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The aim of this study was to isolate the essential oil from ripe and disintegrated cara-
way fruit by Clevenger-type hydrodistillation, to determine its qualitative and quanti-
tative composition and to examine its antioxidant activity, as well as to determine the
qualitative and quantitative chemical composition of the caraway volatile compounds
extracted by HS-SPME technique. The essential oil from disintegrated caraway fruit
was obtained by Clevenger-type hydrodistillation with hydromodulus 1:10 m/V dur-
ing 180 minutes. Volatile compounds from caraway fruit were extracted by head-
space-solid phase microextraction (HS-SPME) using 75 um fiber coated with Car-
boxen®/Polydimethylsiloxane (PDMS). The qualitative and quantitative composition
of the essential oil and volatile compounds was determined by gas chromatography
coupled with mass spectrometry (GC-MS) and flame ionization detection (GC-FID).
Twenty-seven different compounds were separated and identified in the essential oil.
Twenty-six compounds were identified in the volatiles extracted by HS-SPME. The
most abundant compounds in both examined samples were limonene and carvone.
The content of carvone in the essential oil was 72%, while the limonene content was
25.6%. In the volatiles obtained by HS-SPME, the limonene was present with 72.1%
and carvone with 24.6%. The difference in the chemical composition is due to the
oxidation of limonene to carvone during the hydrodistillation. The antioxidative activ-
ity of the caraway essential oil was determined by using DPPH assay immediately
after adding DPPH radical and after 20 and 40 min of incubation with the radical.
The caraway fruit essential oil showed a satisfactory antioxidant activity. The oil incu-
bated for 40 min (EC,,=4.6 mg/cm®) showed the best antioxidant activity.
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Introduction

Caraway (Carum carvi L.) is a biennial herbaceous
plant belonging to the Apiaceae family. It is one of the
earliest cultivated plants in Asia, Africa and Europe [1].
The caraway plant grows best on sunny places in the
soil rich in organic matter and can reach a height of
30 to 80 cm. The fruit is a dark ellipsoidal schizocarp,
which is often mistakenly called a seed. The schizocarp
is 3-4 mm long and matures in early July. During the
harvest, it divides into two mericarps with five slightly
prominent ridges which are called seeds [2,3].

The use of caraway fruits dates back to ancient times
when it was used in traditional medicine [1]. Today, it is
a very popular spice that is widely used in nutrition and
also in the pharmaceutical industry [4].

The yield of the essential oil obtained by extracting
the ripe caraway fruit is 1-6% [5]. The most abundant
components in this essential oil are cyclic monoterpe-
nes (R)-carvone and D-limonene which represent 95%

of the total essential oil yield [4-7], and the carvone
content is higher than limonene's [6,8]. Previous stud-
ies have shown that a higher yield of essential oil is
obtained from the disintegrated plant material, but the
carvone content in the oil is reduced by 15%. Also, if
the extraction of essential oil is performed from a fully
ripe caraway fruit, the yield of the essential oil is higher
with the higher carvone content by about 12% [5]. In
addition to carvone and limonene, the caraway fruit es-
sential oil contains about 30 other components. Some
of them are a-pinene, germacrene D, cis-carveol, trans-
carveol, carvacrol, 3-myrcene, apiol, linalool, dihydro-
carvone, p-cymene, y-terpinene, which are presentin a
smaller percentage [5,6,9,10].

