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Introduction
Ethnopharmacology is a scientific study on the biological 
activities of botanical drugs used by local people, which 
have beneficial, toxic or other direct pharmacological ef-
fects (1). Iran has appreciable past regarding folk medi-
cines, especially based on medicinal plants because its 
flora includes about 8000 plant species and endemic spe-
cies (2). 
Kelussia odoratissima Mozaff. is a wild, perennial and 
medicinal herb that belongs to the Apiaceae family. This 

species is found only in Central Zagros Mountains, and 
so far there has not been reported in other areas of the 
world (3). The aerial parts harvested and sold in the lo-
cal markets in the early spring as spice and has been used 
to cure inflamed ulcers, hypertension, and cardiovascu-
lar diseases by the indigenous people (4). The genetic and 
ecological factors such as precipitation, temperature, plant 
competition and edaphic conditions, affects the chemical 
variation of the medicinal plants (5). The results of the 
study by Shojaei  et al showed that the dominant consti-
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Implication for health policy/practice/research/medical education:
Kelussia odoratissima with pharmaceutical beneficial compounds such as (Z)-Ligustilide, ω-3 and ω-6 can be served as fresh and 
garnish in the diet. Reducing high blood pressure and cardiovascular diseases by these components has been proved in other 
researches.
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Introduction: The present study  was aimed to assess the fatty acids of leaf and essential oil 
compositions of of aerial parts of Kelussia odoratissima.
Methods: The aerial parts of K. odoratissima from the three habitats were dried. The essential oils 
were obtained by hydrodistillation for 3 hours in a Clevenger-type apparatus, then the analysis of 
the components was carried out using gas chromatography–mass spectrometry (GC-MS). To study 
the oil yield and fatty acids, the dried leaves were subjected to extraction in hexane by using Soxhlet 
apparatus. To analyze fatty acids from the oil fractions by GC technique, the oil was subjected to 
transesterification to obtain the fatty acid methyl esters (FAMEs), which were dissolved in hexane 
and were subjected to GC analysis.
Results: According to the results, a total of 43 components were detected, the major constitutes 
of essential oil compositions were (Z)-Ligustilide (76.45%), Unknown-A (4.47%), (E)-Ligustilide 
(2.57%), (Z)-Butylidene phthalide (2.37%), 5-pentyl cyclohexa-1,3-diene (1.57%) and kessane 
(0.77%). Sixteen fatty acids were separated from the oil (5% yield per 100 g dry matter). Linoleic acid 
(25.46%), α-linolenic acid (16.66%), palmitic acid (11.92%), oleic acid (9.33%), stearic acid (4.72%), 
petroselinic acid (2.53%), arachidonic acid (2.51%) and erucic acid (1.76%) were the major fatty 
acids.
Conclusion: Generally, K. odoratissima is a rich source of essential fatty acids and phthalide 
derivatives, specially (Z)-ligustilide. This study presented valuable information about the 
phytochemical properties, which can be useful for the future research on the pharmacological effects 
of K. odoratissima.
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tutes of essential oil of K. odoratissima are phthalides from 
the Koohrang, Bazoft and Samsami habitats in Iran (6). 
In the other studies, phthalides such as (Z)-Ligustilide, 
(E)-Ligustilide, (Z)-Butyldiene phthalide, (E)-Butyldiene 
phthalide and 3-n-Butylphthalide have been reported as 
the major compositions of essential oil (7,8).
Edible oils are biological mixtures of plant origin consist-
ing of ester mixtures derived from glycerol with chain of 
fatty acids, which play a crucial role in growth and devel-
opment of the body (9). Fatty acids are usually classified 
in classes as saturated (SFA), monounsaturated (MUFA) 
and polyunsaturated (PUFA). On the other hand, the un-
saturated fatty acids are classified into a series known as 
omega, being omega-3, omega-6, omega-9 and Omega-12 
as the essential fatty acids (EFAs) (10). In a related study, 
only the fatty acids of the seeds of K. odoratissima were 
discussed (11).
In Iran, most of the researches on K. odoratissima have 
been focused on the limited and unknown habitats. To the 
best of our knowledge, there is no report on the fatty acids 
of aerial parts and the chemical compounds of K. odoratis-
sima from the major habitats of Dareh-Sepestan, Lander-
oun (Isfahan province) and Vastegan (Chaharmahal and 
Bakhtiari province). The aim of this study was to inves-
tigate the essential oil compositions and the fatty acids of 
aerial parts of K. odoratissima using gas chromatography-
mass spectrometry (GC-MS) from the above mentioned 
habitats.

