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Abstract: Five Artemisia species (seven A. alba Turra samples and twelve
samples of each four remaining species: A. absinthium L., A. annua L., A. vul-
garis L. and A. scoparia Waldst. & Kit.) from Serbia were studied from the
aspect of essential oil chemical composition, and potential correlations between
essential oil composition with soil type determined using World Reference
Base for Soil Resources (WRB). A great variety in essential oil composition
was observed for 4. alba, A. absinthium and A. vulgaris samples, while in the
case of A. annua, as well as A. scoparia, the composition of the examined
essential oils was more uniform. Principal component analysis (PCA) and
agglomerative hierarchical clustering (AHC) showed that there is no significant
effect of soil type on the Artemisia essential oil composition while Mantel test
showed that there is a correlation between samples within 4. vulgaris, as well
as A. scoparia and the geographical distances of the localities from which these
samples were collected.

Keywords: Artemisia alba Turra; Artemisia annua L.; Artemisia absinthium L.;
Artemisia vulgaris L.; Artemisia scoparia Waldst. et Kit.; gas chromatography—
—mass spectrometry.

INTRODUCTION

The worldwide known genus Artemisia L., from the tribe Anthemideae,
family Asteraceae, encompasses plants significant to the medicine, cosmetic,
food and beverage industry, as well as to ethnopharmacology. Many repre-
sentatives of this genus have found their application in traditional medicine in
treatment of diseases such as malaria, hepatitis, cancer, inflammation and infect-
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ions by fungi, bacteria, and viruses.! Two perhaps the most renowned members
of the genus 4. annua and A. absinthium are traditionally used in many cultures.
A. annua is used as the source of antimalarial drug, treatment for fever, tuber-
culosis, dysentery,2-3 while 4. absinthium found application against gastrointe-
stinal diseases, as anthelmintic.#> 4. vulgaris, for example, has been used for
treating gynecological complications, antibacterial and antifungal infections.6
Pharmacological studies revealed that 4. scoparia manifests activity against
inflammation, antitumor, analgesic, and protective effects on the liver.” 4. alba
has been deemed to heal burns and contusions.8

The essential oils of these plants show various healing and health-beneficial
properties, biological activities and represent a source of a huge number of active
components. For example, some of the proven activities would be the antimicrobial
activity of A. alba essential oil,” the antipathogenic activity of 4. annua essential
0il,10 the acaricidal activity of the essential oil from A. absinthium,!! antifungal
and antibacterial activity of 4. vulgaris essential oil,!2 and the pesticidal activity of
A. scoparia essential oil.13

Five above-mentioned species, members of this genus that are autochthonous
to the Serbia, were collected (seven samples of A. alba, and twelve samples of each
of the four remaining species: 4. absinthium, A. annua, A. vulgaris, and A. sco-
paria), and studied from the aspect of essential oil chemical composition, and
furthermore, statistically for potential correlations between essential oil composit-
ion and soil type determined using World Reference Base for Soil Resources
(WRB). We deemed it necessary to contribute to a better and deeper understanding
of correlations between the essential oil (EOs) composition and percentage of
components with soil for such widely used species, for the purpose of assisting the
manufacturers of drugs. Since the primary goal was to determine the dependence of
the composition of the essential oils and the type of soil, no comparison was made
with the published results on the composition of the essential oils of the examined
species. Although there are papers about influence of various exogenous factors on
the chemical composition of EOs such as altitude and soil characteristics!4,
humidity!5 as well as geographical origin, !© to the best of our knowledge, these are
the first presented results on the correlation of the composition of Artemisia species
EOs and soil type according to WRB classification.

EXPERIMENTAL
Plant material

Five selected Artemisia species were harvested at the blooming stage (seven specimens of
A. alba Turra and twelve specimens of each A. absinthium L., A. annua L., A. vulgaris L. and A.
scoparia Waldst. et Kit.). Voucher specimens have been deposited in the Herbarium Moesiacum
Ni§ (HMN), Department of Biology and Ecology, Faculty of Science and Mathematics, Uni-
versity of Ni§, Serbia. The labels of the samples, voucher specimen numbers, as well as habitat
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specifications (locality, longitude, latitude, and soil type), are given in Table S-I of the Sup-
plementary material to this paper.

