
Analele Universităţii din Oradea, Fascicula Biologie Original Paper              Tom. XXV, Issue: 2, 2018, pp. 83-89

83

EVALUATION OF PHENOLIC CONTENTS (QUANTITATIVE AND QUALITATIVE)
AND ANTIOXIDANT ACTIVITIES IN DIFFERENT PHYSIOLOGICAL PHASES OF

Genista saharae COSS. & DUR. GROWING IN THE SAHARA OF ALGERIA

Atef CHOUIKH*, Fatma ALIA*, Souad NEFFAR**, Abdelkrim REBIAI***,
El Hadda ADJAL*, Azzedine CHEFROUR****

* Biology Department, Faculty of Natural Science and Life, El Oued University, Algeria
**Natural and Life Sciences Department, Tebessa University, Algeria
***Laboratory Valorization and Technology of Saharan Resources, El Oued University, Algeria
****Laboratory Development and Control of Hospital Pharmaceutical Preparations. Annaba University, Algeria.
****Biology Department, Souk Ahras University, Algeria
Corresponding author: Atef Chouikh, Biology Department, Faculty of Natural Science and Life, El Oued University, BP 789 El-Oued (39000),
Algeria. Phone: 00213 666684715, e-mail: atef-chouikh@univ-eloued.dz / atchouikh@yahoo.fr

Abstract. To evaluate the natural products in the desert plants, antioxidant activity and phenolic contents of Genista saharae
(Fabaceae) growing in Oued Souf region (Algerian desert) were determined during different phases of its development.

The results of the yield of methanolic extracts showed that the highest value was recorded in the extracts of the floral phase
(8.6%) and the lowest was in the extracts of the fruiting phase (5.16 %). As we observed the relationship in the quantitative content
of polyphenols and flavonoids, were recorded with the highest value of polyphenols at the first vegetative phase estimated as
1.33±0.018mg EAG/g Ex and 0.772 ±0.088mg EQu/g Ex, and the lowest value was in fruiting phase 0.443±0.078mg EAG/g Ex and
0.21±0.036mg EQu/g Ex.

While the results of antioxidant activity in the free radical revealed that, the extract of the second vegetative phase exceeded
with a best inertial capacity than the other extracts (IC50= 0.247 mg/ml). As for concerning the hemolysis test, the finding indicated
at distinction of extract the first vegetative phase with a lower hemolysis 31.26%.

Using the HPLC, the qualitative analysis of extracts showed quantitative and qualitative differences concerning the presence of
some phenolic compound such as: Gallic acid, Caffeic acid, ρ-Coumaric acid, Vanillin and Rutin in four extracts.

According to results obtained it seemed that there is a disparity in the phenolic content in terms of the different stages of
growth. This seemed obvious in antioxidant activity results that can be the change in the quality and concentration of the phenolic
compounds between different stages of growth.
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INTRODUCTION

In  most  often  the  oxidative  stress  refers  to  an
imbalance between the production of free radicals and
the antioxidant system [16, 31]. This attends the want
for antioxidant agents who can arrest oxidative stress
[3, 34]. A benefit of antioxidant phenolic compounds
from trophic or food addition sources in the protection
of inveterate malady have been reported in a large
number of studies [1, 36]. Some plants are known to be
a source of chemical compounds which are
characterized by antioxidant properties [14]. These
antioxidant compounds could possess the capacity to
protect the cellular organelles from damage caused by
free radicals induced oxidative stress [33]. Saharan
plants are known by their resistance to several stress
factors [7]. The Genista genus, from the family of
Fabaceae, consists in 25 species, mainly represented in
Algeria among them 11 species are endemic [35].
Genista saharea is an endemic Saharan medicinal
sapling [15], localized in North Africa (Algeria, Libya,
Morocco, Tunisia and Egypt) [24, 29, 35], used in
traditional pharmacopoeia by topical population against
sundry diseases as an herbaceous remedy for infections
of the respiratory system [7]. It is also used for feeding
animals [29]. Effectively, it is frequently appreciated
by camels because of its serious urine retention
capacity in this livestock. In addition to their pastoral
qualities, it is favorable for sand stabilization and
combating desertification [15].

