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Fennel (Foeniculum vulgare Mill.) and anise (Pimpinella anisum L.) are well-known aromatic
plants with traditional use as medicinal and culinary spices and herbs. As part of a broader study, the aim
of this investigation was to determine the chemical composition of fennel fruit essential oil (Foeniculi
fructus aetheroleum, FFA) and anise fruit essential oil (Anisi aetheroleum, AA) and to assess their anti-
microbial potential. Hydrodistilled FFA from fruits gathered in central Macedonia was subjected to phys-
ico-chemical analysis, as well as commercial AA, which was obtained from a local vendor. The chemical
composition of both essential oils was determined using gas chromatography with mass spectrometric de-
tection. The main component of both essential oils was trans-anethole. The antimicrobial action of both
essential oils (FFA and AA) was tested against several bacterial cultures and compared to standard anti-
microbial agents. The microorganisms used in this research were Gram-positive bacteria (Bacillus pu-
milus NCTC 8241, Staphylococcus aureus ATCC 6538,), Gram-negative bacteria (Escherichia coli
ATCC 8739 and Pseudomonas aeruginosa ATCC 9027), and fungi (Saccharomyces cerevisiae ATCC
9763 and Candida albicans ATCC 10231). The microdilution test enabled determination of the minimal
inhibitory concentration (MIC) of all samples used in the experiment against all of the test microorgan-
isms. It was concluded that FFA and AA have moderate antibacterial activity and affect the growth of the
Gram positive and the Gram negative bacteria. On the other, they are potent antifungal agents and affect
the growth of S. cerevisiae ATCC 9763 and C. albicans ATCC 10231. AA was observed to have a slight-
ly higher antimicrobial activity when compared to FFA. Based on the chemical composition of the sam-
ples, a connection was proposed between the trans-anethole content of the essential oils and their antimi-
crobial properties.
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KOMIAPATUBHA CTYJINJA 3A ETEPUYHU MACJIA OJ IIVIOJOBUTE
HA AHACOH U HA AHUC:
XEMHUCKHN COCTAB U IN VITRO AHTUMHUKPOBHA AKTUBHOCT

Anacon (xomopau) (Foeniculum vulgare Mill.) u anuc (Pimpinella anisum L.) ce mo3Hatu
apoMaTUYHU paCTeHI/Ija KOHU TpaaAUIIUMOHAJIHO C€ KOPHUCTAT KAaKO JICKOBUTH 6I/IJ'[KI/I 1 KYJIWMHAapCKH 3a4YUHU.
Kaxo nen Ha mooGemMHa cTyauja, IefiTa Ha 0Ba HCTpaXKyBame Oele Ja ce oJpelId XEMHUCKHOT COCTaB Ha
€TePUYHOTO Maciio oj 1mioaoT Ha aHacon (Foeniculi fructus aetheroleum, FFA) u Ha eTepuuHOTO Maciio
on mwiomot Ha ammc (Anisi aetheroleum, AA) u nma ce yTBpAM HUBHHOT AHTHMHKPOOEH MOTCHITH]ja.
Xunponectunupano FFA onm miomoBu coOpaHu BO IeHTpasiHa MakeoHHja Oemie MOMJIOKEHO Ha


mailto:natalijaap@gmail.com

242

N. Atanasova-Pancevska, DZ. Kungulovski, M. Najdoska-Bogdanov, J. Bogdanov, M. Stefova

(U3MYKO-XEMHUCKH aHAIN3U, KaKO W KOMEpLHjaJHO IOCTarmHOTO AA. XEMHCKHOT COCTaB Ha JIBETE
eTepUYHU Maciia Oelle oJpesieH co racHa xpomartorpaduja crupersara co maceHa crnekrpomerpuja (GC-
MS). 'maBHaTa KOMIIOHEHTa Ha JIBETE ETCPUYHHU Macia Oerre trans-aHeTosr. AHTUMHKPOOHATa aKTHBHOCT
Ha nBete erepudHn Macia (FFA u AA) Gemre TecTupana Ha HEKOJIKY OAKTEPUCKH KyNTYypH U CIIOpeeHa
CO CTaHIOApOHW AaHTUMHUKPOOHM areHcH. Bo oBa wuctpaxyBame Oea kopucTeHH Gram-TO3WTHBHH
6aktepun (Bacillus pumilus NCTC 8241, Staphylococcus aureus ATCC 6538), Gram-ueraTHBHH
6aktepun (Escherichia coli ATCC 8739 and Pseudomonas aeruginosa ATCC 9027) m kBacuu
(Saccharomyces cerevisiae ATCC 9763 and Candida albicans ATCC 10231). MUKpOIWIYIIHOHHOT TECT
OBO3MOXH OJIpelyBarbe Ha MHHUMAaJHaTa KOHLEeHTpauuja Ha uaxuoOunuja (MIC) Ha cute KopucTeHH
NIPUMEPOIM 33 CHTE HaBeAECHH MHUKpoopraHusmu. beme 3akmydeHo neka FFA m AA umaar ymepena
aHTHOAKTEpPHCKa aKTUBHOCT U BiIMjaaT Ha pacToT Ha Gram-nmo3utuBHUTE U Gram-HEraTUBHUTE OAKTEPHH.
JonatHo, THE ce MOTEHTHH aHTH(YHraJHU areHCH W BIHjaat Bp3 pactoT Ha S. cerevisiae ATCC 9763 u
C. albicans ATCC 10231. Berue 3abenexano neka AA uMa MajiKy MOBUCOKA aHTUMHKPOOHA aKTHBHOCT
Bo criopenda co FFA. Bp3 ocHOBa Ha XeMHCKHOT COCTaB Ha IPUMEPOLIUTE, MIPETIIOCTABEHA € TIOBP3aHOCT