Essential oil isolation

The aboveground part (buds, flowers, leaves and stems) of dry plant samples were hyd-
rodistilled in a Clevenger-type apparatus for 2.5 h. The obtained essential oils were dried over
anhydrous magnesium sulfate and analyzed by GC/MS. The essential oil yields were calcul-
ated using Eq. (1) and presented in Table S-I. In all experiments, the initial weight of the plant
material was 500 g, so the yields are given as the mass (g) of the obtained essential oil per 500
g of plant material:

m (essential oil)

Yield =100 ()

m (dry plant material)
GC/MS analysis

The essential oil samples were analyzed in triplicate by a 7890/7000B GC/MS/MS triple
quadrupole system (Agilent Technologies, USA). The fused silica capillary column HP-5 MS
(5 % phenylmethyl siloxane, 30 m=0.25 mm, film thickness 0.25 pm) was used. The injector
and interface operated at 230 and 300 °C, respectively. Temperature program: from 45 to 290
°C at a heating rate of 4 °C/min. The carrier gas was helium with a flow of 1.0 mL/min. The
injection volume of sample solutions was 1 UL and the split ratio was adjusted at 40:1. Post-
run: back flash for 1.89 min, at 280 °C, with helium pressure of 50 psi. MS conditions were as
follows: ionization voltage of 70 eV, acquisition mass range 40-440 Da, scan time 0.32 s. The
percentage composition of the samples was computed from the total ion chromatogram peak
areas without any corrections.

Identification of volatile compounds

Components of the essential oils were identified by comparison of their linear retention
indices (relative to C8—C40 n-alkanes on the HP-SMS column) with literature values and their
MS with those from Wiley 6, NIST11 and Agilent Mass Hunter Workstation B.06.00 software
by the application of the Automated Mass Spectral Deconvolution and Identification System
(AMDIS software), ver. 2.1 (DTRA/NIST, 2011).

Statistical analysis

For explaining the complex correlations between essential oil components and the WRB
soil types (Pellic Vertisol — pv, Rendzic Leptosol — rl, Calcaric Fluvisol — cf; Haplic Leptosol
— hlp, Dystric Cambisol — dc, Calcaric Phacozem — cp, Eutric Cambisol — ec, Haplic Luvisol —
hl), three statistical methods were used in XLSTAT 2021 (Addinsoft, 2021): principal com-
ponent analysis (PCA), agglomerative hierarchical clustering (AHC) and Mantel test.

Principal component analysis. PCA enables the grouping of samples using reduced
variables, obtained after mathematical transformations. Those transformations are performed
to provide better insight into groupings and correlations between analyzed samples. Compo-
nents with Eigenvalues are selected for the interpretation of results according to Kaisers’
rule.!” The distribution was determined by the Kolmogorov Smirnov test, with the signific-
ance level a = 0.05. The original datasets were subjected to Grubbs’ test for outliers before the
application of PCA,!8 and the outliers were discarded from the used datasets.

Agglomerative hierarchical clustering. Agglomerative hierarchical clustering of the stan-
dardized variables was performed using the Ward method. The squared Euclidean distance
was observed as a measure of the proximity between the samples.
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Mantel test. Mantel test is used for overcoming the problem often encountered in an
attempt to explain the relationships between species and environment, useful for testing the
linear correlation between two proximity matrices (dissimilarity or similarity).

RESULTS AND DISCUSSION
Chemical composition

The results of the GC/MS analysis of the essential oil compositions are given
in Tables S-II, S-1V, S-VI, S-VIII and S-X, while the quantities of different clas-
ses of the compounds are presented in Tables S-III, S-V, S-VII, S-IX and S-XI,
all of the Supplementary material.

