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Abstract. The recent study aims to evaluate the effects of developmental stage and extraction solvent on the chemical
composition, antioxidant potential, total phenolics and total flavonoids content of three southern east Algerian plant species
(Limoniastrum guyonianum Boiss., Zygophyllum cornutum Coss. and Peganum harmala L.). The analyses were performed at the
flowering and the vegetative stages and the extracts were obtained using three different solvent systems. The 2,
2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity was used to assess the antioxidant activity. For phenolic
identification, high performance liquid chromatography (HPLC) was used. Extraction yields and compositions varied among species,
solvents and stages. The highest yield was detected with 70% acetone and recorded for Zygophyllum cornutum Coss. (28 %). Peganum
harmala L. presented the most important amounts of polyphenols and flavonoids (72.454 + 0.214 mg GAE/g DW, 1.706 mg QE/g
DW) at the vegetative stage. Limoniastrum guyonianum Boiss. exhibited the strongest DPPH radical scavenging activity (ICso=1.451
mg/ml) among the species at the vegetative stage with 70% ethanol. The HPLC analysis led to the identification of gallic, vanillic and
ferulic acids, and catechin in the extracts of Limoniastrumn guyonianum Boiss. Gallic, 2,4-dimethoxy-trans-cinnamic acids and
Kaempferol were detected in the extracts of Zygophyllum cornutum Coss. In the extracts of Peganum harmala L., gallic and caffeic
acids, quercetin and berberine were identified. The efficiency of antioxidant compounds is directly related to their quality, which is
influenced by several factors like the stage of development and the experimental conditions.
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INTRODUCTION

Oxidative stress is characterised by the exaggeration
of production of many damaging molecules such as
radicals derived from oxygen [67]. All tissues and
components can be affected: lipids, proteins,
carbohydrates and DNA [4, 66]. These alterations
increase the risk of more than 30 processes of different
diseases [3] like Alzheimer's disease [56, 57], Parkinson
[9], Creutzfeldt Jacob and meningocephalitis [2],
cardiovascular disease and heart failure [27], oedema
and premature aging of the skin [23] and cancer [2].

Currently, scientists are promoting the development
of a new generation of natural antioxidant substances
obtained from plants to replace those of synthesis.
Similarly, a number of industry sectors are again turning
to the incorporation of these molecules with interesting
biological characteristics in their formulations. For this
purpose, scientific studies are interested in
phytochemistry and the activities of plant extracts, with
the aim of widening the perspectives of valorisation of
the natural products [61].

Polyphenols are widely used in traditional and
modern medicine [31, 52]. They have been widely
studied for their effects on health [20, 26], and
involvement in the prevention of cancers [50],
cardiovascular diseases [22, 59], neurodegeneration
[59] and other pathologies [37, 46]. These implications
can be explained by their antioxidant properties [33, 51,
53] and interactions with proteins that allow an
inhibition of reactive oxygen species (ROS) producing
enzymes or stimulation of the synthesis of antioxidant
enzymes [16, 17].

Algeria is very rich in medicinal flora. P. harmala L.
which recently attracted the attention of many
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researchers is one of the most famous medicinal plants
in traditional medicine. It is a species that grows
spontaneously in steppe and semi-arid regions, native to
North Africa, the Mediterranean region, the Middle
East, India and Pakistan [69]. L. guyonianum Boiss. is
also widespread in the deserts of North Africa. It is an
endemic species of Northern Sahara (Algeria, Tunisia)
in the salty soils. Z. cornutum Coss. is found in the arid
and semi-arid regions of Africa and mostly distributed
in Algeria (Biskra, Elouad), Morocco and Tunisia [47].

Natural antioxidant compounds in such medicinal
plants are the subject of several works because, in
addition to their use as preservatives in food by
replacing synthetic antioxidants, they are involved in
the treatment of many diseases. Thus, the study of the
adequate solvent and period of extraction are important
to reach the most efficient active molecules.

