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�is study aims to investigate the biological activities of endemic plant Anabasis aretioïdes harvested in eastern Morocco. Various 
extracts were prepared from aerial part by aqueous and organic extraction using a Soxhlet and cold maceration. Preliminary 
phytochemical analysis was carried out on the powder and on the different extracts by standard phytochemical tests, and was 
confirmed by a quantitative analysis based on the determination of total polyphenols and cathechic tannins. Antioxidant activity 
was evaluated in vitro by five methods: H2O2, DPPH, ABTS, FRAP, and RP, and the antibacterial activity was carried out by disc 
diffusion method and the determination of MIC and MBC. Phytochemical screening revealed the presence of cathechic tannins, 
saponins, and sterols and quantitative analysis showed that Ethyl acetate extract presented the high level of phenolic and cathechic 
tannins contents (46.79 ± 0.75 µg GAE/mg E and 46.46 ± 0.67 µg CE/mg E). A highest hydrogen peroxide activity was observed in 
aqueous macerated extract (7.84 ± 0.44%) and the macerated methanol extract has the highest rates for the other four antioxidant 
activity tests: It was able to reduce DPPH with an IC50 of 52.91 ± 0.24 µg/ml, the highest ABTS•+ radical scavenging capacity 
(48.99 ± 1.316 µg TE/mg E), it showed also the highest antioxidant activity by the FRAP and reducing power test (99.73 ± 3.570 µg TE/
mg E and 72.176 ± 0.540 µg AAE/mg E). Antibacterial screening showed that the maximum zone of inhibition was noted for ethyl 
acetate extract against Staphylococcus aureus (13.5 mm). �e lowest MIC value was obtained with methanolic and macerated 
methanolic extracts against Protéus mirabilis strain (MIC = 3.125 mg/ml). Principal component analysis showed that the four methods 
ABTS, DPPH, FRAP, and RP are highly correlated and a correlation between the antioxidant activity and the total phenolic contents 
of the extracts indicated that phenolic compounds were the dominant contributors to the antioxidant activity of the plant.

1. Introduction

�e continued use of traditional medicine is attributable not 
only to cultural and poverty reasons but also to the ineffec-
tiveness of many existing medicines [1]. �e lack of effective 
remedies and the resistance created by current antibiotic path-
ogens, as well as oxidative stress new therapeutic agents from 
plants [2–5]. Indeed, many studies have shown that plants 
possess antioxidant properties due largely to their phenolic 
compounds [6]. �ese compounds play an important role in 
human health with their pharmacological activities, such as 
anti-inflammatory, anti-allergic, antimicrobial, antiviral, 
anti-cancer, cardioprotective, and vasodilatory activities [7, 8]. 
In addition, they can prevent oxidative modification by 

neutralizing free radicals, oxygen scavenging, or decomposing 
peroxides through their antioxidant activities [9]. To this end, 
new natural antioxidant molecules are being researched in 
medicinal plants for the role they can play in the prevention 
of diseases such as cancer, diabetes, hypertension, and 
Alzheimer’s disease by combating oxidative stress and its asso-
ciated pathologies. Endemic plants can be a source of new 
active ingredients to fight antibiotic resistance as well. Also, 
these plants have been used for a long time to fight against all 
kinds of infections, and some pathogenic microbial species, 
are less sensitive to antibiotics and develop multiple resist-
ances. Consequently, in the face of the appearance of resistant 
forms of several bacteria to certain antibiotics, the search for 
new active molecules with a broad spectrum of action has 
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become a necessity [10]. One of the strategies for this research 
is to explore plants used in traditional medicine, that have 
been used for a long time to fight against cutaneous, respira-
tory, and viral infections [11]. Morocco has an important flo-
ristic richness estimated at 4500 taxa with 920 genera and 130 
families [12], which can be exploited to find new original 
active ingredients. It occupies the first place among the coun-
tries of the South of the Mediterranean for its richness in 
endemic plants [12]. Among the total number of endemics 
estimated at 1471, there are 807 taxa located in Moroccan 
territory and 664 endemics that extend beyond the geograph-
ical framework of Morocco such as macaronesian endemics, 
betico-rifain endemics, and Moroccan–algerian endemics 
[13]. �ere are several endemic Moroccan–algerian plants that 
have been studied very rarely, but have real pharmacological 
properties. �is is the case of Anabasis aretioïdes, (Syn. Fredolia 
aretioïdes Coss. & Dur.) of the family Chenopodiaceae, endemic 
plant of Morocco and Algeria [14].

In Morocco, Anabasis aretioïdes Coss. & Moq. is known 
by several vernacular names: "Sejra li ma idihach rih, Sejra li 
ma ihezhas rih, Akennud, and by Dega and in Algeria under 
the name of chou de Bou Hamama. �is plant is widely used 
in traditional medicine, the leaves and roots are prepared as 
an infusion or decoction as anti-rheumatic, diuretic, hypogly-
cemic, and poison antidote in Morocco and Algeria. �e bark 
of the root is used as firewood [14–16]. �ese therapeutic 
properties of Anabasis aretioïdes Coss. & Moq. are related to 
its richness in chemical compounds possessing biological 
properties in vitro: antimitotic, according to the urchin egg 
test with an IC50 = 1.790 g/l [17] and antioxidant activity [18, 19].

�e bibliographic studies did not show any reference to 
previous work on the free radical scavenging and/or antioxi-
dants and antibacterial properties of Anabasis aretioïdes Coss. 
& Moq. that grows in eastern Morocco, but others works have 
been carried out on Anabasis aretioïdes collected in Algeria 
for both antioxidant activity and phenolic compound deter-
mination. �erefore, the objective of this study was to conduct 
a phytochemical study of the aerial part of Anabasis aretioïdes 
Coss. & Moq. in the Figuig region (Morocco), which involves 
the preparation of several aqueous (decoction, infusion, mac-
eration) extracts, organic by Soxhlet using four different sol-
vents with increasing polarity namely (methanol, ethyl acetate, 
chloroform, and petroleum ether), and by cold maceration 
with methanol for screening test and determination of total 
polyphenols and cathechic tanins. �e pharmacological study 
consisted of an evaluation of in vitro antioxidant and anti-rad-
ical activities by five analytical methods: H2O2 (hydrogen per-
oxide scavenging), DPPH (scavenging activity method), ABTS 
(2,2ʹ-azinobis-3 ethylbenzothiazoline-6-sulfonic acid), FRAP 
(Ferric reducing/antioxidant power), reducing power method 
(RP), and the determination of in vitro antibacterial activity 
by the disc diffusion method in an agar medium then the 
determination of the minimum inhibitory (MIC) and bacte-
ricidal (MBC) concentrations of the strains that showed sen-
sitivity to the tested extracts.

2. Materials and Methods

2.1. Plant Material.  Anabasis aretioïdes Coss. & Moq. was 
collected during the month of September 2016 from the region 

of Figuig (Morocco) (GPS: North 32°06ʹ32ʹʹ, Wes 001°13ʹ42ʹʹ, 
Altitude: 898 m) and was identified by Dr. Abdelmajid khabach 
at the Laboratory Materials, Natural Substances, Environment 
& Modelling (LMSNEM), Polydisciplinary Faculty of Taza, 
Sidi Mohamed Ben Abdellah University of Fez, Morocco. �e 
aerial part was removed from the sand, then dried in a dry and 
ventilated place away from the light, and then preserved. A 
herbarium number SF2016/01 has been prepared and archived 
in our MSNEM laboratory at the Polydisciplinary Faculty of Taza.

2.2. Phytochemical Study of Anabasis aretioïdes Coss. & Moq.

2.2.1. Preparation of Different Extracts of Anabasis aretioïdes 
Coss. & Moq.  During this work, we used various hot and 
cold extraction techniques using distilled water to prepare 
aqueous extracts and organic solvents with different polarity 
(methanol, ethyl acetate, chloroform, and petroleum ether) 
for organic extracts.

(1) Preparation of Aqueous Extracts. Decocted: 20 g of the 
aerial part of Anabasis aretioïdes Coss. & Moq. was boiled with 
200 ml of distilled water, using a heating mantle for 20 min.

Infused: 20 g of the aerial part of Anabasis aretioïdes Coss. 
& Moq. was put in a beaker with 200 ml of hot distilled water 
for 30 min.

Macerated: 20 g of the aerial part of Anabasis aretioïdes 
Coss. & Moq. was put in a beaker with 200 ml of cold distilled 
water for 24 hours.

�e three prepared extracts were frozen at −80°C, 
lyophilized, weighed and then stored at 4°C.

(2) Preparation of Organic Extracts. 