In the case of 4. alba 220 components were identified in total, 81 of them
were present only in one sample, while only 4 components: camphene (tr — 3.3
%), 1,8-cineole (1.9-19.7 %), camphor (1.6-51.6 %), and germacrene D (2.1-
—21.3 %,) were found in all seven samples. Worthy of mention is the presence of
triquinane sesquiterpenes in AA2 (56.1 %) including silphiperfol-5-en-3-one A
(35.0 %) as the main component. Sesquiterpenoids were the major class of com-
pounds in two samples of 4. alba while in the remaining five samples mono-
terpenoids were predominant.

A total of 234 components were identified in A. absinthium samples. Only 5
compounds were present in all samples with a percentage representation >1 %, sa-
binene (5.7-18.9 %), o-cymene (2.1-8.8 %), linalool (2.1-29.8 %), terpinen-4-ol
(3.0-10.3 %) and lavandulyl isovalerate (1.2-5.7 %). In contrast, trans-thujone
was present in traces in 5 samples while in 3 samples it was the most represented
constituent (20.6-48.2 %). The situation is similar with (Z)-epoxy-ocimene, it
was the component with the highest representation in 3 samples while in 3
samples it was not detected. In all 4. absinthium samples, monoterpenoids were a
highly dominant class of compounds, particularly oxygenated monoterpenes.

In total 153 components were identified in A. annua samples, 24 of them were
present only in one sample (all present in traces), even 58 in all samples. The first or
second represented in all samples were artemisia ketone (6.9-49.8 %), a-pinene
(3.8-23.3 %) and camphor (2.5-18.8 %). The component present in the amount
of over 5 % in all samples was 1,8-cineole. Artemisia alcohol, trans-pinocarveol
and pinocarvone were also present in all samples but in the amount of over 1 %.
As in A. absinthium, in all A. annua samples monoterpenoids were the dominant
class of compounds, especially oxygenated monoterpenes.

In all samples of 4. vulgaris a total of 315 components were found, 78 of
them were present only in one sample, while 40 were present in all samples. In
contrast to the relatively uniform composition of 4. annua, in terms of the most
represented compounds, composition of A. vulgaris essential oils was very div-
erse. An extreme example is the content of cis-chrysanthenyl acetate which was
the most representative component in 4 samples (79.4-24.8 %), while in 3
samples it was present in traces, and in 3 samples it was not detected at all.
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Davanon showed a similar distribution, three samples contained davanone in the
highest amount (59.8-27.4 %) while in 6 samples it was not detected at all. In
eight samples monoterpenoids, were the major class of compounds, while ses-
quiterpenoids were the major class in four samples.

A total of 156 components were identified in A. scoparia samples, 30 of
them were present only in one sample, 43 in all samples among them f-pinene
(4.7-14,8 %), limonene (2.04,2 %), (£)-f-ocimene (4.6-8.5 %), and y-terpinene
(1.4 %-4.0 %), were present in percentage higher than 1 %. In all analysed
samples the main component was capillene, followed by 2,4-pentadiynyl-ben-
zene. The major class of compounds were phenyldiacetylenes with a represent-
ation of 57 % and more.

Statistical analysis regarding compound percentage in examined EOs

All statistical analysis were done with the same sets of data as for PCA, after
normalization and with omitted outliers.

Principal component analysis (PCA). Kolmogorov—Smirnov test was used to
check the normal distribution of the original dataset related to the percentages of
compounds determined using GC/MS for each Artemisia species separately. None
of the original datasets, except for A. scoparia, were normally distributed, so differ-
ent mathematical functions were used in an attempt to normalize the data. The Sin
function gave satisfying results, most data showed normal distribution, so trans-
formed data were used for further work. Grubbs’ test showed outliers for all data-
sets. The outliers were omitted from the data matrix and PCA analysis for each
Artemisia species was performed. Due to unsatisfactory values according to
Kaiser’s criterion, each correlation matrix was subjected to the Varimax rotation
with Kaiser normalization. Supplementary Material contains plots for samples
from each investigated Artemisia species (Figs. S-1-S-5 of the Supplementary
material), as well as tables with factor loadings after Varimax rotation (Tables S-
XII-S-XVI).

