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Abstract

Capillary GC/MS analysis based on polar and non-polar columns has been applied to evaluation of the volatile oils
hydrodistilled from thyme (Thymus �ulgaris L.) plants. The adopted methodology has been used to monitor seasonal
variations in the composition of the oil obtained from thyme herbs harvested at different periods during the plant
vegetative and life cycles. Oils from thyme plants of young (2 years) and old (5 years) cultivations have been evaluated
from four and two collections, respectively, effected throughout May/December growth period. Generally, the oil was
found to be rich in the active monoterpene phenols (thymol and carvacrol) and their corresponding monoterpene
hydrocarbon (HC) precursors (p-cymene and �-terpinene), which collectively showed synchronized patterns of
variation during the different collection periods and in different seasons. The oil from old plant collected in May/June
period (0.15% v/w) was characterized by significantly lower levels of monoterpene HCs (mainly �-terpinene) and the
highest levels of the oxygenated monoterpenes (linalool and borneol), monoterpene phenols (mainly thymol) and their
derivatives (mainly carvacrol methyl ether), sesquiterpenes (mainly �-caryophyllene) and their oxygenated derivatives
(e.g. caryophyllene oxide) in comparison with all other samples. A characteristic presence of camphor and
thymodihydroquinone was also observed in the old plant oils. On the other hand, the young plant, collected in
June/July just before the end of the vegetative cycle, provided the best oil yield (1.2%) with also the highest % content
of the monoterpene phenols (thymol: 51.2% and carvacrol: 4%). This latter growth period can represent the best
harvest time of young thyme plants in order to obtain an essential oil with better quality and quantity. © 2002
Published by Elsevier Science B.V.
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1. Introduction

Many phytochemical studies so far investigated
the chemical composition of the essential oil from
Thymus �ulgaris L. (family: Labiatae or Lami-
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aceae) from different sources and chemotypes [1–
4] as well as its variation in different seasons [1]
and during the plant life cycle [4–8]. Evaluations
of the oil composition extracted from different
parts of the plant or upon variable environmental,
cultivation, and/or storage conditions have also
been reported [9–11]. T. �ulgaris, also known as
common thyme, a plant native to the Mediter-
ranean region (Spain, Italy, France, Greece, etc.),
has long been used as a source of the essential oil
(thyme oil) and other constituents (e.g. thymol,
flavanoid, caffeic acid and labiatic acid) derived
from the different parts of the plant [12]. The
pharmacological properties of the plant and of its
different extracts, in particular the essential oils,
has been thoroughly studied and afforded the
many industrial (mainly as food additive) and
medical applications of the plant [13]. In addition
to their numerous traditional uses, the plant
(herb) and its essential oil have found diverse
applications in pharmacy and medicine [12,13].
The oil was reported to have antimicrobial (bacte-
ria and fungi) [1,14–16], carminative and expecto-
rant [12] activities, most of which are mediated by
thymol and carvacrol, as the phenolic components
of the oil, with the former generally more potent.
Spasmolytic [17] as well as antioxidant [18,19]
activities were also reported for the alcoholic (eth-
anol) extract of the plant; however, these activities
were found to be mediated by non-phenolic
components.

The quality control of thyme oil calls for selec-
tive and sensitive analytical methods; the Eu-
ropean pharmacopoeia (EP) [20] and the
literature methods are generally based on capil-
lary gas chromatography. In the present commu-
nication we report the application of GC/MS
analysis, on both polar and non-polar capillary
columns, to the evaluation of the essential oils
obtained from T. �ulgaris plants (aerial parts)
cultivated at the Herb Garden of Casola-Valsenio
(Ravenna, Italy). The variation in the chemical
composition of the oil hydrodistilled from the
aerial parts at different growth stages during the
plant vegetative cycle (particularly during flower-
ing) was, as well, investigated. For better charac-
terization of the summer–winter variations, the
oil from plants that was still growing through

November/December period was also hy-
drodistilled. Finally, the oils from young and old
plant clusters were concomitantly analyzed and
compared.

2. Materials and methods

2.1. Plant materials and oil distillation

The starting vegetative materials consisted of
two implants (clusters) of T. �ulgaris cultivated in
the open at the Herb Garden of Casola-Valsenio
(Ravenna, Italy). The materials differed princi-
pally in age: one recent (Y: young) vegetative
implant of 2 years old and the other (O: old) was
older with 5 years growing. No physical differ-
ences were observed for both cultivated materials
except that the older plants showed particularly
intense odor.

