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ARTICLE INFO ABSTRACT

In the last decade, there has been interest worldwide concern about the antibacterial and
antioxidant properties of plants. This work aims to study the antibacterial, antioxidant activities
and chemical composition of Eucalyptus globulus essential oil leaves and seeds. Essential oil was
extracted from Eucalyptus globulus seeds and leaves by hydrodistillation giving yields of 1.8%
and 0.8% respectively, Chemical composition analysis by gas chromatography coupled with mass
spectrometry (GC-MS) revealed the presence of a total of 33 compounds in seeds and 28
compounds in leaves. Antibacterial activity showed that essential oils was active against all tested
bacterial strains. Antioxidant propriety measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
showed that essential oils obtained from leaves have higher antioxidant activity when compared
. . to essential oils of seeds. However, the total antioxidant capacity revealed that seeds (22,68 mg
Copyright: © 2023 Khaoula et al. This is an open- pan/q MS) have high activity with respect to leaves (5,44 mg EAA/g MS). These results
?:Cr(a:s‘;iisveartI(gloem(rjr:(sntr:;bui(tjtrillj)z(tji%rn thiiggr:zgs va/h?;ﬁ confirmed the richness of the two essential oils in phenolic compounds responsible for their
e T ! - biological activity. A comparative bioclimatic study was carried out in order to investigate the
permits unrestricted use, distribution, and reproduction . . - .
in any medium, provided the original author and effect gf climate on chemlca! composition of Eucalyptus gllqbulus leaves gnd §eeds in Mprocco.
source are credited. Factorial component analysis between chemical composition of essential oils from different
countries and climatic parameters revealed that 1.8 cineole is strongly correlated with minimal
(m) and maximal temperature values (M) and Emberger quotient (Q). Whereas, essential oils
extracted from seeds is not affected by these parameters.
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Introduction Another public health concern is the emergence antibiotic resistance
linked to their intense and irrational use.® This has led to strong
consumer demand for biological solutions against pathogens and has
prompted researchers to look for other alternatives.” The antibacterial,
antiviral, antifungal, antioxidant, antiparasitic and insecticidal effects of
essential oils has been reported.® Subsequently, may be a promising
solution to reduce bacterial resistance.®

The use of aromatic and medicinal plants in different fields
(pharmaceutical, perfumery, food and cosmetics, etc.) is mainly due to
their therapeutic, organoleptic and fragrant properties.t
Thus, these plants are rich sources of potentially bioactive
compounds such as flavonoids, polyphenols, phenols, alkaloids,

tannins, carotenoids and essential oils, which can be found in different
parts of plants including fruits, flowers, leaves and seeds. ?

In most plants, secondary metabolisms play a key role in biotic and
abiotic interactions, including mechanisms defense against pathogens
and pests.® Many studies focused on adding essential oils from aromatic
and medicinal plants to foodstuffs to achieve an antimicrobial and
antioxidant effects.* Indeed, essential oils have shown particular interest
due to their biological and free radical scavenging properties which are
associated with several pathologies such as cancer, diabetes and
neurodegenerative diseases.®
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Eucalyptus globulus is a plant of Myrtaceae family is abundant in the
North-West zone of the country.?! It is well known for its bioactive
compounds content such phenolic compounds, flavonoids and
hydrolysable tannins.*> Due to its various biological activities, E.
globulus essential oils are used in medicine, perfumery and
pharmaceutical industry for its virtues on respiratory tract, where it
facilitates bronchial mucus dissolution and elimination, anti-infective
vis to bacteria and viruses.*® In addition, an in vitro antibacterial and
antioxidant effect has been reported by numerous studies.**

Therefore, this work targets to analyze chemical composition of
essential oils eucalyptus extracted by hydrodistillation from seeds and
leaves by using gas chromatography coupled with mass spectrometry,
to investigate some biological activities, namely antioxidant activity
and the antibacterial against some pathogenic bacterial strains.

Materials and Methods

Plant material

Leaves and seeds of E. globulus L. were harvested in the Nord-West
zone (Morocco) during February 2020. The sample was identified by
Dr. Chaimae Rais in The National Agency for Medicinal and Aromatic
Plants, Taounate, Morocco (Document no. 059/2020).
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Plant was taken to laboratory, washed with distilled water, dried in dark,
and ground to obtain a fine powder with a blender (<0,1mm).> Obtained
powders were stored at 4°C in a dry place until analysis and use.

Essential oils extraction

Essential oils extraction from E. globulus seeds and leaves powders was
carried out by hydro-distillation using a Clevenger-type apparatus.
Powder was put in contact with distilled water, and whole was boiled at
100°C for 3h according to French standard.®

Chromatographic analysis

Chemical analysis of essential oils isolated from seeds and leaves was
carried out by gas chromatography (Trace GC Ultra-Palarisq type)
coupled to mass spectrometry (CPG/SM) at the Regional University
Center of Interfaces (CURI, USMBA University) according the method
of Adams et al.l” Analysis was carried out after injection of 1ul of the
extract into carrier gas (helium He). Programming of initial injection
temperature column is 40°C for 2 min, then rises in steps of 5 °C/min to
280 °C for 10 min. Mass spectra are recorded by a SCAN 50-650 type
detector and a NIST type spectral library. A computer software menu
controls a device. Volatile compounds were identified by their mass
spectra and their relative retention index (IR) calculated from separated
compounds and linear alkane’s retention time.

