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IMpencraBieHs! JaHHblE 00 UCIIONB30BAHUK KOHBEPCUU caXapoB B (hypaHbI B KUCIIOM cpene st
OIIpe/ieNIeHHs] KOJIMYECTBEHHOIO COEP KaHMsl YIIIEBOIOB B JIEKAPCTBEHHBIX CPEACTBAX PACTU-
TEJIFHOTO MPOUCXOXKICHHS Ha IPUMeEPe COKa, MOMYYEHHOTO U3 CBEXKHX JIUCTHEB JIOMyXa 00JIb-
woro (Arctium lappa L.). B xucinoii cpene Habar0qaeTcs Aerpaiaiis rekco3 (ppyKrossl, Dko-
KO3bl), a TaKkKe MHYJIWHA, NIPU KOTOPoH obOpasyrorcst S-ruapokcumerundypodypon (HMF) u
npyrue koMmroHeHTsl. [1o oopazosanno HMF u ero mpousBonHbIX ¢ 00pa3oBaHreM XpoMogo-
pa npu JyirHe BOJIHBI 283 — 285 HM B pe3ynbTare KMCIOTHOTO THIposin3a GpyKTO3bl U caxapo-
3bI BOBMOXKHO OLICHHBATh MX KOJMYECTBEHHOE COJCPIKAHUE METOIAaMHU CIEeKTPO(GOoTOMETpHU U
BDXX, a Tarxke creKTpopOTOMETPHUYESCKH ONPEACATh nocine YD-aerpaaaiun. IKCIepUMEH-
TaJbHO YCTAHOBIICHO, YTO B Pe3yJIbTaTe KMCIOTHOM Aerpafanny Coka, Kak U pacTBopa Gpykro-
3b1, 0Opasytorcsi (pypanosbie npousBopHble (HMF) ¢ MakcMMyMOM MOIIOLICHUS NIPU JUIMHE
BOJIHBI IIpH 283 HM, KOTOPBIH IPUHAT 32 aHanuTH4ecKuil. CopepaxaHue yIIeBOIOB B UCIIBITaH-
HBIX 00pa3uax npenapara cocrasuiio ot 1,05 1o 1,36 %. OTHOcUTENbHAS IOTPEIIHOCTD CPel-

HETro pe3ylibTaTa NpEAJIOKCHHOI'O METOJa COCTABIIACT 7,5 %.

KuaroueBsble cioBa: caxapa; Arctium lappa L.; KACIOTHBIN TUIPOIH3; QypaHbL.

Konsepcus rexco3 B (ypansl, Karaqu3upyeMasi KUCIio-
TOM, ObLIIa MOPOOHO U3ydueHa B 60 IT. mponuioro Beka [1].
B kucnoii cpege HabmronaM Aerpaganuio rekcos3 (ppyk-
TO3BI, JTIOKO3HI), @ TAK)KE HHYJINHA, IPU KOTOpO 00pa3y-
FOTCSI CIICIYIONINE OCHOBHBIC NPOM3BOIHBIE — S-THAPO-
keumetundpypdypon (HMF), S-(ruapokcumeTwn)-2-¢y-
pampperun U 2-(2-rumpokcuaneTin)pypaH, a Takke
dbypdopon, 5-metrn-2-¢pypaibaerun, U30MaIBTON, (Pop-
Muar 2-(2-rugpoxcuaneTui)pypana, 4-ruIpoKCUreKcaH-
2,3,5-tpuoH [2 — 5]. Taxke cpenu NpoAyKTOB AeTpagalui
HaXOJST MypaBbUHYIO, YKCYCHYIO U JIEBYJIMHOBYIO KHCIIO-
Thl, oayyaromuecs npu paspymennn HMF. Ilpu pa3ubix
3HadeHusXx pH Habmromaercss BapmaOeslbHOCTH 00Opasye-
MBIX KOMITOHEHTOB [6 — 9].
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®dypaHbl MOTYT 00pa30BBIBATHCS U3 (PPYKTO3BI, TITFOKO-
3bl, Caxapo3bl U aCKOPOMHOBOW KHCIIOTHI, HEOOJIBIIIOE MX
KOJIMYECTBO TIONy4aeTcs] W3 SOJOYHON M JMMOHHOH KH-
ciot. [lpudeM WX KOJIMYECTBO PE3KO BO3PACTACT IIPH
ymenbiennd pH ot 8 k 3 [10].

