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Abstract: Anvillea radiata is a medicinal plant that has been used in traditional phytotherapy in North
Africa as a treatment for various illnesses. In this study, we aim to explore the antioxidant, antifungal,
and antibacterial effects of essential oils of Anvillea radiata (EOAR) collected in Morocco. EOAR
was extracted by the hydrodistillation method, and the phytochemical identification was carried
out by gas chromatography-Mass Spectrometry (GC/MS). The antioxidant capacity was evaluated
by the 2.2-diphenyl-1-picrylhydrazyl (DPPH) method, ferricyanide method (FRAP) as well as to-
tal antioxidant capacity (TAC). Antifungal and antibacterial properties were determined by use
of the disc diffusion and minimum inhibitory concentration assays. The microbial strains used in
the antimicrobial evaluation were: Aspergillus niger (MTCC 282), Aspergillus flavus (MTCC 9606),
Fusarium oxysporum (MTCC 9913), Candida albicans (ATCC 10231), Escherichia coli (ATB 97/BGM),
Staphylococcus aureus (ATCC 6633), Bacillus subtills (DSM 6333), and Escherichia coli (ATB 57/B6N).
Based on in silico simulations, the inhibitory power of EOAR against nicotinamide adenine din-
ucleotide phosphate oxidase (NADPH) was evaluated. The yield of the oil was 0.96% wherein
12 compounds were identified including α-cuprenene (33.48%) camphor (21.41%) and α-himachalene
(15.88%) as major compounds. The antioxidant capacity showed an IC50 of 32.36 µg/mL (DPPH)
and an EC-50 value of 64.60 ± 3.71 µg/mL in the FRAP assay. The total antioxidant capacity
showed a concentration of 977.51 ± 22.38 µg AAE/mg (TAC). As for the antimicrobial effects,
the inhibition diameter of the studied bacteria ranged from 23.50 ± 2.31 to mm 29.50 ± 2.21 mm,
while for fungi, ranged from 25.12± 2.82 mm to 11.42± 1.90 mm. Minimum Inhibitory Concentration
(MIC) ranged from 12.71 ± 1.59 µg/mL to 23.53 ± 0.78 µg/mL for bacterial strains and
10.31 ± 1.34 µg/mL to 22.75 ± 1.06 µg/mL for fungal strains. In silico, among all Anvillea radi-
ata essential oils analyzed, the sesquiterpene γ-dehydro-ar-himachalene, monoterpenoid phenol
carvacrol, as well as sesquiterpene α-cadinene were the most active compounds against NADPH
oxidase with a glide score of −6.233, −6.082, and −5.057 Kcal/mol, respectively. Taken together,
these data showed that EOAR exhibited enormous significance as an antioxidant, antifungal, and
antibacterial agent.
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1. Introduction

Medicinal plants produce a wide variety of secondary metabolites which have become
the reference in terms of pharmacopoeia and are still the subject of a myriad of in vivo
and in vitro studies [1,2]. Plants are an essential source for discovering novel medicines
and remain the mainstay of many developing countries. At least 80% of Africa’s rural
population use medicinal plants for their health care [2,3]. In North Africa, there are about
5000 species and subspecies that possess medicinal properties [4]. Anvillea radiata Coss
(Nogd) belongs to the family Asteraceae [5], which is used in traditional phytotherapy as
a treatment for certain diseases [6–8]. Anvillea radiata is also a rich source of polyphenols
with potent antioxidant, antihypertensive and antidiabetic activities [9].

Since the beginning of the 20th century, free radicals and antioxidants have been the
most widely used terms in scientific research, characterized by their ability to oxidize
into other molecules. Their impact on health was only studied by biologists in the early
1960s through work on vitamins and flavonoids, followed by work on ascorbic acid in
late 1970 [10–12]. The accumulation of reactive oxygen species results in the appearance
of often irreversible cellular and tissue damage, the most vulnerable biological targets of
which are proteins, lipids, and deoxyribonucleic acid [13–16].

An important therapeutic advance for human health, antibiotics have long been used
to reduce mortality and morbidity rates around the world. However, due to the misuse of
these antimicrobial drugs and their growing use, new microbial populations with resistance
to some types of antibiotics have emerged [17]. Certain strains are capable of simultaneously
re-establishing multidrug resistance to several antibiotics, giving rise to bacteria known as
multidrug-resistant (MDR) bacteria [18]. Numerous investigations have been conducted
to develop substitute molecules that are effective against various infectious diseases in
response to this issue. Medicinal and aromatic plants can be used as a source of bioactive
compounds that could mitigate infections and may replace synthesized forms [17,19–22].

