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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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®EHOJIBHBI KOMIIJIEKC BUHOTPATA
COPTA BACTAPJIO MATAPAUCKUN U ®AKTOPBHI,
OBYCJ/IOBJIMBAIOUIVE ETO ®OPMUPOBAHUE

Yepssk C. H.*, Boiiko B. A., OneitiukoBa B. A., Pomanos A. B.

Bcepoccuiicknii HallMOHAJAbHbBIN HAYYHO-UCCIe0OBAaTeNbCKUI MHCTUTYT BUHOTPaLapcTBa
u BuHogenus «Marapau» PAH, flnta, Poccus

KJIFOYEBBIE CJIOBA: AHHOTALIV A

UHOEKC X0NI0OHbIX B KOHTEKCTe M3MeHeHMsI KIMMaTa 0co60e 3HaueHme MMeeT U3yueHre TpaHchOopMaluy YIJIeBOLHO-KMCIOTHOTO U (eHOMbHO-
Houetl, 8UuH02paco r0 KOMIUIEKCOB BMHOTpaja Mo Mepe MOCTMKEHUSI TEXHMYECKOI 1 (DeHONbHOI 3peioCcTy, HECOOTBETCTBUE MEXKIY KOTOPHIMU
—guHOdenbueckuii yeunuBaeTcs Ha GoHe M3MeHeHMs Kiumara. ViccienoBanys B JaHHOM HaIlpaBIeHUY SIBJISIOTCS aKTYaJbHBIMM U TIO3BOJISIT
DPaiioH, yznegodHo- B Ja/bHEMIIeM MTPOrHO3MPOBaTh PeaKLMI0 BUHOTPAZHOIO PacTeHMs Ha abuoTuueckue GakTopbl Cpebl, Ha GOpMUpPOBaAHIE
KUCnomHsiii Komnaekc, KayeCTBEHHbIX TI0Ka3aTeiel ChIPbs ¥ TOTOBOI MPOoAyKuyMi. [IpoBe/ieHHbIe MCC/Ie[OBaHMs! O3B0/ BBIABUTD BIMSHME Pa3-
AHMOYUAHOBBII JIMYHBIX (DaKTOPOB Ha GopmupoBaHKe (HEHONTbHOr0 KOMILIEKCA BMHOTPAma KpacHbIX cOPTOB. [IoKa3aHo, UTO OO aHTO-
nomenyuan LMAHOBBII TOTEHIMAI MCCIeqyeMbIX 06pa3LioB BUHOIPa[a BapbupyeT oT 735 1o 1976 mr/am3 u XapaKkTepusyeTcs KaK cpefi-

HMI1 — OTJIMYHBIIA. YCTAaHOBJIEHA 3aBUCUMOCTb IIPOIEHTA SKCTPArMpyeMbIX aHTOLMAHOB OT MaCCOBOI KOHLIEHTPALMM CaxapoB
B BUHOTI'Pajie, BbIpaKeHHas apabonuueckoii GyHKiyesi. [Ipy MaccoBoii KOHIIEHTpaLuy caxapoB BUHorpaza 19-23 r/100 cm3
6bLTa OCTUTHYTA MaKCUMaJIbHAsl 9KCTParMpyeMoCTb aHTOLMAHOB, cocTaBuBILIast 53—-65%. [loATBEPKIEHO MONOXKUTEIbHOE
BJIMSIHYME MHJIEKCA XOJIOMHBIX HOUel Ha OBIINMi aHTOIMAaHOBBIN MOoTeHIMan BuHorpazga (r = —0,58). B To ke Bpems Hab/i0-
naeTcs npsiMasi 3aBUCUMOCTb (r = 0,75) MeXIy CTeNeHbI0 SKCTParupoBaHKs aHTOLMAHOB U3 BUHOTPAZa M MHAEKCOM XOJIO -
HBIX HOYell. YCTAaHOBJIEHO CHIKeHMe cofepskaHusl (eHONMbHBIX BEeIleCTB B Cyc/ie TI0C/Ie TPecCcOBAHMS IeIbIX SITOJ, TI0 Mepe
BO3pacTaHMsl BeIMUMHbBI IIOKOAIMIMMeTpuueckoro rnokasatesns (r = —0,70), a Takke yMeHbIlIeHMe MacCOBOJ KOHIlEHTpa-
vy GeHONMbHBIX BelecTB rnocie 4 yaco HacrauBaHus (r = —0,59). Ot 82,7 no 96,3% Bcex GeHOMbHBIX BEIIEeCTB BUHOIPaga
6bUIM TIpe[iCTaBIeHbl (haBaH-3-0/1aMy M aHTOLMAaHAMM. V3 aHTOIMAHOB B BUHOTrpajie mpeobiagany MaabBUAMH-3-0-1/i0-
KO3UZ, ¥ MalTbBUAVH-3-0-KyMapowIrmioKo3uz,. MaccoBast KOHIIEHTpaIys MaabBUAMH-3-0-11I0K0311a coctasisiia ot 580 mo
1224 mr/xr nin 47,4-81,3% OT BCeX aHTOLMAaHOB BMHOrpasa. Ha nomo manbBuaynH-3-0-KyMapouIrIoKO3A, IPUXOAUI0Ch
9,3-23,8% OT KOMIIOHEHTOB aHTOLIMAaHOBOT'O KOMILJIeKCa.
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PHENOLIC COMPLEX OF BASTARDO MAGARACHSKY GRAPE
CULTIVAR AND FACTORS DETERMINING ITS FORMATION
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All-Russian National Research Institute of Viniculture and Winemaking “Magarach” of RAS, Yalta, Russia
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cold night index, In the context of climate change, it is of utmost importance to study the transformation of carbohydrate-acid and phenolic
viticulture and complexes of grapes as they reach technical and phenolic ripeness, the discrepancy between which is increasing against
winemaking region, the background of climate change. Studies in this direction are relevant, and in future they will open the way to predict the
carbohydrate-acid response of a grape plant to abiotic environmental factors, the formation of quality indicators of raw materials and finished
complex, anthocyanin ~ products. The studies conducted allowed revealing the effect of various factors on the formation of phenolic complex of red
potential grapes. It was shown that the total anthocyanin potential in the studied grape samples varied from 735 to 1976 mg/dm3 and

was characterized as average — excellent. The dependence of the percentage of extracted anthocyanins on the mass concen-
tration of sugars in grapes, expressed by a cuspidal function, was established. The maximum degree of anthocyanin extract-
ability was observed at grape sugar content of 19-23 g/100 cm3, and amounted to 53-65%. The positive effect of the cold night
index on the total anthocyanin potential of grapes was confirmed (r = -0.58). At the same time, a direct dependence (r = 0.75)
was observed between the degree of anthocyanin extraction from grapes and the cold night index. The authors established a
decrease in the content of phenolic substances in must after pressing whole berries as the value of the glucoacidimetric in-
dicator increased (r = -0.70), as well as a decrease in the mass concentration of phenolic substances after 4 hours of infusion
(r=-0.59). From 82.7 to 96.3% of all phenolic substances in grapes were represented by flavan-3-ols and anthocyanins. The
predominant anthocyanins in grapes were malvidin-3-O-glucoside and malvidin-3-0-coumaroylglucoside. The mass concen-
tration of malvidin-3-0-glucoside ranged from 580 to 1224 mg/kg or 47.4-81.3% of all grape anthocyanins. The proportion of
malvidin-3-O-coumaroylglucoside amounted to 9.3-23.8% of anthocyanin complex components.

FUNDING: The article was prepared as part of research on the topic “Development of a methodology for intelligent automated monitoring for solving
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1. BBegeHune

IIpy npon3BoACTBe KpaCHBIX BMH OCHOBHOJ TEXHOJIOTMYECKOi 3a/a-
yeit sIB/iseTcs obecrieyeHye G6aronpusITHBIX YCIOBUIA AJIT MaKCUMMaslb-
HOTO 3KCTParMpoBaHMs U3 SITOJbI BUHOIPA/Ia KOMIIOHEHTOB (heHOIbHOTO
KOMILJIEKCA, KOTOPble (hOPMUPYIOT apOMaTUUeCKIii, I[BETOBOI 1 BKYCO-
BO¥ podmiIb BUHA, a TaKKe IMOCIeyIollee X COXpaHeHMe Ha OTHelNb-
HBIX CTagusiX GopMupoBaHus u co3peBaHust BuHa [1,2]. dddexrrBHOCTD
rnepexofa apoMaTUUYeCKUX U KpacsiUiyxX BeIleCcTB U3 Me3rM 3aBUCUT OT
MHOXecTBa (aKTOPOB, CPeIM KOTOPBIX: CTEMEHb 3PEJIOCTY BUMHOIPAAa,
croco6b! GM3MUECKOro BO3AECTBYUS Ha SITO/bl, YPOBEHb MEXaHNUECKOTrO
unu GepMeHTAaTUBHOTO pPa3pylleHUs KIEeTOK, KOJIMYECTBEHHOe COfep-
>KaHMe 3TUX COelVIHeHMJ, TeMIlepaTypa U Ap. [3,4]. OKcTparupyeMble
(deHONbHBIE BelleCcTBAa B BMHOTPaJe COZEpKAaTCsl MPeuMYIIeCTBEeHHO
B ceMeHax (60-70%), koxkwnie (28-35%), a Takke B MeHbIIEN CTeIIeHN
B MsIKOTHM (0KOJI0 10% M MeHee) [5,6].

BrisiB/IeHME CBSI3M MEXAY KaueCTBOM BUHA U €r0 (heHOMbHBIM COCTa-
BOM — OJIHAa U3 KJIIOYEBBIX 3324 COBPEMEHHBIX SHOJIOTMUYECKUX UCCIIe-
noBaHuii. Hampumep, aHTOLIMaHOBbIE OTIIEUATKY COPTOBBIX BUH Ipe/jia-
rarTCsl B KaUecTBe aHAIUTUYECKOTO MHCTPYMEHTA AJI cepTU(UKALNI
MOJJIMHHOCTY [7]. XapaKTep HEKOTOPbIX K/I1acCOB (hrraBOHOMIOB HAXOOUT-
Cs1 TIOA;, CTPOTMM TeHeTUYecKMM KOHTPOJIeM, U UX paclpelesieHye 3Hauu-
TebHO BapbMpyeT B 3aBUCUMOCTU OT COpTa BMHOrpaza [8,9].

Ha 6uocuHTe3 (HeHONbHBIX BEIECTB B SITOfie GOMbLIOe BIMSHME OKa-
3bIBAIOT aTPOTEXHMYECKMe IPYeMBbI BO3JebIBaHMSI, TAKMe KaK cxema Io-
cajiku, IHa 06pe3Ki, HOpMMUPOBaHMe Ypoxkast, fedonmalis, OpolieHne
[9,10]. OTMeueHO MONIOXUTEeNbHOE BIVSIHME HEKOPHEBBIX ITOAKOPMOK pa-
CTeHUIT BUHOTPaZa a30TCoAepKalMMu yao6peHnsIMY Ha KauecTBO ypo-
Kast M Ha CPOKM TOCTYKeHMsI heHonmbHOM 3penoctu [11,12].

KauecTBo BMHOrpaza u OymylLiero BUHA, ONpeeNsieTcsl Teppyapom,
KOTOPBIN BK/IIOYAEeT B Ce6SI MOYBEHHO-KIMMaTHyeckue (GakTopbl, 0CO-
6EeHHOCTM MECTHOCTH, a TaKKe BMHOZeIbueckye Tpaauuuu [13,14]. Op-
raHoNeNnTUYeckuii mpoduib BMHA BO MHOTOM OOYC/IOB/IEH KIMMaTuUye-
CKVIMM YCJIOBMSIMMU TOZIa, COPTOM BMHOIPAa M CTENEeHbIO ero 3pesiocTH Ha
MOMeHT c6opa yposkast [15,16].

Artem V. u gp. [17] ucciemoBany 3HaUMMOCTb M BIMSIHME Teppya-
pa npou3spacTaHus Ha (GeHONbHBIN COCTaB KPACHBIX COPTOB BMHOTPAa.
C nomopio Metozna Glories 6pU1 IPOBeIeH aHAIN3 IJIABHBIX KOMITIOHEH-
TOB (eHONILHOTO COCTaBa, 110 KOTOPbIM, 61arofapsi CTaTUCTUYECKO 00-
paboTke, 06pa3sibl oKasam YeTkyio auddepeHIManmio o reppyapam
Ipou3pacTaHusl.

V3MeHeHMe KIMMara yCUIMBAeT HECOOTBETCTBME MEXAY NOCTIDKe-
HMEM TeXHUYeCKoi 1 (peHONMbHOIT 3pesiocTi BUHOrpana. B cBsi3u ¢ aTum
[epBOCTENeHHOe 3HAueHMe MpuobperaeT u3ydeHyue TpaHchopMaln
YIJIEBOZHO-KUCIOTHOTO U (DEHOIbHOTO KOMILIEKCOB B ITPOIecce co3peBa-
Hud grof, [18]. IJonnmaHMe Toro, Kak KAMMaTUYeckue M3MeHeHMs BIus-
10T Ha POCT, Pa3BUTHE U COCTaB BUHOTPaJa, MMeeT pelliaoliiee 3HaUeHNe
TSl YIIpaBJIeHMsI BUHOTPAJHUKAMM U IJis 06ecriedeHnst Mpou3BOACTBA
BMHA CTAOMIIBHOTO KavuecTBa.

I'pynna yueHbIX BO InaBe ¢ Massimo lorizzo [19] usydanu saBucu-
MOCTb (HEHOTUIMYECKUX XapaKTEPUCTUK BUHOTPAZA COPTOB AJIbSHUKO
n Kabepre COBMHBOH OT KJIMMAaTUYECKUX YCJIOBMI Pa3IMYHBIX Teppya-
poB. Ux uccnegoBaHMe MMOKa3aa0 KIOYEBYIO posib (GakTOpOB Teppyapa
B (OopMMpOBaHMM MOHOMEPHBIX aHTOIMAHOB, @ TAKKE TeHETUUECKOi
IJIACTUYHOCTY COPTOB BUMHOTpaza [AJis ajanTaluy K pa3audHbIM U3Me-
HEHMSIM OKpPY>Kaloleii Cpesibl.

Del-Castillo-Alonso M. A. u ap. [20] 66111 M3y4eHbI 06pa3sLbl BUHOT-
paza copra [IlnHo Hyap ot 10kHo0i1 Vicmanuu o ueHTpanbHol [epmannu
C LeJTBIO OLIEHKM BJIVSTHUST PA3/IMUHBIX GAKTOPOB OKPYKAIOIEl Cpeibl Ha
coctaB (eHOIBPHOrO KOMILIEKCA B KOXKMIIe Arof BUHOrpana. Vccienosa-
HJe 110Ka3aj0 MOJ0KUTEIbHYI0 KOPPEeSILMIO MeXIy KOIMUeCTBOM COM-
HEYHOI pagmauuu u ¢raBoHOMIaMu, 0cO6eHHO 3a 5—10 gHeit mo Havada
co3peBaHus1 1 yOopku yposkas. Takue GhakTopbl, Kak TeMIiepaTypa BO3Zy-
Xa, KOMMYEeCTBO OCAAKOB M MHAEKC 3aCyILIIMBOCTH, I0Ka3alay MEHbIIYIO
KOPPEeJSIUIO C cofep)kaHueM MeTaboIUTOB B CPABHEHMM C COJTHEYHOM
paguanueii [20].

B Typuum msyuyany BAMSIHME Teppyapa M KIMMaTUUECKUX YCIOBUIA
rofia Ha KaueCTBEeHHbIN COCTaB BUH U3 BUHOrpazaa copra Myckat bopHo-
Ba. BpUIo omnpeneneHo, YTO BUHA, M3TOTOBIEHHbIE 3 BUHOTPaja C Tep-
pyapa Mennepec, comepkanyu Gosbliiee KOMMYECTBO (EHONbHBIX COe-
IMHEeHU, yeM BuHa U3 pernoHa Kemanne. B pernone Kemanne B dasy
pa3sBUTHS SITOZ, BbINIaleHMe 0CaJKOB MIPUBEIO K CHMKEHUIO KOHI[eHTpa-
uyM GeHONMbHBIX COeAVHEHMIT ¥ TPAHC-KayTapoBOi KMUCIOTHI, a TaKKe
K MOBBILIEHNIO coAepkaHus IpouManuavHa B4 [21].

VccnemoBaHus B JaHHOM HalpaBlI€HUM SIBISIIOTCSI aKTyaabHBIMU
¥ TIO3BOJIAT B JajbHelilleM IPOTHO3MPOBATh peakiyio BYMHOIPaIHOIO
pacteHus Ha abuoTnuecKue GaKkTOPbI CPebl, a TAaKKe Ha HOpPMIUPOBaHYE
Ka4yeCTBEHHBIX [T0Ka3aTeneli CbIPbsl ¥ TOTOBOV MPOLYKLIMN.

1 2024 |

Llenp HacTosIIEl paGoThl — M3ydyeHue bopMupoBaHus 1 TpaHchop-
Malyy yIIeBOGHO-KUCIOTHOTO ¥ (PeHOIBHOTO KOMILIEKCOB BMHOTpaza
copra Bacrapmo marapauckuit Ha pa3HbIX CTagUSIX CO3PeBAHMS.

2. O6G'BEKTHI M METOABI

O6beKTOM MCCIeIOBaHMs SIBJSUICS BUHOTrpaj copra Bacrapmo mara-
pauckuii, Bo3menbiBaeMblii B BOCTOUYHOM cTenmHOM, ['OpHO-IONMHHOM,
T'OpHO-IOMMHHO-TIPMMOPCKOM BMHOIPaJ0-BMHOMENbYECKMX palioHax
Kpbima, a Taxke B T. CeBactromnosb. VcciemoBanusi MpOBOAWIIN B CE30H
BuHomenus 2023 r. IIpOMBIIIJIEHHBI COOP BUHOrPaja OCYIIECTBIISIIN
B nepumop ¢ 12.09 o 10.10.2023 r. Hauano c6opa B pasjau4HbIX BUHOTPA-
II0-BMHOMEIbUeCKMX PaifoHax pasinyanoch B 1-3 gus. O6mias BrIOOpKa
cocTaBumiIa 65 06pasioB BUHOTpaa.

TS OLeHKY KIMMAaTHUYeCcKoro BAMSHMS Ha GOopMMpOBaHMe aHTOLMA-
HOBOTO KOMIIIEKCa BUHOTIPaia ObIT BBIOPaH MHIEKC XOJIOMHBIX HOYeit [22].

B nepmop, MpoMBbILIIIEHHOTO c60pa ¢ aHATU3UPYEMBIX Y4aCTKOB OTOM-
panu cpenHIO©0 Mpoby BUHOrpaza B KonnuecTBe He MeHee 10 kr. B mog-
rOTOBJIEHHOI ITPo6e Ccyc/1a OIpeAessuI MacCOBYIO KOHIIEHTpAIMIO caxa-
POB apeoMeTPUYECKMM METOJOM C ITOMOIIbI0 apeomeTrpa DIN12791/L50
pression (Schneider, l'epmaHnust), BomoponHblit mokasarens (pH) 1 macco-
BYIO KOHI[€HTPAIMIO TUTPYEMBIX KMCIOT — MOHOMEPOM YHUBEPCATbHBIM
UN-160 (T «ABTOMaTMKa», benapyce) [23]. Taroke BBISIBIISIN COAepKaHNe
(heHONMBHBIX BEIECTB ¥ MOHOMEPHBIX aHTOIMAHOB KOJIOPUMETPUUECKUM
MeTofoM Ha criekTpodoromerpe Specord 40 (Analytik Jena, Tepmanst)
[23,24]. Bce n3MepeHMs BBINIOMHSUIN B TpeX MOBTOPHOCTSIX. CTeneHb 3pe-
JIOCTM BMHOTPAJA OLEHMBAIM C ITOMOIIBIO MIIOKOAIMAVMMETPUIECKOTO
rokasarens (IAIl), mokasarensi TexHu4eckoit 3penoctu (I173), a Takke
riokasaresst GeHoNbHO 3pesocTu [25,26] o popmynam:

IIT3 = pH?- Maccosas KoHyewmpayus caxapos, r/100 mi (1)

AT Maccosas KoHyeHmpayus caxapos, v/100 cm3 @
Maccosas KOHYeHmpayus mumpyemsix Kucaom, T/

OueHKy (eHOMBHOM 3pPeoCTy BMHOTPAa MPOBOAMIM IO METOLMKE
Glories, 0CHOBaHHOJI Ha OTpe/le/ieHMy COflepPKaHysl aHTOLMAHOB (Apyi ),
NOTEeHLIMAbHbIX M3B/IeKaeMbIX aHTOUVAHOB (Apys,2), TPOLIEHTa SKCTPar-
pyeMbIX aHTOLMAHOB (A), Mo TaHMHOB ceMsiH (Mp) 1 06IIero comepska-
Hus GeHOMOB (Aygg) [25,27]. VI3MepeHye 3HAUEHMIT OTITUYECKOI IVIOTHOCTY
MCCIeqyeMbIx 06pasiioB BBIMOMHSIM Ha criekrpodoromerpe Specord 40
(Analytik Jena, TepMaHust) B KIOBETE C TOJMIIMHOM ONTHUYECKOTO CJIOsT 1 MM.

Crioco6HOCTb BMHOTPAJa OTAAaBaTh KOMIIOHEHTHI (DEHOIBHOTO KOM-
iekca ¥ ux TpaHchopMalmio B rpoiecce rnepepaboTKu OLEHUBAIN 110
CJIeAyIONMM ITOKa3aTessIM:

0 maccoBasi KOHLIEHTpauysi GeHONbHBIX BeIleCTB Cyc/Ia, OJTyYeHHOTO
npeccoBaHueM 1enbix srof, (OB, MPMHMMAIOT 338 ICXOIHOE COfep-
KaHMe KOMIIOHEHTa B Cyc/Ie), MI/aM>;

0 TexHONOrMYeCcKuii 3amac GeHONbHBIX BeIleCTB, KPUTEePUil MOTeHLIM-
QJIBHOTO copepykaHusi KoMmIoHeHTa B sirome (T3 ®B, maccoBast KOH-
LeHTpauusi GeHOMbHBIX BEIIECTB B CYC/Ie MOC/Ie MPeaBapUTeNIbHOTO
HarpeBaHus me3ru 1o 70+ 2 °C u ripu HacTaMBaHUU MIPU 3TOI TemIie-
parype B TeueHme 30 MUH), MI/IM;

O oxkucnsiomas crnoco6HocTs cycia (OByy): COOTHOIIEHWE ComepsKaHuUs
(eHONMBHBIX BEIECTB MOocIe OKKUCIeHus B TeueHue 1 yaca (OB,) K uc-
xogHOMYy cogepskanuio (OB, %.

0 mauepupyolas Crioco6HOCTb CycJIa — CIIOCOGHOCTh BUHOTPaja K OT-
nave (HeHONMbHBIX BeleCcTB MPU HACTAMBAHUY Me3TU B TeueHue 4 4ya-
coB mpu 20-25°C (®B,,,), COOTHOILIEHNE MacCOBOi KOHILEHTPaIN
(heHOMBHBIX BelecTB B cycie rocie HacrauBaHusi Mesrn (OByy) K uc-
XO0OHOMY cofepxkaHuio (PB,.), %;

0 crmoco6GHOCTD K 9KCTPAKIMY — BO3MOXKHOCTb BUHOTPaJa K oTaaue de-
HOJIbHBIX BELIEeCTB U3 TBEPAbIX YacTelt Arofpl B cycno (PBy,,/T3 ©B),
COOTHOIIIEHVe MacCOBOM KOHI[eHTpalu (heHONTbHBIX BEIeCTB B Cycie
10C/Ie HACTAaMBaHMsI Me3ry B TeueHue 4 yacoB rpu 20-25 °C K TeXHO-
JIOTMYeCKOMY 3amnacy (eHOJIbHbIX BEeIecTB, %.

TomoreHu3anyo SIrof MPOBOAWIIM TIOC/Ie yOAJIEeHNsI CeMsIH B IUIaHe-
tapHoit MukpomenbHuile PULVERISETTE7 premium line (Fritsch, Tepma-
HMSI) B Pa3MOJIbHBIX CTAKaHAX C araTOBOI MOBEPXHOCTHIO U araTOBBIMU
mrapamu. OT6upanu 1 r. roMOTeHM3MPOBAHHOI IIPOOBI B CTEK/ISTHHYIO BU-
amy ¢ jobasnenuem 3 v 1% crnimprosoro pacrsopa HCL [27,28]. AHanu3
(eHonbHOrO KOMIUIEKCa MpoBoawn Ha BAXKX cucreme Shimadzu LC20
Prominence ¢ kosnonkoit Macherey-Nagel EC250/2 NUCLEOSIL 100-5
C18 AB Ha nmomHo-maTpuuHOM Jerektope SPD-M20A (SHIMADZU,
Smounst). O6beM mpo6sl 2 MKII, AeTekTupoBanme mpu 280 uM, 310 HM,
330 HM, 525 HM C YaCTOTOI cKaHMpoBaHus 3 ['11. DIoMpoBaHe POBOIM -
JI B TPAAVIEHTHOM PEXMMe BO3pacTaHust Joiau pacrsopa B (cmecs AcCN:
MeOH: HCIO, B cootnomennn 40:40:20, pH 2,5) B cmecu ¢ pacTBOpOM
A (Bogubiit pactBop HCIO, pH 1,8) B TeueHue 80 MuH.
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Bce aHanmuTuyeckue M3MepeHMs TPOBOAWIM B TpPeX MOBTOPHOCTSIX,
pacxoXneHue MeXAY Mapaie/lbHbIMU OINpeie/IeHUSIMI He TTPEeBBILIAI0
OLIUOGKM METOIOB.

OmnpepeneHne GU3MKO-XUMUUECKMUX TTOKa3aTeNeil BMHOTPana Ipo-
BOAWIM B CBEKEIIOYUEHHOM CYCJIe I10C/Ie TIPeCCOBaHMSI BPYYHYIO IIeTbIX
srof. [ljist aToro oT6upanu cpenHow mpoby srop (100 r), mpenBapuTeb-
HO OTAEJIEHHbIX OT Tpe6Helt, M3MeTbYaayu 1 MocIe IPeCcCOBaHMS OTAEeNS -
TV KUOKYI0 Gpakiyio uepes apransy. [Ipu orpeeneHny KaueCTBeHHOTO
COCTaBa M KOMYECTBEHHOTO COZleP>KaHMsI KOMITIOHEHTOB YIJIEBOLHO-KIC-
JIOTHOTO KOMILJIeKCa U cofepskaHusl (eHOMbHBIX BEILeCTB MCIOIb30BaIN
po6y cyc/ia Mmocsie MpeBapuTeTbHOTO HEeHTpuUdyr1MpoBaHs Ha LIEHTPU-
¢dyre Eppendorf 5702 (Eppendorf, Tepmanmust) (CKOPOCTb BpallleHMsI pOTO-
pa uerTpudyru 7000 06/MUH., TPOAOKUTENIBHOCTb — 10 MUHYT).

DKCIIepMMeHTa/lbHbIe [TaHHble 00pabaThiBaaM C IOMOIIbIO 06IIe-
MPUHSTBIX METONOB MaTeMaTMUYecKoil CTAaTUCTUKM C INpUMeHeHUeM
nporpamMmHoro nakera IBM SPSS Statistics (v 17.0), Microsoft Excel. Bce
ucciegoBaHMA BBIIIOJTHEHBI B TPEX IMOBTOPHOCTAX. Boruncinenne TIapHbIX
KOPPeJSIMii MeKIy IOKa3aTeasIMU OCYLIeCTBIISUIM i1l YPOBHS 3HAUM-
moctu 0,05.

3. PesynbTaThl M 06CYKAEHME

IlepBbIit 3Tan ucciefoBaHUSl MpefycMaTpUBajl OLIEHKY YITIeBOAHO-
KMCJIOTHOTO U (peHOMbHOT0 KOMIUIEKCOB BMHOTpasa copra bacrapmo ma-
rapauckuif, Mpou3pacTaloliero B pasHbIX BUHOTPaJ0-BUHOAEIbUYECKUX
paitonax Kpeima (Ta6mmiipr 1-3).

AHanM3 MosyyeHHbIX JaHHBIX CBUIETEIbCTBYET O TOM, UTO MCC/IENy-
eMble 06pasibl BUHOIPAa CYLIeCTBEHHO OTIMYAIUCD MO KOMMYECTBEH-
HOMY COCTaBy YITIEBOZHO-KMCIOTHOTO KOMIIIEKCA, YTO OGYC/IOBIIEHO,
B IIepBYI0 ouepenp, reorpadmyecKMM pacIoNOKeHMeM BUHOTIPAJHbIX
HaCaXXAeHUH ¥ Pas3IMYHbIM YPOBHEM TeIUI000eCIeYeHHOCTM BUHOTpa-
JI0-BMHOZAeNbUeCKOTro pajtoHa [29]. BuHorpas 13 CeBacTOIONBCKO 30HbI
OT/IMYAJICSI MMHMMAJIBHBIM COieP3kaHMeM caxapos (MeHee 17 1/100 cmd).
OH He JOCTUT CTAAMM TeXHNYECKO 3PeIOCTH K Hayaly IPOMBIIIIEHHOTO
c6opa 1 He COOTBETCTBOBAJ TPEGOBAHMSIM HOPMATUBHOM JOKYMEHTAIUYI
JUTSI TEXHUYECKUX COPTOB BMHOIPAZA, HAIpaB/seMbIX Ha IMPOMBILUIEH-
HYI0 ITepepaboTKy. MakcuMaabHOe HaKOIIeHNe CaXapoB OTMEYEHO B BU-
Horpage 13 [OpHO-IOMMHHO-IIPMMOPCKOTO paifoHa, X 3TOT IoKa3aTelb
nocrurai 27,1 r/100 cm3. TIpy 3TOM MUHUMAJIbHBIM COLEPKaHMEM TUTDY-
eMbIX KUUIOT OTVIMYAJICS BUHOTrpaA, 13 TOpHO-AO0IMHHOrO paiioHa, 3Have-
HYS He MpeBbla 4,8 r/oms.

BenuuyHa mokasarensi TeXHMYECKO 3pesiocTM M IIIoKoauyuauMe-
TPUYECKOrO TIOKasaTensl BapbMpYIOT B Auana3oHe 3HaueHmii 2,0-4,8
n 152-393 coorBercTBeHHO. OTHe/NbHBIE MAPTUM UCCIELYeMOTO BUHOT-
paja mpeBblIIaIM peKOMeHyeMble 3HaueHMsI ChIPbsl, UCIIONb3YEMOTO JISI
MMPOU3BOJCTBA KPACHbIX cyxux BuH: ITT3 = 155-270, IAIT = 2,5-3,9 [30].

CoriacHO JIMTepaTypPHbIM JaHHBIM, OOIIVIT aHTOI[MAHOBDIN TOTEHIIN-
aJ1 OLleHMBAETCS KaK OTIMYHBIN IIpK 3HaUeHUM Ay o 6omee 1200 mr/am3,
o4yeHp xopommii — 1000-1200 mr/am3, xopomuii — 800-1000 mr/mm3,
cpepumit — 600-800 mr/mm3, HemocTaTOUHbI — MeHee 600 mr/om> [17].
OueHka (eHOIbHOM 3penocTy BUHOrpaja IoKasajla 3HauuTelbHOE Ba-
pbMpOBaHMe aHTOLMAHOBOTO NIOTeHIIMAIA B ITOfle B 3aBUCUMOCTH OT pe-
rioHa BosenbiBanua (Tabmuua 2). Tax, 10 mepe yBeamdeHns Ay o UC-

clleflyeMble BMHOTIPaJ0-BMHOeIbUECKMe PaliOHbl MOXKHO PaclolOKUTh
B CJIefytoliei mocaenoBaTenbHOCT: [OpHO-IONMHHBI — [OpHO-I0MMH-
HO-TIIPMMOPCKMIT — BocTouHblii cTentHOM — CeBacTomnonb. KonmuectBeH-
HOe BbIpaXeHJe aHTOLMaHOBOIO NIOTeHLIMala BapbUpyeT OT CpelHero 0
oTMMYHOro. HecMoTpst Ha MaKCcMMaJIbHBIN 3arac aHTOLMAHOB B BUHOT-
page n3 CeBacTONOJS, SITOJbI OTIMYANINCh MUHMMAJIBHBIM IIPOLIEHTOM
9KCTParMpyeMsbIX aHTOLVIAHOB, YTO OGYCIOBJIEHO HENOCTaTOYHOI 3pe-
JIOCThI0 BMHOTpaza. Kpome Toro, faxe mocsie JOCTMXKEeHMS TEXHUUECKO
3peJIoCTY BUHOTPaA U3 3TOTO palioOHa XapaKTepu30BaJICsl HU3KOM CTerle-
HbIO 9KCTPaKLMM KOMIIOHEHTOB aHTOIL[MaHOBOTO KOMILJIEKca B Ipoliecce
HACTaVBaHUSI Me3TH, YTO MOKET CBUAETEIbCTBOBATh O HEOOXOAMMOCTH
MpOBeieHMsI JOTIOIHUTEIbHBIX arpOMEPONIPUSITUIA Ha CTajuM BereTalyyn
C Lle/IbI0 TIOBbILIeHMS DEeHOMBbHO 3peIoCTM BMHOIPasia, a Takke MpyumMe-
HEeHVISI TEXHOJIOTMYECKVX IIPMEMOB JIJIsI MHTeHCUGbMKAIVM KCTPAKLIMOH-
HBIX [IPOLIeCCOB IIPY TPOM3BOACTBE BMHONPOAYKIMN. [I7151 PYTMX BUHOT-
pafo-BUHOLENIbYECKNX PaliOHOB MPOLIEHT IKCTParupyeMbIX aHTOLIIAHOB
HaXOIM/ICS B IuarasoHe 46,5-65,0%.

BakHbIM moOKa3zaTeneM (GeHONBHOJ 3pesioCTM BUMHOTPaja TakKe SIB-
JIsleTCsl OISl TAHMHOB CeMSIH, TaK KakK BBICOKOE COJlep)KaHMe TaHMHOB,
9KCTparMpyeMbIx U3 CEMSIH SITOAbl, yBeIMUMBAET PUCK HETaTUBHOTO BJIX-
SIHMSI Ha BKYC BUHOMaTepuasa. 3HaueHye rokasaTessi CoCcTasysiio ot 10,7
1o 28,0% B 3aBUCUMMOCTM OT paiioHa MpOM3pacTaHus U OT CTeNleH!U 3pe-
JIOCTY BUHOTPaga. 3aBUCUMOCTY MEXKLY A0JIeli TAHWHOB CeMSH U caXapy-
CTOCTbIO BUHOTPAZia He YCTAaHOBJIEHO.

Ilo mepe co3peBaHusI BUHOTPAJHOJ SITOAbI IPOHMLIAEMOCTb KJIeTOY-
HBIX CTEHOK KOKMILIBI SITOJI ITOCTEIIEHHO YBEeIMUMBAETCS, TAKMM 06pa3om
MOBBIIIAETCS HKCTPAarMpyeMOCTb aHTOLMAHOB U APYIMX KOMIIOHEHTOB
KO>KMLIBI BUHOTPAJa.

VcTaHOB/IEHA 3aBMCUMMOCTb IIPOLIEHTa 3SKCTParupyeMbIX aHTOLMa-
HOB OT MacCOBOJ KOHLEHTpaluM caxapoB B BUMHOTpaje, BbIpakeHHast
napa6onuyeckoit dyHkumeit (Pucynok 1). [Ipy mMaccoBoii KOHLIEHTpa-
LMY caxapoB B BuMHorpage 15,6-27,1 r/100 cm® 3sHaueHMs mokasaTens
A BapbupoBanu B nuamnasoHe 41,2-65,0%. MakcumanbHas CTerieHb 3KC-
TparupyeMoCTM aHTOLIMAaHOB OTMeYeHa IPM CaxapUCTOCTM BMHOTpaja
19-23 1/100 cm® u cocraBuia 53-65%. IonyyeHHble pe3yabTaThl MO -
TBEPKIAIOT MHEHMe O TOM, YTO MeXny (GOopMMpOBaHMEM YINEBOLHO-
KMCJIOTHOTO ¥ (peHONMbHOIO KOMITJIEKCOB He CYLIeCTBYET MpPSIMOii 3aBU-
CUMOCTH.

B ToO ke BpeMsi, Ha OCHOBaHMM NPUBEIEHHbIX JAHHBIX, MOXKHO CJie-
JIaThb BBIBOJ, O TOM, UTO [JIs1 BMHOrpajga copra bactrapno marapadckuit
JIocTyskeHye eHOMbHOM M TeXHUYECKON 3PeoCTy MOKET BapbUpPOBATh
B [Mara3soHe MaccoBOi KOHIEHTpauuu caxapos 19-23 r/100 cm3. Tlony-
YeHHbIe Pe3y/IbTaThl COITIACYIOTCS C paHee IpeCTaBJIeHHbIMY JaHHBIMU
Mapxkocosa B. A. u cotp. n1s BuHOrpasa copra Ilmxo Hyap [31]. IIpouieHT
9KCTparMpyeMbIX aHTOLMAHOB IIPY 3TOM He IpeBbINIaeT 65%.

VHoykuys 6GMOCMHTE3a aHTOLMAHOBOrO MUIMEHTA B PACTEHUU TaK-
ke BbI3BaHa (hakTOpaMy OKpysKalolleil cpefbl M ajanranyueit K TeM uin
VHBIM CTDECCOBBIM YCUIOBMSIM [6]. OLI€HKY BAMSIHMS KIMMaTU4YeCKUX
dakropoB Ha GopMupoBaHME AHTOLMAHOBOTO KOMILIEKCA BMHOTrpaja
OCYLIECTBJIS/IM C TIOMOLIbIO MHJIEKCa XOJIOOHBIX HOYell — IoKa3aTes,
MpeJCTaBysIoNiero coboit cpeHee MHOTO/IETHEe 3HAUEHVE MUHUMATb-
HBIX TeMIlepaTyp BO3JlyXa B CeHTsIope (B CeBepHOM IONyIIapuy) Uan

Ta6muua 1. [Toka3aTenu yriieBOGHO-KMUCIOTHOTO KOMILIEKCa BMHOrpaga bacrapgo marapauckmii
Table 1. Indicators of the carbohydrate-acid complex of grape ‘Bastardo Magarachsky’

MaccoBas KOHLIEeHTpauusa

Bunorpapgo- n
BUHOJeNbYecKuii paiiod Kpsima caxapos,
r/100 cm3
BocrouHblit crernHoii (11. [lepBomaiickoe) 19 19,4-21,5
T'opHO-A0MMHHO-TIPUMOPCKMIL (1. Mopckoe) 21 17,8-27,1
TopHO-ponuHHbI (11. [IpuBeTHOE) 13 19,6-22,8
CeBacToI0jIb 12 15,6-21,0

TUTPYeMbIX “pH “TAIT nr3
KUCIOT, I/AM3
7,3-17,5 3,3 2,7-2,9 205-231
5,1-6,6 3,5-3,9 3,2-4,3 228-393
4,2-4.8 3,5-3,6 4,5-48 249-280
5,8-8,7 3,1-3,5 2,0-3,6 152-262

Ipumeuanue: naHHBIE B CTOIOLIAX CYIIECTBEHHO pasnuyalorcs (p < 0,05), KpoMe CTOIOLOB CO 3HAYKOM «*», rie (p > 0,05), n — KOmMuecTBo Mcc/IefyeMbIX 06pa3LioB.

Tabnuua 2. [TokazaTeny ¢peHOIbHOI 3penocTy BMHOrpaga bacrapao marapauckuii
Table 2. Indicators of phenolic ripeness of grape ‘Bastardo Magarachsky’

BunOorpaso-BIUHOIEIbYeCKIIi Apni,o Apus,2,
paiion Kpsima mr/om> mr/am>
BocTtouHblii crenHoii (11. [lepBomarickoe) 1379-1976 864-1106
TOpHO-J0NMMHHO-TIPUMOPCKUL (11. Mopckoe) 887-1724 480-856
TopHo-monuHHbI (11. [IpMBETHOE) 735-751 401-658
CeBacTormnosnb 1083-2037 527-840

O1eHKa 0611ero

A% *Mp, % Agso, % AHTOIMAHOBOTO MOTeHIMaia
56-64,1 16,4-28,0 47,9-69,1 OYeHb XOPOLINIT — OTIMYHbII
46,5-65,0 11,6-22,0 35,6-54,2 XOPOILMii — OTIUYHBII
53,4-65,0 10,7-18,1 32,7-48,6 cpegHuit
41,2-48,6 14,4-20,3 43,3-50,1 OUeHb XOPOLINit — OTANYHBIN

Tpumeuanue: faHHBIE B CTONOLIAX CYLIECTBEHHO pasnnyarTcs (p < 0,05), KpoMe CTOI6IOB CO 3HAUKOM «*», re (p > 0,05).
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Bacrapao marapauckuii
Figure 1. Effect of the sugar content of grape on anthocyanin extractability
from the Bastardo Magarachsky grape berry
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B MapTe (B I0KHOM mnomyumapuy) [22]. CormacHO nUTepaTypHBIM JaH-
HBIM, [P TOCTOSIHHOV JTHEBHOI TemmepaType (+25°C) MHTEeHCUBHOCTh
OKpacKy BMHOIPasa 6ymeT 3aBMUCeTh OT 60ee HU3KMUX TeMIlepaTyp HOuu
[32,33]. AHanM3 MOTyYeHHBIX JaHHBIX [TO3BOINUII MIOATBEPOUTD IOIOXKM-
TeJIbHOEe BIMSIHME MH/IeKCa XOIOIHBIX HOUeil Ha OO aHTOLMAaHOBbIN
MOTeHLIMal BYHOIPasa. 3aKOHOMEPHOCTh OIMChIBAeTCSI 06paTHOM Jn-
HeltHOIi 3aBUcUMOCTbIO (1 = —0,58). B TO ke BpeMs B3aMMOCBSI3b MeXIY
CTeTNeHbI0 SKCTParupoBaHMs aHTOLMAaHOB U3 BMHOTPajaa OT MHIEKca XO-
JiogHbIX HOuell (PMCYHOK 2) BeIpakaeTcs MPSIMOi 3aBUCUMOCTBIO C BbICO-
KuM K03 duimentom koppensiuuu (r = 0,75).

OneHKky GeHONMbHOrO KOMIUIEKCA BUHOTPAA OCYLIECTBIISIV C [IOMO-
mbl0 MOKa3aTesneil, YIUMTHIBAIOIIMX CIOCOOHOCTh BMHOTpasa K OTHaye
(heHOMPHBIX KOMIIOHEHTOB B CYCJIO NPV ITPECCOBAHMUM LIeIBIMM SITOIAMM
M TIpU HacTauBaHMM Me3ru. OKUCAUTENIbHO-BOCCTAaHOBUTEIbHbIE CBOJA-
CTBa CycJa aHaIM3UPOBAIM IO M3MEHEHMIO KOHILeHTpauuyu (eHomb-
HBIX Bell[eCTB IPU IJIUTEIbHOM KOHTAaKTe Cycjia C KMCIOPOJOM BO3ayxa
(Tabmmua 3). AHanM3 JaHHBIX IOKa3as, YTO coiepykaHue (eHONbHBIX
BellleCTB B Cyc/le II0C/e IMpeccoBaHus LieJIbIX Arof, BapbupyeT B Iua-
nasoHe 619-1080 mr/mm>. 3HaueHme moxasarens ®B,. Koppeaupyer
C IOTeHLMAJIbHBIM KOJMYEeCTBOM 3KCTParMpyeMbIX U3 SITOABI BUHOTpaAa
anrtoimanoB (r = 0,75). CoryiacHO ITOJSyYEeHHBbIM JTaHHBIM, BUHOTpAL, U3
TopHO-IOMMHHOTO BMHOIPaf0-BMHOMEIbUEKOT0 pajioHa XapaKTepuso-
BaJICSI MMHVMAaJIbHbIM TEXHOIOIMYECKM 3a11acoM (heHONBHBIX BEIeCTB,
YTO OOYCIOBWIO HE3HAUUTEIbHBIN UX MEPexol B CyCIo MOocae MHAYLM-
POBAHHOTrO OKMCJIEHMS ¥ HACTaMBaHMSI Me3TM B TedeHye 1 1 4 4acos co-
oTBeTcTBeHHO. KpoMe Toro, AJ11 BUHOrpaja JaHHOTO PerMoHa OTMeueHO
MMHMMAaJIbHOE COfiep)KaH/e MOHOMEpHBIX aHTOLMAHOB B CyCle IOCTIe
[IpeccoBaHMs LebIX SITOJ.

OueHKa Malepupyoleii ClIoCOGHOCTM BMHOTPaia IoKa3aa, YTo st
06pa3sLoB 13 BOCTOYHOrO CTEITHOrO BMHOTPaJ0-BUHOMENIbUECKOTO paii-
OHA 3HAueHyue Iokasaresss He IMpeBbILAeT 95%, UTO CBUAETENbCTBYET
0 IpeobIafaHMy OKMCIUTENbHBIX IPOLECCOB HaJl SKCTPAKUMOHHBIMMA.
s BUHOrpajga U3 APyrux paitoHoB BenmunuHa OB, B 86% ciydasx co-
craBuia 6onee 100% 1 mMakcumanabHO gocturana 159% mo cpaBHeHUIO
C MICXOOHBIM CofiepskaHueM (GeHONbHBIX BeLlecTB B CycC/ie IT0CIe IPecco-
BaHMS LeNbIX sirof,. CIIoCOGHOCTh BUHOTPAIa K 9KCTPAKUMU (HEeHOTbHBIX
BellleCTB B IIpoliecce HacTaMBaHMSI Me3rM OT TEXHOJIOTMYeCKOro 3amaca
(PByyay/T3 ®B) cocraBuia ot 47 10 86%.

CorylacHO IMTepaTypHBIX AAaHHBIM, B Hauaje CO3peBaHMs SITOAbI BU-
HOrpajia ComepskaT MaKCUMaJbHOe KOMMUYeCcTBO (EeHOJBbHBIX COeIyiHe-
HMI, KOTOpOe yMeHbIlaeTcsl 110 Mepe cO3peBaHMs IJIOAoB [13,18,34].
[llvpoxnii guanasoH BapbMPOBaHMS BeJIMUYMHBI IMIIOKOALMAVMeETpIYe-
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PucyHoK 2. BiussHUe MHAEeKca X0JIOAHBIX HOYel Ha
IKCTPaArMpyeMoCcTb aHTOIIMAaHOB U3 Aroabl BUHOrpaga
Bacrapmo marapadckuii
Figure 2. Effect of the cold night index on anthocyanin extractability from
the Bastardo Magarachsky grape berry

ckoro rokasaress (ot 2,0 (pekoMeHIyeMoe 3HaueHye J1J1s1 TPOM3BOACTBA
UIPUCTBIX BUH) O0 4,8 (XapaKTepHbIit AJiIs1 BUHOTPaja Mo3gHero c6opa))
[103BOJIMJI OLI€HUTDb BIMSIHME CTeIleHY 3peIoCTM BMHOrpasia Ha cozepska-
HMe GeHOMbHBIX BelecTB B cycie (PucyHOK 3) [29]. AHAIM3 ONTyYeHHbIX
JAaHHBIX I0KA3a/] CHMKeHMe comepkaHusl (eHONbHBIX BellecTB B Cycie
T10C/Ie TpeccoBasi Lie/bIX SITOf, 110 Mepe BO3pacTaHys BeIMYMHbI [MI0KO-
auuauMeTpuueckoro noxkasareins (r = —0,70). AHajmorm4yHasi TeHOeHLMS
OTMeyvaeTcs! ¥ J/IsI MacCOBOJ KOHLIeHTpalyy (heHOMbHBIX BellleCTB Ioc/e
4 v gacrauBauus (r = —-0,59). [TonyyeHHbIE Pe3yIbTAThI CBUIETEIBCTBY-
0T O BO3MOXKHOCTY INTyGOKOro KaTa6onmusMma (eHONbHBIX COeAMHEHUIA
pacTeHyeM ¢ 06pa3oBaHMEM IPOSYKTOB MEPBUYHOTO OOMeHa BIUIOTb 10
YIJIEKUCTOTHI. IIpOAYKTHI TAKOTO KaTaboMMYeCcKOro paclierieHys BOBJIe-
KalOTCsI B TIEPBUYHBII METa60/IM3M ¥ MOTYT MCIIONIb30BATHCS KaK VICXOJ-
Hble KOMITOHEHTBI AJIS1 Pa3/IMYHBIX 6MOCUHTE30B [35].

OO61menpr3HaHoO, YTO (eHONIbHbIe COeAMHEHVISI UTPAIOT BaXKHYIO POJIb
B (OpMMPOBaHMYM KAaueCcTBa BMHA, I03TOMY 3HAUMTENbHOE KOIMUYECTBO
MCCIeNOBaHNIT HAIPaB/IeHo Ha u3ydeHyue HakTopoB, 00YCIOBIMBAIONINX
BAMsiHME Ha HopMupoBaHue HeHONIbHOTO KOMIUIEKCA BUHOTPaJa B IPO-
Lecce Co3peBaHusl, a TAaK)Ke PeXMMOB U MapaMeTpoB B Ipoliecce Iepe-
PabOTKM CBIPBS C LEJIbI0 MAaKCUMAIbHOTO MX dKCTparuposanus. Cornac-
HO JIMTepPaTyPHBIM JIaHHBIM, (DeHONbHbIE BelllecTBAa BMHOTPaZa MOXKHO
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PucyHok 3. Biusaue nokasareiist TAII Ha copepkaHue
¢eHOIBHBIX BELECTB B cyc/le BMHOrpasa bacrapao

MarapaucKkuii
Figure 3. Effect of the glucoacidimetric indicator on the content of phenolic
substances in must of Bastardo Magarachsky grape

Ta6nuiia 3. [lokazaTenu eHOIBHOro KOMILIEKCA BMHOrpaga Bacrapgo marapauckmii
Table 3. Indicators of the phenolic complex of Bastardo Magarachsky grape

MaccoBasi KOHIeHTPamysi, MI/Im>

Bunorpagno-

BUHO/Ie/IbYECKHUii paiioH Kppima @B, @B, ®B,, ®B T3 N;g;lgr;ggg;x
BocTouHblii crernHoii (11. [TepBoMaiickoe) 1052-1080 949-1132 *972-984 1452-1555 45,5-60,0
T'opHO-AOMMHHO-TIPUMOPCKMIL (1. Mopckoe) 619-1032 462-814 526-1069 629-1814 25,7-129,3
TopHO-IOMMHHBI (11. [IpuBETHOE) 500-664 *518-562 470-1216 998-1745 9,7-31,5
CeBacTornosnb 780-932 797-1273 1020-1173 1361-1754 13,2-35,2

Ipumeuanue: faHHBIE B CTONGIAX CYLIECTBEHHO pasdimyyaiorcs (p < 0,05), KpoMe siueeK co 3HAUKOM «*», rre (p > 0,05).
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pasienuTh Ha ceMeiicTBa (IaBOHOUIOB (AHTOIMAaHBI, (aBaH-3-0bl,
dbnaBoHONBI, (raBaHOHOHBI, (HITABOHOHOJUIbI, (JIABOHBI ¥ XaJKOHBI)
u HedIaBOHOUAOB (TMIPOKCUOEH30IHAS U TUIPOKCUKOPUYHAS KUCTO-
TbI ¥ CTUIbGEHbI). Hed1aBOHOMIbI IOKATM3UPOBAHbI B CEMEUKe, KOXKM-
1le ¥ MSIKOTM SITOZIbI ¥ OTBETCTBEHHBI 33 CMHTE3 KJIIOUEBBIX COeAVHEHNIA,
YUaCTBYIOIIMX B POCTE U PA3BUTUU SITO[, & TAKKe SIBJISTIOTCS HETpamu-
3aTOpPaMy CBOOOMHBIX PaguKanoB. OIaBOHOMIbI, XapaKTEPUIYIOUMECS
BBICOKOJ aHTMOKCUAAHTHOI CIIOCOOHOCTBIO U OTBETCTBEHHbIE 3a (op-
MMPOBaHMe OPraHOJIeIITUYECKOTO POt BUH, SKCTPATUPYIOTCS U3 KO-
SKULIBI ¥ CEMEUKU SITOAbI. AHTOLIMAHbI OTBETCTBEHHBI 38 KPACHbI, CUHUI
” (OMONeTOBBIV MUTMEHT B TKaHSIX PACTEHMI, @ TAK)KE OKA3bIBAIOT CyIIle-
CTBEHHOE BJIMSIHME HA CEHCOPHbIE CBOCTBA. JIOKAIM3MPOBAHBI aHTOIMA-
HBI IPeMMYLIeCTBEHHO B KOXMIle BUHOTPaHOI SIrofpl [6,33].

Metomom BIXKX 6but ompemenen nmpobuib (GeHOTbHOrO KOMITIEKCa
BUHOTpaJia, BO3/IebIBAEMOT0 B Pa3HbIX BMHOTIPAL0-BUHOZEIbYECKUX
paitonax (Tabnuiia 4), a Takke B AMHaMMKe co3peBaHus (PUCYHOK 4).

AHanu3 mpecTaB/IeHHbIX JaHHbIX CBUIETETbCTBYET O TOM, UTO OCHOB-
HbIMM (DEHOJIbHBIMM BeIecTBAMM BMHOTPAA SIBJSIOTCS (iaBaH-3-0JIbl
¥ aHTOLMAHbI, KOTOPbIE COCTAB/ISAIOT OT 82,7 m0 96,3% Bcex heHOMbHBIX
BelleCcTB BMHOTrpaza. OCHOBHBIMM TpeNCTaBUTENSIMU (raBaH-3-0/10B
B sIrofie SIBJISIIOTCSI MMKATeXMH U J-KaTexXVH, MaccoBasi KOHLIEHTPaLMsI
KOTOPBIX BapbMpoOBaJia B iuanasoHe sHaueHmit 777-1910 n 45-195 mr/kr
CcooTBeTCTBeHHO. Ha moimio dbiaBaH-3-0/10B IPUXOAUTCS B CpeTHEM 36—
42% BCex KOMIIOHEHTOB ()eHOIbHOTO KOMILIEKCa.

V3 aHTOLMAHOB B BMHOIpaje Mpeo6aafalnT MaabBUAMH-3-O-Ii0-
KO3UJ, U MaJbBUIUH-3-0O-KyMapomIraokosua. MaccoBasi KOHIEHTpa-
s MaabBUIMH-3-O-IM0K03uAa coctasisia or 580 mo 1224 Mr/Kr uin
47,4-81,3% Bcex aHTOLMAHOB BMHOrpasa. Ha gonio manbBuauH-3-0-Ky-
MapOWITTIOKO3U, Tpuxogutcs 9,3-23,8% KOMIIOHEHTOB aHTOL[MaHOBO-
ro KOMIUIeKCa.

IporyauuaMHbI B-Tura SIBASIIOTCS GMOIOTMYECKM aKTUBHBIMHU Bellle-
CTBaMM, 00/IaJAIONVIMU aHTUOKCUIAHTHBIMMU, AaHTUTUPO3UHHBIMMU, TIPO-
TUBOBOCTIA/IUTETbHBIMY, TTPOTUBOAMAGETUUECKUMM, TPOTUBOBUPYCHbBI-
MM ¥ IPOTMBOOITYX0JIeBBIMM CBOJCTBamMu [36,37]. [IpouMaHuaAMHbI TUIIA
B, B yacTHOCTM IuMepbI, Takue Kak B1, B2, B3 1 B4, 0CHOBHOM HaXOISTCS
B Koxkuile BuHorpaza (0,01-0,86 r/kr c. B.) 1 B MeHbIlIeil CTeIleHU B ce-
meHax (0,04-0,18 r/kr c. B.) [38]. AHa/IM3 MONTyYEeHHBIX JAHHBIX CBUE-
TeIbCTBYET O TOM, UTO OCHOBHASI A0Sl MPOLMAHUIMHOB B UCC/IEIyeMbIX
obpasiax BMHOrpafa MPUXOAUTCS HA MPOLMaHUAMH B4, comepkaHue
KOTOPOTO BapbMPOBAJIO B AMaNa3oHe 3HaUeHuii oT 42,7 o 470,7 mr/om3
(mu 50-58%). [Ipy 3TOM MaKCUMa/IbHBIM COIepsKaHMEM JaHHOIO KOM-
MOHEHTA XapaKTepU30BaJIUCh 00paslbl BUHOTPAZa, BO3ZEIbIBAEMOTO
B ['OpHO-IOMMHHOM BMHOTPag0-BMHOLETbYECKOM paiioHe U T. CeBacTo-
Mo/b. AHAJIOTUYHAS TeHIeHI[MSI OTMeUYeHa U B OTHOIIEHUM COepsKaHMsT
IPYTMX KOMITIOHEHTOB ITPOLAaHMUAVMHOBOTO KOMIUIEKCA.
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PucyHok 4. smeHeHue npodmiist peHOIbHBIX BellecTB
BMHOIpajga B IIpoiecce co3peBaHuUs
Figure 4. Change in the profile of the phenolic substances of grape during
ripening

TMpumeuanue: 1 — penbGUHUINH-3-O-TIMKO3UL, 2 — MNETYHUAUH-3-O-ITIOKO3NUL,
3 — meoHUAUH-3-O-TII0KO3UA, 4 — MalbBUAUH-3-0-IMIOK03UI, 5 — MaabBUAUH-3-
O-aneTuIroKo3u, 6 — MalbBUANH-3-0-KyMapouIIiaoKko3us, 7 — rauioBast KMcIoTa,
8 — npoumannauH B3, 9 — nmpoumanuguy 4, 10 — mpormanmnayus B2, 11 — snmkaTexuH,
12 — #-KaTexuH; MaccoBasi KOHIeHTpauus caxapoB: 1-17,8 r/100 cm®, 2-19,5 /100 cm3,
3-21,5 /100 cm3.

Conepskanne nenbGUHUINH-3-0-aleTWINIIOKO3UIa, TMaHUINH-3-0-
ALeTWIITIIOKO311a, IeTyHUANH-3-0-aueTuIrmoKo3ui, MeoHuanH-3-0-
aLeTUIITIOKO31UIA U KadTapoBoii KUCIOThI HAXOIMUIOCh B CJIEOBBIX KO-
JINYeCTBaxX M He MPeBbIaao 13 MI/KT.

ViccnepoBaHue u3MeHeHus Npoduis (eHONMbHOTO KOMIUIEKCA BMU-
HOTpaZia B IIpoIlecce CO3PeBAaHMSI II0KA3al0 yBeIMYeHNe MacCOBOIL
KOHIIEHTPAIMY OCHOBHBIX KJIACCOB (DEHONMbHBIX BELIeCTB, TPUCYTCTBY-
omux B sroge. OCHOBHbIMM KOMIIOHEHTaMM (PeHOITbHOTO KOMILUIEKCa,
MpeTepreBaIIMMM KOTMUYECTBEHHbIE M3MEHEHUs, SIBJISIIOTCS: Mallb-
BUAMH-3-O-ITI0KO3UA, MalbBUAUH-3-0-KyMapoOUIIIIOKO3U, WM IIU-
KaTexVH, cogep>kaHye KOTOPBIX yBeIM4mwiIoch B 2,1, 2,6 1 2 pasa COOT-
BETCTBEHHO. MaccoBasi KOHLeHTpauus AenbGuHuanH-3-0-mmoKko3naa
yBenuMuuiaach B 6 pas, neTyHuauH-3-0O-mokosnuga — B 4,6 pasa, meTy-
HUAMH-3-0-KyMapowiraioko3uga — B 8,2 pasa, Ipu 3TOM cofepskaHue
KOMITOHEHTOB He MpeBbilano 100 Mr/Kr.

B TO ke BpeMsl, COIIACHO JIMTEPATYPHBIM JaHHBIM, KOJIMUYECTBO (ia-
BaH-3-0JI0B U MPOAHTOLMAHUIMHOB B MPOIIECCe CO3PEBAHNS BUHOTpaAa
MOXKET CHIMKAThCSI: MX GOJIbIlIe BO BPeMSI I[BETEHMs U MeHbIlle 110 Mepe
co3peBaHusl BUHOrpaza [39], 4To MokeT OGbITh 0OYCJIOBIEHO KaK COPTO-
BbIMM 0COGEHHOCTSIMM BMHOTPA/Ia, TaK M arpOKIMMATUIECKUMM YCIOBU-
SIMM ero Mpou3pacTaHus.

Ta6nuua 4. lIpodnis peHoTbHOro KOMILIEKCA BUHOTPasa, MI/KT
Table 4. Profile of the phenolic complex of grape, mg/kg

BocTrouHblii cTenHoit  TOpHO-JOMMHHO-IPUMODPCKUIT [OpHO-A0NMHHBIN

®deHoNbHBIE BeleCcTBa BuHopenpueckuit parioH Kpbima (1. TlepBomaiickoe) (1. Mopckoe) (1. TIpuBeTHOe) CeBacTomnomnb
nenbGuHUINH-3-0-II0KO3UT, 52,6-133 46,3-119,7 275,9-346,0 47,8-84,5
MaHUIUH-3-0-TII0KO3UT, 19,4-24,1 6,7-21,7 68,3-98,0 7,0-12,3
MeTYHUIUH-3-O-TTTIOKO3U, 66,1-157,8 58,6—142,0 77,5-108,1 81,6-101,8
eoHUANH-3-O-TII0K03 U, 114,8-160,6 119,6-144,5 551-615 114,8-135,2
MaabBUINH-3-0-ITIOKO3UL* 580-921 608-1224 1041-1141 1047-1103
nmenbGuHNIMH-3-0-aneTUITTIoKO3 U™ 0 0-2,9 2,2-3,6 2,6-3,1
AHTOLMaHBI
uMaHUaMH-3-0-aueTUIrIoKo3ua ™ 0,8-1,0 0,9-5,3 1,0-1,2 4,6-5,2
MeTYHUIOUH-3-0-aleTITTIOKO3 U, 4,9-8,0 3,9-11,3 0,3-0,4 11,3-12,1
TeOHUAVH-3-0-aeTUITTIOKO3UI* 1,3-3,9 0,9-4,1 0 1,0-1,7
MaJTbBUAVH-3-0-aleTUITTIOKO3U I, 14,1-44,8 40,3-169,1 10,0-17,6 155,8-162,3
MeTYHUIOVH-3-0-KyMapOoWINIIOKO3U], 20,2-27,4 15,3-75,3 9,9-12,4 23,4-254
MalbBUIOMH-3-0-KyMapOWITTIOKO3T, 294,2-462,6 290,7-721,9 188,1-195,5 401,6-457,1
I'mapokcubeH3oiiHas raJiyioBasi KMcjiaoTa 32,9-50,6 30,1-45,5 61,4-105,2 61,4-70,2
M TUIPOKCUKOPUYHAS N
KICITOTHI Kadraposas kucinora* 4,1-75 6,4-12,5 5,6-7,5 5,6-6,2
Bl 8,7-43,2 13,0-38,9 101,4-149,4 104,0-117,2
B2 10,3-101,0 9,2-20,6 100,1-131,1 100,1-112,4
TIponaHUAVHBI
B3 21,5-51,4 17,7-20,6 52,3-67,7 54,3-57,1
B4 42,7-193,5 71,5-174,1 341,0-470,7 349,0-397,1
SMUKATEXMH 777-1099 785-1600 1719-1910 1619-1789
®dnaBaH-3-0Jbl
I-KaTexuH 73,7-169,7 449-118,1 139,4-195,2 126,4-146,3

Tpumeuanue: naHHBIE B CTPOKAX CYIIECTBEHHO pa3nnyarorcs (p < 0,05), KpoMe CTPOK €O 3HAUKOM «*», rae (p > 0,05).
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BoiBOABI
TakuM 006pa3oM, NPOBeIEeHHble WUCCIeJOBAHUS ITO3BONIMIN BbIS-

BUTH BIIMSIHNME Pa3IMYHBIX (aKTOpOB Ha GopMupoBaHue (HEHOIBHOTO
KOMILIEKCA BUHOIpaja KpacHbIX copToB. [loKasaHO, YTO OGIIMIT aHTO-
LMaHOBBI/ MOTEHLMAT MCCIeAYyeMbIX 06pasl[0OB BMHOTPaJa BapbupyeT
ot 735 mo 1976 mr/om3 1 xapaKkTepusyercss Kak CpeqHuii — OTIMUHbIIA.
YcTaHOBIEHA 3aBUCUMMOCTD MPOIEHTA IKCTPArMPyeMbIX aHTOLIMAHOB OT
MAacCOBOJ KOHIIEHTPaIyy caxapoB B BUHOrpaze bacrapno marapauckmit,
BbIp@)KeHHAs1 Tapabonnueckoit (QyHkumeit. MakcuMaibHasi CTeNEeHb
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ABSTRACT

The inevitable consequence of population growth is the development of agriculture and food production, which in turn has
an impact on the volumes of secondary raw materials production. The processing of these materials can present significant
challenges. One of the most effective solutions to this problem is the use of microbiological synthesis to create products
with high added value. A notable example is xanthan gum, a biopolymer that has been utilized in a multitude of industries,
including food, oil, pharmaceutical, and medicine. The value of xanthan gum is contingent upon its distinctive physicochemical
properties, particularly its capacity to enhance the viscosity of solutions. The process of obtaining xanthan gum is conducted
through the fermentation of liquid high-carbon media. The primary producer is the bacterium Xanthomonas campestris, a
phytopathogen of cruciferous plants, which converts carbohydrates into a biopolymer of commercial value. This literature
review examines several topics related to xanthan gum and its synthesis by X. campestris, with particular attention paid to the
success of obtaining the target product using food production waste and secondary agricultural raw materials.
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KJIIOYEBBIE CJIOBA: AHHOTALIN A

Xanthomonas Hensb6ekHbIM CI€ACTBUEM POCTa HACEJEHMUS SIBSETCS Pa3BUTHE CEJIbCKOTO XO3S/CTBA M MPOM3BOACTBA MPOAYKTOB MU-
campestris, TaHMsI, UTO B CBOIO OUepe/ib BAMSIET Ha 00beMbl TPOMU3BOACTBA BTOPUUHOTO ChIPbs. [lepepaboTKa 3TUX MaTepuaaoB Mo-
KCaHmMaHosast SKET TPeNICTaBIATh 3HAUUTENbHbIE TPYAHOCTU. ONHUM 13 Haubosnee 3GpGhEKTUBHBIX peLIeHMIT 3T MPO6IeMbl SIBISIETCS
Kamedv, GUOCUHMES, MCIIOb30BaHMe MUKPOOMOIOTMYECKOTO CMHTEe3a [IJIsl CO3[JaHMsl POOYKTOB C BHICOKOI N06aBIEHHOM CTOMMOCTBIO. SIpKUM
epmenmayus, MPUMEPOM SIBJISIETCSI KCAHTAHOBASI KaMeIb — G1OToMMMep, KOTOPBIi UCIIONb3YeTCs] BO MHOTMX OTPAC/ISIX MTPOMBbIIIITIEHHO-

8MOPUUHOE ChIpbeE,
0mxo0sl, GuonoaUMep

CTH, BKITIOYAs MUIIEBYI0, HePTIHYI0, hapMalieBTUUECKYIO, ¥ B MeaulHe. LIeHHOCTh KCaHTaHOBO Kamey 06yc/IOBIeHa ee
OTIIVUMUTENbHBIMU (DU3UKO-XMMUYECKMMIU CBOMCTBAMM, B YACTHOCTH, €€ CIIOCOGHOCTBIO TMOBBIIIATH BI3KOCTh PACTBOPOB.
Tpotiecc momyueHnst KCAaHTAaHOBOM KaMeay OCYIeCTBASIeTCs myTeM hepMeHTaIMM KUIKUX Cpel C BBICOKMM COfiepsKaHM-
eM yriaepona. IlepBUYHBIM IPOAYLIEHTOM sIBJisieTcsl 6akTepust Xanthomonas campestris — GUTONAaTOreH KPECTOLBETHbIX
pacTeHuit, KOTOPHIii TpeobpasyeT yrieBoabl B 6MOMOAMMED, MMEIOIINIT KOMMEPUECKYIO IIEHHOCTh. B 0630pe nTepaTypbl
paccMaTpuBaeTCs psifi TeM, CBSI3aHHBIX C KCAHTAaHOBOM KaMe/iblo U ee CMHTe30M X. campestris, TIpy 3TOM 0co60e BHUMaHue
yIenseTcs ycrexaM MoyYeHysl 1[eJIeBOT0 MPOAYKTa C UCIIONb30BAHMEM OTXOLOB MMIIEBOrO MPOMU3BOACTBA M BTOPUYHOTO
CeJIbCKOXO03SI/ICTBEHHOT'O ChIPBSI.

OUMHAHCHUPOBAHUE: CtaThsi NOATOTOB/IEHA B paMKaXx BbITIOTHEHMS CCIeIOBaHMIE 0 TocylapcTBeHHOMY 3amaHuio FGUS-2022-0003 ®T'BHY «®HIL
MMAIIEBBIX cucTeM uM. B. M. Top6aroBa» PAH.

1. Introduction notes, microorganisms are an integral component of production systems

Modern agriculture is confronted with a number of significant chal-
lenges, one of which is the issue of secondary raw materials. These mate-
rials are generated as a consequence of the processing of crops and live-
stock. The food industry also produces materials with complex chemical
compositions. The utilization of recycled materials in agriculture and the
food industry is therefore not only an essential aspect of the “green circu-
lar economy”, but also ensures competitiveness in the market [1]. The bio-
economy encompasses a number of interrelated aspects. One such aspect is
the development of new technologies for the production of useful chemical
compounds [2]. Biotechnology is the development of industrial processes
based on the microbiological synthesis of molecules that can be adapted
by humans to their needs. Through the vital activity of microorganisms,
cheap raw materials rich in carbohydrates, proteins and lipids are trans-
formed into new commercially important products [3]. As Manfred Kircher

FOR CITATION: Kurbanov, G. F., Prichepa, A. O., Sharova, N. Yu. (2024). Xan-
than gum: Secondary raw materials for biosynthesis, isolation and application. Food
Systems, 7(4), 515-522. https://doi.org/10.21323/2618-9771-2024-7-4-515-522

that utilize renewable resources [4]. Indeed, the introduction of biotech-
nological processes into the production system is leading us towards the
green economy of the 21st century. This practice has already been success-
fully applied to the recycling of animal and plant products [5,6]. Important
biopolymers can be obtained from agro-industrial waste [7].

2. Objects and methods

A literature analysis was conducted using scientific literature search
engines, namely PubMed and ScienceDirect. The literature search was
carried out using the following keywords: xanthan gum, xanthan gum ap-
plication, xanthan gum structure, Xanthomonas campestris, and xanthan
gum biosynthesis.

The work analyzed 63 scientific sources in English.

Criteria for inclusion and exclusion were as follows.
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Inclusion criteria:

Published scientific articles.

Publication period 1980-2024.

Publications from the Scopus\WOS databases.

Exclusion criteria:

Publications before 1980.

Publications not included in the Scopus\WOS databases.

The topic of the article is related to methods for obtaining xanthan
gum using secondary raw materials as the main source of carbon for
further use in the food industry.

OO0 00O

3. Xanthomonas campestris

The genus Xanthomonas was first described as a pathogen of toma-
toes in South Africa in 1921 under the name Bacterium vesicatorium. Daw-
son grouped the bacteria described by various scientists under the name
Xanthomonas, derived from the Greek words ‘xanthos’ meaning ‘yellow’
and ‘monas’ meaning ‘essence’, probably because of the yellowish color
of the bacterial colonies as they grow. It is hypothesized that xanthan
is produced as a response mechanism to stressful environmental condi-
tions. The bacteria of the genus Xanthomonas, which synthesize xanthan,
belong to the family Pseudomonas. They are gram-negative aerobic rods
and include species such as X. campestris, X. fragariae, X. albilineans, X.
axonopodis, X. citri, X. populi, X. maltophilia, X. phaseoli. The most com-
monly used plant for xanthan production is X. campestris NRRL B-1459
Xanthomonas campestris is an aerobic, gram-negative, mesophilic bacte-
rium with an optimum growth temperature of 25-30 °C and is inactive at
temperatures below 10 °C [8]. The bacterium has a filamentous structure
called hypersensitive response and pathogenicity (HRP) pili attached to
a type III protein secretion system, which provides the ability to transfer
bacterial proteins into the plant, as well as motility in water [9].

The complete genome sequencing of Xanthomonas campestris reveals
the presence of various metabolic pathways, including glycolysis/gluco-
neogenesis, the tricarboxylic acid (TCA) cycle, the pentose phosphate
pathway, and others. The organism obtains its energy source through oxi-
dative phosphorylation, carbon fixation, and the metabolism of methane,
nitrogen, and sulfur.

X. campestris obtains carbon from the host and converts it to glucose
through gluconeogenesis. Further studies have demonstrated that Xan-
thomonas campestris contains only the malic enzyme-PpsA pathway in
gluconeogenesis, which is essential for virulence. Additionally, this plant
pathogen contains a type III secretion system (T3SS), which is crucial for
host infection. The T3SS is pivotal in pathogenesis as it facilitates the
transport of effector proteins to suppress host defenses. The formation
of a biofilm on plant surfaces by X. campestris exemplifies intercellular
communication via the diffusible signal factor (DSF).

X. campestris can survive in soil for over a year and can be dispersed
through any water movement, including rain, irrigation and surface wa-
ter. The application of copper fungicides to healthy plants can reduce
the spread of the bacteria in the field. However, once a plant is infected,
X. campestris will eventually spread to the seed stem and suppress the
growth of healthy progeny [10].

The identification of X. campestris strains based on host or disease
symptoms is challenging due to the phenotypic variability observed in
these bacteria. One of the characteristics of Xanthomonas bacteria is their
ability to infect plants, with the capacity to infect more than 250 plant
species, including major crops such as cabbage, tomatoes, beans, cotton
and rice. Infection of cabbage with vascular bacteriosis can result in the
death of up to 100% of the plants, while infection of wheat with bac-
teriosis can reduce yield by 44-90%. In cotton, yield losses range from
15% to 45%, which can also have a significant impact on the agricultural
industry [11].

The genus Xanthomonas comprises bacteria that cause a variety of
plant diseases, including spotting, tumors, rot and wilt. They also cause
yellowing of bean leaves, spotting of cotton and leaf drop in carrots. Sev-
eral studies have demonstrated that fermentation, acid treatment and
heat therapy are effective in reducing bacterial contamination of seeds.
The use of highly active producer strains obtained through applied ge-
netics and breeding has played an important role in improving xanthan
production.

4. Xanthan gum. Structure and properties

Xanthan is a biological polymer with a branched structure. The mo-
lecular weight ranges from 1-10° to 20- 10 m/g [12]. The main chain con-
sists of D-glucose residues linked by a 3(1—4) bond. Such a disaccharide
is also called cellobiose. The side chain consists of a trisaccharide linked
by an a(1—3) bond. The trisaccharide is made up of mannose and gluc-
uronic acid. Attached to the backbone is D-mannose, which may contain
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Figure 1. Structure of xanthan gum [12]
Pucynok 1. CTpyKTypa KCaHTaHOBOJM Kamenay [12]

an acetyl group at position 6. Mannose is followed by glucuronic acid, to
which it is linked by a B(1—»2) bond. The trisaccharide is completed by a
mannose residue in a f(1—-4) bond with glucuronic acid. Of particular
importance for conformation is the pyruvate residue which terminates
the side chain. The presence of acetyl residues promotes the association
of side chain polymer molecules through hydrogen bonding. The pres-
ence of a pyruvate residue promotes the opposite effect through electro-
static repulsion [13]. Furthermore, the presence of acetyl and pyruvic acid
residues is not required in every monomer. The content of pyruvic acid
residues can be heterogeneous along the entire length of the polymer,
with an increased content in local areas[14].

There are several conformations in which xanthan gum occurs: linear
and helical. At room temperature the gum is a rigid and ordered chain. As
the temperature increases, the chain begins to dissociate from the double
helix into single molecules. When the temperature is raised to 60 °C, the
single helix assumes the state of a single coil [15]. Xanthan can change
its degree of ordering depending on the salt content of the solution [16].

The structure of xanthan gum is shown in Figure 1 [12].

5. Raw materials, components of the environment for xanthan
biosynthesis and factors influencing the process

The biosynthesis of xanthan depends on many factors, including the
strain of microorganism, as each strain consumes a different amount of
substrate, affecting the structure of the gum, the bonds and the incor-
poration of polysaccharide functional groups. For instance, the studies
[17,18] utilized date extracts exhibiting slight discrepancies in the fer-
mentation process, in addition to differences in the preparation of the
raw materials and the strains employed. The composition of the media
assumes significance, yet it is also imperative to contemplate the degree
of processing of the raw materials and the bioavailability. Media based on
natural and recycled raw materials deplete their components at a more
accelerated rate than their synthetic counterparts.

Furthermore, it is important to consider the method of isolating xan-
than gum and the centrifugation speeds employed, as well as the duration
of the centrifugation process. It is likely that the use of high speeds over
extended periods may result in the precipitation of short polymer chains
of xanthan gum, which could lead to higher product yields. However, this
may also result in a potential reduction in the quality of the gum sludge.

Synthetic media containing purified components provide optimal
conditions for the growth of Xanthomonas campestris biomass and the
biosynthesis of gum. These media are frequently subject to rigorous stan-
dardization, which ensures uniformity and predictability of the proper-
ties of the gum. Due to the purity of the constituents of such media, it
is possible to more easily control nutrients and cultivation conditions,
which promotes the production of gum with the desired characteristics.
The most essential nutrients for xanthan gum biosynthesis are an avail-
able carbon source, a nitrogen source, and minerals including phospho-
rus, calcium, magnesium, potassium, and iron, as well as some amino
acids. However, synthetic media are quite expensive, so the use of media
based on recycled materials is an interesting prospect. On such media,
Xanthomonas campestris receives a variety of organic substances, mineral
salts, and vitamins. These components can have an additional effect on
the yield and impart properties to the gum that cannot be obtained on



Kyp6aros I ®. u ap. | MMLUEBBIE CUCTEMbI |

a medium with a different composition. However, the use of such media
requires optimization to claim stability of gum properties as well as yield.
Table 1 presents examples of xanthan gum production using different
substrates as the main carbon source.

6. Macro- and microelements, temperature and pH factors of the
environment
6.1. Carbon sources

Carbon is a crucial macronutrient in the biosynthesis of gum, serving
as the primary source of energy for microorganisms and facilitating their
growth. The optimal carbon concentration in the medium during gum
biosynthesis is 2-4%, with deviations from this range leading to growth
inhibition. Currently, sucrose and glucose are the primary synthetic car-
bon sources employed for xanthan biosynthesis. It is also possible to use
other pure substrates, such as xylose, galactose, maltose, arabinose, fruc-
tose, etc., but the yield will be significantly lower, including due to the
inability to fully absorb some of the substrates. For example, X. campestris
does not express B-galactosidase, which ferments lactose and therefore
synthesizes low levels of xanthan in media containing lactose as a carbon
source [19,28,32,36]. Concurrently, there is evidence that it is possible
to utilize cheese whey, in which lactose is broken down into glucose and
galactose. However, the lack of protein in this substrate renders it insuf-
ficiently rich or accessible [27,36].

Xanthomonas employs the Entner-Doudoroff pathway in conjunction
with the tricarboxylic acid cycle pathway to metabolize glucose [8]. A wide
variety of waste can act as a source of carbon. Among the most prominent
examples are the use of winery wastewater and the hydrolysis of chicken
feathers. Firstly, these approaches are noteworthy for their recycling po-
tential, as they are waste generated in production. Secondly, it is impor-
tant to highlight the concept of hydrolyzing kitchen waste and using it
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as a raw material. Despite the greater instability of the composition, the
proposed option is worthy of consideration, as it can be optimized for
the production of ready-made food, which will lead to better uniformity
and repeatability of the composition. However, these approaches require
special care during processing due to possible contamination by other
microbial cultures. Nevertheless, they represent a potential component
of completely zero-waste production. There are articles in which the yield
obtained is two and even three times higher than with synthetic media.
Firstly, this may be attributed to the producing strain itself. However,
it is possible that the researchers employed disparate drying times and
temperatures, which resulted in disparate outcomes due to incomplete
dehydration. Alternatively, the researchers may have utilized disparate
substrate concentrations. For instance, the article by Khosravi-Darani et
al. [19] demonstrated a yield of 11.2 g/l, whereas the articles by Salah et
al. [22] and Ben Salah et al. [18] exhibited a yield of 24.5 g/l and 43.35 g/1,
respectively, when utilizing a date-based substrate. In this context, the
comparison of certain data is problematic. However, the possibility of
xanthan gum vyield being comparable to or higher than that observed in
synthetic, pure media is a highly promising avenue for further investiga-
tion and development.

6.2. Nitrogen sources

Nitrogen sources are also required by cells as a macronutrient for
growth, as they are a building block for proteins in Xanthamonas cells.
The most commonly used organic sources are peptone, yeast extract, corn
extract, and soybean meal. Rapeseed cake, which is widely available in
Russia, can also be considered an interesting alternative. The most com-
monly used nitrogen sources are yeast extract and peptone. Among in-
organic nitrogen sources, ammonium salts and various nitrates are the
most common, but ammonium salts are considered a more favorable op-

Table 1. An overview of X. campestris strains for gum production using different substrates
Ta6muiia 1. 0630p mraMmmMoB X. campestris JJist IPOM3BOACTBA KaMey, UCIIOIb3ys Pa3/IMYHbIe Cy6CTPAThI

. . Inoculum, Temperature, Mixing  Incubation .
Strain Main substrate o °C p speed, rpm time, h Yield g/1 Source
Glucose 5-10 28-30 7-7,5 200 96 14,744 [19]
Sucrose 5-10 28-30 7-17,5 200 96 13,234 [19]
Maltose 5-10 28-30 7-17,5 200 96 12,321 [19]
Xanthomonas campestris GK6 Soluble starch 5-10 28-30 7-17,5 200 96 12,1 [19]
Arabinose 5-10 28-30 7-17,5 200 96 10,958 [19]
Galactose 5-10 28-30 7-17,5 200 96 7,129 [19]
Fructose 5-10 28-30 7-7,5 200 96 5,232 [19]
Xanthomonas campestris PD656 Dry apple pomace 5 30 6,6—7,6 200 120 52,1 [20]
Xanthomonas campestris NRRL Date extract 5 30 7 180 72 4335 [17]
X. campestris NRRL B-1459 Date palm sap 5 28 7 180 48 24,5 [21]
Xanthomonas campestris PD656 Dry citrus juices 5 30 6,6-7,6 200 120 32.9 [20]
. Medium with processed ram
Xanthomonas campestris EBK-4 horns (3%) 10 28 7 200 60 25,6 [22]
Xanthomonas campestris Winery wastewater 10 30 7 475 96 24,18 [23]
ATCC13951 Peach pulp 10 28 6,0 150 72 22,5 [24]
Xci/NIGEB-386 Pegah Dairy Whey Powder 10 28 7,2 200 120 22,7 [25]
Xanthomonas campestris pv. . .
Campestris strain, ATCC33913 Moist olive pomace 10 28 7 250 76 21,64 [26]
X. campestris PTCC1473 n X.
pelargonii PTCC1474 Cheese whey 5 28 7 250 48 16,4 [27]
. Cheese whey 10 32 7 550 72 16,3 [28]
Xanthomonas campestris PTCC1473
Date extract 5 28 6 200 72 11,2 [18]
Isolate Xanthomonas sp. MO-03 Chicken feather hydrolyzate 5 30 7 200 54 14,56 [29]
X. campestris LRELP-1 Kitchen waste hydrolyzate 10 30 7 300 120 11,73 [30]
Isolate Xanthomonas campestris Pineapple waste 5 30 7 120 72 10,34 [31]
X. campestris MTCC2286 Sugar cane molasses 5 30 7 180 48 10,3 [32]
X. campestris CCTCC M2015714 Glycerin, crude glycerin 10 30 7 300 90 7,9 [33]
Xanthamonas campestris 0.5% Tapioca pulp treated
(NCIM 2954) with sulfuric acid 5 28 6.8 200 72 nl (34]
X. campestris NCIM 2961 Beer grains (brewery waste) 5 32 6 200 72 571 [35]
X. campestris mangiferaeindicae Crude glycerin biodiesel 20 28 7 700 120 5,59 [32]
X. campestris pv. manihotis Milk permeates or
IBSBF1182 deproteinized cheese whey 10 28 7 180 9% 1 [36]



Kurbanov G. F. et al. | FOOD SYSTEMS |

tion for gum biosynthesis. At the same time, there is evidence that the use
of ammonium phosphate as a nitrogen source can increase the pyruvate
content in the gum structure [37].

It is essential to regulate the nitrogen level at the initial stages of xan-
than gum biosynthesis, as this promotes rapid cell growth. Conversely,
in later stages, carbon levels are of greater importance. Other promis-
ing organic nitrogen sources include meat peptones, casein peptones,
and soy peptones. However, they are inferior to monosodium glutamate
as the main source of nitrogen, which gives a very high biomass yield.
Ammonium citrate is also a promising option, although its use can be a
highly contentious one, as it has the potential to increase the number of
citrate ions. The use of ammonium acetate has been reported to result in
very low biomass yields [20].

6.3. Effect of precursors (enhancers)

Potassium salts, calcium salts and phosphates, zinc and magnesium
sulfates are frequently added during the synthesis of gum. The presence
of phosphorus and magnesium directly influences the growth of Xan-
thamonas campestris, while the presence of sulfur and phosphorus di-
rectly influences gum production. Furthermore, phosphates are required
to reduce pH fluctuations in the culture [38]. In addition to the aforemen-
tioned sources of microelements, boric acid, zinc chloride and iron (III)
chloride are also employed in the composition of the medium for gum
biosynthesis. It has been reported that the use of organic acids during
the biosynthesis process can stimulate the production of xanthan gum.
Citrate is known to stimulate the production of xanthan gum by Xan-
thamonas campestris, however this leads to a change in the pH of the en-
vironment. It has been demonstrated that a citrate concentration in the
culture fluid of between 0.09% and 0.18% is optimal. Furthermore, citrate
can be employed as a chelating agent to prevent the precipitation of salts
during the sterilization of the medium. Pyruvate is also of significance, as
it affects the structure of xanthan gum.

There is evidence that a high nitrogen content can increase the pyru-
vate content in the gum structure [37].

Acetic acid can enhance the dissolution of xanthan because it is a
weak carboxylic acid, in which xanthan gum can dissolve.

6.4. Effect of temperature and pH

It can be observed that temperature plays an important role in the
biosynthesis of xanthan gum. The influence of temperature is associ-
ated not only with the creation of optimal conditions for the produc-
tion of biomass, but also with the very structural state of xanthan gum.
The optimal temperature for the growth of Xanthamonas campestris is
considered to range from 25 °C to 30 °C. Concurrently, the biosynthesis
of xanthan gum can occur between 25 °C and 35 °C. However, increas-
ing the temperature to the upper limits of the range causes acetates
and pyruvates to be incorporated into the xanthan gum chain less ef-
fectively, resulting in a decrease in the average molecular weight and
viscosity. It is postulated that the optimal temperature is approximately
28 °C [38]. However, there are instances where higher temperatures have
been employed during the fermentation process[17,20,23,30,32,33,35].
This is attributable to the distinctive features of the strain or techno-
logical process, as fermentation in certain media necessitates disparate
temperature parameters.

The acidity of the environment is also of significant importance for
both the growth of the microorganism and the production of gum. How-
ever, the optimal values for these processes do not align perfectly. The
optimal pH for the growth of X. campestris bacteria is between 6 and
7.5. Conversely, the pH for gum production can range from 6.0 to 8.0,
with a neutral value of 7.0 being the most commonly preferred [39]. It
is also crucial to regulate the pH during the fermentation process. Any
deviations from the optimal pH are to be avoided, as a decrease in pH
towards the acidic side leads to the loss of pyruvic acid groups [40], and
an increase towards an alkaline environment leads to the loss of acetyl
groups [41].

7. Biosynthesis of gum: a detailed account of the main stages and
modes of the biotechnological process
7.1. Preparation of raw materials
The biosynthesis of xanthan gum involves a number of steps. The first
of these is the preparation of the nutrient medium. Synthetic media are
often used in this process, as they are easier to prepare than secondary
agricultural products. However, they are significantly more expensive. In
order to use secondary raw materials as a nutrient medium for biosyn-
thesis, it is necessary to carry out mechanical processing and hydroly-
sis. Hydrolysis can be chemical, using 1% sulfuric acid or enzymes. For
enzymatic hydrolysis, a variety of enzymes may be employed, including
cellulase, amylase, glucoamylase, and pectinase [42].
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7.2. Inoculum value

Firstly, an inoculum is prepared that involves a high concentration of
cells and a low concentration of xanthan gum. This is done in order to re-
duce the lag phase during the main fermentation. At the time of transfer
of fresh bacteria into the biosynthesis medium, they have not yet formed
a xanthan shell, and as a result, the transport of substances inside is fa-
cilitated [43]. An inoculum that is transferred too early may not contain
sufficient cells. Conversely, the inoculum culture introduced during the
dying phase may lack the requisite number of cells for active division.
The most common inoculum age is 36-48 hours. After approximately
48 hours, the culture begins to enter the stationary phase, during which
active division and biomass growth will not be observed.

In this context, the mass fraction of the inoculum also plays a role
in the biosynthesis of xanthan gum. In most cases, the applied inocu-
lum comprises 5-10% of the total inoculum mass. This parameter also
depends on the duration of inoculum cultivation. In addition, there are
complex environments for gum biosynthesis that require specific condi-
tions. For instance, during the biosynthesis of gum on a medium where
the primary source of energy is glycerol, the optimal mass fraction of in-
oculum is 20% [32].

7.3. Fermentation process

The primary fermentation process is conducted within bioreactors,
which are equipped with stirring and bubbling mechanisms. Nevertheless,
the utilization of bioreactors with airlift mixing has been announced. The
yield of xanthan gum is contingent upon a multitude of factors, including
pH, oxygen content, temperature, medium composition, osmotic shock,
aeration system, mixing system, and bioreactor design [44].

During the cultivation process, the concentration of pyruvate and ace-
tyl increases within the xanthan gum structure, as does the molecular
weight. Once the substrate has been completely utilized and the cells be-
gin to die, fermentation ceases, thus indicating that continuous fermen-
tation is preferable in order to achieve the maximum fermentation time
and production.

Both batch and continuous cultivation can be employed to produce
xanthan. Batch cultivation is associated with a high percentage of sub-
strate conversion to gum, although it requires more than two days.
Batch cultivation is effective in terms of substrate conversion, with an
estimated range of 75-80%, while continuous cultivation is estimated to
be 65-70% [45]. In laboratory settings, batch cultivation is the preferred
method, whereas on an industrial scale, continuous cultivation is more
commonly employed. The utilization of secondary raw materials within
this mode is also feasible, although in most cases, pre-processing of the
raw materials is required.

The typical duration of the process is approximately 72-96 hours, al-
though laboratory conditions may result in a shorter timeframe. However,
there are also cultivation processes that can extend up to 120 hours. The
aforementioned factors influence the outcome of the cultivation process,
which is dependent on the chosen mode of cultivation and the composi-
tion of the medium, as well as the availability of the main substrate. It
is therefore not possible to predict optimal conditions, and experiments
should be conducted to identify the most suitable conditions.

7.4. Mass transfer during the fermentation process

Xanthomonas campestris is an aerobic microorganisms, therefore an-
other crucial factor is the availability of oxygen to the environment. The
speed of the mixer ensures access to oxygen, which is of great importance
in the process, as the growth of X. campestris and the increase in gum
content in the medium result in a significant increase in viscosity. This
affects mass transfer, including the dissolution of oxygen and the uniform
distribution of nutrient concentrations [46].

Inoculum growth and laboratory experiments require the use of shak-
er incubators to ensure the mixing of the liquid and the supply of air to
the volume. The optimal stirring speed for flasks is 180 to 200 rpm, while
the most common stirring speeds for fermenters are 500 to 700 rpm.
Additionally, the aeration rate must be considered when working with
fermenters. This parameter is most often found in values ranging from
0.5 to 1.4 /1 xmin [10]. In this instance, the biosynthesis of gum is di-
rectly proportional to the presence of oxygen in the medium. However,
an excessive aeration rate can result in hydrodynamic stress, which in
turn leads to a reduction in the maximum mass of the resulting product
[47]. One potential solution to the problem is to consider modifying the
aeration mode and mixing speed during the fermentation process. This
could help to circumvent the challenges of hydrodynamic stress at the
outset of the cultivation process and oxygen deficiency during biomass
accumulation. This, in turn, necessitates the need to optimize conditions
and to implement a process of constant regulation of the air supply and
mixing speed [32,48].
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7.5. Isolation of xanthan from culture liquor

The culture liquid derived from Xanthomonas fermentation may con-
tain up to 3% (w/w) xanthan gum and up to 0.1-0.3% (w/w) dried cells.
Additionally, approximately 0.1-1.0% (by weight) of unused media com-
ponents may be present. These figures necessitate the removal of approx-
imately 95% of the culture fluid mass. The following steps are required to
obtain a pure polymer:

1) Deactivation and removal of cells or their lysis.

2) Precipitation of the polymer.

3) Dehydration.

4) Drying.

5) Grinding.

The culture liquid obtained after fermentation can be pre-treated by
heating until intense evaporation in a water bath or by heating to approx-
imately 80°C, or with chemical agents (hypochlorite, alkalis, enzymes,
ketones, alcohols). The use of chemical agents can cause pH changes that
reduce the pyruvate in xanthan gum, and enzymes can be quite expen-
sive. The most common method of heating is temperature-based, as at
elevated temperatures, xanthan gum dissolves, reducing the viscosity of
the culture fluid. In such instances, it is recommended to add potassium
or sodium chloride to reduce the viscosity of the solution, facilitating ef-
fective precipitation or filtration in the future. However, excessive tem-
peratures can lead to degradation of the gum. Nevertheless, the following
conditions are met: the optimal temperature range for this process is 80—
130°C, with a duration of 10-20 minutes; the pH should be maintained
within the range of 6.3-6.9. While ultrasonic methods can be employed,
they have the potential to alter the structure of the gum, resulting in the
fragmentation of its chains. Consequently, these methods are not univer-
sally applicable.

Following pretreatment, centrifugation is typically employed to sedi-
ment the cells and some of their metabolites, insoluble solid compounds.
An alternative approach is filtration through a filter with pore sizes of
0.45 pm, given that the X. campestris cell is 0.4-0.7 pm wide and 0.7-
1.8 pm long. Centrifugation at 4 °C is the preferred method, with speeds
ranging from 10,000g to 20,000 g, depending on the desired purity. Some
researchers employ ultracentrifugation at speeds above 25,000 g, which
allows for higher yields due to the precipitation of small gum chains.
However, in production, this method is not able to provide a sufficiently
high yield relative to the costs. The use of filtration is also acceptable,
although it is employed to a lesser extent due to the high viscosity of
the solution. Following centrifugation, the supernatant is collected, from
which extraction is carried out by the addition of alcohols (methanol,
ethanol, isopropanol) or acetone. Some studies employ the use of chilled
alcohols or acetone. However, alcohols and acetone are not solvents for
xanthan gum, which leads to phase separation and leaching of impurities.
The most commonly used ratios are 1:3 of supernatant to alcohol or ac-
etone, but a 1:4 ratio is recommended for complete precipitation. Follow-
ing this, repeated centrifugation is employed at speeds ranging from 7000
to 14000 g for 5-20 minutes at room temperature. It is also permissible to
use salts in the formation of complexes. These include polyvalent cations
such as calcium, aluminum and ammonium salts. However, subsequent
purification from salts is required if the product is to be used in the food
industry. If filtration was used, it is necessary to refiltrate through a filter
with pore sizes of 100 microns. Ultrafiltration is also available, but in pro-
duction conditions it is cheaper to use other methods [8,49].

Subsequently, the xanthan gum must be dried. The conditions em-
ployed for this process vary considerably, with the most common being
drying at 50-70°C for 24-48 hours. Once dried, the gum can be ground
using a stainless-steel sieve, ultrasonic treatment or other suitable
methods.

8. Applications of xanthan gum

Xanthan gum has a multitude of industrial applications and is poised
for significant growth in numerous fields. This is largely due to its
unique physicochemical properties, including high viscosity even at low
concentrations in solution, solubility in both cold and hot water, and
stability over a wide pH range. Xanthan gum is utilized as a stabilizer,
thickener, and emulsifier for emulsions and suspensions. Among the
areas of application, the food industry, hygiene and cosmetology, the
agricultural industry, and pharmacology are especially distinguished.
However, as previously mentioned, xanthan gum has found other areas
of application: the paper and textile industries, and the oil industry.
Moreover, the structure of xanthan gum can be subject to numerous
modifications, which expands the range of potential applications of this
biopolymer [50].

The applications of xanthan gum are shown in Figure 2 and described
in more detail in Table 2.

Agricultural
industry

Oil industry

Xanthan
gum

Hygiene and
cosmetology

Paper making and
textiles

Construction
industry

Pharmacology
and medicine

Food industry

Figure 2. Areas of application of xanthan gum
PucyHoK 2. O6/1acTi IpUMMeHeHNsI KCAHTaHOBOJ KaMeau

8.1. Food industry

Xanthan gum plays a pivotal role in baked goods, acting as a gelling
agent that enhances the structural integrity of the dough, imparting elas-
ticity and optimal texture and shape to the final product. Furthermore,
it facilitates the increase in the viscosity of the dough, which in turn fa-
cilitates the unfolding of the dough during the baking process and also
enhances its resistance to breaking [54].

In beverages, gum is employed primarily as a stabilizer, preventing the
separation of fruit purée and other solids from the liquid portion of the
drink. This maintains a uniform appearance of the drink and prevents
separation over an extended period. Additionally, xanthan gum contrib-
utes to the creation of a thicker, creamier texture for the drink, enhancing
mouthfeel and increasing satisfaction [8].

In sauces, salad dressings and soups, xanthan gum acts as a stabilizer
and thickener. It helps to maintain the smoothness and structure of the
sauce, preventing it from separating and coloring, and giving it a creamier
texture. Thanks to xanthan gum, sauces and dressings are easier to mix
and distribute on the surface of dishes, and they also better retain their
shape and consistency during storage and serving [32].

In dairy products such as yoghurt, ice cream and milkshakes, xanthan
gum is employed as a stabilizer and thickener. It assists in maintaining
a uniform and stable product texture, prevents separation of whey and
other liquid components, and improves viscosity and creamy texture [12].

In desserts such as puddings, mousses and jellies, gum acts as a sta-
bilizer and thickener. It helps to maintain the shape and texture of the
dessert, preventing separation and lightening of its components, and also
gives it a creamier and smoother consistency [8].

In prepared foods such as canned foods, soups and semi-finished prod-
ucts, xanthan is employed to enhance the texture, structure and stability
of the product. It facilitates the maintenance of its shape and consistency
throughout the production, storage and heating process, and improves its
appearance and mouthfeel [8,55]. Xanthan gum is also employed in the
modification of traditional recipes with the objective of stabilizing them,
improving their quality and appearance [56].

In the field of food packaging, xanthan gum is regarded as an ingre-
dient that facilitates the formation of a robust and resilient film, thereby
preventing the penetration of air, moisture, and other external factors that
could potentially compromise the quality and freshness of the product [57].

8.2. Hygiene and cosmetology

Xanthan is employed in toothpastes to confer the requisite viscos-
ity and stability, enhance fluidity, and facilitate the formation of a stable,
creamy lather. It is an optimal binder for all types of toothpastes, including
gel and pump varieties. The shear-reducing property of xanthan gum en-
hances the flow of these products, rendering them simple to remove from
tubes or pumps. Furthermore, xanthan gum gives toothpastes a shiny,
glassy appearance and ensures their stability on the brush. In creams and
lotions, xanthan gum is used to give them the correct viscosity and stabil-
ity, improve their flow and provide suspension to insoluble solids. It also
promotes the formation of a stable, creamy foam, making them more com-
fortable to use and feel pleasant on the skin. In shampoos, xanthan gum is
employed to impart the requisite viscosity and stability, as well as to en-
hance the flow. It facilitates the suspension of insoluble solids and the for-
mation of a stable foam, which renders shampoos more convenient to use
and ensures an even distribution of the product throughout the hair [32].

8.3. Pharmacology and medicine

Xanthan gum is employed in the manufacture of medicinal tablets as
a filler, providing the tablets with the requisite structure and volume. It
is also utilized in the form of supportive hydrogels, which regulate the
release of drugs within the body.
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Table 2. Use of xanthan gum in different areas and its functions
Tabmuua 2. icrioib30BaHMe KCAHTAHOBOJ KaMeay B Pa3IMYHBIX 00/1acTIX U eé pyHKumm

Application area Application Function Source
Bakery products  As a gelling agent, it can be used to improve the elasticity of a gluten-free product and to bind water.
Beverages To impart uniformity and suspension of pulp in drinks; as a thickener for specialty drinks
Sauces, salad _— . . . . Lo .
dressings, soups Improved stability; ensuring the viscosity of the fluid flow; giving consistency
Food industry Dairy To give stability to yoghurts; moisture retention, temperature stability [32]
Dessert To increase elasticity and viscosity in fillings and creams; giving consistency
Ready meals To improve stability; moisture retention; stabilization of emulsions
Meat products To improve stability; moisture retention
Cling film Application possible due to pseudoplastic properties, as well as temperature and pH stability
Toothpastes Provides serving consistency as well as stability
Hygiene and Creams and lotions Stabilization of emulsions and giving creams their consistency (8]
cosmetology Shampoos Suspending insoluble substances, imparting consistency
Cleaners Improved stability, increased contact time on uneven surfaces
D For tablets it delays the release of the drug, for suspensions and emulsions
rugs L . Al 2 .
it improves their stability; prevention of phase separation
Pharmacology — - ~ —— - - [51,52]
Drug delive A promising agent for drug delivery in case of binding with nanoparticles
8 ry or with specific modification of structure
. Liquid animal feed As a stabilizer
Agricultural Pesticid doth 32,53]
industry esticides and other Suspension of active components; control of splashing and adhesion to the surface ’
treatment solutions
Polishing pastes Suspension of abrasive components
Textile Control color migration, improve processing
Paper For suspension and rheological properties
Other areas - . . . 8]
Ceramics For suspending solid particles

0Oil production
Water based paints

Xanthan gum is employed to stabilize suspensions of insoluble materi-
als, such as barium sulfate for X-rays and complexed dextromethorphan
in cough preparations. It is also utilized in colonic drug delivery systems,
where it provides stable and efficient delivery of active ingredients [52,58].

Additionally, there is a growing tendency towards the utilization of
modified forms of xanthan gum. The majority of modified forms of xan-
than gum are employed in the form of hydrogels as a carrier of medicinal
molecules [58,59].

Xanthan gum can be employed as a scaffold for a variety of nanopar-
ticles. This design can be utilized for diverse purposes, contingent on the
nanoparticles attached [60]. Chromium nanoparticles with a xanthan
gum framework can be utilized to detect heavy metal ions [61].

8.4. Agricultural industry

In liquid animal feeds, such as milk replacers for calves and piglets,
xanthan gum is employed to stabilize the suspension of insoluble sub-
stances, thereby ensuring uniform distribution of nutritional compo-
nents and improving feed digestibility. In sauce-based pet foods, xanthan
gum is frequently utilized in conjunction with other stabilizers and bind-
ers, including LBG and guar gum, in order to guarantee a uniform texture
and product stability [8].

In the field of agriculture, xanthan gum is employed in pesticide, her-
bicide, and insecticide formulas to enhance the fluidity and stability of
solutions. It facilitates the maintenance of uniformly suspended particles
of active ingredients in solution, which results in more effective and uni-
form coverage of the treated surface and an increase in the contact time
between the pesticide and the target plants or pests [32,53,57].

8.5. Other applications

Xanthan gum is the preferred thickener in polishing compounds used
on metal and other surfaces due to its pH stability and flow properties. It
provides uniform coverage and ease of removal, which are essential char-
acteristics for such compounds [8].

In the textile industry, xanthan gum can be employed as a stabilizer
or additive to ensure uniformity and texture stability in textile fibers or
yarns, and to enhance the properties of dyes or impregnations [8].

In the paper and board industry, xanthan gum can be employed as a
stabilizer to maintain the suspension of additives or coatings while en-
suring uniform distribution and print quality. In the ceramics industry,
xanthan gum can be utilized as a stabilizer or thickener in ceramic glazes
or paints, providing ease of application and uniform coverage, as well as
improved texture and shade [8].

For salt and pH resistance

To improve rheological properties

In the dyeing industry, xanthan gum can be employed in water-based
paints as a thickener or stabilizer, thereby ensuring uniform distribution
of pigments or fillers, maintaining the quality of the paint and facilitating
its application [8].

In the field of construction, xanthan gum can be employed as an ad-
ditive in cement mixtures with the objective of enhancing resistance to
high temperatures [62].

Emulsions based on xanthan gum in combination with other gums can
be employed in the 3D printing of emulsions, which in turn can be uti-
lized in a variety of industrial applications [63].

Xanthan is a widely used additive in oil recovery processes due to its
ability to control water and stabilize slurries under extreme conditions
of temperature and high salt concentration. Even in small quantities,
xanthan provides high viscosity to solutions, which gives them pseudo-
plasticity and improves the process of extracting oil from small pores in
pipes. In the petroleum industry, xanthan is used in drilling fluids, pipe
cleaning and hydraulic fracturing due to its stability in high salt concen-
trations and protection from high temperatures. In the tertiary oil recov-
ery process, xanthan is employed to create a thickened solution that ef-
fectively removes residual oil from porous rock. However, it is important
to note that when using xanthan to enhance oil recovery, it is necessary
to remove particles such as cells that can clog porous oil-bearing forma-
tion [32].

9. Conclusion

A conclusion was reached based on the results of information re-
search, analysis of scientific publications and comparison of experimen-
tal data obtained by scientists from different scientific groups. They show
that the use of secondary raw materials is a promising solution to the
problem of processing agricultural waste, with the production of biopoly-
mers, such as xanthan, being one such solution. The distinctive proper-
ties of xanthan gum have been known for a considerable period of time.
However, the developed methods for its production are based on the fer-
mentation of individual simple carbohydrates, such as glucose, sucrose,
maltose, arabinose, galactose, and fructose. Alternatively, it can be pro-
duced as part of soluble starch. The above substrates are expensive sourc-
es of carbon, while agricultural processing products provide a relatively
cheap and effective alternative. Biotechnological processes, including the
fermentation stage of various secondary raw materials, exhibit relatively
high rates. The range of secondary raw materials is diverse and encom-
passes almost all sectors of the food industry. Thus, extracts, juices, se-
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rums, hydrolysates, molasses, fruit pulp, brewer’s grains, and raw grains
represent a non-exhaustive list of promising secondary raw materials for
the production of xanthan by biotechnological means. The composition
of the culture medium for the productive biosynthesis of xanthan, as well
as the parameters (temperature, pH of the medium, air exchange to pre-
vent hydrodynamic stress) that affect the biosynthesis and subsequent
purification of the cultural liquid, are controlled in order to optimize the
release of xanthan gum. The secondary raw materials mentioned in the
review include important macroelements, such as carbon and nitrogen,
which are essential for the balanced nutrition of the microbial producer.

It is important to highlight the impact of specific microelements on
xanthan biosynthesis, particularly precursors. The presence of these in
trace quantities can lead to the formation of the target metabolite.
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The purification and isolation of xanthan is a multi-stage process that
employs solvents. The quantitative yield is contingent upon a number of
factors, including the rheological properties of the culture liquid.

The physicochemical properties of xanthan gum, including its high
viscosity even at low concentrations in solution, solubility in water at dif-
ferent temperatures, and stability over a wide pH range, determine the
scope of its application. Xanthan gum is widely used in the food industry,
in hygiene and cosmetology products, pharmacology and medicine, the
agricultural industry, and other areas.

Consequently, there are prerequisites for the development of xanthan
gum technologies that utilize not only expensive individual carbohydrates
as a carbon source, but also secondary raw materials. Furthermore, the
quantitative content of the culture liquid indicates that this is a priority.
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nuuyesste npodykmel,  TlosiBJIEHME HOBBIX TEXHOIOTMI TPOU3BOACTBA MPOAYKTOB MMUTAHVS M COBPEMEHHbIE TeH/IEHIIMYU B UCIIONb30BAHUM aJIbTep-

cocmas nuwju, Memoobl HATUBHBIX MCTOUHMKOB ChIPbs TPEOYIOT COBEPIIEHCTBOBAHMS [TOAXOMO0B K aHAIM3Y XMMMUUYECKOTO COCTaBa 3TUX MPOLYKTOB.

aHanusa, cpedcmea B xope ruiaHupoBaHust paboT MO MPOBEHEHNI0 aHATUTUUECKUX UCCIeNOBaHMii BO3HMUKAET LIeJIblii psi BbI30BOB: UAEHTU(U-

ucnsimaHus Kauysi caMux 06bEKTOB MCC/IeIOBaHMS; BbIGOP METOOB M MHCTPYMEHTOB MCC/IeNOBaHMit; obecrieueHne pernpe3eHTaTuBHO-
CTY Y BaJIMTHOCTY MTOTy4aeMbIX pPe3yabTaToB. [Ipy BbIGope M 060CHOBAHUY METOAMK MCCIeA0BAHMSI HEOOXOAVMO ONMPAThCS
Ha 60sbI10e YncIo HaKkTOPOB, K KOTOPBIM OTHOCUTCS KaK IOATBepsKIeHe NeiiCTBUTEIbHOTO COCTaBa IMPOSYKTOB MMUTaHMS,
BKJIIOYAlOLlee B ce6s onpesiesieHyie HellpeJHaMepeHHO MIPYUCYTCTBYIONUINMX BEIeCTB, TaK U JOCTOBEPHOCTH [TOTyYaeMbIX JaH-
HBIX C YYETOM BbIGPaHHBIX MHCTPYMEHTAIbHbBIX MeTOLOB. Llenb paboTbl — 060061eHNe Y CUCTeMAaTU3aLMs CYL[HOCTH U Xa-
PaKTePUCTMK OCHOBHBIX METOIOB aHa/IM3a MUILEBBIX TPOLYKTOB, a TAK)Ke OLIEHKA MMEIOIIMXCS TTOIXOL0B K 060CHOBaHMIO
Y IPUMEHEHUIO MHCTPYMEHTA/IbHBIX METOAO0B aHa/IM3a B OTHOILIEHV!M HOBBIX BUI0OB HV[HLEBOIZ NPpOAYKUUN. B pa60Te mpoBe-
IleH 0630p MUTepaTyphl N0 MHCTPYMEHTAJIbHBIM MeTOLaM MCCIe0BaHMsl, MUCIIONb30BaHHbBIM IJISl TIONyYeHMs] 3HauUeHuit u3
HauboJee TPeCTABUTEIbHBIX MEKIYHAPOIHBIX 6a3 JaHHBIX O cocTaBe muiieBbix MponykroB (FAO/INFOODS, USDA NDL,
Fineli, Frida), a Taxke 13 6a3 JaHHBIX XMMMUYECKOTO COCTaBa MUILEBbIX MPOAYKTOB Poccuny, SInoHmum u ABctpanuu. s nou-
CKa OMVCAHVSI ¥ 0COGEHHOCTel IpMMeHeHNMsT aHAIMTNIEeCKOr0 060PyAOBaHMS M aHAIMTUIECKUX METOLOB JCIIONb30BaIVICh
3JIeKTPOHHbBIe 6ubIMoTeuHbIe cucTeMbl Web of Science, Scopus, E-library, ResearchGate, Google Scholar, Microsoft Academic,
Science Direct. OcBellleHa po/ib pa3aMYHbIX METOOB MCCIe0BaHNs: POTOMETPUUECKUX U ATeKTPOPOPeTUYECKUX, TUTPUIMeE-
TPUUECKUX, IKCTPAKLIMOHHBIX, XpOMATOrpadueckXx, ClIeKTPOCKOMUYEeCKUX, UMMYHO(EepMeHTHBIX, a TAK’)Ke OCHOBaHHBIX Ha
MOMMMePa3Hoii LIeMTHOM peakuyy U Ha UCIIONb30BaHMM MarHUTHO-SJEPHOTO pe3oHaHca, GOKOBOTO ITOTOKa U anekTpodope-
3a. B OTHOLIEHUM yKa3aHHBIX METOJOB BblZe/eHbl 6a30Bble MPUHIUITbI, 0COGEHHOCTM U CYIeCTBEHHbIE YCIOBYS IIPMMeEHe-
HMSL, CIOKMBIIMECS TPAKTUKY, @ TAKXKe IIPOBeJleHa CpaBHUTEIbHASI OLleHKa T10 TaKMM KPUTEPUSIM, KaK CKOPOCTb IOITyYeHMsI
pesynbTaTa, CTOMMOCTb, BOCIIPOM3BOIMMOCTD ¥ UyBCTBUTEIBHOCTD. [10yueHHbIe B JaHHOJ paboTe pe3y/nbTaThl IPY3BaHbI
06JIerynThb 33a4y MccIeoBaTeseli 1o GopMMUpOBaHMIO CTPATEIMM M3MepPEHNS Pa3IMYHBIX XMMMUYECKIX CBOMCTB HOBBIX pa3-
pabaThIBaeMbIX MUIEBBIX TPOSYKTOB.
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food products, The emergence of new technologies for food production and current trends in the use of alternative sources of raw materials
food composition, require improved approaches to the analysis of the chemical composition of food products. In the course of planning work
methods of analysis, to carry out analytical research, a number of challenges arise: identification of the research objects themselves; selection of
testing equipment research methods and tools; ensuring the representativeness and validity of the results obtained. When choosing and justi-

fying research methods, it is necessary to rely on a large number of factors, which include both confirmation of the actual
composition of food products, including the determination of unintentionally present substances, and the reliability of the
data obtained, taking into account the selected instrumental methods. The purpose of this work is to generalize and system-
atize the essence and characteristics of the main methods of food analysis and evaluate existing approaches to the justifica-
tion and application of instrumental methods of analysis in relation to new types of food products. This paper reviews the
literature on instrumental research methods used to obtain values in the most representative international databases on the
composition of food products (FAO/INFOODS Food Composition Databases, USDA NDL, Fineli, Frida), as well as databases of
the chemical composition of food products in Russia, Japan and Australia. To search for descriptions and features of the use
of analytical equipment and analytical methods, electronic library systems Web of Science, Scopus, E-library, ResearchGate,
Google Scholar, Microsoft Academic, Science Direct were used. This review highlights the role of various research meth-
ods: photometric and electrophoretic, titrimetric, extraction, chromatographic, spectroscopic, immunoenzymatic, as well as
those based on the polymerase chain reaction and the use of nuclear magnetic resonance, lateral flow and electropheresis.
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In relation to these methods, the basic principles, special features and essential conditions of use, established application
practices are highlighted, and a comparative assessment is carried out in the context of criteria, such as speed of obtaining
results, cost, reproducibility, and sensitivity. The results obtained in this work are intended to facilitate the task of researchers
in developing strategies for measuring various chemical properties of new food products under development.

1. BBegenue

AKTya/bHbIE 33Ja4¥ OpTaHM3aLMY IUTAaHMS HaceJleH!sI 3HaUUTeIbHO
TpaHchOPMUPOBAINCH I10 CPABHEHUIO C NPEebIAYIIMMM AEeCSITUIeTUSIMMU,
ITOCKOJIbKY TPeHIbl B MoTpebaeHnu [1-4] ¥ MPOM3BOACTBE MPOLYKTOB
nuTaHust [5-8] cTpeMuTeNbHO MEHSIIOTCS. Pacupuinnch BO3MOXKHOCTYI
JUTSE U3YyYeHMsT HYTPULMONIOTMYeCKUX U (GU3MONOrMYeckux acleKkToB yc-
BOeHMsI uIeBbIX BentecTs [9,10]. 3Tu npoueccsl chopMmpoBany HOBble
BBI30BBI, TPEGYIOIYE IIepeCMOTpPa IPYOPUTETOB B MIPUK/IAJHBIX KOTMYe-
CTBEHHBIX MCCIeJOBAaHMAX M aHAIMTUYECKUX MHCTPYMEHTAX, UCIIOIb3ye-
MBbIX JIJIST peleHus 3a7a4 Mo pa3paboTke 1 060CHOBAHMIO 6€30TaCHOCTI
" 3GQeKTUBHOCTY PAIIOHOB MUTAHMS AJISI PA3IMUYHBIX IIeNeBbIX KOH-
TUHT€HTOB.

[NosiB/ieHMe HOBBIX TEXHOJIOTMII POM3BOACTBA U, KaK CJIefICTBME, HO-
BbIX MUILEBBIX IMPOOYKTOB NPUBEJIO K LIEJIOMY CIIEKTPY MpobsieM, CBS-
3aHHBIX C BbI60pOM METOOOB aHa/IM3a XMMMUUYECKOI'O COCTaBa IMUIIEBbBIX
MPOZYKTOB, & TAKXKe C OL[eHKOM MX 6e30MacHOCTY U KauecTBa. B kauecTse
NpyMepa MOKHO IPUBECTM CUTYaLIMIO, KOTA ITPK aHan3e 6e30MacHOCT
TPeX OCHOBHBIX I'PYIII «HOBOJi MUIIM» B KATETOPUY TPOAYKTOB KMBOTHO-
'O IPOUCXOXKAEHMS (KYJIbTUBMPOBAHHOI'O MsIca, 6esika HaCeKOMBIX U Msica
I'M-KMBOTHBIX) GbLIM BblJe/IEHbI TIOTEHLIMATbHbIe OITACHOCTH, TaKye KaKk
HECOOTBETCTBYME TPaJUIVOHHBIM aHajoraM OMOIOrMYecKOi IIeHHOCTU
6enKka, aJulepruyeckye peakiyy MMMYHHOJ CUCTeMbl YeloBeKa, He3asB-
JIeHHbIe ¥ HellpeJJHaMepPeHHO IIPUCYTCTBYIOLMEe XMMIUeCK/e BellecTBa,
a Taxke MaToreHHble MMKpooprauusmsl [11]. [Ipu aTom, Hanpumep, u3-
MeHeHVe aMMHOKMUCIOTHOTO PoGuIs Msica Py TeHHO MoayduKanm
SKMBOTHBIX [12,13] (110 CpaBHEHMIO C IPOSYKTaMMU, IIOTYYEeHHBIMM TPaay-
LIMOHHO) OGYC/IOBJIEHO YCKOPEHHBIM POCTOM MbILIIEYHOM Macchl. CocTaB
¥ 6MoorMYecKkast IIeHHOCTh 6ejka Ky/JIbTMBMPOBAHHOTO MsICA 3aBUCST OT
aMMHOKMCIOTHOTO COCTaBa U OT MCIONb3yeMOit /ISl BbIpallMBaHMs Kile-
TOK IIUTATEIbHOM Cpelibl, KOTOPast MOXKeT COLepsKaTh OT 13 aMMHOKUCIIOT
JI0 TIOJTHOTO MX cIieKTpa [14-16] Bompoc 6e3011acHOCTY ¥ LIeHHOCTH Gerl-
KOB HaceKOMbIX OOYC/IOB/IeH KaK KayeCTBOM JCIIONb3yeMbIX Cy6CTPaToOB
[17], Tak M 0COGEHHOCTSIMYU M3MEHEHMSI aMUHOKUCIOTHOTO COCTaBa Mpu
TepMMUYeCcKOM BO3/eliCTBMM B IIpoliecce IPUTOTOBIE€HMS IPOSYKTOB: Jie-
HaTypauuei, arperanyeii u cummBanuem 6enxos [18,19].

