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ABSTRACT

Dorema ammoniacum D. Don. is a perennial medicinal plant from Apiaceae family.
There is some evidence in Iranian traditional medicine about the anticonvulsant and
anthelmintic properties of D. ammoniacum gum resin exudating from its root and stem. In
this study, D. ammoniacum was collected from southwestern part of Iran and their
Essential Oils (EOs) content and compositions were investigated by gas chromatography
techniques. The EO yield of D. ammoniacum root, stem, leaves, flower and gum were 0.4,
0.2, 0.24, 0.46, and 1.0 v/w%, respectively. Although there were some variations among
different organs EOs, some similarities could be easily observed. The major compounds in
the gum EO were (2E, 6E)-farnesol (12.2%), cuparene (11.5%), (2Z,6Z)-farnesol (8.7%),
f-bisabolene (6.1%). The root oil had thymeol (14.7%), heptacosane (12.8%), tridecanol
(12.7%) and 4-methylene-5-hexenal (6.8 %) as the major compounds. Endo-Fenchyl
acetate (13.1%), elemicin (10.5%), p-cymen-8-ol (6.8%) and thymol (5.6%) were
identified in the stem oil. The major constituents of the leaves oil were n-hexadecanol
(9.1%), cuparene (8.2%), Di-n-butyl phthalate (6.6%), n-eicosane (6.6%),
bicyclogermacrene (5.4%) and f-bisabolene (5.2%). The major compounds in flower oil
were tridecanol (13.2%), 6-elemene (11.2%), n-eicosane (8.2%), and heptadecanoic acid
(7.8%). According to different applications, nine different extracts were also prepared
from all organs and their Antioxidant Activity (AA), Total Phenol Content (TPC) and
Total Flavonoid Content (TFC) were evaluated. Analysis of variance showed that there
was a significant difference among all extracts of D. ammoniacum in AA, TPC and TFC
(P< 0.01). Results showed that the highest radical scavenging activity was observed in
M,F (second Methanolic extract of Flower) and M,L (second Methanolic extract of
Leaves) samples with ICs, of 40.3 pg mL™" and 43.6 ng mL"! compared to BHT (26.0 pg
mL'l). The highest TPC in M,F and M,R (second Methanolic extract of Root) samples
were 36.4 and 35.7 mg GAE g” DW of extracts, respectively. The highest TFC belonged to
M, L with 26.4 mg QE g DW of extract. Results also showed that D. ammoniacum organs
extracts contained moderate to high amounts of AA and TPC.

Keywords: GC/MS, Bisabolene sesquiterpenes, D. ammoniacum, Sequential extraction,
Volatile compounds.

INTRODUCTION D. Don belongs to the Apiaceae family and
comprises seven species in Iran, among
them, D. ammoniacum D. Don. and D.
aucheri Boiss. are endemic (Yousefzadi et
al., 2011). D. ammoniacum is an important
perennial medicinal plant that grows wild in
central regions of Iran such as Yazd,

Medicinal plants consumption has been
increased because of the widespread belief
about their natural and healthy properties
(Hosseini et al., 2018). The genus Dorema
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Isfahan, Kerman and Semnan provinces, and
its local names are Kandal, Vasha or Oshagh
and Koma-kandal (Rechinger et al., 1987).
As a medicinal use, gum resin of D.
ammoniacum has been wused as an
anthelmintic for gastrointestinal disorders in
Iranian traditional medicine (Amin, 2005).
Moreover, antibacterial, vasodilatory and
anticonvulsant protective effects of this
herbal plant have also been reported
(Ghasemi et al., 2018; Motevalian et al.,
2017). D. ammoniacum gum resin has been
recommended for treatment of seizures in
Iranian traditional medicine (Khorasani,
2001; Tonkaboni, 2007). Generally, the gum
resin is exudate from the root, stems and
leaves (Rajani er al., 2001). Nowadays,
some novel in vivo disease model like
zebrafish has facilitated the drug screening
with higher speed and lower (microgram
scale) quantity of tested compounds.
Zebrafish emerge as a robust disease model
for evaluation of anticonvulsant activity of
bioactive compounds and especially in
natural products. Recently, Orellana-Paucar
et al. (2013; 2012) showed that some
bisabolene sesquiterpenoids in Essential Oils
(EOs) of turmeric, inhibit PTZ-induced
seizures in zebrafish and mice and had
anticonvulsant activity. Identifying the other
sources of these kinds of compounds could
be of great interest. As D. ammoniacum has
the potential in anticonvulsant activity; there
are some reports about its chemical
compositions as well. There have been a lot
of differences in all reports about the EO
composition of different organs (Masoudi
and Kakavand, 2017). Studies of volatile
oils from D. ammoniacum leaves have
already been reported (Yousefzadi et al.,
2011). The major constituents of the fruits
oil of D. ammoniacum, collected from
Birjand were (Z2)- and (E)-ocimenone, p-
cyclocitral and ar-curcumene in fruits and o-
gurjunene (49.5 %), S-gurjunene (19.0 %)
and a-selinene (4.6 %) in the leaves as the
main components. Also, hexadecanal (11.1
%), a-cadinol (6.6 %), sesquicineol2- one
(6.6 %), ethyl linoleate (6.3 %), ledol (5.1
%) and y-eudesmol (4.4 %) were reported as
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the major constituents of the oil from stems
and 2-pentadecanone (19.1 %), f-eudesmol
(17.2 %), germacrene D (5.8 %), oa-
eudesmol (5.8 %) and spathulenoll (5.0 %)
were the major components in EO of seeds
(Hosseini et al., 2018). The oleogum resin
contains a small amount of volatile oil (0.1—
0.4%), resin and gum and the hydro
distillation of D. ammoniacum stem, seed
and fruit gave a yellow oil in 0.5, 0.3 and
0.09 (w/w%) yield, respectively (Hosseini et
al., 2018; Rajani et al., 2002; Yousefzadi et
al., 2011). Previous studies on EOs of D.
ammoniacum from Shahroud, Semnan
Province, showed three hydrocarbon
monoterpenes (0.62%), five oxygenated
monoterpenes (6.93%), 10 sesquiterpene
hydrocarbons (14.34%), 13 oxygenated
sesquiterpenes  (37.89%), and 32 non
terpenoid compounds (29.42%). a-Muurolol
(13.68%) was the most abundant constituent
followed by hexadecanoic acid (6.81%) and
(E)-nerolidol ~ (5.09%) (Masoudi and
Kakavand, 2017). There are also some
reports about some other bioactive
compounds in the extracts of this plant.
Salicylic acid, ammoresinol, ashamirone and
some sesquiterpenes have been isolated and
identified from D. ammoniacum. Phenolic
compounds such as sesquiterpene
coumarins,  phenols, flavonoids and
phloroacetophenone glycosides have been
reported from the other Dorema species. In
previous studies, a large variety of solvents
including water, hexane, EtOAc, MeOH,
and ethanol (Barbouchi et al., 2018;
Prabakaran et al., 2018), acetone, MeOH,
ethanol and water (El-Chaghaby et al., 2014;
Li et al, 2017, Mohdaly et al., 2010),
MeOH, chloroform, ethanol (Kumar et al.,
2013), and MeOH (Tirkugar et al., 2021)
were also used for extraction of phenolic
compounds and antioxidants from plants.
The various parts of the plant such as leaves,
flowers, fruits and seeds have antioxidants
like the flavonoids, tannins, coumarins,
curcumanoids, xanthons, phenolics, lignans
and terpenoids, which have caused great
interest in separation of these natural
antioxidants (Jeong et al., 2004). Many
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factors such as cultivation area, climatic
conditions, genetic variations and others
have caused the variation in the biological
activity and phytochemicals of medicinal
plants, which increase the study of available
plants in different growing sites, countries
and geographical zones (Norani et al.,
2019).

