Ciéncia e Tecnologia de Alimentos

Antioxidant potential of oregano (Oreganum vulgare L.), basil (Ocimum basilicum L.)
and thyme (Thymus vulgaris L.): application of oleoresins in vegetable oil

Potencial antioxidante de orégano (Oreganum vulgare L.), manjericdo (Ocimum basilicum L.) e tomilho
(Thymus vulgaris L.): aplicagdo de oleorresinas em 6leo vegetal
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Abstract

Studies have been carried out in order to increase the stability of vegetable oils due to economic and health protection reasons. There is a growing
interest in the addition of natural antioxidants; especially herbs and spices. For this reason, this study aimed at evaluating the antioxidant
potential of the oleoresins of oregano, basil, and thyme, as well as their behavior when applied to soybean oil under various concentrations.
Firstly, the antioxidant activity was determined by the -carotene/linoleic acid system and by the quantification of total phenolic compounds.
Next, different concentrations of oleoresins (500 to 3000 mg.kg™") were added to the soybean oil, and its antioxidant potential was analyzed
using the oxidative stability through a Rancimat equipment. The value of 3000 mg.kg' of thyme and oregano oleoresins was the concentration
that presented the greatest oxidative stability to soybean oil making them a natural alternative to vegetable oil conservation.

Keywords: spice extracts; oxidation; induction period.

Resumo

Por razdes econdmicas e de protecdo a saude, pesquisas tém sido dirigidas para ampliar a estabilidade dos 6leos vegetais. Existe uma tendéncia
para a adigdo de antioxidantes naturais, em particular, um crescente interesse em ervas e especiarias. Desta forma, os objetivos deste trabalho
foram avaliar o potencial antioxidante das oleorresinas de orégano, manjericao e tomilho e seu comportamento ao serem aplicadas ao dleo
de soja em diferentes concentragdes. Numa primeira etapa foi determinada a atividade antioxidante pelo sistema -caroteno/acido linoleico
e a quantificagao de compostos fenélicos totais. Posteriormente, foram adicionadas ao dleo de soja diferentes concentragdes das oleorresinas
(500 a 3000 mg.kg™") e analisado seu potencial antioxidante por meio da estabilidade oxidativa utilizando o Rancimat. A concentragdo de
3000 mg.kg'das oleorresinas de orégano e tomilho foi a que apresentou melhor estabilidade oxidativa ao 6leo de soja, o que as tornam
alternativa natural na conservagao de dleos vegetais.

Palavras-chave: extratos de especiarias; oxidagdo; periodo de indugdo.
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1 Introduction

In food processing, many operations favor oxidation
reactions. Among them, there is the possibility of free radicals
reacting or interacting with other food components, which
causes a decrease in the nutritional quality of these components.
Oxidation is a spontaneous and unavoidable phenomenon.
It has a direct implication in the commercial values of fatty
compounds and their derivatives (NAWAR, 1996; SILVA;
BORGES; FERREIRA, 1999).

The addition of antioxidant compounds is a current
practice to delay undesirable alterations in oils avoiding or at
least delaying rancidification. In Brazil, the use of synthetic
antioxidants is controlled by the Ministry of Health, which
limits maximum concentrations for butylhydroxyanisole
(BHA) and tert-butylhydroquinone (TBHQ) as 200 mg.kg™,
and for butylhydroxytoluene (BHT) and Propyl Gallate (PG)

as 100 mg.kg™'. Declaring the use of synthetic antioxidants on
food label is mandatory (BRASIL, 2005).

Nowadays, many studies have been carried out aiming at
the partial replacement of synthetic antioxidants for natural
antioxidants due to the association of synthetic antioxidants with
carcinogenic processes in experimental animals (GUNDUC;
EL, 2003; SVILAAS et al., 2004).

Studies have indicated that the antioxidants BHA and BHT
could present some toxicity and a lower effectiveness than some
natural antioxidants (WANASUNDARA; SHAHIDI, 1998).
Therefore, in the last few years, studies on possible antioxidants
present in natural products have been emphasized, especially
herbs and spices, which are used worldwide for culinary
purposes. Their antioxidant properties are considered effective
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Spice extracts in soybean oil

in delaying the lipid peroxidation process in oils and lipid foods.
This fact has aroused interest of many research groups (MILOS;
MASTELIC; JERKOVIC, 2000).

Various studies with different sources highlight the
oxidation inhibition in vegetable oils or animal fats, among them
are oregano (KIKUZAKI; NAKATANTI, 1989; VEKIAKI et al.,
1993), rosemary (RAMALHO, JORGE, 2006), ginger
(ANDREO; JORGE, 2007), coriander (ANGELO; JORGE,
2008, MELO et al., 2003), basil, and thyme (LEE et al., 2005),
and others. Their antioxidant power is attributed to phenolic
compounds, tocopherols, carotenoids, and vitamin C.

