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Opurunanbnaﬂ Hay4YHas CTaTbsl

AHAJIN3 )KXUPHOKHUCIOTHOI'O COCTABA
CbIBOPOTKU KPOBU IABOPATOPHBIX KPbIC
C MOJEJBIO TUITEP/INIINAEMUUA ITPU IIPUMEHEHUN
OVYHKIWNOHAJJIBHOTI'O ITIMIIEBOTO ITPOAYKTA

Yepuyxa .M., KorenkoBa E.A.*

@enepaabHbIil HAYYHBINM LEHTD MUIIEBBIX cucTeM uM. B.M. Top6aToBa PAH, MockBa, Poccus

K/JIOYEBBIE CJIOBA:

cepdya, aopmel, 2unepaunudemus,
KPbICbL, HUPHOKUCTOMHDBLI
cocmas, UHOeKc amepozeHHOCmu

Oco60oe MeCTO B MHTEHCMBHO Pa3pacTalomeMcst aCCOPTMMEHTE MUIEeBOM MPOAYKIMY 3aHUMAIOT IIPOLYKTHI CIie-
[MaNIM3MPOBAHHOIO U (PYyHKIMOHAIBHOTO Ha3HAUEHNSI, B TOM UMCJIe AJISl OTHe/bHBIX KaTeropuii rpaskaaH. Ilomu-
MO ITOATBePsKAeHMS MX 61I0KOPPUTHPYIOIIMX CBOJICTB BaskHA MX COAIaHCHPOBAHHOCTD 10 Ge/IKaM, KUpaM U yIiie-
BOJAM, HaJMuye 3CCeHIMaNbHBIX HyTPUEeHTOB. Pa3paboTaHHble KOHCEPBHI daplieBbie HA OCHOBE CepAel] U aopT
CBIMHEIT XapaKTepPU30BaIiCh BBICOKMM comepskanmem 6enka (17,53+0,95 %), mpu 1OCTaTOYHO HM3KOM COIepsKa-
Huu xupa (3,82+0,13 %), MHOEKC aTeporeHHOCTH coctaBui Beero 0,43. B akcniepuMeHTe in vivo 610 TTOKa3aHo,
YTO BHECeHMe KOHCepBOB (hapieBbIX B TeueHue 42 CYyTOK B PAlMOH KPBIC C MOZIe/bIO alMMeHTapHO TUIepin-
MMIEMUY CITOCOGCTBOBAIIO CHMKEHUIO OTHOCUTEIBHOIO COMEPIKaHMsI HACBIIEHHBIX KMPHBIX KUCIOT Ha 21,1 %
(P<0,05), mpenmyIiecTBEHHO 3a CUET YMEHBIIEHNSI COEePsKaHUs MaTbMUTUHOBONM KMPHOI KUCIOTHI Ha 42,0 %
(P<0,05). MoHOHEHACHIIIIEHHbIE SKMPHbIE KMCIOTHI TAKKE GbLIM CHIKEHBI Ha 26,9 % (P <0,05), MOIMHeHAChIIeH-
HblI€e KMPHbIe KUCIOTHI, HAIIPOTUB, yBennumioch 79,6 % (P <0,05) 1o cpaBHeHUIO ¢ KOHTponeM. OTMe4YeHHbIe MO-
IybUKanMM KMPHOKMCIOTHOTO COCTAaBa CbIBOPOTKY KPOBM JKMBOTHBIX OIBITHOJ IPYIIITBI IPUBEIN K CHYDKEHUIO
MHAEKca aTeporeHHoCTH Ha 43,3 % (P<0,05). BbisiBleHHAs TOIOXUTETbHASI JUHAMUKA BOCCTAHOBIEHUST IUTTNT -
HOT0 06MeHa Y KPbIC C IMITePIUITMIeMIeli II03BOIsieT PeKOMEHI0BATh pa3paboTaHHbIi TPOLYKT B KAUeCTBe KOM-
[IOHEeHTA AeToTepanyi, COyTCTBYIOLel K OCHOBHOMY JIeUeHIIO, 115 JIMLI, COCTOSIIIMX B IPYIIIIe PUCKA Pa3BUTHS
CeplleuHO-COCYAMCTBIX 3a060/1eBaHNi, B YaCTHOCTH, 3a CYET BBISIBJIEHHbIX AVCIUITUAEMUIA.

Original scientific paper

IFLUENCE OF FUNCTIONAL FOOD PRODUCT ON SERUM
FATTY ACID COMPOSITION IN HYPERLIPIDEMIC RATS

Irina M. Chernukha, Elena A. Kotenkova*

V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

K/ITIOYEBDBIE CJIOBA:

heart, aorta, hyperlipidemia, rats,
fatty acid composition, atherogenic
index

1. BBegeHue

A special area in the rapidly growing range of food products is occupied by specialized and functional products,
especially for certain categories of citizens. In addition to confirming their biocorrective properties, it’s necessary
to balance protein, fat and carbohydrates contents as well as the availability of essential nutrients. The developed
meat product based on porcine hearts and aorta was characterized by a high protein content (17.53%0.95 %), with
a low fat content (3.82+0.13 %), the atherogenic index was 0.43. According to in vivo study results, it was shown
that the introduction of developed product during 42 days into the diet of hyperlipidemic rats lead to a decrease
in the relative content of saturated fatty acids by 21.1% (P<0.05), mainly due to palmitic fatty acid reduction by
42.0% (P<0.05). Monounsaturated fatty acids were also reduced by 26.9% (P <0.05), polyunsaturated fatty acids,
on the contrary, increased by 79.6 % (P<0.05) compared with the control. The observed modifications of serum
fatty acid composition resulted in the reduction of atherogenic index by 43.3% (P<0.05). The revealed positive
dynamics of lipid metabolism recovery in hyperlipidemic rats makes it possible to recommend the developed
product as a component of diet therapy, concomitant to the main treatment, for persons with risk of cardiovascu-
lar diseases, in particular, due to dyslipidemias.

HOCTb HpI/IO6p6T8.8T n3yueHne BTOPMYHBIX ITPOOYKTOB y60$I KakK

[IporpeccuBHbIE TEXHOIOT MY MHTEHCYBHO BHEIPSIOTCS B /-
IIEBYIO0 OTPaC/ib, CPeIM KOTOPHIX 0C060€ MECTO 3aHMMAKT Ha-
nipasieHust 3pPeKTUBHOI mepepaboTKI CeJIbCKOX03SIICTBEHHOI]
MIPOYKIVM U CO3aHMe 6e30MacHbIX ¥ KaueCTBeHHBIX MPOIYK-
TOB IUTAHMS, B TOM UMC/Ie MIPOAYKTOB CIeIMaai31pPOBAHHOTO
¥ GYHKIMOHATBHOTO HAa3HAUEHMsI. B pe3ybraTe MHOTOUYMC/IEH-
HBIX MCCIENOBaHMIA CerOMHSI MCIIONb3YIOT TaKMe IMOAXOMbI, KaK
MoaubUKanusa penenTyp 3a CUeT JOTOTHUTEIbHOTO BHECEHUS
61/10nor1/1qec1<1/1 AKTUBHBIX MHIPEONEHTOB PAaCTUTEJIbHOI'O U JKU-
BOTHOTO ITPOMCXOKIEHMSI, @ TaKKe TeXHOJIOTMM, Ipeaycma-
TPUBAIOIIVE COXpaHeHMe WIM HAKOIUIeHMe 6MOaKTUBHBIX ITell-
TUIOB, HATUBHO COMEPSKAIIMXCS B ChIPhe WM 0Opa3yIoIMMCs
B mporiecce obpaborku [1,2,3,4,5,6,7,8,9,10]. Ocobyio akTyaib-

IJ11 HUTUPOBAHUS: Yepnyxa U.M., KotenkoBa E.A. AHanmn3 XMPHOKUCIOT-
HOTO COCTaBa ChIBOPOTKYM KPOBY JIAGOPATOPHBIX KPbIC C MOAEIBIO IUIIe PN~
MMM Y IpUMeHeHUY (PyHKIVOHATbHOTO MMILEBOro MPOAYKTa. [Tuwyessle cucme-
Mot 2018; 1(4): 4-9.DOI: 10.21323/2618-9771-2018-1-4-4-9

MCTOYHMKOB aKTUBHBIX OMOIOTMYECKUX TIOC/IeA0BATETbHOCTE,
CITOCOOHBIX HOPMAaJIM30BaTh COOTBETCTBYIOIIME MeTabonue-
CKMe HapyueHus, ¥ pa3paboTka Ha UX OCHOBE TeXHOJIOTMH CITe-
LMaaM3UPOBaHHbBIX U (PYHKIMOHATbHBIX ITPOLYKTOB.

[Ipu pa3paboTKe MPOAYKTOB (YHKIIMOHAIBHOTO U CIIELU-
anM3MpOBAaHHOIO HAa3HAYEeHMs], IOMMMO OOOCHOBAHMS MX OM-
OKOPPUTMPYIOIIMX CBOJCTB, Ype3BbIUaliHO Ba)KHBIM SIBJISIETCS
OIleHKa aJleKBaTHOCTM MX COCTaBa B COOTBETCTBUM C MeAMKO-
6uonornueckumMy pekomenpauusivu [11,12]. Tak, TPOLYKTHI,
MpegHa3HAYeHHbIe )i MPOGUIAKTUKY U Teparuu CepheyHo-
COCYIMCTBIX 3ab60eBaHMit, 06s13aHbI comepskatb 10—-15% 6enka,
He 6osee 10% skupa, U3 KOTOPOro He Gojee 2% XojecTepuHa,
cOaaHCUPOBAHHBINM KMPHOKUCIOTHBIN COCTaB, IIPU 3TOM JI0JIS

FOR CITATION: Chernukha I.M., Kotenkova E.A.. Ifluence of functional food
product on serum fatty acid composition in hyperlipidemic rats Food systems.
2018; 1(4): 4-9. (In Russ.). DOI: 10.21323/2618-9771-2018-1-4-4-9
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HACBIIIeHHbIX XXUPHbIX KcaoT (HXKK) oT 06111eit KaJIOpUITHOCTH
paioHa He Ao/DkHA mpeBbiiaTh 10 %, MO MOHOHEHAChILeH-
HbIX XUPHBIX KucaoT (MHXKK) — 15%, mons nmonyHeHachIeH-
HbIX XUPHBIX KucnoT (ITHXKK) gomkHa cocraBasats ot 7 1o 9%
[12,13], T.e. HOKK/MH>KK/ITHXXK (1:1:1) cyniecTBeHHO NOBbILIA-
eT TepareBTUUYeCKYI0 3(PeKTUBHOCTD TPOBOAMMOIO KOMILIEKC-
HOTO JIedeHUs] IaLMeHTOB [14].

B MHOTrOYMCIeHHBIX MCCIeIOBaHMIX ObUIa IMOKa3aHa 3aBU-
CUMOCTb PUCKA PA3BUTHUS TUIEPIUIUAEMUN OT U3OBITOUHOTO
TTOTpe6IeHNsT TTPOAYKTOB C BBICOKMM COfiepsKaHVeM HacChIIleH-
HbIxX JKK, Tpanc-KK u xonecrepuHa, 4TO IPUBOLUT K yBeIMYe-
HMIO aTepOTeHHbIX Qpakuyiit TUIonpoTenHoB (JIIT), uMpKyInupy-
IOLIMX B KPOBYU U ITOABEPTraOLIMXCsI OKMCIEHNIO, KOTOPhIe 3aTeM
CITOCOGCTBYIOT Pa3BUTUIO aTepocKiepo3a. II09ToMy KOpPeKIus
MIUTAHMS] MOXEeT CyL[eCTBEHHO CHU3UTb PUCK Pa3BUTUS JUCIN-
MIUIEMMUI, CKOPPEKTMPOBATb COCTaB LUMPKYIMPYIOIMUX B KPOBU
>KnpoB B coctase JIIT 1, Kak ciencTBue, CHU3UTh PUCK Pa3BUTUS
CepIevHO-COCYIMUCTHIX 3a60/1eBaHMIA.

B HacrosiiiemM uccienoBaHUM PacCMOTPEHO BAMSIHME OJIU-
TEJIbHOTO TMOTpebseHust paspaboraHHOTO TMpomykra Ha KK
COCTaB CbIBOPOTKM KpOBU, cocTaB JII1 KpoBu M M3MeHeHUs UH-
nekca areporeHHocTy (MA), ncxoas ns cootHomenus JIIT n JKK,
OIpeJle/IeHHbIX B CBIBOPOTKE KPOBU KPBIC C MOJE/IbIO alMMeH-
TapHOi TUIepIUIUAEMUN.

2. Marepuaibl ¥ METOAbI

O6beKTOM MCCIeNoBaHMs SIBJSUTCh KOHCEPBBI (apiieBble,
BbhIpaboTanHble Ha 3A0 «Jomkap-OnMHCKMIT MSICOKOMOM-
HaT» (pelenTypHbIi COCTaB: cepaua CBuUHeNn — 64,4 %, aopThl
cBuHelt — 26,0 %, kpaxman — 3,0 %, moBapeHHas conb — 0,4 %,
Boga mo0 100%). TexHomorusi MpoM3BOACTBA BKIIOUAJIA CJIeLyIO-
e cTaiuu: u3MesbueHye ceprel Ha BOlIUKe (pasMep 4acTulj
2-3 MM), BbIIepKMBaHMe MoJydeHHOro dapiia B rmocose (12 u);
u3MeabYeHye aopT Ha BOIUKe (pa3Mep 4yacTull 2—3 MM), UX ro-
MOTeHM3alusI Ha KyTTepe (CKOPOCTbh HOXXeBoro Bana 3000 o6/
MMH, 6—8 MIH); gayee Gapil 13 cepzel] ¢ COKOM KOIMYeCTBEHHO
TepeHOCUTIN B KYTTEP U MOBTOPHO rOMOTeHU3UPOBAIN ¢ dap-
meM 13 aopt (3000 06/MuH, 3—4 MIH), [O6GAB/ISS KpaxMall, COJb
u Bomy. ToTOBBIN (hapii dacoBaayu B 6aHKM 13 TaMUCTEPA U CTe-
punmnsoBamu nipu (115+2)°C, gasnennn (0,23+0,02) MIla B Te-
yeHnue 40 MUH.

UccnenoBaHme XMMMUECKOTO COCTaBa KOHCEPBOB IIPOBOAM-
JI/ B COOTBETCTBUMU CO CTAaHAAPTHBIMU METOAVIKAMMU.

IOnsa oueHku 3¢PGEKTUBHOCTM KOHCEPBOB (GapIieBbIX Ha
20 kpbicax-camiiax croka Wistar maccoii 350 % 20 T, Tpou3BOJILHO
pasleleHHbIX Ha 2 IPYMIIbl, MOLEIMPOBAIN 3KCIIePUMEHTab-
HyIO runepaunuaeMuto [15], To OKOHYAHUM MOIETUPOBAHUS
SKMBOTHBIX 2 TPYMIIbI (KOHTPOJb, N=10) mepeBoauIu Ha obiie-
BUBapHbIii panyoH (OBP), 3 rpymnmsl — onsIT (n=10), nomyyanu
(apireBbie KoHCEPBHI (8 T /TONIOBY) B coctaBe OBP. 1 rpyrima co-
CTOSI/Ia M3 MHTAKTHBIX KpbIC (n=10), comepskalmuxcst Mpu CXO[ -
HBIX YCTIOBMSIX. DKCIIePUMEHT IJIWJICS Ha TIPOTSIKEHUU 42 CYyTOK.
[To ncreyeHMM 3KCIEPUMMEHTA XKMBOTHBIX YCBIIUISUIM B Kamepe
nnst aBraHasum (VETtech, Benuko6GpuTanust), MpOBOAVIIN 3a-
60p KPOBM ISl GMOXMMUYECKMX UCCIeNOBAHMIT U ONpPefeeHNUS
SKUPHOKMCAOTHOTO COCTaBa ChIBOPOTKY KPOBH.

ConepskaHue obuero xonecrepuna (XC), xonectrepuHa Jiu-
norporenHoB BbicoKko (XC JIIIBIT) u Huskon (XC JIITHIT) mioT-
HocTH, Tpurnuepunos (TT) ornpepensyin Ha aBTOMaTUYE€CKOM
a"anmsatope BioChem FC-360 (HTI, CIIIA) B coOTBeTCTBUM
C MeTonMKaMy, NMpuaokeHHbIMM K peaktuBam (HTI, CIIA).
Wupeke areporenHoctu (MIAXc) paccumThiBamu 1Mo Gopmyiie:
NAxc=(XC - XC JITIBIT) /XC JITIBII.

Brimenenve nunumoB U3 CHIBOPOTKM KPOBU IKCII€PUMEH-
TaJbHBIX KMBOTHBIX U pPa3pabOTaHHOTO MPOAYKTA OCYIIEeCTB-
JISTY 9KCTpaKimeit xao0pohopm/MeTaHonIoM 1o Mmetony domya.
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UMCTOTY BBbIE/NEHHBIX JUIWAOB IIPOBEPSIIM METOLOM TOHKO-
c1oitHoI XpomaTorpaduu. OrnpesneneHne cocTaBa XUPHbIX KUC-
JIOT TTPOBOAMIM Ha ra3oBoM xpomatorpade HP 6890 cdupmbl
«Hewlett Packard». Omvicanue MeTOLOB M3JI0KEeHO B «PYKOBOJ -
CTBe I10 MeTOJaM aHa/IM3a KauecTBa U 6e30MacHOCTM MUIEBbIX
MIPONYKTOB» [16], a Takke B MOHOrpaduu «MeTozmsl mpaKkTuyie-
CKO¥ 6MOTeXHOIOrUM. AHAIM3 KOMIIOHEHTOB ¥ MMKPOIIpUMeE-
celi B MSICHBIX M APYTUX NUIIeBBIX MPOoAyKTax» [17]. ITo momyueH-
HBIM pe3y/bTaTaM OIpefesiiM COfepKaHMe NaTbMUTUHOBOM
Y OJIEMHOBOJ KUCJIOT, Konn4yecTBO HachbleHHbIX (HXKK), MoHO-
(MHXK) u1 nonuHeHacsoIeHHbIX (ITHXKK) skupHbIX KMCI0T. Pac-
yeT MHAEeKC aTeporeHHOCTU (MAKK) ChIBOPOTKM KPOBU U KOH-
cepBOB (hapIIeBbIx OCYLIECTBISIIM MO GopMyie, IPUBeLEHHO
Ulbriht T.L.V. u Southgate D.A.T., (1991) [18]:

NAxk = (C12 + C14 + C16 + Tpanc XK):
(ITHXXK + C18:1 + npyrue MHXXK)

CraTucTuyeckuii aHanu3 IPOBOOWMIM C WCIOAb30BaHU-
em mnporpammbl STATISTICA 10. PesynbraThl mpeacTaBIsuINCh
B BUJe «CpelHee 3HaueHMe*cpenusisi oumbka» (M=SE). Cra-
TUCTMYECKAsl JOCTOBEPHOCTb PaCCUMTBIBA/IACH C IIPMMEHEHMEM
opgHonapaMmeTpuueckoro ANOVA TecTa ¢ mpuMeHeHueM KpuUTe-
pus Teroku ipu ypoBHe 3Haunmoctu 0,05.

