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Abstract

Ferulago macrocarpa (Fenzl) Boiss. commonly known as Chavil e Roshanball in Persian is a medicinal and
aromatic plant from the Apiaceae family that grows in the west of Iran. The aim of this study was to investigate
the phytochemical components, phenolic contents, antioxidant and antibacterial activities of hydroalcoholic
extracts of F. macrocarpa flower and leaf from Lorestan, Iran.IC50 values, total phenol, flavonoid and
anthocyanin contents of flower and leaf extracts were 481.75 and 1505.59 μg/mL, 59.33 and 45.57 mg Gallic
acid equivalents, 45.76 and 11.53 mg Catechin equivalents and 0.73 mg Cyanidin-3-glucoside per g of dried
extract, respectively. The flowers extract exhibited inhibitory effects on Bacillus cereus and Staphylococcus
aureus. Analysis of the flower and leaf extracts by Gas chromatography-mass spectrometry (GC–MS) resulted
in twenty-seven molecules consisting 97.42% of the total flowers extract volatile, and forty-four molecules
consisting 94.91% of the total leaves extract volatile. The major components were bornyl acetate (37.1%),
terpinolene (9.99%), thymol (7.46%) and limonene (6.39%) in the flower extract, and bornyl acetate (37.91%),
o-cymene (7.83%), 2-hexanal (7.01%) and camphene (5.57%) in the leaf extract.

Keywords: Ferulago macrocarpa, Composition, Phenols, Antioxidant, Antibacterial

Introduction

Free radicals are atoms or molecules with unpaired
electrons in their valence-shell and therefore are
highly reactive particles. These particles are
generated as by-products of intracellular
biochemical reactions, as well as by many
exogenous agents such as environmental pollution,
ultraviolet radiation, cigarette smoking, alcohol
consumption and inflammatory disorders [1]. Free
radicals in low and moderate amounts play an
important role in metabolic processes like
phagocytosis, decreasing inflammation, cell
division and transmission of signals. Nevertheless,
their excessive accumulation causes changes in the
structure and function of biological molecules
including nucleic acids, proteins, lipids and
carbohydrates, which can lead to various diseases
like diabetes mellitus, cancer, cardiovascular

disease and aging [2]. Antioxidants are compounds
that by absorbing and eliminating free radicals may
prevent or delay some types of cellular damage [3].
A balance between free radicals and antioxidants is
essential for normal physiological function. In
living organisms, enzymatic antioxidants including
catalase, glutathione peroxidase, superoxide
dismutase, and non-enzymatic antioxidants such as
ascorbate, tocopherol, and glutathione are involved
in removing, neutralizing or scavenging free
radicals and protecting cells from their damaging
effects [4]. However, exogenous antioxidants are
also needed for the intact functioning of
endogenous antioxidants. Due to the potential
toxicity and carcinogenicity of synthetic
antioxidants, there is an increasing tendency to
replace them with natural harmless types of plant,
animal and microbial sources [5]. Many plants
contain high levels of polyphenols. Polyphenols are
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the compounds holding one or more phenol rings.
These compounds can be involved in the
neutralization of free radicals due to their reducing
properties. The main classes of polyphenols are
phenolic acids, flavonoids, stilbenes and lignans
[6,7].
The genus Ferulago from Apiaceae family consists
of about thirty-five species distributed in the world
especially in the west of Iran, Turkey, and Iraq.
About eight species are found in Iran, of which
three are native to Iran [8]. Ferulago species have
shown antibacterial, anti-cancer, antioxidant and
anti-acetylcholinesterase properties [9,10,11,12]. In
traditional Asian medicine, they have been used to
treat wounds, snake bites, headaches,
gastrointestinal tract and spleen diseases [13], also
as sedative, tonic, aphrodisiac and digestive agents
[14]. Ferulago macrocarpa (Fenzl) Boiss. (Chavil
e Roshanball in Persian) is an aromatic plant
growing in the west of Iran. It is a perennial
glabrous herb with 40‐100 cm tall, cylindrical
dichotomously branched stem, shortly petiolate,
pinnate-sect, terminal segment, linear‐oblong, acute
leaves, and yellowish, synflorescence corymbose-
paniculiform flowers [15]. F. Macrocarpa has been
used as a medicinal plant, food protectant and
flavoring agent [13]. In the present study, volatile
fraction composition, antioxidant and antibacterial
properties, total phenol, flavonoids and
anthocyanins of hydroalcoholic extracts of the F.
macrocarpa flower and leaf from the Kouhdasht
region of Lorestan province in the west of Iran
were investigated for the first time.

