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Abstract— There is evidence that oregano essen-
tial oil has a significant antioxidant effect on the pro-
cess of lipid oxidation. In order to obtain fractions
enriched in antioxidant properties, oregano essential
oil samples were processed by molecular distillation.
Molecular distillation experiments were done in two
groups of tests, using an evaporating temperature
between 22 and 30 °C. Pressure was varied between
0.7 and 53 mbar.

Antioxidant activity, specifically radical scaveng-
ing capacity, was analyzed in the essential oil and the
distillates and residues obtained by a free radical
scavenging method, using DPPH* (2,2-diphenyl-1-
picrylhydrazyl). The results obtained allowed to con-
clude that the free radical scavenging capacity was
increased in the residue fractions obtained by mo-
lecular distillation. These fractions were concentrat-
ed in thymol. The ICsq values of the residues were
similar to the synthetic antioxidant BHT, suggesting
that fractions concentrated in oxygen derivatives ob-
tained by molecular distillation could be used in the
food industry to retard lipid degradation.

Keywords— Essential oils, oregano, molecular
distillation, thymol, antioxidants.

I. INTRODUCTION
The synthetic antioxidants more widely used in the food
industry, butyl hydroxy toluene BHT,
hydroxybutylanisole BHA, tertiary butylhydro-quinone
TBHQ and propyl galate, are suspected to cause or
promote negative effects on health. For this reason,
there is a growing interest in the study of less toxic nat-
ural antioxidants. Potential sources of such antioxidants
are herbs and spices because their essential oils are usu-
ally rich in phytochemicals with antiperoxidative char-
acteristics and free radical scavenging properties (Bozin
et al., 2006; Hazzin et al., 2006). These antioxidant
properties are due to the synthesis and accumulation of
secondary metabolites that occur in the plant organs in
response to stimulation and environmental conditions.
Among these metabolites there are substances with free
radical scavenging properties, such as phenolic com-
pounds, carotenoids, vitamins and nitrogen compounds
(Burt, 2004; Zheng and Wang, 2001). Recently, several
vegetal sources have been studied, finding herbs and
spices whose essential oils and extracts exhibit antioxi-
dant properties and are effective in the retardation of li-
pid oxidative degradation, preserving the quality and
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nutritional value of food (Bozin et al., 2006; Dambolena
et al., 2010; Loizzo et al., 2009; Bakkali et al., 2008;
Wojdylo et al., 2007; Shan et al., 2005).

Essential oils are complex mixtures which contain
several components (20-60) at different concentrations.
They are characterized by having few major compo-
nents that are present at fairly high concentrations (20-
70%) compared to others which exist as traces. General-
ly, these mayor constituents determine the biological
properties of essential oils. The compounds present in
essential oils include two groups of different biosynthet-
ic origin. The main group is composed of terpenes and
terpenoids and the other is formed by aliphatic com-
pounds, all of them characterized by having low molec-
ular weight (Bakkali et al., 2008).

Several studies on antioxidant activities of herbal es-
sential oils have reported that oregano essential oil has
significant antioxidant effect on the process of lard oxi-
dation (Wojdylo et al., 2007; Milos et al., 2000;
Tsimogiannis et al., 2006).

Antioxidant properties of plant extracts and pure
compounds can be measured by various analytical tech-
niques based on different characteristics of the antioxi-
dant activity, such as free radical scavenging capacity,
inhibition of the lipid peroxidation, and others (Bozin et
al., 2006). Among the methods for testing the free radi-
cal scavenging capacity, the most studied have been
ABTS+ and DPPH* (Wojdylo et al., 2007). Evaluation
of antioxidant capacity and reproducibility of these
methods has been good in certain test conditions de-
pending on the application under study.

The DPPH* molecule is characterized as a stable
free radical of violet color with an absorption band cen-
tered around 515 nm in alcoholic solution. When react-
ing with a substance that can donate a hydrogen atom
(antioxidant), it is reduced, with the consequent loss of
purple color.

It is possible to obtain products with high antioxi-
dant properties by concentrating the oregano essential
oil. One of the promising techniques for obtaining con-
centrates from essential oils is molecular distillation
(Plazas Tovar et al., 2010; Rossi et al., 2011). There is
little information in the literature on the application of
this technique to essential oils. Molecular distillation is
characterized by a short exposure of the distillate liquid
to elevated temperatures, high vacuum in the distillation
space, and short distance between the evaporation and
condensation surfaces. The short residence time of the
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liquid in the evaporator, in the order of a few seconds to
tens of seconds, is guaranteed by the distribution of the
liquid in the form of a thin film of homogeneous thick-
ness. Under these conditions, i.e., short residence times
and low temperatures, the distillation of thermosensitive
materials is accompanied by only negligible thermal de-
composition and proceeds at technologically acceptable
rates (Wang et al., 2009).