Ha aHTUMHUKPOOHMTE CBOjCTBA Ha ETEPUIHUTE MACIIa CO COJpPXKHATA Ha trans-aHeTou.

K.JIy‘{HH 360])031/1! aHaCOH (KOMOpa‘I); aHUC; CTCPUIHO MACJIO; XECMHCKHU COCTAB;
aHTI/IMI/IKp06Ha AKTUBHOCT, MHUHHUMAJIHA I(OHL[GHTpaLII/Ija Ha I/IHXI/I6I/IHI/Ija

1. INTRODUCTION

In the past several decades, considerable sci-
entific research has been focused on the use of
readily available essential oils (EOs) as antimicro-
bial agents [1-4]. EOs are composed of volatile
secondary metabolites, mainly belonging to mono-
terpenes/monoterpenoids, phenyl propanoids, and
sesquiterpenes. There is a fascinating structural
diversity in these natural organic compounds, and
EOs are usually complex mixtures of these prod-
ucts. In many cases, the chemical composition of
the EOs can be used for differentiation between
plant species.

In Southeastern Europe, the plants that are
traditionally grown, have been used for centuries,
and give relatively high yields of EOs are fennel
(Foeniculum vulgare Mill.) and anise(ed) (Pimpi-
nella anisum L.). They both belong to the Apiaceae
family and are well-known Mediterranean aro-
matic plants that have a traditional use as a medi-
cine and as spices and herbs [5, 6]. The most im-
portant parts (raw material) are the fruits, which
can either be used unprocessed or can be used for
the preparation of EOs and many other products.
They are renowned for the preparation of the alco-
holic beverages Mastika and Ouzo, among others.
These plants are also abundant in Macedonia and
neighboring regions, both as cultivated and wild-
growing plants.

In order to have a reproducible final product,
and in order to find the key component(s) for bio-
logical activity, it is quite important to have con-
crete data on their physico-chemical properties.
This is also important in terms of the intended use
of the respective EOs and in terms of their authen-

ticity. Here, the most important "piece” is the
chemical composition of the EO, which is usually
obtained via steam or hydrodistillation of the fruits
in the laboratory setting, using a Clevenger-type
apparatus (as described in the European Pharma-
copoeia and other Pharmacopoeias) [7] with sub-
sequent gas chromatographic (GC) analysis. Other
relevant parameters are the relative density, refrac-
tive index, and sometimes the freezing point and
solubility.

The most relevant and informative charac-
teristic is the chemical composition, which is de-
termined by gas chromatography (GC-MS and/or
GC-FID) [8,9]. Both fennel and anise EOs pre-
dominantly contain phenylpropanoids, followed by
monoterpenes/monoterpenoids. The main compo-
nent of both fennel fruit essential oil (Foeniculi
fructus aetheroleum, FFA) and anise fruit essential
oil (Anisi aetheroleum, AA) is trans-anethole (12).
The structures of the commonly present volatile
natural products in FFA and AA are given in Fig-
ure 1.

Fennel fruits have a higher variability in the
chemical composition of the EOs, which are usual-
ly based on the content of several components
(fenchone (10), estragole (11), and trans-anethole
(12)). They are divided into sweet fennel (Foenicu-
lum vulgare ssp. vulgare var. dulce (Mill.) Batt. &
Trab.) and bitter fennel (Foeniculum vulgare Mill.
ssp. vulgare var. vulgare) [5, 6, 10]. Usually, sweet
fennel has a higher content of trans-anethole (min.
80 %) and a lower content of the "bitter" fenchone
(less than 7.5 %). The content of estragole (11)
should not exceed 10 % in all of the EOs (usually
less than 6 % is more desirable) [7].

