494 Proceedings of the National Academy of Sciences of Belarus, agrarian series, 2019, vol. 57, no. 4, pp. 494-508

ISSN 1817-7204(Print)
ISSN 1817-7239(Online)

ITEPAITPAIIOVKA I 3AXABAHHE CEJIBCKATACITA/IAPYAN ITPAJTYKIIBIT
PROCESSING AND STORAGE OF AGRICULTURAL PRODUCTION

VK 664.012.1:665.353.4 Ioctynuna B pegaxuro 12.07.2019
https://doi.org/10.29235/1817-7204-2019-57-4-494-508 Received 12.07.2019

3.B. JloBkuc, U. M. Ilouunkas, E. M. Moprynosa

Hayuno-npaxmuuecxuii yenmp Hayuonanvnot akademuu nayx bBerapycu no npooosonscmauio, Munck, berapyco

HAYYHO-METOANYECKHUE OCHOBbI MAEHTU®UKALUH ITAJIBMOBOI'O MACJIA
B MMIIEBBIX ITPOAYKTAX

AHHOTaHI/lﬁ: B cBsi3u ¢ HIMPOKUM IIPUMEHEHUEM B l'lI/IL[IeBOf/’I IIPOMBIIIJIEHHOCTH MMaJIbMOBOI'O Macjia U pEKOMEHAALIUAMHU
BceMupHoit opranu3anyy 31paBooOXpaHEeHus] CHU3UTH €ro NOTpedIeHNe H3-3a PUCKa Pa3BUTHS CEPICYHO-COCYANUCTHIX 3aboe-
BaHUIl BeChMa aKTyallbHBIM SIBJISICTCSI KOHTPOJIb COJCPIKAHUS €ro B MPOAYKTax nmutaHus. [Ipo0iemsl, CBI3aHHBIC C UICHTU(H-
KalKeil U KOTUYCCTBCHHBIM OIPECICHUEM KUPOB, )KHPOBBIX CMECEH B MMHUIIEBBIX MPOAYKTAX BBUAY CXOKETO UX COCTABA, MOJI-
HOCTBIO He pemieHbl. Llens paboTsl — MpoBe/icHHe KOMITJICKCHBIX HCCIICIOBAHUN IS Pa3padOTKU ajJroOpuTMa UICHTU(DHKAIINH
W KOJIMYECTBEHHOTO OIpPECTICHUsT KOMIIOHEHTOB KUPOBOTO COCTaBa MUIIEBBIX MPOIYKTOB W BBISBJICHUS MPHCYTCTBUS B HUX
MMaJIbMOBOTO Macia. B pesynbrare mpoBeJCHHBIX UCCIICIOBAHII KOMIIOHEHTHOTO COCTaBa MaJbMOBOIO Maclia M ero (QpaKIiuid,
Pa3TUYHBIX BUIOB PACTHTEIBHBIX )KHPOB, MOJCIBHBIX CMecel )KUPOB ObLIN pa3paboTaHbl METOAMYECKIE MOAXO/IBI K HICHTHU-
(buKaIMK MaJTbMOBOTO Macia B MAIIEBRIX MpoayKTaX. TeopeTndeckn 000CHOBaHA M SKCIIEPUMEHTAIBFHO TIOITBEPKICHA TIeIe-
c000pa3HOCTh UCIOIB30BAHMS XPOMATOTPAHUECKOTO H U30TOMHO-CIIEKTPAIFHOTO METOJOB aHAIN3a AJIs PEHICHUS PUKIIaI-
HBIX 3324 B MUIIEBOH OTpaciu. B memsax naeHTH(UKanuy >kupoBoii OCHOBBI MMUIIEBLIX TPOJYKTOB YCTAHOBIICHBI CICIYIOLIHE
MapKepbl MPUCYTCTBHUS MAaJbMOBOTO Macia: (HUTOCTEPHHBL: CUTOCTEPHUH, KAMITACTEPUH, CTUIMACTEPUH B KOJIUYCCTBEHHOM
COOTHOWIEHUHU OKOMIO 50:25:25; CUTOCTEpHH — NpeBaNUPYIOMIN KOMIOHEHT (66—200 MKI/T); cienbl 1100 OTCYTCTBHE Opac-
CHKOCTEpHHA; BEIIeCTBa, oO1anaronue E-BuTaMHHHON aKTUBHOCTBIO (3HaHTOMEpHI BUTaMuHa E), npeacrasiens! 10 90 % To-
KOTpHEeHoaMu, octasiiuecs 10 % — Tokodeponamu. AHaIN3 H30TOITHOTO COCTABA MTO3BOJIHII BBISIBUTh PA3IHYUs B H30TOITHOM
COCTaBe yTJIepojia U BOZAOPO/IA B 3aBUCHMOCTH OT BHJIa MaceJI ¥ )KUPOB, a TAK)KE OMPEISNIUTh K KaKOH rpyIe Gpukcaruy aTMoc-
(eproro auoxcuna yrnepona npu dporocuntese (C, nnu C,) OTHOCHTCS PaCTEHHE, U3 KOTOPOTO M3TOTOBJICHO aHATM3UPYEMOE
Maciio. Pe3ynbTraThl HayYHBIX UCCIICIOBAHUN MOTYT OBITh HCIOB30BAHBI IS UACHTHU()UKAINN 1 KOTUICCTBCHHOTO OIpeee-
HUS IAJIBMOBOTO Maciia M ero (Gppakiuii B MAMIEBBIX MPOAYKTAX, YTO MO3BOIUT IMOBBICUTH IMPOJOBOIBCTBEHHYO 0€30MaCHOCTh
Pecriy6onuku benapych, oOecrieunTh BHYTPEHHUI PBIHOK KAaueCTBEHHBIMH MPOAYyKTaMu nuTanus. baaromapuocrtu. Padora
BBITIONTHEHA B paMKax OTIEThHOr0 MPOeKTa (PyHAaMEHTAIBHBIX U MPUKIIATHBIX HAYYHBIX HCCIeNoBaHUI HanmoHanpHOI aka-
nemuu Hayk bemapycu «Pa3paboTka HayYHO-METOANYECKUX OCHOB HACHTU(HUKAIINH W KOJTHYSCTBEHHOH OLCHKH MaJIbMOBOTO
Maclia KaK OJJHOTO U3 COCTABIISIONINX PACTUTEIEHBIX KUPOB B MPOAYKTAX TUTAHHSI.
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RESEARCH AND METHODOLOGICAL BASIS FOR IDENTIFICATION OF PALM OIL IN FOOD

Annotation: In connection with the widespread use of palm oil in the food industry and the recommendations of the
World Health Organization to reduce its consumption due to the risk of developing cardiovascular diseases and obesity, it is
very important to control its content in food. The problems associated with the identification and quantification of fats, fat
mixtures in food products due to their similar composition have not been completely resolved. The purpose of the work is to
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conduct comprehensive studies to develop an algorithm for identifying and quantifying the components of the fat composition
of food products and detecting the presence of palm oil in them. As a result of studies of the component composition of palm
oil and its fractions, various types of vegetable fats, model mixtures of fats, methodological approaches to the identification of
palm oil in food products have been developed. The feasibility of using chromatographic and isotope spectral analysis methods
to solve applied problems in the food industry is theoretically substantiated and experimentally confirmed. In order to identify
the fat base of food products, the following markers of the presence of palm oil have been established: phytosterols: sitoster-
ol, campasterol, stigmasterol in a quantitative ratio of about 50:25:25; sitosterol — the prevailing component (66—200 pg/g);
traces or lack of brassicosterol; substances with E-vitamin activity (enantomers of vitamin E); up to 90 % are represented by
tocotrienols, the remaining 10 % are represented by tocopherols. The analysis of the isotopic composition revealed differences
in the isotopic composition of carbon and hydrogen depending on the type of oil and fat, and also determined which group of
fixation of atmospheric carbon dioxide during photosynthesis (C, or C,) belongs to the plant from which the analyzed oil is
made. The results of scientific research can be used to identify and quantify palm oil and its fractions in food products, which
will improve the food security of the Republic of Belarus and provide the domestic market with high-quality domestic food
products. Acknowledgments. The work was carried out as part of a separate project of fundamental and applied research of
the National Academy of Sciences of Belarus “Development of scientific and methodological foundations for the identification
and quantification of palm oil as one of the constituents of vegetable fats in food products” (republican budget).

Keywords: vegetable oils, palm oil, sterol composition, fatty acid composition, tocotrienol composition, isotopic compo-
sition, test methods
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BBenenue. [TaisMoBO€E Macio sBIIsIeTCS HaUOOIEe IMMUPOKO TOTPEOIIEMBIM PACTUTEITHHBIM MaCIIOM
B MHpE, TPUCYTCTBYIOIIMM BO MHOTHX IMHINEBBIX U MOTPEOUTEIHCKUX MPOAYKTAX, MPEACTABICHHBIX
B ToproBoit cetu [1-3]. JloMrmHUpOBaHHE TATHLMOBOIO Maciia OOBACHSICTCS YPOXKAaHHOCTHIO MaciIny-
HOW TaJIbMbl, B YETBIPE pa3a MPEBBIIAINICH YPOXKANHOCTh APYTHX MACIUYHBIX KYJIbTYp [4], HU3KOM
CTOMMOCTBIO W YHUBEPCAIBHOCTHIO MpuMeHeHwU s [5]. [[pon3BoACTBO MaIbMOBOTO Maciia BO BCEM MHUPE
yBEeIUUMIOCh OT 15 MaH T B 1995 1. mo 66 muu T B 2017 1. [6] . Okomno 80 % MUPOBOro mMpoU3BOACTBA
I1JIOZIOB MACJIMYHOM NalibMbl IpUXoauTcs Ha MHaoHe3u0 u Manaisuto [7].