Materials and Methods
Essential oil extraction and analysis
The aerial parts (leaves) of K. odoratissima from the habi-
tats of Dareh-Sepestan, Vastegan (Isfahan province) and 
Landeroun (Chaharmahal and Bakhtiari province), Iran, 
were dried at room temperature in shade at 25 ± 3°C. The 
essential oil of samples was obtained by hydrodistillation 
for 3 hours in a Clevenger-type apparatus according to the 
method recommended (12). The essential oils were dried 
over anhydrous Na2SO4, and stored at 4°C before analysis.
GC analysis was carried out using a Thermoquest gas 
chromatograph with a flame ionization detector (FID) 
equipped with a fused silica capillary DB-5 column (30 m 
× 0.25 mm i.d., 0.25 μm film thickness). Detector (FID) 
temperature was 280°C and the injector temperature was 
250°C. Nitrogen was used as the carrier gas at a flow rate of 
1.1 ml/min within a split ratio of 1:100; the oven tempera-
ture program was 60°C–250°C at the rate of 5°C min-1 and 
finally held isothermally for 10 minutes. GC–MS analysis 
was carried out with a Thermoquest–Finnigan gas chro-
matograph equipped with fused silica capillary DB-5 col-
umn (60 m × 0.25 mm i.d., 0.25 μm film thickness) cou-
pled with a TRACE mass spectrometer (Manchester, UK). 
Helium was used as the carrier gas with an ionization 
energy of 70 eV, the mass range was 40–460 a.m.u. Ion 
source, and interface temperatures were 200°C and 250°C, 
respectively. The oven temperature program was similar 
as above for the GC. Compositions were identified based 

on their retention indices (n-alkanes), by comparison of 
their mass spectra with those reported in the literature 
and stored in NIST, Willey and Adams libraries.

Fatty acid extraction and analysis
The plant sample was collected from the Birahgan habitat 
in Chaharmal and Bakhtiari province, weighed and dried 
to remove excess moisture. The oil was extracted for 5 
hours using hexane as the extraction solvent. The extract 
was then evaporated, dried and weighed.
To prepare fatty acid methyl esters (FAMEs), 2% NaOH 
and 2 mg pentadecanoic acid (C15:0) as an internal stan-
dard were added to the 0.11 g oil, which was incubated 
for 10 minutes in a heated bath and cooled. The metha-
nolic BF3 (2.18 ml) was then added, and the sample was 
heated in the bath for 2 to 3 minutes and cooled again. 
In the following, FAMEs was dissolved in 1.5 ml hexane, 
and partitioned in 1 ml of saturated sodium chloride and 
then vigorously shacked. In the final step of dehydration, 
1 ml of upper layer was separated and was mixed with 0.5 
mg sodium sulfate by centrifuging. The upper layer was 
injected to GC.
The identification of FAMEs was carried out by GC (UNI-
CAM 4600, SB Analytical, UK) equipped with GC-FID 
and a BPX-70 fused-silica capillary column (30 m length, 
0.25 mm i.d., 0.22 μm film thickness). The operating con-
ditions were as follows: the initial temperature was 50°C, 
increased by 5°C min-1 up to the 160°C; and with a ramp 
of 20°C min-1 reached 180°C and finally 200°C. The in-
jector and detector temperatures were 250 and 250°C, re-
spectively. The column head pressure (Helium) was 20 psi. 
Each fatty acid was identified in its methyl ester form by 
comparing its retention time with the internal standard.

