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ABSTRACT Research Article

The objective of this study was to determine morphogenetic,

ontogenetic and diurnal variability in content and constituents of Article History

bitter fennel essential oil. Essential oils of various plant organs (leaf, Received ©25.07.2019
root-bulb-stalk, flower and seed) of bitter fennel harvested at pre-, full- Accepted 07.10.2019
and post-flowering stages at different times (9 am, 1 and 5pm) were

extracted by hydro distillation and analyzed by gas chromatography Keywords

and mass spectrometry. Essential oil content differed significantly ?éi};i_(ﬂgene

based on plant organ and growing stage, increasing in the order of leaf
< flower <seed, with a nearly seven-fold increase occurring in seed
essential oil as compared to that of leaf. Essential oil content increased
from 1.68% at pre-flowering to 2.18% at full-flowering but decreased
sharply to 0.81% at post-flowering. Trans-anethole was found to be the
most prominent compound in all esssential oils, with decreasing order
of seed > flower > root-bulb-stalk > leaf essential oil. Alpha-pinene, a—
phellandrene, limonene and fenchone were the other major
components, varying significantly with plant growth stages and
organs. The present study reveals that the content and constituents
of essential oil of bitter fennel from Turkey are predominantly
dependent on ontogenetical phase and plant organ.

Trans-anethole
Volatile oil

Ac1 Rezene (Foeniculumvulgare Miller var. vulgare) Ucucu Yag Icerigi ve Bilegenlerinde Morfogenetik,
Ontogenetik ve Diurnal Varyabilite

OZET Aragtirma Makalesi

Bu c¢alisma aci rezene ucgucu yag icerigl ve Dbilesenlerinde

morfogenetik, ontogenetik ve diurnal varyabilitenin belirlenmesi Makale Tarihgesi
amaciyla yuritulmustir. Ciceklenme oOncesi, tam ciceklenme ve Gelig Tarihi  :25.07.2019

ciceklenme sonrasinda ve giiniin farkl saatlerinde (09:00, 13:00 ve Kabul Tarihi :07.10.2019
17:00) hasat edilen bitki organlarinin (yaprak, kék-yumru-sap, cicek

ve tohum) ucucu yaglar1 hidrodistilasyon yoluyla cikarilarak, gaz Anahtar Kelimeler

kromatografisi ve kiitle spektrometresi ile analiz edilmigtir. Yaprak < glfal;plnen

cicek < tohum siralamasiyla artis gésteren ucgucu yag icerigi, bitki Ten Ofl !

organ1 ve biiyime dénemine bagh olarak énemli degisiklik gostermis rans antito
Ucgucu yag

ve tohumda ugucu yag icerigi yapraga gore yaklagik 7 kat daha fazla
olmustur. Ugucu yag icerigi ¢igeklenme oncesinde %1.68’den tam
ciceklenmede %2.18%e yiikselmis, fakat ¢iceklenme sonrasinda %0.81’e
dismistir. Tohum > ¢icek > kék-yumru-sap > yaprak siralamasiyla
azalan transanetol biitin ugucu yaglarda en 6nemli komponent
olarak belirlenmistir. Biiyiime dénemi ve bitki organina gére degisim
gosteren alfa-pinen, alfa-fellandrene, limonene ve fenkon diger 6nemli
komponenetlerdir. Sunulan bu ¢alisma, Tturkiye orijinli aci rezenenin
ugucu yag igerigi ve bilegenlerinin esas olarak bitki organi ve biiylime
donemine gore belirlendigini ortaya koymustur.