Many studies have examined and confirmed the
strong antioxidant activity of caraway essential oil, but it
also has other biological activities [8,11-13]. By examin-
ing the effect of the caraway essential oil on induced hy-
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perglycemia in rats, Abou EI-Soud et al. (2014) showed
that its use significantly reduced oxidative stress and
the release of reactive oxygen species (ROS) in diabe-
tes, and thus led to a nephroprotective effect [9]. The
hepatoprotective effect of the caraway essential oil
can be explained by the inhibition of lipid peroxidation
[11,14]. The caraway essential oil has antimicrobial ac-
tivity and inhibits the growth of bacteria and fungi, for
which carvone is responsible [15,16]. The pronounced
antimicrobial activity of the caraway essential oil has
been proven against two medically important patho-
gens, Candida albicans and Escherchia coli [17], while
the oil also has a good effect against Staphylococcus
aureus, Salmonella enterica, Aspergilus niger and Pen-
icillium spp. [18]. In addition, the caraway fruit essential
oil exhibits antiulcerogenic [19,20], spasmolytic, insec-
ticidal and anticonvulsant effects [18,21].

Fang et al. (2010) isolated and purified the major
components of the caraway essential oil, (R)-carvone
and D-limonene, and proved that these compounds
are potent fumigants [22]. In addition to being consid-
ered a carrier of antimicrobial activity, carvone also has
antimanic-like activity, and can be used as an adjuvant
in the treatment of brain tumors. Carvacrol has a sig-
nificant activity against Escherichia coli and completely
inhibits the growth of Penicillium citrinum [12]. The an-
ticancer and antiproliferative activity of COLO 205 co-
lon cancer cell lines is mostly attributed to apiol and its
analogue, which can also be found in the caraway fruit
essential oil [18].

The previous research indicates that obtaining of the
essential oil using the method of supercritical fluid ex-
traction (SFE) from the whole caraway fruit is not suit-
able, but that it should be applied only to disintegrated
caraway fruit [5]. According to the 8th European Phar-
macopoeia, the prescribed method for isolating the es-
sential oil from caraway fruit is hydrodistillation. Ghafari
et al. (2014) isolated the essential oil from the ground
caraway fruit by hydrodistillation using Clevenger-type
apparatus for 3 h, and then analyzed the isolated oil
by GC-MS method [10]. Also, the influence of the ultra-
sonic treatment of the caraway fruit before the isolation
of the essential oil by hydrodistillation was investigated.
The results showed that the ultrasound treatment al-
lows a rapid release of the essential oil, almost 80% af-
ter only 30 minutes of the extraction, while for the same
amount of the essential oil from the untreated caraway
fruit takes 90 minutes [23]. Meshkatalsadat et al. (2012)
were first to apply the ultrasonic assist with headspace
solid phase microextraction (UA-HS-SPME) to obtain
volatile organic compounds from the caraway fruit origi-
nating from Iran. This method proved to be significant
because it requires a much shorter extraction time, a
smaller amount of the sample and the simpler sample prep-
aration with the minimal loss of volatile compounds [24].

The aim of this study was to isolate the essential oil
from the ripe and disintegrated caraway fruit by Clev-
enger-type hydrodistillation, to determine the qualita-
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tive and quantitative composition of the isolated oil and
to examine its antioxidant activity. Another objective of
this study was to determine the qualitative and quan-
titative chemical composition of the caraway volatile
compounds extracted by HS-SPME technique.

Experimental

Plant materials

Ripe caraway fruits were purchased from the local
health food store (manufacturer: Institute of Medicinal
Plants Research "Dr Josif Panci¢", Belgrade). The re-
quired amount of the caraway fruit was ground in an
electric mill (Braun Aromatic KSM2) right before hydro-
distillation.

Chemicals

Butylated hydroxytoluene (BHT), L-ascorbic acid,
2,2-diphenyl-1-picrylhydrazyl (Sigma Chemical Compa-
ny, St. Louis, USA), ethanol, 96% (Centrohem, Zemun,
Serbia). Other chemicals used were of p.a. purity grade.

Essential oil isolation

The essential oil was obtained from the disintegrated
caraway fruit by Clevenger-type hydrodistillation, with
hydromodulus 1:10 m/V during 180 min. The amount of
the essential oil was determined per 100 g of the dried
plant material. The isolated essential oil (1.43 cm?®) was
dried over anhydrous sodium sulfate and kept in the
dark bottle at 4 °C until analysis.