The aim of this work was to obtain, by molecular
distillation, fractions of oregano essential oil enriched in
antioxidant properties, and to evaluate those properties
by a free radical scavenging method using the stable
radical DPPH* as a reagent.

Il. METHODS

A. Plant material and isolation of the essential oil
Oregano (Origanum vulgare L., ssp hirtum) was col-
lected in the central area of Argentina. The plant materi-
al consisted of leaves and stalks. Air-drying of oregano
was performed in a shady place at room temperature for
10 days. The plant material was used for the isolation of
the essential oil, immediately after drying.

The oregano essential oil was isolated by 2-h steam
stripping of 150-300 grams of the dried plant material
using a steam distillation apparatus. The body of the dis-
tillation apparatus is made of pyrex glass and it is pro-
vided with an electrical resistance and liquid level con-
trol. It allows the use of one or two baskets of the same
volume, which were filled with metallic Rasching rings
to improve the contact between the two phases in-
volved.

Ethanol was of HPLC purity and it was purchased
from Reagents S.A. The standard compounds were pur-
chased from Sigma-Aldrich and Fluka analytical.
DPPH* was obtained from Sigma-Aldrich.

B. Essential oil concentration

Molecular distillation was performed in a KDL4 molec-
ular distillator, manufactured by UIC Gmbh (Germany).
It consists of a falling film evaporator (area= 4 dm?) and
an internal condenser (area = 2 dm?). A scheme of the
molecular distillation apparatus is shown in Fig. 1.

Two groups of experiments were carried out, with
two different samples of oregano essential oil. In the
first groups of experiments, the variation of the distillate
quantity and the antioxidant activity were observed by
the modification of the operation pressure. According to
the results of the first group of experiments, the second
group was design as a three stage molecular distillation
in order to search a relation between composition of the
different extracts and the antioxidant capacity. All the
tests were repeated. Statistical analysis was performed
by comparing means using Least Significant Difference
(LSD) (Montgomery and Runger, 1996).

C. Determination of radical scavenging ability

The antioxidant activity of oregano essential oil and its
fractions was measured in terms of their radical scav-
enging ability (Brand-Williams et al., 1995), using a
technique with the stable radical DPPH* as reagent.
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Fig. 2. Absorbance value against reaction time for a 10 mg.
ml™ solution

Ethanolic solutions with different concentrations
(0.001 to 50 mg.ml™) of essential oil, its fractions and
commercial antioxidants were prepared. 2 ml of each
sample were mixed with 2 ml of a DPPH* solution (90
pUM). Absorbance of the resulting solutions and the con-
trol sample (with same chemicals, except sample) was
measured after 180 min (for both the essential oil and its
fractions) and after 30 min (for commercial antioxi-
dants). The absorbance was recorded at 515 nm by a
Metrolab 330 spectrophotometer. Ethanol was used to
zero the spectrophotometer.

To determine the reaction time for essential oil and
its fractions, a 10 mg.ml™* ethanolic solution of the es-
sential oil was prepared and mixed with 2 ml of 90 uM
DPPH* solution. According to the technique described
before, absorbance measurements were taken every 15 s
to follow the absorbance change in time. A graph plot-
ting absorbance value against time was constructed (Fig.
2). The reaction time (180 min) was set as the time
where the absorbance values remained almost constant.

The percentage inhibition of the DPPH* free radical
by the presence of antioxidants in the samples was cal-
culated according to:

% Inhibition :{H]loo
A

where Ac is the absorbance of the control sample at
t=180 min and Ags is the absorbance of the antioxidant
sample at t=180 min.
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Sample concentration providing a 50% inhibition of
the DPPH* radical was calculated from the graph plot-
ting inhibition percentage against sample concentration.
This concentration is called 1Csy and it was the parame-
ter used to compare antioxidant activity of the samples
due to their radical scavenging ability.

D. Composition determination by GC

The quantification of the mayor components of the ore-
gano essential oil and the fractions obtained by molecu-
lar distillation was made by gas chromatography, using
a Hewlett Packard HP 6890 gas chromatograph, with an
HP Innowax column, equipped with a flame ionization
detector. Nitrogen was used as carrier gas with a flow
rate of 0.7 ml.min™. Samples were diluted with di-
chloromethane and the injection volume was 1 pL. Col-
umn temperature was gradually increased from 60 °C to
250 °C at 2°C.min™, and finally held isothermal for 10
min. The injection port temperature was 250 °C and the
detector temperature was 350 °C.

The main components were identified by comparing
their retention time with standard compounds. Determi-
nation of the percentage composition of samples was
based on peak area normalization without using correc-
tion factors.

