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RESEARCH IN COMPONENT COMPOSITION OF ESSENTIAL OILS FROM VARIOUS
ORGANS OF SILPHIUM PERFOLIATUM L.

Liubomyr Lytvynets, Andriy Grytsyk, Ivan Bilai, Oleh Koshovyi, Ain Raal

Silphium perfoliatum L. (cup plant) is a perennial member of the Asteraceae family indigenous to eastern North
America. Its phytochemical profile and biological properties have not yet been comprehensively characterised,
and the species is not included in official medical practice. Nevertheless, ethnobotanical records indicate that
Indigenous communities of North America traditionally used this plant to alleviate conditions such as neuralgia,
respiratory ailments, and rheumatic disorders.

The aim. The aim of this study was to conduct a comprehensive analysis of the qualitative and quantitative com-
position of essential oils isolated from different organs of S. perfoliatum L. to identify organ-dependent variations
and expand current knowledge on the phytochemical profile of this species.

Materials and methods. The plant materials of S. perfoliatum used in this study were collected in Ivano-Frankivsk,
Ukraine. Hydrodistillates obtained from dried various organs of S. perfoliatum L. according to the methods of the
European Pharmacopoeia were analyzed using gas chromatography coupled with mass spectrometric detection
(GC-MS) using an Agilent 6890/5973 GC-MS system operated with ChemStation software for mass- selective
detectors (MSD). Agilent HP-5MSI capillary column (30 m x 0.25 mm i.d., film thickness 0.25 um) were used.
Research results. The yields of essential oils (EOs) in S. perfoliatum L. organs ranged from 2.66 to 5.46 mL/kg.
In total, 84 volatile compounds were identified in the raw materials, including monoterpenoids, sesquiterpenes, diter-
penes, aldehydes, and other aroma compounds. Sesquiterpenes were the dominant class in all samples (60.44-77.53%).
Caryophyllene oxide, germacrene-type alcohols, and caryophyllene prevailed in the aerial parts, whereas root dis-
tillates were characterised by silphiperfol derivatives such as silphiperfol-5-ene and presilphiperfol-7-ene. Mono-
terpenes were most abundant in flowers (23.60%), with o-pinene and camphene as key constituents, while roots
contained negligible amounts. Diterpenes, mainly phytol, were detected predominantly in leaves, highlighting
organ-specific differences in volatile biosynthesis. A comparative analysis of leaf essential oils collected in 2023
and 2024 demonstrated qualitative stability with quantitative variation. Sesquiterpenes remained dominant in both
years (67.19% in 2023; 60.51% in 2024). Caryophyllene oxide and germacrene-type alcohols were major constit-
uents in both samples, though phytol content increased markedly in 2024 (16.54% vs 5.46%). In contrast, 2023
samples showed higher levels of monoterpenes (7.97% vs 5.88%) and aldehydes (7.72% vs 4.36%), indicating
seasonal shifts in volatile composition.

Conclusions. This research elucidates the volatile profiles of S. perfoliatum from different organs and harvest years,
demonstrating clear organ-related and interannual variability. The content of volatile fractions varied from 2.66 to
5.46 mL/kg, depending on the plant organs. A total of 84 volatile compounds were identified, with sesquiterpenes
representing the dominant class in all samples (60.44-77.53%,). Aerial parts were enriched in oxygenated sesquit-
erpenes such as caryophyllene oxide and germacrene-derived alcohols, whereas roots showed a distinct chemotype
dominated by silphiperfol-type hydrocarbons. Monoterpenes were most abundant in the flowers (23.60%), with
a-pinene, camphene, and oxygenated monoterpenes contributing substantially to the volatile profile, while their
content in roots was negligible. Overall, these results broaden current understanding of the phytochemical diversi-
ty of S. perfoliatum and support further investigation of its essential oils for potential biological and applied uses
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1. Introduction
Silphium perfoliatum L. (cup plant) is a perennial

cauline leaves, which are opposite or, more rarely, ar-
ranged in irregular whorls; they are lanceolate to ovate in

plant species belonging to the family Asteraceae, native
to the eastern coastal regions of North America. The
plant is characterised by massive, erect, quadrangular
stems, glabrous or less frequently pubescent, often
branched, reaching a height of 70-300 cm. The leaves
are of two types: basal leaves, which are temporary, and
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shape. The inflorescences are capitula bearing yellow
florets [1, 2].