Ee onHa octpast mpo6iemMa mpu obecrieyeHn JOCTOBEPHOCTHM OLIeH-
KM 6e30MacHOCTY MMIIEBbIX IPOAYKTOB CBSI3aHA C COREpsKaHUEM B IIU-
LIeBbIX MPOAYKTaX He3asiBJIEHHBbIX M HelpeJHaMePeHHO MPUCYTCTBYIO-
IMMX XMMUYECKMX BelecTB M GMONIOrMYecKMX areHTOB, UYTO M3MEHsSIeT
paHee yCTaHOBJIEHHOE UX COZepskaHMe U cOaIaHCHPOBAHHOCTh MUKPO-
¥ MaKpOHYTPMEHTOB, a TAK)Ke NMPOBOLMPYET MOSBICHNEe alJlepruyecKux
peaxuuit [20-22]. Ha npumepe ananusa 63 npob Mosoka, peann3yemMmoro
yepes TOProBbie ceTy [23], 6bIIO0 YCTAHOBJIEHO, UTO (hakTMUYecKoe comep-
JKaHMe eCTeCTBEHHO IIPUCYTCTBYKOIIUX XMMUUYECKUX 3JIEMEHTOB B IIPO-
6ax Monoka MoxeT B 5—10 pa3 (60p, CTPOHLMIL, 6POM M J10f) TPEBBIIIATD
MX CpeJHMe 3HAUeHMs], YKa3aHHbIe B CIIPABOYHBIX TabIMLIAX 10 TEXHOJO-
MM MOJIOYHOTO Ipou3BoAcTBa. C OFHOM CTOPOHBI, 3TO TOBOPUT O HEOO-
XOAVIMOCTM COBEpILEHCTBOBAHMS M Pa3BUTHUSI METOLMYECKMX MOJXO0B
K MIeHTUbUKaLMM TIOTEeHLIMATbHO OITaCHBIX HellpeJHaMepPeHHO MPUCYT-
CTBYIOIIMX XMMMUYECKMX BellleCTB B MNUINeBOi npomykuuu. C apyroin —
aKIeHTMpyeT BONPOC O AOCTOBEPHOCTM M aKTyaJbHOCTM CIPaBOYHON
mnHbopMaLMy, UCIIONb3YeMOoit TPV CPaBHEHMM M aHalu3e, axke B OTHO-
HIeHMM MaKCUMaIbHO TPaJMLMOHHBIX U, Ka3a/10Ch Obl, JaBHO M3yYeHHbIX
MPOJYKTOB.

Ilpy M3ydyeHMy KauyeCTBEHHBIX XapaKTePUCTUK TaKMX HOBBIX IpPO-
IYKTOB, Kak OesoKcopepKalyie PacTUTeNbHble aHAJIOrM IPOLYKLUN
SKMBOTHOTO IIPOVICXOXKIEHMs, GbUIa BBISIBIEHA He TOJBKO crienyduka
ornpepeneHnss UX GUONIOTMYECKOI IEHHOCTM, HO M CBSI3b MEXIY aMMu-
HOKMCJIOTHBIMM T1OC/IE0BATEIbHOCTSIMM U MOJIEKYJISIPHOM CTPYKTYPOJA.
OCHOBY 3TOJ1 CBSI3U COCTABMIIM UCC/IEIOBAHMS B 06IACTY TEOPUM MSTKUX
BelleCTB U TEOPeTUUeCKOoi GU3uKy nmonmmepos [24,25]. )KuBoTHble Ger-
KM 3MYJIbTMPYIOT XMPBI ¥ Mac/ia COBepIIeHHO MHaue, YeM pacTUTelbHbIe
6enky [26]. OTIMuMe MONEKYISIPHBIX XapaKTePUCTUK 3TUX GeKOB OTpa-
KaeTcs ¥ Ha OPraHOeNITMYeCKOM BOCIIPUSITUY TI0Ty4aeMbIX IIPOAYKTOB,
¥ Ha OCOOEHHOCTSIX MX YCBOEHMSI.

Ilo mepe pasBUTMSI HOBBIX TEXHOJOTMII M HAIOJIHEHMS! NMUILEBOTO
PBIHKA HOBBIMY NPOLYKTaMM BO3HMKAIOT HOBbIE NTPOGIEMBI, CBSI3aHHbIE
€ Ka4eCTBOM JaHHBIX O COCTaBe MUILEBBIX IIPOAYKTOB U ChIPbs. OCHOB-
HBIM MICTOYHMKOM TaKkoi MH(OpMaLuy SBISIOTCS aBTOPUTETHDbIE HALM-
oHasbHbIe 6a3bl AaHHBIX (BII) 0 coCTaBe MUILEBBIX MPOAYKTOB, KOTOPbIE

MCTIONB3YIOTCS [JIS1 HAYYHO-UCCIeN0BATeNbCKUX UM aKaJeMUYecKux Iie-
JIell, IpY peanu3aluuy rocyqapCTBeHHbIX IPOrpaMm B cdepe muTaHMs,
JI7IS1 OCYILeCTB/IEHNS] KOMMePUeCKMX IPOeKTOB.

HccnenoBaHus B 06/1aCTV AMETONOTUM Y TUTMEHBI IUTaHUSI chopMu-
poBay Heo6XO0OVMOCTb He TOJIBKO MCIIONb30BaTh aabTepHaTBHbIe B]I,
HO TaKkke OMMPAThCs Ha Gonee neTanu3upoBaHHble BJl, BRIOUas Moau-
dbupoBaHHbIe WM pPacUIMpeHHbIe BePCUY ONMyGIMKOBAaHHBIX HA60POB
IaHHBIX. Takyie HA60PBI JAHHBIX OOBIYHO CO3TAIOTCS U ITyOIMKYIOTCS Ha-
LMOHAJIbHBIMM TOCYapCTBEHHBIMYM OpPraHaMy, Hay4HO-MCCIIel0BaTeNlb-
CKMMM MHCTUTYTaMM, HENpPaBUTETbCTBEHHbIMM YUYPEKIOEHUSIMU U TIP.
3ay4acTyro Takue JaHHbIE SBJISIOTCS HEIOJHbIMM OTHOCUTENIbHO BKIIIO-
YeHHBIX NMILEBbIX MPOAYKTOB M NUTATeNbHBbIX BellecTB. Bo3HMKalOT
3HAUMTe/NbHbIE CIOKHOCTM IIPM OCYILECTBIEHUM ITOKCKa MHOopMam
0 MPOMCXOXKIEHUY NAaHHBIX, a TAKKEe B OTHOIIEHUY MeTOJ0B, UCIIONb3Yye-
MBIX IIpM OTIpeJieJIeHMI XMMIYeCcKOro cocTaBa. HecMoTps Ha To, UTo c60p
TOYHBIX M COTIOCTABMMBbIX JAHHBIX SIBJSIETCS HEOOXOOVMBIM YCIOBUEM
11s1 *HGOPMUPOBAHHOI OLEHKM PUCKOB, a yIIpaB/ieHue U Ipe/cTaBiie-
HMe Pe3y/IbTaTOB B OOJBLUIMHCTBE CTPAH CTAHLAPTMU3UPOBAHO, BCE elle
CYIeCTBYIOT 3HaUMTe/IbHble PAa3IN4uMs B TOM, KaK 3TV JaHHble KOMIIWIIN-
PYIOTCS Ha HAallMOHAIbHOM YPOBHe. TO CO3/1aeT OIpe/ielleHHble CI0KHO-
CTU JJ11 JanbHeNIero UCIoNb30BaHMs U CTPYKTYPMPOBAHNS MMEIOIIVX-
cs1 6a3 JaHHbIX [27-30].

Cuctems! yrpasieHus: Bl o cocraBe nuieBslx nponykTos (FCDMS)
SIBJISIIOTCST BasKHBIM MHCTPYMEHTOM Ha BCeX 3Tamax paGoThl C JaHHBIMU
OT cocTaByieHMs 6a3 JAaHHBIX O UX JalbHejnell KOMIWISIIVA U 1iefe-
BOTO MCIIONb30BaHus. [Ipy OCYLIEeCTBIEHMN 3TUX TIPOLENypP O0COGEHHO
BaKHO IIPeABApUTEIbHO OLI€HUTb COMTOCTaBMMOCTb AaHATUTUUYECKMX TIPO-
Lleyp, BK/IIOYasl MeTOOVKM, METOMbl ¥ MHCTPYMEHTBI, MICIIONIb30BaHHbIE
JU1SI IOy4YeHMsI 3TUX JaHHBIX.

B akTyanbHBIX MCCIeNOBaHUSIX ISl TMOMCKA JAHHBIX, UX CPaBHEHMS
M OCYLIeCTB/IEHUS] TEOPeTHUECKUX UCCIIeS0BaHNIT BaskHO 06ecrieunThb Ba-
JIMIHOCTD MCIIOIb3yeMbIX MHCTPYMEHTOB U METOL0B MCC/Ie0OBaHNIA, CO-
I10CTaBMMOCTb MHGbOpPMAaLY, TO3BOSONIel MAeHTUUIMPOBATh CAaMU
06BEKTHI (ChIPbE ¥ MUIIEBbIe IIPOLYKTHI) U UX reorpadiuueckoe IPoucKo-
xpeHue [31,32]. B aToJi cBSI3M BO3HMKAET 3 BbI30Ba:

1 — xnaccuduranus v uoeHTUGUKaLMsI 06beKTOB UCC/IeNOBaHNIT;

2 — BbIGOD METOLOB M MHCTPYMEHTOB UCCIeSOBAHMIA;

3 — COMOCTaBMMOCTb U BaJIMAHOCTD Pe3y/lIbTaTOB MCCIeN0BaHNA, 110~
JIydeHHBIX pPa3HbIMM METOJaMM.

B oTHOLIEHMY [TepBOro BONPOCA CIOKHOCTY CBSI3aHbI HE TOJIBKO C pa3-
BUTHMEM TEXHOJIOTUIA U C MOSIBJIeHMeM HOBBIX BUI,0B IPOAYKUUM (OT MO-
JIOKOPDAaCTUTENbHBIX [0 TOJYYeHHBIX C IIOMOLIbIO Ky/IbTMBUPOBAHUS
u 3D-mevati), HO U ¢ HeO6XOAMMOCTbIO MAeHTUbMKAIMY Teorpaduye-
CKOTO MPOMCXOKAEHMS PSlia ChIPbsI U MUIIEBBIX TPOSYKTOB BBUIY Ha/IU-
Uyl Y HUX YHUKaJIbHBIX XapaKTePUCTHUK.

IIpy BbIGOpE METONOB M MHCTPYMEHTOB MCC/IENOBAHUIl NUIIEBBIX
MPOAYKTOB JOJITOe BpeMsl OIpeesIsiiolyI0 POJIb UTPaly TOAXO/bI, OCHO-
BaHHbIe Ha UX KnaccudmKaumuy B 3aBUCUMOCTY OT COOTHOILEHUSI B IIPO-
IyKTe OeJKOB, KMPOB U YIJIeBOJOB ¥ MO3BOJISIIOLINE X OTHOCUTH K TOM
MY VHOV IPOAYKTOBOVA rpymme [33,34] (PucyHoK 1).

CTaHZapTHbIe METOHbI MCCIENOBAaHMII 3a4acTyl0 pa3pabaTbIBaauCh
JI7ISL TPYTIIT IPOAYKUMM Y MIPUMEHSUIMCh KO BCEM BXOZASIIVMM B HUX Hau-
MeHOBaHMSIM. C MOSIBJIeHMEM HOBBIX BUI,0B MPOAYKLMM 4acTb METOLOB
OKAas3bIBAIOTCS MO0 HENPUMMEHMMBIMM, 160 HeJOCTATOYHO UyBCTBU-
TeJIbHBIMM ¥13-3a M3MeHEeHVsI COOTHOLIEHMSI GeTKOB, KMPOB U YIJIEBOJIOB
B CpaBHEHMM C TPaAMLMOHHBIMM Npoaykramu. Kpome TOro, B HOBBIX
MPOAYKTAX UCIO/b3YIOTCS Jpyryie MCTOUYHMKY MMIIEBbIX BElLeCTB.

Tak, HarmpuMmep, OOLIMII aHaAM3 KayecTBa M 6GE30MacHOCTM MuIle-
BBIX IIPOAYKTOB B 3aBMCUMOCTM OT IIPMMEHSIEMBIX CPeJCTB U3MepeHMit
ONMpaeTcs Ha U3MepUTeIbHbIe METOAbI (XumMuueckue [36,37], pusuye-
ckue [38], dusuko-xuMmuueckue [39], 6uonornveckme), perucTpaLumoH-
Hble, pacyeTHble, COLMONOTMYECKMe, SKCIepTHble M OpraHojenTuye-
ckue [40,41). BbIOpaHHbBI aHATUTHUYECKMI METOZ, TaKKe JO/DKeH UMeTb
afleKBaTHbIE SKCIUTyaTallIOHHbIe XapaKTEePUCTUKY, OOOGIEeHHbIe KakK
KpUTEpUM HAZEKHOCTU (CHenyuUUHOCTb, TOUHOCTD, MPEeLU3MOHHOCTD
M YYBCTBUTENBHOCTb) M KPUTEPUUM OCYLIECTBUMOCTH (CKOPOCTb, 3aTpa-
ThI, TPe6OBaHMSI K TEXHNUECKMM HaBbIKaM, HAIEKHOCTb U JIAGOpaTOpHast
6e30MacHOCTb) [42].

B HacrosiIee BpeMs1 HaMGOMBIIYIO CJIOKHOCTD IIPY pa3paboTKe HOBBIX
BMZIOB NPOLYKLMY IIPeNCTaBisieT 060CHOBaHME ¥ BBIGOD aeKBAaTHBIX
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PI/ICYHOK 1. CxemaTuueckoe pacIioJioKeHMe IMUIIEBbIX MaTPUII I10 COaeP>KaHUIo0 6eJ1KOB, JKMPOB M yIjieBO4 OB,

6Ge3 yueTa BJIar¥u ¥ 305l [35]
Figure 1. Schematic arrangement of food matrices according to the content of proteins, fats and carbohydrates, without considering moisture and ash [35]

M3MEPUTENbHBIX METOLOB, OCOGEHHO OMOMOrMYecKuX. JTO CBSI3aHO
C TeM, YTO GMOJIOTMYECKME METOIbl OXBAThIBAIOT LIMPOKMIA CIIEKTD MUC-
CT1efioBaHui: OT (GM3MOIOTUUECKUX, ONIPENeISIONINX CTEIIeHb YCBOEHMS
U TIepeBapuBaHMsl IUTATENbHBIX BEIIECTB, 6€3BPEJHOCTb U GMOIOTMYe-
CKYIO [IeHHOCTb ITPOAYKTa, O MUKPOOMOIOTMUECKUX, UCITO/b3YEeMbIX [IJIst
omnpeeNeHus CTereH 06CeMeHEHHOCTM TTPOAYKIMM PASIUUHBIMU MMU-
KpOOpPraHU3MaMM.

V3y4eHHOCTb 3TUX IIPOLIECCOB MPUMEHUTETHHO K HOBBIM BUAAM ITPO-
IYKIMY HEIOCTaTOUHA, UTO HE TI03BOJISIET apIyMEHTUPOBAHHO 060CHO-
BaTh BbIOOP TOTO MJIM MHOTO METOZA.

2. OG'BEKTHI MU METOABI
Ilns uccnenoBaHKUsI COBPEMEHHOTO aHaIUTUYEeCKOro MHCTPyMeHTa-

pusi, IpuMeHsieMoro B Gygomuke [43], HyTPUILIMOIOTUYN U TUTHEHE TIA-

TaHusl, ObUT MpoBefeH 0630p OCHOBHBIX MHCTPYMEHTAIbHBIX METOIOB

M aHAIUTUYECKUX TPOLeNyp, MCIOAb3yeMbIX IJI aHalayu3a MUIIEBBIX

MIPOAYKTOB. YUMUTBIBAJIOCH UX ITPYMeHeH) e K KOHKPETHBIM KOMIIOHEHTaM

(K >kupaM, aMMHOKMCIOTaM, caxapaMm, BUTaMMHaM, MMHepasaM U 1p.),

nHbopMaLMs OT6Mpanach M3 IOCTYIHBIX JIATEPATYPHBIX MCTOUHUKOB

¥ 6a3 JaHHBIX. [/ aHanm3a 6bUIY M3yUYeHbI CIeyIoLI/e UCTOYHUKMA:

0 mrobanpHast B/l o cocraBe nmuiieBbix mporykToB ®AO (FAO/INFOODS
Food Composition Databases) [44-46];

0 6a3a na6opaTopuy HYTPUIMONOIMYECKMX JaHHBIX [leraprameHTa
cenbckoro xo3siictBa CIIA (USDA NDL 3a 2017-2018 ronpi, 29 BbI-
mmyck [47]);

U aBcrpanmiickas B/l 0 cocTaBe MUILEBBIX IPOAYKTOB [48];

U nonnepxkvBaeMasi HallMOHa/MbHBIM MHCTMTYTOM 37pPaBOOXPaHEHMS
M COLMANBHOrO obecrieueHust OUHASHOMYM HalyoHanbHas BT o co-
cTaBe ponyKToB muTanus — Fineli [49];

0O 6as3a Frida [50] uHCTMTYT IMTauus JaHuu;

U 6a3a XMMMUECKOT0 COCTaBa POCCUIICKUX MUIIEBBIX IPOAYKTOB [51];

0 Tabauibl cCOCTaBa MUIIEBBIX MPOAYKTOB SnoHun [52].

AHamu3upys MHGOPMAaIVIO, MbI MCXOOVUIY U3 TOTO, YTO JJIS IONTyYe-
HYSI JOCTOBEPHBIX JaHHBIX O COCTaBe MUILEBBIX IIPOLYKTOB OTOMPAINCh
TOYHbIE AHAIUTUYECKME METOMbI, COMPOBOXKIAIOLIECS] cxeMaMu obec-
reyeHyst Kavecrsa. [Ipy aHanmu3e METOOB, MCIIONb30BAaHHBIX I Gop-
MMUpoBaHMs NuiLeBbIx Bl, oTMeuyeHO, UTO IMpeyuMylIecTBEHHO BCTpeyva-
J0TCSI MeTO[bl, peKOMeHJOBaHHble WM NPUHSITble MeXAYHapOAHBIMU
opraHmusanusaMmu (Harnpumep, Accoimanyeir oduIMaIbHOrO aHAIUTH-
yeckoro corpymHmuectBa (AOAC INTERNATIONAL) [37]. Taxxke mpefn-
MOYTEeHMe OTHAeTCSI B OCHOBHOM MeTOJaM, HaJleXKHOCTb KOTOPBIX ObliIa
oA TBepKIeHa COBMECTHBIMM MCCIeN0BAHUSIMM C yUaCTVeM HeCKOMbKIX

nabopaTopuii Kak Ha MECTHOM, TaK M Ha MEKIYHAPOIHOM YPOBHSIX. B He-
KOTOPbIX 6a3ax JaHHBIX MCIIOIb30BAHHBIE METO/IbI YKA3bIBAJINCH B CTAH-
IapTU3MpoBaHHOM Buje. B mpyrux 6aszax nHdopmaliius 0 METOAAX U 0CO-
GEeHHOCTSIX TIOTYYEHMsI JAHHBIX COOePKaIach B OMMCAHUM METOIOIOTUN
dbopmupoBanust camoit 6a3sl. B To ke Bpems B yacTu 6a3 mHpopMaims
06 VICIIOJIb3OBAHHBIX METOAAX M aHAJIMTUYECKUX IMpoueaypax OTCYTCT-
BYeT MJIM YKa3bIBAETCS B BUE CChIIOK HA OT/E/IbHbIe OMYy6IMKOBAHHbBIE
HayuHble pa6oTel. TakMM 06pasoM, arperMpoBaHHas IJisl aHaaM3a WH-
(bopmarns mosBoIMIa PACCMOTPETH Pa3HbIe CJIOKUBIIMECS B 3TOI Chepe
MPAaKTUKU.

3. AKTYaJ’IbeIe IIPaKTUKU IPUMEHEHUS MUHCTPYMEHTAJIbHBIX
METOAOB B aHA/IM3€ NMUIUIEBbIX MIPOAYKTOB

3.1. Ilodxo0sl kK cucmemamu3ayuu UCNONb3YeMbLX MEMOO06

u cpedcme ucnslmaHuli

IpoaHanusupoBaHHasi MHGopmauus Obula 0606IIeHA M CUCTEMA-
TU3MPOBAHA, YTO IMO3BOIWIO BBIAENINUTb CYIIHOCTb M XapaKTePUCTUKU
OCHOBHBIX METOJOB aHajau3a MUIIEBbIX NMPORYKTOB. OmNpepeneHbl CI0-
JKUBHIMECSA IIOAXOAbl K MX INPUMEHMMOCTU U l'[pO60H0,I[I'0TOBKe JJI
pasaMYHBIX TPYNIl MPOAYKTOB. O603HAUEHBI MEePCIEeKTUBBI Pa3BUTHS
aHAIUTUYECKUX MPOLeAyp He TONbKO ISl aHaaM3a COCTaBa, HO M JJI
ayTeHTMOMKALMY, OLleHKM 6e30MacHOCTY ¥ KavyecTBa IMIPOLYKTOB. DTO
[103BO/IUT TOYHee OIpeNleNATh BAMSIHME CaMMX MPOAYKTOB Ha 3,0POBbE
yesoBeka [53]. IHCTpyMeHTa/IbHOE OIpefesieHye OTAeIbHbIX HyTPUeH-
TOB B CJIOKHBIX JMCIIEPCHBIX CUCTEMax MMIIEBBIX IPOAYKTOB TpeGyeT
He TOJIbKO NPaBWIBHOTO BbIGOPA METOZIOB M3MepeHuit 1 Npubopos, HO
U yyeta 0COGEHHOCTE) KOHKPETHO! METOIOVIKU MX peajayusauuu. B man-
HOJ1 paboTe aBTOPbI UCXOAST U3 IIOHMMAaHMSI TOTO, YTO B paMKax OJHOTO
MeTOZa MOXKeT CYLIeCTBOBATb NPAKTUYECKY OGeCKOHEYHOe KOIUYeCTBO
METOAMK, TIOCKOJIbKY METOJ, OIpefeseT NPUHLUUINAIbHBIA HayJHbIA
6a31c, a MeTOAMKA UCTIONHSIET Poib GOPManM30BaHHOIO ONMCAHUS pe-
anM3aluy MEeTOHA Yepe3 KOHKPETHbIE MPYEeMbI M CIIOCOOBI OCYLIEeCTBIIe-
HMS MICCIIefOBaHMil. MeToAuKa, B OT/IMYMe OT METOAA, Pe/iCTaBIsIeT COo-
6071 KOHKPETHbIE MHCTPYKI[MIA, KACAIOIIMECS : TPOBEIEHMSI IMarHOCTKHA;
oT6opa Mpo6; aIroOpUTMOB BBIIIOJIHEHUS ONlepaluii, BKIOYas IepBOoHa-
YaJIbHYIO TPO6OIOATOTOBKY, pa3/ieNieH/ie MHOTOKOMIIOHEHTHBIX CUCTEM;
06paboTKY JaHHBIX M MHTEepPIpeTauuu pesyabTaToB; GopM IpencTas-
JIeHUs! aHHBIX ¥ OL@HUBAHUSI TOYHOCTH, JOCTOBEPHOCTM pe3y/lbTaTOB
u nip. Huke npencraBineHa cBogHast TabaMIia OCHOBHBIX METOLOB aHAJMN-
3a HYTPUEHTOB B NponyKTax mutanus (Tabmuima 1). B cryyae ¢ xpomaro-
rpaduyeckuMy 1 MeKTPodOPeTNIECKMMM METOAAMM CTOUT OTMETUTD,
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YTO YMUTATETIO HeOﬁXO,ELI/IMO TOYHO pa3fesisiTb MeTOAd Ha AB€ OCHOBHbIE

w o~ <

o o YacTy: MeTOAMKA pa3fieleHys cMeceil BellecTB (COGCTBEHHO, cama Xpo-

B9.2 maTorpadus u snekrpodopes) u caenyOMMIl 32 3TUM MeTOJ, aHaNIu3a

Eﬁg : pasgenenHoit cmecu. Tak, BOXKX-xpomaTtorpad MoskeT GbITh OCHAleH

= § 2 dboromeTpryeckum, pedpakTOMETPUUYECKMM, JIEKTPOXUMUYECKUM,
<

Macc-CeJIeKTUBHBIM JeTeKTOPOM. B 3aBMCMMOCTM OT BbIGOpa MeTona
aHa/M3a pasfieNeHHOl CMecH, YKa3aHHble B Tab/MIle CTOMMOCTbD, CTIOXK-
HOCTb M 4yBCTBUTEIBHOCTb MOTYT PasiM4aThCsl BO MHOTO pa3s. BbiGop
OITMMAJIBHOTO METOJA pa3fesieHMsl CMeCy M MeTOJIa ee aHaIM3a 3aciy-
SKMBAeT OTHETbHOTO, BCECTOPOHHEro 0030pa. B maHHOM ciiyuyae aBTOPbI
onmMpamich Ha Te KOHMUrypanuy mpu6opoB, KOTOPbIe YKa3aHbI B COOT-
BETCTBYIOIIUX JIUTEPATYPHBIX MCTOUHUKAX.

TIpoBeeHHbIT aHaMM3 IOKa3bIBAeT, YTO YHMBEPCAIBHOTO METOA MC-
cleZl0BaHMS COCTaBa M KayecTBa IPOAYKTOB ITOKa He cyllecTByeT. Hecmo-
TPSI Ha MOCTOSIHHOE Pa3BUTHMeE TEXHOIOTWIT Y IMOSIBJIeHMe HOBBIX, Goree
TOYHBIX, OBICTPBIX U 6€30TaCHBIX METOOB, HY OVH U3 HUX He SIBJISeTCS
YHMBEPCAIbHBIM JJIsI BCeX TUIIOB MTPOAYKTOB. Tak, HaIpuMep, pu onpe-
neneHuyu ButamMmuHa C Hesb3s UCIOMb30BATh KIACCUMUYECKUII TUTpPUME-
TPUYECKUII MeTO, B IPKOOKPALIEHHBIX MPOAYKTaX M3-3a MUTMEHTOB, KO-
TOpbIe GYAyT MellaTh TOYHOCTY IIPOBOAMMOrO aHAIN3a, UYTO BHIHYKIAeT
mox61paTh APYroi crocob.

Bocnpous-

Ta6nuua 1. IIpogomskenue / Table 1. End
BOAVIMOCTB?
(Reproducibility)

CTOMMOCTD 2
(Cost)

* — Gosee 24 4acos;

3.2. OcobeHHOCMU U 02paHUUeHUS NPU 8blO0Pe AHATUMUUECK020
UHCmMpymeHmapust

CropocTb !
(Testing time)

.3 ** — ot 250 ThIC. py6 O 1 MuTH py06.; * — 1leHa 060pyaoBaHus CBbIiIe 1 MITH pyo;
* — the price of equipment over 1 million rubles;

ucnonb3yetcst IPKX 1 BO)KX, To 3T0 MeTo/Ibl pa3zeneHus BellleCcTB Meper,
BBOJIOM B KaKOM-MG0 M3 HETEKTOPOB MM B KOIEKTOP dpakuuit (mjst
npemnapatuBHOit BIXKX). Kpome Toro, npuBefeHHbIe B Tab/IMIle BBbIIIE
IaHHbIe 110 BapMaHTaM 3KCTPaKUMM He B MOJHOJ Mepe YyUMTBIBAIOT BCe

3TUX YCTPOUCTB.

CYILIECTBYIOIIME BapMaHThl SKCTPAKLIMOHHBIX B3auMoeicTeuii. Hampu-
Mep, BapMaHThl >KUIKOCTb-KUIKOCTHOI 3KCTpaKIMM/TIepesKCTPaKLun

*— ot 510 10% oTH.; * — cBbiie 10% OTH.;
— over 10% rel.;
—or103m01r,;

CKOJ1 1IeHHOCTbHIO YacTO

wiekTbl LFD KOMITakTHBI U IIPOCTBHI B UCIIOJIb30BAHMMN, YTO OeJIaeT UX I[EeHHOCTBHIO. TOBElpr C 3allMIIeHHbIM I'eOI‘pEquI/I‘{eCKI/IM TIPOUCXOXKOEHM -

MIpY aHaIN3e TMOMXIOPUPOBAHHBIX 6M(EHMIOB WM IKCTPAKLIMM TITY6O-

KMMM 3BTEKTUYECKMMMU PAaCTBOPUTEISAMU U OP.
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— from 6 hours to 1 day;

— 1ileHa 060pyIOBaHMsI COCTAaBUT He 6oee 250 ThiC. py6.

— the price of equipment will not exceed 250 thousand rubles

* — [osryyeHue pesynbrara B TedeHne 1 yac
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OT pa3sHbIX IIPOU3BOAUTENIEN, PAa3JIMUHBIMU pellelITaMy, TeXHOJIOIUSIMU
[IPUTOTOBJIEHMSI, TOPTOBBIMM MapKaMu U Mp. [145,146].

4. 3akj4YeHue

Takum 06pa3oM, Ha OCHOBaHUM 0630pa HaMbosIee YIIoTPe6UTETbHBIX
METOJ0B aHa/IM3a MUIIEBbIX MPOAYKTOB, IPEICTaBIEHHbIX B MEXIyHa-
pomHbIX 6a3ax JAHHBIX, ¥ C YUETOM PACIIPOCTPAHEHHOCTM aHATUTHUYe-
cKoro o6opygoBaHust, HamMmu 6bi1a cHOPMMUPOBAHA IPYIIITMPOBOYHAS Ta-
6imiia. B 06061eHHOI TabnmnuHO GhopMe /IS BbIIEIEHHBIX 10 YaCTOTe
MPUMeHEHMS] METOIOB IIPeICTaB/IeHbl: 6a30BbIii IPUHLIMAIT pean3aLuin,
0COGEHHOCTM M CYLIeCTBEHHbIE YCJIOBUS TPUMEHEHMS, CIOKMUBIIUECS
rpakTuku. Takke MpoBeieHa CPaBHUTEIbHAS OL[eHKa MeTOZ0B 110 TAKUM
XapaKTepUCTUKAM, KaK CKOPOCTb IMOyYeHUs] pesyibraTa, CTOMMOCTb,
BOCITPOM3BOAMMOCTb ¥ UyBCTBUTEIHHOCTbD.

Ha ocHoBe aHanmu3a uHOpMaIUM, M3y4eHHO! B XOMe MCC/IeoBa-
HUS, CIeAyeT OTMETUTH, YTO KaK MpeaBapuUTeIbHbIA OTOOD U MOATOTOB-
Ka Mpo6, Tak ¥ pa3paboTka aHATUTUUECKMX METOMOB — 3TO OBIIMpHAst
TeMa, KOTOpasi TpebyeT MOCTOSTHHOTO COBEPIIEHCTBOBAHMS M U3YUYEHMSI
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pasauYHBIX MOAX0MOB. UTOObI COOTBETCTBOBATH COBPEMEHHBIM TpeGo-
BaHMSIM, BasKHO 06€CITeYUTDb IIOCTOSTHHYIO pa3paboTKy, CHCTEMaTU3aIMI0
Y CTAHJAPTM3ALNI0 AaHAIUTUYECKMX TIPOLIEAYDP ¥ METOOB MCC/Ie[OBaAHMS
(0c06eHHO M3MePUTETbHBIX), KOTOPbIe ObI TO3BOJISII 060CHOBAHHO BbI-
6upaTh UX IPU U3YUEHMUM COCTaBa M KOHTPOJIE MUILEBO 6€30IacHOCTI
¥ KauecTBa HOBBIX BUIOB MMMIIEBO MpomyKuyu. Takke i o6ecriedyeHust
CO3[1aHus1, KOMITWISLIMM, PACTIPOCTPAHEHYS] M UCIIOJIb30BaHUST BbICOKO-
KAaueCTBEHHBIX JAHHBIX O COCTaBe, 6€30MACHOCTM U XapaKTePUCTUKAX
MUIIEBbIX MTPOAYKTOB U ChIPbsl, HEOOXONMMO MCIIONb30BaTh MEXIyHa-
pOfHbIE W/MIM HALMOHAJIbHBIE CTAaHJAPThI, PYKOBOASIIME MPUHIIMIIBI
¥ MHCTPYMEHTHI, KOTOpbIE MMO3BOJISIIOT (POPMMUPOBAThH PEry/ISIPHO O6GHOB-
JisieMble HallYiOHAJIbHbIE W/MIM PerMoHa/IbHble 6a3bl JAHHBIX O COCTaBe
MAIIEBBIX TPOLYKTOB. Pe3y/bTaThl JAaHHOI pabOThI MIPU3BAHBI 00JIETUYNUTh
3aauy ucciaenoBareneit mpu (GopMMpOBaHMM CTpATEruy M3MepeHUst
PasIMUHBIX XMMMWUYECKUX CBOJMCTB HOBBIX Pa3pabaThIBA€MbIX MUIIEBBIX
MPOAYKTOB C YYETOM KaK PACIpOCTPaHEHHOCTM BbIGMPAaeMbIX U3MEPU-
TeJIbHBIX METOJIOB U CPEJICTB, TAK ¥ PECYPCHOTO 0becrieyeHust uccieno-
BaHMIA.
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METOIBbI DKCTPAKI WU, PASAEJIEHUA U NIJEHTUOPUKAIINUU
OUKINYECKHUX IIEIITUOA0OB U3 JIBHA MACJIMYHOTO
(LINUM USITATISSIMUM L.): OB30P
Co6ones P. B.*, Cokonos U. E., ITeTpoB H. A., CapkucsH B. A., KoueTkoBa A. A.

CDe,uepaanbH?[ Uccaen0BaTeabCKUIA LUEeHTp NMUTaHUA, 6MOTEeXHOJIOTUM U 6e30I1aCHOCTH nmummu, MOCKBa, Poccus

K/IIOYEBBIE C/IOBA: AHHOTALIUA

JIbHAHOE MAco, Jlen macimuHblii (Linum usitatissimum L.) siBAsieTcsl LleHHeIelt KyabTypoii, XapaKTepu3ylolieiicss BBICOKMM Cofep>KaHueM
YUKA0UHONeNmMuObl,  XUPOB, IUIIEBbIX BOJIOKOH, 6€J1Ka, a TAKXKE PasTMUHbIX GM0JIOTMUECKY aKTUBHBIX BEIIECTB, B YaCTHOCTY IMKINYECKYX MeNTH-
evldeneHue, IoB. LIMkimveckye nenTuabl — IPyIa DUKINIeCKUX IMIPodOGHBIX MENTHUA0B, COCTOSIIIMUX M3 BOCBMU-IECSITY aMUHOKUCIIOT
onpedesieHue C MOJIEKYJISIPHOM Maccoi B auamna3one 950-2300 a. Macso v cemeHa sipHa cofepskaT B csoeM coctase ot 0,1 go 0,3% mykmm-
codepxcauusl, YeCKMX MEeNTUIOB, CIIOCOGHBIX MPOSIBIISITh aHTUOKCUIAHTHYIO, TPOTUBOBOCIIATUTENbHYIO, UMMYHOCYIIPECCUBHYIO, aHTUIU-
HUOKOCMHAS MepTeH3MBHYIO ¥ IPOTUBOOITYXOIEBYI0 aKTMBHOCTU. Llenb HacTosIIero 063opa 3aKiIoyanach B CUCTeMaTu3aluy 1 06061e-
akcmpaxyus, HUU UMEIOLIVXCS JIUTEePATYPHBIX AHHBIX O METOHAX KCTPAKIVY, pasmeneHns M UIeHTUDUKALUY UUKINYECKUX TIeTUI0B
meepdopasHas M3 Macia CeMsH JIbHa MacJIMYHOr0. YCTAaHOB/IEHO, YTO OCHOBHBIMM METOLaMM ITOJTYYeHMST IMKINIECKUX TIeITUOB SIBIISIIOTCS
IKCmpaxyus 9KCTPAKIY TUIIA «TBEPIOE BEIECTBO — KMUAKOCTb», <KUAKOCTh — SKUIKOCTb» WU «TBephodasHas» 3KCTpakuys. B kave-

CTBE pacTBOpUTENell 06bIYHO MPUMEHSIOT METaHOJ, TeKCaH, STUIALETAT, AUXIOPMETAaH, alleTOHUTPWI U IeMOHU30BAaHHYIO
Bopy. [IJIs1 OUMCTKM M KOHLEHTPUPOBAHMS IUKINUECKUX MENTUAOB UCIIOIb3YIOT IIPerapaTuBHyI0 duiel-xpomaTorpaduio Ha
CUIMKaresie Uiy MOJMMEPHBIX afcopOeHTax, /sl MOMyYeHUsS MHAVMBUOYATbHBIX CTAHIAPTOB — BbICOKOI(D(MEKTUBHYIO KU -
KOCTHYIO XpoMaTorpaduio (BIJKX). B kauecTBe HEMOABMKHOI (ha3bl HaubOIee YacTo UCIOIb3YIOT HeIOIsSIpHble MOAUMUIIN-
poBaHHbIe COpOeHThbI — OKTafelIbHble (C18) 1 dheHmrekcmIbHbIe GYHKIMOHAIbHbIE TPYIIIbl. ITeHTU(hUKALMIO TPOBOIST
C MCIIO/Ib30BaHMEeM MHCTPYMEHTaJNbHbIX MeTOL0B aHanu3a: VK-crnexkrpockonuy, SIMP, BO)KX ¢ meTrekTopoM TuIa AMOLHAsI
marpuua (HPLC-PDA/DAD), TaHAE€MHOI MacC-CIIEKTpOMeTpMelt BbICOKOIO pa3pellieHns: ¢ MOHM3ALMeN 31eKTPopacIblIeH N -
em (ESI-HR-MS/MS). 1511 KaueCTBEHHOTO M KOIMYECTBEHHOTO OTpeie/ieHMS IUKINIECKMUX MeNTUA0B JOCTATOUHBIM SIB/ISIETCSI
ocymectBieHne Metoga BO)KX ¢ geTekTopoM TuIla AMOLHASI MaTpULia Ha JJIMHe BOJMHBI 214 HM. B cBO10 ouepenb, MacC-CIieK-
TpaJibHble MeTO/Ibl, B TOM UM(JIe TAHAEMHas MacC-CIIeKTPOMETPUS, ITO3BOJISIOT IIOATBEPAUTD KaueCTBEHHBI COCTaB U yCTa-
HOBUTb aMMHOKMCIOTHYIO [TOC/Ief0BATEbHOCTD IMKINYECKUX IeNTUI0B.
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METHODS OF EXTRACTION, SEPARATION AND IDENTIFICATION
OF CYCLIC PEPTIDES FROM FLAXSEED (LINUM USITATISSIMUM L.):
A REVIEW
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KEY WORDS: ABSTRACT

Flaxseed oil, Oilseed flax (Linum usitatissimum L.) is a valuable crop characterized by a high content of fats, dietary fiber, protein and vari-
cyclolinopeptides, ous biologically active substances, in particular cyclopeptides. Cyclic peptides are a group of cyclic hydrophobic peptides con-
separation, content sisting of eight to ten amino acids with a molecular weight in the range of 950-2300 Da. Flax oil and seeds contain from 0.1 to
analysis, liquid 0.3% cyclopeptides, which can exhibit antioxidant, anti-inflammatory, immunosuppressive, antihypertensive and antitumor
extraction, activity. The aim of this review was to systematize and summarize the available literature data on methods of extraction,

solid-phase extraction  separation and identification of cyclopeptides from flaxseed oil. It was found that the main methods for obtaining cyclo-
peptides are solid-liquid, liquid-liquid or solid-phase extraction. Commonly used solvents include methanol, hexane, ethyl
acetate, dichloromethane, acetonitrile and deionized water. Preparative flash chromatography on silica gel or polymer adsor-
bents is used to purify and concentrate cyclopeptides, and high-performance liquid chromatography (HPLC) is used to obtain
individual standards. The most commonly used stationary phases are non-polar modified sorbents — octadecyl (C18) and
phenylhexyl functional groups. Identification is carried out using instrumental methods of analysis: IR spectroscopy, NMR,
HPLC with a diode array detector (HPLC-PDA/DAD), high-resolution tandem mass spectrometry with electrospray ionization
(ESI-HR-MS/MS). For the qualitative and quantitative determination of cyclopeptides, the HPLC with a diode array detector at
a wavelength of 214 nm is sufficient. In turn, mass spectral methods, including tandem mass spectrometry, make it possible
to confirm the qualitative composition and establish the amino acid sequence of cyclic peptides.
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from Linum usitatissimum. Features of production, biological activity and prospects for their food application”).
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1. Beegenue

Jlen macinynbiit (Linum usitatissimum L.) siBisieTcst OmHOM U3 Han60o-
Jiee pacIpoCTpaHEHHBIX KyIbTyp B Poccuiickoit @enepauinyt 1 ¢ KaKIbIM
roloM HaXOAMT Bce 6osblliee IpuMeHeHMe. Poccust Bolia B YMC/IO KpyTI-
HeJIMX IPOU3BOAMTeNel X SKCIIOPTEPOB JIbHSIHOTO CEMeHM B MUpe, CO-
6pas B 2022 rogy cBbiie 1,7 MyTH TOHH 1 0607115t KazaxcraH o o6beMam
npousBoAacTsa [1]. CeMeHa JibHA OTIMYAIOTCSI BBICOKMM COJepKaHMEeM
SKUPOB (41%), mu1eBbIX BOIOKOH (28%) u 6enka (20%). BiaxkHOCTb ceMsIH
cocTaBsieT 7,7%, a 30JbHOCTb — 3,4% [2]. JIleH MacJIM4HbIi Takke 60rat
LIVMaHOT€HHBIMMU ITIMKO3UOAMMU, Cl)eHOJIbeIMI/I CoOeaMHEeHUSIMMU, JIUTHAHA-
MM, CIM3bI0, MUHEpalaMy, BUTAMMHAMM Y LMKINYECKUMU MeNTUIaMU
[2,3]. Bonbioe pa3zHooOpasue COeNMHEHMI, COAePKAIMXCS B JIbHIHOM
ceMeHM, obecrieuMBaeT ero BBICOKYIO IMIIEBYIO LIEHHOCTb, IIPU 3TOM
HEKOTOpbIe U3 HMX 00/1afa0T QYHKIMOHATBHBIMYU CBOICTBAMM U MOTYT
ObITh MCIIOb30BAHBI JI/IS1 Pa3pa6OTKY MUILEBbIX MHTPEOVIEHTOB U CIIeLt-
aMM3MPOBAaHHBIX MUIIEBBIX IIPOLYKTOB [4,5].

Oco0blit MHTEpEC K JIbHSIHOMY CEMEHM OOYC/IOBJIEH HAJIMUMEM B €T0
COCTaBe TaKMX GMONOTMYECKMUX aKTUBHBIX COENVHEHMI, KaK [UKINYEeCKye
nentuasl (U1, uukmonuHonentuapsl). LI1 npencraBiasior co6oii rpymmy
LUMKINYeCKUX I'apodo6HBIX eNTUI0B, COCTOSILMX U3 BOCbMM (OKTarer-
TUABL), AEBITH (HOHATIENITU/IbI) WM PEKe AeCITU (AeKalenTUbl) aMUHO-
KIUCJIOT C MOJIEKYJ/ISIPHOI Maccoii B iuanasoHe 950-2300 [la [6]. B maHHbBIX
CoeNVHEeHMSIX TIPUCYTCTBYeT KOJblieBasi IOC/IeN0BaTebHOCTb CBsI3ell,
B KOTOPOJ KOJbLeBasi CTPYKTypa 06pa30BaHa MOCPEICTBOM CBSI3U MEKIY
OJHMM KOHIIOM MeNTHUIHOM CBS3Y U JPYTMM KOHLIOM C aMUIHO¥ CBSI3bIO
nim JI]O6I>IM]/I JAPYTUMU XUMUYECKU CTa6I/IJ'IbeIM]/I CBS35IMM, TAKMMU KaK
abupHasi, TMo3bupHast, TaKTOHHAs U JyucynbbunHast [7].

XapakTepHoe CTpoeHMe MepBoro BeiAeneHHOro LTI npencrasieHo Ha
Pucynke 1.

Luxnmnueckuii nentun A (CLA), npencraBieHHbI Ha Pucynke 1,
COIEePKUT 8 aMMHOKMUCIIOT: M30MeMIVH, JeilVH, BaauH, IpoauH, de-
HWIaJIaHuH, GeHunagannd, usoneiiuu (Mne-Jleii-Ban-ITpo-®eH-Pen-
Jlesi-Une) [2]. lllupokuii fuana3oH CBOVCTB, xapakTepHbIxX ajs LI 1bHa
(aHTMOKCUIAHTHbIE, IPOTUBOBOCIIANNUTENIbHBIE, MMMYHOCYIIPECCHBHbIE,
AQHTUTUIIEPTEeH3VBHbIE M NPOTMBOOIYXO/IeBasi aKTMBHOCTM), JejlaeT UX
[1epCIIeKTMBHBIMY HATYPaIbHbIMY KOMIIOHEHTaM! 13 JIbHSIHOTO CeMeHU
¢ m06aBIeHHO CTOMMOCTbIO [8—11].

Ilnst mpokoro npyMeHeHus LII1 B MpoMBblIIJIeHHOCTM BO3MOXKHBI 1Ba
ITyTU UX TIOMYYeHMSI: XUMUYECKMI CUHTE3 3TUX BELeCTB M IKCTPAKLMS
U3 PACTUTENTBHOTO ChIpbsi. CUHTETMYECKMIT TOAX0] ManoddbdekTBeH
C 9KOHOMMYECKOH TOUKM 3peHMsl BBULY CJIOKHOCTY HeOOXOOVMBIX pe-
aKLMit, MX GOJIBIIOTO KOTMYECTBA, 3HAUMTENIbHOM CTOMMOCTY ITPUMEHS -
eMbIX PeareHTOB ¥ HeOIMHAaK0BO 3 HeKTUBHOCTY KaXKI o CTaguy CUH-
Te3a. B CBSI3M ¢ 3TMM ONTUMAaNIbHBIM IIOAXOA0M OCTaeTcs u3BnedeHue LT1
M3 PaCTUTENbHOIO ChIPbS KaK B MHAVMBUYaJbHOM BUE, TaK U B COCTaBe
cMmeceit [12].

JIbHSIHOE Macjio MMeeT XapaKTepHbIit ropbkuii mpuBKyc. CormacHo
JIaHHBIM CTaTby [13], FOPbKMIi MPUBKYC Macja MOTOXUTEIbHO KOppen-
pyeT ¢ comepskaHMeM B ero cocTaBe LMKInyeckoro nenrtuaa E, mpu stom
TaKKe M3BeCTHA CBSI3b FOPHKOTO MPUBKYCA C IIPUCYTCTBUEM IPYTUX OKUC-
neHHbIX MeToHyHOM LTI [14,15]. CornacHO cBefleHMSIM, MTpeCTaBIeH-
HBIM B pa6orax [2,13,16], B IbHSIHOM Macie UAeHTUGUIMPOBAHO Hoee
20 pasnuunbx LI1.

VuuThiBas BBICOKYI0 IOTEHIMAIbHYIO OMOMOrMYECKYI0 LEeHHOCTh
LIT u ux BAMSIHME Ha OpraHoJelITMYeckye CBOJCTBA Macia, CyLIecT-
ByeT HEO6XOAMMOCTh Moucka 3GdEKTUBHOTO CIIoco6a MX BbIEIEHUS.
Boimenenue LIl — mpueM TeXHOMOTMYECKON IMyOOKOH MepepaboTKu
CeMbCKOXO035/ICTBEHHOTO ChIPbsI, 06eCIeunBamIIMii HOBblE BO3MOXKHO-
CTM B IIPOM3BOACTBE CIIELMATM3MPOBAHHBIX MUIIEBBIX NMPOAYKTOB. LITT

HN" 3
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PucyHok 1. Crpoenne nukandyeckoro nentusa A (CLA)
Figure 1. Structure of cyclic peptide A (CLA)

BCTPEYaloTCs! B JIbHSHOM CeMeHM B HU3KMX KOHLIEHTpalMSX, II03TOMY
BbIJe/IeHNe OTIeTbHBIX TENTUIO0B TPeGyeT GOMbIIOro KOMNYeCTBa VICXOZ -
Horo MaTepuaia [15]. O6bruHo LT omy4aioT 13 Macia, BbIAENIeMOro 13
JIBHSTHOT'O CeMeHM JIBYMsI OCHOBHBIMM CITOCOOaMM: TIpeccoBaHueM (TIpe-
VMIMYIIECTBEHHO XO/IOIHOE) MO0 coueTaHMeM IIPeCcCOBAHMS M IKCTPaK-
umu. YUuThiBas mWMpoKoe pazHoo6pasue LI, BasKHO TOYHO MAeHTUdK-
LMPOBATh XMMMUUECKNI COCTAB ¥ CTPYKTYPY BblI€TIEHHbIX KOMIIOHEHTOB,
B CBSI3U C YeM pa3pabaThIBAaeTCsl MHOXECTBO METOMIOB OIpefie/leHMsT UX
XMMUYECKOTo COCTaBa.

Takym 06pasoM, Lie/lb HacTosIIero 0630pa 3aKIoyanach B CUCTeMa-
TU3aLUY ¥ 0600IIEeHNY MMEIOLIMXKCS IUTEPATYPHBIX JAHHBIX O METOLAX
9KCTPAKLMY, pasfieneHys] U UoeHTUOMKAIUM YKINYECKUX IeNTUOB U3
Macia ceMsiH JibHa MacianyHoro (Linum usitatissimum L.).

2. O6G'BEKTHI M METOABI

OGbeKTaMy UCCIeNOBaHMS SIBISUIACh HAay4yHble IyOIMKaLuy, IIO-
CBSIIIIEHHBbIE M3YUEHUIO JKCTPAKLUMM, pasfeseHus U MIOeHTUGUKAIu
LUKINYeCKUX MeNTUAO0B U3 JibHA Macau4dHoro (Linum usitatissimum L.)
U TIPOJYKTOB €ro riepepaboTKu.

2.1. Memodst noucka iumepamypbi

CucreMaTMyeCKMii MOVCK HAYIHO IUTEepaTyphl ObUT IPOBENEH C MC-
MoJIb30BaHMEM TOMCKOBbIX cucteM PubMed, Scopus, Web of Science
un Google Scholar o kiouyeBsIM (ppasaM C BKIIOUEHMEM OIEPATOPOB
«» n «umn»: «flaxseed cyclic peptides», «cyclolinopeptides», «extraction
of cyclic peptides from flaxseed», «flaxseed orbitides», «linusorbs»,
«identification of cyclic peptides from flaxseed».

2.2. Kpumepuu 6K1104€eHUS/UCKTII0OUEHUS]

VccnenoBaHust ObIIM CIPYNITMPOBAHBI TI0 TEMAaTMUECKMM O6GMACTIM
00630pa, CTaThby UCKII0YAINCh HA OCHOBAHNY IIPeIBAPUTEIbHOTO aHAM-
3a Ha3BaHMsI M AHHOTALIMMU.

Kputepun BKIIOUEHUS
1) omy6nMKOBaHHbIE HAYYHbIE CTATbU;

2) MPOMHAEKCHMPOBAHHBIN VICTOYHMK;

3) TeMaTuKa CTaTeil — MUCCIe0BaHKe SKCTPAKLNUY, pa3/ie/IeHus U ULeH-
TUdVKALMM UMKINIECKUX TeNTUOB JIbHA;

4) BKJIIOUEHMe cTareil, onmy6JMKOBaHHbIX paHee 2015T., BO3MOXKHO
B CJIyyae OTCYTCTBMSI HOBBIX MCTOYHMKOB IO 3aJaHHBIM KPUTEpUSIM
TIOMCKa;

5) mpeumyIecTBEHHO 3apyOeKHbIe ICTOYHWKM.

Kputepun UCKIIOUeHUS :

1) crateyu, onybnukoBaHHbie paHee 2001T., 3a MCKIIOUeHMEM OOIIe-

MPU3HAHHBIX;

2) Te3UChI IOKIA0B KOHPEPEHIIMIA.

BbIM paccMOTpeHbI ITO/THbIe TeKCThI CTaTeil, COOTBETCTBYIOIIMX KPY-
TepusiM Ioucka. ABTOPbI He3aBMCMMO IpPYT OT Apyra MpoBeayu aHaau3
0TOGPaHHBIX MICTOYHMKOB Ha IIPeIMET COOTBETCTBMSI MCCIIeOBaHMI KPU-
TepUsIM BKIIIOUEHMSI/UCKII0UeHs. BOIbIIMHCTBO MCIIONb3yeMbIX MCTOY-
HMKOB ObUIO OMy6IMKOBaHO He paHee 2015 roga.

3. Pe3ynbTaTrhl M 00CYKAEHUE

B uccnemoBanum [17] pacTuTenbHbIe OMKINYECKYe ENTHIBI HA OCHO-
Be UX CTPYKTYPBI U pacipefeeHns B pACTeHUSIX ObLIM CUCTEMAaTU3UPO-
BaHbI B CTPYKTYPHYIO KiaccudUKalMio, BKIOYAIONYIO Ba Kacca, MsTh
TOAK/IaCCOB M BOCeMb TUIIOB (PMUCYHOK 2).

CornacHo uccinenoBanmio [2], LIIT spHSIHOrO Macia 6bUIM Kaaccudu-
LMPOBaHbl KaK IpeACTaBUTeNM «TOMOMOHOLMKIONeNnTHAb! VI Tuna pa-
cTeHuit ceMeiictBa I'Bosgyuunble». LlMkadyeckye nenTuabl U3 JIbHSHOTO
ceMeHM HyMepyloT IO JlaTe MX OTKPBITHS, IPU 3TOM KakIOMY BHOBb
OTKPBITOMY TeNTHUIY MPUITMCHIBANACh Clenyooas 6yksa andasura, Ha-
npumep CLA (1), CLB (2), CLC (3) u T. 1. [Tepssiit LII1 n3 1pHSIHOTO Macia
6bu1 BbiZeneH B 1959 ropy [18]. C Tex mop moaxonabl K 3KcTpakiuu LT
13 JIbHA Y MIPOLYKTOB €ro repepaboTky MogubuIpoBalInCh 1 pa3ByUBa-
niuchk. OcHoBHbIe LTI, 0GHapykeHHbIE B JIbHIHOM Maciie, IIpeICTaBIeHbl
B Tabnuue 1 [2].

3.1. Memodst sxcmpaxyuu u pasoeseHust YukJIuueckux nenmuoos
Bnaromapst mmporomy pazHoo6pasuio CBOWCTB, mpucyumx LI, orn
MOTYT MCIIOJIb30BAThCsl B KauecTBe Gu3Momornyecky GyHKIMOHATbHbBIX
MAIIEBbIX MHTPeOVEeHTOB. I/ 3TOro Heo6XOonMMbI SKOHOMMYECKU -
¢dexTVBHBIE U Ge30MacHbIe METO/bI IKCTPAKIVY. MHOIMe IpoBejeHHbIe
MCCIeI0BaHMS ObUIM COCPEOTOUEHBI HA aHA/IN3e OMOIOTMYeCKOii aKTHUB-
HOCTY U XapakTepucTyuke L1, mpy 3TOM ITpoliecc nx sKCTpaKLMM, B 4acT-
HOCTY 6e30MacHbIMM PACTBOPUTENSIMM, 3a4aCTyl0 UTHOPUPYETCsl. JKC-
Tpakims u pasgenenue [T ocTaloTcs CI0XKHOI 3amayueit, 0C06eHHO 13-3a
HeCTaGWIbHOCTM GONbLIMHCTBA coeguHeHui [9]. XuMmueckmii cocTas
u 6uonornyeckasi akTMBHOCTb LTI, momy4yeHHbIX PasHbIMM CIOCOOaMMU,
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I Tun | LuknonentugHble ankanougbl
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l'eTepouuKnonenTu,qbl

LUuknonenTtuabl

FomouuknonenTuabl
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FoMomMoHouuknonenTuAbI

| lFomoauumknonenTabl

I Tun Il UuknonenTtuabl pacTeHui
cemeicTea lNMacnéHoBble

| FeTepoavLuknonenTuab!

ITun IV LiuknonenTtuabl pacTeHnit
cemelictea KpanusHbie

Tun V Uuknonentuabl pacteHuin
cemeincTea CnoXHoUBeTHbIE

I Tun VI LuknonenTtuabl pacTeHuit
cemevictea MBO3ANYHBIE

I Tun VIl Luknonentuabl pacteHuin
cemeiicTea MapeHoBble

I Tun VIl Uuknotugsl

Pucynok 2. Knaccudukanys pacTUTENbHBIX IMKINYECKUX MENTUIOB.

BocnpoussezieHo (aganTupoBaHo) ¢ paspeureHus [17]. ABropckue npasa (2006) AMepMKaHCKOTO XMMUYECKOT0 001IeCcTBa
Figure 2. Classification of plant cyclopeptides. Reprinted (adapted) with permission from [17]. Copyright (2006) American Chemical Society

Ta6nuua 1. O6mas HomeHkiaarypa 111, cogep>kaumxcs B IbHSIHOM CEMEHHU ¥ IMPOAYKTAX €ro nepepadoTku
Table 1. General nomenclature of CLPs contained in flaxseed and its processed products

ITocnenoBaTe/IbHOCTD MosnexyasipHast

Tlopsimok HoBoe o603HaueHme IlepBoe Ha3BaHUe AMMHOKIMCIOT macca (lla) HUcTouHUK
1 [1-9-NaC]-CLA CLA Une-Jleii-Ban-Ilpo-®en-DeH-Jleii-Nne 1040,34 [18,19]
2 [1-9-NaC]-CLB CLB Mert-Jleii-Une-IIpo-Ilpo-®en-den-Ban-Une 1058,38 [20,21]
3 [1-9-NaC], [1-MetO]-CLB CLC Mco-Jleii-Wne-Tlpo-IIpo-®en-den-Ban-Nne 1074,38 [21]

4 [1-9-NaC], [1-MetO,]-CLB CLK McH-Jleii-Wne-IIpo-Ilpo-®en-Pen-Ban-Une 1090,38 [22,23]
5 [1-8-NaC]-CLD CLD’, CLK, CLO Mer-Jleii-Jleit-IIpo-®eH-Pen-Tpu-Une 1048,34 [15,24,25]
6 [1-8-NaC], [1-MetO]-CLD CLD Mco-Jleii-Jleii-IIpo-@en-Pen-Tpu-Une 1064,34 [21]

7 [1-8-NaC], [1-MetO,]-CLD 1-Msn-CLD McH-Jleii-Jleii-IIpo-®en-den-Tpu-Wne 1084,34 [22]

8 [1-8-NaC]-CLE CLE’, CLJ, CLP Mert-Jleii-Ban-®en-IIpo-Jleii-®en-Une 961,26 [15,24,25]
9 [1-8-NoC], [1-MetO]-CLE CLE Mco-Jleii-Ban-®eH-IIpo-Jleit-®en-Mne 977,26 [21,26]
10 [1-8-NaC], [1-MetO,]-CLE CL] Mcn-Jleii-Ban-®en-Ilpo-Jleii-Oen-Mne 993,26 [23]

11 [1-8-NaC]-CLF CLF, CLL Mert-Jleii-Mert-IIpo-®en-Pen-Tpu-Ban 1051,50 [24,25]
12 [1-8-NaC], [3-MetO]-CLF CLI Mert-Jleit-Mco-IIpo-®en-Pen-Tpu-Ban 1068,35 [23]

13 [1-8-NoC], [1-MetO]-CLF (Mso)- CLP-3 Mco-Jleii-Met-IIpo-®eH-PeH-Tpu-Ban 1068,35 [27]

14 [1-8-NaC], [1,3-MetO]-CLF CLF Mco-Jleii-Mco-IIpo-®en-den-Tpu-Ban 1084,35 [26]

15 [1-8-NaC]-CLG CLG, CLM Mert-Jleit-MeT-Ilpo-®en-den-Tpu-Ine 1066,38 [24-26]
16 [1-8-NaC], [3-MetO]-CLG CLN Mert-Jleit-Mco-IIpo-®en-®Pen-Tpu-Une 1082,38 [24]

17 [1-8-NoC], [1-MetO]-CLG CLH Mco-Jleii-Mert-Tlpo-®en-®en-Tpu-Hne 1082,38 [23]

18 [1-8-NaC], [1,3-MetO]-CLG CLG Mco-Jleii-Mco-TIpo-®en-den-Tpu-Une 1098,38 [23]

19 [1-9-NaC]-CLQ [1-9-NaC]-CLQ Mer-Jleit-JIus-Ilpo-®en-den-den-Tpu-Nine 1210,53 [15]

20 [1-9-NaC], [1-MetO]-CLQ  [1-9-NaC], [1-MetO]-CLQ ~ Mco-Jleit-JIns-Ilpo-®en-DeH-Pen-Tpu-Une 1226,52 [15]

21 [1-9-NoC]-CLR [1-9-NaC]-CLS Tmu-Une-Ilpo-ITpo-®en-Tpu-Jleit-Tpe-Jleit 1025,24 [15]

Ipumeuarue: MeT — MeTUOHUH, Jleit — neiiuuH, Vine — U3oneiuyuH, ®eH — benmnananuy, Tpu — tpuntodat, Ban — BanuH, IIpo — nponuy, [y — mmimH,

Tpe — TpeonuH, Mco — S-okcup MeTMoHMHA, McH — S-S-IMoKcu, MeTMOHMHA.

MOTYT 3HAYUTETHHO PA3INUATHCS. DTO CBSI3aHO C BO3MOKHBIM paspyliie-
HUEM VI OKMC/IeHVEM KOMITOHEHTOB, HalIpuMep, MeTMOHMHA. B 3TOi
CBSI3M MHOXXECTBO aBTOPOB CTPEMMJIOCh HE TOJbKO 3KCTParMpoBaTh Kak
MOKHO Gosbiiie LITT 13 IbHA ¥ ero KOMIIOHEHTOB (Macia, CeMsTH, KMbIXa
M T. [I.), HO ¥ Pa3fenTb UX MeXAY co60ii. CylecTBYoOIIe METOIbI IKC-
Tpakuyu u pasgenenus LI mpencrasiensl B Tabnuiie 2.
PaccmaTpuBaeMble METO/IbI IPUMEHSIIOTCSI B OCHOBHOM JIJISI Ia/IbHET -
ureit uaeHTudukanyu LI B coctaBe MccieayeMbIx 00pasiioB, a TaKKe
IIJIST M3BJIEUEHMSI OTIEebHBIX COeAMHEHMIA M UX UCIIOIb30BaHMS B Kade-
CTBE CTAHJAPTOB. B GONMBIIMHCTBE C/Ty4aeB HA MEPBOM 3Tare MPOBOAST
9KCTPAKIMIO, ONHAKO B AAHHBIX HKCTPAKTAaX MOTYT CONEpP>KaTbCsl TPU-
[JIULIePUBL U APYTYE€ KOMITIOHEHTbI, TO3TOMY JIOTIOIHUTEIbHO MTPOBOAST

xpomarorpaduyeckoe pasneneHue. [IpMMeuaTesbHO, YTO B KaudecTBe
pacTBOpUTEIElt 0OBIYHO MUCIIONb3YIOT HEIMIIEBbIE TIOEHTHI, HATIPUMED,
MEeTaHOJ U alleTOHUTPUIL.

B uccnemoBanuyu [24] npoBOAMIN 3KCTPAKLMIO U3 JIBHSIHOTO CeMe-
HU C MOMOIIbI0 alleToHa. JIbHSHOe ceMsl M3MeJb4yaau U 3KCTparupoBa-
ymu B ateroHe (1:50). DKCTpaKT BhIIAPUBAIN TIOf, BAaKyyMOM, MTOTyIeH-
HOe Macjio pacTBOPSUIM B MeTaHOJIe, CoAepsKalleM TMIDPOKCUJ HaTpus,
M ocTaBsuM Ha 1 vac myia ruaponusa OOoJblileil yacTu JTUMIuIoB. Me-
TaHOJbHYI0 CMeCh OBAKAbI IKCTPArMpoBajayM TeKCAaHOM M BbITTapUBaIN
oz BakyyMmoM. OCTaTOK pacripenensuivi Mekay BOOW U 3TUIaleTaToM,
CJIOJ OpraHMKU CMBIBAJIM BOJOI M BbinapuBaanu. Ocagok UCIIONIb30BaIN
B JJIbHEIIINX 9KCIIEPUMEHTAX.
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Ta6auua 2. MeToabl 3KCTpakuumu u pasgenesus LIIT
Table 2. Methods of extraction and separation of CLPs

Lenb PacTBOopuTenn U peakKTUBbI Mertop, Apncop6enTt HcTouHuK
T'ekcaH, aTHIaIeTaT, STAHOI, METAHOJI, Cunukarens 60
TBepoodasHast SKCTpaKLys 28
rUapokapboHaT HATPUS, JUXIOPMeTaH prod pakd (pasmep yactuy, 40-63 MKM) (28]
Cunukaresns 60 (pazmep yacTuiy
Al11leTOH, TeKCaH, 3TU TaT, METaH!
LIETOH, Te Ca]/[)éjfo ;2?:]_[3 » METaHoI, TBepmodasHasi SKCTPaKIysT 40-63 MKM, [29]
AVXIIOp 230-400 me1)
lexcaH, sTuaLieTaT, METaHOI, Cunukarenb
JMXITOPMETaH TBepmodasHasi 9KCTPaKIysT (500 mr) [30]
dTunanerar TBepmodasHasi 9KCTPaKIys Cunmkaresnb 60 [31]
AlleTOH, MeTaHOI, reKCaH, IeMOHM30BaHHAsl JKCTPAKIMS B CUCTeMe TBep/ioe BellecTBO — _ [24]
BOJIA, STWJIALETAT, TMIPOKCU, HATPUS SKUJIKOCTb, KMIKOCTHAsT SKCTPaKI s
KCTPAKIVS B CUCTEME T! TBO —
DKCTPaKIUS MeTanon DKCTpaKIys B CUCTeMe TBep0e BeleCTBO _ 132]
SKUAKOCTD (C yIbTPa3BYKOM)
DKCTpPaKIys B CYCTEMe TBepIOe BelecTBO —
MeraH MOHM30BaHHAas B — 15
eTaHoJ, IeMOHM30BaHHas BoJa KMIKOCTD [15]
DKCTpaKIys B CUCTeMe TBepZ0e BeleCTBO —
MeTaHomn, eMOHM30BaHHAas BOJa SKUIKOCTD [33]
MeTaHoJ1, 3TaHOJI, IeMOHM30BaHHasl Boja KMJKOCTHAST SKCTPAKLMS — [9]
(C yIbTPa3sByKOM)
ALleTOH, TeTposneiiHbIi 3¢up, sTaHo, DKCTPaKIMS B CUCTEMe TBep/ioe BellecTBO — _ [34]
MeTaHOJI, FeKCaH, IeMOHM30BaHHas BoJa SKUKOCTb, KM KOCTHAsI SKCTPaKI s
DTaHOI, IeMOHM30BaHHAs BoJa JKMaKoCTHAsT 9KCTPAKLMS — [31]
TekcaH, sTM/IALETAT, METAHO, Cunukarenb
IpenapaTuBHas 1I-XPOMAaTOT ust 35
IUXJIOpMeTaH pemapa as ¢rem-xpomarorpad (300-400 mermr) (33]
TMonumepHblit aIcOpOeHT
(HemosIPHbIN cononumep
MeTaHoi, BOAa, X10pohopM, alleTOHUTPIIT [pernapatuBHas dieri-xpomatorpadust CTUPOJI-IUBUHUII-OEH30JIbHOI [23]
afcopOuUpYIOLIeii CMOJbI,
cdhepnueckue yactuipt 0,5 Mm)
DTuiaueTar, rekcaH, MeTaHoI, o
JIMXJIOpMeTaH, IeMOHM30BaHHas BOJa, [penapatuBHas ¢ieri-xpomarorpadust (300-400 mer) [36]
aLeTOHUTPUI
Cunukarens ¢ npuButbiMy C18
€MOHM30BaHHasl BOAA, alle TOHUTPUIT BOXKX 37
A Ad, atl P rpynmamMu, pasmep 4acTHIL 5 MKM) (371
TekcaH, 3TMU/IALIETAT, METAHO, Cyvkarens 60
IUXJI0OpPMeTaH, pacTBOp 6GuKap6oHaTa [penapatuBHas deni-xpomaTtorpadmus [12]
2 (pasmep yactuy, 40-63 MKM)
HaTpusi, COMSTHOM pacTBOP
Cunukarenb 60
TseppodasHas akcrpakiys, [IpenapaTuBHas (70-230 mem);
ﬁﬁg;g}{g;ﬁ ﬁg;}ﬁ;g&;ﬂa?gg&ﬁe?}g]gH rneur-xpomarorpadms; CHJIVKAresb C IPUBUTBIMU [32]
A p P, »al B3XX C18 rpynnamu (pa3mep yacTul
41 1,9 MKM)
[TonumepHbIit afCOPOEHT
(HenoJSpHbIIi CONONUMep
Pasgenenne CTUPON-IUBUHWUII-6€H30IbHOM
MetaHor, xiopodopm, IIpenapaTuBHas ¢uem-xpomarorpadusi; aficopbuUpyIoLIei CMOJbI, 38]
eMOHU3UPOBAaHHAs BOJA, alleTOHUTPUIL B3XX cdhepnueckue yactuipi 0,5 Mm);
CUJIMKAresb;
cuuKaresnb ¢ mpuBuTbiMu C18
rpynmnamu (pasmep yactuil 10 MKM)
Cumkarens ¢ npuBuTbiMu C18
rpynmnamu (pasme% yacTuy,
5 MKM, 300 A;
MeTaHo1, [eMOHM3MpPOBaHHas Boza B9XX 3wk, 110 A [9]
5 MM, 100 A;
2,6 mim, 100 &)
DTUIOBBIN 3GUP YKCYCHOM KUCIOTHI,
" Cunukaresb
H-TeNTaH, JUITWIOBbI 3up, TeeprodaszHast IKCTPaKIus; 4
reTposeiiHblit 3¢up, 1eMOHN3UPOBAHHAS B3XX CMHMK&FEHFI’ CSS{?}:ETHMM c18 (39]
BOJa, aLleTOHUTPUTT Py
Cunmkarens 60
T'ekcaH, aTHNIaleTaT, METAHOII, (200-400 mem);
IIpenapaTuBHas ¢nem-xpomarorpadusi; d
JVXJI0OpMeTaH, 1eOHU3MPOBaHHasl BOJa, perap %Q)KX P pacpus; CUIMIKAresb C IPUBUTHIMU [40]
aLeTOHUTPUI dbeHmarexcu rpymnmnamu (pasmep
yacTuil 2,6 M 5 MKM)
TekcaH, sTMIaLLeTAT, METAHO, Cuukarernb;
TBeprodaszHas IKCTPaKLus; ¢
JIMXJIOPMETaH, prod PaKIM; cuKaress ¢ npusuTbhimy C18 [30]

AeVOHM3MPOBaHHAA BOAA, all€TOHUTPUIT

BaXX

rpynnamu (pasmep 4acTuILl 5 MKM)

ABTopoM Baur [31] mokaszaHa BO3MOXXHOCTb 3KkcTpakuyuu LIT macia,
COpOMPOBAHHBIX HA CUMIMKAresne, OXJIaKAEHHBIM STMIaleTaToM. s
MPOBeNEeHNST SKCTPAKLMM CBEKEOTKAaTOe Macjio CMEIIMBAIM C CUJIMKA-
renem (25:1) u nepememmBam. ITocie OTCTaMBaHMSI MAciIO JT€KaHTUPO-
BaJIn, a CUIMKArelb 3arpyXkajii B BOpOHKY BroxHepa U mop, BakyyMoM U3
MOJTyYeHHOM CyCleH3UM (CHMIMKareab: Maciao) yOaasuiM OCTaTKM Macia.
Cuiukaresb I10C/Ie0BaTe/lbHO YeThIpe pa3a MPOMbBIBAIM OXIaXKIeHHbIM
aTuaaueraToM (bpaxuym 1-4) v IBaXKAbI ITAHOIOM, J/IsI U3BJIEUEHUSI BCEX
ocrasumxcs LT (bpakumm 5 u 6). Bce cobpanHble dpaxiym yrnapusamm
B BakyyMe. K Macsiocogepkaiym ocratkam 1 1 2 dpakimit 1o6aBisum Me-

taHon 1yt u3BnedeHus LT [TonyyeHHbIe ABa 06pa3lia 3aTeM BbIIapUBAIN
B BaKyyMe J BOCCTaHaBIMBaIM B MeTaHose. OCTaTKM BCeX OCTA/IbHBIX Ye-
ThIpex (hpaKLMit pacTBOPSUIM B MeTaHOJIe [10C/Ie YAaAeHMsT PaCTBOPUTETIS.
[TepBble nBe Gpakuyuy (CMbITbIE STWIALIETATOM) COepyKanu Haubosnpllee
KOJIMYECTBO ¢1a60 MOMSIPHBIX MeNTHA0B. UTOObI O KOHIIA CMBITh COPOU-
pOBaHHbIe Ha CUIMKAresje IMenTHIbI, MCIIOIb30BaIM 3TAHON Kak Gonee
TIOJISIPHBIN 110 CPABHEHMIO C TMIALETATOM PacTBOpuUTeNnb. Haubonbimmit
rpotieHT Bbixona 111 BoisiB/IeH A5 ppakiyy 6 (TIEepBbIif CMbIB 3TAHOIOM)
u coctasisiet 31%, nanee unet dbpakuus 1 (mepBblii CMBIB 3TMIIALIETATOM),
BBIXOJ], KOTOPOi1 coctaBwm 23% ot obuiero Beixopa LIIT Ha Bce 6 dpaximii.
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BepHerT ¢ coaBTOpamu [28] srcTparuposanyu LIIT 13 1bHAHOrO Macia
ImyTeM afcopbuyuy Macia Ha CuiIMKarese C MocIeqyoyM JTIoUpoBa-
HMEM IONSIPHBIMYM PAaCTBOPUTENSIMMU. B yacTHOCTH, TbHSIHOE MacJio CMe-
LIMBAJIU C CWJIMKArejeM U IOC/Ie OTCTauBaHUS NeKaHTUPOBaau. B3sech
ocTaTka cuaukarens, copepskaigero III, cmemmBanuM ¢ H-reKCaHOM
U IEPEHOCWIIM B BOPOHKY U3 CIIEUEHHOTO CTeKJIa AJisl yoaJleHUs PacTBo-
putenst myteM (uibTpauny. V3BaedeHHbI TBEPAbIl OCTAaTOK JOIOJ-
HUTETbHO 3KCTPArupoBalM H-T€KCAHOM, YTOOBI yOAMIUThb KaK MOYXXHO
Gosblile Maciaa M3 cumMkaresns, cogepskamiero II1. Be3macisiHblit ocTa-
TOK ITOC/Ie0BATEIbHO 3KCTparupoBaiu 50% cmechio (06./06.) aTuiaie-
TaTa B H-TeKCaHe U 3TaHOJIOM. AJTMKBOTY KaXX[0ro GUIbTpaTa KOHIEH-
TPUPOBAIN B BAKyyMe, PeCYCIIeHIMPOBAIM B METaHOJIE U GUIbTPOBAIN
st aHanu3a Ha BOXKX ¢ guomHO-MaTpUUYHBIM IeTEKTOPOM. B ToM ke
HaIpaBJIeHUy IBUTAINCh U aBTOPbI pa6oThI [12], MCITOIb30BaBIINE CH-
JIMKaresb C MpeABapuUTenbHO nocaxkeHHbIMM LIT 1 sKCTpakiMio H-TeK-
caHOM Ipyu nepememBanuy. CyclieH3MI0 PACTBOPUTEISI U CUITMKATeIsI
rnomeIany B GUIbTPYIOUYI0 BOPOHKY M YOASUIM PACTBOPUTENb IO,
BakyyMoM. [losyueHHBIVi TBepHAbIVi OCTATOK IOMONHUTENBbHO 3KCTpa-
IMPOBAIM H-T€KCAHOM, YTOObI YOAIUTh KaK MOXKHO GoJibllle Macia U3
cunukarens, conepxkamiero LII1. 3aTem 06e3XKMpPeHHbBIN OCTATOK MOCIIe-
IoBaTebHO 3KcTparupoBain 50% (06./06.) sSTuIAIETaATOM B H-T€KCaHe
n 10% (06./06.) MeTaHOIOM B IuxJIOpMeTaHe. II0yuyeHHbII 3KCTPAKT
comepskan 5 I, pacTBOpuTeNb yOassav BhITapUBAHMEM HA POTOPHOM
ucrapuTesie Ajsl MOMyYeHMs! ChIPOTO 3KCTPaKTa, KOTOPBIN pacTBOPSIIN
B OITWIALETATE ¥ IOCAENOBATENBHO JKCTPAarMpoBaIy HaCII[EHHBIM
pacTBOpOM OMKapOOHAaTa HATPUS M COJMSTHBIM pacTBOpoM. OpraHuue-
cKy1o a3y cymmian Haja 6e3BOOHBIM CynbhaToM HATpus, 3aTeM Huiib-
TPOBAJIY ¥ KOHILEHTPUPOBAJIY JIJIsl TIOTyUYeHUSI OUMIIEHHOTO OT PacTBO-
putens s3kcrpakra LII1.

B pa6ote aBTOpoB [30] IbHSIHOE CeMsT M3MeTbYaIU 1 MPOITYCKaI ue-
pe3 cuto. MosoThle ceMeHa JIbHa CMeIBajy C H-TeKCaHOM, a 3aTeM Iie-
pemerBanu 6reHaepom. Ilocae sKCTpakiuMy cMech LEHTPUQYrupoBa-
sn. CyniepHataHT BeinapuBaiu nipu 40 °C ¢ UCMOAb30BaHMEM POTOPHOTO
UCTIApUTENIS AJIS TTOy4eHusT o6pasia Macia. OCTaToK CHOBA 3KCTparu-
poBaM, KaK yKa3aHo Bbllle. [0 MpoBeeHys] aHaau3a Mpo6bl XPaHUIN
B repMeTUYHOI CTeK/ISIHHOI nocyze rpu TemnepaTtype munyc 20 °C. Ko-
JIOHKY [71s1 TBepHoda3HOi KCTPAKIMM C CUIMKAreleM MCIIOIb30Baan
s Bbigenenus: LT u3 skcTparMpoBaHHOTO rekcaHoMm macia. KomoHky
YpaBHOBEIIMBAIM TEKCAaHOM, IOC/Ie Yero HaBeCcKy Macia CMeMMBaIN
C TeKCaHOM ¥ 3arpysxanu. KooHKy a/0upoBaiy mpy 066IYHOM AaBJI€HUYI
o MeToRy [29] ¢ He6GonbLI0i MonubuKanueit. [ITh 3M0EHTOB BO3pacTa-
[011Ie#1 OIIPHOCTH TTpeacTaB/sii coboit 100% rekcan, 20% sTunaneraTta
B rekcase, 50% sranaieraTa B rekcane, 100% stunaierara u 10% merta-
HoJa B AuxyiopMmeTaHe. [IBe ob6oraiieHHbie nentumamu dpakuyum (100%
stwianetat u 10% mMeTaHon B AuxJiopMeTaHe) OObeIVHSIIN U YIAJSIN
pacTtBOpuTeNb Ha poTopHOM Mcnaputene npu 40 °C. OcTaToK MOBTOPHO
pacTBOpsUIM B MeTaHo/Ie U GUIbTPOBAIN ITepe]] aHATU30M.

B nuccnenosanuu [40] momyuany «rpy6siit» skeTpakT LIIT. ABTOpBI cMe-
[IYBaIX MAcC/Io ¢ cuankaresiem (5:1) 1 HAHOCWIIM Ha CTEK/ISTHHYIO KOJIOH-
Ky, B KOTOPOJ1 B Ka4eCcTBe COpGeHTa MCIoMb30Bam cumkaresb (100 cm?).
®paxkius, He comepskallasi nenTuabl (B OCHOBHOM TPUALIMIIIIULIEPUHDI),
6bLIa MI0MPOBAHA MO, AeICTBYEM IPaBUTALMOHHBIX 1. [lanee pume-
Hsu GUIsII-XpoMaTorpaduio, 3aupys o6paser; HeCKOIbKMMM TUTTAMU
pacrBoputeneit: 100% rekcaH, 20% stuianeraTa B rekcaHne, 50% stuia-
merara B rekcane, 100% stunatierat (ppakims A) u 10% meTaHona B Inx-
nopmetane (ppakius B). ®pakuun A u B, cogepskanime L1, 06bequHsIN
¥ KOHLIEHTPUPOBa/IX Ha poTopHOM Mcrnapurese rpu 40 °C. IToryuyeHHYIO
CYXYIO CMeCh PacTBOPSUIM B MeTaHosie U HeHTpudyruposamu. OTéupanu
CyIepHATaHT, KOHLIEHTPUPOBAIU U XPAHWUIU 11 JaJIbHEIIeil XpOMaTo-
rpaduvecKoii OUMUCTKN. YCTAaHOBJIEHO, UTO C MOMOIIBIO TAHHOTO MeTona
n3 500 M1 MaciIa MOKHO MOMYyYuTh A0 550 Mr dpakuym, oboraieHHON
LIT1. CoriacHO MOMTYy4YeHHbIM JaHHBIM, Hanbonee 3¢ GeKTUBHBIM PACTBO-
puUTeneM SIBJISIETCS METAHOI, yBeIMuMBIIMii Boixog, dppakuum LTI ¢ 10 1o
90 mr/mut. OTMeuaertcss, 9YTO 3G(PEKTUBHBIM METOIOM M3BjaedeHus LTI
SIBJISIETCSI TIO9TAIIHbI/ CMbIB COp6]/IpOBaHHbIX Ha cuIimKarejie KOMIIOHEH-
TOB 3I0€HTaMM BO3pacTalolleli MOMSIPHOCTY (IO MATH cTaguii). Takoi
10/IXOJ], IT03BOJISIET MI0MPOBATh pakTuyecku Bee LTI, mpucyTcTBylomue
B Macjle, OTHAaKO MOXET MPUBECTU K CHYDKEHMIO O6IIEro BhIX0Ja KOHEeU-
HOTO MTPOAYKTA.

B pa6ore [36] LIIT akcTparupoBaiy 13 Maciia COIJIacHO CJIefyIoleit Me-
TOIVIKE: HABECKY JIbHSIHOTO Mac/ia TIOMeIajy B IPOGMPKY M pacTBOPSIIN
B rekcase (1:10). 3arem gobasnsi 70% cMech MeTaHO/BOAA U [TepeMe-
[IYBaIM HA BOPTeKce B TeueHue 30 MUHYT JJISI SKCTPAKLIVY TENTUL0B.
ITocsie aKCTpaKLUMM CMECh LIEHTPUDYTMPOBAIU U OTOMPAM CyIIepHATAHT.
3aTeM MOBTOPSUIM SKCTPAKIINIO, COOpaHHbIe CylIepHATAHTbI 00beIUHSIIN,
BBITIAPMBAJIY, [10C/Ee Yero pacTBOPSUIM B MeTaHOJIe JIS IOC/IeIyIL[ero
aHanM3a.
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BepuerT ¢ coaBTopamu [33] oyst Beinenenust LIIT ucnonp3oBany cieny-
IOLIYI0 METOIMKY: ceMeHa B3BeLIMBAIM U M3Melbyasy, II0c/Ie Yero Bbl-
IepsKUBaIY C MeTaHoJIOM ¥ Bozoii (70:30, 06./06.) IIpy COOTHOLIIEHWUM Ce-
MSH K pactBopuTtesio 1:10 (06./06.). [Tocie 2 4acOB TEpMOCTATUPOBAHMS
ripu 60 °C o6pasel; KpaTKOBpEMEHHO BCTPSIXMBAJIY, a 3aTeM LeHTpudy-
rupoBain. [lomydyeHHble cyriepHaTaHThl GMIBTPOBAIN Iepe], aHAIU30M
B3XX ¢ nnomHo-maTpuuHbiM getekTropoMm (HPLC DAD). OnHOBpeMeH-
HO MCCIefOoBaly BAMSIHME CTelleHM M3MeJbueHMs] M TeMIlepaTypbl Ha
abdektuBHOCTh 3KcTpakumy II1. CeMeHa IeryMMMpOBAIU (YIAJISIN
Helle/UTIONIO3HbIe TKAaHM) B COOTHOIIEeHUM cemMeHa: Bozxa 1:10 (mac./06.),
YacTh CeMSIH M3MeJbuajay, a BTOPYI0 YacThb OCTaB/S/IM B HEM3MEHHOM
BUJe. V3MenbueHHbIEe U LielIbHbIe ceMeHa 9KCTParupoBaiiu, Kak yKazaHo
BbIIlle, MCIOMb3YS ABa YCIO0BUSI SKCTPAKLMMU: TEPMOCTAaTUPOBaHKeE B Te-
YyeHye 2 4acoB, MO0 NPy TeMIepaType OKpysKalolleil cpembl, 1160 pu
60 °C, mocste yero sKCTpaKThl 06pabaThIBaIN M aHATU3MPOBAIIN.

V3BecTHO 06 skcrpakuyy LIT HampsiMyio U3 JIbHSIHOTO ceMeHu [15].
CeMmeHa 3aMOpaKMBaIM C IIOMOLIbIO KMIKOTO a30Ta U M3MeJbuain. JKC-
Tpakuuio HIT 13 u3mMenbueHHBIX CeMSIH OCylLecTBIsM 70% MeTaHOIOM
ripu 60 °C, 1ocie Yero 3KCTPakT GUAbTPOBAIN U aHATU3UPOBaIK. B mo-
JIy4eHHOM 3KCTpaKTe 6b110 naeHTUduIpoBaHo 19 LI1.

ABTOpBI paboThI [32] UCIIOMB30BAIN YABTPA3BYK JIsI dKcTpakuym LT
M3 Mac/ia M IIpoTa jbHa. JIbHSIHOe MacIo MM MIPOT B3BEeLIUBAIN B IIPO-
6upke, nobasisiiu Metanon (1:10) u mepemelnBanu Ha BOpPTEKCe C I10-
cenymoeit 06paboTKoi yIbTpa3ByKoM. [TonyueHHY0 cMech LeHTpudy-
IMPOBAY, OTOMPAIN CYIIepHATAHT ¥ 3aTeM aHAIM3UPOBAIU METOIOM
B3KX ¢ macc-cniekrpometpueit (HPLC-MS). MeTaHombHAs 9KCTPaKLIMS
C JOTIOJTHUTENbHOM 06paboTKOM CMecH YIbTPa3BYKOM OGecIieunsia Bbl-
xon LIT Ha ypoBHe 60see 90%. ABTODPBI ITOKA3aay, YTO UCIONIb3YeMblit
MeTog, He BbI3bIBaJl oKMcaeHus LIT1. YcTaHOB/IEHO, YTO MeTOZ, C IpUMeHe-
HMeM ylbTpa3ByKa IoKa3asl XOpPOLIyI0 TOYHOCTb U BOCIIPOM3BOAMMOCTD
c usBjaeyeHueM ot 90 go 102%.

B uccnemosanuu [9] LI Beigensiiv U3 JIbHSHOTO Macia ¢ IIOMOILbIO
SKMIIKOCTHOM 9KCTPaKLMM, MO0 3a CYeT SKCTPAKLMU METaHOIOM C YiIb-
TPa3BYKOBOI1 06pa6OTKOI. JKUAKOCTHYIO SKCTPAKIMIO TPOBOAVIIV ITyTEM
CMeIIVBaHMs JIbHSHOTO Macjia co CMeChl0 MeTaHoJ1/3TaHon + Boza (1:1)
C IOCTeAYIONYIM IlepeMeNIBaHyeM Ha BOPTeKCe U LeHTPUQYrMpOBaHM-
eM. OT6Mpany cyrnepHaTaHT AJIs1 AajbHelero aHanu3a. ABTOPBI TaKKe
MIPUMEHSUTM SKCTPAKUMIO METAaHOJIOM IIpU 06paboTKe YIbTPa3BYKOM.
JIbHssHOe Mac/io mo6aBisiiv K MetaHony (1:1), mepemenivBanu Ha BOp-
TeKkce ¥ 00pabaThiBaIM YABTPa3BYKOM. IlomyueHHY0 cMech LeHTpudy-
IMPOBAJIY, OTOMPAIY CYyIIepHATAHT U aHaAM3upoBaayu. COIaCHO pe3yiib-
TaTaM McciaenoBaHus, Haubonee 3GPeKTUBHBIM CIIOCOO0OM IKCTPAKIN
6bIJIa KVMKOCTHAS 9KCTPAKLIMS CMEChI0O METaHOJ-BOZA.

Kaii ¢ coaBTopamu [34] mpennoXuan ABYXCTaAUIHbIA MeTOH, 9KCTPaK-
uyy T 13 skMbIXa IBHSIHOTO CeMeHU. B Koskype JIbHSIHOTO CeMeHM cofiep-
sKuTCS Beero 18,8% ot o6iero komuectsa L1, comepskanmxcsi B CEMEeHM.
970 yKa3bIBaeT Ha TO, UTO GosbIast 4acThb LIIT KOHIEHTPUPYETCS B CeMSI-
nose. Vi3MebueHHbBIN U MMPOCESTHHBIN XMbIX 9KCTparMpoBamu 95% ara-
HOJIOM. DTaHOJ yOAISUIM BaKyyMHOM GuibTpanyeit ¢ UCIoab30BaHueM
poTopHOro ucnapuress. [lasee cMech pacTBOPSUIM B H-TeKCaHe ¥ BOIHOM
pacTtBope MeTaHona (60%). CMech NepeMelIBany Ha BOPTeKCe U LeHT-
pudyrupoBanu. 3aTeM HIKHMIA CI0H (METaHOIbHYIO (BpaKLMio) oT6Mpa-
JI1, K BepXHEMY CJI0I0 TIOBTOPHO A06aB/sUIM BOLHBIN PacTBOP MeTaHO/Ia
Y TIOBTOPSIIM NPOLENYPY SKCTpaKuMy elle nBa pasza. OToGpaHHbIE Me-
TaHO/IbHbIe GpaKkuMM 06BeOVHSUIM U KOHLEHTPUPOBaIN. MeTaHOIbHbIN
9KCTPAKT [TepeHOCUIN B LeHTPU(DYKHYI0 eMKOCTb U B06aBSIN JUCTUT-
JIMPOBAHHYIO BOAY B COOTHOIIEHMM 5:1 (110 Becy). CMech IepemMenBaim
Ha BopTekce ¥ 1eHTpubyruposanu. CyrepHaTaHT, KOTOPBIA comepsKas
B OCHOBHOM (ochHOMMUIIMAbI, YIaNsIM, MOMYYeHHbII 0CafoK CUUTAIN
ounieHHbIM skcTpakToM LIII. YcTaHOB/IEHO, UTO NMPU MCIOIb30BaHUM
95% sTaHoMa AJIs TpeaBapUTEeIbHOM IKCTpaKIuy BoIXo, LIIT B KoHeUHOM
9KCTPaKTE COCTaBIsUI 6Gonee 70%.

B npescTaBiieHHBIX UCCIEeN0BaHUSX TIOMYYeHHbIe 9KCTPAKTDI, COflep-
Kalye CMech IVKINYECKUX MEeNTUIOB, MO0 BBICYIIMBAIK ISl OAJTb-
HeJIIero UCIonb30BaHMs, IMO0 MPOBOLMIN [TOC/IeAYIOlIee pasaeneHne/
OYJCTKY C IIOMOIIbI0 XpoMaTorpadmn.

Ilnst paspenenus LIT MaTcymoTo ¢ coaBTopamu [23] HAHOCUIN TIPef;-
BapuUTeIbHO MOATOTOBIEHHbI/I METaHONbHBIV 9KCTPAKT Ha XpoMaTorpa-
¢bnyeckyio konoHKy Dianon HP-20 (rmonumepHblii aacop6eHT), UCIIONb3YsI
rpagueHTHYIo0 cucTteMy Boga-meTtaHon (0:1-1:0). @pakiuio, CMBITYIO Me-
TAaHOJIOM, HAHOCU/IY Ha XpoMaTtorpadmyeckyio KOJOHKY C CUIMKAreaem
B I'PaAieHTHO cucteme xiaopodopm-meranon (1:0-0:1). C mpumeHeHn-
em BOXX ¢ o6pamenHoii dasoit (HPLC ODS) 15% meTtaHOnbHYIO (pak-
LIMI0 CMbIBaJIM C KOIOHKY 40-60% alieTOHUTPUIIOM U TTOTyYaay 3KCTpaK-
to1 LIT: CLF (0,0008%), CLG (0,0024%), CLH (0,0002%) 1 CLI (0,00007%).
Ilnist TOTO UTOGBI BRIAETUTD OTAENbHBIN LMKInueckuii mentup (CLF), aHa-
JIOTMYHBIM METOLOM BOCIIOJIb30BalIMCh aBTOPBI PaGoThI [38], B KOTOPOit
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MEeTaHO/IbHbIA 3KCTPAKT 6bUI HPAKIVMOHMPOBAH C MOMOIIBIO KOJIOHKU
HP-20, comepskaiieii OMMMepHbIi agcop6eHT. dpakiusi, MOUPOBaH-
Hast 100% meTaHo0M, 6bUTa B HajbHelieM Gpakiuyonnposana Ha HPLC
ODS ¢ nomo1bio KoJaoHKY ¢ cunmkarenem. Ounctky LIT (CLF) npoBonu-
JIV TTyTeM peKpUCTAUIM3ALK (CTeTIeHb YMCTOThI 6osiee 97%).

B pa6ore [12] 3KCTpakT, IMOJYYEHHbI 1O METOAMKE, OMMCAHHOM
paHee, MOABEpPrajiM KOJIOHOYHOI (uem-xpomartorpaguu U IPOBOIU-
JIM TIOC/TeOBaTeNIbHOE JJII0MPOBaHME CHUCTEMON pacTBopurenei: (a)
80% stunanetat B rekcane; (6) 100% stunanerart; (B) 2,5% mertaHomna
B AuxJIopMeTaHe; (r) 5% MeTaHona B quxjopMeTtaHe; (&) 7,5% meraHo-
J1a B guxsiopMetase u (e) 10% meTtaHosna B [uxiopMeTaHe. B pesynbrare
paszeneHust MOTy4yaau Tpu OCHOBHbIe (pakiyy, copepskaiye LI1. Macca
KOHeuHoIt ¢ppakumm Konedasack ot 2,40 r 10 4,32 1.

ABTODBI [36] IpOBOAWIN pa3felieHNe B IIperapaTMBHOM XUAKOCTHOM
xpomarorpade HM3KOTO JaBJIEHUS] MYyTEM IOCIENOBATETHHOTO 3TIOUPO-
BaHMS IISITHIO PACTBOPUTEIISIMMU C BO3PACTAIOLIEN MOISIPHOCTHIO. Vcnomnb-
3yemble amoeHThl: 100% rekcan (ppakuus A), 20% sTuaieTaT B rekcaHe
(bpakuus B), 50% srunanerar B rekcane (bpaxuus C), 100% stunanerat
(bpakuust D) u 10% metanon B auxsopmetane (bpaxkius E). ®pakunn D
1 E 06beAVHSIN M YAAISUIM PACTBOPUTENH C IIOMOLIBIO POTOPHOTO BaKy-
YMHOTO MCTIapUTeNIs ¢ 00pa3oBaHMEM CBETIO-KeNToro mopoiuika (1,20 r).
Cmecsp LII ganee paspensyiv ¢ TMOMOILBIO MTpenapaTuBHON XUAKOCTHOM
xpomarorpaduy BbICOKOTO AaBJIeHMsI C MCIONb30BaHMeM KomoHku C18.
[MonpwskHas dasa coCTosUIa U3 AeVIOHM3UPOBAHHONM BOZBI U alleTOHUTPU-
s1a. Ppakumu 0TOMPAIU Y KOHIEHTPUPOBAIY C yIaIeHieM PaCTBOPUTEIISL.

B uccnegosanmu [30] nposepeHo pasgenenue LT ¢ momombio BOXX,
OCHAllleHHO} auomHo-mMaTpuuHbiM aetekropoMm (HPLC-DAD) u Ko-
noHkoit C18. IMonBukHas dasa cocTosia U3 JeMOHMU3UPOBAHHON BOZIBI
u auetoHUTpuia. [IpoBefeHHas KOMMUeCcTBEeHHas olleHKa Hammuums LITT
B 13 coprax jbHa MMoKasana 14 uaeHTUGUUIMPOBAHHBIX COENVHEHMIA,
copepkaHyue KOTOPBIX BapbMpyeTcs MeXIy cOpTaMy B auanasoHe 270-
440 MKTI/T Macia.

ABtopamu [37] nns pasgenenus LTI 6puta ucronb3oBaHa HPLC-DAD
u xonoHka C18. IMoxBuskHbIMU (a3amy 6bUIM NeMOHM3MPOBAHHAS BOJA
(A) u auerouutpun (B). B pesynbraTe pasmeneHusi ObUIM ITOTYUEHBI
12 1II. IToka3aHo, 4yTO comepkaHue LIII B 3KCTpaKTe MOXXeT JOCTUraTh
631,41 MKr/T Macia (IIpy UCTIOIb30BAHUY TOPSIUETO IPeCCOBAHMS).

B pa6ote [35] ommcaHo paspenenue LTI 3 macia JbHa € TOMOIIBIO
MpernapaTuBHOI KUIKOCTHOI xpomatorpadum HU3Koro nasieHus. Ma-
CJIO pacTBOPSUIM B cMecu dTuiauerat/rekcal (1/19) u HaHocuau Ha cre-
K/STHHYIO XpoMaTorpadguueckyio KOJIOHKY C CuiMKareieMm. PasgeneHue
MIPOBOAVIIN TIOCPELCTBOM IIOC/IeA,0BaTEIbHOTO CMbIBA MSIThI0 PACTBOPHU-
tenssmu: 100% rekcan, 20% pactBop 3Tmianerara B rekcane, 50% pac-
TBOp 3TWIaneraTa B rekcane, 100% stunanerat 1 10% pacTBop MeTaHo/Ia
B nuxyiopMetaHe. OToéupanu ppakuym, moryyaeMble MOCTeHUMU ABYMSI
pPacTBOPUTENISIMY, 3aT€M PACTBOPUTENY YAAISIM Ha POTOPHOM MCIIApH-
TeJe 0 MOTyYeHMsI CYyXOro MOPOoUIKoo6pasHoro akcTpakra. ComepykaHue
LITT B mOTy4eHHBIX 9KCTPAKTaX HE YKa3aHO.

IMocne npenBapuTeNnbHO MPOBENEHHON 9KCTpakuuy aBTopbl [40] BbI-
MOJHSUTM  pa3peneHue. Pa3paboTaH MPakTMUYECKUiI MeTon Ha OCHOBe
npenapaTtuBHOI BO)KX niis ogHOBpeMeHHOro Bbifenenus 12 tunos LI1.
JIOTIONHUTENBHO NIPOBOAMIN aHAIUTHNUYeCKylo BO)KX ¢ nmogHo-mMaTpuy-
HbIM fetekTopoM (HPLC-PDA) u o6pauieHHO-(ha30B0ii KoIOHKOM. OnTI-
MaJIbHbIE YCIIOBYSI: HAUaIbHOE COOTHOLIIEHMe alleTOHUTpIIA K Bozie 40%,
KOHeuHoe cooTHoleHye ateTouuTpuna 80%. ITonryuennslie 12 III1 Tarcke
COCTOSITU 13 HEKOTOPBIX OKUCIEHHBIX ITPOMEXYTOUHbIX I BOCCTAHOBJIEH-
HbIX opm LTI, KOTOpbIE OOGBIUHO BBIXOAST C APYTMMM COEIMHEHUSIMMU.
Yucrora LTI cocraBnsiia 6omee 95%.

B nccnemoBanuy [9] 6110 TpOBeieHO pa3ieneHye MoMyyeHHOo cMecu
LIIT ¢ ucrionb3oBanmem BIXKX u konoHok GraceTM Vydac, GeminiTM C18
u KinetexTM C18, paznuuaioniuxcs pasMepoM 4acTuil 1 nopamu. [Tomn-
Hoe paspenenue 12 III 6bUTO JOCTUTHYTO ObICTPHIM UM SKOHOMMUYHBIM
meTtomoM BIXKX Ha xonoHke KinetexTM C18 c¢ ucnonb3oBaHueM MeTa-
HOJIa/BOJbI B KauecTBe 3/moeHTa. JIydliee pa3zieneHue HabGII0IANIOCh TPU
MpuMeHeHMM KoJMoHOK GeminiTM u KinetexTM.

Bpronb ¢ coaBTopamm [39] mpoBenu xpomartorpaduueckoe pasne-
nenue LTI ¢ ucnonbzoBanmem BIXKX ¢ konoHkoit RP-18e (cunukarenb
¢ npuBuThiMu C18 rpynnamm). DnoMpoBaHue HaUMHaMM co cmecu 60%
BozbI 1 40% aLleTOHUTPUIIA, KOTOPYIO 3aMeHsIU Ha 35% Bopbl 1 65% atie-
TOHUTPWIA, 3aTeM Ha 25% Bombl u 75% aueroHurpwia u nanee 1o 100%
alleTOHUTpWIA. BBUIY OTCYTCTBUSI 3TAJIOHHBIX CTAHJAPTHBIX BeLeCTB
Lie/Tb MTOJTyYeHMs KONMMUeCTBeHHBIX pe3y/lbTaTOB He CTaBMU/IaCh.

B pa6ore [32] mocne NpoBefeHHOM 3KCTPaKIUY, ONMCAHHO BbILIe,
6bUTO BBITIOJIHEHO TOCIeRyolee pasnenenue LII1. YeraHOBIEHO, YTO Ha-
unyuiee pasnaenedue LI IbHIHOTO ceMeHM 6bUTO JOCTUTHYTO C VCTIONb-
3o0BaHMeM KomoHku Kinetex C18, uto mo3Bommio pasgennTsb LITT: CLA
u CLJ, a Takke CLN u CLD. Bcero yganocs pasgennts 14 II1.
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HecmoTpst Ha 6oJbloe KOMMYECTBO Mpe[CTaBIeHHbIX METOOB, MU3-
BiedyeHye 1III c npuMeHeHMeM pacTBOpuUTeeii, paspellleHHbIX OIS UC-
I10/Ib30BaHMSI B MUILEBOJ IIPOMBIIIEHHOCTY, 0GHAPY>KEHO TOIBKO B IMC-
ceprauyy Banra [31]. CyTb 9KCTpakUIMM 3aK/I04anach B ClIeAylolleM: Ha
IepPBOM 3Tarle JIbHSHOe Macio fob6asisiv Kk 100% stanony (1:1) B menu-
TEeJIbHOV BOPOHKE ¥ BCTPSIXMBAIM [ CMelBaHus ABYX ¢da3. Cobupanu
BEPXHMUI CJI0¥1 paCTBOpPA B BOPOHKE (3TAHOJIbHBIV IKCTPAKT). AHAJIOTUUHO
macio skcrparuposanu 50, 60, 70, 80 1 90% BOIHBIM PaCTBOPOM 3TaHOJA.
OmnpepneneHo, uTo ucnonb3oBanue 70 u 80% BogHOro pacTBoOpa 3TaHOIA
¢ 06beMHBIM COOTHOILIEHMEM pacTBopuTens K Macty 0,25:1 mpusonmio
K Hanbosee BbicOkoMyY Bbixozy LIIT 13 macia. OnTMMaNbHBIM GbUIO MTPU-
HSTO ucnonb3oBanue 70% pactBopa 3TaHona. [IpyMmevaTenbHO, YTO aB-
TOpaM yLaIoCh YCIEIHO MacITabMpoBaTh JaHHYIO METOAMKY OT 160 M
10 4200 mutpoB macia. CreneHb usBneuenusi LI cocrasmsina 61,2-92,0%
B 3aBMCMMOCTH OT UCIIO/Ib3yeMbIX 06beMOB Macia.

CornacHO NpenCTaBIeHHBIM pe3yiabTaTam, Ajg u3siaedenus LIT u3
JIBHSIHOTO CeMEeHM U MPOLYKTOB €ro IepepaboTKy 0ObIYHO MCIIONb3YIOT
9KCTPAKLMIO B CUCTEME «TBEpIOe BeleCTBO — JXUIKOCTb» WIN «KUJ-
KOCTb — >KMIKOCTb» (M3MeJbueHHOe JIbHSIHOe ceMs MM Macjao U opra-
HMYECKUIi paCTBOPUTEIIb) U «TBepAoGda3Hy0» IKCTPAKINIO (JIbHSHOe Ma-
CJI0 U CUJIMKaresb). B 60bLIIMHCTBE CIyyaeB B KauecTBe pacTBOpUTeNei
JCIIONb3YIOT METaHOJI, FeKCaH, 3TU/aleTaT, JUXJIOPMeTaH, alle TOHUTPUI
U [eVOHM30BaHHYI0 BOAy. Takoi mogxos, Mo3BOMISIeT C BBICOKMMU BbIXO-
namu u3Biedb LI 13 MCXOZHOTO ChIPbS, OAHAKO He JMIIeH HeloCTaTKOB.
OCHOBHBIM HEOCTaTKOM SIBJISIETCSI OTCYTCTBME CeIeKTUBHOCTY NP U3-
BiedeHun A LT — ofHOBpeMeHHO B pacTBOp/Ha CUJIMKareb Iepexo-
IST GIM3KME 110 XMMUIECKMM CBOJCTBAM MaTpUYHble KOMIIOHEHTSI. JI1st
peLIeHNsI 3TOH MPOGIeMbI TPYMEHSIIOT JOIIOTHUTEIbHbIE CTAIUYU OUNCT-
K ¥ KOHLIeHTpuposaHus LTI — npenapatuBHYy0 ¢rrem-xpomaTorpaduio
Ha CHJIMKaresie Wiy MoJIMMepHbIX afcopbeHTax. Tak, Hapumep, B cIyyae
CUIMKAressi, 3a CYeT ITOCTaMIfHOTO yBelIuUeHNs MTOJIIPHOCTM B CUCTEMeE
pacTBopuTeseil rekcaH-3TWIaLleTaT yoAeTcsl MpaKTUYecky IOTHOCTbIO
U36aBUTHCS OT MOJSIPHBIX NpuMeceii. OUHANIBHON CTafueil OYMCTKU
cmecu LTI mam momydeHus] VHAVBUAYAIbHBIX CTaHLAPTOB SIBIISIETCS
BbICOKO3(b(dEKTUBHAS JKMUIKOCTHAS xpomartorpacdus. 3mech B KauecTBe
HEMOABIKHOI (a3bl HauboIee YacTo MCIOMb3YIOT HEeIONsSIpHbIe MOAM-
¢dbuumpoBaHHbIe cOpO6eHThI-OKTagelnIbHbIe (C18) u deHmMreKCUIBHBIE
dbyHKUMOHaMBHBIE IPyNIIbL. ITocenHMe, B CBOIO OUepelb, II03BOJISIIOT J10-
6UTbCST BbICOYAJiLIeli CTelleHM pa3Jie/leHusl M IPOBOSUTh KaueCTBEeHHbIe
U KonudecTBeHHble u3MepeHus LTI B cemeHn JibHa.

3.2. MemoOds! udenmuuxayuu Yyukauueckux nenmudos

Inst monmyuenust LIT U3 ceMstH JibHA WK TTPOAYKTOB €T0 repepaboTku
CYIECTBYET HEO6XOMMMOCTb MOMCKAa METOIO0B MAeHTU(GUKALMMN UCCiIe-
JTyeMbIX KOMITOHEHTOB. HaMu 6b110 0GHapy>KeHO MHOKECTBO Pa3IMYHBIX
O/IXOMI0B, MTO3BOIIONMX uaeHTuduIMposaTs LII1 B cocraBe nbHa. Tak,
B mccinenoBanuy Marcymoto [23] mist uaeHTHdmKanyuy LIT ucrnonbso-
Bayu MK- u YO- ciekrpockommio, 'H n 13C IMP, Macc-CrieKTpOMeTpUIO
(FAB-MS), ToHkocnoiHyo (TLC) ¥ BbICOKOI(P(EKTUBHYIO KUIKOCTHYIO
xpomatorpaduio (HPLC), uto nmo3Bommiao o6Hapysxkutb 4 LIIT (CLF-CLI).
B uccnenoBanuu [40] UMCTOTY BbigeNeHHBIX GPAKIVIT ONIPenessuin C UC-
M0/Ib30BaHMEeM BBICOKO3(h(GEKTUBHOM KMIKOCTHOM XpomaTorpabuu
¢ nuonHo-maTpuuHbIM getekTopoM HPLC-PDA (nnuHa BomHBI 214 HM)
¥ TMOPUIHOTO Macc-CIieKTpoMeTpa Bbicokoro paspeinenus (ESI-Q-TOF-
MS/MS), 4TO MO3BOMMIIO YCIENUIHO UAeHTUGUIMPOoBaTh A0 12 Tnmos LI
MeTop, BbiCOKO3(hGEKTUBHOIM KMUIAKOCTHOM XpomaTorpaduy ¢ AUOLHO-
maTpuuHbIM geTtekropoM HPLC-DAD (mnvHa BoiaHbI 214 HM) MCIONb-
30BaJlM B MCCIenoBaHMM [34]. ABTOpam ymanoch MAeHTUOULIMPOBATH
12 pasnuunbix 11, 061as KOHIIEHTpAIMs KOTOPBIX BapbMpOBaiach OT
385,63 10 1268,88 Mr/KT B 3aBMCUMOCTH OT aHAJIM3MPYEeMOT0 COPTa CeMSIH.
B pa6ore [29] aBTOPBI MCIIOIb30BaN BHICOKOI(D(HEKTHUBHYIO SKUAKOCTHYIO
XpomaTtorpaduio ¢ AMOIHO-MATPUYHbIM getekTopoM HPLC-DAD (mu-
HbI BONH 214, 244 1 280 HM), 4TO [TO3BOINJIO KOTMYECTBEHHO M3MEPUTh
C MCTIIO/Ib30BaHMEM BHYTPEHHEro CTaHJapTa B AyanasoHe 5-500 MKr/mia
6 pasIMYHBIX IUKINUECKUX MeNTHUIoB. [I0M06HYI0 METOAMKY UCITOIb30-
Basu aBTOPHI [38] mist uneHTUbMKaMY nykmdeckoro nentuaa F (CLF).
B nccnenoBanun OxkunHbO-OBUTH [15] ompenenenne LIIT ocymecTBsim
C VICTIONb30BaHMEM BbICOKO3(h(GEKTUBHOI KUIKOCTHOM XpoMaTorpadumu
¢ IMogHBIM MaTpuuHbIM AetTekropom (HPLC-DAD) u rubpugHOro macc-
criekTpomeTpa Bbicokoro paspemteHus (ESI-Qq-TOF-MS) B TanzeMHOM
pexxume (ESI-Qq-TOF-MS/MS). B pesynbrare aBTOpamu 66U OOHapYKe-
Hbl Tpu LII1. Vcrionb3oBaHMe BbICOKO3(GHEKTUBHOI KUIKOCTHOM XpoMa-
Torpadum C IMOIHO-MATPUUHBIM AeTekTopom HPLC-PDA (ojivHa BOTHBI
210 M) 1 Macc-criekTpoMeTpa Bbicokoro pasperrenns (ESI-Q-Orbitrap-
MS) B tangemHoMm peskume (ESI-Q-Orbitrap-MS/MS), mo3Boamio aBTo-
pam [32] noeHTMGUIMPOBATb M KOIMYECTBEHHO ONpPEeNeaUTb B Auara-
30He 1,5-1000 mkr/mn 14 pasmmunsix LT (CLA, CLB, CLC, CLD, CLE,
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CLF, CLG, CLH, CLI, CLJ, CLK, CLL, CLM, CLN). AHanor1yHasi MeToAuKa
MpUMeHsIach aBTopamu [9], 6iarogapst uemy 66110 MAEHTUDUIMPOBAHO
B obmiei cioxkuoctu 15 IIT (CLA-CLG, CLI, CLK-CLP, CLT). CredanoBuu
[24] npentudnnyposan LTI ¢ ucrnonb3oBaHMeM I'MGPUIHOTO Macc-CIIeK-
tpomeTtpa (ESI-QqQ-MS) B TangemHom pexume (ESI-QqQ-MS/MS), uto
103BO/IMJIO YCIIeIIHO 06HapykuTh Hanmuuue 14 II1. B pabote [28] aBTOpa-
My i o6Hapykenus LI mucronb3oBamich 'H IMP, BoicokoadderTns-
Hasl KMAKOCTHAas XpoMaTtorpadusi ¢ JMOTHO-MATPUYHBIM AETEKTOPOM
HPLC-DAD (gyuanasoH giauH BoaH 190-300 HM) u Macc-CIIeKTpOMeTpUS
BBICOKOTO pa3pelieHusi B TangeMHoM pexkume (ESI-Q-TOF-MS/MS). ITo-
IOGHBIN MOAX0M, MO3BOMW/I MOATBEPAUTD NsITh LITI. B pa6ote [41] o6Ha-
py>xunu onuH nukandyeckuit nentug, (CLE) ¢ nomombio UK-crnexTpocko-
rn, 'H u 13C SIMP, BbicoK03(dEKTUBHOI XKUAKOCTHOI Xpomarorpadumn
HPLC-DAD (gnuHa BomHBI 210 HM) M MacC-CIIEKTPOMETPUM BBICOKOTO
paspemenus (ESI-Q-TOF-MS). CoracHO yTBep>KOEHNIO aBTOPOB, U EeH-
TUbUUMPOBaHHbI uMKIndeckuii nentup (CLE) sBisieTcs K/IIOUeBbIM
TOPbKMM COeAAVIHEHMEeM, CoAepsKalliMMCsl B XPaHSILeMcs IbHSIHOM Macie.
3eHr ¢ coaBTOpamu [37] mpUMeHSIIN BRICOKO3()(GEKTUBHYIO KUIKOCTHYIO
xpomarorpaduu HPLC-DAD (mivHa BoHbI 214 HM) U Macc-CIIEKTpOMe-
Tpuio Bbicokoro paspemeHust (ESI-Q-TOF-MS). Cpenu uaeHTUGUIUPO-
BaHHBIX LIIT B OCHOBHOM ObLIM IIpeACTaB/IeHbl MEeNTUAbI, ColepsKalye
MeTMOHMH, Takue Kak CLB, CLA, CLP u CLO, umeroniye 60ee HU3KYIO
MONSIPHOCTD, ueM apyrue LII. OcranbHbie LI comepskanu S-S-muoxcupy,
MeTHOHMHA. B uccnenosanmu [30] aBTOPBI UCII0/Ib30BaIM KPYTOBOA AMX-
pousm, UMK-crmekrpockomnuio, SIMP, BbICOKO3(pHEKTUBHYIO KUIKOCTHYIO
xpomatorpaduio HPLC-DAD (gyiMHa BoHbI 214 HM) U TAaHIEMHYIO Macc-
CIIeKTPOCKONMI0 BbIcOKOro paspenieHus (ESI-Q-TOF-MS/MS) nnst unen-
TudUKaLMM U KonudyecTBeHHoro omnpenenenus LI B 13 o6pa3uax nbHS-
HOro macia. Bcero ueHTMOUIMPOBAHO U KOMMYECTBEHHO OIpe/ielIeHO
14 paznuyHbix LTI, KOHIIEHTpaLM KOTOPBIX BAPbMPOBAINUCH OT 273+ 3 10
434+7 MKr/T Macina. B pabore [16] aBTopamu GbIT IPOBEJEH aHAIN3 Ha-
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ymumst LIT ¢ npuMeHeHMeM BbICOKO3(h(GEKTUBHOTO KUIKOCTHOTO XpOMa-
Torpada, cHaGkenHoro YO-BUI netektropom HPLC-VWD (zmi1Ha BOTHbI
214 HM), ¥ TIpU TOMOILYU TMOGPUIHBIX MACC-CIIEKTPOMETPOB BBICOKOTO
paspeutenust (MALDI-Q-TOF-MS u ESI-QqQ-TOF-MS).

Takum o6pasom, mjist uneHTubnkauym LI 1bHa B OCHOBHOM MCIIOJb-
3YIOT CIefyloliye MHCTPyMeHTalbHble MeToAbl aHammsa: VK-cnekrpo-
cxormio, SIMP, BbIcOKO3(h(dEKTHBHYIO >KUMAKOCTHYIO Xpomarorpaduio
¢ metektopoMm Tuna amuopHas matpuna (HPLC-PDA/DAD), TaHAeMHYIO
Macc-CIIeKTPOMeTPHIO BBICOKOTO pa3pelleHNs C MOHM3alL el 31eKTpopa-
cnplieHueM (ESI-HRMS/MS). IIpyueM CTOUT OTMETUTD, YTO AJISI KauecT-
BEHHOTO ¥ KOJIu4ecTBeHHOro onpefenenus LI 1OCTaTOUHBIM SIBISIETCS
MeToJ, BbICOKO3(DeKTUBHOM XKMAKOCTHOI XpomaTorpagum C AeTeKTo-
pOM THUIIa AMOSHASI MaTpulla Ha AJIMHe BOMHbI 214 HM. B cBolo ouepe[ib,
Macc-CIieKTpajbHble MeTONbl, B TOM 4YMC/Ie TaHJeMHash Macc-CIeKTpo-
MeTp¥s, TIO3BOJISIIOT MOATBEPANTD KaueCTBEHHBIN COCTaB M yCTaHOBUTH
aMMHOKUCIOTHYIO mocnenoBaTenbHOCTh LTI, ABTOpamm [6] oTMedeHoO,
4YTO TaHJEMHAasl MacC-CIeKTPOMETPVSI BbICOKOTO pa3pelleHyst C UCTOY-
HMKOM MOHM3aluM, TakKuM Kak snekrpocrpeii (ESI), mpegmoururensbHa
IU1s1 KayecTBeHHOro aHanu3a LI 13-3a MpoCTOTHI OATOTOBKY 1TPO6, BbI-
COKOJi UyBCTBUTEIbHOCTY ¥ IMIMPOKOTO IMHAMMYECKOr0 AanasoHa.

