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ABSTRACT

Background and Aims: We are interested in the comparison of phytochemical screening, the estimation of the phenolic content
and the antioxidant activity of the leaves and flowers of three species of Lavandula (L. dentata, L. multifida, and L. stoechas)
from the Tlemcen region (Algeria).

Methods: The preparations of the hydro-methanolic extracts were carried out by maceration. The latter in order to quantify
the phenolic compounds and to evaluate the antioxidant activity in vitro by trapping the DPPH® radical and iron reducer.
Results: Phytochemical tests reveal the presence of tannins and flavonoids in all extracts with varying intensities. The deter-
mination of total phenols by the Folin ciocalteu method shows that the extract from the leaves of L. multifida is the richest in
total phenols (23.11 mg EAG/g DW) and has the most importantimportant reducing power (EC50=343+10 pg/ml) and inhibi-
tion of DPPH radical activity (IC50=7.43 pg/mL).

Conclusion: In this context, the results presented deduce that these plants are a promising source of phenolic compounds.
Biological studies are needed to elucidate and conclude the effectiveness of these plants, which can be a challenge for new
food and cosmetic products.
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INTRODUCTION

Investigations of medicinal plants are still under development. Because they have been recognised as an essential supply for
healthcare treatments; so, it can be stated with all certainty that in recent years, there is a growing interest in the subject of natu-
ral active substances contained in herbs (Kala 2015; Adaszynska-Skwirzynska & Dzieciot 2017). The efficacy of the plants in the
treatment of different human diseases has been attributed to the presence of different active compounds, principally phenolic
derivatives. These compounds have been well-reported to exert antioxidant properties. They may prevent the damage caused
by reactive oxygen species (Algieri et al, 2016). Lamiaceae is one of the largest families of flowering plants comprising about 250
genera and over 7,000 species (Napoli, Siracusa, & Ruberto, 2020). The Lavandula genus is an important member of this family
(Canli, Yetgin, Benek, Bozyel, & Murat Altuner, 2019), it is native to the Mediterranean region and grows as high as 1-2m with ever-
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green leaves (Soheili & Salami, 2019). Lavandula is rich in a wide
variety of secondary metabolites, such as essential oils, cou-
marins and phenolic compounds (Panuccio, Fazio, Papalia, &
Barreca, 2016). It is used to treat superficial wounds and burns
and has sedative, antibacterial, anti-fungal, antidepressant and
anti-inflammatory effects (Soheili & Salami, 2019). The flowers
and leaves of lavender either in the form of essential oil mostly,
or different forms of extracts are extensively used in cosmet-
ics, hygiene products, food industry, perfumery and pharma-
ceutical preparations with high industrial value (Panuccio et
al, 2016; Canli et al,, 2019; Soheili & Salami, 2019). This gender
consists of 47 species of small green shrubs having aromatic
foliage and flowers (Canli et al. 2019).

This work based its interest on three species of lavender used
in traditional medicine in Algeria. Lavandula multifida L., which
is often used to treat rheumatism, also has hypoglycemic and
anti-inflammatory properties (El-Hilaly, Hmammouchi, & Ly-
oussi, 2003; Sosa et al. 2005). L. stoechas L. is a species applied
to treat epilepsy and headaches, it has antimicrobial, analgesic,
antiseptic and antispasmodic effects (Amara et al. 2017; Bousta
& Farah 2020). Another species L. dentata L. has carminative
and nervous properties; its essential oils have been used as
a tonic against vertigo, nervous trembling, weakness, spasms
and colic (Dif, Benyahia, Benali, Rahmani, & Bouazza, 2017).
The present study aimed to quantify the phenolic compounds
contained in the hydromethanolic extracts of L. dentate, L.
multifida, and L. stoechas, and to evaluate their antioxidant ca-
pacities by DPPH® assay and iron reduction, in order to show
possible differences in antioxidant content and improve the
knowledge of bioactive compounds, which may be helpful for
therapeutic and pharmaceutical applications.

