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This study investigates the chemical composition of the essential oil from the leaves of Otanthus
maritimus (L.) Hoffmanns. & Link, a species with a long history of medicinal use, yet its Turkish
populations remain phytochemically underexplored. The main aim was to describe the leaf essential
oil of a population on the island of Gok¢eada, Tiirkiye, to reveal the specific chemical composition
and the possible biological importance. Air-dried leaves of O. maritimus were subjected to hydro
distillation to extract the essential oil. Hydrodistillation gave a dark blue essential oil, extraction
yield was 0.37% (v/w: dry weight basis). The extracted oil was then analyzed by gas
chromatography—mass spectrometry (GC—MS) to determine its constituent compounds. The
analytical study was able to identify 67 component compounds, which formed 94.7% prominence
of the overall oil composition, camphor (18.73%), yomogi alcohol (17.40%), theaspirane (15.42%)
and artemisia alcohol (7.79%) formed the most abundant compounds. This is as compared to
composition of populations of O. maritimus in other geographical areas, which also characterize a
Turkish chemotype. In conclusion, the paper provides a detailed report of the O. maritimus leaf
essential oil in Tirkiye that presents a novel chemotype with significant levels of bioactive
compounds. The findings not only demonstrate the potential of the plant as a useful source of the
pharmaceutical, cosmetic and food industries, but also provide one of the main foundations in future
chemotaxonomic and pharmacological researchers to ascertain the traditional and newly suggested
biological actions of the plant.
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Introduction

Natural products have traditionally been involved in
human health practices and nowadays have become the
central part of drug discovery (Gurib-Fakim, 2006;
Newman & Cragg, 2020). The secondary metabolites,
which are structurally diverse compounds formed by a
complex biosynthetic pathway, primarily involved in plant
protection but not growth, are the basis of many commonly
used pharmaceuticals, such as aspirin and morphine
(Atanasov et al., 2021; Bourgaud et al., 2001; Rates, 2001).
Since these metabolites represent a significant variety of
chemical classes (terpenoids, flavonoids, alkaloids), it
means that they form a good source of molecules that can
be described in terms of their functional properties in the
literature (Wink, 2015).

The Asteraceae is considered one of the most abundant
and varied families of flowering plants and is known to
possess a high number of secondary metabolites, which is
the basis of the ethnobotanical and pharmacological
activities of most of them (Heinrich et al., 2017). The
ecologically significant, psammophytic species, Otanthus

This work is licensed under Creative Commons Attribution 4.0 International License

maritimus (L.) Hoffmanns, is endangered by habitat
degradation and climatic stress linked to global warming
and therefore is threatened (Akgura, 2025; Oztiirk et al.,
2010). These circumstances show the importance for
documentation of local populations and their chemical
profile both for chemotaxonomic knowledge and for
baseline data for conservation purposes.

Previous studies have revealed large geographical
differences in the composition of the essential oils of O.
maritimus, suggesting the presence of different
chemotypes within its distribution range (Cabral et al.,
2013; Muselli et al., 2007; Romeo et al., 2007).

Such variability is generally attributed to the
combined influence of genetic background and
environmental conditions, emphasizing the importance of
investigating local ecotypes (Verma et al., 2021). Despite
the high plant biodiversity in Turkiye, the populations of
O. maritimus are still poorly characterized from a
phytochemical point of view (Akgura, 2025).
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Therefore, the aim of present study was to give a
comprehensive GC-MS based characterization of leaf
essential oil of an O. maritimus ecotype sampled from
Gokgeada (Tiirkiye). The results are formulated as a
chemical region baseline, on which future comparative
chemotaxonomic studies will be based and further
comparative bioactivity-oriented studies using suitable
biological assays will be conducted.

Materials and Methods

Plant Material

On June 20, 2025, healthy and mature leaves of the
plant Otanthus maritimus (L.) Hoffmanns. & Link were
gathered in a sandy coastal ecosystem in Gokgeada (40°
10" 33.78" N, 25° 51' 23.4" E), Canakkale, Tiirkiye (Figure
1). The vegetation material was identified after it was
cleaned of all debris by the Department of Field Crops,
Faculty of Agriculture, Canakkale Onsekiz Mart
University.

Essential Oil Extraction

The collected leaves were air-dried in the shade until a
constant weight was achieved. Triplicate 100 g samples of
the dried material were taken, cut into small pieces, and
subjected to hydrodistillation for 3 h using a Clevenger-
type apparatus (Anonymous, 2025b). Essential oil
extraction was carried out in three replicates (Figure 2).
The distillation was performed on a Gerhardt KI26 Series
Heater with the heater set to 150 °C to ensure continuous
boiling (Anonymous, 2025a). The process yielded a dark
blue essential oil (Figure 3). The yield was calculated to be
(%, v/w) on a dry weight basis. To remove residual water,
the oil was dried over anhydrous sodium sulphate. The
final product was stored in airtight glass vials at -20 °C to
prevent oxidation prior to analysis.