Omnwcanbl 2 abTePHATUBHBIX THIIOTE3bI MEXaHU3MA JIe-
ruaparanuu ¢pykro3sl 70 HMF, a umeHHo: mocnemnosa-
TENBHOCTD PEAKIHii, HAYMHAIOIINXCS C COXPAHCHUS 110~
CTHOCTH @pyxmo-(pypanoznoro konsia (1), u nocnenona-
TEJIBHOCTh PEaKLUH, MPOTEKAIOUMX B OCHOBHOM Yepe3
OTKPBITYIO LIeNb nHTepMenuaroB (2). CyiecTByrouye 10-
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Ka3aTelbCTBA 00CHX THIIOTE3 MPOBEPEHBI U MPHU3HAHBI B
monb3y (1). YeTaHOBIICHO, YTO HEOOXOMUMBIN JIJISl CHHTE3a
HMF wunTepmenuar ¢pyxmo-hypaHo3mi-KaTuoH oOpasy-
€TCsl HEMOCPENCTBEHHO MPH TUApoIn3e caxapo3sl [11].

N3zBectHo, uto HMF 1 npyrue KOMIoHEHTHI 00pa3yroT-
Csl B BOIHBIX (DUTOIKCTPAKTAX TAKKe MPHU TEIIOBOM BO3-
nevicteuu. CrpykrypHas (opmyma HMF, macc-criektp,
cnekTp B YO U BUAMMO# 00JIACTH, MOJyYCHHBIC HA KH/I-
KOCTHOM  xpomaromacc-crnekrpomerpe  (BDXKX-MC,
LC/MS) co criekTpopoTOMETPUIESCKUM JETEKTOPOM ¢ (ho-
tonuonHoi JymHekkon (DAD) Agilent 1200 (Agilent,
CIIA), mpeacrasiens! Ha puc. 1 [12].

[To obpazoBarnto HMF u ero nponsBomHbIX ¢ 00pa3o-
BaHUEeM XpoModopa npu JuiuHe BOJHBI 283 — 285 HM B pe-
3yJbTare KUCIOTHOTO THAPOIU3a (PPYKTO3BI U Caxapo3bl
BO3MOKHO OIICHHMBATh MX KOJIMYECTBEHHOE COJEpXKaHHE
MeTofaMu crnekrpodoromerpun 1 BOXKX [13-15], a
TaKKe CIEKTPO()OTOMETPHUCCKH ONPENEeNATh IOCHe
Y®-nerpanaruu [16].

B cpaBHHTENEHOM acrekTe IIenoyHas Aerpagamus ca-
XapoB UMEET OTIMYNA OT KUCIOTHOU. [Ipu miemounon ne-
rpagauuu  MoHocaxapuaoB (D-miroko3sl, D-(Qpykro3sl,
D-mann038! 1 D-mIcHKO3B1) U @hpyKxmo-ypaHO3UAOB MO-
nydarorces conu kuciot [17, 18].

Hanpuwmep, npu TakoBoit D-mimroko3s! u ¢hpyxmo-¢ypa-
HO3WIOB B BogHOM pactBope Ca(OH), mpu 100 °C momy-
4aeTcs CMeCh, cocTosmas u3 6onee 50 KOMIOHEHTOB (Ta-
pacaxapuHoBas, 2-C-METHINICHTOHOBAsI, reKcameTacaxa-
pUHOBas, M30CaXapvHOBas, IIMKOJHMEBas, MOJIOYHAs,
muiepuHoBasi, 2-C-MeTWITHIIEpUHOBAs], JI€OKCUTETPO-
HOBas, J€OKCUIIEHTOHOBAs KHUCIOTHI U 1p.). Hamuuue B
CMECH TlapacaxapuHOBOM KUCIIOTHI SBJISIETCS apryMEHTOM
B TIOJIb3y CYIIECTBOBAaHWS HWHTEpMeaMara TIoKo3a-3,4-
sHenuona [18 — 20].
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Puc. 1. 5-T'uapoxcumerundypdyporn (HMF) UV-Vis (a) u MS (6)

crexrTpsl [12].

