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Introduction 

Medicinal plants have been extensively applied from 

ancient times in medicine (especially cold, vomiting 

and gastro-intestinal disorder), cosmetics (as 

perfumes), for controlling natural spoilage 

microorganisms, preventing or controlling growth of 

microorganisms, including food-borne pathogenic 

bacteria and also improving the flavor of foods.1-4 

Essential oils of various plants and their chemical 

constituents have been known to exhibit various 

beneficial effects, in particular antibacterial, antifungal, 

antiviral, antihelminthic and anti-carcinogenic since 

ancient time.5-8 These biological effects of the 

medicinal plants and their essential oils or extracts are 

mostly due to their chemical composition especially 

phenolic compounds.9-11  

The Ferulago genus plants (known as “Chavir” in 

Persian), belong to the family of Apiaceae and are 

perennial or annual plants with small flowers and 

yellow fruits typical reprehensive of the Mediterranean 

flora.12 These species grow as wild in several areas all 

over the world especially in the west of Iran, Turkey 

and Iraq.13 These species are traditionally used as 

sedative, tonic, digestive and anti-parasitic agent.13 The 

essential oils of Ferulago spp. have long been applied 

as an additive to edible oil (eg. Rughan 

Kermanshahi).12 As well as, different parts of the plant 

have found various uses in the food industry such as for 

flavoring cheese and meat.14 In Iran, Ferulago angulata 

(Schlecht.) Boiss is commonly known as “Chavir” and 

is abundant in the Zagros Mountain Range.12 In Iranian 

folk medicine, this species used to treat intestinal 

worms, wound skin infections, snake bites, headache 

and diseases of the spleen and gastrointestinal tract.12-14  

Several researches from different parts of Iran have 

showed this plant is the main source of phenolic 

compounds such as carvacrol and trimethyl-

benzaldehyde.15,16 Chemical composition of various 

essential oil of plants may be affected by genetic and 

environmental factors such as geographical conditions, 

climate and seasonal variations and the stage of the 

plant growth.10, 17-20 In different parts of Iran, most of 

the researches on F. angulata have been focused on 

few indigenous species to a limited geographical 

region.12,14,15,21,22,24 For example, Akhlaghi et al.,14 

examined chemical composition of F. angulata 

gathered from Khorasan (northeast of Iran), indicated 

that α-pinene (10.5%), limonene (9.6%) and β-myrcene 

(5.5%) were the major constituents.  Moreover, Taran 

et al.,13 reported the most abundant compounds of F. 

angulata essential oil were Z-β-ocimene (27.9%), 

followed by α-pinene (25.7%), bornyl acetate (3.9%), 

germacrene D (22.3) and trans-ocimene (3.3%). 

However, based on our knowledge, there has been no 

comprehensive and comparative study on the diversity 

and variability of the essential oil of F. angulata in 

different parts of Iran. Therefore, studying the 

variability of natural populations in each country may 

have a great role in identification and introduction of 

the species with high contents of essential oils and 
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major compounds in order to be used in food and 

pharmaceutical industries. Hence, the purpose of the 

present study was evaluation of variation in F. angulata 

essential oils. 

 

Materials and Methods  

Collection of plant material  

The aerial parts of F. angulata were gathered from 

three different regions (Lorestan, Kermanshah and 

Kurdestan, west of Iran) (Table 1) in May-July 2014. 

Authentication of the plants was conducted by Dr. 

Seyed Mohammad Masoumi (Faculty of Agriculture, 

Razi University, Kermanshah, Iran) and representative 

voucher specimens have been placed in the herbarium 

of the Research Center of Natural Resources of Tehran, 

Iran (Table 1). 

 
Table 1. Geographical properties of natural habitats and voucher numbers of F. angulata in western Iran. 