Gas Chromatography-Mass Spectrometry (GC-MS)
Analysis

The chemical composition of the essential oil was
determined using a Shimadzu GC/MS-QP2020NX system
equipped with a Restek Rxi-5MS capillary column (30 m
% 0.25 mm ID, 0.25 um film thickness). Three independent
aliquots of the essential oil were diluted (1:100, v/v in
hexane) and analyzed to ensure the reproducibility of the
chromatographic profile.

Chromatographic and Mass Spectrometry Conditions

Helium (99.999% purity) was used as the carrier gas at
a constant flow rate of 1 mL/min. The GC oven
temperature was programmed as follows: initial
temperature of 40 °C held for 3 min, then increased to 240
°C at arate of 5 °C/min, and held at 240 °C for 10 min. The
total run time was 60 minutes. The injector temperature
was set to 250 °C. A 1.0 pL sample of the diluted oil was
automatically injected using a e.g., Shimadzu AOC-20i
autosampler in split mode with a split ratio of 10:1.

The mass spectrometer was operated in electron
ionization (EI) mode with an ionization energy of 70 eV.
The ion source and MS interface temperatures were both
maintained at 250°C. The mass scan range was set from
m/z 50 to 650.

Figure 3. Blue-colored essential oil obtained from
Otanthus maritimus by hydrodistillation

Component Identification

The identification of the essential oil components was
based on a multi-step comparison. First, the retention
indices (RI) of the compounds were calculated using the
Van Den Dool and Kratz (1963) equation with respect to a
C8-C20 n-alkane series run wunder the same
chromatographic conditions. These RIs were then
compared with values reported in the literature (Adams,
2007; Babushok et al., 2011). Second, the mass spectra of
the individual components were compared with the data
available in the NIST mass spectral library [e.g., NIST 17].
Components with a mass spectral match percentage
exceeding 95% were identified with high confidence.
Where available, the identity of key compounds was
further confirmed by co-injection with authentic standards.
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Results

Hydro distillation of the air-dried leaves of O.
maritimus yielded a dark blue essential oil (Figure 2) with
a yield of 0.37% (v/w) based on the initial air-dry weight.
The complete chemical composition of this essential oil
was defined through the Gas Chromatography-Mass
Spectrometry (GC-MS) analysis. There were 67
compounds which are a representation of 94.70 of the total
oil composition. Table 1 shows the entire list of compounds
that were identified, retention indices (RI), relative
percentages, and standard errors.

Oxygenated monoterpenes and irregular
monoterpenoids were the dominant chemical profile. There
were four dominant compounds that possessed more than
59 percent of the total oil. These major components were
camphor (18.73 £ 0.313%), the irregular monoterpene
alcohol yomogi alcohol (17.40 £ 0.188%), the carotenoid-
derived fragrant compound theaspirane (15.42 + 0.322%),
and artemisia alcohol (7.79 + 0.054%).

Other significant components present in concentrations
greater than 1% included chrysanthenyl acetate (3.89 =+
0.027%), camphene (3.29 £ 0.027%), terpinyl acetate (2.59 +
0.139%), the sesquiterpenoid B-eudesmol (2.16 + 0.049%),
zingiberenol (2.12 £+ 0.005%), 7-epi-cis-sesquisabinene
hydrate (2.04 + 0.022%), cis-carveol (1.94 + 0.043%), the
sesquiterpene berkheyaradulene (1.70 & 0.05), and cis-carvyl
acetate (1.08 + 0.031%). The compound-by-compound
analysis shows a complex blend of monoterpenoids,
sesquiterpenoids, and other compounds, which all
characterize the characteristic chemical pattern of essential oil
of the given Turkish population of O. maritimus.

Discussion

In this investigation, the composition of the leaf essential
oil of Otanthus maritimus, which occurs naturally in the
ecosystem of Gokgeada (Canakkale, Tiirkiye) ecosystem, was
characterised using gas chromatography - mass spectrometry
(GC - MS). The compositional profile of Gokgeada
population differs from the one reported for several
populations from the Mediterranean, supporting a high degree
of geographical chemotypic variability in the species (Gobbo-
Neto & Lopes, 2007; Pavarini et al., 2012; Yang et al., 2018).
Notably, camphor (18.73%), yomogi alcohol (17.40%), and
theaspirane (15.42%) occurred concurrently at high
proportions, suggesting a distinctive “theaspirane-rich”
chemical signature for this local ecotype.