Some previous studies have evaluated the chemical
composition and antioxidant activities of this genus
[28]. Unfortunately, to date, there are still no biological
data affordable about this endemic Algerian shrub,
especially growing in arid region of Oued Souf. Also,
there is no literature report about the antioxidant
activity for its alcoholic extract. Consequently, this
work aims at monitoring the phenolic content
quantitative and qualitative between different stages of
growth and the relationship of this and antioxidant
activity of Genista saharae (Fabaceae).

MATERIALS AND METHODS

Plant material
Different samples of the aerial partof plant were

collected  at  the  region  of  Ghammra  (Oued  Souf,
Algeria) located at a longitude (06°48’08.3” East) and
latitude (33°33’10.2” North).

The plant was harvested during different stages of
growth (Table 1). All samples were dried at room
temperature, protected from light. After crushed
samples are put in papery sacs; than submitted to
extraction. The biological tests were transacted in
laboratory of the University of Echahid Hamma
Lakhdar – El-Oued- Algeria.

Chemicals
Methanol 99% (MeOH), distilled water, Gallic

acid, sodium carbonate (Na2CO3), Folin-Ciocalteu
reagent, Quercetin, Aluminum Chloride (AlCl3),
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Table 1. Date of the collection to different stages of growth of plant.

Developmental stage Date of the collection

The first vegetative phase 11 March 2016
The floral phase 26 March 2016

The fruiting phase 01 June 2016
The second vegetative phase 19 September 2016

Ascorbic acid; 1,1-dipheny-2-picryl-hydrazil (DPPH•),
Ferric Chloride (FeCl3), Peroxide(H2O2).

Extraction procedure
Fifty grams (50g) of every sample material were

macerated with 250 ml of methanol (for best
qualitative and quantitative of compounds) at room
temperature in dark for 24h (repeated 3 times). The
solvent was filtered by papers of Watman, evaporated
and concentrated under rotary vapor at 50° C.

The extraction yield is presented in percentage (%)
by formula given by [15].

%Yield= (ME/MS) ×100
Where in: ME is the mass after evaporation of

solvent in g; MS is dry mass of the sample in g.

Total phenolic content
Total phenolic content in the four samples was

determined by the Folin Ciocalteu reagent [42]
according to the method of [6] with slight
modifications. Into test tubes, 0.2 ml of the different
concentrations of sample was mixed with 1 ml of
Folin-Ciocalteu reagent (10%). After, several minutes
we  has  added  0.8  ml  of  Na2CO3 solution (7.5%).The
reaction was incubated at room temperature in the dark
for 30 min. After this, the absorbance was read at λ=
765 nm by UV-Vis spectrophotometer. Some different
concentrations (0.02-0.12 mg/ml) of Gallic acid was
used for the standard calibration curve. The results
were  expressed  as  mg  of  Gallic  acid  equivalent  per  g
(mg GA E/g Ex).

Total flavonoids content
The flavonoids content was determined in

colorimetric method through using the Aluminum
chloride by method cited by [10], which 0.5 ml of the
different concentration of sample was added to 0.5 ml
of solution AlCl3 (2%). After incubation for 1h at room
temperature in the dark, the absorbance was measured
at λ= 420 nm by UV-Vis spectrophotometer. Quercetin
(0.1-0.3 mg/ml) was used as a standard. The results
were expressed as mg of Quercetin equivalent per g of
extract (mg Qu E/g Ex).

Antioxidant activities
The antioxidant activity of every sample evaluating

by two tests: test of the free radical DPPH and the test
of hemolysis.

