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1. Introduction

Since ancient times, plants have been used to treat, prevent and cure diseases.
However, the use of plants with medicinal potential has increased considerably
and has stimulated studies that seek the characterization, identification and iso-
lation of new natural products with medicinal properties. Among these natural
products, the essential oils, regarded as flavorings or essences, have many appli-
cations because of their medicinal properties and their importance in the cos-
metics and food industries. Essential oils are complex mixtures of volatile sub-
stances extracted from the plant by steam distillation or hydrodistillation. They
are colorless or light yellow and are generally odoriferous. They have a high bio-
logical potential; they may have antioxidant, antiseptic, antimicrobial, antifun-
gal, anti-inflammatory, or repellent activities, among others [1].

Antioxidants are substances that prevent or retard the rate of oxidation
through one or more mechanisms that involve inhibiting or reducing the effects
triggered by free radicals and oxidizing compounds on oxidizable substrates.
Many compounds produced by plants have been the object of research regarding
their antioxidant potentials, and the results have been promising. Among these
substances, the essential oils stand out because many of their components can
replace or be associated with synthetic substances. The acceptance of these
products by consumers results in expansion of the use of essential oils of various
plants as raw materials in food, pharmaceutical, and cosmetic industries [2].

Pathogenic bacteria have been the cause of the principal problems arising
from the proliferation of resistant micro-organisms, especially with respect to
the contamination of various foods. Food poisoning outbreaks are increasingly
common, so there is a need to find compounds that are able to control bacterial
strains resistant to antibiotics so as to reduce the contamination and deteriora-
tion of food-products [3]. This study sought to chemically characterize the es-
sential oils from the following medicinal plants: M. piperita, C. citratus, R. offi-
cinalis, P. boldus and F. vulgare and to evaluate their antioxidant and antibac-

terial activities.

2. Material and Methods

2.1. Extraction of Essential Oils

Approximately 1.0 kg of dry material (leaves) from each plant (Mentha piperita,
Cymbopogon citratus, Rosmarinus officinalis, Peumus boldus and Foeniculum
vulgare), acquired in the Municipal Market of Belo Horizonte, Minas Gerais,
Brazil, was used. The essential oils of selected medicinal plants were extracted in
the Organic Chemistry-Essential Oils Laboratory of the Chemistry Department
of the Federal University of Lavras. The material was extracted by hydrodistilla-
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tion using a modified Clevenger apparatus coupled to a 5 L flask [4]. A 300 g
quantity of each dried plant material was subjected to the hydrodistillation
process for two hours. After extraction, the essential oil was separated from the
hidrolact by centrifugation using a benchtop centrifuge with a horizontal cross-
piece (FANEM Baby°l Model 206 BL) at 965g at room temperature for 5 mi-
nutes. The essential oil was transferred to an amber bottle with the aid of a Pas-
teur pipette and stored at 5°C.

2.2. Identification and Quantification of Essential Oils

The identification of the constituents of the essential oils was performed by gas
chromatography coupled to a mass spectrometer using a Shimadzu QP model
5050A GC/MS equipped with a J&W Scientific fused-silica capillary column (5%
phenyl 95% dimethylpolysiloxane; 30 m x 0.25 mm id, 0.25 um of film) using He
as the carrier gas with a flow rate of 1.2 mL min™. The column temperature was
maintained at 50°C for 2 min, increased at 4°C min™ to 200°C, increased at
15°C min™" to 300°C, and maintained at this temperature for 15 min. The tem-
peratures of the injector and interphase were maintained at 250°C and 280°C,
respectively. A 0.5 pL sample of the oil in ethyl acetate was injected. The confi-
guration of the mass spectrometer (MS) included an ion capture detector oper-
ating in electron impact mode and an impact energy of 70 eV. The scan speed
was 1000; the scan interval was 0.50, and fragments were detected in the range of
40 to 500 Da. The retention indices of the constituents were compared with
those of the literature [5]. The retention indices were calculated using the equa-
tion of Van Den Dool and Kratz [6] relative to a homologous series of n-alkanes
(Cs-Cys). Two libraries, NIST107 and NIST21, were used for comparison of the
mass spectra.

The quantitative analyses were conducted by gas chromatography (Shimadzu
GC-17A) using a flame ionization detector (FID) and a ZB-5MS fused-silica ca-
pillary column (5% phenyl-95% dimethylpolysiloxane; 30 m x 0.25 mm id x 0.25
pm film). The carrier gas was He with a flow rate of 1.2 mL-min™". The analytical
conditions were the same as those used for the GC-MS analysis, and the concen-

tration of each component was obtained by normalization of areas (%).

