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Ðàçðàáîòàíà ìåòîäèêà ýêñòðàêöèè êîðíÿ ñîëîäêè â ñðåäå ñóáêðèòè÷åñêîé âîäû
ñ öåëüþ ïîëó÷åíèÿ áèîëîãè÷åñêè àêòèâíîãî ýêñòðàêòà íà îñíîâå ãëèöèððèçèíî-
âîé êèñëîòû. Ïîêàçàíà âûñîêàÿ ýôôåêòèâíîñòü ïðåäëîæåííîé ìåòîäèêè ïî ñðàâ-
íåíèþ ñ òðàäèöèîííîé, èñïîëüçóþùåé îðãàíè÷åñêèé ðàñòâîðèòåëü (àöåòîí) â
êà÷åñòâå ýêñòðàãåíòà.

Ê ë þ ÷ å â û å  ñ ë î â à: ñóáêðèòè÷åñêàÿ âîäà, ãëèöèððèçèíîâàÿ êèñëîòà, êîðåíü
ñîëîäêè.

ÂÂÅÄÅÍÈÅ

Òðèòåðïåíîâûå ãëèêîçèäû � ãëèöèððèçèíîâàÿ êèñëîòà (ÃÊ) (ðèñ. 1), à òàêæå åå
ñîëè ÿâëÿþòñÿ îñíîâíûìè êîìïîíåíòàìè ýêñòðàêòà êîðíÿ ñîëîäêè è ïðåäñòàâëÿþò
çíà÷èòåëüíûé èíòåðåñ äëÿ ìåäèöèíû âñëåäñòâèå ñâîåé ðàçíîîáðàçíîé áèîëîãè÷å-
ñêîé àêòèâíîñòè (ïðîòèâîâîñïàëèòåëüíîé, ïðîòèâîÿçâåííîé, àíòèäîòíîé, àíòèàëëåð-
ãåííîé, èììóíîìîäóëèðóþùåé è äð.) [1]. Öåëüþ äàííîé ðàáîòû ÿâèëèñü ðàçðàáîòêà
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Ðèñ. 1. Ãëèöèððèçèíîâàÿ êèñëîòà (ÃÊ)
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ýêîëîãè÷åñêè áåçîïàñíîãî ìåòîäà ýêñòðàêöèè êîðíÿ ñîëîäêè â ñðåäå ñóáêðèòè÷å-
ñêîé âîäû [2, 3] ñ ìàêñèìàëüíûì âûõîäîì ÃÊ êàê îñíîâíîãî àêòèâíîãî êîìïîíåíòà
è ñðàâíåíèå ðàçðàáîòàííîãî ìåòîäà ñ òðàäèöèîííûì ñïîñîáîì èçâëå÷åíèÿ ÃÊ [1].

ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÀß ×ÀÑÒÜ

Â ñîîòâåòñòâèè ñ òðàäèöèîííûì ìåòîäîì ïîëó÷åíèÿ ýêñòðàêòà ñîëîäêîâîãî
êîðíÿ [4] íàâåñêó èçìåëü÷åííîãî êîðíÿ íàñòàèâàëè â êîëáå ñ 3 % àöåòîíîâûì
ðàñòâîðîì àçîòíîé êèñëîòû â òå÷åíèå ÷àñà ïðè èíòåíñèâíîì ïåðåìåøèâàíèè.
Ïîëó÷åííûé ýêñòðàêò ôèëüòðîâàëè, ïîðîøîê êîðíÿ ïðîìûâàëè àöåòîíîì, çàëèâà-
ëè ñâåæèì àöåòîíîì è êèïÿòèëè íà âîäÿíîé áàíå â òå÷åíèå 5 ìèíóò ñ îáðàòíûì
õîëîäèëüíèêîì. Ñòàäèþ ýêñòðàêöèè ãîðÿ÷èì àöåòîíîì ïîâòîðÿëè åùå 2 ðàçà.
Îñòàòîê àíàëèçèðîâàëè íà ïîëíîòó èçâëå÷åíèÿ ÃÊ.

