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The purpose of this work was to determine chemical composition and antioxidant activity of essential oil of
different oregano species from Argentina: ‘Cordobes’, ‘Criollo’, ‘Mendocino’ and ‘Compacto’. The essential oil
composition was determined by gas-liquid chromatography and mass spectrometry. Scavenging activity was
analysed by DPPH test. The antioxidant activity of the essential oils was determined by an accelerated oxidation
test in canola oil. Thirty-nine compounds were identified in the oregano essential oils. The oregano species
showed differences in their chemical composition, radical scavenging activity and antioxidant activity. The
main compounds in the studied oregano species were thymol and trans-sabinene hydrate followed by
v-terpinene, terpinen-4-ol and a-terpinene. The oregano, ‘Criollo’, was rich in y-terpinene and had lower thymol
and frans-sabinene hydrate and higher a-terpinene and carvacrol contents than the other oregano species.
‘Mendocino’ had higher trans-sabinene hydrate and limonene than the other oregano species. ‘Cordobes’ and

Summary

‘Compacto’ had higher thymol content, radical scavenging activity and antioxidant activity in canola oil.

Keywords Antioxidant, canola, essential oil, oregano.

Introduction

Natural antioxidants as food ingredients are preferred
by consumers because these kinds of compounds have
positive effects on human health. Tocopherols are
natural antioxidants present in most vegetable oils, but
they are unstable during heating process (Nepote et al.,
2006; Ryan et al., 2008; Silva et al., 2010). Many
researchers are interested in new natural antioxidant
sources.

Since ancient times, herbs and species have been
added to different types of food to improve the flavour
and organoleptic properties (Neffati ez al., 2009). Essen-
tial oils from aromatic species are known to possess
potential as natural agents for food preservation; in fact,
their effectiveness against a wide range of microorgan-
isms has been repeatedly demonstrated (Baratta et al.,
1998a; Deans, 1991; Helander et al., 1998). In addition,
many essential oils have shown antioxidant activity
(Aeschbach et al., 1994; Baratta et al., 1998a; Yanishli-
eva et al., 1999; Olmedo et al., 2008, 2009).

Oregano is an important aromatic plant widely used
in many countries for flavouring foods. The oregano
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leaves and essential oil were used for centuries because
of its medicinal properties. The positive effect of
oregano on human health has been attributed to the
antioxidant activity of the essential oil and soluble
phenolic fractions (Eguchi et al., 1996; Englberger et al.,
1988; Peake et al., 1991). The antioxidant activity of the
essential oil may be attributed primarily to the high
content of phenolic components (Ruberto et al., 2002).

Argentina is an important producer and exporter
country of oregano. The cultivation areas of oregano are
in central and south-west regions in Argentina (Barreyro
et al., 2005). Commercial oregano comes from Origa-
num vulgare L. spp. vulgare (Compacto), vulgare spp.
virens (Cordobes), Origanum x applii (Criollo) and
Origanum X majoricum (Mendocino) (Barreyro et al.,
2005).

The objective of this work was to determine chemical
composition and antioxidant activity of essential oil of
different oregano species from Argentina.

Materials and methods

Plant material

The studied species were the following:
1 O. vulgare spp. virens (Hoffm. et Link) letswaart
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2 Origanum X applii (Domin) Boros,
3 Origanum x majoricum Cambess,
4 O. vulgare L. spp. vulgare.

These species are known in Argentina as oregano-type
‘Cordobes’ (Cor), ‘Criollo’ (Cri), ‘Mendocino’ (M) and
‘Compacto’ (Com), respectively. Plants were collected
from the ‘Instituto Nacional de Tecnologia Agropecua-
ria’ research station in Santa Lucia, San Juan, Argentina
and ‘Universidad Nacional de La Pampa’, Santa Rosa,
La Pampa, Argentina, crop 2008. For harvesting, the
plant material was cut 5 cm above the soil surface. Plant
samples were air-dried at room temperature. Air-drying
at ambient temperature seems to be an appropriate
method in preserving most of the phenolic compounds
present in plant materials (Papageorgiou et al., 2008).

Canola oil was provided by Compaiiia Oleaginosa del
Sur S.A., Loberia, Buenos Aires, Argentina.