GC-MS and GC-FID analysis of caraway essential oil

GC-MS analysis of the essential oil obtained from
the caraway fruit was performed on Agilent Technolo-
gies 7890B gas chromatograph, coupled with inert, se-
lective 5977A mass detector of the same company. The
essential oil obtained was dissolved in diethyl ether.
One ul of the prepared solution was injected in split/
splitless inlet set at 250 °C in 20:1 split mode. The com-
ponents were separated on weakly polar, silica capil-
lary column, HP-5MS (5% diphenyl- and 95% dimethyl-
polysiloxane, 30 m x 0.25 mm, 0.25 ym film thickness;
Agilent Technologies, USA). Helium was used as the
carrier gas, at a constant flow rate of 1 cm®min. The
oven temperature was programmed from 50 °C for 2.25 min-
utes and then increased to 290 °C at the rate of 4 °C/min.
Separated components were further analyzed by mass
spectrometer. Temperatures of the MSD transfer line,
ion source and quadruple mass analyzer were set at
300 °C, 230 °C and 150 °C, respectively. The ionization
voltage was 70 eV and the mass detection was done in
the Scan mode, in m/z range from 35 to 650.

Data processing was performed using MSD Chem-
Station (revision F.01.00.1903) in combination with
AMDIS (revision 2.70) and NIST MS Search (version
2.0 g) softwares (Agilent Technologies, USA). Reten-
tion indices of the components from the sample were
experimentally determined using a homologous series
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of n-alkanes from C,-C, as standards, analyzed under
identical GC/MS and GC/FID conditions. The identifi-
cation of compounds was based on the comparison of
experimentally obtained retention indices (RI®*-Table
1) with those found in the literature [25], as well as on
the comparison of EI mass spectra of the essential
oil components with data from Willey 6, NIST11 and
RTLPEST 3 mass spectra libraries. The percentage
content of a particular component in the essential oil
was determined on the basis of Area Percent Report
(uncalibrated calculation procedure) generated by Agi-
lent ChemStation software.

Sample preparation and HS-SPME extraction

Volatile compounds from the caraway fruit were ex-
tracted by headspace-solid phase microextraction (HS-
SPME). Their qualitative and quantitative composition
was determined by gas chromatography coupled with
mass spectrometry (GC-MS) and flame ionization de-
tection (GC-FID), respectively.

The manual SPME fiber holder, as well as the fiber coat-
ed with Carboxen®/Polydimethylsiloxane (PDMS) (75 pm
thickness) were purchased from Supelco (Bellefonte, PA,
USA). Before the analysis, the SPME fiber was conditioned
for 5 min in the GC injector set at 250 °C. One gram of
dried caraway fruit was disintegrated in an electrical
mill (Braun Aromatic KSM 2), placed in 10 cm?® vial and
closed. The fiber was exposed to the headspace of the
sample for 20 min at controlled laboratory temperature
(23 °C). After extraction, the needle of the SPME fiber
holder was inserted into the GC injector and the fiber
was directly exposed to the injector port set at 250 °C
in the 20:1 split mode. After the analysis was finished,
the fiber was thermally desorbed at 250 °C for 10 min.

GC-MS and GC-FID analysis of volatile compounds

from caraway fruit

The chromatographic analysis of the volatiles from
the caraway fruit was performed on the same gas chro-
matograph used and described for the essential oil. He-
lium, at a constant flow rate of 1 cm®min, was used as
a carrier gas. The GC oven temperature was held for 2
min at 40 °C, increased to 250 °C at the rate of 7 °C/
min, and finally held at 250 °C for 2 min. The total run
time was 34 min. Mass spectrometer and FID detector
conditions were set as previously described for the es-
sential oil analysis.

