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Thirty-six different extracts of six herbs and aromatic plants (fennel, common melilot, milfoil, lavandin
cv. Super, spike lavender, and tarragon) were evaluated for their radical scavenging activity by the
DPPH•, NBT/hypoxanthine superoxide, and •OH/luminol chemiluminescence methods, and for their
antioxidant activity by the â-carotene blenching test. The total phenolic content was also determined
by the Folin-Ciocalteu method. The plant material included cultivated plants and their wastes after
being distilled for essential oils. Both remarkably high phenolic content and radical scavenging activities
were found for the ethyl acetate and dichloromethane fractions among the different plant extracts. In
general, the distilled plant material was found to exhibit a higher phenolic content as well as antioxidant
and radical scavenging activities than the nondistilled material. Ethyl acetate and dichloromethane
extracts, and even some crude extract, of both distilled and nondistilled plants exhibited activities
comparable to those of commercial extracts/compounds, thus making it possible to consider some
of them as a potential source of antioxidants of natural origin.
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INTRODUCTION

Active oxygen molecules, such as superoxide (O2
•-, OOH•),

hydroxyl (OH•) and peroxyl (ROOH•) radicals play an important
role in oxidative stress related to the pathogenesis of various
important diseases. In healthy individuals, the production of free
radicals is balanced by the antioxidative defense system.
Oxidative stress is generated when the balance is in favor of
the free radicals as a result of an increased production or
depletion of antioxidant levels. It is common knowledge that
oxidative stress, particulary due to aging, may be a contributory
factor in neurodegenerative disorders, such as Alzheimer’s and
Parkinson’s diseases. Furthermore, oxidative damage, caused
by the action of free radicals, may initiate and promote the
progression of a number of chronic diseases, such as cancer,
cardiovascular diseases, atheroesclerosis, cataract, and inflama-
tion (1, 2).

Phenolic substances are widely distributed in the plant
kingdom and have been reported to possess a wide range of
biological effects, including antioxidant, antimicrobial, anti-
inflammatory, and vasodilatory actions. The antioxidant effect
of plant phenolics has also been studied in relation to the
prevention of coronary diseases and cancer, as well as age-
related degenerative brain disorders (3, 4).

In the search of plants as a source of natural antioxidants,
some medicinal plants and fruits have been extensively studied
for their antioxidant activity and radical scavenging in the last
several years (5-9). Herbs and aromatic plants, which are highly
widespread in the Mediterranean region, are of commercial
interest for their essential oils (10-12). Some of them, including
sage and rosemary (13-15), thyme (16), oregano (17), and some
other Lamiaceae (18-20), have already been studied for their
antioxidant activity.

On the other hand, the search for natural antioxidants in
wastes of plant origin is also being explored as an alternative
to the synthetic antioxidants used in food and pharmaceutical
industries. Some examples of these wastes include residues of
olive oil (21-23), grapes (24), and potato peels (25). In the
case of herbs and aromatic plants, to our knowledge, no
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information is available on the study of the remaining distillation
material, which is potentially interesting as a result of the water-
soluble properties of phenolic compounds that rarely form part
of essential oils.

In this work about the search for antioxidant agents from
natural sources, 36 plant extracts/fractions of different polarity
obtained from six Mediterranean herbs and aromatic plants,
spike lavender (LaVandula latifolia), common melilot (Melilotus
officinalis), fennel (Foeniculum Vulgare), milfoil ( Achillea
millefolium), tarragon (Artemisia dracunculus), and Lavandin
cv. Super (LaVandula latifolia x L. angustifolia), were studied
in order to assess their radical scavenging and antioxidant
activity. Although these plant species have been extensively
studied for their essential oils, no information about their
phenolic content or antioxidant and antiradical scavenging
activity has been hitherto reported. The extracts and fractions
were prepared from both nondistilled and distilled plant material
in order to evaluate their potential use as a source of natural
antioxidants. The three assays used to evaluate the radical
scavenging activity were those of the DPPH• (2,2-diphenyl-1-
picrylhydrazyl), superoxide-nitro-blue tetrazolium (NBT) hy-
poxanthinae/xanthine oxidase, and•OH/luminol chemilumines-
cence. Theâ-carotene blenching test was used to evaluate the
antioxidant activity. Furthermore, the total phenolic content was
determined by the Folin-Ciocalteu method. The results were
compared with those obtained with different reference prod-
ucts: quercetin, an antioxidant of natural origin; BHA (butylated
hydroxyanisole), one of the most widely used synthetic anti-
oxidants employed in the food industry; and three commercially
available extracts of natural origin with high antioxidant
activity: rosemary, green tea and grape seeds.

MATERIALS AND METHODS

Plant Material. The different taxa studied wereAchillea millefolium
L. andArtemisia dracunculusL. (Compositae),LaVandula latifolia(L.
Fil) Medikus andLaVandula latifolia x L. angustifoliaMiller (Labiatae),
Melilotus officinalisLam. (Leguminosae), andFoeniculumVulgareMill.
(Apiaceae). The plants were collected during the flowering period from
cultures established in an experimental plot (Cetina, Zaragoza, Spain)
under agronomically controlled conditions. Only flowers (stem and
floral shoot in the case of the spı`ke lavender) were studied for their
antioxidant properties. Half of the plant material was distilled for
essential oils by steam distillation at pilot plant scale (“La Alfranca”
Experimental Farm, Diputacio´n General de Arago´n) under a standard
operation protocol of the Spanish Ministerio de Agricultura, Pesca y
Alimentación.

Chemicals.All of the chemicals used in this work were purchased
from Sigma Aldrich (USA), with the exception of the Folin-Ciocalteu’s
reagent, which was purchased from Panreac. All of the chemicals and
reagents were of analytical grade.