Iupokoe UCIOIB30BaHME MAJIBMOBOTO Macia B MHILEBOM MPOMBIIIJIEHHOCTH CBA3aHO C BBICOKMM
CoZlep’KaHUEM HACBHIIMIEHHBIX KHUPHBIX KUCJIOT, ONPEACISIONINX €ro CIIOCOOHOCTh OCTaBaThCS B TBEPIOM
U TIOJTy TBEP/IOM COCTOSIHUM TIPH KOMHATHOM TEMITepaType B OTIIMYHE OT OOJNBIIMHCTBA Macell paCTUTEIb-
HOT'O IMIPOUCXOKJICHHSI, YTYUIIaTh BKYC W BHEIITHHIA BUJI IPOyKTa U 3HAYUTEIHHO yBEIIMINBATH CPOK Xpa-
HCHMUS.

B 4dncrom Buje mambMOBOE Maciio HCIONB3YeTCs KaK ()PUTIOPHBIN KU, a TaKKe JJIS MPUTOTOB-
JICHUA CIICHUAJIBHBIX KUPOB!: 3aMEHHUTEJIEH MOJIOYHOTO KHpa, SKBUBAJICHTOB MacJjla KaKao, )KXKUPOB IJIA
miasypu u 1p. s nonydeHus: NpoAyKTOB MajIbMOBOTO Macia ¢ pa3IMYHbIMUA XapaKTEPUCTUKAMU UC-
MOJNIB3YETCS Mporecc PpaKIIHOHUPOBAHHS. XapaKTEPUCTHKA U XUMHYECKHI cocTaB (hpakimii 3aBUCAT
OT NMPUHSATHIX METOJIOB (PPaKIIMOHUPOBAHUS U passieicHus Qas.

[TaneMoBBIH oNewH (KuAKas (Qpakmus) MHUPOKO WCHOIB3YEeTCsl B Ka4eCTBE KOMITOHEHTA KHPOBOM
OCHOBBI JJIsl MAprapuHOBOW MPOIYKIIHUH, & TAK)KE KaK BEICOKOCTAOUIIBHOE MACIIO JUIsl 00KapKy pas3iiny-
HBIX MMHIIEBBIX MPOIYKTOB, Kak camatHoe macio. CteapuHoBas (TBepAas) Ghpakius HAXOJUT MPHME-
HCHUC B KAYECTBEC KOMIIOHCHTA )KHpOBOﬁ OCHOBBI KYJIMHAPHBIX XHUPOB, MaprapruHoOB, B ITPOU3BOJACTBC
MBLIa, MOIOIIIMX U KOCMETHYECKUX CpeACTB. [[albMOBBIN cTeapuH SBISIETCS HE3AMEHUMBIM JIJIs1 TAKUX
MPOAYKTOB, KaK Pa3pbIXJIUTENIN U MaprapuHBbI JJIsl CIIOEHOTO TECTa.

I1o OCHOBHBIM CTPYKTYpPHO-MEXaHHYECKHUM CBOWCTBAM M COCTaBY IMaJbMOBOE MAaciio u ero (ppak-
IUKU MOTYT 3aMCHUTDH MOZII/I(i)I/IHI/IpOBaHHI)Ie JKUPBI, B TOM YUCJIC TUAPUPOBAHHBIC PACTUTCIIBHBIC Macjia,
JUJISL KOTOPBIX XapaKTEPHO BBICOKOE COMACPIKAHUE TPAHC-U30MEPOB KUPHBIX KUCIIOT.

Ilo marHBIM psia MccIenOBaHUH, TOTPEOICHNE HACHIIIEHHBIX KUPHBIX KUCIOT B OOIBIIIOM KOJIAYe-
CTBE CIIOCOOCTBYET MPOSIBICHIIO 3a00JI€BaHUM cep/ia u cocynon [8—12].

Eme B 2003 r. BcemupHast opranu3anus 31paBoOXpaHeHUsT OHUIIHAIBHO PEKOMEHIOBAIA YMCHbB-
IIUTb yHOTpC6HeHI/Ie MMaJIbMOBOT'O Macjia M3-3a BbICOKOT'O COACPIKAHNA HACBIIICHHBIX JXUPHBIX KHUCIIOT
U KaK OJJHOTO U3 (PaKTOPOB PUCKA CEPACUHO-COCYAUCTHIX 3a00ICBaHNUIA .

! Diet, nutrition and the prevention of chronic diseases [Electonic resources] : report of a joint WHO/FAO expert
consultation / World Health Organization. Geneva, 2003. Mode of access: https:/apps.who.int/iris. Date of access: 18.09.2019.
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B cBs3u ¢ HeraTuBHOMN OLIEHKOMN BIMSHUS [1aJbMOBOIO Macila Ha 30pOBbE UeJIOBEKA Bce Oosee ak-
TyaJIbHOH SIBJIsIeTCsl TpoOieMa JIOKHOW MIIH BBOASILEH B 32011y KICHHE MAPKUPOBKH MHILEBBIX MTPOAYK-
ToB. Kak mpaBuio, H3roroBuTe s MACIOKUPOBOH MPOLYKLNN BEIHOCUT B MapKHUPOBKY COCTaBa CBO-
ero MpoAyKTa TOJIBKO HaAMUCh «Macia pacTuTeNnbHble pahuHUPOBAaHHBIE 1€30JJ0PUPOBAHHBICY, YTO HE
npotuBopednt TpeboBanusM TP TC 022. CocTaB npomyKTa SBIsieTCS KOMMEPYECKO TallHOM U B O0JTb-
LIMHCTBE CJIy4aeB U3rOTOBUTENb €r0 HE PACKPBIBAET.

BmMmecTe ¢ Tem manpMoBoe Maciio U (WiH) ero (pakmuu MOTYT BXOAMTH B COCTaB JIIOOOH COCTaB-
HOW MAacloXUPOBON MPOAYKIINHU, YKa3aHHOW BbIlIe. TakuM 00pa3om, JI000H MHUINEBONH MPONYKT, CO-
JepKalluil COCTaBHYIO MAacjOXHPOBYIO MPOAYKIMIO MIJIM HEIOMMEHOBAHHBIE PACTHTEIbHBIC Macia
u (1tn) uX Gpakuuy, HTOTEHIHAIBHO MOXKET COJePKaTh MaIbMOBOE MACIIO HJIH ero ¢ppakiuuu. Tak, MHO-
TU€ NMPOIYKTHI, B COCTAB KOTOPBIX BXOJUT MaJIbMOBOE MAacjo, HE UMEIOT YeTKOH MapKUpoBKH. [lais-
MOBO€ MAacCjIO U €ro IPOMU3BOAHBIE MOT'YT MOSABJIATHCS IOJ MHOIMMM Ha3BaHWSIMH, B TOM 4MCIE: pac-
TUTEJIBHOE Maclo, PACTUTENBHBIN XKUp, NaTbMOBOE J1pO, MAJIBMOBOE Macio, MaJlbMAaTHH, NaJIbMUTAT,
MMaJIbMOJIWH, TIUIICPUH, CTeapar, CTeaprmHoBas kKucioTa, Elaeis Guineensis, TaIbMHATHHOBAS KHCIIOTA,
MaJIbMOBBIM CTE€apHH, MaJIbMHUTOUII OKCOCTEapaMu/[, MaJbMUTOMJI TETpPaNenTuA-3, MaJbMUTOMI Te-
tpanentua-3 Laureth Sulfate, maypuncynsdar Harpus, Kernelate narpus, Kernelate mansmoBoro Ha-
tpusi, Lauryl Lactylate / Sulphate Hatpusi, runpaTupoBanHble runepu bl naibm, Etyl Palmitate, Octyl
Palmitate, Palmityl Alcohol.

JLJtst KOHTPOJISI COACPIKAHUS TAJIBMOBOTO Maciia U ero (pakIuil MPUMEHSIOTCS Pa3IMYHbIe METO/IbI
[13-18]. TToaToMy maeHTH(DUKAINS U KOTUYSCTBEHHOE OIpe/IeTIeHre MaJbMOBOTO Maciia U ero (pak-
LWH, HAXOASIINXCS B MUIIEBBIX MPOAYKTAX B CMECAX C APYTHMH KHPAMH, SBIISETCS CIOXHON aHAJH-
TUYECKON 3a]jauell BBUAY CXOKEro KMPHOKUCIOTHOIO COCTABa.

Lenp wnccienoBaHnii — MpoBeeHNE KOMIUIEKCHBIX HCCIIEOBAHMM ISl pa3pabOTKH alaTropuTMa
UICHTU(UKALUN U KOJTMYECTBEHHOIO ONPEICTICHHsI KOMIIOHEHTOB KHPOBOI'O COCTaBa MULIEBBIX IPO-
IOYKTOB U BBISIBJICHHSI IPUCYTCTBHS B HUX [1aJIbMOBOT'O Macia.

