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ABSTRACT

Objective: This study was carried out to determine the phytochemical constituents and to evaluate the antioxidant potential of the aerial part extracts 
of Hammada scoparia (Pomel) Iljin to validate the medicinal potential of this Algerian plant species.

Methods: Crude extracts were prepared by cold maceration with absolute methanol and distilled water. Preliminary phytochemical screening is carried 
out to detect the presence of the major secondary metabolites using qualitative characterization methods. Quantitative estimation of total phenols, 
total flavonoids, flavanols, flavonols, and condensed tannins contents is performed using gallic acid, rutin, catechin, and quercetin as standards. In 
vitro antioxidant activity was evaluated by the free radical scavenging activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH), trolox equivalent antioxidant 
capacity by scavenging of 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation assay, and the ferric reducing power assay 
(ferric reducing antioxidant power).

Results: Phytochemical screening showed the presence of alkaloids, flavonoids, tannins, terpenes and sterols, saponins, and anthocyanins. Total 
phenols were present more in aqueous crude extract (ACE) with 336.756±0.855  mg gallic acid equivalent/g DM. Total flavonoids and flavonols 
were more abundant in methanolic crude extract (MCE) than ACE. However, condensed tannins and flavanols were present less in MCE with only 
0.958±0.052 and 4.547±0.055 mg CE/g DM, respectively. The ACE of this plant species had greater antioxidant activity than the other extract by DPPH 
and ABTS assays (35.823±0.129 and 51.323±0.394 mg trolox equivalent/g DM). The better ferric reducing power (2060.535±2.566 mM Fe+2/g DM) 
was also recorded with the same extract.

Conclusion: ACE of aerial part of H. scoparia (Pomel) Iljin showed a high amount of secondary metabolites. The obtained results confirmed that the extracting 
solvent influenced the antioxidant property estimations of this plant. Hence, the ACE can be further exploited further for in vitro and in vivo research work.
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INTRODUCTION

The part of unexplored plant species in both chemistry and biology is 
still immense. This offers the hope of discovering treatments for still 
devastating diseases and offering inexpensive therapeutic alternatives 
with fewer side effects.

Oxidative stress has actually been described as a crucial etiological 
factor involved in various chronic human diseases such as cancer, 
cardiovascular and neurodegenerative diseases, inflammation, diabetes, 
and aging [1]. These oxidative damages are achieved by the attack of 
free radicals on various biomolecules, in particular proteins, lipids, and 
DNA, finally resulting in the degradation and death of cells [2]. Several 
synthetic antioxidants such as butylated hydroxyanisole and butylated 
hydroxytoluene may be inadequate for chronic human consumption 
because many recent studies have mentioned their potential toxic 
properties for human health and the environment [3]. Therefore, the 
interest for normal (non-toxic) antioxidants, especially of plant origin, 
has increased considerably in recent years.

Nowadays, the secondary metabolites of medicinal plants are the 
biochemical compounds that are used to develop drugs [4]. Current 
studies on these biochemical compounds obviously focus on the 
exploration of their pharmacological activities [5,6]. The Algerian flora 
is full of several plant species that have not yet been studied but with 
real pharmacological properties [7-9]. The total and perfect control of 
the various properties of these plants, which involves the determination 

of all the physicochemical groups capable of generating one or more 
pharmacological effects, is today a goal that occupies a first order [10]. For 
this reason, we are interested in performing a preliminary phytochemical 
study of Hammada scoparia (Pomel) Iljin in the region of Biskra in 
Southeastern Algeria and evaluating the antioxidant activity of its crude 
extracts. This plant species belongs to the Chenopodiaceae family, which 
is widely distributed in temperate salt habitats, especially in the coastal 
regions of the Mediterranean Sea, arid steppes, and deserts [11].

This species is used in traditional medicine to treat eye disorders [12,13] 
and to reduce scars [14], for its larvicidal activities [15,16], anticancer, 
antiplasmodial [17,18], anti molluscicide [19], and antileukemic [20]. 
However, relatively there are not many researches that have been 
published on his phytochemistry.

