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Abstract

The effect of various thermal treatments (electric oven, microwave) and y-irradiation at three doses, (6,8 and 10 KGy) on the
composition of volatile and nonvolatile of Fennel (Feniculumvulgare mill) essential oil and also their antioxidant properties were
considered. The hydrodistilled oil (HD) of control and treated samples were subjected to gas chromatography—mass spectrometry
(GC/MS) analysis. The volatile profile of raw HD oil of fennel consisted mainly of estragole (65.67%) followed by carbon (9.6%),
limonene (6.77%), fenchone (6.71%), and trans-anethole (5.92%). Roasting caused a drastic increase in the total yield of
phenylpropanoid (major compounds) in all treated samples by thermal or by y-irradiation ranging from (82.12%) in the electric oven
roasted sample to (89.63%) in 10 KGy irradiated sample compared to (72.67%) in control one. This is due to the very high increase
in estragole percentage in all treated samples, ranging between (79.7%) in the electric oven sample to (87.75%) in the 10 KGy
irradiated sample compared to (65.67%) in the control one. Roasting caused a decrease in the total yield of monoterpenes in all
treated samples except the electric oven-roasted sample, which gained a slight increase compared to the control sample. At the same
time, roasting caused a drastic decrease in oxygenated terpenoids in all treated fennel samples in comparison to the row sample. i.e.
Roasting cause a drastic decrease in all components of HD oil of all treated samples of fennel except estragole which increased to
reach about 90% in 10 KGy irradiated sample. This compound is considered a flavouring agent and, by the European pharmacopeia
limit, does not exceed 6.0% in essential oils. it has a negative effect on animal health and was deleted from the list of flavour and
food stuffs. This indicated in antioxidant activity of HD fennel essential oil; the strongest effect for reduction of DPPH radical was
by microwave heated sample, which exhibited (58.65%+0.36) followed by 1OKGy irradiated sample, which exhibited
(49.27%=0.32) compared to BHT (98%) at the same concentration 30 mg/ml.
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practical use. More research is required on the
antimicrobial effects of food-related bacteria, such as

1. Introduction food spoilage and food-borne bacterial pathogens (Roby
et al., 2013).
Spices have recently gained attention for their useful Lipid oxidation in food processing can cause

physiological - functions and antimicrobial - activity. nutritional value and taste loss and create oxidized

While there are many reports on the antimicrobial products and free radicals. Conventional artificial
activity of spice extracts and their essential oils, the antioxidants have been used for over 50 years to prevent
available information is limited to a small group of this, but they may have adverse health effects. Natural
microorganisms tested at high concentrations of no additives are being studied as alternatives (Li and Yi.,
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2003). Aromatic and medicinal plants are effective in
retarding lipid peroxidation in oils and fatty foods due
to their antioxidant properties, gaining interest from
research groups. This has increased the demand for
these plants and their prices in industrialized and non-
industrialized countries (Kulisic et al.., 2004).

Fennel is a member of the Apiaceae family,
classified into two subspecies: vulgare and piperitum.
Sweet fennel is widely used in culinary preparation and
perfumery due to its medicinal and aromatic compound
content. It is also considered a spice and can affect
vegetative growth, edible bulb yield, and the quality of
sweet fennel plants (Paschalina et al., 2006; Zaki et al.,
2009). The use of herbs and spices for food preservation
and nutrition has increased. Treatment with ionizing
radiation is a safe and accredited preservation method
for herbs, but its effects on the antioxidant activity of
phytochemicals are mainly unknown. The Joint
FAO/IAEA/WHO Expert Committee has confirmed the
safety of irradiation up to 10 kGy, and dried foods like
fennel powder can be irradiated at a maximum dose of
10 kGy (Suni¢,et el., 2023). An irradiation dose of 5 to
10 kGy is sufficient to reduce the population of
microbes while keeping the spice flavor intact.
However, creating unsaturated hydrocarbons and
migrating abnormal compounds from packaging
materials during irradiation may harm food flavor
(Krzymien et al., 2001; Afifi et al.,2021).