Essential oil extraction

Essential oils were extracted by hydrodistillation for 2 h
in a Clevenger-type apparatus. The resulting essential
oils were dried over anhydrous sodium sulphate and
analysed by gas-liquid chromatography and mass spec-
trometry (GC-MS).

Essential oil composition

The essential oils were analysed by GC-MS in a Perkin
Elmer Q-700 equipment coupled with an ion trap mass
detector (Perkin Elmer, Shelton, CT, USA). A column
DB-5 (30 m x 0.25 mm i.d. and 0.25 m coating thick-
ness) was used. The temperature programme was 3 min
at 60 °C and after a rate of 4 °C min~'-240 °C. The
injector was held at 250 °C. Helium was used as the
carrier gas with a flow rate of 0.9 mL min~'. Tonisation
was realised by electron impact at 70 eV. The com-
pounds from the different oregano essential oils were
identified by comparing their retention index and mass
spectra with published data (Dambolena et al., 2010),
libraries NIST and Adams (1995). Co-injection of
Authentic standards (Sigma, St. Louis, MO, USA) was
also used for identification of the main components.
Internal standard of fenchone was used at a concentra-
tion of 0.1 mg mL™" dichloromethane. The quantitative
composition was obtained by peak areca normalisation,
and the response factor for each component was
considered to equal 1.

Free radical scavenging activity on DPPH (FRSA)

This method was adapted from Chen & Ho (1997).
Tested essential oils were added in 3.9 mL of 0.05 mm
DPPH methanolic solution, and their final concentra-
tions were 5.77, 2.77, 1.39 and 0.69 ug mL™'. The
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absorbance of the samples was measured after 30 min
on a spectrophotometer (Perkin Elmer, Lambda 1A,
UV/VIS spectrophotometer) at 517 nm. Per cent inhi-
bition of the DPPH radical by the samples was
calculated according to the following formula:

% DPPH inhibition =

A — Ab
1— 1
< Ao )x 00

where A is the absorbance of DPPH solution with the
essential oils, Ab is the absorbance of 60% methanol
with the essential oil, and Ao is the absorbance of
DPPH solution.

The inhibitory concentration 50% (ICs) was calcu-
lated from the curve obtained by plotting the percentage
of inhibition vs. the final essential oil concentrations
(Loizzo et al., 2009).

Antioxidant activity of oregano essential oils in canola oil

The antioxidant activity of oregano essential oils in
canola oil was determined by an oxidation accelerated test
according to Nepote et al. (2002). Oil treatments were
prepared by mixing 0.02% (w/w) essential oil of oregano
‘Cordobes’ (EO-Cor), ‘Criollo’ (EO-Cri), ‘Mendocino’
(EO-M) and ‘Compacto’ (EO-Com) in canola oil. BHT
(0.02%, w/w) in canola oil was used as reference, and
canola oil without additives was used as control sample.
Argentinean Food Code (CAA, 1996) allows a maximum
of 0.02% of BHT and other synthetic antioxidants in
vegetable oils. Because of that, 0.02% concentration of
essential oil and BHT were used. The oxidation acceler-
ated test was carried out in a laboratory oven (Reliance
Enterprise, Kolkata, India) at 60 + 1 °C during 12 days.
Samples were investigated at 0, 5, 7,9 and 12 days. Lipid
oxidation of samples was evaluated by determining
peroxide (PV) and p-anisidine (p-AV) values.

Peroxide value was measured following AOAC (1995)
method. PV was expressed as milliequivalents of active
oxygen per kilogram of oil (meq O, kg™").

p-Anisidine value was evaluated following TUPAC
(1987) method using a spectrophotometer (UV-V Diode
Array Spectrophotometer Hewlett Packard HP 8452 A;
Palo Alto, CA, USA).

Statistical analysis

The experiment was replicated three times. The data
were analysed using the InfoStat software, version
2010p (Facultad de Ciencias Agropecuarias, Universi-
dad Nacional de Cordoba). Means and standard devi-
ations were calculated. Analysis of variance (ANOVA,
o = 0.05) and the LSD Fisher’s multiple range test were
performed to find significant differences among means.
Principal component analysis (PCA) (Johnson & Wich-
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ern, 1998) was performed on the correlation matrix of
the standardised data from the oregano essential oil
composition and the regression coefficient B; of the
chemical variables from the storage study of canola oil
(PV and AV). The purpose of the PCA was to explore
associations between the main components of the
essential oils of the different oregano species, the 1Cs
on DPPH, and the lipid deterioration indicators of
canola oil. Cluster analysis (CA) was performed to find
out groups of oregano species with similar characteris-
tics. Sample similarities were calculated on the basis of
the Euclidean distance, and the groups of oregano
species with similar characteristics were obtained using
the average linkage or the unweighted pair-group
method using an arithmetic average (UPGMA).