4. BeIBOABI

B pesynabTaTe IpPOBEIEHHOrO 0030pa ITOKa3aHbl CYIIECTBYIOII/E
MIPUHLINTIBI UAEHTUDMUKALMY IUKINYECKUX TEeNTHA0B, METOIbI UX IKC-
TPaKUMMU U pasfeieHys. YUUThIBAsSI, UTO B GOJBIIMHCTBE MMEIOIINXCS
METOMIOB MCIIOTb30BaHbl TOKCUMYHBIE PACTBOPUTEN, IIPUMEHEHME BbI-
neneHHbIX LIIT BO3MOXKHO TOJIBKO B HEMMIIEBBIX 1ENSIX. B ¢BSI3M ¢ 3TUM
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ITPOTHO3VPOBAHUE COCTABA ®YHKIIMOHAJIBHOTI'O IIMIIEBOTO
IMPOJAVYKTA C UCIIOJIb3OBAHUEM KOMIIBIOTEPHOM CUMVIAIIUU
Huxkutuna M. A.»*, Yepnyxa U. M.!, Apramonosa M. I1.2, Kycaii A. T.>3

1 denmepanbHbIil HAYYHbIN LEHTP NUIIEBbIX cucTeM uM. B. M. Top6aToBa, MockBa, Poccust
2Poccuiickuit 6uoTexHonmornueckuit yausepcuret (Pocéuorex), Mocksa, Poccus
5Yuusepcurer Xambl, Xama, Cupus

K/IIOYEBBIE C/IOBA: AHHOTAL A

nuwesoti npodykm, OpauM 13 GPOHTUPOB HAYKM SIBJISIeTCsl pa3paboTka 1mdPOBOro ABOMHMKA MMIIEBOTO MPOAYKTA [Jisk IPOTHO3MPOBAHMS CO-
yucposoti cTaBa M CBOJCTB OyAyIIero mpoaykra. OqHaKko B HacTosIIee BpeMs [Ijisl TPOTHO3MPOBaHMS COCTaBa IMUIIEBOTO MPOAYKTa MC-
080UIHUK, yupposas 0JIb3YIOT KOMITBIOTEPHYIO CUMYJISILIVIO (MOZieMpoBaHuio). Llesib Halllero uccaeoBaHust COMOCTaBUTb 3HAUEH ST ITOKa3aTesiein
Modens, damyuku, MMIIEBO IIeHHOCTM MGPOBOI MOENM U PeabHOTO MUIIEBOTO MPOAYKTA, Y OL€HUTb aAeKBATHOCTb MOTyYEHHbIX TaHHBIX.
JHCUBHEHHBILL YUK O6beKTaMy MUCCIeIOBaHMUS ObLIM SMYJIbIMPOBAHHbBI MICOPACTUTENbHBI MPOAYKT Ha OCHOBE TPaAMULMOHHOrO 6/ona «My-
npodykma, owuobxa, xaMmapa» 1 uudpoBast MOfie b (KOMITbIOTEPHBI CUMYJISITOP) PELIENTYPbI SMYIbIMPOBAHHOTO MSICOPACTUTENHHOTO TPOAYKTA.
npozHO3UpPOBaHLe Ha mpumepe pa3paGoTKy 3My/IbIYMPOBAHHOTO MSICOPACTUTEILHOTO MPOAYKTa Ha OCHOBE TPaAMLIMOHHOrO 6/roma «MyxamMma-

pa» TOKa3aHbl Tarnbl pPa3paboTky 1MdpPOBOro ABOVHMKA MULIEBOro NponyKra. [lokazaHa HEKOPPEKTHOCTb MCIIOIb30BaAHMS
uMbpoBoit Monenu 6e3 MOAKPEeIUIeHMs ee TaHHbIMM (UMCIOBBIMY 3HAUEHMUSIMMU), TOTyYEHHBIX C TPUOOPOB, JATYMKOB. B mc-
CJ1eloBaHMY CPAaBHWIM pacyeTHbIe II0Ka3aTesy ¢ JaHHBIMU, IIOTYYeHHbIMY SMIIMPUIECKUM IyTeM (B pe3ynbTaTe 1abopaTop-
HOTO 3KCIIEPMMEHTA) B Tpex 6/10Kax: puU3MKOo-XMMMUUIecKye oKa3aTely, BUTAMIHbI ¥ MYHepasbHble BellecTBa. CUMYISIINIO
M pacyeT abCOMIOTHOM M OTHOCUTENIbHOM OIIMOKY OCYLIECTB/ISIM B ITporpaMMHoii cpefie R Studio. PacxoxkgeHue B JaHHbBIX
pacyeTHbIX ¥ SMIMPUYECKNX, BO-TIEPBBIX, MOKHO OGBSICHUTD CPeSHMMM 3HAUEHMSIMU TIOKa3aTesneli, KOTopble COmepsKaThCsl
B 6a3ax JaHHbBIX MUILEBbIX IPOLYKTOB. B 6a3ax NaHHBIX Ha AHHBI/I MOMEHT BpEMEHY COePKaThCsl ycpeJHEeHHbIE TaHHbIe, He
YUUTBIBAIOLIVIE HIVBYIYAIbHbIE XapAaKTEPYCTUKU ChIPbS SKMBOTHOTO U PACTUTENILHOTO IIPOUCKOXKAEHNS. BO-BTOPBIX, HEO6-
XOIMMO YYUTHIBATh K03 uLMeHT motepb (M KOG GUIMEeHT coXpaHeHMsI) MUIIEBbIX HyTPMEHTOB IIPU TEIUIOBOI WU Tep-
MMYeCKOit 06paboTKe MMIIEBOr0O MPOAYKTA. YCTAHOBIEHO, UTO TOJBKO Pa3paboTka TOUHOTO LMGbPOBOro IBOHUKA C YUETOM
BCeX [TapaMeTpOB IIOMOKeT OTC/IeKMBATh TapaMeTpbl KauecTBa Ha KaKOOM 3Tarle IPOU3BOLCTBA, UYTO TO3BOIUT ONEPAaTUBHO
pearupoBaTh Ha OTKJIOHEHMS M yIy4llaTh KA4eCcTBO KOHEYHOrO IIPOAYKTa.
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food, digital twin, One of the frontiers of science is the development of a digital twin for a food product to predict composition and properties

digital model, sensor,  of a future product. Today, however, computer simulation (modeling) is used for predicting the composition of a food prod-

product lifecycle, error, uct. The aim of our research is to compare the levels of the nutritional value parameters from a digital model and a real food

prediction product and to assess adequacy of the obtained data. The objects of the research were the emulsified meat-and-plant product
based on the traditional meal “Mukhamar” and a digital model (computer simulator) of the recipe of the emulsified meat-and-
plant product. By the example of the development of the emulsified meat-and-plant product based on the traditional meal
“Mukhamar”, stages of the development of a digital twin of a food product are shown. It was demonstrated that it is incorrect
to use a digital model without supporting it with data (numerical values) obtained from apparatus, sensors. The calculated pa-
rameters were compared with the data obtained empirically (as a result of the laboratory experiment) in three blocks: physico-
chemical indicators, vitamins and minerals. Simulation and calculation of the absolute and relative errors were performed in
the program environment R Studio. Differences between the calculated and empirical data can be explained, firstly, by the
average values of parameters in food product databases. As for now, databases contain averaged data, which do not take into
account individual characteristics of animal and plant raw materials. Secondly,, it is necessary to take into consideration the
coefficient of losses (or coefficient of preservation) of food nutrients during thermal treatment of food. It has been established
that only the development of the precise digital twin with regard to all parameters will help to trace quality parameters at each
stage of the production, which will allow reacting timely to deviations and improving quality of the final product.
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1. Beegenue

«Myxammapa» (rmo-apa6ceku “reddened” KpacHbIit) — MPSIHBINA TYCTOM
COYC M3 TPeLIKUX OPEeXOB, KPACHOTO GOJIrapCKOTO Mepiia ¥ rpaHaTOBO Ma-
TOKM 6e3 mo6aBeHust Kakoro-an6o msca. Coyc mostBuics B Cupun u Jin-
BaHe. Perjerntypa coyca pa3anyaeTcsi B 3aBUCUMOCTY He TOTbKO OT Permo-
Ha, HO U CIoco6a MPUTOTOBJIEHNS B GIVKHEBOCTOUHBIX CEMbsIX. B cBoeM
MCCIeOBaHUM TIPU KOHCTPYUPOBAHMM 3MYAbIMPOBAHHOTO MSICOPACTHU-
TeJILHOTO TPOAYKTAa K MHIPeAMEeHTaM TPaAMLMOHHOro 6mona «Myxam-
Mapa» 6bUT0 f06aBaeHo 1) KypuHoe duie (bue rpynku); 2) bure Mmsca
MH[IENMKY IJ1sl TTOSTy4eHus 60jiee BbICOKO MUIIEBOI LIEHHOCTH.

[TnieBoi MPOAYKT 6OraThiii 6eIKOM ITO3BOJISIET U€IOBEKY UYBCTBO-
BaTh Cebst 6osiee ChIThIM HECMOTPSI Ha HEOOJIbIION 06beM MOPLNY, U TEM
caMbIM [TOMOTaeT KOHTPOAMpoBaTh Bec. Kak nssectHo [1,2,3] 340pOBBIii
BeC MPUBOOUT K YMEHBIIEHMIO (HAKTOPOB pUCKa BO3HMKHOBEHMSI IIPO-
671eM C cepALeM, TaKMX KaK BbICOKMIT yPOBEHb TPUIIULIEPUIOB U BLICOKOE
KpPOBSIHOe JaBieHue. Hapsimy ¢ aTMM MSICO ITULIBI COTEPKUT TPUIITOdaH,
KOTOpBIN CBSI3aH C M3MEHEHMeM KOHIIEHTpaluy CepoTOHMHA B Yeso-
BeueckoM Mosre [4,5]. B coctaB pa3paGoOTaHHOrO MUIIEBOTO MPOLYKTA
TaKKe BXOISAT KPACHBIN GoNMrapckuii mepua, rperkme opexu, OJIMBKOBOE
Macyio, rPaHaTOBBIN COYC U KyHKyTHAas racra. [perikue opexu obmamanT
TTOBBIIIEHHO} aHTMOKCUMAAHTHON aKTMBHOCTBIO, 10 CPAaBHEHMIO C Jpy-
MMM BUJIaMM OpeXOB. [laHHOe CBOJCTBO 0GYC/IOB/IEHO HAMMYMEM BUTA-
vuHa E, MenatoHnHa u nonmdeHonos [6]. KpacHblit 6oarapckuii meperr,
CIOCOGCTBYET YKPEIIEHUIO KJIEeTOK, UTO SIBJISIETCS] 3alIMTOM OT TaKUX
COCTOSIHUIA, KaK MIIeMyuyeckasi 60e3Hb CepAua U Ipyrue HeMHGpeKuu-
OoHHbIe GosesHu. Kpome TOro, KpacHblii GOMTapCKuii reper; 0CO6eHHO
60raT MUTATEIbHBIMHU BEIlleCTBAMMY, IIPENOTBPAIIAIOIMMY PaK, BKIIOUAst
ButamuHsl C, E 1 6eTa-KapoTuH, COOEPKUT GObLIOE KOTUYECTBO MOJN-
(eHONOB (3alUTHBIE PACTUTENbHbIE COENUHEHMS] BKIIIOUAIOT JIIOTEUH,
KBEpLIeTVH ¥ KallCaHTMH). [paHaTOBBIN COYyC, TAKKe BXOIASIINIL B COCTaB
MUIIEBOTO MPOAYKTA, 6OraT aHTMOKCUAAHTAaMM U BUTaMuHOM C, MO3BO-
JISIeT YBEIMYUTh BbIPAOGOTKY JIEKOLMTOB, KOTOPbIE SIBJSIOTCS IEPBO
JIMHMeEl 3alIUThl MMMYHHOJ CUCTeMbl U BIMSIIOT Ha CHIDKEHME YPOBHS
xonecrepuHa. [lonmdbeHoNbHbIE COeUHEHMS], COIep)Kalecss B rpaHa-
TOBOM COYyCe, TaK)Ke CHVDKAIOT YPOBEHb BPEJHOTO XOJecTepyHa B opra-
HM3Me YeJIOBeKa. B cieIcTBMM Yero CHUKAEeTCs] BEPOSITHOCTb Pa3BUTHSI
aTepoCKIepo3a, MHCYIbTOB U CepIleIHBIX IIPUCTYIIOB. YPOBEHb BUTAMMHA
B B rpaHaTOBOM cOyCe BBICOK, UTO Y/Iy4lIaeT MeTabonu3M, a TaKKe CII0-
COOCTBYET €CTECTBEHHOMY POCTY ¥ PasBUTHIO [7]. BoraThiit BUTAMMHOM
K KyHXyT o6oramiaet mpoayKT KOMIOHEHTOM, YYacTBYIOIMM B 06pa3o-
BaHMM GEIKOB, CTIOCOBCTBYIOIIMX CBEPTHIBAEMOCTM KPOBU, CIIOCOOCTBYS
HOpMaJIM3alMu KPOBOOOpAIeHNs U MPoduIakTHKe MHCYAbTOB. KodenH,
10 MHEHMIO aBCTPAIMIICKUX YUEHbIX, IIOJIOKUTEIBHO BIUSET Ha Tpodu-
naKkTUKy okupenus [8]. Hapsimy ¢ aTum B Kode cozmepikaTcsl Takue mIpu-
ponHble aHTMOKCUIAHTBI KaK XJIOPOTeHOBasi Kuciaota — MomHbiii JHK
IIPOTEKTOP, & TAKKe TPUTOHEJUTVH — KallWUISIPOIIPOTEKTOP. DTO IIPUBHO-
CUT B TIPOAYKT (PyHKUMOHAIbHBIE CBOJCTBA U YCUIMBAET €ro AeiicTBue
Kak Kappuorporekop. 1o TaHHBIM 3KCIEPTOB CYTOYHOE PeKOMeHJye-
MoOe TIOCTYIUIeHMEe aHTUOKCUMAAHTOB cocTasisier 3000-5000 B eqyiHMIIax
ORAC (Oxygen Radical Absorbance Capacity). 9To Kon1uecTBO aHTUOK-
CUJIAHTOB 06€eCTIeurBaeT 3HAUMTEIbHbIN aHTUOKCUIAHTHDIN TOTEHIIMA
I/1a3Mbl ¥ TKaHel OpraHu3Ma ¥ CIIoCOOCTBYET CHVDKEHUIO BO3JeCTBUS
OKMCIUTENBHOTO CTPecca, MPOBOLMPYEMOr0 CBOOOMHBIMM PagUKaTaMM.
ITo comepkaHMIO OGMOAKTMBHBIX BeLIECTB MOXKHO IPeIIONIOKUTb, UTO
B «MyxamMmape» 3a/I03keH TTOTEHLIMAJT MTOJIOKUTEIbHOTO BO3Ie/iCTBMSI Ha
OopraHu3M yenoBeka.

IMporecc pa3paboOTKM PeLEeNTyp HOBbIX MUIIEBbIX UM (QYHKI[MOHAIb-
HBIX IIPOJYKTOB ¥ IEPBUYHOI arpo6aiyiyi X COOTBETCTBYS 3a1aBa€MbIM
Tpe6GOBaHMUSIM MOTYT ObITh 3HAUMTEIHHO YCKOPEH U YIIPOIIEH C MTOMO-
1610 IM(POBOTO IBOTHMKA.

LIndpoBoit ABOVHMK MUIEBOTO MPOAYKTa — BUPTYyalbHAas MOLEb,
KOTOpas OTPaskaeT XapaKTepPUCTUKU U KU3HEHHbII LIVIKJI PeasbHOrOo Mpo-
nykra. [ToBegeHue Gyaylero MpopyKkTa U OnpenesieHue ero BBIXOLHBIX
rokasaresieit ¢ MCIolb30BaHKeM LM(POBOTO ABOMHMKA SIBJSIETCST 6oiee
HaMISHBIM U IIPO3PAYHBIM CIIOCOG0M ONTUMM3AIIUY COCTAaBa Y CBOVCTB
MUIEBOTO MPOAYKTA C MaKCUMAaIbHBIM MPUOIMKEHMEM K €ero Ha3zHaue-
HMIO. AHanmM3 Hay4YHBIX MCCAeIOBaHMIA ITOKA3aj, YTO Ha JAHHOM 3Tare
HeT UMGPOBBIX ABOVHMKOB MUILEBOTO MPOAYKTA. YUeHble UCCIeoBaTe-
JI VICTIONB3YIOT, KaK MpaBmiIo UGPOBYI0 MOAENb Win IudPOBYIO TeHb
MUIEBOTO MPOAYKTA.

LlndpoBbie NBOHNKMA OTKPBIBAIOT OTPOMHbBIE BO3MOXKHOCTU B IPO-
THO3MPOBAHUM M KOHTPOJIE XapaKTepUCTMK KauecTBa IMUIIEBBIX IPO-
IIYKTOB, MpocieXuBaeMocT. OCOGEHHO 3TO 3HAUMMO IpU pas3paboTke
[epCOHaIM3MPOBAaHHbIX TPOAYKTOB NUTaHMs. Kak 13BecTHO, Ha KayecT-
BO TOTOBOTO MUIIEBOTO MPOAYKTA BAMSIOT pa3anyHble rokasarenu (hu-
3MKO-XMMMYECKMEe, PeOsIOTMYeCKye U T. JI.) BXOZHOTO ChIpbs. Ce30HHbIe
Kose6aHusl TIOKa3aTeseil, B TOM YluCiIe CBSI3AHHBIX C COPTOBBIMU M IIO-
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POOHBIMYU OCOOEHHOCTSIMU CEJTbCKOXO3SIICTBEHHOTO ChIPbSI OKa3bIBAIOT
CYILIECTBEHHOE BJIMSIHME HA €T0 XapaKTePUCTUKMU, TAKMM 006pa3oM, Kop-
PEKTUPOBKA MapaMeTPOB B TEXHOJIOTMUECKOM IIPOIECCE IMEET BaXKHOE
3HaUYeHue.

Kritzinger u np. [9] B cBoeit paboTe Ha OCHOBAaHME aHAIM3a JIUTEPA-
TYPHBIX MUCTOYHUKOB Pa3mesuiy MOHATHKe [U(PPOBBIX ABOTHMKOB HA TPU
OCHOBHbIe KaTeropuu: 1) uudposast Mofesb; 2) nubpoBas TeHb; 3) 1ud-
POBOIi [BOMTHUK. OCHOBHOE pa3/inune MeXAY ITUMU TPeMsI KaTeropusiMu
3aK/II0YaeTCsl B IOTOKe MHGOpMaIM MeKIy UG POBbIM 06HEKTOM (ITPO-
1eccoM) 1 GU3NIECKUM 0OBEKTOM (ITPOLIECCOM).

CaMblit HU3KM YpOBeHb 1[M(GPOBOTO ABOMHMKA — MG POBAsi MOZEIb,
OHa He MOAKIIIOUeHa HU K KAKOMY ITOTOKY MHpOpMaIuu, Co31aeTcs U pa-
60TaeT Ha aBTOHOMHBIX JJAHHBDIX.

LIndposast TeHb ¥MeeT OJHOHANPABIEHHbI MOTOK MHGOPMALUY OT
usnyeckoro o6bexTa K IMHPOBOMY 00BEKTY, JAaHHBIE ITOCTYIIAIOT B pe-
SKMIMe peasibHOTO BpeMeHM. Ta MHGOpMAaLyst UCIIONb3YeTCs IOPOM Lyd-
POBOIi Mo [jisl TPOTHO3UPOBAHMS SBOMIOLNY €IVMHUYHON TEXHOJIO-
ruyeckoit onepamuu.

LIndposoit nBOMHMK TpebyeT NBYHAIIPAaBIEHHOTO MOTOKa MHbOpMa-
UMW, TOe OeMCTBUSI MO YIPABIeHUIO0 TEXHOJIOTMUYECKMMM OIeparyisvMu
BBITIOJIHSIIOTCSI HA OCHOBE IPOTHO30B, CAETAHHbIX IU(PPOBOI MOIENbIO
Ha OCHOBE TeKy1leil HGOPMAIUY O IpoIiecce.

B HacTosiIIee BpeMsi B yGIMKALIMSX Yallle BCero BCTPeyaeTcst HU3KUIt
YPOBeHb LIM(PPOBOTO ABOTHUKA, TNO0 1[MDPOBasi MOLeNb, 1160 HudpoBas
MOJIe/b, Pean30BaHHasl Ha KOMITbIOTepe, — KOMITbIOTEPHBIV CUMYJISITOD
[10]. Cornmacuo I'OCT P 57700.21-2020, KOMIIbIOTEPHAST CUMYJISILIST (MO-
JIeIMPOBAHME) — «MOJeUPOBAHUE, BbINOTHEHHOE C UCNOJIb308AHUEM KOM-
netomepHotl (Yugposoti) Modenu... 8bINOJIHAIOM C Yeabi0 NOSYUeHUs. OaHHBIX,
Heo6X00UMBbIX 0J1S NPUHAMUSA PEWeHUll ... 8 X00e HUHEHHO20 YUKAa» !,

Cabeza-Gil u coasTopsl [11] pazpaboTanyu uudpoBoil ABONHUK MPO-
1ecca MpuroTosaeHus ¢hpaHiry3ckoro 61mHa. LIl KOHTpoMMpyeT Mmpouece
MIPUTOTOBJIEHMSI C UCIIOIb30BaHMEM OOBIYHOM CKOBOPOIBI C JATUYMKOM
TeMIepaTypsl M Becamn. Vcrionb3yst JaHHbIE C TaTYMKOB (TeMIlepaTypa
CKOBOpOIbI U Bec Tecta) LI/l B pexkuMe peajlbHOM BpeMeHU pacCUMThI-
BAaeT HECKOJbKO MapaMeTpOB, KOTOPbIE OMUCHIBAIOT COCTOSIHME GIIMHA,
BKJ/IIOYAsl ero TeMIlepaTypy, IIBeT U MOTepio Beca. ITO M03BOJISET IOMy-
YUTh UHGOPMAIIUIO O TOTOBHOCTHU MUIIY U OLI€EHUBATb, KOTJIA €€ CIeqyeT
repeBOpPauMBaTh UM CHUMATH CO CKOBOpogsl. LIJT dpaHirysckoro 6imHa
pa3paboTaH C MCHONb30BaHMEM HePOHHON ceTu, 06yueHHOii Ha 6o-
nee yeM 400000 Touek maHHBIX MomeaupoBaHusi. CpemHsiss a6COMIOTHAST
MOTPEIIHOCTh COCTaBUIa MeHee 5%. ABTODBI MPENIaraioT TeXHOIOTUIO,
MO3BOJISIIOILYI0 aBTOMAaTM3MPOBATh IPOLIECC MPUTOTOBJIEHMS TIUIIHA,
¥ MMeeT IOTeHIIMaabHOe MIpMMeHeH)e KaK Ha JOMAalllHMX, TaK U Ha IIpo-
(eccroHaMbHBIX KYXHSIX.

VIHHOBALMOHHAsT KOHLENUMs UMGPOBOTO KIOHMPOBAHMUSI TacTPO-
HOMMYEeCKMX YcTpoiicTB (eGastronomic things) mjiss MOHMTOpPMHra UX
dbyHRUMIT M MOmenMpoBaHMs MX pabOThI MpefcTaBieHa B craTbe [12].
ABTOMAT TIPUTOTOBJIEHNUSI MOPOKEHOTO M €ro TpeXMepHbIi 11bpPOoBOit
IIBOVMHMK BM3yaJIU3MPOBAaH B TPeXMEpPHON BUPTYaIbHON Cpene, KOTO-
pasi obecrieuMBaeT B3aMMOJIENCTBYE IOCPEICTBOM JOIOJTHEHHO! WIu
BUPTYaIbHOI peambHOCTU. OIHAKO, aHAMN3 MHGOPMAIIMY O COCTOSTHUMA,
aHaMM3 CeHCOPHBIX JAHHBIX ¥ aITOPUTMBbI ITPOrHO3MPOBAHMS OCTaBJI€HbI
IU1sT JanpHeitero usyyenus. 1ndpoBoii [BOHKMK aBTOMATa IPUTOTOB-
JIEHMSI MOPO’KEHHOTO 3allyIleH 37eKTPOHHBIM IUTI030M MHTepHeTa Be-
11eii, BCTPOEHHBIM B MAIIMHY U 06beAMHEHHBIM C IJIATOM c60pa TaHHBIX.
Takum 06pa3oM, YCTPOMCTBO 3alMINEHO OT HECAHKI[MOHMPOBAHHOTO
MCIIO/b30BaHMS 3a CUET peann3aiyy 6e30MacHOro MexaHu3Ma KOHTPOJISI
JIOCTyTIa.

Kannapinn u coaBTopsl [13] B cBOeM MCCIeHOBaHMU pa3paboTann
CTPYKTYPy LMGPOBOrO ABOVHMKA, 00eCHeyuBaIoOlyl0 aBTOHOMHOCTb
TepMUUECKOi 06pabOTKM MUIIEBBIX TPOAYKTOB. TeMIepaTypHble JaTyn-
KV BHYTPY MUKPOBOTHOBOJI IIeuyt GOpMMUPYIOT rpaHMYHbIE Y HAYaIbHbIe
YCIOBMSI UMUTALUMOHHOM Mozenu. MomenpoBaHue, BBITIOTHSIEMOE B pe-
SKYIMe PeabHOTO BpeMeHM, BO3BpAlaeT HeCKOIbKO OYyAYIMX ClieHapueB
B CUCTEMY YyIIpaBeHUsI aBTOHOMHBIM IpolieccoM ycTpoiicTBa. Ha ocHo-
BaHMM 3TUX JaHHBIX TUIAHUPYETCS] TPAeKTOPUS TeMIIepaTyphl Ieun Jjist
YIOBJIETBOPEHMS TPeOGOBAHMII MTOIL30BATENSI K ONIPeeIeHHOI TTPOXKap-
Ke, CoIepsKaHuIO BjIary, MMHVMAIbHO TeMIIepaType BHYTPY MM Ie3aK-
TMUBALM} NAaTOTeHOB B KOHIIe Ipoliecca. Hampumep, NpUroToBUTh MSICO
CcpelHell MPOKapKu, HEKHOe, TIIATeNbHO IMOAPYMSHEHHOe M OCTUYb
TeMITepPaTypbl FTOTOBHOCTM K YIOTPEOIeHUIO B KOHKPETHbI/I MOMEHT Bpe-
meHu. Hapsimy ¢ aTuM, BO3MOXKHO M3MEHeHMe Iiejieil MoIb30BaTessl BO
BpeMsI Ipoliecca MpurotosaeHusi. CpefHssi KBagpaTuyeckas ommoka co-

' TOCT P 57700.21-2020 «KoMmploTepHOe MOAeNMpoBaHNe B IIpoLeccax pas-
paboTKM, TPOM3BOACTBA U OOeCTIeUueHNsT IKCILTyaTaluu usaennii. TepMUHBL 1 OTI-
penenenust». — M.: Cranmaptunadopm, 2020. — 12 c.
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craBuia MeHee 1°C (0,2% cpepnHeli IPOIIEHTHOM OIIMOKM) Ha perpes3eH-
TaTUBHBIX TECTOBBIX JAHHBIX. YCKOpeHMue MogenupoBanus Sp=1,8x10*
[103BOJISIET OCYLIECTBIISTh IPEAUKTUBHBIN KOHTPOJIb MOZENN.

Lindposoit aBoitnuk (Digital twin) crioco6eH MMUTUPOBATH Iapame-
TPBI TEXHOJOTMYECKOTO IPOIIecca ¥ JICIONb30BaThCSI B KauecTBe 6asbl
3HaHMII B caMOafanTHUpylolleiicsl IporpaMMHOI cucteMe [14].

Defraeye u zap. [15] oTMeuaioT, 4TO 1MPPOBOI JBOHMUK MUILEBOTO
MPOAYKTa MMeeT 0cobble NOTMOTHUTENbHbIe Tpe6oBaHMsI. OCHOBBIBASICh
Ha 3akoHax (um3uky, uudpoBble JBOVHMUKY JAIOT pacliMpeHHOe Ipef-
cTaBjieHre 06 OCHOBHBIX (PU3NUECKUX, OMOXMMUYECKUX, MUKPOOMOIIO-
rMyeckux 1 Gu3nonornveckux rnpoueccax, o3Bosst OObSICHUTD, MoYe-
My INPOMCXONMUT TOTepsi KavuecTBa. Hampumep, CKOPOIIOPTSLIMIACS BUT,
CBesKeli caloBOi MPOAYKLIMM, KOTOPAst XPAHUTCS IIPM HU3KUX CKOPOCTSIX
BO31yXa, IPOXOJSIIero yepe3 BeHTM/IMPYEeMYIO YTIaKOBKY.

OcHOBHBIMM acrekTamy paspaborku Digital Twins siBasitorcst c60p
IaHHBbIX, MOJEeNMpPOBaHMe NAHHBIX U INpPUMeHeHMe OAaHHbIX [16]. s
cbopa M XpaHeHUs] JAaHHBIX B PeXKMMe PeasbHOTO BPEMEHM, MOTydeHMsI
mHbopMaLMy 7Sl IPeloCTaBIeHMsl LieHHO MHbOopMaLuy U CO3maHmst
undpoBOro rnpeacTaBaeHuss GU3NIECKOro 00bEKTa MCIONb3YIOT TaKue
TexHOMorun Kak MHrepHet Bemeii (IoT) [17], MCKycCTBEHHBII MHTeN-
nexT (Al) [18], pacmmpenHast peasbHOCTb (XR) U 061ayHbIe BHIYMCIEHUST
(Cloud) [19].

Kaxk ormeuaeT B 0630pHOIi cTatbe Henrichs u ap. [20] AT KOMIIOHEH-
TOB 06ecIeunBaloT co3nanme HUGPOBBIX JBOHMUKOB: JATUMKM, BO3ZMOK-
HOCTY MHTerpalyy, arperupoBaHHble JaHHble U3 PealbHOTo MMpa, aHa-
JIMTUYECKYIE METO/IbI ¥ UCIIOTHATE/IbHbIE MeXaHM3Mbl. OHY HEOOXOAVIMbI
IU1s OObeIMHe NS AaHHbIX, CBSI3aHHBIX C MTUIIEBbIM ITPOLYKTOM U TEXHO-
JIOTMYECKVM IIPOLIeCCOM B IM(POBOM JBOJHMKE, 8 TAKKe JJISI IPOTHO-
3MPOBAHMS WM aHAIM3A CUTYaL[MU C IOMOLIbIO IM(POBOro ABOMHMUKA.

Takym 06pa3oM, [M(POBbIe TBOMHNKM SIBIISIOTCS HEOTheM/IEMOI Ya-
CTbIO KMbep-pusndecKoii cucTembr2,

IMepenava JaHHBIX MEXKAY LMGPOBBIM U peabHbIM OOBEKTOM HOJIKHA
OCYIIeCTBIISIeTCS TOCPEACTBOM JaTYMKOB.

B cBoeit pa6ore Rajak 1 op. [22] mpoBogsIT 06CYKAEHME TOTEHIMATBHO-
ro npumeHenus1 [oT (MHTepHeTa Belleit) ¥ MHTE/UIEKTYalIbHBIX JaTYMKOB
IUI. TOYHOTO MOHMTOPMHTA GN3MKO-XMMMUYECKUX IToKasaresneil (BIax-
HOCTb, TeMIIepaTypa, cofepkaHue Bjary, coflepskaHyue a3oTa, KauecTBO
0YBbI, TAPHMUKOBBIE I'a3bl) CETbCKOXO3SIICTBEHHBIX 3eMelb. VICronb3yst
JATYMKU A1 MOHUTOPUHIA (aKTOPOB OKPYKAIOLIEH Cpedbl, TAKUX Kak
0Ca/IKM, BIAKHOCTb ¥ TeMITepaTypa, IJIsl JOCTVKeHMST MaKCMMalbHOM Ypo-
>KaliiHOCTU. JIaTuMKU C MOAAEPKKO VIHTepHeTa Belleil IOMOralT u3Me-
PUTB cofiepskaHMe BOAbI M a30Ta B ouBe. Hapsiny ¢ 3TMM Ha OCHOBe YPOBHSI
copepkaHus yriekucioro ra3a (CO,) B 3emie MOKHO 3(heKTUBHO KOHTP-
OJIMPOBATb CKOPOCTh 3BANIOTPAHCIIMPALIMY (MCIIAapeHUs] BIaru) Ajsl yayd-
1IeHus1 KayecTsa ypoxkasi. Kpome 3Toro, MOsKHO COKpaTUTh (YMEHBIIUTD)
HarajzieHyue BpenuTeseil, KOHTPOIMUPYS MOMY/SLMIO BpenuTeieil ¢ IoMo-
IIbIO JIOBYILIEK C IOAAepsKKoi VIHTepHeTa Belleil, OCHAIIeHHbIX KaMepoit
BBICOKOTO paspeleHyst U APYTMMY akceccyapamm.

Alfian G. u coaBTOpSI [23] B CBOEM UCC/IELOBAHUY MPEIJIOKWIN CU-
CTeMy IIPOC/IEXMBAaeMOCTH MMUIIEBbIX NTPOAYKTOB e-pedigree 1Jisi KOHTP-
OJIS1 ¥ TIOAJePKaHMsl KauecTBa Kopeickoit Kumuy. O6beIMHSIS TeXHOIO-
rum RFID (Radio frequency identification) metok, WSN (wireless sensor
network) 1 MHTeIeKTyaIbHOTO aHaIN3a JAHHbIX, CUCTEMA ITPOC/IeKMBa-
eMOoCTy obecrieyyBaeT MOMHYI0 MCTOPUIO KaueCcTBa MUILEBbIX TPOLYKTOB
oT (epMBl 10 PO3HMYHOTO ITPOJABIIA C TPefOCTaBIeHMEM JaHHBIX O TEM-
repatype M BJIQXKHOCTY IUILEBOTO IIPOAYKTA Ha BCeX JTalax.

B 0630pH0Ii cTaThe Yu 1 Ap. [24] TOABOAUT UTOTH O 3D-pEKOHCTPYKIIMU
(cosmaHMyM BUPTYaabHOM MOJENN) B CeIbCKOM XO03SI/ICTBe, XMBOTHOBOJ, -
CTBe ¥ NNIeBO¥i TPOMBILIEHHOCTH. OTMeyaeT, UTo JaTUMKM UIPaoT pe-
[IAIOMIYIO POJIb B TEXHOMOTUM 3D-pEeKOHCTPYKIINY, IIPENOCTaBIIssl HE00-
XOIVIMble JaHHbIE /IS CO3LaHVs BUPTYalIbHbIX MOZeeil. B GonblInHCTBEe
cinydaeB 111 3D-peKOHCTPYKLIMM MCIONb3YIOTCST ONTUUYECKMe NATUMKMU,
TaKye Kak MOHOKYJISIDHBIE KaMepbl, CTepeokaMepsl, Kamepbl RGB-D, cuc-
TeMbl 0GHAPYXeHVS ¥ OTIpeZieeHNs] JalbHOCTM O6bEKTa B OKpYsKaloIei
cpeze, C UCIIONb30BaHMEM CBeTa, TOUHee jaszepHoro jyda (LiDAR, Light
Detection and Ranging), 1a3epHble CKaHepbI U T. [I.

TSt OLIeHKY KauecTBa QPYKTOB HA OCHOBE 3D-pEeKOHCTPYKLMY CyILle-
CTBEHHBbIM IIPEISITCTBMEM SIBJSIETCSI TOUHOEe OIlpelieieHue Pas3IMYHbIX
XapaKTePUCTUK, BKIouUasi Gopmy, pasmep, a Takke AedeKTbl KOKMUIIbI.
Mon u ZarAung [25] mpeIyioskuiau crocob Jjist OLleHKM o6beMa U Tpex-

2 Kubep-dusnueckas cucrema (CPSs) — MHTe/UIEKTya/IbHAsI CUCTEMA, KOTOpast
BKJIIOUaeT B cebst MHKeHepHble B3aMMOAEMCTBYIOME ceTy HU3NIECKMX Y BBIUM-
CTUTENbHBIX KOMIOHEHTOB. CPSS CITOCO6HBI BCTPAuBaThCSI B MPOU3BOICTBEHHbIE
MPOIECChI, yayuiinas o6MeH MHbOopMaleii MeXIy MPOMbIIUIEHHBIM 060pyI0Ba-
HIEM, KaueCTBEHHO MMPeo6pasoBbIBaTh MPOM3BOACTBEHHbBIE 1IeMOUKM, (deKTnB-
Hee yIpaB/IATh 6MI3HECOM U KIMeHTaMu. [21]
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MepHOit GopMbl TwIoAa mauro. llMpuHa ¥ J/IMHA TUIOAA MaHTO ObLIN
MOTy4YeHbl U3 JAByXMepHoOro (2D) uBeTHoro msobpaxeHus. TommyHa
IJI0[1a OIleHMBAJIACh HA OCHOBE pacrpe/ielieHMss MHTeHCUBHOCTM CBeTa
B 2D (BMA CBepxy) IUIOAA MAHTO U MaKCHMaJIbHOI KOPPESIIMMA UIMPYHBI
Vi TOJILIVHBL. 3aTeM PeKOHCTPYMPYeTCs TpexMepHasi popMa IUI0fa MaHTo.
B mccnenoBanuu ucnonb3osaau 150 06pasiioB MaHro. TOYHOCTb IPeIo-
SKeHHOTIO criocoba — 96,8%.

HekoTopble BUIbI CETbCKOXO3SIICTBEHHON MPOAYKUMM (HAIIPUMED,
SI67I0KO, T'yaBa) TpeGYIOT OCMOTPA C HECKOJbKMX YIVIOB (PaKyPCOB) AJIS
OLIEHKM BHelIHero Bujga. OXHAKO MCIOIb30BaHME HECKOMbKUX W30-
OGpaskeHMI MOKET MPUBECTM K U3OBITOUHBIM JaHHBIM. B cBoeit pa6ote
Yimyam u Clark [26] mpencraBuii MeTOIb! PeKOHCTPYKIMM 3D-06beKTa,
CO3[aHMUsT HOBBIX M306paxkeHMit 6e3 my6iIMpoBaHHBIX 06J1acTeil 06beKkTa
Y M3BJIEYEeHNS] XapaKTePYCTYK LIBeTa ¥ TeKCTYPHI IS OLleHKU. M cIionb30-
BaHNe XapaKTePUCTHK, U3BJIEUEHHBIX U3 M300paKeHNIT C HECKOMbKIUMM
pakypcamu 6e3 qy6iMpoBaHus 061acTeit 00beKTa, o6ecreyyBaeT 3HaYM-
TebHO 60jiee BBICOKYIO TOYHOCTh, YEM MCIIOb30BAHME UCKXOLHBIX U30-
GpaskeHMI C HECKOJIIBKUMY PaKypCaMu JIIsi COPTUPOBKU SIOMIOK.

B pa6orax Guo u gp. [27], Ahmad u gp. [28], CKoGeneBa 1 COaBTOPOB
[29] nmpumeHSsTIOT UMGPOBBIE SBOHUKY /I IPUHSATHUS YIPABI€HUECKUX
pemienmnit B KOC.

B ny6nukanyum [30] cka3aHo, YTO MOTpeOUTeNN KelaloT BCe Goblle
¥ Gonpllle HOBBIX NMPONYKTOB IUTAHMVSI, M3TOTOBIEHHBIX 110 MHAVBULY-
aTbHOMY 3aKas3y, U, 10 BO3MOXKHOCTH, 6e3 IOMOTHUTEeNbHbIX 3aTpaTt. Ha-
MIPUMeED, 3TO MPOAYKTHI 3L,0POBOTO IMUTAHNSI, TPOLYKTHI /ISl STHUUECKUX
Y PEIMTUO3HBIX T'PYIIT U T. O. BbICTpO MeHdImuecsa TeHAeHUIN, pacTy-
111as1 MOGVIBHOCTD HaCeleHs], a C PYToii CTOPOHBI, CTPOTHME TPeGOBaHMS
K 6€30I1aCHOCTY INIIEBbIX IPONYKTOB, TpeGOBaHNe ITPOCTIEXIBAEMOCTH
OTIEe/bHBIX 3TAIIOB IPOMU3BOCTBA U ChIPbS, @ TAKKE MEPbI, HEOOXOIVIMbIe
TSI TIPEIOTBPAIEHMST PACTPAThl peCypcoB. Bce 3Tu mpo6iembl (3agaun)
MOSKHO YCITEIITHO TPEOIONETH C TIOMOIIbI0 I[M(PPOBOTO JBOIHMKA U APY-
I'MX penreHuit [ypPOBOro MPenrnpyusITHs.

Kommauust Mars coBMmecTHO ¢ Microsoft Azure ucronbsyet unudpoBbie
IBOVIHMKY IJISI OIITMMMU3aLMy NPOU3BOLCTBA «UIOKOJMALHBIX GATOHUU-
KOB» IJIS1 YBeJIMUEHNSI IPUOBLIM M COKpalleHus: oTxozoB. LIl macT Bo3-
MOKHOCTb COTPYIHMKAM Ha MeCTaxX IMPUHUMATh PELIeHNUS B PEXXUME pe-
aJIBHOrO BpeMeHu [31].

Llenp HaIIETO MCCIeAOBaHMS CIIPOTHO3MPOBATH MUIIEBYIO LIEHHOCTh
GyZIyIIero SMy/JabIMPOBAHHOTO MSICOPACTUTENBHOTO MPOLYKTa Ha OCHO-
Be ToKa3aTesieii, B3SIThIX U3 ba3bl JaHHBIX XMMUYECKOTO COCTaBa Mulle-
BBIX MTPOLYKTOB U ChIPBSI SKMBOTHOTO M PACTUTEIBHOIO IPOUCKXOKIEHMS.
CpaBHUTb IKCIIEPUMEHTAIbHBIE U PACUETHBIE JAHHBIE.

HUccnenoBaHue 6asupyeTcsl Ha TUIIOTe3e O BO3MOXHOCTU BUPTYallb-
HOT'O IIPOEKTVPOBAHYSI ITIUIEBOTO IIPOAYKTA C 3aJaHHBIM COCTABOM C MM-
HUMAaJIbHBIM OTK/IOHEHMEM OT PeabHOTO.

2

OO6BEKTHI M METOIbI
O6BbeKTaMM UCCIeIOBAHNST ObLIN:
SMY/IbTMPOBAHHBIN MSICOPACTUTENbHBIN MPOAYKT HAa OCHOBE Tpaju-
LMOHHOrO 6/moa «Myxammapa». B coctaB MpOAyKTa BXOZIST:
oxJIaKAeHHoe ¢ute KypuHoit rpyaku ([letenuHckas nruiedabpuka,
Poccus);
Opexu IpelKye OUMIIeHHbIe OTGOPHBIE ChIpbIe cylieHble («Opex-cu-
Ti», Y36€KIUCTaH);
kywxyTtHas nacta (“Le Moulin”, Tynuc);
yecHOK (OO0 «®epmepckuit ueCHOK», Poccus);
kode uepHbIit MonoThlii (“Haseeb Serrado”, Cupus);
Teper; Y OCTPbIii cTpyukoBbii (“Prodigy Land”, Tamnannm);
namnpuka momnoras («MHpaHa», Poccus);
rpaHaToBbIii coyc («<Hapiapa6», Cupusi);
ONIMBKOBOE HepadMHMPOBAHHOE MAc/IO MePBOro XOJOAHOTO OTKUMA
(“ALKHAIR”, Cupus);
nuTbheBas Boga («depHoronoskar, Poccus);
conb nuiesas («Pycconb», Poccus).
VUuuThIBas, 4TO «6II0J0» — 3TO MMUILEBOM MPOAYKT MM COYETAHME
MPOYKTOB U TMONy(PabpuKaToB, JOBEEHHbIX IO KYJMHAPHOI rOTOBHO-
ctu, mopuyonuposanHoe u opopmiernHoe (TOCT 31985-20133), B cBoem
MCC/IeOBAHMY MbI OIIEPUPOBAIM TEPMUHOM <«IIPOIYKT» IIPU pa3paboTke
pelenTypsl 1 «6II0A0» TIPU OLEHKE ero OpraHOeNTUIECKUX XapaKTepy-
CTUK U IIePCIIEKTUB MPUMEHEHWM .
2) uudpoBas Mozenb (KOMITbIOTEPHBI CUMYJISITOP) PELENTYPbl 3MYJIb-

TMPOBAHHOTO MSICOPACTUTETbHOTO IIPOLYKTa.

[IpuroroBneHue 3MyIbIMPOBAHHOTO MSICOPACTUTENBHOTO TPOIAYK-
Ta Ha OCHOBE TPAAMLMOHHOrO 6mona «Myxammapa» MpeaycMaTpuUBaio

—
~—

OO0 0000000 O O

% TOCT 31985-2013 «Ycyry 061, ecTBeHHOrO MUTaHust. TepMUHbI M OTIpefesie-
Husi». — M. Craugaptunadopm, 2020. — 16 c.
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BapKy Msica MTULBI — (Guie Kypulibl (COOTHOLIEHMe MsICO:Boja = 1:2,

temrneparypa 95°C, Bpemst 30 MuHyT). OTBapeHHOe MSICO KypUI[bI BHO-

CWIM B MHOTOQYHKIIMOHA/IBHYIO YCTAHOBKY, COYeTalolyIo B cebe GyHK-

UM rnepemMeiinBaHus, TOMOreHms3anuum 1M HarpeBa B YCJIOBUSIX BaKyyMa

(FrymaKoruma MaxxD LAB, nsrorosutenb Romaco FrymaKoruma, Tep-

MaHMsI) ¥ JOOABJISIIM ChIpbIe TPeLiKyie OpeXy, CbIPOii OUMILeHHbII YeCHOK,

OCTDBIV Ilepel; (IIPOMBITBIV BOAOY KOMHATHO TeMIlepaTyphl), KYHXYyT-

HYIO [IaCTy, PaHaTOBBIi COYC, TOHKOM3MOJIOTbII YepHblit Kode, MOJIIOTYIO

MarnpuKy, OJIMBKOBOE Macjo, XOJOAHYI0 Bony (TeMmmeparypa 5°C), conb

nuieBylo. CMech rTOMOTeHM3MPOBAIN 10 MOMyYeHMs] OGHOPOAHONM KOH-

CUCTeHIMN. B pe3ysbraTe MOMyYmay MpoAyKT MSTKOi rOMOTeHHO¥ KOH-

CUCTEHIIH, KeJITO-PO30BOr0 OTTEHKA C JIETKMM MPUBKYCOM IMPSIHOCTeI,

KyH)XXyTa ¥ Msica ITULIBL.

DU3UKO-XMMUYECKMe II0Ka3aTenu B ChbIpbe M TOTOBOM IPOILYKTE
ompeJensiiv, UCIIOIb3Ys C/IefAyIoLie METObI:

L) MaccoBylo OO0 BIary — METOLOM, OCHOBAHHBIM Ha BbICYHIMBAHUU
aHanM3MpPyeMoil MPoObI € MeCKOM IO IIOCTOSIHHOJ Macchl Py TeMIIe-
parype 103+2°C*%;

U maccoByo fomio 6eka — MeTOL0M, OCHOBAHHBIM Ha MMHepanu3auun
OpraHMYecKMX BeIIeCTB MPOObI C MOCIEAYIOIMM OTIpe/ie/ieHeM a30-
Ta MO KONIMYECTBY 06pa30BaBIIerocs ammuaka (Metog Koenbaans)®;

L) MaccoByI0 OJIO KMpa — IyTeM KCTPAKIUY XKUPA PAaCTBOPUTENEM U3
BBICYIIIEHHO aHaIM3MPyeMOii MPo6bl B IKCTPAKIIVOHHOM arapare
Coxcrera ¢ MoCIeNyIOIMM yiajleHueM pacTBOPUTENST M BbICYLIMBa-
HUM BBIIEIEHHOTO XMpa JI0 MOCTOSHHOM Macchl (MeTop Cokcnera)®;

0 maccoBylo om0 oOLieil 307bI — O30JIEHMEM NpU TeMIepaTtype

550+25°C npo6si’;

cozepskaHye yIaeBoJ0B — PacyeTHbIM MeTOZIOM;

cofiepskaHye BOLOPACTBOPMMBIX BUTAMMHOB — METOZIOM BbICOKO3(d-

(hekTMBHOI XKMIOKOCTHOM xpomartorpadum B yabTpaduoneToBoit 06-

JIACTY CIIEeKTPa C 3a[,aHHOV AJIMHOI BONIHBL. [TolyueHHbIe pe3y/bTaThbl

B BIJle IMKOB Ha XpPOMATOTrPaMMe COIIOCTaBIISIOT C MMKaMM CTaHJaPT-

HbIX 06pa310B C 3aBeJOMO U3BECTHBIMY KOHIIEHTpaUMaMuS;

U conepskaHMe XMPOPACTBOPUMBIX BUTAMIHOB — METOIOM BbICOKO3(-

(eKTUBHOI XUIKOCTHO Xpomarorpadum B yabTpadmoneToBoit 06-

JIACTY CIIeKTPa C 3a[,aHHOV AJIHOI BOIHBIL. ITolyueHHble pe3y/bTaThbl

B BJJle MMKOB Ha XpPOMATOTPaMMe COIIOCTAaBIISIOT C MMKaMM CTaHJapT-

HBIX PaCcTBOPOB 06pa3Li0B BATAMMHOB M3BECTHBIX MACCOBBIX KOHIEH-

Tpaumii’;

cofiepskaHye Kanus, HaTpusi, Maruusi — MeTOLOM TVIaMeHHO¥ aToM-

Hoit abcop6uum0;

cofepKaHue Kalbliysl — aTOMHO-a6copbLMOHHBIM MeTogoM ;

cofiepskaHye LMHKA U MeIy — MHBEePCUOHHO-BOIbTaMIIepOMeTpuye-

CKMM MeTogoM2;

cofiepskaHye MMHepaIbHbIX BellleCTB (kee3a, celeHa) 0 MeToAnYe-

CKMM yKa3aHusm '3,

PacueTHble 3HaUeHMs NMUIIEBBIX HYTPUEHTOB IOIYYaIU C UCIIOIb30-

BaHMeM (OPMYJIbL:

(N

O OO0 O

E—j=1 @

rae by — comepkaHue j-TO 37eMeHTa XMMMUYecKoro cocrasa (6enka, Xupa,
BJAAar¥ M T. [.) B i-M PeIeNTypHOM MHIpeIyeHTe NNIIeBOr0 IPOIYKTa;

4 TOCT 33319-2015 «MsIcO U MSICHBIE NpoAyKThl. MeToz, onpeneneHus: Macco-
BOJ monu Biaru». — M. Crangaptuudopm, 2019. — 8 c.

5 TOCT 25011-2017 «Msico u MsICHbIE IPOAYKTbI. MeToab! onpeaenenus Ge-
Kka». — M. Cranpaptuadopm, 2018. — 24 c.

® TOCT 23042-2015 «MsCO ¥ MSICHBIE MPOAYKTBI. MeToAbl OIpeneleHust
skupar». — M. Crangaptuadopm, 2019. — 16 c.

" TOCT 31727-2012 (ISO 936:1998) «Msico 11 MsICHbIE IPOAYKTbI. MeTog, orpe-
[eJIeHMsT MaccoBoit o o61eit 3071b1». — M. Ctanmaptundopm, 2019. — 13 c.

8 TOCT P 55482-2013 «Msco 1 MsICHbIe IponyKThl. MeTOo, onpeneneHusi co-
IepkaHusl BOZOPACTBOPMMBIX BUTAMMHOB». — M. CranpaptuHdopm, 2019. — 12 c.

® TOCT 32307-2013 «MsicO U MsiCHbIe poaykThl. OmpenieneHne conepskaHust
SKMPOPACTBOPMMBIX BUTAMIHOB METOJJOM BbICOK03(hhEKTUBHOM JKMIKOCTHOI XpO-
marorpadum».

rOCT P 55482-2013 «Msico ¥ MSICHBIE IPOLYKThI. OIpe/eNeHNe CofepIRaHms
HaTpwusl, Kalus, MarHus ¥ MapraHiiia MeToJOM IJIaMEHHOI aTOMHOI a6CopOLMMA».

UrOCT P 55573-2013 «Msico u MSICHbIE npoaykThl. OnpeneneHne KalbLus
aTOMHO-a6COPOIMOHHBIM Y TUTPUMETPUUECKUM METOIaMM».

2rOCT 33824-2016 «[TpoayKTBI NMIEBbIE U NPOJOBOJIBCTBEHHOE CbhIpbe. MH-
BepC]/lOHHO-BOHbTaMHepoMeTpV[‘IeCKI/Iﬁ MeTOo[ orpeneeHus Cogep>KaHms TOKCHUYI-
HBIX 57IEMEHTOB (KagMusl, CBMHIIA, MeU U LIMHKA)».

3MP 2.3.7.0168-20 OnjeHKa KauecTBa MMILEBO/i TPOLYKLMM 1 OLEHKA HOCTY-
I1a HaceJIeHMs K OTeYeCTBEHHO NMIeBOi TPOAYKIVM, CIIOCOOCTBYIOLIEI yCTpaHe-
HUIo feduLuTa Makpo- ¥ MMKPOHYTPUEHTOB. MeToiuuecKre peKOMEeHIaLun».

X; — MaccoBas 0OJist i-ro VHITPEOVEHTOB PELEeNTYpPbI; N — KOJINYECTBO
VIHTPpEeOVIEHTOB PELEITYpPbI; M — KOJIMYECTBO IIMIIEBbIX HYTPMEHTOB
3HaYEeHMS KOTOPBIX PACCUMUThIBAEM.

VHbopmanmio 0 XMMUYECKOM COCTaBe ChIPbsl KMBOTHOTO M PacTy-
TeJIbHOTO MPOUCXOKAeHMs 6paay u3 6a3bl JaHHbIX «IIuieBble MPoayK-
TBI» [32].

B kauectBe 1eneBoit GyHKUMM (KPUTEPUS] ONTUMM3ALNN) UCIIONB30-
Ba/I KBaJpaTUUHbIN KPUTEpUii MMHMMATIbHOTO OTKIOHEHMS OT 3aJaH-
HOJi CTPYKTYPBI INILEBON LIeHHOCTU:

(0 lculation )
_ _ ga culation
P(z) = z{(zj z )
]:
)

n
calculation _
Zj = ijixi’
i=1

— min

]

IZie z) — 3TaJOHHOe (VI HOPMATMBHOE) COZepskaHMe j-T0 HyTpMeHTa Muiie-
BOJi IIEHHOCTH; bj; — yZlellbHOe cofiepkaHMue j-TO 3leMeHTa XMMUUYECKOTo
cocraBa (6enka, Xupa, BIaru U T. [1.) B i-M peLlelITyPHOM MHTpeyieHTe IIPo-
IIYKTA; X; — MACCOBAs OIS i-TO MHTPEIMEHTA PELeNTyPhl.

B cBsI131 C TeM, UTO KpUTEPUii ONTUMM3ALMM HeTTMHEHBII, UCIIONb30-
BaJI¥ MeTOJ, HeMHEeHO ONTUMM3ALMY — MEeTOZ, I'PaAMEHTHOTO CITycKa
[33,34,35]. MeToz, rpagyieHTHOTO CITyCKa — 3TO UTEPATUBHbI aITOPUTM
ONTUMM3ALUU, UCTIONb3YEMBbIit 7151 HAXOXKAEeHUSI IOKaTbHOT0 MMHMMYyMa
dbyHkuMmu. OCHOBHASI UJEST KOTOPOTO 3aK/II0YAETCs B IIOCIe0BATEIbHOM
yIy4IleHuy OLeHKM argmin GyHKuyuy P(z) 3a cyeT ABMKeHMs B HaIlpaB-
JIeHUY MIPOTYUBOIIONIOKHOM HallpaBlIeHMIO IPaiYieHTa. AJITOPUTM BbIUM-
csieT rpagueHT GyHKIMY Ha Kaknoii utepanyu. B R Studio ucronb3syer-
cs1 6ubmorexa nlopt [36].

Cumynsauuio (MofenupoBaHue) mpoBoamiu B cpeme R Studio mo kpu-
Tepuio MuieBoit eHHoctu [37]. IlporpaMMHoOe obGecrieyeHue R mpep-
cTaBisieT co60ii CBOGOAHO pacIpoCTpaHsIeMblil KpoccriaTGopMeHHbIN
[POrpaMMHbI MHCTPYMEHT, UCIIOIb3YEeMbIit ISl CTAaTUCTUYECKUX pacye-
TOB Y BU3yaJIU3alUMM AAHHBIX. [JUCTpUOGYTUBBI R HOCTYIHbI Ha Be6-caii-
tax The Comprehensive R Archive Network.

CorocraBieHMe ¥ aHa/IU3 JAaHHBIX, [TOTyYeHHBIX B pe3yibTaTe Ma-
TeMaTUYeCKUX PacueToB C UCIONb30BaHMeM LMdPOBOIT MOAEIN IMYIb-
IMPOBAHHOTO MSICOPACTUTENBHOTO NMILEBOrO IPOAYKTAa M [aHHBIX,
MOJTyUYEHHBIX B XOJe JIAGOpaTOPHBIX MCCIeNOBAHMIA, IPOBOIMUIN C UC-
I10/Ib30BaHyeM abCOMIOTHOM 1 OTHOCUTENbHO OLIMOKY.

A6comoTHast omboka (AE) — 3To BenuMHa pasHUIbl MEKIY pacuer-
HBIM U U3MEPEeHHbIM 3HaUeHMeM.

AE =y - ycalculation (3)

OtnocutenbHas omoka (RE) rokaspiBaeT pasmep OIIMOKM OTHOCH-
TeJIbHO M3MepeHHOro 3HaueHus. [TokasbiBaeT pasmep OWIMUGKM B IPO-
[[EeHTaX.

RE = A—yE -100% 4)

CraTUCTUYECKYI0 06pabOTKY TOMYUYEHHBIX Pe3ylIbTaTOB POBOAMIN
B Tabnm4HOM mipoueccope MS Excel npu ypoBHe 3Haumrmoctu 0,05. JTan-
Hble TIPe[ICTaB/IeHbI B BUJI€ CPEIHEr0 3HAYEHUS U CTAHAAPTHOTO OTKJIO-
HeHusl («Mean * SD»). DKCIIEpUMEHTBI ITPOBEAEHBI C 5-TU KpaTHOI I10-
BTOPHOCTBIO.

3. Pe3ynbTaThl M 00CYKAEHME

Cornacao TOCT P 57700.37-2021'* uudpoBoii OBOHMK u3menus
«paspabamoieaemcst U npUMeHsiemcsl Ha écex cmaousix HUHEHHO020 YUKId
u3denust, USMeHSACL HA Kaxdol cmaduu». TToaTomMy 11t pa3paboTky umd-
pPOBOrO JBOVMHMKA 3MY/IbIMPOBAHHOTO MSICOPACTUTENBHOIO INUIILEBOrO
MPOAYKTa HEOGXOAMMO OIMUCATh €ro KM3HEHHBIN LUK BHAUYale KPyIl-
HoGmoyHo. Ha Pucynke 1 mpezcraBieHbl TpM OCHOBHBIX 6/10Ka (3Tarna),
KOTOpble Heo6XoAuMo pa3paboTaTh Il MOMyYeHus uudpoBOro gBOii-
HMKa [UIIEeBOro NpoaykTa. IlepBolii aTan BKiIovaeT hopmupoBaHue 6y-
IyIIero NMIIeBOro IpoayKra. PaspaGoTuMK OMMChIBAeT BUJ MPOAYKTa,
ero TMII, HA3HAUeHMe, NMara30H OCHOBHBIX IOKa3areneil. BoiGupaercs
KPUTepUii ONITVIMM3ALMH, C UCIIOIb30BaHNeM KIacTepu3auuy nonompa-
I0TCSI OCHOBHbIE MHIDEIMEHThI GYyoyIero MpoayKTa, YCTaHABIMBAIOTCS
JIMana3oHbl BapbMpPOBaHMS PeLeNITYPHbIX MHIpenueHToB. Takum obpa-
30M opMupyeTcst 0671aCTh JOMYCTUMBIX pelieHuii. [Iogpo6HO 3TOT aTan
omycaH B Haulei mpenpiayueit pabore [38]. Bropoii aTan kKu3HEHHOTO

“TOCT P 57700.37-2021 “KoMIIbloTepHbIe MOZE/N 1 MOAepoBanme. Lindpo-
Bble IBOVHMKM Usgenuit. O6miye moaoxkenus:”. — M.: POCCUICKIIT MHCTUTYT CTaH-
nmaptusaiuu, 2021. — 15 c.
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LIMK/IA MIPOAYKTA CBSI3aH C TEXHOJIOTMYECKUM IIPOIEeCCOM M 3aK/IiovaeT-
Cs1 B TIPUTOTOBJIEHMY KYJIMHAPHOTO M3e/MsI, TOTOBOTO K YIIOTPEBIeHMIO
B ML, pa3feeHHOro Ha nopuuu. Ha 3ToM sTame y4mMTHIBAaIOTCS 3Ha-
YyeHMsI BXOJHBIX MepeMeHHbIX (Hampumep, GU3nKOo-XMMUUeCcKye MoKa-
3aTeny), KOHTPOIMpyeMble IapaMeTpbl (TeMIlepaTypa [IPUTOTOBIeHMS,
BpeMsl IIPUTOTOBJIEHNSI), pPeryIupyeMble MapaMmeTpbl U BbIXOLHbIE Iie-
pemeHHble (pU3MKO-XxMMMUECKME TIOKa3aTeny, (QYHKUMOHAIbHO-TEX-
HOJIOTMYeCKMe CBOWCTBA U T. 1.). Takum 06pa3oM, HEOOGXOAMMO TEXHO-
JIOTMYECKUIi IPOLLeCC MPeACTaBUTh B BUE TEXHOIOTMYECKUX Olepanuii
C OIMCaHWeM BXOAHbBIX, BbIXOAHbBIX, KOHTPOIMPYEMBIX U PEryanpyemMbIx
rapaMeTpoB. BbIXOmHbIE TTepeMeHHbIe Ha i-0if TEXHOJIOTUYECKOIi orepa-
WU SIBJISIIOTCSI BXOOHBIMM TIepeMeHHBIMM [Jis i+1-71 TeXHOIOrm4ecKoi
onepanuu. [lajee HeOOXOOMMO KaXKIYI0 TEXHOJOTMUECKYI0 OMepaInio
OmMCaTh C MOMOIIbI0 YPaBHEHUI MaTeMaTndeckoit Gpusmku. ITOT sran
rpefcrasiaeH B pabore [39]. TpeTuii aTam CBsI3aH C OLIEHKO! TOro, KaKk
HYTPUEHTbI CMOAEIMPOBAHHOTO IMUIIEBOTO MPOAYKTa GYAyT repeBapu-
BAaTbCS M YCBAMBATHCA CTEHKAMU >KeJTyOAKa M KUIIEeYHMKA. )Keny,uquo—
KUIIEYHbI/ TPAKT YeJoBeKa B KOHIEMUUM MMUTALMOHHOTO MOJEeINpo-
BaHMSI PACCMATPUBAETCS, KAK €CTECTBEHHbBINT OMOXMMUYECKUIT PEaKTop,
obecreunBawIInii TUAPONIN3 MUIIEBbIX BelecTB (6eNKOB, KUPOB, yIje-
BOZ0B) VX TPAHCIIOPTMPOBKY ¥ BCAaCbIBaHME MTPOAYKTOB I pO/N3a yepes
CTeHKM KUIIIeUHMKa B KpoBb. [Ipy MofenpoBaHUM JOKHO YUUTHIBATHCS
MHOXECTBO IIlepeMeHHBIX COCTOSIHMSI YelIOBeKa, ero MuileBapuTenbHOM
CUCTeMbI U IUILEeBOT0 IpoAyKTa. IIosToMy [/1s1 leTaabHOTO IpeficTaBiie-
HMSI 3HAHU B CTPYKTYPHO-TIapaMeTpuueckoii MOZenn Heo6Xoayma Koj-
nabopanysi MegUKOB, TEXHOJIOTOB, MAaTEMAaTUKOB. Pa3paboTKa TpeThero
JTana OueHb CIOKHBIN U AJIUTENIbHBIN Mpoliecc.

Ha Pucynke 1 KpacHBIM KBaZpaTOM BblJe/IeHbI Ba STala XM3HEeH-
HOTO IIMKJIa TUIIEBOTO MPOAYKTa I[M(MPOBbIE MOAEIU Wi LMUPPOBbIE
TeHU, KOTOPBIX B HACTOsILIEe BpeMst Haubosee M3ydeHbl U MPeCTaBIeHbI
B Hay4HbIX ny6nukanmsax [11,12,13]. B pa6ore [39] onncaHo u3MeHeHue
XMMMUYECKOTO COCTaBa M KaueCTBEHHBIX ITOKa3aTesieit 6eka B 3aBUCUMO-
CTM OT OCHOBHOT'O MSICHOTO ChIpbsi (uiie Tpyaxku Kypuibl, huse rpynku
MHZE KM, 6eCKOCTHAs TOBSAVHA OT Ta306eIpeHHOro oTpy6a, 6ecKoCcTHAasK
6apaHuHa). AHaIM3 MOKasaja, YTO HECMOTPSI Ha TO, UTO MSICO MHIEMKU
IMeTUYEeCKOe, UIIEeBOIi MPOAYKT C (usie rPyaKu UHIEHKY 110 TToKa3aTe-
JISIM aMMHOKMCJIOTHOM C6alaHCMPOBAHHOCTYM YCTYIIAeT HPOAYKTY C M-
coM GapaHMHBI.

B pa6ore [40] ¢ uCIIONMb30BaHMEM KOMITBIOTEPHOTO MTPOEKTUPOBAHMS
OCYIIEeCTBWIY MO60P COOTHOLIEHMIT MSICHOTO ChIPbSI (TOBSIAMHBI M Msica
NTULBI) C YUETOM CJAeAYIOIIUX OrpaHUMYEHMI: CyMMa HeHaChIIeHHbIX
SKMPHBIX KUCJIOT U TPAHCKUPOB IO/DKHA 6bITh He 6osee 1,5 1/100 r u He
60see 10% oT SHEpreTMUECKO 1EHHOCTU.

B cratbe [41] mpencrasieHa mdpoBas MOEeIb aHAIOra MSICHOTO MTPO-
IyKTa 13 coeBoro ¢dapiura. B kauectBe GyHKIMM LienM YUE€HbIe UCIIONb-
30Ba/IM CTOMMOCTHOJ KpuTepuit. OCHOBHbIMM orpaHndyeHusimu Ha 100 r.
MUIIEBOJ 1eHHOCTM 6bUN: 1) MaccoBast mosst 6esika JO/DKHA COCTaBISTh
17,0%; 2) maccoBast oISl )KMpa [O/KHA GbITh He 6oee 2,0%; 3) MaccoBast
JIOJIs YIJIEBOJOB JJO/KHA GBITh HE MeHee 6,5%; 4) MaccoBasi DOJs CyXUX
BelllecTB JO/DKHA COCTaBIISITh He MeHee 27%.

Ha PucyHke 2 ripefcraB/ieHa IOLIIAaroBasi cxema CUMY/IMPOBAHMS (MO-
JleIVPOBaHusI) TI060ro MUIEBOro MpoayKTa. Kak BUAHO U3 CXeMbl AJIst
TTOJTyY€eHUsT OCTOBEPHON LM(PPOBOI MOAEI HeO6XOAMMO YUUTHIBATH
MOTIpaBOYHbIE BeCOBble KO3 NLIMEHTDI, YTOOBI YUeCTh IOTEPY Ha MPO-
TSKEeHUY BCEro TeXHOJIOTMYECKOro mpoiiecca. BecoBbie koadduimeHThI
B Hallleii MoJesu GbIIM YCTAHOBJIEHbI ITyTeM OIPOCa KBaIU(PUIVPOBAH-
HBIX 9KCIIePTOB-TEXHOJIOTOB C TIOMOUIbI0 METOLMUKM SKCIIEPTHBIX OI[€HOK.

Ilpy TerioBoit 06paboTKe MPOUCXOOMUT YMEHBIIEHME COmEepPKaHMUS
HEKOTOPbIX BUTAMMHOB M3-3a XMMUUECKUX MU3MEHeHUIt U B pe3yibTaTe
IOTepb UX BO BHEIIHIOK cpeny. CTerneHb pa3pylieHus 3aBUCUT OT IPUPO-
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MNIUIEeBOro IpoaykKTa
Figure 1. Digital twin of the life cycle of a food product
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Figure 2. Scheme of simulation (modeling) of a food product

JIbI BUTAMMHOB (BOAOPacTBOPMMBIE MM >KMPOPaCTBOPMMBIE), TeMIlepa-
TYPbI ¥ IPOJO/DKUTEIbHOCTY HarpeBaHus. [IponjeHT noteps BUTaMuHa B,
(TMamMuHa) HaXOAUThCS B AuamnasoHe ot 30 mo 60%, Butamuna B, (pub6o-
¢dnaBuna) — 10-40%, Butamuua B; (maHToreHoBast Kuciora) — 15-30%,
ButamuHa B (PP) (HukotuHOBas kucnora) — 10-35%, BuramuH Bg (rm-
pupokcuH) — 30-60% [42,43].

Ipu cocraBneHuy UMGPOBOI MOIENM IMYIbTMPOBAHHOTO MsICOpa-
CTUTENBHOTO NPOAYKTA Ha OCHOBE TPaguIMOHHOro 6mona «Myxammapa»
YUYTEeHbI ITOTEPY OCHOBHOTO MSICHOT'O MHIpefueHTa (KypMHOI T'PYIKM)
[Py TepMUUeCcKoii 06paboTke. Vicrionb3ys ypaBHeHue (1) 1 faHHbIE O X1-
MMYECKOM COCTaBe NMUIIEBBIX MHIPEIVEHTOB, B3sIThle 13 6a3bl JAHHBIX
«IIu1eBble TPOAYKTHI» [39], MOMYIMIN CUCTEMY 6ATAHCOBBIX YpAaBHEHMI
10 XMMMUYECKOMY COCTaBY NMUIEBOrO MPOAYKTA:

Protein = (20.85- x; + 6.5 X, +13.9 - x5 + 1.3 x, + 14.14 - x5 + 16.2- x; + 0.5 x; + 18.08 - xg)-0.99
Fat =(9.25-x; + 0.5+ xy + 14.4 - X5 + 0.44 - x, +12.89 - x5 + 60.8 - X + 50.87 - x; + 99.8 - xg) - 0.99

Vitaming, = (0.1 %, + 0.08 - x, + 0.07 - x5 +0.07 - x4 + 0.1- x5 + 0.39 - x; +0.04 - x; + 0.24 - x5)- 0.7

IZIe Xy, Xy, X3, ..., X;] — COOTBETCTBEHHO MacCOBasi JOJIs1 KOMIIOHEHTOB B peLiel-
Type, T. €. KypuHasi Ipy[Ka, YeCHOK, Kode uepHbIit MOJIOTBIIA, IIepeL] OCTPbIit
(CTPYYKOBBIIT), TaIIpuKa, rperkuii opex, PaHaTOBBII COYC, KYHKyTHas I1a-
cTa, OJIMBKOBOE Macio, Boza u conb; 0,99... 0,7 — BecoBble Ko3dduiiyeH-
TBI, XapaKTepU3yIolye COXPaHHOCTD MUIEBOTO HYTPUEHTA IIPY TEIUIOBO
o6paboTke.

B pesynbraTe 06pab0TKM JAHHBIX PACYETHBIX U HKCIIEPUMEHTATbHBIX
ObLIV TIOJTYYEeHBI CIeAYIoIyie 3HAUeHNS
A) — B 6510Ke PU3MKO-XMMMYECKUX 1ToKa3ateneii (Tabmuua 1).

Kak BupHO n3 Tabnuupl 1 3HaueHus B 6/0ke (HU3UKO-XUMUUECKUX
rokasaTeseli O4eHb CUIBHO pa3nnyaloTcs. PacxoskgeHus 1) mo MaccoBoit
nmosie Gesika SIBJISTIOTCSI HAMMEHBIIMMM (OTHOCUTE/IbHAS OlbKa paBHA
0,17%); 2) mo maccoBoii foJie Xupa ¥ MaccoBOJi 0/le BIary OTHOCUTEb-
Hag ombKka cocrasisiet 1% u 7,87%, COOTBETCTBEHHO, UTO TAKKe SIBJISIET-
cst ipuemaeMbIM. OfHaKO, HaubGoJIbIlIee PACXOXKIEHNS B 3HAUEHMSIX ObLIO
MOIy4YeHO MO MoKa3aTelsiM MaccoBOI LOMY YIIEBOLOB X MacCOBOI A0
3071bl. JlaHHAS HECOIJIACOBAHHOCTh MOXKET ObITh OOBSICHEHA MHOTMMU
(akTOpamMm: a) COCTAB MUIIEBOTO ChIPhSI UMEET BEPOSITHOCTHBIN pa3époc

547
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Ta6n1/1ua 1. PacueTHbIe U IKCIIepMMEHTA/IbHbI€ 3HAYECHU S
CI)I/IBMKO-XMMM‘IECKI/IX oKasareJjen IMYJIbI'MPOBAaHHOIO
MSACOPACTUTEIBPHOrO IIPOAYKTA HA OCHOBE TPAAVIIMOHHOIO 6!'[]0,[[3
«Myxammapa»

Table 1. Calculated and experimental values of the physico-chemical
parameters of the emulsified meat-and-plant product based
on the traditional meal “Mukhamar”

Pacuetnbie AGcomoTHas OTHOCK-

PesysnbTar,
IlokasaTenb r/100 r 3Ha‘ll(e)gnﬂ’ Omﬁ)%l(a’ Tem:g ast
npoaykra T/ r r/ r omuokKa,
MPOAYKTa  IPOAYKTA %
MaccoBas fgons Bnaru 55,25+0,15 59,6 4,35 7,87
MaccoBas monst skupa 15,85+0,25 16,01 0,16 1,00
MaccoBas fons 6enka  17,7+0,10 17,67 0,03 0,17
MaccoBas moinst -
yTIeBOTOB 9,07 6,33 2,74 30,00
Maccosas fonst 30160 2,13%0,02 0,39** 1,74 81,60

* 3HaueHue MOMy4YeHo B xofe BbruycieHus {100 — cymma (MaccoBoit Jomu
BJIaru; MAacCOBOM IOJMM KMPA; MACCOBON Homu Genka; MacCOBOI IOMU
3071bI)}.

** 3HavyeHMe MOTyYeHO B Xoze BbrumciieHus {100 — cymma (MaccoBoit o
BJIATM; MacCCOBOM JOM JKMpa; MAcCOBOM Honu 6Genka; MacCOBOM AOIu
YITIeBOLOB)}.

II0Ka3aTesieii, 9TO CBSI3aHO U C PETMOHOM BbIPALMBAaHMS KyAbTYDPbI UIN
CeTbCKOXO03SIICTBEHHO MTULIBI, JKMBOTHOTO; U 6) BUOOM PacTeHMs, Io-
POZOIi KMBOTHOTO M T. J.; B) KO3 UIMEHTOM TepMOIOTEPb, KOTOPbINI
MMeeT He KOHKpPeTHOe 3HaueHMe, a I1ara3oH BapbUPOBaHMSI.

Takoit pasbpoc MeXAy TabIMUHBIMM ¥ pPeajbHbIMM 3HAUEHUSIMU
rpyemIeM U ONucaH ucciaenoparensmMu. Hanpumep, 1o naHHsiM [44,45]
IMarnasoH BapbMpOBaHUsS Oejika B CBUHMHE HEXMPHON ot 18,8+3,8 mo
21,4+30; B CBMHMHE TOTykupHOii oT 15,1+3,0 no 16,3%+3,3; B cBU-
HMHEe XUpHOV oT 8,7%1,7 no 14,6*2,9; B rOBsiIMHE BBICIIETO COPTa OT
21,0£2,9 no 23,1+3,2; B roBsiguHe 1-ro coprta ot 18,8+3,8 mo 20,9+2.9.
B 6a3se JaHHBIX «XMMUUYECKMIT COCTAB MUIIEBBIX MPOAYKTOB, MCIIONb3Yye-
MbIX B Poccuiickoit @epepann», pa3MellleHHOI Ha caiiTe OUL nutaHums,
6uoTexHosoruu 1 6esomacHocty muiy (https://ion.ru/) npeacraBieHbl
cienyione OaHHble 10 OeNKy: CBMHMHA IMOMyKUpHasi — 17, CBMHMHA

>kupHast — 11,7, cBuHMHa HeXXupHasi — 14,3. TloaTomy sl ycTpaHeHUsI
HECOBMAEeHMIT B JAHHBIX HEOOXOAMMO MCIIONb30BATh «yMHbIE JaT4M-
KW» IJIS1 OTIpefie/ieHMsT KOHTPOJIMPYEeMBbIX TIepeMeHHBIX BXOJHOTO ChIPbSI
(mepBas 3apmava). 3HaUeHMsI, OT KOTOPBIX IOCTYMAIOT B IUGPOBYI0 MO-
JleJIb MJTY KOMITBIOTEPHBIN CUMYJISITOP GYIyIero mpoayKra.

Bropas 6oee TpygHOpeliaemMasi 3afiaua, 3TO yCTaHOB/IeHe KOHKPEeT-
HBIX 3HAUEeHMI1 [T0TE€Pb, KOTOPbIE TPOMCXO/IAT B PE3Y/IbTATE TEPMUYECKON
06paboTKM.

B) — B 610Kke «Butamuubl» (Tabnuiia 2).

B Tab6nuiie 2 B cTonb61ie «PacueTHble 3HAYEHUST» COEPKAThHCS ABa T0-
Kasaressi. [IepBbIii — 3HaUeHMe 6e3 yuera 1moTepb Ipyu TepMoo6paboTKe.
Bropoit — 3HayeHMe ¢ y4eToM BbIGpPAaHHOrO K03bduIMeHTa 10Teph Npyu
TepMoo6paboTke. OT MPaBMILHOCTY BHIGPAHHOTO KO3 duieHTa 3aBu-
CUT «CXOOMMOCTb» PaCU€THBIX U SKCII€PUMMEHTAIbHBIX 3HaUEeHMUIA.

Hanpumep, auana3oH BapbMpOBaHUS MOTEPb MpPU TepMoo6GpaboTke
BUTaMMHa B, (TMamuHa), Kak 6bI/I0 OTMEUYEHO BbIIllie HaXOAUTCS B Ipe-
nmenax ot 30 mo 60%. 3 maHHOTO [aMarasoHa Ipyu CocTaBieHuu uudpo-
BOJ1 MOZieny MMUILEeBOJ CUCTeMbl MOXHO B3SITh JI060e 3HaueHue, HAaMU
BbIGPAaHO MMHMMAJIbHOE 3HAUEHMe U3 3TOro AuamnazoHa — 30%. Takum
06pa3om, Ko3pGUIMEHT COXPAHHOCTM BUTaMMHA B, (TMamuHa) paBeH
0,7 (100% — 30% = 70%). [lnamnasox ajist BUTamMuHa B, (pubodnasuHa) —
10-40%. B uudpoBoii momenu yuntbiBaetcs koadouimeHt 0,9, 4yTo co-
orBeTcTByeT 10% moTeps npu TepmMmoobpaboTke. [IuanasoH st BUTAMMU-
Ha A — 15-50%. B undpoBoit Mmogenu yuutbiBaercst Koapduumenr 0,5
(50% norepb pu TEpMOO6PAGOTKeE).

C yueToM BbIGpPaHHBIX K03 PMIIMEHTOB TOTEPD MPU TEPMOOGPAGOT-
Ke B IM(POBOI MOJENM IMYJIbIMPOBAHHOIO MSICOPACTUTEIBHOTO MPO-
IYKTa Ha OCHOBE TPaAMIIMOHHOrO 6ofa «Myxammapa» pe3yabTaThl 10
«CXOOVIMOCTV» 3HAUEHMII BUTAMMHOB B MOJEIbHOM CHUCTEME U IKCIIe-
pUMeHTe cienyoouye: 1) HaMMeHbIINIi MTPOLIEHT B OTHOCUTENBHOI TT0-
IPeNIHOCTY MOKa3alyu BUTAMMH Bs (MTaHTOTEHOBAs! KMCIOTA) ¥ BUTAMWH
C (ackopbuHoBas kuciaora) — 2,78 u 5,40, COOTBETCTBEHHO; 2) HanbGOJIb-
LIMii IPOLeHT — BUTaMMH B; (TMamuH) u Butamuu A — 14,71 u 14,74,
COOTBETCTBEHHO.

C) — B 67110Kke «MuHepanbHble BenjectBa» (Tabnuua 3).

B Tabnuue 3, ananormyuo Ta6muiie 2 B cTonbie «PacueTHble 3HaUe-
HMSI» COMIEPXKATCS IBa ToKasaTesst 6e3 u ¢ yueToMm KosbduieHTa Tep-
MornoTepb. HanbonbIimit Auc6asaHe MEXAY pacdeTHbIMM U SKCITePUMEH-

Tab6nuiia 2. PacueTHbIe U 3KCII€pUMEHTaIbHbIe 3HAY€HMSI BUTAMMHOB 3MY/IbIMPOBAHHOT0 MSICOPACTUTE/IBHOTrO IIPOAYKTAa Ha OCHOBE
TpagUIMOHHOrO 6/moxa «Myxammapa»
Table 2. Calculated and experimental values of vitamins of the emulsified meat-and-plant product based on the traditional meal “Mukhamar”

PacueTHbIe
3HayeHus1, mr / 100 r mpo, a
1 PesyabTar, / POAYKT: A6comg'maﬂ OTHOCHUTe/IbHasK
OKa3aTeIb mr/ 100 T ipomyKTa 6e3 yueTa IoTepb C y4eTOM NOTepb OunrnokKa, ommbKa, %
pu TepMooGpa- npyu TepmooGpa-  Mr/ 100 r nmpogykra
60TKe 60TKe

Bi(TramuH) 0,68+0,12 0,82 0,58 0,10 14,71

Pacuer omM6KY He POBOAWIIN, HET TOYHOTO
B, (puodpmasu) Menee 0.05 0,09 0,08 9KCIIEPUMEHTATBHOTO 3HAUEH WS
B3(PP) (HMKOTMHOBAS KMCIOTA) 2,72+0,54 2,82 2,68 0,04 11,47
Bs (ma"TOTEHOBAS KMCIOTA) 0,72+0,14 1,39 0,70 0,02 2,78
Bg 0,38%0,10 0,42 0,34 0,04 10,53
By (dbonmesas kucora) Mesnee 0,01 0,0098 0,002 Pacuer omuGKyt He IPOBOMIAIH, HET TOYHOTO

9KCIIEPYMEHTATBHOTO 3HAUEH WS

C (ackopO6MHOBast KUCJIOTA) 50,72+11,67 95,96 47,98 2,74 5,40
A 0,019+0,01 0,033 0,016 2,84 14,74
E 0,89+0,13 1,00 1,00 0,11 12,36

Tabnuiia 3. PacueTHbie ¥ 9KCIIEPUMEHTAIbHbIE 3HAYEHUSI MMHEPAIbHBIX BEIleCTB IMY/JIbIMPOBAHHOTO MSICOPACTUTEIHbHOTO
IIPOJYKTa Ha OCHOBE TPaAULIMIOHHOrO 6/1oga «MyxammMapa»
Table 3. Calculated and experimental values of minerals of the emulsified meat-and-plant product based on the traditional meal “Mukhamar”

PacuerHbie 3HaueHus1, Mr. / 100 r mpoaykTa

AGcomoTHas

TokasaTenn Pesynprar, Ges yuera noreps € y41eTom norepn omm6Ka, mr / 100 r OTHOCMTem:,Haﬂ
mr / 100 r mpogykTa npu TepMooGpa- py TepmooGpa- HPOAYKTa oummoka, %
GOTKe 60TKe

Kanbumit 145,67+24,76 169,2 169,2 23,53 16,15
Kanwnit 2008,58+301,29 2744,2 2058,15 49,57 2,47

Hartpwuit 3221,10+515,38 43279 3245,93 24,83 0,78

Maruuit 711,88+142,36 1038,4 726,9 15,02 2,11
Lnnak 20,63+4,31 HE PACCUMTBIBAJIN

Keneso 43,51+8,41 56,14 39,3 4,21 9,68
Menp 6,19+0,57 HE PACCUMTBIBAJIN
CeneH 0,04+0,01 0,066 0,05 0,01 25



Hukntmna M. A. v ap. | MALLEBDBIE CUCTEMDbI | Tom 7 No 4 | 2024 | C. 543-550

TaIbHBIMY JaHHBIMM B MMHEPATbHBIX BEIIECTBAX SMYJIbIMPOBAHHOTO
MsICOPACTUTEIbHOTO MPOAYKTa Ha OCHOBE TPaAMLIMOHHOrO 6mona «My-
xaMMapa» Hab/ogaeTcs y cenena (Se) n kanbuus (Ca) — 25% u 16,15%,
COOTBETCTBEHHO.

MbI pacCMOTpeNU KaXKAbIA GJIOK 1O OTHEIbHOCTH, €C/IM PacCMaTpy-
BaTh GJIOKM B COBOKYITHOCTM, TO HAMXYAUIMII BapMaHT TMOMYYWIICS IO
omnpe[ie/IeHNI0 MacCOBOJ [OMM 3076l (OTHOCUTENbHAsT IOTPELIHOCTh
81,60%), HaMy4IIIMit BADMAHT — MacCOBOI To/u 6eka (OTHOCUTENIbHASI
norpenrHocts 0,17%). O6a 3Tu mokasaresns u3 6;1oka «OU3UKO-XUMUYe-
CKUX ITOKa3aTenn>.
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Bcepoccutickuii HayuHo-ucciedogamensCcKuli UHCMumym nuwjegoti 6uomexHos02uu —
punuan @edepanvrozo 20cydapcmeeHH020 6100xcemHo20 yupexcderus Hayku PedepaibHo20 UCCe008AMENbCKO20
yeHmpa numauus, 6uomexHosozuu u 6ezonacHocmu nuwju, Mockea, Poccus

K/IIOYEBBIE CJIOBA: AHHOTALIN A

nuleHuya, 12000l Ilnst paspaboTKY KOHKYPEHTOCIIOCOOHBIX CIIMPTHBIX HATIUTKOB C MHTEPECHBIMMU CEHCOPHBIMM XapaKTEPUCTUKAMU TEPCIeK-
U JHMBIX YEPHOL TUBHO BBeJIeHJe B COCTaB 36PHOBOTO CYyC/Ia IIOFOBO-SITOILHOTO ChIPHSI, TIO3BOJISIIOILETO MPUAATH AUCTWIISITAM OPUTHMHATbHBIE
CMOPOOUHBL, BKyC ¥ apoMat. OHaKO BbICOKasi KUCIOTHOCTb, & TAKXKe CofepskaHMe KIeTUaTK U MeKTUHOBBIX BellleCTB B IJIOJOBO-STOLHOM
thepmermHole ChIpbe CO3[AI0T CJIOKHOCTHM TIPpU IepepaboTKe, TpeGyIole TOTIOTHUTENbHBIX MCCIeA0BaHMiA 11 pa3paboTKu 3G GeKTUBHBIX
npenapameol, TeXHOJOTui. Llesb JaHHO paboThl COCTOSIA B MCCIENOBAHUY YCIIOBUI TPUTOTOBJIEHMST 36 pHO-(GPYKTOBOTO CyC/Ia C MCIIOTb30-
ouokamanus, BaHMEM OMOTEXHOTOTMYECKMX METOIOB KOHBEPCUM MTOMIMEPOB MIIEHNYHOTO U YePHOCMOPOAVHOBOTO ChIpbsi. O6beKTaMu MC-
3epHO-(pyKkmosoe CJIeIOBAHMS CITY)KUIIU SITOZIBI Y JKMBIX UEPHOI CMOPOIVHBI; 3€PHO IIIeHMLIbI; hepPMEHTHBIE ITpernapaTbl — UCTOYHUKY aMuiIas,
cycno reMUIeJITIONAa3, TPOTeas U MeKTUHa3; o6pasifpl cycyia. O60CHOBaHA BO3MOKHOCTh KOMIUIEKCHO MEepPepaboTKU SITOJ, YEPHOI

CMODOIMHBI C TIoNTyYyeHreM (GepMeHTMPOBAHHOTO COKa KakK JOIOMHUTENIBHON MPONYKLIMM, U JKMbIXa — JJIS VICTIONb30BaHMS
B COCTaBe 3epHO-PPYKTOBOro cycia. [TokaszaHo, UTO 6MOKATAIUTUYECKAs JeCTPYKLMsI 6eTKOBO-TIEKTMHOBOTO KOMIUIEKCA SITOZ -
HOTO CBIPbSI IIPUBeJIA K Iepexofy OCHOBHOM YaCTy KIeTUaTKM B XKMbIX. KOHILIeHTpalus aMMHHOTO a30Ta cocraBmia 315 mro%,
PacTBOPUMBIX YIJIEBOAOB — 6,8%, (heHONbHBIX BelecTB — 94,75 mMr%, pH — 3,0. YcTaHOBJIEHO, UTO MIPY COBMECTHO IMIPOAN-
HaMMYecKoit ¥ hepMeHTaTUBHOM 06paboTKe 3€pHO-GPYKTOBOIO ChIPbs BBEIEHNME B COCTAB ChIPhEBBIX MHIPEIMEHTOB YEPHOC-
MOPOZAVHOBOTI'O KMbIXa HEraTMBHO CKa3aJ0Ch Ha PEOIOTMUYECKIX CBOMCTBAX CyC/Ia, BI3KOCTh KOTOPOTO MOBBIIIAIACh TPAKTH-
yecku B 3 pasa. [logo6paHbl palMoHaIbHbIE YCIOBMS MTPUTOTOBJIEHMS CYC/Ia U3 CMEIIaHHOTO MIIEHUYHOTO ChIPbSI U JKMbIXa
YepHOI CMOPOAMHBI IIPU UX COBMECTHOM MCIIONb30BAaHMMU: TUAPOMOLYIb cyciaa — 1:3; mo3upoBKa ¢pepMeHTOB TeMULIeIITIo-
nasHoro geiictBus — 0,3 en. KC/r chIpbsi; cOmepikaHme B COCTaBe ChIPbEBbIX KOMITOHEHTOB XMbIXa — He 6osee 30%. BbisiBieHO
MPeMMYIIeCTBO Pa3/iebHOIO IIPUTOTOBIEHNS ChIPhEBBIX COCTABIISIIOMIMX CYC/Ia: MIIEHNYIHOTO 3aMeca U (hepMeHTUPOBAaHHOTO
JKMbIXa C ITOCTIEAYIOIIMM COeAMHEHMEM Ha CTaaAuy OCaXapUBaHUA U IIPOTEOIM3a. HaHHblVI CHOC06 MPUBOAMII K CYIIIECTBEHHOMY
CHIDKEHMIO BSI3KOCTH cycia. [Ipy 9ToM HabIIoaaoch yBeaueHre KOHIEHTPAIY 00X ¥ paCTBOPUMBIX YIIEBOLOB. AHAIN3
YIJIEBOIHOTO TPO(NIIS TIOKA3aj, UTo B MIIEHNYHOM Cycie Tipeobiagana rioko3sa (8,1%). B 3epHO-GhpPyKTOBOM CyciIe III0K03a
¥ PPyKTO3a MPUCYTCTBOBA/IM MMPAKTUUECKY B PABHBIX KOMUeCTBax. PazpaboraHa CTPyKTypHasi cCxeMa pasiebHOl MOATOTOBKYU
CBHIPbEBBIX KOMITOHEHTOB (3€PHa M KMbIXa YePHOI CMOPOAMHBI) B TEXHOJIOTUM 3€PHO-(OPYKTOBBIX AUCTU/UISTOB.

OUVHAHCHPOBAHUE: Pa6ora mpoBefieHa 3a CUET CPeJCTB CyOCHMAMYM Ha BBIIOTHEHME TOCYAApCTBEHHOTO 3amanus (Tema N2 FGMF-2023-0004).
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wheat, blackcurrant For the development of competitive alcoholic beverages with interesting sensory characteristics, it is promising to introduce
berries and cake, fruit and berry raw materials into the grain wort, which allows distillates to be given an original taste and aroma. However, in
enzyme preparations,  the process of processing fruit and berry raw materials, difficulties arise due to its high acidity and high content of fiber and
biocatalysis, grain- pectin substances, which require additional research to develop efficient technologies. The purpose of this work was to study
fruit wort the conditions for the preparation of grain-fruit wort using biotechnological methods for the conversion of polymers of wheat

and blackcurrant raw materials. The objects of the study were berries and blackcurrant cake; wheat grain; enzyme prepara-
tions — sources of amylases, hemicellulases, proteases and pectinases; wort samples. The possibility of complex processing
of black currant berries to obtain fermented juice as an additional product, and cake for use in grain—fruit wort has been sub-
stantiated. It was shown that as a result of the biocatalytic destruction of the protein-pectin complex of berry raw materials,
the main part of fiber passed into the cake. The concentration of amine nitrogen was 315 mg%, soluble carbohydrates — 6.8%,
phenolic substances — 94.75 mg%, pH — 3.0. It was found that with the combined hydrodynamic and enzymatic processing
of grain and fruit raw materials, the introduction of blackcurrant cake into the composition of raw ingredients had a negative
effect on the rheological properties of the wort, the viscosity of which increased almost three times. Rational conditions for
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the preparation of wort from mixed wheat raw materials and blackcurrant cake when used together have been selected: the
hydromodule of the wort is 1:3; the dosage of hemicellulase enzymes is 0.3 units /g (MmokeT 6b61Th units KS/g) of raw materials;
the content of the raw components of the cake is not more than 30%. The advantage of separate preparation of the raw com-
ponents (wheat batch and fermented cake) of wort followed by combination at the stage of saccharification and proteolysis
was revealed. With this method, the viscosity of the wort was significantly reduced. The concentration of total and soluble
carbohydrates increased. Analysis of the carbohydrate profile showed that in wheat wort glucose was prevalent (8.1%). In
grain-fruit wort, glucose and fructose were present in almost equal proportions. A block diagram has been developed for the
separate preparation of raw materials (grain and blackcurrant cake) in the technology of grain-fruit distillates.

FUNDING: The work was carried out at the expense of a subsidy for the implementation of the state task (subject No. FGMF-2023-0004).

1. BBegeHue

IToTpe6uTenbCKIE MIPEATIOUTEHNSI B 06/1aCTY KPEIKMX aTKOTONbHBIX
HalMUTKOB 3a IOC/IeH/e TObl CMECTUINCH B CTOPOHY IIPOAYKTOB C MH-
TepeCHbIMM OPraHOMENTUYECKMMY CBOMCTBAMM, TPEUMYLIeCTBEHHO MM-
MTOPTHOTO MPOU3BOACTBA [1,2]. B ¢BA3M ¢ 3TUM MCcCIenoBaHus B 06/1aCTH
CIMPTHBIX AUCTMIUISITOB HaIlpaBJIeHbl HA Pa3paboTKy TeXHOIOTMIA, YIu-
THIBAIOIIMX HE TOJBKO GMOXMMMYECKMII COCTAaB, HO ¥ OpPraHOJIeNnTuYe-
CKMe CBOJCTBA MCXOJHOTO PACTUTENIBHOTO ChIPbSI, UTO [103BOJISIET HOpMM-
pOBaTh YHUKAIbHBIN OYKeT ¥ IPUIaBaTh Le/1eBOii IPOAYKLMY TPUSITHbIE
CEeHCOpHbIe XapaKTepucTuku [3,4,5]. B ominume oT TpaguIMOHHBIX IJIsI
TTOJTyYeHMs] 36 PHOBBIX JUCTWIISITOB KY/AbTYD (TILIEHMIIbI, PXKU U STIMEHS)
MCIIONb30BaHMe B COCTaBe cycia GPyKTOBOTO ChIPbSI TIO3BOIUT MPUIATH
HaIUTKaM OpUTMHA/IbHbIE BKYC ¥ apoMmar [6,7,8]. OmHaKo B mpoliecce ux
repepaboTKM BO3HUKAIOT CIOKHOCTHM, CBSI3aHHBIE C IOBBIIIEHHBIM CO-
JlepskaHyeM KieT4aTKy, IeKTMHOBBIX BeIleCTB ¥ C BBICOKON KMCIOTHO-
CTbIO, TPEOYIOLIYE JOMOIHNATENbHBIX VICCTIEJOBAHMIA.

AHanu3s Hay4yHBIX MyOIMKALMIT TIOKa3aJl, YTO CPEAM SITOIHBIX KYIbTYD
Haubosee MePCreKTUBHOM IS TIONyYeHMs OPUTVHANbHBIX 3€pHO-(DPYK-
TOBBIX IUCTUIIISITOB SIBJISIETCSI UepHasi cMopoayHa (Ribes nigrum L.), 1iio-
IIbI KOTOPO# 06718 JAI0T SIPKO BHIPayKEHHBIM aPOMATOM Y COIEePIKaT IeJIblIi
KOMIUIEKC 6MOIOTMYeCKY aKTUBHBIX COeJVHEHN M apoMaTo6pas3youx
KOMITIOHeHTOB [9,10,11]. IIpymeHeHMe 4yepHOJi CMOPOAVHBI B MUIIEBO
IIPOMBIIUIEHHOCTY OGYC/IOBIEHO BBICOKVMM COZEepsKaHMeM MUTaTeTbHbIX
M GMOJIOTMYECKM AKTUBHBIX BEIECTB, HEOOXOMMMBIX AJIsI COaNaHCUPO-
BaHHOTO NUTaHUS YeloBeka M MPUAAUINX LieseBoi MPONYyKLUUY MHTe-
pecHble BKyc 1 apomar [12,13]. SIrogsl YepHOi CMOPOAMHBI 60TaThl HYT-
pUieHTaMM, TAKMMU KaK PacTBOPUMBIe yrieBozsl (8,2—13,2%), BUTaMUHBI
(C, E, By, By, Bs, By, PP), Gera-kapotus (8,2—10,0 MKr%), aHTOLMaHbI
(222,8-459,9 mr%), nonmudenonsr (480,6—-898,5 Mr%) m opraHuyeckue
KMCIOThI (IMMOHHAS, s16/04Has). Takoke B HUX COHEPYKATCS MeKTUHO-
Bole Bemectsa (0,2-0,6%), Makpo- 1 MUKpoasieMeHTHI [8,14,15]. AHanu3
JIMTepaTypbl CBUIETENbCTBYET O TEXHOJIOTMYECKO! 3HAUMMOCTHM TaKUX
KOMIIOHEHTOB YepHOCMOPOIVHOBOTO ChIPbs, KaK YIJIEBOAbI, MTUIIEBbIe
BOJIOKHA, aCKOpOMHOBast kucnota (116-342 Mr%) u noaudeHonpHbIe CO-
eIVIHeHMs, B TOM uucie aHTonyaHsl (160-411 mr%) [16-18]. Kpome Toro,
B&)XKHYIO POJIb UTPAIOT JIMMOHHAsI KUCIOTa (OKOJIO 2%) M MUHepabHbIe
BelleCTBa, Takue Kak Kammit (250-360 mr%), marumii (25-34 Mr%) u map-
ranet (0,3 mr%) [19-21].

[IpuBefeHHbIE CBeNEHUSI O GMOXMMMYECKOM COCTaBe SITOf 4YepHOit
CMOpPOAVHBI YKa3bIBAIOT Ha MEPCIEeKTUBY MCIONb30BaHMsI 3TOTO HeTpa-
IMLIVIOHHOTO ChIPbSI /ISl ITOTyYeHMs] OPUTMHAIbHBIX CIIMPTHBIX HAIMUT-
KOB Ha OCHOBe 3epHO-(GPYKTOBBIX IUCTU/UISITOB B3aMeH JCITOIb30BAHMS
CUHTEeTMYEeCKMX apoMaTu3aTopoB. Hanyume nuieBbIX M 6MOIOrMYecK
aKTUBHBIX BeLleCTB BO (GPYKTOBOM ChIpbe MO3BOJIUT HE TOIBKO 06ecIie-
YNTb OPOXOKM JOMONHUTENBbHBIM KOMMUYECTBOM COPakKMBaeMbIX YIJIe-
BOJIOB, HO ¥ 06GOTraTUTh CYCJI0 apOMaToO6pasyIMMU COeOVHEHUSIMU
[20,22]. IIpuBeseHHbIe B MyOMMKALMSIX JAaHHbIE MTOKA3bIBAIOT, YTO MPU
CeHCOPHOJ OlLleHKe aJIKOTONbHBIX HallMTKOB, IPUIOTOBIEHHBIX U3 Uep-
HOCMODOZIVHOBOTO ChIPbsI U hepPMEHTVPOBAHHBIX APOXSKAMM, BBISIBIEHO
Ha/Iuye SIPKO BBIPAKEHHOI'O apoMaTta YepHOJ cMOponuHsl [8,23]. TIpu
9TOM aBTOPbI OTMeYalOT BBICOKOE COJep>KaHMe OPTaHM4YecKuX KUCIOT
B IIJIOIOBO-SITOZHOM ChIpbe, IIPUBOJsIIIee K YCUMIEHUIO KUCTOTHOCTH CY-
CJ1a, 9YTO MOXKeT CTaTh IPO6IeMOii TPy pa3paboTKe TEXHONIOTUM 3€PHO-
bpyKTOBBIX IUCTU/LIATOB [8,23,24].

IIpy TpaAMIIMOHHOV MMPOMBIIUIEHHO! MepepaboTke UYepHOil CMOpO-
IVHBI B COKOBOM IIPOM3BOLCTBE 06pa3yeTcst 3HAUUTENbHOE KOTMYECTBO
SKMBIXa, KOTOPBIN MCIIONb3YeTCsl IPeyMYyILeCTBeHHO B KauecTBe KopMa
TSI CKOTa, YTO 9KOHOMMYECKM HelenecoobpasHo [25,26]. UmeroTcs cBe-
JleHMsI 0 IpPMMEeHeHUM BBDKMMOK SITOJ, YepHOJ CMOPOAMHBI B KauecTBe
BCIIOMOTaTeNbHOIO CpefCcTBa MAJISl MOBBILIEHNS] MMUKPOOMOIOrMYEeCcKOi
6e30IMacHOCTY ¥ XPAHMMOCITOCOGHOCTH 1ie/IeBOi MPOoRyKImu [27]. JKMbIx
COCTOMT 13 HEOZHOPOAHOM CMecy KOXKYpbl, CEMSIH Y ITy/IbIIbl, KOTOPbIe
MpeJCTaBisioT co60ii okono 20-40% oT Beca 06pabOTaHHBIX SITOf, B 3a-
BUCUMOCTY OT T€XHOJIOTUY, UCIIONb3yeMOJi B TPOU3BOACTBE [26]. B Tex-
HOJIOTMYECKOM OTHOIUEHUM 3KMBIX SITOf, SIBISIeTCS] (YHKIMOHATbHBIM

MHT'PEeJUEHTOM, 00J1aAI0IMM BJIaroyAepkUBaloleli CliocCO6HOCTbIO, TTO-
BBILIAIOUIMM aHTMOKCUAAHTHYIO aKTMBHOCTb IIPOAYKTA U MPUIAIOILIUM
HaIMTKaM IPUSITHBIN BKyC 1 apoMar [28,29,30]. OmHaKo BOIIPOC panyo-
HAJIbHOTO MCIIOJIb30BAHMS XMbIXa B IMUILEBBIX TEXHOJIOTUIX U3YUEH HE-
JIOCTaTOYHO U TPeOyeT NaabHEeNIINX UCCTeIOBAHMIA.

VuutbiBass BOCTpe6GOBAaHHOCTb YEPHOIN CMOPOAVHBI B ITPOU3BOCTBE
COKOB, MOPCOB, CMPOIIOB, KOHAUTEPCKUX U3LENNI U APYTOil IPONYKLIMH,
MepCHEeKTUBHBIM HaIlpaBIeHMEM IIPEACTaB/ISIeTCS MCCAemoBaHmue Ou-
OTeXHOJIOTMYECKOTO TMOTeHIMana e€é BTOPUYHOTO ChIPbSl I CO3LAHUS
OPUTMHAIbHBIX CIMPTHBIX HAITUTKOB.

Llenb JaHHO? PaBGOTHI COCTOSIIA B MCC/IEAOBAHMY CIIOCOGOB IIPUTOTOB-
JIeHM CyCia U3 3€pHa MIIEeHUIIBI U JKMbIXa qepHoﬁ CMOPOAMHBI OJIs1 UC-
T0JIb30BAHUSI €T0 B TEXHOJIOTMM 3€PHO-(DPYKTOBBIX AVCTU/UISITOB.

2. O6'beKTHI ¥ METOABI
O6beKTaMy UCCIIEIOBAHMI CITY>KWITU

U sroppl ¥ >KMbIX UepHO CMOPOJMHBI;

U 3epHO mueHMIbI, M3Melb4eHHOe [0 pasMepa udactuy 40-120 Mxm
C TIOMOIIbI0 MYTbTUDYHKIMOHATBHOM Opo6uiku «Bumutek VLM-6»
(000 «Bunutek», Poccus);

O depmenTtHbie npemnapaTsl (PI) — o-ammiaasa («Heosum AA 180»,

Hunan Hong Ying Xiang Biochemistry Industry Co., LTD, KHP) u riio-

koammiiasa («Buosum 800L», Shandong Longda Bio-products, KHP) —

IJ1S1 BeKCTPYHM3al Y 0OcaxapuBaHus KpaxMasa 3epHa;

reMuiesIonasel («Buckonasa 150L», Shandong Longda Bio-products,

KHP) — nj1s1 mecTpyKuum HeKpaxMaJIbHbIX I10I1CaXapuioB;

komruiekc rporeas (KOIT, BHUUIIBT, PO) — nyist rugponn3sa 6eIKOBbIX

BeIlleCTB;

nekTuHassbl («Ilekroboetnanu», 000 «Cub6modhpam», PO) — s ru-

Jposy3a MeKTVHOBBIX BellleCTB;

LleJUTI0/1a3bl — JJ1 TUApo/M3a noaucaxapuaos [31-33].

OmnpenenieHrie aKTMBHOCTYM (pepMEHTOB IPOBOAMIN COIVIACHO CY-

LIECTBYIOIIMM CTaHAAPTM3MPOBAHHBIM MeTooMKaM [34]. 3a enuHuUIy

aMUJIOTIUTUYECKON akKTMBHOCTU (AC) MPUMHUMAIM KOIUYECTBO hepMeHTa,

KaTaaM3UpyIoLero r’MApoan3 1 r pacTBOPMMOro Kpaxmasa o JeKCTPUHOB

Ppas3IMYHO MOJIEKYISIPHONM Macchl B CTaHIapTHBIX yenoBusix (30 °C, pH 6,0,

10 MuH). 3a enguHKILY IIOKOaMWIasHOM akTuBHOCTH (InC) — KomyecTBo

(epmenTa, KaTaIM3NUPYIOIEro THMAPoan3 Kpaxmana rpu 30°C u pH 4,7

C BBICBOOOKI€HMEM 1 MKMOJIb [JIIOKO3bI 32 1 MUH. 3a eIMHUILY KCUTaHa3-

Hoit aktuBHOCTY (KC) mpuHMMan KonnuectBo pepMeHTa, AeiiCTBYIOIEro

Ha KCyIaH 13 6epe3sbl ¢ BBICBOOOXKIEeHMEeM | MKMOIb BOCCTAHABIMBAIOIIVIX

caxapoB (B INIIOKO3HOM 5KBMBaJIEHTE) 3a 1 MMH B CTaHJAPTHBIX YCIOBU-

sx (50°C u pH 5,0). 3a enmHuIly 001I€eii TPOTEOTUTUIECKON aKTUBHOCTU

(TIC) — romnuecTBO epMeHTa, IIPUBOASIIIEro reMOIOOMH B Heocaskae-

MOe TPUXJIOPYKCYCHOV KMCIOTOM COCTOSIHME, COOTBETCTBYIOLee 1 MKMO/b

TUpo3uHa, 3a 1 muu npu 30°C u pH 5,3. 3a eAMHUIY TOIUTaIaKTypOHA3-

HOJi aKTUBHOCTM MPUHMMAIM KOMMYECTBO (epMEeHTa, KaTaausupylolie-

ro ruAponus 1 r MeKTMHa CO CHYDKEHMEM BSI3KOCTM pacTBopa Ha 30% 3a

10 muH nipu 30 °C B CTPOrO OIpefAeeHHbIX YCIOBUSIX. 3a €OVHULLY LIeJUTIo-

JIOMUTUYECKOH aKTVBHOCTU — KOMMYECTBO (epMeHTa, IMAPOIU3YIOIEro

1 MKMONMb KapOGOKCMMETWILIE/TIONO3bl C BHICBOOOXKIEHMEM BOCCTAHAB-

nuBatomux caxapos npu 50°C u pH 5,0. YpoBeHb aKTMBHOCTY OCHOBHBIX

depmenToB B nccnenoanubix OI1 npuseneH B Tabnue 1.

Ins mpenBapuTenbHON (epMeHTaTMBHON 06paGOTKY SITOR, uep-
HOCMOPOJMHOBOTO ChIPbsl HAa CTaAUM MONy4YeHUs] HepMeHTUPOBAHHbIX
coka U XMbixa ucnonb3oBanu ®II: «Ilekrodoernauu» (10 ex. IrC/100r
coipbsi) U «Llennosupuaun» (20 en. LIC/100r cbipbs) [33]. PepmeHTaTUB-
HBIJI TMAPOIN3 OCYILECTB/ISUIM B 3aKPBITON T€PMOCTaTMPyeMOi eMKO-
ctu nipu Temriepartype 50,0%1,0°C mpy MOCTOSIHHOM IepeMeNIMBaHnmu
B TeueHue 120 muH. [Tocsie 3TOro MPOBOAMIM MHAKTMBALMIO hepMeH-
TOB ITyTEM TEPMOCTATUPOBaHUS 06pasua mpu temreparype 65-70°C 30
MMHYT. [To okoHYaHUM npouecca GpepMeHTMPOBAHHYIO Me3Ty CMOPOAM-
HBI C [TIOMOLIBI0 GUIBTP-TIpecca pa3jessuiv Ha TBepAYI0 (KMBIX) M JKUJI-
Ky10 (COK) (pakiuu, B KOTOPbIX MCCIENOBaIN CONEP)KaHME YIIEBOMOB,
9KCTPAKTMBHBIX U (PeHONIbHBIX BellecTs [35,36].

O 0 O O



Cep6a E. M. 1 gp. | MTULLUEBBIE CUCTEMDI | Tor 7 No 4 | 2024 | C.551-559

Ta6muua 1. XapakrepucTuka ¢epMeHTHBIX IIPenapaToB
110 YPOBHIO aKTMBHOCTY OCHOBHBIX (hepMEHTOB
Table 1. Characteristics of the enzyme preparations by the level of activity
of the main enzymes

Hasmesonanve OcHOBHOJ1 (hepMeHT d;gl::;:g?::zﬂ;f
r(cv’)
«Heo3um AA 180» szamwfﬁiii;”&g" 1870,085,0
«Buosum 800L» Imokoammiasa (InC) 13000,0+550,0
«Buckomnasa 150L» Kcmnanasa (KC) 6500,0%280,0
KoIT ITporeassi (I1C) 650,0£31,0
«ITexrodpoetnaun»  IlommranaxkrypoHasa (IIrC) 500,0£22,0
«ennoBupuamna» Lenmonasa (LIC) 3600,0+175,0

Hpumeanue: 3HAa4YeHMs ITpeiCTaBJIEHbI B BUE Cpe,ZLHI/IXiCTHHI[apTHOQ OTKJIO-
HeHue.

BuokatanuTuueckylo KOHBEPCUIO TIOIMMEPOB 3€PHOBOTO ChIPBSI IJISI
TIPUTOTOBJIEHMSI CYC/Ia TIPOBOAMIIN 110 cxeMe (HepMeHTaTUBHO-TUAPOIIN-
TUYECKO/ 06paboTKM 3epHa B Konbax dpieHMeiiepa o6bemom 750 cm3,
cofepXKalllyX M3MebUeHHOe 3€pHO MUIeHMIIbl (MIM PXXM) U Bomy (TU-
npomoznyiab 1:3 wam 1:2 B 3aBMCUMMOCTM OT YCJIOBUII 9KCIIepMMEHTa)
¥ TIOMeIllleHHbIX B BOAsHYI0 6aHio [19-4300 («9kpoc», Poccust). B Boa-
HO-3epHOBOJ 3aMec N06aBJsIM TepMOCTabuibHylo o-ammiasy (0,6 en.
AC/r xpaxmana) u kcunasasy (0,3 en. KC/r cbIpbsi), BeIOEp>KUBAIU MIPU
temmeparype 60—65 °C B TeueHue 30 MUH JIJIs1 pas3KVKeHUST Kpaxmaia.
B manbHelinieM TemIiepaTypy 3amMeca MoBbiamyu go 86-92 °C u Bbigep-
>kuBasiy B TeueHne 180-240 MuH Npy nepuognveckom nepemMelBaHumn
[37,38]. Oanee comepkumoe Konb oxynaxpanyu no 58-60 °C, nobasisiin
rmokoamunasy (10,0 en. InC/r kpaxmana), npoteassl (0,3 en.IIC/T cbipbs)
¥ MHKYOGMPOBay B TeueHue 60 MYUH [/Isl OCAXapMBaHUS YACTUYHO pacliie-
IJIEHHOTO KpaxmaJjia ¥ TUAPOn3a OeKOBbIX BEIIECTB Cyc/Ia.

CrerneHb 6MOKOHBEPCHU GETKOBBIX Y YITIEBOOHBIX MOIMMEDPOB B IIIlIe-
HUYHOM CyC/Ie OLleHMBaIy [0 HaKOIUIEHMI0O aMMHHOTO a30Ta (MeTOLOM
jiomoMeTpuueckoro TuTpoBanus [39]), obmmx (OPB) 1 pacTBOPMMBIX pe-
Iyuypyromuyx Beects (PB) (konopumeTpuueckuM MeTomoM [35]), a Takke
I10 COePyKaHMIO IITIOKO3bI ¥ MaIbTO3bI (MeTomoM BAJKX Ha xpomaTtorpade

3epHOBOE CHIPEE
(nmeHnna)

LC-20 Prominence (Shimadzu, SInouus) [40]. BsSI3KOCTb MOATOTOBIEHHOTO
K COpakMBaHMIO CyC/Ia M3MePSUTM Ha BuckosumeTpe SV-10 (AND, Smouust).
PacrBopumble cyxue BemectBa (PCB) cycia dukcupoBanyu Ha pedpaxro-
metpe Rochet PAL-S (ATAGO, SInouust). 3HayeHme pH cycia usMepsuii Ha
pH-Metpe/monometrpe SevenCompact™, (Mettler-Toledo, IlIBejitiapust).
ODKCIepVMEeHThI TPOBOIVIIN B IISITU MOBTOPHOCTSIX, PE3YJIbTAThl BbI-
pakaly Kak CpelHMe 3HaueHMs IISITU M3MepeHMi*CcTaHAapTHoe OT-
KkiIoHeHMe. CTaTUCTMYECKYI0 3HAUMMOCTb Pas3lIMuMii JaHHBIX OIpere-
JISUTM METOOOM OZHO(MAKTOPHOTO AMCIEPCMOHHOTO aHauiM3a U TecTa
ThIOKM C UCIIONB30BaHMEM IIPOrPAMMHOIO obecrieueHus: B CBOGOZHOM
JIOCTYIe CTaTUCTMYECKOTO KaibKyisgTopa Statskingdom (http:/www.
statskingdom.com) ipu ypoBHe 3HauumocTu p < 0,05.

3. Pe3ynbTaThl M 00CYKAEHUE

B pa6ore MCIO/Ib30Ba/IM Y€EPHOCMOPOIMHOBDINA SKMBIX, TIOYUE€HHBIN
rocie (epMeHTaTUBHOI 06pPabOTKM STOSHOTO ChIPbSI MMEKTOMUTUUECKM-
MU U UEJUTIONIONIUTUYECKUMU (pepMeHTaMU, U OTAeIeHUs KUIKOM (asbl
(coxka) [12,33]. buokaTanuTuyeckast JeCTPyKLMS MONNCaXapyuAaHOTO KOM-
I1eKca Croco6eTBoBaIa 06pa30BaHMI0 B COKe aMMHHOTO a30Ta M PacTBO-
PUMBIX YIJIEBOLOB, BBICBOOOKIEHMIO (DEHOMBHBIX BELIECTB M YIATEHUIO
kineryatky (Tab6muua 1). TIpy 3TOM B XKMBIX (hepMEHTUPOBAHHBIX SITOJ,
YepHOJ CMOPOAMHBI Iepenuio OCHOBHOE KOIMYEeCTBO CYyXUX BeLIeCTB,
B T. Y. ¥ KJIETYATKU, COepKaHue KOTOpPOoii coctaBmiio 4,9 r/100 r. XKmbix
TaKKe XapaKTepU30BaICs HAIMYMEM aMUHHOrO asoTta (315 mr%) u pac-
TBOPMMBIX PeAyLMPYIOIIVX YIJIEBOLOB (6,8%), 1€TKOYCBOSIEMBIX APOXOKA-
MM, U oMb eHoNbHBIX BelecTB (94,75 Mr’%), KOTopble MOTYT y4acTBO-
BaTh B GOPMMPOBAHMY CEHCOPHBIX MTOKa3aTeneit aucTuiisTa (Tabnuua 2).

Ha mepBoM 3Tame IpoBefeHbl CpaBHUTeIbHbIe UCCIeNOBaHMUS pas-
JIMUHBIX CIIOCOGOB MPUTOTOBJIEHMsI 3epHO-(DPYKTOBOrO Cycia € MC-
I10JIb30BaHMEM JKMbIXa UYEepHOJ CMOPOIMHBI M MIMPOKO MPUMEeHSIeMOit
B CITMPTOBOM NPOU3BOACTBE IMIIEHUI[BI, IO TEXHOIOTUN MEXaHUKO-(ep-
MEHTaTUMBHOI 06pa6oTKM ChIPbs [37].

ViccnenoBaHust IPOBOAMIN B COOTBETCTBUM C pa3pabOTaHHbBIM airo-
PUTMOM KOMIUIEKCHO TepepaboTKy SIro], YepHoit cMopoayHbl (Pucy-
HOK 1). IIpu aToM pepMeHTMPOBAHHBI COK ITPegHA3HAYAJICS JJIs TTOJTy-
YeHMsI AOTIOTHATETbHO MPOAYKLIMM € QYHKIIMOHATBHBIMMU CBOVICTBAMM,
a )KMBIX — JIJ1s1 IPUTOTOBJIEHMSI IPOU3BOACTBEHHOTO CYC/Ia B TEXHONIOTU-
SIX 3€pHO-(PYKTOBBIX IUCTWLISATOB (PucyHOK 1).

d)epmeﬂ'mposaﬂﬂoe YEPHOCMOPOAHHOBOE

JKMBIX 9epHOI CMOPOHHEI
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DepMeHTHPOBAHHEII
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PucyHOK 1. AITOPUTM KOMIUIEKCHO IepepadoTKY SIT0J YePHOI CMOPOAVHBI B TEXHOJIOTUSIX IIPUTOTOBI€HVST

3epHO-(PPYKTOBOroO Cycia
Figure 1. Algorithm of the complex processing of blackcurrant berries in technologies for production of grain-fruit wort

Tabnuiia 2. BMOXMMMUYECKMI COCTaB COKAa U JXMbIXa Ar0f, YePHOM CMOPOIVIHbI
Table 2. Biochemical composition of juice and cake of blackcurrant berries

Coipbe Cyxue . AMMHHL?’: Penynupylomye Bemecrsa, % d:'eHoanmeo KJIeT;IaTKa, pH
BelecTBa, % asor, MIr% O61me PacTBopuMBble BeleCTBa, Mr% %
CoK 4epHOJt CMOPOJIMHBI 15,0£0,7 770£32 10,2£0,4 9,9+0,4 717,5%£32,0 0 2,98%0,142
JKMBIX YepHO¥ CMOPOAVHBI 27,3%+1,2 315+14 9,2+0,3 6,8+0,2 94,75+4,1 4,9%0,2 3,030,122

Ipumeuanue: 3HAUEHUS IPELCTABISIIOT CO60I CpeHNe 3HAUEHUS ¥ CTAHJAPTHOe OTKIOHEeHMe OT CPeJHEero 3HaueHus IJisl rpynnbl n = 5. CpegHue 3HAUEHUSI
B cTOsO1Ie 6e3 0611elt HaICTPOUHOI 6YKBbI pasianyaiorcs (p < 0,05) 1o JaHHbIM OFHO(DAKTOPHOTO AUCIIEPCHOHHOTO aHam13a U TecTa ThIOKH.
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Ta6nuiia 3. XapakTepucTUKa CyciIa, IPUrOTOBJIEHHOIO U3 MIIEHMIIbI ¥ JKMbIXa YePHO CMOPOJIMHBI,
06paboTaHHOIO PasIMYHbIMU CIIOCOGaAMM
Table 3. Characteristics of wort made from wheat and blackcurrant cake processed by different methods

CocraB cmym BapuanT PCB, % Penyunpy}onﬁne JAuHamMmuyeckas pH
B cycie, % 06paGoTKM BenlecTna, % NH,*, Mr% BSAI3KOCTH, MIla-c
IMuennna JKmbIX JKMbIXa 061, Pacrts.
100 0 — 20,8+0,9 20,5+0,92 19,3+0,82 18,0£0,8 11,6+0,52 5,9+0,1

Ipumeuanue: Pa3nuuue B CpeSHUX 3HAUEHUSIX IJIs1 06Pa31OB ¢ OAVHAKOBOI HaICTPOYHOI GYKBOJ CTATUCTIUYECKM He 3HauMMOo mpu p < 0,05.