In A. alba case, the first five factors explain more than 95 % of variability,
with terpinolene, benzene acetaldehyde, frans-piperitol, davanone, bicyclogerma-
crene, a-eudesmol, terpinen-4-ol, cis-pinocamphone, y-terpinene, chrysanthenone
and cis-sabinene hydrate contributing the most.

A. alba samples from dc, cf and hlp soil type were grouped on the negative
side of the plot, primarily on the basis of percentage of filifolone and trans-thujone.
For samples from rl soil type the regularity in grouping was not observed.

For A. absinthium eight factors gave more than 95 % of the cumulative vari-
ability. The major contributors were 1-octen-3-ol, geraniol, a-fenchene, n-nonanal,
trans-thujone, fragranol, neral, n-hexanol, a-terpinene, methyl salicylate and (£)-2-
-hexenal. In the case of A. absinthium samples, a good grouping of samples from
cp soil could be noticed. What most influenced such grouping were monoterpenes
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and oxygenated monoterpenes, primarily a and fS-phellandrene, nerol, and neral, as
well as terpinene and its derivatives. A solid grouping of samples from pv soil is
also noticeable. The quadrant, in which the x-axis is positive and the y-axis nega-
tive, is predominantly determined by a-thujene and trans-thujone, o-cymene and
ocimene derivatives.

For A. annua seven factors gave more than 95 % of the cumulative variability.
Caryophyllene oxide, frans-sabinene hydrate, bicyclogermacrene, (Z)-jasmone,
o-thujene, hexyl 2-methyl butyrate, tricyclene, a-campholenal, myrtenol, 1 pino-
carvone, trans-pinocarveol, propyl 2-methyl butyrate, and a-humulene contributed
mostly to those factors. In the case of A. annua all samples from pv soil were in the
part of the plot where the x-axis is negative. Samples from the ec soil were located
on opposite sides of the plot, and the component which influenced it the most was
camphene. Almost all carbonic acid derivatives were located in the plot’s quadrant
where the x-axis was negative and the y-axis positive. There was no regularity
among the samples from cf soil.

In the case of 4. vulgaris eight factors gave more than 95 % of the cumul-
ative variability, with terpinen-4-ol, a-pinene, 1,8-cineole, eugenol, cis-chrysan-
thenyl acetate, trans-thujone, torilenol, germacrene D, iso-3-thujanol, and trans-
-pinocarveol contributed mostly. Artemisia vulgaris samples from the same type
of soil were on opposite sides of the plot (e.g., specimens from dc, 1l or cf). But,
even in these cases, some regularity can be noticed. For example, in the case of
two samples from cf soil: on the plot, from the opposite side to one sample from
cf, it can be seen that the two grouped samples are partially determined by the
percentage of cis-thujone, while the lone sample is determined by the percentage
of trans-thujone and iso-3-thujanol. Also, two samples from cf soil were grouped
on the basis of germacrene and its derivatives, which are responsible for group-
ing in the quadrant where the x-axis is negative, and the y-axis is positive. Fur-
thermore, the position of the dc sample in the negative quadrant is defined by the
percentage of chrysanthenone, while in contrast, the sample from dc soil is deter-
mined by the percentage of cis-chrysanthenol and cis-chrysanthenyl acetate. The
positive quadrant is determined by both frans-and cis-sabinene hydrate.

For A. scoparia six factors gave more than 95% of the cumulative variability.
The main contributors were f-pinene, a-pinene, sabinene, 2,4-pentadiynyl-ben-
zene, limonene, capillene, 2,6-dimethyl-naphthalene, as well as (Z)-f-ocimene,
allo-ocimene, butanoic acid, 2-methyl-2-methoxy-4-(2-propenyl)phenyl ester,
p-cymene, y-terpinene, f-eudesmol, a-humulene, and 1,8-cineole. The samples
from cp soil are in opposite quadrants of the plot, and what makes that difference
are the percentages of spathulenol, (£)-caryophyllene and a-humulene. The sample
from pv soil, as well as four other samples from cf soils, were isolated in the nega-
tive quadrant of the plot due to the presence of butanoic acid, 2-methyl-2-methoxy-
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-4-2-propenyl)phenyl ester, which was not identified in the remaining seven
samples.

