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The aim of this study was to evaluate the antioxidant activity of three 
extracts; aqueous (Aq.E), hydro-alcoholic (MeOH/H2O.E) and methanol 
extract (Me.E ) obtained by using a Soxhlet apparatus, of the aerial parts of 
Oudneya africana a medicinal plant used in traditional pharmacopoeia of 
Algeria. The determination of total phenolic content by the Folin-Ciocalteu 
method produced values of: 108.6, 137.16 and 143.26 µg gallic acid 
equivalent/mg (GAE/mg) while the evaluation of total flavonoids content 
using Aluminum chloride (AlCl3) method showed that this plant contain 
15.62, 21.96 and 27.63 µg quercetin equivalent/mg (QE/mg) for Aq.E, 
MeOH/H2O.E and Me.E, respectively. Several in vitro antioxidant methods 
such as DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging, iron ion 
chelation and β-carotene/linoleic acid bleaching test have been assayed on 
the O. africana extracts. The three extracts showed a very interesting DPPH 
radical scavenging with low values of IC50 (12.05, 14.91 and 24.57 µg/ml for 
Me.E, Aq.E and MeOH/H2O.E, respectively), and a powerful ability to protect 
the oxidation of the β-carotene/linoleic acid coupled with values of RAA 
(relative antioxidant activity) exceeded 80%. However, the iron ion 
chelation assay showed that the three extracts had the ability to complex 
ferrous (Fe2+) ions in a concentration-dependent manner. The different IC50 
values obtained were 247.11 µg/ml for Aq.E, 826.12 µg/ml for MeOH/H2O.E 
and 2838.73 µg/ml for Me.E. These values are less interesting in 
comparaison with the standard EDTA value (IC50 = 9.79 µg/ml). The results 
obtained from the different assays showed that the aerial parts of O. africana 
could be exploited as a source of antioxidant compounds. 
 
Key words: Oudneya africana, phenolics, flavonoids, radical scavenging, 
antioxidant.  

 
 
 
INTRODUCTION  
 
Despite the presence of the cell’s antioxidant defence 
system to counteract oxidative damage from reactive 
oxygen species (ROS), oxidative damage accumulates 
during the life cycle and radical-related damage to DNA, 
proteins and lipids has been proposed to play a key role in 
the development of age-dependent diseases such as cancer, 
arteriosclerosis, arthritis, neurodegenerative disorders and 
other conditions (Valko et al., 2006). 

On the other hand, some synthetic antioxidants, such as 
butylated hydroxytoluene (BHT) and butylated 

hydroxyanisole (BHA) need to be replaced with natural 
antioxidants as they have been found to be toxic and 
carciongenic in animal models, thus it is important to 
identify new sources of safe and inexpensive antioxidants 
of natural origin (Li et al., 2007). Phenolic compounds, 
though ubiquitous in plants, are an essential part of the 
human diet, and are of considerable interest due to their 
antioxidant properties (Balasundram et al., 2006). 

Algerian natural herbs are being more widely used on a 
commercial    scale    in  traditional  medicine,  and  for  their  
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flavoring properties. Wild plants such as Oudneya africana, 
are widely used as medicines by populations that inhabit 
the rural parts of Southern Algeria. O. africana R.Br. is a 
Saharan plant of the Brassicaceae Family. This shrub has 
great potentialities to provide different products  such as 
forage and are used in traditional medicine, halting desert 
encroachment and stabilizing sand dunes. The plant is 
endemic to Algeria, Tunisia and Morocco and grows in 
gypsum soil and desert rock and is widespread throughout 
the northern Sahara (Quezel and Santa, 1963; Ozenda, 
1991; Chehma, 2005). The people of the Sahara use this 
plant (leaves and stems) to treat skin diseases and scorpion 
stings (dermatological effect) ; and digestive problems, 
arthritis, colds, flu and fever (leaves and seeds) (Derbel et 
al., 2010). 

The objective of this study is to determine the total 
phenolic and flavonoid contents of three O. africana 
extracts and evaluate their antioxidant activity using 
different methods (DPPH radical scavenging, iron ion 
chelation and β-carotene/linoleic acid bleaching assay). 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
The chemical reagents used in the different tests include 
DPPH, quercetin, AlCl3, BHT, Tween 80, Na2CO3, EDTA, 
ferrozine and ferrous chloride (FeCl2) which were obtained 
from Sigma (Germany); gallic acid, Folin-Ciocalteu, BHA and 
β-carotene from SIGMA-ALDRICH, and; linoleic acid from 
Merck. 
 
