMKOB IepUBATOB APYyrux 6ucheHonoB
(kpome BPS) mpumepHoO B 3-5 pa3. 13-3a 3TOro npeesibl KOMIMIYeCTBeH-
HOTO ¥ KayeCTBEHHOTO OGHApyKeHus! OYOyT 3HAUMTENBHO XykKe, YeM
y npyrux 6ucdenonos. Crnabwlit curHan qepusara BPAP MoxeT GbITh CBSI-
3aH ¢ TeM, 4YTO B BPAP nBe heHOMbHBIE TPYIIIIBI COEJMHEHBI MEXKIY CO60i1
He IMIPOIMaHOM, KakK, Hanpumep, BPA, a pennmistanom. M3-3a 3Toro mosne-
Kyna BPAP 3HauMTeNbHO Tskenee MOJIEKY/ OOJMbIIMHCTBA 6ucdeHooB,
COOTBETCTBEHHO OHAa MeHee JIeTyya, JaXe MPY MOTyYeHUM CUIMTbHBIX
nepuBaToB. Tem He MeHee ypoBeHb curHaia BPAP, KoTopblit 6bl1 3HA-
YMTeNbHO BbIllle curHana BPS, cBuaeTenbCcTBYeT 0 TOM, YTO €ro MOKHO
onpenensaTh MetogoM ['X—-MC, HO B ropas3zio GObIINX KOHIIEHTPALMSX,
yeM apyrue 6uchenosnbl. Tem He MeHee eciu GymeT CTOSTh 3aJaya OI-
penenenus uMmeHHO BPAP I'X-MC MeTOAOM B HM3KMX KOHIIEHTpaLUsX,
TO MOXHO J0paboTaTh IPOTOKOJ AepuBaTU3allMM, HAIpUMeDp, yBesu-
YUTb IPOJO/KUTENbHOCTD IepMBaTU3aLIMM UIYU TEMIIepaTypy, U UHCTPY-
MeHTa/IbHbII MeTOo[i, HallpMMeD, YBeIUUUTh TeMIepaTypy MCIapuTess.
OpHaKko 3TM M3MeHeHUsI BeposSTHee BCEro MpuBenyT K HEBO3MOXKHOCTY
omnpeneneHus: Opyrux 6ucheHoI0B, T.K. OHM MOTYT PaspyIIATCS U3-3a
BO3[eiiCTBUS 60JIee BHICOKMX TEMIIEPATYD.

B Tabnuiie 2 rnpuBegeHbl m/z HanboIee MHTEHCUBHBIX MOHOB, KOTO-
pble PeKOMeHJyeTcsl MCIIONb30BaTh MpPM I'pafayupoBke xpomartorpada,
IJ1s1 6 mepuBaTOB 61C(HEHOTOB.

Ta6nuua 2. Hanboiee MHTEHCUMBHBIE MIOHBI MacC-CIIEKTPOB,
orpenesieMbIX aHAJIUTOB
Table 2. The most intensive ions of mass-spectra of the analytes under study

MonekyasipHast

AHanur Macca, a.e.m. Hon 1, m/z HoH 2, m/z
2TMC-BPA 372 357 73
2TMC-BPB 386 357 73
2TMC-BPC 399 385 73
2TMC-BPE 357 343 73
2TMC-BPF 344 344 73

2TMC-BPAP 434 419 73

[laHHble TpUBeNeHbl Ha OCHOBAaHMM IOMYYEHHBIX Macc-CIIEKTPOB
M MaccC CIIeKTPOB, MpMBeOeHHbIX B 61momoreke NIST. AHammM3 DaHHBIX
Ta6nuibl 2 TIOKa3bIBAET, UTO, HaMbOIee MHTEHCUBHbII MOH Bcerga (Kpo-
me BPB u BPF) 6ymeT 061agaTh m/z MeHbllle Ha 15 MOIeKy/IsIpHOI MacChl
2TMC-pepuBata, a BTOPOJi CaMblii MHTEHCUBHBIV MOH — 73 m/z, 4TO CO-
OTBETCTBYET TPMMETUICWINIBHO IpymIe.

3.3. [Todzomoska npobbl

JI71s1 IOATOTOBKM MPOGBI UILEBOI MPOAYKLVY B LEJISIX OTIPeIeeHMUIX
KOJIMYECTBEHHOTO CcofiepskaHusi 61Cc(hHEHONIOB OMMChIBAEMBIM METOMOM,
KaK y)ke 6bII0 OTMeUYeHO paHee, HY>kHO B MaKCMMabHOM cTernenu musba-
BUTBHCSI OT KOMIIOHEHTOB, COCTABJISIIOIMX MMUIIEBOM MPOLYKT, OCHOBHbBIE
13 KOTOPBIX 3TO JKMUPbI, GEJIKM 1 YIII€BO/BI.

IMepBbiit sTanm — BhiCAMMBaHME 1 06€3BOKMBAHME IPOOLI. 11T 3TOro
MPOAYKT Maccoit 10 r mepeHocsT B UeHTPUDYKHYIO TPOOUPKY U TTPU-

ynuBawoT 20 MJT aLleTOHUTPUIIA, TPOOUPKY CJIEAYeT BCTPSIXHYTh B TEUEHUE
1-2 MMHYT Ha 1a6OPATOPHOM BOpPTEKCe. 3aTeM B MPOGUPKY BHOCSIT 4 T
cynbdara maruus, 1 r xaopuga Hatpus, 1 r HaTpus uutpara u 0,5-1 r
HaTpus TMOPOTeHIUTpaTa. MOKHO MCIIOIb30BaTh YK€ TOTOBbIE CMECU
B QUEChERS Habopax pasHbIX NMPOM3BOAUTENEN MOXHO MCIIOIb30BaTh
IIpyTMe CONU, KOTOpble OYAYT BBIMOMHSITH TaKOi ke (PYyHKIMOHAJ, KaK
omvcaHHble. Cynbdar mMarHusi 106aBiseTcs] ISl CBSI3bIBAHMS CBOGOJ-
HO¥1 BOIbI B Tpo6Ge. XJIOpua HATpus LO6ABIsSIeTCs 1Jisk BbICATMBAHMS, YTO
JIOTIONHSIET eicTBUS cynbdara MarHus. IIpu moaroroBke mpob Ha 6uc-
(heHOIBI OUEeHDb BaXKHO M36aBUTHCSI OT KAK MOYKHO GOJIBIIEro KoIMJyecTBa
BO[IBI, T.K. B TPUCYTCTBUM BOAbI AiepuBaT — MCT®A — MOKeT GbITh He TaK
addektuBeH. IIuTpaT HaTPUS U I'MIPOTEHIIUTPAT HATPUSI SOOABISIIOTCS
st mogaepkanust pH, uTo6bl 136exkaTh 00pa3soBaHMUSI CUITbHOKMCION
WY 1LeJ0YHOM Cpefibl M3-3a BBIEMSIOUIMXCS U3 MPOAYKTa COCTABIISIO-
KX, T.K. B TaKUX Cpefax 6MceHOobl MOTYT paspyIiaThCs MM U30Me-
pu3oBaThcsl. [Tocsie BHeCEHUS coeli IPOGMPKY BCTPSIXMBAIOT Ha abopa-
TOPHOM BOpTEKCE B TeueHue 1—2 MUHYT.

Cnenyrouumii sTan o6esxupuBanue. [locie mepeMerinBaHus mpo6up-
KUY Ha BOpTEKCe B Hee MPUIMBAIOT 15 Mu rekcaHa. IIpoGUpKYy ele pas
THIATEPHO IepeMeNIMBaloT Ha BOPTeKCe MOC/Ie Yero LeHTPpUdyrupyor
B TeueHue 5 MUHyT npu MuHumym 4000 06/muH. [Toce 1eHTpudyrmupo-
BaHMS reKCaHOBbII CJION yIasIsIIoT.

Crenmyomuit 3Tal OUYMCTKA OT OPraHNMYeCKMUX KUCIOT, CaXapoB, TUINU-
IIOB, CTEPUHOB U Tp. crioco6om aucnepcHoit TOD win TDI ¢ kapTpuz-
skamMu. [IJIs1 3TOTO B LIEHTPUPYKHYIO TPOOUPKY IIPEABAPUTENTLHO BHOCST
MepPBUYHO-BTOPUYHBIN aMUHHBIA copbeHT (PSA — primary secondary
amine), okragemuicuinad (C18EC) u cynbdat maruaus. PSA ucrionb3yeTcst
IS yoaneHust oprannueckux kuciaot, C18EC ouniaet npo6y OT anumm-
IIOB, BOCKOB, CTEPMHOB, XKMPOPACTBOPUMBIX BEIeCTB, CyabdaT MarHus
IUTSI OTIOTHUTETbHOTO 06e3BOXKMBaHMs. st gucrepcHoit TOD peko-
MeH/IyeTCs CIIOJIb30BaTh Y3Ke TOTOBYI0 cMech it QUChERS askcTpakuym
(nanpumep, Dispersive SPE 15ml, Fatty samples ot Agilent Technologies,
CIIA). Ho BaxkHO mOHMMATh, uTO PSA 11 C18EC MoryT cop6upoBaTh 1 He-
KOTOpOe KoMn4yecTBo 6ucheHosoB. Vicronb30BaHmue alleTOHUTPUIA CBO-
IUT K MMHMMYMY BepOSITHOCTb copbupoBaHus 6ucdenonos Ha C18EC.
PSA ke MOKeT cOp6MPOBaTh 3HAUMTEIbHO GOJIbIIIee KOMMYeCcTBO Oucde-
HOJIOB, TIO3TOMY PEKOMEHAYeTCsI 106aB/ISTh €ro B KOJIMUEecTBe He Gosee
50 Mr Ha 1 MJT alle TOHUTPUIIBHOTO KCTPAKTA. JIJIs1 TOATOTOBKM P06 AJIs
ornpepenenus 6ucheHONOB AOMYCKAeTCsI TAKKe MCII0Ib30BaTh CMeCh 6e3
PSA 1y B alle TOHUTPUIIbHBII 9KCTPAKT I10CTIe 06€e3KMPUBaHMSI TeKCAaHOM
BHECTM 1MJI MeTaHO/a MM M30IPOIAHOIa, 3TO CHU3UT COpOLMIO GMC-
deHonoB Ha PSA. Co6CTBEHHO, B IPOGYUPKY CO CMECHIO [T JUCTIEPCHOM
T®3 BHOCUTCS alleTOHUTPUIbHBIN IKCTPAKT ITOC/IE Tana 06e3kupuBa-
Hust. [Ipo6upKa TIIATeTbHO MepeMeNIBaeTcsl Ha 1a60paTOPHOM BOPTeK-
ce U ueHTpUdyrupyercs B reueHue 5 MuHYT mpu MuHuMyM 4000 06/MMH.
IMocne neHTpUYrMPOBaHUS A€ TOHUTPUII IEPEHOCST B KOJIOY U yrapu-
BAIOT Ha J1JaGOPATOPHOM KOHIIEHTPATOPE B TOKE a30Ta MPU TEMIIEpAType
He Bbimie 40 °C 10 MMHMMATbHOTO 06beMa (= 50—100 MKiI), He mOIycKast
MOJTHOTO BBICYLIMBAHMSI OCTATKA. [1OMyYMBIIMIACS TOC/IEe BbITAPUBAHMS
06beM UCIIONB3YIOT IS AepuBaTusauyn. JyucrnepcHyio TOD pekoMeHy-
€TCsI VICTIONb30BATh JIS MAJIOKVPHBIX M GOTAThIX MOSIPHBIMU COeNVHe-
HUSIMU MaTpul] (GPyKThI, OBOLIM, 3€PHO).

Ouncrka ¢ kaprpugyxkamu g TOD. BeimapuBaloT alleTOHUTPWI ITOCie
06e3XMpUBaHMS TIPOOBI FeKCAaHOM TaKKe B TOKe a30Ta 6e3 CMJIbHOTO Ha-
rpeBaHust 1o o6bema ~0,05 MJI, OCTaTOK [TePePacTBOPSIOT B 2 MJI CMECH
rekcad: atunanetat 9:1. s TOD ucnonb3yoT KapTpUIXK, HallOJHEH-
HbIit 500 MT cuMKaresns (B JaHHOM paboTe MUCIIOMb30BaTNCh KAPTPUIKI
Chromabond SiOH). Kaptpumk gy T®3 rpeaBapUTeIbHO KOHAMUIIMO-
Hupyetcst 5-10 mut rekcaHa. [Tocie KOHAUIIMOHMPOBAHNS HA KapTPUAK
HaHOCUTCS TIpoba. Jlanee mpoba Ha KapTpuake mpombiBaeTcs 10—15 i
YMCTOTO TeKCaHa, ToC/ie Yero CMechio rekcaH: stwianertar (85:15). bu-
cdeHOIbI MOUPYIOTCS ¢ KapTpuaka 10-15 MsI cMecy TeKcaH: aleToH
(1:1) mny auetoH: sTunaneTar (1:1). mioaT yrnapMBaoT B TOKe a30Ta Ipu

Peakz 1020 - 10.30 min {scan #1404 - #1426) Subtracted noise: 10.09 - 10,18 min (scan #1378 - #1400), 10.28 - 170,49 min (scan #1447 - #1465)
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Pucynok 10. ITonryyeHHbII Macc-criekTp 2TMC mepusata BPAP
Figure 10. Obtained mass spectrum of the 2TMS derivative of BPAP
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TeMmreparype He Bbiie 40 °C 1o MMHMMaIbHOTro o6beMa (= 50-100 MKT),
He JOIycKasi IOJHOTO BbICYyIIMBAaHMS OcTaTka. K rmomyyeHHOMy ocraT-
Ky npwimBaiot 0,1 mu mupugusa u 0,05mn MCT®A, 3akpbIBaiOT IJIOT-
HO KpBIIIKOJ ¥ MPOBOAST NepUBaTM3ALMI0 B COOTBETCTBUM C YCIOBUS-
MM, OIMCAHHBIMM Bbllle. [Toc/e qepuBaTU3anyy MPOOUPKY OXIAXKIAIOT
10 KOMHATHOJ TeMIlepaTypbl, OCTOPOKHO BBIIIAPUBAIOT U3MMUILIKY pea-
reHTOB B TOKe a3oTa rnpu 40 °C 1o o6bema ~20—50 MK/ 1 TOBOIST 06beM
rekcaHoM 10 150-200 mki1. Eciv BO3MOKHOCTHM BBIITAPUTD HET, TO 00bEM
NMpUIMHA B BUaje MOCIe NepuBaTU3alY JOBOIST reKCaHoOM 10 1 MiL.
OpHaKko YacTble 3aKO/Ibl MMPUIVHA B BBICOKMX KOHLIEHTPALVSIX MOXKET
HaBpeAMUTh XpoMarorpaduyeckoii cucremMe — Kak KOJIOHKe, TakK U Jie-
TEKTOpPY, MO3ITOMY IIO/NIb30BAaThCSI TAKMM CIOCOOOM KpaiiHe He peKo-
MeHAyeTcs. laHHy10 Buany ucnonb3yioT gjisi [ X-MC aHanmza. OuncTky
Ha KapTpUIKaX C CUIMKAareieM MPenIOYTUTENbHO IPUMEHSTh Is 60-
Jiee CJIOXKHBIX WJIM TIOTEHIMAIbHO XKMPHBIX MaTpuLL (MSICHbIE IIPOAYKTBI,
pbI6a, Macna), rae TpebyeTcs 6osee TIIATeNbHOe yaaaeHVe HelosIPHbIX
KOMITOHEHTOB.

Jns nomy4yeHus! ee Gosee YMCTOH TPOGHI, MOSKHO BBITTOMHUTD 3TAITbI
nycriepcoHHO TOD u T3 ¢ KapTpyIKeM I0CIeA0BAaTENBHO, HO 3TO 3Ha-
YNUTENIbHO YBEIMYUT MPOAO/DKUTENbHOCTD IPOLIECCa MOATOTOBKYU IPOOBI.

ITomuMmo 3TOrO, KenaTeJbHO MCIONb30BATh BHYTPEHHMI CTaHIApT
B IIpoliecce IOATOTOBKYM IPOGHI. B KauecTBe BHYTpPEeHHEro CTaHIApTa
peKOMeHyeTCs UCIO0Ab30BaTh AeliTepupoBaHHblii ctaHzapT BPA. Eciu
ecTb MHGOPMAIIUSI O TOM, KaKOi MMEHHO 61cheHO MOKET ObITh B MPO-
JIlyKTe, TO B KaueCTBe BHYTPEHHero CTaHAapTa JOITyCKaeTCcsl MCII0Ib30-
BaTh Apyroii 6ucdeHo, I1aBHOE HE UCIONb30BaTh 6MChEHONbI U3 KPU-
TUYECKOi Taphl, T.e. He MCIoab30BaTh BPC B KauecTBe BHYTPEHHErO
craHpapra 1yis onpeznenenus BPB u Hao60poT. BHyTpeHHUI cTaHAapT
BHOCSIT Ha CAMOM HayaJbHOM 3Talle Ipoliecca MOATOTOBKY MPOGHI Mocye
B3BeLIMBaHN [lepefi [06aBIeH)eM alleTOHUTPIIA.

Bo m3bexxaHue KOHTAMMHALVMM PEKOMEHAYeTCS! MCIIONIb30BaTh CTe-
K/ISTHHYIO ITOCYZy. BClo MIacTMKOBYIO MOCYLY M MaTepyasbl (HAKOHEYHM -
KU 103aTOPOB, KapTpumku TOD, mpoOUpKM, MIITPpULieBbie GUIBTPBI 1 IIp.)
repeq, MCIOIb30BaHMEeM Heo6X0oIMO MPOBepsITh Ha (POHOBOE comepsKa-
HMe 6MCGEHOOB, MTPOBOAS XOJOCTON OIBIT C MUCIIOTb30BAHUEM TEX KE
pacTBOpuUTenei U yCIOBUIA.

3.4. Oyenka npedenos konuuecmsedHozo (LOQ)
u kauecmeeHHozo (LOD) o6HapyxceHus

ISt pacyeToB TIpe/ielioB OGHAPYKeHMsI M0 pa3paboTaHHO MeTOAMKe
B PacTBOP XOJIOCTOV MPOGbI BHOCUIIM PACTBOPBI AEPUBATU3UPOBAHHBIX
CTaHAaPTHBIX 06PA3II0B [JIs OMYUYeHUs] KOHIIeHTpauu ~5 Mkr/100 mit.
B kauecTBe XOJIOCTO¥ MPOGBI ObIT MCIIONIb30BaH 0Opaser U3aenus KO-
6acHOro BapeHOro «Jlro6uTenbcKasi» B HATYPaIbHOM KOIGACHOI 060/104-
Ke. BbIOOp MMEHHO 3TOrO M3Aenus GbUT 00YC/IIOBIIEH GOJBIINM COLEp-
sKaHMeM KMpa. Bei6op HaTypanbHO KombacHO# 060104k 06YCI0B/IeH
MMHMMM3ALMeEN pyucka npuobperenust o6pasia ¢ 6uchenonamm. O6pa-
3el] Koj6acHOro usfenns ObUT IPUOOpPeTeH B MECTHOM CeTH MarasmMHOB
po3HuuHOIt Toprosiu (Mocksa). O6pa3sel; 6bUT TPeJBAPUTENIbHO TIPOBe-
peH Ha OTCyTCTBMe 6McheHOMOB B HeM. [IJis1 pacyeToB GbLIO IIOATOTOBJIe-
Ho 10 mpo6, Kaxkmast M3 KOTOPBIX 3aKajbiBajaach 0 3 pasa. Pacuer LOD
1 LOQ 6bu1 Ipou3BeeH o Gpopmyaam:

LOD = 3,3 x SD/b; (3)
LOQ = 10 x SD/b, 4

rpe: SD — cTaHAapTHOE OTKJIOHEHMeE IUIoLIazielt fepuBaTa 6ucdeHosna B Xomo-
cTOVi Tpo6e; b — HAKJIOH KaJMOGPOBOYHOM KPUBOIA.

PaccuMtaHHble 3HAUEeHMsT TpuBeHeHbI B Tabuiie 3.