About 1 kg materials of the plants’ aerial parts
(tops) were collected in June, while the plant in
flowering, and after flowering in July through
December period (Table 1), cutting the flowered
stems about 5–10 cm just below flowers and
avoiding the wooden parts. The collection of the
aerial parts was conducted searching the apical
dominance of the plants; thus was effected, for the
young plant, at the beginning of the vegetative
cycle (5 June 1999: May/June period), during the
vegetative cycle (3 July 1999: June/July period),
before the end of the cycle (24 July 1999: July/Au-

Table 1
Plant materials (aerial parts) of T. �ulgaris L. (young and old
cultivations) collected at various times during the plant vegeta-
tive and life cycles

Collection time Young plants Old plants
(5 years)(2 years)(year: 1999)

+ +5 June (May/June)
+3 July (June/July) +
+24 July (July/August) N
+6 December N

(November/December)a

+Collection was affected during the mentioned period. NNo
collection was effected in the mentioned period.

a Plant material collected after the vegetative cycle.
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Fig. 1. Typical TIC-GC/MS chromatograms of thyme (T. �ulgaris) oil analyzed on non-polar Rtx®-5MS capillary column showing
profiles of oils obtained from young plants (aerial parts) collected on: (A) 5 June 1999; (B) 3 July 1999; (C) 24 July 1999; and (D)
6 December 1999, and from older plants collected on: (E) 5 June 1999; and (F) 3 July 1999. To ease interpretation, chromatogram-
zones between retention times (min): (10–17), (23–34), and (38–50) are amplified by 10, 6, and 6 times, respectively. Peaks’ numbers
are according to Table 1, to which also refer for peak identity. For chromatographic conditions see experimental.

gust period) and after the cycle been ceased (6
December 1999, November/December period).
On the other hand, the collection of the older
thyme was only effected in the first two periods
(Table 1): in 5 June and 3 July 1999; after then
no collection was conducted as the plant life
cycle has been ceased (no plant growth) by the
end of July. Essential oil was obtained from
each collected material by direct steam distilla-
tion (water and vapor method) using a medium-
scale Clavenger-type apparatus.

2.2. Chromatographic analysis (GC–MS)

2.2.1. Instrumentation (GC/MS and columns)
About 0.1 �l volumes of the tested oils with-

out further modifications were injected into a

TRACE GC 2000 SERIES (ThermoQuest CE
Instruments, Austin, TX, USA) gas chro-
matograph equipped with a split–splitless injec-
tor (split ratio; 50:1). The non-polar column was
an Rtx®-5MS fused silica capillary column (30
m×0.25 mm ID, 0.25 �m film thickness) con-
sisting of Crossbond® (5% phenyl 95% dimethyl
polysiloxane) and the polar one was a Stabil-
wax® w/Integra-Guard consisting of Crossbond®

(Carbowax®-PEG). Helium (He) was the carrier
gas at a flow rate of 1.0 ml/min. The GC was
interfaced with GCQ plus (ThermoQuest, Finni-
gan) mass detector operated under the EI mode
(70 eV) using an autotune file. The mass spectra
were recorded within 40–650 (m/z), full scan
mode, that revealed the total ion current (TIC)
chromatograms (Fig. 1).
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2.2.2. Temperature programs

2.2.2.1. Non-polar column. A linear temperature
program was adapted to separate the different oil
components depending on an initial temperature
of 45 °C held to 10 min, then ramped by 2.5 °C/
min up to 180 °C.

2.2.2.2. Polar column. The temperature of the
column was initially maintained at 50 °C for 8
min, then raised at a rate of 4 °C/min to 180 °C,
at which maintained for 10 min; a second ramp
was then applied at 5 °C/min to 220 °C.

In both programs, the temperatures of the in-
jector base, transfer line, and ionization source
were maintained at 250, 250 and 200 °C,
respectively.

2.2.3. Qualitati�e and quantitati�e analysis
The chemical identities of the separated compo-

nents were determined by matching their recorded
mass spectra with the data bank mass spectra
(General Purpose, Terpene ‘ThermoQuest’ and
NIST libraries) provided by the instrument soft-
ware, and by comparing their retention indices
(calculated on polar and non-polar columns) with
literature values measured on columns with iden-
tical [21–23] polarities. Some structures were fur-
ther confirmed by authentic standards analyzed
under the conditions mentioned above; these in-
cluded �- and �-pinene, �- and �-terpinene, p-
cymene, limonene, 1,8-cineole, linalool, thymol,
and terpine-4-ol. A mixture of aliphatic hydrocar-
bons (HCs) in hexane (Sigma) was injected under
the above temperature program to calculate the
retention indices using the generalized equation
by Van Del Dool et al. [24]. Compounds concen-
trations (as % content) were calculated by inte-
grating their corresponding chromatographic
peak areas (non-polar column and TIC mode),
assuming a unity response by all.