In the wild, S. perfoliatum grows in the prairies of
North America, particularly along the northeastern
coastal areas of the United States and Canada [3]. The
species was introduced to Europe in the 19" century as
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an ornamental plant. Since the early 2000s, it has been
cultivated as a high-energy crop due to its high biomass
yield and elevated amino acid content [4, 5].

The chemical composition and pharmacological
activity of S. perfoliatum remain insufficiently studied.
Among the compounds identified to date, phenolic acids,
namely caffeic, p-coumaric, ferulic, protocatechuic, vanil-
lic, and chlorogenic acids, have been isolated and charac-
terised from extracts of roots and rhizomes, leaves, and
inflorescences [6]. Terpenoids have been detected at con-
centrations ranging from 0.19% to 0.41%, depending on
the plant organ. The dominant constituents of essential oils
obtained from the aerial parts are pinene (16.8-20.9%) and
caryophyllene oxide (8.5-34.7%). In contrast, the roots are
rich in tricyclic sesquiterpenes, with 7-f-H-silphiper-
fol-5-ene (5.7-14.9%), isocomene (2.8—14.4%), modhep-
hene (2.3-9.9%), and 7-a-H-silphiperfol-5-ene (1.2—-9.7%)
being the predominant compounds [7, 8].

Approximately nine flavonoids have been isolated
and identified from the aerial parts of S. perfoliatum, five
of which have been studied in greater detail. These in-
clude isorhamnetin 3-0O-a-L-rhamno-
syl-(1"—6")-O-f-D-galactopyranoside 7-O-f-L-apiofu-
ranoside, quercetin 3-O-a-L-rhamnosyl-(1"—6")-O-f-D-
galactopyranoside 7-O-f-L-apiofuranoside, quercetin
3-0O-p-L-galactosyl-(1"—6")-O-f-D-rhamnopyranoside
7-O-a-L-apiofuranoside, kaempferol 3-O-f-D-apiofura-
noside 7-O-a-L-rhamnosyl-(1""—6"")-O-f-D-galactopy-
ranoside, and kaempferol 3-O-f-D-apiofuranoside
7-O-a-L-rhamnosyl-(1""—6"")-O-4-D-(2"'-O-E-
caffeoyl)galactopyranoside [9].

S. perfoliatum is not used in official medicine.
However, ethnopharmacological sources describe its use
in the traditional medicine of Indigenous peoples of North
America, where it has been employed for the treatment of
neuralgia, colds, and rheumatic conditions [10]. Among
the limited studies addressing its pharmacological activity,
antimicrobial effects of leaf and root extracts against
Gram-positive bacteria (Enterococcus faecalis, Staphylo-
coccus aureus) and Gram-negative bacteria (Escherich-
ia coli, Pseudomonas aeruginosa) have been reported [11].
In addition, hepatoprotective activity has been demon-
strated in laboratory mice, attributed to the presence of
caffeoylquinic acid (CQA) compounds [12, 13].

Given the documented organ-specific variability
in the qualitative and quantitative composition of ter-
penoids in S. perfoliatum, a systematic investigation of
essential oil constituents from different plant organs is
scientifically justified to elucidate potential structure-ac-
tivity relationships, and identify organ-dependent chemo-
types. Such studies are particularly relevant in view of
the reported biological activities of terpenoid-rich frac-
tions and the overall limited phytochemical characterisa-
tion of this species. Notably, S. perfoliatum raw material
of Ukrainian origin has not been investigated to date,
highlighting a knowledge gap and supporting the need
for region-specific phytochemical profiling.