PaccuMTaHHble 3HAuYEHUS] TIPefeoB OOHapykeHMsl 6yuchHeHOIoB
B Mpo6e MOKa3bIBAIOT, YTO B peajibHbIX Mpo6ax BO3MOXHO OIpejerie-
HMe 61Cc(hHEHONOB B OBOIBHO HU3KMUX KOHI[EHTPAIUAX, T.K. B IPOIIECcce
MOJATOTOBKM TPOGBI aHAIUTHI KOHLEHTpupyTcs B 50-100 pas, coor-
BETCTBEHHO, 3HAa4YeHMs IpefesioB OGHAPY)KeHUSI B peajbHbIX Mpobax

Ta6nuia 3. LOQ u LOD paspa6oTaHHO METOAUKN
Table 3. LOQ and LOD of the developed method

Hepusat LOD, mkr/100 M LOQ, mkr/100 mn
BPA 1,37 4,23
BPB 2,12 6,45
BPC 1,88 5,72
BPE 0,98 3,05
BPF 1,05 3,26
BPAP 3,57 10,75

6ynyT B 50-100 pa3 HuXe, UTO CXOOUTCS C pe3ynbraTamyu pabotsr [22],
HO HEMHOTO XY)Xe 4yBCTBUTEIbHOCTM MeToAauK ¢ I'X-MC mno [23,28,29]
B 2-10 pas. A To, UTO Takue Inpenenbl 6bUIM OGHAPYKEHBI B XOJOCTOM
rpo6e MSICHOM MPOLYKLMM, TOBOPUT O TOM, YTO B LIeJIOM €e MOXKHO MC-
MOJIb30BATh AJISI UCCIEeJOBAHUI PA3HON MPOLYKIMYU KUBOTHOTO TIPOMC-
XOXKAeHMs (MsICO, MSICO IITULIBL, sifilla, MOJIOYHAs IPOAYKLMS). B 1erom
JIaHHYI0 METOJMKY MOKHO MCIIOJIb30BaTh U JJIsI MPOAYKIIMU PACTUTENb-
HOTO MPOMCXOXIEHNS, T.K. B HEll COIEePXKUTCSI MeHbIlee KOTMIeCTBO -
MMOO0B U OPYIUX HEIONSIPHBIX COeNMHEHUH (eC/IM 9TO HE PaCTUTETbHbIE
Macia), 03TOMY TMpOoGhl MPOAYKIUM PACTUTENLHOTO MPOUCXOXKIEHUS
TeOPEeTUYECKY AOJDKHBI GBITh UMIIE, & TIPeAesbl 0GHAPYKEeHUS OYyIyT ele
MmeHbIie. Ho B NIPOAYKUIMU PACTUTEIBHOTO MPOUCXOXKOEHMS COOEPXKUTCS
60JIbIIIOE KOJIMYECTBO YITIEBOJOB, OPTAHUYECKUX KUCJIOT, KOTOPbIE TOXe
GyIyT OKa3bIBaTh BAMSIHYE HA MPeebl 0OGHAPYKEHMS, TIOITOMY JIJIsI TIPO-
IYKLUMM PACTUTEILHOTO TPOUCXOKIEHNS KeIaTelbHO MTPOBOAUTH pacue-
ThI TIPE/IEIOB OGHAPYKEHMST JOTIOTHUTETHHO.

To, uTO TIpefesbl OOHapy:KeHMs 61cHeHOTOB MTPY UCITONb30BaHUY [X—
MC MeToza MOMyJyaroTCs 3a4acTyl0 3HAUUTEIbHO HYKe, UeM MPU UCIIONb-
3oBaHuy BIXKX-MC/MC, otmeueHo 1 B padote [30]. Ho MOskHO opaboTaTh
MPOLIECC TOATOTOBKY MTPOOBI, UTO6 TOCTMYb €llle GOJbIIIeli UYyBCTBUTEILHO-
ctu Metozna. Haripumep, ucrionb3oBaHme MarHuTHO# TOI mo3BosiseT yBe-
JIMYUTD YYBCTBUTEIBHOCTb MeTonyky eme B 10-40 pas [31,32].

3.4. Oyenka npuzodHocmu paspabomanHoli Memoouxu
015 onpedeneHus GUCGHeHO08 8 peanbHbIX NPOOax

JI71s1 OLl@HKM ITPUTOZHOCTM pa3paboTaHHOI MeTOAMKM ObUTU ITPOBeJie-
HBI MCCJIENOBaHYSI 5 HAMMEHOBAaHMIA G/TI0]] TePBBIX ¥ BTOPBIX 06eeHHbIX
C TapHUPOM OXJIAKIEHHBIX (MaKapOHBI CO CBMHO KOTJIETOI, PUC C KypU-
1Ieii, TUIOB, 6OPII U Ipeuka C TyIsiom). Bce o6pasiiel 66111 puobpeTe-
HbI B MECTHOVi CEeTU Mara3mHoOB pO3HU4YHOI Toprosiu (Mocksa). Bo Bcex
MCCIeIOBaHHBIX 00pasijax He ObutM OOHapykeHbl 6ucheHonsr (<LOD).
ITocse 3TOrO GBIIO PELIEHO MTPOBECTY AHAIOTUYHBINA IKCIIEPUMEHT C U3-
IenvieM Kon6acHbIM BapeHbIM. 17T 3TOr0 rOTOBUIOCH 6paoch 9 HaBeCOK
06pasia B KOTOpble BHOCU/IY CMeCh CTaHAAPTHBIX 06pa3iioB 6ucheHon0B
LIS TIOTyYeHMsT KOHLIEHTPALVi B UTOTOBBIX PACTBOPAX IOCJIE IePUBATU-
3anuu Ha ypoBHsx ~ 10,0, 50,0 1 100,0 mkr/100 M1, YTOGBI OLIEHUTH BECh
[MAara3oH TPafyupOBOYHO KPUBOiL. [IJIsT KaXKIO0 KOHIIEHTPALUM TOTO-
BMJIM TIO 3 06pasiia. Pe3ysbTaThl IpeACTaBIeHbl B BUZIE «CpeiHee 3Haye-
HMe * cTaHAapTHOE OTKIOHeHue» (Tabnuiia 4).

B Ta6nuie 4 mpuBemeHbl MPOLEHTHI SKCTPAKLUMU OMPELeNseMbIX
aQHAJIMTOB Ha Pa3HbIX YPOBHSIX IPAZyMPOBOYHOI KPUBOI, MCXOIS U3 KO-
TOPBIX MOKHO TOBOPUTDb O MPUTOZHOCTM Pa3paboTaHHOI METOIVIKY TSI
omnpeneneHus: 6McheHONOB B MUIEBOI MPOAYKUMN. [Ipy KOHLIEHTpALU-
sax 6rmm3kux K 50 u 100 MKr oTMeuaoTcs HeGOobIle TOTepU BBEI€HHbBIX
aQHAIMUTOB. A BOT Y3Ke ITPY KOHIIEHTpaIysIX 6;m3kux K 10 MKr orepu co-
CTaBAIoOT 0O 15 %. CripaBeAIBO MPeAIIONoKUTD, UTO IPY 6onee HU3KUX
KOHIIEHTpauusix rnorepu 6yayt eme Gonpine. CaMblie GOnbluye MOTEPU
6buTM 06HapyskeHbl Y BPAP 14,2% u BPB 12 %, uTo moxoxe Ha KapTUHY
[0 BIAMSHMIO MAaTPUYHOrO 3¢deKra MaTPUIBI MOJIOYHO MTPOSYKIVN
Ha curHaiasl 6ucdenonos B [20]. B 11e710M HETOYHOCTM B OIpeneeHun
BPB u BPAP npennosnarainch paHee, KOrja ONMMUChIBaaach gepuBaTu3a-

Tab6nuiia 4. Pe3ybTaThl ONpeaeneHns: BHECEHHbIX 0ucdeHonos, Mxr/100 vt
Table 4. Results of the determination of the introduced bisphenols, ng/100 ml

AHanur BBeJIeHO HageHOo %* BBeJIeHO
BPA 11,6 10,8+1,5 93,1 58
BPB 10,0 9,2%2,7 88,0 50
BPC 9,9 9,4%2,1 91,9 49,5
BPE 11,0 10,7+0,9 92,7 55
BPF 9,6 9,6%1,1 100,0 48

BPAP 12,0 11,1£3,1 85,8 60

* IPOLIEHT KCTPAKLUU.

HalgeHo %* BBeJIEHO HageHOo %*
56,234 96,9 116 116,5+2,1 99,2
51,7%5,5 103,4 100 95,1+12,1 95,1
47,1%5,2 95,2 99 98,4+ 74 99,4
54,3%2,1 98,7 110 109,2+5,8 99,3
47,1%2,2 98,1 96 95,7%5,5 99,7

53%5,6 88,3 120 110,8%9,9 92,3



Ytoaros . A. v gp. | MALLEBBIE CUCTEMbI | Tor 9 No 1 | 2026 | C. 119-128

LIMSI M MUHCTPYMEHTAJIbHbII MeTOA,. VICXoAs 13 MOoMyyeHHbIX pe3y/lbTaToB
MO>KHO 3aK/TI0YUTh, YTO pa3paboTaHHast METOAMKA TIOAXOONT /ISl 9KCIIe-
PUMEHTAIBHBIX PAGOT MO ONpesieneHnIo HakTOPOB, BIMUSIOIMX HA MUT-
paiuio 6McheHONOoB, T.K. IPU BO3JENCTBUM TeMIIEpPaTyp MIM HarpeBe
B CBY neuy nunieBoi NpoayKUNY B IJIACTMKOBBIX KOHTeJiHepax ypOBHU
murpaiuu 6ucheHoNoB GYIyT AOXOAUTH M0 OGONBIINUX KOHI[EHTPAIMIi.
[Ipy MCrIonb30BaHUM K€ HACTOSIIEN MEeTOAVKU IJis KaKUX-TO MOHMU-
TOPMHTOBBIX MCCIENOBAHMI MPOOYKIMM Ha comepskaHue 6GucheHOoI0B
PEKOMEHIYETCS] MPOBOAUTD Tepel, UCCAeTOBaHUSIMMU TOTIOTHUTEbHbIE
paboThI 10 TIOTEPSIM aHATUTOB IIPU MOATOTOBKE MPOGBI M BAMSHUIO Ma-
TpuyHoro 3¢ dekra Ha CUTHAI.

CwibHbBIe ITOTepPU aHAJIUTOB ITPU HU3KMUX KOHIEHTPALVSX B Pe3yiIb-
TaTe MoTepb NPy MOATOTOBKE MPOObI WM M3-3a MaTpuyHoro s dexra
oTMeuaeTcs BceMyu paboTaMu B 3TOM HampasiaeHun. Ilorepu 6ucheHo-
J10B 11pu KoHneHTpauusax 0,1-0,5 mkr/100 M 1o 40 % oTMeueHbI B pa-
6otTe [23]. [ToTepyu u3-3a UCHONBb30BaHMUSI PSA, KOTOpble HaMM IIpe[i-
MOJIarajuch, MOATBEPXKIOEHBI U paboroii [33]. Kak yke oTMeuanocs,
60sbLIAST KUPHOCTb IIPOILYKTA MPUBOIUT K CMJILBHOMY MaTpUUHOMY 3¢h-
dexry. [TogaBiieHne curHama u3-3a BbICOKOI SKUPHOCTY TIPY TOBOIBHO
BBICOKMX KOHIleHTpanuax 10 mkr/100 ma cocrasisieT o 10-20 %. B pa-
6ore [32] Pais-Costa et al. mokasanu cuibHble oTepu st BPAF aHa-
snoruuyHble HamuM i1 BPAP. B Helt Tak ke OTMeUeHBI ¥ CUJIbHbIE T10-
Tepu Ay BPF, B Hateit ske pa6ote BPF nmpomeMoHCTpMpOBas Xopoline
pesynbraThl. Ho Bausinue matpuuHoro 3ddekra u3-3a xupa B nmpobde
MOXXHO pelIMTh MCIIOJb30BaHMEM MarHuTHoi T®OD miau creuymanb-
Hble QUChERS a5t sxupHOit npogykuyy (tak HazpiBaeMbie FATChERS).
Ux ucronb30BaHMe MO3BOJSAT 3HAUUTENIBHO MOBBIIIATH UYBCTBUTEIb-
HOCTb MeTOIMKH [33].
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4. 3akaueHue

B pesynbTaTe mpoBefeHHO! paGoThl Obula pa3paboTaHa MeTOAMKa
onpeneneHus 5 u3 7 uccaeoBaHHbIX 6MCHEHONOB B MUIILEBOI MPOAYK-
umn. Iomo6paHbl 1 060CHOBAHbI YCJIOBMS (TeMIlepaTypa M IPOLOIKI-
TeJIbHOCTD) AepuBaTu3anyu ¢ ucrnonabzopanneM MCTDA onpepensieMbIx
QHAJIUTOB JJ1s IPUAAHUSI UM CBOWCTB (JIETYYECTb Y TEPMOCTAOMIIbHOCTD)
HeOOXOIMMBIX [IJIST X razoxpomaTorpadnuueckoit naeHTuduKamn.

ITono6paHHbIe YCIOBMSI XpOMaTorpaduyeckoro pasjesieHusl Mo3Bo-
JISIIOT B HYXHOJ creneHu paspenuts (R;>1,0) onpenensiemble aHaJIUTBI
3a UCK/II0UeHneM Kputmdeckoit napsl BPB 1 BPC (R,=0,58).

Pa3paboTaHHbIe YCIOBUS 9KCTPATMPOBAHYS aHATUTOB MO3BOJISIIOT CO-
6ocTM GaNaHC MEXKAY BbICOKOI CTEIEeHbI0 YKCTPAKIUM U JOCTATOYHO
CTENeHbI0 OYMCTKM 06pasia OT MEeIIAIUX CUTHATY KOMIIOHEHTOB IH-
1IeBOT'0 ITPOJYKTA, UTOOBI 06€CIIeYnTDb JOBOIBHO BHICOKYIO UyBCTBUTEb-
HOCTb METOJUKM.

Bce 9T0 CBUIETEIBCTBYET O TOM, YTO Pa3paboTaHHASI METOLMKA MOKET
OBITh MCIIONIb30BAHA JIJIS1 MCCIENOBAHMS TTUIIEBOV TPOAYKLUMY HA COTep-
skaHMe B Heit 6ucheHosoB. [Ipuuem 61cdeHONIOB He TOMbKO OMMCAHHbBIX
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TPEHJBI U TEMATUYECKUE KJIACTEPHI UCCJIELOBAHU
HERMETIA ILLUCENS B IUPKVJISPHOM BUOOKOHOMMUKE
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KJIFOYEBBIE CJIOBA: AHHOTALIUA
Hermetia illucens, POCT YMCIIEHHOCTY HACeIeHMS ¥ TTPOTHO3UPYEMbIi HedUINT KMBOTHOTO 6eyika K 2050 rofy IMKTYIOT He06XOAMMOCTh MTOMCKa

6uoxoHeepcus, 3bbeKTUBHBIX METOLOB YTUIM3ALUM OPTaHNYECKUX OTXOIOB, 00bEM KOTOPBIX AOCTUTAET 1,3 MJIPJ TOHH €XKerogHo. JIMumH-
opeaHuuecKue Kku Hermetia illucens (uépHast IbBMHKa) PACCMaTPUBAIOTCS KAK KIIOUEBOI 37IeMEHT UMPKYISIPHO 6M09KOHOMMKM, CIIOCOGHBIN
0mxo0bl, 8an0puU3ayus, TpaHCcHOPMUPOBATh HU3KOLEHHYIO OPraHMKY B BbICOKOKAUECTBEHHYIO G1omMaccy. 11e/Iblo JaHHOM paGoThl SBJISETCS aHaJN3
YUPKYASIpHAR MMPOBBIX UCC/IENOBATENbCKMUX TPEHIOB [JIs1 OTIPeNeNeH Vsl CTPATEruii MPeoqoIeHNsT TEXHOMIOTMUECKOTO Pa3phiBa B MPOMBbILI-
6UO0IKOHOMUKA, JIeHHO# 61okoHBepcuu. Ha ocHoBe mpoTokona PRISMA chopmupoBana 6a3a u3 283 my6nmkaimii U3 6a3bl JAHHBIX Scopus
6ubnuomempuueckuii  3a 2010-2025 rr., KOTOpast HOABEPI/IACH KIACTEPHOMY M BPEMEHHOMY aHa/M3y B IporpaMmHoii cpene VOSviewer. B xoze uc-
axanus C/Ief0BaHMS BBISIBIIEHO YeThIPe TeMAaTUIeCKMX KIacTepa, CTPYKTYPUPYIOIIMX 06/1acTh 3HAHMII OT QYHIaMeHTaIbHbIX JeCKPUII-

TOPOB 10 MPUKJIAJHBIX MOJesell Bajmopu3auym. YCTaHOBIEHO, UTO Haubonee IMHAMMYHO Pa3BUBAIOIIMIACS CETMEHT CBSI3aH
C KOHIIEeIIYeli TyGOKOi IlepepaboTKM OPraHMIeCKX OTXOOB (B T.U. MMILEBBIX) IMUMHKAMU MYXM Y€ PHOI TbBUHKY OIS TIOJTY-
YeHMsI IPOAYKTOB C BLICOKO# J06aBIEHHOM CTOMMOCTbI0. AHAJIM3 BpeMEHHbIX TPEH/IOB II0Ka3aj cMelleHue GoKyca ¢ TPOCTOro
COKpaleHust 00bEMOB OTXOLOB K U3YUEHUI0 CUMOUOTUYECKOTO B3aMMOIEMCTBYS IMUMHOK C MMKPOGMOMOM M ONITMMM3ALIUU
riepepaboTky crieryduyeckyx 0TX0n0B. Ha OCHOBe IMOTyYeHHBIX JaHHbIX CAIe/IaH BBIBOJ, YTO KITI0OUEBBIM 6apbepoM ISl MHITY-
CTPUY OCTAETCSI HECTABGMIbHOCTD GMOXMMMUYECKOTO COCTaBa IMPOAYKIIVMN, UTO 3aBUCUT KaK OT HE KOHTPOIMPYEMOrO BXOJHOTO
cybeTpara, Tak M OT NpeobnafgaHusl PyYHOTO Ky/IbTMBMPOBAHYS. B KaueCTBe pellleHus IpeJiaraeTcss MHTerpaums aBToMaTy-
3MPOBAHHBIX CUCTEM KYJIbTUBMPOBAHMS, YTO MO3BOIUT YIIPAB/SITh METa00IMUECKON [IACTUYHOCTBIO JIMUMHOK M 06ecrieunT
CTaGWIBHBI BHIXO, OMOAaKTUBHBIX CYGCTAHLIMI IPY MepepaboTKe Pas3IMIHbIX TUTIOB OPraHNMUEeCKMX Cy6CTPaToB.

OUHAHCHPOBAHUE: Pa6ora BbinonHeHa B paMkax TeMbl HUP N2 625137 «DKOTEXHOIOrMUeCKye IMOIXO0AbI K YCTONUYMBOI IepepaboTKe 1 Balopu-
3alUy opraHnyeckux otxonos» (YHusepcuretr UTMO).
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ABSTRACT

Population growth and the projected shortage of animal protein by 2050 necessitate the development of effective methods for
recycling organic waste, which amounts to 1.3 billion tons annually. Hermetia illucens (black soldier fly) larvae are recognized
as a key element of the circular bioeconomy, capable of transforming low-value organic matter into high-quality biomass.
The aim of this study is to analyze global research trends to identify strategies for overcoming the technological gap in in-
dustrial bioconversion. Based on the PRISMA protocol, a database of 283 Scopus publications (2010-2025) was formed and
subjected to cluster and temporal analysis using the VOSviewer software environment. The study identified four thematic
clusters structuring the knowledge field from fundamental descriptors to applied valorization models. It was established that
the most dynamically developing segment is associated with the concept of deep processing of organic waste (including food
waste) by black soldier fly larvae to obtain high-value-added products. Temporal trend analysis revealed a shift in focus from
simple waste reduction toward studying the symbiotic interaction between larvae and the microbiome, as well as optimizing
the processing of specific waste streams. The findings indicate that the primary barrier for the industry remains the instability
of the biochemical composition of the products, which depends on both uncontrolled input substrates and the dominance of
manual rearing. The integration of automated cultivation systems is proposed as a solution, enabling management of larval
metabolic plasticity and ensuring a stable yield of bioactive substances during the processing of various organic substrates.

FUNDING: The article was published as part of the research topic No. 625137 “Ecotechnological approaches to sustainable processing and valoriza-
tion of organic waste” (ITMO University).

