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Ïðåäñòàâëåíû äàííûå îá èñïîëüçîâàíèè êîíâåðñèè ñàõàðîâ â ôóðàíû â êèñëîé ñðåäå äëÿ

îïðåäåëåíèÿ êîëè÷åñòâåííîãî ñîäåðæàíèÿ óãëåâîäîâ â ëåêàðñòâåííûõ ñðåäñòâàõ ðàñòè-

òåëüíîãî ïðîèñõîæäåíèÿ íà ïðèìåðå ñîêà, ïîëó÷åííîãî èç ñâåæèõ ëèñòüåâ ëîïóõà áîëü-

øîãî (Arctium lappa L.). Â êèñëîé ñðåäå íàáëþäàåòñÿ äåãðàäàöèÿ ãåêñîç (ôðóêòîçû, ãëþ-

êîçû), à òàêæå èíóëèíà, ïðè êîòîðîé îáðàçóþòñÿ 5-ãèäðîêñèìåòèëôóðôóðîë (HMF) è

äðóãèå êîìïîíåíòû. Ïî îáðàçîâàíèþ HMF è åãî ïðîèçâîäíûõ ñ îáðàçîâàíèåì õðîìîôî-

ðà ïðè äëèíå âîëíû 283 – 285 íì â ðåçóëüòàòå êèñëîòíîãî ãèäðîëèçà ôðóêòîçû è ñàõàðî-

çû âîçìîæíî îöåíèâàòü èõ êîëè÷åñòâåííîå ñîäåðæàíèå ìåòîäàìè ñïåêòðîôîòîìåòðèè è

ÂÝÆÕ, à òàêæå ñïåêòðîôîòîìåòðè÷åñêè îïðåäåëÿòü ïîñëå ÓÔ-äåãðàäàöèè. Ýêñïåðèìåí-

òàëüíî óñòàíîâëåíî, ÷òî â ðåçóëüòàòå êèñëîòíîé äåãðàäàöèè ñîêà, êàê è ðàñòâîðà ôðóêòî-

çû, îáðàçóþòñÿ ôóðàíîâûå ïðîèçâîäíûå (HMF) ñ ìàêñèìóìîì ïîãëîùåíèÿ ïðè äëèíå

âîëíû ïðè 283 íì, êîòîðûé ïðèíÿò çà àíàëèòè÷åñêèé. Ñîäåðæàíèå óãëåâîäîâ â èñïûòàí-

íûõ îáðàçöàõ ïðåïàðàòà ñîñòàâèëî îò 1,05 äî 1,36 %. Îòíîñèòåëüíàÿ ïîãðåøíîñòü ñðåä-

íåãî ðåçóëüòàòà ïðåäëîæåííîãî ìåòîäà ñîñòàâëÿåò 7,5 %.

Êëþ÷åâûå ñëîâà: ñàõàðà; Arctium lappa L.; êèñëîòíûé ãèäðîëèç; ôóðàíû.

Êîíâåðñèÿ ãåêñîç â ôóðàíû, êàòàëèçèðóåìàÿ êèñëî-

òîé, áûëà ïîäðîáíî èçó÷åíà â 60 ãã. ïðîøëîãî âåêà [1].

Â êèñëîé ñðåäå íàáëþäàëè äåãðàäàöèþ ãåêñîç (ôðóê-

òîçû, ãëþêîçû), à òàêæå èíóëèíà, ïðè êîòîðîé îáðàçó-

þòñÿ ñëåäóþùèå îñíîâíûå ïðîèçâîäíûå — 5-ãèäðî-

êñèìåòèëôóðôóðîë (HMF), 5-(ãèäðîêñèìåòèë)-2-ôó-

ðàëüäåãèä è 2-(2-ãèäðîêñèàöåòèë)ôóðàí, à òàêæå

ôóðôîðîë, 5-ìåòèë-2-ôóðàëüäåãèä, èçîìàëüòîë, ôîð-

ìèàò 2-(2-ãèäðîêñèàöåòèë)ôóðàíà, 4-ãèäðîêñèãåêñàí-

2,3,5-òðèîí [2 – 5]. Òàêæå ñðåäè ïðîäóêòîâ äåãðàäàöèè

íàõîäÿò ìóðàâüèíóþ, óêñóñíóþ è ëåâóëèíîâóþ êèñëî-

òû, ïîëó÷àþùèåñÿ ïðè ðàçðóøåíèè HMF. Ïðè ðàçíûõ

çíà÷åíèÿõ pH íàáëþäàåòñÿ âàðèàáåëüíîñòü îáðàçóå-

ìûõ êîìïîíåíòîâ [6 – 9].

