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Abstract The chemical composition and the biological activities of aromatic plants may be influ-

enced by seasonal changes. Therefore, the essential oil of Inula graveolens (IGEO), collected at

Chebba salt marsh, was studied in terms of yields, compositions and biological activities, through-

out four different seasons, namely spring, summer, autumn and winter (April, July, October and

January, respectively). GC/MS analysis identified 30 compounds. Mostly quantitative rather than

qualitative, variation was observed in the oil composition of each sample. It had been revealed a

predominant presence of bornyl acetate and borneol, as well as significant differences of several

compound amounts in function of the seasonal change. Biological activities were also related to

the harvest season; hence, IGEO from spring gave the best antioxidant activity results and IGEO

from autumn seemed to be the most potent against pathogenic microorganisms, while oils from

summer and winter were the strongest inhibitors of acetylcholinesterase and tyrosinase.

A matrix linking IGEO major compounds to biological was composed to identify relationships

between concentrations of the volatile molecules and the biological activities of the samples.
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Furthermore, the seasonal variation of these main volatile constituents was also investigated

through principal compound analysis (PCA). The obtained results revealed that each biological

activity depends on the seasonal fluctuation of the amounts of certain chemical compounds.

� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inula graveolens (L.) Desf. (synonym: Dittrichia graveolens L.
Greuter) is well known and wide spread in many places of
the Mediterranean area, such as road sides, waste lands and
pastures. This species reaches a height of about 80 cm, has

sticky leaves and bright yellow flowers appearing on Septem-
ber / October, and is characterized by a very strong aromatic
odor. Chemical and biological investigation of the essential

oil of I. graveolens has been a subject of several studies
(Abou-Douh, 2008; Braham et al., 2001; Öksüz and Topçu,
1992; Topcu et al., 1992), especially its bactericidal effect

(Guinoiseau et al., 2010). Furthermore, these studies displayed
the chemical and biological variations yielded by the change of
the harvesting geographical zones, as a main factor of
diversity.

Many other ecological and biological factors were shown to
have significant effect on the quality and quantity variations of
the plant natural compounds and their targeted biological

activities, especially the harvesting season or period. Hence,
the choice of the optimal harvesting time is necessary to obtain
plant active products with high value of the sought biological

activity.
In as much as the annual growth of I. graveolens could be a

source of chemical and biological variations, this present inves-

tigation was aimed to obtain a better insight on I. graveolens
essential oil (IGEO) composition and its biological activities
following the harvesting season. IGEO was extracted from
plants collected at 4 seasonal periods, from Chebba salt marsh

coast. Our work was divided into two parts. First, in order to
carry out a detailed analysis, we investigated the IGEO com-
position and its biological activity assessment. The second part

was focused on the link between IGEO chemical features and
the biological power, as well as the impact of the seasons.

2. Material and methods

2.1. Reagents

Dichloromethane (Sigma), anhydrous sodium sulphate
(Fluka), Butylated hydroxytoluene (BHT) (Supelco), 2,2-

diphenyl-1-picrylhydrazyl (DPPH) (Aldrich), dimethylsulfox-
ide (DMSO) (Scharlau), 2, 20-azino-bis-(3-ethylbenzthiazo
line-6-sulfonic acid) (ABTS) (Fluka), MK2S2O8 (Merck), b-
carotene (Sigma), Linoleic acid (Acros Organics), Tween 40

(Scharlau), Peptone (Accumix), Yeast extract (Accumix),
NaCl (Suvchem), Agar (Biokar), Glucose (Accumix), Electric
eel acetylcholinesterase AChE (Type-VI-S, EC 3.1.1.7, Sigma),

Acetylthiocholine iodide (ATCI) (Sigma), 5,50-dithiobis-(2-nit
robenzoic acid) (DTNB) (Sigma), Tris (Vivantis), Galan-
thamine (Sigma), Tyrosinase from mushroom TyrE (EC

1.10.3.1) (Sigma-Aldrich), Tyrosine (Fluka), Kojic acid
(Sigma).
2.2. Plant material collection and preparation

I. graveolens aerial parts were collected from the marsh area of
Chebba (Mahdia, Tunisia, latitude 35.23� and longitude

11.11�), this region is known as strong saline with a semi-
arid climate and a scarce rainfall (Mabrouk et al., 2014;
Saidi et al., 2009). The harvest had been scheduled in 4 periods:

spring (April 2017), summer (July 2017), autumn (October
2017), and winter (January 2018). The identification of the spe-
cies was performed according to the flora of Tunisia deposited
in the Center of Biotechnology of Sfax under the identification

number: IGLMB/CBS-17-18

2.3. Isolation of the essential oil

For each season, 6 kg of fresh plant were used for oil extrac-
tion by steam distillation during 3 h using a Clevenger-type
apparatus (Ben Hsouna et al., 2014). The floral water was

extracted with dichloromethane (3 � 50 mL), and then the sol-
vent was evaporated using a rotavapory vacuum evaporator.
Each resulted I. graveolens essential oil (IGEO) was dried with

anhydrous sodium sulphate, weighted, and stored at 4 �C.

2.4. Physicochemical analysis of IGEOs

2.4.1. Physical properties

The assessed physical properties were mainly the density, using
a densitometer preset at 25 �C, and some qualitative features

such as the appearance, the colour, and the odor.