Microwave energy is commonly used for heating in
food processing. It can also be adopted for
pasteurization and sterilization of food at lower
temperatures and shorter times than traditional methods
(Fung & Cunningham, 1980). Spices and herbs can be
effectively  treated to  destroy insects and
microorganisms using ionizing radiation, a safe and
controllable physical process that does not require
additives. This treatment is advantageous because it is a
cold process and does not cause any loss of volatile
components. Microwave energy has been used for the
past 40 years to pasteurize, sterilize, defrost, blanch,
dehydrate, and cook food, and has opened new
possibilities in food preparation (Abd-elmageed et al.,
2011, 2012, and 2014). During microwave
pasteurization, the material of high dielectric capacity
absorbs electromagnetic energy, which leads to an
increase in temperature. This process offers similar
benefits to traditional methods but with improved
product quality and reduced energy exposure time
(Hashem&Alamri, 2010). The use of microwaves for
processing spices is a relatively new technique. It has
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gained popularity due to its convenience and ease of
handling (Abd-elmageed, 2007).

Cooking alters food components, changing their
nutritional value and properties. Heat can impact the
bioavailability of carbs, lipids, proteins, and vitamins.
Research on how heat processing affects spice bioactive
components is limited. It is important to assess spice
availability in its original form after cooking. If
significant losses occur, it raises questions about spice
health benefits after conventional heat processing
during domestic food preparation (Srinivasan, 2005).
Spices are often processed to remove extraneous matter
and ensure microbial stability. Roasting is crucial to
releasing characteristic flavor volatiles and eliminating
undesirable constituents, impacting flavor quality
(Susheela, 2000).,(Mohammadi,et al,2023).

The present work deals with the evaluation of some
thermal treatments (conventionally roasting by electric
oven and microwave heating) which were suggested to
decontaminate the spices and to compare the results
with g-irradiation doses (6,8 and 10 kGy) (so-called
cold sterilization) were recommended for this purpose
as standard work. The evaluations included phenolic
content, antiradical activities, and volatile and phenolic
compounds to choose the best results in this
comparative study for improving the quality of
Egyptian Fennel(Hassan,et al.,2019).

2. Materials and Methods

2.1. Plant materials

Fennel (Foeniculumvulgare Miller) was purchased
from local market at Giza during 2021-2022.

2.2. Chemicals

All the solvents and chemicals used in the current
study were purchased from Sigma-Aldrich, Saint Louis,
MO, USA. 1,1-Diphenyl-2-picrylhydrazyl (DPPH),
butylatedhydroxytoluene (BHT), b-carotene, gallic acid,
Folin—Ciocalteu reagents, and standard hydrocarbons
(C8-C22) were of analytical grade, while methanol and
formic acid were HPLC grade.

2.3. Thermal processing and irradiation of
samples

Three fresh, dry samples weighing 100g each were
roasted in a conventional electric oven at 120°C for 20
minutes. Similarly, another set of three samples
weighing 100g each was heated using a microwave
oven and roasted after 3 minutes of heating (Daewoo
DE Microwave, Mod: KoG-181G, 200-240V 50Hz,
input power of 1400 W, made in Korea).
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The samples were then packaged in sanitized brown
glass capped bottles (1L) and irradiated using y-cell,
cobalt-60 y-irradiator at a dose rate of 1.29744
KGy/hour at the Radiation Research Centre in Cairo,
Egypt. The doses applied in this study were 0, 6, 8, and
10 KGy. The doses were within 75.4% of the target
dose (Choi et al., 2010). The irradiation was carried out
at a temperature of 18°C. A non-irradiated control
sample was placed outside the irradiation chamber to
account for the effect of environmental temperature.
The irradiated anise samples were then transferred and
kept in a dry place. The raw and treated samples were
separately ground in a spice mix grinder.

2.4. Isolation of essential oil

To isolate the essential oil from each sample, 100g
portions of raw, heated, and irradiated plant material
were hydrodistilled for 3 hours using a Clevenger-type
apparatus. The method recommended in the European
Pharmacopeia was followed. The essential oils obtained
were then dried using anhydrous sodium sulfate. The
essential oils collected from the raw and treated samples
were analyzed immediately using GC and GC-MS.

