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CPABHUTEJIBHOE U3YYEHUE
KOMIIOHEHTHOI'O 1 )KHUPHO-KHCJIOTHOI'O COCTABA
CEMJIH JIBHA TTIOCEBHOI'O

AHHOTAIMS.

Axmyanornocms u yenu. JIeH noceBHOH (OOBIKHOBEHHBIN) — Linum usitatissimum L.
ceMm. JIpHOBBIE — Linaceae, MHUPOKO IPUMEHSIETCA B TPAOUIIMOHHONW MEIUIIHHE.
OcHOBHOI#1 rpynmoii ouonorndecku akTuBHbIX coenuneHui (BAC) B cemeHax JibHa
ITOCEBHOTO SIBJISIIOTCS )KUPHBIE KUCIOTHI, B TOM YHCJE JIMHOJIEBAasA, JHHOJICHOBAs U
OIleMHOBas. biarogapss HaNMYMIO TaKWX IMOJMHEHACBHIIICHHBIX >KAPHBIX KHCIOT
(omera KHCIIOTBI) CeMeHa JIbHA OKa3bIBAIOT IMHUPOKHH CIEKTP (HapMaKoIOTHUECKHX
3¢ (EKTOB: THIMOX0JIECTEPUHEMUICCKHUH, IPOTHBOBOCIIAUTEIbHBIN, aHTHOKCUIAHT-
HBIA. B HacTosIee BpeMs oIy4eHo OO0JBIIOe KOTUIECTBO HOBBIX COPTOB JIbHA, CE-
MEHa KOTOPBIX UMEIOT 3HaYUTENbHbIE OTJINUMS. B coBpeMeHHOH MeauuuHe ceMeHa
JibHa HCIOJB3YIOTCA KaK MCTOYHHUKHU MOJIMCAXapua0B, IMPU 3TOM HE YUYUTHIBAIOTCA
KHUPHO-KHCJIOTHBI COCTaB M COOTHOIICHHE oMera-6 M oMmera-3 TONWHEHACHIICH-
HBIX JXHPHBIX KHCJIOT. B rmociennee necsatuiieTre BBIBEIECHO OOJBIIOE KOIMYECTBO
HOBBIX COPTOB C PA3JIMYHBIM AMHWHOKHUCJIOTHBIM W KHUPHO-KUCJIOTHBIM COCTaBOM,
COJIep)KaHWE JAHHBIX OMONOTWYECKH aKTHBHBIX COSAMHEHHH HEIOCTaTOYHO HM3yde-
HO. B cBsi3n ¢ 3TUM mpeacTaBisieTcsl aKTyaJIbHBIM HCCIIEIOBAaHHE JKUPHO-KHCIOT-
HOT'O COCTaBa JIbHA ITOCEBHOr0 ceMsiH. Llenb ucciienoBanust — U3y4uTh KOMIIOHEHT-
HBIA ¥ JKUPHO-KHACIOTHBIN COCTAaB CEMSH COBPEMEHHBIX COPTOB JIbHA TIOCEBHOTO.

Mamepuaner u memoodsl. B kauecTBe MaTepuaia ISl UCCIEIOBAHUA HCIIOIB30-
Bayii 00pa3ibl HOPOIIKOBOTO CHIPbs JIbHA IIeCTH copToB: McTok, Jlunona +, CeBep-
HbI#, bpectckuii, Kapabanbikckmii, benouka. ConepikaHue skupa onpenessuid B ar-
maparax Coxciera (MeTox 00e3KHPEHHOTO OCTATKa); COACpKaHHe MPOTeHHA — Me-
TOJIOM THTpPOBaHUs B anmapare Koenbaans; conep>kanue KierdaTku — 1o [ enHeOep-
ry u llltomany B Mmoaudukaunu LIUHAO; conepxanue dpochopa — myTem 030JIeHHs
o [IureBnu B Mogudukanmu KypkaeBa ceKTpopOTOMETPHIESCKAM METOAOM TpH
JuinHe BOJIHBI 670 HM. V3ydeHHe >KMPHO-KHCIOTHOTO COCTaBa Macia CEeMsH JIbHa
MPOBOAMIIA METOAOM T'a30’KHIIKOCTHOI Xpomarorpaduu IMocjie NpeiBapUuTeIbHOr0
IepeBo/ia )KAUPHBIX KUCIOT B MeTHIIOBEIE 3¢upsl o Metoanke [[OCT 31665-2012.

