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Artemisia annua L. and A. scoparia Waldst. et Kit.

JOVANA D. ICKOVSKI, KATARINA D. STEPIC and GORDANA S. STOJANOVIC#*

Department of Chemistry, Faculty of Science and Mathematics, University of Nis,
Visegradska 33, 18000 Nis, Serbia

(Received 27 July, revised 22 September, accepted 26 September 2020)

Abstract: Headspace volatiles (HS) and hydrodistilled essential oils (EO) of
fresh aerial parts of Artemisia annua L. and A. scoparia Waldst. et Kit., were
analyzed by GC-MS/FID. Artemisia ketone was found to be the most abundant
component among the EO volatiles (55.8 %), as well as among HS (52.1 %) of
A. annua. Additionally, in both 4. annua samples, EO and HS, a-pinene (12.7
and 24.2 %, respectively) was found in high percentage. On the other hand, it
has been determined that the dominant components of A. scoparia EO and HS
were different; in the essential oil capillene (63.8 %) was found as the main
constituent, while f-pinene (26.1 %), (Z)-f-ocimene (23.8 %) and limonene
(10.7 %) were the major components among the HS. This is the first report on
the composition of HS volatiles of the A. annua and A. scoparia obtained by
direct static headspace.

Keywords: gas chromatography—mass spectrometry; artemisia ketone; capil-
lene; pinene.

INTRODUCTION

Static headspace is an analytical technique for the easy and effective extract-
ion of multifarious types of compounds, from various types of samples.!=3 Even
though headspace GC is extensively used a limited number of papers is focused
on the analysis of headspace volatiles obtained directly from the plant material
under static conditions.411 More papers are related to HS-SPME analysis some
of which refer to A. scoparia'? and A. annua.'3-17

Static headspace analysis of plants is a very fast and inexpensive method.
Also, no special sample preparation is required, it could be performed even with-
out a solvent and the conditions of analysis are not vigorous, so degradation of
the components of the sample is minimized and the loss of the most volatile com-
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1566 ICKOVSKI, STEPIC and STOJANOVIC

ponents is greatly reduced. Additionally, the plant material amount that is used
for the analysis is only a few grams (or less), so it is useful in cases when not
enough plant material could be provided.

If those fact are considered, it is unclear why there is so little data on this
type of direct headspace analysis of volatile organic components. All of the
above-mentioned is exactly the main reason why we have decided to supplement
the existing data on headspace volatiles and compare the chemical composition
of the essential oils (EO) and the headspace samples (HS) of two representatives
of the genus Artemisia. For the purpose of this research, we selected species that
were not previously investigated from the point of view of the direct static head-
space gas chromatography—mass spectrometry (GC-MS) technique: Artemisia
annua L. (sweet wormwood) and Artemisia scoparia Waldst. et Kit. (virgate
wormwood, capillary wormwood, redstem wormwood). The selected species are
significant in terms of the biological activity of their essential oils and volatile
components, as it has been shown for both to have, among other potentials, a
high fumigant and repellent activity.!8-20

EXPERIMENTAL

Plant material. The aerial parts (flowers, leaves and stems) of Artemisia annua L. and
Artemisia scoparia Waldst. et Kit. were collected in Niska Banja, near Ni$, southeast Serbia,
in September 2018 in the full-blooming stage. Both species were harvested from the same site.
The voucher specimens were deposited in the Herbarium Moesiacum Nis (HMN), Department
of Biology and Ecology, Faculty of Science and Mathematics, University of NiS§, under the
acquisition number No. 13813 for 4. annua and acquisition number No. 13815 for 4. scoparia.

Sample preparation for HS and EO isolation. 550 g of fresh plant material (each species
separately) was ground in a mixer. Further, for the distillation of the essential oil 500 g of this
mass was taken. 1500 mg of the rest of the plant material was taken and divided into three
parts and used for three separate headspace analysis.

