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Abstract 

 Glaucosciadium cordifolium is distributed in Central Anatolia, the Mediterranean region and Northern 
Cyprus. It has been used in traditional medicine as an aphrodisiac. In the present study the essential oil 
content, oil components and antioxidant properties of G. cordifolium plant collected from the natural location 
were determined. It was observed that the essential oil content and oil components obtained from fresh and 
dry plant parts differed. The highest essential oil ratio (1.40%) was obtained from the dried leaf, while the 
lowest ratio (0.15%) was obtained from the fresh stem. Analysis results showed that the main components of 
the essential oil were 1-phellandrene (9.23-34.08%), α-pinene (10.23-31.95%), dl-limonene (10.39-22.21%) 
and cis-ocimine (6.84-12.45%). In addition, some of these main components were higher in dry plant parts, 
while others were higher in fresh plant parts. In terms of antioxidant properties, higher values were obtained 
in dry plant parts as well as in the essential oil ratio. While the maximum radical scavenging activity values 
(32.70%) were obtained in the dry stem, the lowest value (16.63%) was obtained in fresh leaves. 
 
Introduction 
 The flowering plants belonging to Apiaceae consists of about 450 genera and 3700 species. It 
is widely distributed in temperate regions of both the northern and southern hemispheres and is 
highly diverse in Central Asia (Ozcan et al. 2021). This family is represented by 101 genera and 
485 species (511 taxa) in Turkey and rich in commercial essential oils and has a wide traditional 
use. Yildiz et al. (2021) have investigated essential oils of many species belonging to Apiaceae. 
 Glaucosciadium cordifolium (Boiss.) B.L.Burtt and P.H. Davis has a characteristic smell and 
grow on stony river banks and chalky slopes  and distributed in Central Anatolia, the 
Mediterranean region and Northern Cyprus. G. cordifolium has been used as an aphrodisiac in 
traditional medicine and is known as “sakarotu” or “çakşırotu” in Turkey. According to the Flora 
of Turkey, the genus Glaucosciadium Burtt & Davis is represented by one taxon in Turkey and 
two in the world (Davis 1982, Ozhatay and Koçak 2011, Karadag et al. 2019). 
 Karaman Ermenek District, both geographical and floristic in terms of climate, Central 
Anatolia is presented in the passage between the Mediterranean Regions, Davis (1982) enters the 
C4 frame according to his grid system for Turkey. Because Central Anatolia and Mediterranean 
climates meet on these habitats, the diversity in the vegetation of the region is understood 
automatically. Analysis of the flora of the region, showed that the ratio of Iran-Turan (21.20%) 
and Mediterranean (20.45%) elements is very close to each other and it may be considered as the 
result of this transition situation (Davis 1982, Maral et al. 2018). 
 Study on the essential oil composition and antioxidant activity of G. cordifolium is not 
available. Hence, the composition and antioxidant properties of the essential oil obtained from the 
fresh and dried fruit, stem and leaf of G. cordifolium were investigated. 
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Materials and Methods 
 Fresh aerial parts of G. cordifolium were collected from Ermenek district of Karaman, Turkey 
in September 2020 and were dried at room temperature. For isolation, 25 g of samples were 
subjected to hydro-distillation with distilled water (1:10) by a neo-Clevenger type apparatus for 
three hrs in two replications. The oils were dried over anhydrous sodium sulfate and stored in dark 
vials at 4°C. The essential oil was obtained from fresh and dried stem, leaf and fruits. 
 A gas chromatography (GC) system (Agilent Technologies, 7890B) equipped with a flame 
