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aromatherapy, cosmetic and pharmaceutical industries [1]. 
Eucalyptus is a widespread genus of the Myrtaceae fam-
ily that is represented by more than 900 species [2]. This 
genus was native to Australia and introduced worldwide, 
including Tunisia [2, 3]. Leaves of Eucalyptus species accu-
mulate a very large number of secondary metabolites and 
essential oils that possess many types of medicinal, cos-
metic, and food applications thanks to its richness of bioac-
tive products such as phenolic compounds and essential oils 
[4]. Consequently, the production of secondary metabolites 
especially their composition on essential oils and phenolic 
compounds could be affected by the meteorological ele-
ments and locale climate, which included many factors such 
as rainfall, temperature, relative humidity and photoperiod 
[5, 6]. This variation was caused by seasonal and daily 
changes [7, 8]. In addition, many studies have shown that 
the variation in secondary metabolites production could be 
attributed to the seasonality [9, 10]. These letters mentioned 
that seasonal changes significantly affect the biosynthesis of 
antioxidant compounds such as total phenolic and flavonoid 

1  Introduction

The family Myrtaceae includes over 5800 species distrib-
uted worldwide. Myrtaceae species are considered as a 
valuable source of essential oils that are well exploited in 
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Abstract
Eucalyptus marginata is an aromatic and medicinal plant species used in several industrial sectors, owing to the chemical 
properties of its essential oil. The present study aimed to evaluate the chemical composition and antioxidant activities 
of Eucalyptus marginata leaves collected in three seasons of the year (winter, spring and summer). Therefore, essential 
oil yields, total phenolic, flavonoid, tannin and chlorophyll contents have been evaluated. Essential oil chemical com-
position was carried out by combination of GC-FID and GC–MS. While, individual phenolic quantification has been 
done using LC–ESI–MS. This study demonstrated that spring seasons presented the highest contents of total phenolic 
compounds (491.01  mg GAE/g DW), chlorophyll α (134.55  mg/g DW), chlorophyll β (216.61  mg/g DW), chlorophyll 
α + β (350.61 mg/g DW), DPPH (1.099 mg/g DW) and ABTS (0.909 mg/g DW). The major compounds of Eucalyptus 
marginata essential oil for the three seasons were 1,8-Cineol (22.42 − 30.52%), while, the quantification of the identified 
phenolic compounds showed a significant difference between the three season (p < 0.05). Results revealed that Eucalyptus 
marginata is a nature source of compounds with antioxidant proprieties, and the difference in chemical composition leads 
to change in the antioxidant activity of plant, which contributes to seasonal change.
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contents and the trend of changes are very different due to 
seasonal variations. Therefore, it is recommended to take 
into account seasonal changes, when harvesting plants in 
order to separate antioxidant ingredients, and important 
medicinal and industrial compounds, because awareness 
of the impact of seasonal changes, may can help producers 
choose the best period for harvesting plants and producing 
plant products richer than the desired compounds for use in 
the pharmaceutical and food industries.

The literature survey indicates no works dealing with the 
effect of season on the phenolic and essential oil compo-
sitions extracted from Eucalyptus marginata leaves’ culti-
vated in Tunisia. Herein, and for the first time, we aimed 
to characterize Eucalyptus marginata essential oil and 
ethanolic-aqueous extract using the following parameters: 
GC-MS and GC-FID in order to identify the essential oil 
composition, identify and quantify individual phenolic 
compounds present in the ethanolic-aqueous leaves extract 
using LC-ESI-MS, colorimetric quantification of total phe-
nol, flavonoid and condensed tannin contents as well as the 
evaluation of its antioxidant activities via DPPH and ABTS 
assays.

2  Experimental Section

2.1  Plant Material

The Eucalyptus marginata leaves’ were collected at differ-
ent seasons (winter, spring, and summer) from the arbore-
tum of Souiniet (492 m 35°54′N 8°48′E) in winter, spring 
and summer of 2020. Voucher specimens (EMHWI2020, 
EMHSP2020 and EMHSU2020) were deposited at the her-
barium of INRGREF. Souiniet arboretum is characterized 
by an average annual rainfall of 1553 mm (winter: 714 mm; 
spring: 377 mm and summer: 48 mm), the average annual 
temperature is 15.2 °C, with a minimum of 2.3 °C in Janu-
ary and a maximum of 25  °C in July. The humid biocli-
mate at the upper level with a temperate winter. The soil 
humus is a mull on sandstone and the parent rock forms the 
“Numidian Flysh”. The soil is clay-sandy, moderately rich 
in organic matter. There are three months of drought during 
June, July and August.

2.2  Sample Preparation

Extraction of phenolic compounds: Ethanolic-aqueous 
plant extract of Eucalyptus marginata leaves’ was prepared 
as follow: at room temperature for 24  h under stirring at 
11,000 rpm (Fisher brand Seastar digital orbital shaker, UK) 
using ethanol-water (80/20, v/v) as solvent. Five grams of 
each origin dry leaves powder were suspended in 50 mL 

of solvent. Finally, each extracts were filtered by using fil-
ter paper (10–20 μm) and they were stored in sealed dark 
bottles at 4 °C until use for assay.

Extraction of Condensed Tannin  Tannin compounds have 
been extracted according to the procedure described by 
Yahyaoui et al. [11].

2.3  Determination of Total Phenol, Flavonoid and 
Condensed Tannin Contents

The total phenolic content of the extract was determined by 
the Folin–Ciocalteu method [12].

