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Abstract: one of the relevant directions for the rational use of raw material resources and reducing
the cost of pharmaceuticals is the comprehensive processing of plant materials in the pharmaceutical
industry. Often, during harvesting and preparation of medicinal plants, a significant amount of
waste remains unused in practice, leading to the loss of valuable biologically active compounds.
One such plant is the cornflower (Centaurea cyanus L.), belonging to the Asteraceae family. This
plant has long been known for its medicinal properties and is widely used in both traditional and
official medicine. In medicinal practice, funnel-shaped and tubular flowers of cornflower are mainly
utilized due to their pronounced anti-inflammatory, diuretic, antibacterial, immunomodulatory,
antioxidant, and capillary-strengthening effects, making them effective for cardiovascular disease
prevention. These pharmacological properties result from the presence of a wide range of biologically
active compounds, including flavonoids, hydroxycinnamic acids, tannins, and polysaccharides.
However, during the harvesting of cornflower blossoms, the involucre is typically discarded, as
its pharmacological potential has not been sufficiently investigated. Preliminary studies, however,
indicate the promising use of this part due to its high content of biologically active substances. Thus,
this study aimed to comprehensively investigate the involucre of cornflower blossoms to determine
its chemical composition and evaluate its potential for use in pharmaceutical practice. To achieve
this goal, microscopic and phytochemical methods of analysis according to the requirements of the
State Pharmacopoeia of Ukraine (SPhU) were employed. Microscopic analysis, conducted using a
scanning electron microscope (SEM, JSM-6060LA, Japan), revealed characteristic ultrastructural
features, including spiral-twisted multicellular trichomes and elongated stomata located along the
central vein of the involucre leaf. Additionally, distinctly visible accumulations of calcium oxalate
crystals were identified on the leaf surface. Phytochemical analysis showed a high content of
polyphenolic compounds (79.46%0.65 mg/g), significantly exceeding their levels in other plant parts.
Additionally, water-soluble polysaccharides and pectins were identified, which are known for their
anti-inflammatory, detoxifying, antibacterial, and immunostimulating properties. The obtained
results suggest the cornflower involucre as a promising raw material for developing new medicinal
products with pronounced therapeutic properties. Further research should focus on clarifying the full
spectrum of biologically active substances, thoroughly investigating their pharmacological activities,
and optimizing extraction technologies, thereby significantly contributing to the development of the
domestic pharmaceutical industry.
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Introduction

Comprehensive processing of plant raw
materials in the pharmaceutical industry is one
of the relevant approaches for the rational use of
resources, the development of medicinal products
with various biological activities, and the
reduction of production costs. Often, during the
harvesting and preparation of medicinal plants, a
significant amount of waste remains unused.

One such plant is the cornflower (Centaurea
cyanus L.) from the Asteraceae family. For
medicinal purposes, the ligulate and tubular
flowers are used, which exhibit anti-inflammatory,
diuretic, antibacterial, and immunomodulatory
effects. These activities are attributed to
polyphenolic compounds, such as flavonoids,
phenolic acids, tannins, and polysaccharides
[1,2,3,4,5,6,7].

In the harvesting of cornflower flowers, the
peripheral, blue, ligulate, and partially tubular,
violet flowers are plucked. The receptacle and
involucre are discarded, as these parts of the
plant are insufficiently studied and not utilized
[8,9,10].

Since one of the main directions of modern
pharmaceutical industry is the zero-waste
processing of medicinal plant raw materials,
studying the chemical composition of the
cornflower involucre is a relevant and timely
issue.

Analysis of the literature shows that the
extract from the cornflower involucre contains
hydroxycinnamic acids — caffeic, succinic,
and syringic acids. Subsequent studies of the
biological activity of this extract revealed its
antioxidant and antibacterial effects [11].

Therefore, it was appropriate to perform a
quantitative study of the polyphenolic compounds
in the raw material, as well as to fractionate the
polysaccharides - whose medicinal properties
are associated with cornflower - and to study the
macro- and microscopic characteristics of the
involucre for the development of quality control
methods [12].

