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The antioxidant activity of phytochemicals and of the methanolic extract of Lavandula stoechas was evaluated
by β-carotene-linoleate bleaching, DPPH radical scavenging, ferric reducing/antioxidant power (FRAP). The ob-
tained results were compared with antioxidant activities of synthetic antioxidants, such as BHT and BHA. The high-
est antioxidant activity of the extract was observed by DPPH radical scavenging assay, which was 84.45 ± 5.1%
at 1 mgml−1. Rutin, rosmarinic acid, and caffeic acid were main phenolics in the extract. The total phenolic con-
tent of the methanolic extract of Lavandula stoechas was found to be 105.5± 2.7 mg gallic acid equivalent (GAE).
Electron spin resonance (ESR) measurements were also performed on the samples. Free radicals were determined
by ESR method. g value was found to be 2.0034 for the Lavandula stoechas; 2.0052 for quercetin.
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1. Introduction

Antioxidants such as vitamins E and C, selenium,
and carotenoids decrease or inhibit the occurrence of
the free radicals [1–3]. Synthetic antioxidants such
as butylated hydroxyanisole (BHA), butylated hydrox-
ytoluene (BHT), and tert-butyl hydroquinone have been
used in food industry since 1940s. Recently, their safety
has been questioned [4]. Therefore, attention of many re-
search groups and institutions has been focused on usage
of natural antioxidants. Lately, large efforts have been
made to develop effective antioxidants for the purpose
of inhibition of harmful effects of free radicals, released
from the damaged human tissues by several biochemical
pathways, such as lipid peroxidation on cell membrane
and nucleotide mutation in DNA [5]. Antioxidant prop-
erties of the plants are attributed to their chemical com-
position which is composed of phytochemicals such as
phenolic acids, flavonoids (quercetin, etc.). Polypheno-
lics are known as secondary metabolites of plants. Sec-
ondary metabolites are mainly used in food, pharmaceu-
tical, chemical, cosmetic industries, and agriculture [6].

In this study, antioxidant activitiy of Lavandula
stoechas grown in Southern Turkey was evaluated by
DPPH, FRAP, and β-carotene bleaching. Several phe-
nolic acids and flavonoids of methanolic extract of La-
vandula stoechas were also analysed by high perfor-
mance liquid chromatography (HPLC). The ESR tech-
nique was also used to analyse mechanism of free radical
scavenging.
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2. Materials and methods

2.1. Plant

Lavandula stoechas was collected from Antalya, a city
in Southern Turkey in July 2008. Leaves of the Lavan-
dula stoechas were identified by Suleyman Gokturk and a
voucher specimen was deposited in Department of Biol-
ogy, Akdeniz University (Antalya, Turkey). Leaves were
dried under the sun and turned into powder.

2.2. Chemicals

β-carotene, linoleic acid, butylated hydroxytoluene
(BHT), 2,2-diphenyl-2-picrylhydrazyl (DPPH), po-
lioxyethylenesorbitan monolaurat (Tween 20), gallic
acid, butylated hydroxyanisol (BHA), and potassium
ferricyanide were purchased from Sigma-Aldrich; Folin-
Ciocalteu reagent, sodium bicarbonate, sodium acetate,
ferric chloride (FeCl3 · 6H2O), chloroform and methanol
were purchased from Merck. Double-distilled water was
used for all experiments.

2.3. Preparation of extract

Leaves of Lavandula stoechas were turned into pow-
der by grinding. 20 g of the powder was extracted
with 500 ml of methanol at 35 ◦C using a magnetic stirrer
for 6 h. The mixture was filtered through filter paper.
Then the extract solution (10 ml) was evaporated under
vacuum and was dried at –50 ◦C in a lyophiliser (yield,
7% w/w). Obtained extract was kept for the antioxidant
assays.