The computation of total phenolic content was derived 
from the calibration curve (y = 0.2649x, r² = 0.997). The 
findings were articulated as milligrams of gallic acid equiv-
alent per gram of dry weight (mg GAE/g DW). While, the 
total flavonoid content of each extract was determined by 
the aluminium chloride colorimetric method [13]. The 
determination of total flavonoid content relied on a cali-
bration curve (y = 0.235x, r² = 0.994), with the outcomes 
presented as milligrams of Rutin equivalent per gram of 
dry weight (mg RE/g DW). On the other hand, condensed 
tannins have been investigated according to the method 
proposed by Yahyaoui et al. [11]. For this, 50 µL of each 
extract were mixed with 3 mL of vanillin reagent (4%) and 
1.5 mL of H2SO4 (4%). After 15 min, the absorbance was 
measured at 500 nm. The determination of condensed tan-
nin content involved the utilization of a calibration curve 
established using a catechin solution (y = 0.0602x − 0.0047, 
r² = 0.9987). The findings were reported as milligrams of 
catechin equivalent per gram of dry weight (mg CE/g DW). 
All measurements were performed in triplicates.

2.4  Analysis of Individual Phenolic Compounds by 
Analytical LC–ESI–MS

In order to explore the composition of Eucalyptus margin-
ata leaves’ ethanolic-aqueous extract using LC–ESI–MS 
analysis which was performed on LC Agilent Technologies 
1100 Infinity series (Agilent Technologies, Palo Alto, CA, 
USA) equipped with an auto-sampler model 1100, a qua-
ternary pump model 1100, and diode array detector model 
1100. The analysis employed a C-18 column (250  mm × 
4.0 mm, 5 μm, Bischoff Analysentechnik GmbH, Leonberg, 
Germany). The mobile phase consisted of two solvents: (A) 
0.025% trifluoroacetic acid (TFA) in H2O and (B) acetoni-
trile. The sample, prepared at a concentration of 10 mg/mL 
in methanol/H2O (1:1), was filtered through a 0.45 μm Mil-
lipore filter (Millipore Corp., Bedford, Mass., USA). The 
elution program, at a flow rate of 1 mL/min, proceeded as 
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follows: 10–50% B (0–40 min), 50–100% B (40–41 min), 
100% B (41–50 min), 100 − 10% B (50–55 min), and 10% 
B (55–59 min). A 10 µL injection volume was utilized, and 
peaks were monitored at 280  nm. Identification of peaks 
involved matching retention times and UV spectra with 
standards for confirmation. The contents of the identified 
compounds were obtained from a calibration curve made 
with standards [4].

2.5  Essential Oil Extraction and Analysis

Leaves of Eucalyptus marginata collected at different sea-
sons were air dried and grounded using an electric grinder to 
get a fine powder that was kept in closed containers (vials) 
until analyses. In summary, each sample consisting of 50 g 
of powdered material underwent hydro-distillation during 
4  h using a Clevenger apparatus. The resulting essential 
oil (EO) volumes were directly measured in the extraction 
burette, and the percentage of obtained EO was determined 
as the volume (mL) of EO per 100  g of dry plant mate-
rial. Subsequently, the essential oils were dehydrated using 
anhydrous Na2SO4 and stored in a cool, dark environment 
prior to analysis. The identification and quantification of 
the essential oils were conducted through a combination of 
gas chromatography (GC-FID) and gas chromatography–
mass spectrometry (GC–MS). The GC analysis employed 
a Hewlett-Packard 6890 chromatograph equipped with a 
flame-ionization detector (FID) and a split-splitless injec-
tor connected to an HP-INNOWAX polyethylene glycol 
capillary column (30 m × 0.25 mm). Meanwhile, GC–MS 
analysis utilized an HP model 5975B inert MSD equipped 
with an Agilent Technologies capillary DB-5MS column 
(30  m length; 0.25  mm: i.d; 0.25  μm film thickness) and 
coupled to a mass selective detector (MSD5975B). Helium 
served as the carrier gas with a flow rate of 1.0  ml/min. 
The injector and detector temperatures were set at 250 and 
230 °C, respectively. The GC oven temperature initiated at 
100 °C, held for 1 min at 260 °C, and then maintained for 
10 min with a program rate of 4 °C.min− 1. Injection of a 
one µl sample occurred in split mode (1:100). Compound 
identification in the volatile oil involved the calculation of 
retention indices based on linear interpolation relative to 

retention times of C5–C28 n-alkanes, and comparison with 
reference compounds in the laboratory database or litera-
ture data. Mass spectra were matched with reference spectra 
from the Wiley/NIST database, published data, and authen-
tic compound spectra. Relative amounts of individual com-
ponents were determined based on GC peak areas without 
FID response factor correction [14].

2.6  Antioxidant Assays

DPPH and ABTS radical scavenging assays were utilized 
to assess the antioxidant activity of the extracts using meth-
ods described by Chargui et al. [15] and Riguene et al. [16]. 
Then, concentrations providing 50% of inhibition (IC50) 
were calculated and expressed as mg/g of dry matter. All 
measurements were performed in triplicate.

2.7  Statistical Analysis

One-way ANOVA was performed for all collected data. 
Means significant differences were performed using the 
Newman–Keuls’s tests at p = 0.05. All statistical analysis 
performed using SAS software (means with the same letters 
are not significantly different).