Essential oil isolation. Fresh plant biomass samples (500 g each) were hydrodistilled in
Clevenger-type glass apparatus for 2.5 h. The essential oil samples were dried over anhydrous
magnesium sulfate and analyzed by GC and GC-MS. The essential oil yields (%) (g of the
essential oil/g biomass) were calculated on a fresh weight basis. For 4. annua the oil yield was
determined to be 0.9 % and for 4. scoparia 0.3 %. For the GC-MS/FID analysis both essential
oil solutions in hexane (1:100) were put in three vials each.

GC-MS/FID analysis and identification. The samples (three repetitions) were analyzed
by a 7890/7000B GC/MS/MS triple quadrupole system in MS1 scan mode (Agilent Techno-
logies, USA) equipped with a Combi PAL sampler and Headspace for G6501B/G6509B. The
fused silica capillary column HP-5 MS (5 % phenylmethylsiloxane, 30 mx0.25 mm, film
thickness 0.25 pm) was used. The injector and interface operated at 230 and 300°C, respect-
ively. Temperature program: from 45 to 290 °C at a heating rate of 4 °C/min. The carrier gas
was He with a flow of 1.0 mL/min. For the essential oil solution injection volume was 1 pL
and split ratio was adjusted at 40:1. For the HS volatiles 500 mg of milled plant material was
put into 20 mL HS vial and then soaked with 2 mL of distilled water. The sample was heated
at 80 °C for 20 min with the following mixing program: shaking for 5 s, pause for 2 s. The
aliquot of vapor generated from the samples (500 plL) was drawn out from the vial using a
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gas-tight syringe (90 °C) and injected directly in the chromatographic column via a transfer
line (75 °C). The split ratio was set to 10:1. 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, acqui-
sition mass range 40—440 Da, scan time 0.32 s. The GC analysis was carried out under the
same experimental conditions using the same column as described for the GC—MS. The per-
centage composition was computed from the GC peak areas without any corrections and was
given as mean + standard deviation.

Identification of volatile compounds. Components were identified by comparison of their
mass spectra with those of Wiley 6, Adams (2007) and NIST 11 libraries, applied on Agilent
Mass Hunter Workstation (B.06.00) and AMDIS (2.1, DTRA/NIST, 2011) software and con-
firmed by comparing of calculated retention indexes (relative to Cg—Cy( n-alkanes) with the
literary values of the retention indices.

RESULTS AND DISCUSSION

The GC and GC-MS analysis resulted in the identification of 64 components
in the 4. annua EO, representing 98.6 % of the essential oil and 40 components
in the A. annua HS, representing 99.2 % of the HS sample (Table I). All of the
HS components were ingredients of EO, except n-hexanol and propyl isobutyr-
ate. The more volatile components such as a-pinene and 1,8-cineole were present
in a higher percentage in HS (24.2 and 6.6 %, respectively), than in EO (12.7 and
2.7 %, respectively). The dominant component artemisia ketone (55.8 % in the
oil and 52.1 % in the HS) was represented approximately equally in the EO and
HS. The most dominant class of compounds in EO and HS of 4. annua were
oxygenated monoterpenes (78.4 and 67.5 %, respectively). Additionally, the ratio
of oxygenated monoterpenes to hydrocarbon monoterpenes in the essential oil of
A. annua was approximately 5, while the ratio of oxygenated monoterpenes to
hydrocarbon monoterpenes in the headspace samples was approximately 2.5.
None of the sesquiterpenes was present in HS sample of 4. annua.