2.3. Antibacterial Activity of Essential Oils

To assess the antibacterial activities, the following micro-organisms were used:
Listeria monocytogens ATCC19117, Salmonella Choleraesuis ATCC6539, Pseu-
domonas aeruginosa ATCC15442, Escherichia coli ATCC11229 and Staphylo-
coccus aureus ATCC13565. Initially, cultures were activated in broth (BHI) with
incubation at 37°C for 24 hours. After activation, the cultures were transferred
to a tube with 5 mL of tryptic soy broth (TSB) and incubated at 37°C to achieve
the turbidity of a McFarland 0.5 standard solution, resulting in a concentration
of 108 colony forming units (CFU) per milliliter. The turbidity readings were
performed using a spectrophotometer (Varian, Cary 50 probe) at a wavelength
of 625 nm [7].

The cultures were poured into petri plates containing a thin layer of fresh
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Mueller-Hinton Agar (20 mL), and sterile glass beads were placed on this layer.
A second layer of agar containing the inoculated microorganisms was poured
over the first layer and the glass beads. After solidification, the glass beads were
removed, and 10 uL of DMSO solution of the essential oils at concentrations of
15.62, 31.25, 62.5, 125, 250, and 500 pg-mL™" was placed in each well. The plates
were incubated in BOD at 37°C for 24 hours. The diameters of the inhibition
halos formed were measured, and the minimum inhibitory concentration
(MIC), the lowest concentration that inhibited the growth of the microorganism,
was calculated. Chloramphenicol (standard antibiotic) was used as a positive
control, and DMSO as the negative control [8]. The micro-organisms S. chole-
raesuis, P. aeruginosa, E. coli and S. aureus were transferred to plates containing
Mueller-Hinton Agar. Casoy Agar (TSA) supplemented with yeast extract [9]
was used for L. monocytogens.

2.4. Antioxidant Activities of the Essential Oils

The antioxidant activities of the essential oils were determined using the me-
thods that evaluate the capacity for sequestration of the DPPH radical, inhibition
of the oxidation of the S-carotene/linoleic acid system, stabilization of the ABTS
radical, capture of the hydroxyl radical, the reducing power and the reduction of
molybdenum.

2.5. Sequestering of the DPPH (2,2-Diphenyl-1-Picrylhydrazyl)
Radical

A solution of DPPH in ethanol (stock solution) was prepared at a concentration
of 40 ug mL™". The stock solution (2700 pL) was added to test tubes followed by
the addition of 300 pL of the essential oil diluted in ethanol at concentrations of
25, 50, 100, 150, 200, 250 and 500 pg mL™. The control contained all the rea-
gents except the essential oil. After incubation for 60 minutes in the absence of
light, readings were performed in a spectrophotometer at a wavelength of 515
nm. Comparison tests were conducted with synthetic BHT (butylated hydrox-

ytoluene) at the same concentration [10].

2.6. Oxidation of the §-Carotene/Linoleic Acid System

To evaluate the inhibition of oxidation of the S-carotene/linoleic acid system, 60
mg of linoleic acid, 600 mg of Tween 20, 6 mg of f-carotene and 30 mL of chloro-
form were added to a round-bottom flask, and the mixture was evaporated using
a rotary evaporator at 50°C. After complete removal of the chloroform, 150 mL
of distilled water saturated with oxygen was added. To 2700 pL of this solution in
test tubes, was added 300 pL of the essential oil diluted in ethanol at concentra-
tions of 25, 50, 100, 150, 200, 250 and 500 pg mL™. The control contained only
ethanol. The absorbance was immediately measured in a spectrophotometer at
470 nm. The tubes were incubated at 50°C for 60 minutes to effect the oxidation,
and a second reading was taken. The blank was prepared in the same manner as
the emulsion with the addition of all the reagents except pS-carotene. For com-
parison, the BHT standard was tested using the same concentrations [11].
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2.7. Stabilization of the ABTS Radical

The ABTS® radical was formed by reaction of ABTS with 2.45 mM potassium
persulphate at 25°C for 12 - 16 h in the absence of light. After the formation of
the radical, it was diluted in ethanol to obtain an absorbance between 0.7 to 0.72
at 734 nm (Shimadzu UV-1601PC). To 1900 pL of the ABTS" in a test tube, was
added 100 pL of the samples at concentrations of 25, 50, 100, 150, 200, 250 and
500 pug-mL~'. The synthetic antioxidant BHT was employed at the same concen-

trations as a positive control [12].

