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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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BUBIP OITUMAJIBHOI'O EKCTATEHTA AJISA BUJTYYEHHSA BIOJTOI'TYHO AKTUBHUX
CHOJIYK I3 KATPAHY KOKTEBEJbCBKOI'O JIMCTKIB TA KOPEHIB

Axmyanshicmo. 3 memoro pospooxu HOBUX, eeKMUBHUX TIKAPCLKUX 3aco0i8 Yéazy 0o cebe npusepmaronv CyoOCmanyii npupooHo2o noxo-
Ooicenns. Baowenueoio cmaodicto ompumanis pociuHHux cyocmanyiti € ekcmpazyeanns, sike 3yMoeneHe 3a2albHUMU 3aKOHAMU MACOOOMIHY,
GIACMUBOCHIAMU POCTUHHOT KTIMUHU, QI3UKO-XIMIYHOIO CROPIOHEHICIIO eKCpPazeHmy ma 0ioNo2iuHO AKMUSHUX PEHOBUH, KT 6UTYHAIONbCAL.

Kampan kokmebdenvcokuii (Crambe Koktebelica (Junge) N. Busch), axuii nanesxcums 0o poody Kampan (Crambe L.) poounu kany-
cmani (Brassicaceae), € nepcnekmusnolo, ane HeOOCMAmMHbO 8UBHEHOI0 POCIUNOI0. 3a Oanumu O0dxcepell HAYKO8oi nimepamypu, ys
POCTUHA NPOABTAE AHMUMIKPOOHT BI1ACTNUBOCTI MA € 0ACEPENOM NPUPOOHUX AHMUOKCUOAHMIS.

B Vkpaini xampan kokmebenbcoKuil 66e0eHO 8 KYIbmypy HAyKo8ysmu 8i00iny KyasmypHoi ¢nopu Hayionanvnozo bomaHiuno2o
caody imeni M. M. Ipuwura HAH Ykpainu (m. Kuis).

Mema 0ocniorceHna — eKCnepuUMeHManbHUM WIIAXOM GUEUUMU GNIUE OOCTIONCYBAHUX eKCMPALeHMIE8 HA GUIYYEHHS KOMNIEKCY
0ion02i4HO AKMUBHUX PEHUOBUH: CYMU 2I0POKCUKOPULHUX KUCTOM, CYMU (IaBOHOIOIE | CyMU (henonbHuUX CROTYK i3 Kampary Kokmebensb-
CbKO20 IUCMKIE MaA KOPEHIE.

Mamepianu ma memoou docnidxicenus. Cuposury Kampary KOKmeoenbCbKo20 3a20MosIsau Ha O0CIIOHUX OLIAHKAX GI00LTY K)Ib-
mypHoi ¢propu Hayionanvrnozo bomaniunozo cady imeni M. M. Ipuwxa HAH Yxpainu 6 Kuesi. Mamepianrom 01a docnioxcens 6yiu
BUMANCKU, 00EPAHCANT 3 TUCMKIG | 3 KOPEHI6 KAMpPAary KOKmMehenbCbKo20 WIIAXOM eKCIMpPA2y8anHts Makumy eKCmpazenmamu, sSK 600a
ouuwena, 40 %, 50 %, 60 % ma 70 % emanon.

11i0 uac scmanognents OnMUManbHO20 eKkcmpazeHma 0151 OMPUMAHHS GUMAINCOK 3 KAMPAHY KOKMebelbCbKo20 NUCMKIE | KopeHis
Kpumepiem OyiHIO8AHHA 86ANHCANU BUXIO CYMU (PEHONbHUX CROMYK, CYMU CIOPOKCUKOPUUHUX KUCTIOM MA CyMU (pnasonoiois, sAKi eusHa-
4@ cnekmpo@omomempuiHUM Memooom. Bumsiicku ompumyeanu mayepayicio 3 nepioOuyHumM nepemiutyanHsIM.

Pesynomamu 0ocniosycenna ma ix 062080penns. BusnaueHno eniug npupoou ekcmpazeHma Ha euiyienus nesHoi epynu BAP (cymu
2I0POKCUKOPUUHUX KUCTIOM, CYMU (DPIABOHOIOI6, CyMU (DeHONbHUX CHOAYK) I3 TUCMKIE Md 3 KOPeHie Kampany Kokmebenibcbkozo. Bema-
HOBIEHO, WO HauOIIbWUIL MicT i3 00CAI0JNCY8aAHUX 2pyn bionoziuno akmugnux pevosun (bAP) y kampany kokmebenbcbKkoeo Tucmkax
i KopeHsAx Hanedlcumv CyMi hpeHONbHUX CNONYK, a HAUKPAWUM eKCmpazeHmoMm, AKUll 8unyiac makcumansiy xinokicmos BAP, € 70 %
i 60 % poszuun emanony 8i0n0GIOHO.

Bucnoeok. [Jocniodceno 3akonomipricms 8uUxody cymu 2iOpOKCUKOPUHHUX KUCTOM, CYMU (PaoH0i0i6 | cymu (heHOTbHUX CROYK
3aNeACHO i0 NPUPOOU eKCIMpPazeHma P 00ePIHCAHHI BUMAICOK 3 KAMPAHy KOKMebenbCbKko2o IUCMKIE ma kopenis. [libpano onmu-
MAIbHULL eKcmpaceHm OJisl ULYHEeHHsT cymapho2o komniekcy BAP i3 kampany kokmebenbcbkoeo aucmkie ma koperis, skum € 70 %
i 60 % poszuun emanony 6ionogiono. Bcmanoeneno, wo y sumsaicyi 3 kKampamny KOKmeoenbCcbko2o aucmkie ymicm oocuioxcysanux bAP

SHAUHO BUIYULL, HINC Y BUMANCYT 3 KAMPAHY KOKIMEOeIbCbK020 KOPEHIS.
Knrouosi cnosa: kampan kokmebenvcokuil, TUCMKU, KOPeHi, 2i0pOKCUKOPUYHE KUCIOMU, (PLABOHOIOU, hpeHONbHI CROIYKU.

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
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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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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 %).

7
3] » 6,31
E 6 A
s 5,42
: ’
£ . / 4,97 4,84 /
[>]
>
2 /
N
Z 4 /
283
~
=
£ 2 /
S 15 4/
-
=

0

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

Fig. 2. Influence of the nature of the extractant on the extraction of hydroxycinnamic
acids from Koktebel katran leaves
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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

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.
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