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Variability of Essential Oil Content and Composition of
Different Iranian Fennel (Foeniculum vulgare Mill.) Accessions
in Relation to Some Morphological and Climatic Factors

M. Rahimmalek", H. Maghsoudil, M. R. Sabzalianl, and A. Ghasemi Pirbalouti’

ABSTRACT

Fennel (Foeniculum vulgare Mill.) is an industrial medicinal plant with different
pharmaceutical and food applications. In this study, the leaf essential oil composition
of 12 Iranian accessions of fennel collected from different geographical regions was
assessed. The essential oil yield of fennel leaves ranged from 0.65% (Varamin
accession) to 2.03% (Tabriz accession). Trans-anethole, fenchone and limonene were
highly abundant in all of the examined oils. Trans-anethole ranged from 41.19% in
Shiravan to 56.6 % in Shiraz accessions and had negative correlation with most of the
constituents. According to the major compounds, two chemotypes were defined in
which group 1 was considered as the high trans-anethole (> 50%) and group 2 was a
high limonene group. The correlation of essential oil yield and trans-anethol with
climatic conditions and some morphological characters were also assessed. Higher
temperatures and essential oil yield had negative Pearson correlation (r= -0.371),
while frans-anethol and high temperature showed positive correlation (r= 0.459) in
fennel. Furthermore, the studied accessions had different flowering time and height.
The early flowering and dwarf accessions had higher essential oil yield, while the late
flowering ones had higher frans-anethol in their leaves.

Keywords: Climatic condition, Fenchone, Limonene, Temperature, Trans-anethole.

INTRODUCTION

Fennel (Foeniculum vulgare Mill.) is
one of the most widespread medicinal
plants of the Apiaceae family. It is a
perennial herb that grows in many parts of
the world (Raal er al., 2011). The leaves
and seeds of fennel are used in many
culinary traditions (Ehsanipour et al.,
2012). Mature fennel fruits and essential
oil are used as flavoring agents in food
products such as liqueurs, bread, pickles,
pastries, and cheese (Zoubiri et al., 2014).
They are also used as constituent in
cosmetic and pharmaceutical products

(Telci et al., 2009). Fennel stimulates
appetite and aids digestion. It is also used
in kidney stones, menopausal problems,
nausea and obesity (Zahid et al., 20009;
Ehsanipour et al., 2012).

There are high morphological and
photochemical variations among and
within wild and cultivated fennels (Shahat
et al., 2012). Different fennel populations
have different fruit size, odor, taste,
quality, and yield potential. There are
several  reports  showing  chemical
composition of fennel (Cosge et al., 2008;
Chowdhury et al., 2009; Zoubiri et al.,
2014; Raal et al., 2011). However, plants
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essential oil yield and their components
are highly affected by genetic and
environmental factors as well as sampling
(Ozcan and Chalchat, 2006; Rahimmalek
et al., 2009). To run a breeding program
addressed to improve essential oil, it is
important to assess the amount of essential
oil in natural fennel populations.

There are many reports about essential
oil variation in Iranian medicinal plants
(Askari et al., 2009; Rahimmalek et al.,
2009; Ayoughi et al. 2011; Goudarzi et
al., 2011). Researchers have not covered
the presence of high essential oil variation
in fennel plants collected from various
parts of different countries. Raal er al.
(2011) assessed the essential oil variations
in commercial fennel fruits obtained from
retail pharmacies in Estonia, Norway,
Austria, and Moldova and from a spice
shop in Turkey. Shahat et al. (2012)
compared the chemical composition of
wild and cultivated fennel populations in
Egypt. Chowdhury et al. (2009) studied
the essential oil composition of seeds and
leaves of cultivated fennels in Bangladesh.
Chemical composition and larvicidal
activity of Algerian fennel seed essential
oil was also assessed by Zoubiri et al.
(2014). Cosge et al. (2008) reported the
composition of essential oil in 20 sweet
fennel lines that originated from Turkey.
In Iran, most of the researches on the
subject were conducted using a limited
geographical area (Bamoniri et al., 2009;
Ehsanipour ef al., 2012 ) and some studies
were focused on essential oil changes
during different plant developmental
stages (Yamini et al., 2002; Saharkhiz and
Tarakezme, 2011). However, there are no
comprehensive researches in assessing
essential oil variation among and within
fennel populations collected from various
Iranian regions.