2.8. Neutralization of the Hydroxyl Radical

The method described by Boulanouar ef al [13] was used to evaluate the anti-
oxidant activity through the capture of the hydroxyl radical (OH"). To a test
tube, 100 pL of the sample diluted in water at concentrations of 25, 50, 100, 150,
200, 250 and 500 pg mL™, 100 pL of the mixture of FeSO4/EDTA, 100 uL of
deoxyribose, 700 uL of 0.1 M phosphate buffer (pH = 7.4) and 100 uL of H,O,
were added. The tubes were incubated at 50°C for 60 min, and 500 pL each of
trichloroacetic acid (TCA) and thiobarbituric acid were added. The tubes were
boiled for 10 min and cooled; the absorbance was measured at 532 nm in a
Shimadzu UV-1601PC spectrophotometer. Mannitol was employed as the
standard.

2.9. Reducing Power

Fifty-microliter aliquots of the essential oils at concentrations of 25, 50, 100, 150,
200, 250 and 500 pug mL™" were added to 500 pL of 200 mM phosphate buffer, pH
6, and 500 pL of 1% potassium hexacyanoferrate III. The mixture was stirred and
incubated at 50°C for 20 minutes. After the addition of 500 pL of 10% TCA,
1500 uL of distilled water and 300 uL of 0.1% FeCls, the absorbance was meas-
ured at 700 nm, and a plot of absorbance versus sample concentration was con-

structed. Ascorbic acid was used as the standard [14].

2.10. Reduction of Molybdenum

To test tubes were added 50 pL of solutions of the essential oils at different con-
centrations (25, 50, 100, 150, 200, 250 and 500 pg mL™" in ethanol), 2.000 mL of
ammonium phosphomolibdate (10% sulfuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate). The tubes were stirred and incubated at
95°C for 60 minutes. After cooling, the absorbance was measured at 695 nm.

The synthetic standard was ascorbic acid [15].

2.11. Statistical Analysis

The data resulting from the antioxidant studies were submitted to analysis of va-
riance using a completely randomized design in a 5 x 7 factorial scheme (essen-
tial oils x concentrations), and the means were compared by the Scott-Knott test
at 5% probability. The statistical program used was SISVAR [16].
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3. Results and Discussion

The chemical compositions of the essential oils from Mentha piperita, Cymbo-

pogon citratus, Rosmarinus officinalis, Peumus boldus and Foelniculum vulgare

are shown in Table 1 where the principal components present in each essential

oil are emphasized.

Table 1. Compositions of the essential oils from Mentha piperita, Cymbopogon citratus,

Rosmarinus officinalis, Peumus boldus and Fdleo essencialniculum vulgare.

Percent of constituent

%%
0:{5: Scientific Research Publishing

RI Constituent
M. piperita C. citratus R. officinalis P. boldus F. vulgare

927 a-pinene - - 0.92 -
942 camphene - - 2.55 - -
963 sabinene - - - 0.59 -
970 f-pinene - - 141 0.34 -
980 myrcene 0.55 8.46 - - -
1015 p-Cymene - - - 15.45 -
1022 limonene 10.97 - - - 6.15
1028 1.8-cineol - - 62.26 10.59 -
1082 fenchone - - - 0.17 3.8
1089 linalool - 2.46 - - -
1143 camphor - - 17.34 - -
1155 pinocarvone - - - 0.45 -
1162 isoborneol - - 3.77 - -
1169 terpinen-4-ol - - - 2.03 -
1185 a-terpineol - - 2.77 - -
1200 methylchavicol - - - - 89.48
1231 ascaridol - - - 2.73 -
1236 neral - 35.43 - - -
1245 geraniol - 2.16 - - -
1246 carvone 84.34 - - - -
1247 cis-epoxy-piperitone - - - 0.43 -
1266 geranial - 47.74 - - -
1281 2-undecanone - 1.68 - - -
1305 a-terpinyl formate - - - 61.99 -
1372 geranyl acetate - 0.20 - - -
1383 S-bourbunene 0.46 - - - -
1419 E-cariophylene 0.75 - - - -
1428 f-copaene 0.09 - - - -
1454 a-humulene 0.11 - - - -
1462 cis-muurola-4(14).5-diene 0.22 - - - -
1607 f-oplopenone - - - 0.14 -
1616 1,10-di-epi-cubenol 0.17 - - - -
1655 a-cadinol 0.18 - - - -

