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The present work aim is to evaluate the antioxidant properties of the essential oils extracted from
Thymus vulgaris and Ocimum gratissimum in order to promote their use in the food, cosmetic and
pharmaceutical industries. It is about to establish a link between the chemical composition of these
oils and their antioxidant properties. The composition of the essential oils was determined by gas
chromatography. The antioxidant powers are evaluated using the reducing power of the ferrous ion
and the trapping power of the radical DPPH°. The results show that both essential oils have similar
chemical profiles. In fact, apart from -pinene (8.80%) and -selinene
selinene (5.50%) which are absent in
the major compounds of the essential oil of Thymus vulgaris,, and carvacrol (2.79%) absent in those of
the essential oil of Ocimum gratissimum,, all the other major constituents are present in the tw
two
essential oils with relatively variable contents. The IC50 values, obtained using the DPPH method,
prove that the oil of Thymus vulgaris is more antioxidant with 481.70 ppm than that of Ocimum
gratissimum with 822.37 ppm. In addition, the results of the FRAP test show that the free radical
activity (in Eq of Fe2+) of the oil of Thymus vulgaris,, ie 603.50 ppm, is greater than that of the oil of
Ocimum gratissimum,
gratissimum, ie 513.50 ppm. The antioxidant activities presented by these oils could be
attributed to the presence of their phenolic compounds. Used as food additives, these essential oils
can thus contribute to reduce the risk of occurrence of certain diseases related to oxidative stress.
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INTRODUCTION
Oxidative metabolism is essential for cell survival.
Unfortunately it leads to the production of free radicals and
other reactive species capable of creating oxidative damage
(Koppenol, 2001). In the body, natural various causes are at
the origin of the production of free radicals. Among them,
oxidative respiration during which a small part of the oxygen
escapes to the reduction in water and is responsible for the
production of free radicals in the respiratory
piratory chain. In addition,
during the antibacterial battle defense that accompanies any
infection, leukocytes produce free radicals (Pincemail et al.,
2002; Valko et al., 2007). However, the exogenous production
of free radicals is becoming increasingly important. Indeed,
living beings are exposed daily to all kinds of pollutants, which
are at the origin of the production of free radicals once present
in the organism (Mélila et al., 2013). Pollution sources include
UV electromagnetic radiation, some transition
ition metals, cigarette
smoke, alcohol ingestion, pesticides and even some drugs
(especially anti-cancer
cancer drugs such as anthracyclines) which

radical species would be responsible for their mode of action
(Rolland, 2004 ; Pastre, 2005 ; Laguerre, 2007 ; Milane, 2014).
To become stable, the free radicals attack other biological
molecules leading to the creation of other free radicals which
thus trigger chain reactions that have the disadvantage of
modifying cells functional properties. Unfortunately, when tthe
phenomenon grows, it probably causes certain chronic diseases
(such as cardiovascular diseases, cancers, neurodegenerative
diseases, etc.) and aging. These damages are caused by the
attack of free radicals on various biomolecules, in particular
proteins,, lipids and DNA, irreparably resulting in the
degradation cells death (Moon and Shibamoto, 2009). Even if
all aerobic organisms including those of humans have an
antioxidant defense system to regulate the formation of free
radicals, this defense mechanism may notin some cases be
effective enough. As result, the exogenous supply of
antioxidant compounds becomes indispensable. Studies have
shown that there is a correlation between a rich diet in
antioxidants and the reverse incidence of diseases associated
with oxidative stress (Pastre, 2005). The antioxidants (AO) are

5773

Assoti et al. Comparative study of the antioxidant properties of essential oils of thymus vulgaris and
ocimum gratissimum, two plants of the lamiaceae family