E. Results and discussion

The dried oregano leaves and stalks yielded 1.5 % w/w
of essential oil. In Table 1 the results of four test of mo-
lecular distillation are shown. These tests were carried
out at 28+2°C (evaporating temperature) and 1.2+0.1
ml.min™ of feed flowrate. Operation pressure and per-
centages of residue and distillate are listed. Variations in
the operating pressure modified the evaporation effi-
ciency, obtaining higher percentage of distillate at lower
pressure. Also the ICs, values for distillate and residue
are shown. The fractions of residue obtained by molecu-
lar distillation showed an increment of antioxidant ca-
pacity, while the distillates showed a decrease in that
antioxidant capacity.

Figure 3 shows that the parameter 1Cs, of these frac-
tions is dependent of the percentages of distillate and
residue obtained in each essay.

Multistage distillation was performed using a flow
rate of 1+0.1 ml.min™ and an evaporating temperature
of 24+2 °C. Pressure was varied between 40 and 53
mbar. Condenser temperature was set at 2 °C and rotor
speed was constant at 200 rpm.

The first molecular distillation was made feeding es-
sential oil, using an operating pressure of 53 mbar and
obtaining as products the first residue (R1) and distillate
(D1). Subsequent distillations were made feeding the
residue obtained in previous distillation.

Table 2 shows the results of the three stages molecu-
lar distillations. Operation pressures and the obtained
residue and distillate mass percentages are shown. In
Table 2, %D and %R are defined as:

distillate amount of the corresponding stage

feeding of the corresponding stage
_ residue amount of the comresponding stage

feeding of the corresponding stage

Distillate percentage decreases in successive distilla-
tions because fewer volatile components remain in the
feeding mixture.

In the DPPH* assay used for the evaluation of free
radical scavenging properties of the essential oil and its
fractions, all the samples were able to reduce purple-
colored stable radical DPPH* to yellow DPPH-H form.
Fig. 4 shows the procedure followed to determine the
ICs, value for oregano essential oil.

The results of the DPPH* technique on different
stages of molecular distillation are shown in Fig. 5. I1Cx
for oregano essential oil was 0.45 mg.ml™. All residues
showed lower ICs, values, revealing an increase in their
antioxidant potential. On the contrary, distillates showed
a loss in their free radical scavenging properties with
consequent increase of the ICs, value.
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Fig. 3. Variation of 1Cs, on percentage of fraction obtained by
molecular distillation.

Table 1. Mass percentages of residue and distillate obtained by molecular distillation. Evaporating temperature: 28+2°C. Feed
flowrate: 1,2+0.1 ml.min™*. ICssessential 0il:1.2 mg.ml™

Test  Pressure (mbar) % Distillate  1Cs, Distillate (mg.ml™)* % Residue ICx, Residue (mg.ml™)*
1 0.7 73.36 4.3a 26.64 la
2 1 54.26 6.5b 45.74 1l.1a
3 30 41.65 13.6¢ 58.35 1.4b
4 40 21.26 35.6d 78.74 1.6¢

*Means with different letters in a column are significantly different at the 5% level.
Table 2. Results of molecular distillation. (Rotor velocity: 200 rpm, Tcond=2°C, Tevap= 24 °C).

Stage Feeding Operation pressure (mbar) % D %R
1 Oregano essential oil 53 20.8 79.2
2 R1-1° stage residue 43 124 87.6
3 R2-2° stage residue 40 10.1 89.9
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Fig. 5. Molecular distillations scheme

It is observed that both, the percentages of residue
and distillate obtained and the 1Cs, value of these frac-
tions, are not only function of the operating conditions
of the distillation, but also of the composition of the raw
material. However, it is observed that generally, the res-
idue fractions become concentrated in antioxidant prop-
erties after molecular distillation.

In order to compare the free radical scavenging
properties of the fractions studied with a commercial an-
tioxidant, Table 3 shows ICsq values of the following
samples: oregano essential oil, R3 (the fraction with
higher antioxidant capacity) and BHT.

All the means of 1Csy values were significantly dif-
ferent at the 5% level, except for R2 and R3. Figure 6
shows % Inhibition of DPPH* of the oregano essential
oil, R2, R3 and BHT.

Table 3 shows that oregano essential oil concentrat-
ed by molecular distillation in the residue fraction has a
significant antioxidant capacity.

Thymol was concentrated in all the residue fractions,
probably increasing its free radical scavenging proper-
ties. This conclusion is based in the results of Kulisic et
al. (2004), who demonstrated the important antioxidant
capacity of this compound. Figure 6 shows the same
tendency in the antioxidant properties for the different
concentrations analyzed.

