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Abstract: This study investigates the phytochemical composition and
bioactivity of Fennel (Foeniculum vulgare) Seed Essential Oil (FSEO) from
Jordan. The essential oil, extracted via hydrodistillation from air-dried
samples, yielded 4.42% (v/w). Gas Chromatography-Mass Spectrometry
(GC-MS) analyses identified 20 components, constituting 98.5% of the oil.
Estragole and Anethole emerged as the predominant oxygenated
monoterpenes, comprising 47.15% and 36.2%, respectively. Minimal
Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration
(MBC) assays were conducted to assess the antimicrobial potential of FEO
against various strains, with MIC90 values ranging from 2.13 mg/ml to 2.76
mg/ml. Notably, FEO exhibited significant activity against MRSE and S.
aureus. Furthermore, FEO demonstrated substantial phenolic content (39.59
± 0.062 mg GAE/g dry plant material), flavonoid content (20.95±0.146 mg
CE/g dry extract), and tannin concentration (7.15±0.1 mg QE/g dry extract).
Antioxidant efficacy, evaluated using DPPH and ABTS assays revealed
dose-dependent scavenging activity, with IC50 values of 126.05±1.01
µg/mL and 49.24±1.02µg/mL, respectively. These findings highlight the
potential of FSEO as an antimicrobial and antioxidant agent.
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Introduction
Currently, one of major health challenges facing

society today include the rising incidence of bacterial
infections, the emergence of new infectious diseases, and
the growing spread of antibiotic resistance. (Velez and
Sloand, 2016). Microbial diseases account for millions of
deaths globally each year (Murray et al., 2022). In recent
decades, there has been a growing interest in discovering
new and safe antimicrobial molecules derived from
natural sources, particularly plants. Consequently,
scientists have focused on developing natural, safe, and
effective antimicrobial agents. Essential Oils (EO) have
numerous traditional uses, including their antimicrobial
activity as both topical and systemic treatments for
bacterial and fungal infections (Girge et al., 2024).

According to the World Health Organization, 88% of
the global population utilizes plants for medicinal
purposes (Sen et al., 2011). As a result, the demand for
these plants has surged, prompting an expansion in their
production. In Mediterranean countries, fennel (F.
vulgare), commonly referred to as Shomar, is a

significant medicinal and therapeutic plant from the
Apiaceae family. It is renowned for its anti-
inflammatory, hepatoprotective, and antioxidant
properties (Milenković et al., 2022, Muheyuddeen et al.,
2023), antifungal, antithrombotic, anti-tumor (Lauricella
et al., 2022), antidiabetic (El-Soud et al., 2011), and
antibacterial activity (Belabdelli et al., 2020). F. vulgare
Seed Essential Oil (FSEO) exhibits these therapeutic
potentials due to its volatile components (Milenković et
al., 2022).

F. vulgare is extensively cultivated in temperate and
tropical regions for its aromatic fruit and EO which are
used across various industries as flavoring agents and
antimicrobials in food, medicine, cosmetics, and
beverages (Alzweiri et al., 2011). All plant parts
including stem, fruit, leaves, seeds, and the entire plant,
can be utilized medicinally to address different diseases
(Sayed-Ahmad et al., 2017). F. vulgare is believed to
have potential therapeutic effects on various ailments,
such as cancer, arthritis, mouth ulcers, hypertension, high
cholesterol, liver discomfort, irritable bowel syndrome,
and kidney issues (Al-Amoudi, 2017).
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Recently, there has been significant exploration into
the antimicrobial attributes of EO, uncovering their
capacity to impede the growth and spread of antibiotic-
resistant pathogenic microorganisms. This antimicrobial
activity suggests that EO could serve as an alternative to
antibiotic therapy (Zhao et al., 2023). For instance,
literatures shows that tea tree oil has demonstrated anti-
bactericidal effect against the Methicillin-Resistant
Staphylococcus Aureus (MRSA), K. pneumoniae, A.
baumannii, P. aeruginosa, E. coli, and L. monocytogenes
(Oliva et al., 2018; Shi et al., 2018). The EO obtained
from Apiaceae family is highly regarded due to their
abundance of secondary metabolites such as
sesquiterpene hydrocarbons, oxygenated sesquiterpenes,
phenylpropanoids, and aliphatic compounds (Joshi,
2013). Additionally, these oils contain other compounds
such as monoterpene hydrocarbons, oxygenated
monoterpenes, aromatic monoterpenes, and oxygenated
sesquiterpenes, which exhibit a range of biological
activities, including hepatoprotective, antimicrobial,
vasorelaxant, apoptosis-inducing, and anti-tumor effects
(Ben Abdesslem et al., 2021; Milenković et al., 2022).

