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Abstract
Polyphenols are groups of secondary metabolites in plants, known with their various biological
activities, including their ability to act as antioxidants. Due to the side effects of the use of
synthetic antioxidants on human health, the search for natural less toxic compounds has
significantly increased. This study was carried out to evaluate the phenolic content and
antioxidant activity of young and mature avocado (Persea americana) and mango leaves
(Mangifera indica). Different extracts were prepared by maceration in methanol, ethanol, cold
and hot water. The phenolic content of the extracts was determined using the Folic-Ciocalteu
Method. A total of three antioxidant tests were done on the extracts; the 2, 2-diphenyl-1picrylhydrazyl test (DPPH test), the Ferric reducing antioxidant power and the Hydroxyl radical
scavenging activity. Results of these investigation showed that the mature mango leaves and
young avocado leaves exhibited the highest phenolic and flavonoid contents. They were also very
efficient as antioxidants in reducing the ferric ions and in scavenging the DPPH and hydroxyl
radicals.
Practical Applications
Matured mango leaves and young avocado leaves are rich in polyphenols and have good
antioxidant activity. They can be used as natural sources of antioxidants for the reduction of the
damages caused by free radicals and reactive oxygen species in the body and some foods such as
oils and foods containing lipids that easily oxidize.
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1. Introduction
Reactive Oxygen Species (ROS) and free
radicals are molecules that are naturally
produced in living organisms from metabolic
reactions (Rahman & Adcock, 2006). They
play some beneficial role in the body as they
contribute
in
the
destruction
of
microorganisms or pathogens. However, when
they are produced in excess they lead to
oxidative stress (Arts & Hollman, 2005). It is
well known nowadays that oxidative stress is
the number one killer in the world as it has
been proven to be implicated in several
degenerative disorders such as mutagenesis,
cardiovascular
diseases,
carcinogenesis,
Parkinson’s disease (Zanera & Sankar, 2009).
Oxidative stress does not only affect living
organisms, is also detrimental to the food
industry by promoting oxidation reactions of
oils, fats, and food containing lipids leading to
the reduction of their nutritional value and
organoleptic properties (Djikeng et al., 2017).
Several biological molecules have been proven
capable of preventing or delaying oxidative
stress in living organisms and foods. Those
molecules have the capacity to donate their
hydrogen atom for the stabilization of free
radicals or Reactive Oxygen Species. They are
generally called antioxidants (Djikeng et al.,
2017). Two different types of antioxidants
exist, synthetic and natural antioxidants.
However, because of the side effects of
synthetic antioxidants on human health, the
search for natural sources of antioxidants that
can be used to delay oxidative stress in living
organisms and prolong the shelf-life of foods
has been deeply investigated (Womeni et al.,
2016). In plants, the natural antioxidants are
generally represented by phenolic compounds
such
as
phenolic
acids,
flavonoids,

anthocyanin,
tannins,
carotenoids
etc
(Habermann et al., 2016). Mangifera indica
belongs to the family Anacardiaceae. It is
commonly known as mango, which is an
important tree with several medicinal
properties. Mangiferin is its bioactive principle
which has been proven to have good
antioxidant activity (Shah et al., 2010).
Additionally, extracts from its leaves and stem
bark have been found to be good anti-malarial,
anti-fungal, anti-microbial, anti-inflammatory,
anti-cancer etc (Williamson, 2002; Ayoola et
al., 2008; Kanwal et al., 2010). Persea
americana belongs to the Lauraceae family
commonly known as avocado. Its leaves have
been used in the treatment of several disorders
such as hypertension, diarrhea etc. It has also
been proven to possess anti-inflammatory and
good anti-oxidant activity (Adeyemi et al.,
2002).
Though many studies have been reported on
the phenolic content and antioxidant activity of
Persea americana and Mangifera indica
leaves, stem, fruits, flower and seeds, very few
have been done on the evaluation of the
phenolic content and antioxidant activity of
their young and mature leaves, especially with
the use of different extraction solvents and
conditions. In one study, Habermann et al.
(2016) showed that the antioxidant activity and
phenolic content of aqueous and ethyl acetate
extract of young leaves of Blepharocalyx
salicifolius were higher than those of the
mature leaves. Similar observations were also
made by Murugan (Murugan & Velayudhan,
2016) with the leaves of Tectona grandis. It
would be important to have an idea of the
phenolic and antioxidant activity of young and
mature Mangifera indica and Persea
americana leaves. The state of maturity of
© 2018 The Authors. Journal of Food Stability.
Published by FTD Resources Publisher. All Rights Reserved.