2.4.2. Chemical analysis

The chemical analysis of the IGEOs was performed on a GC/

MS HP model 6980 inert MSD (Agilent Technologies, J&W
Scientific Products, Palo Alto, CA, USA), equipped with an
Agilent Technologies capillary HP-5MS column (60 m length;

0.25 mm i.d.; 0.25 mm film thickness), and coupled to a mass
selective detector (MSD5973, ionization voltage 70 eV; all Agi-
lent, Santa Clara, CA). The carrier gas was Helium and was

used at 1.2 mLmin�1 flow rate. The oven temperature program
was as follows: 1 min at 100 �C ramped from 100 to 280 �C at
5 �C min�1 and 25 min at 280 �C. Diluted samples (1:100 in
dichloromethane (v/v)) of 1.0 mL was injected in the split mode

(ratio 1:10). The components were identified based on the com-
parison of their Kovax index (KI) and mass spectra with those
of standards, Wiley 2001 library data (NIST 02 version2.62) of

the GC/MS system, and literature data (Adams).

2.5. Biological activities

2.5.1. Antioxidant testing assays

2.5.1.1. DPPH� radical scavenging activity. Radical scavenging
activity of extracts was determined using the 2,2-diphenyl-1-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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picrylhydrazyl (DPPH�) as a reagent (Kirby and Schmidt,
1997). Briefly, IGEOs were dissolved in 10% DMSO and
diluted at different concentrations (500, 250, 125, 60.25, and

30.125 mg mL�1). Then, 150 mL of a 4% (w/v) solution of
DPPH� radical in methanol were mixed with 150 mL of sam-
ples. The mixture was incubated for 30 min in the dark at room

temperature. The scavenging capacity was determined by mon-
itoring the decrease in absorbance at 517 nm against a blank.
The percentage of antiradical activity (% ArA) has been calcu-

lated as follows:

% ArA ¼ absorbance of controlðð
�absorbance of test sampleÞ=absorbance of controlÞ
� 100
2.5.1.2. ABTS+� radical scavenging activity. The potential of

IGEOs to scavenge free radicals was also assessed by their abil-
ity to quench the free radical cation ABTS+�, following the
method developed by Re and colleagues. Briefly, the pre-

formed radical monocation of ABTS+� was generated by
reacting ABTS solution (7 mM) with 2.45 mM of MK2S2O8.
The mixture was allowed to stand for 15 h in the dark at room
temperature, and then diluted with ethanol to obtain the

absorbance of 0.7 ± 0.2 units at 734 nm. Samples were diluted
to yield the following concentrations: 500, 250, 125, 60.25,
30.125 and 15.625 mg mL�1. Twenty mL of each concentration

were added to 180 mL of ABTS+� and vortexed for 30 s, then
incubated for 6 min in dark at room temperature (Re et al.,
1999). The absorbance was measured at 734 nm, and the per-

centage of scavenging activity was calculated as follow:

% SA ¼ absorbance of control� absorbance of test sampleð Þð
=absorbance of controlÞ � 100
2.5.1.3. b-Carotene bleaching assay. The b-carotene bleaching
test was performed according to Pratt’s method (Pratt,

1980), with some optimisations (Sellem et al., 2016): 0,5 mg
of b-carotene was dissolved in 1 mL chloroform. Then,
25 mL of linoleic acid and 200 mL of Tween 40 were added.

The chloroform was then evaporated under rotary evaporator,
and the residue was dissolved in 100 mL of tape H2O.

IGEOs were diluted at different concentrations (500, 250,

125, 60.25, and 30.125 mg mL�1), and for 500 mL of each sam-
ple, 2.5 mL of b-carotene- linoleic acid solution were added.
The absorbance was read at 470 nm firstly at zero time and
after 120 min of incubation in dark.

The antioxidant activity in b-carotene bleaching model in
percentage (AA %) was calculated using the following
equation:

AA% ¼ 1� A0
S �A120

S

� �
= A0

C �A120
C

� �� �� 100

A0
S and A0

C: absorbance of the sample and the control,
respectively, measured at zero time, A120

S and A120
C : absorbance

of the sample and the control, respectively, measured after
120 min.

2.5.2. Antimicrobial activity

2.5.2.1. Microorganisms and growth conditions. Bacteria and
Candida species were obtained from international culture col-
lections (ATCC) and local culture collection of the Laboratory

of Microorganisms and Biomolecules of the Centre of Biotech-
nology of Sfax-Tunisia. They included Gram-positive bacteria:
Staphylococcus aureus (S. aureus) ATCC 6538, Micrococcus
luteus (M. luteus) LB14110, Listeria monocytogenes (L. mono-

cytogenes) ATCC 19,117 and Gram-negative bacteria: Sal-
monella typhimurium (S. typhimurium) ATCC 14028,
Pseudomonas aeruginosa (P. aeruginosa) ATCC 49189, Enter-

obacter aerogenes (E. aerogenes) ATCC 13048. Two Candida
strains were also tested: Candida tropicalis (C. tropicalis) R2
CIP 203 and Candida albicans (C. albicans) ATCC 10231.