Earlier reports from the Mediterranean basin emphasize
significant variations of the compositions of O. maritimus
oils according to the origin, with oxygenated monoterpenes
often prevailing, but with major constituents being
changing from one region to another. For example, Sicilian
samples were found to be abundant in oxygenated
monoterpenes, yomogi alcohol and camphor (Basile et al.,
2013), and the importance of geographic origin has also
been highlighted for Greek populations (Tsoukatou et al.,
2000). Distinct compositions have likewise been described
for Portuguese and Corsican populations, reinforcing
chemotypic differentiation within the species (Cabral et al.,
2013; Muselli et al., 2007). A recent report coming from
Algeria further proves this variability with the description
of a chemotype based on an enrichment in various major
constituents (Benabdelkader et al., 2025). In such a

comparative context, the present results prove that the
chemical structure of the Gok¢eada oil matches a "camphor
+ yomogi alcohol + theaspirane" triad, which is a novel
chemical compositional motif for the established chemical
diversity of the species.

The relatively high theaspirane level merits particular
attention. Theaspirane is an apocarotenoid (norisoprenoid)
derived from carotenoid-related pathways and is
recognized mainly for its role in aroma chemistry (Serra &
De Simeis, 2018). Because carotenoid metabolism and
cleavage products can respond to environmental stimuli
(e.g., high irradiation/UV exposure) and oxidative-stress
dynamics, the island’s coastal dune conditions may
contribute to shifts in carotenoid pools and related
apocarotenoid formation (Auldridge et al., 2006; Liu et al.,
2022; Meléndez-Martinez et al., 2022). However, this
interpretation remains inferential. To  distinguish
environmental effects from potential genetic control,
common-garden experiments and standardized chemical
phenotyping across seasons and phenological stages would
be required.

No biological assays were performed in this work;
therefore, biological implications should be interpreted
cautiously. Previous studies have reported
antimicrobial/antifungal activities for O. maritimus oils
from certain origins (Basile et al., 2013; Muselli et al.,
2007), and the broader literature indicates that essential oil
effects often reflect multi-component interactions rather
than single-compound actions, frequently involving
membrane perturbation and stress responses (Bakkali et al.,
2008; Burt, 2004). In addition, camphor has been discussed
in terms of pharmacological relevance and safety,
including interactions with TRP channels under
experimental settings (Chen et al., 2013; Xu et al., 2005).
Given the composition seen here, future work should
include evaluating the Gokgeada oil with standardised
bioassays (e.g. antimicrobial/antifungal panels) in addition
to dose-response and safety testing, and if appropriate
component-interaction testing (e.g. checkerboard/FIC
approaches) to interpret additivity or synergy with the
appropriate amount of caution (Odds, 2003).

In conclusion, the leaf oil of Gok¢eada O. maritimus is
a chemotype with high amount of theaspirane and
camphor, and yomogi alcohol. This profile expands current
chemotaxonomic knowledge for the species in the
Mediterranean basin and provides a regional baseline for
subsequent controlled ecological/seasonal studies and
bioactivity-focused  investigations using  validated
experimental frameworks.

Conclusion

To summarize, the study is the first effort to explain the
composition of the essential oil in the leaves of a Turkish
population of the Otanthus maritimus species in an
elaborate manner. This chemotype was seen in the
chemical analysis through high levels of camphor, yomogi
alcohol and theaspirane; which distinguishes it among the
other known geographical varieties. These discoveries do
not only make an important contribution to the
chemotaxonomic knowledge of the species but also make
significant contributions to scientific reasons supporting its
use as a traditional medicine.
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Table 1. Chemical Composition of Essential Oil from the Leaves of Otanthus maritimus
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No Compound RT RI (%)*