Results
Chemical compositions of essential oils
The percentages and retention indices of the compounds 
in the essential oils of K. odoratissima accessions are listed 
in Table 1. In total, the number of compounds identified 
and quantified were 38 in Dareh-Sepestan, 42 in Vastegan 
and 39 in Landeroun accessions, representing 97.90%, 
98.13% and 95.65% of the total oil, respectively.
In the essential oil of Dareh-Sepestan accession, (Z)-
Ligustilide (76.09%), Unknown-A (7.40%), 5-pentyl 
cyclohexa-1,3-diene (2.21%), (E)-Ligustilide (2.16%), 
(Z)-Butylidene phthalide (1.40%), kessane (1.07%) and 
α-copaene (0.81%) were the main constituents. (Z)-Li-
gustilide (75.87%), unknown-A (3.93%), (E)-Ligustilide 
(3.20%), (Z)-Butylidene phthalide (2.47%), 5-pentyl cy-
clohexa-1,3-diene (2.15%), α-copaene (0.93%) and (Z)-
γ-Bisabolene (0.89%) were the main constituents in the 
essential oil of Vastegan accession. In the essential oil of 
Landeroun accession, (Z)-Ligustilide (77.40%), (Z)-Bu-
tylidene phthalide (3.25%), unknown-A (2.39%), (E)-Li-
gustilide (2.35%), (Z)-β-Santalol acetate (1.03%), 5-pentyl 
cyclohexa-1,3-diene (0.89%), 4-Hydroxybenzaldehyde 
(0.84%) were the main constituents.
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According to the average percentage of chemical com-
positions, the major constitutes were (Z)-Ligustilide, 
unknown-A, (E)-Ligustilide, (Z)-Butylidene phthalide, 
5-pentyl cyclohexa-1,3-diene and kessane in all the essen-
tial oils.
The classification of the identified compounds, based on 
chemical groups, is shown in Figure 1. The principle com-
pounds in the essential oil of the three accessions of K. od-
oratissima were phthalides (82.12%), followed by ‘others’ 
(8.91%), sesquiterpene hydrocarbons (5.96%) and mono-

terpene hydrocarbons and oxygenated sesquiterpenes 
were very low in the percentage. Unknown components 
and hydrocarbons were classified into ‘others’ group.

Fatty acid composition
The oil yield of the leaf of K. odoratissima was 5% (per 100 
g dry matter). Table 2 shows the fatty acid compositions 
of K. odoratissima leaf as mg/100 g and percentage. The 
number of fatty acids identified were fifteen. In the oil, ob-
tained from leaf, Linoleic acid (25.46%), α-linolenic acid 

Table 1. Chemical composition of essential oils (%) of three accessions of K. odoratissima