3. Pe3ynbTaThl M 00CYKIAEHUE

XuMMUUeckuii cocras, NMpuBedeHHbIi B Tabn. 1, mokasan,
YTO B KOHCepBax (apuieBbIX OTMEUYEHO BbICOKOE COfIepXKaHue
6eJika Mpu JOCTATOYHO HU3KOM COEePsKaHUM XKUpa, JOJIs yIie-
BOJ,OB HE3HAuUMTe/JbHa U COCTaBJIsIeT MeHee 3 %. IHaekc aTe-
porenHoctu (MA) cocrasun 0,43, uyto HMKe cpenHero MA pa-
1IMIOHa YeJjioBeKa, paBHOro 0,74, o gaHHbeIM JIncuiibiHa A.B..
u ap. (2011) Ha 41,9%, a Takke HuUke VA Takux MPOLYKTOB,
Kak 6apanuHa (0,97), ropsiguna (0,79), cBunmHa (0,52) 1 Msico
nruis (0,50) [19].

Ta6nuua 1
XumMuueckuii coctaB ¢apiieBbIX KOHCEPBOB

HaumeHoBaHMe IOKa3aTesst Hi’;i‘;:‘;?;ﬂ
MaccoBast gosst 6eka,% 17,53+0,95
MaccoBast oSt skupa,% 3,82%0,13
MaccoBasi oJ1sT HaTpus XJI0puaa, % 0,305+0,015
MaccoBasi fonis Kpaxmana, % 2,35+0,25
DHepreTuueckas eHHocTb B 100 r mpoayKTa, Kai/KIxK 12217”55121’??1/
MHpekc aTeporeHHOCTH, OTH. efI,. 0,43
> IMHXK u £ MHXKK, % 14,48+2,58
3 HXK/% (MHXK +ITHXK), oTH. ef. 0,83

[Tpu mpoBeieHNY 6MONIOTUYECKOTO IKCITEPUMEHTA ObIJIO BbI-
SIBJIEHO, UTO Ha 42 CyTKM IIOC/Ie OTMEHBI IPOaTePOreHHO IMeThI
Y KOHTPOJIBHBIX XMBOTHBIX (rpymmna 2) koHueHTpauyus XC u TT
B CbIBOPOTKE KPOBM IIPEBBIIIAa MHTAKTHbBIN YPOBEHb (IPyI-
mma 1) Ha 35,8 % (P<0,05) n 17,0% (P >0,05), AXc 6611 yBeTMYEH
Ha 59,5% (P<0,05). BHeceHue B paliiOH JXUBOTHBIX (aplieBbIX
KOHCEepBOB (TpymIma 3) MPpUBOAWIO K CHV)KEHUIO B CHIBOPOTKE
KpoBu KoHueHTpauyuu XC (ua 31,8%, P<0,05) u TT' (1a 28,2%,
P>0,05) 0 CpaBHEHMUIO C TMOKA3aTENSIMU KOHTPOIbHBIX KPbIC
(rpymima 2), MAxc 6bu1 cHmskeH Ha 41,3 % (P<0,05).

PesynbTaTsl onpeneneHust XXUPHOKUCIOTHOTO COCTaBa ChI-
BOPOTKM KPOBM KPBIC MPUBeLeHbl B Tabauie 2. YV MHTAKTHBIX
SKMBOTHBIX (Ipyriia 1) ¥ KpbIC, TOTPEOSBIIMX pa3paboTaHHbIi
MIPOJYKT B TeueHue 42 CyTOK (TpyImna 3), KoIN4eCcTBO UIEHTU-
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Tab6muua 2
Pe3ynbTraTsl onpeseieHUs >SKUPHOKUCIOTHOTO COCTaBa CbIBOPOTKY KPOBU 9KCIIEPUMEHTAIBHBIX KPBIC
Ne % oT cymMBbI uaeHTUduIpoBaHHbIX JKK HNARK
Bcero, r/100 r
TpYIIIbL C16:0 C18:1n9c HJKK MHJXK IMTHXXK
1 93,2+1,7° 18,3+0,55" 23,0+1,06" 35,1+0,45" 35,8+1,0° 29,1£0,6°" 0,30+0,01°
2 74,3%1,12 14,5£0,7+r 25,9£0,28r 40,7+0,72" 36,4+0,45 23,0£0,9r 0,30+0,01°
3 92,4+1,6° 8,4+0,26" 12,4+0,4%® 32,1+0,558 26,6+0,7° 41,3+0,9%® 0,170,002

a6, 510°¢— TOCTOBEPHbIE OTIMUMST MEKIY SKCIIepMMeHTambHbIMM rpyrnamu (P <0,05)

dbumpoBanHbIX KK 66110 JOCTATOUHO BHICOKMM ¥ TTPEBBIIIAIIO
90 %. Y KOHTPOJIbHBIX XMBOTHBIX (IpymIa 2), HAaIpOTUB, KOJM-
yecTBO uaeHTuuIMpoanHbix KK 6bu10 cHKeHO Ha 20,3 %
(P<0,05) 1o cpaBHEHMIO C MHTAKTOM (rpymma 1).

Hecmotps Ha mynTenpHOe cofmepskaHye XXMBOTHBIX Ha IPO-
aTepoTeHHOli AueTe, y KOHTPOJIbHBIX JKUBOTHBIX (TpymIia 2) He
Habmoganoch usmenenus MAXK, ogHako gosst H)KK 6bi1a yBe-
nudeHa Ha 16,0% (P <0,05) Mo cpaBHEHMIO C MHTAKTOM (TpyTmna
1), HeCMOTpSI Ha CHIDKEHMe COfepsKaHMsl MabMUTMHOBO JKK
Ha 20,8 % (P <0,05). O6iee comepskanre MHXXK craTucTudecku
3HAUMMO He U3MEHSJI0Ch, OLHAKO Hous onenHoBoit KK ysenu-
ymnach Ha 12,6 % (P<0,05), ypoBeHb [THXKK, HAITpOTUB, CHU3WII-
cst Ha 21,0% (P<0,05). CTOUT Takke OTMETUTD, UTO KOJIMUECTBO
uneHTUUIMPoBaHHBIX KK B KOHTPOJIBHOI IPYyIIIe KUBOTHbIX
65110 Ha 20,3 % (P <0,05) HIKE MHTAKTHOTO.

B coctaB HEMOEHTU(GUIIVPOBAHHBIX B CBIBOPOTKe KPoBU JKK
MOTYT BXOOUTb KUCJIOTHI B BUJE TPAaHC-M30MEDPOB MM MHBIX
MoaubuKausIX, KOTOpble, B CBOIO OYepeab, MOTYT CITIOCOOCT-
BOBaTh yBeIMUeHNI0 0611ero MAXK, HO He GbLIM OINpefeneHbl
BBUIY UX OTCYTCTBUSI B 6ase mpubopa Ipu BBIMOTHEHUU Pu-
3UKO-XMMMUYECKOTO aHamm3a. OTMeueHHOe HabITIoIeH e MOKeT
OOBSICHUTh OTCYTCTBUE M3MeHeHUS VIAKK CHIBOPOTKM KPOBU
KpBIC, KOTOpbIe JIUTeIbHOEe BpeMsl COAepyKaalch Ha IIpoaTepo-
reHHoit nuete (Taoi. 2).

BHeceHMe B paIMoOH >KMBOTHBIX KOHCEPBOB (apiieBbIx
B TeueHMe 42 CYTOK CIIOCOOCTBOBAIO CHUMKEHUIO OTHOCUTEb-
Horo copepxkanus HJKK (rpynma 3) o cpaBHEHUIO C KOHTP-
onem (rpymma 2) Ha 21,1% (P<0,05), mpeumyliecTBeHHO 3a
CyeT yMeHbIleHNs cofepkauus naibMuUTMHOBOM KK Ha 42,0 %
(P<0,05). MHJKK Takske 6bLIM CHYDKeHbI Ha 26,9% (P<0,05)
B OCHOBHOM 3a CYEeT YMeHbILIeHUS OO OJIeMHOBOI KUCIOThI
605ee yem B 2 pasa (P<0,05). OTHOCUTEbHOE Xe comepykaHue
IMTH)XK, HanpoTuB, yBenuumioch 79,6 % (P <0,05) 1o cpaBHEHUIO
¢ koHTposeM. OTMeYeHHble MOAVGDUKAINY SKUPHOKUCIOTHOTO
COCTaBa ChIBOPOTKM KPOBU KMBOTHBIX OMBITHO IPYIIIIbI, TOTpe-
6sBIIMX B cocTaBe OBP paspaboTaHHBIX MPOAYKT (Tpymma 3),
pe3ylnbTaTUPOBAINCE B UTOrOoBOe CHIDKeHne MAXK Ha 43,3%
(P<0,05).

IMpn ananuse cootHomeHus HXKK:(MHXKK+ITHXXK) cbiBo-
POTKY KPOBU 9KCITEPUMEHTATbHbIX JKMBOTHBIX, GBI TTOTYUEHBI
crepyrone 3HaueHust: rpymnmna 1 (maTakrt) — 1:1,85; rpynma 2
(koHTpONBL) — 1:1,46; rpynma 3 (mpoaykt) — 1:2,12. Ilpu niox-
cuete cootHorennss HYKK:MH)XK 6b111 TTOTyY€eHbI CIeaytolye
3HaueHys: rpynna 1 (mHtakT) — 1:1,02; rpynmna 2 (KOHTPOJIb) —
1:0,89; rpynma 3 (nmpopykTt) — 1:0,83.

1. Introduction

Progressive technologies are intensively introduced into the
food industry, among which a special place are occupied by the
effective processing technologies of agricultural raw materials
as well as creation of safe and quality foods, including special-
ized and functional products. According to result of numerous
studies, nowadays various approaches are implemented, such
as recipe modification by adding bioactive ingredients of plant
and animal origin, as well as technologies that provide the pres-

Takum 06pa3om, OCHOBHOI BKJIaJ B CHVDKeHME VAXK, I0-
cuutanHoro 1o ¢opmyne Ulbriht T.L.V. u Southgate D.A.T.,
(1991), BHOCWJIO yMeHblIIeHNe A0AM HNaTbMUTUHOBOV KUCIOTHI
B CHIBOPOTKE KPOBM OIBITHBIX JXMBOTHBIX Ha (poHe yBemmue-
Hus [THXK [18]. OTMeueHHOe HabogeHMe HANPSIMYIO CBSI3a-
HO C PUCKOM BO3HMKHOBEHMS IMOCJIENYIOUIero aTepockieposa.
Taxk, cormacHo pesynbraTaMm uccienoanust Turosa B.H. (2012)
OTMEYanoch, YTO M30(OPMBI TPUITULIEPUAOB, COAEPsKAIINX
MHOTO NaJTbMUTUHOBOJ KUCIOTHI, CIIOCOOGCTBYIOT UX HAKOIUIE-
HUIO B aAUIIOLUTAX, YTO, B CBOIO OUEPE/ib, BeJleT K yBeINUYEeHUIO
B KpOBU 6Ge3IMraHIHbIX M BbicOKoaTeporeHHbix JITTHIT ¢ mioT-
Hoctblo JITIOHII [20].

4. 3axkiao4yeHue

Paspa6oTaHHble KOHCEpBbI (apileBble XapaKTepPU3YIOTCS
c6aacupoBaHHbIM COCTAaBOM — BBICOKMM COZIepyKaHMeM Geyika
(17,53%+0,95%), mpu [IOCTATOUYHO HMU3KOM COMEpKaHUU SKupa
(3,82£0,13%), MHIEKC aTepOreHHOCTU IpoaykTa cocrasmi 0,43.
ITo pesynbTaTaMm 6MOIOTMUECKOTO IKCIIEPUMEHTA OTMEUEHO, UTO
Ha 42 CYTKM IIOCIe OTMEHBI ITPOaTePOreHHO! AMeThl y KOHTP-
OJIbHBIX KMBOTHBIX (rpymnna 2) MAxc 6bl1 yBenuueH Ha 59,5%
(P<0,05), opHako MAKK He OTIMYAICS OT MHTAKTHOTO YPOBHS
(rpynma 1). Tem He MeHee, KOJIUMYECTBO UAEHTUDUIIMPOBAHHBIX
JKK y KOHTPOJMBHBIX JKMBOTHBIX 6610 Ha 20,3 % (P <0,05) HsKe
MHTAKTHOTO 3HA4YeHMsl, IPUYEM Cpeay HeuaeHTUPUIMpPOBaH-
HbIX JKK MOTYT IPUCYTCTBOBATh KUCIOTHI B BUJIE TPAHC-U30Me-
POB WJIM MHBIX MOAU(PUKALIMSIX, KOTOPbIe MO ObI CIIOCOOCT-
BOBaTb yBeIMUeHNI0 VIAKK, HO He ObUTM OITpeleieHbl BBUILY UX
OTCYTCTBUS B 6ase mpubopa Mpy BLITOTHEHUN GU3UKO-XUMM-
YyecKoro aHanInusa.

BHeceHMe B pAIMOH >XMBOTHBIX (apiieBblX KOHCEPBOB
(rpynma 3) IpMBOAMIO K CHVSKEHMIO B CHIBOPOTKE KPOBU KOH-
uenTtpauun XC (Ha 31,8 %, P<0,05) u TT (ua 28,2 %, P >0,05) mo
CpPaBHEHMIO C TOKa3aTelsIMM KOHTPOJIbHBIX KpbIC (Tpymma 2),
VIAxc 6b11 cHYDKeH Ha 41,3% (P<0,05). MAKK Takke 6bUT CHU-
skeH Ha 43,3 % (P <0,05) 1o cpaBHEHMIO C KOHTpoJieM (Tpyrna 2),
MpeUMYyIIeCTBEHHO, 3a CUeT YMEeHbIIIeHNS COlepKaHMsI TTaTbMM-
tHOBOI JKK Ha 42,0% (P<0,05). Habmonanach moguduxaius
cootHowmenyss MHXKK u ITHXK 3a cyeT mjmTenbHOro yrorpe-
6y1eHMs1 pa3paboTaHHOTO MPOAYKTAa B CTOPOHY YBEIUUYEHUS OT-
HocuTenbHOTO comepskanms [THXKK.

BaaromapHocTu
UccnepoBaHme BBITIOTHEHO 3a CUeT rpaHTa Poccuiickoro Ha-
yuHoro doHza (rmpoekt N2 16-16-10073).

ervation or accumulation of bioactive peptides, which are na-
tively presented in the raw material or formed during processing
[1,2,3,4,5,6,7,8,9,10]. The study of by-products of slaughter as
sources of active biological sequences that can normalize meta-
bolic disorders, and the development of specialized technology
on their basis and functional products, is especially relevant.
During the developing of the functional and specialized
products, besides confirmation of their bio-corrective properties,
assessing the adequacy of their composition in accordance with
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bio-medical recommendations is extremely important [11,12].
Thus, products, intended for the prevention and treatment of
cardiovascular diseases, are required to contain 10-15% of pro-
tein, not more than 10 % of fat, from which is not more than 2%
of cholesterol. Fatty acid composition should be also balanced,
the proportion of saturated fatty acids (SFA) from the total ca-
loric intake should not exceed 10%, monounsaturated fatty ac-
ids (MUFA)-15 %, polyunsaturated fatty acids (PUFA) should be
from 7 to 9% [12,13], therefore SFA/MUFA/PUFA (1:1:1) signifi-
cantly increases the therapeutic effectiveness of complex treat-
ment for patients [14].

In numerous studies there was shown the dependence of
hyperlipidemia development due to excessive consumption of
products with a high content of SFA, trans-FA and cholesterol,
which lead to the increase of lipoproteins (LP) atherogenic frac-
tions circulating in the blood and subjected to oxidation, which
then contribute to the development of atherosclerosis. There-
fore the correction of nutrition can significantly reduce the risk
of dyslipidemia, adjust the composition of fats as a part of LP
circulating in the blood and, as a consequence, to reduce the risk
of cardiovascular diseases.

In the present study there was examined the effect of pro-
longed consumption of the developed product on the serum FA
and LP composition, and change of atherogenic index (AI) cal-
culated according to LP and FA content, determined in serum of
hyperlipidemic rats.

2.Materials and methods

The object of the study was canned minced product produced
on ZAO «Yoshkar-Olinskiy myasokombinat» (recipe composition:
pigs hearts — 64.4%, pigs aorta — 26.0%, starch — 3.0%, salt —
0.4 %, water up to 100 %). The production technology included the
following stages: porcine hearts were chopped with a particle size
of 2-3 mm and salted for 12 h; porcine aortas were chopped with
a particle size of 2—-3 mm and homogenized in cutter at 3000 rpm
for 6-8 min; then, the minced hearts with juice was quantitatively
transferred to the cutter and re-homogenized with minced aorta
(3000 rpm, 3-4 min), adding starch, salt and water. The finished
minced mixture was packed into lamister and sterilized at (115+2)
°C under the pressure (0.23*0.02) MPa during 40 min.

The study of the chemical composition of product was car-
ried out in accordance with standard methods.

To assess the effectiveness of product 20 male Wistar rats with
weight 350%20 g were randomly divided into 2 groups, modeled
experimental hyperlipidemia [15]. At the end of the modeling
group 2 animals (control, n=10) were got a standard chow (SC),
group 3 — experiment (n=10) were got a product (8 g /head) mixed
with SC. Group 1 was consisted from intact rats (n=10), which
were kept under similar conditions. The experiment lasted during
42 days. After the experiment animals were euthanized in cham-
ber (VETtech, UK), blood samples for biochemical studies and de-
termination of serum FA composition were taken.

