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The genus Zinnia belongs to the Asteraceae family and includes numerous species originating from North America.
Plants of this genus contain various biologically active compounds, such as flavonoids, tannins, glycosides, phenols,
anthocyanins, and saponins. Species such as Zinnia elegans Jacq. and Zinnia angustifolia Kunth. exhibit a wide range of
biological activities, including antioxidant, antibacterial, antifungal, antiviral, hepatoprotective, antimalarial, cytotoxic,
and insecticidal properties. Zinnia angustifolia is less common in gardens but is gradually gaining popularity due to its
decorative qualities. Zinnia elegans is widely cultivated for its diversity of flower shapes and colors, as well as its low
maintenance requirements. Numerous scientific studies highlight the potential of Zinnia species as sources of biologically
active compounds with therapeutic potential.

The article presents the results of studies on the quantitative determination of the total content of hydroxycinnamic
acids in phytosubstances obtained from the herbs of Zinnia elegans Jacq. and Zinnia angustifolia Kunth. by maceration
with stirring, using 10 % ethanol as an extractant, at a raw material to extractant ratio of 1:10. The quantitative content
of hydroxycinnamic acids, recalculated as chlorogenic acid, was determined by spectrophotometric method using a
Lambda 25 Perkin Elmer spectrophotometer (USA).

The herbs of Zinnia elegans Jacq. and Zinnia angustifolia Kunth. were collected at the beginning of the flowering
period in 2024 in the Lviv region.

Itwas established that the total content of hydroxycinnamic acids in the phytosubstance derived from Zinnia angustifolia
Kunth. amounted to (3.98 £ 0.15) %, while in the phytosubstance derived from Zinnia elegans Jacq. it was (3.90 + 0.06) %.
The obtained results indicate the prospects for further phytochemical, microbiological, and pharmacological studies of
the phytosubstances from the herbs of Zinnia angustifolia Kunth. and Zinnia elegans Jacq. with the aim of developing
plant-based medicinal products and dietary supplements.

Key words: Zinnia elegans Jacq., Zinnia angustifolia Kunth., mpasa, 2iopoxcuxopuuni Kuciomu, CnekmpomempuiHuLl
Memoo.
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Jlinia bynnsik, Xpucruna Crebenbcebka, BikTopis Orap, Anina Ilanamap, Citiana MapuuimmH.
JocaigskeHHs1 BMICTY TiAPOKCMKOPHMYHMX KHCJIOT y ¢itocy0cTaHuisx i3 TpaBu Zinnia elegans Jacq.
i TpaBu Zinnia angustifolia Kunth., onep:;xanux MeToa0M Manepaiii 3 nepeMilnryBaHHsIM

Pio Zinnia nanesxcumos 0o poounu Asteraceae ma micmumos dbazamo 6udis, ujo noxoosmo i3 Ilisniunoi Amepuxu. Poc-
JIUHU Y020 POOY MICMSIMb Pi3HI OI0N02IYHO AKMUGHI CNOLYKU, SIK-0M (IA60HOIOU, MAHIHU, 21IKO3UOU, (EeHONU, AHMOYi-
anu ma canouinu. Buou, sokpema Zinnia elegans Jacq. ma Zinnia angustifolia Kunth., nposiaiomes wupoxuii cnekmp
0i0N102TYHOT AKMUBHOCTMI, BKIIOYHO 3 AHMUOKCUOAHMHUMU, AHMUOAKMEPIATbHUMU, NPOMUSPUOKOBUMU, NPOMUBIDYCHU-
MU, 2enamonpomeKmopHUMU, NPOMUMANAPIUHUMY, YUIMOMOKCUYHUMU MA THCEKMUYUOHUMU 61ACMUBOCMAMU. Zinnia
angustifolia € menw nowupenolo 6 cadax, npome NOCHYNOGO HAOYEAE NONVISPHOCMI 30OAKU CEOIM OEKOPAMUBHUM
snacmueocmsm. Zinnia elegans wupoko KyibmueyemvbCsi 3a605KU PI3HOMAHIMHOCMI OPM | KOIbOPIE KGIMOK ma Hesu-
baznueocmi 6 00211401, YV 0ocniodcennsx bazamvox HAyKOBYI6 aKyeHMyEMb sl y8aza Ha NePCReKMUBHOCTE BUKOPUCTIAHHS
6U0i6 pody Zinnia sx 0xcepen 0i0N02IUHO AKMUBHUX CRONYK 13 MepanesmuiHuM nOMeHYianioM.