15

J. Food. Stab (2018) 1(1): 14-27

Mangifera indica and Persea americana leaves
might impact on their phenolic content and
antioxidant activity. The objective of this study
was therefore to evaluate the phenolic content
and antioxidant activity of the methanolic,
ethanolic, aqueous and infusion extracts of
young and mature Mangifera indica and
Persea americana leaves.
2. Material and methods
2.1. Material
Young and mature leaves of Mango
(Mangifera indica) and Avocado (Persea
americana) were freshly harvested from the
Wokeka farm of the Catholic University
Insitute of Buea, Muea, South-West Region,
Cameroon, in February 2018. All the
chemicals and reagents used were of analytical
grade.
2.2. Methods
2.2.1. Extraction of natural antioxidants
Polyphenols were extracted from plant
materials using the maceration method, as
described by Womeni et al. (2016). The fresh
leaves (young and mature) were cleaned and
cut into small pieces using a knife in order to
facilitate the drying process. After this, the
leaves were dried in an electric air-dried oven
at 45 °C for 48 hours. The dried leaves were
ground in a blender machine (Moulinex) and
sieved (Diameter of pore: 1mm). About 20 g of
each powder was extracted into 200 ml of
Methanol, Ethanol, Water and boiled water
respectively. The mixture was regularly
subjected to shaking during the extraction.
After the 48 hours of maceration, the mixture
was filtered with a Wathman N°1 filter paper.
The obtained filtrates were then subjected to
rotatory evaporation at 45 °C under reduced

pressure for the removal of the solvent. The
solvent residues was removed by drying the
extract at 45 °C until the extract became solid
and the weight constant. The dried extracts
were stored at 4 °C for further analysis.
2.2.2. Determination of the total phenolic
content
The total phenolic content of Mango and
Avocado leaves was determined using the
Folin-Ciocalteu colorimetric method, as
described by Gao et al. (2000). In a test tube of
5 ml volume, 20 μl of a 2 mg/ml extract
solution was added, followed by the Folin–
Ciocalteu reagent (0.2 ml) and distilled water
(2 ml). After 3 min incubation of the solution
mixture at room temperature, 1 ml of 20%
sodium carbonate solution was added and the
mixture re-incubated for 20 min under the
same conditions. The absorbance of the
resulting blue-coloured solution was measured
at 765 nm using a spectrophotometer. The total
phenolic content of the extract was calculated
from the gallic acid standard curve, and
expressed as milligrams equivalents gallic acid
per gram of extract.
2.2.3. Determination of the total flavonoid
content
Aluminium chloride method was used for
flavonoid determination using the method
described by Quettier et al. (2000). 0.1ml of
each extract was mixed with 1.9ml distilled
water, then 0.1 ml 10% aluminium chloridehexa hydrate, 0.1 ml 1M potassium acetate and
2.8 ml of distilled water were added. The
reaction mixture was incubated at room
temperature for 40 minutes. The absorbance of
the reaction mixture was measured at 415nm.
Catechin (0.2mg/ml) was used as a standard.
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Total flavonoid content was expressed as mg
CAT/g of extract.
2.2.4. Determination of the antioxidant activity
2.2.4.1. DPPH radical scavenging assay
The radical scavenging ability of the extracts
was determined according to the method of
Braca et al. (2002). 4.5 ml of 0.002% alcoholic
solution of DPPH was added to 0.5 ml of
different concentrations (125, 250, 500, 1000
and 2000 µg/ml) of samples and standard
solutions separately, in order to have final
concentrations of products of 25-200 µg/ml.
The samples were kept at room temperature in
the dark and after 30 min, the absorbance of
the resulting solution was measured at 517 nm.
The absorbance of the samples, control and
blank was measured in comparison with
methanol. Synthetic antioxidant, butylated
hydroxytoluene (BHT), which is a recognized
powerful hydrogen donor, was used as positive
control. The antiradical activity (AA) was
determined using the following formula:
AA% = [(Abscontrol - Abssample) × 100/Abscontrol]
Where Abscontrol was the absorbance of control
and Abssample the absorbance of the sample or
standard.
2.2.4.2. Ferric reducing antioxidant power
The antioxidant potential of Mango and
Avocado leaves extracts was also evaluated for
their ability to reduce iron (III) to iron (II)
following the method of Oyaizu (1986). An
aliquot of 0.5 ml plant extract (125, 250, 500,
1000 and 2000 µg/ml) was mixed with 1 ml
phosphate buffer (0.2 M, pH 6.6) and 1 ml of
1% aqueous K3Fe (CN)6 solution, well shaken
and incubated at 50 °C for 30 min. After
incubation, 1 ml of 10% TCA solution was
added to stop the reaction and the mixture was