MATERIALS AND METHODS

Plant material

The three plant species chosen for the present study
were collected in the months of October and April for
the vegetative and the flowering stages, respectively to
determine the period where the antioxidant power is the
best. The plants were selected for their beneficial
traditional medicinal uses (table 1) and abundance in the
region of Chetma, lacated east-northeast of the city of
Biskra in the lower valley of Oued Abiod, situated in
South-East Algeria (northen Sahara). They were
identified in the Center of Scientific and Technical
Research on Arid Regions at the University of Biskra.
The leaves of the plants at flowering and vegetative
stages were air-dried at room temperature and
pulverised before analysis.
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Table 1. Systematic names, common names and traditional uses of the studied plants

Systematic name Common Family Traditional use
name
treat desentery,
Limoniastrum guyonianum Boiss. Zyta Plumbaginaceae used as depurative,
anti-cancer
treat diabetes and digestive disorders,
Zygophyllum cornutum Coss. Aggaya Zygophyllaceae used as antispasmodic, healing wounds
used as antispasmodic, antirheumatic and anti-inflammatory,
Peganum harmala .. Harmal Zygophyllaceae treat epilepsy, stomach ache and kidney desease, antidiabetic

Preparation of the plant extracts

Crude extracts were prepared by simple maceration
of the plants for 24 h, three times, using three different
solvent systems: MeOH-H20 (70:30), EtOH-H20
(70:30) and Acetone-H20 (70:30) for both flowering
and vegetative stages. Extracts were then filtered
through a Whatman No.1 filter paper and evaporated
under vacuum to dryness. They were stored at 4 °C until
analysis. The extraction yields were calculated.

Total phenolics content

Total phenolic content was determined using the
Folin-Ciocalteu procedure as described by Li et al. [34],
200 pl of each extract were mixed with 1 ml of
Folin-Ciocalteu reagent (10%). After 4 min, 800 pl of
sodium carbonate was added. The absorbance of the
resulting blue complex was then measured at 765 nm,
after incubation for 2 hours at room temperature in the
dark. The results were expressed as millgram gallic acid
equivalents per gram of plant dry weight (mg GAE / g
DW) through the calibration curve with gallic acid
(Y=0.094x+0.0137, R?=0.9993). Triplicate
measurements were taken for all samples.

Total flavonoids content

Total flavonoids content was determined by a
colorimetric assay developed by Bahorun et al. [5]. An
aliquot of 1 ml of the samples was added to 1 ml of
freshly prepared AICl; solution (2%). After 4 min
incubation at room temperature, the absorbance was
detected at 430 nm. The results were expressed as mg
quercetin equivalents per gram of plant dry weight (mg
QE/g), through the -calibration curve of quercetin
(Y=0.5142x-0.0058, R*=0.9928). The samples were
analysed in triplicate.

Scavenging activity of DPPH radical

Scavenging activity of extracts or DPPH radical was
estimated using the method of Boumarfeg et al. [12].
The samples were diluted in pure methanol at different
concentrations, and then 1950 pl of DPPH methanol
solution (0.0025%) was added to 50 pul of each sample.
The resulting solutions were incubated in the dark at
room temperature for 30 min. The absorbance was then
read at 517 nm and ascorbic acid was used as a positive
control. The antiradical activity was expressed as 1Csg
(mg/ml). Inhibition of DPPH radical was calculated
using the following equation:

DPPH scavenging effect (%) = (%_OAI) x100
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where AOQ is the absorbance of the control at 30 min and
Al is the absorbance of the sample at 30 min. All
samples were analysed in triplicate.

HPLC analysis

The phenolic composition of the crude extracts was
determined by HPLC analysis. It was performed using a
Young line YL9100 liquid chromatograph coupled with
an UV-vis multiwavelength detector model Young line
YL9120. The separation was carried out on 150 mm x
4.6 mm, 5 pm ZORBAX Eclipse XDB-C18 culumn.
The mobile phase contained two solvents: H,O solution
acidified with 1 % acetic acid (solvent A) and pure
methanol (solvent B). The sample was dissolved in
H,O0 and filtered through a 0.45 pm millipore filter. The
flow rate was kept at 1 ml/min. The gradient program
was as follows: (95 % A /5 % B) (0-5 min), (5 % A /95
% B) (5-55 min), (95 % A / 5 % B) (55-56 min). The
injection volume was 20 ul and peaks were monitored at
254 nm. Peaks were identified by comparing retention
times with those of pure standards.

Statistical analysis

Tests were executed in triplicate and expressed as
mean =+ standard error (SE). A one-way analysis of
variance (ANOVA) with Newman-Keuls test were
carried out to detect any significant differences between
plants, solvents and stages at P <0.05 significance level,
using XLSTAT 2016.

RESULTS

Extraction yields

Statistical analysis indicated that the plants
presented the highest extraction yields in the vegetative
stage. Extraction with 70% acetone gave the highest
yield. Among the plants, Z. cornutum Coss. showed the
best yield, followed by P. harmala L. and L.
guyonianum Boiss. with the values 28.200 £+ 0.720 %,
15.930 £ 0.724 % and 13.450 %, respectively.