Following a previous work (Sellem et al., 2016), the bacte-
rial cultures were performed in Luria-Bertani (LB) agar med-
ium composed of (g L-1): peptone, 10; yeast extract, 5; NaCl,
5; and agar, 20 at pH 7.2, then the bacterial strains were incu-

bated at 37 �C, except M. luteus and P. aeruginosa which were
incubated at 30 �C. Candida species were cultivated on Sabour-
aud agar medium composed of (g L-1): peptone, 10; glucose,

10; and agar, 20 at pH = 5.6, and incubated at 28 �C.
Working bacterial cultures were prepared by inoculating a

loopful of each test bacteria in 3 mL of LB broth. C. tropicalis

was cultivated in YP10 medium composed of (g L-1): yeast
extract, 10; peptone, 10; glucose, 100; and 15 mL of 2 g L-1

adenine solution. C albicans was cultivated in YEPD medium

composed of (g L-1): yeast extract, 10; peptone, 20; and dex-
trose, 20 at pH 5.6. Each microorganism was incubated for
12 h at its adequate temperature. For the test, the used final
inoculum concentration was 106 CFU mL�1.

2.5.2.2. Agar diffusion method. Antimicrobial activity of the
IGEOs was evaluated by agar-well diffusion assay. Fifteen

milliliters of the molten agar (45 �C) were poured into sterile
petri dishes (Ø 90 mm). Working cell suspensions were pre-
pared and 100 lL were evenly spread onto the surface of the

agar plates of LB agar medium for bacteria and Sabouraud
agar medium for Candida. Once the plates had been aseptically
dried, 5 mm wells were punched into the agar with a sterile

Pasteur pipette. The oils were dissolved in DMSO/water
(1/9; v/v) to a final concentration of 1 mg mL�1 and then fil-
tered through 0.22 lm pore-size black polycarbonate filters
(Millipore). Thus, 100 lL were placed into the wells and the

plates were incubated at the adequate temperature overnight
for bacterial strains and 48 h for Candida strains (Güven
et al., 2006).

2.5.2.3. Minimal inhibitory concentration (MIC) and Minimal
Bactericidal/Fungicidal concentration (MBC/MFC). The

micro-dilution method with serially dilution
(Chandrasekaran and Venkatesalu, 2004) was used to deter-
mine MIC or MLC values. The IGEOs were added to growth
broth medium to get a final concentration of 1 mg mL�1, and

serially diluted to reach 0.0048 mg mL�1. The final volume in
each tube was 100 lL. 2.5 lL of the tested microorganism were
transferred to each microtube. A positive control (2.5 lL
inoculum and 100 lL growth medium) and a negative control
(2.5 lL of extract and 100 lL of growth medium) were
included in each micro tube. The contents of the tubes were

mixed by pipetting and were incubated for 24 h. The MIC
was defined as the lowest concentration of an antimicrobial
agent that inhibits the visible growth of a microorganism.

The lowest concentration of the extract that did not permit
any visible bacterial and fungal colony growth on the agar
plate recorded as MBC and MFC, respectively. Ampicillin (an-
tibacterial standard) and Fluconazole (antifungal standard)
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were used according to Chandrasekaran and Venkatesalu,
(2004).

2.5.3. Enzymatic inhibitory power

2.5.3.1. Acetylcholinesterase inhibitory potential. The assess-

ment of AChE inhibitory activity was optimized by Sellem
et al., (2016) following the method of Ellman et al., (1961).
Electric eel AChE (Type-VI-S, EC 3.1.1.7) was used, and

acetylthiocholine iodide (ATCI) was employed as substrate
of the reaction. 5,50-dithiobis-(2-nitrobenzoic acid), (DTNB)
was the reagent for the measurement of the anti-
acetylcholinesterase activity. Briefly, 100 mL of Tris buffer at

50 mM (pH 8.0), 30 mL of sample or standard and 5 mL of
AChE enzyme (0,5U mL�1) were added in a 96- well micro-
plate and incubated for 10 min at 25 �C. Then, 142 mL of

DTNB (3 mM) and 23 mL of substrate (75 mM) were added.
Hydrolysis of ATCI was monitored by the formation of the
yellow 5-thio-2-nitrobenzoate anion as a result of the reaction

of DTNB with thiocholines, catalyzed by enzymes at 405 nm
utilising a 96-well microplate reader. The kinetic reaction has
been followed until equilibrium, and then the reaction has been

stopped. Percentage of inhibition of AChE was determined by
comparison of rates reaction of samples relative to negative
control using the following formula:

%AChEI ¼ 1� dA sample=dA controlð Þ � 100

dA sample: Sample absorbance at zero time – Sample

absorbance at the end of reaction.
dA control: Control absorbance at zero time - Control

absorbance at the end of reaction.

Galanthamine, the antiacetylcholinesterase alkaloid-type of
drug obtained from the bulbs of snowdrop (Galanthus sp.),
was used as standard.

2.5.3.2. Antityrosinase activity. The tyrosinase inhibitory activ-
ity was determined spectrophotometrically using L-tyrosine as

substrate and carried out in a 96-well microplate (Rangkadilok
et al., 2007), according to some modifications. Seventy lL of
L-tyrosine were added to 100 lL of phosphate buffer (pH
6.5, 50 mM) and 70 lL of sample (or standard) dissolved in

10% of DMSO. The mixture was incubated at 37 �C for
10 min, and then 20 lL of the mushroom tyrosinase (TyrE)
were added to 33 U mL�1. The optical density was read at

475 nm in a microplate reader. After 15 min of incubation,
absorbance was read again. The data were expressed as percent
inhibition of tyrosinase activity (% TyrEI).

%TyrEI ¼ 1� dA sample=dAcontrolð Þ � 100

dA sample: sample absorbance at zero-time - sample absor-
bance after 15 min.

dA control: control absorbance at zero-time - control

absorbance after 15 min.
Kojic acid was used as standard.