centrifuged at 3000 rpm for 10 min. 1.5 ml of
supernatant, 1.5 ml of distilled water and 0.1
ml of 0.1% FeCl3 solution were mixed and
incubated for 10 min and absorbance read at
700 nm on spectrophotometer. A sample blank,
containing all the reagents but no extract was
prepared in the same conditions. Catechin, a
recognized powerful ferric reducer, was used
as a positive control to compare the reducing
power of the extracts. A higher absorbance
indicates a higher reducing power.
2.2.4.3. Hydroxyl radical scavenging ability
The hydroxyl radical scavenging capacity of
the leaves extracts was evaluated by the
method described by Olabinri et al. (2018).
60µl of FeSO4.7H2O (1 mM) was added to
90µl of aqueous 1,10 phenanthroline(1 mM),
2.4 ml of 0.2 M phosphate buffer pH 7.8 was
added to the above mixture, followed by
addition of 150 µl of hydrogen peroxide (0.17
mM) and 1.5ml of different concentrations of
sample in sequence. The mixture was
incubated for 5min at room temperature. The
absorbance of the mixture was read at 560 nm
against blank. All readings were taken in
triplicate and Catechin was used as the
standard. The percentage inhibition was
calculated by the following equation.
% Hydroxyl radical scavenging capacity=
[(A0- A1)/A0] x 100
Where A0 was the absorbance of control and
A1 was the absorbance of the sample or
standard.
2.3. Statistical analysis
Results obtained in the present study were
subjected to one-way analysis of variance
(ANOVA) with Dunnet and Student-NewmanKeuls tests using Graphpad-InStat version
© 2018 The Authors. Journal of Food Stability.
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3.05, to evaluate the statistical significance of
the data. A probability value at p < 0.05 was
considered statistically significant.
3. Results and discussion
3.1. Total Phenolic content
Phenolic compounds are the major secondary
metabolites found in plants which are used for
their defence. In many studies the antioxidant
activity of plant extracts has been attributed to
these molecules (Womeni et al., 2016). The
Total Phenolic content of Young and Mature
Mangifera indica and Persea americana leaves
measured by the Folin-Ciocalteu method is
presented in Figure 1 (A-B). From Figure 1
(A) it is clearly observed that the methanolic
and ethanolic extracts of Young Avocado
leaves and the hot aqueous extracts of Mature
Avocado leaves exhibited the highest phenolic
content. No significant difference (p>0.05) was
recorded between these samples. However,
their total phenolic content was significantly
higher (p<0.05) than that of the other extracts.
No significant difference (p>0.05) was
registered between the phenolic content of the
ethanolic, methanolic and cold aqueous
extracts of Mature Avocado leaves and cold
and hot aqueous extracts of Young leaves. In
Figure 1 (B), it is clear that the ethanolic and
methanolic extracts of Young and Mature
Mangifera indica exhibited the highest total
phenolic content compared to the cold and hot
aqueous extracts of these same samples.
However, the phenolic content of the ethanolic
and methanolic extracts of Young Mango
leaves was higher (p<0.05) than that of the
Mature leaves of the same plant.
Generally, the total phenolic content of all the
extracts fell within 40-90 mg GAE/g. The fact
that Mangifera indica and Persea americana

a-e

Values are presented as mean ± Standard deviation. Means with different
superscripts are significantly differents (p<0.05)

Figure 1(A-B): Total Phenolic content of Young and Mature leaves of
Persea americana (A) and Mangifera indica (B). MAL Et.OH:
Ethanolic extract of mature avocado leaves, MAL Me.OH:
Methanolic extract mature of avocado leaves, MAL water cold: cold
aqueous extract of mature avocado leaves, MAL Hot water: warm
aqueous extract of mature avocado leaves, YAL Et.OH: Ethanolic
extract of young avocado leaves, YAL Me.OH: Methanolic extract
young of avocado leaves, YAL water cold: cold aqueous extract of
young avocado leaves, YAL Hot water: warm aqueous extract of
young avocado leaves; MML Et.OH: Ethanolic extract of mature
mango leaves, MML Me.OH: Methanolic extract mature of mango
leaves, MML water cold: cold aqueous extract of mature mango
leaves, MML Hot water: warm aqueous extract of mature mango
leaves, YML Et.OH: Ethanolic extract of young mango leaves, YML
Me.OH: Methanolic extract young of mango leaves, YML water
cold: cold aqueous extract of young mango leaves, YML Hot water:
warm aqueous extract of young mango leaves.

extracts are rich in phenolic compounds has
already been proven. Kaur et al. (2015)
reported that the total phenolic content of
Mangifera indica bark aqueous, ethanolic and
methanolic extracts were respectively 128.6,
196.5, and 166.7 mg GAE/ml respectively. In
the same line, Vinha et al. (2013)
demonstrated that the total phenolic content of
Algarvian Avocado (Persea americana) pulp,
skin and seeds were respectively 410.2, 679.0,
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and 704.0 mg/100 g respectively. The values
obtained by Kaur et al. (2015) were
significantly higher than those obtained in this
study. However, the data obtained in this work
with Persea americana was significantly
higher than that obtained by Vinha et al.
(2013). The difference observed between the
total phenolic content obtained in this study
and those reported in the literature can be
attributed to genotypic and environmental
differences (climate, temperature, location)
between these plants, the choice of the part
tested, the harvesting period, the extraction and
characterization methods (Kim & Choe, 2004;
Shan et al., 2005). From this study, it was
noticed that Young leaf extracts were richer in
phenolic compounds than Mature ones. Similar
results were previously reported by
Habermann et al. (2016) with the young and
mature leaves of Blepharocalyx salicifolius.