Pesynvmamei. B pesynbprare npoBeIeHHOTO aHajIM3a ObUIO BBISBICHO, YTO CEMe-
Ha JIbHAa OTJIMYAIOTCS MAaCIMYHOCTBIO M COJIEPIKAHUEM MPOTENHA, CyMMapHOe KOJIH-
YeCTBO KOTOPBIX BapBHPYETCS B cpeaHeM oT 55 1o 75 % ot obmeit maccsl. Makcu-
MaJIbHOE KOJIMYECTBO MPOTEHHA OTMEUYEHO B ceMeHax copToB JluHona + (25,97 %),
Benouka (25,10 %), a >xupHOro Macna — B cemeHax copros Hcrok (46,52 %), Ce-
BepHbIid (45,17 %), Bpecrckwuii (44,25 %). bbuin uneHTUGUIUPOBaHbI 16 KUPHBIX
KHCJIOT W YCTaHOBIICHBI WX KOJIMYECTBEHHBIC JONW. B OIMHAKOBBIX YCIOBHAX BHI-
palBaHusl COJEP)KaHWE OCHOBHBIX YXMPHBIX KHCJIOT B CEMEHaX JIbHa COPTOCHENH-
(UYHO IO KOJMYECTBEHHOMY COOTHOLICHHUIO MOJMHEHACHIIICHHBIX KUPHBIX KHCIIOT.

© boraues A. A, Taspunosa H. A., Kypatokos E. E., CemeHoBa E. ®., MoHomapesa T. A., 2020. [aHHas cTaTbA
[OCTYMHa Mo YC/II0BUAM BCEMMPHOM amueH3mn Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), koTopas faeT paspelieHne Ha HeorpaHMYeHHOe UCMOo/Ib30BaHUe, KOMu-
poBaHWe Ha Ntobble HOCMTENW MPU YCIOBUM YKa3aHWA aBTOPCTBA, UCTOMHMKA W CCbIZIKM Ha nuueHsuio Creative
Commons, a TaKXe U3MEHEHW, eC/IY TaKOBble UMET MecTo.

12 University proceedings. Volga region



Ne 1 (29), 2020 EcmecmeeHHble Hayku. dusuonoausa u buoxumus pacmeHuli

B nenom maciio, mMoy4eHHOE U3 CEMSH JIbHA, XapaKTEPHU3yETCsl BBICOKUM COAEpIKa-
HHEM HEHACBHIIIEHHBIX XUPHBIX KUCIOT (75-90 %), B TOM uYmnciie NMOJIMHEHACHIIICH-
HbIX (60—-80 %). 13 HeHaCHIIEHHBIX (HETIPEACIbHBIX) )KUPHBIX KUCIIOT Ipeobiiaia-
0T JIMHOJICHOBAs, JIMHOJIEBAsSI, OJICMHOBAS; M3 IIPEAEIbHBIX — MAIbMUTHHOBAS.
Buisoowr. CemeHna sibHa 00J1a/1al0T BBICOKOM MHUIIEBOW LIEHHOCTBIO, 00YCIIOBJICH-
HOH TIOBBIIIEHHBIM COJICpP)KaHUEM NPOTENHA U )KUPHOTO Macia, CyMMapHOE KOJIJe-
CTBO KOTOpBIX cocraBisier 60—75 %. Haubonplielt MacaIn4HOCTBIO 00JIIA0T cemMe-
Ha copToB: Ucrtok (46,52 %), CesepHriit (45,17 %) u bpectckuit (44,25 %).
HawuGonpliiee KOJIMUECTBO KJIETYATKH COAEPIKHT ChIPhE MACIUYHOIO JIbHA COPTOB:
Bpecrekuit (10,91 %), Kapabambikckuit (11,60 %), bemouka (11,70 %). Ilo comep-
YKAHUIO MaJTbMUTHHOBOW KHUCIOTHI JUAMPYET Mmacio copta Jlunona + (6,682 %),
cTeaprHOBOH — copta bpectckwnii (5,862 %), onenHoBoii — copta benouka (27,987 %),
nuHONEeBO# — copta Mctok (69,161 %), nuHoneHoBoM — copTa bpectckuii (55,637 %).

KiioueBble ciioBa: ceMeHa JibHA, XUMHUUYECKUM COCTaB, Macjo, )KUPHbIE KHC-
JIOTHI.

A. A. Bogachev, N. A. Gavrilova,
E. E. Kurdyukov, E. F. Semenova, T. A. Ponomareva

COMPARATIVE STUDY OF COMPONENT
AND FATTY-ACID COMPOSITION OF FLAX SEEDS

Abstract.