compounds that help to prevent many oxidation reactions
caused by free radicals. Their intervention is beneficial to
ensure a safe health for living beings, as they can prevent cells
damage. The free radicals can also cause lipid peroxidation in
foods and accelerate their deterioration. However, the
discovery of the inhibition of lipid peroxidation by phenolic
compounds has led to the synthesis of some molecules for the
food industry. Thus synthetic molecules such as
butylhydroxyanisole (BHA), butylhydroxytoluene (BHT) and
propyl gallate (GP) have made their appearance as food
preservatives (Balasundram et al., 2006). However, some
physical properties (volatility and instability) and toxicological
(side effects) of BHA and BHT motivate for some time their
prohibition. In addition, consumers are losing interest in foods
that are preserved with synthetic chemicals (Odukoyaet al.,
2005). Therefore, it becomes essential to find a solution to the
conservation of food by preserving the quality and ensuring the
safety of consumers.
Thus, in recent years, to preserve food for good health of
consumers, plant extracts have become one of the major
solutions with a consequent intake of antioxidants. Studies
have shown that phenolic compounds in plants are able to
prevent oxidative damage by trapping free radicals (Sökmen et
al., 2012) which are in various reactive forms of oxygen, such
as the superoxide anion (O2•-), the hydroxyl radical (OH•), the
peroxyl radical (ROO•), non-radical species including singlet
oxygen (1O2), hydrogen peroxide (H2O2) and some transition
metals like the Fe2+and the Cu2+, acting as catalysts in the
formation of the hydroxyl radical (Haleng et al., 2007). Many
polyphenols from plant such as vitamin E (α-tocopherol),
flavonoids and flavones, carotenoids and vitamin C are
bioantioxidants available. Some of them like β-carotene and
lycopene are used as dyes. However, essential oils also start
having a lot of interest as a source of potentially bioactive
natural molecules with antioxidant capacity. Therefore, they
are increasingly being studied for their possible use as
alternatives in the treatment of certain infectious diseases and
for the protection of foods against oxidative reactions (Haleng
et al., 2007). Lamiaceae family is the most widely used one as
a source of spices and extracts with strong antibacterial and
antioxidant powers (Viuda-Martos et al., 2010).This family
includes herbaceous plants, mostly aromatic, partially woody,
forming shrubs (Evenamede, 2009). Currently, there is the
question of the effectiveness of the molecules contained in the
essential oils of Lamiaceae and the necessary tools for their
possible studies. Many of tests have been developed in the
literature to evaluate the ability of an antioxidant to brake or
even better to stop or block the oxidation process. Essentially,
the DPPH° radical reduction test, the ORAC (Oxygen Radical
Absorbance Capacity) test, the Ferric Reducing Antioxidant
Power (FRAP) test, and the Trolox Equivalent Antioxidant
Capacity (TEAC) test are instructive (Agbodan et al., 2014).
The present study aims to study the antioxidant properties of
Thymus vulgaris’ essential oil compared with that of Ocimum
gratissimum by the DPPH° radical reduction method and the
FRAP test.

MATERIAL AND METHODS
Plant material: The essential oils tested in this study are
extracted from two vegetables (Thymus vugaris and Ocimum
gratissimum) from the Lamiaceae family of Togolese flora, at
the Laboratory of Pants Extracts and Natural Aromas by steam
distillation. Thymus vulgaris is grown at Ahlon-Denou (Togo);

whereas Ocimum gratissimum is grown at the Lomé
Agricultural Experimentation Station at the University of
Lomé (Togo).
Essential oils extraction: The essential oils, obtained from
these vegetables, were extracted within two hours term by
steam distillation at the Laboratory of vegetables Extracts and
Natural Aromas, University of Lomé (Togo).
Determination of the extraction yield and measurement of
the refractive index: The extraction yield of each essential oil
was determined by dividing the mass of the extracted essential
oil by the mass of the dry biomass and its refractive index is
measured using a refracto meter type Nippon Optical Works
(NOW)/CO., LTD. Tokyo-Japan.
Analysis of the chemical composition of the essential oil of
Thymus vulgaris: The chemical composition of Thymus
vulgaris essential oil, compared to the one of Ocimum
gratissimum (Agbodan et al., 2015) is analyzed using an HP
5890 gas chromatograph (GC), equipped with a flame
ionization detector (FID), an injector, and two types of
columns: one apolar and the other polar. The detector flame is
maintained by a Hydrogen/Air mixture, with flow rates of 30
and 300 mL/min, respectively. GC/MS analysis is also made
using Agilent 5973 equipment with an HP1 (MS 60m x
0.25mm x 0.25 μm) apolar column at an initial temperature of
60 °C isothermal for 10 minutes, then at a final temperature of
300 °C for 20 min, with a gradient of 2 °C/minute. The carrier
gas (helium) flow rate was set at 1 mL/min. The mass
spectrometer detector is of HED/EM type (High Energy
Dynode/Electron Multiplier 0-3000 V) with an energy of 70
eV; the other parameters remained identical.
Evaluation of the antioxidant activity of essential oils: The
antioxidant capacity of the essential oils was evaluated in vitro
by two spectrophotometric methods, namely: the measurement
of the reducing power of the ferrous ion and the measurement
of the trapping power of the radical DPPH°.
Measurement of the trapping power of the radical DPPH°:
This test is based on the measurement of the antioxidant
trapping capacity by the 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH°). This radical is able to capture a hydrogen atom or an
electron (Tirzitis and Bartosz, 2010) in order become to a
stable molecule. The inhibitory activity of the DPPH° radical
is evaluated by the decrease of the absorbance at 593 nm by its
reduction in the presence of an antioxidant (AH), responsible
for the loss of the dark purple color of the DPPH (Molyneux,
2004; Villaño et al., 2007), according to the reaction illustrated
in Figure 1.