(1) � Soxhlet Extraction. Four solvents with different polar-
ity (methanol, ethyl acetate, chloroform, and petro-
leum ether) were used to prepare the organic extracts. 
(20 g) of the aerial part of Anabasis aretioïdes Coss. 
& Moq. was extracted into 200 ml of solvents using 
a soxhlet extractor for 6 h. �en, the mixture was 
thoroughly filtered using a filter paper and the sol-
vent was removed using a rotary evaporated (Buchi 
R-210). �e extracts obtained were weighed and then 
stored at 4°C.

(2) � Cold Maceration by Methanol. 20 g of the plant mate-
rial was macerated in 200 ml of methanol for 48 hours. 
A�er filtration, the methanolic solution of the aerial 
part of Anabasis aretioïdes Coss. & Moq. was thor-
oughly filtered using a filter paper and the solvent was 
removed using a rotary evaporated (Buchi R-210). �e 
dry residue obtained was then weighed and stored at 
4°C until further use.

2.2.2. Phytochemical Screening.  �e search for the major 
families of secondary metabolites was made in the dried plant 
powder and in the aqueous and organic extracts of the aerial 
part of Anabasis aretioïdes Coss. & Moq. using a qualitative 
analysis based on coloring reactions and/or precipitation. 
Flavonoids were searched by the cyanidin reaction [20]. For 
the characterization of catechic and gallic tannins, we used 
ferric chloride [21]. �e identification of saponins was based 
on their ability to form a mousse [22], the sterols were searched 
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by the reaction of Liebermann [20], and we characterized the 
alkaloids by Dragendorff reagent (potassium iodobismuthate) 
and Valser-Mayer reagent (potassium tetra-iodomercurate) 
[23]. �e presence of anthracenosides was searched by the 
Borntraeger reaction [24],the KOH reagent was used for the 
detection of anthraquinones [25], and the presence of free 
quinones is confirmed by adding a few drops of NaOH [26]. 
�e dosage of secondary metabolites of Anabasis aretioïdes 
Coss. & Moq. was conducted according to the results of 
phytochemical screening tests. �us, we measured total 
polyphenols and catechic tannins.

2.2.3. Determination of Phenolic Contents.  Determination 
of Total Polyphenols. �e total polyphenol content was 
determined using the Folin–Ciocalteu reagent, using the 
method of Lister and Wilson [27]. 0.5 ml of each sample 
was introduced into test tubes, (2.5 ml) of Folin–Ciocalteu’s 
reagent, previously diluted with water (1:10 v/v) and 4 ml 
(7.5%, (m/v)) of Na2CO3 and kept in a water bath (50°C) for 
30 minutes. �e absorbance of all samples was measured at 
765 nm using a spectrophotometer (UviLine 9100-94000UV/
Vis). �e results are expressed as micrograms gallic acid 
equivalent per milligram of extract (µg GAE/mg).

Determination of Cathechic Tannins. �e quantities of 
cathechic tannins were estimated using the vanillin method 
in an acid medium [28]. A volume of 50 µl of the extract was 
added to 1.5 ml of the vanillin/methanol solution (4%, m/v) 
and then mixed using a vortex. �en, 750 µl of concentrated 
hydrochloric acid (HCl) was added and allowed to react at 
room temperature for 20 min. Absorbance at 500 nm was 
measured using a spectrophotometer (UviLine 9100-
94000UV/Vis). �e concentration of tannins was expressed 
in micrograms equivalent of the catechin per milligram of 
extract (µg CE)/mg) from the calibration curve.

2.3. Determination of Antioxidant Activity.  �e in vitro 
antioxidant activity of our extracts was estimated by five tests: 
H2O2 (hydrogen peroxide scavenging), DPPH (scavenging 
activity method), ABTS (trolox equivalent antioxidant 
capacity assay), FRAP (Ferric reducing/antioxidant power), 
and reducing power assay (RP).

2.3.1. Hydrogen Peroxide Scavenging Activity.  �e ability of the 
plant extract to remove hydrogen peroxide was determined 
according to the method of Ruch and its collaborators [29]. 
A solution of 40 mM H2O2 was prepared in phosphate buffer 
saline (PBS) (50 mM, pH 7.4). 1 ml of sample (100 μg/ml) 
soluble in distilled water was added to 0.6 ml of a solution of 
hydrogen peroxide in PBS. �e absorbance was measured at 
230 nm, a�er 10 minutes, against a blank solution containing 
extracts and PBS without hydrogen peroxide.

� t= absorbance of the sample � i = absorbance of control

where the control is the phosphate buffer with H2O2.

(1)Percentage of hydrogen peroxide scavenging

= [(�퐴 � − �퐴 �)/�퐴 �] ∗ 100,

2.3.2. DPPH Radical Scavenging Assay.  �e method used to 
evaluate the anti-radical activity of the various extracts of 
Anabasis aretioïds Coss. & Moq. is that described by Sharma 
and Bhat [30]. It consists in preparing a methanolic solution of 
DPPH at 200 μmol/L. �en, in dry tubes, we introduced 3 ml 
of extract and then we added 1ml of DPPH solution. A�er 
agitation, the tubes were incubated at 30°C for 30 min in the 
dark. �e results were read by measuring the absorbance at 
517 nm by a spectrophotometer (UviLine 9100-94000UV/Vis).

�e control consists of 3 ml of methanol and 1 ml of DPPH 
solution. �e positive control is represented by a solution of 
standard antioxidants, ascorbic acid, Trolox, and BHT, whose 
absorbance is measured under the same conditions as the 
sample tested.

�e percentage inhibition of DPPH is calculated according 
to the following formula:

2.3.3. ABTS Radical Scavenging Assay.  �e ABTS assay was 
realized according to the method of Re and its collaborators 
[31]. An ABTS solution at a concentration of 7 mM is prepared 
in demineralized water, which we mixed with a solution of 
potassium persulfate with a concentration of 2.45 mM with a 
ratio of 1 : 0.5. �e mixture was allowed to stand for 12–16 h 
at 30°C in the dark. �e ABTS+ solution was then diluted with 
ethanol until (0.70 ± 0.02) absorbance at 734 nm.

30 μl of samples diluted in ethanol were mixed with 3 ml of 
the radical solution, the mixtures were allowed to stand for 
1 min and their absorbance’s were measured at 734 nm. A Trolox 
calibration curve was prepared in the range 5–400 μg/ml and 
the antioxidant activity is expressed in Trolox equivalent capac-
ity (μg TE/mg E),

2.3.4. Ferric Reducing/Antioxidant Power FRAP Assay  .  �e 
FRAP test was performed using the Benzie and strain method 
[32]. �e test consists of mixing, 3 ml of FRAP solution +100 µL 
of each extract or Trolox. First, we prepared an acetic acid/
sodium acetate buffer solution at 300 mM at pH = 3.6. �en, 
the TPTZ reagent at 10 mM, diluted in HCl at 40 mM, and 
the FeCl3 reagent at 20 mM are prepared extemporaneously. 
Finally, the FRAP solution is made by mixing 2.5 ml of TPTZ 
solution, 2.5 ml of FeCl3 solution and 25 ml of sodium acetate 
buffer solution. Absorbance is measured at 595 nm. A Trolox 
calibration curve was prepared in the range 5–400 μg/ml and 
the antioxidant activity is expressed in Trolox equivalents 
capacity (μg TE/mgE).

2.3.5. Reducing Power Assay.  �e reducing power was 
quantified by the method described by Oyaizu [33]. 1 ml of 
the sample or ascorbic acid, 2.5 ml of phosphate buffer (0.2 M, 
pH 6.6), and 2.5 ml of ferricyanide of potassium (1%) were 
incubated at 50°C for 20 min. A�er cooling, the reaction was 
terminated by adding 2.5 ml of the trichloroacetic acid (TCA) 
solution (10%) and centrifuged at 3000 rpm for 10 min. �e 
supernatant (2.5 ml) was mixed with 2.5 ml of distilled water 
and 0.5 ml of 0.1% ferric chloride. �e absorbance of the 

(2)
%Inhibition = [(Abs control − Abs test)/Abscontrol]

× 100.
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agar (Mueller-Hinton) in Petri dishes. �e bacterial cultures 
were incubated at 37°C for 24 h. MBC was determined as the 
lowest concentration that showed no bacterial growth in the 
subcultures.

2.5. Statistical Analysis.  �e results were expressed as 
means ± standard error of triplicate determinations. Statistical 
analysis was performed by Graph Pad Prism by a one-way 
analysis of variance (ANOVA) followed by Tukey multiple 
comparison. A value of �푝 < 0.05 was considered significant.