Murcia, Jiménez and Mantinez-Tomé (2001) observed
that the extracts of cumin, oregano, paprika, rosemary and
saffron at a concentration of 5%, presented protection activity
against oxidation in edible oils similar to that of the synthetic
antioxidants BHT, BHA, and propyl gallate at 100 pg.g™.

Therefore, this study aimed at evaluating the antioxidant
potential of the extracts of spices (oregano, basil and thyme)
as well as their behavior when applied to soybean oil under
different concentrations.

2 Material and methods

2.1 Material

Extracts of oregano (Oreganum vulgare L.), basil
(Ocimum basilicum L.) and thyme (Thymus vulgaris L.), were
used in form of oleoresins; they were supplied by Kalsec’, and
their components are described in Table 1. Refined soybean oil,
free of synthetic antioxidants and citric acid, was supplied by
Granol Ind. Com. e Exp S/A, Bebedouro-SP.

2.2 Characterization of oleoresins

Oleoresin samples were analyzed for their Antioxidant
Activity (AA) and quantification of total phenolic compounds
in duplicate. For these analyses, the lipid portion of oleoresins
was separated using the procedure described by Parry et al.
(2005).

The AA evaluation was performed by spectrophotometric
determination based on the oxidation of p-carotene induced
by products of oxidative fatty acid degradation (linoleic acid),
according to the procedure described by Marco (1968) and
modified by Miller (1971). In this analysis, the oleoresins were
standardized in 0.5 mg.mL™"' of methanol. BHT (100 mg.mL™")
was used as standard and the spectrophotometric measurements
were done at 470 nm for 2 hours, every 20 minutes.

Total phenolic compounds were quantified by
spectrophotometry using the Folin-Ciocalteu reagent
(SINGLETON; ROSSI JUNIOR, 1965). For their quantification,
gallic acid was used as standard at concentrations from 0 to
500 mg.mL™. The calibration curve equation obtained was
y = 0.0016x + 0.00057 with a correlation coeflicient of 0.9995.
The contents of total phenolic compounds were expressed in
milligrams of gallic acid equivalents for 100 g of oleoresin.
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2.3 Application of oleoresins

Oleoresins were added to the soybean oil at the concentrations
of 500, 1000, 1500, 2000, 2500, and 3000 mg.kg™. A soybean oil
free of antioxidants was used as control. The experiment was
performed in three repetitions.

The antioxidant potential of oleoresins applied to soybean
oil was evaluated by the determination of oxidative stability,
using a Rancimat, model 743 Metrohm, an American... official
method Cd 12b-92 (1993). The determination was performed at
100 °C, with an air flow of 20 L/hour, using 3 g of sample, and
a volume of distilled water of 60 mL in the flasks containing
electrodes.

2.4 Statistical analysis

The results were subjected to analysis of variance in a
completely randomized design, a 3 x 7 factorial design, and
the determination of the most effective concentrations were
defined by polynomial regression (BANZATTO; KRONKA,
2006). Analyses of variance, polynomial regressions, and the
Tukey test for the averages at 5% were obtained using the
ESTAT - System for Statistical Analysis, version 2.0, 1999, Brazil
(UNIVERSIDADE..., 1999).

3 Results and discussion

In the first step of the study, the antioxidant activity was
determined by the p-carotene/linoleic acid system in order to
characterize the oleoresins of oregano, basil, and thyme. The
results are described in Table 2.

In Table 2, it is possible to observe that the oleoresin of
oregano presented an activity similar to that of thyme, which was
similar to basil’s. The synthetic antioxidant BHT, commercial
standard, presented higher activity regarding the oleoresins to
prevent peroxides formation.

Many authors have found high levels of antioxidant
activity in different varieties of spices (CALUCCI et al., 2003;
EXARCHOU et al., 2002; MARTINEZ-TOME et al., 2001),
especially for the essential 0oil (DORMAN; SURAL DEANS, 2000;

Table 1. Constituents of oleoresins studied.

Components Oleoresins (%)
Oregano Basil Thyme
Natural extract 60-70 56-66 55-65
Canola oil 30-40 34-44 35-45
Mono and diglycerides - - 0-10

Source: Kalsec®

Table 2. Antioxidant Activity (AA) of the oleoresins using the
B-carotene/linoleic acid system.

Treatments AA (%)
Oregano 54.78°
Basil 41.32¢
Thyme 52.32"
BHT* 89.33*

Mean (n = 2); *Concentration of BHT, 100 mg.kg™", used for comparison; a, b..: different
letters represent statistical differences (p < 0.05).
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RUBERTO et al., 2002). In some studies, the extract of oregano
(5%) has shown to be more effective than the propyl gallate, BHT,
and BHA at 100 pg.g' (MARTINEZ-TOME et al., 2001).