The number of identified components of the 4. scoparia essential oil and HS
(36 in EO, representing 99.1 % of the essential oil and 28 in HS, representing
99.4 % of the HS sample) was less than in 4. annua EO and HS. Hexanal, (2F)-
-hexenal, (3Z)-hexenol and n-hexanol (which are known as green leaf volatiles
GLV, the components which are released when the plant is under attack/stress
and by which a plant communicate with other plants and insects in its surround-
ings) were identified only in HS of 4. scoparia. The most dominant components
of A. scoparia EO were phenyldiacetylenes: capillene (63.8 %) and 2,4-penta-
diynyl-benzene (10.0 %), while in the HS monoterpenes: S-pinene (26.1 %) and
(Z2)-f-ocimene (23.8 %) were the most abundant. The difference in the composit-
ion of A. scoparia essential oil and HS volatiles is a presumably consequence of
their volatility. Namely, capillene boiling point is 140.00 to 143.00 °C at 10.00 mm
Hg* while the boiling point of f-pinene is 163.00 to 166.00 °C at 760.00 mm Hg.

*760 mm Hg = 101.325 Pa
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TABLE I. Chemical composition of the essential oil and headspace volatiles of 4. annua and
A. scoparia (the results of this study are presented in parallel with the obtained literature data);
* — identified by NIST Chemistry WebBook Retention indices; tr: traces (<0.1 %); — not
detected. Components represented by more than 5 % at least in one of the samples are given in

bold
Content”, %

Compound RL RI A. annua A. scoparia Class

EO EO"” HS HS” EO EO"” HS HS"”
Methyl 2-methyl- 783 783* t 0.2+0.1 - - CD
butyrate
Hexanal 801 801 t t - 0.1+0.0 (0]
Ethyl 2-methylbu- 845 846* 0.2+0.1 2.1+£0.3 - - CD
tyrate
Ethyl isovalerate 849 849 t 0.2+0.1 - - CD
(2E)-Hexenal 851 846 - - 3.05 - t (0]
(32)-Hexenol 849 850 - - t (0]
Propyl isobutylrate 853 853 - 0.1+0.0 - - CD
n-Hexanol 866 863 t - (0]
Santolina triene 905 906 0.1+0.0 0.2+0.1 - - M
Tricyclene 920 921 t t - - M
o-Thujene 925 924 t t - - M
o-Pinene 932 932 12.740.8 4.79 24.2+0.912.03 0.9+£0.2 0.8 6.8£1.0 4.6 M
Propyl 2-methyl- 943 944* 0.2+0.1 0.6£0.2 - - CD
butyrate
Camphene 947 946 0.3£0.1 2.74 0.7+0.2 4.90 t t M
Thuja-2,4(10)-diene 952 953 t t - - M
Sabinene 972 969 0.3%0.1 0.6£0.2 0.1£0.0 0.2 13+02 14 M
p-Pinene 975 974 1.1+0.3 1.25 1.840.3 2.74 3.540.4 3.3 26.1+1.320.8 M
Myrcene 988 988 0.1+0.0 0.1£0.0 0.9+0.2 1.0 8.0+£0.512.8 M
Yomogi alcohol 997 999 0.9+0.2 0.8+0.3 - - MO
o-Terpinene 1015 1014 t 0.2+0.1 t 0.2+0.0 M
0-Cymene 1023 1022 t 0.1+0.0 0.5+0.1 3.4+0.3 M
Limonene 1027 1024 0.1+0.0 t 0.99 1.7+0.2 1.3 10.7£0.511.0 M
1,8-Cineole 1030 1026 2.7+0.2 4.38 6.6+0.5 6.76 0.1£0.0 0.2 0.5+£0.2 0.9 MO
Santolina alcohol 1034 1034 0.2+0.1 0.1+0.0 - - MO
(2)-p-Ocimene 1035 1032 t - 4.340.3 1.0 23.8£0.816.4 M
(E)-p-Ocimene 1046 1044 - 0.3+0.1 0.6+02 04 M
y-Terpinene 1057 1054 0.2+0.0 0.1+0.0 4.0¢0.3 0.2 7.0£04 38 M
Artemisia ketone 1060 1056 55.8+1.5 8.79 52.1+1.311.24 0.3+0.1 - MO
cis-Sabinene 1067 1065 0.5+0.2 0.4+0.2 - - MO
hydrate
Artemisia alcohol 1082 1080 3.1+0.4 2.61 2.0+0.3 3.34 t - MO
Terpinolene 1087 1086 t t - - M
o-Pinene oxide 1089 1099 t - - - MO
trans-Sabinene 1097 1098 0.1+0.0 - - - MO
hydrate
n-Nonanal 1102 1100 - t - (6)
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Content”, %