2.6. Statistical analysis

To grantee the accuracy of our results, all tests were assayed in
triplicate and expressed as theaverage ± standard deviation of
the measurements. EC50 (the maximal concentration that

gives 50% of effect) and IC50 (the maximal concentration that
inhibits the enzymatic activity by the half) were obtained by
non-linear least-squares method. The statistical program SPSS
version 21.00 for Windows (SPSS Inc., Chicago, IL) was used
to analyse data. Variance was analysed by one-way ANOVA

and Duncan’s multiple range tests were calculated for the sig-
nificant data at p < 0.05. Correlations were analyzed by Pear-
son correlation coefficient, significant data were at p < 0.05

and very significant ones were at p < 0.01. Principal com-
pound analysis (PCA) was performed within Minitab software
version 17 and presented as biplot graphic.

3. Results & discussion

3.1. Yields and physical characteristics

The four samples of essential oil from I. graveolens aerial parts

(IGEOs) were weighted to score their yields and studied for
their features: appearance, colour, odor, and density at
25 �C. Following the result tabulated in Table 1, IGEOs
recorded differences in their abundance and odor; indeed,

the oil obtained from July harvested plants was remarkably
(p h0 0 5) the most abundant (0.678%) and its odor was the
strongest (p h0 0 5). The remarkably increased oil yield on July

could be explained that the essential oil production was
enhanced, especially in the sexual organs, the month preceding
the flowering period of the species to attract pollinators such as

bees and other insects (Castelo et al., 2012).
Likewise, as indicated on the Table 1, there were no differ-

ences recorded in the appearance and colour, which were

mobile liquid, clear and light yellow, respectively. While, the
density recorded slight variations across the seasons, with the
highest value given with October oil. This could be explained
by the variation of the monoterpenes and sesquiterpenes

amounts following the synthesis stages and plant needs. As a
major class of terpenes, monoterpenes are small volatile mole-
cules of low density, so with high ability of diffusion (de

Amaral et al., 2015). These properties due to their role as pol-
linator attractors during the sexual reproduction stage (Li
et al., 2013). Whilst, sesquiterpenes are larger, denser and less

volatile molecules than the monoterpenes, which often have
protective functions, such as the antimicrobial action (Cysne
et al., 2005). The highest essential oil content (0.678%) was
obtained in July and the lowest value (0.271%) was obtained

in October. This change in the essential oil content values
can be explained by the higher average monthly temperatures
in July compared to October. As is known, increasing average

monthly temperatures create an effect of temperature stress on
aromatic plants and cause an increase in essential oil contents
(Said-Al Ahl et al., 2018; Katar et al., 2019). Blanc et al.,

(2004) reported that the essential oil content of I. graveolens
from Corsica (France) was between 0.06 and 0.29%. However,
the highest essential oil content of I. graveolens from Algeria

(Beghidja et al., 2014) and Serbia (Miladinović et al., 2016)
was 0.89 and 0.9% respectively.

3.2. Oil chemical compositions

IGEOs GC-MS analysis exhibited 30 different components
that were listed according to their kovat index (KI) in Table 2,
for each season. The main components were bornyl acetate

(40.90–45.34%) and borneol (23.65–37.29%), with remarkable
percentage of molecules belonging to several families, namely,



Table 1 Yields and features of the EO samples.

Harvest season, month April July October January

Yield, % (w/w) 0.308 ± 0.034 a 0.678 ± 0.081b 0.389 ± 0.017 a 0.271 ± 0.009 a

Appearance mobile liquid, clear mobile liquid, clear mobile liquid, clear mobile liquid, clear

Colour light yellow light yellow light yellow light yellow

Odor agreeable strong quite strong agreeable

Density at 25 �C (g mL�1) 0.889 ± 0.067b 0.890 ± 0.021b 0.902 ± 0.011b 0.873 ± 0.034 a

±: Standard deviation of three replicates; Values with a different letter (a–b) of the same line are significantly different (p < 0.05).

Table 2 Chemical compositions of I. graveolens EO.

