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Abstract. In recent years, a concern has been expressed about the impact of antibiotics and synthetic
antioxidants, which are used to inhibit microbial growth and retard fat oxidation in foods. In addition,
antibiotic resistance presents a serious menace to human and environmental ecosystems. This has led the
food industry to use natural resources such as essential oils in the preparation of foods, this forming their
sensory profile and increasing preservation time there. The objective of this work is to determine the
chemical composition and evaluate the antibacterial and antioxidant activity of the essential oil of Illicium
verum. The yield of essential oil extracted by hydro distillation is about 4.13%. The chemical composition
of the essential oil extracted from the dried fruits of Illicium verum was studied by gas chromatography
coupled with mass spectrometry (GC and GC/MS). Twenty-eight constituents, representing 99.74% of the
essential oil were identified. The major compounds are: trans-anethole (83.46%), D-Limonene (4.56%),
Estragole (3.47%) and Linalool (1.07%). Antioxidant activity was determined by the DPPH assay. The
essential oils of Illicium verum showed low antioxidant activity with [C50=286.19 + 7.4 mg/mL, compared
to Ascorbic acid IC50=0.09 + 0.01 mg/mL. The antibacterial effect of this essential oil was tested against
six microorganisms, of which Staphylococcus aureus is the most sensitive with an MIC of about 1/1000
(v/v), followed by Staphylococcus epidermidis and Enterobacter cloacae with an MIC equal to 1/100 (v/v).
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1. Introduction

Manufactures use chemical preservatives including
antioxidants and antiseptic substances that slow the
growth of bacteria and molds [1]. The uncontrolled use of
these products constitutes a major risk to public health.
The transfer of resistant bacteria to humans via the food
chain and the environment constitutes one of the major
routes of spread of antibiotic resistance [2], as well as the
use of synthetic antioxidant molecules are responsible of
potential toxicological risks [3]. Regarding those
problems, medicinal plants still remain the reliable source
of active compounds known by their medicinal properties
[4]. These plants have been widely studied, they are
generally considered as a rich source of antimicrobial and
antioxidant compounds [5.6], and have considerable
economic interest by belonging to the agri-food,
pharmaceutical and cosmetic industries [7]. Currently, the
use of essential oils is carried out on scientific and rational
bases with the aim of developing new products for various
medical, veterinary, agronomic and cosmetic uses
[8.9.10]. Indeed, Chinese star anise (Illicium verum) is a
plant distributed in the tropical and subtropical area of
Asia and widely used in traditional medicine [11]. It is
used in herbal medicine as well as for flavoring
pharmaceutical, food and cosmetic products, and its use
has a long [12]. The fruits are commonly used as a spice
and pharmaceutical treatment of flatulence, spasmodic
pain and colic [13]. Star anise oil is used topically to treat
rheumatism and otalgia, and also used as an antiseptic
[14]. In a previous study, it was documented that Illicium
verum Hook exhibits antimicrobial, antifungal, anti-
inflammatory, ant allergic, antioxidant and anticancer
effects [15]. The objective of the present study is the
valorization of the essential oil of [llicium verum through,
on the one hand, the evaluation of the antioxidant power
and the antibacterial activity of this species, on the other
hand, the determination of its chemical composition

2. Material and methods

2.1. Biological material

2.1.1. Plant material

Samples of Illicium Verum fruits were purchased from
local herbal suppliers. The samples were washed, air-
dried, crushed and stored at 4°C in the refrigerator before
extraction.

2.1.2. Bacterial strains

Two-gram positive bacteria (Staphylococcus aureus,
Staphylococcus epidermidis), four-gram negative bacteria
(Enterobacter cloacae, Escherichia coli, Acinetobacter
baumannii, Klebsiella pneumoniae) were used to
determine their sensitivities to Illicium Verum EO
(Antimicrobial activity). The selection was made based on
their pathogenicity and antibiotic resistance. They are
maintained by subculturing on nutrient agar favorable to
their growth. The germs are maintained by subculture on
nutrient agars favorable to their growth.