2.4. β-carotene-linoleate bleaching assay

The antioxidant activity of the extract was studied us-
ing the β-carotene-linoleate bleaching method described
by Velioglu et al. [7]. BHT and BHA were used as the
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standards. 0.2 ml of tween 20, 0.2 mg of β-carotene
in 1 ml chloroform, and 0.02 ml of linoleic acid were
poured into a flask. This mixture was added to 2 mgml−1

of methanolic extract, and then keep under vacuum at
room temperature. A rotary evaporator was used to
remove chloroform. After the evaporation, 50 ml of
double-distilled water was added to the mixture and
then this mixture was shaken vigorously to obtain an
emulsion. An aliquot of emulsion was placed in a wa-
ter bath at 50 ◦C. The absorbance was recorded at
470 nm, in 15 minutes intervals for 2 h using a Shi-
madzu 1700 UV spectrophotometer (Shimadzu Corpo-
ration, Kyoto, Japan) with double beam. Antioxidant
activity of the extract was compared with those of BHT
and BHA, according to degradation rate. Degradation
rate (DR) was calculated from Eq. 1 described by Al-
Saikhan et al. [8]

DR = ln(a/b), (1)
where a is absorbance at initial time, b is absorbance at
120 minutes. Antioxidant activity (AA) was calculated
using Eq. 2,

AA = [(DRcontrol −DRsample)/DRcontrol]× 100, (2)
where DRcontrol is the degradation rate of the control,
DRsample is the degradation rate of the extract or stan-
dard antioxidant.

2.5. DPPH radical scavenging assay

The scavenging activity was estimated using the
method described by Sanchez-Moreno [9]. 0.5 ml of var-
ious concentrations of the extracts (0.1–0.5 mgml−1) in
methanol were added to 3 ml of DPPH (2,2-diphenyl-2-
picrylhydrazyl) solution (0.004%) in methanol. After the
mixture was incubated in darkness at room temperature
for 30 minutes, the absorbance was recorded at 517 nm by
UV spectrophotometer (Shimadzu Corporation, Kyoto,
Japan). Inhibition of the free radical by DPPH (I) was
calculated from the Eq. 3 described by Kartal et al. [2]

I = [(Ablank −Asample)/Ablank]× 100, (3)
where Ablank is absorbance of the blank (containing all
reagents except the extract or standard), and Asample is
absorbance of the extract or standard.

Value of IC50 was determined from the plot of scaveng-
ing activity, drawn according to the concentration of the
extract, which is defined as the total antioxidant activity
necessary to decrease by 50% the initial DPPH radical
concentration. The experiments were carried out in trip-
licate. Butylated hydroxytoluene (BHT) and butylated
hydroxyanisol (BHA) were used as standard antioxidants.

2.6. Ferric reducing/antioxidant
power (FRAP) assay

Ferric-reducing antioxidant power of the extract was
investigated by the method developed by Oyaizu [10].
Different amounts of the extracts (0.025–0.4 mgml−1)
in methanol were mixed with 2.5 ml of phosphate
buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferri-
cyanide (1%) [K3Fe(CN)6]. The mixture was incubated

at 50 ◦C for 20 minutes. The mixture was added to
aliquot of trichloroacetic acid (10%). Then, this mix-
ture was centrifuged for 10 minutes. The obtained upper
layer (2.5 ml) was transferred to another tube with 5 ml
of distilled water and then 1 ml of ferric chloride (0.1%)
was added to the obtained mixture. The absorbance was
measured at 700 nm. The tests were run in triplicate.

2.7. Total phenolic content

Total phenolic content of the extract was deter-
mined using the Folin-Ciocalteu’s phenol reagent by the
method described by Singleton and Rossi [11]. 1 ml of
sample with various concentrations ranging from 1.0
to 0.1 mgml−1 was dissolved in 1.5 ml of distilled wa-
ter, 2.5 ml of 10% Folin-Ciocalteu’s phenol reagent, and
7.5 ml of Na2CO3 (20%). The final mixture was shaken
and incubated in the dark for 2 h. The absorbance of the
mixture was measured at 750 nm. The results were ex-
pressed as gallic acid equivalent (µg GAE g−1 dry weight
of extract). All tests were carried out in triplicate.