Essential oils (EOs) are a group of aromatic and isoprene secondary metabolites, which
are obtained by use of steam distillation and are often identified in several families of
aromatic plants [23,24]. EOs are known for their pharmacological role as an antioxidant,
antibacterial, and insecticide [25–29].

This study aimed to characterize the chemical composition of Moroccan Anvillea radiata
essential oil by use of GC-MS, and evaluate its antioxidant, antibacterial, and antifungal
activities. In silico model for NADPH oxidase inhibition is also approached.

2. Material and Method
2.1. Chemicals Used

Ammonium molybdate, butylated hydroxytoluene (BHT), sodium phosphate, quercetin,
triphenyl-tetrazolium chloride (TTC), potassium-ferricyanide (K3Fe(CN)6), 2.2-diphenyl-1-
picrilhidrazil (DPPH), methanol and trichloracetic acid (TCA) were obtained from Sigma-
Aldrich (St. Louis, MO, USA).

2.2. Plant Material

The plant was harvested during the period of maximum flowering (March, 2022), in
a desert area with geographic coordinates (4◦16′17” N 31◦12′17” W; 748 m). The plant
was identified by a botanist and given a voucher specimens RA/03/MarAr22.before being
deposited at the Herbarium of the Department of Biology, University of Sidi Mohamed
Ben Abdellah. The plant aerial part was dried by use of an oven at 40 ◦C for a few days
before being ground into a fine powder using an electric grinder. By use of a Clevenger
apparatus, EOAR extraction was done by mixing 200 g of the powder with one liter of
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distilled water. Afterward, EOARs were recovered and stored in stained vials at 4 ◦C until
further use [30,31]. The extraction yield was calculated according to the following equation:

Y (%) = (WH/WP) × 100

where Y(%): Extraction yield in percent (%); WH: Weight of extracted essential oils; WP:
Weight of powder used in the extraction.

2.3. GC-MS Identification of A. radiata Essential Oil

A Gas chromatography UltraStable vector builder (GC-VB-UTRA) chromatographic
system characterized by a VB-5 colon with an internal diameter (250 µm), length (30 m)
and film thickness (250 µm) was used to characterize the phytochemical compounds of
EOAR. The following operational parameters were set as follows: helium as the carrier gas,
with a flow rate of 1400 µL/min; Temperature Program, from 50 ◦C ramp 4 ◦C/min to 190 ◦C
before spending 20 min at 300 ◦C. The injection volume was set to 1 µL. The other settings
included also an Electronic Impact type ionization (70 eV) at 200 ◦C. The temperature
interface was set at 300 ◦C. By calculating their retention indices relative to a homologous
series of n-alkanes and matching their registered mass spectra with those documented in
referenced databases, the phytochemical components of EOAR were identified using the
NIST-MS library.

2.4. Evaluation of Antioxidant Potential of EOAR
2.4.1. DPPH Test

This test was done by preparing free radicals (DPPH) at a concentration of about
4000 µg in 100 mL of methanol, while EOAR was prepared in methanol at different
concentrations from 0.001 mg to 0.1 mg/mL. Next, 100 µL of EOAR was added to 750 µL of
DPPH solution. Subsequently, the mixture was incubated at 30 ◦C for 30 min. Methanol was
used as a negative control, while BHT and Quercetin were used as a positive control. The
optical density was measured at λ = 517 nm, and the percentage inhibition was calculated
according to the mathematical equation [32,33]:

IP (%) =
CT − SD

CT
× 100

where IP: percentage inhibition; SD: sample optical density and CT: negative control
optical density.

2.4.2. FRAP Test

FRAP test was performed as described by Elmoussaoui et al. [34]. Briefly, 500 µL of
phosphate buffer, 100 µL of EOAR prepared in methanol (10 µg/mL to 100 µg/mL) and
500 µL of potassium-ferricyanide were mixed in methanol and incubated for 25 min. Next
500 µL of TCA (10 mg/mL), 500 µL of distilled water and 100 µL of FeCl3 (0.1 mg/mL)
were mixed with the incubated solution. The optical density (OD) was read against a
control without the sample. An effective concentration of 50% was used to express the
results (EC50).