2.5. Gas chromatographic (GC) analysis

The GC analysis was conducted using a Hewlett-
Packard 5890 model from the USA, equipped with a
flame ionization detector (FID). A fused silica capillary
column DB-5 (60m 0.32 mm. id) was used for this
purpose. Initially, the oven temperature was kept at
50°C for 5 minutes and was then increased at a rate of
4°C/minute from 50 to 250°C. The carrier gas used was
Helium, which flowed at a 1.1 ml/min rate. The injector
and detector temperatures were set at 220 and 250°C,
respectively. To calculate the retention indices (Kovats
index) of the separated volatile components,
hydrocarbons (Cs-C22) were used as references.

2.5.1. Gas chromatographic-Mass spectrometry
analysis

The analysis was carried out using Hewlett-Packard
model (5890) gas chromatography coupled with mass
spectrometry  Hewlett-Packard-MS  (5970). The
ionization energy was 70 eV, and the mass range was
39-400 amu. The GC condition was as mentioned
above. The peaks were identified by matching with data
from the mass spectra library (National Institute of
Standards and Technology), and they were compared
with those of authentic compounds and published data
(Adams et al., 2007). The quantitative determination
was carried out based on peak area integration.

2.6. Antioxidant activity assay

To prepare essential oil extracts for antioxidant
activity assays and total phenolic content (TPC)
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determination, 1g of solid fennel essential oil was
mixed with 100 mL of 80% (v/v) water/methanol or
ethanol solution. Then, the suspension was for 1 hour at
1000 rpm, and filtered the solid phase thrice. The
extracts were then stored in closed vials in darkness at
4°C. (Tanase, et al.,2022),(Naaz et al,2022)

2.6.1. DPPH scavengingassay.

The experiment measured the antioxidant activity of
each extract at different concentrations. To do this, 10,
20, and 30 pg/mL of the extract were mixed with 3 ml
of a methanol solution containing DPPH radicals. The
mixture was vigorously shaken and kept in darkness for
30 min. At 517nm, the absorbance of the mixture was
measured  using a  Shimadzu  UV-160-1PC
spectrophotometer against a blank (Najja et al., 2011).
The result was calculated using the following formula:
[%=[(AA517C-AA517S)/AA517S]

Here, AA is the average absorbance, C is the control,
and S is the sample.

2.6.2. B —Carotene scavenging activity assay

The antioxidant activity of raw and treated standard
samples was measured using [-carotene bleaching
assay, as described by (Igbal et al. 2007), with ethanolic
and methanolic extracts. For the assay, 0.1 mg of f-
carotene was dissolved in 0.2 mL chloroform, 10 mg of
linoleic acid, and 100 mg of tween 40. After removing
the solvent at 40°C under vacuum, 20 mL of
oxygenated water was added to the resulting mixture.
Aliquots of the mixture (4 mL) were pipetted into
separate test tubes containing 10ug of each extract
(10,20,30pg/mL) in ethanol. The bleaching inhibition
was calculated using the following equation:
%Inhibition=[(AB-AA)/AB]*100, where AB represents
the blank sample absorption at t=0 min and AA
represents the absorption of the sample solution at t=60
min. The results were expressed as the ability of the
extracts to prevent the bleaching of B-carotene. All
determinations  were  performed in triplicate.
(Abdellaoui et al,2020).

2.7. Determination of total phenolic content
(TPC)

The total phenolic content (TPC) of both raw and
treated samples was determined using the
FolinCiocalteu reagent assay by (Singleton ,1998). The
gallic acid in methanol (50-2500mg/L) was used as an
external standard. Samples, standards, and blanks were
prepared in triplicate. The sample absorbance,
indicative ~ of  polyphenols,  was measured
photometrically at 760nm. The results are expressed as
milligrams of gallic acid equivalent per 100g of dry
weight (mg GAE/100gDW).
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2.8. HPLC analysis

2.8.1. Extraction procedure

The extraction parameters that were ultimately
selected include a temperature of 25°C and the use of a
water-methanol mixture (80:20). To extract the plant
material, 250 milligrams of powdered material were
sonicated with 25 mL of the solvent mixture in an
ultrasonic bath for 20 minutes. After centrifugation at
7600%g for 10 minutes, the supernatant was adjusted to
25 mL. Blanks and standards with known
concentrations were also placed between the samples to
monitor the quantification.