: Corresponding author: ibrahimmauvitch@hotmail.com

2.2. Methods

2.2.1. Extraction technique

The essential oil from 200g of Illicium Verum fruits was
obtained by steam distillation using a Clevenger type
distiller (Clevenger, 1928) for 3h. The essential oil was
recovered, after extraction, and preserved in small opaque
bottles and stored at 4°C before use.

The oil obtained was divided into two parts.

»= The first was used for chemical analysis while
the second was used to study the properties of the
oil;

= The second was used to study the in vitro
antibacterial tests.

2.2.2. Chromatographic analysis

The volatile compound profile was characterized by gas
chromatography (GC) (Agilent 7890A Series) coupled to
mass spectrometry (MS) equipped with a multimode
injector and a 123-BD11 column of dimension 15 m x 320
pm % 0.1 um. 4 pL of the soluble extract was injected into
the column by split 1/ 3 mode using helium as carrier gas
at 3 ml min-1. The temperatures of the ion source and
quadrupoles were 230 and 150°C, respectively. The oven
temperature program was started at 34°C and finished at
360°C. 10 pSample was solubilized in chloroform as
solvent. Identification was performed using NIST 2014
MS Library.

2.2.3. Solid-state diffusion method

Antibacterial activity is performed using the Muller
Hinton agar media diffusion method [16]. A microbial
suspension with an optical density of 1 McFarland is
spread on the petri dish of agar media. Filter paper discs
(Whatman N°6) sterilized in an autoclave (121°C for 20
minutes), were soaked with the essential oil to be tested,
and were deposited on the surface of the seeded agar, the
whole is incubated for 24 hours at a temperature of 37°C.
After incubation, the presence s of a circular inhibition
zone around the discs denotes the susceptibility of the
microorganisms to HE tested. The larger the zone of
inhibition, the more sensitive the germ. Ampicillin (10pg)
and penicillin (5pg) are used as positive controls.

2.2.4. Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) is
determined by the solid-state macro dilution technique
[17]. The essential oil is emulsified by an agar solution at
a concentration of 0.2%. A volume of 1.5 mL of dilutions
of the order of 1/10th, 1/25th, 1/50th, 1/100th, 1/200th,
1/300th and 1/500th was prepared in test tubes each
containing 13.5 mL of Muller Hinton solid medium, so as
to obtain the final concentrations of 1/100, 1/250, 1/500,
1/1000, 1/ 2000, 1/3000 and 1/5000 (v/v). The contents of
each tube are immediately poured into a sterile Petri dish
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after shaking for 15 seconds. Controls, containing culture
medium only.

Inoculation was performed by streaking with a calibrated
platinum loop to collect the same volume of inoculums.
Incubation was performed at 37°C for 24 hours. The MIC
is defined from the first plate of the range free of bacterial
growth. Each experiment is repeated three times.

2.2.5. DPPH radical reduction test

The antioxidant power of //licium Verum essential oil was
evaluated by the DPPH (1.1-diphenyl-2-picrylhydrazyl)
test [18.19]. 2 mL of the ethanolic solution of DPPH (76
pM) was mixed with 0.1 mL of different ethanolic
concentrations of the essential oil. The mixture was stirred
and then incubated in the dark at room temperature for 30
minutes. The transformation from the radical form (purple
coloration) to the reduced form of DPPH (yellow
coloration) was measured with a UV-Vis
spectrophotometer at 527nm. A blank was prepared only
with the ethanolic solution of DPPH. Ascorbic acid was
used as the standard reference compound. The percentage
of inhibition was calculated using the following formula:

[(Abs Blank - Abs Sample)]

3.2. Chemical composition

The results of gas chromatography-mass spectrometry
(GC and GC/MS) analysis of the essential oil of I. verum
are presented in Table 1 This essential oil contains
twenty-eight constituents, representing 99.74% of the
essential oil were identified. The major compounds are:
trans-anethole (83.46%), D-Limonene (4.56%), Estragole
(3.47%) and Linalool (1.07%).