Aim

To investigate the quantitative content of
polyphenolic compounds in the cornflower
involucre, to perform fractionation of
polysaccharides with subsequent quantitative
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determination of the content of water-soluble
polysaccharides and pectin, and to establish the
morphological and anatomical characteristics of
the raw material.

Materials and methods

The raw material of the cornflower was
collected in Kyiv region, Brovary district, near
Knyazhichy village. The involucre, flowers, and
herb of cornflower were taken for the study.

The quantitative content of polyphenolic
compounds in the involucre was determined in
methanolic extracts of the raw material using a
spectrophotometric method on a 6850 UV/VIS
JENWAY spectrophotometer at a wavelength
of 750 nm. Folin—Ciocalteu reagent (Sigma-
Aldrich®, Germany), a sodium carbonate
solution, and distilled water were used as reagents.

Before the spectrophotometric measurements,
a calibration curve was constructed for the
dependence of the concentration of gallic acid
on the optical density of the solution. The total
phenolic content was determined in mg/g,
expressed as gallic acid equivalents based on the
air-dry raw material [13].

For comparative analysis, the content of
polyphenolic compounds was also determined in
methanolic extracts from the flowers and herb of
cornflower.

The quantitative content of water-soluble
polysaccharides (WSP) in the involucre was
determined by a gravimetric method according
to the SPhU monograph “Althaeae radix” [14].
The residue remaining after obtaining the WSP
was used to obtain pectic substances (PS). The
extraction was carried out twice using a mixture
0f0.5% oxalic acid solution and 0.5% ammonium
oxalate solution in a 1:1 ratio at a temperature of
80—85°C for 2 hours. Subsequently, the extracts
were combined, concentrated, and the pectic
substances were precipitated by adding three
volumes of 96% ethanol. The precipitate was
washed with 96% ethanol, dried, and weighed
[15].

For the study of the external characteristics of
the cornflower involucre, intact, undamaged raw
material was selected.

Microscopic studies of the raw material
were carried out using a scanning electron
microscope (SEM, JSM-6060LA, Japan). The
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ultrastructure of the surface of the cornflower
involucre was examined at 10x magnification.
The raw material was fixed on brass stubs and
coated with a thin layer of gold and platinum in
a vacuum chamber.

Results and discussion

The results of the quantitative determination
of polyphenols in the methanolic extracts from
the involucre, flowers, and herb of cornflower are
presented in Fig. 1.

Fig. 1. Quantitative content of polyphenols in the
raw material of cornflower (Centaurea cyanus L.).
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It was found that the highest content of
polyphenols was observed in the extracts from the
involucre(79.46+£0.65 mg/g), whilethelowestwas
in the extracts from the herb (52.61+0.35 mg/g).
Since polyphenolic compounds include flavo-
noids, tannins, phenolic acids, etc., it is rea-
sonable to conduct a more detailed study of these
substances to further investigate the effects of
extracts from the cornflower involucre on human
biological processes.

After fractionation of the polysaccharides
from the involucre, fractions of WSP and PS
were obtained. The yield of the polysaccharide
fraction from the raw material is shown in Fig. 2.

As seen from Table 2, the highest amount of
the WSP fraction was present in the flowers and
involucre—12.48 + 0.69% and 7.04 + 0.017%,
respectively, while the lowest was in the herb -
3.91 £+ 0.14%. In terms of PS content, the flower
and herb predominated with 10.3 + 0.49% and
8.57+0.21%, respectively, whereas the involucre
contained only a negligible amount (4.82 +
0.015%).

Macroscopic examination of the cornflower
involucre revealed that it has a bell-shaped, multi-
row, imbricate structure. The bracts forming
the involucre are ovate, acuminate, slightly
pubescent, dark green with a dark purple margin
at the apex (Fig. 3).

Fig. 2. Quantitative content of WSP and PS in different parts of cornflower (Centaurea cyanus L.)
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Fig. 3. Involucre of cornflower

Scanning electron microscopy was used
to study the ultrastructure of the surface of the
involucre leaves. The abaxial surface is densely
covered with spirally twisted, multicellular, non-
glandular, long covering trichomes (Figs. 4a,
4c) mainly located at the base of the leaf in its
central part. These trichomes consist of 3—4 short
cylindrical cells and a terminal, spirally twisted
long cell. In addition, the surface is also covered
with short, unicellular, hook-like trichomes with
an acuminate apex (Fig. 4b). Numerous well-
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defined, small, elongated stomata are arranged
on the abaxial surface, oriented along the midrib
(Fig. 4d).