Y cmammi npeocmaeneno pezynomamu 0ocniodcenb SU3HAUEHHS KIMbKICHO2O 8MICHY CYMU KUCIOM 2IOPOKCUKO-
puuHux y gpimocyocmanyiax iz mpasu Zinnia elegans Jacq. i mpasu Zinnia angustifolia Kunth., odepocanux memooom
mayepayii 3 nepemiuy8antaM, npu euKopucmanni ax exkcmpazenma 10 % emanony, y cniggionowienni cupoguna : exc-
mpaecenm — 1:10. Cnexmpoghomomempuunum memooom UHAUANU KIIbKICHUL 8MICT CYMU KUCAOM 2IOPOKCUKOPUYHUX Y
nepepaxyHKy Ha XJ0po2eHo8y Kuciomy Ha cnekmpogomomempi Lambda 25 Perkin Elmer (USA).

Tpasy Zinnia elegans Jacq. i mpagy Zinnia angustifolia Kunth. 3acomosnsau na nouamxy ysiminns pocaun'y 2024 poyi
Ha mepumopii Jlvsiscokoi obnacmi.

Yemanosneno, wo emicm cymu eiopokcukopuunux xuciom y gimocyocmanyii 3 mpasu Zinnia angustifolia Kunth.
cmanosumy (3.98 £ 0.15) %, y ¢pimocybcmanyii is mpasu Zinnia elegans Jacq. —(3.90 + 0.06) %.

Ompumani pesyromamu c8iouams npo NePCneKmuHICMb NOOILUUX QIMOXIMIUHUX, MIKPOOioI02IYHUX ma hapma-
KOMO2IUHUX 00CNIOdNCceHb Gimocybcmanyii i3 mpasu Zinnia angustifolia Kunth. i mpasu Zinnia elegans Jacq 3 memoio
PO3POOKU TKAPCLKUX 3ac00i6 ma JlEMUUHUX 000ABOK HA POCIUHHIL OCHOBL.

Knrouoei cnosa: Zinnia elegans Jacq., Zinnia angustifolia Kunth., herb, hydroxycinnamic acids, spectrophotometric
method.

Introduction. The genus Zinnia belongs to the Zinnia elegans Jacq. (synonym Zinnia violacea)
Asteraceae family. It includes numerous species that  is one of the most well-known and widespread spe-
are particularly popular, especially in their region of  cies of the genus Zinnia. The introduction of this
origin — North America. Mexico is considered the  plant into cultivation in Europe dates back to approx-
center of diversity for the genus Zinnia [1-3]. imately 1790 when Zinnia elegans Jacq. began to

The genus Zinnia was named in honor of Johann  gain popularity as a garden crop. This species is rep-
Gottfried Zinn, a professor of botany at the Univer-  resented by a large number of varieties [1; 7]. The
sity of Géttingen. flowers of Zinnia elegans Jacq. are characterized by

The primary biologically active compounds in the flow-  various shapes and a diverse color palette, including
ers and aerial parts of Zinnia include flavonoids, tannins,  shades of yellow, red, pink, lavender, green, crimson,

glycosides, phenols, anthocyanins, and saponins [3; 4]. orange, and white [7].

Species of the genus Zinnia exhibit a range of bio- Zinnia elegans Jacq. thrives in fertile, evenly moist,
logical activities, including antioxidant, antibacterial, =~ well-drained soils with good sunlight exposure.
antifungal, antiviral, hepatoprotective, antimalarial, Zinnia elegans Jacq. is widely used for ornamen-
cytotoxic, and insecticidal properties [3]. tal landscaping due to its long flowering period, low

Zinnia angustifolia Kunth. (also known as Zinnia  maintenance requirements, and bright colors [7].
linearis) is less commonly found in gardens com- Scientists have identified various classes of bio-