Agglomerative hierarchical clustering (AHC). Agglomerative hierarchical
clustering (AHC) of the investigated Artemisia species showed three main clus-
ters on all five dendrograms for all species based on the percentages of com-
pounds determined by GC/MS. The same sets of data as for PCA were used (nor-
malized, without outliers). Supplementary material contains dendrograms for
samples from each investigated Artemisia species (Figs. S-6—S-10). Dendrogram
for A. alba showed major irregularity in sample distribution. All samples from rl
soils are located in separate clusters, yet there are some matches with PCA plots.
Dendrogram for 4. absinthium showed substantially the same as the PCA plot. At
the dissimilarity level of 1, a cluster with two samples from pv soil (AB7 and
AB12) was isolated, while the remaining sample from the same soil type (AB10)
was in a separate cluster. Agglomerative hierarchical clustering analysis results
for A. annua samples showed excellent grouping of samples from cf soil and
interesting separation of four samples from pv soils in two clusters (each cluster
contains two samples). Dendrogram of the analysed 4. vulgaris samples revealed
good correlations between cf soil type and EOs composition; three out of four
samples are in one cluster. For other samples, no regularity in grouping was
observed. In the case of 4. scoparia, it can be seen that the samples from cp soil
are in different clusters, as well as that one of them is in the same cluster with the
sample from pv soil.

Mantel test. Mantel test was used to determine if the chemical composition
distance between populations of Artemisia collected from different soil types is
related to the geographical distance. The chemical composition distance is mea-
sured as a difference in individual component frequencies among various Arte-
misia samples. The geographical distance is calculated from the distance in longi-
tude and latitude between the sites of interest. Proximity matrices were formed
using Euclidean distance, while the Pearson’s correlation was used for Mantel
test, with significance level 5 %.

Mantel test revealed that the matrices for 4. vulgaris, as well as for A. sco-
paria correlated as the computed two-tailed p-values (0.0273 and 0.0295) are
lower than the significance level a = 0.05. This means that there is a correlation
between different samples within 4. vulgaris, as well as 4. scoparia and the geo-
graphical distances of the localities from which these samples were collected.

Statistics concerning the percentage of classes of compounds in the tested
essential oils

All statistical investigations were done with the same sets of data as for PCA,
without transformation (Sin function was done only for 4. scoparia dataset) and
with omitted outliers. Seven classes of compounds were used for statistical analysis
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of both 4. alba and A. annua (monoterpene hydrocarbons — M, oxygenated mono-
terpenes — MO, sesquiterpene hydrocarbons — S, oxygenated sesquiterpenes — SO,
phenylpropanoids — PP, carbonic acid derivatives — CD and others — O), while for
A. scoparia matrix, in addition to the mentioned seven classes of compounds,
another class was used (phenyldiacetylenes — P). For 4. absinthium six classes of
compounds took place in the dataset (M, MO, S, SO, CD and O), while for A.
vulgaris five classes were considered (M, MO, S, SO and PP).

Principal component analysis (PCA). Kolmogorov—Smirnov test was used to
check the normal distribution of the original dataset related to the percentages of
classes of compounds for each Artemisia species separately. All of the original
datasets, except for 4. scoparia, were normally distributed, so original matrixes
were used for further tests. The Sin function with A. scoparia data showed nor-
mal distribution, so the transformed A4. scoparia matrix was used in the statistical
analyses. Grubbs’ test showed outliers for all datasets. The outliers were omitted
from the data matrix and PCA analysis for each Artemisia species, separately,
was performed. Supplementary Material contains plots for the samples of each
investigated Artemisia species (Figs. S-11-S-15).

For A. alba three factors gave more than 95 % of the cumulative variability,
with S (0.9929), SO (0.9711), MO (-0.9932), M (-0.9382), O (0.9872), PP (0.9749)
and CD (0.9479) as contributors to the factors. Biplot showed that samples from rl
soil are in three different quadrants. The negative quadrant was determined by S
and SO, and on the other hand, the positive one was determined by M.