O0beKTHI M METO/ABI UccIeA0BaHus. VccnenoBanns MPOBOAKIM B JabopaTopun Xxpomarorpaduye-
CKHUX MCCIIeNOBaHUN PecryOanKaHCKOro KOHTPOJIBHO-UCIIBITATEIBHOIO KOMIUIEKCa 110 KauyecTBY U 0e30-
nacHocTH npoaykros nutanus PYII «Hayuno-npaktuueckuil nentp HannonansHoU akageMun Hayk be-
JIapyCH TI0 TIPOJIOBOJIBLCTBHIOM (flanee taboparopun xpomartorpaduyecknx uccnenoanuiit PKUK KBIIIT)
B 2018-2019 rr. OOBEKTaMU MCCIECIOBAHUN CIY>KWJIM Pa3JIMYHbIC PACTHTEIBHBIC MAaclia, KHUBOTHBIC
KUPBI X MAcJIOKUPOBbIE KOMIIO3ULIMOHHBIE CMecH. B paboTe npuMeHsn cienyomue MeTOAbL: Bblaee-
Hue xupa — 1o ['OCT 31902-2012, onpenenenue xupHokuciaoTHOro cocrasa — CTh MCO 15304-2007.

CTeprHOBBIHM COCTaB ONPEACISIN Ha Ta30BOM XpoMaTorpage ¢ Macc-CelIeKTUBHBIM JIETEKTUPOBA-
nuem Agilent 6890/5975 Series GC/MSD u kamiisipHoit koigonkoid HP-SMS nnunoii 30 M, BHYyTpeH-
HuM nuametpom 0,25 MM U TONIIUHOW IICHKH HemoBrKHOM (a3zbl 0,25 MkMm. B kauecTBe raza-HocH-
TEJIs UCTIOB30BaNM Teaui. OCyECTBISAIM IPOrPAMMUPOBAHME TEMIIEPATYPbI KOJOHKH (7, KOJIOHKH
70 °C (BbLAECPXKKA 2 MMH); TIOBBILIEHUE TeMIEPATyphl O ckopocThio 20 °C/mun no T, 230 °C (BbLACPX-
ka 0,5 mun). Temmnepatypa naxekTopa coctanisia 250 °C, uarepdeiica — 280 °C, HOHHOTO UCTOYHU-
ka — 230 °C, xBagpynoiust — 150 °C, auanazon macc — 45-550 m/z; o6beM BBOAMMON MPOOBI — 1 MKJI.
Macc-cneKTpoMEeTpUYECKUH aHaJIN3 MPOBOIAMIIM B PEXKUME CEJIEKTUBHOI'O CKAHMPOBAHUSI XapaKTepu-
CTUYECKHUX MOHOB CTEPUHOB. 3HAYCHUSI MACC XapaKTEPUCTHUCCKUX HOHOB (MOJEKYIISIPHBII/TONTBEPK-
JAIONIN) JUIsl XoyecTepuHa ycrtaHaBinuBanu 275/386, 301; Opaccukacrepuna — 255/398, 300, kamma-
crepuna — 43/81, 400,0, cturmactepuna — 55/412, 83, cutocrepuna — 145/414, 329. C ucnosib30BaHHEM
MPOrpaMMHOI0 obecrieueHus] Mprudopa MPOBOAMIM KOJIMUYECTBEHHOE OINpENeICHHE HACHTUPULIHDPY-
€MBIX CTEPHHOB METOJIOM a0COJIIOTHOM T'Paly HPOBKH.

OHaHTOMephl BUTaMUHa E (TOKOMBHOTO cocTaBa) >KHPOBOHM COCTABISIOLICH MUIIEBBIX MPOIYKTOB
OTIPEZIETISIIA C TIOMOIIBIO BBICOKOA((EKTUBHOTO KUIKOCTHOrO Xxpomarorpada Acella ¢ amompno-ma-
TPUUYHBIM M MaccC-CEJICKTHBHBIM jaeTekTopamu, kosoHkoil Therma Scientific Hypersil Gold 5 mkwm,
4,6 mM, 100 MmM. YcoBus xpoMaTorpadupoBaHUs: TeMIlepaTypa TepMocTaTa KojJoHKH (25+0,2) °C;
00beM MHKEKIUHU — 10 MKII; 37I0MpOBaHHE B M30KPATHUYECKUX YCIOBHSIX — B TedyeHHne 30 MUH; COCTaB
JTIOEHTA: CMECh METaHoNa U 5%-HOH MypaBBMHON KHUCIIOTHI — B OOBEMHOM COOTHOIIEHHH 95:5 co-
OTBETCTBEHHO; CKOPOCTh Mmojayu 3atoeHTa — 200 MKJI/MUH; JeTeKTHPOBAaHHE MPOBOAMIIN NIPU CIIEAY-
FOIUX JITTHHAX BOJH: alib()a-TOKOIBI — 292 HM; O6eTa-, raMMa-, JeNbTa-TOKOIbI — 296 HM.
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CocTtap cTaOMIBHBIX M30TONOB YIVIEPOAa B 00pa3Lax ONpenessyii Ha aHAJIUTHYECKOM KOMIIJIEKCE,
COCTOSIILIEM U3 ABYXPEAKTOPHOTO 3JIEMEHTHOTO aHAJN3aTOPa OPraHUYECKUX U HEOPTaHUYECKHUX 00beK-
toB Flash 2000 HT O/H-N/C, ocHamieHHOTO aBTOCaMILIepOM; YHUBepcaiabHOTro nHTepdeiica Confiol V;
Macc-CIeKTpOMeTpa ISl aHaIu3a CTaOMIIBHBIX M30TOMOB JIerkux anemeHToB IRMS DeltaVAdvantage;
CHUCTEMBI TI0/Ia4H Ta30B BBICOKOM OYMCTKH; CeNHaIn3upoBaHHON padoyei ctaniuu DellOptiplex 960
JUTSL YIIpaBJICHUS! M30TOIHBIM HCCIICIOBAHUEM, PETUCTPAlUd U 0O0pabOTKH pe3ysIbTaTOB M3MEPECHHUS
C TIOMOIIIBIO BBICOKOYpOBHEBOT'0 TIporpammHoro naketa Isodat 3.0 (ThermoFisherScientific, ['epmanmns).

HccnenoBanue Maceln v 5KHPOBBIX COCTABIISIONIUX MUIIEBBIX TPOIYKTOB C IEIBIO BHISIBICHUS Map-
KEpOB NPUCYTCTBUSI MaJIbMOBOIO Macia JI00 ero (pakiuil NPOBOJMIM B HECKOJBKO 3TamoB. llep-
BOHAYaJIBHO OBLII UCCIIEIOBAH CTEPUHOBBIN cocTaB. OTCYTCTBUE (UTOCTEPUHOB CBHJICTEIHCTBOBAIIO
0 TOM, UTO HCCIEAyEeMBbIil 00pasel He PaCTUTEIBLHOIO MPOUCXOXKACHUS, CIE0BATEIBHO, HE COACPIKUT
aJbMOBOE MacJIo.

Ha crnemyromem sTame ucciegoBaHUs ONpENENSUIM KUPHOKUCIOTHBIM COCTaBa, MO KOTOPOMY
MOXHO YCTaHOBUTH, K KaKOW I'pyIlie Maces OTHOCUTCS aHaJIU3UpyeMblil oOpaseu. MaenTudukannio
NajJbMOBOI'O Macijia OCYIICCTBISIIN MTYyTEM YCTAHOBJICHHS SHAHTOMEPOB BUTaMUHA E, MOCKONBKY OT-
JUYUTENBHONH 0COOEHHOCTHIO TAJIBMOBOI'O Macia OT APYTHUX SIBISETCS BBICOKOE COAEPKaHUE TOKOTPHU-
eHoJIoB. Ha 3akiio4uTeNbHOM dTamne Mccie0Bald U30TOMHBIH COCTaB aTOMOB MOJICKYJIbI JIUIIHIOB:
BOJIOPOZA U YTJIEPOJa, MOCKOJIbKY COOTHOILCHHUS M30TONOB MMEIOT MHAMBHAYAJIbHBIC 3HAUCHUS AJIS
Ka)KJI0r0 BUJa MpoAykKTa. JlaHHbIe nccaeqoBanus panee B bernapycu He IpOBOAMIIHCE.

Pe3ynbrarsl n ux odcy:xaenue. B mporecce skcniepruMeHTaNbHBIX HCCIEIOBAaHUH ObUIO yCTaHOBIIC-
HO coJiepyKaHue CTCPUHOB B aHAJIU3UPyEeMbIX 00pa3iax majibMOBOTO Macia, ero (Gppakiui, pa3InaHbIX
pacTUTENBHBIX U CIMBOYHBIX Macedn (Tadi. 1). Tak, B 00pa3mnax maabMoBOro mMacia u ero gppaxuuii orme-
4aJI0Ch HEBBICOKOE KOTMIECTBO cTepruHOB — OT 130,94 1o 384,58 MKI/T. DTOT K€ KOJIMYESCTBCHHBINA THa-
na30H ObUI XapaKTepeH KOKOCOBOMY Macily, BO3MOKHO, HMEHHO B 3TOM CKpPBITa IPUYNHA 3aMEHBI KOKO-
COBOI'0 Macja Ha MaJIbMOBOE U €ro (paKkLHU IPH IPOU3BOACTBE MOPOKEHOTO U KOHIAUTEPCKUX U3IEIIHIL.

B uccrienyembix o0pasiiax kakao-Macia CofiepKaHue CTepUHOB cocTaBiisiiio 834,71 u 1122,91 Mkr/T co-
OTBETCTBEHHO, YTO 3HAUMUTEJIBHO MPEBBIIIAJIO ITOT MOKA3aTeNb AJs 00pa3loB HaJIbMOBBIX MAacesl U €ro

Taodonuma 1. CrepuHOBBIH cocTaB HCCIeyeMbIX 00pa3LoB MaceJ, JIadopaTopusi XpomaTorpaduyeckux
uccjenopannii PKUK KBIIII, 2018—-2019rr.

