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Figl. Particle size distribution of the semi-crushed sample (passing through a 20-mm sieve)
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Fig2. Hydro-distillation method
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Tablel. Composition profile of fennel seed essential oil obtained by hydro distillation and super-critical
extraction (%)?

Component Name” RI* RIY SC-CO2 (%) HD (%)
a-pinene 1027 1028 0.15+0.01 2.61+£0.92
camphene 1075 1074 - 0.25+0.07
B-pinene 1118 1118 - 0.82+0.34
Sabinene 1129 1240 0.1+0.01 0.72+0.21
B-myrcene 1164 1168 0.05+0.01 0.86+0.19
a-phellandrene 1174 1176 0.02+0.01 2.13+£1.08
limonene 1207 1207 2.63+0.17 6.03%1.75
eucalyptol 1221 1220 0.36+0.04 -
cis- B-Ocimene 1235 1235 0.41+0.07 0.63+0.14
y-terpinene 1255 1255 0.62+0.05 2.6+4.41
o-cymene 1282 1285 0.19+0.02 0.46+0.16
terpinolen 1293 1290 - 3.19+1.58
thujone 1430 1430 2.51+£0.29 5.01+2.62
trans-limonene oxide 1475 1470 0.03+0.01 0.81+0.24
epi-p-caryophyllene 1571 1572 0.11+0.04 -
4-terpinenol 1629 1611 - 0.57+£0.29
estragole 1707 1680 29.97+4.81 25.224+2.92
y-cadinene 1763 1765 0.51£0.17 0.63+0.41
perilla aldehyde 1786 1790 1.01+0.09 -
trans-anethole 1865 1822 40.56+6.11 32.58+4.37
eugenol 2193 2185 0.24+0.02 -
methyl Hexadecanoate 2225 2218 0.41+0.23 -
dill apiol 2392 2384 1.03+£0.18 0.75+0.28
methyl stearate 2433 2428 0.09+0.02 -
ethyl oleate 2459 2459 4.16+1.27 -
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linoleic acid methyl

2491
ester
linoleic acid ethyl ester 2511
ethyl 9a-linolenate 2542
linoleic acid methyl 2579
ester
> 2602
methoxycinnamaldehyde
tetradecanoic acid 2697
heptacosane 2702
nonacosane 2904
n-hexadecanoic acid 2913
Total

2490 1.06+0.35 -
2511 1.58+0.71 -
2545 0.27+0.13 -
2583 1.1£0.06 -
2565 0.394+0.69 -
2694 0.15+0.03 -
2700 0.17+0.07 -
2900 0.41+0.12 -
2914 7.19£2.54 -
97.09 85.87

a Percentage obtained by FID peak-area normalization

b Results are compound percentages in essential oil expressed as means + standard errors (n=3)
¢ Linear retention indices (DB-5 column) using normal n-alkanes series (C6-C24)

dRetention indices from literature.
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CHEMICAL GROUPS (%)
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Other ‘S I—? 0-M M-H
BSC-CO2 (%) 16.32 0.62 75.98 4,17
BID (%) 0 0.63 64,94 20,3
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Figd. Average values for the percentages of all groups of chemical constituents of Foeniculum vulgare oil as
affected by extraction method. (O-M) Oxygenated monoterpenes, (M-H) Monoterpene hydrocarbons, (S-H)

Sesquiterpene hydrocarbons
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Table2. Normality Test

Variables Factor Statistic df Sig.
trans-anethole SC-CO, 0.987 3 0.78
analyse HD 0.925 3 0.471
estragole analyse SC-CO, 0.960 3 0.614
HD 0.957 3 0.6
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Table3. Mean Significance of Index Compounds
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Components Dilf\;[eeril:lce ls)t;fel:f:;z: 95% Confidence of the Difference
trans-anethole 5.97667 0.20819 5.39863 6.5547
estragole 5.75333 0.19143 5.22185 6.28482
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Table4. Percentage of Major Components in Fennel Seed Essential Oil

Country trans-Anethole
Iran 30-40%
India 30-40%
China 20-30%
Egypt 20-30%

Estragole references
20-30% [35]
20-30% [31-32]
15-25% [33-34]
15-25% [40]
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Foeniculum vulgare (fennel) is a medicinal and aromatic plant with
wide applications in pharmaceutical, food, and cosmetic industries.
This study aimed to compare the quantitative and qualitative
characteristics of fennel seed essential oil (EO) obtained by hydro-
distillation (HD) as well as utilizing supercritical carbon dioxide
extraction (SC-CO:). The experiments were conducted using a
completely randomized design with three replications. The chemical
composition of the EOs was analyzed using GC-FID and GC-MS
techniques. Results showed that the total EO yield in the SC-CO:
method (2.64 + 0.41%) was significantly higher than that obtained by
hydro-distillation (0.83 £ 0.11%), representing an increase of
approximately 218%. Overall, 30 compounds were identified in the
SC-CO: extract compared to 18 compounds in hydro-distillation,
indicating better preservation of thermolabile constituents under
lower extraction temperatures. The main components of fennel EO
were trans-anethole, estragole, and hexadecanoic acid. The content of
trans-anethole increased from 32.37% (HD) to 40.56% (SC-CO2), and
estragole rose from 25.92% to 29.97%. Hexadecanoic acid, which
was absent in hydro-distillation, appeared in the SC-CO. extract at
7.19%. Analysis of chemical groups showed that oxygenated
monoterpenes were dominant, accounting for 75.04% in SC-CO: and
64.19% in HD samples. Comparison with the ISO 17412 international
standard (specifying 50-78% trans-anethole and 1-6% estragole)
revealed that both extraction methods produced oils within the
acceptable range, though estragole content in the SC-CO: extract
slightly exceeded the upper limit. In conclusion, supercritical CO-
extraction, owing to its lower temperature, higher selectivity, and
reduced thermal degradation, proved to be an efficient, green, and
high-yield technology for obtaining high-quality fennel EO and
represents a superior alternative to conventional methods.
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