Mangifera indica leaves and the cold and hot
aqueous extracts of its young leaves which
have presented the lowest (p<0.05) flavonoid
content, all the other extracts have exhibited
significantly higher (p<0.05) total flavonoid
content.

19

3.2. Total flavonoid content
Flavonoids are the most represented family of
phenolic compounds. They have been proven
to have good antioxidant activity through
several mechanisms of action (D’Abrosca et
al., 2007). This has been attributed to their
complex structures compared to that of
phenolic acids. The flavonoid content of
Mangifera indica and Persea americana
extracts are illustrated in Figure 2 (A-B). The
methanolic, cold and hot aqueous extracts of
mature Persea americana leaves and the
ethanolic, methanolic and hot aqueous extracts
of the young leaves of this same plant have
exhibited significantly higher (p<0.05)
flavonoid content compared to the other
extracts. However, the highest value was
recorded with the methanolic extract of its
young leaves (Figure 2A). In Figure 2B, apart
from the hot aqueous extracts of mature

a-e

Values are presented as mean ± Standard deviation. Means with different
superscripts are significantly differents (p<0.05)

Figure 2 (A-B): Total Flavonoid content of Young and Mature
leaves of Persea americana (A) and Mangifera indica (B).
MAL Et.OH: Ethanolic extract of mature avocado leaves,
MAL Me.OH: Methanolic extract mature of avocado leaves,
MAL water cold: cold aqueous extract of mature avocado
leaves, MAL Hot water: warm aqueous extract of mature
avocado leaves, YAL Et.OH: Ethanolic extract of young
avocado leaves, YAL Me.OH: Methanolic extract young of
avocado leaves, YAL water cold: cold aqueous extract of
young avocado leaves, YAL Hot water: warm aqueous extract
of young avocado leaves; MML Et.OH: Ethanolic extract of
mature mango leaves, MML Me.OH: Methanolic extract
mature of mango leaves, MML water cold: cold aqueous
extract of mature mango leaves, MML Hot water: warm
aqueous extract of mature mango leaves, YML Et.OH:
Ethanolic extract of young mango leaves, YML Me.OH:
Methanolic extract young of mango leaves, YML water cold:
cold aqueous extract of young mango leaves, YML Hot
water: warm aqueous extract of young mango leaves.
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From this analysis, it is clear that samples
which presented good phenolic content also
exhibited good flavonoid content. Globally, the
total flavonoid content of this plant extracts
varied from 6 to 14 mg CAT/g. The presence
of flavonoids in Persea americana extracts has
already been reported. Vinha et al. (2013)
demonstrated that the total flavonoid content of
Persea americana pulp, skin and seed were
respectively 21.9, 44.3, and 47.9 mg/100 g. On
the other hand Arukwe et al. (2012) showed
that the total flavonoid content of Persea
americana’s leaf, fruit and seed were
respectively 8.11, 4.25 and 1.90 mg/100 g. In
the same line, Duresa (2017) reported the
presence of flavonoids in Mangifera indica and
Persea americana fruits. The total flavonoid
content obtained in this study was significantly
higher than those reported by these authors.
The environmental conditions, the part of the
plant used, the nature of the extraction solvent
and the age of the plant can explain these
variations (Kim & Choe, 2004; Shan et al.,
2005).
3.3. Antioxidant activity
3.3.1. DPPH radical scavenging assay
In this study, the free radical scavenging
capacity of Mangifera indica and Persea
americana extracts was also evaluated and the
results are presented in Figure 3 (A-B).
Generally, the DPPH Radical Scavenging
Activity of the extracts of both plants was
significantly increasing (p<0.05) with their
concentration. In Figure 3 (A), at concentration
25 µg/ml, the activities of the ethanolic and
methanolic extracts of young Persea
americana leaves were significantly higher
(p<0.05) than that of BHT and all the other
samples. At concentration 50 µg/ml, the