1. BBegenue BonbCTBUS [2]. B Poccuiickoit @enepauyy eXerogHo o6pasyeTcsi OKOIO

CornacHo mporHo3aMm, K 2080 romy HaceneHMe IJIaHETbl JOCTUT-
Het 10,4 MJIpA 4esoOBeK, UTO TMOBJIEYeT 3a co60ii pesKuit pocT crpoca
Ha TIPOJOBOJILCTBME M, KaK CIe[CTBME, YBeJIMUeHe 06beMOB OpraHu-
Yyeckux oTxopmoB [1]. ExxerogHoO B Mupe BbIGpachiBaeTcst OKoIo 1,3 miipp,
TOHH IPOAYKTOB, UTO COCTAaBJISIET TPETh BCErO MPOU3BOAMMOrO MPOIO-

O UUTUPOBAHWA: TmagpnuesBa, M. C., Monoakuna, H. P. (202X). Tpen-
Dbl ¥ TeMaTU4yecKue KaacTepwl uccienoBanuii Hermetia illucens B UMPKYISIPHOM
6moakoHOMUKe. [Tuwyessie cucmemst, 9(1), 129-137. https://doi.org/10.21323/2618-
9771-2026-9-1-129-137

82,3 MJTH TOHH OpraHM4YeCKuX OTXOIOB, 13 KOTOPbIX A0 90 % HarpaBisieT-
Cs1 Ha MTOJIMTOHHOEe 3aX0pOoHeHMe [3]. DTO IPUBOIOUT He TOIbKO K MUCKITIO-
YEHUIO LIEHHBIX HYTPMEHTOB M3 TPOdOIOrMYecKMX Lieneii, Ho U K Apy-
I'MM 9KOJIOTMYECKUM IpobieMaM. B paMKax pelieHus JaHHBIX Po6IeM
JIMYMHKY MyXM 4€pHas JbBUHKA (Hermetia illucens) paccMaTpuBarOTCS

FOR CITATION: Gladysheva, M. S., Molodkina, N. R. (202X). Trends and
clusters of Hermetia illucens research in circular bioeconomy. Food Systems, 9(1),
129-137. https://doi.org/10.21323/2618-9771-2026-9-1-129-137
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KaK KITI0YeBOM YYaCTHUK LMPKYISIPHON OMOIKOHOMUKM, CIIOCOOHBIN
K BbICOK03(D(EKTVBHOM GMOKOHBEPCUM CYGCTPAaTOB, OGPa3YIOIIMXCS
B pesy/bTaTe IIPOAOBOIILCTBEHHOTO ITIpoliecca.

Jnunmuku Hermetia illucens mpu3HaHbI KIIOUEBbIM OPraHU3MOM IUP-
KY/ISIPHO# 6109KOHOMMKM 6/1aromapst MX CIIOCOOHOCTU TpaHchopmmpo-
BaTh HM3KOIIEHHYIO OPTaHMUKY B 60raTylo HyTpueHTaMmu 6uomaccy (1o 40—
63 % cpiporo nporenHa u 15-409% xxupa B CyXOM BellecTBe), COKpauiaTh
06beM orxozmoB Ha 50-70% 3a xopoTkuit umukia (10-15 gHeit), CHUKATh
BBIGPOCHI HAPHVKOBBIX I'a30B (HAIIpUMeD, MeTaHa), KOTOpble HeU36esKHBI
[Py aHA3POGHOM Pa3JI0KeHMM OPTaHUKY Ha TMOMUToHax [1,4].

ITomyMoO pocTa OpraHNYeCcKMUX OTXOOB, CBSI3aHHBIX C MHTEeHCU(UKA-
1Meit uesIoBevYecKoit IessTebHOCTH, Takke, Mo gaHHbiM FAO (Food and
Agriculture Organization) cripoc Ha >KMBOTHBII 6e/I0K BeIpacTeT Ha 50—
70% x 2050 romy [5]. ToBOpst 0 TeMe pocTa MOTPeGHOCTEH B SKMBOTHOM
6esKke Hesb3sl He OTMETUTbh, YTO TPAIMLIMOHHbBIE MUCTOUHUKM Geska st
aKBaKyJIbTYPbI M KVMBOTHOBOJCTBA (PbIOHASI MYKa M COST) CTAHOBSITCSI BCe
60J1ee TOPOTOCTOSIIMMM U SKOJIOTMYECKM HeYCTOMYMBBIMMU. B MHIyCTpUMU
SKMBOTHOBOJCTBA 3aTPaThl HA KOpMa COCTaBJISIIOT OT 60 % 1o 80% ot 06-
LIMX TPOU3BOACTBEHHBIX PAaCX0O10B. [laHHOE TIOIOKeHMe JUKTYeT OCTPYIO
HEOOXOAMMOCTb TTOMCKA albTepHATUBHBIX, BHICOKOKAUECTBEHHBIX U JI0-
CTYIIHBIX MHTPEAVIEHTOB, HAlIpUMep, TAKMX KaK SHTOMOIIPOTENH [6].

VccnenoBanusl MOCIENHUX [AeCSITUIETUN JEeMOHCTPUPYIOT IIMPOTY
MpUKIagHOTO ToTeHumana Hermetia illucens. Panuue pa6otsl Gokycupo-
Ba/MCh HA PyHAAMEHTAIbHOM BO3MOKHOCTY 6YIOKOHBEPCYM MaTbMOSIIPO-
BOro mpora [7] 1 HaBo3a [8]. CoBpeMeHHbIVi BEKTOP CMeCTUJICS B CTOPOHY
TTOJTyY€eHMsI TIPOAYKTOB C BHICOKO# TO6ABIEHHOM CTOMMOCThIO, TAKMX KaK
6uonusens [9,10], crienyan3MpoBaHHble KOPMa JJ1s1 aKBaKYJIbTYPbI U ITTU-
ueBozcTBa [11,12], a Takke 6MOMONMMEPbI — XUTUH M XuTO3aH [13,14].
Oco06blit MHTepeC BbI3bIBAIOT aHTMMMKPOOHbIe MenTuzs! (AMII), KoTopbie
Croco6Ha MPOU3BOAMTD JIMUMHKA YEPHOIH JTbBUHKM. AKTYaIbHOCTD UX M3-
yueHMst 06yC/I0BIEHA IMI06aTbHBIM KPM3MCOM PE3UCTeHTHOCTY MAaTOreHOB
K TPaaMLIMOHHbIM aHTHMOMOoTHKaM. Y Hermetia illucens npentuduumpoa-
HO OJTHO U3 KpyIHeiiux cemeiictB reHoB AMII cpeu HacekoMbIX [15,16],
BK/IIOYast fedeH3MHBI U 1[eKPOIMHBI, CTIOCOOHbIe (HM3MUeCKM pa3pyLiaTh
MeMOpaHbI TAKMX ITaTOT€HOB, Kak E. coli u S. Aureus [17,18]. Tem He MeHee,
HeCMOTpSI Ha JOCTATOYHBIN MAacCMB HAyYHbIX JAHHBIX, JOKA3bIBAIOIIX
VHTepeC K TeMe GYIOKOHBEPCYM OpraHNYeCKMX (B T.4. IMIIEBBIX) OTXONOB,
B VHIYCTPUM COXPAHSIETCS] TEXHOIOTMUYECKMI pa3pbIB: MpeBanupylolee
PY4HOE JIOTOYHOE KYJIbTMBMPOBAHME BeleT K HeCTaOMIbHOCTY OMOXVMM-
YEeCKOTO COCTaBa JIMUMHOK U JOPOTOBU3HE JaHHOI TEXHOIOTMMU, UTO TIpe-
IISITCTBYET €€ [T0BCeMeCTHOMY BHePeHUIO.

2. OG'BEKTHI M METOIbI
B kauecTBe 06bEKTA MCCIEN0BaHMSI ObUIM BbIGPAHbI HAYUHbIE YOIV~

KaLMy MUPOBOTO COOBIIeCTBA, MHIEKCUpPYeMble B MeXXIYHAPOLHOI 6a3e

JIaHHBIX Scopus. @opmupoBaHye 6a3bl JAHHBIX TPOMCXOIMUIO U3 aHIIO-

SI3bIYHBIX CTATei IPU UCIIONb30BAHMUY B TIOMCKOBOM 3aI1poce KII0YeBBIX

0B, TakuxX Kak Hermetia illucens, black soldier fly, circular bioeconomy,

bioconversion, antimicrobial peptides, chitin, lipids, protein, frass,
automation. Vcmonb3oBaHMe TePEYUCTEHHBIX TEPMMHOB I103BOIUIO
chopMUpOBaTh PENPEe3eHTATUBHYI0 BBIGOPKY, OTPAKAIOUIYIO ITI00asb-

Hble TeHIEHIIVY B pacCMaTpMUBaeMoi 06/1acTu.

TMocnenyoiasi cucTeMaTH3auust MOMYYeHHOI BbIGOPKYM MPOU3BOIV-
nack 1o cxeme PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses / [IpenrnouruTenbHble 37IeMEHTbI OTYETHOCTY AJISI CU-
CTeMaTM4YecKux 0630pOB 1 MeTaaHaIM30B), pa3paboTaHHAas AJIsl YIydlle-
HMSI OTYETHOCTH IT0 CUCTeMaTUUYeCcKuM o630pam. ITo JaHHOI cxeMe aBTo-
pamu paGoThI GbLT BBITIOJIHEH OTCEB HaliZeHHbBIX CTATE 110 CIeAYIOIM
KPUTEPUIM:

() 6asa maHHBIX IJIs [TOMCKa craTeit: Scopus (1. 6 Information sources);

U BpeMeHHOII mepynop;: aHamm3upoBaauch cratby ¢ 2010 mo 2025 rr. (1. 5
Eligibility criteria);

O Tum JOKyMeHTa: CTaThbyM M MaTepuasbl KoHbepeHinii (1. 5 Eligibility
criteria);

U HampaB/ieHMe MCIIOb3YeMbIX MCCIeOBAaHMUIA: TPOU3BOIMIICS ITOMCK
10 KJTIOYEBBIM CIOBaM, UCIIOb3YsI TIOMCKOBBIN 3aripoc ((“Hermetia il-
lucens” OR “black soldier fly”) AND (“circular bioeconomy” OR “bio-
conversion”) AND (“antimicrobial peptides” OR “chitin” OR “melanin”
OR “lipids” OR “protein” OR “frass” OR “zoohumus” OR “automation”
OR “bioreactor”)) (1. 7 Search strategy);

0 TexHMYECKUII CKPUHUHT CTaTeil: Hajauumue B cOOpaHHO 6a3e aHHO-
Talyy, KII0YEBBIX CJIOB aBTOPOB, @ TakKe AOCTYI K MTOJTHOMY TEKCTY
crareii (1. 8 Selection process);

0 TemMaTMueCKMii CKPMHMHT CTaTeii: BKIOUEHMe paboT, KOTopble pac-
cMaTpuBamu IMYUMHOK Hermetia illucens Kak areHTOB OGMOKOHBep-
CUYM OpraHUYecKuX (MPeMMyLIeCTBEHHO MUINEBbIX) OTXOAOB (M. 5
Eligibility criteria).

[laHHas MOC/IeI0BaTeIbHOCTD JefiCTBMIT TO3BOMIMIIA CO3LATh PAOOUYI0
6a3y JaHHbIX, KOTOpasl B JaJibHEIIIeM TOBepriach 06paboTke mpu Io-
MOILM TPOrpaMMHOr0 obecrieueHus s BblieleHMs KiaactepoB. Ilocie
06paboTKY cTaTell M0 JaHHOM CXeMe V3 IepBOHAYaIbHOM BEIGOPKY, BbIT-
PYkeHHOI1 13 6a3bl JAaHHBIX SCOPUS B KOMMYECTBe 463 LITYK, B UTOTOBO
BbIGOpKe momyumiock 283 cratbu. Ha Pucynke 1 mpencraBieHa cxema
COCTaBJIeHMsI UTOTOBOI 6a3bl JAHHBIX.

[ins 06paboOTKY MONYUYEeHHBIX MeTaJaHHbIX 283 OTOOPAHHBIX CTATel
MCIT0/Ib30BaJIOCh IIporpaMMHoe obecrieuene VOSviewer (Bepcust 1.6.19,
Nees Jan van Eck u Ludo Waltman, Hunepnauabr). OCHOBHBIM METOZOM
VCCIeNOBaHYSI A1l OTIpeie/IeHNsT KJIacTepoB GbUT BRIGpPAH aHaNM3 BCTpe-
yaemocTM KiaoueBbix cnoB aBropa (Keyword Co-occurrence), KOTODPbIi
MO3BOJISIET BU3YalIU3UPOBATh CTPYKTYPY IIPeAMETHOM O6JIACTY U CBSI3U
Mexay eé anemeHTaMM. [IOCKOMbKY BO BpeMs TEXHUYECKOTO CKPUHMH-
ra aBTopamy ObIJIO OTMEUYEHO, UTO HEeKOTOpble KII0YeBble CI0Ba MOTYT
BCTpeyaTbCs KaK IOJHBIM HamucaHueM, Tak U ab6peBuaTypoil (Ha-
npumep, «antimicrobial peptides» u «AMPs») nwiu HajMumMe TePMUHOB-
CMHOHMMOB (Hanpumep, «BSFL», «Hermetia illucens» u «black soldier fly
larvae»), To mepes, 3aIrycKoM aJIrOPUTMOB IIPOrPaMMBbI 6bLT co3aH daii-
Te3aypyc, YTO [TO3BOIMIIO CLEIATh IIOCTPOEHHBIE KapThl 60jee TOYHBIMM
U He cofepyKalyMy LyOaupyroeiics o cMbpIcty uHpopmanmn.

B kauecTBe rmapameTpoB aHajM3a B IPOrpaMMHOM obecrieyeHny uc-
T10JIb30BAIMCh MTOJICUET CYJIBI CBSI3U MEXIY TEPMIHAMM METOJOM MTOTHO-
ro nozcueta (Full counting). [Iyis HOpManu3auu CUIbI CBSI3U MEXIY Y3-
JIaMM CeTH IpuMeHsicst Mmeton ¢dpakuyounposanus (Fractionalization).
Bbi6Op maHHOrO MeTozna O0YC/IOBIeH HEOOXOOUMOCTHI0 MUHUMMU3UPO-
BaTh BJIMSIHME OTHENbHBIX MyOGIMKAUMii ¢ aHOMAaJIbHO GONBIIMM KOJIM-
YeCTBOM K/TIOUEBBIX CJIOB, UTO obecreunBaeT 6ojee paBHOMEpPHOE pac-
rpefie/ieHNe 3JIeMeHTOB B K/IacTepax ¥ MOBbIIIAeT MHTePIIPeTUPYeMOCThb
CBsI3€el B ceTeBOI Bu3yanmsauuym. MMHMMAaJIbHBIN [TOPOT YaCTOTHI BCTpe-
yaemocTy TepMuHa (Minimum number of occurrences) 6b11 ycTaHOB/IEH
Ha ypOBHE 5-TM pas, 4TO MO3BOIMIO CHOKYCHPOBATb aHAIN3 HA HAMGO-
Jiee yCTOMUMBBIX MCC/Iel0BATENbCKIX TPEHAAX.

Ha 3ax/Ii0unTeIbHOM 3Talle IOArOTOBKY PYKOIIMCY aBTOPaMy paboThl
MCIIONIb30BaICh TEXHONOTMM TeHepaTMBHOIO MCKYCCTBEHHOIO MHTeN-
nekta (Notebook LM, paspa6orumk Google Labs) MCKIIOUMTENBHO AJIS
YIAyYIIEeHUsT SI3bIKOBOTO O(OpMJIEHMSI: B LIeNIX M3MEeHEeHMs] CTW/ISI 10-
[auy, YCTPAHEHUS] PAMMATUYECKIX, MYHKTYal[IOHHBIX OLIMGOK. ABTO-
pbI HECYT TIOTIHYIO OTBETCTBEHHOCTDb 3a COJep>KaHMe U OPUTMHAIbHOCTD
MpeJCcTaBIeHHOM paboThl.
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PuCyHOK 1. AITOPUTM O3TAITHOTO OTGOPA M CHCTEMaTU3 AU
MyOJIMKanyii corjiacHo nporokoixy PRISMA
Figure 1. Algorithm for step-by-step selection and systematization
of publications according to the PRISMA
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3. Pe3ynbTaThl M 00CYKAEHUE
B pesynbpraTe aHanaM3a UTOTOBOI BBIGOPKYU ObLIM IIOCTPOEHBI He-

CKOJIBKO BU3yaIu3anuii:

0 [lns mpencTaBieHMs MOMyYeHHBIX KJIACTepOB — ceTeBasi BU3yannu3a-
uus (Network Visualization), mpefcrasisiioniasi CBsIi3b MeXIY TEPMU-
Hamy, GOPMMPYIOLIMMY TeMaTuueckue Kiactepbl. COINacHoO ajro-
PUTMY NIPOTPaMMBl, PACCTOSIHVME MeXIY Y371aMM Ha KapTe OTpaskaeT
Hay4HYI0 6/11M30CTh TEPMMUHOB.

0 [Ins oueHKM OVHAMUKYU PasBUTHS TeMATMK IO rofaM — BpeMeHHast
Busyanusaius (Overlay Visualization), roe uBeT y3Jjia sSIB/SIETCSI MHIM-
KaTOpOM 10 CpeHEeMY rofy MyoIMKaLuu.

0O [lns BeigBieHus o6racreii ¢ HaubosblIe)i KOHLEHTpaIyeil my6nKa-
umit — Busyammsanys wiorHoctu (Density Visualization), uyTo mo3so-
JsieT 060CHOBATh aKTyaJIbHOCTD ¥ HOBM3HY BLIOPAHHOTO HaITPaB/IeHMS

MUCCIeIoBaHMIt KYJIbTUBUPOBAHUS IMUMHOK MYXI ‘{épHaH JIbBMHKA ITpU
VCIIONIb30BaHUM OPraHNYecKuXx (B T.4. l'II/IH.leBbIX) OTXOOOB.

3.1. Cmpykmypa Mupogozo ucciedoeameibcKozo nous

Hermetia illucens

B pesynbraTe 6MOGIMOMETPUYECKOTO aHaIM3a UTOTOBOI BbIGOPKMU
(n = 283) GblIa MOCTPOEHA CeTeBasi BU3Yaau3alMsl CO-BCTPEYAEMOCTU
KJIIOYEeBBIX CJIOB, IpeZcTaBieHHas Ha Pucynke 2. Ha chopmmupoBaHHO
KapTe ObLIO BbIAENTEHO 4 JOMVHMPYIOUIMX TeMaTUYeCKUX KiaacTepa, OT-
pakaloIyX OCHOBHbIE HAallpaBJIeHMS Pa3BUTHUS OTPACN.