The identification of the volatiles was based on the
comparison of El mass spectra with data from Willey
6, NIST11 and RTLPEST 3 mass spectra libraries. In
order to confirm the identification, linear retention indi-
ces were calculated (RI®* - Table 1) using the retention
times of standard alkane mixture from C,-C, obtained
and compared with those found in literature [25] (RI" -
Table 1). The percentage composition determination of
a particular component was based on the Area Percent
Report generated by Agilent ChemStation software.

Antioxidative activity

DPPH assay

The DPPH method was used to examine the antioxi-
dant activity of the caraway fruit essential oil. Working
solutions of the caraway essential oil in the concentra-
tion range of 0.2-50 mg/cm?® were prepared by diluting
the stock solution (50 mg/cm?®) with ethanol. The 1 cm?®
of ethanolic DPPH radical solution (3x10* mol/dm?®) was
added to 2.5 cm? of the prepared essential oil solutions.
The absorption was measured at 517 nm immediately
after adding the DPPH radical and after the incubation
with radical for 20 and 40 minutes. The absorption at
517 nm was also determined for the ethanolic solution
of DPPH radical (1 cm? of the DPPH radical of the given
concentration with 2.5 cm? of ethanol) and for the etha-
nolic solutions of the essential oil (2.5 cm?® of the es-
sential oil solution with 1 cm?® of ethanol). Free radical
scavenging capacity of the essential oil was calculated
according to the equation 1 [26]:

DPPH radical scavenging capacity(%) =100 - {(AS — 4, )x A_J ............... (1)
AS - Absorption of the “sample” at 517 nm. “Sample”
was the ethanolic solution of the essential oil treated
with DPPH radical solution.
AB - Absorption of the “blank” at 517 nm. “Blank” was
the ethanolic solution of the essential oil which is not
treated with DPPH radical solution.
AC - Absorption of the “control” at 517 nm. “Control”
was the ethanolic solution of the DPPH radical.

All absorptions were measured on UV-2100 Spec-
trophotometer (Cole Parmer, France).

Results and discusion

GC/FID chromatogram of the essential oil isolated
from the disintegrated caraway fruit is shown in Figure
1. Twenty-seven compounds, representing 99.8% of the
total oil composition, were separated and identified in
the caraway essential oil. The peak at the retention time
of 13.23 min corresponded to limonene and its content
in the essential oil was 25.6%. The peak at the reten-
tion time of 21.06 min corresponded to carvone which is
the most abundant compound in the oil (72.0%). Other
components were present in a much lower percent-
age. The essential oil composition in terms of the main
components content is in accordance with the available
literature data [27,28]. In the research by Rasooli et al.
[27], caraway essential oils from different countries also
had the highest content of carvone and limonene, in
the range of 61.58-77.35% and 16.15-29.11%, respec-
tively, depending on the origin of the plant material and
the method applied for the essential oil isolation. Other
components in these essential oils from the groups
of monoterpene hydrocarbons, aldehydes, ketones,
oxygenated monoterpenes and sesquiterpene hydro-
carbons were present in a much smaller percentage,
which is in accordance with our results.
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Figure 1. GC-FID chromatogram of the caraway essential oil

The qualitative and quantitative composition of the
caraway fruit essential oil (names and molecular for-
mulas of the identified compounds, their retention times
(min), experimentally determined retention indices and
retention indices from literature, as well as the methods
of identification and content (%) is presented in Table 1.

