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ABSTRACT

Natural plant extracts contain a variety of phenolic compounds, to which variousbiological activitiesare attributed.
Ruta chalepensis, known as “ Fidjel”, is widespread in the Algerian territory, which was selected in order to
estimateits content of secondary metabolites (phenolic compounds, flavonoids, tannins), and itsantioxidant activity
(DPPH, FRAP). For this purpose, two methanolic extracts were prepared from the leaves of this plant, harvested
from two different areas: Tessala mountains (Sdi-Bel-Abbes town) and Taougrite mountains (Chlef town), which
crude extract yields are around of 12.4% and 20.1% respectively. The quantitative estimation of the different
secondary metabolites showed that the methanolic extract of Tessalamountains (MER ) istherichestin polyphenols
(10.6520.67 mg GAE/g), flavonoids (31.16 + 0.55 mg CE/g), hydrolyzable tannins (0.78 £ 0.02mg CE/ g), and in
condensed tannins (2.75 = 0.10 mg CE/g). However, an antioxidant activity evaluation of the two extracts showed
that, both fractions are active with a maximum IC_; of 68.41+9.98 ug/ml in (MER,_). On the other hand, the
extract from that of the Taougrite Mountains (MER, ) shows a stronger reducing activity than (MER .); the
difference remains not significant. In conclusion, the plant harvesting area, and the bioclimatic conditions might
influence the Rutaceae leaf extracts content and quality of the same family.

Keywords: DPPH, FRAP, methanolic extract, Ruta chalepensis, secondary metabolites, yield.

INTRODUCTION

Since the beginning of humanity, people have
been depending on plants to provide their vital
necessities, thus the important role of plants as a

2007). Phenolic compounds, essential oilsand other
secondary metabolites represent high value
molecules, used in the pharmaceutical, cosmetic
and food industries. The antioxidant activities of

good source of medicines (Sabitha Rani et al.,
2019). In modern medical aspects, various plants
or plant-based materials have attracted agreat focus
on the potential drug candidate development/
extraction, particularly for the non-communicable
diseases treatment such as diabetes mellitus and
cancer, etc. (Bhowmik, 2019). Theactive principles
of medicinal plants are often linked to the
productions of secondary metabolites, which are
widely used in therapy, such as preventive anti-
inflammatory, antimicrobial, antiseptic, diuretic
agents, essentially antioxidant agentswhich defend
against oxidative stress (Bourgaud et al ., 2001; Kar,

IIMFM&AP, Vol. 7 No. 1, 2021

these products have been reported in numerous
studies around the world (Bouzouita et al., 2008).
The Ruta chalepensis plant, belonging to the
Rutaceae family is very rich in secondary
metabolites, which explainsitsbiological activities:
antifungal, antioxidant and anti-inflammatory
(Gonzalez-Trujano et al ., 2006; Raghav et al.,2006;
Al-Said et al.,1990). This specie is spontaneous,
widely distributed in North Africa, particularly in
Algeria; whereit isknown as Fidjel.
Theobjective of our study isto evaluatein vitro
the antioxidant activity, as well as, the content of
total phenolic compounds, flavonoids,



hydrolyzable and condensed tannins of Ruta
Chalepensis methanolic extracts, collected before
the flowering period. Sampling was undertaken in
two different western Algeria areas, (Tessala
mountainsin Sidi-Bel-Abbesregion and Taougrite
mountains in Chlef region) characterized by
different bioclimatic conditions with the purpose
to assess whether the different climatic conditions
may influence the bioactive compound content.

MATERIALSAND METHODS
Plant material

Ruta Chalpensis was harvested in February
2018 intwo different, areas:. Tessalamount, which
islocated at 15 km northwest of the Sidi-Bel-Abbes
city and the Taougrite mountain of the Chlef city.
Bioclimatic data for the two regions are listed in
(Table1).

The leaves were washed in running water, and
then dried at room temperature and away from light.
The sampleswerethen crushed and sieved to obtain
a homogeneous granular structure, and stored in
glassviasfor further analysis (Fig. 1).