DPPH• radical scavenging test
In the test we were based on the method cited by

[8] with some modifications. Briefly, 0.5 ml of each
sample at different concentration was mixed with 1ml

(0.1 mM) of DPPH• solution. The mixture shake well,
after 15 min at room temperature in the dark, the
absorbance was measured at λ= 517 nm by UV-Vis
spectrophotometer [37]. The different concentrations of
Ascorbic acid were prepared for used a reference
standard (positive control at the extracts). The
percentage scavenging of DPPH• radical was measured
by using the following equation:

% Inhibition = [(AC - AS)- AC] × 100
where in: AC: the absorbance of the DPPH solution (the
control reaction); AS: the absorbance of mixture of
extracts or standard and DPPH solution.

The inhibition of 50% of concentration of DPPH•

radical free (IC50) of the Genista saharae extracts is
calculated from equation linear of the percentage
inhibition versus concentration of inhibition. It was
expressed as mg/ml.

Hemolysis test
The objective of this test to determine the

protection of the erythrocytes blood cell from the
explosion by our extracts, after exposure to oxidative
stress by measuring the proportion of degenerated
erythrocytes [12]. Hemolysis was assayed by
measuring the concentration of liberate serum
hemoglobin [23].

Sample of blood was obtained from healthy human
(O+) by method of the preparation of [25] with little
modification. The experimental protocol was based on
the method used by [2], with some modifications.
Briefly, 40 µl from erythrocytes of blood was shuffled
for 2 ml of each sample at different concentration of
the  extract,  after  this  solution  was  conserved 5  min  in
37° C of temperature. Another, 40 µl from H2O2 (30 ml
mol) and FeCl3 (80 ml mol) were added to the jumbles.
After  1h  of  incubation  at  37°  C,  the  mix  were
centrifuged  with  700  Tour  /  min  to  10  min,  the
absorbance of supernatant was obtained as λ= 540 nm
by UV-Vis spectrophotometer [2]. Ascorbic acid was
used as a reference standard (positive control). The
percentage of hemolysis was determined using the
following equation:

% Hemolysis = (AC - AS) × 100
where in: AC is  the  absorbance  in  the  absence  of  the
extracts; AS is  the  absorbance  in  the  presence  of  the
extracts or standard.

HPLC analysis
For detection of phenolic compounds we use of

High Performance Liquid Chromatography (HPLC),
which is the most used technique for separation of
phenolic compounds [20]. It permits simultaneous
separation, identification and quantification of phenolic
compounds in a short time [44]. The principle of HPLC
separation is based on the distribution of analyses
between stationary and mobile phase. In this case,
stationary phase contains linked non-polar aliphatic
residues and mobile phase in made up of polar solvents
(acetic acid, distilled water, perchloric acid or formic
acid  in  an  organic  solvent  such  as  methanol  or
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acetonitrile) [18]. Ultraviolet/visible, photodiode array
and UV-fluorescent detectors are commonly used for
detection of phenolic compounds [22]. Briefly,
according to [33] with few modifications; the effluent
was detected at λ = 268 nm, 20μl of plant extract
solution(between 1-5 mg/ml) is injected into the
injector  flow  stream,  next  it  adjusts  the  high  pressure
that drives the phase mobile solvent in the column
(phase stationary), the separation of the compounds in
mixture based by using its molecular weight and
polarity, the compounds determined by the detector
connected to the column on the one hand and by the
computer on the other hand. The results reserved in
form of chromatographs characteristic with the peaks.

Statistical analysis
Each  value  was  the  mean  ±  SD  of  three

experiments. The correlation between these mean
values was performed by Microsoft Excel 2010.

RESULTS

Yield of extracts
The yield  of extracts of aerial parts of different

samples of G. saharea (Fig. 1) was locate the maximal
in the extract of the flowering phase to be 8.6 ± 0.12%,
and the minimal was in the extract of the fruiting phase
to  be  5.16  ±  0.1  %.  Whilst,  the  rapprochement  at  the
results were marked between the extract of the first
vegetative phase and the extract of the second
vegetative phase to be 7.08 ± 0.08 % and 7.44 ± 0.15%,
respectively.

