Variation of the Chemical Composition of Thymus Vulgaris
Essential Oils by Phenological Stages
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Thymus vulgaris essential oil is one of the most common oils used mainly in food industry but it could also
have applications in medicine and pharmacy. The chemical composition of this essential oil depends on the
plant material harvesting time, phenomenological stages, meteorological conditions and growing area of
plants. In our study, four different Thymus vulgaris L. var. Donne Valley essential oils have been extracted and
characterised. The essential oils have been extracted from plants before and after flowering in two different
years. There is an important difference between the chemical composition of oils obtained from plants
harvested before and after flowering. Thymol and carvacrol have been found as the major components, but
the percentage depends on the phenological stages of the plants and the year of harvesting. Furthermore,
the composition of the minor components changed.
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A lot of papers in the scientific literature focus on the
content of essential oils and other components (especially
antioxidant and therapeutics) existing in different parts of
plants [1-7], these oils having numerous and diverse uses
since ancienttimes [8]. Thymus vulgarisL.var. Donne Valley
is a woody-based perennial evergreen subshrub rich in
essential oil stored in glandular peltate trichomes located
on both sides of the leaves, that blooms in clusters of pink
and purple flowers in early summer (June and July) [9-13].
It belongs to the Lamiaceae family and is indigenous to
the southern part of Europe and the Mediterranean area
[6]. Both thymi herba (aerial plant parts) and thymi
aetheroleum (thyme essential oil) are used in food industry
as spices, pharmaceutics and medicine, cosmetics and
perfumery [9,10,14-17].

The pharmacological properties of thyme essential oil
rely mostly on the phenolic monoterpenes thymol and
carvacrol which are the major components found, but
different chemotypes can also appear depending on the
harvesting time, phenological stages, altitude, weather
conditions [10,18]. These monoterpenic phenols act as
natural bioactive compounds with strong antibacterial,
antifungal, antitumor, anti-inflamatory, antiviral and
antioxidant properties [9,13,18-22].

Chemical polymorphism is usual in Lamiaceae family
when one or more chemotypes have been observed in
Thymusspecies in accordance with the major component
determined in the essential oil [23,24]. Thymol and
carvacrol are the most frequent chemotypes of thyme
species indicating them as major components of thyme
essential oils, having the same molecular weight (M=150
g.mol?) but with a different OH group position at the
phenolic ring (meta and ortho). Thymol and carvacrol are
attended by two precursors: p-cymene and y-terpinene [10,
25].

The aim of this study was to analyze the variations in
chemical composition depending on phenological stages
and different vegetation cycles (over a period of two years)
for Thymus vulgaris L. var. Donne Valley. For this purpose,
essential oils were obtained before and after flowering
stages in two different years (2017 and 2018) under
different meteorological conditions. The results obtained
inthis paper are meant to complete previous work reported
by other authors [10,14,16,19,20,23] in relation to occurring
differences in the chemical composition of thyme essential
oils influenced by phenological or weather conditions.

Experimental part
Materials and methods
Plant material

Aerial parts (thymi herba) of Thymus vulgaris L. var.
Donne Valleywere harvested in two different phenological
stages: in late May before flowering and in June after
flowering in the course of two different years (2017 and
2018) from Lovrin Agricultural Research and Development
Resort, Lovrin commune, Timis county - 20°47’ E longitude
and 45°57’ N latitude. Gathered plant material was placed
in a well-ventilated room, away from direct sunlight, to air-
dry for a period of two weeks. Dried plant material was
stored in untreated brown paper bags until essential oil
extraction and further analysis were performed. For each
phenological stage a sample of the specimen was kept at
the Institute of Technical and Natural Sciences Research-
Development-Innovation of Aurel Viaicu University of Arad.

Essential oil extraction

Leaves and flowers were removed from the aerial parts
of thymi herba and were placed on the grid found in the
column of a 5L copper alembic distillation equipment to
be subjected to steam distillation. The essential oil and
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Table 1

Name e e g el Sl ANNOTATIONS FOR DIFFERENT
Thymus vulgaris L. var. 017 after flowering TDL 2017-AF THYMUS VULGARISL. VAR.
Donne Valley 018 before flowering TDL-2018-BF DONNE VALLEY SAMPLES
2018 after flowering TDL-2018-AF
Nr. Cit Compound TDL2017BF | D520 | ToL2018BF | D520

1 alpha-Thujene 0.58 0.96 0.ee 137

2 alpha-Pinene 034 0.71 0.49 0.8

3 Camphene 022 038 056 134

4 3-Octanone 209 241 2351 378

3 1-Octen-3-ol 044 031 0.93 nd

6 beta-Pinene 1.04 0.69 136 0.9

T beta-hyrcene nd nd 0.73 035

2 3-Octanol 036 036 nd nd

9 alpha-FPhellandrene 016 027 0.54 nd

10 alphe- Terpinolen 1.38 182 241 1.24

11 p-Cymens 1039 2138 163 30.73

12 1,3,%-p-Menthatriens 031 079 0.87 0.7

13 gamma- | eTpInens 11.28 046 18.67 974

14 Sabinene hydrate 0.69 3£l 0.72 3.05

13 Lmalool 0.1 0.18 nd ud CHEMICAITaCbOIi/IgOSITIONS
16 endo-Bomeol 049 12 nd nd OF THYMUS VULGARISL. VAR.
7 Teobomeol 035 04T 088 108 DONNE VALLEY ESSENTIAL