Reports indicated that transanethole, estragol,
fenchone, and α-phellandrene constitute the primary
constituents found in FSEO (Abdelbaky et al., 2023).
The extraction method and plant origin significantly
influence the variation in chemical content. Volatile
compounds can accumulate in different parts of plants,
including flowers, fruits, leaves, roots, and stems
(Riabov et al., 2020).

Furthermore, limited data exist regarding the
antioxidant activity and main components of Jordanian
FSEO extract. Therefore, this study seeks to examine the
chemical composition and evaluate the antioxidant and
antibacterial properties of FSEO from Jordan.

Materials and Methods

Plant Material
F. vulgare seeds were purchased from a local herbal

shop and visually inspected for quality. The seeds were
then ground into a fine powder using a laboratory electric
mill, ensuring uniform particle size. The powder was
sieved to eliminate any coarse particles and then stored
in labeled glass jars with airtight seals to preserve
freshness. The jars were kept in a cool, dark environment
to ensure the powder's quality until it was needed for
further experiments.

Essential Oil Extraction
The FSEO from seeds was obtained as described

previously with minor modifications (Shaapan et al.,
2021, Kulkarni et al., 2024). In summary, 200 grams of
dried F. vulgare seeds powder were steam-distilled for 6
h in steam distiller (Modified Clevenger apparatus) to
acquire FSEO. The layer of EO on the upper aqueous
phase was extracted with n-hexane, dried using sodium
sulfate (Na₂SO₄), and stored at 4 °C.

Validation and Identification of EOAH using GC-
MS

In the current study, FSEO were analyzed using a
Shimadzu QP2010 quadrupole GCMS (Kyoto, Japan)
apparatus equipped with split-splitless inlet (S/SL)
injector with electron impact (EI, 70 eV) using 40–400
m/z range. The gas chromatography column used was
DB-SMS. The injector's temperature was adjusted to 250
°C and its split ratio was 1:10. The temperatures of the
detector and transfer line were 160 and 230°C,
respectively. To segregate distinct oil components, a
temperature gradient was implemented using a linear
program. The temperature was set to increase at a rate of
4°C per minute, starting from an initial temperature of
50°C and reaching a final temperature of 290°C.
Additionally, the temperature was maintained at 50°C for
duration of 5 minutes, resulting in a total runtime of 68
minutes and 25 seconds (Alsohaili and Al-Fawwaz,
2014).

Identification of Compounds Using GC-MS

Utilizing the GC peak area to determine the
percentage composition of the essential oil, we identified
and characterized isolated compounds from FSEO. The
mass spectrum was interpreted by referencing the
database of the National Institute of Standard and
Technology (NIST).

Compound identification were achieved through
retention time, MS were matched with the NIST library
and published reports to confirm essential oil
constituents. When feasible the specific standard
compounds was carried out under the same
chromatographic conditions (Adams, 2017).

Assessment the Antimicrobial Activity of FSEO

The effectiveness of the essential oil against five
pathogenic bacterial strains was evaluated. Three
standard strains included E. coli ATCC 25922, K.
pneumonia ATCC 200603, and S. aureus ATCC 29213,
which Jordan University Hospital in Amman, Jordan
supplied. Additionally, two clinical isolates, Methicillin-
resistant Staphylococcusaureus (MRSA, GenBank
accession number OQ568766) and methicillin-resistant
Staphylococcus epidermidis (MRSE, OQ568719), have
been incorporated.