The content of total cholesterol (TCL), cholesterol high-
density lipoproteins (CL HDL) and low-density lipoproteins (CL
LDL), triglyceride (TG) were determined on automatic analyzer
BioChem FC-360 (HTI, USA) in accordance with the methods,
applied to the reagents (HTI, USA). Atherogenic index (Al ) was
calculated according the formula: AI, = (TCL — CL HDL)/ CL HDL.

The isolation of lipids from the serum of experimental ani-
mals and the developed product were carried out by chloroform/
methanol extraction according to the Folch method. The purity
of the isolated lipids was tested by thin-layer chromatography.
Determination of the composition of fatty acids was carried out
on a gas chromatograph HP 6890 company «Hewlett Packard».
The description of the methods is stated in the «Guide to meth-
ods of analysis of food quality and safety» [16], also in the mono-
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graph «Methods of practical biotechnology. Analysis of compo-
nents and micro-impurities in meat and other food products»
[17]. According to the obtained results there were determined
the contents of palmitic and oleic acids, amounts of saturated
(SFA), mono- (MUFA) and polyunsaturated (PUFA) fatty acids.
Calculation of atherogenic index (AI,) of serum and product was
performed according to the formula, given Ulbriht T. L. V. and
Southgate D. A. T., (1991) [18]:

AL, = (C12 + C14 + C16 + Trans-FA):
(PUFA + 18:1 + other MUFA)

Statistical analysis was performed using the program
STATISTICA 10. The results were presented as «middle val-
ue*standard error» (M*SD). Statistical validity was calculated
using ANOVA with the Tukey test at a significance level of 0.05.

3. Results and discussion

The chemical composition is presented in the Table 1. It was
shown, that in product was characterized by the high protein
content with low fat content, the proportion of carbohydrates
was less than 3%. The atherogenic index (AI) was 0.43, which
was lower than the average human diet, equaled to 0.74, accord-
ing to the data of Lisitsyn, A.B. and others (2011) by 41.9 %, and
also below AI of such products, as lamb (0.97), beef (0.79), pork
(0.52) and poultry (0.50) [19].

Table 1
Chemical composition of developed product
s Value of

Name of indicator indicator
Protein,% 17.53%+0.95
Fat,% 3.82%0.13
Sodium chloride, % 0.305+0.015
Starch, % 2.35+0.25
Energy value per 100 g of product, kcal/k] }g;/ssi 316141/
Atherogenic index, r.u. 0.43
¥ PUFA and X MUFA, % 14.48+2.58
¥ SFA/ S (MUFA + PUFA), r.u. 0.83

According to results of biological experiment, it was revealed,
that on the 42nd day after the cancellation of the proathero-
genic diet in control animals (group 2) the concentration of TCL
and TG in serum exceeded the intact level (group 1) by 35.8%
(P<0.05) and 17.0% (P<0.05), the Al was increased by 59.5%
(P<0.05). The introduction of product into the diet of animals
(group 3) led to the decrease in serum concentrations of TCL (by
31.8%, P<0.05) and TG (by 28.2 %, P<0.05) compared with the
control rats (group 2), Al , was reduced by 41.3% (P<0.05).

Results of determination of serum fatty acid composition
are presented in table 2. In intact animals (group 1) and rats,
consumed the developed product during 42 days (group 3), the
number of identified FA was high enough and exceeded 90 %. In
control animals (group 2), on contrary, the number of identified
FA was reduced by 20.3 % (P<0.05) in comparison with the intact
(group 1).

Despite on the long-term consumption of proatherogenic
diet, in control animals (group 2) there was no change in AIL_,
but the proportion of SFA was increased by 16.0% (P<0.05) in
compare with intact (group 1), while palmitic FA content was
reduced by 20.8% (P<0.05). The total content of MUFA was not
significantly changed, however, the proportion of oleic FA was
increased on 12.6 % (P <0.05), the level of PUFA, on contrary, re-
duced by 21.0% (P <0.05). It should also be noted that the num-
ber of identified FA in the control group of animals was by 20.3 %
(P<0.05) lower than intact.
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Table 2
Results of determination of serum fatty acid composition of experimental rats
% from the amount identified FA AL,
N2 group Total, g/100 g
C16:0 C18:1n9c SFA MUFA PUFA
1 93.2+1.7° 18.3+0.5"4 23.0+1.00d 35.1+0.4>4 35.8+1.0° 29.1+0.64 0.30+0.01°
2 74.3+1.12 14.5+0.72 25.9+0.284 40.7+0.72d 36.4+0.4° 23.0+0.924 0.30+0.01°
3 92.4+1.6" 8.4%(0.20¢ 12.4%0.40¢ 32.1+0.5 26.6%0.7° 41.3%0.9b¢ 0.17+0.002

ab,ed _ significant differences between the experimental groups (P <0.05)

The composition of unidentified serum FA may include
acids in the form of trans-isomers or other modifications,
which may contribute to an increase in the total Al,,, but
have not been determined due to the lack of base device when
performing physical and chemical analysis. Marked observa-
tion may explain the absence of changes in the serum Al of
rats, which were kept on a proatherogenic diet for a long time
(Table 2).

The introduction of pruduct into the diet of animals within
42 days contributed to a decrease in the relative content of
SFA (group 3) compared with the control (group 2) by 21.1%
(P<0.05), mainly due to a decrease in the content of palmit-
ic FA by 42.0% (P<0.05). MUFA were also reduced on 26.9%
(P<0.05) mainly due to a more than 2-fold decrease in the
share of oleic acid (P <0.05). The relative content of PUFA, on
contrary, increased by 79.6% (P<0.05) in compare with the
control. The noted modifications of serum FA composition of
animals in the experimental group consuming the developed
product (group 3) as a part of SC were resulted in the final re-
duction of AI, by 43.3% (P<0.05).

The ratio of serum SFA:(MUFA+PUFA) of experimental ani-
mals was calculated: group 1 (intact) — 1:1.85; group 2 (con-
trol) — 1:1.46; group 3 (product) — 1:2.12. The ratio SFA:MUFA
was also calculated: group 1 (intact) — 1:1.02; group 2 (con-
trol) — 1:0.89; group 3 (product) — 1:0.83.

Thus, the main contribution to the decrease in the Al ,
calculated according to Ulbriht T.L.V. and Southgate D.A.T.,
(1991), was due to decrease in the proportion of palmitic acid
in the serum of the experimental animals. This observation is
directly related to the risk of subsequent atherosclerosis. So,
according to Titov V.N. (2012), it was noted, that the isoforms
of triglycerides containing a lot of palmitic acid, contribute to

their accumulation in adipocytes, which leads to the increase
in the blood of non-ligand and high-atherogenic low-density
lipoproteins (LDL) with a density of very low-density lipopro-
tein (VLDL) [20].

4. Conclusion

The developed product is characterized by a balanced com-
position — high protein content (17.53+0.95 %), with a low fat
content (3.82+0.13%), the Al of the product was 0.43. Accord-
ing to the results of the biological experiment, it was noted that
on the 42nd day after the cancellation of the proatherogen-
ic diet in control animals (group 2) the Al was increased on
59.5% (P<0.05), but the Al did not differ from the intact level
(group 1). However, the number of identified FA in the control
animals was on 20.3 % (P <0.05) lower than the intact value, and
among the unidentified FA may be trans-isomers or acid in other
modifications that could contribute to an increase in AI_, but
were not determined due to the lack of base device when per-
forming physico-chemical analysis.

The introduction a product into the diet of animals (group 3)
led to the decrease in serum concentrations of TCL (by 31.8 %,
P<0.05) and TG (by 28.2 %, P>0.05) in compare with the control
rats (group 2), Al , was reduced by 41.3% (P <0.05). AL, was also
reduced by 43.3% (P<0.05) in compare with control (group 2),
mainly due to the decrease in the content of palmitic FA by
42.0% (P<0.05). Observed modification of MUFA and PUFA ratio
was due to the long-term consumption of developed product, as
well as increasing of PUFA relative content.
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ViccmemoBany pagyaiOHHOe BO3eiCTBIE Ha TIeHOUHbI MaTtepuan PA/PE/Eva tonmnHoit 55 MKM Ha paguany-
OHHO-TexHojornueckoyi ycranoske (PTY) ¢ yckopurenem V3JIP-10-10-40 na 10 MaB B ®MBL] nm. BypHassna.
IMonumepHble 1eHKy obmyyanu go3amu ot 0 no 18 kI'p. Usyuenne UK criekTpoB mokasasno, uto rieHka PA/PE/
Eva ripu 06pa6boTKke 6hICTPHIMM 37IEKTPOHaMM € 10307 10 18 KI'p YIJIP 10-10-40 ¢ mouiHocTbio 10 M3B Ha ycTa-
HOBKE MIPOMCXOAUT U3MEHEHME KOMMUeCTBa (PYHKI[MOHATbHBIX -CH, u -NH- rpynn 1o 0,0060 otH. ex. B MK-crext-
pax mipu go3ax oomydyeHus ot 12 no 18 kI'p, YTo IPUBOAUT K Aerpaganyy o6pasija 1 ero CIIMBKY OJHOBPEMEHHO.
MeTozmoM KOH(GOKAIbHOI JIa3epPHOY MUKPOCKOTIMM MTPOIEMOHCTPUPOBAHO, UTO MOC/Ie 00yueHus: B o6pasiie PA/
PE/Eva no3amu 18 kI'p moBepXHOCTb TJIEHKU CTAHOBUTCS I1aaKoi B PA-ciioe u B Eva-cioe, 1 oTMevaeTcst Toued-
HOe ycTolleHre o6pasia. [JJaHHbIe XapaKTePUCTUKY MOTYT MOBJIEUb 3a c000i M3MeHeHue GapbepHBIX CBOMCTB
IJIGHOYHOTO MaTepuajia 1 B CBOIO ouepelb MOBIMSITh Ha CPOKY XpaHeHMUsI TIPOILYKTOB MUTAHUS B YIIaKOBOUHOM
obpaste.
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Radiation effect on the PA/PE/Eva film material with a thickness of 55 ym was investigated at the Burnazyan
Center using radiation processing plant (RPP) with the UELR-10-10-40 accelerator at 10 MeV. Polymer films were
irradiated with doses of 0 to 18 kGy. The study of IR spectra showed that when processing the PA/PE/Eva film with
fast electrons with a dose of up to 18 kGy using the UELR10-10-40 plant with a power of 10 MeV the number of
functional -CH, and -NH- groups in the IR spectra changes to 0.0060 relative units with radiation doses of 12 to
18 kGy, which leads to degradation of the sample and its crosslinking simultaneously. Using confocal laser mi-
croscopy, it was demonstrated that after irradiation of PA/PE/Eva sample with doses of 18 kGy, the surface of the
film becomes smooth in PA layer and in Eva layer, and a spot thinning of the sample occurs. These characteristics
may cause a change in the barrier properties of the film material and affect the shelf life of food in a packaging.

Hble YIIAaKOBOYHbIe MaTepuasbl ¢ KOIMIECTBOM CJI0€B OT 2 110 5.

PapyianiioHHBIE TEXHOIOTUY B IIUILEBOJ IPOMBIIIIEHHOCTHA
MCITONB3YIOT JJIS1 AOCTMKEHUsI MakcuMaibHOro addekra cre-
puin3anuuyu ¢ HU3KMMU SKCIUTYyaTallMOHHBIMY PacxogaMu, Ipu
TOYHOM [IO3MPOBAaHUM U3TYUYEHMUS], BBICOKON CTereHb 3ddek-
TUBHOCTU ¥ TIPOU3BOAUTENbHOCTU. B TMPOMBINIIEHHOCTU [IJisSt
nongepskanusa 3bdeKkTa CTepuau3anyy U yBeIUYEeHMsT CpoKa
XpaHeHUsI TUIIEBbIX MPOAYKTOB YaCcTO MPOBOASIT pagualiOH-
HYIO CTepUIN3aluio B yrakoske [1,2,3].

B 0OCHOBHOM MCIT0JIb3YIOTCSI MHOTOC/IOVHbBIE TIJIEHOYHbIE Ma-
Tepuaibl pa3InyHOro cocrtaBa [4]. Haumbomee pacmpocTpaHEH-

IOJIg UUTUPOBAHUS: Tapaciok B.T., CrpokoBa H.E., CaxxueB H.A., [Ipoko-
neHKo A.B., KuinbaeeBa H.P. Vi3yueHust BiusiHUsL OGTyYeHMsT HA CTPYKTYPY U O-
BEPXHOCTb TJIEHOYHOTO MaTepuana MoauMaMui,/TIoausTIaeH/ STUaeHBUHIIale-
TaT Ha ycraHoBKe YOJIP-10-10-40. ITuwessie cucmemsl. 2018;1(4): 10-18. DOI:
10.21323/2618-9771-2018-1-4-10-18

KoM6MHMPYST HECKOTBKO CJIOEB Pa3HbIX MMOJIMMEPOB, ITPOU3BO-
JIATENIb MOXKET CO3[1aTh IJIEHOUHBIX MaTepuasoB C 3alaHHbIMMU
CBOMCTBaMU IJIsI KaKAOTO BUIA CEJIbCKOXO3SIICTBEHHON IMpO-
IYKIMY C yUETOM JIbIXaTe/IbHbIe TTporiecchl. Hanbosee yacTo mc-
MTOJIb3YIOT a/ITe€3MBBI C 1€JIbI0 MTOBBINIEHMS OapbePHBIX CBOCTB
¥ TIPOYHOCTU TUIeHKU. IT0 MPOHMUIIaeMOCTHM YITaKOBOUHbIE MaTe-
puana c aaresuBamu Eva (atunenBuamiiaierat) u EVON (cormo-
JIVMeED 3TUIEHA ¥ BUHUJIOBOTO CITUPTA) MPUOIVIKAIOTCS K TIIEH-
KaM MMeWIIMii aJlIoMMUHMUEBbI cnoit. OgHMM U3 CII0CO60B
YBeMYeHMsI CPOKOB XpaHEHUs SIBJISIETCSl CO3[aHue YCIOBUIA,

FOR CITATION: Tarasyuk V.T., Strokova N. E., Sazhnev N. A., Prokopenko A.V.,
Kil’deeva N. R. Study of fast electron irradiation effect on the structure and
surface of polyamide/polyethylene/ethylene vinyl acetate film material using
the UELR-10-10-40 plant. Food systems. 2018; 1(4): 10-18. (In Russ.). DOI:
10.21323/2618-9771-2018-1-4-10-18
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MCKJIIOYAIONIVX OKWUCIeHMe ¥ YBIaKHeHMe TTPOOYKIMU TPUBO-
Jsiye K pa3MHOKEHUI0 MUKPOOPTaHM3MOB [5].

Bo Bpemsi crepmiamsanyy Gu3NMUeCKMMU MeTOLAMM IIpPO-
VCXOOUT TIOJaBIeHNe pocTa MUKPOOPraHU3MOB [6], HO B TOXe
BpeMsl M B TOJMMEPHBbIX MaTepuasax MOTYT OJHOBPEMEHHO
MMPOXOUTH MPOLIECC CIIMBAHUS U AeTpajaliviv ¢ TOCTeAYIOIIM
MIPOLIeCCOM OKMCIEHUS U MOsIBJIeHMeM TakuX QYHKLIMOHATbHBIX
rpynn kak: —C=0, - OH, - O-0-H, - C-0-0-C- [7,8]. CTpyk-
Typa MOBEPXHOCTM IOJIMMEpPHOr0 MaTepuasna IoJ AeiCTBUeM
o6TyueHust U3MeHseTCs M GOPMUPYIOTCST pasINyuHbIe pebedbl
B BUJEe PsI6Y, HEPOBHOCTY IPAHY/ISIPHOTO TUIIA, U CKBO3HBIX OT-
BepcTuii. [laHHOe siBJIeHMe UCIOJIb3YIOT AJIS1 U3TOTOBJIEHUE T10-
JIMMEPHBIX MUKPOIIOPUCTBIX MeMbpaH [9,10,11].

Llenbio HacTosIIIEl PAaBGOTHI SIBJSIETCS M3YyUEHMEe TTOBEPXHO-
CTM CTPYKTYPHI MOIMMEPHOTO MaTepuana OT 03 OOIyUeHUs
¥ U3MEHEHMe KoJinuecTBa (PyHKIMOHATbHBIX TpyIn B VIK-criek-
Tpax 0 U ocjie 06Ty4eHs ObICTPBIMM 3JIEKTPOHAMM.

2. Marepuajibl ¥ METObI

WccnenoBaHa MmonMMepHasi YIakoBOYHAs TUIEHKA Toua-
mug/nonnstunet/ stuinensunmiauerat (PA/PE/Eva), Tommu-
Hoit 55 mkMm, dupmbr Freshpack Solutions (Mapka TopFRESH
CV 55). Jra muieHKa WMCIOIb3yeTCs AJISl XpaHEeHUsS OBOILei
” QPYKTOB U MMeeT He0OXOnMMble IToKa3aTenay ra3o-u mapo-
MIpoHMUI@aeMocTu [1].

O6myueHe MPoBOAMIOCHh B DemepaibHOM MeAUIIMHCKOM O-
odusmyeckom LeHTpe M. A. V. BypHassiHa Ha pagualMOHHO-TeX-
Honormyeckoii ycraHoske (PTVY) ¢ yckopurenem Y3JIP-10-10-40
Ha 10 MaB, cpennmii TOK mydyka — 253 MKA; CKOpPOCTh KOHBejie-
pa — 1,9 m/MuH (2,0 OTH.€e11.), MakCHMMasbHasl CpeaHSIS MOIIIHOCTh
ITy4yKa 3/1eKTPOHOB — 10 KBT, AMarna3oH peryampoBaHust SHEPTUU
9nmekTpoHoB 8-10 M3B, mMakcumanbHasi aMIUIMTYLa MMITY/Ibca
ToKa mmyuka 0,25 A, yacToTa cjie[JoBaHMsI MUMITY/IbCOB 3JIEKTPOHHO-
ro Toka 25-3001/c, pasmep mosst 06aydeHust mpogyKuym 40 x 2 cm,
PaBHOMEPHOCTb ITOJISI 06/TyUeHMsI B pa3BepTke =5 %, yacToTa cka-
HMPOBaHMSI NMEKTPOHHOro myuyka 1-10 I', cTabMabHOCTD TOKA
myuka+ 2,5 %, cTabmIbHOCTb SHEPTUM TEKTPOHOB * 2,5 %, co cKo-
poctbio ot 0,6 mo 1,9 m/muH (ot 0,7 go 2,0 OTH. ef.) B TOPMU30H-
TaJIbHOM Pa3BEePHYTOM ITyUKe YCKOPUTEISI.

