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ABSTRACT

Salvia verticillata (Lamiaceae) is a small herb from the dry grassland in Southern Europe and
Western Asia. Inflorescences had about 0.2 % essential oil, leaves 0.1 % and stems less than
0.01%. The essential oils were composed mainly of sesquiterpene hydrocarbons. On average, in
all three plant parts the following compounds were identified in decreasing order: germacrene D >
(E)-B-caryophyllene > bicyclogermacrene > a-humulene > spathulenol > 3-bourbonene. In inflor-
escences, germacrene D, (E)-B-caryophyllene and bicyclogermacrene occurred in nearly equal
amounts, while in leaves germacrene D accounted often for more than 50% of the essential oil.

1. Introduction

Salvia verticillata L., whorled clary (Lamiaceae) is per-
ennial growing on semi-dry meadows and other open
landscapes. The leaves are mostly simple and ovate-
triangular. The pedicellate lilac-blue flowers are clus-
tered in terminal or axillary racemes formed by super-
imposed verticillaster. S. verticillata is distributed in
Europe and Western Asia from Turkey to Iran and
Azerbijan (1).

In Turkey, S. verticillata is used in Folk medicine to
cure colds and gastrointestinal disorders (2,3). Some
biological activities have been reported as antioxidant
activity (4,5), weak anti-inflammatory activity (6), and
anti-acetylcholinesterase activity (7). Additionally, sig-
nificant antidepressant effect in mice suggest
a therapeutic potential in seizure and depressions (2).
The essential oil of S. verticillata showed some cytotoxic
activity against cancer cell lines (8).

Several reports on essential oils are known from
plants of eastern South-Europe (9-12), Turkey (3,13)
and Iran (8,14,15) where the whole aerial parts have
been analysed. Compounds often recorded were sesqui-
terpenes as germacrene D, (E)-B-caryophyllene, bicyclo-
germacrene, o-humulene, spathulenol but also
monoterpenes as a-pinene, 3-pinene and 1,8-cineole.

So, the present study investigates the essential oil
composition from inflorescences, stems and leaves of
S. verticillata collected in Eastern Austria and compares
it to published oil composition data from plants of the
Mediterranean region and Western Asia.
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2. Materials and methods
2.1. Plant material

The plant materials were collected during summer in
2019 and 2021 in Lower Austria on four sites (Siegenfeld
SM N 48°02°13"" E 16° 1022, 350 m; SF N 48°0249
""E 16°09°30"", 416 m, 4 August 2019; Gie8hiibl G:
N 48°06°'14"" E 16°13°05" ', 500 m, 22 August 2021 and
Hinterbrithl H: N 48°05'24"" E 16°15'55"", 303 m,
25 August 2021) during fully flowering. From the site
SM 4 samples were taken at different dates (SM1:
12 June 2019; SM2 and SM3: 30 June 2021 and SM4
12 September 2021).

Three collecting sites were semi-dry meadows and one
forest clearing (SF). The plants were separated in stems,
leaves and inflorescences and dried in a room in ambient
air. The ‘Exkursionsflora fiir Osterreich, Liechtenstein und
Stdtirol’ was used to identify the plants (16). Voucher
specimens (WU 0157713 for SF, WU0157714 for SM,
WU0155898 for G and WU155899 for H) were deposited
in the Herbarium of the University of Vienna (WU
Generale, https://www.jacq.org/#database).

2.2. Hydrodistillation

For hydrodistillation a Clevenger type apparatus was used.
Ten g of leaves or inflorescences or fifteen g of cut stems
were distilled with 400 mL water for two hours. The
amount of essential oil obtained was read on the capillary
of the device. 1000 puL of hexane were used to wash the
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essential oil fraction out of the apparatus. These fractions
were stored at 4-6°C until analysis within the next days.

