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ABSTRACT

The present study was conducted to assay the antioxidant activities of essential oils and ethanol extracts
of fennel (Foeniculum vulgare Mill.) seeds from Egypt and China. The major components of the Egyptian
fennel essential oil were estragole (51.04%), limonene (11.45%), L-fenchone (8.19%) and trans-anethole
(3.62%) by GC-MS analysis. Whereas, the major constituents of Chinese fennel essential oil were trans-
anethole (54.26%), estragole (20.25%), L-fenchone (7.36%) and limonene (2.41%). The fennel seed extracts
from Egypt and China contained appreciable levels of total phenolic contents (42.24 and 30.94 mg
PE/g, respectively). The extracts exhibited good DPPH radical scavenging capacity with ICsq (6.34 and
7.17 mg|/g), respectively. A high variation in free radical scavenging activities of essential oils was
observed. The Chinese fennel essential oil showed high activity in DPPH radical scavenging with ICsg
(15.66 mg/g). The Egyptian fennel essential oil showed very low activity with ICso (141.82 mg/g). The
results of the present investigation demonstrated significant variations in the antioxidant activities of
fennel essential oils and extracts from Egypt and China.

© 2019 “Society information”. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oxidative stress which resulted of excessive production of free
radicals and the unbalanced mechanisms of antioxidant protection
is one of the crucial causative factor in elicitation of many chronic
and degenerative diseases including atherosclerosis, cancer, dia-
betes mellitus, Parkinson’s disease, immune dysfunction and is
even involved in aging [1-3]. Both exogenous and endogenous
antioxidants, either synthetically prepared or naturally obtained
can be effective in prevention of the free radical formation by scav-
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enging and promoting the decomposition and suppression of such
disorder [4,5].

The use of synthetic antioxidants, in foods is discouraged due
to their perceived carcinogenic potential and safety concerns [6].
Therefore, the interest in natural antioxidants has increased con-
siderably because of their beneficial effects of prevention and risk
reduction in several diseases [7].

Currently, the use of plant-based natural antioxidants, such as
those of phenolic substances like flavonoids and phenolic acids
and tocopherols in foods, as well as preventive and therapeutic
medicine, is gaining much recognition. Such natural substances
are believed to exhibit anticarcinogenic potential and offer diverse
health-promoting effects because of their antioxidant attributes
[6,8].

Herbal spices, being a promising source of phenolics, flavonoids,
anthocyanins and carotenoids, are usually used to impart flavor and
enhance the shelf-life of dishes and processed food products [9].
Essential oils, extracts and bioactive constituents of several spices
and herbs are well known to exert antioxidant and antimicrobial
activities [10].
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Fennel is a member of the family Apiaceae. It is classified into
two sub species vulgare and piperitum. The most important culti-
vated fennel cultivars belong to subspecies vulgare. Sweet fennel
(Foeniculum vulgare Mill) is a biennial medicinal plant and is native
to the Mediterranean area [11], through it is grown in other parts
of the world as well. It is grown commercially in some of them,
such as Russia, India, China and Japan [12]. The plant has a long
history of herbal uses. Traditionally, fennel seeds are used as anti-
inflammatory, analgesic, carminative, diuretic and antispasmodic
agents [13].

Essential oil of fennel is used as flavoring agents in food prod-
ucts such as beverages, bread, pickles, pastries, and cheese. It is
also used as a constituent of cosmetic and pharmaceutical products
[14]. The major components of F. vulgare seed essential oil have
been reported to be trans-anethole, fenchone, estragol (methyl
chavicol), and a-phellandrene. The relative concentration of these
compounds varies considerably depending on the phonological
state and origin of the fennel [15]. In addition the accumulation
of these volatile compounds inside the plant is variable, appearing
practically in any of its parts viz. roots, stem, shoots, flowers and
fruits [15,16].

Many studies have been investigated the chemical composition
and antioxidant activity of the essential oil of fennel from different
origins. However, there are few reports on the antioxidant prop-
erties of fennel seed extracts. In addition there is no abundant
information on the chemical composition and antioxidant activity
of the essential oil and extract of fennel seed from China. Therefore,
this study was conducted to comparatively examine the chemical
composition and antioxidant activity of the essential oils of fen-
nel seed and seed extracts from Egypt and China, as well as the
antioxidant activity of their seed extracts.