Preparation of Bacterial Suspension

The stock cultures of bacteria were sub-cultured onto
nutrient agar, and incubation tonight at 37 °C.
Subsequently, 3-5 bacterial colonies were introduced into
5 ml nutrient broth and standardized to achieve the
desired cell density of 1.5×108 cells/ml using the 0.5
McFarland turbidity standards methods and a
spectrophotometer set at 600 nm.

Evaluation of MIC and MBC of FSEO

The MIC and MBC of FSEO were determined by
modifying the broth dilution method in the referenced
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study (Bostanci et al., 2022).

Determination of Phenolic, Flavonoid and Tannin
Contents

Total phenolic content (TPC) in the FSEO was
screened by Folin-ciocalteau reagent (mg of gallic acid/g
of the FSEO) (McDonald et al., 2001). On the other
hand, total flavonoid content (TFC) of FSEO was
measured by the modified aluminum chloride technique
(Isla et al., 2001; Saghir et al., 2016). Additionally, Total
Tannin Content (TTC) was measured as reported
previously (Polshettiwar, Ganjiwale et al. 2007).

Radical Scavenging Assay using ABTS and DPPH

For the DPPH assay, it was carried out following
previously published study with minor changes (Abduh
et al., 2023). DPPH was diluted to create 0.94-30µl/mL
concentrations and 100µL of each was added to 96 well
plate. 100µL of FSEO was added to each concentration.
These mixtures were kept at room temperature in
darkness. Following a 30-minute incubation period, the
absorbance of the mixtures was measured at 517 nm
using a spectrophotometer. Gallic acid, known for its
robust antioxidant activity, was used as a standard
reference. A calibration curve was created using gallic
acid concentrations ranging from 10-100µg/ml. Each
determination was carried out in triplicate. The
subsequent equation was utilized to ascertain the DPPH
and ABTS radical's percentage inhibition:

Where, Abs C = control, and Abs S = sample.

The ABTS test was achieved following Abu-Yamin,
et al. (2022) (Stratil et al., 2006; Abu-Yamin et al.,
2022). Initially, 7 mM aqueous ABTS solution and a 2.45
mM potassium persulfate (K2S2O8) solution at a ratio of
1:136 were mixed and incubated at room temperature for
16 hours. Subsequently, the solution was diluted with
phosphate buffer solution until an absorbance of
0.700±0.02 units at 734 nm was achieved. The diluted
FSEO or Trolox solution (10–100µg/mL) was then added
to 180 μL of the ABTS solution in a total volume of 200
μL. After six minutes, the absorbance was measured at
734 nm using a microplate reader.

Results

Chemical Composition of FSEO

The FSEO was extracted through the
hydrodistillation of air-dried samples, resulting in 4.42%
(v/w) yield. GC and GC-MS were used for the chemical
investigation of the FSEO and the findings are presented
in Table 1. A total of 20 components were identified,
accounting for 98.5% of the total composition. Estragole,
classified as an oxygenated monoterpene, was identified
as the predominant component, comprising 47.15% of
the oil. Anethole was the second major oxygenated

monoterpene detected in the fennel oil, representing
36.2% of the composition. Other components were found
to be minor constituents in the essential oil of fennel
seeds. Regarding the groups of chemical constituents
represented, Estragole (47.15%) and Anethole (36.2%)
were the main oxygenated monoterpenes.
Table 1: Chemical compositions of essential oil identified from

FSEO using GC-MS

Peak Compound Ki Cal KI Let %
1 β-Pinene 981 973-981 0.32
2 Limonene 1033 995-1035 0.4
3 Fenchone 1088 1086-1092 0.72
4 Camphor 1148 1142 0.44
5 Estragole 1159 1158-1199 47.15
6 Fenchyl acetate 1221 1217-1240 0.52
7 Benzaldehyde, 4-(1-methylethyl) 1233 1226-1257 0.91
8 p-Anisaldehyde 1253 1244-1277 1.25
9 Carvone 1246 1231-1249 3.3
10 Anethole 1282 1247-1284 36.2
11 p-Menth-8-en-3-ol, acetate 1287 1263-1281 0.83
12 Eugenol methyl ether 1405 1395-1415 0.58
13 Caryophyllene 1420 1409-1423 0.86
14 α-Curcumene 1488 1472-1500 0.92
15 β-Bisabolene 1505 1507-1509 0.72
16 β-Sesquiphellandrene 1524 1519-1525 0.7
17 trans-4-Methoxycinnamaldehyde 1570 1569 0.73
18 Apiol 1673 1674-1685 1.04
19 n-Hexadecanoic acid 1977 1970-1977 0.51
20 6-Octadecenoic acid 2070 2073 0.4

