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1 BopoHEKCKHi TOCYAapCTBEHHBI YHUBEPCUTET MHXKCHEPHBIX TEXHOJIOTHH, Ip-T PeBomonmu, 19, r. Boponex, 394036, Poccust
AnHoTanus. [IpoBeneH aHanmmM3 pacTUTENBHBIX Macell B COOTBETCTBHU C PEKOMECHIAIMAMH (PU3HONOTHIECKUX MOTPEOHOCTEH ISt
pasubix rpymn HacedeHus U1 @AO/BO3 ans ynoBieTBOpeHHS MOTPEOHOCTH YHOTPEOJICHUST PacTHTENBHBIX Macel. Llenpro paboTs
ABJIAETCS CO3IaHME KyHaXKel pacTUTEIbHBIX Macell C OMUTHMHU3HPOBAHHBIM COCTAaBOM IOJMHEHACHIIIEHHBIX JKHPHBIX KUCIIOT ®3, 06,
®9 IIsI 3I0pOBOTO IMHUTAHMS d4enoBeka. OOBEKTHI HCCIEAOBAHHSA - DPACTUTENbHbIE MAacia, MOTyYEHHBIE METOIOM XOJOAHOTO
HPECCOBaHUS U3 PACTOPOIIIIHN, OACOIHEYHHKA, parca U pebKUKa. [IpoBesieH aHaan3 )KUPHOKUCIOTHOTO COCTaBa MAacell C MOMOLIBIO
ra3oBoi xpomarorpaduu. YCTaHOBJIEHO, YTO HauOOJIbIIIEE KOJMYECTBO (M6 COINCPXKUTCS B Macie MOJACOIHEYHOM — 66%, B macie
pactopormmy — 53%, B Macie paricoBoM — 20%, B Macie ppbKUKOBOM — 17%. Macno pepkukoBoe 6orato 3 — 37%, Macio parcoBoe
®9 — 59%, YTO COOTBETCTBYET HOpMaM JUIil YKa3aHHBIX BHIOB Macel. C IOMOIIBIO MeToJa JHHEWHOTO HpOrpaMMHPOBAHHS
TIPE/ICTABIICH pacyeT YeTHIPEXKOMIOHEHTHBIX KyNa)keH N3 pa3INYHBIX BUIOB Macell, cCOaTaHCHPOBAHHBIX 10 (M3, 6, 9 B COOTBETCTBUH
C HOpPMaMH, PEKOMEHIYEMBIMH IS YIOBJICTBOPEHHS CYTOYHOH MOTPeOHOCTH NHTaHWSA denoBeka. CIPOEKTHPOBAHBI KyIaXKH
pacTUTENbHBIX Macesl. Y CTaHOBJIEHO COOTHOIICHHE B KyMakaxX KHUPHBIX KUCIOT M3 © 6 : 09 - 1:1,5:1,3. C moMoIbi0 MOAEeTUPOBaHHSA
MOJNYYeHO 5 Kymaxkeld pacTUTENBHBIX Macell C Pa3jIMuHbIM COCTaBOM. Ha OCHOBaHMM NMOJYyYEHHBIX NaHHBIX PACCUUTAHBI YaCTHBIC
(YHKIMY XKeNaTeNbHOCTH ISl KKA0T0o KyIaxa 1 o0mmuii mokaszarens Xappuurrona. [TomydyeHsl 3HaueHns QyHKIMH KenaTeIbHOCTH,
KkoTopsle npesbimaT 0,9 1 0000meHHbIH kKpuTepuit XappHHITOHa, HMeromuii 3HaueHne 0,97, 9To COOTBETCTBYET CTaHIapTHOMY
YPOBHIO IIKaJbl JKEJNATEJFHOCTH «OTIMYHO». B CBSI3M ¢ 3TUM MOXHO YTBEpXJaTh, YTO IIOJNyYEHHBIE KyNakKM OO0JamaloT
cOanaHCcHpoBaHHBIM cocTaBoM. CIeIyeT OTMETHUTH, YTO CIEAYIOIINM 3TAIIOM JOJKHEI OBITh IETYCTAI[IOHHBIC NCCIICIOBAHMUS C LSO
TIOJTY4YCHNS! yIOBICTBOPHTEIHHBIX OPTaHOTIENTHISCKHX IOKa3aTeleH.