Preparation of methanolic extracts

The powdered Ruta Chalepensis leaves (10 g)
wereextracted with 100 ml of 80% methanol, under
agitation for 24 hours at room temperature
(Mahenié et al., 2007). The mixture was filtered
and then concentrated using arotavapor (Heidol ph
instruments), to obtain two extract: MER . =
methanolic extract of Ruta from Tessala mount;
MER = methanolic extract of Ruta from

TAO
Taougrite mount.

Deter mination of secondary metabolites
Total phenols

The total phenol content of the extracts was
determined by the Folin-Ciocalteu method (Qusti
et al., 2010). 200 pl of the extract was mixed with
1 ml of freshly prepared Folin-Ciocalteu reagent
(ten times diluted), and 0.8 ml of 7.5% sodium
carbonate (Na,CO,) has been added. The mixture
wasincubated at room temperature for 30 minutes,
and the reading was taken against a blank using a
spectrophotometer at 765 nm. Phenol concentration
in each samplewas cal culated against acalibration
curve with gallic acid at different concentrations.
Theresults are expressed as milligrams gallic acid
equivaent per gram of dry matter (mg GAE/g d.w).
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Flavonoids

The flavonoid content of the extracts was
determined using the aluminum trichloride
colorimetric method (Kim et al., 2003). An amount
of 500 pl of the extract was mixed with 1.5 ml of
distilled water, and subsequently with 0.3 ml of a
5% sodium nitrite solution NaNO,. After five
minutes, 3 ml of a 10% AICI, solution was added.
After 6 min, 1 ml of 4% NaOH was added. After
five minutes the whole mixture was stirred with a
vortex. The absorbance was measured at 510 nm.
Quercetin was used as standard for the calibration
curve. Total flavonoids contents are expressed as,
mg quercetin equivalent/g of dry matter (mg CE/g
d.w).

Condensed tannins

This determination rate method of the
condensed tanninsis based on the condensation of
polyphenolic compoundswith vanillininan acidic
medium, which will give a brown compound. For
the determination of condensed tannins, 0.1 mI-0.5
ml extracts were placed in tubes and then 3 ml of
4% (w/v) vanillin in methanol are added. After
vigorous stirring 1.5 ml of concentrated HCl was
immediately added and stirred again. Absorbance
was measured at 500 nm after 20 min of incubation
(Julkunen-Titto,1985).The calibration curve was
prepared under the same conditions, using catechin
as standard and the results are expressed as mg
catechin equivaent/g dry matter (mg CE/qg).

We have adopted the vanillin method with HCI.
Which depends on the vanillin reaction with the
terminal flavonoid group of condensed tannins,
with thered complexesformation, thisisexplained
by the characteristic of tannins to transform into
red colored anthocyanidols by the reaction with
vanillin. The content of condensed tannins was
determined by the vanillin method described by
(Julkunen-Titto,1985). A volume of 50 il of each
extract was added to 1500 il of the 4% vanillin/
methanol solution and mixed vigoroudly. Then, 750
il volume of concentrated hydrochloric acid (HCI)
was added. The obtained mixture was allowed to
react at room temperature for 20 min. The
absorbance was measured at 550 nm against a
control. Various concentrations between 0 and 1000
pg/ml prepared from acatechin stock solution, will
be used to trace the calibration curve.
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Hydrolyzable tannins

The hydrolyzable tannins determination was
performed by the Mole and Watrman method
(1987), based on a reaction with ferric chloride.
Thetannic extract mixturewith theferric chloride
reagent produces a blue-black coloration in the
presence of gallic tannins; and a green-brown
colorationin the presence of catechic tannins, from
which the (Fe3+) ions are formed. To accomplish
this, 1 ml of the extract was added to 3.5 ml of a
0.01IM Fe C1, solutionin 0.001M HCI (V/V). The
mixture was vigorously mixed, and the optical
density was read at 660 nm with a
spectrophotometer. The hydrolyzable tannins
content in the extracts was calculated from a
calibration curve, carried out with gallic acid, under
the same experimental conditions as the tested
samples

A 0.01 M Fe Cl, solution was mixed with a
0.001M (v/v) HCI solution. 3.5 ml of thissolution
was added to 1ml of extract. After 15 seconds, the
absorbance was measured at 660 nm.

