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SELECTION OF AN OPTIMAL EXTRACTANT FOR THE EXTRACTION OF BIOLOGICALLY 
ACTIVE COMPOUNDS FROM KOKTEBEL KATRAN LEAVES AND ROOTS

Actuality. In order to develop new, effective medicines, substances of natural origin are attracting attention. An important stage 
in the extraction of plant substances is extraction, which is determined by the general laws of mass transfer, plant cell properties, 
physicochemical affinity of the extractant and biologically active substances to be extracted.

Koktebel katran (Crambe Koktebelica (Junge) N. Busch), belonging to the genus Crambe L. of the cabbage family (Brassicaceae), 
is a promising but insufficiently studied plant. According to scientific literature, this plant has antimicrobial properties and is a source 
of natural antioxidants.

In Ukraine, Koktebel katran was introduced into culture by scientists from the Department of Cultural Flora of the M.M. Hryshko 
National Botanical Garden of the National Academy of Sciences of Ukraine (Kyiv). 
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The aim of the study was to experimentally investigate the effect of the studied extractants on the extraction of a complex of 
biologically active substances: the sum of hydroxycinnamic acids, the sum of flavonoids and the sum of phenolic compounds from 
Koktebel katran leaves and roots.

Material and methods. The raw materials of Koktebel katran were harvested at the experimental plots of the Department of 
Cultural Flora of the M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine in Kyiv. The material 
for the study was extracts obtained from the leaves and roots of Koktebel katran by extracting with the following extractants: purified 
water, 40 %, 50 %, 60 % and 70 % ethanol.

When determining the optimal extractant for obtaining extracts from Koktebel katran leaves and roots, the yield of the sum of 
phenolic compounds, the sum of hydroxycinnamic acids and the sum of flavonoids, which were determined by the spectrophotometric 
method, was considered as the evaluation criterion. The extracts were obtained by maceration with periodic stirring.

Results and discussion. The influence of the nature of the extractant on the extraction of a certain group of BAS (sum of 
hydroxycinnamic acids, sum of flavonoids, sum of phenolic compounds) from the leaves and roots of Koktebel katran was determined. 
It has been established that the highest content of the studied groups of biologically active substances (BAS) in Koktebel katran leaves 
and roots belongs to the sum of phenolic compounds, and the best extractant that extracts the maximum amount of BAS is 70 %  
and 60 % ethanol solution, respectively.

Conclusion. The regularity of the yield of the sum of hydroxycinnamic acids, the sum of flavonoids and the sum of phenolic 
compounds depending on the nature of the extractant in the preparation of extracts from Koktebel katran leaves and roots was studied. 
The optimal extractant for the extraction of the total complex of bioactive substances from Koktebel katran leaves and roots was 
selected, which is a 70 % and 60 % ethanol solution, respectively. It was found that the content of the studied bioactive substances in 
the extract from Koktebel katran leaves is significantly higher than in the extract from Koktebel katran roots.

Key words: Koktebel katran, leaves, roots, hydroxycinnamic acids, flavonoids, phenolic compounds.
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ВИБІР ОПТИМАЛЬНОГО ЕКСТАГЕНТА ДЛЯ ВИЛУЧЕННЯ БІОЛОГІЧНО АКТИВНИХ 
СПОЛУК ІЗ КАТРАНУ КОКТЕБЕЛЬСЬКОГО ЛИСТКІВ ТА КОРЕНІВ

Актуальність. З метою розробки нових, ефективних лікарських засобів увагу до себе привертають субстанції природного похо-
дження. Важливою стадією отримання рослинних субстанцій є екстрагування, яке зумовлене загальними законами масообміну, 
властивостями рослинної клітини, фізико-хімічною спорідненістю екстрагенту та біологічно активних речовин, які вилучаються.

Катран коктебельський (Crambe Кoktebelica (Junge) N. Busch), який належить до роду Катран (Crambe L.) родини капу-
стяні (Brassicaceae), є перспективною, але недостатньо вивченою рослиною. За даними джерел наукової літератури, ця 
рослина проявляє антимікробні властивості та є джерелом природних антиоксидантів.

В Україні катран коктебельський введено в культуру науковцями відділу культурної флори Національного ботанічного 
саду імені М. М. Гришка НАН України (м. Київ). 

Мета дослідження – експериментальним шляхом вивчити вплив досліджуваних екстрагентів на вилучення комплексу 
біологічно активних речовин: суми гідроксикоричних кислот, суми флавоноїдів і суми фенольних сполук із катрану коктебель-
ського листків та коренів.

Матеріали та методи дослідження. Сировину катрану коктебельського заготовляли на дослідних ділянках відділу куль-
турної флори Національного ботанічного саду імені М. М. Гришка НАН України в Києві. Матеріалом для досліджень були 
витяжки, одержані з листків і з коренів катрану коктебельського шляхом екстрагування такими екстрагентами, як вода 
очищена, 40 %, 50 %, 60 % та 70 % етанол.