2. Materials and methods
2.1. Plants material

Egyptian sweet fennel seeds were obtained from Assiut gov-
ernorate. The seeds were collected during summer 2016 and
identified by Dr. Atef A. Kader (Department of Medicinal and
Aromatic Plants Researches, Horticulture Research Institute, Agri-
cultural Research Center). Chinese sweet fennel seeds obtained
from Bozhou City, Anhui Province. The current study was conducted
during 2016 and 2017 years at National R & D Center for Edible
Fungus Processing Technology, Henan University, Kaifeng, China.

2.2. Essential oil isolation

Dried seeds of F. vulgare (100g) were crushed to powder and
subjected to hydrodistillation with sterile water (1L) for 3 h using
a Clevenger-type apparatus. The obtained essential oil was dried
over anhydrous sodium sulphate, the percentage of oils calculated
and stored at 4 °C for further use.

2.3. Gas chromatography/mass spectrometry analysis

GC-MS analysis was carried out using an Agilent 6890 N gas
chromatograph equipped with a capillary column DB-5ms (30
m x 250 wm x 0.25 wm, Agilent Technologies, USA) and coupled
with a 5975 B mass selective detector spectrometer from the same
company. The front inlet was kept at 250 °C in split mode. The tem-
perature program was as below: the initial column temperature
was 60 °C, held for 2 min, and then programmed to 120°C at a rate
of 6 °C per minute and held for 2 min; finally programmed to 230°C
at a rate of 4°C per minute, held at 5 min. Flow rate of split injec-
tion was 1.0 mL per minute. As a carrier gas helium at 1.0 mL per
minute was used. The MS detector was used in the EI mode with

an ionization voltage of 80eV. The ion source temperature was at
230°C. The transfer line was at 280 °C. The spectra were collected
over the mass rang (m/z) 30-1000. Retention indices were calcu-
lated by using the retention times of Cg-Cyg n-alkanes that were
injected at the same chromatographic conditions. The volatile con-
stituents were identified by comparison of their relative retention
indices and their mass spectra with Nist 08.L library of essential oil
constituents.

2.4. Preparation of fennel seed extracts

Grinding seed samples (50g) were extracted with 500 mL of
70% ethanol, (70:30, ethanol: water v/v) by an orbital shaker (Gal-
lenkamp, UK) for 8 h at room temperature. The extracts were
separated from solids by filtering through double-layer muslin
cloth. The remaining residues were re-extracted twice and the
extracts were pooled then filtered under Buchner funnel and con-
centrated under reduced pressure at 40 °C using a rotary evaporator
and stored at -4 °C until used for further analyses.

2.5. Determination of total phenolic contents (TPC) of seed
extracts

The contents of total phenolic in seed extracts were determined
spectrophotometrically according to the Folin-Ciocalteau method
of Kang et al. [17] with slight modification. The diluted extract
(1 mg/1 mL methanol) was used in the analysis. A 0.2 mL aliquot of
the diluted extract was mixed with 2.5 mL of 10% Folin-Ciocalteu’s
reagent in water. The mixture was covered and incubated for 2
mints in dark place then 2 mL of 7.5% Na,COs3 dissolved in water
was added. The mixture was incubated for 1 h at room temperature.
The absorbance was measured at 765 nm against blank. The blank
had the same constituents except that the extract was replaced by
distilled water. Pyrocatechol was used as standard for preparing
the calibration curve. The total phenolic content was expressed as
mg pyrocatechol equivalents (PE) per g of extract.

2.6. DPPH radical scavenging assay

The method of Kang et al. [ 18] was used to assay the DPPH radi-
cal scavenging activity. The stable free radical DPPH was dissolved
in methanol to give a 200 wM solution; 10 pL of the essential oil
and extract samples in methanol (or methanol itself as blank con-
trol) was added to 175 pL of the methanol DPPH solution. For each
test compound, different concentrations were tested. After fur-
ther mixing, the decrease in absorbance was measured at 515 nm
after 20 min. The actual decrease in absorption induced by the test
compound was calculated by subtracting that of the control. The
antioxidant activity of each test sample was expressed as an ICsq
value, i.e. the concentration in mg/mL that inhibits DPPH absorp-
tion by 50% and was calculated from the concentration-effect linear
regression curve. BHT was used for positive control. The DPPH
radical scavenging activity of each sample was calculated as the
percentage inhibition.