IIpuroroBneHye 3epHO-(HPYKTOBOrO Cyc/a OCYLIECTBIISIM CITIOCOO0M
COBMECTHO TMAPOAMHAMMUYECKOI U hepMeHTaTMBHOI 06paboTKM 3ep-
Ha MIIeHMIIBI U KMbIXa Ha BCeX JTarax: OT CTaiuy 3ameca, Ha KOTOpOit
MIPOXOAWIIO pasXVpKeHye U NeKCTPMHM3ALMs KpaxMaa, 0 CTafium oca-
XapuBaHUs. B BapuaHTax OIbITa Pa3InNyaaiCh TOIBKO CIOCOOBI 06pa-
60TKM kMbIXa (PMCyHOK 1). B CBSI3M C TeM, UTO YCTAHOBIEHHOE BbICOKOE
copepkaHue KJIeT4aTKM B )KMbIXe MOKeT HeTaTMBHO CKa3aTbCsl Ha peo-
JIOTMYEeCKUX CBOVCTBAxX 3epHO-(PPYKTOBOro cycia, | BapmaHT BKIOYAI
CTaIMIO IOMOTHUTEIbHOM 00pabOTKM KMbIXa (hepMeHTaMM Te MUIIEIITIO-
J1a3HorO JeiicTBus («Buckomnasar), B TeyeHue 40 muH mipu 70-75 °C. ®I1
«Buckonasza» gosupoBanu u3 pacuera 0,3 en. KC/r ceipbst (Tabnuia 3).
B Bapuanre II npenycmaTpuBany npefBapuTenbHOe NOAILENAYMBaHNE
skmbIxa 1o pH 5,0.

B III BapuaHTe XXMbIX MOABEPraay rUMIPOSMHAMUYECKON U hepmeH-
TATMBHOI 06pabOTKe COBMECTHO C IIIEHNYHBIM ChIPbEM I10 IIPUHSTHIM
B CIIMPTOBOM IIPOM3BOAICTBE TEXHOIOTMM M HOpMaM pacxopa ®II, B koTo-
PBIX 103UPOBKa (DepPMEHTOB, KaTaIU3UPYIOLUINX IYMAPOIU3 HEKPaxMallb-
HBIX TonyMcaxapunos, cocrasisia 0,15 en. KC/r coipbs [37,38]. B Bapu-
aHTe IV pacxon ¢dbepMeHTOB reMMLEIIIONAa3HOTO JeiCTBUS YBeIUIUIN
B 1,5 pasa (0,23 ex. KC/r), a B BapuauTe V — B 2 pasa (0,3 ex. KC/t).

YcTaHOBJIEHO, UTO BBeZleHNe B COCTAaB ChIPbEeBbIX KOMIIOHEHTOB CyC/Ia
YepHOCMOPOIMHOBOTO XMbIXa INPUBOAWIO K CYLIeCTBEHHOMY YXyJLIe-
HUIO €r0 GMOXMMMUECKUX M PEOJIOTMUECKMX MoKkasareneit (Tabnuia 3).
IIpy aHANTOTMYHBIX peXMMax MPUTOTOBIEHMSI Cycla UM HOPMAaTMBHOM
pacxope depmenTos (0,15 ex. KC/T cbIpbst KaK B KOHTPOJIbHOM BapyuaHTe
6e3 skmMbIxa) B BapuaHTe III BI3KOCTh yBeIMUMIACh TPAKTUYECKH B 3 pasa,
a Coep’kaHye pacTBOPMMBIX YITIEBOAOB CHM3WIOCH Ha 20% 1o cpaBHe-
HUIO C aHAJIOTMYHBIMY TI0KA3aTesIMU B MIIeHNYHOM cycie (Tabnuia 3).

VI3 npuBefeHHBIX JAaHHBIX CJeflyeT, YTO BapUaHTHI | 1 V, B KOTOPBIX
MCTIO0Nb30Bamy 6ojiee BbICOKYIO NO3MPOBKY (hepMEHTOB reMULe/UII0Na3-
HOTO KOMIUIeKca, o6ecreunBaIy MoMyUYeHre Cycia ¢ XOpOIIMMU MoKa-
satensimu (Tabnmuua 3). [Io cpaBHEHMIO C MIIEHMYHBIM CYCJIOM, B 3€p-
HO-(PYKTOBOM COfepykaHMe aMMHHOTO a30Ta YBeIMYWIOCh 6ojee uem
B 3 pa3a, OHAKO KOHLIEHTPALMsI OOIIMX ¥ PACTBOPUMBIX YITIEBOIOB He-
CKOJIBKO CHMU3MIACh.

[lanpHejilme yccnefoBaHMs MpoLecca COBMeCTHOM IMApoaHaMu4de-
CKOJ1 1 hepMeHTaTUBHO 06pabOTKM ChIPbEBbIX MHIPEAVIEHTOB P MPK-
TOTOBJIEHUM 3ePHO-(DPYKTOBOTO CyCJIa IJIsl YCTAHOBJIEHUS PallIOHATIbHO-
IO COOTHOUIEHMS ChIPbeBbIX MHIPEVEHTOB IIPOBOAIN B COOTBETCTBUM
¢ pa3paboTaHHBIM JITOPUTMOM (Bap. V — C yBeIMYeHHOIi B 2 pasa Jo-
3UPOBKOJ (PepMEHTOB, KaTaIMU3UPYIOIMX TUAPOIU3 HEKPaXMaTbHbIX
MONMUCcaxapuioB).

Ha Pucynke 2 u B Tabmuiie 4 rpecTaBaeHbl pe3y/abTaTbl UCCIEI0BA-
HUIT BAMSIHUSI COCTaBa 3epHO-GPYKTOBOTO Cyc/la Ha TEXHOXMMUYECKUe

Tabnuua 4. YrieBogHbI MPOPMIb pacCTBOPUMBIX YITIEBOAOB
B IIIeHNYHO- YePHOCMOPOAVHOBOM CyCJIe
Table 4. Carbohydrate profile of soluble carbohydrates in wheat- blackcurrant

wort
Coipbe, % Monocaxapuasbl, %
PacTBopu-
JKmbIX Mble€ YITIeBO-
Mmenuna 4epHoIt eI, % I'nroxo3a ®dpyKkTO3a
CMOPOJVIHBI
I'mppomopyns 1:3
100 - 19,8 6,21+0,31 0,11+0,005
70 30 17,6 8,37+0,42a 0,48+0,02
80 20 18,4 9,03+0,42a 0,35+0,02
I'mapomonyns 1:2
100 - 28,0 10,94+0,51 0,21%0,01
70 30 26,1 13,58+0,65 0,73%0,03
80 20 27,4 16,05+0,80 0,59+0,02

Ipumeuanue: 3HaYEeHNS MIPEAICTABIISIIOT CO00/ CpefHMe 3HaUeH Vs + CTaHAapT-
HOE OTKJIOHEHME OT CPeJHEro 3HaueHus1 AJ1st rpymiisl n=>5. CpefHe 3SHAYEHUS]
B cTonbLe 6e3 06Ielt HaLCTPOUHOIt GYKBBI pasnuyaTcs (p < 0,05) mo maH-
HBIM OHO(DAKTOPHOTO AYCIIEPCMOHHOTO aHau3a 1 TecTa ThIOKM.

roKasaTeny KOMIIJIeKCHbIX cpefi. Cyco rOTOBMIM C MCIONIb30BaHMEM
>KMbIXa YE€pPHOJ CMOPOAVMHBI U MIIEHUIIbl B Pa3IMYHBIX COOTHOLIEHM-
sax npu ruapomonyie 1:3 u 1:2. Kak cienyeT u3 nonydeHHbIX JaHHBIX,
BBeJleHl/e B COCTaB CbIPbEBBIX MHTPENMEHTOB UE€PHOCMOPOAVMHOBOIO
SKMbIXa HECKOJIbKO CHIKAJIO CofiepskaHle pacTBOPUMBIX YIJIeBOZIOB, HO
MOBBIILAJII0 KOHLIEHTPaIMI0 aMMHHOTO a30Ta ¥ MOHOCaXapuaoB, XOpPO-
IO ACCMMMWIMPYEMBIX OPOXCKaMM M HEOOXOAVMBIX AJIST UX KU3HeHes -
tenbHOCTM (PucyHoK 2, Tabnuiia 4). YBenuueHue cofepskaHus XXMbIXa
YyepHOJi CMOPOJMHBI B cOCTaBe cycia 4o 50% oKkasanio HeraTMBHOE BO3-
JleJiCTBMe Ha ero peojiorMyeckue IoKas3aTely; BSI3KOCTb Cycja MOBbI-
1rajaach MpakTuyecky B 1,5 pasa, 0c06€HHO Mpy rugpoMonyie 1:2, uro
MOXeT MPUBOAUTH K TEXHOJIOTMYECKUM npo6nemaM B IIPOMU3BOACTBE
(PucyHox 2, 6). [To-BuaMMOMY, CYllleCTBEHHOE BJIMSIHME Ha yXyILIeHNe
KauecTBa Cycia NPy COBMECTHOI TMAPOIMHAMMUYECKON M (epmeHTa-
TUBHOJ 06paboTKe 3epHO-(PPYKTOBOTO ChIPhSI 0KA3bIBAJIO HE TOJIBKO T0-
BBILIEHHOE COZlep>KaHMe KJIeTYaTKY, HO ¥ BbICOKAsl KMCJIOTHOCTD KMbIXa
(pH 3,0), yTo MPMBOAMIO K CHVDKEHMIO KOHLIEHTPALM MOHOB BOAOPOJA
B 1,4 pa3a mpu BBeeHMM €r0 B COCTaB 3epHOBOro cycia (Tabmuua 2).
Oco6eHHO HeraTUMBHO 3TO CKA3bIBAJIOCh HA CTAOVU Pa3XMKEeHUS U JIeK-
CTpMHM3ALMM KpaxMalia B 3aMece, Tak Kak pH-onTumym meiictBust 6ak-
TepUaIbHbIX o.-aMWJIa3 B OCHOBHOM HaxonuTcsl B auanasoHe pH ot 5,0
Io 6,5 [33].

AHanu3 TeXHOJIOTMYECKUX CBOVICTB 3epHO-(PPYKTOBOTO Cycia MOKa-
3aJI, YTO Hambosee PalMOHAIbHBIM PEXMMOM €ro IPUTOTOBJIEHUS SIB-
JISIeTCsT TUAPOMOnYb 1:3. PekoMeHayeTcs yBETUUYUTD TO3UPOBKY dep-
MEHTOB reMUIle/UTI0Na3HOTO AeiicTBus BABoe (0o 0,3 en. KC/T chIpbs) 1O
CpaBHEHMIO C HOPMaMU AJis 3epHOBOro cycia. ComepykaHye XMbIXa 4ep-
HOJI CMOPOJMHBI B ChIpbe He IOJIKHO IpeBbIaTh 30%.

VccmepoBaHus GMOXMMUYECKOTO COCTaBa M (DUM3UKO-XUMUUECKUX
CBOJICTB KMbIXa UE€pPHOJ CMOPOAMHBI, a TAKKe aHa/IU3 CBOJCTB CycCia
(IpUTOTOBIEHHOTO COBMECTHON ruapodepMeHTaTUBHON 06paboTKOI
MIIEeHNIBI U KMbIXa) BBISIBUJIM OCHOBHbBIE TEXHOJIIOTMYECKYE TPYLHOCTH.
OHM CBsI3aHBbI ¢ 06pa30BaHMEM T'YCTOI MaJIOTIOABMKHO Macchl, UTO Tpe-
6yeT MOAIIeTauMBAHNSI SKMbIXa U TOMTOTHUTEIBHOTO BHECEHMSI TeMULIeN-
JIf0JIa3 7Sl yIydlleHus: peonoruu cycia. [losTomy Ha ciefyolieM sTamne
OB IPMMeEHEH CII0CO0 IIPeBapUTEIbHON pa3ieNbHOl IMIPOUHAMMIYE-
CKOJ 1 (hepMEHTATUBHO ITOATOTOBKM ITIIIEHUIIBI ¥ SKMbIXa YEPHOIT CMO-
ponuHbl. IIIIeHNYHBI 3aMec, 06pabOTaHHbIN o.-aMWIa30if U reMULe-
JII0Na3aMy JJ1s1 Pa3KVKeHMsI U JeKCTPMHM3aIUY Kpaxmasa ¥ TUIponn3sa
MOJIMICaXapyuI0B, COENMHSIN C HepMEeHTUPOBAHHBIM TeMULe/ITIONAa3aMu
>KMBIXOM YePHOJ CMOPOLVHBI Ha CTaAyuu ocaxapuBanusi. Ha aToii ctagum
MpoBoAwI 06paboTKy ITIOKOAMMIa30ii U TpoTeasoit. Mcronb3yeMblit
B paboTe XMbIX MMacTepusoBanu mpu temrepatype 75-80°C B TeueHue
25-30 MUHYT, UTOOBI MCKITIOUATD Pa3BUTHE UHOEKIIUN.

Iyt cpaBHUTENIBHOTO MUCCIEIOBaHMSI CIIOCOGOB MPUTOTOBJIEHUSI 3€P-
HO-(GPYKTOBOTO CyC/Ia MCIIOMb30BaIM TPy BapuaHTta. B Bapuante II 3ep-
HOBOE CbIpbe U XXMbIX YepHOJ CMOPOAVHBI MPOXOAMUIM COBMECTHYIO
rugpodepMeHTaTMBHYIO 060pabOTKy OT 3ameca 10 ocaxapuBanus (Tabmu-
1a 5). Bapuanrt III mpeqmonaran pasaenbHYIO MOATOTOBKY: MIIEHUYHBIN
3aMec TOTOBWIN OTHENbHO, a KMbIX (hepMeHTHPOBaIM reMUIe/TIona3a-
mu (0,3 en. KC/r ChIpbsT) € IOCIEAYIOIIUM COeAVIHEHIeM KOMIIOHEHTOB Ha
craguy ocaxapuBaHus. KOHTpONbHBIN BapuaHT | BKIIOUasI TOMBKO MIIe-
HUYHOe Cyc10. Bo Bcex BapmaHTax I'MIPOMOAYJIb COCTaBasI 1:3, a COOT-
HOLIIeHe MIIeHULIbI ¥ pepMeHTHPOBAHHOTO KMbIXa YepHOI CMOPOAVHbI
B BapuaHTax II u III — 70:30. B BapuanTe III paskuskeHHbIN MIIIEHUYHbIA
3aMec U KMbIX 06BbeVHSIIN [IJISI 0OCaXapUBAHMSI U TIPOTEONN3a C UCIIONb-
30BaHMEM CTAHIAPTHBIX JJIS CIIMPTOBOTO ITPOMU3BOIACTBA (h€PMEHTHBIX
npeniapaTtoB (Ta6nuna 5).

3HaueHMs] TIPENCTaBJSIOT cOo6OVi CpeqHMe 3HAUEHMS *CTaHIapTHOe
OTK/IOHEHMe OT CpefHero 3HaueHus Ajsl rpymmsl n = 5. CpegHue 3Have-
HUS B CcTONOIE Ge3 0b1elt HafCTPOUHON GYKBbI pasiauuatorcs (p < 0,05)
I10 IAaHHBIM OJHO(}AKTOPHOTO AVCIIEPCMOHHOTO aHaIM3a U TecTa ThIOKM.

VCTaHOBJIEHO, YTO GuoxMMMUeckye 1 GU3UKO-XMMUUYECKMe MMoKa3a-
Teay MUIeHUMYHO-YepPHOCMOPOAMHOBOIO CyCJia, IPUTOTOBJIEHHOIO CIIO-
co60M COBMECTHOI 06pabOTKM ChIPbEBBIX MHTPeNueHTOB (BapuaHrt II,
Tabnuua 5), 3HAUMTENBHO YCTYIaMM MMOKa3aTeNsIM Cycia, MOJyYeHHOTO
B pe3y/bTaTe pas/iesbHoi 06paboTKM cocTaBasounmx (BapuaHrt III). Tax,
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PI/ICVHOK 2. TexHoOXMMMUeCKMe IoKa3saTeJan HIHeHM‘lHO-(bpYKTOBOI‘O cycjia € pa3s/iM4YHbIM COAEepP>)KaHMEM Y€PHOCMOPOAMHOBOI'O
JKMbIXa (@ — ruapomMoayisb 1:3; 6 — rugpomonyib 1:2)
Figure 2. Technochemical indicators of wheat-fruit wort with different content of blackcurrant cake (a — hydromodule 1:3; 6 — hydromodule 1:2)

Ta6muua 5. CpaBHUTENbHAS XapaKTePUCTHKA CYC/Ia, IPUTOTOBIEHHOIO IIPY COBMECTHO
¥ pa3zenbHOl MOATOTOBKE MIIEHUIIbI M JKMbIXa YePHOV CMOPOIVHBI
Table 5. Comparative characteristics of wort made upon combined and separate preparation of wheat and blackcurrant cake

CocTas chIpbs B cycie, % Croco6 PCB, %
TOJTOTOBKM ChIPbEBBIX
MieHna JKMBIX VHIPEAVEHTOB
100 0 Koutpons (I) 22,0£1,0
70 30 CoBmecTHbIi (IT) 18,5+0,92
70 30 Paspenbubrit (I1I) 19,1+0,82

BSI3KOCTh 3TOTO Cycjia (IIPU pa3lelbHOM IPUTOTOBIEHUM) CHU3WIACH
B 2 pasa (c 15,2 o 7,1 mIla-c); KOHIIEHTpalus OOLIMX ¥ PACTBOPUMBIX
yieBomoB yBenmumiack ¢ 11,5 go 13,9% coorBercTBeHHO. 3MeHsuics
M YIJIEBOOHBIN MPOGWIb: B MIIEHUYHOM CyCIe B COCTaBe MOHOYIJIEBO-
JIOB OTMeYeHO B OCHOBHOM IpUCYTCTBMe IMIOK03bl (8,10%); B 3epHO-
bpyKTOBOM CyC/le Tpy COBMECTHOM TIPUTOTOBJIEHUY WHIPEAMEHTOB
HabioaeTcs mpeobafalolee comepikaHme roKo3sl (7,03%) u He6ob-
moe — ¢pykTo3bl (0,53%); Ipu pasmenbHoii 06paGoTKe — KOIMUECTBO
MOHOYTJIEBOJIOB HECKOJIBKO YBEIUUMIOCh U cOcTaBwio 9,8%, rnpu 3ToM
[TI0KO3a ¥ (DPYKTO3a MPUCYTCTBOBAIN MPAKTUYECKM B PABHOM COOTHO-
menuu (Tabmuna 6).

C yyeToM yCTaHOBJIEHHBIX 3aKOHOMEDPHOCTE! MpU MPUTOTOBIEHUU
3epHO-GPYKTOBOTO Cyc/ia GbLIM MPOBEAEHbI CPaBHUTENbHbIE UCCIENO-
BaHMS 110 COBMECTHOJ ¥ pa3fielbHOi MOArOTOBKE pXKaHO-YepHOCMOpPO-
IMHOBOTO CyC/jIa IIPU ruapoMoznyie 1:3 M COOTHOIIEHMM PXKU U JKMbIXa
70:30 (Tabnuia 7). B oTinume OT IIIEHUIIBI, POKb SIB/ISETCS ChIpbEM
C TIOBBIIIEHHBIM COJlepXKaHMeM (B CpelHeM B 2-3 pa3a) HeKpaxmalb-
HBIX II0/IXCaXapuioB: I'yMMM-BeIeCTB, FeMULe/III0N03bl, B-III0KaHOB

Pegyuupylomue BsaskocTs, pH
BellecTBa, % NH,*, Mr% Mmlla-c
oomme pacTB.
17,2+0,9 16,7%+0,8 14%0,7 12,5+0,6 5,8+0,2
13,1£0,72 11,5+0,5 48+1,23 15,2%0,9 4,3+0,12
14,5+0,52 13,9+0,6 52%2,22 7,1+0,3 4,3£0,12

Tab6muua 6. YriaeBogHbI Npodmiib cOpakMBaeMbIX YIIEBOAOB
B [IIIIeHMYHO-YEePHOCMOPOAMHOBOM Cycie (TMApOMOAyib 1:3)
Table 6. Carbohydrate profile of fermentable carbohydrates
in wheat- blackcurrant wort (hydromodule 1:3)

CoIpbe, % MoHoyrieBoasl, %

Crioco6
sawere
HIIeHUIa YepHOoI1 — g AEHTOR roKko3a  (¢pykrosa
CMOPOJIVIHBI Pen
100 0 KonTtpomnb 8,10+0,40 0
70 30 COBMECTHBI 7,03+0,35  0,52%0,03
70 30 pa3nenbHbIN 4,96+0,25 4,84%0,24

Tpumeuarue: 3HAYEHMSI IPECTABIISIOT 060/ CpeqHMe 3HAUeHNs = CTaHaapT-
HOEe OTKJIOHEHME OT CPeHero 3HaueH sl Ijis TPYIIbI 1 = 5. CpegHime 3HaUeHUsS
B cTosOIe 6e3 061eit HaCTPOUHOI 6yKBbI pasmnyanTcs (p < 0,05) mo maH-
HBIM OJHOGAKTOPHOTO AUCIIEPCUOHHOTO aHajM3a U TecTa ThIoKM.
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Ta6nmuua 7. CpaBHUTEIbHAS XapaKTePUCTUKA CYC/Ia, IPUTOTOBIEHHOTO PV COBMECTHO U pa3ae/IbHOM MOITOTOBKe
P’KU ¥ JKMbIXa YEePHO CMOPOAVHBI
Table 7. Comparative characteristics of wort made upon combined and separate preparation of rye and blackcurrant cake

Cocras ChIDbst Croco6 MOAroTOBKM PCB, % Penyunpylouﬁne Bs3kocTb, pH
B cycre, % ChIPBEBBIX COCTABIISIIO- BelllecTBa, % NH,", mr% mlla-c
Poxxp JKMBIX X cycia obmue pacTs.
100 0 KoHTponb 21,0+1,0 15,6+0,7 15,1+0,6 43%45 31,5%1,52 5,4+0,2
70 30 COBMECTHBI 17,2+0,7° 12,3%0,6 11,8+0,52 83+4 52 109,5+5,1 4,2+0,12
70 30 paszenbHbIi 18,0+0,82 13,9+0,6 12,2+0,62 88+4 12 29,8%+1,42 4,2%0,12

IIpmevaHme: 3HaUEHVSI TPEICTABIISIOT CO60 cpefHYe 3HAUEHMSI + CTAHAAPTHOE OTKIIOHEHMe OT CPeHero 3HauUeHysl Jyis TPyl n = 5. CpefHye 3HaUeHVsI
B cTONIOLE 6e3 061elt HaICTPOUHOI 6YKBBI pasianyaiorcs (p < 0,05) o ZaHHBIM OFHO(PAKTOPHOTO AUCIIEPCHOHHOTO aHamu3a U TecTa ThIOKH.

M apabMHOKCWIAHOB [41,42]. IToaTOMY AJIST YAYYIIEHUST PEOIOTMYECKUX
CBOJCTB PKaHOTO CyC/Ia JO3/POBKA reMUIIe/ITI0Na3 6T yBeIueHa J co-
craBmia 0,3 en.KC/r kpaxmasa (IIpy COBMECTHOI 06paboTKe MIIEHUIIbI
C YepHOCMOPOIMHOBBIM >XMbIXOM — 0,6 en.KC/r coipbs). [Iponecc npu-
TOTOBJIEHMSI P)KaHO-UYepPHOCMOPOAVHOBOIO CyC/Ia OCYLEeCTBIIS/IN B COOT-
BETCTBUM C Pa3pabOTaHHBIM aITOPUTMOM.

ITonmy4yeHHbIe pe3ynbTaThl MOATBEPAVIN BO3MOXKHOCTb MCIIOIb30Ba-
HMSI YePHOCMOPOJMHOBOTO KMbIXa B COCTaBe 3epHO-(GPyKTOBOTrO Cycia,
B KOTOPOM OCHOBHBIM CBIPbEBbIM COCTABJISIOLIVIM SIBJISIIOTCS Pa3/IVuHbIe
3epHOBbIe KyJIbTyphl, IPMMeHsieMble B CIIMPTOBOM NPOMU3BOACTBe. IIpn
9TOM TaKkKe OTMEYeHO INPeMMYILeCTBO DPasfelbHONM I'MApOAVHaMude-
CKOJi M pepMeHTATUBHOM 06PaBOTKM ChIPbSI (DKM U SKMBIXa): BSI3KOCTh
cHM3mnack B 3,7 pasa: ¢ 109,5 go 29,8 mlla-c; yBenmmumioch comepska-
Hye 061X PenyLyPYIONMX YIeBonoB ¢ 12,3 no 13,9%; aMMHHbI a30T
OCTaJjICs MpaKTUYeCcKy Ha OJHOM YPOBHe.

B pesynbraTe paspaboraHa IIpoleccyajbHasi CXeMa IPUTOTOBIEHNS
3epHO-GPYKTOBOrO CycJIa C Pa3feabHOl [TOATOTOBKO ChIPbeBBIX KOMIIO-
HeHTOB (PKUCyHOK 3).

3epHO (MIUEHANA, POKB)

!

O4HCTK2 OT NpHMeceH

4. BbIiBOaBI

Vicrionb3oBaHMe B cOCTaBe cycia GpyKTOBO-SITOJHOTO ChIPbsI IPUIAET
KOHEYHOMY ITPOAYKTY OPUIMHA/IbHBIE BKYC M pOMAT, HO BJIeueT 3a C060i1
omnpejielieHHble CJIOKHOCTH, CBSI3aHHBIE C €r0 BBICOKOJ KMCJIOTHOCTBIO,
C Conep)KaHMEeM KJIETUATKM M MEeKTUMHOBBIX BelllecTB. B HacTosieit pa-
60Te TOKa3aHa BO3MOKHOCTb KOMIUIEKCHOJI TIepepaboTKy SroJ, YepPHO
CMODPOAVHBI C TOTydyeHreM (GePMEHTUPOBAHHOTO COKA Kak IOTOIHMU-
TeTbHOJ MPONYKLMM, Y SKMbIXa — IJISI UCIIOJIb30BAHMS B COCTaBe ITPON3-
BOJICTBEHHOT'O 3€pHO-(PPYKTOBOTO Cyc/ia. YCTAHOBJIEHO, YTO ITOTyYEHHBI
(bepMeHTUPOBaHHBIN JXMBIX XapaKTepM30BAJICS HaINMUMEM AMUHHOTO
a30Ta U peAylMpYIOLIMX YITIeBOI0B, aCCMMMUIMPYEMbIX TPOKOKaMu, U TI0-
M(EHONbHBIX BEIeCTB, KOTOPbIe MOTYT YYacTBOBaTh B (hopMUpoBaHUYU
CEeHCOPHBIX ITOKa3aTesnei qUCTWIISTA.

ViccmemoBaHbl  pas3iMyHble CMOCOGBI MPUTOTOBJIEHUS TIIEHUYHO-
YepHOCMOPOAVHOBOrO cycia. [lokazaHO, YTO BBICOKOE conepskaHue
wietdyaTku (4,9 r/100 r) 1 noBbilieHHast KUCIOTHOCTD (pH 3,0) B uepHOC-
MOPOAVHOBOM 3KMbIXe HEraTMBHO CKa3aJyCh HA PEOIOTMYECKUX CBOJi-
CTBaxX 3epHO-GPYKTOBOrO Cycjia, MPUTOTOBJIEHHOTO IIPU COBMECTHOI

Srops! 9epHOH

CMOPOJHHEI
HaMenpuenHe Motkika
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(0-anmTasza, KCHiIaHa3a) I
Y v
~ YepHOCMOPOIH- (05: (15212
Tuapo-depMeHTaTHEHAA 00paboTKa 3amMeca HOBELH FMEIX PO,
PepMeHTH ITacreprzanna 1
(rmokoavmnasa, TIpuroToeneHue cyciaa (0OcaxapHEaHHe, < depyentariERAT | ¢ PepMeHTB
[poTeasa) TpOTeONH3) 00paboTKa JKMBIXa (xcmranaza)

TleperoHka OpakkH

JIHCTHLIAUHA

CIHpT, JHCTHILIATHI 2ePHO-QPYKTOBEIE

PucyHoOK 3. CxemMa NMPUTrOTOBJIEHMS 3€PHO-(PPYKTOBOTO CyCjia CIIOCOO0M pasieTbHO 00PaGOTKM 3€PHOBOTO ChIPhSI M JKMbIXa
‘IepHOﬁ CMOPOAMHBI Ha CTaAUM 3aMecCa B TEXHOJ/IOTUU JUCTUJLIIIATOB
Figure 3. Scheme of preparation of grain-fruit wort by the method of separate processing of grain raw materials and blackcurrant cake
at the stage of batch in the technology of distillates
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ruapo-hepMeHTaTUBHOI 00pabOTKe ChIPbEBBIX KOMIIOHEHTOB. BBese-
HMe YepHOCMOPOAVHOBOTO JKMbIXa Ha CTaIuUM IPUTOTOBJIEHMS 3aMeca,
pasXXIDKeHUsT M OeKCTPUMHU3AIMM Kpaxmajaa TMPUBENo K YBeJIUUEeHUI0
BSI3BKOCTM CyC/Ia MPAKTUUYECKM B 3 pa3a U K CHUDKEHMIO COpakMBaeMbIX
YIJIEBOZIOB IO CPaBHEHMIO C aHAJIOTMYHBIMM T0Ka3aTeasIMM B IIIEHNY-
HOM cycie. [loBbillleHMEe [O3UPOBKY (EPMEHTOB TE€MMIIE/UTIONA3HOTO
KOMILIEKCA MO3BOIW/IO CHU3UTD OVHAMMUYECKYIO BSI3KOCTh 3€pHO-(PYyK-
ToBoro cycia ¢ 30,6 go 13,0 mIla-c, HO JOCTUUDb MTOKa3aTesei MieHnd-
Horo cycaa (11,6 mIla-c) He yganock. ITo cpaBHEHMIO C MIIEHNYHBIM Cy-
CJI0M, B 3epHO-(GPYKTOBOM G0Jiee yeM B 3 pa3a MOBbILIATIOCH COepKaHue
aMMHHOTO a30Ta, HO IIPY 3TOM CHIDKAIACh KOHIIEHTPALUSI PeRyLpYIO-
XX YIJIEBOJOB. AHAIU3 TEXHONOTMUYECKUX CBOVICTB 3€pPHO-(GPYKTOBOTO
cycaa Tokasasl, 4To Haubojiee palMOHAIbHBIM DPEXMMOM €ro IpPUro-
TOBJIEHUSI U3 CMeCH IIIEeHNYHOTO ChIPhSI U SKMbIXa YePHOV CMOPOIMHBI
SIBJISIIOTCSL CJIeAyIolye MapaMeTphbl: IMApPOMOnyab 1:3, yABOeHHas [O-
3upoBKa (pepmeHTOB remuuesuttonasHoro gevicteus (0,3 en.KC/r coipbst)
110 CpaBHEHMIO C HOpMaMM [JIJIsl 3ePHOBOTO CycCila, a Takke cofiepkaHue
SKMbIXa He 6onee 30%.

B pesynbraTe CpaBHUTENbHBIX MCCIENOBAHMI BBISIBIEHO INPEUMY-
LIECTBO Pa3fe/bHOTO MPUTOTOBIEHMUS ChIPHEBBIX COCTABJISIIOIIUX CYCIa:
MIIEHNYHOTO 3aMeca ¥ (HepMEeHTMPOBAHHOTO XMbIXa C IMOCTeAYIOLIM
coelVHEHMEM Ha CTaIuM ocaxapuBaHusl U mpoTeonusa. [Ipu atom cmo-
cobe CYIIeCTBEHHO CHIDKAIACh BSI3KOCTb CYC/Ia; YBEIMUMBANIACh KOH-
LIEHTpalLus O6IIMX ¥ PAaCTBOPUMBbIX YITIEBOJOB, MU3MEHSICST YITIEBOIHBIN
npodwib: B MIIEHNYHOM Cycie B COCTaBe MOHOYITIEBOJOB OTMeEUeHO
B OCHOBHOM IPUCYTCTBME TIOKO3bI (8,10%); B 3epHO-(DPYKTOBOM CyCie
MpY pa3aenbHO 06paboTKe KOMIIOHEHTOB HECKOIBKO YBEIUUMIIOCH 00-
niee KOJIMYEeCTBO MOHOYIVIEBOZIOB, B COCTaBe KOTOPBIX MPHUCYTCTBOBAIN
[JTI0KO03a U QPYKTO3a MPaKTUUYECKM B PABHOM COOTHOIIEHUN.

—_
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TMonTBepkaeHa TMPUHIMIIMAIbHAS BO3MOXKXHOCTb MCITOJIb30BAHMUS
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OTMeYeHO MPeVMYILIECTBO Pa3/ielbHOM I'MIPOIMHAMUYECKOi U hepMeH-
TaTMBHOI 00PabOTKM ChIPbS (DKM U KMbIXa): BSI3KOCTb CHM3MIACH B 3,7
pa3sa (c 109,5 mo 29,8 mIla-c); yBeIMUMIOCH COAEPKAHME PEIYLIMPYIOMINX
yreBozoB. [ToyuyeHHbIe HOBble SKCIIEpUMMEHTA/bHbIE JaHHbIEe T03BO-
JISIIOT PACIIMPUTh HAay4Hble 3HAHUSI B 06JaCTU TUAPOGEPMEHTATUBHOM
06pabOTKM 36pHOBOTO ChIPbS M JKMbIXa YEPHO CMOPOIVHbI /IS TIPUTO-
TOBJIEHWSI 3€PHO-(GPYKTOBOTO CyC/Ia.
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ITPOTEOMHBIE METO/IbI
PABAEJNEHUA U UAJEHTUOUKAILINU BEJIKOB MOJIOKA

Jlemmnkuna O. B.* I'puropbesa A. 1.
Bcepoccuiickuit HayYHO-MCCIeA0BATENbCKIUI MHCTUTYT MaCa0Je/usI U Chipogenus, Yrauy, IpociaBckast 061actb, Poccus

K/IIOYEBBIE CIOBA: AHHOTAL A

MOJIOUHbIE B 0630pe mpencTaBieHbl HauboIee pacpoCcTpaHeHHbIe METOMIbI TPOTEOMMKM, OCHOBAHHbIE HA pa3felNeHnu U UaeHTUdM-
6enKu, nenmuost, Kaluu GeNKOB, C MPUMEPaMM UX MCIIOIb30BaHUS IJIs MCCIeOBaHMs OETKOBOJ CHCTEMbI MOJIOKA M MOJIOYHBIX TTPOAYKTOB.
anekmpogopes, OmycaHa CyIIHOCTb 37eKTPOGOpeTHYecKnx 1 XpoMaTorpabuueckux MeTOIOB pa3aeeHus: 6eJIKOB 1 MEeNTUIOB U UX UIEH-
xpomamozpagus, TuUKALUM C TTOMOIIbI0 BECTEPH-BIOTTUHTA U MacC-ClieKTpoMeTpui. I[IpuBeIeHbl OCHOBHbIE PasHOBUIHOCTYM METOIOB

secmepH—6nommuH2,
Mdacc-cnekmpomempus

anexTpodopesa (HATUBHBIN, IByMePHBIi, B [IOIMAKPUIAMUIHOM rejie C MOYeBMHOM), MMMYHO3/1eKTpodopes, Kanu/UISIpHbIit)
¥ MEeTOZOB XxpomaTtorpadun (rasoBas, KUIKOCTHAS, MIOHOOOMeHHas, Tesib-GuibTpalius, abdunHas). OTMeUeHO, UTO OCHOB-
HBIM HallpaB/leHVeM JMCC/IeOBaHMIi C IPYMeHeHeM yKa3aHHbIX MeTO/I0B, MMeIOLMM KakK HayuyHoe, TaKk ¥ IpUKIafgHoe 3Ha-
YyeHMe, SIB/ISIeTCS BbIsBIeHue ¢danpcubyKanmii cocTaBa MoIOKa ¥ MOIOYHBIX IPoxykToB. Takue danbeuduranymy cBs3aHbl
C IpeJHaMePeHHbIM 106aB/IeHMeM CYyXOTr0 MOJIOKA U ITOJCHIPHO CHIBOPOTKY, & TAKKE C MOAMEHOI MOJIOKA-ChIPbSI HA MOJIOKO
JIPYTMX SKUBOTHBIX, YTO HEJOIYCTMMO NPU MPOU3BOLCTBE CHIPOB C 3alMIIeHHbIM HalMEeHOBAaHMEM MeCTa IPOMCXOKL,eHUS
(PDO) mnu ¢ 3amuiieHHbIM reorpadmyeckum ykazanuem (PGI). Ipyrum BaskHbIM HaIlpaBJI€HMEM MCCIENOBAHMI SIBISIETCS
U3y4yeHye NMPOTEONUTUYECKMX NPOLLeCCOB, MPOTEKAIOIIMX MPU CO3peBaHNM ChIpOB. Ha OCHOBaHMM 3TUX IPOLECCOB MOXKHO
yCTaHaBIMBAaTh CTEIleHb 3PeIOCTY ChIpa M €r0 BUJOBYIO IIPUHA/JIEKHOCTb, KOTOPAst 3aBUCUT OT TEXHOIOTUM M3TOTOBIEHMS.
VuuThiBasi MHOrOOOPAa3HbII aCCOPTUMEHT ChIPOB Pa3HbIX CTPaH, TAKUX MCCIeOBAHMIL SIBHO HEIOCTATOYHO.
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ABSTRACT
The review presents the most common proteomics methods based on separation and identification of proteins, with examples
of their use for studying the protein system of milk and dairy products. The essence of electrophoretic and chromatographic

chromatography, methods for separating proteins and peptides and their identification using Western blotting and mass spectrometry is de-
western blotting, mass  scribed. The main types of electrophoresis methods (native, two-dimensional, in polyacrylamide gel with urea, immunoelec-
spectrometry trophoresis, capillary) and chromatography methods (gas, liquid, ion exchange, gel filtration, affinity) are given. It is noted

that the main direction of research using these methods, which has both scientific and applied significance, is the detection
of falsifications in the composition of milk and dairy products. Such falsifications are associated with the deliberate addition
of dry milk and cheese whey, as well as with the replacement of raw milk by milk from other animals, which is unacceptable in
the production of cheeses with a protected designation of origin (PDO) or a protected geographical indication (PGI). Another
area is research into the proteolytic processes that occur during the maturation of cheeses, on the basis of which their degree
of maturity and species can be determined depending on the manufacturing technology. Given the wide range of cheeses from
different countries, such research is clearly insufficient.

FUNDING: The work was performed according to the state task No. FGUS-2024-0007 of the V. M. Gorbatov Federal Scientific Center for Food Systems
of the Russian Academy of Sciences.

1. BBegeHue

IIpoTeoM KOPOBBETO MOJIOKA IIPENICTABIISIeT CO60I KOMIUIEKC GeNKOB,
COCTOSIIMIT U3 Ka3eMHOB (a-, B- U k-Ka3euH), CbIBOPOTOUYHBIX GEIKOB
(B-nmakTOrIO6YINH, o-TaKTaIbOYMMH, JakTodeppyuH, ObIUMiT CHIBOPO-
TOYHBI/ aJbOYMMH, MMMYHOITIOGY/IMHBI) U GETKOB 0600UEK KMPOBBIX
o6y [1]. DTOT mepeveHb ML YaCTUYHO OTPa)kaeT CJIOXKHOCTb MO-
JIOYHOTO ITPOTEOMa, KOTOpasi 06yC/IOBIeHa HaMuyieM MHOTOUVMCIEHHbIX
reHeTMYeCKMX BapUaHTOB [2,3] U MOCTTPaHCISILIMOHHBIX MOAM(UKAII
[4,5], MpoUCXOASIMX Ha MPOTSDKEHUM BCETO LMK/IA KU3HU OENTKOB: OT
CMHTe3a B BbIMEHU JIAKTUPYIOIIero XMBOTHOTO [0 Mpoliecca nuiieBape-
HMSI B KeTyIOYHO-KUIIeYHOM TpakTe yenoBeka [6,7,8]. Ha nmporeom mo-
JIOKa CYIIeCTBEHHOE BIIMSIHME OKa3bIBalOT BUJ, U MOPOAA XKUBOTHBIX [9)],
ocobeHHOCTH UX KopMieHus [10], cragyst 1akTaluu 1 yCIOBUSI coflepska-

oIl HTUTUPOBAHUN: JlenuakuHa, O. B., I'puropsesa, A. U. (2024). IIpote-
OMHbIe MeTOIbI pasfeneHus u uaeHTuduKanuy 6e1KoB Monoka. I[Tuujessie cucme-
Mmbl, 7(4), 560-567. https://doi.org/10.21323/2618-9771-2024-7-4-560-567

Hus [11]. IlocTTpaHCAALMOHHBIE MOAVIDUKALMY GEKOB C HapylleHueM
(YHKUMOHAIBHBIX CBOMCTB BO3HUKAIOT M3-3a 3a60/1€BaHMIi SKUBOTHBIX,
B YaCTHOCTM, MacTuToMm [12,13].

CrpykTypa u dpopma 6enKOB MOIOKA IMHAMMWYHA M M3MEHYMBA, TaK
KaK OHM 06/1aJJaI0T CIOCOOHOCTBIO K PA3HOOOPA3HBIM BHYTPU- Y MEXKMO-
JIeKY/ISIPHBIM B3aMMOZENCTBUSIM. B mporecce mpeo6pa3oBaHus MOJIO-
Ka B TOT WIM VHOM MOJIOUHBI/ MPOAYKT OeNKM MOJBEPKEeHbI BIUSHUIO
MHOTMX ()aKTOpOB, IMOJ, Ie/CTBYEM KOTOPBIX IPOUCXONUT UX U3MeHe-
HMe C MpuoOpeTeHreM HOBBIX CBOJCTB. Tak, HaNpyuMep, pPe3yJIbTaToM
TepMMIUYecKkoit 06paboTKM MOJIOKA SIBISIETCS NIMKO3UIMPOBaHME GEIKOB
BCJIEZICTBYE B3aMMOZENCTBIUSI aMMHOKMCIOTHI IM3MHA (KaK B Ka3eMHax,
TakK ¥ B CbIBOPOTOUYHBIX GeKax) C JaKTO30i (paHHsIs peakuus Maitapa)
[14]. OenaTypalusi CbIBOPOTOUHBIX OENTKOB MPY BBICOKOI TEMIIepaType

FOR CITATION: Lepilkina, O. V., Grigorieva, A. I. (2024). Proteomic methods
for separation and identification of milk proteins. Food Systems, 7(4), 560-567.
https://doi.org/10.21323/2618-9771-2024-7-4-560-567
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MPUBOAUT K 0OpPA30BaHUIO CJIOKHOM CMeCu arperaToB ChIBOPOTOYHOTO
6esKa ¥ MOKPBITHIX CHIBOPOTOYHBIM OeIKoM Mu1e/u1 KaseuHa [15]. Bian-
sTHMEe BBICOKOV TeMIIepaTyphl MPOSIBISETCS TaKKe B M3MEHEHUU Ier-
TUIHOTO MPOGWIIS C TIOBBIIIEHVEM YMC/Ia BbISIBJISIEMBIX MOIUIIENTUL0B
13-3a paspyuieHusi 06004eK JKMPOBBIX LMIAPMKOB M BBIXOAA 0600YeY-
HbIX GEJIKOB B IIa3My MoJioKa [16,17]. Bausitnue pH cpenbl BbIpaxkaeTcst
B M3MeHeHUM KOHbopManuu 1 QyHKIMOHATbHON aKTUBHOCTU GETKOB
BC/Ie[CTBME M3MeHeHMs 3apsifa ux Monekyi [18,19].

[IpoTeonuTnyeckue MpoLeCChl, MPOTeKalIIMe Mo, AeiicTBueM dep-
MEHTOB (HAaTMBHBIX, MOJOKOCBEPTHIBAIOIINX, MPOAYLMPYEMbIX MOJIOY-
HOKMC/IBIMM MMUKPOOPTaHM3MaMu), BbI3bIBAIOT Hambosee CylleCcTBEeH-
Hble M3MeHeHMsI [TPOTeoMa MOJIOKA, IIPUBOJS K 06pa30BaHMUIO MENTUIOB
C pasaMyHO} MOJIEKYISIPHOM Maccoif, aMMHOKUCIOT M NPOAYKTOB UX
JanpHelniero pacnaza [20,21]. OgHMM 13 HelaBHUX OTKPBITUIA SIBISI€TCS
TO, UYTO BCe MOJIOUHbBIE GEJIKM CofiepkaT TOCIeq0BaTelbHOCTH, KOTOPbIe
06J1a/1a10T 6M0I0TMYECKO71/(DU310MTOTNUeCKOi aKTUBHOCTBIO MTPU BBICBO-
GOXXIEeHMM B pe3yibraTe MpoTeonnsa. Hamnbosnee M3yueHHbIMM SIBIISIIOTCSI
docdhonentuapl, MeNTUABI, MHIUOUPYIONME AHTMOTEH3MHIIpEBpalia-
oyt hepMeHT, MenTUAbl, MOOUMUIMPYIOIIE TPOMOOIMTHI, & TAKKe
OonMaTHble, UMMYHOMOAY/IUPYIOIIVE, aHTUAJJIEPTeHHbIE, aHTUMUKPOO-
Hble TMEeNTUAb ¥ Ka3eMHOMaKpOIIeNTU b, 06/afaole MHOTUMU 6110-
JIOTMYeCcKuMM cBovicTBamu [1,5,22,23].

V3MeHYMBOCTb MPOTEOMa MOJIOKA, CTPYKTYPa, GYHKIMY U B3aUMO-
JeiicTBMe 6eIKOB B 3aBUCYMOCTHM OT MHOKeCTBA (JaKTOPOB MPeCTaBIIsIeT
MHTepec IJIs UCCleloBaTellel Ha IPOTSDKeHUM MHOTUX JeCSITUIeTu [24].
[IpoTeoMHbIe UCCIENOBAaHUS HAUATVCH 3a0JIT0 IO TIOSIBJIEHUS] TEpMMUHA
«IIPOTEOM», KOTOPBIiT BIIEPBbIE ObLT ITPEIJIOKEH aBCTPATUCKUM YUEHbIM
M. R. Wilkins [25] u npuaar B 1994 1. Ha 2 MexxgyHapogHOM KOHTpecce
10 AByMepHOMY aekTpodopesy B r. Cuena, Vtanusi. UHTepec HAyYHOTO
€o06111eCTBa K ITUM UCCIeN0BAaHUSIM He TOJbKO He MCUe3aeT, HO M YCUIIN-
BaeTCs 13-3a MO0SIB/IeHMSI HOBBIX METOAYECKIX BO3MOKHOCTel pasjerne-
HUS U UAEHTUGUKALUY GEJTKOB.

B 9T0if craThe mMpencTaBieH 00630p HauboIee pacpoCTpaHEeHHBIX
B HACTOsIIee BPeMsI METOLOB IPOTEOMMKY, B OCHOBY KOTOPBIX IOJIO-
SKeHbI TTPOLeNYPbI pasfeneHust U uaeHTubuKauum 6eaKoB, ¢ IpuMepa-
MM UX VICITOJIb30BaHMSI MPY UCCIeN0BaHMM GEIKOBOI CUCTEMbI MOJIOKA
¥ MOJIOYHBIX ITPOAYKTOB.

2. O6'BeKTHI ¥ METOABI

MeTononorust MPOBENEHHOTO MCCIeNOBAaHMST 3aK/II0Uaach B ITOMCKe,
YTeHWY, aHA/IM3€e ¥ CHUCTeMaTH3aLM IUTePATypPHBIX MCTOYHMKOB, OCBeIa-
IOIIMX MTPU3HAHHBIE B MMPOBOIA MPAKTUKE METOIbI M3yueHus: 6elKoB. ITo-
MCK ITyOMKaIvii IpoBoaAuIu B Gubaorpaduueckux 6asax Google Scholar,
Scopus, Web of Science, Elsevier, eLIBRARY.RU, RSCI. C 11e/1b10 OLIEHKM pe-
TPOCIEKTMBHbIX M3MEHEHUI MEeTOA0B ITPOTEOMUKH ITOVICK OXBATHIBAJI Bpe-
MeHHO#1 riepyop, 1980-2024 rr. 13 MHOroo6pasust MCIOMb3yeMbIX METOIOB
MIPOTEOMMKM OTOUPATUCH METObI, OCHOBAHHbBIE HA Pa3feNeHny U UAEHTH-
dbukanym 6eKoB. YUMTBIBASI UX LIVPOKYIO 00/IaCTh MPUMEHEHMs, OCHOB-
HBIM KpUTepyeM IIpy OT6Ope cTaTeit is MoC/IeqyoIlero aHaamsa 6buia ux
MPUYACTHOCTH K UCCIIEOBAHUSIM GETKOB MOJIOKA U MOJIOUHBIX TTPOIYKTOB.

3. MeToapbl pasaeiieHusI 6eJIKOB

Pasgenenne 6eJIKOB — 3TO IIe€pBast CTausl MPOTEOMHBIX MCC/IeI0Ba-
HMit, HeobxomuMast IS UX TocIeAyomein uaeHtTudukaimm. s 3Toro
yalie BCEro MCIOb3YIOTCS 37eKTpodopeTnueckne u xpomarorpabuye-
CKMe MeTOAbI B Pa3/IMUHbBIX Bapualusx.

3.1. Snexmpogope3

dnekrpodope3 — 3TO MPOLECC pas3feseHus] MaKpOMOJIEKYI, PUCYT-
CTBYIOLIMX B TeJie WIM KUIKOCTY, Ha OCHOBE MX CBSI3bIBAIOLIEl CIIOCO6-
HOCTHU, pa3Mepa U 3aps/ia mof, JeiiCTBUEM 3JIEKTPUIECKOTO MOJIS.

dnekTpodopeTnYecKre METOAbI pasfeneHus GeIKOB MOCTY)XUIN Ha-
YaJIoM pasBUTHS TPOTEOMUKH. [IpMHIMI X PaGOTHI 3aK/TI0YAETCS B IBU-
SKEHUM 3apsDKeHHBIX MOJIEKY/ TOJ, HeICTBYEM 3IeKTPUYeCKOTO IIOJS.
Pa3neneHue 6eJIKOB MPOVCXOAUT BCIEACTBUE UX PA3IMYHOIN MOJBUKHO-
CTH, 3aBUCSALIEl OT CYMMapHOTo 3apsia MOJeKyl, OT MX MOJEKYISPHBIX
Macc U OT KOH(Urypammm MonexyI.

DJIeKTPO3aPSHKEHHOCTh GeTKOBBIX MOJIEKY/T O6YC/IIOB/IEHA HATMYMEM
Ha UX MOBEPXHOCTM (DYHKUMOHAIBHBIX TPYIII, CIIOCOGHBIX K 3/eKTpuUYe-
CKOJi Auccoumanyu. B GeIKOBBIX MOJIEKYIaX OJHOBPEMEHHO MPUCYTCT-
BYIOT KaK ITOJIOXKUTEIbHO, TaK M OTPUILATEe/IbHO 3apsiKeHHbIe rpymnbl. [To
9TON MpUYMHE CYyMMapHbIe 3apsiibl Pa3HbIX GEJTKOB MOTYT 3HAYUTETbHO
OTJIMYAThCSL APYT OT Apyra. BennumHa CyMMapHOTo 3apsiia MOJIEKYJIbI
ompeensieTcsl KOJIMYeCTBOM 3apsKeHHbIX TPYIII, UX PUPOLIOIL, a TAKKe
KUCIOTHOCTBIO (pH) okpyskatomieii cpenbl. CyMMapHbIi 3apsig, Makpomo-
JIEKY/Ibl MOXKET M3MEHSIThCS TPV ee B3aMMOJECTBUM C HU3KOMOJEKY-
JISPHBIMY MIOHAMM ¥ APYTMMU 3apSDKeHHBIMM MOJIeKynamu [26].
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dnekTpodopes MPOBOJAT C MCIIOIb30BAHMEM Tejieii (KpaxMasibHbIX,
MOMMAKPUIAMUIHBIX, arapo3HbIX,  MOAMAKPMIAMUIHO-AarapoO3HbIX).
B Hacrosiiee Bpemst HanGoIee PacIpoOCTPAaHEHHBIM U MIMPOKO MPyUMe-
HSIEMBIM SIBJISI€TCS NTONMaKpUIaMUIHbIA renb. OH I103BOJISIET He TONBKO
paszensrs cMecy 6eIKOB, CoepKalx 60/ bIIOe YMCIO Pa3HbIX MOJEKYII,
HO ¥ XapaKTepy30BaTh UX I10 3apsy U MOJEKYISIpHOI Macce. B ormune
OT IPYTUX reneil, HOMMaKPWIAMUIHBIN I'elb VIMeeT Psif IPeyMyLIeCcTB:
OH IIpO3payeH, XMMUYEeCKY CTabu/IeH, MHEePTEeH, YCTOMUMB K M3MeHeH!-
ssM pH ¥ TemMmiepatypsl. VIcronb3yst pa3anyHylo KOHLEHTPALMIO MoNuMe-
pa, MOXHO THOJYYaTh Ie/lU C LIMPOKUM JUAIa30HOM Pa3MepOB I0p, UTO
obecrieurBaeT ero BBICOKYIO Pa3pelIalolyio ClIOCOOHOCTb. MOKHO TaKKe
M3MEHATh JIEeKTPUUYECKUI 3apsii MaKPOMOIEKY/ IyTeM u3mMeHeHust pH
6ydepHOro pactsopa, a BBeieHueM B GydepHblil pacTBOpP JeHaTypUpy-
IOIMX areHTOB MM JETePreHTOB — M3MEHSITh UX KoHdopmaumio [1].
TakuM 00pasoM, Bapualuu YCIOBMIT OCYIECTBIEHMS dMeKTpodopesa
MO3BOJISIOT PeNIaTh PasanyHbIe 3aauy TPOTEOMUKM.

3.1.1. HamusHulii 2eib-271eKmpogope3

HaTuBHbIi1 renb-anekTpodopes (PAGE ot anmi. Polyacrylamide Gel
Electrophoresis) siBisteTcsi caMbIM IIPOCTBIM METOAOM 3jeKTpodope-
TUYECKOTO pasfeneHus: 6eKOB. DTOT METO[, COXpaHseT 6elKku B UX Ha-
TUBHOI KoHpopMmanyu. Pa3neneHnne 6elKOB B JAHHOM CJIy4ae OCHOBAHO
TOJBKO HA 3apsifie ¥ TPEHMUM NPU JBVKEHUY MOJIEKY/ Gesika uepes reb.
CKOpOCTb OBVOKEHMS Gesika uepe3 MaTpuIly resis — 3aekTpodopernye-
cKasi TIOJIBVDKHOCTb — GyIeT 3aBMuCceThb OT pa3Mepa 1 GOpMbI MOTEKYIIBL,
oT BsI3KOCTH Gydepa 1 OT pa3Mepa Mop reneBoit ceTku. ManeHbKue 6enKku
GyIoyT MUTPUPOBATh Yepe3 rejib GbIcTpee, ueM 6osiee KPyIHbie 6eKM, KO-
TOpbIE UCIBITBIBAIOT GOJIbIIIEE COMPOTMBIeHe Murpauyu [1,27].

ITockonbKy pasnuyHble GpakUuy KaseyHa MMeIT GIM3KKe 3Haue-
HYS U309IEKTPUYECKUX ToUek (PI), HAaTMBHBIN 35eKTpodopes He MOIX0-
IUT 01 paspeneHus dpaxuyii kazerHa. OqHaKO STOT MeTO[, I03BOJIsIeT
UOeHTUGULMPOBATH CBIBOPOTOUHBIE GEIKYM M MOXKeT ObITh IONe3eH s
0o6GHapyKeHUs TI00bIX MU3MEHeHN T HaTUBHOM KOHGOpMAaIuy B 33JaHHbIX
yCIoBuUaX [27].

VIHTepeceH OMBIT NMPUMMEHEHUS] HATUBHOIO 31eKTpodopesa misi 06-
HapykeHMsT MeXBULOBOI danbcubukanum monoka. ABTopel M. Pesic,
M. Barac, M. Vrvic et al. [28] ucnonb3oBany 3TOT MeTOZ, /ISl OGHOBPEMEeH-
HOT'O Ka4eCTBEHHOT'0 M KOJIMYeCTBEHHOTO OIpeieNieHNsI IPUCYTCTBUS KO-
pPOBBETO MOJIOKA B KO3b€M U OBeubeM MosioKe. KonnuecTBeHHas oljeHKa
6bl/Ia OCHOBAHA Ha M3MepeHMM MHTEHCUBHOCTY IT0JI0C 3-IaKTOMIOOYIHA
Y 0-MaKTaIbOYMIHA KOPOBbETO MOJIOKA B CMECSIX C KO3bMM M OBEUBVM
MOJIOKOM. YCTaHOBJIEHbI JIMHEJiHble 3aBMCUMOCTM MHTEHCUBHOCTH 1107I0C
B-nakTormo6yaMHa U o-JaKTaaIb6YMMHA OT 0GbEMHOI0 MPOLIEHTA N06aB-
JIEHHOTO KOPOBBEro MOjIoKa (KoadduumeHT koppensunuu ot 0,9950 mo
0,9998), 10 KOTOPBIM MOSKHO OIIPeLleUTb KOIMIECTBO KOPOBBETO MOIOKA
B IIMPOKOM nuarma3oHe (0T 3—-5% mo 90%) B cMecsix KO3bero/KOpPOBLETO
Y OBEYbETro/KOPOBbEr0 MOJIOKA.

HatuBHbIi1 35exTpodopes B coueTaHUU C APYTMMU 31eKTpodopeTy-
YeCKMMM MeTOJaMM I03BOJISIET BBISIBUTD BIMSHME PA3/INMYHBIX Gu3nye-
CKUX BO3JIeJCTBMIT HA GeJIKM MOJIOKA, BbI3bIBalOLIVe KOH(DOpMaLMOHHbIE
M3MeHeHMs] UX Monekyn. Hampumep, B3auMofeiicTBMe KaseMHa U Cbl-
BOPOTOUHBIX G€JIKOB, MHAYLIMPOBAHHOE HArpeBaHueM, MOXHO OLIEHUThb
MyTeM CpaBHeHMsI eKTPodopeTnyeckux npodueii, MomyyeHHbIX Me-
togamu HaTuBHOTO PAGE 1 SDS-PAGE. Pe3ynbTaThl TaKMX UCCIEL0BAHUI
MpeJCcTaBaeHbl B paboTe [29], Iie U3y4yeHbl TEIIOBble B3aMMOECTBYSI
MEXIy ChIBOPOTOUHBIMM OelKaMy M Ka3eMHaMM B KO3bEM U KOPOBb-
eM Mooke. Bplsio ycTaHOB/IeHO, 4TO 1mocie HarpeBaHusl mosnoka (90°C
10 MnH) MeHee 3% 06IEr0 KOIMYECTBA B-TaKTOIMIOGYIMHA OCTaBaIUCh
CTaGMIBHBIMM KaK B KO3b€M, TaK U B KODOBbEM MOJIOKe. B KOpoBbeM
MOJIOKE o-JTaKTaIbOYMMH GbUT Gosee TepMoCTabMiIeH, YeM ero aHajaor
B KO03beM MoJoke (29,6% mpotus 3,82%). [IpakTudecku Bce AeHATypu-
pOBaHHbIE CBIBOPOTOUHbBIE GETKYM KO3bEro MoJIoKa (> 95%) Oblim cBsiza-
HbI C MULI/ITIAMM Ka3eMHa, 06pa30BaHMsi PaCTBOPUMBIX KOMIJIEKCOB He
Hab6/M0AaM0Ch. Pe3ynbTaThl JaHHBIX MICCEOBAHMUIT MOTYT OBITh IT0JI€3HbI
ISl IOHMMaHMSI Pa3/inumii B TEXHOIOTMYeCKO-(GYHKIVMOHATbHbIX CBO-
CTBaX KO3bero ¥ KOPOBbEro MOJIOKa.

3.1.2. /leymepHulii zenb-31eKmpogopes

Mertor, pasgeneHust 6eJKOB ABYMEPHBIM 3/1eKTpodope3oM B IoIma-
kpunamugHoM rene (2D-GE) 6bu1 pa3pa6oTad B 1975 . 1 HONOKMUIT Ha-
4aJjio MPOTeOMMKY KaK HayKu. C MOMeHTa [epBOro ONMCaHNs B HAyYHO
nmuTeparype [30] IByMepHbIii refib-31eKTpodopes mpetepries HEKOTOPbIe
MonmdUKaLMM, HO IO HACTOSIILIETO BPEMEHU SIBJISIETCS IPeOUTUTENb-
HBbIM METOZOM pa3jeneHus 6enkos [31,32,33,34].

Pasnenenve 6enkoB B 2D-GE mpoucxXommT Mo ABYM CBOMCTBaM: IO
M303/IeKTPUUYECKON TOUKe (B I1ePBOM M3MepPeHMM) U 110 MOJIEKYISIPHOM
macce (BO BTOPOM M3MepeHUY, ITepIIeHIMUKYISIPHOM K [IEPBOMY).
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st pa3fieneHus M0 U30IEKTPUUECKON TOUKe (MeTO[, M3031eKTPH-
yeckoro okycupoBanusi [1]) MCIONB3YIOT MONMAKPUIAMULHBIA TeTb
¢ GONBUIMMY TIOPaMM, Yepe3 KOTOpble CBOGOAHO ITPOHMUKAIOT Jaxke ca-
Mble KPYITHbIE MaKPOMOJIEKY/IbI. ['e/b COOePKUT KOBAIEHTHO MPUILIUTHIE
ambonuTsl, cosmawomuie rpaguent pH. Mo meiicTBMEM IMOCTOSIHHOTO
3JIEKTPUYECKOTO TI0JIST MOJIEKYIIbI GEJIKOB IepeMelaTcs B o6iaacts pH,
COOTBETCTBYIOLIYIO I10 BeJIUMHe U303/IeKTPUUecKoii Touke (pl) JaHHOrO
6enka. M3o3ekTpuyeckoe (HOKyCMpoOBaHMe 3aKaHYMBAETCS TIPU JOCTU-
SKEHMM PaBHOBECHOTO COCTOSIHMSI, KOTJa BCe MPOTeohOpMbl JTOCTUIIN
o6acreit pH, COOTBETCTBYIOMIMX UX pl.

Pasgenenne 6eaKOB 1O Macce (BO BTOPOM M3MepeHuu) obecreun-
BaeTcs fo6aBieHKeM B resib HaTpus gomenmicyabdara (SDS), KOTOpbIi
MpejcTaBisieT co60ii aHMOHHOE MOBEPXHOCTHO-aKTUBHOE BEIeCTBO —
merepreHt. [Ipy ero B3auMOIENCTBUM C GETKOM ITPOMUCXOOMUT CONTIO6GU-
nu3anus 6eka JeTepreHToM, B pe3yJabTaTe KOTOPOi BCSI TTIOBEPXHOCTD
6eIKOBOJ1 MOJIEKYJIbI TOKPbIBAETCSI MHOKECTBOM OTPUIIATEBHBIX 3apsi-
noB. COBMeCTHOE MCIIO/Ib30BaHMe TMOMMAKPWIAMULHOTO Tefisl M HaTPUST
noperyicynbdara (Mmeron SDS-PAGE) ycTpaHsieT BAMSIHUE CTPYKTYPBI
" 3apsifa, BCIENCTBYE Yero OeTky pa3iesiioTcs II0 MOJIeKY/ISIPHOM Macce.
B pesynbraTe Bce 6€/IKM, BO-TIEPBBIX, COXPAHSIOT TOJIbKO CBOIO TMepBUY-
HYIO CTPYKTYDY M, BO-BTODBIX, MUMEIOT GOMBbIIO OTPUIIATEIbHBINM 3apsi.
[pu 3arpy3Ke B reIeByI0 MATPUILY U TIOMEIIEHMM B SIEKTPUUECKOE TT0JIe
OTPUIIATETHHO 3aPSDKEHHBIE MOJIEKYJIbI 6€/1Ka MUTPUPYIOT K AHOAY M pa3-
IeNsIoTes 3a cuet 3 dekra MOMEKyISIpHOro npoceuBanus [1,35].

JIByMepHbIii renb-3neKkTpodopes sBisieTcss BecbMa 3GGeKTUBHBIM
MEeTOJOM IIpY pasfeseHuy GeKOB, MMEIOIMX CXOXUEe MOJIEKY/ISIPHbIe
Macchl WM M3037eKTpuyeckue Touku. K HegocTaTkam 3TOro MeTtona
MOKHO OTHECTY CPaBHUTENbHO Y3KWif AMara3oH MOJEKYISPHBIX Macc
pasmensieMbix 6enkoB: oT 8 mo 150 klla. Kpome Toro, maHHbI MeTOf,
orpaHMyeH B OGHAPY)KeHMY MMHOPHBIX M HKCTPEMAIbHBIX OENKOB, UTO
TpebyeT MpegBapUTeNbHOM MOAroTOBKM 06pasuoB [1]. Huskas addex-
TUBHOCTb OTMEYAeTCs ¥ NPy aHamu3e ruapodo6HbIX 6e1KoB [31].

Boehmer c coaBTopamu [36] npuMeHMUIM JBYMEPHBII Tellb-31eKTPO-
dopes (2D-GE) B couetanuu ¢ macc-crnekrpomerpueii MALDI-TOF mst
aHanmM3a GeKOBOTO COCTaBa ChIBOPOTKM KOPOBBETO MOJIOKa. Mcciemo-
BaHMe ObLIO HANpaBjieHO Ha CpaBHEHMe 3J0POBOrO MOJIOKA U MOJIO-
Ka, MHGuIMpoBaHHOro Gakrepwmeit Escherichia coli. AHanmu3 o6pa3sLoB
CBIBOPOTKM, B3SITBIX IO U IOC/IE 3apaskeHust (CITycTst 18 yacoB), BHISIBUI
CYIeCTBEHHbIE Pasnuusi B GEIKOBBIX MPOMUISIX. B MaCTUTHOI ChIBO-
POTKe IO CPaBHEHMIO ¢ OGBIYHONM CHIBOPOTKOM HaGII0JANOCh GOJbIlee
KONMMYeCTBO AuddepeHManibHO KCIpeccupyeMbix 6enkoB. ITpodman
2D-GE MOJIOYHOV CBIBOPOTKM OT 3A0POBBIX KOPOB JE€MOHCTPUPOBAIN
ob6unre 6GeNKOB Ka3eyHa, BKIIOYAsl BAPMAHTHI (g -Ka3eMHa, -KaseuHa
U K-Ka3eyHa, a TAKKe CbIBOPOTOUHBIX GEJTKOB, CBIBOPOTOUHOT'O albOyMM-
Ha, B-1IaKTOITI00Y/IMHA U o--TTaKTaab6yMuHa. Takke yepe3 18 yacos nmocie
3apaxkeHus1 6pUIM OGHAPY)KEeHbl AHTMMMKPOOHBIE MENTUIbl KaTeTULIN-
IVH, UHAOMUIIMAVH 1 6aKTeHelH 5 u 7, a Takke 6enku B-hubpuHOreH,
o-2-HS-rmmkomnporenH, S100-A12 u a-1-aHTunporenHasa. HambGonee
MpyMeyaTebHbIM GbIJIO OOHapykeHMe B 0Opasiiax MacTUTHOI ChIBO-
POTKM 6esika oCTpoit (asbl a-1-KMWIOro ruKonpoTenHa. Ha ocHoBaHum
pe3y/IbTaToOB UCC/IELOBAHNIT aBTOPbI CYMTAIOT, YTO MPUMEHEHME MeTona
IIBYMEpPHOTO TeJb-3NeKTpodopesa ¢ MOIeAyloleil BpeMsITpoIeTHOM
MacC-CIIeKTPOMETpHeli MO3BOMSIET OBICTPO U3YUYUTh U3MEHEHUS COZED-
>kaHMsI 6eJIKa B MOJIOKe MPH KOMM(POPMHOM MaCTUTEe U TOMOYb B MIEH-
TudMKaLMM 6MOMapKepPOB ITOrO 3a60IeBaHMSI.

3.1.3. Dnexmpodope3 8 noauakpuiamuoHom zese
¢ mouesuHoii (Urea PAGE).

MoueBuHa, KaK 1 HaTpuii Aogelnicyabdar, IBiseTcs U3BECTHBIM Je-
HaTypaHTOM 6enkoB. Ee 1ie1lecoo6pa3HO JCIIONb30BaTh IPY Pa3feneHnn
6eJIKOB, ITpeXK/e BCEro, Ka3eMHOB, CKIOHHBIX K arperanyi  0CaskIneHnIo,
a TaKke IS pasjeeHus 6eIKoB, KOTOpble Malo PasaInydaloTcs M0 M303-
JIEKTPUYECKOJ TOUKe U T10 MOJIEKYISPHOM Macce [1,27].

Henarypanys 6eka B HOAMaKPUIAMUIHOM rejie B IPUCYTCTBUU MO-
YeBVHbI IPOUCXOOUT BCI€ICTBME B3aMMOZECTBISI MOUEBYHBI C 6IKOM
yepes BOAOPOJHbIE CBSI3YU C yyacTMeM IeNTUI0B OCHOBHOI Uemnyu. OHa
MOJKeT BBICTYIIATh KaK JOHOPOM, TaK M aKLeNTOPOM BOJOPOAA, YTO Je-
JlaeT MOYEBMHY [IPEATIOUTUTEIbHOM MOIEKYIIOi 11l 06pa30BaHMs BOZO-
pomHbIX CcBsi3eii. [lenTuaHble CBSI3Y TaKKe MOTYT BBICTYIIATh B KayeCcTBe
JIOHOpa M aKllelTopa BOLOpoAa. B pesynbTaTe MoueBMHAa paspyliaeT
BHYTPMMOJIEKY/ISIDHble BOZOPOAHbIE CBSI3M, Y4acTByIOLIMe B 006paso-
BaHMM BTOPUYHOM, TPETUYHON M YeTBEPTUYHOI CTPYKTYPHI Gelka, 9To
MIPUBOAUT K €ro JeHaTypauuu. MoueByHa TakKe MOXKeT YJalsiTh yIopsi-
JIOYeHHbIe MOJIEKYJIbI BOIBI Y13 KAPMAaHOB OGe/IKOBBIX MOJIEKYJI M HApyLIaTh
runpodobHble B3aumognelicTBus. CBsi3bIBaHMEe MOUEBUHBI ¢ GeIKOM He
MeHsieT CyMMapHbIii 3apsp, 6eyka, Tak Kak MOYeBMHA MMeeT HelTpajb-
HBIJi CyMMapHBbIii 3apsf, [27].
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Urea PAGE m3Haua/JIbHO XOPOIIO 3apeKOMEHI0BaJI ce6sI IIpu MCCIeno-
BaHMM GEJIKOBOI CHUCTEMBI CHIPOB: 37eKTpodopeTHyecKue XapaKTepu-
CTMKY MOJIOUHBIX O€JIKOB, BbIZIEJIEHHBIX M3 PasIMUHbIX 00pa3loB ChIpa,
CyLeCTBEHHO pa3inyannch [37]. I o HacTos1ero BpeMeH) OH YCIIeIHO
MCIOMb3YEeTCsl He TOMBKO /1S BbISIBIIEHUST BUA0BBIX PA3/IMUMii CHIPOB, HO
M 17151 ICCJIeIOBAHMSI IIPOTEONUTUYECKMX MTPOLIeCCOB, TPOTEKAIOIMX TP
ux cospeBaHuu. Tak, aBTopsl Mane u Sweeney [38] MpMMeHMUIN 3/1€K-
Tpodope3 B MOMMAKPWIAMUIAHOM Tejie ¢ MOYEBMHOM /IS MCC/IeOBAHMS
MPOTE0/M3a B UPJIaHICKOM (hepMepcKoM cbipe Kamambep ¢ 11e/1bI0 BbISIB-
JIeHVs1 0COGEHHOCTEN Ipoliecca ero co3peBanus. HabmoneHus B TeueHme
10 Hepenb MOKa3any Aerpajalyio Ka3eMHOB: IePBOHAYAIbHO 13-3a Jeii-
CTBUSI XMMO3MHA U TUIa3MMHA, a T103Ke — M3-3a npoTtenHas Penicillium
camemberti. Bblu ornpeneneHsl MPOTEONUTHYECKME 0COOEHHOCTY TIPO-
TeuHas Penicillium camemberti B OTHOIIEHMM Ka3eMHOB B TMAPOIN3aA-
Tax MOJIOKA U MAEHTUGULIMPOBaHbI 64, 6, 28 u 2 caifTa pacuierieHust
B O41-, Ogy-, B- U K-Ka3eMHe COOTBETCTBeHHO. [TomyueHa HOBast MHGOP-
Mauus 0 MenTuaax, 06pasyouMxcs BO BpeMsi CO3peBaHMs, M YCTaHOB-
JIeHbl parMeHThl MOJIEeKy/, Haubonee BOCIIPUMMYMBBIE K ITPOTEONNU3Y:
7S o5 -KaseuHa — 1-40, 79-114 un 168-199; nnsa ogy-KasemHa — 42-79
u 97-116; gna B-kasenHa — 40-57, 101-125, 143-189 u 165-209; st
k-KaseyHa — 31-81 n 124-137.

Inst u3ydyeHus: U3MeHeHU KOHGOpMaIluy U YeTBePTUYHOI CTPYK-
TYpBbI GEJIKOB IMPOKO UCIIONb3YeTCs AMeKTpodope3 B MONMAKPUIAMULI-
HOM rejie C IONepevYHbIM IPaJMeHTOM MOYeBMHBbI. MeTomuuecku 3TO
OCYILECTBIISIETCSI CPAaBHEHMEM CTPYKTYD, IMOMYYEHHBIX [JiI HATUBHOM
CyObeOVHUIIBI M JJIsS I€HATYPUPOBAHHOTO Gesika B TeNisX C TPaJUeHT-
HBIM M3MeHeHMeM KOHILIeHTpalyuy MoueBuHbI [39]. [Ipu anexrpodopese
B rpafiieHTHOM rejie MOYeBMHbI 3P GEeKTUBHBIN pa3Mep MOJIEKY/IbI GeKka
13-3a pa3BOpauMBaHUsI 3HAUUTEIbHO U3MEHSIeTCS BLOJb MONEePeyHOro
JIMHEMHOIO rpajyieHTa KOHIIEHTpaluy MOYEBMHBI, a CyMMAapHbIi 3a-
pSIL MOJIEKY/Ibl He MeHsieTcsl. Pa3BepHYTbINl 6e/I0K MUTPUPYET MejIeH-
Hee, YeM HATMBHBIA GeJoK. ITO MO3BOJSIET OTCAEKMBATh KOH(OpMa-
LIMOHHBIE T1epexoibl, CTUMY/IMpPyeMble MOUYEBMHOM, ITyTeM M3MepeHMS
OTHOCUTEJIbHOJI TMTOABMKHOCTY 6eJIKa B 3aBUCUMOCTM OT KOHIIEHTpaIn
MOYeBMHBI. Biaromapsi pasgeneHuio CTPYKTYPHO DaslIMYHBIX MOJIEKYI
B rese, aeKTpodopes B rpagueHTe MOUEBMHbI TOTEHIMAIBHO CIIOCO6eH
06HAPY)KMBATh U UOEHTUGUIMPOBATD KOMMUYECTBEHHO ME€PEeXOJHbIe K-
HeTUYeCcKye NMPOMeKyTOUHble TPONYKTHI, 3aceyseMble BO BpeMsl pPa3Bo-
paumBaHus u pedonnmura 6eKa, KOTOpble He 06HAPYKMBAIOTCS B PaB-
HOBEeCHBIX 3KcIlepuMeHTax [40].

3.1.4. UmmyHo3aiekmpogope3

Ion o6IIMM TEPMUHOM <«MMMYHO3IeKTpodopes» MoapasyMeBaeTcst
pSIL METOIOB pa3lielieHMs U XapaKTePUCTUKY GeNKOB, OCHOBAHHBIX Ha
anekTpodopese 1 HA peakUMM C aHTUTeIaMM. B KauecTBe aHTUTeNT BO
BCEX BapMaHTax MMMYHO31eKTpodopesa UCHIONb3YIOTCSI UMMYHOIIOOY-
JIMHBI — 3aIIMTHbIE GEJIKM, KOTOpble MMMYHHAsl CUCTEMa MPOU3BOAUT
st 60pbObI ¢ BUpycaMu, GaKTepusMu, MapasuTamMyu M ajuiepreHaMu.
JTOT TUN 31eKTpodope3a MPeBOCXOOUT OCTAIbHBIE 10 YYBCTBUTEIbHO-
CTM ¥ paspeliaolleii CriocCOGHOCTH.

VIMMyHO3/1eKTpodopeTnyecke MeToabl 6blIM pa3paboTaHbl U IHU-
POKO MCIOJIb30BaAMCh BO BTOPOI MOMIOBMHE XX BeKa, B TOM YUC/IE [
MCCIIeIOBAHMST MOJIOYHBIX O€JIKOB. B XpOHO/MIOrMUYeCcKoi mociefnoBaTeb-
HOCTY TIOSIBUJIMCH TaKMe BAapMaHThl METOAA: MMMYHOJIEKTPOhOpeTH-
YyecKMii aHaiau3 (OLHOMEPHBI MMMYHO3/eKTpodopes), MepeKpPeCcTHbIN
MMMYHO37IeKTpodope3 (IByMepHbINi KOJIMYECTBEHHBI MMMYHO3JIEK-
Tpodopes), pakeTHO-MMMYHO3/1eKTpodope3 (OZHOMEPHBIN KOMUYeCT-
BEHHBIII MMMYHO3/IEKTpodopes), peakTUBHbI MMMYHO3/1eKTpodopes
¢ raBneHyeMm, ahGuHHBIN UMMYyHO2TeKTpodopes.

C MOMOIIbI0 OIHOMEPHOTO MMMYHO3/1eKTpodopesa 6GbIIO U3YyUEHO
BAVSIHME HarpeBaHusl Ha 6elky Mosoka [41], mpoBeneHa upeHTUdMKa-
st GENIKOB KOPOBbETro MOJIOKa [42]. MeTo[oM MepeKpecTHOTO MMMYHO-
aekTpodopesa ObUT MPOBENEH CPaBHUTENbHbIN aHAIN3 MeMOpPaHHbIX
6e/IKOB Pas3IMYHBIX BUIOB MIIEKONMUTAIONIMX [43] 1 ucCIenoBaH Genko-
BbIi1 COCTaB 060JI0U€eK KMPOBBIX IJI00Y/I KOPOBbETO MOJIOKa [44,45].

B HacTos1Iee BpeMsi MMMYHO3J/IEKTPO(Ope3 B UCCIeNOBaHUSIX OEITKOB
MOJIOKa (TaKke, Kak ¥ B MCCIeNOBaHUSIX GEIKOB Msica) MIMPOKO He pac-
MPOCTPaHEH, YTO MOXET OBbITh CBSI3aHO CO CJIOKHOI TIOATOTOBKOMN Telst
M TIPOLIEAYP MMMYHOOKPAIIMBAHMS, a TAKKe 13-3a2 HEOOXOAMMOCTHU MC-
10/1b30BaHM4 crieluduyeckux aHTUTeN [46].

3.1.5. Kanunnspuetii anekmpogope3s

MerTop, Kanu/uISIpHOTO 371eKTpodope3a OCHOBAH Ha pasfie/leHuM 3a-
pSDKeHHBIX KOMIIOHEHTOB C/IOXKHOJ CMecy B KBaplieBOM Kalwiisipe Tof,
JlefiCTBMEM MPUIOKEHHOTO IeKTPUUYECKOTro MOJsI 3a CUeT M0JauM BbICO-
KOT'0 HallpsDKeHMSI K KOHLIaM Karnwuisipa [47].

MeTop, KalmM/ISIPHOTO /1eKTpodope3a ¢ MOMEHTa CBOEro BOSHUKHO-
BeHVs B 80-e roppl XX BeKa IOCTOSIHHO COBEPIIEHCTBYETCS. 3a [IOC/IeJHe
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10 teT OH NpeBpaTMIICS B MOLIHBINA U 3G GEKTUBHBI MHCTPYMEHT aHaIN -
3a MMUIIEBbIX IPOAYKTOB. Ero aHamuTuyeckye BO3MOKHOCTH CYIIeCTBEeH-
HO pacIIMpeHbl, 8 UMEeHHO: TIOHVMIKeHbI IIpefiesibl 06HAPYKeHMS MCKOMBbIX
BellleCTB BCIeCTBME TPYMeHeHMs HOBBIX ITOIX0J0B K BHYTPUKAIIMAIIISIP-
HOMY KOHLIEHTPMPOBaHUIO, a TAaKKe NOBbIeHa 3 (deKTUBHOCTD pasze-
JIeHNMS 3a CYET MCIIONb30BaHMS KOBAJIEHTHO CBSI3aHHBIX U IMHAMMUYECKUX
TTOKPBITUI CTEHOK KBapIeBOTO Kauuisipa ¢ IpMMeHeHeM HaHOYacCTUI],
1 HAHOCTPYKTYPMPOBaHHBIX IIOIMMepPOB [48].

C MOMeHTa CBOero BO3HMKHOBEHMS MeTOJ], IIOABePrajicst TIOCTOSTHHbIM
I0paboTKaM C LiesbIo MOBbINIeHNS 3)GEeKTMBHOCTY pa3/ieneHys 3a CUeT
MonyduKaIy BHYTPEHHETO MOKPBITHS KaIV/ULIPa M COCTaBa ITOJBYIK-
Holt ¢asbl. Tak, HanpuMep, aBTopamu / uccienosarensimMu De Jong u ap.
[49] 6bL10 MpenIoKeHO UCMONMb30BATh KAMWUISP C IMIPOGUIBHBIM I10-
KPBITMEM, CHMKAIOIMM aJICOPOLIMIO pa3/ielisieMbIX BeIlleCTB Ha ero CTeH-
Kax, a B KauecTBe IOABMKHOI (a3bl MCIIONb30BATh BOAHBII pacTBOp, CO-
Jepskauyit 6 M MOueBMHBI ¥ METMITUPOKCUITUILIENIIION03Y, C HU3KUM
snauenmem pH (2,5-3,0). [Ipy 3THX YCIOBUSX IIPOXOAMIIO ITOJTHOE pasjie-
JIeHVe ChIBOPOTOYHBIX OEIKOB 1 Ka3eMHOB B KOPOBbEM, KO3bEM, OBEUBEM
MOJIOKe, a TakKe TepMIUYeCK) ITOBPEXAEHHOTO Ka3euHa.

Pa3neneHye MOJOYHBIX O€NKOB KaNWIISIPDHBIM 3/1eKTpodope3om
MO3BOJIMJIO OCYIIECTBUTb €r0 MPaKTUUEeCKoe MpUMeHeHKe B 4acTu 00-
HapyxeHus1 danbcuduKanyit Moloka ¥ MOJOYHBIX NMPOAYKTOB. Cartoni
¢ coaBTopamu [50] omucaHo UCIOIb30BaHye KaW/UIIPHOTO 31eKTPodo-
pesa it uoeHTUGUKALVM U KOTMIECTBEHHOTO OIpeieIeHMs KOPOBbEro
MOJIOKA B MPOAYKTaX U3 KO3bero MoJjIOKa I10 NMPUCYTCTBUIO ONpefesleH-
HBIX CBIBOPOTOYHBIX 6enkoB. Chen m Zang [51] ycTaHOBMIM BO3MOXK-
HOCTb MCIIONb30BAHMS 3TOIO METOAA AJISl BbIsSIBIeHUS danbcuduranmn
HAaTypaJbHOTO MOJIOKA CYXMM MOJIOKOM IIO COOTHOIIEHMIO (-KaseyHa
K 0,-JIaKTaIbOyMMHY.

KamnisipHslit anekrpodopes MO3BOISeT NPOBOAUTD aHAINU3 OGeNIKOB
M KPYITHBIX TIENITUIO0B C BBICOKMM pa3pelieHNeM U MOXKeT GbITh YCITeIIHO
MpUMeHEeH ISl OLIeHKY CTeIleH) IIepPBUYHOrO IPOTEe0NM3a B Pa3IMYHbIX
BMUIax cwipa [52,53,54].

Kak u3BecTHO, NMepBOHavyaJbHOE paclleljeHue Ka3euHa B ChbIpe
MPOUCXOOUT M3-3a COBMECTHOIO [eJCTBUSI MOJOKOCBEPTHIBAIOLEro
depmenTa u mmasmuHa [55]. Ilpu 3TOM coOTHOIIEHMe oS,-I-KazenH/
os;-Ka3eyuH MOXHO paccMaTpyuBaTh Kak I1OKasaTeslb IPOTeoNuTuye-
CKOJ aKTMBHOCTY XMMO3JHa, a COOTHOLIeHMe y-Ka3eyH/B-Ka3enH — KaK
roKa3aTesb IPOTEOIUTUYECKON aKTUBHOCTY T1a3MuHa. Takoit monxon,
MPUMEHMUIM UTAIbSIHCKME MCCAefoBaTeny [56] Al OLeHKM MOIJIMH-
HOCTM HaLMOHAJIBHOTO chipa Fontina ¢ 3amuiieHHbIM 0603HAUeHKEM
nipoucxoxnenus (PDO) u3 cbIporo Monoka B CpaBHEHUY C aHAJIOrOM —
ceipom Fontal. Pasnosxkenue dpaxiuit KaserHa OHM IPOBOSUIN C UC-
[I0Tb30BaHMEM KaIlMJUISIPHOM KOIOHKY C I'MIPOGIIIBHBIM ITOKPBITHEM,
MEeTOIOM KalM/UISPHOTO 30HHOTO 37eKTpodopesa. YCTaHOB/IEHHbIE
pasnnuysi 06BSICHSIMCh OTKIOHEHUSIMY [TapaMeTPOB TEXHOIOTUYECKIX
IIpOLIeCcCOB NPy U3TOTOBIeHNUM cbipa Fontal OT cTpOro ycTaHOB/IEHHBIX
118t ceipa Fontina. B mepBylo ouepesib 3TO Kacauioch TeMIepaTypbl BTO-
poro HarpeBaHMs ¥ TUIIA IPMMEHSIEMOT0 MOJIOKOCBepThIBaoLLero dep-
MeHTa.

Ha kanuuisipHOM aekTpodopese 06bIYHO OCHOBAHbI PYTUHHbBIE Me-
TOIBI MPOGMIMPOBaHMS 6IKOB KOPOBbETO MOJIOKA, KOTOPbIe He MO3BO-
JISIIOT OJHO3HAYHO IOJTBEPIUTbh UAEHTUYHOCTb pa3fieleHHbIX GEeNIKOB.
[TosTromy MakcumainbHasi 3¢GGeKTMBHOCTb MPUMeHeHUsT KaluUIIpHOro
anekTpodopesa MpesycMaTpuBaeT €ro coyeTaHue C Macc-CIeKTpoMme-
Tpueit — Hambornee pacIpOCTPaHEHHBIM METONOM WIeHTHU(UKAIVN
6enxoB. Ghafoori u gp. [57] npennokmIM HOBbIi MeTOH, KaNU/UIIPHOTO
anekTpodopesa-Macc-CIeKTPOMETPUM B PEXUMeE TOJNIOKUTENbHO! 1O-
HM3ALUY EeKTPOpacIbUIeHeM. B ONTUMMMU3MPOBaHHBIX YCIOBUSIX 9TOT
MeTOJ, [T03BO/IVII Pa3fieNNUThb U UAeHTUGUIMPOBATbh HA MHTAaKTHOM YPOB-
He OCHOBHbIe GesKy KOPOBbeil MOJIOYHOJ CBIBOPOTKM M Ka3elHa MeHee
yeM 3a 15 MMUHYT.

3.2. Xpomamozpagus

Xpomarorpadguss — mpolecc pasfeneHMs] BelecTB, HaXOISIIVXCS
B CMeCY WJIM B PaCTBOPE, Ha COCTABIISIIONIVIE KOMIIOHEHTHI B CUCTEME IBYX
a3, omHa M3 KOTOPBIX HEIOIBYIKHA, a ApyTras lepeMelaeTcsi OTHOCK-
TeJIbHO NepBoii. [lepeMelieHne CroCOOGCTBYET MUTPALIMM BEIECTB, IPU
9TOM HEMOABWXKHAS (a3a He M3MEHSIeTCsl, 8 KaKAblii KOMIIOHEHT JBU-
KeTCSI He3aBUCUMO OT APYTUX C COGCTBEHHO CKOPOCTHIO.

ITo arperaTHOMY COCTOSTHUIO CYCTEMbI, B KOTOPOJ IIPOMCXOIMT pase-
JIeHVe BelleCTB, XpoMarorpadus pasnenseTcsl Ha ra3oByI0 U KUOKOCT-
Hy1o. [To MexaHU3My pa3fe/ieHNs] — Ha pacipesieNnTeNbHyI0, aacopoum-
OHHYI0, MOHOOGMEHHYI0, Te/ib-XxpoMaTorpaduio, abduHHY0. Bo3MoXkHO
coueTaHye HeCKONbKMX OHOBPeMEeHHO MTPOTeKAaIoLIMX IIPOLIECCOB C pas-
JIVYHBIMY MeXaHU3MaMy Pa3ieneHys], HO OOVH M3 HUX BCETHa SIBISEeTCS
JOMVHYPYIOIIMM.
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3.2.1. I'a308as xpomamozpagus

B rasoBoit xpomaTorpadun nouBuxkHoOM ¢asoii sBiasercs ras. B 3a-
BMCMMOCTY OT COCTOSIHVSI HEIIOABIKHO (a3bl razoBast xpomarorpadus
rojpaszessieTcsl Ha ra3o-afcopOIMOHHYI0 (KOIa HeloABVKHOM da3oit
SIBJIIETCS TBEPAbIi aficOPOEHT) U Ta30-KUAKOCTHYIO (KOTIa HEMOMBIK-
HOJ1 da3oit sSIBASIeTCS KUAKOCTh MK, TOUHee, TUIeHKa KUIKOCTY Ha I10-
BEPXHOCTM YaCTUL] TBEPIIOTO a[ICOPOEHTA).

l'azoBast xpomaTorpadust B OCHOBHOM MCIIONb3YeTCsl ISl UCCIe0Ba-
HUS JIeTyuuX apoMaTHM4ecKUX COefAMHeHM, IPUCYTCTBYIOIIMX B MOJIOKe
¥ B MOJIOUHBIX IIPOAIYKTAX, B IEPBYI0 04epes B chipe [58]. O6pasyroimecst
B pe3y/bTaTe IIPOTe0IM3a MEeNTHU bl PA3HOIO pa3Mepa M CBOGOIHbIe aMU-
HOKVCJIOTBI CITOCOGCTBYIOT 06Pa30BaHMIO BKyCa, OOIIEro AJ1s1 GOMbIIMHCTBA
CBIPOB, @ CBOOOHbIE AaMVHOKVC/IOTBI SIBJISIIOTCSI BKHBIMY ITpeJIIecTBeH-
HMKaMU [IMPOKOTO CIIEKTPa KaTaboIMUecKuX peakiinii, KOTOpbie TIPOM3-
BOJSIT JIeTyune coevHeHMs], GopMupyloliye BKyC M apoMart cbIpoB [59].

3.2.2. JKudxocmHuas xpomamoezpagus

B ocHOBe 3TOr0 MeTOna JIEKUT afCcopOIVST OTpeieNsieMbIX KOMITIOHEH-
TOB, HaXOASIIMXCSI B PAaCTBOPEHHOM COCTOSTHMM, TBEDABIM BEIeCTBOM,
UTPAIOLIMM POJIb HEMOABIOKHOM (asbl. B kauecTBe amcopOGeHTOB B afi-
COPOBIVIOHHO-KVIKOCTHO XpoMaTorpaduy IpUMeHSIOTCSI OpraHuyecKye
M HEOpraHMYecKue BelecTBAa: €axapo3a, KPaxMas, OKCUA ATIOMUHMS,
cyIMKaresib, aKTMBMPOBAHHBIA yroib U Op. PasneneHyue KOMIIOHEHTOB
CMeCH TIPOUCXOOUT BCIEACTBME Pa3mnums UX GU3MUECKUX CBOJICTB (JIeK-
TPUYUECKOTO 3apsifia, MOJIEKY/ISIPHOI MacChl, rMaAPodO6HOCTH), 06y C/IaBIN-
BaIOIIMX MX CPOACTBO K KakHoii ase. YUeM sryunie BeIecTBO paCTBOPUMO
B YKMJIKOI TTOZABMKHOI (hase, TeM Hasbiiie OHO MPOABMHETCS 10 HATIpaB/e-
HUIO TOKa PAaCTBOPUTENS, JEMOHCTPUPYST HU3KOE CPOJICTBO K HEIOZBIIK-
Ho¥ dase. BelecTsa, I7I0X0 pacTBOPMMbIe B MOABIKHOI (ase, pacmono-
sKaTcst GvoKe K TOUuKe HaHeceHMsl. Takum o6pa3oMm, cHavyasaa U3 KOMOHKU
ITIOUPYIOTCS] COeNVIHEHMS C HU3KMM CPOICTBOM K HEIOZIBVIKHOI dase, 3a
KOTOPBIMM CJIEAYIOT 60jiee POYHO yaepskuBaeMble coenmHeHus [60].

K meTonmam skuIKOCTHOM XpoMaTorpadmy OTHOCSITCS MOHOOOMEHHast
xpomarorpadusi, renp-dunbrpauus, abdunnHas xpomartorpadusi. Oco-
60e MecTo B 3TOM DSy 3aHMMAaeT BbICOKOI(DdeKTMBHAS KMIKOCTHAS
xpomatorpadust (BIOJKX), HasbiBaeMasi Takke SKMIKOCTHOM XpPOMAToO-
rpadueit BHICOKOTO IaBjieHMst. DTO Haubosiee MepCreKTUBHbIN 1 IUPO-
KO UCIIONb3yeMblif aHATUTUUECKMIT BAPUAHT K/IACCUUYECKOI KOMIOHOYHOI!
xpomatorpaduu B cOBpeMeHHOM MPUOGOPHOM UCTIONTHEHWM.

3.2.3. HoHoobmeHHas xpomamozpagus

OcHOBaHa Ha CIIOCOGHOCTY HEKOTOPBIX TBEPIBIX BELeCTB (IOHUTOB)
06MEHMBATHCS MOHAMM C MOIJIEKAIMMM Pa3[e/eHUI0 BelleCTBaMMU.
[IpuMeHsieMble B MIOHOOOMEHHO! XpomaTorpaguy MOHUTHI MOTYT GBITH
KaK OpraHMYeckuMMM, Tak M HeopraHmdyeckumu. CrOCOGHOCTb K MOH-
HOMY OOMEHY OIpefesnsieTcsl CTPOeHVeM MOHUTA, NPeNCTaBisIOIIero
co00i1 KapKac, Ha KOTOPOM 3aKpervieHbl akTuBHbIe rpymmbl (—COOH,
-SOzH, -NH;Cl, -NH,Cl u gp.). B 3aBucuMMOCTM OT O6MeHa KaTMOHOB
WX aHMOHOB MOHMTHI JEJISIT HA KATMOHUTHI, aHUOHUTHI ¥ aMGOIMUTBL.
Ha npuHImnax moOHOO6GMEHHOM XxpomaTorpaduy OCHOBAaHO pasjeleHne
aMMHOKMC/IOT B aMMHOKMCIOTHBIX aHanu3aTopax [61,62].

3.2.4. T'env-punompayus (2eJibnpoHUKAWAs Xxpomamozpagpus)

TenbrpoHyKawas XxpomaTorpadusi OCHOBaHa Ha pasinuuy B pas-
Mepax, popme 1 MOeKy/ISIpHBIX Maccax 6eKOB U MeNTULO0B. DTOT MeTOJ,
TperosaraeT OTCYTCTBME B3aMMOAECTBIUSI MEXKAY HEITOABIKHOM (asoit
(resleM) ¥ pPacTBOPEHHBIM BeIleCTBOM. Pa3fesleHue NMpOMUCXOAUT B XpO-
Marorpadguyeckux KOJTOHKAX, 3allOTHEHHBIX chepuyeckuMu 4acTULaMu
Ha6yxuero rens (pasmepom 10-500 MKM) M3 HOIMMEPHBIX MaTePUaIOB.
YacTuupl resst MpoHUIIaeMbl Gy1arofapsi BHyTpeHHMM KaHajam, KOTOpble
XapaKTepu3ylTCs ONpefe/leHHbIM CpelHMM AyameTpoM. IIpu mpoxoxne-
HUY pacTBOpa 06pasiia yepes rpaHysibl HOPUCTOTO Tefisl pasaesieHue Mose-
KYJI MTPOMCXOOUT UCKITIOUUTEIIBHO I10 X pasMepy. YeM MeHbIIIe MOJIEKYJIbI,
TeM Jierye OHM IIPOHMKAIOT CKBO3b IIOPbI BHYTPb IPAHYJI refisl U O3TOMY
JoJIblile 3a/iepXKUBAIOTCs TaM. IIyTh UX IIPOXOKAEeHUS yepe3 KOJIOHKY I10-
JIy4yaeTcs AMMHHee, yeM y Gojiee KPYITHBIX MOJIEKYJT GEIKOB U IMEeNTUIOB,
KOTOpBIE He CIIOCOOHBI IPOHMKATh BHYTPb IIOPUCTBIX TPAHYJI Teisl.

V3BeCTHO IIpMMeHeHue MeTofa reb-GuibTpanym A OLeHKY IIpo-
Liecca Co3peBaHMsI CbIPOB ITyTeM aHalM3a TaK Ha3blBaeMbIX MENTUIHBIX
npodwmeii [63]. Pa3nuums B KaueCTBEHHOM COCTaBe MENTUIHBIX (pak-
LMt Y VX KOJIMYECTBEHHbIe COOTHOLIEHMS MTO3BOJISIIOT U3YYUTh OCOGEH-
HOCTM IIPOTEKaHUsl IPOTEONUTUYECKUX IIPOLIeCCOB IIPU CO3PeBaHUU
CBIPOB, @ TAKXKe BBISIBUTb BUIOBbIE PA3INUMS 3PeJIbIX ChIPOB, M3TOTOBIIS-
eMble 110 Pa3HbIM TeXHOJIOTUSIM.

3.2.5. Appunnas xpomamozpadus

CymHocTh MeTona addMHHOM XpoMaTorpaduu 3aKI04aeTcs B Crie-
uMdUIECKOM B3aMMOJIENCTBUM GEIKOB C OCOOBIMM BelecTBaMu — JiN-
raHfamu, 3aKkpelvIeHHbIMM Ha HeNoABMKHOI ¢ase. Mcronb3yembie
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MOJIEKYJIbI JIMTAH/IOB HE JOJDKHBI BbI3BIBATH HEeCTECTBEHHbIE B3auUMO-
IeiCTBYS ¥ 3MEHSTb KOH(OopMaInyio MpyUcoenHIeMOoro K HuM Genka.
PacripocTpaHeHHbIM BapuaHTOM apduHHON XpomaTorpaduu siBIsSeTCs
nMmMmyHoaddyHHas xpomaTorpadusi ¢ MCIIOIb30BaHMEM aHTUTEN B Kaye-
CTBe JIMTAaHMOB.

ITpy npomnyckaHmum cMmecy 6esIKOB yepe3 KOJIOHKY BCe MOJIEKYJIbI, KO-
TOpBbIe He 06/1aIal0T CPOZICTBOM K JIUTaHALY, 3aKpeIVIeHHOMY Ha HOCUTeTe,
MPOVAYT He 3a[epsKUBasICh. A GeJIOK, MMeIoIInii CpoACcTBO K adhduHHOMY
nvraHgy, 6yzneT agcop6upoBaThesl Ha KoloHKe. [Toce aToro ancop6upo-
BaHHBI 6€IOK ¢ KOJIOHKY BbIMBIBAIOT 6y(epHbIMM CMECSIMMU C U3MEeHEeH-
HOJi BeTn4unHO pH, MOHHOI CUIION, a TakoKke BBeZleHNEM B COCTaB JI0eH-
Ta BelLIeCTB, OCTAGISIOIMX CBSI3Y MEXIY 6elKaMy U TUTaHJaMU.

[MpuMeHUTENBHO K MONOYHBbIM GenkaM adduHHas xpomarorpadust
6blIa TIpVIMEHEeHa IS BbIIeNeHusl [B-IaKToNIoOyIMHAa M3 MOJIOYHOI
CBIBOPOTKM, & TAKXKe JJISl U3BJIeYeHMS] MEJIKUX GEJTKOB U3 U3O0JSITOB Chl-
BOPOTOYHOTO 6esKa. ITOT MeTOJ, MOXKET GBbITh MCIIOIb30BaH TaKKe IS
KOHIIEHTPUPOBAHUSI, BbIAENEHUSI Y MAEHTU(GUKAIUY BTOPOCTEIIEHHbIX
KaTMOHHBIX GeJIKOB, TAKMX Kak JakTodeppuH u Apyrue hakTopsl pocta
[64,65], MmenamuHa [66].

BblieonucaHHble METOLbI pa3esieHNs GelIKOB He0OXOOVIMbI 1 06s13a-
TEJIbHBI IS MX TOCIenyIoneil uaeHTnGuKanym ¥ oToMy B IIPOTEOM-
HOM aHajy3e OHM UCIIONb3YIOTCS B KOMOMHAIMY C METOAAMMU, TIO3BOJIS -
IOIVIMY OGHAPYKUTD M PACIIO3HATH OT/e/bHbIe GeKI.

4. MeToasl ugeHTUGUKALUM GEJIKOB

K Hambosee MOMy/ISIPHBIM MeTOAaM MAeHTU(UKALNKY GETKOB Mocie
UX pasgeNieHus 3MeKTPoGOopeTUUecKMMU MU XpoMaTorpaduyeckummu
MeTOAAaMM OTHOCSITCSI BECTEPH-OJIOTTMHT ¥ MacC-CITIEKTPOMETPUUECKIiL
aHaIms3.

4.1. BecmepH-610mmuHz

BecTepH-GIOTTUHT IPeLCTaBAseT co60ii MPOLeaypY, LIeJbI0 KOTOPOit
SIBJISIETCSI OOHApYyKeHMe ONpeieNIeHHOTO (crelyduueckoro) 6enka B 1c-
creryeMoM o6bekTe. Besiky 06bIYHO aHAIU3UPYIOTCS 110C/Ie pasaeneHust
C TIOMOILBIO 371eKTpodopesa B MONMAKPUIAMUTHOM Tejfle C JOLEeLMICYIb-
darom Hatpust (SDS-PAGE) B COOTBETCTBMM C MX MACCOM MM C TIOMO-
IpI0 JByMepHOro 3nekTpodopesa B rese (2-DE) B cooTBeTcTBUM € X pl
M Maccoii. 3aTeM pasje/ieHHble GeJIKM IepeHOCsITCS Ha MeMOpaHbl, rae
KOHKDETHbIe MHTepecylolye GelKy MOTYT ObITh OGHAPYKEHBI C IOMO-
LIBI0 @aHTUTEJI, pacliO3HaOUIVX Lenb [67,68,69].

KonyuecTBeHHbI BeCTePH-OIOTTUHT COCTOUT M3 YeThIpexX OCHOBHBIX
JTanoB: 1 — pasjeneHue GeNKOB MO pasMepy; 2 — mepeHoc Genka Ha
TBepAYIO MOJIOKKY (MeM6paHy); 3 — MapKMpOBKa 1ie/ieBoro 6eska ¢ uc-
M10/Ib30BaHME€M COOTBETCTBYIOIIMX MEPBUYHBIX M BTOPUYHBIX aHTUTEN
ISl BU3yanusaumn; 4 — MomyKonuyecTBeHHbIN aHamus [70].

C MOMeHTa CBOero BO3HMKHOBeHMs B 1979r. [71,72] 6noTTuHr Gen-
KOB IIOCTOSIHHO pa3BUBajcs. B HacTosIee BpeMs CyLIeCTBYIOT pPasiny-
HbI€ CIIOCOOBI U CPELICTBA €ro OCylLIecTBaeHMs. [lepeHOC GEKOB MOXKET
OCYIIECTBJISITbCS METOJaMM, OCHOBAaHHBIMM Ha IPMHLMIIAX IIPOCTON
nmbdy3un, BaKyyMHOTO IOTOKA PacTBOPUTENS, MeKTPodopeTnyecko-
ro smoupoBanyus 1 Ap. OOVH U3 NMOCIeIHMUX BapMaHTOB OCYILeCTBAEHMS
9TOr0 MEeTOZAA IpPEeACTaB/leH B IPOTOKOIe, pa3paboTaHHOM KOITyMOMii-
CKMMM yYeHbIMU [73].

B ny6nuKkanusx, oCBeIlalIMX UCIOIb30BaHNe BeCTepPH-GIOTTUHTA
IpY U3y4yeHUM MOJIOYHBIX OesKOB, MpeobnafaloT HarpaBieHus], CBS-
3aHHbIE ¢ OOHapykeHMeM danbcudukanym cocTaBa MOJIOKA U MOJIOY-
HBIX TPOAYKTOB. Cpenyu HMX ClemyeT OTMeTUTh pabory Chavez u ap.
[74] o mpuMeHeHUM BeCTEPH-GIOTTMHTA C UCIIOIb30BAHMEM ITOIMKIIO-
HalbHbIX AHTUTEN JJIsI OOHAPYXeHMsI IMKOMaKpOIenTuia B MOJIOKe
M B IPYTMX NMIIEBBIX CUCTEMaX, COLepKallyX MOICHIPHYIO CBIBOPOTKY.
9TO MOXeT GbITh MOJNIE3HO MPU YCTaHOBIeHMM ambcuburanmum Moaoka
MOJCBIPHOM CHIBOPOTKOI, MPUCYTCTBME KOTOPO MOKHO OGHApPYXXUTb
uaeHTUdGUKaIMel MIMKOMaKponenTuaa. B JaHHOM crydae IIMKOMaKpo-
TMeTTU/ SIB/IsIeTCS crieluduyeckuM MapKepoM, T. K. OH OTCYTCTBYeT B MO-
JIOKe, HO IIPUCYTCTBYET B CBIBOPOTKE, 06pa3yIoLIeiics] Ipy MPOM3BOICTBE
ChIpa. ITO SIBJISIETCS] Pe3YJIbTaTOM CBePThIBAHMSI MOJIOKA ChIUY>KHBIM (ep-
MEHTOM I107, Ie/ICTBMeM XMMO3WHa, KOIZia MOJIOYHBIH 6esoK (k-Ka3euH)
pacriajaeTcss Ha [Ba IeNnTujaa. bosee KpynHbIM NeNTHj, Ha3bIBaeMbIi
napa-k-KaseyHoM (octatkyu 1-105), octaeTcst B CTpyKType o6pasyroe-
rocsi rejyisi, a MeHbLINII — INIMKOMakponenTus (octatku 106—169) — nepe-
XOIMT B CIBOPOTKY. OH IpefcTaBisieT co60i1 IMMKO3MIMPOBaHHbII pac-
TBOPMMBIi MENTHUI C MOJIEKY/ISIPHOI Maccoit 6,8 klla 6e3 IMKO3MIHOM
yacTu. IMMKoMakporenTus siBiasercs: crenuduyeckuM KOMIIOHEHTOM
MOJCBIPHOM CHIBOPOTKM U JO/KEH OTCYTCTBOBATh B Hedanbcupuuypo-
BaHHOM MOJIOKe. ABTOpBI COOOLIAIOT, YTO C MOMOIIBIO BeCcTepH-6/I0T-
TMHTa MOXXHO 00HapykuTh B Mosioke 0,001% rmuromakpomnentuzaa, 0,5%
sxuakoii u 0,001% cyxoit ToAChIPHOM CbIBOPOTKM.
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CnemyeT OTMETUTD, UTO IIMKOMAaKpPOIIENTH]], BbIIEISIEMbI U3 IO -
CBHIPHOI CHIBOPOTKM, 06JIafiaeT BICOKMMM IMUTATENbHBIMU CBOVICTBAMU
M OTHOCUTCSI K QYHKIMOHANBbHBIM MHrpenyieHTaM. Hekoropsle Komma-
HUM T10 IPOM3BOZCTBY MOJIOUHBIX IIPOLYKTOB YK€ KOMMePIUaIu3upyoT
ero, 4yToObl BOCIIOJIb30BAThCSl €r0 MOTEHLMAIOM B KayecTBe IMMUIIEeBOM
nmo6aBKy. BMecTe ¢ TeM OH SIBJIsieTCsl MapkepoM GanbcuduKaiym MoIoKa
MOJCBIPHOI CbIBOPOTKO¥, KOTOPBII MCIIO/Ib30BAJICS B PA3IMUYHBIX METO-
Jlax aHanausa, B Tom unciae BIXKX [75].

B pa6ore Molina u coaBTOpOB [76] CHIBOPOTOYHbIE GEIKM MOJIOKA
O-TTAKTaIBOYMIH U B-1aKTOITIOOY/IMH pacCMaTPUBAIOTCS Kak danbeudu-
LMPYIOLIME aTeHThI B COEBOM MOJIOKe. JIJist X 0GHAPY>KeHMsI ObLT pyuMe-
HEH MeTOJ, BeCTEPH-6I0TTYHTA TI0C/Ie pa3/ieNeHus] COeBbIX M MOIOYHbIX
6enkoB ¢ nomotpio SDS-PAGE. ITocie anektpodopeTnyeckoro pasjie-
yieHus1 6blIa MPOBefeHa MMMYHOIETEKLMS C aHTUCHIBOPOTKAMM ITPOTUB
o-JIAaKTaTbOyMUHA U B-JaKTOINOOYIMHA. ABTOPBI YTBEPXKIAIOT O BO3-
MOKHOCTM OOHapyskeHus! (ambcubuKanym CbIBOPOTOUHBIMM OeIKaMuU
MOJIOKA B Pa3IMUHbIX BIIAX COEBOTO MOJIOKA (B CYXOM COEBOM MOJIOKE
Y COeBBIX JeTCKMX CMeCsIX) Ha MMHMMalIbHOM ypoBHe 0,1%.

B pa6ore 3TuX ke y4eHbIX [77] IpeCcTaBIeHbl pe3yIbTaThl UCCIEN0BA-
HMIT 110 OGHAPY)KEHMIO MMacTepM30BaHHOTO M Y/IbTPAracTepru30BaHHOTO
KOpOBbETO MOJIOKA, & TaKKe TePMUYECKM [eHaTypUpOBaHHBIX ChIBOPO-
TOUYHBIX 6€IKOB KOPOBBETO MOJIOKA B ChIPaX, M3TOTOBJIEHHBIX M3 MOJIOKA
IPYTUX KUBOTHBIX (OBEULETO, KO3bEro M OYIfBOIMHOrO). [IJisT 3TOTO MC-
MOJIb30BAJICSI BECTEPH-OIOTTUHT [B-TAaKTOOOY/IMHA, BbIJEIEHHOTO U3
Ka3eMHOBOM (pakumu, ¢ UMMYHOAETEKIIMEeH aHTUCBIBOPOTKOI. V3yya-
JIaCh CeIeKTMBHOCTb aHTMChIBOPOTOK B peaKklMy C HAaTMBHBIM U AeHaTy-
PUPOBAHHBIM B-TaKTOINIOGYIMHOM. YCTaHOBIEHO, UTO MMMYHOGIOTTUHT
HaTUBHBIX MIaCTMHOK PAGE ChIBOPOTOYHBIX GEJIKOB U3 ChIpa IMO3BOJISIET
06HAPYKMBATh JeHATypUPOBAaHHbIE TIOA AECTBMEM TeIlla ChIBOPOTOYU-
Hble GeJIKM KOPOBBETO MOJIOKA WM MacTePU30BAaHHOE KOPOBbE MOJIOKO,
nIob6aBiieHHbIE B ChIP AaXKe B KOMMYeCTBe MeHee 1%.

B my6nmkanyy TypeLkux yuyeHbIX [78] MpuBeIeHbl pe3yIbTaThl CPaB-
HUTENIbHBIX MCCIeJ0BaHMIT dnekTpodopeTndeckux mpoduieit hpaximin
KaseuHa B KOPOBbEM M OyifBOMMHOM Mojioke. O6pasijpl MOMOKa ObLIN
MPOaHaNIM3MPOBAHbl HAa IMpegMeT MOJEKYISIPHOI Macchl ux (paximin
KaseyHa ¢ MMOMOIIbI0 3eKTpodopesa B MONMAKPWIAMUIHOM TeJie C J0-
nmenwicyabdatom HaTpust (SDS-PAGE) n BecTepH-6/0TTHMHTA. YCTAaHOB-
JIeHO, YTO Ka3eMHOBble GpaKkUyM ag, B 1 k B GYIABOIMHOM MOJIOKE MMEIOT
60Jiee BHICOKME MOJIEKY/ISIPHbIE MACChl, UeM Te ke (GpaKkuyuy B KOPOBbEM
MOJIOKE. DTO MOKeT ObITh UCITOJIb30BAHO JIJIS1 MAEHTUGUKAIIMY MOJIOKA
KOpOB 1 6yiiBouil. Kpome TOro, 6bUT CIie/IaH BbIBOI, O TOM, UTO GYiiBOIN-
HOE MOJIOKO MOXXET TOJIOKUTETbHO BIUSATb Ha PEOJIOTUUECKME CBOMCTBA
M BBIXOJI, U3TOTOBJISIEMBIX M3 HETO MOJIOYHBIX IIPOSYKTOB.

4.2. Macc-cnekmpomempus

B ocHOBe MeTona JIEXKUT MOHM3ALMSI MOJIEKY/ GEJIKOB U IENTUAOB
C MOC/TeyIIVM pasfieleH)ieM MOHOB B BaKyyMe 3J€KTPUYeCKUM WU
MAarHMTHBIM I10JIEM B 3aBMCYMMOCTH OT MX MAcCChl ¥ 3apsfa, BIUSIOIMX Ha
CKOpOCTb NepeMeltieHus. MeTopn peannusyeTcs: B Ipubopax — Macc-Crek-
TPOMeTpax.

CHauasa oCyIlleCcTB/IsIeTCSl MOHM3alysl MOJIeKyJ1, 3aTeM — I1epeBOof, MOo-
HOB B ra3oByIo ¢a3y B BAKYYMHOI 4acTM Macc-ClieKTpoMeTpa. [imy6Gokmii
BaKyyM Heob6XomuMm Jjis obecriedeHust 6ecrpensTCTBEHHOTO OBVIKEHMSI
MOHOB, T. K. IIPY €r0 OTCYTCTBUY MOHBI PacCeMBAIOTCS U TepSIOT 3apsif,. Ha
3apsDKEHHYI0 YaCTULLY, IBVIKYILYIOCS B MAarHUTHOM MJIU JIEKTPUYECKOM
rosne, gelicTByeT cuia JlopeH1ia, ucKaxkalolas ee Tpaekropuio. Omnpepe-
JISIeTCSl PasHMLA TPAaeKTOPUI MOHM3MPOBAHHBIX MOJIEKYJ, 110 KOTOPOM
pPacCYMTBIBAIOTCSI COOTHOLIEHMS X Macc U 3apsifoB (m/z). IlogcueT nonn
KaXA,0r0 KOMIIOHEHTa OCYLIeCTB/ISIeTCS ITyTeM M3MepeH)s] VTHTeHCUBHO-
CTM MOHHOTO MTOTOKA. Macc-CreKTp BelecTBa npeacTasisieT co60it CoBo-
KYIIHOCTb 3HaUY€HMI OTHOLIEHNSI MacChl K 3apsay (m/z) Bcex MOHU3UPO-
BAaHHBIX MOJIEKYJI, IIPEJICTABIEHHBIX B 3aBUCUMOCTY OT MHTEHCUBHOCTU
MOHHOTO TOKa.

CywiecTByeT MHOXKECTBO MOIMOMKAIViI MacC-CIIeKTPOMETPUIeCKOo-
ro aHaIM3a, OTINYAIOLIMXCSI KaK METOLAMY MOHU3aLMy MOJIeKyl OelKoB
Y MeNTUIOB, TaK ¥ MeTomamMy ux uaeHTudmkaumy. Croco6aMy MOHK3a-
MU MOTYT ObITh: 6GoMOapaupoBKa 6bicTpbiMy aTomamu (FAB — fast atom
bombardment); mMaTpMYHO-aKTMBMpPOBAHHAS Jja3epHasl ecopOIys/mo-
umsaiust (MALDI — matrix assisted desorption/ionization); nonmsanmst
anekTpopacmbutenuem (ESI — electrospray ionization). Han6onee pacrpo-
CTpaHeHHbIMU U3 HUX SIBJISIIOTCSI MOHU3ALMS neKTpopacibuieHueM (EST)
¥ MaTPUYHO-aKTMBMPOBAHHASs 1a3epHast gecopbums/vonnsanys (MALDI).
DTV METOZbI CUMTAIOTCS IIANSAIMIMMY, T. K. HE BbI3bIBAIOT pa3pyIlIeHNus OT-
HOCUTEJIbHO XPYIKMUX TMENTUAHBIX MOJeKyl BO BpeMs MoHu3auuu [79].

B meTone MoHusanum anekrpopacmsiiennem (ESI) o6pasery B hopme
pacTBopa pacmbUIsieTcsl Yepe3 HeGOJbIIO UTOIbUaThIN U3JTy4aTelb MOf,
BBICOKMM HalpsbKeHMeM Ha BXOJ, Macc-creKkTpomeTpa. ITocKonbKy 3To
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HeIpepbIBHOE paclibl/ieH)e, er0 MOXXHO JIETKO COeIVHUTD C 3/1I0aTOM U3
SKMIKOCTHOM xpomarorpadum (KX), 4To nos3BosseT MpOBOIUTb OHJIANH
JKX-ESI-macc-cnekTpoMeTpuo.

Meropn, nasepHoit mecopbuum-moHusauumu ¢ marpuueit (MALDI)
BK/TIOYAET CMeIlMBaHye obpasiia ¢ MaTpuliel, CyIIKy ero Ha CTaabHO
MMIIEHHM, a 3aTeM OOlIydyeHMe BBICYLIEHHOrO ISITHA o6paslia JIa3epoM.
MALDI [0BO/NBHO CIOXKHO B3aMMOZENCTBYET B TaHAEME C KUIOKOCTHOM
xpomarorpadueii, HO MOXeT 06ecreunTb GbICTPBIVi AaHATN3 OUeHb He-
6OJBLIMX KOJMMYECTB aHAIU3UPYeMOro BelecTBa. OGBIYHO OH KOMOYHM-
pyeTcsl ¢ BpeMSIPOJETHbIM MacC-aHaaM3aTOPOM. VConb3yeMblil Ipu
arom BpemsmponetHoiit metor, (ToF — Time of Flight) mo3BonsieT ompe-
JIeJISITh CKOPOCTD ABVDKEHMSI YaCTHUIIbI TI0 BpeMeHY IpojieTa OT MULIEHN
Jlo getexkropa [79].

Macc-crieKTpoMeTpysl IIpefycMaTpyBaeT ABa Iogxona K uaeHTndu-
Kauuy GesIKOB: METOOM «CBepXy BHM3» (top-down) ¥ METOLOM «CHU3Y
BBepx» (bottom-up).