2.4.3. TAC Test

TAC test was carried out by mixing 30 µL of various concentrations of EOAR (100, 250,
500, 1000 µg/mL) with 1000 µL of a solution comprising sulphuric acid (0.2 M), sodium
phosphate (28 mM), and ammonium molybdate (4 mM). Next, the mixture was then
incubated at 96 ◦C for 90 min. The optical density was then measured at 695 nm against
a control [31,35]. TAC was given in µg of ascorbic acid equivalent (µg AAE/mg) per mg
of EO [31].
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2.5. Antimicrobial Activity
2.5.1. Stains Used for Testing

In this study, Aspergillus niger MTCC 282, Fusarium oxysporum MTCC 9913, Escherichia
coli ATB-57-B6N, Staphylococcus aureus ATCC 6633, Escherichia coli ATB-97-BGM, and Bacillus
subtilis DSM 6333, Aspergillus flavus MTCC 9606, Candida albicans ATCC 10231 were used to
conduct antimicrobial potential of EOAR. These strains were provided by the laboratory of
microbial biotechnology at the Faculty of Medicine and Pharmacy, Fez.

2.5.2. Antimicrobial Power on Solid Medium

The disc diffusion method was utilized to assess the antifungal and antibacterial
activity of EOAR on solid medium [30,36]. In Petri plates containing nutrient broth (NB)
medium, bacteria were cultivated, whereas malt extract agar (MEA) medium was used
for the growth of fungi. A few colonies were aseptically seeded in 0.9 mg/mL of sodium
chloride from the fresh bacterial culture at a density of 0.5 McFarland (107–108 CFU/mL),
while the yeast solution was estimated at 106 CFU/mL. Discs with six millimeters in
diameter were placed on the agar surface of Petri dishes after being soaked in 10 µL
of EOAR, while discs soaked in kanamycin served as positive controls [14,31]. After
incubation of Petri plates at 37 ◦C for bacteria and 30 ◦C for fungi, results were noted [37,38].

2.5.3. Antimicrobial Power on Liquid Medium

In the present work, the minimum inhibitory concentration (MIC) of EOAR against
bacterial and fungal strains was calculated using the microdilution method. Briefly, EOAR
solution was diluted in 5% DMSO, meanwhile, the positive controls, which included
kanamycin, and fluconazole, were diluted in either extract–peptone–glycerol or Mueller
Hinton agar media. After that, 100 µL of each medium was placed into microplate wells.
After that, one hundred microliters of material from each fraction were deposited into
the first well. Next, a micro-dilution was performed by diluting the sample by a factor
of 2 in each well, except for the last well, which served as the positive control for growth.
Inoculation was carried out by pouring fifty microliters of the suspension into each well of
the microplate. The first well, which served as a control for the absence of growth, did not
receive inoculum.

Using the colorimetric method (TTC 0.20 percent (w/v)), the MIC was determined by
direct observation of the growth in the wells following incubation times of 24 h for bacteria
at 37 ◦C, 48 h for yeast, and seven days for fungi at 30 ◦C [30,31,38,39].

2.6. Molecular Docking

All essential oil identified in Anvillea radiata is downloaded from the PubChem database
in SDF format. Then, they are prepared by LigPrep tool in the Maestro 11.5 version of the
Schrödinger Software program using the OPLS3 force field. A maximum of 32 stereoisomers
were produced for each ligand after the ionization states at pH 7.0± 2.0. The three-dimensional
crystal structure of NADPH oxidase is downloaded in PDB format from the protein data bank
using the following PDB ID: 2CDU. The structure is prepared and refined using the Protein
Preparation Wizard of Schrödinger-Maestro v11.5. The minimization of the structure was carried
out using OPLS3 force field. The receptor grid is setting at the following coordinates: X = 19.853,
Y =−6.431 and Z =−0.896. When the volumetric spacing performed is 20× 20× 20, SP flexible
ligand docking was carried out in Glide of Schrödinger-Maestro v 11.5 [40].

2.7. Statistical Analysis

All the tests were done in triplicate and results were reported as mean ± standard
deviation. Shapiro-Wilks method was used to verify the normality test, and the Levene
test was used to assess the assumption of homogeneity of variance. Tukey’s statistical test
served as the posthoc analysis for multiple comparisons. When p < 0.05, a statistically
significant difference was considered.



