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V3KeCTovalommiicsi KOHTPOJIb 38 KAYeCTBOM U 6e30IMacHOCTbIO MUILEBOI MPOAYKLIMM IPUBOIUT K PACIIMPEHUIO
CIIMCKa HOPMUPYEMBIX TTOKa3aTesieli ¥ HOpMaTUBHOI 6a3bl METOJOB McCaefoBaHuii. He cMOTpst Ha OTCyTCTBUE
YCTAHOBJIEHHBIX HOPM U TPeGOBaHMIA K SKUPHO-KMUCIOTHOMY cocTaBy (JKKC) MsICHOI TPOAYKIMM U COIE PSKAHUIO
B Hell pacTUTENbHBIX KUPOB, GbIM paspaboTaHbl mMetomuku ompeneneHus JKKC u KMPOB pacTUTEIbHOTO
MpoucXoKaeHus. [[pyBeIeHHbIe TIOAXOMAbI K TIOATOTOBKE P00 MO3BOJISIIOT MaKCUMMAaIbHO 6HICTPO U 3G GEKTUBHO
9KCTParMpoBaTh U3 o6paslia aHAIM3UpPyeMble BelecTBA, a BO3MOXKHOCTM COBPEMEHHOTO aHaJIUTUYECKOTO
000pyoOBaHUS TO3BOJISIIOT ONpENEeNsITh [axke B CJAe[OBble KOAMYecTBa. HIDKHMIT Tipemen orpemeneHust
PaCTUTENBHBIX XXUPOB cocTasisieT OT 1,0 mr/kr. MoHu3anus 97eKTPOHHBIM yAAapoM, IIPY KOTOPOM MOJIeKysia
OTIpeIe/IsIeEMOTO BeIlleCTBa PacafaeTcsl Ha XapaKTepHbIe TOUePHMIT MOHBI, a TaK Ke UCII0/Ib30BaHMe OUOIMOTEeRN
Macc-CIeKTPOB UCKITIOUAIOT ITOTyYeH)e HeJOCTOBEPHBIX WM JIOKHOTIOIOKUTENIbHBIX Pe3y/IbTaTOB.
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Tightening control over the quality and safety of food products leads to an expansion of the list of standard-
ized indicators and the regulatory framework of research methods. Despite the lack of established standards and
requirements for fatty acid composition (FAC) of meat products and the content of vegetable fats in it, methods
have been developed for determining FAC and vegetable fats. The presented approaches to sample preparation
make it possible to extract analytes from a sample as quickly and efficiently as possible, and the capabilities of
modern analytical equipment make it possible to determine even trace amounts. The lower limit of determination
of vegetable fats is 1.0 mg / kg. Ionization by electron impact, in which the molecule of the analyte breaks down
into characteristic daughter ions, as well as the use of a library of mass spectra exclude obtaining false or false-

positive results.

1. BBegenue

B Hactosiiee Bpems KupoBasi daza MUIIEBBIX MPOAYKTOB
MCCIIeqyeTCs C IOMOIIBI0 Pa3/IMUHBIX METOL0B XpomaTorpadum
(BpIcOKO3h PeKTUBHAS KMUAKocTHAsE xpomarorpadust (BIXKX),
rasoBast xpomartorpadus (I'X), MeTon XpOMaTO-MaccC-CITeKT-
pOMETpUM, OITUYECKON CIEKTPOCKOINM, (PIYyOpPecIeHTHOrO
u nuddepeHIaTbHO-TEPMUUECKOTO aHanu3a). OmJHaKO Hau-
6oJiee ONITUMAJIbHOI SIBJISIETCS METOJ, Ta30BOi XpoMaTorpadumn
BBU/IY €T0 BbICOKOIt YyBCTBUTENbHOCTY U CTEIIeHM aBTOMAaTHU3a-
uyu [1].

TeHOeHUIUM eBPOIIeiicKoii J1abopaTOPHOI MPAKTUKM B
ob6nactu danbeudukany 1 6e30MacHOCTU MPOAYKTOB IMH-
TaHUSsI, CBUAETEbCTBYIOT O ITOCTOSSHHOM pacClIMpeHuN CINUcKa
KOHTPOJMMPYEeMbIX ToKasaTeneil. PasBuTue aHaIUTUYECKO
anmapaTypbl He TOJBKO He CHMMAaeT Mpo6ieMy KauyecTBa BbI-
TIOJIHSIEMBIX aHAIN30B, HO, HATIPOTUB, IIPEIbSIBIISIET BCe Gosee
BBICOKME TpeOGOBaHMs BO BCEX acleKTax MPOBeNeHMs] aHalu-
30B. DTO OTHOCUTCSI KaK K TMPOIeccy Mpob6OMOArOTOBKY, TaK
U K IpubopHOoIi uaeHTUdUKauum. Oco6eHHO aKTUBHO B HACTO-
sinjee BpeMs pa3BUBAIOTCSI M BHEIPSIIOTCS B NMPAKTUKY aHaIN-
TUYECKUX JTa60paTOPuit METOMIbI C MacC-CIIEKTPOMETPUUECKOii
uIeHTUGUKALVEN, TTOSIBISIOTCS HOBbIE VMICTOUHMKM MOHM3A-
. OCHOBHBIMM IPEMMYILECTBAMM XPOMAaTO-MacC-CIIeK-

oI UUTUPOBAHUS: Vreanos I.A., Kynukosckuit A.B., Boctpukosa H.JL.,
VBankuH A.H. K Bompocy ompepeneHusi pacTUTENbHBIX >XKMPOB B INUILEBON
nponykuyu. [Inmeseie cucremsl. 2018; 1(4): 27-41. DOI: 10.21323/2618-9771—
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TPOMETPUM SIBJISIOTCS: UYYBCTBUTEIHHOCTb; CEIEKTUBHOCTD;
BBICOKAS IOCTOBEPHOCTh PE3y/IbTAaTOB; IIPOCTOTA ITPOBOITOATO-
TOBKM; BO3MOKHOCTb aHa/M3a pa3sHbIX KJIACCOB COeIMHEHMIT;
BO3MOSKHOCTb OMOIMOTEUHOIO ITOMCKA HeM3BECTHBIX COeMHe-
Huit. JJaHHbIe METOZbI 1 B YaCTHOCTM ra3oBasi XpOMaTO-Macc-
CIIeKTPOMETPUSI aKTUBHO MCIIONb3YeTCS ¥ B MPaKTUKe OTeve-
CTBEHHBIX JIabopaTopuii [2].

Bo3MOKHOCTM aHanM3a pa3HbIX KJIACCOB COEOMHEHUI 0CO-
GeHHO aKTyaJbHbI 11 MCC/IeNOBaHN B o6macTu dambcuduka-
LMK TPOAYKIMM SKMBOTHOTO IPOMCXOKIEHUSI PaCTUTETbHOI
nponykuyeit. Tak nmpu danbcuduranmm TPORyKIMMU PACTUTENb-
HBIMM JXKMPaMM B Hee ITOIafaloT (PUTOCTepUHBI — CTePUHBI pa-
CTUTEILHOTO MPOVCXOKAEHMS. VI, HeCMOTPSI Ha CYIeCTBYIOIIME
CBUIETENbCTBA O TOM, UYTO OHM CITOCOGHBI YMEHbIIaTh YPOBEHb
X0JIeCTepUHa Y UeJIoBeKa, CyLeCTBYeT s, MCCaeI0BaHMii, JoKa-
3BIBAIOIIMX VX HEOJHO3HAUHOE BJIMSIHME HA OPTaHM3M UejioBe-
Ka, B YACTHOCTU (DUTOCTEPUHDI YBEIMUMBAIOT PUCK MOSIBJIEHUS
CepIevHOo-COCYIMCTHIX 3a60IeBaHMiA.

[TosTOMY, YUUTHIBas yUallaolecs crydan q06aBaeHus pa-
CTUTETbHBIX KMPOB B SKMBOTHYIO IIPOAYKIIMIO B TOM UMCIIE C Lie-
b0 anbcudurauy, Heo6XOAMMbl METOAbl KaueCTBEHHOTO
¥ KOJIMYECTBEHHOTO O6GHApYKeHMsT GUTOCTEPUHOB 1 OIpeerie-
HMUSI KMPHO-KMCIOTHOTO COCTaBa MPOAYKTA.

FOR CITATION: Utyanov D.A., Kulikovskii A.V., Vostrikova N.L., Ivankin A.N.
Determination of vegetable fats in food products. Food systems. 2018; 1(4): 27-41.
(In Russ.). DOI: 10.21323/2618-9771-2018-1-4-27-41
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2. Marepuaibl ¥ METOAbI

JKupHo-kucnotHseiit coctaB (PKKC) mponyKkra u copepykaHue
dbutocreprHOB ormpenens;iM Ha razoBoMm xpomarorpage HP
7890A Agilent Technologies (USA) ¢ KamuIsIpHOI KOJTOHKOIA
HP-5MS guametpom 0,25 mm, AjinHO# 30 M, C TOIIIMHOM CJIOST
HenoaBIDKHOM (asbl 0,25 MKM ¢ Macc-CesleKTUBHBIM JIE€TEKTO-
pom (MCIT) 5975C VLMSD Agilent Technologies (USA).

IMoaroroBka rpo6 as onpepenenust JKK coctaBa MOJTOYHBIX
MPOAyKTOB mpoBoauiaach mo I'OCT 31665-2012 «Macia pactu-
TeJIbHbIE U KUPBI KUBOTHbIE. [lolyueHre MeTUIOBBIX 3(GUPOB
SKUPHBIX KUCIOT».