Total 98.5
Oxygenated monoterpenoids 89.45
Monoterpene hydrocarbons 0.72
Sesquiterpene hydrocarbon 3.2
Other 5.13

Antimicrobial Activity

To assess the antibacterial potential of FSEOs, MIC
and MBC values of the FSEO are presented in Table 2.
MIC90 values for FSEO against 5 strains are ranged from
2.13 mg/mL to 2.76 mg/mL and the controls Cefotaxime
from <0.0038 to 0.625 mg/ml and Maxil from <0.0025 to
0.625 mg/ml. Table 2 shows that FEO was the most
active against MRSE and S. aureus, with MIC90 values
of 2.13, 2.24 mg/mL, respectively. MBC values of the
FSEO varied from 7.5 mg/ml to 30 mg/ml and the
controls Cefotaxime from <0.0038 to 0.625 mg/ml and
Maxil from 0.019 to 2.5 mg/ml. Specifically, FSEO
demonstrated the lowest MIC value of 2.13 mg/mL
against MRSE. The MIC and MBC values against MRSE
ranged from 2.13 to 30 mg/mL, respectively. Regarding
S. aureus, FSEO exhibited MIC and MBC values of 2.24
and 30 mg/mL, respectively. For E. coli, the MIC and
MBC values for FSEO were 2.52 and 7.5 mg/mL,
respectively. FSEO displayed MIC and MBC values
against MRSA of 2.76 and 30 mg/mL, respectively,
while for K. pneumonia, these values were 2.76 and 15
mg/mL, respectively.

% inhibition =  ×
Abs C

Abs C−Abs S 100

https://en.wikipedia.org/wiki/Anethole
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Table 2: Minimum inhibitory and minimum bactericidal concentrations of FSEO against controls. Data are presented as mean ± SD of three
replicates (n=3)

Bacterial Name Essential Oil (mg/ml) Cefotaxime (mg/ml) Maxil (mg/ml)
MIC90 MBC MIC90 MBC MIC90 MBC

S. aureus 2.24±0.33 30±7.07 0.004±0.00 0.008±0.00 0.003±0.00 0.019±0.01
E.coli 2.52±0.25 7.5±3.54 0.004±0.00 0.004±0.00 0.019±0.01 0.039±0.02
K. pneumonia 2.76±0.34 15±3.54 0.016±0.00 0.125±0.06 0.625±0.06 1.25±0.47
MRSA 2.76±0.55 30±7.07 0. 625±0.07 0. 625±0.25 0.039±0.01 0.078±0.02
MRSE 2.13±0.27 30±7.07 0.1250.02 0.25±0.06 1.25±0.44 2.5±1.12

MIC90 concentration (mg/ml) that inhibited the growth of 90% of the strains

Total Phenol, Flavonoid, Tannin Contents and
Antioxidant Activities of FSEO

The results indicated that medicinal plants are
abundant in secondary metabolites, including flavonoids,
phenolic compounds, and tannins. Quantification of
these compounds in FSEO was conducted by comparing
absorbance values with standard solutions (Table 3). The
FSEO exhibited TPC of 39.59±0.062 mg GAE/g and
TFC was found to be 20.95±0.146 mg CE/of dry plant
material. Moreover, TTC was measured to be 7.15±0.1
mg QE/g dry extract.