Table 1. Sterol composition of the studied oil samples, Laboratory for Chromatographic
Research RKIK KBPP, 2018-2019

CopnepkaHue CTepUHOB, %o Cymmaproe | Cymmapoe
Nede Hanverosare 06pa3ua XOoJIeCTe- 6paccm<a— KaMIiacte- CcTUrMacTe- CUTOCTE- ngf:l];):ﬂa::;?x sz:g:c::l:je
puH CTepHH puH puH puH CTEpHHOB, Y% MKT/T

1 |ITanemoBoe macio 1 17,6 H/0 20,8 22,3 39,3 82,4 384,58
2 | IMaxsmoBOe Macio 2 23,6 10,9 16,0 14,5 34,9 76,4 189,94
3 |ITansMoBOE Macio 3 H/0 H/0 18,0 16,9 65,1 100,0 301,36
4 | TTaabMOBBII OJIEUH 16,4 9,2 16,2 17,6 40,6 83,6 207,97
5 | IlanbMOBBI# cTEapuH 14,8 13,8 17,7 19,7 40,0 85,2 130,94
6 |Kakao-macio 1 6.4 H/O 11,2 34,8 47,6 93,7 1122,91
7 | Kakao-macio 2 2,2 2,6 7.5 31,2 56,5 97,8 834,71
8 | KokocoBoe macio 7,0 15,3 18,7 20,0 39,0 93,0 217,51
9 | JIpHsIHOE MAacCJI0 11,6 H/O 22,7 18.3 47,5 88.4 1590,7
10 | MacJo aBokaj0 H/0 H/0 10,8 H/0 89,2 100,0 1920
11 | TeikBeHHOE MaCI0 H/O H/O H/0 H/O 100,0 100,0 254,13
12 | IoaconHeuHoe Macio H/0 H/0 40,7 59,3 H/0 100,0 301,04
13 | PamcoBoe Macno HepaUHUPOBAHHOE

mapku P H/O 18,5 29,3 H/O 52,2 100,0 1284,07
14 | CnuBounoe maciio 1 100,0 H/0 H/0 H/O H/O 0 664,42
15 | CnuBouyHO€E Maco 2 100,0 H/0 H/0 H/0 H/0 0 542,12
16 | CauBounoe macio 3 100,0 H/0 H/0 H/0 H/0 0 785,14
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2018-2019 rr.

Fig. 1. Sterol Sterol composition of palm oil and
its fractions, Laboratory for Chromatographic
Research RKIK KBPP, 2018-2019

(hpaxmuit. OO6pasITsl IHEHIHOTO, PATICOBOTO Macell OTIIMYAIIACh
JIOCTAaTOYHO BBICOKMM coOnAepkaHueM crepuHoB — 1590,70
n 1284,07 MKT/T cOOTBETCTBEHHO. MakcuMaIbHOE CoepKa-
HUE CTEPUHOB O0HAPYKEHO B 0Opasiie Maciia aBOKaJo B KO-
myectse 1920,00 MKI/T.

Kak BumgHOo w3 Tabm 1, oOpasmbl MagibMOBOTO Macia
U ero ()paKIuu COEPIkKaIH CTEPUHBI KaK PACTHTEILHOTO, TaK
1 JKABOTHOTO TPOUCXOXKIeHNS. B oHOM 13 00pa3noB maib-
MOBOT'O Maciia XOJIECTEPHH He OBl 0OHApY’>KEeH, B TO BpEMsI
Kak B APYTUX €ro Colep:KaHue cocTasisio ot 14,8 1o 23,6 %
0T OOIILIETO CoJIepIKaHusI CTEPHHOB. B 00pasiiax THIKBEHHOTO,
parcoBoro, MOACOIHEYHOT0 Macei U Macia aBoKaJo XoJlecTe-
puH He OBl 0OHapykeH. MakcuMabHOE COIepKaHHue XOJe-
cTeprHa OBIJIO YCTAHOBJIEHO B 00pa3lax CIMBOYHOIO Macia,
YTO XapaKTEPHO IS )KHPOB JKUBOTHOT'O TTPOUCXOK ICHUS.

Juist Bcex 00pasioB MajibMOBOTO Macia W ero Qpak-
U XapaKTepHO HAJIMYUE CUTOCTEPUHA, CTUTMAaCTepUHA
n KammactepuHa (puc. 1). DKcrepuMeHTabHBIC JTaHHBIC
CBHUJICTEJIBCTBYIOT, YTO KOJIHMYECTBEHHOE COACPIKAHUE HX
HaxXOIUTCA MPUOIU3UTENHHO B cooTHOmEeHNH 50:25:25 co-
orBeTcTBeHHO. CllelyeT OTMETUTh, YTO OpacCHKACTEPUH HE
MOJKET OBITh UCTIOJIb30BaH B Ka4€CTBE MapKepa MPUCY TCTBUS
WJIT OTCYTCTBUA MAJIbMOBOTO Maciia B MUIIEBBIX MPONYKTaX,
TaK KakK ero cofepKaHue B MaJbMOBOM Macjie MOXET CyIle-
CTBEHHO M3MEHSITHCS.

Pe3ynbraThl HccneOBaHUS CTEPUHOBOTO COCTaBa IPYTHX
MaceJ MoKa3aju, 4To B 00pasiiax Maciia THIKBEHHOT0, Parico-
BOTO M aBOKaJ0 CTUTMAcTepuH He oOHapykuBaics. llo co-
JEpKAHUIO CTUTMAacTepPUHA JPYTUe HCCIeAyeMble Macia
MOKHO PAacCTOJIOKHUTh B CIEAYIOIIEM MOPsAKE MO BO3pacTa-
HUIO: JTBHSIHOE — KOKOCOBOE — KaKa0-MacJyo — IMOJCOHEYHOE.

Jlnst Bcex mccnenoBaHHBIX PaCTUTEIBHBIX Macell Xapak-
TEPHO BBICOKOE coziepKaHue (UTOCTEpPUHA CUTOCTEPHHA —
okoJio 50 % ot Bcex cTepuHOB. VCKiOUeHHE COCTABISIIOT:
TBHIKBEHHOE MacJ0, CTEPUHBI KOTOPOTO MPEACTABICHBI TOJIb-
KO CUTOCTEPHHOM; Macll0 aBOKaJ0, B KOTOPOM €ro oOHapy-
xeHo 89,2 %, M MoICoMHEeYHOe, B KOTOPOM CHTOCTEPUH OT-
CYTCTBYET.

[lonmy4eHHble NaHHBIE O COACPKAHUHU CTEPHHOB B HC-
cIeqyeMBIX 00pa3lax CpaBHHUBAIH C JINTEPATypPHBIMHU JaH-
HBIMHU. YCTaHaBJIMBas COJCpKaHUE (PUTOCTEPUHOB B TAKUX
pPaCTHUTENBHBIX MacliaX, KaKk MajJbMOBOE Macllo, KOKOCOBOE
MacJo, pariCoBOE MAacio, MaJbMOBBIN OJIEMH M MaJbMOBBIN
CTeapwH, 3a UCTUHHBIC MPUHUMAIN JaHHBIC, MPEICTABIICH-
Hble B nyOnukaiuu [19]. [{ns aHanu3a CTEpUHOBOIO COCTa-
Ba B MIEPECUCTE B OTHOCHTEIIBHBIC SIIMHUIIBI [T CPABHEHUS
MPUHUMAJHN CIIEAYIOIEe JAaHHbBIS: NI THIKBEHHOTO Macia
npuBeneHsl B pabotax P. O’bpaiiena, S. Bardaa et al. [20,
21], kakao-macna — Jr. Romanczyk [22], ciuBoyHOrO Mac-
nma — P.P. Manandar, A.Nagao, M. Yamazaki [23], macna
aBokajo — l. Berasategi [24], neusiHOTO Macna — B. Pitat [25].
[lomy4yeHnHble pe3ynbpTaThl B IEJOM MOATBEPIKAAI0OT TEHICH-
LU0, IPEJICTABJICHHYIO B INTEPATYPHBIX JaHHBIX.
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J71s1 BBIABIIEHUS M MACHTH(HUKAIIMY TTAJIbBMOBOTO Macia 10 CTEPUHOBOMY COCTaBY OBLIN CMOIEIH-
pPOBaHbI 3 TPyl KOMIIO3UIMOHHBIX CMECEHl Ha OCHOBE MallbMOBOTO, KaKao, MOJCOJIHEYHOTO0 Macell
¥ MOJIOYHOT O Kupa (Tabm. 2). [lepBas rpymma BkiIovana B ceds CMECH MajJbMOBOTO Macja ¢ KaKao-Mac-
JIOM B CJIEAYIOIIHX MPOIEHTHBIX cooTHoeHus X: 50 % mampmoBoro macia u 50 % xakao-macia (KoM-
no3utus 1), 80 % manemoBoro macna u 20 % kakao-macia (kommnosuius 2); 20 % maipMoBOro macia
u 80 % xakao-macina (komno3unus 3). Bropas rpymnmna — )upOoBble CMECH MaJIBMOBOIO Macja ¢ MoCO-
HEYHBIM MAacliOM B T€X K€ MPOLEHTHbIX cooTHomeHusAx: 50 % nanpMoBoro Macia u 50 % noaconHey-
Horo macna (kommnosunus 4); 80 % nansMoBoro macia u 20 % MOACOIHEYHOro Macia (KOMIIO3UIHS 5);
20 % mansemoBoro macia u 80 % mopconmHedHOro Macia (koMrosunus 6). TpeTss rpymma — KUpOBbIe
CMECH TaJTbMOBOTO MacJjia ¢ MOJIOYHBIM JKHPOM B T€X K€ MPOIEHTHBIX cOOTHOmEeHUsX: 50 % mambpmo-
Boro macia u 50 % mosounoro xupa (komnosurug 7); 80 % nmamemoBoro Macna u 20 % MoI04HOTO
xupa (kommo3unus 8); 20 % nmaxpmoBoro macna + 80 % MomogHOTOo Kupa (KoMmo3uIus 9).