Antibacterial activity

Antibacterial activity of essential oils extracted from E. globulus was
tested against three bacteria isolated from altered food: Gram-positive
bacteria (Bacillus subtilis ATTC 14579, Staphylococcus aureus ATTC
25923) and a gram-negative bacteria (Escherichia coli ATTC 25922).
These microorganisms were maintained by subculturing on nutrient
agar favorable to their growth. Due non-miscibility with water and
therefore with culture media, they were dispersed by agar-agar (0.2%).8
Each dilution and inoculum Quantities (10-5 CFU/ml) were added to
test tubes, then incubated for 6h at 37°C and poured into petri dish
containing already solidified nutrient agar and finally incubated for 24h
at 37°C. Controls, consisting of liquid culture medium containing 0.2%
agar plus strain tested pre-culture. Minimal inhibitory concentration
was defined by observing lowest concentration of essential oil at which
growth inhibition was observed.
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Antioxidant activity

Samples antioxidant activity determination was tested with two
methods, namely total antioxidant capacity (CAT) and DPPH
antiradical capacity. CAT method was evaluated according to method
reported by Nagavani et al,*® using ammonium phosphomolybdate as
reagent. Obtained results were expressed in equivalent mg of ascorbic
acid per gram of dry matter (mg EAA/g). DPPH method was used to
assess according to method described by Warsi et al.?® The same
procedure was repeated with ascorbic acid as positive controls.
Antiradical capacity was estimated according to following equation:

Inihibition (%) - Abs control—Abs sample
Abs control: Absorbance (620nm) at 0 min
Abs sample: Absorbance (620nm) of sample after 6h of incubation

x 100

Abs control

Climatological study
To investigate climatic effect on E. globulus plantations at nine sites
(stations in the world), the Emberger quotient was calculated according
to the following formula.?*

2000.P

Q= (M +m + 546,4). (M — m)
P: Annual precipitation in mm/m#/year
M: Maximum temperature of the hottest month in °C
m: Minimum temperature of the coldest month in °C
this comparative study was conducted to determine the correlation
between climatic parameters (m, M and Q) and essential oils
composition (Table 1).
To evaluate the correlations between Moroccan eucalyptus globulus
leaves and seeds essential oils chemical composition compared with the
eight countries (Brazil, Tunisia, India, Morocco, Algeria, Montenegro,
Portugal and Tanzania), we performed a component factor analysis
(FCA).

Statistical analysis

All experiments were done at least three times, and results are shown as
mean + standard deviation. Statistical significance of experimental
results (significance level of P < .05) was calculated using ANOVA
analysis. A numerical tool for performing this statistical analysis is the
Excel 2013 software. Software Inc). Factor analysis (FCA) was
performed using the statistical analysis software for the Past.

Table 1: Climatic parameters of nine countries studied

Algeria  Brazil  Tunisia Portugal Montenegro India Tanzania Morocco Germany
m? (°C) 9 11,6 15 9 13 14 17 9 2
M® (°C) 27 24,3 32 22 31 33 22 28 20
P¢ (mm/m?) 643,5 131 309 1065 1209 720 1365 552 943

®M: Maximum temperature of the warmest month in °C ; 2m: Minimum temperature of the coldest month in °C ; °P: Annual precipitation in
mm/m?/year.

Results and Discussion

Essential oils chemical composition analysis

Essential oils, obtained from E. globulus leaves and seeds by a hydro-
distiller, were light yellow in color with a yield of 1.8% for seeds and
0.8% for leaves. Essential oils obtained from seeds is slightly higher
than the value (1.57%) reported by Belkhodja et al.?? For leaves, this
value is lower than the value (1.2%) reported by Mohebodini et al.®
Essential oils yield produced by plants, as secondary metabolites, is
influenced by several biotic, abiotic and anthropogenic factors, such as
temperature, maturity degree, harvesting time, extraction method,
interaction with environment (climate and soil), and geographical
origin.2+?

Chromatographic analysis essential oils of E. globulus leaves and seeds
showed the presence of 25 compounds in leaves which represent
92.76%, and 33 compounds in seeds with 85.16% (Table 2, Figure 1
and Figure 2). The main components of essential oils isolated from E.
globulus leaves are: 1,8 cineole (63.81%), a-Terpineol (2.73%), trans-

Pinocarveol (1.85%) and Cryptone (1.55%). While essential oils from
seeds were Aromadendrene (25.39%) as the main active compound,
followed by 1,8-Cineole (17.13%), Globulol (17.10%), a-Gurjunene
(3.15%), allo-Aromadendrene (3.04%), a-Pinene (2.62%), a-
Phellandrene (2.21%) and Isovaleraldehyde (1. 15%).