3  Results and Discussion

3.1  Total Phenol, Flavonoid, Condensed Tannin and 
Chlorophyll Contents

Table 1 demonstrated the secondary metabolites of the etha-
nolic- aqueous extracts prepared from Eucalyptus margin-
ata of the three seasons. The analysis of Table 1 showed that 
at spring season the Eucalyptus marginata leaves had the 
highest content on phenolic compounds (491.01 mg GAE / 
g DW), followed by winter (436.02 mg GAE / g DW) and 
summer which showed the low value in total polyphenols 
during this year (191.03 mg GAE / g DW). These results 
could be explained by the biosynthesis of phenolic com-
pounds during spring seasons. On the other hand, Rale-
pele et al. [17] mentioned that the decrement in the total 

Table 1  Essential oils yields, total phenolic, Flavonoid, tannin and Chlorophyll contents of Eucalyptus marginata leaves collected in different 
seasons
Season EO Yields (%) Phenolic 

content
(mg GAE/g 
DW)

Flavonoid 
content
(mg RE/ g 
DW)

Tannin content
(mg CE/g 
DW)

Chlorophyll α 
content
(mg/g DW)

Chlorophyll β 
content
(mg/g DW)

Chlorophyll 
α + β content
(mg/g DW)

Winter 0.165 ± 0.015a 436.02 ± 0.06a 28.09 ± 0.04a 21.38 ± 0.00a 36.77 ± 5.85 a 59.11 ± 9.41 a 95.86 ± 9.41 a

Spring 0.139 ± 0.016b 491.01 ± 0.07b 29.04 ± 0.09a 17.31 ± 0.04b 134.55 ± 4.07 b 216.61 ± 6.55 b 350.61 ± 9.41b

Summer 0.132 ± 0.024b 191.03 ± 0.07c 35.02 ± 0.01b 22.15 ± 0.00a 108.96 ± 13.83 c 175.26 ± 2.25c 284.23 ± 9.41c

Values in the same row with different superscript were significantly different at p < 0.05. All the data were made in triplicates and were presented 
as mean ± SD. EO: Essential Oil, GAE: Gallic Acid Equivalent, RE: Rutin Equivalent, CE: Catechin Equivalent, DW: Dry Weight
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revealed that they were more abundant in polyphenols, fla-
vonoids and condensed tannins with values: 1352.09  mg 
GAE/L of oil, 288.64 mg RE/L of oil and 992.30 mg CE/L 
of oil, respectively [21]. Moreover, the differences between 
our study and others with regard to the ideal season for the 
production of certain constituents can be explained as the 
differentiated response of each plant to its environment, as 
an efficient synthesis of these metabolites which are intrin-
sic characteristics of each species [22]. Thus, the seasonal 
variation of secondary metabolites can be caused by physi-
ological requirements like plant growth, defense and repro-
duction; environmental differences such as water stress, 
light, nutrient deficiency, temperatures extremes and also to 
the type of solvent [19, 23]. Moreover, our research team 
determined the chlorophyll α, β and α + β contents in the 
different seasons. From Table 1, we can conclude that the 
chlorophyll content reached its maximum in spring seasons, 
while we noted its minimum values in winter seasons. The 
difference between the total chlorophyll content in the three 
studied seasons can be due to different factors such as tem-
perature, water flow, light, weather, and other factors.

3.2  Phenolic Compound Analysis by LC–ESI–MS

LC-ESI-MS analysis was performed in order to increase the 
nutritional value of Eucalyptus marginata leaves collected 
in different seasons. The identification of the phenolic com-
pounds was carried out by mass spectra, comparison with 
reference compounds and with literature data [4, 24, 25]. 
Table 2 illustrates all the identified peaks with their reten-
tion times, the pseudo-molecular ions as well as the concen-
tration of each identified phenolic compound.

The LC-ESI-MS analysis showed that there are differ-
ences between the molecules present in the extracts of the 
three seasons. Twenty phenolic compounds were identified 
in Eucalyptus marginata leaves extract including nine phe-
nolic acid and eleven flavonoids. A total of 16 phenolic com-
pounds were identified in the winter season by comparison 
with reference standards. The LC-MS analysis of Eucalyptus 
marginata revealed that 16 compounds was dominant in the 
extracts obtained in winter (289.71 mg/kg of Extract). It was 
detected only in this season. This compound with [M-H]− at 
m/z 47 was characterized as trans-cinnamic acid. Also, the 
analysis of Table 2 demonstrated the presence of 14 pheno-
lic compounds in the spring season. Moreover, Catechin (+) 
and Quercetin (quercetin-3-O-rhamonoside) compounds 
were abundant with concentrations varying between 62.04 
and 62 mg/kg of Extract, respectively and their molecular 
formula were respectively C15H14O6 and C21H20O11. The 
mass spectrum of these molecular ion were at [M-H]− m/z 
289 and 447. All of these reason confirmed that these two 
compounds were respectively Catechin (+) and Quercetin 