Material and Methods

Plant Material and Extraction Procedure

The aerial parts of F. Macrocarpa were gathered
from the Kouhdasht region (Lorestan province,
west of Iran). Authentication of the plant and
voucher specimen (No. 24011) was conducted by
Tehran university herbarium, Iran. To prepare plant
extracts, 10 g of each flower and leaf were
extracted three times with ethanol/water (80:20) in
the cycle of 24 hours each. The filtrates of extracts
were combined and dried under a vacuum in a

rotary evaporator at 40 ◦C. The obtained extracts
(2.5 g of flower and 2.2 g of leaf) were stored at 4
◦C until analyzed.

Antioxidant Activity

Antioxidant activity of the F. Macrocarpa extracts
was evaluated by 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) free and stable radicals [16]. Briefly, 20
µL of the sample at various concentrations (250-
1000 µg/mL) was mixed with 500 µL of the
methanol solution of DPPH (6 10-6 M) and 480 μL
of methanol. These solutions were vortexed
thoroughly and incubated in dark for 30 minutes at
room temperature. Antioxidant activity was
determined by measuring the absorbance at 517 nm
using UV-Vis spectrophotometer (JENWAY 6405,
UK) against methanol as blank. The radical
scavenging percentage was calculated using the
following formula:

(1)

Where Ac is the absorbance of DPPH as control
and As is the absorbance of DPPH in the presence
of the test sample. The needed concentration of
sample for neutralizing 50% of free radicals (IC50)
was obtained using the DPPH radical inhibitory
curve against the sample concentration.

Total Phenolic Content (TPC)

The TPC of the F. Macrocarpa extracts was
assessed by the Folin-Ciocalteu colorimetric
method, based on the reaction of Folin reagent with
hydroxyl active groups in phenolic compounds
[17]. Briefly, 0.5 mL of the extract or Gallic acid
standard solution at different concentrations was
mixed with 2 mL of 1:10 diluted Folin-Ciocalteu
reagent. The mixture was then neutralized with 4
mL of sodium carbonate solution (7.5%). After 30
minutes of incubation in the dark with intermittent
shaking, the absorbance was measured at 765 nm
against the blank using UV-Vis spectrophotometer.
The total phenolic content was calculated from the
calibration curve of Gallic acid (S1) (Y=0.0077X

+0.0051 (R2=0.9995) and expressed as mg of
Gallic acid equivalents (GAE) per g of dry extract.

Total Flavonoid Content (TFC)

The TFC of the F. Macrocarpa extracts was
measured by the aluminum chloride colorimetric
assay [18]. 1 mL of the extract or Catechin standard
solution at different concentrations was dispensed
in a flask containing 4 mL of distilled water. To the
above mixture, 300 µL of NaNO2 (5%) was added.
After 5 minutes, 300 µL of AlCl3 (10%) was
added, allowed to stand for 6 minutes, then
followed by the addition of 2 mL of NaOH (40%).
The final volume of the solution was adjusted to 10
mL with distilled water and thoroughly mixed.
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After 15 minutes incubation at room temperature,
the absorbance was recorded against the blank at
510 nm using UV-Vis spectrophotometer. The total
flavonoid content was calculated from the standard

curve of Catechin(S2) (Y = 0.0026 X + 0.005 (R2 =
0.9927)) and expressed as mg of Catechin
equivalents (CAT) per g of dry extract.