IMoaroroBka 1po6 mis omnpepenenust JKK cocraBa MSICHBIX
poayKToB rpoBoamiachk 1mo 'OCT P 55483-2013 «Msico u Msic-
Hble MPoAyKThI. OTnipeneneHne XKUPHO-KUCIOTHOTO COCTaBa Me-
TOJOM ra30Boit xpomaTtorpadum»

HaBecky o6pasnia 1 r obpabarbiBanyu B TeyeHMe 8 4acoB
cMechio 12 mit ximopodopma ¢ 10 My MeTaHoJIa B MPUCYTCTBUM
1 %-noro pactBopa KCI 11 pacTBOpeHMS] XMMUYECKUX KOMIIO-
HEHTOB, 9KCTPaKT GMIbTPOBaIM yepe3 Gymary. 1 M 9KCTpaKTa,
copepskamiero okosno 0,1 r cyxoro ocratka CMeIIMBaau C 5 M
15 %-HOTrO0 pacTBOpa aleTUIXI0OPKIA B MEeTaHOJIe, BhIIePXKIBa-
Jin B TeueHue 2 4 ipu 100 °C B repMeTUYHO 3aMasiHHOM CTeKJISTH-
HOJt aMITy/ie B aTMochepe aproHa 1 HeiTpaau3oBanu gobasie-
HMeM HacbllleHHOro pactBopa KOH B meTaHose no pH pactBopa
5,0-6,0. K cmecu m06aBisiiv 3 MJT HACHIIIIEHHOTO BOAHOTO pac-
tBopa NaCl 1 6 M rekcaHa, ocTaB/IsuiiM Ha 30 MUH U OTOMpaIn
st anamsa 0,5 MUT M3 TTPO3pavyHOro reKCaHOBOTO CJ108I, COoMep-
KalIero MeTWIMPOBAHHbIE M HEMETUIMPOBAHHbIE ()OPMbI aHa-
JIU3UPYEMBIX BEIIEeCTB.

JI7s1 aHaM3a CTEPUMHOB MCITOb3YeTCs TTOATOTOBKA MPO0, IMo-
3BOJISIOILASI TIOJTHOCTHIO TUIPOIM30BATD JKUP B IIPOAYKTE, a AJIsI
9KCTPaKIMM CTEPUHOB U3 TUIAPOIM3ATA MCIIONb3yeTCsS OUITU-
JIOBBIN 3UP, T.K. CTEPUHBI TT0 XMMUYECKON MTPUPOJIE SIBJISTIOTCS
TIONIIPHBIMU CIMpTaMu. YrapuBaHue 3¢upa Ha POTOPHOM UC-
maputese (Heidolph Laborota 4003 control, ckopocTh BpamieHust
ot 20 mo 270 06/MMH, MOTOPU3UPOBAHHBIN MOAbEM OaHU 10
140 MM co ckopocTbhio 18 Mm/ceK, MOITHOCTh Harpesa 1300 Br,
Temiiepatypa HarpeBa 6aHu ot 20 mo 180°C, o6bem OGaHuU
1200 cm?) u mepepacTBOpeHMe B MeHbllIeM 00beMe T03BOJIsIeT
CKOHLIEHTPMPOBATH CJIeI0BbIe KOJIMUECTBA CTEPUHOB.

IToaroToBKa Mpo6bI OCYIIECTBISIACH CEAYIONM 06pa3oM.
Or6upanu 1 mu srctparupoBaHHoro [3] skupa u 10 mu KOH
B MeTaHosie. IIpoBOJAT I'MAPOIN3 Ha BOASIHOV OaHe B TeueHUe
10-15 munuyT ripu temneparype 80 °C. ITowie ruaponnsa B 1eH-
TPUGDYKHYI0 MTPOOUPKY H06aBSIOT 30 M AMCTUUIMPOBAHHOI
Bogel U 20 Mu1 adupa, repemMeInBawT, CAMBAKT B JIeIUTETb-
HYIO BOPOHKY BMeCTMMOCTBI0 500 ¢cM® 1 1atoT OTCTOSIThCS. IIpn
METUIMPOBAHUM B TaKMUX YCIOBUSIX CTEPUHBI HE pa3pyliaroTcs,
a rmepexonAT B 3GUPHbBI paCTBOP BMECTe C METWIOBbIMU -
pamu. [locte paccmaMBaHMUSI HUKHUIE BOJHO-CIIMPTOBON CJIOH
CJIMBAIOT B KOHMUECKYIO KOJIOY U MTOMEIIAIOT B ellle OIHY Jen-
TeJbHYI0 BOPOHKY C mobasieHnem 20 M adupa. BeTpsxuBaioT
U OAIOT OTCTOSThCS. BepxHuit 3UPHBIA CJI0i MPUCOEIUHSIIOT
K 3(MPHOMY 3KCTPAKTY B TI€PBOI1 JeMNTeIbHOI BOpOHKe. dpup-
HBIi SKCTPAKT MTPOMBIBAIOT AUCTUJUIMPOBAHHOM BOJOM MOpLIM-
savu o 50 cm®, oTOpachiBasi HUKHMUIT BOAHBIN CJI0¥, TOBTOPSIS
JIAHHYIO TIPOLIENYPY TPVOKABI. [IPOMBITBIA 3(UPHBIN 3KCTPAKT
buIbTPYIOT B KPYIJIOZOHHYIO KOJIGY BMECTMMOCTHIO 250 cm® ve-
pe3 ckIagyaThiit GUIBTP CO CJioeM 6e3BOJHOrO CEPHOKMUCIOTO
HaTpust (10—15 r), MOMeIeHHbI B KOHUYECKYI0 BOPOHKY. Dbup
BBINTAPUBAIOT Ha POTOPHOM MCIIAPUTENU MPU TeMIlepaType He
Bbinie 30 °C mog BakyymoMm. CyxoJi OCTaTOK pacTBOPSIIOT B 1 Ml
MeTaHoJIa U TIeEPEHOCSIT B BUATY.

VenoBust XxpomaTorpadupoBaHus Ha KanWUISIPHON KOJIOHKE
HP-5MS: ras-HocuTelb — rejinii, CKOPOCTb ITOTOKa 1 MJI/MMUH,
TeMIiepaTypa MHKeKTopa B pexkume 6e3 aeneHus moroka 250 °C,
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HayvalbHas TeMIiepatypa TepmocraTa KomoHk 100 °C B TeueHne
2 MuH, iporpammupyemblii Harpes oT 100 °C zo 290 °C co ckopo-
cTbi0 20 °C/MuH, n3oTepma rpu temrneparype 290 °C fo 25 muH,
BpeMsI aHa/M3a KOMIIOHEHTOB 25 MUH, 06beM aBTOMATUYeCKU
BBOAMMO¥ mpo6bl 1 MKiI. ITapaMeTpbl uAeHTUPUKAIMA: TEM-
rnepaTtypa MCTOUHMKOB MOHOB 230 °C, TeMIlepaTypa KBaApyIoJs
150°C, s"eprus smekTpoHoB 70 3B, neTeKTUpoBaHMe B pEXUME
CKaHMPOBaHMS MOJIHOTO Macc-CIeKkTpa B Auana3oHe Macc oT 33
10 1050 aTOMHBIX €AMHAILL MaccChl (a.€.M.).

[lns pacdeta comepykaHMsI BeIleCTB MCIIOIb30Ba/IM aBTOMA-
TUYEeCKYI0 6a3y Moucka ¥ MAeHTUGUKALNY TaHHBIX XpPOMATO-
Macc-criekTpomeTpuu NISTO8 MS Library [4] ¢ BepOSTHOCTbIO
cooTHeceHMs] MUKOB Gojee 80 %. PesynbTaThl OIpemeeHust
00pabaThIBaIM C MCIIOAb30BaHMEM METOHOB MaTeMaTUUYeCcKOoi
CTaTUCTUKM.

3. PesynbTaThl M 06CYXKAEHME.

Ha Puc. 1 mnpexacrtaBieHa XpomaTorpaMma pasaeneHus
rpamyupoBouyHoit cmecu Supelco 37 FAME MiX, comepskarieit
37 sxxupHbIX Kua1oT (KK). Kak BuIHO 13 nIpefCcTaB/lIeHHO Xpo-
MaTOTpaMMbl CeJleKTUBHOe pa3zneiieHne 37 JKK BO3MOXXHO B Te-
yenue 6onee uem 40 MuH. [Ipy 3TOM 3Hast OPSITOK BHIXOIA [IJIsT
aHanmu3sa XK He Tpe6yeTcst Haauume MHAUBUIYaIbHbIX JKK.

IIpn ananuse JKKC cymiecTByeT mpobjiema OMpenereHust
B IEpPBYI0 Ouepenb HMU3KOMOJEKYISIPDHBIX Hauboiee JTeTydmx
KK, TakmMx Kak MaciasiHas M KampoHosast [5]. MawisgHas JKK
MMeeT TeMIlepaTypy KUIIEHUSI HMKe, YeM MCIIONb3yeMbIi [IJis
repepacTBOpeHMs rekcaH. BeiencTByue yero cHavanaa Ha Xpo-
MaTorpaMMMe BBIXOAUT MacJIsiHasl KMCI0Ta, TI0C/Ie reKCaH U Ka-
MIPOHOBAasi KUCIOTA, HO T.K. MK rekcaHa Hambosiee MHTEHCUB-
HBIIf B TIEPUO]], €T0 BBIXOA HEOGXOAMMO OTKIIOUUTH AETEKTOD,
a 1mocsie BKIIOUUTH cHOBA. OcO6EHHO 9TO KacaeTcss MacC-CITek-
TpoMmeTpuueckoit upeHTubmkanum XK, T.K. BbIXOH, PacTBOPU-
Tessl Ha paboTaloIeM AeTEeKTOpe CIIOCOOeH BhIBECTU U3 CTPOS
unameHnT macc-cekrpometpa (Puc. 2).