In the B-carotene/linoleic acid system, the samples were
analyzed for 2 hours, and the spectrophotometric measurements
were carried out at every 20 minutes in order to evaluate not
only the total antioxidant activity by the end of the reaction, but
also the behavior throughout the reaction time. From the data
obtained, it was possible to describe the degradation kinetic
curve of B-carotene and to evaluate the effectiveness of the
antioxidant added in different time intervals. The kinetic curves
of the oleoresins of oregano, basil, and thyme are presented in
Figure 1.

The presence of antioxidants in the system protects the
linoleic acid extending the period of formation of free radicals
(HUANG; WANG, 2004). The smaller the decrease in the sample
optical density, the more powerful the antioxidant capacity of
inhibiting the degradation of B-carotene.

Itis possible to observe that, generally, in curves of oleoresins
the degradation occurs very similarly. At the beginning of the
reaction (20 minutes), the oleoresin of oregano had a sharper
decrease. However, at the end of the reaction (120 minutes), it
protected the system better, followed by the oleoresin of thyme.
It is also possible to observe a sharper decease in the oleoresin
of basil after 100 minutes of reaction, which differs from the
other oleoresins.

Table 3 shows the total phenolic contents of oleoresins of
oregano, basil, and thyme. It is possible to verify that there was
a great variation in the content of total phenolic compounds of
the oleoresins. The oleoresins of thyme and oregano are the best
sources of phenolic compounds.

Katalinic et al. (2006), investigating 70 samples of medicinal
plants, measured the concentration of phenolic compounds
using the Folin-Ciocalteau method. Among the samples, they
analyzed thyme, and found 87.6 mg of gallic acid per gram of
dried sample, higher than that found in this study.

The total of phenolic compounds in ethanolic and aqueous
extracts of thyme was also evaluated by Mata et al. (2007) using
the Folin-Ciocalteu method. The values found for the ethanolic
and aqueous extracts were 113 and 74.9 mg of gallic acid per
gram of sample, respectively.

The extraction of phenolic compounds from natural
products is strongly influenced by the solvent used. It has been
observed that the greater the polarity of the extraction solvent,
the greater the amount of phenolic compounds extracted
(GAMEZ-MEZA etal., 1999). In the present study, the solvents
used for obtaining oleoresin are unknown.

These results indicate that the oleoresins of thyme and
oregano are spices of high antioxidant capacity. Many authors
have found a positive correlation between the quantity
of total phenolics and the antioxidant capacity of foods
(FALLARERO et al., 2003; KUSKOSKI et al., 2005).

However, it is known that besides phenolic compounds,
vegetables contain other oxidation inhibitors, such as ascorbic acid,
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hydroxycarboxylic acids, and carotenoids that can also be extracted
according to the polarity of the solvent applied (POKORNY, 2007)
and, consequently, can be applied in vegetable oils.

In the second step, this study focused on indicating the
most effective spices - among the three varieties being studied
- when added to soybean oil, as well as the best concentration
and possible pro-oxidant action.

The concentrations applied to the oleoresins, from 500 to
3000 mg.kg™, were defined in preliminary tests. The maximum
limit determined was 3000 mg.kg™ due to sensory alterations. It
is worth to highlight that the oleoresins studied presented from
30 to 45% of canola oil (Table 1) in their composition. This is
directly related to the increase in the concentration to be applied.

Table 4 presents the results of the oxidative stability averages
for the treatments studied.

According to Table 4, it is possible to observe that among
the oleoresins studied, the one that presented the greatest
oxidative stability was the oleoresin of oregano, followed by
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Figure 1. Kinetic curves of the antioxidant potential of the oleoresin
B-carotene/linoleic acid system.

Table 3. Total phenolic contents expressed in mg equivalent of gallic
acid per 100 g of oleoresin.

Treatments Total phenolic contents (mg.100 g™')
Oregano 25.93°
Basil 6.18°
Thyme 64.77*

Mean (n = 2); a, b..: different letters represent statistical differences (p < 0.05).

Table 4. Oxidative stability averages (hours) for different concentrations
of oleoresins.

Treatments Concentrations (mg.kg™")

0 500 1000 1500 2000 2500 3000

OS+00 10.44°* 12.08%" 12.829" 13.89°* 14.95** 15204 16.16*
OS+ OB 10.44°* 11.32®F 11.21®F 10.50°C 11.14*C 10.52°¢ 11.56*°
OS+OT 10.44° 11.38%P 11.63%® 12.46® 12.80"® 13.01*"® 14.01%"

OS: soybean oil; OO: oleoresin oregano; OB: oleoresin basil; OT: oleoresin thyme;
Statistical (p < 0.05) difference between treatments (column) and within treatments
(rows) are represented as upper and lower case letters, respectively. Different letters
represent statistical differences.
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thyme and basil. The general averages were 13,65%, 12,25" and
10,965, respectively. The difference was statistically evidenced
according to the Tukey test (p < 0.05).

