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1. Introduction

Lipid oxidation is one of the main causes of chemical deteriora
tion in food. The food oxidation process produces a rancid flavou
and decreases the sensory and nutritional quality of the product
making them unacceptable to consumers (Belitz, Grosch,
Schielberle, 2009). Lipid oxidation occurs during storage of raw
materials and/or the finished products of food, especially those tha
have been heat treated. During lipid oxidation reactions, free rad
cals are generated in the food matrix. These free radicals are respon
sible for many health problems including tumours, diabetes an
cardiovascular disease (Fransen, Nordgren, Wang, & Apanaset
2010; Otaegui-Arrazola, Menéndez-Carreño, & Astiasarán, 2010).

Antioxidant application is the simplest technique for reducin
lipid oxidation. Synthetic antioxidants, such as butylated hydroxy
anisole (BHA), butylated hydroxitoluene (BHT) and propyl gallat
(PG), are used in many foods to decrease the oxidation proces
However, their safety is questioned because they are presume
to be carcinogenic molecules. Consumers reject the addition o
synthetics compounds to food because of the potential conse
quence of these compounds (Shearn, Fritz, & Thompson, 2011).

There are several studies regarding the use of essential oils a
natural compounds because they show preservative propertie
such as antioxidant and antimicrobial activity (Roginsky & Liss

http://dx.doi.org/10.1016/j.foodchem.2014.01.087
0308-8146/� 2014 Published by Elsevier Ltd.
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gano essential oils obtained

en a,⇑
5000 Córdoba, Argentina
, Argentina

as to determine the antioxidant activity of fractions separated from oregan
olecular distillation. Two residue (R1 and R2) and two distillate (D1 and D2

molecular distillation. The major components were: carvacrol, terpinen-4-
2; and c-terpinene, a-terpineol and sabinene in D1 and D2. Free-radical scav
d in all fractions and was highest in R2 (77.2%). D1 and D2 showed a smalle
n compounds produced from sunflower oil stored at 60 �C for 14 days. Th
y was observed in D1 and D2. The thermal stability of oregano essential o
analysed. R1 and R2 presented an increased carvacrol concentration an
-path molecular distillation fractions can be used to prepare fractions from
higher antioxidant activity.

� 2014 Published by Elsevier Lt

2005; Suhaj, 2006; Dobravalskyte, Venskutonis, & Talou., 2012
Natural antioxidants from food plants have the following advanta
ges: (i) they are accepted by the consumers; (ii) they are consid
ered safe; (iii) they do not need safety tests because they ar
already in food; (iv) they are from natural resources, which hav
been used as food for a long time; (v) they have functional proper
ties; and (vi) they have acceptable sensory properties (Sachet
et al., 2005).

Essential oils, in general, have shown lower antioxidant activit
than artificial antioxidants like BHT in food (Olmedo, Nepot
Mestrallet, & Grosso, 2008; Olmedo, Asensio, Nepote, Mestrallet,
Grosso, 2009; Olmedo, Nepote, & Grosso, 2012a, 2012b), even whe
using the essential oils in higher concentrations than BHT, causin
an increase in the flavour intensity in the food products whic
sometimes negatively affects the consumer acceptability. Oregan
essential oil has been studied as an antioxidant in different kind
of food products, such as fried salted peanuts (Olmedo et al., 2009
Olmedo et al., 2008), olive oil (Asensio, Nepote, & Grosso 2011
2012), and coated peanuts (Olmedo et al., 2012a). Botsoglou
Govaris, Botsoglou, Grigoropoulou, and Papageorgiou (2003) re
ported that oregano essential oil increased the oxidative stabilit
of breast and thigh meat during frozen storage. Kulisic, Radoni
Katalinic, and Milos (2004) determined the antioxidant activity o
oregano essential oil using three different methods: the beta
carotene bleaching (BCB) test, free radical scavenging activity an
the thiobarbituric acid reactive species (TBARS) assay. These author
observed that oregano essential oil showed a greater antioxidan

able at ScienceDirect

emistry

sevier .com/locate / foodchem
fractions from oregano essential oils obtained by molecular distillation. Food
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Ch
tivity with respect to the control sample. In addition, Quiroga, Riv-
os, Zygadlo, Grosso, and Nepote (2011) reported that different
emical compositions of oregano essential oils produced different
tioxidant activity. In that research, the essential oil of the oregano
rieties Cordobes and Compacto show a higher thymol content and
gher radical scavenging activity and antioxidant activity when
ded in canola oil. For that reason, increasing the concentration
a particular molecule with high antioxidant potential in a fraction
tained from the essential oil should increase the antioxidant
wer in that fraction compared with the antioxidant activity of
e essential oil.
Short-path molecular distillation (SPMD) is a new technique for

oducing the concentration of particular compounds, on the basis
their boiling points. Molecular distillation is an appropriate

ethod for the separation and purification of thermally unstable
aterials with low vapour pressures and high molecular weight,
t without the danger of thermal decomposition (Shao, He, Sun,
Jiang, 2009). This method is characterised by a short exposure
the liquid to be distilled to an elevated temperature and high
cuum in the distillation space. Therefore, the molecular distilla-
n should not alter the essential oil components due to the low
essures and low dwell times (Cvengros, Mikov, & Lutisan,
00; Shao, Jiang, & Ying, 2007). SPMD application is very useful
the petroleum and oil areas for obtaining fractions enriched in
rticular compounds (Cermak, John, & Evangelista, 2007; Kahveci
Xu, 2011; Shao et al., 2009). This method has been used in essen-
l oil separation but the fractions obtained have not been studied
potential antioxidants in food (Tovar, Maciel, Pinto, Filho, &
mes, 2010; Martins et al., 2012).
The objective of this study was to evaluate the antioxidant

tivity of fractions separated from oregano essential oil by
ort-path molecular distillation.