phenolic concentration in winter can be explained by the 
gradual reduction in phenolic biosynthesis due to lower 
temperatures. This adaptive response suggests that plants 
conserve some resources to endure the cold season, ensur-
ing a successful re-sprouting in the subsequent spring. 
The obtained results have been confirmed by the analysis 
of variance (ANOVA) which showed that there is highly 
significant difference between the three seasons (p < 0.05). 
These variations can be related to the changing of climatic 
conditions throughout the seasons, inducing the plants’ 
adaptive responses to the diverse environmental changes in 
each season. According to Ravn et al. [18], Phenolic levels 
were highest in spring and lowest during summer and fall. 
On the other hand, flavonoids represent a very wide range of 
natural compounds belonging to the family of polyphenols, 
considered as almost universal plant pigments. These com-
pounds are one of the most studied classes of polyphenols 
today and are generally present in several medicinal plants 
that have very significant antioxidant activity. The quantity 
of flavonoids was determined from the rutin calibration 
curve, and the results obtained are expressed in milligram 
equivalent of rutin per gram of dry weight. The analysis of 
Table 1 showed that summer season presented the highest 
content of flavonoids (35.02 mg RE/g DW), compared to 
spring (29.04  mg RE/g DW) and winter (28.09  mg RE/g 
DW), respectively. Statistical analysis revealed that there is 
no significant difference in the flavonoid contents between 
the three seasons (p = 0.5234 > 0.05). In addition, condensed 
tannins are phenolic compounds that exhibit antioxidant 
properties; they were determined by the method of vanillin 
in an acid medium. The assay results were determined from 
the catechin calibration curve. Results in Table  1 showed 
that summer and winter seasons were characterized by the 
highest levels (22.159 mg CE/g DW and 21.388 mg CE /g 
DW, respectively) in tannins compared to spring season 
(17.315 mg CE/g DW). These results were confirmed by the 
analysis of variance which shows a highly significant differ-
ence between the three seasons (p < 0.05). These differences 
in the content of secondary metabolites would probably be 
due to many environmental factors such as humidity, rain-
fall, temperature, sunshine, etc. [19]. Additionally, Kou-
doro et al. [20] showed that the ethanolic or hydroethanolic 
extracts of Eucalyptus citriodora were characterized by 
4.52 mg GAE g− 1 DW and 4.38 mg GAE g− 1 DW of total 
phenolic compounds, 78.76 mg RE⋅ g− 1 DW and 81.56 mg 
RE g− 1 DW of flavonoids and 62.62 mg CE g− 1 DW and 
67.09  mg CE⋅g− 1MS of condensed tannins contents. In 
addition, these researchers revealed that Eucalyptus pauci-
flora was composed of 45.43 mg GAE g− 1 DW of total phe-
nolic compounds, 12.29 mg RE g− 1 DW of flavonoids and 
only 1.07 mg CE g− 1 DW of condensed tannins contents. 
Another phytochemical study of oily extracts of Eucalyptus 
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oil yield among seasons. This paper presents the first study 
of the variation in chemical composition of E. marginata 
essential oil according to the season of leaves collection. 
The chemical composition of EOS was analyzed by GC-MS, 
which allowed the identification of 16 terpenic compounds 
representing 90.29–90.93% of the total essential oil 
(Table 3). The major compounds of Eucalyptus marginata 
essential oil for the three seasons were 1,8-Cineole (22.42 
− 30.52%), p-Cymene (8.14 − 12.92%), 2-Cyclohexen-
1-one, 4-Isopropyl (21.07 − 21.82%), p-Cumic aldehyde 
(10.58 − 11.44%) and 1-Terpinen-4-ol (4.46 − 5.31%). 
Other compounds were identified as minor ones including 
Cymenene, Spathulenol and Caryophyllene oxide. More-
over, analysis of the chemical composition of Eucalyptus 
marginata essential oils revealed significant variation for all 
identified compounds among seasons (Table 3). However, 
regardless of the season of collection, 1,8-cineol, 2-Cyclo-
hexen-1-one, 4-Isopropy and p-Cymene were always identi-
fied as the major components. The study of Ghazghazi et al. 
[14] reported similar findings on the composition of essen-
tial oil from E. marginata. The difference in the chemical 
compounds content might be attributed to the harvest period 
[26], the nature of the soil [27] and the climate [28–30], 
seasonal and geographic conditions [30–33], the extraction 

(quercetin-3-O-rhamonoside). However, in the summer, 
the Catechin (+) was the most abundant polyphenolic com-
pound with 70.97 mg/kg of Extract. The quantification of 
the identified phenolic compounds (Table 4) showed a sig-
nificant difference between the three season (p < 0.05). The 
main phenolic compounds found in the Eucalyptus mar-
ginata leaves was trans-cinnamic acid. On the other hand, 
trans-ferulic and protocatechuic acids were absent in all 
extracts. According to Hasni et al. [4], ten phenolic com-
pounds were identified in Eucalyptus marginata leaves: four 
phenolic acids mainly gallic acid (27.77 ± 0.06 µg/g DW) 
and protocatechuic acid (37.66 ± 0.04  µg/g DW) and six 
flavonoid compounds such as quercetin (150.78 ± 0.02 µg/g 
DW) and hyperoside (39.19 ± 0.03  µg/g DW). Based on 
the above, we concluded that Eucalyptus marginata leaves 
were rich sources of phenolic compounds.