Compound RL RP A. annua A. scoparia Class
EO EO” HS HS” EO EO” HS HS"
2-Methylbutyl-2- 1003 1100 t t - - CD
methylbutyrate
3-Methyl-3-bu- 1111 1112 0.2+0.0 0.2+0.1 - - CD
tenyl isovalerate
trans-Pinene 1121 1119 t - - - MO
hydrate
a-Campholenal 1125 1122 0.5+0.2 0.2+0.1 - - MO
allo-Ocimene 1127 1128 - - t t M
cis-p-Mentha-2,8- 1134 1133 t - - - MO
dien-1-o0l
trans-Pinocarveol 1139 1135 6.4+0.5 2.140.4 t - MO
Camphor 1145 1141 0.3£0.1 16.30 0.2£0.0 11.37 - - MO
Sabina ketone 1156 1154 0.2+0.1 - - - MO
Pinocarvone 1163 1160 5.6+0.4 1.73 2.6+0.4 1.23 t - MO
Borneol 1166 1165 0.4+0.2 1.77 t 1.21 - - MO
Lavandulol 1166 1165 - - 0.4+0.1 0.1+£0.0 MO
Terpinen-4-ol 1177 1174 0.3£0.1 1.34 0.1=0.0 t - MO
o-Terpineol 1190 1186 t t t - MO
Myrtenal 1198 1195 0.8+£0.2 0.2+0.0 - - MO
trans-Carveol 1218 1215 0.1+0.0 - - - MO
(3Z)-Hexenyl 1230 1229 t 0.1+0.0 t t CD
2-methylbutyrate
(3Z)-Hexenyl 1234 1232 - - t t CD
3-methylbutyrate
Hexyl-2-methyl- 1234 1233 t t - - CD
butyrate
Hexyl 3-methyl- 1240 1241 - t - - CD
butyrate
Carvone 1244 1239 t - - - MO
2,4-pentadi- ynyl- 1294 1298 - - 10.0£0.6 7.7+£0.4 P
Benzene
cis-Pinocarvyl 1307 1311 0.1+0.0 - - - MO
acetate
(32)-Hexenyl tiglate 1323 1319 - - 0.240.1 t CD
Eugenol 1357 1356 t - 1.94 2.0£0.2 0.1 0.3%0.1 PP
a-Copaene 1378 1374 0.3+0.1 - - - S
Benzyl isovalerate 1386 1385 0.1+0.0 - - - CD
a-Isocomene 1390 1387 - - t - S
p-Cubebene 1392 1387 t - - - S
p-Elemene 1393 1389 t - - - S
(E)-Caryophyllene 1423 1417 0.8+0.2 3.82 —  0.65 2.240.3 9.6 0.3£0.1 164 S
(E)-p-Farnesene 1455 1454 t 2.32 - 267 - - S
o-Humulene 1457 1452 t - 0.2+0.1 0.7 t 04 S
y-Curcumene 1480 1481 — - 0.3£0.2 0.3 t 03 S
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Content”, %