B Ta6muue 1 mpepcTaBieHa MOApPO6GHAS XapaKTePUCTMKA YEeThIpex
IOMMHMPYIOIINX TEMaTUUYECKUX KIACTEePOB, OTPaKaoLasl X TEPMUHO-
JIOTMYECKUI COCTaB, COLlep>KaTelbHYI0 MHTEPIpeTalyio M aKTyaJbHbIi
boxyc HayyHOI aKTUBHOCTHU.
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PucyHoK 2. TemaTu4ecKkasi KIacTepusanys MCC/IeJ0BaTelIbCKOro nojs Hermetia illucens
Figure 2. Thematic clustering of the Hermetia illucens research field

Ta6muua 1. TemaTuyeckasi KacTepusanys MMPOBOIO MCC/Ief0BaTeIbCKOro nmoss Hermetia illucens
Table 1. Thematic clustering of the global research field of Hermetia illucens

OcHOBHOI1 GOKYC McCIeqoBaHMIt

[my6oKast 6MoTeXHO/ornYecKas rnepepaboTka
BXOJIHOTO ChIPbsI C BbIZIEJIEHNEM BbICOKOIIEHHBIX
COeIVIHEeHUI

V3yueHne CMMOMOTIIECKOTO B3aMMOZECTBUS
JIMYMHKY C MMKPOOMOMOM, MEXaHU3MOB
MeTaboMMIecKoit IIIaCTMYHOCTY ¥ arpOXMMMUIECKOTO
MOTeHIyaja 300ryMmyca

OnTUMU3aIMs TapaMeTPOB GMOKOHBEPCUM
¥ pa3paboTKa MPOMBIIITIEHHBIX TEXHOIOT U
YTUAU3AINY OTXOOB

B3anMocCBsI3b 6a30BbIX TIOHSITHIA, CBSI3bIBAIOIX
OMOIOTMUECKITT TIOTEHIIMA C TapaMeTpaMu

TemaTnueckasi
Kiacr KioueBbI Ba B KjlacTepax
MHTepIpeTanys Jlacrep JIIoYeBbIe CJI0OBA B KjacTepa:
Basnopusanus antimicrobial peptides; bioconversion; biodiesel; biorefinery;
OTXOI0B Kiacrep 1 black soldier fly; circular economy; fatty acids; food waste;
VI IPOAYKTBI ® acx—ugﬁ) insect protein; insect-based bioconversion; larval development;
TTyOOKO¥ P nutrient recycling; organic waste; protein; sustainability;
nepepaGoTKu sustainable agriculture; waste management, valorization
Bu THUYeCKIU . . .
MegggnsMe; € Knacrep 2 animal feed; frass; insects; larval biomass;
¥ 300TyMYC (3€en1EHbIi) microbiome; microbiota
TexH TUYECKU . .
nzxag:'genuec € Knacrep 3 composting; growth performance; kitchen waste;
VHUI I ling; I ion
Vi yTHMBAIS (c ) waste recycling; waste reductio:
dyHZaMeHTalbHbIe
- Knacrep 4 : . i .
pecypcHbie (ORETHIA) biomass; feed; insect; waste
JeCKPUIITOPBI

IIPOMBIIITIEHHO 6YIOKOHBEPCUY



Gladysheva M. S. et al. | FOOD SYSTEMS |

IpoananusupoBaB Knacrep 1, MOXXHO UAEHTU(MULIMPOBATh €r0 Kak
«Basopusanmsi OpraHMYecKMx OTXOOOB M MPOAYKThI [TyOGOKOH rMepepa-
6OTKM», TIOCKOJIbKY OH OXBAThIBAET TEPMMHBI, [IOKA3bIBAIOIE COBPEMEH-
HBIi1 TIepexo], OT MPOCTO¥ YTUIM3ALMM OTXOHOB K KOHLIEMIMY [TyOOKO
repepaboTKy 6110Macchl [jis OTy4YeHMsT TPOAYKTOB BBICOKOTO Tepeena.
Takke CTOUT OTMETUTD KOHIIEMIINIO 61opedaifHIHT, KOTOpast BCTpevaeT-
cs1 B 3apyOeKHBIX CTaThsIX [19-21] u 03HAUaeT cucreMy ryboOKOi, KOM-
IJIEKCHOJ TiepepaboTKM OPraHMIECKOTO ChIPbs, Ie HaCEKOMOE BBICTYIIA-
€T B PO/IU «OGMONOTMYECKOr0 PeakTopa», MPeBpallaloIero HU3KOLeHHbIe
OTXO[IbI B LIEJIBII PSIZi KOMMepPUeCKM 3HAUMMBbIX MTPOIYKTOB: OEJOK, SKUPbI
(CBIpBE [1J1s1 GMOAM3ENIs), XUTUH Y aHTUMUKPOOHbBIE TTeNTHUIBI.

JlaHHBII KIacTep sIBJseTCs] Haubomee MacUITAGHBIM B pamMKaXx JaH-
HOJ BbIGOPKM ¥ TMO3BOJISIET CHEIaTh BbIBOJ 00 aKTyaJbHOCTM IMepexona
OT HpOCTOﬁ YTUIN3aOMNU OTXOOO0B K CTpaTermm mx KOMIIJIEKCHO TpaHC-
(opmanum B BBICOKOTEXHOJIOTMYHbBIE TIPOTYKTHI.

ToBOpSI O MPOAYKTax C BBICOKOJ [0OGABIEHHO! CTOMMOCTHIO, yalle
BCEro YIOMMHAIOTCSI SHTOMOIIPOTENH, IUNNMABI (BKIOYas JaypMHOBYIO
KUCJIOTY), aHTUMUKPOOHDIE MeINTUAbI, XUTUH-MeJTaHMHOBbI KOMILIEKC.
AHanmusupys chopMupoBaHHYI0 6a3y DaHHBIX, MOXHO OTMETUTb, UTO
yalile BCero B KauecTBe 1LieJIeBOro MPOoAyKTa YIIOMMHAIOTCSI SHTOMOIIPO-
TeMH ¥ aMUHOKUCIOTHI — 142 cTaThy, uTO coctaBiseT 50,2 % OT Bceil BbI-
6GOPKU ¥ TIOATBEPSKAAET CTATyC 6a30BOT0 MPOAYKTA MHAYCTpUM. ccieno-
BaHMs HAIIPaBJIeHbI HA 3aMeHY PhIOGHOI MYKM M COEBOTO LIPOTa B KOPMax
st ATIK m akBakynbTypsl. JIumuabl durypupyiotr B 98 cratbsax (34,6 %
OT BCeX CTaTelt B BbIGOPKE), IIe 0co60e BHUMaHMeE yaeeHo JIaypMHOBOi
kuciore (C12:0). AHTUMUKPOGHbIE TIENTUABI CTAIU TpeaMeToM 43 uc-
crepoBanuii (15,2 % ot Bcex cTaTeil B BBIOOPKE), IIpuueM O0JIbliast 4acTh
paboT oTHOCUTCS K repuony 2021-2025 IT., YTO TOBOPUT O BBICOKOM MH-
Tepece K JAHHOJ TeMaTKKe B HACTOsIIIee BpeMsi. XUTUH-MeJTaHUHOBBIN
KOoMIUTeKC yriomuHaeTcst B 31 cratbe (10,9 % oT Bcex craTeil B BHIGOPKE),
HeCMOTpPSI Ha MeHblllee KOMMYeCTBO paboT, 3TO HampaB/ieHMe [eMOH-
CTPUPYET BBICOKYIO AMHAMMKY CJIOKHOCTU: OT MPOCTOM IKCTPAKIUYU XU-
TUHA K CO3JaHNIO0 GUOTIJIACTUKOB.

Anamu3s cBsizeit B Kiacrepe 1 moatBepskgaeT miobaabHOe cMelleHye
MCCIIeN0BaTeIbCKOTO BEKTOPA OT IPOCTOI YTUIN3ALUM OPTaHMKA K CTpa-
Teruy eé rmy6oKoi GMOTEXHOIOTMYECKOH Balopusalyy. Peann3anms KOH-
LMK SHTOMOJIOTMYECKOTO 61opedaitHIHTa TI03BO/ISIeT PACCMATPUBATh
MoTy4YeHye psifia MPOLYKTOB C BHICOKOJH JOOGABIEHHOM CTOMMOCTbIO — aH-
TUMMKPOOGHBIX MEMTUIOB, GMOOM3EJIsl ¥ SHTOMOIIPOTENHA, YTO 06ecreyn-
BaeT Mepexof K yCTONYMBOI MOLEN MPKY/ISIPHOI 61109KOHOMMKM.

Krnacrep 2 mosBossieT chOKyCHpPOBATbCS Ha U3YYEHUM BHYTPEHHUX
(bu3MonorNUYecKuxX MpoLeccoB JMUMHOK U KauecTBa MOOGOYHBIX MPOAYK-
TOB GMOKOHBEPCHH, CBSA3bIBAST PyHIAMEHTAbHYIO 6MOJIOTMI0 HACEKOMO-
'O C IIPaKTMY€eCKOI LIeHHOCTHIO [T0JTyYaeMbIX PECYPCOB.

VccnemoBaHusl B JaHHOM HAarpaBlIeHUM TOKa3bIBAIOT, YTO JTUUMHKU
H. illucens mpeACTaBISIIOT CO607 CIIOKHYIO CUMOMOTUYECKYIO cucTemy [22].
Taioke yCTaHOBJIEHO, UTO JIMUMHKYM aKTUMBHO MCIIONB3YIOT PeCcypchl CBOe-
ro KMIIEYHOro MmKpoOmoma. bakrepuu cemeiictBa Bacillaceae wrpaiot
pelaINy posib B Jerpafalnun TPyLHOIIepeBapUBAEMbIX PAaCTUTEIbHBIX
MOMMMepPOB (LIeJUTION03bI U JIUTHUHA) [23]. YCTaHOB/IEHO, YTO MUKPOOUO-
TUYECKOe COOOIIeCTBO CIIOCOOHO CMHTE3UPOBAaTh A0 35% HeoOXOOMMBIX
JIMYMHKE He3aMeHMMbIX aMUHOKUCIIOT Npu X AeduiyTe B cybeTpate [24].

Takke B paMKax JaHHOTO KjacTepa aKIeHT CMeIlaeTcss Ha camy 6u-
omMaccy JMYMHOK, Te ONHMM U3 HaIpaBieHUs] paboT MOXKET SIBISTbCS
M3ydyeHue MeTaboanueckoi IIacTUYHOCTH JIMYMHOK — UX CIIOCOGHOCTY
MOJICTPauBaTh OMOXMMUIO OpraHM3Ma M aKTUBHOCTb (PepMEHTOB IIOf,
HYTPUEHTHBI Tpoduib cy6erpara [25]. ITpoliecc HaKOTIEHNS BEIeCTB
3aBUCUT OT TOTO, SABJISIETCS JIN KOHKPETHbIVI HYTPUEHT reHeTUYeCKI ne-
TePMMHMPOBAHHBIM MM I'MOKO pearMpymloliyuM Ha COCTaB AMeThI [26].

AHan3 ceTeBbIX B3aMMOZAECTBUI B paMKax Kinacrepa 2 1oka3biBaeT,
YTO 3GGEKTUBHOCTh JHTOMOIOTMYECKOI 6MIOKOHBEPCUM IeTePMUHUPY-
eTCsl He TOJIbKO 61MOMornueckumm GakTopamu, HO M CUHEPreTUYeCKUM
B3aumogeiicteueM H. illucens ¢ acCOMMPOBAHHBIM MMKPOOMOMOM.
JInuyHKY GYHKUMOHMPYIOT KaK CIOKHAs CUMMOMOTMYeCKas cucrema,
croco6Has aKTUBHO (opMupoBaTth crenyduueckue GYHKIMOHATbHbBIE
MMUKPOOPTaHM3MbI IJIsI MHTeHCUpUKaLUMU Oerpafaluu TpymaHOIepeBa-
pPUBaeMbIX PACTUTEbHBIX GMOTOIMMEPOB. YCTAHOBIEHHOE B3auMMOIEli-
CTBYE 00eCIeurBaeT BBHICOKYIO METAGONMYECKYI0 IIaCTUYHOCTh, UTO
OTKPbIBAET BO3MOXXHOCTU IJIS Mepexoaa K HalipaBJI€eHHOMY KYJIbTUBUPO-
BAHMIO U TIOTyYEHMI0 GMOMACCHI C 33IaHHBIMY OMOXMMUYECKMMU XapaK-
TepPUCTUKaMM (B Mpeesiax HOpMbl peakly OpraHu3ma).

Krnacrep 3 o6beuHsIeT NPUKIALHbIE UCCIENOBAHMS, CHOKYCUPOBAH-
Hble Ha OIleHKe IMPaKTUUYecKoil 3pdeKTUBHOCTY Ipoliecca 6MOKOHBED-
cuu. OCHOBHOe BHMMaHMe 37eCh YAeseTCsl KONMUeCTBEHHbIM MeTpHu-
KaM 1epepaboTKM U ONTUMM3ALUY YCIIOBUI CONEPKaHUS IMUMHOK IJIst
IOCTVKeHUSI MaKCMMAaJIbHBIX TeMIIOB yTwin3auuu oTxomoB. CormacHo
JIAaHHOMY HAIpaB/eHUi uccremoBauuit, muuuHku H. illucens mpusHa-

1 2026 |

HbI BbICOKO3(()EKTUBHBIM MHCTPYMEHTOM [JIs1 BaJIOPU3AIMM TTUIIEBBIX
OCTaTKOB JJOMOXO3SIACTB U MpPeIpUsITHii 001eCTBEHHOrO nuTaums [27,
28). UccnemoBaHus MOKA3bIBAIOT, UTO KYXOHHbBIE OTXOZAbI SBJISIOTCS Of -
HMM 13 Hambosee MOAXOOSMIUX CyOCTPAaTOB MJISI PasBUTHUST JTIMUMHOK,
obecrieunBasi BLICOKYI0 CKOpOCTh Habopa macchl [29,30], oqHAKO, TAKKe
YIIOMMHAETCs], YTO CE30HHOEe BIMSIHME Ha COCTaB JaHHBIX OTXONOB BIIM-
sieT Ha CTaGMIbHOCTD Mpolecca 61MokoHBepcun [27,31]. laHHOe MoJIoXKe-
HMe TpeOyeT BHECEHMEe OTOTHUTENbHbIX J0OABOK B COCTaB CcybcTpaTa
U YCTaHOBJIEHVE TeXHOJIOTMYECKNX ITapaMeTpPOB ITPOBeIeHMS MPoIiecca.

B kauecTBe KOMMYECTBEHHBIX METPUK MCIIONB3YIOT MOKA3aTenyu po-
cTa M PasBUTHS, Te aHaAM3UPYIOT B3aMMOCBSI3b MEXIY MCXOIHBIM KO-
JIMYECTBOM JIMUYMHOK B Hayajie Mmpouecca KOHBePCUM, BIaSKHOCTBIO Cy6-
cTpaTa U TaKMMM TO0Ka3aTeasIMu, Kak Ko3pOUIMEHT KOHBEPCHUM KOpMa
(FCR), ymenbHasi CKOPOCTb pocTa U (puHanbHas Macca IMUMHKA [32-36].
VCTaHOBJIEHO, UTO MPY ONTUMAJIbHBIX IMapaMeTpax JUUMHKMA CIIOCOGHBI
COKpalaTh 06beM ¥ MacCy OpraHuYeckux oTxomoB Ha 50-70% 3a Ko-
porkuit uka B 10-15 nreit [37]. [IocKOMBKY AJIS AOCTVDKEHUS JAHHBIX
rapamMmeTpoB HEOOXOOMMO COBEPLIMTD IEPEXOJ K aBTOMATU3MPOBAHHO-
MY KYJTbTUBUPOBAHUIO IMUMHOK IIPU KOHTPOIMPYEMBIX ITapaMeTpax, 3T0
CTAaHOBUTCSI OMHUM 13 OCHOBHBIX UCCIIENOBATEbCKUX HATIPaBIEHUIA.

Taxke MCCIeLOBaHMSI, OTHOCSLIMECS K JAHHOMY KjacTepy, MO3ULIK-
OHMPYIOT SHTOMOJIOTMUYECKYIO TIepepaboTKy Kak 6osee GBICTPYIO U KO-
jornyecky 6e30MacHyl0 aabTePHATMBY TPAAMLMOHHOMY KOMITOCTH-
poBaHMI0. PaccMaTpMBaOTCSI KOMOMHMPOBAHHbIE MOAXOMbI, TaKMe Kak
IBYXCTAOUITHBIN TpoliecC 6MOKOHBEPCUSI-KOMIIOCTUPOBAHME, TOE JIU-
YMHKU TepepabaThiBalOT OCHOBHYI0 MacCy OpPraHMKH, a TMOCIeAyIolee
II03peBaHMe OCTaTKa MPOUCXOOUT METOJAMM KJIaCCMUECKOTO KOMITOCTU-
POBaHMs, YTO MO3BOJISIET MONYYUTh CTAGMIM3MPOBAHHOE OPraHNYecKoe
ymo6peHue BhICOKOTO KayecTsa [38,39].

AHanu3 cBs3eii B Knacrepe 3 noaTBepKaaeT, YTO MUPOBOIL HAYIHBIN
MHTepeC B 3TOi 06/1acTy Iepelies OT MPOCTOi KoHcTaTauuu Gakra Imo-
efaHusl OTXOJOB K TEXHOJIOTMYECKOMY HOPMUPOBAHUIO. BbIsSBIEHHbIE
3aKOHOMEPHOCTY POCTA ¥ COKPALIEHUS OTXOMIOB CIyKaT OCHOBOM IJist
MacIITabMpOBaHUsI TEXHOJOTMMU: OT JIAaGOPATOPHBIX IKCIIEPUMEHTOB
K IIPOMBIIIJIEHHBIM CHUCTEMaM, Ifie KPUTMUECKM BaXKHBIM CTaHOBUTCS
KOHTPOJIb MMKPOKIMMATA.

Knactep 4 sBisieTcsi HaMMEHbBIIMM M 3aBepIIAIMM KIaCTEPOM
B CTPYKTYpE CETEBOI BU3yaln3aluK, HECMOTPSI Ha CBOIO JIAKOHUYHOCTb,
BBITIOJTHSIET KPUTUUECKYI0 (QYHKIIMIO MHTETPaTOPa BCETO UCCIIeIOBaTEb-
CKOTO TT0JIs1, TIOCKOJIbKY TIPeZICTaBIIsIeT CO60i LeHTp 3HaHMT, HA KOTOPOM
6a3MpyIOTCs BCe MPUKIAAHbIE HATIPaBaeHus. [JJaHHYIO POJb KJIACTep Ur-
paet 3a cueT CUCTeMOOOPA3yIOIIMX AeCKPUIITOPOB, KOTOPbIE BBICTYIIAIOT
CBSI3YIOUIYM 3BEHOM MEXAY M3ydeHMeM KM3HeHHoro nukia H. illucens
U pa3paboTKOM CUCTEM MPOMBIIIJIEHHON GMOKOHBEPCUM OPTaHUYECKUX
cy6CTpaToB.

3.1.1. TIpodykmel, nonyuaemsie 8 npoyecce GUOKOHBePCUU
nuuessixomxo0os ¢ ucnoavzosaruem H. Illucens

AHanus crateii, mpecTaBIeHHbIX B Kjacrepe 1, mokasbiBaeT, 4To 6u-
OKOHBepCHs MULIEBBIX OTXOOB € McIonb30BaHueM H. lllucens no3sosnsier
IOTyYaTh JOCTATOYHOE KOJIMUECTBO ITPOYKTOB C BBICOKOJ J06ABIEHHO
CTOMMOCTBIO. JINUMHKY ¥ Tpenkykonku H. illucens XapakTepusyroTcs
BBICOKMM COJlep>KaHMeM ChIPOTO IPOTeNHa, BapbMPYIOIMMCS B Jyuara-
30He OT 32% 1o 63% Ha cyxoe BellecTBO (CB) [40]. AMMHOKUCIOTHBIN
rpoduib MyKM Y€pHOI IbBUHKM SIBJISIETCSI COaIaHCUPOBAHHBIM U COIIO-
CTaBUMBIM C PHIGHOI MYKO# BBICOKOTO KayecTBa, P 3TOM B GuomMacce
Mpeo6IaJaloT TaKMe aMUHOKMUCIOTHI, KaK JIEMIWH, TM3UH U BaauH [41].
Psini paboT IIOKa3bIBaeT, YTO SHTOMOIIPOTEMH MOSKET YCIIEITHO 3aMelIlaTh
COEBbIii LIPOT U PHIGHYI0 MYKY B palyiOHaX ITHII, CBUHEH U 06bEKTOB
aKBaKy/JIbTYpBhI 6e3 CHMKeHUSI oKa3aTereii pocra [42,43].

JiunupHas dbpakuus sBasieTcss Haubonee MeTaboMMUeCKu IIacTUY-
HBIM MapaMeTPOM U MOXKET COCTaBJsITh OT 15% mo 49% (B HEKOTOPBIX
cydasx g0 62 %) Macchl IMUMHOK B 3aBUCUMMOCTM OT MCXOLHOTO CY6-
crpata [25]. YHMKaIbHON OCOGEHHOCTBIO JKMPHOKUCIOTHOTO COCTaBa
H. illucens siBnsieTCs BBICOKAsi KOHLEHTPALMs JaypUHOBOM KUCIOTBI
(C12:0), comepskaHMe KOTOPOi MOKeT JOCTUraTh 55-65% oT o061ero
rpoduiist SKUPHBIX KUCIOT [41]. JlaypuHOBasi KUcI0Ta 061ajaeT BbIpa-
SKEHHBIMY aHTUMMUKPOGHBIMU, TIPOTUBOBUPYCHBIMU M aHTUTPUOKOBBIMU
CBOJICTBaMM, YTO MO3BOJISIET MCII0/Ib30BaTh MaC/IO He TONbKO KaK MCTOY-
HUK SHepruy B KOPMax U ChIpbe ISt 6101M3ers, HO U KaK QYHKIVOHAb-
HBI/i MHTPeIVIeHT B BeTepMHAPUU U KOCMETONIOTuUM [44].