Total 97.84 98.13 99.17 95.83 99,46

RI = Retention index.
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Regarding the essential oil from M. piperita, the princpal constituents were
carvone (84.34%) and limonene (10.97%). Recent studies verified the presence of
18 compounds in the essential oil from M. piperita, and the principal compo-
nents were pulegone (45.00%) followed by iso-menthol (12.80%), piperitanona
(9.10%), menthone (8.00%), piperitone (7.40%) and piperitanone oxide (6.90%)
[17]. Their data are different from those found in this work. This difference can
be explained by edafoclimatic differences such as the locations and hours of col-
lection, soil, nutrients, among others, because the plants were collected in dif-
ferent locations [18].

The principal constituents of the essential oil from C. citratus were geranial
(47.74%), neral (35.43%) and myrcene (8.46%). The principal components
found in this study are consistent with those obtained by Miranda et al [19] who
studied the essential oil from C. citratus specimens collected in Lavras, MG, Bra-
zil. However, those authors found different proportions of geranial (41.61%),
neral (29.78%) and myrcene (2.07%).

The principal constituents in the essential oil from R. officinalis were
1,8-cineole (62.26%), camphor (17.34%) and a-pinene (9.07%). Lemos et al [20]
found the same principal components in the essential oil from R. officinalis, but
in very different quantities. The authors found a higher percentage of camphor
(24.38%), followed by 1,8-cineole (19.74%) and a-pinene (15.18%).

The principal components of the essential oil from P. boldus were a-terpinyl
formate (61.99%), p-cymene (15.45%), 1,8-cineole (10.59%), ascaridol (2.73%),
and terpinen-4-ol (2.03%). Vogel et al [21] found ascaridol to be the main
component of the essential oil from this species, whereas Villa et al [22] ob-
tained an essential oil containing limonene (17.0%), p-cymene (13.6%) and 1,8-
cineole (11.8%), and only 1% of the terpenoids corresponded to ascaridol. The
authors attributed this alteration to different varieties of P. Boldus.

According to the data presented in Table 1, the principal component of the
essential oil from F. vulgare was methyl chavicol, also known as estragole
(89.48%), followed by limonene (6.15%) and fenchone (3.80%). In recent studies
by Evrendilek [17] of the essential oil from F. vulgare extracted from fennel
seeds acquired in Hatay markets (Turkey), seven compounds were found; the
principal component was trans-anethole (80.4%). These results are different
from those found in the present work where no frans-anethole was found.

According to the observations of Gobbo-Neto and Lopes [18], the differences
in the chemical compositions of the essential oils from medicinal plants of the
same species can be due to several factors such as location and time of collection,
type of soil and nutrients because the secondary metabolites in the plant can
vary with the season in which it is collected. The age of the plant, seasonality,
temperature, and other factors also influence virtually all the classes of secondary
metabolites, including the essential oils. The essential oils contained a larger
concentration of monoterpenes (oxygenated or not) and sesquiterpenes (oxyge-
nated or not), whereas the essential oil from F. vulgare was the only one that

contained a phenylpropanoid.
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3.1. Antibacterial Activity of Essential Oils

The minimum inhibitory concentrations (MICs) of the essential oils tested
against Gram-negative and Gram-positive bacteria are described in Table 2. The
growth of S. choleraesuis and L. monocytogenes was inhibited by the essential
oil from C. citratus at a minimum concentration of 15.63 pug-mL™. E. coli was
more sensitive to the essential oils from C. citraus and P. boldus, both presenting
a MIC of 31.25 pg-mL'. P. aeruginosa was not sensitive to any of the essential
oils tested. S. aureus is a micro-organism that was sensitive only to the essential
oil from P. boldus (62.5 pg-mL™). Antibacterial activity against Gram- positive
and Gram-negative bacteria was observed for the essential oils from M. piperita,
C. citratus and P. boldus. These results differ from those of most studies in
which Gram-positive bacteria are reported to be more sensitive to essential oils
because they have no outer membrane to act as a protective barrier against ma-
cromolecules and hydrophobic compounds. Because of this morphology, Gram-
positive bacteria are relatively less resistant to antibiotics and other hydrophobic
drugs, as well as essential oils [23].

Valeriano et al [24], analyzing the antibacterial activity of the essential oil
from M. piperita against the same bacterial strains evaluated in this study, ob-
served that this species had a higher activity against E. coli and a low activity
against L. monocytogenes. According to the authors, menthol, neoisomenthol,
menthone, methyl acetate and iso-menthone were the principal components,
whereas in the present work, similar activities against both £. coli and L. mono-
cytogenes were observed for the essential oil from this species, and the principal
constituents found were carvone and limonene.