ionization detector (FID) and connected to a mass spectrometer detector (MSD). Agilent 
Technologies, 5977A was used to identify the chemical components of EOs. The column for 
separation of the compounds was HP-Innowax (Agilent 19091N-116: 60 m × 0.320 mm inner 
diameter and 0.25 µm film thickness). The carrier gas was Helium (99.999%) with a flow rate of 
1.3 ml min-1. The injection volume was set to 1 μl (20 μl EO dissolved in 1 ml n-hexane). The 
solvent latency was 8.20 min. The injection was carried out in split mode (40:1). Samples were 
analyzed with the column initially kept at 70°C after being injected with a 5 min retention time. 
Then the temperature was raised to 160°C with a 3°C min-1 heating ramp and 5 min holding time. 
Eventually, the temperature reached 250°C with a 6°C min-1 heating ramp and 5 min hold time. 
Detector, injector, and ion source temperatures were 270, 250, and 230°C, respectively. MS scan 
range was (Mz-1): 50-550 atomic mass units (AMU) under electron impact (EI) ionization of 70 
eV (Turkmen et al. 2022). 
 The retention indices (RI) were determined by injecting C7-C30 n-alkanes (Sigma-Aldrich) 
(GC/FID) into the system (Agilent Technologies, 7890B) under the same conditions of EO 
analyzes. The identification of EO components was determined by comparing retention indices, 
mass spectra to the US National Institute of Standards and Technology (NIST) computer library 
database, Wiley libraries, other published mass spectrum data (Adams 2007) and own database. 
The relative abundance (% area) is calculated based on the ratio between the peak area of each 
compound and the sum of the areas of all compounds. No response factors were calculated 
(Turkmen et al. 2022). 
 The DPPH method was used with some modifications for the antioxidant determination of the 
samples (Blois 1958, Brand-Williams et al. 1995). Accordingly, after the 20 µl sample was made 
up to 10 ml with methyl alcohol, 200µl of this solution was taken and 100 µl of 0.004/100ml 
DPPH's methanol solution was added. After the solution obtained was made up to 1 ml with 
methyl alcohol and kept in the dark for half an hour, the absorptions at 517 nm were read. The 0.9 
ml of methyl alcohol and 0.1 ml of DPPH solution were mixed and read at 517 nm at 0 min and 
recorded as control. Methyl alcohol solution was evaluated as a blank sample. Radical scavenging 
activity (%) was calculated from the equation = [(AControl-ASample) / AControl] ×100 (Maral et al. 
2022). 
 The total phenolic content of fresh and dry plant parts was determined by using Folin-
Ciocalteu assay (Singleton and Rossi 1965, Slinkard and Singleton 1977). In five different 
concentrations (0.2, 0.4, 0.6, 0.8 and 1 mg/ml) gallic acid solutions were prepared with 99.9% 
methanol. From the data, a plot of absorption versus concentration with R2 value of 0.968 was 
obtained. Twenty µl of the extracted plant solution was diluted with methyl alcohol to 10 ml. 
Twenty µl of the solution was taken and 680 µl of distilled water, 400 µl of 0.5 N folin reagents 
(in water) and 400 µl of 10% Na2CO3 (in water) were added to the absorption values at 760 nm at 
the end of 30 min. The read absorption values were replaced by y in the obtained equation, and x 
values, in other words, phenolic equivalents in gallic acid were calculated. 
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Results and Discussion 
 The essential oil content of fresh and dried plant parts of G. cordifolium varied between 0.15-
1.40%. The highest essential oil content was obtained in dry leaves with 1.40%, followed by dried 
fruit with 0.80% and dry stem with 0.75%. The lowest essential oil content (0.15%) was obtained 
from the fresh stem. The essential oil content of dry plant parts was higher than the essential oil of 