MenaHuH, BblfesieMblil U3 Myxy Y€pHasi IbBUHKA, IIPENCTaBIsIeT CO-
6071 BBICOKOILIEHHBI}i TPUPOAHBIN GMOIOMMMED C YHUKAIbHBIMU (BU3UKO-
XMMMYECKMMM CBOJCTBaMM. B opraHusMe HaceKOMOTO BBINIONHSIET 3a-
myTHbIe QYHKIMM UM yyacTByeT B GOpMMPOBaHMY 9K30CKeseTa. Ilepexop,
JIVYVMHKY B CTaAMIO TIPEAKYKOJIKY M KyKOJIKY BU3YaJIbHO MIEeHTUOUIMPY-
€TCA MMEHHO ITO HaKOIVIEHMIO MeJIaHMHA, YTO ITPOSABJISIETCS B IOTEMHEHUN
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KyTUKY/IbI OT KPEMOBOTO JI0 TEMHO-KOPMYHEBOTO WM YePHOro LiBeTa [45].
Ocob6blit MHTEpeC MpeaCcTaBisieT XUTUH-MeNTaHMHOBBI KOMILIEKC, BXOZSI-
LM B COCTaB 3K30CKeIeTa HaCeKOMOrO. [IaHHBIV MPOAYKT LIEHUTCS 3a CBOIO
6MOTOTMYECKYIO0 aKTUBHOCTb, SIBJISISICH MOIIIHO# JIOBYILIKO [IIS1 CBOGOIHBIX
PaAVKajIOB U 3aIUMINAs KIIeTKU OT OKMCIIUTEILHOTO cTpecca [46].

CrnenmyoomyM IPOAYKTOM BBICOKOTO Iepefena SBISETCS XUTUH —
JIMHEeNHbI TonuMep N-aueTwi-D-III0Ko3aMuHa, KOTOPBI SIBJISIETCS
BTOPBIM I10 PACIPOCTPAHEHHOCTM MPUPOSHBIM OGMOIIONIMMEPOM U BaK-
HeJIIMM CTPYKTYDHBIM KOMIIOHEHTOM 3K30CKejleTa HaceKOMbIX [47].
B opranmsme H. illucens XUTUH MHTETPUPOBAH B CJIOKHYIO MaTPUILY, CO-
CTOSIIIYIO M3 GENIKOB M MMHEPAJIbHBIX COeAVHEHMIA, obecrieunBas Mexa-
HMYECKYIO KeCTKOCTbh KyTUKYIbI [48]. ComepskaHyue XUTHMHA B GuoMacce
YEPHOJi TbBUHKM AE€MOHCTPUPYET BBIPAKEHHYIO CTaIyMe3aBUCUMYIO IV-
HaMMKY, UTO 06YCIOBIEHO (BM3MOIOTMYECKOM MOTPEGHOCThIO OpraHM3Ma
B YIIPOYHEHMY ITIOKPOBOB Ha MO3HMX 3Tanax pasBuTus [49], uTo no3so-
JISIeT MCIIO/Ib30BaTh AAHHBI MPOLECC B TEXHOIOTMYECKOI 1IeTI0YKe KyJIb-
TUBMPOBaHMS. [IaHHbI GMOTIONMMED, TTOyUeHHbIi u3 H. illucens, Xxapak-
TepU3yeTCs: BBICOKON CTelNeHbI0 AealleTMIMPOBaHMsI, YTO OIpenensieT
€ro peakIMOHHYIO CITOCOGHOCTD M PACTBOPUMOCTD, & TAKKE BbIPasKeHHOM
610IOTUYECKOI aKTUBHOCTHI0 — AHTUMMMKPOOHBIMM, aHTUBUPYCHBIMU
M aHTUIPUOKOBBIMM cBojicTBamMu [34,47,48]. Wcnonb3oBaHMe XUTHHA,
MOTyYeHHOT0 M3 YEPHOI IbBUHKU U €r0 IPOU3BOLHBIX B paMKaX COBpe-
MEHHBIX MUIIEBbIX CUCTEM SIBJIIETCS OOHUM U3 Haubosiee repCcreKTUB-
HbIX HarlpaBjeHuit. Biaromapsi BbIpaskeHHbIM aHTMMMUKPOOHBIM U aHTHU-
IpUOKOBBIM CBOCTBAM, XUTO3aH MOXET BK/IIOYATHCS B COCTaB aKTUBHO
YIaKOBKM JJ1S IPeIOTBpallieHN s TOPUM MPOLYKTOB U MOJaB/IeHMsI pOCcTa
MaTOreHOB, TaKUX Kak E. coli u S. aureus [14]. XuTo3aH, KaKk MPOU3BOAHOE
XUTWHA, paCTBOPEHHBIN B KUC/ION cpefie, IPUMeHsIeTCs /11 HaHeCeHUs
3aIIUTHBIX CJI0€B Ha CBEXMe IPOAYKTHI, YTO MO3BOJSET CYIeCTBEHHO
NPOJIATB CPOK UX XpaHeHud [49].

AHTUMUMKpOGHBIE menTuabl (AMIT) mnunHoK H. illucens — 3T0 HU3KO-
MOJIEKYJISIpHBIE 6esiKM, 06/1aJato1Iyie YHUKAIbHBIM (DM3UKO-XMMUYECKUM
MEXaHM3MOM IIOAaBJIEeHMS IIaTOT€HOB — IIeIITUAbI n36npaTean0 B3an-
MOJIEIMCTBYIOT C OTPULIATENLHO 3apsDKEHHBIMM MeMOGpaHamy GakTepu-
albHBIX KIeTOK (B uacTHOCTH, E. coli u S. aureus), BbI3bIBast UX Gusnye-
ckoe paspyuienue [50]. TTOCKOIBbKY BO3[ENCTBME HOCUT (U3UUECKUIL
XapakTep, PUCK Pa3BUTHUS OBICTPOI YCTOMYMBOCTY Y MUKPOOPTaHM3MOB
CBOOUTCST K MUHMMYMY. Taxoke AMII 06/1aat0T BBICOKOI CrienubuIHO-
CTBIO K ITaTOreHaM IIPY HMU3KO¥ TOKCUMUYHOCTY AJIs1 KJIETOK MJIEKOIIUTAI0-
LIMX, YTO JEeJIAeT UX IepPCIeKTUBHbIMY 11l hapMakonorun. FoBops Ipo
061aCTY BO3MOKHOTO rpuMeHeHmst AMII, Bbifie/IeHHbIX M3 IMUMHOK YEP-
HOJi JTbBUHKM, MOXXKHO OTMETUThb UX MCIIONb30BaHMe B KaueCTBe MMMYy-
HOMOZY/ISITOPOB B KopMax 11t AITK (ITULEeBOACTBO, SXKMBOTHOBOJCTBO),
4YTO MO3BOJISIET ITOTHOCTBIO MM YACTMYHO OTKA3aThCsl OT BeTEPMHAPHBIX
QHTUOVMOTMUKOB U TIOBBICUTH 61106€30IaCHOCTb TPOAYKTOB MuTaHus [51].

PaccmaTpuBasi KilouyeBble TEPMMHBI KiacTepa 2, MOXHO OTMETUThb
C/IemyIoNMit IIPOAYKT, TOMy4YaeMblit B IIpolecce 6MOKOHBepcuu — dpacc,
OH JXe 300TyMYC, IOOOUHBIV TTPOAYKT, KOTOPBIi paccMaTpUBaeTcsl Kak
BbICOKO3(bEKTMBHOE OpraHMueckoe ynobpeHyue U 61MoMenopaHT [52].
OH 6orat MmakpoanemeHTamu (B cpegHem N: 4,9 %, P: 2,6 %, K: 1,7 %) [53],
TP 3TOM MPOIeCC GMOKOHBEPCUY YBEIMUMBAET LOCTYITHOCTH MUHEPAJIb-
HBIX BELIECTB B 3 pa3a Mo CPaBHEHUIO C ICXOOHBIM CbIpbeM [54]. Ocoboe
3HayeHye YMeeT Haluuye B 300TyMyCe XUTHMHOBBIX 9K3YBMEB, KOTOPbIe
CTUMYIUPYIOT 3alATHbIE PeaKy PACTeHUVi ¥ MO3BOJSIOT NONABISThH
MOYBEHHBIX (GUTOMATOT€HOB, TaKMX Kak Ralstonia solanacearum [55].
[IpumeHeHue ¢pacca CrOCcO6CTBYeT BOCCTAHOBJIIEHWIO 30POBBSI MOUB.

B Tabnuile 2 mpencTaBieHbl CBOJHbIE PE3YIbTaThl II0 BO3MOKHOCTH
ToJTy4eHus1 IPOAyKTOB u3 H. illucens ¢ yka3aHMeM BBIXOJA MPOAYKLIVN
Y KJIIOYEBBIX XapaKTePUCTUK.

3.2. AHanu3 8pemMeHHOl OUHAMUKU U 27100a1bHbIX MPEHO08

AHanu3 BpeMeHHO AVHAMUKU COBMECTHOI BCTPeYaeMOCTHU KiKue-
BbIX CJIOB MTO3BOJISIET TPOC/IENUTb KaueCTBEHHYIO TpaHCHOpMaLMIo MU-
POBBIX HAayYHBIX MHTEPECOB B 06JIACTY SHTOMOJIOTMYECKOI 6MIOKOHBEP-
cuu B iepuof, ¢ 2020 no 2025 rr. LieToBast puddepeHmanys y3juoB ceTu
OTpaykaeT XPOHOJIIOTMYECKNI BEKTOP: OT OTPabOTKY 6a30BLIX Mozesei
YTUIN3aLUU OTXOJOB K MPELM3MOHHOMY YIIPaBIeHMIO KaueCcTBOM OMO0-
Macchl ¥ TIOJTyYeHNIO CYGCTaHLIMIA C BBICOKOJ 106aBIeHHOI CTOMMOCTBIO
(PucyHoOK 3).

CTOUT OTMETUTb, YTO HECMOTPSI Ha TO, UTO TTOMCKOBBII 3aIIpoC OXBa-
ThiBas1 nepuopn ¢ 2010 roma, BU3yanm3auusi BpeMEeHHONM AMHAMUKU Je-
MOHCTPUpYeT pacipezeneHe TEPMMUHOB B Auana3zoHe 2022-2024 rr. 310
06YC/IOBJIEHO TEM, YTO ITPOrpaMMHOe obecrieueHye VOSviewer onepupyer
rokasaTesieM CpeJHero roja mybamkaumum. YUuTbIBasi B3PbIBHOM POCT Un-
CJ1a MccemoBaHmit 1o Teme Hermetia illucens B TiociemHye Tpy rofia, CTaTU-
CTMYECKMIT BeC COBpeMeHHbIX paboT TOMMHMPYET, CMellasi CpeJHye 3Ha-
yeHMsI GOMBIIMHCTBA KIIOUEBBIX JECKPUIITOPOB K aKTyaJbHOMY IIepUOZY.

Iepsouit 3Tan (mo 2022 r) xapakTepu30BaJICsI JOMUHUPOBAHMEM Jie-
CKpUITOPOB QyHAAMEHTaIbHOTO YPOBHSI: waste, protein, biodiesel, feed.
Ha paHHOM 3Tale MMPOBOe HAayJYHOE COOBIECTBO GbIIIO COCPELOTOYEHO
Ha oka3aTtenbcTBe 3 dekTrBHOCTM TMUMHOK H. illucens Kak MHCTPyMeH-
Ta TpaHchOpPMaLMyY OPTaHNUYECKOTO ChIPbsI B KOPMOBOJ GeJIOK U ChIpbe
st 6uororiBa. OCHOBHOM aKIIEHT Jesajics Ha pelleHye SKOoJIornye-
CKMX 3a71a4 110 COKpaleHNI0 06beMOB OpraHNYeCKUX OTXOJ0B.

Bropoii aTam (2023 .) XxapakTepu30BajICs KaueCTBEHHOM TpaHchopma-
LMeit uccIefoBaTenbcKoro okyca, YTo yKasblBaao Ha TpaHchopMauio
OT 00BEMOB YTWIM3ALMM OTXOAOB K IIYGOKOMY M3y4eHUI0 GMosornye-
CKUX MEXaHM3MOB GMOKOHBEPCUM M BaJOpU3alUM MOOOYHBIX MPOAYK-
TOB. B LIeHTp ceTeBOJt BU3yanM3auuy CMeCTUINCh ITeCKpUIITOpHI larval
biomass, frass, sustainability, valorization u chitin, uTo cBUOETENBCTBY-
€T 0 Mepexofie K MOHVMMAaHUIO IMUMHKY KaK CJIOKHOM CMMOMOTIYECKOIT

Ta6muua 2. [loTeHMan BaIOpMU3aLMM U KII0UeBbIe IT0Ka3aTe/lIy IMPOAYKTOB U3 6uomaccel Hermetia illucens
Table 2. Valorization potential and key indicators of Hermetia illucens biomass products

. JKusHeHHas
IloTeHIMaIBHBI BbI€ OT] 174
IIpopykT OTEHI oa” KiroueBblie XxapaKTepUCTUKU Henesrie orpact cragus HcTouHuKu
BbIxOf, (% Ha CB) IpUMeHeHUs H. illucens
C6asaHCMPOBAaHHbI aMUHOKMCIOTHBI AIIK (kopMa 11t ITUL, PbIb,
npoduib; 60raT He3aMeHVMbIMU CBUHEI); TepCIeKTUBHbIN .
B?MTOIISOEE(?;;T!;H 32-63% (Ha CB) aMMHOKMCIOTaMM, TAKMMM KaK JIeHLIMH, MCTOUYHMK HYTPUEHTOB nzﬁ&“iﬁika [Zé’é_oég’
JIV3VH U BaJIVMH; BbICOKAsI IepeBapyBaeMoCTb; ¥ GYHKUMOHAIBHBIN
yKa, 3 a. COKasl lepeBapuBaemMo PerKy
anbTepHATVBA PHIGHOM MyKe MHTDeIVIEHT
BoIcokoe coepskaHye JIaypMHOBOM KUCIOTbI
i . %:
JInnaHbI . (C12:0) mo 65 %; npeobaaaHme HAChIIEHHBIX DapMaKONOTHS; KOCMETONOTHS; Thramsga; [40,41,44,
KOHIIeHTpaT 5-62% (ua CB) SKUPHBIX KUCTIOT, JOJSI KOTOPBIX TOCTUTaeT 6Mo5HepreTHKa (GMOMM3eNb) npeakyKomka  47,54,59,60]
(macro) 77-84%; aHTUMMUKPOGHBIE, IPOTUBOBUPYCHBIE P a Peaky e
¥ QaHTUTPUOKOBBIE CBOVICTBA
Tepmo- u pH-cTabuipHOCTH (0 100 °C
. @OyHKIMOHAaIbHbIE KOPMOBbIE
u ot 2,0 1o 10,0 pH); 60/bIIMHCTBO Yy N A — SaMgHbI
SIBJISIIOTCSI ITOJIOXKMUTENbHO 3apSPKeHHBIMMU KODMOBEIX AHTHGHOTIKOB:
Autumukpo6Hbie 2-30 mr (13 100 M ¥ aMUITaTUIECKUMU ; [EMCTBYE TTPOTUB Me II)/I KA 1 (hapMaKon orm’[' ) I— [15-18,
HenTuabI remMonumdBsl) Pe3MCTEeHTHBIX IITAMMOB; HM3KAasi BEPOSITHOCTh nnﬁu;aﬂ - OMEILHMHHOCT])’ 61-64]
Ppa3BUTHS Pe3UCTEHTHOCTY Y IaTOr€HOB (B KauecTse 61:/1 OKOHCEPBAHTOB);
M OTCYTCTBYE TOKCUYHOCTU JIJIS1 KJIETOK KOCMETOTOMISE )
MJIEKOITUTAIOLIX
XormvE: 2.9-33 % O6/1a1aeT BbICOKO CTEIIEeHbIO Bromenuuyna u dapmanns
CA ° KPUCTAUIMIHOCTY; O1oferpanabebHOCTh; aHO3aKUBJISIOLINE TOKPBITHS, .
(1a CB) o Kykonka
XWUTHUH U XUTO3aH Xurosan: ~ 1.56 % XMMMWYECKM YCTOMNUMB U BbIAEPKIBaeT CUCTEMBI JOCTAaBKM JIEKapCTB); SKSVBIIL: mv}aro [65-69]
P TeMIlepaTypbl pa3oXKeHMs B Ayana3oHe CeJIbCKOe X03SIJICTBO; MMIeBast YBINA,
(1a CB)
356-392°C TPOMBIIIIEHHOCTD U yIIaKOBKa
O651ajaeT BHICOKO# CIIOCOGHOCTHIO
HeJTpanu30BaTh CBOGOIHbIE PAIMKAIIbI; Ke
MEeTOJIOTHS; makosorus; T KOJIKa;
MenauuH 1,9-14,3% (Ha CB)  xapaKTepu3yeTcsl BLICOKMM MOJIEKYISIPHBIM I?; ovfssoél,c?CTB 0’ g);g)n oéjmoﬁg p OB’ pi@%ﬂiﬁ a; [67,68,70]

BeCOM, CMJIbHBIM OTPULIATE/IbHBIM 3aPAA0M
¥ TUAPOodO6HOII IPUPOTOI
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PucyHok 3. BpemeHHasi sJMHaMMKa McciaesoBaTeabcKoro noist Hermetia illucens ¢ pactipepeneHem
10 CpeAHEeMY IOy IMyGAMKaImit
Figure 3. Temporal dynamics of the Hermetia illucens research field with distribution by average year of publications

cucTeMsl. [TapanenpHo ¢ u3yyeHUeM 61OIOrMUeCKUX IPOLIECcCoB, chop-
MMPOBAJICSI BEKTOP Ha TOJNyYeHMe IIPOLYKTOB C BbICOKOJ J0OaBIeHHOM
croumocTbio. Oco6oe BHMMAaHME CTalO YAETISIThCS 300TYMYCy He Kak
K OTXO[Y, a KaK 3pdeKTMBHOMY GMOMEIMOPAHTY, TAK)KE KITI0UeBbIe CJI0-
Ba Ha BU3yalM3aluy JAHHOTO Nepuona GUKCUPYIOT Iepexor, K MOZeIsIM
KacKaJHOM MepepaboTKM 61oMacchl, 06eCIeuBalomyM MaKCMMaabHOe
M3BJIeYeH)e HYTPUEHTOB ¥ 6M10aKTVBHBIX COeAMHEHMIA.

CoBpeMeHHbIi1 3Tan pa3Butus otrpaciu (2024-2025 rr.) chopmupo-
BaJI BEKTOP MCCIeN0BaHM, XapaKTepU3yIOIMIACsS CMellleHyeM HayYHOTro
MHTepeca OT 6a30BOJ YTWIM3ALMM OTXONOB K IPEIV3MOHHOMY yIIpaB-
JIEHUIO OMOXMMUYECKMM IpoduieM HaceKOMbIX. [Tapa/uienbHO B aKTy-
albHOM MMUTepaType MPOoCIeKMBAETC sl TPEH, Ha TeXHOIOrMyeckoe HOp-
MMPOBaHMe U ONTMMM3ALMIO IToKasaTesneit pocra (growth performance).
VccnenoBaHusl 3TOTO Nepuoja HalpaB/eHbl Ha YCTAaHOB/IEHME KeCTKUX
3aBUCUMOCTel MexIy rapameTpamu cpenbl U 3¢deKTUBHOCTbIO 610-
KOHBEPCUY, 4YTO sIBsieTcss GpyHJaMeHTOM IJisl IPOMBILUIEHHOTO Mac-
mrabupoBaHus mpolecca. B pamMkax 3TOro HarpasieHMs 0Cco6YI0 3Ha-
YMMOCTb NPUOGpeTaeT y3Kasl crienuann3anus cyocTpaToB, B YACTHOCTYU
BbIJle/IeHMe KyXOHHBIX 1 pecTopaHHbIX 0TX010B (kitchen waste) kak Hau-
6071ee HYTPUEHTHO IUIOTHOTO U GMOFOCTYITHOTO ChIPbS AJISI peann3aym
KOHIIETIIVY TaHHO TEXHOIOTUM.

3.3 AHanu3 nnomHocmu uccnedo8amensckozo noas

Inst BepubUKALIUU CTPYKTYPbI BBISIBJIEHHBIX TEMaTUUECKUX TPYIIIT
U OmpeneneHus] KOHLEHTpalUMM MCCIEAOBATEIbCKUMX TeM ObLIa IIO-
CTpOeHa KapTa IIJIOTHOCTM KiacTepoB (PucyHoK 4). B gaHHOM pexxume
MMPOTrPaMMHOr0 06€eCIeYeHNsT I[BET KaXKIO0i TOUKM OMPEeesiseTcs: II0T-

HOCTBIO K/TIOUEBBIX CIOB B €€ OKPECTHOCTH, TIPM ITOM Beca JIEMEHTOB
(vacToTa BCTPEYAEMOCTHM) CYMMUPYIOTCSI ¥ HOPMUPYIOTCS AJIST KasKIOTO
KJIacTepa OTHETbHO.