Correlation between the antioxidant activity and phyto-
chemical composition of Anabasis aretioïdes Coss. & Moq. was 
carried out using Principal Component Analysis (PCA).

3. Results

3.1. Phytochemical Study of Anabasis aretioïdes Coss. & Moq

3.1.1. �e Yield of Aqueous and Organic Extracts.  �e aqueous 
extractions using distilled water, organic using Soxhlet with 
four solvents and cold maceration by methanol of the aerial 
part of Anabasis aretioïdes Coss. & Moq. allowed us to 
calculate the yield of each aqueous and organic extract. �e 
results obtained are shown in Table 1.

Each extract is characterized by its color and its yield in 
relation to the dry matter and the extracts obtained have a 
pasty aspect, green or brown in color. �e comparison of the 
yields of the different aqueous extracts shows that the best 
yield is obtained by maceration (3.41%), followed by decoction 
(3.12%) and then infusion (1.24%). For organic extracts, the 
best yields were obtained with the more polar solvent, meth-
anol (3.39%), while the lowest yield was obtained with the least 
polar solvent, petroleum ether (0.43%).

3.1.2. Phytochemical Screening.  In order to search for the 
different classes of secondary metabolites in the powder and in 
aqueous and organic extracts of the aerial part from Anabasis 
aretioïdes Coss. & Moq., we carried out a phytochemical 
screening, by setting up a set of qualitative characterization 
reactions. �ese reactions are based on precipitation or 
coloration phenomena by specific reagents. �e results of this 
phytochemical screening are reported in Table 2.

Phytochemical screening tests carried out on the powder 
of the aerial part of Anabasis aretioïdes Coss. & Moq. have 
revealed the presence of tannins (cathechic), saponins, and 
sterols in very high quantities. �e three aqueous extracts are 
very rich in saponins and sterols, while the tannins (cathechic) 
are present but in small quantities. For organic extracts, phy-
tochemical screening has revealed the presence of saponins 
and sterols in all extracts, the tannins (cathechic) are present 
in methanol extract, macerated methanol, and ethyl acetate 
extracts in high quantities; however, they are absent in the 
chloroformic and petroleum ether extracts. �e search for 
flavonoids, alkaloids, anthracenosides, anthraquinones, and 
free quinones was revealed negative for the aqueous and 
organic extracts from aerial part of Anabasis aretioïdes Coss. 
& Moq. Similarly, these secondary metabolites are also absent 
in the powder thereof.

reaction mixture was read at 700 nm. Ascorbic acid was used 
as a positive control.

2.4. Antibacterial Activity.  �e antibacterial activity of the 
organic extracts of the aerial part of Anabasis aretioïdes Coss. 
& Moq. was evaluated using six bacteria strains, three Gram 
positive, namely: Staphylococcus aureus CECT976, Bacillus 
subtilis DSM6633, Listeria innocua CECT 4030 and three Gram 
negative: Escherichia coli K12, Protéus mirabilis, Pseudomonas 
aeruginosa CECT118. �e study of the antibacterial activity is 
carried out by different and complementary techniques: disc 
diffusion method in an agar medium then the determination 
of minimum inhibitory concentrations (MIC) and bactericidal 
(MBC).

2.4.1. Disc Diffusion Method.  Methanol, macerated methanol, 
ethyl acetate, chloroform, and petroleum ether organic 
extracts, are solubilized in 10% dimethyl sulfoxide (DMSO).

For each organic extract, we prepared the concentrations 
of 40 mg/ml, 80 mg/ml, and 100 mg/ml, and then the different 
solutions prepared were sterilized by filtration on 0.45 µm 
filters.

Petri dishes containing Mueller Hinton agar are swabbed 
with a suspension (about 108 CFU/ml) on a Mac Farland scale, 
which comes from a young culture of bacteria. A�er drying 
the dishes, the discs (6 mm in diameter), soaked in 40 mg/ml, 
80 mg/ml, and 100 mg/ml of organic extracts were deposited 
on the surface of an agar medium (Mueller–Hinton). A�er 
incubation for 24 h at 37°C, the antibacterial activity was eval-
uated by measuring the zone of inhibition against the tested 
organisms. All tests were repeated three times. Negative con-
trols were performed by DMSO at 10%, while tetracycline and 
Amikacin were used as positive controls [34].

2.4.2. Determination of the Minimum Inhibitory Concentration 
(MIC).  It is a method that allows us to determine the smallest 
concentration of extracts sufficient to inhibit the growth of a 
bacterial strain (MIC).

MICs were determined in liquid medium (Mueller–
Hinton) in sterile plastic microplates containing 96 wells. �e 
extracts were dissolved in DMSO at 10% and the initial con-
centration was 100 mg/ml. In each well, we poured 100 µl of 
liquid culture medium (Mueller-Hinton), we added 100 µl of 
extracts to be tested, and successive dilutions were then carried 
out. Each well is then inoculated with 10 µl of the suspension 
of the microorganisms at final inoculum concentrations of 
108 CFU/ml. �e plates were then covered with covers and 
incubated at 37°C for 24 hours.

A�er 24 hours of incubation, 10 µl of MTT solution 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide) is added to each well, the plate is re-incubated for 15 
minute at 37°C and the appearance of a violet stain shows 
bacterial growth. �e MIC is the well concentration that exists 
just before the first purple-colored well [35].

2.4.3. Determination of the Minimum Bactericidal Concentration 
(MBC).  To determine the MBC values, well solutions with an 
extract concentration equal to or higher than the MIC values 
were used. 10 µl from each well was sub cultured on nutrient 
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µg/ml with a nonsignificant difference between the three 
extracts, then the petroleum ether extract IC50 = 515.53 ± 1.39 µg/
ml. On the other hand, the chloroformic extract has a low 
antiradical activity with an IC50 of 863.60 ± 10.49 µg/ml.

�e scavenging effect of aqueous extracts was very low 
compared to organic extracts; we found that the decocted pre-
sents the most important activity IC50 = 1117.67 ± 0.27 µg/ml, 
followed by the macerated and infused extracts whose IC50 
values are, respectively, in the order of 2704.33 ± 1.91 µg/ml, 
3704.33 ± 5.97 µg/ml with a significant difference between the 
three extracts. On the other hand, statistical analysis revealed 
that there is a significant difference when comparing the three 
standard antioxidants and the aqueous and organic extracts 
of Anabasis aretioïdes Coss. & Moq. (�푝 < 0.05). A comparison 
of the IC50s of our aqueous and organic extracts with the IC50s 
of standard antioxidants shows that all extracts have a low 
antioxidant capacity compared to the reference standards. 
Standard antioxidants have a high antioxidant capacity in the 
order of 0.17 ± 0.02 µg/ml, 1.59 ± 0.13 µg/ml, 1.75 ± 0.09 µg/ml, 
respectively, for ascorbic acid, BHA, and Trolox.

ABTS Radical Scavenging Assay. In the present study, we 
evaluated the effect of aqueous and organic extracts of the 
aerial part from Anabasis aretioïdes Coss. & Moq. to scaveng-
ing ABTS radicals, from a calibration curve with R equal to 
0.9968, we calculated the antiradical power of each extract 
which is expressed in μg equivalent of trolox per milligram of 
extract and the results are presented in Table 4.

For aqueous extracts, we distinguish that the best antirad-
ical activity observed is that of macerated with a value of 
1.56 ± 0.006 µg TE/mg E, followed by decocted 
1.45 ± 0.027 µg TE/mg E, then infused (0.69 ± 0.093 µg TE/
mg E) with a nonsignificant difference between the three 
extracts.

A comparison of the activity of the organic extracts shows 
that macerated methanol extract is the most active 
(48.99 ± 1.316 µg TE/mg E) and has almost similar activity to 
ethyl acetate extract (48.06 ± 0.93 µg TE/mg E) with a nonsig-
nificant difference, followed successively by the methanolic 
extract (39.10 ± 0.572 µg TE/mg E) then other extracts, chlor-
oformic (31.89 ± 1.17 µg TE/mg E) and petroleum ether 
(10.61 ± 1.528 µg TE/mg E).

Ferric Reducing/Antioxidant Power FRAP Assay. In the case 
of the FRAP assay, the antioxidant potentials obtained from 
the three aqueous extracts vary from 0.456 ± 0.045 µg TE/mg E 
for the infused to 2.896 ± 0.209 µg TE/mg E for the decocted 

3.1.3. Determination of Total Polyphenols and Cathechic 
Tannins.  Quantitative analyses of total polyphenols and 
cathechic tannins are determined from the linear regression 
equations of each calibration curve expressed successively 
micrograms gallic acid equivalent and micrograms of catechin 
equivalent per mg of extract. �e results of the colorimetric 
analysis of total phenolic compounds and total cathechic 
tannins are summarized in Table 3.