Background. Flax seed — Linum usitatissimum L. family. Flax — Linaceae,
widely used in traditional medicine. The main group of biologically active com-
pounds (BAS) are fatty acids, including linoleic, linolenic and oleic. Due to the
presence of polyunsaturated fatty acids (omega acids), it has a wide range of phar-
macological effects: hypocholesterolemic, anti-inflammatory, and antioxidant. Cur-
rently, a large number of new flax varieties have been obtained, the seeds of which
have significant differences. In modern medicine, flax seeds are used as sources of
polysaccharides, while not taking into account the fatty acid composition and the ra-
tio of ®-6 and ®-3 polyunsaturated fatty acids. In the last decade, a large number of
new varieties with different amino acid and fatty acid composition have been deve-
loped, and the content of these biologically active compounds has not been suffi-
ciently studied. In this regard, it seems relevant to study the fatty acid composition
of flax seeds. Objective — to study the component and fatty-acid composition of
seeds of modern varieties of flax seed.

Materials and methods. As a material for the study, samples of powdered raw
flax of six varieties were used: Istok, linola +, Severny, Brestsky, Karabalyksky,
Belochka. Fat content was determined in the Soxhlet apparatus method (skim ba-
lance); protein — titration in the Kjeldahl apparatus; fiber — to Henneberg and Shi-
mano in the modification of TIN; phosphorus content — by combustion at Pinevich
modification Kurchaeva spectrophotometrically at a wavelength of 670 nm. The stu-
dy of the fatty acid composition of flax seed oil was performed by gas-liquid chro-
matography after preliminary conversion of fatty acids to methyl esters according to
GOST 31665-2012.

Results. As a result of the analysis, it was found that flax seeds differ in oil con-
tent and protein content, the total number of which varies on average from 55 to
75 % of the total weight. The maximum amount of protein was found in the raw ma-
terials of Linol + (25,97 %), Belochka (25,10 %) and fatty oil — Istok (46,52 %),
Severny (45,17 %), and Brest (44,25 %) varieties. Sixteen fatty acids were identified
and their quantitative composition was established. Under the same growing condi-
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tions, the content of basic fatty acids is varietally specific with a different ratio of
polyunsaturated fatty acids. The oil is characterized by a high content of unsaturated
fatty acids (75-90 %), including polyunsaturated (60—80 %). From unsaturated fatty
acids, linolenic, linoleic, and oleic acids predominate; from marginal ones, palmitic.

Conclusions. Flax seeds have a high nutritional value due to the high content
of protein and fatty oil, the total amount of which is 60-75 %. The seeds of the fol-
lowing varieties have the highest oil content: Istok (46,52 %), Severny (45,17 %),
and Brestsky (44,25 %). The largest amount of fiber contains raw oilseed flax varie-
ties: Brest (10,91 %), Karabalyk (11,60 %), Belochka (11,70 %). In terms of pal-
mitic acid content, the leading fatty oil is Linola + (6,682 %), stearic — Brest (5,862 %),
oleic — Belochka (27,987 %), linoleic — Istok (69,161 %), linolenic — Brest
(55,637 %).

Keywords: flax seeds, chemical composition, oil, fatty acid.

CocraB 1 BIMSHHE CEMsH JIbHA M TIPOJYKTOB WX NepepaboTKu Ha OpraHU3M
YeJoBeKa M3Yy4aloT MHOTHE YUYEHBIC U3 pa3HBIX CTpaH. [InIIeByr0 IEHHOCTh CeMSH
JbHA OIPENENSIIOT JKUPHl, BUTAMHIHBI, MUHEPAIbHBIE BEIIECTBA, IICHTO3aHbI U IH-
meBble BoJoKHA [1—6]. OqHako Takue OMOJIOTHYECKH aKTHBHBIC COCIMHCHMS, KakK
JKUPHBIE KUCIIOTHI 1 aMUHOKHCIIOTHI, COJIEPIKaIiecs B CEMEHaX JIbHA, TIOKa HeJ[0C-
TATOYHO HMCCIEAOBaHBl. B dYacTHOCTH, HEe W3yYeHO BapbUPOBaHHE COICPIKAHHS
JKUPHBIX KUCIIOT B Maciie CEMsIH JIbHA Pa3UYHBIX COPTOB. Y CTAHOBJICHO, YTO pas-
JIMYUSI B COOTHOIICHUH MTOJTIMHEHACHIIIIEHHBIX KUPHBIX KUCJIOT B Maclie CEMsH JIbHA
BJIHAIOT Ha ero (apMmakoiorndeckuit agdekr [7—11]. B cBa3u ¢ 3TUM npencrapis-
eTCsl aKTyaJbHBIM HCCIIEOBaHHE KOMIIOHEHTHOTO COCTaBa CEMSH W YKHPHO-KHC-
JIOTHOTO COCTaBa Maclia CeMsH JIbHa IIOCEBHOTO.