To Cite : Agkgoéz MA, Kara SM 2020. Morphogenetic, Ontogenetic and Diurnal Variability in Content And Constituents of
Bitter Fennel (Foeniculum vulgare Miller var. vulgare) Essential Oil. KSU J. Agric Nat 23 (1): 127-134. DOI:
10.18016/ksutarimdoga.vi.596542

INTRODUCTION medicinal and aromatic plant belonging to the
Fennel (Foeniculum vulgare Miller) is an ancient Apiaceae family. Used by humans since ancient times,
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it is now widely cultivated throughout the temperate
and tropical regions of the world (He and Huang, 2011;
Badgujar et al., 2014). Fennel fruit and its volatile oil
are used as a culinary spice, food flavoring agent, and
constituents in cosmetic, perfumery and
pharmaceutical products (Rather et al., 2016).
Medicinal, aromatic and pharmacological properties of
fennel are associated with the presence of essential oil
containing a complex mixure of chemical compounds
with certain bioactive properties (Khan and Musharaf,
2014). Essential oil of fennel has antioxidant (Kara and
Acikgoz, 2018), anti-inflammatory (Choi and Hwang,
2004), antibacterial (Acikgoz et al., 2017) and
antifungal (Ozcan et al., 2006) activities. The major
constituents of fennel essential oil are trans-anethole
(anothole-E), estragole (methyl chavicol), a-
phellandrene, fenchone, a-pinene, and limonene
(Rather et al., 2016). Several internal and external
factors affect the content, chemical composition and
bioactive properties of fennel essential oil, including
part of the plant (Stefanini et al., 2006), stage of
maturity (Telci et al.,, 2009), geographical origin
(Bahmani et al., 2016), environmental and climate
conditions (Figueredo et al., 2011), and also agronomic
practices (Coban et al., 2018). It has been suggested
that a study on a plant as a source of flavoring, such as
fennel, requires analysis of not only its seeds but also
other parts of the plant harvested at different growth
stages (Stefanini et al., 2006). There are, hovewer,
limited findings on the content and constituents of
essential oil of Turkish fennel as affected by plant
organ, growing stage and harvesting time. It has been
reported that the content of Turkish bitter fennel
essential oil was higher in early growth stages than in
the latter ones (Ozcan et al., 2006; Telci et al., 2009).
Some studies suggested that the major component of
Turkish fennel essential oil was trans-anethole (Cosge
et al., 2008; Coban et al., 2018), whereas a few works
showed the predominance of estragole as the main
constituent (Ozcan and Akgul, 2001; Ozcan et al.,
2006). These conradictory results imply that further
studies are needed concerning plant type (bitter or
sweet), plant organ and growth stage based variability
in content and consitituents of bitter fennel essential
oil. Further, to the best of our knowledge, there is no
study on diurnal variabilty in content and chemical
composition of fennel essential oil. Thus, this study
was carried out to determine morphogenetic,
ontogenetic and diurnal variability in content and
constituents of essential o1l of Dbitter fennel
(Foeniculum vulgare Miller var. vulgare) grown in
Turkey.

MATERIAL and METHODS
Plant material

Land race of bitter fennel (Foeniculum vulgare Mill.
var. vulgare) was used in the present study and the
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seeds were obtained from the Department of Field
Crops, Faculty of Agriculture of Ankara University of
Turkey. Field study was carried out in the Research
Station of Agricultural Faculty of Ordu University in
Ordu province (latitude 40.98 °N, longitude 37.87 °E,
altitude 5 m) located in the coastline of the central
Black Sea Region of Turkey in 2012 and 2013 years. A
total of 500 fennel plants were grown on a slightly
acidic clay loam soil with adequate level of nitrogen
and average levels of potassium, phosphorous and
organic matter. The seeds were sown in rows of 4
meters at a 40-cm row distance and basic fertilization
was applied before planting at the rates of 50 kg hal N
and 50 kg ha'! P20s.

Sample preparation

Plant samples were harvested from different organs at
different times to determine three types of
variabilities, namely ontogenetic, morphogenetic and
diurnal. To determine morphogenetic variability leaf,
root-bulb-stalk, flower and seed samples were
analyzed. The leaf and root-bulb-stalk samples were
taken at pre-, full-, and post-flowering stages. The
flower samples were picket at full flowering, and the
seed samples were gathered at the beginning of seed
formation and seed maturity. To determine
onthogenetic and diurnal variability, the whole plant
samples of pre-, full- and post-flowering stages were
harvested at three times in a day; at 9 am, 1 and 5 pm.