Results and discussion

Essential oil composition

The essential oil composition from different oregano
specie is listed in Table S1. Only the components with
concentrations >0.05% were reported. The main
compounds found in all oregano samples were the
monoterpenes frans-sabinene hydrate, thymol and
v-terpinene. The studied oregano species showed dif-
ference in their essential oil composition. EO-Com,
EO-Cor and EO-M had high content of trans-sabinene
hydrate that varied between 27% and 38.2%. EO-Cri
had the lowest amount of this compound (6.3%) and
the highest amount of y-terpinene (18.2%). EO-Com
and EO-Cor showed higher amount of thymol (26.6—
29.7%, respectively) than EO-M (17.1%) and EO-Cri
(14.9%).

EO-Cordobes was characterised by the presence of
twenty-five components, representing 95.8% of its
essential oil. Other authors reported similar components
in the essential oil of this oregano species (Esen ef al.,
2007, Dambolena et al., 2010). Twelve compounds
characterised the EO-Com representing 99.6% of its
essential oil. Other researchers have found that EO-Com
and EO-Cor were rich in acyclic compounds and
sesquiterpenoids (Sezik et al., 1993; Kula et al., 2007).
Oregano species from Argentina were characterised for
being rich in sabinyl compounds (Dambolena et al.,
2010). Twenty-one compounds were found in the EO-M
that represents 99.4% of its essential oil. Other authors
found similar composition in this last oregano specie
(Figueredo et al., 2005; Dambolena et al., 2010). Thirty-
three components were found in EO-Cri representing
95.9% of its essential oil. Other authors reported high
amounts of thymol and frans-sabinene hydrate in EO-
Cri (Tabanca et al., 2004; Dambolena et al., 2010). The
differences in the composition of essential oils could be
attributed to different factors such as genotype of
subspecies and/or environmental factors like climate
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conditions, temperature, humidity and rainfall among
others (Dambolena et al., 2010).

Free radical scavenging activity on DPPH

DPPH inhibition percentages at different concentrations
(5.77,2.77, 1.39 and 0.69 pg mL™") and ICs, of the four
oregano essential oils (Compacto, Cordobes, Criollo
and Mendocino) are shown in Table S2. Oregano,
Cordobes and Compacto had higher scavenging activity
than the other oregano species. Mendocino had the
lowest DPPH inhibition percentages. Loizzo et al.
(2009) informed ICsy (ug mL™") between 1.0 and 1.7 in
Origanum essential oils. Dambolena ef al. (2010)
reported FRSA between 17.5 and 75.3 in water extracts
from dry oregano plant material studied in different
locations measured at concentration of 40 mg plant
mL™". These authors found that Compacto type had the
highest FRSA.

Antioxidant activity of oregano essential oils in canola oil

Peroxide value is a chemical indicator used to determine
primary reaction products of lipid oxidation (Frankel,
2005). PV of the different canola oil samples (canola oil
control and canola oil added with EO-Com, EO-Cor,
EO-Cri and EO-M, and with BHT) during storage at
60 °C are shown in Fig. 1. In general, PV of all
treatments increased significantly (o« = 0.05) with stor-
age time. Initially, all treatments had similar PVs
(between 12.99 and 13.59 meq O, kg™'). At day 5,
canola oil with BHT showed the lowest value. From
seventh day onwards, all treatments had significantly
lower PV compared with the control having BHT
treatments the lowest values. On 12th day of storage,
the canola oil enriched with oregano essential oils
showed lower PV (between 37.00 and 40.96
meq O, kg™') than canola oil control sample (43.12 me-
q O, kg™') and higher PV than BHT treatment
(34.56 meq O, kg™"). At this storage day, canola oils
added with EO-Cor and EO-M had lower PV in
comparison with the other treatments with oregano
essential oils (Criollo and Compacto). These results
indicate that essential oil of the studied oregano species
showed antioxidant activity in canola oil.

