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ABSTRACT

Objective: The present study was undertaken to determine antioxidant activity and total phenolic and flavonoid content of ethanol, methanol, ethyl 
acetate, and aqueous extracts of the leaves of Laurus nobilis L.

Methods: Antioxidant properties were measured using three tests: Free radical scavenging activity against 2,2-diphenyl picrylhydrazyl (DPPH), 
reduction of molybdate, and reducing (Fe3+/Fe2+) power. Total phenolic and flavonoid content was measured by Folin–Ciocalteu and rutin reagent, 
respectively.

Results: The results showed that both the ethanol and water extracts had greater antioxidant activity than ethyl acetate. Aqueous extract exhibited 
a higher DPPH radical scavenging and reducing molybdate 545.83±5.89 mg equivalent to ascorbic acid/g dry extract. The strong antioxidant activity 
of water extract was probably due to its high content of phenols. Furthermore, ethanol and water extracts showed higher total flavonoid content with 
the values: 153.33±3.59 and 127.25±2.60 mg equivalent rutin/g dry extract, respectively.

Conclusion: Our results suggested a potent and excellent antioxidant activity of L. nobilis L. extracts of Morocco. Further research has to be done to 
isolate the pure bioactive compound and could be considered as a potential source of biomolecules for pharmaceutical and food industry.
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INTRODUCTION

The oxidative stress is mainly generated due to the disequilibrium 
between the production of reactive species and the organism defense. 
The excessive production of reactive species causes usually DNA 
and protein denaturation, lipid peroxidation, which induces chronic 
diseases such as cancer, diabetes as well as neurodegenerative and 
cardiovascular diseases [1]. Hence, an organism needs to synthesize 
antioxidant substances to tackle the production of free radicals. Given 
that the antioxidants are toxic, it is necessary to look for some natural 
antioxidants as an alternative pathway. Indeed, plants, being rich in terms 
of secondary metabolites (e.g., phenols and flavonoids), have several 
benefits on human public health [2,3]. These secondary metabolites are 
able to reduce different free radicals for further prevention from chronic 
diseases [4]. The growth of different plant organs depends ultimately 
on environmental conditions such as light, water, and soil nutrients. 
The genus Laurus is an evergreen Mediterranean tree. It is used usually 
as a condiment in traditional dishes. Several researches have reported 
on the essential oil of laurel. These studies have confirmed the great 
antibacterial, antifungal, and antioxidant potential of this oil [4-6]. 
Moreover, laurel oil could be used in conservation food process [7] and 
also as a biopesticide [8]. Conventionally, Laurus nobilis L. leaves could 
be used as aroma and are mainly exploited in traditional medicine 
for earache treatments and rheumatism and also could promote the 
transpiration process and blood infusion using its fruit which has 
diuretic and carminative effects. Several pharmaceutical studies have 
demonstrated that laurel might be used in diabetes treatment as 
well as cardiovascular diseases to improve the lipid profile in type 2 
diabetes [9]. The aqueous laurel extract is characterized by remarkable 
healing activities [10] and by a gastroprotector effect [11,12]. Being rich 
in various secondary metabolites, the genus Laurus represents a great 
importance toward human disease treatments.

In this present study, we focused on the identification of laurel 
antioxidant properties. Thus, the major aim was to determine the 
different amounts of phenols and flavonoids in different extracts to 
select the best-extracted solvent, which has an antioxidant activity 
compared to the standard antioxidants.

METHODS

Reagents and standards
2,2-diphenyl picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT), 
ammonium molybdate, sodium phosphate, sulfuric acid, gallic acid, 
FeCl3, K3Fe(CN)6, and Folin–Ciocalteu reagent were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). All the other chemicals and solvents 
used were of analytical grade.

Plant materials and preparation of extracts
Leaves of Laurier were collected in April 2014 from the region 
of Larache (Western Morocco) and dried for 2  weeks at ambient 
temperature. Identification was confirmed by Professor Amina Bari, 
botanist (Department of Biological Sciences, Faculty of Sciences Sidi 
Mohammed Ben Abdellah University, Fez, Morocco). 5 g of powder 
was extracted with 50 ml of solvent (water, ethanol, methanol, and 
ethyl acetate) for 48  h; then, the mixture was filtered through a 
filter paper (Whatman N°1) and dried under vacuum at 45°C for 
further use.

DPPH scavenging activity
The ability of the extracts to scavenge the DPPH radical was measured 
using the method described by Si et  al. [13], and 0.1 ml of various 
concentrations of the extracts or standard was added to 1.5 ml of 
ethanolic solution containing 0.1 mmol of DPPH. The absorbance of 
the mixture was measured at 517 nm with a spectrophotometer (Jasco 
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V-530) after 30 min of incubation time at room temperature in the dark. 
The percentage inhibition was calculated by the following equation:

I (%) = ((Ab - As)/ Ab) × 100

Where As is the absorbance of the control and Ab is the absorbance of the 
sample. BHT served as positive control. The IC50 values were calculated 
as the concentration providing a 50% inhibition of DPPH radical.