Studies report that menthol is active against various micro-organisms, in-
cluding P. aeruginosa [24]. Subsequently, work performed by Valeriano et al
[24] also showed that menthol is not the only agent responsible for the antimi-

crobial properties of M. piperita. The observations made by Iscan et al [25] are

Table 2. Antibacterial activity of essential oils from Mentha piperita, Cymbopogon citra-
tus, Rosmarinus officinalis, Peumus boldus and Foeniculum vulgare.

MIC (pg-mL™)
Bacteria Gram DMSO CF M C R P. F

plperita citratus officinalis boldus wvulgare

S. choleraesuis

- NI 100 6250  15.63 125 125 125
ATCC6539
E. coli
- NI 100 6250  31.25 125 3125 625
ATCC11229
P. acruginosa NI 100 NI NI NI NI NI
ATCC 15442
$. aureus + NI 100 250 125 125 62.5 NI
ATCC13565 )
L
monocytogenes NI 100 6250  15.63 500 250 125

ATCC19117

NI: no inhibition, CF: chloramphenicol (C+).
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not consistent with the findings of the present study because we observed no ac-
tivity for the essential oil of this species against P. aeruginosa.

According to Silva et al [26], the essential oil from C. citratus inhibited the
growth of S. aureus (Gram-positive), and the MIC was 7.81 pg-mL™". The growth
of P. aeruginosa and E. coli (Gram negative) was also inhibited with an average
MIC of 15.62 pg-mL™". The results of the present work partially corroborate their
results [26]; the MIC for the essential oil from C. citratus in this work was 15.63
ug-mL~! for the inhibition of the growth of L. monocytogenesand E. coli.

3.2. Antioxidant Activity of Essential Oils

The percentages of antioxidant activities of the essential oils and BHT deter-
mined by the DPPH radical sequestration method are presented in Table 3. A
low antioxidant activity was observed for the essential oils. A higher antioxidant
activity was observed for the BHT standard than for the essential oils. The activi-
ties of the essential oils from M. piperita, C. citratus and R. officinalis did not
differ significantly in any of the concentrations tested. As for the essential oil
from P. boldus, there was a significant difference at the highest concentration
(500 pug-mL™); the same effect was observed with the essential oil from F. vu/-
gare.

The low antioxidant activity of the essential oils is related to their composition
because no compound that could easily donate a hydrogen atom to stabilize the
DPPH radical, nor any compound having a conjugated double bond, where sta-
bilization could also occur, was found. Yadegarinia et al [27] conducted re-
search on the antioxidant activity of the essential oil from M. piperita using the
DPPH method and observed an activity of 69%. The principal components of
the essential oil were a-terpinene (19.7%), piperitenona oxide (19.3%), trans-
carveol (14.5%) and isomenthone (10.3%). Their data do not match those found
in this study.

Table 3. Percentage of antioxidant activity of the essential oils and the BHT standard
measured by the sequestration of DPPH radicals.

Antioxidant activity (%)

Concentration
(pgmL™) BHT M. C. R. b E

plperita citratus officinalis boldus vulgare
25 13.90gA 0.39aB 0.00aB 0.11aB 0.25cB 0.05bB
50 22.80fA 0.54aB 0.20aB 0.01aB 0.18cB 0.00bB
100 38.50eA 0.66aB 0.20aB 0.00aB 0.00cB 0.00bB
150 44.60dA 0.51aB 0.19aB 0.01aB 1.25bB 0.69aB
200 52.50cA 0.52aD 0.34aD 0.06aD 2.32aB 1.36aC
250 59.70bA 0.38aC 0.15aC 0.00aC 1.91aB 1.12aB
500 72.70aA 1.32aC 0.56aD 0.43aD 2.40aB 1.34aC

Means followed by the same lower case letter in the columns and the same upper case letter in the row do not
differ significantly by the Scott-Knott test (p < 0.05).
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Guimardes et al [28] studied the antioxidant activity of the essential oil from
C. citratus and its main constituent, citral, via the capture of the DPPH radical
and observed a low antioxidant activity for both. According to the authors, this
fact can be justified by the fact that it is difficult for the constituents to donate a
hydrogen atom to stabilize the DPPH radical. These results are consistent with
those found in this work.

