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Jlna onpenenenus KopernHa U TPeX U30MEPHBIX MOHOKO(EOMIXUHHBIX (XJIOPOT€HOBBIX) KUCIOT
(3CQA, 4CQA u 5CQA) B xode (HammTKE) IIPH COBMECTHOM IIPHUCYTCTBUU HUCIIOIH30BAIA METOI
obpatenHo-hazoBoit BOKX ¢ 3ameHoil JOPOrocTOsIEero U SKOJIOTHYECKH HeOIaronpuaTHOrO
AlETOHUTPWJIA HA STWIALETAT B KAUYECTBE OPTaHWUYECKOTO MOAM(UKATOPA MOJBMIKHBIX (has.
IIpemmosxen moaxo, MO3BOJISIONINIA COIOCTABIATEL 3(P(IEKTUBHOCTD U CEJIEKTUBHOCTD pasierie-
HUS BEIECTB B IUPOKOM [HAIA30HE KOHI[EHTPAI[HH OPraHUYeCKUX MOAU(IKATOPOB BHIOPAH-
HBIX DJII0EHTHBIX CHCTEM. ¥ CTAHOBJIEHO, YTO 3aMEHA alleTOHUTPUIIA HA MPOMAHO-2 WIN STHII-
areTar JIWIIb B HEOONBIION CTEIIEHW W3MEHSET CEeJIEKTHMBHOCTH PA3MEIeHUs TPEX M30MEPHBIX
XJIOPOTEHOBBIX KHCJIOT, HO CYIIECTBEHHO YMEHBIIIAeT OTHOCHUTEIhHOE YAep:KUBaHUe KodermHa
BCJIE/ICTBYE €T0 JIyYIIeH COIbBATAIIMYA OPTAHNIECKUM MOAU(PUKATOPOM. JTO IO3BOJISIET [[eIeHA-
IIPABIIEHHO U3MEHSATD IIOJIOKEHUE SIIFONPOBAHMS KO(PErHa OTHOCUTEIBHO XJIOPOT€HOBBIX KUCIOT
VTS FICKJTFOUEHUS €T0 CODIIIOMPOBAHUS C APYTUMHU SKCTPAKTUBHBIMY BEI[eCTBAMH 34 CIeT HU3Me-
HEHUsT KOHIIEHTPAIIMK ¥ THUIIA OPTaHMYeCKOro MOAM(UKATOPA ITOABIKHOMN (Dasbl. JJII0EHTHI HA
OCHOBE JTHJIAIETaTa YI00HbI IJIf OJHOBPEMEHHOI'O OIPEeeIeHI KO(DernHA U MOHOKO(DEOMIXUH-
HBIX KHCJIOT B yCIOBHUAX o0parienHo-azoBoit BOMKX u 1mo3BosIsii0T pu mpoOomoaroToBKe pesk-
crparupoBaTh ¢ KoHIeHTprpyomux narporos (JIMAITAK C18) B ocHOBHOM KOhEHH 1 MOHOKO-
(heounxunnbie KucaoThL. Boee mumouibHbIE 3KCTPAKTHBHBIE BEIIECTBA IIPU 3TOM OCTAIOTCS
Ha KOHIIEHTPHUPYIOIIEM IIATPOHE, 9TO 00eCIIeunBAET BO3MOKHOCTh IIPUMEHEHHS IIPOCTOTO U30K-
PATHYECKOTO PeKrMa ¢ COKpAIlleHHeM BpeMeHH aHalIn3a U Pacxoqa OPraHuIecKoro MO HuKa-
TOpa ITOJBIKHOMN (hasbl.
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MOHOKO(PEOMIXUHHBIE KUCIOTBI; CEJIEKTUBHOCTD PA3JIeNIeHNs; «3eJIeHasd» XpoMaTorpadus.

SIMULTANEOUS DETERMINATION OF MONOCAFFEOYLQUINIC ACIDS
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CHROMATOGRAPHY WITH ELUENTS BASED ON PROPANOL-2

AND ETHYL ACETATE (REJECTION OF ACETONITRILE)

© Viktor I. Deineka*, Elena Yu. Oleinits, Lyudmila A. Deineka
Belgorod State National Research University, 85, Pobedy ul., Belgorod, 308015, Russia; *e-mail: deineka@bsu.edu.ru

Received July 25, 2022. Revised September 21, 2022. Accepted September 28, 2022.

The purpose of the study is development of conditions for the simultaneous determination of caffeine and
three isomers of monocaffeoylquinic acids (esters of caffeic and quinic acids: 3CQA, 4CQA and 5CQA) in
coffee using “green” reverse-phase HPLC, in which an expensive and environmentally unfavorable
acetonitrile is replaced with ethyl acetate as an organic modifier of mobile phases. An approach which pro-
vides comparing the efficiency and selectivity of the substance separation in a wide range of concentra-
tions of organic modifiers of selected eluent systems is proposed. It is shown that the replacement of
acetonitrile with propanol-2 or ethyl acetate slightly changes the selectivity of the separation of three iso-
meric chlorogenic acids, but significantly reduces the relative retention of caffeine due to better solvation
of caffeine with an organic modifier. This makes it possible to change the position of caffeine elution rela-
tive to chlorogenic acids in a targeted way to avoid coelution of caffeine with other extractive substances
by changing the concentration and type of the organic modifier of the mobile phase. Ethyl acetate-based
eluents are shown to be convenient for simultaneous determination of caffeine and monocaffeoylquinic
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acids in conditions of reverse-phase HPLC. The replacement of acetonitrile with ethyl acetate makes it
possible to re-extract mainly caffeine and monocaffeoylquinic acids from concentrating cartridges
(DIAPAK C18) during sample preparation. More lipophilic extractive substances still remain on the con-
centrating cartridge, which provides the possibility of using a simple isocratic mode thus reducing the du-
ration of analysis and consumption of the organic modifier of the mobile phase.

Keywords: reverse-phase HPLC; simultaneous determination; caffeine; monocaffeoylquinic (chloroge-
nic) acids; separation selectivity; “green” chromatography.