fresh plant parts (Table 1). Fresh plant parts lose 75-85% of their total weight during drying. Since 
the fresh leaf is distilled with the evaporated water during drying, it is an expected result that the 
essential oil ratio is relatively low (Aydın et al. 2019). Karadogan et al. (2015) reported that the 
essential oil content of G. cordifolium, collected from different flora, varied between 0.22-0.92%.  
Baser et al. (2000)  reported 0.7% essential oil content of  G. cordifolium. 
 GC-MS analysis of the essential oil of the fresh stem of G. cordifolium resulted in the 
identification of a total of 23 compounds amounting to 99.85 % of the total oil content. The major 
constituents of the essential oil were l-Phellandrene (28.64%), carvacrol (13.44%), α-Pinene 
(12.67%), dl-Limonene (12.26%) and cis-Ocimene (9.16%). Different classes of terpenoids were 
characterized. Monoterpene hydrocarbons had the highest (80.17%) contribution to this oil. 
Oxygenated monoterpenes were the second class of terpenoids detected in the oil obtained from 
the fresh stem and accounted for 14.04 % of the total oil content. 
 Analysis of the essential oil obtained from the dried stem resulted in the identification of a 
total of 17 compounds amounting to 98.47 % of the total oil composition. The oil was dominated 
by monoterpene hydrocarbons (92.13 %). dl-Limonene had the major contribution to this fraction 
(20.55%) and was followed by l-Phellandrene (20.53%), α-Pinene (18.70%), cis-Ocimene 
(12.45%) and β-Phellandrene (6.40%). The concentration of oxygenated monoterpenes had 
decreased to half its content as compared to the oil of the fresh plant (0.39, 14.04%, respectively).  
 A total of 18 compounds amounting to 99.40 % of the total oil content was obtained by GC-
MS analysis of the essential oil of the fresh leaf of G. cordifolium. The major constituents of the 
essential oil were α-Pinene (31.95%), dl-Limonene (15.51%), β-Pinene (12.33%), carvacrol 
(11.31%) and l-Phellandrene (9.38%). Monoterpene hydrocarbons had the highest (84.39%) 
contribution to this oil. Oxygenated monoterpenes were the second class of terpenoids accounting 
for 11.40 % of the total oil content. 
 A total of 17 compounds amounting to 99.37 % of the total oil content of G. cordifolium was 
identified by GC-MS analysis of the essential oil of the dried leaf. The major constituents of the 
essential oil were α-Pinene (31.89%), dl-Limonene (22.21%), β-Pinene (15.15%), l-Phellandrene 
(9.23%) and cis-Ocimene (7.19%). Monoterpene hydrocarbons had the highest (93.59%) 
contribution to this oil.  
 In total, 25 compounds (98.34%) were identified for fresh fruit of G. cordifolium essential oil 
during chromatographic analysis. The major constituents of the essential oil were carvacrol 
(24.48%), l-Phellandrene (20.26%), dl-Limonene (10.39%), α-Pinene (10.23%) and cis-Ocimene 
(8.32%). Still, Monoterpene hydrocarbons had the highest (63.99%) contribution to this oil. 
Oxygenated monoterpenes were the second class of terpenoids accounting for 25.46% of the total 
oil content. 
 Twenty compounds (99.39%) were identified for dried fruit of G. cordifolium essential oil 
during chromatographic analysis. The major constituents of the essential oil were l-Phellandrene 
(34.08%), dl-Limonene (14.71%), α-Pinene (14.64%), cis-Ocimene (12.40%) and β-Phellandrene 
(8.89%). Monoterpene hydrocarbons had the highest (93.16%) contribution to this oil. 
 It was observed that there are visible qualitative and quantitative differences in the essential 
oil components of fresh and dried G. cordifolium. In addition to different climatic and soil 
characteristics,  environmental  factors  such  as  temperature,  light  and  day length might have a  
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Table 1. Essential oil components of fresh and dry plant parts of Glaucosciadium cordifolium. 
 