MATERIALS AND METHODS

Plant material

Lavandula dentata, L. stoechas and L. multifida, were harvested
in February 2020 in the Ghazaouet region, wilaya of Tlemcen
(North-West of Algeria). They were identified in the Laboratory
of Natural Products, the Department of Biology, in the Univer-
sity of Tlemcen, Algeria. Voucher specimens were deposited
at the Herbarium of the Laboratory. The leaves and flowers of
each plant were separated and dried in a dark and dry place. The
samples were transformed into powder using an electric mill.

Preparation of hydro-methanolic extracts

The preparations of the hydro-methanolic extracts were car-
ried out by maceration for 24 hours of 10g of the plant powder
in 200 mL of methanol-water (70-30). After filtration, the ex-
tracts were evaporated at 45°C under reduced pressure.

The yield of the plants in dry extract was determined by calcu-
lating the following ratio: Yield% = [P1-P2 / P3] x 100

P1: Weight of the flask after evaporation, P2: Weight of the
empty flask, P3: Weight of the starting dry plant material.

The dry extracts were taken up in a few millilitres of methanol
for phytochemical tests, dosages and assessments of antioxi-
dant activity.

Phytochemical tests of flavonoids and tannins

In order to highlight the presence or absence of certain com-
pounds belonging to the chemical families of secondary
metabolites, specific phytochemical tests were carried out
based on color, turbidity or precipitation reactions, using the
methods described in the literature (Haddouchi, Chaouche, &
Nourdinne, 2018).

Detection of flavonoids

Ten drops of concentrated hydrochloric acid (HCl) and a few
milligrams of magnesium turnings were added to 0.5 mL of
each extract. The pink red or yellow coloration, after 3 min of
incubation at room temperature, indicates the presence of fla-
vonoids.

Detection of tannins

Eight drops of a dilute solution of ferric chloride (FeCl;) at 1%
were added to 0.5 mL of each extract. After a few minutes of
incubation at room temperature, the ferric chloride develops a
greenish coloration, which indicates the presence of catechic
tannins or a blue-blackish one, which reveals the existence of
gallic tannins.

Determination of total phenol contents

One hundred pL of each extract at a concentration of 1 mg/
ml, and mixed with 2 mL of a sodium carbonate (2 %) solu-
tion were freshly prepared, the whole was agitated with a vor-
tex. After 5 min, 100 pL of the Folin-Ciocalteu diluted reagent
(1/20) was added, the mixture was incubated in total darkness
for 30 min at room temperature, the absorbance was read at
700 nm. Different concentrations of gallic acid were used to
prepare a calibration curve. The results were expressed as mil-
ligram gallic acid equivalents (GAE)/g DW (Chaouche, Haddou-
chi, Boudjemai, & Ghellai, 2020).

In vitro evaluation of antioxidant activity

Scavenging of the free radical DPPH®

At different concentrations, 50 uL of each extract was added
to 1950 L of a methanolic solution of 2,2-diphenyl-1-picrylhy-
drazyl (DPPH®) at 6.34 10° M. For each concentration, a blank
was prepared. A negative control was prepared, in parallel,
while mixing 50 pL of methanol with 1950 pL of a methanolic
solution of DPPH® at the same used concentration. After incu-
bation in the dark for 30 minutes and at room temperature,
the reduction in DPPH® was accompanied by a change of color
from purple to yellow in the solution. The absorbances were
read at 515 nm using a spectrophotometer. The positive con-
trol used was butylated hydroxyanisole (BHA), and the radical
scavenging activity was calculated as a percentage of DPPH®
discoloration using the equation: DPPH® radical scavenging
(%) = [(AO— AT /AQ] x 100 Where A0 and A1 are the absorbance
at 30 min of the positive control and the extract, respectively.
The anti-radical activity was expressed as ICs, (pg/mL), this was
the extract concentration required to cause a reduction of 50%
to absorbance at 517 nm. A lower ICy, value corresponds to
the extract effectiveness (Chaouche et al. 2015).