Total Monomeric Anthocyanin content (TMA)

The TMA content of the F. Macrocarpa extracts
was estimated by the pH differential method [19].
This method is based on the fact that anthocyanins
absorb light at 510 nm at pH 1.0 but not at pH 4.5.
Thus, the difference in absorbance at 510 nm is
directly proportional to anthocyanin concentration
[20]. The extracts were diluted in a 1:12 ratio (v/v)
with potassium chloride and sodium acetate buffers
(pH 1.0 and 4.5, respectively) in separate vessels.
After 15 minutes incubation at room temperature,
the absorbance of each solution was read
spectrophotometrically at 510 nm. The
concentration of anthocyanins was calculated using
the following equation:

Anthocyanin (mg/L) = (A×MW×DF×10
3
) / (ε×L) (2)

Where A=ApH1- ApH4.5; MW=484.82 g/mol for
Cyanidin-3-glucoside (C3G); DF is dilution factor;
Molecular absorption coefficient (ε)= 24825 L mol

-

1
cm

-1
for C3G; L= path length in cm; and 10

3
=

factor for conversion from g to mg.
Total phenol, flavonoids, and anthocyanins of the
F. Macrocarpa extracts were measured at
concentrations of 250-1000 μg/mL, at 5 °C, 25 °C
and 45 °C, at zero and after 24 hours incubation at
room temperature.

Antibacterial Activity

Antibacterial activity of the F. Macrocarpa extracts
was measured against Bacillus cereus (ATCC
11778), Staphylococcus aureus (ATCC 6538),
Klebsiella pneumonia (ATCC 10031) and
Escherichia coli (ATCC 8739) by disc diffusion
method [21]. Nutrient agar plates were inoculated
with the bacterial strains using a sterile swab. 30
µL of the extracts (1-100 mg/mL) was placed on
the surface of the inoculated plates. Amikacin and
DMSO were used as positive and negative control,
respectively. After 24 hours incubation at 37 °C,
the diameter of the inhibition zones was measured
(mm).
All determinations were carried out in triplicate and
the results were presented as mean.

Chemical Characterization

The volatile fraction composition of the F.
Macrocarpa flower and leaf extracts were analyzed
using a gas chromatograph equipped with a
GCMS-QP5050A mass spectrometer (Shimadzu
GC-17A, Kyoto, Japan). Separation of the
compounds was carried out on a BP-X5 fused-
silica capillarity column with the length of 30 m,
the inner diameter of 0.22 mm and the film
thickness of 0.25 μm. Ultra-pure helium at a flow
rate of 0.8 mL/min was used as the carrier gas. 1
μL of the extract (10 mg/mL) was injected using a
50:1 split ratio. Mass spectra were recorded at 70
eV over a scan range of 35-450 m/z. Injector and
interface temperatures were 280 ºC and 260 ºC,
respectively. The initial oven temperature was 40
ºC, gradually increased to 100 ºC at the speed of 20
ºC/min, and then raised to 220 ºC at 3 ºC/min and
finally increased to 280 ºC at 30 ºC/min and held
for 2 minutes.
The extract constituents were identified by
comparison of their retention indices relative to
(C8-C20) n-alkanes and by comparison of their
mass spectra with those of the internal reference
mass spectra library (NIST.08 and Wiley 9.0). The
percentage of volatile compositions was calculated
from the GC peak areas.