BBenenue

Ilo sxKomOoMmueckuM o0030paM 00BEM MIPOIAK
Kode ycTyraer TOJNBKO chbipoii Hedru (60see 100
MUJIHAPI0B J0JJIAPOB B TOA!), MOITOMY OIpeje-
JICHHEe KadecTBa Koge SBIAETCA BaKHON 3amade.
Ilna ero oreHKH HEOOXOIUMO OINPENEIATh XJIOPOTe-
HOBBbI€ KHMCJIOTBHI (OCHOBHBIE AHTHOKCHUIAHTHI) [1] 1
KO(perH — eNHCTBEHHBIH JeralbHbIH ICHXOCTHMY-
maTop [2], KOTOPBIN HAKAIIUBAETCA OJHOBPEMEHHO
C XJIOPOT€HOBBIMH KHCIOTAMY B 3epHax Kode [3].

Monoxrodeounxuunbie (XIOPOreHOBbIE) KHCIIO-
ThI ABJIAIOTCA BTOPUYHBIMU MeTabOIHUTAMHU pPacTe-
uuii [1]. Ilog «XTOpOreHOBBIMH» KHCIOTAMU B IITH-
POKOM CMBbICTIe MOAPA3yMEBAIOT 3(PUPHI XUHHOH K-
CTIOThI ¥ 3aMeIleHHbIX KOpUYHbIX KuciaoT [4]. ITo-
CKOJBbKy B XWHHOU EKuciaore uderbipe OH-rpynmsr,
BO3MOKHO 00pa30BaHMe YeTHIPEX U30MEPHBIX MOHO-
rodeomnxuuubix (CQA) kucior. B sxcrpakrax pac-
TEHUH Jalle BCero BCTPeYAIOTC TPU U3 HUX, Pa3jiu-
YaloIUxcd II0 HOMEpPYy aroMa yIJiaepoia, THIPO-
KCHJIbHASA TPYyIlia KOTOPOTO BCTYyIMJIA B 06pasoBa-
Hue ciaoxkHoadupHoi ceiazu: 3CQA, 4CQA u 5CQA
[56]. Ormernm, uto pexomenpamuu UIOITAK 1o mo-
PAAKY HyMepalliu aToMOB YIJIepoJa B IIMKIOTEKCA-
HOBOM KOJIbIle XWHHOU KHCJIOTHI [6] He Bcerma co-
OarofaoTCa: HyMepauus B IPOTUBOIIOJIOKHOM Ha-
MPaBJI€HUN BCTPEYAeTCA HE pPeke PEeKOMeHIOBaH-
HOH, 4YTO HEOOXOZMMO YYHTHIBATH IIPH AHAIU3E
OIy6IUKOBaHHBIX pabot (puc. 1).

KpoMe MOHOKO(EOMIXHUHHBIX KHUCIOT © KO-
teuna, meTomom obparnenHo-paszosoit BAKX (0D
BoKX) B kode ompemendor Takke IIPOU3BOJI-
HbIe (PEepyT0BOM KHCIOTHI W [AHKO(PEOWIXUHHBIE
(3,4diCQA, 3,5diCQA u 4,5diCQA) xucmorsr [7],
TPUTOHEJIWH, HUKOTHHOBYIO KHCIOTY ¥ TEO(MUINH
[8]. Ho mpu sTOM BO MHOTHX paboTax ecTh CBOM 0CO-
6ernoctu. Tak, manpumep, B pabore [7] He mpu-
BelleHA XpoMaTorpaMMa, WCIOJIb30BaHHAA I
ompejieieHUs KO(PEHHA, a HTO BAIKHO, MOCKOJIBKY
VI KOHTPOJISA CONEep:KaHusa KO(EOMIXUHHBIX KH-
CIOT B DJII0ATE HCIOJb3YIOT AETeKTHPOBAaHUE Ha
JUIMHE BOJHBI OKOJIO0 325 HM, YTO COOTBETCTBYET IIO-
JIOKEHUI0O MAaKCHMYMOB HA II0JI0CAX IOTJIOIIEHHUA
BCEX IIPOM3BOMHBIX KOo(eiHo# Kucaorsl. IIpu sTtom
KoerH He MeIlaeT OIpPeneeHn0, TOCKOIbKY MakK-
CHUMYM €T0 TI0JIOCHI TIOTJIOIIEHU HAXOIUTCI B Gosee
KOPOTKOBOJIHOBOM ob6mactu (273 um). Omuako I1o-

L http://www.cafebarbera.com/coffee-industry

[JIOII[EHHE XJIOPOTEHOBBIX KHCJIOT Ha IJINHE BOJIHBI
273 HM ocTraeTcd IOCTATOYHO BBICOKHM. lloaTomy
IUIST HAJIEKHOTO OTIPEe/IeIeHUs YeThIPeX COeTUHEeHMH
MIPY UX COBMECTHOM ITPHUCYTCTBUM HEOOXOIMMO pas-
IelleHre y:Ke BcexX YeThIpex BelecTB. B pabore [8]
ompenensau Toabko S5CQA (dacTo HA3BIBAEMYIO
MIPOCTO XJIOPOTEHOBOM), XOTS 3aTE€M YIIOMIHYTO TIPH-
CyTCTBHE eIlle IBYX H30MEPOB C SBHOM IIyTAHUIEH B
OTHeceHMH IHUKOB. B pa6ore [9] onpenensanu kode-
MH ¥ MOHOKO(EOMJIXHHHBIE KHCJIOTHI B HAIIUTKAX,
MPUTOTOBJIEHHBIX W3 AByX Hambojee pacipocTpa-
HeHubIx BunoB Kode — Coffea arabica u Coffea ca-
nephora var. robusta, HO He IpPHBEIEHbI XpOMa-
TOTpaMMbI, Kak U B pabore [10] npu ompenenenuun
KoperHA M BCeX XJIOPOTeHOBBIX KHCIOT. Paborsl, B
KOTOPBIX TIOJIHOCTBIO MPHWBEIEHBI BCe HEOOXOMUMbIe
ycaoBHs, BechbMa HeMmHoroumciaeHuHbr [11 - 13].
B P® seemennt aBa I'OCT?3, comep:xamme mero-
IUKU CIIEKTPO(POTOMETPUYECKOTO OIPEeIeHUs KO-
(erHa moCTE CIOKHON M IIUTEIHLHOH MPO6GOMOJ-
roroBku. [Ipu 5TOM yCIOBHSA OXHOBPEMEHHOTO OIpe-
IeleHus] Ko(perHa W TpexX MOHOKO(EOMIXHUHHBIX
KHCaI0T ObLtH omybmukoBaub B 2012 r. [14].