Ferric reducing antioxidant potential (FRAP)
After adding 1 mL of each extract at different concentrations
with 2.5 mL of 0.2 M phosphate buffer at pH= 6.6 and 2.5 mL
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of a 1% potassium ferricyanide solution, the obtained mixture
was incubated for 20 minutes at 50°C, and then 2.5 mL of 10%
trichloroacetic acid was added to stop the reaction. The mixture
was centrifuged at 650g for ten minutes at room temperature
and 2.5 mL of the supernatant were added to 2.5 mL of distilled
water and 0.5 mL of 0.1% iron chloride. The absorbance was
read at 700 nm against a blank. The results make it possible to
calculate the effective concentration (ECqy), which is the extract
concentration corresponding to an absorbance equal to 0.5, the
linear regression curve (optics density as a function of the dif-
ferent concentrations). The extract activity was finally compared
with that of the positive control (BHA) (Chaouche et al. 2015).

Statistical analysis method should be written

Values shown in tables were means=+standard deviations of
three parallel measurements. IC50 and EC 50 values were cal-
culated from linear regression analysis.

RESULTS

Yields of hydro-methanolic extracts
The extracts were prepared by maceration for 24 hours in meth-
anol-water (70/30); the yields of dry extracts are shown in Table 1.

Phytochemical tests

Specific phytochemical tests were carried out based on staining
reactions to highlight the presence or absence of two families
of compounds belonging to polyphenols, which are flavonoids
and tannins. The results obtained are presented in Table 2.

Phytochemical tests carried out on the extracts of the two

parts, leaves and flowers of each studied plant, revealed the

Table 1. The yields obtained from the two parts of
the plants studied.

presence of tannins and flavonoids in all the extracts with vary-
ing intensities. For flavonoids, the richest extracts are those of
the leaves of L. dentata and L. multifida, with medium intensi-
ties. These tests also reveal that all the extracts contain catechic
tannins with medium to high intensities, except the extract
from the leaves of L. multifida, which contains gallic tannins
with a very intense blue-black color.

Total polyphenol content

The estimation of total polyphenol contents was carried out by
the Folin-Ciocalteu spectrophotometric method. The results
obtained are expressed in milligrams of gallic acid equivalent
per gram of dry matter (mg GAE/g DW) (Table 3).

Variable contents are found in the numerous hydro-metha-
nolic extracts of the plants studied. The highest content was
recorded for the extract of the leaves of L. multifida (23+1.1
mg EAG/g DW). Significant contents have been observed
in extracts of leaves of L. stoechas (18+1.4 mg EAG/g DW), L.
dentata (15.8+0.9 mg EAG/g DW) and in extracts of flowers of
L. stoechas (17.8+1.6 mg EAG/g DW) and L. dentata (16.4+0.5
mg EAG/g DW). The extract from the flowers of L. multifida has
lower polyphenol content (7.9£0.2 mg EAG/g DW).

Assessment of antioxidant activity

The evaluation of the antioxidant power of the extracts of our
plants was determined by two in vitro methods, the trapping
of the free radical DPPH® and iron reduction.

Trapping of the free radical DPPH°

The results obtained for the positive control, BHA and for the ex-
tracts are expressed as a percentage of inhibition of the free radi-
cal DPPH? as a function of the concentrations of extracts (Fig. 1).

The results obtained show that the inhibition percentages in-
crease as a function of the concentration of extracts. The best

Plants Yields (%) inhibition percentages are obtained from the extracts of the
it (¥ 0y -
| caves ! dentata 7152409 \gaves and flowers of L. multifida, 96.66% and 90.18% respec
' tively, at a concentration of 1000 mg/ml. The extracts of L. stoe-
L multifda 120.6 chas and L. dentata have interesting inhibition percentages,
L. stoechas 18.69+0.8 which are between 64.39% and 75.45%. The antioxidant activ-
Flowers L. dentata 14.96+0.6 ity of the leaves of L. multifida are very close to that of BHA and
L multifida 10.76+0 6 thfe flqwers are slightly (Stat|st‘|cs should be made, this is not a
scientifically relevant comparison) lower. However, the other
L stoechas 15.54£0.5 extracts are significantly lower to that of BHA.
Table 2. Results of phytochemical tests.
Flavonoids Tannins
Plants
Intensity Colour Intensity Colour
Leaves L. dentata ++ Yellow +++ Green
L. multifida ++ Yellow +++ Dark blue
L. stoechas + Yellow ++ Green
Flowers L. dentata + Yellow ++ Green
L. multifida + Yellow +H+ Green
L. stoechas + Yellow +++ Green