3.3  Seasonal Effect on Yield and Chemical 
Composition of Eucalyptus marginata Essential Oils

The highest essential oil yield was obtained for leaves har-
vested in winter (0.165%), followed by those collected in 
spring (0.139%) and summer (0.132%) (Fig.  1; Table  1). 
However, no significant variation was noted in essential 

Table 2  Phenolic composition of Eucalyptus marginata leaves’ extracts by LC–ESI–MS
N° Phenolic Compounds Molecular

formula
Molec-
ular
Mass

[M-H]− 
m/z

Rt 
(min)

Winter
(mg/kg of Extract)

Spring
(mg/kg of 
Extract)

Summer
(mg/kg of 
Extract)

1 Qunic acid C7H12O6 192 191 1.750 25.18 ± 0.04 a 19.75 ± 0.08 b 20.63 ± 0.06 c

2 Gallic acid C7H6O5 170 169 2.627 17.22 ± 0.05 a 17.95 ± 0.09 a 13.75 ± 0.05 b

3 Catechin (+) C15H14O6 290 289 7.479 13.42 ± 0.08 a 62.04 ± 0.06 b 70.97 ± 0.08 c

4 Protocatechuic acid C7H6O4 154 153 8.617 ND ND ND
5 p-coumaric acid C9H8O3 164 163 15.833 5.25 ± 0.07 a ND 29.94 ± 0.02 b

6 trans-Ferulic acid C10H10O4 194 193 19.150 ND ND ND
7 Hyperoside 

(quercetin-3-O-galactoside)
C21H20O12 464 463 20.744 17.26 ± 0.00 a 41.46 ± 0.09 b 28.57 ± 0.01 c

8 Rutin (quercetin-3-O-rutinoside) C27H30O16 610 609 21.742 2.13 ± 0.06 a 3.37 ± 0.07 b 2.34 ± 0.04 a

9 Luteolin-7-O-glucoside C21H20O11 448 447 22.323 12.60 ± 0.05 a 29.27 ± 0.01 b 18.64 ± 0.05 c

10 o-coumaric acid C9H8O3 164 163 22.906 3.76 ± 0.06 ND ND
11 Quercetin 

(quercetin-3-O-rhamonoside)
C21H20O11 448 447 24.147 31.06 ± 0.03 a 62.00 ± 0.00 b 40.97 ± 0.03 c

12 Naringin 
(Naringenin-7-O-neohesperidoside)

C27H32O14 580 579 24.246 20.76 ± 0.02 a 39.73 ± 0.09 b 27.78 ± 0.07 c

13 Rosmarinic acid C18H16O8 360 359 25.00 4.26 ± 0.07 ND ND
14 Apegenin-7-O-glucoside C21H20O10 432 431 25.280 2.16 ± 0.01 a 3.08 ± 0.04 b 0.46 ± 0.01 c

15 Salviolinic acid C7H6O3 138 137 26.643 ND 0.59 ± 0.00 a 0.59 ± 0.00 a

16 trans-cinnamic acid C9H8O2 148 147 28.794 289.71 ± 0.07 ND ND
17 Quercetin C15H10O7 302 301 29.118 0.84 ± 0.05 a 0.71 ± 0.02 b 0.38 ± 0.00 c

18 Naringenin C15H12O5 272 271 31.478 0.81 ± 0.01 a 0.92 ± 0.07 a 0.67 ± 0.00 b

19 Apegenin C15H10O5 270 269 31.737 ND 4.36 ± 0.09 ND
20 Acacetin C16H12O5 284 283 38.189 0.03 ± 0.00 a 0.19 ± 0.03 b 0.03 ± 0.00 a

All the data were made in triplicates and were presented as mean ± SD. Means with different letters in the same line were significantly different 
at p < 0.05
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Based on the theory of radical scavenging activity, the 
results indicate that the Eucalyptus marginata leaves col-
lected in the spring season had the highest antioxidant 
activity (IC50 = 1.099  mg/g DW), followed by, the Euca-
lyptus marginata leaves collected in the winter season 
(IC50 = 1.315  mg/g DW) and finally the summer season 
IC50 = 1.963 mg/g DW (Fig. 2). As previously reported by 
Hasni et al. [36], the IC50 of extracts obtained by macera-
tion and ultrasound assisted extraction were respectively 
23.204  µg/ml and 21.264  µg/ml and 78.922  mg BHTE/g 
DW and 116.901  mg BHTE/g DW. However, based on 
the ABTS test, the highest activity is found in the spring 
season with IC50 = 0.909  mg/g DW, followed by win-
ter with IC50 = 1.158  mg/g DW and finally summer with 
IC50 = 1.287 mg/g DW. This may be due to the mechanism 
of the two tests one generally relies on electron transfer only 
and the other involves the transfer of protons and electrons 
both [37]. In this study, the obtained results demonstrate that 

method and technique [21, 34] and the age of leaves [35] and 
trees [2, 21]. In the same context, Hasni et al. [36] showed 
that various factors could influence the monoterpene emis-
sion in Eucalyptus species, such as seasonal variation and 
diurnal emission activity cycles.

3.4  Impact of Growing Season on Antioxidant 
Activities

At present, there is no universal, unique and reliable method 
reflecting the antioxidant capacity. For this, to judge the 
overall antioxidant effect of an extract of a plant or food 
resource, it is necessary to use several potency tests. It is 
known that the strongest antioxidant activity is that which 
has the lower IC50 and vice versa. Figure 2 exhibited the 
antioxidant capacity of Eucalyptus marginata leaves extract 
recovered in summer, spring and winter.