Materials and methods
. Materials and extraction of the essential oil

Leaves of oregano (Origanum vulgare L.) were collected in April
11 from the experimental station of the Facultad de Ciencias
ropecuarias, Universidad Nacional de Córdoba, Córdoba, Argen-
a. The essential oils were extracted for 1 h in a Clevenger-type
paratus, dried with anhydrous sodium sulphate and kept in dark
ss flasks at �18 �C until molecular distillation processing.

. Fractions obtained by short path molecular distillation

The oregano essential oil was distilled under 2 different condi-
ns with a short path molecular distillation (SPMD) apparatus.
e essential oil was put in the reception chamber (capacity,
0 ml) and the different fractions were obtained by modifying
e pressure, while temperature and flow were kept constant.
e first distillation was at 73 mbar, 25 �C and 1.18 ml/min. After
is first distillation, two fractions called Distillate 1 (D1) and Res-
ue 1 (R1) were obtained. In the second distillation, R1 was dis-
led at 75 mbar, 25 �C and 1.18 ml/min to obtain two new
ctions called Distillate 2 (D2) and Residue 2 (R2).

. Chemical composition analysis of the essential oil and its fractions

The composition of the oregano essential oil and its fractions
tained by SPMD were determined by gas chromatography cou-

ed with mass spectrometry (GC–MS) using a chromatograph Per-
Elmer Clarus 600 (Palo Alto, Ca, USA). The samples were

alysed using a non-polar column DB-5 (30 m � 0.25 lm). The
romatographic conditions were 40 �C initial temperature for
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in, 10 �C/min for rate 1 until to 100 �C, 15 �C/min for rate 2 until
5 �C. The injector temperature was 250 �C. The carrier gas (he-
m) had a flow rate of 0.9 ml/min. Ionisation was obtained by
ctron impact at 70 eV and mass spectral data were acquired in

e scan mode in the m/z range 35–450. The compounds were
entified by their retention times (Adam, 1995), mass spectra
m NIST libraries, and by co-injection authentic standards of

e main components (SIGMA, St. Louis, MO, USA) (Olmedo, Ne-
te, & Grosso, 2012b). The quantification of each peak was per-

rmed by the mass reported by the mass detector. The results
re expressed as a percentage (w/w).

. Free-radical scavenging activity (test DPPH-FRSA) and total
enolic content

The radical-scavenging activity was determined according to
e method by Choi, Song, Ukeda, and Sawamura (2000) using
-diphenyl-1-picrylhydrazyl (DPPH). A UV–Vis diode array spec-
photometer Hewlett Packard HP 8452 A (Palo Alto, CA, USA) was

ed to measure the absorbance of the solutions. The activity was
pressed as a percentage of DPPH inhibition (PI) using the follow-
g equation:

¼ ½ðAc � AaÞ=Ac� � 100 ð1Þ

ere Ac and Aa were the absorbance measured at 517 nm after
min for the control and essential oil samples, respectively.
The phenol content was determined using Folin-Cicolteau re-

ent and gallic acid as a standard (SIGMA, St. Louis, MO, USA).
aliquot of the sample (oregano essential oil and its distilled

ctions) was added to 0.5 ml deionised water with 5% w/w Tween
. This solution was mixed with 8 ml distillate water and 0.5 ml of
lin-Cicolteau Reagent. The phenol content was measured at
0 nm in a spectrophotometer after 60 min. The phenol content
s expressed as mg/g of the sample (Dambolena et al., 2010).
181. Accelerated oxidation test

182Refined sunflower oil (Natura, Aceitera General Deheza SA, Gen-
183al Deheza, Córdoba, Argentina) was used for an oven test exper-
184ent. The control and sunflower samples added to 0.02% oregano
185sential oil or the distilled fractions of oregano essential oil were
186red in an oven at 60 �C (Proestos, Boziaris, Nychas, & Komaitis,
18706). The samples prepared were: C = 100% refined sunflower
188; O = refined sunflower oil with oregano essential oil; R1 = re-
189ed sunflower oil with Residue 1; R2 = refined sunflower oil with
190sidue 2; D1 = refined sunflower oil with Distillate 1; and D2 = re-
191ed sunflower oil with Distillate 2. Ten gram of the samples were
192red for 14 days in an opened assay tube and removed from stor-
193e at days 0, 4, 7, 11 and 14. The following chemical indicators of
194id oxidation were evaluated in the samples: peroxide value (PV),
195isidina value (AV) and conjugated dienes (DC). PV was expressed
196miliequivalents of active oxygen per kilogram of oil (meq O2

197�1) (AOAC, 1980); the anisidine value (AV) was evaluated follow-
198g the IUPAC method (IUPAC, 1987) by reading the absorbance of
199mples at 350 nm; and conjugated dienes were determined
200cording to the COI method, by reading the absorbance at
2012 nm (COI, 2001). Also were determinate Totox Value (TV) as
202V+AV.