These results are in agreement with previous studies of Angello et al.?®
who found that 1.8 cineole was the main compound of E. globulus
leaves with a percentage 63.81%. Chemical composition E. globulus
differs in some countries, which represents specific climatic conditions.
For example, eucalyptus globulus leaves from India rich in limonene
(10.09%), linalool (2.34%) and y-Terpinene (2.92%).2” E. globulus
leaves from Algeria are rich in spathulenol (7.44%) and a-Terpineol
(5.46%),% and from seeds are rich in 1.8 cineole (15.55%),
Aromadendrene (31.17%) and Globulol (10.69%).% Accordingly,
differences between our results could be mainly attributed to ecological
conditions and plant parts used. The answer to this hypothesis will be
the subject of the last part of this work.
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Figure 1: Chromatogram analysis (GC-MS) of the EO of E.
globulus leaves
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Figure 2: Chromatogram analysis (GC-MS) of the EO of E.
globulus seeds
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Antibacterial activity

Result of the antibacterial activity of essential oils extracted from E.
globulus seeds and leaves are shown in Table 3.

According to obtained results (Table 3), E. Globulus seeds and leaves
showed activity against strains tested. Concentrations of 8 and
10ug/mL, essential oils of seeds completely inhibited (100%) bacillus
subtilis and staphylococcus aureus strains. On the other hand, essential
oils extracted from leaves showed a maximum antimicrobial activity
(100%) of Bacillus subtilis (CMI=6ug), but this inhibition is limited to
62% for staphylococcus aureus with a MIC greater than 10ug/ml. This
finding could be justified by the difference in chemical composition.
Furthermore, Escherichia coli strains is shown to be resistant. Monteiro
et al.® confirmed a high gram-negative bacteria resistat when compared
to gram-positive bacteria. Gram-positive bacteria tend to be more
sensitive to antibacterial agents due to their simple cell wall structure
than Gram-negative bacteria.?* Studies carried out on mechanism action
revealed that essential oils increase bacterial membrane permeability,
facilitating their entry inside bacteria, reducing their activity, and
leading to cell death. Essential oil effectiveness on Gram positive
bacteria was slightly higher, indicating that they are more sensitive to
bioactives antibacterial effect.

Gram negative bacteria lower susceptibility may be due to presence of
an outer membrane limiting the entry of hydrophobic compounds into
lipopolysaccharide layer.3? Essential oils MIC against Staphylococcus
aureus and bacillus subtilis are much higher than that reported by Bey-
Ould et al.®® Unlike that of leaves, we obtained lower MICs equal to
9.35mg/mL against bacillus subtilis and staphylococcus aureus.
Observed antimicrobial activity may be due to active compounds
constituting such as terpene phenols (1,8 cineole, linalool, borneol, etc.)
which can cause rupture of plasma membrane or alter mitochondria
structure.®* Thus, it has been suggested that hydrophobic nature and
chemical structure or their majority compounds may have a very
important role in antimicrobial activity, they allow them to distribute
among lipids of bacterial or fungal cell membrane and mitochondria,
this disrupts cell structures and makes them more permeable, leading
cell bacterial to death.®®

Table 2: Composition of essential oils extracted from E. globulus leaves and seeds

Compounds Leaves Seeds
Isovaleraldehyde 5,02 1,15
2-pentanone-4-hydroxy-4- methyl 0,845 0,46
a —Pinene 8,305 2,62
p -Pinene 0,035 0,00
p-myrcene 0 0,05
a —Phellandrene 0 2,21
o —Terpinene 0 0,05
p —Cymene 0,5 0,2
0-Cymene 0 0,2
Limonene 1,15 0,10
1,8-Cineole 54,495 17,13
£ —Ocimene 0,915 0
y-Terpinene 0 0,14
Linalool 0,05 0
Trans Pinocarveol 1,85 0
cis-Verbenol 0,35 0
trans-dihydro-a-Terpineol 1,65 0
Pinocarvone 0,9 0
o-Terpineol 0,35 0
Borneol 0 0,16
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Terpinen-4-ol
p-Cymen-8-ol
Cryptone
a-Terpineol

Neral

Piperitone
Carvenone
p-menth-1-en-7-al
a-Terpinyl acetate
Isoledene
a-Gurjunene
S-Gurjunene
Aromadendrene
Allo-Aromadendrene
y-Gurjunene

£ —Selinene
a-Selinene
o-Cadinene
Spathulenol
Caryophyllene oxide
Globulol
Viridiflorol
Guaiol

Ledol

y-Eudesmol
S-Eudesmol
a-Eudesmol

a-Cadinol

0 0,89
0,225 0
1,55 0
2,73 0,2
0,315 0
0,125 0

0 0,1
0,05 0

0 0,59
0 0,36
0 3,15
0 0,15
1,86 25,39
0,02 3,04
0 0,55
0 0,05
0 0,37
0 0,62
3,72 0
0,83 0
3,83 17,10
0,5 0,07
0 0,35
0,1 5,74
0 0,57
0 0,11
0,49 1,09
0 0,2