Table 1. Chemical composition of the caraway (Carum carvi
L.) essential oil

tret, Molecular - it Method of Content,
No. min Compound formula Ri=® RI identification %
1. 11.20 Sabinene CioH1s 965 969 RI, MS tr
2. 11.79 Myrcene CioH1s 982 988 RI, MS 0.2
3. 13.23 D-Limonene CioH1s 1022 1024 RI, MS, Co-l 25.6
4. 13.85 (2)-B-Ocimene CioH1s 1040 1032 RI, MS tr
5. 15.72 Linalool C1oH180 1092 1095 RI, MS, Co-I 0.1
6. 16.49 trans-p—Meqtt:-Z,8-diene- C1oH160 1114 1119 RI, MS 01
7. 16.96 cis-Limonene oxide C1oH160 1127 1132 RI, MS 0.1
8. 17.00  cis-p-Mentha-2,8-dien-1-ol CioH160 1128 1133 RI, MS tr
9. 17.12 trans-Limonene oxide C1oH160 1132 1137 RI, MS 0.1
10. 18.90 trans—p-Men;hsI-1 (7),8-dien-  C1oH160 1182 1187 RI,MS 041
1. 19.00 a-Terpineol Ci1oH1s0 1185 1186 RI, MS, Co-l 0.1
12. 19.22 cis-Dihydrocarvone C10H160 1191 1191 RI, MS 0.1
13. 19.31 neo-Dihydrocarveol C1oH180 1194 1193 RI, MS 0.1
14. 19.49 trans-Dihydrocarvone CioH160 1195 1200 RI, MS 0.1
15. 20.06 trans-Carveol CioH1s0 1215 1215 RI, MS 0.2
16. 20.40 neoiso-Dihydrocarveol C1oH1s0 1225 1226 RI, MS 0.3
17. 20.52 cis-Carveol C1oH160 1229 1226 RI, MS 0.1
18.  21.06 Carvone CioH1O 1245 1239 RI, MS, Co-l 72.0
19.  21.70 Geranial CioHisO 1264 1264 RI, MS, Co-I 0.1
20. 21.89 Perilla aldehyde C1oH140 1269 1269 RI, MS 0.2
21. 22.94 trans-Pinocarvyl acetate Ci2H1802 1300 1298 RI, MS tr
22. 2344 Methyl geranate CitH1s02 1316 1322 RI, MS tr
23. 23.92 trans-Carvyl acetate Ci2H1802 1331 1339 RI, MS tr
24. 24.58 Eugenol Ci1oH1202 1351 1356 RI, MS, Co-I tr
25.  26.65 (E)-Caryophyllene CisHas 1416 1417 RI, MS 0.1
26. 2964 Myristicin CitH1203 1515 1517 RI, MS 0.1
27. 31.55 Caryophyllene oxide C1sH240 1581 1582 RI, MS tr
Total identified (%) 99.8
Grouped components (%)
Monoterpene hydrocarbons (1-4) 25.8
Oxygen-containing monoterpenes (5-23) 73.8
Sesquiterpene hydrocarbons (25) 0.1
Oxygen-containing sesquiterpenes (27) tr
Aromatic compounds (24, 26) 0.1

t..: Retention time; RI"-Retention indices from literature [25]; RI**: Experimentally determined retention indices
using a homologous series of n-alkanes (C;-C,,) on the HP-5MS column; MS: constituent identified by mass-
spectra comparison; RI: constituent identified by retention index matching; Co-I: constituent identity confirmed by
GC co-injection of an authentic sample; tr = trace amount (<0.05 %).

The identified compounds in the caraway fruit essen-
tial oil were divided in five groups: monoterpene hydro-
carbons, oxygen-containing monoterpenes, sesquiter-
pene hydrocarbons, oxygen-containing sesquiterpenes
and aromatic compounds. The most abundant group
was oxygen-containing monoterpenes comprising up
to 73.8%, followed by monoterpene hydrocarbons with
25.8% of the total oil composition. The content of the
other groups of compounds was much lower.

GC-FID chromatogram of the volatile compounds
extracted from the caraway fruit is shown in Figure 2.
Twenty-six different compounds were separated and
identified. The peaks at the retention times of 11.79,
16.45 and 10.82 min corresponded to limonene, carvone
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and myrcene, and their content was 72.1, 24.6 and 1%,
respectively.
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Figure 2. GC-FID chromatogram of volatile compounds from
caraway fruit

The qualitative and quantitative composition of cara-
way fruit volatiles (names and molecular formulas of the
identified compounds, their retention times (min), experi-
mentally determined retention indices and retention indi-
ces from literature, as well as methods of identification
and content (%)) is presented in Table 2.

