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Abstract

In the present study, sceds from local cultivar of fennel were germinated on Murashige and Skoog medium (MS) without plant

growth regulators. Different types of explants from the growing seedling such as cotyledonal leaves, hypocotyls, epicotyls and roots were

cultured on MS medium, contained different concentrations of 2,4-dichlorophenoxyacetic acid (2,4-D) either alone or with kinetin.

Differential responses in the essential oil constituents were observed in the induction and development of callus. The major components

of essential oils includes estragole, trans-anethole, limonene and fenchone were studied under different conditions to find out the best

methods which could be used to reduce the amount of estragole (not favorite for human consumption) and increase the amount of

trans-anethole.
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Introduction

Fennel is a plant belonging to the Umbelliferae (Api-
aceae) family, known and used by humans since antiquity.
Because of its flavor, it was cultivated in the countries sur-
rounding the Mediterranean Sea. Fennel is one of the old-
est field crop used by the Egyptian for medicinal purposes.
Most of the area cultivated with fennel is located in Mid-
southern Egypt (mainly, Elfayom, Menia and Assiut Gov-
ernorates). The total area cultivated with fennel in Egypt
was 2209 feddan in 2006 which produced 3446 tons of
ripe dry seeds. Assiut Governorate cultivated about 86%
of this area (A. E. B., 2007).

Only one strain of common fennel (Foeniculum vulgare
Mill.) was cultivated in Egypt for the national and interna-
tional purpose. The cultivar yields big fruits and reasonable
percentage of essential oil with particularly high estragole
content, but it is poor in fenchone which is an important
constituent of the fennel essential oil. Other cultivars were
grown under Egyptian environmental conditions, with
good yields of fenchone content was found by Massoud
(1992). The aims of the present study are to examine the
effect of different concentrations of some growth regu-
lators on the ratios of fennel’s essential oil components
which may be useful in economic production of the plant
for medicinal use.

Essential oil of fennel also has an inhibitory effect on
the activity of ileum, the urinary bladder and against spas-
mogens (Saleh er al, 1996). Trans-anethole, estragole,
fenchone and limonene are the major constituents of the
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essential oil of bitter fennel fruits (Bernath ez 4/, 1996;
Venskutonis ez al, 1996). These, along with some other
components, provide the unique aroma and taste. Ttrans-
anethole accounts for the anise taste, estragole the sweet-
ness, fenchone the bitterness, and limonene provides the
citrus taste. Commonly, Trans-anethole used for flavor in
the food and liquors industry, which considered non-toxic
(Barazani ez al., 1999). The fresh leaves and dried fruits of
this plant are used as a spice for meat, baked and confec-
tionery products, and as a local materia medica in Turkey
(Davis, 1972). Sweet fennel (Foeniculum vulgare Mill.var.
dulce) is eaten as green salad and used in pharmaceutical,
perfumery industries and as flavour of different food prep-
arations such as bread, pastry, confectionery, liqueurs and
as ingredients of compound powder of liquorices (Ashraf
and Bhatty, 1975; Fenaroli, 1971). The present investi-
gation was under taken to study the differences or simi-
larities in the production of volatile oil contents of fennel
(Foeniculum vulgare) in vitro culture and to shed slight on
the productivity of trans-anethole and estragole.

Materials and methods

Experiment

The present studies were carried out at the “Biotech-
nology laboratory” Horticulture Research Institute Agri-
cultural Researches Center during 2002 -2006 in corpora-
tion of Biochemistry Department Faculty of Agriculture
Cairo University.
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Explants source

Fennel fruits (Foeniculum vulgare.L) were obtained
from Medicinal and Aromatic plant Research Department,
Agricultural Researches Center and surface sterilized for 1
min in 70% ethyl alcohol then for 20 min in 30% commer-
cial bleach (sodium hypochlorite 5.25%) with two drops
of Tween 20, after that rinsed thoroughly for 3 times with
sterile distilled water. The sterilized seeds were germinated
on MS medium growth regulators-free medium supple-
mented with 0.7% agar and 3% sucrose (Murashige and
Skoog, 1962). Glass shell vials (25x95 mm) with polypro-
pylene closures were used. The pH of the medium was ad-
justed to 5.7£1.0. The medium was autoclaving sterilized
for 20 minutes at 121°C and 1.2 Kgem™. The cultures were
maintained at 27°C+1.0 under cool white florescent light
(28 mmol S'm?, 16 h/day). After germination seedlings
were used as a source for explants.