Meton, top-down OCHOBBIBAETCS Ha MAacC-CIIEKTPOMETPUYECKOM
aHa/mM3e HelOBPEXIEHHBbIX OeNKOBbIX MOJeKyl. B meronme bottom-up
MIPUMEHSIETCST TIPeABAPUTEIbHOE YH3MMATUUECKOe paciiervieHne 6enka
IJIS TIONyYeHMs1 Habopa MenTUIHbIX dhparMeHToB. Pacumbposka momy-
YEHHBIX CIIEKTPOB MENTHAOB OCYLIECTBISETCS] MyTeM CONOCTaBIeHMS
C MeNnTUAHBIMU 6a3aMy SAHHBIX U MO COBOKYITHOCTY IENTUIOB JaeTcst
XapaKTepUCTUKA U UAeHTUDMKALMS MCXOmHOTo 6enka [80].

CrnemyeT OTMETUTD, YTO pacuiM@poBKa Macc-CIEKTPOB U MHTepIIpe-
Taysl MOMy4YeHHO MHGOPMaLVK SIBISeTCsT BayKHeMIIMM 3TalloM Macc-
CIeKTPOMETPUMYECKOr0 aHaaM3a. JTa Mpoleaypa TpebGyeT MpoBemeHMst
KOMITBIOTEPHOI 06paGOTKM Pe3ylbTaToB M obpalieHust K 6a3aM Macc-
CIIEeKTPaIbHBIX JaHHbIX, TakuM Kak NIST (CIIA), MassBank (Smonmus).

B Hacrosimiee Bpemsi MacC-CIEKTPOMETpPMsI IpPMU3HAHA OCHOBHBIM
MeTOIOM aHanu3a G6enkoB, Graromapsi MHGOPMATMBHOCTYM, UyBCTBU-
TeMIbHOCTY U 3KCIIPECCHOCTU. DTOT METO[, [TO3BOJISIET He TOMbKO ObICTPO
M HaJeXHO OIpeAessiTh IepBUYHYI0 CTPYKTYpY GeNKOB, HO U M3y4yaThb
CTPYKTYPBI 60JIee CJIOKHOTO MOPSIIKA, & TAKXKE YCTAHABIMBATH TUIL U Me-
CTO MOCTTPaHCSILMOHHBIX Moayudukayit [81].

Macc-creKTpoMeTpysi BbICOKOTO paspellieHysl MOATBepAuIa CBOIO
Ba)KHOCTb IS HAEXKHO!M XapaKTepUCTUKU IpoTeodopm 6enKkoB Ko-
POBBETO MOJIOKA, OCOOEHHO MPOTE0(dOPM C HEOONBIIMMM Pa3TUUNSIMU
B MOJIEKYJISIDHOJ Macce, TaKMX Kak B-KaseMH Al U A2, oTIMYAOIIMXCS
BCEro ONHO aMMHOKMWIOTOI. Takasi TOUHOCTh He06X0omMa IJ1s1 TOYHOM
¥ OMHO3HAYHOM MAEHTUGUKALIMY MOJIOKA CO CelMbUIecKUM COCTaBOM
B-kaszeuHa (Hampumep, Momoka A2A2, KOTOpoe MMPOKO M3BECTHO Kak
mosoko A2) [57]. TanmeMHasi Macc-CIIeKTPOMeTpHs C MOHM3aLMell d/1ek-
TpopacnbuienneM (ESI-MS/MS) ycrmeurHo npumeHsieTcsl Oas1 UAEHTU-
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¢dukanyy 610aKTUBHBIX MENTUIOB B MMIIEBBIX MAaTPUIIAX, B TOM 4KCIIe
B cbIpax [82].

Macc-creKTpoMeTpusl KaK BbICOKOTOYHBIV aHAIUTUYECKUII MeTOZ,
Halllla IIMpPOKOe IPMMeHeH)e B KOHTPOJIe KayecTBa MOJIOUHBIX MTPOIYyK-
TOB. C ee IOMOILBIO yUeHble MOIYT OGHAPYKMBATh Pas3aMyHble 3arpsi3-
HeHUs], TaKye KaK TOKCMUHbIe MeTal/Ibl (CBMHeL, ¥ Kaamuii [83]), oleHn-
BaTh JKM3HECMOCOOHOCTh MOe3HbIX b6akTepuit (budmnobakrepuit [84]),
KOHTPO/IMPOBATh TOPMOHAIBHBIN (HOH (Ompernesnsisi YpPOBeHb 3CTPOTeHOB
[85]), a Taxske BBISIBISTD hanbcubuKanuio MyTeM o6HapyKeHuUs J06aBOK
CyXOr0 MOJIOKa B HaTypajJbHOM KOpoBbeM [86]. [IpucyTcTBME CYyXOro MOo-
JIOKA B HATYpaJbHOM MOJIOKe B pa6ore [86] 06HapyKMBaIOCh C IOMOLIBIO
MALDI-TOF MS 1o Hayimunio crienydudeckux MenTuaoB, MOauUIMpo-
BaHHBIX I107, BO3/EICTBMEM BBICOKMX TeMIIepaTyp, IpMMeHsIeMbIX IIPU
CYILIKe MOJIOKA.

Yaiiie Bcero Macc-CrieKTpoMeTpHsI MCIIONb3yeTCsl B COYETaHUM C SKUT -
koctHoI ()KX-MC) u razosoit xpomatorpadueit ([X-MC). KombuHaust
JIBYX CelIeKTUBHBIX METO/IOB II03BOMSET Pa3fAesTh X U3MePATb Komuue-
CTBO MHTEPEeCYIIIMX GEIKOB U MENTUAOB B CJIOXKHBIX CMeCsIX ¥ 0OHapy-
KMBATb ONPeZie/ieHHbIe COeJMHeHNS B COOTBETCTBUM C MX IeMeHTHBIMU
M CTPYKTYPHBIMM XapaKTepUCTUKAMMU.

5. BoiBOABI

T8t vicciemoBaHus GeIKOBOJ CHCTeMbI MOJIOKA ¥ MOJIOUHBIX MTPOIYK-
TOB IIPVMEHSIIOTCS Pa3/IMyHble MeTonb! TpoTeoMuKu. Hanbomee pacnpo-
CTpPaHEHHBbIMU SIBJISIIOTCSI METO/bI, OCHOBaHHbIE Ha Pa3/ie/leHuy U U eH-
TUGUKauMM GenKkoB UM NenTuROoB. i pasfeneHus GeIKOBBIX QpakIuii
MCTIONB3YIOTCSI Pa3iMyHble BapMaHThbl 1eKkTpodopes3a U XpomaTorpa-
dun, a gna yugeHTMOUKAIMM — CHEKTPOMETPUSI M BeCT€PH-OIOTTHUHT.

IMomMyMO Hay4yHOJ LIEHHOCTH, 3TY METOZbl MMEIOT BaXKHOE IpaKTyye-
cKoe 3HaueHue. [Ipexxe Bcero, OHO BbIpaskaeTcsl B BbISIBJIEHUM Pa3IMUHO-
ro poma danbcudukanmii cocTaBa MOIOKA ¥ MOJIOYHBIX ITPOLYKTOB. JTO
MOKeT GbITh JoOaB/IeH)e B MOJIOKO ¥ MOJIOUHbBIE IIPOAYKTHI CYXOTO MOJIOKA
VIV TIOACHIPHOM CBIBOPOTKM, @ TAKoKe IOAMEHAa MOJIOYHOTO ChIPbSI MOJIO-
KOM JIPYI'UX XMBOTHBIX, YTO HEJIOIIyCTUMO, HaIlpyMep, IIpy IPOU3BOLCTBE
CBIPOB C 3allMIIeHHBIM HaXMeHOBaHMeM MecTa npoucxoxpaenus (PDO)
WIX C 3aLMIIeHHbIM reorpaduyeckum yrasanuem (PGI).

K nepcrnieKTMBHBIM HallpaB/lIeHMSIM MCIIONIb30BaHMs TPOTEOMHBIX Me-
TOIOB CJIeAyeT OTHeCTU MCCIeNO0BaHMs IPOTEONUTUYECKUX ITPOLIeCCOB,
MpOTeKaIIMX IIPY CO3PeBaHMM CBIPOB, @ TAK)KE YCTAaHOBJIEHME UX BUIO-
BBIX PA3/IM4Mii B 3aBUCUMOCTY OT TEXHOJIOTMM U3TOTOBIeHus. HecMoTpst
Ha 6OJIBIIO MOTEHIAJ IPOTEOMHbIX METOL0B, 0COOEHHO METOZIOB pa3-
IeneHus: U upeHTudUKaLuy 6enKoB, TpeGyeTcsl MpoBeLeHye NONOMHN-
TeJIbHBIX VICCTIeJOBAHMIT B JAHHOM 06/1acTH.
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xenamel Zn, B paboTe 060CHOBBIBAETCS TIEPCIIEKTUBHOCTh IIPMMEHEHMsI HEKOTOPbIX XeIaTHbIX GOPM Zn [t CO3MaHMS HOBbIX 060TallleHHbIX
Jduenuyuxam Zn, MPOAYKTOB MUTaHus. [[pMBOAUTCS KPaTKOe OIMMCAHNE CUHTEe3a XeJIaTHbIX ABOVMHBIX (GOPM: AUTIUIMHAT ZN, TaHTOTEHAT-TJIUI-
HK-cnekmpomempus, HaT Zn, TMAMUHAT-TIMIMHAT Zn, DATPAT Zn, IMCTeMHAT-IIMIMHAT Zn. CUHTe3 XelIaToB BKIIOYAJ CTafyy 06paboTKy coequHe-
MemannoxpomHas HMIT ZN aMUHOKUCIOTaMY ¥ BUTAMMHAMU C YaCTMYHBIM HarpeBOM, a TaKKe YIbTPa3BYKOBYI0 06paboTKy Ha yacToTe 25 KL 1/1st
demexuyusi, CO3JaHMSI MUKPO-HAHOYACTUIL 1 C LIEJIbI0 YCKOPEeHMsT 06pa30BaHysI XeIaToOB. AyTeHTUYHOCTh TIOTy4aeMbIX COequMHeHMIi Obuia
(pomoxonopumempus, YCTaHOBJIeHA C MpuMeHeHueM VIK-creKTpocKonuu ImyTeM CpaBHeHMs C 3Ta/JOHHbIMM Gasamy JaHHbIX. CIIOCOGHOCTD XelaToB
nuwyessle cucmemal, He 00pa3oBbIBATb HEPACTBOPUMbIE COENVHEHMS TTPU TO6GaBIeHNM B TIUILEBbIE CUCTEMbI IIPOBEPSIACh Ha HECKOIbKMX MPOYK-
COXpAHHOCM® TOBBIX TPYIINAX: Ha XJI€006YTOUHBIX U3HEIUSIX, HA MYTbTUGPYKTOBBIX COKOCOEPsKAIMX HAMMUTKAX, HAa KMCIOMOIOUHBIX TIPO-
coeduHeHuLl, IyKTax (Ha Keupe ¥ HaMTKaX, COAepsKalx ChIBOPOTKY), Ha MIPOAYKTaX MepepaboTKM Msca ¥ Ha CaXapUCThIX KOHAUTEPCKUX
YIbMPa3eykoeas usnenusx. CoxpaHseMOCTb PACTBOPMMBIX (OpM Zn OTIpefeisiaCh METOLOM IIPSIMOTO SKCTPAKIIMOHHOTO TUTPOBAHMSI C MCITONb-
o6paGomka 30BaHMEM MeTa/UIOXPOMHOTO MHIMKATOpa IUTMU30HA, C TOoCIenyoleii hoTokonopuMerpueit B BuaumMom crekrpe (530-550

HM) B CpeJie YeThIPEXXJIOPUCTOTO yIiepoaa iy rekcaHa. Cioco6HOCTb SKCTPArMpoBaThCsl M3 MUIILEBO CUCTEMBI JJIs1 XeIaTHBIX
coenVHEeHM Zn yBeIMYMBAIAch B CJIEAYIOIEM MTOPSIIKE: HAMMUTKY HA OCHOBE MOJIOYHO# CBIBOPOTKU < XJ1€6 1 IIPOIYKTHI, COLEp-
skarye GUTUHOBBIE KVCIOTBI < COKOCOIePsKaIlMii HAUTOK < JIOTYPT, B T. 4. C GPYKTOBLIM HAIIOTHUTEIEM < MapMesiaJ Ha OCHOBe
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KEY WORDS: ABSTRACT

Zn chelates, Zn The prospects of using some chelated forms of zinc to develop new enriched food products are substantiated in the work. The
diglycinate, IR authors give a brief description of the synthesis of chelated double forms: Zn diglycinate, Zn pantothenate-glycinate, Zn thiami-
spectrometry, nate-glycinate, Zn citrate, Zn cysteinate-glycinate. Synthesis of chelates included the stages of treatment of Zn compounds with
metallochromic amino acids and vitamins with partial heating, as well as ultrasound treatment at a frequency of 25 kHz to create micro-nanopar-
detection, ticles and to accelerate formation of chelates. Authenticity of obtained compounds was determined using IR spectroscopy by

photocolorimetry, food comparison with reference databases. The ability of chelates not to form insoluble compounds when adding to food systems was

systems, preservation ~ examined on several food groups: bakery products, multi-fruit juice-containing beverages, fermented food products (kefir and

of compounds, whey-containing beverages), products of meat processing and sugary confectionary products. Preservation of the soluble forms

ultrasonic treatment of Zn was determined by the method of direct extractive titration with the use of metallochromic indicator dithizone with the
following photocolorimetry in the visible spectrum (530-550 nm) in the medium of carbon tetrachloride or hexane. The ability
to be extracted from a food system for chelated compounds of Zn increased in the following order: whey-based beverages < bread
and products containing phytic acids < juice-containing beverage < yogurt, including yogurt with fruit filling < marmalade based
on agar-agar and other sugary confectionery products with the similar consistency < products from meat raw materials. The data
obtained indicate significant prospects of developing food products enriched with chelated compounds of Zn to satisfy the needs
of some groups of the population in this microelement.
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1. BBegeHue

CornacHo pelicTBymwouieii B Poccun gokrpune «IIpofoBONbCTBEHHOM
6esomacHocTn»! U «Hopmam (GuU3MONOTMYECKMX MOTPEeGHOCTEl B IN-
IIeBbIX BELIeCTBAaX»2, COBOKYIIHOCTb ¥ CTPYKTYpa MOTpe6/sieMbIX Hace-
JIEHVEM TIPOAYKTOB MUTAHMS JO/DKHBI ObITh (GDM3MOTOTUUECKM M HAYUHO
o60cHOBaHHbIMU. MccnenoBanus B 06/1aCTU SMUAEMUOIOTUY TIUTAHUS
[0Ka3bIBAIOT, YTO B HACTOsILIee BpeMsl 0COOYI0 aKTyalbHOCTh Mpuobpe-
7 paGoThI, HATIpaBJIEHHbIE, B TOM YMC/Ie, HA TIOHMMaHMe POJI MTATAHUS
B BO3HMKHOBEHMM TaKMX MATOJOTH, KaK OKMPEHME U caXapHblii inabet
(CH) [1,2].

Tax, HampuMep, KOMIIApaTUBHbIe MCCAeA0BaHMSI MOMyasiuii Benu-
Ko6puTaHuu 1 Kutasi BoISIBUIM TTOBBIILIEHVE PUCKA KapAKoMeTabonmnye-
CKMUX M MMKPOCOCYAMCTBIX 3a060JIeBaHMii, CepHAEUHO-COCYIUCTON CMepT-
HOCTY, HeDpO- ¥ PETMHOMATUY Y TIALMEHTOB C Pa3IMYHbIMK GopmMamu
OXMpeHUSs 110 CPaBHEHMIO € IMIaMy, He MMeIOLMMM JIMIIHero Beca [3].
Ha ocHOBe pe3y/nbTaToOB MCC/IENOBAHMS MOMYyIsauuu VicaHuu GbUTU BbI-
SIBJIEHBI, HATIPUMep, MeTaboInThI, Koppenupyiouye ¢ CI BTOPOro tuma
(CO2) n oxxupenueM. IIpy 3TOM MOBBIIIEHHOE MTOTPEBIeHME TPEX TPYIII
MPOAYKTOB, TAKMX KaK BBICOKOKAJOpUITHAsI ela Ha BBIHOC, MOJIOYHBIE
MPOYKTHI I HAIIUTKY C CaXapoM, ObIJIO CBSI3aHO C TIOBbBIIIIEHVIEM KOHIIEH-
Tpauyu 13 MeTabonmmuTOB U ¢ pruckoM pasButus CI2 [4].

3a nocneHue fecsiTUIeTVsI HEOLHOKPAaTHO MTPOBOAIIACE CUCTEMHbIe
MCC/IeN0BaHMsI O BAMSIHMM pallyiOHa HAa PUCK BO3HMKHOBEHMS Iepeun-
CJIEHHBIX NaTOJIOTHIt, IPY 3TOM IapasulellbHO HaKaIlJIMBalINUCh JaHHbIE
0 MexaHM3Me BO3JeCTBMS CBOGOAHbIX PAIKAIOB, TeHEPUPYEMBIX ITPU
Yype3MepHOM IOTpe6IeHnM YINIeBOIOB, M MX JeCTPYKTUBHON (usmomno-
ruyeckoit ponu [5]. Hanpumep, mpu natoGusnomornyeckmux COCTOSTHUSIX
ripu C[I, CBSI3aHHBIX C 06OMEHOM U Upe3MePHbIM MOTPeBIeHNEM TTIOKO3BI,
MIPOUCXOIUT reHepanysi CBOGOAHbIX paamKajoB [6]. CBo6GomHbIe pafuKa-
JIbI, B CBOIO OUepelb, OKa3bIBAIOT MOBPEXaloliee BO3eliCTBME Ha Opra-
HBI ¥ TKQHY, BBI3bIBASI OKCUATUBHBII cTpecc [7]. [Ipy 3TOM CrTOCOGHOCTh
OpraHoOB U TKaHel MPOTUBOCTOSITh OKUCIUTEIbHOMY BO3AE€CTBUIO TUM
YaCcTULAM YBETMUYMBAETCS 32 CUET aKTUMBHOCTY (DePMEHTOB, COAEePKAIUX
Zn*2, 4TO OTYACTM U OMpeAesseT ero MPOTEeKTOPHbI M aHTUOKCUIAHT-
HbIl 3¢ (deKT, mogUepKMUBasi BasKHYIO POJIb META/UIONPOTENHOB B OMOXMU-
MM yenoseka [8].

HakorneHbl JaHHbIe, CBSI3bIBAIONIE MTOBbIIIEHMEe BEPOSITHOCTU BO3-
HMKHOBEHUS AyabeTa 2 TUIa ¢ HeJOCTATKOM HEKOTOPbIX aTMMEHTAPHbIX
(bakToOpoB, @ UMEHHO MOHOB Zn*? [9]. aHHbI/ i MUKPOIJIEMEHT SIBJISIETCSI
OJHUM M3 KITI0UEeBBIX, HEOOXOOMMBIX [/IsSl IOAIePsKaHMS psiga 6MoIoru-
YeCcKMX IIPOLLeCCOB OpraHM3Ma 4esioBeKa, B IepByI0 ouepeb 10 IpUIMHe
TOTO, UTO I[MHK BXOAMT B KauecTBe Kodakropa B 6oee 300 MeTaI0Mpo-
TenHOB U (epmMeHTOB [10]. AmeKBaTHOe MOTpebIeHne IYMHKA BasKHO ISt
OrpaHMyYeHMs IIepelnpoU3BOACTBA BOCIAIMUTENbHBIX LUTOKMHOB [11].
LIMHK TpOSIB/ISIET MeMOPaHOCTaOUIN3UPYIOLIME M AHTUOKCUIAHTHbBIE
CBOJICTBA (SIBIsSIETCS KOAKTOPOM CYHEepOKCUAIMCMYTA3bI), PETYIUpyeT
Ba)KHbIe 3Talbl KacKaJOB BOCHAJIUTENbHBIX peaklMii, arionTosa u pas-
BUTUSI TKaHelt [12]. HemaBHO Taxoke 6bl10 0OpallleHO BHUMMAaHMe Ha TOT
(aKT, YTO LMHK MPOSIB/ISIET BO3JE/CTBME Ha TOPMOHAIbHBIN (QOH, OBYJIS -
LIMIO U PETryISIMI0 MEHCTPYaabHOIO LIMK/Ia, KOHTPOIUPYS CTPOreH3aBU-
cumble TIpoueccsl [13]. Bomee Toro, KaTMoHbl Zn*? y4acTBYIOT B IPOIEC-
CUHTe 1 MeTaboIM3Me MHCYAMHA. BbUIO MPOoIeMOHCTPUPOBAHO, YTO TP
HEeKOTOPbIX TeHeTUUEeCKMUX MYTAIMsIX B TeHaX TPAHCIIOPTEPOB Zn BEpOSIT-
HOCTb Bo3HMKHOBeHMs1 C/I Bo3pacraer [14].

ITpyu 3TOM MOKa3aHa MIMPOKAsI PACIIPOCTPAHEHHOCTD AeduunuTa HuH-
Ka B PasAMYHbIX NOMYISILMSIX, B TOM YMC/I€e B Pa3BUBAIOIIMXCSI CTPaHaX
[15]. PekomeH[OBaHHOE CYTOYHOE MOTpeGIeHMe LMHKA BapbUpyeTCs
B Pa3sIMYHBIX CTPAHAX M PerMoHax, CpefHMe OLleHEHHbIe 3HAaYeHMs KO-
neb6moTest ot 6,8 mo 9,4 Mr Ha uenoBeka (myist 50% momynsauuu) u ot 8 1o
11 mr Ha yenoBeka (A5 98% nonynsauuu). PekoMeHAOBaHHbIE BepXHME
3HAYEHUST TIPU Pa3IMYHBIX 3a60/I€BaHMSIX JOCTUTAIOT 15 MT, a BepXHMIT
IONYCTMMbIIf YPOBEHb MOTpeOIeHNsT UHKA olieHuBaT B 40 mr. Tok-
CUYHAsI 103a IIPY 9TOM JocTuraeTcs B auanasone 50-150 mr B neHs [16].
VunThIBasi, UYTO GMOFOCTYITHOCTh IIMHKA CBSI3aHA C XapaKTepOM IUEThI
U C COlep>XKaHMeM B Heli GUTATOB, B HACTOSII[ee BPeMSI PACCUMTaHbI HOP-
MbI TOTPe6IeHNSI LIMHKA B 3aBMCUMOCTHM OT YPOBHS DMTATOB B MUILEBBIX
cucremax. [IJiss My>kKYMH C HU3KUM TI0TpebieHreM QUTATOB peKOMEHY-
eTCs exkeJTHEBHO IT0/IyyaTh 11 Mr, co cpelHUM YypOBHEM — 14 MT, C BbICO-

1 Ykas I[pesuzmenta PO or 21 stuBaps 2020 r. N2 20 «O6 YTBepxkaenun JIoKTpu-
Hbl [IponoBonbcTBeHHOI BesonacHocTy Poccuiickoit @emeparyy» DIeKTPOHHBIN
pecypc https://docs.cntd.ru/document/564161398 llara goctyma 10.06.2024

2 MP 2.3.1.0253-21 «Hopmbl ®U31ONOTMUECKUX TOTPEBHOCTEN B SHEPTUY U U~
LIeBBIX BellleCTBaxX [JIs pas3/JIMYHbBIX IPynn HaceneHus Poccuiickoit @epepannum».
MeTtoanueckue pekomeHgaimm, yr. OefepanbHoii CIyk00¥ Mo Hag30py B chepe
3aIUTHI ITPaB MOTpPe6uTeset 1 6iaarononyuns yeaoseka 22 mionst 2021 r. // Odu-
uuanbHoe uspanue. M.: Pocnorpe6Hagzop. 2021
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KUM YpOBHeM — 16 Mr LMHKa. [l )KeHIIMH COOTBETCTBYIOIIE YPOBHU
cocTassioT 7 mMr, 8 Mru 10 mr [17].

VccnenoBanus, olieHMBIINME C6aIaHCMPOBAHHOCTD PAL[MOHA POCCHSIH,
rnokasauu, 4yTo oT 16% no =~ 27% HaceneHust Poccuy MMerOT HeJOCTaTOK
umHKa [18]. XoTs poccuiickue moTpe6uTeny MMeIOT JOCTATOYHbIN TOCTYI
K TIPONYKTaM MUTAHMSI, OHY He Bcerga MOTYT BOCIIOMHUTb IIOTPeOHOCTh
B MUKPOHYTPMEHTAX C UX MOMOILbIO, TONa/1ast B CBOeO6PA3HYIO «JIOBYII-
KY CpeflHero panyoHa» [18]. Bce Bpilllecka3aHHOE aKTyanu3upyeT Uccie-
JIOBaHMSI MO pa3paboTKe HOBBIX 0GOTalleHHbIX [[MHKOM MPOLYKTOB Mi-
TaHMs.

ITpu 3TOM camo 1o cebe oboralieHye He MOKeT CUMTATBCS B PSIfie CITy-
4aeB yOBIETBOPUTENIbHOV MepPOJi, TaK KaK HaKOIJIEHbI CBU/IETeIbCTBa,
yKa3bIBaIoLIMe, YTO LIMHK CIIOCOOEH BCTYIATh C HEKOTOPbIMY KOMIIOHEH-
TaMy IUIIEeBbIX CUCTEM B MaJI0pacTBOPMMbIe KOMIUICKCHbBIE COeVHEeHMS
(Harpumep, GUTATHI LMHKA) [19], YTO CMIIBHO CKa3bIBAeTCsI HAa MX BCACHI-
BaemocTy B XKKT uenoseka.

ddderTrBHOI anbTepHATUBON GOPTUDUKALIUU MUHEPATBHBIMU CO-
JISMM LIMHKA B HAcTosilllee BpeMsi IIPM3HAIOTCSl pas3jauyHble XelaTHble
dopmbl 3TOrO MeTana, B pslie cIydaeB MPOLeMOHCTPUPOBAHO JTyylliee
ycBoeHue 3tux coenyHenuit B JKKT y yenoseka [20]. OnpHako npuron-
HOCTb TeX WJIU MHBIX XeJaTHBIX GOPM LIMHKA UCC/IeloBaHA HEJOCTATOUHO.

I[ToMuMoO CMHTe3a XelnaTHBIX COeIVMHEHMI U CO30aHUs PeLenTyp Ipo-
IYKTOB Ha MX OCHOBe TpeGyeTcsl MpoBepKa SKCTPArupyeMoCT KaTMOHOB
7Zn ¥3 IPOAYKTa MUTaHMS in Vitro, KOTOpasi 110 CyTY BbICTYIIAeT KaK aHa/IoT
Ipollecca BCachIBaHMSI MCKOMOTO HYTPMEHTA U3 MUILeBOro KoMka. Heo6-
XOAVIMO TaKke OLIeHUTb BO3MOXXHOCTb COXPAHHOCTM (XMMMUYECKOI CTa-
OGUIBHOCTM) XeaTHBIX COeAMHEHMIT BO BpeMEHU. [IJisT 9TOTO CYIIeCTBYeT
psiI, METOA0B, B TOM UMCJIe CBSI3aHHBIX C IPMMeHeHMeM JAOPOroCTOsIIero
060pyIOBaHMSI ¥ KOMITBIOTEPHOTO MOJEIMPOBaHMs [21], HO JOCTYITHbIM
pellleH)eM Bce ellle OCTaeTcs IpMMeHeHMe CeIeKTYBHBIX MeTa/llIoXPOM-
HBIX J€TEKTOPOB [22]. MeTa/lJIOXpPOMHbIE IeTEKTOPbI — 3TO 0CO6BIN KIIace
XMMUYECKUX MHAMKATOPOB, NAIOIMX M30MpaTenbHOe OKpallyBaHMe
C KaTMOHaMM MeTaJuIoB [23]. 3TO MO3BOJISET NPOBOAUTD KOIMYECTBEH-
Hble OLIeHKM MX COAepKaHMs B NUILEBbIX MPOAYKTaX, UCIOIb3ys Hepas3-
pylIamoiye MeToabl aHanu3a (GoToMeTpus) 10 aHAJIOTUY C TeéM, KaK 3TO
Jlenanoch paHee [24].

VcTropuuecky oqHMM M3 Haubosee MOAXOASIIMX IJIS 3TO pONu Be-
IIeCTB SIBJISIETCS] AUTU30H, KOTOPBIi ObII BBEEH B IPAKTUKY B IIE€PBOIi
T0JIOBMHE MPOLIIOTO CTONMeTHSI [25], OHAKO 10 CUX [TOP He YTPATUI CBO-
el akTyaabHOCTH [26]. [IMKM NOIomeHys paCTBOPOB UMCTOrO IUTU30HA
M ero KOMIUIEKCOB C KaTMOHaMM pas3JMyHbIX MeTa/VIOB IPUXOASATCS Ha
pasHble YacTy BUIMMOTO CIIEKTPa, UTO JieJIaeT ero BecbMa yo0OHbIM VH-
cTpyMeHTOM [27]. INTU30H Hallles CBOe NpMMeHeHMe, HallpuMeD, B Me-
SKAVICUIMIUIMHAPHBIX T€HEeTUKO-TYCTOJOTMYECKUX MCCIeNOBaHMIX, IKC-
NepMMeHTBl B KOTOPBIX COMpPSDKEHBbI C HalMuMeM Mellalollero CUrHasia
OT Ipyrux MoHOB [28]. IIpy 3TOM OUTU30H MOKa3as cebst Kak MHOVKATOP
C BBICOKOV M36MpaTenbHOit TouHOCTbI0. Kak 6bUI0 MoKaszaHo, coenyHe-
HMSI IMTU30HA C KaTMOHAMM OKpallleHbl Io-pasHoMy. Hamnune comyT-
CTBYIOLIVX IOHOB B GOJBIIMHCTBE CTyYaeB He OKa3bIBaeT «MeLIalolero»
BO3/IeJICTBMSI Ha OLIEHKY MTOTOBBIX 3HAUeHMI! B IMPOKOM JMalasoHe Ux
KOHLIEHTpaLMii, IpY 3TOM BO3MOYKHA PeryJIMpoBKa CUTHaJIa B 3aBUCYMO-
¢t ot pH pactBopa [29].

HecMmoTpst Ha epCreKTMBHOCTb IIPMMEHEeHMSI XelnaTHbIX GOpM LHKa
¥ NIpOBelleHMs] aHa/n3a MPOAYKTOB C IIPMMeHeHMeM MeTalJOXPOMHBIX
VMHIMKAaTOPOB, B HacTosiiee BpeMs B Poccuy mopo6GHble MCCIen0BaHMs
HeJ0OCTaTOYHO pacIpOCTpaHEeHbI.

Takum 06pa3oM, Iie/b HALIero MICCIeNOBAHMS — IIPOBECTY OLIEHKY
MepCIeKTUBHOCTY NMpPUMeHeHMs! XelaTOB Zn IOoCpefCTBOM MHOIOCTa-
JMITHOTO MCCIeN0BaHNs, TPeIIo/Iaralouiero MxX CMHTe3, IPOBEPKy ayTeH-
TUYHOCTH, a TaKkKe CTaGMIIBHOCTY M JOCTYITHOCTY (IKCTParupyemMocTi)
9TUX COeNVMHEeHM IJIs1 060TallleHNs MM IIPOAYKTOB ITUTaHMS.

2. Martepuajsl M METOAbI

CuHTe3 XeJaTHBIX COeIVHEeHMH MPOBOAWIICS 110 aHAJIOTUY C OITy6Iu-
KOBaHHBIM B juTepatype [30] cuHTe30M mIMIMHATA-pubGOdIaBMHATA
Zn. Ho B HaleM clyyae BUTAMUH puOodaBuH 6bUT 3aMeHeH Ha aMMu-
HOKUCJIOTY JIN3YH, IAHTOTEHOBYIO KUC/IOTY WU/ LPYrOii BUTAMMH IPYII-
mel B — tmamuu (mpomsBoxpctBo NowFoods, USA). CoHoxmmmueckast
06paboTKa CMecH BelecTB (BOLHOI CyCIIeH31M) TPOBOAWIACH B Y/IbTPa3-
ByKOBOJ1 BaHHe SP-3,8-25 (HIIIT «Crenmar», Poccust) u mpomomkanach
He MeHee 5 MMHYT Ipy yactore 25 KI'i1. Bcero 66110 CMHTE3MPOBAHO 5 Xe-
JATHBIX GOPM: OUIMMIMHAT ZNn, TaHTOTeHAT-IJMIMHAT ZNn, TMaMUHaT-
IIMUMHAT Zn, UUTPAT Zn, UUCTeuHaT-IMUIMHaT Zn.

IMomyyaemble XenaThl BBIKPMCTAIM30BBIBAIN PV KOMHATHO TeM-
nepaType “3 BOJHOTO pacTBOpa B TeueHue 3—7 qHel B 3aBUCUMOCTU OT
CKOPOCTHM BBICBIXaHMSI OCHOBHOT'O pacTBopa B yammkax [letpu. Kpucrasmibst
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PucyHok 1. KioBeTsI cieBa HallpaBo: ¢ HATMUBHBIM
IUTU30HOM, C KQIMGPOBOYHBIM PaCTBOPOM MUHMMAaJIbHOM

M MaKCMMaJIbBHOM KOHII€HTpanumn
Figure 1. Cuvettes from left to right: with native dithizone, with calibration
solution of minimum and maximum concentration

xenaTa (e Takue MMENNCh) NepeTpannuch B CTyNKe sl MOTyIeHMs
OIHOPOAHOI Macchl. 3aTeM IPOBOAWICS aHAIMU3 Ha AyTEHTUYHOCTh
BelecTBa IIOCPEACTBOM CpaBHEHMSI CUTHajga CpeJHero JuarasoHa
B UK-criektpe (ot 400 mo 4000 cm~!) ¢ umeroumucs 6asamu JaHHbIX.
UK-dypse criekrpodoromepuio genanu Ha K-dypbe mukpockorre ¢ ma-
kpomopnynem (Lumos, Bruker, Tepmanust) ¢ mpuMeHeHMeM IIPOrpaMMHO-
ro obecrieuenust Opus.

Tocne moOATBEPXKOEHUSI AYTEHTUYHOCTM CUHTE3MPYyeMOil cy6eTaH-
LMY TIPOBOJMJIACH OL[€HKA IIPUTOLHOCTYU XeIaTHBIX (OpM 11 BHECEHUS
B C/IeAyIolIye MPONYKThI MUTaHMS: X/1e0 MIIEeHNYHBIA 13 MYKM BbICIIe-
ro COpTa, HAIMTOK MOJIOYHBI/ (HA OCHOBE CBHIBOPOTKM) MYIbTU(DPYK-
TOBBII — «AKTyaJlb TIePCUK-MapaKysi», HAUTOK COKOCOMepsKaIlnii, Ha
OCHOBe s16;10uHOr0 coka — «KpacHast 1ieHa, s16;10K0», apir MscHOI (Sus
domesticus) Tepmuuecky o6paboTaHHbIN, MapMenaj, Ha arap-arape, iio-
rypT GPYKTOBbIN ¢ KTYGHUYHBIM HanonHuTenem — BioBalance.

[Mocse BbIAEP)KUBAHUS IPOLYKTOB MIUTAHMS C XeIaTaMy B TeUeHMeE CY-
TOK IIPOBOJM/IACH OLIeHKa JOCTYITHOCTM B HUX cofepskaHus Zn. AHanu3
NpeAronaral MpuMeHeHMe MeTa/UIOXPOMHOIO MHAMKATOpa AUTU30HA,
Iepexofsiliero U3 TeMHO-3eJIeHOM MHTAKTHOM (GOpMBbl B MaaMHOBO-
KpacHyo npu o6paszoBanum nutm3oHaTa Zn (PucyHok 1).

Ilnst aHanM3a MPUTOTOBJISIICS CTAOMIIBHBIN PACTBOP AUTU30HA YUCTO-
ro («JleHpeakTus», Poccust) B 4eThIPEXXJIOPUCTOM yIiiepoe (BTOpOit Ba-
pUaHT B rekcane — «Pycxum», Poccust) rpagauym X. 4. (<XMMUYECKU YK-
CThIVi») B KonuuecTBe 10 mr (ToyHas HaBecka) Ha 100 M1 pacTBOpUTES;
PacTBOp MPUMEHSIJICS [I/IS1 SKCTPAKI[MOHHOTO TUTPOBaHMS 06pas1ioB Mpo-
IYKTOB TIUTAHMSI C TOCIeAyoliei GoToKoIopuMeTpueit Ha CrieKTpodo-
ToMeTpe KDK-3-01 (3aropckuii ONTUKO-MeXxaHuueckuii 3aBof, Poccust).
Cepus pasBefieHMs CeMUBOIHOro ZnSO XMMMUUeCKM YUCTOTO («Pycxmm»,
Poccust) mpuroToBisiiach mocpencTBOM BHeceHusT B 10 M1 guctwum-
pPOBaHHOI BOJbI YKa3aHHOTO peareHTa Cjelyolieii Macchl B rpaMMax:
0,006; 0,018;0,027; 0,050. HaBecku mpon3BOOMINCH C TOYHOCTBIO 10 1 MT
(Ha BBICOKOTOUHBIX Becax 2 kiaacca Ohaus Adventurer, CIIIA).

Ilnst onpemeneHuss KOHUEHTpALMM Zn B MPOAYKTaX MUTAHUS CTPO-
WICST KaMMOGPOBOYHBIA rpadMK 3aBUCUMOCTM MEXAY KoddduumeHTOM

9KCTMHKIVM A (OITHYecKast IVNIOTHOCTh) Ipu 538+0,3 HM U M3MeHeHueM
OKpAacKM PV BHECEHUM KaTMOHOB Zn JJIsl cepuy KanuOPOBOYHBIX pac-
TBOPOB C MOC/IEAYIOUIVM BblUMTaHMEM 6a30BOr0 3HAYEeHMs AJISI KOHTP-
07151 (XOJIOCTOVA OIBIT). YPOBEeHb (DOTOKOIOPUMETPUUECKOTO CUTHAA IS
Heo60ralleHHOTO MMPOAYKTA BHICTYIIAN B KAUECTBe «yCJIOBHOTO HYJIs». Bee
3HAYEeHMST U3MEPSUTUCH B TPUILIMKATE.

Vcxons 13 MoMy4eHHOM 3aBUCUMOCTH, TPOBOIMIIAC OIIEHKa JOCTYII-
HOJt OpMBI Zn B mepecueTe Ha Maccy BHOCMMOTO BEIECTBA B MPOLYK-
Tax MUTaHUS C YIETOM KOHTDOJISI CIIOCO60M «BBeIeHO-HaiieHOo». PacueT
3HAUEHUS] IKCTPAarupyeMbIX COeAVHEHMII Zn MPOU3BOAMIN MO PasHuUIEe
(HOTOROIOPUMETPUUECKUX CUTHAIOB MEKIY HeOOG0ral|eHHBIMM TPOIYK-
TaMu U oboraueHHbIMU UX (GpopmMamu. B 3aBMCHMOCTM OT arperaTHoro
COCTOSTHMSI ¥ MacChl BhIpaGaThIBAEMOTr0 IPOAYKTa B KAK/IbIi 3 06pasLioB
BBOIMIOCH 110 20—-23 Mr (/15 xs1e6a — 8 MT) XesaTHO# hopmbl Zn Ha 100 T
MPOLYKTA.

CTabMIbHOCTb XeIaToB, BbIGPAHHBIX I GOPTUOUKALIMU TPOAYKTOB
MUTaHYsI, OLIEHMBANach myteM cpaBHeHus ux UK-crektpos B hoptudu-
LMPOBaHHOM IIPOAYKTe M B HATMBHOM BeIeCTBe IIOC/Ie IMAPONU3a Mpu
MOBBIIIEHHON TeMmIieparype. sl 9TUX Iieieii pacTBOpPEeHHbI o6paserr
xenaToB (HaBecky B 1 rpamm B 100 M BOzbI) MOABEPraayt BO3AEHCTBUIO
MMKDPOBOJIHOBOT'O M3/y4eHust (MMKPOBONIHOBas neub BBK, Kurait) momi-
HOCTBIO B 700 BT U UMKIMYECKM TOBOOWIM [0 KUTIEHMSI B TE€UeHUE KaK
MMHMMYM 2 4acoB. Bpemst 06pa6oTku 6bUTO BHIOPAHO KaK MOTEHIVAIb-
HOe ycpeJHeHHOe BpeMsl TeXHOJIOTMYeCKoil TeMIlepaTypHoil 06paboTK
MIPOAYKTOB MUTAHMS (HAIIPMMep, BhIIIEKaHNUe, CTePYIIN3ALNS MY CYIIKa).

Iocne rUaPOMUTUYECKOrO BO3AEiCTBUSI 06pasibl MOJBEPrau Kpy-
CTalnmM3aumMm 1 cpaBHMBamM ux UK-crieKTpbl: HATUBHOTO XeaaTa U 00-
paboTaHHOTO TepMUYECKH. [JOTIOMTHUTETbHO aHATU3MPOBAIN U3MEHEHe
KPUBU3HBI IpadMKOB € MOMOIIbI0 K03 duienTa Koppensunm [Tupcona.

CratucTuueckass o6paboTka TMpoBofwiack B Imporpamme Excel
u Statistica 10.0.

3. Pe3ynbTaTrsl M 00CYKAEHUE

B xome aHa/mm3a GbLIO BBISIBJIEHO, UTO HEKOTOPbIE XelaTHbie (GOpPMbI
He NoAX0AsT Iy popTudMKaLmm MPOLYKTOB 110 Py NMpUUMH. Tak, Ha-
MpUMep, CMHTEe3UPyeMble 13 MaHTOTEHOBOI KUCJIOTHI U JIM3UHA COEIU-
HeHMsI BCera Moyy4aauch TydMMy, KOMKOBAIUCh M MMeTV TOPbKO-BSI-
SKYIUIUIA BKYC, HeTIPUTOJHbIN [1Jis1 BHECEHUSI B MPOAYKTHI MUTaHUS U3-3a
HEraTMBHOTO BJIMSIHUSI Ha OPraHONENTHYeCKMe CBOMCTBA IPOLYKTOB.
Croco6HOCTh K KOMKOBAHMIO OCTajach OT IAHTOTEHOBOM KUCIOTHI —
MPO3PaYHOiM TUTPOCKOMIMYECKOI JKUIKOCTY C/1ab0 — KeATOrO LBeTa CO
crenypuUecKuM HeNpUSITHbIM MPUBKYCOM, KOTOpasi Gblia MoayyeHa
13 papMaleBTMUecKoit Cy6CTaHIMY METOIOM epepacTBOPEHMST U Bbl-
rapyBaHusi. TO CBOCTBO (KOMKOBAThCS Y JIMITHYTb K Ja60PaTOPHBIM
LITIaTessIM) Ceai0 HEBO3MOXKHBIM TaKKe TOUHOE OTMEPUBAHUE 3TOI
XeJIaTHO (hOPMBI.

Ilpyrue xenaTHbie GOPMbI — LIUTPAT M TUAMMUHAT-IJIMI[MHAT — TaK-
3Ke VIMeJIM HeZOCTAaTOYHO MPUTOIHbIE TEXHOJIOTMYEecKue CBoiicTBa. Tak,
Hanpumep, TUAMMHAT-TIMIMHAT OCTaBJISIJT ITOCJIEBKYCHME «BUTAMMUMHOB»
(XapaKTepHbIl BKyC BUTAMMHOB TPYIIbI B He Bcerma HpaBUTCS MOTpe-
OGUTENSIM), YTO OTPUILIATETHHO BIMSJIO HAa OPraHOJIEeNTUYECKME CBOMCTBA
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Figure 2. IR spectrum of Zn bisglycinate and pure amino acid glycine
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Hpumeuayue: 3eJIeHblit — CITIeKTP IMOIVIOLIEHWST 6I/ICI‘III/IHI/[H8.T8. Zn, CUHMIT — CITIEKTP ITOIVIOLIE€HMS MM VHA.

Note: green — absorption spectrum of Zn bisglycinate, blue — absorption spectrum of glycine.
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BbIpabaThIBaeMbIX MPOAYKTOB. LIUTpaT He MOAXOAMI IJiT MOJIOYHBIX
MIPOLYKTOB B CBSI3Y C HEGONBIIMM BapbMPOBAHMEM KUCIOTHOCTU STOTO
coenyiHeHMs (ByXOCHOBHBII KaTVOH ¥ TPEXOCHOBHAs KMUCJIOTa C OT/IMYa-
IOIMMMCST KOHCTAaHTAMM JUCCOLMALMU AJIST KaXkI 0¥l U3 KapOOKCUIIbHBIX
TPYIIIT), YTO CIIOCOGCTBOBANIO MX CTBOPAKMBAHMIO. [IMIIMHAT-IIYICTEMHAT
MMeJl ONHOBPEMEHHO /iBa IepeuncieHHbIX HejocTaTka. IIpy Tepmuye-
CKOJ1 06paboTKe OH JaBasl CrelyuuecKyo apoMaTUYecKyo HOTY (cep-
HUCTYI0, 13-3a YACTUYHOTO I'MIPOIN3a UMCTeNHA) U u3MeHs1 pH cpesbl
B Goslee KUCTYIO CTOPOHY, UTO CHENaIo ero Takke HempuUrogHeIM. Tem He
MeHee MPOM3BOJIHbIE LIMCTENHA AOCTATOYHO XOPOIIO OTGEMMBAIOT X1e6-
HBI MSIKMLI, KaK 9TO 6bUIO IIOKAa3aHO HaMM paHee [31].

OurnuumuHaT Zn OKasaicsd JIMUIIEHHBIM BCeX Iepeuunc/leHHbIX Heno-
CTaTKOB, OH MMeJl CJ1aIKOBATO-BSIKYLIMIA BKYyC, 6e3 criennduyeckoro 3a-
T1axa, JIerKo MepeTypaICs Y JO3MPOBAJICS, TOITOMY GblT BBIGDAH B Kaye-
CTBe OCHOBHOJ1 hopMbl, Ha 6a3e KOTOPOI MPOBOAVIIMCH BCe AabHeIIe
MCCIeOBAHMSL.

Ha PucyHke 2 npencrasied UK-crekTp nomiomeHust 6ucranuyHara
Zn B CpaBHEHMM C YMCTBIM IIperapaToM IIuiyHa dapmaleBTUYecKon
rpagauyu. Kak MOKHO 3aMeTUTb, OCHOBHbIE 06JIACTM MUKOB Ha TIEPBOM
1 BTOpoM rpaduKax CoBIafaloT, CABMHYTA monoca oT 2500 mo 3000 cm~!,
YTO yKasblBaeT Ha BiMsiHMe 06epToHOB O-H rpymm B CTPYKType U Ha
y4yacTye CBS3aHHBIX I'MAPOKCUIIBHBIX IPYIIT (KPUCTA/UIOTUAPATHI) B Xe-
JIATHOM CcOoefVHeHUM [32].

YacTb OCTaTOYHBIX MUKPOUYACTULL COeAMHEHMI ZNn TIpU COHOXUMMUYE-
CKOJ1 MX 06paboTKe mepexonyia B XxelaTHYI0 Gopmy KpaiiHe MeJJIeHHO.
ITo 3TO¥ pMUMHe JJI51 CUHTE3a XeaToB ITTULIMH GbLT B3SIT B U30BITKE, UTO
oTpe6oBasIo JOOTHUTEIbHYIO CTAAMIO IIPOBEPKHM TOJIY KATUOHOB LIVH-
Ka B UTOTOBOJ cMecH (CM. HMKe) IIPY BHECEHUY ero B IIPOIYKT MUTaHMSI.

B kauectBe pedepeHTHO TPYMNIIbI ISl aHAIM3a ObUIM BbIGPAHBI Clie-
IyIolye IPONYKTHI: Xi1e6, caxapycTble KOHIUTEPCKMEe U3IeNNs, MOJIOKO
M TIPOAYKTHI €ro nepepaboTKu, IPOLYKTHI ImepepaboTky Msca (dapir),
COKOCOZiepKallMe HallUTKM Ha OCHOBE SI6JIOYHOTO COKa M HAIIUTKY Ha OC-
HOBe MOJIOYHOJi CbIBOPOTKM. Ha OCHOBaHMM KanuGpOBOYHOTO rpaduka
(PucyHOK 3) mpoBOAMIach UAeHTUOMUKALMS KOMUIECTBA TOCTYITHOTO Zn
B IIpoayKTe nmutaHust. OCHOBHbIE 3HAUEHMs MpefcTaBieHbl B Tabmure 1.
Kanu6poBoyHOe ypaBHEHME TaKKe MPUMEHSIOCh AJISI YCTAHOBJIEHMSI

IO/ KaTMOHOB ZN B XeJIaTHOM COeAVHeHMM (M3-3a M36bITKA TIUIMHA,
B34TOrO I 00pa3oBaHMsl Xejarta): comepskanme Zn cocrasmuio 20,6%
(IpU U €aTbHOM CTEXMOMETPUYECKOM COOTHOILIEHMM OHO COCTaBJISIET
30,6%).

IIpu aHanM3e MPOAYKTOB MUTAHMUSI COLEp>KaHMe KATUOHOB IIMHKA
CPaBHMBAJIOCH C OXXMIAEMBIMM BeTMYMHAMMU C UCIIOIb30BAaHMEM METO-
1a aHAIUTUYECKOI XUMUM «BBeAeHO-HalieHo». [JaHHble TpeCTaB/IeHbl
B Ta6nuie 1.

ITo manHbIM Tabauupl 1, Bce MPOAYKTHI 10 MX BIMSIHMIO HA JTOCTYII-
HOCTb Zn pacroyiaraioTcs B CIEAYIOIIEM MOPSIAKE: HaIMTOK Ha OCHOBE
MOJIOYHOM CBHIBOPOTKM < XJ1e6 (M MPOOYKTHI, comepkainye GUTUHOBBIE
KUCIOTBI) < COKOCOMepyKalliuit HAalUTOK < MOTypT < Mapmenaj U Ipyrue
caxapucTble KOHIUTePCKMe U3IeNsl TIOX0Kel KOHCUCTeHIIUY < IPOIYK-
ThI IIepepaboTKU Msica.

JTO CBSI3aHO C PSIAOM JOTIOHUTETbHBIX CBOWCTB MUCCIENYEMbIX ITU-
IEeBBIX CUCTEM. BO-TIepBbIX, HA COXPAHSIEMOCTb PACTBOPUMBIX GOPM Zn
OKa3bIBAaeT BIIMSIHME KUCIOTHOCTD ITUIIEBOM CUCTEMbI, U3MEHSIOIIAsT X1-
MMYECKYI0 MOOMIBHOCTb KATMOHOB MEeTa/LIoB [29].

Bo-BTOpbIX, 3HaUeHMs (PaKTUUYECKOI JOCTYITHOCTY COEIMHEHU Zn
MIpY INIIeBapeHMH Y YeJI0BeKa MOTYT YBeJMYMBATHCS, TaK KaK MPY -
1eBapeHn YacThb COeAMHEeHN I MeTaVIOB MOKET IePeXOAUTD B XJIOPUIbI
pU KOHTaKTe ¢ comsiHoi Kuciaortoii JKKT yenoBeka.

B 11e/10M GUTUHOBbIE KUCIOTHI, KaK U ITOBBILIEHHOE KOINYEeCTBO (Hoc-
opHBIX coemVHEHMIA, YXYOIIAIOT 3KCTPArMpyeMoCTh KaTMOHOB Zn. Xu-
Muyeckue GocdarHbie rPyIIbl, KOTOPbIE MIMPOKO IPEACTaBIEHbI B Gu-
TaTax, OTBETCTBEHHBI 32 OCOOEHHOCTY B3aMMOIENCTBUSI C KaTMOHAMU
MeTaJIOB. DTO, B CBOIO OYepe/ib, yKa3bIBaeT Ha CJIOKHOCTYU ITPYMEHEeHMSI
dbopTudukanyuy xenatamu Zn B MPoAyKTax, comepkammx Guratsl. K Ta-
KM TIPOAYKTaM OTHOCSITCSI, HAalIpyMep, MPOAYKThI C OTPYOSIMU, a TaKKe
HaNUTKM Ha PaCTUTENbHOM OCHOBE, M3TOTOBJIEHHbIE 13 OOOOBBIX U 3€p-
HOBBIX Ky/AbTYD [17,19].

Msico M TPOAYKThI €ro IepepaboTKM M3HAYAIbHO COHEpPKaT 3Ha-
YKUTeNbHOE KOIMYEeCTBO Zn, Tak Kak 3TOT KaTuoH 0o 80% cBoeit Macchl
KOHIIEHTPUPYETCSI B MBILIEYHBIX BOJIOKHAX, KaK IMOKa3aHo B Tabmuie 1
[26,33]. C yueTOoM HamIMX MPEABIAYLIVX JAaHHBIX IO CTPYKTYpe OObI-
JIEHHOTO palMOHa POCCUSH, Ha X1e6 M MSICHbIE MPOAYKTHI MPUXOAUTCS
npumepHo 21% ot o61eii Macchl nmoTpebnsemoit iy [18]. Xorst 3TO
CHIKAeT OXBaT HaceJIeHMs], BCE ellje BO3MOXKHO JOCTaTOUHO 3((HEeKTUBHO
MPOBOOUTH OGOTAIIEHNME XeIaTaMy Zn psiia PYIUX IPOSYKTOB IIUTAHMS.
Hanpumep, ob6orauiaTh Takue IPYIIIbI MAILEBbIX MPOIYKTOB, KAK KOHIU-
TepcKyue U3Jennsl, MOJIOYHbIe ITPONYKTHI U COKY, Ta3MPOBaHHbIE HATIUT-
KM, Ha KOTOpbIe MPUXOOUTCS 22% CyMMapHOro notpe6nenus [18]. Mol
TaKKe MmojiaraeM, 4To 060TaTUTh ZN-CoAepsKalMy XeJlaTaMy BO3MOKHO
¥ KOHCEPBbI, B TOM 4MCIe epepaboTaHHbie (PPYKTHI ¥ OBOIIM C HU3KUM
comepkaHueM (UTUHOBBIX KUCIOT. [Jo6aBieHne coequHeHMI Zn Takke
MepCHeKTUBHO IIPU pa3paboTKe COYCOB /IS CJIOKHBIX 6itiof, (o 8,5% pa-
LIMOHA POCCUSTH MTPUXOOUTCS HA HUX).

TakuM 06pa3oM, Mbl I10JIaraeM, YTO XelIaThl ITOTO MeTaljla OrPaHu-
YEHHO IPUTOAHbI JJ1s1 X1eb6a, 3epHOBBIX U He BCerga TpebyroTcs mpu co-
CTaBJIEeHUY PELETTYP M3 MsiCa, PABHBIM 06pa30M 3TO OTHOCUTCS 1 K pbiGe
¥ MOPEIpPOAYKTaM. IlepCcrieKTMBHBIMM /1)1 060TalleHNsT Mbl CUMTAaeM MO-
JIOYHBIE TTPOAYKTHI, CAXapUCTble KOHAUTEPCKYE U3LENNsI, COKU, HAIIUTKU
u coychl. Takske MOKHO MCIIONb30BaTh KOMITIOHEHTBI JIJIS1 CJIOXKHBIX OTIOf,
HaIpumep, cyxue IpUIIpassbl AJ1s1 6YIbOHOB WM CMeCH cojieit, 1o6aBis-
€MbIX K XJIODMCTOMY HAaTPUIO C YUETOM CYTOUHOTO MOTPeGIeHMs COMN.
Tak Kak arap-arap ¥ Mapmesafi, BbIpabaTbIBaeMblii Ha €ro OCHOBE, I0-
Ka3aJIM BBICOKYIO COBMECTVMOCTD C KaTMOHAaMM Zn, TO BO3MOKHO CO3/1a-
HMe TIPOLYKTOB MUTAHMS HA OCHOBE KOMIIOHEHTOB MOPCKUX pacTeHuit

Tabauia 1. HalimeHHas goJist MacChl XeIaToOB Zn, pacCuMTaHHAas M0 pasHuiie (POTOKOIOPMMETPUIECKOro CUTHAIA B M3HAYATbHOM
MPOJYKTe MUTAHMS (ChIPbE) ¥ IIOC/Ie BHECEHUSI XelaTHOM popMbl
Table 1. Found fraction of the mass of Zn chelates, calculated from the difference in the photocolorimetric signal in the original food product (raw material)
and after adding the chelate form

HaiigeHo B 060raimeHHOM MPOJAYKTE

Ne IIponyKT (chipbe)

1 Xne6 (M3 MyKU IIIIEHUYHO BBICIIETO COPTA)
2 Mapmenap (Ha arap-arape)

3 HanmnToK MOI0UHbBI (Ha OCHOBE CbIBOPOTKM)
¢ MyTbTU(GPYKTOBBIM BKYCOM MepCHK-MapaKyist

4 @apu MICHO (TepMuyecky o6pabotanublit mpu 72 °C)
5 HamuTok cokocozmepskaiinii (si6;1ounbii) 10% yrineBonos
6 VorypT dpykTOBbIii (KTy6HMKA) ¢ caxapoM 13,5% yrieBonos

prvlel{aHue: *B rnepecyeTe Ha HaBeCKY IIPOAYKTA, B3ATOrO Ha aHaJIU3.
Note: * in terms of weight of the product taken for analysis.

(3a BbIYeTOM 6a3oBoro 3HaueHus ¢oTo-
KOJIOPMMETPUYECKOTO CUTHAIa IS
Heo06O0raieHHOTO IIPOAYKTa), MI

Cpenuwuit % HaigeHHOM
Macchl COeIMHeHusT™

0,2+0,03 30,4
12,4+1,8 59,3
4,9+0,7 24,7
1,4%0,2 79,4
6,3%0,9 31,4
10,7£1,6 53,6
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Figure 4. IR spectrum of Zn bisglycinate, initially obtained and thermally processed during boiling for 2 hours

Tpumeuanue: 3ey1eHbI — CIIEKTP MOMIOMEHNS] HATMBHOTO OMCIIMIIMHATA ZN, OPAHKEeBbIi — CITEKTP TEPMUUECKM 06paboTaHHOTo 0Opasiia.
Note: green — absorption spectrum of native Zn bisglycinate, orange — spectrum of a thermally treated sample.

u Bogopocieii. C 0fHOI CTOPOHBI, 3TO ITpUBELEeT K YBeIMYeHUIO0 Pa3HOO-
6pa3usi aCCOPTMMEHTA IIPOLYKTOB, & C JPYTOil — IMO3BOIUT CO3JATh P/ -
MTOCBIIKY JI/Is1 pa3paboTKy HOBBIX ITOLXOJ0B B OGIeCTBEHHOM IUTAHUM,
YyT0 0603HaYaI0Ch HaMu paHee [18].

VccnemoBaHus B 9TOM HallpaBleHUM OCOOEHHO aKTyalabHbI, TaK KaK
I10 TaHHBIM, OITy6IVIKOBaHHBIM paHee, IpUMepHO 17% MupoBoOro Hace-
JIEHUS VICTIBITHIBAET Ha cebe PUCKM, CBSI3aHHbIE C HEJLOCTATOUHbIM I10-
TpebeHreM IIMHKAa, [10 3TOJ IpMUYMHe oborajeHye JaHHbIM MUKPOHY-
TPMEHTOM BbICKAa3bIBaeTCsl B KaueCTBe IOIY/SPHOI Mepbl YIydLIeHUs
pauyoHa [34,35]. [lnsg oTMX Lieneit pasHbIMU aBTOPAMM IpeJiaraeTcst
Le/blii IMana3soH COeNVHEHMIi: XenaThl, XJOPUAbl LIMHKA, [IOKOHAT,
okeupn 1MHKAa M cyabdart [20]. IlepBble (ecnn peub MIET O MUILEBLIX
xejaTax) M3 IMepeuncIeHHbIX COeAVHEHU SIBISIIOTCSI PacTBOPUMBIMU
KOMIUIeKCaMM L[MHKA C aMMHOKMUCIOTaMM WM XelaTUPYIOIMMU IIMHK
MenTUIaMM, IOTyYeHHbIMY U3 GeIKOBBIX I'MIPONN3aTOB, KOTOpbIe MIPU
9TOM SIBJISIOTCS XOpOIlei ajabTepHATMBOJ HeOpraHMYecKUM COJSIM
umHKa. Kak 6b1710 1TOKa3aHO B J1JaGOPATOPHBIX UCCAEIOBAaHMUSX, 9TU Xe-
JIAThI LIVTHKA CIIOCOGCTBYIOT MOMIOIEHMIO JAHHOTO METAala KaK KyJb-
TUBUPYEMBIMY KJIETKaMU, TaK U IIPU U3YYeHUM Ha JKMBOTHBIX MOJIENISIX
u mopsx [20].

Hanpumep, y Bo6GpOBO/IbLIEB NPY NPUMEHEHUM XeJNaTUPOBAHHBIX
dopm LMHKA KOHLIEHTpALMS MOCTeJHer0 B CbIBOPOTKE KPOBU B Teye-
HMe IIeCTM YacoB mocie mpuema 20 Mr XejaTa rMCTUAMHA Oblia BhIIle,
yeM II0cCJIe IpyeMa TaKkoro ke KoaudecTBa cynbdara myHKa [36]. Cxo-
skast usMonornueckass peakiysi GbUIa BBISBIEHA TPU MOTPe6GIeHUU
15 Mr 6ucrmMuMHaTa IYHKA (OCHOBHOTO XelIaTHOTO COeAVHEeHUs B Ha-
1ieM MCCAe0OBaHUM), ¥ B TeueHMe 8 4acoB KOHLEHTpaLysl MOHOB IO-
CJIelHero B KpoBM ObUIa BbIlIe, yeM Jaxke IPpY MPUMeHeHMUM [JII0OKOHATa
uuHKa [37].

HecMmoTpsi Ha BbISB/sSeMble IIOJIOKUTENbHbIE KayecTBa XelaToB,
Kak IT0Ka3aJ MeTaaHaau3 Ha OCHOBaHUU 59 myGIMKaIyii, OCHOBHBIMM
dbopTuduiMpyempiMu B HacTosiiiee Bpemsi GopMaMi IMHKA SIBJSIOT-
cst cyabdat 1 okeup, (B moutH 74,5% uccienoBaHmii, eciy yuecTb TakkKe
¥ JBOJHbIE CMeCH COeIMHEeHMIT IMHKA) [35]. UTo KacaeTcst MeToznoB ¢op-
TudUKaLMK, TO B HACTOSIIIee BpeMsl ITPaKTUKYeTCsl IBa Mmoaxona — 6mo-
dboprudukanus, korga oboraiuieHe MPOU3BOAUTCS B TI0NIE, U MTOCTY6O-
pouHas ¢optudmkauys MPoRyKTOB Npyu nepepaborke cbipbs [20]. Kak
OTMeYeHO B IMTepaType, BbI60Op HEJOCTATOUHO NPUTOAHBIX GOPM LIMHKA,
TaKMX Kak Cyl1bdat 1 XJIOPUA, IIPOUCXOAUT 10 IPUUMHE IKOHOMUYECKOM
11e71ecO00Pa3HOCTH, Jaxe B yiuepd 3pPeKTUBHOCTY MPOBOJUMBIX MepO-
MIPUSTHI, TaK KaK 6OIBIIMHCTBO cTpaH (71% ucciemoBaHuit), Ist KOTO-
PBIX TPOU3BOAMIICS aHAIN3, — ITO CTPAHbI TPETHETO MMUPA U pPa3BUBAIO-
myecst CTpaHsl [35].

Yro KacaeTcs CTaGUIBHOCTM CUHTE3MPOBAHHBIX ¥ MpUMEHse-
MbIX HaMM XeJaTOB, TO MOC/Ie KPUCTA/UIM3ALMUM U OLEHKU M3MEeHEeHUS
VIK-CrieKTpoB MpPOBOAM/IACH OLIEHKA M3MEHEHUS! KPUBU3HBI IpaduKkoB
IOCPeCTBOM aHa/M3a CKOPPeIMPOBAHHOCTH JaHHBIX 10 [Inpcony. I'pa-
¢buku npencrasieHsl Ha PucyHke 4.

CraTuCTUMYECKMI aHa/IM3 He MTOoKa3aja 3HaYMMOro OTINUMS 3HAUEHM
VK npyr ot npyra. Koppensiiysi MeXXay 3HaYeHUsIMU ABYX TpaduKoB 1Mo
Iupcony cocrasuna r = 0,98 mpu p < 0,0001, yTo yKa3bIBaeT Ha BHICOKMIA
YPOBEHb CBSI3aHHOCTM JAHHbBIX, XOTSI MHTEHCUBHOCTb OJHOTO U3 rpadu-
KOB COIIacHO 6a30BOJi IMHUM BBIPOC/IA.

He McK/TI04€HO BJIMSIHME BOIBI, UTO MOATBEPKIOAETCST MMKaMM U 06e-
proHamu B o6mactu 2500-3500 cm~!. OmHAKO B 11€7I0M pe3yybTaThl I0Ka-
3BIBAIOT, UTO 32 6a30BOE BpeMsI TEPMIUECKOI 06pabOTKM, COTIOCTaBUMOE
¢ 2 yacamu,  JIOKJIbHbIMM TIeperpeBamu, Hab/II0gaeTcst INIIb JBYXKpPaT-
HOe yBeMueHye MeJuaHbl JaHHbIX. Y HATMBHOTO 06pasija MeauaHa co-
crasisia 0,045, a y Tepmuuecku ob6paboranHoro — 0,09. AHanornuHoe
yBeJIMueHne HabMogaeTcs U B CTaHAAPTHOM OTKJIOHEHMM: Y HATUBHOTO
obpasua oHo paBHo 0,034, y Tepmmyecku o6pa6orannoro — 0,06. dtu
M3MEHEeHMSI TPAKTYIOTCS KaK MPU3HAK OTHOCUTETbHOM XMMUYECKOIi CTa-
6UIBHOCTM 06PAsIOB, MO KpaiiHeil Mepe, IpK yCIOBUSIX 00pabOTKM, CO-
TTOCTaBMMBIX C YaCTO IMPUMEHSAEMBbIMA B HI/ILL{EBOﬁ TexHonoruu. K Takum
YCJIOBUSIM MOKHO OTHECTM XJIeGorieueHne, BapKy CMpoIia M IIPUTOTOB-
JIeHyie MapMesiaia U Ipyryue mofgoOHbIe POIecChl.

4. BbIiBOaBI

B vHkeHepuM MUIIEBBIX CUCTEM JOCTATOYHO MePCIIeKTUBHBIMU SIBJISI-
IOTCSI METO[IbI, OCHOBAaHHbIE HA COHOXMMMUUYECKOI 06paboTKe 1 IpMMeHe-
HUU MeTAJUIOXPOMHBIX MHAMKATOPOB.

[IpoBemeHHas OlleHKA MT0Ka3a1a BO3MOXKXHOCTb ITPYMEHEHMSI XeJIaTOB
Ha MpuMepe 6MUCITMIMHATA ZN B KaYecTBe MMPUTOIHOT0 COeqMHEHNS It
GOJIBIIMHCTBA PELeNTyp NMpU oboralleHuy MPOAYKTOB NuTaHus. Takue
XeJaThl, KaK IUTPATHI Zn, TMaMUHAT-IMIWHAT ZNn U IPyT1e, MOTYT IIPU-
MEHSITbCS IJIs CO3[IaHMsI Pa3IMUHBIX TPOAYKTOB, BK/IIOUAsT X/1e600y10u-
Hble ¥ KOHAUTEPCKUe M3Ienus, MyIbTU(PYKTOBbIE COKOCOIEpKallye
HaMUTKM, KACTOMOJIOYHbIE TTPOAYKThI ¥ MPOAYKTHI ITepepaboTKu Msica.
Kpome TOro, oHM OAXOIAT IJIsl UCIIOb30BaHMS B POAYKTAX, I1e BKYC
MOYKHO «3aMacCKMpOBaTh» C TIOMOIIIbIO CIIelaJbHbIX 106AaBOK MM apo-
MaTU3aTOPOB COIVIACHO PelenType.

ITpogeMOHCTpMPOBAHHAS BO3MOXKHOCTb M3MEHEHUSI XMMMUYECKOTO
COCTaBa PeareHTOB IMPU CUHTE3€ XeJaTOB OTKPbIBAET OOIIMPHOE IOJie
IIJIST BapbUPOBAaHMSI MUIIEBBIMM KOMIIOHEHTAMM ¥ XUMUUYECKUMMU IIpe-
KypcopaMu Tpy MOAYYeHUM XeJaTOB ISl TIPOM3BOJCTBA 000OTal[€HHbIX
MMUIIEBBIX MPOLYKTOB.



—_

»o

«

w

o

=~

Nel

10.

1

—_

1

»o

1

w

14.

1

w

16.

17.

18.

[op6ayes B. B. 1 ap. |

. Koliaki, C., Liatis, S., Kokkinos, A. (2019). Obesity and cardiovascular disease:

Revisiting an old relationship. Metabolism, 92,98-107. https://doi.org/10.1016/j.
metabol.2018.10.011

. Lopez-Sobaler, A. M., Aparicio, A., Aranceta-Bartrina, J., Gil, A., Gonzélez-

Gross, M., Serra-Majem, L. et al. (2016). Overweight and general and abdominal
obesity in a representative sample of Spanish adults: Findings from the AN-
IBES study. BioMed Research International, 2016, Article 8341487. https://doi.
org/10.1155/2016/8341487

. Zhong, P., Tan, S., Zhu, Z., Zhu, Z., Liang, Y., Huang, W. et al. (2023). Normal-

weight central obesity and risk of cardiovascular and microvascular events in
adults with prediabetes or diabetes: Chinese and British cohorts. Diabetes/
Metabolism Research and Reviews, 39(8), Article e3707. https://doi.org/10.1002/
dmrr.3707

Parnell, L. D., Noel, S. E., Bhupathiraju, S. N., Smith, C. E., Haslam, D. E.,
Zhang, Z. et al (2021). Metabolite patterns link diet, obesity, and type 2 dia-
betes in a Hispanic population. Metabolomics, 17(10), Article 88. https://doi.
org/10.1007/s11306-021-01835-x

. Singh, R., Devi, S., Gollen, R. (2015). Role of free radical in atherosclerosis, dia-

betes and dyslipidaemia: Larger-than-life. Diabetes/Metabolism Research and
Reviews, 31(2), 113-126. https://doi.org/10.1002/dmrr.2558

. Darenskaya, M. A., Kolesnikova, L. I., Kolesnikov, S. I. (2021). Oxidative Stress:

Pathogenetic role in diabetes mellitus and its complications and therapeutic
approaches to correction. Bulletin of Experimental Biology and Medicine, 171(2),
179-189. https://doi.org/10.1007/s10517-021-05191-7

Mladenovic-Djordjevic, A., Loncarevic-Vasiljkovic, N., Gonos, E. S. (2021). Di-
etary restriction and oxidative stress: Friends or enemies? Antioxidants and Re-
dox Signaling, 34(5), 421-438. https://doi.org/10.1089/ars.2019.7959

. Hiibner, C., Haase, H. (2021). Interactions of zinc- and redox-signaling

pathways. Redox Biology, 41, Article 101916. https://doi.org/10.1016/j.re-
dox.2021.101916

. Day, K. J., Adamski, M. M., Dordevic, A. L., Murgia, C. (2017). Genetic variations

as modifying factors to dietary zinc requirements—a systematic review. Nutri-
ents, 9(2), Article 148. https://doi.org/10.3390/nu9020148

Grzeszczak, K., Kwiatkowski, S., Kosik-Bogacka, D. (2020). The Role of Fe, Zn,
and Cu in pregnancy. Biomolecules, 10(8), Article 1176. https://doi.org/10.3390/
biom10081176

. Pecora, F., Persico, F., Argentiero, A., Neglia, C., Esposito, S. (2020). The Role

of micronutrients in support of the immune response against viral infections.
Nutrients, 12(10), Article 3198. https://doi.org/10.3390/nu12103198

. Griingreiff, K., Gottstein, T., Reinhold, D. (2020). Zinc Deficiency — An indepen-

dent risk factor in the pathogenesis of Haemorrhagic stroke? Nutrients, 12(11),
Article 3548. https://doi.org/10.3390/nul12113548

. Nasiadek, M., Stragierowicz, J., Klimczak, M., Kilanowicz, A. (2020). The role

of Zinc in selected female reproductive system disorders. Nutrients, 12(8), Ar-
ticle 2464. https://doi.org/10.3390/nu12082464

Illeit6ak, B. M. (2015). CuHTe3 1 CeKpeuysi MHCYJIMHA: POb KATMOHOB LIVH-
Ka. JKypnan I'podHeHcKkozo 2ocydapcmeeHH020 MeOUYUHCKO20 yHU8epcumema,
1(49), 5-8. [Sheibak, V. M. (2015). Synthesis and secretion of insulin: Role
of zinc cations. Journal of the Grodno State Medical University, 1(49), 5-8.
(In Russian)]

. Gibson, R. S. (2006). Zinc: The missing link in combating micronutrient malnu-

trition in developing countries. Proceedings of the Nutrition Society, 65(1), 51-60.
https://doi.org/10.1079/PNS2005474

Sriram, K., Lonchyna, V. A. (2009). Micronutrient supplementation in adult nu-
trition therapy: Practical considerations. Journal of Parenteral and Enteral Nutri-
tion, 33(5), 548-562. https://doi.org/10.1177/0148607108328470

Haase, H., Ellinger, S., Linseisen, J., Neuhduser-Berthold, M., Richter, M. (2020).
Revised D-A-CH-reference values for the intake of zinc. Journal of Trace Ele-
ments in Medicine and Biology, 61, Article 126536. https://doi.org/10.1016/j.
jtemb.2020.126536

Top6aues, B.B., Hukutun, U.A., Benuna, [I.A., Myramum63ona, 1., Banamre-
Ba, M.C. (2022). OueHKa NOTPeGUTENbCKUX MpeArnouTeHnit PoccusiH: «io-
BYIIKA CPEIHEro pauuoHar. M3eecmus 8vicluux yueGHoix 3asedenuti. ITuwesas
mexHonozus, 6(390), 90-98. [Gorbachev, V.V., Nikitin, I.A., Velina, D.A., Mu-
tallibzoda, S., Balashova, M.S. (2022). Assessment of consumer preferences
of Russians: «Average ration trap». Izvestiya Vuzov. Food Technology, 6(390),
90-98. (In Russian)]

1

Nel

20.

21.

22.

23.

24.

25.

26.

27.

2

(o]

29.

30.

3

—_

3

»o

3

w

34.

3

w

36.

37.

MUALLEBDBIE CUCTEMDI | Tom 7 No 4 | 2024 | C.568-574

. Likuski, H. J., Forbes, R. M. (1964). Effect of phytic acid on the availability of

zinc in amino acid and casein diets fed to chicks. The Journal of Nutrition, 84(2),
145-148. https://doi.org/10.1093/jn/84.2.145

Hall, A. G., King, J. C. (2022). Zinc fortification: Current trends and strategies.
Nutrients, 14(19), Article 3895. https://doi.org/10.3390/nu14193895

Li, Y., Shi, P., Zheng, Y., Guo, M., Zhuang, Y., Huo, X. (2023). Millet bran protein
hydrolysates derived peptides-zinc chelate: Structural characterization, secu-
rity prediction in silico, zinc transport capacity and stability against different
food processing conditions. Journal of Food Science, 88(1), 477-490. https://doi.
org/10.1111/1750-3841.16384

Chheang, L., Khachornsakkul, K., Del-Rio-Ruiz, R., Zeng, W., Thongkon, N.,
Thanasupsin, S. P. et al. (2024). Simple distance-based thread analytical device
integrated with ion imprinted polymer for Zn?* quantification in human urine
samples. The Analyst, 149(11), 3161-3168. https://doi.org/10.1039/D4AN00076E
Low, S. C., Azmi, N. A. B., Ong, C. S., Lim, ]. K. (2022). Environmental monitoring
of trace metal pollutants using cellulosic-paper incorporating color change of
azo-chromophore. Environmental Science and Pollution Research, 29(47), 71614—
71631. https://doi.org/10.1007/s11356-022-20706-z

Iwantscheff, V. G. (1958). Das dithizon und seine anwendung in der mikro -und
spurenanalyse. Verlag Chemie, Weinheiml/ Bergstr., 450.

Lu,J., Zhang, H., Cao, W., Jiang, S., Fang, H., Yu, D. et al. (2023). Study on the zinc
nutritional status and risk factors of Chinese 6-18-year-old children. Nutrients,
15(7), Article 1685. https://doi.org/10.3390/nu15071685

Sui, L., Du, Q., Romer, A., Su, Q., Chabosseau, P. L., Xin, Y. et al. (2023). ZnT8
loss of function mutation increases resistance of human embryonic stem cell-
derived beta cells to apoptosis in low zinc condition. Cells, 12(6), Article 903.
https://doi.org/10.3390/cells 12060903

Uddin, M. N., Kaczmarczyk, A., Vincze, E. (2014). Effects of Zn fertilization on
hordein transcripts at early developmental stage of barley grain and correla-
tion with increased Zn concentration in the mature grain. PLoS ONE, 9(9), Ar-
ticle e108546. https://doi.org/10.1371/journal.pone.0108546

. Dionisio, G., Uddin, M. N., Vincze, E. (2018). Enrichment and identification of the

most abundant zinc binding proteins in developing barley grains by Zinc-IMAC
capture and nano LC-MS/MS. Proteomes, 6(1), Article 3. https://doi.org/10.3390/
proteomes6010003

Mou, L., Martini, P., Pupillo, G., Cieszykowska, I., Cutler, C. S., Mikotajczak,
R. (2022). 67Cu production capabilities: A mini review. Molecules, 27(5), Ar-
ticle 1501. https://doi.org/10.3390/molecules27051501

BauHos, A.B., Cepos, A.B., KpaBuos, A.A., Kaznauees, 1.B. (2018). CrpoeHue
KOJUIOMJIHBIX YacTuI JusuHaTopubodiaByuHara 1yHKa. CoépemeHHAs Hayka
u uHHosayuu, 1,67-72. [Blinov, A.V., Serov, A.V., Kravtsov, A.A., Kaznacheev, Ya.V.
(2018). The structure of zinc lysinate — riboflavinate colloid particles. Modern
Science and Innovations, 1, 67-72. (In Russian)]

. Gorbachev, V., Nikitin, I., Velina, D., Klokonos, M., Mutallibzoda, S., Tefikova, S.

et al. (2024). Rosebay willowherb (Chamerion angustifolium) in food products:
Evaluation of the residual anti-radical activity of polyphenol compounds and
N-acetylcystein. Current Nutrition and Food Science, 20(2), 220-226. https://doi.
0rg/10.2174/1573401319666230330095521

. Lindon, J. C. (2000). Encyclopedia of Spectroscopy and Spectrometry. Academic

Press, 2000.

. Miller, W. J. (1970). Zinc nutrition of cattle: A review. Journal of Dairy Science,

53(8), 1123-1135. https://doi.org/10.3168/jds.S0022-0302(70)86355-X
Saper, R. B., Rash, R. (2009). Zinc: An essential micronutrient. American Family
Physician, 79(9), 768-772.

. Tsang, B. L., Holsted, E., McDonald, C. M., Brown, K. H., Black, R., Mbuya, M.

N. N. et al. (2021). Effects of foods fortified with Zinc, alone or cofortified with
multiple micronutrients, on health and functional outcomes: A systematic re-
view and meta-analysis. Advances in Nutrition, 12(5), 1821-1837. https://doi.
org/10.1093/advances/nmab065

Udechukwu, M. C., Collins, S. A., Udenigwe, C. C. (2016). Prospects of enhanc-
ing dietary zinc bioavailability with food-derived zinc-chelating peptides. Food
Function, 7(10), 4137-4144. https://doi.org/10.1039/c6f000706f

Gandia, P., Bour, D., Maurette, ].-M., Donazzolo, Y., Duchéne, P., Béjot, M. et
al. (2007). A bioavailability study comparing two oral formulations containing
zinc (Zn Bis-Glycinate vs. Zn Gluconate) after a single administration to twelve
healthy female volunteers. International Journal for Vitamin and Nutrition Re-
search, 77(4), 243-248. https://doi.org/10.1024/0300-9831.77.4.243



Gorbachev V. V. et al. | FOOD SYSTEMS | Volume 7 No 4 | 2024 | pp. 568-574

CBEJEHHA OB ABTOPAX
IIpuHaAIe;KHOCTh K OpraHu3anmn

Top6aueB BukTop BasepbeBuy — Myaflinii HaydHbIiA COTPYAHUK, HAYUHO-
MCCIIe[oBaTeNbCKast 1abopaTopusi «BMOTEeXHOMOTMY MUILEBBIX CUCTeM», Poc-
cuiickuit akoHoMuueckuit yuupepcutet umennu I. B. [Tnexanosa

115054, MockBa, CTpeMsIHHBIi 11ep, 36

Ten: +7-914-034-72-54

E-mail: genetic2@yandex.ru

ORCID: https://orcid.org/0000-0003-2737-8604

* aBTOP 1151 KOHTAKTOB

HuxkutuH Urops AnexceeBu4 — JOKTOP TEXHMUECKNMX HAYK, OLEHT, 3aBefy-
101IMit KadeApoit MUIEBbIX TEXHOIOTHI U GMOoMHKeHepuu, Poccuitckuii sko-
HoMMueckuit ynusepcuteT uMennu I. B. [TnexaHosa

115054, MockBa, CTpeMsIHHbIi 11ep, 36

Temn: +7-929-644-36-26

E-mail: Nikitin.IA@rea.ru

ORCID: https://orcid.org/0000-0002-8988-5911

TuxoHoB Cepreii JIeOHMIOBUY — JNOKTOP TEXHMUECKUX HayK, mpodeccop,
JIMPEKTOP Hay4YHO-06pa30BaTebHOro 1eHTpa «[IpuKkiagHbie HAHOOMOTEXHO-
JIOTMM», YpaJIbCKUI TOCYyAapCTBEHHbBIN arpapHblii YHUBEPCUTET

620000, EkaTepnHOYypr, yi1. Kapna Jin6kHexTa, 42;

npodeccop Kadenpbl XMMMUUECKO TEXHONOTUY JpeBeCcUHbl, 6MI0TeXHOIOTUM
¥ HaHOMaTepyasos,

YpanbCKuii rocygapCTBEHHbI J1eCOTEXHUUECKUIT YHUBEPCUTET

620100, Ekatepuu6ypr, Cnubupckuit TpaxT, 37

Ten.: +7-912-276-98-95

E-mail: tihonov75@bk.ru

ORCID: https://orcid.org/0000-0003-4863-9834

BanamoBa Mapusi CepreeBHa — KaHAMIAT MEAMLMHCKMX HAyK, JOIEHT,
Kadenpa MeIUIMHCKONM TeHETMKM MHCTUTYTA KIMHUYECKON MEeIMILMHBI MM.
H. B. Cximmdocosckoro, IlepBbiit MOCKOBCKMI TOCYAAPCTBEHHbI MeIULIVH-
ckuit yauBepcuteT umenn Y. M. CeueHoBa (CeueHOBCKIIT YHUBEPCUTET)
119991, Mocksa, yi1. Tpy6enkas, 8/2

Ten: +7-917-522-67-86

E-mail: zimt@]list.ru

ORCID: https://orcid.org/0000-0002-5117-3580

TedukoBa CBeTyiana HukomaeBHa — KaHIMAAT TEXHUUECKUX HAYK, TOIEHT,
IOIeHT Kadeapbl MUIIEBIX TEXHOIOTUI U GMOMHKeHepuu, Poccuiickuit sKo-
HoMMueckuit yauBepcureT uMenn I. B. [TnexaHoBa

115054, MockBa, CTpeMsIHHbII T1ep, 36

Ten: +7-964-728-35-79

E-mail: Tefikova.SN@rea.ru

ORCID: https://orcid.org/0000-0001-9086-0781

3u6GopoB IMutpuit MUxaityIoBU4 — KaHAMIAT TEXHUUECKUX HAYK, JOIEHT,
IOLIeHT Kadeapsl MUIIEBLIX TEXHOIOTUIA U GMOUHKeHepun, Poccuitckuit sKo-
HOMMYecKuii yHuBepcuteT uMmenn I. B. InexaHosa

115054, MockBa, CTpeMsIHHbIi T1ep, 36

Ten: +7-910-415-44-67

E-mail: Ziborov.DM@rea.ru

ORCID: https://orcid.org/0000-0003-0381-5945

Bennua Jlapbsi AneKcaHAPOBHA — MJIAJIINIT HAyYHBI COTPYAHUK, HAYYHO-
MccnenoBaTenbcKast 1abopatopust «BMOTEXHOMIOTUY MUIIEBBIX CUCTeM», Poc-
CUiicKuit 9KoHOMUYeckuit yHuBepcuteT umennu I. B. [TnexaHosa

115054, MockBa, CTpeMsIHHBIi 11ep, 36

Ten: +7-985-256-89-87

E-mail: Velina.DA@rea.ru

ORCID: https://orcid.org/0000-0002-2398-3375

Kineiin EBreHmus dpyapgoBHa — acCUCTeHT, Kadeapa MUILEBBIX TEXHOIO-
™Mt M GMouHXeHepun, POCCUITCKMIT SKOHOMMUYECKUI YHUBEPCUTET MMEHM
T. B. IInexaHoBa

115054, MockBa, CTpeMsIHHbII T1ep, 36

Ten: +7-953-669-18-73

E-mail: Kleyn.EE@rea.ru

ORCID: https://orcid.org/0000-0003-0322-036X

Kpurepun aBTOpcTBa

ABTOpr B PaBHBIX OOJISIX MMEIOT OTHOIIIEHME K HAalTMCAHMIO PYKOIIUCHU
¥ OJMHAKOBO HECYT OTBETCTBEHHOCTbD 3a IlJlarnar.

KoHduukT MHTEpecoB

ABTODBI 3aSIBJISIIOT 06 OTCYTCTBMM KOHGIVKTA MHTEPECOB.

AUTHOR INFORMATION
Affiliation

Victor V. Gorbachev, Junior Researcher, Research Laboratory «Biotechnol-
ogy of Food Systems», Plekhanov Russian University of Economics

36, Stremyanny lane, 115054, Moscow, Russia

Tel: +7-914-034-72-54

E-mail: genetic2@yandex.ru

ORCID: https://orcid.org/0000-0003-2737-8604

* corresponding author

Igor A. Nikitin, Doctor of Technical Sciences, Docent, Head of the Depart-
ment of Food Technology and Bioengineering, Plekhanov Russian University
of Economics

36, Stremyanny lane, 115054, Moscow, Russia

Tel: +7-929-644-36-26

E-mail: Nikitin.IA@rea.ru

ORCID: https://orcid.org/0000-0002-8988-5911

Sergey L. Tikhonov, Doctor of Technical Sciences, Professor, Director of the
Scientific and Educational Center «Applied Nanobiotechnology», Ural State
Agricultural University

42, Karl Liebknecht str., 620000, Yekaterinburg, Russia;

Professor, Department of Chemical Technology of Wood, Biotechnology and
Nanomaterials

Ural State Forestry University

37 Sibirskiy Trakt, 620100, Yekaterinburg, Russia

Tel.: +7-912-276-98-95

E-mail: tihonov75@bk.ru

ORCID: https://orcid.org/0000-0003-4863-9834

Maria S. Balashova, Candidate of Medical Sciences, Docent, Department of
Medical Genetics, N. V. Sklifosovsky ICM, I. M. Sechenov First Moscow State
Medical University (Sechenovskiy University)

8/2, Trubetskaya str., 119991, Moscow, Russia

Tel: +7-917-522-67-86

E-mail: zimt@list.ru

ORCID: https://orcid.org/0000-0002-5117-3580

Svetlana N. Tefikova, Candidate of Technical Sciences, Docent, Department
of Food Technology and Bioengineering, Plekhanov Russian University of
Economics

36, Stremyanny lane, 115054, Moscow, Russia

Tel.: +7-964-728-35-79

E-mail: Tefikova.SN@rea.ru

ORCID: https://orcid.org/0000-0001-9086-0781

Dmitrii M. Ziborov, Candidate of Technical Sciences, Docent, Department of
Food Technology and Bioengineering, Plekhanov Russian University of Eco-
nomics

36, Stremyanny lane, 115054, Moscow, Russia

Tel.: +7-910-415-44-67

E-mail: Ziborov.DM@rea.ru

ORCID: https://orcid.org/0000-0003-0381-5945

Daria A. Velina, Junior Researcher, Research Laboratory «Biotechnology of
Food Systems», Plekhanov Russian University of Economics

36, Stremyanny lane, 115054, Moscow, Russia

Tel: +7-985-256-89-87

E-mail: Velina.DA@rea.ru

ORCID: https://orcid.org/0000-0002-2398-3375

Evgenia E. Kleyn, Laboratory Assistant, Department of Food Technology and
Bioengineering, Plekhanov Russian University of Economics

36, Stremyanny lane, 115054, Moscow, Russia

Tel: +7-953-669-18-73

E-mail: Kleyn.EE@rea.ru

ORCID: https://orcid.org/0000-0003-0322-036X

Contribution

The author has the sole responsibility for writing the manuscript
and is responsible for plagiarism.

Conflict of interest
The authors declare no conflict of interest.



MULLEBbIE CUCTEMbI | Tom 7 No 4 | 2024 FOOD SYSTEMS | Volume 7 No 4 | 2024

DOI: https://doi.org/10.21323/2618-9771-2024-7-4-575-584

https://www.fsjour.com/jour
HayuyHas cTtaTbs

IMoctymmia 15.07.2024

ITocTyninia nocie penensupoBanus 13.12.2024

IIpunsaTa B neuats 17.12.2024

© IOwippikuH A. C., 3ybapes 10. H., Jlorynosa E. ., Camoiinosa A. M., Kanyruna 3. U., 2024

BIINSIHUE CPOKA XPAHEHUH4
HA KOJIMYECTBO MOJA B IIMIIEBBIX MHIPEIUEHTAX
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1 demepanbHbIil HAYYHbIN LEHTP NUIIEBBIX cucTeM uM. B. M. Top6aToBa, MockBa, Poccust
2Bcepoccuiickuit HayYHO-MCC/IeI0BaTeIbCKMUII MHCTUTYT TeXHOJOI MM KOHCepBUPOBaHMs, BugHoe, MockoBcKas 061acThb, Poccus

Open access

KJIIOYEBBIE CJIOBA: AHHOTALINA

tioduposanHas Mon okasbiBaeT HEOCIIOPMMOE BO3MIE/CTBME Ha KM3HEHHO BaKHbIE CUCTEMbI YeI0BEYeCKOTO OPraHM3Ma, M ero HefloCTaToK
COJb, AAMUHApusl, MU TIepen36bITOK MOTYT HECTH T1aryGHble MOCIeACTBYSL. MepOoIpusITHsI [0 MAacCOBOMY IPEJOTBPAIIeHMIO 0n0neduInTHbIX
ifodmupo3uHsl, 3a601eBaHMIi VIABHBIM 06pa30M BKJIIOUAIOT B ce6Gsi oboraleHye o6IIenOCTYITHbIX MPOAYKTOB MUTAHUS OACOomepKallyuMu
60/1bMAMNEpMempusl,  MULIEBBIMY MHTPeIUEHTaMM. Pe3ybTaThl MCCIEL0BAHMS TI0KA3aJIM, YTO KOJIMIECTBO MO B TAKUX MHIPEAMEHTAX, KaK Homu-
xpomamozpagusi, POBaHHasI COJb U CYyIIEHAst JAMUHAPUSI MOKET CHMKAThCSI B TIPOIIecce XpaHeHus, Jaske Mpy COOMIONEHN YCIOBUI XpaHeHUSI
cnekmpogomomempus U CpOKOB rofHoCTU. KonmmuecTBeHHbI aHanu3s iiofa u onTupo3uHoB B BAJL ¢ opranmueckoit Gpopmoii itofa mokasan Xopo-

LIYI0 YCTOMNYMBOCTD COEAVIHEHUI Ha IMPOTSDKEHMM BCEro Cpoka rogHocTyu. KonmuecTBeHHBIV aHann3 MOJEKYISIPHOTO Jofa
B 06bEKTaxX BBIMOTHSUICSI BOJIBTAMIIEDOMETPUYECKMM METOLOM, [0 Pe3y/IbTaTaM KOTOPOro GbUIM COCTaBJIEHBI AMArpaMMbl
BUIA «SIIMK C yCaMM», 0TOOpaskalolye IOTPeIHOCTb MU3MepeHMs VI TEHAEHIVIO CHYKeHVSI KOMMYeCcTBa i0a B 06beKTax 1c-
CJIeloBaHys B rpolecce xpaHeHus1. KonyyecTBeHHBI aHAIN3 OpraHn4yeckoil GopMsl iioga — HOOTUPO3UHOB — BBIMTOTHSIICS
MeTOJ0M BbICOK03((DeKTMBHOI KMAKOCTHO XpoMaTorpaduu ¢ macc-crieKTpodoToMeTpuueckuM AeTekTrpoBanmeM. Ha oc-
HOBe ITOTyYeHHBIX Pe3y/IbTaTOB GBUIM COCTABIIEHBI IMCTOIPAMMBbI, OTPayKalolye M3MeHeH)s] COOTHOIIEeHNS MOHOMOATHPO3U-
HOB ¥ VOO TMPO3MHOB, a TakoKe CHIDKeHMe KOHLeHTpaluy IOATMPO3MHOB B 3aBUCMMOCTY OT CpOKa FOAHOCTM.
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INFLUENCE OF STORAGE DURATION
ON THE AMOUNT OF IODINE IN FOOD INGREDIENTS
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iodized salt, laminaria, Iodine has an undeniable effect on the vital systems of the human body, and its deficiency or excess can have harmful conse-
iodothyrosynes, quences. Measures for the mass prevention of iodine deficiency diseases mainly include the fortification of publicly available
voltampermetry, food products with iodine-containing food ingredients. The results of the study showed that the amount of iodine in ingredi-
chromatography, ents such as iodized salt and dried kelp can decrease during storage, even if storage conditions and expiration dates are met.
spectrophotometry Quantitative analysis of iodine and iodotyrosines in dietary supplements containing the organic form of iodine showed good

stability of the compounds throughout the shelf life. Quantitative analysis of molecular iodine in the objects was carried out
using the voltammetric method, based on the results of which “box-and-whisker” diagrams were compiled, displaying the
measurement error, with a tendency for iodine in the research objects to decrease during storage. Quantitative analysis of the
organic form of iodine (iodotyrosines) was carried out by high-performance liquid chromatography with mass spectrophoto-
metric detection. Based on the results obtained, histograms were compiled, reflecting changes in the ratio of monoiodotyro-
sines and diiodotyrosines and a decrease in the concentration of iodotyrosines depending on the shelf life.

1. Beegenue

Von aB/1sIeTCA BOXXHBIM MMKDPO3/IEMEHTOM, HEOOXOIMMBIM JIJISl CUHTE-
32 TOPMOHOB LIUTOBUAHOM XXeJie3bl: TUPOKCHHA (T4) u TpuitoaTUPOHM-
Ha (T3). Inst obecrieyeHUs HOPMaJIbHOI Pa6GOTHI IMTOBUIHON JKee3bl
U BCeX CUCTeM OpraHu3Ma Ba’KHO MOJLEePKMBATh aleKBaTHbI ypOBEHb
iiona. PerynsipHoe morpe6ieHue iioma BbIlle OOMYCTUMOTO BEPXHEro
YDPOBHS UpeBaTO Pa3BUTMEM TMIIOTMPEO3a U ayTOMMMYHHBIX 3a60/1eBa-
HMIT IIMTOBUIHOI JKeJe3bl, B TO BpeMsI KaK XpPOHMUYECKMIT iiomome Uit
MOKeT IIPMBECTM K Pa3BUTHUIO SHAEMIUYecKoro 306a u rumeptupeosy [1].
B rpynmy pucka 1o gaHHBIM 3a60/1€BaHVSIM BXOIST 6epeMeHHbIe U KOp-
MSIMe XeHLMHBI, AeTy, IOLPOCTKY, MOXUIbIe JI0AM, a TakoKe JIMLA,
MIPUAEPKVBAIOIIYIECS] PA3TMYHBIX IMET, BBUAY NOBBIIEHHbIX TOTPeGHO-
CTell B 5CCeHLMAIbHBIX HYTpUeHTax [2,3]. Kpome Toro, cyuecTByer Te-
OopMsl TaK Ha3blBaeMoOIl MO -1leHTPUMPOBAHHONM MOJeNN, B COOTBETCTBUM
C KOTOpPOI #0f yJacTByeT B MeTabo/nM3Me APYTMX MUKPOHYTPUEHTOB
(BUTaMMHBI TPyNIbl B, BUTaMMH A, IMHK, CeJieH, Me[b ¥ 5KeJle30), BIuss
Ha MX yCBOEHMe OPraHM3MOM uesioBeKa [4].

IS DTUTVUPOBAHUS: OpigpikuH, A. C., 3y6apes, 10. H., JloryHosa, E. U.,
CamorinoBa, A. M., Kanyruna, 3. . (2024). BiusiHne cpoka XpaHeHUsI Ha KO-
JIMYECTBO #0fa B TMUIIEBBIX MHTpenueHTax. ITuujessie cucmemosl, 7(4), 575-584.
https://doi.org/10.21323/2618-9771-2024-7-4-575-584

Ipodunaxkruka iomomeduIUTHBIX 3aboneBanuii (manee — WI3)
U SHIEMMYECKOTo 3002 Ha TeppuTopuu PO oCylecTBIsIeTCs B paMKax
Crpareruu NOBBIIIEHNMSI KaueCcTBa MUIEBOI MpoayKiuu B Poccuiickoit
®epmepanyn o 2030 romal. K Hanbonee JOCTYIHBIM CII0CO6aM MacCOBOIA
MpoUIaKTURY ofomeUIMTHBIX 3a601€BaHMii CeTOIHS MOKHO OTHe-
CTU UCTIONb30BaHME JOAMPOBAHHOM COMM [JiT OOOTaleHMs] MUIIEBbIX
MPOIYKTOB MTPOMBIIIJIEHHO TIepepaboTKM 1 AOCATMBAHME TOTOBbIX OITIO,
Ha MpegnpusITUIX 00LIeCTBEHHOTO MUTaHus. UHAMBUAYyaabHast Tpodu-
JIAKTUKA 110M0me(PUIIMTHBIX COCTOSIHMIA OCYIIECTBJISIETCS TPEMSI CIIO-
cobamu: pa3paboTKa palMOHOB, BKIIOUAIONIMX MPOAYKTHI C MOBBIIIEH-
HBIM COZiepKaHMEM i10[a, NocajBaHe TOTOBBIX OJIIOI OAMPOBAHHOM
COJbIO, a Takke IpUMeHeHMe BUTaMMHHO-MMHepaabHbIX KOMIIJIEKCOB
(o pexomeHpanuu Bpaua). CyToyHasi IIOTPeGHOCTh B #i0fie B COOTBET-

! CrpaTerusi OBbIILIEHNS KauecTBa MMIeBoii MpoayKuuu B Poccuiickoit dene-
paumu no 2030 roga (yrBep>kaeHa Pacriopskennem [paButenbcrBa PO N2 1364-p ot
29.06.2016 r.). dnexTpoHHbI pecypc: https://docs.cntd.ru/document/420363999.
Iata goctyma 15.06.2024

FOR CITATION: Dydykin, A. S., Zubarev, Yu. N., Logunova, E. 1., Samoy-
lova, A. M., Kalugina, Z. I. (2024). Influence of storage duration on the
amount of iodine in food ingredients. Food Systems, 7(4), 575-584. https://doi.
org/10.21323/2618-9771-2024-7-4-575-584
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cTBUM ¢ MeTommuueckum pexomeHmauyamu 2.3.1.0253-212 cocrasnser
60-120 mKr g1 geteit, 130—150 MKT AJ1st OAPOCTKOB, 150 MKT 117151 B3poO-
cibiX U 220-290 MKT 17151 6epeMeHHbIX M KOPMSILIVX SKeHIH. [TOCKOIbKY
9KCKpenus Jioga ¢ mouoii jocruraetr 90%, ypoBeHb 7i0[ja B OpraHU3Me
OLIEHMBAeTCsl C MOMOIUIbI0 IMOKasaTesls MOAypuM — KOIMYEeCTBEHHOIO
aHanM3a iona B CyTOYHOM o6beme Mouu [5]. CornacHo JuTepaTypHbIM
JIaHHBIM, IIPMMeHeHe JaHHOrO MeToza 3 (}EKTUBHO B OTHOIIEHUY THU-
I'MEeHMYECKO OLeHKM MacCOBOTO MOTPebIeHNs i10/a, B TO BpeMsI Kak Ipyu
onpeneNeHNy MHIMBUAYAJIbHBIX ITOKa3aTesleil JOJDKHBI yUUTBIBATHCS
0CO6eHHOCTM MeTabonM3Ma KOHKPETHOTO opraHusma [6,7,8].

[TporpaMMbI 06sI3aTETPHOTO OAMPOBAHMS COMU TIPUHSTHI B 126 cTpa-
Hax Mupa, B TO BpeMmsi Kak B Poccuiickoit @enepanuu u eme B 20 cTpaHax
jionupoBaHue comu siBsieTcsl Ko6poBobHLIM. B 2019 rony MuH3znpaBom
P® 6buta MpeANpUHATA TIOMBITKA 3aKOHONATENILHO® 06513aTh MPOM3BO-
IuTesneil oboramath oMb J0OOM ITIOCPENCTBOM A00aBIeHMS] B IMILEBYIO
conb fomyna Wiy jiojaTa Kamis, a Takke 06s13aTh IPOM3BOLUTENel Ie-
pepaboTaHHbBIX MUILEBBIX IPOLYKTOB MCIIONb30BaTh OAMPOBAHHYIO COMb
B peLleNTypax BMeCTO OOGBIYHOM MUILEBOI COMYU (€C/IU 3TO He IPUBOAUT
K M3MeHeHMSIM OpPTaHO/IeNTNYeCKMX CBOVCTB FOTOBOTO MPOAyKTa). OmHaKo
Komuret l'ocymapcTBeHHOI JJyMbl IO OXpaHe 340POBbs IPUHSIT pelleHne
OTKJIOHMTD JJAHHBIV 3aKOHOIPOEKT. [IprurHamMy OTKIIOHeHMsT 3aKOHOIIPO-
€KTa, COIVIACHO 3aK/ITI0YEeHMIO, TOCTYKMIV OTPaHMY€eHe KOHCTUTYLIMOHHBIX
paB IPaXIaH Ha CBOGOLHbII BLIGOP TOBAPOB IOTPe6/IeHNS], OTPaHIYeH)e
I1paB rpaskJaH Ha CBOGOIHOE OCYILeCTBIeHNe TPeIIPMHUMATENbCKOM fest-
TeIbHOCTH, & TAKXKe CYIeCTBOBaHMe psia 3a60/IeBaHMIA, TPU KOTOPBIX MTPO-
TUBOIIOKA3aHO ITOCTYIUIEHMe /i0[la B OpraHu3M uesioBeka [9].

Tem He MeHee JiogVpPOBaHHAs COJb IIOBCEMECTHO MCIIOIb3YeTCs B Ka-
yecTBe QYHKIMOHATBHOIO MUIEBOTO MPOAYKTA s MPOoGUIaKTUKY #0-
IomeDUIMTHBIX COCTOSIHUI M COMYTCTBYIOIIMX 3a60/IeBaHMil, HECMOTPSI
Ha To YTO, BcemupHas opraHusauys 3jpaBoOXpaHeHMs] peKOMeHl0Baja
BCEM TOCYAapCTBaM-YIeHaM CTPEMMUTHCSI COKPATUTD MOTpebeHe Comu
HaceneHueM Ha 30% x 2025 romy [10]. Bmecre ¢ Tem ¢ 2016 roga pac-
nopspbkeHuem IIpaButennctBa Poccuiickont ®Pepmepanyy yTBep>KOEeHbI
PekoMeHIauMM 0 PAlYOHAIBHBIM HOPMaM IOTpe6/eHMs POLYKTOB,
OTBEUAILIMe COBPEMEHHBIM HOpMaM 3[0pOBOro muranus?. CornacHo
9TUM pPeKOMeHAALVsIM, KONUYeCTBO COMM, B TOM UKciIe JI0APOBAaHHOI,
He JJO/DKHO TPEeBbIIIATh 4 T B CYyTKM, UTO 3aTPYAHSIET peann3alyio ogHoi
poUIaKTUKY Yepe3 YIoTpebieHre oAMPOBAHHOI COMN.

Kpome noTeHUMaabHOM OMAaCHOCTM YIIOTPEBIEeHUST Ype3MEPHOTO KO-
JIMYEeCTBA COJIM CYLeCTBYET BEPOSITHOCTb CHIVKEHMS COep>KaHMs Jiofa
B JIOOVPOBAHHOJ COMY 10 3HaYeHMi, He CITIOCOOHBIX Y OBJIETBOPUTD CY-
TOYHYIO ITIOTPEOHOCTH YesroBeKa B jiofe Mpy yroTpebieHun conu B 6e3s-
OTIACHBIX KOIMYecTBax. MHOrMMM aBTOpaMu OITy6IMKOBAHBI MCCIeI0Ba-
HUSI, JOKa3bIBaIOLMe BbICOKYIO JIETyUeCTh COeAMHEHNI ioauaa u itiogarta
kamus [11,12,13]. Taoke roKka3aHa MX HM3Kasl YCTOMUMBOCTD K TepMuyIe-
CKOJ1 06paboTKe ¥ MPOOKUTETBHOMY XPaHEHUIO B COCTaBe JI0IMPOBaH-
HOJ1 CONY U IPOAYKTOB, ee comepskaumx [14,15,16].

J171s1 KOpPEKTHO OLI@HKM CoflepskaHMs 10fa U 0N TUPO3UHOB B (hyHK-
LMOHAJIBHBIX MUILEBbIX MHIPeAVEeHTaX He06XOAMMbI METOAbI IIpMeMIIe-
MOTO ¥ TOYHOTO KOJIMUYECTBEHHOTO OIpefieneHus. B 3apybexkHoit mpa-
KTUKe JIJIS OIIpefieNieHysl Jiofa B MVIIEeBbIX IPOAYKTaX M GVOIOrMYecKN
aKTUBHBIX 06aBKaX MCIIOIb3YIO IISATh METOLOB aHA/IN3a, KOTOPbIe BKITIO-
YaloT CHeKTpopOTOMEeTPMIO, TUTPOBaHMeE, KUIKOCTHYIO XpoMaTorpa-
(110, MOHOCENIeKTUBHBIN 3NEKTPOL, M MacC-CIIEKTPOMETPUIO C MHAYK-
TUBHO CBSI3aHHON masmoit [17]. Poccuiickmue ymabopaTopuy MpoOBOIST
ompeeNieHrie MacCOBOJi [IO/IM #0fia B MUILEBBIX U GMOTOTUYECKI aKTUB-
HBIX J06aBKax CTaHAAPTM3VPOBAHHBIMM METOAAMM KOIMIEeCTBEHHOTO
aHanu3a jiofla: BOIbTaMIIepOMETPUUeCKMM MEeTOAOMS U TUTPUMeTpUYe-
CKMM MeTOof0M®, 0HaKO NpUMeHeHMe MOCIeJHero MeTo/a JIsl aHaIu3a

2 MP 2.3.1.0253-21 «HopMblI (M3MONOrMUECKUX MOTPeGHOCTEH B IHEPruM
M NMILEBbIX BeleCcTBaxX IJIsl PAsIMYHbIX IPYII HaceneHus: Poccuiickoii ®enepa-
uu» (yTB. OeepanbHOi CIyk60ii Mo Hafg30py B chepe 3aumUThl IpaB MOTPeOU-
Tesieit u 6iaromnosyunst yenoseka 22 uionst 2021 r.). DneKTpoHHBIN pecypc: https://
www.garant.ru/products/ipo/prime/doc/402716140/. Jata noctymna 15.06.2024

® TIpoekT bemepanbHOro 3aKoHa OT 26 Mapra 2019 . «O IOMy/IAIMOHHOI IPO-
(unakTvke 3a60eBaHMIt, CBI3aHHBIX C AeDUIIUTOM ifoa». IEKTPOHHbIN pecypc:
https://base.garant.ru/56813924/. Jata noctyna 15.06.2024

ITpuxas MuHucrepctBa 3apaBooxpaHenus PO ot 19 asrycra 2016r. N2 614

«O6 yTBepskneHuy PekoMeHIaumit Mo palyioHalIbHbIM HOPMaM MOTpe6/IeHus -
1IEBBIX IMTPOAYKTOB, OTBEYAKIINX COBPEMEHHBIM TpeGOBaHI/lﬂM 310POBOT0 IMUTAHUS»
DnexTpoHHBIA pecypc: https://www.garant.ru/products/ipo/prime/doc/71385784/
IMara mocryma 15.06.2024

5 MYK 4.1.1481-03 «OmpeeneHye MacCcoBO¥ KOHIEHTPAIMY 07a B MUIIEBbIX
IIPOAYKTaxX, MPOAOBOJIBCTBEHHOM ChbIpbe, IUILEBLIX U 6]/[0}'[0I‘I/I‘1€CKI/I AKTUBHBIX
nmo6aBKax BOJbTAMIIEPOMETPUUECKMM METOJOM». DJIEKTPOHHbBI pecypc: https:/
docs.cntd.ru/document/1200032528. [lata moctyma 15.06.2024

© MVK 4.1.1106-02 «Ompezienenne MaccoBoii SO/ #0/a B MUIIEBBIX IPOLYK-
Tax ¥ ChIpb€ TUTPUMETPUUECKUM METOMOM». DJIEKTPOHHbIN pecypc: https://docs.
cntd.ru/document/1200030203. Tata goctyrma 15.06.2024
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610/IOrMYeCcKy aKTUBHBIX 106aBOK Hellelecoo6pasHO BCIENCTBYE BbICO-
KUX TIpeesioB o6HapykeHus. [IJis orpeneeHus MacCOBOI IO OMTH-
PO3MHOB B MSICHBIX IpoAyKTax corpyfiHukamu BHUMMII um. B. M. T'op-
6aroBa Obl1 paspaboTaH MeTOA BbICOKO3(D(EKTMBHOM KUAKOCTHOMN
xpomarorpadum ¢ Macc-CIIeKTPOMETPUYECKUM LeTeKTOPOM’, KOTOPbIi
MPUMEHUM U K APYTUM MULIEBbIM IMTPOAYKTAM, a TAKXKe K HOAMPOBAHHBIM
MOJIOUHbIM 6esikaM 1 BAJl Ha MX OCHOBe, TIPU YCJIOBUM COBMIONeHMii®

B npepbipyiieit 0630pHOI My6amMKanyumu aBTOpamMy UCCIeA0BaHbI pa3-
JIMYHbIE UCTOUYHUKM oz, IPVBeAeHa KaaccuyuKaiys MoACcoaepKalmx
MMIIEBBIX MHTPEIMEHTOB U COEaHbI BHIBOZbI O MTEPCIIEKTUBAX B 0061aCTU
oboraieHus epepaboTaHHBIX MIPOLYKTOB itofom [18]. [To MHeHUIO aB-
TOPOB, Haubojee MOAXOASIIMM CIIOCO60M O6OTalieHus OIOM Mulile-
BbIX [TPOZIYKTOB SIBJISIETCS IPMMEHeHMe opraunyeckux ¢Gopm itona popm
jioga, BXOASIMX B COCTaB JOACOIepyKalllMX IMILEBbIX MHIDPeIVEeHTOB
MIPUPOSHOTO ¥ CUHTETUYECKOTO MPOUCXOXKIEeHMUs. [JOKIMHNYeCKNe JC-
cemoBaHus, POBeieHHble Ha 6a3e demepasbHOrO HAyYHOIrO IIEHTpa
muieBbix cucteM uM. B. M. Top6aTtoBa PAH, moarBepanim HU3KYIO TOK-
CUYHOCTb I0AKAa3eMHOB 110 CPaBHEHMIO ¢ iioauaoM Kamus [19,20], a Tak-
5Ke UX BBICOKYIO 3(deKTUBHOCTh B MpoduUIakTuKe M JIeUeHUU TUIIOTHU-
peo3sa [21]. Lenblo JaHHOM pabGoOThI SIBJISJIOCH ONpefe/ieHe U3MeHeH s
KOJIMYECTBa JioAa U MoATUPO3MHA B JioAcoAepKallMx MHTPeIeHTax pas-
JIMYHOV IPUPOZBI B ITPOLiecce XpaHeHNs.

2. OG'BEKTHI M METOAbI

O6beKkTaMU MUCCIeOBAHMUS SIBISUTUCH MOCOEPKAIIE UHTPEAVEHTHI
Pa3IMYHO MPUPOMbI: OAVPOBAHHAS COMb, CYIIEHAs JIaMUHAPUS U O1-
OJIOTMYECKM aKTMBHAs J06aBKa HAa OCHOBE MOJIOUHBIX GeKoB. [ljist mc-
c/iemoBaHys 0OBEKThI ObUTM 3a/I0KEHBI HAa XpaHeHMe C [eJIbI0 U3yYeHUsI
B HMX YPOBHS /i0fla Ha MIPOTSDKEHMM BCEro Cpoka rogHoctu. KoHTposb-
HbIe TOUKM OTOOpa Mpob ObUIM OIpeeneHbl SKCIIEPTHBIM MyTEM U CO-
CTaB/ISUIM CJIeAyIolMie CPOKM TOLHOCTM: B Hadyasle Cpoka rogHocTtH, 80%,
50%, 20% OT yCTaHOBJIEHHOTO CpOKa TOJHOCTHM U [iaTa OKOHYaHUST CPOKa
rOIHOCTY. Bce 06beKThI XPaHMIIUCh C YUETOM PEKOMEHAALMIA M3TOTOBU-
Tesnst 6e3 HapyIIeHNs 1eJIOCTHOCTY YITaKOBKMU.

MoaupoBaHHas comb MpeAcTaBasieT co6Oii KPUCTANIMUECKUT Chl-
My4ynii TPOAYKT GeskeBOro 1[BeTa ¢ BKparuieHussmu vactui KIO; (mogar
Kasust) 6esoro 1BeTa, BKYC — COJIEHbIN, 6€3 MOCTOPOHHUX TMPUBKYCOB,
3amnax co c1aboit mpumecsio itoga. ComepskaHue Baaru B MPOLyKTe — He
6oinee 1,00%, rpanyioMeTpuueckuit cocras: 10 0,8 MM BK/ITIOYATENTBHO —
He meHee 75%, or 0,8 mo 1,2 MM BK/IIOUMTEIBHO — He 6osee 25%. Cpok
TOIHOCTU ISl MIOOMPOBAHHOA COMM O HeJJaBHEro BpeMeHM COCTaBIsT 6
MecsIIIeB B CBSI3M C BBICOKOI JIETYUYeCThblo ioza. ITo ucreueHun 6 Mecs-
11eB 10AMpPOBaHHAs COJMb UCIOMb30BaNACh O OKOHUAHUSI CpOKa TOAHO-
CTU, YCTAHOBJIEHHOTO JIJISI ITUIIEBOJ COJTN, KaK coslb 6e3 06aBoK. OmHaKO
¢ 2018 roga Texumueckum KomuTeToMm 1o craugaptusaunn TK 154 B 06-
HOBJeHHbI1 crangapt I'OCT P 51574-2018° Ha mumieByio Cob C HEKO-
TOPBIMM IIPUMEYAHVSIMU BKIIIOUEHA IOAVPOBAHHAS COMb, ¥ TEM CAMBIM
YCTAQHOBJIEH YBEIMYEHHbINi CPOK TOMHOCTU AJi1 AAHHOTO MHIPEOVEeHTa
BIUIOTH 10 18 Mecsi1ieB.

Cy1eHast JaMMHapyst (MOPCKasi KaIycra) sIBJISIeTCsl IPOLYKTOM Iepe-
paboTKM coeBuila 6ypsIx Bomopoceit Bunos Laminaria Japonica Aresch
u Laminaria saccharina, ToMy4eHHBIM ITyTeM BBICYIIMBAHUS U TOCTe-
IyIOLIero u3MesnbueHus. JJlaHHbIe pacTeHMS LIMPOKO PaCIpOCTPaHeHbI
B CEBEPHBIX BOAAX ATIaHTUUECKOTO U TUXOro OKeaHOB, a TaKXKe BbIpa-
LIVBAIOTCS B YCJIOBUSIX aKBaKylIbTypbl HAa BOJOPOCIEBBIX KOMOMHATAX.
TOTOBBIN MPOAYKT MPEACTaB/sIeT c060ii APOBIeHbIe JTUCTbsS JIAMUHAPUN
cpenHeit ¢hpakiinm, 6e3 IOCTOPOHHUX ITPMMeCeNi, B TOM uucie 6e3 rece-
HM ¥ IPU3HAKOB TIOPYM, [[BET OT 3€JIEHOTO 10 6YpOTro MM KOPUIHEBOTO
uBeTa. BKyc ropbkuii, ¢ omyuieHueM CIM3UCTOCTH, C XapaKTepPHbBIM 3aria-
xoM itona. Comepykanue Biaaru He 6omee 10%. CpoK rOSHOCTU CYIIEHOM
namuHapuu B Buze BAJL coctaBiisieT 36 MecsIieB.

Bronornyecku axkTuBHas Ao6aBka HAa OCHOBE MOJIOYHBIX O€NKOB
«MomoHopM» — opraHmMdeckas ¢opma iofa B Buje HONTMPO3MHOB.
B ocHoBe TexHonorun nonydeHus: BAIl nexxut depMeHTaTUBHOE 1IOIM-
pOBaHMEe aMUHOKMCIOTHBIX OCTATKOB ChIBOPOTOYHBIX OETKOB KOPOBBETO
MOJIOKA, C TOC/IeIYIONIei OYMCTKOM OT OCTATKOB HEOPraHUYECKOTo iofa

" TOCT 33422-2015 «MsicO M MSCHble MPOAYKTh. OINpeeneHne MaccoBOl
IONY ONTUPO3MHOB METOJOM BbICOKO3(hGhEKTMBHOM XMAKOCTHO! XpomMartorpa-
un ¢ macc-creKTpoMeTpUUYECKMM JeTEKTOPOM». DJIEKTPOHHBIN pecypc: https://
docs.cntd.ru/document/1200127209?ysclid=m4chbil8u9904339296. [lata moctyma
15.06.2024

8 MU 103.5-132-2012/01.00225-2011 «Ompenenenue CcomepKaHusT HOMTH-
PO3MHOB B OAMPOBAHHBIX MOJIOUHBIX Gesnkax 1 BAJlax Ha MX OCHOBE METOOM
BbICOKO3(hIEKTUBHOM XUIKOCTHOI Xpomarorpadum». Yreepxkaena: 17.04. 2011 r
JIucutipitbiM A. B., nupekropom BHUUMII um. B. M. Top6aToBa. CBUIETETHCTBO 06
arrecraiuu N2 103.5-132-2012/01.00225-2011 ot 6.04.2012.

® TOCT P 51574-2018 «Coutb muiieBas. OO6Iye TeXHUYECKMe yCIOoBUs», M.:
Cranpaptutdopm, 2018. — 8 c.
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MeTOJOM YAbTpadMIbTpalMU WM Cy6IMMalMOHHON/PacbUINTeNb-
HOJA CyIIKOJ. XMMUYECKUI COCTaB OATMPO3UHOB MPELCTABIEeH CMEChIO
MOHOMOATUPO3KUHA (3-MI0ATUPO3UH, fanee — MUT) u guitonTuposuHa
(3,5-nmitopTpo3uH, nanee — JINT). IoATMPO3MHBI SIBJISIOTCS MTOPOLIKO-
06pasHbIMM BeleCTBAMM, XOPOIIO PACTBOPUMBIMM B IL[€JI0YAX U B METH-
noBoM crupte. Iumesast eHHOCTb BAJL «MlomoHOpM» B COOTBETCTBUM
C TeXHMYECKOV MOKyMeHTauuei cocrasiser Ha 100 r: Genku — 80 T,
SKUPBI — 2 T, YIJIEBOABI — 5 T, KOBaJIeHTHO-CBSI3aHHbI o — 2,5 . Cpok
TOOHOCTU — 24 Mecsiiia.