[Momumo storo nipu aHanmnse JKKC mMmeeTcs: 1Be KpuUTude-
ckue napsl pasgenenns JKK, a MMeHHO IMHO/IeBast  OJIeMHOBast
¥ OJIEMHOBAS U ee M30MeD 3MauMHOBasl. YBelueHue BpeMeH!
aHauM3a [0 45 MUH M MCIIONb30BaHMe 00jiee IIaBHOIO TeMIle-
paTypHOTO IrpaieHTa Ieun ra30Boro xpomarorpada rmo3Bossier
pelnThb JaHHylo mpobaemy. Ha Puc. 3 npepncraBieHa XpomMaTo-
rpaMma II0JIHOTO pa3ferneHus IMHoneBoii 1 onenHoso XKK. [is
cKpyHMHroBoro aHanusa JKKC BO3MOXHO yMeHbIlIeH e BpeMe-
HM aHa/IN3a 3a CUET 3HAUUTETbHO Gosiee pe3Koro TeMIepaTyp-
HOTO I'paJueHTa meun xpomarorpada. B rTakom cirydae BO3MOK-
HO nipoBeneHue aHamm3a 37 JKK 3a 20 muH. OgHaKO 3TO BAUSIET
Ha KaueCTBO M3MepeHMs ¥ BOCIIPOM3BOAMMOCTD Pe3y/IbTaTa.

Tak B cnyuae aHanusa 37 KK 3HaunTenpHO Xyke UOET pas-
JleJieH/ie KPUTUYEeCKOJ Mapbl JIMHOIEeBasl U OleyHOBas. TpaHC
M“30Mep IMauIMHOBAS He AeTUTCS OT OJIEMHOBOI U MOXKET ObITh
MOCYMTAHA TOJBKO MO cymMe. TakuM 06pa3oM HaHHbIN METO[,
He T03BOJIsIeT 00HAPYKUTh TpaHc-u3oMepsl XKK, omHako nmeeT
MpaBo Ha CyIeCTBOBaHME TaK KakK TMO3BOJSIET GBICTPO OIpese-
muTh danbcuduUKaIMo MOIOYHOTO K1Pa KOPOBbETO MOJIOKA 10
JKKC [6]. st neneyi HOpMMPOBAaHMS MaprapyuHOBO MPOAYKLIUNI
¥ pacTuTenbHbIX XXNpoB Mo JKKC pekoMmeHIyeTcsl K IpUMeHe-
Huio MmeTof, pasaenenus JKK 3a 45 MuH.

Tak Kak >KMpHble KUCIOTBI B HATUBHOM BUIE COMEpKaTCs
B hopme TpUIHUIIEPUIOB, HEOOXOAUM TUIPOIN3 MTPOOBI U TIO-
clenyouiee MeTUAMpoBaHMe Ins1 npupaHusl jetydectu JKK.
st moAroToBKM mpob mo ompenenennio XKC BO3MOXHO MC-
Monb30BaHMe Tpex BUAoB MeTwanpoBanust. TOCT 31665-2012
«Macsia pacTuUTenbHbIE U XKUPbI XXUBOTHBIE. [TonmyyeHMe MeTuio-
BbIX 3GUPOB KMPHBIX KUCIOT» MPEAIIONaraeT MeTUIMPOBAHME
MeTWIaTOM HaTpUs WIM MeTaHOJbHBIM PaCTBOPOM TMAPOOKM-
cu kanus [7]. TOCT P 55483-2013 «Msico 1 MSICHbIE TIPOLYKTHI.
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Puc. 1. XpomaTtorpamma paspeneHus cmecu, cogepxkaniein 37 KK
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Puc. 2. XpomarorpaMmma paszeneHus MaciasiHoi 1 KarpoHoBoit JKK Ha HP — 5MS (19091S) 30m x 0,25mm x 0,25mkm

OrnpefneneHye XKMPHO-KUCIOTHOTO COCTaBa METOIOM Tra30BOii
xpomarorpadum» TIO3BOJSIET TPOBOAUTH METUIMPOBaHNME
C UCIO/b30BaHMeM aueTmwixjaopuzaa [8]. MetTunuposanue Me-
TWJIATOM HaTpuUs TO3BOJUT OINpeNennuTb, IyTeM IepesTepu-
ukauum, KUPHOKUCJIOTHBIN coctaB juirb Tex JKK, KoTopbie

CBSI3aHBI C IIUIEPUHOM, a BOT cBoGomHbIe XKK HYsKHO MeTH-
JIMPOBATh OTAENBHO. [I03TOMY MONTyYeHNe MeTWJIOBBIX 3(u-
POB KMPHBIX KUCJIOT U3 TPULJIUIIEPUIOB TTepeaTepudukaimei
C MEeTaHOJIbHBIM PAaCcTBOPOM TUAPOOKMUCHU Kausl SIBJISIETCST OII-
TUManabHbIM [9,10].
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Puc. 3. XpomaTorpaMmma paszesieHust IMHOIeBoii 1 onenHoBoii JKK 3a 45 MuH.

Ucrnonb3oBaHue B COCTaBe MPOAYKTa PACTUTEIbHbBIX KUPOB
u Macen 6e3ycioBHO BausieT Ha JKKC. Hanbomee xapakTepHO 3TO
BBIpakeHO 151 Hu3KomonekyaspHbix JKK u Takux JKK, KoTopbie
SIBJISIIOTCST MTHAMKAaTOpoM (anbcudukanmum. B mepByo ouepenb
5TO MUPUCTUHOBAS U JIMHOJEeBas. Jlefio B TOM, 4TO Tipu asib-
cuduKaMy MOJIOYHOM MPOAYKLMU PACTUTENbHBIMY MacjaMu
JLOJISI MMPUCTMHOBOJ HEYKJIOHHO YMEHbIIAeTCs, a 10JIsl JIMHOJIe-
BOJi YBETMYMBAETCS MPOIMOPIMOHATBHO KOJINYECTBY PACTUTENb-
HOTO KOMITOHeHTa. OHAKO 3Ta TeHAEHUMSI He XapaKTepHa sl
naypuHoBoii XKK, Tak ripu ¢anbcuduKranyym KOKOCOBBIM MacJIOM
ee mosst 6ymet pactu, a pu daabcuduKanyun maabMOBBIM IMa-
nathb. [TosToMy Hauboaee MHAMKATOPHBIMY GYAYT MUMEHHO MM-
pucruHoBas u mHoneBas JKK [11].

B Tab6:n. 1 mpeacrasied XKKC a5t mpoAyKTa ¢ comepskaHueM
pacTUTETbHBIX KUPOB Ooee 20 %. Kak BUIHO TEHAEHLMS I10
YBEJIMYEHUIO JIMHOIEBOM M YMEeHbIIEHNI0 MUPUCTMHOBOM JKK
coxpansietcs. Mcxonst M3 MpuBeeHHBIX TaHHBIX BUHO, UTO 3a-
MeHa MOJIOUHOTO X1pa Ha XXUPbI HEMOJIOYHOTO ITPOUCXOKIEHUS
OKasbIBaeT cyiectBeHHoe BinsiHue Ha JKKC. [Ipu aToM n3mMeHe-
HMSI KacaloTCsl BCeX OCHOBHBIX JKUPHBIX KUCIIOT.

B Ta6s. 2 npexacrasiaeH XKKC nmpoaykTa ¢ comepskaHMeM pa-
CTUTENbHBIX XUPOB Gornee 90 %. [lonsi MUPUCTUHOBOI MeHee
1 %, ipu 3TOM H,0J151 TMHOJIEBO¥ OJIM3Ka K COIEPSKaHUIO MaJIbMU-
TUHOBO U 0J1IeMHOBOV (0KOJ0 30 %).

B Ta6:n. 3 npeacrasieH npumep Koppessiyu XKC u comep-
SKaHUs CTepuHOB. TeHIeHIMS TI0 coaep>KaHUI0 MUPUCTUHOBOM
JKK/ nuuoneBoii JKK/ b-cutocrepuna coxpansietcst. Takum o6pa-
30M JIOKa3aHo, YTO MMpu hanbcubuKamyy MOJIOYHON TPOAYKIUN
pacTUTeTbHBIMM MacJIaMM [OJIT MMUPUCTUHOBON HEYKJIOHHO
YMEHBIIIAeTCS, & IOJISI IMHOJIEBO YBEJIMUMBAETCSI TIPOTIOPLIMO-
HaJIbHO KOJIMYECTBY PaCTUTEIbHOTO KOMIIOHEHTa. O6beKTUBHO
YCTaHOBJIEHO, UTO Ha/Muue b-curocrepuHa 6ojee 2 % OT monu
XOJecTepyHa TOBOPUT O IIPUCYTCTBUM PACTUTETbHBIX JXMPOB
¥ MaceJs B IIPOYKTe.