[IpoaHanu3mMpoBaB KapTy IUIOTHOCTY, MOKHO OTMETUTh, YTO MaKCU-
MaJIbHasl SIPKOCTb ¥ IUIOTHOCTh HAGJIIOMAIOTCS B LIEHTPE KapThl BOKPYT
nmeckpurntopoB black soldier fly, bioconversion u circular economy. 310
MOATBEPXKIAET, UTO QyHIAMEHTaNIbHAas KOHIEMusI GMOKOHBEPCUU OT-
XOIOB SIBJISIETCSI Haubosee MPOpabOTaHHO ¥ KOHCOMUIMPOBAHHOI Ya-
CTbIO MMPOBOTO HAYYHOTO 3HAHWS. BhICOKAs KOHIIEHTPAIS B 30HE waste
management 1 food waste ykasbIBaeT Ha TO, UTO JaHHbIE TUIIbI CYGCTpa-
TOB SIBJISIFOTCSI 3TAJIOHHBIMM JIJISI OTPACIIN.

I'pyna TepMuHOB composting, kitchen waste 1 waste reduction o6pa-
3yeT OTYET/IIMBYIO, HO MeHee IUIOTHYIO 30HY B MPaBOii YacTy KapThbl. DTO
YKasbIBaeT HA TO, UTO, XOTSI HAIIPABJIEHMS YTUIM3ALMM CITEIUBIIECKUX
OTXOMIOB (HATpPUMep, KYXOHHBIX) aKTMBHO Pa3sBMBAIOTCS, OHM BCE elle
HAXOMATCS B CTAAMY HAKOIUIEHMS] SMITMPUYECKUX JAHHBIX M HE JOCTUIIN
TaKOM CTEIIeHM TEOPETUUECKOI TIOTHOCTH, KaK IIEHTPATbHOE TEXHOIIO-
TUYECKOe AOPO.

MMepudepnitHoe pacHoNOKeHNe ¥ YMepeHHash IUIOTHOCTb Y3JI0B
antimicrobial peptides, feed u chitin oTpaskatoT crienubuKy coBpeMeH-
HOTO 3Tana passuTus. HecMoTps Ha To, uTO Bhifenenue AMII u xutuHa
SIBJISTFOTCSI aKTYaJIbHBIMY TPEHAAMM, UX TUVIOTHOCTD Ha 06111eii KapTe 1moka
HMKE, YeM Y TIPUBBIYHBIX MPOAYKTOB — GeJska, IUMNUI0B U 300TyMyca.
9TO MOOTBEPKAAET BBHICOKYI0 HAYUHYIO HOBM3HY ¥ BO3MOKHOCTM IJISI
IYGOKMX MCCIeOBaHMii B 06/IaCTM HAINIPaBIEHHOTO KyJIbTUBUPOBAHMS
610aKTUBHbBIX BEIECTB.
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PucyHok 4. KapTa INIOTHOCTM MMUPOBOTO MCC/Ie0BaTeILCKOro 1nojisa Hermetia illucens B paspese TeMaTMYECKUX KIaCTEPOB
Figure 4. Cluster density map of the Hermetia illucens world research field by thematic clusters
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Indonesian fermented  Fermentation is an ancient preservation method that can improve the nutritional profile of food. This method enhances the

food, fungi, lactic acid  organoleptic characteristics and shelf life of food. The use of microorganisms has become a pillar of cultural identity and

bacteria, traditional technological advancement in food, resulting in highly nutritious foods such as peyeum, brem, terasi, tauco, dadih, tape

foods ketan, oncom, and acar. This review study aims to present a comprehensive and in-depth data of the variety of traditional
fermented foods found across the Indonesian archipelago. This review will systematically explore the practice of food
fermentation in Indonesia. It will cover the local raw materials used, production methods passed down from generation to
generation, the role of microbes in improving nutritional quality, and the taxonomic identification of lactic acid bacteria
and fungi involved in the fermentation process of these traditional foods. In addition, the nutritional content and potential
health benefits will also be analyzed in this review. Through extensive literature review, this study seeks to summarize
and synthesize the existing knowledge regarding the richness and uniqueness of Indonesian fermented foods. In the face
of globalization that threatens culinary diversity, a deep understanding and efforts to preserve traditional fermentation
practices have become increasingly urgent. Such actions are not only crucial to protect invaluable culinary heritage from
potential degradation but also plays a vital role as a supporting instrument to meet nutritional needs of the community
sustainably and potentially empowering local economic growth through the optimal utilization of abundant food resources
in various regions.
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1Kadenpa 6monorun, GakyabTeT MaTeMaTUKM U eCTECTBEHHBIX HayK, YHUBepcuTeT IlagKaaKkapaH,
IIxkaTuHaHrop, 3ananHas SIBa, IHgoHe3us
21leHTp 6MOaHaNIM3a HATYPAIbHBIX BOJIOKOH ¥ 6MOIOTMYECKUX PeCyPCoB, GaKyabTeT MaTeMaTUKM U eCTeCTBeHHbBIX HayK,
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3 JTaGopaTopus MUKPOBMOIOT MM, CTOMATOIOrMYeCKuii hakyabTeT, YHuBepcuTeT Meiikaii, Tuba, Snoxus

KJIFOYEBBIE CJIOBA: AHHOTALIA
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He TOJIbKO KPUTUYECKHM Ba>KHbI OJI1 3alIUTHI 66C11€HHOI‘O KYJIMHAapHOTO HacdJeaus OT YIPO3bl MCUE3HOBEHM A, HO TAKXKe UT-
paloT BaXXHYIO POJIb B COOTBETCTBUN HOTpe6HOCTHM B IIMIIIE€BbIX BellleCTBaX, 06)’[3./18.51 IIOTeHIMa/JIOM ITOAOEPXKKM 3KOHOMM-
YeCKOro pocCTa MeCTHBIX COOGH.IECTB 9KOJIOTMYECKHM pallMOHAIbHbIM 06p330M B pe3yJbTaTe ONTMMAJIbHOTO MCIIO/Ib30BaHUA
O0OMIbHBIX MUIIEeBbIX peCYypCOB B Pa3HbIX permoHax.

OVHAHCHUPOBAHME: ABTOpBI BBIpaXXalOT CBOIO GraromapHoCTb IlamKamKkapaHCKOMY YHMBEPCUTETY 3a (pMHAHCUMPOBaHME 3TOTO MCCIEI0Ba-
HMSI B paMKax rpaHTa Ha pa3Butue BHyrpenHeit VcciemoBarensckoit KommerentHoctu [Ipenonasarteneit Unpad (RKDU) (rpant N2 4580 / UN6.D /

PT.00/2025).

1. Introduction

Indonesia, as a tropical archipelago with abundant biodiversity. These
geographical conditions play a crucial role in various local agricultural
activities. The agricultural sector not only plays a role in supporting na-
tional food security, but also contributes significantly to the economic
structure, the livelihoods of the community, and national identity [1].
One of the outcomes of Indonesia’s agricultural system is the emergence
of diverse food processing techniques tailored to the country’s climate
conditions and local resources. Among these techniques is fermenta-
tion, which functions as a vital food preservation method in cultural and
economic contexts [2]. Fermentation has evolved as a sustainable and
economical preservation methods that contribute to increased nutrient
bioavailability, extended food shelf life, and enhanced food safety [3].
Fermentation is a food preservation solution, especially for areas with
limited access to refrigeration technology. Microorganism activity, such
as lactic acid bacteria and mold in foods like tempeh, contributes posi-
tively to food shelf life [4].The diversity of fermented foods in Indonesia
reflects the cultural and ecological richness of each region. The raw ma-
terials, fermentation techniques, and types of microorganisms used vary
widely from one area to another [5,6]. Figure 1 illustrates the distribution
of fermented foods across the Indonesian archipelago, highlighting local
adaptations to available resources.

Scientifically, fermentation is a biochemical process involving con-
trolled microbial activity, resulting in changes in food composition
through enzymatic reactions [7]. This process not only modifies the taste
and texture of food but also enhances nutritional content and improves
food safety. One of the primary mechanisms is the production of lactic
acid by LAB, which lowers the pH and creates an environment unfavor-
able for pathogens [8]. The interaction between various microorganisms,
such as fungi, bacteria, and yeasts, contributes to the production of com-
plex fermented products with rich nutritional benefits [9]. Microorgan-
isms involved in Indonesian food fermentation include various bacterial
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species such as Leuconostoc mesenteroides, Lactiplantibacillus plantarum,
Limosilactobacillus fermentum, and Lacticaseibacillus rhamnosus [10-12].
On the other hand, fungi like Rhizopus oligosporus and Aspergillus oryzae
play important roles in products such as tempeh and soy sauce [13]. With
growing global attention on the health benefits of fermented foods, Indo-
nesian fermented products are beginning to gain international recogni-
tion, particularly due to their probiotic content, which supports digestive
health, immunity, and food system sustainability [7]. However, system-
atic studies comparing the microbiological composition, fermentation
dynamics, and functional metabolites of Indonesian fermented foods are
still lacking, especially in relation to their health-promoting properties
and safety profiles.

Despite their immense potential, traditional Indonesian fermented
foods face serious threats from modernization and shifts in consump-
tion patterns [14]. This creates an urgent need to document, preserve,
and further study the diversity of local fermentation techniques and the
associated microbiota. Research on traditional Indonesian fermentation
microbes, particularly their health benefits, remains relatively limited
compared to similar studies in other countries [5]. Through this review,
we aim to systematically explore the richness of Indonesian fermented
foods by highlighting their historical origins, raw materials, fermenta-
tion techniques, key microorganisms involved, as well as their nutritional
and health benefits. Additionally, this review seeks to bridge traditional
knowledge with scientific perspectives, identify research gaps, and pro-
mote the preservation and global recognition of Indonesia’s diverse cu-
linary heritage.

2. Objects and methods

This article was compiled using a descriptive literature review ap-
proach to explore the diversity of Indonesian fermented foods from the
aspects of preservation, nutritional content, and health benefits. This
review is based on a comprehensive literature synthesis conducted on
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Figure 1. Map of the distribution of Indonesian fermented foods
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leading journal platforms such as Google Scholar, PubMed, ScienceDirect,

and Scopus. The inclusion criteria for selecting reference sources include:

0 Articles are primary research or review articles that have been indexed.

O Focus on Indonesian fermented food products or similar foods from
other countries that are biologically and culturally relevant.

O Articles containing discussions on preservation mechanisms,
nutritional value, and potential health benefits.

O Articles published within the last 10 years (2014-2024) to ensure data
currency.

Selected articles were descriptively analyzed to identify patterns,
trends, and scientific contributions to the understanding of the role of
fermented foods in food systems and public health. The search was not
limited to studies originating from Indonesia but also included relevant
international literature that supports and explains the potential of Indo-
nesian fermented foods in a global context.

3. Indonesian food fermentation and the manufacturing process

3.1. Tapai Singkong and Peuyeum

Indonesia is a nation known for the cultivation of root crops, such as
potatoes, taro, sweet potatoes, and cassava [15]. Cassava (Manihot escu-
lenta) is extensively subjected to fermentation using yeast (Saccharomy-
ces cerevisiae), resulting in the production of tapai singkong and peuy-
eum. These traditional fermented delicacies have obtained considerable
popularity after tempeh [16]. Tapai Singkong is available across various
regions of Indonesia, while peuyeum is a distinctive specialty of Bandung.
In general, peuyeum serves as a souvenir representing Bandung for tour-
ists and is also a staple in the daily diet of the local community [3].

Tapai singkong and peuyeum are traditional fermented products made
from cassava with notable similarities, yet distinct production methods
and textures. Tapai singkong is prepared by peeling, washing, and steam-
ing cassava until partially cooked, followed by inoculation with a small
amount of yeast and fermentation for approximately 72 hours under
semi-anaerobic conditions, resulting in a soft texture [17]. In contrast,
peuyeum involves peeling and half-boiling the cassava, then fermenting
it with a higher yeast concentration under anaerobic conditions for the
same duration, producing a firmer texture [16,18].

Typically, peuyeum retains the shape of the whole cassava and ex-
hibits a yellowish-white coloration [3], as seen in Figure 2. Furthermore,
peuyeum can be processed into various derivative products, including co-
lenak (grilled fermented cassava served with coconut sugar sauce), fried
peuyeum, fermented cassava cakes, and mixed ice desserts, all of which
are widely consumed across Indonesia [15]. The taste of fermented tapai
singkong and peuyeum becomes sour due to the metabolic processes of
yeast and bacteria during fermentation [19]. During fermentation, glu-
cose is converted into ethanol and carbon dioxide by yeast. Simultane-
ously, bacteria convert some of the alcohol into organic acids such as
acetic acid, contributing to the sour taste [20]. The packaging of tapai
singkong or peuyeum during fermentation can also affect the taste.
Tapai singkong wrapped in plastic will taste sourer, while tapai singkong
wrapped in banana leaves will taste sweeter due to the natural properties
of banana leaves [21]

3.2. Brem

Solid brem is a traditional fermented product made from glutinous
rice, originating from Madiun and Wonogiri (Figure 3) [22]. It is produced
from glutinous rice extract and is characterized by a sweet-sour taste and
a floury texture, commonly consumed as a snack. Solid brem is available
in two color variants: solid white and yellowish-white [23]. The fermen-
tation process involves the presence of fungi such as Saccharomycopsis
fibuligera and Wickerhamomyces anomalus [24].

Figure 3. Brem, a traditional fermented
food originating from Madiun
PucyHoOK 3. BpemM — TpagUIIMIOHHbI

¢epMeHTHPOBaHHBIN NNIEBOJi MPOIYKT,
npoucxonsaumuii u3 Maguysa

Figure 2. Peuyeum, a fermented cassava
from West Java
PucyHok 2. ITeiteym — depMmeHTMPOBaHHAs
KaccaBa ¢ 3anagHoi SIBeI

In addition to the solid form, liquid brem is another traditional fer-
mented glutinous rice product, commonly found in Bali. It remains widely
known and produced, playing an important cultural role in religious cer-
emonies and traditional medicine [25]. Liquid brem is made by ferment-
ing steamed glutinous rice sprinkled with tape yeast (ragi tape) for five
days at room temperature (27 °C), producing fermented rice known as
tape. The tape is then pressed to extract the juice, which is subsequently
fermented for six months in a sealed container or fermentation tank [26].

3.3. Terasi

Terasi is a fermented food product commonly used as a spice and culi-
nary accompaniment in Indonesia. This condiment has its origins in the
island of Java and is primarily crafted from a mixture of shrimp and fish,
typically presented in a paste-like form, as seen in Figure 4. The effective-
ness as a flavor enhancer can be attributed to the substantial glutamate
content. Across numerous Asian countries, this food is used as a season-
ing agent in cooking, as evidenced by the various regional names and
utilization. Some of the countries where terasi is consumed and referred
to by distinct names include Thailand (kapi), Cambodia (Belacan), Malay-
sia (Mamrouc), Brunei (Mamtom), Myanmar (Ngapi), China (Shajiang), and
Korea (Saewoojeot) [27].

Terasi, or shrimp paste, is produced from fundamental components
including shrimp (Acetes japonicus), sugar, salt, and water [28]. The
preparation includes boiling raw or planktonic prawns in water for ap-
proximately 5 minutes. These boiled shrimps are drained before adding
15% salt (comprising 15 grams of salt per 100 grams of shrimp) and the
fermentation process is executed in two phases. The initial step includes
fermenting the salted shrimp within a sealed container for a period of
two days at approximately 25 °C. Subsequently, the shrimp paste is blend-
ed using a blender and manually formed into flat balls measuring 8-10
centimeters in diameter, resembling pasta. To reduce water content, the
paste is subjected to a drying process in an oven for 4 hours at 50 °C. The
phase comprises a second round of fermentation, with the paste left to
ferment for a duration of 1-3 months [29]. Terasi shows a solid, paste-like
consistency with a coarse texture and a moderately strong aroma [27].

3.4. Tauco (Taoetjo)

Tauco is a traditional Chinese food introduced to Indonesia many cen-
turies ago. This food gained prominence in Cianjur, West Java Province,
and subsequently spread across the coastal regions [30]. In Indonesia,
tauco has been widely used as a culinary spice due to its delightful umami
or savory flavor. The fundamental ingredient for producing tauco is soy-
bean seeds (Glycine max) (Figure 5). Tauco comes in three distinct forms,
namely solid, semi-solid, and liquid with varying moisture content. The
nutritional content of 100 grams of touco is presented in Table 1. These
soybean seeds are boiled, mashed, blended with wheat flour, and subject-
ed to fermentation. The fermented tauco is immersed in a saltwater solu-
tion and exposed to the sun’s heat for several weeks before developing
a distinctive aroma [31].

The fermentation process includes the growth of fungi and/or bacteria,
lasting for a period of 3-6 days, with the assistance of the addition of Asper-
gillus oryzae or Aspergillus sojae. During this fermentation, various enzymes
are generated, namely protease, amylase, and lipase [31]. The proteolytic
enzymes produced by A. oryzae can hydrolyze soybean proteins into smaller
peptides and free amino acids. This hydrolysis process is crucial for the de-
velopment of the characteristic umami flavor in tauco, particularly through
the release of glutamic acid, which provides a savory taste [32, 33]. In addi-
tion to producing proteolytic enzymes, A. oryzae also produces amylolytic
enzymes that function to hydrolyze soybean starch into simple sugars. This
hydrolysis process not only enhances the product’s flavor but also increases
nutrient availability and digestibility of the final product [34].

Figure 4. Terasi as a spice and culinary
accompaniment in Indonesia
PucyHok 4. Tepacu Kak crienysi M KyJIMHapHoOe
nomnoyiHeHue B UHaoHe3un
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3.5. Oncom

Oncom is a traditional Indonesian fermented food originating from
West Java [35]. It is primarily produced using agricultural by-products
such as tofu dregs, cassava fiber (onggok) and groundnut cake (Figure 6).
For decades, oncom has served as a valuable source of affordable nutrition
due to its unique flavor and meat-like texture [36]. Oncom is available in
two main varieties: red oncom (oncom merah), fermented using Neuros-
pora sitophila, and black oncom (oncom hitam), fermented with Rhizopus
microsporus var. oligosporus [37]. The production process involves soaking
tofu dregs, groundnut cake and cassava fiber (onggok) for 3—4 hours and
1 hour, respectively. These components are then combined, molded into
thin layers, and boiled for 1 hour. After cooling, the mixture is inoculated
with oncom starter culture and placed into bamboo containers lined with
banana leaves. Fermentation occurs at ambient temperatures (25-30°C)
over 36-48 hours [37]. Nutritional profiles of red and black oncom are
detailed in Table 1.

R. oligosporus plays a functional role by producing a-galactosidase, an
enzyme that degrades gas-producing oligosaccharides in legumes, there-
by reducing the risk of flatulence. Moreover, fungi used in the fermen-
tation of oncom and tempeh have been shown to suppress the growth
of aflatoxin-producing molds such as Aspergillus flavus [38]. Fermenta-
tion with R. oligosporus also enhances the protein content of oncom and
significantly reduces antinutritional compounds such as phytates by
34-58% [39]. In Indonesia, oncom is classified into four quality grades
based on the raw materials used in production [40]: 1) super-class on-
com — the highest quality, often sold in supermarkets or designated for
export. 2) first-class oncom — slightly lower in quality but still considered
premium, commonly found in local markets (Figure 6). 3) second-class
oncom — a widely consumed variety, typically sold in traditional markets.
4) third-class oncom — the lowest grade, generally used as an ingredient
in seasoning blends or cooking spices [39].

3.6. Dadih

Dadih is a traditional yogurt made from buffalo milk, fermented inside
bamboo containers sealed with plastic or banana leaves, as seen in Fi-
gure 7. This time-honored practice has been carried out by the Minangk-
abau people of West Sumatra, for centuries. The resulting fermented
product is similar to yogurt, featuring a smooth and glossy texture,
creamy color, pleasant aroma, and a tangy [40]. Buffalo milk is subjected
to a natural fermentation process within bamboo containers at ambi-
ent temperatures of 25-30°C for approximately 3 days [41,42]. Analysis
has shown that dadih contains approximately 82.10 % water, 8.08 % fat,

Figure 5. Tauco from Cianjur is available
for sale in grocery stores
PucyHok 5. Tayko u3 UnaHmKyp npogaeTcs
B GaKaJIeﬁHbIX MarasmHax

Figure 7. Dadih is a tr:

Figure 6. Red oncom is produced using
groundnut cake
PucyHox 6. KpacHbIit OHKOM M3rOoTaB/IMBaETCs,
VICIIOJIb3YS aanMCOBinI JKMBIX

aditional yogurt made
by fermenting buffalo milk inside bamboo
containers, which are covered with plastic
PucyHok 7. lagux — TpaguIMOHHBIN JIOTYPT,
M3rOTaBIMBAaEMBbIil MyTéM pepMeHTaAMM MOJIOKA
Oyif1BOIOB BHYTPpU 6aMOYKOBBIX € MKOCTEJ,
KOTOpbI€ ITOKPBIBAIOTCS IVIACTUKOM

6.99% protein, and 5.29% lactose, as well as 13 essential amino acids,
3 non-essential amino acids, and 70 IU/gram of vitamin A [43].