203. Volatile oxidation compounds

204In addition, volatile oxidation compounds were studied to ana-
205e the antioxidant effect of the addition of distilled fraction in
206fined sunflower oil. For this experiment, 10 g sunflower oil was
207t into a vial (capacity 50 ml). The treatments were the same as
208at used in the test oven experiment. The lids were put on the bot-

ns from oregano essential oils obtained by molecular distillation. Food

http://dx.doi.org/10.1016/j.foodchem.2014.01.087
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tles, sealed and stored in oven at 60 �C for 14 days. Samples wer
removed from oven at day 0, 7 and 14. The volatile compound
were analysed by GC–MS. Hexanal, heptanal, 2-heptenal and oc
anal were identified and quantified. The volatiles compounds wer
captured using a solid phase microextractor fibre (SPME), PDMS
DVB (Supelco, SIGMA, St. Louis, MO, USA). The PDMS/DVB wa
used because it showed good reproducibility and linearity o
response for the volatile compounds released by lipid oxidatio
reactions (Brunton, Cronin, Monahan, & Duncan, 2000). The fibr
was introduced into the vial that was heated for 20 min at 130 �
without stirring. The volatiles captured on the fibre were analyse
by CG-MS using a chromatograph Perkin Elmer Clarus 600 (Pal
Alto, Ca, USA). The samples were separated in a non-polar colum
DB-5 (30 m). The chromatographic conditions were 40 �C initia
temperature for 3 min, 10 �C/min for rate 1 until to 100 �C, 15 �C
min for rate 2 until 245 �C. The injector temperature was 250 �C
The carrier gas (helium) had a flow rate of 0.9 ml/min. Ionisatio
was obtained by electron impact at 70 eV and mass spectral dat
were acquired in the scan mode in the m/z range of 35–450. Th
identification procedure was the same as described for the essen
tial oil composition study (Section 2.3). To help the identificatio
of the main components, a co-injection of hexanal, heptanal an
octanal authentic standards (SIGMA, St. Louis, MO, USA) were als
made. Acetaldehyde (SIGMA, St. Louis, MO, USA) was used as a
internal standard for all samples. The concentration of the compo
nent was expressed as ppm (mg/l).
2.7. Thermal stability of the fractions obtained from essential oils

For determination of the thermal stability determination of the
fractions separated by SPMD, 10 ll fractions were put into a vial
(capacity 10 ml). The bottles were sealed and stored in oven at
60 �C during 14 days. Samples were removed from the oven at days
0, 7 and 14. For chemical composition analysis, a fibre SPME PDMS/

Table 1
Chemical composition expressed as percentage (w/w) of terpenes separated by GC–MS,
its distilled fractions.

Oregano essential oil and fractions

OreganoA Residue 1A

Essential oil component (Relative percentage)
a-Thujene 1.26 ± 0.14b 1.10 ± 0.09b

a-Pinene 1.09 ± 0.11b 1.01 ± 0.14b

Camphene 0.00 ± 0.00a 0.00 ± 0.00a

Sabinene 4.62 ± 0.21b 4.36 ± 0.20b

b-Pinene 0.44 ± 0.14b 1.65 ± 0.16d

b-Myrcene 1.78 ± 0.19b 0.63 ± 0.14a

a-Phellandrene 0.79 ± 0.10b 7.96 ± 0.23e

a-Terpinene 8.54 ± 0.19c 2.66 ± 0.14a

r-Cymene 2.65 ± 0.17b 3.93 ± 0.22c

b-Phellandrene 3.62 ± 0.22c 0.00 ± 0.00a

c-Terpinene 25.1 ± 0.34b 24.8 ± 0.39b

Cis sabinene hydrate 0.90 ± 0.10b 0.81 ± 0.10b

Terpinolene 2.13 ± 0.14c 1.84 ± 0.14b

Linalool 7.44 ± 0.25c 8.84 ± 0.19d

Camphor 0.39 ± 0.12ab 0.52 ± 0.12b

Terpinen-4-ol 16.7 ± 0.18c 18.0 ± 0.23d

a-Terpineol 2.09 ± 0.15c 2.18 ± 0.18c

Thymol methyl ether 1.87 ± 0.11c 1.61 ± 0.13b

Carvacrol 16.2 ± 0.17c 16.8 ± 0.19d

b-Caryophyllene 0.83 ± 0.17c 0.61 ± 0.12bc

Germancrene D 1.03 ± 0.11d 0.72 ± 0.18c

Total composition 99.5 99.9

Phenol contentB (mg/g) 11.1 ± 0.06c 11.1 ± 0.09c

FRSAC percentage 84.1 ± 1.14e 74.0 ± 0.18c

A Values with different letter in the same row are significantly different (n = 3, LSD
B Phenol content expressed as mg/g on dry weight.
C FRSA%: expressed as percentage of inhibition.

Please cite this article in press as: Olmedo, R., et al. Antioxidant activity of
Chemistry (2014), http://dx.doi.org/10.1016/j.foodchem.2014.01.087
DVB was placed into the vial at 70 �C for 20 min. The volatile com
ponents captured by the fibre were determinate by GC–MS follow
ing the same procedure as described in Section 2.3.