For this, we have planned to carry out, on the hand, a phytochemical 
study that includes phytochemical tests for the detection of major 
compounds of secondary metabolism, preparation of crude extracts 
(methanolic and aqueous), and content determination assays of total 
polyphenols, total flavonoids, flavanols, flavonols, and condensed 
tannins; on the other hand, the evaluation of the antioxidant activity 
of the aerial part of this species uses three methods: 2,2-diphenyl-1-
picrylhydrazyl technique (DPPH) or free radical scavenging activity), 
free radical scavenging test by 2,2’-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), or trolox equivalent antioxidant capacity (TEAC) 
antioxidant capacity in trolox equivalent and that of ferric reducing 
antioxidant power (FRAP).
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MATERIALS AND METHODS

Plant material
The plant material consists of the aerial part of a halophytic plant 
of the Chenopodiaceae family (Remth) or H. scoparia (Pomel) Iljin 
(=Arthrophytum scoparium (PomelIljin=Haloxylon articulatum ssp. 
scoparium [Pomel] Batt.=Haloxylon scoparium Pomel=H. articulatum 
[Cav.] Bunge) [21-23]. This plant species is kindly identified by Professor 
Gerard De Belair, Faculty of Sciences, Annaba University. A  voucher 
specimen was deposited at the Herbarium of the Department of 
Biology, Faculty of Sciences, Annaba University. It is a plant originating 
from North Africa and the Middle East [24-26].

Samples were taken early in the morning in August 2015 from Biskra in 
Southeastern Algeria. These samples were deposited in the Laboratory 
of Plant Biology and Environment, Faculty of Sciences of BADJI Mokhtar, 
Annaba University.

Methods
Phytochemical screening
Phytochemical screening tests consist of detecting different families 
of secondary metabolites existing in the aerial part of this plant with 
qualitative characterization reactions. These reactions are based on 
precipitating or staining phenomena with reagents specific to each 
family of compounds [27]. These tests are performed according to 
methods described in the researches of Ronchetti and Russo [28], 
Hegnauer [29], Wagner [30], and Békro et al. [31] and the works of 
Solfo [32], Rizk et al. [33], and Bouquet [34].

Preparation of plant extracts
The aqueous and methanolic crude extractions are carried out in 
triplicate.

Methanolic Crude Extract (MCE)
The MCE is prepared according to the method of Falleh et al. [35]: 2.5 g 
of plant drug is macerated in 25 ml of absolute methanol with magnetic 
stirring for 30 min. After filtration, the solvent is evaporated to dryness 
under reduced pressure at 50°C using a rotary evaporator (Buchi 
Rotavapor R-200). The obtained extract is then stored at 4°C.

Aqueous crude extract (ACE)
According to Majhenic et al. [36], 10 g of powder of aerial part dissolved 
in 150  ml of distilled water was heated at reflux for 2 h, after cold 
filtration; this filtrate was then evaporated to dryness under reduced 
pressure at 65°C using a rotary evaporator (Buchi Rotavapor R-200). 
The obtained extract is also stored at 4°C.

Quantitative determination assays
Total phenolic content
Total polyphenol content is determined spectrophotometrically using 
Folin–Ciocalteu reagent. The maximum absorption is between 700 and 
760 nm and is proportional to the amount of polyphenols present in 
plant extracts [37]. Total polyphenol content is determined according to 
the method described by Singleton and Rossi [38]: A volume of 0.25 ml of 
the plant extract is mixed with 1.25 ml of Folin–Ciocalteu reagent (diluted 
10 times in water). After stirring and incubation for 5 min, 1 ml of sodium 
carbonate solution (7.5%) is added. The mixture is allowed to stand in 
the dark at room temperature for 90 min with intermittent agitation.

The absorbance of the resulting solution is measured at 765 nm against 
a blank. The total polyphenol content is expressed in milligram of gallic 
acid equivalent per gram of dry matter (mg GAE/g DM). A calibration 
curve is carried out in parallel under the same experimental conditions 
using gallic acid [39] as a positive control.