pared to Zinnia elegans Jacq., but it is gradually gain-  logically active compounds in certain parts of the
ing popularity. Additionally, this plant has smaller  plant. Studies of alcoholic extracts obtained from the
solitary flowers and narrower leaves [4; 5]. herb or leaves have confirmed the presence of fla-
In 1750, double-flowered forms of Zinnia angus-  vonoids, saponins, polyphenols, glycosides, and ster-
tifolia were bred in France. To date, Zinnia angusti-  oids [4; 8].
folia (varieties such as Gloriensha, Sombrero, Clas- In the herb and leaves of Zinnia elegans Jacq., the
sic) are considered among the most promising plants =~ GC/MS method identified the presence of 13 fatty
of the Asteraceae family for flower bed decoration,  acids, including 7 saturated, 5 unsaturated, and 1
landscaping of areas, forest parks, and parks. unidentified. In the flowers of Zinnia elegans Jacq.,
Using the HPLC method, hydroxyphenylacetic, 14 fatty acids were determined, among which 5 were
chlorogenic, caffeic, syringic, p-coumaric, trans-fer-  saturated, 7 were unsaturated, and 2 were unidenti-
ulic, sinapic, trans-cinnamic, and quinic acids were  fied. The stems of the studied plant contained 13 fatty
identified in the herb of Zinnia angustifolia Kunth [6].  acids, of which 6 were saturated, 6 were unsaturated,
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and 1 was unidentified. In the roots of Zinnia elegans
Jacq., 14 fatty acids were detected, including 5 satu-
rated, 7 unsaturated, and 2 unidentified.

Thus, unsaturated fatty acids predominate in all
types of Zinnia elegans Jacq. raw material. The high-
est content of fatty acids was observed in the flowers
of Zinnia elegans Jacq. (71.94 %), while the lowest
content was found in the leaves (56.50 %). Among
the unsaturated fatty acids, linoleic acid was domi-
nant in all raw materials. Additionally, linolenic acid
was present in large amounts in the stems, herb, and
leaves, whereas oleic acid was predominant in the
flowers. The content of arachidic acid was highest in
the leaves of Zinnia elegans Jacq. (11.05 %) com-
pared to other raw materials. Among the saturated
acids, palmitic acid was dominant in all types of raw
materials [9].

In the herb, leaves, roots, and flowers of Zinnia ele-
gans Jacq., tartaric, malic, and citric acids were iden-
tified. In the herb and leaves, ascorbic and salicylic
acids were determined, while oxalic acid was found
in the roots. The highest content of organic acids was
observed in the leaves — (7.28 + 0.34) %. The quan-
titative content of organic acids in flowers was (4.90
+ 0.24) %, in the herb — (5.46 £ 0.26) %. The lowest
accumulation of organic acids was found in the roots
of Zinnia elegans Jacq. — (2.93 £ 0.14) % [10].

Several classes of natural metabolites were iden-
tified in Zinnia elegans Jacq. Among the flavonoids
were apigenin 7-O-glucoside, apigenin 4’-O-gluco-
side, kaempferol 3-O-glucoside, kaempferol 3-O-xy-
loside-7-O-glucoside, luteolin 7-O-glucoside, and
quercetin 3-O-glucoside [11].

The scientific literature presents data on the anti-
oxidant, antifungal, hepatoprotective, and antimalar-
ial activities of this species [3; 4; 8].

Given the ongoing search for new plants that
could serve as sources of biologically active sub-
stances with therapeutic potential, this study focused
on ornamental plants that are widely cultivated and in
which certain classes of compounds have been iden-
tified, potentially indicating therapeutic potential.

The aim of our study was to determine the quanti-
tative content of total hydroxycinnamic acids in phy-
tosubstances derived from the herb of Zinnia elegans
Jacq. and Zinnia angustifolia Kunth., obtained by the
maceration method with stirring.

Methods of Research. The objects of the study
were phytosubstances obtained from the herb of
Zinnia elegans Jacq. and Zinnia angustifolia Kunth.
using 10 % ethanol as an extractant by the maceration
method with stirring, at a raw material-to-extractant
ratio of 1:10.

The dried herb was ground using a manual mill
into particles of 3—5 mm in size. The raw material
was placed in glass containers and covered with eth-
anol “to the mirror level”.

Maceration was carried out for 7 days at a temper-
ature of 15-20°C, with periodic stirring. After infu-
sion, the extract was filtered through a paper filter
and concentrated at a temperature of 40°C.

The aerial parts of two Zinnia species were har-
vested at the beginning of their flowering stage in
2024 in the Lviv region.

The plants were authenticated by Prof. Svitlana
Marchyshyn, Department of Pharmacognosy and
Medical Botany (TNMU, Ternopil, Ukraine). The
voucher specimens No. 371 and No. 372 are kept at
the Department of Pharmacognosy and Medical Bot-
any, TNMU.