Research has shown similar results to our study, and was
able to identify the same composition in aniseed star anise
EO with a percentage of trans-anethole ranging from
88.5% to 92.4% [22.23.24]. This major compound is
known for its biological activities, namely antioxidant and
antimicrobial [25]. Other compounds found in star anise
EO were D-Limonene (4.56%), estragole, an isomer of
anethole (3.47%), and terpineol (1.70%), all of which are
known bioactive photochemical commonly found in
essential oils [26.27]. The variations found in the level of
chemical profile of the essential oil of I. verum, can be
explained by variations in climatic conditions, harvesting
period, extraction method and storage method of the
essential oil [28.29.30.31]

Table 1: Chemical composition of the essential oil of
Hlicium verum

% of inhibition = [Abs Blank] x100

Retention | Percen

The inhibitory concentration 50 (IC50), the concentration time (min) tave
of the essential oil required to reduce 50% of the initial (‘)/g)
DPPH, was calculated using the lines of variation of the >

Ne Compound

percentage of inhibition as a function of concentrations. ! o-Pinene 2.06 0.31
2.3. Statistical analysis 2 Camphene 224 0.04
Data are expressed as mean values + standard deviation 3 Linalool 3,7-oxide 271 0.06
for each measurement. The statistical study is performed 4 B-Myrcene 3.17 0.20
in Excel. 5 a-Phellandrene 3.27 0.24
6 3-Carene 3.39 0.39
3. Result discussions 7 4-Carene 3.54 0.28
. 8 D-Limonene 3.87 4.56
3.1. Yield 9 B-Ocimene 438 0.06
The yield is determined by calculating the weight of 10 y-Terpinene 4.48 0.19
essential oil in relation to the weight of dry plant material 11 cis-Linalool oxide 482 0.07
mad{ct into powder azd used in hzfdro distilée(l)tion,f (tihe 12 Terpinolene 513 033
results were expressed as a percentage per g of dry B Linalool 569 To7
matter (P/P), and the yield was calculated using the :
formula: 14 B-Terpineol 6.59 0.07
Mhe 15 Terpinen-4-ol 7.32 0.72
R = Mve x100 16 Terpineol 7.84 1.70
v 17 Estragole 8.05 3.47
= R: EOyield in (%) 18 cis-Anethole 9.43 1.31
n Mho: Mass of the essential oil 19 trans-Anethole 11.03 83.46
20 Eugenol 12.62 0.24
Mdp: Mass of dry plant 21 Methyl anisate 13.03 0.06
According to our results, the yield of essential oil obtained 22 p-Methoxyphenylacetone 13.35 0.37
from star anise seed's is 4.13%. However, the gompariso'n 23 | p-Methoxypropiophenone 14.95 0.05
of the calculated yield 'w1th'that of the bibliography is 2% cis-Methyl isoeugenol 16.23 0.07
difficult because the yield is relative and depends on 25 Acetvl 0 1679 0.06
several parameters such as the method and conditions of cety eu.lgeno . .
extraction, the method of drying and also the geographical 26 Nerohldol 17.45 0.05
origin of the species [20.21] 27 a-Cadinol 18.76 0.04
28 Foeniculin 19.35 0.27

* Corresponding author email: ibrahimmauvitch@hotmail.com
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3.3. Antibacterial activity Table 2: Antibacterial activity of the essential oil of

. . . . . Hlici
In solid medium, the evaluation of the antibacterial fetum verum

activity of the essential oil of illicium verum is

Inhibition zone diameter (mm)*

Essential Oil Antibiotic

determined by the measurement of the growth diameters

. Illicium Verum | Penicillin | Ampicillin
in mm (figurel).