Taonuma 2. CrepuHOBBIE COCTABBI KOMIO3UIIMOHHBIX CMeCeii ¢ MCI0JIb30BAHUEM MAJbMOBOI0 MacJia,
Jadoparopusi xpomartorpapuyeckux ucciaegosanuii PKUK KBIIII, 2018-2019 rr.

Table 2. Sterol composition of composite mixtures with palm oil, Laboratory for Chromatographic Research,
RKIK KBPP, 2018-2019

ConepxaHue CTePHHOB, MKI/T CymmapHoe
NeNe HamveroBanue 06pasia q)iiﬁig;::;

X0JIECTEPUH 6paccnKaCTean KaMnacTepuH CTUI'MAaCTEPUH CUTOCTEPUH MKL/T
1 |ITlaapMoBOE Maciio 67,53 H/o 80,13 85,94 150,98 317,05
2 | Kakao-macio 71,63 H/0O 125,74 391,22 534,32 1051,28
3 |IlomconaHeuHOE MACIO H/0 H/0 122,57 178,47 H/0 301,04
4 | MonmouHSBIH XHp 1215,02 H/O H/0O H/O H/O H/O
5 | Komnosunus 1 45,54 H/0 92,47 226,60 367,55 686,61
6 | Kommosuims 2 38,87 H/0 46,17 80,53 126,69 253,40
7 | Komnosumust 3 32,31 H/0 74,38 235,11 362,63 672,12
8 | Kommosunus 4 38,76 H/O 88,64 93,17 314,20 496,00
9 | Kommnosunus 5 112,73 H/0 99,06 120,82 443,50 663,38
10 | Kommnosumwus 6 56,44 H/O 146,77 176,09 768,58 1091,44
11 | Komnoszurwust 7 436,89 H/0 58,22 68,35 112,72 239,29
12 | Kommo3unus 8 1049,15 H/O 47,28 46,31 98,13 191,71
13 | Kommosunus 9 1243.47 H/0 25,97 2747 42,68 96,12

J17151 OLIEHKH pe3yiIbTaTOB KAYECTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa CTEPUHOB KOMIIO3UITMOHHBIX
CMecel HCIOb30BaIU PACUSTHBIC JJAHHBIC 110 COJACPKAHUIO CTEPUHOBOIO COCTaBa MaJIbMOBOI'0, KaKao,
TTOJICOITHETHOT'0 Mace ¥ MOJIOUHOTO JKHpa MaciaxX, IPAUMEHSIEMBIX JJIs1 CO3TaHHBIX KOMIIO3HITHH.

DKCHePUMEHTAIbHO YCTAHOBJIECHO, YTO B KoMno3unuu 1, cocrosimeit u3z 50 % naapMoBOro mac-
ma u 50 % kakao-Macia, COJACpIKaHHe XojecTepuHa coctaBisieT 45,54 MKI/T, KaMracTepuHa —
92,47 Mkr/T, cturMacTepuHa — 226,60 MKI/T U cutocTepuHa — 367,55 MKr/r. Kak m mpenmoraraiocs,
CUTOCTEpPUH SIBJISETCS JOMHHAHTHBIM KOMIIOHCHTOM, €0 OTHOCUTEJIBHOE COJICP)KAHUE COCTABISCT
50 % ot Bcex cTepuHOB. OTHOCUTEIHHOE COIEPKAHUE XOIECTEPUHA COCTABIISET Beero 6 %, uTo u moj-
TBEpXKJAeT HAJIMYHME TOJIBKO PACTHTENBHBIX Macel B cMecH. C y4eToM MOTPemrHOCTeH OmpeaeieHns
JKCIEPUMEHTAJIbHBIC JJAHHBIC TIOJTHOCTHIO COOTBETCTBYIOT PACUCTHBIM.

CrnenyeT OTMETHTb, YTO OONBIINK BKJIaJ B CTEPUHOBBIA COCTaB KOMIIO3HUIIMH 2 BHOCHUT IaJIbMOBOE
Mmacio (80 %), crnenoBaTenbHO, OTHOCUTEIIBHBIE KOJUYECTBA CTEPUHOB MMEIOT aHAJIIOTHYHYIO 3aKOHO-
MEpPHOCTbh, KaK U B 00pa3iie najipMoBoro macia. ConepKaHue XolIecTeprHa cocTaBseT 38,87 MKIVT, T.e.
13 %. Konmenrtpamnus kammactepuHa paBHa 46,17 Mxr/r (16 %), cturmactepuna — 80,53 MKr/r, wim
28 %, cutoctepuna — 126,69 MKI/T, win 43 % 0T 00IIEero coiepKaHms CTEPUHOB. DKCIIEPUMEHTAbHEIC
3HAYCHHUS ObLIM MEHBIIIC PACUCTHBIX, OJTHAKO O0II[asi KOHIICIIIIUsI CTEPUHOBOI'O COCTaBa CMECH C IIpeBa-
JTUPYIOMUMHA KOMIIOHEHTaMH TTaJIbMOBOTO Macja COXPaHSIETCs.
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Puc. 2. luarpamma cTepuHOBOr0 cOCTaBa
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¢ — 1 rpynnst

Fig. 2. Diagram of the sterol composition of composite
mixtures: a — group I; b — group II; ¢ — group 111

B cocraBe koMmo3uLMH 3, COCTOSAILIEH U3
20 % mnansmoBoro Macima u 80 % kakao-mac-
7Ja,  KOJMYECTBO  XOJECTepHHA  PaBHSIOCH
32,31 Mkr/r, kammnactepuHa — 74,38 MKI/T, CTUT-
mactepuHa — 235,11 MKT/T U [B-cHUTOCTepMHA —
362,63 MKI/T, 4TO 3HAUUTEIIBHO OTJIMYAJIOCH OT pac-
YETHBIX JAHHBIX.

OmHAaKO OTHOCUTEIFHOE COACPKAHUE UICHTU-
(bunEpyeMbIX KOMIIOHEHTOB HaXOAMJIOCh B COOT-
HOIIICHUSX, OJTU3KUX K PACUCTHBIM, XapaKTEPHBIM
U KaKao-macjia KaK OCHOBHOI'O KOMIIOHEHTA
KOMITO3UIIHH.

Kaxk BugHO Ha puc. 2, a, CTEpUHOBBIA cOCTaB
MIPUTOTOBJICHHBIX KOMIIO3UITNY UICHTHYCH T10 CO-
OTHOLLICHUSIM HHIUBUIYaIbHBIX CTCPUHOB, IMPHU
9TOM 3HAYHUTENHHO OTIMYACTCS JUIIh KOMIIO3H-
uus 2, B KOTOPOM MpeBaIupyIONIUM KOMIIOHECH-
TOM SIBJISIETCS TTAJIBMOBOE MAcCIIo.

AHanu3 CTEpHHOBOT'O COCTaBa KOMITO3UIIMOH-
HBIX cmeceit 1l rpynmer mokasan (puc. 2, b), 9to
KOMIIO3UIIMST 4 COCTOMT W3 MajJbMOBOTO Macia
Y TIOJICOJTHEYHOTO Maclia, TJile OCHOBHBIM KOMIIO-
HEHTOM SIBJISICTCS TAJIbMOBOE MAcjo (COOTHOIIIE-
Hue 80:20), OCHOBHBIM KOMITOHCHTOM SIBIISICTCS
CUTOCTEpUH B KojudecTBe 314,20 MKI/T.

Kommo3uius 5 cocToUuT U3 najabMOBOIO U MOJ-
comHeyHoro macia B cootHomeHuu 50 :50. ITomy-
YEHHBIM CTEPUHOBBIN COCTAB MOJIHOCTHIO COOTBET-
CTBYET pPAacUeTHOMY KOJIMYECTBY KaMIacTepHUHa
U CTUTMACTEpUHA — CTEPUHOB, XapaKTEPHBIX MOA-
comHeyHOMy Macny. KomngecTtBo Apyrux crepu-
HOB CTEPUHOB 3HAYUTEIBHO IMPEBBIIIAECT PACUECT-
HbIE BETMYUHBL

AHaJlorH4YHas CUTyaIus HabI0aaJ1ach C KOM-
Mo3uIue 6, KOTopas COCTOMT U3 MaJIbMOBOTO
Macjia ¥ IMOJICOJTHEUHOTO Macjia B COOTHOIICHUU
20:80. [lonmyuyeHHbIN CTEPUHOBBIN COCTAB TaKKe
MOJTHOCTBIO COOTBETCTBYET IIPENAINOIaraeMoOMy
M0 KOJIMYECTBY KaMIACTEPHHA W CTUTMACTepH-
Ha (B Tmpeaeniax MOTPENTHOCTH), HO MOTYyYCHHOE
KOJIMYECTBO OCTABLIMXCSI CTEPUHOB 3HAUUTEIBHO
MIPEBHIMIACT PaCUCTHHIC BETUINHEI.