�e results show that polyphenol contents vary consider-
ably between aqueous and organic extracts of Anabasis are-
tioïdes Coss. & Moq. For the aqueous extracts, the decocted 
has the highest content with the value of 1.78 ± 0.003 µg GAE/
mg E, followed by the macerated 0.92 ± 0.03  µg GAE/mg E, 
then the infused 0.65 ± 0.08 µg GAE/mg E. For organic extracts, 
the results of the total phenolic contents show that levels vary 
between 46.79 ± 0.75 µg GAE/mg E and 22.99 ± 0.19 µg GAE/
mg E. �e largest amount of phenol was found in the ethyl 
acetate extract with the content of 46.79 ± 0.75 µg GAE/mg E, 
followed by the chloroform extract 33.16 ± 0.53 µg GAE/mg E, 
then 31.06 ± 0.19 µg GAE/mg E for the methanol extract and 
26.62 ± 0.17 µg GAE/mg E for the methanol macerate, while 
petroleum ether extract contains only 22.99 ± 0.19 µg GAE/
mg E.

�e determination of cathechin tannins showed that the 
highest content is that of ethyl acetate extract, which contains 
46.46 ± 0.67 µg CE/mg E, followed by petroleum ether extract 
35.57 ± 1.95 µg CE/mg E, chloroform extract 28.30 ± 1.40 µg CE/
mg E, macerated methanol extract 5.25 ± 0.58 µg CE/mg E, and 
finally the methanol extract 4.10 ± 0.55 µg CE/mg E, while 
aqueous extracts contain a low content of cathechic tannins 
which varies between 0.39 ± 0.02 µg CE/mg E for macerated 
and 0.70 ± 0.03 µg CE/mg E for infused, and 0.68 ± 0.09 µg CE/
mg E for decocted.

3.2. Biological Study of Anabasis aretioïdes Coss. & Moq.

3.2.1. Determination of Antioxidant Activity.  Antioxidant 
and antiradical activities were measured in vitro using five 
methods: H2O2, DPPH, ABTS, FRAP, and Reducing Power for 
each of our eight extracts and repeated three times to verify 
the reproducibility of the tests (Table 4).

Hydrogen Peroxide Scavenging Activity. We evaluated 
Anabasis aretioïdes Coss. & Moq. extracts on reactive oxygen 
species using hydrogen peroxide scavenging test. In Table 4, 
we noticed that all the aqueous and organic extracts of 
Anabasis aretioïdes showed a low hydrogen peroxide scaveng-
ing activity. Aqueous macerated extracts and methanolic 
extracts being the most active, with percentages of trapping 
in the order of 7.84 ± 0.44% and 5.32 ± 0.23%, respectively.

DPPH Radical Scavenging Assay. �e IC50 values (the con-
centration of the sample tested required to reduce 50% of the 
DPPH radical) of the tested extracts and reference standards 
are shown in Table 4. �ese values allow us to evaluate and 
compare the efficacy of the different extracts of Anabasis are-
tioïdes Coss. & Moq. Indeed, the lower IC50 value, the higher 
is the antioxidant activity [36]. �e highest DPPH scavenging 
activity of Anabasis aretioïdes Coss. & Moq. can be attributed 
to the methanol macerated extract with an IC50 of 52.91 ± 0.24 µg/
ml, followed by the methanol extract IC50=59.65 ± 1.67 µg/ml, 
then the ethyl acetate extract with an IC50 of 76.08 ± 1.28  

Table 1: Yields of aqueous and organic extractions of aerial part of 
Anabasis aretioïdes.

Extract Yield (%)

Aqueous
Decocted 3.12
Infused 1.24

Macerated 3.41

Organic

Methanol extract 3.39
Macerated methanol 2.58
Ethyl acetate extract 2.45
Chloroform extract 1.14

Petroleum ether extract 0.43
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3.2.2. Antibacterial Activity of Organic Extracts from the Aerial 
Part of Anabasis aretioïdes Coss. & Moq. by the Disc Diffusion 
Test and Determination of MIC and MBC:.  �e study of the in 
vitro antibacterial activity of organic extracts from the aerial 
part of Anabasis aretioïdes Coss. & Moq. was carried out 
against 6 pathogenic microorganisms using the disc diffusion 
method. �e results of the antibacterial activity of the organic 
extracts from aerial part of Anabasis aretioïdes Coss. & Moq.
by the disc diffusion test are summarized in Table 5.

Table 5 shows the inhibition zone diameters of the differ-
ent extracts tested on different bacterial strains, ranging from 
the lowest value of 7–13.5 mm. �e results obtained show that 
the antibacterial activity of the extracts tested varies according 
to the targeted bacteria. �e diameters of inhibition, obtained 
by organic extracts, are very variable depending on the extract 
used.

Methanolic and macerated methanol extracts showed 
inhibition of the growth of two tested microorganisms (2/6), 
Proteus mirabilis and Bacillus subtilis DSM6633. Indeed, the 
extract resulting from maceration and the extract obtained by 
Soxhlet showed moderate activities at a concentration of 
100 mg/ml with an inhibition diameter of 9.5 mm and 
11.5 mm, respectively, against Protéus mirabilis and low activ-
ities with an inhibition diameter of 8.5 mm and 7.5 mm, 
respectively against Bacillus subtilis DSM6633, while 
Escherichia coli K12, Pseudomonas aeruginosa CECT118, and 

with a nonsignificant difference between the three aqueous 
extracts. We have noticed that aqueous extracts have lower 
antioxidant potentials than organic extracts. For these, mac-
erated methanol extract has a higher activity of 
99.73 ± 3.57 µg TE/mg E, followed by ethyl acetate extract 
83.74 ± 6.34 µg TE/mg E. Statistical analysis shows that these 
two extracts have antioxidant potentials with a nonsignificant 
difference, while chloroformic and petroleum ether extracts 
have a low activity with values of 50.19 ± 1.34 µg TE/mg E, 
24.60 ± 1.46 µg TE/mg E respectively. For the extraction with 
the same solvent with methanol, we noted that the cold extrac-
tion (macerated methanol extract) gives the highest activity 
99.73 ± 3.57 µg TE/mg E compared to hot extraction 
79.21 ± 2.03 µg TE/mg E and compared to other organic extracts.

Reducing Power Assay.  As shown in Table 4, the reducing 
power of all the organic extracts is stronger than in the aque-
ous extracts, we have also clearly observed that the classifica-
tion of extracts according to their reducing capacity is similar 
to the classification obtained by the FRAP method. It is always 
the extract of methanolic macerated that has the highest 
reducing power with 72.176 ± 0.540 µg AAE/mg E, followed by 
ethyl acetate extract (63.480 ± 3.701  µg AAE/mg E) with a dif-
ference not significant. For the aqueous extracts, the values 
were 1.72 ± 0.04 µg AAE/mg E, 0.53 ± 0.08 µg AAE/mg E and 
0.20 ± 0.03 µg AAE/mg E for decocted, macerated, and infused, 
respectively.

Table 2: Phytochemical screening performed on powder, aqueous, and organic extracts of aerial part of Anabasis aretioïdes.

+++: very abundant ++: moderately abundant +: present −: absent.

Plant and 
extract

Cathechic 
tannins

Gallic 
tannins Flavonoids Saponines Alkaloids Sterols Anthaceno-sides Anthraquinone Free  

quinones
Powder from 
vegetable 
material

+++ − − +++ − +++ − − −

Decocted + − − +++ − +++ − − −
Infused + − − +++ − +++ − − −
Macerated + − − +++ − +++ − − −
Methanol +++ − − +++ − +++ − − −
Macerated 
methanol +++ − − +++ − +++ − − −

Ethyl acetate +++ − − ++ − +++ − − −
Chloroform − − − +++ − +++ − − −
Petroleum ether − − − +++ − +++ − − −

Table 3: Polyphenol and cathechic tannin content of aqueous and organic extracts of aerial part of Anabasis aretioïdes.

All results expressed are mean of three individual replicates (�푛 = 3 ± SEM).Values with the same letters superscript in the same row are not significantly 
different (�푝 < 0.05).