2.3. GC-MS and GC-FID

An Agilent Technologies 7890A gas chromatograph
equipped with a 5975 C quadrupole mass selective
detector (MSD) and a CTC-PAL autosampler
(Agilent Technologies, Santa Clara, CA, USA) as
described in Chizzola et al., 2018 (17) was used
with slight modifications. The separation was done
on a 30mx0.25mm fused silica column coated
with 0.25um HP5-MS. The temperature program
of the oven started isothermal at 50°C for 1 minute,
then increased to 220°C at a rate of 5 °C/min and
finally further to 280°C to a rate of 15 °C/min. The
injector temperature was set at 250°C and the split
at 20:1. The injection volume was 1 pL. The total
ion current (m/z 40 to 400) from the MSD was
used to identify the compounds according to their
mass spectra in comparison to the spectral libraries
Wiley 275 and NIST20 and their retention indices
relative to the n-alkanes (18). Prior analyses hexa-
decane in hexane as internal standard was added to
the samples resulting in a final hexadecane concen-
tration of 0.2mg/mL. For GC-FID analysis an
Agilent Technologies 8690N gas chromatograph
was available operated with the same type of col-
umn and temperature program as indicated above.
The detector was operated at 250°C and supplied
with 30 mL/min H, and 300 mL/min air. The FID
signal without any correction was used to calculate
percentage compositions.

2.4. Statistical analysis:

A hierarchical cluster analysis (HCA) and a principal
component analysis (PCA) were calculated with SPSS
for Windows version 29.0 (SPSS Inc., Chicago, USA).
The HCA calculated with 21 samples the squared eukli-
dian distance using linkage between groups based on 17
essential oil compound percentages (bicyclogerma-
crene, (E)-a-bisabolene, f-bourbonene, §-cadinene, a-
cadinol, (E)-B-caryophyllene, caryophyllene oxide, {3-
copaene, -elemene, eudesma-4(15),7-dien-1p-ol, (E)-
B-farnesene, germacrene D, hexahydrofarnesyl-
acetone, a-humulene, y-muurolene, a-muurolol, sal-
vial-4(14)-en-1-one, spathulenol). For the PCA the
same compounds were taken as variables.

3. Results and discussion

3.1. Essential oil composition and comparison of
the plant parts

Salvia verticillata is a Salvia species low on volatile oils.
Actually, inflorescences gave about 0.2 % essential oil,
leaves 0.1 % while stems had than 0.01% volatiles.
Literature reports on essential oils in the aerial parts
range from less than 0.05% (10) to 0.3% (13). Essential
oil yields decreasing from inflorescences to leaves to
stems could also be observed in various other plants as
Achillea collina (19) or Melissa officinalis (17). The wide
range of essential oil yields depends on the developmen-
tal stages of the plants with different dry matter ratios of
stems to leaves to inflorescences. Consequently, plants
having a high stem proportion resulted in low essential
oil production.

Typical chromatograms of the essential oils from stems,
leaves and inflorescences are displayed in figures S1-S3
(supplementary material). Germacrene D was the predo-
minant compound giving median values of 54.0, 38.9 and
21.8 % in the essential oil from leaves, stems and inflor-
escences, respectively. The highest germacrene D level was
found in the leaf oil from 2019 Siegenfeld forest plants (SF
73.7%), the lowest in the inflorescence oils from SM2 plants
(11.6%). Literature reports generally a lower germacrene
D content in the essential oils from the aerial parts than the
present research, ranging from absent (3,20) to 48 % (11).

(E)-B-Caryophyllene ranged from 10.5 to 30.2% in
the inflorescence, from 3.0 to 10.8 % in the leaf and from
46 to 18.1 in the stem essential oils. (E)-p -
Caryophyllene was the main compound in EOs from
Iran reaching percentages of 15-25 % (8,14,15,20) or
Serbia with 13.3 % (9).