Monorkodeounxuuuble W AUKO(PEOMIXUHHBIE
KHCJIOTHI UMEIOT CYIIEeCTBEHHO Pa3INJaoIyI0Cs JIH-
MO UIBHOCTD, TIOITOMY JJIS UX OZHOBPEMEHHOTO OII-
penenenus HEOOXOAUMO HCIIOJIh30BaHUE TPATUEHT-
HOTO 3mompoBanua. OIHAKO cofep:ranme TUKO(de-
WIXWHHBIX KHCJIOT B MOJIBHOM COOTHOIIEHUU He
mpeBbIIaeT 5 — 7 % OT CyMMBI XJIOPOT€HOBBIX KHC-
soT [9], mosTOoMYy IJIs1 OIlEHKH KadecTBa Kode MOKHO

2 TOCT ISO 4052-2013. MexrocyqapCTBEHHbINA CTaHAAPT.
Kodpe. Onpenenenne comepsxanus KoernHa.

3 TOCT 29148-97. Me:xrocynapcreennbiii crangapr. Kode
HaTypalIbHBIA PACTBOPUMBIH.
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Puc. 1. Hymeparusa atomoB yriepoga XuHHOU KUCIOTHI (I)
no pexomenpanuam UIOITAK u crpyxrypa xodemnsa (I1)

Fig. 1. Numbering of carbon atoms of quinic acid (I) ac-
cording to the IUPAC recommendations and the structure of
caffeine (II)
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OTPAHUYHUTHCI COBMECTHBIM OIIpejeeHneM Kogeu-
Ha ¥ TPeX M30MEPHBIX MOHOKO(EOHIXWHHBIX KHC-
smor. Hakowerr, B mame «3ejneHoi» (uiau boiee «3e-
JIEHOM») XpoMaTorpaduu KejlaTelbHa 3aMeHa JI0Po-
TOCTOSIIET0 MW SKOJOTUYECKH HeOJIarompusaTHOTO
areToOHUTpWIA Ha 00Jiee BKOJOTHYECKH IIpHeMJIe-
Mble KOMIIOHEHTHI MOABM:KHBIX (pas [15]. ITosTomy
IleJIb HACTOSIIEH paboThl — paspaboTKa YCIOBUM
ompeneneHus KoernHa U Tpex H30MEPHBIX XJIOPore-
HOBBIX KHCJIOT B ODKCTPAKTAX HAIMTKOB IIPU COBMeE-
CTHOM IIPUCYTCTBHHU C OTKA30M OT alleTOHUTPHUIIA.

JKCIIepHMEHTATBLHAS 9aCTh

Mamepuanwt. UccnenoBanubie B pabore obdpas-
(bl Yasg Mare U Koje ObUTH TPHOOPETEHBI B PO3HUY-
HOHM ToproBime. B KauyecTBe cTaHIAPTHBIX BEIECTB
KCIIOIb30BAIA TEMUTHAPAT XJIOPOTEHOBON KHCIIOTHI
(Aldrich) u xodeun (Kurait). [lns mpurorosieHwus
MOJIBIKHBIX (pa3 u Oy(pepHbIX pACTBOPOB HCIIOIH30-
panu anerouutpui (gradient grade for liquid chro-
matography, Lichrosolv, I'epmanus), npomanom-2
(Peaxum, P®), stunamerar (Kommonenr-Peakrus,
P®), oprodocdopuyo ruciory (Peaxum, PD) u
runpokcun Hatpud (Peaxum, PD).

Ixemparkyus. 1T PaACTUTEIBHOTO Marepuasa
sammBaind 100 M1 KUIsIned BOAbl M HACTAWUBAIN B
teuenrie 30 mun. PunbTpar OTHEIATH OT TBEPHOTO
ocTarka (PUILTPOBAHUEM Yepes3 OyMaKHbIH (PUIHTP.

IIpo6onodzomosky K OIpEIENEHUI0 MEeTOI0M
O® BOHX mnpoBomuau MeTomoM TBepHOQasHOM
OKCTPAKIMM HA KOHIIEHTPUPYIOIUX IATPOHAX
ITUAIIAK C18 (buoXumMax CT, P®). IlaTpous:
AKTUBUPOBAIH MPOILyCKAHHEM 5 MJI aI[eTOHA W KOH-
OUIIMOHUPOBATN IMPOIycKaHweM 15 Mi pacTBopa
0,1 M HCI, sarem mpomyckanu depes3 maTpor 50 mir
akcrpakra. CoequHeHud IecopOUPOBATH C TATPOHA,
MPOILyCKAs 3 MJI PEIKCTPATeHTa — CMECH aI[eTOHHT-
pUI — MypaBbUHAA KHUCIOTA — BOAA B OOHEMHOM OT-
vomrennu 30:30:40 (a) ¢ mocnemymoruM pasbasiie-
HUEM 3joaTta B 4 pasa JUCTHIIMPOBAHHOM BOIOM
WM CMECH STHIAIETAT — MypPaBbHHASI KHUCIOTA —
Boma (5:3:92) (6) ¢ mecopObumeii (8) ocraBIIUXCI HA
IaTPOHEe BeIlleCTB dKCTpareHToM (a).

Xpomamozpaguueckoe onpedesnerie TIPOBOAUIN
¢ wucnoiab3oBaHueMm xpomarorpada Agilent 1200
Infinity, ocuatenHoOTO METAa3aTOPOM, TPATHEHTHBIM
HACOCOM, ABTOJ03aTOPOM, TEPMOCTATOM KOJOHOK U
AUOOTHO-MAaTPHUYIHBIM JETEKTOPOM, U OIBYX XpoMaTo-
rpaduygeckux KoJOHOK 150 X 4.6 mm Symmetry
C18, 3,5 mrm (Waters, CIIIA), pasnuyaromuxces cpo-
KaMH UCIOIb30BaHUs B JIa00PATOPHH.

3amuck, XxpaHenue U 00paboOTKy XpoMaTorpaMmm,
a Takxe OIpejeeHne BpeMeH yAep:KUBaAHUA U IITH-
PHUHBI IINKOB HA IIOJIOBUHE BBICOTHI (MI/IH) OCyII1eCTB-
gy ¢ romoinbio nporpammbl Agilent ChemSta-
tion. B xagyecTBe MeTYMKA «MepPTBOTO» BPEMEHHU HC-

MTOTB30BAJIN I[ABEJIEBYI0 KUCIOTY (IeTeKTHPOBAHNE
Ha JuirHe BOJaHBI 240 HM).