2.8. Statistical analysis

All experiments were carried out with three replications. Th
data were analysed using the software Infostat, version 1.1 (Facu
tad de Ciencias Agropecuarias, Universidad Nacional de Córdoba
Means and standard deviations were calculated. Analysis of var
ance and the LSD Fisher test (a = 0.05) were used to detect signi
icant differences between treatments. Regression equations wer
used to determine if the independent variables (time) had an effec
on the oxidative indicators (PV, AV, CD and TV). Two principa
component analyses (PCA) (Johnson & Wichern, 1998) were per
formed. In one PCA, the correlation matrix of the standardise
(normalised) data from the chemical analysis of the oregano essen
tial oils and fractions was used to find associations between chem
ical components from the oregano essential oil and chemica
composition of the oregano essential oil fraction prepared b
SPMD. In the other PCA, the correlation matrix of the standardize
(normalized) data from chemical analysis of the essential oils an
fractions that suffered thermal deterioration during storage a
60 �C were used to find associations between chemical compo
nents from the oregano essential oil and the thermal stability o
the components from the fractions prepared by SPMD.
2653. Results and discussion

2663.1. Chemical composition of oregano essential oil and its fractions

267The chemical compositions of the studied oregano essential oil
268and its fractions obtained by short-path molecular distillation are
269shown in the Table 1. The four major components were c-terpin-

total phenolic content, and free-radical scavenging activity from oregano essential oil and

Residue 2A Distillate 1A Distillate 2A

0.49 ± 0.13a 2.82 ± 0.24d 2.26 ± 0.19c

0.39 ± 0.11a 2.68 ± 0.17d 2.12 ± 0.13c

0.00 ± 0.0a 0.20 ± 0.08b 0.24 ± 0.10b

2.55 ± 0.21a 9.32 ± 0.11d 7.03 ± 0.21c

0.00 ± 0.00a 1.05 ± 0.14c 1.19 ± 0.12c

0.89 ± 0.18a 3.67 ± 0.19c 4.24 ± 0.25d

0.38 ± 0.12a 1.33 ± 0.15c 1.66 ± 0.17d

5.20 ± 0.23b 15.1 ± 0.22e 11.8 ± 0.24d

1.77 ± 0.14a 6.64 ± 0.28d 6.34 ± 0.21d

2.63 ± 0.18b 6.68 ± 0.19d 6.96 ± 0.27d

19.1 ± 0.29a 36.4 ± 0.31d 29.7 ± 0.36c

0.82 ± 0.22b 0.42 ± 0.12a 1.26 ± 0.13c

1.34 ± 0.13a 2.97 ± 0.18d 3.66 ± 0.17e

11.0 ± 0.18e 2.91 ± 0.16a 6.44 ± 0.23b

0.55 ± 0.11b 0.25 ± 0.11a 1.05 ± 0.15c

23.2 ± 0.31e 5.31 ± 0.17a 5.94 ± 0.18b

2.79 ± 0.22d 0.38 ± 0.10a 1.39 ± 0.11b

1.68 ± 0.14bc 0.82 ± 0.13a 2.24 ± 0.14d

23.5 ± 0.17e 0.76 ± 0.11a 3.06 ± 0.18b

0.74 ± 0.12bc 0.11 ± 0.05a 0.51 ± 0.12b

0.88 ± 0.15cd 0.05 ± 0.02a 0.34 ± 0.11b

99.9 99.8 99.5

13.1 ± 0.07d 2.36 ± 0.11a 6.17 ± 0.07b

77.2 ± 0.61d 54.6 ± 0.79a 64.4 ± 0.61b

Fisher, a = 0.05).
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e, terpineol-4-ol, carvacrol and a-terpinene for oregano essential
, representing 66.6% of the total composition. For fraction Resi-
e 1: c-terpinene, terpinen-4-ol, carvacrol, and a-phellandrene,

presenting 67.5% of the total composition. For fraction Residue
carvacrol, terpinen-4-ol, c-terpinene, and linalool, representing
.8% of the total composition. For fraction Distillate 1: c-terpin-
e, a-terpinene, sabinene, and b-phellandrene, representing
.45% of the total composition; and for fraction Distillate 2: c-ter-

nene, a-terpinene, sabinene, and b-phellandrene, representing
.3% of the total composition. The oregano essential oil may show
riation in its composition between studies. For example, Kulisic
al. (2004) reported 35.0% thymol, 32.0% carvacrol and 10.5%

terpineno; while Tomaino et al. (2005) observed 48.9% carvacrol,
.7% q-cimeno and 5.03% thymol. Moreover, Suhaj (2006)
tected important variations in the concentration of carvacrol
–12 ppm), c-terpineno (0–13 ppm), linalyl-acetate (0–50 ppm),
yrcene (0–50 ppm) and terpinen-4-ol (0–220 ppm) in the com-
sition of oregano essential oil.
The studied oregano essential oil exhibited components with

nctional groups and hydrocarbons. In the residue fractions (R1
d R2), there was an increase in terpenes with an alcohol function
ch as carvacrol and terpinen-4-ol. These two components were
s in the distillate fractions (D1 and D2), but terpenenes such
c-terpinene and a-terpinene increased. Differences in the

mponent proportions occur in the fractions due to the molecular
stillation process increasing compounds with low boiling points
.g. monoterpenes) in the distillate fractions (D1 and D2), and
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. 1. Peroxide value (PV), anisidinine value (AV), conjugated dienes (CD) and Totox v
rage at 60 �C. Abbreviations: C = sunflower oil control sample; O = sunflower oil wit
ction R2; D1 = sunflower oil with fraction D1; D2 = sunflower oil with fraction D2.
ease cite this article in press as: Olmedo, R., et al. Antioxidant activity of fractio
emistry (2014), http://dx.doi.org/10.1016/j.foodchem.2014.01.087
mpounds with high boiling points (such as monoterpenes with
nctional groups and sesquiterpenes) in residue fractions (R1
d R2). The point of separation between the residue and distillate
ctions was around c-terpinene with a boiling point at
1–182 �C. Another difference between the distillate and residue
ctions was that the residue fractions were more concentrated in
ew components. The major four components represented 67.5%
d 76.8% for R1 and R2, respectively, and 67.5% and 55.3% for D1
d D2, respectively.
The short path molecular distillation allowed for a different pro-

