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Abstract

Thymbra capitata (L.) Cav. is an aromatic Mediterranean species widely used as a culi-
nary herb and valued for its medicinal properties. The present study investigated the
volatile composition of different plant organs (petals, sepals, leaves, and roots) collected
in Jerusalem, Israel, using three complementary GC-MS approaches: solvent extraction
(Liq), static headspace (HS), and solid-phase microextraction (SPME). The influence of
air-drying on volatile composition was also evaluated. Among the analytical methods
tested, HS provided the broadest volatile profile with 57 identified compounds, whereas
Liquid extraction yielded the highest relative abundances of thymol and carvacrol. SPME
proved particularly effective for the detection of sesquiterpenes, especially β-caryophyllene.
The volatile profiles differed considerably among plant organs. Floral and vegetative
aerial parts were characterized by high proportions of p-cymene, γ-terpinene, thymol,
and carvacrol, whereas roots exhibited a distinct composition dominated by α-pinene,
limonene, and β-caryophyllene. Drying modified the relative abundances of several major
constituents without changing the characteristic volatile profile of the species. Multivariate
analysis revealed close relationships between selected aerial organs and confirmed that phe-
nolic monoterpenes were the principal contributors to chemical variability within the plant.
The results demonstrate that HS, SPME, and solvent extraction provide complementary
information and together enable a comprehensive characterization of T. capitata volatiles.
These findings contribute to understanding organ-specific phytochemical variability and
support the selection of appropriate analytical and processing strategies for aromatic and
medicinal plants.

Keywords: Thymbra capitata; volatile compounds; GC/MS; thymol; carvacrol; drying;
principal component analysis; organ-specific volatiles

1. Introduction
Thymbra capitata (L.) Cav. is an aromatic perennial species of the family Lamiaceae

widely distributed throughout the Mediterranean region. Owing to its characteristic aroma
and long-standing use as a culinary herb, preservative, and medicinal plant, the species has
attracted considerable scientific and industrial interest. Its biological properties are largely
attributed to phenolic monoterpenes, particularly carvacrol and thymol, which contribute to
antimicrobial, antioxidant, antifungal, and other bioactive effects. Consequently, T. capitata
has been investigated as a potential source of natural products for food, pharmaceutical,
cosmetic, and agricultural applications [1–3].
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The chemical composition of T. capitata has been extensively studied in different
Mediterranean countries, including Italy, Greece, Tunisia, Morocco, Cyprus, Spain,
Palestine, and Israel. Comprehensive reviews of Thymbra and Thymus volatile con-
stituents have further highlighted the remarkable chemical diversity of Mediterranean
thyme species and their economic importance as sources of essential oils and bioactive
compounds [4]. Previous investigations have consistently shown that the species is
dominated by carvacrol, accompanied by varying proportions of thymol, p-cymene,
γ-terpinene, β-caryophyllene, and other terpenoids. Nevertheless, considerable vari-
ability in the relative abundance of individual constituents has been reported among
populations. Such differences have been related to geographical origin, ecological condi-
tions, harvesting season, altitude, and population structure. Recent studies have further
demonstrated that regional variability may affect not only volatile composition but also
the biological activities of essential oils [5–9].

Most published studies on T. capitata have focused on essential oils obtained by hy-
drodistillation of aerial plant parts. In contrast, comparatively little attention has been
devoted to naturally occurring volatile compounds released from specific plant organs.
Although differences among flowers, flower buds, and leaves have occasionally been re-
ported, comprehensive evaluations of organ-specific volatile profiles remain limited. While
aerial organs of T. capitata have been repeatedly investigated because of their economic
importance as sources of essential oils, roots remain largely unexplored. Root volatiles are
increasingly recognized as key mediators of rhizosphere interactions, plant-microorganism
communication, allelopathy, and below-ground defence mechanisms. Characterization of
root volatiles may therefore reveal previously overlooked aspects of the chemical ecology
and potential applications of the species [10,11]. Likewise, information concerning the
effects of post-harvest drying on volatile composition is still scarce, despite the widespread
use of dried plant material in commercial and traditional applications. Furthermore, the
volatile profile obtained depends strongly on the analytical technique employed. Methods
such as solvent extraction, static headspace (HS), and solid-phase microextraction (SPME)
differ in their extraction mechanisms and selectivity towards compounds with different
physicochemical properties and therefore may provide complementary rather than identical
information [12–15].