In the present study, the EO compositions
of D. ammoniacum leaves, stems, roots,
flowers and gum from Kerman Province,
Iran, were evaluated. The effect of different
procedures of extraction according to
different applications with different solvents
(n-hexane, ethyl acetate, acetone, methanol,
water and  hydroalcoholic) on  the
Antioxidant Activity (AA), Total Phenol
(TPC), and Total Flavonoid Content (TFC)
of D. ammoniacum different organs was
investigated.

MATERIALS AND METHODS
Plant Materials

The leaves, stems, roots, flowers and gum
resin of D. ammoniacum were collected
from Dalfard Rural District (57° 37" 57" N,
28° 58’ 26" E), a rural district in Sarduiyeh
District, Jiroft County, Kerman Province,
Iran (Figure S1). All of the samples were
collected during April of 2019 and air-dried
in the shade. Plant identities were confirmed
by Dr. A. Sonboli and a representative
voucher specimen (MPH-2724) was placed
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Figure S1. Map of collection site for D. ammoniacum.
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the Shahid Beheshti University of Iran.

Isolation and Analysis of Essential Oils

Fifty grams of D. ammoniacum different
organs were separately powdered and
individually immersed in 500 mL of distilled
water and the EO was isolated by
hydrodistillation for 3 hours using a
Clevenger type apparatus. The EOs were
separated from the water and dried over
anhydrous sodium sulfate and stored at 4°C
until analysis. The EOs were analyzed
quantitatively by an Agilent Technologies
7890B (Santa Clara, CA, USA) equipped
with a flame ionization detector, and an HP-
5 capillary Column (length 30 m, inner
diameter 0.32 mm and film thickness 0.25
um). The oven temperature  was
programmed from 60°C (2 min hold) to
280°C with 5°C min™. Helium with the flow
of 1.1 mL/min was used as the carrier gas.
The qualification of individual peaks was
carried out by injecting the oil to a
Thermoquest-Finnigan gas chromatograph,
coupled with a trace mass spectrometer
(GC/MS) with the same parameter for fused
silica column (except for the inner diameter
of 0.25 mm), oven temperature, injector
temperature, carrier gas and flow rate. The
ionization voltage was set at 70eV and
interface temperature and ion source were
kept at 250 and 200°C, respectively. Finally,
identification was confirmed by comparison
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of each individual component’s mass spectra
with those of internal mass spectra library of
the main library, Wiley 7.0 and Adams;
further identification was based on
comparison of peak retention indices by
using a homologous series of normal alkanes
(C8 to C24) recorded under the same
operating conditions and the published data
(Adams, 2001).

Preparation of Different Extracts

The protocol of extraction in our research
group was standardized based on different
applications. The first procedure was a
sequential extraction using ultrasonication of
5 grams of plant materials in 50 mL of n-
Hexane (Hx), followed by Ethyl Acetate
(EA;) and finally Methanol (M,). This
procedure led to separate different
metabolites of plant material based on
different polarities.

The second procedure was a sequential
extraction starting with EtOAc (EA) and then
a mixture of Ethanol/Water (50/50) (WE,) to
have a more general extract of plant material
with EtOAc followed by more polar plant
ingredients. The third procedure was just
extracted with the MeOH (M) as a total
extract, covering a diverse lipophilicity of
chemical constituents. But MeOH is not a safe
solvent for the formulation in the in vivo or
clinical studies. The fourth procedure was
performed using the mixture of EtOH/H20
(70:30) (WE), which can be used as an
analogous of extraction protocol to infusion
preparation, which is employed by traditional
healers and/or general public. The fifth
procedure used Acetone (A) solvent as a
general solvent in extraction in phytochemical
studies and can be prepared and dried more
quickly than the other solvents. Despite of
later procedures, the sixth procedure was
completely a simulation of infusion which 5
grams of plant materials and 50 mL of
boiled water were kept for 30 min and then
filtered. The latest extraction is used in
traditional medicine formulation of many
medicinal plants around the world. The first to
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fifth  procedures were prepared by
ultrasonication assisted extraction (5 g in 50
mL of the aforementioned solvent, 30
minutes) and the sixth was an infusion (5 g
in 50 mL of boiled water and 30 minutes).
All the extracts were filtered through
Whatman no.l  filter paper, then,
concentrated in rotary evaporator at 40°C.
The extracts were finally dried and stored at
4°C until analysis. The extracts containing
water after concentration, were freeze-dried
and were finally dried and powdered. A
more concise protocol of extraction was
used by Bremner et al. (2009). In fact, all
the plant organs including Root (R), Stem
(S), Leaves (L), and Flower (F) were
introduced to all the above extraction
procedures and, finally, 36 different extracts
were prepared and abbreviated according to
the combination of the above letters. Figure
1 summarizes the extraction protocols in this
study.

Assessment of Antioxidant Activity
against DPPH

The radical scavenging activity of all
extracts against DPPH (2,2-Diphenyl-2
Picrylhydrazyl Hydrate) was determined by
the previously described method of Bozin et
al. (2007) using the ICsy to compare the
antioxidant properties. The absorbance was
recorded at 517 nm with ELISA reader
(Epoch, BioTek instrument). The radical
scavenging capacity (RSC) was calculated
using the following formula:

In %= [(Ab-As)/Ab] x100

Where, in is DPPH Inhibition, Ab is the
Absorbance of the blank, and As is the
Absorbance of the sample extract, or
Butylated Hydroxytoluene (BHT) as a positive
control. ICs is the concentration of the sample
whose inhibition percentage is 50%.