Ïðè ðàçðàáîòêå ìåòîäà ýêñòðàêöèè êîðíÿ ñîëîäêè ñóáêðèòè÷åñêîé âîäîé íàìè
áûëè èçó÷åíû ñëåäóþùèå ïàðàìåòðû, âëèÿþùèå íà âûõîä ÃÊ:

à) òåìïåðàòóðà (èññëåäîâàëñÿ èíòåðâàë 100÷180 °Ñ),
á) ñîîòíîøåíèå ñûðüå : ýêñòðàãåíò (îò 1 : 1 äî 1 : 7),
â) ñîñòàâ ýêñòðàãåíòà (äîáàâêè NaOH, NH4OH),
ã) âðåìÿ ýêñòðàêöèè (îò 30 äî 90 ìèí).
Ýêñïåðèìåíò ïî ñóáêðèòè÷åñêîé ýêñòðàêöèè çàêëþ÷àëñÿ â ñëåäóþùåì: íà-

âåñêó ñóõîãî èçìåëü÷åííîãî êîðíÿ ñîëîäêè íàñûïàëè â ðåàêòîð èç íåðæàâåþùåé
ñòàëè îáúåìîì 10 ìë, êîòîðûé ãåðìåòè÷íî çàêðûâàëè è ïîìåùàëè â ñóøèëüíûé
øêàô ïðè âûáðàííîé òåìïåðàòóðå. Ñîäåðæèìîå ðåàêòîðà ïîñëå îõëàæäåíèÿ äî
êîìíàòíîé òåìïåðàòóðû ïåðåíîñèëîñü â ñòåêëÿííóþ åìêîñòü è îòñòàèâàëîñü â
òå÷åíèå íåñêîëüêèõ ÷àñîâ. Ïîñëå òîãî êàê áàëëàñòíûå âåùåñòâà âûïàäàëè â îñà-
äîê, ýêñòðàêò ôèëüòðîâàëè. Äëÿ àíàëèçà ìåòîäîì âûñîêîýôôåêòèâíîé æèäêî-
ñòíîé õðîìàòîãðàôèè (ÂÝÆÕ) íà ñîäåðæàíèå ÃÊ, êàê îñíîâíîãî ïîêàçàòåëÿ êà-
÷åñòâà ýêñòðàêòà, àëèêâîòó ýêñòðàêòà î÷èùàëè íà êîëîíêå ñ àêòèâíîé Al2O3.
Ñîäåðæàíèå àììîíèåâîé ñîëè ÃÊ â ýêñòðàêòå, â ïåðåñ÷åòå íà ãëèöèððèçèíîâóþ
êèñëîòó, ðàññ÷èòûâàëè ïî ôîðìóëå:
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ãäå Ñx � êîíöåíòðàöèÿ ÃÊ â àíàëèçèðóåìîé ïðîáå; Ñst � êîíöåíòðàöèÿ ñòàíäàðò-
íîãî ðàñòâîðà ÃÊ; Sx � ïëîùàäü õðîìàòîãðàôè÷åñêîãî ïèêà ÃÊ â àíàëèçèðóåìîé
ïðîáå; Sst � ïëîùàäü õðîìàòîãðàôè÷åñêîãî ïèêà ÃÊ â ñòàíäàðòíîì ðàñòâîðå,
1,0207 � êîýôôèöèåíò ïåðåñ÷åòà.