Horticulturae 2022, 8, 886 5 of 14

3. Results and Discussion
3.1. EOAR GC/MS Analysis

The extraction yield of EOAR was 1.08 ± 0.27%, which is higher than the yields
found by El Hanbali and co-authors for the essential oil of A. radiata as they found a re-
covery of about 0.5% [41]. The GC/MS identification revealed 12 compounds in EOAR
wherein α-Cuprenene (33.48%), camphene (21.41%) and α-Himachalene (15.88%) were
dominant (Figure 1). EOAR is rich in sesquiterpene hydrocarbon (65.83%) followed by
monoterpene oxygen-containing derivatives (23.95%). Compared to our results, El Han-
bali and co-authors [41] identified more than 20 compounds in EOAR constituting 88%
of its total mass. 6-oxocyclonerolidol (66.6%), 6-hydroxycyclonerolidol (11.4%) and tran-
schrysanthenyl acetate (3.9%) (Table 1) were reported as major phytoconstituents. The
qualitative and quantitative variation between these essential oils may be due to the vari-
ation in climatic conditions, harvest period as well as the method used in the extraction
and identification [42,43].
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Figure 1. Gas chromatographic analysis of EOAR by GC/MS.

3.2. Antioxydant Activity of EOAR

The DPPH scavenging activity results by EOAR revealed a dose-dependent response
(Figure 2A). Notably, EOAR showed inhibition of DPPH free radicals with an IC50 was about
32.36 µg/mL, whereas IC50 values for positive controls BHT and Quercetin were determined
to be 17.83 µg/mL and 21.98 µg/mL (Figure 2B) respectively. A lower IC50 value indicated
higher antioxidant power of the sample [33,44]. Kandouli et al. found an IC50 of about
45 µg/mL for Anvillea radiata [8]. Furthermore, antioxidant power EOAR is higher than that
of Dittrichia viscosa essential oils with an IC50 value of 1.36 mg/mL [45], and lower than that
of Juniperus thurifera essential oils, with an IC50 value of 24 ± 0.71 µg/mL [46].

As shown in Figure 2C, the evaluation of the antioxidant potency of EOAR by the
FRAP method also revealed a dose-response relationship, as the concentration of EOAR
increases, the optical density increases. EOAR showed important antioxidant effect with
effective concentration EC-50 = 64.60 ± 3.71 µg/mL compared to BHT and quercetin
that showed EC-50 value of 91.07 ± 5.18 µg/mL and 71.55 ± 4.81 µg/mL (Figure 2D),
respectively. Our results corroborate those already found by Banslama et al. EOs from the
same species harvested in Algeria recorded an EC-50 value of 67 µg/mL [47]. However, a
study conducted by Chebbac on the evaluation of the antioxidant power of essential oils of
Artemisia aragonensis, revealed that the EC-50 was around 0.118 ± 0.008 mg/mL. Thus, the
effect of EOAR was less important but it remains closer to Artemisia aragonensis [48].
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are represented as Means ± SD; n = 3. Columns marked with the same letter do not represent a
significant difference).

The total antioxidant capacity of EOAR was evaluated at various concentrations (100,
250, 500, and 1000 µg/mL). The phosphomolybdenum method is established through the
reduction of Mo (VI) to Mo (V) due to the antioxidant activity. This leads to complex
formation with maximal absorption at 695 nm. As presented in Figure 2E, important total
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antioxidant capacity was observed in EOAR in a dose-dependent manner. The antioxidant
capacity was determined to be 167.24 ± 12.35 µg AAE/mg for 100 µg/mL EOAR as the
lowest concentration used for testing, while 977.51 ± 22.38 µg AAE/mg was recorded for
the highest concentration (1000 µg/mL EOAR) (Figure 2E). By use of phosphomolybdate
method, Lavandula dentata essential oils revealed antioxidant capacity of 1.28 ± 2.28 µg
AAE/mg for 1000 µg/mL EO [35], while EOs of Withania frutescens exhibited antioxidant
power of 3.78 ± 0.41 µg AAE/mg for 1000 µg/mL EO [34]. Our results reveal definitely
that EOARs have good total antioxidant power compared to some other essential oils with
prominent therapeutic and pharmacological power.

Table 1. Compounds identified in EOARs by GC/MS.