Total flavonoids content
Flavonoid contents are estimated according to the aluminum chloride 
colorimetric method of Djeridane et al. [40]. Briefly, 1 mL of diluted extract 

is mixed with 1 ml of 2% AlCl3 methanolic solution. After incubation at 
room temperature for 15 min, the absorbance is measured at 430 nm. 
Flavonoid contents are calculated from a calibration curve of rutin and 
expressed as milligrams of rutin equivalent per gram of dry matter (mg 
RE/g DM). The results are presented as means of three determinations.

Total flavanols content
Total flavanol contents in the methanolic and aqueous extracts are 
estimated using the DMACA-protocol of Li et al. [41] with slight 
modifications. To 200 µl of sample (or standard) are mixed with 1.5 ml 
of 0.1% (DMACA in HCL [1M]). The absorption at 640 nm is read after 
15  min of incubation at room temperature. Total flavanol contents 
are calculated from a calibration curve of catechin and expressed as 
milligrams of catechin equivalent per gram of dry matter (mg CE/g 
DM). The results are presented as means of triplicate analyses.

Total flavonol content
Total flavonols in the plant extracts are estimated using the method of 
Kumaran and Kumaran [42]. To 2.0  ml of sample (or standard), 2.0  ml 
of 2% (AlCl3 in ethanol) and 3.0 ml (50 g/l) sodium acetate solutions are 
added. The absorption at 440 nm is read after 2.5 h at 20°C. Total flavonol 
contents are calculated from a calibration curve of quercetin and expressed 
as milligrams of quercetin equivalent per gram of dry matter (mg QE/g 
DM). The results are presented as means of three determinations.

Total condensed tannin content
The tannin contents or proanthocyanidin is determined by the method 
of Broadhurst and Jones [43] with slight modifications, using catechin 
as a reference compound. A volume of 400 μl of extract is added to 3 mL 
of a solution of vanillin (4% in methanol) and 1.5 mL of concentrated 
hydrochloric acid. After 15 min of incubation, the absorbance is read 
at 500  nm. The total condensed tannin contents are expressed as 
milligrams of catechin equivalent per gram of dry matter (mg CE/g 
DM). The results are presented in triplicate.

Antioxidant activity
The antioxidant activity is evaluated by the free radical scavenging 
activity by DPPH, total antioxidant activity (total antioxidant activity 
[TAA]) by scavenging of ABTS radical cation assay, and the ferric 
reducing power assay.

Free radical scavenging activity
DPPH is a stable free radical with purplish color that absorbs at 517 nm. 
In the presence of antiradical compounds, the DPPH radical is reduced 
and changes color turning yellow. Measured absorbances serve to 
calculate the percentage of inhibition of the DPPH radical, which is 
proportional to the antiradical power of the sample [44]. This method 
is based on measuring the ability of antioxidants to scavenge the DPPH 
radical. The percentage of scavenging of radicals is calculated according 
to the following equation: [(A1-A2)/A1]×100.

A1: Absorbance of control (DPPH solution without extract).
A2: Absorbance in the presence of extract.

The effect of each extract on DPPH is measured by the procedure 
described by Sanchez-Moreno et al. [45] and Anton et al. [46]: A volume 
of 50 μl of different concentrations of each extract is added to 1.95 ml 
of the methanolic solution of DPPH 60 μM (0.025 g/L) freshly prepared. 
Concerning the negative control, 50 μl of methanol is mixed with 1.95 ml 
of methanolic solution of DPPH. After incubation in the dark and at 
room temperature for 30 min, the reading of absorbances is carried out 
at 515 nm against a blank for each concentration which contains 50 μl 
of each concentration of the extract and 1.95 ml of methanol.