Despite the extensive literature on the essential oil composition of Thymbra capitata,
important gaps remain in our understanding of naturally emitted volatiles from individ-
ual plant organs and the influence of analytical methodology on volatile characterization.
Most previous studies have focused on hydrodistilled essential oils obtained from aerial
biomass, whereas organ-specific volatile emissions, particularly those from roots, have
been largely neglected. Furthermore, direct comparisons among static headspace (HS),
solid-phase microextraction (SPME), and solvent extraction approaches within the same
plant material are scarce. Therefore, the aim of the present study was to characterize
the volatile composition of petals, sepals, leaves, and roots of T. capitata collected in
Jerusalem, Israel, using three complementary GC-MS approaches. Particular attention
was paid to organ-specific differences, the influence of air-drying on volatile profiles, and
the comparative performance of the analytical methods. By integrating organ-specific
analysis with methodological comparison, this work provides new insights into the
phytochemical diversity and ecological specialization of this important Mediterranean
aromatic species.

To the best of our knowledge, this study provides one of the first detailed characteriza-
tions of root volatiles in T. capitata together with a direct comparison of three complementary
analytical approaches.
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2. Materials and Methods
2.1. Plant Material

Thymbra capitata (L.) Cav. samples (petals, sepals, leaves, and roots) were collected from
a north-east-facing hillside near Ein Kerem, Jerusalem, Israel (31◦45.5814′ N, 35◦09.6240′ E;
624 m a.s.l.) during the flowering period (June–July 2020). The collection period was char-
acterized by warm and dry weather conditions without precipitation and with maximum
daily temperatures of approximately 26 ◦C. Plant identification was verified by the Hebrew
University Herbarium, where a voucher specimen (HUJ-THY-2020-01) was deposited.

For drying experiments, plant material was spread in a single layer in a shaded and
well-ventilated room (20 ± 2 ◦C, relative humidity 45–55%) for seven days. Dried samples
were subsequently stored in airtight glass containers at 4 ◦C until analysis.

Extraction yields were not determined because HS and SPME represent equilibrium-
based sampling techniques rather than exhaustive extraction methods, and the aim of the
study was comparative volatile profiling.

2.2. Sample Preparation and GC–MS Analysis

Volatile compounds were analysed using three complementary approaches:

1. Liquid extraction (Liq) of dried sepals using n-hexane.
2. Static headspace analysis (HS) of fresh and dried petals, sepals, leaves, and roots.
3. Solid-phase microextraction (SPME) of dried sepals.

Dried sepals were selected for methodological comparison because they provided
sufficient homogeneous material for all extraction procedures and contained abundant
glandular trichomes known to accumulate volatile terpenoids. The objective of the compar-
ison was to evaluate differences among analytical methodologies under identical sample
conditions rather than to compare plant organs.

For solvent extraction, ground plant material was extracted with n-hexane (1 mg mL−1)
for 30 min with occasional shaking. An aliquot of 1 µL was injected into the GC–MS system.

For HS analysis, 25 mg of plant material was incubated at 80 ◦C for 6 min prior
to analysis. This temperature was selected to ensure efficient release of volatiles while
minimizing thermal degradation.

For SPME analysis, 0.3 mg of plant material was equilibrated at 60 ◦C for 10 min and
extracted using an SPME fiber for 10 min. Thermal desorption was performed directly in
the GC injector.