Essential oil yield and their components
are highly affected by genetic and climatic
factors (Rahimmalek et al., 2009). Thus,
study of chemical composition of essential
oil in relation to environmental factors
might provide information on what
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determines chemical polymorphism. In
fennel oil, the major constituent is trans-
anethole that might be variable in different
stages of development (Gross et al., 2002;
Koeduka et al., 2009). In Iran, there are no
comparative reports regarding essential oil
variation in leaves. Furthermore, study of
trans-anethole variation and introduction
of high trans-anethole chemotype or high
limonene one can be valuable for
industrial purposes.

The aims of this study were: (1) to
categorize the populations according to
essential oil yield and composition; (2) to
regroup the chemotypes of Iranian fennels
based on their major compounds in leaves,
and (3) to assess the relationships between
variations of essential oil yield and
composition with some environmental
factors and morphological characters of
populations.

MATERIALS AND METHODS

Plant Materials

Seeds of 12 fennel accessions were
collected from different geographical
regions of Iran, and were sown in similar
condition in Randomized Complete Block
Design (RCBD) with three replicates
(Table 1). Geographic coordinates,
elevation, and mean air temperatures of
those regions were determined using the
data of the nearest meteorological stations
(Table 1).

Essential Oil Isolation

Young leaves of fennel accessions were
collected and dried in shade. For each
hydro-distillation turn, 50-60 g of samples
was used. The round-bottom flask of
Clevenger-type apparatus was used to
extract essential oils. Four hundred ml
distilled water was added and boiled for 5
hours. Then, the essential oil was collected
in a container. The essential oil content was
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(Tabriz accession) (Table 1). Most of the
previous studies were focused on essential
oil of fennel seeds; however there are few
reports on the essential oil yield of leaves.
Saharkhiz and Tarakezme (2011) studied the
variation of essential oil yield of one Iranian
fennel accession (Shiraz) during three
phenological stages; reporting that essential
oil content of fruits ranged from 1.31 to
1.26%, while in the present research, Shiraz
accession showed an essential oil yield of
leaves of only 0.91%. Ehsanipour et al.
(2012) reported the essential oil yield of four
Iranian fennel leaves which ranged from 1.2
to 1.64%, similar to the present results.
Figueredo et al. (2012) reported that
essential oil yield and composition of
Turkish fennels is affected by year of
harvest, with an oil yield ranging from 1.3 to
3.09% in different years.

Essential Oil Composition

Essential oil components of the twelve
fennel accessions were determined. All
compounds, except the components with
trace amounts, are shown in Table 2. Results
showed the presence of high chemical
polymorphism among Iranian fennel
accessions. The main constituents were
trans-anethole with a concentration ranging
from 41.19 (Shiravan) to 56.61% (Shiraz),
the cis-anethole ranged from 0.21%
(Kashan) to 4.18% (Varamin), fenchone
ranged from 1.7 (Shiravan) to 10.23%
(Kashan), limonene ranged from 11.5
(Mashahd) to 31.7%  (Paveh), o-
Phellandrene ranged from 0O (Isfahan) to
13.34% (Kashan), o~ pinene ranged from
0.61 (Shiraz) to 16.89% (Shiravan), and [-
ocymene (Z) ranged from 1.24 (Mashhad) to
5.9% (Varamin).

Anethole was the most abundant
compound in fennel accessions. Shahat et al.
(2012) assessed the essential oil variation of
the aerial parts of cultivated and wild fennel
(Foeniculum vulgare Mill) in Egypt. In their
studies, cultivated plants showed higher
percentages of pinenes, fenchone, estragol,
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myrcene, and camphene, while the wild ones
showed much higher level of limonene.
Roby et al. (2012) also compared the
essential oil and phenolic compounds of
fennel and chamomile in Egypt. They
reported 56.4% trans-anethole, 8.26%
fenchone and 4.2% limonene in Egyptian
sample. Napoli et al. (2010) compared the
seed essential oil of Italian fennels reporting
a cis-anethole concentration ranging from
0.1 to 0.36%; while in our study this
compound varied from 0.21 to 4.18%. Raal
et al. (2010) compared the essential oil
compounds of fennel fruits collected from
pharmacies in different countries. The main
compound was frans-anethole ranging from
34.8 to 82%, while in Iranian fennel leaves,
it ranged from 41.19 to 56.61% and Algerian
fennels possessed more than 72% trans-
anethole in their seeds (Zoubiri et al., 2010).