Actually, bicyclogermacrene was highest in inflores-
cence oils from 4.5-22.0 % while stems and leaves essential
oils contained 0.5 to 8.8 % bicyclogermacrene, the lowest
values were in plants from Gief$hiibl. Literature reports
bicyclogermacrene from absent (3,11,20) to 6 % (8,14) to
14.4% (12) to 16.7% (11).

a-Humulene ranged from 5.0 to 15.2 % in inflores-
cences, from 2.1 to 9.1 % in stems and from 1.0 to 5.0 %
in leaves essential oils. a-Humulene contents in
S. verticillata essential oils from other studies were
reported to vary from absent (3,13) to 3-5% (9,12) to
7-10 % (8,11,14,20). Levels up to about 1-2% were
found for (E)-a-bisabolene, p-bourbonene, §-cadinene.

Amongst the oxidised sesquiterpenes spathulenol
was the most prominent. In inflorescences oil it ranged
from 2.8 to 8.9 % and up to 5.5 % in stems or up to 3.9 %
in leaves oils. Previous records of spathulenol in
S. verticillata essential oils mentioned from absent



(10,20) to 6-7% in samples from Iran (8,15) and Serbia
(11) to 10% (13) or even to 31% (3) in Turkey.
Caryophyllene oxide was in most samples between 1
and 3 %. In stem and leaf essential oils, a-cadinol and
eudesma-4(15),7-dien-1p-ol levels were around 1.5 to
3.2 %, in inflorescences these two compounds had lower
levels.

The present S. verticillata essential oils were poor in
monoterpenes. p-Cymene ranged from absent to 2.7 %.
Several further monoterpenes as sabinene, B-pinene,
myrcene and the ocimenes occurred in the essential
oils, their percentage was in each case usually less than
1 %.

One stem oil sample (SM1) showed 38.9% hexadece-
noic acid while all other samples were devoid of this
compound. In contrast to the present results, the aerial
parts from plants collected in Greece very low in
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essential oil was composed of monoterpenes and lauric
acid isopropyl ester and had nearly no sesquiterpenes
(10). Further minor compounds listed in Table 1.

On the Siegenfeld meadow site samples were taken in
June (SM1, SM2 and SM3) and September (SM4). As
some differences in essential oil composition occurred
already in two samples (SM2 and SM3) taken on the
same date the present data set does not allow to point
out a seasonal influence on essential oil production.
From July to September the essential oil composition
from the aerial parts remained remarkably constant
(12). These authors report in leaves 38 % germacrene
D but its absence in the inflorescences. Instead, their
inflorescences had 10% y- murolene, which in the pre-
sent study was usually under 0.5%. Two compounds,
1,8-cineole (10.4%) and d-elemene (7.4%), present in
a flower SPME fraction from Italy (12) could not be

Table 1. Percentual Composition (%) of the Essential Qils Obtaind from Inflorescences, Leaves and Stems of Salvia verticillata.