Maced. J. Chem. Chem. Eng. 40 (2), 241-252 (2021)
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Fig. 1. Components of essential oils obtained via hydrodistillation of fennel fruits and anise fruits: a-pinene (1), f-pinene (2),
[S-phellandrene (3), myrcene (4), limonene (5), trans-ocimene (6), y-terpinene (7), 1,8-cineole (8), p-cymene (9), fenchone (10),
estragole (11), trans-anethole (12), anisaldehyde (13), linalool (14), and a-terpineol (15)

Another relevant complication is that the wild
(non-cultivated) varieties of fennel have a low(er)
content of trans-anethole and a higher content of the
undesirable estragole. This ratio (anethole/estragole)
differs between the chemotypes [11-13]. Cultivated
fennel is an outbreeder [13], which means that popu-
lations of cultivated fennel could be exposed to out-
crossing with wild-type populations. The final out-
come of outcrossing could be a change in the chemo-
type, in terms of a reduced quality of fennel fruits
(lower content of desirable trans-anethole) and an
increased health risk (higher content of potentially
carcinogenic estragole).

On the other hand, EOs obtained from anise
fruits have a less variable chemical composition [5,
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14, 15]. On average, they contain between 87-94 %
trans-anethole. The preferred local plant fruits, in
terms of their high content of trans-anethole (12)
and commercial use, are anise (aniseed) and sweet
fennel. Their composition is very similar but is not
quite the same. FFA and AA have certain volatile
secondary metabolites (markers), which can be
used for differentiation. These compounds are fen-
chone (10) for FFA and pseudoisoeugenyl 2-
methylisobutanoate (16) for AA [16, 17]. When
compared to AA, sweet fennel EO is usually richer
in monoterpenes/monoterpenoids, while being de-
void of sesquiterpenes. A common adulteration is
to replace sweet fennel EO or anise EO with the
less expensive star anise EO (Anisi stellati aether-
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oleum, ASA) [18], which is obtained from the dry
ripe fruits of Illicium verum Hook. fil. [19]. This
plant is not native to the Mediterranean region, but
is native to Northeast Vietnam and Southwest Chi-
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na. The volatile secondary metabolite that is char-
acteristic of star anise EO, and is absent in FFA
and AA, is foeniculin (17) (Fig. 2) [5, 19].

17

Fig. 2. Characteristic volatile secondary metabolites that are constituents of essential oils containing trans-anethole
as the main component: fenchone (10) — F. vulgare Mill., pseudoisoeugenyl 2-methylisobutanoate (16) — P. anisum L.,
foeniculin (17) — I. verum Hook. fil.

The resistance that microorganisms have re-
cently developed to antimicrobial agents, mainly as
a result of their widespread use, has brought a lot of
attention in the search for new compounds with an-
timicrobial properties from various sources. Plants
produce a high diversity of bioactive secondary me-
tabolites, a great number of which serve to protect
themselves against microbial attacks [20]. Amongst
these secondary metabolites, the antifungal proper-
ties of tannins, terpenoids, phenylpropanoids, alka-
loids, and flavonoids have already been reported in
numerous in vitro studies [21].

EOs have long been recognized for their an-
tibacterial, antifungal, antiviral, insecticidal, and
antioxidant properties [22]. Sartoratto et al. [23]
concluded that the presence of various chemical
compounds in EOs was crucial for their antimicro-
bial properties. In many cases, the complex inter-
action between the different classes of compounds,
such as phenols, ketones, alcohols, terpenes, esters,
or hydrocarbons, can be the actual source of the
antimicrobial activity of the EO. The use of com-
binations, either from whole EOs or artificial mix-
tures of purified main components, is a new ap-
proach that aims to increase the efficacy of the EO
by taking advantage of the synergistic and additive
properties that these components can exhibit. Sev-
eral bioactive chemical compounds can affect mul-
tiple target sites and thus affect multiple biochemi-
cal processes in the microorganisms, producing a
plethora of interactive antimicrobial effects. Gen-
erally, compounds with similar structures exhibit
additive or, less often, synergistic effects.

Usually, the most common methods em-
ployed in antifungal screening are the disc diffu-
sion method and the broth microdilution method,

which can both be time consuming and require
significant quantities of test material. The variation
of the micro-titer plate-based method that has been
used in this study, successfully surpassed all of the
above-mentioned problems and fulfilled all of the
conditions that qualify an excellent scientific
method: it is simple, safe, sensitive, efficient, easi-
ly reproducible, time saving, and cost-effective.