Ôóðàíû ìîãóò îáðàçîâûâàòüñÿ èç ôðóêòîçû, ãëþêî-

çû, ñàõàðîçû è àñêîðáèíîâîé êèñëîòû, íåáîëüøîå èõ

êîëè÷åñòâî ïîëó÷àåòñÿ èç ÿáëî÷íîé è ëèìîííîé êè-

ñëîò. Ïðè÷åì èõ êîëè÷åñòâî ðåçêî âîçðàñòàåò ïðè

óìåíüøåíèè pH îò 8 ê 3 [10].

Îïèñàíû 2 àëüòåðíàòèâíûõ ãèïîòåçû ìåõàíèçìà äå-

ãèäðàòàöèè ôðóêòîçû äî HMF, à èìåííî: ïîñëåäîâà-

òåëüíîñòü ðåàêöèé, íà÷èíàþùèõñÿ ñ ñîõðàíåíèÿ öåëî-

ñòíîñòè ôðóêòî-ôóðàíîçíîãî êîëüöà (1), è ïîñëåäîâà-

òåëüíîñòü ðåàêöèé, ïðîòåêàþùèõ â îñíîâíîì ÷åðåç

îòêðûòóþ öåïü èíòåðìåäèàòîâ (2). Ñóùåñòâóþùèå äî-

êàçàòåëüñòâà îáåèõ ãèïîòåç ïðîâåðåíû è ïðèçíàíû â

ïîëüçó (1). Óñòàíîâëåíî, ÷òî íåîáõîäèìûé äëÿ ñèíòåçà

HMF èíòåðìåäèàò ôðóêòî-ôóðàíîçèë-êàòèîí îáðàçó-

åòñÿ íåïîñðåäñòâåííî ïðè ãèäðîëèçå ñàõàðîçû [11].

Èçâåñòíî, ÷òî HMF è äðóãèå êîìïîíåíòû îáðàçóþò-

ñÿ â âîäíûõ ôèòîýêñòðàêòàõ òàêæå ïðè òåïëîâîì âîç-

äåéñòâèè. Ñòðóêòóðíàÿ ôîðìóëà HMF, ìàññ-ñïåêòð,

ñïåêòð â ÓÔ è âèäèìîé îáëàñòè, ïîëó÷åííûå íà æèä-

êîñòíîì õðîìàòîìàññ-ñïåêòðîìåòðå (ÂÝÆÕ-ÌÑ,

LC/MS) ñî ñïåêòðîôîòîìåòðè÷åñêèì äåòåêòîðîì ñ ôî-

òîäèîäíîé ëèíåéêîé (DAD) Agilent 1200 (Agilent,

ÑØÀ), ïðåäñòàâëåíû íà ðèñ. 1 [12].

Ïî îáðàçîâàíèþ HMF è åãî ïðîèçâîäíûõ ñ îáðàçî-

âàíèåì õðîìîôîðà ïðè äëèíå âîëíû 283 – 285 íì â ðå-

çóëüòàòå êèñëîòíîãî ãèäðîëèçà ôðóêòîçû è ñàõàðîçû

âîçìîæíî îöåíèâàòü èõ êîëè÷åñòâåííîå ñîäåðæàíèå

ìåòîäàìè ñïåêòðîôîòîìåòðèè è ÂÝÆÕ [13 – 15], à

òàêæå ñïåêòðîôîòîìåòðè÷åñêè îïðåäåëÿòü ïîñëå

ÓÔ-äåãðàäàöèè [16].

Â ñðàâíèòåëüíîì àñïåêòå ùåëî÷íàÿ äåãðàäàöèÿ ñà-

õàðîâ èìååò îòëè÷èÿ îò êèñëîòíîé. Ïðè ùåëî÷íîé äå-

ãðàäàöèè ìîíîñàõàðèäîâ (D-ãëþêîçû, D-ôðóêòîçû,

D-ìàííîçû è D-ïñèêîçû) è ôðóêòî-ôóðàíîçèäîâ ïî-

ëó÷àþòñÿ ñîëè êèñëîò [17, 18].