Reducing power capacity
The reducing capacity of the tested extracts was determined in 
accordance with the procedure of Oyaizu [14]. 100 µl of the extract 
was mixed with 500 µl of phosphate buffer (0.2 M, pH 6, 6) and 500 µl 
of potassium ferricyanide (K3Fe [CN]6)1%. The obtained solution was 
incubated at 50°C for 20 min. The mixture was acidified with 500 µl of 
trichloroacetic 10% which was then centrifuged at 3000 rpm for 10 min. 
The upper layer of the solution (2.5 ml) was mixed with 500 µl of distilled 
water and 100 µl of FeCl3 (0, 1%), and the absorbance was measured 
at 700 nm (Jasco v-530). BHT was used as standard. The results were 
expressed as EC50 (mg/ml). EC50 (concentration corresponding 0.5 
of absorbance) was calculated by plotting absorbance against the 
corresponding concentration. All samples were analyzed in triplicate.

Total antioxidant capacity
The assay was based on the reduction of Mo(VI) to Mo(V) and 
subsequent formation of a green phosphate/Mo(V) complex in acid 
pH [15]. A total volume of 25 µl extracts dissolved in ethanol was added 
to 1 ml of reagent solution (0.6 mol/L sulfuric acid, 28 mmol/l sodium 
phosphate, and 4 mmol/l ammonium molybdate). The mixtures were 
incubated at 95°C for 90 min and then cooled to room temperature. 
The absorbance was measured at 695 nm (Jasco v-530). The total 
antioxidant activity was expressed as the number of equivalence of 
ascorbic acid.

Determination of total phenolic compounds content
Total phenolic content of the extract was determined by Folin–Ciocalteu 
method [16]. The 0.5 ml of a known dilution of the extract and 2 ml 
of 7% sodium carbonate solution were added to 2.5 ml of 10% (v/v) 
Folin–Ciocalteu reagent. The absorbance was read at 760 nm (Jasco 
v-530) after 2 h of reaction at room temperature in the dark. Gallic acid 
was used as standard for the construction of calibration curve. Total 
phenol contents were expressed as milligrams of gallic acid equivalents 
per gram dry weight (mg GAE/g DM).

Total flavonoids contents
Total flavonoids contents of extracts were measured by the aluminum 
chloride colorimetric assay [17]. 1 ml of sample or rutin standard 
solution was added into a 10 ml volumetric flask containing 4 ml of 
distilled water. To the flask, 0.30 ml 5% NaNO2 was added, and after 
5 min, 0.3 ml AlCl3 10 % was added to react for 6 min. After that, 2 ml of 
1M NaOH was added and the total was made up to 10 ml with distilled 
water. The solution was mixed and absorbance was measured against 
the blank at 510 nm (Jasco v-530). Rutin was used as standard for 
the construction of calibration curve. Total flavonoid contents were 
expressed as mg rutin equivalents per gram dry weight of each extract 
(mg RE/g DM). All samples were analyzed in triplicate.

Statistical analysis
Presented data are mean±standard deviation of three replicates. The 
results were compared by one-way analysis of variance. Tukey’s test 
was used to test significant differences among the means. Differences 
among means at the 5% level (p<0.05) were considered statistically 
significant.

RESULTS

Extraction yield
As shown in Table 1, the extraction yield was determined by maceration 
method. Indeed 10 g of leaves powder was measured, the extraction 
based on the methanolic and ethanolic solvents showed the best 

extraction yield with 22% and 12%, respectively, whereas the extraction 
based on ethyl acetate showed the lowest yield extraction with 6%.

DPPH scavenging activity
The trapping test of the free radical DPPH, of the ethanolic, methanolic, 
ethyl acetate, and water extracts of L. nobilis L., compared to the BHT 
is shown in Table 2. The IC50 is defined as the sample concentration 
that could reduce 50% of DPPH. In this study, all extracts showed the 
ability to reduce DPPH. However, ethyl acetate has a reduction power 
similar to that of the standard antioxidant. The aqueous extract has 
a more efficient reducing power than the BHT with the values of 
IC50=0.05±0.03 mg/ml and IC50=0.10±0.001 mg/ml, respectively, 
Table 2. Overall, ethanolic and methanolic extracts showed the lowest 
antiradical activity.

The reducing power of iron
The reducing properties are usually associated with the presence 
of certain compounds which could act by breaking the free radical 
chain, to provide an oxygen atom [11]. The presence of reducers in 
plant extracts induces generally the reduction of Fe3+ to Fe2+ form. 
This reduction could be compared to that of BHT, which is known as 
an efficient reducing agent. All laurel extracts have a reducing ability; 
however, the water extract has a high reducing ability equal to that 
of BHT as shown in Table 2. The ethyl acetate extract represents the 
lowest reducing power with EC50=0.29±0.004 mg/ml.

Determination of total antioxidant capacity
This quantitative method [12,18] is mainly based on the reduction of 
molybdate (VI) to molybdate (V) in the presence of the extract, as well 
as the formation of a phosphate product M (V). The aqueous extract 
is characterized by a total antioxidant activity which is 5 times higher 
than that of the ethanolic and methanolic extract, whereas the acetate 
extract showed a lower total antioxidant activity with value 28.6±2.07 
equivalent Vitamin C mg/g DM. The total antioxidant capacity was 
significantly higher in all extracts [Fig. 1].