TAA
The TAA in crude extracts is determined according to the TEAC assay 
following the original analytical procedure described by Re et al. [47] 
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with slight modifications. ABTS radical cation (ABTS+) is produced 
by reacting a 7 mM ABTS stock solution with 2.45 mM potassium 
persulfate (final concentration). The mixture is allowed to stand in 
the dark at room temperature for 12–16 h before use. The radical was 
stable in this form for more than 2 days when protected from light and 
stored at room temperature. For the study, the ABTS+ stock solution 
is diluted with ethanol to an absorbance of 0.70±0.02 at 734 nm and 
equilibrated at 30°C. Sample solutions of 30  mL (or standard) are 
mixed with ABTS+ solution 3 ml. Absorbance readings are taken at 30°C 
exactly 6 min after initial mixing. Appropriate solvent blank is obtained 
by mixing 30 mL of absolute ethanol with 3 mL of ABTS+ solution and 
monitored its absorbance at 6 min. All determinations are carried out 
in triplicate. The ABTS+ scavenging effect (% inhibition) is calculated by 
the following equation:

% Inhibition=[(A734blank–A734sample)/A734blank] ×100, where A734blank and 
A734sample are the absorbances of ABTS+ solution at 734 nm before and 
after the sample addition. Calibration is performed, as described 
previously, with trolox stock solutions. Results are expressed as 
milligram trolox equivalent per milligram of dry plant matter.

Ferric reducing power assay
The reducing power of an extract is associated with its antiradical 
power. This technique allows to measure the capacity of extracts to 
reduce the ferric iron (Fe+3) present in the K3Fe(CN)6 complex to ferrous 
iron (Fe+2) [48] or the reduction of ferric tripyridyltriazine [Fe(III)-
TPTZ] in ferrous tripyridyltriazine [Fe(II)-TPTZ] at low pH, and this is a 
simple and reproducible technique [49]. The complex Fe(II)-TPTZ has 
an intensive blue color and can be monitored at 593 nm [50]. The FRAP 
reagent is freshly prepared by mixing 10 V of acetate buffer (300 mM, 
pH 3.6), 1 V of TPTZ solution (10 mM TPTZ in 40 mM/HCl), and 1 V of 
FeCl3.6H20 (20 mM) with a ratio of (10V/1V/1V).

1.8  ml of FRAP reagent, 180 μl of distilled water, and 60 μl of plant 
extract are mixed and incubated at 37°C for 30  min. Absorbance is 
measured at 593 nm, using the FRAP solution as a blank. The antioxidant 
potential of extracts is determined from a standard curve plotted using 
the linear regression equation of FeSO4.7H2O. Results are expressed in 
mmolFe+2/g of dry plant matter.

Statistical analysis
Data are analyzed using Microsoft Excel packaged in Microsoft Office 
2010 (Microsoft Corporation, USA) and reported as mean±standard 
deviation of triplicate determination.

RESULTS AND DISCUSSION

The results of phytochemical screening tests of the different phytochemical 
groups of aerial part of H. scoparia (Pomel) Iljin are grouped in Table 1.

Table 1: Results of characterization reactions of phytochemical 
groups

Phytochemical groups Characterization reactions
Flavonoïds + Positive reaction
Tannins + Positive
Saponins + Positive
Cardinolids ‑ Négative
Anthocyanins + Positive
Leucoanthocyanins ‑ Négative
Terpenes and sterols + Positive
Alcaloïds + Positive

The preliminary biochemical tests of different compounds of the 
aerial part allowed to appreciate the biochemical quality of this plant 
species. In other words, these tests revealed the presence of six major 
compounds of secondary metabolism (alkaloids, flavonoids, tannins, 
saponins, anthocyanins, and terpenes and sterols) and the absence of 

two other important compounds: Cardinolids and leucoanthocyanins. 
The presence of these secondary metabolites suggests that the plant 
might be of medicinal importance. As reported in earlier studies, 
flavonoids and phenolic compounds exhibited a wide range of biological 
activities such as antioxidant and lipid peroxidation inhibition 
properties [51,52].

The aqueous and methanolic crude extractions of the aerial part of 
H. scoparia allowed to calculate the yield of each extract (Table 2).

From these results (Tables 1 and 2), it seems clear that the yield of ACE 
(44.44%) is higher than that of crude methanolic extract (20.66%). 
These results indicate that the groups of metabolites existing in the 
aerial part of this plant are more extractable with water and have more 
affinity for water than for methanol.

By comparison with the results of phytochemical screening tests which 
are carried out largely on filtrates obtained by infusion, decoction, or 
maceration and which have demonstrated the presence of flavonoids, 
tannins, anthocyanins, and others, the obtained yields confirm the 
intensities of the results of phytochemical tests, and therefore, it can 
be said that the crude extract of aerial part consists essentially of 
polyphenols.