Table 2. Chemical composition of volatile compounds from
caraway (Carum carvi L.) fruit

tret, Molecular ext iit Method of Content,
No. min Compound formula RI%® Ri identification %
1. 9.34 a-Thujene CioH1e 928 921 RI, MS tr
2. 9.52 a-Pinene CioHis 936 932 RI, MS tr
3. 10.37 Sabinene CioH1s 972 969 RI, MS tr
4. 10.82 Myrcene CioH1s 991 988 RI, MS 1.0
5. 11.46 a-Terpinene CioH1s 1020 1014 RI, MS tr
6. 11.79 D-Limonene CioH1s 1022 1024 RI, MS 721
7. 12.12 (2)-B-Ocimene CioH1s 1049 1032 RI, MS 0.3
8. 12.38 y-Terpinene CioH1s 1061 1054 RI, MS 0.1
9. 13.06 Terpinolene C1oHis 1091 1086 RI, MS 0.1
10. 13.26 Linalool CioHsO 1100 1095 RI, MS 0.1
11. 14.05 cis-Limonene oxide CioH160 1137 1132 RI, MS tr
12. 14.14 trans-Limonene oxide C10H160 1142 1137 RI, MS 0.1
13. 15.20 trans—p-Men;hzﬂ (7),8-dien-  C1oH160 1192 1187 RI.MS i
14. 15.27 a-Terpineol C1oH180 1195 1186 RI, MS tr
15. 15.41 cis-Dihydrocarvone C10H160 1202 1191 RI, MS 0.1
16. 15.58 trans-Dihydrocarvone C1oH160 1210 1200 RI, MS 0.1
17. 15.85 trans-Carveol C1oH180 1224 1215 RI, MS 0.1
18. 16.07 neoiso-Dihydrocarveol C1oH180 1235 1226 RI, MS 0.1
19. 16.45 Carvone C1oH140 1254 1239 RI, MS 246
20. 16.82 Geranial C1oH160 1273 1264 RI, MS tr
21.  16.99 Perilla aldehyde CioH1sO 1281 1269 RI, MS 0.1
22. 1742 Carvacrol CioH1sO 1303 1298 RI, MS 0.1
23. 17.82 Methyl geranate C11H1802 1325 1322 RI, MS tr
24. 18.53 Eugenol CioH1202 1362 1356 RI, MS tr
25. 19.81 (E)-Caryophyllene CisHzs 1433 1417 RI, MS tr
26. 21.47 Myristicin C11H1203 1529 1517 RI, MS tr
Total identified (%) 99.0
Grouped components (%)
Monoterpene hydrocarbons (1-9) 73.6
Oxygen-containing monoterpenes (10-23) 254
Sesquiterpene hydrocarbons (25) tr
Aromatic compounds (24, 26) tr

t..: Retention time; RI"-Retention indices from literature [25]; RI**: Experimentally determined retention indices
using a homologous series of n-alkanes (C;-C,,) on the HP-5MS column; MS: constituent identified by mass-
spectra comparison; RI: constituent identified by retention index matching; tr = trace amount (<0.05 %).