Total phenolic and flavonoids content
The total phenolic and flavonoids of methanolic

extracts from G. saharae is  presented  in  (Fig.  2).  We
observed the relationship in the quantitative content of
the polyphenols and the flavonoids. Whereat the total
phenolic content varies from 1.33±0.018 to
0.443±0.078 mg EGA/g Ex, and flavonoids content
from 0.772 ±0.088 to 0.21±0.036 mg EQu/g Ex. The
highest amounts in this plant for both were marked
with the first vegetative phase, while, the less values
were showed in fruiting phase.

Antioxidant Activity
DPPH• Radical scavenging

The results of radical scavenging activity of
extracts and standard (ascorbic acid) were presented in
(Fig. 3) We observed the value of IC50 of ascorbic acid
(IC50= 0.015 mg/ml) superior on other values of the
extracts of plant. Also, the extract of second vegetative
phase marked best value of (IC50= 0.247 mg/ml) in
comparison with other extracts. Generally, the results
indicate that extracts of G. saharae has a reduced
potential with radical scavenging activity.

Hemolytic assay
According to results described in (Fig. 4) we

observed the inverse relation between the percentage of
hemolysis and the various extracts of plant G. saharae.

In this assay, the percentage of hemolytic ranging from
9.07 % to 34.81%, where we was found at distinction
of the ascorbic acid on the all extracts plant, among the
extracts the lower anti-hemolysis activity is noteworthy
that the extract of the first vegetative phase to be 31.26
% at C =1.2 mg/ml.

In this study, the antiradical activity of extracts was
found significantly. A correlation (Fig. 5) was
established between the phenolic content and
antiradical activity (R² = 0.9446), and between the
phenolic content and the percentage of hemolytic after

Figure 1. The yield (%) of different extracts methanolic of G.
saharae

Figure 2. Total polyphenol and flavonoids contents of each extract
of G. saharae

Figure 3. The IC50 values (DPPH• test) of the extracts of G. saharae
and ascorbic acid

Figure 4. Rate of Hemolysis after use the extracts of G. saharae and
ascorbic acid with [C] = 1.2 mg/ml
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use of extracts (R² = 0.9093). But the anti-radicals
activities linked to the structure and quality of phenolic
compounds.

Figure 5. the correlation between phenolic content and antioxidants
activities of the extracts of G. saharae

HPLC analysis
The  chromatograms  in  the  (Fig.  6)  showed  the

phenolics compounds at extracts of G. saharea. These
results indicated the difference of numbers of phenolic
compounds for every extract, which ranged from 37 to
52 compounds.

Also, it is known that the best known phenolic
compounds are obtained, such as: gallic acid, caffeic
acid, vanillin, ρ-Coumaric acid and rutin.

The gallic acid and ρ-Coumaric acid were exhibited
with all extracts studied, whilst, the rutin was vanished
in the extract of the fruiting phase as such is shown in
(Table 2). On the other hand, these results explained
the contrast of the concentration for phenolic
compounds as it is pronounced in (Table 2).

Figure 6. HPLC chromatogram's of extracts of G. saharae

After examined the correlations between the
phenolic compounds and the tests antioxidants we
found only two correlations (Fig. 7). The first highly
correlation is between IC50 and caffeic acid (R² =
0.8778); the second one is medium value between IC50
and Rutin (R² = 0.6042).

Table 2. The concentration (μg/mg Ex) for some phenolic compounds in the different extracts of G. saharae

Extracts
Phenolic
Compounds

First
vegetative

phase

Floral
phase

Fruiting
phase

Second
vegetative

phase

Gallic acid 0.210 1.032 0.518 0.317

Caffeic acid / / 4.086 3.127

ρ-Coumaric acid 32.83 65.76 52.34 50.36

Vanillin / / 2.104 3.903

Rutin 2.524 3.398 / 1.368
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Figure 7. the correlation between IC50 and some phenolic
compounds in the different extracts of G. saharae.