PeasibHble [103bl OOMy4YeHMS] 1O TIOKa3aHUSIM [IeTeKTOPOB
Mpe[iCTaB/leHbl C PACIIMPEHHO! HeOoIpeneleHHOCTbI0 ¢ K03(d-
(uimenTa oxBata 2 (IJ1s1 TOBEPUTENIbHOI BepoSTHOCTY P = 0.95).
PacuimpeHHasi HeomNpene/leHHOCTh PACCUMThIBAIACh B COOT-
BetcTBuM ¢ P50.2.038-2004 TCU. «Mi3mepeHus NpsiMbie OFHO-
kpaTHble. OlLieHMBaHME TIOTPEUIHOCTe M HeOompeneleHHOCTU
pe3y/nbTaTa U3SMepeHuin».

[st TpoBeieHMsI TO3UMeTPUM 06Tyue st 06pasIoB 103aMu
3 u 6 KI'p ucnonp3oBamich gerekropsl CO I1/1(3)-1/10 — cran-
JIapTHbIe 006pasiibl yTBepskaeHHoro tuma 'CO 8916-2007 morio-
IIeHHO# 103kl (POTOHHOTO U 37EKTPOHHOTO M3TyUYeHMi1 (COTO-
JIUMeEp C 4-IU3TUIaMUHOa306€H30/I0BBIM KpacuTesieM), apTyst
N2 16.03, a ijist o6myueHus B mo3ax 9, 12, 15, 18 kI'p ucrionb3oBa-
nuch fgetektopsl CO IIII(D)P 5/50- rocynapCcTBeHHBIN CTaHaPT-
HBIIi 00pasel MOMIOIEHHO 03bl POTOHHOTO U 3JIEKTPOHHOTO
MU3IY4YEeHUit B Bofie B Auarnasone 5-50 KI'p (mapTtust N2 156.254).

VK-criekTpbl 00pasioB cHuManu Ha YOMC-1201 (Poc-
cusi) B MI'Y um. M. B. JlomoHocoBa. CieKTpa/ibHbIli AMamna3oH
npubopa 400-4000 cm!; ciekTpasbHOe pasperieHue — 1 cm;
MCTOYHUK MH(paKpacHOTO MoToka-HMXpoM; UK — mpreMHUK
MMOTOKA-TIMpPO3IeKTpuueckuii. O6pasilbl TUIEHKM ITOMENAoT
B 3KCIIEPUMEHTAIbHYIO STUelKy IepIrieHIUKY/ISIPHO CBETOBOMY
motoky. MK criekTp MoriomieHnsl MoaMMepHOl YIaKOBOYHOM
IIJIEHKM PETUCTPUPYETCS N0 U TTOCIe 00IydeHNs.

CTPYKTYpy TOBEPXHOCTM TUIEHOK MCCIeIOBaIM Ha CKaHU-
pyIoleM 30HIOBOM MuKpockore Solver P47-PRO dupmbr NT
MDT. B kauecTBe 30H[1a UCIIOIb3YEeTCSI HAHOPAa3MepPHOe OCTPUE,
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pacronararnieecs: Ha KOHIle YIIPYTroyi KOHCOMU (KaHTeNIuBeD).
Pa3HOCTHBIN CUTHAT MEKAY BepxXHell ¥ HUKHEl TTOJTI0BUHO Gho-
tonyuozna (~0,02). PasHOCTHBINM CUTHa/I MeXAY JIeBOWl U IIpaBoit
nosioBuHamMu oroamopa (~0,02). CyMMapHbIii CUTHAI, MOCTY-
MawINii CO BCeX YeThIpexX CeKuuii (Gorommona, MpoIropimo-
HaJIbHbBIV MHTEHCUBHOCTHU JIA3€PHOTO U3TyYeHNUs], OTPasKEHHOTO
oT KaHTwieBepa 22,13. Yacrora npmxkenus nogioxku: 0,54 Hz.
O6paTHas CBSI3b/IaBJIeHIE UTTIbI KAHTUJIEBEpA HA o6pasel] — OT
0,266 0o 0,310.

3. Pe3yabTaThl M 06CYKAEHUE
O6pasubl PA/PE/Eva 06pabaTbiBaay ObICTPBIMU 37E€KTPOHA-
mu Ha ycraHoBke YOJIP-10-10-40 Ha 10 M3B go3amu ot 3 1o
18 kI'p. YcTaHOBJIEHHbBIE 103bI OOIYUEHMS U peabHbIe T03bI 00-
JIy4eHust 06pas1ioB 0 MOKA3aHNUSIM JeTeKTOPOB B KOHTPOJIbHbIX
TOYKax MpefacTaBiaeHbl B Ta6. 1.
Ta6muua 1

IToroméHHbIe J03bI GBICTPBIX TEKTPOHOB
Ha ycraHoBkeYDJIP-10-10-40

VeTaHOBIeHHAsT dakTuueckue 103bl, K['p
no3a, Ilo3a Ha BbIXOHE D, nornaménHas

my4yKa posa, KIp

3 3,0+0,3 3,2%+0,3

6 5,8%0,5 6,2%+0,6

9 8,3*1,1 8,3+0,7

12 11,5+1,2 11,5+1,1

15 14,126 14,1%£1,3

18 16,7+1,4 17,3%+1,4

[Moce ob6aydeHust 06PasIbl UCCIeNOBATUCh MeTomoM KK-
CIIEKTPOCKOINUY i U3YUEHUsT CTPYKTYypbl o6pasia PA/PE/Eva
COCTOSIILIMIA U3 CTI0€eB, IpefCcTaBleHHbIX Ha Puc. 1.

H3|C
O0=C
|
H H H O
| | | |
II—I (”)7\L C—-C rC—C1—
| | | |
+CH,~CH,} TN—(CH,)—Cy H H| [H H],
PE-cioii PA-cnoii Eva-cioit
Puc. 1. CrpykTypHas dopmysia MMoaMMepHOro MaTepuasa
PA/PE/Eva

B undpaxpacHoit o6mactu criektpa ot 400 mo 4500 cvm! ume-
I0TCSI XapaKTepHbIe OCHOBHbIE MHTEHCUBHBIE ITOJIOCHI TTOTJIOIIe-
Hust aJist PE-c1ost oTHoOcsmecs K BajieHTHbIM (2820-2980 cm™)
u gedopmanyoHHbiM (1480 cm!, 725-740 cm™') KonmeGaHusIM —
CH,-rpyni, o710ChI IOITIOMeHNMsT OTHOCsImMecs K Jeopmany-
OHHBIM Koste6anusam —CH, rpynn nabmogaiorcs B o6nacty 1380—
1370 cm!'. XapakTepHble MOJOCHI TMOIJOMEHNUsT Ias1 PA-ctost:
nmedopmalioHHble Koebanus cBsi3u N—H B o6mactu 3040 cm,
1550-1570 cm! u medopmaiioHHbIe Kome6aHus KapbOHMUIIb-
HOI1 Tpymnmbl B o6mactu 1620-1680 cm!. XapaKTepHble TOIOCH
nomtoeHust st Eva-ciost: KonebaHust CBSI3U CIOXKHO3bUPHOI
dynkuyonanpHoit rpymmsl (-COO-) B o6mactu 2340 cvl. Han-
6osiee XapaKTepHble YaCTOThI MOMIOIIEHMS (YHKIMOHATbHBIX
IPYIIT 06pasiia mpeacTaBieHbl B Taoim. 2.

[Tocse o6yyeHMsT U3y4yanach MHTEHCUMBHOCTH TIOTIOC MOT/IO-
IIE€HMS] OCHOBHBIX (PYHKIMOHAIbHBIX Ipyri (Taoi. 3).

W3 Tabn. 3 BUOHO, YTO MHTEHCUBHOCTbH TMOJOC (YHKIIMO-
HaJbHBIX TPyHN B 06pasiie PA/PE/Eva mof BAUSIHMEM ObICTPBIX
3JIEKTPOHOB TIpu A03ax oT 3 7o 18 kI'p yMeHblaeTcsi, JaHHbIE
npescTaBaeHsbl B Taoi. 4.
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Tab6muua 2
XapakTepHbie moockl normomenns B UK-cnekTpax o6pasiia PA/PE/Eva
XapaKTeprle I10JIOCHI IIOI/IOLIeHMSs, cm?
DYHKIMOHA/IbHbIE TPYIIIbI
PE-cnoit PA-cnoit Eva-cnoit PA/PE/Eva
BasieHTHDBIE Ko/IeGaHMS
-CH,- 2820-2980 (c.) 2820-2980 (c.)
. 1623-1680 (c.)
c-0 2020 (cr.)
—C-O-C— 1120 (c.) 1120 (c.)
1257-1275 (c.) 1257-1275 (c.)
-CO0- 2340 (cn.) 2340 (cn.)
-CH- 3268-3338 (c.) 3268-3338 (c.)
HedopmanyoHHbie KoeGaHUS
e 1480 (c.) 1480 (c.) _
CH, 725-740 (c.) 725-740 (c.) 718-733(c)
-NH- 3085 (c.)
~CH, 1380-1371 (c.) 1380-1371 (c.) 1170 (c.)
Ta6nuia 3
Pe3ybTaThl MHTEHCMBHOCTH IOJIOC MIOIIOMIEHNS B 3aBMCHMMOCTH OT 03 OBICTPBIX 3JIEKTPOHOB B 06pasue PA/PE/Eva
Yacrora DYHKUMOHAIbHBIE VIHTeHCHMBHOCTB I0JI0C ITOITIOIEHYS], OTH.el. ¥ AX
MOIIONIeHus, cm™! TpyNIbL Ilosa o6rygenus kIp
0 3 6 9 12 15 18
1371-1366 _CH 0,1655+ 0,1625+ 0,1638+ 0,1609+ 0,1595+ 0,1627% 0,1648+
3 0,0056 0,0033 0,0031 0,0024 0,0017 0,0018 0,0026
2340 _COO- 0,8053+ 0,8039+ 0,8068+ 0,7954+ 0,7988+ 0,7939% 0,8072%
0,0071 0,0071 0,0036 0,0241 0,0216 0,0325 0,0047
3085 _NH- 0,2797 * 0,2789+ 0,2792+ 0,2777* 0,2763% 0,2807 * 0,2852*
0,0072 0,0042 0,0037 0,0031 0,0025 0,0029 0,0040
Tabnuia 4
VisMeHeHMe MHTEHCMBHOCTU I10JIOC MOIIONIEHMS B 3aBUCUMMOCTH OT 403 OBICTPHIX IEKTPOHOB B 06pasiue PA/PE/Eva
YacTrora DYHKUMOHATIBHDBIE H3MeHeHMe MHTEeHCUMBHOCTM I0JIOC MOT/IONeHNsI TIoc/Ie 06/IydeHns1, OTH.ell./AX
MorIonmeHus, cm-! TPyNIbL Tlosa o6ayuenus KIp
3 6 9 12 15 18
-0,0030/ -0,0017/ -0,0046/ -0,0060 -0,0028/ -0,0007/
15711366 —CH, 0,0033 0,0031 0,0024 0,0017 0,0018 0,0026
2340 —COO- -0,0014/ 0,0015/ -0,0099/ -0,0065/ -0,0114/ 0,0019/
0,0071 0,0036 0,0241 0,0216 0,0325 0,0047
3085 _NH- -0,0008/ -0,0005/ -0,0020/ -0,0034/ 0,0010/ 0,0055/
0,0042 0,0037 0,0031 0,0025 0,0029 0,0040

IIe «—» MHTEHCUBHOCTH MOJIOC YMEHBIIMIOCH TI0 OTHOLIEHHUIO C He 0OTyYEHHBIM 00pa3IoM;
«+» MHTEHCUBHOCTb T10JI0C YBEIMYMIIOCH TI0 OTHOLIEHUIO C He 06IYYEHHBIM 00pasIioM.

W3 Tab6in. 4 BUIHO, YTO MpU 06IyUeHUr 06pasia q03aMu 10 Ha ocHOBe MOTy4YeHHbBIX JAHHBIX ObUIM TIOCTPOEHBI 3aBUCHK-
9 kI'p usMeHeHue GYHKIVOHAIbHBIX TPYIIT HE TTPOUCXOAUT. MOCTIM MHTEHCUBHOCTM II0JIOC IOmIomieHus: B o6pasie PA/PE/
[Tpu yBenuuyeHUM 003kl 06ydeHust oT 9 no 15 xI'p HabmogaeT- Eva (Puc. 2) o6myuéHHble Ha ycTaHoBKe YIJIP 10—-10-40.
cs ymeHbueHue -CH, rpymmbl, 4To cBUIETeNbCTBYET O IpoLecce PesynbTaThl BOCIIPOM3BEAEHUS WMHTEHCUBHOCTU II0JIOC
CIIMBKY B 06pasiie u paspyieHue PA-ciost. roriomeHns GYHKIVMOHATbHBIX TPYII ITOKa3bIBAIOT MUWHM-
PA/PE/Eva
1
0,9
0,8 - - — = — j =
0,7
£ 06
i
5 0,5 & CH3
204 W -COO-
X
% 03 -NH-
> = =
s
=3 % - - - - * %
0,1
0
0 5 10 15 20

Ao3bl 06ayyeHus, K p

Puc. 2. 3aBucumMOCTb 103 06J1yqum{ 6bICTpI)IMI/I 3JIEKTPOHAMM OT MHTE€HCUBHOCTMA I10JIOC ITOIJIOLIEe HMST (I)YHK].U/IOHBIII)HI)IX r'pyIIt
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MaJIbHYIO JMCIIEPCUIO, UTO CBUIETENbCTBYET 06 paBHOMED- Ta6ma 5
HOM O6GiyuyeHMM Bcero obpasiia mpu mosax mo 9 k['p u mpwu CrpykTypa nosepxHoctu oopasua PA/PE/Eva

18 kI'p (Puc. 2 u Tabs. 3 u 4), METOAUKY O6TyUYEeHUS TIPU H03aX I0 ¥ [ocIe 00IyYeHus

9-15 kI'p HEOOXOAMMO CKOPPEKTUPOBATH M BOCIPOM3BECTU Paspene- Dose, kGy

pesybTaThl. IC*IP{‘SHI‘;P‘;I:((; 0 18

Pe3ynbTaThl CKaHMUPYIOIIEH 30HI0BOI MMKDPOCKOTUM TI0-
Kasaii, 4YTO CTPYKTypa moBepxHocTu PA-ciios B o6pasie PA/
PE po o6iaydyeHMs] Ha TOBEPXHOCTM TIOTMMEPHON TUIEHKU
(50x 50 MKM) MMeeT GYTrPUCTYIO IIEPOXOBATYIO MMOBEPXHOCTD
(Tabn. 5). IIpu Gosee meTaqbHOM pacCMOTpeHUM o6Gpasia
(10x 10 MKM) OoTMeYalOTCs YIAyOIeHusl, UX MOXKHO OTHECTU 50x50
K TeXHOJIOTMY TIPOU3BOJCTBA IIeHKN. [Tocsie 06mydyeHMs fo3a-
mu 18 KI'p cTpyKTypa moBepxHoCTU PA-cj1os1 craHOBUTCS Gosee
TJ1aIKOJ.
HUccnenyst moBepxHOCTh cnost Eva B obpasue PA/PE/Eva o
06TyueHUs TIpU pas3perieHny MUKpockona 50x50 MKM MMeIOTCs
IIIepOXOBATOCTh B BUAE «BOJH» (YINIYOJIeHUSI B JUaMeTpe OKO-
j0 1 MKM a BBICTYI penbeda okoyo 0,5 MKM) SIBHO BbIPaKEHO 25x25
MpU IeTaTbHOM PacCMOTPEHUM TIPU pas3pelieHUy MUKPOCKOTa
10x 10 mMxm. ITocne o6aydeHMsT MOBEPXHOCTh c/1osi Eva craHo-
BUTCSI 60jiee POBHOJ U IJIaIKOM, TIOSIBJISIIOTCST YINTyOIeHUs Tua-
MeTPOM J0 2 MKM.
[Tpy M3MepeHUM TOIIMHBI TVIEHOYHOTO Marepuasa C BHY-
TpeHHero cos Eva MMHMMaabHOe 3HaueHue yriayoneHuit B 1u-
ametpe cocrasisieT 6osee 1 Mk (Puc. 3), UTO CBUIETEIbCTBYET 10x10 8
06 TOYEUHOM MCTOIIEHUY TOMIIVHBI 06pa3iia moc/ie o6IyueHns
GBICTPBIMU IJIEKTPOHAMMU 103071 18 KI'p.

PA — cnoit

12

02 04 06 08 10
Iz

0 5 10 15 20 25 30 35 40 45

0 5 10 15 20 25 30 35 4 45 %

[

0 5 10 15 20 25 30 35 4 45 50

050 100 150 200 250 300 350 400

150
150

100
100

0 1 2 3 4.5 6 7 8 910

wm

0 35 40 4550

50

K/\ 5x5

40

wm

005 10 15 20 25 30 35 40 4550

0 5 10 15 20 25 30 35 40 45 50
um

0 05 10 15 20

005 10 15 20 25 30 35 40 4550
o

nm
30

Eva — cnoit

20
200

150

5050

0 0,2 04 0,6 038 1,0 12 14 1,6
Plane, um

100

10

um
0 5 10 15 20 25 30 35 40 45 %

0100 200 300

0 5 10 15 20 25 30 35 4 45 9
P
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4. BbIBOIBI

B pabore moxkasaHo, uTo o6pasen; PA/PE/Eva paBHOMeEp-
HO 06pabaTbiBaeTCsl GBICTPBIMM 3JIEKTPOHAMU. B pesynbrarte
cTepuJIM3alMy IMPOUCXOJUT U3MEHeHMe KOIuyecTBa QyHKIN-
oHanbHbIX -CH, u -NH- rpynm go 0,0060 oTH. en. B MK-cmekr-
pax mpu mo3ax obmyuenust 12 u 18 kI'p, UTO NMPUBOIUT K JET-
pagaiuyu o6pasiia ¥ ero CHIMBKM OZHOBpPEMEHHO (B 061acTu
paspbiBa — OTBepCTUS/YIayoneHus). MeTomomM KOHGOKaIbHO
Jla3epHO MMKPOCKOIINM ITPOIeMOHCTPUPOBAHO, UTO IIOCTIe
obmyuenus B o6pasie PA/PE/Eva noszamu 18 KI'p TOBEPXHOCTH
TUIEHKM CTAaHOBUTCS rnanKkoii B PA-cioe u B Eva-ciioe, a Tak ke
B Eva-cioe mosIBASIIOTCSA YIIyOJae€HUST JUaMeTpoM A0 2 MKM.
Cpoku XpaHeHMs MPOAYKTOB NMUTaHUSI B 0Opasiie mocje Cre-
puusanuyu 6yayT KOPPEKTUPOBATHCS € YIETOM IMOTyUEHHBIX
pesyabTaToB.
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5. BbaaromapHocTH

ABTOpBI 671aTOMAPST CTApIIEro HayYHOTO COTPYOHMKA Jia-
6opaTopuM TPOIECCOB M 0OOPYIOBaHMSI KOHCEPBHOTO MPOU3-
BOJCTBA, BCepoccMiickoro Hay4YHO-UCCIEIOBATEIbCKOTO MWH-
CTUTYTa TEXHOJOTUM KOHCepBupoBaHus @Duwiumnmnosuua B.IL.
¥ KaHAugaTa TeXHUUYeCKMX HaykK, CTapiiero HayuHoro COTPYI-

1. Introduction

Radiation technologies in food industry are used to achieve
maximum sterilization effect with low operating costs, while en-
suring accurate dosing of radiation, high degree of efficiency and
productivity. In industry, to maintain sterilization effect and in-
crease shelf life of food products, radiation sterilization is often
carried out in packages [1,2,3].