2.8. HPLC analysis

A Shimadzu 1100 series HPLC equipped with a SIL-
10ADVP autosampler and LC-10ADVP pump system,
diode array detector (DAD) and an Inertsil Agilent
Eclipse XDB column (Agilent Technologies, Palo Alto,
CA, USA) (240 mm × 4.60 mm, 5 µm particle size)
were used to analyse several phenolic acids and flavonoid
in the extracts. The mobile phase consisted of (A),
100% methanol; (B), 3% (v/v) aqueous acetic acid. Sec-
ondary metabolites were separated with a linear gra-
dient from 5% to 66.5% solvent A over 75 minutes at
0.8 mlmin−1, as described by Maltas et al. [12]. The de-
tection was done at the wavelength of 278 nm. Injection
volume was 20 µl of standards and extract. After elution
was completed, the column was returned to the initial
conditions and equilibrated for 15 minutes. Amounts of
the antioxidant compounds, which were gallic acid, cat-
echin, caffeic acid, epicatechin, p-coumaric acid, ferulic
acid, vitexin, rutin, naringin, hesperidin, apigenin, ros-
marinic acid, eriodictyol, quercetin, naringenin, luteolin,
apigenin and carvacrol, were calculated on the basis of
the calibration curve for each of them.

2.9. ESR measurement

The measurements were performed using an ESR
spectrometer (X-Band Bruker EMX 081, Rheinstetten,
Germany) in Saraykoy Laboratory of TAEK (Turkish
Atomic Energy Authority). The measurements were set
as follows: the microwave power was 2 mW, the modula-
tion frequency was 100 kHz, and modulation amplitude
was 0.5 G.

2.10. Statistical analysis

The statistical analysis was carried out using Orig-
inPro 7.5 software and one way analysis of variance
(ANOVA) method. Obtained results were compared us-
ing Tukey test.
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3. Results and discussion

3.1. Antioxidant activity

3.1.1. DPPH radical scavenging assay
The proton radical scavenging is known to be one

of the various mechanisms in measurement of antioxi-
dant activity. The scavenging effect of antioxidants on
DPPH radical has been investigated [12–13] by many
researchers. In this study, DPPH showed a maximum
absorption at 517 nm. When the methanolic extract of
Lavandula stoechas was added to DPPH solution, pur-
ple colour of the solution rapidly faded. The inhibition
percentage of methanolic extract of Lavandula stoechas,
ranging from 0.05 to 0.5 mgml−1, is shown in Fig. 1.

Fig. 1. Inhibition ratio (%) against increasing Lavan-
dula stoechas extract concentration in DPPH assay (a)
and absorbance changes against increasing concentra-
tion of the methanolic extract of Lavandula stoechas in
FRAP assay (b).

Synthetic antioxidant standards, BHA and BHT, were
applied to the DPPH method in the same concentration
range. It was found that inhibition percentage of DPPH
by Lavandula stoechas extract was 69.31 ± 1.24% at ex-
tract concentration of 0.5 mg/ml; inhibition percentages
of BHT and BHA were 89.16±1.83% and 80.01±1.78%,
respectively (Table I). Extract concentration providing
50% inhibition (IC50) of Lavandula stoechas is given
in Table I.

The obtained data show that the methanolic extract
of Lavandula stoechas can be used to reduce the stable
DPPH radical with IC50 values of 0.300±0.010 mgml−1.
IC50 values of BHT and BHA were 0.020±0.001 mgml−1

and 0.035 ± 0.007 mgml−1, respectively. Phenolic acids
and flavonoids of Lavandula stoechas, such as rutin and
caffeic acid have been reported as the compounds respon-
sible for the antioxidant activity [14]. As a matter of fact,
all phenolic materials in the extract have been known to
contribute to antioxidant activity of the methanolic ex-
tract of Lavandula stoechas.