Collection of plant materials   
 
The aerial parts of O. africana were collected in December 
2012 from Tarfaya situated 20 km from the ouest of 
Ouargla, Algerian Sahara. The plant was identified and 
authenticated at the Departement of Biology and Vegetal 
Ecology, Faculty of Nature and Life sciences, Ferhat Abbas 
SETIF-1 University. Voucher specimens were prepared and 
deposited at the Herbarium of the Biochemistry 
Department. The plant materials were air dried at room 
temperature, and stored in the shade until needed for 
analysis.  
 
Extraction of plant materials 
 
Three different extracts were prepared using three 
methods as described by Belhattab et al. (2004). An 
aqueous extract (Aq.E) was obtained after decoction of the 
plant material for 10 min, while the hydro-alcoholic extract 
(MeOH/H2O.E) was obtained by maceration in 80% (v/v) 
methanolic solution and the methanolic extract (Me.E) was 
obtained after 6 h of extraction at 40°C using a Soxhlet 
apparatus. The methanolic extracts were then concentrated 
with a rotary evaporator. The  extraction yield  of  the  three 
Extracts   ranged   from   10.15 % (w/w) (Aq.E)   to  29.55% 

 
 
 
 
 (w/w) (Me.E). 
 
Total phenolic content 
 
Total phenolic content in the three extracts was determined 
by Folin–Ciocalteu method (Singleton et al., 1999). A 
volume of 200 µl of extract solutions was added to 1 ml of  
Folin-Ciolcalteu (10%) reagent. After 4 min, 800 µl of 
sodium carbonate (75 g/l) was added. The absorbance was 
measured at 765 nm after 2 h of incubation at room 
temperature away from light. Gallic acid was the standard 
used to determine the total phenolic content in the three 
extracts, which is expressed as gallic acid equivalents (GAE) 
(µg mg-1). 
 
Total flavonoid content 
 
Total flavonoid content was determined by aluminum 
trichloride method (Bahorun et al., 1996) with some 
modifications. Briefly, 1 ml AlCl3 (2%) methanolic solution 
was added to 1 ml of the solution extracts and standard. 
The mixture was incubated for 30 min and the absorbance 
measured at 430 nm. Quercetin was used as a standard to 
determine the total flavonoid content in the three extracts, 
which is expressed as quercetin equivalents (QE) (µg mg-1). 
 
DPPH free-radical scavenging assay  
 
Free radical scavenging activity was measured with 1,1-
dipheny l-2-picryl-hydrazil (DPPH) (Que et al., 2006). 0.1 
mM DPPH solution in methanol was prepared and 1 ml of 
this solution was added to 1 ml of different concentrations 
of plant extract or BHT. DPPH radical scavenging activity 
was calculated based on the absorbance at 517 nm using 
the formula thus: 
 
DPPH radical scavenging (%) = [(Ac - At)/ Ac] × 100 
 
Where, Ac  is the absorbance of control; At is the 
absorbance of sample/standard solution. 
 
Ferrous ion chelating assay 
 
The chelating capacity of O. africana extracts was 
determined using the method described by Le et al. (2007). 
Briefly, 500 µl of extract solutions or standard chelator 
(EDTA) at different concentrations was added to 100 µl of 
FeCl2 (0.6 mM) and 900 µl of methanol. After 5 min, 100 µl 
of ferrozine (5 mM) was added, and the mixture shaken 
before incubation for 10 min at room temperature to allow 
the complexation of the residual iron and the formation of a 
red chromophore (Fe2+-ferrozine) with a maximum 
absorption at 562 nm. Chelating activity was calculated as a 
percentage using the following equation:        

 
Chelating activity (%) = [(Ac-At)/ Ac] × 100  
 
Where  Ac:  absorbance of control. (which contains all the 
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Table 1. Total phenolic and total flavonoid cntents of Oudneya africana extracts 
 

Plant extracts Total phenolic content a Total flavonoid content b 

Aqueous exctract (Aq.E) 108.6 ± 7.01 15.62 ± 0.78 

Hydro-alcoholic extract (MeOH/H2O.E) 137.16 ± 3.55 21.96 ± 1.02 

Soxhlet extract (Me.E) 143.26 ± 5.77 27.63 ± 1.48 
 

The data are expressed as mean ± SD (n = 3). a Expressed as µg GAE mg-1 dry extract. b Expressed as µg QE mg-1 dry extract 

 
 
 
reagents except the plant extract); At: Absorbance of the 
test (plant extract or EDTA). 
 