rtion of molecules of oregano essential oil in different fractions
1, D2, R1, and R2) to be concentrated. Differences in the compo-
ion between fractions is based on the differences between boil-
g points of the molecules that constitute the essential oil. In this
ndition, a greater proportion of low boiling point compounds
ll be in the distilled fraction (D) with respect to the residue frac-
n (R). Particularly in the oregano essential oil, the cut-off point
tween the distilled-residue fractions was for terpenes with a
iling point between 180–200 �C. In the present study, the differ-
ce observed between fractions D1 and D2 was because D2 was
stilled from the fraction R1, whose composition had less low
iling point terpenes due to these compounds being separated,
ainly, in the fraction D1. Higher vacuum pressure was performed

R1 for the second distillation step that distilled greater propor-
n of high boiling point compounds to the distilled fraction D2.
r that reason, it was a greater linalool, terpineno-4-ol, a-and ter-
ns from oregano essential oils obtained by molecular distillation. Food
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terpenes with a boiling point higher than 201 �C, such as cis sabin
ene hydrate, was detected. The terpenes with a lower boiling poin
showed uneven behaviour and their distribution in the fraction
responded an equilibrium between terpenes proportion in th
sample used for distillation and combination of pressure–temper
ature used in the distillation process for each distillation step.

3.2. Determination of free-radical scavenging activity (test DPPH-
FRSA) and total phenolic content

The free-radical scavenging activity (FRSA) of essential oils ha
been confirmed in different studies. Aromatic plants such as oreg
ano, rosemary, laurel and thymus, among others, have shown FRS
(Sachetti et al., 2005, kulisic et al., 2004). The FRSA results from th
study are presented in Table 1. Oregano essential oil showed th
highest FRSA (82%). The residue fractions (R1 and R2) had a greate
FRSA than the distillates. All samples showed a significant differ
ence. The FRSA is related to the ability of molecules to hydrogen
bond-donate to another molecule. Phenols are known for th
ability. R2 and D2 had a greater FRSA than R1 and D1, respectivel
This higher activity could be explained, in part, because R2 and D
had a higher phenol content than R1 and D1. However, the oregan
essential oil showed a lower phenol content but higher FRSA tha
R2. Tomaino et al. (2005) reported 51.8% FRSA for oregano essentia
oils, but Kosar, Dorman, and Hiltunen (2005) observed a lower valu
(33% FRSA). The FRSA reported by other authors are lower than th
observed values in the present study for oregano essential oils an
fractions.

The total phenol contents (TPC) for the oregano essential oi
and fractions are shown in Table 1. R2 had the highest TPC in com
parison with the other samples. Oregano and R1 did not exhibit
significance difference in the TPC. Carvacrol is a phenolic structur

and its percentage influences the TPC results. Dambolena et al.
(2010) found values of 18.09 mg/g FRSA and 34.9% TPC in oregano
essential oil from the La Pampa locality; and 17.46 mg/g TPC and
74.5% FRSA in oregano from the La Consulta locality. These param-
eters (FRSA and TPC) are indirect indicators that oregano essential
oil and fractions could have a good antioxidant activity.

3.3. Accelerated oxidation test: chemical oxidation indicators

All chemical oxidation indicators increased in the refined sun-
flower oil samples during storage at 60 �C. These indicators are
shown in Fig. 1. As a consequence of the accelerated oxidation con-
dition (60 �C), high peroxide values were detected in the sunflower
oil samples (ÓBrien, 2009). The control samples (C) exhibited the
highest peroxide value with respect to samples with the addition
of oregano essential oil or its fractions obtained by SPMD. After
4 days of storage, significant differences were observed between
the samples. At day 14, R1 and R2 did not show any significant dif-
ference between them, but they had a difference with respect to
the distillate fractions (D1 and D2), which exhibited the lowest
PV. All fractions obtained from oregano essential oil presented low-
er peroxide values than the whole oregano essential oils during
storage.

The anisidine values observed in all samples showed a similar
tendency with respect to the PV behaviour during storage at
60 �C. After day 4, significant differences were detected between
treatments. At 14 days of storage, the control sample (C) had the
highest AV followed by oregano essential oil treatment. The D2
fraction exhibited the lowest AV.

The CD observed in all samples also showed a similar behaviour,
with respect to PV, during storage. At day 4, only the control sam-
ple (C) presented a significant difference with respect to the other
treatments. At storage day 14, significant differences were ob-
served between the samples. The oregano essential oil treatment

Please cite this article in press as: Olmedo, R., et al. Antioxidant activity of
Chemistry (2014), http://dx.doi.org/10.1016/j.foodchem.2014.01.087
showed greater CD values than the fractions obtained by SPDM
(R1, R2, D1, and D2).

Therefore, the PV, AV and CD results in the sunflower oil sam
ples during storage demonstrated that the oregano fraction trea
ments (R1, R2, D1, and D2) have better antioxidant effect tha
the oregano essential oil when added to sunflower oil. Quirog
et al. (2011) found lower oxidation indicators (PV and AV) in cano
la oil samples supplemented with essential oil of oregano, with re
spect to the control sample. These authors observed that PVs wer
33 meq O2/kg in canola oil with oregano treatment after 12 days o
storage (60 �C storage temperature), and 43 meq O2/kg in the con
trol sample.