[Ipu meno4yHoil nerpajany HHYJIMHA OCHOBHBIMH
KOMIIOHEHTaMHU SBJSIOTCS  o-D-TimokocaxapruHoBas Ku-
CJI0Ta, a Takke o-D-m3ocaxapuHONakToH, o-D-rrokoca-
XapUHOJIAKTOH, 2-II€OKCU-D-InIepoTeTpoHoBasi, MOJIo4-
Has ¥ JIAKTHJIMOJIOYHAsI KUCIIOTHI [21].

W3yuensl npeBpalieHus: HHyJIUHA, TIFOKO3bI U (PYKTO-
3bl [IpY IMPOJIM3€ B HEUTpajbHOM M LIENOYHOM cpexe,
MIPOAYKTAMH{ TIPH 3TOM SIBIISIFOTCS (PypaHOBBIE ITPOM3BOJI-
Hble, TeKCOCAaXapUHOJAKTOHBI, aHTUpocaxapa,
JalbACTH, aleTol], AMTHIPOKCHALICTOH, YKCYCHas, My-
paBbUHAsI U MOJIOYHAsI KUCIIOTHI [22].

TJTINKO-

Lenpio mccnmenoBaHus SBISUIOCH HCIIONB30BAHUE KH-
CIIOTHOH Jerpajanuyl caxapoB A MX KOMUYCCTBEHHOM
OLIGHKH METOJIOM CHEKTPO(POTOMETPHUH B COKE, MOTYUEH-
HOM M3 CBEXHUX JIUCTheB Jomyxa (Arctium lappa L. n
Arctium tomentisum L. cem. cloxHOUBETHbIe — Aste-
raceae). OObEKTOM HCCIIEIOBAHUS SBJISUICS COK, MOJYUYCH-
HBIA M3 CBEXKHX JIHCTHEB JIOIyXa OOJNBIIIOTO, 3arOTOBJICH-
HbIx B 2010 . B 6orannyeckom cagy BUJIAP (Mocksa). B
KauecTBe KOHCEPBAHTA K COKY JOOABISAIM OSTHIOBBIN
cupt A0 coaepxanus nocienHero 20 %. Perucrpamuio
YO-criektpoB npoBomwiM Ha crekrpodoromerpe Cary
100 Scan (Varian, CLLIA).

DKCIEpPUMEHTAIIBHO YCTAHOBJICHO, YTO B PE3yJbrare
KHCIJIOTHOH Jerpaganny coka, Kak U pacTBopa (GpyKTo3H,
obpasytrorcst (hypanossie nipousBoanbie (HMF) (puc. 2) ¢
MaKCHMYMOM TOIJIOIICHUS MpPH JJIMHE BOJHBI MpPHU
283 HM, KOTOPBIN NPUHSAT 38 aHAIUTHYECKUH.

HccnenoBaHo BIMSHEE BPEMEHH THJIPOJM3a Ha KOH-
LEHTPAIMI0 00pa3yroIuXcsi (ypaHOBBIX MPOU3BOIHBIX B
pactBope ¢pykTossl (puc. 3) u coke jomyxa (puc. 4). Io-
[JIOLICHHE B MakCUMyMe 283 HM BO3pacTaeT MpH YBEJIH-
YEHUHM BPEMEHH T'MApOu3a /10 2,5 4, a mocie 3 4 najaer,
YTO CBA3aHO ¢ nociienyromuM paspyuenueM HMF. Takum
00pa3oM, ONpenesieH0 ONTHMAJIbHOEC BpPEMs KHCIOTHOM
JeTpaJialliy COKa JIoMmyxa U (PPyKTO3bI, KOTOPOE COCTABIIS-
er 2,5 u.
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Puc. 2. Criextp rupponnsaroB coka yomyxa (/ ) n pactBopa Gppyk-
TO3bI (2).