Sample Preparation and Extraction.The plant material was dried
in the open air in the field and then crushed. Both nondistilled and
distilled plant materials were treated in the same way. Once in the
laboratory, the plant material was dried again in an oven at 40° under
constant weight, and then powdered with a mill. Two extracts and four
fractions of each plant species were obtained using an extraction and
fractionation procedure standardized within the CYTED project (see
acknowledgments), which is shown inFigure 1. Before starting the
extraction, the extractable matter was determined in order to know the
amount of plant material required to obtain 10 g of crude extract. To
do this, 20 g of powdered material was extracted with 400 mL of
methanol at room temperature for 24 h, and the total solids content
was then calculated. The total solids content was determined for each
extract or fraction in order to refer all the results to the same
concentration (µg/mL). A 10 mL portion of extract/fraction was filtered
and filled in a previously dried and tared flat-bottomed dish. The
samples were heated to dryness in an oven (3 h, 105°C) and then

cooled in a desiccator for 2 h before weighing. This measure was carried
out in triplicate.

To obtain the different extracts and fractions of each plant species,
the dried and powdered plant material was first extracted with MeOH
by maceration for 24 h (stirring for 4 h). After filtering, the methanol
was evaporated, and the extract was redissolved in water, kept at 4°C
for 12 h, and filtered again, thus obtaining the crude extract (CE1)
(Figure 1). This EC1 was then partitioned with hexane (200 mL
fractions repeatedly until decoloration of the organic solvent), thus
obtaining both the hexane fraction (HxF) and the “clean” or “defatted”
crude extract (CE2). The CE2 was then successively partitioned with
dichloromethane and ethyl acetate (as for the hexane partition), thus
obtaining the dichloromethane (DCF), ethyl acetate (EAF), and aqueous
(WF) fractions. For test dilutions, every extract or fraction was dried
and redissolved in methanol (Folin Ciocalteu, DPPH, and chemi-
luminiscence assays), water (superoxide assay), or DMSO (â-carotene
blenching test).

Determination of Total Phenolics. The amount of total soluble
phenolics (TPH) was determined according to the Folin-Ciocalteu
method (26). The reaction mixture was composed of 0.1 mL of extract
(1 or 10 mg/mL, depending on the activity), 7.9 mL of distilled water,
0.5 mL of the Folin-Ciocalteu’s reagent (Panreac), and 1.5 mL of 20%
sodium carbonate. The opaque flasks were mixed and allowed to stand
for 2 h. The absorbance was measured at 765 nm in a HITACHI U-2000
spectrophotometer (the same equipment was used in all the assays,
except for that of chemiluminiscence). The total phenolic content was
determined as gallic acid equivalents (GAE)/mg of extract.

Free Radical Scavenging Activity.The different extracts were
measured in terms of hydrogen donating or radical scavenging ability
using the stable radical DPPH• (27). A 0.75-mL portion of a methanolic
solution of the extract at different concentrations ranging from 1 to
500 µg/mL (methanol for the control) was placed in a test tube, and
1.5 mL of a DPPH methanolic solution (20 g/L) was added. The
absorbance was measured at 517 nm after 20 min of reaction. The
absorbance of the control (DPPH• radical without sample), was
measured daily. The percent of DPPH decoloration of the sample was
calculated according to the formula,

The decoloration was plotted against the sample extract concentra-
tion, and a logarithmic regression curve was established in order to
calculate the IC50 (inhibitory concentration 50), which is the amount
of sample necessary to decrease by 50% the absorbance of DPPH. The
results are expressed as antiradical efficiency (AE), which is 1000-
fold the inverse of the IC50 value.

Hydroxyl Radical Scavenging Activity. The radical scavenging
activity was determined through the Co(II)/EDTA/•OH/H2O2-luminol
system. The intensity of chemiluminescence (CL) was measured as
relative light (RLU ) relative light units) in a Turner Designs’ TD-
20/20 luminometer. The highest CL intensity of the reaction (control
light) is decreased by hydroxyl radical scavenging substances (28, 29).

A 300-µL portion of buffer pH 9 Co(II) (2.6 mM) and EDTA (0.84
mM), 25 µL of buffer pH 9 luminol (0.56 mM), and 25µL of
methanolic extract at different concentrations ranging from 1 to 500
µg/mL (methanol for the control) were placed and mixed in a test tube.
Finally, 50 µL of H2O2 (0.52 mM) was added to start the reaction in
dark conditions. CL intensity (RLU) was measured 20 min after the
reaction started.

The percent of inhibition of the CL was calculated for each
concentration according to the formula,

The RLU was plotted against the sample extract concentration, and
a linear regression was established in order to calculate the IC50, which
is the amount of sample necessary to decrease by 50% the CL intensity.
The results are expressed as antiradical efficiency (AE).

% decoloration) (1 - Abs sample
Abs control) × 100

% inhibition ) (1 - RLU sample
RLU control) × 100

Herbs’, Aromatics’ Antioxidant Activity J. Agric. Food Chem., Vol. 50, No. 23, 2002 6883



Superoxide Anion Scavenging Activity.The superoxide radicals
were generated in vitro by the hypoxanthine/xanthine oxidase system.
The scavenging activity of the extract is determined by the nitro-blue
tetrazolium (NBT) reduction method. In this method, O2

•- reduces the
yellow dye (NBT2+) to produce the blue formazan, which is measured
spectrophotometrically at 560 nm. Antioxidants are able to inhibit the
purple NBT formation (30, 31).

The capacity of the extracts to scavenge the superoxide radical was
assayed as follows: A reaction mixture with a final volume of 632
µL/eppendorf was prepared with 50 mM phosphate buffer (pH 7.5)
containing EDTA (0.05 mM), hypoxanthine (0.2 mM), 63µL NBT (1
mM), 63 µL of aqueous or ethanolic extract (distilled water for the
control), and 63µL of xantine oxidase (1.2 U/µL). The xanthine oxidase
was added last. For each sample, a blank was carried out. The
subsequent rate of NBT reduction was determined on the basis of
sequential spectrophotometric determinations of absorbance at 560 nm.
The solutions were prepared daily, and kept from light.

The results are expressed as the percentage inhibition of the NBT
reduction with respect to the reaction mixture without sample (buffer
only).

whereSabs, SBabs, Cabs, and CBabswere the absorbances of the sample,
the blank sample, the control, and the blank control, respectively.