TPC and TFC Evaluation

The total phenolic content was determined
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Figure 1. The protocol and solvents used for extraction from D. ammoniacum.

by using the Folin- Ciocalteu method
(Slinkard and Singleton, 1977). A calibration
curve was prepared using a series of
methanolic gallic acid solutions (10, 30, 100,
250, 500, 1000 ug mL™), combined with 0.1
mL Folin- Ciocalteu reagent and, after 3
minutes, 0.3 mL sodium carbonate (7.5%).
The absorbance of the mixture was measured
after 2 hours at 765 nm using
spectrophotometer ~ (Smart  spec  plus,
BIORAD). Twenty pL of all D. ammoniacum
extracts with 0.05 g mL™" concentration were
combined with the above reagents, in three
technical replications, to assess phenolic
content. Gallic acid was used as the standard
for a calibration curve, and the results were
expressed as mg of Gallic Acid Equivalents
per gram of Dry Weight of Extract (mg GAE
g! DW Ext). The content of flavonoids was
also measured by using colorimetric method of
Ordonez et al. (2006). Briefly, extracts of D.
ammoniacum were prepared at 0.5 g mL” in
DMSO. The same amount of extract volume
and aluminum chloride solution (2%,
methanolic solution) was mixed in a test tube
and absorbance was measured at 420 nm using
the same spectrophotometer after 10 min. The
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experiment for each extract was done in
triplicate. A calibration curve was prepared
using a series of methanolic quercetin
solutions (5, 10, 50, 100, 250, 500 and 1000
g mL™). The results were expressed as mg of
Quercetin Equivalents dry per gram Dried
Weight of Extract (mg QE g"' DW Ext).

Statistical Analysis

All the data were analyzed according to
analysis of variance based on a completely
randomized design with three replications,
using SAS Statistical Package Program and
SPSS software. The significant differences
between the group means were separated
using the Least Significant Difference (LSD)
test at 5% probability level.

RESULTS AND DISCUSSION
Essential Oil Composition

The EO yields from leaves, stems, roots,
flowers and gum resin of D. ammoniacum
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were 0.4, 0.2, 0.24, 0.46 and 1.0 (vV/w%
relative to dry weight of plant), respectively.
In comparison, Delnavazi et al. (2014)
reported the EO content of areal part and
root of D. ammoniacum as 0.2 and 0.3
v/iw%, respectively. The previous studies
showed that essential oil content was not the
same in different plant organs such as the
apiaceae  family, including  Oliveria
decumbens, Trachyspermum Ammi,
Echinophora tenuifolia and Heracleum
Persicum (Hazrati et al., 2020).

Generally, 67 compounds were identified
by GC/MS analysis in all samples. Table 1
shows identified components of D.
ammoniacum in different organs. In root oil,
32 components containing 90.0% of oil were
identified. The major compounds in root oil
were thymol (14.7%), heptacosane (12.8%),
tridecanol (12.7%), 4-methylene-5-hexenal
(6.8 %), (2E, 6F)-farnesol (3.7%) and p-
bisabolene (3.1%). Fourty-three compounds
comprising 89.2% of the stem oil were
identified. Endo-fenchyl acetate (13.1%),
elemicin (10.5%), p-Cymen-8-ol (6.8%),
thymol (5.6%) and bicyclogermacrene
(4.2%) were identified as the major
components of the stem oil. Thirty-eight
components were identified representing
95.7% of the leaves oil. The major
constituents of the leaves oil were »n-
hexadecanol (9.1%), cuparene (8.2%), di-n-
butyl phthalate (6.6%), n-eicosane (6.6%),
bicyclogermacrene (5.4%) and f-bisabolene
(5.2 %). In flower oil, 37 components

Cubenol
15

(22,62)-

Tridecanol
Farnesol

(2E,6E)-
Hexadecanol Farnesol

containing 91.0% were identified. The major
compounds in this oil were tridecanol (13.2
%), o-elemene (11.2 %), n-eicosane (8.2%),
heptadecanoic acid (7.8%),
bicyclogermacrene  (3.9%), and (2)-
caryophyllene (3.4%). Thirty-six compounds
were identified in the gum EO and the
percentage of identified compounds was
89.7 %. The major compounds detected in
the EO of gum were (2E, 6E)- farnesol
(12.2%), cuparene (11.5%), (2Z,62)-
farnesol, B-bisabolene (8.7%),
bicyclogermacrene (4.3%), and o-elemene
(3.2%).

The change in the essential oil components
is also influenced by factors such as the age
and the development stage of medicinal
plants (Hazrati et al., 2020). p-Bisabolene,
as the common major component, was in
root, leaves, flower and gum oil of D.
ammoniacum. Cuparene also was the most
important common component identified in
leaves, flower and gum oils. Figure 3
represents the common compounds and their
quantity in different organs EOs. These
compounds were available in all organs.
Nevertheless, there was also a few
monocyclic bisabolene skeleton type like o-
bisabolol, Z-a-bisabolene, p-bisabolene,
arcurcumene, ar-dihydro turmerone in the
EOs of D. ammoniacum different organs.
These compounds are more or less similar to
ar-turmerone, o-turmerone, f- turmerone
and atlantone, which were isolated from the

ar-dihydro

Germacrene D
Turmerone

n- Caryophyllene
Pentadecanol oxide

Figure 3. Comparison of compounds in all organs of D. ammoniacum.
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Table 1. Chemical composition (%) of root, stem, leaves, flower and gum essential oils of D. ammoniacum
from Kerman Province.