Teixeira et al [29] assessed the antioxidant activity of the essential oil from R.
officinalis using the DPPH-sequestration method and observed no significant
potential for the samples when compared to the standard, because the principal
compounds identified by the authors were camphor (35.50%), 1,8-cineole
(18.20%), and bornyl acetate (13.40%). Camphor (17.34%) and 1,8-cineole
(62.26%) were also found in this work, but in different concentrations. Accord-
ing to the authors, the low activity of the essential oil from R. officinalis is due to
the constituents present in the oil, which did not possess structures favorable for
donating a hydrogen atom or an electron to stabilize the DPPH radical.

Among the constituents of the essential oil from P. boldus, terpinen-4-ol has a
hydroxyl group (-OH) that could donate a hydrogen atom, but there would be
no stabilization of the resulting alkoxy radical by resonance. Therefore, its anti-
oxidant potential by the DPPH method is low.

Roby et al. [30] observed a high antioxidant activity for F. vulgare seeds by the
DPPH method. The authors found frans-anethole (56.40%), fenchone (8.26%),
and estragole (5.20%) in the essential oil from this plant. In the present work,
trans-anethole (a phenylpropanoid) was not identified in the essential oil from
this species, but another phenylpropanoid, estragole, was identified. 7rans-ane-
thole is a compound that can donate an electron, and the resulting radical can be
stabilized by resonance because it has a conjugated double bond. This feature is
not present in the structure of estragole, and this fact may explain the low activ-
ity observed in this work because it was found to be the principal compound.

The results obtained for evaluation of the antioxidant activity of the essential
oils and BHT using the S-carotene/linoleic acid method are described in Table
4. The highest antioxidant activity was observed for the essential oil from C. ci-
tratus (5.81%) at a concentration of 500 ug L™, followed by F. vulgare, P. boldus
and M. piperita, which differed statistically from the control but possessed a low
activity.

A higher antioxidant activity at the concentration of 150 pg L' was observed
for the essential oils from M. piperita and R. officinalis, whereas a higher anti-
oxidant activity in the two highest concentrations was observed for the essential
oil from F. vulgare. The result was statistically different from those of the other
essential oils. An increase in antioxidant activity with concentration was found
for the essential oil from P. boldus, and the highest activity was observed at a
concentration of 500 ug-mL™" (3.37%)

Yadegarinia et al [27] analyzed the antioxidant activity of the essential oil
from M. piperita L. They found a 50.17% inhibition of oxidation using the -

carotene/linoleic acid method. These data do not corroborate those found in the
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Table 4. Percentages of antioxidant activity of essential oils and the BHT standard by the
p-carotene/linoleic acid method.

Antioxidant Activity (%)
Concentration
(pgmL™) BHT M. C. R. P F.

pilperita citratus officinalis boldus vulgare
25 63.40eA 0.28bC 1.81cB 0.00bC 0.28cC 0.16bC
50 74.00dA 0.76bB 1.72¢B 0.00bB 0.75¢B 0.88bB
100 81.30cA 1.09bC 3.83bB 0.40bC 1.36cC 0.09bC
150 81.90cA 2.12aC 4.56bB 0.99aC 1.67bC 0.92bC
200 85.50bA 2.26aC 4.12bB 1.26aC 1.84bC 1.25bC
250 86.60bA 2.03aC 4.16bB 1.92aC 2.08bC 2.95aC
500 91.00aA 3.11aC 5.81aB 1.64aD 3.37aC 3.96aC

Means followed by the same lower case letter in the columns and the same upper case letter in the row do not
differ significantly by the Scott-Knott test (p < 0.05).

present work because the principal constituents identified by those authors (a-
terpinene, piperitone oxide, frans-carveol, isomenthone and f-caryophyllene)
were different from those found in the present study (carvone and limonene).

Guimardes et al [28] determined the antioxidant activity of the essential oil
from C. citratus and its principal constituent (citral) employing the emulsified
p-carotene/linoleic acid system and noted that these substances exhibited an an-
tioxidant activity of 46.45% and 38.00%, respectively, at an essential oil or citral
concentration of 100 pg-L™. Their data did not corroborate those found in this
study. The authors compared the antioxidant activity of the essential oil and ci-
tral and observed a higher activity for the essential oil than for citral. This fact
shows that the principal constituent is not always the agent that is responsible
for the activity, but rather all the components might act in synergy.