The hydrolyzable tannins are expressed by the
following formula:

HT (%) =(AbsxM xV)/EmolexW

With: HT: hydrolysable tannins, Abs:
absorbance, E mole: 2169 of gallic acid (constant
expressed in mole), M: mass = 300, V: volume of
the used extract, W: weight of the sample. The
results are expressed as milligram gallic acid
equivaent per gram of dry extract (mg GAE/g DE).

Antioxidant activity
DPPH Test

In the presence of free radical scavengers, the
purple-colored DPPH (2,2-diphenyl-1-
picrylhydrazyl) is reduced to yellow-colored 2,2-
diphenyl-1-picrylhydrazine (Maataoui et al., 2006
and Molyneux, 2004).

The free radical scavenging activity of plant
extractswas determined according to (Benhammou
et al., 2009). A volume of 50 il of different
concentrations of each extract was added to 1.95
ml of the freshly prepared DPPH methanolic
solution (25 mg/l). The negative control, were
prepared in parallel, by mixing 50 il methanol with
1.95 ml of amethanolic DPPH solution, at the same
concentration. After incubation in the dark for 30
minutes at room temperature, the absorbances of
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each sample and negative control wereread at 515
nm using a spectrophotometer. The reactionswere
repeated threetimesfor each dilution, and then the
value mean of the percentage inhibition of
scavenging activity for DPPH was taken.

Calculation of inhibition per centages of DPPH

We calculate the inhibition percentages by the
following formula:

| % = ((Ca- Ta) / Ca) x 100. With: Ca the
control absorbance; Ta: the test absorbance
performed.

All tests were performed in triplicate. The
methanolic extracts kinetics reactionsand ascorbic
acid with DPPH were recorded at each examined
concentration. The concentrations of the different
extracts and ascorbic acid, as a function of the
percentages of inhibited DPPH, were graphed at
the end of the reactionsto obtain the IC, index.

IC,, or 50% inhibitory concentration isthe test
sample concentration required to reduce 50% of
the DPPH radical. The IC_, was graphically
calculated by thelinear regressions of the graphical
representations of the inhibition percentages as a
function of different concentrations of thefractions
tested.

FRAP Test (Ferric Iron Reducing Power)

The principle is based on the ferric iron
reduction reaction (Fe**), present in the K Fe (CN)
 complex to ferrousiron (Fe**) by an antioxidant,
thereactionisrevealed by the change of theyellow
color of ferriciron (Fe*) to the blue-green color of
ferrousiron (Fe*).The intensity of this coloration
is measured by spectrophotometry at 700 nm
(Chung et al., 2002).

Theprotocol established by (Oyaizu et al.,1986)
was adopted, which consists of taking 0.5 ml of
each extract, at different concentrationsand mixing
them with 1.25 ml of a 0.2M phosphate buffer
solution (pH = 6.6) and 1.25 ml of a 1% potassium
ferricyanide solution K ,Fe (CN),. The mixturewas
incubated at 50°C, for 20 min, and then cooled at
room temperature. 2.5ml of 10% trichloroacetic
acid was added to stop the reaction, and then the
tubesare centrifuged at 3000 rpm for 10 min. Then
1.25ml of the supernatant added to 1.25 ml of
distilled water and 250 ml of 0.1% (Fe Cl,)) solution.
The absorbances read spectrophotometrically at a
wavelength of 700 nm. The positive control was



represented by an antioxidant standard sol ution; the
ascorbic acid, the absorbance of which was
measured under the same conditions asthe samples.
Theiron (Fe*) reducing activity determination was
performed in triplicate.

Satistical analysis

Theresultsare expressed in theform of themean
and their standard (X = ES). Statistical analysis of
thedataisconducted using Microsoft Excel version
2010 software. The statistical analysis of the
different groups data; was carried out by the Student
test “t”; this parametric statistical test is suitable
for a comparative analysis between the means of
the experimental samples, and that of the control
group. Inall cases, ap value <0.05 was considered
significant.
RESULTSAND DISCUSSION
Extractionsyield

The Ruta chalepensisleavescrudeextract yields
changed according to the stations (Table 2). The
highest yieldswere measured in the plant |eaves of
the TaougritemountainsMER | | (20.1%) whereas
in TessalaMER . were 12.4 %.