Antioxidant activity

Anti-radical capacity

Results of seeds and leaves essential oils antioxidant activity evaluated
by DPPH method are shown in figure 3. Inhibition percentages are
revealed by an appearance of yellow color.*®

At first glance, it can be seen that ascorbic acid presented maximum
antioxidant activity at low doses (0 to 0.5 mg/ml) compared to that of
two essential oils studied. Beyond concentration of 0.5mg/ml, we find
that seed essential oil antioxidant activity remains stable but a gradual
increase in essential oil antioxidant activity extracted from leaves. It is
deduced that leaves essential oil antioxidant activity has a higher
activity than those of seeds at high concentration (Figure 3). Antioxidant
activity stabilization of extracted from seeds from 0.5 to 2 mg/ml may
be due to existence of pro-oxidants in these extracts (seeds). According
to Saleh et al,* low inhibition rate of DPPH radical could be attributed
to monocarbon compounds inefficiency. Following monoterpenes: o
pinene, B pinene, limonene, § myrcene, sabinene and terpinolene have
antioxidant properties. A strong antioxidant activity of essential oils is
attributed to their phenolic groups such as thymol, carvacrol and
probably to 1,8 cineole.®®

Total antioxidant capacity (CAT)

To verify the above-mentioned observations, we use another technique
for evaluating antioxidant activity. This is total antioxidant activity
(CAT) that affects polar and non-polar molecules (Figure 4).

Figure 4 illustrates total antioxidant capacity (CAT) essential oils of E.
globulus plant extracted from leaves and seeds. Seeds Antioxidant

power is 22.68 mg EAA/g DM which is a much higher value than that
obtained from essential oils leaves (5.44 mg EAA/g DM). This can be
explained by difference in composition between two essential oils
because seeds are rich in sesquiterpene which is (34.27%) and (1.88%)
for leaves. Same as the presence of hydrophobic molecules in essential
oils from seeds. These results are in agreement with Bey-Ould et al.*
According to Jayaprakash et al.®® ammonium phosphomolybdate
reducing power depends on phenolic compounds content, position as
well as number of hydroxyl groups. Multiple studies have shown that
antioxidant activity of an essential oil is influenced by many parameters,
such as growth and development phase of plant, harvest season and
environment, as well as major compounds and structures phenolics
presence.*

Climatological analysis of essential oils variability

Table 4 illustrate climatic parameters of various studied countries.
Maximum temperatures (M in °C), minimum temperatures (m in °C)
and precipitation (mm) are measured to calculate Emberger quotient
(Q). The latter makes it possible to determine bioclimatic stage where
vegetation is grown.

Climatic parameters analysis (Table 4) shows that different studied sites
are characterized by various thermal and water profiles. India locations,
Tunisia and Montenegro have highest minimum and maximum
temperatures (33, 32 and 31°C, respectively). In precipitation terms,
Tanzania, Montenegro and Portugal are highest. These parameters
reveal a difference between studied sites. Emberger quotient expresses
relationship between amount of precipitation and temperature (warmest
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and weakest temperature month). Our results show that Moroccan
eucalyptus belongs to sub-humid bioclimatic stage. Climatic analysis
carried out makes it possible to characterize plant studied and to identify
it according to phenolic compounds and their biological properties. It
can be deduced that E. globulus is largely characterized by a secondary
metabolism associated with climatic properties. Figure 5 illustrates
studied sites (country) location in Emberger diagram according to
formula developed by Mokhtari et al.?*

According to Figure 5, climatic parameters could show that Brazil
locations, Tunisia, India, Morocco, Algeria, Montenegro, Portugal and
Tanzania in Emberger diagram. Germany, which had lowest minimum
temperature (2°C), is in humid stage. Thus, Portugal, Tanzania and
Montenegro are benchmarks in same Stage with higher minimum
temperatures. Brazil and Tunisia are in arid stage where temperature of
coldest month sets them apart. For Morocco and Algeria, we notice that
minimum temperature is comparable and located in Sub-Humid stage.
India is characterized by a hot climate and is located in Sub-humid
stage. Bioclimatic indices have a strong influence on essential oils
chemical composition from provenances studied. This could mean that
essential oil from E. globulus leaves depends on climatic conditions. On
other hand, seeds essential oil is not influenced by these conditions.
Altitudinal gradient is associated with variation of an environmental
factors set, such as air temperature, precipitation, sunlight intensity, UV
radiation and air humidity. Climatic conditions at high altitude, mainly
low average temperatures and high light intensity, make it possible to
modify morphology, physiology and productivity of plants in order to
protect them and adapt them to stress conditions.* In our study, a
significant difference was observed in yield of essential oils and in
chemical composition of plants.*?
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Figure 3: Scavenging activity of essential oils extracted from
eucalyptus globulus leaves and seeds and ascorbic acid used as
control

25

n 22.68
=
S
< 20
<
w
[T
£ 15
£
c
L 10
=]
O
= 5.44
Y s
c
o
O

0

Leaves Seeds

Part of the studied plant
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eucalyptus globulus leaves and seeds
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Factorial Correspondence Analysis (FCA)

Figure 6 illustrates components factor analysis (FCA) of the essential
oils chemical composition of Eucalyptus globulus leaves and seeds
from nine countries and climate parameters.