Isolation of essential oil

The plant samples were dried at 60 °C in an oven until
constant weight is attained and grounded for isolation
of essential oil. Essential oils of the plant samples were
extracted using hydro-distillation method with the
standard Clevenger apparatus. A 50 g of finely
grounded sample was watered with 300 ml distilled
water. The  distillation process lasted for
approximately 4 hours at boiling point. The o1l phase
was separated and then dried over anhydrous sodium
sulfate to remove water, filtered, and stored in a dark
glass bottle at 4 °C until analyzed. All tests were made
in triplicate.

Analysis of essential oil constituents

Determination of essential oil constituents was
conducted by GC-MS analysis, using Shimadzu GC-QP
2010 Plus equipped with a DB-5MS capillary column
(30 m x 0.25 mm x 0.25 pm) and MS detector. Helium
was used as the carrier gas at the constant flow of 1.0
ml min! and mass spectra was taken at 70 eV. The
oven temperature was held at 60 °C for 2 min, and then
programmed to 280 °C at a rate of 10 °C min!, and held
for 15 min. Essential oil compositions were identified
by calculation of their retention indices for n-alkanes
(C5-C22) and the oil on a HP 5MS column. The
constituents of essential oils were reported as a
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relative percentage of the total oil content of each
sample. Essential oil and its constituents were given
with their retention indices as relative to n-alkans (C5-
C22) on HP 5MS column (Adams, 2017).

Statistical analysis

The obtained data for essential oil content and
constituents (main components) were subjected to
variance analysis using a completely randomized
design. The significance test for comparing the
differences among the means was carried out with LSD
(p < 0.05) using Minitab 17 statistical software.

RESULTS and DISCUSSION
Essential oil contents

The values presented here were given as the average
of the two study years, since non-significant
differences were observed among essential oil contents
of fennel plants grown in 2012 and 2013 years.
Essential oil contents varied significantly (p<0.05)
with plant organ and ontogenetical phase of bitter
fennel (Table 1 and Table 2). Daily harvesting time,
however, did not produce any significant effects on
essential oil contents (Table 2). A large variation in
essential oil content due to plant organ and growth
stage was detected, ranging from the lowest (0.22%) in
the root-bulb-stalk samples of post-flowering to the
highest (4.51%) in immature seeds. The mean essential
oil content in root-bulb-stalk, leaf, flower and seed
were 0.25%, 0.64%, 1.34% and 4.45%, respectively.
These findings show that, essential oil contents of
bitter fennel increase regularly with the progress in
plant growth; the later the plant growth stage, the
higher 1s the essential oil content. When considering
each plant organ separately, however, this turned vice
versa and the essential oil content decreased with the
maturity. Essential oil contents in leaf, for instance,
decreased from 0.80% at pre-flowering to 0.65% at full-
flowering and to 0.47% at post-flowering. Similarly,
immature seeds produced higher amount of essential
oil than mature seeds. Essential oil content of the
whole plant samples increased from 1.68% at pre-
flowering to 2.18% at full-flowering and decreased
sharply to 0.81% at post-flowering. The accumulation
of plant essential oils and their constituents among
plant organs from roots to seeds is highly changeable.
Various studies indicate that essential oil content vary
greatly due to plant organs and growing stages in
particular (Anwar et al., 2009; Ferioli et al., 2017;
Wahba et al., 2018). Quantitative composition of fennel
essential oil has been reported to be mostly dependent
on ontogenetical phase and plant organ and most of
essential oil accumulates in reproductive organs
(Marotti et al., 1994; Lee and Ding, 2016). Our results
corroborate these previous findings, revealing that the
highest amount of essential oil accumulated in seed.
Most of the previous studies were focused on volatile
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oil contents of leaf, fruit and seed, whereas a few
reports were on those of root, bulb, stem, and flower
(Figueredo et al., 2011; Bahmani et al., 2016;
Khammassi et al., 2018). It has been reported that
fennel seed produced much higher essential oil than
stem and leaf (Garcia-Jiménez et al., 2000; Stefanini et
al., 2006). Ferioli et al., (2017) announced that a
significant increase in essential oil content occurred
from leaves to florets (+105%) and from florets to fruits
(+135%). Essential oil content of bitter fennel in our
study was comparable to those reported by Cosge et al.
(2008) and Coban et al. (2018) in bitter fennel native to
Turkey, while lower than that given by Ozcan et al.
(2006), varying from 6.01% (unripe fruit) to 4.41% (ripe
fruit) in Turkish bitter fennel. Plants generally
synthesize essential oils in young cells and volatile
compounds are largely accumulated even before the
organ is fully expanded (Lee and Ding, 2016). In
general, essential oil content decreases with the
progress in seed development, which is confirmed in
this study.In a study with bitter fennel originated from
Turkey, Telci et al. (2009) stated that volatile oil
content in early fruit growth stages was higher than
that in later stages and usually decreased according to
the progress in fruit growth. Similarly, Ozcan et al.
(2006) found that essential oils of bitter fennel fruits
decreased during subsequent developing periods.
These findings are in good agreement with the results
of the present study, indicating that immature mature
seeds accumulated higher essential oil than mature
seeds. These results, however, differed from those of
Anwar et al. (2009), who reported that the lowest
essential oil occurred in immature fruit (2.8%), but
essential oil increased significantly at intermediate
(3.2%) and mature growth stage (3.5%). Despite of
existing papers on essential oil content of fennel
affected by plant organ and growing stage, there are no
previous studies on diurnal variability (the effect of
daily harvesting time) in bitter fennel essential oil.
Thus, comparing our results with those of previous
studies 1s not possible, except for the findings of
Acikgoz et al. (2017) and Kara and Acikgoz (2018), in
line with our results, who reported non-significant
diurnal variability in antimicrobial and antioxidant
activity of bitter fennel.