The most abundant group of compounds was monoter-
pene hydrocarbons comprising up to 73.6%, followed
by oxygen-containing monoterpenes with 25.4% of the
total volatile compounds composition. Sesquiterpene
hydrocarbons and aromatic compounds were present in
trace amounts. The comparative chemical composition
analysis of the essential oil and volatile compounds from
caraway fruit showed that carvone (72.0%) is a dominant
compound in the essential oil, while limonene (72.1%)
is @ major compound in the volatiles extracted by HS-
SPME. The difference in the chemical composition be-
tween the essential oil and volatile compounds is a result
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of the oxidation of limonene to carvone during the hydro-
distillation [29]. Therefore, the content of carvone was
much higher in the essential oil than in the caraway fruit.
Another reason for a different chemical composition of
the essential oil and volatile compounds of the caraway
fruit can be a possible loss of easily volatile compounds
during hydrodistillation. Mohammadhosseini et al. [30]
analyzed the chemical composition of the essential oil
and volatile compounds of Eryngium bungei Bioss. by
using GC-MS and HS-SPME methods and showed that
essential oil contains carvon, while volatiles contain li-
monene, which is in accordance with our results. The
structures of these two dominant compounds are given
in Figure 3.

2 %

Flgure 3. Structures of (a) carvone and ( Ilmonene

The antioxidant activity of the isolated caraway es-
sential oil was determined by using DPPH assay. The
DPPH is a stable radical with a free delocalized electron
on a nitrogen atom, which gives purple color with an ab-
sorption in the ethanol solution at 517 nm. By receiving
proton from the antioxidant, DPPH radical is reduced to
diphenylpicrylhydrazine, which is yellow in color. The re-
sult of the DPPH reduction is the decrease of the absorp-
tion at 517 nm, which is proportional to the antioxidant
activity of the examined substance (Figure 4).

E reducuon E
AH
antioxidant

DPPH (purple) DPPHH (yellow)

Figure 4. The reduction of free 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical to 2,2-diphenyl-1-picrylhydrazine (DPPHH)

DPPH assay is the most commonly used method for
testing the antioxidant activity of many natural antioxi-
dants because it is fast, reproducible and sensitive. The
use of antioxidants is increasing due to their ability to
neutralize free radicals that occur in oxidative stress and
the presence of which can lead to a significant cell dam-
age. The EC, value is an important parameter that rep-
resents the concentration of the substance that causes
50% loss of DPPH activity. Based on the obtained values

for EC,,, the ability of the substance to neutralize free
radicals can be estimated [31,32].

The antioxidant activity of the caraway fruit essential
oil, immediately after adding DPPH radical and after 20
and 40 min of incubation with the radical is shown in
Figure 5. After incubation, the same essential oil concen-
tration neutralized a higher percentage of DPPH radical.
The essential oil at the concentration of 50 mg/cm? neu-
tralized 90% of DPPH radical after 40 min of incubation,
85% after 20 min of incubation, and only 20% without

incubation.
/j

—O— without incubation
—— 20 min incubation
—4— 40 min incubation

100
90 —
80 —

DPPH radical neutralization, %

. . . 3
Essential oil concentration, mg/cm

Figure 5. Antioxidant activity of the caraway fruit essential oil

The EC,, value for the sample incubated for 40 min-
utes was 4.6 mg/cm?®, while this value was greater for
the sample incubated for 20 minutes (7.9 mg/cm?). This
showed that with longer incubation, a better antioxidant
activity was achieved. EC,, values for the standards L-
ascorbic acid and BHT after 20 min of incubation were
significantly lower, 0.003 mg/cm® and 0.02 mg/cm?, re-
spectively, which is in accordance with literature data
[33]. The presented results showed that the essential oil
has the antioxidant activity, but it is weaker than the anti-
oxidant activity of L-ascorbic acid and BHT.

A review of the available literature showed several
reports on the antioxidant activity of the caraway essen-
tial oil [8,11,12,34]. However, a direct comparison of our
results with previously reported findings was not possi-
ble due to different experimental protocols and different
ways of expressing the antioxidant activity.