Gram-positive

Staphylococcus | g ¢ 4 (.44 NA NA
aureus
g | Staphylococcus g 5 53 NA NA
é epidermidis
gﬂ Gram-negative
£
g Enterobacter 9400 NA NA
5 cloacae
= Klebsiella 00 £ 00 NA 13
pneumoniae
Acinetobacter
Staphylococcus aureus Escherichia Coli ba i 0000 NA NA
Escherichia coli 00+ 00 NA NA

 Diameter of the inhibition zone including a disc diameter of 6 mm, by
the disc diffusion method at a concentration of 15 pl of oil per disc and a
concentration of 10 and 5pug per disc of ampicillin and penicillin,
respectively.

NA: not active.

[32] Demonstrated that ethanolic extracts of Illicium
verum induced substantial antibacterial activity against 67
drug-resistant  clinical  isolates, including 27
Acinetobacter baumannii, 20 Pseudomonas aeruginosa,
and 20 meticillin-resistant Staphylococcus aureus.
According to the study by [33] the essential oil of I/licium
verum has an effect only on Escherichia coli strains. In
another study, the antibacterial activity of absolute
methanol extracts was significant with zones of inhibition
ranging from 12 to 15mm [34]. However, it is generally
expected that the sensitivity of Gram-positive bacteria is
higher than that of Gram-negative bacteria [35.36.] Yet,
this is the case in the present study; Gram-positive
bacteria (Staphylococcus aureus and Staphylococcus
epidermidis) are sensitive compared to Gram-negative
Acinetobacter baumannii Enterobacter cloacae bacteria (Enterobacter cloacae, Klebsiella pneumoniae,
Acinetobacter baumannii and Escherichia coli).

Staphylococcus epidermidis Klebsiella pneumoniae

Figurel. Antibacterial activity of essential oil against all 3.4. MIC Determination

bacterial strains tested.
Figure 2 and Table 3 show the MICs of lllicium Verum

EO on strains with inhibition diameters greater than or

The results for the different germs are presented in (Table equal to 8 mm [37]. The essential oil of Ilicium Verum
2). The results of the antibiogram test show a variation in shows a very high antibacterial activity on
the inhibition efficiency of the essential oil of I/licium Staphylococcus aureus with a MIC equal to 1/1000 (v/v)),
verum against the tested bacterial strains. The while the strains Staphylococcus epidermidis and
considerable antibacterial effect was observed in Enterobacter cloacae has a significant activity with a
comparison with the reference antibiotic against the MIC of about 1/100 (v/v).

strains of Staphylococcus aureus, Staphylococcus
epidermidis and Enterobacter cloacae, with zones of
inhibition in the order 0f 9.66, 9.5 and 9 mm respectively,
whereas this essential oil did not show any effect on the
bacterial strains of Klebsiella pneumoniae, Acinetobacter
baumannii and Escherichia coli.

* Corresponding author email: ibrahimmauvitch@hotmail.com
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Table 3. Minimum inhibitory concentration (MIC) of tH82]. This hypothesis is supported by observations

essential oil /llicium Verum

p— p— A
= 8 = = 5 3 5 s
= N 5 = N <3 A =
S S 2 o = S S 2
< < = = [ (= S -
= = = S S S =
< < S
Gram-positive
Staphylococc - - - - + + + +
us aureus
£
z Staphylococc - + + + + + + +
= | us epidermidis
<]
U .
< Gram-negative
)
Enterobacter | - + + + + + + +
cloacae

(-): inhibition; (+): growth; IV: lllicium Verum

Figure 2. Minimum inhibitory concentration of I/licium
Verum essential oil against three bacterial strains

Staphylococcus ~ aureus (S.A), Staphylococcus
epidermidis (S.E) and Enterobacter cloacae (Entero).