Essential oil constituents

Essential oil constituents were affected significantly
(p<0.05) by plant organ and ontogenetical phase of
bitter fennel, with a non-significant effect of different
daily harvesting time (Table 1 and Table 2). Gas
chromatography and mass spectrometry analysis
revealed the presence of 27 compounds in all essential
oils representing 87.43-98.61% of total oil composition
with the remaining in trace amounts (<1.00%).
Oxygenated monoterpenes (basically trans-anethole
and fenchone) and monoterpene hydrocarbons (mainly
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Table 1. The content (%) and constituents of volatile oil in different organs and phenological stages of Foeniculum vulgare Miller var. vulgare.
Tablo 1. Foeniculum vulgare Miller var. vulgare. nin farkli organ ve gelisme donemlerindeki ugucu yag bilesenleri ve miktari (%).

Leaf Root-bulb-stalk Flower Seed
No Compounds RI Pre- . Full . Post . Mean Pre- . Full . Post . Mean Full . Immature Mature Mean
Adams  flowering flowering flowering flowering flowering flowering flowering
1 Thujene <a-> 930 tr 0.10 0.15 tr nd nd nd nd 0.18 nd nd nd
2 Pinene <a-> 939 18.60b 23.12a 19.14b 20.29 11.23d 14.50c 14.20c 13.31 11.71d 5.08f 8.96e 7.02
3 Camphene 954 0.11 0.19 0.13 0.14 nd nd nd nd nd nd nd nd
4 Sabinene 975 0.10 0.10 nd tr 0.20 0.14 nd 0.11 nd nd nd nd
5 Pinene <B-> 979 0.19 0.25 0.22 0.22 nd nd nd nd 0.22 0.27 0.20 0.24
6 Myrcene 990 0.28 0.46 0.13 0.29 0.43 0.28 0.25 0.32 0.23 0.31 2.30 1.31
7 Phellandrene <a-> 1002 17.64c 22.58a 18.70b 19.64 7.04 10.75d 10.04e 9.28e 4.23f 1.12h 1.40g 1.26
8 Terpinene <a-> 1017 nd nd nd nd nd nd nd nd 0.12 0.18 1.1 0.64
9 Cymene <p-> 1024 4.22 2.28 1.46 2.65 3.10 1.22 nd 1.44 2.19 2.35 3.75 3.05
10 Limonene 1029 6.25d 8.32b 6.94c 7.17 3.58e 2.32g 1.61h 2.50 10.20a 3.48e 2.70f 3.09
11  1,8-Cineole 1031 0.17 0.21 0.14 0.17 nd nd nd nd 0.10 nd nd nd
12 Ocimene <(7)-8-> 1037 0.17 0.22 0.29 0.23 0.12 0.12 0.12 0.12 tr tr 1.32 0.66
13 Ocimene <(E)-8-> 1050 nd nd nd nd nd nd nd nd nd nd 0.24 0.12
14  Terpinene <y-> 1059 1.02 1.54 0.75 1.10 6.02 4.54 4.63 5.06 0.54 0.66 0.70 0.68
15  Fenchone 1086 4.34e 4.50e 6.22d 5.02 7.54c 6.12d 6.05d 6.57 7.54c 14.80b 15.70a 15.25