Analyses were carried out using an Agilent 7890B gas chromatograph coupled to
a 5977B mass selective detector and PAL3 autosampler (Agilent Technologies, Santa
Clara, CA, USA). Separation was achieved on an HP-5MS UI capillary column (Agilent
Technologies, Santa Clara, CA, USA) (30 m × 0.25 mm, 0.25 µm). The oven temperature
program was 35 ◦C (5 min), increased to 150 ◦C at 5 ◦C min−1 and then to 250 ◦C at
15 ◦C min−1. Helium was used as carrier gas at a constant flow rate of 1 mL min−1. The
injector temperature was 250 ◦C and mass spectra were recorded in EI mode at 70 eV
over the m/z range 40–400.

Representative chromatograms are provided in the Supplementary Information.

2.3. Compound Identification and Quantification

Compounds were identified by comparison of mass spectra with authentic reference
standards and with the NIST 17, Wiley 11, and FFNSC3 spectral libraries, together with
comparison of calculated retention indices with published literature values. Retention
indices were determined using a homologous series of n-alkanes (C8–C24) analysed under
identical chromatographic conditions.
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Relative abundances were calculated from GC peak areas and expressed as percentages
of total ion current (% TIC) without application of correction factors. Only compounds
showing spectral match quality ≥90% were considered identified.

Each sample was analysed in triplicate, and the replicate measurements demonstrated
satisfactory analytical reproducibility. Triplicate analyses represented analytical rather than
biological replicates and were performed to assess method reproducibility.

2.4. Multivariate Analysis

To explore relationships among plant organs, drying treatments, and major volatile
constituents, principal component analysis (PCA) was performed using R software (ver-
sion 4.2.2). Data were log-transformed prior to analysis. The proportions of variance
explained by individual principal components and the loading values of major variables
were evaluated.

Complete PCA loading matrices and supplementary plots are provided in the
Supplementary Information.

3. Results
3.1. Comparison of Analytical Techniques

The three GC–MS approaches provided complementary information on the volatile
composition of Thymbra capitata. Static headspace (HS) analysis yielded the broadest volatile
profile, enabling the identification of 57 compounds, whereas SPME and liquid extraction
(Liq) identified 39 and 27 compounds, respectively. Liq analysis gave the highest relative
abundances of the phenolic monoterpenes thymol and carvacrol, while SPME showed
enhanced sensitivity towards sesquiterpenes, particularly β-caryophyllene. The principal
characteristics of the analytical approaches are summarized in Table 1.

Table 1. Comparison of analytical methods used for volatile profiling of Thymbra capitata.

Technique Compounds Identified Major Compounds (% Mean) Main Characteristic

Liq 27 Carvacrol (46.2), Thymol (24.3),
β-Caryophyllene (6.1)

Highest response for phenolic
monoterpenes

HS 57 p-Cymene (19.2), γ-Terpinene
(16.8), Thymol (12.8) Broadest compound coverage

SPME 39 Carvacrol (34.2), Thymol (19.6),
β-Caryophyllene (16.9)

Enhanced detection of
sesquiterpenes

Across all approaches, phenolic monoterpenes represented the dominant chemical
group, with carvacrol and thymol accounting for the largest proportion of the detected
volatiles. Despite differences in relative abundances among methods, the overall qualitative
composition remained comparable.

3.2. Organ-Specific Volatile Composition

Substantial differences in volatile composition were observed among the analysed
plant organs (Table 2). Aerial organs were dominated by p-cymene, γ-terpinene, thymol,
and carvacrol, whereas roots exhibited a clearly distinct profile characterized by α-pinene,
limonene, and β-caryophyllene. Carvacrol reached its highest relative abundance in fresh
leaves (41.4%), while γ-terpinene was most abundant in fresh sepals (28.5%).

The root profile differed markedly from those of aerial tissues. While monoterpene
hydrocarbons and phenolic monoterpenes predominated in flowers, sepals, and leaves,
roots were enriched in α-pinene, limonene, and β-caryophyllene.
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Table 2. Major volatile compounds (%) in different organs of Thymbra capitata. determined by
HS-GC/MS.