Èäåíòèôèêàöèþ ÃÊ ïðîâîäèëè ïî âðåìåíè óäåðæèâàíèÿ ñòàíäàðòíîãî ðàñòâîðà
ÃÊ (âðåìÿ óäåðæèâàíèÿ àììîíèåâîé ñîëè ÃÊ ñîâïàäàåò ñî âðåìåíåì óäåðæèâà-
íèÿ ÃÊ). Ñîäåðæàíèå ÃÊ â àíàëèçèðóåìûõ ïðîáàõ ðàññ÷èòûâàëè ïî ìåòîäó âíåø-
íåãî ñòàíäàðòà ïî ñòàíäàðòíûì ðàñòâîðàì ðàçëè÷íîé êîíöåíòðàöèè [5, 6]. Õðîìà-
òîãðàììà ýêñòðàêòà êîðíÿ ñîëîäêè, ïîëó÷åííîãî â ñóáêðèòè÷åñêèõ óñëîâèÿõ,
ïðåäñòàâëåíà íà ðèñ. 2. Óñëîâèÿ õðîìàòîãðàôèðîâàíèÿ: õðîìàòîãðàô Thermo
Separation Products, ñîðáåíò «Êðîìàñèë» Ñ18 (150×4 ìì) ôèðìû «ÝËÑÈÊÎ» (Ðîñ-
ñèÿ), òåìïåðàòóðà êîëîíêè 25 °Ñ, ñêîðîñòü ýëþåíòà 0,3 ìë/ìèí, ñîñòàâ ïîäâèæíîé
ôàçû � âîäà : àöåòîíèòðèë : óêñóñíàÿ êèñëîòà :ìåòàíîë â îáúåìíîì ñîîòíîøåíèè
44 : 35 : 1 : 20, ÓÔ-äåòåêòîð (256 íì), îáúåì ââîäèìîé ïðîáû 20,00 ìêë, âðåìÿ àíà-
ëèçà 16 ìèí.
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ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Â ðåçóëüòàòå îïòèìàëüíûìè îêàçàëèñü ñëåäóþùèå óñëîâèÿ ýêñòðàêöèè: òåì-
ïåðàòóðà 120 °Ñ; ñîîòíîøåíèå ñûðüå : ýêñòðàãåíò 1 : 7; ýêñòðàãåíò 1 % NH4OH;
âðåìÿ ýêñòðàêöèè 60 ìèí. Óñòàíîâëåíî, ÷òî òåìïåðàòóðà íèæå 120 °Ñ íå îáåñïå÷è-
âàåò ïîëíîöåííîãî ïðîöåññà ýêñòðàêöèè. Óâåëè÷åíèå æå òåìïåðàòóðû ïðèâîäèò ê
óìåíüøåíèþ êîëè÷åñòâà ÃÊ â ýêñòðàêòå, ïðåäïîëîæèòåëüíî âñëåäñòâèå åå ÷àñ-
òè÷íîãî ðàçëîæåíèÿ çà ñ÷åò ãèäðîëèçà. Äîáàâëåíèå íåáîëüøîãî êîëè÷åñòâà àììè-
àêà ïîçâîëèëî ïåðåâåñòè òðóäíîðàñòâîðèìóþ â âîäå ñìåñü ãëèöèððèçèíà â ëåãêî-
ðàñòâîðèìóþ â âîäå àììîíèéíóþ ñîëü ãëèöèððèçèíîâîé êèñëîòû. Êîëè÷åñòâî
àììîíèéíîé ñîëè â ïåðåñ÷åòå íà ÃÊ ïðèâåäåíî â òàáëèöå.

Ðåçóëüòàòû ñðàâíåíèÿ ýôôåêòèâíîñòè ýêñòðàêöèè êîðíÿ ñîëîäêè âîäîé â
ñóáêðèòè÷åñêèõ óñëîâèÿõ ñ òðàäèöèîííûì ìåòîäîì ýêñòðàêöèè ïðèâåäåíû â òàá-
ëèöå. Êàê âèäíî èç òàáëèöû, ýêñòðàêöèÿ ñóáêðèòè÷åñêîé âîäîé â ñòàòè÷åñêîì
ðåæèìå ïîçâîëÿåò èçâëå÷ü â 2,7 ðàçà áîëüøå ãëèöèððèçèíîâîé êèñëîòû, ÷åì
òðàäèöèîííûé ìåòîä. Ýòîò ðåçóëüòàò, ïî-âèäèìîìó, îáúÿñíÿåòñÿ âîçìîæíîñòüþ

Ðèñ. 2. Õðîìàòîãðàììà ýêñòðàêòà êîðíÿ ñîëîäêè, ïîëó÷åííîãî â ñðåäå ñóáêðèòè÷åñêîé
âîäû  (ÃÊ � ïèê ñî âðåìåíåì óäåðæèâàíèÿ 10,826 ìèí)