Ta6muua 1
JKMPHOKUCIOTHBIN COCTAaB MOJIOYHOTO MMPOAYKTa
danbcnbUIMPOBAaHHOTO PACTUTEIBHBIMU JKUPAMMU
B CpaBHEHMM C YCTAHOBJIEHHBIMY HOpMaMMU

JKMpHOKMC/IOTHBIN
HammeHoBaHMe daKkTuyecKue  COCTaB MOJOYHOTO XMpa
Tokasareist 3HaYeHUsI KOPOBBEro MOJIOKa

mo I'OCT 32261-2013

JKMPHOKMCIOTHBIN cOCTaB (MaccoBast oISl % OT CYMMBbI SKMUPHBIX KMCJIOT)

Macnsnas C,, 0,1 2,4-4,2
Kamponosas C, 0,13 1,5-3,0
Kampunosas Cg 0,05 1,0-2,0
Kampuuosas C, 0,11 2,0-3,8
Heuenosas C, 0,02 0,2-0,4
Jlaypunosas C,, 0,4 2,0-4,4
Mwupuctunosas C ., 2,76 8,0-13,0
Mupucronennosas C | 0,03 0,6-1,5
Manbmurunosas C, 39,6 21,0-33,0
Manbmuronennosas C, | 0,35 1,5-2,4
Creapunosas C g 7,71 8,0-13,5
Onennosas C g, 36,01 20,0-32,0
JInnonesas C, 12,57 2,2-5,5
JInnonenosas C, 0,04 Ilo 1,5
Apaxunosas C, 0,08 Ilo 0,3
Berenosas C,, 0,04 Ilo 0,1
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Tabuia 2
JKKC M07104HOTr0 MPOAYKTa C COAeP>KaHueM
pacTUTeIbHBIX KMPOB 6oiee 90 %

JKUPHOKMCTOTHBIN
HammeHoBaHMe ®dakTHyecKne  COCTaB MOJOYHOTO KMpa
rokasareJist 3HaYeHUsI KOPOBBEro MOJIOKa

no I'OCT 32261-2013

JKMpPHOKMCIIOTHBIN COCTaB (MaccoBast JOMS % OT CyMMBI SKUPHBIX KVCJIOT)

Macnsnasn C, 0,12 2,4-4,2
Kariponosas C, 0,11 1,5-3,0
Kanpnosas C 0,03 1,0-2,0
Kampuuosas C, 0,22 2,0-3,8
Heuenosas C, 0 0,2-0,4
Jlaypunosas C,, 1,21 2,0-4,4
Mmnpuctunosas C 0,84 8,0-13,0
Mupucronennosas C,, 0,1 0,6-1,5
[ManbmurunoBas C,, 29,57 21,0-33,0
[anemuronennosas C | 0,1 1,5-2,4
Creapunosasi C, 5,41 8,0-13,5
Osnennosas C g 34,28 20,0-32,0
JIunonesas C, 27,56 2,2-5,5
JIunonenosas C, . 0,03 Io 1,5
Apaxunosas C, 0,29 Io 0,3
Berenosas C,, 0,13 Ho 0,1
Ta6muua 3

Koppensuusa JKKC u cogepykauus GuTocTepmHa
B MOJIOYHOM IIPOAYKTeE

Mwupnctnuosas C , 5,39 2,76 0,84
JIunonesas C,g,* 7,4 12,57 27,56
b-curocTepun 4,61 16,15 71,72

Takum ob6paszom, ornpenenu JKKC 1 COOTHOIIIEHME SKUPHBIX
KUCJIOT, MOSKHO CHelaTh BbIBOJ, O KaueCTBe MOJIOUHOIO MPOLYK-
Ta, CPAaBHMB IOJIyUeHHbIE pe3ylbTaThl CO CIIPABOUYHBIMU JTaH-
HBIMM U3 CTAaHZAPTOB Ha MPOAYKUMIO. [JOITyCTMMBI AaXe He-
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6oJTbIITVie OTKJIOHEHMST OT MPUBEIEHHBIX HOPM, TaK KaK ChIpPbe
SKMBOTHOTO TMPOVCXOKAEHUST He MOXKET ObITh CTaGUIbHBIM I10
CBOMM IIOKa3aTessiM B IIPMHIINIIE, HO BOT CEpbe3HbIe OTKIOHEe-
HUSI 6YOYT CBUAETENbCTBOBATh O HM3KOM KayecTBe MPOAYKIIMU
VIV O BO3MOXHO¥ (hambcubuKanmyy pacTUTETbHBIMU KUPAMMU.

Ananornunast curyarus u ¢ JKKC pacTuTenbHbIX Maced.
B cooTBeTCTByIOUIMX CTaHAapTaX Ha MPOAYKIMIO 3a4acTylo
MpuBeIeHbl cripaBouyHble AaHHble 0 JKKC, mosToMy CpaBHUB
TOJTyYeHHbIe Pe3y/IbTaThl CO CIIPABOYHBIMM MOKHO CYIMUTH O Ka-
yectBe macia [12]. [Ipu cepbe3HBIX HECOOTBETCTBUSIX MOKHO
MIPEIIONOXUTH OBUIO K 9TO MacIo hanbCcUPUINPOBAHO, & MPU
JIlockoHanpbHOM cpaBHeHMu ¢ JXKKC papyrux macesn, BO3MOXHO
MPaKTUYECKM TOUHO OIPEAEIUTh KaKMM MacaoM ObuT dhambCcu-
uimpoBaH mccemyeMblii MPOIYKT.

Ecnu, onpenenus JKKC mpoayKTa sKMBOTHOTO MTPOUCXOXKIeE-
HMUSI, €CTh TIoH03peHNsI 0 hanbcuduKauuy ero pacTUTeNbHbIMU
KUpaMu, cjiefyeT MOATBEePAUTDh 3TO UCC/IeNOBaHMEM MPOAYKTa
Ha cofiepskaHne B HeM GUTOCTEPUHOB.

Ha Puc. 4 moka3zaHa xpoMatorpaMma o6pasiia ¢ IpUCyTCT-
BueM (utoctepuHoB. [IpM KCIIONB30BAaHUM HeCeIeKTUBHOTO
[M1]] neTekTOpa BO3SMOXKHO HaJOXeHMe IHoLenoyedHbix KK
Ha MUKW CUTOCTEPUHA/ KaMIlecTepuHa/ cturmacrepuHa. OmHa-
KO B (JIyuyae MCIOb30BaHMSI Ta30BOI XpOMAaTO-MacC-CIIEKTPO-
meTpum (MC-IeTekTopa) T0KHOIIOIOKUTETbHBIE U JIOOKHOOTPU-
LaTe/ibHble pe3y/lbTaTbl UCK/IIOUeHbl. Hannume macc-crekrtpa
(LIe7IeBBIX Y MO TBEPXKIAIOIINX VIOHOB) IelaeT UAeHTU(GUKALINIO
KavueCTBEHHOV ¥ 3HAUMUTEIbHO YIIPOUIAeT IPOLeayPY ITOATOTOB-
KM MO0, UCKITIOYasl IpeJBapUTeNbHYIO AepPUBATU3AINIO JUTK-
TOHOHOM.

IpyMeHUTENBHO K (UTOCTEPUMHAM UAEHTUGUKAIMS 110 OU-
GIMOTEUHBIM MaCC-CIIEKTPaM UCKITIOUAeT BO3MOKHOCTh OIIMOKMN.

[Tpu noHm3anuu neKTpoHHbIM yaapom (Electron Ionization,
EI) B 70 5B mosekyna pacrazaeTcsi Ha HECKOIbKO XapakTepPHbIX
yacreif, 4TO [OAET [OIOJHUTE/NbHble BO3MOXHOCTU UJIEHTU-
ukaum u MccegoBaHMUSI CTPYKTYPbl HEM3BECTHBIX BeEIeCTB.
@dparmMeHTalysI MVOHOB MPOUCXOAUT 3@ CUET TOTO, YTO SHEPIUSI
9JIeKTPOHOB 3HAUMTEIbHO IIPEBBILIAET SHEPTMI0 XUMUYECKO
cBsI3U. XuMusi GparMeHTaly MOHOB TP 3JIEKTPOHHOI (par-
MeHTalLUM XOPOIIo M3yUYeHa, T03TOMY, 3Hasl Macchl pparMeHTOB
M UX MHTEHCUMBHOCTM MOXHO IIpe[CcKa3aTh MepBOHAYAIbHYIO
CTPYKTYpY BellecTBa. Macc-CreKTpbl, OTyYeHHbIe € IOMOLIbI0
MeTOoJja 3JIeKTPOHHOI MOHM3ALMM XOPOUIO BOCIPOU3BOIMUMEBI,
T03TOMY Ha CETOIHSIIIHNI AeHb CYIEeCTBYIOT 6MOIMOTERN (Ha-
nipumep, NIST), ¢ aTaIOHHBIMM Macc-CIIeKTpaMu 6oiee ueM Jist
210 000 BemiectB (6ubnmnoteka NIST11/2011/EPA/NIH) mipu uc-
M0JIb30BaHMM MeTOf,a MOHU3AaLMM IeKTPOHHBIM yapoM, 3Ha-
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YUTEbHO O6JIeryaroniye KauyecTBeHHbII aHamm3. Macc-CrekTp
SIBJISIETCSI YHUKAJIbHBIM «OTIIEUaTKOM Majblia» MCKOMOTO Bellle-
CTBa U MCKIIIOYAET OIMOKM IpU aHamu3e. BO3MOXXHOCTHU pase-
JIEHNSI, OQHO3HAUYHOCTbh Ka4eCTBEHHOr0 aHaau3a JejlaeT OMTu-
MaJIbHOWM TEeXHUKOW IJIsI UcciefoBaHusl GUTOCTePUHOB METO[,
ra3oBoii xpoMaTo-macc-crekrpomerpun (IX-MC).