Fig. 1  TIC chromatograms showing the chemical profiles of the essential oils of Eucalyptus marginata
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4  Conclusion

The current paper succeeded to study the chemical com-
position of essential oil, phenolic compounds content, and 
antioxidant activity of Eucalyptus marginata leaves col-
lected from the Northeast of Tunisia regarding season. The 
Essential oil yields were mostly depending on seasons of 
the year (winter, spring and summer). Samples collected in 
spring yielded more essential oils and phenolic compounds. 
These variations could be due to external environmental 
factors or internal factors depending on the life cycle of the 
plant, but still remain uncertain. The study should therefore 
be conducted over multiple years to confirm the effect of the 
harvesting season.

Acknowledgements  We are grateful to the Scientific Ministry of 
Higher Education and Research of Tunisia for providing financial sup-
port to this work.

Funding  Not applicable.

Declarations

Informed Consent  Not applicable.

Conflict of interest  The authors declare no conflict of interest.

Ethical Approval  Not applicable.

References

1.	 Da Veiga Correia VT, da Silva PR, Ribeiro CMS, Ramos A, 
LCC, Silva ACDC, Mazzinghy VDM, Silva VDM, Júnior AHO, 
Nunes BV, Vieira ALS, Ribeiro LV, de Ferreira ACCF, Melo 

the ABTS test was the most sensitive in identifying the anti-
oxidant capacity. This may be due to by the higher reactiv-
ity of the ABTS to react with compounds hydrogen atom 
transfer [38]. Also, it is reported that the antioxidant activity 
was due to the presence and abundance of phenolic com-
pounds [39]. The antioxidant or antiradical activity can also 
be correlated by some conditions (temperature, pH, type of 
solvent and the concentration of samples [40–42].

By comparing the total polyphenol content with the anti-
oxidant capacity (ABTS, DPPH), it has been found there 
is significant correlations between the antioxidant activity 
and total phenolic compounds. From these results, we can 
conclude that the Eucalyptus marginata leaves collected in 
spring have maximum values of phenolic compounds and 
concurrently, intense antioxidant activity, followed by the 
Eucalyptus marginata leaves collected in winter and finally 
summer season.

Fig. 2  Variation in the antiradical activity of Eucalyptus marginata 
leaves extract by DPPH and ABTS tests depending on the season

 

Compounds RI Spring Summer Winter
α-Phellandrene 1009 Trb Trb 0.52 ± 0.00a

p-Cymene 1029 10.38 ± 0.06b 8.14 ± 0.04c 12.92 ± 0.04a

1.8-Cineol 1035 26.24 ± 0.14b 30.52 ± 0.10a 22.42 ± 0.19c

Furanoid linalool oxide 1077 0.90 ± 0.03a 0.72 ± 0.02b 0.65 ± 0.00b

Cymenene 1096 1.07 ± 0.03b 0.94 ± 0.02b 1.32 ± 0.07a

α-Thujone 1122 0.74 ± 0.02b 0.82 ± 0.03a 0.67 ± 0.02b

Sabina ketone 1163 0.58 ± 0.02a Trb Trb

1-Terpinen-4-ol 1184 4.46 ± 0.03c 5.31 ± 0.05a 4.95 ± 0.04b

2-Cyclohexen-1-one, 4-Isopropyl 1194 21.82 ± 0.09a 21.24 ± 0.06b 21.07 ± 0.04b

Myrtenal 1202 1.55 ± 0.03a 1.36 ± 0.04b 1.65 ± 0.06a

p-Cumic aldehyde 1247 11.41 ± 0.06a 10.58 ± 0.04b 11.44 ± 0.04a

Piperitone 1261 1.00 ± 0.01a 0.93 ± 0.01b Trc

Phellandral 1282 2.32 ± 0.02b 2.12 ± 0.02c 3.10 ± 0.03a

p-Cymen-7-ol 1303 2.32 ± 0.05a 0.86 ± 0.03c 1.05 ± 0.03b

Spathulenol 1590 3.14 ± 0.02c 4.18 ± 0.02b 4.54 ± 0.03a

Caryophylene oxide 1595 2.96 ± 0.04b 2.89 ± 0.03b 3.95 ± 0.03a

Total 90.93 ± 0.31 a 90.66 ± 0.32 b 90.29 ± 0.17 c

Table 3  Chemical composition 
(%) of essential oils extracted 
from Eucalyptus marginata 
leaves collected in different 
seasons

Means with different letters in 
the same column were signifi-
cantly different at p < 0.05. All 
the data were completed in 
triplicates and were presented as 
mean ± SD. RI: retention indices 
calculated in regard to stan-
dards mixture of hydrocarbons 
(C5-C28), tr: trace

 

1 3

2451



Chemistry Africa (2024) 7:2445–2452

23.	 Jardinetti VA, Schwan-Estrada KRF, Maia AJ, da Costa WF, 
de Freitas RN (2015) Afr J Agr Res 12:1048–1055. https://doi.
org/10.5897/AJAR2015.9734

24.	 Bouzayani B, Koubaa I, Frikha D, Samet S, Ben Younes A, 
Chawech R, Maalej S, Allouche N, Mezghani Jarraya R (2022) 
Chem Zvesti 76:3031–3050

25.	 Oliveira BG, Costa HB, Ventura JA, Kondratyuk TP, Barroso 
ME, Correia RM, Pimentel EF, Pinto FE, Endringer DC, Romão 
W (2016) Food Chem 204:37–45. https://doi.org/10.1016/j.
foodchem.2016.02.117