No. Component RIa RIb 1c 2 3 Mean

1 Propyl benzene 951 951 0.19 0.09 0.13 0.14
2 (E)-2-methyl-3-Octen-5-yne 953 958 0.32 0.10 0.06 0.16

3 Limonene 1027 1024 0.17 0.09 0.10 0.12

4 α-Terpinolene 1088 1086 0.28 0.16 0.16 0.20

5 5-Pentyl cyclohexa-1,3-diene 1159 1156 2.21 2.15 0.89 1.75

6 Unknown-A 1277 - 7.40 3.93 2.39 4.57

8 2-Undecanone 1291 1293 - 0.12 - 0.12

9 Menthyl acetate 1294 1294 0.17 - 0.07 0.12

10 p-Vinylguaiacol 1315 1315 0.19 0.46 0.12 0.26

11 α-Cubebene 1351 1351 0.08 0.13 0.08 0.10

12 4-Hydroxybenzaldehyde 1354 1355 0.17 0.39 0.84 0.47

13 α-Copaene 1377 1377 0.81 0.93 0.06 0.60

14 9-Decenyl acetate 1389 1384 0.06 0.14 0.09 0.10

15 (Z)-Caryophyllene 1406 1406 0.23 0.18 0.19 0.20

16 (E)-Caryophyllene 1421 1421 0.25 0.34 0.22 0.27

17 α-Humulene 1455 1455 0.31 0.42 0.28 0.34

18 α-Acoradiene 1466 1465 0.48 0.34 0.37 0.40

19 10-epi-β-acoradiene 1475 1475 0.42 0.61 0.24 0.42

20 Germacrene D 1481 1481 0.31 0.52 0.40 0.41

21 (Z,E)-α-Farnesene 1489 1489 0.12 0.17 0.13 0.14

22 (E)-Muurola-4(14),5-diene 1493 1493 0.07 0.19 0.06 0.11

23 β-Himachalene 1499 1499 0.46 0.18 0.35 0.33

24 β-Bisabolene 1505 1505 - 0.21 - 0.21

25 β-Curcumene 1508 1508 0.13 0.23 0.22 0.19

26 (Z)-γ-Bisabolene 1513 1514 0.48 0.89 0.31 0.56

27 δ-Cadinene 1522 1522 0.13 0.66 0.68 0.49

28 Kessane 1528 1529 1.07 0.47 0.78 0.77

29 γ-Cuprenene 1531 1532 0.19 0.13 0.24 0.19

30 β-Spathulenol 1579 1577 - 0.14 0.08 0.11

31 3-Butylhexahydro phthalide 1638 1632 0.06 0.06 - 0.06

32 3-n-Butylphthalide 1654 1656 0.11 0.38 0.40 0.30

33 (Z)-Butylidene phthalide 1676 1677 1.40 2.47 3.25 2.37

34 (E)-Butylidene phthalide 1722 1717 0.15 0.42 0.32 0.30

35 (Z)-Ligustilide 1759 1741 76.09 75.87 77.40 76.45

36 (E)-Ligustilide 1805 1797 2.16 3.20 2.35 2.57

37 (Z)-β-Santalol acetate 1823 1818 0.35 0.59 1.03 0.66

38 Neophytadiene 1834 1841 0.05 0.07 0.10 0.07

39 Z-Ternine d 1848 1845 - 0.06 0.08 0.07

40 n-Nonadecane 1894 1900 0.19 0.06 - 0.13

41 Hexadecanoic acid 1958 1959 0.10 0.17 0.27 0.18

43 Phytol 2114 2114 0.06 0.09 0.34 0.16
Total 97.42 97.81 95.08
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(16.66%), palmitic acid (11.92%), oleic acid (9.33%), stea-
ric acid (4.72%), petroselinic acid (2.53%), arachidonic 
acid (2.51%) and erucic acid (1.76%) were the major fatty 
acids. The presence of other fatty acids was very low. Fatty 
acids were classified in classes as SFA, MUFA and PUFA. 
The percentage of PUFA, MUFA and SFA was 45.83, 14.91 
and 23.17, respectively.
The fatty acids identified from K. odoratissima oil were 
categorized based on the type of omega (Figure 2). Ome-
ga-6 had the highest percentage (28.89%). The total of 
EFAs including omega-3 and omega-6 was 45.83%.

Discussion
Based on our findings, (Z)-Ligustilide is the dominant 
component in the essential oil of K. odoratissima, which 
is in accordance with previous reports (7,8,13). The other 
components such as (Z)-Butylidene phthalides, (E)-Li-
gustilide, Kessane, 3-n-Butylphthalide and caryophyl-
lene oxide reported as the main compounds of essential 
oil of K. odoratissima (6). (Z)-Ligustilide, (Z)-Butylidene 
phthalide, unknown, 5-Pentyl cyclohexa-1,3-diene, kes-
sane, cuparene, β-cadinene and pulegone have been iden-
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Figure 1. The classification of essential oil compositions of K. 
odoratissima, based on chemical groups.

