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Â äàí³é ðîáîò³ äîñë³äæåíî ê³íåòèêó åêñòðàãóâàííÿ ôåíîëüíèõ ñïîëóê ç òðàâè ãî-

ðèöâ³ò âåñíÿíèé Adonis vernalis. Äëÿ öüîãî ïðîöåñ çä³éñíþâàëè ïðè ð³çíèõ ã³äðîäè-

íàì³÷íèõ óìîâàõ, à òàêîæ ïðè ð³çíîìó ñòóïåí³ ïîäð³áíåííÿ. Ê³ëüê³ñíå âèçíà÷åííÿ

âì³ñòó ôåíîëüíèõ ñïîëóê ïðîâîäèëè ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì. Ïîêàçàíî,

ùî åêñòðàêö³ÿ â óìîâàõ ïåðåì³øóâàííÿ ïðîò³êàº á³ëüø åôåêòèâíî, ïîð³âíÿíî ç

íàñòîþâàííÿì, ³ âèçíà÷åíî îïòèìàëüíèé ä³àìåòð ÷àñòèíîê äëÿ ìàêñèìàëüíîãî âè-

ëó÷åííÿ ôåíîëüíèõ ñïîëóê ç ðîñëèííî¿ ñèðîâèíè. Çã³äíî ç îäåðæàíèìè ðåçóëüòà-

òàìè, åêñòðàãóâàííÿ òðàâè Adonis vernalis äîö³ëüíî âèêîíóâàòè 70% åòèëîâèì ñïèð-

òîì çà òåìïåðàòóðè êèï³ííÿ åêñòðàãåíòó ïðè ïåðåì³øóâàíí³ òà ä³àìåòð³ ÷àñòèíîê

~1,6 ìì. Çà öèõ óìîâ äîñÿãàºòüñÿ êîíöåíòðàö³ÿ ôåíîëüíèõ ñïîëóê 0,920±0,018 ã/ë.
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ê³íåòèêà.
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Âñòóï

Ôåíîëüí³ ñïîëóêè – íàéá³ëüø ðîçïîâñþ-
äæåí³ âòîðèíí³ ìåòàáîë³òè ðîñëèí, ÿê³, ìàþ÷è
íèçüêó òîêñè÷í³ñòü, ïîçèòèâíî âïëèâàþòü íà
ô³ç³îëîã³÷í³ ïðîöåñè â îðãàí³çì³ ëþäèíè, âîëî-
ä³þòü àíòèîêñèäàíòíèìè, àíòèáàêòåð³àëüíèìè,
öèòîòîêñè÷íèìè, íåéðîòîêñè÷íèìè òà ³íøèìè
âëàñòèâîñòÿìè [1]. Äæåðåëîì ôåíîëüíèõ ñïîëóê
ìîæå ñëóãóâàòè ë³êàðñüêà ðîñëèíà ãîðèöâ³ò âåñ-
íÿíèé (Adonis vernalis), à ñàìå ¿¿ íàäçåìíà ÷àñòè-
íà [2,3]. Îñíîâíèì ïðîöåñîì, ùî çàñòîñîâóºòü-
ñÿ äëÿ îäåðæàííÿ ôåíîëüíèõ ñïîëóê ç ðîñëèí-
íî¿ ñèðîâèíè º åêñòðàãóâàííÿ [4–6]. Äî òðàäè-
ö³éíèõ ìåòîä³â åêñòðàãóâàííÿ ó ôàðìàöåâòè÷í³é
ïðîìèñëîâîñò³ íàëåæèòü âîäíî-ñïèðòîâà åêñò-
ðàêö³ÿ.

Äëÿ îö³íþâàííÿ ê³íåòèêè ïðîöåñó, à îòæå
³ îö³íþâàííÿ åôåêòèâíîñò³ åêñòðàêö³¿ ôåíîëü-
íèõ ñïîëóê ç òðàâè Adonis vernalis íåîáõ³äí³ äîñ-
ë³äæåííÿ ôàêòîð³â, ÿê³ ñïðèÿþòü ìàêñèìàëüíî-
ìó âèõîäó ä³þ÷èõ ðå÷îâèí. Âèð³øåííÿ öèõ ïè-
òàíü äîçâîëèòü ïîêðàùèòè ÿê³ñòü òà êîíêóðåí-
òîñïðîìîæí³ñòü â³ò÷èçíÿíèõ ô³òîïðåïàðàò³â ó
ïîð³âíÿíí³ ç ³ìïîðòíèìè.