Íàïðèìåð, ïðè òàêîâîé D-ãëþêîçû è ôðóêòî-ôóðà-

íîçèäîâ â âîäíîì ðàñòâîðå Ca(OH)
2

ïðè 100 °C ïîëó-

÷àåòñÿ ñìåñü, ñîñòîÿùàÿ èç áîëåå 50 êîìïîíåíòîâ (ïà-

ðàñàõàðèíîâàÿ, 2-C-ìåòèëïåíòîíîâàÿ, ãåêñàìåòàñàõà-

ðèíîâàÿ, èçîñàõàðèíîâàÿ, ãëèêîëèåâàÿ, ìîëî÷íàÿ,

ãëèöåðèíîâàÿ, 2-Ñ-ìåòèëãëèöåðèíîâàÿ, äåîêñèòåòðî-

íîâàÿ, äåîêñèïåíòîíîâàÿ êèñëîòû è äð.). Íàëè÷èå â

ñìåñè ïàðàñàõàðèíîâîé êèñëîòû ÿâëÿåòñÿ àðãóìåíòîì

â ïîëüçó ñóùåñòâîâàíèÿ èíòåðìåäèàòà ãëþêîçà-3,4-

ýíåäèîëà [18 – 20].
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Ïðè ùåëî÷íîé äåãðàäàöèè èíóëèíà îñíîâíûìè

êîìïîíåíòàìè ÿâëÿþòñÿ �-D-ãëþêîñàõàðèíîâàÿ êè-

ñëîòà, à òàêæå �-D-èçîñàõàðèíîëàêòîí, �-D-ãëþêîñà-

õàðèíîëàêòîí, 2-äåîêñè-D-ãëèöåðîòåòðîíîâàÿ, ìîëî÷-

íàÿ è ëàêòèëìîëî÷íàÿ êèñëîòû [21].

Èçó÷åíû ïðåâðàùåíèÿ èíóëèíà, ãëþêîçû è ôðóêòî-

çû ïðè ïèðîëèçå â íåéòðàëüíîé è ùåëî÷íîé ñðåäå,

ïðîäóêòàìè ïðè ýòîì ÿâëÿþòñÿ ôóðàíîâûå ïðîèçâîä-

íûå, ãåêñîñàõàðèíîëàêòîíû, àíãèäðîñàõàðà, ãëèêî-

ëàëüäåãèä, àöåòîë, äèãèäðîêñèàöåòîí, óêñóñíàÿ, ìó-

ðàâüèíàÿ è ìîëî÷íàÿ êèñëîòû [22].

Öåëüþ èññëåäîâàíèÿ ÿâëÿëîñü èñïîëüçîâàíèå êè-

ñëîòíîé äåãðàäàöèè ñàõàðîâ äëÿ èõ êîëè÷åñòâåííîé

îöåíêè ìåòîäîì ñïåêòðîôîòîìåòðèè â ñîêå, ïîëó÷åí-

íîì èç ñâåæèõ ëèñòüåâ ëîïóõà (Arctium lappa L. è

Arctium tomentisum L. ñåì. ñëîæíîöâåòíûå — Aste-

raceae). Îáúåêòîì èññëåäîâàíèÿ ÿâëÿëñÿ ñîê, ïîëó÷åí-

íûé èç ñâåæèõ ëèñòüåâ ëîïóõà áîëüøîãî, çàãîòîâëåí-

íûõ â 2010 ã. â áîòàíè÷åñêîì ñàäó ÂÈËÀÐ (Ìîñêâà). Â

êà÷åñòâå êîíñåðâàíòà ê ñîêó äîáàâëÿëè ýòèëîâûé

ñïèðò äî ñîäåðæàíèÿ ïîñëåäíåãî 20 %. Ðåãèñòðàöèþ

ÓÔ-ñïåêòðîâ ïðîâîäèëè íà ñïåêòðîôîòîìåòðå Cary

100 Scan (Varian, ÑØÀ).

Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî â ðåçóëüòàòå

êèñëîòíîé äåãðàäàöèè ñîêà, êàê è ðàñòâîðà ôðóêòîçû,

îáðàçóþòñÿ ôóðàíîâûå ïðîèçâîäíûå (HMF) (ðèñ. 2) ñ

ìàêñèìóìîì ïîãëîùåíèÿ ïðè äëèíå âîëíû ïðè

283 íì, êîòîðûé ïðèíÿò çà àíàëèòè÷åñêèé.