Inflor. Inflor. Inflor. Leaves Leaves Leaves Stems Stems Stems

RI exp. RI lit. Median Min Max Median Min Max Median Min Max
a-Pinene 936 932 <0.05 0.2 <0.05 0.3
Sabinene 976 969 0.2 <0.05 0.7 <0.05 0.4
B-Pinene 979 974 0.3 <0.05 1.8 <0.05 0.2
Myrcene 993 988 0.1 <0.05 0.6 0.3 0.5
a-Phellandrene 1005 1002 0.1 <0.05 0.3 <0.05 0.2
p-Cymene 1032 1020 1.2 <0.05 26 13 <0.05 27 <0.05 13
B-Phellandrene 1036 1025 0.0 <0.05 0.7 <0.05 1.1
(2)-B-Ocimene 1042 1032 0.7 <0.05 1.2 0.6 <0.05 1.0 <0.05 03
(E)-B-Ocimene 1052 1044 0.6 <0.05 1.5 0.7 <0.05 1.1 <0.05 03
Linalool 1100 1095 0.1 <0.05 0.5 <0.05 0.1
Nonanal 1105 1100 0.1 <0.05 0.2 0.3 <0.05 0.6
Bicycloelemene 1342 1336* 0.5 <0.05 1.0 0.2 <0.05 03 <0.05 0.4
a-Copaene 1380 1374 0.1 <0.05 0.5 0.1 <0.05 0.5
B-Bourbonene 1389 1387 0.7 0.1 1.8 1.6 0.7 2.7 23 <0.05 54
B-Elemene 1396 1389 0.6 0.3 0.9 1.0 0.7 13 0.6 <0.05 13
a-Gurjunene 1415 1409 <0.05 35 <0.05 0.2 0.0 <0.05 0.3
(E)-B-Caryophyllene 1428 1417 19.2 10.5 30.2 9.5 3.0 10.8 12.7 4.6 18.1
B-Copaene 1435 1430 0.5 <0.05 1.7 0.8 0.6 1.7 1.0 <0.05 23
Aromadendrene 1445 1439 0.1 <0.05 0.5 <0.05 0.0 0.4 <0.05 <0.05 0.4
Isosativene 1457 1441-54*% 0.0 <0.05 0.3 03 0.0 03 <0.05 <0.05 0.7
a-Humulene 1461 1452 10.9 5.0 15.2 44 1.0 5.0 6.2 2.1 9.1
(E)-B-Farnesene 1466 1454 0.5 <0.05 1.8 <0.05 0.3 <0.05 0.6
cis-Muurola-4(15),5-diene 1473 1465 0.1 <0.05 0.6 <0.05 0.2
trans-Cadina-1(6),4-diene 1475 1475 <0.05 0.6 <0.05 0.8
y-Muurolene 1483 1478 0.3 <0.05 1.9 04 0.5 04 <0.05 1.7
Germacrene D 1489 1484 218 11.6 39.3 54.0 44.0 73.7 389 29.7 55.5
(E,E)-a-Farnesene 1494 1505 <0.05 2.2
Bicyclogermacrene 1505 1500 19.1 4.5 220 55 0.5 7.2 6.9 0.5 8.8
MG 202 1514 3.0 <0.05 4.2 23 <0.05 4.7 2.0 <0.05 37
6-Cadinene 1529 1522 0.5 0.4 1.9 1.2 1.0 2.7 1.1 <0.05 24
(E)-a-Bisabolene 1548 1532-44* 04 <0.05 3.6 0.2 <0.05 2.0 0.6 <0.05 2.8
Spatulenol 1583 1577 4.6 0.9 8.9 20 <0.05 39 4.2 <0.05 5.5
Caryophyllene oxide 1591 1582 1.6 <0.05 2.7 0.8 <0.05 1.1 1.2 <0.05 31
Salvial-4(14)-en-1-one 1599 1594 0.3 <0.05 15 0.5 <0.05 0.8 0.4 <0.05 13
Isospathulenol 1647 1638-44* 0.3 <0.05 0.9 0.2 <0.05 0.3 0.0 <0.05 0.6
a-Muurolol 1650 1644 0.1 <0.05 0.8 0.5 0.3 0.8 0.7 <0.05 13
a-Cadinol 1661 1652 0.6 0.2 13 1.9 1.5 2.8 1.7 <0.05 35
Eudesma-4(15),7-dien-1p-ol 1693 1687 0.7 <0.05 23 1.7 0.8 3.2 2.1 <0.05 5.4
Mintsulfide 1757 1740 <0.05 0.1 <0.05 1.0 0.0 <0.05 1.1
Hexahydrofarnesya-lacetone 1848 1838-47* 1.1 03 27 03 <0.05 0.5 1.1 0.4 5.7
Hexadecanoic acid 1962 1959 <0.05 389

Rl lit.: Retention indices from literature Adams 2007 or NIST *.

MG 202: M/Z 133 (100), 105 (83), 91 (74), 159 (58), 202 (45), 131 (40), 117 (29), 77 (27), 41 (27), 115 (25), 129 (23), 79 (21).
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found in the present study. But when the essential oils of
whole aerial parts were analysed these two compounds
could not be found (12).