Kaxk BuHO Ha puc. 2, b, Bce TIOIy4eHHBIE CTe-
PVHOBBIE COCTABHI PUTOTOBICHHBIX KOMITO3UIIHIA
HUJICHTUYHBI IPYT APYTY MO COOTHOIICHUIO UHIU-
BUTyaJTbHBIX CTEPHHOB B Ka)KJIOM 00Opasiie.

Kommnozunmonnsie cmecu Il rpymmer mpen-
CTaBIAIOT COOOM CMecH MabMOBOTO Maciia ¢ MO-
JIOYHBIM JKHPOM B PA3IMYHBIX COOTHOIICHUSX.
ConepkaHne XOJeCcTepHHa BO BCEX TpPEX KOM-
MO3UIIMOHHBIX CMECSX JaHHOW TPYMNIBI MPEBBI-
[Ia€T pACCUWTAHHBIC 3HAYCHUS KOHIICHTPAIUH.
DTO MOXHO OOBSICHUTH BBICOKOUM KOHIIEHTpAIUCH
XoJIecTepuHa B 00pa3ie MosiouHoro xupa. [lo co-
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JepKaHUIO (PUTOCTEPUHOB BCE HCCIEAYyEMble KOMIIO3UIIMU JaHHOM I'PYNIbI IOJHOCTHIO COOTBETCTBY-
IOT PaCCUUTAHHBIM 3HAUCHHSIM C YUETOM IPE/Eia HOIPELIHOCTH ONPEICIICHHSL.

Ha puc. 2, ¢ npeacraBnena nuarpaMmma CTEpUHOBBIX COCTaBOB HccieAyeMbIx komnozunuii 111 rpym-
MBI, KOTOpas HaIJISITHO MOKAa3bIBAET, YTO XOJECTEPUH SBISIETCS Ma)KOPHBIM KOMITIOHEHTOM JIaHHBIX
cMecel He3aBHCHMO OT COOTHOLICHUSI KOMIIOHEHTOB.

OnHOM 13 BaXKHBIX XapaKTEPUCTHUK MAce SIBISETCS TOKOJIBHBIN COCTaB, MOCKOJIBKY BCE PACTUTENb-
Hble Macia 6oraTel BUTaMUHOM E. Pe3ynbraTsl ncciie1oBaHUi TOKOJIBHBIX COCTABOB PACTUTEIbHBIX Ma-
CeJI ¥ MOJIOYHOT'O KU Pa MPEACTaBICHbI B Ta0. 3.

Tao6numa 3. TokoabHbIi cOCTAB pACTHTEJbHBIX MaceJ H MOJIOYHOIO KHPa, JadopaTopus
xpomaTtorpaduueckux ucciaegosanuii PKUK KBIIII, 2018-2019 rr.

Table 3. Terminal composition of vegetable oils and milk fat, Laboratory for Chromatographic Research
RKIK KBPP, 2018-2019

Hansexonante oBpasta MaccoBast KOHLUCHTpPALHs, MKI/T

a-TF B+y-TF 8-TF a-TTE | B+y-TTE | &-TTE STF STTE Bur. E
Kakao-macio 1 17,49 | 127,48 | 10,92 H/0 H/0 H/0 155,89 H/0 155,89
Kakao-macio 2 13,58 96,62 9,97 H/0 H/0 H/0 120,17 H/0 120,17
Kakao-macio 3 14,53 | 147,65 6,42 H/0 H/0 H/0 168,60 H/0 168,60
[TaneMoBOE Macio 1 178,75 H/O H/O 158,60 | 128,77 H/0 178,75 | 287,37 | 466,12
TTansmoBoe Macio 2 125,46 H/O H/O 115,60 | 86,17 7,60 | 125,46 | 209,37 | 334,83
TTanemoBoOe Macio 3 154,52 H/O H/O 113,50 | 103,34 | 11,99 | 154,52 | 228,83 | 383,35
ITanmsMoBoOe Macio 4 114,00 H/O H/O 103,51 71,08 5,12 114,00 | 179,71 | 293,71
TTanemoBOE Macio 6 150,54 H/O H/0O 150,86 | 153,40 | 12,83 | 150,54 | 317,09 | 467,63
ITanmeMoBO€E Maciio 7 33,43 5,06 H/0 24,57 30,96 H/0 38,49 55,53 94,02
ITansMoBoOE Macio 8 39,96 H/0 H/0 30,46 32,31 H/0 39,96 62,77 | 102,73
[TanesmoBoe Maciio 9 144,37 | 13,33 H/0 99,65 | 106,52 | 8,44 | 157,70 | 214,61 | 372,31
TTanbpmMoBOE Maciio pahHHUPOBAHHOEC
J1e30I0pPUPOBAHHOE 34,68 - - 50,79 22,36 H/O 34,68 73,15 107,83
IlanbpMOBEII OJIEMH 18,72 - - 11,68 34,09 H/O 18,72 45,77 64,49
[TanbmoOBBI cTeapun 4,87 — — 8,34 4,06 H/O 4,87 12,40 17,27
Tloxconueunoe maciio 1 619,28 | 27,44 H/0 H/O H/O H/O 646,72 H/O 646,72
IToxconneunoe macio 2 49,63 - - H/0 H/0 H/0 49,63 H/0 49,63
OnuskoBoe Macio 1 119,68 17,11 H/0 H/0 H/0 H/0 136,79 H/0 136,79
OJMBKOBOE Macio 2 449,31 H/0 H/0O H/0 H/0 H/0 449,31 H/0 449,31
OJMBKOBOE Maclio 3 13,98 - - H/O H/0O H/0 13,98 H/0 13,98
PancoBoe maciio 3,63 — - H/O H/O H/O 3,63 H/O 3,63
TrIKBEHHOE MAaciIO 3,82 - - H/O H/O H/O 3,82 H/O 3,82
Macno aBokago 2,90 - - H/O H/0 H/O 2,90 H/O 2,90
Mo04HBI KUP 2,83 - - H/0 H/0 H/0 2,83 H/0 2,83

IIpumeuanue TF-rokodepon; TTE — Toxorpuenor; H/0 — He 00HapPY)EHO (<5 MKI/T); 3HAK «—» — UCCIIEI0BAaHNE
HE IIPOBOMIIOCE.

Kak BUIHO U3 TIOJTYYCHHBIX JaHHBIX, MAIbMOBOE MACIIO SBISETCS SAMHCTBEHHBIM U3 HUCCIICAYEMBIX
Macel, CoJepXKalliuX TOKOTPUEHOJIbHBIC GopMbl BuTaMuHa E. J[nMama3oH cojepkaHusi TOKOTPUCHOIb-
HEBIX opM BUTaMuHA E coctaBiser 55—17 MKT/T, a TOKOQEpOIbHBIX — 34—178 MKT/T, IpH 3TOM BO BCEX
WCCIJICZIOBAHHBIX 00pa3iax MajbMOBOIO Macjia OTHOCHUTEIBHOE COJEPKAHUE TOKOTPHEHOJIBHBIX (popM
cocTaBiisieT He MeHee 58 %.

TokonbHBINM cocTaB (pakiKii MaJIbEMOBOr0 Macia (IaJbMOBOTO OJCHHA W MajJbMOBOTO CTEapUHA)
JIOCTaTOYHO OJIM30K K TOKOJBHBIM COCTaBaM HCCIICAOBAHHBIX MajJbMOBBIX Macesl. OTHOCUTEIBHOE CO-
JIEp)KaHUE TOKOTPUCHOIBHBIX (popm coctapisieT 71 % B 00pasiie naapMoBOro oyienHa u 72 % — B 00pa3s-
1e MaJIbMOBOTO CTCAPHHA.
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B uHBIX N3y4eHHBIX PACTUTEIBHBIX Maciax, a Tak)ke B 00pasiie MOJIOYHOT0 Kupa BUTaMuH E mpen-
CTaBJICH TOJIKO H30MepaMH TOKogepoa.

B otaenbHy0 rpynimy MOKHO BBIJIETHTH 00Pa3Ibl KaKao-Macia, TOCKOJIBKY TOIBKO B HUX OOHApY-
xeH O-Tokodepon B koimdecTBe 6,42—10,92 MKI/T, KpoMe TOrO B HUX Ma)KOPHBIM KOMITOHEHTOM SIBIISI-
etcs (B+y)-Tokodepoir, 9TO OTIAUYAET JAHHOE MACJIO OT OCTAIIbHBIX.

B o6pasmnax moacorHeyHOr0, OJTMBKOBOTO, PAIICOBOT0, THIKBEHHOT'O MaceJ, a Tak)ke B oOpasiie mac-
JI0 aBOKAJI0 ¥ B 00pas3iie MOJIOYHOTO JKHPa MaKOPHBIM KOMIIOHEHTOM SIBJISIETCS OL-TOKO(EpO1, KOTOPbIi
XapaKTepru3yeTcsl HanOoJiee BRICOKON aHTHOKCHIAHTHON aKTUBHOCTHIO TT0 CPABHEHHIO C MHBIMH H30Me-
pamu TokodepoIa.