Multilayer film materials of different composition are com-
monly used [4]. The most common packaging materials have 2 to
5 layers. Combining several layers of different polymers, manu-
facturer may create film materials with desired properties for
each type of agricultural products, taking into account breath-
ing processes. Adhesives are often used to increase film barrier
properties and strength. Permeability properties of packaging
materials with Eva (ethylene-vinyl acetate) and EVON (eth-
ylene/vinyl alcohol copolymer) adhesives are close to those of
films with aluminum layer. One of the ways to increase the shelf
life is to create conditions that exclude oxidation and wetting of
products leading to the growth of microorganisms [5].

During sterilization by physical methods, the growth of mi-
croorganisms is suppressed [6], but at the same time, crosslink-
ing and degradation processes may occur in polymeric materials
with the subsequent oxidation and formation of such functional
groups as -C=0, -OH, -0-0-H, -C-0-0-C- [7, 8]. The struc-
ture of polymeric material surface changes under the action of
irradiation and various reliefs are formed such as ripples, ir-
regularities of the granular type, and through holes. This phe-
nomenon is used for the manufacture of polymer microporous
membranes [9,10,11].

The purpose of this work is to study the surface structure of
the polymer material depending on radiation doses and change
in the number of functional groups in IR spectra before and after
irradiation with fast electrons.

2. Materials and methods

Polyamide/polyethylene/ethylene vinyl acetate (PA/PE/Eva)
packaging film with a thickness of 55 ym manufactured by Fresh-
pack Solutions (TopFRESH CV 55) was investigated. This film is
used to store vegetables and fruits and has necessary properties
of gas and vapor permeability [1].

Irradiation was carried out at the A.I. Burnazyan Federal
Medical Biophysics Center using radiation processing plant
(RPP) with the UELR-10-10-40 accelerator at 10 MeV; the aver-
age beam current was 253 pA; conveyor speed was 1.9 m/min
(2.0 relative units); maximum average power of the electron
beam was 10 kW; the range of electron energy adjustment was
8 to 10 MeV, maximum amplitude of the beam current pulse
was 0.25 A; pulse repetition rate of electron current was 25/s
to 3001/s; size of the irradiation field was 40 x 2 cm; uniformity
of the irradiation field in the scan was+5 %; scanning frequency
of the electron beam was 1 to 10 Hz; stability of the beam cur-
rent was £ 2.5 %, stability of the electron energy was*2.5 % with
a speed of 0.6 to 1.9 m/min (0.7 to 2.0 relative units) in a hori-
zontal unfolded beam of the accelerator.

Actual radiation doses according to the indications of detec-
tors are presented with an expanded uncertainty with a coverage
ratio of 2 (for a confidence probability P = 0.95). Expanded un-
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Huka @efepanbHbIii MEAULIMHCKUIA OMOPU3UUECKUI IIeHTP
uM. A.W. bypHassaHa I'opgeesa A.B 3a momol1b ¥ KOHCYJIbTAL IO
TIPY BBITTOJTHEHWUM JAHHOI PaboThI.

VicciemoBaHye MOBEPXHOCTH TUIEHOK METOIOM KOH(OKaIb-
HOJi JIa3€pHOM MMUKPOCKOIIMM BBIMTOJIHEHO TIpU (PUHAHCOBOI
nognepxkke @oupa PODOU, mpoekt N2 18-33-00324.

certainty was calculated in accordance with the State System for
Ensuring Uniform Measurement R50.2.038-2004. «Direct non-
repeated measurements. Estimation of errors and uncertainty of
the measurement result».

For dosimetry of sample irradiation with doses of 3 and 6
kGy, SO PD(E)-1/10 detectors were used, i.e. GSO 8916-2007 ap-
proved type standard samples of the absorbed dose of photon
and electronic radiation (copolymer with 4-diethylaminoazo-
benzene dye), batch No. 16.03, and for irradiation with doses of
9, 12, 15, and 18 kGy, SO PD(F)R-5/50 detectors were used, i.e.
the state standard sample of the absorbed dose of photon and
electron radiation in water in the range of 5 to 50 kGy (batch No.
156.254).

IR spectra of the samples were measured on UFMS-1201
(Russia) at M.V. Lomonosov Moscow State University. The spec-
tral range of the instrument is 400 to 4000 cm™!; spectral resolu-
tion is 1 cm'!; infrared source is nichrome; IR flux receiver is of
pyroelectric type. Film samples are placed in an experimental
cell perpendicular to the light flux. IR absorption spectrum of
polymer packaging film is recorded before and after irradiation.

The surface structure of the films was examined with a Solver
P47-PRO scanning probe microscope by NT MDT. The probe is a
nano-sized tip located at the end of elastic cantilever. The differ-
ence signal between the upper and lower half of the photodiode
is ~ 0.02. The difference signal between the left and right halves
of the photodiode is ~ 0.02. The total signal from all four sec-
tions of the photodiode is proportional to the intensity of laser
radiation reflected from the cantilever and is equal to 22.13. The
frequency of substrate movement is 0.54 Hz. Feedback/cantile-
ver needle pressure on the sample is 0.266 to 0.310.

3. Results and discussion
PA/PE/Eva samples were treated with fast electrons on the
UELR-10-10-40 plant at 10 MeV with doses of 3 to 18 kGy. Spec-
ified doses and actual doses of sample irradiation according to
the indications of detectors at the control points are presented
in Table 1.
Table 1
Absorbed doses of fast electrons at the UELR-10-10-40 plant
Actual doses, kGy

Specified dose, kGy
Dose at beam output D, absorbed dose, kGy

3 3.0£0.3 3.2%0.3
6 5.8+0.5 6.2+0.6
9 8.3%1.1 8.3+0.7
12 11.5+1.2 11.5%1.1
15 14.1+2.6 14.1+1.3
18 16.7+1.4 17.3+1.4

After irradiation, the samples were examined by IR spectros-
copy to study the structure of PA/PE/Eva sample consisting of
the layers shown in Figure 1.

In the infrared region of the spectrum from 400 to 4500 cm™,
there are main characteristic intense absorption bands for the
PE layer related to stretch vibrations (2820 to 2980 cm™) and
deformation vibrations (1480 cm™, 725 to 740 cm™) of ~CH,-
groups. Absorption bands related to deformation vibrations
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PE layer PA layer Eva layer
Figure 1. The structural formula of the PA/PE/Eva
polymer material

of —~CH, groups are observed in the region of 1380 to 1370 cm™.
The characteristic absorption bands for the PA layer are the fol-
lowing: deformation vibrations of the N-H bond in the region of
3040 cm!, 1550 to 1570 cm™!, and deformation vibrations of the
carbonyl group in the region of 1620 to 1680 cm™'. Characteristic
absorption bands for the Eva layer are the following: vibrations
of the ester functional group bond (-COO-) in the region of
2340 cm'. The most characteristic absorption frequencies of the
functional groups in the sample are presented in Table 2.

After irradiation, the intensity of the absorption bands of the
main functional groups was studied (Table 3).
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Table 3 shows that the intensity of the bands of functional
groups in the PA/PE/Eva sample treated with fast electrons
at doses of 3 to 18 kGy decreases. The data are presented in
Table 4.

Table 4 shows that when the sample is irradiated with doses
below 9 kGy, the functional groups do not change. As the irradia-
tion dose increases from 9 to 15 kGy, a decrease in -CH3 group is
observed, which indicates the crosslinking process in the sample
and the destruction of the PA layer.

Based on the data obtained, the dependences were con-
structed for the intensity of the absorption bands in the PA/
PE/Eva sample (Figure 2) irradiated using the UELR-10-10-40
plant.

The results of the intensity reproduction for the absorption
bands of functional groups show minimal dispersion, which in-
dicates uniform irradiation of the entire sample at doses below
9 kGy and at 18 kGy (Figure 2 and Table 3 and 4). The method
of irradiation with doses of 9 to 15 kGy needs to be corrected to
reproduce the results.

The results of scanning probe microscopy (50x50 pm)
showed that, before irradiation of polymer film surface, the
surface structure of the RA layer in the PA/PE sample is rough
and uneven (Table 5). With a more detailed examination of the

Table 2
Characteristic absorption bands in IR spectra of the PA/PE/Eva sample
. Characteristic absorption bands, cm!
Functional groups
PE layer PA layer Eva layer PA/PE/Eva
Stretch vibrations
-CH,- 2820-2980 (s) 2820-2980 (s)
_C= 1623-1680 (s)
c=0 2020 (sl)
e 1120 (s) 1120 (s)
¢-0-C 1257-1275 (s) 1257-1275 (s)
-C00- 2340 (c11.) 2340 (sI)
—-CH- 3268-3338 (s) 3268-3338 (s)
Deformation vibrations
e 1480 (s) 1480 (s) _
CH, 725-740 (s) 725-740 (s) 718-733(s)
-NH- 3085 (s)
~CH, 1380-1371 (s) 1380-1371 (s) 1170 (s)
Table 3
Intensity of the absorption bands depending on the doses of fast electrons in the PA/PE/Eva sample
Absorption Functional Intensity of the absorption bands, relative units * Ax
frequency, cm! groups Irradiation dose, kGy
0 3 6 9 12 15 18
1371-1366 _CH 0.1655% 0.1625% 0.1638% 0.1609% 0.1595+ 0.1627% 0.1648+
3 0.0056 0.0033 0.0031 0.0024 0.0017 0.0018 0.0026
2340 _COO0- 0.8053+ 0.8039+ 0.8068+ 0.7954+ 0.7988+ 0.7939% 0.8072%
0.0071 0.0071 0.0036 0.0241 0.0216 0.0325 0.0047
3085 _NH- 0.2797=* 0.2789* 0.2792=* 0.2777* 0.2763* 0.2807* 0.2852+
0.0072 0.0042 0.0037 0.0031 0.0025 0.0029 0.0040
Table 4
Changes in intensity of the absorption bands depending on the doses of fast electrons in the PA/PE/Eva sample
Absorption Functional Changes in intensity of the absorption bands after irradiation, relative units/Ax
frequency, cm! groups Irradiation dose, kGy
3 6 9 12 15 18
-0.0030/ -0.0017/ —-0.0046/ —-0.0060 -0.0028/ -0.0007/
1571-1366 —CH, 0.0033 0.0031 0.0024 0.0017 0.0018 0.0026
2340 —COO- -0.0014/ 0.0015/ -0.0099/ -0.0065/ -0.0114/ 0.0019/
0.0071 0.0036 0.0241 0.0216 0.0325 0.0047
3085 _NH- -0.0008/ —-0.0005/ -0.0020/ -0.0034/ 0.0010/ 0.0055/
0.0042 0.0037 0.0031 0.0025 0.0029 0.0040

where «-» indicates that the intensity of the bands decreased in comparison with the non-irradiated sample;
«+» indicates that the intensity of the bands increased in comparison with the non-irradiated sample.

15



MULLEBbIE CUCTEMbI | Tom 1 No 4 | 2018 FOOD SYSTEMS | Volume 1 No 4 | 2018

Table 5
PA/PE/Eva The surface structure of the PA/PE/Eva sample before
1 and after irradiation
0.9 Microscope Dose, kGy
0,88 = - = — resolution,
2 um 0 18
S0,7
Sos PA layer
g o
205 2 B
g s o
g4 ; . |
£03 L o ° 3.
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Irradiation dose, kGy
Figure 2. Dependence of fast electron irradiation doses
on the intensity of absorption bands of functional groups
25x25
sample (10x 10 ym) cavities are noted, that can be attributed to
the technology of film production. After irradiation with doses of
18 kGy, the surface structure of the RA layer becomes smoother.
Investigation of the surface of the Eva layer in the PA/PE/
Eva sample prior to irradiation with a microscope resolution of
50x50 um revealed irregularities in the form of «waves» (cavi-
ties of about 1 pm in diameter, and elevations of about 0.5 pm), 10x10
which are clearly expressed upon detailed examination with a
microscope resolution of 10x 10 microns. After irradiation, the
surface of the Eva layer becomes more even and smooth, and
cavities with a diameter of up to 2 ym appear.

When measuring the film thickness in the inner Eva layer,
the minimum diameter of cavities is more than 1 pm (Figure 3),
which indicates a spot thinning of the sample after fast electron
irradiation with dose of 18 kGy.
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Figure 3. Changes in the surface depth of the PA/PE/Eva
polymeric material after fast electron irradiation with
dose of 18 kGy using the UELR10-10-40 plant
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4. Conclusions

The work shows that the PA/PE/Eva sample is uniformly
treated with fast electrons. As a result of sterilization, number
of functional -CH, and -NH-groups changes up to 0.0060 rela-
tive units in IR spectra with radiation doses of 12 and 18 kGy.
This leads to degradation and simultaneous crosslinking of the
sample (in the area of rupture there are holes/cavities). Using
confocal laser microscopy, it was demonstrated that after irradi-
ation of the PA/PE/Eva sample with doses of 18 kGy;, film surface
becomes smooth in the PA layer and in the Eva layer, and in the
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Eva layer cavities appear with a diameter of 2 um. The shelf life
of food in the sample of packaging film after sterilization will be
adjusted based on the results obtained.
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Opurunanbnaﬂ Hay4YHas CTaTbsl

NCCIEJOBAHUE APOMATOBPA3VYIOIINX
KOMITIOHEHTOB CbIYVYJ>XHbIX CbIPOB

IMouniikas Y.M.,* Jlaktnonosa A.I1., Pociuk B.JI.

HayuHo-nipakTMueckuii neHTp HanmoHaapbHOI akageMuy HayK besiapycu 1o npomoBosbCTBIIo, MuHCK, Pecriy6inka Benapych

K/IIOYEBDBIE CJIOBA:

colp, apomam, 8Kyc, 0ecKpunmopbl,
meépoopasHas IKCmpaxkyus,
Jilemyuue KOMNOHeHmMbl

IpencraBiieHbl pe3yIbTaThl MCCIeNOBaHMsI KOMIIOHEHTHOTO COCTaBa JIETYUYMX COeNMHEHUI ChIYY>)KHBIX CBhIPOB.
ITpo6oTNOATOTOBKY BBITIOTHSIIN, UCIIONbB3YST TBepAO(dasHbIii MUKPOIKCTPakTOp (Gupmbl Supelco, BRIOUarOLmit
CrelMaIbHbI/ BOJIOKOHHBIM MaTepua MOKPBIThIN CJIOEM JMBUHUIOEH30/I-KapOOKCEH-TIOTMANMETUICUIIOKCAHA
«DVB/Carboxen/PDMS StableFlesh™». MeTozom ra3oBoit xpomaTtorpaduy ¢ Macc-ceJleKTMBHBIM JeTeKTUPOBa-
HMeM 6bLI0 06HapykeHO 0KojIo 400 apoMaToOpasyoIIMx KOMIOHEHTOB, CPey KOTOPBIX UAEHTUDUIMPOBAHO
39 coenyHEHUI, COCTABISIIOLIMX OCHOBY BKYCOApOMAaTUUYeCKOro Mpodwis cbIpoB. OCHOBHBIMU JeCKPUIITOPaMMU
apomara Jjisi BCeX ChIPOB SIBJISIIOTCSI: IIPOTIMOHOBAsI, MaC/IsSTHasI ¥ KallpOHOBAsT KUCJIOTHI, alleTOVH, MeTUIaMUII-
KeTOH, 2-HOHAHOH, JIUMOHEH. YCTAHOBJIEHO, YTO MPO(UIb JIETYUMX KOMIIOHEHTOB JJIsI ChIPOB, PA3JIMYHOTO CPOKA
CO3peBaHMsI UMeeT CYIeCTBeHHbIe OTInums. Tak, AJis MOMyTBEPABIX ChIPOB, U3TOTOBJIEHHBIX C MCIIOIb30BaHUEM
MIPOMMOHOBOKMCIBIX MUKPOOPTaHM3MOB HauboIee XapakTepHbIMMY KOMIIOHEHTaMM SIBJISTIOTCSI KUCTIOTBI — IIPO-
MMOHOBAS M MAC/ISTHAS, & TAKKE COeIMHEHMS] TEPIIEHOBOTO Psiia O-LIMMEH U B-TIMHEH. [1Jis1 TOTyTBEPAbBIX ChIPOB
TOJUTAH/ICKO# Tpymmbl (PopMyeMbIX M3 IIacTa), CO CpoKamu co3peBaHus oT 20 CYyTOK 10 3 MecsileB, Haubosee
3HAUMMBIMMU SIBJISIIOTCSI TEPIIEHOBBIE COeVMHEHMS U 3GUPDI, TOTA KaK JJIsI CBEPXTBEP/IbIX CBIPOB CO CPOKOM CO-
3peBaHus 6ojee Tofa OCHOBHBIMYM KOMITOHEHTAaMM, BIMUSIOIIMMM HA apOMAaTUIeCKUX TIPOQWIIb SIBISIOTCS MaCIs-
HAasl M KaIpPOHOBAsI KUC/IOThI, 2-TeIITAHOH U JIMMOHeH. [1oyTBep/ible ¥ TBep/ible ChIPbI CO CPOKAMM CO3PEBaHMS
oT 3 0 6 MecsiLleB XapaKTePU3YIOTCS TTOBBILIEHHBIM COZEePKaHMEM KUCIOT — KallPOHOBOV M MaC/ISTHOI, a TAKKe
HaJIM4MeM TaKUX apoOMaTHBIX BEIIECTB, KaK JMMOHEH M YKCYCHbBIV 3(GUpP reKCUIOBOI KUCIOThI (TeKCUIAIeTaT).
IMonyTBepabie ChIpbI, POPMYyeMbIe HACBIMbIO, CO CPOKaMU co3peBaHus oT 10 CYyTOK 10 3 MeCsILIeB COIEPKAT alleTo-
VIH, KaIIPOHOBYIO KMCJIOTY, & TAK)Ke B 3HAUNTEJIbHBIX KOTMYECTBAX TOT JKe TMMOHEH U TreKCcuyaleTar.