Під час встановлення оптимального екстрагента для отримання витяжок з катрану коктебельського листків і коренів 
критерієм оцінювання вважали вихід суми фенольних сполук, суми гідроксикоричних кислот та суми флавоноїдів, які визна-
чали спектрофотометричним методом. Витяжки отримували мацерацією з періодичним перемішуванням.

Результати дослідження та їх обговорення. Визначено вплив природи екстрагента на вилучення певної групи БАР (суми 
гідроксикоричних кислот, суми флавоноїдів, суми фенольних сполук) із листків та з коренів катрану коктебельського. Вста-
новлено, що найбільший вміст із досліджуваних груп біологічно активних речовин (БАР) у катрану коктебельського листках 
і коренях належить сумі фенольних сполук, а найкращим екстрагентом, який вилучає максимальну кількість БАР, є 70 %  
і 60 % розчин етанолу відповідно. 

Висновок. Досліджено закономірність виходу суми гідроксикоричних кислот, суми флавоноїдів і суми фенольних сполук 
залежно від природи екстрагента при одержанні витяжок з катрану коктебельського листків та коренів. Дібрано опти-
мальний екстрагент для вилучення сумарного комплексу БАР із катрану коктебельського листків та коренів, яким є 70 % 
і 60 % розчин етанолу відповідно. Встановлено, що у витяжці з катрану коктебельського листків уміст досліджуваних БАР 
значно вищий, ніж у витяжці з катрану коктебельського коренів.

Ключові слова: катран коктебельський, листки, корені, гідроксикоричні кислоти, флавоноїди, фенольні сполуки.

Introduction. Actuality. In order to develop new, 
effective medicines, substances of natural origin are 
attracting attention. This is due to the fact that with 
the correct dosage, herbal remedies are affordable, 
characterized by low toxicity, easy absorption by the 
human body, the possibility of long-term use without 
the risk of side effects, mildness and reliability of action 
(Vyshnevska, 2008; Shostak, 2014; Budniak, 2021 a, b). 

An important stage in the production of plant 
substances is extraction, which is determined by the 
general laws of mass transfer, plant cell properties, 
physicochemical affinity of the extractant and 
biologically active substances to be extracted (Shostak, 
2014; Krvavych, 2016; Degtyareva, 2016).

An insufficiently studied but promising plant is the 
Koktebel katran (Crambe Koktebelica (Junge) N. Busch) 
belonging to the genus Crambe L., family Brassicaceae 
(Prina, 2009). It is an annual or biennial herbaceous 
semi-rosette plant, a narrow-range endemic found in the 

Karadazh mountain range near the village of Koktebel and 
on the coast of Koktebel Bay. Plants grow either singly or 
in small groups. However, studies by A. A. Ena refute the 
endemicity of this species (Prina, 2009; Ilyinska, 2007).

In Ukraine, Koktebel katran was introduced into 
culture by scientists from the Department of Cultural 
Flora of the M. M. Hryshko National Botanical Garden 
of the National Academy of Sciences of Ukraine (Kyiv) 
(Catalogue, 2015; Vergun, 2018). 

According to scientific literature, this plant has 
antimicrobial properties and is a source of natural 
antioxidants (Pushkarova, 2016; Skrynchuk, 2019; 
Marchyshyn, 2020; Slobodianiuk, 2021).

The aim of the study. To study experimentally the 
effect of the studied extractants on the extraction of a 
complex of biologically active substances (BAS): the 
sum of hydroxycinnamic acids, the sum of flavonoids 
and the sum of phenolic compounds from Koktebel 
katran leaves and roots.
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Materials and methods. The leaves and roots of 
Koktebel katran were used for the study, which were 
harvested in the experimental plots of the Department of 
Cultural Flora of the M. M. Hryshko National Botanical 
Garden of the National Academy of Sciences of Ukraine in 
Kyiv, and the following extractants: purified water, 40 %, 
50 %, 60 % and 70 % water-ethanol solutions. The plant 
material was air-dried at room temperature (25°C) and 
stored in paper bags in a dry place (Slobodianiuk, 2022).

Water-ethanol and aqueous extracts were obtained 
by maceration with periodic stirring. The ratio of 
raw material: extractant was 1:10. When extracting 
biologically active substances (BAS) from Koktebel 
katran, the roots were left to infuse with the extractant for 
seven days; when extracting BAS from Koktebel katran 
leaves, the extraction time was reduced to three days.

The obtained extracts were filtered through a 
paper filter and condensed in a rotary evaporator at a 
temperature of 50–60 °C. 

In determining the optimal extractant, the evaluation 
criterion was the yield of the sum of phenolic 
compounds, the sum of hydroxycinnamic acids and the 
sum of flavonoids, the quantitative content of which was 
determined by the spectrophotometric method using a 
UV-1800 Shimadzu spectrophotometer (Japan).

The quantitative content of the total flavonoids 
was determined in terms of rutin at a wavelength of 
415 nm in a cuvette with a layer thickness of 10 mm; 
the total hydroxycinnamic acids – at a wavelength 
of 327 nm in terms of chlorogenic acid; the total 
phenolic compounds – at a wavelength of 270 nm 

in terms of gallic acid (DFU, 2015; Fedosov, 2018; 
Savich, 2020).