[lonyuyeHHbIE TOKOJBHBIE COCTaBbl KOPPEJHUPYIOT C TOKOJBHBIMH COCTaBaMU WHIMBUIYAJIbHBIX
PacCTUTEIBHBIX Macell, MPEACTABICHHBIX B TUTEPATYPHBIX HCTOYHUKAX.

[lockonbKy MpH MPOU3BOACTBE MHUILEBBIX MPOAYKTOB PEIKO UCIOIb3YIOT HHANBHYyalbHbBIC Maca,
OBLITH CO3/TaHBI U UCCIIEIOBAaHBI KOMIIO3UITMOHHBIE CMECH PACTUTEIBHBIX Macel. (s mpuroToBieHus
cMecell UCIONb30BaIM MHAWBHyallbHBIE Macia najibmoBoe Macio | (IIM) u kakao-macno 1 (KM).
CMecHu TOTOBHIIMCH BECOBBIM METOAOM B CIEAYIOIIUX COOTHOMIEHUsX: cmech 1 — [IM+KM = 50:50,
cMech 2 — [IM+KM = 80:20, cmecs 3 — [IM+KM — 20: 80, cmecs 4 — [IM+KM 10:90.

W3y4uB noiyyeHHbIE TOKOJIBHBIE COCTABBI KOMIIO3ULIMOHHBIX CMECEH paCTUTEIBHBIX Macell, MOX-
HO CKa3aTh O BBHICOKOW aHTHOKCHJIAHTHOW aKTHBHOCTH JAHHBIX CMECEH, IMOCKOIBKY B UCCIIETOBAHHBIX
oOpasuax 0OHapyKeHO BBICOKOE o0Iee copepxkanue Buramuna E (84—285 MKI/T), a Ma)KOpHBIM KOMIIO-
HEHTOM BO BCeX cMecsXx siBnseTcs: o-Tokodepon (11-94 mxr/r). Ha puc. 3 npeacraBieHbl AMarpaMMsl,
ACMOHCTPUPYIOUIUE TOKOJIbHBIE COCTAaBbl MOACJIbHBIX cMecen. HO.IIyT-IeHHI)Ie PE3YyJIbTaThl CBUACTECIIb-
CTBYIOT O 3aBUCUMOCTH COJICPXKaHMsI TOKOTPUEHOJIOB OT MPOLIEHTHOr'O COACPKaHU s aIbMOBOI'O Macja
B CMECH: NPU YBEIWYEHUU KOJUYECTBA MMAJIBMOBOI'O Macjia B KHPOBOH COCTaBISIOMEH HaOI0maeTcs
1 YBEJIMYEHHUE COACPIKaHUs TOKOTPUEHOJIOB KaK HHIUBUAYATIbHBIX, TAK H UX CYyMMBI.

[Ipu mpoBeneHWH CPaBHUTENHHOTO aHAIHM3a
@ MOy UYCHHBIX SKCIIEPUMEHTATIBHBIM Ty TEM Pe3yib-
TaTOB TOKOJIBHBIX COCTABOB CMeEcCeil ¢ TeopeTHye-
CKHMH TOKOJIbHBIMH COCTaBaMH, PACCUUTAHHBIMHU
B COOTBETCTBHHU C MHAMBHUIYaJIbHBIMU COCTABAMHU
Macel ¥ UX COOTHOIICHHWH, YCTAaHOBJIEHO, YTO TI0-
Jy4eHHBIEC SKCIIEPUMEHTAIBHBIM ITyTEM pe3yJibTa-
THI KOPPEIHPYIOT C TEOPETUICCKUMU 3HAYCHUSIMHU
Ui crnenyroux odpasios: [IM+KM = 20:80
u [IM+KM = 0:50. [Ins octaBmuxcs cMecel
(IIM+KM = 10:90 u [IM+KM = 80:20) curya-
WSl WHAs: SKCIEPHUMEHTANbHBIC 3HAUCHHS HHKE
TEOPETUYECKUX, UTO MOXKHO OOBSICHUTH HEPaBHO-
MEpPHBIM PacCIpOCTPAHEHUEM MHUHOPHBIX KOMIIO-
HEHTOB 110 00BEMY CMECH.

[Ipoananu3upoBaB TMOJNy4YeHHBIE JaHHBIE,
YCTaHOBJICHO, YTO TOKOJBHBIA COCTaB SIBISETCA
00s13aTeNbHBIM TIOKa3aTeNIeM MPH HCCIeOBAHIHI
Macel W OJHHMM W3 OCHOBOIOJATAIONIMX KPHUTE-
W ocTF [ gay-TF 5-TF pHEB IpHU UACHTUGHUKALUHK IAIbMOBOrO Macia/
(hpakiuuii MaJaLMOBOIO Maca.

Jasi mcciaenoBaHusl HM30TONMHOIO COCTABa
Puc. 3. ToxonabHBIE COCTaBbI 00pasios cMecu  PACTUTCIBHBIX MacCell HauOoJIbIIEe 3HAUYCHUE
[IM+KM = 10:90 (@), cvecu [IM+KM = 20:80 (b), cme-  pmeeT (GpakIIMOHHPOBAHUE H30TOIMOB YIiepoaa
cu IM+KM = 50:50 (), emecn IIMHRM = 80:20 (@), ppy porocuntese. B HacTosIIIEE BPeMs H3BECTHBI

: KOHH‘I,eCTBO TOKOH.O? yKasano b [mir/r] ) Tak HaspiBaembie C - u C -1ryTn (ukcanuu aT™MoC-
Fig. 3. The terminal compositions of samples of a mixture
of PM+KM 10:90 (@), a mixture of PM+KM 20:80 (5, PEPHOIO JHMOKCHIA YIIEPOLa, a TaKKe GOTOCHH-

a mixture of PM+KM 50:50 (c), a mixture of PM+KM  T€3 IO THIIY TOJICTAHKOBBIX pacrennit (CAM-me-
80:20 (). Note: the quantities of tocols are indicated in pg/g ~ TaOOTU3M U POTONBIXAHHE).

8,65

5,44

o-TTE M p+y-TTE [ 5-TTE
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C,-myThb uKcanum AMOKCHIA yTIEPOJA XapaKTEPEH Ul PACTEHUM, B KOTOpbIX accuMunsuus CO,
mpoTekaeT mo nukiry KambBruHa, COCTOSAIIEMY M3 TPEX OCHOBHBIX ATAmoB: KapOOKCHIMPOBAaHNE, BOCCTA-
HOBJIEHHE U perenepanus akuenropa CO,. B kauecTBe mepBUYHBIX MPOIYKTOB NMKIIA KanbBruHa BBICTY-
Mal0T TPEXYTIIePOIHbIE coenmHeHMs, HampuMep 3-docdormunepuHoBas kuciora (3-OI'K), 3-dbocdo-
TIMIEPUHOBBIN anbaerua (3-PI'A) n pochonnorcnaneron (OHA). C,-yTh — hukcannu arMochHepHOTro
JIMOKCHJIA YTIIEPOAA SBISICTCS OCHOBHBIM JIJISI BBICIITNX pPAacTEHUH (HATpruMep, ISl IUTPYCOBBIX JePEBb-
€B, ATOJI, A0JIOYHBIX M IPYIIEBIX JIEPEBLEB U 1P.). 85 % BCex pacTenui oTHOCATCS K C -THIy.

Oxoo 500 BuIOB MOKPBHITOCEMEHHBIX pacTeHni accumuaupytor CO, o C,-nytu. B mannbIx pac-
TEHUSIX (POTOCHHTE3 OCYIIECTBISETCS MO0 TaK Ha3blBaeMOMY HUKIY XeTda u CidKa, MepBUYHBIMH
MpOAyKTaMu (PUKCAITHU AMOKCHAA YTIIEPOAa W BOCCTAHOBIICHUS B KOTOPOM SIBISFOTCSI YeTHIPEXyTJie-
POZIHBIE COENMHEHMS, HAIpUMED s0J104Has U acraparuHoBas KUCnoThl. K C,-pacTeHusM OTHOCHTCS
P KyIBTYPHBIX PACTEHHH, TPEUMYIIECTBEHHO TPOMUYECKOTO M CyOTPOIMMYECKOTO MPOUCXOXK ACHHUS:
KYKypy3a, TIpOco, COpro, caxapHbIii TPOCTHHK. Kak mpaBuiio, 3TO BBHICOKOMPONYKTHUBHBIE PAaCTEHUS,
YCTOWYUBO OCYIIECTBIAIOMNE (POTOCHHTE3 MPHU 3HAYUTEIBHBIX MOBBIIICHUSIX TeMIepaTyphl U B 3a-
CYILIUBBIX YCIOBHSX.

3HauuTeNbHAsA pasHula B M30TONHOKW MeTke C,- u C,-pacTenuii (M B IIOJTy4aeMOM NPH UX MEpepa-
00TKe Ui TpeoOpa30BaHUM YTIEPOIe BO BCeX (OpMax) OTKPHIBAET MIUPOKHE BOZMOKHOCTH JIJISI MC-
cnegoBaHuil [26-28].