Different organs of D. ammoniacum

No RT  Components RY
R’ s’ L F GA’

1 4.4  4-methylene-5-Hexenal 6.8 893
2 7.8  a-Pinene 0.6 1.4 0.5 1.6 0.9 932
3 8.1 Sabinene 0.6 0.5 961
4 8.5  Myrcene 1.7 991
5 8.7  §-3-Carene 4.7 1011
6 9.5  p-Cymene 1.6 1024
7 9.8  p-Ocimene 0.8 0.6 0.9 1032
8 10.1  (Z£)-Sabinene hydrate 0.7 0.6 1065
9 11.1  €-Sabinene hydrate 0.6 0.8 1086
10 11.5  Isoamyl isovalerate 0.5 0.5 1103
11 11.8  (E)-2-Nonenal 0.4 1150
12 12.9  (E)-Pinocamphone 1.2 1158
13 13.1  Borneol 3.0 1163
14 13.4  p-Cymen-8-ol 0.5 6.8 1.1 0.7 1179
15 13.7  o-Terpineol 1.0 1186
16 13.9  n-Dodecane 0.8 1.1 1200
17 14.5  endo-Fenchyl acetate 1.2 13.1 0.4 1218
18 14.8  Thymol methyl ether 0.3 0.4 1232
19 15.1  Carvacrol methyl ether 0.55 1.2 2.2 1241
20 16.9  Thymol 14.7 5.6 6.3 2.3 1289
21 17.2  5-Elemene 0.6 0.9 11.2 1335
22 19.2  o-Elemene 14 32 0.9 32 1389
23 19.6  Z-Caryophyllene 2.1 0.4 14 3.4 0.8 1408
24 19.9  2-Dodecanol 0.4 0.6 1410
25 20.4  E-Caryophyllene 2.0 1.1 2.7 0.9 1417
26 20.6  Dehydroaromadendrane 0.8 0.6 1.0 1460
27 20.7  ar-Curcumene 0.5 0.8 1475
28 20.8  a-Selinene 32 1476
29 21.0  y-Muurolene 1.52 3.0 1.5 1.1 1478
30 21.4  (2)-Farnesene 0.6 0.5 2.6 0.8 1481
31 21.6  Germacrene D 0.6 2.2 1.7 0.8 0.6 1484
32 22.0  (E)-p-lonone 2.6 0.6 1.3 1490
33 22.2  Bicyclogermacrene 4.2 54 3.9 4.3 1502
34 22.3  o-Bisabolene 0.7 1504
35 22.4  B-Bisabolene 3.1 52 5.2 6.1 1505
36 22.7  (Z)-a-Bisabolene 1.1 1.3 1506
37 22.8  Cuparene 8.2 1.1 11.5 1506
38 22.9  Elemicin 10.5 1.1 1560
39 23.0  Spathulenol 1.3 3.2 1561
40 23.2  Caryophyllene oxide 0.5 0.3 1.1 1.7 1.4 1567
41 23.4  Tridecanol 12.7 2.4 1.3 13 0.4 1570
42 23.6  ar-dihydro Turmerone 0.7 1.5 0.7 1.1 1.6 1595
43 23.8  Cedrol 1.2 1600
44 23.9  Junenol 0.5 1.5 1.0 0.7 1618
45 24.1  y-Eudesmol 0.3 1630
46 24.2  o-Muurolol 0.4 1.1 0.3 2.3 1644

Continued...
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Continued of Table 1. Chemical composition (%) of root, stem, leaves, flower and gum essential oils of D.

ammoniacum from Kerman Province.

Different organs of D. ammoniacum

No RT  Components R S I 7 GA® RY
47 24.3  Cubenol 1.5 1.5 5.9 0.5 1.7 1645
48 247 (6Z)-Pentadecen-2-one 0.6 4.0 1.8 4 1667
49 25.2  Pentadecanal 0.9 0.9 0.8 1.8 1682
50 25.3 (2Z,6Z)-Farnesal 1.4 1.3 1.7 1.4 1684
51 25.6 a-Bisabolol 0.9 1685
52 25.7 (2Z,6Z)-Farnesol 0.9 1.1 0.7 0.7 8.7 1698
53 26.0 (2E,6E)-Farnesol 3.7 3.4 1.8 0.6 12.2 1742
54 26.3 n-Pentadecanol 2.3 0.3 3.9 4.4 1.8 1773
55 26.5 n-Hexadecanol 42 3.9 9.1 0.5 2.5 1874
56 26.7  di-n-butyl phthalate 6.6 1906
57 26.9 Hexadecanoic acid 4.9 1959
58 27.2 n-Eicosane 0.3 6.6 8.2 2000
59 27.3 Heptadecanoic acid 7.8 2069
60 28.2  n-Octadecanol 0.4 2077
61 27.4 n-Heneicosane 3.4 2100
62 28.7 Phytol 0.5 2.1 0.5 2122
63 28.9 (E)-Phytol acetate 33 2218
64 29.0 n-Tricosane 0.5 1.7 2.6 2300
65 30.2 n-Tetracosane 0.5 0.5 1.0 1.5 2400
66 32.0 n-Hexacosane 0.4 2560
67 41.6 n-Heptacosane 12.8 2.7 0.8 2700
Monoterpene hydrocarbons 9.1 2.6 0.5 3.7 3.2
Oxygenated monoterpenes 22.65 27 7.4 2 4.5
Sesquiterpene hydrocarbons 9.82 34.5 33.9 26.3 335
Oxygenated sesquiterpenes 7.3 11.7 15.3 8.5 33.2
Diterpenes 0.5 2.1 0.5 33
Others 40.1 12.9 36.5 50 10.94
Total compound 88.97 89.2 95.7 91.0 89.7

“ Root; ? Stem; ¢ Leaves; ¢ Flower; ¢ Gum. ” Retention indices according to the normal alkanes between C8-C24.

turmeric oil and showed the antiepileptic
properties (Orellana-Paucar er al., 2013;
Orellana-Paucar et al., 2012). Figure 4
illustrates the structure of monocyclic
bisabolene skeleton structures in the D.
ammoniacum and turmeric oils. The
antiepileptic properties of D.ammoniacum
gum also might be attributed to those
bisabolene skeleton compounds. The total
percentages of bisabolene derivatives in
root, stem, leaves, flower and gum were
4.9, 8.5, 6.6, 2.0 and 8.5%, respectively.
However, in previous phytochemical studies
on the EOs of D. ammoniacum, Takalloa et
al. (2013) reported the major components in
the flower oil as 6-cadinene (11.58%) and
a- himachalene (7.71%), and in stem oil as
d-cadinene (16.24%), liguloxide (8.69%)
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and 6-amorphene (8.43%), and in root oil as
3-n-butyl phthalide (62.49%), benzyl
butanoate (6.57%), and liguloxide (5.15%).
Yousefzadi et al. (2011) found that (Z2)-
ocimenone (22.3%), (E)-ocimenone
(18.1%) and PB-cyclocitral (9.9%) were the
major constituents in fruit oil of D.
ammoniacum. Hosseini et al. (2014)
reported that the most important components
in EOs of stem were hexadecanal (11.1%),
o-cadinol (6.6%), sesquicineol-2-one
(6.6%), ethyl linoleate (6.3%), ledol (5.1%)
and  y-eudesmol  (4.4%), and @ 2-
pentadecanone (19.1%), [-eudesmol
(17.2%), germacrene D (5.8%), a-eudesmol
(5.8%) and spathulenoll (5.0%) were the
major components in EO of seeds. The
differences can be due to many factors such
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7 8

Figure 4. Structure of monocyclic bisabolene skeleton in D. ammoniacum (1-5) and turmeric oil. (6-9). 1: ao-
Bisabolol; 2: Z-a-Bisabolene; 3: p-Bisabolene; 4: ar-Curcumene; 5: ardihydro Turmerone 6: ar-Turmerone; 7: a-

Turmerone; 8: B- Turmerone; 9: Atlantone

as genetic diversity, climate, soils, position
and time of sampling, insect and
microorganisms stress, method of EO
extraction and other geological and
environmental conditions (Dobravalskyte et
al., 2013; Husnii and Buchbauer, 2015).