As part of a broader study, the aim of this
investigation was to determine the chemical com-
position of fennel EO and anise EO and to assess
their antimicrobial potential against several test
microorganisms. It is well established that anise
EO and fennel EO have diverse biological activity
[24, 25]. The antimicrobial activity of fennel fruit
EO has been studied by many research groups and
has been previously tested for antimicrobial activi-
ty [26-31]. The antimicrobial activity of anise fruit
EO has also been investigated [26, 32-34]. This
study investigates the antimicrobial properties of
pure trans-anethole and the correlation of its con-
tent with the antimicrobial activity [35, 36]. It is
also interesting to note that fennel EO and trans-
anethole can enhance the effectiveness of certain
antibiotics, such as mupirocin, against Staphylo-
coccus aureus [37].

2. EXPERIMENTAL SECTION
2.1. Chemical analyses
Collection and preparation of samples: The
ripe fruits of cultivated (sweet) fennel were ob-

tained from cultivators from the Kavadarci region
in R. Macedonia, near the village of Konopishte

Maced. J. Chem. Chem. Eng. 40 (2), 241-252 (2021)
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(41°14'55.44"N, 22°4'41.39"E). A representative
sample is kept in storage in the Institute of Biology,
Faculty of Natural Sciences and Mathematics,
Skopje, R. Macedonia. The sample of Anisi aether-
oleum was obtained from a vendor in R. Macedonia.
Isolation of essential oil: Ripe, air dried
fruits, freshly ground to —18+60 mesh size, (50.0 g)
were subjected to hydrodistillation, without prior
thermal treatment, using a Clevenger type appa-
ratus. The sample was distilled at a rate 2.0-3.0
ml/min for 3 h. For GC analysis, 100 ul of the EO
was transferred to a 10 ml volumetric flask, and 5
ml of a mixture of internal standards (4 mg/ml n-
tetradecane and 4 mg/ml methyl margarate in n-
hexane) was added, along with methylene chloride,
to a total volume of 10 ml. The EOs were immedi-
ately analyzed. Gas chromatography—mass spec-
trometry (GC-MS) analyses were performed on an
Agilent Technologies 6890N GC Network system,
equipped with a 7683B Series injector autosampler
and 5975B Inert XL, EI/CI MSD (mass detector).
A HP-5MS column (30 m x 0.25 mm i.d., 0.25 pm
film thickness) was employed, and helium was
used as carrier gas at a constant flow rate of 1.0
ml/min. The amount of sample injected was 1 pl,
with a split ratio of 1:50 at 250 °C and a solvent
delay of 5 min. The initial temperature of the oven
was held at 40 °C for 5 min and then ramped up to
140 °C at 5 °C/min. After 5 min at 140 °C, the ov-
en was programmed to rise at 10 °C/min to 260 °C
and kept at the final temperature for 10 min. The
temperatures of the transfer line, MS source, and
MS quad were set at 260 °C, 230 °C and 150 °C,
respectively. The single quadrupole mass spec-
trometer was operated in EI mode at 70 eV, and
mass spectra were recorded in the range of 40-350
m/z. Identification of the constituents was based on
a comparison of the retention times with those of
authentic samples, components of known EOs, co-
injections, analysis of the electron impact (EI)
mass spectra and via computer matching against a
commercial (NIST 2005) mass spectral library.

2.2. Antimicrobial activity study

Test microorganisms: The test microorgan-
isms used in this study included four strains of bac-
teria (Escherichia coli ATCC 8739, S. aureus
ATCC 6538, Pseudomonas aeruginosa ATCC
9027, Bacillus pumilus NCTC 8241) and two
strains of yeasts (Saccharomyces cerevisiae ATCC
9763, Candida albicans ATCC 10231).

All strains were derived from stock cultures,
which were the property of the Department of Mi-
crobiology and Microbial Biotechnology, Institute
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of Biology at the Faculty of Natural Sciences in
Skopje, R. Macedonia.

The mediums for growth and maintenance
of the bacterial cultures were Mueller Hinton Broth
(MHB) and Mueller Hinton Agar (MHA), and the
media for growth and maintenance of the yeast
cultures were Sabouraud Dextrose Broth (SDB)
and Sabouraud Dextrose Agar (SDA). The cultures
were incubated at 37 °C for 24 h (for bacteria) and
room temperature for 3-5 days (for the yeasts).