KonnuecTBeHHOe oOIpefiesieHVie HEOPTaHMUECKOTO 710[ja B OIBITHBIX
obpasuax comu u BAIloB nmpoBogwiu o MYK 4.1.14281-03 Ha aHanmmu-
3aTope TA-Lab (OOO HIIIT «TombaHanUT», POCCUST) C TPEX3NMEKTPOIHBI-
MU stueiikamMu. B KauecTBe pabouyero 3MeKTPOoAa UCIONb30BaIM aMallb-
ramMHble 3/IeKTPOJbI, Ha KOTOpbIe IMpelBapUTeIbHO HAHOCWIIM TOHKYIO
IUIEHKY PTYTY 3JIEKTPOXMMMUYECKUM CIIOCOO0M. B KayecTBe 3/1eKTPOIOB
CpaBHEHMS M BCIIOMOTATEeIbHBIX IPUMEHSIIY XJI0pcepeOpsIHbIe 37IEKTPO-
IIbI, KOTOpbIe NpeABapUTENbHO 3aIONHSIN 3/IeKTPOIUTOM. B KauecTBe
97IeKTponuTa ToToBuau 1M BopHbIM pacTBOp xnopupa kanus (Panreac,
Ucnauuns).

CyTh JAaHHOTO METOJA 3aKJI0UaeTCs] B HAKOIUIEHUM OIPeNesisieMOoro
3/7IeMeHTa Ha MHAVKAaTOPHOM 3JIeKTPOJie B TeUueHMe 3aaHHOTO BpeMeHN
M TIpM 33JaHHOM IOTeHIMane. 3aTeM IIPOMCXOAUT PAcTBOPEHME 3TOTO
3JIeMeHTa C perucrpanueii MakCMMaabHOTO TOKa, KOTOPBIN MPSIMO MPOo-
MOPLMOHAJIEH ero KOHIIEHTpaIy. DTOT MPOLecC MOXKHO HAGIIOATh 110
BUJIy BOJIbTaMIIEDOMETPUYECKOI KPMUBOIL, HA KOTOPOJi BUJIEH XapaKTep-
HBIJi IIVK JIJIS OIIpefiessieMoro anemeHTa [22]. KoHLleHTpauus ioga pac-
CUMTHIBAETCS MICXO[S U3 BEIMUMHBI KATOJLHOTO TOKA 3JIEKTPOXUMUYECKO-
r'0 pacTBOPeHMs JoficofepsKalUx IPOAYKTOB.

KBapiieBble cTakaHuMKY 00beMoM 20 MJI TpeiBapUTETbHO TPOTUPATIN
MMAIIEBOJ COMOI, POMBIBAIM OUIMCTMILIMPOBAHHOI BOHON U ITPOKAJIN-
BasM B MydenbHoi eun IIM-16I1-1200 («dnektponpubop», Poccust) npu
temmeparype 550 °C B Teuenue 1 yaca. [[jis McciemoBaHmit OT6MpPau 1Mo
0,1-0,2 r o6pa31ioB togypoBanHoii conu u BAJIoB. Jlaiee B Ipo6bI 106aB-
asu 1o 1 em® 10%-ro pacTBopa ruapokeuaa Kamvst (Merck, Tepmanmus)
U BBIIEPXKMBAJIU B TeUeHMe royvaca. [locie 3Toro moiydyeHHbIe pacTBO-
pbl BeinapuBaiu Ha snektpuueckoi mntke ES-HA3040 («DKPOCXUM»,
Poccus) mpu Temmnepatype 120 °C B TeueHue 30 MUHYT. B oxaxaeHHbIe
KBapleBble CTAKAHYMKY NO6GAB/ISIM M0 1 cM> OUCTUMIIMPOBAHHOM BOMbI
n 0,5 cm3 10%-ro pacTBOpa LIMHKA CePHOKMCIOro («JleHpeakTus», XU,
Poccust) 1 BHOBb NMPOBOAMIM BbINTapuBaHue mpu temiepartype 150°C
B TeueHue 30 MuHYT. [lasiee mpoBogwin o3oneHue mpob npu 500 °C B my-
denpHOM 1IKady B TeueHme 20 MUHYT. [ToyueHHbIE 030IeHHbIE TIPOOBI
pactBopsu B 10 MJT GMIOVCTUMIIIMPOBAHHOM BOMBI U OTGUPAIN aTMKBOTbI
B 06bemax 0,05-1 cm3 Ha aHanu3.

Pacuer KOHLIEHTpaUyu 10a MPOBOOMUIN METOIOM CTAaHAAPTHON HO-
6aBKy. B KauecTBe aTTECTALMOHHOV CMeCY UCIIOIb30BaIM TOTOBBIN OC-
HOBHOJ1 BOIHBII pacTBOP MOHOB ii0a ¢ KoHueHTpauueii 1 mr/om® (SAA
«DKO-aHAIUTUKAY).

IIpn ompeneneHu MCKOMOTO MUKDPOHYTPMEHTa CHaydajaa PerucTpu-
poBasu BOJIbTaMITeporpaMmMy (POHOBOTO pacTBOpa, 3aTeM UCCIeyeMOro
pacrBopa. [Tociie yero BHOCWIN B0OABKY aTTECTALMOHHOI CMeCH U peru-
CTPUPOBAIM BOJIbTAMIIEPOTPaMMy TO6ABKIA.

OrmpefeneHue MOATUPO3MHOB B MCCIEAYEMbIX OIBITHBIX 06pasiax
BAJl mpoBOOMIN METOAOM BbICOKO3(GhEKTUBHOI JXUIKOCTHON XpoMa-
Torpadu ¢ Macc-CIIeKTPOMETPUUECKIUM IeTeKTOpoM (manee — BIKX-
MC) no MU 103.5-132-2012/01.00225-2011 Ha cucteme BIXKX Agilent
1200 series (Agilent Technologies, CIIA) B pexume MOHMTOpPMHIA
MHOKeCTBEHHbIX peakiuii Ha macc-criekrpomerpe Agilent 6410 Triple
Quadrupole (Agilent Technologies, CILIA). [Toce mpoBeeHMe TepuBaTH-
3alMM METONOM 06palieHHO-(ha3HOoi XpomaTorpaduy IpOBOIMUIN XPO-
MaTorpaduueckoe pasmeneHue ruApoaIM3aTa CMecu Ha KOJIOHKe ¢ $a30it
C18 (Agilent Eclipse XDB C18, 4,6x50 mmM, 1,8 MKrm).

CyTb JQHHOTO MeTO[a 3aK/II04YaeTcss B MHOTOKPaTHOM IOBTOpPeHUMU
MPOILIECCOB COPOLMM U AeCOPOLMY, TPOUCKOISAIINX MEXKIY TTOABUKHOMN
asoit 1 pacTBopeHHOI B Heit Mpo6oii. [Janee TPOBOAUTCS UOEHTUDM-
Kalysl MOATUPO3VHOB HA OCHOBE BPeMeHU YAepPKMBAHMUS Y OTHOIIEHMS
Ijiouiazieil MMKOB MOHOB-TIPOAYKTOB B CpaBHEHMM CO CTaHIApTHBIMU
obpasuamu [23,24,25].

[IpenBapuTeNbHO FOTOBWIN IPASyMPOBOYHbBIE PACTBOPHI CJIENYIOIIMM
o6pasom: B3BemmBanu 20 mr 3-itog-L-tuposuna (MUT) u 20 mr 3,5-mumii-
on-L-tuposuna gurugpara (AWT) (Sigma Aldrich, CILIA), mepeHoCHIN X
B MepHbIe Ko/i6bl BMecTuMOocTbio 100 cm® u no6asistiv meranon (B&J
Brand, KaHaga) mo mMeTku. 3aTeM Koji6bl rmomemanu Ha 20-25 MMHYT
B Y/IbTPa3BYKOBYI0 6aHi0 (Branson, CIIIA) 10 IMOJHOTO pacTBOpEHNS, TI0-
JIe Yero J03aTopoM rnepenocuu 1o 0,5 cM® Kaskaoro pacTBopa B BUAJIbI
M3 TEMHOTO CTekaa 06beMoM 2 cM>. TIOArOTOBJIEHHYIO BMATy CO CMe-
CbIO TPAZiyMPOBOUHBIX PACTBOPOB IEPEHOCWIN B aBTOCAMILIEDP CUCTEMBI

| 2024 |

B3XKX Agilent 1200 series (Agilent Technologies, CIIIA) u 3amucbIBamm
XpOMAaTOTrpaMMy TPy AJIMHe BOJMHBI 285 HM, TPy TeMIiepaType KOJTOHKU
25°C u ripu 06beme Mpo6bl 20 MK B rpafgyeHTHOM pexkume. [Ipu nomy-
YeHUM TpeX I0C/IeloBaTelbHbIX U3MEePEeHMI CO CTaHIapTHBIM OTKJIOHE-
HMEM BpeMeHM yaepskaHusl MOATUPO3MHOB He 6osee 5% v ripu Koaddu-
LMEHTEe aCMMMETPUY IMKa XPOMAaTorpaMMbl He 6oree 2% rpagyupOBKY
aHaJIUTUYECKOJi CUCTEeMbI CUMTAIN 3aBepLIEHHOI.

Ins vcenemoBauuit oroupamu mo 0,1-0,2 1 cylieHoi JlaMUHApUK
u BAJl, «MomoHopM» B cooTBeTcTBMM C P 4.1.1672-0310, ¢ ToyHOCTBIO
o 0,0001 r, ¥ moMeIaau B CTEK/ISTHHbIE T€PMOYCTOIUYMBBIE (IAKOHBDI.
[Ipo6y cylieHoi TaMUHAPUYM BBICYIIMBAIM 00€3XKUPUBAIM HA ammapare
Coxkciera Behr R106 S (Behr Labor-Technik, Tepmannst). HaBecky o6pa3s-
La TepeHOCWIN B MMKPOLEHTPUDYKHbIE MPOOMPKM BMECTMMOCTBIO
1,5 cm3, pacTBopsiin B 6yGepHOM PacTBOPE COJSIHON KMUCIOThI MOJISIPHOIA
koHueHTpauyeii 0,1 monb/nM3 («JleHpeaxkTus», XU, Poccust) 10 MaccoBoii
KOHIeHTpauuyu 2 mr/cm>, satem no6asnsum nporeasy (CAS9036-06-0
nporeasa u3 Streptomyces griseus, tun XIV, >3,5 En/mr, Kutait) B konu-
yectBe 0,01 r 1 uHKY6MpoBanu npu 37 °C B TeueHue 16 4acoB B TeMIle-
parypHoMm peaktope Reacti-Therm TS-18823 (Thermo Fisher Scientific,
CIIA). ITo mpoiiecTBMM 3aaHHOTO BpeMeHM TepMOCTaTMpPOBaHUS OCY-
LIECTBJISUT OYMCTKY L[eJIeBBIX BeIeCTB METOIOM LieHTpudyrupoBaHue
B TeueHue 5 muH npu 4000 o6/MuH Ha ueHTpudyre Supra R17 (Hanil,
Pecriy6imka Kopest), nmpornyckanyu yepes ¢uabTp ¢ mopamu @ 0,45 MKM
W XpaHWIU TuAponusat npu 4-6 °C.

ITatpoH TBeprodasHoii skcTpakuyy (nanee — TOI) npenBapuTeTbHO
KOHMIIOHMPOBAIM MOC/Ie0BATEIbHBIM MPOITYCKaHUEM 2 CM> 3/I10eHTa
11t BOXKX u 2 em3 6uaucTunnuposadHoii Bogpl. Otéupanu 0,4 cm3 ru-
Iponu3saTa npo6sl, npyBanyu 0,1 cM® aleToHUTpuIa, HAHOCUIIM CMECh
Ha MaTPOH. DKCTPAKUMIO TaTPOHA TPOBOAVIIM B JIBe CTaIMM, IIOC/IeI0Ba-
TebHO moupys 1 cm® smoenTa aast BOXKX u 1,5 cm® cvecu aneToHn-
tpuia ¢ 0,1 M consiHOM KucnoToit («JIenpeaktu», XY, Poccust), cobupast
CMBIBbI. JJIIOEHT NMEPEeHOCUMIM B KPYIIOLOHHYIO KOOy BMECTMMOCTBIO
10 cm® u ymapusamu mocyxa B mydenbHoii meurt NABERTHERM L(T)
40/11 (Nabertherm, Tepmanmust) ripu 60 °C.

Cyx0i1 0CTaTOK TMAPOIM30BaHHOI MPO6HI pacTBopsiiu B 0,3 cM> cme-
¢y GyTaHONM — XIOPUCTbIN aueTus (4:1) u repmoctatupoBanu mpu 60 °C
B TeueHue 15 MMH IJIsl AepuBaTH3aLMM HOATUPO3MHOB. PacTBopuTeNnb
ynapuBaau gocyxa mnpu 60°C 1 pacTBopsuiM ocTatok B 0,4 cM® arero-
HUTpWUIA B Boge. [lepel aHaIM30M IepUBAT MPOITyCKanu yepe3 Guiabtp
c mopamu @ 0,45 mxm u xparwim pu 4-6 °C.

Insi mpoBemeHus: Xpomarorpadmuyeckoro aHaau3a MCIIONb30BaIN
JIBYXKOMITOHEHTHYIO MOABIDKHYIO (a3y: SMI0eHT A — alleTOHUTPUI ISt
B2XXX (Pallav Chemicals, Muaust) u amioeHT B — 6ydepHblit pacTBOp
TPUPTOPYKCYCHOI KUCTOTHI, JOBEAEHHBIN 10 METKU AVICTMLIMPOBAHHOMN
BOJI0/i B MEepHOIi Kombe BMecTUMOCThI0 1000 cm3.

Pasgenenne Ha XpomaTorpaduueckoil KOJOHKe MPOBOOMIU C WC-
MoJIb30BaHMEM TIapamMeTpoB u ycinoBuii BIXKX, usnoxkenHsix B Tabnuiie
1, B peskuMe TpagueHTHOTO SMIOVMPOBAHMS TPY 00beMe BBOIUMO IIPOGBI
10 mkJ1.

Ta6nuua 1. [TapameTps! u ycnosus BIJKX
Table 1. Parameters and conditions of HPLC

CooTHoLIeHV e KOMIIOHEH-

CKopocThb
Bpems1, TOB MOABIKHOI (a3l nofoxa Temmneparypa
MMH 3 i KOJIOHKH, °C
A, % B, % CM’/MUH
0,0 20 80 0,6 30
2,0 920 10 0,6 30
5,0 90 10 0,6 30

IMoxnrotroBneHHYIO MPo6y B KoauyectTBe 10 MK BHOCU/IY B B BUAJIBI
BMECTMMOCTBIO 2 CM> M aHa/nM3upoBamu B cucteme BOYKX-MC npu 3a-
IIaHHBIX I'PaJyMPOBOYHBIX YCIOBUSIX. PacueT comepykaHus OO TMPO3MHOB
B 06pasiax M IUIOIIafeii MMKOB BBIMTOTHSUIM CUCTEMOI 06pabOTKM AaH-
Hbix (Masshunter Quantitative Analysis (Version Build 4.0.225.0) B aBTO-
MaTUYEeCKOM PeXMMe B COOTBETCTBUM C HAHHBIMU, ITONYYEHHBIMU TTPU
aHau3e rpaJyrpoBOYHBIX PACTBOPOB.

It oCylecTBAEHUSI aHAIU3a MPUMEHSUIM CJIeAyIoMe mapameTpbl
MacC-CIIeKTPOMeTPUYECKOTO IeTeKTVPOBAHMS
U Temmnepatypa ucrounuka 100 °C;

U Temmneparypa rasa geconbBauyu 320 °C;
U CxopocTb OTOKA rasa JecoiabBauuu 8 i/MUH;
U Tasnenue urisl pacnbsuintens — 30 psi (~2,07 Bap).

10°p 4.1.1672-03 «PyKOBO/JICTBO 0 METOJAM KOHTPOJISI KauecTBa M Gesomac-
HOCTM OGMOJIOTMYECKM aKTUBHBIX J06ABOK K MUIle» JIeKTPOHHbIN pecypc: https://
docs.cntd.ru/document/1200034795. Jlata moctyma 15.06.2024
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VYcnoBus perunctpaiuy aHAUIUTUUECKUX CUTHATIOB B peXuMe MOHMU-
TOpPMHIA MHOXECTBEHHbIX peakuuit (manee — MPM) mnpexncTaBieHbl
B Tabnuue 2.

Ta6nuiia 2. [lapaMeTpsl BO3eiCTBUSA HAa MOHBI B peskume MPM
¥ YCIOBUSI MIOHU3ALUY pacibUIeHUEM B 3JIeKTPUUECKOM IIoJie
C perucrpaiyei oJI0XUTeIbHbIX IOHOB

Table 2. Parameters of an impact on ions in the MRM mode and conditions of
electrospray ionization with the registration of positive ions

Hon nipen- HanpsbkeHue — DHeprust
Ananur IIeCTBEeH- f‘[g]‘:g’ }1[1]14/‘; Ha ¢pparmMeH- JUccoLyia-
HUK, M/Z ’ Tope (Frag), B uum (CE), B
3-/i0ATUPO3UH 364,0 134,9 112 30
(MUT) 364,0 261,9 112 13
3,5-OUOOTUPO3VH 489,9 387,8 116 17
(OUT) 489,9 260,9 116 30

st obecrievyeHus yCI0BMIA NeTeKTUPOBAHMS UCIIONb30BAIM IPALyy-
POBOYHBIE PaCcTBOPBI ¢ KOHIeHTpanuesi 100, 10 1 1 HaHOrpaMm/cm?>,

st kaxnoit aMuHOKMcaoTel (MUT m JUT) Gbliy MOMYYEHbI YETKO
omnpeeneHHble TPOGUIN MIOMPOBAHNS C UCIIONb30BaHMEM JTMHEITHOTO
rpaauenTa ¢a3s ot 20 no 80%, amoupoBaHHbIX B TeyeHne 40 MyH. ABTO-
MaTuyecKkoe NeTeKTUPOBaHMUe U CIIeKTPalabHbI/l aHa/IN3 MPOBOAUIN IO
3HAUEHMIO IUIOMIAAM XpoMaTorpadgpuueckoro mmuka C UCIOIb30BaHUEM
rporpammsbl Spectrum Index ¢ yueToM BpeMeHM yHep>KaHUSI U CIEKT-
paNBbHBIX XapaKTEPUCTUK. DTOT MEeTO[, MO3BOMWI UAEHTUDULIMPOBATH
Y KOJIMYECTBEHHO ONpenennTs iogoaMuHOKUIoTel MUT u VT u3 nByx
06bekToB B auanasone or 0,012 mo 12 mMr/kr.

DKCIIEPUMEHThI NIPOBOOMINCH B TPEXKPAaTHOV MOBTOpHOCTU. [Tomy-
UeHHbIe JaHHble BbIPAKaaM B BUAE CpefHEro 3HaueHus Tpex MOBTOP-
HOCTeli * cTaHgapTHOe OTKIOHeHMe. CTaTUCTUUECKUIT aHaInu3 3KCIepu-
MeHTa/IbHBIX JaHHBIX IIPOBOAM/IN METOLOM BapMalOHHOM CTaTUCTUKNA
py UCIonb3oBauuu t-tecra CTbIOfeHTa C NMPUMEHEHMEeM INPOrpaMMbl
Microsoft Excel 2010. YpoBeHb 3HAUMMOCTM JAJISI BCEX CTATUCTUYECKUX
TecToB cocTasist 5% (p < 0,05).
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3. Pe3ynbTaThl ¥ 06CyKIEeHUE

3.1. KonuuecmeeHHoe onpedesneHue MONeKYISIPHO20 Lioda

Ha PucyHnkax 1-3 nmpencraBieHbl XpOMaTOTpaMMBl, [TOTydeHHbIe IPU
oTpesielieHnM UCKOMOTO HyTpueHTa B o6pasuax «Conb iiogupoBaHHasI»,
«CymeHasi namuHapusi» u «BAJl, MomoHOpM» B KOHTPOJNBHBIX TOYKAX
usMepeHus «B Hauase cpoka roIHOCTM» U «B KOHIle CPOKa OIHOCTU».
3HaveHMs], TOy4YeHHble B TPAHNUYHBIX ¥ IPOMEXYTOUHBIX KOHTPOJIbHBIX
TOYKax, JaHsl B Tabiuiie 3.

Ha xkpuBoit 1 GpoHOBOro 31€KTPOIUTa OTCYTCTBYIOT MUKU TOKOB OKMC-
JIeHMs1. DTO TOBOPUT O TOM, UTO MCKOMBIE 2/1eMeHTbI OTCYTCTBYIOT B OHe.
Ha xpuBo#1 2 Mpo6bl MPUCYTCTBYIOT MUKY VICKOMOTO 37IeMeHTa IpU I10-
TeHuyane (B) — 0,216, 4To cBUIETENbCTBYeT O MPUCYTCTBUM B PacTBO-
pe MOHOB Jiofa. Ilocne BBefeHMs aTTECTAllMOHHOM CMecK B PacTBOp Ha
aHOJHOJ KpMBOJi 3 MakCMMa/bHOe 3HaueHMe CUJIbl TOKa yBeIMUMBAeTCs
IIPOTIOPIMOHAIBHO KOHIIEHTpaLuy 106aBKy, OCTUTasl 3HAYeHNs 5,3 MKA
Ha Pucynke 1(a) u 3HaueHus 2,8 MKA Ha Pucynke 1(6). AHanu3 rpaduxoB
TIOKa3al CHIDKeHMe KOHILIeHTpaluy /iofa MpONOPLMOHAIBHO 3HAYEHUIO
CUJIBI TOKA B 06pasiie OT Hauasia CpoKa FOSHOCTY K ero OKOHYaHMIO Ha 54%.

Ha xpuBoit 1 GpoHOBOro 31eKTpOaNTa OTCYTCTBYIOT MUKY TOKOB OKMC-
JIeHUsL. DTO TOBOPUT O TOM, UTO MCKOMBIE 3I€MEHTbI OTCYTCTBYIOT B (hOHE.
Ha kpuBoit 2 mpo6b! MPUCYTCTBYIOT IMKM MCKOMOTO 37IeMeHTa IIPY [TOTeH-
uyaie (B) — 0,262, uTo CBUAETENBCTBYET O IIPUCYTCTBUM B PacTBOpe MO-
HOB Jioga. [Toc/ie BBejleHMsI aTTeCTalMIOHHOJ CMecH B paCcTBOP Ha aHOJHOM
KPMBOJ 3 MaKCMMajbHOe 3HayeHye CUJIbl TOKa YBeIM4MBaeTCs IIPOIop-
LMOHAILHO KOHLEHTpauuy N06aBKY, NOCTUrasi 3HaueHus: 3,75 MKA Ha
Pucynke 2(a) u 3HaueHust 1,49 MKA Ha Pucynke 2(6). AHanm3 rpadukoB
10oKa3aJl CHIDKEHMe KOHILIeHTpalMy #iofa MPOMOPLMOHAIBHO 3HAUEHUIO
CIWJIbI TOKA B 06pasiie OT Hayaia CpoKa FOTHOCTY K er0 OKOHYaHMIO Ha 60%.

Ha kpuBoii 1 pOHOBOTO 37ME€KTPOIUTA OTCYTCTBYIOT MTUKU TOKOB OKMC-
JIeHUsL. DTO TOBOPUT O TOM, UTO MCKOMBIE 31eMEHTbI OTCYTCTBYIOT B (OHe.
Ha xpuBbIX 2 oGB! MPUCYTCTBYIOT IMMKM MCKOMOTIO 3/IeMeHTa Py I10-
reHnuane (B) — 0,315, 4TO CBUAETENbCTBYET O MPUCYTCTBUM B PaCTBO-
pe MOHOB Jiopa. Ilociie BBemeHNs aTTeCTALMOHHOM CMecu B PacTBOp Ha
AQHOAHOV KpMBOJ 3 MaKCUMa/lbHOe 3HaueHMe CUJIbI TOKA YBeI4MBaeTCst
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PucyHok 1. BonsTamneporpamMmsl o6pasua «MoaupoBaHHast cob» B KOHTPOJIbHBIX TOUKax m3Mepenns N2 11 N2 5
Figure 1. Voltammograms of the sample “Iodized salt” in the control points of measurement No. 1 and No. 5
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PucyHok 2. BopTamneporpamMmmsl o6pasia «CyleHast JaMMHapUs» B KOHTPOJIBHBIX TOUKax uamepenus N2 1 u N2 5
Figure 2. Voltammograms of the sample “Dried kelp” in the control points of measurement No. 1 and No. 5
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e KPHBAA MPOOBI M1OCIE BBEJCHHA ATTECTAUHOHHON CMECH 3 e KPHBAA MPOOBI MOC/IE BECACHHA ATTECTAUHOHHOI CMECH
" " " T pa3sMeTKarpaHHL IHKa KPHBOIT QOHOBOTO MMEKTPOMmITA 4 — — — — pa3MerKarpaHHI MHKa KPHBOH $OHOBOro JEKTpONHTA
— — — —  pa3MeIKarpaHHI| MHKa KPiBOii Npobhl 10 BEEIEHHA ATTECTAUMOHHOI CMeat S = — — — pa3MeIKarpaHuIl MHKa KPHBOii NP0k 110 BBE/IEHNA ATTECTAMOHHOI CMecH
— — — — pasMeIKarpaHHI NHKa KPHBOi NpoOsl mocyie BEEAeHHA aTTECTAHORHOM CMecH 6 — — — — pa3sMeIKarpamHL NHKa KPHBOI NPOOK! NOC/Ie BBEACHILT ATTECTALHOHHOM CMecH

a)

6)

PucyHok 3. BonbramMieporpaMmbl o6pasia «BAJI “MlogoHOpM”» B KOHTPOIBHBIX TOUKAxX M3Mepesys N2 1 u N2 5
Figure 3. Voltammograms of the sample of dietary supplement “lodonorm” in the control points of measurement No. 1 and No. 5
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Tabnuiia 3. Pe3y/ibTaThl aHAIM30B MUIIEBBIX O COAEPKALNX
VIHTpeJJIeHTOB Ha OCTaTOYHOe KOJINYEeCTBO MOJIEKY/ISIPHOro ioga
B IIpo1ecce XpaHeHUs
Table 3. Results of the analysis of iodine-containing ingredients on the
residual quantity of molecular iodine during storage

‘é CopepskaHue jioga, MI/KT

Koutponnuas rouxa é Conb jionu- Jlamumuapusi = BAJ]
%, poBaHHast cylieHast «opoHOpM»
1 3082 15469+4808% 20553+63822
B Hf(‘f;ggg{"“a 2 308 154694808 205536382
3 30+8 15502+4808  20499+6382
1 31+82 15457+4808% 20587+63823
80% oT cpoka rogHOCTH 2 267 10563+3654 201016235
3 27+7 10536+3654 19987 +6235
1 25%70 10510+3654° 20065 +6235°
50% OT cpoKa rOTHOCTY 2 22+7 6675+2075 19630+ 6136
3 237 6469+2075 19637+6136
1 26%70 67252075  19687+6136°
20% ot cpoka rogHOCTH 2 22%7 5508+1712 18345+5627
3 21+7 5534%1712 18320+5627
1 20%£7¢ 5478+1712°  18267+56274
C merekmmm cpokom 14%7 4143+1295  17140%5331

FOIHOCTHU

3 13£7 4168+1295 17178+5331

IIpumeuarue: pasnuuHbie GYKBHI a, b, ¢, d 0603HAYAIOT 3HAUNUTENBHYIO Pa3HU-
1y MexkIy o6pasiamu B pasHoe Bpems xpanenus mpu p <0,05.

MIPOTIOPILIMOHAIBHO KOHIIEHTpaLMM 106aBKM, IOCTUras 3HaueHus 1,18 MKA
Ha Pucynke 3(a) u 3Hauenust 0,68 MKA Ha Pucyuke 3(6). AHann3 rpadukoB
10Ka3ajl CHMKeHye KOHLIeHTpaluy ¥ofa MPONOPLMOHAIBHO 3HAUEHUIO
CWJIbI TOKA B 06pasiie OT Hauaia CPOKa FOTHOCTY K €T0 OKOHYaHMIO Ha 16%.

B Ta6nuiie 3 mpeAcTaBIeHbl Pe3y/AbTaThI OMTYYEHHbBIX JAHHBIX 110 CO-
Jlep>KaHMIo iofia B 00pasiiax iiomupoBaHHoi conu u BA]L B mpoiiecce Xpa-
HEHMSI C MOMEHTA BbIPAGOTKM IO OKOHYAHMS CPOKA TOLHOCTM B 5 KOHT-
POJIbHBIX TOUKAX M3MepeHus1. i3mepeHust MpoOBOAWINCH TPOEKPATHO, 3a
MCTMHHOE 6BUIO MPUHATO MeguaHHOe 3HaueHue. Bce 06pasipl XpaHu-
JIUCh C YYETOM TOAXOISALIMX YCIOBMIT OKPY)KAIOIEH cpelpl 6e3 Hapyle-
HUSI 1[eJIOCTHOCTY YIIaKOBKH.

[MorpemHOCTh M3MepeHus Py BBIIOJIHEHUM KOIMYEeCTBEHHOIO aHa-
Jin3a iiofa BOJibTaMIlepOMeTpUUeCcKM MeTooM cocTtaBuia 31%. ITo pe-
3y/lbTaTaM KOJIMYECTBEHHOTO aHaaM3a iofa BOIbTaMIIePOMETPUIECKUM
METOAOM ObUIM COCTAaB/IEHbI JMarpaMMbl «SIIIVK C yCaMi», OTpaskaiomie
MOrPeIlHOCTh U3MePEeHNS B BMIe AuarpaMMbl pa3maxa JaHHbIX. Ha nu-
arpamMmax KpacHO JMHIel OTMeUueHa KOHIIeHTpalus ioaa B 06beKTax,
3asiBJIeHHas IPOM3BOATENEeM, U Ha PucyHKe 4 OpaHKeBbIM MYHKTUPOM
OTMEYEeHO MMHMMAaJIbHOE COofep>KaHMe /iofa B MOAMPOBAHHOI COMU MO
pekomeHpauusim BO3.

AHanu3 JaHHBIX, IPMBEIEHHbIX Ha PucyHKe 4, Mokas3an CHMKeHMe
B 00bBeKTe <<VI0nMpOBaHHaﬂ CONb» OT HAYaJIbHOTO YPOBHS B 30 MI/KT
B [IpoLiecce XpaHeHMsI:

80% oT cpoka rogHOCTU — J10 27 MI/KT, UTO Ha 10% HM>Ke Ha4aJIbHOTO
ypoBHS; 50% oT cpoka rogHOCTM — A0 23 MI/KT, yTO Ha 23% HUXKe Ha-
YaJIbHOTO YpOBHSI; 20% OT cpoKa rOJHOCTU — A0 22 MI/KT, 4TO Ha 27%
HIDKe Ha4aJIbHOTO YPOBHSI; C MCTEKIIMM CPOKOM FOAHOCTU — A0 14 MI/KT,
YTO Ha 54% HIMKe Ha4aJbHOTO YPOBHS. B mocienHelt Touke M3MepeHust
Ha MOMEHT OKOHUYaHMsI Cpoka rOAHOCTY KOHIIEHTpaIus iofa B ogupo-
BAHHOJ COMY He COOTBETCTBOBaa pekoMeHpanusm BO3!! mo yposuio
oboraiteHus Colny ogoM B KoIMuecTse He MeHee 20 MI/KT.

IlaHHbIe B OTHOLIEHUM CHVDKEHMSI KOHIIEHTpaluuu itoga B o6pasiiax
Ji0OVpOBAaHHOM COMY, MOJyYeHHbIe B XOAe MCCIeLOBaHUsl, KOppenupy-
10T C JAHHBIMM U3 APYTMX HAYYHBIX MCTOUYHMKOB [26]. [loTepwu iioga u3
iogMpOBaHHOM COMU B Tpoliecce XpaHeHUs MOTYT MPOUCXOOUTH IO He-
CKONBbKMM NpuuyuHaM. Hampumep, 3TO CBSI3aHO C XpaHEHMEM COJH, pac-
acoBaHHOI1 B KPYIHYIO Tapy [27], ¢ pacronokeHMeM TOUeK CObITa COMu
Ha OTKPBITBIX MPOCTPAHCTBax U C BO3JENCTBMEM COTHEYHBIX Jyyeil Ha
JiooupoBaHHYIO0 coib [28]. Takke MOTepU MOTYT GBITH BbI3BAHbI XpaHe-
HMEeM COJIY B ITOMeleHMSIX C ITOBBILIEHHO BIaXXHOCTbIO [29] My B ObI-
TOBBIX YCJIOBYSIX B OTKPBITOM YITaKOBKE TIOTPEOUTEISIMU TTOCIIE TTOKYIIKY
[30]. O6ecrieueHne coxpaHeHMs Jofa B OOMPOBAHHOI COMM HA MPOTS-

' WHO. Recommended iodine levels in salt and guidelines for monitoring
their adequacy and effectiveness. dnekrponHslit pecypc: https://www.who.int/
publications/i/item/WHO-NUT-96.13. [Jata noctyma 12.04.2024
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PucyHok 4. TeHaeHIMs CHIDKeHMSI KOJIM4YecTBa iosa
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Figure 4. Decreasing trend in iodine quantity in iodized salt during storage

Copep>kaHue noga B CyLLEeHOW NaMUuHapum
25000

20000

15000

10000

S

36 mec

5000

Konuuecteo 1oaa, Mr/xr

27 mec 18 mec 9 mec 0 mec

KOHTPONbHAA TOUKa NO CPOKY FORHOCTH

= CopepKaHue 10sa, 3aABJIEHHOE NPOU3BOANTENIEM

PucyHOK 5. TeHAEHIIMSI CHVYDKeHUST KOJIMJeCcTBa iioga
B CYLIEHOM TaMMUHapUu
Figure 5. Decreasing trend in iodine quantity in dried kelp

SKEHUUM BCET0 CPOKa FOAHOCTY MOKET ObITh peajn30BaHO MTOCPEICTBOM
repMeTUYHOI CBETO- U MAapPOHEIIPOHUIIAEMO YITAKOBKU U COOITIONEHMS
PEXVMOB XpaHEHUSI, B TOM YMC/Ie TIOTPEOUTENSIMU B GBITOBBIX YCIOBUSX.

AHanu3 JaHHbIX, IPUBEIEHHBIX Ha PUCyHKe 5, MOKasan CHIUDKEHMeE
B 06bekTe «CyIleHast JaMUHApKsi» OT HAYaJIbHOTO YPOBHSI B 15469 Mr/Kr
B IIpoliecce XpaHeHus:

0 80% ot cpoka rogHOoCcTM — 0 10536 Mr/KT, UTO Ha 32% HIDKE HaYasb-

HOTO YPOBHS;

0 50% ot cpoka rogHOCTY — 10 6675 MI/KT, 4TO Ha 57% HIKe HAYaIb-

HOTO YpPOBHSI;

0 20% ot cpoka rogHOCTY — 10 5534 MI/KT, UTO Ha 64% HIKe Hauab-

HOTO YPOBHSI;

U C ucTtekumM CpokOM rogHoOCTU — A0 4168 Mr/Kr, 4TO Ha 73% HIKe

HAvyaJIbHOTO YPOBHS.

Viccmemyemblie 06pasiibl IaMUMHAPUYM ObLIM YIIaKOBaHbI B IBYXC/IOV-
HYIO YIIAKOBKY 13 6ymaru M KapToHa. DTO, BO3MOXKHO, CTaJI0 IIPUYMHOMN
MoTepb iiofa B Ipoiiecce xpaHeHusl. [IJaHHAs TUTIOTe3a IMOATBEPKIAeTCs
MUCCTIENOBAHUSIMU HOPBEKCKUX YUEHbIX, KOTOPbIE MPOaHATU3UPOBAIN
06pasiipl JaMUHAPUM, NTPUOOPETEeHHbIe B TOUYKAX POSHUUYHBIX MMPOJAK.
Pe3ynbTaThl MOKa3aaM IMPOKUI Ouana3oH CcopepkaHus ifoma B o6pas-
11aX, a TaK’ke HeCOOTBETCTBME (PaKTMUeCKO KOHIIEHTPAIK 10113, 3as1B-
JIEHHOJ1 Ha MapkupoBke [31]. Kpome TOro, CyiiecTBYIOT MUCCIeA0BaHMS,
JIOKa3bIBAIOIIME 3aBUCHMMOCTb KOHIIEHTPAIMY 104a B CYIIeHO JIAMWHA-
puM OT crioco6a BHICYIIVBAHMS MCXOLHOTO ChIPbS [32], IPM 3TOM CaMbIM
AASIIMM CIIOCOO0M MPU3HAETCS BaKyyMHas CyIIKa C IpeJBapUTellb-
HBIM 3aMopaxkuBaHueM 1o —25 °C.

AHanu3 JaHHbBIX, TpeACTaBIeHHbIX Ha PUCyHKe 6, TOKa3an CHUKeHMe
cozmepskaHMs itofa B o6bexre «BAJL “MomoHopM”» B Iporecce XpaHeHMsI.
HauasbHblit ypoBeHb cocTaBiist 20553 MI/KT, a ero CHIUKEHMe Ha pas/ind-
HBIX 3TaIax XpaHeHus pacrpeiennaoch CIeAyIM 06pa3om:

0 80% ot cpoka rogHocTy — 10 20101 Mr/KT, UTO Ha 2% HUKe Hauyajb-

HOTO YPOBHS;

0 50% ot cpoka rogHOCTY — 10 19637 Mr/KT, uTO Ha 4% HIKe Havajlb-

HOTO YPOBHS;

0 20% ot cpoka romHOCTM — A0 18345 Mr/KT, yTO Ha 11% HIDKe HAYajIb-

HOTO YPOBHS;
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Figure 6. Decreasing trend in iodine quantity in dietary supplement
“Iodonorm”

U C ucTekummm CpOKOM rogHOCTH — 1o 17178 mr/kr, yTo Ha 16% HUKe

HavaJIbHOTO YPOBHSI.

Hacrosimime uccienoBaHust [OKa3biBaloT 3P GEKTUBHOCT MPO6OIIOf-
rotoBku BAJI «MomoHOpM», cofepykaliero ol B opraHuueckoii Gopme
C Le/bI0 KOJIMYECTBEHHOTO aHaMM3a HeopraHuveckoro iozxa. Crabmiib-
HOCTb OpraHMYecKoi GOpMbI itofia, CBSI3aHHOTO C MOJIOUHBIMM GeTKaMM,
HEOJHOKPATHO JOKa3aHa B MCCIENOBAHUSIX TPOAYKTOB, 060ralleHHbIX
BAJI «lomoHOpM» B Ipoliecce xpaHeHus [18,33-36].

3.2. KonuuecmeeHHoe onpedeneHue 1io0mupo3uHos

O6mbexT «MomupoBaHHasi Cob» He TIOABEepraacs aHaanu3y, MOCKONbKY
He COJEPKUT B COCTaBe JiOAKa3enHa, a CONEePXKUT MOaUI U MoHaT Kaaus.
Ha PucyHkax 7 u 8 mpencraBieHbl XpOMaTOTPaMMbl MOATUPO3MHOB,
HoJTyYeHHble TPy aHause 06pasios «BAJl “VomoHopm”» u «CymeHas
namuHapus». OrpefeneHye UCKOMOrO HyTpUeHTa IMPOBOAWIOCH B Ipa-

HUYHBIX KOHTPOJIbHBIX TOUYKAaX M3MepeHus — B Hayasle U B KOHIIe CpoKa
TOAHOCTM.

Ha xpuBOJ1 XpoMaTOrpaMMbl IPUCYTCTBYIOT MUK MOHOB-TIPOAYKTOB
MOHOMOATUPO3UHOB U IUIOATUPO3MHOB (PucyHoK 7). ITokazaHus mio-
mazei NUKOB IIPU U3MepeHUM MOHOMOATMPO3UHOB CYMMAapHO COCTaB-
nstot 27058 mAU, a guitontupo3uHoB — 5416 mAU Ha Pucynke 7(a). Ha
Pucynke 7(6) 3tv 3HaueHus coctapisior 22447 mAU u 9951 mAU coor-
BeTCTBEHHO. AHa/IM3 IpaduKOB 110Ka3asa CHUKEeHMe CYMMapHO KOHIIeH-
Tpauuy HOATMPO3MHOB IIPOMOPLIVIOHAIBbHO 3HAYEHMIO IIIONIa/iell MMKOB
B 06paslie OT Havajia CpoKa FOJHOCTM K ero OKOHYaHMIO Ha 2%.

Ha kpmBOJi XpoMarorpaMMbl NPUCYTCTBYIOT NMKM MOHOB-TIPOIYK-
TOB MOHOMOATMPO3MHOB U AuiioaTupo3uHoB (PucyHok 8). IlokasaHus
IJouazeil MMKOB IPU M3MepeHUM MOHOMOATUPO3MHOB COCTaBJISIIOT
12715 mAU, a guitopTupo3mHoB — 9951 mAU Ha Pucynke 8(a). Ha Pu-
cyHke 8(6) 3Tu 3HaueHust paBHbl 1956 mAU u 305 mAU coOTBETCTBEH-
HO. AHamu3 rpaduKoOB IMOKa3aJl CHIDKEHME CYMMAapHOI KOHILIEHTpa-
LMY JOATUPO3VHOB MNPOMNOPLMOHAIbHO 3HaUYeHMIO Ioliajeil NMUKOB
B 06pa3iie OT Hayaja CPoKa FOTHOCTY K er0 OKOHYaHMI0 Ha 90%.

B Tabnuue 4 mpencTaBieHbl Pe3ylbTaThl ITOJYUYEHHBIX HAHHBIX IO
cozmepkaHuio toaTuposuHoB (MUT, INT u ux cymma) B o6pasuax BA]]
B MpOLecce XpaHeHMsI C MOMEHTa BbIPaOGOTKY O OKOHYAHMS CPOKa T'Ofi-
HOCTY B 5 KOHTPOJIbHBIX TOUKAX M3MepeHUsl. Kakablil OTbIT POBOIVIICS
TPOEKPAaTHO, 32 UCTMHHOE GbUIO NPUHITO MeMaHHOe 3HaueHMe II0My-
YeHHBIX Pe3y/IbTaTOB B PAMKax O HOTO OIbITa.

Ilo pesynpTaTaM KOJIMYECTBEHHOrO aHalM3a VOATUPO3MHOB METO-
oM BIXKX-MC 6butM cOCTaBIeHbI CTOGYAThIE AMarpaMMbl 3aBUCUMO-
CTM KOHLEHTPAaUMU HONTUPO3UHOB OT CPOKa TOZHOCTM 00BeKTOB. Ha
IuarpaMmax IMyHKTUPHOJ JiMHMel 6blla OTMeueHa 3KCIOTeHIMaTIbHAas
JIVHMS, OTpakalollasi TeHAEeHIVIO CHYKeHUs] KOHLIeHTpalum OoATUpO-
31[HOB B 0OBEKTAX.

AHanu3 JaHHBIX, IPUBeAEHHbIX Ha PucyHke 9, mokasal CHMKeHUe
ffonTMpPO3MHOB B mporecce xpaHeHusI BAJl «MomoHOpM» OT HaYaIBLHOTO
ypoBHS B 14% oT maccel BAJL:

0 80% ot cpoka rogHOCTM — 110 13,95%, uTo Ha 0,7% HIKEe HAYaJIbHOTO

YDOBHS;

VWD A, Wavelength=285 nm (IO TIPO3VIHEI 2024-04-10 09-49-20\6114.D)
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PucyHoK 7. XpoMaTorpaMMbl KOHIeHTpauuy i10ATMPO3UHOB B o6pasue «BAJl “HomoHopm”>»,

MOTy4eHHbIe B KOHTPOJIbHbIX TouKax N2 1 u N2 5
Figure 7. Chromatograms of the iodotyrosine concentration in the sample of dietary supplement “lodonorm” obtained in the control points No. 1 and No. 5
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PucyHok 8. XpomaTorpamMMbl KOHIIEHTPAIIUU MOATUPO3VHOB B 00pa3ue «CyleHast TaMUHapusi»,

ToJiydYeHHbIe B KOHTPOJIbHbIX TOuKax N2 1 u N2 5
Figure 8. Chromatograms of the iodotyrosine concentration in the sample “Dried kelp” in the control points of measurement No. 1 and No. 5
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Tab6nuiia 4. PesyabraThl aHamm3os BAJl Ha ocTaTouHOE KOJIMYECTBO
JOATUPO3NHOB B Mpolecce XpaHeHUs
Table 4. Results of the analyses of dietary supplements on the residual
quantity of iodotyrosines during storage

«
2]
ntoms B menss BAMonomopws BiltiOVIEE
z
MUT 10,57%0,16% 0,390,012
1.1  [OUT 3,03+0,012 <0,012
CyMMapHO 13,62+0,017 0,42£0,01
B Hauase MUT 11,12£0,16 0,54+0,01
cpoka 1.2 OUT 2,98+0,07 <0,012
TORHOCTH CyMMapHO 14,1+ 0,23 0,55% 0,01
MUT 11,47+0,16 0,69+0,01
1.3 OUT 2,93+0,07 <0,012
CyMMapHO 14,4+ 0,23 0,7+ 0,01
MUT 10,46%0,172 0,29%0,01®
2.1 JUT 3,49%0,05" <0,012
CyMMapHO 13,952+0,12 0,38£0,01
80% MUT 10,73+0,18 0,31+0,01
OT CpOoKa 2.2 OUT 3,57+0,05 <0,012
TORHOCTH CyMMapHO 14,3+ 0,23 0,32% 0,01
MUT 10,3+0,15 0,36+0,01
2.3  OUT 3,51+0,05 <0,012
CyMMapHO 13,81+ 0,2 0,37+ 0,01
MUT 10,5%0,162 0,16+0,01¢
3.1 AT 3,5+0,06° <0,012
CyMMapHO 140,222 0,17¢+0,01
50% MUT 10,49+0,16 0,19+0,01
OT CpOKa 3.2 OUT 3,31+0,05 <0,012
TOAHOCTH CyMMapHO 13,8+ 0,21 0,2+ 0,01
MUT 10,2£0,16 0,26+0,01
3.3 OUT 3,41£0,05 <0,012
CyMMapHO 13,61+ 0,21 0,27 0,01
MUT 10,5+0,152 0,15%0,01¢
4.1 [OUT 3,11+0,05¢ <0,012
CyMMapHO 13,642+0,2 0,16°£0,01
20% MUT 11,2%0,15 0,13+0,01
OT CpOKa 4.2 OUT 2,79%£0,04 <0,012
TORHOCTH CYyMMapHO 13,99+ 0,19 0,12 0,01
MUT 10,27+0,15 0,13+0,01
4.3 OUT 3,13£0,05 <0,012
CyMMapHO 13,7£0,2 0,14+ 0,01
MUT 10,2+0,152 0,044 +0,04
51 AT 3,4+0,054 <0,012
CyMMapHO 13,68+0,2 0,0554+0,01
C JCTeRIIM MUT 9,9+0,15 0,050£0,01
CPOKOM 5.2 OUT 3,11+0,05 <0,012
TORHOCTH CyMMapHO 13,01 0,2 0,06%0,01
MUT 10,58+0,16 0,055+0,01
5.3 OUT 3,62%+0,06 <0,012
CyMMapHO 14,2+0,22 0,065+0,01

Tpumeuanue: pasnuyHbie GYKBBI a, b, ¢, d 0603HAYAIOT TOCTOBEPHbIE M3MEHE-
HUSI OCTATOYHOTO KOJIMYECTBA OATUPO3MHOB B 06pa3iiax B MPOLECce XpaHe-
Hus ipu p < 0,05.

0 50% or cpoka rogHocT! — 10 13,8%, uto Ha 1,2% HIKe HaYaIbHOTO

YPOBHS;

U 20% ot cpoka rogHocTM — 10 13,7%, uTo Ha 1,6% HMKe HAUYAJIBHOTO

YPOBHS;

U C ucTekmuM CpOKOM rogHOCTU — 10 13,6%, uTo Ha 2% HIDKe Hauyajlb-

HOT'O YPOBHSI.

KonuuecTBeHHOe ornpefeneHue ioaTuposnHos B BAJI «MomoHOpM»
SIBJISIETCS] HamMboJiee TOYHBIM CIIOCOOOM aHalM3a AJisi JAHHOM (OpMBbI
itoma. CTaGMIbHOCTb KOHIIEHTPAIIMM 0fia B IOAMPOBAHHBIX OeKaxX He-
OHOKPATHO [IOKa3aHa MCCIeNOBaHUSIMY (YHKIIMOHAMBHBIX MUIIEBBIX
MPOAYKTOB, OOOTAIlleHHBbIX A06aBKaMU C MOOMPOBAHHBIMM OenKamu
[33-36]. Ucnionb3osanue BAJT «Momonopm» B coctaBe ®IIIT momycTUMO

KoHueHTpauua HoaTMposnHos B BAL «/loaHMHOpM»
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Ha J11060M CpoKe roZHOCTM oboraamnieit fo6aBky 6e3 oTepyu OTINIK-
TebHBIX CBOVICTB TOTOBOTO IIPOLYKTA.

AHanu3 IaHHbIX, MPUBeNeHHbIX Ha PucyHke 10, mokasaa CHUKeHME
IonTUPO3UHOB B mpolecce xpaHeHust BAJ «CyuieHast 1aMUHapus» OT
HavaabHOro YpoBHS B 0,54% oT Mmaccel BAT:

U 80% ot cpoka rogHocTH — 10 0,32%, 4TO Ha 37% HUXKe HavYaJIbHOTO

YPOBHS;

0 50% ot cpoka rogHoctu — mo 0,2%, uto Ha 60% HUKe HAYaTbHOTO

YDOBHS;

U 20% ot cpoka rogHocT — 10 0,13%, uTo Ha 76% HUXKe HAUYaJIbHOTO

YPOBHS;

O Cucrexmm cpokom rogHocTy — 110 0,05%, uto Ha 90% Hiske Hauasb-

HOT'O YPOBHSI.

Pe3ynbTaThl KOMMYECTBEHHOTO aHa/IM3a HEOPraHMYEeCcKoro o/ia oKa-
3a/IMCh BbIIIE, UEM Pe3y/IbTaThl aHA/IN3a OATUPO3MHOB B TIepecyeTe Ha
HeopraHMuyecKuii yog. ITO MO3BOMSET CenaTh BbIBOJ, YTO B CYLIEHOM
JaMMHapuM TpeobiasaeT HeopraHuueckas ¢gopma iioma. CBexxue wuc-
C/lefoBaHMs, NTONyYeHHble IIpy nomoluy, VIBA-onpenenenus jona, no-
Ka3bIBAIOT MPUCYTCTBME GOJIBIIOTO KOIMYECTBA HEOPTaHMUECKOro iofa
B 06paslax BOAOPOC/Ieii, aHaJOTMYHbIX CYIIeHOi taMuHapuu [37]. Uc-
nonb3oBaHue BAJL «CymieHast tammuHapusi» B coctaBe ®III gyis obora-
LIeHsT TOATUPO3MHAMMY JOKHO COMTPOBOXIATHCSI BXOAHBIM KOHTPOJIEM
C LeJTbI0 00ecrieye st KauecTBa rOTOBOTO MPOAYKTA, BKIIOYAIOIIMM IIPO-
BEPKY A00aBKM Ha KOHIIEHTPALNIO OO TUPO3UHOB.

4. BeIBOABI

Pe3ynbTaThl MOKa3aiM, YTO MCXOLHAs KOHLIEHTpanus iiofa B Havase
CpoKa TOIHOCTY B 06pa3siiax iogypOBaHHOI COMIU U CYLIIEHO TaMUHAPUM,
B oTnune ot BAJI «MlogoHOpM», He COOTBETCTBOBA/A JAHHLIM, 3asIB/IeH-
HBIM MpOM3BOAMTEIEM. Bce 06pasiibl B IPOLiecce SKCIEepPUMeHTa XpaHMu-
JIUCh TIPU COOMIONEHUM YCTIOBMIA U B TEUEHME CPOKA TOTHOCTH, 3asIB/IE€H-
HBIX MPOM3BOAMUTENEM. B xofe skcriepumenTa 06pasiibl OTOMpaINCh Ha
HOBTOprIf/] AHa/IN3 OJIs1 OTC/IEKMBAaHMS TEHACHIIMNM CHVKEeHMSI KOJINYeCT-
Ba iiofia B Mpoliecce XpaHeHNs! B CIeOYIOIMX KOHTPOIbHBIX TOUKax: 80%,
50%, 20% OT cpoKa rOMHOCTH ¥ TI0 OKOHUAHMIO CPOKa FOHOCTH.

VccnemoBaHue Bcex 0OpasiioB BKIIIOYATIO BOJIBTAMIIEPOMETPUYECKUIT
MeTOJl, OIpezeseHNs] MOJIEKYISPHOrO #0fia, TI0 pe3yiabTraTaM KOTOPOro
6GbUIM COCTABJIEHBI AMArpaMMbl BUA «SIIUK C ycaM», OTpakaloliue 13-
MeHeHMe KOHIIEHTpalluy ofa B MpoIlecce XpaHeHMsI C IMOTrPEeITHOCTSIMU
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M3MepeHus B BUIE pasMaxa AaHHbIX. [JOTIOMHUTENBLHO GbUIO OCYIECTB-
JIEHO MCCeloBaHNe KOHLIEHTpaluy OpraHn4yeckoro 1ona B Buie MonoTu-
PO3MHOB METOIOM BBICOKOA(HEKTUBHOI KMIKOCTHOV Xpomartorpadum
€ Macc-CrekTpodOTOMETPUYECKUM J€TEKTMPOBAaHMEM B 06pa3iiax Cylie-
Hoit namuHapun u BAJl «VlofoHOpM», TIO pesy/lbTaTaM KOTOPOTO ObuIn
COCTaBJIEHBI CTONIOYATHIE TMAarpaMMbl, BKIIIOUAIOIME SKCIIOHEHI[UATbHbIE
3aBUCUMOCTM CHIDKEHMSI KOHLEHTpaluM MOATMPO3MHOB OT CpoOKa Xpa-
nenus. st o6pasia «Conmb jogypoBanHasi» meton BIXKX-MC ue mpu-
MEHSUICS TIO0 TIPUUMHE OTCYTCTBUSI B COCTaBE KaKUX-TMOO OpraHMyYecKUX
BEIIECTB, & 3HAYNT, 13-3a OTCYTCTBUS KAKUX-JTMOO0 CJIEOB OATUPO3UHOB.
KonuuecTBeHHbI aHaMM3 itoga B o6bekTe «Coib foaMpoBaHHas» 110~
Kasasl, 4To (hakTMyecKass KOHLIEHTpauysl iio[a B Hauaie Cpoka TOTHOCTH,
MeHblIle 3asIBJIEHHOJ ITPOU3BOIUTEIIEM, a ee CHMUKeHIe B Mpolecce xpa-
HEHMSI TIPOMCXOAUT Gosiee yeM B 2 pasa U HE COOTBETCTBYET PEKOMEH-
nanusam KomuTeTa o KOHTpoio 3a mpodunakTukoii M]I3. [IpuMenenne
JlaHHOTO 06BeKTa C LeNbio podbunaxkTuky M3 6yneT HeahheKTUBHBIM,
a TpeBbIIIEHVE PEKOMEHIYeMOJi HOPMbI MOTPEOIEHUSI COMU C LENbI0
YBEJIMUYEHNS KOTMYECTBA MOTPE6ISIEMOTO C COMbIO 110Jja MOXKET GbITh Upe-
BaTO Pa3BUTHUEM APYTUX AIMMEHTAPHO-3aBUCUMBbIX 3a00IeBaHMUIA.
KonuecTBeHHbI aHaIN3 itofa B 00bekTe «CyllieHast JaMyuHapysi» 110-
Kasasl, 4To (hakTMyecKas KOHLIEHTpauysl iioJa B Hauaie Cpoka TOOHOCTH,
3HAUUTENbHO BbIllle 3asBJIEHHOV MPOU3BOAUTENEM, U CTPEMUTETbHO
CHIDKAeTCs B 3aBUCUMOCTM OT CPOKa XpaHeHUs, a K KOHIy Cpoka rogHO-
CTU ¥ BOBCe IIPMOIMsKaeTcs K Hyimio. [[puMeHeHye JaHHOTO 06beKTa B Ka-
yecTBe cpeficTBa MpoduaakTuky MJI3 J0MKHO COTPOBOXKAATHCS CTPOTMM
KOHTPOJIEM i0fia B IUIIIEBOM MHTPeMeHTe C 1IeTbI0 HeIOMyIIeHMsI ITepe-
I03MPOBKMU 1107ja CO BCEMM BBITEKAIOIIVIMMU MOCIeNCTBUSIMMA.
KonuuecTBeHHbIiT aHaM3 ifofa B o6bekTe BAJI «MomoHOpM» TTOKasar,
uyTo (aKkTMUeckasi KOHIEHTpalus 1ofa B Havyaje CPoKa TOIHOCTU COOT-
BETCTBYeT 3asIBJIEHHON IPOM3BOAUTENIEM, a CHWKeHMEe ee B IIpoliecce
XpaHeHUs] TPOUCXOOUT TUIaBHO. Ha KoHell cpoka TOIHOCTM KOHIIeHTpa-
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M fofa B 06beKTe cocTaB/siia He MeHee 85% OT KOHIeHTpalMy B Ha-
Yyajie CpoKa TOJHOCTH, YTO CBUAETEIBCTBYET O BBICOKOI YCTOMUMBOCTHU
aHHOTO COeIVTHEeHMSI.

VccnenoBaHus KOHLEHTpAlMM HOATUPO3UMHOB B 06bekTe BAJL
«MlomoHOpM» TIOKA3a/IM BBICOKME 3HAUEHMS OIpefesieMOro BelllecTBa,
YTO MOATBEPKIaeT Pe3ylbTaThl UCCAeIOBaHMII KOHIIEHTpAlMM Heopra-
HMYECKOTO i10Ja B 06beKTe. B TeueHMe cpoka roAHOCTY KOHLIEHTPALMSI
JIONTUPO3MHOB M3MeHWIach He 6osee yeM Ha 2%. ChenaH BHIBOJ, O BO3-
MOXHOCTM TIPMMEHEHMSI OBYX METOJOB OIpe[eleHNs] KOHLeHTPauyyn
jiofa AJisi MHIPeIyeHTOB, COAePsKaINX MOATUPO3MHBI, C IIepecuyeToM Ha
MOJIEKYJISIPHBIV IO/,

IlonoTHUTENbHbIE MCCIENOBAaHMS KOHIUEHTpaluu HOATUPO3UHOB
B ob6bekTe «CyllieHasl JaMuHapusi» TOKasaay HeOOJbIIoe KOIMUECTBO
ompeJensieMOro BeIlllecTBa, YTO CBUAETENbCTBYET O HAIMINY OpraHyuye-
CKoJt (hopMbI 7i0fja B IPUPOTHOM MCTOUHMKE U O BHICOKOM IOTEHIMATIE
MpUMeHeHMs] JAHHOTO MHTPEAVEHTA B TPOMU3BOACTBE (QYHKIVIOHATbHBIX
MMUIIEBbIX MPOAYKTOB. OLHAKO K KOHILY CPOKa FOZHOCTY KOHLIEHTPALMSI
JIOATUMPO3MHOB B JaMMHapuUM cHM3WIach Ha 90%, 4TO orpaHMYMBaeT UC-
oJib30BaHMe J06aBKY C MCTEUEHMEM CPOKa FOAHOCTH.

TakuM 06pa3oMm, CIeaHbl CJIEAYION[MEe BbIBOZbI:

0O meponpusitusi o npodunaktuke M]3 ¢ mpuMeHeHMeM itofcofep-
SKAIIMX VHTPEIMEeHTOB MO/DKHBI BK/IIOUATh 06S13aTENIbHBIN KOHTPOJIb
KOHIIEHTpaLNA 110/1a B 00bEKTaX;

U mpuMeHeHue HONMPOBAHHOM COMUM MOXKET ObITh Hed(hGhEKTUBHBIM
npu npodutakTyke W13 BeaeacTBMe 3HAUNTEILHOTO CHIOKOHUS] KOH-
LIeHTpaLNii 1o/1a B IpoIecce XpaHeHMs;
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ABSTRACT

The quality of nutrition in correctional facilities plays a crucial role in the health of incarcerated individuals. This review in-
vestigates dietary patterns within these institutions, examining their nutritional adequacy and compliance with established
guidelines. The review aims to assess the nutritional content of meals provided in correctional settings and their impact on
inmate health. A systematic literature review was conducted, analyzing studies that evaluate meal composition, adherence to
nutritional standards, and associated health outcomes for inmates. Data was synthesized from diverse correctional facilities
to highlight common trends and disparities. Findings reveal pervasive nutritional deficiencies across correctional facilities.
Many meals lack adequate fresh fruits, vegetables, and whole grains, relying heavily on processed foods high in sodium and
sugar. Such imbalances can lead to significant health issues, including obesity, hypertension, and metabolic disorders among
the incarcerated population. The review also highlights disparities based on facility types, geographic locations, and budget-
ary constraints, which influence the nutritional quality of meals. Addressing the nutritional deficiencies in correctional facili-
ties is imperative for improving inmate health and facilitating rehabilitation. Implementing comprehensive meal planning,
increasing access to fresh produce, and ensuring adherence to nutritional standards can enhance the dietary landscape in
these settings. Future research should focus on effective interventions and policies aimed at improving nutritional offerings
to support the health and well-being of incarcerated individuals.
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B 3BAK/IOYEHHNU: OODEHKA PAIIMOHA —
OBb30P PEXXUMOB IITMTAHNSA B UCITPABUTEJIBHBIX VUPEXIOEHUAX

Cagmxkut K.*, Mumpa C.

@axynbTeT NUIEBBIX MPOJYKTOB U HYTPULMOJIOTUY, YHUBepcuTeT Babacaxeba Bxumpao Ambenkapa,
JlakxHay, YrTap-Ilpagem, Uuaus

K/JIFOYEBBIE CJIOBA: AHHOTALIN A

pexcum numawusi, KauecTBO mUTaHMS B UCIIPABUTENbHBIX YUPEKIEHMUSIX UTPAET PEIIAOIIyIo POJb B 3JI0POBbEe 3aKII0UEHHBIX. B 3TOM 0630pe nc-

3aKI0UeHHbL, CJIEAYIOTCS PEKUMBI TIATAHUS B TAKUX YUPEKIEHUSIX, U3YUAETCS MX aIeKBATHOCTb ¥ COOTBETCTBME YCTAHOBIEHHBIM HOpPMaM.

payuo, 6nazononyuue, 1leabio 0630pa ABISETCS OLIEHKA IMUTATEIbHOM LEHHOCTM 6110, TIPeNOCTaB/IIeMbIX B MCIIPABUTE/IbHBIX YUPEKIEHMUIX, M UX

Kawecmeo nuwju, B/IMSIHME Ha 3[J0POBbE 3aK/IIOYEHHBIX. BbIT MPOBeeH cycTeMaTMueckuii 0630p IUTePaTypbl, B KOTOPOM aHATU3UPOBAINCH UC-

300posbe C/1eqoBaHusl, COCPeOTOUEHHbIe Ha OlIeHKe COCTaBa IMIIM, COOMIONEHMY CTaHAAPTOB ITUTAHMS M CBSI3aHHbBIX C 9TUM pe3y/ibTaTax
C TOUKM 3PEHMSI 3[0POBbSI 3aKTIOUEHHbIX. JJaHHbIe GbIIM TIOTyUeHbI U3 PAa3IMUHBIX UCIIPABUTETbHBIX YUPEXKAEHMUI C LeJbI0 OIl-
peneneHust O0IIMX TeHAEHIIT 1 pasinumit. Pe3ynbTaTsl JeMOHCTPUPYIOT YacTbhii AeUIMT MUTATEeTbHbIX BELeCTB B MCIIPaBU-
TeJIbHBIX YUPEKAEHMSIX. Bo MHOTHMX G/TI0[1aX He XBaTaeT CBEXKMUX (PPYKTOB, OBOIIEI 1 LIebHBIX 3JIaKOB. B 3HAUMTENbHOI CTEITeHN
OHM OCHOBaHbI Ha 06pPAGOTAHHbBIX MUIEBBIX MPOAYKTAX C BBICOKUM COEPKAHMEM HATPus 1 caxapa. Takoit auc6amaHc MOKeT
MPUBECTM K CEpbEe3HBIM MTPo6/IeMaM O 3I0POBbEM, BKIIIOUasT OKMPEHe, TUITePTOHMIO M HapyIleHus] OOMeHa BelecTB CPem.
B 0630pe Takske MOAYEPKUBAIOTCS PasIMUMs], OCHOBAHHbBIE HA TUIIAX YUPEKAEHMIT, reorpaduueckoM MoIokeHnM 1 GIOIKeT-
HBIX OrPaHMYEHMSIX, KOTOpPbIE BMSIIOT Ha KauecTBO MuTaHus. YcTpaHeHue meduiuTa MATaHus B UCIIPABUTENIbHBIX YUpexKIe-
HUSIX SIBJISIETCSI 06s13aTeNTbHBIM YCJIOBMEM ISl YITyUILIeHMsT 3[0POBbsI 3aK/IF0UEHHBIX U COOECTBMS peabunutanuy. BHegpeHue
KOMIUIEKCHOTO [TAHMPOBAHMSI IIUTAHMS, YBeJIMUEHME JOCTYIIa K CBEXKMM IIPOAYKTaM 1 obecriedeHe coOMoIe s CTaHAapToOB
MATaHNS MOTYT YIYYLIATh PALVIOHBI B 3TUX YUPEKIeHMSIX. Bymyiye nccaeqoBaHus JOKHbI OYIyT COCPEAOTOUNTHCS Ha dbdex-
TUBHBIX MEpPaX, HATIPABJIEHHbIX Ha YIyUYIlIeHNe TTUTAHKS AJIst TIOAIEPKKY 30,0POBbs 1 G/Iaromnomyunst 3aKII0UeHHbBIX.

inmates are profoundly impactful, not only shaping their physical health
but also influencing their psychological state, behavior, and prospects for

1. Introduction
The state of nutrition within correctional facilities stands as a cru-

cial yet frequently overlooked feature of the criminal justice system. As
society grapples with the multifaceted challenges of incarceration, the
dietary patterns offered behind bars emerge as a critical determinant of
inmate health, rehabilitation, and overall well-being [1]. In the article [2],
the authors state that nutrition quality is one of the main factors deter-
mining the risk of non-communicable diseases, and changing the diet is
the first approach used in primary health care to reduce the disease in-
cidence. Incarceration represents a unique intersection of public health,
social justice, and human rights, wherein the provision of adequate nu-
trition assumes profound significance. The dietary choices available to

FOR CITATION: Sanjeet, K., Mishra, S. (2024). Behind bars: Evaluating the nu-
tritional landscape — A review of dietary patterns provided in correctional facilities.
Food Systems, 7(4), 585-589. https://doi.org/10.21323/2618-9771-2024-7-4-585-589

successful reintegration into society post-release [3]. However, the pre-
vailing narrative surrounding prison food often revolves around stereo-
types and misconceptions, obscuring the nuanced realities of the nutri-
tional landscape behind bars [4].

This review endeavors to delve beneath the surface, exploring the
myriad factors that shape dietary patterns within correctional facilities.
The tension between fiscal constraints and nutritional adequacy lies at
the forefront of these considerations. Correctional institutions must
navigate tight budgets and logistical challenges while striving to pro-
vide meals that meet basic nutritional requirements. This balancing act

OIS TUTUPOBAHUS : CanpyruT, K., Muipa, C. (2024). B 3ak/1oueHnn: orieHKa
paiyoHa — 0630p PEXKMMOB MMUTaHNSI B UCIIPABUTEIbHBIX YUPEXKAEHMSIX. [Tulyessle
cucmembl, 7(4), 585-589. https://doi.org/10.21323/2618-9771-2024-7-4-585-589
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between cost-effectiveness and health outcomes underscores the need
for a nuanced understanding of the complexities inherent in prison food
provisioning [5]. Institutional policies and practices play a significant
role in shaping the nutritional landscape of correctional facilities. From
menu planning and meal preparation to procurement and distribution,
a myriad of decisions influences the quality, variety, and accessibility of
food served to inmates. Cultural considerations further compound this
dynamic, as diverse inmate populations bring unique dietary preferences,
religious observances, and health needs to the table [6].

Beyond the confines of correctional facilities, the repercussions of in-
adequate nutrition reverberate through communities, exacerbating health
disparities and perpetuating cycles of incarceration [7]. Individuals enter-
ing the criminal justice system often hail from marginalized backgrounds,
where food insecurity, limited access to nutritious foods, and chronic
health conditions are prevalent. Thus, the nutritional interventions imple-
mented within correctional settings carry far-reaching implications, not
only for inmates but for broader public health outcomes [8]. Against this
backdrop, the present review endeavors to fill a critical gap in the litera-
ture, synthesizing existing research to provide a comprehensive assess-
ment of dietary patterns within correctional facilities. By examining the
intersection of policy, budgetary constraints, cultural considerations, and
health outcomes, this review aims to elucidate the complexities of prison
food provisioning and highlight avenues for improvement [9].

Ultimately, this review aspires to catalyze informed discourse and
evidence-based interventions aimed at enhancing the nutritional land-
scape behind bars. By advocating for a holistic approach to correctional
nutrition that prioritizes health, dignity, and rehabilitation, we endeavor
to contribute to the promotion of equitable and humane practices within
the criminal justice system [10]. Through concerted efforts to know the nu-
tritional needs of incarcerated individuals, we may forge pathways towards
healthier, more resilient communities and foster a system that upholds the
inherent worth and dignity of all individuals, even those behind bars [11].

2. Objects and methods

The literature search strategy employed in this study involves utiliz-
ing multiple databases to gather relevant information on the dietary pat-
terns, food systems, and lifestyle of prisoners. Table 1 outlines the specif-
ic keywords used for searching each database. ScienceDirect was searched
using keywords such as “Dietary pattern of prisoners,” “Prisoners food
system,” “Prisoners food,” and “Prisoners lifestyle and dietary pattern.”
Similarly, the Cochrane Library was explored with terms like “Dietary
pattern of prisoners,” “Prisoners lifestyle and dietary pattern,” “Prison
Food system,” and “Prisoners Food.” The database Medicine was queried
using identical keywords as ScienceDirect to ensure consistency in cap-
turing relevant literature. Lastly, PubMed was searched with keywords
such as “Prisoners’ lifestyle and dietary pattern,” “Prison Food system,”
“Prisoners Food,” and “Dietary pattern of prisoners.” This comprehensive
strategy ensures a thorough review of existing literature across multiple
sources to support the research objectives effectively.

Table 1. Literature search strategy
Ta6muua 1. CTpaTerusi IOUCKa IUTePaTypbl

Database Search keywords
. . Dietary pattern of prisoners + Prisoners food system+
ScienceDirect Prisoners food+ Prisoners lifestyle and dietary pattern
. Dietary pattern of prisoners+ Prisoners lifestyle and
Cochrane Library dietary pattern+ Prison Food system+ Prisoners Food
Medicine Dietary pattern of prisoners+ Prisoners food system+
Prisoners food+ Prisoners lifestyle and dietary pattern
PubMed Prisoners’ lifestyle and dietary pattern+ Prison Food

system+ Prisoners Food+ Dietary pattern of prisoners

2.1. Selection criteria

This review includes articles that provide data on dietary pattern and
lifestyle of prisoners during incarceration. The articles include those pub-
lished over a period of last 5 years (2020-2024). The exclusion criteria for
the selected article include incomplete and insufficient data on dietary
pattern and lifestyle of prisoners and articles older than 5 years. The ar-
ticles that have not been published or the articles of conferences were
also covered by the exclusion criteria (Figure 1).

3. Importance of evaluating dietary patterns

in correctional facilities

Behind bars, the food choices and preparation methods have a huge
impact on the overall health and well-being of inmates. It is crucial to
know whether these facilities offer healthful meals that suit the dietary
requirements of the incarcerated population [12]. The analysis of dietary
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Figure 1. Flow diagram for outlining the process of PRISMA
for inclusion in the systematic review
PucyHok 1. TexHO/IOrMYecKasl cxeMa, ONMChIBAIOIIAs IPOLeCC Pa3paboTKu
PRISMA /151 BK/IIOUEHMSI B CUCTEMaTUYeCKuii 0630p

patterns in correctional facilities allows us to assess the nutritional value
and adequacy of meals provided to inmates. By analyzing the types of
foods offered, portion sizes, and nutrient content, we can gain insights
into the effectiveness of current practices [13]. This assessment is critical
for identifying areas that require improvement and developing strategies
ensuring improved health outcomes for inmates [14]. Table 2 clearly de-
fines the importance of dietary pattern provided in prison.

4. Challenges and limitations of providing nutritious meals

in correctional facilities

Providing nutritious meals in correctional facilities comes with their
own set of challenges and limitations. One major challenge is the limited
budget allocated for food services in prisons [15]. This often leads to cost-
cutting measures that compromise the quality and variety of ingredients
used in meal preparation. Additionally, logistical constraints such as
storage limitations and security concerns can further hinder the ability to
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Table 2. Importance of dietary pattern provided in prison
Ta6muua 2. BayKHOCTD palyioHa MUTaHUSI B TIOpbMe

Importance

Impact on Health

Rehabilitation and Recidivism support successful reintegration.

Legal and Ethical Obligations

Cost Savings well-being.

Public Health Impact groups, including incarcerated individuals.

Preventive Health Measures

Quality of Life conditions.

provide fresh and wholesome meals [16]. Another limitation is the diverse
dietary needs and preferences of the inmate population. Some inmates
may have specific medical conditions or cultural/religious dietary restric-
tions that need to be accommodated. Balancing these individual require-
ments with the need to provide a standardized menu can be a complex
task for correctional facilities [17,18].

5. Common dietary patterns provided in correctional facilities

Let's now take a closer look at the common dietary patterns provid-
ed in correctional facilities. These patterns often revolve around cost-
effective options that can be mass-produced and distributed efficiently.
Unfortunately, this can result in meals that are high in processed foods,
unhealthy fats, and empty calories [19,20]. One prevalent dietary pat-
tern is the “cafeteria-style” approach, where inmates have the freedom to
choose their own meals from a selection of options. While this may offer
some level of autonomy;, it can also lead to poor food choices and imbal-
anced diets. Another common pattern is the use of pre-packaged meals
or “heat-and-serve” trays, which prioritize convenience over freshness
and nutritional quality [21,22]. Furthermore, many correctional facilities
rely heavily on carbohydrates to meet calorie requirements, often serving
excessive amounts of refined grains and sugary desserts. This can con-
tribute to weight gain, increased risk of chronic diseases, and poor overall
health [23]. Dietary patterns in correctional facilities often reflect a bal-
ance between cost-efficiency and meeting basic nutritional needs. These
patterns are influenced by budget constraints, logistical challenges, and
regulatory requirements [24].

6. Impact of dietary patterns on inmate health

and rehabilitation

The dietary patterns provided in correctional facilities have a direct
impact on inmate health and rehabilitation. A diet lacking in essential
nutrients can lead to various health issues, including vitamin deficien-
cies, weakened immune systems, and increased susceptibility to dis-
eases [25]. Moreover, poor nutrition (Figure 2) can negatively affect an
inmate's mental well-being and cognitive function. Research has shown
that a diet high in processed foods and low in nutrients can contribute to
mood disorders, decreased focus, and impaired decision-making abilities.
These factors can hinder an inmate's ability to engage in rehabilitation
programs and increase the risk of recidivism [26]. The dietary patterns
in correctional facilities have a significant impact on inmate health and
rehabilitation. Nutrition plays a crucial role in overall well-being and can
influence various aspects of physical and mental health, as well as the
success of rehabilitation efforts [27,28]. Here’s a detailed exploration of
these impact: Dietary patterns in correctional facilities have a profound
impact on inmate health and rehabilitation. Addressing these patterns

‘ Risk of Poor Nutrition ‘
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Figure 2. Risk of poor nutrition
PucyHOK 2. PMCK HenmpaBU/IbHOTO IUTAaHMS

Description

Evaluating dietary patterns in prisons is essential for understanding their effects on inmates' physical and mental health.
Poor nutrition can lead to issues like disease and disorders.

Research indicates a link between diet quality and recidivism rates, underscoring the need for healthy food options to

Correctional facilities must provide adequate nutrition to uphold inmates' human rights and dignity. Evaluating dietary
patterns ensures compliance with legal and ethical standards for inmate welfare and treatment.

Investing in nutritious meals can reduce long-term healthcare costs linked to diet-related diseases and enhance inmate
Evaluating prison dietary patterns offers insights into population health trends and informs of interventions for vulnerable
Understanding dietary patterns helps identify risk factors for nutritional deficiencies, allowing for preventive measures like

nutrition education, supplementation, or menu modifications to meet specific needs.
Access to nutritious meals can improve inmates' quality of life by enhancing energy, mood, and satisfaction with living

through improved nutrition, education, and innovative programs can
enhance physical health, support mental well-being, and facilitate suc-
cessful rehabilitation and reintegration. By overcoming challenges and
implementing effective solutions, facilities can contribute to better out-
comes for inmates and support their journey towards reintegration into
society [29,30].

On the other hand, implementing nutritious dietary patterns can have
a positive impact on inmate health and well-being. A balanced diet can
improve physical and mental health, enhance cognitive function, and
boost energy levels. By providing inmates with the necessary nutrients,
correctional facilities can contribute to their overall rehabilitation and
successful reintegration into society [31,32].

7. Strategies for improving the nutritional landscape

in correctional facilities

To improve the nutritional landscape in correctional facilities, several
strategies can be implemented. Firstly, correctional facilities should pri-
oritize increasing their food budgets to allow for the purchase of higher
quality ingredients. This would enable the inclusion of fresh fruits and
vegetables, lean proteins, and whole grains in meals, improving their nu-
tritional profile [33]. In addition, collaboration with nutrition experts and
dietitians can help develop menus that meet the specific dietary needs of
inmates while adhering to health guidelines. These professionals can also
provide education and counseling to inmates, promoting healthy eating
habits and empowering them to make informed food choices [34]. Further-
more, implementing sustainable food production practices within correc-
tional facilities, such as rooftop gardens or on-site farms, can enhance
the availability of fresh produce and reduce reliance on processed foods.
This not only improves the nutritional quality of meals but also promotes
vocational training and valuable skills development among inmates
[35,36]. Improving the nutritional landscape in correctional facilities in-
volves implementing strategies that address budget constraints, logisti-
cal challenges, and nutritional deficiencies [37]. Here’s a comprehensive
overview of effective strategies for enhancing the nutritional quality of
meals served in these facilities: Improving the nutritional landscape in
correctional facilities requires a multifaceted approach that includes
enhancing meal quality, managing costs, improving logistics, providing
education and training, integrating health and wellness programs, foster-
ing community partnerships, leveraging technology, and advocating for
policy changes [38]. By addressing these areas, correctional facilities can
make significant strides in providing healthier, more balanced meals that
support the overall well-being and rehabilitation of inmates [39].

8. The role of education and training in promoting

healthy eating in prisons

Education and training play an important role in promoting healthy
eating habits in prisons. By providing inmates with nutrition education,
they can develop a better information of the importance of a balanced
diet and make informed choices about their food intake [40]. Incorpo-
rating cooking classes and vocational training programs within prison
facilities can also be beneficial. These programs equip inmates with the
knowledge and skills to prepare healthy meals, empowering them to
make healthier choices both during their incarceration and upon release
[41]. Furthermore, education on portion control and mindful eating can
help inmates develop healthier relationships with food and avoid over-
eating. By promoting self-awareness and encouraging moderation, cor-
rectional facilities can contribute to the long-term health and well-being
of inmates [42]. Education and training play a critical role in promoting
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healthy eating in correctional facilities. By enhancing knowledge and
skills among both inmates and staff, facilities can foster healthier dietary
habits, improve overall well-being, and support rehabilitation efforts [43].
Education and training are pivotal in promoting healthy eating in cor-
rectional facilities. By providing inmates with knowledge about nutrition,
practical cooking skills, and behavioral strategies, and by training food
service staff in healthy meal preparation and food safety, facilities can
enhance the nutritional quality of meals and support inmates” health and
rehabilitation [44]. Implementing comprehensive education programs,
fostering a supportive environment, and evaluating the effectiveness of
these initiatives are essential steps toward achieving lasting improve-
ments in dietary habits within correctional settings [45].

9. Advocacy and policy recommendations for improving
nutrition in correctional facilities

Advocacy and policy efforts are essential for driving significant change
in the nutritional landscape of correctional facilities. Organizations and
individuals can work together to raise awareness about the importance
of nutritious meals in prisons and advocate for increased funding and
resources for food services [46].

Policy recommendations should focus on improving the nutritional
standards and guidelines for correctional facilities. These standards
should align with national health guidelines and prioritize the provision
of fresh, wholesome foods. Additionally, policies can promote transpar-
ency and accountability (Figure 3) in the food procurement and prepa-
ration processes, ensuring that inmates obtain meals that satisfy their
dietary needs [47]. Advocacy and policy recommendations are essential
for improving nutrition in correctional facilities. Effective advocacy and
well-designed policies can lead to systemic changes that enhance the
quality of food, support inmate health, and promote rehabilitation [48].
Advocacy and policy recommendations play a crucial role in improving
nutrition in correctional facilities. By raising awareness, building coali-
tions, advocating for legislative changes, and implementing compre-
hensive policies, stakeholders can drive systemic improvements in meal
quality and inmate health. Effective advocacy and well-designed policies
not only enhance the nutritional landscape of correctional facilities but
also support broader goals of health, rehabilitation, and successful rein-
tegration [49].
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BJINAHUE MUKPOBHNOJIOTUYECKUX PUCKOB,
CBS3AHHBIX CO CIIOPOBOM MUKPO®JIOPON, HA KAYECTBO
N XPAHUMOCIIOCOBHOCTbDb CJIMBOYHOI'O MACJIA
PA3HBIX CITOCOBOB ITPOMN3BOACTBA
Ceupupnenko I. M., 3axaposa M. B.*, Tormuukosa E. B.

Bcepoccuiickuit HayuyHO-1CC/IeIOBATENbCKMIT MHCTUTYT Maca0eN s U chipofenus, Yriaud, IpociaBckas 061acTb, Poccus

K/IIOYEBBIE CIOBA: AHHOTAL UM

C/IUBOUHOE MACJIO, B craTbe mpencTaB/ieHbl PE3YIbTAaThl MCCIAENOBAHMIT BIMSHUSI CIIOPOBBIX OAKTEPUIl HAa KaueCTBO M XPaHMMOCIIOCOGHOCTD
XPaHuMoCnoco6HOCMb, CIVBOYHOIO Macja B 3aBMCUMOCTH OT CIIOco6a ero U3roTopieHus — cbupanmueM cimBok (CC) miy npeobpa3’oBaHMEM Bbl-
mecm-Kynvmypa, coxoxxMpHbIX BOK (TIBXKC). Ilpy mpoBeneHuMM MUCCIefOBaHUI MCIIONb30BAJICS MMUTALVMOHHBIN ITOAXO[, BKIIOYAIOUINA
cnoposoie C/IeyIolMe 3Tarlbl: CHYKeHe MUKPOOGHO 06CeMeHeHHOCTH CIMBOK-ChIPbsS M MX KOHTAMMHALMSI TeCT-KY/IbTYPOit CIIOpO-
MUKPOOP2aAHU3MBbL, BbIX MMKPOOPTaHM3MOB; M3TOTOBJEHN)E Macja IO CYIIEeCTBYIOIIMM TEXHOJOTMYECKMM CXeMaM; KOHTPOJIb 3a PasBUTUEM
cbusaHue CIuUBoK, TECT-KY/IbTYPbl Ha CTaAMSIX M3TOTOBJIEHUS M XPaHEHMS CIMBOUYHOTO Macia. OOGbeKTaMy MUCCIeTOBAaHUS CAYXKUIU: CIUBKU
npeobpasoearue IO ¥ TIOC/Ie TIacTepuU3alMu; CIMBKM MacTepU30BaHHble, 060ceMeHeHHbIe TeCcT-KyabTypoit Bacillus subtilis; ciMBouyHOE Macio,

8bICOKOIMUPHBIX CIUBOK  M3roTOBIeHHOe crioco6oM CC u IIBXKC 13 KOHTaMMHMPOBAaHHBIX CIMBOK. XpaHeHMe 06pasloB Macia OCYLIECTBISIN TIPU
TeMITepaTypHbIX peskumax 3+2°C, 10£1°C u 25+ 1 °C. OueHKy KauecTBa ¥ XpaHMMOCIIOCOGHOCTM CIMBOYHOTO Mac/ia Mpo-
BOJWMJIM C YUETOM 3HAYMMBIX KPUTEPYEB 3a6PaKOBKM, OTPAKAOIIMX TPeOGOBaHMSI JOKYMEHTOB IO CTaHAApTU3aLuu. s 9TO-
ro CTaHJAPTM30BaHHBIMM METOLaMM OIpedessii MUKpoGMonornyeckue u Gpusmko-xuMmuyeckye rokasaTenay, B TOM YnCIe
cofiep’kaHye BEreTaTUBHbBIX KJIETOK M CIOPOBbIX (OPM TecT-KyabTypbl Bacillus subtilis, KMCIOTHOCTh MOJIOYHOM IIa3MBl,
10Ka3aTenu OKUCIUTENBbHOI NOpun kMpoBoit ¢aspl. OpraHonenTuyeckye rmokasaresiu OLEHMBAIM 0 BKYCY, 3araxy, KOH-
CUCTEHLMY U BHEIIHeMY BUJy. B pe3ynbraTe NpoBeleHHbIX MCCIEeN0BaHMIt YCTAaHOBIEHO, UTO TIPY M3TOTOBJIEHUY U XpaHe-
HMM Mac/ia HanboblIve MUKPOGMOIOTMYeCKMe PUCKY, CBSI3aHHbIE CO CIOPOBLIMM O6akTepusiMu popa Bacillus v mpuBopsiiye
K CHYDKEHUIO eT0 KauecTBa ¥ XPaHUMOCIOCOGHOCTH, HAGIIOAAI0TCS IIPY M3TOTOBJIEHUM METOLOM COMBAHMS, UTO OGYCIOBIEHO
TEXHOJIOTMYECKMMM OCOOEHHOCTSIMM MTPOM3BOACTBA (ITPOLOKUTENBHOCTD MPOLIECCOB, TEMITIEpATypHbIe peskuMBbI. [Ipy u3ro-
ToBIeHMy Macia MetopoM [IBXKC pucky, cBsi3aHHBIe CO CTOPOBBIMY a3POGHBIMM MUKPOOPTraHM3MaMy, MeHee 3HaUMMbl. DTO
obecrieurBaeT JIMTeIbHOE COXpPAaHEHME VICXOHBIX [T0Ka3aTeseli 6e30IacHOCTY M KayeCcTBa Macya Py peraMeHTVPOBaHHOM!
TeMmrieparype 3+ 2 °C, a Takke 60s1ee BbICOKYIO XPaHMMOCIIOCOOHOCTD ITPY ITOBBIIIEHHBIX TEMITEPATYPHbBIX PEXKMMaX XpaHEeHMsI
B CPaBHEHUM C MaCJIOM, M3TOTOBIEHHBIM METOOM COMBaHYSL.
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INFLUENCE OF MICROBIOLOGICAL RISKS ASSOCIATED
WITH SPORE-FORMING MICROFLORA ON THE QUALITY AND
STORABILITY OF BUTTER FROM DIFFERENT PRODUCTION METHODS
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butter, storability, test The article presents the results of studies of the effect of spore-forming bacteria on the quality and storability of butter

culture, spore-forming depending on the method of its production — cream churning (CC) or high-fat cream transformation (HFCT). A simulation

microorganisms, cream approach was used in conducting the research, including the following stages: reduction of microbial contamination of

churning, high-fat raw cream and its contamination with a test culture of spore-forming microorganisms; production of butter according to

cream conversion existing technological schemes; control over the development of the test culture at the stages of production and storage of
butter. The objects of the study were: cream before and after pasteurization; pasteurized cream contaminated with a test
culture of Bacillus subtilis; butter made by CC and HFCT from contaminated cream. Storage of butter samples was carried
out at temperatures of 3+2 °C, 10+1 °C and 25%1 °C. The quality and storability of butter were assessed taking into account
significant rejection criteria reflecting the requirements of standardization documents. For this purpose, microbiological
and physicochemical indicators were determined using standardized methods, including the content of vegetative cells and
spore forms of the Bacillus subtilis test culture, milk plasma acidity, and indicators of oxidative spoilage of the fat phase.
Organoleptic indicators were assessed by taste, smell, consistency, and appearance. As a result of the studies, it was estab-
lished that during the production and storage of butter, the greatest microbiological risks associated with spore-forming
bacteria of the genus Bacillus and leading to a decrease in its quality and storability were observed during production by
the churning method, which is due to the technological features of production (duration of processes, temperature condi-
tions). When producing butter using the HFCT method, the risks associated with spore-forming aerobic microorganisms
were less significant. This ensures long-term preservation of the initial safety and quality indicators of butter at a regulated
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temperature of 3%2 °C, as well as higher storability at elevated storage temperatures in comparison with butter produced

using the churning method.

FUNDING: The article was prepared as part of research under state assignment No. FGUS-2024-0008 of the V. M. Gorbatov Federal Research Center

for Food Systems of Russian Academy of Sciences.

1. BBegeHnue

CnuBOYHOe Macio, 6Graromapst ero MpUSTHBIM BKYCOBBIM XapakTe-
pPUCTMKAM ¥ XOpollleii coueTaeMOCTH C APYTMMM KOMIIOHEHTaMM MUILH,
SIBJISIETCS] IIMPOKO MOTPEBISIEMBIM BO BCEM MUpe NMPOLYKTOM MUTAHMUS,
JCIIONb3yeMBIM B PallOHAX pasHbIX IPyIn HaceneHus [1,2]. OHO comep-
SKUT PSiZL, BAKHBIX JIJIS1 OPraHM3Ma MaKpO- M MUKPOHYTPMEHTOB, BK/II0Yast
SKMPHbBIE KMUCJIOTBI, JKMUPOPAaCTBOPUMbI€ BUTaMMHbBI, MMHEpaIbHbIe KOM-
MOHEHThbI ¥ GOCHONUMUABI, YTO MO3BOJSIET CYMTATh CIMBOYHOE MACIO
M0JIe3HBIM MUILEBBIM NPOAYKTOM [3,4]. Ero mpou3BOACTBO, M3HAYAIbHO
BO3HMKIIIEe KaK CIocO6 KOHCEePBMPOBAHMSI MOJIOYHOTO JKMUPA, CETOMHSI
paccMaTpuBaeTcsl GONBIIMHCTBOM MOJIOKOIepepabaThIBAOIMX Mpefi-
MIPUSATHI Kak BayKHOe HalpaBieHMe uX AesTeqbHOCTU. CIMBOYHOE Maciio
0671ajaeT AUTeNTbHBIMY CPOKAMY TOTHOCTH, 6/1arofapst YeMy OTHOCUTCS
K CTpaTernyecKy 3HaUMMBbIM IIPOAYKTaM, 06eCIieunBaIOIIMM TPOAOBOIIb-
CTBEHHYI0 6e30macHOCTb. ISl COOTBETCTBMSI CBOEMY Ha3HAUEHUIO CJIM-
BOYHOE Mac/Io SO/DKHO MMeTh Heo6X0IMMble KaueCTBEHHbIE XapaKTepu-
CTMKMY, & TAK’Ke COOTBETCTBOBATh TPeOOBAHMSIM 6€3011aCHOCTH, B IIEPBYIO
oyepenb 110 MUKPOGMOIOTMYECKM [TOKa3aTelIsIM.

Kak KOHIeHTPUPOBAaHHBIN >XMPOBOJ IPOAYKT, XapaKTepusylouie-
€Sl HU3KMM COJep>KaHMeM BJIarU ¥ MUTATeNbHbIX BeIleCTB, CAMBOYHOE
MacIo He SIBJISIeTCsT 6/1aronpusiTHOM Cpenoii Ijist pa3BUTUSI MUKPOOpra-
HM3MOB. B TO ke BpeMsI pyCKM ITOpYM, CBSI3aHHbIE ¢ MUKPOGIIOpOIt, CO-
XPaHSIOTCS M 3aBYCAT OT CTPYKTYPbI MacJia, OT pacIpeiese s KMPOBbIX
Y HeXXMPOBBIX KOMIIOHEHTOB, OT AMCIIEPCHOCTY MOJIOYHO IJIa3MbI U OT
IIOCTYITHOCTY ee KOMITOHEHTOB [JIsl OCTaTOYHOM MuKpodiops! [5,6,7,8].
B 3T0i1 CBSI3M HEMaTOBasKHBIM (DaKTOPOM CTaGMIBHOCTM KauecTBa roTo-
BOTO TPOAYKTA SIBJISIETCSI CTPOroe COOMIofeHNe TeMIePaTyPHBIX PEKU-
MOB B 1IeTI0UKe TIOCTaBOK CIMBOYHOTO Mac/ia KOHEYHOMY TIOTPeOUTENIO.

ITopya c1IMBOYHOTO Macsa B ITpoliecce XpaHeHUsI MOXKeT ObITh CBsSI3aHa
C M3MEHEeHUSIMU KMPOBOIi (da3bl ¥ MOJIIOUHOI I1a3Mbl. UTHTEHCUMBHOCTh
Mopuy NpenonpenenseTcss Ka4eCTBOM MCXOJHOTO NMPOAYKTa U YCIOBUS-
MM ero XxpaHeHus. B ciydae HapyleHni pe>XXxMOB XpaHeHMsI OCTaTOYHast
MMKpodIopa Macia crioco6Ha pa3BUBATLCS B IIa3Me U IIPOBOLMPOBATh
o6pa3oBaHye MeTaboIUTOB, HEIIOCPEICTBEHHO YYaCTBYIOUIVX B GOPMMU-
pOBaHUM IIOPOKOB BKycCa, 3alaxa M BHellHero Buja [1,9]. Ilpuuem uem
Gosblile pasMep Kalenlb IUIa3Mbl B Macie, TeM Gojiee GIaronpusiTHbie
YCIOBUSL IJISL PA3BUTUSI OCTaTOYHON MMKPO(IOPHI MOTYT CO3[1aBaThCs
B IIpoliecce XpaHeHMsI IPOAYKTa.

CranmapToM Ha ciMBouyHoe Mmacio T'OCT 32261-2013' mpegycmo-
TpeHbl perynupyeMble ¥ KOHTPOJIMPYyeMble NapaMeTpbl XOTOAMIBHOTO
XpaHeHMs NIPpU HU3KUX IIIOCOBBIX ¥ MMHYCOBBIX TeMIlepaTypax. OnHa-
KO, HeCMOTPS Ha HU3KOTeMIlepaTypHble peXMMbl XPaHeHMsI, HeKOTOpbIe
BBl OCTaTOYHOI MUKPOGIIOPBI MOTYT IIPOSIBIISITH METab0MMIECKYIO aK-
TUBHOCTb, BbI3bIBasl IOPYY, YXyAllIeHXe KauecTBa, CHYKeHe XPaHUMO-
CIIOCOGHOCTM ¥ CPOKOB T'OLHOCTM TOTOBOTO IPOAYKTa. MMKpOGMOIOru-
yecKye PUCKM CHMKeHMS KauecTBa MM TIOpUM Maciia B IIepBYI0 ouepesb
06YyC/IOB/IEHBI BUIOBBIM COCTaBOM MMKPOGIOPHI ¥ KONMUYECTBEHHBIM ee
cofepykaHyeM B CbIpbe ¥ roToBoM npopykre [10,11]. Bo MHOrux Hayy-
HBIX MyOIMKALMSX, TOCBSIILEHHBIX OLIEHKE KauecTBa M XPaHMMOCIIOCO0-
HOCTM CJIMBOYHOTO Macjia Pa3jaM4yHOrO COCTaBa, BKIIOYas HOBble BULDI,
OTMeyaeTcs] BKHOCTb KOMIUIEKCHOTO aHanm3a puckoB. Takoil aHanu3
YUUTBIBAET MUKPOGYMOIOTMIECKIE Y GUMOXMMUYECKME PUCKU ChHIPHEBO-
rO M TEXHOJIOTMYeCKOro XapakTepa, KOTOpble MOTYT NPUBECTU K M3Me-
HeHUIO (PU3MKO-XMMMUUYECKMX M OPTaHONENTUUYEeCKMX CBOJCTB IPOIYKTa
[5,12-16].

B cnMBOYHOM Macie TpaAMLMOHHBIX BUJOB, TOTy4aeMOM M3 TacTe-
PM30BaHHBIX CIMBOK KOPOBbETO MOJIOKA, KaUeCTBEHHbI COCTaB U MCXO/I-
HBIIi YPOBE€Hb MUKPOGIIOPHI FOTOBOrO MPOAYKTa BO MHOTOM OIIpeiers-
€TCSl TEeXHOJIIOTMYeCKVMM DeXVMaMy M NpueMaMy, KOHCTPYKTUBHBIMM
0COGEHHOCTSIMM UCIIOb3yeMOTro 000PYAOBAHMS, T. €. 3aBUCUT OT METOA
MIPOM3BOACTBA CIMBOYHOTO Macia.

Jns MHOTMX CTpPaH pacIpOCTPaHEHHBIM CIOCOO0M IIPOM3BOJCTBA
C/IIBOYHOTO MacjIa SIBJISIETCST MeTox, c6uBanms cBoK (CC), 0CHOBaHHBI
Ha COMBAHMM TACTEPU30BAHHBIX CIMBOK, MOJBEPTHYTHIX (GU3UYECKOMY
CO3peBaHMIO, B MacIOM3TOTOBUTENSIX NMEePUOANYECKOTO WM HellpepbIB-
HOTO JefiCTBMS C IMOCIeNYIIMM yIaaeHVMeM IaxTsl ¥ (HopMOBaHUEM
IjacTa Macjia U3 OTHeNbHBIX MacIsSHbIX 3epeH. [Ipomo/DKMUTenbHOCTh

1 TOCT 32261-2013 «Maco cnuBouHoe. TexHuUecKue ycioBusi» — MocCKBa:
Craugaptuudopm, 2019. — 20 c.

MpOLIecCcOoB IpU M3rotoBaeHuu maciaa metogom CC mocturaet 20-24 y
¢ npeo6nafiaHveM TeMIEePaTypbl HVDKE TOYKM IUIABIEHMSI MOJIOYHOTO
sxupa — ot 5°C 1o 20°C [3,17]. 3HaUMMbIMM 3TallaMM TeXHOIOTMYeCKO-
IO MpoLecca ¢ TOYKM 3PeHMs] MUKPOOYONOTMUECKOM YUCTOThI TOTOBOTO
MPOJYKTa SIBJISIIOTCS CO3PEBaHMe CJIMBOK M 3Tan cOMBaHMS B ammaparax
MepUOIMUUECKOTO IEeJCTBUS. DTU ITAllbl CBSI3aHbI C BO3MOXKHOM peaKkTy-
Balyell KIeTOK MOC/e TEPMOIIOKA U AOTIONHUTENbHBIM 06CEMEHEHNEM
CJIMBOK ITOCTOPOHHEI MMUKPOGIOpoii. VicTouHMKaMM BTOPUUYHOTO 06Ce-
MeHeHUs IOCTOPOHHE MUKPODIOPOii MOTYT OGbITh BHYTPEHHSISI TOBEPX-
HOCTb MaCJIOM3TOTOBUTEIS, TIaXTa WM BOJA, MCIIOIb3yeMble [IIs1 HopMa-
JIM3ALUU CJIMBOK MJIY TIPOMBIBKM MAC/ISTHOTO 3€PHA, a TAK)Ke BO3TyLIHAS
cpena. IIpy maHHOM criocobe MpOM3BOACTBA Macia KarliM MOJIOYHOIM
I/1a3Mbl MMEIOT 6oJiee KpPYIHbIA pasmep [18], UTo LenaeT muTaTeabHbIE
BellleCcTBa B HUX 60Jiee JOCTYITHBIMM JIJIsI OCTATOUHOM MUKPODIOPHI Cn-
BOYHOro Macia. Kpome Toro, BbIpaboTaHHOE 3TUM CIIOCO60M CIIMBOYHOE
MacjIo COAEPKUT GOblile BO3yXa, YTO MOXKET MOBJMSITh HA PasBUTHUE
MUKPOQIIOPBI ¥ YCKOPUTH MPOLIECCH OKUCIUTETBHO MOPYMN.

B Poccuiickoit @emepaniuy pa3paboTaH M LIMPOKO ITPUMEHSIETCS
croco6 TPOM3BOACTBA CIMBOYHOTO Macjia METOAOM Ipeo6pa3oBaHMs
BBICOKOXMPHBIX MBOK (TIBJKC), npenycMaTpyuBaOWuii Oy4eHye Bbl-
COKOXXMPHBIX CJIMBOK U3 MAaCTEPU30BAHHBIX U UX JaJibHeliliee obpaiie-
HMe B TOTOBBII MPOAYKT 3a CUET MHTEHCUBHOTO TEPMOMEXaHNYEeCKOTO
BO3[E/CTBMSI B 30HE MACCOBOI KPUCTA/UTM3ALMU KMUPA B CIIELIMATbHBIX
anmaparax — MacJ1006pa3oBaTeisx HelmpepbIBHOTO AeiicTBus [17]. [Tpu
usrotopyneHnu Macia meromom IIBXKC pucku pasBuTusi MUKpOGIOpPbI
MeHee 3HAUMMbI, YTO CBSI3aHO C 6osiee KOPOTKUM TEXHOIOTMYECKUM
poiieccoM (IIpUMepHO B 3 pasa 6bicTpee, uem npu Metope CC) u 6onee
BBICOKMMMU TeMIiepaTypamu (65-95 °C), UCIIONMb3yeMbIMM Ha CTaIUM TI0-
JIy4eHUST BBICOKOKUPHBIX CIMBOK. KpoMe Toro, aTo o6mbsicHsieTcst 6osee
BBICOKOJ IMCIIEPCHOCTHIO MOJIOYHOM TIa3Mbl ¥ MMHMMAIbHBIM COZEP-
>KaHMEM ra30Boit (asbl, UYTO CIIOCOOCTBYET JIyUIlei YCTONUMBOCTY TOTO-
BOTO IMPOJYKTa Mpy xpaHeHun [5,18].

IIpy MpoM3BOACTBE MPOAYKTOB MACIOAEIUSI ISl CHUKEHUS] aKTUB-
HOCTY HATUBHBIX (DEPMEHTHBIX CHCTEM MOJIOKA MPUMEHSIIOTCS PEXKMMbI
racrepusalyy CIMBOK IIpU TeMmriepatype Bbiuie 85°C. 3TO He TONbKO
croco6cTByeT GOPMUPOBAHNIO BBIPAKEHHOTO BKyca 1 3amaxa IMPOAYyKTa,
HO U YHMYTOXAET GObIIMHCTBO GaKTepuii, CyleCTBEHHO CHMKAST MMU-
KpOGMOIOruyeckme pyucKu, KOToOpble MOTYT IIPUBECTH K ITOTEPe KayecTBa
M XpaHMMOCIIOCOOHOCTH rOTOBOrO mponykra [1,18-20]. Micrionb3oBaHue
BBICOKOTEMITEpATYPHOI IMacTepu3auyy CIMBOK Py MPOM3BOLCTBE MPO-
IIYKTOB MAaC/IOMe/NsI TT03BOJISIeT 3HAUUTEIbHO MIOHU3UTh YPOBEHDb OaKTe-
pUaIbHOI 06CeMEHEHHOCTH CIMBOK-ChIPbsi. OCHOBHYIO OCTATOUYHYIO M-
KpoGIIopy CIMBOK, MPOLIEIINX BHICOKOTEMITEPATYPHYIO MAaCTePU3aLIUIO,
a Takke MUKPOQIIOPY CBEKEBHIPAOOTAHHOTO MAacia COCTABJISIOT CIIOPO-
Bble MMKPOOPraHM3MbI IIPEUMYIeCTBEHHO popa Bacillus. lanHas rpyr-
1a MMKPOOPTaHM3MOB HIMPOKO PaclpocTpaHeHa B OKPYyKalollleii cpere:
B IIOYBE, B IIbUIN, B TPABaX U CyXMUX KOPMax, B BOSHOI 1 BO3AYIIHO cpefie
[21,22]. OHM perynsipHO BBIOESIOTCS U3 MUILEBBIX IPOLYKTOB, ITPOIIe] -
LIIMX TePMUYECKYI0 00pabOTKy, BK/IIOYAsl MacTePU30BAHHbIE MOJIOUHbIE
MPOAYKTDI, B TOM YMC/I€ CIMBOYHOE MAC/IO, U SIBJISIOTCS OOLIeNpU3HaH-
HO¥1 MuKpodiopoit mopum [23-28].

B crathe Odeyemi et al. mopua muIeBsIX MPOAYKTOB XapaKTepu3yeT-
Cs1 KaK «M3MEHeHMe KauecTBa MUIIEBbIX ITPOAYKTOB, KOTOPOE JIeaeT Ux
HEeXeJIaTeTbHBIMU U HEITPUTOIHBIMMU J/IsI TIOTPe6IeHMsI, KaK JTIOAbMMU, TAK
U KMBOTHBIMMU, U3-3a TAKUX [TOKa3aTesleii Mopun, Kak HeIPUSITHBI 3armax
¥ U3SMEHEeHMS TEKCTYPhI M BHEIIHero Bupaa» [29].

PasButue cropoobpasymoumx MUKpoOOpPraHm3aMoB poza Bacillus mo-
SKeT B 3HaUMTEIbHOI CTeIIeH! TIOBIMSTD He TOIbKO Ha [T0Ka3aTesln Kaye-
CTBa, HO U Ha 6€30IacHOCTh MOJIOYHBIX IIPOAYKTOB 33 CUET MPOAYLUPO-
BaHMs OTIENIbHBIMY BUAAMY GALM/UT TOKCMHOB, BHI3bIBAIOLIVX [TMIIEBbIE
orpaBieHus: [22]. [IpeMMyleCTBEHHbIM MCTOYHMKOM AAHHOM TPYIIIIbI
MMKPOOPTaHM3MOB NIPYMEHUTEIBHO K MOJIOYHON MPOLYKINY SIBISIETCS
ChIpOe MOJIOKO. KojmuecTBo criopoBsix ¢opM B 1 cM® MO/IOKa BapbupyeT-
Cs1 B 3aBMCMMOCTHM OT YCJIOBUIA COflepyKaHMsI SKMBOTHBIX, BUA KOpMa, ca-
HUTAPHBIX YCIOBUIT HA hepMe, BpeMeHU rofia U MecToHaxoxaeHus. OHO
MOXKeT M3MEHSITbCSI OT eIMHNYHBIX KIEeTOK, KaK yKa3aHo B JIUTepaType
[30], mo 10* KOE/cm® [29,31].

BbICOKOE UCXOIHOE COmepKaHye CIIOPOBOI T MUKPOGIIOPHI YBEINUMBA-
€T PUCKY CHVDKEHUST KaueCTBa FOTOBOI MPOAYKLMM, 0COGEHHO TIPU IJIN-
TeTbHOM XpaHEeHMM CJIMBOYHOTO Macia. Pa3BuTue u [OTOTHUTENbHOE
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o6cemMeHeHMe MUKpOOpraHusmMamu poza Bacillus BO3MOKHO Ha BCex 9Ta-

Iax — OT MOJIOKA-ChIPbsI O TOTOBOTO IIPOLYKTA. ITO OGYCIOBIEHO HAIM-

yyeM ncuxpoTpodHbIx BUIoB pona Bacillus B cbipom Moroke [30], cenex-

TUBHBIM BbIJ€/IEHMEM TE€PMOCTOMKUX TepMOGbIIbHBIX [IpeACTaBUTENel

Ha 3Tarle TeIyIoBOi 06paboTKM, IPOSIBJIEHMEM afre3uy K HepskaBelolei

cTanu 1 06pa3oBaHKEM MOHO- ¥ CMeIIaHHbIX 6MOIUIEHOK Ha 060pyIoBa-

HUY, KOTOPBIE SIBJISIIOTCS TOTIOTHUTEIBHBIM VMCTOYHUKOM 06CeMeHeHMs

rpu He 3P PEeKTUBHOI MOTIKe U Je3MHGEKIMU UCTI0NIb3yeMOTo 060pyI0-

BaHus [32,33].

OTIUYUTETbHBIMU XapaKTePUCTUKAMU I'PYIIIbI CITIOPOBBIX MUKPOOP-
raHM3MOB, UMEIOLIMMH BaXXHOE 3HaUeHMe JAJIsl IPOLYKTOB Mac/IOfeNnusl,
SIBJISTIOTCSL:

U Hamuuue CIOpOBbIX (HOPM, 06ECreunBaIUX YCTONIMBOCTh K BbI-
COKVMM TeMITepaTypHBIM pexkyMaM 06paboTKy CIMBOK IMPU U3TOTOB-
JIeHMM Macjia ¥ BO3MOXHOCTh [TPOPACTaHMst CIIOp U PasBUTUS TIPU
HACTYIUIEHMM GIaronpysITHBIX YCIOBUI B Ipoliecce XpaHeHMs U pe-
ann3anm;

U mupOKMii TeMIepaTypHbI/i MHTEepBal pOCTA OTHENbHBIX Ipen-
craBureneit, Bkiaovast 3-20°C mast B. megaterium u 65-75°C njist
B. stearothermophillus [34,35], 4TO co3AaeT MPeAIIOCHUIKM JJISI IPOSIB-
JIeHVs] MeTaboMMIecKoi aKTMBHOCTY HAa Pa3sHBIX 3TalaxX M3TOTOBIIE-
HUS M XpPaHEHUsT Macia;

U Hamuyue CWIbHBIX IPOTEONUTUYECKUX U JUMONUTUYECKUX CUCTEM,
KOTODbIE 32 TIEPUOJL XPAHEHNS B 3aBUCUMOCTM OT TEMITEPATYPHbBIX pe-
SKMMOB MOTYT ITPUBECTY K MOSIBJIEHNIO TAKMX BKYCOBBIX TOPOKOB, KaK
TOPbKUIi, TPOTOPKIIbII, OKUCIEHHBI, Hecrenubuieckuit [26,35,36].
Takum 06pa3oM, C y4eTOM MPUMEHSIEMbIX TEXHOIOTUUECKUX PEXKU-

MOB ¥ CIIOCOG0B IIPOM3BOACTBA Macjia IPOTHO3MPYeMO Hanuuye B HeM

CTIOPOBBIX a39POOHBIX MUKPOOPTAaHU3MOB, CIIOCOOHBIX OKA3aTh BIUSHIE

Ha KayeCTBO ¥ XPaHMMOCIIOCOGHOCTD NTPOAYKTA. LI3yueHue cTereHn 3To-

O BIUSTHUSI MMEET KaK HayuHOe, TaK U MPaKTHIeCcKoe 3HaueHne. B cBsi3u

C 9TUM LeJIBI0 VICCTIeNOBaHMIA GBIIO MTPOBEeHMEe CPABHUTEBHBIX UCIIBI-

TaHUI BAMSIHUS CTI0co6a MPOM3BOLACTBA CIMBOYHOTO Macjia Ha YPOBEHb

MUKPOGUONIOIMYECKUX PUCKOB, CBSI3aHHBIX CO CIIOPOBBIMM a3pOGHBIMM

” GaKyIbTaTUBHO-aHAdPOOHBIMM MUKPOOPraHu3Mamu pona Bacillus.

2. Marepuajbl M METOAbI

sl OLleHKY BAMSIHMSI CIIOPOBBIX MMKPOOPTaHM3MOB Ha KayecTBO
M XPaHMMOCIIOCOGHOCTb CJIMBOYHOIO Macjia B 3aBMCMMOCTY OT MeTOZna
€r0 M3TrOoTOBJIEHUS MPUMEHAIN MMUTALMOHHbIE METOAbI MCCII€MOBAHMS.
MeTonomnoryst BbIIIOJIHEHUST 3aK/II04anach B MaKCMMaJIbHOM CHVDKEHUU
MMKPOGHOV 06CEMEHEHHOCTU CIMBOK-ChIPbSI IIyTEM TEPMUYECKOi 00-
paboTKM; KOHTAMMHALMU CJIMBOK TECT-KYJIbTYPOJi CIIOPOBBIX MUKDPOOD-
raHM3MOB; M3TOTOBJIEHMM Macia 10 CYLIeCTBYIOUMM TEXHOIOIMYECKUM
CXeMaM; OCYIeCTBJIEHMM KOHTDPOJSI 32 Pa3sBUTUEM TeCT-KyJIbTypbl Ha
CTafysIX U3TOTOB/IEHMS Y XpPaHEHMS C/IMBOYHOTO Macia.

HpI/IMeHEHI/Ie HaHpaBHEHHOIZ KOHTaMMHaUVN ChIPbA UM TOTOBBIX ITN-
IIeBbIX MTPOIYKTOB OTIENbHBIMM TPYIIIaMy MUKPOOPTaHM3MOB HIMPOKO
MCIIONB3YeTCsl B HAYYHBIX MICCIENOBAHMSX AJISI BBISBJIEHNSI 3aKOHOMED-
HOCTe UX pa3BUTHS B IIpoliecce MPOU3BOACTBA Y XpPaHEHUS TPOLYKTOB
(Ms1co, ppI6a, OBOIIHAS M Ip. INIIEBast IPOLYKIVS), HOCKOJBKY SIB/ISETCS
XOpOILe JoKa3aTelbHOM 623071 IONTyYeHHbIX Pe3yIbTaToB [37,38].

[Ipy BBIIOJIHEHMYM MUCCIIENOBAaHNU 00BEKTaMy CITYyKMIM CIVIBKY Mac-
coBoit moneit xkupa 40+2% — chbIpble, TacTepM30BaHHbIe, [TACTEPU30-
BaHHbIe ¢ 06CeMeHeHMEeM TeCT-KyJIbTYPOii CIOPOBBIX MMKPOOPTaHU3MOB,
B T. Y. IOC/Ie UX CO3peBaHMUs, BbICOKOXKMpPHbIe CuBKU (BXKC), a Takke
06pas1Ibl CTMBOYHOTO MACIIa, TOMyYeHHbIE 13 KOHTAMMHMPOBAHHBIX CJTH-
BOK crioco6om IMB3KC u neproanuecknm c6MBaHMEM B SKCIIEPUMEHTAITb-
HOM MaciogenbHoM 1exe BHUVMC.

B KauecTBe TeCT-KYJIBTYDPBI [ OLEHKM MUKPOOVMOIOTMYECKUX PU-
CKOB MCIIO/Nb30BaIM KYJIbTYPY CIIOPOBBIX a3pPOOHBIX U (PaKyIbTaTUBHO-
aHa’po6HBIX MUKpoopranm3moB Bacillus subtilis B-3120 (BuopecypcHbiit
LeHTp Bcepoccuiickast KO/IIEKIVS IIPOMBIIITIEHHBIX MUKPOOPIaHM3MOB,
«Ha1yoHanbHbli1 uccnenoBaTenbCckuit LeHTp «KypuaToBCKMit MUHCTUTYT»,
r. MockBa).

s MakCMMaJabHOTO CHVSKEHMSI OGaKTepuaslbHOV 06ceMeHeHHOCTU
MICTIO/Ib3YeMBIX B 9KCIIEPMMEHTE ChIPBIX CIMBOK MX MACTePU3aLMIO TIPO-
BOAWIM ITpy TeMriepatype 92+ 1 °C ¢ BbiAepXKoit 8+ 2 MuH. Harpes 1 BbI-
JIePsKKY CJIMBOK OCYIIECTBJISUIM B 3aKPBIThIX €MKOCTSIX M3 HepyKaBelolleit
cTanmy ¢ py6aIlkoii 3a cueT Mojauy B Hee OCTPOro napa. Mcronb3yemblie
€MKOCTH IpeJiBapUTeIbHO MoABepraay ne3uHdeKuy, ONnonackuBaHUIo
CTepUIbHO BOIO ¥ 06paboTKe OCTPBIM ITapOM.

IIpy M3roTOBIEHMM Macjia CIIOCO60M COMBaHMS IacTepy30BaHHbIE
CIMBKM OXJIAKAaa o 16+ 1°C, BHOCcuIM TecT-KynbTypy Bacillus subtilis
IUISI CO3JaHMUSI KOHLEHTPaUMU >KM3HECIIOCOOHBIX KJIETOK Ha YpPOBHE
10%-10° k11./cM3, IpOBOAMIM CO3peBaHMe CTMBOK B TeueHue 16—18 u mpu
temmeparype 8—10°C c nocienyoumm c6MBaHneM B J1aGOPaTOPHOM Ma-
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CJIOU3TOTOBUTEJIE TIepuoauyeckoro aeiictsus MU-0,01 ¢ paboueit emKo-
cThio 1011 (OKcnepMMeHTaIbHbIV MallMHOCTPOUTEbHBIN 3aB0og, Poccust).

Ipu usroroBieHnu macia crmoco6om IBXKC macTeprsoBaHHbIE CITUB-
KU oxyaxkpanu o 48+ 2 °C, BHOCUMIIM TeCT-KyJIbTypbl UCCIELyeMOT0 MU-
KpOOpraHu3Ma il CO3AaHMSI KOHLIEHTPALVM KM3HECTIOCOOHBIX KIETOK
Ha ypoBHe 10*-10° ki1./cM3, moforpeBany CIMBKM 10 TeMIIepaTyphl cerna-
pupoBanus 60+ 5 °C 1 momydanu BbICOKOKUPHbIe ciivBKy (BXKC). U3 Hux
u3rotaBauBaay Maciao Mmeronom I1BXKC Ha abopaTopHOi MMHMM C Ma-
coobpasoBareneM nuaMHApUYeckoro timna MO-0,025 mpousBoguTeb-
HOCTBIO 25 Kr/4 (DKCIIepUMEHTAIbHBIN MaIIMHOCTPOUTENbHBIN 3aBOJ,
Poccus).

Biustnue metonos npoussoactsa CC u [IBXKC Ha ypoBeHb MUKPOGY-
OJIOTMYECKUX PUCKOB, OOYCIOBIEHHBIX CIIOPOBBIMU a3pOOHBIMU U da-
Ky/JbTaTMBHO-aHAa9pPOOHBIMY MMUKpOOpranusmamu poza Bacillus, uccie-
JIOBAJIM Ha 3TAIaxX M3TOTOBJIEHMS M XpaHEHUS] Mac/ia B IIOTPeOUTEeNbCKOM
YIaKOBKe MPY TPeX TEMITePATYPHBIX PeKMMax:

U 3%£2°C — pexum, IpefyCMOTPEHHbIV CTaHAapTaMu ISl Macia u3
KOPOBbEro MOJIOKa;
U 10£1°C — pexkum XpaHeHMS IIPU MOBBIIIEHHbIX [UIFOCOBBIX TEMIIE-

paTypax, IO3BOJISIOINIA YUeCTb BO3MOXXHbIE Pa3pbIBbI MM Hapylle-

HMS B XOJIOLOBOJ LleNM Ha IIYTY JOCTaBKYU MPOAYKLUMM OT U3TOTOBY-

TEJIsI K TOTPe6UTENIO;

0 25%#1°C — peskuM YCKOPEHHOII MOPYM, VCIIOb30BAHHDIN /IS BBISIB-
JieHus1 Haubosee BePOSITHBIX TOPOKOB B Macje, 00pa3yoIIuxCcs B pe-
3y/JbTaTe BO3ZENCTBUSI MCCIeLyeMOro MMKPOOPraHu3Ma Ha KOMIIO-
HeHTBI MacJa.

XpaHeHMe CIMBOYHOIO Maciia OCYLECTBISUIM IO [TepeBofa B 6pak Mo
KOMIIIEKCY OPraHOJENTUYECKMX, MUKPOOMOIOTMYecKMX 1 Gu3nko-xu-
MMYeCKMX [TOKasaTeseil.