Results and Discussion

The antioxidant activity of the samples was tested
using DPPH method. DPPH is a stable free radical
and its methanolic solution shows a maximum
absorption at 517 nm. On mixing DPPH solution
with a substance that can donate a hydrogen atom,
the color of the solution changes from dark purple
to light yellow and hence the absorption of the
solution decreases [22]. Flower extract with IC50
value of 481.6 μg/mL exhibited considerable
activity against DPPH radicals. This activity was
increased by increasing the extract concentration.
Leaf extract with the IC50 of 1505.6 μg/mL
showed less antiradical activity than the flower
extract (Table 1). Since the antioxidant property of
the tested samples may be due to their content of
phenolic compounds, the level of these compounds
in the extracts was measured in the current study.
The effects of extract concentration, ambient
temperature and incubation time on their amount
were also investigated. Phenolic acids and
flavonoids generally act as antioxidants by trapping
free radicals. Anthocyanins, a class of flavonoids,
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are potent antioxidants and free radical scavengers
[23].
The results of this study showed the F. macrocarpa
flower and leaf hydroalcoholic extracts contain a
considerable level of phenolic compounds (Table
1). With increasing concentration of the extracts,
the amount of extracted phenols and flavonoids
increased. However, the level of extracted
anthocyanins decreased in flower extract. By
diluting the flower extract and increasing the ratio
of solvent to dry extract, the extraction level of
anthocyanins increased. A higher solvent ratio may
result in faster anthocyanin dissociation. In another
study, the amount of anthocyanin extraction
increased with increasing solvent content [24]. The
extracted phenol level in the flower and leaf
extracts increased with temperature rise up to 25 °C
but decreased at higher temperatures. Mild heat
may cause softening of plant tissues and weaken
the interaction of phenolic compounds with other
compounds and thus facilitate the extraction
process of compounds [25]. However, higher
temperatures may degrade heat-sensitive
polyphenols [26]. The extracted flavonoid and
anthocyanin levels showed a reverse correlation
with temperature. At high temperatures, certain
flavonoids may decompose into other compounds.
Najar and colleagues observed that in regions with
lower temperatures, the accumulation of flavonoids
in the plant is greater [27]. Monomeric
anthocyanins may be polymerized by the increase
in temperature, and because polymers do not
exhibit color change with changing pH, they cannot
be measured by the differential pH method [19].
The results showed that increasing incubation time
reduced the amount of phenol, flavonoids, and
anthocyanins of the extracts, which probably
resulted from the chemical decomposition of these
compounds in the prolongation of extraction time.

Given that F. macrocarpa is used as a food
preservative, the effect of its extracts on food
pathogens including two Gram-positive bacteria (B.
cereus and S. aureus) and two Gram-negative
bacteria (K. pneumonia and E. coli) were studied.
In the present experiment, the flower
hydroalcoholic extract of F. Macrocarpa exhibited
antibacterial activity against S. aureus with mean
inhibition zone diameter 11 and 13 mm, and B.
cereus with mean inhibition zone diameter 10 and
11 mm at concentrations of 1.5 and 3 mg/disc,
respectively. The F. macrocarpa flower and leaf
extracts did not show any activity against Gram-
negative bacteria (Fig.1). This difference may be
due to the presence of an external membrane in
addition to the peptidoglycan layer in the wall of
the Gram-negative bacteria. The hydrophilic
surface of this membrane acts as a barrier to
antibiotic penetration. The cell wall of the Gram-
positive bacteria lacks an outer membrane and
therefore it is easier to cross the cell wall [28].
The antimicrobial effects of some species of the
genus Ferulago have already been reported.
Tabataba'I Yazdi has reported that ethanolic and
aqueous extracts of F. angulata have completely
stopped the growth of S. epidermium and Y.
enterocolitica, but did not significantly affect the
growth of E. aerogenes [29]. Research carried out
by Chalabian et al. showed that F. bernardii extract
was inhibitory against S. aureus, B. subtilis, E. coli,
and C. albicans, but was not active against S.
epidermidis and S. saprophyticus [30]. Flower
extract analysis of the F. macrocarpa showed
twenty-seven constituents, representing 97.42% of
the total volatile fraction.

Table 1 Radical scavenging activity, Phenol, Flavonoid and Anthocyanin contents of the Ferulago macrocarpa (Fenzl)
Boiss. flower and leaf hydroalcoholic extracts.