MarepuaJibl 1 MeTOAbI

B kauectBe marepuasa AJis1 UCCIEIOBAaHMS MCIOIb30BaIN IOPOIIKOBHIE Ce-
MeHa JibHa mmectn copToB: Mcrok, Kapabamsikckuii, CeBepHbii, JInHoma +, bpect-
ckuit, bemouka (tabm. 1). J{st ananmza oTOupany mo msaTh 00pas3noB KaXI0ro COpTa.

OmnpeneneHnie XUMUYECKOTO COCTaBa CBHIPbSI OCYIIECTBIISUIM OOIICTIPUHSTHI-
MH METOAMKAMHU: METOAOM 00€3KMPEHHOr0 OcTaTka B anmaparax Cokciera ompe-
JeNsUId CofiepKaHne JKUpa; METOJOM TUTpOBaHUs B ammapate Kbenpaans onpene-
JSUT coZlepKaHue MPOTernHa; conepkanne Gocdopa — mytem o3oneHus o [lune-
Bu4 B Monubukanuu KypkaeBa criekTpoOTOMETPHUECKUM METOAOM IpU [UINHE
BotHBI 670 HM; comepkaHue Kietdatku — 1mo ['eanebepry u llltomany B Mmonnudu-
katuu [TUHAO [12]. Bece uaMepeHust npoBeAeHbl B MATHKPATHBIX aHATUTHYECKHUX
MOBTOPHOCTSIX.

W3ydeHne >KMpHO-KUCIOTHOTO COCTaBa Macja CeMsSH JbHa IMPOBOJIMIN Me-
TOJIOM Ta30KUIKOCTHOW Xpomarorpadui TOCie MpeaBapUTEeIbHOTO MepeBoaa
JKUPHBIX KUCIOT B MeTHioBbe 3¢upsl nmo Metoauke 'OCT 31665-2012 [13-16]
(puc. 1). Bee uccnenoBanus XUPHO-KUCIOTHOTO COCTaBa Macjla CEMSH JIbHA IPO-
BEJICHBI B TPEXKPATHBIX aHATUTHICCKUX IIOBTOPHOCTSX (Ta0IM. 2).

Craructuyeckyto oOpabOTKy pe3yJIbTaTOB 3KCIIEPUMEHTAIBHOTO HCCIEHO0-
BaHMsI IPOBOAMJIM C IOMOIIbIO MAKeTa CTATUCTHUECKUX MporpaMm Statistica 6.0 u
BIOSTAT. JlocTOBEpHOCTh pa3ivuuil paccuuTaHa ¢ MOMoIIbI0 f~-kputepus CThio-
nenta. KpuTuyeckass BeIMYMHA YPOBHS 3HAYMMOCTU OpuHATa paBHO# 0,05.
Bo Bcex maHHBIX, IPUBEACHHBIX B CTaThe, KOJTUYECTBEHHBIE TIOKA3aTEeH BBIpake-
HEI B BUae M + m.
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Pe3yabTaTthl 1 00cy:KI€eHUE

CpaBHHUTENBHOE M3yUeHHE XUPHO-KHCIOTHOTO COCTaBa CEMSH IIECTH COB-
PEMEHHBIX COPTOB JIbHA OOBIKHOBEHHOTO KaK MCTOYHWKA KHUPHO-MACIHYHOTO CHI-
pBst IOKa3ao 3(pQeKTHBHOE UX UCIOIB30BaHIE B METUITMHCKON mpakTuke. [IpoBe-
JIEHHBI XUMHUYECKUH aHaju3 MOKa3aj, YTO CeMeHa M3Y4YEeHHBIX COPTOB JIbHA CO-
JepKaT psii OMOIOTUYEeCKH aKTUBHBIX COSIMHEHUH, Cped KOTOPBIX MpeodaanaroT
Oenku u kuphbl. UX cymMMapHOE KOJIWYECTBO COCTaBisieT B cpenHeM 64-70 % ot
o0mieit Macchl ceMsH (cM. Tab. 1). MakcuMallbHOE KOJUYECTBO MPOTEHHA OTME-
YEeHO B CEMEHHOM ChIphbe copToB JIunona + (25,97 %), benouka (25,10 %), bpect-
ckuit (24,67 %), a xxupHoro macna — y coptoB Hcrtok (46,52 %), CeBepHsblit
(45,17 %), bpectckuii (44,25 %). Haubonbiee KOJIMYECTBO KICTUYATKU COJCPKAT
cemena coptoB bpectckuit (10,91 %), Kapabanpikckmii (11,60 %), bemouxa
(11,70 %).