Callus induction

When the seedlings were about 6 cm height, four types
of explants (leaves, hypocotyls, epicotyls and roots seg-
ments) were excised. These explants (3-5 mm long) were
cultured on MS medium supplemented with kinetin at
concentrations of 0.0, 0.5 and 1.0 mg/I without or with 2,
4-D at concentrations of (0.5 m g/1).

The medium contained 3% sucrose and 0.7% agar. The
cultured were incubated at 23°C under 16 h. photoperiod.
The factorial treatments of kinetin and 2,4-D in the medi-
um were arranged in randomized complete block experi-
ment with five replicates. The callus tissues were formed
after 28 days, and were maintained by sub-culturing every
four weeks on the best medium to obtain a large amount

of stock calli for experiments (Tawfik, 1995).

Extraction of essential oil from calli

The different types of calli (3 g) which formed from
the different parts of the seedlings (roots, epicotyls, hypo-
cotyls and leaves) or seeds were extracted by crushing with
hexane (20 ml). The supernatant solution was then con-
centrated to 1 ml and kept at -20 °C for further analysis
(Barazani et al., 1999).

Method of analysis

GC-MS Instrument operating conditions

GC-MS analysis were performed on a HP 6890 Series
gas chromatograph coupled to a HP 5973 mass selective
detector (HP Technologies, USA). The GC analysis was
performed on a HP-SMS (80 m x 0.25 mm LD., 0.25 um
film thickness) capillary column (5% diphenyl, 95 dim-
ethylpolysiloxane; HP, USA). The oven temperature was
programmed from 40°C (3 min) to 60°C at a rate of 2°C
min" and from 60 to 120 at rate of 4 °C min™! and from
120 to 240 at rate of 7 °C min™ final temperature held for
10 min. The MS was operated in the full-scan mode from
35 to 550 m/z. The identification of essential oil compo-

nents was on the basis of comparison of their retention
times with standard components and mass spectra with
published data (Adams, 2002) and computer matching
with WILEY 275 and National Institute of Standards and
Technology (NIST 3.0). The instrument control was per-
formed by the HP ChemStation software (HP Technolo-
gies, USA).

Results and discussion

Over than 63.49 % of the germinated fennel fruits were
developed normal seedlings on MS growth regulator-free
medium after 40 days. The largest amount of callus in-
duced from hypocotyls tissues (Halperin and Wetherell,
1964; Nadal ez al., 1989). The data observed that large
amount of proliferating callus was on the medium with 2,
4-D at 0.5 mg/] with kinetin at 0.5 or 1.0 mg/] (Tab. 1).
The 2, 4-D with kinetin has been used to induce callus in
celery (Saranga and Janick, 1991). The callus was compact
and had light yellow color.

Tab. 1. Effect of different concentrations of kinetin and 2, 4-D
as well as effect of some seedling parts on callusing formation
(%) of fennel (Foeniculum vulgare)

Growth Seedling parts
regulators Root Epicotyls ~ Leaves  Hypocotyls
Control 632418 6850+1.7° 549+05> 57.5+22¢
0.5mg/l Kinetin  61.9 £1.9° 60.75+ 0.9 395+0.6' 458+ 1.5°
1.0mg/l Kinetin = 72.7 £2.9> 5525+ 1.4% 52.8+0.4° 63.0+2.4
05mg/124-D  546+02' 760+24 580+0.6° 765+33"
0.5mg/1 Kinetin . e ag q .
+0.5mg/1 24-D 7875+34 423+1.1¢ 39.0+06' 100+4.7
1.0mg/1 Kinetin a 3 525+ .
+05mg/124-D 6.07+02¢ 698+1.8 0.4¢ 100 £ 4.9