This analysis shows that the first axis summarizes climatic parameters
and chemical compounds (component 1) while the second axis
summarizes essential oils origin (component 2). Figure 6 shows that
chemical compound of essential oil extracted from seeds contributes to
positive part of component 1 and the negative of component 2. Essential
oil of leaves from Algeria, Brazil, Tunisia, Morocco, and Montenegro
contributes positively in component 1 except India, which contributes
negatively. while Tanzania contributes to positive part of Component 2
and the negative of Component 1. Montenegro and Portugal were
positively correlated with Terpinyl acetate <a-> (Ter yl acet <a->).
while Algeria, Brazil, Tunisia and Morocco were correlated with 1.8
cineole, Globulol, Limonene, and Pinene <a->. Tanzania is correlated
with Cineole <1,4-> and Pinene <f->.

Chemical composition of leaves from different countries is strongly
correlated with minimum temperature, maximum temperature and
Emberger quotient. On other hand, seeds essential oil is not affected by
these parameters. In addition, we observe a significant correlation of 1.8
cineole to minimum (m) and maximum (M) temperature. On other hand,
we find that minimum and maximum temperatures are strongly
correlated in Brazil, Montenegro and Portugal. Where in addition,
essential oils of the latter are more correlated with 1,8 cineole synthesis
which varies according to climate. According to Li et al,”® 1,8 cineole
synthesis increases with increasing temperature between 20 and 46°C.
According to Sonigra et al,* species found in warm climates such as
tropical and Mediterranean countries possess essential oils. Morshedloo
et al.® demonstrated that several factors affect plant secondary
metabolites such as environmental conditions, harvest season and/or
plant age. Secondary metabolites biosynthesis is also correlated with
elevated temperature in plants.** However, E. globulus secondary
metabolism was found to be more sensitive to climatic variability.
Indeed, a hot and sunny dry climate favors essential oil formation.*
Results obtained from our study show that eucalyptus globulus essential
oils chemical compositions are strongly influenced by climatic factors.
The oils were obtained from in countries with different climates, each
of which has its own rainfall and edaphic characteristics.*
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Figure 5: Emberger diagram of bioclimatic stages of nine
countries

Alg: Algeria ; Bre: Brazil ; Tun: Tunisia ; Por: Portugal ; Mon:
Montenegro ; Ind: India ; Tan: Tanzania ; Mar: Morocco ; All: Germany
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Conclusion

This study permitted us on the first hand to identify chemical
compounds in E. globulus leaves and seeds of and on the other hand to
illustrate the antibacterial potential of these essential oils since gram-
positive bacteria showed a remarkable activity while gram-negative
bacteria were resistant. Moreover, we have shown that E. globulus EO
has a very important antioxidant effect and can be applied against some
diseases that generate free radicals. These activities may be due to their
major contents, namely a- pinene, 1,8- cineole, Aromadendrene and
Globulol.
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Table 3: Inhibition percentage of bacteria caused by essential oils extracted from eucalyptus globulus leaves and seeds

Seeds (%l)

Leaves (% I)

C (ng/mL) E. coli B. subtilus S. aureus E. coli B. subtilus S. aureus
0 0 0+0,00 0+0,00 0 0+0,00 0+0,00
2 0 0+0,00 92+1 0 00,00 0+0,00
4 0 8+1 98+1 0 97+1 0+0,00
6 0 36+1 99 + 0 100 + 0,00 34+173
8 0 60+2 99,66 + 0,57 0 100 + 0,00 45 + 2
10 0 100 + 0,00 100 + 0,00 0 100 + 0,00 62 + 1
12 0 100 + 0,00 100 + 0,00 0 100 + 0,00 78 +1
14 0 100 + 0,00 100 + 0,00 0 100 + 0,00 100 + 0,00
aC : Concentration ; %l : Inhibition percentage
Mean £ SD in the same column with different superscript letters differs significantly (P < .05).
Table 4: Emberger quotient of different countries studied
Algeria  Brazil  Tunisia Portugal Montenegro India Tanzania Morocco Germany
Q? 122,77 35,43 61,26 283,77 227,53 127,72 904,87 99,60 184,33
2Q: Emberger quotient
References 4. Malik NAA, Kumar IS, Nadarajah K. Elicitor and receptor

1. Séraphin KK, Antoine KB, Akhanovna MBJ, Yves-Alain B.
Chemical composition and antimicrobial activity of essential
oil of Porophyllum Ruderale (Jacq.) Cass. (asterales;
asteraceae) collected in ivory coast. Eur. Sci. J. 2020;
11(15):73-83.

2. Algaraleh S, Mehyar GF, Algaraleh M, Awaisheh SS,
Rahahleh RJ. Antibacterial and Antioxidant Activities of
Extracts from Selected Wild Plant Species Found in Jordan.
Trop. J. Nat. prod. Res. 2023; 7:2520-2524.