% Inhibition of DPPH radical activity = [(Ag —A1)/Ag] x 100

Where: Ag is the absorbance of the DPPH itself; A; is the
absorbance of sample and the positive control.

2.7. Statistical analysis

Data were analyzed statistically using Statistix Version 8.1 soft-
ware. Differences between means were determined using the least
significant difference test at P<0.05. The data are presented as
mean + SD.
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Table 1

Egyptian fennel essential oil composition (%), obtained by GC-MS.
Number RT? RA%P Compounds CAS®© Kid
1 2.5946 0.1651 Cyclopentane, 1,3-dimethyl-, cis- 002532-58-3 676.321839
2 2.651 0.3322 Cyclopentane, 1,2-dimethyl-, trans- 000822-50-4 683.524904
3 6.7413 2.0652 1R-c.-Pinene 007785-70-8 932.835893
4 7.061 0.143 Camphene 000079-92-5 948.176583
5 7.5312 0.7589 B-Phellandrene 000555-10-2 970.738964
6 7.644 0.5466 B-terpinene 000099-84-3 976.151631
7 7.8415 1.3649 B-Pinene 000127-91-3 985.628599
8 8.2364 0.4621 a-Phellandrene 000099-83-2 1004.67189
9 8.9134 11.5419 Limonene 000138-86-3 1037.82566
11 9.1203 0.3503 Camphene 000079-92-5 1047.95788
12 9.4024 1.5762 y-terpinene 000099-85-4 1061.77277
13 10.1735 8.192 L-Fenchone 000126-21-6 1099.53477
14 12.5994 51.0419 Estragole 000140-67-0 1209.94182
15 13.9817 0.2377 cis-carveol 001197-06-4 1260.20727
16 14.2544 0.2338 (4S)~(+)-carvone 002244-16-8 1170.12364
17 14.3484 0.0398 anethole 000104-46-1 1273.54182
18 14.4424 0.1324 anisaldehyde 000123-11-5 1276.96
19 15.2229 3.6218 Trans-anethole 000104-46-1 1304.99151
20 17.4138 0.1451 Copaene 003856-25-5 1379.43595
21 17.7147 0.0755 B-cubebene 013744-15-5 1389.66021
22 17.9686 0.0952 methyleugenol 000093-15-2 1398.28746
23 19.5013 0.1169 1-(4-methoxyphenyl)-1-propanone 000121-97-1 1449.80847
24 20.4134 0.33 germacrene D 013744-15-5 1480.45699
25 23.065 0.3271 (E)-p-methoxycinnamaldehyde 024680-50-0 1571.13402
26 24.3062 0.3477 Apiol 000523-80-8 1614.32346
27 36.8028 1.0003 Heneicosane 000593-49-7 2101.48022
Total 89.2463
2 Retention time.
b value expressed as relative area percentages to total identified compounds.
¢ Chemical substance No.
d Retention index: Kovats retention index relative to n-alkanes on column.