Figure 2. The classification of fatty acids of K. odoratissima, 
based on the omega type.
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Table 2. Fatty acid compositions of K. odoratissima Mozaff. aerial 
parts

No. Fatty acid mg/100 g % Structure

1 Palmitic acid 61.74 11.92 C16:0
2 Palmitoleic acid 3.34 0.64 C16:1n7

3 Heptadecanoic acid 0.18 0.03 C17:0

4 Stearic acid 24.48 4.72 C18:0

5 Petroselinic acid 13.11 2.53 C18:1n12

6 Oleic acid 48.33 9.33 C18:1n9

7 Linoleic acid 131.92 25.46 C18:2n6c

8 Linolelaidic acid 3.13 0.60 C18:2n6t

9 α-Linolenic acid 86.33 16.66 C18:3n3

10 Arachidic acid 5.17 0.10 C20:0

11 Eicosenoic acid 3.38 0.65 C20:1n9

12 Eicosapentaenoic acid 1.45 0.28 C20:5n3

13 Henicosanoic acid 1.64 0.32 C21:0

14 Arachidonic acid 12.99 2.51 C20:4n6
15 Erucic acid 9.14 1.76 C22:1n9

tified as the main components (14). The second main 
compound (2.39 to 10.34%) was not fully identified and 
it has also been reported by the other researchers, with 
a similar retention index, as an unknown compound 
(14,15). 
Phthalides are rich in the essential oil of K. odoratissima. 
The anti-inflammatory effects of ligustilides from Ligus-
ticum chuanxiong and Angelica sinensis have been con-
firmed (16,17). The studies indicate that (Z)-ligustilide 
can facilitate blood circulation, attenuate pain behavior in 
mice, act to limit ischemic brain damage in rats and exhib-
it the strongest antioxidant activity (18,19). Some of the 
studies have also focused on relaxation of smooth muscles 
in the gastrointestinal, respiratory and circulatory systems 
and hepatoprotective, immunomodulatory and cardio-
vascular properties (20). 3-Butylhexahydro phthalide and 
(Z)-Ternine, as known phthalide derivatives are reported 
for the first time from K. odoratissima, but have been re-
ported from Levisticum officinale (21).
Petroselinic acid was one of fatty acids in the oil of K. odo-
ratissima. The presence of Petroselinic acid (72.35%) in 
the seeds of K. odoratissima was also reported by Saaidi 
and Omidbaigi (11). It is an uncommon and rare fatty acid 
that comprises nearly 85% of the total fatty acids of Apia-
ceae seeds (22). This fatty acid is used to show chemotaxo-
nomical relationships among the genera of the Apiaceae 
family (23). Petroselinic acid as an unsaturated fatty acid 
and isomers of oleic acid with a melting point higher than 
oleic acid can be useful in cosmetics, pharmaceuticals, 
and perfume and food industries (24).
According to the percentage of standard fatty acids in 
dietary fats (25,26), the total saturated fatty acids in K. 
odoratissima leaf represent lower value of 23.17% in com-
parison with the coconut, palm and cottonseed oils, while 
being higher than the other oils. In comparison with fatty 
acids in dietary fats, the percentage of MUFAs (14.91%) 
was more than all the dietary fats, except in coconut and 
safflower oils. Foods containing MUFAs reduce low-den-
sity lipoprotein (LDL) cholesterol, while possibly increas-
ing high-density lipoprotein (HDL) cholesterol (27). PU-
FAs are also present in much more amounts than coconut, 
palm, olive and rapeseed oils. PUFAs protect against car-
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diovascular disease by providing more membrane fluidity 
than MUFAs, but they are more vulnerable to lipid per-
oxidation (28). EFAs in K. odoratissima leaf have higher 
value of 45.53% in comparison with the coconut, palm, 
olive, sunflower and rapeseed oils, while being lower 
than the cottonseed, soya, corn and safflower oils. Both 
omega-3 and omega-6 are important components of cell 
membranes and these needed for growth and repair. The 
human body is not capable of producing them. The plants 
and seed oils are very good sources to obtain the essential 
fatty acids (29,30).
In summary, this study investigated the fatty acid profile 
of the leaf and the chemical compositions of new three 
accessions of K. odoratissima. Overall, K. odoratissima is 
a rich source of essential fatty acids and phthalide deriva-
tives, especially (Z)-ligustilide with the effects of diverse 
biological activities. This study provided valuable infor-
mation about the phytochemical properties, which can be 
useful for the subsequent studies on the pharmacological 
effects of K. odoratissima.