These results are more or less comparable with those obtained in the 
works of Mezghani-Jarraya et al. [19] with a yield equal to 15.10% of 
methanolic extract of the aerial part of H. scoparia of Sfax in Tunisia 
and completely different with the results of Bouaziz et al. [17] where 
the yield of MCE is about 6.15% of the same plant species in the same 
region of Sfax in Tunisia. On the other hand, and by comparison with 
the obtained data in the works of Bourogaa et al. [53] realized on the 
same species H. scoparia (Pomel) Iljin in the southern region of Tunisia 
(the yield of ACE is only about 11%), a major difference is recorded 
with a very high yield of 44.44% in ACE of the aerial part of our plant 
species in southeastern Algeria which was the principal subject of our 
experimental study. However, this low yield (11% in aqueous extract) is 
also reported in the results of Taîr et al. [54] with the same plant species 
in the region of Naâma in northwestern Algeria.

Total polyphenols, flavonoid, flavanol, flavonol, and condensed 
tannin contents
Based on the absorbance value of the extract solution and by comparison 
with the standard solution, the results of the colorimetric analysis of 
the total polyphenols, flavonoids, flavonols, flavanols, and condensed 
tannins are represented in Table 2.

The results are expressed in milligram equivalent (standard) per gram 
of dry plant matter (mg standard E/g DM), using the equation of the 
linear regression of the calibration curve plotted from the corresponding 
standard (gallic acid, rutin, quercetin, and catechin, respectively).

Phenolic compounds are ubiquitous secondary metabolites in plants. 
They are known to have antioxidant activities. The activity of plant 
extracts is probably due to these compounds [55,56]. The obtained 
results show us a very high content of total polyphenols equal to 
336.756±0.855 mg GAE/g DM in the ACE of the aerial part of H. scoparia 
(Pomel) Iljin and 228.582±0.689  mg GAE/g DM in crude methanol 
extract.

The colorimetric assays of the other families or classes of secondary 
metabolites allowed us to record more or less considerable contents 
in the crude methanolic extract ranging from 0.958±0.052  mg CE/g 
DM to 17.056±0.108 mg RE/g DM of tannins, flavonols, flavanols, and 
total flavonoids, respectively, and from 2.576±0.112  mg CE/g DM to 
12.955±0.117 mg RE/g DM in the ACE. These contents are for the most 
part very high in the aqueous crude extract. An exception is recorded 
with 17,056 mg RE/ g DM of total flavonoids in the crude methanol 
extract, probably due to the presence of anthocyanidols which can 
be obtained either from flavonols (by reduction) or by oxidation of 
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flavanols. Thus, it can be concluded that it will be possible with absolute 
methanol to extract and obtain a better yield of anthocyanidols.

A similarity is recorded by comparison with previous works realized by 
Allaoui et al. [57] on the aerial part of the same plant species which was 
the subject of our study, but in the region of Ghardaia in the Algerian 
northern Sahara, a very high levels of total polyphenols (397.743 mg 
GAE/g extract) and flavonoids (82.835 mg QE/g extract) are obtained in 
the ethyl acetate extract (extraction solvent of lower polarity compared 
to that of water and methanol with which we have prepared our plant 
extracts). This confirms the richness of this plant on polyphenols and 
also the influence of the extraction solvent on secondary metabolite 
contents. In the same context, our results are completely different with 
those obtained by Tahar et al. [58] on crude extracts prepared with 
solvents of increasing polarity (ethyl acetate, dichloromethane, and 
n-butanol) of the aerial part of H. scoparia of Laghouat in Southern 
Algeria; very low levels of total polyphenols, flavonoids, and tannins are 
recorded ranging from 2.416 to 18.666 mg GAE/g DM, 0.128–0.305 mg 
QE/g DM, and from 0.315 to 2.862 mg CE/g DM, respectively.