Pacuer munodmisaoctu (ClogP) coemuneHuin
BBIIIOTHSIH ¢ TTOMOIIbI0 mporpammbl Chem3D make-
ta nmporpamMm Chem Office (PerkinElmer).

O6cy:xxneHue pesyabrTaToOB

Bausnue pasauurvix gpaxmopos na pasdenernue
xn0pozenosulx Kucaom u kogeuna. ObpalneHHO-
dasosas BIKX ¢ TpamguIiuoHHBIME «MOHOMEPHBI-
Mu» obpareHHbIMU (hazamMu (MIOIyIeHHBIMU CHJIH-
JIUPOBAHUWEM CUJIHKATeNs ATKWIIAMETHIXIOPCUIA-
HaMU) He OTHOCHUTCS K YHCJLYy METOMO0B, yIOOHBIX IJI
pasmesieHus 30MEPOB IPH PaCIIpeIeTUTEILHOM Me-
xauusme copbmuu. Takas craruonapuas casa pac-
cMaTpUBaeTCsI Kak aMopdHAs JKUIKAsI cpefia, U pas-
IeleHne copbaToB MOMUUHAETCS 3aKOHOMEPHOCTIM
pacrpeneneHus MKy ABYMs HECMeIIHBAIOIINMU-
ca pazamu [16], KoTOpbIe OOBIYHO COIOCTABJISIOT C
Ko3(ppuIImeHTaMu pacIpeae/ieHns B CHCTeMe Mac-
JI0 — BOjia. 3HauYeHWs Jsorapudma KosdduimenTa
pacrpeneneHus BEIeCTB MEKIy OKTAHOJOM-1 U BO-
moii, Clog P, paccurTaHHbIE € TTIOMOIIbI0 ITPOrPAMMBbI
Chem3D, oxkasanuch ONMHAKOBBIMH IJIs IBYX H30-
MepoB xmoporeHoBbix Kucaor — 3CQA u 5CQA
(-1,879), ornuuasck OT 3HAYEHHUSA, [OIYICHHOTO I
4CQA (-1,400), Torma kak KodenH 00Ia1aJ CyIIIecT-
BeHHO Oosbieii gunoduiabHocThio (—-0,040). Omua-
KO SKCIIEPHMEHTAILHO HAUJEHHBIH IJIS TpeX pas-
JIMYHBIX THUIIOB MOABMKHBIX (pas (I OJHON M TOH
JKe CTallMOHAPHON (Pasbl) MOPSAI0K SIIOMPOBAHUS
YeThIPEX COEJUHEHUH He COriiacyeTcs C mpeacKasa-
uusamu 1o Clog P (puc. 2).

C mpyro#l CTOpPOHBI, B Ciydyae «IIOILIABOYHOTO»
Mexanusma [17] ynepxuBamre MOKeT OBITH UyBCT-
BUTEIHHBIM K TOJOMKEHHUI0 KO(PEOUIbHBIX TPYMI B
«IIOTJIABKE». B cilydae XJI0pOreHOBBIX KHUCIOT B Ka-
YeCTBE «IIOIJIABKA» BBICTYIIAET caMas THAPOQUIb-
Has 9aCTh — PAJUKAJ XUHHON KUCIOTHI, IPOHUKHO-
BeHHe KoToporo B mpuBuToi C18-coit MmanoBeposT-
Ho. «]lomaBoYHbIf» MeXaHU3M OTBEUAEeT 32 Pa3JIiu-
yre yIep:KUBAHWSI H30MEPHBIX XJIOPOTEHOBBIX KH-
cinor. Ilpu sTom mHambosee dYacTo B HU3BECTHBIX
MyONMUKAIAAX TPUBOJUTCA CIEAYIONUA TOPSII0K
SJIIOMPOBAHUS M30MEPOB MOHOKO(EOMIXUHHBIX KH-
cior: tr(83CQA) < tr(5CQA) < {z(4CQA), KOTOpPBIH
[0 pesyabTaTaM HaIux ucciaemoBauuii [18] moxker
YACTUYHO W3MEHUTHCSI 32 CYET WHBEPCUH BpEMEH
yIEP:KUBAHUS IBYX IMOCIEIHUX H30MEPOB.

Obocrosarnue nodxoda. ssecrHo, uro darrop
yIEP:KUBAHUI COPOATOB B YCIOBHUAX 00pallieHHO-(pa-
30BOM XpoMaTorpauu 3aBHCHT OT KOHIIEHTPALIUU
opranugeckoro Moguduraropa (OM) BriOpanHOM
QJTIOEHTHOM cucrTeMbl. Ho mpu m3MeHeHUM KOHIIEH-
tparuu OM MoKeT U3MEeHUThCA He TONBKO YIepsKu-
BaHWe, HO W IOPSIO0K SJIIOHPOBAHUA KOMIIOHEHTOB
CIIO/KHBIX CMeced. JTO JejaeT CpaBHEHWE yIep:Ku-
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Puc. 2. Pasnenenune tpex kodeomnxuaubix kucaor (I — 3CQA; 2 — 5CQA; 3 — 4CQA) u kodenna (4) B Tpex pasIUdHbBIX II0-
IBIKHBIX (pasax: A — aneronurpur — H;PO, — Bozga (9:0,3:90,7 no o6bemy); B — nponanon-2 — H;PO, — Boga (4,5:0,3:95,2);
B — srunaunerar - H;PO, — Boma (2,75:0,3:96,95) (cranuonapuas asza — Symmetry® C18 150 X 4,6 mm, 3,5 mrm, 30 °C,
A =273 um)

Fig. 2. Separation of three caffeoylquinic acids (I — 3CQA; 2 — 5CQA; 3 — 4CQA) and caffeine (4) in three different mobile
phases: A) acetonitrile - H;PO, — water (9:0.3:90.7 by volume); B) propanol-2 — H;PO, — water (4.5:0.3:95.2); C) ethyl acetate —

H;PO, — water (2.75:0.3:96.95) (stationary phase — Symmetry® C18 150 x 4.6 mm, 3.5 pm, 30°C, A = 273 nm)