The qualitative composition of hydroxycinnamic
acids in the studied plant raw material was previously
investigated [6]. Chlorogenic acid was the predomi-
nant hydroxycinnamic acid. Therefore, the quantita-
tive content of hydroxycinnamic acids in the phyto-
substances obtained from Zinnia elegans Jacq. and
Zinnia angustifolia Kunth. was determined using a
spectrophotometric method, recalculated as chloro-
genic acid [12].

A precisely weighed sample of 0.1 g of the phyto-
substance was placed in a 25 mL volumetric flask and
diluted to the mark with 20 % ethanol. The resulting
solution was filtered through a dry paper filter into a
dry flask (solution B).

Subsequently, 1 mL of solution B was transferred
into a 25 mL volumetric flask and brought to volume
with 20 % ethanol.

The optical density of the resulting solution was
measured using a Lambda 25 Perkin Elmer spectro-
photometer (USA) at a wavelength of 327 nm. The
reference solution was 20 % ethanol.

The content of hydroxycinnamic acids, recalcu-
lated as chlorogenic acid, was determined using the
following formula:

A,-25-25-100
E%.a - 1-(100 - W)’

lem

where: A, — optical density of the test solution;
a, — weight of the phytosubstance, g;

E!” — specific absorbance of chlorogenic acid,

W — moisture content of the phytosubstance, %.

The research results were processed using meth-
ods of mathematical statistics with the help of Excel
(Microsoft Office). The obtained data were statisti-
cally analyzed according to the methodology of the

State Pharmacopoeia of Ukraine (SPhU) [13].
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Table 1

Results of the determination of the quantitative content of the total hydroxycinnamic acids
in the phytosubstance from the herb of Zinnia angustifolia Kunth., obtained using 10 % ethanol

Number
Number of of degrees of X, X, s, P t (P, Cf)nﬁdence ¢, %
measurements P P n) interval

freedom
3.8999
3.8361

5 4 3.9729 398 | 0.0137 0.0523 0.95 2.78 3.98+£0.1453 3.65

4.0371
4.1357

Table 2

Results of the determination of the quantitative content of the total hydroxycinnamic acids
in the phytosubstance from the herb of Zinnia elegans Jacq., obtained using 10 % ethanol

Number
Number of of degrees of X, X, s, P t (P, Cfmﬁdence &, %
measurements P P n) interval

freedom
3.8783
3.8694

5 4 3.8483 3.90 0.0022 0.0212 0.95 2.78 3.90 +0.0589 1.51

3.9646
3.9275

Discussion of Results. The results of determining
the quantitative content of the total hydroxycinnamic
acids in phytosubstances obtained from the aerial
parts of Zinnia elegans Jacq. and Zinnia angustifolia
Kunth. are presented in Tables 1 and 2.

In the phytosubstance from the herb of Zinnia
angustifolia, obtained by maceration with stirring
using 10 % ethanol as the extractant, the content of
the total of hydroxycinnamic acids was determined.
The results of the determination are presented in
Table 1.

The content of the total hydroxycinnamic acids
in the phytosubstance from the aerial parts of Zin-
nia elegans Jacq., obtained using 10 % ethanol as an
extractant and the maceration with stirring method, is
presented in Table 2.

The results of the conducted research demon-
strate that the total content of hydroxycinnamic
acids in the phytosubstances derived from two
Zinnia species is nearly identical, amounting to
(3.98 £ 0.15) % in the herb of Zinnia angustifolia

Kunth. and (3.90 £ 0.06) % in the herb of Zinnia
elegans Jacq.

Conclusions. 1. Phytosubstances from the herb of
Zinnia angustifolia Kunth. and Zinnia elegans Jacq.
were obtained using 10 % ethanol as the extract-
ant, with maceration under stirring as the extraction
method, and a raw material to extractant ratio of 1:10.

2. The quantitative content of the total hydroxy-
cinnamic acids in the phytosubstances derived from
the herbs of the studied plant species was determined
by the spectrophotometric method, recalculated as
chlorogenic acid. The content of hydroxycinnamic
acids was found to be (3.98 + 0.15) % in the phyto-
substance from the herb of Zinnia angustifolia Kunth.
and (3.90 £ 0.06) % in the phytosubstance from the
herb of Zinnia elegans Jacq.

3. The obtained results substantiate the feasibility
of further phytochemical and pharmacological inves-
tigations of phytosubstances derived from the herbs
of Zinnia angustifolia Kunth. and Zinnia elegans
Jacq.
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