Very positive reaction: +++, Positive reaction: ++. Moderately positive reaction: +, Negative reaction: -
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Table 3. Total phenol content in the hydro-
methanolic extracts of the plants studied,
expressed in (mg EAG/g DM) and in (mg EAG/g
extract).

Plants Polyphenols (mg EAG/g DW)
Leaves L. dentata 15.8+0.9
L. multifda 23+1.1
L. stoechas 18£1.4
Flowers L. dentata 16.4x0.5
L.multifida 7.9+0.2
L. stoechas 17.8+1.6

mg EAG/g DW: mg of gallic acid equivalents per gram of dry weight
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Figure 1. Percentages of inhibition of the DPPH® radical as a function
of the different concentrations of the extracts.

The antioxidant power of the different extracts was deter-
mined from the inhibitory concentration ICy, (Table 4). This is
the necessary concentration to inhibit 50% of the DPPH® radi-
cal. The smaller its value, the greater the activity.

For comparative purposes, BHA, which is a standard antioxidant, has
significant anti-free radical activity with an ICy, value of 150 mg/mL.

According to the ICg, values, the classification of the capacity
of the extracts to trap the DPPH® radical is as follows:

BHA > L. multifida leaves > L. multifida flowers > L. stoechas flow-

ers > L. dentate leaves > L. dentate flowers > L. stoechas leaves.

Table 4. DPPH® assay expressed as IC50 values
(g/ml) for the hydro-methanolic extracts studied.

Extracts IC5 (g/ml)
Leaves L. dentata 708+12
L. multifida 300+8
L. stoechas 758+14
Flowers L. dentata 746£11
L. multifida 5719
L. stoechas 612£10
BHA 15047

ICsp: inhibition concentration 50%; DPPH: 2,2-diphenyl
picrylhydrazyl; BHA: Butylated hydroxyanisole

Therefore, extracts from the leaves of L. multifida have the best
anti-free radical activity with an ICs, value of 300+8 mg/ml,
followed by the extract of the flowers of this same plant. This
activity remains lower than that of the positive control BHA.

Iron reduction

This method is based on the reduction capacity of Fe** presentin
the KsFe (CN) complex into Fe”". Figure 2 represents the reduc-
ing capacity of BHA and hydromethanolic extracts. This capacity
increases as a function of the concentration of the extracts. At a
concentration of 1T mg/ml, it is observed that the extract from
the leaves of L. multifida has the highest absorbance (1.48).

The values of the optical densities obtained made it possible to
calculate ECy, of each extract (Table 5). It is the concentration at
which the absorbance is equal to 0.5. The effectiveness of iron
reduction is inversely proportional to the ECy, concentration.

For comparative purposes, BHA used as a positive control has
an ECy, value of 300 mg/ml.

The classification of the efficiency of iron reduction is as fol-
lows: BHA > L. multifida leaves > L. multifida flowers > L. stoe-
chas flowers > L. dentata flowers > L. stoechas leaves > L.
dentate leaves. The most active extracts with the lowest ECg,
concentrations were found to be these of L. multifida leaves
(ECyq 343 mg/ml) and flowers (ECs, 396 mg/ml).

1,6 ~‘

14 ‘
g 12 ‘ # L. dentata leaves
2 1 ‘ M L. multifida leaves
8 038 - A L. stoechas leaves
E ‘ X L. dentata flowers
20,6 | .
8 ‘ ¥ L. multifida flowers
-& 0,4 - ® L. stoechas flowers

0.2 ‘ BHA

Bl | |
[¢] 200 400 600 800 1000
Concentration (mg/ml)

Figure 2. Reducing powers as a function of different concentrations
of the extracts.