Fennel Chemotypes According to Major
Compounds

Cluster analysis was done to distinguish
possible groups among the accessions. The
dendrogram was produced based on major
components  including  trams-anethole,
limonene, o-Pinene, cis-anethole, fenchone
and B-Ocimene Z. Figure 1 presents the
corresponding dendrogram using Ward
method. The cluster analysis allows
subdividing the 12 accessions in two major
groups, one of which divided into two sub-
groups. The classification was highly
affected by trans-anethole as the major
compound. Group la included Bushehr,
Tabriz, Shiraz, and Kerman accessions. The
major compounds of this group were trans-
anethole (50.31-56.6%), limonene (20.61-
22.74%), and fenchone (2.45-6.75%). Group
1b consisted of Hamedan, Isfahan, Varamin
and Paveh. The major constituents were
trans-anethole (44.29-48.79%), limonene
(23.06-31.7%), and fenchone (2.87-5.03%).
Finally, Tehran, Mashahd, Kashan, and
Shiravan were classified in group 2 and
trans-anethole (41.19-54.83%), limonene
(11.5-16.01%), and fenchone (1.7-10.23%)
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Figure 1. Grouping of 12 fennel accessions according to their major essential oil composition using

Ward’s minimum variance.

were the major compounds of this group.
Thus, group la was considered as the high
trans-anethole (> 50%), while group 1b was
the high limonene group (Figure 1).

Correlations analysis (Table 3) showed
that the highest correlation coefficient was
between [-myrcene and a-pinene (r=
+0.834).  Other  significant  positive
correlations were between camphene and
fenchone (r= 0.736), PB-myrcene and «-
phellandrene (r= 0.718) and germacrene-D
and P-myrcene (r= 0.73). The highest
negative correlations were between o-
fenchyl acetate and o-pinene (r= —0.811)
and limonene and cis-anetole (r= -0.601).
Trans-anethole had negative correlations
with most of the constituents. For instance,
the correlation with limonene was r= -0.272,
while in some cases, positive correlations
were also observed such as trans-anethole
with fenchone (r= 0.24; Table 3).

Trans-anethol Changes in Fennel

The composition of medicinal plant can
highly be affected by their secretary tissue
condition and developmental stage (Gross et
al., 2002). Trans-anethole is derived from

1370

the general phenylpropanoid pathway,
through which lignin, flavonoids and other
phenylalanine-derived =~ compounds  are
produced (Gross et al., 2002). Trans-
anethole could be highly affected by the
stage of development. In vegetative phase,
young leaves contain the highest levels of
trans-anethole and also have the highest
chavicol and  t-anol/isoeugenol  O-
methyltransferase activity (the enzyme
related in trans-anethole synthesis) levels.
Production of trans-anethole begins early
during leaf development. Koeduka et al.
(2009) showed the biosynthesis of trans-
anethole in Anise (Pimpinella anisum), a
plant from Apiaceae family. In their report,
the highest level of trans-anethole was
found in developing fruits (seeds and pods),
followed closely by flowers, while trans-
anethole in young levels were much lower
and undetected in roots. In present study,
young leaves were used for essential oil
extraction. The reduced levels of O-methyl
transferases activity could be partially due to
a diminished density of the oil accumulating
structures in older leaves (Gross et al.,
2002). Previous researches showed that
many plants synthesize and accumulate high
levels of volatiles, including



Essential Oil Composition of Iranian Fennel J]A\b; ]F

phenylpropanes, in their vegetative tissues
for defense (Koeduka er al., 2009). These
compounds mostly accumulate in trichomes

b localized in leaf surface. This kind of
=} . . . .
g _F accumulation is mostly reported in Apiaceae
g < plants such as anise (Koeduka et al., 2009).
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Figure 2. The effect of higher temperatures
on essential oil yield of fennel.
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Figure 3. Increase in r-anethol with higher
temperatures.
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Figure 4. The effect of plant height on
essential oil yield of fennel.

content and flowering date had a
significant positive correlation (r= +0.67).
This might be due to longer length of
vegetative phase for these genotypes. Thus,
the late flowering accessions had enough
time to accumulate more trans-anethol in
their leaves in comparison with the early
flowering ones.

CONCLUSIONS
In conclusion, the Iranian fennel
accessions have been cultivated and
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domesticated in different climatic regions of
the country with different phenological
development. These accessions have been
acclimatized to cultivated area during a
period of time and they have gained
different  characteristics. =~ Among the
accessions, Tabriz had the highest essential
oil yield and acceptable trans-anethole
content and it can be introduced as a good
candidate for cultivation. Another candidate
was from Shiraz, which had the highest
trans-anethole content with relatively high
essential oil yield. In this study, the
accessions had different flowering time and
height and the early flowering and dwarf
accessions had higher essential oil yield,
while the late flowering ones had higher
trans-anethol in their leaves. Finally, it can
be concluded that the best harvesting time
for fennel leaves is the early stage and the
higher temperature might be beneficial in
increasing trans-anethol, but it could
decrease the essential oil yield. Anatomical
studies on secretary tissues of different
accessions and considering other climatic
factors might lead to more insightful results.