Determination of the Antioxidant Activity. In this method,
antioxidant activity is measured by the ability of a compound to
minimize the coupled oxidation of linoleic acid andâ-carotene in an
emulsified aqueous system, which loses its orange color when reacting
with the radicals (32). A decrease in the absorbance can then be
measured at 470 nm. Although this reaction is usually initiated using
heat (50°C) (33-36), it is difficult to obtain reproducible results. That
is why the generation of ROO• in this work was performed using AAPH
(2,2′-azobis (2-methylpropionamide) dihydrochloride), a water-soluble
radical azo-initiator, which decomposes itself at a temperature-controlled
rate, 32°C, yielding molecular nitrogen and two carbon radicals (R•).
Then the R• can react rapidly with molecular oxygen to produce ROO•.
This reaction takes place at a slower rate than the heating one, thus
allowing the reaction kinetics to be checked and showing a better
reproducibility.

A 20-mg portion ofâ-carotene was dissolved in 1 mL chloroform
and 9 mL of petroleum ether (0.373µM). An emulsion was prepared
as follows: 3 mLâ-carotene solution was filtered and added to a
volumetric flask, together with 50µL of linoleic acid (13.5 mM) and
100 mg of Tween 20. Both ether and chloroform were evaporated under
nitrogen, and 100 mL of distillated water was added. Then the mixture
was vigorously shaken and saturated with oxygen. The reaction was
carried out in situ in the cuvette: 1990µL of the emulsion was
equilibrated at 32°C for 6 min. The oxidizing reaction was started by
adding 10µL of AAPH (0.9 M). Ten minutes after vortexing the
mixture, 100µL of plant extract dissolved in DMSO at the concentration

Figure 1. Scheme of the extraction and fractionation procedure followed in this work.

% inhibition )
(Cabs- CBabs) - (Sabs- SBabs)

(Cabs- CBabs)
× 100
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of 250 µg/mL (DMSO for the control) was added, and the mixture
was vortexed again. The absorbance was measured at 465 nm until the
plateau (90 min). BHA (250µg/mL) was used as a reference synthetic
antioxidant, and a Tween 20 solution was used to blank the spectro-
photometer. All of the solutions and emulsions were prepared daily.

whereSabs is the absorbance of the sample, andCabs is the absorbance
of the control.

Statistical Analysis. All of the experiments (extractions and
fractionations) were carried out in triplicate. A multifactorial ANOVA
analysis was carried out for the comparison of the results of the
nondistilled and distilled material, the extracts, and fractions, as well
as the six studied plants. The statistical analyses were accomplished
using the computer software Statgraphics Plus for Windows. Regression
analyses were carried out using the Statistica program. Differences at
P < 0.05 were considered to be significant.

RESULTS

Total Phenolic Content. The TPH values of the different
extracts/fractions ranged from 722.93 to 15.30 GAE/mg of
extract (Table 1). In general, the ethyl acetate fractions
(especially those ofM. officinalis, F. VulgareandL. latifolia x
L. angustifolia) and the dichloromethane ones (mainly those of
M. officinalis and A. dracunculus) of both distilled and
nondistilled plant material were found to contain the highest
phenolic content. The total phenolic content of these fractions
was significantly higher than that of the other extracts and
fractions in both distilled and nondistilled plant material. In all
cases, the lowest amounts of phenolics were found in the
aqueous fractions (with the exception of both distilled and
nondistilled lavender), ranging from 64.23 (L. latifolia x L.
angustifolia) to 15.30 (A. dracunculus) GAE/mg of extract. The
higher phenolic content in the ethyl acetate and dichloromethane
fractions than in the crude extracts is probably due to the

Table 1. Total Solids Content, Total Phenolic Content, Radical Scavenging Activity, and Antioxidant Activity of the Different Extracts and Fractions
Obtained from the Six Distilled (D) and Nondistilled (ND) Plant Materialsa

Method

total solids
contentb

total phenolic
contentc

DPPH• radical
scavenging activityd

hydroxyl radical
scavenging activityd

superoxide
scavenging activitye

antioxidant
activityeextract/

fraction ND D ND D ND D ND D ND D ND D

Achillea millefolium
CE1 35.1 51.7 71.35 ± 1.12 80.95 ± 0.13 19.38 ± 0.65 31.05 ± 2.84 9.01 ± 0.80 13.66 ± 1.22 58.84 ±2.07 76.47 ± 15.7 nd 6.58 ± 0.02
CE2 19.1 29.8 76.12 ± 0.72 65.25 ± 3.54 23.00 ± 0.51 13.11 ± 0.13 14.75 ± 1.27 18.61 ± 0.32 63.66 ± 0.04 65.33 ± 1.88 nd nd
HxF 13.7 11.1 51.15 ± 0.94 65.82 ± 3.54 2.04 ± 0.13 2.20 ± 0.21 10.25 ± 1.75 12.68 ± 1.11 15.23 ± 7.07 9.28 ± 0.95 nd 8.35 ± 0.01
DCF 20.4 19.6 126.3 ± 1.06 147.5 ± 9.74 8.16 ± 1.41 4.03 ± 1.89 33.73 ± 0.31 96.52 ± 10.91 88.93 ± 1.18 63.67 ± 14.6 nd 4.92 ± 0.02
EAF 31.8 25.1 384.9 ± 5.58 323.9 ± 11.8 107.7 ± 2.33 90.91 ± 15.3 36.35 ± 3.86 74.24 ± 5.04 32.93 ± 1.05 75.00 ± 5.20 nd 16.60 ± 0.62
WF 35.4 29.3 39.39 ± 0.61 43.42 ± 2.85 11.32 ± 0.49 5.80 ± 0.54 4.75 ± 0.19 5.19 ± 0.31 34.35 ± 3.60 71.66 ± 3.30 nd 34.70 ± 2.30

Artemisia dracunculus
CE1 40.5 36.1 95.45 ± 3.97 98.26 ± 0.90 12.45 ± 0.57 30.79 ± 4.27 10.33 ± 1.18 9.24 ± 1.42 96.20 ± 2.40 98.20 ± 2.54 29.31 ± 1.96 3.76 ± 0.31
CE2 32.7 38.0 103.35 ± 4.21 86.03 ± 2.83 21.24 ± 0.72 16.70 ± 0.66 9.78 ± 0.24 11.56 ± 0.42 81.65 ± 13.3 81.80 ± 13.0 21.78 ± 0.45 14.75 ± 0.62
HxF 13.5 17.6 85.89 ± 4.28 84.20 ± 2.81 3.25 ± 0.38 12.21 ± 0.83 10.39 ± 0.96 19.25 ± 3.85 42.45 ± 1.02 48.20 ± 2.03 17.47 ± 2.17 4.20 ± 0.02
DCF 19.3 14.5 234.66 ± 3.30 451.93 ± 18.83 12.99 ± 0.75 111.98 ± 12.18 45.12 ± 6.55 77.76 ± 13.9 98.52 ± 2.10 78.63 ± 4.80 22.32 ± 2.17 11.36 ± 0.85
EAF 54.3 46.5 313.08 ± 14.11 272.04 ± 20.38 91.99 ± 2.86 50.81 ± 2.83 27.18 ± 4.73 41.18 ± 7.85 92.05 ± 11.2 92.12 ± 2.08 28.99 ± 0.60 41.89 ± 1.04
WF 51.6 33.5 61.98 ± 1.85 64.23 ± 2.67 13.25 ± 0.42 8.07 ± 1.20 6.20 ± 0.33 6.05 ± 1.00 67.60 ± 10.7 73.62 ± 9.80 22.76 ± 3.71 48.15 ± 0.80

Foeniculum vulgare
CE1 83.4 75.3 73.80 ± 3.22 62.27 ± 3.85 11.00 ± 0.22 15.64 ± 0.40 2.98 ± 0.23 10.44 ± 1.12 50.67 ± 9.01 58.03 ± 1.38 20.93 ± 1.25 45.35 ±6.75
CE2 96.5 103.4 73.43 ± 1.81 69.88 ± 2.18 16.56 ± 1.45 8.29 ± 0.57 4.82 ± 0.13 15.54 ± 3.32 59.91 ± 1.73 61.14 ± 2.84 11.68 ± 1.65 45.79± 0.62
HxF 3.2 6.6 44.70 ± 0.30 54.36 ± 1.66 3.72 ± 0.12 2.56 ± 0.28 11.20 ± 0.73 17.04 ± 2.66 5.03 ± 0.71 44.27 ± 1.42 30.45 ± 0.69 40.39 ± 2.22
DCF 8.4 14.3 119.53 ± 12.3 314.49 ± 31.8 3.91 ± 0.31 13.29 ± 0.37 44.68 ± 3.27 202.02 ± 16.2 53.09 ± 4.85 74.85 ± 1.15 8.36 ± 1.18 32.47± 0.57
EAF 54.1 42.0 401.37 ± 19.42 549.06 ± 8.15 82.91 ± 11.38 85.17 ± 2.18 35.23 ± 4.41 70.77 ± 19.8 80.25 ± 1.50 89.03 ± 0.62 21.41 ± 0.47 44.85 ± 0.82
WF 16.0 46.0 36.99 ± 0.91 41.03 ± 0.91 4.21 ± 0.14 5.38 ± 0.38 4.55 ± 0.48 5.80 ± 0.91 43.12 ± 0.97 40.79 ± 0.55 18.86 ± 0.94 45.47 ± 0.41

Lavandula latifolia
CE1 28.5 28.7 74.02 ± 0.30 82.89 ± 4.93 20.86 ± 0.68 34.30 ± 0.46 12.56 ± 0.09 11.10 ± 0.68 12.7 ± 0.60 48.20 ± 0.73 11.46 ± 0.02 92.02 ± 2.54
CE2 15.8 21.0 99.45 ± 5.81 88.99 ± 1.25 17.25 ± 0.47 30.16 ± 7.84 18.61 ± 1.36 12.66 ± 0.46 nd 55.06 ± 6.13 12.25 ± 0.61 87.23 ± 7.89
HxF 1.8 7.5 36.92 ± 3.89 41.87 ± 5.74 0.35 ± 0.14 1.10 ± 0.01 3.69 ± 0.03 4.54 ± 0.17 19.56 ± 0.00 10.50 ± 0.12 8.49 ± 0.23 94.29 ± 3.25
DCF 12.3 26.7 167.55 ± 7.63 217.87 ± 15.9 42.84 ± 0.72 21.60 ± 0.60 74.79 ± 8.50 35.01 ± 0.08 86.7 ± 1.70 91.66 ± 11.7 16.27 ± 0.51 62.85 ± 2.47
EAF 23.1 39.0 191.96 ± 9.94 288.43 ± 19.5 36.69 ± 2.54 87.10 ± 0.51 20.09 ± 0.72 29.97 ± 1.79 82.00 ± 7.42 84.40 ± 11.0 7.14 ± 0.01 92.84 ± 8.69
WF 27.6 16.7 42.90 ± 2.03 44.93 ± 4.04 6.54 ± 0.22 41.14 ± 0.65 8.41 ± 0.98 8.45 ± 0.06 15.70 ± 1.35 17.00 ± 0.14 6.13 ± 0.03 67.03 ± 1.20

Lavandula latifolia x Lavandula angustifolia
CE1 18.4 40.9 140.04 ± 1.31 73.84 ± 3.21 26.35 ± 0.16 9.77 ± 0.36 21.24 ± 2.25 23.64 ± 3.01 68.60 ± 2.41 37.32 ± 1.43 27.90 ± 0.88 23.32 ± 1.67
CE2 29.0 33.4 138.63 ± 8.56 73.43 ± 1.81 17.71 ± 1.98 13.25 ± 0.76 28.53 ± 4.97 20.15 ± 0.83 92.30 ± 6.34 37.95± 1.25 52.40 ± 1.27 nd
HxF 23.6 7.8 111.05 ± 10.47 44.70 ± 0.30 4.02 ± 0.56 0.39 ± 0.19 7.47 ± 0.78 10.08 ± 0.91 37.25 ± 0.62 15.63 ± 0.50 26.57 ± 0.41 39.74 ±1.97
DCF 34.5 15.7 178.41 ± 7.61 194.40 ± 15.38 1.95 ± 0.09 13.74 ± 0.85 222.22 ± 19.6 127.38 ± 17.7 52.56 ± 0.00 43.32 ± 2.20 19.44 ± 0.15 nd
EAF 21.0 12.5 473.14 ± 24.42 339.00 ± 17.72 197.62 ± 19.6 5.70 ± 0.47 107.18 ± 43.0 55.46 ± 7.73 72.43 ± 9.06 64.87 ± 5.81 nd nd
WF 18.5 7.5 42.91 ± 1.09 15.30 ± 0.80 6.11 ± 0.33 2.34 ± 0.05 9.08 ± 2.77 8.41 ± 2.05 28.21 ± 1.27 16.77 ± 1.31 nd nd

Melilotus officinalis
CE1 23.4 14.1 50.74 ± 0.22 85.42 ± 0.83 2.95 ± 0.26 11.97 ± 2.09 11.02 ± 1.18 7.47 ± 0.14 13.46 ± 1.58 44.50 ± 1.73 36.98 ± 4.64 6.50 ± 0.02
CE2 19.7 22.2 50.41 ± 1.61 80.41 ± 3.03 2.63 ± 0.06 20.09 ± 2.25 6.61 ± 0.23 7.37 ± 0.09 29.14 ± 1.70 27.34 ± 7.73 14.00 ± 0.13 20.13 ± 0.19
HxF 3.2 3.1 219.81 ± 14.05 305.79 ± 5.03 4.88 ± 0.11 6.87 ± 0.42 32.13 ± 0.12 21.89 ± 2.25 7.80 ± 0.32 19.67 ± 6.00 21.77 ± 1.40 25.60 ± 0.58
DCF 15.3 19.3 520.75 ± 32.0 216.98 ± 3.61 22.99 ± 0.37 50.00 ± 2.71 90.99 ± 17.87 43.03 ± 4.48 65.07 ± 0.35 82.51 ± 8.40 19.03 ± 1.28 26.69 ± 0.74
EAF 33.5 49.3 327.01 ± 16.35 722.93 ± 41.07 9.83 ± 1.39 191.57 ± 34.0 102.25 ± 2.16 36.84 ± 6.23 83.50 ± 10.0 87.30 ± 7.07 48.31 ± 0.20 44.09 ± 0.78
WF 20.8 31.9 26.50 ± 2.02 42.04 ± 0.51 5.02 ± 0.15 1.39 ± 0.06 2.45 ± 0.09 3.75 ± 0.67 48.41 ± 5.92 14.86 ± 1.07 8.90 ± 1.60 34.35 ± 0.95

a Values are the mean of three replicates ± standard deviation). b Values expressed as mg dry extract/mL. c Values expressed as GAE/mg extract. d Values expressed
as AE (antiradical efficiency). e Values expressed as percentage of inhibition, nd ) not detected (see Figure 1 for the identification of extracts and fractions).

% AA ) (1 -
Sabsat 0 min- Sabsat 90 min

Cabsat 0 min- Cabsat 90 min) × 100
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purification and concentration of phenolics throughout the
fractionation procedure.

Radical Scavenging Activity.The radical scavenging activi-
ties of the different extracts/fractions are also shown inTable
1. The values of the free radical (DPPH) scavenging activitiy
ranged from 197.62 to 0.35. In both the distilled and nondistilled
plant materials, the ethyl acetate fractions generally exhibited
the highest AE values, nondistilledL. latifolia x L. angustifolia
(197.62) and distilledM. officinalis (191.57) being the plants
showing the highest free radical scavenging activity, which was
found to be significantly higher than that of any other extract
or fraction. The dichloromethane fraction of the distilledA.
dracunculuswas the third most active extract (111.98). The
lowest AE values were found in both hexane and aqueous
fractions.

Concerning the hydroxyl radical scavenging activity, the
values ranged from 222.22 to 3.75. In this case, the most active
fractions were generally found to be those of dichloromethane,
nondistilledL. latifolia x L. angustifolia(222.22) and distilled
F. Vulgare (202.02) being the plants exhibiting the highest
activity, which was found to be significantly higher than that
of any other extract or fraction. The ethyl acetate fractions of
both nondistilled hybrid lavender and melilot were found to
exhibit quite good hydroxyl radical scavenging activity (107.18
and 102.25, respectively), although it was approximately one-
half of the maximum values. The lowest AE values were found
in the aqueous fractions and crude extracts.

The values of superoxide scavenging activity ranged from
98.52% in the dichloromethane fraction ofA. dracunculusto 0
in the “cleaned” crude extract ofL. latifolia (Table 1). As for
the DPPH and CL assays, the highest inhibition of the super-
oxide anion was found in both ethyl acetate (A. dracunculus
and distilled F. Vulgare) and dichloromethane (nondistilled
A. dracunculusand distilledL. latifolia) fractions. As in the
scavenging activity assays, weak superoxide inhibitory activities
were found in the hexane fractions. Surprisingly, however, some
of the crude extracts and aqueous fractions gave a very high
activity, such as the distilled plant material of bothA. dracun-
culus and A. millefolium, which exhibited values higher than
70% of inhibition, one of them even reaching 98.20% (crude
extract). This assay revealedA. dracunculusto be the most
active plant material, because all of its extracts were found to
exhibit the highest superoxide scavenging activity values, with
the exception of the dichloromethane fraction of the distilled
material, which was lower than that ofL. latifolia.

Antioxidant Activity. The antioxidant activity determined
by theâ-carotene blenching method was very different according
to the plant material analyzed. Thus, it was 94.29% in the hexane
fraction ofL. latifolia, but it was not detected in several extracts
and fractions ofA. millefoliumand the lavender hybrid at the
assayed concentration (Table 1). Although the hexane fractions
usually exhibited a low antioxidant activity, the high activity
showed by all of the fractions of the distilledL. latifolia plant
material is noteworthy, with percentages of inhibition ranging
from 92.84 to 62.85.

Total Phenolic Content versus Radical Scavenging Activ-
ity. Among all the extracts analyzed, a significant phenolic
content (values higher than 250 GAE/mg) and radical scaveng-
ing activity (AE and percent inhibition of the superoxide anion)
were found for both the ethyl acetate and dichloromethane
fractions (Table 1). In general, extracts or fractions with a higher
radical scavenging activity showed a higher phenolic content,
but good correlations could not be found among these param-
eters. When subjecting the results (scavenging activity and

phenolics) of all the of extracts and fractions of each plant to
the regression analysis (Table 2), one can observe that, in
general and independently of the kind of plant material (distilled
and nondistilled), the highest correlation coefficients were
exhibited between the TPH and the DPPH scavenging activity
and the lowest ones between total phenolic content and the
superoxide radical scavenging activity. The TPH correlated
better with the distilled plants (not forA. millefolium) in the
CL method, and with the nondistilled material (not forA.
dracunculus) in the DPPH method (Table 2). Considering all
the plants simultaneously, however, the highest correlation
coefficients were found between the TPH and the DPPH radical
scavenging activity, followed by the hydroxyl radical scavenging
activity (Table 2). The two best correlation coefficients between
the total phenolic content and the three methods of scavenging
activity were found for distilled material (values ranging from
0.99 to 0.91,P < 0.05, except in the case of the distilledF.
Vulgarefor the CL assay), with the exception of the nondistilled
F. Vulgare, which exhibited the second-best coefficient in the
DPPH analysis (0.97).

In general, the ethyl acetate fractions exhibited the highest
free radical scavenging activity and TPH values, whereas the
dichloromethane fractions showed the best hydroxyl radical
scavenging activity as well as quite good TPH values. Other
results should be pointed out. For instance, the dichloromethane
fractions obtained from both distilled and nondistilled plants
of A. dracunculusexhibited the best radical scavenging activity
in both systems (DPPH and CL), as well as the highest TPH
values. Likewise, only the ethyl acetate extracts ofM. officinalis
showed the highest amount of phenolics and the best radical
scavenging activity in these two systems, although in this case,
the best results of the CL method were found in the nondistilled
material. Hexane fractions were found to contain low amounts
of phenolics, although those ofM. officinalis showed both a
high hydroxyl radical scavenging activity and phenolic content,
whereas those ofL. latifolia andA. millefoliumexhibited very
low free radical and superoxide radical scavenging activities.

Comparative Study between Methods.In general, the
ranges of the free radical and hydroxyl scavenging activities of
the different extacts/fractions were quite similar, the highest AE
values (the mean of the two top) observed in the DPPH method
being around 10% lower than those reached in the CL method
(Table 1). Furthermore, to correlate the results obtained with
the three methods used to determine the scavenging activity, a

Table 2. Correlation Coefficients (R) between the Total Phenolic
Content and the Radical Scavenging Activity

R

N
plant

materiala TPHb/DPPH TPH/CLc TPH/SOd

Achillea millefolium 18 ND 0.95e 0.80 0.09
18 D 0.89e 0.72 0.30

Artemisia dracunculus 18 ND 0.79 0.80 0.55
18 D 0.97e 0.98e 0.20

Foeniculum vulgare 18 ND 0.97e 0.61 0.75
18 D 0.63e 0.95 0.92e

Lavandula latifolia 18 ND 0.94e 0.65 0.85e

18 D 0.89e 0.85e 0.83e

L. latifoliaxL.angustifolia 18 ND 0.42e 0.44 0.44
18 D 0.21 0.61 0.91e

Melilotus officinalis 18 ND 0.92e 0.58e 0.58
18 D 0.92e 0.69 0.65

all of the plants, mixed 108 ND 0.70f 0.55f 0.31
108 D 0.83e 0.52d 0.51e

a D ) distilled, ND ) nondistilled. b TPH ) total phenolic content. c CL )
chemiluminiscence. d SO ) superoxide anion. e p < 0.05. f p < 0.001.
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regression analysis was carried out. The three radical scavenging
methods showed low correlation coefficients, even when
considering the distilled and nondistilled plant material sepa-
rately (Table 3).

The results of the radical scavenging assays cannot be
compared with those of the antioxidant activity, either, because
of the different reaction system, being in this case a lipidic
instead of an aqueous medium. Theâ-carotene blenching
method employs an emulsifier lipid that increases the number
of variables influencing oxidation, such as temperature, light,
air, physical and chemical properties of the substrate, and the
presence of catalysts or starters. Antioxidants can exercise their
protective properties at different stages of the oxidation process
and by different mechanisms (37). Furthermore, the complex
composition of the extracts could be responsible for certain
interactions (synergistic, additive or antagonistic effects) be-
tween their components or the medium. It could also affect their
partitioning into the different phases.

Comparative Study among the Different Extracts and
Fractions. The behavior of the different extracts and fractions
in relation to the radical scavenging and antioxidant activities
was checked independently of the plant species and the kind of
plant material (distilled and nondistilled). Thus, significant
differences between the extracts and fractions were found, with
the ethyl acetate fractions exhibiting the highest antioxidant
activity and free radical and superoxide radical scavenging
activities, and the dichloromethane fractions showing the best
hydroxyl radical scavenging activity (Figure 2).

A comparison of the different scavenging activity of each
kind of extract or fraction among the different plants was also
carried out through a one-way ANOVA. For every scavenging
activity measured, no significant differences were found among
the AE values of the six different crude extracts of the plants
analyzed. This comment is also valid for the “clean” crude
extracts (CE2), as well as the hexane and aqueous fractions.
Some significant differences were observed, however, in relation
to both the ethyl acetate and dichloromethane fractions. Thus,
for example, the free radical scavenging activity of the ethyl
acetate fractions of the distilled lavender hybrid and that of both
the nondistilled lavender and melilot were significantly lower
than that of the rest of the EAF fractions. In the case of the
dichloromethane fractions, those of both the distilled fennel and
nondistilled lavender hybrid exhibited a hydroxyl scavenging
activity significantly higher than that of the other DCL fractions.

Comparative Study between the Distilled and Nondistilled
Plant Material. Comparison between both the nondistilled and
distilled plant material within each employed method was carried
out through a Multifactorial ANOVA. Thus, although the total
phenolic content of the distilled plant material (162.06 GAE/
mg of extract as an average) was found to be higher than that
of the nondistilled material (146.83 GAE/mg of extract), this
difference was not statistically significant (P ) 0.1494). In
general, considering all the extracts and fractions of all the plant
species simultaneously, both the antioxidant and radical scav-

enging activities (the latter measured by the three different
methods) of the distilled plant material were also found to be
higher than that of the nondistilled material, although these
differences were not significant.

Regarding the two most active fractions (ethyl acetate and
dichloromethane), one can observe that those of EtAc of the
distilled material (AE) 88.23 as an average) were generally
found to exhibit a free radical (DPPH) scavenging activity not
significantly (P ) 0.9526) higher than that shown by the same
fractions of the nondistilled plants (AE) 87.01). Analyzing
the plants separately by a one-way ANOVA, however, the ethyl
acetate fractions of distilledL. latifolia andM. officinaliswere
found to exhibit a free radical scavenging activity significantly
higher than that of the same fractions in the respective
nondistilled material. Only the free radical scavenging activity
of the EtAc fractions of the nondistilledA. dracunculusand
lavender hybrid was found to be lower than that of the respective
distilled material.

Considering indistinctly all the DCl fractions, those of the
distilled plants were found to exhibit a hydroxyl scavenging
activity (AE ) 103.03 as an average) not significantly (P )
0.3832) higher than that of the nondistilled DCl fractions (AE
) 82.04). Regarded separately, however, the dichloromethane
fractions of the distilledA. millefolium, A. dracunculus, andF.
Vulgare were found to exhibit a hydroxyl radical scavenging
activity significantly higher than that found in the respective
nondistilled material.

The distilled plant material gave a better correlation between
the TPH content and the scavenging activity (in both the DPPH
and superoxide methods) than the nondistilled material. Non-
theless, this correlation was better for the nondistilled material
when comparing the CL method versus the TPH content (Table
2). Although no correlations between the different methods used
to determine the scavenging activity have been found, the
correlation coefficients belonging to the distilled plants have
been revealed to be higher than those of the nondistilled material,
except when comparing the DPPH and the CL methods (Table
3).

Comparative Study with Reference Antioxidants. The
results of both the antioxidant and scavenging activities of the
reference substances and extracts studied in this work are shown
in Table 4. Quercetin was found to exhibit the highest free
radical scavenging activity, followed by that of the grape seeds
extract, whereas BHA showed the highest antioxidant and
hydroxyl radical scavenging activities. It had already been
reported that the DPPH radical savenging activity is higher in
quercetin than BHA (27, 38, 39), and this coincides with
quercetin’s displaying a slower kinetic behavior than BHA (29).
Green tea and grape seeds extracts, as well as quercetin,
exhibited quite similar superoxide radical activities, higher than
BHA and rosemary extracts. The rosemary extract exhibited
the lowest antioxidant and radical scavenging activities.

Some of the obtained ethyl acetate and dichloromethane
fractions, and even some crude extracts, exhibited quite strong
antioxidant and radical scavenging activities, which were found
to be similar, and in some cases even higher, than those of the
reference compounds or extracts. Thus, the ethyl acetate
fractions of both nondistilled lavender hybrid and distilled
melilot showed a higher free radical scavenging activity than
quercetin (the best reference) and grape seed extract, and all of
the plants exhibited a higher AE value than that of BHA,
rosemary and green tea extracts.

No extracts or fractions were found to exhibit a higher
hydroxyl radical scavenging activity than that of BHA, but all

Table 3. Correlation Coefficients (R) between the Radical Scavenging
Methods

R

N plant material DPPH/CLa DPPH/SOb CL/SO

108 ND 0.32c 0.29 0.24
108 D 0.26 0.58d 0.31
216 ND + D 0.23c 0.38d 0.25c

a CL ) chemiluminiscence. b SO ) superoxide anion. c p < 0.05. d p < 0.001.
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of the plants (with the exception ofL. latifolia) showed a higher
AE value than that of the three reference extracts. The
dichloromethane fractions of both nondistilled hybrid lavender
and distilled fennel were found to exhibit a higher hydroxyl
radical scavenging activity than that of quercetin and the three
reference extracts, although lower than BHA.

Both the dichloromethane fraction of nondistilledA. dracun-
culusand the “clean” crude extract of the nondistilled hybrid
lavender showed a higher superoxide radical scavenging activity
than that of the green tea extract (the best reference), and all
the plants exhibited a higher AE value than that of quercetin,
BHA, and rosemary extract. Finally, only the hexane fraction
of the distilled L. latifolia was found to show a higher
antioxidant activity than BHA (the best reference). The other
plants exhibited a lower antioxidant activity than all of the
reference compounds or extracts. BHA and quercetin showed
a high antioxidant activity, which was moderate in the reference
commercial extracts, probably as a consequence of the interac-
tions between their individual constituents and both linoleic acid
and Tween. The extracts and fractions from the studied plants,
which are extremely complex mixtures of components, could
act similarly to these commercial extracts.

DISCUSSION

Of the six plants studied in this work, it is quite difficult to
decide which plant material is the best potential source of natural
antioxidants, because each plant species exhibited different
antioxidant or scavenging activities. Concerning the nondistilled
plant material,L. latifolia x L. angustifoliaseems to be the best
candidate, because it was found to show both the highest TPH
value as well as antioxidant and radical scavenging activities,
with the exception of superoxide radical scavenging, which was
the second-highest AE value. In addition, the hybrid lavender
exhibited both a higher free radical and superoxide radical
scavenging activity than that of any of the reference compounds/

extracts here evaluated, although its antioxidant activity was
low, similar to that of the rosemary extract. The yield afforded
by the nondistilled hybrid lavender was also quite good,
especially that of the dichloromethane fraction, which was the
highest yield among this fraction type of all of the nondistilled
plants (Table 1).

The selection of the best species within the distilled plant
materials is even more difficult. Thus,M. officinaliswas found
to contain the highest value for both free radical scavenging
activity and TPH, the latter being higher than that of all the
reference compounds/extracts. Moreover, its ethyl acetate frac-
tion gave the highest yield of all the distilled plant materials
with reference to the same fraction type (Table 1). But L.
latifolia was found to exhibit the highest antioxidant activity,
even with a 92% of inhibition in the crude extract, whereasA.
dracunculusshowed the highest superoxide radical scavenging
activity, with a 96.2% of inhibition in the crude extract as well,
both percentages being higher than those exhibited by all the
reference standards. Finally,F. Vulgaregenerally afforded high
yields, especially the two crude extracts (EC1 and EC2) of both
distilled and nondistilled plants, and showed reasonably good
antioxidant activity (Table 1).

The relationship between the antioxidant or scavenging
activity of a plant extract and its phenolic content is very difficult
to establish with statistical tools because (i) antioxidant proper-
ties of single compounds within a group can vary remarkably
so that the same levels of phenolics do not necessarily
correspond to the same antioxidant responses; (ii) the different
methods used to determine the antioxidant activity are based
on different mechanisms of reaction so that they often give
different results; and (iii) extracts are very complex mixtures
of many different compounds with distinct polarity as well as
antioxidant and prooxidant properties, sometimes showing
synergic actions by comparison with individual compounds (4).
Moreover, the response of phenolics in the Folin-Ciocalteu
assay also depends on their chemical structure. Thus, the radical

Figure 2. Global distribution of the antioxidant and radical scavenging activities among the different extracts and fractions, separately for methods (CL,
chemiluminescence; SO, superoxide anion; BCB, â-carotene blenching) and for both distilled (D) and nondistilled (ND) plant materials (AE ) antiradical
efficiency).

Table 4. Total Phenolic Content, Radical Scavenging Activity, and Antioxidant Activity of the Reference Compounds and Extracts

std
total phenolic

contenta
DPPH• radical

scavenging activityb
hydroxyl radical

scavenging activityb
superoxide

scavenging activityc
antioxidant

activityc

quercetin 163.67 ± 14.19 194.93 ± 4.56 86.46 ± 8.25 81.09 ± 10.1
BHA 29.31 ± 0.54 467.88 ± 2.18 67.51 ± 0.29 89.24 ± 5.39
grape seeds 851.29 ± 12.8 145.35 ± 25.14 33.01 ± 1.62 88.32 ± 0.50 65.56 ± 2.35
rosemary 131.97 ± 5.60 28.60 ± 0.12 19.01 ± 2.02 38.48 ± 0.96 55.67 ± 1.24
green tea 387.24 ± 7.65 84.53 ± 1.70 75.41 ± 2.44 92.12 ± 4.87 72.28 ± 1.17

a Values expressed as GAE/mg extract. b Values expressed as AE (antiradical efficiency). c Values expressed as percentage of inhibition.
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scavenging activity of an extract cannot be predicted on the
basis of its total phenolic content (7).

Owing to the complexity of the oxidation-antioxidation
processes, it is obvious that no single testing method is capable
of providing a comprehensive picture of the antioxidant profile
of a studied sample. Preliminary studies (40) confirm that a
multimethod approch is necessary in the antioxidant activity
assessment. Independently of the chosen method, suitable
reference antioxidants should be tested for comparison. A
combination of rapid, sensitive, and reproducible methods,
preferably requiring small sample amounts, should be used
whenever an antioxidant activity screening is designed. For the
determination of the primary antioxidant activity, theâ-carotene
blenching test is not the best choice, and another method should
be chosen. A rapid estimation of radical scavenging abilities
by using DPPH, CL or superoxide inhibition could save much
laboratory work and provide preliminary information about
screened samples, giving a basis for further isolation procedures.
Despite some limitations, DPPH, CL, and superoxide inhibition
can be very helpful in lead-finding of novel antioxidants in
phytochemical screening procedures.

Another important aspect is the selection of appropiate
reference substances or extracts to compare the potential
antioxidant activity of plant samples. The best approach would
be to choose compounds with chemical and physicochemical
properties similar to those of the samples to be studied, but this
is often difficult. The necessity of such standards is well-
illustrated in this work. Thus, for instance, if BHA had been
tested only by the DPPH method, it would have been considered
to be a weak antioxidant; on the contrary, both the CL test and
the â-carotene blenching method have revealed its strong
antioxidant potential. In our work, we selected rosemary as the
reference extract most similar to our samples, but some of the
extracts or fractions surprisingly showed an even stronger
scavenging activity than rosemary. In consequence, extracts
showing poor antioxidant properties with one concrete method
should not be discarded as poor sources of antioxidants without
having been tested with other methods and compared with
different standards.

In general, the distilled plant material of these six Mediter-
ranean herbs and aromatic plants has been found to contain a
higher amount of phenolic substances than the nondistilled plant
material. Phenolics were concentrated mainly in both the ethyl
acetate and dichloromethane fractions, which also exhibited the
highest antioxidant and radical scavenging activities. Some of
the extracts or fractions showed an even higher antioxidant or
scavenging activity than that of well-recognized antioxidant
compounds or extracts. These results support the possibility that
these plants, which are commonly used in the Mediterranean
diet as condiments or decoctions, can contribute to protective
effects on human health. Some of their wastes after distillation
for essential oils can constitute an easily accessible source of
new natural antioxidants, especially in the case of lavender and
tarragon, since their crude extracts have shown a high antioxi-
dant and superoxide radical scavenging activity, respectively,
it thus being unnecessary to carry out the fractionation step.
Further works on the characterization of specific phenolic
components by HPLC are in progress to establish the connection
between antioxidant activity and chemical composition.

ABBREVIATIONS USED

AAPH, 2,2′-azobis (methylpropionamide) dihydrochloride;
BHA, butylated hydroxyanisole; DMSO, dimethyl sulfoxide;

CL, chemiluminiscence; DPPH, 2,2-diphenyl-1-picrylhydrazyl;
EDTA, ethylenediamine-tetracetic acid; GAE, gallic acid equiva-
lents; IC50, inhibitory concentration 50; NBT, nitro-blue tetra-
zolium; RLU, relative light unit; TPH, total phenolic content.
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