Acknowledgements
We thank Saadat Sarikhani and Hadi Kazemi for help in 
the oil extraction and identification of fatty acids, respec-
tively.

Authors’ contributions
MGh did the experiment and prepared the first draft. All 
authors contributed in the conception and design of the 
work, drafting and revising the draft, approval of the final 
version of the manuscript, and agreed for all aspects of the 
work. 

Conflict of interests
The authors declared no competing interests.

Ethical considerations 
Ethical issues (including plagiarism, misconduct, data 
fabrication, falsification, double publication or submis-
sion, redundancy) have been completely observed by the 
authors. 

Funding/Support 
This study was granted by Tarbiat Modares University 
(TMU), Tehran, Iran (grant No. 82.120364).

References
1. Heinrich M. Ethnopharmacology: quo vadis? 

Challenges for the future. Rev Bras Farmacogn. 
2014;24(2):99-102.

2. Sadeghi Z, Kuhestani K, Abdollahi V, Mahmood 
A. Ethnopharmacological studies of indigenous 
medicinal plants of Saravan region, Baluchistan, Iran. 
J Ethnopharmacol. 2014;153(1):111-118.

3. Mozaffarian V. Two new genera of Iranian 
Umbelliferae. Bot Zhourn. 2003;2:88-94.

4. Ahmadipour B, Hassanpour H, Asadi E, Khajali F, 

Rafiei F, Khajali F. Kelussia odoratissima Mozzaf–A 
promising medicinal herb to prevent pulmonary 
hypertension in broiler chickens reared at high 
altitude. J Ethnopharmacol. 2015;159:49-54.

5. Ghasemi Pirbalouti, A, Aghaee K, Kashi A, Malekpoor 
F. Chemical composition of the essential oil of wild and 
cultivated plant populations of Kelussia odoratissima 
Mozaff. J Med Plants Res. 2012;6;449-454.

6. Shojaei ZA, Ebrahimi A, Salimi M. Chemical 
composition of three ecotypes of wild celery (Kelussia 
odoratissima). J Herbs Spices Med Plants. 2011;17;62-
68.

7. Omidbaigi R, Sefidkon F, Saeedi K. Essential oil 
content and composition of Kelussia odoratissima 
Mozaff. as an Iranian endemic plant. J Essent Oil 
Bearing Plants. 2008;11:594-597.

8. Sajjadi SE, Shokoohinia Y, Mehramiri P. Isolation and 
characterization of steroids, phthalide and essential 
oil of the fruits of Kelussia odoratissima Mozaff., 
an endemic mountain celery. Res Pharmaceut Sci. 
2013;8:35-41.

9. Eqbql MA, Halimah AS, Abdulah MK, Zalifah MK. 
Fatty acid composition of four different vegetable 
oils (red palm olein, corn oil and coconut oil) by gas 
chromatography. IPCBE. 2011;14;31-34.

10. Ristic V, Ristic G. Role and importance of dietary 
polyunsaturated fatty acids in the prevention and 
therapy of atherosclerosis. Med Pregled. 2003;56(1-
2):50-53.

11. Saeedi KA, Omidbaigi R. Evaluation of content and 
composition of fatty acids, total phenolic and essential 
oil content of Kelussia odoratissima Mozaff. seed. 
Iranian J Med Aroma Plants. 2009;25(1): 113-119.

12. British Pharmacopoeia. British Pharmacopoeia, vol 
2. London: HMSO; 1988:137-138.

13. Raeisi S, Mirjalili MH, Nadjafi F, Hadian J. Variability 
in the essential oil content and composition in 
different plant organs of Kelussia odoratissima 
Mozaff. (Apiaceae) growing wild in Iran. J Essent Oil 
Res. 2015;27(4):283-288.

14. Raiisi S, Nadjafi F, Hadian J, Kanani MR, Ayyari M. 
Autecological and phytochemical studies of Kelussia 
odoratissima Mozaff. an endangered ethnomedicinal 
plant of Iran. J Biol Active Prod Nat. 2013;3:285-294.