Äëÿ àíàë³çó ìåõàí³çìó åêñòðàêö³¿ áóëî âè-
êîðèñòàíî ìåòîäèêó, â ÿê³é çàñòîñîâàíî ð³âíÿí-
íÿ Àêñåëüðóäà [7]. Ç ìåòîþ âèçíà÷åííÿ ìåõàí³ç-

ìó åêñòðàêö³¿ çà äàíèì ìåòîäîì äîö³ëüíî ðåçóëü-
òàòè åêñïåðèìåíòàëüíèõ äîñë³äæåíü ê³íåòèêè
³äåíòèô³êóâàòè ó âèãëÿä³ çàëåæíîñò³ C=f(t) ç
íàñòóïíèì âèçíà÷åííÿì áåçðîçì³ðíî¿ âåëè÷èíè
0, ÿêó âèçíà÷àþòü ç ð³âíÿííÿ ìàòåð³àëüíîãî áà-
ëàíñó:
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äå M0 – âì³ñò ö³ëüîâîãî êîìïîíåíòà â ïîðèñòî-
ìó ìàòåð³àë³, W – îá’ºì åêñòðàãåíòà.
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³ñíóâàòè ë³í³éíà çàëåæí³ñòü Ô=f(t). Òîìó äëÿ
âñòàíîâëåííÿ ë³ì³òóâàëüíî¿ ñòàä³¿ íåîáõ³äíå ïðî-
âåäåííÿ åêñïåðèìåíòó ³ç âñòàíîâëåííÿ çàëåæ-
íîñò³ Ô=f(t).

Ìåòîäèêà åêñïåðèìåíòó

Îá’ºêòîì äëÿ äîñë³äæåíü áóëà ë³êàðñüêà
ðîñëèíà ãîðèöâ³ò âåñíÿíèé (Adonis vernalis). ßê
ñèðîâèíó âèêîðèñòîâóâàëè òðàâó, ç³áðàíó ç ïðè-
ðîäíèõ ì³ñöü ïðîðîñòàííÿ (²âàíî-Ôðàíê³âñüêà
îáë.) â ïåð³îä ìàêñèìàëüíîãî íàêîïè÷åííÿ á³-
îëîã³÷íî àêòèâíèõ ðå÷îâèí ó í³é.

Äîñë³äæåííÿ ê³íåòèêè åêñòðàêö³¿ ôåíîëü-
íèõ ñïîëóê ç òðàâè Adonis vernalis çä³éñíþâàëè
òðüîìà ñïîñîáàìè: ìàöåðàö³ºþ (íàñòîþâàííÿì),
â àïàðàò³ Ñîêñëåòà òà â àïàðàò³ ç ì³øàëêîþ.

Ïðè íàñòîþâàíí³ îêðåì³ ôðàêö³¿ (1,6; 2,5
òà 4 ìì) ïîïåðåäíüî âèñóøåíî¿ ñèðîâèíè ìà-
ñîþ 50 ã ïîì³ùàëè ó êîëáó, äîëèâàëè åêñòðà-
ãåíò (70% åòèëîâèé ñïèðò) ó ñï³ââ³äíîøåíí³ 1:10
òà íàñòîþâàëè ïðîòÿãîì 6 ãîä. ×åðåç ïåâí³ ïðî-
ì³æêè ÷àñó (90, 180, 270 òà 360 õâ) â³äáèðàëè
ïðîáè îá’ºìîì 50 ìë. Äëÿ çáåðåæåííÿ îá’ºìó,
ï³ñëÿ êîæíîãî â³äáîðó ïðîáè, â êîëáó äîäàâàëè
òàêó ñàìó ê³ëüê³ñòü ÷èñòîãî ðîç÷èííèêà.