BaHWs BEIECTB B MOABIKHBIX (pasax CAydaiHO BbI-
OpaHHOTO COCTaBa TaKKe CAyJalHON XapaKTepPUCTH-
koit. [losTomy emuHCTBEHHBIM 3()(PEKTHBHBIM METO-
ZIOM KOHTPOJISI CEIEKTUBHOCTH Pa3eIeHU I[eIeBbIX
COeMHEHUM SBJISETCI AHAIW3 KapT paseeHwud,
TIOCTPOEHHBIX JIJI IIIUPOKOTO AUanal3oHa (a mpu Ha-
NIeKHOU alIPOKCUMAIAN 34 TPeaeIbl HCII0Ib30BaH-
HOTO COCTaBa — HA BeCh AUAIA30H) COCTaBa IIOJ-
BH/KHBIX (pa3 BHIOPAHHOH JIF0EHTHO cucTeMbl. Pac-
CMOTPUM TIOAXO[, OCHOBAHHBIM HA aHATU3E OTHOCH-
TEJIbHOTO Y/IeP:KUBAHUS.

Ilo BBITECHUTENBHOHN MOENH yaep:KkuBanusd [19]
mpu cop6Iuu 1 MOJIb UCCIEAyEMOro BEeIecTBa B IO -
BIDKHYI0 (pasy BBICBOOO:kmaercs n(l) MOJIb OpTaHH-
YeCKOro MOau(uKaTOpa MOJBUKHON (Dasbl:

lgk(@) = a; — n(i) 1gc(OM), (1)

rae k(i) — carrop ymepskuBaHus copbara i; a; —
WHTEepCcenT auHelHoi 3asucumoctu; ¢(OM) — mo-
napuasa kounerTparud OM B moaBm:xHOM (hase.

AnamornyHoe ypaBHEHHE CIPABEIJIUBO IS Be-
II[eCTBa, MPUHUMAEMOTO B KauecTBe BeIl[eCTBa CPaB-
HeHUsd, R:

Igk(R) = ap — n(R) lgc(OM), (2

rae k(R) — daxrop yaep:xuBauus copbara cpaBHe-
HUS.

Uckmouas roumenTpamuio OM u3 ypaBHeHHUi
(1) u (2), momydyaeM ypaBHEHHE OTHOCHUTEIHHOTO
YIEpKUBAHUA:

20 1o k(R) +a, - 2

gk =""%) n(R) %’

Igk(@) = algk(R) + b. 3)

U xora kak n(i), Tak u n(R) MOTyT He ocTaBaTh-
Csl TIOCTOSHHBIMHM B IIIMPOKOM JIHAMA30HE COCTABA
MOJBU/KHBIX (pas3, WX COOTHOIIEHUE, KaK MMOKA3bIBa-
eT JKcIepuMeHT (puc. 3), OKa3bIBAETCS HOCTOSHHBIM
B IIMPOKOM auarnasone. IIpu sTom mapamMerp a cooT-
BEeTCTBYeT OTHOIIeHuI0 uncaa Moib OM, BbICBOOO:K-
JAeMBIX TIPU COPOITMY AHATIUTA, OTHOCUTEIHHO TAKO-
O JKe mapaMeTpa JAJis BellleCTBA CPABHEHHUS, I03TO-
My TapaMeTp @ XapaKTephu3yeT OCOOEHHOCTH COJIb-
Bararuu anajgura mojeryaamu OM.

Ilodsuxcrwre paswvr cucmemovrt CH;CN — HsPO,, —
H,0. Ilapamerpsl ypaBHEHHH OTHOCHTEIHLHOTO
VAEpKUBAHUA [JI BCEX WCCIEOBAHHBIX B pabore
CHCTeM IOJBWKHBIX (a3, B KOTOPBIX B KAYECTBE Be-
[[eCTBA CpPaBHEHHs HCHOJb30BaH wm3omep H5CQA,
npezacrasiaeHbl B Tabn. 1. Beibop 5QCA 6611 060cHO-
BaH TEM, YTO €ro BpeMs yIep:KUBaHUA ONH3KO K [p
KodenHa.

[IpenmyriecTBOM TaKUX KapT pasmeaeHus SBJIs-
ercs TO, 4To Oiarojaps auHerHocTH TpeHmoB [20]
OHU TI03BOJIAIOT IMPOTHO3UPOBATE MOPAMOK BIIOUPO-
BaHUsA COENMHEHUH ajKke MPU WCIOJH30BAHUU pe-
3yJBTATOB, MOIYYEHHBIX JJII IBYX MOJBHKHBIX (a3
PasIUIHOTO CoCTaBa.

Ilopsmox smoumpoBamus ymoOHEe HCCIea0BaTh
Ha KapTe pasiejeHus, KOTopas JJis alleTOHUTPUIA
WMeeT BHJ, MpeJcTaBIeHHBbIH Ha puc. 3. [Ipu mo-
CTPOEHHM KAPTHI Pa3leeHHs HCIIOIb30BATH IaH-
HbIe I TOABHIKHBIX (pas, comep:xamux 0,3 % 00.
docdopuoit kucmorer u 12,0, 10,5, 9,0, 7,5, 6,0 % 06.
areToHUTpUIA (CIeBa HAIIPABo) B BOJIE.
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Puc. 3. Kapra pasgenenus MOHOKO(DEOUIXUHHBIX KACIOT U
Koderra B cucreme mpomnanon-2 — H;PO, (0,3 % 06.) — Boxa
(6) ma ome kapThl AnA cucTeMbl areroHuTpuna — HsPO,
(0,3 % 06.) — Boga (a) mpu temueparype 30 °C (mymeparius
NIUKOB COOTBETCTBYET PHC. 2)

Fig. 3. The map of the separation of monocaffeoylquinic
acids and caffeine in the system propanol-2 - 0.3 %vol.
H;PO, — water (b) against the background of the map for the
system acetonitrile — 0.3 vol. % H;PO, — water (a) at a tem-
perature of 30°C (for the numbering of peaks, see Fig. 1)

ITo mpencraBieHHBIM IAHHBIM YAEpP:KHUBAHHE
mapel 5CQA - kKodewH yxyamiaercs ¢ pOCTOM KOH-
[EHTPAIMH AIeTOHUTPUJIA C IOCIAeAyIoIuM obpa-
[eHHeM TopsAaKa sSaoupoBanud. [lpu xopourem
pasmeseHnu BCEX YeThIPeX COeAMHEHWH, IOKa3aH-
HOM Ha PHC. 3, OTH YCIOBHSI He MOAXOAAT IJI UX OII-
peneneHus, IOCKOAbKY Ha XpoMaTorpaMMmax Iepeq
5CQA MokeT MOABIATHCA MUK 3-Napa-KyMapOU-
XUHHOU u/unu 3-depynonaxunaon kucaor [13].