Totox values showed the greatest values in the Control sampl
(C) followed by the sample with oregano essential oil (O). The res
idue samples (R1 and R2) exhibited higher values than distillat
fractions (D1 and D2). Distillate samples D1 and D2 did not presen
significant differences.

The peroxide, anisidine, conjugated dienes and totox values ob
tained during this storage study were used to calculate the slope i
lineal regression analysis where time was the independent variabl
(Table 2). Adjusted coefficients of determination (R2) for th
dependent variables were greater than 0.64 in all cases; therefor
it may be considered that these variables are a good indicator o
the time effect. D1 and D2 exhibited a lower slope without signi
icant differences between them. The slopes of R1, R2, D1, and D
did not show any significant difference in AV and CD.

Table 2
Regression coefficients and adjusted R2 for the dependent variables: peroxide (PV),

anisidine (AV) values, conjugated dienes (CD) and Totox value (TV) of sunflower oil
samples evaluated during storage.

Dependent
variable

Samples Regressiona

b0 b1
b ANOVA R2

CD C 3.3861 0.5936 C 0.96
O 3.2694 0.3934 B 0.94
D1 3.4683 0.3219 A 0.95
D2 3.4539 0.3064 A 0.83
R1 3.5528 0.3200 A 0.96
R2 3.2896 0.3678 B 0.94

AV C 6.3155 0.0512 C 0.82
O 6.2954 0.0351 B 0.64
D1 6.2882 0.0285 AB 0.71
D2 6.3140 0.0220 A 0.74
R1 6.3856 0.0270 A 0.82
R2 6.3075 0.0217 A 0.83

PV C �0.8202 6.3036 D 0.96
O 2.7504 3.8371 C 0.96
D1 2.2212 2.7173 A 0.96
D2 1.8886 2.7979 A 0.95
R1 1.9531 3.1892 B 0.90
R2 0.3130 3.2849 B 0.92

TV C 4.6736 12.6584 D 0.96
O 11.7945 7.7131 C 0.96
D1 10.2919 6.4053 A 0.90
D2 6.8938 6.6025 A 0.92
R1 10.7305 5.4631 B 0.96
R2 10.0911 5.6178 B 0.95

Samples: sunflower oil. C = sunflower oil control sample; O = sunflower oil with
oregano essential oil; D1 = sunflower oil with distillated fraction 1; D2 = sunflower
oil with distillated fraction 2; R1 = sunflower oil with residue fraction 1; and
R2 = sunflower oil with residue fraction 2.

a Regression equations: Y ¼ b0 þ b1X; where Y = dependent variable (PV, AV, CD,
and TV; b0 = a constant that it is equal the value of Y when the value of X = 0;
b1 = coefficients of X; X = independent variable (time); R2 = adjusted determination
coefficient. For all regression equations, the p value was <0.0001.

b ANOVA and LSD Fisher test: The slope (b1) of each variable and sample followed
with different letters in the same column are significantly different at a = 0.05.
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412 3.4. Lipid oxidation in sunflower oil analysed by volatile compound
413 formation

414 The volatile compounds produced by the lipid oxidation process
415 in sunflower oil are presented in Fig. 2. Hexanal, heptanal, 2-hept-
416 enal and octanal increased over 14 days of storage at 60 �C. These
417 type of components were produced by an advanced lipid oxidation,
418 and they are responsible, in part, for the rancid ‘‘off flavour’’ in food
419 (Grosso, Resurreccion, Walker & Chinnan, 2008). The sunflower oil
420 treatments with addition of the fractions obtained by SPMD pre-
421 sented a lower number of volatiles compounds, with respect to
422 the oregano essential oil and the control sample. At storage day
423 14, hexanal and 2-heptenal showed a significance difference be-
424 tween all fractions. The D1 and D2 treatments exhibited lower
425 amounts of volatile compound than the R1 and R2 treatments.
426 The heptanal and octanal contents did not show a significance dif-
427 ference between the fractions, with the exception of R2, where the
428 heptanal content was higher. Boroski et al. (2012) used oregano
429 essential oil (OEO) and oregano extract (OE) in a dairy functional
430 beverage and measured the generation of hexanal and propanal
431 by CG-MS after pasteurisation. Adding OE and OEO to the dairy
432 beverage reduced propanal and hexanal formation during storage.
433 These authors estimated the inhibition of aldehyde formation with
434 respect to the control, and expressed it as the percentage of inhibi-
435 tion. In that study, OEO showed the highest percentage inhibition
436 (0.1%) followed by OE (0.01%). Oregano essential oil in a concentra-
437 tion higher than 0.02% in food gives a strong odour of oregano and
438 as a result, in some cases, a lower acceptability by consumers
439 (Olmedo et al., 2008). This study showed that the fractions ob-
440 tained by SPMD had a greater antioxidant effect with respect to
441 oregano essential oil, and so it should allow a decreased amount
442 of antioxidant additive added to a particular food product.