In advanced stages of lipid oxidation, organic peroxides
decompose into secondary products, including alcohols,
carboxylic acids, aldehydes and ketones, which can be
measured by the p-AV method (Frankel, 2005). p-AV of
the different canola oil samples (canola oil control and
canola oil added with EO-Com, EO-Cor, EO-Cri and
EO-M, and with BHT) during storage at 60 °C are shown
in Fig. 2. In general, p-AV of all treatments increased
significantly with storage time. Initially, all treatments
showed similar p-AV. Since 5-12 days of storage, canola
oil samples had significant differences in p-AV and all
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Figure 1 Peroxide values (meq O, kg™") from different canola oil

samples: canola oil control and canola oil added with oregano essential

oils (Compacto, Cordobés, Criollo, and Mendocino) and with BHT
stored at 60 °C.

samples added with oregano essential oils and BHT had
lower AV than canola oil control sample. At 12 days of
storage, the samples with EO-Com and EO-Cor, and
BHT had lower p-AV in comparison with those samples
added with EO-Cri and EO-M. The p-AV at 12 storage
days were 8.55, 5.47, 5.05, 5.84, 6.63 and 6.83 in canola oil
control sample, and in canola oil added with BHT, EO-
Cor, EO-Com, EO-M and EO-Ceri, respectively. Accord-
ing to p-AV results, EO-Com and EO-Cor had antiox-
idant activity similar to BHT in canola oil.

Other authors (Dambolena et al., 2010) reported
total phenol content and FRSA of extracts from these
oregano species (Compacto, Criollo, Cordobes and
Mendocino) from different Argentinean locations
(Santa Lucia, La Pampa, La Consulta). They found
differences in the phenol content and FRSA among
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Figure 2 p-Anisidine values from different canola oil samples: canola
oil control and canola oil added with oregano essential oils (Com-
pacto, Cordobés, Criollo and Mendocino) and with BHT stored at
60 °C.

oregano species and locations. They reported that
oregano extracts from Santa Lucia showed higher
phenol content and FRSA. In that study, the authors also
reported that Mendocino had the highest amount of
phenolics  (19.36 mg g~') followed by Compacto
(18.88 mg g~ '), Cordobes (18.21 mg g~') and Criollo
(18.09 mg g™ "), and Compacto had the highest FRSA
(75.3%) followed by Criollo (67.3%), Mendocino (54.6%)
and Cordobes (17.5%). Those authors concluded that O.
Compacto from Santa Lucia could have higher antiox-
idant activity than the other oregano varieties.
Regression coefficients and R” for the dependent
variables, PV and p-AV, in canola oil samples (canola
oil control, canola oils enriched with EO-Com, EO-Cor,
EO-Cri and EO-M, and with BHT) from the storage
study at 60 °C are shown in Table 1. In general, the

Regression*

Table 1 Regression equations and R for
dependant variables: peroxide (PV) and

Dependent variable Canola oil sample Bo i R? p-anisidine (AV) valufes in canol.a oil (control
sample) and canola oil added with oregano
PV Control 10.718645 2.686872 b 0.925670 essential oils (Compacto, Cordobes, Criollo,
Compacto 11.434828 2.398966 ab 0.942724  and Mendocino), and with BHT
Cordobes 11.927463 2.099778 ab 0.955474
Criollo 9.862291 2.308744 ab 0.764765
Mendocino 10.462217 2.223300 ab 0.903530
BHT 10.299631 1.802783 a 0.883125
AV Control —-0.190107 0.797693 b 0.936115
Compacto -0.137898 0.439278 a 0.854419
Cordobes —-0.123391 0.487989 a 0.895857
Criollo —0.444163 0.570025 a 0.909248
Mendocino —-0.130123 0.604261 a 0.944129
BHT -0.617923 0.474130 a 0.922385

*Regression equations: Y = By + B1.X, where Y = dependent variable (PV and AV) and X = inde-

pendent variable (days).