Table 2

Chinese fennel essential oil composition (%), obtained by GC-MS.
NO RT? RA%" Compounds CAS¢ K14
1 2.5006 0.625 Hexane, 3-methyl- 000589-34-4 664.316731
2 2.604 0.3742 Cyclopentane, 1,3-dimethyl-, cis- 002532-58-3 677.52235
3 2.6511 0.3593 Cyclopentane, 1,2-dimethyl-, trans- 000822-50-4 683.537676
4 3.046 0.0401 Cyclohexane, methyl- 000108-87-2 719.331395
5 6.7038 0.2031 1R--Pinene 007785-70-8 931.036468
6 7.0611 0.0406 Camphene 000079-92-5 948.181382
7 7.5218 0.0625 B-Phellandrene 000555-10-2 970.287908
8 7.8321 0.1222 B-Pinene 000127-91-3 985.177543
9 8.2177 0.0284 «-Phellandrene 000099-83-2 1003.75612
10 8.6314 0.093 o-cymene 000527-84-4 1024.01567
11 8.763 2.4061 Limonene 000138-86-3 1030.46033
12 9.2896 0.069 y-terpinene 000099-85-4 1056.24878
13 10.1547 7.362 L-Fenchone 000126-21-6 1098.6141
14 10.6436 0.2361 trans-p-Mentha-2,8-dienol 1000139-65-3 1121.49323
15 10.9069 0.2041 trans-p-2,8-menthadien-1-ol 007212-40-0 1133.77975
16 11.1608 0.5359 p-Camphor 000464-49-3 1145.62762
17 12.6277 20.2524 Estragole 000140-67-0 1210.97091
18 12.8816 0.0789 5-Isopropenyl-2-methylcyclopent-1-enecarboxaldehyde 1000190-36-8 1220.20364
19 13.0038 0.2145 cis-carveol 001197-06-4 1224.64727
20 13.2577 0.3669 B-fenchyl acetate 076109-40-5 1233.88
21 13.5868 0.1567 (4S)-(+)-carvone 002244-16-8 1245.84727
22 15.4204 54.2618 Trans-anethole 000104-46-1 1311.70234
23 16.2384 0.0425 4-vinylguaiacol 007786-61-0 1339.49711
24 17.7147 0.4353 anisketone 000122-84-9 1389.66021
25 19.6047 0.3492 1-(4-methoxyphenyl)-1-propanone 000121-97-1 1453.28293
26 20.8271 0.0979 methylisoeugenol 000093-16-3 1494.3582
27 21.5794 0.2152 myristicin 000607-91-0 1520.08247
28 243721 0.7516 Apiol 000523-80-8 1616.67619
29 33.7751 0.8808 n-Hexadecanoic acid 000057-10-3 1973.81069
30 36.7935 0.7207 Heneicosane 000593-49-7 2101.08464
Total 91.586

Retention time.

Chemical substance No.

a
b Value expressed as relative area percentages to total identified compounds.
c
d

Retention index: Kovats retention index relative to n-alkanes on column.
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3. Results and discussion
3.1. Chemical composition and yield of the essential oils

Quantitative analyses of the chemical composition of the inves-
tigated essential oils of the two tested fennel from Egypt and
China are shown in Table 1 and 2, respectively. GC-MS analysis
of Egyptian fennel essential oil identified 27 constituents, rep-
resenting 89.24% of the total oil. Estragole (51.04%), limonene
(11.45%), L-fenchone (8.19%) and trans-anethole (3.62%) were the
major constituents of the essential oil tested. For Chinese fennel
essential oil GC-MS analysis identified 30 constituents, represent-
ing 91.58% of total oil, the major constituents of the essential
oil were trans-anethole (54.26%), estragole (20.25%), L-fenchone
(7.36%) and limonene (2.41%). The results indicated that the chemi-
cal composition of fennel essential oils from two countries was very
different.

The variation in essential oil composition of F. vulgare in differ-
ent origins has been previously investigated by other researchers.
As reported by Khammassi et al. [19] estragole (66.09-85.23%), fen-
chone (5.18-23.09%), and limonene (4.3-10.25%) to be the major
compounds identified from 16 wild edible Tunisian F. vulgare. Telci
et al. [20] also reported a higher value for trans-anethole (84.12%)
and lower for estragole, limonene and fenchone (4.19-5.53%,
2.96-4.69% and 1.17-2.65%, respectively) of sweet fennel cultivated
in Turkey.

Ozcanetal.[21] and Ozcan and Chalchat [22] reported estragole
(61.08% and 40.49%), fenchone (23.46% and 16.90%) and limonene
(8.68% and 17.66%), respectively, as the major constituents in the
essential oil of bitter fennel (F. vulgare spp. piperitum) grown in
Turkey. Anwar et al. [23] reported trans-anethole (68.1%), fen-
chone (9.50%), estragole (4.92%) and limonene (4.50%) to be the
major constituents of fennel essential oil tested from Pakistan.
Damjanovic et al. [12] reported, trans-anethole (62.0%), fenchone
(20.3%), estragole (4.90%) and limonene (3.15%) to be the main com-
ponents of essential oils from wild-growing fennel seed native to
the Podgorica region, central south Montenegro.