3. Boncan DAT, Tsang SSK, Li C, Lee IHT, Lam HM, Chan
TF, Hui JHL. Terpenes and terpenoids in plants: interactions
with environment and insects. Int. J. Mol. Sci. 2020; 21: 1-
19.

molecules: Orchestrators of plant defense and immunity. Int.
J. Mol. Sci. 2020; 21(3):963.

5. Li Y,Cao X, Sun J, Zhang W, Zhang J, Ding Y, Liu Y.
Characterization of chemical compositions by a GC-MS/MS
approach and evaluation of antioxidant activities of essential
oils from Cinnamomum reticulatum Hay, Leptospermum
petersonii Bailey, and Juniperus formosana Hayata. Arab. J.
Chem. 2022; 15(2):103609.

6. Djermane N, Gali L, Arhab R, Gherraf N, Bensouici C,
Erenler R, Gok M, Abdessamed A. Chemical composition
and in vitro evaluation of antioxidant, antimicrobial, and
enzyme inhibitory activities of Erucaria uncata and
Thymeleae hirsuta. Biocatal. Agric. Biotechnol. 2020;
29:101834.

2770

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.sciencedirect.com/journal/arabian-journal-of-chemistry
https://www.sciencedirect.com/journal/arabian-journal-of-chemistry

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Trop J Nat Prod Res, April 2023; 7(4):2765-2772

DeCarlo A, Zeng T, Dosoky NS, Satyal P, Setzer WN. The
essential oil composition and antimicrobial activity of
Liquidambar formosana Oleoresin. Plants. 2020; 9:822.
Bogdan MA, Bungau S, Tit DM, Zaha DC, Nechifor AC,
Behl T, Chambre D, Lupitu Al, Copolovici L, Copolovici
DM. Chemical profile, antioxidant capacity, and
antimicrobial activity of essential oils extracted from three
different varieties of Lavandula angustifolia. Molecules.
2021; 26:4381.

Dawood MAO, El Basuini MF, Zaineldin Al, Yilmaz S,
Hasan MT, Ahmadifar E, El Asely AM, Abdel-Latif HMR,
Alagawany M, Abu-Elala NM, Van Doan H, Sewilam H.
Antiparasitic and antibacterial functionality of essential oils:
an alternative approach for sustainable aquaculture.
Pathogens. 2021; 10:185.

Montes A, Morino E, Valor D, Guaman BMC, Pereyra C,
Martinez de la Ossa EJ. From olive leaves to spherical
nanoparticles by one-step RESS process precipitation. Eur.
Food Res. Technol. 2022.

Tine Y, Diallo A, Ndoye I, Gaye C, Ndiaye B, Diop A, Costa
J, Bouh B, Cheikh S, WéIé A, Paolini J. chemical variability
and antibacterial activity of Eucalyptus camaldulensis
essential oils from Senegal. Int. J. Org. Chem. 2022; 12:173-
180.

Mominur R, Rezaul I, Sheikh S, Emon H, Fahadul I,
Muniruddin A, Saikat M, Mayeen UK, Abubakr MI,
Kumarappan C, Talha BE, Simona C. The multifunctional
role of herbal products in the management of diabetes and
obesity: a comprehensive review. Molecules, 2022; 27:1713.
Benali T, Bouyahya A, Habbadi K, Zengin G, Khabbach A,
Achbani EH, Hammani K. Chemical composition and
antibacterial activity of the essential oil and extracts of Cistus
ladaniferus subsp. Ladanifer and Mentha suaveolens against
phytopathogenic bacteria and their ecofriendly management
of phytopathogenic bacteria. Biocatal. Agric. Biotechnol.
2020; 28:101696.

Ettoumi KY, Zouambia Y, Moulai-Mostefa N. Chemical
composition, antimicrobial and antioxidant activities of
Algerian Citrus sinensis essential oil extracted by
hydrodistillation assisted by electromagnetic induction
heating. J. Food Sci. Technol. 2021; 58:3049-3055.
Kacaniova M, Galovicova L, Borotova P, Valkova V,
Duranova H, Kowalczewski PL, Said-Al Ahl HAH, Hikal
WM, Vukic M, Savitskaya T, Grinshpan D, and Nenad NL.
Chemical Composition in vitro and in situ antimicrobial and
antibiofilm activities of Syzygium aromaticum (Clove)
essential oil. Plants 2021; 10:2185.

Hadidi M, Pouramin S, Adinepour F, Haghani S, Jafari MS.
Chitosan nanoparticles loaded with clove essential oil:
characterization, antioxidant and antibacterial activities.
Carbohydr. Polym. 2020; 236:116075.

Adams RP. Identification of essential oil components by gas
chromatography/  Mass  spectroscopy, 4"  Edition.
Corporation 2017.

Bessedik A. Antibacterial and antioxydant activities of the
essential oil of Cuminum cyminum Seeds. AGROFOR Int. J.
2021; 6:79-85.