Conclusion

The most abundant groups of compounds in the cara-
way essential oil and volatile compounds extracted by
HS-SPME were monoterpene hydrocarbons and oxy-
gen-containing monoterpenes. Carvone was the most
abundant compound in the essential oil (72%), while
limonene was the major compound in the volatiles ob-
tained by HS-SPME (72.1%). A lower limonene content
in the essential oil was a result of its oxidation to carvone
during hydrodistillation. The caraway fruit essential oil

41




Advanced technologies

9(1) (2020) 37-43

showed a satisfactory antioxidant activity, especially af-
ter incubation with radical for 40 min (EC,,=4.6 mg/cm®).
At the concentration of 50 mg/cm?, the essential oil neutral-
ized 90% of the free DPPH radical. Compared to L-ascorbic
acid and BHT, the caraway fruit essential oil is a weaker
antioxidant.
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BHT - Butylated hydroxytoluene

DPPH - 2,2-diphenyl-1-picrylhydrazyl
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ionization detection
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HS-SPME - Headspace-solid phase microextraction
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ROS - Reactive oxygen species
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lzvod

HEMIJSKI SASTAV ETARSKOG ULJA | ISPARLJIVIH KOMPONENTI 1Z
PLODA KIMA (CARUM CARVI L.) EKSTRAHOVANIH MIKROEKSTRAKCI-
JOM NA CVRSTOJ FAZI | ANTIOKSIDATIVNA AKTIVNOST

Ivana Gaiji¢", Ljiljana Stanojevi¢', Ana Dini¢', Jelena Stanojevic', Ljubisa Nikoli¢',
Vesna Nikoli¢', Vesna Savic?
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Cilj rada bio je izolacija etarskog ulja iz zrelog i samlevenog ploda kima hidrodes-
tialcijom po Clevenger-u, odredivanje njegovog kavalitativnog i kvantitativnog
sastava i antioksidativne aktivnosti, kao i odredivanje kvalitativhog i kvantitativhog
hemijskog sastava isparljivih komponenti dobijenih iz ploda kima mikroekstrakci-
jom na ¢vrstoj fazi. Etarsko ulje iz samlevenog ploda kima dobijeno je hidrodesti-
lacijom po Clevenger-u pri solvomodulu 1:10, m/v u trajanju od 180 min. Isparljive
komponente iz ploda kima ekstrahovane su tehnikom mikroekstrakcije na ¢vrstoj
fazi (HS-SPME) sa 75 um polidimetilsiloksanovim (PDMS) vlaknom presvucéenim
Carboxen®-om. Kvalitativni i kvantitativni sastav etarskog ulja i isparljivih kom-
ponenata odreden je primenom gasne hromatografije kuplovane sa masenom
spektrometrijom (GC-MS) i plameno-jonizacionim detektorom (GC-FID). Anali-
zom etarskog ulja razdvojeno je i identifikovano 27 jedinjenja, a u isparljivim kom-
ponentama iz ploda kima dobijenim mikroekstrakcijom na ¢vrstoj fazi (HS-SPME)
je identifikovano 26 jedinjenja. Najzastupljenija jedinjenja u oba ispitivana uzor-
ka su limonen i karvon. U etarskom ulju sadrZaj karvona je 72% dok je limonen
zastupljen sa 25,6%. U isparljivim jedinjenjima dobijenim ekstrakcijom HS-SPME
limonen je zastuplien sa 72,1%, a karvon sa 24,6%. Razlika u hemijskom sastavu
nastaje najverovatnije zbog oksidacije limonena do karvona tokom hidrodestilacije.
Antioksidativha aktivnost etarskog ulja ploda kima utvrdena je DPPH metodom
odmah nakon dodavanja DPPH radikala i nakon 20 i 40 min inkubacije sa radika-
lom. Etarsko ulje ploda kima pokazalo je zadovoljavajuéu antioksidativnu aktivnost.
Najbolje antioksidativno delovanje pokazuje etarsko ulje inkubirano 40 min (EC,,
= 4,6 mg/cm?®).

UDK 665.52:582.794.1:543.5

Kljuéne reci: Etarsko ulje kima, HS-
SPME, GC-MS, karvon, limonen, antiok-
sidativna aktivnost
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