26.	 Chemat F HKB Publishers (2009) Dehradun 311
27.	 Castro FA, Herdeiro RS, Panek AD, Eleutherio EC, Pereira MD 

(2007) Biochim Biophys Acta 2:213–220
28.	 Hazzoumi Z, Moustakime Y, Joutei AK (2015) International Con-

ference on Chemical, Environmental and Biological Sciences 
(CEBS-2015) March 18–19 Dubai (UAE)

29.	 Elsharkawy E, Nahed NEM (2018) Afr J Biotechnol 17:892–897
30.	 Mileski K, Džamić AM, Ćirić A, Grujić S, Ristić M, Matevski V, 

Marin PD (2014) Arch Biol Sci 66:401–413
31.	 Ferracini C, Pogolotti C, Alma A (2022) Biol Control 174:105029. 

https://doi.org/10.1016/j.biocontrol.2022.105029
32.	 Sgarbossa J, Schmidt D, Schwerz F, Schwerz L, Prochnow D, 

Caron BO (2019) Rev Ceres 66:085–093
33.	 Bagheri H, Solati Z, Abd YM (2014) Talanta 121:220–228. 

https://doi.org/10.1016/j.talanta.2014.01.007
34.	 Piccaglia R, Marotti M (2001) J Agric Food Chem 49:239
35.	 He C, Murray F, Lyons T (2000) Atmos Environ 34:645
36.	 Hasni S, Khedher O, Riguene H, Ghazghazi H, Zengin G, 

Oueslati MA, Rigane G, Ben Salem R (2022) Rev Roum Chim 
67:455–465. https://doi.org/10.33224/rrch.2022.67.8-9.04

37.	 Gueddah A, Soualat K (2019) (Doctoral dissertation, Universite 
Mohamed Boudiaf-M’Sila)

38.	 Zwolak I, Wnuk E, Świeca M (2022) n Int J Environ Res Public 
Health 19:15214. https://doi.org/10.3390/ijerph192215214

39.	 Al-Salam S, Kandhan K, Sudhadevi M, Tariq S (2022) Cell Physiol 
Biochem 56:401–417. https://doi.org/10.33594/000000559

40.	 Popovici RA, Vaduva D, Pinzaru I, Dehelean CA, Farcas CG, 
Coricovac D, Corina D, Iuliana P, Ersilia A, Voichita L, Stanca 
HT (2019) Exp Ther Med 18:932–942. https://doi.org/10.3892/
etm.2019.7635

41.	 Noipa T, Srijaranai S, Tuntulani T, Ngeontae W (2011) Food Res Int 
44:798–806. https://doi.org/10.1016/J.FOODRES.2011.01.034

42.	 Costa AS, Alves RC, Vinha AF, Barreira SV, Nunes MA, Cunha 
LM, Oliveira MBP (2014) Ind Crops Prod 53:350–357. https://
doi.org/10.1016/j.indcrop.2014.01.006

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

JOF, Fante CA (2022) Plants 11:2796. https://doi.org/10.3390/
plants11202796

2.	 Ghazghazi H, Essghaier B, Jawadi I, Riahi L, Ben Salem R, Rig-
ane G (2021) J Food Qual. https://doi.org/10.1155/2021/5546969

3.	 Tibbett M, Daws MI, Ryan MH (2022) AoB Plants 14:1–9. 
https://doi.org/10.1093/aobpla/plac037

4.	 Hasni S, Rigane G, Ghazghazi H, Riguene H, Bouallegue A, 
Khedher O, Oueslati MA, Ben Salem R (2021) J Food Qual 1–14. 
https://doi.org/10.1155/2021/5591022

5.	 Paulus R, Dewals BJ, Erpicum S, Pirotton M, Archambeau P 
(2013) J Comput Appl Math 246:38–51

6.	 Schmidt M, Jochheim H, Kersebaum KC, Lischeid G, Nendel C 
(2017) Agr for Meteor 232:659–671

7.	 Verma N, Shukla S (2015) J Appl Res Med Aromat Plants 2:105–
113. https://doi.org/10.1016/J.JARMAP.2015.09.002

8.	 Gori A, Tattini M, Centritto M, Ferrini F, Marino G, Mori J, Guidi 
L, Brunetti C (2019) Conserv Physiol 7(coz070). https://doi.
org/10.1093/conphys/coz070

9.	 Ralepele FM, Chimuka L, Nuapia Y, Risenga I (2021) S Afr J Bot 
143:107–115. https://doi.org/10.1016/j.sajb.2021.07.032

10.	 Veroneze Junior V, Rezende Dázio de Souza K, Aparecida Bres-
sanin L, Ernesto dos Reis P, Cristina Silva Maiolini T, Gomes 
Soares M, Rodrigues P, Arantes SD, Henrique dos Santos M, 
Corrêa, de Souza T (2022) S Afr J Bot 147:349–358. https://doi.
org/10.1016/j.sajb.2022.01.041

11.	 Yahyaoui A, Arfaoui MO, Rigane G, Hkir A, Amari K, Ben 
Salem R, Ammari Y (2019) Chem Afr 2:361–365. https://doi.
org/10.1007/s42250-020-00170-3

12.	 Riguene H, Moussaoui Y, Ben Salem R, Rigane G (2023) Chem 
Afr 1–13. https://doi.org/10.1007/s42250-023-00695-3

13.	 Mahdhi A, Ghazghazi H, El Aloui M, Ben Salem R, Rigane G 
(2021) Food Sci Nutr 9:1907–1916. https://doi.org/10.1002/
fsn3.2151