Gachkar et al. [31] evaluated the antioxidant activity of the essential oil from
R. officinalis and found that the principal constituents were piperitone (23.70%),
a-pinene (14.90%), linalool (14.90%) and 1.8-cineol (7.43%). They observed ap-
proximately 60% inhibition of oxidation and concluded that this oil can be used
in food preservation. Their results are different from those found in this work,
where the essential oil from R. officinalis presented only 1.64% of antioxidant
activity. Constituents that have structures of an intermediate polarity, such as
the aldehyde group, (-CHO), provide some hydrophobicity and exhibit large an-
tioxidant activities in the p-carotene/linoleic acid system. They are more effec-
tive in protecting linoleic acid because they are more highly concentrated in the
lipid phase [32].

A significant difference in antioxidant activity of the essential oils from the
control at all concentrations was observed with the use of the ABTS method
(Table 5), the control being more effective. A significant difference in the effects
of the essential oils from M. piperita, R. officinalis and P. boldus was only ob-
served at the concentration of 500 pg-mL™, whereas no statistical difference be-

tween the concentrations was observed for the C. citratusand F. vulgare oils.
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Table 5. Percentages of antioxidant activity of the essential oils and BHT standard using
the ABTS method.

Antioxidant Activities (%)

Concentration
(ug-mL™) BHT M. C R. P. F,
piperita citratus  officinalis boldus vulgare
25 16.00gA 1.29bB 0.16aB 0.64bB 0.22bB 0.00aB
50 30.10fA 0.68bB 0.90aB 0.53bB 0.61bB 0.00aB
100 50.60eA 1.25bB 0.77aB 0.43bB 0.78bB 0.00aB
150 64.80dA 0.11bB 0.43aB 0.83bB 0.85bB 0.00aB
200 72.20cA 0.96bB 0.35aB 1.63bB 0.91bB 0.00aB
250 81.00bA 1.13bB 0.00aC 1.68bB 1.18bB 0.00aC
500 93.60aA 2.83aC 1.56aD 4.55aB 4.57aB 0.00aE

Means followed by the same lower case letter in the columns and the same upper case letter in the row do not
differ significantly by the Scott-Knott test (p < 0.05).

According to Singh, Shushni and Belkheir [33], a high antioxidant potential
(approximately 90% inhibition) was observed for the essential oil from M. pipe-
rita. According to the authors, the essential oil from M. piperita is composed of
menthol, menthone, menthofuran and menthyl acetate. The authors emphasized
the importance of natural products with an antioxidant potential for the food,
cosmetic and pharmaceutical industries. The essential oils can be used as possi-
ble substitutes for synthetic products because they can prevent oxidation of food
and can be used in the production of pharmaceuticals and cosmetics that remove
free radicals present in the body.

Jordan ef al [34] stated that the essential oil from R. officinalis has a signifi-
cant antioxidant potential for radical capture methods like the ABTS method.
The authors report that essential oils with significant levels of y-terpinene,
a-terpinene, terpinolene and caryophyllene oxide present a significant activity.
According to the authors, y-terpinene, a-terpinene, terpinolene and caryophyl-
lene oxide were not identified as the principal constituents, but they were
present in concentrations sufficient for the capture of radical. However, these
components were not identified in the present study. This fact explains the low
activity observed because the principal constituents (1,8-cineol, a-pinene and
camphor) are not capable of donating hydrogen atoms for the stabilization of
ABTS.

The percentage of antioxidant activity of the essential oils measured by the
hydroxyl method is presented in Table 6. The essential oil from M. piperita ex-
hibited the highest activity (62.8%) at a concentration of 500 pg-mL’, followed
by R. officinalis (46.2%), C. citratus (42.2%), F. vulgare (31.3%) and P. boldus
(25.8%). According to the literature, the standard to be used would be mannitol;
however, a low antioxidant activity, approximately 20% at the highest concen-
tration, was observed for this compound.

Mimica-Dukic et al [35] studied the essential oils from M. piperita, M. longi-

folia and M. aquatica. Greater activity was observed for the essential oil from M.
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Table 6. Percentage of antioxidant activity of the essential oils and the mannitol standard
by the hydroxyl method.