RT RI Components 
  Fresh plant parts   Dry plant parts 
stem leaf fruit stem leaf fruit 

8.670 1025 α-Pinene 12.67 31.95 10.23 18.70 31.89 14.64 
9.677 1071 Camphene 0.15 0.30 0.12 0.21 0.31 0.17 

10.753 1114 β-Pinene 2.29 12.33 1.67 4.41 15.15 2.35 
11.068 1125 Sabinene 0.57 1.15 0.44 0.76 1.30 0.63 
12.224 1162 β-Myrcene 1.30 1.73 1.07 1.75 1.80 1.56 
12.470 1170 l-Phellandrene 28.64 9.38 20.26 20.53 9.23 34.08 
13.585 1204 dl-Limonene 12.26 15.51 10.39 20.55 22.21 14.71 
 13.963 1214 β-Phellandrene 7.64 2.75 6.15 6.40 2.92 8.89 
14.724 1234 cis-Ocimene 9.16 6.84 8.32 12.45 7.19 12.40 
15.371 1251 cis-β-Ocimene 2.11 1.29 1.01 1.61 0.53 1.02 
16.246 1275 ρ-Cimene 3.22 1.07 4.22 4.58 0.95 2.54 
16.681 1286 α-Terpinolene 0.16 0.09 0.11 0.18 0.11 0.17 
21.430 1403 Fenchone 0.13  nd 0.20 0.31  nd 0.16 
29.430 1602 Caryophyllene 0.52 0.38 0.93 0.13  nd 0.22 
29.538 1605 Isothymolmethylether 0.14  nd 0.34  nd  nd  nd 
32.548 1684 β-Citral  nd  nd 0.11  nd  nd 0.10 
34.15 1726 β-Bisabolene 0.20 0.22 0.55  nd  nd  nd 

34.396 1733 Z-Citral 0.14  nd 0.16  nd  nd 0.20 
35.392 1760 Citronellol 0.12  nd 0.24  nd  nd  nd 
37.166 1806 α-Phellandrene 0.33  nd 0.39  nd  nd  nd 
49.543 2176 Farnesol  nd  nd  nd  nd 1.56  nd 
49.646 2180 Thymol  nd 0.09 0.12  nd 0.13  nd 
49.817 2188 α-Cadinol 0.09  nd 0.33  nd  nd 0.36 
50.309 2210 Carvacrol  13.44 11.31 24.48 0.08  nd 0.76 
50.47 2218 α-Bisabolol  nd  nd  nd  nd 0.27  nd 

56.254 2542 Butylidenephthalide 0.30 0.23 0.58 0.60 0.25 0.25 
57.256 2602 3-Butylphthalide 4.27 2.78 5.92 5.22 3.57 4.18 

Chemical grouped compounds (%)  
Oxygenated monoterpenes 14.04 11.40 25.46 0.39 0.13 1.22 
Monoterpene hydrocarbons 80.17 84.39 63.99 92.13 93.59 93.16 
Phthalides 4.57 3.01 6.50 5.82 3.82 4.43 
Oxygenated sesquiterpenes 0.21 nd 0.57 nd 1.83 0.36 
Sesquiterpene hydrocarbon 0.72 0.60 1.48 0.13 nd 0.22 
Ether 0.14 nd 0.34 nd nd nd 
Number of identified compounds  23 18 25 17 17 20 
Total (%) 99.85 99.40 98.34 98.47 99.37 99.39 
Essential oil content (%) 0.15 0.23 0.32 0.75 1.40 0.80  
RT: Retention time; RI: Retention indices calculated against n-alkanes (C7-C30) on HP-Innowax 
column 
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major impact not only on essential oil composition but also on secondary metabolites. Other 
factors such as harvest time, drying method, extraction method, plant part investigated, all 
contribute to differences in oil composition. The main determinant of essential oil composition is 
certainly genetic factors and the determination of the chemotype of the species. In this study, it 
was revealed that in addition to the above factors, the fresh or dryness of the plant studied also 
affects the essential oil components. 
 Başer et al. (2000), reported that the main components of essential oil obtained from the aerial 
part of G. cordifolium are limonene (39.7%), α-pinene (12.3%) and β-pinene (10.3%).   
 In the present study, the highest inhibition value was observed in the dry stem with 32.70%, 
while the lowest value was observed in the fresh leaf with 16.63%. The radical scavenging 
activities of dried fruit, dried leaves, fresh stems and fresh fruit were determined as 28.37, 24.93, 
21.19 and 18.88%, respectively. It was also determined that dry plant parts had higher radical 
scavenging activities than fresh plant parts (Table 2). When the samples are dried, their radical 
scavenging activities and accordingly the number of antioxidants transferred to the oil increase. 
 