Ha Puc. 5 mpencrasieHa xpoMarorpaMma obpasija Mojod-
HOTO XMPa, a TaK K& MacC-CIeKTPbI MOJYyYEeHHOro XOJeCTepuHa
u 13 6a3bl JaHHBIX. PacTuTenbHble cTepuHbl (GUTOCTEPUHBI) HA
XpomaTorpaMMe He OGHapysKeHbI, YTO CBUIETENbCTBYET 00 OT-
cyTcTBUM  (bambCUPUKALMY MOJOYHOTO TPOAYKTA PACTUTENb-
HBIMM XMUpaMM 1 MacjiaMu. Kak BUAHO COOTBETCTBME 10 MOHAM
XojiecTepyuHa Ha ypoBHe 99 %. CoBIlajieHne Macc-CrieKTpa 6oee
yeM Ha 70 % roBOPUT O KaueCTBEHHOV MAeHTUDUKALMN Belle-
cTBa. BpICOKasi UyBCTBUTEIBLHOCTh, BO3MOXXHOCTh XpOMaTOrpa-
(uueckoro pasneneHns M KaUECTBEHHOI MAEHTUDUKALINNA UCKO-
MbIX XOJIECTEpMHA U (PUTOCTEPUHOB, IasKe B CJTydyae IMPUCYTCTBUS
OpraHNYeCcKMX MpUMeceii B 9KCTPaKTe, MO3BOJSIET MPAKTUIeCKN
TTOJTHOCTBIO MCKITIOUUTD OIIMOKY TPV TPOBEIeHY aHa/In3a, 1 pe-
koMeHZo0BaTh ['’X-MC Kak 1OCTOBEPHBI ¥ BBICOKOTOUHBIN METOZ,
UAEHTU(PUKALVY PACTUTEIbHbBIX KMPOB B MUIIEBIX IMPOIYKTAX.
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Ha ceromHsmHMii neHb, Macc-CIIeKTPOMEeTPHS SIBJISIETCSI CaMbIM
MOIIIHBIM, YyBCTBUTETbHBIM, MHGOOPMATUBHBIM U GBICTPBIM Me-
TOLOM aHaaM3a COCTaBa, CTPYKTYPhI M KOINUECTBA XUMUIECKUX
coenyHeHuit. lllupokoe BHenpeHMe MacC-CIIEKTPOMeTPUYEeCKUX
METOLOB B MPAKTUKY KOHTPOJISI KaueCTBa IMUILEBOV MPOLYKLINA
TO3BOJINT BBIVITY HA HOBBI MHHOBALMIOHHBIV YPOBEHb aHATIUTH-
YeCcKOro KOHTPOJS MPOAYKTOB MUTAHMS, UTO AACT IPOU3BOSUTE-
JISIM TIOJTHYIO YBEPEHHOCTD B 6€30TIaCHOCTY CBOETO MPOAYKTA.

Yto KacaeTcss 06s13aTeTbHOCTY HOPM SKMUPHO-KMUCJIOTHOTO CO-
CTaBa MUIIEBOIi MPOAYKIIVY, TO B HAIlle BpeMs 06s13aTeTbHbIMMU
IJIST COBMIONEHUST OHM MOTYT OBbITh TOJNIBKO, €C/IM YCTAHOBJIEHbI
B TeXHUYeCKux pernaMmeHtax TamoskeHHoro Corosa. B perna-
MEHTax TaKue HOPMbI OTCYTCTBYIOT, B OCHOBHOM MH(pOpPMAaIus
0 JKKC npopnykTa npuBeeHa B KauecTBe CIIPaBOYHOIO MPUIIO-
skeHus1 B HauyuoHanbHOM ('OCT P) mnu mexXrocygapCTBEHHOM
(TOCT) cranmapTe Ha COOTBETCTBYIOIINII MPOAYKT UIM Ha Me-
Toz, onpeznenerus JKKC B 3TOi NpORyKLUMM, UTO TOXKE He AejaeT
9TU HOPMBbI 00513aTEIbHBIMHA, T.K., HE BAABASCh B MOIPOGHOCTH,
B cOOTBeTCTBUM €O 162-D3 «O craHmapTusauyumu B Poccuiickoit
Qenepaunn» BCe CTaHAAPTHI MUILEBOI OTPAC/IM MPUMEHSIIOTCS
Ha J06POBOILHON OCHOBE.
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OTyacTy Takas CUTyalusi BO3HMK/IA M3-3a TOro, uto JKKC
MPOAYKTa HEBO3MOXXHO CTaHIApTU3MPOBATh B MpuHLUIe. Ha-
npumep, KKC msca ¥ MICHOV NPOAYKLUMM, KOTOPBII MOXHO
onpegemutb 1Mo 'OCT P 55483-2013 «Msico u MsICHbIE IIpO-
OyKTbl. OmnpepeneHue >KUPHO-KMUCIOTHOTO COCTaBa METOAOM
rasoBoit xpomartorpadun», 6ymeT 3aBMCeTh OT MHOKecTBa (ak-
TOPOB, OCHOBHBIM 13 KOTOPBIX SIBJISIETCS BUJL SKUBOTHOTO, K BTO-
pOCTeIeHHbIM K€ MOKHO OTHEeCTM ITOPOAY SKMBOTHOTO, BO3PacT,
KOPM, KOTOPBIM €ro OTKapMJIMBaIM 1 TOMY momo6Hoe. Corac-
HO CIIPaBOYHOMY NMPUJIOXKEHUIO BBILIEYTIOMSIHYTOTO CTaHAAPTa,
B KOTOPOM, K coxkajennio, puBeneH JKKC skMpoB ToIbKO 6apa-
HUHBI, CBUHMHBI ¥ TOBSIAVHBI, MOXXHO CKa3aTb, 4TO JKKC k1poB
3TUX XKVMBOTHBIX MOXKET CUJIbHO OTINYAThCS, HECMOTPSI Ha Kpaii-
He ycpenHeHHble 3HaueHMs. OCHOBHBIE OTIMYMS 3aK/II0YaAIOT-
cs B COJlepskaHUM MaJIbMUTUHOBOM, OJ€MHOBOM, CTeapuHOBO
W IMHOJIEBOI KUCJIOT.

OTCyTCTBME HOPMATUBHBIX (00s13aTeIbHbIX) TpeGoBaHMIt
Kk XKKC npuemnemo st Msica 1 MsicHOV TponyKuuu, rae XKKC e
SIBJISIETCSI OCHOBHOJ XapaKTepUCTUKOI KauecTBa, KaKOii OH SIB-
JISIeTCSI 4151 MOJIOYHO TTpoayKiuu, Belib 1o JKKC MOKHO CyIUTh
He TOJIbKO O KayeCTBe MOJIOYHOIrO IIPOAYKTA, II0 HEMy MOKHO
TIPEATIONOXNUTD, OGblIa U TIPOAYKIMs danbcuduipoBaHa pa-
CTUTEIbHBIMU KUPAMMU.

[jis mpuMepa pacCMOTPUM MeXKTOCYIapCTBEHHbI CTaHAAPT
I'OCT 32261-2013 «Macno ciMBodHOe. TeXxHUUYeCcKue yCIOBUS».
CoracHO MPUAOKeEHUIO0 B cTaHgapTa B MOJIOUHOM KMpe KOpO-
Bbero MOJIOKa HOPMUPYIOTCSI XKUPHbIe KUCIOTHI, IPUBELEeHHbIE
B Tabu. 4.

Tabnuua 4
)KI/I]JHO'KI/ICJIOTHBIﬁ COCTaB MOJIOYHOTrO XHUpa
KOpOBbero Mojioka [13]

HaumeHoBaHMe JKVUPHO
KUC/IOTHI 110 TPUBUAIBHO

MaccoBast K0/ JKUPHO
KUCIOTHL, % OT CyMMBI

HOMeHKJIaType SKMPHBIX KUCIOT
MacnsgHast 2,4-42
KamnpoHosast 1,5-3,0
Karnpunosas 1,0-2,0
KanpunoBas 2,0-3,8
JereHoBast 0,2-0,4
JlaypuHoBas 2,0-4,4
MupucTuHOBas 8,0-13,0
MupucronenHoBas 0,6-1,5
IManbMuUTHHOBAS 21,0-33,0
TTambMUTONEMHOBAS 1,5-2,4
CreapuHoOBast 8,0-13,5
OnenHoBast 20,0-32,0
JIuHonesast 2,2-5,5
JInHonexHosas Ilo 1,5
ApaxuHoBast o 0,3
BereHosas lo 0,1
TIpoune 4,0-6,5

YuntsiBasi, yTo JKKC npuBeneH MOJIOUHOIO XKMpa KOPOBb-
ero MoJIOKa CIIpaBeIJIMBO TOBOPUTH, UTO aHaJOTMUYHBIE Tpe-
6oBaHMs MOJKHBI ObITh U K JKKC Apyroit MOIouHOM MpOIyK-
LMK, HATIpUMep, CMeTaHa, TBOPOT U Ap. ITO MOATBEPKIAeTCs
nopmamu JKKC, npusemenHbiMu B TOCT 31453-2013 «TBopor.
Texunueckue ycnoBusi» 1 'OCT 31452-2012 «CmeTtaHa. TexHu-
yeckue ycinoBusi». OJHAKO B CTAHIApTaxX Ha TBOPOT U MOJIOKO
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He HOPMMPYIOTCSI TIpouMe XXUPHbIe KUCIOTHI. [Ipoune kupHbie
KUCIOTHI He HOpMUpyloTcs Takke u B I'OCT P 52253-2004
«Macsio 1 macta Mac/istHast M3 KOPOBbEro Mosioka. O61iue Tex-
HUYECKVe YCIOBUSI», CTAHIAPT TPeOOBAHMS, KOTOPOTO MOKHO
Ha3BaTh YUIOBHO 00SI3aTEIbHBIMY IJ1s1 COOTIOAEHNS, UTO OUE€Hb
BaXXHO, T.K. JKKC mpoayKuyuu pacCunThIBaeTCsI METOILOM HOP-
Ma3alum, a 3T0 3HAUNUT, He yueT KaKUX-1160 06HaAPYKeHHBIX
SKUPHBIX KUCJIOT TMOBJAMSIET Ha UTOTOBOE 3HaUeHMe HOPMUPY-
embIX. [ToaTOMY TIpU CAEAYIOUIMX U3MEeHEeHUSIX WIN ITepecMo-
Tpe 9TUX CTAHIAPTOB, X 1€1eCO06Pa3HO MOMOTHUTH HOpMaMM
MPOYNX XKUPHBIX KUCIOT.