REFERENCES

1. Adams, R. P. 2001. Identification of
Essential Oil Components by Gas
Chromatography/Mass Spectroscopy.
Allured Pub. Corp., Illinois, PP. 69-351.

2. Ayoughi, F., Barzegar, M., Sahari, M. A.
and Naghdibadi, H. 2011. Chemical
Compositions of Essential Oils of Artemisia
dracunculus L. and Endemic Matricaria
chamomilla L. and an Evaluation of Their
Antioxidative Effects. J. Agr. Sci. Tech., 13:
79-88.

3. Askari, F., Sefidkon, F., Teimouri, M. and
Yousef Nanaei, S. 2009. Chemical
Composition and Antimicrobial Activity of
the Essential Oil of Pimpinella puberula
(DC.) Boiss. J. Agr. Sci. Tech., 11: 431-438.

4. Bamoniri, A., Mazoochi, A., Ebrahimabadi,
A.H., Mirjalili, B.F., Behpour, M., Safaei-
Ghomi, J. and Batooli, H. 2009. Nano Scale
Injection for Determination of Chemical
Composition and Antioxidant Activity of the
Essential Oils and Methanolic Extracts from



Essential Oil Composition of Iranian Fennel

10.

11.

12.

13.

JAST

foeniculum vulgare Mill. Cultivated in
Central Iran. J. Optoelectron. Ady., 11(8):
1202-1206.

Cosge, B., Giirbiiz, B., Kendir, H. and Ipek,
A. 2008. Composition of Essential Oil in
Sweet Fennel (Foeniculum vulgare Mill.
var. dulce) Lines Originated from Turkey.
Asian J. Chem., 20(2): 1137-1142.
Chowdhury, J. U., Mobarok, M. H.,
Bhuiyan, M. N. I. and Nandi, N. C. 2009.
Constituents of Essential Oils from Leaves
and Seeds of foeniculum vulgare Mill.
Cultivated in Bangladesh. Bangladesh. J.
Botany, 38(2):181-183.

Ehsanipour, A., Razmjoo, J. and Zeinali, H.
2012. Effect of Nitrogen Rates on Yield and
Quality of Fennel (Foeniculum vulgare
Mill.) Accessions. Ind. Crop Prod., 35: 121—
125.

Figueredo, G., Chalchat, J. C., Al Juhaimi,
F. Y. and Ozcan, M. M. 2012. Effect of
Harvest Years on Chemical Composition of
Essential Oil of Bitter Fennel (Foeniculum
vulgare subsp. piperitum) Leaves. Asian J.
Chem., 24(5): 2228-2230.

Gross, M., Friedman, J., Dudai, N., Larkov,
0., Cohen, Y. B., Bar, E., Ravid, U,
Putievsky, E. and Lewinsohn, E. 2002.
Biosynthesis of Estragole and Trans-
anethole in Bitter Fennel (Foeniculum
vulgare Mill. var. vulgare) Chemotypes.
Changes in SAM: Phenylpropene O-
methyltransferase Activities during
Development. Plant Sci., 163: 1047-1053.
Goudarzi G. R., Saharkhiz, M. J., Sattari, M.
and Zomorodian, K. 2011. Antibacterial
Activity and Chemical Composition of
Ajowan (Carum copticum Benth. and Hook)
Essential Oil. J. Agr. Sci. Tech., 13: 203-
208.

Gross, M., Joel, D. M., Cohen,Y., Bar, E,
Friedman., J. and Lewinsohn, E. 2006.
Ontogenesis of Mericarps of Bitter Fennel
(Foeniculum vulgare Mill. var. vulgare) as
Related to trans-anethole Accumulation.
Israel J. Plant Sci., 54(4): 309-316.
Koeduka, T., Baiga, T. J., Noel, J. P. and
Pichersky, E. 2009. Biosynthesis of Trans-
anethole in Anise: Characterization of t-
Anol/Isoeugenol Synthase and an O-
Methyltransferase Specific for a C7-C8
Propenyl Side Chain. Plant Physiol., 149:
384-394.

Napoli, E. M., Curcuruto, G. and Ruberto,
G. 2010. Screening the Essential Oil

1373

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Composition of Wild Sicilian Fennel.
Biochem. Syst. Ecol., 38: 213-223.