No Collection site 
Latitude 

(UTMa) 

Longitude  

(UTM) 

Altitude  

(m a.s.lb) 

voucher 

number 

1 Gilane Gharb, Kermanshah province, Iran 3,776,583 585,867 833 6816 

2 Hamzeh, Lorestan province, Iran 3,716,721 250,198 976 6818 

3 Kamiaran, Kurdestan province, Iran   3,879,030 601,413 1216 6810 

a:UTM: Universal Transverse Mercator; b:m a.s.l.: m above sea level 

 

Isolation of the essential oil  

Fresh plants were dried for two weeks at room 

temperature in dark space (water content approached 

75% of plant fresh weight). Dried aerial parts were 

ground using a Moulinex food processor and 100g of 

the fine powdered-tissue from each part was distillated 

with 500 ml water for 3h using a Clevenger-type 

apparatus, according to standard technique outlined in 

the European Pharmacopoeia.25 The isolation of the 

essential oil process was repeated in triplicate. The 

essential oil phase was separated from water and dried 

over anhydrous sodium sulfate (Merck, Darmstadt, 

Germany) and kept in dark glass bottle (sealed brown 

bottle) at refrigerated temperature before chemical 

analysis (prior to use).  

 

Gas chromatography–mass spectrometry (GC/MS) 

analysis of essential oil  

Identification of the essential oils was performed by 

analytical gas chromatograph coupled with mass 

spectrometer detector (GC/MS). The GC analysis was 

conducted on gas chromatograph (Thermo Quest 

Finningan, UK) equipped with DB5 capillary column 

(30m×0.25mm, 0.25µm film thickness). The flow of 

the carrier gas (Helium) was 1.2ml per min. Initial 

column temperature was 50°C and programmed to 

increase at 2˚C/min to 265˚C. The injector temperature 

was set at 250°C. Split injection was conducted with a 

split ratio of 1:20. Essential oil samples of 0.1µl were 

injected neat. The essential oil samples were also 

analysed by (GC/MS) (Thermo Quest Finningan, UK) 

using the similar capillary column and analytical 

conditions as described above. The MS was operated in 

the electron ionization mode, using ionization energy 

of 70eV. Oil constituents were identified based on their 

retention indices, by comparison of their mass spectra 

with those reported in the literature26 and stored in 

National Institute of Standards and Technology (NIST) 

and Standard Mass Spectral fragmentation pattern 

(Wiley/NBS) libraries. 

 

 

Statistical analysis  

One way analysis of variance (ANOVA) was 

performed on all data using SPSS software 

(version 16.0) and values of p<0.05 were considered 

statistically significant.  

 

Results and Discussion 

Essential oil yields 

Figure 1 shows the essential oil yields of F. angulata 

from different parts of Iran. Statistical analysis 

indicated that there was significant difference (p<0.05) 

for the essential oil yield. Similarly, results of a study 

by Javidnia et al.,22 and Taran, et al.,13 indicated the 

yield of the essential oil from the aerial parts of F. 

angulata collected from different parts of Iran during 

flowering stage was 0.5% and 0.63%. The highest 

amount of essential oil was obtained from Kurdestan 

samples followed by Kermanshah and Lorestan. 

   

 
Figure 1. The essential oil yield of the aerial parts of various F. 
angulata from different parts of Iran.  
a,b and c means with different letter are statistically significant 
at 5% level probability. 

 

Chemical compositions of essential oils 

The main constitutes identified in the essential oils 

from the aerial parts of F. angulata (Schlecht.) Boiss 

by GC and GC/MS are shown in Table 2 and Figure 2-

4.  As shown in Table 2, the major compounds in the 
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essential oil from the aerial parts of F. angulata 

(Schlecht.) Boiss from different parts of Iran were α-

pinene (25.82%), Z-β-ocimene (23.48%), bornyl 

acetate (9.94%), germacrene D (4.01%), myrcene 

(3.06%), ɣ-terpinene (3%), limonene (2.27%) and p-

cymene (1.99%). Indeed, the main components were 

belonged to monoterpene hydrocarbons (α-pinene, 

myrcene, limonene, p-cymene, ɣ-terpinene and Z-β-

ocimene), oxygenated monoterpenes (bornyl acetate) 

and sesquiterpene hydrocarbons (germacrene D). The 

Kurdestan province had the maximum contents of Z-β-

ocimene and p-cymene. As well as, the highest 

percentage of germacrene D, myrcene and limonene 

were achieved from the essential oil from Kermanshah 

sample. Moreover, the Lorestan province had the 

maximum contents of α-pinene, ɣ-terpinene and bornyl 

acetate.  