2.8.2. HPLC analysis instrumentation

The analysis used an Agilent 100 series 1050
chromatograph equipped with an automatic injector, a
vacuum degasser, and a DAD system. A Discovery HS
C18 (250 mm x 4.8 mm, 5 um) column from Supelco
(Bellefonte, PA, USA) was used for separation. A
gradient was created to prepare the mobile phase from
0.1% formic acid in water (A) and 0.1% formic acid in
acetonitrile (B). The mobile phase composition ranged
from 10% B to 26% B within 40 minutes. The flow rate
was 0.2 ml/min, while the injection volume was 50 pl.
The UV was detected at 280 nm.(Saber et al,2019)

2.9. Statistical analyses

Data was analyzed using SPSS 16.0 for Windows.
Student's t-test compared sample and control
differences. One-way ANOVA tested differences within
irradiated and corresponding non-irradiated samples.
Pearson's correlation coefficient calculated correlations.
Data presented as mean + SD. The significance level is
set at P < 0.05.

Results and Discussion —

¢ 3. Results and Discussion

e 3.2. Fennel (FeniculumVulgare mill)

e 3.2.1. Volatile components in HD oil of raw,

conventionally roasted, microwave heated and

roasted by y— irradiation at 6,8 and10 KGy fennel

seeds.
eFennel (FeniculumVulgare mill) mature fruit
(commonly known as seeds) subjected to roasted by
electric oven, microwave, and y- irradiation at 6,8
and10 KGy in a Co% package irradiator. These
samples were analyzed and compared with raw
samples. The volatile oil of the raw sample
recovered after 3h of hydrodistillation (HD) was
0.75%, whereas HD volatile oil increased in all
treated sample comprising0.81% in the roasted
electric oven sample, 1.04% in microwave roasted
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sample; 0.83%,0.93%,1.02% (W/W) respectively in
three doses irradiated samples.

¢ Eighteen volatile compounds were identified in HD
oil of fennel in all samples under investigation.
These compounds are 4 phenylpropanoides, 8
monoterpene  hydrocarbons, 5 oxygenated
monoterpenes, and trace amounts of ethanol in all
samples. All these compounds are listed with their
area percentage in (Table 1). Identification of the
volatile compounds was identified by KI values and
MS spectra (Adams, 2007) The typical gas
chromatograms of the volatiles in HD oil of raw,
roasted samples by electric oven, microwave, and y-
irradiation at three doses of fennel are shown in
(Figs. 1,2) The volatile profile of raw HD oil of
fennel consisted mainly of estragole (65.67%)
followed by carvon (9.6%), limonene (6.77%),
fenchon (6.71%) and trans anethole (5.92%). These
results are in accordance with many authors (Miraldi
1999; Damjanovicet al 2005; Diaz-Marotoet al 2006;
Gulfrazet al 2008; Anwar et al 2009; Shahatet al
2011; Gori et al 2012; Senatoreet al 2013). It is well
known that the major components in the HD oil of
anise and fennel seeds (=fruits) are phenylpropanoid
fraction which yield (81-86%) (Fig.3) and trans—
anethole was (72-79.7%) dominated in HD anise
essential oil (Table 1), whereas it comprised
(72.67%-89.63%) (Fig. 1) and estragole was
dominated since comprised (65.76%-87.75%) in HD
fennel oil (Table 1). These results are in agreement
with (Miguel et al., 2010), who found that the total
yield from phenylpropanoid fraction (80-89%) and
estragole (79-88%) dominated the fennel fruit oil.
Roasted cause a drastic increase in the total yield of
phenylpropanoid in all samples under investigation
which comprise 82.12%; 88.45%; 86.12%; 87.98%
and 89.63% in electric oven, microwave and three
irradiated samples respectively compared to 72.67%
in control sample (Fig. 1). This is due to the very
high increase in estragole percentage in all treated
samples which comprised 79.71%; 86.42%; 83.58%;
85.87% and 87.75% in roasted electric oven,
microwave and roasted by irradiation at three doses
respectively compared to (65.67%) in control one
(Table 1). Also, roasted by different treatments
caused a remarkable decrease in the percentage of
trans and cisanethole and p-anisaldehyde (Table 1).
Roasting causeda decrease in the total yield of
monoterpenes in all samples under investigation
except roasting by electric oven sample compared to
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the control sample (Fig. 1). Limonene is the major
monoterpenecomprising8.77%;  5.31%;  6.66%;
5.86% and 5.46% in electric oven, microwave and
three irradiated samples respectively compared to
6.77% in control one (Table 1). Also, roasted
causeda drastic decrease in oxygenated terpinoides in
all samples which comprised 7.05%; 4.96%; 5.83%;
4.59% and 3.79% in electric oven, microwave and
three irradiated samples respectively compared to
17.83% in control sample (Fig. 1).