IMomMuMo conepskaHMsI B MOJIOYHO MTPOAYKIUY TTepeunciieH-
HBIX KUPHBIX KMCJIOT, BaXKHO TaK)Ke 1 X cOOoTHoIeHue (Ta6ir. 5).

Tab6nmuua 5
COOTHOUIEHMSI METUJIOBBIX 3()MPOB KMPHBIX KUCTIOT
MOJIOYHOTO KUpa

COOTHOIIEHUSI METUIOBBIX
3(UpOB XUPHBIX KUCIOT
MOJIOYHOTO KMpa

I'paHUIIBI COOTHOIIEHVSI MaCCOBBIX
[o/eii MeTUIOBbIX 3(hMpPOB SKUPHBIX
KUC/IOT B MOJIOYHOM JKMpe

TTanbMUTUHOBOJA K JIAYPUHOBOIA ot 5,8 o 14,5
CTeapnHOBOI K JIAaypMHOBO or 1,910 5,9
OmnenHoBOIt K MUPUCTUHOBO ot 1,6 1o 3,6
JIMHONEeBOVi K MUPUCTUHOBOJ or 0,1 10 0,5
CyMMBbI 0JIeVHOBOJ U JIMHOJIEBO

K JIaypUHOBOi, MUPUCTUHOBOIA, ot 0,4 no 0,7

MaJIbMUTUHOBOM U CTeapV[HOBOﬁ

5. BeIBOABI

Corpymuukamyu @®HII muimeBbIX cucteM ObIT paspaboTaH
HaIMOHAMbHBIN cTaHgapt ompeneneHuo JKKC MsicHOM mpo-
nykuuu — TOCT P 55483-2013 «Msico M MSICHbIE TPOAYKTHI.
OripeneneHne KUPHO-KUGIOTHOIO COCTaBa METOIOM Ta30BOii
XpomaTtorpadumn», o KOTOPoMy MOKHO orpenennTb JKKC Msica,
CYOIPOIYKTOB, SKUP-ChIPIIAa, MSICHBIX ¥ MSCOCOJEPsKaIINX TTPO-
IIYKTOB, MPOJYKTOB M3 ILIMMKA B AMarna3oHe U3MepeHus Macco-
BBIX Josiet >kupHbIX KuciaoT ot 0,03 % 1o 98 % [8].

L7151 BBISIBIIEHUST JOOABIEHHBIX B MSICHYIO MTPOIYKIIMIO pa-
CTUTENbHBIX XUPOB paspaboran I'OCT 33608-2015 «Msco
U MSICHbIe MPOAYKThI. meHTudUKaIMs He MSICHBIX MHTPeIN-
€HTOB DPAaCTUTEIbHOr0 IMPOUCXOXIEeHMS C MOMOIIbI0 MeToza
ra3oBoii XxpoMartorpadguu ¢ Macc-CIIeKTPOMETPUUYECKUM [ie-
TEKTOPOM», KOTOPbIV yCTaHABIMBAET MeTOJ, UAeHTUGUKALNN
HEMSICHBIX MHTPEeIVEeHTOB pacCTUTEJbHOTO IPOUCXOXKAEHUS
(HaMMUMs pacTUTENbHBIX SKMPOB, MHTPEAMEHTOB, COJepPsKalux
pacTUTebHBIE JKUPBI) [0 MACCOBOI Toje GuTocTepuHOB (6pac-
CMKacTepuH, KaMIleCTepuH, CTUTMAacCTepuH, B-CUTOCTEPUH).
Iuamna3oH u3MepeHUT (UTOCTEPMHOB cCOCTaBAsIeT OT 1 Mo
1000 mr/kr [14].

[MomBoms uTOT, ClegyeT OTMETUTD, YTO COBPEMEHHBIN ypO-
BeHb Pa3BUTUSI UCCIENOBAHNI CJIOKHBIX CMeceil OpraHMyecKux
coefviHeHMIT TpebyeT MpMMeHeHUsT KOMITIEKCHBIX (DU3UKOo-XM1-
MMUYecKMx MeTooB. [Ipy aHanu3e BelecTB 13-3a TPYA,0eMKOCTHU
TIOJITOTOBKM PeabHbBIX MPO6 0COOGEHHO BAXKHOM XapaKTepUCTH-
KOV CTAaHOBUTCSI YYBCTBUTEIBHOCTb U CEJIEKTMBHOCTb MeTO/A.
Ha cerogHsIHM 1eHb, MAcC-CIIEKTPOMETPUS SIBJISIETCSI CAMbIM
MOIIHBIM, YYBCTBUTEIbHBIM, MHGOPMATUBHBIM U OBICTPHIM Me-
TOJIOM aHa/lIM13a COCTaBa, CTPYKTYPhI U KOJIMYECTBA XUMMUUECKIUX
coenuHeHMit. B mowiemHee mecATMIeTe OCOOEHHO aKTMBHO
pPa3BMBAETCST M BHEAPSETCS B MPAKTUKY aHATUTUUECKUX J1abo-
patopuit meton I'’X-MC. VIMeHHO 1103TOMY OH $IBJIsSIeTCsl Hanbo-
Jee nogxomsmwmm gis onpenenenus: JKKC mpopykra, a Takke
orpefiesieHus] B IPOJYKTe CTEPUHOB.
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1. Introduction

Currently the fat phase of food products is studied using
various methods of chromatography (high-performance liquid
chromatography (HPLC), gas chromatography (GC), chromatog-
raphy-mass spectrometry, optical spectroscopy, fluorescent and
differential-thermal analysis). However, the gas chromatogra-
phy is the most optimal due to its good sensitivity and automa-
tion of the method [1].

In the trend of European laboratory practice in the field of
falsification and food safety, indicate a constant expansion of
the list of controlled indicators. The development of analytical
equipment not only does not eliminate the problem of the qual-
ity of the performed analyses, but, on the contrary, imposes in-
creasingly high requirements in all aspects of the analyses. This
applies as to sample preparation, as to instrument identification.
Particularly, active currently being developed and introduced
analytical laboratory methods with mass spectrometric identifi-
cation, new sources of ionization. The main advantages of chro-
matography-mass-spectrometry are: sensitivity; selectivity;
high reliability of results; simplicity of sample preparation; pos-
sibility of analysis of different classes of compounds; possibility
of library search of unknown compounds. These methods and
particular gas chromatography-mass-spectrometry are actively
used in the practice of domestic laboratories [2].

The possibilities of analysis of different classes of com-
pounds are particularly relevant for research in the field of falsi-
fication of animal products by plant products. So, during rigging
products vegetable fats fall into phytosterols — sterols of plant
origin. And, despite the existing evidence that, they can reduce
cholesterol in humans, there are a number of studies, proving
their ambiguous effect on the human body, particular phytoster-
ols increase the risk of cardiovascular disease.

Therefore, taking into account the increasing cases of adding
vegetable fats to animal products, including for the purpose of
falsification, methods of qualitative and quantitative detection
of the phytosterols and determination of fatty acid composition
of the product are necessary.

2. Materials and methods

The fatty acid composition (FAC) of the product and phy-
tosterol content were determined on a gas chromatograph HP
7890A Agilent Technologies (USA) with a capillary column HP-
5MS 0.25 mm in diameter, 30 m long, with a fixed phase layer
thickness of 0.25 pm with mass-selective detector (MSD) 5975C
VLMSD Agilent Technologies (USA).

Preparation of samples for determination of the FA composi-
tion of dairy products was carried out according to GOST 31665-
2012 «Vegetable oils and animal fats. Production of fatty acid
methyl esters».

Preparation of samples for determination of FA composition
of meat products was carried out according to GOST R 55483-
2013 «Meat and meat products. Determination of fatty acid com-
position by gas chromatography».