3. Results and discussion

3.1. General description

The unambiguous identification of the different

thyme oil components was achieved using their
retention indices obtained from two different
(non-polar and polar) chromatographic columns
in combination with their ion trap (IT) mass
spectral data. The general chemical profiles of the
tested oils, the identity and the percentage content
of the individual components are all summarized
in Table 2. Compounds are reported according to
their elution order on the non-polar Rtx®-5MS
column (TIC chromatograms in Fig. 1). A chemi-
cal class distribution of the oil components is also
reported in Table 3. The GC/MS analyses of the
oils provided the separation of 46 components,
from which 45 structures were well identified us-
ing their mass spectra and retention index data
[21,23], and online library. Some oil samples were
further analyzed using the carbowax-based GC
column. This polar column helped to improve the
identification procedure of the separated compo-
nents, in particular those having different elution
orders in both utilized columns (Table 2), such as
the couples: (�-thujene, �-pinene), (sabinene, �-
pinene), (myrcene, �-phellandrene) and (p-
cymene, limonene) as seen in Table 2. The
simultaneous use of retention indices obtained
from polar and non-polar columns lead, in fact,
to an identification process with a high magnitude
of certainty [21,22]. Quantitative measurements of
the individual components were, however, ob-
tained using the TIC chromatograms revealed
from the non-polar column (Fig. 1) and after
repeated analyses.

Generally, the plant oil was characterized by
high percentage of the monoterpene phenols that
is characteristic for the thymol chemotype grow-
ing in Italy [25]. In addition, the oil was character-
ized by high levels of the precursor monoterpene
HCs, p-cymene and �-terpinene, whose concentra-
tions were found to vary in coincidence with the
variation in their corresponding phenol products
(Table 3). Compared to high level of the total
monoterpene HCs, lower figures were observed
for the corresponding sesquiterpenes and diter-
penoids. According to Table 3 the oil also showed
relatively abundant levels, though variable, of the
phenolic content, in particular thymol, a marker
component that plays an important role in the
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Table 3
Class-composition of thyme (T. �ulgaris L.) oil at different growth stages

% ContentClass and individual components

Y2 Y3 Y4Y1 O1 O2

31.61b 47.76Monoterpene HCs (mainly p-cymene and �-terpinene) 63.06a46.98 15.79 38.54
Monoterpene alcohols 2.93 2.55 1.55b 3.15a 5.57 3.36

1.15b 1.39 2.48a 2.40 0.90Monoterpene oxides (Eucalyptol) 1.90
NF NF 0.72aNF 0.85Monoterpene ketones (Camphor) 0.52

Monoterpene phenols
51.17a 41.38 19.38b35.83 54.1Thymol 37.33

2.62Carvacrol 4.00a 2.47 1.43b 3.55 2.96
4.17a 3.08 2.1b 2.45Monoterpene phenol derivatives (thymol and carvacrol ethers, 6.71 8.28

thymoquinone)
Thymodihydroquinone (TDHQ) tr NF NF NF 0.54 0.14

5.07Sesquiterpene HCs 2.42b4.41 6.05a 7.98 5.88
0.51 0.06b 0.28a0.27 1.32Oxygenated sesquiterpenes 1.02

Y and O: see Table 1; NF, not found; tr, traces; HCs, hydrocarbons.
a Maximum recorded level.
b Minimum recorded level.

chemotaxonomy and the overall biological activ-
ity of the plant or its oil [4,12,26].

EP in its 4th edition put quality standards for
the thyme herb and the oil used as drug in two
separate monographs. These standards dealt
mainly with the % yield (v/w) of the oil obtained
from the herb drug as well as the % content (w/w)
of the volatile phenols (expressed as thymol) in
the herb. For the thyme oil, allowable percentage
ranges (chromatographic profile) of the principal
components of the oil are also reported. Worth
noting that in the oil monograph a type GC
chromatogram is usually provided for informa-
tion, whereas the chromatographic profile (repre-
sentative and characteristic components with their
tolerance ranges) represents always a standard to
be met.