Radical 2.2-diphenyl-1-picrylhydrazyl

Radical 2.2-diphenyl-1-picrylhydrazyne

Figure 1. Reaction mechanism of DPPH radical reduction
(Pyrzynskaet Pękal, 2013)

Measurement of the reducing power of ferrous ion: The
reducing power is the ability of antioxidants present in an
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electron-donating solution (Li et al., 2009) to reduce a ferric
ion analogue (Tripyridyltriazine TPTZ-Fe3+ complex) to
ferrous ion (TPTZ-Fe2+) in a medium acidified with
trichloroacetic acid (Luqman et al., 2012). By adding FeCl3
into the mixture, a specific blue-colored complex is formed.
During this oxidation-reduction reaction, the reduced form
results in the change from yellow to blue (Chung et al., 2006).
The increasing in absorbance then corresponds to an increasing
in the reducing power of the sample tested.
Preparation of reagents and essential oils to be tested: The
DPPH solution, with 100 μM concentration is prepared by
dissolving 10 mg of DPPH in 254 mL of pure methanol. To
avoid possible degradation, the essential oils prepared and
FRAP reagent samples were stored in a refrigerator at 4 °C.
But before use, they were taken out of the refrigerator and
keept in the laboratory at room temperature and protected from
light. However, for each test, the DPPH reagent was freshly
prepared because of its high instability. At 20 mg of each
essential oil sample introduced into a 20 mL volumetric flask,
pure methanol was added up to the mark in order to obtain a
concentration of 1000 ppm. From these stock solutions,
dilutions were made using Eppendorf automatic pipettes
(Agbodan et al., 2014).

essential oil solution. Quercetin solution was used as the
reference antioxidant for this test. After vigorous stirring of the
vortex mixture followed by incubation for 20 min in the dark,
the optical density was read at the DMS 300 UV-V
Spectrophotometer at the wavelength of 517 nm. For each test,
the sample was prepared in triplicate to determine the mean
and standard deviation of the DO measurement. For the control
(blank) tube, the DO reading was made with 0.25 mL of
methanol added to 1.5 mL of the DPPH solution, instead of
0.25 mL of the essential oil solution. The representative curve
of DO versus essential oil concentration was plotted to
determine the equation of the calibration curve using Excel
software, and by extrapolation, to deduce the value of IC50,
that is, the antioxidant concentration needed to reduce the
initial dyeing intensity of DPPH by 50%. Inhibition curves for
IC50 values were plotted using the percentages of inhibitions
calculated using Formula 1 (Mandal et al., 2009; Hossain et
al., 2011).
% Inhibition =

x100

(Formula 1)

The IC50 value obtained for each sample was compared with
the one of quercetin, the reference antioxidant.