OILS EXTRACTED IN

18 cis-Sabinene hydrate nd nd 0.39 13 DIFFERENT

19 Thymel methyl ether 404 936 481 396 PHENOMENOLOGICAL
20 Carvacrol methy] ether 313 3.96 2.88 386 STAGES

11 Thymel 42133 2804 46.74 2486

22 Carvacrol 367 iTE 2.83 191

23 beta-Bourbonane 017 017 nd nd

24 Caryophyllene 354 182 1.02 nd

13 beta-Copasne 012 0.06 nd 127

26 Humulens 012 0.14 nd nd

a7 gamma-mrolens 029 0.23 0. nd

23 Gemmacrene D 0.13 046 nd 0.63

28 gamma-Elemene 0.37 0.47 nd nd

30 Isocaryophyllene 438 194 008 1.11

i1 Izogermacrene D 031 0.29 nd nd

32 delta-Cadinene 0.68 039 nd nd

33 Caryophyllene oxide 0.13 0.33 nd nd

34 Hydrothymoquinens 029 1 nd nd

nd — not detected.

hydrolate mixture were placed in a separator funnel and
left to separate in two layers based on their density. The
collected pure essential oil was stored at 4°C in brown
glass vials until further analysis.

Annotations

Essential oil of Thymus vulgarisL. var. Donne Valley was
denoted as TDL-x-y, where x stands for year of harvest and
y stands for phenological stage, as is presented in table 1.

GC-MS analysis

The chemical composition for all TDL-x-y essential oil
samples were determined by gas chromatography
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(Shimadzu 2010, Kyoto, Japan) coupled with mass
spectrometer (TQ 8040, Shimadzu, Kyoto, Japan). The
column was an Optima IMS+WAX column (30 m x 0.25
mm i.d., 0.25 um film thickness, Macherey-Nagel, Duren,
Germany). As a carrier gas, He was used at 1 mL min™.
The initial temperature of the oven was 70°C (for 11 min);
it was raised to 190°C at a rate of 5°C min?, then to 240 °C
at a rate of 20°C min* and left for 5 min. Injector
temperature was 250°C and MS source temperature was
200°C. The volume of injection was 1 pL with a split ratio of
10:1. TDL-x-y compounds have been identified based on
their mass spectra using NIST 14 library and Wiley 09 library.
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ATR-FTIR analysis

Essential oil samples were analyzed by FT-IR and their
spectra were recorded using a Bruker Vertex 70
spectrophotometer equipped with an ATR cell on the 600-
4000 cm* wavelength range, a 4 cm? resolution and 32
scans. Background measurements were performed before
each analysis. Normalization (min-max) and baseline
corrections were applied, and processing of the spectra
was performed using OPUS software.

Results and discussions
Essential oil composition

The yield for extraction of essential oils TDL-2017-BF/
AF was ~0.9% and for TDL-2018-BF/AF was ~0.3%. The
chemical compositions of those oils are presented in table
2.

In the samples 34 constituents were identified; sixteen
of them have been found to be presentin all stages. Thymol
was the major component of all essential oils, and the
highest amount (46.74 %) was observed in TDL 2018 BF.
Other constituents were also identified in significant
amounts in essential oils analyzed: p-cymene (30.75%),
gama-terpinene (18.67%), thymol methyl ether (9.36%),
carvacrol methyl ether (5.86%), carvacrol (5.67%),
isocaryophyllene (4.38%), sabinene hydrate (3.81%), 3-
octanone (3.78%), alpha-terpinolene (1.84%), beta-pinene
(1.36%), camphene (1.34%).

Based on literature, essential oils of Thymus species
have been known to have six chemotypes, containing as
major component a phenolic derivative (thymol or
carvacrol) or an alcohol (linalool, geraniol, thujanol-4 or &-
terpineol). It is difficult to have a precise delimitation of
chemotypes, therefore for essential oils, the distinction is
done in accordance to the major compound detected in
the essential oil, but one should also take into consideration
the biogenetic pathways [26, 27]. During phenological
stages the chemical composition of the essential oil
changes, influencing the percentage of major compounds.
Differences were observed in the essential oil chemical
composition before and after flowering stages from two
consecutive years taken into this study. Differences are
depicted in figure 1 and 2.