Åêñòðàêö³þ â àïàðàò³ Ñîêñëåòà çä³éñíþâàëè
íàñòóïíèì ÷èíîì. Íàâàæêó ñóõî¿ ðîñëèííî¿ ñè-
ðîâèíè Adonis vernalis ìàñîþ 50 ã ïîì³ùàëè ó ïà-
ïåðîâèé ïàòðîí, ÿêèé çàâàíòàæóâàëè â åêñòðàê-
òîð. Ó êîëáó çàëèâàëè åòèëîâèé ñïèðò (70%) ³ ïðè-
ºäíóâàëè äî åêñòðàêòîðà. Ïðîöåñ åêñòðàãóâàííÿ
â³äáóâàâñÿ ïðè òåìïåðàòóð³ êèï³ííÿ åêñòðàãåíòà
ïðîòÿãîì 6 ãîäèí. ×åðåç ïåâí³ ïðîì³æêè ÷àñó ïðî-
öåñ åêñòðàãóâàííÿ çóïèíÿëè òà â³äáèðàëè ïðîáó
ô³ëüòðàòó. Äàë³ äîáàâëÿëè ÷èñòèé ðîç÷èííèê â
ê³ëüêîñò³ â³ä³áðàíî¿ ïðîáè, ï³ñëÿ ÷îãî çíîâó íà-
ãð³âàëè äî òåìïåðàòóðè êèï³ííÿ ðîç÷èíó.

Ïðè çä³éñíåíí³ ïðîöåñó â àïàðàò³ ç ì³øàë-
êîþ ïîïåðåäíüî âèñóøåíó ïîäð³áíåíó ñèðîâè-
íó Adonis vernalis ìàñîþ 50 ã çàñèïàëè â êîëáó,
êóäè îäíî÷àñíî çàâàíòàæóâàëè ðîç÷èííèê
îá’ºìîì 500 ñì3 (ñïèðò åòèëîâèé 70%). Ïðîöåñ
åêñòðàãóâàííÿ çä³éñíþâàëè ïðè òåìïåðàòóð³ êèï-
³ííÿ åêñòðàãåíòà, ïðè ïîñò³éíîìó ïåðåì³øóâàíí³.

Â êîæíîìó äîñë³ä³ â³ä³áðàí³ ïðîáè ô³ëüòðó-
âàëè òà àíàë³çóâàëè íà âì³ñò ôåíîëüíèõ ñïîëóê.
Âèçíà÷åííÿ âèêîíóâàëè âèêîðèñòîâóþ÷è ñïåê-
òðîôîòîìåòðè÷íèé àíàë³ç çà ìîäèô³êîâàíèì ìå-
òîäîì Ôîë³íà-×îêàëüòåó [8,9]. Äî 1 ìë àíàë³çî-
âàíîãî ðîç÷èíó, ðîçâåäåíîãî ó ñï³ââ³äíîøåíí³
1:20, äîäàâàëè 1 ìë ðåàêòèâó Ôîë³íà, 20 ìë äè-
ñòèëüîâàíî¿ âîäè ³ 3 ìë ðîç÷èíó 20% Na2CO3.
Ïðèãîòîâàíó ñóì³ø ñòðóøóâàëè 10 õâ, ïîò³ì âèò-
ðèìóâàëè íà âîäÿí³é áàí³ ïðè òåìïåðàòóð³ 400C
ïðîòÿãîì 20 õâ. Ðîç÷èí îõîëîäæóâàëè ³ âèì³ðþ-

âàëè îïòè÷íó ãóñòèíó îäåðæàíîãî ðîç÷èíó ïðè
760 íì.

Ïåðåðàõóíîê âèêîíóâàëè íà ãàëîâó êèñëî-
òó çà êàë³áðóâàëüíîþ êðèâîþ, ÿêó áóäóâàëè, â
àíàëîã³÷íèõ óìîâàõ, çàì³íþþ÷è àíàë³çîâàíèé
ðîç÷èí íà ðîç÷èí ãàëîâî¿ êèñëîòè (0–500 ìã/ë),
ÿêó âèêîðèñòîâóâàëè ÿê ñòàíäàðò.