When evaluating the concentrations studied, it is possible
to verify that the oleoresins presented a protective effect against
lipid oxidation when compared to the control, given that in the
oleoresins of oregano and thyme, the oxidative stability was
directly proportional to the increase of concentration. When
calculating the percentage of increase in the induction period,
in relation to the control (soybean oil free of antioxidants), in
the final concentration of 3000 mg.kg™, oregano presented an
oxidation inhibition percentage of 54.79%, followed by thyme
with 34.20% and basil with only 10,73%.

Moreira and Mancini-Filho (2003), evaluating spices
extracts mustard, cinnamon, and anise quantified a protection
of 19.63% for the aqueous extract of mustard seeds, which
presented the greatest protection of oxidation in the soybean
oil free of antioxidant (among the samples tested).

The increase in the induction period by the addition of an
antioxidant has been related to the antioxidant effectiveness, and
it can be expressed as a protection factor or antioxidant index. In
other words, it is the ratio between the induction period of an oil
in the presence of an antioxidant and the induction period of the
same oil in the absence of the antioxidant (HOLASOVA et al.,
2006; MEZOUARI; EICHNER, 2007). In addition, the greater
the protection factor, the better the antioxidant activity
(ELIZABLE; BRESSA; ROSA, 1992).

Table 5 shows the protection factors for all concentrations
of oleoresins studied.

All oleoresins presented a protection factor greater than 1,
protection factor of the control; however, the oleoresin of
oregano deserves special attention since it was more effective
in delaying oxidation under all concentrations applied.

In order to better define the concentration between the two
most effective oleoresins, oregano and thyme, analyses of variance
were applied by polynomial regression with data of the oxidative
stability. Through the polynomial regression (Figure 2), it is
possible to observe that the values of oxidative stability increased as
concentrations increased for both oleoresins, without evidencing
any pro-oxidant effect. The following first degree equations were
obtained for the oleoresin of oregano: y = 0.0018x + 10.913 and
for the oleoresin of thyme: y =0.011x + 10.625, respectively, where
y represents the Oxidative Stability (hours), and x represents the
Concentrations (mg.kg™).

Concerning the oleoresin of oregano, the coeflicient of
determination of the linear regression (R*=0.9739) was higher
than 0.9. Therefore, it could be used to explain the behavior of
this oleoresin (Figure 2).

As for the oleoresin of thyme, the linear regression was
significant (p < 0.01), and it also presented a coefficient
(R?=0.9708) higher than 0.9 (Figure 2). It is possible to verify
that a relationship between oxidative stability and concentrations
of oleoresins in soybean oil can be established. The lines indicate
an increasing oxidant action as the concentrations increase, in
other words, as the concentration of oleoresin increases in the
oil, the oxidative stability tends to increase.
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Table 5. Protective factors for oleoresins applied in soybean oil.

Treatments Concentrations (mg.kg™')

500 1000 1500 2000 2500

3000

0§+ 00 1.16 1.23 1.33 1.43 1.46 1.55
OS+ OB 1.08 1.07 1.01 1.07 1.01 1.11
OS +OT 1.09 1.11 1.11 1.19 1.25 1.34

OS: soybean oil; OO: oleoresin oregano; OB: oleoresin basil; OT: oleoresin thyme.
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Figure 2. Oxidative stability of soybean oil under different
concentrations of oregano and thyme oleoresins.

In general, the same characteristics are found in the
literature regarding the antioxidant activity of natural extracts,
i.e. as the concentration of the extract increases, the antioxidant
activity also tends to increase (AZIZAH; RUSLAWATI; TEE,
1999; LEE; KIM; ASHMORE, 1986).

Based on the oxidative stability and on the protection factor
found, the most effective oleoresins were those of oregano
and thyme, respectively. And through polynomial regression,
the most effective concentration regarding the delay of lipid
oxidation was 3000 mg.kg™' for both oleoresins.

4 Conclusions

The oleoresins studied presented antioxidant potential, given
that the content of total phenolic compounds and the antioxidant
activity by the p-carotene/linoleic acid system were higher in
the oleoresins of thyme and oregano. These oleoresins provided
greater oxidative stability when applied to soybean oil. The
application of oleoresins of oregano and thyme at a concentration
0f3000 mg kg is recommended instead of synthetic antioxidants.
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