Concerning flavanols, flavonols, and tannins and by comparison of the 
different contents in the MCE and ACE, we can show that the values 
depend strongly on the polarity of the solvent. These values confirm, 
on the hand, the intensities of the results of phytochemical screening 
tests and, on the other hand, justify the high extractability of polar 
solvents and the high affinity of polyphenol compounds for solvents 
with increasing polarities. Thus, these results of quantification tests or 
assays with those of qualitative tests of the phytochemical screening 
show us the superior biochemical quality of the studied plant species.

This recorded difference in the yield of MCE or ACE in the aerial part 
of our species H. scoparia (Pomel) Iljin or even underground plants of 
the same species in different regions; and also in the contents of total 
polyphenols, flavonoids, flavanols, flavonols and condensed tannins, 
it can be attributed to operating conditions of the experiment (polar 
or non-polar extraction solvent, quantity of plant matter, dry or fresh, 
temperature and extraction time, and even extraction techniques) [59] 
and to several factors such as: 
•	 Climatic and environmental factors: The geographical area, drought, 

soil, and microclimate type and also the bioclimatic stages [60], 
aggression, and diseases

•	 Genetic heritage, period and time of harvest, and the stage of 
development of the plant

•	 Quantification method or assay that can certainly influence the 
estimation of the total polyphenol content or any other active 
principle or secondary metabolite [61].

DPPH, ABTS radical scavenging activity, and FRAP reducing ability
The results of the antioxidant activity of plant samples vary according 
to the nature of the extraction solvent, its polarity, and the followed 
analysis methods. Recent studies have shown that there is no universal 
method to evaluate the antioxidant activity quantitatively and 
accurately [62]. Therefore, the antioxidant activity of plants is evaluated 
using several methods. Previous studies by Schlesier et al. [63] showed 
that, when analyzing the antioxidant activity, it is preferable to use 
at least two methods. In their experiments, they used six methods 
to assess the antioxidant activity of tea and fruit juices: DPPH, ABTS, 
total radical-trapping antioxidant parameter assay, N, N-dimethyl-

p-phenylenediamine assay, photo chemiluminescence assay, and 
ferric reducing ability of plasma assay. Among the samples analyzed, 
blackcurrant juice showed the greatest antioxidant activity by all the 
methods, but the results of the other three samples (tea, apple juice, 
and tomato juice) varied depending on the used method.

In this study, the evaluation of the antioxidant activity of the aerial part 
extracts of H. scoparia (Pomel) Iljin harvested in Southeastern Algeria 
is done using three different methods: DPPH, ABTS, and FRAP. These 
methods are distinguished by their mechanism of action and would be 
complementary to the study of the antioxidant potential of plants (Table 3).

The free radical scavenging activity is investigated using the stable 
radical DPPH test. We measured the capacity of extracts to scavenge 
the free radical DPPH causing a change of the initial violet solution to 
a yellow color. This is due to the formation of diphenyl picrylhydrazine 
by donation of hydrogen atom or an electron [64]. In our study, the 
scavenging effect of crude extracts showed a dose-dependent activity 
that can be evaluated in milligram trolox equivalent per gram of dry 
plant matter.

Proton radical scavenging is an important attribute of antioxidants. 
ABTS, a protonated radical, has characteristic absorbance maxima at 
734 nm which decreases with the scavenging of the proton radicals [65]. 
The aerial part extracts of this plant species are effective scavengers of 
the ABTS radical. The final TEAC values of the antioxidant compounds 
are calculated by comparing ABTS+ decolorzation with trolox, which 
gives a useful indication of the antioxidant potential of the plant extracts 
(expressed in mg trolox equivalent/g of dry plant matter).

The antioxidant activity of the ACE is higher than the MCE with 
35.823±0.129 and 29.955±0.918  mg trolox equivalent/g DM for 
DPPH and 51.323±0.394 and 40.506±0.110  mg trolox equivalent/g 
DM for ABTS respectively. The scavenging of the ABTS radical by the 
extracts is found to be much higher than that of DPPH radical. Factors 
like stereoselectivity of the radicals or the solubility of the extract in 
different testing systems have been reported to affect the capacity of 
extracts to react and quench different radicals [66]. Wang et al. [67] 
found that some compounds which have ABTS scavenging activity did 
not show DPPH scavenging activity. In this study, the extracts showed 
strong scavenging activities against DPPH and ABTS radicals. This 
further showed the capability of the extracts to scavenge different 
free radicals in different systems, indicating that they may be useful 
therapeutic agents for treating radical-related pathological damage.

