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Abstract
Artemisia genus strong and aromatic smell is due mainly to high concentrations of volatile terpenes, constituents of
their essential oils and extensive studies have been done on this issue. In this research, the analysis of the essential oil
from the quantitative and qualitative point of view has been carried out for leaves, stems and flowers of Artemisia
vulgaris L. species in Romania. The oil has been extracted during the flowering period, by hydro distillation and
analyzed by gas chromatography–mass spectrometry (GC-MS). The obtained results emphasized the presence of some
major chemical compounds in leaves, such as eucalyptol, germacrene D and β-pinene. Flowers contained higher
amounts of eucalyptol and borneol, while in stems, especially beta-pinene and eucalyptol have been determined. The
common chemical compounds in the three vegetative organs, were β-pinene and eucalyptol, for which different values
have been recorded. The highest amount of β-pinene has been recorded in the volatile oil extracted from stems (11.9%),
followed by leaves (4.49%) and flowers (3.02%), respectively.
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INTRODUCTION
The genus Artemisia (Asteraceae) consists of
about 500 species, occurring throughout the
world. Artemisia vulgaris L. (commonly
known as mugwort) is a perennial herb widespread throughout temperate regions of the
Northern Hemisphere. The plant is also known
as an aggressive weed. A. vulgaris exhibits
wide
morphological
and
physiological
variability. Fresh plants have a strong odor, and
a spicy-bitter taste (Judzentiene et al., 2016).
Artemisia has a vast range of biological
activities including antimalarial, cytotoxic,
antihepatotoxic, antibacterial, antifungal and
antioxidant activity (Bora et al., 2011). The
large genus Artemisia L., from the tribe
Anthemideae, comprises important medicinal
plants which are currently the subject of
phytochemical attention due to their biological
and chemical diversity. Artemisia species,
widespread throughout the world, are one of
the most popular plants in Chinese traditional
preparations and are frequently used for the
treatment of diseases such as malaria, hepatitis,
cancer, inflammation and infections by fungi,
bacteria and viruses. (Abad et al., 2012).

Essential oils make a major contribution into
the plant’s biological activity as well. For that
reason the chemical composition of mugwort
oils has been investigated in several studies
(Judžentienė et al., 2006; Zhigzhitzhapova et
al., 2016; Pandey et al., 2017; Janaćković et al.,
2019). The strong and aromatic smell of some
species of Artemisia genus is due mainly to
high concentrations of volatile terpenes,
constituents of their essential oils, especially in
leaves and flowers. Williams et al. (2012) states
that the major constituents of essential oil
extracted from A. vulgaris L. are: Germacrene
D (25%), Caryophyllene (20%), α Zingiberene (15%) and Borneol (11%), while
the buds are rich in 1,8-Cineole (32%),
Camphor (16%), Borneol (9%), and
Caryophyllene (5%). The essential oils from A.
vulgaris can be used for various medicinal
purposes (Malik et al., 2019). As reported, the
essential oils from A. vulgaris showed
bactericidal and fungicidal properties against
Staphylococcus aureus and Candida albicans,
respectively. Instead, any anthelmintic activity
of essential oil against Haemonchus contortus
was observed.
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library was used for to identify the essential
compounds, and the Kovats indices were
verified using an alkane mixture purchased
from Sigma-Aldrich.

The objective of this study was to analyze the
volatile oil from a quantitative, as well as
qualitative, point of view.
MATERIALS AND METHODS

RESULTS AND DISCUSSIONS

The research was carried out on Artemisia
vulgaris plants (stems, leaves, flowers),
harvested from spontaneous flora - Vitănești
(Teleorman County) from Romania, in a fresh
state. The aerial parts of the plant were
collected during full blossoming. The
extraction and analysis of the volatile oil were
implemented
within
the
Faculty
of
Horticulture, Bucharest. Fresh herbal parts of
the collected plant were subjected to
hydrodistillation for 3 h using a SingerNickerson equipment to extract the oil. The
separation and identification of components has
been carried out using an Agilent 6890 GC
coupled with a 5973 Network single quadruple
mass spectrophotometer detector in Electron
Ionization (EI) mode and a 7673 injector. A
capillary column 452 DB-5 (25 m length x 0.25
mm i.d. and 0.25 µm film thickness) and
helium as carrier gas (1 mL/min) were used
(Bădulescu et al., 2010). The initial oven
temperature was 50°C for 8 min, then a
4°C/min ramp to 280°C. The NIST spectra

Regarding the volatile oil content, the same
amount of oil was found for leaves and flowers
(0.10 mL/100 g). The determinations made in
the stems revealed that they had such a low
content of volatile oil that it had to be captured
in hexane, in order to be chemically analyzed.
After the volatile oil, extracted from the
vegetative organs of Artemisia vulgaris species,
had been analyzed, it was found a greater
number of chemical components in the volatile
oil obtained from flowers (31), and in the case
of leaves and stems, the number of chemical
components was lower (29, respectively 23).
The common chemical compounds, in all three
vegetative organs, were beta-pinene and
eucalyptol, which recorded different values.
The highest amount of beta-pinene being
recorded was in the volatile oil extracted from
stems (11.93%) (Figure 1), in the volatile oil
extracted from leaves and flowers, the amount
of beta-pinene decreased (4.49% and 3.02%,
respectively) (Figure 3 and Figure 5).