RESULTS
The reagent of the FRAP test was prepared according to the
protocol described by Agbodan et al. (2014) which consists in
mixing three solutions: a buffer solution with acid pH equal to
= 3.5 (50 mL), a solution of 2,4,6-tripyridyl-s-triazine (TPTZ)
(5 mL) and an iron chloride solution III (5 mL). The buffer
solution (pH = 3.5) is prepared by introducing 0.310 g of
[CH3COONa, 3H2O] into a 100 mL flask; then by adding 1.6
mL of pure acetic acid, the previous mixture was supplemented
with distilled water to the mark. The TPTZ solution was
prepared by dissolving 156 mg of this compound into 50 mL
of a hydrochloric acid solution (40 mM HCl). The solution of
iron chloride III (20 mM) was obtained by dissolving 27 mg of
[FeCl3, 6H2O] into 50 mL flask and supplementing with
distilled water. The iron sulphate II solution, used as a
reference for carrying out the FRAP test, was prepared by
dissolving 27 mg of FeSO4, 7H2O into 50 mL of pure
methanol. This stock solution of iron sulfate II (2000 μM) was
diluted to obtain different concentrations of Fe2+ ions to
establish the calibration curve.
Optical density (OD) measurement
FRAP test case: A volume of 1.5 mL of the FRAP reagent
was taken from a test tube to which 50 μL of essential oil
sample and 150 μL distilled water were added. The mixture
was vigorously vortexed and after 5 min of incubation in the
dark, before reading the OD using a DMS 300 UV-V
spectrophotometer, 593 nm wave. For each test, the sample
was prepared in triplicate to determine the average and
standard deviation of the DO measurement. The absorbance of
previously prepared TPTZ-Fe2+ complex was used as a
reference. In place of the sample, 50 μl of the iron sulphate
solution II with concentrations between 0 and 2000 mΜ are
used. The OD measurements are used to plot a calibration
curve whose equation is used to determine the Fe2+ ion
equivalent for each sample of essential oil tested (Benzie et al.,
1999).
DPPH test case: A volume of 1.5 mL of the DPPH solution
was taken from a test tube, to which was added 0.25 mL of an

Extraction yield and refractive index of essential oils: The
extraction yield and the refractive index of the two essential
oils are shown in Table 1.
Chemical composition of essential oil of Thymus vulgarisin
comparison with that of Ocimum gratissimum: After gas
chromatography’s analysis by, the majority of compounds
contained in the essential oil of Thymus vulgaris are listed in
Table 2, in comparison with those of the essential oil of
Ocimum gratissimum.
Antioxidant capacities of essential oils in comparison with
quercetin and Fe2+ ion: The measurement of the optical
densities (OD) during the trapping of the DPPH° radical makes
it possible to establish using the Excel software to trend a
curve showing the variation of the OD according to the
concentration of quercetin (Figure 2). Figures 4 and 5 present
the trend curves showing the variation of the inhibition
percentages as a function of the concentrations of the essential
oils compared to the one of quercetin (Figure 3). From the
Figures 3, 4 and 5, are calculated the IC50 (Table 3) of
quercetin and essential oils studied. The percentages of
essential oils trapping activities, compared the one of quercetin
used as the reference antioxidant, are shown as the histograms
of Figure 6. Figure 7 shows the trend curve showing the
variation of the optical density as a function of the Fe2+ ion
concentration. This curve was used to determine the reducing
power of ferrous ion (Fe2+) using the FRAP test. The equation
of this trend curve and the OD values of the solutions of the
essential oils were used to calculate the IC50 of the essential
oils in Fe2+ ion equivalents (Table 3).