Our tested oils (young plants) were found in
substantial agreement with these standards (Ta-
bles 3 and 4); in particular, those related to the
content of thymol (36–55% by EP, 35.83–51.17%
recorded) and/or the entire phenolic fraction.
However, relatively higher and lower levels were
observed for �-terpinene and linalool, respectively
(Table 4). Therefore, since most of the oil activi-
ties are attributed mainly to the phenolic compo-

nents, as mentioned above, the oil could serve as
a therapeutic equivalent according to official lim-
its and quality standards.

3.2. Compositional �ariations during �egetati�e
cycle

The data presented in Tables 2 and 3 show the
oil composition to vary in a regular manner dur-
ing the different collection periods (see also Fig.

Table 4
Percent contents of principal thyme oil components compared
to official EP (4th edition) chromatographic profile

Component Percentage range by Average % content
in the tested oilEP (% content)
(Y1–Y3)*

1.0–3.0�-Myrcene 1.09
5.0–10.0�-Terpinene 18.01

p-Cymene 15.0–28.0 16.04
Linalool 4.0–6.5 1.11
Terpin-4-ol 0.2–2.5 0.44

42.7536.0–55.0Thymol
1.0–4.0 3.03Carvacrol

* Oil samples from young plants collected within May/Au-
gust period.
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Table 5
Percentage yields of thyme oil from young and old implants of
T. �ulgaris during the vegetative cycle of the plant

Collection time and period % Yield (v/w fresh aerial
parts)a(year: 1999)

Old plantsYoung plants
(age: 2 years) (age: 5 years)

0.155 June (May/June) 0.52
0.150.503 July (June/July)

1.2024 July (July/August) –
6 December 0.08 –

(November/December)b

a The limit stated by the EP (4th edition) is not less than
1.2% (v/w) of essential oil calculated with reference to the
anhydrous drug.

b Plants collected after the vegetative cycle been ceased.

correlation between the precursor monoterpene
HCs (p-cymene and �-terpinene, Fig. 2) and the
product phenol terpenes (thymol and carvacrol,
Fig. 2), which were reported to occur at the end
of the biosynthetic pathway as according to Vern-
ert et al. [26]. More specifically, this relation is
more observable between p-cymene and thymol as
strongly manifested by their corresponding %
content figures in all of the tested oil samples
(Table 2). Consequently, according to Stahl-
Biskup [4] and by treating p-cymene as a depen-
dent component, a thymol chemotype should be
assigned to the plant under study, a typical
chemotype of T. �ulgaris growing in Italy [25,27].
Moreover, the oils showed contrasting highest-
content figures for both components (p-cymene
and thymol) between summer and winter months
(Y2 and Y4, Tables 2 and 3). A phenomenon,
that according to Weiss and Flück [5], could also
assign a summer and a winter chemotypes for the
thyme under study.

Switching in between the young and the old
plant oils, some interesting observations could be
highlighted. The first was concerning the
monoterpene ketone (camphor), a compound not
frequently reported in the oils from T. �ulgaris [4].
Camphor was only detected in the oils from the

1); variations that are mainly attributed to certain
individual components and/or compound classes
of the oil. This was valid through the correlation
between the individual monoterpene phenols (thy-
mol and carvacrol) and their corresponding pre-
cursors (p-cymene and �-terpinene) in one side,
and between the total HCs and phenol fractions
on another side (Table 3). The biosynthetic rela-
tionships between these components, reported so
far by other researchers [4,26], explains clearly
their regular and correspondent variation within
the plant life cycle. As expected the young plant
was found to have the highest % yield of the oil
(�1.20%, Table 5) during July/August (collection
in 24/7/1999) just before the end of the vegetative
cycle. In the same collection period (Y3), the
highest monoterpene HCs level was observed,
while the plant was found to be richest in phenols
during June/July period (Y2, Table 3) while in full
bloom. These observations were found, moreover,
to be in good agreement with those reported by
previous investigations carried out on thyme [5–
8]. The older plants, on the other hand, provided
comparable oil yield during the both collection
periods (�0.15% v/w), with the highest level of
phenols and monoterpene HCs in May/June (O1)
and June/July (O2), respectively (Tables 2, 3 and
5).