Table 2. Total phenolic content and radical scavenging activity of Glaucosciadium cordifolium. 
 

Plant parts Absorption values 
at 517 nm 

Radical scavenging 
activity (%) 

Phenolic equivalents in 
gallic acid (mg ml-1) 

Fresh stem 0.30 21.19 7.80 
Fresh leaf 0.38 16.63 7.37 
Fresh fruit 0.31 18.88 7.96 
Dry stem 0.25 32.70 7.31 
Dry leaf 0.28 24.93 6.97 
Dry fruit 0.27 28.37 7.36 

 
 From Table 2 it is apparent that the highest amount of phenolic acid was in fresh fruit (7.96 
mg/ml), followed by the fresh stem (7.80 mg/ml) and fresh leaf (7.37 mg/ml), respectively. The 
amount of phenolic substance in terms of gallic acid in dry samples was lower than the fresh ones, 
and the order was the same (fruit, stem and leaf) as in the dry samples (Table 2). The antioxidant 
activity of monoterpene hydrocarbons was found to be higher than oxygenated monoterpenes, 
phthalides, sesquiterpene hydrocarbons or their oxygenated derivatives in G. cordifolium. 
 Quiroga et al. (2013), reported the γ-terpinene, β-phellandrene and terpinolene antioxidant 
activity. Foti and Ingold (2003), stated that terpenes and caryophyllene have antioxidant activity 
on lipids. Ozdemir et al. (2018) reported that γ-terpinene, α-terpinene, caryophyllene, l-
phellandrene, p-cymene, α-pinene and β-pinene can contribute to antioxidant activity. In the 
present  study, α-Pinene, β-Pinene, l-phellandrene, dl-limonene, β-phellandrene, cis-ocimene and 
carvacrol may have contributed to the antioxidant activity of G. cordifolium essential oils, and a 
synergistic effect may occur in the oil system. 
 The essential oil content, oil composition, total phenol content and antioxidant activity of G. 
cordifolium were strongly affected by the plant organs used and whether these organs were fresh 
or dry. It was observed that the dried plant parts contained a higher content of essential oil. The 
major components of the essential oil, α-pinene and carvacrol, were higher in fresh plant parts, 
while l-phellandrene and dl-limonene were higher in dry plant parts. The maximum radical 
scavenging activity values were higher in dried plant parts. Total phenol content was higher in 
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fresh plant parts in contrast to DPPH and essential oil content. It was determined that the studied 
plant parts contain significant amounts of phenolic compounds and have antioxidant properties. 
These data revealed the strong potential of these organs as a source of phenolic compounds with 
beneficial properties and a promising source of health products for the pharmaceutical industry. As 
a general result, it may be said that the use of dried plant parts was more suitable for optimum 
essential oil content, chemical properties and antioxidant activity, while fresh plant parts were 
determined to be more suitable for total phenol content. Thus, it may be concluded that it would be 
more appropriate to use fresh or dried plant parts according to the intended use.  
 
References 
Adams RP 2007. Identification of essential oil components by gas chromatography/mass spectrometry, 4th 

ed. Allured Publishing Co., Carol Stream. 
Aydın D, Katar N, Katar D and Olgun M 2019. Farklı kurutma sıcaklıklarının Anadolu Adaçayının (Salvia 

fruticose Mill.= Salvia triloba L.) uçucu yağ oranı ve bileşenleri üzerine etkisinin belirlenmesi. Int. J. 
Agricul. Wildlife Sci. 5(1):103-109. 

Başer KHC, Özek T, Demirci B and Duman H 2000. Composition of the essential oil of Glaucosciadium 
cordifolium Burtt et Davis from Turkey. Flavour Fragr. J. 15:45-46. 