With the FRAP method, the antioxidant potential of our extracts is 
estimated from their ability to reduce TPTZ-Fe(III) complex to TPTZ-
Fe(II). The aqueous extract had a very high iron reducing power 
and the greatest antioxidant activity (2060.535±2.566 against only 
981.802±1.192 mM Fe+2/g DM). This result can be attributed to the 
higher content of phenolic compounds of the aerial part extracts and 
in particular to the aqueous extract. Non-enzymatic antioxidants such 
as polyphenols or phenolic compounds presence may be the reason for 
antioxidant activity [68]. This activity is believed to be mainly due to 
their redox properties [69], which plays an important role in adsorbing 
and neutralizing free radicals, quenching singlet and triplet oxygen, or 
decomposing peroxides.

Table 2: Secondary metabolites contents in aerial part extracts of H. scoparia

Aerial part 
extracts

Yield (%) Compound contents

Total phenolic  
(mg GAE/g DM)

Total flavonoids  
(mg RE/g DM)

Total flavanols  
(mg CE/g DM)

Total flavonols  
(mg QE/g DM)

Total condensed tannins  
(mg CE/g DM)

MCE 20.66 228.582±0.689 17.056±0.108 4.547±0.055 6.197±0.079 0.958±0.052
ACE 44.44 336.756±0.855 12.955±0.117 7.166±0.158 16.580±0.342 2.576±0.112
MCE: Methanolic crude extract, ACE: Aqueous crude extract, GAE: Gallic acid equivalent, H. scoparia: Hammada scoparia, RE: Rutin equivalent, CE: Catechin equivalent, 
QE: Quercetin equivalent
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The DPPH+ free radical scavenging results in this study are more or less 
comparable with those obtained in the works of Bourogaa et al. [53] 
with the ACE of the H. scoparia in Southern Tunisia. A strong antiradical 
activity (DPPH) like that of our plant is recorded. A  similarity is 
recorded with the results of Bouaziz et al. [17] on the same plant 
species in the region of Sfax in Tunisia when the methanolic extract 
of the leaves is able to present a powerful antioxidant activity DPPH 
and ABTS. However, the dichloromethane and n-hexane (solvents of 
decreasing polarity) extracts showed only low antiradical power. In this 
same context and by comparison with previous works done by Allaoui 
et al. [57] on H. scoparia from Ghardaia in southern Algeria, a less 
powerful FRAP reducing antioxidant power than that recorded with the 
crude methanolic and aqueous extracts of our plant is recorded.

DPPH scavenging activities, ABTS radical scavenging, and FRAP assays 
of both methanolic and ACEs are very important. The obtained results of 
these in vitro tests gave us an idea about the relative antioxidant activity 
of aerial part extracts of H. scoparia (Pomel) Iljin. This study confirmed 
the medicinal potential of the leaves and stems of this halophytic 
plant species and is in agreement with the medicinal potential of 
Chenopodiaceae family showed by several authors [20,54,70].

CONCLUSION

This study showed the presence of some secondary metabolites in 
aerial part and provided informative data for the traditional use of 
H. scoparia crude extracts. High contents of total polyphenols and 
strong antioxidant activity are recorded with the ACE more than MCE.

The results from this study indicate that the aerial part extracts of this 
plant possess antioxidant properties and could serve as free radical 
inhibitors or scavengers or acting possibly as primary antioxidants. 
These results indicate also that selective extraction of bioactive 
molecules from natural sources such as halophyte species, with 
appropriate solvents, can provide fractions with high biological activity 
that could be used as preservatives in food or pharmaceuticals. Again, 
a lot of attention is being devoted to natural sources of antioxidant 
materials, and the data obtained in this study might suggest a possible 
use of H. scoparia as a source of natural antioxidant agents.

Based on these results, H. scoparia is a potent source of new bioactive 
compounds. Further investigations concerning more biological 
activities of the parts of this plant need to be conducted.
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