The difference in yield rate obtained was due
before hand to the solvent used on the one hand
and on the other hand, to the richness of Ruta
chalepensis in methanol-soluble substances.
Indeed, studies have indicated that a ratio of
methanol 70% is generally used in the flavonoids
extraction, phenol acids and their derivatives; and
awide range of biomolecules (Al-Farsi and Lee,
2008). The results of (Al-Said et al.,1990) on R.
chalepensis, gaveacrude extract yield of thewhole
aeria parts with 3.75%, thisyield is clearly much
lower than that obtained in our study, this may be

Table 1: Climatic features of the study areas
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dueto characteristics of each speciesand the harvest
region (soil, temperature). Thus, for Ruta
chalepensis, the crude methanolic extracts yields
found was higher than those reported by
(Merghache et al., 2009) (0.82%), (Hnatyszyn et
al., 1974) (0.9%), (Mgjri et al., 2010) (5.51%) and
(Fakhfakh et al., 2012) (2.32 to 1.25%).

Total phenols and flavonoids content

The levels of total phenols and flavonoids are
reported in (Fig. 2). According to our results, we
noticed that MER s WES richer in flavonoids (p
<0.05) in comparison with MER _ . While, the
differencein polyphenol contentin thetwo extracts
remains statistically insignificant (p> 0.05).

The difference in total phenols and flavonoids
content may be due to the climatic conditions,
which differ from regionto another. The polyphenal
content variability in plant speciesis probably due
to, the extracts phenolic composition (Hayouni et
al., 2007), to genotypic factors, biotic (species,
organ and physiological stage), abiotic (edaphic
factors) (Ksouri et al., 2008), the soil nature and
the microclimate type (Atmani et al., 2009), and
aso to the bioclimatic stages where these plants
grow. On the other hand, Bentabet et al.(2007)
confirmed that the polyphenolic content varies both
qualitatively and quantitatively from plant to
another, which can be attributed to several factors
such asclimatic and environmental factors, genetic
patrimony, the harvesting period and the stage of
plant devel opment, the extract concentrations, the
extraction used method, etc.

The polyphenol content of tested extracts was
lower compared to the study realized by Bettaieb
et al.(2012), who reported that the total phenol
content in the Ruta chalepensis aerial part obtained
from methanolic extract wasaround 13.7 mg GAE/

Characters Longitude Latitude Altitude Climate
Tessala 00:76408° 35:26978° 1061 m Semi-arid dry and cold
Taougrite 0°552 222 2 36°1423922 528 m Mediterranean with hot summer

Table2: Crude extracts yields from Ruta
chalepensisleaves.

Samples Yield (%)
MER_ 124
MER.,, 20.1
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g of dry matter, while Ghazghaziaet al. (2013) have
reported that, the R. chalepensis|eaves polyphenol
contents are 12.82 mg GAE/g of dry matter. In
another study carried out by Shuib et al. (2015),
the Ruta angustifolia species registered a content
of 18.89 mg GAE/g.
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On the other hand, the tested plant flavonoid
content remained higher compared to other
researches performed by Khlifi et al. (2013) who
reported the Ruta chalepensis methanolic extract
aerial part flavonoid content to be around 12.78 +
0.08mg EAG/g of dry matter. While Bettaieb et al.
(2012) registered a content of 6.50 mg QE/g of
hydro-methanolic extract (80:20) (V:V). This
signifiesthat theflavonoid content varied according
to the used extraction solvent.

Condensed and hydr olyzable tannins content

The condensed and hydrolyzable tannins
guantification is shown in (Fig.3). Our results
confirm that, the plant extract from the Tessala
mountainsisdightly richin hydrolyzable (p<0.05)
and condensed (p<0.01) tannins, compared to that
from the Taougrite mountains. In general, the
chemical families detected in our experimentation,
confirmed the researches carried out on various
origins species (Saudi Arabia, Turkey, Jordan,
Algeria, India, Morocco and Oman) (El-Sayed et
al., 2000; Gunaydin and Savci, 2005; Shehadeh et
al., 2007; Haddouchi et al.,2013; Raaman et al.,
2014; Al-Brashdi € al., 2016; Daoudi et al., 2016).