Äëÿ îïòèì³çàö³¿ åêñòðàêö³¿ âàæëèâèì ôàê-
òîðîì º äîñë³äæåííÿ òàêîãî ïàðàìåòðà, ÿê ä³-
àìåòð ÷àñòèíêè. Äëÿ îäåðæàííÿ ôðàêö³é äîñë³-
äæóâàíî¿ ë³êàðñüêî¿ ðîñëèííî¿ ñèðîâèíè (1,6; 2,5
òà 4 ìì) âèêîðèñòîâóâàëè íàá³ð ñèò ç ä³àìåòðîì
îòâîð³â ó ìåæàõ 1,0–6,3 ìì.

Äëÿ îáðîáêè åêñïåðèìåíòàëüíèõ äàíèõ òà
äëÿ ðîçðàõóíê³â âèêîðèñòîâóâàëè ïðîãðàìí³ ïà-
êåòè – MathCAD, MS Excel, STATISTICA òà
Advanced Grapher 2.2.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Îäåðæàí³ ê³íåòè÷í³ çàëåæíîñò³ åêñòðàãóâàí-
íÿ òðàâè Adonis vernalis 70% åòèëîâèì ñïèðòîì
(C=f(t)) íàâåäåí³ íà ðèñ. 1, 2 òà 3.

Ðèñ. 1. Çàëåæí³ñòü êîíöåíòðàö³¿ â³ä ïîòî÷íîãî ÷àñó

åêñòðàêö³¿ äëÿ íàñòîþâàííÿ (1) â àïàðàò³ Ñîêñëåòà (2) ³

ïðè ïåðåì³øóâàíí³ (3) äëÿ dc=1,6 ìì

Ðèñ. 2. Çàëåæí³ñòü êîíöåíòðàö³¿ â³ä ïîòî÷íîãî ÷àñó

åêñòðàêö³¿ äëÿ íàñòîþâàííÿ (1) â àïàðàò³ Ñîêñëåòà (2) ³

ïðè ïåðåì³øóâàíí³ (3) äëÿ dc=2,5 ìì
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Ðèñ. 3. Çàëåæí³ñòü êîíöåíòðàö³¿ â³ä ïîòî÷íîãî ÷àñó

åêñòðàêö³¿ äëÿ íàñòîþâàííÿ (1) â àïàðàò³ Ñîêñëåòà (2) ³

ïðè ïåðåì³øóâàíí³ (3) äëÿ dc=4 ìì

Àíàë³ç åêñïåðèìåíòàëüíèõ äàíèõ ïîêàçóº,
ùî ïðîöåñ ç íàñòîþâàííÿì â³äáóâàºòüñÿ ç â³äíîñ-
íî íåâåëèêîþ øâèäê³ñòþ. Â àïàðàò³ Ñîêñëåòà
ïðîöåñ â³äáóâàºòüñÿ øâèäøå, ç ãðàô³êà âèäíî,
ùî ïåðåì³øóâàííÿ ³íòåíñèô³êóº ïðîöåñ. Â ðå-
çóëüòàò³ ìîæíà ïðèïóñòèòè, ùî ïðè ïåðåì³øó-
âàíí³ âèëó÷åííÿ ôåíîëüíèõ ñïîëóê ïðîò³êàº â
óìîâàõ çì³øàíî¿ ê³íåòèêè (çîâí³øíüî- ³ âíóòð³-
øíüî-äèôóç³éí³é).