KiioueBbie cjioBa: KyIax, MacJjio IoACOJIHEYHOEC, MACJIO PACTOPOIIIIN, MACIIO PBIKUKOBOE, MACJIO PAriCoOBOC

Development of blends of vegetable oils for a healthy diet
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Abstract. The analysis of vegetable oils was carried out in accordance with the recommendations of physiological needs for different
groups of the population and FAO / WHO to meet the need for the consumption of vegetable oils. The aim of the work is to create
blends of vegetable oils with an optimized composition of polyunsaturated fatty acids ws, ws, w9 for healthy human nutrition. The
objects of research are vegetable oils obtained by cold pressing from milk thistle, sunflower, rapeseed and camelina. The analysis of
the fatty acid composition of the oils was carried out using gas chromatography. It was found that the greatest amount of we is contained
in sunflower oil — 66%, in milk thistle oil — 53%, in rapeseed oil 20%, in camelina o0il 17%. Camelina oil is rich in w3 — 37%, rapeseed
oil we — 59%, which corresponds to the standards for these types of oils. Using the method of linear programming, the calculation of
four-component blends of various types of oils, balanced by ws, ws, wo, in accordance with the norms recommended for satisfying the
daily nutritional needs of a person is presented. Blends of vegetable oils were designed. The ratio in fatty acid blends w3: we: ®g - 1:
1.5: 1.3 has been established. By means of modeling, 5 blends of vegetable oils with different compositions were obtained. Based on
the data obtained, the partial desirability functions for each blend and the general Harrington index were calculated. The values of the
desirability functions that exceed 0.9 and the generalized Harrington criterion of 0.97 were obtained, which corresponds to the standard
level of the desirability scale "excellent". In this regard, it can be argued that the resulting blends have a balanced composition. It should

be noted that the next step is a tasting studies in order to obtain satisfactory organoleptic characteristics.
Keywords: blend, sunflower oil, milk thistle oil, camelina oil, rapeseed oil

Beenenne B Hacrosiee BpeMs Moy4aeMble pa3iInyHbIe
BHJIBI MaceJl MaccOBOTO IPOM3BOJCTBA HE ONTH-
MaJIbHBl 110 (PM3HOJIOTUYECKOMY — ITOKa3aTemro —
KUPHOKUCIOTHOMY cocTaBy. [lostomy HeoOxo-
JUMO YBEJIMYUTh aCCOPTUMEHT IOJIE3HBIX JJIS 3/10-
POBBSI Macel € HOBBIM COCTaBOM U CBOWCTBaMH,
a TaKKC€ MPUMCHHUTL pallMOHAJIbHBIC TCXHUYCCKHUEC
pelIeHusT s CO3JaHMsl KyNaXXHMpPOBaHHBIX IPO-

IlepciekTUBHBIM HampaBIEHUEM B IUIIEBOU
IIPOMBIIIIICHHOCTH SIBJIIETCS MOJyYEHUE TPAAMLIU-
OHHBIX TPOAYKTOB C TIOBBIIICHHOH OHOIOrMYecKOM
LEHHOCTBIO ONTUMHU3ALUEN KOJIUYECTBA U COOTHO-
LIEHUS! TIOJMHEHACBIIEHHBIX MXHUPHBIX KHUCIIOT.
[NoBblieHHas OHMOJIOTUYECKas! LICHHOCTh XapaKTepH-
3yeT Ka4eCTBEHHOE U KOJIMYECTBEHHOE COJEPKaHHE