16  Terpinolene 1088 nd nd nd nd nd nd nd nd 0.10 nd nd nd
17  Camphenol <6-> 1113 0.12 0.16 0.15 0.14 0.20 0.20 0.20 0.20 0.28 0.33 0.37 0.35
18  Camphor 1146 0.71 0.54 0.79 0.68 0.65 0.75 0.75 0.72 0.64 0.80 1.40 1.10
19  Borneol 1169 nd 0.10 0.10 tr nd nd nd nd nd nd nd nd
20  Terpinen-4-ol 1177 0.32 0.35 0.41 0.36 1.35 0.35 0.35 0.68 0.44 0.48 1.51 1.00
21  Terpineol <a-> 1188 0.41 0.40 0.34 0.38 0.47 0.32 0.32 0.37 0.42 0.53 0.50 0.52
22  Estragole 1196 3.75 3.20 3.41 3.45 5.07 2.20 2.01 3.09 2.24 3.10 3.82 3.46
23 Fenchyl acetate (exo) 1232 0.23 0.25 0.25 0.24 0.21 0.20 0.18 0.20 0.10 0.17 0.14 0.15
24  Anethole (Z) 1252 0.60 nd nd 0.20 nd 0.35 0.42 0.26 0.75 0.80 0.88 0.84
25  Anethole (E) 1284 37.60e 29.64f 38.53e 35.26 41.80d 48.54b 46.20c 45,51 54.75a 56.2a 45.9¢ 51.1
26  Anisaldehyde (meta) 1196 0.10 0.10 nd tr 0.10 0.12 0.10 0.11 tr tr tr tr
27  Germacrene D 1481 0.20 tr 0.10 0.10 0.10 0.10 tr tr 0.20 0.15 0.18 0.16
28  Caryophyllene oxide 1583 nd nd nd nd nd nd nd nd 0.30 0.40 0.25 0.33
Monoterpen hydrocarbons 48.58 59.16 47.92 51.89 33.72 33.87 30.85 32.81 29.72 13.45 22.67 18.06
Monoterpen oxygeneted 48.02 39.10 50.09 45.74 55.08 58.83 56.3 56.64 67.16 77.04 70.08 73.56
Sesquiterpen hydrocarbons 0.20 tr 0.10 0.10 0.10 0.10 tr tr 0.20 0.15 0.18 0.11
Sesquiterpen oxygeneted nd nd nd nd 0.10 0.10 0.10 0.10 0.30 0.40 0.25 0.33
Others 0.33 0.35 0.25 0.31 0.31 0.32 0.28 0.30 0.10 0.17 0.14 0.11
Volatile oil yield (%) 0.80c 0.65d 0.47e 0.64 0.30f 0.24f 0.22f 0.25 1.34b 4.51a 4.39a 4.45
All identified components 97.13 98.61 98.26 89.21 93.12 87.43 97.48 91.21 93.32

RI Adams: Identification based on comparison of retention index those of published data (Adams, 2017), Retention indices relative to n-alkans (C5-C22) on HP 5MS column, tr: Trace (<0.1).
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Table 2. The content (%) and constituents of volatile oil of the whole plant samples of Foeniculum vulgare Miller var. vulgare in different phenological stages and at different harvesting times.
Tablo 2. Foeniculum vulgare Miller var. vulgare. nin tiim bitki érneklerinin farkl gelisme dénemlerinde ve farkl hasat zamanlarinda ucucu yag bilesenleri ve miktar: (%).