14.	 Ghazghazi H, Essagheir B, Riguene H, Rigane G, El Aloui M, 
Oueslati MA, Ben Salem R, Sadfi Zouaoui N, Naser Z, Laarbi 
Khouja M (2019) Rev Rom Chim 64:1055–1062. https://doi.
org/10.33224/rrch.2019.64.12.05

15.	 Chargui H, Ghazghazi H, Essagheir B, Ben Fradj MK, Feki M, 
Charfi I, Ben Salem R, Rigane G, Bejaoui Z (2023) Chem Afr 
6:819–826. https://doi.org/10.1007/s42250-022-00533-y

16.	 Riguene H, Dali S, Salem RB, Rigane G (2022) Rev Roum Chim 
67:393–406. https://doi.org/10.33224/rrch.2022.67.6-7.06

17.	 Ralepele FM, Chimuka L, Nuapia Y, Risenga I (2021) S Afr J Bot 
143:107–115

18.	 Ravn H, Pedersen MF, Borum J, Andary C, Anthoni U, Christo-
phersen C, Nielsen PH (2012) Ophelia 40:51–61

19.	 Koudoro YA, Bogninou GSR, Bossou AF, Arlette D, Agbangnan 
DCP, Olayé T, Bothon FTD, Alitonou GA, Avlessi F, Sohounhloue 
D (2019) Int J Adv 10:1087–1092

20.	 Koudoro YA, Dossa CPA, Yèhouénou BB, Tchobo FP, Alitonou 
GA, Avlessi F, Sohounhloué DC (2014) Chemistry & Chemical 
Engineering. Biotechnol Food Ind 15:59–73

21.	 Lahbib K, Dkhil M, Ghanem Boughanmi N, Ben Attia M (2016) 
Laboratoire De Biosurveillance De l’Environnement. Faculté Des 
Sciences De Bizerte 11:6–10

22.	 Brant JMC, Vasconcelos AC, Rodrigues LV (2008) Braz Dent J 
19:179–185. https://doi.org/10.1590/s0103-64402008000300001

1 3

2452

https://doi.org/10.5897/AJAR2015.9734
https://doi.org/10.5897/AJAR2015.9734
https://doi.org/10.1016/j.foodchem.2016.02.117
https://doi.org/10.1016/j.foodchem.2016.02.117
https://doi.org/10.1016/j.biocontrol.2022.105029
https://doi.org/10.1016/j.talanta.2014.01.007
https://doi.org/10.33224/rrch.2022.67.8-9.04
https://doi.org/10.3390/ijerph192215214
https://doi.org/10.33594/000000559
https://doi.org/10.3892/etm.2019.7635
https://doi.org/10.3892/etm.2019.7635
https://doi.org/10.1016/J.FOODRES.2011.01.034
https://doi.org/10.1016/j.indcrop.2014.01.006
https://doi.org/10.1016/j.indcrop.2014.01.006
https://doi.org/10.3390/plants11202796
https://doi.org/10.3390/plants11202796
https://doi.org/10.1155/2021/5546969
https://doi.org/10.1093/aobpla/plac037
https://doi.org/10.1155/2021/5591022
https://doi.org/10.1016/J.JARMAP.2015.09.002
https://doi.org/10.1093/conphys/coz070
https://doi.org/10.1093/conphys/coz070
https://doi.org/10.1016/j.sajb.2021.07.032
https://doi.org/10.1016/j.sajb.2022.01.041
https://doi.org/10.1016/j.sajb.2022.01.041
https://doi.org/10.1007/s42250-020-00170-3
https://doi.org/10.1007/s42250-020-00170-3
https://doi.org/10.1007/s42250-023-00695-3
https://doi.org/10.1002/fsn3.2151
https://doi.org/10.1002/fsn3.2151
https://doi.org/10.33224/rrch.2019.64.12.05
https://doi.org/10.33224/rrch.2019.64.12.05
https://doi.org/10.1007/s42250-022-00533-y
https://doi.org/10.33224/rrch.2022.67.6-7.06
https://doi.org/10.1590/s0103-64402008000300001

	﻿Chemical Composition of Essential Oil (GC-FID and GC-MS), Phenolic Compounds Content (LC–ESI–MS), and Antioxidant Activity of ﻿Eucalyptus marginata﻿ Leaves from Northern Tunisia: Effect of Season
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Experimental Section
	﻿2.1﻿ ﻿Plant Material
	﻿2.2﻿ ﻿Sample Preparation
	﻿2.3﻿ ﻿Determination of Total Phenol, Flavonoid and Condensed Tannin Contents
	﻿2.4﻿ ﻿Analysis of Individual Phenolic Compounds by Analytical LC–ESI–MS
	﻿2.5﻿ ﻿Essential Oil Extraction and Analysis
	﻿2.6﻿ ﻿Antioxidant Assays
	﻿2.7﻿ ﻿Statistical Analysis

	﻿3﻿ ﻿Results and Discussion
	﻿3.1﻿ ﻿Total Phenol, Flavonoid, Condensed Tannin and Chlorophyll Contents
	﻿3.2﻿ ﻿Phenolic Compound Analysis by LC–ESI–MS
	﻿3.3﻿ ﻿Seasonal Effect on Yield and Chemical Composition of ﻿Eucalyptus marginata﻿ Essential Oils
	﻿3.4﻿ ﻿Impact of Growing Season on Antioxidant Activities

	﻿4﻿ ﻿Conclusion
	﻿References