MOJIMHEHACHIINIEHHBIX JKAPHBIX KHUCIOT, a TaKXke AYKTOB. AKTyaJ’IBHOCTB HUCCIICA0OBAHUS 3aKJIIFOYACTCA
SBJSETCS KPUTEPHEM (YHKLIMOHATBHOCTH ISt B M3MEHEHHH IMOTPEOUTEIBCKUX CBOMCTB HOBBIX
pacTUTENbHBIX Macedl. KyHa)Keﬁ N3 PACTUTECIIBHBIX MacCeEll.
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N3BecTHO MHOXECTBO paboOT, B KOTOPBIX
TMIPEICTABIIECHO, YTO JKUPHI JOJDKHEI OBITh B palliOHE
MUTaHUS YeIOBEKa B HEOOXOAMMOM KOJHYECTBE U
ompenieNiecHHoM cooTHomneHuu [1, 2]. Taroke mpoBe-
JICHBl WCCIICIIOBAHUS O BIMSIHMW TOJIMHEHACHIIICH-
HBIX JKUPHBIX KHCJIOT Ha OPTaHM3M, OKa3bIBAIOIIHX
nedeOHbIi 3 deKT: OmaronpusTHOES BO3ICHCTBHE
npu OOJNe3HAX ceplia, caxapHOM JuadeTe, XpOHH-
YecknX 3a00JeBaHUAX TIJIa3, OHKOJIOTHYECKHX
3aboneBaHusIX [3-6]. DTH KHCIOTHI MOCTYMAIOT
B OPraHM3M 4YEJIOBEKa B Pa3HOM KOJHYECTBE,
HO MaKCUMaJlbHBIH 3((EKT OT UX BO3JCHCTBUA
JIOCTUTAETCS TIPU OTIPEACIICHHOM COOTHOIICHHHU (3,
e, 9. VI3BECTEH pallMOHANIBHBIN YPOBEHB OTpeOIte-
HUS1 KUPHBIX KKCIIOT B KosmuecTse 11 r/cyr [7].

HccnenoBareny u3y4aroT HE TONBKO KOJIHYE-
CTBEHHYIO COCTaBIISIOIIYIO YKHPOB, HO M COAJIaHCH-
POBaHHOCTH COCTaBa (HAJIMYKE MTOJTHHEHACHIIIICHHBIX
JKMPHBIX KHCJIOT, OHMOJIOTMYECKH aKTHBHBIX Be-
IIECTB), HU3KYI OKHCIIHTENBHYIO CHOCOOHOCTH
npH XpaHeHWH Macel, ux 6ezomacHocts [8]. Cnemo-
BaTelbHO, TpeOyeTcs IMPOBECHUE WCCIEIOBaHUIMA
B JJAHHOI 00J1acTH.

B HOpMax ¢usmnonoruueckux norpedHocTei
JUTSL Pa3HBIX TPYIII HACEJICHHS YCTAaHOBJICHBI PEKO-
MEH/yeMbIe KOJIMYEeCTBa MOTPEOICHHS >KUPOB —
80 — 100 r/cytkwm [9]. Ha ocnoBe ®AO/BO3 HOpMEI
MOTPEOJICHHUSX KUPOB COCTABIAIOT OKOJIO 3% muis
we 1 0,5% mnst 3, HO 111 GOPHOBI € CepIeUHBIMU
3a00JIeBaHMSIME PEKOMEHTYTOT 110 9% ws 11 2% w3 [10].
YnorpebieHne OONBIIOTO KOJWYECTBA M3 U (6
MPHUBOJUT K HEOJATOMPHUATHBIM  MTOCIEICTBHSIIM.
B cBsi3u ¢ 3THM, peKOMEHIyeTcs YIOoTpeOsaTh
0K0J10 35% KUPOB /115 30POBOTO PaIOHA YEJIOBEKA,
ynorpeOJIeHre MEHBIIET0 KOJIUYeCTBA MPHUBOIUT
K UX HemocTatky [11].