Compound RL RP A. annua A. scoparia Class
EO EO” HS HS” EO EO” HS HS"
Germacrene D 1485 1484 1.1+0.3 7.14  — 0.7 0.3+0.1 0.5 - 04 S
p-Selinene 1490 1489 0.1+0.0 10.41 - - - S
Capillene 1498 1493 - - 63.8+1.653.1 2.240.2 32 P
Bicyclogermac- 1500 1500 0.4+0.1 - - 4.2 t 49 S
rene
J-Cadinene 1525 1522 t - t - S
Spathulenol 1576 1577 t - 0.9+0.2 6.5 - SO
Viridiflorol 1585 1592 0.1+0.0 - - - SO
Caryophyllene 1588 1582 0.2+0.0 1.65 — 0.5+£0.2 2.6 - SO
oxide
allo-Aromaden- 1630 1639 0.2+0.1 - - - SO
drene epoxide
Selina-3,11-di-en- 1635 1642 0.2+0.1 - - - SO
-6-a-ol
p-Eudesmol 1656 1649 - - 1.4+0.3 - SO
Amorpha-4,9-di- 1691 1700 0.2+0.1 - - - SO
en-2-ol
Number of 64 40 36 28
components
Class of compounds
Monoterpenes 93.6 95.7 17.2 88.6
Hydrocarbons (M) 15.2 28.2 16.3 88.0
Oxygenated (MO) 78.4 67.5 0.9 0.6
Sesquiterpenes 4.1 - 5.8 0.4
Hydrocarbons (S) 3.1 - 3.0 0.4
Oxygenated (SO) 1.0 - 2.8 -
Carbonic acid 0.8 34 0.3 t
derivatives (CD)
Phenyldiacetylenes - - 73.8 9.9
(P)
Phenylpropenes t - 2.0 0.3
(PP)
Other (O) 0.1 0.1 t 0.2
Total identified 98.6 99.2 99.1 99.4

dCompounds are listed in order of elution from a HP-5 MS column; RL: literature retention indices;
RI: experimental retention indices relative to Cs—Cy n-alkanes; ®the percentage composition of the individual
components is given as the mean + standard deviation, and for the classes of compounds as the mean

The situation with 4. annua EO and HS is different. The main component,
artemisia ketone, is the same in both, EO and HS. This is because its boiling
point (181.00 °C at 760.00 mm Hg) is low enough to evaporate even under HS
analysis conditions. In general, more volatile components were present to a
greater extent in HS samples of A. scoparia than in essential oil, just like in the
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case of 4. annua. The predominant class of compounds in HS were hydrocarbon
monoterpenes (88.0 %), while oxygenated monoterpenes were present in percen-
tage less than one in both samples of 4. scoparia. Also, hydrocarbon sesqui-
terpenes were determined only in traces, while none of the oxygenated sesqui-
terpenes were found.

In the case of 4. annua both methods applied yielded volatiles with a very
similar composition in monoterpene fraction. Likewise, this was the case for the
A. scoparia, for which the two analyses showed minor qualitative variations in
monoterpenes. Quantitative differences of the volatiles in HS sample and essen-
tial oil in A. annua were noticeable, but not overly expressed (e.g., the percentage
of artemisia ketone in both samples was almost equal; the percentage of a-pinene
in the HS sample was less than 2 times higher than that in the essential oil). On
the contrary, the differences in the quantity of the components present in both,
the EO and the HS sample of A. scoparia were significant (e.g., the percentage of
capillene in the EO sample was 29 times higher than that in the HS sample; the
percentage of myrcene in the HS sample was almost 9 times higher than that in
the EO sample).

The chemical composition of the EO obtained from both plants was the sub-
ject of several scientific papers, but we have concentrated here only on those
papers that deal with these plants in the same developmental phase as ours and
whose essential oil was obtained from fresh aboveground parts of the plant.
Apart from same developmental phase, the volatile chemical composition has
been very diverse depending on a large number of factors, such as geographic
locations, weather conditions, soil type, and others.