Cpenu pacTBopuTesel, CMEITUBAEMbIX C BOMOM
U JOCTYIIHBIX B BBICOKOYHUCTOM COCTOAHHHN, PEKOMEH-

nyercs (s 6oiree «3ejieHOM» xpomarorpaduu) 3a-
MeHa aleTOHUTPWUIA HA MPOMAHON-2 U STHUIAIeTAT
[20]. Bei6op opTodochopHOI KHCIOTHI BMECTO TPa-
IUIIMOHHO HUCIIOIb3yEeMBbIX YKCYCHON, MypaBbUHOU U
TPUMTOPYKCYCHOH 00yCIIOBIIEH HEOOXOIMUMOCTBIO HC-
KJIIOYEHUs STEePU(PUKAIINYA CITUPTA ITHMH KHCIOTa-
MU, 9YTO IIPHUBOAUT K HECTAOMIHLHOCTH BpeMeH yaep-
sxuBanuda [21].

Ilodsusrcnvie ¢hasvt cucmemvl nponamnon-2 -
H;PO, - H,0 (6). 3ameHa anieTOHUTPUIA HA [IPOTIa-
HONI-2 TIPUBOAWT K MEHBIIEMY OTHOCHTEIHHOMY
yuepxuBaunio 3CQA u 4CQA 3a cuer 60JbIIEro
pasIuYmnsa mapaMeTpPoB @ JTUHUHM TPEHIOB I 060UX
n3omepoB (cMm. Tabm. 1 u puc. 3). [lna mocrpoeHus
KapThl pasaeleHus WCHOIb30BATH IIOIBUKHbBIE
daswr, cogep:xariue 0,3 % 06. pocdopHOI KHUCIOTHI
u 5,8, 5,1, 4,4, 3,7, 3,0 % 06. mponanona-2 (ciesa
Hatpaso) B Boje. IIpu aTom Takas 3ameHa naubosee
3aMEeTHO CKA3ajJach Ha OTHOCHUTEIHLHOM YAEpPIKHBa-
HUYM KopeWHAa: mapaMeTp @ CYIIeCTBEHHO BO3pPOC,
yKaspIBasg Ha JyYIIy0 COJIbBATANMI0 KodenHa
M30TPONUJIOBBIM CITHPTOM II0 CPABHEHHUIO C AIleTo-
HUTPUIIOM.

Bnarogapsa mydieit coabBaTAIlMK  IIPOIIAHO-
JIOM-2 KN KO(herHa XOPOIII0 OTAEIAIOTCI OT THKOB
cunvHee yaepsxkuBaemoit 5CQA Bo Bcex mpuemie-
MbIX (T.€. ¢ £ or 2 10 10) mogBmKHBLIX ha3ax, BIIPO-
yeM, B MOJBI/KHBIX (pas3ax ¢ BHICOKOH BIIIOMPYIOIIEH
CHJION BO3MO:KHBI TPoOeMbl B pasgenennn S5SCQA u
4CQA.

Takum 06pazoM, M3OMPOIUIOBBIA CIUPT SBJIS-
eTcs XOpOoIlled aIbTepHATHBOHN aIleTOHUTPHILY, IPH-
YeM BaKHO TaKKe M TO, YTO 00BEMHAA JOJIA 3TOTO
OpTraHUYecKoro pacrsopurens (ot 3 1o 5 %) 3aMeTHO
MeHbIlle 00beMHOM moau areronuTpuaa (5 — 12 %),

Ta6auna 1. ITapamerps! ypaBHEHUH OTHOCUTEIHHOTO YAEPKUBAHUI TPEX MOHOKO(EOMIXMHHBIX KHUCJIOT M KOheHHA B TPex
pasnu4HbIX amoeHTHbIX cucreMax OM — H;PO, (0,3 % 06.) — H,O mpu temmeparype Tepmocrara KoaoHok 30 °C

Table 1. Parameters of the equations of relative retention of three monocaffeoylquinic acids and caffeine in three different
eluent systems OM — H;PO, (0.3 %vol.) - H,O, at a temperature of the column thermostat of 30°C

Oprammaeckuit Amasmer ITapamerps! ypaBueHus (4)
MOIUUKATOP a b R2
CH,CN (6 - 12 % 06.) 3CQA 0,920 -0,292 0,99999
5CQA 1 0 1
4CQA 1,096 0,050 0,99998
Kodenn 0,923 0,021 0,9995
IIpomamosn-2 3CQA 0,942 -0,387 0,99999
(3-6% 06.) 5CQA 1 0 1
4CQA 1,138 -0,008 0,99999
Kodenn 1,063 -0,168 0,99999
Jdrunanerar 3CQA 0,891 -0,222 0,99995
(1,5—4% 00.) 5CQA 1 0 1
4CQA 1,205 -0,119 0,99996
Kodenn 1,164 -0,653 0,996
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TpebyeMo¥l [Jid JOCTHKeHUs OJIM3KUX BPEMEH yep-
JKHUBAHUA KO(beOI/IJIXI/IHHbIX KHUCJIOT.