Ïîäð³áíåííÿ ðîñëèííî¿ ñèðîâèíè â óìî-
âàõ åêñòðàãóâàííÿ º îäíèì ³ç âàæëèâèõ ïðîöåñ³â,
ÿê³ äàþòü ìîæëèâ³ñòü ïðîâåñòè ïðîöåñ ç âíóò-
ð³øíüî-äèôóç³éíîãî ðåæèìó â çîâí³øíüî-äèôó-
ç³éíèé, øâèäê³ñòü îñòàííüîãî çàëåæèòü â³ä ã³äðî-
äèíàì³÷íèõ ïàðàìåòð³â. Ïðè ïîäð³áíåíí³ ïåâíà
ê³ëüê³ñòü ðå÷îâèíè âèëó÷àºòüñÿ çà ðàõóíîê çîâ-
í³øíüî-äèôóç³éíîãî ïðîöåñó âíàñë³äîê
çá³ëüøåííÿ ïîâåðõí³ â ïðîöåñ³ ïîäð³áíåííÿ ³
â³äêðèòòÿ â³ëüíîãî äîñòóïó äî îíîâëåíî¿ ïî-
âåðõí³. ßê âèäíî, íàéá³ëüø åôåêòèâíî ïðîöåñ
ïðîò³êàº ïðè d=1,6 ìì.

Íà ðèñ. 4 ïîêàçàíà çàëåæí³ñòü âåëè÷èíè Ô
â³ä ïîòî÷íîãî ÷àñó åêñòðàêö³¿ Ô=f(t) çã³äíî ç
ð³âíÿííÿì (3) (òàáë.). Â ðîçðàõóíêàõ ïðèéíÿòî
G=50 ã, =0.35, W=0.500 ë, Ì0=G ,

M 50 0, 350
35.

W 0, 5


   

Àíàë³ç äàíèõ ðèñ. 4 ï³äòâåðäæóº ïðîò³êàí-
íÿ ïðîöåñó åêñòðàãóâàííÿ ôåíîëüíèõ ñïîëóê ç
òðàâè Adonis vernalis çà âíóòð³øíüî-äèôóç³éíèì
ìåõàí³çìîì, îñê³ëüêè ãðàô³÷íà çàëåæí³ñòü º
ë³í³éíîþ [10].

Âèñíîâêè

Äîñë³äæåíî ê³íåòèêó âèëó÷åííÿ ôåíîëüíèõ
ñïîëóê ç òðàâè Adonis vernalis â ð³çíèõ ã³äðîäè-
íàì³÷íèõ óìîâàõ òà ïðè ð³çíèõ ðîçì³ðàõ ÷àñòè-
íîê (1,6, 2,5 òà 4 ìì). Ïîêàçàíî, ùî çìåíøåííÿ
ðîçì³ð³â ÷àñòèíîê ³ ïåðåì³øóâàííÿ ñïðèÿº ³íòåí-
ñèô³êàö³¿ ïðîöåñó åêñòðàãóâàííÿ.

Âñòàíîâëåíî, ùî ìåõàí³çì åêñòðàãóâàííÿ º
âíóòð³øíüî-äèôóç³éíèì.

Çã³äíî ç îäåðæàíèìè ðåçóëüòàòàìè, ïðè
åêñòðàãóâàíí³ òðàâè Adonis vernalis 70% åòèëî-
âèì ñïèðòîì çà òåìïåðàòóðè êèï³ííÿ åêñòðàãåíòó
ó ãîòîâîìó åêñòðàêò³ âì³ñò ôåíîëüíèõ ñïîëóê
ñêëàäàâ 0,920±0,018 ã/ë.

Îäåðæàí³ äàí³ äîïîìîæóòü ïðè ñòâîðåíí³
åêîëîã³÷íî áåçïå÷íèõ ïðåïàðàò³â ïðèðîäíîãî
ïîõîäæåííÿ äëÿ ôàðìàöåâòè÷íî¿, õàð÷îâî¿,

Ðîçðàõóíîê 
2 3

0 0Ф 1 3 2 f (t)       â àïàðàò³ ç ì³øàëêîþ

С1, г/л 3
0 1

(1 C / ) f (t)      Ф=f(t) t, 

год 
dc=1,6 мм dc=2,5 мм dc=4 мм dc=1,6 мм dc=2,5 мм dc=4 мм dc=1,6 мм dc=2,5 мм dc=4 мм 