Plant Extraction

The yield of all extractions is presented in
Figure 5. The diagram shows that the
infusion extraction in most organs (except in
flower) had the highest yield, while the
lowest yield of extraction was in the hexane
extract, except for the stem, in which the
hydroalcoholic (70:30) had the minimum
yield of extraction. Generally, the D.
ammoniacum  contained more  polar
compounds than the non-polar compounds.

Antioxidant Activity (AA)

Analysis of variance showed that there
was significant difference (P< 0.01) between
all extracts of D. ammoniacum in
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antioxidant activity (Table 2). The results of
comparison of antioxidant activity are
shown in Figure 6-A. In DPPH assay, the
highest radical scavenging activity was
observed in M,F (methanolic extract of
flower) and M,L (methanolic extract of
leaves) samples with ICsy 40.3 and 43.6 pg
mL™" compared to BHT (26.0 pg mL"), a
synthetic industrial antioxidant. The reason
for this result can be attributed to the ability
of methanol to extract more polar
compounds, where in this extract all the
non-polar and, perhaps, the lower
antioxidant compounds are separated by n-
hexane and EtOAc extracts before it as well
(Dube et al., 2017). The lowest activity was
found in EW,F (hydroalcoholic Extract of
Flower) and EW,S (hydroalcoholic Extract
of Stem) with ICs, 126.2 and ICs 117.4 pg
mL". Delnavazi et al. (2014) reported that
ethyl acetate and chloroform extracts of the
roots along with the EtOAc extract of the
aerial parts had the highest free radical-
scavenging activity with ICsy values of 21.3,
31.8 and 62.7 pg mL', respectively,
compared to vitamin E (ICsy 14.3 pg mL™).
The previously studies of hydroalcoholic
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Figure 5. Extraction yield of different solvent from different organs of D. ammoniacum.

extracts from D. aitchisonii aerial parts and
ethanoic extract of D. aucheri aerial parts
showed a weak antioxidant activity in DPPH
assay with ICsy values of 488 and 200 pg
mL”, respectively (Khanahmadi ez al., 2012;
Nabavi et al., 2012). As a radical scavenging
investigation (DPPH) on several species of
the Apiaceae (Falcaria vulgaris,
Smyrniopsis aucheri, Smyrniopsis
munzurdagensis, Smyrnium cordifolium, and
Actinolema macrolema), Zengin et al.
(2019)  reported the highest radical
scavenging activity was observed in
Smyrnium  cordifolium metanolic extract
with 59.2 mg TE g extract and Smyrniopsis
munzurdagensis ~ extract showed low
antioxidant activity with 2.29 mg TE g’
Sarikurkcu er al. (2019) studied effects of
different solvent extracts of Antioxidant
activity of Symphytum anatolicum and they
reported the antioxidant assays the MeOH
extract had a highest and an interesting
antioxidant activity with ICsy of 2.7 mg TE
g, while this value for water and EtOAc
solvent extract were 5.5 and 10.5 mg TE g
The  observed  differences  between
antioxidant activities can be related to the
reaction time and the synergism between the
various bioactive compounds in the different
extracts.
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Total Phenolic and Flavonoid Contents

Results showed a significant difference
(P< 0.01) between all extracts of D.
ammoniacum in total phenolic and flavonoid
content (Table 2). Results in Figure 6-B
showed that the highest TPC in M,F (second
Methanolic extract of Flower) and M;R
(second Methanolic extract of Root) samples
with 36.4 and 35.7 mg GAE g' DW. AF
(Acetonic extract of Flower) had the lowest
total phenolic content with 10 mg GAE g’
DW. This is the first report about phenolic
and flavonoid contents in D. ammoniacum
and the effect of different solvents on the
TPC, TFC and antioxidant activity in D.
ammoniacum. Kuo et al. (2015) reported
that, when using different solvents extract,
MeOH extract showed the highest TPC. This
could be due to the ability of methanol to
extract phenolic compound (Airanthi et al.,
2011; Lim et al., 2019). The highest TFC
belongs to M,L (second Methanolic extract
of Leaves) with 26.4 mg QE g (Figure 6-
C). On the other hand, EW,S (second
hydroalcoholic Extract of Stem) exhibited
the lowest levels of TFC (3.4 mg QE g
DW). Llorent-Martinez et al. (2020) found
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Table 2. Analysis of Variance of antioxidant activity (ICs), total phenol and flavonoid of D. ammoniacum.

Mean Square
Total Flavonoid
(mg QE g DW ext)

Dependent

DF

Total Phenol (mg

Antioxidant
aCtiVity (IC50)

Variable

GAE g' DW ext)

Solvent
Plant part
SolventxPlant part

94.37"
178.86

46.83"

26.06"

1070.22"

2370.68"

24
36

77.86" 121.06

48.61

639.52"

Error

61.29
27.85

6.87

Ccv

7.34

3.5

** Significant at 1% level of probability.
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Different Extract of different organs of D. ammoniacum

Metanolic extract, EW: Hydroalcoholic Extract 30:20 (v/v), EW2: Hydroalcoholic Extract 50:50 (v/v), A: Acetonic
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different organs of D. ammoniacum based on different solvent for extraction M: First Metanolic extract, M,: Second
extract, I: Infusion, R: Root, S: Stem, L: Leaves, F: Flower.

Figure 6. Comparison of antioxidant activity (A), total phenol content (B) and total flavonoid content (C) of
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Figure 7. Correlation between antioxidant activity, TPC and TFC in different D. ammoniacum in different

extraction solvent. A: Hexane extract; B: First EtOAc extract; C: First MeOH extract; D: Second EtOAc extract; E:
First hydroalcoholic (70:30) extract; F: Second MeOH extract; G: Second hydroalcoholic (50:50) extract; H: Water

infusion extract; I: Acetone extract.

that methanol extract of Cirsium
yildizianum (46.78 mg RE g') had the
highest TFC and the lowest amount of TFC
related to water extract. The differences in
values of total phenol and flavonoid are
probably related to the reaction time and the
synergism between the disparate bioactive
components in the various extracts
(Sarikurkcu et al., 2019).