Indeed, the presence of these secondary
metabolites can explain various biological
activities: protective against biotic and abiotic
aggressions, antifungal, antioxidant, phytotoxic,
abortive, anti-allergic, anti-tumoral, anticancer,
neuroprotective, antispasmodic, cytotoxic,
antibacterial, anti-inflammatory, antiviral and
insecticides (Conti et al.,2013; Shuib et al., 2015;
Chaibeddra et al., 2016; Daoudi et al.,2016).

Antioxidant activity
DPPH (2.2'-diphenyl-1-picrylhydrazyl)

The results shown in the figure 4, illustrate the
percentages of the antiradical activity of the two
Ruta chalepensis L. extracts shows that MER
exhibits the highest inhibition percentage of order
85.6% at maximum concentration (250ug/ml),
followed by M ERTAQ with avalue of 84.35%.

Among the obtained different fractions, the
M ERTES fraction representsthe most active extract,
its IC_ was 68.41 + 9.98 ug /ml, followed by the
MER_ _fraction with an IC_ around 70.6 +12.12
ug/mﬁOCompared to the standard antioxidant
ascorbic acid, both fractions are more active. The
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difference between the IC_ of the tested extracts
was not statistically significant (Fig.5).

Both extracts showed significant antioxidant
capacity. According to Abou Zeid et al.(2014),
phenolics such as flavonoids, phenolic acids,
tannins and furocoumarins directly contribute to
the plant antioxidant capacity. Turkmen et al.
(2007) noted that polyphenol sappear to be effective
hydrogen donorsto the DPPH radical, dueto their
chemical structure. Works carried out by Kang et
al. (2003) suggested that, the polar molecules
present in the plant extracts contribute to the
antioxidant activity increase. Thisisgenerally due
to the synergy between the different existing
antioxidant compounds. Similarly, studies by
Ouerghemm et al. (2016), which were performed
on the R. chalepensis flowers methanolic extract
from two different provenances (wild and
cultivated), revealed that the antioxidant potential
was quite high in the plant’s aerial part with an
IC,, intherange of 23.73ig/ml for thewild flowers
and 28.48ig/ml for the cultivated R. chalepensis
flowers. The study achieved by Ghazghazi et al.
(2013) on the Ruta chal epensi s antioxidant activity
reveaed a remarkable antioxidant capacity; 1C,
of the leaves wich was estimated at 35ig/ml. The
antioxidant capacity seemsto beinfluenced by the
total polyphenols contents. The studies of Kacem
et al. (2015) also showed that R. chalepensis
possessesafairly high antioxidant potential. Indeed,
a aconcentration of about 500 mg/ml, the ethanolic
extract decolors the DPPH and scavenges the free
radicals with an inhibition rate of about 84%.

Iron reducing (FRAP)

Thereducing activity results clearly show that,
M ERT o exhibitsthe reduce power of Fe"®ionmore
strongfy incomparisonwithM RET o the statistical
analysis doesn’t show a signifi cant difference (P>
0.05) (Fig. 6). According to results obtained, the
activity of our extracts is average, these results
which synchronize with that of Djeridane et al.
(2006), wherethey found that, the Ruta sp. phenolic
extract activity waslessimportant compared to the
other ten plants studied at the same time, although
the phenolic compounds content wasimportant, this
isgenerally dueto the synergy between the different
existing antioxidant compounds, which makesthe
activity not only concentration-dependent. The
antioxidant activity dependson severa factors, such
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Fig. 1. Ruta chalepensisfresh plant (A) and after drying (B) (personal photo)
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as. the extract concentration, the eval uation method,
the antioxidant sensitivity to the test temperature,
the antioxidant’s water -soluble or lipid-soluble
nature ( Kadri, 2011 and Pukal skas, 2012).

CONCLUSION

Frominvitro datait was concluded that the Ruta
Chalepensis extract from the Tessala mountains
was dlightly rich in certain secondary metabolites
and antioxidant elements, than that of the Taougrite
mountains. The study has highlighted theinfluence
of areaharvest factor of plant onthe extracts content
and quality. In addition, an evaluation of the
antioxidant activity of the Ruta chalepensis
essences against DPPH and FRAP, and the spectral
assay of the bioactive substances (polyphenals,
flavonoids and tannins), showed that this Rutaceae
exhibit aninteresting antioxidant power suggesting
their use in the food, in cosmetics and in the
pharmaceutical industry.
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