Values are expressed as the means + SD of three independent assays. Values
with different letters in the same column were significantly different (P<0.05)

Chromatographic analysis

The essential oil contents (%) (mg/100g) for callus of

fennel (Foeniculum vulgare

Data in Tab. 2 showed that the highest oil percentage
(33.0 mg/100 g fresh callus) in callus induced from roots
on MS media free hormone, followed by (30.3 mg/100
g fresh callus) which produced from callus induced on
MS media supplemented with 0.5 mg/l 2, 4-D and (30
mg/100g) on MS media supplemented with 0.5 mg/1 ki-
netin. While the least oil percentage (3.3 mg/100 g) from
callus induced on MS media supplemented with 1.0 mg/I
kinetin plus 0.5 mg/1 2, 4-D. Furthermore the results in-
dicated that the highest oil percentage (31.3 mg/100 g)
produced from epicotyls callus induced on MS media
supplemented with 0.5 mg/1 kinetin plus 0.5 mg/1 2, 4-D.
On the other hand, the least oil percentage (3.3 mg/100
g) produced from callus induced on MS media supple-
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Tab. 2. Effect of different concentrations of kinetin, 2, 4-D as
well as effect of some seedling parts on essential oil contents (%)

(mg/100g) for callus of fennel (Foeniculum vulgare )

Growth Seedling parts

regulators Root Epicotyls Leaves  Hypocotyls
Control 33.0+0.8° 820+0.7¢ 1330+0.8> 2270+27°
0.5mg/L Kinetin  30.0 £0.9° 21.30+ 1.8 470+0.36* 530+ 0.1
1.0mg/LKinetin 730 £0.6' 670+12¢ 470032 530+0.3¢
0.5mg/L24-D 303+07° 33008 18.0+1.92° 22.00+2.8"
0.5mg/L Kinetin . . . .
+05mg/L2,4D 113+0.3° 31.30+22* 573+031¢ 10.00 +4.9
1.0mg/L Kinetin . . . .

+05mg/L2,4D 33+£02¢ 1200+£0.9° 3.67+0.19 554+04

Values are expressed as the means + SD of three independent assays. Values with
different letters in the same column were significantly different (P<0.05)

mented with 0.5 mg/l 2, 4-D. At the contrast the same
concentration of 2, 4-D produced the highest oil percent-
age (18.0 mg/100 g) in the callus induced from leaves.
Regarding the effect of different concentrations of kinetin
and 2,4-D, the results observed that callus induced from
leaves gave the lower oil percentages comparing with the
other seedling parts, while it gave (3.67 mg/100 g) from
callus induced on MS media supplemented with 1.0 mg/I
kinetin plus 0.5 mg/1 2, 4-D. In Tab. 2 it can be observed
that kinetin at concentration 0.5 mg/l or 1.0 mg/I de-
creased the production of callus oil which induced from
hypocotyls, it indicated (5.30 mg/100 g) at both concen-
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trations. While, the highest oil percentage (22.70 mg/100
g) recorded on MS media free hormone. Lavender plant
essential oil yield was significantly promoted as result of
foliar application of kinetin (Youssef and Talaat, 1998).
Our results are in agreement with El-Keltawi and Cratean
(1987), who illustrated that, the increase in essential oil
of lamiaceae plants is attributable in part to the influence
of cytokinin on monoterpene metabolism as it have been
rationalized largely in terms of an alternation of monoter-
pene reducates. According to the oil percentage (%) which
produced from different seedling parts, the results indi-
cated that callus induced from root contains the highest
oil percentage (33.0 mg/100 g) followed by callus induced
from epicotyls (31.30 mg/100 g), while the oil percent-
age of fruits which represents 3.46 g/100 g. On the other
hand, it was reported that bitter fennel oils were 1.2, 1.7,
2.1,2.2 and 5.6% in stem, leaves, flowering umbels, flowers
and ripe fruits respectively (Akgiil and Bayrak, 1988).

The relative percentage composition of the volatile oils

Sfrom fruits and callus induced from different seedling

parts of fennel (Foeniculum vulgare) on MS media free

hormone

The identified components of bitter fennel volatile oils
and their percentages by GC- Mass are listed in Tab. 4 and
S.

Trans-anethole is an important component for the
aroma, because of its sweet taste and many studies con-

Tab. 3. The parent and degradable M/Z ions of essential oils of fennel (Foeniculum vulgare)

T-ancthole Estragole Fenchone Limonene Fenchylacetate Anisaldehyde Camphor Carene P-cymene [(-myrcene  a-Pinene

149 1482 81 97 81 135 97 123 115 97 93

132 121 55 73 55 129 74 96 97 73 74

113 104 29 43 29 112 43 74 74 41 43
M/Z 83 76 26 83 27 55 43 25 26

57 58 57 29 26

29 41 29

20

Tab. 4. Relative percentage composition of the volatile oils from callus induced from different seedling parts of fennel (Foeniculum

vulgare)
Component  Fruits  Callus induced from roots  Callus induced from leaves  Callus induced from hypocotyls  Callus induced from epicotyls
Trans-ancthole  0.871 58.726 82.490 66.772 68293
Estragole 85.599 - 7.263 4114 16.098
Fenchone 3215 8.310 - - -
Limonene 4019 - 3.502 -
Fenchylacetate  0.268 - - - -
Anisaldehyde  0.536 7.479 5.447 2.848 6.829
Camphor 0.201 4155 - - -
Carene 3516 7.202 - - -
P-cymene  0.6698 4432 - - -
(-myrcene 0.402 3.878 - -
a-pinene 0.301 - - - -
Unknown 0.402 5.817 1.297 26.266 8.78

Values calculated as percentages of the total fennel volatile oil composition
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Tab. 5. Effect of different concentrations of kinetin, 2, 4-D on relative percentage composiotion of the volatile oils from callus induced from different seedling parts of fennel (Foeniculum vulgare)

Seedling parts Growth regulators T-anethole Estragole Fenchone Limonene Fenchylacetate Anisaldehyde Camphor Carene P-cymene B-myrcene a-Pinene Unknown
0.5mg/1 kinetin 0.88 97.74 — = 0.39 = = = = = = 0.99
1.0mg/1 kinetin 3.14 85.63 — — 0.07 — — — — — — 11.16
Roots 0.5mg/ 2,4-D 229 19.89 5.57 = 376 — 12.34 — — = = 35.55
0.5mg/lkinetin+0.5mg/ 2,4-D 46.33 248 3.24 433 8.49 — 3.25 — — — — 31.88
1.0mg/1 kinetin+0.5mg/ 2,4-D 56.53 529 12.574 = o = 9.06 1.51 — — = 15.036
0.5mg/1 kinetin 12.94 1.18 276 276 1.67 — — 5.09 — 224 1.33 70.12
1.0mg/1 kinetin 0.39 71.82 0.8 — 0.53 0.64 2.62 359 1.25 0.57 0.26 17.53
Epicotyls 05mg/ 2.4-D 492 1144 — — 159 407 6.14 - — — - 29.16
0.5mg/lkinetin+0.5mg/ 2,4-D 7353 2.03 — — — — 198 — — — 321 19.25
1.0mg/1 kinetin+0.5mg/ 2,4-D 57.79 2.5 5.5 2.3 137 — 11.08 318 — — — 395
0.5mg/1 kinetin 15.68 83.3 = — 0.20 0.82 — — — — — —
1.0mg/1 kinetin 61.79 0.75 — — 225 — 1.01 — 051 321 6.12 24.36
Leaves 0.5mg/ 2,4-D 43.69 12.55 232 7.6 0.7 = 373 = = 323 354 2262
0.5mg/lkinetin+0.5mg/ 2,4-D 655 89.53 2.18 — — — 1.73 — — — — —
1.0mg/] kinetin+0.5mg/ 2,4-D 97.54 021 0.21 — 0.77 — 0.42 — — — — 0.82
0.5mg/1 kinetin 2.88 694 2.03 — 1.69 — — 371 — — — 82.75
1.0mg/1 kinetin 25 8.44 1.02 251 — 2193 677 328 — — — 53.55
Hypocotyls 0.5mg/ 2,4-D 26.37 892 16.29 5.85 457 2.06 355 6.83 — — 0.11 25.45
0.5mg/lkinetin+0.5mg/ 2,4-D 15.28 83.95 = = 0.3 — 0.48 — — — — —
1.0mg/I kinetin+0.5mg/ 24D 9872 — — — 0.88 _ 041 _ _ _ _ _

Values calculated as percentages of the total fennel volatile oil composition
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firmed that trans-anethole constitutes about 90-95% of
the total fennel volatile oil composition. The result in Tab.
4 shows that the relative percentage of trans-anethole
which represents the major component of callus induced
from roots, leaves, hypocotyls and epicotyls on MS media
free hormone which represents 58.726, 82.49, 66.772 and
68.293% respectively. On the other hand in fruit, the con-
tents of trans-anethole was 0.871 % which considered very
low concentration compare to different induced of callus.
The mass spectra of trans- anethole and estragole are quite
similar as shown in and Tab. 3. Estragole represents the
major components in fruits 85.599% and arranged 7.263,
4.114 and 16.098% in leaf, hypocotyls and epicotyls re-
spectively and it could not be detected in callus induced
from roots. Limonene is conferred a fresh smell, it was
represent in fruit (4.019%) and in callus induced from leaf
(3.502%) only but it was absent in callus induced from
root, hypocotyls and epicotyls. Callus from different parts
contained high trans-anethole content and small amounts
of estragole and vice-versa, while fruit contained more es-
tragole.

Fruits with an intense, sweet and aniseed taste con-
tained more trans-anethole, while samples with a delicate
and soft taste contained more estragole (Miraldi, 1999).
Fennel which grows in habitats with high summer tem-
peratures and low humidity exhibited the highest trans-
anethole content 55 and 74%, respectively, with the low-
est level of estragole 8% of the pick area (Brazani ef al,
1999).

C-MS spectral analysis of fennel essential oils compo-
nent proved the presence of trans- anethole, estragole, fen-
chone, limonene, fenchyle acetate, anisaldehyde, camphor,
carene, p-cymene, f-myrcene and a-pinene. The major
component trans- anethole has M/Z of 149 and its frag-
ment as, 132, 113, 83, 57 and 29. The parent and degrad-
able M/Z ions of all detected essential oils were shown in
Tab. 3. The identification of fruit’s volatile oil was carried
out by comparing both mass spectra and retention times.
One of the main components of the fennel is fenchone
which represents (3.215%) in fruits and it was identified
only in callus induced from root (8.31%). Fenchone has a
pungent and camphorate odour; it is present especially in
bitter fennel. Noteworthy differences were also recorded
in the precentage of anisaldehyde an autoxidation product
of trans-anethole, ranged from 2.848% in callus induced
from hypocotyls, and repredent 5.447% in callus induced
from leaf, to the intermediate 6.829% in callus induced
from epicotyls, up to the highest 7.479% in callus induced
from root, while it was very low in fruits (0.536%).

In callus induced from root the present work found the
most essential oils which existed in fruits with high per-
centage like camphor (4.155%), carene (7.202%), p-cy-
mene (4.432%) and -myrcene (3.878%) but in fruits they
showed 0.201%, 3.516%, 0.6698%, 0.402% respectively.
a-pinene was the monoterpene hydrocarbon (0.301%)
which identified only in fruits. Percentage of anethole
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ranged from 86 to 88% in sweet fennel oil and 74% in bit-
ter fennel oil while limonene was only 4 and 2% respec-
tively in sweet and bitter fruits (Arslan ez 4/, 1989). In
Foeniculum vulgare var. dulce, anethole was 69 % in fruits
and 39 % herb oil, the relative percentage of limonene
being 8 and 20 % in the fruits and herb oil (Embong ez
al., 1977). The volatile oils of callus which induced from
root were relatively differences from other callus seven
constituents were detected of which the major compound
was trans-anethole at 58.726%. And the other compounds
were relatively high concentrations from the other cal-
lus. They are fenchone, anisaldehyde, camphor, careen,
p-cymene, B-myrcene and a-pinene (8.310, 7.479, 4.155,
7.202, 4.432and 3.878%, respectively). However estragole
contents were not available in callus induced from root.

Effect of different concentrations of kinetin, 2,4-D on
relative percentage composition of the volatile oils from
callus induced from different seedling parts of fennel

(Foeniculum vulgare)

Root explants

Growth regulators have different affects on the callus
essential oil contents (Tab. 5). The results indicated that
kinetin at concentrations 0.5 and 1.0 mg/] formed poor
oil which consists of only three kinds of volatile oil such
as t-anethole, estragole and fenchyl acetate at percentages
(0.88, 97.74 and 0.39) respectively in samples induced
from media supplemented with 0.5 mg/l kinetin.

While their percentages were (3.14, 85.63 and 0.07)
respectively in samples induced from media supplemented
with 1.0mg/] kinetin. Moreover in media supplemented
with 0.5 mg/l 2,4-D the essential oil contents were t-anet-
hole, estragole, fenchone, fenchylacetate and camphor at
percentages (22.9, 19.89, 5.57, 3.76 and 12.34) respec-
tively. Comparing with callus induced on MS media free
hormone, there was no estragole content and t-anethole
content recorded as 58.7%.

Furthermore, it was found that the combination be-
tween 2,4-D (0.5mg/1) and kinetin (0.5mg/l) produced
t-anethole, estragole, fenchone, limonene fenchyl acetate
and camphor at percentages (46.33, 2.48, 3.24, 4.33, 8.49
and 3.25) respectively. The results revealed that t-anethole,
estragole, fenchone, camphor and carene were produced
from callus induced on MS media supplemented with
0.5mg/l, 2,4-D and 1.0mg/! kinetin at percentages (56.53,
5.29,12.574,9.06 and 1.51) respectively. From the above
data it can be concluded that kinetin leads to form high
percentage from estaragole (97.74 and 85.63) respectively
and the lowest content from t-anethole (0.88and 3.14)
respectively. It is clear that 2,4-D influenced higher per-
centage of t-anethole (22.9) than estragole (19.89). The
increase in oil percentage due to kinetin may be referred to
their functions in preventing the hydrolytic break down of
oil naturally occurring in the plants as a result of the bal-
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ance between such hormones and the endogenous plant

hormones (Schive and Sisler, 1976).

Epicotyls explants

Data in Tab. 5 showed that kinetin at concentration
0.5mg/l induced callus contain different components
of essential oil such as t-anethlole (12.94%), estragole
(1.18%), fenchone (2.76%), limonene (2.76%), fenchyl
acetate (1.67%), carene (5.09%), B-myrcene (2.24%) and
a-pinene (1.33%). While using kinetin at concentra-
tion 1.0 mg/l induced callus contain t-anethole (0.39%),
estragole (71.82%), fenchone (0.8%), fenchyl acetate
(0.53%), anisaldehyde (0.64%), camphor (2.62%), carene
(3.59%), P-cymene (1.25%) B-myrcene (0.57%) and
a-pinene (0.26%). It can be observed from Tab. 4 that
2,4-D at concentration 0.5 mg/I alone or with (0.5 mg/I
and 1.0 mg/1) kinetin produced a very high percentage of
estragole (49.2%, 73.53% and 57.79%) respectively, and
low percentage of t-anethole (11.44%, 2.03% and 2.5%)
respectively. Other components at using 2,4-D (0.5 mg/1)

ave lower concentrations like fenchyl acetate (1.59%),
anisaldehyde (4.07%) and camphor (6.14%). Moreover,
camphor and a-pinene recorded (1.98%) and (3.21%) in
callus induced on MS media supplemented with 0.5 mg/1
2,4-D and 0.5 mg/] kinetin. Fenchone, limonene,
fenchyl acetate, camphor and careen recorded 5.5%, 2.3%,
13.7%, 11.08% and 3.18% in callus induced on MS media
supplemented with 0.5 mg/1 2,4 -D and 1.0 mg/I kinetin.
Type of explant had also a role in affecting essential oil
contents.

Epicotyls explants formed the highest percentage of es-
tragole by using kinetin at concentration (1.0) mg/l, while
the epicotyls exlplants formed the highest percentage of
t-anethole by using 2,4-D at concentration 0.5mg/I only
or with kinetin at the same concentration or at 1.0 mg/I
(Tab. 5). Comparing with callus induced on MS media
free hormone, estragole content recorded 16.098% and
t-ancthole recorded 68.29%. These results had been dis-
cussed by Sangwan ez a/. (2001), who mentioned that one
of the most important characteristics of oil accumulation
is its dependence on the developmental stage/phase of the
plant as well as its concerned part/organ, tissue and the
cells.

Leaves explants

Comparing the effect of kinetin and 2,4-D, the results
showed that kinetin at concentration 0.5 mg/] was capa-
ble of producing t-anethole (15.68%), estragole (83.3%),
fenchyl acetate (0.20%) and anisaldehyde (0.82%). While,
kinetin at concentration 1.0 mg/l produced t-anethole
(61.79%), estragole (0.75%), fenchyl acetate (2.25%),
camphor(1.01%), P-cymene (0.51%), (- myrecene
(3.21%) and a-pinene (6.12%). Comparing the effect of
2, 4-D, the results showed that 2, 4-D at concentration
0.5mg/l was capable of producing t-anethole (43.69%),
estragole (12.55%), fenchone (2.32%), limonene (7.6%),

fenchyl acetate (0.70%), camphor(3.73%), B-myrecene
(3.23%) and a-pinene (3.54%). Moreover, the media were
supplemented with 2,4-D (0.5mg/l) and kinetin at con-
centrations (0.5 mg/l and 1.0 mg/1) produced callus con-
tain t-anethole (6.55% and 97.54%), estragole (89.53%
and 0.21%), fenchone (2.18% and 0.21%) and camphor
(1.73% and 0.42%) respectively. Fenchyl acetate existed
only in callus induced on MS media supplemented with
kinetin (1.0mg/1) and 2, 4-D (0.5mg/1). Comparing with
callus induced on MS media free hormone, estragole con-
tent recorded 7.26%, while y-anethole content recorded
82.49%.

Hypocotyls explants

According to the effect of kinetin on the relative per-
centage composition of the volatile oils from callus induced
from hypocotyls. The results revealed that kinetin at con-
centrations (0.5 mg/] and 1.0 mg/1) produced estragole as
a higher percentage (6.94 and 8.44) respectively than t-
ancthole which recorded (2.88 and 2.5) respectively. While
anisaldehyde recorded the highest percentage (21.93%) in
callus induced on MS media supplemented with 1.0 mg/I
kinetin. Furthermore, 2, 4-D at concentration 0.5 mg/I
gave the highest percentage of estragole (26.37%), while
t-anethole was (8.92%). In the present analysis, fenchone
was found in a remarkable amount (16.29%). It can be ob-
served from the results given in Tab. 5 that 0.5 mg/I kinetin
with 0.5 mg/I 2,4-D produced t-anethole at 15.28% and
estragole at 83.95%, while 0.5mg/1 2,4-D with 1.0 mg/I
kinetin produced t-anethole at 98.72% and no estragole
content was observed. Comparing with callus induced
on MS free hormone, estragole content recorded 4.11%,
while t-anethole content recorded 66.77%.

In generally ('Tab. 5) there are a number of compounds
present in different parts of fennel, especially the compo-
nents of the essential oil such as various phenylpropanoids
and terpenes (Bilia ez al., 2002). Morcover, using MS
media supplemented with 1.0 mg/I kinetin plus 0.5 mg/I
2,4-D induced callus which is rich in t-anethole and poor
in estragole for all seedling parts under this study, which
were the best for cultivation, and it could be induced into
a breeding program in the future for commercial produc-
tion.

The proportion of fenchone in the volatile fraction of
both roots and hypocotyls extracts was a similar order and
greater than that in fruits extract. These results are dis-
agreement with previous reports of essential oils of bitter
and sweet fennel (Akgiil and Bayrak, 1988; Baldrich ez 4/.,
1986). From another point of view, it can be observed that
samples with a high Trans-anethole content contained
small amounts of estragole and vice versa, these results are
in agreement with Miraidi (1999). Anisaldechyhe, a degra-
dation product of trans- anethole was also a high content
in hypocotyls callus induced on MS media supplemented
with 1.0 mg/I kinetin (Bilia ez /., 2000). The results un-
der discussion clearly show that the ratio between trans-
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anethole and estragole differs between chemotypes (Ba-
razani, ef al., 2002; Muckensturm ¢ al., 1997). Estragole
is nowadays recognized as a potential human carcinogen
(Vincenzi, et al., 2000). The over all result could be to
change in the chemotype in terms of reduced quality of
fennel and increased health risk. Additionally, estragole
and fenchone are known to be carcinogenic and epilepto-
genic respectively (Burkhard ez 4/, 1999; Phillips, 1994).
On the other hand, the insecticidal action of estragole and
fenchone against Soryzae adults was very rapid, whereas
only anethole exhibited rapid insecticidal action against L
serricorne adults (Kim and Ahn, 2001).

Estragole and trans-anethole are the major constituents
of the essential oils of bitter fennel chemotypes (Foenicu-
lum vulgare Mill. var. vulgare) (Gross et al., 2002). Cell
free extracts from bitter fennel tissues display o-methyl-
transferase activities able to #z-vitro methylate chavicol
and trans-anol to produce estragole and trans-anethole, re-
spectively. These results indicated that an apparent associa-
tion between the levels of estragole and trans-anethole in
the different plant parts. Thus the present results indicate
that fruits had the most substantial content of estragole
and the callus had the most substantial content of trans-
anethole. Foeniculum vulgare var. vulgare presents great
composition differences with varying populations with the
aim of clarifying the status of var. vulgare, the proposed to
subdivide it into three chemotypes according to their rela-
tive compositions (Muckensturm ez 4/, 1997). They called
them chemotype estragole, chemotype estragole/anethole
and chtyp. anethole. According to that our results divided
into two chemotypes in the following:

chemotype Estragole is the major The
) estragole compound fruits

chemotype t-anethole is the The
] anethole major compound callus

Further research such as purification of the enzymes
from the two chemotypes, as well as isolation and analy-
sis of their respective genes will aid in answering the ques-
tion whether the methylation of both substrates (t-anethol
and chavicol ) are catalyzed by one ‘bispecific OMT (O-
Methyltransferase) or by two distinct enzymes but similar
forms of the enzymes. O-methylation at the OH group,
in the last biosynthetic step involved in the formation of
fennel volatile phenylpropenoids, cannot solely account
for the difference in estragole and anethole composition
of the chemotypes (Gross ez al., 2002).

Conclusions

The results showed that 2,4-D at 0.5 mg/I plus kinetin
at 1 mg/l produced the best response in callus induction.
It may activate especial enzyme which carry out the double
bond from conjugated trans configuration (trans-anet-
hole) to non conjugated double bond (estragole) or vice-
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versa, of course these point needs further investigation to
approve our suggestion. Finally, from the presented data, it
can be concluded that the seedlings which produced from
the callus induced from root on MS media free hormone
were the best for cultivation, and it could be induced into
a breeding program in the future for commercial produc-
tion.
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