Germacrene D and (E)-p-caryophyllene are wide-
spread sesquiterpenes in essential oils. The essential
oils at flowering and fruiting stage from Ballota nigra
had a similar composition and contained these two
compounds additionally to caryophyllene oxide as the
main compounds (21). Salvia nemorosa is another
Salvia species low in essential oil. Plants from this spe-
cies collected in the same region as in the present study
had (E)-B-caryophyllene and Germacrene D as main
compounds in their leaf oils while the inflorescence
oils contained beside these compounds the monoter-
pene sabinene as main compounds (22).

In contrast an analysis of the head space volatiles
from aerial parts of plants collected in Serbia revealed
that B-phellandrene accounted for 44-70% of the vola-
tile compounds (23). As in the present research Giuliani
et al (2018) found the sesquiterpenes germacrene D, (E)-
B-caryophyllene and bicyclogermacrene as main com-
pounds in the essential oils from the aerial parts of
S. verticillata but additionally some monoterpene
hydrocarbons as B-phellandrene. In the headspace
SPME fraction they found 1,8-cineole (12).

3.2. Multivariate data analyses

To detect similarities between the samples a hierarchical
cluster analysis (HCA) has been performed. The

resulting dendrogram is displayed in Figure 1 and
shows two main clades. The upper one contains six
leaf samples and one stem sample, characterized by
their high germacrene D content. The lower clade can
be divided in two cluster, one grouping five inflores-
cence samples with 16-24% (E)-B-caryophyllene and
13-22% bicyclogermacrene and a more heterogenous
cluster containing all stem samples, one leaf sample
and two inflorescence samples.

Additionally, relations between the individual oil com-
pounds and their repartition on the samples were further
evaluated using a principal component analysis (PCA,
Figure 2). In this multivariate approach 17 essential oil
compounds as variables resulted in 5 components having
eigenvalues greater than 1 accounting for 88% of the
variance. The first axis accounted for 39.9% and
the second for 20.9% of the variance. The first component
was positively correlated with the main compounds a-
humulene, (E)-B-caryophyllene and bicyclogermacrene.
A negative correlation occurred with germacrene D and
minor compounds as B-bourbonene, P-copaene, -
cadinene, a-cadinol and eudesma-4(15),7-dien-1{-ol.
The second axis differentiated between high positive
loadings of spathulenol and caryophyllene oxide in con-
trast to the high negative loadings of germacrene D and -
elemene.

The PCA scoring plot of the samples in Figure 3
roughly separated the plant organs: Leaves having
high levels of germacrene D were placed in the
lower left quadrant corresponding to negative
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component 1 and component 2 loadings.
Inflorescences with higher (E)-B-caryophyllene, bicy-
clogermacrene and a-humulene levels were on the
right side with positive component 1 scores and
stems low in germacrene D but higher in spathule-
nol, p-bourbonene and eudesma-4(15),7-dien-1p-ol
in the upper part with positive component 2

scorings. Stems which are very low in essential oil
and present therefore a higher variability in the rela-
tive amounts of the main compounds were placed in
all four quadrants.

Altogether, the present EOs with their high germa-
crene D contents similar to those from Italy (12) and
some populations of Serbia (11,18).



150 R. CHIZZOLA

4. Conclusion

In conclusion, the essential oil composition of the pre-
sent samples collected in the restricted area southwest of
the city of Vienna appeared to be rather homogenous.
A differentiation between the oils from the different
plant part was feasible to a large extent. The fingerprint
with the four main essential oil compounds germacrene
D, (E)-B-caryophyllene, bicyclogermacrene and a-
humulene might be characteristic for the species in
this region.

Acknowledgments

Thanks to Mr. Harry Bein for his technical assistance

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

1.

CABIL;Compendium, 2019. Available: https://www.cabi
digitallibrary.org/doi/10.1079/cabicompendium.
116888. (accessed on 1 August 2024)

. N. Naderi, N. Akhavan, F.A. Ahari, N. Zamani,

M. Kamalinejad, M. Shokrzadeh, N. Ahangar and
F. Motamedi, Effects of hydroalcoholic extract from
Salvia verticillata on pharmacological models of seizure,
anxiety and depression in mice. Iranian Journal of
Pharmaceutical Research, 10(3), 535-545, 2011.