PesynbraThl mccneoBaHuii paCTUTEIFHBIX Macel 10 M30TOITHOMY COCTaBy KHCIIOpOJa, BOJOPOIA
U yTJIepoja MpeACcTaBICHbI Ha pUC. 4, a ©X KOMIIO3HIIMOHHBIX CMECel — Ha puc. 5.
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Puc. 4. I30TONHBII COCTAB PACTUTEIBHBIX MACEIL: @ — YIIIepoJia U BOAOPoIa; b — KUCIOpoaa U BOJOPOIa

Fig. 4. Isotopic composition of vegetable oils: a — carbon and hydrogen; » — oxygen and hydrogen
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Puc. 5. M30TonHbIN cOCTAaB KOMIIO3MIIMOHHBIX CMECEH pacTUTEIbHBIX Macel: a — MaJbMOBOIO
1 TIOJICOJTHEYHOT0; b — ITaJIbMOBOTO U KaKao; ¢ — MaJIbMOBOI'0 1 KOKOCOBOT'O

Fig. 5. Isotopic composition of composite mixtures of vegetable oils: ¢ — palm and sunflower;
b —palm and cocoa; ¢ — in palm and coconut

W3 monyuyeHHBIX TaHHBIX BHJIHO, YTO U30TOIHBINA COCTAB YIJIEPOa PACTUTEIIBHBIX Macell HaXOIUT-
cs B ipenenax —32,79...—26,68 %o. 151 maapMoBOro Macia u ero (gppakiuii (oJenHa u cTeapiuHa) OTMe-
YeH M30TOIHBIN cocTaB yriepoaa B auana3one —31,61...—30,20 %o. B nanubit uaTepBai mo 8°C Taxxke
IOTTaIAI0T TIOJICOTHEYHOE, COEBOE, JBHAHOE W KaKao-Macjo, IMO3TOMY HICHTH(UKAIHS TaJTbMOBOTO
MacJja TOJIBKO JIMIIb M0 U30TOMHOMY COCTaBy yIiiepo/ia HEBO3MOXKHa.

M3oronHbIi cOCTaB BOAOPOIA PACTUTEIBHBIX Macell yCTaHOBJIEH B nuanaszone —217,27...—135,25 %o.
IIpenensl H30TOMHOTO COCTaBa BOAOPOA MAaJILMOBOTO Macya, OJISHA U CTeapruHa COCTaBsioT —213,45.. —
197,04 %o. B stot unTepBan no 6°H momagaet Takxe KOKOCOBOE Macio. B To ke BpeMsl MOICOTHEYHOE,
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COE€BOE, JIbHSHOE M KaKao-Maciia, KOTOPBIE TI0 H30TOITHOMY COCTaBy yIJiepoJa HEBO3MOKHO OTIIMYUTH OT
MaJIhMOBOTO Maclia, OTINYAIOTCS 110 H30TOITHOMY COCTaBy Bojopona. Kak mokasplBaloT pe3ysbTaThl UC-
CJIC/IOBAHMI, JAHHBIC Macia UMEIOT B CBOEM COCTaBe OOJIbIIE M30TOIMOB JCHTEPUS, CIICIOBATEIBHO, U30-
TOIHBIN COCTaB BOJIOpPO/Aa B HUX BapbupyeT oT —179,24 %o u BbIme. [loaTOMY MO0 M30TOITHOMY COCTaBy
BOJIOPO/IA TTATEMOBOE MAcJI0 MOJKHO TIEPEnyTaTh C KOKOCOBBIM, OTHAKO IO M30TOMTHOMY COCTaB YIJIepo/a,
KOTOpPBIN HaxoauTcs B unTepnaie —28,96...—28,07 %o, KOKOCOBOE MACIO MOKHO OTJIIMYUTH OT HaJIbMOBOTO.

W3 BBIIIEH3IOKEHHOTO CASAYET, YTO M0 U30TOMTHOMY COCTaBy ofHOro snementa (6C, 6*H, 8'%0)
UICHTU(QHUITNPOBATH MTAIIBMOBOE MACIIO HE MPEICTABIISIETCS BO3MOXHBIM, HO, COTIOCTABIISISI JaHHBIE H30-
TOIHBIX COCTABOB YTJEPO/Ia ¥ BOAOPOIa, MOXKHO JJOCTOBEPHO UISCHTU(PHUITUPOBATH AThMOBOE MAaCJIO.

AHaM3upys pe3yNbTaThl, MOJYyYCHHBIC B KOMITO3UI[TUOHHBIX CMECSIX, MOKHO CJENIaTh BBIBOJ O TOM,
YTO MO W30TOIHOMY COCTaBY YIJiepoja OOHapy>KHMBAaeTCsl MPUCYTCTBHE MaJbMOBOTO Macja B CMECH
€ KOKOCOBBIM TIpu ero conepkannu 50 % u Bermre. To ke camoe MOYKHO CKa3aTh O CMECSX ITalbMOBOTO
Macla ¢ TIOICOTHEYHBIM. Hapsay ¢ 3TUM Haaudue majabMOBOTO Maciia B CMECH ¢ KaKao-MacJioM oOHa-
py’XuBaeTcs mpu J100aBiieHUU ero B konudecTBe 20 %, 4TO BO3MOXKHO OJaroiaps TCHACHIIUU YMEHbB-
IICHHS U30TOIOB JACUTEPHUS B COYCTAHUH C IPOTHEM.

BrIiBoabI

1. Pa3zpaboTan aaropuT™M HICHTU(QHUKAIMHA U KOJTUYESCTBEHHOTO ONpPEACICHUS MajIbMOBOIO Macia
U ero (GpakIuil B MUIIEBBIX MPOIYKTaX.

2. YcTaHOBIEHBI MapKephl IPUCYTCTBUS MAJIBMOBOIO Macia:

1) ¢uTOoCTEpUHBI: CUTOCTEPHH, KAMIECTEPHUH, CTUTMACTEPUH B KOJMYECTBEHHOM COOTHOIICHHH
okoJ10 50:25:25; cUTOCTEpUH — MPEBANHUPYIOMHH KOMIOHEHT (66—200 MKI/T); cienpl JIMOO OTCYT-
CTBUE OpPacCHKOCTEpPUHA;

2) BemecTBa, obsanaronie E-BuTaMiHHON aKTHBHOCTBIO (3HAaHTOMEPBI BuTaMuHa E); nmpencrasie-
HEI 10 90 % ToKOoTpHEeHONIaMu, ocTaBmuecs 10 % — TokodeporaMm.

3. TeopeTuueckn 000CHOBaHA M SKCIIEPUMEHTAIBLHO TIOATBEPIK/ICHA BO3ZMOXKHOCTh HCIIOIH30BAHHUS
JTAHHBIX U30TOITHOTO COCTaBa yIiepoia U BOAOPOAA, MOTYyYSHHBIX METOIOM U30TOITHON MacC-CIIEKTPO-
METpHHU, IJId OINPCACIICHUA ITPOUCXOKACHUA U NTOJJIMHHOCTU MUIIEBLIX MMPOAYKTOB.

Ha ocHoBaHMM pe3yIbTaTOB UCCICOBAHUI H30TOITHOTO COCTaBA JIMMUIOB YCTAHOBIICHBI:

1) Mo M30TOMHOMY COCTaBy yIiepoja — OTAUYHE MaJTbMOBOTO Macia OT KOKOCOBOI'O, ParcoBOro,
OJINBKOBOTO, BUHOTPATHOT'0, THIKBEHHOT'0, MACJIa TPEIIKOr0 OpeXa U aBOKaJI0, U CXOXKECTh C TIOICOTHEY-
HBIM, COEBBIM, JIbHSIHBIM U KaKa0-MacCJIOM;

2) 10 U30TOMHOMY COCTaBY BOJOPOJA — OTIUYHE MaIbMOBOI'0 MAacia OT MOJCOIHEYHOT0, COEBOIO,
JBHSHOTO, THIKBEHHOTO, PATICOBOT0, OJIMBKOBOT'0, BAHOTPAHOT0, KAKa0, Maces IPEIKOr0 Opexa u aBo-
KaJIo, U CX0XKECTh C KOKOCOBBIM MacCJIOM;

3) mapaMeTpbl M30TOIOB YIJIEPO/a, TO3BOJISIFOIINE OMPEACIUTh K KaKOH IpyIie (UKCALUA aTMOC-
¢eproro nrokenna yrnepona npu dorocunrese (C, uau C,) OTHOCHTCS pacTeHHE, U3 KOTOPOTO U3Tro-
TOBJICHO aHAITU3UPYEMOE MACIIO.

HayuHo-MeToMuYeckie OCHOBBI MJCHTU(DUKAIMH U KOJUYECTBEHHON OLCHKH MajJbMOBOIO Macliia
KaK OJTHOTO M3 COCTABJISIONIUX PACTHTEIBHBIX )KUPOB B MPOJYKTaX MUTAHUS UCTIOIb3YIOTCS IPU KOH-
TpoJie KauecTBa U OE30MaCHOCTH MUIIEBBIX MPOIYKTOB, JJISI YCTAHOBICHUS MPOUCXOKACHUS MPOTYK-
WU, TOATBEPIKICHUS TTOJJTMHHOCTH U BBISBICHUS (DaibCUPHUKAIIH.

BaaromapHocTn. Pabota BBINONHEHA B paMKax OTACIbHOTO MPOEKTa (GyHAaMEHTAIBHBIX U MPHU-
KJIAJIHBIX HAy4YHBIX UcclienoBaHuii HamuonanbHOU akagemun Hayk bemapycu «Pa3paboTka HayuyHO-
METOANYECKUX OCHOB I/II[CHTI/I(i)I/IKaHI/II/I M KOJIMYECTBEHHOM OILICHKH ITaJIBMOBOI'O MacJjia KaK OJHOIo m3
COCTABIISIONTUX PACTUTEIBHBIX JKUPOB B IPOMYKTAX MUTAHUS (PECITyOITMKaHCKAH OIOMKET).
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