Traditional dadih fermentation involves a complex interplay of vari-
ous microorganisms. These microorganisms, thought to originate from
the inner bamboo surface, covering leaves, and the milk itself [44], play
a crucial role in the fermentation process. The fermentation of carbohy-
drates, influenced by proteolytic and lipid metabolism, significantly con-
tributes to the development of structure and flavor of dadih. Carbohy-
drate metabolism is inextricably linked to the enzymatic activity of lactic
acid bacteria can facilitate the conversion of lactose into lactic acid via
the B-galactosidase pathway and lactic acid fermentation [45].

3.7. Kecap Manis

Soy sauce is a fermented product widely utilized as a flavoring agent.
A distinctive characteristic of Indonesian soy sauce (Figure 8), differen-
tiating it from those in other countries, is the prevalence of sweet soy
sauce [46]. Soybeans serve as the primary ingredient in soy sauce produc-
tion and possess a notably high protein content [47].

There are two types of fermentation methods used in the production
of soy sauce, namely liquid and solid fermentation, also known as moromi
and koji/tempeh fermentation. Solid fermentation typically takes 3-5 days;
the outcome is referred to as “koji/tempeh” and “tempeh” when Aspergillus
sp. and Rhizopus sp. are used as the fermenting agent. Conversely, moromi
fermentation spans a period of 14-28 days and in this process, the koji/
tempeh is dried before soaking in a 20-30 % saltwater solution.

A. oryzae is a fungal species commonly used in soy sauce fermentation,
particularly in the production of koji. During koji fermentation, the bio-
chemical transformation facilitated by A. oryzae includes the breakdown of
complexes such as protein, lipid, and carbohydrate hydrolysis [48]. Various
essential enzymes are produced by A. oryzae during the fermentation pro-
cess. Starch broken down into simple sugars by amylase enzymes serves as
an energy source for the fermentation process. The umami flavor produced
in soy sauce fermentation is generated by amino acids derived from pro-
teins hydrolyzed by protease enzymes [49]. The overall final flavor profile of
soy sauce is influenced by the micromolecules formed during fermentation.

3.8. Tape Ketan

Tape ketan is a fermented food made from glutinous or sticky rice,
subjected to fermentation using S. cerevisiae [50]. The food product has
a soft texture with a high moisture content and a sweet taste [51], as seen
in Figure 9. Moreover, sticky rice tape is a commonly consumed food in
Indonesia and the traditional method of preparation includes several

Figure 8. Soy sauce is fermented
by Aspergillus sp.
PucyHok 8. CoeBblii coyc, pepMeHTHPOBAHHBII
Aspergillus sp.

L
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Figure 9. Black Tape Ketan
without banana leaf wrapping
PucyHoK 9. UépHbIii Tane KeTaH
6e3 o6epThIBaHMSI GAHAHOBBIMM JIMCTBSIMU
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steps. Sticky rice is cleaned to remove its husk, weighed to about 0.5 kg,
and steamed for 2 hours using 2 liters of distilled water. After 2 hours,
the steamed sticky rice is allowed to cool until the temperature reaches
25°C. The rice is mixed with yeast and stirred until the content is evenly
distributed. Subsequently, it is wrapped in banana leaves and left to fer-
ment for 48-72 hours [52].

During tape fermentation, microorganisms metabolize the nutrient
compounds in glutinous rice. Yeast hydrolyzes starch into simple sugars,
which are then fermented to produce alcohol and the characteristic aro-
ma of tape [53]. Tape Ketan is served as a dessert, offering a sweet taste
with sour organoleptic characteristics and having a moderate alcohol
content [14]. Tapai ketan contained 0.51-0.67 % alcohol with 0.5-1.5%
S. cerevisiae [54]. The nutritional compound content in sticky rice tape is
shown in Table 1. Black Tape Ketan (sticky rice) contains a high level of
anthocyanins, which offer health benefits such as reducing the risk of co-
lon cancer. Anthocyanins also possess the capability to inhibit the dam-
age caused by free radicals, including cancer cells [55].

3.9. Acar

Acar pickles are preserved foods made from vegetables or fruits, in-
cluding cucumbers, carrots, chili, and onions, combined with salt and
vinegar, as seen in Figure 10. Additionally, sugar or other spices can be
added for seasoning [56]. Acar pickles are a well-known accompaniment
in Indonesian cuisine, often served with dishes like satay, fried noodles or
rice, and soto. To prepare this food product, carrots, cucumbers, chili, and
onions are cut into uniform sizes and placed in a jar. A brine is prepared
by boiling a mixture of water, vinegar, sugar, and salt. In addition, the hot
brine is poured into the jar, which is left open for 1 hour. The jar is sealed
and refrigerated for three days to a week. The longer the marination pe-
riod, the better the taste [57].

Figure 10. Acar, a mixture of cucumber, carrot, chili, onion
and brine solution
Pucynok 10. Akap — cMech OrypLoB, MOPKOBH, YM/IH, JIyKa ¥ paccosia

4. Role of fungi in Indonesian fermented food

Fermentative microorganisms offer a unique approach to food sta-
bility through physical and biochemical changes in fermented foods [8].
One important group of microorganisms involved is fungi. During fer-
mentation, fungi interact with other microorganisms, such as bacteria
and yeasts, through nutrient competition, the production of antimicro-
bial compounds, and facilitating the growth of specific microbes. This
complex interaction directly influences the characteristics of the final
product, particularly in terms of taste and texture [58]. The activity of
antimicrobial compounds ensures food safety by preventing spoilage and
inhibiting the growth of harmful pathogens [59]. For example, certain
fungal species produce secondary metabolites, such as organic acids and
antibiotics, which contribute to the safety and durability of fermented
products. This role becomes particularly significant in traditional fer-
mentation practices [60].

Beyond their contribution to food preservation, fungi also offer sub-
stantial benefits in food biotechnology through their rich nutritional
profile. This advantage contributes to cost efficiency in the food industry,
enabling the production of high-quality foods on a large scale at lower
costs [61]. Furthermore, fungi play a role in breaking down complex carbo-
hydrates, proteins, and fats during the fermentation process, thereby im-
proving digestibility and nutrient bioavailability [62]. The fermentation of
soybeans into tempeh, R. oligosporus not only develops the characteristic
texture and organoleptic profile, but fermentation also contributes to facil-
itating product bio-enrichment through increased biosynthesis of vitamin
B, including folic acid, nicotinamide, niacin, pyridoxine, and riboflavin [63].
In addition to improving nutritional value, the microorganisms involved
in fermentation also contribute to the degradation of antinutritional fac-
tors commonly found in food ingredients. This degradation process elimi-
nates the toxic properties of these compounds and enhances food safety,
making previously fewer consumable substrates safe for consumption [14].
This highlights the crucial role of these microorganisms in improving both
nutrition and food safety. The role of various fungal species in Indonesian
fermented foods is summarized in Table 1.

5. Characterization of Lactic Acid Bacteria: Microbial diversity
and functional role in health

Lactic acid bacteria are microbes composed of a thick layer of peptido-
glycan, and are therefore classified as gram-positive bacteria. This hetero-
geneous group of microorganisms includes various major genera such as
Lactobacillus, Pediococcus, Streptococcus, Leuconostoc, and Enterococcus [71].
The diversity of LAB encompasses differences in acid tolerance, substrate
preferences, and the ability to produce bioactive metabolites, enabling them
to adapt to various fermented food matrices, ranging from dairy products to
fermented vegetables. Each LAB species possesses specific functional char-
acteristics, such as the production of antimicrobial compounds, enhance-
ment of nutritional value, and contributions to the sensory characteristics
of fermented products [72]. This variation forms the basis for selecting LAB
strains for applications in the food and health industries.

Fermented foods containing LAB offer significant health benefits. This
is due to the presence of probiotics that help maintain gut flora balance,
as well as bioactive compounds produced during fermentation, which
have various positive effects on overall health [73]. The consumption of
fermented foods can enhance the diversity and functionality of gut micro-
biota. LAB, abundant in foods such as yogurt and kefir, play a crucial role
in maintaining microbial balance in the gut, thereby supporting digestive
health [74]. Additionally, LAB are known to alleviate symptoms of gastro-
intestinal disorders, including irritable bowel syndrome (IBS) and diarrhea,
by normalizing intestinal function and reducing inflammation [75].

Lactic acid bacteria produce exopolysaccharides (EPS), which are meta-
bolic compounds that play a crucial role in human health [76]. EPS iso-
lated from fermented milk by Lactobacillus helveticus LZ-R-5 successfully
identified R-5-EPS as a heteropolysaccharide with a molecular weight of
approximately 5.41 x 105 Daltons. R-5-EPS exhibits potent immunostimu-
latory activity at the cellular level, as evidenced by increased proliferation
of RAW264.7 macrophage cells, enhanced phagocytic activity, and elevated
production of acid phosphatase, nitric oxide, and various cytokines [77].
These findings underscore the potential of R-5-EPS as a promising im-
munomodulatory agent. In addition to immunomodulatory activity, EPS
demonstrates antiproliferative effects against various tumor cell types,
including those derived from the intestine, liver, and breast. The mecha-
nisms involved include the induction of apoptosis, cell cycle arrest, and
antimutagenic, antioxidant, antiangiogenic, and anti-inflammatory prop-
erties [78]. At the genetic level, the structure of EPS synthesized by LAB
is highly diverse, primarily influenced by glycosyltransferase genes that
determine monosaccharide composition. EPS synthesis occurs via both
extracellular pathways and Wzx/Wzy protein-dependent pathways [79].

Table 1. The role of fungi in Indonesian fermented foods
Ta6mua 1. Ponb rpuGoOB B MHAOHE3UICKUX )epMEeHTMPOBAHHBIX MIPOAYKTAaX

Fungi Indonesian fermented food

.. Tapai Singkong, Peuyeum,
S. cerevisiae and Tape Ketan

S. fibuligera and W. anomalus Brem

A.oryzae, A. sojae Tauco (Taoetjo)
N. sitophila and R. microsporus
var. oligosporus Oncom

Aspergillus sp. and Rhizopus sp Kecap manis

resulting in a unique flavor and texture

Role References
convert sugars into alcohol and carbon dioxide; give [64]
a characteristic sweet and slightly alcoholic flavor
hydrolyze starch into sugars; [65]
produce ethanol and amylase; provides a unique flavor
produce enzymes that break down proteins and carbohydrates, [66,67]
resulting in a unique flavor and texture ’
break down complex carbohydrates in the soybeans, making 68]
them more digestible and increasing their protein content

produce enzymes that break down proteins and carbohydrates, 69,70]
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The diverse health benefits of EPS are evident from studies on various LAB
strains. Among 48 strains screened for high EPS production, Lactiplantiba-
cillus plantarum MY04 exhibited the highest yield (1.15 g/L) [79].

In addition to high EPS production, MY04 shows good resistance to
harsh digestive conditions, strong antibacterial activity, and high intes-
tinal adhesion capacity. Comprehensive genomic analysis confirms the
safety of MY04 for human consumption, as it lacks virulence factors and
antibiotic resistance genes, making it a promising probiotic candidate
for the development of functional food products [80]. EPS produced by
Limosilactobacillus fermentum NCDC400 (EPS400) has also been shown
to significantly reduce cholesterol levels. In vitro, EPS400 removes more
than 90% of cholesterol from the test medium and reduces cholesterol
availability under digestive conditions. In vivo studies on hypercholes-
terolemic rats emphasizes that EPS400 administration can optimize lipid
regulation by effectively lowering cholesterol. These findings demon-
strate the potential of EPS400 as a candidate hypocholesterolemic agent
in the food and pharmaceutical sectors [81]. Furthermore, EPS produced
by LAB such as Leuconostoc mesenteroides, commonly found in fermented
foods, acts as a prebiotic. This EPS is indigestible by the human body but
serves as a substrate for beneficial gut bacteria. Fermentation of EPS by
gut microbiota produces short-chain fatty acids (SCFAs), which func-
tion as bioactive molecules involved as metabolic regulators of glucose
elevation and energy homeostasis stability. Consumption of EPS can
also modulate gut microbial composition toward a more balanced state,
thereby supporting overall health. Understanding the critical role of EPS
produced by LAB provides new insights into the formulation of manage-
ment and therapeutic strategies for diabetes and obesity, diseases fre-
quently associated with lifestyle, through the optimization of functional
foods [82]. Research on the role of commensal gut bacteria identifies
Streptococcus salivarius as a unique bacterium with the potential to pre-
vent obesity caused by excessive sucrose consumption. This bacterium
produces high levels of EPS from sucrose, and its abundance is signifi-
cantly lower in obese individuals. Additionally, the metabolism of EPS
into SCFAs is impaired in obesity cases. These findings reveal an impor-
tant mechanism in the interaction between the host and commensal bac-
teria via EPS-SCFA carbohydrate metabolism that affects energy regula-
tion. They also suggest novel therapeutic potentials by targeting specific
bacteria and EPS metabolites through prebiotics and probiotics for the
prevention of lifestyle-related diseases [83].

LAB also contribute to strengthening the immune response by stimu-
lating antibody production and modulating inflammatory pathways.
These interactions help the body combat infections and potentially re-
duce the risk of autoimmune diseases [84]. Furthermore, the fermenta-
tion process carried out by LAB enhances the bioavailability of nutrients,
facilitating the absorption of essential vitamins and minerals. Fermenta-
tion also produces beneficial compounds such as short-chain fatty acids
(SCFAs), which contribute to metabolic health [85]. LAB in fermented
foods interact intricately with the human immune system, offering vari-
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ous potential health benefits, including immunoregulation and disease
prevention [86]. LAB and their fermented products play a role in regula-
ting both innate and adaptive immune responses, potentially aiding in
the management of inflammatory diseases [87]. In addition to maintain-
ing gut microbiota balance, LAB contribute to optimizing digestion, nu-
trient absorption, and immune system function [88]. LAB modulate the
functions of various immune cell types, including dendritic cells, macro-
phages, and regulatory T cells [89].

Beyond Lactic acid bacteria not only contribute positively to health, but
the active metabolites produced during fermentation, such as antibacterial
agents, lactic acid, and antifungal agents, can also improve food safety. In
some fermentations, acetic acid is also produced, primarily by acetic acid
bacteria (AAB), which alongside LAB contribute to inhibiting the growth
of pathogenic microorganisms, preserving freshness, and extending the
shelf life of food products [90]. However, like other food products, fer-
mented foods face challenges related to safety. A deep understanding of
the fermentation process and the microbial activity involved is essential
to prevent health risks. Maintaining a balance of beneficial microorgan-
isms during fermentation is key to ensuring product safety [75]. Subopti-
mal fermentation conditions, caused by poor hygiene practices or failure
to control temperature, can hinder the dominance of beneficial microbes
and lead to contamination by harmful bacteria, fungi, or toxins [91]. If fer-
mentation practices are not properly controlled, there is a risk of patho-
genic bacteria growth, such as Salmonella spp., Escherichia coli, and Listeria
monocytogenes [92]. Therefore, the implementation of Good Manufacturing
Practices (GMP) and Hazard Analysis Critical Control Point (HACCP) prin-
ciples is essential in the production of fermented foods.

From a nutritional perspective, fermentation by LAB, particularly
from the Lactobacillus genus, can enhance nutrient availability through
the production of enzymes such as amylase, protease, lipase, and glu-
coamylase. These enzymes act during fermentation to break down com-
plex substrates, facilitating improved nutrient absorption. Additionally,
Lactobacillus plays a role in breaking down phytic acid, an antinutritional
compound that inhibits mineral absorption [73]. Fermented foods con-
taining Lactobacillus and Bifidobacterium strains are known to contain
various B-complex vitamins essential for body metabolism. LAB strains
also exhibit metabolic activity that induces sensory changes in fermented
foods, such as improved taste, aroma, and color, through the breakdown
of organic compounds in the food matrix [93]. For example, the fermen-
tation of cauliflower using Lactobacillus plantarum has been shown to
increase protein content by 2.7 %, from 10.4 % to 13.1% after fermenta-
tion [94]. Additionally, the fermentation of temu giring rhizomes with
Lactobacillus bulgaricus demonstrated an increase in phenolic and flavo-
noid compounds, as well as high antioxidant activity, with an IC50 value
of 3.49 ppm [95]. Overall, the diversity and functional characteristics of
lactic acid bacteria provide a spectrum of health benefits, making them
relevant for use as a key component to improve community nutrition and
disease prevention, as seen at Table 2.

Table 2. The contribution and health benefits of lactic acid bacteria in Indonesian fermented foods
Ta6nuua 2. Posb ¥ mosib3a JJist 3l0POBbSI MOJIOYHOKMC/IBIX GaKTepuii B MHOOHE3UIICKUX (hepMeHTUPOBAaHHBIX MPOSYKTAX

Indonesian Fer-

Lactic Acid Bacteria Contribution and Health Benefits References
mented Food
A . P . . P, acidilactici enhances protein and antioxidant content, while
Tapai singkong Pediococcus acidilactici and Weissella cibaria W, cibaria produces EPS. Both contribute to improved gut health [96-99]
These bacteria have the biochemical pathways to produce various
Peuyeum Weissella sp., Lactobacillus sp. and Lc. mesenteroides organic acids, including lactic acid, which contribute to the [100]
unique flavor and characteristics of peuyeum
Brem Lactobacillus sp., Leuconostoc sp., Pediococcus sp., and Weissella sp. Contribute to the distinct sweet and sour flavor of brem [101]
These bacteria can break down proteins and lipids, influencing
Shrimp paste Tetragenococcus, Halococcus, Atopostipes, Alkalibacillus, and the taste and aroma of shrimp paste by generating volatile [100,102]
(terasi) Alkalibacterium, along with Lactiplantibacillus plantarum compounds such as amino acids, aldehydes, organic acids, fatty ’
acids, amines, and peptides
Tauco Lactobacillus genus Creates a low-pH environment. [103]
Oncom Lacticaseibacillus paracasei and L. plantarum Produce organic and amino acids, contributing to the umami taste [104]
Lactococcus sp., Klebsiella, Lactobacillaceae, Bifidobacterium,
Dadih Streptococcus sp., Leuconostoc sp., Limosilactobacillus fermentum,  Generates metabolites which inhibit pathogenic bacteria, thus [41,42,105]
L. pentosus, P. pentosaceus, Lactococcus lactis subsp. cremoris, contributing to dadih safety. >
L. lactis subsp. lactis, L. plantarum, L. casei, and L. rhamnosus
Produce protease enzymes that break down the proteins in
Kecap manis Hansenula sp., Zygosaccharomyces sp., and Lactobacillus sp. soybeans into amino acids, resulting in the distinctive umami [106]
flavor of soy sauce.
. . . . . . Lactic acid bacteria contribute to the production of lactic acid
Tape ketan L. m; Seg;fgf;g:i’%t}gfﬁﬁgl bn(;cgiﬁ Xnilz’a?t/'oi%ﬁessfmgyes’ through anaerobic glucose fermentation, which gives tape its [107,108]
-p ’ ’ P characteristic sour taste
These bacteria can reduce the number of biogenic amines (BA)
Acar pickles L. plantarum, L. mesenteroides, and L. citreum, during fermentation. The total count of mesophilic aerobic [109,110]

bacteria and yeast-mold colonies in pickle samples containing
L. plantarum appeared to be significantly reduced
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Overall, the consumption of Indonesian fermented food can contrib-
ute to improved gut health, potentially supporting overall well-being and
providing a range of health benefits. Integrating a variety of naturally fer-
mented foods into a balanced diet may promote a healthy gut microbiota
and enhance overall health.