The antioxidant potential of FSEO was evaluated in
vitro using DPPH and ABTS radical scavenging assays.
These well-established methods are preferred for their
reliability and the stability of the DPPH and ABTS
radicals, allowing for a rapid assessment of antioxidant
efficacy. Trolox and gallic acid were employed as
standard positive controls for the ABTS and DPPH
assays, respectively. The essential oils demonstrated
significant antioxidant activity, with greater activity
correlating with lower half-maximal inhibitory activity
(IC50) values. FEO exhibited notable antioxidant
efficacy compared to gallic acid and trolox, as
determined by the DPPH and ABTS techniques. The
scavenging activity increased with higher concentrations
of FEO. In contrast to the reference antioxidants gallic
acid (IC50=50.91µg/mL) and Trolox
(IC50=34.01µg/mL), FEO exhibited potent inhibition of
DPPH and ABTS free radical concentrations, with IC50
values of 126.05±1.01µg/mL and 49.24±1.02µg/mL,
respectively.

The reduction in DPPH absorbance was found to be
dose-dependent. At a concentration of 0.1 mg/mL of
fennel seed essential oil, the inhibition rates of DPPH
and ABTS free radicals reached 44.88% and 63.13%,
respectively, while gallic acid and trolox demonstrated
reductions of 79.64% and 99.5%, respectively, at the
same concentration.

Discussion
This research focused on assessing Jordanian

medicinal and aromatic plants to uncover novel bioactive
compounds effective against various microbial diseases.
In recent studies, researchers have highlighted that
certain monoterpene or sesquiterpene hydrocarbons and

their oxygenated derivatives, which constitute the
primary constituents of essential oils, display promising
antimicrobial properties (Naksang et al., 2020). These
results strongly align with the outcomes of this study, as
the FSEO was also found to encompass these
components, affirming its effectiveness as a natural
antimicrobial agent. Chromatographic analysis revealed
the occurrence of sixteen volatile compounds
representing 98.5% of the total amount of extracted
essential oil. The main volatile active compounds present
in FSEO were estragole (47.15%) and Anethole (36.2%)
demonstrated notable antimicrobial activity. Moreover, it
demonstrates anti-inflammatory and anti-carcinogenic
characteristic (Zhang et al., 2018).

In the study, 4.42% of the essential oil yield was
obtained from FSEO. Our finding are higher than those
found by (Barrahi et al., 2020; Ghasemian et al., 2020)
on fennel from Iran and Morocco, which are
characterized by a low EO yield 1.77, 2.82%
respectively. Another study reported the yield FSEO
from Egypt and China was varied and found to be 1.6%
and 1.1%, respectively (Ahmed et al., 2019). The
primary source of variability in chemical composition
and oil yield among the various populations of FSEO is
differences in environmental conditions (Abdellaoui et
al., 2020).

Lastly, the EO yields for various species in Tunisian
regions exhibit considerable variation depending on the
plant's origin which was ranged from 1.2% to 5.06%
(Khammassi et al., 2018). The findings of the current
study encompass both the lowest and highest reported
values within this spectrum.

The yield, content, and chemical composition of EO
are all determined by a range of factors, including
species, geographical origin, environmental conditions
(Piccaglia and Marotti, 2001), extraction techniques,
drying methods, cropping practices, and the age of the
plant material (Hammouda et al., 2014).

A literature search showed that the EOs content from
Morocco FSEO populations ranged from 2.7 to 4%
(Abdellaoui et al., 2020). One study of Anwar et al.,
(2009) founded that the yield of FSEO from Pakistan
was 2.81% (Anwar et al., 2009). Similarly, another study
in Tunisia reported a yield of 0.54% for the FSEO
(Kalleli et al., 2019). Wild fennel from Serbia contained
(E)-anethole (66.1–69.0%) and fenchone (13.3–18.8%)
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as the main constituents (Radulović and Blagojević,
2010). Yugoslavian FSEO contained trans-anethole
methyl chavicol and fenchone. Montenegro, FSEOs were
rich in (E)-anethole (75.5%) and fenchone (13.7%)
(Šunić et al., 2023).