Antioxidant Activities (%)

Concentration
(ugmL™) Mannitol M. c R 2 £
plperita citratus  officinalis boldus  vulgare
25 0.00cD 28.70cA 22.40dB 10.30cC 0.00bD 0.75¢cD
50 0.00cC 40.70bA 11.70dB 13.60cB 0.00bC 0.00cC
100 0.00cC 42.90bA 11.30cB 12.30cB 0.00bC 0.00cC
150 1.52cC 26.60cA 16.60bB 16.20cB 2.92bC 3.41cC
200 3.76cC 31.00cA 19.90bB 27.20bA 3.00bC 4.15¢C
250 9.44bD 42.10bA 24.40bC 31.20bB 6.11bD  10.80bD
500 19.70aE 62.80aA 42.20aB 46.20aB 25.80aD  31.30aC

Means followed by the same lower case letter in the columns and the same upper case letter in the row do not
differ significantly by the Scott-Knott test (p < 0.05).

piperita (24.0%), which is composed of menthol (40.0%), methyl acetate (10.0%)
and menthone (9.0%). The constituents identified in this study were not the
same as those found by those authors, which may explain the difference in activ-
ity observed via the hydroxyl method. Essential oils that possess components
capable of stabilizing the OH radical will not attack deoxyribose, and conse-
quently, malondialdehyde will not be formed and no reaction with TBA will oc-
cur.

The greatest activity was observed for the essential oils from C. citratus and P.
Boldus (Table 7) when the molybdenum reduction method was employed. It is
noted that 1.54 and 1.82 pg of the essential oils from C. citratus and P. Boldus,
respectively, were equivalent to 1 g of ascorbic acid, whereas it required 20 pg of
the essential oil from F. vulgareto obtain the same equivalence.

Silva et al. [36] evaluated the antioxidant activity of the essential oil from the
plants of the Lamiaceae family (Mentha pulegium and Mentha viridis) by the
molybdenum reduction method. They found that a higher activity was observed
for the essential oil from M. pulegium (50.0% of pulegone, 31.9% menthol and
16.6% menthone) than for the standard used (BHT), followed by the essential oil
from M. viridis, which is composed of 40.7% linalool, 13.9% carvone and 8.6%
a-terpinene. The data do not corroborate those found in this study because no
significant activity was observed for the essential oil from M. piperita using the
molybdenum reduction method. The different compositions of the essential oils
may have influenced the results.

No antioxidant activity for the essential oils (M. piperita, C. citratus, R. offici-
nalis, F. vulgare and P. boldus) was observed by the reducing power method;
that is, no reduction of the iron ion occurred. Silva et al. [36] observed a limited
activity in reducing the iron ion for the essential oil from M. viridis. However,
the activity observed for the essential oil from M. pulegium at the concentrations
of 0.78 to 50 pL-mL™" exceeded that of the BHT standard. Although the essential

oils are from plant species of the same genus and family, they may contain dif-
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Table 7. Antioxidant activity of the essential oils determined by the phosphomolibdenum
reduction method.

Phosphomolybdenum Method

Plent Amount of essential oil equivalent to one pg of ascorbic acid (pg)
M. piperita 53
C. citratus 1.54
R. officinalis 5.57
P. boldus 1.82
F. vulgare 20.66

ferent components and, consequently, exhibit different antioxidant activities.
Teixeira ef al [29] evaluated the antioxidant properties of the essential oil from
R. officinalis by the reducing power method and observed an activity lower than
the equivalent of 5 micromoles of ascorbic acid per gram of essential oil. No

such activity was observed in the present study.

4. Conclusion

The principal constituents found in the essential oil from M. piperita were car-
vone and limonene. Geranial, neral and myrcene were found in the essential oil
from C. citratus. Camphor, 1,8-cineole, and a-pinene were found in the essential
oil from R. officinalis. The essential oil from P. boldus contained a-terpinyl for-
mate, p-cymene, 1,8-cineole, ascaridol and terpinen-4-ol, and the essential oil
from F. vulgare contained methyl chavicol, limonene and fenchone. In the eval-
uation of the antibacterial activity, S. aureus was more sensitive to the oil from 2.
boldus. Listeria monocytogenes and Salmonella choleraesuis were sensitive to
the essential oil from C. citratus. Escherichia coli was affected by the essential
oils from C. citratus and P. boldus, whereas Pseudomonas aeruginosa was resis-
tant to all the oils tested. All the essential oils tested presented low or no anti-
oxidant activities with the radical sequestration methods (DPPH and ABTS).
They were not effective in protecting against the oxidation of linoleic acid. They
were effective only in the protection of deoxyribose, where the peppermint oil
presented the highest antioxidant activity. The activities of the essential oils were
greater than those of the standard (mannitol). In the molybdenum reduction
method, the essential oils from C. citratus and P. boldus were more effective in
reducing molybdenum than the other oils, and no antioxidant activity was ob-

served by the reducing power method.
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