For preparation of the microorganism sus-
pensions, the inoculum of the culture was suspend-
ed in sterile normal saline solution (0.90 % wi/v of
NaCl), and the suspension was homogenized by
gentle mixing in the hands. The turbidity of the
fungal suspension was compared to a 0.5 McFar-
land standard. The inoculum of the culture or ster-
ile normal saline solution was added until the fun-
gal suspension matched the McFarland standard
and the number of microorganism was 1.5 x-10%
CFU/ml. From this initial solution, two additional
serial dilutions were made to acquire a working
solution of 1.5 x 10° CFU/m.

Microtiter plate based assay: The antimi-
crobial activity of the fennel fruit EOs (prepared
and commercial) were assessed using a modified
version of the microdilution techniques described
by Drummond and Waigh [38]. The assay was per-
formed using a sterile 96-well plate, and the mini-
mal inhibitory concentration (MIC) value was de-
termined to estimate the antimicrobial activity. All
the assays were prepared under aseptic conditions.
Resazurin was used as an indicator of growth for
the bacterial and yeast assays.

The first step of the assay was to add 50 pl
of sterile broth (MHB or SDB) into the first rows
of the 96-well plate. The first two rows were used
for evaluation of the activity of the prepared and
commercial fennel oil, while the last two rows
served as a positive and a negative control. The
positive control confirmed the viability of the mi-
crobial culture, while the negative control verified
the sterility of the working conditions and solu-
tions. The second step was to add 50 ul of the first
(prepared) EO to the first well of the first row of
the plate. Using sterile pipette tips, the contents of
the first well of the first row were mixed, and 50 pl
were transferred to the second well of the same
row. Serial dilutions were carried out until all the
wells contained 50 pl of the solution under exami-
nation, in descending concentrations. The proce-
dure was repeated for the commercial oil in the
next row. Then, 5 pl of resazurin solution was add-
ed to each row, followed by the 5 pl of microbial
suspension.
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The positive control (viability control) was
comprised of 50 ul sterile broth (MHB or SDB), 5
ul resazurin (where necessary), and 5 pl microbial
suspension, while the negative control (sterility
control) was comprised of 50 pl sterile broth
(MHB or SDB) and 5 pl resazurin (where neces-
sary). The microtiter plates were wrapped in sterile
tinfoil in order to prevent contamination and were
then incubated at 37 °C for 24 h (for bacteria) and
room temperature for 3 days (for the yeasts). A
blue colored solution indicated growth inhibition in
the test wells, while a pale pink to colorless solu-
tion indicated microbial growth or the absence of
inhibition. All tests were carried out in triplicate.

The resazurin solution was prepared by dis-
solving 270 mg of resazurin powder (Sigma-
Aldrich GmbH, Germany) in 40 ml sterile distilled
water. The solution was mixed on a vortex mixer
until the powder was completely dissolved and the
solution was homogenous.

3. RESULTS AND DISCUSSION

Both fennel EO (FFA) and anise EO (AA)
were pale yellow liquids with a distinct "sweet"
odor of trans-anethole, and their refractive indices
were 1.5517 and 1.5534, respectively. Hydrodistil-
lation of fennel fruits using Clevenger-type appa-
ratus according to Ph. Eur. 10 [7], the yielded 22

Table 1

ml/kg FFA, which was above the minimum re-
quirement of 20 ml/kg. Both EOs were in the spec-
ified Ph. Eur. ranges in terms of refractive indices.
The EOs were analyzed by GC-MS (a representa-
tive chromatogram of fennel oil is depicted in Fig.
3). Ten components were detected and quantified
in the fennel fruit EO. The main component was
trans-anethole (80.56 %), followed by estragole
(7.89 %), limonene (5.96 %), anisaldehyde (2.95
%), and fenchone (0.77 %) (Table 1). Based on the
chromatographic profile, it was deduced that this is
sweet fennel EO of high quality (high content of
trans-anethole (12) and very low content of bitter
fenchone (10)). Moreover, it meets the Ph. Eur.
criteria. These results are in agreement with previ-
ous studies of cultivated fennel in Macedonia,
which is characterized by high content (above 80
%) of trans-anethole and very low content of fen-
chone (less than 1 %) [39-41]. The chemical com-
position is quite similar to the data reported for
sweet fennel fruit from Turkey [42, 43] and Greece
[44]. In general, the trans-anethole content in
sweet fennel is in the range of 80 to 90 % [43-49]
and sometimes it can be up to 95 % [45, 50, 51]. It
is important to stress that no pseudoisoeugenyl 2-
methylisobutanoate (16) and foeniculin (17) were
detected in the FFA, which are the marker com-
pounds for P. anisum L. and I. verum Hook., re-
spectively. This indicates that the analyzed plant
material was only from Foeniculum vulgare Mill.