Ilodsuarcnvie ghasvl cucmemvr smuaayemam —
H;PO, - Hy0 (a). 3ameHa alleTOHUTPHUIA HA DTHII-
areTar IPUBOJUT K ellle O0IbIleMy 3SHAYEeHHIO Iapa-
MeTpa a O4Jd JUHHUHW TPpeHaa OTHOCHUTEJIbHOIO yaep-
skuBanusg 4CQA. IlosTomy mpu BBICOKOH KOHIEH-
TPAIUH STOTO PACTBOPUTENS B TOABIKHOHU ase
Ob11a 661 Bo3MokHA nHBepcus yaepsxkuanud 4CQA
u 5CQA (puc. 4), HO TOr0 HE IPOUCXOIUT H3-3a
HU3KOH PacTBOPHUMOCTH STHJIAIIETaTa B Boje. Bammuo
TaKKe, YTO IPHU STOM OTHOCUTEIHHOE YIeP:KUBAHIE
3CQA Bospacraer, mpuBoas K 00jiee «KOMIIAKTHO-
My» DIIIOMPOBAHHUIO TPEX H30MEPOB. ¥YIep:KUBAHIE
Ko(perHA yMeHbUIAETCHd 3HAUYUTEIHHO — €ro NHKU
nosABIAI0TCS 10 TuKoB 3CQA, 4TO Takke BAKHO IPH
CO3MTAHWY YCAOBHUH IJIs OTHEIEHUS KO(PEernHa OT CO-
myTcTByoNux mnpumeced. OTMernM, YTO Pacxon
srunanerara (ot 1,5 1o 4 % 00.) elje MeHbIIe, YeM
MPOIAHOJA-2, YTO MPENIOYTUTENHHO C HKOIOTHYe-
CKO# ToukM 3penus. [[ya mocTpoeHus KapThl pasfe-
JIEHWS WCIIOIb30BAN IOABUKHBIE (DA3hI, COMEpIKA-
mue 0,3 % 06. ¢ocdopuoit kucaore! u 4,0, 3,0, 2,5,
2,0, 1,5, 1,0 % 06. sTunanerara (caeBa HaIpaBo) B
BOZE Ui KOJIOHKH, OBIBIIEH IJIMTEIbHOE BPEMS B
ymorpebmennn, u 0,3 % 06. pocdOpHOH KUCIOTHI U
4,0, 3,4, 2,8, 2,1, 1,5 % 06. sTunanerara (ciesa Ha-
MIPABO) B BOJIE JIJIS HOBOM KOJIOHKH.

Eme ogHO BaskHOE CBOMCTBO 3/II0€HTHOM CHUCTE-
MBI HA OCHOBE STHJIAIETATA MOMKET OBITh UCIIOIb30-
BaHO mpu mpobomoaroToBke. J[eso B ToM, 9TO mocie
copOITMH BEIEeCTB U3 HKCTPAKTOB U Kode, 1 Mare Ha
KOHIIEHTPUPYIOIIMX MaTPOHAX [ecopOIiusd pacTBo-
pom stmnarierar — HCOOH - H,0O (5:3:92 mo 06b-
eMy) II03BOJISeT IecopOupoBaTh TOJBKO KOenH u
MOHOKO(DEOUIXMHHBIE KHCIOTHI, OCTABJIAA HA Ia-
TpoHe 6Gosiee TUMOPUILHBIE COEUHEHUS, BRIOUAT
OKpallleHHbIe B KOpH‘-IHeBBIfI OBEeT IIPOAYKTHI ITOJIH-
mepusanuu. [Ipu 9ToM MOKHO OTKA3aThCA OT TPAIU-
€HTHOTO PEKUMA DIIIOMPOBAHU /IS OUHCTKH KOJIOH-
KH OT COIYTCTBYIOUIMX SKCTPAKTUBHBIX BEIIECTB,
YTO CyHIeCTBEHHO yYMEeHbIIaeT BpeMd €eJUHUYIHOIO
OTIpe/IeIeHUs W PACXOJ IOABMIKHOM (hasbl.

Kpome Toro, ma pmc. 4 COMOCTABIEHO OTHOCH-
TeNbHOE yIepP:KUBAHUE BCEX YEeThIPeX aHAIWUTOB Ha
HOBOM U CTapO¥ KOJIOHKaX: IIOCJIETHIOI0 JINTEeIbHOe
BpeMs UCIIOJIb30BaTIU IIPU pa3iejieHuU aHTOI[MaHOB

1g k()T

08 0.8 1

12 1g k(5CQA)

Puc. 4. Kapra pasnenenus MOHOKO(EOUIXUHHBIX KACIOT U
xodenHa B cucreme stunamerar — HsPO, (0,3 % 06.) — Boma
Ha HOBOM KosoHKe Symmetry C18 (a) u Ha JIUTENBHO HC-
moab3yeMou paree KoyoHke (6) mpu temmeparype 30 °C (my-
Mepanus IUKOB COOTBETCTBYET PHC. 2)

Fig. 4. The map of the separation of monocaffeolquinic ac-
ids and caffeine in the system ethyl acetate — 0.3 %vol.
H;PO, - water on a new column Symmetry® C18 (a) and on
a long-used column (b) at a temperature of 30°C (for the
numbering of peaks, see Fig. 2)

B CHJIBHOKHCIIBIX pacTBopax ¢ pH 1,5, BeIxomsmmx
3a paMmku ycroiumBoct (assl Symmery C18. Ta-
KOe yIep:KuBaHMe HeHu30eKHO IPUBOAUT K JaCTHd-
HOMY YIAJIEHUI0 PUBUTHIX TPYIII, 0CBOOOKIAA TOC-
TYII K OCTATOYHBIM CHJIAHOJBHBIM TIpPYyIIaM. 9TO
MTOITBEPKIACTCA COMMAKEHNEM JITHMHUU TPEHI0B HA
puc. 4 qua 4CQA u 5CQA, 10 0c06€HHO CHIIBHO BO3-
pacraer yuep:xuBaHue KodewHa Kak ciaboro ocHo-
BaHWs, 00JIa1aI0IIEr0 CKIOHHOCTBIO K 00pAa30BAHUIO
BOJIOPOIHBIX CBSI3€H C OCTATOYHBIMU CHUJIAHOIBHBI-
MU TpyHIIamMu.

Onpedenerue MOHOKOGEOUAXUHHBLY KUCAOM U
Kogeuna 6 xoge u 8 uae mame. J1jis OMHOBPEMEHHO-
ro omnpeneneHus KoernHa U MOHOKO(EOMIXHUHHBIX
KHCJIOT B HAIIUTKAX, IIOJYyYEHHBIX H3 MOJOTOTO
kode, pacTBOPUMOro Kodpe ¥ M3MeTbYEHHbBIX JINCTh-
eB mamyba maparBaiickoro (4aii mare), comepiKa-
IeT0, KaK U Kode, OJHOBPEMEHHO KO(DEHH U TPH Ta-
KHe JKe U30MepHbIe MOHOKO()EOUIXHHHbBIE KUCIOTHI,
ObLTa HCIIONIb30BaHA ITOABMIKHAS (pasa Ha OCHOBE
aTHUIANeTaTa Kak 6ojee «3eJeHOr0» 3aMEeHUTEJsT
arreroHuTpuia (cM. puc. 2).