Researching the antibacterial activity of natural
compounds like EOs and synthetic substances such as
antibiotics on microbial pathogens holds significant
interest. Consequently, In vitro antibacterial studies have
been conducted on both commercial antibiotics and
FSEO against human pathogens. As shown in Table 2,
the antibacterial power of FSEO is demonstrated against
Staphylococcus aureus ATCC 25293, MRSA, MRSE,
Escherichia coli ATCC 10536, and K. pneumonia.
MIC90 values for FSEO against 5 strains are ranged from
2.13 mg/mL to 2.76 mg/mL and the controls Cefotaxime
from <0.0038 to 0.625 mg/ml and Maxil from <0.0025 to
0.625 mg/ml. This difference may be attributed to several
factors. First, essential oils like FSEO are complex
mixtures of bioactive compounds, each with its own
antimicrobial properties. These compounds often work
synergistically, but their collective antimicrobial
effectiveness may be less potent than that of purified
synthetic antibiotics, which are specifically designed and
optimized for antimicrobial activity (Masoud et al.,
2022). In contrast, the reference antibiotics (Cefotaxime
and Maxil) are single compounds with well-
characterized and potent antimicrobial actions, which
typically result in lower MIC values. Moreover, factors
as the bioavailability, mode of action, and the mechanism
by which EOs exert their antimicrobial effects may differ
significantly from that of conventional antibiotics. While
EOs have been demonstrated to possess broad-spectrum
antimicrobial activity, their effectiveness can vary across
different bacterial strains due to differences in cell wall
structures and resistance mechanisms (Swamy et al.,
2016). Furthermore, essential oils like FSEO might
require higher concentrations to achieve comparable
inhibition, especially in the case of resistant or less
susceptible strains (Nagy-Radványi et al., 2024).

Kamilla et al., (2018) found that MIC90 for
Eucalyptus and Scots pine essential oil against S.
pyogenes was 2.82 mg/ml and 1.35 mg/ml, respectively.
Also, he showed that Eucalyptus EO agains S.
pneumoniae was 1.41 mg/ml (Ács et al., 2018). Probst et
al. (2011) repoted that MIC90 value for Ginger EO
against E. coli and S. aureus is 1.1920±0.75 mg/ml and
7.0523±3.13 mg/ml, respectively (Probst et al., 2011).

Natural and cost-effective ways of treating infections
can be achieved by using EOs. The use of EOs may be
the most effective and cost-efficient method of treating
infections. Table 2 presents the results of an investigation
into the efficacy FSEO against E. coli, K. pneumonia, S.
aureus, MRSA, and MRSE. Antimicrobial potential was
assessed using the MIC for each sample.

This result indicated that FSEO exhibited strong
inhibitory effects against all tested bacteria,

encompassing both Gram-positive and Gram-negative
bacteria. The results align with previous studies by Ben
Abdesslem et al. (2021), which showed that FEO
exhibited strong inhibitory potential against E. coli and
S. aureus (Ben Abdesslem et al., 2021; Sehar and Khan,
2021).

There are few studies available regarding the
antimicrobial properties of FSEO, its ability to inhibit
bacteria may be due to the existence of bioactive
components, particularly trans-anethole and estragole, as
previously documented (Miguel et al., 2010). The
antibacterial efficacy of FSEO may be due to its
chemical profile, which is rich in major oxygenated
monoterpene (estragole 47.15% and Anethole 36.2%) as
presented in Table 1. A prior study reported that anethole
and estragole were found to be the major components,
but with high concentration of anethole (68.53%) and
low concentration of estragole (10.42%) compared with
the current study (Diao et al., 2014). In addition, other
study conducted in Pakistan showed high levels of
anethol (69.87%), but low levels of estragole (5.45%) in
comparison with the findings of the previous study
(Anwar et al., 2009). Moreover, very high concentrations
of anethol (75.83) was observed in one study conducted
in Italy (Tognolini et al., 2007).