Correlation between AA, TPC and TFC

Correlation analyses were carried out by
using a two-tailed Pearson’s correlation test
between total phenol and flavonoids and
antioxidant activity in all extracts of solvents
from D. ammoniacum. Although most of the
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results of studies represent a strong
correlation between total phenolic and
antioxidant activity (Figure 7: A-I),
correlation was only significant and positive
in ethyl acetate solvent (r= 0.991, P< 0.01)
(Figure 7-B). Figure S2 also shows the
correlation between the 3 parameters (AA,
TPC and TFC) with a heat map diagram. In
other solvents, no significant correlation was
found between traits, while there was a
relative correlation between TPC and TFC
and antioxidant activity in all extracts.
Phenolic compounds and flavonoids are the
most abundant group of natural constituents
found in various plants that are very
important natural antioxidants and are able
to adsorb and neutralize the free radicals and

-& Flavonoid

= ICg4
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Figure S2. Investigation of correlation among antioxidant, TPC and TFC of different extracts from D.
ammoniacum. M: First Metanolic extract; M2: Second Metanolic extract; EW: Hydroalcoholic Extract 70:30 (v/v);
EW,: Second hydroalcoholic Extract 50:50 (v/v); A: Acetonic extract; I: Infusion. Different organs of D.
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exhibit antioxidant activity through radical
scavenging (Dobravalskyte et al., 2013;
Jimoh et al., 2011).

CONCLUSIONS

In conclusion, D. ammoniacum has
relatively low yield of EO in its organs.
However, the gum resin of D. ammoniacum
had a significant amount of EO. The
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comprehensive EO evaluation has been
carried out in one study and the comparison
of the oils showed more variation than the
similarities in different organs. However, the
bisabolene sesquiterpene skeleton structure
could be related to the antiepileptic activity
of the ammoniacum gum resin. The present
study provided also evaluation of different
solvents extraction on the AA, TPC and
TFC of D. ammoniacum. The results showed
that the methanol extract had the highest
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content of phenol and flavonoid and
antioxidant capacity of D. ammoniacum.
Also, results showed that D. ammoniacum
extracts had a moderate content of phenol
and flavonoid and antioxidant capacity.
Different solvent extractions based on
different applications could be of interest
according to the phytochemical studies of
any plant material.

ACKNOWLEDGEMENTS

The authors would like to thank the Iran
National  Science Foundation (Grant
Number: 98002070) and Tarbiat Modares
University for the financial support of this
research.

REFERENCES

1. Adams, R. P., 2001. Identification of
Essential Oil Components by Gas
Chromatography/mass Spectrometry. Vol.
456. Allured publishing corporation Carol
Stream.

2. Airanthi, M.W.A., Hosokawa, M. and
Miyashita, K.  2011. Comparative
Antioxidant Activity of dible Japanese
Brown Seaweeds. J. Food Sci., 76: C104-
Cl11.

3. Amin, G. 2005. Popular Medicinal Plants
of Iran. Tehran University Press, Tehran.
PAGES ?

4. Barbouchi, M., Elamrani, K. and El Idrissi,
M. 2018. A Comparative Study on
Phytochemical Screening, Quantification of
Phenolic  Contents and  Antioxidant
Properties of Different Solvent Extracts
from Various Parts of Pistacia lentiscus L.
J. King Saud Univ. Sci., 32: 302-306.

5. Bozin, B., Mimica-Dukic, N., Samojlik, I.
and Jovin, E. 2007. Antimicrobial and
Antioxidant Properties of Rosemary and
Sage (Rosmarinus officinalis L. and Salvia
officinalis L., Lamiaceae) Essential Oils. J.
Agric. Food Chem., 55: 7879-7885.

714

10.

11.

12.

13.

Bremner, P., Rivera, D., Calzado, M. A.,
Oboén, C., Inocencio, C., Beckwith, C.,
Fiebich, B.L.,Mufioz, E. and Heinrich, M.
2009. Assessing Medicinal Plants from
South-Eastern Spain for Potential Anti-
Inflammatory Effects Targeting Nuclear
Factor-Kappa B and  other  Pro-
Inflammatory Mediators. J.
Ethnopharmacol., 124:295-305.

Delnavazi, M., Tavakoli, S., Rustaie, A.,
Batooli, H. and Yassa, N. 2014.
Antioxidant and Antibacterial Activities of
the Essential Oils and Extracts of Dorema
ammoniacum Roots and Aerial Parts. Res.
J. Pharmacog., 1: 11-18.

Dobravalskyte, D., Venskutonis, P. R.,
Talou, T., Zebib, B., Merah, O. and
Ragazinskiene, O. 2013. Antioxidant
Properties and Composition of Deodorized
Extracts of Tussilago farfara L. Rec. Nat.
Prod., 7(2): 201-209.

Dube, P., Meyer, S. and Marnewick, J. L.
2017. Antimicrobial and Antioxidant
Activities of Different Solvent Extracts
from Fermented and Green Honeybush
(Cyclopia intermedia) Plant Material. South
Afr. J. Bot., 110: 184-193.

El-Chaghaby, G. A., Ahmad, A. F.and
Ramis, E. S. 2014. Evaluation of the
Antioxidant and Antibacterial Properties of
Various Solvents Extract of Annona
squamosa L. Leaves. Arab. J. Chem., T:
227-233.

Ghasemi, F., Tamadon, H., Hosseinmardi,
N. and Janahmadi, M. 2018. Effects of
Dorema ammoniacum Gum on Neuronal
Epileptiform Activity-Induced by
Pentylenetetrazole. Iran. J. Pharm. Res.,
17(2): 735-742.

Hazrati, S., Mollaei, S., Angourani, H. R.,
Hosseini, S. J., Sedaghat, M. and Nicola, S.
2020. Guide to Harvesting Heracleum
Persicum: How Essential Oil Composition
and Phenolic Acid Profile Fluctuate at
Different Phenological Stages? Food Sci.
Nutr., 8: 6192-6206.

Hosseini, S. A. R., Naseriy H. R,
Azarnivand, H., Jafari, M., Rowshan, V.
and Panahian, A. R. 2014. Comparing Stem
and Seed Essential Oil in Dorema


http://dx.doi.org/10.22034/jast.25.3.701
https://jast.modares.ac.ir/article-23-55823-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/jast.25.3.701 ]

Oil Profiling of Different D. ammoniacum

14.