Nagavani V, Madhavi Y, Rao DB, Rao PK, Rao TR. Free
radical scavenging activity and qualitative analysis of
polyphenols by RP-HPLC in the flowers of Couroupita
guianensis Abul. Elec. J. Env. Agricult. Food Chem. 2010;
9:1471-1484.

Warsi W, Jaswir |, Khatib A, Ahmed UQ, Nawi MSBM,
Rohman A, Narwanti L. Phytochemical Screening, Total
Phenolic, Reducing Sugar Contents, and Antioxidant
Activities of Gelidium spinosum (S.G. Gmelin) P.C. Silva.
Trop. J. Nat. Prod. Res. 2023; 7(3):2618-2623.

Mokhtari N, Mrabet R, Lebailly P, Laurent B. Spatialization
of bioclimates, aridity and stages of vegetation in Morocco.
Revue Marocaine des Sciences Agronomiques et
Vétérinaires. 2014; 2:50-66.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Belkhodja H, Bouhadi D, Medjadel B, Brakna A.
Physicochemical characterization and evaluation of the
antioxidant activities of essential oil extracted from
Eucalyptus globulus. Eur. J. Biol. Res. 2021; 11:315-324.
Mohebodini H, Jazi V, Ashayerizadeh A, Toghyani M,
Tellez 1G. Productive parameters, cecal microflora, nutrient
digestibility, antioxidant status, and thigh muscle fatty acid
profile in broiler chickens fed with Eucalyptus globulus
essential oil. Poult. Sci. 2021; 100:100922.

Jaber H, Oubihi A, Ouryemchi I, Boulamtat R, Oubayoucef
A, Bourkhiss B, Ouhssine M. Chemical Composition and
Antibacterial Activities of Eight Plant Essential Oils from
Morocco against Escherichia coli Strains Isolated from
Different Turkey Organs. Biochem. Res. Int. 2021; 2021:1-
9.

Bammou M, Bouhlali TED, Sellam K, Derouich M, EI-
Rhaffari L, Ibijbijen J, Nassiri L. Chemical profile and
antimicrobial properties of liquid and vapor phases of the
essential oil of Cladanthus eriolepis : an endemic asteraceae
growing in the moroccan aases. J. Essent. Oil-Bear. Plants.
2020; 23:1042-1053.

Angelo L, Andreia D, Jorge G, Fernanda D, Ana PD.
Chemical composition, antioxidant, antibacterial and anti-
quorum sensing activities of Eucalyptus globulus and
Eucalyptus radiata essential oils. Ind. Crops Prod. 2015;
79:274-282.

Kumar P, Mishra S, Malik A, Satya S. Compositional
analysis and insecticidal activity of Eucalyptus globulus
(Family: Myrtaceae) essential oil against housefly (Musca
domestica). Acta Trop. 2012; 122:212-218.

Madouri LH, Asma B, Madani K, Bey-Ould SSZ, Rigou P,
Grenier D, Allalou H, Remini H, Adjaoud A, Boulekbache
ML. Chemical composition, antibacterial and antioxidant
activities of essential oil of Eucalyptus globulus from
Algeria. Ind.Crops Prod. 2015; 78: 148-153.

Mulyaningsih S, Sporer F, Zimmermann S, Reichling J,
Wink M. Synergistic properties of the terpenoids
aromadendrene and 1, 8-cineole from the essential oil of
Eucalyptus globulus against antibiotic-susceptible and
antibiotic-resistant ~ pathogens.  Phytomedicine.  2010;
17:1061-1066.

Monteiro PC, Majolo C, Chaves FCM, Bizzo HR, Almeida
OSFL, Chagas EC. Antimicrobial activity of essential oils
from Lippia sidoides, Ocimum gratissimum and Zingiber
officinale against Aeromonas spp. J. Essent. Oil Res. 2021;
33:152-161.

Kusnadi J, Tirtania AR, Arumingtyas. Antioxidant activity,
physicochemical characterisation and antibacterial properties
of caspian sea yoghurt enriched with ginger and sappanwood
extracts. Trop. J. Nat. Prod. Res. 2023; 7(3):2536-2539.
Ghavam M, Manconi M, Manca ML, Bacchetta G.
Extraction of essential oil from Dracocephalum kotschyi
Boiss. (Lamiaceae), identification of two active compounds
and evaluation of the antimicrobial properties. J.
Ethnopharmacol. 2021; 267:113513.

Bey-Ould SSZ, Haddadi GH, Boulekbache ML, Rigou P,
Remini H, Adjaoud A, Khoudja NK, Madani K. Essential
oils composition, antibacterial and antioxidant activities of
hydrodistillated extract of Eucalyptus globulus fruits. Ind.
Crops Prod. 2016; 89:167-175.

El Yaagoubi M, Mechqog H, El Hamdaoui A, Mukku VJ, El
Mousadik A, Msanda F, EI Aouad N. A review on Moroccan
Thymus species: traditional uses, essential oils chemical
composition and biological effects. J. Ethnopharmacol. 2021;
278:114205.