The aim of this study was to conduct a compre-
hensive analysis of the qualitative and quantitative com-
position of essential oils isolated from different organs of

S. perfoliatum L. to identify organ-dependent variations
and expand current knowledge of the phytochemical pro-
file of this species.

2. Planning (methodology) of research
The stages describing the study of raw material
samples in this research are shown in Fig. 1.

Workflow of the Study

1. Literature Survey
Review of scientific sources

+

2. Plant Material Processing
Harvesting and hydrodistillation

+

GC-MS profiling of volatile compounds

¥

4. Data Interpretation
Analysis and discussion of results

+

5. Final Evaluation
Conclusions and future perspectives

[3. Instrumental Analysis
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Fig. 1. Planning of research

3. Materials and methods

The plant material used in this study was collected
from the experimental plots of the Faculty of Pharmacy,
Department of Pharmaceutical Management, Drug Tech-
nology and Pharmacognosy, Ivano-Frankivsk National
Medical University, Ivano-Frankivsk (IFNMU), Ukraine.
The collection was carried out in 2023 (leaves) and in
2024 (leaves, aerial parts, flowers, and roots).

Leaves and aerial parts were harvested during the
period of active growth of young shoots, flowers were
collected at the stage of full flowering, and roots were
harvested during the period of senescence of the abo-
veground parts of the plant. Botanical identification of
the plant material was performed by Professor And-
rii Hrytsyk [14]. Drying of the collected material was
conducted according to standard procedures for ter-
penoid-containing raw materials [15]. The samples of
raw plant materials and the herbaria (# 803-805) are
stored in a dry, well-ventilated, light-protected place in
the Department.

Analysis of Volatile Compounds by GC-MS.

Samples of volatile compounds (VCs) were ob-
tained by hydrodistillation of dried S. perfoliatum plant
material in accordance with the essential oil distillation
method described in the European Pharmacopoeia [16].
The distilled VC samples were analysed by gas chroma-
tography coupled with mass spectrometric detection (GC-
MS) using an Agilent 6890/5973 GC-MS system operat-
ed with ChemStation software for mass-selective
detectors (MSD) at the Institute of Pharmacy, University
of Tartu, Tartu, Estonia.

An aliquot of 1 pL of each sample was injected at
an injector temperature of 280°C in split mode (10:1),
using helium as the carrier gas, onto an Agilent HP-5ms
UI capillary column (30 m x 0.25 mm i.d., film thick-
ness 0.25 um). The carrier gas flow rate was maintained
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at a constant 1 mL/min. The oven temperature program
was as follows: an initial temperature of 50°C held
for 2 min, increased at 4°C/min to a final temperature
of 280°C, which was maintained for 5 min (Fig. 2). This
choice of GC column ... ..
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Compound identifica-
tion was carried out by
comparison with the
NIST23 mass spectral library using a match factor > 90
and by calculation of retention indices relative to a ho-
mologous series of n-alkanes (C~C,)) [21, 22]. The rela-
tive content of each compound was expressed as a per-
centage of the total peak area in the chromatograms
without the use of correction factors. The total peak area
is fixed after peak identification and does not account for
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are terpenoid plant metabolites; however, some of them
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Fig. 2. GC-MS chromatogram of essential oil from Silphium perfoliatum herb
Rt 7. 7919 — a-pinene; 26.3987 — B-copaene; 29.5255 — caryophyllene oxide

4. Results

The investigation identified 84 compounds in S.
perfoliatum raw materials. Identified components of vol-
atile fractions included monoterpenoids, sesquiterpenes,
diterpenes, aldehydes and other aroma compounds (Ta-
ble 1). The total content of terpenoids by classes in indi-
vidual raw material samples is presented in Table 2.

Table 1

Content (>0.1%) of volatile compounds in distillates obtained from different organs of Silphium perfoliatum

Compound Retention index Formula Content,%
MS |NIST30 Lib Leaves 2023 | Leaves 2024 | Flos | Herb | Roots
1 2 3 4 5 6 7 8 9
Monoterpenes

a-Pinene 932 935 C H, 2.95 1.03 2951 9.62 | 0.16
Camphene 946 948 c H, 0.32 0.35 0.32 ] 3.63 | 0.08
B-Phellandrene 972 973 Cc H, nd nd nd | 0.25 | nd
B-Pinene 975 976 c H, 0.27 0.15 0271170 | nd
p-Cymene 1023 1024 C H, <0.1 nd <0.1 | 0.13 | <0.1
Limonene 1027 1031 c H, 0.21 0.11 021 0.59 | nd
(E)-Pinocarveol 1137 1139 c H.O 0.14 nd 0.14 ] 1.29 | nd
(E)-Verbenol 1143 1145 c HO 0.50 0.27 0.50 | 3.87 | nd
Pinocarvone 1161 1162 Cc H,0 <0.1 nd <0.1] 082 | nd
Terpinen-4-ol 1176 1177 c H.O nd nd nd | 025 | nd
Myrtenal 1195 1196 c H,0 0.23 0.12 0.23 | 2.11 | nd
Safranal 1198 1201 c H.,0 0.59 <0.1 0.59 | nd nd
Verbenone 1208 1209 Cc H.,0 0.15 <0.1 0.15]1.02 | nd
Carvone 1243 1242 Cc H.,0 nd nd nd | 0.10 | nd
Isobornyl acetate 1285 1285 C,H, 0O, 0.83 0.16 083] 031 | nd
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Continuation of Table 1

1 2 3 4 5 6 7 8 9
Salvial-4(14)-en-1-one 1598 1595 C.H,OO 4.62 4.41 462|240 | nd
Total,% 7.97 5.88 8.27 [23.60| 0.18
Sesquiterpenes
Silphiperfol-5-ene 1327 1328 C.H, nd nd nd | nd | 7.11
Presilphiperfol-7-ene 1334 1334 C.H, nd nd nd | nd | 3.65
Silphinene 1349 1345 C.H, nd nd nd | nd |17.08
Copaene 1377 1376 C.H, 0.48 nd 048] 049 | nd
B-Bourbonene 1386 1384 C.H, 1.28 0.97 1281026 | nd
Modephene 1389 1385 C.H, nd nd nd | nd | 875
Elemene 1393 1395 C.H, 1.65 nd 1.65| nd nd
B-Isocomene 1416 1412 C.H,, nd nd nd | nd |12.71
Caryophyllene 1421 1419 C.H, 5.60 5.21 5.60 | 7.49 | 6.92
B-Cadinene 1431 1432 C.H, 0.68 0.59 0.68 | 0.78 | 0.30
Humulene 1456 1454 C.H, 2.56 2.29 2.56 | 3.60 | 4.26
Aristolochene 1472 1476 C.H, 0.44 0.21 0441 0.11 | nd
y-Muurolene 1472 1476 C.H, nd 0.21 nd | nd nd
p-Copaene 1484 1486 C.H, 8.91 0.21 891 | 9.34 | 545
B-Bisabolene 1479 1477 C.H, nd 0.27 nd | nd | 575
B-Nerolidol 1567 1564 C.HO 3.19 0.28 3.19| nd nd
4,8-Epoxyazulene 1571 1573 C.HO 2.06 1.46 2.06 | 1.97 | 1.63
Humulene epoxide I 1604 1604 C,.H,0 0.37 0.50 037] 044 | nd
Caryophyllene oxide 1589 1581 C.H O 23.55 25.71 23.55(24.14| nd
Silphiperfol-6-en-5-one 1630 1624 C,H 0 nd nd nd | nd | 1.34
ent-Germacra-4(15),5,10(14)-trien-1§-ol 1637 1642 C.H O nd 1.94 nd | 591 | nd
a-Bisabolol 1690 1684 C.H.O nd nd nd | nd | 091
Germacra-4(15),5,10(14)-trien-1§-ol 1691 1690 C.H O 16.42 20.66 16.42| 591 | 1.67
Total,% 67.19 60.51 67.19|60.44 | 77.53
Diterpenes
Phytol [2114] 2114 [ C,H,O| 546 1654 [5.46| nd | nd
Aldehydes
(E)-2-Heptenal 954 958 CH,0 0.24 0.31 0.24 | nd nd
Hexanal 799 801 CH,O 0.89 0.78 0.8910.32 | 037
(E)-2,4-Hexadienal 909 911 CH.O nd 0.09 nd | 0.05] 0.03
1-Nonene 889 889 CH, nd <0.1 nd | 0.13 ] nd
Nonane 899 900 CH,, nd nd nd | nd nd
Oct-7-enal 995 996 CH,O nd nd nd | nd | 035
Octanal 1003 1003 CH O 0.29 0.19 0.29]0.13 | nd
(E,E)-2,4-Heptadienal 1009 1012 CH O 0.34 0.28 0.34]0.13 | nd
Hyacinthin 1042 1045 CHO <0.1 <0.1 <0.1 | 0.25 | <0.1
(E)-2-Octenal 1056 1060 CH,O nd 0.16 nd | nd | <0.1
Nonanal 1103 1104 CH O 0.46 0.41 0.46 | 0.27 | <0.1
Decanal 1204 1206 c H,.0 0.22 0.20 022 0.15| nd
2-Hexenal 848 851 CH O 1.78 1.54 1.78 | 1.00 | <0.1
1-Hexanol 864 868 CH,O nd <0.1 nd | <0.1 | nd
1-Octene 792 789 CH, nd <0.1 nd | 026 | nd
§-Cadinene 1528 1524 C.H, nd nd nd | nd | 1.06
1-Pentadecene 1494 1492 C.H, nd nd nd | nd | 1.87
Aplotaxene 1674 1664 C.H, nd nd nd | nd | 575
Tricyclene 921 925 c H, nd nd nd | 0.39 | 0.40
Total,% 7.72 4.36 7.72 | 3.18 | 10.39
Other compounds
(Z)-2-(2-Pentenyl)furan 1001 1002 CH,.O nd 0.13 nd nd nd
2-Pentylfuran 991 993 CH O 0.41 0.30 041]022 | nd
Sulcatone 986 986 CH,O 0.15 <0.1 0.15] <0.1 | nd
B-Cyclocitral 1220 1220 C H.O 0.36 0.33 0.36 | 0.16 | nd
D-Elemene 1342 1339 C.H, nd nd nd | 0.13 | 640
1-Octen-3-ol 978 980 CH O <0.1 0.17 <0.1 | <0.1] nd
(E)-Longipinene 1351 1353 C.H, nd nd nd | 0.19 | 1.29
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Continuation of Table 1

1 2 3 4 5 6 7 8 9
p-Cymene 1023 1024 CH, <0.1 nd <0.1 | 0.13 | <0.1
Eugenol 1357 1361 C H.0, nd 0.51 nd | 049 | nd
a-Campholenal 1125 1126 cH.O 0.14 nd 0.14| 091 | nd
p-Mentha-1,5-dien-8-ol 1165 1167 C H.O <0.1 <0.1 <0.1 | 081 | nd
Silphiperfola-4,7(14)-diene 1359 1361 C.H, nd nd nd | nd | 0.54
2-Undecenal 1363 1367 C,H0O 0.09 0.24 <0.1| nd nd
Dehydrosabinene 952 956 C H, nd nd nd | 0.24 | nd
Cyclosativene 1367 1368 C.H, nd nd nd | 0.18 | nd
Germacrene D 1447 1448 C.H, nd nd nd | 0.19 | 0.10
5-Cyclodecen-1-ol 1484 1486 C.H, nd 3.67 nd | 030 | nd
epi-p-Selinene 1489 1490 C.H, 1.88 nd 1.88 | nd nd
11,11-Dimethyl-4,8-dimethylenebicyclo[7,2,0] 1641 1646 CHO 0.79 146 079 | 138 nd
undecan-3-ol 157724
Caryophylla-4(12).8(13)-dien-5- p-ol 1641 1642 C.H,O0 nd 1.94 nd | 149 | nd
Dihydro-aplotaxene 1667 1665 C.H, nd nd nd | nd | 2.98
Pentadecanal 1715 1715 C.H,O nd nd nd | 0.03 | nd
Ylangenol 1760 1760 C.H,O 1.05 1.71 1.05 | 0.20 | 0.33
2-Naphthalenemethanol 1806 1803 C.H,O 0.26 nd 026 | nd | 0.22
Hexahydrofarnesyl acetone 1851 1844 C H,O 3.31 1.26 331|014 | nd
Pentacosane 2500 2500 C,H, nd nd nd nd nd
Total,% 8.74 11.92 8.75 | 7.39 | 11.96
Content of EO, mL/kg 2.66 3.31 5.46 | 3.25 | 2.80
Note: Bold — >5%, nd — not detected.
Table 2
Total content of terpenoids by classes in the studied raw material samples
Leaves 2023 Leaves 2024 Flos Herb Roots
C d
ompouty Number Compound Number Compound Number of Compound Number Compound Number Compound
class of com- of com- com- of com- of com-
content,% content,% content,% content,% content,%
pounds pounds pounds pounds pounds
Monoter- 13 27.08% 10 19.61% 13 27.08% 15 | 26.32% 3 8.33%
penoids
Se;eq;lelzer' 15 31.25% 15 29.41% 15 31.25% 14 24.56% 13 36.11%
Diterpenes 1 2.08% 1 1.96% 1 2.08% 0 0 0 0
Aldehydes 9 18.75% 13 25.49% 9 18.75% 12 21.05% 12 33.33%
Otheraroma | 20.08% 12 23.53% 10 20.08% 16 28.07% 8 22.23%
compounds
Total 48 51 48 57 36

5. Discussion

The GC-MS analysis revealed pronounced qualita-
tive and quantitative differences in the volatile profiles of
S. perfoliatum across plant organs. Sesquiterpenes were
the dominant class of compounds in all samples, account-
ing for 60.44—77.53% of the total volatile fraction. Caryo-
phyllene oxide, germacrene-type alcohols, and caryo-
phyllene were identified as the major constituents in the
aerial parts, whereas the root distillates were character-
ised by a high abundance of silphiperfol derivatives, in-
cluding silphiperfol-5-ene, presilphiperfol-7-ene, sil-
phinene, and isocomene. Monoterpenes were most
abundant in the flowers (23.60%), with o-pinene, cam-
phene, and oxygenated monoterpenes contributing sub-
stantially to the volatile profile, while their content in
roots was negligible. Diterpenes were represented mainly
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by phytol and were detected predominantly in leaves,
whereas aldehydes and other minor compounds contrib-
uted modestly to the overall composition, further empha-
sizing the organ-specific specialisation of volatile bio-
synthesis in S. perfoliatum.

A comparative analysis of the essential oil compo-
sition of S. perfoliatum leaves collected in 2023 and 2024
revealed both qualitative stability and notable quantita-
tive differences. In both years, sesquiterpenes constitut-
ed the dominant class of volatile compounds, accounting
for 67.19% and 60.51% of the total oil content in 2023
and 2024, respectively, indicating a consistent biosyn-
thetic preference for sesquiterpene production in leaf
tissues. Caryophyllene oxide and germacrene-type alco-
hols remained the major constituents in both samples;
however, their relative abundance was higher in the 2024
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leaves, accompanied by an increased contribution of di-
terpenes, primarily phytol (16.54% in 2024 vs 5.46%
in 2023). In contrast, the 2023 leaf samples were charac-
terized by a higher proportion of monoter-
penes (7.97% vs 5.88%) and aldehydes (7.72% vs 4.36%),
suggesting a shift toward more oxidixed and low-molec-
ular-weight volatiles in that season. Overall, these results
indicate that while the qualitative profile of leaf essential
oils remains relatively stable between years, interannual
variations significantly influence the quantitative distri-
bution of terpenoid classes, likely reflecting differences
in environmental conditions and plant physiological sta-
tus during the growing season.