Extract
Aqueous Organic

Decocted Infused Macerated Methanol Macerated 
methanol Ethyl acetate Chloroform Petroleum 

ether
Total phenolics 
(µg GAE/mg E) 1.78 ± 0.003a 0.65 ± 0.08a 0.92 ± 0.03a 31.06 ± 0.19b 26.62 ± 0.17c 46.79 ± 0.75d 33.16 ± 0.53e 22.99 ± 0.19f

Cathechic 
tannins content 
(µg CE)/mg E)

0.68 ± 0.09a 0.70 ± 0.03a 0.39 ± 0.02a 4.10 ± 0.55a 5.25 ± 0.58a 46.46 ± 0.67c 28.30 ± 1.40d 35.57 ± 1.95e
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According to Table 6, we observe that the cold methanolic 
macerated extract and the hot methanolic extract showed the 
lowest MIC value, which is in the order of 3.125 mg/ml for 
Protéus mirabilis, and the MIC value for Bacillus subtilis DSM 
6633 in the order of 50 mg/ml. Ethyl acetate extract of Anabasis 
aretioïdes Coss. & Moq. has bacteriostatic activity against five 
bacterial strains (5/6), which had the lowest MICs. �e strong-
est activity of ethyl acetate extract was demonstrated against 
Proteus mirabilis with a MIC equal to 6.25 mg/ml followed by 
a MIC value of 12.5 mg/ml for Escherichia coli K12, 
Pseudomonas aeruginosa CECT118, Staphylococcus aureus 
CECT976, and for Bacillus subtilis the MIC value is 25 mg/ml. 
On the other hand, the chloroformic extract has the same MIC 
for the strains Pseudomonas aeruginosa, Staphylococcus aureus 
CECT976, Bacillus subtilis DSM 6633 in the order of 100 mg/
ml and 50 mg/ml against Escherichia coli K12 and Proteus 
mirabilis.

�e evaluation of the MBC revealed that macerated meth-
anol extract showed the highest bactericidal activity 
(MBC = 3.125 mg/ml) against Proteus mirabilis followed by 
methanol extract MBC = 6.25 mg/ml. For ethyl acetate extract, 
the MBCs on the strains tested are 25 mg/ml on Staphylococcus 
aureus CECT976 and Bacillus subtilis DSM 6633, 50 mg/ml 
for Pseudomonas aeruginosa CECT118 and 100 mg/ml for 
Escherichia coli K12. �e chloroformic extract showed bacte-
ricidal activity (MBC = 100 mg/ml) against Bacillus subtilis 
DSM 6633 and Escherichia coli K12.

3.3. Principal Component Analysis (PCA).  In our study, 
Principal component analysis aims to establish the correlation 
between the different methods used to determine antioxidant 
activity on the one hand, and between the different families 
dosed in the plant on the other hand.

3.3.1. Correlation Matrix.  �e Principal component analysis 
was carried out on a matrix that includes all the data from the 
different dosed families and the antioxidant activities by the 
five tests considered as variables (7 variables), individuals are 
represented by the 8 extracts (aqueous and organic) taking 
into account the different solvents and extraction methods 
used (Table 7).

Staphylococcus aureus CECT976 showed resistance to meth-
anol macerate and methanol extract.

Ethyl acetate extract has antibacterial activity on 5/6 of the 
strains studied, its action is moderate against the strain 
Staphylococcus aureus CECT976, Proteus mirabilis, Bacillus 
subtilis DSM6633, Escherichia coli K12, and Pseudomonas 
aeruginosa CECT118, at the concentration of 100 mg/ml with 
inhibition diameters of 13.5 mm; 12.5 mm; 11.5 mm; 10.5 mm, 
and 8 mm, respectively. On the other hand, the chloroform 
extract has antibacterial activity on 5/6 of the bacteria studied 
and showed similar moderate activities with an inhibition 
diameter of 11.5 mm at the concentration 100 mg/ml against 
Escherichia coli K12, Proteus mirabilis and Staphylococcus 
aureus CECT976, it also inhibited the growth of Bacillus sub-
tilis and Pseudomonas aeruginosa CECT118 with inhibition 
zone diameters of 10 mm and 8 mm, respectively, at the con-
centration of 100 mg/ml. Furthermore, it should be noted that 
at the concentration of 80, and 40 mg/ml, the inhibitory power 
of the active extracts has significantly decreased, which means 
that the antibacterial activity of the extracts studied is propor-
tional to the concentration of bioactive substances they con-
tain. �e petroleum ether extract showed no activity against 
the 6 microorganisms tested at all concentrations of 100, 80, 
and 40 mg/ml and the Listeria innocua CECT 4030 strain was 
resistant to all organic extracts of Anabasis aretioïdes Coss. & 
Moq., this is related to their high capacity to develop resistance 
against many antimicrobial agents. All the antibacterial activ-
ities of the registered extracts remain lower than that of the 
reference antibiotic: tetracycline and amikacin.

�e purpose of the micro-dilution method is to evaluate 
the minimum inhibitory concentrations and to determine the 
lowest concentration of an antibacterial agent necessary to 
inhibit the growth of a microorganism. �e effectiveness of 
the extracts tested is evaluated by measuring two concentra-
tions, the minimum inhibitory concentration (MIC) and the 
minimum bactericidal concentration (MBC). �ese concen-
trations allow us to know the nature of the antimicrobial activ-
ity: bacteriostatic or bactericidal.

�e values of the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC) of 
the various extracts tested are grouped in Table 6.

Table 4: Antioxidant and antiradical activities of aqueous and organic extracts of aerial part of Anabasis aretioïdes.

All results expressed are mean of three individual replicates (�푛 = 3 ± SEM). Values with the same letters superscript in the same column are not significantly 
different (�푝 < 0.05).

Extracts H2O2 scavenging 
activity (%) DPPH IC50 (µg/ml) ABTS (µg TE/mg E) FRAP (µg TE/mg E) RP (µg AAE/mg E)

Decocted 4.52 ± 0.69a,d 1117.67 ± 0.27a 1.45 ± 0.027a 2.896 ± 0.209a 1.727 ± 0.047a

Infused 5.96 ± 0.19b,d 3704.33 ± 5.97b 0.69 ± 0.093a 0.456 ± 0.045a 0.204 ± 0.031a

Macerated 7.84 ± 0.44c 2704.33 ± 1.91c 1.56 ± 0.006a 1.790 ± 0.008a 0.539 ± 0.081a

Macerated methanol 5.32 ± 0.23d 52.91 ± 0.24d 48.99 ± 1.316b 99.736 ± 3.570b 72.176 ± 0.540b

Methanol 3.81 ± 0.26d 59.65 ± 1.67d 39.10 ± 0.572c 79.214 ± 2.031c 59.954 ± 1.505c

Ethyl acetate 3.65 ± 0.80d 76.08 ± 1.28d 48.06 ± 0.93b 83.743 ± 6.346d,b 63.480 ± 3.701d,b

Chloroform 2.81 ± 0.43e,d 863.60 ± 10.49e 31.89 ± 1.17d 50.199 ± 1.341e 23.376 ± 1.601e

Petroleum ether 4.91 ± 0.38d 515.53 ± 1.39f 10.61 ± 1.528e 24.601 ± 1.466f 4.640 ± 0.099a

Ascorbic acid 14.35 ± 0.002f 0.17 ± 0.02g − − −
BHT − 1.59 ± 0.13g − − −
Trolox − 1.75 ± 0.09g − − −
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�is figure shows that the 8 individuals (8 extracts) of 
Anabasis aretioïdes Coss. & Moq. are divided into three groups:

(1) � Group I contains 3 extracts (methanol, macerated 
methanol and ethyl acetate), the antioxidant activities 
of the three extracts are higher than other aqueous and 
organic extracts by the four methods ABTS, DPPH, 
FRAP, and PR; the antioxidant capacity of these 
extracts is related to their total polyphenol content.

(2) � Group II is formed by 2 extracts (chloroform and 
petroleum ether); they are characterized by the high 
content of cathechic tannins and the antioxidant activ-
ity of these two extracts is low compared to Group I 
extracts.

(3) � Group III is made up of 3 individuals 3 aqueous 
extracts: decocted, infused, and macerated charac-
terized by low polyphenol and tannin content, and 
therefore, low antioxidant activities.

3.3.2. Characterization of Variables and Individuals.  On the 
F1-F2 factorial plan (Figure 1) are represented the projection 
of variables by the PCA concerning the different tests used and 
the results of phytochemical assays. �e first main component 
(F1) explains 75.03% of the total information and the second 
main component (F2) shows 16.86%. �e linear combination 
of the two first principal components is already representative 
of the variables because their cumulative percentage is 91.90% 
which is greater than 50%, which means that the first two axes 
are sufficient to represent the information as a whole. Figure 
1 represents the plane formed by axes F1 and F2 giving the 
correlation between the variables.

�e F1 axis is mainly constructed by the positive correla-
tion between the ABTS, FRAP, DPPH, PR, H2O2 tests and the 
total polyphenol content. Axis F2 is formed by the cathechic 
tannins contents (Figure 1).