Èññëåäîâàíî âëèÿíèå âðåìåíè ãèäðîëèçà íà êîí-

öåíòðàöèþ îáðàçóþùèõñÿ ôóðàíîâûõ ïðîèçâîäíûõ â

ðàñòâîðå ôðóêòîçû (ðèñ. 3) è ñîêå ëîïóõà (ðèñ. 4). Ïî-

ãëîùåíèå â ìàêñèìóìå 283 íì âîçðàñòàåò ïðè óâåëè-

÷åíèè âðåìåíè ãèäðîëèçà äî 2,5 ÷, à ïîñëå 3 ÷ ïàäàåò,

÷òî ñâÿçàíî ñ ïîñëåäóþùèì ðàçðóøåíèåì HMF. Òàêèì

îáðàçîì, îïðåäåëåíî îïòèìàëüíîå âðåìÿ êèñëîòíîé

äåãðàäàöèè ñîêà ëîïóõà è ôðóêòîçû, êîòîðîå ñîñòàâëÿ-

åò 2,5 ÷.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Êîëè÷åñòâåííîå îïðåäåëåíèå ñóììû óãëåâîäîâ â

ïåðåñ÷åòå íà ôðóêòîçó â ñîêå ëîïóõà îñóùåñòâëÿþò

ñëåäóþùèì îáðàçîì. 5 ã (òî÷íàÿ íàâåñêà) ïðåïàðàòà

ïîìåùàþò â êðóãëîäîííóþ êîëáó âìåñòèìîñòüþ

100 ìë, ïðèáàâëÿþò 1 ìë êèñëîòû õëîðèñòîâîäîðîä-

íîé ðàçâåäåííîé, ïðèñîåäèíÿþò ê îáðàòíîìó õîëî-

äèëüíèêó è íàãðåâàþò íà âîäÿíîé áàíå ïðè òåìïåðàòó-

ðå êèïåíèÿ â òå÷åíèå 2,5 ÷. Çàòåì îõëàæäàþò äî êîì-

íàòíîé òåìïåðàòóðû, îòñîåäèíÿþò îò õîëîäèëüíèêà,

ïåðåíîñÿò ñîäåðæèìîå â ìåðíóþ êîëáó âìåñòèìîñòüþ

50 ìë, äîâîäÿò äî ìåòêè âîäîé è ïåðåìåøèâàþò (ðàñ-

òâîð À). 1 ìë ðàñòâîðà À ïîìåùàþò â ìåðíóþ êîëáó

âìåñòèìîñòüþ 50 ìë, äîâîäÿò äî ìåòêè âîäîé è ïåðå-

ìåøèâàþò (ðàñòâîð Á). Èçìåðÿþò îïòè÷åñêóþ ïëîò-

íîñòü ðàñòâîðà â ìàêñèìóìå ïîãëîùåíèÿ ïðè äëèíå

âîëíû 283 íì â êþâåòå ñ òîëùèíîé ñëîÿ 10 ìì. Â êà-

÷åñòâå ðàñòâîðà ñðàâíåíèÿ èñïîëüçóþò âîäó. Ïàðàë-

ëåëüíî èçìåðÿþò îïòè÷åñêóþ ïëîòíîñòü ðàñòâîðà ðà-

áî÷åãî ñòàíäàðòíîãî îáðàçöà (ÐÑÎ) ôðóêòîçû: â êðóã-

ëîäîííóþ êîëáó âìåñòèìîñòüþ 100 ìë ïîìåùàþò 2 ìë

0,05 – 0,1 % âîäíîãî ðàñòâîðà ÐÑÎ ôðóêòîçû, ïðèáàâ-

ëÿþò 1 ìë êèñëîòû õëîðèñòîâîäîðîäíîé ðàçâåäåííîé,

ïðèñîåäèíÿþò ê îáðàòíîìó õîëîäèëüíèêó è íàãðåâàþò

íà âîäÿíîé áàíå ïðè òåìïåðàòóðå êèïåíèÿ â òå÷åíèå

2,5 ÷. Çàòåì îõëàæäàþò äî êîìíàòíîé òåìïåðàòóðû, îò-

ñîåäèíÿþò îò õîëîäèëüíèêà, ïåðåíîñÿò ñîäåðæèìîå â

ìåðíóþ êîëáó âìåñòèìîñòüþ 50 ìë, äîâîäÿò äî ìåòêè

âîäîé è ïåðåìåøèâàþò.