SKCnepuMEHmaﬂbHaﬂ yacmo

KomnuecTBeHHOE oOmpeneseHHe CyMMBI YIJICBOIOB B
nepecyere Ha (PYKTO3y B COKE JIOMyXa OCYIICCTBISIOT
CJIeAyONMM 00pa3oM. 5T (TOYHAas HaBecKa) Mperapara
MOMEMIAI0T B KPYIIOJOHHYIO KOJOy BMECTHMOCTBIO
100 mu1, mpubaBisOT 1 MII KHCIOTHI XJIOPUCTOBOAOPO/I-
HOW pa3BelleHHOH, NPUCOEAMHSAIOT K 0OpaTHOMY XOJIO-
JWIBHUKY Y HarpeBaroT Ha BOJSHOW OaHe MpH TeMIepary-
pe KHUIIeHUs B TeueHue 2,5 4. 3areM OXJIaXIaroT 10 KOM-
HATHOM TeMIIepaTypbl, OTCOCAUHAIOT OT XOJOAMJIbHMKA,
MIEPEHOCST COJAEPKUMOE B MEPHYIO KOJIOY BMECTUMOCTBIO
50 M1, TOBOJST O METKH BOJOW M MEpeMEInBaioT (pac-
TBOp A). 1 M1 pacTBopa A MOMENIAIOT B MEPHYIO KONOY
BMeCTUMOCTBIO 50 MJI, TOBOJST 10 METKH BOJIOHM M Iepe-
MenmBatoT (pactBop b). M3MmepstoT onTHYecKyro IUIOT-
HOCThb pacTBOpa B MakCHUMyMe IOTJIONMIEHHS TMPH JIJTHHE
BOJIHBEI 283 HM B KIOBeTe ¢ TONIMHON cios 10 mm. B ka-
YEeCTBE pacTBOpa CPaBHEHMS HCIONB3YIOT Boxmy. [lapai-
JIETFHO M3MEPSIOT ONTHYCCKYIO TNIOTHOCTH PacTBOpa pa-
6ouero crangaptHoro oopasma (PCO) Gppykro3sl: B KpyT-
JIOZIOHHYO KOJIOY BMecTUMOCTBIO 100 M1 momMeniaroT 2 Mt
0,05 - 0,1 % Bognoro pactBopa PCO ¢pykT03HI, TpHdaB-
JSIOT 1 MJT KHCITOTBI XJIOPUCTOBOJOPOJHOMN pa3BeIEeHHOM,
MIPUCOEAUHSIIOT K 00PaTHOMY XOJOIWIBHHUKY U HarPEBAIOT
Ha BOASHOU OaHEe IpHU TeMIeparype KHIICHUS B TCUCHUE
2,5 4. 3areM OXJIaXJIAI0T 0 KOMHATHOM TeMIeparypbl, OT-
COEIMHAIOT OT XOJIOAWJIbHUKA, IEPEHOCAT CONEPIKUMOE B
MEpHYI0 KoJ0y BMECTUMOCTBIO 50 MII, TOBOIAT IO METKU
BOJION M MEPEMELINBAIOT.

ConepxaHue yrieBoJoB B nepecueTe Ha Gpykrosy (X,
%) BBIYUCIISIIOT IO (hopMyJie:

_ Dmpco 2:50-50-100 D -mpeq -100
Dy -m-100-50 1 Dy-m

X

rae D — onrudeckas IIOTHOCTh pacTBopa b; Dy — ontu-
geckast IOTHOCTE pactBopa PCO ¢pykT038I; 11p) — Ha-
Becka (PpyKTO3HI, T; 711 — HaBecka Ipernapara, T.