Extract Con.
(µg/ml)

RSA
(%)

Phenols
(mg.GAE/g dw)

Flavonoids
(mg.CAT/g dw)

Anthocyanins
(mg.C3G/g dw)

5 °C 25 °C 45 °C 5 °C 25 °C 45 °C 5 °C 25 °C 45 °C

Flower
250 32 8.1 22.6 12.2 36.2 21.5 21.2 5.12 2.19 1.46
500 51 20.5 29.2 28.9 60 28.5 27.3 4.15 1.7 0.97
1000 94 46.9 59.3 48.1 116.5 45.8 41.5 1.7 0.73 0.48

Leaf
250 39 12.5 15.3 10.9 8.1 5.5 3.8 2.19 1.9 0.48
500 41 23.3 24.1 19.9 12.3 8.5 7.7 2.44 2.19 0.73
1000 45 41.2 45.6 40.3 18.5 11.5 8.5 2.92 2.68 1.22

RSA represents DPPH radical scavenging activity, GAE mg/g dw, CAT mg/g dw, and C3G mg/g dw represent mg of Gallic
acid equivalents, mg of Catechin equivalents and mg of Cyanidin-3-glucoside equivalents per g of dried extract,respectively.
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Table 2 Composition of the Ferulago macrocarpa (Fenzl) Boiss. flower hydroalcoholic extract.

No. Componenta RTb RIc Area%
1 alpha Pinene 4.81 939 5.37
2 Camphene 5.17 953 2.31
3 Sabinene 5.55 976 1.94
4 Myrcene 5.75 991 5.76
5 Mesitylene 6.04 994 0.29
6 alpha Phellandrene 6.22 1005 5.99
7 o-Cymene 6.63 1022 5.26
8 Limonene 6.70 1031 6.39
9 beta Phellandrene 6.79 1031 2.43

10 z beta Ocimene 6.94 1040 0.45
11 gamma Terpinene 7.33 1062 0.47
12 Terpinolene 8.01 1088 9.99
13 2,5-Dimethylstyrene 8.23 1096 0.23
14 Camphor 10.01 1143 0.13
15 Borneol 10.70 1165 2.04
16 p-Cymene-8-ol 11.09 1183 0.73
17 Pulegone 12.82 1237 0.25
18 Bornyl acetate 14.22 1285 37.08
19 Thymol 14.49 1290 7.46
20 Carvacrol 14.83 1298 0.58
21 Copaene 17.57 1376 0.07
22 beta Elemene 18.03 1391 0.19
23 Aromadendrene 19.15 1439 0.38
24 E Caryophyllene 19.39 1417 0.49
25 z beta Bisabolene 21.92 1504 0.39
26 Spathulenol 25.76 1576 0.25
27 Caryophyllene oxide 25.96 1581 0.57

aCompounds identified in the BP-X5 capillary column; bRetention time in minutes; cLiterature retention indices.

Table 3 Composition of the Ferulago macrocarpa (Fenzl) Boiss. leaf hydroalcoholic extract.

No. Compounda RTb RIc Area (%)
1 2-Hexenal 3.58 857 7.05
2 Hexanol 3.77 867 2.56
3 Nonane 4.11 899 0.22
4 Heptanal 4.31 899 0.22
5 α- Thujene 4.65 931 0.51
6 α- Pinene 4.83 939 3.68
7 Camphene 5.17 953 5.57
8 Sabinene 5.54 976 2.06
9 Myrcene 5.73 991 2.92
10 3-Hexanol acetate 6.06 1004 0.12
11 α- Phellandrene 6.21 1005 1.13
12 α-Terpinene 6.42 1018 0.17
13 ortho Cymene 6.62 1022 7.83
14 Limonene 6.69 1031 1.64
15 β - Phellandrene 6.78 1031 0.58
16 (z) β - Ocimene 6.93 1040 0.94
17 γ -Terpinene 7.32 1062 0.59
18 Terpinolene 7.99 1088 1.92
19 Nonanal 8.41 1102 0.17
20 Limonene oxide 8.83 1139 0.13
21 Verbenol 9.78 1140 0.65
22 Camphor 9.98 1143 0.25
23 Borneol 10.68 1165 2.42
24 P-Cymene-8-ol 11.07 1183 0.77
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25 Decanal 11.36 1204 0.30
26 Myrtenal 11.47 1193 0.11
27 Verbenone 11.88 1204 0.26
28 Carveol 12.08 1229 0.13
29 Pulegone 12.81 1237 0.52
30 Decanal 13.58 1272 0.37
31 Bornyl acetate 14.28 1285 37.91
32 Thymol 14.50 1290 1.66
33 Undecanol 17.30 1372 0.45
34 Copaene 17.56 1376 0.84
35 β - Elemene 18.00 1391 1.30
36 Undecanal 18.73 1407 0.79
37 Aromandendrene 19.38 1439 0.82
38 Geranyl acetone 20.23 1453 0.24
39 Caryophyllene 20.82 1417 0.12
40 Dodecanol 21.25 1473 0.16
41 Germacrene D 21.80 1480 0.97
42 β - Selinene 22.18 1485 0.15
43 α- Bisabolene 22.39 1504 0.15
44 α- Farnesene 22.59 1508 0.20
45 δ - Cadinene 23.16 1524 0.22
46 Nerolidol 24.66 1564 0.23
47 Spathulenol 25.78 1576 1.00
48 Carophyllene oxide 26.00 1581 1.91