Ñîäåðæàíèå óãëåâîäîâ â ïåðåñ÷åòå íà ôðóêòîçó (Õ,

%) âû÷èñëÿþò ïî ôîðìóëå:
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ãäå D — îïòè÷åñêàÿ ïëîòíîñòü ðàñòâîðà Á; D
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— îïòè-

÷åñêàÿ ïëîòíîñòü ðàñòâîðà ÐÑÎ ôðóêòîçû; m
ÐÑÎ

— íà-

âåñêà ôðóêòîçû, ã; m — íàâåñêà ïðåïàðàòà, ã.

Ñîäåðæàíèå óãëåâîäîâ â èñïûòàííûõ îáðàçöàõ ïðå-

ïàðàòà ñîñòàâèëî îò 1,05 äî 1,36 %.

Ìåòîäèêà âàëèäèðîâàíà ïî êðèòåðèÿì ëèíåéíîñòè,

ïîâòîðÿåìîñòè, âíóòðèëàáîðàòîðíîé âîñïðîèçâîäèìî-

ñòè è ïðàâèëüíîñòè. Îïðåäåëåíèå ëèíåéíîñòè ïðîâî-
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Ðèñ. 1. 5-Ãèäðîêñèìåòèëôóðôóðîë (HMF) UV-Vis (à ) è MS (á )

ñïåêòðû [12].
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Ðèñ. 2. Ñïåêòð ãèäðîëèçàòîâ ñîêà ëîïóõà (1 ) è ðàñòâîðà ôðóê-

òîçû (2 ).



äèëîñü íà 6 óðîâíÿõ êîíöåíòðàöèé ÑÎ ôðóêòîçû â

äèàïàçîíå 6,4 – 38,6 ìãê/ìë. Êîýôôèöèåíò êîððåëÿöèè

ñîñòàâèë 0,989. Ïðîöåíò âîññòàíîâëåíèÿ íàõîäèòñÿ â

ïðåäåëàõ îò 97,4 äî 102,17 % è èìååò ñðåäíåå çíà÷åíèå

101,09 %, ÷òî ñîîòâåòñòâóåò òðåáîâàíèÿì êðèòåðèÿ

ïðèåìëåìîñòè. Ìåòðîëîãè÷åñêèå õàðàêòåðèñòèêè ìå-

òîäèêè: X
ñð

= 1,239, S2 = 5,603 � 10 – 3; S
x

= 7,458 � 10 – 2,

P
x

= 0,95, t ( p, f ) = 2,78, E
ñð

= � 7,5 %, �X
ñð

= 0,093,

�X = 0,208.

Òàêèì îáðàçîì, äëÿ îöåíêè ñîäåðæàíèÿ óãëåâîäîâ â

ñîêå ëîïóõà ïðåäëîæåíà ìåòîäèêà, áàçèðóþùàÿñÿ íà

äåãðàäàöèè ñàõàðîâ â ôóðàíû è ïîñëåäóþùåé èõ

îöåíêå ìåòîäîì ñïåêòðîôîòîìåòðèè, õàðàêòåðèçóþ-

ùàÿñÿ äîñòàòî÷íîé ïðîñòîòîé àíàëèòè÷åñêèõ îïåðà-

öèé è óäîâëåòâîðÿþùàÿ âàëèäàöèîííûì òðåáîâàíèÿì.
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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 (Arctium 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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Ðèñ. 3. Çàâèñèìîñòü îïòè÷åñêîé ïëîòíîñòè îò âðåìåíè ãèäðî-

ëèçà ôðóêòîçû: 30 ìèí (1 ), 1 ÷ (2 ), 1,5 ÷ (3 ), 2 ÷ (4 ), 2,5 ÷ (5 ),

3 ÷ (6 ).
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Ðèñ. 4. Çàâèñèìîñòü îïòè÷åñêîé ïëîòíîñòè îò âðåìåíè ãèäðî-

ëèçà ñîêà ëîïóõà: 1 ÷ (1 ), 1,5 ÷ (2 ), 2 ÷ (3 ), 2,5 ÷ (4 ), 3 ÷ (5 ).