Table 5: The iron reducing power, expressed as EC;,
values (g/ml) for the hydro-methanolic extracts
studied.

Extracts ECg, (g/ml)
Leaves L. dentata 508+14
L. multifida 34310
L. stoechas 485+12
Flowers L. dentata 467+12
L. multifida 39613
L. stoechas 415£11
BHA 300+10

ECsq: effective concentration at which the absorbance was 0.5;
BHA: Butylated hydroxyanisole
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DISCUSSION

Our work is part of the evaluation of the antioxidant activity of
the three aromatic plants of the genus Lavandula. The yields of
hydromethanolic extracts, obtained by the maceration of the
leaves and flowers in methanol-water are different from those
found in the two previous works. One was made on the etha-
nol-water extracts of L. multifida and L. stoechas (Bouharb et al.
2014) and the other on the crude aqueous extracts of L. den-
tata and L. stoechas (Bachiri, Echchegadda, Ibijbijen, & Nassiri,
2016), and both obtained using the same extraction method.
However, it is difficult to compare our results with those of the
bibliography, because the method, the solvents and the condi-
tions of extraction, the geographical origin, the conditions of
storage and the period of harvest are different.

Phytochemical screening was carried out in order to qualita-
tively determine the presence of tannins and flavonoids, two
important groups of polyphenols, which are present accord-
ing to the results, obtained in the hydromethanolic extracts
of the studied plants with varying intensities. Our results are
in agreement with the study carried out by Dif et al. (2017) on
the leaves of the three species of Lavandula which provides
an important presence of tannins in the leaves of L. dentata
and L. multifidi, and a weak presence in the leaves of L. stoe-
chas. While flavonoids are moderately present in the leaves
of the three plants studied. Other work carried out on the
aerial parts of L. dentata and L. stoechas, shows that the ex-
tracts contain tannins and flavonoids with variable intensity
(Ramchoun et al. 2009).

The quantitative study of polyphenols revealed that the poly-
phenol contents are close for the hydromethanolic extracts of
the leaves and flowers of L. dentata (15.8+0.9 and 16.4+0.5 mg
EAG/g DW, respectively) and for those of L. stoechas (18+1.4
and 17.8+1.6 mg EAG/g DW, respectively). However, the ex-
tract from the leaves of L. multifda has a higher content than
that of the flowers. It is the richest extract in total polyphenols
among the six studied. The total phenol content calculated in
mg EAG/g extracted throughout the aerial part of L. multifida,
studied by Ramchoun et al. (2009), is 199.16 mg EAG/g extract.
This content is very close to that obtained, only, in the leaves
of our plant of the same species (192+3.6 mg EAG/g extract).

The polyphenol contents are higher than those found by Dif
et al. (2017) in extracts from the leaves of L. multifida (74.74
mg EAG/g extract) and L. stoechas (67.58 mg EAG/g extract)
and L. dentata (60.84 mg EAG/g extract). Another study shows
that the respective contents of total phenols in methanolic ex-
tracts of L. stoechas is 25.2 mg GAE/g and of L. multifida is 30.8
mg GAE/g (Messaoud, Chograni, & Boussaid, 2012). In another
study, they estimated 184.02 mg EAG/g for L. dentata extract
and 64.54 mg EAG/qg for L. stoecha extract, these results can-
not be compared with ours (Bachiri et al. 2016). More recently,
work carried out on the leaves of L. dentata reveals the pres-
ence of a higher amount of total polyphenols (39.58 mg EAG/g
DW) than ours (Bettaieb Rebey, Bourgou, Saidani Tounsi, Fau-
connier, & Ksouri, 2017) , in another work, the polyphenol con-
tent found in the flowers is higher than our results 20.58 + 0.18
(El' Hassouni, El Bachiri, & Belbachir, 2019).