The variation in the oil within the different
periods can be generally discussed through the

Fig. 2. Structures of the monoterpene HC precursors (p-
cymene and �-terpinene) and their biosynthetic products:
monoterpene phenols (thymol and carvacrol), quality marker
constituents of thyme oil.
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old plants as well as the young one collected late
in December, when the vegetative cycle of the
plant has ceased (Y4, Tables 2 and 3), and was
absolutely absent from the young plant oils ob-
tained within May/August period (Y1–Y3, Tables
2 and 3). A delayed activation of the biosynthetic
pathway for this ketone could be a reasonable
explanation for the mentioned phenomenon [26].
The second observation was exhibited by the dis-
tinctive low level of the monoterpene HC �-ter-
pinene in the oil from the old plant collected in
May/June (1.14%, O1, Table 2) compared to that
of the other old plant oil (11.57%, O2). This
remarkably reduced level of �-terpinene was not
associated with an equivalent variation in the level
of the other major monoterpene HC (p-cymene)
in the same oil sample (relative level of p-cymene/
�-terpinene (C/T)=11.3 in O1 versus 1.81 in O2),
whereas a comparable pattern of variation was
always characteristic for these two precursors in
all of the other samples (Y1–Y4, C/T: 0.6–2.2).

To be mentioned, moreover, that in the same
oil sample (O1) the lowest levels of the monoter-
pene HCs (compounds c 1–12, Table 2 and Fig.
1) and the highest levels of the oxygenated
monoterpenes (compounds c 18–21, Table 2),
monoterpene phenols (mainly thymol) and their
derivatives (mainly carvacrol methyl ether),
sesquiterpenes (mainly �-caryophyllene) and their
oxygenated derivatives (e.g. caryophyllene oxide)
were observed in comparison with all other sam-
ples. A particular occurrence of thymodihy-
droquinone (TDHQ) could be also observed as
this thymol derivative was detected almost only in
the old plant oils and in the highest concentration
in the oil of the first collection (O1).

4. Conclusions

Throughout the entire vegetative phase, the
young T. �ulgaris plant provided a marked higher
essential oil yield relative to the older cultivation,
with the highest oil content (1.2%) observed in
July/August collection period. Regarding the oil
composition, the young plant oils were found to
be the richest in phenols in June/July (3/7/99) with
the minimum levels recorded in November/De-

cember (6/12/99), while the contrary figures were
observed for monoterpene HCs in both collection
periods, respectively. Both component classes
(monoterpene HCs and phenols) varied also in the
same manner (maximum and minimum) in the
older plant samples during the vegetative cycle.
For the other minor components (monoterpene
alcohols, oxides and ketones and sesquiterpene
HCs) a higher content was generally observed in
the November/December collection (Y4, Table 2).
The study, therefore, emphasized the importance
of choosing the appropriate collection (harvest)
period of thyme herbs in order to achieve the
highest quality and quantity of the essential oil,
whose activity is known to be essentially corre-
lated with the content of phenol components.

Acknowledgements

Thanks are due to Sauro Biffi from the Herb
Garden of Casola-Valsenio (Ravenna, Italy) for
his valuable assistance. This study was supported
by a grant from Bologna University.

References

[1] M.S. de Bouchberg, J. Allegrini, C. Bessiere, M. Attisso,
J. Passet, R. Granger, Rivista Ital. 58 (1976) 527–536.

[2] R. Granger, J. Passet, R. Verdier, La France et ses
parfums (1963) 225–228.

[3] T. Adzt, R. Granger, J. Passet, R. San Martin, Biochem.
Syst. 5 (1977) 269–272.

[4] E. Stahl-Biskup, J. Essent. Oil Res. 3 (1991) 61–82.
[5] B. Weiss, H. Flück, Pharm. Acta Helv. 45 (1970) 169–

183.
[6] W. Messerschmidt, Planta Med. 12 (1964) 501–512.
[7] M.S. Carawya, M.S. Hifnawy, JAOAC 57 (1974) 997–

1001.
[8] E. Schartz, H. Hörster, Planta Med. 19 (1970) 160–176.
[9] P.H. Gouyon, Ph. Vernet, J.L. Guillerm, G. Valdeyron,

Heredity 57 (1986) 59–66.
[10] M.D. Guillén, M.J. Manzanus, Food Chem. 63 (1998)

373–383.
[11] R. Venskutonis, L. Poll, M. Larsen, Flavour Fragrance J.

11 (1996) 123–128.
[12] A.Y. Leung, S. Foster, Encyclopaedia of Common Natu-

ral Ingredients Used in Food, Drugs, and Cosmetics,
John Wiley & Sons, New York, 1996, p. 492.

[13] J.-M. Soulier, Les cahiers d’Aromathérapie (Aromather.
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