DISCUSSION
Extraction yield and refractive index of essential oils: In
this study, the extraction yields of both essential oils are low
and very close.
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While the refractive index values of the two essential oils are
in agreement with those provided by the literature and are in
the existing standards (Haddouchi et al., 2009).
Chemical composition of the essential oil of Thymus
vulgaris in comparison with that of Ocimum gratissimum:
The major components of the essential oil of Thymus vulgaris
are: thymol (29.49%), p-cymene (25.34%), γ-terpinene
(10.77%), β-caryophyllene (3.2%), carvacrol (2.79%) and
myrcene (1.93%), giving a total compound content of 73.52%.
Previous studies by Agbodan et al. (2014) showed that
Ocimum gratissimum contains as major constituents: thymol
(21.32%), p-cymene (28.78%), -pinene (8.8%), -terpinene
(7.73%), -selinene (5.50%), myrcene (4.75%) and βcaryophyllene (3.32%), ie a total content of 80.20% majority
compounds. The comparison of the results (Table 2) shows
that the two essential oils have similar chemical profiles in
terms of the majority compounds, apart from -pinene (8.80%)
and -selinene (5.50%) absent in the predominant compounds
of the essential oil of Thymus vulgaris, then the carvacrol
(2.79%) absent in the majority compounds of the essential oil
of Ocimum gratissimum, all the other major constituents
namely: thymol, para-cymene, γ-terpinene , β-caryophyllene
and myrcene, are present in the both samples, but with more or
less variable contents (Table 2).
Even if it happens sometimes that two plant species are source
of essential oils of very close compositions, it is generally rare
to notice that two plant species with essential oils with
identical molecular constituents in their chemical compositions
as it is noticed at the level of essential oils of Thymus vulgaris
and Ocimum gratissimum studied here. Indeed, it is rather
recognized that two species or subspecies very similar,
belonging to the same genus, can give essential oils of
different chemical compositions. Thus, for the same botanical
species, there may be several chemical varieties or chemotypes
that originate in slight differences in the biosynthetic
pathways, resulting in the accumulation of different secondary
metabolites (Afssaps, 2008). This phenomenon has been well
studied for Thymus vulgaris L., for which at least seven (07)
different chemotypes are distinguished according to the main
constituent of essential oil (Pincemail et al., 1999): alphaterpineol, carvacrol, cineole, geraniol, sabinene hydrate,
linalool and thymol. As result, it can be expected that the two
types of essential oils can have substantially similar
antioxidant properties. Antioxidant capacities of essential oils
in comparison with quercetin and Fe2+ ion.
The shape of the curves (Figures 2, 3, 4 and 5) shows that the
quercetin and the two essential oils studied here have
antioxidant properties, independently of the two tests used to
evaluate their antioxidant powers, since the DO varies linearly
with the concentrations of essential oils. Thus, the IC50 values
obtained using the DPPH method for quercetin, Thymus
vulgaris and Ocimum gratissimum, namely 15.85 ppm, 481.70
ppm and 822.37 ppm respectively, prove that all the samples
tested reduce the concentration of the radical DPPH° and then
have anti-oxidant activities. These results show that the
essential oil of Thymus vulgaris is more antioxidant than the
essential oil of Ocimum gratissimum. But, it appears that the
trapping capacities of the radical DPPH° by the essential oils
are very weak compared to that of quercetin, since the results
indicate that taking quercetin anti-radical activity as equal to
100%, those of essential oils of Thymus vulgaris and Ocimum
gratissimum are respectively 3.29% and 1.93% (Figure 6).

This means that the anti-radical activity of quercetin is
respectively 30.39 and 51.81 times that of the essential oils of
Thymus vulgaris and Ocimum gratissimum. Concerning the
FRAP test, the reduction of the ferric ion into ferrousion is
manifested by an appearance of the blue color and then an
increase in the absorbance at 593 nm. The most reductive or
antioxidant sample is then the one that induces a greater
increase in absorbance after five minutes of incubation. The
results of the FRAP test presented in Table 3, show that the
free radical activity of the essential oil of Thymus vulgaris, ie
603.50 ppm (in Eq of Fe2+), is also superior to the one of the
essential oil of Ocimum gratissimum, ie 513.50 ppm (in Eq of
Fe2+). The results presented in this study corroborate those
obtained by Agbodan et al. (2014) who, during their studies,
obtained IC50 values equal to 20 ppm for quercetin and 875
ppm for the essential oil of Ocimum gratissimum, equivalent to
Fe2+ equal to 515 μmol.L-1 for essential oil of Ocimum
gratissimum (Agbodan et al., 2015). In this study, the antioxidant activities presented by the two essential oils would be
attributed to the presence of phenolic compounds in their
respective chemical compositions, with 57.62% and 50.10%,
respectively, for essential oil of Thymus vulgaris and the
Ocimum gratissimum one.
The molecular structures of the major compounds contained in
these two essential oils (Table 4) indicate that thymol,
carvacrol and p-cymene are the three phenolic compounds
mostly involved in the DPPH° scavenging reactions and in the
reduction of ferrous ion because the phenolic compounds have
very appreciable anti-oxidant properties. These properties also
justify their use in food and pharmaceutical products (Kouassi
et al., 2018). However, the presence of phenolic compounds
alone can not justify the antioxidant properties of essential oils.
Indeed, the presence of other compounds such as alcohols,
aldehydes, monoterpenic ketones, phenylpropanes and
monoterpenes could act by action synergy or by addition of
effect. The results (Table 3) show that the essential oil of
Thymus vulgaris is more antioxidant than that of Ocimum
gratissimum. This is explained by the fact that the total content
of phenolic compounds in the essential oil of Thymus vulgaris,
57.62%, is relatively higher than that of the essential oil of
Ocimum gratissimum, ie 50.10%. Because of their low redox
potential, polyphenols (Ar-OH) are able to rapidly reduce
oxidative free radicals such as superoxide (O2-), peroxides
(ROO•), alkoxyls (RO•) and hydroxyl by hydrogen transfer
according to the reaction mechanism of Figure 8. It is
recognized that the antioxidant activity of phenolic compounds
is due to their ability to trap free radicals to give the hydrogen
atom and electron to chelate metal cations. The structure of the
phenolic compounds is then the determining element of their
antioxidant activity (Balasundram et al., 2006). Phenoxide (PO
•) intermediate radicals are relatively stable due to resonance
and therefore, a new chain reaction is not easy to initiate (Dai
and Mumper, 2010). Moreover, they can act with other free
radicals according to the reaction:

PO° + R°

PO-R

The phenolic compounds have an ideal chemical structure for
scavenging free radicals because they have hydroxyl phenolic
groups which are capable of giving a hydrogen atom or an
electron to the free radical resulting to the formation of an
aromatic system stabilized by resonance (Dai and Mumper,
2010).
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Table 1. Extraction yield and refractive index of the two essential oils
Samples of essential oils
Thymus vulgaris
Ocimum gratissimum

Extraction yield
0,76%
0,60%

Refractive index at 20 °C
1,4915
1,5422

Standards
1,491 - 1,510
1,475 - 1,501

Table 2. Comparison between the chemical composition of the majority compounds of Thymus
vulgaris essential oil and the one of Ocimum gratissimum
Type of essential oil

Thymus vulgaris

Ocimum gratissimum

Majority compounds identified by GC analysis
Thymol
p-cymene
cymene
γ-terpinene
terpinene
β-caryophyllene
caryophyllene
Carvacrol
Myrcene
Total (%)
Thymol
p-cymene
cymene
-pinene
γ-terpinene
terpinene
-sélinene
sélinene
Myrcene
β-caryophyllene
caryophyllene
Total (%)

Contents (%)
29,49
25,34
10,77
3,20
2,79
1,93
73,52
21,32
28,78
8,80
7,73
5,50
4,75
3,32
80,20

References

Our study

Agbodan et al. (2015)

Table 3. Antioxidant power of essential oils tested in comparison with quercetin
Tests performed
DPPH
FRAP

Measured parameters
IC50 (ppm)
Equivalent in Fe2+ (M)

Quercetin
15,85
---

Samples
Thymus vulgaris
481,70
603,50

Ocimum gratissimum
822,37
513,50

Figure 2. Trend curve showing the variation of OD in relation to
quercetin concentration

Figure 3. Trend curve showing the variation of DO in
relation to quercetinconcentration

Figure 4. Trend curve showing %Inhibition variation in relation to
essential oil of Thymus vulgaris concentration

Figure 5. Trend curve showing %Inhibition variation in relation to
essential oil of Ocimum gratissimum concentration
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Figure 6. Percentage of DPPH sequestration activities of
essential oils compared to quercetin

Figure 7. Trend curve showing optical density versus Fe2+ion
concentration

thymol

carvacrol

p-cymene

γ-terpinene

myrcene

-pinene

-selinene

β-caryophyllene

Table 4. Molecular Structures of majority compounds present in both essential oils

Figure 8. Reaction mechanism of reducing in phenolic compounds with free radicals:
case of phenol (Rolland, 2004; Rowland et al., 2017)

Conclusion
The present study has demonstrated the antioxidant properties
of essential oils Thymus vulgaris and Ocimum gratissimum,
two plants of the Lamiaceae family, more used in traditional
medicine in Togo. The two methods used to evaluate the
antioxidant properties reveal that both essential oils possess
interesting antioxidant properties. This biological property
could be due to the presence of phenolic compounds, such as:
thymol, carvacrol and p-cymene, mainly present in both
essential oils. We can then consider developing standardized
phytomedicines and nutraceuticals based on these essential oils

to help reduce the risk of occurrence of certain diseases related
to oxidative stress. Since the use of synthesized molecules for
the protection against oxidative damage is, in some cases, the
cause of secondary effects, the use of natural molecules with
antioxidant properties of less toxicity proves to be an important
step alternative to the use of these synthetic molecules.
However, in order to exploit the antioxidant potential of the
essential oils tested, it is important to carry out additional
studies to evaluate the antioxidant potential of these essential
oils in vivo in order to determine the dose to which they do not
pose risks of toxicity to mammals.
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