From previous results it is found that all samples
under investigation contain approximately the same
concentration of all compounds excluding trans-
anethole and estragole; besides in HD oil of anise
which was trans-anethole was major compound in
roasted samples showed higher antioxidant activity
in all samples (Figs. 4,5)

In a study conducted by (Shahat et al.,2011), it was
confirmed that the chemical composition of three
different fennel cultivars - Foeniculumvulgare var.
azoricum, var. dulce, and var. vulgare - varied
significantly.

The HD oil of azoricum and dulce cultivars
contained 61% and 46% trans-anethole,
respectively, while the oil of the vulgare cultivar
contained only 5% of this compound.

On the other hand, the oil of the vulgare cultivar had
a concentration of 58% estragole, compared to 12%
and 6% in the HD oil of azoricum and dulce
cultivars, respectively.

Furthermore, the antioxidant activity of the
azoricum and dulce cultivars was significantly
higher than that of the wvulgare cultivar. This is
because the oils of these two cultivars contained
higher concentrations of trans-anethole, the main
compound responsible for the antioxidant activity.

Anethole and estragole have different chemical
structures, with anethole having a conjugated double
bond on its propenyl side chain, while estragole has
a nonconjugated double bond.

Anethole easily forms a conjugated radical cation,
making it an excellent radical scavenger (Yamaoket
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al., 2009). Estragole is a good alkylation agent,
which can easily alkylate DNA molecules and is a
suspected carcinogen (Mcdonald, 1999). This
observation may explain the differences in the
antioxidant activity between the tested essential oils.
The European Pharmacopeia limits the amount of
estragole in essential oil to 6.0%, as it is considered
to have adverse effects on animal and human health
and has been removed from the list of flavors in
foodstuffs (Burt, 2004).

3.2.2. Antioxidant activity of the HD fennel seed

essential oils

The profile of scavenging activity on DPPH radical
as well as the evaluated antioxidant activity using f3-
carotene/linoleic acid assay are shown in (Figs.
4,5) for raw, conventionally roasted, microwave
heated, and y-irradiation 6,8 and10 KGy fennel seeds
essential oil.

The results mentioned above confirmed that trans-
anethole is good radical scavenging, i.e., a good
antioxidant, while estragole (which is the major
component in HD fennel seed oil) is a carcinogenic
agent (Shahat et al., 2011; Mcdonald,1999).

This is indicated by our results, which showed the
most potent effect for reduction of DPPH radical was
by microwave heated sample, which exhibited
(58.65%=0.36) followed by 10KGy irradiated
sample, which exhibited (49.27%z0.32) compared to
the BHT (98%) at the same concentration 30 pg/ml
(Fig. 4) the same behavior was shown in (Fig. 5) the
highest inhibiting effect for oxidation of linoleic acid
and then subsequent bleaching of B-carotene also
was by microwave roasted sample followed by
10KGy irradiated sample which comprised
(61.13%=0.49, 47.57%+0.52) compared to synthetic
antioxidant BHT(98%).

These results were confirmed by the total phenolic
content of all samples under investigation since they
comprised very low concentrations ranging between
25.03% in the 8 KGy irradiated sample to 35.61% in
the electric oven roasted sample (Fig. 4).
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(Fig. 2) Gas Chromatograms of fennel
essential oil treated with different g-
irradiation doses (6,8 and 10 KGy).