Figure 2 shows the distribution of the 8 individuals 
(extracts) into three groups.

Table 6: MIC and MBC (mg/ml) of organic extracts from aerial part of Anabasis aretioïdes.

E.coli: Escherichia coli K12; Pm: Proteus mirabilis; Pa: Pseudomonas aeruginosa CECT 118; Sa: Staphylococcus aureus CECT 976; Bs: Bacillus subtilis DSM 6633; 
MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration; MBC/MIC ≤4: bactericidal power; MBC/MIC >4: bacteriostatic power.

Extract Macerated methanol Methanol Ethyl acetate Chloroform

Strains MIC mg/
ml

MBC mg/
ml

MBC/
MIC

MIC mg/
ml

MBC mg/
ml

MBC/
MIC

MIC mg/
ml

MBC mg/
ml

MBC/
MIC

MIC mg/
ml

MBC mg/
ml

MBC/
MIC

E. coli - - − − − − 12.5 100 8 50 100 2
Pm 3.125 3.125 1 3.125 6.25 2 6.25 ND − 50 ND −
Pa − − − − − − 12.5 50 4 100 ND −
Sa − − − − − − 12.5 25 2 100 ND −
Bs 50 50 1 50 50 1 25 25 1 100 100 1

Total phenolics

Total cathechic
tanins

H2O2

ABTS
FRAP

PR
DPPH

-1

-0,75

-0,5

-0,25

0

0,25

0,5

0,75

1

-1 -0,75 -0,5 -0,25 0 0,25 0,5 0,75 1

F2
 (1

6,
87

 %
)

F1 (75,03 %)

Variables (axes F1 et F2 : 91,90 %)

Figure 1: PCA factorial plan performed on the values of the different dosed families and antioxidant capacities estimated by five different 
methods.
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�e difference in the yield of organic extracts could be due 
to the extraction capacity of each solvent, each one of them 
can extract well-defined families of secondary metabolites 
existing in the aerial part of the plant studied. We will therefore 
note that the increase in the polarity of the solvent induces a 
significant improvement in the extraction efficiency yield. We 
have also noticed that there is a difference in yield between 
methanol and macerated methanol extract and that the hot 
extraction gives the best yield with organic solvents. �is dif-
ference in yield can also be related to the extraction tech-
niques used. We can therefore deduce that the more the solvent 
is polar the more it allows a better extraction and gives a better 
yield. Also, the temperature and the duration of extraction 
have an impact on the extraction efficiency.

�e yields that we obtained are lower compared to those 
obtained from the roots of Anabasis aretioïdes from Algeria, 
which are in the order of 38.87% for the cold aqueous crude 
extract, 13.70% for the water/methanol crude extract, 5.096% 
for ethyl acetate and 2.395% for chloroformic extract [19]. 
Variations in yield can be attributed to the geographical origin 
of the plant, the part of the plant used, and to the extraction 
technique, but also to the period of harvest of the plant mate-
rial and the extraction method [37, 38].

4. Discussion

4.1. Phytochemical Study of Anabasis aretioïdes Coss. & Moq

4.1.1. �e Yield of Aqueous and Organic Extracts.  �e yields 
of aqueous extracts prepared from the aerial part of Anabasis 
aretioïdes Coss. & Moq. are 3.41%, 3.12%, and 1.24%, 
respectively, for maceration, decoction, and infusion. �is 
result could be justified by the different conditions used in 
the three extraction methods, in particular temperature and 
extraction time. For decoction and infusion, it is necessary to 
work at high temperature to boil the water and the difference 
in yields can be explained by the temperature that remains 
high for decoction and gradually decreases for infusion. While 
the cold maceration process provides the best yield that can 
be explained by the extraction time that lasts 24 hours, while 
for decoction and infusion, the extraction time was only 20 
minutes and 30 minutes, respectively. We can deduce that 
maceration can be used to extract the active ingredients from 
Anabasis aretioïdes Coss. & Moq. because it allows obtaining 
the best yield while preserving its constituents. Maceration 
with distilled water also allowed having the best yield 
compared to organic extracts.

Table 7: Correlation matrix between phytochemical data and antioxidant activities of Anabasis aretioïdes.

�e values in bold are different from 0 at a significance level alpha  =  0.05.

Variables Total phenolics Cathechic tanins H2O2 ABTS FRAP PR DPPH
Total phenolics 1
Cathechic tanins 0.7514 1
H2O2 −0.7295 −0.5471 1
ABTS 0.8914 0.4167 −0.5751 1 0.9891 0.9632 0.9050
FRAP 0.8502 0.3447 −0.5194 0.9891 1 0.9796 0.9440
PR 0.7766 0.2350 −0.4357 0.9632 0.9796 1 0.9439
DPPH 0.7916 0.3159 −0.4930 0.9050 0.9440 0.9439 1

MM
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CHEP
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MA

Total phenolics

Total cathechic tanins

H2O2
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DPPH
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3

4

5

-5 -4 -3 -2 -1 0 1 2 3 4 5 6

F2
 (1
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F1 (75,03 %)

Biplot (axes F1 et F2 : 91,90 %)

GII
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Figure 2: Projection of individuals on the factorial plan (F1 × F2). D: decocted; I: infused; MA: macerated; MM: methanol macerated extract; 
M: methanol extract; AE: ethyl acetate extract; CH: chloroform extract; EP: petroleum ether extract; GI: Group I; GII: Group II; GIII: Group III.
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2010 in Beni-Abbès (Béchar Regions, south-west Algeria) showed 
that the order of the total phenolic compound contents of hot 
organic extracts is: ethanol extract > Chloroform extract > Acetone 
extract > Ethyl acetate extract > Methanol extract, with a content 
of, respectively, 231.85 ± 20.59 mg GAE/g E, 196.63 ± 31.2 mg  
GAE/g E, 183.01 ± 4.38 mg GAE/g E, 134.82 ± 13.27 mg GAE/g E, 
and 101.85 ± 2.31 mg GAE/g E [18]. For the study conducted by 
Bentabet and his collaborators, the polyphenol content of water/
methanol macerate (48 hours) of Anabasis aretioïdes is 
764.54 ± 0.55 mg GAE/g at leaf level and 917.05 ± 0.83 mg GAE/g 
at the root level [40]. �is suggests that the root is richer in 
polyphenols and that maceration is the best method of extraction 
and the extraction is better where the period of extraction is  
48 hours.

Based on the results presented above and the literature, 
the polyphenol content in Anabasis aretioïdes may vary 
according to biotic conditions such as species, organ, physio-
logical state, and abiotic conditions (season, climate, and tem-
perature) [41]. It also depends on the method of hot or cold 
extraction by maceration and the extraction solvent used. For 
this purpose, the selection of the appropriate solvent remains 
one of the most important steps in the optimization of 
polyphenol extraction [42–37].

While for cathechic tannins, the extracts can be classified in this 
order: Ethyl acetate extract > Petroleum ether extract > Chloroform 
extract > Macerated methanol extract > Methanol extract > Infus 
ed >Decocted > Macerated. �e extraction of tannins depends on 
the operating conditions, the extraction solvent used and the part 
of the plant [43]. A study conducted by Bentabet and his colleagues 
showed that the tannin content in hot acetone/water (70/30) hot 
extract of Algerian Anabasis aretioïdes is 29.97% in the leaves and 
stem level and 35.73% at the root level [44]. 

4.2. Biological Activities of Anabasis aretioïdes Coss. & Moq.

4.2.1. Determination of Antioxidant Activity.  Hydrogen 
Peroxide Scavenging Activity. Hydrogen peroxide is naturally 
formed as a by-product of oxygen-related metabolism in 
organisms. H2O2 is the most important source of ˙OH and 
causes lipid peroxidation due to the production of ˙OH. 
In the presence of Fe+2 and other transition elements, the 
reactions of Fenton and Haber–Weiss cause the formation of 
the radical ˙OH, which is the most active and most harmful 
[45]. In this sense, the elimination of hydrogen peroxide is 
very important. We note that the various extracts have a low 
capacity to scavenging the H2O2 radical with percentages 
ranging from 2.81% to 7.84%. In addition, the aqueous and 
methanolic macerated extracts showed the most important 
antiradical activities, which confirms that maceration 
cold extraction makes it possible to better extract, or even 
preserve, the molecules responsible for the antioxidant 
activity of Anabasis aretioïdes Coss. & Moq. �e work done 
by El-Haci and his collaborators showed that the methanolic, 
chloroformic, and ethyl acetate extract of the leaves of Anabasis 
aretioïdes of Algeria have an important capacity to eliminate 
radical hydrogen peroxide with a percentage of 26.98 ± 2.99, 
29.28 ± 5.04, and 45.49 ± 3.84%, respectively [18].