Òàáëèöà

Ñðàâíåíèå ìåòîäîâ ýêñòðàêöèè êîðíÿ ñîëîäêè

Êîëè÷åñòâî ÃÊÑïîñîá
Ðàñòâîðèòåëü τ, ìèí t, °Ñ

ìã/ã* %*
Ñòåïåíü

ýêñòðàêöèè èçâëå÷åíèÿ**

Òðàäèöèîííûé àöåòîí 90 60 27±3,6 2,7 1

Ñóáêðèòè÷åñêîé âîäà 60 120 73± 3,8 7,3 2,7
âîäîé

* Îòíîñèòåëüíî ñóõîãî êîðíÿ ñîëîäêè.
** Îòíîñèòåëüíî òðàäèöèîííîãî ìåòîäà ýêñòðàêöèè, ñòåïåíü èçâëå÷åíèÿ êîòîðîãî ïðèíÿòà çà 1.
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áîëåå ëåãêîãî ïðîíèêíîâåíèÿ ðàñòâîðèòåëÿ âãëóáü ìèöåëëû â ñóáêðèòè÷åñêèõ
óñëîâèÿõ. Âåðîÿòíî, â ñóáêðèòè÷åñêèõ óñëîâèÿõ ïðîèñõîäèò ÷àñòè÷íîå ðàçðóøå-
íèå êëåòîê ðàñòåíèÿ, îñëàáëåíèå ñâÿçåé â ëèãíîóãëåâîäíîì êîìïëåêñå êîðíÿ, ÷òî
îáëåã÷àåò ïîñëåäóþùåå èçâëå÷åíèå ÃÊ.

ÂÛÂÎÄÛ

Ðàçðàáîòàíà ìåòîäèêà ýêñòðàêöèè êîðíÿ ñîëîäêè â ñðåäå ñóáêðèòè÷åñêîé âîäû
ñ öåëüþ ïîëó÷åíèÿ áèîëîãè÷åñêè àêòèâíîãî ýêñòðàêòà íà îñíîâå ãëèöèððèçèíî-
âîé êèñëîòû.

Ïîêàçàíî, ÷òî ýêñòðàêöèÿ ãëèöèððèçèíîâîé êèñëîòû, êàê îñíîâíîãî êîìïî-
íåíòà ýêñòðàêòà êîðíÿ ñîëîäêè, ñóáêðèòè÷åñêîé âîäîé â ñòàòè÷åñêèõ óñëîâèÿõ
ïðåâîñõîäèò ïî ýôôåêòèâíîñòè òðàäèöèîííûé ìåòîä â 2,7 ðàçà (â ïåðåñ÷åòå íà
ìàññó ñóõîãî êîðíÿ).

ÁËÀÃÎÄÀÐÍÎÑÒÈ

Ðàáîòà âûïîëíÿëàñü íà áàçå Íàó÷íî-îáðàçîâàòåëüíîãî ýêîëîãî-àíàëèòè÷åñêîãî
öåíòðà Þãà Ðîññèè ïðè ôèíàíñîâîé ïîääåðæêå Þæíîãî Ôåäåðàëüíîãî óíèâåðñè-
òåòà (ãðàíò ¹ 05/6-87), Ôîíäà CRDF ïî Ðîññèéñêî-àìåðèêàíñêîé ïðîãðàììå «Ôóí-
äàìåíòàëüíûå èññëåäîâàíèÿ è âûñøåå îáðàçîâàíèå (ãðàíòû BP1M04/REC-004 è
Y3-C-04-02) è ïðîãðàììû «Ðàçâèòèå íàó÷íîãî ïîòåíöèàëà âûñøåé øêîëû» Ìèí-
îáðàçîâàíèÿ è íàóêè ÐÔ (ïðîåêòû ÐÍÏ.2.1.1.4939 è ÐÍÏ.2.2.2.3.5690).
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EXTRACTION OF GLYCERRIZINIC ACID FROM LICORICE ROOT
IN SUBCRITICAL WATER

1K.S. Tikhomirova, 1R.N. Borisenko, 1E.V. Vetrova, 1S.N. Borisenko,
2E.V. Maximenko, 2N.I. Borisenko, 1V.I. Minkin

1Scientific Research Institute of Physical and Organic Chemistry, South Federal University, Russia
2Environmental and Analytical Center of South Federal University, Russia

A procedure for extraction of licorice root by subcritical water aimed at obtaining a
glycerrizinic acid based biologically active extract is developed. A high efficiency of
this procedure as compared with that of a traditional method in which an organic
solvent (acetone) is used as an extracting agent is demonstrated.

K e y  w o r d s: subcritical water, glycerrizinic acid, licorice root.