Compounds RI (KI) b Sampling periods, % c

April July October January

a-Pinene 932.12 ndy 0.85 trace* 0.22

Camphene 950.04 7.03 3.20 4.57 4.39

b-Pinene 979.25 nd nd nd 0.16

a-Phellandrene 1,002.72 0.58 0.53 0.57 0.55

l-Limonene 1,028.16 trace trace trace Trace

1.8-cineole 1,034.09 0.22 trace 0.10 0.19

Linalool 1,094.96 0.30 0.58 0.36 0.18

b-thujone 1,110.86 0.21 0.50 0.54 0.14

Camphor 1,148.77 0.39 0.22 0.21 0.27

Borneol 1,168.59 33.47 37.29 23.65 25.08

a-Terpineol 1,191.59 0.55 1.71 2.74 0.65

Carveol 1,215.41 trace trace 0.51 0.46

Bornyl Acetate 1,283.69 40.90 45.34 41.88 40.16

Thymol 1,315.72 4.49 4.62 3.15 1.48

b-caryophyllene 1,416.92 1.00 1.22 2.30 0.19

a-humulene 1,453.31 0.17 0.21 0.53 0.45

c -Muurolene 1,471.67 0.39 0.34 0.52 0.21

b-Selinene 1,487.08 nd 1.20 nd nd

d-Cadinene 1,523.58 0.15 0.14 0.27 0.23

Caryophyllene oxide 1,584.61 1.11 1.30 1.35 1.28

s-cadinol 1,625.02 3.30 6.09 7.12 2.64

neointermedeol 1,658.56 0.19 0.17 0.22 trace

Heptadecane 1,700.00 trace trace trace trace

Pentadecanal 1,712.81 trace trace trace trace

a-Cyperone 1,735.50 trace 0.19 0.16 0.16

(2E,6E)-Farnesol 1,741.63 0.64 1.37 2.65 0.88

3-Eicosyne 1,837.94 trace trace trace trace

4-Epidehydro abietol 2,038.23 nd nd trace nd

Manool 2,057.44 trace 0.11 trace nd

6,10,14-trimethyl-2-pentadecanone 2,138.59 trace trace trace nd

Total identified, % 95.79 96.57 94.09 93.98

aCompounds listed in order of their KI and identified by GC/MS Wiley 7.0 version library and National Institute of Standards and Technology

05 MS (NIST) library data.
b RI (retention index or Kovats index) calculated with respect to n-alkanes (C6-C24)
c % Relative percentage obtained from the area of the peak and electronic integration measurements using a selective mass detector
* Trace < 0.1%

y non detected.
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monoterpenes (camphene), monoterpene alcohol (terpineol),
monoterpene phenol (tymol), sesquiterpene (b-
caryophyllene), sesquiterpene alcohol (s-cadinol and farnesol),

and sesquiterpene oxide (caryophyllene oxide).
Earlier, another Tunisian investigation undertook the same

species and was in accordance with the present study; indeed,
the most important compounds obtained from the aerial parts
of plants without flowers were: s-cadinol (9.2%), borneol
(21.4%) and bornyl acetate (33.4%). However, thymol wasn’t
a major compound in this previews work (Harzallah-Skhiri

et al., 2005). World widely, the literature revealed a wide vari-
ations in the essential oil composition of I. graveolens collected
from different locations (Beghidja et al., 2014; Mirza and
Ahmadi, 2000), but all the studies were almost agreed that
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borneol and bornyl acetate are the major compounds found in
I. graveolens essential oil. High concentration of bornyl acetate
69.78% (Beghidja et al., 2014), 63.9% (Lamiri et al., 2001) and

56.8% (Blanc et al., 2004), has characterised certain I. grave-
olens oils, while borneol dominated in two oils collected in Iran
(60.7%) (Mirza and Ahmadi, 2000) and Turkey (64%)

(Karamendere and Zeybek, 2000). Moreover, bornyl acetate
(43.1 to 73.1%) and borneol (3.7 to 32.2%) were found to be
the major compounds in 22 oils extracted from several plants

collected during the flowering stage in different localities of
Corsica (Lamiri et al., 2001). In contrast, further studies
revealed other major compounds; indeed, essential oils isolated
from the aerial parts of two different Lebanese wild popula-

tions of I. graveolens were mainly rich in bornyl acetate (70.6
to 72.3%) and epi-a-cadinol (1.4– 13.4%). Furthermore,
among 22 identified compounds, 1,8-cineole (54.89%) and p-

cymene (16.2%) were the majority of an essential oil obtained
from the aerial parts of I. graveolens grown in Iran. In the same
context, in Greece, the main compounds among the 57 identi-

fied in an essential oil of I. graveolens were s -cadinol (30.2%)
and bornyl acetate (25.4%) (Petropoulou et al., 2004). Finally,
in the case Algerian I. graveolens, bornyl acetate (69.78%) and

caryophyllene oxide (5.7%) were the main compounds of its
oil (Beghidja et al., 2014).

Thus the composition of the essential oils of this same spe-
cies differs widely from one country to another. This chemical

variation could be a consequence of the variation in climate,
harvest period and soil type (Mitic et al., 2016).

As far as variation in the contents of individual components

was concerned, the IGEOs showed considerable variations due
to the season of collection (Table 2); indeed, the compounds
could increase, decrease, or disappear following the season.

For example, bornyl acetate, a major compound, recorded
its highest amount on July (45.34%), while it decreased on Jan-
uary (40.16%), b-Selinene was only found on July (1.20%).

Whereas, s-cadinol recorded an amount of 7.12% on October,
then dramatically decreased to reach 2.64% on January. Many
factors could influence the seasonal variation of the essential
oil composition. Thermoregulatory is among the main causes,

as the essential oil hydrophobic compounds could increase
during the hot periods to protect the plant from desiccation
(Kamatou et al., 2008). Moreover, luminosity fluctuation rates

are associated with the change in the content of essential oils
and may also influence their chemical composition (de
Amaral et al., 2015).

3.3. Antioxidant activity

IGEOs antioxidant activity was evaluated by three different
methods: DPPH� (1,1-Diphenyl-2-picrylhydrazyl) antiradical

assay, ABTS�+ [2,20-azino-bis(3-ethylbenzothiazoline-6-sul
phonic acid)] scavenging assay, and b-carotene bleaching sys-
tem test, and presented by the EC50 values that exhibited a

wide range of variation among the tested oil samples (Table 3).
Globally, IGEOs have recorded an important antiradical
power through the three tests. IGEO extracted from plants col-

lected on July showed the strongest (p h0 0 5) scavenging activ-
ity against the radical DPPH� and was better than the synthetic
antioxidant BHT. IGEO from plant harvested on April has

displayed the strongest (p h0 0 5) activity in the free radical
ABTS�+ and b-carotene bleaching tests (EC50 were
7.58 ± 0.4 and 79.10 ± 0.59 mg mL�1, respectively) better
(p h0 0 5) than BHT activity (EC50 were 17.21 ± 1.03 and
89.30 ± 3.67 mg L-1 respectively). It should be noted that

essential oils and organic extracts of I. graveolens plant were
well known for their important antioxidant activity (Al-
Snafi, 2018). Among the identified compounds in IGEOs

(Table 2), the two major compounds borneol and bornyl acet-
ate may be considered as main contributors of antioxidant
activity (Mahboubi, 2011; Horváthová et al., 2009). As it

was mentioned above, IGEOs possess antioxidant activity
higher than that of synthetic (standard) antioxidant.