1 Santolina triene 8.63 902 0.06+0.001
2 Tricyclene 9.05 904 0.21£0.003
3 Artemisia triene 9.39 914 0.51+0.003
4 a-Pinene 9.54 933 0.14+0.001
5 Camphene 10.17 943 3.29+0.027
6 Sabinene 11.12 972 0.04+0.001
7 B-Pinene 11.20 978 0.09+0.002
8 Yomogi alcohol 11.90 999 17.40+0.188
9 p-Cymene 12.80 1025 0.06+0.001
10 [ 8-Terpinene 13.22 1058 0.06+0.001
11 Artemisia ketone 14.58 1060 0.08+0.001
12 Artemesia alcohol 14.73 1064 7.79+0.054
13 | Nonanal 15.99 1077 0.17+0.001
14 | Linalool 16.46 1082 0.08+0.001
15 [ Fenchone 16.62 1083 0.06+0.001
16 | Camphor 18.31 1121 18.73+£0.313
17 | Terpinen-4-ol 19.41 1168 0.34+0.001
18 | Myrtenol (-)- 19.61 1191 0.08+0.001
19 | trans-Carveol 20.10 1206 0.45+0.004
20 | Capraldehyde 20.36 1208 0.16+0.001
21 | cis-Carveol 20.65 1223 1.94+0.043
22 | trans-3(10)-Caren-2-ol 21.04 1226 0.08+0.001
23 | Carvone 21.43 1246 0.52+0.005
24 | B-Phellandrene 21.79 1250 0.16+0.002
25 | Chrysanthenyl acetate 2247 1276 3.89+0.027
26 | Triacetonamine 22.75 1280 0.06+0.001
27 | 5-Hexen-2-one, 3-acetyl-4-methyl- 22.92 1284 0.13+0.00
28 | Lavandulyl acetate 23.29 1284 0.98+0.013
29 | Bornyl acetate 23.49 1285 0.83+0.003
30 | Theaspirane 23.79 1298 15.42+0.322
31 Thymol acetate 24.16 1349 0.62+0.005
32 | Terpinyl acetate 24.57 1350 2.59+0.139
33 | 2,5-Octanedione 25.14 1351 0.28+0.002
34 | cis-Carvyl acetate 25.33 1352 1.08+0.031
35 Longifolene-(V4) 2591 1387 0.34+0.004
36 | trans-B-Caryophyllene 26.87 1432 0.33+0.002
37 | Acetic acid 27.17 1446 0.47+0.005
38 | Berkheyaradulene 27.51 1450 1.70+0.05
39 | (E)-B-Farnesene 27.93 1452 0.24+0.004
40 | B-Acoradiene(+/-) 28.84 1474 0.05+0.001
41 Germacrene D 29.08 1480 0.47+0.004
42 | o-Guajene 29.25 1490 0.66+0.006
43 7-epi-Sesquithujene 29.96 1496 0.15+0.001
44 | B-Bisabolene 30.37 1508 0.09+0.003
45 | 7-Octylidenebicyclo[4.1.0]heptane 30.79 1522 0.19+0.002
46 | 7-epi-cis-sesquisabinene hydrate 31.94 1523 2.04+0.022
47 | Benzene, (3-iodo-1-methoxybutyl)- 32.97 1553 0.26+0.011
48 1,4-Methanoazulen-7(1H)-one 33.33 1576 0.69+0.048
49 Spiro[4.5]dec-6-en-8-one, 33.50 1614 0.50+0.003
50 | B-Eudesmol 33.83 1656 2.16+0.049
51 (Z)-a- trans Bergamotol 34.10 1673 0.55+0.007
52 (Z)-a-trans Bergamotol (-. -) 35.30 1688 0.08+0.001
53 | Zingiberenol 35.84 1688 2.12+0.005
54 | o-Bisabolol 36.32 1708 0.07+0.001
55 Farnesol 36.78 1716 0.36+0.006
56 | Chamazulene 37.18 1728 0.69+0.005
57 | cis-Lanceol 37.55 1743 0.5+0.003
58 | Phytone 38.42 1754 0.11+0.004
59 | Benzyl benzoate 38.89 1772 0.12+0.00
60 | Piperitone 40.47 1795 0.41+0.006
61 | Cetyl alcohol 41.42 1854 0.07+0.001
62 | Pellitorine 42.88 2000 0.09+0.003
63 1-Octadecanol 43.07 2066 0.19+0.004
64 Falcarinol 45.27 2100 0.39+0.005
65 1-Nonadecanol 46.50 2153 0.05+0.001
66 | Phytol 47.20 2156 0.07+0.003
67 Hexatriacontane 62.76 3600 0.14+0.002

Total 94.7

a: Values are mean =+ standard error (n=3), RT: Retention time, RI: Retention index relative to n-alkanes (C8-C20) on the Rtx-MS column
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The high number of bioactive compounds in this new
chemotype offers a perspective on how the new chemotype
can be effectively utilized in developing the new
therapeutic agent in the light of the current quest of natural
alternatives to serve as antimicrobial agents in overcoming
antimicrobial resistances. Thus, the importance of essential
oil of Turkish O. maritimus needs additional research by
concentrating on biological and toxicological research to
maximize its use in pharmaceutical, cosmetic and food
industry, which emphasizes the key role of the
conservation of unique biodiversity of Tiirkiye.
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