For A. absinthium five factors gave more than 95 % of the cumulative varia-
bility. The major contributors to the factors were M (0.9286), MO (-0.6451), CD
(0.9318), O (0.9278), SO (0.8387) and S (0.8705). Artemisia absinthium biplot
differs samples from cp soil from other samples, the same was observed for
samples from ec. Samples from cp well separated predominantly because of the
percentages of S and SO.

For A. annua three factors gave more than 95 % of the cumulative variabil-
ity. All classes (SO-0.9783, 0-0.9242, S-0.7904, M-0.9294, CD-0.8973, MO-
0.7793, PP-0.6926) contributed to the factors. Poorly grouped samples from the
same soil type could be seen on the biplot. Two samples out of four from cf soil
are on the side of the biplot where the x-axis is negative and the y-axis is positive,
opposite to them is one sample from cf, and on the positive quadrant of the plot is
the fourth sample. It is noticeable that two samples with cf soil were grouped by
the percentage of S. Also, it could be seen that the samples from rl soil are very
statistically close, and that proximity is determined by the percentage of PP.

For A. vulgaris three factors gave more than 95 % of the cumulative vari-
ability. The major contributors were SO (0.9067), MO (-0.8701, PP (0.9920), S
(0.7415) and M (0.9213). Pearson’s correlation matrix for A. vulgaris showed the
highest correlation between MO and SO (—0.8592). Poorly grouped samples from

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



Artemisia ESSENTIAL OIL-SOIL TYPE CORRELATION 1 267

the same soil type could be seen on the biplot. Two samples out of four from cf soil
are on the side of the biplot where the x-axis is negative and the y-axis is positive,
opposite to them is one sample from cf, and on the positive quadrant of the plot is
the fourth sample. It is noticeable that two samples with cf soil were grouped by
the percentage of S. Also, it could be seen that the samples from 1l soil are very
statistically close, and that proximity is determined by the percentage of PP.

For A. scoparia four factors gave more than 95 % of the cumulative vari-
ability. The main contributors were MO (0.9632), M (0.7929), S (-0.7614), P
(0.9131), O (0.9469), PP (-0.7706), and SO (0.9644). Pearson’s correlation matrix
for A. scoparia showed a very poor correlation between all percentages of classes
of compounds. The scattering of samples from cf soil to all quadrants is observed
on the biplot, while both samples from cp soil are very close as determined by
percentages of M and MO.

Agglomerative hierarchical clustering (AHC). Dendrograms for samples of
each investigated Artemisia species are given as Figs. S-16-S-20. Agglomerative
hierarchical clustering (AHC), of the investigated Artemisia species, showed three
main clusters for 4. alba, A. vulgaris and A. scoparia each based on the percent-
ages of classes of compounds, while for A. absinthium and A annua AHC grouped
four main clusters. AHC analyses for classes of compounds in 4. alba samples
revealed major irregularity in sample distribution, as well as AHC based on the
percentages supporting the results obtained by PCA analysis. All samples from 1l
soils are located in separate clusters. Dendrogram for 4. absinthium showed a good
grouping of samples. Samples from ec and 1l soils are grouped in separate clusters,
as well as two out of three samples from both pv and cp. AHC analysis for A4.
annua samples showed weak clustering of all samples, four very heterogenic clus-
ters are formed. It is noticeable that the sample from dc soil was separated from all
other samples. Dendrogram of the analyzed A. vulgaris samples revealed some
correlations between cf soil type and percentages of classes of compounds; two out
of four samples are in one cluster. Similar obsedvations were made for samples
from rl soil. No regularity in clustering was observed for other samples. A similar
grouping is on the PCA plot for this plant species. In the case of 4. scoparia, the
samples from cp soil are in the same cluster at a level of dissimilarity 1, contrary to
the clustering with individual components as variables. The sample from pv soil
was not separated from the samples from cf soil.