Mimica-Dukic et al. [24] also reported trans-anethole (74.18%),
fenchone (11.32%), estragole (5.29%), limonene (2.53%) and «-
pinene (2.77%) as the major compounds identified in the essential
oil from F. vulgare from Yugoslavia. The chemical composition of
fennel essential oil in this study was nearly similar to the previ-
ous results reported by Shahat et al. [25] trans-anethole (4.99%),
fenchone (7.22%), estragole (57.94%) and limonene (20.64%) to be
the main components of essential oils from cultivar F. vulgare var.
vulgare seed from Egypt. However, the results were very differ-
ent to the previous results reported by Viuda-Martos et al. [26]
trans-anethole (65.59%), estragole (13.11%), limonene (8.54%) and
fenchone (7.76%) were the major compounds in the essential oil
from Egyptian fennel. They collected samples during the flower-
ing period and the essential oil extracted from entire plant (stems,
leaves and flowers).

The variations in the chemical composition of essential oil across
countries might be attributed to the varied agroclimatic (climatical,
seasonal, geographical) conditions of the regions, stage of maturity
and adaptive metabolism of plants.

In Table 3, the yield of fennel seed essential oils from Egypt and
China was varied and found to be 1.6% and 1.1%, respectively. A lit-
erature search revealed that the essential oils content from Iranian
fennel seeds populations ranged from 2.7 to 4% [27]. Anwar et al.
[23] reported the yield of fennel seed essential oil from Pakistan
was found to be 2.81%. Mata et al. [28] found the yield of essential
oil of fennel seed from Portugal to be 0.1%.

Mimica-Dukicetal.[25] reported also an essential oil yield in the
range of 2.82-3.38% for F. vulgare seeds from Yugoslavia. Bernath
etal. [29] found the yield of fennel essential oil from Hungary, Italy,

Table 3

The yield and major constituents (%) in fennel essential oils.
Oil yield and Compounds Egyptian Chinese
Oil 1.6 1.1
Trans-Anethole 3.62 54.26
Estragole 51.04 20.25
L-Fenchone 8.19 7.36
Limonene 11.45 241

Table 4
Antioxidant assays of fennel seed extracts and essential oils.

Extracts Essential oils

TPC(mg PE/g) 1Cso(mg/g) 1Cs0(mg/g)
Egyptian 42.2440.699% 6.34+0.031° 141.82+£2.2122
Chinese 30.94 +0.465° 7.17 £0.3642 15.66+1.135P
BHT - 6.80+0.258%P 6.8040.258¢

Data are mean £ SD (n=3). Values followed by the different letters within a column
are significantly different (P <0.05) according to the least significant difference test.
BHT used as a positive control.

France, and Korea to be ranged from 2.27 to 5.94%. Khammassi et al.
[19] observed the essential oil yields from 16 wild edible Tunisian F.
vulgare ranged from 1.2 to 5.06%. Viuda-Martos et al. [27] reported
the yield of the essential oil of Egyptian organic fennel was 2.5%.

In fact, essential oil content can be mainly affected by environ-
mental and genetic factors [ 14]. Moreover, it may be influenced by
the method and the extraction conditions [30].

3.2. DPPH radical scavenging assay of fennel essential oils

In Table 4, there was a significant difference in free radical scav-
enging activities of essential oils. The Chinese fennel essential oil
showed high activity in DPPH radical with IC5¢ (15.66 mg/g). How-
ever, the Egyptian fennel essential oil showed very low activity
in DPPH radical activity with 1Cs¢ (141.82 mg/g). This variation
was probably due to differences in trans-anethole compound con-
tent [26,31] which recorded very higher concentration in Chinese
fennel essential oil than that of Egyptian fennel essential oil as illus-
trated in Table 3. Also the geographic origin can be affected on
antioxidantactivity of essential oils [32]. Moreover, these variations
were probably due to differences in phenolic compound con-
tent. Viuda-Martos et al. [27] reported that essential oil extracted
from entire plant of Egyptian organic fennel showed the lowest
scavenging activity (ICsg=179.56 g/L) and this reduction in scav-
enging activity was correlated with the reduction in total phenolic
content.