Composition of the essential oil of A. annua at the blooming stage deter-
mined by Rana et al. 2! showed that camphor was represented with 28.6 %, 1,8-
-cineole with 12.9 % and limonene with 4.5 %. The A. annua essential oil
obtained from species growing wild in Bulgaria was analyzed by Tzenkova et
al.22 and the results showed the presence of a-caryophillene (24.73 %), a-cube-
bene (13.53 %), a-copaene (7.42 %), a-selinene (8.21 %) and artemisia ketone
(8.45 %). The chemical composition of the essential oils with 85 compounds
from A. annua from Hungary was determined by Héthelyi et al.23 The main com-
ponents of the essential oil obtained from fresh flowering shoots were artemisia
ketone (33-75 %) and artemisia alcohol (15-56 %). Artemisia ketone (52.9 %),
1,8-cineole (8.4 %) and camphor (6.0 %) were the major constituents of the
essential oil from Northern India, obtained by Jain et al.24 The principal compo-
nents of the Indian 4. annua essential oil determined by Rao et al. 25 were 1,8-
-cineole (11.1 %), camphor (36.6 %), p-caryophyllene (5.7 %) and germacrene D
(5.9 %). 1,8-cineole (15.1 %) was prominent component followed by a-terpi-
neole (14 %), p-cymene (12.9 %), carvone (12 %), y-elemene (6.2 %) and Z-a-
-bisabolene (5.4 %) according to Mukhtar et al.26
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The major components of the essential oil from Iran determined by Rasooli
et al. 27 were artemisia ketone (24.2 %), a-pinene (12.1 %), 1,8-cineole (9.8 %),
camphor (8.4 %), a-selinene (7.5 %) and borneol (6.0 %). Nekoei et al. 13 also
examined samples from Iran and compared the composition of the EO and the
volatiles obtained by headspace-solid phase microextraction (HS-SPME) from
the fresh aerial parts of 4. annua L. Compounds represented by more than 10 %
in at least one sample were camphor (EO 16.30 %; HS-SPME 11.37 %), S-seli-
nene (EO 10.41 %), a-pinene (HS-SPME 12.03 %) and artemisia ketone (HS-
-SPME 11.24 %). Compared to the sample examined here, a similarity in the
qualitative composition could be noticed, which could not be said for the quan-
titative composition for both, EO and HS volatiles. The difference in content is
especially pronounced for artemisia ketone, camphor, germacrene D and f-seli-
nene (Table I).

The major constituents of the essential oil from mature leaves of Indian A.
scoparia detected by Singh et al2? were p-cymene (27.06 %), acenaphthalene
(24.4 %), p-myrcene (20.89 %) and (+)-limonene (12.63 %).28 The essential oil
analyzed by Singh et al.2% was rich in f-myrcene (29.27 %), followed by (+)-lim-
onene (13.3 %), (2)-f-ocimene (13.37 %) and y-terpinene (9.51 %). The most
abundant volatile constituents from another Indian 4. scoparia essential oil were
y-terpinene (21.8 %), eugenol (20.4 %), eugenyl valerate (5.5 %), limonene (5.0
%) and p-cymene (4.6 %) according to Ali et al.39 The major components of the
essential oil from Iranian plant analyzed by Morteza-Semnani and Akbarzadeh3!
were camphor (37.9 %), 1,8-cineole (27.8 %) and borneol (21.1 %). Acenaph-
thene (36.86 %) was the major component of A. scoparia from India, while p-
-cymene (20.5 %) was the major monoterpene constituent, followed by f-myr-
cene (13.95 %) and (+)-limonene (12.53 %) according to Kaur et al.3?2 The
essential oil of 4. scoparia from Korea was rich in 1,8-cineole (21.5 %), camphor
(11.0 %) and B-caryophyllene (6.8 %) as the major compounds according to Cha
et al 33 Contrary to the above references, the composition of 4. scoparia EO and
HS-SPME volatiles from Turkey examined by Demirci et al.12 was very similar
to the composition of A. scoparia EO and HS examined through our work, except
for 2,4-pentadiynyl-benzene. In the sample analyzed here, the content of 2,4-pen-
tadiynyl-benzene was 10.0 % in EO and 7.7 % in HS volatiles, while in the
sample from Turkey it was not detected at all. In the volatile components
obtained by direct HS and HS-SPME, the higher percentage (16.4 %) of (E)-car-
yophyllene could be noticed in HS-SPME volatiles, compared to those directly
obtained HS components (0.3 %).