Results of total phenolics and flavonoids content
estimation

Total phenolics and flavonoids content varied
significantly as the function of stages, extraction
solvents and species. The vegetative stage showed the
highest amount of antioxidant compounds for both
polyphenols and flavonoids with 70% acetone. The
average of the values for polyphenols was 51.279 +
0.174 mg GAE/DW at the vegetative stage against
42.182 £0.172 mg GAE/DW at the flowering stage and



Analele Universitatii din Oradea, Fascicula Biologie

1.507 £ 0.008 QE/g DW at the vegetative period,
against 1.189 + 0.006 QE/g DW at the flowering period,
for flavonoids. But, ethanol was better than methanol
for the extraction of flavonoids. On the other hand, the
analysis of the results indicated that the extract of P.
harmala L. contains higher polyphenols and flavonoids
(72.454 £ 0.214 mg GAE/g DW, 1.706 mg QE/g DW)
than those of L. guyonianum Boiss. (36.774 £ 0.215 mg
GAE/g DW, 1.275 QE/g DW) and Z. cornutum Coss.
(30.965 £ 0.211 mg GAE/g DW, 1.062 QE/g DW),
respectively (Fig. 1, 2).

100 +
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Results of the antioxidant activity

The crude extracts exhibited higher significant
DPPH scavenging activity at the vegetative stage (1.415
+ 0.068 mg/ml) than the flowering one (1.895 mg/ml).
Among the solvents, ethanol was more effective (1.425
+ 0.066 mg/ml) than acetone (1.592 + 0.067 mg/ml) and
methanol (1.948 mg/ml). The best activity was
expressed by the plant species L. guyonianum Boiss.
with the value 1.451 mg/ml, followed by Z. cornutum
Coss. (1.565 £0.066 mg/ml) and P. harmala L. (1.949 +
0.067 mg/ml), respectively (Fig. 3).
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Figure 1. Total phenolics content (TPC) obtained for the plants with the different solvent systems, at the vegetative (VS) and flowering stages (FS).

Values are presented as mean + SE of three measurements.
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Figure 2. Total flavonoids (TF) obtained for the plants with the different solvent systems, at the vegetative (VS) and flowering stages (FS). Values are

presented as mean + SE of three measurements.
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Figure 3. Effects of the vegetative (VS) and flowering (FS) stages, extraction solvent and the plant species on the DPPH radical scavenging activity.

Values are presented as mean + SE of three measurements.
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Determination of phenolic composition

The analysis of the chromatographic profiles
according to retention time of the standards (Table 2)
showed that four phenolic compounds were
characterised from the leaves extracts of L. guyonianum
Boiss. (gallic, vanillic, ferulic acids and catechin). Three
compounds were identified in the extracts of Z
cornutum Coss. (gallic and 2,
4-dimethoxy-trans-cinnamic acids and Kaempferol).
The extracts of P. harmala L. contained gallic and
caffeic acids, quercetin and berberine (Fig. 4).

DISCUSSION

Since the therapeutic importance of medicinal plants
attributed to their antioxidant and radical scavenging
activity properties [ 18], which take a place of first order
[6, 11, 15, 39, 49, 54, 63], the aim of this study was to
investigate some plant species that are traditionally used
to treat multiple diseases at two different stages
(vegetative and flowering), by the use of three solvent
systems for the extraction.

The findings showed that extraction yields, total
phenolics and flavonoids content and antioxidant
activity were higher at the vegetative stage comparing to
the flowering one. The same results were detected with
Bouterfas et al. [13] who found that the synthesis of
total polyphenols and condensed tannins is stronger at
the vegetative period. One of the characteristics of
polyphenols is to show a very unequal distribution
among the different plant species, according to the
variety and stage of physiological evolution and due to
extreme climatic conditions (high temperature, salinity)
[21].

On the other hand, extraction with 70% acetone
presented the greatest results face to methanol and
ethanol in all the analysis of the study, except those of
antioxidant activity, where ethanol was more effective.
Many authors confirmed that acetone is more effective
than other organic solvents for extracting antioxidant
phenolics [24, 25, 28, 35, 42, 48]. In this context,
Kallithraka et al. [29] found that 70% acetone was the
best solvent to extract phenolics from grape seeds.
Acetone has the lowest polarity but contains the highest
phenolics content value [1, 65].

Among the species, Z. cornutum Coss. exhibited the
highest yield (28.200%) compared to P. harmala L.
(15.930%) and L. guyonianum Boiss. (13.450%). The
extraction yield depends on several factors, the time, the
temperature and the solvent used in the extraction
method [30 ,58]. Heating might weaken the plant tissue
and the phenol-protein, phenol-polysaccharide
interactions, therefore more phenolic compounds would
migrate into the solvent [55].