Nemeth, E. 2005. Essential Oil Composition
of Species in the Genus Achillea. J. Essent.
Oil Res., 17: 501-512.

Ozcan, M.M. and Chalchat, J.C. 2006.
Effect of Collection Time on Chemical
Composition of the Essential Oil of
Foeniculum  vulgare subsp. piperitum
Growing Wild in Turkey. Eur. Food Res.
Technol. 224: 279-281.

Raal, A., Orav, A. and Arak, E. 2011.
Essential Oil Composition of Foeniculum
vulgare Mill. Fruits from Pharmacies in
Different Countries. Nat. Prod. Res., 26(13):
1173-1178.

Rahimmalek, M., Sayed Tabatabaei, B. E.,
Etemadi, N., Goli, S. A. H, Arzani, A. and
Zeinali, H. 2009. Essential Oil Variation
among and within Six Achillea Species
Transferred from Different Ecological
Regions in Iran to the Field Conditions. Ind.
Crop. Prod., 29: 348-355.

Roby, M. H. H., Sarhana, M. A., Selima, K.
A. and Khalela, K. 1. 2013. Antioxidant and
Antimicrobial Activities of Essential Oil and
Extracts of Fennel (Foeniculum vulgare 1.)
and Chamomile (Matricaria chamomilla L.).
Ind. Crop. Prod., 44:437-445

Saharkhiz, M. J. and Tarakeme, A. 2011.
Essential Oil Content and Composition of
Fennel (Foeniculum Vulgare L.) Fruits at
Different Stages of Development. J. Essent.
Oil Bear. Pl., 14(5): 605-609.

Shahat, A. A., Hammouda, F. M., Shams, K.
A. and Saleh, M. A. 2012. Comparative
Chemical Analysis of the Essential oil of
Wild and Cultivated Fennel (Foeniculum
vulgare Mill). J. Essent. Oil Bear. PI., 15(2):
314-319.

Telci, 1., Demirtas, I. and Sahin, A. 2009.
Variation in Plant Properties and Essential
Oil  Composition of Sweet Fennel
(Foeniculum vulgare Mill.) Fruits during
Stages of Maturity. Ind. Crop. Prod., 30(1):
126-130.

Yamini, Y., Sefidkon, F. and Pourmortazavi,
S. M. 2002. Comparison of Essential Oil
Composition of Iranian Fennel (Foeniculum
vulgare) Obtained by Supercritical Carbon
Dioxide Extraction and Hydrodistillation
Methods. Flavour Frag. J., 17(6): 345-348.
Zahid, N. Y., Abbasi, N. A., Hafiz, I. A. and
Ahmad, Z. 2009. Genetic Diversity of



Rahimmalek et al.

Indigenous Fennel Germplasm in Pakistan and Larvicidal Activity of Algerian
Assessed by RAPD Marker. Pak. J. Bot., 41: Foeniculum vulgare Seed Essential Oil.
1759-1767. Arab. J. Chem., 7(4):480-485.

24. Zoubiri, S., Baaliouamer, A., Seba, N. and
Chamouni, N. 2014. Chemical Composition

(Foeniculum vulgare Mill.) &b 31y Jwxes> Calideo Sy digad pwilw! Olus” 5 9 8 Slos £o33
(Bl 9 G 39198 590 Dhogas (S p b BLISHS Of 2l 52

P (B Olle jw s (SOgaie .z o >y P

oUu>

k4

WS bl OLS 5 ol addlle 3 el (g5)l3 5 Sae e OLS I SS GL

3 8hee (38 3 g 3ssm Olal QW Caliee (ol a Gl SLS1) rer 4se
5 O JmT il 5 3 pite 3,5 wged 53 T (Y0¥ B (pmalys 4303) 7 /90 o sl
G s05 33% 0217 5 Oly i 4 a3 53 TN 18T (B35 dis g Suilel ol OLS 5 5 sed
e ol DS el Sl e St il LS 5 I 5 ke S
3L iged s 93058 5 000 51 za) Yo IsTbos 8 Uslay 8 s asie )5 glast
o5 50 50 Do st i 5T il il > Slhos  Stacan adlllas 51 )5 35
5 IET il S o 53 (4 XV e Ses il 5,Shas 5 YU (glos i gy 39
5 AU Ol lyls andlae 3550 Sla wsed ! esdle L Lsls Ol e Sowwes YU les
Gge5 a5 J 53 VL bl 5 Shas gl ob5S 5 oS 555 sla 4 ges sy osline gl

s g s YL J}GTU,VJ\JJ shyls av\.lfj.la sla

1374