Sample with weight of 1 g was treated for 8 hours with a
mixture of 12 ml of chloroform with 10 ml of methanol in the
presence of 1% solution of KCI for dissolving the chemical com-
ponents, the extract was filtered through the paper. The extract
with weight 1 ml, containing about 0.1 g of dry residue was
mixed with 5 ml of 15% acetyl chloride solution in methanol,
kept for 2 hours at 100 °C in a hermetically sealed glass ampoule
in an argon atmosphere and neutralized with the addition of a
saturated KOH solution in methanol to a pH of 5.0-6.0 solution.
There were added to the mixture — 3 ml of saturated aqueous
NaCl solution and 6 ml of hexane, left for 30 min and 0.5 ml of
transparent hexane layer containing methylated and unmethyl-
ated forms of the analyzed substances were selected for analysis.
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The preparation of samples is used for the analysis of sterols,
which allows completely hydrolyze the fat in the product, and
for the extraction of sterols from the hydrolyzate, the diethyl
ether is used, because the sterols are the polar alcohols by their
chemical nature. The evaporation of the ether on a rotary evapo-
rator (Heidolph Laborota 4003 control, rotation speed from 20
to 270 rpm, motorized lifting bath to 140 mm with the speed of
18 mm/h, heating capacity 1300 W, the heating temperature of
the bath from 20 to 180 °C, the volume of the bath of 1200 cm?)
and re-dissolution in smaller amounts enables you to concen-
trate trace amounts of the sterols.

The preparation of the sample was carried out as follows.
There were taken 1 ml of extracted [3] fat and 10 ml of KOH
in methanol. The hydrolysis is carried out in a water bath for
10-15 minutes at the temperature 80 °C. After the hydrolysis, 30
ml of distilled water and 20 ml of ether are added to the centri-
fuge tube, mixed, poured into a 500 cm® separating funnel and
allowed to settle. During the methylation in such conditions,
the sterols are not destroyed, but pass into the ether solution
together with the methyl esters. After delamination, the lower
water-alcohol layer is poured into the conical flask and placed
in another separating funnel with the addition of 20 ml of ether.
Shake and allow to settle. The upper ethereal layer is attached
to the ether extract to the first separating funnel. The essen-
tial extract is washed with distilled water in portions of 50 cm?3,
discarding the lower water layer, repeating this procedure three
times. The washed essential extract is filtered into a 250 cm?
round-bottom flask through the folded filter with the layer of
anhydrous sodium sulfate (10-15 g) placed into the conical fun-
nel. The ether is evaporated on a rotary evaporator atthea tem-
perature not exceeding 30 °C under the vacuum. The dry residue
is dissolved in 1 ml of the methanol and transferred to the vial.

Chromatography conditions on the HP-5MS capillary col-
umn: carrier gas-helium, flow rate 1 ml / min, injector tem-
perature in the mode without flow division 250°C, the initial
temperature of the column thermostat 100°C for 2 minutes,
programmable heating from 100°C to 290°C with the speed
of 20°C / min, the isotherm at the temperature of 290 °C up to
25 minutes, the analysis time of components is 25 minutes, the
volume of automatically injected sample is 1 pl. Identification
parameters: ion source temperature 230 °C, quadrupole temper-
ature is 150°C, electron energy is 70 eV, detection in the scan-
ning mode of the full mass spectrum in the mass range from 33
to 1050 atomic mass units (a.m.u.).

There were used, for calculating, the content of substances
an automatic database of search and identification of chroma-
tography-mass spectrometry data NISTO8 MS Library [4] with a
probability of correlation of peaks of more than 80 %. The results
of determination were processed using methods of mathemati-
cal statistics.

3. Results and discussion

There is presented on the Figure 1 the chromatogram of sep-
aration of calibration mixture Supelco 37 FAME MiX containing
37 fatty acids (FA). As it is shown, from the presented chromato-
gram, the selective separation of 37 FA is possible for more than
40 minutes. Herewith know the order of the output for the analy-
sis of the FA does not require the presence of individual FA.

During the analysis of the FAC there is a problem of de-
termining the first low-molecular most volatile FA, such as oil
and kapron [5]. The oil FA has a boiling point lower than the
hexane used for re-dissolution. As a result, first comes on the
chromatogram of oil acid, after comes hexane acid and caproic
acid, but because of that the peak of hexane is the most intense
during its release, it is necessary to turn off the detector, and
then turn on again. This is especially true of the mass spectro-



MULLEBDIE CUCTEMbI | Tom1No 4 | 2018

metric identification of the FA, since the solvent output on the
detector is able to disable the filament of the mass spectrom-
eter (Figure 2).

In addition, there are two critical pairs of FA separation in the
analysis of FA, namely the linoleic and theoleic and the oleic and
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its elaidin isomer. Increasing the analysis time to 45 min and us-
ing a smoother temperature gradient of the gas chromatograph
furnace allows to solve this problem. On the Figure 3 shows the
chromatogram of complete separation of the linoleic and the
oleic fatty acid. For the screening analysis of the FAC, it is pos-
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Figure 1. Chromatogram of separation of the mixture containing 37 FA
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Figure 2. The chromatogram of separation of oil and nylon FA on HP-5MS (19091S) 30 m x 0,25 mm x 0,25 mkm
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Figure 3. Chromatogram of separation linoleic and oleic fatty acid is established in 45 min.

sible to reduce the analysis time due to a much sharper tem-
perature gradient of the chromatograph furnace. In this case, it
is possible to conduct analysis 37 FA for 20 min. However, this
affects the measurement quality and reproducibility of results.

So in the case of the analysis of 37 FA, the separation of the
critical pair of linoleic and oleic is much worse. The elaidic trans
isomer is not divided from oleic acid and can be calculated on-
ly on the amount. Thus, this method does not allow to detect
trans-isomers of FA, but has the right to exist as it allows to de-
termine quickly the falsification of milk fat of cow’s milk by FA
[6]. For the rationing purposes of margarine and vegetable fats
for FACs is recommended to use the method of separation of the
FA for 45 min.

The hydrolysis of the sample and subsequent methylation is
necessary to give the FA volatility, because of that the fatty acids
in their native form are contained in the form of triglycerides.
Three types of methylation may be used to prepare samples for
the determination of FAC. GOST 31665-2012 «Vegetable oils
and animal fats. Receiving of methyl esters of fatty acids» in-
volves the methylation with sodium methylate or methanol so-
lution of potassium hydroxide [7]. GOST R 55483-2013 «Meat
and meat products. Determination of fatty acid composition by
gas chromatography» allows to provide the methylation using
acetyl chloride [8]. The methylation with sodium methylate will
determine, by transesterification, fatty acid composition of only
those FA, which are associated with glycerin, but free FA should
be methylated separately. Therefore, the production of methyl
esters of fatty acids from triglycerides by transesterification with
methanol solution of potassium hydroxide is optimal [9,10].

The use of vegetable fats and oils in the product certainly
affects on the FAC. This is most characteristic of low molecular
weight FA and that FA, which are the indicator of falsification.
First of all, it is the myristic and the linoleic acids. The fact, that
the falsification of dairy products with vegetable oils share the

myristic steadily decreases, and the proportion of the linoleic in-
creases in proportion to the amount of plant component. How-
ever, this trend is not typical for the lauric FA, so during the falsi-
fying by coconut oil, its share will grow, and during the falsifying
by palm oil will fall. Therefore, the most indicative FA will be the
myristic and the linoleic [11].

In Table 1 presented by the FAC for a product with a vegeta-
ble fat content of more than 20 %. As can be seen, the tendency
of increase the linoleic and decrease the myristic FA remains.
Based on these data, it can be seen that the replacement of milk
fat on non-dairy fats has a significant impact on the FAC. In this
case, the changes relate to all major fatty acids.

In Table 2 presented FAC product with a content of vegetable
fat more than 90 %. The share of the myristic is less than 1 %,
while the share of the linoleic is close to the content of palmitic
and oleic (about 30 %).

In Table 3 presents an example of the FACs correlation and
the content of sterols. The trend in the content of the myristic
FA/ linoleic FA/ b-sitosterol remains. Thus, it is proved that in
the falsification of dairy products with vegetable oils, the share
of the myristic steadily decreases, and the share of the linoleic
increases in proportion to the amount of the vegetable compo-
nent. It is objectively established that the presence of b-sitoster-
ol more than 2% of the share of cholesterol indicates the pres-
ence of vegetable fats and oils in the product.

Thus, by determining the ratio of FAC and fatty acids, it can
be concluded about the quality of the dairy product, comparing
the results with the reference data from the product standards.
Even small deviations from the above norms are permissible,
since the raw materials of animal origin can not be stable in their
indicators principle, but serious deviations will indicate a low
quality of products or the possible falsification of vegetable fats.

Similar situation is with the FAC of vegetable oils. In the rel-
evant product standards are often given reference data on the
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Table 1
Fatty acid composition of milk product adulterated with
vegetable fats in comparison with the established norms

Fatty acid composition
of milk fat of cow’s milk
according
to GOST 32261-2013

Name of indicator Actual value

Fatty acid composition (mass fraction % of the amount of fatty acids)

Butyric C, 0.1 2.4-4.2
Caproic C 0.13 1.5-3.0
Caprylic C, 0.05 1.0-2.0
Capric C,, 0.11 2.0-3.8
Decenoic C, | 0.02 0.2-04
Lauric C,, 0.4 2.0-44
Myristic C,, 2.76 8.0-13.0
Myristoleic C , | 0.03 0.6-1.5
Palmitic C | 39.6 21.0-33.0
Palmitoleic C 0.35 1.5-2.4
Stearic Cg 7.71 8.0-13.5
Oleic C g 36.01 20.0-32.0
Linoleic C,,, 12.57 2.2-5.5
Linolenic C, 0.04 to 1.5
Arachidic C, 0.08 t0 0.3
Behenic C,, 0.04 to 0.1

FAC, so comparing the results with reference can be judged on
the quality of the oil [12]. At serious discrepancies it is possible
to assume whether this oil was falsified, and at thorough com-
parison with FAC of other oils, it is possible to define almost pre-
cisely what oil the studied product was falsified.