Original scientific paper

RESEARCH OF AROMA FORMED COMPONENTS

OF RENNET CHEESES

Irina M. Pochitskaya,* Anna P. Laktionova, Valentina L. Roslik

The Scientific-Practical Center for Foodstuffs of the National Academy of Sciences of Belarus, Minsk, Belarus

KJIFOYEBKIE CJIOBA:

cheese, flavor, taste, descriptors,
solid phase extraction, volatile
components

1. BBegenmue

The results of the study of the composition of volatile compounds of rennet cheeses are presented. Sample prepa-
ration was performed using Supelco’s solid-phase microextractor, including a special fiber material coated with
a layer of divinylbenzene-carboxene-polydimethylsiloxane «DVB / Carboxen / PDMS StableFlesh ™». Using gas
chromatography with mass-selective detection, about 400 aroma-forming components were detected, among
which 39 compounds were identified, which form the basis of the flavor profile of cheeses. The main flavor de-
scriptors for all cheeses are: propionic, butyric, and caproic acids, acetoin, methyl amyl ketone, 2-nonanone, and
limonene. It has been established that the profile of volatile components for cheeses various ripening periods, has
significant differences. Thus, for semi-hard cheeses made using propionic acid microorganisms, the most char-
acteristic components are acids — propionic and butyric, as well as compounds of the terpene series o-cymene
and B-pinene. For semi-hard cheeses of the Dutch group (formed from the layer), with maturities from 20 days
to 3 months, the terpene compounds and esters are the most significant, whereas for superhard cheeses with a
maturity of more than a year, the main components affecting the aromatic profile are butyric and caproic acids,
2-heptanone and limonene. Semi-hard and hard cheeses with ripening periods from 3 to 6 months are charac-
terized by a high content of caproic and butyric acids, as well as by the presence of such aromatic substances as
limonene and acetic acid ethyl acetate (hexyl acetate). Semi-hard cheeses, which are molded in bulk, with maturi-
ties from 10 days to 3 months contain acetoin, caproic acid, as well as significant quantities of the same limonene
and hexylacetate.

collepsKaHMeM KajabLivs U IMPOKOJ raMMOi MUKPO3JIEMEHTOB,

Cpenyt MOJIOUHBIX MPOAYKTOB Ba’kKHOE MeCTO 3aHMMAaloT
ChIpbI — MPOIYKTHI, TIOJTlyUyaeMble MyTeM CBePThIBAaHUSI MOJIOKa
¥ TIOC/IeIYIOIE IJIUTETbHOI 06paboTKOM MOTYyYeHHOTO CTIyCT-
Ka, B X0Jle KOTOPOro yaasnsieTcs Biara. O6paboTka 3aBepIiaeTcs
(bopMupoBaHMeM CBIPHOW Macchl M TIOCOJIKOV TMOTyYeHHbIX
rojoBok. CBoM CBOJiCcTBa ChIp MHpPUOGPETAaeT TOJBKO IIOC/Ie
IJIUTeTbHOTO TIpoliecca CO3peBaHMsl B CHIPHBIX MOJBajax, rae
CO3/aHbl YCIOBUS i1 HAKOIIEHMSI CBIPHOV MAacChl BKYCOBBIX
¥ apOMaTUYECKMX BelleCTB.

[Tomy/IIPHOCTb CHIPOB OOBSCHSIETCS UX BBICOKOI 6G1OIO-
I'MYECKO M TIMTATeIbHON II€HHOCTHIO, KOTOpast 06yc/JoBIeHa
YOQYHbBIM COUYeTaHMeM He3aMEeHMMbIX aMMHOKNUC/IOT, BbICOKMM

OJId UUTUPOBAHUS: TTounikas .M., JlaktnoHosa A.I1., Pociuk B.JI. Uccre-
IIOBaHMe apOMaTO6Pa3yIONX KOMIIOHEHTOB ChIUYKHBIX ChIPOB. ITutyessie cucme-
Mot. 2018; 1(4): 19-26.DOI: 10.21323/2618-9771-2018-1-4-19-26
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JIETKOYCBOSIEMO¥i OPMOJT MOIOUHOTO KUPA, MTPUSITHBIM BKYCO-
BbIM OGyKeTOM [1].

B HacTosiee BpeMsi aCCOPTMMEHT BbIpabaThiBa€MbIX Chl-
POB [IOBOJIBHO IIMPOK. Bce MHOroo6Gpasue BbIpabaThbIBa€MbIX
CBIPOB MpeJIaraeTcs K1accubuuMpoBaTh MO CJIeAYIOMINM ITPK-
3HAKaM: TUII MCXOJHOTO ChIPbSI M €ro CBOMCTBA; COCTAB MMU-
Kpo®Iophl, yUacTBYIOIe) B MPOM3BOLCTBE CbIpa; MapameTpsl
M YCJIOBMSI TIPOBeLEHMsI TEXHOIOTMYeCKOro Ipoliecca; CocTaB
U CBOJCTBa rOTOBOrO MpoAyKTa. VI3 BCero acCOpTMMeHTa Chi-
POB MOYKHO BBIJIEJIUTD JIBe HanboIee 3HaUMMbIe U PacIpocTpa-
HEeHHBbIE I'PYIIIThI CHIPOB: TBEP/bIE CHIUYKHBIE ChIPHI C BHICOKOI

FOR CITATION: Pochitskaya I.M., Laktionova A.P., Roslik V.L. Research of aroma
formed components of rennet cheeses. Food systems. 2018; 1(4): 19-26. (In Russ.).
DOI: 10.21323/2618-9771-2018-1-4-19-26
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Y HU3KOJi TeMIlepaTypoit BTOPOro HarpeBaHusl U IIOIyTBepble
CBIUYy’KHbIE CBIPBI.

B Pecny6nuke Benapychb cbIp IPOM3BOISIT PSIZL MOIOKOTIEpe-
pabaThIBAIOIINX MIPEANPUSITUSIX, CPEOU KOTOPHIX MOXKHO BbIJie-
suth OAO «CIyTIKuit chIpofebHbI KoMOuHaT», OAO «Bepe3os-
CKMIt ChIpOMENbHbIN 3aBoa», OAO «Mactockip3aBomy I. Ko6puH,
OAO «Macmnocsip3aBog» . bapanosuuy, OAO «BpecTckuii Mo-
JIOUHBIi KOMOGMHAT» M MHOTHE JIpyTHeE.

B Hacrosimee BpeMmsi, KOTia Ha GeIOpycCKOM PBIHKE Tpe[-
CTaBJIeHO 3HAUMUTeIbHOE KOJMYECTBO MMIIOPTHOM MPOAYKLMUU
3a7ayeli IepBOCTENEeHHOl Ba)XHOCTU SBIISIETCS TOBBILIEHNE
KOHKYPEHTOCIIOCOOHOCTY OTeUYeCTBEHHBIX ChIPOB. PereHue
JIAaHHOW 3amauM GymeT Croco6CTBOBATH YIYUIIEHMIO KauecTBa
BbIPAabaThIBAEMbIX CHIPOB, YBEIMUEHUIO 00HEMOB ITPOU3BOJCT-
Ba, 60jiee MOTHOMY YIOBJIETBOPEHMIO PACTYIIUX MOTPEGHOCTEI!
HaceJeHMs U UX TIOTPeOUTeNbCKUX IpeArouTe i [2,3,4].

HecmoTpst Ha TO, 4TO IIpUPOAA BKyca M 3araxa pasiIMuHbIX
MOJIOUHBIX IIPDOAYKTOB MMEET OIHY OCHOBY, KaskbIii MOIOYHBI
MIPOAYKT UMeeT crienuduyeckre 0COGEHHOCTY ITUX MOKa3aTe-
neit [5].

Ha dopmmpoBanme apomara 1 BKyca CbIpa OKa3bIBalOT BV -
HMe cienyonye GakTopsl [6]:

1 xumumyeckuit cocTaB MoJIOKa ¥ MUKpodiopa, peryampyonias
Tpoliecc co3peBaHusl (pas3auyuHbie epMeHTbI, BKIIOYasl Ha-
TUBHbBIE MOJIOKaA) [7,8,9];

BUJIOBOJ COCTaB Ky/IbTyp MMKPOOPraHM3MOB 3aKBacKy (Ha-
IIpMMep, MOJIOUHOKMCIIbIe 3aKBACKY, MMeIolIyie IIPOTONUTU-
YeCKYI aKTMBHOCTb) [10], KOTOpBII BiIMsIeT Takke Ha KUC-
JIOTHOCTb, pH, comepskaHue OOGMIVIX CyXMX BellecTB (B TOM
Yiciie kupa, 6eka M BOLOPACTBOPMMBIX a30TUCTBIX (pak-
LIMI) U CTelleHb co3peBaHus cbipa [11];

KOJIMYECTBO U BUJL CHITY3KHOTO epMeHTa;

TemIlepaTypa U IPOJO/DKUTEbHOCTb CO3PEeBaHMS.

Takrue KOMIIOHEHTBI, KaK O€lOK ¥ JKMp, COCTaBISIOIIME
B ChIpe OCHOBY, CO3[alOT OOLIVMiI BKycoBO# (GOH, Goyee min
MeHee ONVHAaKOBbIii AJis1 BceX ChIpoB [12]. C TeueHMeM BpeMe-
HM B ChIpaxX yBEJIMUMBAETCS KOAMYECTBO IMPOILYKTOB pacraja
6eJIKOB ChIPHOII MacChl M OPraHOJIENTUYECKIE CBOICTBA ChIPOB
M3MEHSIOTCSl. BHavuame aToro mporjecca ChIp NpuobpeTaeT He-
06XOAVMbIE BBIPAYKEHHOCTh Y TUIIMYHOCTH BKYCA, XapaKTepu-
3yIOIlIMe ero 3peyioCThb, a 3aTeM HacTylaeT yXyAllleHue BKyca,
3amaxa, KOHCUCTEeHUMM U OPYruX Iokasareseil (T.K. IO Mepe
CO3peBaHMs ChIpa KOHIIEHTPAIMS BKYCO- ¥ apOMaTOOPa3yIOIINX
BeLleCTB U3MEHSIeTCS]).

HexoTopble KOMITIOHEHTbI BKYCOBOTO OyKeTa MUIpaioT Gosee
3HAUMTEIbHYI0 POJIb B CO3J@HMM BKyCa M apomara CbIpa, uem
ocTajbHble BellecTBa. Tak, HaIpuUMep, B CbIpax cofepskaTcs Ma-
CISTHASI, BAJIEPVAHOBAS M B HEOOJBIINX KOIMYECTBAX KAIIPOHO-
Basi, KallpM/aoBasl 1 KallpMHOBasi KUCIOTHL. ITo Mepe co3peBaHus
CBIPOB 0011Iee KOMMYECTBO JIETYUMX KUCIOT B HUX YBETMIMBAET-
csl. B pasnuuHbIX ChIpax KauecTBO M KONMUYECTBO JIETYUMX KUC-
JIOT MPOJOJDKAeT YBEIMUMBATBCS U MOC/Ie MTOTHOTO CO3peBaHMsI
cpIpa. V30bITOYHOE KOMMYECTBO MX MPUBOAUT K YXYIIIEHUIO
BKyCa CbIpa.

Llens paboThl 3aK/II0YANIACH B MCCIEIOBAaHMM apoMaTobpasy-
IOIIMX COeVIHeHMII MOMyTBEePAbIX U TBEPIIX CIUYKHBIX ChIPOB
IUIsl YCTaHOBJIEHUST Haubosee XapaKTepPHbIX KOMIIOHEHTOB, OT-
BETCTBEHHBIX 32 (GOPMMUPOBAHME OPTaHONENTUUECKUX CBOVICTB
CBhIPOB, IPOM3BeIeHHbIX B Pecitybnke Bemapychk.

a

a
a

2. Marepuajbl ¥ METOIbI

WccnemoBaHus MPOBOLMINCH B Pecry6iMKaHCKOM KOHT-
POTBHO-VCIIBITATeTHHOM KOMIIZIEKCe TT0 KauecTBY U Ge3ormac-
HoCcTM TponykToB murtaHusi PVII «Hay4yHO-npakTMueckuit
ueHTp HanmonanpHOI akageMuu Hayk bemapycu mo npopo-
BOJIbCTBUIO».
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Bbutn uccienoBanbl 23 o6pasiia chipa 6e10pyCCKUX MPOu3-
BOZAMTENIEN C MacCOBOI moseii skupa ot 45 1o 52 %.

OO6DbeKTHI MCCIeI0BaHMs ObUIM PA3eeHbl Ha 5 rpyII, UCXO-
IIst U3 0CO6EHHOCTE MPOM3BOMCTBA ChIPOB. [leJieHNe Ha IPYIIIIbI
TripefcTaBaeHo B Ta6. 1.

Tabmmia 1
OOGBEKTHI UCCTIeIOBAHMS
o
. pYNl'll'lH XapakTepucTUKa rpymnibl HaumeHoBaHue cbipa
TMonyTBEpbIE CHIPHI, Emmental Elite, 45 %

1 M3TOTOBJIEHHBIE C UCIIoNb30BaHeM Maacnam e JIoKe, 46 %
MPOITMOHOBOKMCIIBIX Dpubypskya, 50 %
MMUKPOOPraHM3MOB Jlan6epronbm, 52 %
TMonyTBepble ChIPbI FOJUIAHCKOM

2 rpymrnbl (GopMyeMble U3 TIIACTA) Tonnanpackuii, 45 %
(cpoxu co3peBaHusi OT 20 CYyTOK Tayna, 50 %

10 3 MecsILeB)
Anexcannpuiickuit, 45 %
0,
TMonyTBepabie ChIpbl, hopMyeMble g??;pg’ﬁé’:;écg%agy% %

3 HAChIMNbIO (CPOKY CO3PEBAHMS BRI 5"0 %

ot 10 cyTOK 10 3 MecsILeB) P AUMUPC] 2V

occuiickuit 0cobslit, 50 %
Poccuiickuit monomoii, 50 %
Crapslit AMcrepnam,45 %
Pouecrep, 45 %
IMapmesan Old, 45 %
0,
IMonyTBepble U TBepIbIe ChIPbI gﬁﬁlgezgr;de TOKC, 45 %
4 €O CpOKaMM CO3peBaHMs OT 3 1,0 4 b

I'proBep 0coobbIit, 50 %
I'poiiuep sxerpa, 50 %
3HaTHbI, 50 %
I'poituep 3pesnsiit, 50 %
Merapz, 50 %

6 Mecs1eB

CBepXTBEPIbIi ChIP CO CPOKOM
co3peBaHus 6oee roga

Hosorpyzckue [apsbl, 45 %

VccnemoBaHue cocTaBa ChIPOB Ha COflepskaHMe apomar-
06pasyonMx KOMIIOHEHTOB OCYIIECTB/SIM METOIOM Ta30BoOii
XpomaTorpaduy ¢ Macc-CeJIeKTMBHBIM JIETEKTUPOBAHUEM C MC-
rosib3oBaHMeM cucreMbl Agilent Technologies 7010 B / 5975 B.
PaszneneHre KOMIIOHEHTOB ITPOBOM/IN HAa KaIVJIISIPHOV KOJTIOH-
ke DB-5MS mnuHoii 30 M ¢ BHYTpeHHMM auamMeTtpom 0,25 MM
M TOJIIIVMHOM TUIEHKM HEeNOJBYDKHOI ¢asbr 0,25 MKM. YCIOBUS
MpoBefeHMsT aHaau3a: HavyajabHasi TeMIlepaTypa KOJIOHKU —
40 °C (2 MmuH); HarpeBaHMe KOJIOHKM €O cKopocTh 10 °C/MUH 10
temnepatypsl 240 °C; BplIepkka 8 MHUHYT; TeMmIlepaTypa
umxkekTopbl — 260 °C; Temmepatypa netekropa 280 °C;
CKOpOCTb ITOTOKA raza Hocuresst (renmit) — 0,5 mur/muH. Macc-
CITEKTPBI PEUCTPUPOBAINCH B AuarazoHe 40—-500 m/z, sHeprust
nonusanuu 70 eV, temmnepaTtypa MoHHOro mucrounuka 200 °C,
Temmeparypa unrepdeiica 250 °C.