Figure 2. Minor chemical compounds of stems, %

Figure 1. Major chemical compounds of stems, %

The eucalyptol ranged from 6.29% to 12.39%
in the volatile oil extracted from, leaves, stems
and flowers, most of it being found in the
volatile oil which was taken from flowers.
Eucalyptol (1,8-cineole) is one of the major
essential oils in Artemisia vulgaris (Jiang et al.,
2019). The amount of eucalyptol (6.29%) in the
leaves is approximately equal to that of

germacrene D (6.42%). In the essential oil
extracted from flowers the amount of
eucalyptol (12.39%) is equal to that of borneol
(12.39%) (Figure 5). Eucalyptol has been used
as an antibacterial and expectorant (Giamakis
et al., 2001), and as an anti-inflammatory
(Juergens et al., 1998) or antihypertensive
agent (Lahlou et al., 2002). As for the data
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presented in Figures 1 and 3, it can be noticed
the presence of some common substances in the
three organs, determined in significant quantity,
such as germacren D, myrcene and sabinene.
With regard to germacrene D, a higher quantity
is observed in the volatile oil extracted from the
leaves (6.42%), and in the case of myrcene and
sabinene, a higher content is observed in the
volatile oil obtained from flowers (4.70-4.24%)
and approximately equal amounts of myrcene
from stems and leaves (2.14-2.17%). It seemed
that the borneol was determined in greater
quantity only in the volatile extract which was
taken out of flowers (12.39%).

(Govindaraj et al., 2008, fresh leaves were
collected from greenhouse-grown plants),
sabinene, β-pinene, 1,8-cineole, artemisia
ketone, cis and trans-thujone, chrysanthenyl
acetate, germacrene D and caryophyllene
(Judžentienė et al., 2006, Lithuania- aerial
plants), 1,8-cineole, camphor, α-terpineol
(Thao et al., 2004, Vietnam - leaf and flower),
camfor, camphene, α-thujone, 1,8-cineo, γmuurolene, and β-caryophyllene (Govindaraj et
al., 2013, vitro raised stems), caryophyllene,
germacrene D and humulene (Malik et al.,
2019, Brazil - aerial parts, before the onset of
flowering). The quality and yield of essential
oils from Artemisia species is influenced by the
harvesting season, fertilizer, soils pH, the
choice and stage of drying conditions, geographic location, chemotype or subspecies,
choice of plant part or genotype, or extraction
method (Abad et al., 2012).

Figure 3. Major chemical compounds of leaves, %

Figure 5. Major chemical compounds of flowers, %

Regarding the minority substances identified in
the composition of the volatile oil, it can be
stated that there were some significant differences, depending on the studied organ: thus,
trans-β-ocimene, caryophyllene oxide, βelemene, γ-elemene, terpinen 4-ol and αcaryophyllene were present in the stems
(Figure 2) and leaves (Figure 4), whereas
camphene, α-terpinene, γ-terpinene, α-copaene,
β-selinene and spathulenol were found in
leaves (Figure 4) and flowers (Figure 6), γelemene, cayophyllene oxide, β-elemene,
terpinen-4-ol were found in stems, leaves and
flowers.
It is also noted the existence of compounds
which were characteristic of each organ, such
as: trans-linalool, β-farnesene, elixen in the

Figure 4. Minor chemical compounds of leaves, %

The major constituents of the oil from plants of
Artemisia vulgaris collected from different
places were reported to be α-pinene, menthol,
beta-eudesmol, and spathulenol (Alizadeh et
al., 2012, Iran- aerial plants), germacrene D and
β-caryophyllene (Burzo et al., 2008, Romania aerial plants), camphor, α-thujone, germacrene
D, camphene, 1,8-cineole and β-caryophyllene
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composition of the volatile oil derived from
stems, methyl-octane, β-ocimene, octenylacetate, cis-verbenol, β-bourbonene, bisabolene
epoxide, ledene oxide in leaves and α-thujene,
α-phellandrene,
isopropenyl
methyl
cyclohexen-1-ol, α-terpinolene, isopropenyl
methyl-bicyclo-hexane-2-ol,
dimethylhexahydro benzofuran, isogeraniol, and bornyl
acetate in flowers (Figure 6).
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Figure 6. Minor chemical compounds of flowers, %

CONCLUSIONS
The studies carried out by the researchers
indicate that the volatile oil extracted from
Artemisia plants contains chemical compounds
of particular importance in the treatment of
various diseases. The data obtained in this
study showed a remarkable quantitative and
qualitative variation of constituents in the oils
obtained from different plants organs. To the
major
constituents
belonged
β-pinene,
eucalyptol (1,8-cineole) and borneol. Most of
these constituents dominated in mugwort oils in
other countries.
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