3.4. Antimicrobial activity

IGEOs have been also screened for their antimicrobial activity
against two Candida species and 6 bacterial strains using agar
diffusion method (Fig. 1), and then the MIC and MBC/MFC

were determined.
Agar diffusion test outlined variable degrees of antimicro-

bial activity against the tested pathogen strains; IGEO from

plants harvested on October exhibited the most (p h0 0 5)
promising activity followed by IGEO from July, this late oil
was remarkably (p h0 0 5) the most efficient against C. albicans.

Furthermore, a great potency against Gram-positive bacteria
than Gram-negative was reported and could be explained by
the fact that Gram-negative bacteria have an outer membrane
consisting of lipoprotein and lipopolysaccharide, which is

selectively permeable and thus regulates access to the underly-
ing structures (El-Chaghaby et al., 2014).

The results of Table 4 showed IGEOs MIC and MBC/

MFC values, assessed by micro-dilution method. The lowest
(p h0 0 5) MIC value (15.6 mg mL�1) was obtained with IGEO
of October against M. luteus and S. aureus. While S. typhimar-

ium showed the highest resistance, IGEO of July exhibited the
greatest (p h0 0 5) inhibitor potential against this pathogen
(500 mg mL�1). This same essential oil inhibited C. albicans

at the lowest (p h0 0 5) concentration (250 mg mL�1). It has
been reported by Al-Snafi, (2018) that the antimicrobial activ-
ity of the essential oil of D. graveolens (L.) Greuter, studied
against five bacterial and one fungal strain using a disk-

diffusion assay, was active only against Gram-positive
bacteria.

MBC/MFC were exhibited with various concentrations in

all oil samples (125 ~ 1,000 mgmL�1) (Table 4). These varia-
tions were also observed on tested microorganisms. The most
susceptible strain was M. luteus, whereas S. typhimurium, E.

aerogenes and C. albicans were the most resistant. Only the
IGEO of July recorded a bactericidal activity against S. typhi-
marium (MBC = 500 mg mL�1). Therefore, this oil seemed to
be the most promising extract, providing the most microbicidal

activity among the 4 samples of IGEOs, while the oil of Jan-
uary is the less efficient.

Previous studies proposed that the essential oil antimicro-

bial activity may be in part related to its hydrophobicity,
responsible for its partition of the cell membrane lipid bilayer,
leading to a change in permeability and cell membrane damage

resulting in a reduced ability to maintain cellular functions (de
Macêdo et al., 2018; Hsu et al., 2013). Other findings supposed
that essential oil compounds may alter different metabolic

pathways, such as reduction of 30:500-cyclic adenosine
monophosphate (cAMP) formation and, together with a mito-



Table 3 Antioxidant activity assessed by DPPH�, ABTS�+ antiradical scavenging power and b-carotene bleaching test.

EC50, mg mL�1 April July October January BHT

DPPH 35.45 ± 0.25c 23.12 ± 0.29d 58.66 ± 0.12a 40.20 ± 0.67b 31.2 ± 0.5c

ABTS 7.58 ± 0.4d 16.04 ± 0.82b 19.25 ± 0.5a 11.18 ± 0.33c 17.21 ± 1.03b

b-carotene 79.10 ± 0.59e 118.21 ± 1.48c 192.63 ± 1.21b 345.67 ± 2.54a 89.30 ± 3.67d

±: Standard deviation of three replicates; Values with a different letter (a–e) of the same antioxidant activity are significantly different

(p < 0.05).

Fig. 1 I. graveolens EO antimicrobial activity assessed by agar diffusion test (diameter of inhibition zone in mm includes 3 mm

corresponding to the diameter of the hole).

Table 4 Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal/Fungicidal Concentration (MBC/MFC) of I. graveolens

EO (mg mL�1).

IGEO April July October January

Pathogens MIC* MBC/MFC§ MIC MBC/MFC MIC MBC/MFC MIC MBC/MFC

C. tropicalis 250 500 250 1,000 125 1,000 500 NAy

C. albicans 500 NA 250 1,000 500 1,000 1,000 NA

P. aeruginosa 500 1,000 250 500 125 500 500 NA

S. typhimarium 1,000 NA 500 500 1,000 NA 1,000 NA

E. aerogenes 500 NA 500 1,000 500 1,000 1,000 NA

L. monocytogenes 250 1,000 250 500 125 1,000 250 500

M. luteus 62.5 250 31.2 250 15.6 125 62.5 125

S. aureus 125 500 62.5 1,000 15.6 250 125 500

* Minimal inhibitor concentration (mg mL�1).
§ Minimal bactericidal/fungicidal concentration (mg mL�1).
y Not active

Harvesting season dependent variation in chemical composition 4841
genic activation protein (MAP) signaling pathway, responsible
for playing an important role in the formation of yeast fila-

mentous forms (de Macêdo et al., 2018; Dižová and
Bujdáková, 2017). Several studies outlined the antimicrobial
properties of IGEOs. Guinoiseau et al., (2010) have mentioned
the antimicrobial activity of borneol, a major volatile com-
pound of I. graveolens. Topcu et al., (1992) reported the

antimicrobial effect of sesquiterpenes. It should be noted that
the process of extraction of I. graveolens products influences
their chemical composition and this may also influence their



4842 I. Sellem et al.
antmicrobial activity (Burt 2004). This could be an explanation
for the different activities observed between the different
extracts and the essential oil of I. graveolens.