Peructpaiuio XxpoMaTorpaMmMbl B pexkuMe TMOJTHOTO MOHHO-
T'O TOKa HAYMHAIM T10C/Ie OKOHYAHWS AecopOLmm U 2-MUHYTHOI
3aIePsKKU JI7IST UCKJTIOUEeHMSI 13 XpOMaTOrPaMMBbI ITUKOB JIerKoJe-
Ty4nMX KOMITOHEHTOB. [locie perucrpanmuy xpomarorpaMmma MH-
TerpupoBanach Ijisl onpeneneHus ioniazei nukoB. PaccunTsi-
BajIaCch CyMMapHasi TUIOIAAb BCeX UAEHTUDUIIMPOBAHHBIX ITKOB
M [JI1 K&KAOTO KOMIIOHEHTa — OTHOCUTENIbHAsI MHTEHCUBHOCTD
mKa (OTHOCUTEIBHO CYMMBI TUIOIIa el BceX MMKOB). ITo Bpeme-
HaM yAepKuBaHMS BbIOMPAINMCh TOUKM HAa XpOMaTorpaMme, 1o
KOTOPBIM BOCCTaHABAMBAIUCH IKCIIEpUMEHTa/IbHbIe MacC-CIeK-
TpbI U3 (aiiia JaHHBIX IJIS1 JAHHOM XpOMaTOrpaMMbl. DKCIIEPU-
MEeHTaJIbHbIe MacC-CIeKTPbI, BOCCTAHOBJIEHHbIE TAaKMM 00pa3oM
JIJIST KKA,0T0 TMKA XPOMaTOTPaMMBbl, MCIIO/Ib30BAINUCh JJIsT TIOU-
CKa ¥ UX CPaBHEHMS CO CIEKTpaMy OMOIMOTEKM MaCC-CIIEKTPOB
U UX CTPYKTYpHbIX (popmynn NIST14.L. ITo coBIIafieHMI0 SKCIIepu-
MEHTAaJIbHbBIX CITEKTPOB C 6MOIMOTeYHbIMMA (B TIpemenax 5—-10 %)
OCYIIECTBIISIIACh MAEHTUMUKAILMS COeNMHEHN B TTapOBO3IYII-
HOM ITPOCTPAHCTBE aHAJIM3UPYEeMOVi ITPOObI, @ M0 OTHOCUTENh-
HbBIM TUIOIIAASIM TMMKOB XpPOMAaTOrPaMMbl OII€HUBAIOCh OTHOCHU-
TeJIbHOEe CofiepskKaHMe UAeHTUDUIIMPOBAHHBIX COeAVHEHMIA.
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DKCTPAKIMIO JIETYIMX KOMIIOHEHTOB OCYIIECTBJISIN C TIPU-
MEeHEeHMEM MMKpPOTBepAodasHoro sKcrpakTopa Supelco™,
KaTajoxkHbIii HoMep N2 57330-U. IIpo6y cbipa mpenBapuTeib-
HO M3MeJIbueHHYI0 Ha Kycouky (10 r) momemaau B (IakoH Ha
40 MJI 1 3aKpbIBAIM KPBIIIKOI C Pe3MHOBOI MeMO6paHOii, jer-
KO TIpOKaJIbIBaeMoii mmpuiieM. ®rakoH ¢ 06pa3iioM moMenann
B TepMocTat, HarpeTbiii 10 40 °C u Beigep>kuBanyu 10 MUHYT 7151
YCTAHOBJIEHUSI TIOCTOSIHHOM TeMIIepaTypbl M PABHOBECHOTO CO-
CTOSTHMSI MeXKIy 06pa3IioM ¥ MapoBO3AYIIHOM (ha3oii Ha HUM.
3aTem uepe3 MeM6paHy B IMapoOBO3AYIIHOE ITPOCTPAHCTBO dia-
KOHa BBOAWIM Uy WIIPKUIIA TBepA0(da3HOTO MUKPOIKCTPAKTO-
pa ¥ BBIABUTAIM U3 HEE BOJIOKHO C aficOpOGEHTOM TaKUM 06pa-
30M, YTOOBI OHO He KacajoCh ITOBEPXHOCTM 00pasiia U CTEHOK
cocyza. [Impui, MUKPOIKCTPAKTOPA C OTKPBITHIM BOJTOKHOM BbI-
IepskuBanyu Bo drnakoHe 30 MMUHYT, 3aTeM BOJOKHO 3aJBUTaIu
BHYTPb UIJIBI MIMPULIA Y YCTPONCTBO BEIHMMAIN 13 GIakoHa.

Iy mecop6buyy KOMIIOHEHTOB IIIPULL TBEPA0(Pa3HOTO MU-
KPO3KCTpaKTOpa BBOAMIM B CHUCTEMY BBOAA XPOMAaTO-MacC-
criekTpomeTpa (Harpetyio go 250 °C), BblIepKMBaau B CUCTe-
Me BBOZA 3 MMHYTHI 1O OKOHYAHUS 1eCOpOLIMY KOMIIOHEHTOB,
3aTeM BOJIOKHO 3a/IBUTaJIX BHYTPb UIVIbI IMIPUIIA U BBIHUMAIU
YCTPOMCTBO U3 CUCTEMBI BBOJA.

3. Pe3ynabTaTsl ¥ 00CYKIAEHUE

B xome mccienoBaHust 6bII0 BhIsIBJIEHO Gosee 400 yeTyunmx
CcoeVHEHUIT B MCC/IeJOBaHHBIX 00pasiiax chipa. M3 KOTOPbIX
39 coenyHEeHMT BHOCST OCHOBHOJ BKjIad B GOpMMpPOBaHIe apo-
MaTUYeCKOro MPo(IIs TATY IPYIIT UCC/IeJOBAHHBIX ChIPOB.

B cocTaB BKycoBOro GyKkeTa ChIpa BXOMSIT OpraHUUecKue jie-
Ty4ye ¥ HeJIeTyune KUCIOThI, CIIUPTHI, 3OUPBI, aMUHBI, HeHOTb-
Hble 1 GypaHOBbIe COeJVMHeHMsI U Ipyrue BelecTsa [13].

CpenHee cofepskaHye KOMIIOHEHTOB IO TPYIIIIaM ChIPOB
npencrasiaeHo Ha Puc. 1.

Tak, Hampumep, B ChIpax COAepsKaTCsS ITPOIMMOHOBAS,
MaCIsiHasI, BaJepraHOBasl, KalIPOHOBAsl KMCJIOThI ¥ B MEHBIINUX
KOIMYeCTBaxX KampwioBas ¥ KalpuHOBas KUAIOTHL [To mepe
CO3peBaHMsl ChIPOB 00Iee KOTMYECTBO JIETYUMX KUCIOT B HUX
yYBeIMUYMBaeTcsl. B pasiMyHbIX ChIpaX KauecTBO U KOJIMYECTBO
JIETYUMX KUCTOT TPOAOKAET YBeTMUMBATHCS U TTOC/Ie TTOJTHOTO
co3peBaHUs cbIpa. M36BITOYHOE KOJUYECTBO WX TPUBOIUT
K YXYALIEHNIO BKyCa ChIpa .

MaxkcuManabHOe comepskaHue KMUCAOT XapaKTepHO IJISl T10-
JIYTBEPABIX ChIPOB, M3TOTOBJIEHHBIX C MCIIOJb30BaHMEM IIPO-
MMMOHOBOKUCIBIX MUKPOOPTaHM3MOB; ITOTYTBEPIBIX U TBEPIbIX
CBIPOB CO CPOKAMM CO3peBaHMSI OT 3 10 6 Mecs1eB U [ CBepx-
TBEPABIX CHIPOB CO CPOKOM CO3peBaHusI Oojee roja, T.e. IJIsi
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CbIpOB 1, 4 u 5 rpy1m, COOTBETCTBEHHO. [IJIsl TIePBOi I'PYIIITHI
XapaKTepHO MpeobaazaHyue MPOMMOHOBOW KUCJIOTHI, B HEKO-
TOPBIX 00pa3sIax ComepskaHye 3TOM KUCIOThI MOKET TOXOIUTh
o 64 % cpenu netyunx kKomrnoHeHToB (Emmental Elite), Torna
KaK MacJITHOM colepskuTcs B cpenHem 11,5 % u eé comepskaHue
B ChIpax IMepBOJi TPYINbl He mpeBbimaer 29 % (Opubypikya).
B TO ke BpeMmsi IJiS ChIPOB 4 U 5 IPyNI CpefHee COAepskaHue
MacsTHOM KUCIOThI Topsigka 30 % (MakcuManabHOe eé comep-
kaHMe B cbipe — Merapa — 41 %). Hamubosblllee cogepskaHue
KaIlpOHOBOI KMUCIOTHI 6bIJI0 06HAPYKEHO B CBEPXTBEPIbIX ChI-
pax co CpOKOM co3peBaHus 6osee rozaa (5 rpyma) u COCTaBUIO
32 % (HoBorpygnckue dapbl). MacassHast KUCIOTa MMeeT Helpu-
SITHBI M CUJIbHBIN 3amax, TeM He MeHee, HaJIMule ee B BbICO-
KOKaueCTBEHHBIX 3peJIbIX ChbIPAaX CO3JaeT, OUeBUIHO, B 061eM
KOMIIIEKCEe BKYCOBBIX M apOMaTUUYECKMUX BeleCTB HeoOXOmu-
MblIii GYKeT ChIpa.

[To mHeHMIO psifa uccienosareneli [12,14] nuaneTun B 3Ha-
YUTEeNbHOI Mepe oIpezessieT BKYC U 3amax MUIeBbIX MPOoyK-
TOB, MOJYYEHHBIX B pe3ynabrate GepmeHTanuu. OH SBISETCS
COCTaBHO¥ YaCThI0 BKYCOBBIX M apOMaTUUYECKMX BEleCTB ChIpa,
MacC/ISTHBIV apOMaT ero BbI3bIBAETCS MMEHHO IMaleTUIOM. B cbI-
pax MOKEeT coflepyKaThCsl TAKKe alleTOMH. ALIeTOMH U IMaleTu
06pa3syroTCs MPU Pa3BUTUM B CbIPe TIPONTMOHOBOKUCIIBIX U apo-
MaToOpa3yoIIMux 6aKTepuii, TPUUEM, HaIUYMEe TOTbKO alleTou-
Ha rOBOPUT O He3aBePIIeHHOCTHU 3TOTO IPoIiecca.

HUccnemyemble 06pasiibl CHIPOB OTIMYAIOTCSI HE3HAUUTENb-
HBbIM CcoZepskaHMeM aleTorHa. B 06pa3iax CbIpoB MepBOii rpyTi-
bl JMalleTwia M alleToMHa He OGHApYKeHO, CIel0BaTelIbHO,
MOXXHO TPEeATIONOXNTb, YTO IPOIMOHOBOKMCIbIE OGaKTepun
B IIEPBYIO OUepesib CIIOCOOCTBYIOT 0OPa30BaHUIO B OOBIIOM KO-
JIMYeCcTBe MPOMMOHOBO KMUCIOTHI (Chipbl Emmental Elite n Ma-
acmaM e JI0KC — CpeHsisl KoHleHTpauus 60 %).

CoIpbI 11sITO¥ TpymIibl (PeIsKaHUTO) TaKKe He COIepIKar ale-
TOMHA U UMEIOT crienuduueckuit cocTas, 06yCIOBIEHHbIN T0I-
I'MM CpokoM co3peBaHMsi (1 rom), YTO HAXOOUT CBOe OTpakeHMe
B TEPIIKOM BKYCe.

B chIpax BTOPOIi IPYIIIbI alleTOMH 06GHAPYKEH TOJIBKO B OfI-
HoM o6pasiie (T'ayga), B ApyrMx o06pasiiax OH OTCYTCTBYET, UTO,
BEpOSITHO, BbI3BAHO HE3HAUMTEIbHBIM CPOKOM CO3pEeBaHMSI.

B TpeTheii rpy1ime Mbl HabmogaeM 06paTHYIO KapTUHY: JTUIIb
omuH obpasen] (berapych 3KCTpa) He COAEPKUT alleTOVH, B TO
BpeMSI KaK BCe OCTa/IbHbIe XapaKTePU3YIOTCSI BLICOKMMM ITOKA-
3aTessIMU Cofep KaHus 3Toro BemiecTsa (00 28 %). MOXXHO TOBO-
PUTH O TUTIMYHON BBIPASKEHHOCTH U CIielnrIeckoM apomare,
CBOVICTBEHHOM TIOJTyTBEPIBIM ChIPaM GEI0PYCCKUX MTPOM3BOIM-
Tenei.

100% +— ] TepneHbl
0, 4 —
90% dTanatbl
-l
. - deHobHble
70% coeAVHEHUA
B KETOHbI

60%

50%

B dypaHoBble
coeanHeHun

40%
30%

H 5dupsl

M cnnpTbl

20%

B KMCNOoTbI

10%

0%

1rpynna

2rpynna 3 rpynna

4 rpynna

M aUEeTOUH+TPMALETUH
5 rpynna

Puc. 1. CogepykaHue KOMIIOHEHTOB I10 TPYIIaM CbIPOB
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W3 mecsaTtu 06pasiioB YeTBEPTOIi IPYIIILI alleTOMH 06HAPY-
SKEH TOJIbKO B TTOJIOBMHE, TPUYEM B TPEX U3 HUX €ro cofiepkaHue
cocTaB/isieT MeHble 1 %, a B OCTaBIIMXCS ABYX He IpeBbIIIaeT
10 %. TlonyuyeHHbIe JaHHbIE TOATBEPXKAAOTCS OTCYTCTBUEM Ma-
CJISTHOTO TPUBKYCA B 3TUX ChIpax.

3HAUMUTETHHYIO POJIb B 06pa30BaHMM BKYCOBOTO GYKeTa ChI-
POB MOTYT UTPaTh MPOAYKTHI ITYOOKOTO XMMUYECKOTO IpeBpa-
IIeHNsT MOJIOUHOTO KUPA, B Pe3yabTaTe KOTOPOTO 0Opa3yroTCs
KEeTOHBI U aJIbJeruabl. ITU BelllecTBa MMEIOT CUJIbHO BbIpaXkeH-
Hble BKYC U 3alax ¥ MOTYT B 3HAUMTEIbHOI Mepe OINpeaessiTh
CBOJICTBa ChIPOB. MMHMMaIbHOE COoflep)kaHe KeTOHOB B MCClIe-
JIyeMbIX 00pa3Iiax CBUIETEIbCTBYET 00 MX CBEXECTY U BbIpaska-
eTCsl B OTCYTCTBUM PE3KOTO apoMaTa ¥ 0Co00ro BKyca, MPUCY-
1Iero TUIECHEBEeIbIM ChIPaM, B KOTOPBIX COIEp)KaHue KeTOHOB
U aJIbETUI0B SIBJISIETCS Mpeobanaommm [15].

ConepskaHne KeTOHOB B MCCIeIyeMbIX 0bpasliax He Ipe-
BbIIAeT 15 % U CUJIBHO 3aBUCUT OT CPOKa CO3PEBaHMS: UeM
JOJIbIIIE CPOK CO3pEeBaHMs, TeM OoJjblliee KOJMMUYECTBO KETO-
HOB OOHapykeHo. Tak, MaKCUMMaJbHOE KOJINYEeCTBO KETOHOB
(6onbire 12,5 %) o6HapykeHO B ob6pasuax 5 rpymmbl (Pemka-
HUTO), 4 IPYIIIbI (CPOK CO3peBaHus 6ojiee 6 MecsieB — I'proBep
0CO6BI).

B uesom, mepBast M BTOpasi IPyMIbl XapaKTepusyeTcs Ha-
MMeHbBIIMM COJep)KaHMeM KeTOHOB — 1o 1 % (0GHapy>KeHbI
TOJIBKO B 0Opasiiax Maacmam jie yitokc u ®pubypskya). CpenHee
cofiep>kaHye KeTOHOB B TPeTbheli 1 YeTBepTOoli IPyIIIax He HIDKe
3 %. MeTUIaMWIKETOH U 2-HOHAHOH GbIIM 06HAPYKEHBI BO BCEX
MCCIeyeMbIX ChIpaX B 3HAUMMBbIX KOHI[@HTPaLIUSIX.

CroupTsl M 3GUpPhl B ChIpax 00JaJal0T 3HAYMTETbHON MH-
TEeHCMBHOCTBIO BKyca U 3arnaxa. Harmpumep, MOIOYHBIV apoMaTt
o6pasyeTcst TPy FapMOHMYHOM COYETAHUY JIETYUMUX KUCIIOT, M-
atetuiaa u 3¢gupos. ITocnegHre 06pas3yOTCsS IPU MOTOYHOKNUC-
JIOM GPOSKEHUM TIPYU HAJIMYMM CIIMPTA U JIETYINX KUCTOT [16,17].
o 3Toi MpuYMHE 0CO6EHHO CUIBHO BbIPAKEHHbBI MOJIOUYHBIN
apomaTt U BKyC GymeT IMpucyll CJIeAylouuM o6pasiiaM ChIpOB:
2 rpynna — Tonmnanpckuit u layna, 3 rpynna — AnekcaHIpuii-
ckuit u Poccuiickuit ocobblit, 4 rpymnmbl — Pouectep u I'proBep
0CO0BIii, B KOTOPBIX coflepskaHe 3(GUPOB HAXOAUTCS B I1aIaso-
He 17 — 42 %. B o6pa3oBaHuy 6GyKeTa cbipa GOJbIIast POJib MPK-
HaJJIesKUT Gy TUIAIeTATY, TeKCUIILIeTaTy U STUIalleTaTy.

OcTaToyHOe KO/MMYeCTBO CIMUPTOB CBUIETENIbCTBYET O TOM,
YTO GpO’KEHMe MPOILIO He 0 KOHIIA, M 3TO, BepOsITHEE BCETO,
CKakeTCsI Ha BKycoapoMaTuMyeckoM OykeTe ChIpoB bemapych
9KCcTpa 1 Jlam6epronby, (3 1 1 IpyIIbl, COOTBETCTBEHHO) B CPaB-
HEHUM C OCTaJIbHBIMM O6pasimamMu. O6pasiibl IePBOIi U BTOPOI
IPYIIIT BOOGIIEe He ComepskaT CIIUMPTOB, YTO SIBJISIETCS ONHO3HAU-

1. Introduction

An important place among dairy products is occupied by
cheeses — products obtained by coagulating milk and subse-
quent long-term processing where moisture has been removed
resulting in a clot. Processing is ended with formation of
cheese mass and salting of obtained wheels of cheese. Cheese
gains its properties only after a long-term process of ripening
in cheese cellars, where the conditions are created for
accumulation of taste and aroma properties of cheese mass.

The popularity of cheeses is due to their high biological and
nutritional value, which is due to the successful combination of
essential amino acids, high calcium content and a wide range
of microelements, easily assimilated form of milk fat, pleasant
taste and flavor [1].

Currently, the range of cheeses produced is quite wide. It is
proposed to classify all the variety of cheeses produced accord-
ing to the following criteria: type of raw material and its prop-
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HBIM TIOKa3aTejieM KauecTBa ¥ 3aBepIIeHHOCTM Ipoliecca 6po-
>keHu [18].

Crenududeckuii OTTEHOK KOITYEHOTO BKyca M apomara
MPUAAIOT TTPOAYKTY (PeHONbHbIE COeVHEHNsI, TePIIeHbl U (y-
paHbl. OTIMUMTeNbHAsI 0COOEHHOCTh 06pa3ioB 4 TPYIIbI CO-
CTOUT B TOM, YTO CBIPBI 3TOJ TPYIIIBI BOOOIE HE comepskaT
(beHOMBHBIX ¥ GYpPaHOBBIX COEAVHEHWI, YTO OTPAKAETCS Ha
MCKITIOUMTETBbHO MSITKOM MOJIOUHOM apomare (CpefHee comep-
>kaHMe TepneHoB 15 %).