The detected components in oregano oil and its frac-
tions, obtained by molecular distillation, are listed in
Table 4. The principal components in oregano oil are
trans-sabinene hydrate (27.506%) and the phenolic
monoterpene thymol (16.318%). Figure 7 shows a typi-
cal oregano essential oil chromatogram.
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Fig. 6. Free radical scavenging properties of oregano essential

oil, R3 and commercial antioxidant (BHT).

Table 3. ICsq values of oregano essential oil, R3 and commer-
cial antioxidant BHT.

Sample ICs (mg.ml™)
Oregano essential oil 0.44
R3 0.22
BHT 0.20

I1l. CONCLUSIONS
The residues obtained by molecular distillation of ore-
gano essential oil were concentrated in antioxidant
properties. Antioxidant power was evaluated by a free
radical scavenging method, using the stable radical
DPPH* as reagent, and determining the parameter 1Cx,.

Variations in the operating pressure modified the
evaporation efficiency, obtaining higher percentage of
distillate at lower pressure.

In multistage distillation, distillate percentage de-
creases in successive distillations. The distillate per-
centage decreased even when the operation pressure
was lower. This is probably due to fewer volatile com-
ponents remain in the feeding mixture.

All the samples analyzed showed free radical scav-
enging capacity. The sample composition influenced the
antioxidant properties. Residue fractions obtained by
molecular distillation showed lower I1Csy values than es-
sential oil 1Cs, indicating an increase in their antioxi-
dant properties. On the contrary, distillate fractions
showed higher ICs, values, indicating a loss in their an-
tioxidant potential. Residues were concentrated in
thymol, suggesting that free radical scavenging capacity
might be due to the presence of this phenolic
monoterpene. Deterpetenation of the oil also contributes
to its concentration in oxygen derivatives which may
have a synergic behavior, increasing the antioxidant
properties of the residue fractions.

The comparison of the ICs, parameter of the essen-
tial oil and its fractions with the synthetic antioxidant
BHT indicates that fractions with higher levels of
thymol have ICs, values comparable to the BHT one.
The fraction with higher antioxidant power (R3) report-
ed an ICsp value close to the antioxidant BHT. These re-
sults suggest that fractions concentrated in thymol and
other minor oxygen derivatives obtained by molecular
distillation could be used as natural antioxidants in the
food industry. The time required for the reduction of
DPPH* radical to its form DPPH-H, was higher for the
essential
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Table 4. Components identified in oregano essential oil and its fractions.

Compound Essential oil D1 R1 D2 R2 D3 R3
a-pinene 1.058 1224 0344 0.766 0.285 0.299 0.209
B-pinene 0.360 0.613 0.141 0.396 0104 0.216 0.083
B-phellandrene 3.634 6.165 1434 4.013 1.042 2147 0.843
B-myrcene 1.785 3.302 0.707 2102 0.51 1262 0.401
a-terpinene 2.234 4.133 0.96 2762 0.696 1529  0.551
(+-)-limonene 0.855 1530 0501 1.074 0363 0.811 0.293
(+)-sabinene 1.637 3139 0.706 2159 0505 1.198  0.400
(e)-ocimene 8.110 15625 3.777 1117 2763 6.927 2.205
y-terpinene 9.308 17205 7.237 12,023 6.549 6.619 2615
0-Ccymene 1.410 1.395 1.263 2.155 1.196 2.074 1.126
oct-1-en-3-yl acetate 3.195 2493 3.096 4.826 3.013 4983 2.839
trans sabinene hydrate 27.506 12.769 31503 30.568 31.635 32.349 31508
delta-3-carene 2.254 0.77 2544 1931 2405 2.244  2.638
B-caryophyllene 3.654 1147 4883 3478 8417 7376  4.823
cyclopropane,1-cyclopropylethynyl-2-

methoxy -3,3-dimethyl 5.355 3259 5945 7.293 2353 6.049 5.698
3-carene 0.357 0.113 0419 0.339 0441 0449 0457
a-terpineol 2.792 0.804 3.610 2.006 3.852 2957 3.891
B-bisabolene 0.903 0.102 1418 0.258 1.701 0.444 1537
trans-Piperitol 0.201 0.361  0.276 - 0.313 - 0.329
.(-)-p-caryophyllene epoxide 0.615 0.289  0.939 - 0.977 - 1.043
spathulenol 0.403 - 0.622 - 0.645 - 0.702
thymol 16.318 0.888 22.388 3.025 24934 5608 26.76

2 As peak area percentage
. 'L *z.j.m"' ﬁ ah fl% S— EUJ — s

Fig. 7. Typical oregano essential oil chromatogram

oil and its fractions in comparison with the correspond-
ing time required for commercial antioxidant BHT.
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