Total phenolic compound and flavonoid contents
The total amounts of phenol were estimated by the Folin–Ciocalteu 
method for each extract and were expressed in mg of gallic acid/g of 
the dry plant. The amount of phenols in the L. nobilis L. extracts varies 
between 21±0.72 and 494.86±3.62 mg equivalent to gallic acid/g DM: 
Ethyl acetate<methanolic<ethanolic<water extract. The aqueous extract 
has the highest amount in terms of phenols reaching 494.86±3.62 mg 
equivalent to Gallic acid/g DM.

Table 1: Residues yields (% of dry matter) of L. nobilis L. in the 
organic solvents

Type of extracts Yields (%)
Ethanolic 12
Methanolic 22
Ethyl acetate 6
Water 8
L. nobilis: Laurus nobilis

Table 2: DPPH radical scavenging and reducing power activities 
of ethanol, ethyl acetate, and water extracts of leaves of laurel 

compared to BHT

Extracts DPPH FRAP
Ethanolic 0.48±0.019*** 0.21±0.0006***
Ethyl acetate 0.10±0.006 0.29±0.004***
Water 0.05±0.003** 0.12±0.001
Methanolic 0.31±0.009*** 0.22±0.0005***
BHT 0.10±0.0001 0.12±0.0001
All values are expressed as a mean of triplicate±SD,**p<0.01, ***p<0.001 
ANOVA, followed by Tukey’s multiple comparison test. ANOVA: Analysis of 
variance, BHT: Butylated hydroxytoluene, DPPH: 2,2‑Diphenylpicrylhydrazyl, 
FRAP: Ferric reducing ability, SD: Standard deviation
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Besides, the total amounts of flavonoids were determined by a 
colorimetric method using aluminum trichoride (AlCl3) for all extracts. 
This amount was reported by mg equivalent Rutin/g DM. Thus, the 
results showed that the water, ethanolic, and methanolic extracts 
displayed a moderate values 101.51±1.51 to 127.25±2.60 mg equivalent 
rutin/g DM Table  3. Total phenols and flavonoids were significantly 
higher in all extracts of laurel.

DISCUSSION

The present study was carried out to demonstrate the antioxidant 
potential of L. nobilis L. Indeed, studies are limited in terms of 
evaluating the antioxidant activities as well as the total amounts 
of phenols and flavonoids in different laurel extracts in Morocco. 
Nevertheless, many researches were performed to evaluate the ability 
of different laurel extracts for trapping the free radical DPPH. Thus, 
the current aqueous extract (IC50=0.06±0.0003 mg/ml) has a high 
ability to reduce free radical comparing to the ethanolic and the 
methanolic extracts of laurel, which are originated respectively from 
Portugal and Italy [12].

The extraction of laurel leaf method could affect the power of reducing 
the free radicals [19]. Indeed, our results showed that the aqueous 
extract is extremely rich in total phenols 494.86±3.62 mg equivalent to 
gallic acid/g DM. These results are in agreement with several previous 
studies that showed the high availability of phenols in Laurel [5,12,19]. 
Therefore, reducing different kinds of oxygen and nitrogen species, as 
well as the free radicals, relates to phenolic compounds [20]. Hence, 
the quality of natural antioxidants is mainly based on the availability 
of phenolic compounds [21,22]. The antioxidant activity of the plant 
extracts would be expected to relate to the chemical composition [23-25]. 
Therefore, there is a certain correlation between the antioxidant activity 
and the total amount of phenols and flavonoids [26].

The antioxidant activity of extracts: Ethanolic, methanolic, aqueous, 
and ethyl acetate of L. nobilis L. species was examined in Morocco by 
different methods: Iron and molybdate reduction and the free radical 
trapping method. Overall, it was shown that water extract has a high 
antioxidant activity which could be compared or even higher to the 
standard. Laurel leaves represent an important antioxidant source of 
natural phenols and flavonoids which are beneficial to human public 
health. Indeed, the use of these substances may help in reducing 
chemical products which usually induce certain secondary effects. 
Hence, researches are needed for an advancing identification, isolation, 

and purification of laurel compounds for further investigation at 
different levels (pharmaceutical, food, and cosmetic industries).

CONCLUSION

Accurately, L. nobilis L. extracts from Morocco demonstrated in vitro 
high antioxidant activity. A way to prevent food oxidation is the use 
of antioxidants. The synthetic antioxidant currently used in the food 
industry (BHA and BHT) has been found to possess several pernicious 
health effects. There is increasing interesting natural antioxidants, 
especially plant-derived antioxidant compounds. Numerous studies 
have shown that plant extracts represent a major source of compounds 
exhibiting strong antioxidant activity and that they can be used in 
curing many oxidative stress-related diseases such as cancer, diabetes, 
and cardiovascular. The results of the present work on antioxidant 
assays justified and partially supported the previous literature data and 
the popular usage of the tested plants. Further studies are required to 
investigate the in vivo efficacy of these extracts.
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