. N. Tabanca, B. Demirci, Z. Aytac and K.H.C. Baser, The

chemical composition of Salvia verticillata L. subsp. ver-
ticillata from Turkey. Natural Volatiles & Essential Oils,
4(1), 18-28, 2017.

. O. Yumrutas, A. Sokmen and N. Ozturk, Determination

of in vitro antioxidant activities and phenolic compounds
of different extracts of Salvia verticillata ssp. verticillata
and spp. amasiaca from Turkey’s flora. Journal of Applied
Biological Science, 1(10), 43-46, 2011.

. B. Nickavar, J. Rezaee and A. Nickavar, Effect-directed

analysis for the antioxidant compound in Salvia
verticillata. Iranian Journal of Pharmaceutical Research,
15(1), 241-246, 2016.

. E. Cadirci, H. Suleyman, P. Giirbiiz, A Kuruiiziim Uz,

Z. Giivenalp, and L.O. Demirezer, Anti-inflammatory
effects of different extracts from three salvia species.
Turkish Journal of Biology, 36, 59-64 (2012). doi: 10.
3906/biy-1001-17

. M. Mervi¢, M.B. Stefan, M. Kindl, B. Blazekovié,

M. Marijan and S. Vladimir-Knezevi¢, Comparative
antioxidant, Anti-Acetylcholinesterase and Anti-a-
glucosidase activities of Mediterranean Salvia Species.
Plants, 11(5), 625 (2022). doi: 10.3390/plants11050625

. N. Khosravi Dehaghi, S.N. Ostad, N. Maafi, S. Pedram,

Y. Ajani, A. Hadjiakhoondi and M. Khanavi, Cytotoxic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

activity of the essential oil of Salvia verticillata L.
Research Journal of Pharmacognosy, 1(3), 27-33, 2014.

. J.-C. Chalchat, M.S. Gorunovic, S.D. Petrovic and Z.

A. Maksimovic, Chemical compositions of two wild species
of the genus Salvia L. from Yugoslavia: Salvia aethiopis and
Salvia verticillata. Journal of Essential Oil Research, 13(6),
416-418 (2001). doi: 10.1080/10412905.2001.9699711

D. Pitarokili, O. Tzakou and A. Loukis, Essential oil
composition of Salvia verticillata, S. verbenaca,
S. glutinosa and S. candidissima growing wild in
Greece. Flavour and Fragrace Journal, 21(4), 670-673,
2006. doi: 10.1002/ffj.1647

L. Krstic, D. Malencic and G. Anackov, Structural inves-
tigations of trichomes and essential oil composition of
Salvia verticillata. Botanica Helvetica, 116(2), 159-168
(2006). doi: 10.1007/s00035-006-0767-6

C. Giuliani, R. Ascrizzi, D. Lupi, G. Tassera,
L. Santagostini, M. Giovanetti, G. Flamini and G. Fico,
Salvia verticillata: Linking glandular trichomes, volatiles
and pollinators. Phytochemistry, 155, 53-60 (2018).
doi: 10.1016/j.phytochem.2018.07.016

G. Dogan, S. Hayta, E. Yuce and E. Bagci,
Composition of the essential oil of two Salvia taxa
(Salvia sclarea and Salvia verticillata subsp. verti-
cillata) from Turkey. Natural Science and
Discovery, 1(3), 62-67, 2015. doi: 10.20863/nsd

S. Nasermoadeli, V. Rowshan, A. Abotalebi,
L. Nasermoadeli and M.M. Charkhchian, Comparison of
Salvia verticillata essential oil components in wild and
cultivated population. Annals of Biological Research, 4(5),
252-255,2013.

M. Mahdavi, M.H. Jouri, S. Mahzooni-Kachapi and S.
H. Jelodar, Study of chemical composition and antibac-
terial effects of essential oils of Stachys lavandulifolia
vahl. Salvia verticillata L. and Tanacetum polycephalum
Schultz-Bip. On some microbial lineages. International
Journal of Farming and Allied Sciences, 4(3), 197-206,
2015.

