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Abstract Traditional use of noncultivated vegeta-
bles has decreased with the development of agricul-
ture and global supply chains. However, some species
are still consumed as part of our traditional Mediter-
ranean diet. Plants are among the most important
sources of natural antioxidants for retarding lipid
oxidative rancidity in foods or for pharmaceutical
applications against chronic diseases related to free
radicals production. The present study reports toc-
opherols composition and antioxidant activity of
eight wild greens traditionally used in Spain. Accord-
ing to the edible part consumed, two groups were
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differentiated. Leafy vegetables whose young stems
with leaves are consumed (Apium nodiflorum (L.)
Lag., Foeniculum vulgare Mill., Montia fontana L.
and Silene vulgaris (Moench) Garcke), and wild
asparagus whose young shoots with leaf buds
scarcely developed are eaten (Asparagus acutifolius
L., Bryonia dioica Jacq., Humulus lupulus L. and
Tamus communis L.). Among the leafy vegetables,
Silene vulgaris and Apium nodiflorum presented the
highest antioxidant capacity and antioxidants con-
tents. Among the wild asparagus, the highest antiox-
idant capacity was obtained in Humulus lupulus.

Keywords Antioxidant activity - Tocopherols -
Wild vegetables

Introduction

Oxidative stress causes the production of highly
reactive oxygen species (ROS), such as superoxide
and hydroxyl radicals, and other species as hydrogen
peroxide and singlet oxygen, originated either by
exogenous or endogenous factors (Ferreira et al.
2009). When the generation of ROS exceeds the
antioxidant capacity of the organism, cellular and
metabolic injury might occur, leading to a variety of
physiopathological processes (Yang et al. 2008). In
fact, the uncontrolled production of free radicals has
been related to more than one hundred diseases
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including cardiovascular diseases (Shah and Channon
2004), neurological disorders (Moreira et al. 2008),
and several kinds of cancer (Valko et al. 2006).

Plant foods are rich sources of bioactive com-
pounds, which have been found to possess a great
variety of biological activities including antioxidant
potential. Epidemiological studies have consistently
shown that the consumption of fruits and vegetables
is associated with reduced risk of chronic and
neurodegenerative diseases, probably due to the
presence of antioxidants (as phenolic compounds
and tocopherols) that are involved in the delay or
prevention of oxidative reactions (Craig 1999; Gerber
et al. 2002; Di Matteo and Esposito 2003).

As stated by Burton and Traber (1990), Vitamin E
is the term used to designate a family of chemically
related compounds, namely tocopherols and tocotrie-
nols, with a chromanol head and an isoprene side
chain. Tocopherols (o, f§, y and d-tocopherol) act as
antioxidants by their capacity to scavenge lipid
peroxyl radicals of unsaturated lipid molecules,
preventing propagation of lipid peroxidation, mainly
in polyunsaturated fatty acids (PUFAs). The major
isoform of vitamin E present in plant tissues is
o-tocopherol. Moreover, it has been considered the
most active form in humans due to a preferential
absorption and distribution of this compound in the
human body (Caretto et al. 2009). Due to its role as
free radicals scavenger, vitamin E is also believed to
protect against degenerative processes, such as cancer
and cardiovascular diseases (Burton and Traber 1990;
Kamal-Eldin and Appelqvist 1996; Schwenke 2002).

Wild vegetables have been previously reported as
natural sources of phenolic compounds, mainly
flavonoids. Natural phenolic compounds are accumu-
lated as end-products from the shikimate and acetate
pathways and can range from relatively simple
molecules (phenolic acids, phenylpropanoids, flavo-
noids) to highly polymerised compounds (lignins,
melanins, tannins), being flavonoids the most com-
mon and widely distributed sub-group (Bravo 1998).
The antioxidant properties of phenolic compounds
are well known. They play a vital role in the stability
of food products, as well as in the antioxidative
defense mechanisms of biological systems (Nijveldt
et al. 2001).

As in other parts of the world, wild vegetables
have played an important nutritional role in the
Iberian Peninsula. The consumption of vegetables
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often include various wild greens traditionally col-
lected throughout the countries (Spain and Portugal)
and consumed in different ways as a part of the
Mediterranean gastronomy. Particularly, Asparagus
acutifolius L., Humulus lupulus L., Bryonia dioica
Jacq., Tamus communis L. and Silene vulgaris
(Moench) Garcke are traditionally consumed cooked,
whereas Apium nodiflorum (L.) Lag., Foeniculum
vulgare Mill., and Montia fontana L. are normally
consumed fresh, mainly in salads (Tardio et al. 2005,
2006; Carvalho 2010; Tardio 2010).

The presence of toxic compounds has been
described in some fresh parts of two of the species
included in our study. Saponins have been mentioned
in Tamus communis (Hadad Chi and Moradi 2005)
and triterpene glycosides and some ribosome inacti-
vating proteins in Bryonia dioica (Biglino and Nano
1965, Siegall et al. 1994). However, young shoots
with leaves of these species are the least toxic parts of
these plants. Toxic principles are more abundant in
other plant organs, as fruits and subterranean parts.
Moreover, they have been traditionally consumed
after a cooking process, which destroy the toxic
principles (Couplan 1990; Lin et al. 2006).

The aim of the present study is to provide
complete data of tocopherols composition and anti-
oxidant activity of eight Spanish wild vegetables in
order to find natural antioxidants suitable to help in
the protection of the human organisms against
oxidative stress damage. Moreover, as far as we
know this is the first report on tocopherols compo-
sition of some species as Apium nodiflorum, Montia
fontana and Humulus lupulus.

Materials and methods
Plant material

Eight different species of wild vegetables tradition-
ally used in Spain were selected for the analysis.
These species were classified in two groups that differ
in the edible part consumed. The first group of leafy
vegetables, whose edible parts are young stems with
developed leaves, is composed by Apium nodiflorum
(L.) Lag., Foeniculum vulgare Mill., Montia fontana
L. and Silene vulgaris (Moench) Garcke. The second
one was the group of “wild asparagus™ (it should be
remembered that asparagus means ‘‘young shoot’” in
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Latin), with Asparagus acutifolius L., Bryonia dioica
Jacq., Humulus lupulus L. and Tamus communis L.,
whose young shoots with the leaf buds scarcely
developed are consumed.

Fieldwork was carried out during 2007-2009 in
two wild populations of each species located in
Central Spain (see Table 1). In general, each species
was collected during two consecutive years (2007 and
2008, or 2008 and 2009). Therefore, at least four
independent samples were collected per species. The
locations were selected in the different habitat where
the species occur, i.e., human disturbed habitats
(Foeniculum vulgare, Silene vulgaris), uncultivated
lands (Asparagus acutifolius, Bryonia dioica, Humu-
lus lupulus and Tamus communis) or streams (Apium
nodiflorum and Montia fontana). According to pre-
vious ethnobotanical surveys (Tardio et al. 2006), all
the species were harvested considering the local
collectors’ criteria about the part of the plant used and
the optimum gathering period. Harvesting took place
in spring time, from the middle of March to late May,
when the edible parts are still tender (Table 1). Every
sample contained plant material from at least 25
separate plants randomly selected. Samples were
freeze-dried and subsequently mixed to obtain a
representative sample of the geographical and envi-
ronmental variability considered from the four inde-
pendent samples of each species.

Standards and reagents

Tocopherol standards (a, /5, y and J), trolox and gallic
acid were purchased from Sigma (St. Louis, MO,
USA). Racemic tocol, 50 mg/ml, was purchased from
Matreya (PA, USA). The 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) was obtained from Alfa Aesar (Ward
Hill, MA, USA). All other chemicals were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). The
eluents n-hexane 95% and ethyl acetate 99.98% were
of HPLC grade from Lab-Scan (Lisbon, Portugal).
Methanol was of analytical grade purity and supplied
by Pronalab (Lisbon, Portugal). Water was treated in
a Milli-Q water purification system (TGI Pure Water
Systems, USA).

Analysis of tocopherols composition

Tocopherols content was determined following the
procedure previously optimised and described by

Barros et al. (2010). BHT (butylhydroxytoluene)
solution in hexane (10 mg/ml; 100 pl) and internal
standard (IS) solution in hexane (tocol; 2.0 pg/ml;
250 pl) were added to the sample prior to the
extraction procedure. Samples (500 mg) were
homogenised with methanol (4 ml) by vortex mixing
(1 min). Subsequently, hexane (4 ml) was added and
vortex mixed again for 1 min. After that, saturated
NaCl aqueous solution (2 ml) was added, the mixture
was homogenised (1 min), centrifuged (Centurion
K240R-2003  refrigerated  centrifuge, 5 min,
6185 rpm) and the clear upper layer was carefully
transferred to a vial containing anhydrous sodium
sulphate. The residue was re-extracted twice with
hexane. The combined extracts were evaporated to
dryness under a nitrogen stream, redissolved in 1 ml
of n-hexane, filtered through a 0.22 um disposable
LC filter disk, transferred into a dark injection vial
and analysed by HPLC. The equipment consisted of
an integrated system consisted in a Smartline pump
1000 (Knauer, Germany), a degasser system Smart-
line manager 5000, an AS-2057 auto-sampler and a
2500 UV detector at 295 nm (Knauer, Germany)
connected in series with a FP-2020 fluorescence
detector (Jasco, Japan) programmed for excitation at
290 nm and emission at 330 nm. Data were analysed
using Clarity 2.4 Software (DataApex). The chro-
matographic separation was performed using a Poly-
amide II (250 x 4.6 mm) normal phase column from
YMC Waters (Japan) operating at 30°C (7971 R
Grace oven). The mobile phase used was a mixture of
n-hexane and ethyl acetate (70:30, v/v) at a flow rate
of 1 ml/min, and the injection volume was 10 pl.
Tocopherols were identified by chromatographic
comparisons with standards. Quantification was
based on the fluorescence signal response, using the
internal standard method. Tocopherols content in
wild greens samples were expressed in mg/100 g of
dry weight (dw).

Evaluation of total phenolics and flavonoids
Extracts preparation

A fine dried powder (1 g) was extracted by stirring
with 40 ml of methanol at 25°C for 1 h and filtered
through Whatman No. 4 filter paper. The residue was

then extracted with one additional 40 ml portion of
methanol. The combined methanolic extracts were
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evaporated at 35°C under reduced pressure (rotary
evaporator Biichi R-210), re-dissolved in methanol at
a concentration of 5 mg/ml, and stored at 4°C for
further use. The extraction yield (%) of this procedure
was calculated from the dry weight of the evaporated
extracts.

Total phenolics and flavonoids

Total phenolics were estimated based on procedures
described by Wolfe et al. (2003) with some modifi-
cations. An aliquot of the extract solution (0.5 ml)
was mixed with Folin—Ciocalteu reagent (2.5 ml,
previously diluted with water 1:10 v/v) and sodium
carbonate (75 g/1, 2 ml). The tubes were vortexed for
15 s and allowed to stand for 30 min at 40°C for
colour development. Absorbance was then measured
at 765 nm (Analytik Jena 200 spectrophotometer).
Gallic acid was used to perform the standard curve
(5.0 x 1072—0.8 mM), and the results in samples
were expressed as mg of gallic acid equivalents
(GAEs) per g of extract.

Flavonoids content was determined using the
method of Jia et al. (1999), with some modifications.
An aliquot (0.5 ml) of the extract solution was mixed
with distilled water (2 ml) and subsequently with
NaNO, solution (5%, 0.15 ml). After 6 min, AICl;
solution (10%, 0.15 ml) was added and allowed to
stand further 6 min. Thereafter, NaOH solution (4%,
2 ml) was added to the mixture and distilled water
was immediately added to bring the final volume to
5 ml. Then the mixture was properly mixed and
allowed to stand for 15 min. The intensity of pink
colour was measured at 510 nm. To perform the
standard curve (1.6 x 1072—1.0 mM) (+)-catechin
was used and the results were expressed as mg of
(+4)-catechin equivalents (CEs) per g of extract.

Evaluation of the antioxidant activity
DPPH radical-scavenging activity

This methodology was performed using an ELX800
Microplate Reader (Bio-Tek Instruments, Inc.),
according to Barros et al. (2010). The reaction
mixture in each one of the 96-wells consisted of
one of the different concentrations of the extracts
(30 ul) and aqueous methanolic solution (80:20 v/v,
270 pl) containing DPPH radicals (6 x 10° mol/l).

The mixture was left to stand for 60 min in the dark.
The reduction of the DPPH radical was determined
by measuring the absorption at 515 nm. The radical-
scavenging activity (RSA) was calculated as a
percentage of DPPH discolouration using the equa-
tion: % RSA = [(Apppu — As)/Apppul X 100, where
Ag is the absorbance of the solution when the sample
extract has been added at a particular level, and
Apppy 18 the absorbance of the DPPH solution. The
extract concentration providing 50% of radicals
scavenging activity (ECsg) was calculated from the
graph of RSA percentage against extract concentra-
tion. Trolox was used as standard.

Reducing power

Different concentrations of the extracts (0.5 ml) were
mixed with sodium phosphate buffer (200 mmol/l,
pH 6.6, 0.5 ml) and potassium ferricyanide (1% w/v,
0.5 ml). The mixture was incubated at 50°C for
20 min, and trichloroacetic acid (10% w/v, 0.5 ml)
was added. The mixture (0.8 ml) was poured in the
48-wells, as also deionised water (0.8 ml) and ferric
chloride (0.1% w/v, 0.16 ml), and the absorbance was
measured at 690 nm in the Microplate Reader
described above (Barros et al. 2010). The extract
concentration providing 0.5 of absorbance (ECsg)
was calculated from the graph of absorbance at
690 nm against extract concentration. Trolox was
used as standard.

Inhibition of B-carotene bleaching

A solution of f-carotene was prepared by dissolving
p-carotene (2 mg) in chloroform (10 ml). Two mil-
lilitres of this solution were pipetted into a round-
bottom flask. After the chloroform was removed at
40°C under vacuum, linoleic acid (40 mg), Tween 80
emulsifier (400 mg), and distilled water (100 ml)
were added to the flask with vigorous shaking.
Aliquots (4.8 ml) of this emulsion were transferred
into different test tubes containing different concen-
trations of the extracts (0.2 ml). The tubes were
shaken and incubated at 50°C in a water bath
(Barros et al. 2010). As soon as the emulsion was
added to each tube, the zero time absorbance was
measured at 470 nm. The inhibition of f-carotene
bleaching was calculated using the following equa-
tion: (f-carotene content after 2 h of assay/initial
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f-carotene content) x 100. The extract concentration
providing 50% antioxidant activity (ECsy) was cal-
culated by interpolation from the graph of f-carotene
bleaching inhibition percentage against extract con-
centration. Trolox was used as standard.

Inhibition of lipid peroxidation by TBARS assay

Brains were obtained from pig (Sus scrofa) of body
weight ~ 150 kg, dissected and homogenized with a
Polytron in ice-cold Tris—HCl buffer (20 mM, pH
7.4) to produce a 1:2 (w/v) brain tissue homogenate,
which was centrifuged at 3,000g for 10 min. An
aliquot (0.1 ml) of the supernatant was incubated
with the different concentrations of the extracts
(0.2 ml) in the presence of FeSO,4 (10 uM; 0.1 ml)
and ascorbic acid (0.1 mM; 0.1 ml) at 37°C for 1 h.
The reaction was stopped by the addition of trichlo-
roacetic acid (28% w/v, 0.5 ml), followed by thio-
barbituric acid (TBA, 2% w/v, 0.38 ml), and the
mixture was then heated at 80°C for 20 min. After
centrifugation at 3,000g for 10 min to remove the
precipitated protein, the colour intensity of the
malondialdehyde (MDA)-TBA complex in the super-
natant was measured by its absorbance at 532 nm
(Barros et al. 2010). The inhibition ratio (%) was
calculated using the following formula: Inhibition
ratio (%) = [(A x B)/A] x 100%, where A and B
were the absorbance of the control and the extract
solution, respectively. The extract concentration
providing 50% lipid peroxidation inhibition (ECs()
was calculated from the graph of TBARS inhibition

percentage against extract concentration. Trolox was
used as standard.

Statistical analysis

Analysis of variance (ANOVA), followed by Tur-
key’s test was conducted using Statgraphics Plus 5.1.
software to analyze data at the 95% confidence level.
Values were expressed as means of triplicate analyses
and corresponding standard deviations. Likewise,
correlation analysis was performed among the vari-
ables analyzed.

Results and discussion
Tocopherols composition

Table 2 shows the tocopherols composition of the
wild vegetables analyzed. Comparing the tocopherol
content of leafy vegetables and wild asparagus,
significant differences (P < 0.05) can be observed
for o, f and total tocopherols contents. o-Tocopherol,
which is the most active isoform of vitamin E
(Caretto et al. 2009), was the predominant isoform in
all the leafy vegetables analysed. However, as it will
be described below, in the four wild asparagus
studied other forms were also codominant or even
predominant.

The species with the highest a-tocopherol content
(10.12 mg/100 g dw) was Silene vulgaris; the spe-
cific tocopherols profile of Silene vulgaris is shown in
Fig. 1. The wild asparagus Humulus Iupulus showed

Table 2 Tocopherols composition (mg/100 g dw) of the wild vegetables

o-Tocopherol p-Tocopherol y-Tocopherol o-Tocopherol Total

Leafy vegetables

Apium nodiflorum 2.59 4+ 0.03¢ 0.25 & 0.00¢ 0.21 £ 0.00* n.d 3.05 + 0.03¢
Foeniculum vulgare 3.25 + 0.96% 0.59 + 0.19° 0.52 + 0.29* n.d 436 + 0.96°
Montia fontana 6.01 & 0.07" 0.25 + 0.01% 1.41 + 0.02¢ 0.36 £ 0.04° 8.03 & 0.05°
Silene vulgaris 10.12 + 1.18 & 0.31 £+ 0.05° 0.71 &+ 0.05° 0.51 &+ 0.00° 11.65 & 1.29f
Wild asparagus

Asparagus acutifolius 1.89 & 0.03™ 0.07 £ 0.03* 0.78 + 0.05° 0.03 £ 0.00* 278 &+ 0.05"
Bryonia dioica 0.75 £ 0.06* 0.13 £ 0.00° 0.66 & 0.00° 0.06 + 0.00* 1.57 + 0.14*
Humulus lupulus 4.51 £+ 0.46° 0.24 & 0.02¢ 8.98 + 0.03° 0.69 & 0.01¢ 14.32 + 0.55
Tamus communis 1.36 £ 0.05% 0.09 £ 0.00 1.85 £ 0.15¢ 0.37 +0.07° 3.62 & 0.10°

Different letters mean significant differences in each column (P < 0.05). n.d., non detected
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Fig. 1 HPLC fluorescence (mVv]
chromatogram of Silene
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the highest total tocopherols content (14.32 mg/
100 g) although the mayor isoform was y-tocopherol
(8.98 mg/100 g). Besides Silene vulgaris, other leafy
vegetable with a high o-tocopherol and total toc-
opherols content was Montia fontana. Low amounts
of p-tocopherol and y-tocopherol appeared in this
group of plants while §-tocopherol was not found in
Apium nodiflorum and Foeniculum vulgare. The last
result is in agreement with a previous study of our
research group in Portuguese samples (Barros et al.
2009).

As pointed before, in the wild asparagus both
a-tocopherol and y-tocopherol were the main respon-
sible for total vitamin E activity. The most abundant
isoform in Asparagus acutifolius and Bryonia dioica
was oa-tocopherol (1.89 mg/100 g and 0.75 mg/
100 g dw, respectively), while in Humulus lupulus
and Tamus communis the mayor isoform was
y-tocopherol  (8.98 mg/100 g and 1.85 mg/100 g
dw, respectively). In contrast to the leafy vegetables
considered, J-tocopherol was detected in all the
samples of wild asparagus.

The four isoforms (, f, y and J-tocopherol) have
been identified and quantified in other wild

10 15 0
Teee

vegetables, as previously reported by several authors
(Vardavas et al. 2006; Barros et al. 2009). Comparing
our data with those reports, the Spanish samples of
Silene vulgaris and Foeniculum vulgare revealed a
higher tocopherols content than the Cretan (Vardavas
et al. 2006) and Portuguese (Barros et al. 2009) ones,
respectively. However, Portuguese samples of Aspar-
agus acutifolius, Bryonia dioica and Tamus commu-
nis (Martins et al. 2011) showed higher tocopherols
content than the Spanish ones. The mentioned
variability could be explained by different climatic
and soil conditions as well as by postharvest condi-
tions (Prohens et al. 2005). Moreover, total tocophe-
rols content (2.1 mg/100 g) supplied by cultivated
Asparagus officinalis (Souci et al. 2008) is lower than
the one obtained in wild Asparagus acutifolius herein
studied.

The differences found in the distribution of the
tocopherol isoforms between the two groups of wild
vegetables might be related to the part of the plant
considered. It has been suggested that chlorophyll is
always accompanied by a-tocopherol, which is prob-
ably sited inside chloroplasts while y-tocopherol is
mainly outside chloroplasts (Booth 1963). Therefore,
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o-tocopherol concentration is higher in leaves than in
stems and, consequently higher in the leafy vegeta-
bles than in the wild asparagus considered.

Total phenolics and flavonoids

Phenolics and flavonoids content in the analyzed
samples are shown in Table 3. Among the leafy
vegetables, Apium nodiflorum had the highest total
content of phenolics (80.47 mg GAE/g extract) and
flavonoids (45.48 mg CE/g extract), while Silene
vulgaris and Foeniculum vulgare, revealed the lowest
ones (26.72 mg GAE/g extract and 9.72 mg CE/g
extract, respectively).

The highest extraction yield (29.67%) was
obtained for Foeniculum vulgare. Similar values
were reported for the Portuguese (Barros et al.
2009) and the Iranian fennel (Motamed and Naghibi
2010), but lower values for the Italian one (Conforti
et al. 2009). However, our sample of Foeniculum
vulgare showed a higher total phenolic content than
the Portuguese (8.61 mg GAE/g extract) and the
Iranian fennel (7.74 mg GAE/g,) samples, but lower
than the Italian one (80 mg GAE/g). Despite the
lower total phenolics content found in Iranian fennel,
its flavonoids content (16.49 mg CE/g) was higher
than the samples analysed in this study. Therefore,
our results suggest that there is not a direct relation-
ship between extraction yield and phenolics content
in this kind of samples, probably due to the extraction

of other methanol soluble components, such as
sugars.

Regarding wild asparagus, Humulus lupulus pre-
sented the highest total phenolic content (55.83 mg
GAE/g extract) while Bryonia dioica showed the
highest flavonoids content (16.31 mg CE/g extract).
Phenolic content in Humulus lupulus was significantly
higher than that reported by Wojdylo et al. (2007) in
Poland samples (7.14 mg GAE/g extract). However,
Portuguese samples of Asparagus acutifolius, Bryonia
dioica and Tamus communis (Martins et al. 2011)
revealed a significantly higher content of phenolics
(624 mg GAE/g extract, 258 mg GAE/g extract and
759 mg GAE/g extract, respectively) and flavonoids
(57.8 mg CE/g extract, 18.1 mg CE/g extract and
150 mg CE/g extract, respectively) than the Spanish
samples herein studied. Asparagus acutifolius have
shown the lowest total phenolics and flavonoids
content (17.60 mg GAE/g extract and 6.09 mg CE/g
extract) but the highest extraction yield (46.14%).

Overall, phenolic content varied from 80.47 to
17.60 mg GAE/g extract. Apium nodiflorum showed
the highest values while Asparagus acutifolius the
lowest ones. Leafy vegetables had statistically higher
amounts of total phenolics than wild asparagus.
Regarding total flavonoids content, it has ranged
between 45.48 and 6.09 mg CE/g extract. Similar
patterns have been found in Apium nodiflorum, which
reached again the highest values, and Asparagus
acutifolius, which showed the lowest ones.

Table 3 Extraction yields (%), total phenolics (mg GAE/g extract) and flavonoids (mg CE/g extract) contents, and antioxidant

activity (ECsq values; mg/ml) of the wild vegetables

Extraction Total Total DPPH Reducing p-carotene TBARS
yield phenolics flavonoids scavenging power bleaching inhibition
activity inhibition
Leafy vegetables
Apium nodiflorum  19.59 80.47 + 441" 4548 + 1.61° 0.07 & 0.00° 0.02 £ 0.00*° 0.02 + 0.00* 0.04 & 0.00°
Foeniculum vulgare — 29.67 4216 £ 098¢ 972 £0.70° 275+ 0.06° 1.10 & 0.02° 047 £ 0.00° 0.02 + 0.00°
Montia fontana 25.68 7553 £7.058 16.67 £ 0.62° 1.49 +0.07° 036 &+ 0.01°> 048 + 0.01° 0.02 + 0.00°
Silene vulgaris 15.98 2672 + 1.63°  21.65 + 5.53% 331 4+ 0.07* 0.84 &+ 0.01° 0.62 £ 0.08° 0.02 + 0.00°
Wild asparagus
Asparagus 46.14 17.60 + 0.29*°  6.09 + 0.27° 4.87 + 0.38° 1.62 4+ 0.00" 0.47 £ 0.04" 0.07 + 0.02¢
acutifolius
Bryonia dioica 22.01 35.10 & 243 1631 + 0.70° 443 4+ 1.29° 144 £0.018 047 +0.03° 0.08 + 0.01¢
Humulus lupulus 22.86 55.83 4+ 1.34" 956 £ 0.65° 1.36 + 0.02° 0.80 + 0.01° 0.48 + 0.02° 0.03 & 0.00*°
Tamus communis 22.49 49.51 + 4.07° 933 £ 1.44° 359 + 093¢ 1324 001" 049 £ 0.15> 0.05 £ 0.01°

Different letters mean significant differences in each column (P < 0.05)
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Antioxidant activity

Figure 2 shows the antioxidant properties of the
studied vegetables using different assays based on
different concentration of the methanolic extract:
scavenging activity on DPPH radicals, reducing
power and lipid peroxidation inhibition by f-caro-
tene-linoleate system and TBARS assay. The ECsg
values (mg/ml) obtained in each antioxidant activity
assay are given in Table 3.

Statistical analysis applied to phenolics and flavo-
noids data clearly differentiated between leafy veg-
etables (lower ECsy values, and thus higher
antioxidant activity) and wild asparagus samples
(lower antioxidant activity), except for f-carotene
bleaching inhibition capacity, in which almost all the
species presented a similar action.

Among the leafy vegetables, Apium nodiflorum
presented DPPH radical-scavenging activity (RSA)
around 80% at 0.25 mg/ml (Fig. 2a), while Montia
fontana gave 80% of RSA at 4 mg/ml. However,
Foeniculum vulgare and Silene vulgaris presented
RSA only around 60% at the same concentration
(4 mg/ml). Similar values to those of Montia fontana
were also found in this assay for Humulus lupulus.
The other wild asparagus reached lower percentages
than 60% of RSA at 4 mg/ml.

Foeniculum vulgare and the four wild asparagus
showed the lowest reducing power values, with
absorbances lower than 1.61 at 2 mg/ml (Fig. 2b),
whereas Apium nodiflorum revealed again the highest
reducing power, followed by Montia fontana. Absor-
bance of 3.74 at 0.25 mg/ml and an ECsy value of
0.02 mg/ml were described for Apium nodiflorum
(Table 3).

In f-carotene bleaching inhibition assay, Apium
nodiflorum was, once more, the species with the
highest capacity (higher than 85% at 1 mg/ml;
Fig. 2c). Otherwise, Silene vulgaris presented the
highest ECsq value (0.62 mg/ml) of both leafy
vegetables and wild asparagus groups.

In TBARS assay, Foeniculum vulgare presented a
lipid peroxidation inhibition capacity higher than 80%
at 0.125 mg/ml, as also Montia fontana (Fig. 2d),
both with ECsy values of 0.02 mg/ml (Table 3).
Apium nodiflorum and Silene vulgaris presented at
the same concentration (0.125 mg/ml) an inhibition
capacity slightly lower, ranging from 73 to 78%.

According to other studies which have assessed the
antioxidant activity of these wild vegetables, Spanish
fennel (Foeniculum vulgare) gave much lower ECs,
values than Portuguese fennel in the four assays
(Barros et al. 2009; Mata et al. 2007), similar DPPH
scavenging activity to the Iranian sample (2 mg/ml;
Hinneburg et al. 2006), and lower DPPH scavenging
activity, but higher TBARS inhibition than Italian
fennel (0.15 and 0.25 mg/ml; Conforti et al. 2009). In
adition, Wojdylo et al. (2007) reported a higher ECs
value for Poland samples of Humulus Ilupulus
(83.2 mg/ml), which indicate a higher antioxidant
capacity of the Spanish sample. The Local Food-
Nutraceuticals Consortium (2005) reported for Bryo-
nia dioica an activity lower than 30% at 1 mg/ml of
the methanolic extract. Comparing with the Portu-
guese samples of Asparagus acutifolius, Bryonia
dioica and Tamus communis (Martins et al. 2011), the
Spanish samples presented higher ECsy values,
except for TBARS assay, indicating lower effects in
the Spanish samples.

Overall, Apium nodiflorum proved to have the most
promising antioxidant properties, which is in agree-
ment with its highest total phenolics and flavonoids
contents. Furthermore, the traditional mode of con-
sumption of Apium nodiflorum, i.e., eaten raw in
salads, is the best way to preserve its antioxidant
activity. However, Silene vulgaris, which revealed the
highest a-tocopherol and total tocopherols content, did
not show a high antioxidant activity in any of the four
different assays. It will be subsequently discussed with
the results from the correlation analysis.

The correlation coefficient between the analysed
compounds and antioxidant capacity of the studied
wild vegetables are given in Table 4. Total tocoph-
erol content was correlated (r = —0.67, —0.47 and —
0.60) with most of the methods for antioxidant
activity analysis applied in this study (DPPH, redud-
ing power and TBARS assays, respectively). Similar
correlations were described for o-tocopherol (r =
—0.59, —0.48 and —0.52) while the other three
isoforms were lowly correlated. Thus, a-tocopherol
has been proved to be quite an interesting compound
in leafy vegetables, and the negative correlation
indicates that this compound is highly responsible for
the antioxidant activity in the samples. However,
f-carotene bleaching inhibition assay was only
correlated with J-tocopherol (r = —0.47).
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Fig. 2 Antioxidant
properties of the studied
vegetables using different
assays. a Radical-
scavenging activity on
DPPH radicals, b reducing
power, ¢ fi-carotene
bleaching inhibition and

d TBARS formation
inhibition
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Total phenolics content can also be considered as a
good indicator of antioxidant activity in the vegeta-
bles analysed, as it presented significant positive
correlations with total tocopherols (r = 0.48) and
flavonoids (r = 0.48). Significant negative correla-
tions were also described with the ECs, values
measured by the four antioxidant assays (r = —0.77,
—0.80, —0.54 and —0.52, respectively), in agreement
with Zheng and Wang (2001).

Similar considerations can be done for total
flavonoids content, although it was not correlated
neither with total tocopherols content nor with
tocopherol isoforms separately. Nevertheless, signif-
icant negative correlations were recorded with all the
antioxidant activity assays (r = —0.57, —0.76, and
—0.63, respectively), with the exception of TBARS
assay.

Regarding the different antioxidant assays per-
formed, there was a strongly positive correlation

between almost all the antioxidant assays, with the
exception of f-carotene bleaching inhibition and
TBARS assay. Significant correlation was not
described between these two assays, probably due
to the differences in their mechanism of action. The
inhibition of f-carotene bleaching is a specific study
against the oxidation of linoleic acid whereas TBARS
assay evaluate the antioxidant action against all
lipidic fractions. Nevertheless, a strongly correlation
between DPPH and reducing power assays
(r = 0.90), and TBARS assay with both DPPH and
reducing power assays (r = 0.70 and 0.70, respec-
tively) was found.

In general terms, all the methods used to measure
antioxidant activity in foods have some limitations, as
it has been observed in this study. For that reason, a
combination of several methods is often needed.
However, our results suggest that DPPH and reducing
power methods are highly correlated with other

Table 4 Correlations coefficients (P values) between the analysed compounds and the antioxidant capacity of the studied wild

vegetables

Phen  Flav DPPH RP p-car TBARS  «T p-T »-T o-T T.T
Phen 1 0.48 —0.77 —0.80 -0.54 —0.52 0.41 0.58 0.08 0.59 0.48
(0.01) (0.00) (0.00) (0.01) (0.01) (0.04) (0.00) (0.69) (0.00) (0.02)
Flav 1 —0.57 —0.76 —-0.63 0.30 0.31 0.01 0.48 0.31 0.07
(0.00) (0.00) (0.01) (0.15) (0.14) (0.98) (0.15) (0.14) (0.72)
DPPH 1 0.90 0.47 0.70 -0.59 —0.34 —0.28 0.34 —-0.67
(0.00) (0.02) (0.00) (0.00) (0.09) (0.17) (0.10) (0.00)
RP 1 0.47 0.70 —0.48 —0.46 0.01 —0.49 -0.47
(0.02) (0.00) (0.01) (0.02) (0.95) (0.01) (0.02)
p-car 1 —0.07 —0.38 0.05 0.06 —0.47 —0.27
(0.75) (0.06) (0.83) (0.78) (0.02) (0.22)
TBARS 1 —-0.52 0.34 —0.27 —0.34 —-0.60
(0.01) (0.10) (0.19) (0.10) (0.02)
o-T 1 0.16 0.20 0.22 0.87
(0.45) (0.34) (0.29) (0.00)
p-T 1 —0.22 —0.11 0.21
(0.28) (0.58) (0.32)
y-T 1 0.59 0.59
(0.00) (0.00)
o-T 1 0.45
(0.03)

T.T 1

Significant correlations are showed in bold letter (P < 0.05)

Phen: Phenolics; Flav: Flavonoids; DPPH: DPPH assay; RP: Reducing Power; ff-car: ff-carotene bleaching inhibition; TBARS:
TBARS assay; o-T: a-Tocopherol; -T: f-Tocopherol; y-T: y-Tocopherol; 6-T: 6-Tocopherol
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methods, and thus one of them could be selected as
indicator of the antioxidant activity of wild vegetables.

Conclusions

Tocopherols composition of Apium nodiflorum, Mon-
tia fontana and Humulus lupulus was reported in this
study for the first time. From the results obtained we
can conclude that the leafy vegetables Apium nodi-
florum and Montia fontana presented the best
antioxidant capacity, with the lowest ECs, values in
all the antioxidant assays performed. The first one has
showed a significantly higher antioxidant activity
than the other species, which could be attributed to its
highest total phenolics and flavonoids contents. In
Montia fontana, the antioxidant activity was probably
due both to its high total phenolics and flavonoids, as
well as its tocopherols content, especially o-tocoph-
erol. However, Silene vulgaris, the species with the
highest total tocopherols content but with low content
of phenolics and flavonoids, did not show a signif-
icantly high antioxidant activity.

Moreover, three of the species of leafy vegetables
considered, Apium nodiflorum, Foeniculum vulgare,
and Montia fontana are usually consumed fresh,
mainly in salads. Since processing and cooking can
affect the concentration, activity and availability of
natural antioxidants (Nicoli et al. 1999), vegetables
consumed raw would preserve better their antioxidant
capacity.

In general terms, wild asparagus showed lower
antioxidant activity than the leafy vegetables consid-
ered. Among the four species, Humulus Ilupulus
presented the highest antioxidant capacity, probably
due to its highest phenolics and total tocopherols
content.

Therefore, the wild edible species studied could be
selected because of their nutritional interest and high
antioxidant capacity. The minority consumption of
these plants in present-days could be invigorated for
this reason. Moreover, as sources of powerful anti-
oxidants, they should be recovered for use as
functional foods or as potential functional ingredients
for food industry.
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