It is difficult to compare our results with this work, because
the use of different extraction techniques, different extraction
solvents and calibration curves (quercetin, rutin, cathechin) re-
duce the reliability of the comparison between studies. Studies
have shown that the content of phenolic compounds varies
considerably from one species to another and within the same
species, due to extrinsic factors (temperature, climate, etc)
(Ksouri et al. 2019), genetics (the variety and origin of the spe-
cies) (Ebrahimzadeh, Pourmorad, & Bekhradnia, 2008), physi-
ological factors (the degree of maturation of the plant, the na-
ture of the organs) (Maisuthisakul, Pongsawatmanit, & Gordon,
2007) and the duration of storage.

The antioxidant activity of polyphenols is mainly due to their
ability to act as hydrogen donors, reducing agents and radical
scavengers. Generally this activity is attributed to the total phe-
nol content and its chemical structure (Messaoud et al. 2012).
Consequently, the variation of antioxidant capacity between
extracts, observed in our study, can be explained by their poly-
phenolic content and composition differences. The study by
Ramchoun et al. (2009), on the extract from the aerial part of L.
multifida, the ICs, value is 2.6 mg/mL. A value greater than that
of the leaves and flowers of L. multifida, studied in this work.
Similarly, the ICs, values, obtained by Dif et al. (2017) from the
leaves of the three Lavandula species, are 2.15 mg/mL for L.
dentata, 17.36 mg/mL for L. multifida and 25.52 mg/mL for L.
stoechas, significantly higher values than ours. However, the
study by Bettaieb et al. (2017) on the leaves, stems and roots
of L. dentata, reveals ICs values of: 200.8; 178.70 and 50.36 mg/
mL, respectively. Therefore a more important activity in flow-
ers, than that of our plant, the ICy, is 508.10 (El Hassouni et
al. 2019). In methanolic extracts of L. multifida and L. stoechas
the 1Csq are 19.03+12 ICy,, mg/mL and 34.2+3.1 have proved
to be more effective than our results (Messaoud et al. 2012). In
another work, hydromethanolic extracts of L. stoechas showed
a higher in vitro antioxidant activity against the DPPH free radi-
cal, than ours (Karabagias, Karabagias, & Riganakos, 2019).

For the reduction of iron, the ECy, recorded for the extracts of
the of L. multifida, L. stoechas and L. dentata leaves and flowers,
was very highly active compared to BHA, and the extracts of L.
multifida were more active compared to the other extracts, it
is probably linked to its high phenolic composition. In a study
by Ramdan et al. (2017), the aqueous extract of L. dentata has
less activity compared to the hydromethanolic extracts of the
same species studied, on the other hand the ethanolic extract
(EC50 346.5mg/mL) has more activity than that found in our
work. This activity depended mainly on the type of solvent
used for extraction (Nguyen et al. 2017), the extraction method
as well as the geographical location of the plant and the har-
vest season (Chaouche et al. 2020).

CONCLUSION

In recent years, natural substances have seen an increasing
interest in the medical field, in the pharmaceutical areas and
food industries. In this context we were interested in the quan-
tification of total phenols and in the antioxidant power of hy-
dromethanolic extracts of the leaves and flowers of three spe-
cies of Lavandula (L. dentata, L. multifida and L. stoechas).
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From the results obtained during this study, we noticed the
presence of flavonoids and tannins in two parts of the three
plants studied. The assay results of total polyphenols and the
antioxidant activities in these extracts, show that the extract of
the leaves L. multifida have a high level of polyphenols (23+1.1
mg EAG/g DW) and a significant antioxidant power compared
to other extracts (DPPH® assay the leaves: ICy, 300+8 pg/ml),
this activity remains low by comparing the ICq, values of the
extracts with those of the positive controls (BHA). This may be
due to the fact that the concentrations necessary to exert an
antioxidant activity are higher for crude plant extracts than for
pure and synthetic molecules.

Finally, these results obtained, in vitro, constitute only a first step
in the search for natural substances which have antioxidant ac-
tivity. It would be interesting to carry out other techniques and
methods such as: Testing the antioxidant effect by other in vitro
and in vivo methods, isolating and identifying chemical com-
pounds responsible for the antioxidant activity of L. multifida.
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