If, having determined the FAC of the product of animal ori-
gin, there are suspicions about the falsification of its vegetable
fats, it should be confirmed by the study of the product for the
content of phytosterols in it.

On the Figure 4 shows the chromatogram of the sample with
the presence of phytosterols. When using non-selective PID de-
tector may be applied clinocephaly FA on the peaks of the sitos-
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Table 2
Milk product with vegetable fat content
more than 90 %

Fatty acid composition
of milk fat of cow’s milk
according
to GOST 32261-2013

Name of indicator Actual value

Fatty acid composition (mass fraction % of the amount of fatty acids)

Butyric C, 0.12 2.4-4.2
Caproic C 0.11 1.5-3.0
Caprylic C, 0.03 1.0-2.0
CapricC,, 0.22 2.0-3.8
Decenoic C,, 0 0.2-04
Lauric C,, 1.21 2.0-4.4
Myristic C,, 0.84 8.0-13.0
Myristoleic C,, | 0.1 0.6-1.5
Palmitic C | 29.57 21.0-33.0
Palmitoleic C, 0.1 1.5-2.4
Stearic C 541 8.0-13.5
Oleic C g, 34.28 20.0-32.0
Linoleic C g, 27.56 2.2-5.5
Linolenic C, 0.03 To 1.5
Arachidic C,, 0.29 To 0.3
Behenic C,, | 0.13 To 0.1

Table 3
Correlation between the FAC and content of the
phytosterol in a dairy product

Myristic C,, , 5.39 2.76 0.84
Linoleic C g ,* 7.4 12.57 27.56
b-sitosterol 4.61 16.15 71.72

terol/ the campesterol/ the stigmasterol. However, false positive
and false negative results are excluded in the case of gas chro-
matography-mass spectrometry (MS-detector). The presence of
the mass-spectrum (target and confirming ions) makes the iden-
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Figure 4. Chromatogram of the sample with the phytosterols
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tification of high-quality and greatly simplifies the procedure of
sample preparation, excluding the preliminary derivatization by
digiton.

In the case of the phytosterols identification by library mass-
spectra excludes the possibility of error.

When electron ionization (EI) in 70 eV occurs the molecule
breaks down into several characteristic parts, which provides ad-
ditional opportunities for identification and study of the struc-
ture of unknown substances. Ion fragmentation occurs due to
the fact that the energy of electrons is much higher than the
energy of chemical bonds. The chemistry of ion fragmentation
in electron fragmentation is well studied, so knowing the mass
of fragments and their intensity it is possible to predict the ini-
tial structure of the substance. The mass-spectra obtained by the
method of electronic ionization are well reproducible, so today
there are libraries (for example, NIST) with reference mass-spec-
tra for more than 210 000 substances (library NIST11/2011/EPA/
NIH) using the method of electron impact ionization, greatly
facilitating qualitative analysis. The mass-spectrum is a unique
«fingerprint» of the desired substance and eliminates errors in
the analysis. The possibilities of separation and unambiguity of
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qualitative analysis make the gas chromatography-mass-spec-
trometry (GC-MS) method the optimal technique for the study
of the phytosterols.

On the Figure 5 the chromatogram of the milk fat sample, as
well as the mass-spectra of the obtained cholesterol and from
the database are presented. The plant sterols (phytosterols) were
not found on the chromatogram, which indicates the absence of
falsification of the dairy product by vegetable fats and oils. As
can be seen, the matching ions of cholesterol at the level of 99 %.
The coincidence of the mass-spectrum is more than 70% indi-
cates the qualitative identification of the substance. High sensi-
tivity, the possibility of chromatographic separation and quali-
tative identification of the desired cholesterol and phytosterols,
even in the case of the presence of organic impurities in the ex-
tract, allows almost completely eliminate errors in the analysis,
and recommend GC-MS as a reliable and high-precision method
of identification of vegetable fats in food. Today, the mass-spec-
trometry is the most powerful, sensitive, informative and fast
method of analysis of the composition, structure and quantity
of chemical compounds. The widespread introduction of mass
spectrometric methods in the practice of quality control of food
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Figure 5. The chromatogram of the sample is not adulterated with the phytosterols
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products will allow to reach a new innovative level of analytical
control of food products, which will give manufacturers full con-
fidence in the safety of their product.

As for the mandatory norms of fatty acid composition of
food products, in our time they can be mandatory only if they
are set in the technical regulations of the Customs Union. In
the regulations, such standards do not exist, most information
about the FAC product is given as a reference of the application
to the national (GOST R) or interstate (GOST) standards for the
appropriate product or method of determining the FACs in this
product that also makes these standards mandatory, because,
without going into details, in accordance with 162-FZ «About
standardization in the Russian Federation» all of the standards
of the food industry are applied on a voluntary basis.

Partly this situation arose due to the fact that the FAC of the
product can not be standardized principal. For example, the FAC
of meat and meat products, which can be defined according to
GOST R 55483-2013 «Meat and meat products. Determination
of fatty acid composition by gas chromatography» will depend
on many factors, the main of which is the type of animal, to the
secondary can be attributed to the breed of animal, age, food,
which it was fed and etc. According to the reference annex of
the above mentioned standard, which, unfortunately, shows the
FAC fats only lamb, pork and beef, we can say that the FAC fats of
these animals can be very different, despite the extremely aver-
age values. The main differences are in the content of the pal-
mitic, the oleic, the stearic and the linoleic acids.

The absence of regulatory (mandatory) requirements for FAC
is acceptable for meat and meat products, where the FAC is not
the main characteristic of quality, which it is for dairy products,
because FAC can be judged not only on the quality of the dairy
product, it can be assumed whether the products are adulterated
with vegetable fats.

For example will consider the interstate standard GOST
32261-2013 «Butter. Technical conditions». According to annex
B of the standard, in milk fat of cow’s milk the fatty acids given
in the Table 4 are normalized.

Table 4
Fatty acid composition of milk fat of cow’s milk [13]

Name of fatty acid according Mass fraction of fatty acid,

to the trivial nomenclature % of total fatty acids

Butyric 2.4-4.2
Caproic 1.5-3.0
Caprylic 1.0-2.0
Capric 2.0-3.8
Decenoic 0.2-0.4
Lauric 2.0-4.4
Myristic 8.0-13.0
Myristoleic 0.6-1.5
Palmitic 21.0-33.0
Palmitoleic 1.5-2.4
Stearic 8.0-13.5
Oleic 20.0-32.0
Linoleic 2.2-5.5
Linolenic To 1.5
Arachidic To 0.3
Behenic To 0.1
Other 4.0-6.5
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Taking into account that the FAC is milk fat cow’s milk is fair
to say that similar requirements should be to the FAC of other
dairy products, such as sour cream, cottage cheese, etc. This
is confirmed by the norms of FAC, given in GOST 31453-2013
«Cottage Cheese. Specifications» and GOST 31452-2012 «Sour
Cream. Technical conditions». However, the standards for cot-
tage cheese and milk are not normalized for other fatty acids.
Other fatty acids are not regulated also in GOST R 52253-2004
«Butter and paste from cow’s milk. General specifications», the
standard requirements, which can be called conditionally man-
datory for compliance, which is very important, because the FAC
of products is calculated by normalization, which means that not
taking into account any detected fatty acids will affect the fi-
nal value of the normalized. Therefore, the following changes or
revision of these standards, it is advisable to supplement them
with other fatty acids.

In addition to the content of these fatty acids in dairy prod-
ucts, their ratio is also important (Table. 5).

Table 5
Ratios of the methyl esters of fatty acids of milk fat

Limits of the ratio of the mass
fraction of methyl esters of fatty
acids in milk fat

Ratios of methyl esters of fatty
acids of milk fat

Palmitic to lauric from 5.8 to 14.5

Stearic to lauric from 1.9t0 5.9

Oleic for myristic from 1.6 to 3.6

Linoleic to myristic from 0.1 to 0.5

Amounts of oleic and linoleic to

lauric, myristic, palmitic and stearic from 0.4t0 0.7

4. Conclusion

There was developed a national standard, by the employees
of the FRC of food systems, the national standard for the defini-
tion of FAC meat products-GOST R 55483-2013 «Meat and meat
products. Determination of fatty acid composition by gas chro-
matography», by which it is possible to determine the FAC of
meat, offal, raw fat, meat and meat-containing products, prod-
ucts from bacon in the range of measuring the mass fraction of
fatty acids from 0.03% to 98 % [8].

GOST 33608-2015 «Meat and meat products» was developed
to identify vegetable fats added to meat products. Identification
of non-meat ingredients of plant origin using gas chromatog-
raphy with mass-spectrometric detector», which establishes the
method of identification of non-meat ingredients of plant origin
(vegetable oils, ingredients, containing vegetable fats) at mass
concentration of the phytosterols (brassicasterol, campesterol,
stigmasterol, B-sitosterol). The measurement range of the phy-
tosterols is from 1 to 1000 mg / kg [14].

Summing up, it should be noted that the current level of re-
search of complex mixtures of organic compounds requires the
use of complex physical and chemical methods. In the analysis
of substances due to the complexity of the preparation of real
samples is particularly important characteristic of the sensitiv-
ity and selectivity of the method. Today, mass-spectrometry is
the most powerful, sensitive, informative and fast method of
analysis of the composition, structure and quantity of chemical
compounds. In the last decade, the GC-MS method has been par-
ticularly actively developed and introduced into the practice of
analytical laboratories. That is why it is the most suitable for the
determination of the FAC of the product, as well as the determi-
nation of sterols in the product.
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