Peaks Retention Time Compound Chemical Class Kovats Index Area (%)

1 10.580 O-Cymene MOH 1026 7.06

2 11.607 Υ-Terpinene MOH 1056 2.05

3 18.330 Camphor MOO 1290 21.41

4 18.550 Carvacrol MOO 1299 2.54

5 22.707 α-Himachalene SEH 1451 15.88

6 23.412 Longifolene SEH 1407 9.77

7 23.522 α-Cedrene SEH 1411 1.42

8 23.951 α-Cuprenene SEH 1505 33.48

9 24.144 Isolongifolene SEH 1390 1.82

10 24.341 α-Cadinen SEH 1538 1.15

11 24.550 Υ-Dehydro-ar
himachalene SEH 1517 2.31

12 27.069 β-Himachalene oxide SEO 1616 1.09

Monoterpene hydrocarbon (MOH) 9.11%

Monoterpene oxygene (MOO) 23.95%

Sesquiterpene hydrocarbon (SEH) 65.83

Sesquiterpene oxygene (SEO) 1.09%

Total 99.98%

Altogether, the evaluation of the antioxidant power of EOAR by DPPH, FRAP, and TAC
methods revealed the antioxidant potential of this essential oil to be potent. This pharmacological
effect may be due to the richness of EOAR in various bioactive compounds (Table 1). The
presented results here agreed with the literature since essential oils rich in carvacrol, thymol,
o-cymene, and γ-Terpinene possessed potent antioxidant power [30,31,34,35,41,45].

3.3. Antimicrobial Power of EOAR

Results showed that all tested microbial isolates were resistant to the positive control
Kanamycine (Figures 3 and 4). However, the EOAR showed antibacterial activity with
varying magnitudes. The diameter of inhibition zone of EOAR varied from 23.50± 2.31 mm to
29.50± 2.21 mm respectively for B. subtilis and E. coli (Figure 3A). These results were confirmed
by studies carried out by El Hanbali and co-workers, who found that the inhibition diameter
of E. coli and S. aureus was of the order of 24 mm and 36 mm respectively [41]. In addition,
A. radiata extracts showed potent antibacterial activity against B. subtilis, with a zone of
inhibition ranging from 18 to 23 mm for the methanolic extract and from 12 to 18 mm for the
aqueous extract [47]. The microdilution method revealed that the MIC was of the order of
12.71± 1.59 µg/mL for E. coli and 23.53± 0.78 µg/mL for S. aureus (Figure 3B). Recent studies
on the crude extracts showed that the methanolic extract of A. radiata had a better MIC against
S. aureus and B. subtilis which was of the order of 6.25 µg/mL and 25 µg/mL, respectively [47].
Previous studies dealing with antimicrobial activity showed that EOs have a broad spectrum
vs. various strains [30,31,34,36,44,46,48]. The antibacterial effect is exemplified by carvacrol,
terpinene, o-cymene, camphor, Longifolene, and Cedrene as responsible compounds for the
antimicrobial activity of EOs. These volatile chemicals are known as “green antimicrobials”
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because of their low cost, biocompatibility, antibacterial activity, ability to reverse resistance,
and low toxicity to eukaryotic cells [49].
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Figure 3. Antibacterial power of EOAR by use of disc method (A) and minimal inhibitory concentra-
tion (B). Antifungal potency of EOAR by use of disc (C) and microdilution assays (D). Columns with
the same letters do not represent a significant difference, (Means ± SD; n = 3).

The antifungal potency of EOAR by disc method revealed that the largest inhibition
diameter was of the order of 25.12 ± 2.82 mm observed on F. oxysporum and the smallest
diameter was 11.42 ± 1.90 mm observed on A. niger. On the other hand, A. flavus showed
resistance against the positive control (Fluconazole) (Figure 3C). The microdilution method
revealed that the lowest MIC was recorded for F. oxysporum (10.31 ± 1.34 µg/mL), while
the highest MIC was recorded for A. niger (22.75 ± 1.06 µg/mL) (Figure 3D).