aqueous and organic solvent extracts of young
Avocado leaves and the methanolic extracts of
mature leaves of this same plant were
significantly higher (p<0.05) than that of the
synthetic antioxidant tested. However, at
concentration 100 µg/ml apart from the
methanolic and hot aqueous extracts of the
mature leaves which presented significantly
lower (p<0.05) radical scavenging activity, the
other extracts exhibited similar activity with
the BHT. At concentration 200 µg/ml, all the
extracts showed very good DPPH radical
scavenging activities.
Concerning the activity of Mangifera indica
leaves extracts, at concentration 25 µg/ml the
activity of the mature leaves was significantly
higher (p<0.05) than that of the young leaves
(Figure 3B). The highest activities were
recorded with the methanolic and cold aqueous
extracts. At concentration 50 µg/ml, the mature
leaves extracts still presented the best activity
compared to the young leaves. However, the
methanolic extract of young leaves alone
exhibited the highest scavenging activity. At
concentration 100 µg/ml, the activity of all the
extracts were significantly higher or equal to
that of BHT. At 200 µg/ml, the BHT exhibited
the highest (p<0.05) antioxidant activity and
no significant difference (p>0.05) was
recorded between all the extracts.
The results obtained in this study globally
showed that young Avocado leaves extracts are
more active against the DPPH radical than
mature ones. This result is in agreement with
those reported by Habermann et al. (2015) who
reported that, the aqueous extracts of young
leaves of Blepharocalyx salicifolius has a good
DPPH radical scavenging activity compared to
mature leaves. On the other hand, the mature
leaves of Mangifera indica were the best in
© 2018 The Authors. Journal of Food Stability.
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Values are presented as mean ± Standard deviation. Means with different superscripts for each concentration are significantly different (p<0.05)

Figure 3 (A-B): DPPH Radical Scavenging Activity of Young and Mature leaves of Persea americana (A) and Mangifera
indica (B). MAL Et.OH: Ethanolic extract of mature avocado leaves, MAL Me.OH: Methanolic extract mature of avocado
leaves, MAL water cold: cold aqueous extract of mature avocado leaves, MAL Hot water: warm aqueous extract of mature
avocado leaves, YAL Et.OH: Ethanolic extract of young avocado leaves, YAL Me.OH: Methanolic extract young of avocado
leaves, YAL water cold: cold aqueous extract of young avocado leaves, YAL Hot water: warm aqueous extract of young
avocado leaves; MML Et.OH: Ethanolic extract of mature mango leaves, MML Me.OH: Methanolic extract mature of
mango leaves, MML water cold: cold aqueous extract of mature mango leaves, MML Hot water: warm aqueous extract of
mature mango leaves, YML Et.OH: Ethanolic extract of young mango leaves, YML Me.OH: Methanolic extract young of
mango leaves, YML water cold: cold aqueous extract of young mango leaves, YML Hot water: warm aqueous extract of
young mango leaves.

scavenging the DPPH radical compared to
young leaves. This result is contradictory to
those reported by Habermann et al. (2015).
The fact that the ethanolic and methanolic
extracts of Mangifera indica leaves exhibit
better antioxidant activity than the aqueous
extract has already been reported by Kaur et al.
(2015). The interesting DPPH Radical
Scavenging Activity of Persea Americana

leaves has also been previously reported by
Vinha et al. (2013).
Generally, the plant extracts which have
exhibited higher phenolic and flavonoid
contents also presented the best antioxidant
activities. These results are in agreement with
those reported by Womeni et al. (2016), Bouba
et al. (2010) and Womeni et al. (2013) who
reported that plants with high phenolic content
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generally exhibit high
Scavenging Activity.

DPPH

Radical

3.3.2. Hydroxyl Radical Scavenging Activity
(HRSA)
The Hydroxyl Radical Scavenging Activity of
Mangifera indica and Persea americana leaves
extracts is presented in Figure 4 (A-B). The
results obtained from this figure showed that
the BHT exhibited the highest activity
compared to the plant extracts. In Figure 4 (A)
it is clearly observed that the young and mature
ethanolic and methanolic extracts of Persea
americana leaves presented a significantly
higher (p<0.05) Hydroxyl Radical Scavenging
Activity compared to the aqueous extracts.
However, the young leaves were the best in
stabilizing this radical (OH.). However, in
Figure 4 (B), the mature leaves, especially
those extracted with methanol exhibited the
highest HRSA compared to the other plant
extracts. They were followed by the
methanolic extracts of the young leaves. The
results obtained in this study with Persea
americana leaves are in agreement with those
obtained from the DPPH test were the young
leaves were the most active against the DPPH
radical. The active molecule extracted from the
leaves of these plants (phenolic antioxidants)
may have several mechanisms of action.
However, a different observation is made with
Mangifera indica leaves extracts, as only the
methanolic extract was the most active. This
can be explained by the fact that the
antioxidant having the ability to scavenge the
Hydroxyl radical was only extracted by
methanol. In many studies the best antioxidant
activity of plant extracts was reported with
methanol and this was related to their strong
extraction power. It has the ability to extract at