DISCUSSION

Extraction yield
The yields for different samples of aerial parts of G.

saharae were  obtained  by  maceration  which  was
variable, where we can suggest the cause in yield for
the nature of chemical compounds [41], the complexity
and length of carbon chains [21], the physiological
activity and the status of plants at different age levels
[43], in addition to this, the reason may be due to the
exposure of the plant to different stresses [13].

Total phenolic and flavonoids content
In the present study were found the gradual

reduction of the quantitative content of total
polyphenols and flavonoids in the three principal
phases  at  age  of  the  plant;  which  is  usually
accompanied by physiological changes [4, 29].
Moreover; the some phenolic compounds can be
modify into other compounds such as pigmentation
[32], saccharides [1] and volatility compounds [21].

According to [22] the total content of polyphenols
and flavonoids varies from one species botanic to other
and from stage physiologic to another; whilst [41]
pointed out existence of motion to inhibit the genes
expressed by the enzymes, whereas the result of the
second vegetative stage in both the total polyphenols
and flavonoids can be explained by the plant’s
restoration of its bioactivity a causing from release to
new life cycle [38].

DPPH• Radical scavenging
The results obtained in our study indicates that the

extract was exhibited feeble of radical scavenging
activity. It can be explained by the few quantity of the
total polyphenols contents, where the previous studies
indicated until the phenolic compounds are good
substances for the antioxidant activity due to the
presence of numerous hydroxyl groups, which can
react with free radicals [19]; in addition to the binary
liaison at chemical structures between C2-C3 and in
OX-4 groups [9] and the relationship between nature,
structure and concentration of phenolic contents and
antiradical scavenging activity [27].

Hemolytic assay
Erythrocytes are considered as major targets of free

radicals [2] owing to the presence of high
concentration of polyunsaturated of fatty acids in
membrane [5, 11] and the oxygen transport by redox
active hemoglobin molecules [2]. The hydroxyl
radicals are the major active oxygen species causing of
enormous biological damage trough lipid peroxidation
[23]. The result indicated in this research showed the
capacity acceptable of the extracts for the protection
anti-hemolysis. According to previous studies we can
explain these results by quality and functional
capability of the total phenolic contents protect of the
cellular membrane from oxidation.

In this context the phenolic compounds exert their
protective effects through diverse mechanisms such as:
blocking or suppressing agents oxidative or by
activating a signaling cascade that activates detoxifying
enzymes for elimination of ROS or inducing apoptosis
[26].

HPLC analysis
The qualitative analysis of methanolic extracts of

G. saharae by HPLC was confirmed the presence of
some phenolic compounds such as Gallic acid, Caffeic
acid, Vanillin, ρ-Coumaric acid and Rutin. These
compositions were found in different concentrations
between various stages of plant; consequently, this
result can be explained by the physiological role of
every compound during the different stages of growth,
for gallic acid was been helped to adaptation the plans
with the climatic conditions and it has been reported as
one of the compounds responsible for the allelopathic
effects between the plants [45]. The Caffeic acid was
been accelerated to aging of plants [40] thence we were
suggested the cause of his apparition in the fruiting
phase and the backed in the second vegetative stage,
adding to absence in whoever the first vegetative and
the floral phase.

The vanillin does accelerate the maturity of fruits
by modifying the taste and flavor of the fruit [30] and it
has  the  role  at  anti-abiotic  stress  [17].  As  for  ρ-
Coumaric acid has a role in the reduction of the
vegetative  growth  of  the  plants  and  it  is  a  good
stimulated for antioxidant activity [40], so we can
explain our results at this cause.
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Concerning the rutin it plays an important role in
organizing the hormones of vegetative growth [39].
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