0 0 0 0 1,00 1,00 1 0 0 0 

1,5 0,56 0,46 0,23 0,944 0,954 0,978 0,009 0,006 0,001 

3,0 0,72 0,67 0,51 0,926 0,932 0,949 0,016 0,013 0,008 

4,5 0,84 0,70 0,62 0,913 0,928 0,937 0,021 0,015 0,011 

6,0 0,92 0,76 0,64 0,903 0,922 0,935 0,026 0,017 0,012 

 

Ðèñ. 4. Çàëåæí³ñòü âåëè÷èíè Ô â³ä ïîòî÷íîãî ÷àñó

åêñòðàêö³¿: 1 – d=4 ìì; 2 – d=2,5 ìì; 3 – d=1,6 ìì
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ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîìèñëîâîñò³.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Polyphenol composition and in vitro antioxidant activity

of amaranth, quinoa, buckwheat and wheat as affected by sprouting

and baking / Alvarez-Jubete L., Wijngaard H., Arendt E.K.,

Gallagher E. // Food Chem. – 2010. – Vol.119. – P.770-778.

2. Latte K.P. Adonis vernalis L. Das Fruhlingsadonisroschen

// Z. Phytother. – 2018. – Vol.39(1). – P.45-51.

3. Al-Snafi A.E. Therapeutic properties of medicinal plants:

a review of plants with cardiovascular effects (part 1) // Int. J.

Pharmac. Toxicol. – 2015. – Vol.5(3). – P.163-176.

4. Extraction of biologically active compounds from Sideritis

ssp. L. / Tsibranska I., Tylkowski B., Kochanov R., Alipieva K. //

Food Bioprod. Proces. – 2011. – Vol.89(4). – P.273-280.

5. Extraction methods for the releasing of bound phenolics

from Rubus idaeus L. leaves and seeds / Wang L., Lin X., Zhang J.

et al. // Ind. Crops Prod. – 2019. – Vol.135. – P.1-9.

6. Extraction of phenolic compounds from hazelnut shells

by green processes / Perez-Armada L., Rivas S., Gonzalez B.,

Moure A. // J. Food Eng. – 2019. – Vol.255. – P.1-8.

7. Ê³íåòèêà òà ìåõàí³çì åêñòðàêö³¿ á³îëîã³÷íî àêòèâ-

íèõ ðå÷îâèí ç äèêîðîñëîãî âèäó G.imbricatus / Êðâàâè÷ À.Ñ.,

Êîíå÷íà Ð.Ò., Ìèëÿíè÷ À.Î. òà ³í. // Ïèòàííÿ õ³ì³¿ òà õ³ì³÷íî¿

òåõíîëîã³¿. – 2018. – ¹ 5 (120). – Ñ.111-115.

8. Total phenolic content, antioxidant activity and toxicity

of aqueous extracts from selected Greek medicinal and aromatic

plants / Skotti E., Anastasaki E., Kanellou G., Polissiou M.

Tarantilis P.A. // Ind. Crops Prod. – 2014. – Vol.53. – P.46-54.

9. European pharmacopoeia. 8th Ed. – Strasbourg: Council

of Europe, 2013. – 1380 p.

10. Ñåìåíèøèí ª.Ì., Ñòàäíèê Ð.Â., Òðîöüêèé Â.². Åêñ-

ïåðèìåíòàëüíå âèçíà÷åííÿ êîåô³ö³ºíò³â âíóòð³øíüî¿ äèôóç³¿

äëÿ óìîâ åêñòðàãóâàííÿ ð³äêèõ òà òâåðäèõ ö³ëüîâèõ êîìïî-

íåíò³â / Íàóê. ïðàö³ Îäåñ. Íàö. àêàä. õàð÷îâèõ òåõíîë. –

2010. – Âèï.37. – Ò.1. – Ñ.341.