These results were confirmed by studies performed on Artemisia aragonensis essential
oils such that the MIC was in the order of 21.50 µg/mL for F. oxysporum and A. niger. The
antifungal efficacy of EOAR remains less important than those found on Nigella sativa
essential oils as the lowest MIC was of the order of 0.67 µg/mL recorded on C. albicans and
the highest MIC was of the order of 2.69 µg/mL [36]. The antifungal effectiveness of EOAR
is due to its richness in volatile compounds, as most studies have shown that carvacrol,
thyme camphor, and o-cymene were inhibitors of the growth of phytopathogenic strains
[31,36,46]. Several studies have been devoted to the use of various bioactive compounds,
either natural or synthetic, to suppress pathogenic and phytopathogenic fungi in general,
and A. niger, A. flavus, F. oxysporum, and C. albicans in particular [35,46].
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The variety and importance of terpene chemicals found in EOAR may be behind the
observed activities. It is generally recognized that a complex mixture of volatile compounds
could potentially elicit various biological responses, although the exact mechanism of action
of EOs is still elusive. Over the years, numerous studies on the antibacterial activity of
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EOs have been conducted [17]. Recent research has started to more fully understand how
EOs and their main constituents interact with microbial targets [17,21]. The mechanisms of
action are complicated due to the chemical diversity of EOs, which allows for a variety of
compounds that can individually act on several targets [50]. Additionally, EOs antimicrobial
mechanisms have been discussed in literature, which showed that Eos could work against
morphological and regulatory levels of microbes [17,44]. Due to their distinct hydrophobic
nature, EOs can simply act on the cell’s outer membrane and cytoplasm, which may cause a
disruption of the bacterial structures and an increase in permeability [17,30,51]. The major
mechanisms of action of EOs and related compounds can interfere with the maintenance of
the cell’s energy status, the solute transport and membrane coupled energy transduction
processes, and metabolic control by acting on the cell membrane. By blocking autoinducer
mediators, EOs can occasionally change the expression of operons [17,30,44].

3.4. Molecular Docking

In stimulated endothelial cells, NADPH oxidase is a major enzymatic source of oxygen
free radicals [47]. Moreover, the inhibition of this protein represents a major key in the
protection of cells against free radicals. Several in vitro studies have shown the antioxidant
activity of Anvillea radiata [8,47,52]. In silico study carried out in this work showed the
inhibitory effect of EOAR against NADPH oxidase expressed in free binding energy.

γ-dehydro-ar-himachalene, carvacrol, α-cadinene, γ-terpinene, and β-himachalene
oxide were the most active compounds against the active site of NADPH oxidase with
a glide score of −6.233, −6.082, −5.057, −4.91, and −4.415 Kcal/mol respectively. In
addition, the other docked molecules showed energy between−4.121 and−2.759 kcal/mol.
Results from docking runs are summarized in Table 2. Our results are in agreement with a
study where carvacrol showed remarkable antioxidant activity according to 1,1-diphenyl-
2-picrylhydrazyl assay and Rancimat assay [53]. 2D and 3D viewers of Anvillea radiata
essential oils docked in the active site of NADPH oxidase showed the formation of two
hydrogen bond between the GLY 161 and CYS 242 residue and the OH group of carvacrol
(Figures 5 and 6).

Table 2. Docking results with essential oil of Anvillea radiata in active site of NADPH (PDB: 2CDU).

Glide Gscore Glide Emodel Glide Energy

γ-dehydro-ar-
himachalene −6.233 −31.939 −22.777

Carvacrol −6.082 −32.356 −23.536

α-cadinene −5.057 −27.232 −21.43

γ-terpinene −4.91 −24.19 −19.057

β-himachalene oxide −4.415 −17.108 −15.532

O-cymen −4.121 −35.819 −29.056

Longifolene −3.861 −29.233 −23.893

α-himachalene −3.859 −19.536 −11.804

Camphor −3.845 −21.596 −17.537

α-cedrene −3.841 −9.574 −0.657

β-himachalene oxide −3.752 −19.554 −15.836

Longifolene −3.097 −12.851 −10.753

Isolongifolene −2.759 −13.925 −4.531
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Figure 6. 3D diagrams of ligands interactions with the active site of NADPH. (A): γ-dehydro-ar-
himachalene; (B): Carvacrol; (C): α-cadinene; (D): γ-terpinene.

4. Conclusions

In conclusion, against clinically significant and drug-resistant bacteria, A. radiata
demonstrated outstanding antioxidant and antimicrobial properties. These results are
noteworthy because they may also involve potential use of EOAR as an alternative treat-
ment instead of conventional antimicrobial therapies. Further works dealing with potential
toxicities of EOAR on non-target organisms and humans are much appreciated before any
medical application.
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