The variation in the antioxidant activity of essential oil in differ-
ent origins has been previously investigated by other researchers.
Khammassi et al. [19] reported that there were variation in
free radical scavenging activities of Tunisian F. vulgare essential
oils and the inhibitory concentrations ICsg ranged from 12 to
38.13 mg/mL. Anwar et al. [23] suggested that fennel essential
oil from Pakistan exhibited good DPPH radical scavenging activ-
ity (ICs59 32.32mg/mL). Chang et al. [33] reported that essential
oil of F. vulgare var. vulgare collected from Iran exhibited the low-
est radical scavenging activity in among three cultivars with ICsq
(15.33 mg/mL). Marin et al. [34] also reported essential oil of Span-
ish organic fennel showed low radical scavenging ability (ICsqg
45.89g/L).

3.3. Antioxidant activity of seed extracts
3.3.1. Total phenolic contents

The total phenolic contents (TPC) of fennel seed ethanol extracts
are presented in Table 4. The TPC was determined by Pyrocat-
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echol as calibration standard. The amounts of total phenolic in
ethanol extracts were significantly varied. Ethanol is preferred for
the extraction of antioxidant compounds mainly because of its
lower toxicity [35,36]. The results indicated that Egyptian fennel
seed extract showed higher content of TPC with value (42.24 mg
PE/g) than Chinese fennel seed extract (TPC=30.94 mg PE/g). This
difference in the amount of TPC may be due to varied agroclimatic
(climatical, seasonal, geographical) conditions of the regions.

Previously investigated by other researchers has been reported
variation in the total phenolic contents of fennel seed extract in
different origins. Such as Anwar et al. [23] reported that ethanol
extract (80%) of the fennel seeds from Pakistan showed the high-
est TPC=967.50 mg/100 g (gallic acid equivalents). Conforti et al.
[37] also reported TPC (chlorogenic acid equivalents) from extracts
of cultivated and wild fennel from Italy to be 100 and 151 mg/g
extract, respectively. Mata et al. [29] found the ethanol extract
of fennel seed from Portugal revealed 63.1 mg/g TPC (pyrogallol
equivalents).

3.3.2. DPPH radical scavenging assay of extracts

In Table 4, fennel ethanol seed extracts exhibited very good
radical scavenging activity. In general, the free radical scaveng-
ing activity of ethanol extracts was superior to that of essential
oils. From the results we can concluded that there was signifi-
cant difference in free radical scavenging activities of seed extracts.
Egyptian fennel seed extract recorded higher radical scavenging
activity with ICsg value (6.34 mg/g) than that of Chinese fennel seed
extract (ICs9 =7.17 mg/g). Also the activity of Egyptian fennel seed
extract was higher than that of BHT. However, no significant differ-
ence was observed. This increment in antioxidant activity could be
attributed to the increment in phenols content of Egyptian fennel
seed extract [38].

Phenolic compounds are very important plant constituents
because of their scavenging ability on free radicals due to their
hydroxyl groups. Therefore, the phenolic content of plants may
contribute directly to their antioxidant action [39]. Several investi-
gations of the antioxidant activity of plant extracts have confirmed
a correlation between total phenolic content and antioxidant activ-
ity [38,40,17].

The variation in antioxidant activity of fennel seeds extract in
different origins have been reported by several investigators such
as Anwar et al. [23] found 80% ethanol extract of fennel seeds from
Pakistan exhibited more scavenging activity (IC59 =23.61 pg/mL).
Conforti et al. [37] reported the ICsq values for methanol extracts of
wild and cultivated fennel seeds from Italy was determined to be
31 and 83 pg/mL, respectively. Mata et al. [28] also reported that
ethanol extract of fennel seeds from Portugal exhibited stronger
radical scavenging activity (IC5o=12.0 wg/mL) than the synthetic
antioxidant.

4. Conclusions

Our results showed that variations were detected in essential oil
content and composition of fennel seeds from Egypt and China. The
fennel seed extract from Egypt showed higher content of total phe-
nolic contents and exhibited good DPPH radical scavenging activity
than fennel seed extract from China. A significant variation in free
radical scavenging activities of essential oils was observed. The
Chinese fennel essential oil showed high activity in DPPH radical
scavenging. Whilst, the Egyptian fennel essential oil showed very
low activity. Overall, this study presents valuable information on
the fennel seed essential oil contents and composition and antiox-
idant activities from Egypt and China as well as the antioxidant
activities of their extracts.
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