According to the study by [33] MIC of star anise absolute
methanol extract evaluated against £. coli (15.6mg/ml)
was higher against L.monocytogenes, S. arizona, and S.
aureus (7.8mg/ml for each). In addition, MICs were
similar for Gram-negative and Gram-positive bacteria and
ranged from 7.8 to 31.2 mg/ml. [38] found similar results
using the agar well diffusion technique, with the
antimicrobial activity of Illicium verum extracted using
acetone showing significant inhibitory activity against
Staphylococcus aureus. It was also reported that star anise
essential oils were active against S. aureus and E. coli, but
had no activity against Salmonella typhi [39].

The antimicrobial activity is attributed in particular to the
anethole present in the dried fruit [38.40]. In addition,
other components of star anise extracts, present in small
amounts, could be considered for their potential
synergistic and antagonistic properties [41]. The mode of
action of E-anethole is not yet fully understood, but it has
been suggested that the integrity of the bacterial
membrane could be disrupted by lipophilic compounds

* Corresponding author email: ibrahimmauvitch@hotmail.com

obtained from scanning electron microscopy analysis,
where it was shown that the chemical components exerted
their toxic effects against the tested strains by disrupting
the integrity of the bacterial membrane. These ingredients
were able to destroy cell integrity and thus inhibit
respiration and iron transport processes. They could also
increase the membrane permeability of bacterial
mitochondria [42].

3.5. Antioxidant activity

The antioxidant power of the EO of lllicium Verum is
carried out by the method of reduction of the DPPH
radical. This antioxidant activity was expressed by the
IC50 value which represents the concentration of //licium
Verum EO necessary to inhibit 50% of the DPPH- free
radical. This concentration is calculated from the equation
of the line shown in Figure 3.

90 - AA
|80 A y=512.4x+1.441
O R*= 0.994
= 60
k=
=
E S0 A
£ a0
-6‘ 30 -
=
20 4
10 4
] T T T 1
1} 0.05 0.1 0.15 0.2
Concentration {mg/mL)
HE
‘9 -
8 4 y=0.172x-0.044
2_
7 R*=0.998
c
2 6
=
=1
'-E 5
= 4
=]
= 3
2
1
0 T T 1

1] 20 40 G0
Concentration {mg/mL)

Figure 3: Antioxidant activity of /llicium Verum essential oil
(HE) and ascorbic acid (AA).

A lower IC50 value indicates a higher antioxidant
activity. Ascorbic acid is taken as the reference molecule
and has the highest activity, with an IC50 value of about
0.09 + 0.01 mg/ml. The essential oil of lllicium Verum
showed lower antioxidant activity than ascorbic acid with
an IC50 value of 286.19 + 7.4 mg/mL. This result can be
explained by the abundance of trans-anethole (83.46%) in
the chemical composition of //licium Verum essential oil.
A previous study showed that this compound has a low
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antioxidant activity compared to other phenolic
compounds [43]. Other studies have also shown the low
antioxidant activity of the essential oils of Foeniculum
vulgare Muller and Pimpinella anisum, which are
constituted mostly by trans-anethol, with a percentage of
77.6% and 94.2%, respectively [44.45]

4. Conclusion

The essential oils of Illcium verum and its major
constituents are natural aromatic compounds that are
characterized by a broad spectrum of biological activities.
The main objective of this work is to test the effectiveness
of essential oils of Illcium verum as antibacterial and
antioxidant against gram positive and negative bacteria
and the determination of the chemical composition.

The results obtained in this work show that the essential
oil has a medium sensitivity and the MIC is about 1/100
and 1/1000. For the antioxidant power the essential oil of
Hllcium verum is very inferior to that of ascorbic acid. On
the other hand, the chemical composition of this oil shows
a remarkable richness in active principle mainly trans-
anethol (83, 46%)

These results remain preliminary, so it would be
interesting to continue the investigations on this fruit by
focusing on other extracts or even isolation of substances
that underlie the various activities detected. To better
evaluate the anti-bacterial activity, other in Vitro and in
Vivo studies would be interesting, and it would be
desirable to make other pursuits in order to reveal the
other biological activities of Illcium verum.
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