In addition, Benhammou and his collaborators evaluated 
the yield of extracts of Anabasis articulata, a plant of the same 
genus as Anabasis aretioïdes, harvested in the Bechar region 
(Algeria) and noted a yield of the methanolic extract of 
5.47 ± 0.54% for the stem and 4 ± 0.04% for the root [39]. From 
these results, we can deduce that variations in extract yield 
could be attributed not only to the origin of the plant and the 
extraction technique but also to the species and part of the 
plant used.

4.1.2. Phytochemical Screening.  Phytochemical screening 
shows that Anabasis aretioïdes Coss. & Moq. harvested in 
Figuig city from eastern Morocco contains tannins (cathechic), 
saponins, and sterols. �e results obtained by Bentabet and 
his collaborators reported the presence of alkaloids, tannins 
(condensed and hydrolyzable), reducing compounds and 
saponosides in the two parts (leaves and roots) of Fredolia 
aretioïdes from Algeria, while coumarins only appear in the 
leaves but in small quantities [19–40]. �ese differences in 
the chemical composition of Anabasis aretioïdes from Algeria 
and Morocco may be related to the method of preparation 
of the extracts, that means, the conditions under which the 
extraction is carried out (hot or cold) and the part of the plant 
used. In our study, we used the aerial part while in the Algerian 
study, they used leaves and roots. �ese differences can also 
be related to the harvesting season of the plant and especially 
to the geographical place of harvest, this is called chemotype. 
Indeed, we harvested our plant in September 2016 in the 
Figuig region (Morocco) while Bentabet harvested the plant 
in December 2011 in the Béchar region (Algeria). In addition, 
the use of extraction solvents with different polarities can affect 
the chemical composition of each extract, each solvent can 
separate molecules according to their degrees of solubility 
[37].

4.1.3. Determination of Total Polyphenols and Cathechic 
Tannins.  �e comparison of the total polyphenol contents between 
the different extracts allowed us to establish this order: Ethyl acetate 
extract > Chloroform extract > Methanol extract > Methanol macerate 
extract > Petroleum ether extract > Decocted > Macerated > Infused.

For aqueous extracts, decoction seems to be the best 
method of hot and cold extraction of total polyphenols for 
aqueous extraction. Also the cold maceration has a higher 
content than the infused, so we can deduce the importance of 
the extraction time. When it is long, it can make it possible to 
extract the polyphenols better.

For organic extracts, the polyphenol content varies 
depending on the polarities of the solvent. According to our 
results, the use of ethyl acetate as an extraction solvent for 
Anabasis aretioïdes Coss. & Moq. polyphenols is recom-
mended. In addition, since there is a significant difference 
between the polyphenol content in macerated methanol and 
methanol extract, we can say that the polyphenol content also 
varies according to the extraction method used cold or hot 
and it is better with Soxhlet extraction. Similarly, the decoction 
allowed to obtain the best polyphenol yield for aqueous 
extracts.

�e work carried out by El-Haci and his collaborators on 
the aerial part of Anabasis aretioïdes harvested in November 
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extract > Petroleum ether extract > Macerated > Decocted > In
fused. From the results obtained, we noticed that the three 
polar extracts have a high capacity to scavenge the ABTS rad-
ical as in the DPPH test. �is is due to the similarity of the two 
methods that measure the ability of antioxidants to give hydro-
gen or electron atom [51], but the ABTS method is more reli-
able than the DPPH method due to the solubility of the ABTS 
reagent in both aqueous and organic solvents compared to the 
DPPH [52]. For this reason, the ABTS test is better than the 
DPPH test when applied to a variety of plant foods containing 
hydrophilic, lipophilic molecules, and highly pigmented anti-
oxidant compounds [53]. �e results obtained allow us to 
deduce that the anti-radical activity increases with the polarity 
of the solvent used. Aqueous extracts have a lower antioxidant 
activity than organic extracts; such a variation shows the 
impact of extraction methods on the extraction of antioxidant 
compounds. �is can be explained by the difference in exper-
imental conditions in the extraction methods, in particular 
the nature of the solvent, the temperature, and the extraction 
time.

We also noted that the two aqueous and methanolic mac-
erate extracts are the most active compared to the other 
extracts, these data indicate that the cold maceration process 
always gives extracts rich in antioxidant molecules. Indeed, 
temperature can cause thermal degradation of antioxidants, 
and are preserved during cold extraction by maceration.

Tahar and his collaborators studied the antioxidant activity 
of polyphenolic extracts from two plants: Atriplex halimus L. 
and Haloxylon scoparium pomel (family Chenopodiaceae) 
growing in Algeria. �e butanol fraction of these two plants 
has a higher activity to scavenge the cation radical ABTS with 
an IC50 in the order of 0.202 mg/ml for the butanol fraction of 
Atriplex halimus L. and 0.003 mg/ml for the butanol fraction 
of Haloxylon scoparium pomel [54].

Ferric Reducing/Antioxidant Power FRAP Assay. �e anti-
oxidant potentials of aqueous and organic extracts of the aerial 
part of Anabasis aretioïdes Coss. & Moq. have been estimated 
based on their ability to reduce the TPTZ-Fe (III) complex to 
TPTZ-Fe (II).�e ability of a compound to transfer electrons 
is a significant indicator of its potential as an antioxidant. �is 
indicates that the antioxidant compounds of Anabasis are elec-
tron donors and could reduce the oxidized intermediate of 
lipid peroxidation processes; thus acting as primary and sec-
ondary antioxidants. �is indicates that the antioxidant com-
pounds of Anabasis aretioïdes Coss. & Moq. are electron 
donors and could reduce the oxidized intermediate of lipid 
peroxidation processes; acting as primary and secondary anti-
oxidants [32]. �e results of the FRAP test are similar to those 
found in the DPPH and ABTS tests, where the cold maceration 
method was more effective for the extraction of antioxidant 
compounds.

Reducing Power Assay. Several dosages are designed and 
used to determine overall antioxidant activity as an indication 
of the total capacity to resist the negative effect of stress 
induced by free radical formation. �e reducing potential 
reflects the electron donor capacity associated with antioxidant 
activity. �e presence of reducers (antioxidants) in the samples 
results in the reduction of the ferric complex to iron form and 
this reductive potential of the sample can be determined by 

DPPH Radical Scavenging Assay. DPPH is generally one 
of the most widely used substrate for the rapid and direct eval-
uation assessment of antioxidant activity due to its stability in 
radical form and the possibility of its analysis [46].

Depending on the results recorded, aqueous and organic 
extracts have a different activity to give the proton to neutralize 
the DPPH radical which decreases in the following manner: 
Methanol macerated extract > Methanol extract > Ethyl acetate 
extract > Petroleum ether extract > Chloroform extract > Dec
octed > Infused > Macerated.

�e study conducted by El-Haci and his collaborators, on 
Algerian Anabasis aretioïdes showed by the same test as the 
ethyl acetate, methanolic and chloroformic extracts of the 
aerial part of Anabasis aretioïdes of Algeria have an important 
power free radical scavenger DPPH with IC50 equal to 
72.15 ± 1.04 µg/ml, 79.15 ± 4.23 µg/ml and 86.73 ± 10.68 µg/ml 
respectively. We have noticed that the IC50 values of the ethyl 
acetate and methanolic extracts of Algerian Anabasis aretioïdes 
and Moroccan Anabasis aretioïdes are almost similar, but there 
is a big difference between the IC50 values of chloroformic 
extracts, the IC50 is 863.60 ± 10.49 µg/ml for Moroccan 
Anabasis aretioïdes and 86.73 µg/ml for that of Algeria [18].

�e work done by Bentabet and his collaborators showed 
that the aqueous extract of the roots of Anabasis aretioïdes 
from Algeria has an activity to trap the DPPH radical with an 
IC50 of 1810 ± 0.841 µg/ml that can be explained by the high 
polyphenol content of the root [19].

A comparison of our results on Anabasis aretioïdes with 
another Anabasis species from Iran: Anabasis aphylla showed 
that the aerial part of this plant has no antioxidant activity by 
the DPPH test [47].

Benhammou and his collaborators reported that the meth-
anolic extract of Anabasis articulata, harvested in Algeria, had 
a better scavenging efficiency against DPPH radicals with an 
IC50 of 570 ± 0.03 µg/ml for root methanolic extract and 
1980 ± 0.15 µg/ml for stem methanolic extract [39].