Kiaccuuecknii BKyC M apomarT, KOTOPBI XapaKTepusyeTcs
CPeHUM CONlep’KaHMEeM TePIIeHOBbIX, GYPAHOBBIX COeMMHEHMI
(10 — 25 %), u dbeHONBbHBIX (O 5 %) coeqMHEHMIA, TTPUCYII, BCEM
o6pastuam 1, 2,3 u 5 rpymi.

4. BbpiBOABI

TakuM 00pasoM, MCCIeIOBaHME apoMaTOOpas3yIoIIMUX CO-
eIlHEeHUI1 TIOJIyTBePAbIX U TBEPABIX CHIUYXXHBIX CBIPOB, IPO-
u3BeIeHHbIX B Pecry6iuke Benapych MO3BOMMIO YCTAaHOBUTH
Haubosee xapakTepHble KOMITOHEHTbI, OTBETCTBEHHbIE 3a (Hop-
MMPOBAHME UX OPTraHOJENTNIYEeCKIX CBOVCTB. Becero 6b110 ycTa-
HOBJIeHO Gonee 400 JIeTyunx COeqUHEHUH, U3 KOTOPbIX 39 coe-
IMHEeHMI BHOCST OCHOBHOJI BKIaJ B popMMUpOBaHME apomaTa
CbIpa, TaKye KakK IPOMMOHOBAasI, Mac/asiHas U KalipOHOBAas KUCIIO-
ThI, alleTOMH, METUJIAMUJIKETOH, 2- HOHAHOH, TMMOHEH.

Tax, Ojis1 TIOMYTBEPIbIX CHIPOB, M3TOTOBIEHHBIX C VCIIOJb-
30BaHMEM IPOMMOHOBOKMCIBIX MUKPOOPTAaHM3MOB Hambosiee
XapaKTepPHBbIMIM KOMIIOHEHTaAMM SBJISIOTCS KMUCIOTbI — ITPOIN-
OHOBAsI M Mac/siHasl, @ TaKKe COelIVHEeHMS] TepIieHOBOTo psifa
Oo-UMMeH U B-TiMHeH. [l MOMyTBEPABIX CHIPOB TOJIIAHICKOM
rpymimnsl (popmyeMbIX M3 IIaCTa), CO CPOKAMU CO3PEBAHUST OT
20 cyTOK [0 3 MecsIieB, HauboIee 3HAUMMBIMU SIBJISTFOTCSI TEP-
TIEHOBbIe coeMHeHMs ¥ 3(DUPLI, TOTAA Kak JJIsS CBEPXTBEPIBIX
CBIPOB CO CPOKOM CO3peBaHMs 6osiee ToJa OCHOBHBIMM KOMITO-
HeHTaMy, BAUSIOLMMM Ha apoMaTUUeCcKux Mpoduib SIBISIOT-
Cs1 Mac/siHasi ¥ KallpoOHOBAsl KUC/IOTHI, 2-TelITaHOH U JIMMOHEH.
[TosmyTBepabie U TBEpAbIE ChIPHI CO CPOKAMM CO3peBaHUS OT 3
0 6 MecCseB XapaKTepU3YITCS TOBBIIIEHHBIM COJepyKaHM-
eM KUCJIOT — KallpOHOBOI U MacC/ISTHOM, a TakKe cofepskaHueM
JAMMOHEHa U Trekcuianetata. [lonyTBepabie CbIpbl, hopmyemblie
HaCbIblO, CO CpOKamu co3peBaHus OT 10 CyTOK [0 3 MecsleB
cofepsKat aleToVH, TMMOHEH KalipOHOBYIO KUWIOTY U TeKcuia-
LIeTaT B 3HAUUTEIbHbBIX KOTUUECTBaX.

[aHHbIe MCCIeNOBaHUSI apOMATOOPa3YIOIIMX KOMIIOHEHTOB
TIOJIYyTBEPAbIX U TBEPIBIX ChIUYKHBIX ChIPOB, MPOMU3BEIEHHbIX
B Pecriy6nuike Bemapych, TO3BOJIAT MOBBICUTH KOHKYPEHTOCITO-
COGHOCTb OTEUECTBEHHOI MPOAYKIINMA.

erties; the composition of the microflora involved in the pro-
duction of cheese; parameters and conditions of the process;
composition and properties of the finished product. From the
entire range of cheeses, two most significant and widespread
groups of cheeses can be distinguished: hard rennet cheeses
with high and low temperatures of the second heating and semi-
hard rennet cheeses.

In the Republic of Belarus, cheese is produced by a number of
milk-processing enterprises such as Slutsk Cheese Factory,
Berezovsky Cheese Factory, Kobrin Butter snd cheese Factory,
Baranovichi Butter snd cheese Factory, Brest Dairy Plant and etc.

At present time the primary task is to increase the competi-
tiveness of domestic cheeses when a significant amount of im-
ported products are presented on the Belarusian market. The so-
lution of this task will help to improve the quality of the cheeses
produced, increase production, more fully meet the growing
needs of the population and their consumer preferences [2,3,4].
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Despite the fact that the nature of taste and flavor of vari-
ous dairy products has one basis, each dairy product has specific
features of these indicators [5].

The following factors influence the formation of flavor and
taste of cheese [6]:

0 chemical composition of milk and microflora which regu-
lates the maturation process (various enzymes, including
native milk) [7, 8, 9];

the species composition of cultures of starter microorgan-
isms (for example, lactic ferments with protolytic activity)
[10] which also affects the acidity, pH, total solids content
(including fat, protein and water-soluble nitrogenous frac-
tions) and the degree of cheese maturation [11];

amount and type of rennet;

temperature and duration of ripening.

Components such as protein and fat form the basis of cheese
create a common taste background which is more or less the
same for all cheeses [12]. Over the time, the amount of products
after the degradation of protein in the cheese mass increases in
the cheeses, and the sensory properties of cheeses change. At
the beginning of this process, the cheese acquires the required
intensity and typicality of taste which characterizes its matu-
rity, and then the deterioration of taste, smell, texture and other
indicators has occured (as the concentration of flavoring and
aroma-forming substances changes as cheese matures).

Some components of the flavor bouquet play a more signifi-
cant role in creating the taste and aroma of cheese than other
substances. For example, cheeses contain butyric, valeric and
small quantities of caproic, caprylic and capric acids. As the
cheese ripens, the total amount of volatile acids increases. In
various cheeses the quality and quantity of volatile acids con-
tinues to increase even after the cheese has fully matured. Ex-
cessive amount of them leads to a deterioration of the taste of
cheese.

The aim of the work was to study the aroma compounds of
semi-solid and hard rennet cheeses to determine the most char-
acteristic components responsible for the formation of sensory
properties of cheeses produced in the Republic of Belarus.

a

a
a

2. Materials and methods

The studies were conducted in the Republican control and
testing complex on quality and food safety, The Scientific-Prac-
tical Center for Foodstuffs of the National Academy of Sciences
of Belarus.

23 samples of Belarusian cheese were studied with a fat con-
tent from 45 to 52 %.

The objects of study were divided into 5 groups based on the
characteristics of the production of cheeses. The division into
groups is presented in Table 1.

The study of the composition of cheeses for the content of
aroma-forming components was carried out using gas chroma-
tography with mass-selective detection (Agilent Technologies
7010 B / 5975 B system). Components were separated on a DB-
5MS capillary column with a length of 30 m, inner diameter of
0.25 mm and film thickness of a fixed phase being 0.25 microns.
Conditions for the analysis: the initial temperature of the col-
umn is 40 °C (2 min); heating the column at a rate of 10 °C / min
to a temperature of 240 °C; exposure 8 minutes; temperature of
injectors — 260 °C; detector temperature 280 °C; the flow rate of
carrier gas (helium) is 0.5 ml/min. Mass spectra were recorded in
the range of 40-500 m/z, ionization energy — 70 eV, ion source
temperature 200 °C, interface temperature 250 °C.

The chromatogram registration in the full ion current mode
was started after the end of desorption and a 2-minute delay in
order to exclude peaks from the chromatogram of volatile com-
ponents. The chromatogram was integrated to determine the

23
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peak areas after the registration. The total area of all identified
peaks and the relative intensity of the peak for each component
were calculated (relatively to the sum of all peaks areas). The
retention points were selected on the chromatogram which were
restored from the data on experimental mass spectra. The ex-
perimental mass spectra thus were reconstructed for each peak
of the chromatogram and used to search and compare them with
the mass spectra and their structural formulas NIST14.L. By
coincidence of the experimental spectra with the control ones
(within 5-10 %) the compounds were identified in the vapor-
space of the sample being analyzed, and the relative content of
the identified compounds was evaluated from the relative peak
areas of the chromatogram.

Table 1
Objects of study
Ne e e
of group Characterization of group Cheese Name
Emmental Elite, 45 %
1 Semi-hard cheeses made using Maasdam de Luxe, 46 %
propionic acid microorganisms Friburgois, 50 %
Lanbergold, 52 %
Semi-hard cheeses of the Dutch
2 group (formed from the reservoir)  Dutch, 45 %
(ripening period from 20 days Gouda, 50 %
to 3 months)
Alexandria, 45 %
0O,
Semi-hard cheeses, molded in bulk gig?é%?égeag%é%/o
3 (trtl)pzerrggg1 t[}))&;r)lod from 10 days Vladimirsky, 50 %
Russian special, 50 %
Russian young, 50 %
Old Amsterdam, 45 %
Rochester, 45 %
Parmesan Old, 45 %
Parmesan de lux, 45 %
4 Semi-hard and hard cheeses with Vilno, 45 %
ripening periods of 3 to 6 months  Gruver special, 50 %
Groutser extra, 50 %
Notable, 50 %
Groutser mature, 50 %
Megard, 50 %
5 Superhard cheese with a maturity Novogrudskie Dary, 45

of more than a year

Extraction of volatile components was carried out using a
Supelco™ solid phase microextraction (SPME), catalog number
No. 57330-U. Sample of cheese previously crushed into pieces
(10 g) was placed in a 40 ml vial and closed with a lid with a
rubber membrane easily pierced by a syringe. The bottle with
the sample was placed in a thermostat heated to 40 °C and held
for 10 minutes to establish a constant temperature and
equilibrium between the sample and headspace. Then, a needle
of a solidphase microextractor syringe was inserted into the
vapor space of the vial through the membrane. The fiber with
adsorbent was pushed out in such way that it did not touch the
surface of the sample and vessel walls. The solid phase
microextraction arrow with open fiber was kept in the vial for
30 minutes, then the fiber was pushed inside the syringe needle
and the device was removed from the vial.

To desorb the components, a solid-phase microextractor sy-
ringe was introduced into the chromato-mass spectrometer in-
jection system (heated to 250 °C), kept in the injection system
for 3 minutes before the end of the components desorption, then
the fiber was pushed inside the syringe needle and removed from
the input system.

3. Results and discussion

During the study there were more than 400 volatile com-
pounds found in the samples of cheese. From all these com-
pounds, 39 make the main contribution in the formation of the
aromatic profile of one from five groups of cheeses.
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The composition of the flavor bouquet of cheese includes or-
ganic volatile and non-volatile acids, alcohols, ethers, amines,
phenolic and furan compounds and other substances [13].

The average content of components by cheese groups is
shown in Figure 1.

For example, cheeses contain propionic, butyric, valeric, ca-
proic acids and caprylic and capric acids in smaller quantities.
As the cheese ripens, the total amount of volatile acids in them
increases. In various cheeses the quality and quantity of vola-
tile acids continues to increase even after the cheese has fully
matured. Excessive amount of them leads to a deterioration of
cheese’s taste.

The maximum acid content was found to be in semi-hard
cheeses made using propionic acid microorganisms, semi-
hard and hard cheeses with ripening periods of 3 to 6 months
and for superhard cheeses with a maturity of more than a year,
i.e. for cheeses 1, 4 and 5 groups, respectively. The first group
is characterized by the predominance of propionic acid, in
some samples its content can reach up to 64 % among volatile
components (Emmental Elite), whereas the quantity of bu-
tyric acid was an average of 11.5 % and its content in cheeses
of the first group does not exceed 29 % (Friburcouia ). At the
same time for cheeses of 4 and 5 groups the average content
of butyric acid was about 30% (its maximum in cheese of
Megard — 41 %). The highest content of caproic acid was found
to be 32 % in superhard cheeses with a ripening term of more
than a year (group 5, Novogrudskie Dary). Butyric acid has an
unpleasant and strong flavour, however its presence in high-
quality mature cheeses obviously creates the general complex
of flavoring and aromatic substances which is the necessary
bouquet of cheese.

According to a number of researchers [12,14], diacetyl largely
determines the taste and flavour of food products obtained as a
result of fermentation. It is an integral part of the flavoring and
aromatic substances of cheese, but oily aroma is caused by
diacetyl. Cheese may also contain acetoin. Acetoin and diacetyl
are formed during the development of propionic acid and
aroma-therapeutic bacteria in cheese, and the presence of only
acetoin indicates that this process is incomplete.

The investigated samples of cheeses are characterised by a
low content of acetoin. Diacetyl and acetoin were not detected
in the samples of cheeses of the first group, therefore it can be
assumed that propionic acid bacteria primarily contribute to
the formation of a large amount of propionic acid (Emmental
Elite and Maasdam deluxes cheeses — an average concentra-
tion of 60 %).
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Cheeses of the fifth group (Reganito) also do not contain
acetoin and have a specific composition due to the long
ripening period (1 year), which is resulting in the harsh taste.

In the cheeses of the second group acetoin is found in only
one sample (Gouda), in other samples it was absent which is
probably due to a slight ripening period.

In the third group, we see the opposite figure: only one sam-
ple (Belarus Extra) does not contain acetoin, while all the others
are characterized by high levels of this substance (up to 28 %).
We can talk about the typical severity and specific aroma charac-
teristic of semi-hard cheeses of Belarusian producers.

Acetoin was found only in half of ten samples of the fourth
group, its content was less than 1% in three of them, whereas
in the remaining two it does not exceed 10%. The data ob-
tained were confirmed by the absence of oily flavor in these
cheeses.

The products of the deep chemical transformation of milk
fat include ketones and aldehydes which can play a significant
role in the formation of the flavor bouquet of cheeses. These
substances have a certain taste and flavour and can largely
determine the properties of cheeses. The minimum content of
ketones in the studied samples indicates the freshness of
cheese and absence of a sharp aroma and special taste which
are inherent in moldy cheeses where the content of ketones
and aldehydes is predominant [15].

The content of ketones in the samples under study does
not exceed 15% and strongly depends on the ripening period:
the longer the term of ripening, the greater the amount of ke-
tones found. Thus, the maximum amount of ketones (more than
12.5%) was found in samples of group 5 (Reganito), group 4 (rip-
ening period of more than 6 months — a special Gruver).

In general, the first and second groups are characterized by
the lowest content of ketones — up to 1% (found only in samples
of Maasdam de lux and Fribrgeal). The average content of ke-
tones in the third and fourth groups is not lower than 3%. Meth-
yl amyl ketone and 2-nonanon were detected in all the studied
cheeses in significant concentrations.

Alcohols and esters in cheeses have a significant intensity of
taste and flavour. For example, the milky aroma is formed by the
harmonious combination of volatile acids, diacetyl and esters.
The bottom are formed during lactic fermentation in the
presence of alcohol and volatile acids [16,17]. For this reason,
the following samples of cheeses have a particularly
pronounced milky aroma and taste: group 2 — Dutch and
Gouda, group 3 — Alex-andria and Russian Special, group 4 —
Rochester and Griiver, in which the content of esters is in the
range of 17 — 42 % . Butyl

100% +— ] terpenes
0, 4
90% flatatas
80%
) - phenolic
70% compounds
60% ® ketones
50% m furan
40% compounds
30% M ethers
(]

20% M alcohols
0

10% M acids

0%

Group 1

Group 2

Group 3

Group 4

M acetoin + triacetin
Group 5

Figure 1. The content of the components according to the groups of cheeses
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acetate, hexyl acetate and ethyl acetate play a large role in the
formation of a bouquet of cheese.

The residual amount of alcohols suggests that fermentation
did not go to the end, and this is likely to affect the flavor bou-
quet of Belarus Extra and Lambergold cheeses (3 and 1 groups,
respectively) in comparison with the other samples. Samples of
the first and second groups do not contain alcohols at all which
is an unambiguous indicator of the quality and completeness of
the fermentation process [18].

Phenolic compounds, terpenes and furans provide the spe-
cific shade of smoked taste and aroma. A distinctive feature of
samples of group 4 is that the cheeses of this group do not con-
tain phenolic and furan compounds at all, which is reflected in
an exceptionally soft milky flavor (average content of terpenes
is 15 %).

The classic taste and aroma which is characterized by an av-
erage content of terpene, furan (10 — 25 %) and phenolic (up to
5 %) compounds is inherent in all samples of 1, 2, 3 and 5 groups.

4. Conclusions

Thus, the study of aroma compounds of semi-solid and hard
rennet cheeses produced in the Republic of Belarus made it pos-
sible to establish the most characteristic components respon-
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sible for the formation of their sensory properties. In total, more
than 400 volatile compounds were found from which 39 com-
pounds make the main contribution to the formation of cheese
flavor, such as propionic, butyric and caproic acids, acetoin,
methyl amyl ketone, 2-nonanone and limonene.

Therefore, propionic and butyric acids as well as terpenic
compounds (o-cymene and B-pinene) are the most characteristic
components for semi-solid cheeses made using propionic acid
microorganisms. For semi-solid cheeses of the Dutch group
(formed from the reservoir) with maturities from 20 days to 3
months the most significant are terpene compounds and ethers,
whereas for superhard cheeses with a maturation pe-riod of more
than a year the main components affecting the aro-ma profile
are butyric and hexanoic acids, 2-heptanone and limonene.
Semi-hard and hard cheeses with ripening periods from 3 to 6
months are characterized by a high content of hexanoic and
butyric acids as well as limonene and hexyl acetate. Semi-hard
cheeses which are molded in bulk with ripening periods from 10
days to 3 months contain acetoin, limonene, caproic acid and
hexyl acetate in significant quantities.

The research data on the aromatherapy components of semi-
solid and hard rennet cheeses produced in the Republic of Be-
larus will improve the competitiveness of domestic products.
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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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K/IIFOYEBDBIE CJIOBA:
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products, vegetable fats, animal
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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—
2018-1-4-27-41

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.



MULLEBDIE CUCTEMbI | Tom1No 4 | 2018

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-
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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 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



MULLEBDIE CUCTEMbI | Tom1No 4 | 2018

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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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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