M. Fischer, W. Adler and K. Oswald, Exkursionsflora fiir
Osterreich, Liechtenstein und Siidtirol, 3rd. Land
Oberésterreich, Biologiezentrum der OO Landesmuseen,
Linz, Austria, pp. 801-802 (2008).

R. Chizzola, U. Lohwasser and C. Franz, Biodiversity
within Melissa officinalis: variability of bioactive com-
pounds in a cultivated collection. Molecules, 23(2), 294
(2018). doi: 10.3390/molecules23020294

R.P. Adams, Identification of Essential Oil Components
by Gas Chromatography/Mass Spectrometry, 4th ed.
Allured Pub. Corp, Carol Stream, IL, USA (2007).

R. Chizzola, Volatile compounds in the aerial parts of
Achillea collina collected in the urban area of Vienna
(Austria). Natural Product Communications, 12(12),
1933-1936 (2017). doi: 10.1177/1934578X1701201230
F. Sefidkon and M.S. Khajavi, Chemical composition of the
essential oils of two Salvia species from Iran: Salvia verticil-
lata L. and Salvia santolinifolia Boiss. Flavour & Fragrance
Journal, 14(2), 77-78 (1999). doi: 10.1002/(SICI)1099-
1026(199903/04)14:2<77::AID-FF]726>3.0.CO;2-9

D. Fraternale and D. Ricci, Essential oil composition
and antifungal activity of aerial parts of Ballota nigra


https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.116888
https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.116888
https://www.cabidigitallibrary.org/doi/10.1079/cabicompendium.116888
https://doi.org/10.3906/biy-1001-17
https://doi.org/10.3906/biy-1001-17
https://doi.org/10.3390/plants11050625
https://doi.org/10.1080/10412905.2001.9699711
https://doi.org/10.1002/ffj.1647
https://doi.org/10.1007/s00035-006-0767-6
https://doi.org/10.1016/j.phytochem.2018.07.016
https://doi.org/10.20863/nsd
https://doi.org/10.3390/molecules23020294
https://doi.org/10.1177/1934578X1701201230
https://doi.org/10.1002/(SICI)1099-1026(199903/04)14:2%3C77::AID-FFJ726%3E3.0.CO;2-9
https://doi.org/10.1002/(SICI)1099-1026(199903/04)14:2%3C77::AID-FFJ726%3E3.0.CO;2-9

22.

ssp foetida collected at flowering and fruiting times.
Natural Product Communications, 9(7), 1015-1018
(2014). doi: 10.1177/1934578X1400900733

R. Chizzola, Composition and variability of the essential
oil of Salvia nemorosa (lamiaceae) from the Vienna area
of Austria. Natural Product Communications, 7(12),
1671-1672 (2012). doi: 10.1177/1934578X1200701232

JOURNAL OF ESSENTIAL OIL RESEARCH 151

23. E. Kostic, D. Kitic, M. Vujovic, M. Markovic,

A. Pavlovic and G. Stojanovic, A chemometric
approach to the headspace sampled volatiles of selected
salvia species from South-eastern Serbia. Botanica
Serbica, 46(2), 285-294, 2022. doi: 10.2298/
BOTSERB2202285K


https://doi.org/10.1177/1934578X1400900733
https://doi.org/10.1177/1934578X1200701232
https://doi.org/10.2298/BOTSERB2202285K
https://doi.org/10.2298/BOTSERB2202285K

	Composition of the essential oil from Salvia verticillata L.collected in Eastern Austria
	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Plant material
	2.2. Hydrodistillation
	2.3. GC-MS and GC-FID
	2.4. Statistical analysis:

	3. Results and discussion
	3.1. Essential oil composition and comparison of the plant parts
	3.2. Multivariate data analyses

	4. Conclusion
	Acknowledgments
	Disclosure statement
	References