In the samples of aerial parts of S. perfoliatum, a
common set of volatile constituents is observed, includ-
ing a-pinene, caryophyllene, caryophyllene oxide, and
phytol (flowers and leaves). In contrast, the chemical
profile of the roots differs markedly: the root material is
dominated by the sesquiterpenes silphiperfol-5-ene,
caryophyllene, B-selinene, and B-bisabolene. Compara-
tive analysis of the essential oil composition of S. perfo-
liatum collected from different plant organs (leaves 2024,
flowers, aerial parts, and roots) revealed pronounced or-
gan-specific differences in both qualitative and quantita-
tive profiles. Leaves and aerial parts were characterised
by a predominance of sesquiterpenes (60.51% and
60.44%, respectively), with caryophyllene oxide, caryo-
phyllene, humulene, and germacrene-type alcohols as the
major constituents, indicating a shared biosynthetic pat-
tern in photosynthetically active tissues. The predomi-
nance of sesquiterpenes is consistent with numerous
studies demonstrating that caryophyllane-type sesquiter-
penoids exhibit diverse biological activities, including
anti-inflammatory, immunomodulatory, and chemopre-
ventive effects, thereby highlighting their potential phar-
macological relevance in essential oils [23-25].

Flowers exhibited a markedly higher proportion of
monoterpenes (23.60%), dominated by a-pinene, cam-
phene, and oxygenated monoterpenes, reflecting the role
of floral volatiles in ecological interactions such as polli-
nator attraction. These monoterpenoids exhibit diverse
pharmacological activities, including antimicrobial, an-
ti-inflammatory, antioxidant, and analgesic effects, sug-
gesting that the elevated monoterpene content may con-
tribute to the biological potential of flower essential
oils [26, 27]. In contrast, root essential oils showed a dis-
tinct chemotype dominated by sesquiterpene hydrocar-
bons (77.53%), particularly silphiperfol derivatives (silphi-
perfol-5-ene, presilphiperfol-7-ene, silphinene, and
isocomene), while monoterpenes were nearly absent.
Triquinane-type sesquiterpenoids related to silphiperfol
derivatives have been reported to exhibit diverse biologi-
cal effects, including antimicrobial, cytotoxic, and other
bioactivities in natural product studies, suggesting that the
high abundance of silphiperfol-type sesquiterpenes in S.
perfoliatum roots may contribute to similar pharmacolog-
ical potential deserving further evaluation [28, 29]. Addi-
tionally, diterpenes were detected mainly in leaves, where-
as aldehydes and other minor compounds contributed
modestly and variably across organs. Overall, these find-

ings demonstrate a clear organ-dependent specialisation of
terpenoid biosynthesis in S. perfoliatum, with aboveground
organs favouring oxygenated sesquiterpenes and monoter-
penes, and roots accumulating structurally complex ses-
quiterpene hydrocarbons.

When compared with previously published data on
the essential oil composition of S. perfoliatum, several
consistent patterns and notable differences emerge. Kow-
alski and Wolski reported that the leaf essential oil of S.
perfoliatum was dominated by the sesquiterpene caryo-
phyllene oxide (8.5-34.7%) and the sesquiterpene germac-
rene D (6.4-24.3%), while the inflorescence oil contained
higher proportions of the monoterpene a-pinene (16.0—
20.9%) [7, 8]. These findings are broadly aligned with our
observations, as sesquiterpenes such as caryophyllene ox-
ide and germacrene-type compounds also feature promi-
nently in our leaf and aerial parts samples, though their
relative abundances vary between organs. However, in
contrast to the earlier work, our results indicate a much
higher total sesquiterpene content in roots (77.53%) and a
distinct terpene profile with substantial amounts of silphi-
perfol derivatives that were either absent or present at
lower levels in the Polish material [8].