TABLE I

DPPH scavenging activity, antioxidant activity by
β-carotene-linoleic acid system and IC50 values of the
methanolic extract of Lavandula stoechas and standards.

Extract
*DPPH scavenging

activity [%]
**AA [%] IC50 [mg]

Methanol
extract 69.31± 1.24a 47.98± 0.94d 0.300± 0.010b

BHT 89.16± 1.83b 78.78± 1.59d 0.020± 0.001c

BHA 80.01± 1.78a 79.15± 0.24c 0.035± 0.007c

Data expressed as means ± standard deviation (n = 3). Means
within each column with different letters (a–c) differ significantly
(p < 0.05).
*DPPH scavering activity [%] at concentration of 0.5 mg dry
weight ml−1.
**Antioxidant activity by β-caroten system [%] at concentration
of 2 mg dry weight ml−1.

3.1.2. Inhibition of linoleic acid oxidation
Antioxidants inhibit the volatile organic compounds

and the conjugated diene hydroperoxides arised from
linoleic acid oxidation. Therefore, they protect cells from
oxidation of lipid components in cell membranes [2, 7].

In the β-carotene-linoleate bleaching assay, it was
found that antioxidant compounds in the methanolic ex-
tract of Lavandula stoechas minimized the oxidation of
β-carotene. Hydroperoxides formed by linoleic acid were
neutralized by the antioxidants in the extract. Antiox-
idant activity of the extract was measured according to
degradation rate of β-carotene. In the literature, it was
determined that the extract with the lowest degradation
rate of β-carotene exhibited the highest antioxidant ac-
tivity (AA) [15]. In the present study, AA of the extracts
and standards was measured by degradation rate (DR) of
β-carotene. The results are given in Table I. The highest
inhibition was provided by BHT and BHA (78.78±1.59%
and 79.15±0.24%), followed by the extract of Lavandula
stoechas (47.98± 0.94%) at concentration of 2 mg/ml, as
shown in Fig. 2.

Fig. 2. Absorbance change of β-carotene at 490 nm
in the presence of the methanolic extract of Lavandula
stoechas, control and positive control BHT and BHA.

Considering the obtained results, it can be said that
the methanolic extract of Lavandula stoechas has weaker
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activity than the standards, BHA and BHT. However,
the high concentration of polar phenolics in the ex-
tract may promote the inhibition effect on linoleic acid
oxidation.

3.1.3. Ferric reducing antioxidant power (FRAP)

Ferric reducing antioxidant power (FRAP) of an an-
tioxidant was determined using FRAP assay. Accord-
ing to the absorbance values shown in Fig. 1b, FRAP of
the extract on ferrous ions has exhibited a lower antiox-
idant potential than those of standards BHT and BHA.
Higher absorbance means a higher ferric reducing antiox-
idant power. The reduction of antioxidant power of the
plant extract on ferric ions is associated with their phyto-
constituents such as phenolic acids and flavonoids, which
exert breaking of the free radical chain. Thus, the redox
potential of phenolic compounds has played an important
role in determination of the antioxidant capacity [16, 17].

3.1.4. Total phenolic content

The plant extracts have significantly inhibited oxidat-
ing process although they are often oxidized themselves.
This inhibition effect is attributed to phenolic compounds
in the plants [16, 18]. Total phenolic contents of the
plant extracts imply antioxidant power of the extract.
Therefore, the total phenolic content of the methanolic
extract of Lavandula stoechas was measured and found
to be 105.5 ± 2.7 mg gallic acid equivalents (GAE) per
gramm of dry extract (p < 0.05).