B pesynbpTare m3ydeHus KUPHO-KUCIOTHOTO COCTaBa JIMITUAOB CEMSIH HEKO-
TOPBIX COBPEMEHHBIX COPTOB JIbHA OBLIO BBISBICHO, YTO M3 HEHACHIIEHHBIX JKUP-
HBIX KHCIIOT IPeoONafaroT JMHOJCHOBAS W JMHOJIEBAs KHUCIOTHI, OTHOCSIIHECS
K oMera-6 u oMera-3 KMCIIOTaM, a U3 HACBHIIIEHHBIX — MaJbMUTHHOBAS U CTEapHUHO-
Bas KUCJIOTHI (cM. puc. 1, Tadm. 2) [17, 18].

OpHOIl 13 OCHOBHBIX HACBHIIIEHHBIX KUCIOT Y U3y4aeMbIX COPTOB JIbHA SIBJIS-
eTCsl MAJIbMUTHHOBAs KHCJIOTa, y4acTBYIOLIas B MeTaboIM3Me JKMPHBIX KHUCIOT.
Copep:xaHre MaJTbMUTHHOBOM KHCIOTH Bapbupyercs oT 4,93 % (bpectckwuii) no
6,68 % (JIunona +). Haubomnpinas Bapuanus cogep kaHusl >KUPHBIX KUCIOT HaOIII0-
JlaJiach y COPTOB C BBICOKUM COJIEpKaHHEM IOJIMHEHACBIIIEHHbIX JKUPHBIX KUCIIOT,
TaKUX KakK JIMHOJIEHOBAsl M JIMHOJIEBasl KUCIOTHL. IIpu 3TOM OTMeuaroTcss HEKOTO-
pBIe 3aBHCHMOCTH B COAEpKaHWW HaHHBIX kucioT. Copra (Hampumep, McTok)
C BBICOKHM COZEP)KaHHEM JIMHOJIEBOH KHCIOTHI (69,16 %) conepkanu, Kak NpaBu-
JI0, HE3HAYUTEIFHOE KOJHMYECTBO JIMHOJIEHOBON KHCIOTHI (4,54 %). OTnenpHbIC
KUPHBIE KHCIIOTHI — ApaXWHOBAs ¥ TOHJJOMHOBAS — IPUCYTCTBOBAIA B MAaciie CEMSH
JbHA B HE3HAYUTENBHBIX KoamdecTBax — 110 0,24 %. Macio cemsH JbHA, comepxka-
mee 3HAYUTENbHOE KOJMYECTBO JMHOJEBOW KHCIOTHI, YCTOWYHMBO K OBICTpOMY
okucieHuto. 11 Ha0060poT, BEICOKOE COAEP KaHNE JIMHOJIEHOBOH KHUCIOTHI B CEMEHAX
npHa 00YCIIOBIIMBAaET HU3KYIO CTOMKOCTH Macia K okucienwio [17, 19]. Cemena
JIbHA, cofiepKalue OOJbIIoe KOJIWYECTBO MOJIMHEHACHIIIEHHBIX KUPHBIX KHUCIOT,
MOJKHO PEKOMEHI0BATh KaK THIOX0JIECTEPHHEMUYECKOE CPEICTBO.

3akjoueHmne

1. MeromoM Ta30XUAKOCTHOW Xpomatorpaduu OBIT ompenencH >XHPHO-
KHUCJIOTHBIA COCTaB Macjia CEMSH JIbHa COBPEMEHHBIX COPTOB, XapaKTEPU3YIOIIHICS
npucyTcTBHeM 16 XHUpHBIX KHCI0T. Cpenu HUX JAOMUHHPOBAIN JMHOJEBAas —
ot 14,10 no 69,16 %, muaonenoBast — ot 4,08 mo 55,64 % u ojleMHOBas KUCIOTa —
ot 14,88 10 27,99 %.

2. Hagnune OONBIION HOIM OJIEMHOBOH, IMHOIEBOW M DMKO3EHOBOM KUCIOT
B Macje CeMsIH JbHa OMpeAeNsieT aKTyallbHOCTh €r0 BO3JEIBIBAHUS B JIEKAPCTBEH-
HOM PacTEHUEBOCTBE.
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