6. Nutritional facts

Fermented foods are often rich in a variety of nutrients, depending
on the ingredients used and the specific fermentation process. The nu-
tritional composition of fermented foods can vary based on several fac-
tors, including the fermentation method, the raw materials, the duration
of fermentation, and the specific types of microorganisms involved [59].
Additionally, fermentation frequently enhances the nutritional value of
raw ingredients. The microorganisms involved produce enzymes that
break down complex compounds into simpler, more easily digestible
forms [111]. For instance, fermentation can increase the concentrations
of certain vitamins, such as B vitamins, and improve the bioavailability of
minerals. It can also reduce the levels of antinutritional factors naturally
present in some foods, such as phytates in grains and legumes, thereby
enhancing the absorption of essential nutrients [112]. Furthermore, the
final nutritional profile of fermented foods is strongly influenced by the
type of raw material used. Vegetable fermentation typically yields prod-
ucts rich in vitamins and antioxidants, whereas dairy fermentation re-
sults in foods with high protein content [113,114]. The combination of

different raw materials and variations in fermentation techniques pro-
duces a diverse range of products, each with unique nutritional charac-
teristics, contributing to the wide array of potential health benefits as-
sociated with fermented food consumption. Common nutrients found in
fermented foods are summarized in Table 3.

7. The influence of fermentation on food shelf life

Fermentation is a food preservation method that plays a significant
role in enhancing nutritional quality, extending shelf life, and influenc-
ing food functionality. This process can enhance the flavor and aroma of
fermented products [121]. However, the shelf life of fermented products
varies greatly, depending on the product type, packaging method, and
fermentation conditions. For example, some products have a relatively
short shelf life of 2 to 4 days, influenced by the type of packaging and
fermentation conditions. Packaging with banana leaves can extend the
shelf life up to 4 days, while fermented foods in plastic packaging only
lasts about 2-3 days [122]

Differences in shelf life were also observed in shrimp paste (terasi).
Commercial shrimp paste generally exhibits a longer shelf life (6-
12 months in sealed packaging and 1-3 months after opening in refriger-
ation) compared to homemade shrimp paste (1-2 weeks in refrigeration).
Optimal storage and packaging conditions are crucial to extend the shelf
life of both types of shrimp paste [123]. Other fermented products, such
as tauco, also undergo changes during storage. Although initial micro-

Table 3. Nutritional information for fermented foods per 100 g
Ta6nuua 3. UHdbopManys 0 NUILEBOi EeHHOCTU (PepMEHTHMPOBAHHBIX MUIEBBIX MPOAYKTOB Ha 100 r

Fermented foods Nutrients Number References
Energy (Kcal) 169
Carbohydrate (g) 40.20
Protein (g) 1.40
. Fat (g) 0.30
Tapai Singkong . [115]
Calcium (mg) 21
Phosphorous (mg) 34
Iron (mg) 0.80
Vitamin C (mg) 9
Energy (Kcal) 249
Carbohydrate (g) 58
Protein (g) 3.40
Fat (g) 0.40
Brem Calcium (mg) 198 [116]
Phosphorous (mg) 86
Iron (mg) 2
Total carotene (ug) 240
Thiamine (mg) 0.34
Protein (%) 64.80
. Fat (%) 3.45
Terasi [115]
Ash (%) 1.40
Water (%) 25.77
Carbohydrate (g) 54.7-65.2
Protein (g) 9.72-11
Fat (%) 6.98-23.4
] Ash (%) 10.0-22.8
Solid tauco [117]
NaCl (%) 7.18-16.9
Total sugars (%) 11.9-27.0
Total acids (%) 1.24-2.18
Total amino acids (%) 11.4-17.5
Carbohydrate (g) 8.47-56.5
Protein (g) 20.4-30.9
Fat (%) 1.30-18.9
Ash (%) 17.1-73.89
Liquid tauco NaCl (%) 10.7-68.4 [117]
Total sugars (%) 29.95-44.5
Total acids (%) 1.65-5.36
Total amino acids (%) 14.1-24.6
GABA (ppm) 220.96

Fermented foods Nutrients Number References
Energy (Kcal) 97.70
Carbohydrate (g) 55.59
Protein (g) 24.16
Fat (%) 16.10
Total sugar (%) 0.80
Red Orrlfl‘e’gé)onmm Total titratable acidity (%) 0.15 [118]
Total soluble protein (%) 39.94
pH 4.87
Moisture (%) 80.56
Ash (%) 4.14
GABA (ppm) 136.92
Carbohydrate (g) 16.55
Protein (g) 40.60
Fat (%) 40.47
Total sugar (%) 0.17
((?rlligl:noﬁictzﬁ) Total titratable acidity (%) 0.10 [118]
Total soluble protein (%) 32.97
pH 5.8
Moisture (%) 52.98
Ash (%) 2.38
Water (%) 82.10
Protein (%) 6.99
Dadih Fat (%) 8.08 [43]
Lactose (%) 5.29
Vitamin A (IU/g) 70
Carbohydrate (g) 28.40
Protein (g) 18.20
Lipid (g) 3.20
. Ash (g) 1.50
Kecap manis Glucose (2) 0.39 [119]
Lactic acid () 1.92
Salt content (g) 17.04
Moisture (g) 48.70
Energy (Kcal) 166
Carbohydrate (g) 344
Protein (g) 3.8
Fat (%) 1.0
Fiber (g) 0.60
Tape ketan Ash (2) 0.10 [120]
Calcium (mg) 8
Phosphorus (mg) 106
Iron (mg) 1.6
Thiamine (mg) 0.40
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biological analysis indicated that the tauco met food safety requirements,
storage at room temperature for 12 days resulted in an increase in total
microbial counts, molds, yeasts, and coliforms above permissible limits.
However, the pH value of the tauco chili sauce tended to remain stable
throughout the testing period [124]. The shelf life of kecap manis us-
ing Accelerated Shelf-Life Testing, revealing a shelf life of 127.92 days or
4.26 months at a temperature of 25 °C [125]. Meanwhile, sterilized black
glutinous rice tape exhibits a shelf life influenced by storage temperature.
Higher storage temperatures correlate with shorter shelf lives. At room
temperature (25 °C), sterilized black glutinous rice tape can last approxi-
mately 1 year and 9 months [125]. Oncom, another fermented product,
has a very short shelf life of about 1-2 days at room temperature [126].
This indicates that oncom is highly susceptible to spoilage due to physi-
cal, chemical, enzymatic, or microbiological changes. Consequently, the
shelf life of fermented products varies widely, depending on product type,
packaging methods, and fermentation conditions. Some products, such
as cassava tape and oncom, have very short shelf lives, while others, like
commercial shrimp paste and sterilized black glutinous rice tape, can
last longer. Therefore, it is crucial to understand the factors affecting the
shelf life of fermented products to implement proper storage and packag-
ing practices that extend shelf life and maintain product quality.

8. Technological advancements to improve fermented food:
Challenges and future prospects
Technological advancement aims to optimize fermentation processes,
improve product consistency, diversify product offerings, enhance nutri-
tional qualities and meet consumer demands for high-quality, innovative
fermented food option. The following are some ways to improve product
quality.

8.1. Strain selection and genetic engineering

The growth of the global population and the impacts of global warm-
ing necessitate an

increase in food production, storage, and transportation [127]. Modern
biotechnology, including strain selection and genetic engineering, holds
significant potential for expanding the scope of fermentation, creating
novel foods, and enhancing the sustainability of food production [128].
Food fermentation has been practiced since antiquity, initially relying on
indigenous microbiota and spontaneous fermentation, which later evolved
into back-slopping and the utilization of starter cultures [129]. Specific
strains of beneficial microorganisms, such as lactic acid bacteria and yeast,
in fermented food can improve desirable flavors and textures, affecting
sensory characteristics, extend shelf-life, prevent spoilage bacteria, and
present health benefits [130,131]. With technological advancements, ge-
netic engineering has reached a high level of precision, enabling modifica-
tions to virtually any aspect of the genome. Synthetic biology also offers
new opportunities in addressing food production challenges [132].

Genetic modification techniques in beneficial microorganisms are be-
ing explored to enhance certain microbial strains used in fermentation.
Strain improvement is typically reached by random mutagenesis, pro-
cess optimization, control, increasing the yield, titer and cost-effective-
ness [133]. This can potentially improve fermentation efficiency, resis-
tance to environmental stressors, and production of specific compounds
that contribute to the quality or nutritional value of the final product. Ad-
ditionally, Indonesia has established regulations governing the hygiene
and safety of genetic engineering product, as outlined in the Government
Regulation of the Republic of Indonesia Number 21 of the Year 2005 and
Regulation of the Badan Pengawas Obat dan Makanan (BPOM) Number 6
of the Year 2018. These regulations pertain to the control of genetically
modified food products [134,135].

Additionally, there are constraints in applying genetic modifications to
food systems [136]. Further challenges arise in handling non-model mi-
croorganisms, including the development of suitable molecular genetic
tools [137]. Beyond the potential benefits, there are risks associated with
the use of genetically modified microorganisms in food fermentation. The
consumption of genetically engineered foods may lead to the development
of antibiotic-resistant diseases. Another risk is the potential transfer of an-
tibiotic and chemotherapy resistance genes into the body through fermen-
tation products, potentially leading to multidrug-resistant strains that are
difficult to treat [75]. Modern biotechnology offers significant opportuni-
ties to enhance food production and sustainability through fermentation.
However, challenges such as technical constraints in handling non-model
microorganisms and risks associated with genetically modified microor-
ganisms need to be addressed to ensure the safety and sustainability of ap-
plication of these technologies in food production. The Indonesian culture
context, which is not yet familiar with genetically modified microorgan-
isms, will pose a new challenge for Indonesia in the future.
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8.2. Fermentation control systems and bioreactors

Advanced fermentation equipment and techniques allow for precise
control of temperature, humidity, pH levels, and oxygen exposure dur-
ing fermentation [138]. This control ensures the optimal condition for
microbial growth and metabolic activities, assessing the progress of fer-
mentation, resulting in more predictable, consistent, and higher-quality
fermented products. Bioreactors provide controlled environments for
fermentation on a larger scale. These systems help maintain optimal
condition, leading to efficient and standardized production of fermented
foods. Several factors affecting the bioreactor involve temperature and
pH control, agitation and aeration, nutrient concentration, air pressure,
contamination, size and design of bioreactor [139].

At an industrial scale, maintaining consistent heat and humidity levels
presents a significant challenge due to the large volume of substrate in-
volved. In solid-state fermentation (SSF), which relies on filamentous fun-
gi, the delicate hyphae are highly susceptible to damage from mechanical
agitation, posing a major constraint [140]. Therefore, maintaining optimal
process conditions is crucial to achieving the desired yield and titer, re-
gardless of the bioreactor configuration, the biocatalysts used, or potential
process disruptions [141]. Ongoing research and innovation in biorefinery
technology and product diversification play a vital role in unlocking the
full potential of fermentation by-products. These advancements are also
key to realizing the vision of a sustainable and circular bioeconomy [142].
One of the latest innovations in this field is the development of single-use
bioreactors. These bioreactors are made from high-quality plastic mate-
rials such as low-density polyethylene, polypropylene, or polycarbonate.
The use of single-use bioreactors eliminates the need for cleaning and
sterilization between cultivation batches, reducing the risk of contamina-
tion while also simplifying validation processes and regulatory compli-
ance [143]. Challenges in fermentation and bioreactor control include the
difficulty of maintaining optimal conditions at an industrial scale and the
vulnerability of fungal hyphae in SSF. Innovations such as single-use bio-
reactors provide solutions to minimize contamination risks and stream-
line processes. Further research and development in biorefinery technol-
ogy and product diversification are essential to maximizing the potential
of fermentation in achieving a sustainable bioeconomy.

8.3. Omics technologies

Harnessing synthetic biology for designing microorganisms with cus-
tomized functions and traits enables the creation of novel fermented prod-
ucts. Genomics, transcriptomics, proteomics and metabolomics provide
a comprehensive understanding of the microbial communities involved in
fermentation processes. These technologies enable the identification and
optimization of key microorganisms, genes, and metabolic pathway. The
complexity of biological systems presents significant challenges in the ap-
plication of omics technologies to fermented fruits and vegetables [144].
The vast amount of data generated by multi-omics technologies requires
robust bioinformatics infrastructure and expertise [145]. Additionally, un-
derstanding the intricate and dynamic changes within microbial commu-
nities during spontaneous fermentation remains a major challenge [146].
The lack of comprehensive omics data repositories and universal databases
further affects the accuracy of predictive models [144]. Nevertheless, the
multi-omics approach provides in-depth insights into the dynamic micro-
bial shifts occurring throughout food fermentation, surpassing single-cell
omics analyses. This approach enables the exploration of the entire mi-
crobial community involved and facilitates the regulation of microbiota
changes at each fermentation stage [145]. Omics technologies also play
a crucial role in optimizing fermentation processes and improving product
quality. For instance, multi-omics tools can be employed to evaluate the
impact of various ingredients on fermentation dynamics and the resulting
end products [129]. Despite the challenges associated with biological sys-
tem complexity and the need for advanced bioinformatics infrastructure,
multi-omics approaches hold great potential for understanding and op-
timizing food fermentation processes. These technologies offer profound
insights into microbial changes and the key factors influencing the quality
of fermented products. Therefore, continued research and development in
this field are expected to enhance fermentation efficiency and improve the
quality of fermented food products.

8.4. Improved packaging and storage

Innovations in packaging materials and techniques help maintain the
quality and extend the shelf life of fermented foods by protecting them
from oxygen, light, moisture, and microbial contamination. The storage
duration and temperature can impact the bacterial survival. Therefore,
enhancing packaging and storage conditions, considering environmental
temperature, light exposure, oxygen levels, is crucial to significantly re-
duce the loss of viable bacteria [147].
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Food safety threats and microbial spoilage risks are persistent chal-
lenges faced by the food industry. Storage duration and temperature sig-
nificantly influence bacterial survival [148]. Environmental temperature
manipulation can help mitigate the loss of viable bacteria. Another key
strategy for enhancing microbial viability in food involves minimizing oxy-
gen exposure through packaging modifications, incorporating antioxidant
compounds, or controlling environmental light exposure [149]. Higher
temperatures (37 °C) lead to the most significant reduction in microbial
populations, while lower temperatures (-20°C and 4°C) are more effec-
tive in preserving microbial viability. Vacuum packaging primarily affects
moisture retention, with vacuum-sealed packaging being superior in main-
taining product moisture content. The optimal storage conditions for fer-
mented products involve non-vacuum packaging and storage at freezing or
refrigeration temperatures for no longer than three months [147]. The life
cycle of fermented food packaging comprises several key phases, each with
unique environmental considerations, including raw material extraction,
manufacturing, distribution, consumer use, and end-of-life management,
which encompasses byproducts and waste disposal. Sustainable practices,
such as utilizing recyclable or compostable materials, optimizing packag-
ing design, and minimizing energy consumption during manufacturing,
are essential to reducing environmental impact and aligning with consum-
er preferences for eco-friendly options [150].

Maintaining optimal humidity levels is crucial for the quality and safe-
ty of fermented dairy products. Active packaging systems regulate hu-
midity by either absorbing excess moisture or releasing it as needed. This
humidity control helps prevent product deterioration, such as clumping
caused by moisture or the growth of undesirable microorganisms [151].
Antimicrobial coatings integrated into the packaging materials provide
an additional layer of protection against harmful microbes. Naturally de-
rived antimicrobial compounds, such as those extracted from edible plant
sources like anise, have been evaluated for their technical and economic
feasibility in industrial-scale applications [152,153]. These coatings
gradually release antimicrobial agents, inhibiting the growth of spoilage
bacteria and pathogens that may compromise product quality and safety.
This technology not only extends shelf life but also enhances the overall
safety and quality of the product.

8.5. Fermentation in novel substrates

The substrate type, fermentation time and sugar type were the prima-
ry factors contributing to the significant increase in the content of bio-
active compounds, which exhibit beneficial antioxidant properties. Re-
searchers are exploring the use of alternative raw materials or substrates
for fermentation to create new types of fermented foods. This includes
exploring fermentation in plant-based products, grains, and unconven-
tional sources to cater to diverse dietary preferences and meet specific
nutritional needs [154].

Emerging fermentation techniques have attracted significant atten-
tion from researchers and the food industry due to their potential to in-
tegrate traditional foods into modern diets and to enable the fermenta-
tion of unconventional substrates and food by-products. Inoculation of
Lacticaseibacillus rhamnosus on date palm substrate facilitates increased
bioavailability of phenolic compounds [155]. The combination of non-
traditional substrates with specific microbial strains can result in novel
fermented foods with enhanced nutritional profiles and improved or-
ganoleptic properties [127]. The development of these new fermented
products aims to promote better nutrition, sustainability, and health
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benefits [156]. Innovations in this field include the utilization of agricul-
tural by-products, biomass fermentation for protein production, the use
of fruit seeds such as rambutan seeds, non-dairy substrates, and various
plant parts such as roots and tubers [157].

8.6. Scale-up of traditional process

The enlargement of microbial processes is usually carried out with
a commercial objective, particularly to deliver product advantages to
consumers and to generate a financial profit for investors. Technologies
and strategies for scaling up small-batch artisanal fermentation to larger
production levels are being developed. Indonesian fermented foods are
still predominantly produced by Micro, Small, and Medium Enterprises.
This allows traditional fermented foods to be produced on a commercial
scale while maintaining their unique characteristics. However, translat-
ing laboratory-scale advancements to large-scale production can pose
challenges, including maintaining consistent condition and dealing with
increased complexities [158].

Traditional fermented foods are significant sources of protein, vita-
mins, minerals, and other essential nutrients [159]. However, the limited
application of modern biotechnology has hindered clinical exploration
of their gut-modulating health functions [160]. Among the most under-
explored categories of traditional foods are those originating from Af-
rican and Asian countries, despite published data indicating their high
nutritional value [161]. The modernization and commercialization of
these products will ultimately determine their success as mainstream
commodities in global markets. Key priorities will include ensuring safe-
ty, meeting hygiene standards, and preserving product-specific charac-
teristics [162,163]. To commercialize traditional fermentation processes,
industry stakeholders must address challenges related to safety and
product consistency. Additional barriers include ethical and regulatory
considerations, difficulties in applying research findings due to the high
costs of effective methodologies, the expense of analyzing and interpret-
ing high-dimensional data, and the issue of low reproducibility [164,165].
To bring precision-fermented products to market, companies must also
navigate a complex and diverse regulatory landscape, including frame-
works established by the FDA and EFSA in the United States and Europe,
as well as national standards such as Indonesia’s SNI [166,167].

9. Conclusion

This review elucidates the pivotal role of fermentation in preserving
Indonesia’s culinary heritage through traditional foods like tempeh, peu-
yeum, and kecap manis. Examining their origins, production methods,
and the involvement of microorganisms, especially lactic acid bacteria,
highlights their unique flavors and considerable nutritional benefits. The
diverse production processes, raw material choices, and regional influ-
ences contribute to the distinct tastes in these fermented foods, enrich-
ing Indonesia’s culinary landscape and revealing cultural nuances. Amid
globalization, safeguarding these traditional fermentation methods is
crucial to maintain culinary authenticity and cultural heritage. Preserv-
ing these practices not only protects them from extinction but also sus-
tains cultural identity, fulfills nutritional needs, bolsters local economies,
and promotes indigenous food resources for economic growth. Therefore,
this study emphasizes the importance of cherishing Indonesia’s diverse
fermented foods. This not only preserves culinary traditions but also fos-
ters cultural sustainability, celebrates culinary diversity, and supports
overall well-being in the food industry’s broader context.
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Kpurepun apropcrsa

ABTODBI B PaBHBIX JO/SIX MMEIOT OTHOILEHNE K HAallMCAaHUIO PYKOIIACHU
. Y OMHAKOBO HECYT OTBETCTBEHHOCTb 3a IIaruar.
Honanu CesmryTpyu — ABTOp IIepBOHAYaIbHOTO NIPOEKTa, pa3paboTka
KOHLeMIMM, aBTOPCKMIT HAZI30p U PeaKTMPOBaHME;
Annca Mapusa Bapus — ABTOp IlepBOHauYaabHOTO MMPOEKTa
U pefaKTPOBaHue;
Pura KycMuaTy — ABTOp IIepBOHaYaIbHOTO ITPOEKTa, pa3paboTka
KOHLENIMU U PeJaKTUPOBaHKE;

HMuppu Bynangapu — IIpocMoTpes 1 OTpeJakTpPOBal PyKOMNUCh;
IlIpu Pepykexku Paxaio — [IpocMoTpen 1 OTpeJaKkTMpOBas PyKOIUCh;
Paty Cadwmrpu — [IpocMOTpes 1 OTPeIaKTUPOBA PYKOMMCh;
Xuromm MBaxacu — IIpoBepka 1 Hanucanue — [IpocMoTp
U pefakTMpOBaHMe.

KoudmkT unTepecon
ABTODBI 3aSIBJISIIOT 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB.
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