15.

16.

17.

18.

19.

20.

21.

22.

JAST

ammoniacum D. Don. from Iran. J. Essent.
Oil-Bear. Plants, 17: 1287-1292.

Hosseini, S. S., Nadjafi, F., Asareh, M. H.
and Rezadoost, H. 2018. Morphological
and Yield Related Traits, Essential Oil and
Oil Production of Different Landraces of
Black Cumin (Nigella sativa) in Iran. Sci.
Hortic., 233: 1-8.

Hiisnii, C. B. and Buchbauer, G. 2015.
Handbook of Essential Oils: Science,
Technology, and Applications. CRC Press,
CL, US.

Jeong, S. M., Kim, S. Y., Kim, D. R., Nam,
K., Ahn, D. and Lee, S. C. 2004. Effect of
Seed Roasting Conditions on the
Antioxidant Activity of Defatted Sesame
Meal Extracts. J. Food Sci., 69: C377-
C381.

Jimoh, F. O., Adedapo, A. A. and Afolayan,
A. J. 2011. Comparison of the Nutritive
Value, Antioxidant and Antibacterial
Activities of Sonchus asper and Sonchus
oleraceus. Rec. Nat. Prod., 5: 29-42.
Khanahmadi, M., Miraghaee, S. and
Karimi, 1. 2012. Evaluation of the
Antioxidant and Antimicrobial Properties
of Dorema aucheri plant. Iran. Red
Crescent Med. J., 14: 684-685.

Khorasani, M. 2001. Makhzan al Advieh.
Bavardaran Press, Research Institute for
Islamic and Complementary Medicine, Iran
University of Medical Sciences, Tehran,
Iran.

Kumar, V. A., Ammani, K., Siddhardha, B.,
Sreedhar, U. and Kumar, G. A. 2013.
Differential Biological Activities of the
Solvent Extracts of Ceriops decandra
(Griff)) and Their Phytochemical
Investigations. J. Pharm. Res., T: 654-660.
Kuo, C. -T., Liu, T. -H., Hsu, T. -H., Lin, F.
-Y. and Chen, H. -Y. 2015. Antioxidant and
Antiglycation Properties of Different
Solvent Extracts from Chinese Olive
(Canarium album L.) Fruit. Asian Pac. J.
Trop. Med., 8: 1013-1021.

Li, H., Zhang, D., Tan, L. -H., Yu, B,
Zhao, S. -P. and Cao, W. -G. 2017.
Comparison of the Antioxidant Properties
of Various Solvent Extracts from Dipsacus
asperoides and Identification of Phenolic

715

23.

24.

25.

26.

27.

28.

29.

30.

31.

Compounds by LC-ESI-QTOF-MS-MS. S.
Afr. J. Bot., 109: 1-8.

Lim, S., Choi, A. -H., Kwon, M., Joung, E.
-J., Shin, T., Lee, S.-G., Kim, N. -G. and
Kim, H. -R. 2019. Evaluation of
Antioxidant Activities of Various Solvent
Extract from Sargassum serratifolium and
Its Major Antioxidant Components. Food
Chem., 278: 178-184.

Llorent-Martinez, E. J., Zengin, G., Sinan,
K. I, Polat, R., Canli, D., Picot-Allain, M.
C. N. and Mahomoodally, M. F. 2020.
Impact of Different Extraction Solvents and
Techniques on the Biological Activities of
Cirsium yildizianum (Asteraceae:
Cynareae). Ind. Crops Prod., 144: 112033.
Masoudi, S. and Kakavand, S. 2017.
Volatile Constituents of the Aerial Parts of
terataenium lasiopentalum (boiss.)
Manden., Stems and Leaves of dorema
ammoniacum d. Don. and Leaves, Fruits
and Stems of Leutea petiolare (dc.) m.
Pimen from Iran. J. Chil. Chem. Soc., 62:
3311-3314.

Mohdaly, A. A., Sarhan, M. A., Smetanska,
I. and Mahmoud, A. 2010. Antioxidant
Properties of Various Ssolvent Extracts of
Potato Peel, Sugar Beet Pulp and Sesame
Cake. J. Sci. Food Agric., 90: 218-226.
Motevalian, M., Mehrzadi, S., Ahadi, S.
and Shojaii, A., 2017. Anticonvulsant
Activity of Dorema ammoniacum Gum:
Evidence for the Involvement of
Benzodiazepines and Opioid Receptors.
Res. Pharm. Sci., 12: 53-59.

Nabavi, S. M., Nabavi, S. F. and
Ebrahimzadeh, M. A. 2012. Free Radical
Scavenging and Antioxidant Activities of
Dorema aitchisonii. J. Food Drug Anal.,
20(1): 34-40.

Norani, M., Ebadi, M. -T. and Ayyari, M.
2019. Volatile Constituents and Antioxidant
Capacity of Seven Tussilago farfara L.
Populations in Iran. Sci. Hortic,, 257:
108635.

Ordonez, A., Gomez, J. and Vattuone, M.
2006. Antioxidant Activities of Sechium
edule (Jacq.) Swartz Extracts. Food Chem.,
97: 452-458.

Orellana-Paucar, A. M., Afrikanova, T.,
Thomas, J., Aibuldinov, Y. K., Dehaen, W.,


http://dx.doi.org/10.22034/jast.25.3.701
https://jast.modares.ac.ir/article-23-55823-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/jast.25.3.701 ]

Norani et al.

32.

33.

34.

35.

36.

37.

de Witte, P. A. and Esguerra, C. V. 2013.
Insights from Zebrafish and Mouse Models
on the Activity and Safety of Arturmerone
as a Potential Drug Candidate for the
Treatment of Epilepsy. PLoS One, 8:
e81634.

Orellana-Paucar, A. M., Serruys, A. S. K.,
Afrikanova, T., Maes, J., De Borggraeve,
W., Alen, J., Leon-Tamariz, F., Wilches-
Arizabala, I. M., Crawford, A. D., de Witte,
P. A. M. and Esguerra, C. V. 2012.
Anticonvulsant Activity of Bisabolene
Sesquiterpenoids of Curcuma longa in
Zebrafish and Mouse Seizure Models.
Epilepsy Behav., 24: 14-22.

Prabakaran, M., Kim, S.-H., Sasireka, A.,
Chandrasekaran, M. and Chung, 1. -M.,
2018.  Polyphenol  Composition and
Antimicrobial Activity of Various Solvent
Extracts from Different Plant Parts of
Moringa oleifera. Food Biosci., 26: 23-29.
Rajani, M., Ravishankara, M., Shrivastava,
N. and Padh, H., 2001. HPTLC-aided
Phytochemical Fingerprinting Analysis as a
Tool for Evaluation of Herbal Drugs. A
Case Study of Ushaq (Ammoniacum Gum).
J. Planar Chromatogr. - Mod. TLC, 14: 34-
41.