B mccnenyembix obpasiax macia GM3MKO-XMMMYECKMe IOKa3aTeryn
OIpene/siCh CTaHAAPTU30BaHHBIMM METOAAMM: TUTPyeMast KMCJIOTHOCTb
SKUPOBOIL asbl M MomoyHoii ra3mbl — 1o 'OCT P 55361-2012, okucieH-
HOCTb XMPOBOit asbl — 1o mepekucHomy uncty (TOCT ISO 3960-2013),
a Takke C MCIOMb30BaHMEM IPOOBI C 2-TMOOGAPOUTYPOBOI KMUCIOTOM
(2-TBK) [39]. MMKpPOGMOIOTMYECKUI T KOHTPOIb MPO6 MPOBOIAWICS C MC-
[10/Ib30BaHMEM CTaHAAPTM3MPOBAaHHBIX METOAOB IO CIefyIOLMM IIOKa-
3aTesIM: KOMMYECTBO JKM3HECIIOCOOHBIX KJIETOK Me30(MIbHBIX aspob-
HBIX ¥ (aKyJIbTaTMBHO-aHAPOOGHBIX MUKpoopranusmoB (KMADAHM),
KOJIMYECTBO CIIOp a9pOoOHBIX U (haKynbTaTMBHO-aHAdPOOHBIX MUKPOOP-
raun3moB (KCA®AHM), a taxke BIKII — mo TOCT 32901-20142, konu-
YeCTBO JKM3HECTIOCOOHBIX KIETOK JIPOXOKell Y IUIECHEBBIX IPUOOB — II0
TOCT 33566-20153, KOMMYECTBO CIIOpP aHa3pPOGHBIX MMUKPOOPTaHMU3MOB
(KCAHEM) — o T'OCT 32012-2012%. OpraHonenTuyeckas oIeHKa CIMBOY-
HOro mMacia (BKYC M 3arax, KOHCUCTeHLMsI, BHELIHUI BUJI) NTPOBOAMIACH
TPYIIIOi aTTeCTOBAHHBIX 3KCIIePTOB B cooTBeTcTBuM ¢ TOCT 32261-2013°.

BoipaboTky macia merogamu CC m IIBXKC, a Takxke ucciemoBaHue
OTyYeHHBIX 06pa310B MTPOBOAVIIM C TPOIHBIM MOBTOpeHMeM. MaTema-
TUYECKYI0 00pabOTKy AAHHBIX M MOCTpOeHye rpadMKOB OCYLIECTBIISIN
C UCIIO/Ib30BaHMEM KOMIIbIOTEPHOM nporpamMmbl Microsoft Excel 2016.
[/l OLIeHKY CTATMCTUYEeCK! NOCTOBEPHBIX Pas3anuuii MeXIy BbIGOPOY-
HBIMM CpeHMMM MCIIONb30Banu Kputepuii CToioneHTa. CTaTUCTIUECKN
3HAYMMBII pe3yabTaT oueHuBamu rnpu p < 0,05.

3. PesynbTaThl M 06CYKAEHME

06001IeHHbIe pe3yabTaThl MMKPOOGUONIOTMUECKUX UCCIeLOBAHMUI
CBIPBIX ¥ TaCTE€PM30BAHHBIX CIMBOK-CBIPbS, MCIIOIb30BAaHHBIX B BBI-
pabotkax macia metomamu CC u IBXKC, mpencrasiedsl B Tabnuiie 1.
AHanmu3 pe3ynbTaTOB CBUIETENbCTBYET O COOTBETCTBUM OGaKTepualib-
HOJi 06CEMEHeHHOCTM ChIPbIX CJIMBOK TpeGosanusam TP TC 033/2013°
u TOCT 34355-20177 B oTHOmeHuu comepxkanus KMAD®AHM. Kauecr-
BEHHBII COCTaB MUKPOGIIOPHI ChIPBIX CIMBOK aHAIOIMYeH MUKpodIope
ChIpOro MosIoKa. KonmyecTBeHHOE copepskaHye OTHEeNbHBIX TPYIIT MMU-
KPOOPTaHU3MOB, BKI0Yast POk [40] ¥ CIIOPOBBIX MMKPOOPTaHU3MOB,
3aKOHOMEPHO CHIDKAETCsI IT0 CPABHEHUIO C CHIPBIM MOJIOKOM IIPY OTCYT-

2 TOCT 32901-2014 «MOJIOKO ¥ MOJIOYHAs MIPOAYKLMSI. MeTObl MUKPOGMOJIO-
ruueckoro aHanmsa». — Mocksa: Crangapturdopm, 2015. — 24 c.

3 TOCT 33566-2015 «MOJIOKO ¥ MOJIOYHAs IPOAYKLIMs. OpeeTe e APOsKKelt
¥ TUIECHEBBIX TpU60B». — Mocksa: Ctanmapturdopm, 2016. — 13 c.

4 TOCT 32012-2012 «<MOJIOKO ¥ MOJIOYHAs IPOLYKLMS. MeTOIbI OIIpe/ie/ieHus
copiepskaHus Crop Me30(MIbHBIX aHa9POOHBIX MMKPOOPraHmM3MoB» — MockBa:
Cranpaprundopm, 2013. — 11 c.

5 TOCT 32261-2013 «Maco CIMBOUHOE. TeXHMUECKe ycinoBusi» — MocCKBa:
Craugaptuudopm, 2019. — 20 c.

6 TP TC 033/2013 TexHMIeCKMiL pernameHT TamoykeHHOTO coio3a «O Ge3omac-
HOCTHM MOJIOKA M MOJIOUHO? MPOAYKIM». DIEKTPOHHBI pecypc https://docs.cntd.
ru/document/499050562. [lata goctyma: 11.10.2024

7 TOCT 34355-2017 «CruBKu-chipbe. TexHUuecKkie yeaoBus» — Mocksa: CTaH-
naptutdopm, 2018. — 12 c.
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Ta6nuiia 1. PesyabraTbhl MMKPOOGMOIOrMYECKUX MCCIeA0BAHMI C/IMBOK-ChIPbHS,
MCII0/Ib30BaHHbIX /151 BbIpa60oTKM Mmacia metogamu CC u IIBJKC
Table 1. Results of the microbiological analyses of raw cream used for butter production by the CC and HFCT methods

Coipbe KMA®AHM, BIKII, KCA®AHM*, KCAHM*, Tpossoxu, KOE/em® InecHeBbie rpuGHI,
P KOE/cm3 HBY Kk71./cM3 KOE/cm™ HBY criop/cm3 P ’ KOE/cm3
Crnueku cpipbie XK 40+ 2% (8,7£0,7)x 10* (1,6%0,1)x 103 (3+2) x 100 0,6%0,3)x 100 (4,0%3,7)x 102 (2,7%0,4)x 10!
[MacrepusoBanHble CIMBKU  (4,0+3,0)x 100 OtcyrcrByior B 10 cm? (B+1)x 100 OtcyterByIoT B 1 cm3-  OTeyTerByroT B 1 cm3  OTeyTerByioT B 1 em®

Tpumeuanue: nauubie MpUBeIEHbI B GOpMe «CpeiHee 3HAUeHNe + CTaHAapTHOe OTKIOHeHMe». [locToBepHbie pasmnuns (p < 0,05) ycTaHOBJEHDI /IS BCEX TIOKa-

3aTesiei 3a UCKIYEHEM YKa3aHHBbIX B CTOJ'I6L[B.X CO 3HAKOM «*».

CTBUM HapylLIeHMii B TEXHOIOIMYeCcKoM Tpoliecce. Cpeiy KU3HeCIocoo-
HBIX KJIIETOK CBIPBIX CJIMBOK MaKCMMasbHas nomst mpuxoputcs Ha BIKIT
u gposxoku. CriopoBast MUKpPOdIopa, KOHTPOJIb KOTOPO# OCYIIeCTBIISIeTCS
10 KOJIMYECTBY CIIOPOBBIX (POPM, IIpefCcTaB/ieHa eqMHUYHBIMU CIIOPAMU
B 1 cM® CIMBOK. DTO COMOCTABMMO C Pe3y/IbTaTaMM MCCIeMOBAHMI ChIPO-
r'O MOJIOKA, COTJIACHO KOTOPBIM CIIOPbI Me30(UIbHBIX MUKPOOPTaHU3MOB
B CHIPOM MOJIOKe BbISBIISIIOTCS 1o 1,76 1g KOE/cm® nipu cpepnem 3Have-
Hun 0,26%0,56 1g KOE/cm® [41].

Vcrionb3yemble B 3KCIEPUMEHTE PEXMMbI IacTepu3aluu CIUBOK
(92+1°C ¢ BbIgepkKoi 8 %2 MuH) 3hhekTUBHBI U 06eCeUnBaAIOT YHUY-
TOXeHMe GOMBIIMHCTBA MUKPOOPTaHM3MOB ITOPYM, BKITIOUAst BETeTaTUB-
Hble opMbl GaKTepMit, APOXOKM U TIeCHeBbIe rpubbl. OCTATOUHON MM-
KpoGIOpOii CIMBOK IMOCIIE MMAacTePU3ALUY SBJSIOTCS eqUHUYHbIE KIETKU
CIIOPOBBIX GAKTEPUii, UTO MPOTHO3UPYEMO BBUAY MX BBICOKOI TE€PMOY-
CTOIYMBOCTH, ONIMCAHHO B Iy6MMKaLusix [24,26,27].

JI71s TpOBeIeHNsT IKCITePUMEHTAIbHBIX BEIPAGOTOK Mac/ia pasinyHbI-
MU CHOCO6aMI/I U C LIeJIbI0 OUE€HKN BJAMAHMA TEXHOIOTMYECKUX ITPOIIeCCOB
IMPOV3BOACTBA HAa BbDKMBAEMOCTDb ¥ BO3MOKHOCTH Pa3BUTHUS CITOPOBBIX
MMKPOOPTraHM3MOB, TOTOBWIM MOJe/IbHbIE CMECH, COCTOSILINE U3 TacTe-
PU30BaHHBIX CIMBOK, 06ceMeHEeHHbIX TeCT-KynbTypoil Bacillus subtilis Ha
yposHe 10*-10° KOE/cm3.

Ha Pucynke 1 mpefncraBiieHbl pe3y/bTaThl MCCIeJOBaHMI 110 U3Me-
HEHMIO OOIEro KOJMMYEeCTBa KJIETOK M CIIOPOBBIX (DOPM TeCT-KyJIbTYpPbI
B. subtilis 10 XOmy TEXHOJIOTMYECKOTO MPOLIecca B BHIPA6OTKAX Macia Me-
tomamu CC u IIBXKC.

IlyarpaMMBbl OTpakaloT CpefHMe 3HAYeHNS], TOyJYeHHbIe 110 Pe3yib-
TaTaM I1IOCE€BOB, BbIIIOTHEHHBIX B TPEX ITIOBTOPHOCTAX, OTKJIOHEHMS OT
cpepHero 3HaueHus1 He npesbimanu 10%.

ComepskaHue TecT-KyabTypbl Bacillus subtilis B cnuBKax, IpeqHasHa-
YEHHBIX JJI1 U3TOTOBJIEHMS] MaC/ia, MMEJIO OOVMHAKOBBIM YPOBEHb Kak 10
o61eMy KomuuecTy Ki1eTok (1,25+0,05) x 105 KOE/cm3, Tak u o comep-
XaHuio cropoBbix Gopm (1,65%0,05)x 10* KOE/cm3. KonmuecTBo criop
OGbUTO Ha TMOPSIIOK MEeHbIle OTHOCUTENBHO OBIIEro KOMMYecTBa KIETOK
CIOPOBBIX MMKPOOPTaHM3MOB, BK/IIOUAIOIIETO KPOME CIIOPOBBIX (GOpM
U BereTaTuBHbIE (JOPMBI.

IIpu mnsrorosnennn maciaa meromom CC cosmanyuch 61arornpusiTHbIe
YCIIOBMSI [IsI CITIOPOOGPA30BaHMSI YKe Ha dTare CO3peBaHMs CIUBOK, KO-
TOpOe MpOUCXOAuIo B TeueHne 16—-18 u mpu temneparype 8-10°C. Ha-
JIMYMe SAHHOTO 3Tara B TeXHOJIOTMYECKOM IIpoliecce MPUBENO K YBeIu-

Konuuecrso knetok/cnop,
Ig KOE/cm3
w
1

0
MacTepuso- MNacrepuso- Cnueku
BaHHble BaHHbIE nocne
CHiABR CVMBKYM nocae co3peBaHmA

BHeCeHuA TecT-
Ky/IbTypbl

M ObLiee KONUYECTBO KNETOK
A

[ Konnyectso cnop

YeHUIO KOJMYeCTBa CIop B 3,8 pasza Mpy CHYKEHUM O6Iero Koam4ecTBo
KJIETOK TeCT-KynbTypsl Bacillus subtilis.

IIpn usroroBneHun macna Metomom IIB)KC B mporecce cemapu-
pPOBaHMS CAMBOK IPU MOAYyYEHUM BBICOKOXMUPHBIX canBOK (BXKC) Ha-
6/110]a7I0Ch CHM3KEeHYe Ha TOJI-TIOPsIAKa CIOPOBBIX (GOPM, UTO MOXKHO
OLIEHUTDb KaK CHMKeHMe PUCKOB, CBSI3AHHBIX CO CIIOPOBBIMU MUKPO-
opraHyMsMaMu. JDTO CHIDKeHMe OOYC/IIOBJIEHO YaCTMYHBIM YaleHMeM
CrIOpoBBIX GOpM B Ipoliecce cernapyupoBaHusi 06ceMeHeHHbIX CIMBOK
npu nonyuenun BXKC, a Takke T'yOMTENbHBIM BO3/AECTBYEM Ha Be-
reTaTUBHbIE KIETKM TemmepaTypbl 60*5°C, 10 KOTOPOii HE06XOAMMO
HarpeTb cauBKY sl 3 deKTUBHOI paboThI cermapaTopa IIpu Moayyde-
Hum BXC [5,18].

[TormyyeHHble 06pa3sLbl Macia, He3aBUCUMO OT METOA M3TOTOBJIEHNS,
XapaKTepU30BaIUCh MPVMEPHO OAMHAKOBBIM YPOBHEM 00lieii Gakrepu-
a/IbHOJi 06CceMEeHEeHHOCTH, HaXoAsIeMcs B auanasone (3% 1)x 10* KOE/cm3.
CozmepskaHue CIOPOBbBIX (GOPM B FOTOBOM ITPOLYKTE HAGMIOAAIOCH GOJbIIe
Ha MOPSJOK B C/Tyyae BbIpaboTky Macia MmeTonoM CC. 3To 06CTOSITeNbCT-
BO CBSI3aHO C IIOBBIIIEHHBIM COZEpPXXaHMEeM CIIOPOBbIX (GOpPM B CIMBKax
rocsie co3peBaHMsl, a TakkKe C AJUTEIbHBIM HaXOXAEeHMeM CIMBOK NPy
MOHMXeHHBbIX TemnepaTypax (12-14°C) B mpoliecce M3rOTOBJI€HMS] Ma-
C71a METOROM COMBaHUS (IJIUTENbHOCTh COMBaHUS — 30-45 MUHYT, 06-
paborka miacra macia — 15-20 munyT) [7,10]. HopMupyemble rpymibt
MukpooprauusmoB BIKII, Aposkskyt U TIeCHeBble IPUObI He BbISIBJIEHbI
B 1 cm® maca (Tabmuua 2).

JMHaMMKa M3MEeHEeHMsI CoepsKaHusl CropoBbIX (Gopm U ob1iero Ko-
JIMYEeCTBAa KJIETOK TEeCT-KY/IbTYpbl B Macie, BBIPAGOTAHHOM MeETOLaMU
CC n IIBXXC, B nnporiecce XxpaHeHMsI IIpU TpeX TeMIlepaTypHbIX pekuMax
npencrapieHa Ha PucyHkax 2 u 3.

Pe3ynbTaThl MUKPOGUOTIOTMUYECKUX MCCIEOBAHMIT MOKA3BIBAIOT OT-
CYTCTBME BUAVMMOIO DasBUTHUSI CIIOPOBOJ MMUKPOQUIOpPBHI B Macie INpu
3+2°C, He3aBUCUMO OT MeToja ero noiaydeHusi. OTCYTCTBME Pa3BUTHUS
Mukpodops! pu 3+ 2 °C obecrieynBaeT B TeYeHMe JIUTENbHOTO [1epyo-
Il CTaOMIIbHOE KAUueCTBO U OTCYTCTBME OIIYTMMBIX TIOPOKOB BKyca U 3a-
rnaxa B Macjie, U3roToBJIeHHOM Kak MetomoM IIBXKC, Tak u metomom CC
(PucyHOK 4).

XpaHeHMe Macia B yCJIOBMSX MIOBBILIEHHBIX TEMITEPATYP 06eceunBa-
eT MPOSIB/IeHIe MUKPOOMOIOTMYECKMUX PUCKOB, CBSI3AHHBIX CO CIIOPOBBI-
MM a3pOGHBIMM MUKPOOPraHM3MaMy, B 3aBMCUMOCTH OT CIIocoba u3ro-
TOBJIEHMSI Mac/Ia, YTO Takke OTMedaeTcs B paboTax [7,23].

Konuuecrso Knetok/cnop,
Ig KOE/cm3
w
1

2 =
1 -4
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BHeCeHUA TecT-
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PucyHok 1. I3MeHeHue cofepkaHMs 00LIero KOJINYeCcTBa KIeTOK U CIIOpoBbIX ¢GopM TecT-KyabTypsl B. subtilis Ha cTapysx
usrorosiaeHus maciaa merogamu CC (A) u IIBJKC (B) ipy KOMoOIHUTEIBHOM 06CEMEHEeHUH CIMBOK CIIOPOBBIMMU

MMKpOOpranmMsMammn
Figure 1. Change in the total counts of cells and spore forms of the test culture B. subtilis at the stages of butter production by the CC (A) and HFCT (b)
methods upon additional contamination of cream with spore-forming microorganisms
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Tabnuia 2. Pe3ybTaThl MUKPOOMOIOTMYECKUX MCCIE0BAHMIT MacIa C JOMOJIHUTETbHBIM BHECEHUEM TECT-KYIbTYPbI CIIOPOBBIX
MMKPOOPraHM3MOB B CJIMBKU
Table 2. Results of the microbiological analyses of butter with additional introduction of the test culture of spore-forming microorganisms into cream

Ne 3 BI'KII, ” 3 KCAHM, JIpO>KKM, IJIECHEBBIE
Wi Ilokazatens KMA®AHM, KOE/cm HBY K1./em3 KCA®AHM*, KOE/cm HBY criop/cv® rpu6s1, KOE/cm®
1  Macio CC (1,8+0,2) x 10* OTtcyrerByIoT B 1 em® (5,2+0,1)x 103 OTcyrerByIoT B 1 cm® OTcyTeTByIOT B 1 cm®
2 Maaro [TIBXXC (4,0£0,1)x 10* OTtcyrerByioT B 1 cm® (5,9%0,1)x 102 OTtcyrerByIOT B 1 cm® OrcyTeTBYIOT B 1 cm3

IIpumeuaHue: naHHBle NpUBeIEHbI B GOpMe «CpefiHee 3HaUeHMe * cCTaHapTHOe OTKJIOHeHNe». [JaHHbIe B CTON6LAaX CO 3HAKOM «*» MMeEIOT JOCTOBEPHBIE Pa3/iy-
uust (p < 0,05).
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PucyHOK 2. U3MeHeHMe comepiKaHus CIIOP TeCT-KyJabTypsl B. subtilis B macie, BbipaboTranHoM metomamu CC u ITBJXKC,
B IPOLIecce XpaHeHUs IIPY Pa3INYHBIX TEMIIEePaTyPHBIX peskumMmax. I'padmueckme 3aBMCMMOCTY TOCTPOEHBI
II0 CP€JHUM 3HaAYE€HUSAM JaHHbIX TpeX BpraGOTOK
Figure 2. Change in the content of spores of the test culture B. subtilis in butter produced by the CC and HFCT during storage
under different temperature regimes. Dependency graphs are built by mean values of data from three runs
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PucyHoK 3. [IluHaMMKa U3MEHEHUST KOJIMYeCTBa KJIeTOK U CIIOPOBBIX GOPM TeCT-KyIbTyphl B. subtilis B Maciie, BBIpaG0TAaHHOM METOAMU
CC u [IBJKC, B mpoiiecce XpaHeHMsI PU Pa3IMUHbIX TeMITepaTypPHBIX pexkumax. I'pabuueckne 3aBUCMMOCTY TTOCTPOEHBI TI0 CPeITHUM

3HAaUYE€HMAM OAHHbIX TpeX BpraﬁOTOK
Figure 3. Dynamics of changes in counts of cells and spore forms of the test culture B. subtilis in butter produced by the CC and HFCT methods during storage under
different temperature regimes. Dependency graphs are built by mean values of data from three runs
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PucyHOK 4. I3MeHeHMe OpraHo/IeNITUIEeCKUX IMoKasarTesieit B Maciie, Beipa6otanHom metogamu CC u IIBJKC, B mpomecce
XpaHeHUs MPU PasJINYHbIX TEMIIEPATYPHBIX pesxuMax. I'paduyeckue 3aBUCMMOCTH ITOCTPOEHBI 110 CPETHUM 3HAYEHUSIM

AAHHBIX Tpex BblpaGOTOK
Figure 4. Changes in organoleptic indicators in butter produced by the CC and HFCT methods during storage under different temperature regimes.
Dependency graphs are built by mean values of data from three runs

IIpy TIOBBILIEHHbIX TeMIlEpaTypax XpaHeHusi Gonee uHTeHCUBHOe KMA®AHM) mist cimBouHOoro macia B coorBerctBuu ¢ TP TC 033/2013
pasBUTHE TeCT-KyJAbTYpPbl M, COOTBETCTBEHHO, CHIDKeHMe xpaHumo- ¥ ['OCT 32261-2013 (PucyHok 3). ITo gaHHOMY MOKa3aTel Macio Mof-
CHOCOGHOCTY Mac/ia HaGMIo#amiCh TPU €ro M3TOTOBJIIEHMYM METOAOM  JIEKUT 3a6paKoBKe.

CC. B macie CC uepe3 5-7 cyTok xpaHeHus: npu temmepatype 10+1°C CHIDKEHME XPaHMMOCIIOCOGHOCTY Macja, M3TOTOBJIEHHOTO METOAOM
v uepe3 1-2 cyTku nipu 25%1°C ob1ee KoMMIeCcTBO KIeTOK U criopoBbix  CC, B YCJIOBUSIX TIOBBILIIEHHBIX TEMIIEPATYD, 0YEBUIHO, OGYCIOBIEHO:
(bopM TecT-KybTYphI ITpeBbICIIO0 ypoBeHb 1 x 10° KOE/cM3 — gomyctu- [ peaxTualyeit KIETOK OCTATOYHOI MMKPOGIOPHI ITOC/e TepMOIIoKa
MbIii ypOBeHb 001Ieii 6akTepuanbHO 06CEMEHEHHOCTH (IToKasaTeslb Ha CTaJIUM CO3PEBAHUSI CIUBOK;
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PucyHOK 5. IsMeHeHMe KUCIOTHOCTY MOJIOYHOJ IVIa3MbI Mac/ia, BeipaéoTanuoro metogamu CC u IIBXKC,
B IIPOLIECCe XpaHEeHUs IIPY Pa3INYHbIX TEMIEPATYPHBIX peskumMax. I'paduueckme 3aBUCMMOCTH ITOCTPOEHBI

II0 CpeHVM 3HaAaYE€HUAM JAaHHBIX TpeX BpraﬁOTOK
Figure 5. Changes in milk plasma acidity in butter produced by the CC and HFCT methods during storage under different temperature regimes.
Dependency graphs are built by mean values of data from three runs

0 HanmuumeM 6aroNpuUSITHBIX YCIOBMIA /ISl Pa3BUTHST a9pOOHBIX U da-
Ky/IbTaTVBHO-aHa9POGHBIX MMKPOOPraHM3MOB, B TOM UMCJIE IIPeNICTa-
BuTesneit poga Bacillus, 3a c4eT PhIXJIO¥ CTPYKTYPBI Macia ¢ 6OIbIIUM
cofiepskaHyeM BO3/1yxa, IolTy4aeMoit TPy U3rOTOBI€HMY Macia MeTo-
nom CC B cpaBHeHuu ¢ Metogom TIBXKC.

ITpy NOBBILIEHHBIX TeMIlepaTypax xpaHeHust B macie [IBJXKC raxke
Ha6II0NAI0Ch yBenuveHue OOLIero KOaM4YecTBa BEreTaTMBHBIX KIETOK
M CIIOPOBBIX (DOPM TeCT-KyJIbTYpbl, ONHAKO C MeHbIlIeil MHTEeHCUBHO-
cThio: ipu 101 °C He 0TMeyeHO TpeBbIuIeHNs YpoBHs 1x 10° KOE/cm?
3a repuop, Habmomenns; mpu 25+ 1 °C maHHbI ypOBEHDb JOCTUTHYT ITOCTIE
10 cyT xpaHeHus.

Pa3BuTue OCHOBHOJ BHECEHHOV M IpouIeAlleli peaKTUBALMIO MPU
CO3peBaHUM CIMBOK OCTATOUHOI MUKPOGDIOPHI B Maciie, U3TOTOBIEHHOM
metogom CC, B Ipoliecce XpaHeHMsI IIPY TOBBILIEHHBIX TeMIlepaTypax
COTPOBOX/AJIOCh M3MeHeHMeM II0KasaTeseil KUCIOTHOCTM MOJIOYHOI
r1a3msl. [Ipu TemmnepaType 25+ 1 °C yske Ha 4 CyTKM ee 3HAUEeHMSI B Macie
CC pocturimy 28 °T u npeBbIicuIM HOpMMpyeMble 3HaueHus (26 °T), uto
0Tpa3usIOoCh B IOSIBIEHMY TIOPOKOB BKYCa, TAKMX KaK c1abo KUCIIBIIA, cr1a-
60 onmeucTslit, c1a6o 3atxibiit. [Ipu Temmneparype 10+ 1°C KUCIOTHOCTD
I/1a3Mbl 3HAYMTENbHO YBEINYMIACH TONBKO Yepe3 60 CYyTOK XpaHeHMsI
u coctaBmia 28 °T (PucyHok 5). B macse TIB3KC KMCIOTHOCTh MOJIOYHOM
I171a3Mbl 3a IepMOJ, XPaHeHMS Aake [IPY IOBbIILIEHHbIX TeMIIepaTypax He
MpeBbICH/IA YCTAHOBIEHHOTO YPOBHSI.

Vi3MeHeHus1 ToKa3aresneii JKMPoBoi dha3bl Macia 3a epyuoz XpaHeHust
IIpY UCCIeJOBaHHbBIX TeMIIepaTYPHBIX PeXMMax He IpeBbILIaay MaKCK-
MaJbHbIX 3HAaUeHU AJI J)K1pa, IIPUrogHoro B IIMILY. KucimoTHOCTD XU-
poBoit (asel, HE3aBMCUMO OT METOJa M3TOTOBIeHMST Maciia, TPY CHSITUYU
€ro ¢ XpaHeHMsI TI0 OPraHONeNTNYEeCKMM MoKa3aTessIM yYBeluunuIach He-
3HaunTeNnbHo. [Ipu Temneparype (25+ 1) °C oHa BO3pocia K OKOHYAHUIO
cpoka xpaHenus Ha 0,2 °K; mpu (3£2)°Cwu (10*£1)°C — ©Ha 0,1 °K.

Bonee 3HauuMMoe BIMSIHME CIIOPOBbIE OAKTEpPUM, JUIOIUTUYECKU
M TIPOTEONUTMYECKM aKTMBHbIE MMKDOOPraHM3Mbl MOTYT OKa3aTb Ha
OKMC/IUTENIbHbIE MPOLIECChI MTOpYM KMPOBOH dasbl [29], xapakTepusye-

Mble 3HAUEeHMSIMY TIePEKMCHBIX UVICeNT U OKVCIEHHOCTBIO XMPOBOII (hasbl
1o po6e ¢ 2-T1o6apouTypoBoit KucioToit (Tabauua 3).

Kak 1mokasbIBalOT pe3y/abTaThl, MpuBefeHHble B Tabmuie 3, OKUCIU-
TeJIbHbIE TPOLECCHl MPU 06OMX MeTOJAX M3TOTOBJIEHMS CIMBOYHOTO
Macia 06yCc/IOB/IEHBI B TIEPBYIO OUepeb TEMIIEPATypOii XpaHeHus], obec-
reunBawlneil pasputue Mukpoduiopbl. OOHAKO aHajAU3 IOKasareseit
OKMCIEHHOCTY B IIpoIiecce XpaHeHMsI IIPU OGHMX U TeX ke TeMIepaTyp-
HBIX pekMMax GpUKCUpyeT 6ObIiMe U3MeHeHusT KMPOoBoii (a3bl B Macie,
MU3roToBIeHHOM MeTomoM CC, YTO CONPOBOXKAAETCS! CHIDKEHMEM €ero
XPaHMMOCITOCOOHOCTH. [IMHaMMKa M3MEeHeHMsl TToKa3aTessi OKUCIeHHO-
CTM XKMpa B UCCIEIOBAaHHBIX 06pa3ljax Macja COOTBETCTBYET JAaHHBIM,
TOJTyYEeHHBIM KaK JJI Macja TPaJULIMOHHOTO COCTaBa, Tak U AJI Maces
¢ pasnuuHbIMu Jo6aBKamu [6,7,14].

B Tabnuiie 4 puBeneHbl JaHHbIE OIIEHOYHOI XPaHMMOCIIOCOOHOCTY
Maciia, u3roTosyieHHoro crioco6amy CC u IIBXKC, 1o 3HaYMMBbIM ITOKa3a-
TeNsIM 3a6PaKOBKMU.

[MonyyeHHbIe pe3yAbTAThl CBUIETENTbCTBYIOT O TOM, UTO YpPOBEHb
MMUKPOOMOJIOTUUECKMX PUCKOB, CBSI3aHHBIX CO CIIOPOBBIMM MUKPOOP-
raHM3MaMm, 3aBUCUT OT TEeMIIepaTypbl XpaHeHMs MpoAyKra. B cirydyae
COOMIONEHMST TeMIIEPaTypHOro pexuma 3*2°C, mpenycMOTPEHHOTO
HOPMAaTMBHBIMU JOKYMEHTaMU JIJIsl XpaHEHUS] CIMBOYHOTO Macja, U OT-
CYTCTBUSI Pa3BUTHUSI CIIOPOBBIX MMKPOOPTaHM3MOB BBICOKOE MCXOLHOE
KauecTBO Mac/a MOXKeT COXPAaHSIThCS IJIUTeNbHOe BpeMsi — 60 CyTOK
u 6ornee.

PeskuMbl TpOU3BOJICTBA, UCTIONb3yeMbie pu MmeTone CC, co3a10T yc-
JIOBMSI, KOTOpbIE MOBBIMIAIOT MUKPOBMOIOTMUECKME PUCKKA. DTO CBSI3aHO
C TeXHOJIOIMYECKON omepanyeli co3peBaHMsI CIMBOK IPU MOHVKEHHOM
temneparype 8-10°C B TeueHue 16-18 uacoB, UTO ymJMHSET OGN
rpotiecc BbipaboTky 0o 20-24 vacos, a Takxke ¢ hopMupoBaHuem 6ojee
PBIXJION CTPYKTYPbI TOTOBOTO IIPOAYKTA IIPY COMBAHMM U 06pa3oBaHuEM
6oJiee KPYIHbBIX Karlelb I1a3Mbl B IUIacTe mMacia. Tak B YCIOBUSX YCKO-
peHHO# mopuM — Temmeparype 25*1°C XpaHMMOCIIOCOGHOCTb Ma-
c1a, u3rotosieHHoro merogqom CC, ¢ yueTom 3a6paKkoBKM 110 Hamboee

Ta6nmuua 3. Ipupoct (A) MoKa3aTeneil OKMCIEHHOCTH JXKUPOBOii (pa3sl CIMBOYHOrO Macia nmpu usrorosiennu merogamu IIBJXKC u CC,
KOHTaMVMHJMPOBAaHHOI'O CIIOPOBBIMY MUKPOOPraHM3MaMM, B IIpoliecce XpaHeHMs PV Pa3IUYHBIX TeMIIepaTyPHBIX PeKuMax

Table 3. Increase (A) in the indicators of oxidation of the fat phase of butter produced by the CC and HFCT methods and contaminated
with spore-forming microorganisms during storage under different temperature regimes

OKMCJIEHHOCTDh

Ipomosmxku- IepexucHoe uncio, Mmons ¥z O/Kr
Msr;\ﬁé%?gﬂnﬂ )’l(‘;g:l;:)[;’l: an/l: TeMInepaTrype XpaHeHUs Maéﬂa - pnnfe;%%izgz?i’pzﬁ; ;:1;;" I;Ia cra
CyTKRM (3£2)°C (10£1)°C (25%1)°C (3£2)°C (10£1)°C (25%1)°C
0 0,23+0,02 0,011£0,001
cc 4 = = 0,02+0,01* = = 0,006+0,002
125 = 0,55+0,03 = = 0,017+0,001* =
230 1,03+0,09* — — 0,016%0,002 — —
0,29+0,03 0,009+0,001
4 — — 0,06+0,01* — — 0,002 0,000
IB>KC 33 = = 0,47%0,01 = = 0,006+0,001
125 = 0,53+0,03 = = 0,012+0,001* =
230 0,71+0,07* = = 0,015+0,002 = =

Ipumeuanue: naHHbie TPUBEIEHbI B hOpMe «CpefHee 3HAUEHNE + CTaHAaPTHOE OTK/IOHeHUe». [laHHbIe, yKa3aHHbIe B CTOMOIAX AJIs OTIpeie/IeHHO TeMIepary-

PBI, CO 3HAKOM «*» MMEIOT JOCTOBepHbIe pasmnuus (p < 0,05).
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Ta6nuiia 4. XpaHMMOCIIOCOOHOCTH CJIMBOYHOIO Mac/ia, BbipaboranHoro meromamu IICC u IIBXKC,
IIPY HAIMYUU MUKPOOGMOIOrMYECKUX PUCKOB, CBA3AHHBIX CO CIIOPOBBIMM a3POOHBIMIM MUKPOOPraHM3MaMu
Table 4. Storability of butter produced by the CC and HFCT methods in the presence of microbiological risks associated
with spore-forming aerobic microorganisms

3a6paKkoBKa I10 10KA3aTe/I0:

Temneparypa MerTop,
xpaHenus, °C mpousBoacTBa bBakTepuanbHas

06ceMeHeHHOCTh

llItacdd Ha MOBEPXHOCTHM JKEATOTO 1[BETA. 3amax JIeKasbiil 1 C1abblif HEUUCTHII.

XpaHUMOCIIO-

Bkyc u 3amax COGHOCTB, CYT

230 cyT (5,9+0,2 6amra)

. > BoimepxuBaer
cc Gonee 230 cyr BKyC HeBbIpaskeHHbIIi CIMBOYHBIN M TacTepPU3aLMK, C IPUBKYCAMU HEYMCTOTO Ilé(])J cyT
4oy M CaUCTOro C COXpaHeHueM
230 cyT (6,5%0,1 6amna) XapaKTepUCTUK
TBKC 6 230 litad¢d Ha MOBEPXHOCTH CBETIIO KEITOTO 11BeTa. 3anax cIaboBbIpakeHHbI -~ Ha HAYalbHOM
onee oyT BOYHBIN U JIEeXXasiblit. BKyC c1aGOBbIpaKeHHbI CIMBOYHBIN U MacTepu3alyum co YypoBHE
C1a6bIMU IPUBKYCAMY CTAPOTO ¥ HEUUCTOTO
205 cyT (6,9%0,3 6amna)
CcC 61 cyr IlITadd Ha MOBEPXHOCTH JKEITOTO LiBeTa. 3arax cJ1ab0BbIPayKeHHBI HEUUCTHIIA. 61
BKyc c1a6oBBIpaykeHHBIN CTMBOYHBIN, 0GBOIAKMBAIONINI C OTTEHKOM HEUMCTOTO
10+1
605 cyr (7,1+0,2 6anna)
TBXXC 6omee 125 cyT Haner mrradgda Ha moBepxHOCTH. 3amax cIabOBbIPAKEHHBIV CIMBOYHBII 1 JIeXKa- 60%5
JIBIN. BKYC HEIOCTATOYHO BbIPAKEHHBI CIMBOYHBIIA, C/IA6BIN JI€KAIIBIN
3%1 cyT (2,0%+0,4 6ayia)
cC 1-2 cyT [lITacdd mpo3pauHbIif JKeITOTO I[BeTa. 3arax HeCBEeXWI, IMIOAU3HbIA. BKyc c1a- 1-2
6OKMUCIIBIIA, TUTIONU3HbI
25#1 155 cyr (5,5 6 * 5,3 Ga/wIoB)
llITadd Ha MOBEPXHOCTM CBETVIO-KEJITOTO LIBETA. 3araxX C1aboBBIPayKEeHHBIN ca-
MBXC 27-33 cyr bd P 1 p 15%5

JIACTBIN. BKyC HEeBbIPayKeHHbIN CIMBOYHBIN U MACTEPU3ALIViM, 0OBOIAKMBAIOIINIA,

BSI3KMIA, CJ1a6bIN CaIMCThIN

o6eclLieHMBaloIeMy TIOKa3aTesio0, COCTaBuIa Bcero 1-2 CyToK, a Macia,
nsrorosyeHHoro metonom IIBXKC, — 15+ 5 cyrok (Tabnuua 4).

Ipn mcrons3oBauuu Meroma IMBXKC MMUKPOOGMONIOrMUECKME PUCKIHA,
CBSI3aHHBIE CO CTIOPOBOI MUKPODIOPOii, MeHee 3HAUMMBI 32 CYET KOPOT-
KOT'O TEXHOJIOTMYECKOTO MPOoLiecca, HauaabHbIN 3Tar KOTOPOTO IIPOXOAUT
MIPY TIOBBILIEHHBIX TEMIIEPATypaxX, HO PUCKM OCTAIOTCS U CBSI3aHBI C MC-
M0JIb30BaHMEM HEKAaueCTBEHHOTO MO0 MUKPOOMOIOTMUECKUM TOoKa3aTe-
JISIM ChIPBSI, @ Takke ¢ HeaheKTMBHOI racTepusaleit CJIMBOK.

4. 3aka0ueHue

B pesynbraTe IpOBENEHHbIX MCCIENOBaHMII OlleHEHbI MUKPOGMOJIO-
IMYecKye PUCKM, 06YCIOBIeHHbIe MUKPO(IOPON MOpYM, B YACTHOCTHU
CIIOPOBBIMM MUKpOOpraHusMamu poaa Bacillus. DT MUKPOOPTaHM3MbI
OKa3bIBAIOT BIMSHME HA CHMKEHME KauyecTBa M XPaHMMOCIIOCOOHOCTU
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CIMBOYHOTO Macja B 3aBUCUMMOCTY OT METOZA €ro M3rOTOBIeHMs (MeTO],
COMBaHMS CIMBOK WJIM TTpeo6pa3oBaHMsl BBICOKOKMPHBIX CJIMBOK). YcTa-
HOBJIEHO, YyTO MeTo[ CC, OT/IMYaIOUMUIACS AAUTETbHBIM TEXHOOTUIECKUM
MPOIIeCCOM, MpeobiafaHKeM MOHVDKEHHbIX TEMIIEpaTyp, MOTyuYeHUEM
PBIXJION CTPYKTYPbI TOTOBOTO IIPOAYKTA, 6ojiee 3HAUMMO BAMSIET Ha YpO-
BeHb MUKPOOGMOIOTMUECKUX PUCKOB, CBSI3aHHBIX CO CIIOPOBBIMU MUKPO-
opraHusMamu poga Bacillus. PcKy CHYKeHMSI KaueCTBa M XpaHMMOCIIO-
COOGHOCTH Macja, M3roTOBIeHHOro MeTomoM CC, BO3pacTaioT B YCIOBUSIX
MTOBBIILIEHHBIX TEMITEPATYP, KOTOPbIE MOTYT BO3SHUKATh MTPYU HAPYILEHUSIX
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OLIEHKA 3®®EKTUBHOCTU UHKAIICVJIAIIUU BUOPUITOBAKTEPUN
INPN OBOTAIIEHVU ITPOBUOTUKAMU COKOCOOEPXAIINX HAIIUTKOB

Heseposa O.I1.!, 3uamna O. B.1*, JIu U.2, JIau U.2, Pe6e3os M. B.3, Bumnsikosa E. A.*, Bapbikuna E. C.!
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K/IIOYEBBIE C/IOBA: AHHOTAL A

AbzUHAmM HAmMpus, HamuTky — oguH u3 Haubosee MOMyISIPHBIX BUIOB MTPOOYKIVM, TPUBJIEKAIONINIT BHMMAaHMe MCCIemoBaTesei st oboraiie-
MuKpokancyna, HUS QYHKIMOHATBHBIMYU MHTPeAMeHTaMu. BBeieHMe TIPOOMOTUKOB B MMIIEBYIO MATPUITY MOYKET MIOBBICUTD ITOJIE3HOCTH IPO-
A6IOUHBILI COK, IYKTOB MIATAHMsI, B TOM UMC/Ie HAMUTKOB. OMHAKO MPOBMOTUKYM UPE3BbIUAIHO UYBCTBUTEIbHBI K SKCTPEMaIbHbIM YCIOBUSIM
CcmMabunbHOCMb, OKPYKAIOIIEH CPeMIbl, YTO CYIIECTBEHHO OTPAHMIMBAET UX KM3HECTIOCOGHOCTH B MUIIEBBIX MPOAYKTaxX. Lle/bIo McciemoBaHmit
cokocodepxcaujuti SIBJISIETCS YCTAHOBJIEHME BJIMSHMS MHKATICY/ISIIIMY Ha COXPAHHOCTb 6MbMao6aKkTepuii B 060raiieHHOM COKOCOepsKalieM Ha-
HAanumoxk muTKe. [IJist 3aIMUThI TPO6MOTUUECKUX MUKPOOPraHM3MOB, 61dumobakTepnii MIeCTH MITAMMOB, BXOASIINX B CUMMOMOTHYE-

CKYIO 3aKBaCKy, OT BO3ZeiCTBUSI He6GIaronpusiTHbIX YCIOBUI MUIIEBOM CPeAbl U JKeMyIOYHO-KUIIEYHOrO TPaKkTa ObLIu MC-
MO/b30BaHbI KAICYIIbl M3 aJbIMHATA HaTpysl. Kancyssl momyvany KarelabHbIM MeTonoM. CTaGMIbHOCTD KaIlCy/l OLLeHUBAIN
B Pa3IMYHbIX yUIOBUSIX. VicciiemoBany ux pacTBOPMMOCTD B BOJle, a Takke Mpy pH, xapakTepHbIxX A5 kenyaka (1,1-1,6), ToH-
koro (7,8-8,2) u Toncroro (8,0-8,5) oTaenoB KuieyHMKa. VcrpITaHUSI IPOBOOMIIN TIPU BBIIEPKKE B OyhepHbIX pacTBOpax
B TeueHue 15 u 30 muHyT. KpoMe TOrO, OLIeHMBAIM CTAaOUIBHOCTD Karicys B 16;104HOM coke ¢ pH 3,82 B mporjecce XpaHeHMsI
ripu Temneparype 4*1°C B Tedenue 7, 14, 21 n 28 cyToK, a TaKKe aHANIM3UPOBAIU ITIOTEPY KAIICyJl IIPU TEIIOBOi 06paboTke.
Taxoke B IIpOLIecCe XpaHEHNS COKa KOHTPOIVPOBAIY KOMNYeCTBO 61dunobakTepuii, M3BIeYeHHBIX U3 KAIICY/I IIOC/Ie UX MeXa-
HMYECKOTO pa3pylieHus C MOCIenyouymM moceBoM Ha cpeny I'MK-1. PesynbTaThl McC/Ie0BaHMI TOKA3a/IM, YTO HAUOOIBILINI
paspyuamonuii adbdeKT HabIIOAAeTCs IPU KUCION Cpefie, XapaKTepHO AJIs sKelyaKa, Tae ToTepu cocTaBmin 47,4% yepes
30 muH. IToTepu Karcyn npu pH, xapakTepHbIX IJIs1 PA3HBIX OTIENI0B KMLIEYHMKA, cOCTaBuau ot 25,3 no 30,9%. MeHee ar-
PeccMBHOM Cpenoit I KaIlCy/l 0Ka3aiach BhIOpaHHAs MUINEBast CUCTeMa — SIGIIOYHbIN COK, B KOTOPO# pa3pylleHue Karcyin
yepes 28 CyTOK XpaHeHMus cocTaBmio 8,7%. IloTepu Karicysl mpyu BhIOPaHHBIX PEKMMAXx MacTepuUsalyuy COKa COCTaBWIN OT
60,17% (10 munyT ripu 85 °C) 10 67,42% (30 MmunyT ripu 98 °C). Paznuums cratuctudyecku 3Haunmsl (p < 0,05). Takum o6pasom,
MCIIOB3YSI ONTyYeHHble JaHHbIe, MOKHO CIIPOTHO3VPOBATh O0IIMe MOTepy KaICyl U MPOGMOTHYECKUX MUKPOOPTaHU3MOB
B IIpoliecce TepeBapuBaHMSI U XpaHEHUs! IPOAYKTa Y MHOKYIMPOBATh HEOOXOOMMOe KOIMYECTBO JIsl MPUIAHUS IPOAYKTY
MPOGMOTNYECKUX CBOVCTB. VCCiienoBaHysi MMEIOT [TePCIIeKTUBBL Pa3BUTHS C YUETOM BO3MOXKHOCTYM BapbMPOBAHMSI BKYCO-
apoMaTUyeCKMX CBOJCTB KakK MMUILEBON CUCTEMBI, TaK U KamCyl.
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sodium alginate, Beverages are among the most popular types of products that attract attention of researchers for enrichment with functional
microcapsule, apple ingredients. The introduction of probiotics into the food matrix can increase the usefulness of food products, including bever-
juice, stability, juice- ages. However, probiotics are extremely sensitive to extreme environmental conditions, which significantly limits their ability
containing beverage to survive in food. The aim of the research is to establish an effect of encapsulation on the preservation of bifidobacteria in an

enriched juice-containing beverage. Capsules from sodium alginate were used to protect probiotic microorganisms (bifidobac-
teria of six strains in the symbiotic starter) from unfavorable conditions of the environment of the food system and the gastro-
intestinal tract. The capsules were obtained by the drip method. The stability of the capsules was determined under different
conditions. Their solubility in water and at pH values typical for the stomach (1.1-1.6), small intestine (7.8-8.2), and large
intestine (8.0-8.5) were studied. The tests were carried out upon keeping in buffer solutions for 15 and 30 min. In addition,
the stability of the capsules in apple juice with a pH of 3.82 when stored at 4*1 °C for 7, 14, 21, and 28 days was assessed. Cap-
sule losses during heat treatment were analyzed. The amount of bifidobacteria extracted from the capsules after mechanical
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destruction with their subsequent inoculation on the GMK-1 medium was also monitored during juice storage. The results of
the studies showed that the greatest destructive effect was observed in an acidic environment typical for the stomach, where
losses amounted to 47.4% after 30 min. Capsule losses at pH values typical for different parts of the intestine ranged from 25.3
to 30.9%. The selected food system, apple juice, turned out to be a less aggressive environment for the capsules, in which the
destruction of capsules was 8.7% after 28 days of storage. Capsule losses under the selected juice pasteurization modes ranged
from 60.17% during processing for 10 minutes at 85 °C to 67.42% during juice processing for 30 minutes at 98 °C. The differ-
ences were statistically significant (p<0.05). Thus, using the obtained data, it is possible to predict the total loss of capsules
and probiotic microorganisms during the digestion and storage of the product and inoculate the required amount to impart
probiotic properties to the product. The research has development prospects taking into account the possibility of varying the
taste and aroma properties of both the food system and the capsules.

1. BBegeHue

C yny4iieHyeM KavyecTBa SKU3HM JIIOAM YAESIIOT Bce Goblile BHMMA-
HUSI BEIEHMIO 3J0POBOTO 06pasa KM3HU M COXPAHEHUIO 340POBBSI, UTO
MPUBEJIO K PacUIMPeHUI0 acCOpPTMMeHTa (GyHKUMOHAIBHBIX U CIelya-
JIVI3MPOBAHHBIX IPOAYKTOB IyTaHus. Tak, MMOSBISIOTCS B Gosee MMpo-
KOM acCOpTMMeHTe CIllellMalM3MpOBaHHble IIPOAYKTHI [J151 CHOPTMBHOTO
nutanus [1,2], 6e3MII0TeHOBbBIE MTPOAYKTHI [3], o6oramieHHbIe QYHKIMO-
HaJbHBIMM MHTPeJMieHTaMy, HallpuMep, NMUILeBbIMY BOIOKHAMU [4].

OnmHUM Y3 BaXXHBIX GYHKLUMOHAIBHBIX MHIPENUEHTOB, 106aBIsieMbIX
B Pas3/IMYHbIe MPOLYKThI MUTAHMS, SIBJISIIOTCSI IPOGUOTUKM [5].

B 2001 roxy ITpogoBonbCTBeHHAS M CebCKOX03SI/ICTBEHHASI OpTaHK3a-
umst O6benvHeHHbIX Hanmii (PAO) u BecemupHast opraHu3anyst 31paBoox-
panenus (BO3) onpenenniy MpoGMOTUKY KaK SKMBbIe MUKPOOPTaHMU3MbI
(6akTepuM WU IPOXOKIM), KOTOPBIE TIONIOKUTETBHO BIMSIOT Ha 3J0POBbE
4esioBeKa IpY MONafaHuy B OPraHM3M B LOCTAaTOUHBIX KOIMYECTBax [6].
IToc/ie MHOTOJIETHMX UCC/IEIOBAHMI IPOOMOTUKY MOKHO OTIPEeeTUThb KaKk
TUI aKTUBHBIX MMKPOOPTaHU3MOB, KOTOpbIe NPMHOCST MO/b3y OpPraHu3-
My, MOAAepkMBast GaaHC KUIIEYHOM MMUKPOGIIOPHI IMOC/Ie KOJIOHU3ALU
KeTyJ0YHO-KMUILIEeYHOro TpakTa [7]. MicciemoBaHMs IOKas3bIBAIOT, UTO IS
azicopbryM MPOGMOTMKOB KIeTKaMM KMUIIEYHMKA MX KOIUYECTBO B Opra-
HU3Me 4Ye/IoBeKa JO/DKHO JocTUrath He MeHee 10°—107 KOE/r (KOE/mn).
IIpy TakuMxX KOHLEHTPAaLMIX IONe3Hble MMKPOOPTaHM3Mbl OKa3bIBAaIOT
MPOGMOTUYECKOE AeiiCTBIE, MOLYIMPYSI aKTUBHOCTb MUKPOGMOTbI KUIIIEY-
HUKa, MUHTMOMPYS IaTOreHbl, 06/1ervast JexyJ04HO-KUIIeYHble paccTpoii-
CTBa M CIIOCOBCTBYS MOBBILIEHMIO UMMYHMTETA [8,9].

Ha ceropHsuIHuit geHb MPOOMOTUKY MOKHO YCIOBHO pasfenuTb Ha
HECKOJIbKO KaTeropuii: jakrobakrepuu, 6mdnumobakTepun, CTPEIITOKOK-
KM, SHTEPOKOKKM U caxapomuueTst [10,11].

IIpo6MOTUKY 0067aJal0T MHOKECTBOM IIOJIE3HBIX IS OpraHu3Ma
CBOJICTB U BCe Yallle UCCIeNYITCS YIeHbIMM B Pa3AMYHbIX MPUKIATHBIX
HamnpasyieHusix [12,13]. OHu 06/1afal0T OrPOMHBIM MCCI€A0BATEIBCKUM
MOTEHL[MAJIOM ¥ PHIHOYHO IIeHHOCTBIO. B nuieBoit MHAYCTpUM Mpoou-
OTMKM B OCHOBHOM MCITO/Ib3YIOT B IIPOM3BOJICTBE KMCIOMOJIOUHBIX MPO-
IIYKTOB, CbIpa, BUHA, yKCyca U coneHuit [14]. OmHaKo B KauecTBe (QyHK-
L[MOHAIbHOTO VHIPEeJVIeHTa UX AO6GABIISIOT B IPOLYKTHI 60jee MIMPOKOTo
accopTumenra [15].

HanuTku SIBASIOTCS OGHUM U3 HaubosIee TIOMY/ISIPHBIX CPeIu Hacene-
HMSI CETMEHTOB MTPOIYKLIMM, BbI3bIBasI BCe GOMbLINIT MHTEPEC UCCIe 0Ba-
Teselt Kak OCHOBA 1Sl oboraleHus GyHKIMOHAIbHBIMY MHTpegyeHTa-
Mu. VI3BeCTHBI MHOTOYMC/IEHHbIE Pa3paboTKy HAIUTKOB € J06aBIeHeM
MMKPO- ¥ MAKPOHYTPUEHTOB, 6M0IOTMYeCKY aKTUBHBIX BelleCTB, ulle-
BBIX BOJIOKOH, S5KCTPAKTOB JIeKapCTBeHHbIX pacTeHuii [18-20]. [Ipu sTom
OrpaHMYeH aCCOPTUMEHT COKOCOAepKaux GPyKTOBbIX HAIUTKOB, 060-
raiieHHbIX IPOGVIOTMKAMI.

BBeneHyne npo6MOTMKOB B MUIIEBYI0O MATPUIY MOXKET ITOBBICUTD
M0JIe3HOCTh TMPOAYKTOB muTauus [21,22]. OgHAKO MPOGUOTUKM Upe3-
BbIYAfHO UYBCTBUTENbHBI K 3KCTPEMabHBIM YCIOBUSIM OKpYXKalollei
CpeJpl, UTO CYLeCTBEHHO OTPaHMUMBAET UX KM3HECIIOCOOHOCTD B IMIIIe-
BbIX IPOAYKTaX. B mporuecce BripanyBanusi, 06paboTKM, KOHCEPBALUYI
Y BIUIOTh IO KOHEYHOTO MCIIOb30BaHNsI Ha aKTYMBHOCTb ITOI€3HbIX GaK-
Tepuit BIUSIIOT MHOTHE (aKTOPhI, TaKMe KaK 3HaueHue pH, 5KemymouHbIit
COK, COJIY YKeTYHbIX KUCJIOT, TeMIlepaTypa U Ap.

CrnermoBaTenbHO, IJI1 yYEHbIX MHOTME TOAbl OCTAeTCsl aKTyalbHO
rpobieMa CoXpaHeHMUsI aKTMBHOCTY ITPOOMOTUKOB BO BpeMsi 06paboTKH,
XpaHeHUs] U MOTpebIeHnsT 060raleHHbIX MPOAYKTOB MUTaHUs [23,24].

Ilnsa mposiBieHus: Tpo6uoTUYecKoro 3¢ deKkTa BasKHO, YTOOBI TTOIE3-
Hble MMKPOOPTaHM3MbI JOCTUINIM KUIIEYHMKA ¥ KOJIOHU3MPOBAIN €ro
B JOCTATOYHOM KosuuecTBe [23]. B mocnenHme ropsl AJist obecrieueHust
BbDKMBAEMOCTY MIPOGMOTUKOB IOC/Ie IONAfaHMs B OPTaHM3M XO3SIMHA
MCIIONb3YIOT pa3jiMuHble TEXHOJOTMM MHKAIICYIMPOBAHMS, TaKMe Kak
SMYJIBTMPOBaHMe, SKCTPY3Ms, PACHBUINTENbHAS M CyOIMMalMOHHAS
cymka, MexdasHas moauMepusauys u nonumepusauus in-situ [25,26].

[Iporecc MHKANCYIMPOBaHNS MPOOGMOTUKOB OCHOBAaH Ha CO3LaHUU
MOJIMMEPHBIX CUCTEM B JOpMe IMIpOresieBbIX MaTPUL, M MUKPOKATICYJI C
MMMOOWIM30BaHHBIMM MUKPOOGHBIMM KJIeTKaMM [27].

BHyTpeHHee comep>kuMoe ¢ aKTMBHBIMM (OpMamMy MUKPOOPraHM3-
MOB 3aK/IIOUEHO B KarCy/bl C IIOTHOM O0OOJIOUKOI, MpenCcTaB/IsIoNIet
€060 MOTyNIpoHNLIaeMyI0 MeM6pany [28].

MUKpPOKAIICY/Ibl MOTYT PEIIUTh MPOGIeMbl ¢/1a60i KM3HECTTOCOGHOCTU
MPOGMOTUKOB U TPYLHOCTE C LieIeBbIM BBICBOOGOXKIEHMEM, TEM CAMbIM
peasn3ysi Moib3y MPOOMOTUKOB ISl 30,0POBbSI UI0BEYECKOTO OpPraHm3ma.

Cy1ecTByeT HeCKOJIBKO TEXHONOTMii MHKAICYISIUY IPOOMOTUKOB,
paccMoTpuM noapo6Hee Haubosee IPOCThIe U PACIIPOCTPaHEHHBIe.

Memod amynveuposanus

DMYy/IbCUSI — 3TO OUCIIEPCHAs CMCTeMa, OObIYHO BK/IIOYAIOLIAS IBE
HecMemBawyecs $assl (MacasHyo Gasy M BogHyo (asy) uim MHO-
rodasHyio KoMIo3uuui. Meton sMy/lIbIrMpOBaHMs OCHOBaH Ha J006aB-
JIEHUY OYCIIePCHOI (as3bl K 60MBLUIOMY KOMMYECTBY HENpepbIBHbIX (a3
¥ Ha TOMOTeHM3alMu cMecH 1o 06pa30BaHys OGHOPOLHOI cucTemsl [29].
[permMy1eCcTBO METOAA SMY/IBIMPOBAHMS 3aK/ITI0YAETCS B ITOTYIeHUY Ya-
CTUL, C MEHBIIXM pa3MepOM, OJHAKO ero HeJloCTaTKOM SIBJISIETCSI OTHO-
CUTENIbHO CJ1aboe 3aIUTHOE NeiiCTBIe Ha MPOo6MOoTUKM. OObSICHSIETCS 3TO
6OBIINM COZepPsKaHMEM BOABI B CUCTEME, UTO KpaiiHe He6GIaronpusiTHO
IUISI IJIUTETbHOTO COXPAaHeHMs MPOOMOTMYECKOi akTMBHOCTU. Kpome
TOTO, IPO6IEMOIt SIBJISIETCST o6ecrieyeHye CTabUIbHOCTM IMY/IbCUU TIPU
xpaHeHuu. OIOKyaALMS, KoanecleHus, CIMsHue, co3peBaHue 1no OcT-
BaJIbAy, MHBepCHs das 1 T. [. BAUSIOT Ha CTaGMIbHOCTb 3MY/IbCUU U Ofi-
HOBPEMEHHO Ha CBOJicTBa mpomykra [30].

OmHako IO CPaBHEHMIO C TPAagUIIMOHHBIMM METOLAMM ITPUTOTOB-
JIEHUSI IMYJIbCUI U C UCIIOMb3YEMbIMU KaIlCyJIbHBIMY MaTepuaaamMmu
MPUPOJHbIE GMOMOrMYecKre MaKpOMOJIEKYJIbI C IPUPOSHBIMU amburia-
TUYECKMMM CBOVCTBAMM MOTYT 3aMEHUTh CUHTETUYECKMe HU3KOMOJIe-
KY/ISIDHbIE 3MYJIbTAaTOPbI, TEM CaMbIM JIy4llle CTAGMIU3UPYST IMYIbCUU
«Boga/macio». Hampumep, npu HOMYyYEeHMM SMYIbCUI «Macjio/BOHa»
U 3MYAbCUI «BOJA/Maciao/Bofa» Qin M Op. UCTIONb30BAIU U3OMST ChIBO-
poroutoro 6enka (WPI) 1 (-)-snurautokatexmt-3-rauiat (EGCG). Koa-
neHTHbIN Komiuiekc WPI-EGCG BBoaMIM B KayecTBe SMy/Ibratopa npu
npuUrotoBieHnn smynbcun [Mukepmara O/W pjisi KancyamMpoBaHMS T0-
pouika 6akrepuit Lactobacillus plantarum, 4To 3HaYUTENLHO TOBBICUIIO
COXPaHHOCTb MUKDPOOPraHU3MOB IIpU XpaHeHuu [31].

B mpyrom wmccnenoBaHMM KOHIEHTPAT ChIBOPOTOUHOTO Oenka WMim
KaseuHaT HATPUs MUCIIOIb30BAJICS B KayecTBe I'MIPOGUILHOTO IMY/Ib-
raTopa Ijsl co3paHusi smynbeuu Ilukepunra S/O/W pasist ynaBauBaHMS
Lactobacillus salivarius NRRL B-30514 B meKTMHOBYI0 OCHOBY. VIHKaricy-
nupoBaHHble Lactobacillus salivarius obnaganu 6o0jee BbICOKOI SKU3HE-
CIOCOGHOCTBIO BO BpeMsi 00pabOoTKM, XpaHEHUS U SKeJTyTOYHO-KUIIIEYHO-
ro nepeBapuBaHus [32].

HekoTropble y4yeHble MCIIONb30BAIM IMYIBCUIO «BOLA/MaciIo/BOHA»
B KauecTBe CTAOMIBHOTO HOCUTENS [JJIS JOCTaBKM IIPOOMOTMKOB IPU
MPOM3BOACTBE Horypra. B uacTHocTH, 6akrepun Lactobacillus paracasei
DC412 cycrieHIMPOBa/IX B MOJIOKe JIJis IPUTOTOBAEHUST IMYabcun B/M,
cozepskaieil Mpo6MOTHKM BO BHYTPEHHeEl BONHOI ¢ase, a 3aTeM MuC-
MOJIb30Ba/IM MOJIOKO B KaUeCTBe BHEIIHel BOZHOI (a3bl AJIs1 IPUTOTOB-
JIeHUSI SMYJIbCUU «BOHA/Macjio/BOha» MpU MOAyUYeHUM MoTypTa.

UccnepoBanust nokasanu, yto Lactobacillus paracasei, BHeIpeHHast
B 5SMYJIbCUIO «BOJIa/Maciao/BOJa», He BbI3bIBAeT 3HAUMMBbIX M3MeHEHUIt
OCHOBHBIX XapaKTepUCTUK JOTypTa M He BIMseT Ha Iporecc dhepMeH-
TalUuU Oorypra, a Takke 3HAYMTETbHO MOBbIIAeT 3¢ dHEeKTUBHOCTD NPU
XpaHEeHU! ¥ BO3LENCTBYeT Ha aKTMBHOCTH KeTyIOUYHO-KUIIEYHOTO -
1eBapeHus in vitro.

Taxcke 1OKa3aHO, YTO IPUCYTCTBME TOMMCAXapPUIOB BO BHYTPEHHEN
BOAHOV (ha3e MOBBINIAET CTAOWILHOCTb SMYJIBCUI «BOJA/Maciao», UYTO
B OCHOBHOM CBSI3aHO C reie06pasyomMMu 1 3aryIaluMu CBOVCTBa-
MM TIOJIVICaXapUIOB, B OTIPeeIeHHON CTeNleH! CHIKALIVIMHU arjioMepa-
LIMIO Kariesb [33].

KanenvHas mexnonozus

JTaHHYIO TeXHOIOTHIO TAK)KEe HAa3bIBAIOT METOJOM KCTPY3UM. YUEHbIE
CMEIIMBAIOT MPOOVMOTHUKU C MTOAXOISIINM MaTeprasToM 000J04KY (06bIY-
HO C TUAPOGMIBHBIM KOJUIOUIOM) U C TIOMOIIBIO LITIPULA MM HACAAKYI
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BBOJSIT CMECH B CIIMBAIOIIMIT areHT (06BIYHO PACTBOP XJIOPUAA KAJIBIIMS).
B pesynbTaTe NpoucxXonsT peaklyy MOMEPeyHoit CIIMBKY C ITOTyYeHuemM
MMKpOKarcys. KanenpHasi TEXHOJOTMS IPOCTA B SKCIUTyaTaluy U HeJlo-
pora mpu IPUIOTOBIEHMM MPOGUMOTHMYECKUX MMUKPOKAIICY/I, a MPOoLecc
06paboTKY SIB/ISETCS MAASIIVM M UCKITI0YaeT YICIIONb30BaHMe BPeIHbIX
peareHTOB, YTO JieaeT ee IMPOKO MCIIONb3yeMOii IJIs1 MHKAICYIMPOBa-
HUSI IPOGUOTUKOB [34].

Hanb6onee 13yyeHHBIM B KauecTBe MaTepyaia KalCyIbHO 060/I0UKY
SIBJIA€TCS aJIbTMHAT HATPUS. ITomumo anbruHaTa HaTpus 4aCTO MCIIO/Ib-
3YIOT KelaTuH, KapparMHaH, IeKTUH Wi UxX Komnosuumu. Ha pasmep,
dbopmy, CTPYKTYpy 1 CTaGMIBHOCTb CHOPMMPOBAHHBIX MUKPOKATICYIT BJIV-
sieT MHOXeCTBO ()aKTOPOB, TAKMX KaK JYAMeTpP UIJIbI, PACCTOSIHME MEXIY
pacTBOPOM BHEIPEHHOIO MaTepyuajna M pacTBOPOM XJIOpUAa KaabLius,
KOHLIEHTPALMST ¥ BSI3KOCTh PACcTBOpA BHEAPEHHOTO MaTepuasa, a TakKe
KOHLIEHTpaLysI pacTBOpa XI0puaa KanbLyst [35]. ABTopsI Liu v gp. ncronsb-
30Ba/IM PbIOMIA JKeMaTVH, a/IbTVIHAT HATPUS B COYETAHMY C MOHAMU Kaslb-
LMS Y TEPMUYECKYI0 06pabOTKY JIJIsI ITOTyYeHMst TUIPOTelis C JBOVHOIA CeT-
Koit. ITo cpaBHEHMIO O CBOOOAHBIMYU GaKTepUSIMU IPyIbl Bifidobacterium
longum, VHKAIICyMMpOBaHHbIe GaKTePUM MOKA3AIV IYUYLIYI0 YCTONYMBOCTD
B JKeTyZ,OYHOM COKe U TePMOCTOMKOCTb. ABTOPBI CBSI3BIBAIOT 3TOT 3perT
€O CBOVICTBaMM KeJlaTVHA M eT0 KOHLleHTpauueri [36].

B npyroii cepum uccnenoBaHuii anbrMHaT HATPUS U MEKTUH UCIIOIb-
30BaJIMCh AJIS1 MIPUTOTOBJIEHUSI IUIPOreNeBbIX MUKpocdep OJisT MHKAI-
cynupoBanus Gaktepuit Lactobacillus bulgaricus, KoTopble IOKa3aan
XOPOIIYI0 MMIEBAPUTENbHYIO CTaGWIBHOCTb. WHKAICYIMPOBAHHBIN
MpOOGMOTUK BBOOVMIIN B JiOrypThl. MicciemoBaHust IPOAyKTa, 060ralleHHO-
r'0 MPOGMOTKOM, IIOKA3a/IM YIyYIleH)e KauecTBa, XOPOoLIye CEHCOPHbIe
Y TeKCTypHbIe CBOJICTBA Jiorypra [37].

Silva u gmp. oueHwIM BiAMSIHME IIOLCOMHEYHOTO Macia M liensa-
Ka B COCTaBeé MMKPOKAIICYI M3 aJbIMHATA Ha COXPAHHOCTb GakTepuii
Lactobacillus acidophilus LA3. Pe3yabTaThl MOKas3aau, 4YTO MPUCYTCTBUE
MOACOMHEYHOTO Macjia MOXKET OGeCIeuMTh IOTIOTHUTEbHBINA 3allUT-
HbIlt 6apbep 11 Lactobacillus acidophilus, a no6asieHue 1ie/iaka MOXeT
YMEHBUIUTb IIOPUCTOCTb MUKPOKATICYI Y YIYYLIUTD BULUMYIO CTPYKTYPY
MMKPOKAICYII.

MUKpPOKAIICY/Ibl, IOJTyYeHHbIe ITyTeM MHKAIcynmpoBanus Lactobacil-
lus acidophilus LA3 B mofcoTHeYHOM Maciie ¥ CMeCy aJIbTMHaTa U liea-
Ka, TIOKa3a/IM XOPOIIYIO0 CTAGMIbHOCTD IIPY XPAaHEHUY U IlepeBapyBaHNUMA.
ITocne 2 mMecsieB xpaHeHust py Temmeparype 25 °C KOIMYECTBO KU3He-
CIOCOGHBIX 6aKTePUit yMEHbIIMIOCH Bcero Ha 10% OT MHOKY/IMPOBaHHO-
ro KonmuecTsa u coctaBmio 7 log KOE/r [38].

OrnyvcaHHble UCCIe0BAHMS TIOKA3aIu, YTO MUKPOKATICY/IbI HA OCHOBE
aJIbTMHATA SIBJISIOTCS TIOTEHIMAIbHBIM CIIOCOG0M 3aIIUThI IPOOGMOTUKOB.

Llenbio MCCIeAOBAHNUI SIBISIETCS YCTAHOBIEHME BAUSIHUS DU3UUecKuX
M XMMMYEeCcKuX (HaKTOPOB HA MUKPOKAIICY/IbI C TPOOMOTUYECKOI 3aKBa-
cKoit 6mdunobaxkTepuit B 060raleHHOM COKOCOZepKalieM HaluTKe.

2. O6'BeKTHI ¥ METOABI

ViccmemoBaHyst IIPOBOOM/IN B laGopaTopuu Kadeapsl 61MOTEXHOIOT UM
Y MINULIEBBIX TPOIYKTOB.

O6BeKTOM VCCIeq0BaHMsI SIBJISICh MHKATICY/IMPOBAHHbIE IPOOUOTH-
YyecKkyie MUKPOOPTraHM3Mbl, BKIIOUEHHbIE B COCTAB SIGJIOYHOTO coKa. B ka-
YyecTBe MCTOYHMKA OGMPUIobakTepuii UCIOAb30BAIN POOMOTUIECKYIO
3akBacky «budnno [Inoc» («Bak3mpas», Mocksa, Poccust), comepskamnryio
6 mraMmoB 6ubmnobakrepuii: Bifidobacterium adolescentis, Bifidobacte-
rium bifidum, Bifidobacterium breve, Bifidobacterium longum ssp. longum,
Bifidobacterium longum ssp. infantis, Bifidobacterium animalis ssp. lactis.

Karmcynbl monyyanyu caegyrolyM o6pa3oM: B MOAOTPETON 0 TeMIie-
patypbl 39+1°C OUCTMUIMPOBAHHOM BOME PacTBOPSUIM 3aKBAcKy Omdm-
nmobakrepwuii. [TapaieslbHO pacTBOPSIIM albrMHAT HaTpus B Bome (3 T Ha
100 mu1) mpy MOCTOSSHHOM IlepeMellyBaHMM Ha MarHUTHOI Mellajke
Stegler HS (Shanghai Jingke Scientific Instrument Co, Ltd, Kurait) npu
TOJ >Ke TemIiepaType BoApl B TeueHye 30 MuH. [locie nomydyeHus BI3KOro
pacTBopa anbIyMHaTa HaTpys B Her0 BBOAWIM aKTMBU3MPOBAHHYIO B BOZEe
3akBacky (3 r Ha 100 My AMCTWIIMPOBAaHHOI moporpertoit go 38+1°C
BOJbI) B KonuyecTBe 10% OT MacChl paCcTBOpPA ajbIMHATa HATPUS, IPU 3TOM
HavyaJbHOe KOJIMYECTBO MMKPOOPraHusMoB cocrasuio 1-10° KOE/mi.
Cmech TIjaTeNbHO IepeMeNIBay, 3aTeM XUIKYI0 JUCIIePTMPOBAHHYIO
Martpuny crabuamsuposaau B 0,15M pacTBope XJopuaa KalabLus C UC-
MoJIb30BaHMEM MIpuLa U urbl guametpom 0,7 Mm. PaccTosiHne mesk-
Iy TOBEPXHOCTbIO pacTBopa U uriaoit — 10 cm. O6pasyrommecs: Karcysbl
OCTaBJISI/IM [J11 OTBEPAEBaHMS B PacTBOPe XJI0PKa Kaablysl B TeUeHNe
30 MMH, 3aTeM U3BJIeKaI U3 PacTBopa GuIbTpaLyeit.

TMocTaBIIMK PEAKTUBOB Y PACXOIHBIX MAaTEPUAJIOB /ISl 1TAGOPATOPHBIX
uccnenoBanuit — 000 «[PAHAIA» (MockBa, Poccust) mpu roctaske Ipo-
IYKIVY [TPeICTaBUII YIOCTOBepeH NS (ITaCopTa ¥ iy cepTudUKaThl) Ka-
YyecTBa.
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IMocne nmomyyeHust Karcyn onpenensiu 3bGeKTUBHOCTb MHKAIICYISI-
v 1o hopmyie (1):

O (%) = %-mo, 1)

re N — KOJIMYECTBO KU3HECMOCOGHBIX KJIETOK, BHICBOBOXKAEHHBIX 13 1,0 T
Karcyn; M — obuiast Macca COGpaHHBIX Karcyit; Ny — KOIMIeCTBO CBOGOJ-
HBIX KJIETOK TIepe/] KarCyIMpoBaHeM.

Mopdonoruio MmosyueHHbIX Kamcyl ONpenesuii 1ojJ MUKPOCKOIIOM
«Muxkmen-5» (AO «Jlomo», Poccust) mpu ysenmmuenun x40. Vi306pakeHne
NonyJaau yepes BuUIeoOKyssip «Mukpomen Ispuka 1.3 MP» (OOO «Ha-
6iromaTenbHble MPU60OPbI», POCCHst) ¢ MOMOIIBIO POrPaMMHOTO o6ecrie-
yeHust Micromed View (UIT Tpy6HuKOB M. B., TOproBoe HaumMeHOBaHMe
«Muxkpomen», Poccus). CpegHuii [uaMeTp Karcys1 MU3MepsuIv ¢ TOMOLIbIO
nporpammbl Image] (pa3pa6otumk Wayne Rasband (NIH), perosutopwmii:
github.com/imagej/Image]).

TMonyyeHHbIe KaICylIbl BHOCUIN B SIGMIOUHBIN COK TOPTOBOM MapKu
«Capp! ITpupgonssi» (OAO «Cappl ITpuponbs», Poccust) ¢ pH 3,82, usme-
peHHoI1 ¢ momotbio tudposoro pH-merpa PH-98108 (RCYAGO, Kuraii),
B Konmuyectse 10% OT Macchl COKa.

CTabWIbHOCTD KaIlCyJl ONPEeeIsiv B Pa3HbIX YCIOBUSX:

U pacrBopumocTs B Boze: 10 r karcys nomernany B 50 Mi1 BOIbI KOMHAT-
HOJi TeMIlepaTyphl ¥ BbIAEPKMBAIM B TedeHMe 1 4 Mpyu nepuopmye-
CKOM ITepeMelIBaHNM, 3aTeM OTOUIbTPOBBIBAIM HE PACTBOPYBIIINE-
Cs1 KarcyJibl, 06CyIMBany GuIbTPOBaIbHOM GyMaroit 1 B3BEIIMBaIN.
Mo cooTHOLIEHUIO MacC KATCy/ A0 U ITOCIe PaCTBOPEHMSI OIIpeIessiin
TIPOIIEHT PaCTBOPUMBIX KaICyi;

U pacrBopuMocTb pu pH, XapakTepHbIX 4715 keayaka (1,1-1,6), TOHKO-
ro (7,8-8,2) u Toncroro (8,0—-8,5) OTae/I0B KMIIIEYHMKA IIPU BbIIEPKKE
B 6y(epHbIX pacTBOpax B TeueHue 15 u 30 MuH;

0 cTabuiIbHOCTD KAICyl B COKe NP XpaHEHMM €ro Ipu TeMIepaTtype
4+1°C B TeueHue 7, 14, 21 u 28 cyToK;

0 cTabuIbHOCTH KAaIlCy/l MPYU TEIUIoBOi 06paboTke B Teuenue 10, 20
u 30 muH npu Temiiepatypax 75 °C, 85 °C n 98 °C (BbIGpaHbI C yUETOM
MCII0/Ib3YeMbIX PEKMMOB TEIJIOBOI 060PabOTKM COKOB).

Taxke B Ipoliecce XpaHEeHUsI COKa KOHTPOIMPOBAIU KOJMYECTBO GU-
umobakTepuii, M3BIEUEHHBIX U3 KATICYJI IIOC/IE MX MEXaHMYECKOTO paspy-
LIeHVs C ocIenyomuM noceBom Ha cpeny 'MK-1 «Kykypy3HO-7aKTO3Hast
cpena ajist yueta oudumobakrepuii» (HIIL «Brokommac-C», Poccust). Iopa-
TOTOBJIEHHYIO KYKYPY3HO-TTAKTO3HYIO Cpey pasivBaiyi B IIPOOUPKY BbICO-
KuM cTo6uKoM 110 10 cm3 («MuauMeny», Poccust) ¥ CTepuIn30Baii B CTe-
pumm3satope I'TI-10 CITY («Cmonenckoe CKTB CITY», Poccust) mpu 112£1°C
B TeyeHue 30 MuH. 7151 oceBa B cpey BHOCU/IM 110 1 cM> IIOArOTOB/IEHHbIX
pasBeeHui comep)KMMOro Karcyn B ¢puspacrBope («O6HoBIeHMe [TOK»,
Poccyist) mpyu MHTEHCYBHOM IepeMerunBaHyun. [Ipo6upKu ¢ oceBaMy BbI-
IepXXUBany B TepMocTaTe cyxoBo3ayitHoM TB-20-113-K (Psa3anckuii mpu-
60pHbIit 3aB0J, Poccus) pu temmeparype 37+ 1 °C B Teuenne 72+ 1 u. [ins
MOATBEPKAEHNS Hamuuusi 6mbumo6akTepuit TOTOBMIN Ma3Ky U3 TUITAY-
HBIX KOJIOHMIA TIOC/IEIHETO pa3BelieHNs], OKpallleHHbIe MeTM/IeHOBbIM I'o-
ny6eiM (Poccust), 1 MUKPOCKOTIMPOBAIM Ha GMOIOTMYECKOM MMUKPOCKOIIE
«Mukmep-5» (AO «JIomo», Poccust) ipu yBenmmuennm x100.

Kaxxgoe n3mepeHye MpoOBOAWIN TPOEKPATHO. 3HaueHMs BepOSTHOCTU
p<0,05 TpUHSITHI IS YKa3aHMSI CTATUCTUYECKOI 3HAUYMMOCTH. [j1s cTa-
TUCTUYECKOM O6pa6OTKI/I 9KCIIEPUMEHTA/IbHbIX OAaHHBIX MCIIOJIb30Ba/IN
0HOGMAaKTOPHBIN IUCIIEPCYOHHBIN aHAINU3 U TeCT ThIOKM.

3. Pe3ynbTaTrhl M 00CYXAEHUE

DU3UKO-XMMIYECKMEe CBOJCTBA KaIlCyl BIVSIIOT Ha JKM3HECII0CO6-
HOCTb MHKAIICYIMPOBAHHBIX MPOOGMOTUYECKUX MUKPOOPTaHM3MOB, I10-
9TOMY B&KHBIMM ITapaMeTpaMM MHKAICYISLVUM SIBJISIOTCS TUIT U KOH-
LIeHTpalusi MaTepuaja KallCylbl, pasMep 4acTUll, MHOKY/IMPOBAHHOE
KOJIMYECTBO MUKPOGHBIX KIETOK U IITaMMOB 6akTepuii [39,40].

Karicynbl JOIKHBI 06eCTIeYUTh He TONBKO 3aIlMTY KIETOK OT Heb/aro-
MIPUSITHBIX YCIOBUIA, HO M COXPAHUTD MX SKM3HECIIOCOOHOCTD B YCIOBUSIX
SKeJTYIOYHO-KYUIIEYHOTO TPaKTa; ObITh HEPaCTBOPMMBIMY B BOZE M CTa-
6MIbHBIMU B IIMILEBOIA cucTeMe [39,41].

BHewmHmii BUJ, Kancy/ NpefcTrasieH Ha PucyHKe 1, a pe3y/bTaTsl OI-
pezneneHys UX COXPAaHHOCTY IIpU pa3HbIX 3HaUeHUX pH — Ha PucyHke 2.

IMonyyeHHble Karcyabl IUIOTHbIE, MSITKME Ha OLIyIb, C IJaj-
KOJi TTOBEPXHOCThIO, chepuueckoit ¢GOpMbI, CO CPEIHUM AMAMETPOM
(2,535%0,435)x 1073 m.

O derTUBHOCTh MHKATICYIALMY cocTaBuiIa 87,2%, a KOIM4eCTBO MU-
KPOOPraHM3MoB B Karcynax — 0,9- 108 KOE/m.

Kak moxassIBaioT pe3y/bTaThl Ha PYCYHKe 2, a/TbIMHATHbBIE KaIlCy/Ibl 00/1a-
JIaloT BBICOKOM YCTOMYMBOCTBIO P pH, XapaKTepHbIX AJIs1 pa3HbIX OTAEI0B
SKeTyA,0YHO-KUIIIEYHOTO TPaKTa, B OT/INYMe, HAlIpYMep, OT IeKTUMHOBBIX, KO-
Topble Ipy pH 7,2 MOMTHOCTBIO pacTBOPS/IACh yepes 30 muH [28].
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PucyHok 2. COXpaHHOCTB KaICyJI IPY BbIAEPKKe B 0ydepHbIX
pacTBopax npu pasHbIX 3HaueHusIX pH (110 oTHOmEeHuI0
K Ha4YaJIbHOMY KOJIMYeCTBY BBeJJeHHbIX KaIricya). JlaHHbIe
IIpeICTaBISIIOT CO00¥i yecpeJHeHHbIe 3HAYeHMsI TPEXKPaTHOTO
NOBTOpeHMs (* CTaHJApPTHOE OTKJIOHEHME); a, b — 3HaueHus
C pa3HbIMM OYKBaM¥ B OZHOM ¥ TOM XK€ MCXOJHOM

MaTepuase pasanyarTcs npu p € 0,05
Figure 2. Preservation of capsules upon keeping in buffer solutions at
different pH values (relative to the initial quantity of the introduced
capsules). Data are the average values of triplicate repetition (* standard
deviation); a, b — values with different letters in the same initial material
are different at p < 0.05
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PucyHoK 3. I3MmeHeHue KonnuecTBa 6udunmobakTepmit
IpU BhIAEPsKKe Karcy1 B 6ydepHbIx pacTBopax. [laHHbIe
IpeJCcTaBISIIOT CO60¥i yecpeJHeHHbIe 3HAYeHMsI TPeXKPaTHOTO
MOBTOpeHMs (¥ CcTaHZAPTHOE OTK/IOHEHME); a, b, ¢ —
3HAYeHMs C Pa3HBIMU GYKBAaMU B OJJHOM UM TOM K€ VICXOJHOM

MaTepuasie pasanyarmTcs npu p € 0,05
Figure 3. Changes in the numbers of bifidobacteria upon keeping capsules
in buffer solutions. Data are the average values of triplicate repetition
(* standard deviation); a, b, ¢ — values with different letters in the same
initial material are different at p < 0.05

Bun Karicys mog MMKpPOCKOIIOM ITPpU YBeJIMYEHUN x40

PucyHok 1. BHelIHMIi1 BUA, aIbIMHATHBIX KaICyJl
Figure 1. Appearance of the alginate capsules

[Tpo6uoTHYeCcKue MUKPOOPTaHM3MbI HanuboIee YyBCTBUTEIbHBI K KUC-
JION cpenie Xeqynaka [42], IOSTOMY BaKHBIM SIBJISIETCSI OIpefie/ieHue He
TOJIBKO CTOKOCTH KATICy/T B KMC/ION Cpe[ie, HO U BbDKMBAEMOCTH GaKTepHii.

PesynbTaThl  KOJMMYECTBEHHOTO OIpemeneHus 6Gudumodakrepuit
B KaIlCy/ax Iocie BhIAEPKKM B GydepHbIX pacTBOpax C pasHbIM 3Haye-
HueM pH npuBenens! Ha PucyHke 3.

IpencraBieHHbIe JaHHbIE [TI0KA3bIBAIOT, YTO Mocae 30 MMH B KUCION
cpene KonmuyecTBO GakTepuit cHuskaercst Ha 1,05 Lg KOE/mu, uTo cyuie-
CTBEHHO OT/IMYAeTCsl OT MOTePb TP BbIAEPKKE B IIENIOYHOI cpelie He-
3aBMUCKUMO OT ypoBHs pH. Uepes 30 munyT npu pH 7,8 u 8,5 cHukeHUE
KonmuecTBa 6akTepuii 6b1710 cXokuM 1 cocrasmiio 0,21-0,38 Lg KOE/mu1.

[ToTepu Kamcysl B KUCIOI Cpefie YCTAaHOBIEHBI U 3apyOeKHBIMU yue-
HBIMM TIPU UCCIENOBaHUM COXPAHHOCTU OakTepuit L. Paracasei, B Mu-
KpoKaricyyiax KonuuectBo 6akrepuit cumsmiocs Ha 1,00 log KOE/r mpu
BbIAepXkKe B pacTBope ¢ pH 2,0 B TeueHMe 3 4 ¥ He M3MEHMIIOCH ITOC/IE 3 4
BosgeictBus npu pH 3,0 [43].

MHorue y4yeHble OTMEYAIOT JIYYILIYIO BbIKMBAEMOCTD IPOGYOTUUECKUX
MMKPOOPTaHM3MOB B KaIlCyJIMPOBaHHO opMe 1o CpaBHEHMIO CO CBOOOS -
HBIMM KJIETKaMM T10C/Ie TPOXOKAEHMS JKeTyJ04HO-KMIIEeYHOTO TPAKTa.

Hampumep, rpyrmma y4eHbIX OTMETW/IAa BbDKMBaeMOCTh Gonee 80%
MHKAICYJIMPOBAaHHBIX XMTO3aHOM UM albIMHATOM KiIeToK L. acidophilus
KBL409 nocne nepeBapuBaHus [44].

Kak ymoMmHasoch BbIllIe, KAICy/Ibl JODKHbI OOECIIEUUTh HE TOJIBKO
BBDKMBAEMOCTb IIPOOMOTHYECKMX MMUKPOOPraHM3MOB IIPHM ITPOXOKAEHUN
Yyepe3 pa3HbIe OTHEIbI JKelyIOYHO-KUILIEYHOTO TPAKTa, HO U CTaOMIbHOCTD
B BbIOPAHHOJ MUIIEBOII CUCTeMe, B TOM UMC/Ie IIPU TEIIOBOi 06paboTke.

Pe3ynbTaThl MCCIENOBAHMII COXPAHHOCTH/TIOTEPD KATICYJT B SIOJIOUHOM
COKe, NpefcTaB/leHHble Ha PycyHKe 4, OKa3bIBaIOT, YTO C NOBBIIEHMEM
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PucyHok 4. IToTepu Karcy B IGJIOYHOM COKe IIPY TeIUIOBOI
06paboTKe (110 OTHOIIEHNIO K HAYaJIbHOMY KOJIMYECTBY

BBEJIEHHBIX Karcyi). [laHHbIe IPeACTaBIsSIOT CO6O0i
ycpeIHeHHbIe 3HAaYeHNSI TPEXKPATHOTO IIOBTOPEHUS

(¥ cTaHzapTHOE OTK/IOHEHME); a, b, ¢ — 3HaYeHMSs C pa3HBIMU

GykBamMM B 00pa3nax Mpu OGUMHAKOBOM BpeMeHM 06paboTKu

pasanuarorcs pu p < 0,05
Figure 4. Losses of capsules in apple juice during heat treatment (relative
to the initial quantity of the introduced capsules). Data are the average
values of triplicate repetition (* standard deviation); a, b, c — values
with different letters in the samples upon the same time of treatment
are different at p < 0.05
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PI’ICYHOK 5. COXpaHHOCTb Karicyma B 16/JI0UHOM COKe IIpu XpaHeHUn (l'IO OTHOULI€HUIO K HAYA/IbBHOMY KOJIMYECTBY BBE€JEHHBIX
Karcyn). JJaHHbIe IpeACcTaBIsAIOT c060i1 ycpeJHEeHHbIe 3HAYeHMSI TPEXKPAaTHOTO MOBTOPEeHMS (¥ cTaHZApPTHOE OTKIOHEHNE);
a, b, c — 3HaYeHuUs ¢ pa3HBIMM GYKBAaMM B OJHOM M TOM K€ MCXOAHOM MaTepuaje pasaudaiorcs mpu p < 0,05
Figure 5. Preservation of capsules in apple juice during storage (relative to the initial quantity of introduced capsules). Data are the average values
of triplicate repetition (* standard deviation); a, b, ¢ — values with different letters in the same initial material are different at p < 0.05

TeMITepaTypbl M BpEMEHM BbIAEPKKM TTOTEPU KaIICy/1 Bo3pacTtaioT ot 55,01
o 67,42% (p<0,05). JaHHble HA PucyHKe 5 1eMOHCTPUPYIOT, UTO CITYCTSI
28 cyTOK noTepy Karcyil COCTaBuwin 8,7% OT Ha4aJIbHOT'O KOJIMYECTBa.

Vcronb3ys mosyyeHHbIe JaHHbIe, MOKHO CIIPOTHO3MPOBATh O6IIye T0-
Tepy Karcys ¥ MPoBMOTUIeCKMX MUKPOOPraHM3MOB B ITpoLiecce repeBapy-
BaHMsI U XpaHEeHUs MPOAYKTa ¥ MHOKYIMPOBATbh HEOOXOAMMOE KOTMUECTBO
IS IPUOAHYST TPOAYKTY MPOOGMOTUUECKIMX CBOICTB (> 6 log KOE/mi). B 1ie-
JIOM MOXKHO CKa3aTh, UTO SIG/IOUHbII COK SIBJISIETCSI XOPOILIEH IMILEBOI Ch-
creMoit yist oboraieHust MPoGMOTUYECKUMI MUKPOOPraHM3MaMu, K TOMY
ke MMEHHO JaHHbI/ BUJ, cOKa Hanbosiee MOMYJISIpEH Cpeny HaceneHus [45].

Takum 06pa3oM, pe3ylbTaThl UCCIeNOBaHMII TOATBepAUIN 3bdex-
TUBHOCTH KallCyJl Ha OCHOBe ajbTMHAaTa HaTpys, NOTyUYEeHHBIX 10 OIU-
CaHHOM TEXHOJIOTUM, ¥ TTOKA3aJIy MePCIeKTUBbI 000TaleHNsT HAIIUTKOB
Ha OCHOBE COKa MPOBUMOTUYECKMMIU MUKPOOPTaHU3MaMMU.

4. BeiBOABI

st 3auUThl MPOOGMOTMYECKUX MMKPOOPraHmM3moB (6udmmobaxre-
puii MWEeCTU MITaAMMOB, BXOASAIIUX B COCTAB CUMOMOTUYECKO! 3aKBACKM)
OT He6IaroNMpUSITHBIX YCIOBUI MPU MPOXOXKIEHUNM UYepe3 KelTymouHO-
KUILEYHBIN TPAKT M OT BO3AEICTBUS Cpelibl MUIIEBOM CUCTEMbI MUCIIOb-
30BaJIM KarCy/ibl Ha OCHOBE ajIbTMHATA HATPWS.

ViccmepmoBaHusl CTabMIBHOCTY KariCyl TpY pasHbIX 3HaueHUsiX pH,
XapaKTePHbIX IJIsI PA3HBIX OTHEIOB JKeTyJO0UYHO-KUIIEUHOTO TPAKTa, M0-

Kasa, YTO HaMOOMbIIMi paspymaninnii 9¢deKT HabMoaaeTcs B Ke-
JIyoKe TIpU KUCJIOV cpefe, rae moTepu coctaBwim 47,4% depes 30 MyH.
IMotepu Karcyn npyu pH, XxapaKTepHbIX AJIs1 pa3HbIX OTHEI0B KUIIEUHMKA,
coctaBuiu ot 25,3 mo 30,9%. MeHee arpeccMBHOI Cpefoit IJsi Karcysa
oKasajiach BbIOpaHHas MuieBasi CucTeMa — si6JI0YHbIA COK, B KOTOPOit
paspylieHye Karcyn yepes 28 cyTOK XpaHeHUs cocTaBuio 8,7%. OnHako
C/IelyeT YYUTHIBATD TIOTEPYM KATICY/ MPY BbIGPAHHBIX PEKMMAX MACTepu-
3al1y COKa, KOTOpbIe cocTaBuau ot 55,01% (ripy 06paboTke B TeueHue
10 muu nipu 75 °C) mo 67,42% (ripu 06paboTke coka B TeueHue 30 MUH
ipu 98 °C) (p < 0,05).

Vcrionb3ysl maHHbIe MPOBEEHHBIX MCCAeN0BaHNI, MOKHO CIIPOTHO-
3MPOBATh O6IIME OTEPU KATICY/T Y 3aKTI0YEHHbIX B HUX IPOOVOTUYECKUX
MMKDPOOPraHM3MOB B IIpoIiecce IepeBapyBaHMsI M XpaHEHUS IPOAYKTA.
9TO TO3BOMUT MHOKYIMPOBATh HEOGXOAMMOE KOIMUECTBO MMUKpPOOpra-
HM3MOB JIJIS IPOBEIeHVSI KOMIUIEKCHOTO VICC/IeN0BaHMsI, YIMTHIBAOLIETO
0C/IelOBATE/IbHOE TIepeBapyBaHye, TepMo06Pa6OTKY M XpaHeHue B CO-
cTaBe nponyKTa. Takoi mogxox 06ecreunT rapaHTUI0 COXPAaHHOCTH TIPO-
6MOTUYECKUX CBOVICTB B TOTOBOM ITPOZYKTE.

B GymyuieM BO3MOXKHO IpoBefeHue Gosee Imy60KMUX MCCIemoBaHmit
OTHOCUTEJIbHO OTHAENbHBIX IITAMMOB IPOGUOTHYECKUX MUKPOOPTaHU3-
MOB. Taxke BO3MOXXHO Pa3HOOOpa3sMTh OpraHoMeNnTHYecKue CBOMCTBA
COKOBOI1 MPOIYKIINY, COUETAsI pa3Hble BKYCOAapPOMaTUYECKIEe OCHOBBI KaKk
camuXx Karcys, Tak ¥ o6oraiiaemMoit MuieBoi CUCTEMBI.
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LASER IRRADIATION AND POMEGRANATE PEEL
FOR PRESERVATION OF THE STRAWBERRY QUALITY
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KEY WORDS: ABSTRACT
laser, coating, The present study is aimed to explore the influence of laser irradiation and coating with chitosan and pomegranate peel ex-
fruit waste, tract on the physico-chemical properties, weight loss, firmness, functional, microbiological, color, and sensory characteristics

of strawberry for fifteen days of cold storage. Four treatments of strawberry were conducted with laser irradiation for 6 min.
The second, third, and fourth groups were coated with chitosan, pomegranate peel extract (PPE), and mixture of chitosan and
PPE at ratio 1:1. Compared to untreated strawberries, the exposure to laser radiation decreased the weight loss of strawber-
ries by 43.44%. Also, the laser irradiation reduced the negative effect of storage on the total phenolic content, anthocyanin,
ascorbic acid, and antioxidant ability of strawberry. The exposure of strawberry to laser irradiation reduced the counts of fungi
and psychrotrophic bacteria and provided the positive effect on the color and sensory attributes. The coating with PPE and
chitosan enhanced the positive effect of laser irradiation on the functional and quality properties of strawberry during its cold
storage. It can be concluded that laser irradiation and coating with PPE may be applied as novel techniques for the preserva-
tion of strawberry properties during its storage period.

chitosan, shelf life
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JIABEPHOE OBJIVYEHHUE U KOJXVYPA IT'PAHATA
OJIsI COXPAHEHN S KAYECTBA KJIYBHUKHA

Anbcaiten H.1* Onpkammd X.2, Anmn C.P3

IKadbenpa Hayku o nuie, CebCKOX03SCTBEHHbIN bakynbTeT, Kaupckuii yuusepcutet, I'msa, Eruner
2Kadenpa Hayku o Mosoke, CelbCKOXO3S/iCTBeHHBbIIT hakynbTeT, Kaupckuii yausepcuret, T'usa, Erunet
SHaumoHa bHbI i MHCTUTYT Na3epHbIX TexHosoruii (NILES), Kaupckuii yausepcuret, ['nsa, Eruner

KJIIOYEBBIE C/IOBA: AHHOTALIUAI
JasepHoe obsyuenue,  Hacrosiee MCCIeNOBaHMe HAIPABICHO HA M3yUeHNMe BIVSHMS J1a3epHOTO O6GIyYeHMsT 1 HaHeCeHNMe MOKPBITUSI U3 XUTO3a-

nokpeoimue, Ha ¥ 9KCTPaKTa KOXypbl IpaHaTa Ha (GU3UKO-XMMMUYECKMEe CBOMCTBA, IIOTEPI0 Beca, YIPYrocTb, GyHKIMOHAIbHbIE, MUKDO-
pykmossle omxodel,  6MOIOTMYECKME, [BETOBbIE M OPTaHOJIENTHNYECKMe XapaKTePUCTUKA Arof, KIYOHUKM B TeUeHue MATHAAUATA JHeil XpaHeHus
XUMo3aH, B XOJIOMHOM peskuMe. BbuTo MpoBeieHbl yeTbipe 06paboTKM KIYOHMKM JIa3epHbIM 06yYeHeM B TeueHue 6 MUHYT. BTopast,

CpoK 200HOCMU TPETbs ¥ YETBEPTAsI TPYIIIbI GbIIM MIOKPBITHI XUTO3aHOM, IKCTPAKTOM KOXKYpbI rpaHaTta (JKT'), u cmechio xuto3ana 1 KT B co-
oTHowweHuy 1:1. ITo cpaBHeHUIO ¢ HeO6GPAOOTAHHOM KITyOGHMKOI BO3JeiCTBYME JIa3epHOrO 06IyUYeHMsT CHM3UIIO MOTepIo Beca
KIYOHMKM Ha 43,44%. Kpome TOro, lazepHOe 06/TydeHye CHU3WIIO OTPUIIATeTIbHOE BIAVSHIE XpaHEeHMS Ha 00liee cofiep>kaHue
(heHOOB, aHTOLMAHOB, ACKOPOMHOBOV KMUCIOTHI M AaHTMOKCUIAHTHbIE CBOJCTBA KIYOHMKM. Bo3geiicTBue mazepHOro o6my-
YeHUs Ha KIYOHMKY CHU3WUIO KOJMMYECTBO IPUOKOB U TICUXPOTPOGHBIX OaKTEPUit, ¥ TPOAEMOHCTPUPOBAJIO TIONOKUTETbHOE
BJIMSIHME Ha LBET U OpraHojenTtuyeckue cBoiicTBa. [lokpbiTe SKI' 1 XMTO3aHOM YCUIIUIIO TTOJIOKUTE/IbHOE BIAMSIHUE JIa3ep-
HOTro 06TyyeHMsT Ha PYHKUMOHATbHBIE ¥ KAUeCTBeHHbIE CBOCTBA KITYOHMUKY ITPU €€ XpaHEHUM B XOTIOGHBIX YCIOBUIX. MOXKHO

caenaThb BbIBOM, UTO Jia3epHOe o6nyquI4e " TIOKPbITUE OKT MOTYT IMPYMEHATHCSA KaK HOBbI€ TEXHOJIOTUM IJI1 COXpaHEHUS

CBOJACTB KJ'IY6HI/IKI/I B I1epno ee XpaHeHU.

1. Introduction

The quality characteristics of vegetables, fruits, and food products
through stages of their processing starting from postharvest to their
marketing can be influenced by various essential and extraneous factors
related to the kind of food. One of the most crucial factors that affect the
quality of food products is packaging where it protects and prevents food
from rapid damage and guarantees a high-quality food product for human
consumption. Due to harmful impacts of synthetic packaging materials
on the environment and food quality, and the increased health awareness
of the consumers, the strive for edible, biodegradable, eco-friendly, and
active packaging materials is growing [1,2].

Numerous types of biodegradable and eco-friendly materials includ-
ing those based on proteins, polysaccharides, and lipids are applied for
the development of edible food coating or films. One of these materials is
chitosan which is acknowledged as a natural acidic soluble and nontoxic
biopolymer. It is derived from chitin by deacetylation reaction, and it is
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utilized extensively in the pharmaceutical and food industries because
of its convenient physic-chemical and functional properties. Using chi-
tosan in preparation of edible coatings improves cohesiveness and ad-
hesiveness, and provides a smooth surface for food products [3]. Fruits
or vegetables byproducts are one of the most crucial of food wastes that
present most considerable challenges which share contributes to about
50% of total food waste [4]. These byproducts comprise leaves, seeds,
pulp, peels, stems, and bran which are discarded during various pro-
cessing treatments of the final food products. These byproducts provide
negative effects on the social and economic sectors and cause environ-
mental pollution. Hence, the significance of finding an alternative use
for these byproducts is very important [5]. Pomegranate peel is consid-
ered to be the main pomegranate waste as it represents about 48-50%
waste material of the total pomegranate fruit. Several studies affirmed
that pomegranate peel has greater biofunctions including antimicrobial
and antioxidant activity compared to other parts of the pomegranate.
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These biofunctions may be attributed to their content of phenolic com-
ponents, and tannins [6,7].

The disadvantages of traditional methods for protection of food safety
and quality characteristics including destruction of bioactive molecules
encourage the researchers to develop the modern techniques charac-
terized by eco-friendly, easier to operate, non-noxious, economically
efficient, more sustainable, accurate and faster [8]. Among the modern
non-destructive methods, using laser irradiation is an effective, prom-
ising, and contactless method that features different positive properties
compared to traditional methods [9]. Laser is described as a nonionizing
radiation, consistent and monochromatic light. Laser irradiation moti-
vates the bio-stimulation process in various microorganisms through its
adsorption by their photoreceptors, inhibiting their growth [10]. The bio-
stimulation impact of laser irradiation relies on time of exposure, wave-
length, and intensity [11]. However, few studies have examined the posi-
tive impacts of laser irradiation on the fruit quality properties as a surface
disinfection technique to extend shelf life.

Strawberry fruit is a type of berries that belongs to genus Fragaria in
the Rosaceae family. It is a rich source of various nutritive and bioactive
components including minerals, vitamins, and minor compounds such
as folate, fatty acids, and dietary fibers. Proanthocyanidins, anthocya-
nins, flavanols, and ellagitannins are the main phenolic components in
strawberry [12,13]. Regarding health effects, strawberry fruit has a valid
preventative role against various diseases such as diabetes, cardiovas-
cular, and cancer [14]. During storage, the elevated respiration rate and
metabolic capacity stimulate a decline of the phenolic components; thus
resulting in browning. Also, because of physiological impairment, me-
chanical damage, moisture loss, and fungal growth, comparatively high
postharvest waste has occurred [15]. Therefore, this study was designed
to investigate the effect of laser irradiation and coating with chitosan
and pomegranate peel extract on the functional and quality properties of
strawberry during its cold storage.

2. Materials and methods

Fresh strawberry samples were purchased from a local market in
Egypt. Strawberries were selected regular in size, and free from fungal
decay or mechanical damages. In the laboratory, strawberry samples were
washed with tap water without any damage.

2.1. Chitosan and pomegranate peel extract (PPE) coating

Chitosan solution was prepared by mixing chitosan (0.5% w/v), ascor-
bic acid (1%), and water by stirring at 25 °C for 90 min until the chitosan
powder was perfectly dissolved. The pomegranate peels were dehydrated
at 40°C, and then the dehydrated peels were milled to powder with par-
ticles able to pass through a 50-mesh sieve. About 200 g of pomegranate
peel powder was extracted by ethanol 80% at a ratio of 1:20 (w/v) using
a homogenizer for 30 min. The extract was filtered through a filter paper
(Whatman No. 1). A rotary evaporator was used to concentrate the filtrate
at 40°C, and the concentrate was lyophilized and stored at 4°C before
coating application.

2.2. Laser irradiation treatment

Strawberry samples were divided into five groups, and the first group
served as control group. The other four groups were treated by a helium-
neon (HE-Ne) laser (Model of 05- LHP 151, Input current 220AC of Amp,
manufactured in USA) at 632.8 nm for 6 min in a dark chamber. The dis-
tance between strawberry fruits and laser source accounted for 20 cm, and
the light intensity downfall on strawberries surface was 1.3 W/cm?. The
third group was dipped into the coating solution of chitosan, while the
fourth group was dipped into the coating solution of pomegranate peel ex-
tract 2%. The fifth group was dipped into the coating solution of mixture
of chitosan and pomegranate peel extract at ratio 1:1. The dipping process
was performed for 2 min and the excess of the immersion solutions was
drained off for 5 min. After that, the strawberries were placed into polypro-
pylene packages and thermally sealed by a stretch film before putting to
storage at 4-6°C and 80% RH. Strawberry treatments were analyzed at the
first day of laser irradiation and coating, after 5, 10, and 15 days.

2.3. Physico-chemical properties

The strawberry fruits were grinded in a mixer and total soluble solids
(TSS) of juice extracts were measured using a digital refractometer PR101
Palette, (Atago, Japan). Ten milliliters of juice were titrated with 0.1N
NaOH in the presence of phenolphthalein as an indicator, and the titrat-
able acidity (%) was determined as the percentage of citric acid.

2.4. Weight loss
The weight loss of strawberries was estimated as percentage of weight
decrease according to Hammad et al. [16].

2.5. Firmness

The firmness of strawberry samples was determined by rate of force
(Force Gauge Model M4-200, Electromatic Equipment Co., Inc., USA).
The firmness was expressed in Newton (N) according to Zambrano-Zara-
goza et al. [17].

2.6. Functional attributes

Antioxidant, total phenolic, total anthocyanins, and ascorbic acid val-
ues of strawberry samples were determined according to Elsayed et al.
[18], AOAC [19], Tonutare et al. [20], respectively.

2.7. Microbiological examination

The counts of total molds and yeasts and psychrotrophic bacteria were
enumerated using potato dextrose agar (PDA) and nutrient agar, respec-
tively, by counting colony forming unit (Log CFU/g) after plating serial
dilutions according to APHA [21].

2.8. Color analysis

The color of strawberries was determined by a chromameter Minolta
CR-400 (Minolta. Inc., Tokyo, Japan) utilizing the CIE color properties L
(Lightness), +a" (Redness), chroma (C*), and hue angle as described by
Pilon et al. [22].

2.9. Sensory evaluation

Ten panelists from the staff members of the Food science depart-
ment, Faculty of Agriculture, Cairo University volunteered. A quality rat-
ing scorecard was used for the evaluation of treated strawberry for taste,
odor, texture, and overall acceptability. Based on their preference and
liking, panelists were required to classify the samples on a ten-point he-
donic scale; 1 = unacceptable, and 10 = very much like.

2.10. Statistical analysis

All parameters were analyzed in three replications for each parameter.
Results were expressed as the mean #+standard deviation (SD). Statistical
analysis was performed using XLSTAT software (USA). Significant differ-
ences (p < 0.05) between means were determined by Tukey’s test.

3. Results and discussion

3.1. Physico-chemical properties
At harvest, total soluble solids (TSS) ranged from 11.80+0.75 to
12.50+0.70 without significant variation, while acidity was approximate-
ly 0.65% (Table 1). After 15 days of cold storage, TSS values significantly
decreased in control sample, while it significantly increased in treated
group 2 (strawberry treated with laser irradiation for 6 min), 3 (straw-
berry treated with laser irradiation for 6 min and coated with chitosan),
4 (strawberry treated with laser irradiation and coated with pomegran-
ate peel extract (PPE), and 5 (strawberry treated with laser irradiation
Table 1. Total soluble solids (TSS) and acidity (%) of strawberry
treated with laser irradiation and coated with chitosan and
pomegranate peel extract
Ta6nuua 1. O61ee cogepykaHue PacTBOPUMMBIX Cyxux BemiecTs (TSS)

M KUCTIOTHOCTbD (%) KITyOHUKM, 00paGOTaHHO JIa3ePHbIM U3TyYeHIeM
M IOKPBITOM XUTO3aHOM M IKCTPAKTOM KOKYPBI IpaHaTa

TSS (Means +SD)

Treatments Storage period (Day)

0 5 10 15
Treatment 1 12.5£0.70%  8.50£0.40"  9.20+0.328"  10.1%0.28f%
Treatment 2  11.8+0.75% 9.60+1.318h 13.3£0.50b¢ 15.0%£0.902
Treatment3 12.4%0.64°%  9.90+0.70%  11.2+0.33¢f  14.0£0.80%
Treatment4 12.3+0.65%%¢  11.5+0.51°  11.7£0.57%  13.2£0.62"
Treatment 5 12.1£0.50%%  11.9£0.95% 12.8+0.966>d 12.1+0.22¢de

Acidity (Means*SD)

Treatments Storage period (Day)

0 5 10 15
Treatment 1  0.62%0.03¢ 0.95+0.03de 1.74%0.05¢ 3.25+0.56%
Treatment2  0.65+0.01¢  0.86+0.04%  0.92£0.05%  2.17%0.20°
Treatment3  0.66*0.02¢ 0.83%£0.029¢  0.90%0.01d 1.10£0.14
Treatment4 0.65+0.01¢  0.71£0.01%  0.80£0.01%  0.87+0.02%
Treatment 5 0.64£0.005¢ 0.68%0.005% 0.72+0.005% 0.77+0.024

Means with different superscript letters differ significantly.

Treatment 1: untreated strawberry; treatment 2: strawberry irradiated with
laser; treatment 3: strawberry irradiated with laser and coated with chitosan;
treatment 4: strawberry irradiated with laser and coated with pomegranate peel
extract, and treatment 5: strawberry irradiated with laser and coated with chito-
san + pomegranate peel extract.



Onbcarieg H. v ap. | MALWLEBBIE CUCTEMbI | Tom 7 No 4 | 2024 | C. 605-611

and coated with chitosan and PPE). These results are in agreement with
Tanada-Palmu et al. [23]. who reported that the increase of TSS may be
due to loss of excessive water from strawberries. Also, Hernandez-Munoz
et al. [24] attributed the increase in TSS to the solubilization of the cell
wall polyuronides and hemicelluloses in ripe strawberry. Regarding ti-
tratable acidity (TA) of strawberry, there was a significant increase in all
treatments except treatments 3 and 4 where TA values were not affected
by storage period. The increase in TA value may be attributed to the loss
of water content where TA is estimated as a proportion of citric acid of
fresh strawberry. Our results are in agreement with those of Ali et al. [25].

3.2. Weight loss and firmness

As shown in Figure 1, uncoated strawberry (control treatment) had
the highest weight loss of 77.67% after 15 days of storage. The strawberry
samples exposed to laser irradiation for 6 min then coated with chito-
san and PPE reliably exhibited the lowest weight loss value (14.85%). The
laser irradiation for 6 min and coating with pomegranate peel extract
was more effective in preventing weight loss and significant decreas-
ing weight loss by 27.56% compared to that of strawberry coated with
chitosan. As expected, the firmness of strawberry samples had the op-
posite trend. During storage period, the firmness of all treated samples
was significantly higher than the control samples (Figure 1). At the end of
storage period, the strawberry samples of control treatment lost around
67.53% of their firmness compared to 19.68% for strawberry exposed to
laser irradiation for 6 min then coated with chitosan and PPE. Meanwhile,
the loss of firmness in strawberry samples treated by laser irradiation
then coated with PPE was the lowest, followed by the loss of firmness in
strawberry samples treated by laser irradiation then coated with chito-
san which recorded 33.31 and 41.55%, respectively. Ali et al. [25] found
that treated strawberry samples with 6 min of laser irradiation showed a
significant reduction in weight loss compared to untreated strawberries.
Also, they observed that the treated samples of strawberries with laser
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Figure 1. Weight loss and firmness of strawberry treated with
laser irradiation and coated with chitosan and pomegranate
peel extract. Treatment 1: untreated strawberry; 2: strawberry
irradiated with laser; treatment 3: strawberry irradiated
with laser and coated with chitosan; treatment 4: strawberry
irradiated with laser and coated with pomegranate peel
extract, and treatment 5: strawberry irradiated with laser and
coated with chitosan + pomegranate peel extract
PucyHok 1. IToTepst Beca 1 TBepAOCTb KITyOHUKM, 06PaGOTaHHOJ JTa3€PHBIM
U3Iy4YeHUeM u HOKprTOﬁ XUTO3aHOM M 3KCTPAKTOM KOJKYpPbI rpaHarTa.
06paboTKa 1: HeoGpaboTaHHasA KITyGHMKA; 06paboTKa 2: KIyGHMKA,
o06TryueHHas 1a3epoM; 00paboTKa 3: KIIyGHMKA, 06/ TydeHHasI J1a3epoM
¥ MIOKPBITAst XUTO3aHOM; 06pPaboTKa 4: KIIyGHMKA, 00/lydeHHAas Ta3epoM
¥ IIOKPBITas SIKCTPAKTOM KOKYPBI IpaHaTa; 06paboTKa 5: KIyGHMKa,
oﬁnyqem{a;l JIa3€pOM M MOKPBITASA XUTO3aHOM + 3KCTPAKT KOJKypbI rpaHaTa

irradiation preserved firmness until the fifth day of storage period, whilst
control group strawberries became softer and fully ripe. Saeed et al. [26]
found the similar results through coating of tomatoes with pomegranate
peel extract and chitosan, in which study they observed that the coated
samples featured lower weight loss and higher firmness than uncoated
samples. Our results may be attributed that the coating reduced the mois-
ture loss and respiration process. Kumar et al. [2] revealed that the com-
bination of higher concentration of pomegranate peel extract in chitosan
film retains significant amount of moisture, and that may be attributed to
molecular interactions and modifications in the hygroscopic characteris-
tic of the chitosan compound.

3.3. Functional properties

In this study the effect of laser irradiation and coating with chitosan
or PPE on the total phenolic, ascorbic acid, anthocyanin content, and
antioxidant activity of strawberry samples during cold storage was in-
vestigated and the results are shown in Figure 2. Compared to control

S 5 ®T1
§ aT2
§ 40 ~T3
2 30 . =T4
- ) ) i) ®TS
g 5
s 20
=]
< 10
s %
E 0 T T T 1
S 0 5 10 15
= Storage period (days)

250

[
=3
(=1

—
w
<

100

w
<

(=}

'y
(=]

[%)
(=)

[]
(=)

10

Total phenolic content (mg/100g FW) Ascorbic acid content (mg 100/g FW)

Antioxidant activity %

0+ = . = : - ==, - :

Storage period (Days)

Figure 2. Functional profile of strawberry treated with laser
irradiation and coated with chitosan and pomegranate peel
extract. Treatment 1: untreated strawberry; treatment 2:
strawberry irradiated with laser; treatment 3: strawberry
irradiated with laser and coated with chitosan; treatment 4:
strawberry irradiated with laser and coated with pomegranate
peel extract, and treatment 5: strawberry irradiated with laser
and coated with chitosan + pomegranate peel extract
PucyHOK 2. ®yHKIMOHAIBHBIV TPoGMIb KITyGHUKA, 06paGOTaHHO
JIa3€pHbIM U3TY4YEHUEM U HOKprTOI?'I XUTO3aHOM UM 3KCTPAKTOM KOJKYPbI
rpadara. O6pa6oTka 1: Heo6paGoTaHHAsK KTYOHMKA; 06paboTKa 2: KITyGHMKA,
00JTyueHHasI J1a3epoM; 00paGoTKa 3: KITyGHMKa, 06/TyJYeHHasI JIa3epoM
M MOKPBITAsI XMTO3aHOM; 00paGOTKa 4: KTyOHMKA, 0G/TyYeHHAsI JIa3epoM
M HOKPBITAst IKCTPAKTOM KOKYPBI FpaHaTa; 00paboTKa 5: KITyGHMKA,
OGJIY'-IeHHaH JIa3epoOM M IMOKPbLITAsA XMTO3aHOM + 3KCTPAKT KOXKXYPbI rpaHaTa
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treatment, laser irradiation for 6 min provided a significant positive effect
on the total phenolic, ascorbic acid content, and antioxidant properties of
strawberry in treatment 2, particularly after 15 days of storage. The level
of anthocyanin significantly increased in all treatments during the stor-
age period; pointing out that the strawberry became duskier as matura-
tion advanced. Our results are in relevance to those of Taha et al. [27] who
found that the exposure of Sequoia sempervirens shoots to laser irradia-
tion for 5 min led to increase the total content of phenolic compounds,
tannins, and DPPH radical scavenging capacity compared to untreated
shoots. Ali et al. [25] reported that laser irradiation could have a second-
ary impact on the anthocyanin cumulation in strawberry fruits, whilst
the major effect was provided by the storage time and temperature. They
also found that the ascorbic acid level of the strawberry treated by laser
light for 3 min was significantly greater than both strawberry samples
treated by laser for 6 and 12 min. Cordenunsi et al. [28] observed that
laser irradiation did not expose the strawberry to heat through process
and did not influence on the ascorbic acid content. In another study, Pirvu
et al. [29] observed that the exposure of the aqueous extract of Plantago
lanceolata L. leaves to laser irradiation enhanced the antioxidant activity
comparing with control sample. Salyaev et al. [30] attributed the effect of
laser to stimulate morphogenetic processes in plant fractions or tissues
inducing metabolic changes and these changes lead to generate various
antioxidant components. Maraei et al. [31] found that the antioxidant ca-
pacity of gamma-irradiation treated and untreated strawberry samples
enhanced during the cold storage (9 days). They attributed these results
to the destructive behavior of gamma irradiation and oxidation that may
fracture the chemical bonds of polyphenol components, thus deblock-
ing low molecular weight soluble phenol components with antioxidant
properties.

Regarding the effect of coating materials on strawberry, it was noted
that there were no significant differences in the total content of pheno-
lic compounds, anthocyanin, ascorbic acid, and antioxidant activity val-
ues among all strawberry treatments at day 1 of cold storage (Figure 2).
A decline trend in total content of phenolic compounds, ascorbic acid,
and antioxidant activity was observed in all treatments during cold stor-
age period, but anthocyanin showed opposite trend. After 15 days of stor-
age, the strawberry of treatment 5 significantly showed the highest values
of total phenolic, ascorbic acid, and antioxidant activity compared to the
other treatments. However, the strawberry in treatment 5 significantly
exhibited the lowest anthocyanin content. Our results revealed a good
positive correlation between the content of ascorbic acid (r= 0.99) or total
phenols (r = 0.89) and the antioxidant activity. These results were attrib-
uted to the coating with pomegranate peel that contains high content
of phenolic compounds, particularly ellagitannins. Tannins are known
as high molecular weight phenolic components that exhibit noteworthy
antioxidant capacity [32]. Furthermore, Kaderides et al. [33] reported that
the major phenolic component in pomegranate peel is punicalagin, which
rates about 70% of the ellagitannins, and accounts approximately for
76.5% of total phenolic compounds. Cruz-Valenzuela et al. [34] reported
that pomegranate peel extract had high DPPH radical scavenging activity
(86.12%). Opara et al. [35] observed that the Egyptian pomegranate peel
had higher vitamin C content (80 mg/100 g) than that of pomegranate aril
(58 mg/100 g). The greater vitamin C level in fruit peels corresponds with
the studies of other researchers, who confirmed higher antioxidant activ-
ity in various fruit peels than in other fruit parts [36,37]. Pomegranate
is a rich source of anthocyanins that act as antioxidants through radical
scavenging, metal chelating, hydrogen donors, and singlet O, quench-
ing [38,39]. In this respect, Kumar et al. [2] made chitosan-based edible
film enriched with pomegranate peel extract and found that the total
phenolic and antioxidant activity ranged between 5.75-32.41 mg/g and
23.13-76.54%, respectively, depending on the volume fraction of pome-
granate peel extract. Moreover, our findings revealed a positive correla-
tion between weight loss and the level of anthocyanin content and this
result is in agreement with the result of Darwish et al. [40].