β-carotene linoleic acid assay 
 
A stock solution of β-carotene/linoleic acid was prepared as 
follows: 0.5 mg of β-carotene was dissolved in 1 ml of 
chloroform, then 25µl of linoleic acid and 200 mg of tween 
40 were added. The chloroform was subsequently 
evaporated. Then 100 ml of distilled water saturated in 
oxygen was added with vigourous shaking. Aliquots (2.5 
ml) of this reaction mixture were transferred to test tubes, 
and 350 µl portions of the extracts (2g/l) were added 
before incubating for 48 h at room temperature. The same 
procedure was repeated with BHT at the same 
concentration and a bank containing only 350µl of 
methanol or distilled water. After the incubation period, the 
absorbances of the mixtures were measured at 490 nm. 
Antioxidant capacities of the samples were compared with 
those of BHT and the blank (Kartal et al., 2007). 

Relative antioxidant activities (RAA%) of the extracts 
were calculated from the equation: 

  
RAA% = Asample/ABHT × 100, 
 
where ABHT is the absorbance of the positive control BHT ; 

and Asample is the absorbance of the extract.  
 
Statistical analysis 
 
The results obtained were expressed as mean ±SD from 
three distinct observations. The IC50 values were calculated 
by linear regression and Microsoft Excel was used for 
statistical and graphical estimations.  
  
 
RESULTS AND DISCUSSION 
 
Total phenolic and flavonoid contents 
 
Since phenols and flavonoids are the most important plants 
secondary metabolites with high antioxidant activities,  
their contents in three extracts from O. africana were 
determined as shown in Table 1. The Me.E showed the 
highest total phenolic and flavonoid contents among the 
three extracts  while the lowest contents were observed in 
the Aq.E . 

 
DPPH radical scavenging assay 
 
DPPH radical scavenging assay is commonly used for the 
assessment of free radical-scavenging abilities of herbal 
medicines and health foods due to their simplicity, stability, 
accuracy and reproducibility (Rubio-Moraga et al., 2013). 
DPPH is a stable radical which can accept hydrogen from an 
antioxidant to form reduced DPPH. The extracts and the 
standard (BHT) were incubated with DPPH for 30 min after 
which their absorbance values at 517nm were measured. 
The results showed that the extracts and BHT exhibit 
concentration-dependent free radical scavenging activity 
(Figure 1). For better characterization of DPPH scavenging 
capacity, the IC50 which is the concentration of extract or 
standard required for obtaining 50% of the reduced form of 
the DPPH radical was determined. The Soxhlet extract of O. 
africana showed the lowest IC50 value (12.05 μg/ml) 
indicating the highest radical scavenging activity, followed 
by the aqueous extract (IC50 = 14.91) and finally the 
MeOH/H2O.E (24.57). These values are very interesting and 
are better than the standard BHT (IC50 = 127.44). These 
results indicate that O. africana has a very interesting 
potential as a plant with great radical scavenging activity. 

 
Ferrous ion chelating assay 
 
Iron, the most abundant transition metal in the body (about 
40 mg per kg body weight), has the capacity to give or 
accept electrons during its transition from ferrous iron 
(Fe2+) to ferric iron (Fe3+). This property makes it necessary 
for fixing oxygen molecules (hemoglobin and myoglobin), 
cytochromes and several other ubiquitous enzymes. 
However, excessive accumulation of free iron can also 
cause significant tissue damage by catalyzing the 
conversion of hydrogen peroxide to oxygen free radicals 
(mainly the hydroxyl radical OH• ) via the Fenton reaction:   

 
Fe2+ + H2O2                                             Fe3+ + OH- + OH • 
 
Chelation of redox-active iron prevents their 

participation in these redox reactions thus avoiding the 
subsequent oxidative damage (Ruivard, 2013). The assay 
used to determine the Fe2+ chelating activity was based on 
the chelation of this metal ion with ferrozine to yield a red 
colored complex. In the presence of other chelating agents, 
the complex formation is disrupted and the red color of the  
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Figure 1 : DPPH radical-scavenging activities of aqueous, hydro-alcoholic and methanol extracts at different 
concentrations (A) and BHT (B). (Values are mean ± SD of three determinations). 