4433.5. Thermal stability of the SPMD fractions obtained from oregano
444essential oils

445The thermal stability of the oregano essential oil (OEO) fractions
446obtained by SPMD was evaluated using degradation by exposing
447them to a heating process at 60 �C for 14 days. Changes in the com-
448position of the oregano essential oil and SPMD fractions were ana-
449lysed by GC–MS capturing volatile compounds using a SPME.
450Relative percentages of sample composition only on storage days
4510 and 14 are shown in the Table 3. The chemical composition of
452oregano essential oil and SPMD fractions changed in all samples
453over storage at 60 �C. These changes were different between frac-
454tions and oregano essential oil: oregano essential oil decreased in
455a-terpinene, c-terpinene, linalool, and terpinen-4-ol, but increased
456in r-cymene and carvacrol; R1 and R2 showed similar changes to
457oregano essential oil during storage; D1 and D2 decreased in sa-
458bine, linalool and carvacrol, but D2 increased in r-cymene and ter-
459pinen-4-ol. There were no correlations between samples because
460the concentration of carvacrol in oregano essential oil, R1 and R2
461increased during storage, but the concentration of this component
462decreased in D1 and D2.
463Associations between chemical components and samples (OEO,
464R1, R2, D1, and D2) at different storage days are shown in a biplot
465obtained by PCA (Fig. 3). In the PCA, OEO, R1 and R2 showed a sim-
466ilar association, and they were placed on the left side of the PC 1
467with carvacrol. D1 and D2 were placed on the right side of PC 1
468and had higher correlation with terpene molecules. Bazemore,
469Rouseff, and Naim (2003) found that terpene-like linalool did not
470show a difference in the concentration in orange juice before and
471after heat treatment. Yang et al. (2007) researched the stability
472of five essential oil components (a-pinene, limonene, camphor, cit-
473ronellol, and carvacrol) exposed to different temperatures (100,
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Table 3
Chemical composition expressed as relative percentage of oregano essential oil and
60 �C.

OréganoA Residue 1A

Compounds 0 14 0 14

a-Tujene 0.66 ± 0.21 0.59 ± 0.21 0.51 ± 0.17 0.34 ± 0.12
a-Pinene 0.57 ± 0.17 0.55 ± 0.17 0.49 ± 0.12 0.40 ± 0.19

Sabinene 2.57 ± 0.19b 1.07 ± 0.18a 1.92 ± 0.18b 0.69 ± 0.14a 1

0
0
0
2
3
2
6

b-Pinene 0.41 ± 0.22 0.34 ± 0.14 0.35 ± 0.21 0.35 ± 0.15
beta Myrcene 1.23 ± 0.34 1.33 ± 0.19 1.07 ± 0.20 0.82 ± 0.19
a-Phellandrene 0.45 ± 0.28 0.42 ± 0.12 0.34 ± 0.18b 0.00 ± 0.00a

a-Terpinene 4.27 ± 0.11b 2.47 ± 0.19a 2.99 ± 0.11b 1.71 ± 0.17a

r-Cymene 1.94 ± 0.17a 10.4 ± 0.11b 3.07 ± 0.19a 10.6 ± 0.31b

b-Phellandrene 2.36 ± 0.19 2.22 ± 0.16 2.82 ± 0.16b 2.15 ± 0.21a

c-Terpinene 10.4 ± 0.11b 3.29 ± 0.24a 6.54 ± 0.29b 1.39 ± 0.17a
e
s.
-

488

489n

CP

y 14y 14

al c y
flow il
ctio

cis Sabinene 1.52 ± 0.22b 0.79 ± 0.12a 1.95 ± 0.18b 0.77 ± 0.21a 1

0
1
2
2
5
2
2
3
3

Fish n
150, 200 and 250 �C) and time (30 and 300 min). Some of thes
components may also be found in basil and oregano essential oil
These authors observed a relationship between temperature in
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Fig. 3. Biplots of the 1st and 2nd principal components of PCA. Variables: chemic
SPMD at different storage days (storage days 0, 7 and 14). Abbreviations: C = sun
with fraction R1; R2 = sunflower oil with fraction R2; D1 = sunflower oil with fra

hydrate
Terpinolene 1.06 ± 0.14 0.96 ± 0.18 0.95 ± 0.12b 0.73 ± 0.14a

Linalool 13.1 ± 0.11b 7.45 ± 0.26a 16.4 ± 0.31b 8.62 ± 0.19a

Camphor 1.82 ± 0.19b 0.81 ± 0.13a 2.67 ± 0.24b 1.29 ± 0.17a

Terpinen-4-ol 29.5 ± 0.17b 22.6 ± 0.13a 2.67 ± 0.25a 25.4 ± 0.15b

a-Terpineol 5.23 ± 0.21b 3.37 ± 0.18a 5.45 ± 0.16b 4.69 ± 0.19a

Thymol metil ether 1.77 ± 0.21b 1.18 ± 0.17a 1.92 ± 0.19b 0.89 ± 0.14a

Carvacrol 20.4 ± 0.25a 39.2 ± 0.12b 22.1 ± 0.24a 38.6 ± 0.31b

b-Carophyllene 0.47 ± 0.14 0.60 ± 0.16 3.43 ± 0.19b 0.62 ± 0.18a

Germancrene D 0.25 ± 0.12 0.46 ± 0.17 0.44 ± 0.12 0.45 ± 0.17

A Values with different letters in the same row are significantly different (LSD
samples.
crease and degradation of the terpenes: a-pinene presented the
greatest deterioration, from 25% at 100 �C to 64% at 250 �C, fol-
lowed by camphor from 4% at 100 �C to 27% at 250 �C, and carva-
crol from 7% at 100 �C to 35% at 250 �C. In the present study,
carvacrol and camphor exhibited higher thermal resistance than
a-pinene. This thermal resistance can be explained, in part, by a
relationship with the boiling point of these chemical compounds,
which are 150, 205, and 237.7 �C for a-pinene, camphor and carva-
crol, respectively. a-Pinene has a low boiling point and it showed
higher thermal degradation. However, carvacrol has a higher boil-
ing point than camphor, but showed higher thermal deterioration.
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4. Conclusions