Content (% m/m) of the components of the fennel fruit EO and anise fruit EO,
as determined by GC-MS analyses

Compound tr Fennel EO 2 Anise EO P
(min) % (Mm/m) % (m/m)
1 a-Pinene 10.460 0.16 n.d.
9 p-Cymene 13.749 0.67 n.d.
5 Limonene 13.885 5.96 n.d.
8 1,8-Cineole 13.963 0.10 n.d.
7 y-Terpinene 14.277 0.62 n.d.
10 Fenchone 15.877 0.77 n.d.
11 Estragole 19.329 7.89 2.82
13 Anisaldehyde 20.914 2.95 0.56
12 trans-Anethole © 21.875 80.56 94.46
20 Anisketone 24.476 0.31 n.d.
19 y-Himachalene 27.259 n.d. 1.74
18  «-Curcumene 27.366 n.d. 0.12
16 Pseudoisoeugenyl 2-methylbutanoate 36.408 n.d. 0.31
14 Linalool / n.d. n.d.
15 q-Terpineol / n.d. n.d.
17 Foeniculin / n.d. n.d.

@ The measured refractive index of fennel fruit EO at 20 °C was 1.5517 and the yield was 22 ml/kg
b The measured refractive index of anise fruit EO at 20 °C was 1.5534. ¢cis-Anethole was not detected.

n.d. — Not detected

Maced. J. Chem. Chem. Eng. 40 (2), 241-252 (2021)
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Fig. 3. GC-MS analyses (HP-5MS column) of hydrodistilled sweet fennel essential oil (top) and anise essential oil (bottom).
In both cases, two internal standards were used: IS-1 (n-tetradecane (n-Ci4Hso)) and 1S-2 (methyl heptadecanoate (17:0)).

The commercially obtained anise EO was
also subjected to GC-MS analysis under the same
conditions. The analysis revealed a much simpler
chemical composition when compared to FFA: six
components were detected and quantified in the

Maced. J. Chem. Chem. Eng. 40 (2), 241-252 (2021)

AA. The main component was trans-anethole
(94.46 %), followed by estragole (2.82 %), v-
himachalene (1.74 %), anisaldehyde (0.56 %),
pseudoisoeugenyl 2-methylbutanoate (0.31 %), and
a-curcumene (0.12 %) (Table 1). It is evident that
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the AA lacks the monoterpenes (a-pinene, limo-
nene, and y-terpinene) that are present in the FFA,
and it contains sesquiterpenes, such as y-
himachalene and a-curcumene. The chemical

Table 2

composition is extremely close to that reported by
Acimovic et al. [49] (96.80 %, trans-anethole; es-
tragole, 0.19 %; vy-himachalene, 1.84 %, and
pseudoisoeugenyl 2-methylbutanoate, 0.32 %).

Chemical composition of anise essential oils (AA) reported in the literature (% of the components)

Compound Sosa Acdimovié Orav et al. Ozcan Santos Tabanca Figueredo
etal. [34] etal. [49] etal. [33] etal. [53] etal. [16] etal. [54]

11  Estragole 1.2 0.19 0.5-2.3 2.4 2.2 2.0 1.13
13 Anisaldehyde 2.0 / 0.1 1.9 0.4 0.19
12 trans-Anethole 89.5 96.80 76.9-93.7 93.9 92.5 94.2 93.0
14  Linalool / / / / / 0.27
19  y-Himachalene / 1.84 0.4-8.2 11 / 14 2.85
21  Longifolene 3.3 / / /
22 Zingiberene / 0.11 0.2 / 0.2 0.32
23  p-Bisabolene 0.2 0.21
20  o-Curcumene / / /
24 o-Cuparene 0.1 / / /
16 Pseudoisoeugenyl 0.8 0.32 0.4-6.4 nr. 0.1 0.7 0.43

2-methylbutanoate

tr — traces; n.r. — not reported

From the GC-MS analysis, besides the pres-
ence of the sesquiterpenes, it can be concluded that
there are no traces of fenchone (10) or foeniculin
(17). Pseudoisoeugenyl 2-methylbutanoate (16), the
phytochemical marker for the genus Pimpinella [16,
17], was present. It can be seen from Table 3 that
the EO meets the latest Ph. Eur. requirements and is
of high quality. In general, the marker for fennel EO
is fenchone (10), and the EO should not contain
even traces of pseudoisoeugenyl 2-methylbutanoate
(16) and/or foeniculin (17), or larger amounts of
sesquiterpenes. The marker for AA is pseudoi-
soeugenyl 2-methylbutanoate (16), and it should not
contain fenchone and/or foeniculin. Lastly, the
marker for star anise EO is foeniculin, and it should
not contain traces of fenchone (10) and/or pseudoi-
soeugenyl 2-methylbutanoate (16). It is also relevant
to note that a range is given for the sesquiterpene y-
himachalene (1.0-5.0 %) in the latest ISO standard
for AA [55]. The y-himachalene content in the
commercial AA falls within the given limits. Once
the exact chemical composition of the EOs was de-
termined and their authenticity confirmed, we pro-
ceeded to test their antimicrobial activity.