Compound Fresh
Petals

Dry
Petals

Fresh
Sepals

Dry
Sepals

Fresh
Leaves

Dry
Leaves Roots

α-Thujene 7.59 5.27 10.23 5.06 1.58 3.27 –

α-Pinene 2.62 1.44 5.40 1.15 1.34 1.54 13.13

β-Myrcene 4.95 3.05 6.09 3.58 1.80 3.16 3.24

α-Terpinene 6.88 3.75 9.94 4.64 1.46 3.68 –

p-Cymene 12.83 11.94 13.33 19.22 14.99 32.02 0.71

γ-Terpinene 22.55 17.39 28.49 16.81 5.78 15.33 –

Linalool 0.35 1.89 0.17 1.01 0.72 1.35 –

Thymol 7.36 11.17 2.63 12.76 17.38 8.72 –

Carvacrol 15.17 27.19 4.67 24.54 41.43 20.70 1.46

β-Caryophyllene 2.86 5.99 0.97 1.81 2.12 1.08 9.56

Limonene – – – – – – 9.80

3.3. Effect of Drying

Drying modified the relative abundances of several major constituents (Table 2).
In petals and sepals, relative amounts of thymol and carvacrol increased after drying,
whereas γ-terpinene generally decreased. In contrast, dried leaves were characterized by
substantially higher proportions of p-cymene and γ-terpinene than fresh leaves.

Despite these quantitative changes, the dominant compounds remained unchanged.
Carvacrol, thymol, p-cymene, and γ-terpinene were the principal constituents of the aerial
organs in both fresh and dried material, indicating preservation of the characteristic volatile
profile of the species after air-drying.

3.4. Principal Component Analysis

Principal component analysis (PCA) was performed to evaluate relationships among
plant organs and treatments. The first two principal components explained 78.6% of the
total variance, with PC1 and PC2 accounting for 55.2% and 23.4%, respectively (Figure 1).

Figure 1. PCA score plot of volatile profiles of different organs of Thymbra capitata. PC1 and PC2
explain 55.2% and 23.4% of the total variance, respectively.
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PC1 primarily separated roots from aerial organs and was associated mainly with
carvacrol, thymol, and γ-terpinene. PC2 reflected differences between fresh and dried
samples and was influenced primarily by p-cymene and β-caryophyllene.

The PCA score plot revealed close relationships between dried sepals and dried leaves
and between fresh petals and fresh sepals. Overall, the multivariate analysis confirmed
that phenolic monoterpenes represented the major source of chemical variability within the
analysed plant material.

4. Discussion
4.1. Comparison with Previous Studies

The volatile profile of Thymbra capitata observed in the present study is generally
consistent with previous reports describing the species as a carvacrol-rich chemotype.

Previous studies have demonstrated substantial chemotypic variability throughout the
Mediterranean region, including carvacrol-rich, thymol-rich, and mixed thymol/carvacrol
chemotypes. Such variability has been reported in populations from Italy, Greece, Is-
rael, Jordan, Tunisia, and Portugal and is generally attributed to genetic factors together
with environmental influences such as habitat, altitude, climate, and developmental
stage [5,6,8,12,16,17]. Reviews of Portuguese Thymbra and Thymus species further support
the occurrence of marked chemical diversity among Mediterranean thyme populations [18].
The present material can be classified as belonging to a mixed thymol/carvacrol chemo-
type characterized by significant levels of both phenolic monoterpenes and their known
biosynthetic precursors p-cymene and γ-terpinene.

Carvacrol, thymol, p-cymene, and γ-terpinene were the dominant constituents in aerial
organs, in agreement with studies conducted in Italy, Tunisia, Greece, Spain, Morocco, and
other Mediterranean regions. Similar compositional patterns have been reported by Miceli
et al., Salas et al., Bounatirou et al., Casiglia et al., and Ben El Hadj Ali et al. [3,5,8,19,20],
all of whom identified phenolic monoterpenes as the principal contributors to the volatile
composition of T. capitata essential oils.