Additionally, the proportion of monoterpenes in
our flower samples is notably higher than in previously
reported inflorescence oils, suggesting that organ-specif-
ic, and potentially environment- or genotype-dependent,
variation in volatile composition is significant in S. per-
foliatum. These differences underscore the influence of
collection site, harvest time, and genetic background on
essential oil composition and highlight the importance of
region-specific chemoprofiling in future studies.

Practical relevance. The present study expands
current knowledge on the volatile profiles of S. perfolia-
tum by providing a detailed organ-specific characteriza-
tion of essential oil constituents in leaves, flowers, aerial
parts, and roots. Eighty-four volatile compounds were
detected, including a number of sesquiterpenes, particu-
larly silphiperfol-related hydrocarbons in root samples,
that have been poorly documented or insufficiently char-
acterised in earlier investigations. The revealed differ-
ences in the distribution of terpenoid classes among plant
organs highlight the potential for selective use of S. per-
foliatum raw materials and create a rationale for their
further exploration as promising sources of biologically
active substances with possible pharmaceutical, cosmetic,
or industrial relevance. The study supports organ-specif-
ic differentiation of S. perfoliatum raw materials and
highlights the need for controlled harvesting. The GC-
MS dataset provides a reference for future quality-orient-
ed and applied investigations.

Research limitations. The study was based on
GC-MS profiling with relative quantification, which may
limit discrimination of closely related compounds. As the
material was collected from a single location, further
studies are needed to assess geographical variability.

Prospects for further research. Considering the
significant presence of terpenoid compounds such as
caryophyllene oxide, germacrene-derived alcohols, silphi-
perfol-type sesquiterpenes, phytol, and selected monoter-
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penes, further in-depth studies of S. perfoliatum appear
well justified. Future research should include isolation and
structural confirmation of major constituents, systematic
evaluation of their biological and pharmacological activi-
ties, and assessment of seasonal, ecological, and geograph-
ical influences on volatile composition. Additionally, in-
vestigation of possible synergistic effects within
organ-specific essential oil fractions may facilitate the
development of novel plant-based products and broaden
the practical applications of this species.

Based on the predominance of oxygenated sesqui-
terpenes, monoterpenes, and silphiperfol-type sesquiter-
penoids in different plant organs, future studies may fo-
cus on the evaluation of anti-inflammatory, antimicrobial,
and cytotoxic activities of organ-specific essential oil
fractions. Particular attention should be given to the root
essential oil as a source of structurally unique sesquiter-
penes and to the potential synergistic effects within
complex volatile mixtures.

6. Conclusions

This study provides a detailed characterisation of
the volatile composition of S. perfoliatum collected from
different plant organs and harvest years, revealing pro-
nounced organ-specific and interannual variability. The
content of volatile fractions varied from 2.66 to 5.46 mL/
kg, depending on the plant organs. A total of 84 volatile
compounds were identified, with sesquiterpenes repre-
senting the dominant class in all samples (60.44—77.53%)).
Aboveground organs were characterized by a prevalence
of oxygenated sesquiterpenes, particularly caryophyllene
oxide and germacrene-type alcohols, whereas roots ex-
hibited a distinct chemotype dominated by silphiper-
fol-type sesquiterpene hydrocarbons. Monoterpenes
were most abundant in the flowers (23.60%), with
a-pinene, camphene, and oxygenated monoterpenes con-
tributing substantially to the volatile profile, while their
content in roots was negligible. Comparative analysis of
leaf samples collected in 2023 and 2024 demonstrated
qualitative stability of the volatile profile accompanied
by significant quantitative shifts in terpenoid classes,
indicating the influence of environmental and physiolog-
ical factors. Overall, these findings expand current
knowledge of the phytochemical diversity of S. perfolia-

tum and provide a foundation for further studies on the
biological relevance and potential applications of its es-
sential oils.
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