Tanova and LSD Fisher’s multiple range test: The slope (B,) of each variable followed with the same

letters in the column are not significantly different at o = 0.05.
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regression models for these variables showed R higher
than 0.76. Therefore, these regression equations repre-
sented quite well the effect of the time on chemical
variables (PV and AV) analysed in canola oil during
storage at 60 °C. In addition, the stability differences
between samples could be analysed through their
oxidation tendencies. In Table 1, significant differences
between the slopes (B;) from regression analysis were
detected for dependent variables PV and AV. Higher
slopes (P;) indicate higher tendency to oxidation. PV
slope in canola oil added with BHT was lower than in
the control. The canola oil with addition of oregano
essential oils did not showed significant differences in
their PV slopes in comparison with control and BHT
treatments. B; values of AV in canola oils enriched with
oregano essential oils and BHT were lower than in
canola oil control. These results evidenced the antiox-
idant activity of oregano essential oils in canola oil.

Principal component analysis

Principal component analysis is an unsupervised tech-
nique that reduces the dimensionality in a data set. By
projecting the objects of the data set into the space of the
first few components, it is possible to demonstrate
differences among the various objects, determining at
the same time which variables are principally involved.
Multivariate analysis methods are becoming increas-
ingly important for food characterisation, classification,
authenticity determination and quality control (Arvani-
toyannis et al., 1999; Tzouros & Arvanitoyannis, 2001).
In other works, multivariate analysis was used to
explore authenticity of different food such as red wine

(Arvanitoyannis et al.,1999; Kallithraka et al., 2001a,b),
meat and meat products (Arvanitoyannis & Van Hou-
welingen-Koukaliaroglou, 2003), olive oil (Arvanito-
yannis & Vlachos, 2007), potato (Arvanitoyannis et al.,
2008), rice (Arvanitoyannis & Vlachos, 2008), maize
(Arvanitoyannis & Vlachos, 2009), and for classification
of foods according to their variety or geographical
origin (Kallithraka et al., 2001a,b).

Figure 3 is the biplot obtained from the first two
principal components (PC) of PCA. The first two PC of
the PCA explain 87.8% of total variability in the
oregano species. This percentage was considered accept-
able to draw correlation between the variables. The
dispersion of the points indicated high variability among
samples. Oxidation indicators (PV and AV) from canola
oil storage study were positively associated between
them and were negatively associated with thymol and
carvacrol methyl ether contents. ICs, was positively
correlated with limonene content and with the oxidation
indicators (PV and AV). EO-Com and EO-Cor had
higher contents of thymol, lower ICsy on DPPH, and
relatively lower PV and AV. These oregano species
showed antioxidant activity in canola oil. Thymol is a
phenolic compound with demonstrated antioxidant
activity (Baratta et al., 1998b; Lagouri et al., 1993;
Aeschbach et al., 1994; Neffati ez al., 2009). Ruberto &
Baratta (2000), and this component together with
carvacrol is the most active components of oxygenated
monoterpenes. It is known that phenols are efficient
antioxidants (Deighton et al., 1993; Ruberto & Baratta,
2000; Yanishlieva et al., 1999). Thymol and carvacrol
are, in fact, responsible for the antioxidant activity of
many essential oils that contain them (Baratta et al.,

Figure 3 Biplot from the first and second
principal components of principal component
analysis. Variables: inhibitory concentration
50% on DPPH, chemical indicators (peroxide
values and anisidine values) from canola oil
stability study, and the main components of
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the essential oil from the studied oregano
species (Compacto, Cordobes, Criollo and
Mendocino).
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1998b; Lagouri et al., 1993; Aeschbach et al., 1994;
Neffati et al., 2009). The oregano species studied in this
work had low amounts of carvacrol but their antioxi-
dant activity may be due to high thymol content.
Thymol and carvacrol are compounds used to characte-
rise oregano chemotype. Thymol with sabinene hydrate
characterised essential oils of O. vulgare subspecies
vulgare and virens. While Criollo and Mendocino are
hybrid oreganos, the chemistry of their essential oils
would depend on their parents (Skoula et al., 1999;
Skoula & Harborne, 2002). High carvacrol content in
essential oil is the key to the concept of the oregano
spice and is a prerequisite determining a plant’s
suitability for the preparation of this condiment. Orig-
anum heracleoticum, the main source of Greek oregano,
is a chemically non-uniform species. Within its wild
population, there are at least three chemovarieties that,
although similar in their external appearance, differ in
their odours. On the basis of their flavours and essential
oil compositions, these varieties could be defined as
marjoram, oregano types. Oregano, which contains
mainly carvacrol, is traditionally collected for oregano
spice preparation on the basis of its odour (Fleisher &
Sneer, 1982).