Noori S, Zeynali F, Almasi H. Antimicrobial and antioxidant
efficiency of nanoemulsion-based edible coating containing
ginger (Zingiber officinale) essential oil and its effect on
safety and quality attributes of chicken breast fillets. Food
control. 2018; 84:312-320.

2771

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://sciprofiles.com/profile/1877333
https://sciprofiles.com/profile/1997683
https://sciprofiles.com/profile/1965228
https://sciprofiles.com/profile/author/bkxDRit1VS9Td2RPdHN2cDIwd2lRd1BNSmIxRFZmb1JtOXZJK3pMYXdCaz0=
https://sciprofiles.com/profile/1652761
https://sciprofiles.com/profile/author/WkF4R0dVSnhlOGFDamE4MUswSzdWaVBHUkM3VDNOV3hNM1MvblRIOW82MD0=
https://sciprofiles.com/profile/1382845
https://sciprofiles.com/profile/1209232
https://sciprofiles.com/profile/1932977
https://sciprofiles.com/profile/1170631
https://sciprofiles.com/profile/1062244
https://sciprofiles.com/profile/618912
https://www.sciencedirect.com/journal/industrial-crops-and-products/vol/79/suppl/C

36.

37.

38.

39.

40.

41.

Trop J Nat Prod Res, April 2023; 7(4):2765-2772

Jafarzadeh S, Jafari SM, Salehabadi A, Nafchi AM, Kumar
US, Khalil HPSA. Biodegradable green packaging with
antimicrobial functions based on the bioactive compounds
from tropical plants and their by-products. Trends Food Sci
Technol. 2020; 100: 262-277.

Saleh EAM, AL Dawsari AM, Husain K, Kutty IH, Rai
KML. Synthesis, antibacterial, and antioxidant evaluation of
novel series of condensed thiazoloquinazoline with pyrido,
pyrano, and benzol moieties as five and six-membered
heterocycle derivatives. Molecules. 2021; 26:357.
Olubukola TA, Abolaji AO, Salihu T, Akande FA, Lawal H.
Chemical composition and acaricidal activity of Eucalyptus
globulus essential oil against the vector of tropical bovine
piroplasmosis, Rhipicephalus (Boophilus) annulatus. Exp.
Appl. Acarol. 2021; 83:301-312.

Jayaprakash K, Karthikeyane A. Ocular myasis and
associated mucopurulent Ocular myasis and associated
mucopurulent conjuctivitis acquired occupationally: a case
conjuctivitis acquired occupationally: a case study. J. Am.
Med. Assoc. 2008; 275:1831-1832.

Geethalakshmi R, Sarada DVL. Evaluation of antimicrobial
and antioxidant activity of essential oil of Trianthema
decandra L. J. Pharm. Res. 2013; 6, 101-106.

Antonelli M, Donelli D, Barbieri G, Valussi M, Maggini V,
Firenzuoli F. Forest volatile organic compounds and their

42.

43.

44,

45.

46.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

effects on human health: a state of the art review. Int. J.
Environ. Res. Public Health. 2020; 17:6506.

Karimi A, Andrea K, Nadine H, Hartwig S, Javad H, Torsten
M. Variation of secondary metabolite profile of Zataria
multiflora Boiss. populations linked to geographic, climatic,
and edaphic factors. Front. Plant Sci. 2020; 11:969.

Li Y, Kong D, Fu Y, Sussman MR, Wu H. The effect of
developmental and environmental factors on secondary
metabolites in medicinal plants. Plant Physiol. Biochem.
2020; 148:80-89.

Sonigra P, Meena M. Metabolic profile, bioactivities, and
variations in the chemical constituents of essential oils of the
Ferula genus. Front. pharmacol. 2021; 11:2328.
Morshedloo MR, Salami SA, Nazeri V, Maggi F, Craker L.
Essential oil profile of oregano (Origanum vulgare L.)
populations grown under similar soil and climate conditions.
Ind.Crops Prod. 2018; 119:183-190.

Lekmine S, Boussekine S, Akkal S, Martin GAl,
Boumegoura A, Kadi K, Djeghim H, Mekersi N, Bendjedid
S, Bensouici C, Nieto G. Investigation of photoprotective,
anti-inflammatory, antioxidant capacities and LC-ESI-MS
phenolic profile of astragalus gombiformis pomel. Foods.
2021; 10:1-15.

2772

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.ncbi.nlm.nih.gov/pubmed/?term=Karthikeyan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20040993
https://sciprofiles.com/profile/1201892
https://sciprofiles.com/profile/2328731
https://sciprofiles.com/profile/author/cU5SYUZlZXZ4dkRnOU5BWmlCUFBNdWVZd25zVFhBanFQbzltVXk5QnV3WT0=
https://sciprofiles.com/profile/1224753
https://sciprofiles.com/profile/1310059
https://sciprofiles.com/profile/232115
https://sciprofiles.com/profile/232115
https://www.frontiersin.org/people/u/426607
https://www.frontiersin.org/people/u/837384
https://www.frontiersin.org/people/u/837384
https://www.frontiersin.org/journals/plant-science
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry

