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Abstract

For the first time, we have evaluated the antioxidant properties of principal secondary metabolites of leaves and stems from
Atriplex halimus. The leaves methanolic extract contained higher levels of total phenolic (10.12 � 0.56 mg GAE/g DW) than stems
methanolic extract (3.77 � 0.19 mg GAE/g DW). The leaves flavonoids represented by ethyl acetate and butanolic fractions have
more hydrogen donating ability to reducing iron and the higher DPPH radical scavenging activity. To cite this article: N.
Benhammou et al., C. R. Chimie 12 (2009).
# 2009 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Pour la première fois, nous avons évalué les propriétés antioxydantes de principaux métabolites secondaires des feuilles et des
tiges d’Atriplex halimus. L’extrait méthanolique des feuilles contient une teneur élevée en phénols totaux (10,12 � 0,56 mg GAE/
g DW) que l’extrait méthanolique des tiges (3,77 � 0,19 mg GAE/g DW). Les flavonoïdes des feuilles représentés par les fractions
acétate éthylique et butanolique possèdent une forte capacité de donner l’hydrogène pour réduire le fer et une activité plus élevée à
piéger le radical DPPH. Pour citer cet article : N. Benhammou et al., C. R. Chimie 12 (2009).
# 2009 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

Plants (fruits, legumes, grains, medicines and
aromatic herbs) produce a wide variety of secondary
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metabolites (SM) which may play numerous biological
activities, such as protection against herbivores,
microbes, or competing plants, adaptation and pollina-
tion [1]. These metabolites can be divided into two main
groups:

(a) those without nitrogen-like terpenoids (mono-,
sesqui-, di-, tri-, and tertraterpenes; saponines;
steroids; carotenoids; and cardiac glycosides),
polyketides (anthraquinones), phenolic compounds
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(flavonoids, anthocyanins, galloyl and catechol
tannins, phenolic acids, lignans, lignins, stilbenes,
and coumarins), polyacetylenes and phenylpro-
panes;

(b) those with nitrogen in their structures including
alkaloids, amines, nonprotein aminoacids, cyano-
genic glycosides, glucosinolates, protease inhibitors
and lectins [2].

The polyphenol compounds play a wide range of
biological effects including antibacterial, anti-inflam-
matory, antiallergic, hepatoprotective, antithrombotic,
antiviral, anticarcinogenic and cardioprotective and
vasodilatory effects [3]. These functions have been
attributed to their antioxidant activity by several
mechanisms such as free radical scavengers, reducing
agents, complexers of pro-oxidant metals, quenchers of
the formation of singlet oxygen and stimulating the
antioxidative defence enzymes activities [4]. These
mechanisms will be led by two types of reactions:
hydrogen atom transfer and single electron transfer [5].

In the human body and during the normal conditions,
the unlimited number of the physiological and
biochemical processes leads to the production of two
radical groups. The first group is the reactive oxygen
species (ROS): superoxide radical (O2

��); hydrogen
peroxide (H2O2); hydroxyl radical (HO�); peroxyl
radical (ROO�) and hypochlorous acid (HOCl) [6]. The
second one included the reactive nitrogen species
(RNS): nitric oxide (�NO) and peroxynitrite (ONOO�)
which are formed by the reaction of �NO and
superoxide during inflammatory processes [6]. The
overproduction and the imbalance between the radical
species (ROS, RNS) and the capacity of the normal
detoxification systems which are represented by
enzymatic and nonezymatic antioxidants lead to the
generation of oxidative stress. This pathology exhibits
an important tissue damage caused by the interaction of
radical species with macromolecules (lipids, proteins,
and DNA). Therefore, the consumption of dietary intake
rich by a-tocopherol, ascorbic acid, carotenoids,
polyphenol compounds and glutathione, all sources
of natural antioxidant compounds, becomes necessary.
It has been reported that there is an inverse relationship
between dietary intake of antioxidant rich food and the
incidence of a number of human diseases [7]. In
addition, these substances come to replace synthetic
antioxidants like butylated hydroxyl toluene (BHT) and
butylated hydroxyl anisole (BHA) which are suspected
to possess some undesirable effects for human health.

Atriplex halimus is a shrub succulent halophyte
widely distributed in semi-arid Mediterranean areas [8],
in the high plateaus and on the littoral where favourable
conditions are regrouped with an intra- and inter-
individual polymorphism for several floral morpholo-
gical characters including styles, ovule types and radicle
orientation according to salinity [9]. This plant
represent a potential source for economical utilisation;
it can provide forage sources with a good nutritive value
during the dry seasons [10] and periods of shortage of
grazing resources. Also, it can contribute to the
valorisation of marginal and degraded soils and the
improvement of the vegetable and animal productions
in several stripped areas [11]. Moreover, the high
biomass production has a good digestibility, but an
abundance of sodium chloride and anti-nutritional
factors reduce its palatability [8]. In traditional
medicine, a cocktail of minerals in A. halimus is used
to benefit glycaemic control in diabetic patients [12].
Like other halophytes, it can combat internal parasites
in veterinary use [13].

The study of the chemical composition shows the
presence of secondary metabolites in A. halimus such as
tannins, flavonoids, saponins, alkaloids and resins [13],
and it contains up 10% sodium chloride [14]. It is
characterized by its high ash and crude fiber, moderate
crude protein and low crude fat contents [15].

In our study, we investigate for the first time the
polyphenol content and antioxidant capacity with
DPPH radical scavenging and reducing power assay
in leaves and stems from A. halimus of methanolic
extract of polyphenols, tannins, alkaloids, saponins and
ethyl acetate and butanolic fractions of flavonoids.

2. Materials and methods

2.1. Plant material

The aerial part (leaves, stems) of A. halimus was
harvested in March 2008 from Bechar, Algeria. The
plants collected were identified by the Vegetable
Ecological Laboratory and the voucher specimens have
been deposited at the Herbarium of the Department of
Molecular and Cellular Biology, Tlemcen University,
Algeria. Plant samples were dried in the share and
conserved for future use.

2.2. Extractions of chemical compounds from the
leaves and the stems

2.2.1. Methanolic extracts
The leaves and stems of A. halimus (1 g) were

powdered and extracted for 24 h with 20 ml of methanol
96.6- at room temperature, followed by rapid paper
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filtration through Whatman No 0.45 mm filter paper. The
resulting solutions were evaporated under vacuum at
60 -C by Buchi Rotavapor R-200 to dryness. The
residues were then dissolved in 3 ml of methanol.

2.2.2. Ethyl acetate and butanolic fractions
The leaves and stems dry residues obtained by the

same procedure for methanolic extracts extraction were
treated with 10 ml of boiling water to dissolve the
flavonoids. Further filtration through filter paper No

0.45 mm, afforded the aqueous solution that was firstly
extracted with 10 ml of ethyl acetate, then with 10 ml of
butanol-1. The two extracts were evaporated and
weighed, then dissolved in 3 ml of methanol.

2.2.3. Total alkaloids
They were obtained by triple liquid–liquid extraction

according to the method of Harbone [16], the leaves and
of the stems of A. halimus were extracted with the
Soxhlet by 150 ml from absolute ethanol during 5 h.
The ethanolic extracts were then evaporated under
vacuum at 40 -C by Buchi Rotavapor R-200. The dry
residues were taken again by 20 ml of chloroform and
acidify by HCl at 5% to pH 3; they were let rest during
30 min at the ambient temperature. The acid aqueous
phases were extracted by 20 ml of chloroform, basified
by NaHCO3 at 5% to pH 9 and let rest during 15 min at
the ambient temperature. The chloroformic phases were
evaporated and the dry residues, made up of total
alkaloids, were weighed then dissolved in 3 ml
methanol.

2.2.4. Saponins
They were extracted according to the method worked

out by Bouchelta et al. [17]. The leaves and stems
powdered were delipided during 2 h by 150 ml of n-
hexane. After elimination of the organic phases, the
precipitates obtained were macerated in 50 ml of
absolute ethanol under magnetic agitation at the
ambient temperature during 24 h. The ethanolic phases
were evaporated at 40 8C by the rotavapor. The dry
residues were extracted three times by 50 ml from
distilled water/petroleum ether mixture (V/V) heated at
50 8C in water bath during 30 min. The aqueous phases
were mixed then treated by 10 ml of butanol during
30 min. The organic phases, evaporated at 40 8C, were
weighed and dissolved in 3 ml methanol.

2.2.5. Tannins
The extraction of tannins from A. halimus was

obtained according to the method of Zhang et al. [18].
Five grams of each part (leaves, stems) was milled into
powder. The powder was extracted with 100 ml
acetone–water (70/30, V/V), and the mixture was
stirred continuously for 72 h at room temperature. Then,
the mixture was filtrated and evaporated under vacuum
at 40 8C to remove acetone. The remaining solution was
washed with 30 ml dichlomethane to remove lipid-
soluble substances. After that, the solution was further
extracted with ethyl acetate at a ratio of 30/30 (V/V).
The water layer was separated and extracted twice more
similarly. Then the resulting water layer was evaporated
to dryness, and the resulting substance was weighed and
dissolved in methanol.

2.2.6. Determination of total phenolic content
The total phenolic in leaves and stems methanolic

extracts content was determined by spectrometry using
‘‘Folin-Ciocalteu’’ reagent assay [19]. A volume of
200 ml of the extract was mixed with 1 ml of Folin-
Ciocalteu reagent diluted 10 times with water and
0.8 ml of a 7.5% sodium carbonate solution in a test
tube. After stirring and 30 min later, the absorbance was
measured at 765 nm by using a Jenway 6405 UV-vis
spectrophotometer. Gallic acid was used as a standard
for the calibration curve. The total phenolic content was
expressed as milligrams of gallic acid equivalents per
gram of dry weight (mg GAE/g DW).

2.3. Antioxidant activity

2.3.1. Reducing power assay
The reducing power of the extract was determined

according to the method of Oyaizu [20]. Various
concentrations of the extracts (mg/ml) in distilled water
were mixed with phosphate buffer (2.5 ml, 0.2 M,
pH 6.6) and 1% of potassium ferricyanide water
solution (2.5 ml, K3[Fe(CN)6]). The mixture was
incubated at 50 8C for 20 min. Aliquots of trichloracetic
acid (2.5 ml, 10% aqueous solution) were added to the
mixture which was then centrifuged at 3000 rpm for
10 min. The supernatant (2.5 ml) was mixed with
distilled water (2.5 ml) and a freshly prepared FeCl3
solution (0.5 ml, 0.1%). The absorbance was measured
at 700 nm. Ascorbic acid was used as a positive control.
In this method, the higher the absorbance, the higher the
reducing power.

2.3.2. DPPH scavenging assay
The hydrogen atom donation ability of chemical

compounds in leaves and stems was measured on the
basis to scavenge the 2,2-diphenyl-1-picrylhydrazil free
radical [21]. Fifty microliter of various concentrations
of the extracts in methanol were added to 1950 ml of a
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Table 2
Total phenolics in leaves and stems methanolic extracts of Atriplex

halimus.

Plant part Methanolic extract

Leaves Stems

Total phenolics (mg GAE/g DW) 10.12 � 2.24 3.77 � 0.06

The data are displayed with mean � standard deviation of twice
replications.
0.025 g/l methanol solution DPPH. After a 30-min
incubation period at room temperature, the absorbance
was read against a blank at 515 nm. DPPH free radical
scavenging activity in percentage (%) was calculated
using the following formula:

DPPH scavenging activity ð%Þ

¼ ðAblanc � Asample=AblancÞ � 100

where Ablank is the absorbance of the control reaction

(containing all reagents except the test compound),

Asample is the absorbance of the test compound.

Extract concentration providing 50% inhibition
(EC50) was calculated form the graph plotted of
inhibition percentage against extract concentrations.
The ascorbic acid methanol solution was used as
positive control.

2.3.3. Statistical analysis
All evaluations of antioxidant activity were per-

formed in twice. Data were expressed as mean-
s � standard derivation (S.D.). Correlation coefficient
of antioxidant activity was determined using Excel
programme and Origin 6.

3. Results and discussion

3.1. Extract yields and phenolic contents

The specific extractions of A. halimus leaves and
stems have makes to determine the yield of chemical
groups which more used in therapy. The obtained results
are shown in Table 1. The two parts of the plant were
characterized by the presence of the flavonoids, the
tannins, the alkaloids and the saponins where the leaves
exhibited the higher yields. These molecules were
known to show medicinal activity as well as exhibiting
physiological activity.
Table 1
Yields of some bioactive compounds from Atriplex halimus leaves and
stems.

Bioactive compounds Yields (%)

Leaves Stems

Methanolic extract 24 � 1.41 7.5 � 0.70
Ethyl acetate fraction 2.66 � 0.57 1 � 0.00
Butanolic fraction 1 � 0.00 1 � 0.00
Tannins 0.5 � 0.14 0.3 � 0.14
Alkaloids 0.25 � 0.07 0.2 � 0.00
Saponins 0.33 � 0.14 0.25 � 0.00

The data are displayed with mean � standard deviation of twice
replications.
The methanolic extract of the leaves exhibited the
higher content (24 � 1.41%), as compared to the stems
extract (7.5 � 0.70%). Concerning, the distribution of
secondary metabolites, we record a high yields of ethyl
acetate (2.66 � 0.57%) and butanolic fractions (1%).
Thus, the leaves presented the higher yields of
flavonoids followed by tannins (0.5 � 0.14%) and
saponins (0.33 � 0.14%). With regard to the alkaloids,
the yields varied between 0.2 � 0.00% in the stems to
0.25 � 0.07% in the leaves. This distribution was
characterized by weaker yields for the stems. These
findings agree with previous reports indicating that
secondary metabolites distribution may fluctuate
between different plant organs [22,23].

Table 2 summarizes the contents of total phenolics of
the methanolic extracts of the two parts of A. halimus.
These contents varied from 3.77 � 0.06 mg GAE/g DW
in stems to 10.12 � 2.24 mg GAE/g DW in leaves. This
result proves the data quoted in Table 1, where we
recorded high yields of the secondary metabolites
without nitrogen in the leaves such as flavonoids
characterized by the two fractions, saponins and the
tannins.

The diversity of secondary metabolites in A. halimus
has been reported in the literature [13]. In fact, our
results are partially in agreement with those of El-
Adawy et al. [24] who showed that the total extractable
phenolic compounds, saponins and the alkaloids of the
leaves of A. halimus were 11.3, 12.38 and 0.23%
respectively. El-Waziry [25] reported the presence a
lower contents of totals phenols and tannins in Atriplex
fresh and silage. These variations in the distribution of
the secondary metabolites can be partially due to
genotypic factors that control accumulation of these
compounds in the plant [25]. Moreover, other studies
suggested that the biotic conditions (species, organ and
physiological stage) and abiotic stresses (salinity,
luminosity, water deficit and edaphic factors) widely
present in the arid zone may enhance the phenolic
metabolism as a response to oxidative stress [26]. This
proposition was confirmed by the studies of Ksouri et al.
[27], who found the augmentation in polyphenol
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content in Cakile maritime leaves challenged with 0,
100 and 400 mM NaCl.

The predominance of the polyphenols family in
particular the flavonoids found in our results is in
agreement with the studies of Al-Jaber et al. [28]. It is
noted in A. hortensis, the flavonoid content in shoot part
was equal to 68.5 mg/100 g fresh weight [29]. The
naringin and naringenin 7-O-glucoside are very
common in species of Chenopodiaceae [28]. Moreover,
the flavonol class forms the major chemical compounds
of Atriplex species [30]. However, triterpene saponins
occur in some species [31]. Also, Chenopodiaceae
family is characterised by the presence of glycinebe-
taine as an alternative osmolyte to protect from salt and
water stress.

3.2. Antioxidant activity

The diversity of nature and the complexity of
phytochemical compounds of plant extracts impose the
development of many methods to evaluate the
antioxidant activity and to estimate the effectiveness
of these substances. The majority of these methods are
based on the colouring or the discolouration of a reagent
in the reactional medium. They can be classified into
two groups: those assays used in food and biological
system to evaluate lipid peroxidation while measuring
the degree of oxidation inhibition [32] and those assays
used to measure free radical scavenging ability [6].
Some can be based on metal reducing power (ferric
reducing antioxidant power, FRAP), peroxyl radical
scavenging (oxygen radical absorbance capacity,
ORAC; total radical trapping antioxidant parameter,
TRAP), hydroxyl radical scavenging (deoxyribose
Fig. 1. Correlation between the sample concentrations and absorbance of re
assay), organic radical scavenging like ABTS and
DPPH (trolox equivalent antioxidant capacity, TEAC),
quantification of products formed during the lipid
peroxidation (thiobarbituric acid reactive substance,
TBARS; LDL oxidation) [6]. Reducing power and
DPPH have been used in the present investigation.

3.2.1. Reducing power
Fig. 1. depicts the reducing power of chemical

compounds from leaves and stems. All compounds
showed the presence the reductive effects, which
increased with an increase in concentration. However,
when compared to leaves and stems, flavonoids in ethyl
acetate fraction was more potent on reducing power in
the two part of plant, followed by leaves butanolic
fraction and stems methanolic extract. Alkaloids appear
to be less reductive effect compared to saponins and
tannins. At 0.4 mg/ml, the absorbance values of ethyl
acetate fraction, butanolic fraction, saponins, metha-
nolic extract, tannins and alkaloids at 700 nm were
0.13 � 0.00; 0.11 � 0.00; 0.06 � 0.00; 0.06 � 0.00;
0.05 � 0.00; 0.03 � 0.00 respectively in leaf chemicals,
they were 0.11 � 0.00; 0.03 � 0.00; 0.03 � 0.00;
0.07 � 0.00; 0.03 � 0.00; 0.02 � 0.00 in stem chemi-
cals.

The use of EC50 parameter is an index to compare and
to express the reducing power ability of the bioactive
substances (Table 3). The weak value of EC50, the higher
reducing power was observed in ethyl acetate and
butanolic fractions (1.51 � 0.01 and 1.76 � 0.00 mg/ml
respectively). The EC50 concentrations were ranged
between 3.31 � 0.22 mg/ml in tannins to 6.71 �
0.44 mg/ml in alkaloids from leaves, and 1.60 � 0.05
mg/ml in ethyl acetate fraction to 9.06 � 0.45 mg/ml in
ducing power of bioactive substances extracts from leaves and stems.
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Table 3
EC50 concentrations of reducing power from bioactive compounds.

Bioactive compounds EC50 (mg/ml) Leaves R2 EC50 (mg/ml) Stems R2

Methanolic extract 4.55 � 0.79 0.89 3.24 � 0.23 0.93
Ethyl acetate fraction 1.51 � 0.01 0.96 1.60 � 0.05 0.96
Butanolic fraction 1.76 � 0.00 0.98 5.96 � 0.44 0.96
Tannins 3.31 � 0.22 0.98 7.61 � 0.08 0.97
Alkaloids 6.71 � 0.44 0.98 9.06 � 0.45 0.85
Saponins 4.02 � 0.30 0.86 5.12 � 0.03 0.93
Ascorbic acid 0.06 � 0.00 0.99

The data are displayed with mean � standard deviation of twice replications. Ascorbic acid was used as positive control.
alkaloids from stems. These capacities of all extracts
were less than that ascorbic acid (0.06� 0.00 mg/ml).

3.2.2. DPPH radical scavenging activity
The results of DPPH radical scavenging activity are

shown in Figs. 2 and 3.
All chemical compounds had the scavenger effect

expressed in DPPH free radical scavenging activity (%).
This activity increased with increasing of concentration.
For some chemicals, we can calculate the EC50
Fig. 2. DPPH radical scavenging activities (%) of ethyl acetate
fraction, butanolic fraction, tannins and alkaloids from Atriplex
halimus leaves and stems. Ascorbic acid was used as positive control.

Fig. 3. DPPH radical scavenging activities (%) of methanolic
extracts and saponins from Atriplex halimus leaves and stems.
(Table 4), but for others, it is impossible to determinate
this parameter in this type of experimental conditions
such as the leaves and stems alkaloids which presented
the plateau state at percentage less to 50% inhibition.
Though, the highest DPPH scavenging activity was
found in butanolic and ethyl acetate fractions of the
leaves, the EC50 values were 1.73 (R2 = 0.98) and 2.04
(R2 = 0.99) mg/ml respectively. Moreover, leaves
saponins, leaves tannins and stems tannins are also
able to donate hydrogen atoms to DPPH radicals. The
lowest hydrogen atom donating ability was found in
leaves and stems methanolic extract (31.83 and
20.58 mg/ml respectively). However, DPPH free radical
scavenging of all secondary metabolites tested was less
than that ascorbic acid, a synthetic antioxidant
(0.11 mg/ml). This result might be explained that the
additive or synergistic effects of polyphenols make the
antioxidant activity of the methanolic extract feeble
than that the isolated bioactive compounds. In addition,
the total phenolic content in crude extract does not
incorporate all the antioxidants [33].

According to our knowledge, the chemical analysis
of flavonoids of A. halimus from Algerian Sahara is not
yet investigated. Both fractions ethyl acetate and
butanolic from leaves and stems demonstrate the potent
antioxidant properties and are related to their phenols
including flavonoids. This family from polyphenols
Table 4
EC50 concentrations of DPPH scavenging capacity from bioactive
compounds.

Bioactive compounds EC50 (mg/ml) R2

Leaves ethyl acetate fraction 2.04 0.99
Leaves butanolic fraction 1.73 0.98
Leaves methanolic extract 31.83 0.99
Stems methanolic extract 20.58 0.99
Leaves saponins 4.75 0.98
Leaves tannins 7.64 0.99
Stems tannins 6.31 0.99
Ascorbic acid 0.11 0.96
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showed the higher redox potentials which allow them to
act as reducing agents, hydrogen donors and singlet
oxygen quenchers [34]. In A. halimus, this activity
might be explained by the presence of flavonols, a class
major in Atriplex species and the most abundant
flavonoids in food. The flavonol aglycones: Kaemp-
ferol, quercetin, isorhamnetin, sometimes patuletin,
spinacetin and tricin were detected in eight Atriplex
species [30]. The presence of two new flavonoid
sulphates: kaempferol 3-O-sul phate-7-O-arabinopyr-
anoside and quercetin 3-O-sul phate-7-O-arabinopyr-
anoside from leaves of A. hortensis L. was reported by
Bylka et al. [35]. For A. littoralis, the new acetylated
flavonol glycoside was isolated from the aerial part [36].
Other earlier works suggested the presence the naringin,
naringenin 7-O-glucoside, isorhamnetin 3-O-rhamno-
syl (1-6) glucopyranoside and isorhamnetin 7-O-
glucopyranoside in A. farinosa [28].

It is known in the literature that only the flavonoids of
certain molecular structure, particularly those with a
certain number and configuration of hydroxyl groups
will determine the presence of the antioxidant proper-
ties [37]. These properties were decreased by glyco-
sylation and configuration of other substituents [2] and
influenced hydrogen or electron donating ability.
Flavonols are one group of flavonoids cited by the
same authors to possess the highest radical scavenging
activity in plant extract than flavonoids, because their
structure contain the hydroxyl groups with ortho
dihydroxy groups (catechol structure) in the B-ring,
3-hydroxyl group and/or galloyl group (catechol
structure) in the C-ring and the 2,3-double bond in
conjugation with 4-oxo function (carbonyl group) in the
C-ring [37]. These three criteria are essential for strong
antioxidant activity.

4. Conclusion

It may be suggested that like all the halophyte
plants, A. halimus produce the polyphenols and other
bioactive substances potentially useful for medicinal
properties and as natural food preservation. The
distribution of these molecules was unequal in
different parts of plant. The leaves exhibited the
higher phenolic content in comparison with the stems.
However, the flavonoids in ethyl acetate and butanolic
fractions possess potential antioxidant activity which
explains the relation structure-activity. Further isola-
tion and identification of potential bioactive com-
pounds particularly flavonoids responsible for
antioxidant activity are needed. Other compounds
like peptide, organic acids and proline which exist in
strong concentrations in halophytes plants to the
abiotic constraints remain to be evaluated the in vitro
their biological activity and to elucidate different
antioxidant mechanisms.

References

[1] N. Kartal, M. Sokmen, B. Tepe, D. Daferera, M. Polissiou, A.
Sokmen, Food Chem. 100 (2007) 584.

[2] Y. Cai, Q. Luo, M. Sun, H. Corke, Life Sci. 74 (2004) 2157.
[3] C.C. Wong, H.B. Li, K.W. Cheng, F. Chen, Food Chem. 97

(2006) 705.
[4] K. Zhou, L. Yu, LWT Food Sci. Technol. 37 (2004) 717.
[5] D. Huang, B. Ou, R.L. Prior, J. Agr. Food Chem. 53 (2005) 1841.
[6] C. Sanchez-Moreno, Food Sci. Technol. Int. 8 (2002) 121.
[7] C.A. Rice-Evans, J. Sampson, P.M. Bramley, D.E. Hollowy, Free

Radical. Res. 26 (1997) 381.
[8] M.L. Alicata, G. Amato, A. Bonanno, D. Giambalvo, G. Leto, J.

Agr. Sci. 139 (2002) 139.
[9] A. Talamali, R. Gorenflot, R. Haïcour, Y. Henry, P. Dutuit, Acta

Bot. Gall. 154 (2007) 651.
[10] L. Stringi, G. Amato, L. Gristina, Agric. Mediterr. 121 (1991) 16.
[11] H.N. Le Houérou, Agrofor. Syst. 18 (1992) 107.
[12] C. Day, Hypoglycaemic compounds from plants, in : C.J. Bailey,

P.R. Flatt (Eds.), New Antidiabetic Drugs, Smith-Gordon, Lon-
don, 1990, p. 267.

[13] M.T. Bayoumi, H.M. El-Shaer, Impact of halophytes on animal
health and nutrition, in : V.R. Squires, A.T. Ayoub (Eds.),
Halophytes as a resource for livestock and for rehabilitation
of degraded lands, Kluwer Academic Publishers, Dordrecht,
Netherlands, 1992, p. 267.

[14] H.H. Abd El-Rahman, M.I. Mohamed, A.E.A. Gehad, I.M.
Awadallah, Int. J. Agr. Biol. 8 (2006) 766.

[15] E.A. Gihad, Utilization of high salinity tolerant plants and saline
water by desert animals, in : H. Lieth, A.A. Massoom (Eds.),
Towards the rational use of high salinity tolerant plants, Kluwer
Academic Publishers, Netherlands, 1993, p. 443.

[16] J.B. Harbone (Ed.), Phytochemical methods: a guide to modern
techniques of plant analysis, Chapman and Hall, London, 1998,
p. 302.

[17] A. Bouchelta, A. Boughdad, A. Blenzar, Biotechnol. Agron. Soc.
Environ. 9 (2005) 259–269.

[18] S.Y. Zhang, C.G. Zheng, X.Y. Yan, W.X. Tian, Biochem. Bioph.
Res. Co. 371 (2008) 654–658.

[19] C.P. Singleton, J.A. Rossi, Am. J. Enol. Vitic. 16 (1965) 144.
[20] M. Oyaizu, Jpn. J. Nutr. 44 (1986) 307.
[21] C. Sanchez-Moreno, J.A. Larrauri, F. Saura-Calixto, J. Sci Food.

Agr. 76 (1998) 270.
[22] M.J. Bano, J. Lorente, J. Castillo, O. Benavente-Garcia, J.A. Rio,

A. Otuno, K.W. Quirin, D. Gerard, J. Agric. Food Chem. 51
(2003) 4247.

[23] H. Falleh, R. Ksouri, K. Chaieb, N. Karray-Bouraoui, N. Tra-
belsi, M. Boulaaba, C. Abdelly, C. R. Biol 331 (2008) 372.

[24] M.M. El-Adawy, A.Z.M. Salem, B.E. Borhami, H.M. Gado,
M.S. Khalil, A. Abo-Zeid, 9th World Rabbit Congress, Nutrition
and Digestive Physiology, Verona – Italy, June 10, 2008, p. 643.

[25] A.M. El-Waziry, Res. J. Agric. Biol. Sci. 3 (2007) 605.
[26] R. Ksouri, W. Megdiche, H. Falleh, N. Trabelsi, M. Boulaaba, A.

Smaoui, C. Abdelly. C. R. Biol. 331 (2008) 865.
[27] R. Ksouri, W. Megdiche, A. Debez, H. Falleh, C. Grignon, C.

Abdelly. Plant Physiol. Biochem. 45 (2007) 244.



N. Benhammou et al. / C. R. Chimie 12 (2009) 1259–12661266
[28] N.A.A. Al-Jaber, T.G. Mujahid, H.M.G. Al-Hazmi, J. King
Saud. Univ. 3 (1991) 163.

[29] R.Y. Yang, S. Lin, G. Kuo, Asia-Pac. J. Clin. Nutr. 17 (2008) 275.
[30] S.C. Sanderson, Ch. GE-Ling, R. Durant McArthur, H.C. Stutz,

Biochem. Syst. Ecol. 16 (1988) 143.
[31] S.B. Christensen, A.A. Omar, J. Nat. Prod. 48 (1985) 161.
[32] C. Sanchez-Moreno, J.A. Larrauri, Food Sci. Technol. Int. 4

(1998) 391.
[33] E.A. Hayouni, M. Abedrabba, M. Bouix, M. Hamdi, Food Chem.
105 (2007) 1126.

[34] M.P. Kahkonen, A.I. Hopia, H.J. Vuorela, J.P. Rauha, K. Pihlaja,
T.S. Kujala, M. Heinonen, J. Agr. Food Chem. 47 (1999) 3954.

[35] W. Bylka, M. Stobiecki, R. Franski, Acta. Physiol. Plant. 23
(2001) 285.

[36] W. Bylka, Acta Physiol. Plant. 26 (2004) 393.
[37] Y. Cai, M. Sun, J. Xing, Q. Luo, H. Corke, Life Sci. 78 (2006) 2872.


	Antioxidant activity of methanolic extracts and some bioactive compounds of Atriplex halimus
	Introduction
	Materials and methods
	Plant material
	Extractions of chemical compounds from the leaves and the stems
	Methanolic extracts
	Ethyl acetate and butanolic fractions
	Total alkaloids
	Saponins
	Tannins
	Determination of total phenolic content

	Antioxidant activity
	Reducing power assay
	DPPH scavenging assay
	Statistical analysis


	Results and discussion
	Extract yields and phenolic contents
	Antioxidant activity
	Reducing power
	DPPH radical scavenging activity


	Conclusion
	References