3.4. Microbiological examination

Results in Table 2 present that the exposure to laser irradiation led to
a decline in the count of fungi in strawberry of treatment 2 at day 1 and
after 15 days of cold storage. Strawberry samples in the treatments 3, 4,
and 5 were free from fungi on day 1 of storage. A growing trend in fungi
count on the strawberry surface was noted during storage period. The in-
crease in fungi count was recorded in uncoated strawberry samples, and
the growth rate of fungi was not great in the coated strawberry samples.
At the beginning of storage, psychrotrophic bacteria did not appear in
the strawberries of all treatments. However, the count of psychrotrophic
bacteria increased gradually in all treatments except treatment 5. After
15 days of storage, the strawberry of treatment 5 significantly demon-

strated the lowest count of psychrotrophic bacteria compared to other
treatments. In this regard, Saeed et al. [26] observed that the pomegran-
ate peel extract and chitosan were successfully utilized for coating of to-
mato as antifungal agents. Azam et al. [41] attributed these results to the
bioactive components in pomegranate peel oil that inhibit the growth of
fungi and bacteria. Hence, the coated strawberries contained lower bac-
teria and fungi counts than the uncoated strawberries. Nazeam et al. [42]
reported that phloretin and coutaric acid gained from pomegranate peels
showed strong antimicrobial activity, particularly against Staphylococ-
cus epidermidis, and punigratane featured the most essential antibacte-
rial impact on Micrococcus kristinae. Nazeam et al. [42] and Charalampia
and Koutelidakis [43] pointed out that pomegranate extracts are powerful
inhibitors of Bacillus cereus, Bacillus subtilis, Bacillus coagulans, Listeria
monocytogenes, Enterobacter aerogenes, Pseudomonas aeruginosa, Esch-
erichia coli, Salmonella typhimurium, Staphylococcus aureus, Trichoderma
reesei, Aspergillus niger, Rhizopus oryzae, Penicillium citrinum, and Mucor
indicus. They attributed that to the high content of tannins, flavonoids,
and phenolic components in pomegranate peels.

Table 2. Psychrotrophic bacteria and fungi counts (log CFU/g)
on the strawberry treated with laser irradiation and coated with
chitosan and pomegranate peel extract
Ta6nmuua 2. KommuectBo ncuxporpodHsix 6akrepuii v rpu6os ((log KOE/r) Ha
KITyOHMKe, 06paGoTaHHOI1 Ta3epPHBIM M3JIyYeHUEM U IOKPHITON XUTO3aHOM
¥ 3KCTPAKTOM KOXYPbI rpaHaTa

Psychrotrophic bacteria (means * SD)

Treatments Storage period (day)

0 5 10 15
Treatment 1 ND 3.71%0.49¢ 4.14%0.32°0 5.05+0.06%
Treatment 2 ND 2.48+(0.38° 2.99+£0.37¢  3.83£0.50"
Treatment 3 ND ND 2.17£0.27¢F  2.89+0.224
Treatment 4 ND ND 1.83+0.05%  1.98+0.01f
Treatment 5 ND ND ND 1.49%0.028

Fungi counts (log CFU/g)

Treatments Storage period (day)

0 5 10 15
Treatment 1  2.2620.46°¢  2.61£0.46°  3.38£0.39>  4.38+0.48°
Treatment 2 1.70+0.32¢f% 1.84%0.09¢f 2.39+0.30¢ 3.68+0.18P
Treatment 3 ND 1.56+0.27%  1.85+0.20¢f  2.07£0.40%
Treatment 4 ND 1.33+0.188"  1.58+0.09%%  1.85%0.08¢f
Treatment 5 ND ND ND 1.09%0.23"

Means with different superscript letters differ significantly.

Treatment 1: untreated strawberry; treatment 2: strawberry irradiated with
laser; treatment 3: strawberry irradiated with laser and coated with chitosan;
treatment 4: strawberry irradiated with laser and coated with pomegranate peel
extract, and treatment 5: strawberry irradiated with laser and coated with chito-
san + pomegranate peel extract.

3.5. Color attributes

The effect of laser irradiation, and coating with chitosan and PPE on
strawberry color properties during storage period is shown in Figure 3.
The L* values indicate the grade of strawberry shine, while positive +a*
values denote to redness. Hue (h°) values point out the visible spectrum
color, whilst Chroma (C*) values refer to the purity or intensity of hue
related to neutral gray. There were no significant differences among all
treatments in all color characteristics at the beginning of storage period.
During storage period, the L* +a* and h° values of all treatments signifi-
cantly decreased, but C* values showed the opposite trend. After 15 days
of storage period, strawberry in treatment 5 reliably demonstrated the
highest values of L* +a* and h°, and the lowest value of C* compared to
other treatments. Low values of L* refer to more intense color and storage
effect, but high values indicate less tincture accumulation and less stor-
age effect [44]. Positive a* values are referred to the anthocyanin content
of strawberry [45]. Ali et al. [25] reported that low exposure period of la-
ser irradiation prevented darkening of strawberry, while value of chroma
remained the same.

3.6. Sensory evaluation

Using laser irradiation and coating with fruit or vegetable waste-based
materials for preservation of fruits or vegetables quality may change their
sensory properties that might lead to a deterioration in their acceptabil-
ity for the consumers. Hence, it was important to monitor the changes in
taste, odor, texture, and overall acceptability of strawberry as a result of
laser irradiation and coating with chitosan and PPE (Figure 4). Storage
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Figure 3. Color characteristics of strawberry treated with
laser irradiation and coated with chitosan and pomegranate
peel extract. Treatment 1: untreated strawberry; treatment
2: strawberry irradiated with laser; treatment 3: strawberry
irradiated with laser and coated with chitosan; treatment
4: strawberry irradiated with laser and coated with
pomegranate peel extract, and treatment 5: strawberry
irradiated with laser and coated with chitosan + pomegranate
peel extract
PucyHOK 3. IIBeTOBBIE XapaKTePUCTUKIU KIYOHUKU, 06paGOTaHHOIM
JIa3€epHBIM U3JTyY€eHUEM U HOKprTOﬁ XUTO3aHOM M 3KCTPAKTOM KOJXYPbI
rpaHara. O6pa6orka 1: Heo6pa6oTaHHAass KIIyGHMKa; 06paboTKa 2:
KIyGHMKA, 06/ TyueHHas ia3epoM; 06paboTKa 3: KITyOHUKA, 00/IyYeHHast
JIa3epOM ¥ MOKPBITAsI XMTO3aHOM; 00paboTKa 4: KIIyOHMUKA, 00/TyYeHHast
JIa3epoM ¥ MOKPBITAsk IKCTPAKTOM KOXKYPBI rpaHaTa; o6paboTka 5:
KJ'[YGHI/(Ka, OGJIY‘{GHHaﬂ JIa3€pOM M MOKPBITAasA XMTO3aHOM + 3KCTPaKT
KOJXXYPBbI rpaHaTa

period provides negative effects on the sensory properties of strawberry
fruits, particularly in the control treatment. Laser irradiation for 6 min
protected the strawberry fruits somewhat from the effect of storage pe-
riod. Furthermore, the coating with PPE or chitosan and PPE greatly miti-
gated the negative effect of storage period on the sensory characteristics
of strawberry fruits. These findings are in consistency with the above
strawberry properties, especially the weight loss and color. In this regard,

Overall acceptability

Texture

Figure 4. Sensory attributes of strawberry treated with laser
irradiation and coated with chitosan and pomegranate peel
extract. Treatment 1: untreated strawberry; treatment 2:
strawberry irradiated with laser; treatment 3: strawberry
irradiated with laser and coated with chitosan; treatment 4:
strawberry irradiated with laser and coated with pomegranate
peel extract, and treatment 5: strawberry irradiated with laser
and coated with chitosan + pomegranate peel extract
PuicyHOK 4. CEeHCOpHbIe XapaKTePUCTUKY KITYOHMKY, 00paboTaHHO
JIa3€epHBIM U3TyY€eHUEM U HOKprTOﬁ XUTO3aHOM M 3KCTPAKTOM KOJXYPbI
rpanara. O6pa6orka 1: Heo6paGoTaHHas KIyOHUKA; 06paboTKa 2:
KIyOHMKa, 00/IyYeHHas j1a3epoM; 00paboTKa 3: KIIyGHMKa, 00TydeHHAs
JIa3€pOM M MOKPHITAsk XMTO3aHOM; 06paboTKa 4: KITyOHUKA, 00/IyYeHHast
JIa3epoM ¥ MOKPBITAst SKCTPAKTOM KOKYpPBI rpaHaTa; 06paboTKa 5:
KJ'[YGHI/(Ka, OGHY‘{EHHaH JIa3e€poOM M MOKPBITAasA XUTO3aHOM + 3KCTPaAKT
KOXXYPBI I'paHaTa

Jiang et al. [47] reported that the coating of blueberries with chitosan did
not affect negatively the flavor attribute. Algahtani et al. [48] found that
the dipping of Barhi date fruits in PPE preserved sensory characteristics
during storage period.

4. Conclusion

During cold storage period, the ability of laser irradiation and coating
with chitosan and pomegranate peel extract (PPE) to hinder the negative
changes in quality characteristics of strawberry fruits was researched.
The exposure to laser irradiation at 632.8 nm following by coating with
chitosan and PPE enhanced the shelf-life of strawberry by decreasing the
weight loss and preventing the undesirable changes in color, microbial
growth, and sensory properties. Also, treated strawberry fruits exhibited
the highest values of total content of phenolic compounds, ascorbic acid,
and antioxidants. However, further studies are required to illustrate the
impact of laser irradiation on the functional and quality characteristics
of various vegetables and fruits. Moreover, this research will urge the re-
searchers and food producers to utilize laser irradiation and coating the
fruit and vegetables with waste-based coating materials for preservation
fruits quality characteristics during their storage.
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FLAT BREADS QUALITIES AND ATTRIBUTES — OVENS DESIGN,
ENERGY CONSUMPTION, AND ENVIRONMENTAL
CONSERVATION: A REVIEW
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bread quality, Flat bread is considered a staple food worldwide and especially balady bread in Egypt and the Middle East region. The most
physical properties, common flat bread types produced all over the world, contents, used leavening agents, properties, and countries were re-
flat bread, bread viewed. Also, balady bread ingredients, formula, preparation, dough rheology, baking conditions, as well as physical charac-

staling, oven design,
energy consumption,
environmental
conservation

teristics, color attributes, sensory evaluation, and freshness or staling retardation of loaves were presented. Flat bread (balady
bread) is processed from flattened dough of wheat flour, sodium chloride, water, and yeast and is often served freshly baked
and produced in both bakeries and homes. The main features of a balady bread oven, such as composition, construction, di-
mensions, fuels, emissions, and its effect on the environment and energy consumption, were also mentioned. The common
specifications and general design of a balady bread industry oven in Egypt on a commercial scale were presented as follows:
Oven length could be more or less than 600 cm depending on available space in the baking building. Also, oven width could be
more or less than 90 cm, depending on the needed productivity of bread per hour. To “keep the environment, minimize heat
losses, maximize quantity and quality of production, and assure economic visibility,” the determination of oven dimensions,
selecting construction materials and transmission systems must be done by oven designers using the oven general model.
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OCOBEHHOCTMU U CBOVCTBA IIJIOCKUX XJIEBOBYJIOUHBIX
U3OEJNUN — IU3AWH NEYEN, DHEPTOIIOTPEBJIEHUE
U OXPAHA OKPYXXAIOIIEN CPEJBI: OB30P
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KJIFOYEBBIE CJIOBA: AHHOTALIUA

Kauecmeo xneba, TTnockmit X1e6 cYnTaeTcs IaBHBIM MPOLYKTOM IIUTAaHUSI BO BCeM MMpe 1 0coO6eHHO xie6 6anany B Erumnte 1 G1vKHEBOCTOY-
usuueckue HOM peruoHe. Cuenad 0630p HaubosIee PacIpOCTPaHEHHBIX BUIOB IUIOCKOTO X1e6a, IMPOM3BOAMMbIX BO BCEM MUPE, COCTABOB,
ceolicmea, N0CKuli MCITOTb3yeMbIX Pa3pPhIXINTENEl, CBOMCTB 1 CTpaH. TakKe [TPeICTaB/IeHbl MHTPeOVEHThI x1e0a 6amaay, perernTypa, IpUroTosIie-
x7e0, uepcmeeHue HUe, PEOJIOTsI TECTA, YCIIOBMS BHITIEUKH, & TAKKe QU3UUECKIE XapaKTePUCTUKM, IBETOBbIE XapaKTEPUCTUKM, CEHCOPHAS OLI€HKa,
xneba, dusaiix neueti,  CBEXeCTb WM 3aMeJJIeHNe YepcTBeHys xneba. [Inockuii x1e6 (x1e6 6anany) BripabaThIBAeTCS U3 PACKATAHHOTO TECTa U3 TIe-

JHepzonompebsieHue  HUYHOI MYKM, XJIOPUIA HATPYSI, BOIBI M IPOKIKE, M 4aCTO TOLAETCS CBEKEMCIIEYeHHBIM M M3TOTABIMBAETC KaK B MEKAPHSX,
U 0XpaHa oKpyxcarowell Tak ¥ B JOMAIIHUX YCIOBUSX. Takske paccMaTPUBAIOTCS OCHOBHbBIE XapaKTePUCTUKM TIeun st Xieba 6anaamn, Takue Kak CTPyK-
cpeoul TYypa, KOHCTPYKLMSI, PAa3Mepbl, TOIUIMBO, IMUCCUY, U €€ BIMSIHME Ha OKPY)KAIOLIYIo Cpeny U notpebieHye sHeprvn. Pacipocrpa-

HEeHHbIE crierduKanm 1 061Nt J13aiiH TPOMBIIIIEHHO reun [yis xieba 6amany B Erunre, paGoTaoleii B IPOMBILLIEHHOM
MaciTabe, IpeCTaBIeHbl CIEAYIONMM 00pa3oM: AJIMHA 1€y MOXeT ObITb 6osee i MeHee 600 cM B 3aBUCMMOCTH OT JI0-
CTYITHOTO MPOCTPAHCTBA 3JaHNs MeKapHu. Takke IUpMHa TIeun MOKeT 6bITh 6osee mim MeHee 90 CM B 3aBUCUMOCTH OT Tpe-
6yemMoro o6bemMa BbIeuky xeba B uac. [IJist «COXpaHeHMsT OKPYsKAIOLIei Cpelibl, MMHUMM3AI[MI TEeIVIONOTEePb, MAKCUMMAIBHOTO
MOBBIIIEHMST KOJIMYECTBA ¥ KaueCTBa MPOAYKIMM 1 06ecriedeHnst SKOHOMUUECKOH BUIVIMOCTM», Pa3paboTUMKY [TeUeii JO/KHbI
OTIPEMESITh pasMephl [eur, BBIGMPATh KOHCTPYKIOHHbIE MAaTePUAIIBI M CUCTEMBI [Tepeqaun, UCIIONb3Ysl OOIIYI0 MOIENb [Teu.

1. Introduction

Balady bread, widely consumed in the Middle East region, especially
in Egypt, is flat bread [1]. Balady bread is the most strategically important
food commodity in Egypt. The consumption of wheat (2019/2020) was
20.4 million metric tons, from such an amount 270 million balady bread
loaves were baked every day [2]. There are many differences between flat
and pan breads (Table 1), as reported by Gocmen et al. [3]. Based on the
previous publications, there is a lack of information about flat bread, es-
pecially Egyptian balady bread, therefore, this study reviews flat bread
types, balady bread quality characteristics of both raw materials and end
products, as well as balady bread oven constituents, structures, dimen-
sions, specifications, emissions, and design used in balady bread making.

Table 1. Differences between flat and pan breads [3]

Ta6muua 1. Pasnuuns Mmexay miockum u opmossiM xsie6om [3]

Flat bread Pan bread
Lower specific volume Higher specific volume
High crust and crumb ratio Low crust and crumb ratio

Leavened flat bread has a shorter
fermentation time

Leavened pan bread has longer
fermentation time
Higher baking temperature Lower baking temperature

Shorter baking time Longer baking time

FOR CITATION: Ammar, A. S. M., Hegab, K. K. (2024). Flat breads qualities and
attributes — ovens design, energy consumption, and environmental conservation:
A review. Food Systems, 7(4), 612-619. https://doi.org/10.21323/2618-9771-2024-7-
4-612-619

OJId UUTUPOBAHUA: Ammap, A. C. M., Xera6, X. K (2024). OcobeHHOCTU
M CBOJICTBA IUIOCKMX X/1€000YIOYHBIX M3LENNii — OM3aiH Meveii, SHepromnorpe-
6/1eHye M OXpaHa OKPYsKaloleit cpefpl: 0630p. ITuwessie cucmemot, 7(4), 612-619.
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2. Objects and methods

The sources of information were the following scientific databases:
PubMed, Scopus, Science Direct, Google Scholar and Research Gate. The
search strategy included the following keywords: bread quality, physical
properties, flat bread, bread staling, oven design, energy consumption,
environmental conservation. The following acceptance criteria for re-
search characterization were considered: The most common flat bread
types, contents, used leavening agents, properties, the main features of a
balady bread oven and the common specifications and general design of
a balady bread industry oven in Egypt on a commercial scale. All of the
figures in this article are the authors' own.

The parameters of the publications were as follows: publication from
1979 until 2024 (58 references were selected for this review); language:
English. Exclusion criteria: no access to the full text articles. Based on
the review, the authors compiled information on discussion of flat breads
qualities and attributes — ovens design, energy consumption, and envi-
ronmental conservation.

3. Background on flat bread

3.1. Bread raw materials

Raw materials used for balady bread making include extracted wheat
(Triticum aestivum) flour (85-87%) with protein content (10-12%) and
prepared using starter (previously fermented dough containing mi-
crobes) [1]. Table 2 shows the proximate chemical composition of hard
wheat flour (82% extraction) used for balady bread processing. Flat bread
(balady bread) is processed from a flattened dough of wheat flour, sodium
chloride, water, and yeast and is often served freshly baked and produced
in both bakeries and homes [4]. Table 3 presents raw materials (formula)
used for balady bread manufacturing as mentioned by Mousa et al. [5]
and Hussein et al. [6]. Likewise, Table 4 shows the formula used for Arabic
(pita) bread processing as stated by Elkatry et al. [7].

Table 2. Proximate chemical composition of hard wheat flour
(82% extraction) used in balady bread making
(on a dry weight basis)
Tab6muiia 2. [IpUOGIVKEHHBI XMMUYECKUIA COCTaB MYKU U3 TBEPIOit
nueHuIbI (82% 3KCTPaKIMI), MCIIO/Ib3yeMOIi IS IPUTOTOBIeHUS X1e6a
6ayany (B mepecuére Ha CyXyr Maccy)

Parameters % References
Moisture 13.02
Ash 1.47
Fiber 1.65
Protein 11.75 (6]
Lipid 1.81
CHO 83.32
Protein 6-12
Lipid 1-4
Starch 55-75
Soluble CHO 1-2 18]
Fiber 3-7
Ash 1-2
Protein 13.07
Fat 1.85
Fiber 1.28 [l
Ash 1.05
CHO 82.75

Table 3. Formula of balady bread
Tab6nuia 3. PerenTypa x/ie6a 6aiammu

Raw material % References
Flour 100
Water 70-80 5]
Salt 0.5-1.5
Starter (fermented dough) 12-17
Hard wheat (82% ext.) 100
Salt 1
Dry yeast * 1.5 (6]
Water 70-80

* Saccharomyces cerevisiae.

Table 4. Formula of Arabic (pita, shamy) bread
Ta6nuua 4. Penentypa apa6ckoro xae6a (mmra, mamm)

Raw material % References
Wheat flour 72% 100
Water 60
Salt 2 [7]
Yeast 1.5
Sugar 2

3.2. Rheological properties of dough

Various rheological parameters of farinograph and extensograph are
listed in Table 5. These parameters include water absorption, arrival time,
dough development time, dough stability, and weakening of Balady bread
dough (wheat flour 82% extraction). Also, parameters of extensogram
(Table 5) include dough extensibility, resistance to extension, maximum
resistance to extension, dough energy, and proportional number as re-
ported by Hussein et al. [6].

Table 5. Farinograph and Extensograph parameters
of balady bread flour [6]
Tabmuua 5. ®apuHorpadudeckue u 3IKcreHcorpadbmueckue napaMmeTpsl
MYKM 1151 Xne6a 6anamm [6]

Sample Farinograph parameters
Water . Dough Dough :
absorption i rﬁrer?rﬁliln) development  stability Wee(ﬂl;%r)nng
(%) (min) (min)
Balady 66.4 1.0 2.5 13.5 20
Hi)?rd Extensograph parameters
o - -
](EBXZU/; Dough Remigance xii‘ggg Proportional ~ Dough
extensibility extension to extension number energy
155 490 410 2.64 97

3.3. Preparation of balady bread

To one thousand gram of wheat flour (82% extraction), 10 g of dry
yeast, 15 g of sodium chloride, and 760 ml of water were added and mixed
in a mixer for 25 min. The formed dough was left for 45 min for fermenta-
tion at 30 °C and 85% relative humidity. The dough was divided into piec-
es (160 g each), sprinkled with a bran layer, and left for another 45 min to
complete the fermentation. The fermented dough pieces were flattened
to about 20 cm in diameter and 0.5 cm thickness and baked at 450-500 °C
for 1.5-2 min. Bread loaves were allowed to cool on wooden racks for 30
min at room temperature and then packed in polyethylene bags [6,10].

3.4. Bread baking

Bread baking is the critical step in which the dough is transformed
into a light, porous, readily digestible, and flavorful product, under the
impact of heat. Thus, good quality bread production requires a carefully
controlled baking process, including the rate and amount of heat applica-
tion and the humidity level in the baking chamber and baking time [11].
Balady bread is a flat, circular loaf consisting of two layers and usually
baked at high temperatures for a few minutes [10].

Also, Al-Hajji et al. [12] indicated that temperatures inside the Arabic
flat bread during baking do not increase more than a few degrees Celsius
above 100. However, this is enough to provide sufficient generation of
steam with a high enough internal pressure to drive the characteristic
puffing that occurs in successful bread baking. The end point of the bak-
ing process depends on quality aspects that are critical in the acceptance
of the bread by a consumer, such as color, texture, and flavor [13,14]. Fur-
thermore, Table 6 exhibits baking temperatures and times used for balady
bread making as reported by El-Samahy and Tsen [1] and Hallab et al. [15].

Table 6. Balady bread baking conditions

Ta6nuua 6. YcioBus: BbIneyku xaeba 6anaam

Baking temperature, °C Time, min. References
400-600 0.66-1 [15]
300-350 3-4 1
450-500 1-2 [10]

3.5. The common types of flat breads produced in worldwide

Balady bread is flat and circular, formed from two separated thin
layers (crust: upper layer; and crumb: lower layer), 1 cm thick, the loaf
diameter ranged from 15 to 20 cm, and the weight ranged from 70 to
90 gm (Table 7). It characteristically consists of two layers, which form
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as a result of internal puffing during baking [12]. Table 8 illustrates some
types of flat breads (their formulas and characteristics) produced in dif-
ferent countries. Also, Figure 1 shows the classification of flat bread in
various countries.

Table 7. Proximate chemical composition of balady bread
Ta6nuia 7. [IpUGIVKEHHBI XMMUIECKUIT COCTaB xj1eba 6axaan

Parameters % References
Moisture 34.52
Ash 1.50
Fiber 1.65

. [6]
Protein 11.60
Lipid 1.62
CHO 83.63

Double Layered

Figure 1. Classification of flat bread

Pucynok 1. Kmacendukanys miockoro xiaeéa

3.6. Bread quality

3.6.1 Physical characteristics of bread

In Egypt, as well as the Middle East, the most popular type of bread is
a flat (balady bread), circular loaf (1 cm thickness, 10 to 30 cm diameter)
consisting of two layers [19].

Physical characteristics include weight (g), volume (cm?), and specific
volume (cm?/g) of prepared bread samples.

3.6.2. Color attributes of balady bread

Lightness (L), red content (a) and yellow content (b) values of crust
and crumb of different prepared bread samples were determined by using
a Hunter Lab color measurement system.

Color analysis of food is an important field, always related strongly
to market and consumer acceptability, as it controls the first impression
of any food product. L* a* b* values (L* value is a measure of lightness
ranging from 0 (black) to 100 (white), a* value ranges from —100 (green-
ness) to +100 (redness) and b* value ranges from —100 (blueness) to +100
(vellowness) describe the color differences between samples (either crust
or crumb colors).

Changes in bread color may be due to baking at different tempera-
tures and times and consequently the browning reaction that occurs
in bread samples. Elawad et al., [11] stated that the color of bread de-
pends on the moisture evaporation from dough and Millard reaction
during the baking process. The lower crust lightness (L*) of bread crust
was probably related to baking temperature. Baking temperature and
time reduced all the color values [20]. Increasing baking temperature
and time caused an obvious reduction in L* value thus, darker bread
color. Temperature and time of baking process had negative linear rela-
tionship with L*% a* and b* of bread color values [11]. Breads baked at a
higher temperature were generally of better quality than those baked at
a lower temperature. Lower baking temperatures failed to yield breads
with desirable bread crust and crumb color [10].

Table 8. The most common flat bread types produced worldwide
Ta6muua 8. HamGonee pacripocTpaHeHHbIE€ BUABI IVIOCKOTO X/1€6a, MPOU3BOAVMOrO B Mype

Contents

Hard wheat (82% ext.), salt, Yeast or starter
starter (fermented dough), or dry (fermented dough)
yeast and water

Bread name
Balady bread

Raising agents

Arabic (pita, shamy, Yeast

Syrian, pocket) bread

Flour, water, baker’s yeast and
salt

Yeast + sun heat,
i. e., open air, under
the direct sunlight

Flour, water, baker’s yeast and
salt

Egyptian Shamsi
bread

Tandoori (Taftoon) ~ Wheat flour, yeast, or sour dough Yeast or sour dough

Parotta Whole wheat flour with 2.5% unleavened
salt, 65% water, and 40%
shortening

Puri Fried product (deep-fat-fried in  unleavened
preheated oil at 180-200 °C for
25 s) prepared from whole wheat
flour

Lavash Hard wheat (82% ext.) unleavened

Barbari Wheat flour, baking soda, mixed baking soda
in the boiling water

Chapatti Whole wheat flour, salt, oil, and  unleavened
an appropriate amount of water

Sangak Flour of 95% extraction rate, salt Yeast and sour
(1.5%), sourdough (20%), yeast dough
(0.5%), and water (85%)

Rye flat bread Barley, oat, rye, and wheat flours, Yeast
yeast, salt, and sugar with water

Tortilla Finely ground maize (corn) or unleavened
wheat flour

Bazlama Wheat flour, yeast, salt, sugar, Yeast
yoghurt, and water

Pide Flour, salt, water, shortening, Yeast
sugar, yeast

Yufka Flour, water, salt, a little vinegar unleavened

or lemon juice, very little olive
oil

Properties Zone References
Flat, circular, separated two thin layers (crust: Egypt and the [6]
upper layer; and crumb: lower layer), 1 cm Middle East
thickness, loaf diameter ranged from 15 to
20 cm and weight ranged from 70 to 90 gm.
Round, leavened two (double) layered flat The Middle [3]
breads East
Round in shape, single layered, of about 15— Egypt [16]
20 cm diameter and 10 cm thickness.
A single layer, circular in shape, 40-50 cm Iran, Pakistan, [17]
diameter and India
Flexible handfeel, soft and slightly chewy India [18]
texture, one layer
Fried product and consumed as snacks India,
Pakistan, and
Bangladesh
Single-layered, has an oval or rectangular South Asia
(60-70 cm long, 30-40 cm wide) shape and a 2
to 3 mm thickness with a creamy white color
The bread is usually 70 to 80 cm long and 25 to Iran
30 cm wide with a thickness of about 3.5 cm
Single layered round in shape of about 15cm  India [3]
diameter and 0.2 cm thickness
Sourdough flat bread, 70-80 cm long, Iran
40-50 cm wide, and 3-5 mm thick;
its surface is sprinkled with sesame
0.7 to 1.0 cm thickness. Round (5.0 cm Scandinavian
diameter) countries
Thin, one (single) layered flat bread, a flexible  Central and
texture South America
Single layered, flat, circular, thickness 3 cm Turkey and the
and diameter (10 to 20 cm) Middle East
Round shaped flat bread, thickness 1.5-2 cm  Turkey
and diameter 20-25 cm
Round, cream-colored, and single layered flat ~ Turkey

bread, thickness 1 to 2 mm, diameter 40 to
50 mm
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3.6.3. Sensory evaluation of bread

Fresh samples of the different substitutes of balady bread were given
three-digit codes and organoleptically evaluated by semi-trained panel-
ists. All samples were evaluated for crust color, crumb color, taste, odor,
and overall acceptability on a ten-point hedonic scale, on which a score of
10 represented attributes most liked; 5 represented attributes at an unac-
ceptable margin; and 1 represented attributes most disliked, according to
Stone and Sidel [21].

3.6.4. Freshness of Balady bread (staling retardation)

Bread staling is a mix of physical and chemical changes in the bread
quality, i. e., crumb hardening, crust softening, and loss of fresh flavor
[22,23,24]. Up to date, staling mechanisms have not been well under-
stood. However, the retrogradation of starch (recrystallization) and the
water loss have been considered by many authors to be the most impor-
tant factors affecting the staling [24,25,26].

Various procedures were used for assessing the bread staling rate dur-
ing storage, such as the traditional Alkaline Water Retention Capacity
(AWRC), Texture Profile Analysis (TPA), Thermal Analysis [27], calorimet-
ric methods [28], X-ray crystallography [29], NMR spectroscopy [30,31].
Staling was retarded using either different antistaling agents during the
preparation of bread dough as a pretreatment or bread freezing as a post-
treatment.

4. Bread oven and its effect on environment,

energy consumption

The traditional baking ovens are built by local labors without any de-
sign principles, which are used to build the improved baking oven. There-
fore, the improved baking oven is more efficient than traditional baking
ovens in terms of heat and mass transfer, baking time, and product qual-
ity [32]. Energy efficiency of solid fuel bread ovens is 49% at a permanent
temperature value in the baking chamber of 220 °C [33]. Local bakers pre-
fer baking as a career but are hindered by financing options and need
help as they could not meet microfinance requirements that guarantee
the loan payback [34]. The consumed specific energy was 3.57, 2.92, 2.54
and 1.93 kWhkg-1 for Magr Baladi bread oven, while it was 4.35, 3.54, 3.11
and 2.53 kWhkg-1 for Mawi Baladi bread oven at belt speeds 1.18,1.97,
2.40 and 3.55 ms™!, respectively [35]. In a small-scale bread production
oven, the baking capacity, baking efficiency, weight loss and optimum
baking temperature were: 101.9 kg/h, 46.44% (wood-fired); 70.34% (gas-
fired), 13.5 g (wood-fired); and 25.5 g (gas-fired), 150 °C, respectively [36].
Combustion of biomass in small-scale bakery ovens (Wood-Fired Bakery
Oven) is widely used in many countries. Although there have been three
decades of policies against biomass-based cooking in Africa, demand for
fuel wood continues to increase. They depend mainly on fuel wood, col-
lected manually from the surrounding forests, or purchased from (mostly
female) suppliers, retailers, or wholesalers [37]. Design and construction
of ovens for baking bread are considered complex scientific and industrial
problems. Therefore, using simulation models in motion studies of heat-
ing gases inside oven spaces is very important in heat uniformity distri-
bution to increase bread quality and decrease both fuel consumption and
bad environmental impact [38]. Baking requires air temperatures ranging
from 200 °C to 250 °C. Such temperatures can be achieved using solar en-
ergy, which is abundant in the developing countries suffering from high
energy costs [39].

Traditional cooking methods using fuel woods cause air pollution and
land degradation on the local and regional levels. Therefore, using four-
reflector solar baking oven is considered a suitable solution for overcom-
ing these problems [40]. A huge part of energy obtained from fuelwood is
wasted in non-conventional ovens. Therefore, improvements in efficient
utilization of fuelwood in nonconventional bakery ovens are needed [41].
Volatile compounds are lost in the high temperature oven during bak-
ing and toasting of gluten-free bread dough in comparison with wheat
bread, which could partially explain the richer aroma in wheat bread [42].
The small-scale single-powered baking oven using wood fuel was suc-
cessfully modified and optimized into a dual-powered oven using fuel gas
[36]. The bread is considered one of the basic elements of people life and
the main part of their food throughout the historical eras [43]. Tempera-
ture uniformity inside the oven leads to good bread quality and is more
energy-efficient due to low specific energy consumption [44]. Good ther-
mal insulation of the walls, closing the handling gates using transparent
panels, and placing temperature sensors inside the ovens are important
design criteria to reduce heat loss and increase the efficiency of energy
use for bread baking [45]. Backing time is very important, since the poros-
ity, mean pore volume, and mean coordination number of spaces in bread
increase with increasing time inside the oven; and local cell wall thick-
ness decreases with time increase [46]. Electric resistance (ER) baking is a

1 2024 |

method of baking bread in many countries. This method is based on heat-
ing dough as an electric resistor. Briefly, when a current is passed through
a dough, heat is generated inside the dough; the amount of generated
heat depends on the used current, resistance of used dough and current
passage time [47]. Indirect radiation-cyclotherm, indirect convection, hy-
brid, and industrial tunnel-ITO are used for baking bread with modifica-
tion of the quality parameters of the crackers [48].

Optimization of the bread-baking process depends on supply and
control of heat within the oven with minimal loss. While, the available
data on optimizing burner designs for efficient heat supply is very limited
[49]. The bread weight loss is increased with increasing oven tempera-
ture. Due to increasing oven temperatures from 180 to 220 °C, the bread
temperature increased from 112.73 to 168.49 °C and the bread weight loss
increased from 22.40 to 52.46% [50]. Wood specific consumptions were
found to be 0.55 and 0.90 kg of wood per kg of wheat flour baked us-
ing the indirect and semi-direct ovens, respectively. Also, variation of the
temperature distribution during the baking process was influencing the
quality of the baked bread [51]. The charcoal ovens for baking bread could
be constructed with locally available materials (mild steel and angle
bars). The maximum temperature attainable with an oven with an area
of 315000 mm? is about 500 °C and capable of generating 1488 K] of heat
energy [52]. The thermal efficiency of volumetric ceramic (porous) oven
technology can be reached at 60% of the total exchanged thermal energy.
But, its application in the food industry is not found [53].

The bread baking ovens are thermally insulated chambers. It is the
most widely used appliance in the food industry [45]. An electric coil
heater and the gas burner with temperature regulator are used in one
chamber of a locally made oven. The maximum temperature of 220°C
was recorded through the baking process. Insulated material (slag wool)
that has a thermal conductivity of 0.042 W/m °C was used [54]. Weight
loss of bread is increasing with increasing oven temperature. Whereas
with increasing oven temperature from 180 to 220 °C, the bread increased
temperature from 112.73 to 168.49°C and the weight loss of bread in-
creased from 22.40 to 52.46% [50]. Using electrical resistors and heat reg-
ulators in baking ovens gives great potential for controlling the quality of
bread in comparison with other sources [55]. In the evaluation process of
the effect of wheat flour substitution by different levels of whole barley
flour, the flat loaves were proofed at temperatures from 380 to 450 °C for
1-2 min inside the oven [56]. The optimum baking time and temperature
were (20 min) and 200 °C for a rotary oven at 10 rpm oven rack speed. The
rotary oven could be used for both domestic and industrial production of
bread and other bakery products [57]. Numerical results in using ohmic
heating technology showed that the linear evolution of temperature with
heating time was mainly caused by heat losses [58]. Energy source and
control of heat within ovens chambers with minimal loss are considered
integral processes in optimizing both quality and quantity of the bread-
baking process [49].

5. General model of balady bread ovens in Egypt

A field survey in Egypt was done to determine the main features of
balady bread ovens in Egypt. Oven dimensions, construction materials,
heating systems, and mechanical tools were recorded and analyzed to
produce a general model. Concrete footings with a thickness of 30 cm
are constructed to cover soil under the ovens. Oven walls and ceilings
are constructed from double layers of thermal clay bricks separated with
natural isolation materials. Natural cement made of clay soil is used be-
tween bricks in the construction process of both walls and ceilings. Oven
ceilings are constructed as cylindrical arc made of thermal bricks and
natural cement. The oven external cover made of stainless steel sheets
is constructed to improve the external appearance and protect the oven.
A steel conveyor made of grades and chains is used to move breads from
entrance and exit gates through the baking process. Three phase electric
motor contacted with gearbox to move the steel conveyor at linear suit-
able speed. Gas flamers are used as energy sources inside ovens for the
baking process. Exhaust systems consist of a stuck and chimney that is
used to divert oven exhaust gases outside in high points over the building.

Usually, the balady bread ovens are constructed in three stages. Figure 2
shows the construction of oven walls from zero level to 40 cm above the
concrete footing. The concrete footing dimensions are 230x 600 x 30 cm
for width, length, and height, respectively. Oven dimensions at the first
stage are 180x400x40 cm for width, length and height respectively. Di-
mensions of oven internal space are 90x400x40 cm for width, length,
and height. Two extensions with dimensions of 115x87.5x40 c¢m for
width, length and height are found at the entrance and exit gates of the
oven. Oven walls are constructed of double walls of thermal bricks sepa-
rated by natural isolation materials called “clay soil”. Figure 3 shows the
construction of oven walls from 40 to 115 cm above the concrete footing.
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Figure 2. First stage of the oven walls construction from zero
level to 40 cm above the concrete base
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Figure 3. Second stage of the oven walls construction from

40 cm to 115 cm above the concrete base
PucyHoK 3. Bropasi cTagusi KOHCTpYMpPOBaHMs cTeH nmeuu ¢ 40 cm go 115 ecm
BbILIe GETOHHOTO OCHOBAHMS
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At 40 c¢m level iron bars are installed on side walls to control movement of
chain grades conveyor from the entrance gate to the exit gate. Dimensions
of the chain grades conveyor are 90 x 585 cm for width and length, respec-
tively. Figure 4 shows the installation process of chain grades conveyor on
the fixed steel bars. A clearance of 5 cm is left between side walls and chain
grades conveyor to keep flexibility to replace any part of chain grades con-
veyor when doing maintenance. Chain grades conveyor is extended 87.5 cm
out of entrance and exit gates to keep the baker away from the direct heat.

Figure 5 shows a side view of the oven containing concrete footing, oven
side wall and oven extension. Two gas flamers are installed, the first is fixed
on one of the side walls between the two layers of the chain grades conveyor
for heating chain grades under bread dough, but the second is fixed above
the exit gate for heating air around bread dough. Chimneys with stuck are
installed above the oven exit gate to ensure getting rid of exhaust gases
outside the baking building. Figure 6 shows front and back view details of
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Figure 4. Final stage of the oven walls construction and chain

conveyor installation
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Figure 5. Side view of the oven
PucyHOK 5. BOKOBasi mpoeKIyus reun

the oven containing a concrete base, brick walls, isolation material, chain
grades conveyor, baking space, and bread dough at the entrance gate. It also
shows concrete base, brick walls, isolation material, chain grades conveyor,
gas flamer, baking space, and bread at exit gate.

Figure 7 shows a longitudinal section of the oven containing a con-
crete base, brick walls, isolation material, chain grades conveyor, gas
flamer, baking space, and bread dough motion on the chain grades con-
veyor. Due to the high temperature of the chain grades conveyor under
bread dough and the high temperature of air around bread dough, the
bread dough is swelling in a semi sphere shape, containing vapor and
gases inside. Figure 8 shows an oven cross sectional area containing all
details mentioned above. Figure 9 shows the external cover and some
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Figure 6. Front and back views of the oven
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Figure 7. Longitudinal section of the oven
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Figure 8. Cross sectional area of the oven
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Figure 9. Side view of the oven covered with stainless
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PucyHok 9. BoKoBasi mpoeKuus neuu, MOKPbITOM IMCTaMU
us Hep)KaBelomei/’[ CcTaan

616



Ammap A. C. M. u ap. | MALLEBbIE CUCTEMDbI | Tom 7 No 4 | 2024 | C. 612-619

components of the oven. Usually, the external cover is made of a stain-
less steel layer around the oven body. This cover is very important in the
external cleaning and protecting process of the oven. Figure 10 shows
details of the chain grades conveyor, electric motor, and transmission
system from the electric motor to the chain grades conveyor through

the baking process.
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Figure 10. Mechanical system for bread chain conveyor
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ABSTRACT

This investigation aimed to utilize wheat germ to improve the nutritional value and sensory properties of date pastes. Wheat
germ was added to the soft date paste at different concentrations (5, 10%, and 15%). Chemical composition, bioactive com-
pounds, browning index, fatty acids, microbiological quality, and peroxide values were estimated. Substitution with wheat
germ significantly increased the ash, protein, and fat contents of the treatments, and decreased total sugars and total carbo-
hydrates. In addition, the incorporation of wheat germ into the date paste led to a decrease in water activity. The color index
of fortified date paste was improved and unsaturated fatty acids, such as oleic acid, linoleic acid, and linolenic acid, increased.
A reduction in the total bacterial, yeast, and mold counts was observed. The highest score of the index of acceptance was re-
corded for 15%, followed by 10% and 5%, and the lowest score was for the control sample.
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60B. HauBbIcImit 6a/u1 MHAEKCA TPUEMIIEMOCTH GbIT 3aperMCTPMPOBaH Jist 06pasiia ¢ 15%, 3a KOTOpbIM Ciem0Baji 06pasiibl

¢ 10% u 5%, B TO BpeMsI KaK KOHTPOJIbHBIN 00pasel] MOy HayMeHbIINi 6at.
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1. Introduction

Date fruits are rich in bioactive compounds such as polyphenolic
compounds, anthocyanins, sterols, and carotenoids, as well as nutritional
components such as sugars, dietary fiber, certain essential vitamins, and
minerals. These components can be acquired through suitable manu-
facturing processes as well as by converting their by-products into new
products, or extracting the compounds of interest [1]. Egypt is considered
the largest country for date production over the world with 1.75 million
tons [2], which is around 18% of the global date production. Egyptian Am-
hat date variety represents 31738 tons. The Egyptian date varieties can be
categorized into three groups based on moisture content: semi-dry dates
(Siwi, Saidy, Amry, and Aglany), dry dates (Sakkoty, Malkaby, Gondella,
Partimoda, and Tamar), and soft dates (Zaghloul, Amhat, Hayany, Bent
Aisha, Samany, Oraiby, and Om Elferakh) [3]. About 43.5 to 52% of date
fruits in Egypt are soft dates [4,5]. According to El-Sharabasy and Rizk [6],
soft dates consumed at the Khalal or Rutab stages are Amhat and Haiani
(mid-August). Additionally, semi-dry dates can be processed into Agwa
(pressed whole dates) or date paste (minced pitted dates) to increase their
market availability. However, since semi-dry date varieties are becoming
increasingly in demand for export, processing soft dates like Amhat or
other soft dates into date paste is more valuable. Abo Taleb et al. [7] re-
ported that the chemical composition of rutab amhat date was as follows:
moisture 71.35%, protein 1.5%, fat 1.3%, total soluble solids 28.65%, pH
value 6.76%, total acidity 0.190% and ash content 1.84% (on DW). Also,
they found that the mineral content of fresh amhat dates were potas-
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sium (K) 370.12mg/100 g, magnesium (Mg) 91.756 mg/100 g, calcium (Ca)
157.56 mg/100 g, manganese (Mn) 0.70 mg/100g, iron (Fe) 0.721 mg/100 g
and zinc (Zn) 0.309 mg/100 g.

Date paste is a food product made from sound, uniformly colored
dates that are harvested at the right maturity stage, cleaned, pitted, and
capped [8].

Wheat germ (WG) is a massive by-product of Egypt's wheat mill-
ing industry, with enormous amounts produced yearly. The amount of
wheat germ produced by milling wheat was discovered to be around
120,000 tons. In a year, this amount can produce roughly 12,000 tons of
wheat germ oil [9]. A healthy nutrition system is thought to start with
including wheat germ in one's daily diet [10]. Wheat germ is a valuable
by-product of milling and makes up 2-3% of the entire wheat kernel. In
fact, WG has anticancer, antihyperlipidemic, and antioxidant properties
due to its concentration of high-quality compounds, including proteins,
minerals, flavonoids, sterols, and vitamins E and B. This makes WG the
most advantageous part of wheat grain [11].

Wheat germ is mainly used for animal feed due to its high nutritional
contents, namely, lipids (10-15%), proteins (26-35%) and 17% carbohy-
drates. However, its oil has a significant industrial value in food, medicine
and cosmetics [12]. Significant nutritional and functional qualities found
in wheat germ can raise the amount of amino acids in food. Wheat germ
can also be added to food as an additive to adjust its properties. Possess-
ing excellent emulsification, foamability, and water retention qualities,
wheat germ is a safer natural food additive compared to common syn-
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thetic alternatives. As a result, wheat germ exhibits considerable poten-
tial in the food production [13].

Polyunsaturated fatty acids (PUFAs) are compounds responsible for
the regulation of biological functions, as they are a structural component
of every living cell membrane. Furthermore, they are precursors to eico-
sanoids, such as prostaglandins, thromboxanes, and leukotrienes, which
are hormone-like chemicals affecting the immunological, circulatory,
and neurological systems. Polyunsaturated fatty acids (PUFAs) are also
found in the immunocompetent cells such as neutrophils and monocytes.
Generally, PUFAs are not generated in sufficient amount in the human
body; therefore, they must be included in the food supply. The avoidance
of PUFA depletion is necessary for life, due to the negative consequences
of PUFA deficiency for the kidney, heart and skin along with the nervous,
reproductive, respiratory, endocrine and immune systems [14,15]. Large
quantities of soft date (Amhat date rutab) are cultivated in Egypt and
wheat germ is being produced as a by-product of the wheat flour process-
ing. One of the main problems regarding date paste is a tendency to get
harder during storage. This study aimed to utilize wheat germ to improve
the nutritional value (fat, proteins, fiber and mineral contents), and sen-
sory properties of date paste.

2. Materials and Methods

2.1. Materials

Amhat dates were obtained from Alsahaba factory in Badrashin — Gi-
za government and wheat germ was obtained from Al-Mostathmer Mill-
ing Factory, Bader City, Sharkia Governorate, Egypt.

2.2. Technological methods

2.2.1. Date paste preparation

Date paste was made from fresh non-commercial low grade amhat
date (dates with colors, shapes and sizes that are not demanded by con-
sumers, dates damaged). Dates were washed and immersed in hot water
at 80°C for 3 min to inactive enzymes. Then, pits were removed, pitted
dates were partially dried at 65°C for 8—12 hr to decrease the moisture
content and the flesh of dehydrated, pitted soft dates was minced into
paste after adding lycopene as an antioxidant (0.05%). Wheat germ was
added to soft date paste at different concentrations as follows: 0% (as a
control), 5, 10, and 15%. The paste was packed in pouches made of poly-
ethylene and polyamide laminate. The pouches were evacuated and heat
sealed. The vacuum-packed paste was immediately cooled and stored at
5+2°C for 6 months with periodical analyses.

2.3. Analytical methods

2.3.1. Chemical analyses

Moisture and total solids (TS) were determined using the air oven-
drying method according to AOAC [16]. Total acidity (as citric acid) and
pH value were measured by using a pH meter model 3510 (Jenway Grans-
more Green, England). Total sugars, reducing sugars and non-reducing
sugars were determined according to AOAC [16]. Fat was determined us-
ing Soxhelt apparatus, protein using micro-Kjeldahl apparatus. Ash and
crude fiber were determined according to AOAC [16].

Total carbohydrates were calculated by difference as follow:

Total carbohydrates = 100 — (weight in grams [moisture +
+ protein + lipids + ash + fiber])/100 g.

Water activity (a,,) was measured with a rotronic HygroLab EA10-SCS
(Process Sensing Technologies company, Switzerland). Total phenols
were determined using the Folin Ciocalteu reagent method, according to
Ghosh et al. [17]. Total flavonoid content was determined according to the
method described by Matic et al. [18]. The scavenging ability of the date
paste extracts for 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals was de-
termined according to Rojas-Ocampo et al. [19].

2.4. Browning Index

The non-enzymatic browning was measured at 420 nm with a Jenway
Model 6705 UV/Visible Spectrophotometer (Jenway, England), and it was
measured directly using 60% aqueous ethyl alcohol as a blank [20].

2.5. Mineral profile

The mineral content was analyzed. A microwave digestor (Multiwave
GO Plus 50 HZ) was used prior to spectrophotometric analysis of the sam-
ples by MPAES4210 (Microwave Plasma — Atomic Emission Spectrosco-
py) (Agilent, Mulgrave, Victoria, Australia) according to Amais et al. [21].

2.6. Total calories estimation
The total calorie content of the treatments was determined using the
following formula established by Raymond and Morrow [22]:

Total calories = (fat x9) + (protein x4) + (total carbohydrate x4).
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2.7. Microbial counts

Microbiological screenings were performed according to [23]. Samples
were serially diluted and plated on acidified potato dextrose agar (PDA)
for mold and yeast counts and on plate count agar (PCA) for aerobic plate
count (APC)) in order to determine microbial counts. For both yeast and
mold growth as well as total plate counts, plates were incubated at 30 °C
for 48 hours.

2.8. Peroxide value estimation
The peroxide value was determined according to AOCS [24] and using
the following equation:

Peroxide value (meq O,/kg oil) = ((S - B)x M/ W) x 1000,
where: B is amount in ml of sodium-thiosulphate used for blank titration,

Srefers to amount in ml of sodium-thiosulphate titrated by the oil sample,
M is the molarity of sodium-thiosulphate, and W is sample weight [25].

2.9. Fractionation of fatty acids

According to ISO 12966-2 [26], fatty acid methyl esters were separat-
ed. A 5ml screw-top test tube was used to put 0.1 g of the oil and then 2 ml
of iso-octane was added to the tube, which was then shaken. After that, a
methanolic potassium hydroxide solution (0.1 ml, 2N) was added to the
cap fitted with a PTFE-joint, the cap was tightened, and the mixture was
vigorously shaken for 30 seconds. The tube was left to stratify until the
upper solution became clear, and the upper layer containing the methyl
ester was then decanted.

Fatty acid methyl ester was injected into the HP 6890 series GC system
equipped with a DB-23 column (60 mx0.32 mmx 25 pm). Nitrogen was
used as the carrier gas with a flow rate of 1.5 ml/min, utilizing a split-
ting ratio of 1:50. The injector temperature was 250 °C, and the Flame
Tonization Detector (FID) temperature was set at 280 °C. The following
temperature program was applied: starting from 150 °C, the temperature
was increased to 210°C at a rate of 5°C /min, followed by a 25-minute
hold at 210 °C. Peaks were identified by comparing the obtained retention
times with standard methyl esters.

2.10. Sensory evaluation

To assess the quality attributes and acceptability of the prepared sam-
ples, ten trained sensory panelists were chosen from the staff of the Food
Technology Research Institute, Agricultural Research Center, Giza, Egypt.
The sensory attributes of color, odor, taste, texture, general palatability
and index of acceptability were determined using the scale degree from
zero to ten according to Handa et al. [27].

2.11. Statistical Analysis

Data was analyzed with SPSS (Statistical Package for the Social Sci-
ence) 20.0 for Windows. The mean, SD of mean and LSD were calculated.
The data were analyzed by one-way analysis of variance (ANOVA). Dun-
can's multiple range test was used to separate means. Significance was
accepted at a probability P < 0.05.

3. Result and Discussion

The gross chemical compositions of Amhat Rutab date, date paste and
wheat germ (WG) are presented in Table 1. Moisture content is considered
an important factor influencing a food product. Amhat Rutab date had

Table 1. Chemical composition of Amahat (Rutab) date, date paste
and wheat germ (on fresh weight basis)

Ta6muua 1. Xummueckuii cocraB ¢puankos Amahat (Rutab), dunmkosoit
MacThI ¥ 3aPOAbIIIeIi MIIeHNIIBI (B IIepecyeTe Ha ChIPOii Bec)

Characteristics (Rutaby date  paste germ (WG)
Moisture, % 53.36+0.21 27.13+0.22 9.36+0.18
Total solids (TS), % 46.64%0.21 72.87+0.22 90.64%0.18
Total sugars, % 38.16%£0.29  62.67%0.15 ND
Reducing sugars, % 36.27+0.25  61.85%0.11 ND
Non-reducing sugars, % 1.89+0.04 0.82%+0.26 ND
Ash, % 0.54+0.18 1.443%0.21 4.61%0.12
pH value 6.72+0.07 6.54+0.03  5.51%0.06
Total acidity, % (as citric acid)  0.164%*0.01  0.225%0.01 ND
Protein, % 1.32+0.13 2.45+0.27  27.85%0.30
Lipids, % 0.73+0.22 1.27+0.18  8.72%+0.43
Crude fiber, % 1.34%0.17 1.98+0.13 1.52%0.13
*Total carbohydrates, % 42.71+0.49  65.73%0.75 47.94+0.80

Data are mean * SD of three replicates. *Total carbohydrates calculated by dif-
ference.
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the highest moisture content (53.36%), followed by date paste (27.13%),
while the lowest content of moisture was recorded in wheat germ being
9.36%. Total and reducing sugars of rutab date (38.16 and 36.27%, respec-
tively) increased to 62.67 and 61.85% in the date paste product due to the
effect of the removal of water during the drying process. The lowest con-
tent of non-reducing sugars (0.82%) was observed in date paste. The ash
content of Amhat date and date paste was 0.54 and 1.443%, respectively.
Total acidity of rutab date (0.164%) slightly increased to 0.225% in the
rutab date paste product, while in contrast, pH value reduced from 6.72
of rutab date to 6.54 for date paste. Date paste had a higher content of
protein and lipids (2.45% and 1.27%, respectively) than rutab date (1.32%
and 0.73%, respectively). Meanwhile, crude fiber and total carbohydrates
increased from 1.34 to 1.89% and from 42.71 to 65.73% for amhat date
and date paste, respectively. These results of the chemical composition
are comparable to those described by Abo Taleb et al. [7], Munir et al. [28],
Rabie et al. [29].

It is commonly known that wheat germ (WG) is a raw material that
is rich in nutrients and can be used for manufacturing food products.
Table 1 shows that wheat germ contains low moisture and has high ash,
protein and fat contents being 9.36, 4.61, 27.58 and 8.72%, respectively.
Additionally, it was found that wheat germ contained high amounts of
carbohydrates (47.94 g/100 g). The results are near to those described by
Mahmoud et al. [9] and Nurgazezova et al. [30].

The protein, lipid, and ash contents of wheat germ were higher com-
pared to date paste. Wheat germ is often regarded as a cost-effective
source of low-cost protein. In comparison to other cereals, wheat germ
shows high protein and fat contents and has functional and nutritional
benefits. The addition of wheat germ to foodstuffs as a food additive is
important due to its high protein quality. Numerous researchers have
claimed that wheat germ is an excellent source for enriching foodstuffs
with proteins, thanks to its exceptional nutritional value, pleasant taste,
and flavor [31].

Minor differences in date fruit quality may be attributed to various
factors, including the type of date, the time of harvest, environmental
conditions, and experimental variables. Additionally, genetic differences
in the date palm, as well as the region where it is grown and its develop-
mental stage, can also lead to variations in the fruit characteristics [32].
Table 2 presents the proximate analysis of the date paste and different
treatments of fortified date paste (5, 10, and 15% wheat germ). Substi-
tution with wheat germ significantly increased the ash, protein, and fat
content of the treatments.

According to the data, 15% wheat germ (WG) treatment had the high-
est protein (6.12%) and fat (2.32%) contents, followed by 10% WG treat-
ment (4.85 and 2.11%, respectively), representing 30% and 22.5% of total
calories, respectively. In contrast, 15% WG treatment had the lowest total
carbohydrate content (63.61%). However, the crude fiber content was not
significantly affected by wheat germ replacement. Regarding total calories
of fortified date paste, it provided 299.76, 295.58, and 289.49 kcal /100 g
of daily intake for the 15, 10, and 5% treatments, respectively, while the
control date paste provided 284.14% kcal /100 g. Wheat germ is regarded
as a nutritious ingredient that can be incorporated into food product for-

mulations or consumed on its own. It is also a significant source of car-
bohydrates (47.94 g /100 g). The low moisture content of wheat germ is
advantageous for preserving and storing nutrients [9]. Therefore, water
activity of the fortified date paste decreased with increasing concentra-
tions of wheat germ. Our findings align with those of another recent study
[28], which found that date bars had a water activity of 0.5 to 0.6, resulting
in stable microbiological quality and shelf life. Also, incorporation of WG
in the date paste increased the fat, protein, and fiber content. According
to RDI, the reference daily intake is 56g for males and 46 g for females for
protein, 95 g for males and 70 g for females for lipids and 130 g for both
males and females for carbohydrates.

Fortified date paste with 15% wheat germ had the highest content of
protein and lipids. Therefore, each 100g of the aforementioned treatment
can provide 10.93 and 13.30% of protein and 2.44 and 3.31% of lipids for
males and females, respectively. Also, it can provide 48.93% carbohy-
drates of RDI for both males and females. The control date paste had the
highest content of carbohydrates. Therefore, each 100g of this date paste
provided 50.56% of daily intake of carbohydrates for males and females.

Date fruits are rich in nutrients and have the therapeutic value. They
contain macrominerals, including calcium and potassium, dietary fiber,
and carbohydrates [33]. Wheat germ is a special source of concentrated
nutrients and is highly valued as a food supplement. It is rich in miner-
als including potassium, magnesium, calcium, zinc, and manganese, with
potassium being the most abundant [12].

The body's proper functioning depends on essential minerals. For ex-
ample, calcium is vital for heart and muscle function, bone formation,
and blood cell activity. Meanwhile, Cu, Mo, Se, and Zn are critical com-
ponents of important enzymes in the human body. Iron is needed for
various protein syntheses, including hemoglobin production to prevent
anemia. Magnesium is essential for ATP processing and bone strength.
Sodium and potassium, as electrolytes, are crucial for ATP co-regulation
and are distributed throughout the body. Phosphorus, which is present in
bones and cells, contributes to energy metabolism, DNA, ATP (as phos-
phate), and other essential functions [34].

The study of the mineral content in date paste and wheat germ re-
vealed that potassium, calcium, and magnesium were the most abundant
minerals in date paste, while potassium, phosphorus, and magnesium
were the dominant minerals in wheat germ, followed by iron and zinc
(Table 3). The highest amount of potassium (510.08 mg/100 g) was found
in date paste with wheat germ at 15%, followed by 10% and 5% (493.45
and 478.24 mg/100g, respectively). Similarly, there was an increasing
trend in the magnesium and phosphorus contents in all treatments.
However, calcium contents decreased significantly with an increase in
wheat germ levels from 5% to 15%, while there was a non-significant
decrease for copper. Iron and zinc concentrations in the different treat-
ments of date paste with varying levels of wheat germ are presented in
Table 3 and were found to be in a range of 2.21 to 2.90 mg/100g and 1.06
to 1.59 mg/100g, respectively. The variations in the mineral content can
be attributed to the concentration levels of the components used in the
samples of the fortified paste. Upon incorporation of wheat germ into the
date paste, it became apparent that the levels of Mg and Zn increased.

Table 2. Chemical composition of Rutab date paste and Rutab date paste with wheat germ (5, 10 and 15%) (on fresh weight basis)
Ta6nuua 2. XMMudyeckuii coctaB nactbl u3 GpuHuKoB Rutab 1 mactel u3 dpuuukos Rutab c 3apoasimamu meHuus (5, 10 1 15%) (B mepecuere Ha CbIPOii BeC)

Treatments
Items D(zg‘:lgfﬁt)e wheat germ addition, %
5% 10% 15%
Moisture, % 27.13%£0.2202 26.16+0.227° 25.19£0.227¢ 24.23% 0.0434
Total solids, % 72.87+0.2201 73.85+0.227° 74.81£0.227° 75.77%0.043?
Water activity, % 0.72+0.032 0.60%0.02° 0.53* 0.03¢ 0.46% 0.024
Total sugars, % 62.67+0.1502 58.57%0.166" 56.29%0.166¢ 53.31£0.568¢
Reducing sugars, % 61.85+0.110° 57.91+0.416" 55.57+0.416° 52.34 £0.3994
Non-reducing sugars, % 0.82£0.2602 0.66£0.2652 0.73£0.2652 0.97+0.169*
pH 6.54+0.0302 6.49£0.026" 6.45%0.026¢ 6.37%0.0154
Total acidity, % 0.225+0.0072 0.231+0.0052 0.236+0.0192 0.249+0.0072
Ash, % 1.44+0.207° 1.63£0.1112b 1.67+0.1112 1.84%0.056%
Protein, % 2.45+0.2704 3.65+0.113¢° 4.85+0.113° 6.12+0.3012
Lipids, % 1.27+0.180¢ 1.67+0.060° 2.11+0.060* 2.32%0.153
Crude fiber, % 1.98+0.1302 1.93+0.2032 1.87+0.2102 1.89+0.1222

65.73+0.7472
284.14+0.2884

Total carbohydrates, %
Caloric value, kcal /100 g

64.96+0.198%
289.49+1.199¢

64.30£0.198b¢
295.58+1.199b

63.61+0.439°¢
299.76+1.117%

Data are mean#SD of three replicates. *Total carbohydrates calculated by difference. There is no significant difference (P< 0.05) in means within a row displaying

the same letters (a, b, ¢) for the control and treatments.
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Table 3. Mineral contents in date paste, wheat germ and date paste with wheat germ (5, 10 and 15%) (mg/100 g on fresh weight basis)
Ta6nuua 3. MuHepaabHbIi cOCTaB (PMHMKOBOI MACTbI, 3aPOAbINIENi MIIeHNUIbI ¥ (DMHMKOBOM MACThI ¢ 3apoAbimamMy mueHnnsl (5, 10 u 15%) (mr/100 ¢
B IIepecyeTe Ha ChIPOJi Bec)

) Treatments RDI (mg)

Minerals, Wheat germ Date paste 5% 10% 15%

(mg/100g) (WG) (control) WG WG WG Males Females
Ca 43.66°+0.612 177.792+0.304 171.89° £0.664 165.04°+0.628 158.064£0.667 1000 1000
Na 35.723+1.032 23.65°%0.905 23.720+0.540 24.60°+0.590 25.21°£0.300 2000 2000
K 780.022+0.295 462.55+0.523 478.244£0.598 493.45¢+0.480 510.08+0.676 3400 2600
Mg 250.033+0.442 125.36°+0.495 131.684+0.567 137.35¢+0.630 144.54°+0.411 420 320
P 744.522+0.581 36.43°+0.562 71.804£0.457 106.65¢+£0.495 142.09°£0.303 1250 1250
Fe 8.547+0.413 1.97¢+0.137 2.21¢£0.129 2.37¢+0.221 2.90°+0.133 8 18
Zn 6.433+0.595 0.78°+£0.036 1.06P£0.053 1.31%+0,021 1.59£0.052 11 8
Cu 0.69°+0.046 1.562+0.102 1.523+0,027 1.463+0.038 1.41°+0.033 0.9 0.9

Recommended Daily Intake (RDI).

Data are mean=SD of three replicates. There is no significant difference (P < 0.05) in means within a row displaying the same letters (a, b, c) for WG and treatments.

This may be attributed to the fact that wheat germ possesses a higher
concentration of minerals than date paste. Consequently, these products
can be used to address micronutrient deficiencies in human beings. Ac-
cording to the RDI, the reference daily intake is 3400 mg for males and
2600 mg for females for potassium, 1250 mg for males and females for
phosphorus, 8 mg for males and 18 mg for females for iron, 11 mg for
males and 8 mg for females for zinc.

Date paste with 15% wheat germ had the highest content of potas-
sium, phosphorus, iron and zinc.

Therefore, each 100 g of date paste with 15% wheat germ provided 15
and 19.6% of the recommended daily intake of potassium for males and
females, respectively, while 100g of 15% WG date paste gave the same
value (11.36%) of the recommended daily intake of phosphorus for both
males and females. Furthermore, each 100 g of date paste with 15% wheat
germ supplies 36.25 and 16.11% of the recommended daily intake of iron
for males and females, respectively. Additionally, it provides 14.45 and
19.88% of the recommended daily intake of zinc for males and females,
respectively.

Bioactive substances are natural compounds present in the food chain
that play a crucial role in human health, encompassing both essential
and non-essential elements. Extensive research has been conducted on
the diverse biological impacts of antioxidants and polyphenols. Polyphe-
nols serve as antioxidants through their ability to act as reducing agents,
donate hydrogen, and quench singlet oxygen, and they are generated in
reaction to biotic or abiotic stress factors [35].

Table 4 shows that the total content of phenolic and flavonoid com-
pounds in date paste and wheat germ ranged from 1.91 mg/g to 3.86 mg/g
and 0.76 mg/g to 3.35 mg/g, respectively. Wheat germ is a source of bioac-
tive components, including antioxidants and anti-inflammatory agents,
according to Karami et al. [36].

Adding wheat germ at different concentrations resulted in higher lev-
els of phenolic compounds (2.05, 2.18, and 2.36 mg/g in date paste with
5, 10, and 15% WG, respectively), which was a 7.3%, 14.1% and 23.6% in-
crease compared to the control date paste. The same increasing trend was
observed for the content of total flavonoid compounds, which was 0.93,
0.99, and 1.11 mg/g in date paste with 5, 10, and 15% WG, respectively,
compared to 0.76 in the control date paste.

Phenolic and flavonoid compounds act as antioxidants because of
their ability to donate hydrogen or electrons, which prevents food in-
gredients from oxidation [37]. Bioactive substances derived from plants,
or phytochemicals, shield the body against many physiological dangers.
Date-fruit-enriched products can be created to fight cardiovascular ill-
nesses [33]. As can be seen from Table 4, radical scavenging activity was
increased by adding wheat germ to rutab date paste at different con-

centrations because wheat germ can serve as a good source of natural
antioxidants and nutraceuticals [38]. Also, wheat germ is rich in bioac-
tive components with the antioxidant and anti-inflammatory activities
[37]. The color index was 0.211 in wheat germ and 0.792 in rutab date
paste. Adding wheat germ to date paste at different concentrations (5,
10, and 15%) led to a decrease in the color index (non-enzymatic brown-
ing) to 0.376, 0.296, and 0.242, respectively. This may be due to the color
of wheat germ, which led to the samples becoming relatively lighter and
more attractive [39]. In addition, reducing sugars make dates softer and
would be responsible for the color changes of the pastes if subjected to
thermal treatments due to their participation as substrates of the Mail-
lard or caramelization reactions [40].

According to Table 5, it is evident that palmitic acid is the primary
saturated fatty acid found in date paste (28.894%). Palmitic acid may af-
fect cardiovascular disease (CVD) risk via mechanisms beyond increasing
low-density lipoprotein cholesterol (LDL-C) [41]. Adding wheat germ at
different concentrations (5, 10, and 15%) markedly decreased palmitic ac-
id to a level of 19.588, 11.25, and 6.27%, respectively. The total amount of
unsaturated fatty acids in WG was 80.104% (Table 5). Among unsaturated
fatty acids in WG, the maximum concentration (53.966%) was found for
linoleic acid, which is considered one of the most important polyunsatu-
rated fatty acids in human food because of its prevention of cardiovascu-
lar diseases. Also, the consumption of linoleic acid is commonly thought
to be capable of reducing LDL and total cholesterol [9]. Oleic acid, which
belongs to omega-9 unsaturated fatty acids, was the highest in the con-
trol date paste (25.046%).

The incorporation of wheat germ into date paste at different levels
resulted in elevated levels of unsaturated fatty acids, such as linoleic fatty
acid (an omega-6 fatty acid) and a-linolenic fatty acid (an omega-3 fatty
acid). These fatty acids are associated with a decreased risk of age-related
macular degeneration (AMD), improved vision, reduced chances of coro-
nary heart disease, and alleviation of symptoms related to rheumatoid
arthritis. Furthermore, they may also lower the likelihood of developing
Alzheimer’s disease, dementia, depression, and asthma due to their anti-
inflammatory properties [42].

The degree of lipid oxidation is typically measured by the peroxide
value, which indicates the presence of aldehydes, ketones, alcohols, hydro-
carbons, esters, furans, and lactones. The production of these compounds
negatively affects the physical, chemical, and sensory properties of foods.

By measuring the peroxide value (PV) of wheat germ, control date paste
and date paste with wheat germ at different concentrations (Table 6), it was
observed that the peroxide value of date paste was slightly increased by
adding wheat germ but the increase was not significant. The peroxide value
(PV) ranged from 1.43 meqO,/kg in rutab date paste to 1.75 meqO,/kg in

Table 4. Bioactive compounds and radical scavenging activity of date paste, wheat germ and date paste
with wheat germ (5, 10 and 15%) (on fresh weight basis)
TﬂﬁHI/IL['d 4. BUOaKTUBHbIE coeaHeHMs M aKTUMBHOCTD 3axBaTa paauKaJloB ('l)l/[HI/[KOBO]‘/‘I macTshl, SHPOHI:IHIE]‘/] INIIeHNLbI 1 ('l)l/[HI/[KOBO]‘/‘I I1acThbl
¢ 3apoapIiamu mueHuns (5, 10 u 15%) (B mepecueTe Ha ChIPOii Bec)

Items Wh((e‘zll\;Gg)erm
Total phenolic compounds (as gallic acid equivalent), mg/g 3.86+ 0.076%
Total flavonoid compounds (as quercetin equivalent), mg/g 3.35% 0.661?

44.15+ 0.687°
0.211# 0.0124

Radical scavenging activity,% (DPPH%)
Color index

Data are mean£SD of three replicates. There is no significant difference (P < 0.05) in means within a row displaying the same letters (a, b, ¢) for WG and treatments.

Treatments
Date paste 5% 10% 15%
(control) WG WG WG
1.91% 0.0784 2.05% 0.112¢d 2.18% 0.118b¢ 2.36% 0.105°
0.76%0.025" 0.927+0.187° 0.994% 0.112° 1.11% 0.135P

28.71+0.687¢
0.792+ 0.024%

35.53+ 0.843d
0.376* 0.014°

41.21+ 1.070¢
0.296* 0.030¢

58.47+ 1.038?
0.242+ 0.0104
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Table 5. Determination of fatty acids (%) in wheat germ, date paste and date paste with wheat germ (5, 10 and 15%)
Ta6nuua 5. OnpeneseHne SKMPHBIX KUCIOT (%) B 3apoAbINIaxX MIIeHUIbI, GMHUKOBOJ nacre 1 GMHMKOBOI IMacTe ¢ 3apoblmamy mueHnns! (5, 10 u 15%)

Classification Name of fatty acids Wheat germ
Saturated fatty acids  Lauric acid (C12:0) 0.311

Myristic acid (C14:0) 0.209
Pentadecanoic acid(C15:0) ND

Palmitic acid (C16:0) 18.058
Margaric acid (C17:0) 0.054
Stearic acid (C18:0) 0.846
Arachidic acid (C20:0) 0.215
Behenic acid (C22:0) 0.203

Unsaturated fatty acids Pentadecenoic acid (C15:1) ND
Palmitooleic (C16:1) 0.202
Heptadecenoic(C17:1) 0.065

Stearidonic acid (C18:4) ND

Omega 9 fatty acid Oleic (C18:1) 19.008

Omega 6 fatty acids  Linoleic (C18:2) 53.966
v- Linolenic(C18:3n6) ND
Gondoic (C20:1) 1.897

Omega 3 fatty acids  «a-Linolenic (C18:3n3) 4.966
Eicosatrienoic (C20:3n3) ND

ND: Not detected.

Table 6. Effect of storage at 5+2°C for six months on the peroxide
value (meqO,/kg) of Rutab date paste, wheat germ and Rutab date
paste with wheat germ (5, 10 and 15%)

Ta6nuia 6. Baustaue xpaHeHust mpu 5 =2 °C B TeueHMe MIeCTV MecseB Ha
IIepOKCUIOHOEe YMCI0 (merZ/KI') B Imacre u3 (l)I/IHI/(KOB Rutab, 3apoapIimax

NieHuIbI U nacte u3 Guaukos Rutab ¢ 3apoppimamu mueHUITHI
(5,10 m 15%)

Treat t
Stm_‘age Date paste reatments
periods (control) 5% 10% 15%
(months) WG WG WG
Zero 1.43£0.06%¢  1.52+0.043¢ 1.60+0.098>  1.75+0.05C
3 1.52£0.0344  1.58+0.048¢  1.78+0.034>  1.95+0.0452
6 1.59% 0.024¢  1.75+0.04A°  1.85%0.05% 2.10%0.05%

Data are mean+SD of three replicates. There is no significant difference (P < 0.05)
in means within a column displaying the same letters (A, B, C) for storage. Simi-
larly, there is no significant difference (P < 0.05) in means within a row display-
ing the same letters (a, b, c) for control and treatments.

date paste with 15% wheat germ at zero time. The peroxide values increased
significantly in the date paste with different concentrations (5, 10 and 15%)
of WG after six months of storage compared to zero time. The highest PV
was found in the 15% replacement with wheat germ (2.10 meq/kg). Pheno-
lic compounds resist and prevent oil oxidation during storage. Additionally,
the quality was improved by lycopene due to its ability to act as an anti-
oxidant against lipid oxidation. A product with a peroxide value between
1 and 5 meg/kg is classified as having low oxidation; a product with PV of
5 to 10 meq/kg is categorized as having moderate oxidation; and a product
with PV of more than 10 meq/kg is classified as having a high oxidation state
[43]. Both internal and external factors influence lipid oxidation. Among the
internal factors, the fatty acid profile, lipid class, and fatty acid composition
are the primary determinants of lipid oxidation. On the other hand, exter-
nal factors such as temperature, light, moisture level, atmospheric oxygen,
iron, activators, and inhibitors play a crucial role in the oxidation of food

Date paste Treatments
(control) 5% 10% 15%
WG) (WG) (WG)
ND 0.856 1.213 1.596
5.182 0.213 0.378 0.673
1.886 ND ND ND
28.894 19.588 11.253 6.267
0.7182 0.000 0.025 0.055
7.925 0.258 0.765 1.032
0.512 0.124 0.189 0.234
ND 0.095 0.132 0.224
1.728 ND ND ND
3.682 0.058 0.124 0.246
1.226 ND 0.018 0.046
1.063 ND ND ND
25.046 5.321 9.586 17.299
13.450 17.527 30.456 52.277
2.143 ND ND ND
0.791 0.173 0.573 1.522
2.542 1.023 3.241 5.208
3.211 ND ND ND

lipids and directly impact the quality and consumer acceptance of the final
product [44].

As can be seen from Table 7, total bacterial, yeast and mold counts
were lower in the date paste fortified with wheat germ at different con-
centrations (5, 10 and 15%) compared to the control apparently due to the
antibacterial effect of wheat germ oil [45]. Also, our results indicate that
total bacterial, yeast and mold counts showed the lowest values (2.13 and
0.69 Log CFU/g) at a high concentration (15%) of wheat germ. The high
acidity and low moisture content of date paste with 15% WG can extend
its shelf life. Wheat germ is rich in bioactive components such as phenolic
compounds with the antioxidant activity [37].

Most bacteria cannot grow at water activity below 0.9, molds below
0.7, and yeast below 0.85. Therefore, the blend with wheat germ can be
considered microbiologically shelf stable as long as no moisture is gained
during storage and water activity is decreased by increasing wheat germ
addition [28,40]. However, total bacterial, yeast and mold counts in-
creased slightly at all storage periods. The control date paste recorded
the highest total bacterial, yeast and mold counts being 2.57 and 1.42 Log
CFU/g at zero time, 2.64 and 1.57 Log CFU/g after three months of storage
and 2.72 and 1.69 Log CFU/g at the end of storage, respectively. Addition
of wheat germ, especially at the 15% level, markedly decreased the mi-
crobial counts immediately after processing and during storage. The total
bacterial counts and the counts of yeasts and molds were 2.13 and 0.69
Log CFU/g, 2.26 and 0.98 Log CFU/g, 2.32 and 1.12 Log CFU/g at zero time,
three and six months of storage, respectively. In the present study, all
date paste treatments showed microbial counts (for all microbial groups
evaluated) lower than 10* CFU/g, meaning that they were stable during
the study. These microbial counts are within the range of those reported
by Ogodo et al. [46] for fruit samples. Actually, the high sugar content at
the rutab stage rendered the fruits extremely resistant to microbial spoil-
age and gives them a good storability [47].

The primary difficulty faced by the food industry is the need to meet
existing standards for the foods they produce. Consumers prefer foods

Table 7. Effect of storage at 5*2 °C for six months on total counts of bacteria, yeast and molds in Rutab date paste,
wheat germ and Rutab date paste with wheat germ (5, 10 and 15%) (Log CFU/g)

Ta6nuua 7. BaussHue xpaHeHus npu 5+ 2 °C B TeueHMe MIeCTU MecsleB Ha o0lye KoIMYecTBa 6aKTepuii, APOKKeit U IieceHei
B nnacre u3 ¢GpuHMUKOB Rutab, 3apogpimax mueHuns! 1 nacre n3 GuHukoB Rutab ¢ 3apogpimavu mumenunsi (5, 10 n 15%) (Log KOE/r)

Storage Total count (Log CFU/g) Yeast and molds (Log CFU/g)
periods Date paste 5% 10% 15% Date paste 5% 10% 15%
(months) (control) WG WG WG (control) WG WG WG
Zero 2.57+0.068%4  2.33+0.061"B  2.20%+0.061°C 2.13+0.04%C 1.42£0.050% 1.22£0.060"®  0.72°C£0.060  0.69+0.070°C
3 2.64%£0.064%A 2394003138  2.34+(0.046PBC  2.26+0.038°C  1.57+0.050*  1.24+0.040?B  1.05*€+0.060  0.98+0.1002C
6 2.72%£0.010*4  2.55+0.150**  2.51+0.160°B  2.3238+0,100  1.69%0.020**  1.33£0.0108  1.19°C+0.030 1.12%0.030%¢

Data are mean=+SD of three replicates. There is no significant difference (P < 0.05) in means within a column displaying the same letters (a, b, ¢) for storage. Similarly,
there is no significant difference (P < 0.05) in means within a row displaying the same letters (A, B, C) for treatments.
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that are delicious, low in fat and/or calories, and give additional health
benefits while being convenient and economical [48]. Table 8 shows the
mean sensory assessment scores for the three fortified date pastes (5, 10,
and 15% wheat germ) as well as the control date paste. All formulas were
acceptable in terms of color, taste, texture, and overall acceptance. There
was no significant difference in odor at zero time.

Table 8. Sensory evaluation of the control rutab date paste
and rutab date paste fortified with wheat germ

Ta6nuia 8. CeHCcOpHasi OLleHKa KOHTPOIBHOI nacTel u3 puHMKOB Rutab
u nacTsl u3 GuHuKOB Rutab, 060orameHHo 3apoAbIIaMy IIIEHIbI

Treatments
SLOfAZE  Date paste 5% 10% 15%
(11:1 onths)  (controD WG WG WG
Color
Zero 8.7+0.63242  79%(0,738A°  8.2+0.632A¢  8.8+(.632A2
3 7.8+0.91980 7.7+0.823AP 7.9%0.7404P 8.7+0.67542
6 6.9%0.738¢ 7.4+0.8434bc  7.8+(),789Aab 8.2%0.63242
Odor
Zero 8.1£0.740%  8.1£0.56842  8.4%0.516%*  8.6=0.516"2
3 7.7%0.67548P 7.8£0.789AP  8.2+(.4224Bab 8 5+( 52742
6 7.2%0.91982 7.6+0.69942 7.8+0.63282  8.2%0.78942
Taste
Zero 8.2+(0.7534b  79£(0.8762°  8.5+0.7074%b  8.6+(0.69942
3 7.6%0.49780 7.6%0.516AP 8.3+0.67542 8.4+(.69942
6 7.2%£0.6328°  7.3£0.9494P  8.1£0.7624%  8.3+0.635"
Texture
Zero 7.7%0.67540 7.9£0.8764P 8.3£0.5404b 8 7+(.41242
3 6.7%0.8188¢ 7.5+0.5274b  7.8+0.5894Bab g 3+( 67542
6 6.28¢+£0.350  6.6+0.5165¢ 7406778  8.2+0.66942
General palatability
Zero 8.2%0.290Abc 8.0+0.307A¢ 8.3+0.3544b 8.7+0.27042
3 7.4%0.4538¢ 7.7£0.3165¢  8.0£0.3594Bb 8 5:+(.399ABa
6 6.9£0.456%  7.2+0.4078¢ 7.8+0.3518>  8.2+0.20682
Index of acceptability
Zero 90.8 £3.2214bc  88.3+3 4154 92 6+3.931AP  96,3+3 (0442
3 82.5+5.0388¢  85.0+3.514A¢ 89.3+3,985ABD 94 94 43]1ABa
6 76.4%5.0720d  80.3+4.527B¢  86.2+3.8998> 91.1+2,287B2

Data are mean+SD of three replicates. There is no significant difference (P < 0.05)
in means within a column displaying the same letters (A, B, C) for storage. Simi-
larly, there is no significant difference (P < 0.05) in means within a row display-
ing the same letters (a, b, ) for treatments.
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During the storage period, no noticeable differences in sensory qual-
ity were observed (Table 8). Specifically, there were no significant varia-
tions in color among the three fortified samples at zero time and after six
months of storage when compared to the control date paste. This dem-
onstrates that the ratio of wheat germ addition in the treatments did not
have a noticeable impact on the product color, but slightly enhanced it.
The samples containing more wheat germ appeared lighter and more at-
tractive due to their yellowish hue [40].

Regarding the taste characteristics, statistically significant (p < 0.05)
differences were observed among the date pastes. The 15% treatment
yielded higher scores compared to the other treatments, with no signifi-
cant differences in the taste of the control date paste and the 5% and 10%
wheat germ treatments. Wheat germ has a positive effect on taste and
overall acceptability, particularly when 15% wheat germ is added, which
can improve the taste and flavor [49].

Furthermore, the texture of the date paste with 15% and 10% wheat
germ had the highest score, followed by the treatment with 5% wheat
germ, and the control sample recorded the lowest scores. The addition
of wheat germ enhanced the texture of the paste. Date pastes enriched
with 15% wheat germ exhibited a significantly greater elastic modulus
compared to the other treatments.

The data of sensory evaluation demonstrated that the addition of
wheat germ in the date paste played a significant role in improving the
taste and texture acceptance, while it had no impact on the odor accep-
tance of the treatments. As shown by the index of acceptability (IA), 15%
treatment and then 10% treatment had the highest score for the index of
acceptability of 96.3% and 92.6%, respectively, at zero time. It is notewor-
thy that all samples had an index of acceptance above 80.3%, except for
the control date paste, which had an acceptance rate of 76.4% at the end
of the storage period. Furthermore, the statistical analysis of the data re-
vealed significant (p<0.05) differences in general palatability among the
samples, with treatments 15% and 10% obtaining the highest scores, fol-
lowed by 5% treatment and the control sample.

4. Conclusion

Date paste with wheat germ provides adequate levels of both macro-
and micronutrients, making it an ideal choice for meeting the energy and
nutrition needs of athletes, children, and individuals with active life-
styles. Incorporating wheat germ into food products could be beneficial in
providing essential nutrients to support sports performance and overall
health, reducing fatigue, and lowering the risk of disease and injury. By
adding wheat germ to date paste, the nutritional value is enhanced with
increased protein, unsaturated fatty acids, total mineral contents, and to-
tal calories, while decreasing total carbohydrates. Additionally, sensory
characteristics are improved through this fortification.
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bioactive compounds,  Indonesia produced 56.54 million tons of paddy (Oryza sativa) dried grain in 2018, with rising demand leading to increased pro-
food systems, duction of by-products such as rice bran. Rice bran, a nutrient-rich by-product, contains high levels of dietary fiber and bioactive
functional food, paddy, compounds with notable anti-cholesterol and anti-diabetic properties. Numerous in vitro and in vivo studies highlight the anti-
rice bran oxidant capabilities of rice bran, mainly due to tocopherol, y-oryzanol, and B-carotene, which function as primary and secondary

antioxidants. Effective extraction and fractionation techniques can isolate these antioxidants from rice bran. Cultivation prac-
tices significantly impact the nutritional composition of rice bran. The nitrate reductase enzyme (NRA) test can assess growth
conditions, which may reflect metabolic activity in paddy plants. Enhanced dietary fiber components (hemicellulose, cellulose,
and lignin) and niacin levels make rice bran a promising alternative nutrient source in Indonesia, where unhealthy lifestyles are
prevalent. With Indonesia’s significant rice production and bran demand, processed rice bran products hold substantial potential
as functional foods for routine consumption, promoting a healthier diet and aiding in prevention of degenerative diseases.
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K/IIOYEBBIE CJIOBA: AHHOTAIIA

OuoaxmuseHoe ITpounsBozcTBO puca-coipua (Oryza sativa) B IHIOHe3MM cocTaBuiIo 56,54 M/IH TOHH cyXoro 3epHa B 2018 rozy ¢ yBenudyeHuem
coeduHeHue, cIIpoca, 9To PUBENO K POCTY IPOMU3BOACTBA TOOOYHBIX IIPOLYKTOB, TAKMX KaK PUCOBBIE OTPY6MU. PYcOBBIE OTPY6Y — ITPOAYKT,
nuujessle cucmembi, 60raTblii IMTaTeIbHBIMY BellleCTBAMY, COAEPXKUT 60/IbIIOe KOMMUECTBO IMIIEBbIX BOIOKOH U 6M10aKTUBHBIX COeIHEHMUIE, KO-
(yHKYUOHANbHBLIE TOpbIe 06/1aaI0T AaHTMXOIECTEPVHOBBIMY M aHTUAMAOGETIYECKIMY CBOJicTBaMM. MHOTYe MCCIIeR0BaHys in Vitro u in vivo 1mo-

npodykmoel NUMAHUs,  Kasau, 4TO PUCOBbIE OTPYOM 06/1aJAl0T aHTMOKCUIAHTHBIMM CBOJCTBaMM, B OCHOBHOM 6/1arofapsi TOKO(epoiIy, y-OpM3aHoIy
puc-coipey, pucossle ¥ B-KapOTUHY, KOTOPbIE SIBJISIIOTCS [TEPBUYHBIMM M BTOPUYHBIMM aHTUOKCUAAHTAMM. DTU aHTUOKCUIAHTHI MOTYT ObITh BbI-
ompy6u IeJieHbl M3 PUCOBBIX OTPYOeit ¢ OMOIIbI0 3P GEKTUBHOI IKCTPaKIMK U (pakuuoHupoBaHus. [Ipoieaypbl BeIpaliBaHus
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pyca OKa3bIBAIOT 3HAUMTEIbHOE BIMSHME HA COCTAB MUTATEIbHbBIX BEIECTB PUCOBBIX OTpy6eit. Tect NRA MoOKeT UCITOIb30-
BAThCS [JIs1 OLIEHKY YCIOBUI POCTA PACTEHMI, KOTOPbIE MOTYT OTPaskaTh META60MMYECKY0 aKTUBHOCTh PYCOBOTO PACTEHMS.
TToBbIIIEHHOE COofepsKaHMe MAIIEeBbIX BOJOKOH (TeMUIIe/UTI0N03a, LeJITII0I03a M JIMTHUH) U HMAL[MHA Je/1aloT PUCOBbIe OTPy6u
MePCIIEKTMBHBIM MCTOUHMKOM IATATEIbHBIX BEIECTB B VIHIOHE3MM, IIe paclpoCTpaHeH He3I0pOBbIi 06pa3 sku3Hu. [Ipu
BBICOKOM YPOBHE ITPOM3BOACTBA pica U CIIpoca Ha OTpy6u B MHOOHe3un rnepepaboTaHHbIe IPOIYKThI U3 PUCOBBIX OTpy6eit
MMeEIOT 6OJIbLINe TePCIIEKTHBbI B KauecTBe (PYyHKUIMOHAIbHBIX IPOAYKTOB AJISI PETYISIPHOTO YIIOTPEOIeH s B ITUILLY, CTUMYJIN-
pys 6osee 30POBOE MUTAHUE U CTIOCOOCTBYSI MIPENOTBPAIEHNIO IeT€HEPATUBHBIX 3a00/I€BaHUIA.

BJIATOAPHOCTU: Ml BbIpaskaeM MCKPeHHIOI0 6aromapHocTb Komtemky MeauumHckmx Hayk (STIKES Fatmawati), VHuBepcurety Ajipnanrra, Ha-
LMOHAIBHOMY YHUBEpPCUTETY pasBuTusi “Berepan” B kakapTe U YHUBepcUTeTy 060pOHBI Pecny6muky MHAOHE3Ms 3a UX MOAAEPKKY. Mbl Takke
6marogapum kommnanuio PT JalanTengah (MunoHesus, www.jalantengah.site) 3a 1x momolup B peJakTMPOBAHUY CTATbU.

1. Introduction

One of the main staple foods for almost half the world's population
is rice made from paddy plants (Oryza sativa). The amount of dry grain
produced by Indonesian paddy in 2018 was 56.54 million tons, while the
amount of dry grain produced by rice was 32.42 million tons [1]. Paddy
harvests are processed in around three batches of milling. The first batch
will result in raw rice bran, the second will produce rice bran, and the third
will produce rice ready to cook. The major product of the milling process
is rice (endosperm), which accounts for roughly 70% of total production,
as well as by-products, including crude rice bran and rice bran. Polished
rice is milled rice that is less nutritionally valuable than crude and pro-
cessed rice bran [2]. Rice bran, a by-product of rice milling, is a nutrient-
dense layer between the rice grain and husk. Rice bran is well known for
its relatively high contents of bioactive substances and nutrients, which
are important in human and animal nutrition industries [3-6].

Traditional application of rice bran is frequently limited to its use as
animal feed, underutilizing its potential for processing into nutritional
supplements for humans and other food products [3-5,7]. The likelihood
of providing more nutritional value is increased by the potential of rice
bran as a dietary supplement in the national diet [6,8]. Anticholesterol,
antidiabetic, and antioxidant qualities of rice bran may enhance personal
health by reducing the risk of developing degenerative diseases. Based
on statistics published by RISKESDAS in 2013, Indonesia’s prevalence of
hypertension among adults aged 18 and older was 9.5%, an increase from
the data gathered in 2007 when the figure was 7.6% [9]. The data also
revealed that stroke happened in 12.1 per 1000 persons, while cardiovas-
cular disease claimed up to 1.5% of the population, and diabetes mellitus
prevalence grew to 2.1% from 1.1% in 2007. Unbalanced eating habits and
an unhealthy lifestyle have been discovered to be the main causes of this
issue. Thus, it is better to address these issues head-on by employing the
nutritional benefits of rice bran as a staple food [2,10].

Functional foods contain biologically active (bioactive) substances in-
tended to treat or prevent health problems in consumers and help them
maintain optimal health [11]. Rice bran has a high nutritional content
and offers advantages such as lowering blood cholesterol and the risk
of atherosclerotic disease and protecting against heart disease, kidney
stones, and cancer. The bioactive components found in rice bran, includ-
ing phenolic acids, flavonoids, gamma oryzanol, tocopherol, tocotrienols,
B-sitosterol, and phytic acids, are thought to be responsible for the po-
tential health benefits of the grain [12]. The content of bioactive chem-
icals in rice bran can be increased using various techniques, including
germination with enzyme treatment, microbial fermentation, and sub-
critical water treatment [13]. In Indonesia, the nutritional value of active
components of rice bran as a functional diet has considerable promise.

2. Objects and methods

This review paper systematically analyzes recent findings on the po-
tential of rice bran (Oryza sativa) as a functional food. We searched several
databases, including PubMed, ScienceDirect, and Google Scholar. Specific
search terms, including “rice bran,” “bioactive compounds,” “functional
food,” “antioxidant properties,” and “nutritional composition,” were used
to find relevant studies.

Inclusion criteria were studies based on the biochemical composition,
bioactive properties, health benefits, or promise of rice bran in its po-
tential application as a functional food. The following criteria were used
to exclude studies: focusing only on rice cultivation techniques with no
reference to nutritional or functional attributes of rice bran and the ab-
sence of empirical data (for example, opinion articles). Data sources were
drawn from peer-reviewed journal publications, government reports, and
scientific reviews to gather a comprehensive view of the subject.

The review is geographically focused and highlights studies done
mainly in Indonesia and other rice-producing countries where rice bran
is also produced due to rice cultivation, processing, and consumption sys-
tems. It covers research on rice bran bioactivity, including in vitro and in

vivo (animal) studies, as well as epidemiological studies and clinical trials
that have been performed on the health benefits of rice bran.

The analysis techniques in the reviewed studies were heterogeneous,
ranging from biochemical assay methods for antioxidant and bioactive
compound analysis to animal and human trials to assess health impacts.
Thus, such methods offer a multilevel approach to characterizing rice
bran and its components for nutrition applications and functional food
constituents.

3. Rice plants

Paddy (Oryza sativa) is Indonesia’s staple food and product. Rice is
produced from paddy grain that has dropped from its panicle. Brown rice
is a product of removing the husk from paddy grains. It retains the bran
and germ layers, which makes it nutritionally superior to white rice. The
process of milling, which transforms brown rice into white rice, removes
these layers, leading to a significant loss of nutrients. Brown rice is rich in
proteins, vitamins, minerals, and bioactive compounds, largely concen-
trated in the grain's outer layers. This makes it a valuable dietary compo-
nent, especially in addressing micronutrient deficiencies and promoting
health [14-16].

To increase the shelf life and enhance the beauty of rice, a technique
known as winnowing involves separating rice bran from the endoderm
components of the grain. The total paddy milling output comprises
roughly 60% endosperm (white rice), 16-28% husk, 6-11% crude rice
bran, and 2-4% rice bran. Rice bran has a light appearance and tastes
slightly sweet, nutty, and bitter. It has a discernible amount of oil and, if
powdered, would have a chunky flour consistency. The presence of bioac-
tive compounds such as phenolic compounds, tocotrienols, tocopherols,
and y-oryzanol contributes to its health-promoting properties [16].

In many fermentation processes (e. g., ethanol fermentation), the ef-
fects of rice bran composition on the microbial activity and accessibility
of substrates are considered central factors. When using Saccharomyces
cerevisiae, higher concentrations of rice bran will give more nutrients and
fermentable substrate, resulting in a better ethanol yield. However, the high
fiber composition of rice bran also brings challenges to its use as it is highly
water absorbent, which can change the pH of the fermentation medium and
make it a less favorable environment for some microbes. Rice bran is a com-
plex carbohydrate substrate compared with simpler substrates. Therefore,
sugars released would be more slowly available for microbial fermentation,
reducing the potential for acid production and microbial growth rates.

Moreover, bran contributes as a sink for CO5, by limiting the availabil-
ity of fermentable sugars at high bran concentrations, affecting dough
expansion in baking applications. In the case of wheat bran, optimized
conditions for simultaneous saccharification and fermentation have been
shown to produce significant ethanol yields, demonstrating the impor-
tance of managing fiber content and substrate distribution [17]. Rice
bran, with its high cellulose and hemicellulose content, has been effec-
tively used for ethanol production when appropriate pretreatment and
fermentation strategies are employed, highlighting the potential of bran
as a substrate for bioethanol production [18].

4. Rice bran composition

Saponins in rice bran impart a slightly bitter taste, but their sugar con-
tent can give them a slight sweetness. Reports further declare that rice
bran oil has both nutritional and industrial value because its fatty acid
profile is excellent. The saponifiable portion of rice bran oil is between
90 and 96%; however, rice bran oil has around 4% of the non-saponifiable
fat. The saponifiable fraction constitutes the majority of energy and nu-
tritional value with 68-71% triglycerides. It also contains 2-3% diglyc-
erides, 2-3% waxes, 5-7% glycolipids, 5-6% monoglycerides, 2-3% free
fatty acids, and 3-4% phospholipids that provide stability and functional
properties. These distinctive lipid profiles prolong the shelf life and oxi-
dative stability of rice bran oil and confirm its heart health benefits and
cholesterol-lowering characteristics [19].
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For health, functional foods, and ingredients in industrial applica-
tions, rice bran from Indonesian paddy hybrids possesses quite varied
characteristics. The fat content varied from 16.80 to 23.75% DB in vari-
ous hybrids, the best being the Sintanur hybrid. Therefore, if such hy-
brids show high-fat contents in some studies, they could be a good source
of rice bran oil with polyunsaturated fatty acids. Another parameter of
importance is the proportion of insoluble fiber, which significantly dif-
fers among hybrids with Sintanur containing maximum (30.44% DB).
The content of soluble fiber in four varieties of rice was similar (4.04—
4.14% DB). Menthikwangi variety was distinguished by the highest poly-
phenolic content (2794.28 EAG/g) and antioxidant activity of 41.28%,
which are responsible for some health benefits such as anti-inflammatory
and anticancer properties associated with the consumption of rice bran.
Such variations highlight the need for targeted breeding and processing
strategies to harness nutritional and functional properties of rice bran,
which may facilitate its use in functional foods as well as obesity and
cardiovascular disease control [20-22].

Rice bran serves as a functional food because it is packed with health-
promoting components such as lysine-rich dietary protein indispensable
for muscle integrity and body needs [23]. It is rich in carbohydrates and
lipids such as palmitic, oleic, and linoleic essential fatty acids, which
have been shown to improve cardiovascular and metabolic health [24].
Dietary fibers, including hemicellulose, cellulose, and starch, are benefi-
cial for digestive health. Furthermore, rice bran is rich in bioactive com-
pounds, such as tocotrienols and y-oryzanol, with antioxidant activities,
thus treating oxidative stress and inflammation, whereas the presence
of anti-inflammatory and anticancer properties may inhibit cancer cell
growth [24-26]. These elements enhance physical performance through
improvements in endurance, oxidative stress regulation, and cardio-
vascular health support [27-29]. For various reasons, individual dietary
needs, possible allergies, and health conditions precluding intake should
be further studied so that a maximized application of rice bran in the
continuum between optimal health status and diseases can be accom-
plished. Finally, bioactive compounds such as y-oryzanol, ferulic acid, and
vitamin E isoforms found in rice bran offer chemopreventive effects [30],
whereby the antioxidant and anti-inflammatory effects associated with
these compounds may resist some types of cancer. These features make
rice bran attractive for dietary applications targeting heart disease risk
factors, antioxidant status, and long-term health.

Tocopherols, y-oryzanol, and B-carotene are bioactive ingredients
that can be combined to produce functional food [30,31]. Tocopherol and
y-oryzanol are primary antioxidants, and B-carotene is a secondary anti-
oxidant. Antioxidants work together, both primary and secondary. Each
one serves as a complement and mutually strengthens the antioxidant
quality. The main active component of crude bran oil, y-oryzanol, is an
antioxidant that can lower plasma cholesterol levels and treat menopaus-
al problems [32-34]. Crude bran oil was found to be rich in tocotrienols
in another study that included non-polar antioxidants [30]. Except for
the distinction inside chains, tocopherols and tocotrienols have compa-
rable bioactive chemical formulas [13]. Milling significantly reduces the
protein, fat, and dietary fiber content of brown rice while increasing the
starch content. This process also decreases the levels of y-oryzanol, vita-
min B1, and phenolic compounds, which are crucial for health [14].

Tocotrienols have been shown to have better antioxidant activity than
tocopherols, with bran oil having a higher tocotrienol content (336 ppm)
than tocopherol amount (81 ppm). By acting as lipid peroxides, singlet
oxygen, oxygen-free radical scavengers, and antioxidants that prevent
oxidation of oil and its carotenoids, tocopherols help to maintain the in-
tegrity of membranes. High temperatures do not affect the stability of
tocopherols. Crude bran oil has a greater tocopherol and y-oryzanol con-
centration than other vegetable oils [19,34,35]. Due to its chemical abil-
ity to bind singlet oxygen and inhibit radical-induced lipid peroxidation,
B-carotene in rice bran plays a critical role in reducing the risk of cancer
and cardiovascular disease. This powerful antioxidant acts by neutraliz-
ing free radicals, which are implicated in cellular damage and the devel-
opment of chronic diseases. Notably, significant amounts of -carotene
are primarily found in colored varieties of rice bran, such as red and black
rice bran, where the pigmentation indicates higher concentrations of this
and other carotenoids. Pigmented rice brans contain high levels of an-
thocyanins responsible for their color and antioxidant activity. Black rice,
for instance, is particularly rich in anthocyanins, contributing to its high
antioxidant capacity. The consumption of pigmented rice brans is associ-
ated with numerous health benefits, including reducing obesity risk, anti-
cancer properties, and improved blood sugar control [30,31,36,37].

It is necessary to consider the efficient usage of tocopherols, y-oryzanol,
and B-carotene in crude rice bran oil. In the study by Mumpuni et al., the
extracted rice bran oil, known as crude bran oil, underwent stabilization
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but no additional processing during the refining stage. As a result, it was
possible to maintain the levels of three antioxidants better and prevent
their loss. It is believed that high quantities of antioxidants, including to-
copherol, y-oryzanol, and B-carotene, can be obtained from this kind of
crude bran oil to maximize the nutritional value of functional foods [34].

5. Benefits of rice bran for health

Functional foods contain biologically active (bioactive) substances in-
tended to treat or prevent health problems in consumers and help them
maintain optimal health. When used within the range of the prescribed
amount, functional foods must not cause any interactions with other nu-
tritional intake or adverse metabolic effects [33,38]. In addition, consum-
er-perceived sensory qualities of functional food, such as appearance,
color, texture, and taste, must be acceptable. Rice bran has significant
levels of vitamins, unsaturated fats, and minerals essential for human
body cells’ metabolic function [8].

Research advances towards understanding the nutritional quality of
rice bran, especially regarding the discovery of thiamine (vitamin B1) in
terms of disease prevention, including beriberi. This nutrient is required
for energy metabolism and normal functioning of the nervous and car-
diovascular systems. The discovery of the role of thiamine in beriberi, a
disease that results from thiamine deficiency, was demonstrated by Chris-
tiaan Eijkman with his initial findings on rice bran. A lack of thiamine can
result in serious complications involving neurological and cardiovascular
systems resulting in the necessity of adequate thiamine [39]. His research
highlighted rice bran as a vital dietary component for populations depen-
dent on rice as a staple, underscoring its importance beyond basic nu-
trition. The presence of thiamine, along with other essential B vitamins
in rice bran, supports a variety of metabolic processes, contributing to
energy production, nervous system health, and cellular function. This
recognition has paved the way for including rice bran in fortified foods
and supplements to improve public health in regions where vitamin B1
deficiency is prevalent. In addition to the dietary fiber and phytosterols,
which, according to nutritionists, have a hypocholesterolemic impact,
stabilized rice bran contains several vital fatty acids, tocopherols, and fe-
rulic acid derivatives. It is a good source of energy [5].

The rich phenolic and flavonoid content in rice bran contributes to
its ability to inhibit HMG-CoA reductase, an enzyme involved in choles-
terol biosynthesis, thus imparting both anti-hypercholesterolemic and
antioxidant effects. Studies show that a blend of rice bran and red yeast
rice extracts, particularly in a 3:1 ratio, achieves optimal cholesterol-low-
ering effects by effectively inhibiting HMG-CoA reductase activity. This
combination maximizes the health benefits of rice bran bioactive com-
pounds, such as gamma oryzanol, tocopherol, and tocotrienol, all known
to support cardiovascular health by reducing cholesterol levels. These
compounds synergize to enhance antioxidant and anti-inflammatory re-
sponses, further contributing to lipid-lowering. A mixture of rice bran and
red yeast rice (RYR) in a ratio of 3:1, which reduced cholesterol synthesis
and increased antioxidant activity, might be useful for hypercholesterol-
emia patients, improving their medication adherence, reducing side ef-
fects compared to commercial RYR products, and providing heart health
benefits. The highest phenolic content was found at a ratio of rice bran
extract and red yeast rice extract of 2:2, and the highest flavonoid content
was found at a ratio of 1:3. The overall amount of phenolic compounds in
rice bran was found to be 14.54 mg GAE/g, while the total amount of rice
bran flavonoids was only 4.26 mg QE/g. The phenolic compound content
in rice bran influences its antioxidant activity [40]. Red yeast rice (RYR)
is a natural product obtained from the fermentation of specific strains of
white rice with Monascus purpureus. It has monacolin K, an active com-
pound identified as being structurally similar to lovastatin. Effects of RYR
on cholesterol and cardiometabolic health are well-known [41,42].

A specific functional food that was made as an antihypercholesterol-
emic snack by mixing 0.8 grams of red yeast rice with 30 grams of rice
bran and 7 grams of gelatin has been shown to have the ability to bind
cholesterol. The cholesterol-binding ability of this functional food is
60.11% higher than that of commercial gelatin products without the rice
bran component, according to in vitro test results. Additionally, rice bran
increased dietary fiber content by 8.92% [43]. Rice bran suggests possible
hypocholesterolemic effects, as it may modulate lipid metabolism and
increase bile acid excretion, interrupting the enterohepatic circulation of
bile acids, and leading to decreased circulating levels of cholesterol. These
effects have been reported in both animal and human studies, indicating
the role of rice bran in improving lipid profile and metabolic health [44].

Rice bran oil contains antioxidant compounds such as tocopherol, to-
cotrienol, and oryzanol. Depending on the bran type, bran oil can range
in color from dark green to bright yellow. Pigments and the existence of
the Maillard reaction products are two elements that influence the color
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of rice bran oil. The primary pigments of bran oil are beta-carotene and
chlorophyll. Rice bran oil turns brown due to the Maillard reaction [45].
The dietary fiber and antioxidant compounds in rice bran are recognized
for their health benefits, including hypocholesterolemic and hypolipid-
emic effects and potential anticancer properties. Microencapsulated rice
bran (MRB) has been shown to reduce serum lipid levels and hepatic lipid
accumulation in hyperlipidemic mice. This is achieved by decreasing the
expression of genes related to lipogenesis and increasing those related to
lipid catabolism and oxidation [46]. Because rice bran is high in antioxi-
dants, it has the potential as a free radical scavenger. Experiments on mice
have shown that rice bran oil can lower total blood cholesterol by lowering
low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) lev-
els [47]. The cholesterol-lowering effect of rice bran was demonstrated in
an experiment with hamsters, where including rice bran in the diet signifi-
cantly reduced plasma cholesterol levels compared to a cellulose control
diet. The reduction was dose-dependent: the greater the amount of rice
bran consumed, the more pronounced the decrease in cholesterol levels.
Clinical studies have also shown notable reductions in both liver and plas-
ma cholesterol levels when rice bran is processed or fermented. While rice
bran is recognized as a potent lipid-lowering dietary modifier, the claim
that high-temperature processing (stabilization) enhances its hypocholes-
terolemic properties is not supported by the information found in [48].

The total antioxidant activities of rice bran were discovered to be
greater than those of tomatoes. Total antioxidant activities measured
were 60.74% in tomato juice and 83.89% in the rice bran extract, indicat-
ing that rice bran has a higher ability to reduce harmful oxidative pro-
cesses. One hundred grams of tomato juice can reduce DPPH free radicals
equivalent to vitamin C by up to 1.87 times, while rice bran can reduce
DPPH free radicals equivalent to vitamin C by 28.74 times. The antioxi-
dant capacity of a beverage based on rice bran extract has been shown to
cause a significant reduction in oxidative stress markers measured in the
blood serum of women with breast cysts, suggesting its potential thera-
peutic benefits in managing oxidative stress-related conditions [26].

Oryzanol is a valuable compound derived from rice bran. Oryzanol has
a higher antioxidant activity than tocopherol (vitamin E) and can stimu-
late human growth, improve blood circulation, and facilitate hormone se-
cretion. Recently, y-oryzanol, a powerful antioxidant mainly found in rice
bran oil, has been recognized for its ability to treat many human diseases
as it can scavenge free radicals and inhibit cholesterol synthesis. Cyclo-
pentenyl ferulate has the highest antioxidant activity among its constitu-
ents after other ferulate esters [49].

Through progressive extraction and fractionation methods, rice bran
yields significant antioxidants, enhancing its potential as a functional
food ingredient. Compounds such as tricin and B-sitosterol, which can
be effectively isolated from rice bran, demonstrate powerful antioxidant
properties, specifically in scavenging superoxide radicals. This activity is
essential in mitigating oxidative stress, as superoxide radicals are highly
reactive and can contribute to cellular damage if not neutralized. The
efficacy of these compounds can vary based on the extraction solvents
and times used, suggesting that optimizing these conditions is critical for
maximizing the antioxidant yield and activity of rice bran extracts. Re-
fining extraction techniques can enhance the concentration of beneficial
antioxidants in rice bran, making it a valuable source for nutraceuticals to
reduce oxidative stress and support overall health [49-52].

The total phenolic content and ferulic acid content in rice bran are
mostly responsible for this action [52]. In chemical tests and mammalian
cells (human leukemia HL-60, lymphoblastoid B95-8 B marmoset B, and
Chinese hamster lung cells V79), the rice bran extract has been found to
have antioxidant, antimutagenic, and anticarcinogenic substances. The
following tests were used to evaluate the antioxidant, antimutagenic, and
anticarcinogenic activities of rice bran extracts: inhibition of 4-nitro-
quinoline N-oxide-induced mutagenesis; inhibition of xanthine oxidase
activity; chelation of ferrous ions; reduction of potassium ferricyanide;
scavenging of superoxide anions, hydroxyl radicals, and intracellular per-
oxides; and inhibition of tumor promotion induced by phorbol esters. The
results demonstrated that bran from pigmented rice varieties can produce
antioxidants and anti-carcinogens [53]. To combat oxidative cell damage,
natural plant-based antioxidant supplements are crucial. The antioxidant
and antiproliferative properties of bran from several rice varieties have
been described by Rao et al. [54]. ICsy values for scavenging DPPH and
nitric oxide ranged from 30.85 to 87.72 pg/ml and 52.25 to 107.18 pg/ml,
respectively. The total phenolic and flavonoid content range in rice bran
was 3.2-12.4 mg GAE/g bran and 1.68-8.5 mg QEE/g bran, respectively.
ICs values in the MTT assay were 17.53-57.78 pg/ml. Rice bran from the
Njavara variety had high amounts of polyphenolic compounds showing
superior antioxidant activity. It demonstrated the highest reducing power
activity and antiproliferative properties in C6 glioma cells.
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A highly substantial association was found between total antioxidant
and free radical reduction levels. The significant levels of polyphenolic
components with exceptional antioxidant activity were demonstrated
in rice bran extracts [47]. The dietary fiber of rice bran, with a relatively
high level in it (25.3%) has an important function in controlling blood
glucose levels. This largely happens because of its ability to bind with
glucose and pull off water, making less glucose and carbohydrates avail-
able for absorption into the body. Several studies have shown that this
trait contributes to keeping blood glucose levels lower [55]. Rice variet-
ies, such as black rice, have a high anthocyanin content in the pericarp
layer, imparting a dark purple appearance. Anthocyanin functions as an
antioxidant that regulates blood cholesterol levels, prevents anemia, may
increase the body’s resistance to disease, lessens liver cell damage from
hepatitis and cirrhosis, prevents impaired kidney function, has antican-
cer/tumor and anti-aging activities, and prevents the development of
atherosclerosis and cardiovascular disease. Anthocyanins present in rice
bran play a protective role in vascular health by supporting the integrity
of endothelial cells, which line blood vessel walls, and preventing cellular
damage due to oxidative stress [56]. Additionally, rice bran extract has
demonstrated cholesterol-lowering effects in vitro, with its ability to bind
cholesterol increasing as the extract concentration rises. At a concentra-
tion of 20 ppm, rice bran extract achieved a notable reduction in free cho-
lesterol, binding up to 47.46% of available cholesterol. This cholesterol-
binding capacity of rice bran extract suggests its potential as a natural
supplement for managing cholesterol levels, which could be particularly
beneficial for cardiovascular health. The efficacy of rice bran in binding
cholesterol appears to be dose-dependent, highlighting the importance
of optimizing extract concentrations to maximize its hypocholesterol-
emic benefits [20,57].

Triglycerides and serum cholesterol have a positive or unidirectional
association. Triglycerides rise along with cholesterol when cholesterol
levels rise [2]. After giving white rats nata de coco mixed with rice bran for
two weeks of treatment, it was found that the fiber content of the nata de
coco mixture can lower the triglyceride level to 23.09 mg/dl [2]. Oryzanol,
a bioactive component of rice bran, can bind with insoluble cholesterol to
form complex molecules. Through its ability to absorb peroxyl radicals,
tocopherol inhibits lipid peroxidation. The most effective isomer of fat-
soluble vitamin E, a-tocopherol, is a formidable free radical scavenger
[22]. Additionally, as demonstrated in animal research, tocotrienols block
cholesterol synthesis, lower serum cholesterol levels, and decrease the
growth of tumor cells [2,5].

Furthermore, lipid peroxidation in rats was reduced when red yeast
rice (angkak) and rice bran were combined. The combination of these two
ingredients also helped prevent and improve histopathological condi-
tions in the pancreatic, liver, and renal tissues. The study by Hasim et
al. demonstrated that the formation of malondialdehyde (MDA) and the
activity of alanine/aspartate aminotransferase (ALT/AST) enzymes in the
rat blood serum were inhibited. These medicinal properties provide com-
pelling evidence that rice bran and angkak have significant potential as
functional foods [10].

Due to its relatively high fiber content (25-35%), rice bran is an im-
portant source of dietary fiber and can be considered a functional food
ingredient. Although the relative proportions of soluble and insoluble
dietary fiber vary, rice bran typically contains a significant amount of in-
soluble dietary fiber, which assists in bowel health by facilitating fecal
bulk, increasing fecal water content, and eliminating intestinal wastes.
Soluble fiber contained in rice bran helps control cholesterol and con-
tributes to heart health. The main monosaccharides in rice bran fibers
include xylose, glucose, arabinose, and galactose, contributing to their
functional properties [15,55,57]. Compared to wheat bran, highland bar-
ley bran, and tartary buckwheat bran, rice bran exhibits a unique rugged
microscopic structure that contributes to its functional properties. While
highland barley and tartary buckwheat brans show higher glucose and
cholesterol adsorption capacities, overall functional profile of rice bran,
including its antioxidant and metal ion binding capabilities, is neverthe-
less noteworthy [55,58].

Rice bran, a by-product of the rice milling process, is a versatile ingredi-
ent utilized across various industries, including fuel, fertilizer, medication
and soap production, as well as the food and beverage sector. Its inclusion
in food products is particularly notable, as it offers both nutritional value
and functionality. Rice bran is widely used in products such as snack bars,
breakfast cereals, fiber drinks, cakes, cookies, bread, and other foods, due
to its unique combination of bioactive phytochemicals and health ben-
efits [5,31,35]. Consumer acceptance studies have shown optimal results
when rice bran was incorporated into food products at a substitution level
of 10-15% of wheat flour, particularly in items like cookies and sweet-
breads. This substitution significantly enhances the nutritional profile of
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the final product by increasing levels of essential nutrients such as niacin
and dietary fiber fractions, including hemicellulose, cellulose, and lignin.
Additionally, the high fiber content of rice bran influences texture charac-
teristics, often improving the mouthfeel and overall sensory appeal of the
product. Beyond its functional contributions, rice bran offers substantial
health benefits, making it an attractive ingredient for health-conscious
consumers. It is linked to improved digestive health due to its high fiber
content and has been associated with lowering cholesterol levels and re-
ducing the risk of chronic diseases, such as cardiovascular disease and type
2 diabetes. Its rich profile of antioxidants, including tocopherols, tocot-
rienols, and y-oryzanol, further enhances its appeal in food formulations
targeting wellness and preventive healthcare. The incorporation of rice
bran into various food formulations not only provides a cost-effective way
to utilize this nutrient-dense by-product but also aligns with the growing
consumer demand for functional and health-promoting foods. As research
advances, the potential applications of rice bran are expanding, offering
exciting opportunities for innovation in the food industry [59-61]. Recent
research has highlighted the unique properties of rice bran, emphasizing
its potential in preventing and managing chronic diseases. The synergy of
its bioactive compounds contributes significantly to its therapeutic effects,
including modulation of metabolic pathways, enhancement of gut micro-
biota, and regulation of immune responses. Moreover, its application in
functional food formulations has expanded due to its affordability, sustain-
ability, and versatility, making it an attractive option for both researchers
and the food industry [20,62-65].

Furthermore, rice bran oil (RBO), which is rich in y-oryzanol, tocoph-
erols, and unsaturated fatty acids, is also suggested for better cardiovas-
cular health due to the regulation of the level of LDL and HDL cholesterol,
and it has been used in formulations of functional food [63]. Comparative
studies on diverse Thai rice bran varieties highlight a range of nutrient
profiles, including some with high levels of anthocyanins and y-oryzanol,
which are implicated in chronic disease prevention and mitigation of
metabolic complications [64,65]. A comprehensive metabolomic profil-
ing study identified more than 450 metabolites, including rare amino ac-
ids, cofactors, and secondary metabolites that support immunity, lower
oxidative stress, and offer protection against cardiovascular diseases [66].
These studies highlight and support various health benefits of rice bran
and its versatility as a functional food ingredient that can be marketed to
promote human health through many different food applications. This
body of evidence supports the restorative capacity of rice bran and fa-
cilitates changes in its perception as low-value rubbish to a high-value
preventive health functional food.

However, rice bran is highly susceptible to rancidity due to lipase and
lipoxygenase activity. This problem can be overcome with the help of
processing techniques such as microwave stabilization and enzymatic
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extraction, which lead to a marked improvement in the stability and
functionalities of stabilized rice bran compared to raw rice bran. Mi-
crowave treatment effectively stabilizes rice bran by inactivating lipase
enzymes, reducing free fatty acid (FFA) content, and improving oxida-
tive stability. This method has been shown to maintain high levels of
total phenolic content and y-oryzanol, which are crucial for antioxidant
activity [16,62,67].

The rice variety and cultivation practices affect metabolic processes
occurring within the plant and also lead to variation in compositions
of bioactive substances due to the activity of nitrate reductase enzyme
(NRA), which plays a key role in nitrogen metabolism that ultimately
impacts amino acids and proteins generated in the seed thus affecting
the nutrient profile of rice bran [68]. The activity of this enzyme differs
among rice varieties, leading to differences in nitrogen assimilation ef-
ficiency and affecting the final nutrient composition in rice bran. The
concentration and types of metabolites, such as amino acids, consider-
ably vary between different rice cultivars, which critically determine the
nutritional quality of rice bran [69]. Methods of cultivation and the ap-
plication of fertilizers can play a significant role in improving the bioac-
tive components, fatty acids, and volatile oils of rice grains. While some
studies suggest potential benefits of nanomaterials in agricultural appli-
cations, the effect of cerium oxide nanoparticles (nCeO,) on rice quality,
as reported by Rico et al. [70], raises concerns. Their findings indicate that
nCeO, may compromise the quality of rice grains.

Rice bran is rich in proteins, fibers, lipids, and contains minerals; how-
ever, the compositions depend upon rice cultivars and processing tech-
niques [59]. Bioactive components like y-oryzanol and tocopherols benefit
human health due to their antioxidant and anti-inflammatory properties
[60,61]. Although the composition of bioactive compounds, including fla-
vonoids, phenolic acids, and ferulic acid in rice bran depends largely upon
the activity of nitrate reductase enzyme, other factors such as cultivation
practices, environmental conditions, and post-harvest processing have a
significant influence on it eventually affecting prospectively functional
aspects of rice-bran in food/ pharmaceutical applications.

6. Conclusion

Rice bran has the potential to be used as a functional food to improve
national health. To prevent damage caused by rancid hydrolysis or oxi-
dation, effective processing methods, such as stabilizing the rice bran,
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