Despite the overall similarity in qualitative composition, substantial quantitative varia-
tion was observed among individual organs. Such variability has been repeatedly reported
for Mediterranean populations of T. capitata and is generally attributed to differences in
habitat, harvesting period, developmental stage, altitude, and population structure. The
present results further demonstrate that significant differences may occur within a single
plant, indicating organ-specific regulation of terpene biosynthesis and accumulation.

An important aspect of the present study is the inclusion of roots, a plant organ rarely
considered in previous investigations of T. capitata. Most published studies have focused
on aerial parts, flowering shoots, leaves, flowers, or essential oils obtained by hydrodistil-
lation. In contrast, the roots analysed here exhibited a markedly different volatile profile
characterized by elevated proportions of α-pinene, limonene, and β-caryophyllene and
comparatively low levels of thymol and carvacrol. To the best of our knowledge, infor-
mation on root volatiles of T. capitata is largely absent from the available literature. The
present findings therefore extend current knowledge of organ-specific chemical specializa-
tion within the species and highlight the importance of below-ground tissues as a distinct
source of volatile metabolites.

4.2. Effect of Drying on Volatile Composition

Drying is among the most frequently applied post-harvest treatments for aromatic
plants and may affect volatile profiles through evaporation, oxidation, and enzymatic
transformation of terpene precursors. In the present study, drying modified the relative
abundances of several major constituents, particularly thymol, carvacrol, p-cymene, and
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γ-terpinene. Increased proportions of thymol and carvacrol in dried petals and sepals were
accompanied by decreased γ-terpinene levels, a pattern that may reflect ongoing transfor-
mations within the established biosynthetic pathway linking monoterpene hydrocarbons to
phenolic monoterpenes. Similar relationships have been discussed for Thymus and related
Lamiaceae species.

The increase of p-cymene and γ-terpinene observed in dried leaves indicates that
drying effects are organ-dependent and may be influenced by tissue organization, storage
structures, and metabolic activity. Comparable drying-related shifts have been reported in
studies on T. capitata and other Mediterranean aromatic plants, although the magnitude of
the effect varies considerably depending on drying conditions and plant origin.

Despite these quantitative changes, the principal constituents remained unchanged.
Carvacrol, thymol, p-cymene, and γ-terpinene continued to dominate the aerial organs in
both fresh and dried samples, indicating preservation of the characteristic chemotype after
air-drying. This observation supports the traditional use of dried T. capitata and suggests
that conventional drying procedures are suitable for preserving its aromatic identity.

The observed changes in the relative abundances of p-cymene, γ-terpinene, thymol,
and carvacrol are consistent with the established biosynthetic relationship among these
compounds. p-Cymene and γ-terpinene are recognized intermediates in the biosynthetic
pathway leading to thymol and carvacrol formation [21–23]. The increase in thymol and
carvacrol observed in dried petals and sepals, accompanied by a decrease in γ-terpinene,
may therefore reflect ongoing oxidative and enzymatic transformations during the dry-
ing process.

4.3. Methodological Considerations

The comparison of HS, SPME, and solvent extraction demonstrated that no single
analytical approach fully characterizes the volatile composition of T. capitata. Instead, each
technique showed a distinct selectivity towards specific groups of compounds. HS analysis
provided the broadest volatile profile and the highest number of identified compounds,
whereas solvent extraction enhanced the detection of less volatile phenolic monoterpenes,
particularly thymol and carvacrol. In contrast, SPME showed greater sensitivity towards
sesquiterpenes, especially β-caryophyllene.

These findings confirm that analytical methodology substantially influences both
qualitative and quantitative representations of plant volatiles. Consequently, comparisons
between published studies should always consider the extraction and sampling procedures
employed. The combined application of complementary techniques therefore provides
a more comprehensive characterization of volatile constituents than any single method
used independently.

The present results further demonstrate that conclusions regarding volatile compo-
sition may depend strongly on the analytical approach employed. Studies based exclu-
sively on solvent extracts or essential oils may underrepresent highly volatile constituents,
whereas headspace techniques provide information more closely related to the compounds
naturally emitted by living plant tissues. The combined use of complementary methods
therefore offers a more comprehensive view of plant volatile chemistry.