As it can be observed in figure 1, the chemical
composition of TDL-2017-BF/AF changes between
flowering and after flowering stages influencing the
percentage of several compounds either by increasing or
decreasing it. Thymol, which is the major compound found
in TDL essential oil before flowering, decreased from
42.35% to 28.04% after flowering. Furthermore, other
compounds decreased in the same pattern, as follows:
gamma-terpinene (11.88% to 9.46%), carvacrol (5.67% to
3.78%), carvacrol methyl ether (5.13% to 3.96%),
isocaryophyllene (4.38 % to 2.94%), caryophyllene (3.54%
to 2.82%), beta-pinene (1.04% to 0.69%). The compounds
that increased in percentage from before flowering to after
flowering stages were the following: p-cymene (10.59%
to 21.58%), thymol methyl ether (4.94% t0 9.36%), sabinene
hydrate (0.69% to 3.81%), 3-octanone (2.09% to 2.41%)
and others in smaller rates.

The chemical composition of TDL-2018-BF/AF also have
shown modifications mainly in the major compounds.
Furthermore, fewer compounds were detected compared
with the essential oils from 2017 (table 1).

Thymol, as the major compound found, decreased from
46.74% to 24.86% and other compounds decreased as
follows: gamma-terpinene (18.67% to 9.74%), alpha-
terpinolen (2.41% to 1.84%), beta-pinene (1.36% to 0.9%)
and beta-myrcene (0.75% to 0.55%). In contrast, the
percentage of the following compounds increased: p-
cymene from 7.63% to 30.75%, 3-octanone (2.32% to
3.78%), sabinene hydrate (0.72% to 3.05%), thymol methyl
ether (4.81% to 5.96%), carvacrol methyl ether (2.88% to
5.86%), carvacrol (2.85% to 2.91%), and isocaryophyllene
(0.98% to 1.11%). Furthermore, there are different
compounds which could not be detected after flowering
like: beta-myrcene, 3-octanol, linalool, endoborneol, cis-
sabinene hydrate, beta-bourbonene, humulene, gamma-
elemene, isogermacrene D, delta-cadinene, caryo-
phyllenne oxide and hydrothymoguinone.

As it is presented in table 1 and figures 1 and 2, the
chemical composition of Thymus vulgaris L. var. Donne
Valley essential oil changes from one phenological stage
to another giving options on choosing the ideal harvesting
time.
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ATR-FTIR analysis

ATR-FTIR spectroscopy is a simple, sensitive, fast and
non-destructive method of analysis based on the vibrational
spectra recording. As it is known, all major compounds
present in essential oils dominate the obtained vibration
spectra, while low concentration compounds, hardly
influence the ATR-FTIR pathway [29]. In accordance with
GC-MS analysis results, the major compounds found in
TDL-x-y essential oils are: thymol, yterpinene and p-
cymene. A smaller impact could be attributed to: 3-
octanone, a-terpinolene, thymol methyl ether, carvacrol
methyl ether, carvacrol and isocaryophyllene.

The ATR-FTIR spectra recorded for the TDL-x-y essential
oil samples are presented in figure 3, with characteristic
bands added. Because essential oils are complex mixtures
of compounds, the absorption spectrum for some
compounds overlap.

The band seen at 807 cm? is attributed to C-H out-of-
plane waging vibrations from thymol and is important in
distinguishing the substitution on the aromatic ring for the
isomeric compounds carvacrol and thymol. Carvacrol
presents a vibration band at 812 cm™* [28-30]. Furthermore,
thymol characteristic bands were identified at: 946 cm™
(wagging vibration of 1:2:4 substitution), 1152 cm* (meta-
substitution) and on 3200-3600 cm (-OH stretching
vibration). Furthermore, the intense bands present in the
spectrum at 807, 946, 1042, 1088, 1152 and 1289 cm
indicate thymol as the main component in TDL-X-y
essential oil [28].

Other major compounds identified by GC-MS analysis
and confirmed by the presence in the ATR-FTIR spectra
were identified as follows: p-cymene with characteristic
bands recorded at 1060 and 1018 cm™ attributed to para-
substitution [31]; y-terpinene with characteristic signals
recorded at 781, 946 and 2819 cm™[32]. For other
terpenoids the following bands have been attributed:
caryophyllene at 885 cm?, 3-pinene at 873 cm?, a-pinene
at 886 cm, carvacrol at 812 cm™ and a-terpinolen at 781
cm? [31].

Conclusions

The present study revealed differences between the
chemical compositions of essential oils obtained from
plants harvested in different phenological stages and
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vegetation cycles. For this purpose, essential oils were
obtained and analyzed before and after flowering stages
in two different years (2017 and 2018). Through GC-MS
and ATR-FTIR analysis the chemical composition of
Thymus vulgaris L. var. Donne Valley essential oils was
determined. Thymol was found as the major component
with a high percentage 46.74% in essential oil obtained
before flowering in 2018. This percentage changed through
phenological stages and vegetation cycles. Due to the
differences between chemical composition in
phenological stages and vegetation cycles, and taking into
consideration the desired compound of interest, the
harvesting time could plan ahead.

Because there is an increasing demand on natural
bioactive compounds derived from medicinal plants,
Thymus vulgaris L. var. Donne Valley is a rich source of
phenolic monoterpenes with many applications (food,
pharmaceutical, cosmetic, perfumery, agriculture, etc).
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