The antimicrobial activity was assessed by
determining the MIC, which is defined as the low-
est concentration at which the substance prevents a
change in color. A microtitre plate based assay was

carried out for each microbial strain, and the re-
sults are given in Table 4.

From the above MICs results for FFA and
AA, it is evident that both tested EOs show good
antibacterial activity against the tested microorgan-
isms, with MIC values ranging from 25 to 50
pl/ml. The EOs exhibited an inhibitory effect
against all tested yeast strains, with MIC values
ranging from 0.39 to 1.56 pl/ml. It is evident that
yeasts are more susceptible to the tested oils com-
pared to Gram-positive and Gram-negative bacte-
ria. Among the bacteria, there are no relevant dif-
ferences between Gram-positive and Gram-
negative bacteria, except in the case of S. aureus
ATCC 6538, with an MIC value of 50 ul/ml for
FFA. It was concluded that the FFA and AA have
moderate antibacterial activity and affect the
growth of the Gram-positive and Gram-negative
bacteria. On the other, they are potent antifungal
agents and affect the growth of S. cerevisiae
ATCC 9763 and C. albicans ATCC 10231. Kosal-
ec et al. [32] investigated the antifungal activity of
anise fluid extract and EO by the dilution method,
and they obtained MIC values from 0.5 to 2 pl/ml.
The differences in MIC values can be explained by
the different concentrations of antifungal compo-
nents in the EO of anise, but the MIC values are
also influenced by a number of variables, such as
the composition of the culture medium, inoculum
density, and many others [56].
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Table 3

European Pharmacopoeia (10" ed.) limits for bitter fennel fruit EO, sweet fennel fruit EO,
anise fruit EO, and star anise EO [7], and ISO standard limits for anise fruit EO [55]

Essential oil Bitte_r fennel SweeF fennel Anise fruit Star anise EO Anise fruit EO
fruit EO* fruit EO EO (1SO std.)*

Density 0.961-0.975 / 0.980-0.990 0.979-0.985 0.980-0.990

Refractive index 1.528-1.539 / 1.552-1.561 1.553-1.556 1.552-1.561

Optical rotation +10° to +24° / / / —2°to +2°

EO vyield from plant min. min. min. min. /

material (fruit) 40 ml/kg 20 ml/kg 20 ml/kg 70 ml/kg

Composition

trans-Anethole 55-75 % min. 80 % 87-94 % 86-93 % 87.0-94.0 %

Estragole max. 6 % max. 10 % 0.5-5% 0.5-6 % 0.5-3.0%

Anisaldehyde max. 2 % n.s. 0.1-1.4% 0.1-05% 0.1-1.4 %

cis-Anethole max. 0.5 % / 0.1-0.4 % 0.1-05% 0.1-0.6 %

Fenchone 12-25% max. 7.5 % max. 0.01 % max. 0.01 % n.s.

Pseudoisoeugenyl 2- / / 0.3-2.0 % max. 0.01 % 0.3-2.0 %

methylbutanoate

Foeniculin n.s. n.s. max. 0.01 % 0.1-3.0% n.s.

a-Pinene 1-10 / / / n.s.

Limonene 0.9-5 / / /

Linalool / / less than 0.2-2.5% n.s.

1.5%
a-Terpineol / / less than less than 0.3 % n.s.
12%
y-Himachalene / / / / 1.0-5.0%

* ]SO standard for essential oil of aniseed (Pimpinella anisum L.)[55]. n.s. — not specified

Table 4

Antimicrobial effect (minimal inhibitory concentration, MIC) of Foeniculi fructus aetheroleum,
(FFA) and Anisi aetheroleum (AA)

MICs (ul/ml)

Fennel fruit essential oil (FFA)

Anise fruit essential oil (AA)

Gram-negative bacteria

Escherichia coli ATCC 8739
Pseudomonas aeruginosa ATCC 9027
Grame-positive bacteria
Staphylococcus aureus ATCC 6538
Bacillus pumilus NCTC 8241

Yeasts

Saccharomyces cerevisiae ATCC 9763
Candida albicans ATCC 10231

25 25
25 25
50 25
25 25
1.56 0.39
1.56 0.39

AA was observed to have a slightly higher an-
timicrobial activity when compared to FFA. Based
on the chemical composition of the samples, there
could be a relation between the trans-anethole con-
tent of the EOs and their antimicrobial properties.
However, the influence or synergistic action of the
sesquiterpenes (y-himachalene and a-curcumene) and
other minor components cannot be excluded.