Oregano essential oil and its fractions inhibit the lipid oxidatio
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omponents of oregano essential oils, and oregano essential oil and fraction obtained b
er oil control sample; O = sunflower oil with oregano essential oil; R1 = sunflower o

n D1; D2 = sunflower oil with fraction D2.

tion obtained by SPMD from samples of thermal stability test during 14 days of storage

esidue 2A Distillate 1A Distillate 2A

14 0 14 0 14

.36 ± 0.18b 0.00 ± 0.00a 1.58 ± 0.19a 1.93 ± 0.15b 1.25 ± 0.21 1.58 ± 0.14

.34 ± 0.19b 0.00 ± 0.00a 1.48 ± 0.22a 2.06 ± 0.21b 1.19 ± 0.20 1.56 ± 0.19

.51 ± 0.12b 0.40 ± 0.11a 5.18 ± 0.23b 3.56 ± 0.24a 4.66 ± 0.16b 3.69 ± 0.24a

.28 ± 0.14b 0.00 ± 0.00a 0.81 ± 0.21 1.15 ± 0.14 0.74 ± 0.12 0.95 ± 0.15

.80 ± 0.12b 0.47 ± 0.13a 2.96 ± 0.19a 3.54 ± 0.19b 2.61 ± 0.18a 3.35 ± 0.22b

.29 ± 0.11b 0.00 ± 0.00a 0.73 ± 0.22 0.59 ± 0.17 0.72 ± 0.14 0.80 ± 0.13

.59 ± 0.19b 1.09 ± 0.14a 6.87 ± 0.17b 5.11 ± 0.23a 7.05 ± 0.26 6.78 ± 0.17

.23 ± 0.19a 6.79 ± 0.21b 6.60 ± 0.13a 22.8 ± 0.34b 4.50 ± 0.20a 17.1 ± 0.28b

.49 ± 0.17b 1.59 ± 0.19a 5.33 ± 0.13a 6.95 ± 0.27b 4.96 ± 0.18a 6.74 ± 0.19b

.30 ± 0.21b 0.66 ± 0.17a 14.9 ± 0.22b 14.3 ± 0.24a 16.1 ± 0.32a 18.0 ± 0.39b

.69 ± 0.24b 0.80 ± 0.20a 1.50 ± 0.17b 0.98 ± 0.15a 1.45 ± 0.26b 0.59 ± 0.20a

.96 ± 0.19b 0.46 ± 0.20a 1.79 ± 0.17a 2.17 ± 0.19b 1.88 ± 0.17 2.02 ± 0.11
5.8 ± 0.17b 8.91 ± 0.17a 11.8 ± 0.21b 4.84 ± 0.27a 12.1 ± 0.28b 6.44 ± 0.24a

.43 ± 0.21b 1.47 ± 0.17a 0.61 ± 0.17 0.87 ± 0.16 0.75 ± 0.19 0.91 ± 0.15
6.5 ± 0.32 26.1 ± 0.38 14.8 ± 0.14 14.9 ± 0.21 14.7 ± 0.28a 19.9 ± 0.36b

.20 ± 0.27 5.57 ± 0.20 2.87 ± 0.19b 2.39 ± 0.17a 2.69 ± 0.17b 2.03 ± 0.17a

.01 ± 0.22b 0.69 ± 0.17a 0.83 ± 0.14a 1.38 ± 0.14b 0.89 ± 0.13 1.06 ± 0.12
0.4 ± 0.29a 43.9 ± 0.24b 18.3 ± 0.17b 6.88 ± 0.19a 19.4 ± 0.31b 5.18 ± 0.28a

.34 ± 0.28b 0.67 ± 0.17a 0.45 ± 0.14a 2.62 ± 0.24b 0.89 ± 0.18 0.74 ± 0.11

.56 ± 0.21b 0.49 ± 0.13a 0.36 ± 0.10a 0.87 ± 0.11b 1.45 ± 0.15b 0.60 ± 0.17a

er; a = 0.05, n = 3). Values without letter do not show significant differences betwee
490process in sunflower oil. The fractions obtained by short-path
491molecular distillation showed greater antioxidant activity than
492the whole oregano essential oil, whereas the distillate fractions
493showed better antioxidant properties than the residue fractions
494due to the difference in their compositions. The distillate fractions
495(D1 and D2) from oregano essential oil had a higher concentration
496of terpenes, such as a-terpinene and c-terpinene with low boiling
497points and residues fractions (R1 and R2) showed a greater concen-
498tration of terpenes with an alcohol function with a higher boiling
499point, such as terpinen-4-ol and carvacrol. Fractions of oregano
500essential oil rich in terpenes with low boiling point and without

fractions from oregano essential oils obtained by molecular distillation. Food
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Conclusion



501 a functional group present high antioxidant property. These kind of
502 fractions obtained from oregano essential oil by short path molec-
503 ular distillation can be used as natural antioxidants for food prod-
504 ucts sensitive to lipid oxidation even in organic food.
505 Short-path molecular distillation constitutes an alternative to
506 separate fractions from essential oils with higher antioxidant
507 power that may be used for producing natural antioxidant agents.
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