3.1.5. HPLC analysis

High antioxidant power is attributed to high amount
of total phenolic content. However, in literature more
than 6500 phenolic structures were identified by analyti-
cal tools, such as high performance liquid and gas chro-
matographic techniques. It is impossible to character-
ize all these structures at the same time. For this pur-
pose, several typical phenolics, such as phenolic acids and
flavonoids have been characterized in this study. Phe-
nolic acids such as caffeic acid, ferulic acid and vanilic
acid are widely present in the plants [8]. Selected pheno-
lic compounds from the methanolic extract of Lavandula
stoechas were also analyzed via comparison with authen-
tic standards (Fig. 3). These are the gallic acid, cat-
echin, caffeic acid, epicatechin, p-coumaric acid, ferulic
acid, vitexin, rutin, naringin, hesperidin, apigenin, ros-
marinic acid, eriodictyol, quercetin, naringenin, luteolin,
apigenin and carvacrol. Considering the HPLC analysis
in which 8.347 mg g−1 of rosmarinic acid, 0.875 mg g−1 of
caffeic acid, 1.019 mg g−1 of quercetin, and 0.472 mg g−1

of rutin were used, it was found that phenolic acids in
the extract was predominant over flavonoids (Table II).

According to the results of this study, it was deter-
mined that compounds isolated from Lavandula stoechas
such as rutin, caffeic acid and rosmarinic acid may partly
be responsible for the antioxidant activity of the total
extract and may play important role in therapeutic effi-
ciency of Lavandula stoechas [15].

TABLE II

Contents of several phenolic com-
pounds in the methanolic extract of
Lavandula stoechas.

Compounds Amount [mg g−1]
Gallic acid –

Catechin hydrate –
Caffeic acid 0.875± 0.024

Epicatechin –
p-coumaric acid 0.018± 0.008

Ferulic acid 0.033± 0.006

Vitexin –
Rutin 0.472± 0.093

Naringin –
Hesperidin –

Rosmarinic acid 8.347± 1.005

Eriodictyol 0.055± 0.010

Quercetin 1.019± 0.059

Naringenin –
Carvacrol –

Data expressed (P < 0.05) as mean
± standard deviation (n = 3).

3.2. ESR measurements
ESR measurements have recently been carried out

on antioxidants [19–21]. Antioxidant plants consist of
many flavonoid compounds such as quercetin, vitexin,
rutin and pyrogallol (myricetin). Quercetin is one of
the flavonoids in the plants. Therefore, many researches
have studied the antioxidant activity of quercetin [22, 23].
Miura, et al. observed one ESR line from the quercetin
quenched with HRP, but they did not observe any
ESR line from quercetin without quenching it with
HRP [22]. In this study, ESR spectra were recorded
from the methanolic extract of the Lavandula stoechas.
The quercetin ESR spectrum without quenching, at the
room temperature conditions is shown in Fig. 3.

Fig. 3. ESR spectrum of the methanolic extract of La-
vandula stoechas (a) and of quercetin (b) at 298 K.
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The g-factor and free radical concentration were calcu-
lated for both the plant extract and the quercetin from
the recorded the spectra. Results are shown in Table III.

TABLE III

g-values and radical concentrations for Lavandula
stoechas and quercetin.

Materials *Intensity of peaks g-factor
Lavandula stoechas 116.25 2.0034

Quercetin 1.4× 103 2.0052
Dry weight of the samples is 0.5 mg
Temperature is 298 K
*Intensity of ESR line is related with free radical con-
centration in this sample

These results show that the free radical concentration
in the quercetin is more than that in the extract and also
magnetic environment of free electron in the quercetin is
different from that in the plant extract.

4. Conclusions

Lavandula stoechas might be a new potential natural
antioxidant source due to having high antioxidant activ-
ity. The methanolic extract of Lavandula stoechas is a
complex mixture of phenolic acids and flavonoid com-
pounds. Therefore, it is important to analyse phenolic
compounds which are contributing to the antioxidant ac-
tivity. In this study, it was the first time we have investi-
gated relationship between radical scavenging effect and
ESR signals of Lavandula stoechas extract. ESR results
showed that the free radical scavenging effect of Lavan-
dula stoechas is stronger than that of quercetin, because
the intensity of ESR line of the plant extract is smaller
than that of the quercetin.
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