15. Rabbani M, Sajjadi SE, Sadeghi M. Chemical 
composition of the essential oil from Kelussia 
odoratissima Mozaff. and the evaluation of its sedative 
and anxiolytic effects in mice. Clinics. 2011;66:843-
848.

16. Huang J, Lu XQ, Zhang C, et al. Anti-inflammatory 
ligustilides from Ligusticum chuanxiong Hort. 
Fitoterapia. 2013;91:21-27.

17. Chao WW, Hong YH, Chen ML, Lina BF. Inhibitory 
effects of Angelica sinensis ethyl acetate extract and 
major compounds on NF-B trans-activation activity 
and LPS-induced inflammation. J Ethnopharmacol. 
2010;129:244-249.



Ghasemi M et al

Journal of HerbMed Pharmacology, Volume 4, Number 4, October 2015 http://www.herbmedpharmacol.com    120

18. Du J, Yu Y, Ke Y, Wang C, Zhu L, Qian ZM. Ligustilide 
attenuates pain behavior induced by acetic acid or 
formalin. J Ethnopharmacol. 2007;112:211–4.

19. Li W, Wu Y, Liu X, et al. Antioxidant properties of 
cis-Z, Z’-3a. 7a’, 7a. 3a’-Dihydroxy-ligustilide on 
human umbilical vein endothelial cells in vitro. 
Molecules. 2013;18:20-534.

20. Wedge DE, Klun JA, Tabanca N, et al. Bioactivity-
guided fractionation and GC/MS fingerprinting of 
Angelica sinensis and Angelica archangelica root 
components for antifungal and mosquito deterrent 
activity. J Agric Food Chem. 2009;57:464–470.

21. Santos PA, Figueiredo AC, Oliveira MM, et al. Growth 
and essential oil composition of hairy root cultures of 
Levisticum officinale WDJ Koch (lovage). Plant Sci. 
2005;168:1089-1096.

22. Nguyen QH, Talou T, Cerny M, Evon P, Merah O. 
Oil and fatty acid accumulation during coriander 
(Coriandrum sativum L.) fruit ripening under 
organic cultivation. Crop J. 2015;3(4):366-369.

23. Bagci E. Fatty acids and tocochromanol patterns 
of some Turkish Apiaceae (Umbelliferae) plants; a 
chemotaxonomic approach. Acta Botanica Gallica. 
2007;154(2):143-151.

24. Coşge B, Kiralan M, Gürbüz B. Characteristics of fatty 
acids and essential oil from sweet fennel (Foeniculum 

vulgare Mill. var. dulce) and bitter fennel fruits (F. 
vulgare Mill. var. vulgare) growing in Turkey. Nat 
Prod Res. 2008;22(12):1011-1016.

25. Kris-Etherton PM, Harris WS, Appel LJ. Fish 
Consumption, Fish Oil, Omega-3 Fatty Acids, 
and Cardiovascular Disease. Circulation. 
2002;106(21) :2747-2757.

26. Priya Patil D, Chavan NS, Anjali BS. Sonneratia alba 
J. Smith, A Vital Source of Gamma Linolenic Acid 
(GLA). Asian J Pharm Clin Res. 2012;5(1):172-175. 

27. Gilmore LA, Crouse SF, Carbuhn A, et al. Exercise 
attenuates the increase in plasma monounsaturated 
fatty acids and high-density lipoprotein cholesterol 
but not high-density lipoprotein 2b cholesterol 
caused by high-oleic ground beef in women. Nut Res. 
2013; 33(12):1003-1011.

28. Yehuda S, Rabinovitz S, Carasso RL, Mostofsky DI. 
The role of polyunsaturated fatty acids in restoring 
the aging neuronal membrane. Neurobiol Aging. 
2002;23(5):843-853.

29. Lunn J, Theobald H. The health effects of dietary 
unsaturated fatty acids. Nutr Bull. 2006;31:178-224.

30. Stanley JC, Elsom RL, Calder PC, et al. UK Food 
Standards Agency Workshop Report: the effects of 
the dietary n-6:n-3 fatty acid ratio on cardiovascular 
health. Br J Nutr. 2007;98:1305-1310.

http://www.herbmedpharmacol.com