aCompounds identified in the BP-X5 capillary column; bRetention time in minutes; cLiterature retention indices.

Fig. 1 Antibacterial activity of the Ferulago macrocarpa

(Fenzl) Boiss. flower extract against (a) K. pneumonia, (b)
S. aureus, (c) E. coli, (d) B. cereus.

The main classes present in the flower extract were
monoterpene hydrocarbons (46.62%) and
oxygenated monoterpenes (48.31%) in a total of
nineteen compounds. Five sesquiterpene
hydrocarbons (1.53%), two oxygenated
sesquiterpenes (0.83%) and one non-terpene
compound were also identified. The flower extract
comprised mainly of bornyl acetate (37.08%),
followed by terpinolene (9.99%), thymol (7.46%),

limonene (6.39%), α-phellandrene (5.99%),
myrcene (5.76%), α-pinene (5.37%) and o-cymene
(5.26%) as shown in Table 2.
Antibacterial activity of the flower extract may be
attributed to the presence of terpinolene, thymol
and α- pinene. The weak antibacterial activity of
these compounds has been reported [31].
The identified components in the volatile fraction
of F. Macrocarpa leaves extract are presented in
Table 3. The volatile fraction of leaves extract
comprised forty-eight constituents accounting for
94.91% of the total volatile amount. Of the detected
compositions, 74.59% was monoterpenes and 7.91
% was sesquiterpenes, representing a total of
82.50%. The main identified compounds were
bornyl acetate (37.91%), o-cymene (7.83%), 2-
hexanal (7.01%), camphene (5.57%) and α-pinene
(3.64%). The results indicated that bornyl acetate
was the major component in the volatile obtained
from both flower and leaf extracts of F.
macrocarpa. There are no investigations on volatile
of the F. macrocarpa flower and leaf extract from
Lorestan (Iran), while the volatile composition of
aerial parts of F. macrocarpa growing in Ilam
(western Iran) have previously been studied. Sajjadi
et al. (2012) reported the major component of F.
macrocarpa fruit essential oil was bornyl acetate
(40.8%), followed by 2,3,6-trimethyl benzaldehyde
(7.2%) and δ-selinene (5.5%). Monoterpenes and
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sesquiterpenes comprised 63.6% and 27.5% of the
F. macrocarpa fruit essential oil, respectively [8].
Results of another study by Hadjiakhoondi et al.
(2002) indicated that bornyl acetate (45.7%),
borneol (17.2%) and β-gurjunene (9.2%) are the
main compounds of the F. macrocarpa aerial parts
essential oil [32]. Jila Asghari et al. (2013) detected
borneol and bornyl acetate in the F. macrocarpa
aerial parts essential oil [33].

Conclusion

F. macrocarpa is an aromatic herb and a rich
source of phenolic and terpenoid compounds with
antioxidant and antibacterial capacities. Thus, it
may be used in cosmetics, food and pharmaceutical
industries.
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