(Fig. 1): Gas Chromatograms of volatiles in
HD oil of raw (control), thermally roasted
(Electric oven), and microwave heated fennel
seeds.
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(Fig. 3)The total area percentages of the main
chemical classes in HD fennel oil treated with
thermal treatments (electric oven, microwave) and
y-irradiation at three doses.

These results due to the high percentage of estragole
in all samples which ranged (65.67% to 87.75%)
(Table 1). These results are by (Zangouras et
al., 1981;  Diaz-Maroto et al., 2006;  Shahat et
al., 2011).
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(Fig. 4) Scavenging effect of fennel volatile oil on
DPPH radicals with different concentrations
compared to BHT
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(Fig. 5) Scavenging effect of fennel volatile oil on -

carotene linoleic acid bleaching with different
concentrations compared to BHT
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(Fig. 6) Total Phenolic content of fennel extract

3.2.3. HPLC analysis of selected samples (microwave

treatment)

A total of 14 compounds were identified with the
help of HPLC. As per Table 4, 3-caffeoylquinic
acid and 4-caffeoylquinic acid are the primary

phenolic substances, accounting for 45.69% and
6.83%, respectively. The discovery made in this
study confirms the presence of several flavonoids
that were previously described by (Bilia et al,2000),
and it also provides evidence of substantial amounts
of ferulic acid, caffeic acid, and caffeoylquinic acid
derivative, as reported by (Guillen et al, 1996).

Regarding the other substances detected in the
irradiated sample after microwave treatment, 5-
caffeoylquinic acid was identified, which accounted
for 6.65% of the sample.

This substance is a common metabolite found in
higher plants and is a known component of fennel
fruit (Kunzemann & Herrmann, 1977). It is worth
noting that coumarins, characteristic metabolites of
fennel and the Apiaceae family (Murray et al.,
1982), were not found in the sample. This is
significant from a drug use safety perspective,
mainly since fennel fruits are commercially used for
medicinal purposes.
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Table (1) Volatile components isolated in the hydrodistillation oil of fennel raw, electric oven, microwave and y -irradiation at 6,8 and

10 KGy. (*Values expressed as relative area parentages to total identified compounds)

Roasted y-Irradiation (KGY)
Peak | KI' Compound Control Electric Microwave 6 8 10 Type b Identification
No. (Raw) oven method ¢
1 620 Ethanol *0.05 0.06 0.02 0.03 0.08 027 LoC MS and KI
2 955 Camphene 048 042 0.18 0.15 0.15 0.17 M MS and KI
3 971 Sabinene 031 0.18 0.09 023 0.19 0.09 M MS and KI
4 992 Myrecene 037 0.27 0.12 0.26 0.23 0.13 M MS and KI
5 1009 | o-Phelandrene 042 0.15 0.25 027 0.20 0.12 M MS and KI
6 1031 | P-Cymene 0.15 0.12 0.16 0.12 0.12 M MS and KI
7 1035 | Limonene 6.77 8.77 531 6.66 5.68 546 M MS, KI, and STD
8 1038 | 1,8-Cineol 1.07 1.10 0.81 1.84 0.79 0.77 LoC MS, KI, and STD
9 1050 | (E)-Ocimene 0.55 0.46 0.25 0.53 M MS and KI
10 1064 | y-Terpinene 0.54 0.36 0.24 028 0.27 021 M MS and KI
11 1098 | Fenchone 6.71 5.55 381 358 327 2.80 LoC MS, KI, and STD
12 1142 | Camphor 0.19 0.09 0.09 0.19 0.06 LoC MS and KI
13 1156 | Borneol 026 0.15 0.14 026 0.23 0.08 LOC MS and KI
14 1202 Estragole 65.67 79.71 86.42 83.58 85.87 87.75 | PhProDer MS, KI, and STD
15 1246 | Carvone 9.60 0.16 0.11 0.15 0.11 0.08 LoC MS and KI
16 1258 | (Z)-Anethole 032 0.15 0.10 0.18 0.19 0.18 Ph.Pro.Der MS and KI
17 1271 | P-Anisaldehyde | 0.76 0.14 0.10 030 0.13 020 PhProDer MS and KI
18 1299 | (E)-Anethole 5.92 212 1.83 2.06 1.79 1.50 PhProDer MS, KI, and STD

2Kl is Linear Kovat indices based on elution using DB-5 column. ® Ph.Pro.Der.: Phenylpropanoids derivatives, M: Monoterpene hydrocarbons,
and LOC: light oxygenated compounds. ¢ compounds identified by NIST library, Kovat index, and standard compounds run under similar

GCMS conditions

Table (2) Phenolic compounds in the selected
sample of fennel (Microwave).