CozeprkaHre YIIICBOIOB B UCTIBITAHHBIX 00pa3nax mpe-
napara coctasmiio ot 1,05 mo 1,36 %.

Meroarka BaluANPOBaHA [0 KPUTESPHAM JIMHEHHOCTH,
MOBTOPSIEMOCTH, BHYTPHIIA00PaTOPHOIT BOCIIPOM3BOIUMO-
CTH ¥ npaBuwibHOCTH. OTpeneneHne THHEHHOCTH IPOBO-
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Puc. 3. 3aBUCHMOCTh ONTHYECKOH IIIOTHOCTH OT BPEMEHH THIPO-
nu3a Gpykrossr: 30 mun (1), 19 (2), 1,549(3),29(4),2,54(5),
349(6).

JUII0Ch Ha 6 ypoBHsAX KoHieHTpamuid CO ¢GpyKTO3bl B
nuarazone 6,4 — 38,6 mrr/mit. Koaddunment koppensunu
coctasmi 0,989. [IponieHT BOCCTAaHOBIEHUSI HAXOIUTCS B
npenenax ot 97,4 no 102,17 % u umeer cpeqHee 3HAYCHHE
101,09 %, 4TO COOTBETCTBYET TpPEOOBAHUAM KpUTEPHUS
MPUEMIIEMOCTH. METpOJIOTUYECKHUE XaPAKTEPUCTUKU Me-
Tomuku: X, = 1,239, §7=5,603 - 10-% S, = 7,458 - 102,
P.=095, t(p, ))=278, E,=%75%, AX,=0,093,
AX=10,208.

Takum 00pa3om, Uil OLIEHKHU CONEPIKaHHS YIIIEBOAOB B
COKe JIOIyXa MpejIokeHa METOINKa, Oazupyromiascs Ha
Jerpajalii caxapoB B (ypaHbl W TOCIEIyIOIIEH HX
OIICHKE METOZIOM CIIEKTPOPOTOMETPUH, XapPaKTEPHU3YIO-
miasicst JOCTaTOYHOM TMPOCTOTON aHaUTHYECKUX Ollepa-
[IUH U YIOBJIETBOPSIONIAS BAIMAAIIMOHHBIM TPEOOBAHHSM.
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DETERMINATION OF TOTAL CARBOHYDRATES (RECALCULATED
FOR FRUCTOSE UPON CONVERSION TO FURANS) IN BURDOCK JUICE

Ya. F. Kopytko

All-Russia Research Institute of Medicinal and Aromatic Plants (VILAR), Russian Academy of Agricultural Sciences), Moscow, 113628 Russia

* e-mail: yanina@kopytko.ru

The use of the conversion of sugars to furans in an acidic medium for determining the quantitative content of carbohydrates is described by example of a jui-
ce made from fresh leaves of burdock (4rctium lappa L.). Under acidic conditions, the degradation of hexoses (fructose, glucose) and inulin takes place with
the formation of 5-hydroxymethylfurfural (HMF) and some other components. By measuring the amount of HMF and its derivatives containing a chromop-
hore signaling at 283 — 285 nm wavelengths (formed as a result of the acid hydrolysis of sucrose and fructose) it is possible to estimate their quantitative con-
tent by spectrophotometry and HPLC techniques initially and after UV-induced degradation. It is experimentally established that the acid degradation of jui-
ce, as well as fructose solution, leads to the formation of furan derivatives (HMF) with an absorption maximum at 283 nm wavelength that is adopted for the
analytical purposes. The influence of hydrolysis duration on the concentration of furan derivatives formed in solutions of fructose and burdock juice has been
studied. The absorption at 283 nm grows with the time of hydrolysis to 2.5 h, and drops after 3 h as a result of the subsequent destruction of HMF. Thus, the
optimum time of acid degradation of burdock juice and fructose amounts to 2.5 h. The content of carbohydrate in the samples varied from 1.05 to 1.36%.The
relative error of average results of sugar determination by the proposed method is 7.5%.

Keywords: sugars; Arctium lappa L.; acidic hydrolysis; furans.
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