the same time polar and non-polar molecules
(as essential oil components) (Bouba et al.,
2010; Iqbal & Bhanger, 2007). The abundance
in this extract of antioxidant molecules with
different structures and mechanism of actions
can explain the obtained results.
3.3.3. Ferric reducing antioxidant power
(FRAP)
This test is generally used to evaluate the
ability of a substance to reduce Ferric iron into
ferrous iron, by donating its electron. This
mechanism of action is known as a good
indicator of the Antioxidant Activity of a
substance. The Ferric Reducing Antioxidant
Power of Mangifera indica and Persea
americana leaves extracts are presented in
Figure 5 (A-B). Almost all the extracts
exhibited good Ferric Reducing Antioxidant
Power. The highest activity was recorded with
the cold aqueous extracts of young Avocado
leaves (Figure 5A). Its activity was higher than
that of the synthetic Antioxidant used (Vitamin
C). However at concentration 100 and 200
µg/ml the activity of all the other plant extracts
was similar or slightly higher than that of
Vitamin C. In Figure 5 (B), the lowest
(p<0.05) Ferric Reducing Antioxidant Power
was recorded in cold and hot aqueous extracts
of Mangifera indica leaves and this at all
concentrations. However, the activity of the
other extracts was similar to that of Vitamin C.
This result confirms once again the fact that
matures Mango leaves have good antioxidant
activity than young ones. The interesting
activity registered with these plant extracts can
be attributed to their good total phenolic and
Flavonoid contents. The highest antioxidant
activity obtained with the cold aqueous
extracts of Avocado leaves can be attributed to
the presence of a powerful ferric reducer which
© 2018 The Authors. Journal of Food Stability.
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Values are presented as mean ± Standard deviation. Means with different superscripts for each concentration are significantly different (p<0.05)

Figure 4 (A-B): Hydroxyl Radical Scavenging Activity of Young and Mature leaves of Persea americana (A) and
Mangifera indica (B). MAL Et.OH: Ethanolic extract of mature avocado leaves, MAL Me.OH: Methanolic extract mature
of avocado leaves, MAL water cold: cold aqueous extract of mature avocado leaves, MAL Hot water: warm aqueous
extract of mature avocado leaves, YAL Et.OH: Ethanolic extract of young avocado leaves, YAL Me.OH: Methanolic extract
young of avocado leaves, YAL water cold: cold aqueous extract of young avocado leaves, YAL Hot water: warm aqueous
extract of young avocado leaves; MML Et.OH: Ethanolic extract of mature mango leaves, MML Me.OH: Methanolic
extract mature of mango leaves, MML water cold: cold aqueous extract of mature mango leaves, MML Hot water: warm
aqueous extract of mature mango leaves, YML Et.OH: Ethanolic extract of young mango leaves, YML Me.OH: Methanolic
extract young of mango leaves, YML water cold: cold aqueous extract of young mango leaves, YML Hot water: warm
aqueous extract of young mango leaves.

was not extracted by other solvents and which
was abundant in young leaves than mature
leaves as it has been proven that young leaves
generally exhibit good antioxidant activity
compared to mature leaves (Habermann et al.,
2015). The results obtained in this study
showing that the ethanolic, methanolic and
aqueous extracts of Mangifera indica are in
accordance with those reported by Kaur et al.
(2015) who showed that the aqueous, ethanolic

and methanolic extracts of Mangifera indica
have a ferric reducing antioxidant power of 40,
60 and 50 % respectively. In the same line
Tremoccoldi et al. (2018) showed that the
Ferric Reducing Antioxidant Power of
Avocado fruits (Hass and Fuerte varieties)
were respectively 1.17, 656.9, 1.88 and 931.7
(µmole Fe2+ / g)3 for Hass peel, Hass seeds,
Fuerte peel and Fuerte seeds respectively.
© 2018 The Authors. Journal of Food Stability.
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Values are presented as mean ± Standard deviation. Means with different superscripts for each concentration are significantly different (p<0.05)

Figure 5 (A-B): Ferric Reducing Antioxidant Power of Young and Mature leaves of Persea americana (A) and Mangifera
indica (B). MAL Et.OH: Ethanolic extract of mature avocado leaves, MAL Me.OH: Methanolic extract mature of avocado
leaves, MAL water cold: cold aqueous extract of mature avocado leaves, MAL Hot water: warm aqueous extract of mature
avocado leaves, YAL Et.OH: Ethanolic extract of young avocado leaves, YAL Me.OH: Methanolic extract young of
avocado leaves, YAL water cold: cold aqueous extract of young avocado leaves, YAL Hot water: warm aqueous extract of
young avocado leaves; MML Et.OH: Ethanolic extract of mature mango leaves, MML Me.OH: Methanolic extract mature
of mango leaves, MML water cold: cold aqueous extract of mature mango leaves, MML Hot water: warm aqueous extract
of mature mango leaves, YML Et.OH: Ethanolic extract of young mango leaves, YML Me.OH: Methanolic extract young
of mango leaves, YML water cold: cold aqueous extract of young mango leaves, YML Hot water: warm aqueous extract of
young mango leaves.