Phenolic compounds Concentration
p-hydroxybenzoic acid- | *1.29
O-glucoside
3-caffeoylquinic acid 45.69
5-caffeoylquinic acid 6.65
4-caffeoylquinic acid 6.83
guercetin-3-O-rutinoside 6.76
eriodictyol-7-O- 5.03
rutinoside
luteolin-7-O-rutinoside 4.34
rosmarinic acid 4,51
kaempferol 3.36
Naringenin 2.87
Gallic acid 1.13
Caffeic acid 2.87
Hesperidin 5.52
Cinnamic acid 0.77

*: Values are expressed as relative area percentage.
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Additionally, this study reports for the first time the
presence of quercetin-3-O-rutinoside,
dicaffeoylquinic acids, and rosmarinic acid in fennel
fruits (Table 4). These compounds contribute to the
antioxidant activity of the fruits. Furthermore, it was
observed that distilled fennel contained more
antioxidant phenolic compounds than non-distilled
fennel. This is because many volatile substances are
eliminated during the distillation process. Overall,
the sum of the phenolic compounds in fennel
showed that the three caffeoylquinic acid
derivatives and rosmarinic acid exhibited the best
antioxidant properties (Parejo et al., 2004).
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Conclosion

The volatile profile of raw HD oil of fennel Eighteen
volatile compounds were identified in HD oil of
fennel. These compounds are 4 phenylpropanoides,
8 monoterpene hydrocarbons, 5 oxygenated
monoterpenes and traces amount of ethanol.The
volatile profile of raw HD oil of fennel consisted
mainly of estragole (65.67%) followed by carvon
(9.6%), limonene (6.77%), fenchon (6.71%) and
trans- anethole (5.92%). Roasting causes a drastic
increase in the total yield of phenylpropanoid
(major compounds) in all treated samples by
thermal or by y-irradiation ranging from (82.12%)
in electric oven roasted sample to (89.63%) in 10
KGy irradiated sample compared to (72.67%) in
control one. This is due to the very high increase in
estragole percentage in all treated samples ranging
between (79.7%) in electric oven sample to
(87.75%) in 10 KGy irradiated sample compared to
(65.67%) in control one.Also Roasting causes a
decrease in the total yield of monoterpenes in all
treated samples except electric oven roasted sample
which gained slight increase compared to control
sample. At the same time roasting causes a drastic
decrease in oxygenated terpenoids in all treated
fennel samples in comparison to row sample. i.e.
Roasting causes a drastic decrease in all
components of HD oil of all treated samples of
fennel except estragole which increased to reach
about 90% in 10 KGy irradiated sample. This
compound is considered a flavouring agent and by
European pharmacopeia limit not exceed than 6.0%
inen esstial oils and it has negative effect on animal
health and deleted from the list of flavour and food
stuffs, This indicated the antioxidant activity of HD
fennel essential oil, the strongest effect of reduction
of DPPH radical by microwave heated sample
which exhibits (58.65%z0.36) followed by 10KGy
irradiated sample which exhibits (49.27%0.32)
compared to BHT (98%) at the same concentration
30 pg/ml.These results were confirmed by total
phenolic contents of all samples under investigation
since comprised very law concentration ranged
between 25.03% in 8 KGy irradiated sample to
35.61% in electric oven roasted sample.HPLC
analysis for selected sample (microwave treatment)
A total 14 polyphenolic compounds were identified
3-caffeoylquinic more predominant (45.69%)
followed by 4-caffeoylquinic (6.83 %) and 5-
caffeoylquinic acid (6.65%,) are common
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metabolite constituents of fennel fruit, quercetin-3-
Orutinoside and rosmarinic acid which may
contribute antioxidant activity in fennel fruits, and
this reported for the first time in our study.
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