Ta6auna 2. Coxgepsxanue Tpex MOHOKO(EOUIXHUHBIX KUCIOT U KoderHa (Mr/100 M) B Tpex pasiHdHbIX HAIIUTKAX, IIOIyIeH-
HBIX U3 Pa3MOJIOTHIX JTHCTHEB Mare, pacTBopumoro (Jardin café éclair) u momororo (Tchibo) xode (n = 5; P = 0,95)

Table 2. The content of three monocaffeoylchinic acids and caffeine (mg/100 ml) in three different drinks obtained from gro-
und mate leaves, instant coffee (Jardin café éclair) and ground coffee (Tchibo) (n = 5; P = 0.95)

O6BekT ananusa 3CQA 5CQA 4CQA Cymma CQA Kodenn

Mare 64 =3 31 +2 201 115+ 5 9,3 0,3
Jardin café éclair 24 + 2 45+ 3 25+ 2 94 +5 22,9 = 0,7
Tchibo (MomoTHII) 20 =2 34,6 = 3 23 = 2 78 6 41,4 = 0,3
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B pesynbrare 6p110 yecranosieso (tabi. 2), 9To
HANUTOK, TOJY4YeHHBIH W3 pPasMOIOTOro Kode
Tchibo, comep:xam camyio BBICOKYIO KOHIIEHTPAITHIO
Ko(perHa, a KOHIIEHTPAIIUS XJIOPOT€HOBBIX KHCIIOT
OblIa MaKCHMAJIbHOH B Yae MaTe, IPHYEM B STOM
cIy4yae OCHOBHAas XJioporeHosas kmciora — 3CQA,
a me 5CQA, Kak B KoeHHBIX HAIIUTKAX.

Hcnons30BaHHBIN METON «3€JIeHOH» XpoMaTo-
rpaduu XxapakTepusyeTcs MajabIM BpeMeHeM, HeoO-
XOOUMBIM JIA 3JIOMPOBAHUA BCEX YEThIPEX KOMIIO-
HEHTOB B WM30KPATHYECKOM PEKMME, OTCYTCTBHUEM
HEO00XOIUMOCTH JITUTEIHHON OYHMCTKN OT 6ojee JIu-
OPUIBHBIX COEAUHEHUH U BbIBOAA B peskuM. [lomo-
JKEHUE JJIIOMPOBaHuA KOoherHa He HAKIAJbIBAETCS
Ha IIOJIOKEHHUSA SJIOMPOBAHUA APYTIHUX 9KCTPAKTHUB-
HBIX BEIeCTB KAK B ciIydae Kode, TaK U B CiIydae
mare. OTcyTcTBHE IIPOCKOKA KOHTPOJIHPOBAIH, WC-
MONb3ys IBa IIOCIEN0BATENHHO COECIUHEHHBIX IIa-
tpona. IlomHOTY mecopbIiiuu BeIecTsB ¢ KOHIIEHTPH-
pyIOIIEero maTpoHa KOHTPOJIUPOBAIH, AHATU3UPYS
peskcrpakr (8) (cM. pasmen «IIpobonodzomoska»).
IIpu sTOM 6BLTO HAMEHO, YTO CTEIIEHb U3BICUEHUS
KO(beI/IHa U HM30MEPHBIX XJIOPOT€HOBBIX KHCJIOT Ha
BTOpOM 3Tare 6bu1a He Hrske 99 %.

3axkaroueHue

B pa6ore BepBbIe MOKa3aHo, 4TO 3aMeHa aIreTo-
HUTPHWJIA HA Takue 00jiee DKOJOTHYECKH 6JIarompu-
arHble (1 60Jee melieBbie) PACTBOPUTENH, KAK IIPO-
MAaHOJ-2 WX STUJIALETAT, IPH ITOJKUCIEHUH IIO]-
BHJKHOUM (paspl opTooChOPHON KHUCIOTOM I Pas-
JeJIeHus MOHOKO(DOMIXUHHBIX KUCIOT U KOo(hernHa B
yemoBusax obpariento-azoBoii BAKX wHe TomBKO
BO3MOJKHA, HO U JKeJIaTenbHa. Y CTAHOBIEHO, YTO Ta-
Kas 3aMeHa 0CO0EHHO CHUJILHO BIUAET HA yAepiKuBa-
HUe KoderHa, MEHSAS JaKe IMOPSIIO0K SIIOUPOBAHUS
YeThIpeX PacCMaTPUBAEMBIX COEJUHEHUH. JTO IO-
3BOJIAET BBHIOPATH YCIOBUSA, IIPHU KOTOPBIX KO(enH
oTHessaacs 6bI He TOABKO OT MOHOKO(EOUIXMHHBIX
KHCJIOT, HO U OT APYTHUX COIIyTCTBYIOIIUX SKCTPAK-
TUBHBIX COeIVMHEHUH, HAIIpUMepP, U30MEPHBIX napa-
KyMapowi- U (PepyIOMIXUHHBIX KHUCIOT PealbHbIX
pacturenbHbIX 00beKTOB. IIpu TBepmodasHoi sHKc-
TPAKIIMKM HKCIIOIb30BAHWE DKCTPATEHTOB HA OCHOBE
STUJIAIIETATA JAeT BO3MOKHOCTH OTAEIUTH MOHOKO-
(heonnxuHHBIE KUCTOTHI (M KOPEUH) OT CyIIeCTBEH-
HO 0oJsiee JTHUITO(PHUIBHBIX H30MEPHBIX JTUKO(EOUII-
XUHHBIX KHUCJIOT XU OKPAIII€eHHBIX ITPOAYKTOB KOH/IEH-
calmuy XJIOPOTE€HOBBIX KHCJIOT. BTO II0O3BOJIIET HC-
MOJIb30BATh M30KPATHUECKUH PEKUM XpoMaTorpa-
(hupoBanus Ipu pasgereHuH MOHOKO()EOUIXUHHBIX
KHCJIOT 1 KOperHa.
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