Hydrodistillation was not included because the primary objective of this study was
to characterize naturally occurring and emitted volatile compounds rather than volatile
fractions generated under prolonged thermal conditions. Hydrodistillation may alter
volatile composition through hydrolysis, oxidation, and thermal rearrangement reactions,
whereas HS and SPME more closely reflect the compounds emitted by intact plant tissues.
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4.4. Biological and Practical Implications

The predominance of carvacrol and thymol in aerial organs is consistent with the well-
documented biological functions of these compounds. Phenolic monoterpenes contribute
to plant defence against pathogens, herbivores, and environmental stress, while simul-
taneously providing the antimicrobial and antioxidant properties frequently associated
with T. capitata. Their high abundance in above-ground tissues may therefore represent an
adaptive advantage under Mediterranean climatic conditions.

The antimicrobial activity of thymol and carvacrol is generally attributed to disruption
of microbial cell membranes, increased membrane permeability, leakage of intracellular
constituents, and interference with energy metabolism. Their phenolic hydroxyl groups
are considered crucial for these biological effects [2,3,24]. In addition, both compounds
possess strong antioxidant activity through radical scavenging mechanisms and inhibition
of oxidative chain reactions [2,23,24]. These properties explain the widespread interest
in T. capitata as a source of natural preservatives, antimicrobial agents, and functional
ingredients for food, pharmaceutical, and cosmetic formulations. Similar effects have been
reported for Portuguese T. capitata essential oils, which exhibited strong antifungal activity
against Candida, Aspergillus, and dermatophyte species. The observed fungicidal effect was
associated with rapid membrane damage and increased permeability of microbial cells [17].
In addition to their antimicrobial properties, thymol and carvacrol have attracted consid-
erable attention because of their antioxidant, anti-inflammatory, and health-promoting
activities. Recent reviews have highlighted their potential applications in food preservation,
functional foods, nutraceuticals, and pharmaceutical formulations, further supporting the
industrial relevance of T. capitata as a rich source of bioactive phenolic monoterpenes [25].

The biological relevance of thymol and carvacrol extends beyond their ecological role
in plant defence. Previous studies on Portuguese T. capitata essential oils have demonstrated
significant antioxidant, anti-inflammatory, antihyperglycemic, and acetylcholinesterase
inhibitory activities, supporting the pharmaceutical and functional-food potential of this
species. These bioactivities have been associated primarily with phenolic monoterpenes,
particularly thymol and carvacrol [26].

The marked compositional differences observed between roots and aerial organs sug-
gest tissue-specific ecological functions and metabolic specialization. Whereas aerial tissues
appear optimized for protection against environmental challenges and interactions with
pollinators and herbivores, root volatiles may contribute to below-ground interactions
involving microorganisms and rhizosphere processes. Further studies focusing specifi-
cally on underground tissues may therefore provide valuable insights into the ecological
chemistry of T. capitata [10,11].

The clear separation of roots from aerial organs observed in the PCA suggests pronounced
tissue-specific specialization of volatile metabolism. Whereas aerial organs are enriched
in phenolic monoterpenes associated with protection against herbivores, pathogens, and
environmental stress, root volatiles may play a role in rhizosphere interactions and below-
ground ecological processes. The predominance of α-pinene, limonene, and β-caryophyllene
in roots therefore points to distinct ecological functions of below-ground tissues.

Beyond food applications, thymol- and carvacrol-rich extracts have attracted increas-
ing interest as environmentally friendly alternatives to synthetic pesticides, fungicides,
and post-harvest preservatives. Their broad-spectrum antimicrobial activity may offer
opportunities for crop protection and sustainable agricultural management [3,7,24].

From a practical perspective, the preservation of the characteristic volatile profile after
drying is particularly important for culinary, pharmaceutical, and fragrance applications.
Because air-dried material retained its dominant constituents, traditional drying methods
appear suitable for maintaining the aromatic quality of the species. Furthermore, the
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organ-specific differences identified in this study may help guide the selection of plant
material for applications requiring specific volatile compositions or biological activities.