Íàä³éøëà äî ðåäàêö³¿ 22.04.2019

EXTRACTION OF PHENOLIC COMPOUNDS FROM THE
PLANT ADONIS VERNALIS

A.S. Krvavych *, V.R. Hamada, R.T. Konechna, A.O. Mylyanych,
L.R. Zhurakhivska, I.R. Buchkevych, V.P. Novikov

Lviv Polytechnic National University, Lviv, Ukraine
* e-mail: anna.s.krvavych@lpnu.ua

The kinetics of extraction of phenolic compounds from Adonis
vernalis was investigated in this work. To this end, the process was
carried out under different hydrodynamic conditions and different
extent of grinding of the plant. Quantitative determination of the
overall content of phenolic compounds in extracts was performed by
spectrophotometric method. The extraction proceeds more efficiently
under the conditions of continuous stirring than after the infusion;
this is associated with an internal character of diffusion. An optimal

diameter of components was determined for the best extraction of
phenolic compounds. The extraction of Adonis vernalis is
recommended to perform using 70.0% ethyl alcohol at the boiling
point. The diameter of the components should be equal ~1.6 mm.
Under these conditions, the concentration of phenolic compounds
was 0.920±0.018 g L–1.

Keywords: phenolic compounds; extraction; optimal
conditions; Adonis vernalis; kinetics.

REFERENCES

1. Alvarez-Jubete L., Wijngaard H., Arendt E.K.,
Gallagher E. Polyphenol composition and in vitro antioxidant
activity of amaranth, quinoa, buckwheat and wheat as affected
by sprouting and baking. Food Chemistry, 2010, vol. 119,
pp. 770-778.

2. Latte K.P. Adonis vernalis L. Das Fruhlingsadonis-
roschen, Zeitschrift für Phytotherapie, 2018, vol. 39, no. 1, pp. 45-51.

3. Al-Snafi A.E. Therapeutic properties of medicinal plants:
a review of plants with cardiovascular effects (part 1). International
Journal of Pharmacology & Toxicology, 2015, vol. 5, no. 3,
pp. 163-176.

4. Tsibranska I., Tylkowski B., Kochanov R., Alipieva K.
Extraction of biologically active compounds from Sideritis ssp. L.
Food and Bioproducts Processing, 2011, vol. 89, pp. 273-280.

5. Wang L., Lin X., Zhang J., Zhang W., Hu X., Li W.,
Li C., Liu S. Extraction methods for the releasing of bound
phenolics from Rubus idaeus L. leaves and seeds. Industrial Crops
and Products, 2019, vol. 135, pp. 1-9.

6. Perez-Armada L., Rivas S., Gonzalez B., Moure A.
Extraction of phenolic compounds from hazelnut shells by green
processes. Journal of Food Engineering, 2019, vol. 255, pp. 1-8.

7. Krvavych A.S., Konechna R.T., Mylianych A.O.,
Petrina R.O., Fedoryshyn O.M., Mykytyuk O.M., Semenyshyn
Ye.M., Atamaniuk V.M., Novikov V.P. Kinetyka ta mekhanizm
ekstraktsii biologichno aktyvnykh rechovyn z dykoroslogo vydu
G. imbricatus [Kinetics and mechanism of the extraction of
biologically active substances from wild species G. imbricatus].
Voprosy Khimii i Khimicheskoi Tekhnologii, 2018, no. 5, pp. 111-
115. (in Ukrainian).

8. Skotti E., Anastasaki E., Kanellou G., Polissiou M.
Tarantilis P.A. Total phenolic content, antioxidant activity and
toxicity of aqueous extracts from selected Greek medicinal and
aromatic plants. Industrial Crops and Products, 2014, vol. 53,
pp. 46-54.

9. European pharmacopoeia. 8th Edition. Council of Europe,
Strasbourg, 2013. 1380 p.

10. Semenyshyn Ye.M., Stadnyk R.V., Trotskyi V.I.
Eksperymental’ne vyznachenniya koefitsiientiv vnutrishn’oi dyfuzii
dl’ya umov ekstraguvanniya ridkykh ta tverdykh tsil’ovykh
komponentiv [Experimental determination of the coefficients of
internal diffusion for the conditions of extraction of liquid and
solid target components]. Naukovi Pratsi Odeskoi Natsionalnoi
Akademii Kharchovykh Tekhnologii, 2010, no. 37(1), pp. 341. (in
Ukrainian).