Pre-flowering stage

Full flowering stage

Post flowering stage

Harvesting times

Harvesting times

Harvesting times

Compounds
Thujene <a->

Pinene <a->
Camphene
Sabinene
Pinene <B6->
Myrcene

Phellandrene <a->
Terpinene <a->
Cymene <p->

Limonene
1,8-Cineole
Ocimene <(Z)-8->
Ocimene <(E)-B->
Terpinene <y->

Fenchone
Terpinolene
Camphenol <6->
Camphor
Borneol
Terpinen-4-ol
Terpineol <a->
Estragole

Fenchyl acetate (exo)

Anethole (Z)

Anethole (E)
Anisaldehyde (meta)
Germacrene D
Caryophyllene oxide

Monoterpen hydrocarbons
Monoterpen oxygeneted
Sesquiterpen hydrocarbons
Sesquiterpen oxygeneted

Others
Volatile oil yield (%)

All identified components

RI Adams
930

939
954
975
979
990

1002
1017
1024

1029
1031
1037
1050
1059

1086
1088
1113
1146
1169
1177
1188
1196
1232
1252

1284
1196
1481
1583

9 am 1 pm 5 pm Mean
0.65 0.66 0.65 0.65
8.54bc 8.60b 8.59bc 8.58
0.72 0.72 0.73 0.72
0.41 0.38 0.39 0.39
0.30 0.32 0.31 0.31
0.32 0.35 0.30 0.32
5.40abc 5.39abc 5.44abc 5.41
tr tr tr tr
0.10 0.12 0.15 0.12
6.77b 6.80b 6.84b 6.80
tr 0.17 0.33 0.17
0.50 0.50 0.54 0.51
0.40 0.42 0.42 0.41
2.14 2.19 2.16 2.16
12.46b 14.55a 14.67a 13.89
tr 0.16 0.15 0.10
0.10 0.20 0.21 0.17
0.13 0.30 0.31 0.25
tr 0.13 0.15 tr
0.35 0.50 0.44 0.43
0.18 0.20 0.20 0.19
2.07 2.20 2.41 2.23
tr tr tr tr
1.43 1.58 1.63 1.55
42.02d 42.15d 42.00d 42.06
tr nd nd tr
3.47 3.50 3.49 3.49
tr 0.13 0.12 tr
26.25 26.61 26.67 26.51
58.74 61.98 62.35 61.02
3.47 3.50 3.49 3.49
tr 0.13 0.12 tr
tr tr tr tr
1.62¢ 1.71c 1.72¢ 1.68
88.46 92.22 92.63

9 am 1 pm 5 pm Mean
0.80 0.82 0.83 0.82
9.35a 9.69a 8.56bc 9.2
0.98 1.01 0.96 0.98
0.40 0.37 0.39 0.39
0.18 0.18 tr 0.12
0.32 0.41 0.40 0.38
5.88ab 6.01a 5.84ab 5.91
tr tr tr tr
tr 0.12 tr tr
6.94b 7.22b 7.21b 7.12
0.30 0.50 0.41 0.40
0.82 0.75 0.69 0.75
0.60 0.82 0.78 0.73
0.30 0.28 0.19 0.26
12.04b 13.1b 13.0b 12.71
tr 0.16 0.15 0.10
0.15 0.14 0.16 0.15
0.24 0.20 0.21 0.22
tr 0.15 0.15 0.10
0.73 0.70 0.70 0.71
0.45 0.31 0.28 0.35
1.07 1.20 1.41 1.23
tr 0.12 0.12 tr
1.50 1.58 1.54 1.54
49.92¢ 50.30c 50.90bc 50.37
tr tr tr tr
2.12 2.15 2.15 2.14
tr 0.12 0.11 tr
26.57 27.84 26.00 26.80
66.40 68.18 68.76 67.78
2.12 2.15 2.15 2.14
tr 0.12 0.11 tr
tr 0.12 0.12 tr
2.10b 2.25a 2.20ab 2.18
95.09 98.41 97.14