[ToaToMy 1enbro paboTHI SIBISETCS CO3/IaHUE
Kynakedl pacTUTENIbHBIX Macesl C OMUTHMH3HPO-
BaHHBIM COCTaBOM MOJMHEHACHIIEHHBIX JKUPHBIX
KHCJIOT (3, 6, 09 JUISI 30OPOBOTO MHUTAHHS Yelo-
BEKa, CHWXKAIOIINX PHCK Pa3BUTHA 3a00JeBaHUN
3a CUeT MUIIEeBBIX HHTpearueHToB [12, 13]. 3amxaueii
WCCIICZIOBAHUS SIBIISIETCSI OTPEIeIeHUE KUPHOKIIC-
JIOTHOTO COCTaBa Macell C IMOJMHEHACHIICHHBIMH
JKUPHBIMH KUCIIOTaMH, BKITIOYAOIIUMHU ©3, 6, (9,
pacuer Kynaxen uccienyembix maces. s nomyye-
HUSI TaKUX TPOIYKTOB PEKOMEHIYETCsl MPUMEHSTh
HE MEHee JIBYX Macel ¢ CO/ICpPKaHueM JIMHOJICBOH,
JIMHOJICHOBOM U OJI€MHOBOM KHCJIOT.

MaTepI/IaJ'II)I U ME€TOAbI

B kadecTtBe OOBEKTOB  MCCIEIOBAHUSI
BEIOpaHBI PACTUTEIbHBIC Macia, MOJydYeHHbBIE Me-
TOAOM XOJIOJHOTO TPECCOBAHUS M3 PACTOPOTIIIIH,
MOJICOJTHEYHUKA, parca U pbDkuka. Ha mepBom
JTare TMPOBOAWINCH HCCIICMOBAHUS TI0 JKUPHOKHC-
JIOTHOMY COCTaBY PAaCTUTEILHBIX MACell C TOMOIIBIO
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ra3oBoii xpomarorpaduu [14-16]. Unentudukarmio
00pasIoB OMpeAeTsUIN C HCIIOIE30BAHUEM DTAJIOH-
HBIX CMECEH METHJIOBBIX 3()UPOB KUPHBIX KUCIIOT,
nH(OopMaIus 0 KOTOPBIX TocToBepHa. [1pu mpoee-
HUM MCCIICAOBAHUI YYUTHIBAJIACH MTOBTOPSIEMOCTb
pe3yNbTaToOB, KOTOpas COCTaBUIA 5 pas.

Jns co3maHus Kyma)ka MCIOIb30BaH METO
ONTHMU3AIUU — JIMHEHHOTO TPOTPaMMHPOBAHUS,
YUHUTHIBAIOIINN COJCPKAHUE IOJTUHEHACHIIICHHBIX
JKUPHBIX KACJIOT ¥ UX COOTHOIICHUE IS UCCIIEY-
embIx mMacen [17].

[lpu ucnonp30BaHUK MYJIBTUILTUKATHBHON
MOJENN OIpeneIeHbl MaKCUMyMBI 000OIIEHHOTO
KpuTepus 1o Gpopmyie

D=Y I11d;

rae D — 0000meH bl KpUTEPUH MOIEITHPOBAHNS,
De [1]; di — yacTHBIE KPUTEPUH TI0 KAXKIOMY M3
i-X pakTOpOB.

YacrtHble KPUTCPUU HAXOAUIN B COOTBETCTBUHN
C 9TAJIOHHBIM 3HAYECHHEM.

OnpeneneH MakcUMyM OOOOIIEHHOTO KpH-
TepHst MOAEINPOBAHUS IO popMmyITe

rae C, — MmaccoBast [0y KOMIIOHEHTOB Macia,%;
b, —MaccoBast 107151 KOMIIOHEHTOB K-ro MHIpe/enTa,
KOTOpBIE BXOJAT B C, B X| MUHIPEUEHTE PELENTYPBL

3areM BBIUMCISIOTCS 3HAYEHUS YaCTHBIX
(GYHKUMI KenaTelbHOCTH KaKAOr0 KOMIIOHEHTA.
Uro0ObI HalTH YaCTHBIE KPUTEPHUH, HCIIOIb30BaHBI
3Ha4eHUs QYHKIUU XappUHITOHA, KOTOPBIE MOTYT
OBITH CTPYNITUPOBAHBI B KAy JKEJIATEIHHOCTH.