3.5. Enzymatic inhibitory potential

As part of a current study on potential bioactive agents, acetyl-

cholinesterase and tyrosinase inhibitor power of IGEOs have
been also evaluated, the results are tabulated in Table 5 and
presented by the IC50 of each extract.

As regard the anti-acetylcholinesterase (AChEI) activity,
IGEO obtained on October displayed the strongest (p h0 0 5)
inhibitory potential (5.01 ± 0.34 mg mL�1), while IGEO from

January was the weakest (8.12 ± 0.54 mg mL�1). This IGEO
activity was previously reported (Dohi et al., 2009), and it
may be due to the presence of terpene alcohols, such as a-
terpeniol.

Although all samples have shown a less (p h0 0 5) activity
than kojic acid, the EO from plants collected on April has dis-
played an important (p h0 0 5) inhibitory power (18.34 ± 0.

21 mg mL�1). Other Inula species were studied for their antity-
rosinase activity such as Inula britannica and Inula nervosa.
Sesquiterpenes of I. Britannica were reported as inhibitors of

tyrosinase in B16 melanoma cells (Choo et al., 2014), and inu-
lavosin of I. nervosa , was also reported to inhibits tyrosinase
(Fujita et al., 2009).

3.6. Correlation determination and principal compound analysis
(PCA)

A correlation analysis was done among IGEOs major com-

pounds and the different biological activities, according to
Pearson correlation coefficient (Table 6).

A trend can be found, relating the high contents of borne-

olto thegood DPPH� antiradical scavenging power (p < 001;
R2 = �0.797) and of camphene to ABTS�+ antiradical scav-
enging power (p < 001; R2 = �0.718), while the b-carotene
antioxidant activity is highly correlated to the percentage of
tymol (p < 001; R2 = �0.860).

A correlation was likewise found between the major com-
pound percentages and the antimicrobial activity through the

obtained MIC values. Among the 9 major compounds, terpe-
neol, tymol, caryophyllene, s-cardinol and (2E,6E) farnesol
seemed to be the most correlated to the MIC values except that

obtained with S. typhimurium, which was moderately related
only to the percentage of borneol (p < 005; R2 = �0.515)
and tymol (p < 005; R2 = �0.468). The percentage of this late

compound was strongly correlated with MIC values obtained
against C. albicans (p < 001; R2 = �0.812).

As regard the enzymatic inhibitory potential, AChEI activ-

ity displayed a strong relation with the amount of several com-
Table 5 Anti-acetylcholinesterase (AChEI) and anti-tyrosinase (Ty

IC50, mg mL�1 April July October

AChEI 5.50 ± 0.25d 5.33 ± 0.67c 5.01 ±

TyrEI 18.34 ± 0.21b 49.25 ± 0.5e 30.97 ±

±: Standard deviation of three replicates; Values with a different letter (a

activity are significantly different (p < 0.05).
pounds especially tymol and caryophyllen. While, TyrEI
seemed only related to the presence of camphen and bornyl
acetate.

In order to assess the influence of the harvesting season on
the relationship between IGEO composition and the different
biological activity, multivariate analysis by principal compo-

nents analysis (PCA) was used. For statistical significance,
the oil components with concentration higher than 1% (bold
in Table 2) of the total oil were selected. PCA procedure

reduced the several initial variables and highlighted two prin-
cipal components explaining most of the variance (74.4%),
which were therefore used to prepare the PCA biplot (Fig. 2).

The first principal component (PC 1), accounting for 50.5%

of total variance allowed distinguishing the oil from the
autumn (October) which is characterised by its relatively high-
est contents of terpene alcohols (a-terpineol, s-cadinol, and
(2E,6E) farnesol). This class of terpenic compounds may have
structural and functional similarities because they have the
same biosynthetic origin and are formed through the action

of enzymes called terpene synthases (Beran et al., 2016;
Pazouki and Niinemets, 2016). Taking into account all the
assessed biological activities, PC1 highlighted the relationship

between terpene alcohols enhancement on October and the
antimicrobial activity, which was in accordance with correla-
tion results. Many studies unveiled the antimicrobial capacity
of these terpene alcohols. Indeed, Li et al., (2014) reported that

a-terpineol had a bactericidal effect against Escherichia coli,
Salmonella enteritidis and Staphylococcus aureus. a-terpineol
seemed cause a cell structure changes. Likewise, the antimicro-

bial action of farnesol was recorded against resistant patho-
gens and their biofilm such as Staphylococcus aureus (Jabra-
Rizk et al., 2006) and Candida albicans (Yu et al., 2012).