Compounds like these exhibit strong antimicrobial
properties, as they interfere with the membrane integrity
of bacteria, thereby inhibiting respiration and altering
cell permeability (Andrade et al., 2015; Abuskhuna et
al., 2020; Jaiswal, 2024).
Table 3: Total phenolic, flavonoids and tannins and antioxidant

activity of FSEO

Test Values
Total phenols (mg GAE/ g dry extract) 39.59±0.062
Total flavonoids (mg CE/ g dry extract) 20.95±0.146
Tannins (mg QE/g dry extract) 7.15±0.1 mg
DPPH (IC50) 126.05±1.01µg/mL
ABTS (IC50) 49.24±1.02µg/mL
Trolox 5.8±0.45µg/mL
Quercetin 3.2±0.32µg/mL
Gallic acid 3.65±0.74µg/mL

GAE: Gallic Acid Equivalent, CE: Catechin Equivalents, QR:
Quercetin Equivalents

Depending on the plant component used, different
amounts of total phenol, tannins and flavonoid content
present. There is a wide range of phenolic compounds in
plants, such as flavonoids, phenolic acids, and tannins
(Tiwari and Patel, 2013; Zhang et al., 2015). Due to their
antioxidant, free radical scavenging, and metal chelating
characteristics, which may have favorable effects on
human health, these substances have drawn attention.
Phenols and flavonoids are major antioxidant compounds
with therapeutic and protective effects on human health
(Samydurai and Saradha, 2016; Hafiz et al., 2022). The
use of agro-industry by-products as natural antioxidants
and a source of phenolic and flavonoid compounds have
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been reported. A total phenol and total flavonoid analysis
were carried out on essential oil extracted from F.
vulgare seeds. TPC, TFC, and tannins content of FSEO
extracts are presented in Table 3, it contained high
amount of TPC 39.59±0.062 mg GAE/g extract, TFC
20.95±0.146 mg RE /100 g, and TC content was
7.15±0.1 mg GAE/100g, respectively. Our study found
that total phenols and flavonoids were higher than what
were reported in Tunisia and French (Kalleli et al.,
2019).

Table 3 shows the antioxidant activities of FSEO.
DPPH radical scavenging activity of Jordanian fennel
seeds essential oils (IC50=144.43µg/mL) presented lower
antioxidant activities than gallic acid
(IC50=50.91µg/mL). Based on this study, FSEO
scavenging capacity was 3 times higher than gallic acid.
The present study was the first to identify the antioxidant
activity of FSEO in Jordan as far as we know.

The antioxidant activity of FSEO in the current study
was comparable to the previous study by Christova-
Bagdassarian et al. (2013), which showed that Bulgarian
fennel seed extract had a low antioxidant activity with an
IC50 of 113.19 ml/L (Christova-Bagdassarian et al.,
2013). In comparison to our findings, both Tunisian and
French fennel seed essential oils exhibited lower
antioxidant activities. Among these, Tunisian fennel seed
essential oils showed stronger antioxidant potential, with
IC50 values of 444.2µg/ml for Bizerte, 491.12µg/ml for
Korba, and 202.69µg/ml for Djerba. In contrast, French
FSEO demonstrated weaker antioxidant activities, with
IC50 values of 616.53µg/ml for Marseille and
580.97µg/ml for Villeneuve. A study conducted in
Pakistan by Anwar et al. (2009) reported higher IC50
values for fennel seed (var. Dulce), with an IC50 of
32.32µg/ml, which was higher compared to the
antioxidant activity observed in our findings (Kalleli et
al., 2019). Ahmed et al., 2019, reported the Chinese
FSEO showed high activity in DPPH radical than
Egyptian FSEO with IC50 15.66µg/mL and
141.82µg/mL, respectively (Ahmed et al., 2019).

Conclusion
This study focused on evaluating the antimicrobial

and antioxidant properties of FSEO while also analyzing
its chemical composition. The antimicrobial activity was
tested using standardized assays to assess its
effectiveness against diverse microbial strains.
Antioxidant activities were measured through
biochemical methods, including DPPH radical
scavenging and ABTS assays, to determine its potential
as a natural antioxidant. The chemical composition of the
FSEO extract was characterized using GC-MS
techniques, revealing the presence of several bioactive
compounds with estragole (47.15%) and anethole
(36.2%) as the major detected compounds. The results
indicate that FSEO possesses notable antimicrobial and
antioxidant properties, likely due to its abundant
chemical constituents, particularly estragole (47.15%)

and anethole (36.2%). These findings underscore the
potential of FSEO as a natural antimicrobial and
antioxidant agent, offering promising applications in the
pharmaceutical and food industries.
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