In the central part of the involucre leaf, four-
lobed clusters of calcium oxalate crystals are
visible (Fig. 5a). The cuticle is well developed and
folded. The wax is present in the form of plates
and scales in which the stomata are embedded
(Fig. 5b).

The adaxial side of the leaf is bare, covered
with wax. Stomata and trichomes are absent
(Figs. 6a, 6b).

The established main morpho-anatomical
diagnostic features of the cornflower involucre
(Centaurea cyanus L.) can be used for the
development of quality control methods for this
medicinal plant raw material.

Conclusions

The obtained results offer a solution to
the problem of developing resource-saving
technologies through the use of waste from the
pharmaceutical industry. For the comprehensive
utilization of cornflower, we demonstrated

Fig. 4. Scanning electron microscopy of the abaxial surface of the cornflower involucre.
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Fig. 5. Scanning electron microscopy of the abaxial surface of the cornflower involucre.

Fig. 6. Scanning electron microscopy of the adaxial surface of the cornflower involucre.

that the involucre possesses a rich chemical
composition: polyphenolic compounds, WSP and
PS. In terms of polyphenol content, the involucre
surpasses the ligulate and tubular flowers as
well as the herb, all of which have practical
significance. As is well known, these substances
exhibit anti-inflammatory, antioxidant, analgesic,
and antibacterial activities.