Mantel test. Mantel test was used to determine if the classes of compounds
distance between populations of Artemisia collected from different soil types is
related to the geographical distance. Proximity matrices were formed using Euc-
lidean distance, while the Pearson’s correlation was used for Mantel test, with
significance level 5 %. Mantel test results showed that the classes of compounds
distances and geographic distances are not correlated.
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CONCLUSION

Gas chromatography/mass spectrometry analysis of fifty-five samples in total
(seven samples of the essential oils of A. alba and twelve samples of the essential
oils of each 4. annua L., A. absinthium L., A vulgaris L. and A. scoparia Waldst. et
Kit.) was done. Plant samples were collected from different soil types, which were
determined using World Reference Base for Soil Resources (WRB). A great vari-
ety in composition was observed for 4. alba, A. absinthium and A. vulgaris
samples, while in the case of A. annua, as well as A. scoparia, the composition of
the examined essential oils was more uniform. Principal component analysis and
AHC, were used for a testing correlation between EO composition and soil type
according to WRB. Both analyses showed that there is no significant effect of soil
type on the Artemisia essential oil composition. According to Mantel test there is a
correlation between samples within 4. vulgaris, as well as A. scoparia and the geo-
graphical distances of the localities from which these samples were collected, while
harvesting sites’ geographic distances are not correlated to the classes of com-
pounds of all examined Artemisia essential oils.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11025, or from the corres-
ponding author on request.
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U3BOJ
BAPUJALIMJE Y CACTABY ETAPCKUX YJbA OODABPAHUX BPCTA Artemisia Y
3ABHUCHOCTH O[] TUITIA 3EMJbUIIITA

JOBAHA JI. ULIKOBCKH', OJITA I1. JOBAHOBHWR', BOJAH K. 3JIATKOBHUR?, MUJIAH M.FOPFEBHR’,
KATAPHHA [I. CTEITUR', PATOMUP B. JbYTIKOBUR' u TOPIJAHA C. CTOJAHOBUR'

1[[eﬁapu7mau 3a xemujy, IIpupogno—matiematiuuxy paxyniiewi, Ynueep3utiewi y Huwy, Huw, Z[[eaaprumau

3a duonoiujy u exonoiujy, IIpupogno—maitiemawmiuuxy paxyniiein, Ynueepuitew y Huwy, Huw u

Sﬂeﬁapmmau 3a teoipadujy, ITpupogrno—matiemaituuxu paxyniiei, Ynusepautiewi y Huwy, Huw

ITet BpcTa Artemisia (cemam y3opaka A. alba Turra ¥ Io IBaHAaeCT y3opaka CBake oOff
YeTUpH mpeocTtane Bpcre: A. absinthium L., A. annua L., A. vulgaris L. u A. scoparia Waldst. &
Kit.) ca tepuropuje Cpduje nmpoydyaBaHO je ca acmeKkTa XEMHjCKOI cacTaBa €TapCKOr yiba U
NOTeHLHjaIHUX Kopenaudja u3amMehy cacTaBa eTapCcKor yiba M THIA 3€MJbHLITA, ogpeheHUM Ha
ocHOBY CBeTcke pedepenTHe Dase 3a semmuinHe pecypce (WRB). Kox ysopaka A. alba, A.
absinthium u A. vulgaris npuMmeheHa je Benuka pasHOTHKOCT y TOIJIENy CacTaBa, HOK je y
cnydajy A. annud, Kao U A. scoparid, cacTaB UCIIUTHBAHUX €TapCKUX y/ba OM0 yHUDOPMHUjH.
Ananusa rnaBHUX KoMmrnoHeHTH (PCA) u aromepaTHBHO XHjepapxHjcko rpynucame (AHC)
NoKasase Cy Jla HEMa 3HauyajHor yTHldja THIMaA 3€MJBUIITA Ha CacTaB MCIUTUBAHUX Artemisid
eTpacKux yJba, JOK je MaHTenoB TecT mokasao fAa IOCTOju Kopenaudja usmelhy ysopaka
yHyTap A. vulgaris, kKao u A. scoparia u reorpadcke yoabeHOCTH JIOKQJIUTeTa ca KOjUX Cy OBH
Y30pLH NPUKYTIJEHH.

(TIpumiseHo 3. aBrycTa, peBunupano 21. oxtobpa, mpuxsaheso 11. HoBembpa 2021)
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