Pe3yabTathl u 00cy:KIeHue

[IpoBeseH aHamM3 cocTaBa HMCCIEIYEMBIX
00pa3ioB Macesl MO HAMYUIO TOJHHEHACHICH-
HBIX JKUPHBIX KUCIOT. HauOosnbliee KONM4ecTBO
6 COJCPXKHUTCS B Macje MOACOTHEYHOM — 66%0,
B MacJje pactoporu — 53%, B Macie parncoBoM —
20%, B macie peikuKoBOM — 17%. Macio pboku-
KOoBOe Oorato mz—37%, Macio parncoBoe mg—59%,
YTO COOTBETCTBYET HOPMAaM JIJIsl yKa3aHHBIX BHJIOB
macen (pucyHok 1) [18].

Hna >ddexTrBHOTO MMONTYydIeHUST (QYHKITHO-
HaJIbHBIX MPO/IYKTOB Ba)KHBIM aCIIEKTOM SIBJISICTCSI
UCIOJIb30BaHNE HepaUHUPOBAHHBIX Macel C Mo-
BBIIIICHHOW OwMONIoTHUecKoi 1ernoctoio [19, 20].
B kavecTBe HMCTOYHHMKA 0Oratoro m6 HCHOIb30-
BaJM Macyio pacropomimy. JloO0aBieHHEe B Kymax
Maciia PbDKUKOBOTO TO3BOJIUT COATaHCHPOBATH
COCTaB 10 M3.
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Ilo pesynpTataM NPOEKTUPOBAHHS IIOJIY-
YeHBI CJIEAYIOLINE YETIPEXKOMIIOHETHBIE KyaXKu
C COOTHOIICHHEM M3 | W6 : g (PUCYHOK 2).
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CoJeprkaHue OCHOBHBIX JKMPHBIX KHCIIOT, %
Essential fatty acid content, %
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20
10
0 |
Macio Macno Macino Macio
MOJICOJIHEYHOE | PAICOBOE PacToponiuy | PpbLKUKOBOE
Sunflower oil | Rapeseed oil | Milk thistle oil | Camelina oil
B3 0,975 11,553 0,815 37,341
Ow6 66,408 19,668 52,505 16,792
Ow9 21,522 58,612 26,125 16,127

Pucynox 1. CocraB wmccieqyeMbIx 0Opas3ioB Macel
10 HATMYHIO TTIOJIMHEHACHIIICHHBIX )KUPHBIX KACIOT

Figure 1. Composition of the studied oil samples by the
presence of polyunsaturated fatty acids
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0 -

Kymax 1 | Kymax 2] Kymax 3 | Kynax 4 | Kynax 5
Blend1 | Blend 2 | Blend 3 | Blend 4 | Blend 5
.MaC.TIO TIO/ICOJTHEYHOEC
Sunflower oil % 5 % 5 %
BMacro paricoBoe
Rapeseed oil 19,84 19,83 28,33 31,66 25
BMacno pacopomuti | 3455 | 1955 | 2267 | 31,67 20
Milk thistle oil ! ! ’ '
OMacio pebKHKOBOE
Camelina oil 52,13 45,62 34 31,67 30

Pucynok 2. Pesynbrarsl
KOMITOHEHTHBIX KYNaxei

MPOCKTUPOBAHUSA UYCTBIPECX-

Figure 2. Results of designing four-component blends

Y CTaHOBIIEHO COOTHOIICHUE KUPHBIX KUCIIOT
®3: o6 09— 1:1,5:1,3. Ha ocHOBaHWMHM TTOJTyYEHHBIX
JIAHHBIX PACCYMTAHBI YACTHBIC (QYHKIMH KeaTeNb-
HOCTH I K&KJOTr0 Kymaka M oOLIMi ToKa3aTelb
XappuHrTOHA (PUCYHOK 3).
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q)yHKI_II/ISI JKEJIaTCIIbHOCTHU
Desirability function