A comprehensive comparison with previously published reports from different
Mediterranean regions is provided in Table S6 of the Supplementary Information. These
literature data further demonstrate the considerable chemotypic variability of Thymbra
capitata across its distribution range [27–59].

5. Conclusions
This study provides a comprehensive characterization of volatile compounds in differ-

ent organs of Thymbra capitata (L.) Cav. using three complementary GC–MS approaches:
static headspace (HS), solid-phase microextraction (SPME), and solvent extraction. The
results demonstrated that the analytical methods provide complementary information,
with HS yielding the broadest volatile profile, solvent extraction favouring the detection of
phenolic monoterpenes, and SPME enhancing the detection of sesquiterpenes.

Considerable differences in volatile composition were observed among plant organs.
While petals, sepals, and leaves were dominated by p-cymene, γ-terpinene, thymol, and
carvacrol, roots exhibited a distinct profile characterized mainly by α-pinene, limonene,
and β-caryophyllene. To the best of our knowledge, this study provides one of the first
detailed descriptions of volatile constituents in T. capitata roots, thereby extending current
knowledge of organ-specific chemical specialization within the species.

Air-drying modified the relative abundances of several major constituents but did
not alter the characteristic volatile profile of the species. The persistence of the dominant
compounds after drying supports the suitability of traditional air-drying practices for
preserving the aromatic properties of T. capitata.

Multivariate analysis confirmed clear differentiation among plant organs and identi-
fied phenolic monoterpenes as the principal contributors to chemical variability. Overall,
the findings contribute to a better understanding of organ-specific phytochemical diversity
in T. capitata and provide useful information for future phytochemical, ecological, and
industrial applications of this important Mediterranean aromatic species.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae12080952/s1, The Supplementary Information file
includes detailed chromatograms, complete compound lists, and additional figures related to the
analytical comparison of Thymbra capitata samples (Figures S1–S15 and Tables S1–S6). Figure S1: An
image of the whole plant Thymbra capitata showing the parts used for analysis; Figure S2: Reaction
mechanism of cyclic monoterpenes formation from geranyl diphosphate. Proposed pathway for
thymol and carvacrol formation in oregano, thyme and spike lavender; Figure S3: Comparison of
dry green calyxes (sepals) analysis by three GC/MS techniques—hexane extract (Liq), headspace
(HS), and solid-phase microextraction (SPME); Figure S4: GC/MS chromatogram of hexane extract
of dry green calyx (sepal); Figure S5: Headspace GC/MS chromatogram of dry green calyx (sepal);
Figure S6: SPME GC/MS chromatogram of dry green calyx (sepal); Figure S7: Headspace GC/MS
chromatogram of fresh violet flowers (petals); Figure S8: Headspace GC/MS chromatogram of dry
violet flowers; Figure S9: Headspace GC/MS chromatogram of fresh calyx; Figure S10: Headspace
GC/MS chromatogram of dry calyx; Figure S11: Headspace GC/MS chromatogram of fresh leaves;
Figure S12: Headspace GC/MS chromatogram of dry leaves; Figure S13: Headspace GC/MS chro-
matogram of fresh roots; Figure S14: Comparison of major compounds in different plant parts (fresh
vs. dried); Figure S15: Correlation matrix of compounds across plant parts; Table S1: Headspace anal-
ysis of fresh and dry violet flowers of Thymbra capitata; Table S2: Complete list of volatile compounds
identified in dry green calyx (sepals) of Thymbra capitata; Table S3: Headspace analysis of fresh and
dry green calyx (sepals) of Thymbra capitata; Table S4: Headspace analysis of fresh and dry leaves of
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Thymbra capitata; Table S5: Headspace analysis of the fresh roots of Thymbra capitata; Table S6: Content
of the main biogenetic constituents in Thymbra capitata in Mediterranean countries.
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