Our results revealed that Anabasis aretioïdes extracts have 
a good ability to eliminate free radicals and prevent lipid per-
oxidation, which can be attributed to the high content of phe-
nolic compounds in this plant as revealed by the phytochemical 
study. In fact, various studies have shown the correlation 
between phenolic content and antioxidant capacity of plant 
extracts [48, 49].

ABTS Radical Scavenging Assay. Similar to the DPPH test, 
the ABTS test is another widely used in vitro radical scaveng-
ing test. However, this method requires the generation of 
ABTS radicals which can be easily achieved by reacting ABTS 
salt with potassium persulfate. �e ABTS radical cation is 
reactive towards most antioxidant compounds. �e ABTS 
radical is soluble in aqueous and organic solvents. �e method 
is useful for determining the antioxidant potential of lipophilic 
and hydrophilic antioxidants in various samples, such as plant 
extracts. A compound having the property of giving electrons 
will reduce the ABTS blue-green radical solution to a colorless 
neutral form [50].

�e classification of the different extracts according to 
their antioxidant activity according to the ABTS test in 
descending order is as follows: Macerated methanol >  
Ethyl acetate extract > methanol extract > Chloroformic 
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aretioïdes did not have any antimicrobial effect on the micro-
bial strains tested [60].

Bentabet and his collaborators in 2014 showed that the 
hydromethanolic extract of the aerial part of Anabasis are-
tioïdes from Algeria shows a good activity against Pseudomonas 
aeruginosa, Klebsiella pneumoniae and Acinobacter baumanii 
with zones of inhibitions of 14 and 13 mm, respectively, and 
Pseudomonas aeruginosa was very sensitive to the ethyl acetate 
fraction, the inhibition diameter of 20 mm. On the other hand, 
these authors found that extracts of the aerial part of Fredolia 
aretioides are more active on Gram negative bacteria than on 
Gram-positive bacteria. MICs range from 0.68 to 3.75 mg/ml 
in Gram-negative bacteria and from 1.25 to 2.75 mg/ml in 
Gram-positive bacteria. �e water/methanol and ethyl acetate 
extracts showed the best MICs against Pseudomonas aerugi-
nosa with 0.87 and 0.68 mg/ml, respectively [44].

4.3. Principal Component Analysis (PCA).  Table 7 shows the 
Pearson correlation that allowed for a better understanding 
and analysis of the potential relationships between the 
different variables analyzed. It appears from this that the four 
methods (ABTS, DPPH, FRAP, and PR) used to determine 
the antioxidant capacities are highly correlated. We observed 
a positive correlation between ABTS and FRAP (�푟2 = 0.9891),  
FRAP and PR (�푟2 = 0.9796), ABTS and PR (�푟2 = 0.9632), 
DPPH and FRAP (�푟2 = 0.9440), DPPH and PR (�푟2 = 0.9439) 
 and between DPPH and ABTS (�푟2 = 0.9050). �is strong 
correlation indicates that in an extract, the bioactive molecules 
are providing the scavenging power of free radicals (DPPH 
and ABTS) are themselves responsible for the reducing power 
of iron (FRAP and PR). �us in our extracts, antioxidant 
molecules that can be involved through two types of reaction 
mechanisms. It should be noted that the reactions involved 
may differ from one test to another.

For the FRAP and PR tests, it is a reduction of Fe (III), 
therefore, based exclusively on electron transfer. Concerning 
the DPPH and ABTS tests, these two radicals can be neutral-
ized either by direct reduction by electron transfers or by rad-
ical scanning by a transfer of a hydrogen atom [51]. Negative 
correlations were observed between the H2O2 test and the 4 
tests (ABTS, DPPH, FRAP, PR), which is in agreement with 
the results of the experimental part, in fact the different 
extracts have a low capacity to scavenge the H2O2 radical with 
very low percentages of inhibitions.

We also noted a positive correlation between polyphenol 
content and ABTS (�푟2 = 0.8914), FRAP (�푟2 = 0.8502), DPPH 
(�푟2 = 0.7916) and PR (�푟2 = 0.7766) tests. �e antioxidant activ-
ity of the extracts tested is related to the content of phenolic 
compounds present in the plant. �ese results are in agreement 
with what has been reported in the literature by several authors 
that the antioxidant activity potential of an extract depends 
on its content of phenolic compounds [61–62].

A positive correlation also observed between the cathechic 
tannin content and the polyphenol content (�푟2 = 0.7514) shows 
that cathechic tannins, the most important group of phenols 
in the Anabasis aretioïdes plant. On the other hand, the tannin 
content is very poorly correlated with antioxidant activity, so 
it is clear that the antioxidant activity of our extracts is due to 
the total polyphenol content they contain and not to their 

the direct reduction of Fe [(CN) 6] 3 to Fe [(CN) 6] 2. �e 
addition of Fe3+ free to the reduced product results in the 
formation of the complex, Fe4 [Fe (CN) 6] 3, which has a high 
absorbency at 700 nm [55]. �e reduction of Fe (III) is o�en 
used as an indicator of electron donor activity.

According to this test, macerated methanol has the highest 
reducing power. �ese results prove that the extract of meth-
anolic macerate is rich in reducing compounds, such as phe-
nolic compounds that are responsible for total antioxidant 
activity. �e reducing power is a very important aspect for the 
estimation of antioxidant activity [56].

Bentabet and his collaborators showed that the aqueous 
extract and alkaloid extract of the roots of Anabasis aretioïdes 
from Algeria have a good reducing capacity to iron by the 
reducing power test with optical density (OD) values of 0.891, 
and 0.892, respectively [19]. �e species Anabasis articulata 
harvested in Algeria was also the subject of a single study on 
the reducing power of iron in methanolic extract using only 
the RP test with an IC50 of 0.66 ± 0.00 and 0.36 ± 0.00 mg/ml, 
respectively, for stem and root [39].

4.2.2. Antibacterial Activity of Organic Extracts from the Aerial 
Part of Anabasis aretioïdes Coss. & Moq. by the Disc Diffusion 
Test and Determination of MIC and MBC.  Antibacterial tests 
showed variable effects of the extracts tested against bacterial 
strains and inhibition zones ranged from 7 to 13.5 mm. 
Extracts are considered active if they produce microbial 
growth inhibition diameters greater than or equal to 15 mm 
and with inhibition diameters less than 15 mm, extracts have 
intermediate activity on the bacteria tested [57]. Ethyl acetate 
extract has the highest inhibition zone against Staphylococcus 
aureus CECT976 strain, which is positively correlation with 
their total phenol contents 46.79 ± 0.75 µg GAE/mg E (Table 
3). In addition, our results consolidated those reported in 
the literature that phenolic compounds show the greatest 
antibacterial activity and that the Staphylococcus aureus strain 
is particularly sensitive to phenolic compounds [58].

In the calculated MBC/MIC ratio, the extract is validated 
as bactericidal when it is less than or equal to 4 and bacterio-
static when it is greater than 4 [59]. Values in this ratio are 
variable for the various extracts according to the bacterial 
strains tested (Table 6), which makes it possible to classify 
these extracts according to their spectrum of action. Cold 
methanolic macerated extract and hot methanolic extract are 
bactericidal on Proteus mirabilis and Bacillus subtilis DSM6633. 
Ethyl acetate extract is bactericidal against three strains: 
Pseudomonas aeruginosa CECT118, Staphylococcus aureus 
CECT976, Bacillus subtilis DSM6633 and bacteriostatic against 
Escherichia coli K12. On the other hand, chloroformic extract 
has a bactericidal power on Escherichia coli K12 and Bacillus 
subtilis DSM6633.

�e literature refers to two studies on the antibacterial 
potential of different extracts of the aerial part of Algerian 
Anabasis aretioïdes:

El-Haci in 2014 investigated the antimicrobial potential 
of five extracts (methanolic, ethanolic, acetone, ethyl acetate, 
chloroformic) of the aerial part of Anabasis aretioïdes from 
Algeria on Gram-positive and Gram-negative bacteria and 
noted that all organic extracts of the aerial part of Anabasis 
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FRAP, and PR, and on the other hand, between the antioxidant 
capacities of the extracts and the total polyphenol content.

Antibacterial tests showed that ethyl acetate extract showed 
the highest inhibition against Staphylococcus aureus strain with 
an inhibition diameter of 13.5 mm. �e methanolic and mac-
erated methanolic extracts gave the same MIC value (3.125 mg/
ml) for Proteus mirabilis strain, which is the lowest MIC.

�e results obtained are very encouraging and promising 
both in terms of anti-radical and antibacterial activities, par-
ticularly for methanolic macerated extract. For this extract, 
we can consider the in vivo evaluation of antioxidant 
activities.
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