Rajani, M., Saxena, N., Ravishankara, M.,
Desai, N. and Padh, H. 2002. Evaluation of
the

Antimicrobial Activity of Ammoniacum
Gum from Dorema ammoniacum. Pharm.
Biol.,, 40: 534-541.

Rechinger, K., Lemond, J. and Hedge, 1.
1987.  Flora Iranica (Umbelliferae).
Akademische DruckVerlagsanstalt, Graz,
Austria, 162: 236-257.

716

38.

39.

40.

41.

42.

43.

44,

Sarikurkcu, C., Ozer, M. S. and TIili, N.
2019. LC-ESI-MS/MS Characterization of
Phytochemical and Enzyme Inhibitory
Effects of Different Solvent Extract of
Symphytum anatolicum. Ind. Crops Prod.,
140: 111666.

Slinkard, K. and Singleton, V. L. 1977.
Total Phenol Analysis: Automation and
Comparison with Manual Methods. Am. J.
Enol. Vitic., 28: 49-55.

Takalloa, M., Sami, S. and Avvalb, M.
2013. Chemical Composition of the
Essential Oils from Flowers, Stems and
Roots of Dorema ammoniacum D. Don
from Iran. Res. J. Pharm. Biol. Chem. Sci.,
4: 640-644.

Tonkaboni, M. 2007. Tohfeh Al-Momenin.
Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Tirkugar, S. A., Karagelik, A. A. and
Karakése, M. 2021. Phenolic Compounds,
Essential Oil Composition, and Antioxidant
Activity of Angelica purpurascens (Avé-
Lall.) Gill. Turk. J. Chem., 45: 956-966.
Yousefzadi, M., Mirjalili, M. H., Alnajar,
N., Zeinali, A. and Parsa, M. 2011.
Composition and in Vitro Antimicrobial
Activity of the Essential Oil of Dorema
ammoniacum D. Don. Fruit from Iran. J.
Serb. Chem. Soc., 76: 857-863.

Zengin, G., Mahomoodally, M. F., Paksoy,
M. Y., Picot-Allain, C., Glamocilja, J.,
Sokovic, M., Diuzheva, A., Jeko, J.,
Cziaky, Z. and Rodrigues, M. J. 2019.
Phytochemical Characterization and
Bioactivities of Five Apiaceae Species:
Natural Sources for Novel Ingredients. /nd.
Crops Prod., 135: 107-121


http://dx.doi.org/10.22034/jast.25.3.701
https://jast.modares.ac.ir/article-23-55823-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/jast.25.3.701 ]

Oil Profiling of Different D. ammoniacum

JAST

Calizen G AI 6 jlas ST 5T Cad g sy 2 § il DS 5 Ll

Dorema ammoniacum D. Don.

oS>

able 5o Ly ST, il e O o elgls ol dludi o)l oLE (.Dorema ammoniacum D. Don) L,
LS 5 JAST (Las OF e (slaph 5 Olul 5 adlate 5 Ol (Ole 7 (Olghosl 033 a0kl Jald 1ol G5 5 55
euLLQLﬁOTéL.«}A,&UJ"ou\‘icﬁ:jt«.ﬁy@‘&}@ﬁ%&‘;\j‘éu\hb&b‘x‘&@)é..Lfa\gsag_]u\;f
.\i;,f@j@?ou;oupuﬂ Ol g 3,ldls adlats 3 u,é.,,dfhé Bl (b y a5 gl 3 Sl
3 lel DS gl g s S gl ST L b gy 4 OF il dadipas 0d S 31
45 o3zl (GC/MS) o pr grimnicbs & 0 oo D55y S 56 5 (GC G185 8 56 (slaolams
% /&1 % /Y Y /Y Yo/t ;.,gj:@D.ammoniacumé*p}Jf&?ﬂ Bl by gy sl g 033l
ol DL s S sdaline Lay Cilises laphsl bl SLSS 53 Gassls 5 acald T oty % 1
3 (% (2Z,6Z)-Farnesol (7/8 Cuparene (5/11 %) .E,6E)-Farnesol 2/%12) ¥) Lay e LS
Tridecanol Heptacosane (8/12 %) Thymol (7/14 %) Wss 4ty y wolul 53 . 34 (% B-Bisabolene (1/6
Endo-Fenchyl acetate ..us gluls Lol OS5 Olye 4 (% methylene-5-hexenal (8/6-¢ 5 (% (7/12
2 ks gluls e oLSTs (% Thymol (6/5 5 (% Cymen-8-ol (8/6 Elemicin (5/10 %) «(1/13 %)
Cuparene m-Hexadecanol (1/9 %) 3l &)le k.fﬂ oelal 53 e Slulid odas LS L n g Uiy aBle sl
bl 55 .55 (% B-Bisabolene (2/5 5 (% n-Eicosane (6/6 Di-n-butyl phthalate (6/6 %) «(2/8 %)
Heptadecanoic acid (8/7 4 (% n-Eicosane (2/8 .O-Elemene (2/11 %) Tridecanol 2/13 %) Lis Jf
ool 5 8 aslel Ly il (glaplisl 31 oual Sty Cilisue (sl las . el oty e LS5 Olyze & (%
(ST 5T sl Slias oS 515 Ol il sl 4520 Tl bl bl JS o 5D 5 JST s (ST T
53 30T Sl slge o i o 513 Olis uls . (P 0.01) s 8l sna Lnajluas plas 3 IS s 5526 5 IS U g
20505 YT 5 €Y L I IC50 L Ly 5y Jgbe oylae) ML 5 (Lis [ Jgbie 05lae) M2F (slasslae
IS Ists oslae) M2F (glacjlae 55 S Uy oy ey .k otaline YV/+ b 1, ICS0 U BHT b awlio 55 2 Js
el ey S gl 28 el SIE T e WO/Y ¥/ € e b (Ui 4ty Jgke o)liae) MR 5 (Lt
olas 05 S 08 Jeo Y/ 8 in b (L Sy Jgbe ojlae) M2L ojlae 55 S 5D o 5V
Al o (YU i 4y JS U5 5 STl T leb (g1l Ltg olS oS 53 Ol gl o el oy ST

717


http://dx.doi.org/10.22034/jast.25.3.701
https://jast.modares.ac.ir/article-23-55823-en.html
http://www.tcpdf.org