 
 
 
complexes decreases. Measurement of the rate of color 
reduction therefore allows for the estimation of chelating 
activity. 

Different concentrations of O. africana extracts and EDTA 
were analyzed for their chelating activity against Fe2+ ions. 
The profiles of the chelating activity are shown in Figure 2. 
All samples tested had the ability to complex Fe2+ ions in a 
concentration-dependent manner. The different IC50 values 
obtained were: 247.11 ± 7.79 µg/ml for Aq.E, 826.12 ± 0.58 
µg/ml for MeOH/H2O.E and 2838.73 ± 134.22 µg/ml for 
Me.E. These values can be considered as low in comparison 
with those obtained with the standard EDTA (IC50 = 9.79 ± 
0.05 µg/ml). 

Although polyphenols are considered as powerful metal 
chelating agents, our results showed a weak correlation 
between Fe2+ chelating activity and total phenolic content 
of the different extracts, which may indicate that phenolic 
compounds may not be the main chelators of Fe2+ ions. The 
chelating activity of our extracts may be the result of a 

synergistic effect of the different compounds present in the 
crude extracts, which include a large amount of non-
phenolic compounds. According to Wong et al. (2006), in 
the crude plant extracts, organic acids, amino acids and 
sugars may interfere and sequester transition metal ions. In 
addition, when a phenolic group is conjugated with a group 
of carbohydrates, their ability to complex metals decreases.  
 
β-carotene linoleic acid assay 
 
This method is based on the oxidative decomposition of β-
carotene in the presence of linoleic acid. This unsaturated 
fatty acid readily tends to oxidize in the presence of oxygen 
or other oxidative agents by the absorption of a hydrogen 
atom from one of its diallylic methylene groups. As a result 
of the oxidation, reactive linoleic acid free radicals are 
formed, which in turn, oxidize β-carotene molecules. 
Oxidized β-carotene breaks down in part and loses its 
chromophore   group    and consequently, its  characteristic  
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Figure 2 : Ferrous ion chelating activity of three différent extracts from Oudneya africana (A, B, and 
C), and EDTA (D). (Values are mean ± SD of three determinations). 
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Figure 3: Absorbance change of β-carotene at 490 nm in the presence of O. africana extracts, positive control BHT and 
negative controls (H2O, MeOH). (Values are mean ± SD of three determinations). 

 
 
 
orange color. The extent of linoleic acid oxidation can be 
thus indirectly determined by monitoring the decrease of 
absorbance of β-carotene. The presence of antioxidants in 
the system helps to counteract the linoleic acid free radical 
and other free radicals formed and also to limit the 
bleaching of β-carotene (Sánchez-Vioque et al., 2012).  

Absorbance change of β-carotene in the presence of 
antioxidants (BHT and plant extracts) and in their absence 
(negative control) was followed at 490 nm for 48 h (Figure 
3). All the extracts showed a very interesting ability to 
protect the oxidation of linoleic acid/β-carotene complex. 
The RAA of the three extracts exceeded 80% and were 
classified beginning with the extract which had the most 
important antioxidant effect: Me.E > MeOH/H2O.E > Aq.E 
with RAA values of: 88.57, 85.93 and 81.04 %, respectively, 
very close to the BHT RAA (91.79 %). 
 
 
Conclusions  
 
With the exception of Fe2+ chelating activity, O. africana 
extracts have shown significant antioxidant properties in 
the tests assayed. All the three extracts showed very 
promising DPPH scavenging activity which was even better 
than the activity produced by the standard antioxidant 
BHT. In addition, the ability of these plant extracts to 
protect the oxidation of β-carotene/linoleic acid  was very 
interesting. Recorded values of RAA (relative antioxidant 
activity) were close to the BHT value. On the basis of these 
results, it can be concluded that the aerial parts of O 
.africana could be exploited as a source of antioxidant 
compounds. 
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