Blois MS 1958. Antioxidant determinations by the use of a stable free radical. Nature. 181: 1199-1200.  
Brand-Williams W, Cuvelier ME and Berset C 1995. Use of a free radical method to evaluate antioxidant 

activity. Leb. u.-Techno. l30: 25-30.  
Davis PH 1982. Flora of Turkey and the East Aegean Islands, Edinburgh, UK: Edinburgh Univ. Press 4:  

514. 
Foti MC and Ingold KU 2003. Mechanism of inhibition of lipid peroxidation by γ-terpinene an unusual and 

potentially useful hydrocarbon antioxidant. J. Agric. Food Chem. 51: 275-276. 
Karadağ AE, Demirci B, Çeçen Ö and Tosun F 2019. Chemical characterization of Glaucosciadium cordifo-

lium (Boiss.) B.L. Burtt& P.H. Davis essential oils and their antimicrobial, andantioxidant activities. 
Istanbul J. Pharm. 49 (2): 77-80. 

Karadoğan, T, Şanlı A, Tosun and Özçelik BH 2015. Göller Yöresinde yayiliş gösteren Glaucosciadium 
cordifolium (Boiss.) Burtt & Davis bitkisinin uçucu yağ orani ve bileşenleri. Biyoloji Bilimleri 
Araştirma Dergisi 8(1): 35-39. 

Maral H, Türkmen M, Kaya DA and Kırıcı S 2018. Ermenek’te endemik Salvia albimaculata ve Salvia 
caespitosa bitkilerinin uçucu yağ bileşenlerinin belirlenmesi. Ermenek Araştırmaları II, Palet Yayınları, 
Basım sayısı:1, *ISBN:978-605-7600-05-9, Türkçe(Bilimsel Kitap).  

Maral H, Ulupınar S, Türk Baydır A, Özbay S, Altınkaynak K, Şebin E, Şiktar E, Kishalı NF, Buzdağlı Y, 
Gencoğlu C and Ince I 2022. Effect of Origanum dubium, Origanum vulgare subsp. hirtum and 
Lavandula angustifolia essential oils on lipid profiles and liver biomarkers in athletes. Zeitsch. für 
Naturfors. C 77(5-6): 177-187.  

Ozcan T, Cetin O, Celik M and Albayrak F 2021. Defining phylogenetic relationship between the genera 
Opopanax and Crenosciadium using nuclear and chloroplast DNA sequence data. J. BAUN Inst. Sci. 
Technol. 23(2): 716-731. 

Ozdemir N, Ozgen Y, Kiralan M, Bayrak A, Arslan N and Ramadan MF 2018. Effect of different drying 
methods on the essential oil yield, composition and antioxidant activity of Origanum vulgare L. 
and Origanum onites L. J. Food Meas. Character. 12: 820-825. 

Özhatay N and Koçak S 2011. Plants used for medicinal purposes in Karaman Province (SouthernTurkey). 
Istanbul J. Pharm. 41: 75-89. 

Singleton VL and Rossi JA 1965. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic 
acid reagents. Am. J. Enol. Vitic. 16: 144-158. 

Slinkard K and Singleton V 1977. Total phenol analysis: Automation and comparison with manual methods. 
Am. J. Enol. Vitic. 28: 49-55.  



COMPOSITION OF ESSENTIAL OIL AND ANTIOXIDANT PROPERTIES 579 

 
 

Quiroga PR, Grosso NR, Lante A, Lomolino G, Zygadlo JA and Nepote V 2013. Chemical composition, 
antioxidant activity and anti-lipase activity of Origanum vulgare and Lippia turbinate essential oils. Int. 
J. Food Sci. Technol. 48(3): 642-649. 

Türkmen M, Kara M, Maral H and Soylu S 2022. Determination of chemical component of essential oil of 
Origanum dubium plants grown at different altitudes and antifungal activity against Sclerotinia 
sclerotiorum.” J. Food Process Preserv. e15787. doi: 10.1111/jfpp.15787, 2022. 

Yildiz G, Demirci B, Duran A and Başer KHC 2021. Chemical composition of Artedia squamata L. essential 
oil. Nat. Volatiles  Essent. Oils 8(2): 13-17. 

 
 

(Manuscript received on 05 January, 2022; revised on 26 August, 2022) 
 