Pucynok 3. Yactusie kpurepun (di) u 0000UICHHBIH
KPUTEpUI MOJENMpOBaHMsl (YHKIMU SKENaTeIbHOCTH
pacTUTeNbHBIX Macel Dogy: 01 — kymaxk 1, dp — kymax 2,
ds — xkynax 3, dg — kynax 4, ds — kymax 5

Figure 3. Partial criteria (di) and generalized criterion for
modeling the desirability function of vegetable oils
Diota: d1— blend 1, d,— blend 2, ds— blend 3, ds—
blend 4, ds —blend 5

C moMOImBI0O MOJENMPOBAHUS TOIYIECHO
5 Kynaxei ¢ pa3IuyHbIM COCTaBOM, OTBEYAIOIINE
COBPEMEHHBIM TPeOOBaHUSIM NHTAHHUA, O YEM
CBUJICTENILCTBYIOT IOJyYCHHBIC NaHHbBIE. AHaIU3
PUCYHKA MO3BOJIMJI CACIAaTh BBIBO/, YTO 3HAYCHUA
¢yHKIMi sxenmarensHOCTH TipeBbimaioT 0,9, 06006-
LICHHBI KpUTepuid XappUHITOHA HMEET 3HAUYCHHE
0,97. CnemoBatenbHO, TIOTYYEHHOE 3HAYEHHE CO-
OTBETCTBYET CTAaHAApPTHOMY YPOBHIO  IIKAaJbl
JKENaTeIbHOCTH «OTIIMYHO». lloaToMy MOKHO
YTBEPXKIATh, YTO MOJTYUYECHHBIE KyMaXXH 00JIaAaloT
cOaraHCHPOBAaHHBIM COCTaBOM.

3akioueHne

s co3manus QyHKIMOHANBHBIX MHIEBBIX
MPOIYKTOB HCIOJIb30BaH O€30MacHbIil U MpoCTOn
croco0 TONydeHHs] KyNaked Npu CMeIUBaHUU
pa3IMYHBIX BHJOB Macell. YCTaHOBICHO, 4YTO
HauOoJblIee KOJMYECTBO s COAECPIKUTCS B Maciie
nozicoHeyHoM — 66%, B Macie pactoporm — 53%,
B Maciie paricoBoM 20%, B Maciie ppiKUKOBOM — 17%.
Macio peDKUKOBOE COJICPIKHT 3 B KoJrdecTBe — 3790,
Maciio parcoBoe mg— 59%, YTO COOTBETCTBYET
HOpMaM JIJIsl YKa3aHHBIX BHJIOB Macedl.

C momomrwro iporpamMmser Generic 2.0 poBe-
JICHO MOJICIMPOBAHUE COJACP)KaHMS KOHLCHTPALK
UCCIIelyeMbIX KOMIIOHEHTOB. Takum o0pasom,
yCTaHOBJIEH cOATaHCUPOBAaHHBIIN COCTaB pa3paboTaH-
HBIX PEIENTyp Macel JUIsl IEPCIIEKTUBHOTO HCIOJb-
30BaHMS B JIEYEOHO-TIPODUITAKTUIECKOM MUTAHUH.
PesynpraThl aHanmM3a KynaXMpOBaHUS MOATBEP>KAA-
I0TCSL BBICOKMMH 3HaueHUsMH (QyHKIMM XappuHr-
ToHa. [IpennoxeHsl peuenTypsl Kynaxei, KOTopble
pEKOMEHyeTcsl MPUMEHSTh sl (PYHKIMOHAIBHOTO
mutanusd. ClaemayromuM dTarioM paboThl TOJDKHA
CTaTh ONTUMHU3ALMS KyNayKeld pacTUTEIbHBIX MAaced,
OCHOBaHHasI Ha PEOJIOTUYECKUX U OpraHOJeNTHYC-
CKHX XapaKTePHCTHKAX.
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