Results and discussion. According to the data 
obtained, the highest content of the studied BAS in 
the leaves of Koktebel katran belongs to phenolic 
compounds, which were on average 4.84 and  
6.75 times higher compared to hydroxycinnamic acids 
and flavonoids, respectively. 

Fig. 1 shows the dependence of the extraction of the 
sum of phenolic compounds on the nature of the extractant 
from the leaves of Koktebel katran. It was found that the 
maximum yield of the sum of phenolic compounds is 
provided by a 60 % ethanol solution – 24.98 %.

When extracted with 70 % and 50 % ethanol solutions, 
23.02 % and 22.46 % of the total phenolic compounds, 
respectively, are transferred to the extract. The smallest 
amount of the studied compounds was extracted using 
40 % ethanol (21.52 %) and purified water (19.49 %).

Analyzing the effect of different extractants on the 
extraction of hydroxycinnamic acids from Koktebel katran 
(fig. 2), the following results were observed: extraction 
with 70 % ethanol solution allowed to extract the largest 
amount of these substances – 6.31 %. A significant amount 
of the sum of hydroxycinnamic acids (5.42 %) was also 
extracted with 40 % ethanol solution. When extracted 
with 50 % and 60 % ethanol, the amount of the studied 
substances was 4.97 % and 4.84 %, respectively. The 
lowest yield of hydroxycinnamic acids, which amounted 
to 1.5 %, was obtained by extraction with purified water.

Fig. 3 shows the results of the effect of the nature of the 
extractant on the extraction of the total flavonoids from 
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Fig. 1. Influence of the nature of the extractant on the extraction of total phenolic compounds 
from Koktebel katran leaves
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Koktebel katran. Thus, the highest yield of total flavonoids 
(4.60 %) from Koktebel katran was observed in extracts 
obtained using 70 % ethanol solution. A good result was 
also obtained when using 50 % (3.99 %) and 60 % (3.39 %) 
ethanol. When extracted with a 40 % ethanol solution, 3.23 % 
of the total flavonoids were transferred to the extract. Purified 
water extracted the least amount of these substances (1.3 %).

We also studied the effect of the nature of the extractant on 
the extraction of the complex of bioactive substances from the 
roots of this medicinal plant. The analysis of the data obtained 
showed that the quantitative content of the studied bioactive 
substances in the roots of Koktebel katran was lower than in the 
leaves. Thus, the content of the sum of phenolic compounds in 

the leaves of Koktebel katran was 3.5 times higher than in the 
roots, the sum of hydroxycinnamic acids – 5.7 times, the sum of 
flavonoids – 13.1 times. The results of the quantitative content 
of extracted BAS from Koktebel katran roots depending on the 
nature of the extractant are shown in fig. 4.

According to the results shown in fig. 4, we state that 
the highest content of extracted BAS in Koktebel katran 
roots belongs to the sum of phenolic compounds, the 
highest yield of which is provided by the use of 40 % 
(6.6 %) and 60 % (6.51 %) ethanol. A good result is also 
obtained when using 70 % and 50 % ethanol. The least 
amount of the studied substances was extracted with 
purified water (6.06 %).

 

1,5

5,42 4,97 4,84

6,31

0

1

2

3

4

5

6

7

purified water 40 % ethanol 50 % ethanol 60 % ethanol 70 % ethanol

T
he

 c
on

te
nt

 o
f h

yd
ro

xy
ci

nn
am

ic
 

ac
id

s, 
%

Fig. 2. Influence of the nature of the extractant on the extraction of hydroxycinnamic 
acids from Koktebel katran leaves
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When extracting the total hydroxycinnamic acids, the 
best extractant was a 70 % ethanol solution, which extracted 
1.71 % of these substances from the roots. The use of 50 % 
and 60 % ethanol extracted 0.76 % and 0.7 % of the total 
hydroxycinnamic acids, respectively. The least amount of 
hydroxycinnamic acids was transferred to the extract when 
using purified water and 40 % ethanol.

The highest total amount of flavonoids was extracted 
from Koktebel katran roots with 50 % (0.37 %) and  
60 % (0.36 %) ethanol. When using 70 % and 40 % 
ethanol, 0.21 % and 0.19 % of the flavonoids, respectively, 
were transferred to the extract. The smallest amount of the 
studied substances was extracted when using purified water.

Conclusion
1. The yield of the sum of hydroxycinnamic 

acids, the sum of flavonoids and the sum of phenolic 
compounds from Koktebel katran leaves and roots was 
determined depending on the nature of the extractant 
(purified water, 40 %, 50 %, 60 %, 70 % ethanol). 

 2. It has been proved that the content of the sum 
of the studied substances in Koktebel katran leaves is 
much higher than in the roots.

 3. The optimal extractant for the extraction of 
a complex of biologically active substances from 
Koktebel katran leaves and roots was selected, which 
is 70 % and 60 % ethanol, respectively.

Fig. 4. The effect of the nature of the extractant on the extraction of bioactive 
substances (sum of hydroxycinnamic acids, sum of flavonoids and sum of phenolic 

compounds) from katran of Koktebel roots
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