 

Table 2. The main constituents of the essential oils from different parts of F. angulata populations. 

Components α-Pinene Myrcene Limonene p-Cymene Z-β-Ocimene ɣ- Terpinene Bornyl acetate Germacrene D 

Lorestan  34.45a 2.61a 2.38a 1.21a 22.43a 1.08a 11.67a 3.03a 

Kermanshah 28.43b 4.67b 2.74a 2.17b 20.12b 5.72b 7.92b 5.63b 

Kurdestan 14.6c 1.9c 1.7b 2.60c 27.90c 2.2c 10.23c 3.39c 

a,b and c: Means with different lowercase letters in the same column are significantly different (p<0.05).  

 

As presented in Figure 2-4, the first compound that 

recognized in GC/MS analysis of F. angulata collected 

from Kermanshah, Kurdestan and Lorestan was α-

pinene, followed by myrcene, limonene, p-cymene, Z-

β-ocimene, ɣ-terpinene, bornyl acetate and germacrene 

D. Our results about most abundant chemical 

compounds of F. angulata collected from different 

parts of Iran are accordance with Darderafshi et al.,21 

and Rezazadeh et al.23  As well as,  Taran et al.,13 

reported the most abundant compounds of F. angulata 

essential oil was Z-β-ocimene (27.9%), followed by α-

pinene (25.7%), bornyl acetate (3.9%), germacrene D 

(22.3) and trans-ocimene (3.3%). Akhlaghi et al.,14 

examined chemical composition of F. angulata 

gathered from Khorasan (northeast of Iran), indicated 

that α-pinene (10.5%), limonene (9.6%) and β-myrcene 

(5.5%) were the major constituents. Several researches 

showed that α-terpinene and Z-β-ocimene were the 

main constituents of F. angulata essential oil from 

different parts of Iran.12,22,24 It was north worthy, the 

diversity and variability the reports regarding to 

chemical composition content of F. angulata essential 

oil might be originated from several environmental 

(geographical conditions, climate and seasonal 

variations and the stage of the plant growth), genetic 

differences and different method used to extraction of 

the essential oil.17,18,27,28 

 

 

 

Figure 2. Chromatogram of essential oil composition of F. angulata collected from Kermanshah Province. a α-Pinene, b Myrcene, c 

Limonene, d p-Cymene, e Z-β-Ocimene, f ɣ- Terpinene, gBornyl acetate, h Germacrene D. 
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Figure 3. Chromatogram of essential oil composition of F. angulata collected from Lorestan Province. . a α-Pinene, b 

Myrcene, c Limonene, d p-Cymene, e Z-β-Ocimene, f ɣ- Terpinene, gBornyl acetate, h Germacrene D. 
 
 

 
Figure 4. Chromatogram of essential oil composition of F. angulata collected from Kurdestan Province. a α-Pinene, b 

Myrcene, c Limonene, d p-Cymene, e Z-β-Ocimene, f ɣ- Terpinene, gBornyl acetate, h Germacrene D. 
 

Conclusion 

The results of the present research provide, for the first 

time, data on the chemical composition of the essential 

oils from the aerial parts of various populations of F. 

angulata collected from the Zagros Mountain Range 

(Kermanshah, Lorestan and Kurdestan provinces), 

western Iran. The main constituents of the essential oils 

of F. angulata aerial part include α-pinene, myrcene, 

limonene, p-cymene, Z-β-ocimene, ɣ-terpinene, bornyl 

acetate and germacrene D. Variation in oil composition 

and yield of F. angulata can result from genetic 

diversity and differences in environmental conditions 

and their interactions. The main source of variability in 

chemical composition and oil yield of the studied 

populations seemed to be due to differences in 

environmental conditions. In final, the results of the 

present study can introduce appropriate population for 

cultivation and extraction of each main compound. 
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