4. Conclusion
The objective of this study was to evaluate the
total Phenolic content and Antioxidant Activity
of the methanolic, ethanolic, aqueous and
infusion extracts of young and mature
Mangifera indica and Persea americana
leaves. Generally the results of this
investigation showed that the ethanolic and
methanolic extracts of young and mature

leaves had the best phenolic and flavonoid
content. However, the young leaves of Persea
americana and the mature leaves of Mangifera
indica were shown to have the best DPPH
Radical Scavenging Activity, Ferric Reducing
Antioxidant Power and Hydroxyl Radical
Scavenging Activity. Amongst the aqueous
extracts, hot water was more efficient as
antioxidant than cold water. The young leaves
© 2018 The Authors. Journal of Food Stability.
Published by FTD Resources Publisher. All Rights Reserved.
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of Persea americana and mature leaves of
Mangifera indica are good sources of natural
antioxidants that can be used to prevent the
body against the damages caused by free
radicals. They can be used as medicine or food
preservatives, especially in foods containing
polyunsaturated fatty acids. For those who
generally use these leaves as traditional
medicine, it is better to do the extraction in hot
water than cold water.
Conflict of interest
The authors declare that they do not have any
conflict of interest.
Ethics
This Study does not involve Human or Animal
Testing.
References
Adeyemi, O. O., Okpo, S. O., & Ogunti, O. O.
(2002). Analgesic and anti-inflammatory effect
of the aqueous extract of leaves of Persea
americana Mill (Lauraceae). Fitoterapia, 73,
375-380.
Arts, C. W., & Hollman, P. C. (2005).
Polyphenols and disease risks in epidemiologic
studies. American Journal of Clinical Nutrition,
81, 317 - 325.
Arukwe, U., Amadi, B. A., Duru, M. K. C.,
Agomou, E. N., Adindu, E. A., Odika, P. C.,
Lele, K. C., Egeejuru, L., & Anudike, J. (2012).
Chemical composition of Persea americana
leaf, fruit and seed. International Journal of
Recent Research and Applied Studies, 11, 346349.
Ayoola, G. A., Coker, H. A. B., Adesegun, S. A.,
Adepoju-Bello, A. A., Obaweya, K., Ezennia,
E. C., & Atangbayila, T. O. (2008).
Phytochemical
Screening and Antioxidant
Activities of Some Selected Medicinal Plants

Used for Malaria Therapy in Southwestern
Nigeria. Tropical Journal of Pharmaceutical
Research, 7, 1019-1024.
Bouba, A. A., Njintang, Y. N., Scher, J., &
Mbofung, C. M. F. (2010). Phenolic
compounds and radical scavenging potential of
twenty Cameroonian spices. Agriculture and
Biology Journal of North America, 1, 213-224.
Braca, A., Sortino, C., Politi, M., Morelli, I., &
Mendez, J. (2002). Antioxidant activity of
flavonoids from Licania licaniaeflora. Journal
of Ethnopharmacology, 79, 379-381.
D’abrosca, D., Pacifico, S., Cefarelli, G.,
Mastellone, C., & Fiorentino, A. (2007).
‘Limoncella’ apple an Italian apple cultivar
Phenolic and flavonid contents and antioxidant
activity. Food Chemistry, 104, 1333-1337.
Djikeng, T. F., Womeni, H. M., Anjaneyulu, E.,
Boungo, T. G., Karuna, M. S. L., Prasad, R. B.
N., & Linder, M. (2017). Performance of Green
Tea leaves methanolic extract in stabilizing
refined, bleached and deodorized palm olein
during storage at frying temperature. European
Journal of Nutrition and Food Safety, 7, 144154.
Duresa, L. W. (2017). Phytochemical Screening
and Antioxidant Activity of Selected Mango
(Mangifera indica L.) and Avocado (Persea
americana) Fruits in Illu Ababor Zone, Oromia
regional state, Ethiopia. IOSR Journal of
Applied Chemistry, 10, 24-28.
Gao, X., Ohlander, M., Jeppsson, N., Bjork, L.,
Trajkovski, V. (2000). Changes in Antioxidant
Effects
and
Their
Relationship
to
Phytonutrients in Fruits of Sea Buckthorn
(Hippophae rhamnoides L) during Maturation.
Journal of Agricultural and Food Chemistry,
48, 1485-1490.
Habermann, E., Imatomi, M., Pontes, F. C., &
Guattieri, S. C. J. (2016). Antioxidant activity
and phenol content of extracts of bark, stems,
and young and mature leaves of Blepharocalyx
© 2018 The Authors. Journal of Food Stability.
Published by FTD Resources Publisher. All Rights Reserved.