Quantitative estimation of phenolics and flavonoids
in the extracts of the tested plants showed highly
significant results at p < 0.05. P. harmala L. presented
the most important amounts of these compounds
(72.400 mg GAE /g DW, 1.700 mg QE / g DW),
followed by L. guyonianum Boiss. (36.774 £ 0.215 mg
GAE/g DW, 1.275 QE/g DW) and Z. cornutum Coss.
(30.965 £ 0.211 mg GAE/g DW, 1.062 QE/g DW),
respectively. Ethanol was better than methanol to
extract flavonoids. These results are in accordance of
those of Mokrani and Madani [42] who found that 60%
ethanol was better than 60% methanol to extract
flavonoids from peach. Ethanol efficiently extracts
flavonoids and their glycosides, catechols and tannins.

Table 2. Retention time of phenolic compounds standards analysed by HPLC

Standards Retention time (min)
01 p-Coumaric acid 25.217
02 3-Hydroxy-4-methoxycinnamic acid 28.287
03 Caffeic acid 20.523
04 Ferulic acid 26.460
05 Gallic acid 5.352
06 m-Anisic acid 33.037
07 Oxalic acid 50.243
08 Salicylic acid 30.747
09 Syringic acid 21.967
10 2,4-dimethoxy-trans-cinnamic acid 39.620
11 Trans-Cinnamic acid 25.173
12 Vanillic acid 22.693
13 Anthrone 48.360
14 Berberine 29.317
15 Catechin 21.553
16 Epicatechin 22.503
17 Kaempferol 41.193
18 Myricetin 34.270
19 Quercetin 36.850
20 Resorcinol 10.403
21 Rutine 30.687
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Methanol is better for extracting phenolic acids and
catechine. However, acetone is the best solvent to
extract protocyanidins and tannins [60].

The yield obtained for the plant Z. cornutum Coss. is
higher than that obtained for the plant P. harmala L. but
the amounts of polyphenols and flavonoids for this latter
is higher than that found in the extracts of Z. cornutum
Coss. This can be explained by the fact that the
molecules extracted from Z. cornutum Coss. belong to
other class of secondary metabolites and not to
polyphenols, like saponins.

The results concerning the antioxidant activity
showed the strongest effect at the vegetative stage. This

[mv]

Original Paper

Tom. XXVI, Issue: 2, 2019, pp. 91-99

result correlates with the previous analysis findings and
may be due to the quantity, nature and structure of
polyphenols synthetized in this period. The mechanism
of the reaction between the antioxidant and the DPPH
radical depends on the structural conformation of the
antioxidant [32]. The latter reacts with the DPPH radical
by reducing a number equal to the hydroxyl groups
carried by the antioxidant molecule [10].

On the other hand ethanolic extracts exhibited the
highest effect than acetone and methanol. This may be
explained by the efficiency of phenolic compounds
present in these extracts like flavonoids and which have
a high antioxidant
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Figure 4. HPLC chromatograms of L. guyonianum Boiss. (A), Z. cornutum Coss. (B) and P. harmala L. (C) extracts monitored at 254 nm : (1) gallic
acid; (2) catechin; (3) vanillic acid; (4) ferulic acid; (5) 2,4-dimethoxy-trans-cinnamic; (6) Kaempferol; (7) caffeic acid; (8) berberine; (9)
quercetin. The values with comma are in fact with point, an error that occurred because of the software used.
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potential comparing to those found in the other extracts.
Because ethanol is more effective than other solvents to
extract flavonoids [28], their quality might be the key of
this observed difference.

Among the plants, the most important antioxidant
activity recorded for L. guyonianum Boiss. with the
value 1.451 mg/ml, followed by Z. cornutum Coss.
(1.565 £ 0.066 mg/ml) and P. harmala L. (1.949 £ 0.067
mg/ml).

P. harmala L., even it had the highest phenolics and
flavonoids content value, it was shown to have the
lowest antioxidant activity. This result may indicate that
the antioxidant activity is not obligatory in relation with
the amounts of antioxidant molecules, which is
normally in correlation according to many authors [15,
40, 56, 58], but by the quality and the efficiency of these
molecules. It may leads also to suggest that the
antioxidant effect of the plant may be due to a synergism
between polyphenols and other components. These
results may vary from one plant species to another.

There were not too many studies on the aerial parts
of the plant P. harmala L., almost the studies focused on
the seeds. In comparison to our results and according to
Edziri et al. [19], the aerial parts of P. harmala L. grown
in Tunisia showed lower antioxidant activity in the
methanolic extract with the value 6 mg/ml.