Therefore, it is advisable to continue more
detailed studies of the cornflower involucre in
order to expand Ukraine’s raw material base.
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OapMaKOTHOCTHYHA XapAKTEPUCTHKA 00TOPTKHU BOJIOIIKH CUHbOI
(Centaurea cyanus L.): mop¢osioriuni, anatomiuHi
Ta (PiTOXiMiuHI 0C00JIUBOCTI
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Anomauia. OOnum 3 AKmMyanbHUX HANPAMKIE pAYIOHANLHO20 GUKOPUCTAHHI CUPOBUHHUX PeCYpCi6
Ma 3HUMCEHHs coDIBAPMOCmi NIKAPCLKUX 3AC00i8 € KOMNIEKCHA nepepoOKa POCIUHHOI CUPOBUHU 6
Gapmayeemuuniv npomuciogocmi. Yacmo npu 3a2omieni ma nio2omoeyi 00 UKOPUCAHHA TIKAPCLKUX
POCIUH 3ATUUAEMbCA 3HAYHA KLTLKICMb 810X0018, AKI HAOANI He 3HAX00SIMb 3aCMOCY8AHH Y NPAKMUYI,
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o eede 00 6mpamu YiHHUX OION02IYHO AKMUBHUX CROTYK. []0 MAKUX pOCIUH HATIEHCUMb BOTOUIKA CUHS
(Centaurea cyanus L.), wo nanexcums 0o poounu Aticmposi (Asteraceae). L[s pociuna oagno eiooma
CBOIMU JIKYBAILHUMU GIACMUBOCMAMYU A AKMUBHO 3ACMOCO8YEMbCA 8 OQIYIUHI ma HApPOOHill
Meouyuni. B nikapcokux yinsax nepesajicHo 8UKOpUCmMoB8yomvCs JUKONoJIOHI ma mpyouacmi Keimxu
BONIOWIKU, AKI MAOMb BUPANCEHY NPOMUZANATILHY, CEYOIHHY, AHMUOAKMEPIANbHY, IMYHOMOOYIION0YY,
AHMUOKCUOAHMHY MA KANIAPOIMIYHIO8AIbHY 0it0, WO 00360/5€ eheKmMU8HO 3aCmoco8y8amu ix
V npoginakmuyi cepyeso-cyounHux saxeopioeatnv. Lli ¢hapmaxonoeiuni énacmueocmi 06ymosneHi
HAABHICMIO WUPOKO2O CHeKmpa 0ioN02iYHO AKMUBHUX CHOAYK: (PlaoH0i0i8, 2i0pOKCUKOPUYHUX
Kuciom, O0yOunbHUX pedosuH ma noaicaxapudis. Ilpome 6 npoyeci 3a2omieni KiMOK poCIUHU
0020pmKy 3a38uuaii 6iOKUOAOMb, OCKIIbKU i ¢hapmaxonociuna yiHwicmes He OVIa O00CMAMHbLO
oocriodcena. Boonouac nonepeomi 00CniodHcenHs 6Ka3yioms Ha NePCReKMUSHICMb BUKOPUCIAHHS Yi€T
YACMUHU POCTUHU 3AB0AKU BUCOKOMY 6Micmy 0ion02iYHO akmueHux peuogur. Came momy 8 pamkax
yiei pobomu OY10 NPOBEOEHO KOMNJEKCHE (DapMaKoSHOCMUYHE OO0CTIONCEHHS 0020pMKU KGIMOK
BONIOWIKU CUHBOI 3 MEMOI0 BUSHAYEHHS i1 XIMIUHO20 CKIA0Y MA OYIHKU NOMEHYIUHUX MONCIUBOCHEN
BUKOpUCAHHA 8 apmayesmuunitl npakmuyi. [l OocscHenHA yici Mmemu 3acmocos8y8anu
MIKPOCKORIYHI ma (himoximiuHi Memoou 00CiiodiceHb 8iOnosiono 00 eumoe [epocasnoi ghapmaxonei
Vrpainu (ADY). Mixpockoniunuii ananis, npogedenuti 3a 00NOM0O20K0 CKAHYBAILHO20 eleKMPOHHO20
mikpockona (SEM, JSM-6060LA, Anowis), 003601us eussumu XapakmepHi YibmpacmpyKmypHi
O3HAKU, 30KpeMd HAAGHICMb CRIPANbHO 3AKPYYEHUX Oa2amOKIIMUHHUX MPUXOM MA S8UOOBHCEHUX
NPOOUXi8, PO3MAULOBAHUX Y3008M4C CEPeOHbOI dHcunku aucmka. Kpiv yvoeo, 6y10 6useieHo 4imko
BUPAJICEHT CKYNYEHHS KPUCMAILIB OKCALAmy Kalbyilo HA NOBEPXHI TUCMKIE obeopmku. DimoximiuHull
A3 NOKA3a8 BUCOKUL emicm noaighenonvhux cnoayk (79,46+0,65 me/2), wo 3nauno nepesuwgye
NOKA3HUKU 6 [HWUX YacmuHax pociunu. Takoodc y ckaadi obecopmku Oynu i0enmughikogaHi
8000PO3UUHHI NoAicaxapuou ma NeKmuHu, 6i0OMi C8OIMU NPOMUZANATLHUMU, OeMOKCUKYIOUUMU,
anmubaxmepiartoHuMy ma  IMyHOCmuMynolouumMy  enacmugocmamu. Ompumani  pe3ynomamu
0036071A10Mb PO321A0AMU 0O2OPMK) BONOUKU CUHbOT K NEPCNEKMUBHY CUPOBUHY OJisL CMBOPEHHSL HOBUX
JIKApCuKUX npenapamis 3 UpasdceHumMu mepanesmuynumu gnacmusocmsamu. Ilooanswi oocnioscenus
mawoms O6ymu 30cepeodceHi Ha YMOYHEHHI NOBHO20 CHeKmpa OION02IUHO AKMUBHUX DPedOBUH,
no2nubIeHOMy BUBUEHHI iX (hapmaKkonociyHoi akmueHocmi ma onmumizayii mexHon02iti ekcmpaxyii,
WO cmame 8aNCIUBUM BHECKOM Y PO3BUMOK GIMYUIHAHOI (hapmayesmuyHoi npomMucio8ocmi.

Kurouosi ciioBa: Centaurea, MiKpocCKoITisl, moicaxapuau, peHoNbHI CIONTYKH, TEKTUHHU, KBITKH.

Copyright: © 2025 by the authors;
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).

Ukrainian scientific medical youth journal, 2025, Issue 2 (154)

http://mmj.nmuofficial.com

189


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