25

J. Food. Stab (2018) 1(1): 14-27

salicifolius (Kunth) O. Berg (Murta). Acta
Biologica Colombiana, 20, 153-162.
Habermann, E., Imatomi, M., Pereira, V. C.,
Pontes, F. C., & Gualtieri, S. C. J. (2015a).
Actividade fitotoxica de cascas do caule e
follas de Blepharocalyx salicifolius Kuth O.
Berg (Myrtaceae) sobre species infestantes.
Acta Biologica Colombiana, 20, 153-162.
Habermann, E., Pereira, V. C., Imatomi, M.,
Pontes, F. C., & Gualtieri, S. C. J. (2015b).
Fitotoxicidade e fractionamento biodirigido dos
extratos de cascas de Blepharocalyx salicifolius
(Kunth) O. Berg (Myrtaceae). Biotemas, 28,
37-44.
Iqbal, S., Bhanger, M. I., & Anwar, F. (2005).
Antioxidant properties and components of
some commercially available varieties of rice
bran in Pakistan. Food Chemistry, 93, 265-272.
Kanwal, Q., Hussain, I., Latif, S. H., & Javaid,
A. (2010). Antifungal activity of flavonoids
isolated from mango (Mangifera indica L.)
leaves. Natural Product Research, 24, 19071914.
Kaur, H. P., Kaur, S., Prasad, B., Manu, P., &
Anjali. (2015). Phytochemical, Antioxidant and
Antibacterial Studies on Bambusa arundinacea
and Mangifera indica. International Journal of
Pure and Applied Bioscience, 3, 87-93.
Kim, I., & Choe, E. (2004). Oxidative Stability
and antioxidant content changes in roasted and
bleached sesame oil during heating. Food
Science and Biotechnology, 13, 762-771.
Murugan, R., & Velayudhan, S. R. (2016).
Advances in Induced Pluripotent Stem Cells:
Nanomaterial
Perspectives.
Journal
of
Bionanoscience, 10, 163-170.
Olabinri, B. M., Adebisi, J. A., Odesomi, O. F.,
Olabinri, P. F., & Adeleke, G. E. (2010).
Experimental classification of the antioxidant
capacity of the leaf, stem and root barks of
Mangifera indica and Azadirachta indica.

African Journal of Biotechnology, 8, 29682972.
Oyaizu, M. (1986). Studies on products of
browning reactions: Antioxidative activities of
products of browning reaction prepared from
glucosamine. The Japanese Journal of
Nutrition and Dietetics, 44, 307-315.
Quettier, D. C., Gressier, B., Vasseur, J., Dine,
T., Brunet, C., Luyckx, M. C., Cayin, J. C.,
Bailleul, F., & Trotin F. (2000). Phenolic
Compounds and Antioxidant activities of
buckwheat (Fagopyrum esculentum Moench)
hulls and flour. Journal of Ethnopharmacology,
72, 35-42.
Rahman, I., & Adcock, I. M. (2006). Oxidative
stress and redox regulation of lung
inflammation in COPD. The European
Respiratory Journal, 28, 219-242.
Shah, K. A., Patel, M. B., Shah, S. S., Chauhan,
K. N., Parmar, P. K., & Patel, N. M. (2010).
Antihyperlipidemic activity of Mangifera
indica leaf extract on rats fed with high
cholesterol diet. Der Pharmacia Sinica, 1, 156161.
Shan, B., Yizhong, Z. C., Mei, S., & Harold, C.
(2005). Antioxidant Capacity of 26 spice
Extracts and Characterization of their Phenolic
Constituents. Journal of Agricultural and Food
Chemistry, 53, 7749-7759.
Soong, Y. Y., & Barlow, P. J. (2004).
Antioxidant Activity and Phenolic Content in
the selected fruit seeds. Food Chemistry, 88,
411-417.
Tremocoldi, M. A., Rosalen, P. L., Franchin, M.,
Massarioli, A. P., Denny, C., & Daiuto, É. R.,
(2018) Exploration of avocado by-products as
natural sources of bioactive compounds. PLoS
ONE, 13, e0192577.
Vinha, A. F., Moreira, J., & Barreira, V. P. S.
(2013).
Physicochemical
Parameters,
Phytochemical Composition and Antioxidant
Activity of the Algarvian Avocado (Persea
© 2018 The Authors. Journal of Food Stability.
Published by FTD Resources Publisher. All Rights Reserved.

26

J. Food. Stab (2018) 1(1): 14-27

americana Mill.). Journal of Agricultural
Science, 5, 100-109.
Williamson, E. M. (2002). Major herbs of
Ayurveda-China.
London
Churchill
Livingstone publication, 201-205.
Womeni, H. M., Djikeng, F. T., Anjaneyulu, B.,
Karuna, M. S. I., Prasad, R. S. N., & Linder, M.
(2016). Oxidative stabilization of RBD palm
olein under forced storage conditions by old
Cameroonian green tea leaves methanolic
extract. Nutrition and Food Science Journal, 3,
33-40.
Womeni, H. M., Djikeng, F. T., Tiencheu, B., &
Linder M. (2013). Antioxidant potential of
methanolic extracts and powders of some
Cameroonian spices during accelerated storage
of soybean oil. Advances in Biological
Chemistry, 3, 304-313.
Zarena, A. S., & Sankar, K. U. (2009). A study
of antioxidant properties from Garcinia
mangostana L. pericarp extract. Acta
Scientiarum
Polonorum
Technologia
Alimentaria, 8, 23-34.

27

© 2018 The Authors. Journal of Food Stability.

Reg
TPPRR/RC/LBE/2018/A/0251
Published
byN°:
FTD
Resources Publisher. All Rights Reserved.