The contents of polyphenols and flavonoids of Z.
cornutum Coss. (30.965 mg GAE/g DW, 1.062 QE/g
DW) and L. guyonianum Boiss. in connection to their
antioxidant activity were close and seem logical. L.
guyonianum Boiss. contained more polyphenols and
flavonoids (36.774 mg GAE/g DW, 1.275 QE/g DW)
and was shown to have a better scavenging activity.
Those results may declare that, the overall quality of
their chemical composition is probably close also.
Several other non-phenolic metabolites may have a
significant contribution to the overall antioxidant
activity.

According to Belguidoum et al. [7], the crude
hydro-alcoholic extract of Z. cornutum Coss. contained
the amount of 3.755 mg GAE / g DW of polyphenols
and 1320.500 pg / g DW of flavonoids which is inferior
to our results but showed a very good antioxidant
activity. Several reasons can influence our results such
as the duration of the extraction method. Due to Naczk
and Shahidi. (2006) [45], long extraction times increase
the possibility of oxidation of polyphenols which can be
prevented by adding reducing agents to extraction
solvents [44].

A study done in the region of Libya by Mohammed
et al. [41], showed that the plant species L. guyonianum
Boiss. contained more total phenolics and flavonoids in
the ethanolic extract (361.04 mg TAE / g DW, 101.32
mg QE / g DW) and higher antioxidant activity (325.66
pg / ml). In the region of Tunisia, according to Trabelsi
et al. [64] and comparing to our results, the polyphenols
and flavonoids amounts were not so far from ours (57
mg GAE / g DW, 9.47 mg CE / g DW) but showed
higher antioxidant activity (4.68 pg / ml). In the same
region (Tunisia), another study done by Bouzidi et al.
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[14] showed different results. It was found that this
plant, even it contained more polyphenols and
flavonoids than the one studied by Trabelsi et al. [62], it
had a very lower antioxidant activity (2.3 mg / ml),
which confirms again the fact that there is not
necessarily a correlation between the content of
polyphenols and flavonoids and their antioxidant effect.

The difference between the plants in the phenolic
content (including flavonoids) described in the literature
can be attributed to several factors namely the extraction
method and the quantification method. In addition,
climatic and environmental factors (geographical arca
and drought), harvest period and plant stage of
development may also influence the estimation of
polyphenols and flavonoids content [36].

The HPLC analysis showed that four phenolic
compounds were characterised from the extracts of L.
guyonianum Boiss. (gallic, vanillic and ferulic acids and
catechin). Chemical composition of this plant has been
studied previously by Trabelsi et al. [62] in Tunisia
which detected six phenolic compounds (gallic,
4-hydroxybenzoic and 3,4-dimethoxybenzoic acids,
gallocatechin, catechin and
epigalocatechin-3-0-gallate). In another study [14], five
compounds were identified (gallic, procatechuic and
trans-cinamic acids, methyl-4-hydroxybenzoate and
propyl-3,4,5-trihydroxybenzoate).

On the other hand, three compounds were identified
in the extracts of Z cornutum Coss. (gallic and
2,4-dimethoxy-trans-cinnamic acids and Kaempferol).
According to Bencharif-Betina [8], seven known
ursane-type saponins were identified by 2D-NMR
spectroscopy and FAB-mas spectrometry from the
methanolic extract of the whole plant Z. cornutum Coss.

The leaves extracts of P. harmala L. contained gallic
and caffeic acids, quercetin and berberine. Harmaline is
the major alkaloid of this plant and was first isolated by
Gobel from its seeds and roots [38]. Other studies
showed that beta-carboline and kinazoline alkaloids are
important compounds of P. harmala L. [43].

All of these results indicate that the phytochemical
profile of a plant is directly related to the conditions of
the environment such as the geographical location, the
temperature, the photoperiod, the vegetative stage and
the climate which often alter plant chemical
composition and restrict plant growth. These factors
influence the synthesis pathways of the active
compounds of the plant [64].

In conclusion, the present study of the crude extracts
for the plant species P. harmala L., Z. cornutum Coss.,
L. guyonianum Boiss. showed that they contain high
levels and varied antioxidant compounds like phenolic
acids and quercetin with higher antioxidant effect at the
vegetative stage using 70% EtOH. It was found also that
the antioxidant activity is not obligatory in relation with
the amounts of antioxidant molecules. These findings
may be explained by the quality and nature of the
secondary metabolites present in the extracts, which
may work in synergism or to the influence of
temperature on the efficiency of antioxidant
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compounds. The stage of development, the solvent and
the duration of extraction and conservation can also
influence the results.
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