According to the results reported by Gulfraz et
al. [57], the EO of F. vulgare had significant antimi-
crobial activities against some tested microorgan-
isms, such as Bacillus cereus, Bacillus megaterium,
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B. pumilus, Bacillus subtilis, E. coli, Klebsiella
pneumonia, Micrococcus luteus, Pseudomonas
putida, Pseudomonas syringae, and C. albicans, as
compared to the methanolic and ethanolic extracts.
Roby et al. [58] investigated the antimicrobial
effect of methanol, ethanol, diethyl ether, and hexane
extracts of the seed of F. vulgare against two species
of Gram-negative bacteria (E. coli and Salmonella
typhi), two species of Gram-positive bacteria (B. ce-
reus and S. aureus), one species of yeast (C. albi-
cans), and one species of mold (Aspergillus flavus).
The methanolic extract showed more effective anti-
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microbial activity than the other extracts. The results
also indicated that B. cereus and A. flavus were the
most sensitive microorganisms tested, showing the
lowest MIC values. According to Park and Seong,
dichloromethane extracts and EOs from F. vulgare
showed antifungal activity against C. albicans, so it
could be a potential candidate for a new antifungal
agent for candidiasis and other fungal diseases [59].
In a previous study by Dadalioglu and Evrendilek,
FFA was found to be bactericidal at comparable con-
centrations, between 20 pl/ml and 80 pl/ml, against
E. coli and S. aureus [60]. Al-Bayati reported MIC
values of 0.125 mg/ml for anise oil against S. aureus
and Proteus mirabilis, 0.25 mg/ml against Salmonel-
la typhimurium, 0.5 mg/ml against S. typhi, and val-
ues >0.5 mg/ml against K. pneumoniae, P. aerugino-
sa, and E. coli [61]. The characterization of different
types of oxygenated monoterpenes from a methylene
chloride crude extract of F. vulgare [62] suggested
that the crude extract containing monoterpenes could
be a new medicinal resource for antibacterial agents.

Results of other studies were completely
consistent with the present study; although there
were some differences in components and their
guantities. This variation may be due to the various
factors affecting the chemical composition of EOs,
such as differences in climate, and seasonal and
geographic conditions [63].

All these literature data was in agreement
with our findings for the traditional uses of Foenicu-
lum vulgare in the treatment of some infections.
There is always a need for new antimicrobial agents
due to the rapid development of commercial antibi-
otic resistance. EOs from F. vulgare and P. anisum
L. that contain various volatile secondary metabo-
lites may be a potential source for new antimicrobial
agents. It would be interesting to see if these EOs or
some of their components can enhance the effec-
tiveness of certain commercial antibiotics.

4. CONCLUSIONS

The main component of the fennel fruit EO
(Foeniculi fructus aetheroleum, Aetheroleum foe-
niculi, FFA) and anise fruit EO (Anisi aetherole-
um, AA) was trans-anethole, and they were both of
high quality, based on the European Pharmacopoe-
ia requirements. It was concluded that both EOs
were of high quality and were authentic, based on
the chemical composition and the absence/pre-
sence of specific marker compounds (fenchone
(10), pseudoisoeugenyl 2-methylisobutanoate (16),
and foeniculin (17)). Based on the experimentally
obtained MICs, FFA and AA have moderate anti-
bacterial activity and affect the growth of Gram-

positive and Gram-negative bacteria. On the other
hand, they are potent antifungal agents and affect
the growth of S. cerevisiae ATCC 9763 and C. al-
bicans ATCC 10231. AA had a slightly higher an-
timicrobial activity when compared to FFA. Based
on the chemical composition of the samples, a
connection between the trans-anethole content of
the EOs and their antimicrobial properties was
proposed. However, the influence or synergistic
action of the sesquiterpenes and other components
cannot be excluded.

With an increasing number of bacteria that
have developed resistance to commercial antibiot-
ics, plant derived EOs hold great promise for the
development of new medicines. Regarding the de-
velopment of natural antimicrobials from various
plants, further research could be focused on the iso-
lation or synthesis of individual compounds (mono-
terpenes, sesquiterpenes and phenylpropanoids) in
selected plant extracts and appropriate screening.

According to the obtained results, which in-
dicate remarkable and strong antibacterial and anti-
fungal activities, anise EOs could be regarded as
potential sources of natural antimicrobial agents in
the fight against different microorganisms.
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