PC1 also outlined the high concentration of borneol in the
oil from April and related it to the excellent antioxidant capac-
ity assessed by the scavenging of the free radicals ABTS+� and
especially DPPH�. Several studies previously confirmed the
antioxidant property of borneol; indeed, this compound is able
to reduce oxidative stress in animal model (Cherneva et al.,
2012; Kodikonda and Naik, 2017). However, the capacity of

protection of b-carotene against oxidation is only related to
the high level of thymol on the oil of July. This oil is distin-
guished following PC1 and PC2 and showed the highest con-

tent in thymol and caryophyllene oxide. The late compound
was correlated to the AChEI potential. There is no studies
directly implicated the AChE inhibitory power of caryophyl-

lene oxide; however, several works reported this property in
essential oils that caryphyllene oxide is among their major
compounds (Ayaz et al., 2015; Yu et al., 2011). PCA also dis-
tinguished IGEO from Junuary that was related to the highest

concentrations on bornyl acetate and camphen. The relation-
ship between camphene content and TyrEI activity, which
rEI) potential of I. graveolens EO presented by their IC50.

January Galanthamine Kojic acid

0.34b 8.12 ± 0.54e 0.118 ± 0.037a –

2.4d 26.34 ± 1.1c – 4.05 ± 0.25a

–e) of anti-acetylcholinesterase (AChEI) and anti-tyrosinase (TyrEI)



Table 6 Correlation matrix between the major compounds of the EO obtained from the aerial part of I. graveolens and their

biological activity.

Camphene Borneol a-
terpineol

Bornyl

acetate

Thymol Caryophyllene Caryophyllene

oxide

s-
Cardinol

(2E,6E)farnesol

DPPH 0.086 �0.797** 0.122 0.100 �0.394 0.221 0.364 0.286 0.334

ABTS �0.718** �0.399 0.254 �0.129 0.009 0.198 0.300 0.245 0.156

b-carotene �0.324 �0.135 �0.108 0.215 �0.860** �0.424 0.465 �0.293 0.032

C. tropicalis �0.020 0.402 �0.730** �0.101 �0.573** �0.905** �0.127 �0.744** �0.613**

C. albicans 0.137 �0.112 �0.464* 0.441 �0.812** �0.590** 0.000 �0.618** �0.269

P. aeruginosa 0.378 0.430 �0.982** 0.102 �0.193 �0.831** �0.744** �0.901** �0.852**

S. typhimarium 0.187 �0.515* �0.186 0.389 �0.468* �0.020 �0.256 �0.349 0.012

E. aerogenes �0.119 0.118 �0.491* 0.117 �0.783** �0.731** 0.126 �0.603** �0.344

L.monocytogenes 0.191 0.077 �0.855** �0.470* 0.134 �0.815** �0.575 �0.665** �0.853**

M. luteus 0.280 0.432 �0.979** 0.114 �0.187 �0.830** �0.744** �0.897** �0.846**

S. aureus 0.334 0.192 �0.995** 0.007 �0.162 �0.856** �0.740** �0.894** �0.881**

AChEI �0.045 0.210 �0.606** 0.051 �0.732** �0.805** 0.007 �0.683** �0.462*

TyrEI �0.814** 0.274 0.286 �0.761** 0.271 0.199 0.316 0.453 0.301

** The correlation is significant at the level 0.01.
* The correlation is significant at the level 0.05.

Fig. 2 IGEOs ordination biplot according to a principal component analysis (PCA) based on the correlation matrix of IGEO major

compounds (>1%) and the biological activities following the harvest period.
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was revealed by the correlation study, was confirmed by PCA.
However, this relationship is unclear and not yet reported in
the literature. Indeed, camphen is known for its strong antiox-

idant and anti-inflammatory power, but not cited as tyrosinase
inhibitor (Tiwari and Kakkar, 2009). Likewise, bornyl acetate
was reported to be a great anti-inflammatory agent, but a pos-

sible enzyme inhibitory features was never reported (Zhong
et al., 2011). Further studies are urged to assess the tyrosinase
inhibitory power of these two compounds.

4. Conclusion

The essential oil of I. graveolens (IGEO), collected at Chebba-

Tunisia salt marsh, was studied in terms of yields, composi-
tions and biological activities, throughout four different peri-
ods (April, July, October and January). The highest essential
oil content (0.678%) was obtained in July and the lowest value

(0.271%) was obtained in October. IGEOs GC-MS analysis
exhibited 30 different components and the main products were
bornyl acetate (40.90–45.34%) and borneol (23.65–37.29%).

The four studied IGEOs have recorded an important antirad-
ical power through the three antioxidant tests. IGEO extracted
from plants collected on July showed the strongest scavenging

activity against the radical DPPH� and was better than the syn-
thetic antioxidant BHT. IGEO from plant harvested on April
has displayed the strongest activity in the free radical ABTS�+
and b-carotene bleaching tests (EC50 7.58 ± 0.4 and 79.10

± 0.59 mg mL�1, respectively) better than BHT activity
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(EC50 17.21 ± 1.03 and 89.30 ± 3.67 mg L-1 respectively). The
IGEO of July recorded a bactericidal activity against S. typhi-
marium and it was the most efficient against C. albicans. The

IGEO from July was potent as AChE inhibitor and that of
January inhibits TyrE. Our investigation approves the tradi-
tional use of I. graveolens as medicinal plant and each sought

IGEO biological virtue depends on season of the collection.
The most interesting biological activity of the essential oil of
I. graveolens (IGEO), collected at Chebba-Tunisia salt marsh,

is the antioxidant activity and notably for the IGEOs extracted
from plants collected on April and on July. Thus we propose
these two IGEOs as natural products to protect human from
oxidative stress damage.
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