9 am 1 pm 5 pm Mean
0.50 0.41 0.40 0.44
7.87d 8.00cd 7.90d 7.92
tr tr tr tr
0.37 0.45 0.45 0.42
0.25 0.32 0.34 0.30
0.54 0.82 0.69 0.68
5.00c 5.14bc 5.01c 5.05
tr tr tr tr
tr tr tr tr
8.85a 9.01a 8.88a 8.91
0.15 0.22 0.21 0.19
0.32 0.44 0.44 0.40
1.04 1.10 1.12 1.09
3.67 4.12 4.40 4.06
8.81c 8.92¢ 8.89¢c 8.87
tr 0.15 0.13 tr
tr 0.10 tr tr
0.14 0.26 0.20 0.20
tr tr tr tr
tr tr tr tr
tr tr tr tr
1.24 1.10 1.32 1.22
tr tr tr tr
3.29 3.60 4.12 3.67
52.00ab 53.18a 52.14ab 52.44
nd nd nd nd
0.72 0.75 0.70 0.72
nd nd nd nd
28.41 29.96 29.76 29.38
65.63 67.38 66.88 66.63
0.72 0.75 0.70 0.72
tr tr tr tr
tr tr tr tr
0.78d 0.84d 0.81d 0.81
94.76 98.09 97.34

RI Adams: Identification based on comparison of retention index those of published data (Adams, 2017), Retention indices relative to n-alkans (C5-C22) on HP 5MS column, tr: Trace (<0.1).
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a—pinene, a—phellandrene and limonene) were the
dominant compounds of the essential oils, with the
ranges of 39.10-77.04% and 13.45-59.16%, respectively
(Table 1). Germacrene-D and caryophyllene oxide were
the only sesquiterpenes identified, representing 0.70-
3.63% of the whole plant volatile oil, with a decreasing
trend from pre-flowering stage to post-flowering.
Oxygenated monoterpenes increased from 45.74% of
leaf to 56.64% of root-bulb-stalk, to 67.16% of flower,
and to 73.56% of seed, as a mean of plant organs. The
average of monoterpene hydrocarbons, on the contrary,
decreased substantially from 51.89% of leaf to 32.81%
of root-bulb-stalk, to 29.72% of flower, and to 18.06% of
seed. The amount of monoterpenes oxygenated of
immature seed essential oil was nearly 2 times greater
than that of leaf at full-flowering, whereas
monoterpene hydrocarbons of immature seed essential
oil was 77.04% lower as compared to that of the leaf
samples of full-flowering stage. Inter- and intra-
variability of oxygenated monoterpenes and
monoterpene hydrocarbons in essential oils of whole
the plants harvested at three different hours in a day
were relatively small, within the ranges of 58.74-
68.76% and 26.00-29.96%, respectively. Bitter fennel
essential oils were characterized by the dominant
presence of trans-anethole, a—pinene, a—phellandrene,
limonene, and fenchone as the major constituents,
varying significantly with the stages of plant growth
and plant organs. Trans-anethole was found to be the
most prominent compound in all esssential oils, with
increasing order in root-bulb-stalk < leaf < flower <
immature seed essential oils, ranging in concentration
from 29.64% to 56.20%. The contents of trans-anethole
(56.20%) and fenchone (15.70) were the highest in
immature and mature seed essential oils, respectively.
The highest contents of a—pinene (23.12%) and a-—
phellandrene (22.58%) were obtained from bitter
fennel essential oil of the leaf at full-flowering stage,
while the lowest amounts (5.08% and 1.12%,
respectively) were in immature seed. The contribution
of limonene to essential oil was the highest in flower of
full-flowering. The amount of trans-anethole and
limonene increased regularly with the progres in plant
growth, whereas the contribution of fenchone to the the
essential oil decreased. The findings of previous
studies carried out in Brazil (Stefanini et al., 2006),
Pakistan (Anwar et al., 2009), China (Diao et al., 2014),
Iran (Bahmani et al., 2016), and Egypt (Wahba et al.,
2018) are consonant with our results, indicating that
trans-anethole was the major essential oil constituent.
In our study, essential oil of immature seed contained
higher amount of trans-anethole than that of mature
seed. This result differs from that of Anwar et al.
(2009), who found that the content of transanethole
regularly increased from immature to mature fruit.
Essential oil profile obtained in the present study was
similar to the previous results in Turkish bitter fennel
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reported by Akgul and Bayrak (1988) who found that
trans-anethole, increasing regularyl from leaf to fruit,
was the major constituent of all volatile oil samples.
The present results, showing transanethole as the
major constituent of all essential oils, are in good
agreement with those of Dadalioglu and Evrendilek
(2004), Cosge et al. (2008) and Coban et al. (2018)
reporting trans-anetholewas the main constituent in
essential oil of fennel from Turkey. The previous
studies from Sudan (Hassan and Elhassan, 2017) and
Tunisia (Khammasshi et al., 2017), however, reported
that estragole was the major component of fennel
essential oil. Ozcan and Chalchat (2006)reported that
estragole, limonene, and fenchone were the main
components in Dbitter fennel native to Turkey.
Estragole (61.08%), fenchone (23.46%), and limonene
(8.68%) were reported as the main constituents in the
essential oils of fully matured fruit of bitter fennel
(Ozcan et al., 2006). As reported by Ozcan and Akgul
(2001), the essential oils of bitter fennel fruits from
Turkey contained estragole (47.09%), limonene
(29.07%), and fenchone (13.43%) as the main
constituents. The results of the present study revealed
a complementary trend of oxygenated monoterpenes
and monoterpene hydrocarbons during plant growth;
the relative content of oxygeneted monoterpenes
increased from leaves to immature seeds, while that of
monoterpene hydrocarbones decreased. A study by
Ferioli et al. (2017) confirmed these results, indicating
that during plant growth from leaves to fruits the
content of non-oxygenated monoterpenes decreased,
but oxygenated monoterpenes increased.

CONCLUSIONS

The results of the present study revealed that the
contents and constituents of bitter fennel essential oil
varied significantly in accordance with the growth
stage and plant organ, with a non-significant diurnal
variability. The mean essential oil content increased in
the order of leaf < flower <seed, with a nearly seven-
fold increase occurring in seed essential oil as
compared to that of leaf. These findings suggest that,
essential oil content of bitter fennel increase regularly
with the progress in plant growth; the later the plant
growth stage, the higher the essential oil content is.
However, when considering each plant organ
separately, this turned vice versa and the essential oil
content decreased with maturity; higher essential oil
in younger leaf and immature seed than in older and

mature ones. Oxygenated monoterpenes (trans-
anethole and  fenchone) and monoterpene
hydrocarbons  (a—pinene, a—phellandrene and

limonene) were the dominant compounds of the
essential oils. The content of oxygeneted monoterpenes
progressively increased from leaves to immature seeds,
while relative amount of monoterpene hydrocarbones
follewed the opposite patterns. In all essential oils from



KSU Tarim ve Doga Derg 23(1): 127-134, 2020
KSU J. Agric Nat 23(1): 127-134, 2020

Arastirma Makalesi
Research Article

all plant organs harvested at all growth stages, trans
anethole appeared as the most prominent component
with a two-fold increase in immature seed compared to
leaf. In conclusion, these results outline the fact that
content and constituents of bitter fennel essential oil
are predominantly dependent on ontogenetical phase
and plant organ and immature seed produced the
highest amount of essential oil with trans-anethole as
the main component.
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