CONCLUSION

This is the first report on the chemical volatile composition of the samples of
A. annua and A. scoparia obtained by direct static headspace. After extensive
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research and comparative analysis of the essential oil and HS samples, the
following could be concluded:

— Artemisia ketone was found to be the most abundant component in EO
and HS sample of 4. annua, while a-pinene was found to be the second most
abundant.

— On the contrary, the dominant components in A. scoparia samples were
different by two methods; in EO capillene was the main constituent, while in HS
sample it was f-pinene probably due to their volatility.

— For A. annua and A. scoparia, both applied methods yielded volatiles
with a very similar composition in monoterpene fraction.

— Quantitative differences of the volatiles in HS and EO samples of A.
annua and A. scoparia were noticeable, wherein these differences are more pro-
nounced in 4. scoparia.

— Comparing the composition of volatile components obtained by direct
HS and HS-SPME, for both examined species, a similarity in the qualitative
composition could be noticed, which could not be said for the quantitative com-
position.

— Direct headspace is an easy and fast method that could be used for ana-
lyzing the monoterpene fraction of the samples and it is less demanding than HS-
SPME which includes adsorption and desorption from a suitable adsorbent. How-
ever, both of these methods could not replace an essential oil analysis, which
gives a much more complete picture of the plant’s volatile profile.
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U3BOI
CACTAB ETAPCKOT YJbA U “HEADSPACE"” CACTOJLIH Artemisia annua L.
U A. scoparia Waldst. et Kit

JOBAHA JI. MIIKOBCKH, KATAPUHA JI. CTETIMR u TOPJAHA C. CTOJAHOBU|R

Hetnaptuman 3a xemujy, IIpupogrno—matiematiuuku Gaxyniveiti, Ynugepsuineii y Huwy, Buweipagceka 33,
18000 Huw

“Headspace” wucnap/biBa jeIHmema W CaCTOjUM XUIPONECTHIOBAHUX €TAPCKUX Yiba
CBE)XUX Hal3eMHUX [enoBa Artemisia annua L. u Artemisia scoparia Waldst. et Kit,,
aHanusupanu cy GC-MS/FID metomom. Apremusuja-keToH (55,8 %) je HajsacTylbeHHjU
cacTojak eTapckor yJba, Kao ¥ ucnapspuBux “headspace” jemumema (52,1 %) y3opka A. annua.
[Topen Tora, y oba y3opka A. annua, y eTapckom yiby 1 “headspace” y3opky, a-nuHeH (12,7 u
24,2 %, penom) HabheH je y Bucokom mpoueHTty. C mpyre cTpaHe, YTBpHeHO je na cy IOMH-
HaHTHEe KOMIIOHEHTe A. scoparia y eTapckoM yiby ¥ “headspace” y3opky Oume pasnuuure; y
€TapCKOM yJby je Kao IJlaBHa KOMITOHeHTa onpeheH kamuneH ca 63,8 %, IOk Cy S-TIMHEH
(26,1 %), (Z)-p-ounmen (23,8 %) u numoneH (10,7 %) rmaBHe komnoHeHTe y “headspace”
y30pKy. OBO Cy IIDBM pE3Y/ITaTH O CacTaBy UCIAap/bUBUX KOMIIOHEHATa A. annud U A. scoparid
IodWjeHn TUPEKTHUM CTaTHIKUM “headspace” TEXHUKOM.

(ITpumsbeHo 27. jyna, peBupupaHo 22. centemdpa, npuxsaheno 26. centemdpa 2020)
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