On the other hand, cis and trans-sabinene hydrate and
terpinen-4-ol contents were positively related among
them and negatively associated with o-terpinene, 1,8-
cineole, B-frans-ocimene, sabinene and y-terpinene con-
tents in the essential oils of the studied oregano species.
EO-Cri had higher amounts of these lasts compounds
(a-terpinene, 1,8-cineole, B-trans-ocimene, sabinene and
v-terpinene) and lower amounts of c¢is and trans-sabinene
hydrate and 4-terpineol than the essential oils from the
other species. Limonene and ICs, were negatively
associated mainly with p-cymene. Oregano Mendocino
essential oil had higher contents of limonene, cis and
trans-sabinene hydrate, ICsy, and lower p-cimene amount
than the essential oils from the other oregano species.

The biplot suggests a poor association between the
oxidation indicators in canola oil (PV and AV), the ICs,
and the following compounds in these oregano species: cis
and trans-sabinene hydrate, terpinen-4-ol, o-terpinene,
1,8-cineole, B-trans-ocimene, sabinene and y-terpinene.

Previous researches (Dambolena et al., 2010) reported
variability in the composition and found associations
between oregano essential oil composition, phenolic
content and FRSA in water oregano extracts owing to
different environmental factors.

Cluster analysis

Cluster analysis is an unsupervised classification proce-
dure that involves a measurement of either the distance
or the similarity between objects to be clustered. Objects
are grouped in clusters in terms of their nearness or
similarity (Arvanitoyannis et al., 1999, 2008). The

© 2011 The Authors
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results achieved by the CA of the oregano species
considering the chemical indicators from storage study
in canola oil (PV, AV and ICsy) and the main
compounds in the oregano essential oils are presented
as a dendrogram in Fig. 4. Three clusters of groups were
observed: group 1 was formed by Compacto and
Cordobes; group 2 and 3 were formed by Mendocino
and Criollo, respectively. These results disclosed that
there were differences between groups of oregano
species. These variables may contain adequate informa-
tion to attain oregano species differentiation according
to the established classes. Figure 3 shows that O. vulgare
ssp virens (Cordobes) and O. vulgare ssp vulgare (Com-
pacto) had higher concentration of thymol and trans-
sabinene hydrate. This composition made grouped
together both subspecies. These results are consistent
with the chemotaxonomic classification reported by
Skoula et al. (1999). On the other hand, essential oil
composition of Origanum X majoricum (Mendocino)
was similar to that of their ancestors (Dambolena e? al.,
2010). Finally, Origanum x appli (Criollo) had a com-
position enriched in the biosynthetic precursors of
oxygenated compounds as y-terpinene, o-terpinene and
sabinene. All these results affected the grouping of the
four studied oregano (Fig. 4) determining higher simi-
larity between subspecies of O. vulgare (Cordobes and
Compacto) than the hybrid oreganos (Criollo and
Mendocino). These last two oreganos were also not
grouped.

Criollo

Mendocino

Cordobes

Compacto

0.00 1.66 3.32 4.99 6.65

Figure 4 Dendrogram from cluster analysis of the different oregano
species (Compacto, Cordobes, Criollo and Mendocino) considering
the variables: main components in the oregano essential oils, inhibitory
concentration 50% on DPPH, and the chemical indicators (peroxide
values and anisidine values) from canola oil stability study.
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Conclusions

The different oregano essential oils from Argentina
showed variability in the relative percentages of the two
main components: thymol and trans-sabinene hydrate.
The different oregano species showed differences in
radical scavenging activity and antioxidant activity in
canola oil. In general, EO-Cor and EO-Com had higher
scavenging activity and antioxidant activity than EO-Cri
and EO-M. This antioxidant activity could be mainly
associated with the high amount of thymol on these
essential oils. The addition of these oregano essential
oils in canola oil improves the stability of this oil
preventing lipid oxidation. The present research renews
interest in the use of naturally occurring antioxidants in
food industry. For that reason, oregano essential oil as a
natural antioxidant could be used for replacement of
synthetic antioxidants on food products with high
content of lipids. This study also provides associations
between chemical composition of the essential oils,
radical scavenging activity and oxidation indicators
from the canola oil storage study.
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